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Editorial 
First, I wish to thank everyone for waiting until now to get the 

Transactions. I especially wish to thank the authors of papers for 
their patience during the review process and their submission of 
the final forms of their papers via microcomputer disk. We 
encountered a few problems, but I hope all have been correctly 
processed. We decided to have the single issue with two volumes 
because several parts came together at the same time. I also wish 
to thank the various officers of the Missouri Academy of Science 
for their support and assistance. 

Second, you have noticed the new format by now; there were 
several reasons for the change to a larger page. One, this change 
has been discussed for several years. Two, larger readable figures 
and tables are possible. Three, the larger size is in line with the 
size of publications for a large number of professional scientific 
organizations. Four, we were changing the way we handled mate
rial to be printed; this issue was printed from files on disk. Five, 
the change was an initial huge step toward having published 
materials handled electronically from start to finish. 

Third, there are additional changes which will need to be made 
as we go to more electronic transmission of material for future 
issues of the Transactions of the Missouri Academy of Science. 
The goal for the future is to have submission, review, and com
pilation of the Transactions via electronic means. This process is 
already underway for the meeting abstracts and papers for the 
next volume. There are several papers currently being reviewed 
and, like this issue, the final form of the papers will be on disk or 
via electronic transmission. There may be a few problems asso
ciated with transmission, but it can be done. 

Fourth, I wish to thank all reviewers for their assistance. 
Editors depend a great deal on the assistance of people willing 
and able to review papers before they are published. This is par
ticularly true for the Transactions of the Missouri Academy of 
Science because of the wide variety of subject matter submitted 

for publication. I do not wish to set rules for the next editor, but 
I think it is important to remind the Vice President and Section 
Chairs of the Senior Division and the Director and Section Chairs 
of the Collegiate Division that they are the first individuals to see 
abstracts. Part of their responsibility is to review the material 
carefully and make sure it meets the requirements for publica
tion; if it does not, it should either be rejected or returned for cor
rections before the meeting. Members of the Academy who par
ticipate in the Annual Meeting should consider it their collective 
responsibility to examine abstracts and forward comments or cor
rections for any of them to the Vice President, the appropriate 
Section Chair, the Director of or any Section Chair of the 
Collegiate Division, and/or the Editor of the Transactions. 

Fifth, I apologize ahead of time for any mistakes for which I 
was responsible, which may have made it into any paper or 
abstract. The most likely place for these errors is in the abstract 
for the 2000 meeting. The 2000 abstracts were scanned to a disk 
and there are always difficulties scanning some letters, symbols, 
and formats. This problem is confounded by different fonts and 
font size and it became my responsibility to proofread all the 
abstracts, find the errors, compare corrections to the original, and 
arrange for correcting of the content of the file. 

Sixth, I thank the Academy for the opportunity to serve as the 
Editor of the Transactions. Even though I am now retired, I look 
forward to participating in activities of the Academy as I contin
ue my research. 

Lastly, I wish to express special thanks to two individuals who 
made my work as Transactions Editor easier because of their 
skill and dedication: Paula Macy, MAS Business Manager; and 
Mindy Limback, Copy Editor and Designer. 

John F. Belshe 
Editor of Transactions 



v 

Publications of the Missouri Academy of Science 
The following Volumes of the Transactions of the Missouri 

Academy of Science are available for purchase. 
The charge is $18.00 per Volume which includes a $3.00 

charge for shipping and handling for domestic postage. Overseas 
orders should add current postal airmail rate for international 
mail. 

Volumes: 1, 2, 3, 4, 5, 6, 7 & 8 (a double volume), 9, 10 & 11 
(a double volume), 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24,25,26,27,28,29,30. 

The following Occasional Papers of the Missouri Academy of 
Science are also available for purchase. The charge is $8.00 per 
copy, which includes a $3.00 charge for shipping and handling 

for domestic postage. Overseas orders should add current postal 
airmail rate for international mail. 

1. Symposium on Pests and Pesticides 
2. Enzyme Characterization of Brown Recluse Spider Venom 
3. Timber-Wildlife Management Symposium 
4. Callaway Plant Units I and II, Preconstruction 

Environmental Monitoring 
5. Second Woody Ornamentals Disease Workshop 
6. CANCELLED 
7. Proceedings of Cedar Glade Symposium - out of print 
8. Lyme Disease in the Southcentral United States 

Copyright statement: Copyright for each article and abstract in this volume of the Transactions of the Missouri 
Academy of Science resides with the author(s). Permission to use, copy, or reproduce must be obtained by contact
ing the respective author( s) of the specific item of interest. 



vi 



1999 Transactions, Missouri Academy of Science 1 

Entisol Development on Foreshore and Aeolian Dune Sediments in 

the Hudson Bay Lowlands near Churchill, Manitoba 
Aide, Michael T., Department of Agriculture, 

Southeast Missouri State University, 
Cape Girardeau, Missouri, USA 63701. 

mtaide@semovm.semo.edu. 

Abstract: Entisols, located on the coastal region of Hudson Bay, 
near Churchill, Manitoba, were investigated to document soil 
development and to indicate which weathering processes are 
active. Sampling sites represent the hearth-lichen, stable dune, 
open dune and strand vegetational communities. Generally the 
soils reflect the interaction between the tundra and the Hudson 
Bay coastal climatic environments. The parent materials are 
derived mostly from Hudson Bay, consisting of sand sized parti
cles having an overall felsic composition. Sea spray from Hudson 
Bay contributes a constant flux of elements typically associated 
with seawater. The cold climate fosters the preservation of organ
ic matter and during the four ice-free months sufficient rainfall 
guarantees a leaching environment. Root activity stabilizes the 
parent materials underlying the various plant communities, with 
the hearth-lichen community showing the greatest soil stabiliza
tion, followed by the stable dune communities. The plant com
munities also contribute organic materials to these young soils, 
increasing the cation exchange capacity and promoting soil fer
tility. The soils are susceptible to water erosion and especially 
wind erosion. Thus, human activity needs to be monitored to 
reduce the stress to these fragile systems. 

Key Words: Soil genesis, gelisols, entisols. 

Introduction 
Entisols are soils that have little or no evidence of pedogenic 

horizons and such soils are common in subarctic and arctic 
regions (Soil Survey Staff, 1975). These soils may contain suffi
cient levels of organic matter to darken or pigment the surface 
horizon, but not to the extent that the horizon may be termed 
either a histic or mollic epipedon. Additionally, leaching may 
occur, but not to the extent that plasma migration produces dis
tinct soil horizons. Gelisols are soils that are impacted by per
mafrost. The lack of permafrost in the study area is attributed to 
the shallowness of the soils and the hard, relatively unweathered 
quartzite bedrock. 

Environmental conditions that limit the amount of water and 
thermal energy available for chemical weathering, such as in the 
subarctic, may limit soil profile development and lead to wide
spread Entisol expression. Parent materials that are resistant to 
chemical weathering because of their extreme hardness or the 
presence of resistant minerals may also inhibit the development 
of a soil profile. Frequently, Entisol development is dominated by 
physical weathering processes and chemical weathering process
es are of minor importance. 

Physical weathering is a climatically dominated set of mechan
ical processes that result in the disintegration of rock materials 

into sand and silt separates (Buol et al., 1989). Examples of phys
ical weathering include: (1) ice or salt crystal formation, (2) root 
pressure from plant growth, (3) abrasion from wave action, and 
( 4) the release of overburden pressures because of glacial ice 
retreat. Although physical weathering processes are highly evi
dent in arctic and alpine climates, nascent chemical weathering 
may be expressed as (1) rock etching and metal chelation by root 
exudates from lichens and other plant species, (2) leaching of 
alkaline and alkaline earth cations, and (3) the hydration and 
hydrolysis of selected minerals (Buol et al., 1989). 

The soils of the coastal region of Hudson Bay near Churchill, 
Manitoba, represent a natural resource that supports a wide vari
ety of arctic maritime, tundra, and boreal forest species, as well 
as, providing nesting sites for many birds. Recent human settle
ment is beginning to impact this resource area, as evident by a 
resumption of wind erosion in selected areas that have been dis
turbed by vehicles. Thus, baseline data concerning the soils and 
their vegetational status is important to adequately manage this 
resource area. The purpose of this investigation was to document 
the extent of soil development of a representative coastal region 
of the Hudson Bay lowlands and to indicate which weathering 
processes are most responsible for soil development. 

Materials and Methods 
Study Area: The study area is located adjacent to the town 

of Churchill, Manitoba. Churchill (58°45' N (Lat.), 94°04' W 
(Long.)) is a part of the Province of Manitoba, Canada, and 
resides along the western shore of Hudson Bay, corresponding to 
the juncture of the Arctic Tundra, Boreal Forest and Arctic 
Marine biomes. The entire region is underlain by the Canadian 
Precambrian Shield. Locally, the Precambrian Shield in the study 
area consists of a Precambrian quartzite (Churchill quartzite) and 
recent foreshore sand deposits and backshore aeolian sandy 
deposits (Beals, 1968). With the waning of the Wisconsin 
Laurentide ice sheet, the region has experienced isostatic 

rebound, currently at a rate of 1 cm yr-1. The intertidal pool 
varies locally from several meters to several kilometers. Tidal 
elevations range from a maximum of 4.3 m to 3.4 m. Portions of 
the study area have been repeatedly abraded by thrusted ice 
blocks from Hudson Bay and the entire study area has been 
exposed to salt spray (Johnson, 1987). 

The subarctic climate of the study area has long cold winters 
and short cool summers with variable spring and fall seasons. 
The average July temperature is 12°C (54°F) and the average 
January temperature is -28°C (-l8°F). Frost and snow may occur 
at any time, but such precipitation is rare in the summer season. 
Precipitation is 40 cm per year, slightly more than half (22 cm) 
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falling as rain. Fog and wind are common. The Hudson Bay 
coastline is ice-free between four to five months of the year 
(Johnson, 1989). 

The landscape of the study area consists of a foreshore bound
ed by Hudson Bay and either (1) shallow quartzite rock cliffs, 
possibly supporting aeolian dune formations, or (2) a backshore 
area containing aeolian dune formations (Fig. 1). The foreshore 
area is composed of shifting coarse sandy materials that are not 
considered soil materials because of their constant reworking by 
wave action. Sandy beach areas within the foreshore region that 
possess halophytes and hardy colonizers of the somewhat unsta
ble sediments constitute the strand community. 

The aeolian dunes within the backshore region are partitioned 
into two communities: the open dune community and the stable 
dune community. Inland from the foreshore region, unstable sand 
dunes support a sparse and limited range of colonizing plants, 
most having an extensive system of roots, which assist in anchor
ing of the sandy sediment. Above and beyond the unstable dunes 
are stable dunes with a nearly complete canopy of plants. The 
lush Lichen-Hearth community develops in thin, somewhat poor
ly drained, peaty soils overlying the Churchill quartzite forma
~ions: !able 1 lists the relative abundance of the plants species 
identified for each community. 

Other than protosoils, two soil suborders within the Entisol 
suborder have been identified in the study area. Soils of the sub
group Lithic Cryorthents are associated with the Lichen-Hearth 
community. These structureless soils are extremely shallow (10-
15 cm), dark brown (10YR3/3) entisols, consisting of almost 
entirely fibrous, finely divided, organic materials thoroughly 
intermixed with a well-sorted, coarse sandy sediment. This hori
zon abruptly rests on hard, unweathered Churchill quartzite. Soils 
of the subgroup Pergelic Cryopsamments are associated with the 
open and stable dune communities. Soils in the open dune com
munity present 10 to 13 cm of sandy textured, light brownish 
gray (lOYR 6/3) to very pale brown (lOYR 7 /3) soil overlying 
unconsolidated sandy aeolian parent materials. The soils within 
the stable dune community present slightly darker surface hori
zons because of the more intense intermixing of tiny fibers of 
organic materials. 

Laboratory Analysis: Sampling sites were selected to rep
resent the hearth-lichen, stable dune, open dune and strand vege
tation communities. Plant identification was confirmed using 
several plant identification guides (Johnson, 1987; Ritchie, 1956; 
and Scoggan, 1959). Soil sampling and description followed the 
methods of Soil Survey Staff (1984) and soil classification was 
based Soil Survey Staff (1975). 

Samples taken for routine physical and chemical analysis were 
air-dried and sieved to remove course fragments. Sample splits 
were oven-dried for chemical analysis. The particle size distribu
tion was estimated using the hydrometer method with sieving of 
the sand separate (Carter, 1993). Routine soil characterization 
(ammonium acetate extraction of exchangeable bases, KCl 
extraction of exchangeable acidity, KCl extraction of exchange
able Al, pH, Walkley-Black analysis for organic carbon) are 
described in Carter (1993) and Soil Survey Staff (1992). 
Phosphorus extraction was with dilute acid and ammonium fluo-

ride, followed by colorimetric analysis (Soil Survey Staff, 1992). 

Results and Discussion 
The type and extent of soil development is commonly consid

ered to be the result of the interaction of five soil forming factors: 
the parent material, the climate, the activity of plant and animals, 
the landscape's topography, and the time span since soil develop
ment began (Buol et al., 1989). 

Parent Material: The parent material consists of well sort
ed, sandy textured sediments deposited in the intertidal areas and 
then transported a short distance to form aeolian dunes. Optical 
microscopic observation of the sand grains indicates that quartz 
is the dominant mineral, followed by smaller amounts of ortho
clase and plagioclase feldspars. Dune materials are well sorted 
(Table 2) with coarse sand grains (0.4 - 2 mm) constituting 
approximately 80% of the parent material. The extent of sorting 
is consistent with dune materials (Blatt et al., 1980). 

Soils having hearth-lichen communities are generally located 
in either rock outcrop areas protected from wave activity or on 
outcrops of the Churchill quartzite. In either case, thin veneers of 
sandy textured materials, nearly identical to the dune parent 
materials in terms of their grain size distributions, overlie the 
Churchill quartzite. The Churchill quartzite is not considered as 
the parent material because of inconsistencies in grain size, 
accessory minerals, and silica overgrowths. Isostatic rebound is 
increasingly isolating the hearth-lichen and dune communities 
from the intertidal area. 

The lack of chemical weathering is evident by the absence of 
clay and the near absence of silt ( < 1 % ), the lack of oxide coat
ings on the sand grains, and the lack of significant accumulations 
of humus. Although considerable quantities of organic material 
exists within many of the soils, particularly in the Lithic 
Cryorthents, the degree of organic matter decomposition is limit
ed. Microscopic examination of the finely divided organic matter 
reveals a fibrous texture with easily detachable organic coatings 
on sand grains. 

The Influence of Climate: The frigid temperatures reduce 
biomass productivity and foster its preservation. Additionally, 
the influence of ice wedging and ice crystal formation inhibits the 
formation of soil structure. Many of the typical active layer 
processes involving patterned ground and permafrost (French, 
1988; Harry, 1988) are not evident because of the shallowness to 
bedrock. The presence of fog is common in summer, further 
reducing evapotranspiration rates and maintaining moist soil con
ditions. Salt spray from Hudson Bay provides additional quanti-

ties of Na+, ci-, and so4= to the study area. 

The Influence of Plant Communities: Two major con
sequences of plant activity on soil development are evident with
in the study area. The extensive root systems of broadleaf and 
grass-sedges within the open and stable dune communities pro
tect the dune deposits from wind erosion and permit the inception 
of soil development. The presence of organic matter, even if not 
completely humified, dramatically increases the soil's cation 
exchange capacity (CBC), particularly for soils of the Lithic 
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Cryorthents series (Table 3). Figure 2 demonstrates that organic 
matter is significantly correlated with the CBC. The soil's CEC 

has traditionally been associated with retaining cations (Ca2+, 

Mg2+, K+, NH4+, zn2+, Mn2+, Fe2+, Cu2+, Co2+) that are 

important nutrients for plant growth and development (Brady, 
1990). Additionally, the mineralization of organic matter provides 

for the release of NH4+, HP04=, and S04= (Brady, 1990). Thus, 

the incorporation of organic materials is a important soil forming 
process that not only modifies soil profile development, but also 
enhances the soil's fertility status. 

The exchangeable sodium percentage (ESP) is the ratio of 
exchangeable sodium to the soil's CBC (Stuum and Morgan, 
1981). All soils show significant levels of exchangeable sodium, 
particularly the strand community. The elevated sodium expres
sion in the strand community may easily be attributed to the daily 
innundation of marine waters from Hudson Bay. The Hearth
Lichen and dune communities possess ESP values ranging from 
1.8 to 5.4. The abundance of Na+ may be attributed to salt spray 
from Hudson Bay; however, the relative consistency of the ESP in 
soils with a variable CBC suggests that sodium leaching is a sig
nificant soil process (stuum and Morgan, 1981). 

Relief: The relief of a landscape may have a profound influ
ence on soil profile development by modifying soil water rela
tionships, erosional tendencies, and soil temperatures. Sites #6 
and #8 represent summit positions within the stable dune and open 
dune communities, respectively, whereas sites #5 and #7 represent 
concave, sideslope positions within these respective dune com
munities. Organic matter contents reflect the soil's topographic 
position; in that, concave positions exhibit darker soil colors and 
higher organic matter contents. Two mechanisms may be present
ed to account for the influence of topography on organic matter 
contents. Summit positions are more prone to wind erosion and 
organic matter concentrations may be preferentially destroyed. 
Secondly, concave positions likely have slightly higher soil mois
ture contents, thus supporting a greater plant biomass and a high
er potential for the production of soil carbon. 

Conclusions 
Soil development is extremely limited because of the extremes 

of climate and the resistance of the parent material to weathering. 
The major soil forming processes are the leaching of soluble ions 

· and the incorporation of organic materials to darken and stabilize 

the soil surface. Given the unstable nature of the study area, pro
tection should include limiting access to the area of all-terrain 
vehicle to protect the vegetation and limit accelerated wind ero
sion. 

Future research should be directed to the flux of metals through 
the soil systems and erosion abatement. 
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Table 1. Plant communities in the foreshore and dune habitats. 

Common name Scientific name 

Strand and Salt Marsh Communities 
Arctic Chrysanthemum 
Four-Leaved Mare's-Tail 
Scurvy-Grass 
Sea-Beach Sandwort 
Seaside-Sedge 
Seaside Lungwort 
Sea-Shore Chamomile 
Seaside Plantain 
Smooth Orache 
Western Dock 

Open Dune Communities 
Sea-Lime grass 
Purple Paintbrush 
Yarrow 
Spike Trisetum 
Alpine Fescue 
Pygmyflower 
Sea-Shore Chamomile 
Red Bearberry 
Cinquefoil 
Sand-Dwelling Rock-Cress 

Stable Dunes 
Red Bearberry 

Glacier Sedge 
Sweet Vetch 
Yarrow 
White Mountain-Avens 
Purple Paintbrush 
Snow Willow 
Fire weed 
Canada Buffaloberry 
Broad-Leaved Fireweed 

Lichen-Hearth Community 
Red Bearberry( +) 
Alpine Azalea(+) 
Alpine Milk-Vetch 
Snow Willow 
Alpine Bilberry(+) 
Black Crowberry 
White Mountain-Avens 
Lapland Lousewort 
Dry-Ground Cranberry(+) 
Lapland Rose-Bay(+) 

( +) = Heath family 

Chrysanthemum arcticum L. 
Hippuris tetraphylla L.f. 
Cochlearia officinalis L. 
Honckenya peploides (L.) Ehrh. 
Carex maritima Gunn. 
Mertensia maritima (L.) Gray 
Matricaria ambigua Kryl. 
Plantago juncoides Lam. 
Atriplex glabriuscula Edmon. 
Rumex occidentalis S. Wats. 

Elymus arenarius L. ssp. 
Castilleja raupii Pennell 
Achillea nigrescens E. Mey. 
Trisetum spicatum (L.) Richter 
Festuca brachyphylla Schultes 
Androsace septentrionalis L. 
[not known] 
Arctostaphylos alpina (L.) Spreng 
Potentilla multifida L. 
Arabis arenicola Gelert (Richards.) 

[unknown] 
Carex glacialis Mack. 
Hedysarum mackenzii Richards.
[unknown] 
Dryas integrifolia M. Vahl. 
[unknown] 
Salix reticulata L. 
Epilobium angustif olium L. 
Shepherdia canadensis (L.) Nutt. 
Epilobium latif olium L. 

[unknown] 
Loiseleuria procumbens (L.) Desv. 
Astragalus alpinus L. 
[unknown] 
Vaccinium uliginosum L. 
Empetrum nigrum L. 
[unknown] 
Pedicularis lapponica L. 
Vaccinium vitis-idaea L. 
Rhododendron Lapponicum (L.) Wahlenb. 

Abundance 

common 
common 
rare 
common 
common 
rare 
common 
common 
rare 
common 

common 
abundant 
abundant 
common 
common 
abundant 
common 
abundant 
common 
rare 

abundant 
rare 
common 
abundant 
abundant 
abundant 
common 
common 
common 
rare 

abundant 
common 
common 
common 
common 
abundant 
abundant 
common 
common 
abundant 

Vol 33 
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Table 2. Soil physical properties at the study area of Churchill, Manitoba. 

--------------------Sand Separate Partition-----------------------

Site Texture >2mm 0.4-2mm 0.25-0.4mm 0.15-0.25mm 0.05-0.15mm <0.05mm 
% % % % % % 

Hearth-Lichen Community 

2 sand 0.0 81.3 16.4 2.0 0.3 0.0 
3 sand 0.0 71.2 22.6 5.2 0.9 0.1 
4 sand 0.1 80.4 15.5 1.0 0.3 0.1 

Stable Dune Community 

5 sand 0.0 27.6 5.4 0.3 0.2 0.1 
6 sand 0.3 78.9 19.3 0.6 0.1 0.1 

Open Dune Community 

7 sand 0.0 87.5 11.1 0.3 0.2 0.1 
8 sand 0.0 81.5 17.8 0.2 0.0 0.0 

Strand Community 

9 sand 14.3 84.9 19.3 0.6 0.0 0.0 

All values are referenced to the non-organic (inorganic) fraction. 
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Table 3. Soil chemical properties at the study area of Churchill, Manitoba. 

Site pH Ca Mg K Na CBC Organic Matter ESP 
----------------------------cmol(P+ )/kg-soil---------------------------------------- % % 

Hearth-Lichen Community 

1 6.4 15.4 6.3 0.6 0.4 22.6 22.7 1.8 
2 6.5 14.1 4.6 0.4 0.4 19.5 18.1 2.1 
3 6.6 13.4 5.7 0.3 0.4 19.8 23.4 2.0 
4 6.9 6.7 1.9 0.2 0.5 9.3 2.3 5.4 

Stable Dune Community 

5 6.6 7.2 1.5 0.2 0.3 9.2 2.4 3.3 
6 6.4 5.0 0.4 0.1 0.2 5.7 0.1 3.5 

Open Dune Community 

7 6.5 6.2 0.6 0.1 0.2 7.1 0.4 2.8 
8 6.7 4.4 0.7 0.1 0.2 5.4 0.2 3.7 

Strand Community 

9 6.6 6.9 1.0 0.1 1.5 9.6 0.1 15.6 

ESP = Exchangeable Sodium Percentage = Na · 100/CEC. 

Fig. 1. Block diagram of the Study Area 
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East em Hermit Thrush (Hylocichla guttate f axoni) Chokes 
to Death Swallowing a Snake 

LTC Richard M. Pitts, CPT Jerrold]. Schaminghausen, and John W. Bickham 
Department of Wildlife and Fisheries Sciences, 

Texas A&M University 
College Station, Texas 77843 

On 2 February 1991, while conducting a mammal survey at 
Fort Benning, Chattahoochee County, Georgia, one of us 
(Scharninghausen) found an eastern hermit thrush, Hylocichla 
guttate faxoni, dead with a female eastern smooth earth snake, 
Virginia valeriae valeriae, protruding from its mouth. 
Measurements of the eastern earth snake were Total body 
Length, 120 mm; snout-vent length, 92 mm. 

Beal (1915) examined the stomach contents of 551 eastern 
hermit thrushes from throughout the species' range and docu
mented that 64.5 percent of the stomach contents consisted of 
animal matter mostly insects, 55.7 percent; spiders, 7.5 percent; 
miscellaneous animals such as sowbugs, snails, and angle
worms made up the balance of the animal matter, 1.3 percent. 
Vegetable matter (mostly fruit) comprised the other 35.5 per
cent. In New York, Coker (1931) reported that he observed and 
adult eastern hermit thrush feeding small Allegheny and red
backed salamanders to its young. The Allegheny salamander is 
called the mountain dusky salamander, Desmognathus 
ochrophaeus body length ranges from 70 mm to 100 mm. The 
red-backed salamander, Plethodon cinereus cinereus body 
length ranges from 57 mm to 92 mm (Conant, 1975). Bent 
(1949) observed a female H. g. faxoni eating an approximately 
2 inch long salamander of unknown type. Eastern hermit 
thrushes also have been observed eating earthworms and vari
ous insects in New Hampshire (Shelly, 1930). Bent (1949) 
reported the F. H. Kennard found a dead eastern hermit thrush 

which had apparently choked to death on a large earthworm 
that, was found protruding from its mouth. One can only spec
ulate that, the H. g. faxoni reported herein apparently mistook 
the V. v. valeriae for an earthworm and choked to death while 
consuming it. This paper represents the first known predation 
of an eastern hermit thrush on a snake or vertebrate, excluding 
small salamanders. 

The eastern smooth earth snake is deposited in the Texas 
Cooperative Wildlife Collection, (TCWC), Texas A&M 
University. The eastern hermit thrush, identified by Dr. Keith 
Arnold, Texas A&M University, could not be salvaged due to 
decomposition. 
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Chance Observation of Escape Behavior 
of a lumbricid Earthworm, Aporrectodea caliginosa 

* Owen]. Sexton 
Tyson Research Center 
Washington University 

P.O. Box 258 
Eureka, MO 63025 

Abstract: An observation suggests that the earthworm 
(Aporrectodea caliginosa) can escape predation by the eastern 
mole (Scalopus aquaticus) by emerging from leaf litter and 
traveling across its surface. 

Although the diet of moles (Mammalia: Soricidae) has long 
been known to include earthworms (Oligochaeta: 
Lumbricidae) as a major component (German & Stone, 1990), 
there is little information available about the escape responses 
of earthworms in the presence of these predators (Hendrix, 
1995). A serendipitous backyard observation of such as inter
action seems noteworthy. 

The eastern mole (Scalopus aquaticus) is native to much of 
the eastern United State (Burt & Grossenheider, 1976) and has 
become adapted to yards and gardens (Schwartz and Schwartz, 
1959). An introduced European earthworm [Aporrectodea calig
inosa (=C. furgida)] (Schwert, 1990) has also become adapted to 
North American backyards (Schwert, 1990). The earthworm was 
identified by one of us (D.J.). We are grateful to V.C. Hubbard 
of the Soil Microbiology Laboratory, University of Missouri, 
Columbia, Missouri and Professors James, Maharishi 
University, Fairfield, Iowa for verification. 

Serendipitously, one of us (O.J.S.) observed a predator-prey 
encounter between the above two species at 1330 on the sunny, 
warm (24°) day of 15 May 1995 in St. Louis County, Missouri, 
U.S.A. The encounter took place in a fenced, raised vegetable 
garden in which the soil was covered with 2.5 cm of oak leaf 
mulch. As OJS entered the garden, he noticed that a mole was 

Diann Jordon 
Soils and Atmospheric Science Department 

144 Mumford Hall 
University of Missouri-Columbia 

Columbia, MO 62511 

causing an upheaval of the soil and leaf litter as it moved for
ward 15 cm over a 2-minute period. Eleven A. caliginosa 
emerged in front of the displacement. 

They crawled rapidly away from it over an arc of 270° and re
entered the soil about 50 cm from their emergence point. None 
of the worms were attacked by the mole. No other earthworms 
were observed elsewhere on the litter surface of the garden 
which strongly suggests that the observed movement of the 
earthworms was a behavior utilized by A. caliginosa to escape 
predation by S. aquatic us. The intensity of the escape behavior 
is emphasized by the fact that the earthworms emerged under the 
clear sky of warm May day. One possible stimulus which initi
ated this escape behavior is the vibration within the upper soil 
and litter caused by mole's activity. Scent is another possible 
stimulus. 
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The Agricultural Situation in Post-War Afghanistan 

Mohammad Ashraf, 
University of Guelph, 

Guelph, Ontario, Canada N1G2Wl 

Abstract: Between 1978 and 1991, the Russian occupation of 
Afghanistan caused extensive damage to the country's agricul
tural infrastructure. The ability of the country to recover and to 
address the needs of the more than 5 million Afghan refugees 
waiting to be repatriated is dependent on the recovery of the agri
cultural system. This paper addresses two aspects of the agricul
tural situation in Afghanistan. First, an analysis of the extent of the 
damage to the agricultural system is made based on a longitudinal 
study of thirteen farm related variables. From this study it is con
cluded that the war had a major but inconsistent impact. Second, 
a number of potential policy recommendations are made based on 
a questionnaire survey conducted in Afghanistan and among 
Afghans in Pakistan and Iran. 

Key Words: Afghanistan, Post-War Agriculture, Resources, Policy 

Introduction 
Lacking mineral resources, Afghanistan is mainly dependent 

upon agriculture for its sustenance. The percentage of the popu
lace involved and the percentage of household income earned 
from agriculture, make it by far the most important sector of the 
economy. The present sustainability and future development of 
the nation rest on the welfare of the agricultural industry. 
Unfortunately, because of the decade of war after the Russian 
invasion, the agricultural sector has been severely damaged, but 
no one has a clear idea of the extent of the damage. During the 
course of the war irrigation systems, farm infrastructure, and farm 
input facilities were either destroyed or damaged to the point of 
having no practical use. Food production even today continues to 
decline and demand pushes prices to the extreme. As a result, the 
country is faced with under-nutrition, poverty and famine. To 
make the situation even worse, the repatriation of more than five 
million Afghan refugees currently living in Pakistan and Iran 
would double the Afghan demand for food and agricultural prod
ucts. Thus, to avoid further poverty, under-nutrition and possible 
catastrophic hunger, it is imperative to assess the magnitude of the 
damage to the agricultural sector and to identify the factors limit
ing the sector's recovery. A clear and precise understanding of the 
production capacity of the country, as well as the curtailing factors 
and challenges, is essential to the reconstruction process in order 
to ensure food production and prevent further human suffering. 

Description of the Study 
This study was designed as a first attempt to investigate farm 

problems and to provide viable solutions which might help the 
country and people of Afghanistan to carry out the reconstruction 
process. More precisely, the purposes of the study were twofold: 
first, to measure the effects of a decade of war on the agriculture 
of Afghanistan, and to critically analyze and interpret the current 
food production situation in the country; second, to formulate 
effective and sound policy guidelines not only to ensure the ade-

Frederick D. Worman, 
Central Missouri State University, 

Warrensburg, MO 64093 

quacy of food in the country, but also to provide a basic frame
work for the reconstruction and development of the agriculture 
sector. To achieve the first objective, a longitudinal study of thir
teen variables (farm power, farm labor, abandoned land per 
farmer, number of farmers who did not use fertilizer, yield and 
area plowed for dry wheat, irrigated wheat, rice and corn, and 
family size) was conducted. To achieve the second objective, a 
questionnaire survey was conducted in Afghanistan, Pakistan, and 
Iran. Six hundred respondents who ranged in age from 13 to 80 
and in education from illiterate to holders of doctoral degrees were 
randomly selected. Respondants to the questionnaire survey 
included refugees and non-refugees, as well as farmers and non
farmers, Afghans living in and outside the country; the survey 
attempted to measure their perceptions on several farming issues 
in the country. 

Data 
When studying developing countries, in many cases it is hard to 

find accurate and trustworthy data. In the case of Afghanistan, the 
situation was even worse. No data were ever collected about any 
sector, including the agricultural sector, either by the Afghan pro
Communist government or by the Islamic parties (Mujahideen) 
based in Pakistan or Iran during the war. If such data had been col
lected they would have provided at least a general picture of the 
current farming status in the country. Because of the war and 
unavailability of data, the initial data needed for the analysis of the 
first part of the study were compiled from various annual and 
semiannual reports (The Agricultural Survey of Afghanistan) 
released by the Swedish Committee for Afghanistan and other 
non-governmental organizations (NGOs) which worked closely 
with farmers and farm problems in Afghanistan. The initial data 
were compiled on an annual basis from 1978 to 1991 for six agri
cultural zones (north, northeast, northwest, southeast, southwest, 
and east central) on each of the thirteen independent variables list
ed above. A longitudinal study of each independent variable for 
each of the six agricultural zones in the country was conducted. 
Once the potential trend of each variable for each agricultural 
zone was evaluated over the course of time, the data on each vari
able for the six agricultural zones were combined for final con
sideration and evaluation of each variable for the country as a 
whole. The change in each variable based on its correlation and 
contribution to production was interpreted in terms of its effects 
on zonal as well as total production capacity of the country. 

After the status of agricultural production in the country was 
determined and farm problems were recognized, the second part 
of the study commenced. To achieve the objectives of the second 
part, a questionnaire survey was developed and sent to both 
refugee and non-refugee Afghans to evaluate their opinions on 
solutions to the major farm problems and on the development of 
policies which were considered of importance for the farm sector 
in the country. The data for the second part of the study were 
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compiled from 150 usable questionnaires which were obtained 
during the study. 

Results and Conclusion 
The real question is whether the present farming system in 

Afghanistan can feed the total population of the country (includ
ing refugees living outside the country) at a nutritionally accept
able level. The findings of this study indicate that the current 
farming system (assuming no major change), as expected, is not 
capable of feeding the country even on a subsistence level. On a 
zonal basis, the southwest, southeast, and east central zones have 
been significantly more damaged (more abandoned land per 
farmer, more anti-personnel mines per hectare, and less area plant
ed per zone to wheat, rice and corn) during the course of the war, 
when compared to north, northeast, and northwest. One possible 
and major explanation is that most members of the resistance took 
refuge in Pakistan and Iran, which border Afghanistan in the 
southwest, southeast, and east central. As a result of this, the 
southwest, southeast, and east central zones became major battle
grounds, and Russian soldiers not only fought and bombed, but 
they also heavily mined these zones. Although this proximity of 
the zones with Pakistan and Iran helped the southwest, southeast, 
and east central farmers to come back across the border and do 
their farming, the intensity of the war and the geo-military impor
tance of these zones made farming very difficult. 

On the national level, the data indicated a significant decline in 
each independent variable included in the study (Table 1). There 
was an 81 % decline in the number of farmers (farm labor) in addi
tion to a 900% decline in fertilizer use by farmers. Furthermore, 
the results indicated that there was a 35% decline in area planted 
for dry wheat and an 18% decline in area planted for rice. There 
were a 53%, 31 %, 26%, and 24% decline in yield for dry wheat, 
irrigated wheat, rice and corn, respectively. Finally, there was a 
30% decline in farm power (number of oxen/farmer), and a sig
nificant increase in family size and abandoned land, all of which 
indicated that the current farm and food production situation in the 
country is far behind that of the pre-war period. Therefore, the 
agricultural sector needs serious consideration and attention if fur
ther human suffering and food shortages are to be prevented. 

In December of 1978 (the last normal year), the Ministry of 
Planning released the following statistics which were published 
by the Central Statistics Office of Afghanistan. The total area used 
for wheat production was reported to be 2,345,000 hectares, 
which accounted for the production of 2,652,000 tons of wheat. It 
was also reported that irrigated wheat accounted for 80% and rain
fed wheat accounted for 20% of the national wheat yield. That 
means, of the 2,652,000 tons of wheat, 2,121,600 tons were irri
gated and 530,400 tons rainfed. Thus, the 31 % decline in irrigat
ed wheat yield, means a 654, 726 ton decline in irrigated wheat 
production, and the 53% decline in rainfed wheat, means a 
279,945 ton decline in rainfed wheat production. These figures 
indicate a 934,671 ton wheat production decline on the national 

, level. In addition to this, the total yields for corn and rice pub
lished in the same report for the year 1978 were 300,000 and 
400,000 tons respectively. Using the same procedure as before, a 
26% decline in rice yield means a 102,600 ton decline in produc
tion capacity for rice, and a 24% decline in corn yield means a 
72,930 ton decline in corn. For the sake of argument, if the pre
war yields for the three crops were sufficient to satisfy the demand 

for the crops on the national level, our example clearly demon
strates that by any measure the above declines are significant as 
far as food availability is concerned, the data support the legiti
macy of our conclusion that there is an urgent need to seek ways 
to overcome the current problems in order to ensure food avail
ability, affordability, and accessibility to each and every house
hold in the county. 

Policy Recommendations 
To increase food availability and affordability in the country, 

the following policy directions derived from the survey results 
are essential. 

1. Agricultural development should be a top priority of future 
governments because not only is the agricultural sector the 
residual employer of more than 60% of the population, but 
it also plays a crucial role in the present and future 
economic transformation to a peacetime economy. 

2. Repatriation of refugees living in Pakistan and Iran should 
take place in stages in order to prevent sudden food shortage 
and major depression in the country. The smooth process of 
resettlement of more than five million refugees living outside 
the country will be of major importance to food, shelter, and 
employment issues in the country. 

3. To improve food production and farm productivity, future 
governments should introduce farmer education and extension 
services, because the quality of labor is essential to the quality 
and quantity of production. 

4. In the short run, it is possible to feed the country by improving 
the existing farming tools and techniques; thus, there is no 
need for importing new equipment without a long-term 
development plan. This policy will not only allow the war
ravaged Afghan economy to concentrate on other necessary 
and urgent areas, such as rebuilding irrigation infrastructure 
and clearing mines, and it will also enable farmers to continue 
to use their present equipment without undergoing the expense 
of purchasing and adapting to new machinery. 

5. To enable the agricultural sector to play its central role in the 
long run in the economic transformation of the country, the 
government should pay equal and serious attention to the 
improvement of both human and production resources. 
Currently, both human and production resources have limiting 
impact on the productivity of the agriculture sector. 

6. Finally, future governments should pay serious attention to 
family planning "population control" to ensure food and 
socio-economic development in the country. The family 
planning program should be within the Islamic and Afghan 
tradition in order to ensure the acceptability and practicality 
of the program in achieving the desirable population control 
goal. Whether Afghans succeed or fail in curbing the fertility 
level within the country will determine the success or failure of 
science, technology, and natural resources in feeding future 
generations in the country. 
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Table 1. Changes in major agricultural variables, Afghanistan, 1978-91 

Variables Pre-War Post-War % Change 

Farm Power(# oxen/farmer) 2.0 1.4 - 30 

Farm Labor(# farmers/zone) 2152 413.2 - 81 

Abandoned Land (hectares/farmer) 0.0 5.1 + 510 

No Fertilizer use(# farmers/zone) 40 400 + 900 

Area Plowed (Hectares/farmer) 

Dry Wheat 5.08 3.32 - 35 

Irrigated Wheat 2.24 2.24 0 

Rice 1.74 1.42 - 18 

Corn 0.84 0.90 + 7 

Yield (kg/hectare) 

Dry Wheat 1260 595 - 53 

Irrigated Wheat 2450 1694 - 31 

Rice 2824.5 2100 - 26 

Corn 2030 1536.5 - 24 

Family Size(# children/house) 9.0 10.7 + 19 

Source: Swedish Committee for Afghanistan. The Agricultural Survey of Afghanistan. Various years. 
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Abstract: Rice (Oryza sativa L.) is one of the world's premier 
food crops and is an important commodity in the Lower 
Mississippi River Valley. Successful production requires a con
sideration of soil fertility, particularly N, P, and K. Potassium and 
P soil fertility investigations are relatively rare compared with 
those of N. The objective of this investigation was to evaluate the 
P and K soil requirements for rice. The research was conducted 
at the Missouri Rice Research Farm in Dunklin County, 
Missouri. The experimental design consisted of four rates of K 
and two rates of P in a four replicated randomized block design. 
The rice variety 'Lamont' was planted in 1996 and 1997 and fer
tilized with potash at 0,1 2 and 3 times the soil test recommenda
tions and superphosphate at 0 and 1 times the soil test recom
mendations. The yield components (population, panicle density, 
spike development, and yield) and elemental concentrations of 
rice tissues were performed to assess agronomic performance. 
Phosphorus did not influence any of the yield components, 
including yield. Potassium at twice the recommended rate signif
icantly increased the yield and was justified when compared to 
the cost of the additional potash. The yield advantage was attrib
uted to increases in the tillering capacity of the rice plant and 
spikelet production. Based on these results, soil K recommenda
tions in Missouri for rice may need to be adjusted upward. 

Rice ( Oryza sativa L.) is a freely tillering annual grass pre
senting a highly branched and shallow root system with a panicle 
inflorescence. Extensive aerenchyma tissues in the cortex permit 
the rice plant to persist in very poorly drained soils. Ecotypes of 
rice include indica, japonica and javanica (Smith, 1995). 

Potassium (K) has a critical role in plant physiology. In rice, K 
provides regulatory control over such processes as transpiration, 
starch synthesis, sucrose translocation, respiration, and lipid syn
thesis (Tisdale et al., 1985). Proper K nutrition in rice promotes 
tillering, panicle development, spikelet fertility, plant uptake of N 
and P, leaf area and leaf longevity, disease resistance, root elon
gation and thickness, and culm (stem) thickness and strength 
(Fugiwara, 1965; Ishizuka and Tanaka,1960; Noguchi and 
Sugawara, 1966). 

The effect of the K fertility status of soil on the agronomic per
formance of rice has been reviewed (DeDatta and Mikkelsen, 
1985; Ishizuka, 1965; Mengel et al., 1976; Mengel and Kirkby, 
1982; Patnaik and Abichandani, 1970). The interaction of K with 
N (Mengel et al., 1976), Mg (Mengel and Kirkby, 1982), and 
with Fe, Mg and Ca (Tanaka and Tadano, 1972) shows that K root 
uptake patterns are complex and not always easily predictable. 
Ishizuka (1965) showed that K uptake follows a sigmoidal curve, 
with the uptake of K paralleling the accumulation of dry matter 
from emergence to anthesis; after which, K uptake slows dramat
ically. During seed development, transfers of K from leaf sheaths 

largely account for the K accumulation in the seed, explaining the 
often observed decline in K leaf tissue concentrations, particular
ly after anthesis. Yoshida (1981) and Mikkelsen (1983) provide 
estimates of critical K levels in rice leaf tissue as a function of 
plant growth and development. 

Phosphorus (P) is of equal importance to plant physiology, 
being a necessary constituent of ATP, nucleic acids, phospho
lipids, phosphosugars, and many other important biochemical 
compounds (Tisdale et al., 1985). The effect of P fertility on the 
agronomic performance of rice has been reviewed (Davide, 1965; 
Ishizuka, 1971; Nelson, 1980; Olsen, 1958; Sims and Place, 
1968; Terman and Allen, 1970; Thompson et al., 1962). Proper P 
nutrition in rice increases the leaf number and leaf blade length, 
increases the number of panicles per plant and the number of 
seeds per panicle (Nelson, 1980; Teo, Beyrouty et al., 1992). The 
reduced tillering capacity for rice planted in a P impoverished 
soil is usually the greatest factor responsible for reduced yields. 
Flooding rice soils generally moderates the pH towards a neutral 
condition, thus promoting the soil P availability (Nelson, 1980; 
Fageria, Zimmermann et al., 1995; Fageria and Baligar, 1999). 

Materials and Methods 
The study area is the Missouri Rice Research Farm in Dunklin 

County, Missouri. The region's climate is humid continental, 
with a mean daily summer temperature of 26°C (79°F). The soil 
is a member of the Crowley series (fine, montmorillonitic, ther
mic Typic Albaqualfs) that has recently been land graded. 

The experimental design was a replicated randomized block 
design with treatments involving K and P. The K treatment levels 
were 0 (control) 33 (30), 67 (60), and 100 (90) kg K20/ha (lbs 
K20/acre), whereas the P treatment levels were 0, and 56 (50) kg 
P205/ha (lbs P205/acre). All possible combinations of P and K 
were performed and each treatment was replicated four times. 
Plot dimensions were 3.07 by 6.15 m (10 by 20 ft). Soil testing 
was performed before planting by dividing the study area into 
two areas and randomly selecting cores, which were then blend
ed to obtain a composite sample for each area. After harvest, each 
treatment plot was sampled by blending four cores. 

The rice variety 'Lamont' was planted in late-May in 1996 and 
1997. Phosphorus and K applications consisted of concentrated 
superphosphate (0-46-0) (monocalcium phosphate) and potash 
(0-0-60) (KCl) applied surface broadcast immediately after plant
ing. Nitrogen fertilization consisted of 134 kg N/ha (120 lbs. 
N/acre) of urea applied immediately prior to flood with two 34 kg 
N/ha (30 lbs N/acre) urea applications at mid-season. Weed con
trol consisted of 7 liters of Stam (proponil)/ha followed by a sec
ond application prior to flood establishment. 

Tissue analysis occurred in late-June and late-July (1996) and 
in mid-July and late-August (1997). Tissue samples consisted of 
10 recently mature leaves selected from 10 randomly selected 
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plants within each treatment plot. Nitrogen was determined by a 
C-N analyzer. Calcium, S, Mg, Al, P, K, Zn, B, Fe, Mn, Cu, Na 
were determined by inductively coupled plasma emission spec
troscopy after acid digestion of ground plant tissues. Nitrogen, S, 
P, K, Ca, and Mg are expressed as percent of dry weight, where
as Fe, Mn, Cu and Zn are expressed as mg I kg-dry weight (ppm). 
Field measurements involved tiller counts, the number of pani
cles per row, the number of spikelets per panicle, the percentage 
of fertile spikelets, seed weight, dry matter accumulation, and 
yield. In-field counts (tiller counts, the number of panicles per 
row) consisted of two replications using a 3 meter transect with
in the row, whereas the number of spikelets per panicle, the per
centage of fertile spikelets, seed weight, dry matter accumulation 
were determined using 10 selected plants with counting-weigh
ing. Tillering was estimated just prior to panicle initiation in 1996 
and at harvest in 1997. Additionally, in 1997, the panicle density 
was estimated at harvest. Harvest (15 Oct 96 and 30 Oct 97) was 
by plot combine, followed by seed moisture determination. After 
harvest, each harvested area of each plot was independently 
measured for length and width. Data analysis involved analysis 
of variance. and regression analysis using routines contained in 
Quatro-Pro. 

Results and Discussion 
Soil Analysis: Soil analysis revealed that the test area was 

strongly deficient in both P and K. Typical P levels were less than 
11 kg P205/ha (10 lbs P205/acre), whereas K was generally 

much less than 67 kg K10/ha (60 lbs K20/acre), respectively. 

Normal P levels would be 45 lbs P/acre, whereas normal K lev
els are 220 + 5 CEC, having units of lbs K/acre (approximately 
320 lbs K/acre). Soil pH was 4.9 in 0.5M CaCl2 and 5.4 in water, 

each value indicating an acidic soil reaction. 

Elemental Analysis of Rice Tissues: Elemental analysis 
of rice tissues consistently demonstrated that N, S, P, Mg, Ca, Al, 
B, Na and Mn concentrations were generally not significantly 
different because of either P or K fertilization in (Table 1). 
Average mid-July N, S, P, Mg and Ca levels for 1996 were: N 
(3.6%), S (0.23%), P (0.23%), Mg (0.28%) and Ca (0.38%), 
whereas average mid-July Fe, Mn, Cu and Zn levels were: Fe (98 
mg· kg-1), Mn (860 mg· kg-1), Cu (5.6 mg· kg-1) and Zn (20.8 
mg· kg-1). Average mid-July N, S, P, K, Mg and Ca levels for 
1997 were: N (3.5%), S (0.22%), P (0.27%), K (1.45%), Mg 
(0.26%) and Ca (0.40% ), whereas average mid-July Fe, Mn, Cu 

and Zn levels were: Mn (1511 mg· kg-1) and Cu (12.5 mg· kg-1 ). 
In 1996, K fertilization did significantly enhance the mid-July K 
tissue concentration (Fig. 1). In 1997, Fe and Zn tissue levels 
were enhanced because of K fertilization (Fig. 2). The elemental 
concentrations of N, S, P, K, Mg, and Ca are representative of 
nutritionally healthy rice (Tisdale et al., 1985). Manganese con
centrations are excessive, whereas Zn concentrations are uni
formly deficient. 

Phosphorus fertilization did reduce Zn tissue concentrations 
during both sampling periods in 1997 (37.8 versus 31.1 mg kg-1 
in mid-July and 12.3 versus 9.6 mg kg-1 in late-August). All 
other effects attributed to P were not significant. Because of the 

lack of P significance, the P treatments on rice yield will not be 
further discussed. 

Agronomic Performance and Yield: Tillering and pani
cle development are complex responses to the environmental 
and nutritional status of the study area. The extent of tillering did 
increase with K fertilization in 1996, but the increase in tillering 
was not statistically relevant (Table 1). The panicle density in 
1997 was significantly increased because of K fertilization 
(Table 1). Phosphorus fertilization did not significantly influ
ence the panicle density. 

Potassium fertilization increased the number of spikelets per 
panicle in each year (Table 1). Spikelet fertility paralleled total 
spikelet production and was proportionally greater in 1997, pre
sumably because of more moderate temperatures during anthe
sis. Phosphorus did not significantly influence panicle develop
ment. The rough rice yield was significantly increased because 
of K fertilization. During both years the application of 67 kg 
K10/ha significantly increased rice yields above that of the con
trol and the 33 kg K10/ha treatment. Phosphorus fertilization 
did not affect yield. 

Regression analysis of exchangeable K (independent variable) 
with the panicle density or yield (dependent variables) was not 
meaningful. The coefficients of the independent variable, 
although positive, were not significantly different from zero. 
This suggests that the relationships between exchangeable K and 
either the panicle density or yield were randomly distributed. It 
is interesting to note that the exchangeable K expression of the 
K control plots which also received superphosphate were signif
icantly greater than those control K plots which did not receive 
superphosphate. Zhou and Huang (1995) observed that 
monoammonium phosphate induced K release from selected 
Chinese soils. These authors proposed that acidity generation 
from fertilizer dissolution and the small hydrated radius of the 
ammonium phosphate permitted the release of K from clay and 
feldspar. Whether these exchangeable K expressions are a con
sequence of superphosphate fertilization or simply a result of 
natural variation may be an important area of future research. 

Conclusions and Future Research Needs 
Potassium fertilization significantly increased the yield of 

rice. Yield data suggests that a rate of 67 kg K10 ha-1 was supe
rior to a rate of 33 kg K10 ha-1; while a rate of 100 kg K20 ha-1 

could not be justified. The yield advantage of the 67 kg K10 ha-1 

rate was attributed to an increase in tillering and spikelet produc
tion. Phosphorus fertilization did not significantly increase the 
rice yield, even though the soil test indicated a need for P. 

Future research needs must focus on a reassessment of the K 
needs of rice and a reappraisal of the standard K soil test levels 
for rice. Currently, the K needs are adapted from Arkansas and 
these Arkansas levels were implemented before the dramatic 
growth of rice culture in the Lower Mississippi River Valley. 
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Table 1. Yield components for a K fertility trial involving rice. 

Treatment Tillers Spikelets I panicle Yield 
kg K20/ha Plant-1 total fertile lbs/a kg/ha 

1996 

0 4.8a 99a 84a 6620 7410a 
33 4.5a lOOa 88a 6920 7750a 
67 5.la 104b 83a 7440 8330b 
100 5.0a 108c 84a 7660 8580b 

1997 

Meter-1 
0 llOa 112a 102a 8398 9405a 
33 136b 114a 104b 8522 9545a 
67 146b 127b 113b 8911 9980b 
100 144b 117b llOb 9041 10125b 

<JI Within a column, different letters represent significant differences (P=0.05%) 
£ Each number is the mean of four plot samples.(Treatments involving P fertilizer are omitted) 
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Evidence of Hantavirus Infection in 

Microtus Ochrogaster in St. Louis County, Missouri 
CPT Jerrold}. Scharninghausen, LTC Richard M. Pitts, 

John W. Bickham, Donald S. Davis 
Department of Wildlife and Fisheries Sciences, 
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Abstract: Between 31 October and 4 December 1994, 252 
rodents were collected from The Washington University Tyson 
Biological Research Center (TBRC), St. Louis County, Missouri. 
Blood samples from 101 rodents were tested by enzyme-linked 
immunosorbent assay for antibodies reactive with Sin N ombre 
and other related hantaviruses. Antibody was detected in two of 
58 tested prairie voles, Microtus ochrogaster. This is the second 
record of prairie voles being positive for hantavirus in Missouri. 
Given the relative specificity of hantavirus-host relationships, 
and the absence of infection of any other species in the study 
area, we suspect that the virus we have detected is most likely to 
be Bloodland Lake virus, which as been described as being asso
ciated with prairie voles. Our data, when combined with that of 
other studies showing hantavirus infection in prairie voles, sug
gest that the species is infected throughout a wide portion of its 
range. 

Key Words: Microtus ochrogaster; Hantavirus; Bloodland Lake 
virus; Missouri 

Introduction 
The hantaviruses constitute a genus in the family 

Bunyaviridae. Unlike other genera in the family, an arthropod 
vector does not transmit hantaviruses. The virus is shed in the 
saliva; urine and feces of infected rodents. Humans may be 
infected by inhalation of infectious aerosols, or direct contact of 
infectious materials with mucous membranes or broken skin 
(Tsai, 1987). Hantaviruses are circulated in nature among small 
mammals and have a worldwide distribution. With a single 
exception, all known hantaviruses are associated with three sub
families of rodent hosts of the family Muridae. Several viruses 
associated with the old-world subfamily Murinae cause hemor
rhagic fever with renal syndrome (HFRS) in Asia and Europe. 
Viruses associated with the new-world subfamily Sigmodontinae 
(including Sin Nombre virus, associated with Peromyscus man
iculatus) cause hantavirus with pulmonary syndrome (HPS) in 
the Americas. A third group of hantaviruses is associated with 
voles (subfamily Arvicolinae) throughout the northern hemi
sphere. Puumala virus, associated with Bank voles, 
Cleithrionomys glareolus, causes a mild form of HFRS in Europe 
and Asia; however, none of the North American arvicoline virus
es are known to cause any form of human disease (Schmaljohn 
and Hjelle, 1997). 

Three hantaviruses have been described among arvicoline 
species in North America. These include Prospect Hill virus 
associated with the meadow vole, Microtus pennsylvanicus (Lee 

James N. Mills 
Division of Viral and Rickettsial Diseases, Centers for 

Disease Control and Prevention, Public Health Service, 
Atlanta, Georgia, 30333 

et al., 1982), Isla Vista virus, associated with the California vole, 
M. californicus (Song et al., 1995), and Bloodland Lake virus, 
associated with the prairie vole, M. ochrogaster (Hjelle et al., 
1995). In addition a possibly distinct hantavirus has been 
described from montane vole M. montanus in Nevada (Rowe et 
al., 1995) 

Materials and methods 
Between 31 October and 4 December 1994, 252 rodents were 

collected from the Washington University Tyson Biological 
Research Center (TBRC) as part of a mammal survey of the cen
ter. TBRC is a 2000 acre (809 ha) area devoted to the study of 
environmental issues located in western St. Louis County, 
Missouri (38 31' N; 90 33' W) in the lower valley of the Meramec 
River. The entire facility is part of the Ozark Border Natural 
Division, which consists of the area to the north and east of the 
Ozark Plateau (Nigh et al., 1992). The vegetation is predomi
nantly oak-hickory forest. Only 15 percent of TBRC is open 
grassland or work areas, the remaining 85 percent is forested 
(Zimmerman and Wagner, 1979). 

Sherman live traps (H.B. Sherman Traps, Tallahassee, Florida) 
baited with mixed birdseed, were used to collect rodents. Trap 
sites were selected on the basis of preferred rodent habitat and 
visible evidence of rodent activity. Blood was collected from the 
retrorbital capillary plexus of each animal, using a capillary tube. 
Sera were separated by centrifugation and frozen at - 70C until 
shipped on dry ice to the Centers for Disease Control and 
Prevention, Atlanta, Ga., for testing. 

Rodent blood samples were tested by enzyme-linked 
immunosorbent assay for antibodies reactive with hantavirus 
according to a standard protocol (Feldmann et al., 1993). This 
assay will detect but not distinguish among antibodies of a wide 
variety of hantaviruses associated with sigmodontine and arvico
line rodents (Mills et al., 1997). 

Results 
A total of 252 rodents were trapped during 1350 trap nights for 

an overall trap success of 18.59%. Of this 101 alive and adult 
specimens were tested for hantavirus (Table 1). The other 151 
specimens were not tested because they had died in the traps or 
were subadults. Two of the 101 specimens had antibody reaction 
with Sin Nombre virus (SNV) and related hantaviruses. Both 
were adult male prairie voles, Microtus ochrogaster, with scrotal 
testes. A total of 3.4% of prairie voles and 8% of male specimens 
had antibody (Table 1). Seropositive voles were found at only 
one of 5 trap sites where the species was captured. This repre
sents an 8.6% antibody prevalence for the site and a 20% preva
lence for males from this site. Our data are consistent with other 
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studies which have shown that male rodents tend to have a high
er infection rate for hantavirus (Mills et al., 1997). 

This is the second documented occurrence of hantavirus infec
tion in prairie voles from Missouri. The first instance was at Fort 
Leonard Wood, Pulaski County, Missouri where the virus was 
sequenced and later named Bloodland Lake virus (GENBANK 
Accession number Ul9303). Given the relative specificity of 
hantavirus-host relationships, and the absence of infection of 
any other species in the study area, we suspect that the virus we 
have detected is mostly to be Bloodland Lake virus. This virus 
has been described as being associated with the prairie vole 
(Hjelle et al., 1995). Amplification of the viral genome (by poly
merase chain reaction) and sequencing would be necessary to 
confirm the specific identification of the virus. Antibodies to 
hantavirus in prairie voles have been described from western 
Nebraska (Mills et al., 1998). Assuming that all of this infection 
represents Bloodland Lake virus, these data, combined with our 
demonstration of antibodies in prairie voles from eastern 
Missouri, indicate the species is infected throughout a wide por
tion of its range. 

Discussion 
Although hantaviruses from North American arvicoline 

rodents have never been associated with human disease, anti
bodies reactive with Prospect Hill virus have been documented 
in American mammalogists, who have had extensive exposure to 
meadow voles (Tsai et al., 1985). These results, however, must 
be reassessed in the light of recent discoveries of numerous han
taviruses in North America and the low specificity of serological 
assays. Mild proteinuria without fever or hemorrhage occurs in 
cynomolgus monkeys, Macaca fascicularis, inoculated with 
Prospect Hill virus (Amyx et al., 1984). The extent to which 
infection with arvicoline hantaviruses in humans resembles 
experimental infection in monkeys, or even infection with a 
unnamed hemorrhagic virus causing nephropathia epidemica, 
remains to be determined (Lee et al., 1982). 

The prairie vole is mostly endemic to the great central grass
lands of North America, from the central Prairie Provinces of 
Canada, south to Oklahoma and from the Rocky Mountains east 
to the edge of the eastern deciduous forest and beyond (Jones et 
al., 1983). 
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SPECIES #COLLECTED 
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Microtus pinetorum 8 
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Mus musculus 1 

Blarina hylophaga 7 

TOTALS 252 

United States. Infectious Diseases. 152: 126-136. 
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Ozark Highland. Bulletin Torrey Botanical Club. 106:117-
122. 

#TESTED #POSITIVE % POSITIVE 

58 2 3.4 

6 0 0 

15 0 0 

14 0 0 

8 0 0 

0 0 0 

0 0 0 

101 2 0.2 
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Aide, M.T., Taylor Burke, and Jason Taylor. Department of 
Agriculture, Southeast Missouri State University. NUTRI
ENT UPTAKE IN IRRIGATED POTATOES IN SOUTHEAST 
MISSOURI. The nutrient uptake patterns of N, P, S, K, Ca, Mg, 
Na, Fe, Mn, Cu, Zn, and B were determined for potatoes 
(Solanum tuberosum L.), during the growing season of 1998 in 
southeast Missouri. The variety "Atlantic" was planted to estab
lish 4.5 plants ha-1 and N, P, and K preplant fertilization involved 
336 kg potash, 560 kg (5-20-20) and 168 lbs (18-48-0) fertilizer. 
Two side-dress applications of (34-0-0) were also performed at 
20 and 40 days after planting. Tissue testing at selected intervals 
showed that tubers were the greater nutrient reservoir and that 
internal reallocation to the tubers was an important process. 
Baseline nutrient levels were determined to assess evalutation of 
tissue tests for local growers. 

Aide, M. T., L. Heber lie, and P. Statler. Department of 
Geosciences, Southeast Missouri State University. SOIL GEN
ESIS INVOLVING FELSIC SAPROLITE MATERIALS IN 
THE ST. FRANCOIS MOUNTAINS OF MISSOURI. Saprolite 
implies the isovolumtric weathering of rock to produce a clayey 
enriched soil horizon that retains evidence of the original rock 
structure. Two soils sites are located on Mudlick Mountain, a fel
sic peak having a rock composed of orthoclase phenocrysts in 
fine-grained mass composed of quartz, othoclase, plagioclase and 
magnetite. Soil texture is silty in the eluvial horizons and clayey 
in the illuvial horizons. The saprolite has a sandy clay texture in 
the fine earth fraction. The low bulk density of the saprolite is 
evidently attributed to the leaching of Si, Al, Ca and Mg. The rare 
earth elements suggest that a loess mantle was an important par
ent material. The high Fe content of the host rock is expressed as 
weather Fe oxides, largely associated with the clay separate. The 
eluvial horizons show vermiculite, hydrous mica and kaolinite, 
while the illuvial and Cr horizons are dominated by kaolinite. 

Aide, M. T., L. Heberlie, and P. Statler. Department of 
Geosciences, Southeast Missouri State University. PRELIMI
NARY REPORT ON THE EFFECTS OF CONTROLLED 
BURNING ON SOIL PROPERTIES AND SOIL EROSION 
POTENTIAL. The practice of controlled burning on forested, 
mountainous regions is being investigated to determine the 
resultant changes in forest soils and their rates of erosion. 
Additionally, liming was performed to determine if this practice 
could abate soil erosion and encourage the growth of desired 
plant species. Preliminary results suggest that soil structure is 
affected by burning and that the reduced vegetative cover may 

lead to higher rates of soil loss The living rootmat within the Al 
horizon of these soils serves to protect the soil structure and 
results in lower rates of erosion. The practice of liming alters the 
soil structure, but its effects on erosion are not yet conclusive. 

Cowell, J.L., and F. Worman. Department of Agriculture, 
Central Missouri State University. ACCURACY AND 
EFFECTIVENESS OF WEANING WEIGHT EXPECTED 
PROGENY DIFFERENCES IN PREDICTING WEANING 
WEIGHTS OF PUREBRED SIMMENTAL CALVES. Research 
was conducted to determine if the geographic location and relat
ed environment where a calf is raised affect the accuracy of the 
weaning weight expected progeny difference (EPD) of the calf, 
its sire, and its dam as a predictor of actual weaning weight. This 
was one attempt at examining the need for regional EPDs. This 
study focused on two geographically and environmentally differ
ent states, Montana and Texas. Two purebred Simmental bulls 
were selected from the American Simmental Association (ASA) 
herd book. The calf data were collected from the ASA animal 
files representing every birth contemporary group that had a calf 
sired by the two selected bulls. T tests were used to analyze the 
relationship of each calf's weaning weight with the weaning 
weight EPD of itself, its sire, and its dam, and the average wean
ing weight of the remainder of the group. ANOVA was used to 
determine the difference in the calf's actual weaning weight 
above or below the average weaning weight for each bull by state 
and for each state for both bulls. Many of the EPDs overestimat
ed or underestimated the weaning weights, but few were signifi
cantly different. Considering the factors of few significant differ
ences, small sample size and high variability of the standard devi
ation in weaning weight for this particular sample, the EPDs 
appeared to be adequate predictors in the majority of cases. 
Therefore, the need to develop regional EPDs for the Simmental 
breed was not demonstrated. 

Cramer, D.R., F. Worman and T. Moore. Department of 
Agriculture, Central Missouri State University. THE 
EFFECTS OF SEED WEIGHT ON INITIAL GROWTH IN 
Pisum sativum L. The effect of seed size on the initial growth rate 
of the English garden pea, Pi sum sativum L., was examined. A 
total of 1,140 seeds was randomly selected from a 453.6g sample 
and weighed. The selected seed were categorized by comparing 
the mean weight to the standard deviation. Small seeds were 1.5-
2.5 standard deviations less than the mean. Medium seeds were 
within 0.5 of a standard deviation in either direction from the 
mean. Large seeds were between 1.5-2.5 standard deviations 
greater than the mean. Seeds were planted 2.54cm deep in perlite 
using a random complete block statistical array. Flats were placed 
within a mist system and the seeds allowed to grow for ten days. 
Seedlings were removed from the perlite and growth above the 
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cotyledons was used in determining an average fresh weight for 
each treatment. Minimal dry weight was determined by repeated
ly microwaving and weighing the treatment until there was no 
change between successive weighings. A one-way ANOVA com
paring seed size to fresh weigh was significant (df = 32, F = 
55.54, and p<0.001). A one-way ANOVA comparing seed size to 
dry weight was also significant (df = 32, F = 72.14, and p<0.001). 
A two-sample t test revealed that in both fresh and dry weights, 
seedlings from large seeds were significantly heavier than 
seedlings from medium seeds, which, in turn, were significantly 
heavier than seedlings from small seeds. Based on the results of 
this study, seed size plays a significant role in the initial growth 
rate of Pisum sativum L. 

Dunn, D., G. Stevens, M. Aide, B. Burger and L. LaGrand. 
Delta Station (Portageville) and Department of Agriculture, 
Southeast Missouri State Univeristy. THE PARTITIONING 
OF ZINC IN THREE RICE VARIETIES. A field design involv
ing three rice varieties and two zinc treatments at two pH treat
ments demonstrated that the rice varieties (Drew, Cypress, and 
Kaybonnet) were not highly affected by the zinc treatments even 
though the soil pH and DPTA test for zinc suggested a Zn defi
ciency. In the variety 'Cypress' foliar applied zinc promoted the 
number of seed per panicle for the no-lime treatment. Otherwise 
the seed number per panicle, tillering and yields for these three 
varieties were not significantly different. Tissue testing demon
strated the Zn levels were not particularly deficient. It is suggest
ed that the rise in soil pH because of anoxic soil conditions influ
enced by flooding released P and Zn to liable states. 

Lall, P and F.D. Worman. Department of Agriculture, 
Central Missouri State University. AN ANALYSIS OF THE 
TRADE POTENTIAL IN THE STATE OF MISSOURI - A 
LOCATION QUOTIENT APPROACH. Location quotients were 
used to analyse the trade potential of specific non-governmental 
economic activites in the state of Missouri using county level 
one- and two-digits SIC data over the period 1991and1996. The 
methodology involves comparing the income generated from 
specific economic activities in each county with the average of 
the state. Results show that the export potential was greatest in 
the counties of Reynold (12.72) and Iron (12.52) followed by 
Shelby (1.53) and St. Louis (1.46). Improvement in potential was 
greater in Reynold County and lowest in Randolph County. The 
mining (0.46) and manufacturing (0.05) sectors showed the 
greatest improvement in trade potential with the wholesale and 
finance sectors showing modest improvement. The Agriculture 
sector showed a decline in trade potential. 

Pulis, M.A, F.D. Worman. Department of Agriculture, 
Central Missouri State University. A COMPARATIVE 
ANALYSIS OF THE EFFECTS OF FERTILIZATION ON 
BERMUDAGRASS (Cynodon dactylon L.) ESTABLISHMENT, 
QUALITY, AND YIELD. Missouri has approximately 95 percent 
of the pastures growing the cool-season grass tall fescue. Tall fes
cue is the predominant grass grown in North Central Missouri for 
year round grazing. Many problems are associated with the endo-

phyte that develops in over 90 percent of the tall fescue grown. 
Bernudagrass is a very important warm-season forage grass to 
many cattle producers in the southern half of the United States. 
Through newly advanced plant breeding methods the adaptation 
of new cultivars, that are more winter hardy, are becoming avail
able. Previous research has proven that bermudagrass can survive 
in North Central Missouri. This study was conducted to see the 
effect of fertilization on establishment rate, forage quality, and 
dry matter yield in the establishment year. Plots were planted 
with bermudagrass varieties Tufcote, OK74xl2-6, and Guymon. 
Plots were divided into half, and one half was fertilized to the 
recommended rate and other half received no fertilizer applica
tions. Tufcote reached 100 percent establishment the quickest 
(p<0.05) followed by OK74xl2-6 and Guymon. No significant 
difference (p<0.05) was found between the fertilized and the con
trol for establishment rate. Tufcote and OK74x12-6 both had the 
highest average protein content of 10.3 percent followed by 
Guymon with 10.0 percent. Tufcote had the highest yield 
(p<0.05) with 3.28 tons per acre, followed by OK74x12-6 with 
2.77 tons per acre, and Guymon yielded 1.77 tons per acre. There 
was a significant difference (p<0.05) in yields between fertilized 
and the control. The results are encouraging for the potential that 
bermudagrass will become an important forage for Missouri cat
tle producers in the future. 

Wilson, M.A., V.A. Khan and C. Stevens. Department of 
Agriculture, Southeast Missouri State University and George 
Washington Carver Experiment Station, Tuskegee 
University. INFLUENCE OF AGRI-GRO ON YIELD OF 
TOMATOES AND ONIONS. The experiment was conducted in 
a Split-split plot design in 1998 to determine the effects of three 
rates of Agri-Gro fertilizer on the yield of 'Celebrity' tomatoes 
and 'Vidalia' onions. Tomatoes were transplanted on May 15, 
1998 from one month old seedlings grown in the greenhouse and 
onions were planted April 20, 1998. Agri-Gro fertilizer was 
applied at the three different growth stages. Both total and mar
ketable yield of tomatoes showed that increase of yield over the 
control was achieved at the highest dose rate. Onion data showed 
that the highest rate both onion bulbs and shoot weight were 
highest. However, the number of onion bulbs showed a different 
pattern, the smallest number of bulbs were achieved at the high
est rate of chemical compared to the other doses. 

Atmospheric Science Section 

Chambers, M.D. and A.R. Lupo. Department of Soil and 
Atmospheric Sciences, University of Missouri-Columbia. 
THE CLIMATOLOGY OF HEAVY SNOWFALL EVENTS IN 
NORTHWEST MISSOURI: A DYNAMIC PERSPECTIVE. The 
arrival of heavy snowfalls presents a difficult forecasting chal
lenge for Northwest Missouri (NWMO), where such events can 
occur frequently during the cold season. This study utilizes a 
dense station observation network which covers NWMO and part 
of Central Missouri. The region encompasses much of the coun
ty warning area of the NWSFO in Pleasant Hill, MO. This study 
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of heavy snowfall dynamics focuses on snowfall events which 
resulted in 6 inches of total accumulation or more at a minimum 
of one observation station. The surface and 500 hPa charts were 
analyzed for each snowfall event, as well as the relevant dynam
ics at other levels, and these events are then categorized based on 
the snow amounts and the synoptic characteristics of the 500 hPa 
and surface patterns. To date, four compo-ite synoptic-scale 
flows have been associated with heavy snowfall in NWMO. They 
are: 1) the southwest low, 2) the deepening low, 3) northwest 
flow, and 4) the progressive trough. Further work is ongoing to 
determine in some detail the forcing mechanisms that lead to 
these mesoscale-type snowfalls and their "parental" synoptic
scale features. For example, a Q-vector analysis shows that 
'northwest flow" systems are associated with upper-level dynam
ic forcing, while a "southwest-type" storm is associated with both 
upper air dynamics and a layer of strong and deep warm air and 
moisture advection. 

Johnson, Grant and Anthony R. Lupo, Department of Soil 
and Atmospheric Sciences, University of Missouri-Columbia. 
THE EFFECT OF EL NINO ON HURRICANE INTENSITY IN 
THE ATLANTIC BASIN. The investigation of El Nifio's effect 
on hurricane activity has long been a popular topic of study It is 
well accepted that El Nifio events significantly reduce the num
ber of huricanes in the Atlanic Basin. Various atmospheric and 
oceanic parameters necessary for hurricane development hecome 
significantly altered during an El Nifio event, leading to the sup
pression easterly wave development and growth, thereby reduc
ing the yearly total of named storms. However, the effect of the 
El Nifio/La Nifia cycle on hurricane intensity is not as straight
forward. Studies addressing this aspect of hurricane intensity 
have captured far less attention than the more generalized subject 
of the connection between hurricane occurrence and El Nifio. 
This study examines the intensity (measured as wind speed and 
central pressure) of every hurricane over a 60 year (1938-98) 
time frame. These data are then compared with the occurrence of 
El Nifio/La Nifia events as defined using the Japan 
Meteorological Association (JMA) index. Not surprisingly, dur
ing an El Nifio year the intensity of Atlantic hurricanes were 
found to be weaker than during a neutral year or a La Nifia year. 
This study also examines the interannual variation in hurricane 
intensity by season, and by genesis region (i.e. Atlantic Basin, 
Caribbean, and Gulf of Mexico). Finally, an investigation of 
longer term variations in hurricane intensity will be examined to 
see if there are any relationships to other long-term oscillations, 
such as the north Pacific Oscillation, which have recently been 
shown to reinforce or weaken El Nifio/La Nina-induced telecon
nection patterns. 

Lupo, Anthony R. Department of Soil and Atmospheric 
Sciences, University of Missouri Columbia. A POSSIBLE 
ROLE FOR SMALLER SCALE DISTURBANCES IN LARGE
SCALE RIDGE DECAY. Comparatively few published studies 
have examined the decay period of synoptic or planetary-scale 
phenomena. Previous studies of blocking anticyclone lifecycles 
have shown that boundary layer friction was one of the primary 

forcing mechanisms in the decay process. Also, synoptic-scale 
dynamics associated with a properly phased upstream transient 
has been shown to play an equally prominent role in block decay. 
One of these studies examined the life cycle, including the decay 
phase, of a rare blocking event that occurred over the North 
American continent during the 1980 spring season. The authors 
showed, using both Suteliffe-type and Potential Vorticity (PV) 
diagnostics, that forcing associated with an upstream surface 
cyclone contributed to the decay of this block. While the authors 
show and describe a small-scale potential vorticity feature that 
develops within the block, they fail to adequately elucidate the 
role that this feature played in block decay. It will be shown here 
that a small-scale potential vorticity maximum that intensified 
within the block also contributed to its imminent decay. Further, 
a mesoscale convective system (MCS) developed over the south
ern plains region on 27 May 1998. This resulted in a mesoscale 
convectively-generated vortex (MCV) that persisted as a coher
ent structure for nearly 60 hours between 28 and 30 May 1998 
and produced a spectacular picture in the GOES-8 visible image 
the morning of the 28th. Finally, it will be shown that this MCS 
event was instrumental in the breakdown of a larger-scale ridge 
over this region by a similar mechanism to that of the block stud
ied above. 

Rayburn, C.C. and A.R. Lupo. Department of Soil and 
Atmospheric Sciences, University of Missouri-Columbia. A 
CLIMATOLOGY OF HEAVY SNOWFALL EVENTS IN 
NORTHWEST MISSOURI. Heavy snowfall events are phenom
ena that can occur frequently during the winter season in 
Missouri. The occurrence of these events can have adverse 
impacts on the public, disrupting transit and commerce. The 
research in this study comprises a climatology of heavy snowfall 
events over Northwest Missouri. Climatological data was ana
lyzed to find treads in snowfall occurrences and its variability in 
relation in El Nifio and Southern Oscillation (ENSO). Data have 
been analyzed over the period beginning with the 1949-50 snow
fall season and ending with the 1997-98 season. Snowfall 
occurences were categorized as moderate (3.0-5.9 inches), heavy 
(6.0-9.9 inches), and extreme (> 10.0 inches). A single snowfall 
event was defined as a continuous snowfall occurring in associa
tion with a larger-scale feature. Regression analysis has shown 
that there is a slight downward trend in annual snowfall 
occurence over the last fifty years. However, examination of 
trends across each category offers more insight. While there has 
been a significant downward trend in extreme events, the decline 
is less profound in the heavy category. There is no significant 
trend observed in the moderate category. Analysis comparing the 
occurence of ENSO and its relation to heavy snowfall events was 
performed. It has been found that while there was no difference 
in the mean number of extreme events per year for any category, 
there were more moderate events during La Nifia years compared 
to Neutral and El Nifio years. Also, there were more moderate+ 
heavy events in La Nifia and Neutral years than in El Nifio years. 

Wiedenmann, Jason M. and Anthony R. Lupo. Department 
of Soil and Atmospheric Sciences, University of Misouri-
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Columbia. A 15-YEAR GLOBAL CLIMATOLOGY OF 
BLOCKING ANTICYCLONES. Blocking anticyclones are large 
scale phenomena which have long been of interest to the meteor
ology community. In order to thoroughly understand global sea
son and inter-annual variations of blocking anticyclone occur
rences and characteristics, as well as long-term climate trends, a 
study of adequate length for both hemispheres must be conduct
ed. Until recently, a long-term comprehensive climatology of 
blocking anticyclones in the Southern Hemisphere had not been 
developed. In addition to the development of a 15-year up to date 
climatology of the Southern Hemisphere, a Northern 
Hemispheric counterpart will be presented so that global climate 
trends can be compared and evaluated. In this study, blocking 
anticyclones are defined as quasi-stationary, positive anomalies 
in the 500 hPa geopotential height fields that persist for five days 
or longer. Using the NCEP reanalyses archived at the National 
Center for Atmospheric Research (NCAR), an extensive 15-year 
global climatology extending from January 1982 through 
December 1997 was completed. The results demonstrate that in 
the Southern Hemisphere the Australia-New Zealand region and 
the Pacific west of South America are preferred regions of block
ing activity. The Indian Ocean southeast of South Africa and the 
South Atlantic are regions of minor blocking activity. In the 
Northern Hemisphere, preferred blocking regions were located 
over the eastern Atlantic Ocean, the Pacific Ocean and western 
Russia. Several characteristics including intensity, duration and 
seasonal oscillations for both hemispheresa are included. 

Zacher, C.A. AERO Research. COINCIDENT SUN PILLAR 
AND PERLUCIDUS CLOUD OPTICS UNDER THE MID
NIGHT SUN, ANCHORAGE, AK. During the 1998 midsummer 
season some intriguing subartic Alaskan sunset observations 
were made - only 7 days after solstice (28 June) between the 
hours of approximately 2100-2300 local time, a sunset context 
with very low (but still positive) angle of solar elevation. This 
condition of constant illumination is commonly known as the 
"midnight sun". Visual scanning of the cloud column provided a 
surprising scene, vertically integrating very different optical sig
natures attributable to different cloud types. Developing "within" 
sunset-tinted copper clouds of the perlucidus variety (stratiform) 
appeared the reflective flare of a diffuse, broadened sun pillar of 
nearly the same yellow color. This co-location was striking and 
on first appearance, problematic due to the discrepant tempera
ture-state of phase characteristics. It is possible these observa
tions were site sensitive, being obtained from a structure provid
ing the viewing position from a special elevated situation 10 
floors aloft and blocking out flare from the solar disc itself. 
Eventually lower clouds dissipated revealing the true spectral 
characteristic of each cloud type, and from these a number of 
implications arise and interesting inferences develop. 

Zacher, C.A.,AERO Research and G.V. Rao, H.J. Summer 
and C.E. Graves, Department of Earth and Atmospheric 
Sciences, Saint Louis University. MONITORING COMPO
NENTS OF THE DIURNAL POTENTIAL GRADIENT FROM 
ELECTRIC FIELD MILL DATA. Data has been collected from 

an Electric Field Mill (EFM) in operation on the roof of 
Macelwane Hall, St. Louis University since 1996. The data was 
subjected to analysis of the diurnal variation. A hypothesis was 
proposed that the diurnal variation of field intensity shows one 
minimum and one maximum per 24-hour period. The field inten
sity data were stratified into clear and overcast days based on the 
surface meteorological METAR data. Days with precipitation 
were eliminated and similarly days with partial cloudiness were 
not considered. Electrical field intensity for 24 hours for the aver
age clear days were plotted against Universal Time Coordinated 
(UTC). The clear day minimum was reached just before 10:00 
UTC and a maximum at 14:00 UTC. Individual peaks and valleys 
show the data for the overcast days with a more complicated pic
ture. Instead of a pronounced minimum several local maxima and 
minima were indicated in the morning. Similarly, the afternoon 
observations exhibited many irregular peaks and valleys. The 24 
hour variation of field intensity at St. Louis pertaining to the clear 
and overcast days will be related to similar work at other loca
tions. A Fourier decomposition will be made of the observed 
intensity data, spectral analysis to clarify and to bring out the 
amplitude-periodicity distribution. Such a decomposition will 
reveal the importance of various Fourier components in the 24-
hourly variation of the electrical field intensity at St. Louis on 
clear and overcast days. It will also enable an estimation of the 
amplitudes of the diurnal and semidiurnal components. 

Biology Section 

Andersen, M.L. Department of Biology, Rockhurst College. 
RELATION OF CELL DENSITY IN LIMB CHONDROGENIC 
BLASTEMATA TO CLEAVAGE OF MUSCLE BLASTEMATA 
IN Xenopus. In this study I examined the cell morphology, cell 
density, and mitotic activity in the prechondrogenic blastemata of 
the hind limb bud and compared it to the initiation of blastemata 
cleavage into individual muscles. Serial cross sections of the hind 
limb buds of Xenopus from stages 49 through 55 were prepared 
using hematoxylia and eosin or iron hematoxylin and fast green 
stains. I determined mitotic activity and cell densities, expressed 
on a scale of 1 to 10, in the various blastemata. From stage 49 to 
stage 52 cell density decreases from 10 to 4 in the future femoral 
region, and muscle blastemata become recognizable. At state 54 
cell density varies from 4 in the regions of the future long bones 
to 7 in future joint regions. Specific muscles are observed at this 
stage. Appearance of muscle blastemata is correlated with a 
decrease in cell density within the adjacent prechondrogenic 
blastemata. 

Malewski, D. and D. Feir. Department of Biology, Saint 
Louis University. ANTIBODIES TO SIX STRAINS OF BOR
RELIA SP. SPIROCHETES IN MISSOURI DOGS. Dog sera 
from veterinarians in Kansas City, St. Louis, Springfield, Fulton, 
Hannibal, Cape Girardeau, and Lake of the Ozarks areas in 
Missouri were tested for the presence of Ig-G antibodies to 
Borrelia sp. spirochetes, the causative agents of Lyme disease. 
Enzyme linked immunosorbent assays were performed on the 
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sera using Sigma No. A-6042 rabbit anti-dog alkaline phos
phatase conjugate and Sigma No.104-40 para-nitrophenyl phos
phate substrate. The following strains of spirochetes were tested 
with the dog sera: Borrelia burgdoferi: B31, CT21504, N40, 
JMNT, and CA8; Borrelia afzelli: P/Ju. A regional difference in 
response was shown by CA8, but not by other strains. There were 
also some differences in the response of dog sera to different 
strains of spirochetes. The data for these differences will be pre
sented. 

Raveill, J.A. Department of Biology, Central Missouri State 
University. ONE SPECIES OR TWO? AN EXAMPLE FROM 
THE GENIUS Desmodium (FABACEAE). The genetic distinc
tion between two co-occurring congeneric species will be exam
ined. The species status of two taxa of Desmodium, D. panicula
tum (L.) DC. and D. perplexum Schubert, has been controversial. 
The differences between the two are limited to a pair of vegeta
tive features, leaflet dimensions and pubescence. Furthermore, 
the species occupy nearly the same geographical range and have 
similar ecological requirements resulting in the two taxa often 
occuring in mixed-species stands. The taxa could represent either 
genetically isolated species that have experienced only modest 
morphological and ecological differentiation or they could be 
alternate manifestations of the same gene pool with the critical 
vegetative traits having simple genetic control. Genetic differen
tiation was examined at locations where the two species co
occurred using allozymes as genetic markers. Results indicated 
that neither hypothesis accurately reflected the relationship of co
occurring populations of these two taxa. Co-occurring popula
tions of the two taxa were not more genetically similar than any 
population pair taken at random and conspecific populations 
were no more similar than interspecific populations. Founder 
effects combined with the high levels of selfing that were docu
mented would account for the observations. 

Biomedicine/Biotechology Division 
Gordon, A.R., M. Ahmed, S.A. Butler, and M. Sneed. 

Department of Biomedical Sciences, Sonthwest Missouri 
State University. TAXIS RESPONSE AS AN INDICATOR OF 
PHYSIOLOGICAL AGE IN AGING Drosophila melanogaster. 
A number of instrinsic factors have been individually monitored 
in aging organisms in attempts to identify common mechanisms 
of biological aging. However, the rate of aging, as measured by 
maximum life span, remains multifactorial. Unidentified genetic 
differences in longevity genes, for which genetic selection is neu
tral, are usually present in aging populations in which these 
measurements are made. When correlations among defined fac
tors thought to be related to longevity and life span are found, the 
measured parameter may not be easily separated from those of 
undefined factors that also determine the rate of aging. Thus, 
aging populations become increasingly different with respect to 
physiological age even though they may be the same calendar 
age. Also, in common model systems of aging such as 
Drosophila melanogaster, a monitoring of age-related changes 
usually requires the sacrifice of the aging organism. Sacrifice 

precludes an optimal correlation of biochemical measurements to 
physiological age as determined by the maximum life span. In 
our study, quantitative methods for measuring age-related 
declines in phototaxis and geotaxis are presented along with rec
ommendations relating to adult immobilization, recovery times, 
photoperiod, and culture conditions. Taxis-active 40 and 50 day 
old adults show a higher 50% survival age and maximum life 
span than taxis-inactive adults. A significant difference in mor
tality is observed within three days after testing. We suggest that 
taxis response in calendar age-defined populations of Drosophila 
may provide a non-lethal indicator of physiological age, longevi
ty, or impending mortality prior to other age-related measure
ments that require organism sacrifice. 

Gordon, J.M., S. Reid, R. Bandalan, L. Creamer, and A. 
Garner. Department of Biomedical Sciences, Southwest 
Missouri State University. EFFECT OF INFLAMMATORY 
CYTOKINES ON CONNEXIN 43 EXPRESSION IN 
ENDOTHELIAL CELLS. This study examined the effect of 
inflammatory cytokines on Connexin 43 (Cx43) expression in 
calf pulmonary artery endothelial cells (CPA 47). Inflammatory 
cytokines released during inflammation and burn injury lead to 
increased vascular permeability and extravasation of fluld into 
the interstitial space. Serotonin (5-hydroxytryptamine; 5-HT) is 
one cytokine released from platelets and other cells that is known 
to increase endotheial permeability by altering cell shape and 
causing the formation of intercellular gaps. Small intracellular 
pores in endothelial cells may also open in the presence of 5-HT 
Cx43 is a major connexin found in endothelial cells and is found 
in connexons, transmembrane gap junctions that allow the diffu
sion of small molecules between cells. The presence of Cx43 on 
CPA 47 endothelial cells was confirmed through immunocyto
chemistry and Western Blot analysis. The effects of 5-HT on 
Cx43 expression in these cells sugest changes in localization of 
Cx43 in mitotic and non-mitotic cells. Alteration of cell shape by 
5-HT, being explored with phase contrast and epifluorescent 
microscopy, snggests that this cytokine has a role in gap junction 
localization and membrane separation. 

Chemistry Section 
Nave, J., K. High and S. Petrich. Drury College. NMR 

APPLICATION WITHIN A MULTI-STEP SYNTHESIS DUR
ING AN UNDERGRADUATE ORGANIC CHEMISTRY LAB
ORATORY. In a traditional organic chemistry lecture and labora
tory, the NMR is solely utilized as an instrument of characteriza
tion in identitying unknown organic compounds. In updating our 
laboratory experiments, we wanted to get back to the idea of 
using the laboratory as a setting where knowledge is applied to a 
more realistic situation. The NMR is the instrument of choice in 
following organic synthetic transformations. It clearly shows the 
changes and similarities in structures of the starting material and 
product. With this in mind, the assignment of hydrogens (car
bons) to absorbances takes on new meaning. The students are 
expected to anticipate which peaks will change, disappear or 
appear during each transformation step. Solvent effects are also 
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experienced as solvents change due to solubility changes. The 
synthesis takes several weeks to complete and characterize the 
products. The reactions begin with a Diels-Alder reaction 
between 3-sulfolene and maleic anhydride, followed by hydroly
sis of the anhydride and completed with esterfication of the 
diacid. 

Readnour, M., S. Shipley and C. Chittenden. Chemistry 
Department, Southeast Missouri State University. DETERMI
NATION OF THE STABILITY CONSTANTS FOR FORMA
TION OF COMPLEX IONS BETWEEN LEAD (II) AND FLU
ORIDE IONS. A study was conducted to determine the stability 
constants for the formation of complex ions between lead (II) and 
fluoride ions. A fluoride specific ion electrode was used in con
junction with a voltmeter to measure the concentrations of free 
fluoride in the solutions. The relationship between the voltage 
and logarithm of molality of fluoride ion was first determined by 
making potential measurements on solutions containing potassi
um nitrate and potassium fluoride of known concentrations. 
Potential measurements were then made on solutions containing 
known concentrations of lead nitrate, potassium fluoride and 
potassium nitrate to determine the amount of lead (II) that is com
plexed by fluoride ions. Measurements were made at two differ
ent ionic strengths, 0. 24 m and 1.00 m. It was found that two 
equilibrium processes occur between lead (II) and fluoride ions. 
For an ionic strength of 0.24 m, the values of the equilibrium con
stants were found to be K 1 =68 and K1=38. For an ionic strength 
of 1.00 m, the values were K 1 =27 and K1=7.4. 

Whittington, K., L. Eisinger, S. Petrich and K.G. High. 
Department of Chemistry, Drury College. GC/MS AND 
RODIUM (II) CARBOXYLATE CATALYZED CYCLO
PROPANATION IN UNDERGRADUATE ORGANIC CHEM
ISTRY LABORATORY. Cyclopropanes and cyclopropanation 
reactions have been part of the undergraduate organic chemistry 
lecture and laboratory curriculum for decades. In addition to this, 
cyclopropanes have been used as pesticides and precursors in the 
synthesis of many industrially useful materials. Unfortunately, 
most students experience with the synthesis of these compounds 
is limited or non-existent. The technology of making cyclo
propanes has clearly progressed far beyond the undergraduate 
laboratory curriculum. To deal with this situation, we have devel
oped an experiment that utilizes GC/MS analysis in the synthesis 
of cyclopropanes and by products resulting from the reaction of 
ethyldiazo acetate and 1-octene. This reaction uses methylene 
chloride as a solvent and Rh2(0Ac)4 as a catalyst. Under the 
conditions used, diethl fumarate and diethyl maleate are generat
ed with the expected cyclopropanes. Because GC/MS is used as 
the primary method of analysis, separation is not necessary. 
Because of this, the reaction can be performed on a small scale in 
a relatively short time. 

Computer Science Section 
Naugler, D.R. Department of Computer Science, Southeast 

Missouri State University. THE INTERNET CONSIDERED 

DANGEROUS. The recent rapid development of the Internet and 
the World Wide Web is changing the way many look at comput
er technology and software development, creating a demand for 
web applications, changing who is developing applications, and 
changing the knowledge and attitudes of undergraduates, espe
cially those in computer related fields. The resulting challenges 
for computer science and software engineering educators are 
examined in the light of what we know about how students learn 
programming and software development. In particular, the poten
tial dangers to undergraduate education are indicated. 

Wang, Y. Department of Computer Science, Southwest 
Missouri State University. A FLAW IN A TIMESTAMP
BASED PROTOCOL FOR CONCURRENT ATOMIC TRANS
ACTIONS. Serializability is a crucial point for handling concur
rent atomic transactions in the design of an operating system. A 
number of methods to ensure serializabiliry, such as locking pro
tocols and timestamp-based protocols have been introduced. Dr. 
Abraham Silberschatz and Dr. Peter Galvin discussed a time
stamp-based protocol in "Operating System Concepts", a classic 
textbook for a course in operating systems, which is widely used 
by various colleges and universities for the computer science 
major. However, we find that there is a flaw in the given protocol 
so that it may not be able to ensure serializabihty of concurrent 
atomic transactions or may even generate incorrect results. In this 
paper, we analyze the given protocol, discuss the flaw in the pro
tocol, and finally give a modification of the protocol so that it can 
ensure serializability of concurrent atomic transactions. 

Conservation Section 
Aldridge, R.D. and B.C. Unterreiner. Department of 

Biology, Saint Louis University. GEOGRAPHIC VARIATION 
IN THE OCCURENCE OF MATING BEHAVIOR AND 
ANDROGEN LEVELS IN THE RATTLESNAKE, Crotalus 
viridis. The western rattlesnake Crotalus viridis the most widely 
distributed rattlesnake in the western United States. The range 
extends from Mexico to Canada and from the Great Plains to the 
Pacific Coast. The mating season of C. viridis occurs the spring 
and summer in some regions and in the summer only in others. 
Ernst ( 1992) implied that the season of mating may be correlated 
with latitude. The object of this study is to compare mating 
behavior, male-male combat (reproductive behavior), and hyper
trophy of the sexual segment of the kidney (SSK) in two geo
graphic regions at roughly same latitude (ca. 36{ +0 }N). Two geo
graphic regions were compared, snakes primarily from New 
Mexico ( C. v. viridis) and snakes from the southern half of 
Califonia (C. v. helleri and C. vc. oreganus). The seasonal onset 
and course of spermatogenesis was similar in the two popula
tions. The seasonal occurrence of the reproductive behaviors and 
hypertrophy of the SSK differed dramatically. In C. v. helleri_and 
C. vc. oreganus two peaks of behavior and hypertrophy of the 
SSK occurred, one in the spring and a second in the summer, 
whereas in C. v. viridis the reproductive behavior and develop
ment of the SSK occurred only in the summer. Since the SSK is 
hypertrophied in response to androgens, the reproductive behav-
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iors are correlated with elevated plasma androgen levels. 

Carrel, J.E. Division of Biological Sciences, University of 
Missouri-Columbia. PRESERVING RARE SPIDERS IN 
FLORIDA SCRUB. The xeric, upland scrub in central Florida 
has recently been recognized as a major "hot spot" for endemic 
plant and animal species in the world. Now there is a race to pre
serve scrub ecosystems from deveJopment. Since 1987, I have 
annually studied four species of spiders that are considered rare, 
threatened, or endangered in large part because they are restrict
ed to scrub that is periodically disturbed by fire. Three species of 
wolf spiders (family Lycosidae) are doing well at my permanent 
study sites, which were burned 10 years ago. Their densities have 
been relatively stable in the last 4 years. However, populations of 
the red widow (Lactrodectus bishopi) have declined almost a 
thousand-fold to <0.5 females/ha. I suspect an unidentifed insect 
that is a specialized parasite on spider eggs may be causing high 
mortality of red widow spiders, but not of wolf spiders. 

Cogan, D.R. and J.L. Butler. Department of Biology, 
Central Missouri State University. EFFECT OF THE EXOTIC 
LEAFY SPURGE (Euphorbia esula L.) ON NATIVE PLANT 
SPECIES DIVERSITY IN A NORTHERN MIXED GRASS 
PRAIRIE. This study was conducted in Theodore Roosevelt 
National Park, North Dakota. Five grassland, ten shrubland, and 
six woodland community types were identified in 1997 using 
methods prepared by The Nature Conservancy (TNC) for the 
National Vegetation Mapping Pogram. Because the invasion of 
the Park is a relatively recent phenomenon, historical species 
richness for 17 communities was estimated from studies con
ducted prior to 1985. A similarity matrix using species presence 
was calculated among 1997 sampled communities for both 
infested and non-infested communities and pre-1985 sampled 
communities. Percent foliar cover was used to calculate Shannon 
Diversity Indices for infested and non-infested communities 
sampled in 1997. Similarity values averaged 82%, 74%, and 75% 
between 1997 and pre-1985 communities for grassland, shrub
land, and woodland communities, respectively. When leafy 
spurge comprised 25-50% of the total foliar cover (moderately 
infested), mean similarity values decreased to 38%, 56%, and 
54% in the grassland, shrubland, and woodland types, respec
tively. A similar pattern was observed when 1997 sampled com
munities moderately infested with leafy spurge were compared to 
pre-1985 sampled communities. Similarity values among 1997 
sampled non-infested communities and heavily infested commu
nities (>50% cover of leafy spurge) averaged 35%, 47%, and 
64% for grassland, shrubland, and woodland types, respectively. 
Decreases in similarity and diversity values reflect a combination 
of the local extinction of infrequent species and a reduction in 
frequency and cover for the common species. 

Eckdahl, Todd T., Lizzie Nelson, Sabrina Schwery, and 
Bryan Gasper. Department of Biology, Missouri Western 
State College. MOLECULAR PHLOGEOGRAPHIC ANALY
SIS OF SCULPINS FROM MISSOURI WATERSHEDS. 
Morphometric measurements of Missouri sculpin populations 

have previously been used to suggest distributions of two species, 
Cottus bairdi and Cottus hypselurus. The reliability of those con
clusions were tested in the current study using two molecular 
genetic analyses. Fifty fish from five separate populations were 
subjected to nuclear DNA PCR analysis using Randomly 
Amplified Polymorphic DNA (RAPD) primers. This method 
yielded genetic fingerprints which were used to generate an esti
mated phylogeny of the populations in the form of a phylogenet
ic tree. The same fish were studied using primers directed at 
mitochondrial gene sequences followed by Restriction Fragment 
Length Polymorphism (RFLP) analysis. This method also yield a 
phylogentic tree upon computer analysis of the data. Although 
the two methods are independent measures of genetic diversity in 
the populations studies, they resulted in the same conclusions. 
These conclusions are different from those derived from mor
phological data, and support the species assignment of Pearson 
Creek sculpins as different from those found in Clear Creek and 
the Little Black, Meramec, and Niangua Rivers. The results of 
the current study serve to illustrate the molecular genetic analy
sis of native populations. 

Engineering Section 
Cox, N .R. Department of Electrical and Computer 

Engineering, University of Missouri-Rolla. A PROCEDURE 
FOR ALLOCATING POWER-PROCESSING CIRCUTRY IN 
CURVED, MULTI-FACETED SOLAR ARRAYS. As the cost of 
photovoltaic (solar) cells continues to drop, there are likely to be 
more applications in which cells are used in a less-than optimum 
configuration. One such configuration is a curved multi-faceted 
array that might be incorporated as a building facade or as the 
outer surface of a solar-powered vehicle. In this work, a proce
dure is developed for determining how the advantage of having 
many facets is offset by the need for more power-processing cir
cuits. The procedure begins with a prediction of the total energy 
and power availability as the number facets is increased. A com
puter simulation is used to determine the effects of cell orienta
tion and losses due to soiled surfaces, reflection and atmospheric 
absorption. A second simulation determines the electrical losses, 
size, weight, and cost of the power-processing circuits, as a func
tion of the required power level. It is found that for fixed struc
tures, the number of circuits (and facets) is limited only by capi
tal outlay and maintenance issues. However, in the case of a vehi
cle, a point of diminishing returns may be reached, due to size, 
weight and efficiency restrictions 

Varma, V.K. Deparment of Engineering Technology, 
Missouri Western State College. DESIGN CONSIDERA
TIONS FOR A 55,000 SQUARE FT. CONCRETE FRAME 
BUILDING: A STUDY IN STRUCTURAL SYSTEM EVALU
ATION. Designing an optimum building structural system is a 
complex task. The case study involving the design of a multime
dia classroom building on the campus of Missouri Western State 
College is described. This paper also addresses procedure for 
selection of project-specific criteria that can be used to focus the 
search for and evaluation of viable structural systems alterna-
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tives. A critical analysis is provided for designers of complex 
projects to void selection of stuctural systems alternatives. A crit
ical analysis is provided for designers of complex projects to 
avoid selection of structural systems purely on the basis of per
ceptions or personal experiences. Advantages of conceptual 
selection process are discussed with reference to design and con
struction of Missouri Western's multimedia classroom building. 

Geography Section 
Diggs, David M. Department of Geography, Central 

Missouri State University. DEVELOPING AN URBAN GEO
GRAPHIC INFORMATION SYSTEM PILOT PROJECT. 
Geographic Information System (GIS) courses are offered at 
most geography departments around the country. In addition, GIS 
has become integrated across the geography curriculum. The 
importance of GIS in geography and other disciplines has height
ened the importance of providing students with practical real
worid experience. This paper discusses the development process, 
benefits, and costs of conducting a small community pilot GIS 
project for educational and local government purposes. During 
the fall 1998 semester sixteen students in a GIS course partici
pated in the development of a pilot GIS for the City of 
Warrensburg, Missouri. ER Mapper digital image processing 
software and Arc View GIS were used to construct the numerous 
coverages included in the GIS. Costs were kept to a minimum by 
using readily available and inexpensive data sources. Students 
found the project to have strong learning and practical applica
tions. Future pilot GIS projects should require local governments 
to provide minimul funds to ensure local government "commit
ment" to the results of a pilot GIS. 

Goudge, T.L. Department of Geography, Northwest 
Missouri State University. THE SOUTH CHIPS IN: A GEO
GRAPHICAL ANALYSIS OF MAJOR COLLEGE GOLF. 
Much work has been conducted in the field of sport geography 
regarding male involvement in athletics. In particular, college 
football and basketball have extensive literature. However, at this 
time, little work has been conducted regarding the geography of 
men's or women's golf at the collegiate level. The purpose of this 
study was to collect and analyze NCAA Division I golf roster 
data in order to conduct the geographical analysis of golf. This 
required a study of the origin (hometown/high school) and desti
nation (college) of the elite players. The golf roster data was col
lected from the National Collegiate Athletic Association 
(NCAA), participating sports information officers and team 
World Wide Web sites. It was then geocoded in order to be aggre
gated to city, state, and regional levels of geography. This 
geocoded data was in turn mapped to examine the resulting spa
tial distribution to determine if variation in levels of involvement 
intensity exist. Regions of high per capita involvement were 
found in the midwest and upper Great Plains states. In addition, 
women's teams relied more heavily on foreign players than their 
male counterparts. The results were then compare with perceptu
al golf regions as identified in the popular literature in an attempt 
to quantity vernacular regions. 

Hunter, Andrew and James Hipple. Department of 
Geography, University of Missouri-Columbia. AUTOCOR
RELATION OF ERRORS IN MISSOURI POPULATION PRO
JECTIONS. The objetive of this study is to analyze past popula
tion projections of Missouri counties in order to determine if 
some regions in the state tended to consistently be under or over 
projected. The goal is to determine the extent to which error val
ues tended to cluster spatially. Data from two Missouri reports 
were collected that projected county population totals for 1980 
and data from three reports were obtained that projected county 
population for 1990. This information is coupled with data from 
the 1980 and 1990 U.S. Census' to determine a residual error 
value for each county projection. Spatial autocorrelation statis
tics, such as Moran's I and the G family of statistics, are used on 
the residual errors of the values of the sets of projections. The 
research output regarding the clustering of residual error terms 
can be used to set up controls for future population projections 
which take into account areas that are historically under or over 
projected. 

Geology/Geophysics Section 
Brady, T., S. Cardimona, N. Anderson. Department of 

Geology and Geophysics, University of Missouri-Rolla. 
USING GROUND PENETRATING RADARAND THE ELEC
TROMAGNETIC METHOD TO IMAGE SUBSURFACE 
TANKS IN LEE SUMMIT, MISSOURI. A proposed expansion 
of the intersection of highways 291 and 150 in Lee Summit, 
Missouri necessitated that a gas station be demolished and have 
the site cleaned. A shallow site characterization survey using both 
Ground Penetrating Radar (GPR) and the GEM 300 was 
designed to detect buried tanks and any possible contamination 
associated with such tanks. The use of both the GPR and electro
magnetic method increases the likelihood of detecting subsurface 
anomalies. The location of the existing tanks are displayed in the 
GPR profiles and contoured EM maps. 

Ciftci, E., R.D. Hagni. Department of Geology and 
Geophysics, University of Missouri-Rolla, B. Yalcinalp. 
Department of Geological Engineering, Black Sea Technical 
University, Turkey. OKTAMIS GOLD AND SILVER-BEAR
ING VEIN-TYPE MINERALIZATION, AN EXAMPLE TO 
THE EPITHERMAL VEIN SYSTEMS FROM EASTERN 
PONTID TECTONIC BELT, TURKEY. Oktamis (Ordu) vein
type mineralization is hosted by Upper Cretaceous dacitic
andesitic volcanics of the southern zone of the Eastern Pontids in 
Turkey. The mineralization appears to be associated with the fault 
zones with NE-SW strikes, and it exhibits a mineral paragenesis 
of pyrite-sphalerite-zinkenite-stibnite-gold. The high-grade gold 
veins do not contain siginficant pyrite. Pyrite is the major metal
lic mineral in the alteration zones of the surrounding host rock. 
Gold occurs as mostly electrum and to a lesser extent bog
danovite. The occurrence of gold associated with Sb-bearing 
species, especially zinkenite. Siver has two major occurrences, 
one is with gold forming the electrum, up to 9 wt.% and the other 
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with antimony, lead and sulfur in zinkenite up to 0.5 wt.%. Barite 
and quartz are the most common gangue phases. Barite domi
nates in the high-grade ore zones. Mineralization temperatures 
determined from barite crystals fall in the range of 160-190°C. 
Fire assay results from the high grade and low-grade ores yield
ed 31 and 15 ppm gold, 96 and 700 ppm silver, respectively. 
Supported by UMR and Nigde University in Turkey. 

De La Rue, S.R. and F.E. Oboh-Ikuenobe. Department of 
Geology and Geophysics, University of Missouri-Rolla. BIOS
TRATIGRAPHIC AND PALEOENVIRONMENTAL SIGNIFI
CANCE OF EOCENE-OLIGOCENE PALYNOMORPHS 
FROM A DEEP BATHYAL ENVIRONMENT, COTE 
D'IVOIRE-GHANA TRANSFORM MARGIN. The Eocene
Oligocene global event of decreasing temperature and biodiver
sity followed a middle Eocene maximum tropical expansion. A 
detailed palynological study of Eocene-Oligocene biosiliceous, 
sub-CCD sediments from ODP Leg 159 (Hole 959D) is being 
undertaken, primarily for sporomorph content, although sporo
morph: dinocyst ratios are bemg observed. Eocene sporomorph 
diversity reflects a tropical to subtropical paleo-environment 
related to dense, continental vegetation cover dominated by 
angiosperms. Sporomorph of various coastal palms, mangroves, 
ferns, and hardwoods, along with abundant fungal spores, were 
introduced by fluvial, current, and wind action from the West 
African landmass into the deep bathyal environment. 
Periodically, low sporomorph:dinocyst ratios indicate upwelling 
events. Situated on the slope of the Deep Ivorian Basin, the 
study's paleobathymetry and tectonic setting provide a unique 
opportunity to reconstruct terrestrial: marine interactions, paleo
ceanic circulation patterns, and nutrient upwellings. Supported 
partially by US Science Support Program. 

Esker D. L., N.L. Anderson. Department of Geology and 
Geophysics, University of Missouri-Rolla. USING GEO
PHYSICS TO SOLVE A MYSTERIOUS WATER PROBLEM 
BENEATH HIGHWAY I-44 NEAR LEBANON. Various surveys 
have been conducted in the hope of determining the cause of a 
distressed section of interstate highway I-44 near Lebanon. The 
distressed section is a regional high point that lies beneath the 
BNSF railroad overpass. The clay soil beneath the road surface is 
extemely saturated with water such that it undermines the foun
dation of the road. In September 1998, The Missouri Highway 
and Transportation Department conducted a subsurface soil sur
vey that produced interesting but inconclusive results. Then in 
September of 98, the University of Missouri's Department of 
Geology and Geophysics conducted a ground penetrating radar 
survey along the road surface. The survey was able to locate sev
eral anomalous features that illustrated the extent of the damage 
beneath the road surface. Following up on the GPR survey, 
MODOT drilled into the road surface to give direct ground truth 
of the GPR findings. 

Hagni, R.D., P. Shivdasam. Department of Geology and 
Geophysics, University of Missouri-Rolla. PETROGRAPHY 
AND CATHODOLUMINESCENCE MICROSCOPY OF FEN-

ITES ASSOCIATED WITH CARBONATITE-RELATED 
FLUORSPAR DEPOSITS AT OKORUSU, NORTH-CENTRAL 
NAMIBIA. Late Precambran (1000-570 Ma) Namibian Damara 
Sedimentary Series rocks at Okorusu in north-central Namibia 
have experienced intense fenitization associated with the intru
sion of an alkaline igneous-carbonatite complex of probable 
Cretaceous age. The fenites, which from the host rocks for the 
important commercial fluorite deposits at the Okorian mines, 
vary in their chemical composition, mineralogy, and petrograph
ic texture. The most common fenites are green sodic fenites that 
have resulted from complete fenitization of original quartzites, 
marbles, and metaconglomerates. Where metaquartzites have 
been fenitized, they consist of fine-grained aegirine-augite, cal
cite, magnetite, and minor apatite. Fenitization of marbles result
ed in much coarser grained sodic fenites with abundant calcite, 
apatite, aegirine-augite, and phlogopite. Potassic fenites are 
brown, very fine-grained, much more locallized, and commonly 
associated with fluorite mineralization. They typically consist of 
fine-grained calcite, geothite, fluorite, and potash feldspar. 
Cathodoluminescence microscopy provides an excellent tech
nique to examine the character of the fenites, because of the 
intense cathodoluminescence shown by calcite, apatite, fluorite, 
and potash feldspar. Supported by a National Science Foundation 
international travel grant and a Society of Economic Geologists 
research grant. 

Hickman, S., S. Cardimona, and N. Anderson. Department 
of Geology and Geophysics, University of Missouri-Rolla. 
USING OFF-SET ARRAYS FOR COMPLEX RESISTIVITY 
SURVEYING TO INCREASE DEPTH PENETRATION 
WHILE MAINTAINING HORIZONTAL RESOLUTION. 
Normally when we run a complex resistivity survey, we use a 
dipole-dipole array. When we move the array we take the first 
receiver and move it one a-spacing (space between two receivers) 
past the last receiver. The problem with this array is that in order 
to increase depth of penetration, we lose horizontal resolution. In 
order to resolve this problem we ran in effect two separate sur
veys at the same time off-set by half an a-spacing. In doing this 
we doubled our depth of penetration while maintaining the same 
horizontal resolution. Although each recorded point is vertical 
farther apart, the resolution should not suffer that much since 
each reading is an average of the total travel path. We were able 
to show that an area without any anomalies gives us two almost 
identical profiles that gives us a third similar combined profile. 
We also show that when anomalies are present they are better 
defined on a combined profile than on either of the two single 
profiles. We find that this dual-array is useful in increasing our 
depth of penetration while maintaining horizontal resolution. 

Jenkerson, Caili B. Department of Geosciences, Southeast 
Missouri State University. CLASSIFICATION OF RANGE
LAND ARIDISOLS USING INFRARED FIELD SPEC
TROSCOPY. The use of satellite imagery to survey surfaces for 
environmental and land management research has been hindered 
by the lack of adequate spectral resolution for distinguishing 
between closely related soils. High resolution field spectroscopy 
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was examined as a tool for soil survey. Succes in this application 
would save much of the time required for completing physical 
classifications and provide a first step in evaluating the capabili
ties of high resolution satellite systems. Samples of known soils 
with genetic and morphologic similarities were measured using a 
PIMA II field spectrometer to characterize their spectral 
reflectance in the mid-inflared region (1300 to 2500 nanometers). 
Several methods of comparison were applied to detemine which 
aspects of the resulting spectral curves were most diagnostic of 
soil type. The best procedure accounted for all aspects of the 
curves, detailing the breadth, depth and slope of each spectral 
feature. Testing for presence and similarity of typical features in 
the spectral curves improved the likelihood of classifying soils 
correctly, but the low success rate in identifying aridisols in the 
test area rendered even the best method inadequate. 

Keller, A.E., R.C. Landon, and J.E. Vandike. Department 
of Geology and Geophysics, University of Missouri-Rolla. 
HYDROLOGIC STUDY AND DYE TRACE STUDY OF 
WELCH SPRING, MISSOURI. The purpose of this study is to 
delineate the recharge area of Welch Spring, a heavily karsted 
region in Shannon County, south central Missouri. Previous dye 
trace studies of Welch Spring indicate that the spring's recharge 
area lies to the north and northwest of the spring. Our initial dye 
trace results indicate that recharge is also from the northeast. 
Additional dye will be injected into the Upper Meramec River 
drainage basin and South Ashley Creek area in order to further 
define the recharge area for Welch Spring. Fluorescein and rho
damine WT dyes were injected into four losing stream locations. 
Eleven different locations are presently being monitored using 
activated charcoal "bugs." The bugs are analyzed at the Missouri 
Department of Natural Resources using a spectrofluorometer. 
Additonal objectives are (1) to determine rates of subsurface flow 
in karsted terrains and (2) to determine whether there is any 
cross-basin transfer of water in the Current river basin. Through 
this and similar studies, we hope to gain insight into the complex 
issues associated with subsurface fluid flow in all karsted ter
rains. 

Kim, C.W. and D.J. Wronkiewicz. Department of Geology 
and Geophysics, University of Missouri-Rolla. INCORPORA
TION OF RADIONUCLIDES IN THE ALTERATION PHASES 
OF SPENT NUCLEAR FUEL. Rapid alteration rates may be 
expected for spent nuclear fuel exposed to groundwater under 
oxidizing conditions. Experimental studies examining the alter
ation of U02 and spent nuclear fuel under conditions which sim
ulate those of the proposed nuclear waste repository at Yucca 
Mountain have shown that the alteration products are primarily 
u6+ phases. The incorporation of spent fuel fission products 
(e.g., Sr, Cs, Mo, Se, Tc, I) and actinide elements (e.g., Np, Pu, 
Am) into the structure of u6+ phases will impact upon the 
release of the radionuclides into the environment. A series of tests 
were done to determine the incorporation of Ce4+ and Nd3+ 
(surrogates for Pu4+ and Am3+, respectively) into dehydrated 

schoepite (U03.0.8-l.OH20). These experiments were conducted 
at 90±2°C. Analyses of both the leachant solution, and solid 
phase reaction products that were dissolved in a nitric acid solu
tion were performed by ICP-MS. Results indicated that 0.22 ppm 
of Ce and between 6.8 to 16 ppm of Nd out of the initial Ce (2.10 
ppm) and Nd (286 ppm) solutions, respectively were incorporat
ed into dehydrated schoepite after 35 days. 

Leo, P. Christine, Robert C. Landon and David J. Barr. 
Department of Geology and Geophysics and Department of 
Geological Engineering, University of Missouri-Rolla. AN 
ANALYSIS OF A REMOTELY SENSED CIRCULAR FEA
TURE CENTERED ON LAKE SPRING, MISSOURI. Circular 
features on aerial images of central Missouri have long been 
noted and variously interpreted as basement highs, ring intru
sions, and/or layered mafic intrusions. To date, no comprehensive 
analysis has been made. For this study, a circular feature visible 
on an existing satellite image was enhanced using ERDAS 
Imagine. Geologic, gravity, magnetic, basement topographic and 
structural maps were then overlaid as annotation layers. Core 
data, including samples from two holes not previously available, 
were analyzed to determine basement rock composition. 
Preliminary macroscopic and thin section analysis show compo
sitions of gabbro and syenite at depths >200 feet below the top of 
the Precambrian in contrast to the overlying and surrounding rhy
olitic terrain. Analysis of overlays show the observed feature 
clearly corresponding to gravity and magnetic highs of 20 mgals 
and 800 gammas, respectively. The results obtained indicate the 
image anomaly is related to a compositinal difference in the 
Precambrian rocks, and not to a structural high. 

Lippincoft, T.A., S.J. Cardimona, N.L. Anderson. 
Department of Geology and Geophysics, University of 
Missouri-Rolla. D.W. Lambert, Geotechnology, Inc. GEO
PHYSICAL PAVEMENT ANALYSIS WITH GROUND-PENE
TRATING RADAR. In July of 1998, the Department of Geology 
and Geophysics of the University of Missouri-Rolla (UMR) 
acquired ground-penetrating radar (GPR) data over pavement in 
the Kehrs Mill Estates of Clarkson Valley, Missouri. Two Horn 
antennas, mounted off the rear of a truck, were used to image 
about three miles of unreinforced concrete-paved roads within 
the subdivision. The purpose of the survey was to evaluate possi
ble deficiencies in pavement thickness and to identity location at 
which subgrade materials had washed out creating the potential 
for settlement of the overlying pavement. Two sections of road 
were found to have pavement thicknesses thinner than the speci
fied 6 inch minimum. GPR reflections were identified represent
ing top of pavement, base of pavement, and the base of the sub
grade. The base-of-pavement reflector is typically strong and 
continuous where the concrete is coupled against solid underly
ing subgrade material, however, the reflector is disruped and 
associated with diffraction where washout has occurred. 

Manuel, 0. Department of Chemistry, University of 
Missouri-Rolla. PROTON CAPTURE ON 14N GENERATES 
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EXCESS 15N IN THE SOLAR WIND. The early Apollo mis
sions to the moon and the recent Galileo probe of Jupiter revealed 
values of the 15N114N ratio in the solar wind that increased over 
geologic time and strange isotopic abundances of xenon in 
Jupiter. The first observation could not be deciphered until the 
second confirmed that diffusion inside the Sun enriches lighter 
elements at the solar surface. Thus, the lH + 14N > 150 > 15N 
+ B+ + v reaction outside the solar core causes a temporal 
increase in the 15NJ 14N ratio in the solar wind. Solar flares dis
rupt such fusion reactions, leading to an inverse correlation 
between the solar neutrino flux and sunspot number, and dredge 
up nitrogen with lower 15N/14N values. 

Messenger, Tad and R.L Ethington. Department of 
Geological Sciences, University of Missouri-Columbia. CON
ODONTS AND SEDIMENTOLOGY OF THE GASCONADE 
FORMATION (LOWER ORDOVICIAN) IN SOUTH-CEN
TRAL MISSOURI. Samples from new roadcuts in the 
Gasconade Formation along Highway 54 north of Camdenton, 
Missouri, were collected for lithologic study and for recovery of 
conodonts. Less than half of the 42 samples collected for con
odont studies were productive, and only 163 elements were 
obtained. The conodonts are well-preserved, and have CAI of 1 + 
indicating exposure to paleotemperatures of no more than about 
90°C. All of the Gasconade exposed in the roadcuts is in the mid
dle Ibexian Rossodus manitouensis Zone. Study of hand speci
mens and thin-sections of the dolostones and cherts suggests that 
the Gasconade was deposited under intertidal conditions in a 
shallow sea, and that the rocks have undergone at least two 
episodes of diagenesis. 

Rey, K.D. and E. J. Mantei. Department of Geography; 
Geology and Planning, Southwest Missouri State University. 
HEAVY METAL CONCENTRATIONS IN ALLUVIAL SEDI
MENTS ADJACENT TO A DADE COUNTY, MISSOURI 
LANDFILL. The purpose of this study was to determine if heavy 
metals were entering Wetzel Branch from a nearby closed land
fill. The very fine sand fraction of 60 sediment samples was ana
lyzed for silver (Ag), barium (Ba), cadmium (Cd), chromium 
(Cr), copper (Cu), nickel (Ni), lead (Pb), and zinc (Zn) using 
Inductively Coupled Plasma-Atomic Emission 
Spectrophotometry (ICP-AES) and a single nitric acid extraction. 
Experimental methods were shown to be reproducible with no 
significant difference. A "t" test was used to compare each of the 
statistical mean metal concentrations in the control, samples 1-30 
collected above the landfill, with that in samples 31-60 collected 
adjacent to and downstream from the landfill. A significant dif
ference was indicated for Cd, Cr, Ni, and Zn on the 99.9% confi
dence level and for Pb and Ag on the 90% and 95% confidence 
level, respectively. The values show that these metals are being 
released into Wetzel Branch at levels which may affect the aquat
ic environment. 

Rucker, B.A. and D.J. Wronkiewicz. Department of 
Geology and Geophysics, University of Missouri-Rolla. AN 
INVESTIGATION OF LEAD AND OTHER HEAVY METAL 

CONTAMINANTS NEAR THE BUICK LEAD RECYCLING 
SMELTER, IRON COUNTY MISSOURI. The Buick facility 
began operation as a primary lead-zinc ore smelter in 1968, and 
has since converted to a lead recycling facility in 1988 Soil con
tamination has been found to be present in nearby soil due to air
borne particulates from the smelter stack. Previous studies have 
shown metal contamination to be restricted to the top few inches 
of the soil profile. Four new cores have been taken along the 
N40W transect line from the smelter stack. Samples were taken 
from one or two inch sections of the cores with the outer portions 
removed to eliminate smearing effects caused by the coring tool. 
The samples were crushed, and total metal ICP analysis was per
formed on an acid digested portion of the sample which had 
passed through an eighty micron sieve. Sampling methods were 
similar to those used in the earlier studies and will thus allow our 
results to be compared to previous findings. This will result in a 
complete history of contaminant concentrations and migration 
over the past thirty years. Prelimnary results have shown the con
centrations of lead, cadmium, copper, cobalt and phosphorous to 
be significantly enriched in the upper, organic (Oh) soil horizon. 
Antimony, zinc, and nickel also display an initial decrease in con
centration, but concentrations then rise slightly after five to six 
inches depth. Iron shows a steady increase with depth. The pre
vious studies also show the highest concentrations in the Oh 
layer, but the slight increase at depth has not previously been 
reported. 

Ryckman, D.A. and P.E. Albertson. Department of Geology 
and Geophysics, University of Missouri-Rolla. SURVEY OF 
ALLUVIAL SOILS AT FORT LEONARD WOOD. Our purpose 
was to describe the soil character of the selected alluvial teraces 
on Fort Leonard Wood, Missouri. The survey sites were located 
along The Big Piney River and Roubidoux Creek. The specific 
intent was to determine correlation to the allostratigraphic frame
work. The soil work provided geomorphic content for ongoing 
archaeological investigations. The sites were investigated by 
trenching and selective sampling of subsurface units. Recorded 
characteristics for each profile included: Munsell color; texture; 
lithology and soil structure. The stratigraphy of the terraces con
sisted of a basal course-grained, sand and gravel substratum over
lain with a fine-grained, sand and silt topstratum. The terraces 
investigated are the result of lateral then vertical accretion of sed
iments during high flowage. This conclusion is based on 1) the 
elevation of the terraces in reference to the surface of the present 
day stream, 2) the stratigraphic sequence, and 3) the degree of 
pedogenesis which has taken place at each site. Independent age
dating of the soils indicated that the terraces formed 4000 to 5000 
years before present. Therefore, the results of the soil work and 
radiometric dates validated the existing alluvial framework. 

Ryckman, D.A. and J.P. Hogan. Department of Geology 
and Geophysics, University of Missouri-Rolla. AVON DIA
TRMES: KIMBERLITE, ALNOITE or LAMPROPHYRE? 
Potassic, ultramafic intrusive rocks cropout over an area-50 km2 
in Ste. Genevieve County, MO. Previous work has left their clas
sification uncertain. However, new field and thin section studies 
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suggest the Avon rocks are kimberlite. The Avon kimberlites are 
characterized by: 1) porphyritic texture typically consisting of 
two generations of olivine; macrocrystic and groundmass and 
two generations of philogopite; macrocrystic and groundmass; 2) 
alteration of primary phases to serpentine and calcite; 3) low 
weight percent Si02; typically <40%, and 4) emplacement by 
means of volatile charged explosive intrusion. The Avon rocks 
comprise a complete diatremaceous injection suite (DIS) includ
ing; 1) hypabyssal rocks; locality #24; 2) diatreme facies rocks; 
locations #10, #26 and #29; 3) precursor dikes; localities #30 and 
#33 and; 4) volcanic-elastic deposits; locality #26. (All #'s after 
Kidwell, 1947). Modal mineralogy, texture and bulk composition 
confine the Avon rocks to the rock-type; kimberlite, e.g. see 
Clement et al. 1983. A model of emplacement integrating all 
Avon rock-types is presented. 

Schroer, A.M, R.C. Landon, and P.A. Schenewerk. 
Department of Geology and Geophysics, University of 
Missouri-Rolla. A THREE-DIMENSIONAL SEISMIC INTER
PRETATION OF A THRUST TRIANGLE ZONE. SUBLETTE 
COUNTY, WYOMING. The leading edge of the western over
thrust belt is one of the most complex structural areas of North 
America. The recent development of three-dimensional seismic 
has greatly enhanced industry's ability to interpret such areas. 
Landmark Graphics 3-D seismic software and data covering 
approximately 92 square miles in southwestern Wyoming have 
recently been donated to the department of Geology and 
Geophysics at the University of Missouri-Rolla. The department 
has acquired two Silicon Graphics Octane Rl0,000 workstations 
that are dedicated to 3-D seismic interpretation. The study in 
progess will integrate well logs with 3-D seismic to provide a 
three-dimensional structural and statigraphic interpretation for 
drilling and reservoir characterization of several fields in a com
plex triangle zone near the leading edge of the western overthrust 
belt in southwestern Wyoming. 

Shivdasan, P., R.D. Bagni. Department of Geology and 
Geophysics, University of Missouri-Rolla. FLUID INCLU
SION STUDY OF CARBONATITE RELATED FLUORSPAR 
AT OKORUSU, NORTH-CENTRAL NAMIBIA. The fluorite 
deposit of Okorusu, located in north-central Namibia, is the 
largest fluorite deposit in Namibia. It is one of the few productive 
fluorite deposits in the world recognized to be associated with a 
carbonatite intrusion. The ores are characterized by massive pur
ple and green replacement fluorites, and by large crystals deposit
ed in vugs. The fluorite crystals contain abundant fluid inclusions 
that are both primary and secondary. Homogenization tempera
tures have been determined for the vug filling fluorite crystals, 
separated into inner, middle and outer layers of deposition. The 
results indicate a temperature range of 151-132°C. Salinity meas
urements for the same inclusions indicated less than 5% NaCl 
equivalent. The results of this study of fluorite at Okorusu com
pare closely with fluid inclusion temperatures and salinities 
found for fluorite crystals at Amba Dongar, India. The detailed 
study of the composition of the fluids and measurement of more 
temperatures can aid in the comparison of the genesis of this 

fluorspar deposit with the deposit inAmba Dongar, India which is 
also productive and carbonatite related. Supported by Society of 
Economic Geologists' grant. 

Smith, C. and G.J. Cwiek. Department of Geosciences, 
Southeast Missouri State University. USING LANDSAT TM 
DATA TO IDENTIFY AND MAP DISTINCT ROCK FORMA
TIONS IN WYOMING BASED ON CHEMICAL COMPOSI
TION DIFFERENCES. An area in the Wind River Basin of 
Wyoming having a variety of rock outcrops was selected to see if 
they could be delineated and mapped using Landsat Thematic 
Mapper (TM) imagery. Several digital processing techniques 
including band ratioing, spatial filtering and principal compo
nents analysis were employed on visible and near-IR bands to 
distinguish rock limits. Resultant images were used to derive 
supervised and unsupervised classification maps showing fea
tures having different spectral reflectance properties thought to 
represent formations with unique chemical composition. These 
products were then compared to geologic maps for tentative iden
tification and correspondence with known outcrops. Preliminary 
results show that the TM data were very useful for denoting par
ticular rock types, especially carbonate varieties in this area. 

Stallings, M.D. and J.P. Hogan. Geology and Geophysics 
Department, University of Missouri-Rolla. FORMATION OF 
MAFIC SCHLIEEREN IN A-TYPE GRANITES: AN EXAM
PLE FROM THE GRANITEVILLE GRANITITE OF SOUTH
EASTERN MiSSOURI. Biotite in the A-type Graniteville 
Granite was locally concentrated during aplite formation, result
ing in schlieren. The intrinsically low H20, FeO, and MgO con
tents of A-type granites inhibit early crystallization of biotite. 
This is reflected by the interstitial nature, low modal abundance 
(5-15%), and dispersion of biotite as observed in typical 
Graniteville Granite. However, locally, biotite is concentrated in 
schlieren which are spatially associated with late-stage aplite and 
pegmatite dikes suggesting a genetic relationship. We propose 
the following as one mechanism for schlieren formation in A
type granites: 1) early crystallization of predominantly quartz and 
feldspar forms a crystalline framework with interstitial melt 
enriched biotite components; 2) rupturing of the framework 
forms fractures; 3) residual liquid fills the fractures to form 
aplites and pegmatites; 4) fracture-filling liquids crystallize 
biotite early, 5) continued ascent segregates remaining liquid 
from biotite, 6) loss of melt triggers fracture collapse trapping 
biotite along the trace to form schlieren. 

Stinchcomb, Bruce L. Geology Department, St. Louis 
Community College at Florissant Valley. PRIMITIVE 
DEVONIAN PLANT OCCURRENCE SOUTH OF ST. LOUIS. 
Extensive excavations for highway 21 in Jefferson County to 
accomodate exurban sprawl has exposed a considerable sequence 
of Paleozoic strata representative of the northeastern Ozark 
(Crystal) escarpment. Shales of the Late Devonian Grassy Creek 
Formation exposed by these excavations yielded an abundance of 
compressions of primitive plants including what are believed to 
be psilophytes, primitive leafless land plants. Associated with 
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these are also clusters of filamentous organisms, possibly fila
mentous cyanobacteria and large spore-like fossils, possibly 
Sporangites. These plants accompany other Devonian plant fos
sils found over the Ozark Uplift which might represent examples 
of early land vegetation which grew associated with the Ozark 
Uplift. This occurrence also examplifies the potential of current 
highway and other construction to expose previously unknown 
geologic and paleontologic features in Missouri and elsewhere. 

Webb, D.J., N.L. Anderson, M.L. Shoemaker. Department 
of Geology and Geophysics, University of Missouri-Rolla. 
GROUND-PENETRATING RADAR INVESTIGATION OF 
ABANDONDED MINING SHAFTS. University of Missouri
Rolla conducted a ground-penetrating radar investigation in 
Joplin, Missouri for the Missouri Department of Transpotation to 
identify and locate abandoned mine (lead/zinc) access and ven
tilation shafts in areas that were overlain by surficial chat. The 
Transportation Department viewed locating these shafts as nec
essary in assisting with route selection for the proposed interstate. 
The University acquired a total of 15,000 lineal meters of radar 
data using a GSSI SIR-8 unit equiped with a 500 MHz monosta
tic antenna. Ground-penetrating radar proved to be a suitable 
geophysical tool for the location and characterization of the 
abandoned mine shafts. 

Wronkiewicz, D.J. Department of Geology and Geophysics, 
University of Missouri-Rolla. THE ROLE OF NATURAL 
ANALOGUES IN EVALUATING THE LONG-TERM COR
ROSION BEHAVIOR OF NUCLEAR WASTE FORMS. Model 
based predictions of long-term alteration trends for nuclear waste 
forms are often limited by insufficient thermodynamic and kinet
ic databases. Studies of geologic analogue materials can provide 
information for these long-term alteration trends provided that a 
mechanistic correlation can be made between the alteration 
processs in analogue versus short-term laboratory based systems. 
Experiments using elevated temperatures and high solid surface 
area/leachant volume ratios have been used in laboratory tests to 
accelerate the reaction rates of surrogate nuclear waste form 
materials. The first set of experiments were conducted using U02 
pellets (a surrogate for spent nuclear fuel) that were exposed to 
dripping silicate groundwater, at 90°C, for a period of over 12 
years. The observed paragenetic reaction trend; U02> uranyl 
oxide hydrates> uranlyl silicates> uranyl alkali+ alkaline earth 
silicates, is identical to that observed in surficial weathering 
zones of natural uraninite deposits. The second set of experi
ments used borosilicate glass disks (a surrogate for high-level 
nuclear waste glass) that were exposed to condensed steam at 
200°C and 16 atmospheres of pressure, for periods of up to two 
years. The observed trend; unalterred glass > smectite > Na
chabazite > analcime + phillipsite > K-feldspar > illite > albite + 
tobermorite, is similar to that formed following the deposition of 
volcanogenic glass in saline-alkaline lakes. The correlations 
observed between the paragenesis of altered U02 and borosili
cate glass with those of naturally occurring uraninite and vol
canic glasses, respectively, provides a credible link betwen short
term laboratory tests and geologic analogue studies. Supported 

by, the U.S. Department of Energy. 

Physics Section 
Benofy, L.P. and B.C. Fore. Department of Physics, Saint 

Louis University. THE ELECTRIC POLARIZABILITY OF 
THE PROTON. If the proton is a composite structure, whose 
constituent parts have different charges, then it will be polarized 
when placed in an electric field. Its polarizability is calculated on 
the basis of a couple of different quark models. The effects of 
proton structure on the lowest energy levels of the hydrogen atom 
are estimated. 

Cobb, Michael L. Department of Physics, Southeast 
Missouri State University. STUDENT CENTERED ASTRO
NOMICAL OBSERVATORY. Faced with increasing light pollu
tion from a growing campus and the problems associated with 
transporting delicate astronomical equipment, the Physics depart
ment at Southeast Missouri State University decided to construct 
a student centered astronmical observatory where students could 
have easy access to permanently mounted and aligned telescopes 
in support of our service level astronomy course and for our 
majors engaged in undergraduate research. Funding for the proj
ect was provided by our alumni (80%) and through college foun
dation funds (20% ). This paper will outline the design trade offs 
considered to develop the site with special attention paid to com
puter controlled telescopes with remotely controlled CCD cam
eras. Plans are being developed to make the site accessible 
through a web based browser. 

Gibbons, P.C., A.P. McMahon and J.F. Wiegers. 
Department of Physics, Washington University. AN ELEC
TRICITY COURSE FOR ELEMENTARY AND MIDDLE 
SCHOOL TEACHERS. We will discuss both the national and 
state science standards that touch on professional development 
for elementary and middle school teachers. Then we will describe 
a physics course (Education 6001 -Hands-on Science: Electricity 
and Magnetism) that we believe meets these standards. Our pres
entation will include a description of: a. course expectations and 
requirements, b. hands-on curriculum materials used, c. activities 
that establish participants' pre-scientific conceptions of electrici
ty, d. observations that are made by participants about electrical 
circuits, and e. strategies and activities for creating analogies that 
account for the observations, lead to the scientific model of cur
rent, and enable teacherss to read a physics text with understand
ing. We will conclude with examples from teachers' journals that 
provide insight into their efforts to gain understanding. Supported 
by HHMI 71195-502005. 

Kapoor, Yogendra M. Department of Natural Sciences and 
Mathematics, Lincoln University, Schmidt, Paul W. and 
Randall Rice, University of Missouri-Columbia. ANALYSIS 
OF SMALL ANGLE X-RAY SCATTERING DATA OF SOLIDS 
WITH MULTIPLE LENGTH SCALE STRUCTURE. We have 
developed a method, which is being used to analyze the small 
angle x-ray scattering data measured on various aggregate sam-
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ples, which have structures on at least two different length scales. 
These length scales are larger than the diameters of individual 
atoms or small molecules but still are too small to be resolved 
easily in an ordinary optical microscope. The solid samples are 
considered to be made up of randomly oriented, independently 
scattering system of primary particles. Using the new technique 
based on this method, the small angle x-ray scattering data from 
a commercial carbon black, a commerical preciptated silica, a sil
ica xerogel and some soots obtained by combustion of methane, 
are analyzed. This analysis is used to study the structural proper
ties of these materials. 

Science Education Section 
Boone, Steven R. Department of Chemistry and Physics, 

Central Missouri State University. STUDENT PROFESSION
AL DEVELOPMENT. Raising the standards expected of stu
dents outside the classroom through participation in professional 
development opportunities was instituted in two chemistry cours
es. Both General Chemistry I and Advanced Inorganic Chemistry 
students were required to attend and provide evidence for partic
ipation in activities related to their degree program. A point sys
tem based on the time a student spent at an activity and the level 
of participation was used to assess this component of the overall 
course grade. Since students in the General Chemistry course 
represent a wide range of degree programs, a meeting was 
arranged by the student with the instructor to discuss a profes
sional development plan relevant to the student's field of study 
and course progress. Opportunities for professional development 
were posted on a web page linked to the course syllabus and 
announcements were made periodically through Email. Students 
found opportunities to interact with professionals in their chosen 
career field, and began building an important career networking 
base. Others found difficulties with solutions to problems in the 
context of various societal pressures, and that the right answer to 
a problem is not always the best answer. 

Boone, Steven R. and L. Vincent Edmondson. Department 
of Chemistry and Physics and Department of Mathematics 
and Computer Science, Central Missouri State University. 
CURRICULUM DEVELOPMENT: MATHEMATICAL MOD
ELING IN THE SCIENCES. A senior/graduate-level course in 
mathematical modeling was developed and taught during the 
Spring 1998 semester. The course was designed to attract stu
dents from all areas in the hard sciences in an attempt to present 
opportunities for interdisciplinary collaboration. Course content 
included both deterministic and stochastic models from various 
scientific fields, computer science issues in modeling, individual 
modeling projects, and ethics in modeling. Although the actual 
audience was more homogenous than originally desired, group 
projects completed spanned a reasonable range of scientific dis
ciplines. These projects included a model of recall operations at 
an Air Force base, a model simulating ambulance response and 
availability, and a seismic wave attenuation model in the New 
Madrid, MO region. Supported by grants from CMSU Office of 
Extended Campus and CMSU Faculty Senate Professional 

Enhancement Committee. 

Forawi, S.A. Department of Curriculum and Instruction, 
Central Missouri State University. STUDENTS' CONCEP
TIONS OF THE NATURE OF SCIENTIFIC KNOWLEDGE: 
INSTRUCTIONAL IMPLICATIONS. The purpose of this study 
was to examine the teachers' conceptions of the nature of scien
tific knowledge and their use of inquiry teaching instruction on 
students' conceptions of the nature of scientific knowledge. The 
National Science Education Standards (1996) among other initia
tives considered the nature of scientitic knowledge and inquiry 
teaching instruction as essential elements for science education 
reform. Four high school biology teachers and 158 of their tenth 
grade students were administered the Nature of Scientific 
Knowledge Scale (NSKS) instrument. The Instructional 
Strategies Identification Form (ISIF) was used to determine the 
teachers' instructional strategies. The ANOVA measure revealed 
a high significant difference [F(l, 158) = 3.79 (p<0.05)] of stu
dents' scores when taught by teachers with adequate conceptions 
of the nature of scientific knowledge and who used inquiry teach
ing strategy. 

Hathaway, B.A. Department of Chemistry, Southeast 
Missouri State University. NITRATIONS OF ALKYL-AND 
HALOBENZENES: TWO EXPERIMENTS WHICH HELP 
STUDENTS RECOGNIZE SIZE, STERIC, AND ELECTRON
IC EFFECTS IN ELECTROPHILIC AROMATIC SUBSTITU
TION. Many organic lab texts include an experiment in which 
tolune, ethylbenzene, isoproplbenzene, and t-butylbenzene are 
nitrated, and the proportion of ortho, meta, and para products are 
compared. I have expanded this experiment to include the propyl, 
butyl, isobutyl, secbutyl, and cyclohexylbenzene. These addi
tional compounds show students that it is not just the number of 
carbons in the group, but how they are bonded together, that 
influences the relative percentages of the nitro products formed. 
When the halobenzenes are nitrated, the relative amount of para 
product observed is F >Cl =I> Br. This shows that, for halo
gens, electronic properties are more important than size until I is 
reached, when steric factors come back into play. 

Ritter, D. Department of Chemistry, Southeast Missouri 
State University. CREATION AND USE OF WEB-BASED 
SUPPLEMENTARY MATERIALS FOR PHYSICAL CHEM
ISTRY LABORATORY. Because each of the students is doing a 
different experiment in a typical physical chemistry laboratory it 
is not possible to conduct detailed pre-lab meetings to discuss a 
given experiment. However, supplementary material beyond 
what is in the laboratory textbook is needed by each student to 
prepare for their physical chemistry laboratory experiment. 
Information such as solution preparations, safety precautions, 
and instrument instructions will deviate from those in the stan
dardized textbook. A set of web pages has been created to make 
this information readily available to students. 

Rodgers, M.L. Chemistry Department, Southeast Missouri 
State University. WEB-BASED STRATEGIES TO FACILI-
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TATE COMMUNITY IN A UNIVERSITY CHEMISTRY 
COURSE. The World Wide Web has won favor among students 
faced with assignments involving research outside of class. 
Many instructors have developed Websites to post course mate
rials and promote asynchronous learning. Universities have 
embarked on ambitious programs to offer courses and indeed, 
entire degree programs, via the Web. Advantages of a Web
based approach include the promotion of asynchronous learning, 
and the extension of an institition's courses and programs to new 
markets. However, some educators warn that Web-enabled 

course delivery will adversely affect higher education, because 
student-to-student social connections may not develop in sup
port of collaborative learning. Many fear that students working 
in Web-based isolation will be ill-prepared to participate in the 
modern workplace, with its emphasis on teams and quality cir
cles.Web-based strategies to build community, originally devel
oped for corporate intranets, produced a 100% increase in 
course-related e-mail traffic and a significant increase in stu
dent-student collaboration on the first homework assignment in 
an Introductory Chemistry Course. 
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1999 

Biological Science Section 

Buencamino, R., A.J. Sutton and A. Eisenstark. Division of 
Biological Sciences and Department of Biochemistry, 
University of Missouri-Columbia and Cancer Research 
Center. GENETIC BASIS OF SURVIVAL OF BACTERIA 
DURING DORMANCY: ROLE OF RPOS REGULATORY 
GENE. The rpoS sigma factor regulates an array of genes con
trolling many essential protective functions in response to envi
ronmental stress and DNA damage. RpoS regulates several genes 
important in fundamental cellular processes that prepare the cell 
for entrance into stationary phase and for survival during dor
mancy. Mutations of rpoS (katF and nur) have been found to have 
severe or lethal effects on these cellular functions. Variants of 
RpoS protein may selectively initiate transcription on some (but 
not all) promoters in response to different adverse environmental 
conditions or stage of growth of cells. Morphological and protein 
analysis of several Salmonella typhimurium cultures from 40 
year old agar stabs have isolated a few strains exhibiting charac
teristics associated with rpoS mutations. We examined aged 
Salmonella typhimurium strains for rpoS sequence variability 
using Base Excision Sequence Scanning (BESS). Through T
Scan and G-Tracker technologies (Epicentre) of both the sense 
and anti-sense strands we are able to detect the location and iden
tity of 100% of all mutations within the examined sequence. 
Preliminary data using only the BESS-T Scan has identified three 
rpoS mutants out of a population of 27 samples. This high muta
tion rate suggests that rpoS plays a key role in surviving the 
effects of long-term starvation. 

Gasper, Bryan R., Sabrina Schwery, Jeff Koppelman and 
Todd Eckdahl. Biology Department, Missouri Western State 
College and Missouri Department of Conservation. MOLEC
ULAR PHYLOGENETIC ANALYSIS OF MISSOURI 
SCULPINS. Molecular phylogenetic analysis is a beneficial 
technique for studying ecological questions, such as species dis
tributions. The genus Cottus includes fish commonly called 
sculpins, which are morphologically similar leading to difficul
ties in species determination. The two species of sculpins ( C. 
hypselurus and C. bairdi) used in this study have disputed distri
butions in Missouri. This study is a molecular phylogenetic 
analysis of Missouri populations of sculpins using the 
Polymerase Chain Reaction and Randomly Amplified 
Polymorphic DNA (RAPD) primers. The data allow comparisons 
within and between populations and suggest a reclassification of 
sculpins in Missouri at the species level. 

Hernandez, Jerome and John Rushin. Department of 
Biology, Missouri Western State College. EFFECT OF TWO 

DIFFERENT BURN TREATMENTS ON THE VEGETATION 
OF SUCCESSIONAL PRAIRIE SITE AFTER SIX YEARS. 
Based on pretreatment comparisons of species overlap and index 
of commonness values, the three vegetation sampling transects 
used in this study were considered similar. Treatments consisted 
of a fall bum followed by a spring bum on one vegetation trans
act; two spring bums on another transect, and a control transect 
that remained unburned. Although index of commonness values 
show Andropogon scoparius to be the major species in all three 
transects before and after treatments, commonness results also 
show that the study area was undergoing natural succession with 
Helianthus tuberous and Solidago graminifolia increasing in all 
transects. Various other minor perturbations in commonness val
ues were observed in some other species over the six-year study 
period. In addition, the native talls grass Sorghastrum nutans 
showed dramatic increases in both bum treatments over the con
trol. Lespedeza cuneata showed dramatic increases in 
spring/spring burn treatment over the control, however, no dra
matic difference in Lespedeza cuneata was observed for the 
fall/spring burn treatment over the control. Support from the 
Missouri Department of Conservation 

Jung, D.F., J.D. Mayfield, M.L. Jaynes, D.A. Starrett. 
Biology Department, Southeast Missouri State University. 
BIOCHEMISTRY OF AVOCADO FRUIT RIPENING. 
Avocados are an economically important agricultural commodity 
in many Southeastern and Southwestern states in the U.S. 
Avocado fruit have a limited shelf-life with roughly 50% of the 
fruit being lost before reaching the consumer due to uncontrolled 
softening and spoilage. The major shelf-life limiting factor is pre
mature softening. Ripening is characterized by numerous 
changes in the fruit quality with softening being the key quality 
to the consumer. Thus, an understanding of the softening process 
may lead to better control of ripening and increased shelf-life. 
Softening is characterized by changes in cell wall structure in 
fruit. Numerous hydrolytic enzymes have been implicated in the 
process, though none appear to be the key players. We hypothe
size that two carbohydrate degrading enzymes may play an 
important role in avocado trait softening. Avocado a-galactosi
dase and ~-galactosidase have previously been shown to solubi
lize pectin, an important structural component of primary cell 
walls in fruit tissue. The mechanism by which these enzymes 
may act and evidence for their role in pectin solubilization is 
described here. The cloning of genes for these enzymes is pre
sented in an accompanying paper. This work was supported by a 
USDA-NRICGP Strengthening Award. 

Knust, R. and N. Babrakzai. Department of Biology, 
Central Missouri State University. GENOTOXICITY OF 
CELERY ROOT (Apium graveolens) ON ONION (Allium cepa) 
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ROOT TIP MERISTEMS. A cytogenetic study of growing onion 
root tip cells (green and pearl), incubated in various dilutions 
(2.5%, 5%, 10%) of fleshly prepared aqueous extract of celery 
root, over controls was undertaken to explore its mutagenic 
effects. The results are summarized as follows; I. High concen
trations of celery root extract lowered the mitotic index signifi
cantly over controls. II. A broad range of chromosomal mutations 
was observed, namely C-metaphases, anaphase bridges, sticky 
chromosomes, chromosome fragments, micronuclei, telophase 
arrests, and double nuclei, etc. Some tentative conclusions of this 
study are; I. Celery extract apparently interferes with microtubule 
assembly. II. The normal operating mechanisms during DNA 
replication and coiling into chromosomes are disrupted. III. It 
also causes DNA breakage and a collapse of the mitotic process. 

Kudrna, C.L. and D.C. Ashley. Department of Biology, 
Missouri Western State College. A COMPARISON OF AERI
AL INSECTS IN MARSH AND NATIVE GRASSLAND AT 
SQUAW CREEK NATIONAL WILDLIFE REFUGE. Squaw 
Creek National Wildlife Refuge consists of 7700 acres of unique 
habitat in northwest Missouri. Two major habitats on the refuge 
are marsh and native grassland. This project investigates the 
overlap in the invertebrate abundance and diversity within those 
two habitats. We are evaluating the biodiversity of the two habi
tats by malaise traps. These traps are modified flight-intercept 
traps and select for insects that fly through the habitat being sam
pled. We anticipate finding distinct assemblage of insects in each 
habitat, but because of their proximity, we also expect to see 
some overlap in diversity. The use of malaise traps to sample fly
ing fauna over aquatic habitat is a novel approach to the study of 
invertebrate biodiversity. Our samples have all been collected 
and we are currently counting and identifying specimens. Two 
significant habitats at Squaw Creek National Wildlife Refuge are 
marsh and native grassland. With the two habitat in close prox
imity to one another the ecotone has a potential for species to be 
found in both areas. Sampling the fauna demonstrates not only 
the hatches but also visitors to these regions. Trapping with 
malaise traps is a new approach allowing common and incidental 
species to both be captured. 

The flight pattern of invertebrates over these two habitats will 
tell the orders that are present and their abundance. The variation 
that are found in samples determine the habitat type of each 
species. This can then be applied to the ecological niche that each 
fills. 

Kudrna, C.L. and C.D. Chevalier. Department of Biology, 
Missouri Western State College. PRELIMINARY BAT SUR
VEY OF OZARK CAVERNS, LAKE OF THE OZARKS 
STATE PARK, CAMDEN COUNTY. Bats and the caves they 
inhabit are part of a complex ecosystem. Bats roost in different 
areas geographically and within a given cave depending upon 
season and disturbance. Ozark Caverns is classified as a com
mercial cave and is operated by the Missouri Department of 
Natural Resources primarily for educational tours. Bats are mam
mals that display many unique characteristics such as powered 
flight and highly-developed sonar for navigation and hunting. 

Bats are important predators that control populations of many 
insect species. Missouri bats are nocturnal and are vulnerable to · 
disruption during the day. Caves are natural roosting locations 
that offer protection from the outside environment. The roosting 
habits of bats vary: some bats roost in colonies, others are soli
tary roosters. We inventoried the bats that roost in Ozark 
Caverns: to determine number of species diversity, and roost site 
locations. The number of bats and species varied throughout the 
field season. Visitors to the cavern do not seem to disturb roost
ing bats or force them into closed sections of the cavern. Four bat 
species were documented to be in the cavern during this period: 
Eastern Pipistrelle (Pipistrellus subflavus), Big Brown Bat 
(Eptesicus fuscus ), Little Brown Bat (Myotis lucifugus ), and Gray 
Bat (Myotis grisescens). 

The most abundant species was Eastern Pipistrelle (n=29; 
34.5%), followed by little brown bat (n=20; 24%), big brown bat 
(n=15; 18%), and gray bat (n=8; 9.5%). We were unable to posi
tively identify 12 bats (14%). The eastern pipistrelle, big brown 
bat and little brown bats are all common nationwide, but the gray 
bat is federally-listed as an Endangered Species. We believe that 
due to the location of the bats and management practices of the 
Missouri Department of Natural Resources, visitors to this cav
ern have negligible impact on the bats roosting within. 

Linhart, Jessica, M. Struemph, J.L. Cooper, and M.F. 
Haskins. Biology Department, Rockhurst University. THE 
EFFECTIVENESS OF BACTERICIDAL AGENTS IN PURI
FYING WATER. Several bactericidal agents were tested for their 
effectiveness in treating Escherichia coli, Pseudomonas aerugi
nose, Staphylococcus aureus, and Salmonella typhimurium. 
Vinyl paper clips were coated with bacteria by overnight incuba
tion in nutrient broth. The paper clips were then dried, and 
exposed to one of the bactericidal agents for 1, 5, or 10 minute 
time period. Following neutralization in sterile water the paper 
clips were incubated overnight in nutrient broth, and examined 
for bacterial growth using turbidimetry determination (wave
length 600 nm). 

Maus, T.M., M. Amspoker. Department of Biology, 
Westminster College. AN ANALYSIS OF THE BENTHIC 
FRESHWATER DIATOM ASSEMBLAGES OF THE SIBUN 
RIVER, BELIZE, CENTRAL AMERICA. Representing the first 
analysis of freshwater diatoms from Belize, this research serves 
to study benthic freshwater diatoms, which are frequently used as 
a tool to assess conditions of inland waters. Collections of diatom 
assemblages were made from three subtrates (rock, sand, and 
macrophytes) in May 1998 at four locations along the Sibun 
River. Permanent slides were prepared and diatom species were 
identified and tabulated. 3600 diatoms were identified from 24 
samples and separated into 42 taxa. Comparisons of the commu
nity composition were determined by the Information measure, 
redundancy index, and measures of similarity between different 
assemblages. The analyses suggest that all samples were charac
terized by a high species diversity, a high species richness and a 
high degree of evenness. There was no significant variation 
between the diatom assemblages on the different substrates at 
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each sampling site. However, the headwater diatom flora differed 
significantly from the other three locations. Water chemistry 
analyses suggest that the headwaters are more oligotropic than 
downstream sites and may contribute to the unique characteris
tics. The high species diversity, high species richness and high 
degree of evenness suggest that the Sibun River is a healthy river. 

Mayfield, J.D., D.F. Jung, J.L. Jaynes, D.A. Starrett. 
Biology Department, Southeast Missouri State University. 
UPDATE ON CLONING OF a-GALACTOSIDASE AND B
GALACTOSIDASE FROM RIPENING AVOCADO FRUIT. 
Premature softening is a significant factor in the short shelf-life 
of avocado fruit. In an accompanying paper, a detailed descrip
tion of potential mechanisms of softening have been presented. 
Here we present results on our work to clone and antisense two 
cell wall hydrolase enzymes that may play a role in avocado fruit 
softening. a-and p-galactosidase were cloned from avocado 
cDNA by PCR. Both clones are slightly more than 800 
nucleotides in length and represent roughly 1/3 of the predicted 
full length coding sequences of the two clones. These clones 
were labeled and used to screen an avocado cDNA library. 500 
more nucleotides of the P-galactosidase gene have been cloned 
giving us sequence for roughly half the predicted length of the 
clone. Repeated screening of the library failed to yield any more 
sequence for the a-galactosidase gene. In a different approach to 
obtaining full length clones, PCR is being used to isolate clones 
directly from the cDNA library. PCR fragments have been isolat
ed and are being cloned for sequencing. In a parallel project, both 
clones are being used to create antisense constructs which will be 
used in collaboration with another lab to transform and regener
ate avocado. The hope is that softening will be inhibited or 
delayed in transgenic fruit derived from these plants. This work 
was supported by a USDA-NRICGP Strengthening Award. 

Rodemann, J., S. Dunlap, M.E. Rodriquez and G. 
0 'Connor, Biology Department, Rockhurst College. 
Bioassays of plant extracts and synthetic compounds have been 
conducted in previous year to determine their potential as feeding 
deterrents for insects that normally feed on stored grain products 
or live plants. The current research was a cooperative effort 
between students in the departments of Biology and Chemistry. 
Bioassays were also conducted using larvae of Tenebrio molitor 
in both choice tests and weight change tests. Bioassays were also 
conducted on Manduca sexta using weight change tests. The 
choice test consisted of the meal worms ( 40 per group) being 
given a choice between treated and untreated bran meal. 
Measures of feeding preferences were made. The weight tests 
consisted of individual hornworm larvae being offered hornworm 
food treated with extracts from live plants. Feeding was meas
ured by the difference in initial food weight and food weight after 
exposure to the hornworm. Results suggested that low concen
trations of some substances deterred feeding. 

Rodriguez, M,, J. Buchanan and M.F. Haskins. Biology 
Department, Rockhurst University. DETERMINING THE 
MINIMUM NUMBER OF SEGMENTS REQUIRED TO 

MAINTAIN FICTIVE SWIMMING. The lamprey has been used 
as a modal system for vertebrate locomotion in many spiral cord 
studies. The lamprey was chosen because its spinal cord is sim
ple in comparison to higher vertebrates. Previous research indi
cated rhythmic activity occurred with a minimum of four seg
ments (Cohen, 1987). Our experiments, using an excitatory 
amino acid, quantified the regularity of rhythmic activity in order 
to establish a direct correlation between the bursting pattern and 
the number of segments. The study provided evidence that rhyth
mic activity does not occur in one segment of spinal cord but 
could be found in two segments. 

Shugart, H.J. Department of Biological Sciences, 
Westminster College. ARACHNIDS IN A NOVEL, SULFER
RICH CAVE: A CENSUS STUDY IN CUEVA DE VILLALUZ, 
TABASCO, MEXICO. A study of arachnids in a novel, sulfur
rich environment determined their taxonomy, morphology and 
behavior. Eleven generic groups of arachnids were identified 
from six families of spiders and two orders of non-spider arach
nids. It was hypothesized that fewer arachnids would be found 
within the most toxic areas of the cave (defined as areas with high 
concentrations of H2S in the air, deposits of elemental sulfur or 
other acidic substrates and the presence of the highly acidic 
microbial colonies termed "snottites"). From a census of the 
arachnids, pH results of substrates and correlation of locations 
with gas concentrations it was determined that a larger number of 
arachnids from more families inhabited the more hospitable areas 
while fewer arachnids inhabited the toxic areas. Arachnids of the 
order Amblypygi and specifically family Theridiidae were 
observed on or suspended within close proximity to every type of 
acidic substrate throughout every part of the cave. Members of 
the families Tetragnathidae, Amaurabiidae, Salticidae and 
Pisauridae and of the order Opiliones were observed almost 
exclusively in areas of the cave with low gas concentrations and 
on substrates with a measured pH of nearly neutral and thus 
inhabited a more limited spatial range within the cave. 

Sutton, S.Y.V., M.M. Giffin, L.A. Bichler. Department of 
Natural Sciences, Stephens College. THE EFFECT OF ADDI
TIONAL PROCESSING OF WHOLE FRYERS ON THE LEV
ELS OF ENTEROBACTERIACIA IN THE GROCERY PROD
UCT. This study examined the effect of further plant processing 
on the level of Enterobacteriaciae on marketed poultry products. 
Twenty-five whole fryers and 25 further processed (cut-up) fry
ers from two major poultry processors were purchased at a rep
utable Columbia, Missouri grocer. Samples were collected over a 
five-day, non-consecutive period. The prevalence of 
Enterobacteriaciae, with special emphasis on E. coli and 
Samonellae, was used to evaluate bacterial contamination. The 
whole carcass rinse method used to collect a bacterial culture 
from each sample. Total aerobic counts were acquired using pep
tone Tergitol glucuronide agar, which also allowed for the rapid 
identification of E. coli. The presence of Salmonellaie contami
nation was determined using biochemical tests. Results were ana
lyzed using ANO VA and the significant effects will be presented. 
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Geography Section 
Chilcutt, S.A., G.J. Cwiek. Department of Geosciences, and 

Al Robertson, Department of Health and Leisure (retired), 
Southeast Missouri State University. COMPARISON OF THE 
1982 AND 1997 EL NrNU EVENTS AND THEIR EFFECTS 
ON RAINFALL IN CALIFORNIA. El Nifio events (ENE) caus
es oceanic surface water temperature to rise, leading to an 
increase in precipitation in the Western Hemisphere. This study 
compares the ENE of 1997 and 1982 in terms of precipitation 
patterns in five localities in California. Four of the five cities are 
located on the coast, and one of the cites is located within the 
interior of the state. These cities range from 41°5N, 124°W to 
32SN, 117°W. Preliminary results indicate that the 1982 ENE 
produced significantly greater monthly mean precipitation in 
some months than the 1997 ENE. 

Chemistry/Geology Section 
Anderson, A.L. and D.J. Wronkiewicz. Department of 

Geology/Geophysics, University of Missouri-Rolla. SOIL 
REMEDIATION THROUGH APATITE PHASE CRYSTAL
LIZATION. The mineral phase apatite possesses a number of 
favorable characteristics for use as an immobilizing medium for 
toxic and radioactive contaminants, making in-situ crystallization 
a possible suitable remediation technique. Apatite phase process
ing may serve as a suitable technique in environments that pro
duce alkaline soils or in soils that have developed over a carbon
ate bedrock. The intent of this investigation is to examine the 
potential for converting labile species of soil contaminants into 
insoluble apatite crystalline phases. This study centers on a labo
ratory investigation into the environmental conditions applicable 
for immobilizing phosphate crystal precipitation. Batch tests will 
be processed at ambient room temperature with continuous agi
tation in a wrist-shaker. The reaction conditions include Pb, As, 
and Cd in the presence of CaC02, Ca2P207CaF2 and apatite 
seed crystals. Solid phase characterization techniques include 
scanning electron microscopy and x-ray diffraction analysis. 
Leachate analysis will be conducted by atomic absorption of 0.45 
µm filtered solutions. 

Cozort, E.A., R.D. Hagni. Department of Geology and 
Geophysics, University of Missouri-Rolla. FLUID INCLU
SIONS, TEMPERATURES AND SALINITES OF FLUORITE 
FROM MATO PRETO, BRAZIL. The Mato Preto fluorite 
deposit, one of three major fluorspar producing deposits in the 
world, is located 70 miles North of Curitiba, Brazil. Other pro
ducing deposits are located in Okorusu, N ambia, and Amba 
Dongar, India. The Mato Preto is the most productive the three 
deposits, and it has produced as much as 100,000 tons of 
fluorspar concentrate per year. Three generations of fluorite at 
Mato Preto were distinguished based upon their colors. 1) early 
replacement zone, 2) later zone of crudely banded, vug-filling, 
mostly purple and green, and 3) youngest zone of vug-filling 
mostly clear fluorite. Fluid inclusions are two-phase inclusions 

and their sizes increase outward with time of deposition. Filling 
temperature measurements for inclusions range 114-166°C and 
salinites for the same inclusions range about 8-15%wt. NaCl. 
These results confirm earlier measurements by Santo (1988) and 
they are interpreted to indicate that the ore depositing fluid were 
derived from the alkaline igneous-carbonatite complex, with an 
admixture groundwater. 

Guffey, C.J., I.W. El-Hussain, C.L. Sneed, P.N. Statler. 
Southeast Missouri State University. USING GEOPHYSICAL 
METHODS FOR LOCATING BURIED METALLIC OBJECTS 
IN SHALLOW SUBSURFACE. Magnetic survey and ground 
penetrating radar (GPR) are reliable method to detect anomalies 
in the shallow subsurface. Magnetic and GPR spatial detection 
resolution for highly conductive metallic objects were deter
mined in this study with 2.54mm diameter piped buried at a depth 
of 15.24mm and separation of 60.96mm in two trenches in an 
area of fill material consisting of clay, cobble, and gravels con
taining iron oxides. The first trench contained a single 2.54mm 
diameter pipe 1.83m in length and the second trench contained 
three 2.54mm pipes of l.83m foot lengths. One survey was con
ducted using a Bison model MMP-203 magnetometer. Four sur
veys conducted using a model 3102A SIR GPR system, with a 
frequency of 500 megahertz and a pulse width of 2 nanoseconds. 
Results obtained with GPR consisted of 2 strong reflection sig
natures that corresponded with the pipe location. Results with the 
magnetometer consisted of a single strong magnetic signature 
corresponding with pipe location. 

Kaps, S.E., D.J. Wronkiewicz. Department of Geology and 
Geophysics, University of Missouri-Rolla. MICROSCOPIC 
EXAMINATIONS OF GLASS-BONDED ZEOLITE SAMPLES 
FOR THE INCORPORATION OF RADIOACTIVE WASTE. A 
synthetic mineral (zeolite A) is currently under investigation for 
the contaminant and disposal of radioactive waste. Zeolite A is 
being utilized because it has a large open structure and the abili
ty to incorporate a large amount of radioactive waste, including 
salt wastes with high chlorine contents. Samples were doped with 
surrogate radionuclide elements (e.g., Ce4+ for Pu4+) and stable 
isotope equivalents of radionuclides commonly found in radioac
tive waste streams. The zeolite A was then bonded with glass by 
hot isostatic pressing to form glass-bonded zeolite samples. 
Investigations of these samples were conducted for determining 
microstructural aspects that may affect their durability. 
Microstructures were revealed using transmitted light, scanning 
electron microscopy, and cathode luminescence to identify phase 
compositions, their interrelationship, and stability. Some compo
sitional and structural aspects of the glass-bonded zeolite sam
ples were found to be altered during hot isostatic pressing. 
Deformation of the samples was noted in the form of altered 
phases, migration of elements in the waste form, and microfrac
tures. The zeolite A phase was found to be converted into a fel
dapathoid due to temperature increases during hot isostatic press
ing. Following this conversion, the surrogate radionuclide ele
ments accumulated into a band between larger glass and feldap
athoid phases. Small microfractures were present within the sam-
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ples, possibly due to the release of pressure following hot isosta
tic pressing. By examining microscopic features, waste contain
ment products can be investigated with respect to what further 
problems may exist when dealing with contaminant of radioac
tive waste streams. Supported by Argonne National Laboratory. 

Kirkwood, S.Y., J.M. Holbrook. Department of 
Geosciences, Southeast Missouri State University and W.J. 
Autin. SUNY College at Brockport. SIGNIFICANCE OF SOIL 
STRATIGRAPHY ON LIQUEFACTION POTENTIAL. This 
project tests the correlation between soil stratigraphy and sand 
blow distribution of Pemiscot County, Missouri. Various litholo
gies exhibiting sand blows were sampled. Sites corresponding to 
the same lithologies exhibiting no sand blows were also sampled 
for comparison. A single core was taken at each site and sampled 
at 10 cm intervals using the Dutch auger method. Over 25 cores 
averaging 2 m depths were studied throughout the county. A TM 
Band 4 image delineating sandy areas was combined with the 
Pemiscot County Soil Survey and field data to create a sand blow 
distribution map. The sand blow distribution map compares 
favorably to unpublished Mississippi River meander and flood 
plain maps that have been verified by auger data. Locations of 
buried sand bars and mud veneer thickness are considered major 
factors controlling sand blow distribution in this area and are sig
nificant considerations for liquefaction potential maps. 

Morris, E.J. and F. Oboh-Ikuenobe. Department of 
Geology and Geophysics, University of Missouri-Rolla. SED
IMENTOLOGY PALYNOLOGY, AND SEA LEVEL 
CHANGES FLUCTUATIONS RECORDED BY TWO PENN
SYLVANIAN CORES FROM NORTHWESTERN MISSOURI. 
Two cores from Buchanan and Andrew Counties in the Forest 
City Basin, northwestern Missouri contain approximately 1200 
feet of sedimentary rocks deposited during the Pennsylvanian, a 
period characterized by many rapid fluctuations in sea level. The 
cores were logged from the Excello formation in the Upper 
Desmoinesia Series to the Iatan formation at the top of the 
Missourian Series. Lithofacies were identified from rock compo
sition, grain size, color, thickness, sedimentary structures, and 
fossils. Petrographic thin sections were taken from various rock 
types and the results were used to complement the visual descrip
tions. Limestones are the dominant lithofacies, but silciclasic 
rocks and coal beds are also present. The preliminary paynologi
cal investigation of dispersed organic matter (palynodebris), 
spores and pollen from organic rich lithofacies provided addi
tional information on the depositional environments. The two 
cores were correlated on the basis of the sedimentologic and 
palynologic results. Several formations are characterized by 
facies changes. This study also examined the possible influences 
of sea level fluctuations on the sedimentary rocks, and it appears 
that coal beds are correlative with eustatic sea level falls. 
Supported by University of Missouri-Rolla Opportunities for 
Undergraduate Research Experience. 

Nelson, Lizzie, Sabrina Schwerty, and Todd Eckdahl. 
Department of Biology, Missouri Western State College. A 

PHYLOGEOGRAPHIC ANALYSIS OF NATURAL POPULA
TIONS OF SCULPIN FISHES. In order to estimate phylogenet
ic relationships between populations of Missouri sculpins ( C. 
bairdi and C. hypselurus), samples of these fish were obtained 
from five naturally occuring southern Missouri watersheds: 
Meramec River, Little Black River, Pearson Creek, Niangua 
River and Clear Creek. DNA was isolated from a total of fifty 
fish, ten from each site. Mitochondrial DNA sequences were 
amplified by utilizing the polymerase chain reaction (PCR). 
Using restriction enzyme digestion, differences between the sam
ples were revealed as restriction fragment length polymorphisms 
(RFLP). This aims at correctly classifying the fish for proper 
management of sculpin populations. 

Paarlberg, Robin, Shauna Oppert and Nell Anderson. 
Department of Geology and Geophysics, University of 
Missouri-Rolla. SHALLOW FAULT LOCATION USING 
GROUND-PENETRATING RADAR IN SOUTHEAST MIS
SOURI. The Department of Geology and Geophysics at the 
University of Missouri-Rolla (UMR) and the Missouri 
Department of Natural Resources (:rvt;ODNR) conducted a 
ground-penetrating radar (GPR) survey near Crowley's Ridge in 
southeast Missouri during the summer of 1998. The objective of 
this survey was to determine the usefulness of GPR in locating 
faulted areas and to identify the conditions that favor effective 
application of GPR. Several conclusions were made on the appli
cations of GPR and the conditions in which GPR proves to be 
most useful after data acquisition, processing, and interpretation. 
GPR can be used to locate shallow, recent faults in southeast 
Missouri overlain by a thin veneer of soil and debris. GPR pro
files can show not only complexly faulted horizons, but also the 
resultant changes in facies. The limitations of GPR are the pres
ence of debris or obstacles on the site and the litology, grain size, 
porosity, and saturation of facies are variables which influence 
the signature of GPR data. 

Peters, C., V. Kurian, R.H. Erickson. Division of Science, 
Truman State University, Knox College. SYNTHESIS OF 
AMINOALKOXYCHROMONES. HIGHLY SELECTIVE LIG
ANDS FOR THE SIGMA RECEPTOR. The sigma receptor has 
been postulated to be involved in a number of biological events. 
The receptor has been reported to play a role in schizophrenia, 
cocaine toxicity, depression and even in certain inflammatory 
processes. However many of these studies have been done with 
compounds that are not highly selective for the sigma receptor vs. 
other receptor sites. Therefore, it is often unclear whether these 
biological effects are due to interaction with the sigma receptor 
or some other site. In previous work, we identified a series of 
aminoalkoxychromones as ligands for the sigma receptor that 
were found to be highly selective when put through a screen of 
35 different receptor systems. The structure-activity relationships 
developed in the previous study identified structural features that, 
when modified, should lead to more potent compounds. We 
report here the synthesis of this second generation of sigma 
receptor ligands. 
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Plettner, J .R and B.S. Ross. Department of Chemistry 
Cottey College. ISOLATION AND ANALYSIS OF HOPANE 
BIOMARKERS. Hopane biomarkers in cmde oil deposits result 
from bacterial degradation of organic material. The presence and 
modification of specific biomarkers in oil samples are often 
indicative of the source, and age, of the cmde oil reservoir. A 
common aging process for the hopane biomarker involves micro
bial demethylation which is thought to proceed through an oxida
tive pathway. We are currently investigating the chemical oxida
tion of hopane model systems with chromyl chloride and devel
oping methodology for GC/MS analysis of the oxidized products. 
As an initial step in our studies, it was necessary to enrich the 
hopane in the Bonny Light Cmde Oil sample. This was achieved 
through a four step process involving (1) initial treatment with 
florisil to remove darkly colored material, (2) heating in vacuo to 
remove volatile constituents, (3) treatment with SA sieves to 
remove n-alkanes, and (4) final passage through an alumina col
umn to remove aromatics. Partially supported by NSF/DUE-
9851169. 

Sneed, C.L., J.M. Holbrook, G.J. Cwiek. Department of 
Geosciences, Southeast Missouri State University and W.J. 
Autin SUNY College at Brockport. LAKE CO. UPLIFT: TEC
TONICALLY INDUCED MEANDER SHIFTS ON THE MIS
SISSIPPI RIVER. This study evaluates neotectonic influence on 
meander patterns in the Lake Co. Uplift (LCU), a 20 km x 30 km 
rectangular area between New Madrid, MO and Reelfoot Lake, 
TN. Sediment core and elevation data delineate paleomeander 
configurations, while age sequences indicate Holocene river 
migration patterns. Meanders stranded on terraces, extreme 
meander belt migration, and changes in loop orientation are due 
to neotectonic uplift. Holocene uplift (approx. 25m) triggered 
shifts in the meander belt from west of LCU to east through 
Reelfoot Lake. These progressive uplifts caused the river to 
detour around the structural apex of the LCU as evidenced by a 
change in meander orientation from an E-W to an anomalous N
S trend concurrently river flow shifted from N-S to E-W. Normal 
meander trend and flow direction were re-established south of the 
LCU. 

Thompson, J.L. and N.H. Tibbs. Department of 
Geosciences, Southeast Missouri State University. ASSESS
MENT OF THE CAPE GIRARDEAU MUNICIPAL LAND
FILL: COMPLIANCE WITH EPA REGULATIONS. The Cape 
Girardeau Municipal Landfill was studied to determine compli
ance with EPA 40 CFR Part 258 (regulations for solid waste land
fills). The landfill was examined to see if it meets closure criteria 
and post-closure care requirements. The landfill was also exam
ined for proper final cover material, ground water monitoring 
system, appropriate leachate collection system, mn-on/mn-off 
control systems and methane monitoring and venting. Testing of 
surface water for common water pollution constituents was also 
conducted. Geology of the site was studied (type of soil, under
lying sediments) for probability of leachate. The site was found 
to not have a ground water monitoring system, or a leachate col
lection system. Both had been removed with the approval of the 

Missouri Department of Natural Resources. Missouri Solid 
Waste Management Law was compared with requirements for 
compliance with EPA 40 CFR Part 258 to check for inconsisten
cies since the Missouri DNR does virtually all monitoring activ
ities for the landfill. 

Winterhalter, P.S., D.M. Grey and J .D. Bucksath. 
Department of Chemistry, Colombia College and Analytical 
Bio-Chemistry (ABC) Laboratories. LABORATORY ETHICS 
AND REGULATIONS CONCERNING DOCUMENTATION. 
This study researches the importance of regulatory compliance 
and ethics related to documentation of a given study. Reference 
materials and regulatory commissions were used in clarifying the 
importance and the details required for efficiency. The Good 
Laboratory Practice (GLP), the Good Manufacturing Practice 
(GMP), and the Food and Dmg Administration (FDA) became 
the center of the research supporting a strong emphasis on docu
mentation and the drastic effect it can have on a study. Misspelled 
words, punctuation, and decimal placement are just a few ways 
studies have been effected. The worst case of documentation is 
forgetting to write a step in the process, if you don't write it down 
it just didn't happen. 

Social/Behavioral Sciences 
Bradley, J., G. Farmer, B. Bohness, H. Droste, P. Adams. 

Division of Social Science, Truman State University. The pur
pose of this research is to determine if the weight given to vari
ous job characteristics varies as a function of work experience. 
Surveys were mailed to graduating seniors at Tmman State 
University and to Tmman State University Alumni from the 
classes of 1997, 1996, 1993, 1988 and 1983. Participants were 
asked to rate the importance, on a scale of 1 to 7, of job charac
teristics such as salary, security, accommodations to family life, 
etc. This information will be increasingly valuable to businesses 
as they compete for a decreasing pool of workers. Preliminary 
findings will be discussed. 

Campione, N.M., N. Heiblum, and C.M. Borduin, 
University of Missouri-Columbia. DIFFERENCES IN PAR
ENTS' ATTRIBUTIONS TOWARDS VIOLENT AND NONVI
OLENT ADOLESCENT OFFENDING. Parents' attributions 
(i.e., external, child-focused dispositional) toward adolescents 
who have been arrested for violent and nonviolent crimes will be 
examined. Participants will include 150 juvenile offenders (12-17 
years of age), divided into 2 equal-sized groups (i.e., 75 mothers 
of violent offenders and 7 5 mothers of nonviolent offenders) and 
matched on pertinent demographic characteristics, including par
ent and adolescent age, socio-economic status, and race. Mothers 
of violent and nonviolent juvenile offenders will complete the 
Parental Locus of Control Scale (PLOC) and the Parental 
Attributions Questionnaire (PAQ) 'in order to assess their external 
attributions and child-focused dispositiona1 attributions, respec
tively. A one-way (group: violent offenders vs. nonviolent 
offenders) multivariate analysis of variance (MANOVA) will be 
performed on the measures of parental ·external attributions (i.e., 
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PLOC) and parental child-focused dispositional attributions (i.e. 
PAQ). It is expected that mothers of violent offenders will be 
more likely to report both external attributions and youth-focused 
dispositional attributions for their youth's misbehavior than 
mothers of nonviolent offenders. 

Gerber, A.J. and J.R. Crooks. Division of Human Studies, 
Iowa Wesleyan College. CORRELATES OF GIFTEDNESS IN 
WOMEN ATTENDING A SMALL LIBERAL ARTS COL
LEGE. This study documented risk factors among gifted college 
women as defined by her receiving of an excellence scholarship 
in academics, art, or music. Data was obtained from students 
attending Iowa Wesleyan College, a small private liberal arts col
lege in southeastern Iowa. Substance abuse, driving habits, sexu
al histories, and psychological profiles were compared between 
students receiving the scholarships and those not receiving schol
arships. Women classified as gifted were more likely to report 
frequent abuse of alcohol and other substances, numerous driving 
violations, a history of depressed behavior, and arrest records. 
These activities were almost exclusively related to the students 
high school years. Our study indicates the need to identify high 
risk gifted students during the high school years to prevent an ele
vated risk of injury, disease, or death resulting from automobile 
accidents, substance abuse, and depression. 

Kaspar, D.J. and J.R. Crooks. Division of Science. Iowa 
Wesleyan College. ANALYSIS OF ATTITUDES OF CONTIN
UING EDUCATION STUDENTS IN RELATION TO THE 
RESPONSIBLE SOCIAL INVOLVEMENT REQUIREMENT 
FOR GRADUATION. Responsible Social Involvement is a serv
ice learning project all students must complete to graduate at 
Iowa Wesleyan College, a small private liberal arts college in 
southeastern Iowa. The project requires 160 hours of service, a 
written paper reflecting on the experience, an oral presentation to 
a faculty panel, and the student receives six credit hours. Our 
study analyzes the effect on recruitment, retention, and degree 
completion of students of this degree requirement. We analyzed 
records of individuals who have 120+ credit hours that have not 
graduated and surveyed individuals in Session # 3 of the night 
trimester schedule. We have documented a number of individuals 
who have failed to complete their degree because of this require
ment. We have also found a significantly large number of nontra
ditional students who resent this requirement and believe it more 
appropriate for traditional age students. Others would find the 
requirement much more appealing if it could be associated with 
one's major. The study indicates a lack of appeal to volunteer 
again in the future, little to no added value to their life, and a neg
ative feeling toward the institution. Our study indicates that mak
ing the service learning project related to the major would 
improve these areas to our nontraditional student body. 

Murphy, S.J. and J.R. Crooks. Division of Human Studies, 
Iowa Wesleyan College. ANALYSIS OF COMPENSATION 
PACKAGE FOR POLICE OFFICERS AND CIVILIAN 
EMPLOYEES OF THE MOUNT PLEASANT POLICE 
DEPARTMENT. The Mount Pleasant Police Department is seek-

ing comparable compensation in form of wages and overtime pay. 
The proposal is based on surveys regarding overtime pay and 
longevity plans to cities of similar population, agency size, and 
proximity to Mount Pleasant. Other information was obtained 
from the Iowa Uniform Crimes Report and the Iowa Department 
of Public Safety. The results indicate that the Mount Pleasant 
Police department has poor incentives for attracting long-term 
employment with increased probability of turnovers, leading to a 
loss of trained and experienced officers and civilian employees. 
Results indicate that the civilian pay and longevity plans were at 
the very bottom of the survey. All other departments in survey 
have a Union or Bargaining Unit in place. Our study indicates for 
the Mount Pleasant Police Department to achieve comparable 
compensation will require a 9.9 per cent increase. Our study also 
indicates that the Mount Pleasant Police Department should con
sider a Union or Collective Bargaining Unit. 

Ringwald, Amy, Angela Keller, Michael Miller, Samantha 
Wilson, Janine Nall, Mandy Latier. Truman State University. 
The purpose of our research is to examine sex differences in con
trapower sexual harassment of professors by their students. 
Furthermore, we are gathering data on students' behaviors in an 
effort to determine if female faculty members are treated with less 
respect by students than male faculty members. Two states were 
randomly selected from each of nine geographic regions and from 
these states, public universities with web sites and professor e
mail directories were selected. A survey was sent out via e-mail to 
50 male professors and 50 female professors. Preliminary find
ings will be presented. 

Tadin, D., K.F. Palmer, and T.B. Jaeger. Departments of 
Physics and Psychology, Westminster College. ANALYSIS OF 
SUBJECTIVE MATCHING FOR COLOR BRIGHTNESS IN 
RELATIONSHIP TO THE STANDARD LUMINOSITY 
CURVE. This study is the first in a series of experiments to ana
lyze the relationship between physical and psychological proper
ties in light display on a CRT. This experiment involved just the 
light spectrum produced when the electron beam strikes one of 
the 3 types of phosphors found in a typical "RGB" monitor. 
Eighteen undergraduates matched the brightness of a test colored 
rectangle to a standard rectangle on a CRT. The standard rectan
gle emitted the spectrum produced by the red phosphor at 3 inten
sity levels; the test rectangle had the spectrum of either the red, 
green, or blue phosphor whose peak intensities lie at the wave
lengths 627, 531, and 453 nm, respectively. Luminosity measure
ments were obtained by Ocean Optics S2000 fiber optic spec
trometer using OOJ.Base 1.0 control and acquisition software. A 
one-sample t-test was used to compare luminosity measurements 
with the data obtained from participants. The results showed that 
green, when compared to red, required intensity level significant
ly smaller (p<0.05) than the intensity of the red in order to appear 
equal in brightness with the red. The red and blue required the 
same intensity in order to appear of equal brightness to the par
ticipants (p<0.05). The results indicate that the human eye is most 
sensitive to the green light, with about equal sensitivity to red and 
blue, agreeing with previous studies. 
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Sedimentology, Palynology, and Sea Level Fluctuations Recorded 
From Two Pennsylvanian Cores From Northwestern Missouri 
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University of Missouri-Rolla 

Abstract: Two cores from Buchanan and Andrew Counties in the 
Forest City Basin, northwestern Missouri, yielded approximately 
1,200 feet of sedimentary rock deposited during the 
Pennsylvanian Period (approximately 300 million years ago), a 
period characterized by rapid fluctuations in sea level. The cores 
were logged from the Excello Formation in the Upper 
Desmoinesian Series upward to the Iatan Formation at the top of 
the Missourian Series. Lithofacies were identified from rock 
composition, grain size, color, bedding thickness, sedimentary 
structures, and fossils. Petrographic thin sections were taken 
from selected rock types and the results were used to complement 
the visual descriptions. Limestones are the dominant lithofacies, 
but elastic rocks and coal beds are also present. A preliminary 
palynological investigation of dispersed organic matter (palyn
odebris ), spores, and pollen from organic-rich lithofacies provid
ed additional information on the depositional environments. The 
two cores were correlated primarily on the basis of the sedimen
tologic, and then integrated with palynologic results. Several for
mations are characterized by fades changes. This study also 
examined the possible influences of sea level fluctuations on the 
sedimentary rocks, and it appears that coal beds, underclays, and 
shales are correlative with sea level falls. 

Key Words: Palynology, palynomorphs, sedimentology, 
Pennsylvanian 

Introduction 
Pennsylvanian age rocks are present in the surface and/or sub

surface of more than two-thirds of Missouri counties surrounding 
the Ozark area and may have been continuous over much of the 
state in the geological past (Figure 1). These rock beds contain 
many important limestone and coal beds along with the elastic 
deposits and total approximately 2,000 feet thick (Unklesbay and 
Vineyard, 1992). During the Pennsylvanian, different parts of the 
North American continent rose and fell at varying rates, and sea 
level fluctuations were caused by periodic Gondwanan glacia
tions to the south (Unklesbay and Vineyard, 1992). Differential 
warping of the crust allowed for many areas to be invaded by the 
seas while intervening areas were dry land or swamps. 
Consequently, marine and nonmarine beds alternate and interfin
ger to form a pattern of transgressive and regressive rock deposi
tion, which is commonly referred to as the classic Pennsylvanian 
cyclothem sequence. A typical cyclothem sequence consists of 
marine limestones and shales, fluvial channel sandstones, sub
aerial shales, and coals (Prothero, 1990). 

Pennsylvanian deposits in the Forest City Basin, which encom
passes northwestern Missouri and eastern Kansas, have been of 
economic interest and attracted several coal mines and limestone 
quarries to the region. Several thousand feet of cores have been 

drilled and logged in northwestern Missouri, many of which were 
subsequently donated to the Mary McCracken Core Library of 
the Missouri Department of Natural Resources in Rolla. Two of 
these cores have been investigated in this study (Figure 1): WM-
8 in Buchanan County and WM-10 in Andrew County. 

The objectives of this study were to: (1) describe the rock 
types, associated sedimentary structures, and fossils; (2) relate 
petrographic thin sections of common rock types to visual 
descriptions; (3) describe dispersed organic matter (palynode
bris) and palynomorphs (spores and pollen) in selected rocks; (4) 
correlate the two cores and effects of sea level fluctuations; (5) 
refine formation boundaries; and (6) reconstruct a depositional 
model from the dataset. An integrative study such as this has not 
been attempted before for this area. 

Materials and Methods 
Core WM-8 was drilled to a total depth of 1,215 feet below the 

surface elevation of 805 feet above sea level. WM-10 is located 
20 miles northeast of WM-8 and was drilled to a total depth of 
1,420 feet below the surface elevation of 1,000 feet above sea 
level. Each core was described beginning in or at the base of the 
Cherokee Group of the Upper Desmoinesian Series, and contin
ued through the top of the Missourian Series (approximately 302 
to 307 million years ago). We logged upward from a depth of 618 
feet in WM-8 and 734 feet in WM-10. Each core was described 
at decimeter scale with respect to rock types and their thickness
es, biogenic and depositional structures, composition, color, and 
fossil contents (Figure 5). Diluted hydrochloric acid was used to 
determine the presence of carbonate within a sample. Tap water 
was sprayed on the core to accentuate the structures and contacts 
between rock types. Relative differences in grain size were noted 
when apparent. Samples were taken at random from WM-10 
from a few rock types and processed at the University of 
Missouri-Rolla for thin sections. Four thin sections were made 
from limestone horizons in the Stanton and Dennis Formations, a 
sandstone layer in the Pawnee Formation, and a siltstone layer in 
the Labette Formation (Table 1, Figure 5). 

A total of ten samples were selected from all the rock types in 
the two cores (Table 1, Figure 5) and sent to Global Geolab in 
Alberta, Canada where they were processed by standard palyno
logical procedure (Traverse, 1988). Following maceration the 
samples were treated in dilute hydrochloric acid to remove car
bonates, treated in 48% hydrofluoric acid to break down silica 
and silicate minerals, and underwent heavy liquid separation in 
Zinc bromide (SG = 2.2). Kerogen slides were mounted before 
oxidation with nitric acid and sieving with 10 µm meshes 
because: (1) oxidation affects the natural colors of organic matter 
which are crucial in the determination of thermal maturation and 
their classification, and (2) sieving removes amorphous organic 
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material which is one of the categories used for interpretation. A 
system for differentiating between the various types of detrital 
organic material (palynodebris) was determined from literature 
survey (e.g., Traverse, 1988; Oboh, 1992; Turner and Spinner, 
1993; Oboh-Ikuenobe et al., 1997). Nine palynodebris categories 
were identified using a transmitted light microscope: amorphous 
organic matter, marine palynomorphs, black debris, yellow
brown debris, brown-black debris, cuticles, plant tissues, wood, 
and sporomorphs (spores and pollen) (Table 2). Three hundred 
palynodebris particles were point counted on each kerogen slide. 
The relative distributions of the palynodebris were determined 
and correlated with rock types. 

Identification of pollen and spores (Figures 2A, 2F, 2I) in ten 
oxidized and sieved slides was done with the aid of references 
such as Wilson (1962), Turner and Spinner (1993), Owens 
(1996), and the index cards of Jansonius and Hills (1976+sup
plements). These palynomorphs are characterized by openings or 
scars (apertures) through which the pollen tube and prothallus 
emerged. 

Results and Discussions 
Lithofacies and palynological data have yielded information 

about the depositional and post-depositional conditions of the 
rocks. Palynofacies, which refers to the distribution of palynode
bris in sedimentary rocks, provided added information about 
thermal maturation. Additional observation about the colors of 
the organic clasts, which can be used as thermal alteration indices 
(TAI: scale of 1 to 5), was made in this study. The palynodebris 
in the samples near the top of each core have yellow to brown 
colors (thermal alteration index, TAI 2, 2+, 3-; Traverse, 1988), 
while those near the bottom which are much darker (3+, 4-, 4, 5) 
because the former have undergone shallower burial and lesser 
degree of maturation (Figure 2A to D). 

Lithofacies: Figures 3 and 4 illustrate the diverse litholo
gies and structures of the rocks drilled by cores WM-8 and WM-
10. Sandstones, siltstones, shales, and underclays constitute 
approximately 40% of the core thickness in WM-8, and 45% in 
WM-10. Common sedimentary structures in these rocks, except 
underclays, include flaser bedding (Figure 3B), lenticular bed
ding, low-angle cross lamination, and convolute bedding. Few 
macrofossils (e.g., crinoid stems, brachiopods) occur in the elas
tics. Limestones account for 55-60% of rock thickness recovered 
in both cores. Using Dunham's (1962) classification, the varieties 
identified included lime mudstones (very fine-grained), wacke
stones (fine-grained with few grains, Figure 4D), and packstones 
(grain-supported with some mud, Figure 3F), which sometimes 
intergrade (Figure 4A). The wackestones and packstones are very 
fossiliferous, and contain abundant brachiopods (Figure 4C), 
bivalves, some bryozoans, and fusulinid foraminifera (e.g., 
Triticites). Oncolitic algal structures (Figure 4B) also commonly 
occur. Coals overlie underclays, are usually very thin, and some
times not recovered with the core. 

Inferences can be made about depositional conditions and dia
genetic effects on the basis of lithologic observations from the 
cores and thin sections. The macrofossils, in particular, fusulin
ids, crinoids, bryozoans suggest a shallow marine environment 
for the limestones. In addition, the calcareous nature of some 

sandstones and marine fossils suggest marine influence. 
Differences in composition and the presence of impurities in the 
sediments have imparted greenish to bluish, brownish, reddish, 
various shades of gray, and black coloration on the sediments. 
For example, iron nodules have imparted a reddish color in the 
elastic sediments, while abundant organic matter resulted in dark 
gray to black color (Figure 4H). Black coloration in shales can be 
attributed to the presence of phosphate and organic matter 
(Figure 3E). Coal seams formed from the accumulation of plant 
debris, and the underclays represent the swampy environment 
behind the coal swamps (Figure 6). In the limestones, pressure 
solution has resulted in the formation of stylolites (Figure 4D), 
while fenestral porosity (Figure 3C) formed as a result of the 
decay of organic material. 

Palynology: Palynodebris are organic clasts which behave 
like sedimentary particles, and therefore give information about 
rock facies and depositional conditions. Marine limestones are 
richest in amorphous organic material, although they contain dif
ferent proportions of other organic components. The organic 
debris recovered in the lime mudstones appeared as very fine
grained, unidentifiable specks under the microscope (palynofa
cies 1), while the wackestones and packstones contained identifi
able, larger palynodebris in addition to amorphous organic mat
ter (palynofacies 2). Coal contained large amounts of dark brown 
wood fragments and black debris, indicating nonmarine sedi
ments that underwent intense thermal alteration during the 
process of coal formation (Palynofacies 3). Palynodebris found in 
shales and siltstones typically consisted of a distribution of all the 
various types of debris, including spores and pollen, amorphous 
organic material, wood, black-brown debris, yellow-brown 
debris, plant tissues, and cuticles (palynofacies 4). These are 
summarized in Table 3. 

Shales and siltstones yielded higher numbers of pollen and 
spores than limestones. Sandstones were not sampled for palyno
logical analysis because they generally contain very few paly
nomorphs. The identified pollen and spores represented a typical 
Late Pennsylvanian assemblage. The alete, densely clavate spore 
Clavatasporites irregularis (Figure 2F) and the trilete spore 
Spilaeotriletes (Figure 2H) was identified in the Weston shale 
Formation. Within the limestone of the Dennis Formation, two 
periporate pollen grains were identified as Chenopodipollis. An 
elongate folded grain of Schopfipollenites and smooth trilete 
spores with spines were found in the Pleasanton shale. 

Correlation and Sea Level Fluctuations: Figure 5 illus
trates the correlation between cores WM-8 and WM-10, and the 
eustatic sea level curve for the Late Pennsylvanian (Ross and 
Ross, 1988). Facies changes are evident between the two cores. 
Within the Pawnee Formation, a facies change occurs in the mid
dle of the formation where sandstone (not present in WM-8) is 
deposited within the siltstone in WM-10. Further, a thin carbon
ate mudstone (not present in WM-10) appears in WM-8 below 
the Mine Creek shale member. Upon initially using a straight-line 
correlation method connecting formations between the two cores, 
several inconsistencies became apparent. Formation boundaries 
previously determined by geologists at the Missouri Department 
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of Natural Resources were reexamined (consulting Thompson, 
1995) and some were changed based on our results. Of particular 
interest was the top of the Kansas City Group where the bound
aries between the Iola, Lane, and Wyandotte Formations have 
been considerably revised. The Marmaton Group also had multi
ple discrepancies which have been addressed. 

Situated to the right of the cores in Figure 5 is a column illus
trating periods of deposition and nondeposition (Ross and Ross, 
1988). Periods of sea level falls were represented by gaps in the 
geologic record (nondeposition and /or erosion), and were 
marked by a shift from marine deposition to more brackish and 
nonmarine deposition. The latter group of sediments are charac
terized by an abundance of wood and black debris, unlike the 
marine sediments which have abundant amorphous organic mat
ter (Figure 6). Unconformities occur within the Labette 
Formation with the appearance of coal (indicating swampy, non
marine conditions), appearing to correlate with the drop in sea 
level in the column. The coal seams have the highest amounts of 
wood, black debris and degraded debris. At the base of the 
Pleasanton Group, between the Desmoinesian and the 
Missourian Series, a major unconformity exists where underclay 
would seem to correlate with a drop in sea level approximately 
305 million years ago (Ross and Ross, 1988). The entire Pedee 
Group (Weston and Iatan Formations) at the top of the 
Missourian Series is missing in WM-8, due to erosion. 

Prothero (1990) and Prothero and Schwab (1996) discussed 
two models of interpretation for the classic Pennsylvanian 
cyclothem: the traditional model and a modern model. The tradi
tional model treated a disconformity at the base of the channel 
sandstone as a rapid regression followed by a slow transgression. 
The more modern interpretation from Friedman and Sanders 
(1978) placed a rapid transgression below the first marine lime
stone or shale, and considered the rest of the sequence as regres
sive, progradational delta front. The latter is now accepted as the 
correct model. Our interpretation fits well with this revised model 
because we are interpreting coals and underclays as representing 
periods of sea level lowstand marked by the onset of transgres
sion. 

Depositional Model: The Absaroka transgressive event 
began in the North American craton near the beginning of the 
Middle Pennsylvanian time, and deposited repetitive alternating 
nonmarine and marine sediments in the Midcontinent (Heckel, 
1977, 1980; Levin, 1991). However, the eastern mountains in the 
Appalachian region experienced predominantly nonmarine depo
sition. In northwestern Missouri, the cyclic alternations were 
more frequent during the Desmoinesian Epoch than at other 
times during the Pennsylvanian. The Missourian Epoch was char
acterized by fewer coal beds and alternating, thicker marine lime
stones and shales (Figure 5). This suggests a more stable deposi
tional setting during the Missourian (Unklesbay and Vineyard, 
1992). Although sea level fluctuations occurred during this time, 
they were less frequent and formed fewer swampy conditions. 

The Marmaton Group displays a typical Desmoinesian pattern 
of alternating marine limestones, brackish to marine shales and 
siltstones, and nonmarine coals, and underclays (Figure 5). 
Within the Pleasanton Group of the lower Missourian, the Middle 
Unnamed Formation in WM-10 indicates continuous sand depo-

sition within a channel fill, but the correlative WM-8 consists of 
a repetitive sequence of limestone, sandstone, and shale indicat
ing sea level fluctuations at that locality. Figure 6 shows our 
reconstruction of upper Pennsylvanian depositional model in the 
study area. This model is slightly different from the classic 
cyclothem for the Illinois Basin (Shaw, 1964; Prothero, 1990), in 
that nonmarine limestone is missing, and deep marine shales are 
absent. Note that all the units of this model do not occur through
out our study area because of the changing environments associ
ated with fluctuating shorelines. 

Conclusions 
Sedimentological and palynological data have provided impor

tant correlative and dating evidences for rocks from the 
Pennsylvanian time period in northwestern Missouri. The study 
has resulted in a refinement of some formation boundaries with
in the Missourian Series of the Missouri geological column. The 
cyclical sediments have been correlated with sea level curves for 
the Pennsylvanian Period and related to palynofacies. A deposi
tional model has also been reconstructed for the rock sequences. 
This study contributes toward the understanding of the deposi
tional history of Upper Pennsylvanian sedimentary rocks. 
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Table 1. List of samples processed for analyses. Their horizons are shown in Figure 5. 

Core Depth in feet Lithology Type of analysis 

WM-8 246 Shale Palynology 
WM-8 321 Limestone Palynology 
WM-8 422 Shale Palynology 
WM-8 523 Underclay Palynology 
WM-10 175 Limestone Palynology 
WM-10 258 Limestone Thin section 
WM-10 330 Shale Palynology 
WM-10 450 Limestone Palynology 
WM-10 452 Limestone Thin section 
WM-10 537 Siltstone Palynology 
WM-10 627 Shale Palynology 
WM-10 683 Sandstone Thin section 
WM-10 704 Siltstone with interbeds Thin section 

of very fine sandstone 

TABLE 2. Descriptions of dispersed organic matter in the samples. 

Palynodebris 

Amorphous organic matter 

Marine palynomorphs 

Black debris 

Yellow-brown debris 

Black-brown debris 

Cuticles 

Plant tissue 

Wood 

Sporomorphs 

Characteristics 

Unstructured, irregularly-shaped, light brown to 
medium brown masses; usually gel-like (Figure 2A) 

Scolecodonts (chitinous mouth parts of marine annelid 
worms) and acritarchs (cysts of marine algal 
phytoplankton, Figure 2G) 

Opaque particles with sharp angular outlines; lath-shaped, 
sometimes more equidimensional (Figure 2E) 

Structureless particles of yellow to light brown color; 
attributable to highly degraded herbaceous material 
(Figure 2A) 

Unstructured dark brown to nearly black particles; 
attributable to highly degraded woody material 

Platy epidermal fragments of leaves, roots, etc.; deep 
yellow to light brown in color (Figure 2B) 

All other herbaceous material including tubes and 
parenchyma (spherical to polygonal cells, Figure 2B) 
and other non-woody debris 

Light to dark brown particles with sharp angular edges 
and/or discernible cellular structure; mainly lath-shaped 
(Figure 2A) 

Land plant spores and pollen dispersed by water and 
wind into continental and marine environments 
(Figures 2A, 2F, 21) 

53 

Size (µm) 

Variable 

30-100 

20->200 

5-80 

Variable 

30->150 

Variable 

30->200 

10-80 
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TABLE 3. Characteristics of palynofades assemblages. Sandstone horizons were not sampled for analysis because 
they contain small amounts of organic matter. 

Palynofacies Lithology 

1 Lime mudstone 

2 Wackestone, Packstone 

3 Coal 

4 Siltstone, shale 

Figure 1 

Characteristics 

Predominantly amorphous organic matter (>90% ), 
few marine microfossils and wood 

Dominated by amorphous organic matter (50% ), 
followed by black debris, brown-black debris, 
marine microfossils, wood, cuticles, and sporomorphs 
in that order 

Brown-black debris dominant (45%), followed by 
wood and black debris and sporomorphs 

Variable numbers of all types of palynodebris 

Tertiary-Quaternary 

IHml Pennsylvanian 

I 10 .-0 GO L.....J..ODW.. 

0 It) i 4lfl llO 100~ 

• D 

Mississippian 

Silurian-Devonian 

Ordovidan 

Cambrian 

• Precambrian 

Figure 1. Generalized geologic map of Missouri with enlarged view of Buchanan and Andrew Counties showing the locations of 
WM-8 and WM-10 (after Thompson, 1995). 
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Figure 2. Photomicrographs of palynodebris; Scale bar for Figures A-E = 100 _m, Figures F-H = 20 _m, Figure I= 
30 _m. (A) Poorly preserved bisaccate pollen grain (BP); wood (W d); amorphous organic matter (AOM); yellow-brown 
degraded debris (Y-BR) (Sample WM-8, kerogen (unsieved) shale 246'). (B) Yellow cuticle (CU); parenchyma plant 
tissue (Pa) (Sample WM-8, kerogen shale 246'). (C) Shale from middle part of core with abundant small degraded amor
phous bundles, note darker color than Figures A and B, but lighter than Figure D and E (Sample WM-8, kerogen 422'). 
(D) Shale from lower part of core with fewer amorphous material (Sample WM-10, kerogen 627'). (E) Highly degrad
ed coal debris, note abundance of black debris (B) and absence of amorphous organic matter (Sample WM-10, kerogen 
701.7'). (F) Clavatasporites irregularis (Sample WM-10, sieved 175'). (G) Marine acritarch (Sample WM-10, sieved 
175'). (H) Spilaeotriletes sp. (Sample WM-10, sieved 175'). (I) Linulasporites sp. (Sample WM-8, kerogen shale 246') 
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0 
Figure 3. Lithologies in WM-8 core. Scale bar= 0.1 foot. (A) Limestone clasts in carbonate mudstone, 

Pawnee Formation, 539'. (B) Flaser bedding in siltstone, Middle Unnamed Formation, 465'. (C) Fenestral 
porosity filled with clay in carbonate mudstone, Cherryvale Formation, 264'. (D) Highly bioturbated silt
stone, Bonner Springs, 160'. (E) Lexington coal between phosphatic shale above and siltstone below, Labette 
Formation, 575'. (F) Wackestone to packstone at the base of the Lenapah Formation above the Nowata 
Formation 499'. 
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Figure 4 

Figure 4. Photomicrographs of typical sedimentary rocks; Scale bar= 500 µm. (A) Transition from denser carbonate mudstone (left) 
to wackestone (lighter color, right) (Sample WM-10, 452'). Note change in crystal size from micrite to calcite spar in wackestone. (B) 
Two spherical algal structures (oncolites) in wackestone (Sample WM-10, 452'). (C) Articulated brachiopod in cross-section with dis
tinct calcite crystals and clearly defined bivalved outline (Sample WM-10, 452'). (D) Dark organic debris concentrated in stylolite 
(black outline) within wackestone (Sample WM-10, 452'). (E) Medium-grained sandstone showing quartz (Qz), potassium feldspar 
(KP), calcite cement (Ca), and an opaque mineral, possibly iron or pyrite (Op) (Sample WM-10, 683'). (F) Micas in preferred orien
tation in medium-grained sandstone (B=biotite, M=muscovite) (Sample WM-10, 683 '). ( G) Siltstone to very fine sandstone from Little 
Osage Formation (Sample WM-10, 704') Note finer grain size than in sandstone of Figure 4C. (H) Organic-rich (opaque) layer in silt
stone to very fine sandstone(Sample WM-10, 704'). 
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pled horizons; Table 1 indicates the type of analysis each sample was used for. 
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5'-proximal AUG sequences as translation initiation signals 

on mRNAs in Escherichia coli 
Robert L. Jones, III, 

Mathematics and Science Division, 
Cottey College, 1000 W. Austin, Nevada, MO 64 772 

Abstract: A collection of 265 E. coli, coliphage, and E. coli plas
mid promoter sequences was examined for ATG triplets at or 
immediately downstream of transcriptional initiation sites. A 
majority of the observed 5' -proximal triplets were either start 
codons for known coding regions or were blocked by in-frame 
stop codons upstream of known coding regions. The possible sig
nificance of such sequences for mRNA translation is discussed. 

Key words: translation, untranslated leader, Shine-Dalgarno 
sequence, leaderless mRNA 

Introduction 
Messenger RNA molecules (mRNAs) lacking 5' untranslated 

leader sequences have been observed in eubacteria, archaebacte
ria, and eukaryotic mitochondria (see 1 and references cited 
therein). Such mRNAs begin with a 5' -AUG-3' start codon at or 
very near the 5' terminus of the message, and their lack of 5' 
untranslated leaders means that they also lack conventional 
Shine-Dalgarno homologies believed to exist in most prokaryot
ic messages. The Shine-Dalgarno sequence (2) is a consensus 
(5'-AAGGAGGU-3') initially characterized in mRNAs of 
Escherichia coli. It is typically located 5 to 13 nucleotides 
upstream of a start codon and is complementary to the anti
Shine-Dalgarno sequence found near the 3' terminus of 16S ribo
somal RNA. Base-pairing interactions between the Shine
Dalgarno sequence and the anti-Shine-Dalgarno sequence 
momentarily tether the mRNA to the face of the 30S ribosomal 
subunit and increase the likelihood that an appropriately spaced 
AUG codon will be utilized during translational initiation 
(reviewed in 3). 

Since any naturally occurring leaderless mRNA lacks the 
untranslated leader and Shine-Dalgarno homology of a "conven
tional" message, it is reasonable to ask if they contain novel 
translation initiation signals not found in leadered mRNAs. In 
experiments conducted by Wu and Janssen (4), removal of an 
untranslated leader from mRNA for the viomycin phosphotrans
ferase ( vph) gene of Streptomyces vinaceus did not prevent its 
heterologous translation in E. coli. Similarly, Van Etten and 
Janssen (5) found that removal of the leader from beta-galactosi
dase (lacZ) mRNA results in only a two-fold reduction in trans
lational efficiency in E. coli compared to that of the leadered wild 
type message. If leaderless mutant lacZ and vph mRNAs can be 
translated, this not only argues against the necessity of addition
al unique translational initiation signals for their translation but 
also raises the interesting possibility that a 5'-terminal AUG 
sequence itself can serve as a translation initiation signal provid
ed that it is not occluded by secondary structure within the 

mRNA molecule. 
Two questions follow from this line of reasoning. Given that 

AUG sequences occur randomly throughout a given mRNA, 
could one of these sequences act as a start codon if positioned at 
or near the 5' terminus of a message, and how commonly are 
AUG sequences found in such a position? These questions had 
been posed previously in reference to research conducted on 
leaderless mRNA in a different eubacterial genus, and a list of 
sequenced wild type and mutant E. coli promoters with known 
transcriptional start sites was examined (6). In light of its rele
vance to more recent work with E. coli ( 4, 5), the resulting infor
mation is reconsidered here. 

Methods 
A collection of E. coli, coliphage, and E. coli plasmid promot

er sequences listed by Hawley and McClure (7) was later assim
ilated into a larger compilation by Harley and Reynolds (8). An 
examination of this list for ATG sequences at or immediately 
downstream of transcriptional initiation sites was conducted (6). 
The background references cited by Hawley and McClure (7) and 
Harley and Reynolds (8) were then consulted for complete 
sequence information on the relevant genes. Two examples 
(Tnl721 tetR and phage P2 gene V) cited by Janssen (1) were 
added to the list. 

Results 
Of 265 natural and mutant promoters with known transcrip

tional start sites (1, 8), 15 direct the synthesis of messages in 
which the first position of an AUG triplet is the first or second 
nucleotide transcribed. Three of these (the Tnl721 tetR promot
er, phage A PRM, and the phage P2 gene V promoter) are known 
to direct the transcription of leaderless mRNAs which encode 
known proteins. Interestingly, 9 of the remaining 12 examples 
(argCBH, argE P2, crp, dapD, TnlOxxx P3, pBR322 P4, phage 
T7 A3, phage <j>Xl 74D, and phage A PR) promote the synthesis of 
mRNAs in which the leaderless AUG triplets are in-frame with 
termination codons anywhere from 2 to 9 codons downstream. Of 
the remaining 3 examples, the 5' -terminal AUG of tifB mRNA is 
in-frame with the tifB coding sequence and would add 21 amino 
acids to the gene product if translated. The last 2 examples (cit. 
util-431 and tyrT/77) were referenced as personal communica
tions for which complete sequence data were not published. 

Eight more of the E. coli transcripts cited by Harley and 
Reynolds (8) have AUG triplets following short leaders of 3 to 7 
nucleotides. One of these (transcribed from phage P22 PRM) has 
a four-nucleotide leader 5' to the c2 repressor coding sequence, 
but despite the lack of an upstream Shine-Dalgarno sequence, it 
has not been reported as a leaderless mRNA, perhaps due to the 
presence of the short leader. Five other transcripts (the ampC, 
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lpp, tufB, pBR322 bla, and A PR' mRNAs) have AUG triplets 
which are blocked by in-frame termination codons upstream of 
the coding regions for their known gene products. For the last 2 
examples, short leaders on the malK and metA transcripts are fol
lowed by AUG triplets which are not blocked prior to known 
downstream coding regions. 

Discussion 
If a 5' -proximal AUG triplet can serve as a sufficient transla

tional initiation signal, then any AUG sequence positioned in this 
manner might conceivably be translated, mRNA conformation 
permitting, regardless of whether or not the utilized start codon is 
part of a legitimate open reading frame ending with one of the 
three possible termination codons. Translational elongation by 
ribosomes which have initiated at a 5'-proximal AUG triplet 
might interfere with the translation of coding regions located 
downstream on the same mRNA. Precedent for this line of rea
soning was provided by Schottel et al. (9). Using the E. coli cat 
gene under the control of the lac promoter, they found that CAT 
( chloramphenicol acetyltransferase) production was reduced by 
more than 90 percent in a mutant in which an open reading frame 
overlapped the cat coding sequence out-of-frame. Additionally, 
in a mutant leaderless mRNA expressed in Streptomyces lividans, 
a 5'-terminal, out-of-frame AUG triplet was translated while the 
downstream start codon for the aph (aminoglycoside phospho
transferase) coding sequence just one nucleotide away was not 
(10). Another possible implication of the translation of illegiti
mate 5'-proximal start codons concerns energetic waste. Perhaps 
the energy consumption of translational initiation which does not 
lead to the synthesis of functional gene products would leave a 
bacterial cell at a selective disadvantage. 

If translation proceeding from illegitimate 5'-proximal AUG 
triplets is, in fact, energetically unfavorable or potentially disrup
tive to the translation of overlapping downstream coding regions, 
then selective pressure might exist for such protein synthesis to 
terminate relatively quickly. In light of this consideration, it is 
interesting that in the 15 mRNAs with no leaders or with leaders 
of only one nucleotide before an AUG sequence, three of the 
upstream AUG triplets are known start codons (for the A cl, 
Tnl 721 tetR, and phage P2 gene V coding regions) while 9 of the 
remaining twelve are blocked by in-frame stop codons from 2 to 
9 codons downstream. In an additional 8 mRNAs with short 
leaders of from 3 to seven nucleotides and lacking a Shine
Dalgarno homology, one 5'-proximal AUG sequence is the start 
codon for the phage P22 c2 repressor protein, and 5 others are 
blocked in-frame by termination codons upstream of known cod
ing regions. 

In the minority of observed cases where 5' -proximal AUG 
triplets are not followed by in-frame termination codons prior to 
known coding regions, stable mRNA secondary structures might 
prevent 30S ribosomal subunits from interacting with these 
prospective upstream initiation codons. Alternatively, upstream 
initiation and subsequent translational readthrough might serve 
as a means of preventing harmful overexpression of certain gene 
products from downstream coding regions. Depending on the 
function of a gene, greater translational efficiency of its mRNA 
is not necessarily desirable. Finally, a short leader, if present, 
might sufficiently reduce the translational efficiency of a start 

codon so that it competes less effectively against a downstream 
start codon with an appropriately spaced Shine-Dalgarno homol
ogy. Even in the absence of a Shine-Dalgarno homology, for 
example, translational repression of the aph coding region of a 
mutant mRNA expressed in Streptomyces lividans is relieved 
when a short leader is added upstream of an extra 5'-terminal 
initiation codon (10). 

The fact that most of the 5'-proximal AUG sequences exam
ined were blocked by downstream stop codons is a striking coin
cidence and raises the further question of what the functions of 
short, upstream open reading frames might be aside from the 
possibility that they encode short polypeptides with as yet undis
covered biological functions. They might minimize (via early 
termination of protein synthesis) the energetic cost of translation 
from cryptic initiation sites, or ribosomes translating short open 
reading frames might reduce the access of ribonucleases to the 
mRNAs which contain these sequences. 

Translational attenuation occurs when the translation of one 
open reading frame alleviates inhibitory secondary structures in 
a downstream open reading frame. Such a mechanism has been 
shown to facilitate translation of the bacteriophage MS2 lysis 
gene in E. coli (11). Perhaps short, 5'-proximal open reading 
frames provide similar attenuating functions among the exam
ples cited in this report. 

Another possible function for short reading frames beginning 
at or near the 5' termini of mRNAs is increasing the translation
al efficiency of downstream coding regions by a reinitiation 
mechanism. As possible examples of this, short reading frames at 
the beginnings of the E. coli dapD, TnlO xxxP3, and <j>Xl 74 D 
transcripts (7, 8, and references clted therein) all terminate at dis
tances of 1 to 17 nucleotides from weak Shine-Dalgarno homolo
gies associated with downstream coding regions. These distances 
are well within the 46-nucleotide ribosomal scanning range for 
translational reinitiation proposed by Adhin and van Duin (12) 
for polycistronic transcripts. 

Finally, engaging ribosomes in the synthesis of short polypep
ties at 5'-proximal open reading frames might provide a concen
tration effect. Ribosomes momentarily associated with mRNAs 
in this manner might be more likely to initiate translation at larg
er coding regions on the same messages due to their physical 
proximity to those mRNAs after translational termination and 
subsequent template release. 

It should be noted that these explanations represent specula
tion based on circumstantial evidence. Aside from the start 
codons for the A PRM, Tn1721 tetR, P2 gene V, and P22 PRM 
transcripts, it is not known if any of the other AUG sequences 
mentioned in the results are actually translated. The data and 
interpretations discussed here do suggest, however, that taking a 
new look at old sequences could provide a basis for interesting 
mutational studies on the effects of short, 5' - proximal open 
reading frames or unblocked AUG triplets on the translational 
efficiency of known downstream coding regions in prokaryotic 
messages. 
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Abstract 
One of the more difficult forecasting challenges in northwest 

Missouri (NWMO) is the arrival of heavy snowfalls, which can 
occur frequently during the cold season and usually in associa
tion with synoptic-scale waves. The goal of this study is to devel
op a 50-year snowfall climatology using a dense station observa
tion network which covers northwest and part of central 
Missouri. This includes a study of long-term trends and interan
nual variability in order to determine the extent to which sea sur
face temperature variations in the Pacific Ocean basin correlate 
with interannual variability in snowfall occurrence for northwest 
Missouri. The region of study includes the county warning area 
for which the National Weather Service Forecast Office (WSFO) 
in Pleasant Hill, Missouri, is responsible. This study was per
formed using station data that is available through the Missouri 
Climate Center. The specific objectives were: 1) to compile a 
snowfall database which can be used for reference by the WSFO 
in Pleasant Hill, 2) to examine the statistics, such as frequency of 
snowfall occurrence, and 3) to examine long term trends and 
interannual variability in snowfall occurrence which may relate 
to the El Nifio and Southern Oscillation (ENSO) and the North 
Pacific Oscillation (NPO). 

Initial results demonstrate that northwest Missouri can expect 
about three heavy (6 to 10 inches total) and/or extreme (total of 
10 inches or greater) snowfall events during the winter season. 
While no significant trend in heavy snowfall occurrence has been 
noted, there has been a reduction in the number of extreme events 
over the region. Also, fewer snowfall events were noted during El 
Nifio years, while more heavy snowfall events occurred during 
years classified as "neutral." However, a closer examination of 
the results demonstrated that El Nifio/La Nina-related variability 
in snowfall occurrence is superimposed on longer NPO variabil
ity. These results were also broken down by season and demon
strated ENSO and NPO related variability. 

1. Introduction 
In recent years, the issue of climate change and the dynamic 

mechanisms leading to climate change on global and regional 
scales has garnered the interest of the research community, as 
well as the interest of the general public (e.g., IPCC 1996). 
Various mechanisms have been examined in order to explain long 
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and short-term global climate variations, including the effect of 
increasing C02 concentrations, which have ostensibly been 
linked to human activities (e.g., IPCC 1996; Singer 1997). 
Climate fluctuations due to natural variability inherent in the cli
mate system have also been examined extensively. In particular, 
shorter-term oscillations, or interannual variability in local cli
mates have been linked to coupled ocean-atmosphere phenome
na such as the El Nifio and Southern Oscillation (ENSO), the 
North Atlantic Oscillation (NAO) (e.g., Hurrell 1995; Gray 
1998), and most recently, the North Pacific Oscillation (NPO) (or 
the Pacific Decadal Oscillation - PDO; e.g., Gershunov and 
Barnett 1998). While the controlling mechanisms for the NPO 
are, as of yet, poorly understood (e.g., Gershunov and Barnett 
1998), the NAO is believed to be linked to decadal and century
scale variability in the North Atlantic thermohaline circulation 
(e.g., Wunch 1992; Schmitz 1996; Gray 1998). The controlling 
mechanisms driving El Nifio are also not completely understood. 
It is widely believed, however, that complex ocean-atmosphere 
interactions may generate easterly propagating oceanic Kelvin 
waves which are responsible for depressing the east Pacific ther
mocline and transporting warmer waters from the western Pacific 
to the eastern Pacific (McPhaden 1999). 

The atmospheric signal from these SST phenomena results 
from the forced response of the atmosphere to sea surface tem
perature (SST) variations. SST anomalies have been shown to 
influence the mean structure of mid-latitude atmospheric circula
tions on time scales from seasons (McPhaden 1999) to a few 
years (e.g., ENSO-related variability) to decades (e.g., NPO
related variability; Gershunov and Barnett 1998). Many studies 
have demonstrated, using observational data and modeling 
results, the importance of SST variations in forcing an atmos
pheric response on short and long temporal and spatial scales 
(e.g., Namais 1982; Hoskins et al. 1983; Kung et al. 1990, 1992, 
1993; Nakamura et al. 1997; Lau 1997; Lupo and Bosart 1999). 

The influence of SST anomalies are not limited to the ocean 
basin of their occurrence, as is well-known in the case of the El 
Nifio phenomenon (e.g., Gray 1984; O'Brien et al. 1996; Bove et 
al. 1998), and demonstrated recently for the NPO (Minobe 1997; 
Gershanov and Barnett 1998). They influence the local climato~ 
logical characteristics of atmospheric variables downstream as 
well (e.g., NAO influence on European climate: Hurrell 1995; 
Wunsch 1999, or ENSO on United States climate) via their 
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impact on well-known Northern Hemispheric teleconnection pat
terns (e.g., Wallace and Gutzler 1981; Namais 1982; Blackmon et 
al. 1984; Mo and Livezey 1986; Hurrell 1996). Recently, Karl 
and Knight (1998) have demonstrated ENSO-related variability 
in United States temperatures and precipitation, while Livezey et 
al. (1997), Hu et al. (1998), and Berger et al. (1999) have noted 
ENSO-related variability in Midwestern precipitation. Hu et al. 
(1998) also showed variability in Mid-western precipitation on 
longer time scales as well as a general upward trend in precipita
tion amounts. Karl and Knight (1998) also noted these general 
trends for heavy precipitation events. Karl et al. (1993) and Karl 
et al. (1996) have shown long-term trends in United States tem
peratures as well. 

One of the more difficult forecasting challenges for northwest 
Missouri (NWMO) this area is the arrival of heavy snowfalls, 
which can occur frequently during the cold season. Heavy snow 
can affect communities in many ways, including the slowing 
down or halting of air and ground traffic flow, which in turn can 
have a large economic impact on the region. The timing of heavy 
snowfalls can also be a major factor on their economic impact. 
An early heavy snowfall event in October could adversely affect 
the late season harvest. A late heavy snowfall event in the spring 
could also affect the farming industry by delaying the planting of 
crops and saturating the ground. In addition, these snowfall 
events can also contribute to seasonal flooding problems. 

Heavy snowfalls are events that typically occur in association 
with synoptic-scale waves. However, these snowfalls often occur 
on temporal and spatial scales more consistent with those of 
mesoscale phenomena. Therefore, identifying the common cli
matic, synoptic and mesoscale patterns that produce heavy snow
fall is essential for the improvement of heavy snowfall forecast
ing. There have been a few recent studies that discuss the clima
tological characteristics of snowfalls in NWMO (e.g., Metze et 
al. 1998; Berger et al. 1999). However, these studies do not pro
vide the necessary detail needed to comprehensively understand 
the climatological behavior and interannual variability of snow
fall occurrence in the NWMO region. 

In this study, a comprehensive climatology of heavy snowfall 
events is presented using a dense station observation network 
covering NWMO and part of central Missouri. The region 
includes the county warning area of the National Weather Service 
Forecast Office in Pleasant Hill, Missouri, which was a partner in 
this study. Statistics were examined in order to find long and 
short-term trends and study the seasonal and intraseasonal vari
ability, as well as interannual variability in snowfall occurrences 
and their relation to ENSO and NPO variability. Thus, the objec
tive of this study is to gain a thorough understanding of the cli
matological character, including the interannual variability, of 
heavy snowfalls in NWMO. 

2. Data and Methodology 
a. Data Sources 

Snowfall data were taken from the Missouri Climatological 
Data (MCD), which are archived in periodical format at the 
Missouri Climate Center (MCC) on the University of Missouri
Columbia campus, and made available through the MCC. These 
archives include a variety of climatological parameters including 
temperature and precipitation records at weather observation sta
tions throughout Missouri. Hourly Precipitation Data (a compan-

ion publication with the MCD), the daily 500 hPa, and surface 
weather maps archived in atlas format and on microfilm were 
also examined in order to verify whether multiple-day snowfalls 
were single snowfall events. These data can also be found at the 
MCC. The daily weather map series is a weekly publication 
available through the National Center for Environmental 
Prediction (NCEP). 

b. Definitions 
A 50-year period was chosen for this study starting with the 

1949-1950 snowfall season. This period was chosen because it 
was sufficiently long enough to describe significant interannual 
variability, including a complete cycle of the North Pacific 
Oscillation. A longer time period was not chosen because records 
are less reliable prior to the 1940's. A snowfall season is defined 
as starting on 1 October and running through 30 April. The data 
were stratified in this manner as opposed to the calendar year in 
order to follow more closely the annual cycle in occurrence of 
snowfall events and the definition of El Nifio/La Nifia year used 
in this study. This type of seasonal categorization has been used 
in the research of other atmospheric phenomena such as blocking 
anticyclones (e.g., Quiroz 1987; Lupo and Smith 1995). The 
annual snowfall season was then subdivided into calendar sea
sons, with fall season snowfalls occurring in the months of 
October and November, winter season snowfalls from December 
through February, and spring season snowfalls occurring in 
March and April. Snowfall events were categorized as moderate 
(3 to< 6 inches), heavy (6 to< 10 inches) and extreme (10+ inch
es). Events were not limited to, for example, a 24 h time period 
from 0000 UTC to 0000 UTC (e.g., Metze et al. 1998; Glass 
1998), but instead were classified as any continuous snowfall 
occurring in association with a larger scale feature. For instance, 
a slow moving weather system could produce snow in NWMO 
(see Fig. 1 for a map of the region) over a time period covering 2 
to 3 calendar days, and for the purpose of this study it was con
sidered one event. In the summer, isolated rainfalls would need to 
be eliminated in a study such as this because of their non-organ
ized nature (e.g., Glass 1998), however, winter storms in NWMO 
tend to be more widespread spatially. In categorizing events, it 
was required that only one station in our region of study report a 
snowfall amount in a particular category, even if all others 
recorded less snowfall. Thus, if one station recorded 10.5 inches 
of snow over the course of one event while other stations record
ed less than 10 inches, the event was categorized as extreme 
because of the storm potential to produce extreme snowfall 
amounts. 

ENSO was defined in this study according to the Japan 
Meteorological Agency (JMA) ENSO Index. A complete descrip
tion can be found on the Center for Ocean and Atmospheric 
Prediction Studies (COAPS) websitel. The index classifies years 
according to sea surface temperature (SST) anomaly thresholds. 
Three phases are described: El Nifio (EN) is used for warm 
anomalies, La Nifia (LN) is used for cool anomalies, or neutral 
(NEU) is used when no significant anomaly is found. SST anom
alies derived from 5 month running means are used covering the 
tropical Pacific from 4 °S-4 °N, 150°W-90°W. A year is classified 
as El Nifio (La Nifia) if the index values are OSC (-OSC) or 
higher for 6 consecutive months, of which the six months must 
begin before October of the previous year and continue through 
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December. Values between -OSC and OSC (but not inclusive) 
would be considered neutral. The 'El Nifio' year is defined as 
starting in October of the previous year and continuing through 
the following September. A list of the years in this study separat
ed by ENSO fhase is found in Table 1, which is also borrowed 
from COAPS . 

The North Pacific Oscillation, or NPO, is a long-term SST 
oscillation occurring over a SO to 70 year time period (Minobe 
1997) within the Pacific Ocean basin. This oscillation is also 
called the Pacific Decadal Oscillation (PDO). As defined by 
Gershunov and Barnett (1998), the high (positive) phase of NPO 
is characterized by an anomalously deep Aleutian low. Cold 
western and central North Pacific waters, warm eastern Pacific 
coastal waters and tropical Pacific waters also characterize this 
phase of the NPO. We referred to this phase as NPOl. The 
reverse conditions characterize the low (negative) phase of NPO 
and we referred to these conditions as NP02. Table 2 defines the 
period of record for each phase of the NPO since period 1933. 
These are based on the findings of Gershanov and Barnett (1998) 
and described by Kerr (1999). 

c. Procedures 
After classifying years as El Nifio, La Nifia, and neutral, sim

ple means were calculated to examine and compare decadal-, 
ENSO-, and NPO- related variability. Comparisons of means 
were examined using a two-sided "simple standardized test sta
tistic" (z*; Neter et al. 1988, pp. 310 - 366). Means for the entire 
50-year period sample served as the "expected" frequency of 
occurrence. Since the distributions were not known beforehand, 
the two-tailed test was used since it results in a more stringent cri
terion for significance. In order to find long-term trends over the 
length of the data set, simple regression lines were constructed. 
The significance of trends were examined using an analysis of 
variance approach (ANOVA) (e.g., F-test; see Neter et al. 1988, 
Ch. 19). All statistical tests assumed the null hypothesis, or that 
there is no a priori relationship between the two variables being 
tested. 

Additionally, in order to find and confirm the presence of 
longer-term variability in our data, Fast Fourier transforms 
(FFTs) were applied to our time series to construct periodograms, 
and these time series were examined by removing the mean. The 
FFTs were applied to discrete time series, and in order to extract 
meaningful information, the 99% confidence level was plotted 
against a white noise background continuum in order to deter
mine which "peaks" were statistically significant. A more com
plete description of FFTs and programming techniques can be 
found in Press et al. (1998). 

3. Climatological Analysis 

a. Seasonal Variations and Decadal Trends 
The MCD data were examined over the period beginning with 

the 1949-1950 snowfall season and ending with the 1997-1998 
season. Snowfall events occurred between the months of October 
and April and totaled 391 for the period (Table 3), resulting in an 
average of 8 events per year over the region of study. As expect
ed, most of the events were categorized as moderate (238 events 
or 61 %), with few extreme events (29 or 7%). While the majori
ty of these events occurred in the winter season (December-

February: 27S events), there were more events that occurred in 
the spring months (83 events or 21 % ) than in the fall (33 events 
or 8%; Table 3). A monthly plot of snowfalls (Fig. 2a) shows that 
the distribution was nearly normal with a peak occurrence of 2 
events occurring annually in January and February. Figures 2b, 
2c and 2d break down the monthly distribution into snowfall cat
egories. Moderate snowfall events have a distinct peak from 
December to February. Heavy snowfalls tended to be skewed 
slightly toward a peak in February, and extreme snowfalls had a 
peak in January. 

Interdecadal variability was also examined according to season 
(Tables 4a, 4b, and 4c). A slight upward trend was found in the 
total number of fall snowfalls, with a higher frequency of fall 
snowfalls in the last 3 decades, especially when comparing mod
erate plus heavy events. Also, for fall season events (Table 4a), 
there was no trend for extreme or heavy snowfalls. Then, the fall 
season increase was due to an increase in moderate events alone. 
Winter snowfalls showed a slight downward trend in the total 
occurrence of events (Table 4b ), though the trend was strongest 
over the late 1980's and 1990's. There was no trend in moderate 
or heavy events, but a downward trend was evident in the 
extreme category. Heavy (moderate) snowfalls showed a peak 
occurrence in the 1970's (19SO's). The examination of heavy plus 
extreme winter events revealed that the majority of events were 
found in the 60's and 70's, with a downward trend thereafter. A 
downward trend was found in the total spring snowfalls, as well 
as within each category (Table 4c). These trends were especially 
evident when comparing moderate plus heavy, and heavy plus 
extreme events, and these trends mimicked the total downward 
trend. Only the downward trend in total and heavy spring snow
fall events proved to be significant at the 9S% level when using 
the F-test. 

b. Long Term Trends 
The total number of annual events with respect to time is plot

ted in Fig. 3, and the regression analysis shows that there is a 
slight downward trend in the total number of snowfall events 
occurring annually. This trend did not prove to be significant at 
the 9S% level using the F-test. Figures Sa, Sb, and Sc show the 
distribution of snowfalls divided into categories. The trend is also 
downward, but to varying degrees in each separate category, 
though none of these trends proved to be significant at the 9S % 
level. These results are occurring despite the general increase in 
precipitation in the Midwestern United States over the last 30 
years (Hu et al. 1998; Karl and Knight 1998) and decreasing tem
peratures in the southern Plains and southeastern United States 
(Karl et al. 1993; Fig. 4). However, fewer snowfall events would 
agree with the general upward trend in global and Northern 
Hemisphere average temperatures (IPCC 1996; Bell and Halpert 
1998; Bell et al. 1999). A partial explanation of this contradiction, 
however, could be revealed by examining the synoptic trends 
(cyclone frequencies and storm track variations) and dynamic 
structure of individual snowfall events themselves. For example, 
the studies of Zishka and Smith (1980) show downward trends in 
the number of winter and summer season cyclones over North 
America from the 1950's through the late 1970's. Also, Key and 
Chan (1999) find downward trends in mid-latitude cyclones 
through the late 1990's. Further studies of these issues are being 
continued, especially with regard to the dynamic structure of 
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individual cyclones. 
Examining the decadal variability of the entire sample shows 

that the first three decades (1950's, 1960's and 1970's) averaged 
8.3 snowfall events per year, while the last two decades (1980's 
and 1990's) have averaged 7.3 events per year (Table 5). The 
trend is most severe for the extreme category. The first three 
decades averaged 7 extreme events per decade, while in the past 
two decades the average has been 4.7 events per decade. This 
downward trend is counter to the increase in frequency of heav
ier rainfall events (Karl and Knight 1998). There was a down
ward trend in the number of heavy events (2.8 events per year in 
the first three decades vs. 2.1 events per year in the final two), 
and no significant trend in the number of moderate events. Also, 
when moderate and heavy events are examined together, the 
trend is downward, but not significant. Even though there is a 
slight downward trend in the overall frequency of snowfall 
events examined here, the interdecadal variability mirrors that 
found by Karl and Knight (1998) for the frequency of the upper 
10-percentile of daily precipitation events. Amore detailed exam
ination of this variability is discussed in section 4. 

4. ENSO· and NPO-related Variability 
a. El Nfuo vs. La Nfua Years 

There was evidence of interannual variability not only in the 
total number of events, but within each category as well (Fig. 6). 
A simple FFT analysis demonstrated that there is significant vari
ability on the 25-year cycle. This variability is longer than the 20 
and 12-year variability suggested by Hu et al. (1998), however 
this result might be a function of the length of our data set and the 
methodology chosen. Since we chose a 50-year period and 
removed the mean (Fig. 6), this peak may be a sub-harmonic of 
NPO related variability. Note that the NPO completed on cycle 
over virtually the same period of time chosen for our analysis 
(Table 2). Our analysis also shows other peaks (at 4, 2.5, and 2-
year cycles), which demonstrate variability consistent with the 
time scale of ENSO variability (2 to 7 years). 

Table 6 displays the number of events vs. El Nifio/La Nifia 
phase. A majority of snowfall events occurred during the NEU 
phase, as was expected since our sample includes 26 NEU, 11 
LN, and 13 EN years. There were a similar number of total over
all events when comparing EN and LN years. However, during 
EN years, 7.3 events occurred on the average, compared to 8.3 
events for LN and 8.2 for NEU years. While there was no differ
ence in the mean number of extreme events per year for any cat
egory, there were more moderate events in LN years compared to 
NEU and EN years, and more moderate plus heavy events in LN 
and NEU years compared to EN years. Thus, the more frequent 
occurrence of El Nino events in the past two decades (Table 1, 
1980's and 1990's) may partially explain the general decrease in 
overall snowfall events shown in section 3. None of these results 
were significant at the 95% or 99% level. If any results in this 
section prove significant at these levels, they will be noted in the 
text. 

A more detailed analysis of NEU years only was performed 
(not shown). In neutral years following or preceding El Nifio (La 
Nina), the means were similar to those of La Nina (El Nino) 
years. However, in NEU years that served as a transition from 
one phase to the other, the annual snowfall occurrences were 
more similar to those during EN years. In NEU years where there 

was no phase change (NEU years bookended by EN or LN 
years), the average occurrence of snowfall events was similar to 
that of LN years. 

ENSO variations were also broken down by season. During the 
fall months (Table 7a) it was found that more snows occurred 
during EN years in the total sample. This is true across each cat
egory, with the exception of the extreme category, which was pre
viously noted to have few occurrences during EN years. This 
agrees with the typical observation that falls in the Midwest tend 
to be cooler and wetter than normal for EN years 1. Fewer snow
fall events were found in EN winter months (Table 7b ), which 
was evident across all snowfall categories. The spring results 
(Table 7c) were similar to the overall results, showing fewer 
snowfalls in EN years compared to LN and NEU years with the 
exception of the extreme category. 

b. Variability With Respect to the NPO 
More attention has been focused lately on longer-term oceanic 

oscillations that impact atmospheric circulations such as the 
North Atlantic Oscillation, and more recently the North Pacific 
Oscillation. Gershunov and Barnett (1998) found a correlation 
between NPO phase and the intensity of ENSO as it affects the 
atmospheric climatological flow regimes over the United States. 
They find that the NPO serves to either enhance or weaken the 
ENSd phenomenon, and thus the influence of the ENSO phe
nomenon, depending on the NPO phase. During NPOl, the inten
sity of El Nino and its impacts on North American atmospheric 
climatological flow regimes tends to be greater, with a less 
intense La Nifia related impact. The opposite is true for NP02, 
which is indicative of stronger La Nifia and weaker El Nino 
events. Thus, during NP02, El Nino has less impact on typical 
North American circulation features. 

Snowfall variability with respect to ENSO phase was exam
ined in conjunction with the NPO. The NP02 showed little 
ENSO-related variability in overall events when stratified by 
ENSO years (Table 8). During the NP02 neutral years, however, 
fewer average occurrences were found in the moderate category, 
while a higher average occurrence was found within the heavy 
events, when compared to NP02 EN or LN years. The occur
rence of extreme events was less in NP02 EN years when com
pared to LN and NEU years, but this result was not significant. 

However, key differences were found when examining NPO 1 
(Table 9). LN and neutral years experienced more snowfall 
events both overall and within the moderate and heavy cate
gories. La Nifia (only one year in NPOl) and NEU years com
bined had similar average occurrences of snowfalls (8.4 per 
year), in NPOl as was found for NP02. However, fewer snow
fall events were found during El Nifio phase years. El Nifio years 
showed an average of only 5.8 snowfalls per year, a result signif
icant at the 80% confidence level (90% when considering NPO 1 
or NP02 as the observed mean and testing versus each other). 
Thus, the reduced number of snowfalls in the warm phase of 
ENSO can be related to the enhancement of El Nino-related vari
ability over North America by the NPOl. Categorically, moder
ate events exhibited the largest decline from LN plus NEU to 
warm phase. The decline in heavy events was more consistent 
with the decline in the total sample by percentage. The occur
rence of extreme events is not consistent with the other cate
gories, with more extreme events being found in EN years during 
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the NPO 1 phase. When examining LN plus NEU together, the 
average occurrence is still less than that of EN years. The analy
sis shows that the character of ENSO-related variability over 
North America changes for NPOl, in that fewer LN years are 
found during this phase (Table 9). Also, it would seem that 
ENSO-related variability in the total sample is confined to, and 
reflects, ENSO-related variability in NPOl. This is confirmed by 
the fact that there was little ENSO-related variability in NP02 as 
compared to NPO 1. 

The data in Tables 8 and 9 were also stratified by season in 
order to examine NPO and ENSO-related variability on this 
scale. Fall events displayed no significant ENSO-related vari
ability in either NPO phase, especially in NPOl (Table 10). Also, 
more snowfalls were found in NPOl years, especially in the 
moderate category, a result consistent with those in section 3. that 
showed the increase in fall snowfalls during EN years. Winter 
season snowfalls varied little between NPO phase overall when 
examining individual snowfall categories. However, when ENSO 
phase was considered, the NPO variation found was similar to 
that of the total sample, and fewer events occurred during EN 
years (Table 11) in NPO 1. During NP02, the overall occurrence 
of snowfall events varied little, except there were more events 
that occurred during EN years. However, this result was not sta
tistically significant. Additionally, moderate events occurred 
more (less) frequently in EN (NEU) years. More extreme events 
were found in LN and NEU years. 

The results for spring months are opposite that of fall months 
(Table 12). More snowfall events were found in NP02 years than 
NPOl years, especially in the moderate and heavy category. 
Little significant ENSO-related variability was found in NP02 
years, with the exception of extreme events, which were more 
common in NEU and EN years. During NPOl years, only one 
snowfall was recorded during the LN year. The majority of snow
falls occurred in NPOl NEU years, but the occurrence of spring 
snowfalls was similar for EN years and NEU years. 

5. Summary and Conclusions 
Heavy snowfalls are a phenomenon that can greatly affect a 

community. Understanding the long-term climatological charac
teristics of heavy snowfalls, including the climatological dynam
ics of the flow regimes, in northwest Missouri can aid in the fore
casting process, which in tum will provide more accurate weath
er forecasts to the general public. In this study, several climato
logical trends and some important characteristics of long and 
short-term interannual variability for snowfall occurrence in 
northwestern Missouri have been identified using simple 
methodologies. A companion study is being carried out which 
will categorize these snowfall events by flow regime and exam
ine their dynamic characteristics. 

When examining seasonal variations, it was shown that the 
majority of snowfall events occurred in the winter months of 
December, January and February. More events were found in 
spring months than in fall months. There was also a trend towards 
more fall and fewer spring snowfall events. Only trends in the 
total and heavy spring snowfalls were found to be significant at 
the 95% level. However, in section 4 these trends were shown to 
be related to ENSO-scale interannual variability. 

Overall, there was a downward trend in snowfall events. This 
result seems to contradict the findings of other studies showing 

an increase in Midwest precipitation and a decrease in tempera
tures in the region of study. This downward trend in snowfall 
occurrence does, however, agree with the general upward trend in 
global temperatures. A full explanation of this contradiction may 
be answered through a study of the synoptic trends (cyclone fre
quencies and/or storm track variations) and dynamic characteris
tics of individual snowfall events. An examination of snowfall 
occurrence by decade revealed that more snowfall events 
occurred during the first three decades of this study, and that the 
number of events has decreased in the last two decades. This 
trend was most severe in the extreme category. Again, none of 
these trends were found to be significant at the 95 % level. 

El Nifio and Southern Oscillation has been the topic of many 
studies in recent years. ENSO variability of heavy NWMO snow
fall events was examined in this study as well. It was found that 
there were more snowfalls in LN and NEU years than during EN 
years. This difference was noted primarily between the moderate 
and moderate plus heavy events. Seasonal variability was exam
ined as well. During El Nifio years, more snowfall events were 
found to occur in fall months. This corresponds to the common 
EN observation of cooler and wetter falls in the Midwestl. 
However, the decreasing trend in overall snowfall events over the 
50-year period could partially be explained by the more frequent 
occurrence of El Nifio years during the past two decades. An 
examination of the occurrence of neutral events shows that the 
number of snowfall events were similar to La Nifia (El Nifio) 
events following El Nifio (La Nifia) years. 

Examining another long-term oscillation, the North Pacific 
Oscillation, has been of more recent interest. Other studies have 
shown that the positive phase ofNPO, or NPOl, tends to enhance 
the effects of El Nifio, and the negative phase, NP02, tends to 
enhance La Nifias. In our study it was found that there was little 
variation in the total number of snowfall occurrences between 
NPOl and NP02. However, it was found that there was a signif
icant difference between ENSO-related variability between each 
phase of the NPO. Thus, longer-term NPO-related variability was 
superimposed on smaller scale ENSO-related variability. More 
specifically, it was found there was little ENSO-related variabil
ity during NP02. But during NPOl, there were significantly (at 
the 90% level) fewer snowfall events during El Nifio years. Thus, 
this result demonstrates that the tendency for more (less) snow
falls to occur during La Nifia (El Nifio) years may not apply to an 
entire data set for a certain climatological parameter, but may 
also depend on interaction with other longer-term oscillations as 
well (e.g., Gershunov and Barnett, 1998). Also, while few of 
these results were found to be statistically significant, the results 
found here are consistent with changes in the basic atmospheric 
flow regime over North America as reflected by teleconnection 
patterns. The PNApattem over North America (e.g., Wallace and 
Gutzler 1981) varies not only with El Nifio phase, but, as shown 
by Gershanov and Barnett (1998), these teleconnections can be 
enhanced or weakened during NPO phase as well. 
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Footnotes 
1. The website for the Center for Ocean-Atmospheric Prediction 
Studies is at: http://masig.fsu.edu]. 

Table 1. A list of years in this study separated by ENSO 
phase. 

La Nifia (LN) Neutral (NEU) El Nifio (EN) 
1949 1950 1951 
1954 1952 1957 
1955 1953 1963 
1956 1958-1962 1965 
1964 1966 1969 
1967 1968 1972 
1970 1974 1976 
1971 1977-1981 1982 
1973 1983 1986 
1975 1984 1987 
1988 1985 1991 

1989 1997 
1990 1998 

1992-1996 

Table 2. Phases of the North Pacific Oscillation (NPO). 

NPO PHASE PERIOD OF RECORD 

Phase 1 1933-1946 
Phase 2 1947-1976 
Phase 1 1977-1998 
Phase 2 1999-

Table 3. The total number of seasonal and overall 
snowfall events over Northwest Missouri. 

Fall Winter Spring 

Moderate 22 169 47 

Heavy 10 84 30 

Extreme 1 22 6 

Total 33 275 83 

All 

238 

124 

29 

391 
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Table 4a. Snowfalls separated by calendar decade for fall months. 

Category 50's 60's 70's 80's 90's 

Moderate 5 /(0.5) 1 /(0.1) 4 /(0.4) 7 /(0.7) 4 /(0.44) 

Heavy 0 2 /(0.2) 5 /(0.5) 0 3 /(0.33) 

Extreme 1 /(0.1) 0 0 0 1 /(0.11) 

Total 6 /(0.6) 3 /(0.3) 9 /(0.9) 7 /(0.7) 8 /(0.89) 

Table 4b. As in Table 4a, except for winter months. 

Category 50's 60's 70's 80's 90's 

Moderate 43 /(4.3) 28 /(2.8) 31 /(3.1) 37 /(3.7) 29 /(3.2) 

Heavy 12 /(1.2) 20 /(2.0) 22 /(2.2) 17 /(1.7) 13 /(1.8) 

Extreme 6 /(0.6) 4 /(0.4) 6 /(0.6) 2 /(0.2) 2 /(0.2) 

Total 61 /(6.1) 52 /(5.2) 59 /(5.9) 56 /(5.6) 44 /(4.9) 

Table 4c. As in Table 4a, except for spring months. 

Category 50's 60's 70's 80's 90's 

Moderate 10 /(1.0) 13 /(1.3) 11 /(1.1) 7 /(0.7) 6 /(0.6) 

Heavy 11 /(1.1) 6 /(0.6) 5 /(0.5) 5 /(0.5) 3 /(0.3) 

Extreme 0 1 /(0.1) 3 /(0.3) 0 3 /(0.3) 

Total 21/(2.1) 20/(2.0) 19/(1.9) 12/(1.2) 12/1.23) 

Table 5. Snowfalls separated by calendar decade for the 50-year sample. 

Category 50's 60's 70's 80's 90's 

Moderate 58 /(5.8) 42 /(4.2) 46 /(4.6) 51 /(5.1) 39 /(4.3) 

He,avy 23 /(2.3) 28 /(2.8) 32 /(3.2) 22 /(2.2) 19/(2.1) 

Extreme 7 /(.7) 5 /(.5) 9 /(.9) 2 /(.2) 6 /(.7) 

Total 88 /(8.8) 75 /(7.5) 87 /(8.7) 75 /(7.5) 64 /(7.1) 
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Table 6. The total number and average occurrence of snowfalls versus El Ni.ho/La Ni.ha phase. 

ALL Moderate Heavy Extreme 

Cold (LN) 91/8.3 5915.4 24/2.4 610.5 

Neutral (NEU) 213.8.2 123/4.7 74/2.8 16/0.6 

Warm (EN) 87/7.3 56/4.7 24/2.2 710.6 

Total 391/8.0 238/4.9 124/2.5 2910.6 

Table 7a. Total snowfalls and average occurrence versus ENSO phase for fall months. 

ALL Moderate Heavy Extreme 

Cold (LN) 610.54 4/0.36 2/0.18 0 

Neutral (NEU) 17/0.68 11/0.44 510.20 1/0.04 

Warm (EN) 10/0.77 7/0.54 3/0.23 0 

Total 33/0.67 22/0.45 10/0.20 1/0.02 

Table 7b. As in Table 7a, except for winter months. 

ALL Moderate Heavy Extreme 

Cold (LN) 6616.0 43/3.9 17/1.5 610.5 

Neutral (NEU) 149/6.0 86/3.4 51/2.0 12/0.5 

Warm (EN) 53/4.1 35/2.7 16/1.2 2/0.15 

Total 268/5.5 164/3.3 84/1.71 2010.4 

Table 7c. As in Table 7a, except for spring months. 

ALL Moderate Heavy Extreme 

Cold (LN) 19/1.73 12/1.09 7/0.64 0 

Neutral (NEU) 47/1.88 26/1.04 18/0.72 3/0.12 

Warm (EN) 17/1.31 910.69 5/0.38 3/0.23 

Total 83/1.69 47/0.96 30/0.61 6/0.12 
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Table 8. Total number and average occurrence of snowfalls stratified by ENSO phase during the negative NPO 

phase (NP02: 1949-1976). 

ALL Moderate Heavy Extreme 

Cold (LN) 82/8.2 52/5.2 24/2.4 610.6 

Neutral (NEU) 88/8.0 43/3.9 36/3.3 9/0.8 

Warm (EN) 58/8.2 38/5.4 17/2.4 3/0.4 

Total 228/8.15 133/4.75 77/2.7 18/0.65 

Table 9. As in Table 8 except for positive NPO phase (NPOl: 1977-1997). 

ALL Moderate Heavy Extreme 

Cold (LN) 919.0 7/7.0 212.0 010.0 

Neutral (NEU) 125/8.3 80/5.3 38/2.55 7/0.46 

Warm (EN) 29/5.8 18/3.6 7/1.4 4/0.8 

Total 163/7.75 105/5.0 47/2.25 11/0.56 

Table 10. Total number and average occurrence of fall snowfalls for each ENSO phase during each NPO phase. 

NP02 

ALL Moderate Heavy Extreme 

Cold (LN) 510.5 3/0.3 2/0.2 0 

Neutral (NEU 6/0.54 2/0.18 3/0.27 1/0.1 

Warm (EN) 5/0.7 4/0.57 1/0.13 0 

Total 16/0.57 9/0.32 6/0.21 1/0.04 

NPO 1 

ALL Moderate Heavy Extreme 

Cold (LN) 1/1.0 1/1.0 0 0 

Neutral (NEU 12/0.8 10/0.67 2/0.13 0 

Warm (EN) 4/0.8 2/0.4 210.4 0 

Total 17/0.8 13/0.6 4/0.2 0 
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Table 11. As in Table 10, except for winter snowfall events. 

NP02 

ALL Moderate Heavy Extreme 

Cold (LN) 5915.9 37/3.7 16/1.6 610.6 

Neutral (NEU) 56/5.1 27/2.45 22/2.0 7/0.65 

Warm (EN) 42/6.0 29/4.15 12/1.7 1/0.15 

Total 157/5.6 93/3.3 50/1.8 14/0.5 

NPO 1 

ALL Moderate Heavy Extreme 

Cold (LN) 7/7 616 1/1 0 

Neutral (NEU) 92/6.1 58/3.9 29/1.9 510.3 

Warm (EN) 19/3.8 12/2.4 4/0.8 3/0.6 

Total 118/5.6 76/3.6 34/1.6 8/0.4 

Table 12. As in Table 10, except for spring snowfall events. 

NP02 

ALL Moderate Heavy Extreme 

Cold (LN) 18/1.8 12/1.2 610.6 0 

Neutral (NEU) 26/2.4 14/1.3 11/1.0 1/0.1 

Warm (EN) 11/1.57 5/0.7 410.6 2/0.28 

Total 5512.0 31/1.1 21/0.75 3/0.1 

NPO 1 

ALL Moderate Heavy Extreme 

Cold <LN) 1/1.0 0 1/1.0 0 

Neutral (NEU) 21/1.4 12/0.8 7/0.5 2/0.1 

Warm (EN) 6/1.2 4/0.8 1/0.2 1/0.2 

Total 28/1.33 16/0.8 9/0.4 3/0.15 
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Figurel. A map of Northwest Missouri showing the study 
region. 
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except for 
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Figure 3. The total 50-year distribution of snowfalls per year (bars, number of events) and regression line 
(dashed). 
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Figure 4. Temperature and precipitation trends over the past 100 years, as adapted 
et al. 1993. The color scheme is found in the legend. 
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Figure Sb. As in Fig. 3, except for heavy events. 



2000 

Q) 
"d .s ·s 
~ 
~ 

Transactions, Missouri Academy of Science 

5 ......... -1~~----~~-1~~~~~~-1.-------------.......-1----------........... 1-----------. 

4-

3_ 

1-
----------· ~---- ~- ,_ --·. ---------

0 I 

1950 
I 

1960 

-------· i.o---- ---------------•Ii-• --------- ---- --- ,. 

1970 

Yi 

Years 

I 

1980 
I 

1990 

Figure Sc. As in Fig. 3, except for extreme events. 

a) Fourier Transform of Snowfall Data b) Moderate Category 

20 

c) Heavy Category d) Extreme Category 

20 

-

(lhfkl)2 

s2k 10 

0 

50 6.25 3.1 2.1 50 6.25 3.1 2.1 

Years/cycle Years/cycle 

Figure 6. Periodogram of a) the 50-year sample, b) moderate, c) heavy, and d) extreme events. The 
abscissa is the wave number, the ordinate is the power at each wave number (Fourier coefficients squared. 
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Teachers' and Students' Conceptions of the Nature of Science: 

Instructional Implications 

Sufian A. Forawi 
Department of Curriculum and Instruction 

Central Missouri State University 
Warrensburg, MO 64093 

Abstract: This study investigated the effect of the combination of 
teachers' conceptions of the nature of science and their use of 
inquiry teaching methods on high school students. Four biology 
teachers and 158 tenth grade students participated in the study 
which used two instruments, the Nature of Scientific Knowledge 
Scale (NSKS) and the Instructional Strategies Identification 
Form (ISIF). The study was conducted over 4-month period. 
Main ANO VA result indicated that students' understanding of the 
instrumentalist nature of science was demonstrated through 
teachers' conceptions of the nature of science and their use of 
inquiry teaching [F(l,158) = 3.79, (p < .050)]. 

Key Words: Nature of Scientific Knowledge, Inquiry 
Instructional Strategies, Instrumentalist Nature of Science, High 
School Biology. 

Introduction 
The national and state science education standards rest on the 

premise of promoting scientific literacy especially for K-12 edu
cation. These standards emphasized two major goals that are (1) 
the need of teaching by inquiry and (2) including perspective of the 
nature of science. The vision of science standards provides a broad 
view of science teaching that is based on the conviction that scien
tific inquiry is at the heart of science and science learning (Flick & 
Dickinson, 1997; NRC, 1996). 

The expository instruction distorts the nature of scientific knowl
edge by providing a simplistic view of a very complex humanistic 
endeavor. Research needs to shift away from issues of textbooks 
versus hands-on science to issues of the kind of hands-on curricu
lum design and instructional support, if students are to develop 
important science concepts, processes, and problem-solving skills 
(Wise, 1996). There is also a clear need for research to identify 
appropriate instructional strategies that develop a better under
standing of the nature of science. This study investigated the rela
tionship between inquiry teaching and the nature of science. It 
examined the effect of teachers' conceptions of the nature of science 
and their use of inquiry on students' understanding of the nature of 
science. 

Much has been written about the accuracy of portraying the 
nature of science (NOS) to teachers and students. For more than 
half a century there has been an overwhelming consensus of science 
education literature and science organizations as to the necessity of 
instructing about understanding science and how it works. Today 
the nature of science is considered a major goal, if not the major 
goal, of science education (Alter, 1997; Matthews, 1997). 

Research related to teachers' and students' understanding of the 
nature of science has presented various interpretations of what 
aspects characterize the nature of science. Scientists, science educa-

tors, and policy makers all agree that the nature of science is multi
faceted and an important component of scientific literacy (AAAS, 
1993; Cough & Clark, 1997). Currently, scientists have adapted a 
complex picture of science as a dynamic human enterprise that 
takes place in a rich social and historical context (Kuhn, 1976). 

Despite the common recognition of research findings of the 
importance of the nature of science, the majority of these studies 
showed that students' understandings of the nature of science are 
less than desirable (Finley, Lawrenz & Heller, 1992; Meichtry, 
1993). It appears that an obstacle to students achieving a widely 
accepted dimension of scientific literacy and adequate understand
ing of the nature of scientific knowledge is the combined factors of 
the inadequacy of teachers' conceptions of the nature of science and 
their choice of instructional strategies. The purpose of this study 
was to investigate the assumption that teachers' adequate under
standing of the nature of science and the use of inquiry teaching 
instruction may enhance students' understanding of the nature of 
science. 

The present study identified major terms which are defined as fol
lows: The Nature of Science is defined by Rubba (1977) as amoral, 
creative, developmental, parsimonious, testable, and unified. The 
Instrumentalist Nature of Science (Antirealist) view represents sci
entific knowledge as a product of human imagination and creativi
ty that allows for constructing arbitrary models to explain the phys
ical phenomena (Munby, 1976). Inquiry Teaching Instruction is 
based on the premise that students can be inquirers in the classroom 
and can generate meanings independently, with a minimum of 
teacher guidance, by examining a variety of available learning 
materials (DeBoer, 1991). 

Methods 
This study was conducted over a 4-month period. Four hypothe

ses were investigated by the use of pretest-posttest nonequivalent
group design. Two independent variables were examined, teachers' 
conceptions of the nature of science (Tnos ), and the use of instruc
tional strategies (Inst). The dependent variable was the students' 
scores on the Nature of Scientific Knowledge Scale (NSKS). The 
2x2 factorial design consisted of four groups of students that were 
taught by four different biology teachers. Each teacher represented 
a level of conceptions of the nature of science and use of an instruc
tional strategy. These four groups were summarized as follows: 

Group 1 was composed of students whose teacher had low under
standing of the nature of science and who used expository teaching 
instruction. 

Group 2 was composed of students who were taught by a 
teacher with high understanding of the nature of science and who 
used expository teaching instruction. 

Group 3 was composed of students who were taught by a teacher 
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with low understanding of the nature of science and who used 
inquiry teaching instruction. 

Group 4 was composed of students who were taught by a teacher 
with high understanding of the nature of science and who used 
inquiry teaching instruction. 

The final sample of the study consisted of four biology teachers 
and two tenth grade classes of each totaling 158 students. 

The study utilized two assessment instruments. First, the 
Instructional Strategy Identification Form (ISIP). The criteria of the 
ISIP instrument included: introduction of lesson, presentation of 
information, fragmented presentation, frequent questioning, level of 
questions, teacher probing, decision-making, student participation, 
student attentiveness, methods employed, teacher guidance, labora
tory activities, reading materials, assessment techniques. The ISIP 
followed a Likert type instrument of three levels. Using any one of 
these features as described in expository teaching counted as one 
point, and using it in an inquiry orientation counted as three points. 
Two points were given to classroom's instructional activity which 
was more than expository practice and partially an inquiry practice. 
The reliability and interrate agreement of ISIP were found to match 
those of similar research (Forawi, 1998). 

Second, a modified Nature of Scientific Knowledge Scale 
(NSKS) which was developed originally by Peter Rubba (1977) to 
measure the nature of science. This instrument consists of 48 items 
divided into six subscales that composed of eight items, four posi
tive items represent an instrumentalist view of science and four neg
ative items represent a realist view of science. These subscales are 
amoral, creative, developmental, parsimonious, testable, and uni
fied. The researcher has modified the NSKS to appropriately repre
sent the contemporary views of science (Alters, 1997; Martin, 
1998). In doing so, only four subscales, amoral, developmental, cre
ative, and parsimonious, were included in the statistical analysis. 

The participaning teachers and students responded to the items by 
using a five point Likert scale labeled "strongly agree," "agree," 
"neutral," "disagree," "strongly disagree." A maximum score of 40 
points for each subscale and 160 points for all the four NSKS sub
scales was possible. The reliability coefficients for overall pretest 
and posttest scores were calculated using Spearman-Brown 
(posttest = 0.82, pretest= 0.72) (Forawi, 1998; Meichtry, 1992). 

Results and Discussion 
The results of the analysis of the posttest and pretest NSKS scores 

served quantitatively to indicate which variables are significantly 
related to changes in students' understanding of the nature of sci
ence. Because the groups were not randomly assigned and, there
fore, may not be equivalent, data were tested using the analysis of 
variance CANOVA) of factor design. The three null hypotheses to be 
tested were as follows: 

Hol: There will be no significant main effect for teachers' con
ceptions of the nature of science. 

Ho2: There will be no significant main effect for the use of 
instructional strategy. 

Ho3: There will be no significant interaction between teachers' 
conceptions of the nature of science and use of instructional strate
gy. 

The statistical analysis focused on the change of students' pretest 
to posttest scores. The two main treatment variables investigated in 
the factorial ANOVA were teachers' conceptions of the nature of 
science (high vs. low) and teachers' instructional strategies (inquiry 

vs. expository). All three null hypotheses were performed with an 
alpha level of 0.05. Data collected from the NSKS questionnaire 
were scanned by the use of the Statistical Package for the Social 
Sciences (SPSSx). 

The mean of the NSKS posttest scores was found to be signifi
cantly greater (posttest mean= 81.00, pretest mean= 67.00). The 
standard deviation and range for the pretest and posttest NSKS 
scores were shown in Table 1. 

The summary of the analysis of variance CANOVA) shown in 
Table 2 represents the main and the interaction effects results 
among the two independent variables on the dependent variable 
(students' NSKS scores) in this study. Interpretations of these 
results follow. 

Teachers' Conceptions of the Nature of Science (Tnos): A signif
icant main effect for teachers' conceptions of the nature of science 
was found confirming Hl [F (1,158) = 4.14, (p < .044)]. The stu
dents, in experimental groups, who were taught by teachers with 
higher conceptions of the nature of science, as measured by the 
NSKS instrument, were found to perform better than the students in 
the control groups who were taught by teachers with lower concep
tions of the nature of science. Earlier research efforts by the 
National Science Foundation attempted to ameliorate the problem 
of the relationship of 

Table 1: Mean, Standard Deviation and Range of Pretest 
and Posttest Scores 

Variable Pretest Posttest 

Mean 67.89 81.05 

Std. Dev. 11.04 09.70 

Range 58.00 72.00 

Min. 40.00 52.00 

Max. 098.00 124.00 

N 158 158 

Table 2: ANOVA Tests of the Main and Interaction 
Effects For Students' NSKS Posttest Scores (N=158) 

Source Sum DF Mean F Sign. 
Squares Square ofF 

Teachers' 437.77 1 437.77 4.14 .044* 
NOS 

Use of 5384.58 1 5384.58 50.88 .000**** 
Instruction 

Teachers 401.38 1 401.38 3.79 .050* 
NOSx 
Use of 
Instruction 
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teachers' and students' understanding of the nature of science. 
This result is consistent with previous research on the nature of 
science (Forawi, 1998; Matthews, 1997). 

Use of Instructional Strategy (Inst): A main effect for instruc
tional strategy was found to be significant [F (1,158) = 50.88, (p 
< .000)]. As hypothesized in this study, students taught by teach
ers who used inquiry methods exhibited higher understanding of 
the nature of science than students who were taught by the expos
itory method. Previous research revealed that the inquiry or indi
rect teaching enhances students' achievement (Flick & 
Dickinson, 1997; DeBoer, 1991). In this study, the inquiry teach
ing method was found to be an appropriate teaching method that 
developed better students' understanding of the nature of science 
as measured by the modified nature of scientific knowledge scale 
(NSKS). 

Inquiry teaching is a combination of expository and free dis
covery teaching. It involves teacher guidance, hands-on activities 
and higher order thinking. Science teachers are encouraged to use 
inquiry because it enables students to "experience" science for 
themselves rather than merely learn it. In addition, this strategy is 
shown, in this study, to greatly develop students' conceptions of 
the nature of science. 

The research reviewed in this study suggested that for the 
majority of high school students, science curriculum would be 
their only formal exposure to biology as a science. Learning biol
ogy by doing, therefore, is crucial for building a long lasting 
experience and developing a better understanding of the nature of 
science. 

Teachers' Conceptions of the Nature of Science and the Use of 
Instructional Strategy (Tnos X Inst): There was a significant dif
ference found for the two-way interaction between teachers' 
understanding of the nature of science and instructional strategy 
[F (1,158) = 3.79, (p < .050)]. During the past three decades, 
questions about the nature of science have become both more 
contentious and more pressing than they were previously. There 
had been a degree of cultural and philosophical unanimity about 
the nature and purpose of science (Matthews, 1997). This empha
sis has led to a considerable amount of research of contributing 
factors to the nature of science. Past research assumed that there 
is a significant positive correlation between teachers' and stu
dents' conceptions of the nature of science (Brickhouse, 1990). 

Cough and Clark (1994) recommend teachers use inquiry strat
egy as the predominant approach to science instruction in middle 
and secondary schools. In inquiry strategy, teachers facilitate stu
dents' active construction of meanings that requires mental and 
physical involvement. In the present study, teachers' adequate 
conceptions of the nature of science and their use of hands-on 
inquiry teaching were directly found to be related to developing 
better students' understanding of the nature of science. This study 
indicated that teachers with high understanding of the nature of 
science helped to improve their students' understanding of the 
nature of science especially when combined with the use of 
inquiry instruction. 

Conclusions 
Teachers with high understanding of the nature of science were 

found to reflect the instrumentalist nature of science in their 
inquiry teaching practices. The use of frequent inquiry methods 
was, therefore, seen as a skill necessary in developing better stu-

dents' understanding of the nature of science. Unlike the exposi
tory method inquiry instruction was found to be preferable teach
ing method in developing contemporary views of science in sec
ondary school level. In conclusion, the secondary students' 
understanding of the instrumentalist nature of science was 
demonstrated through teachers' high conceptions of the nature of 
science and their use of inquiry teaching. 

Acknowledgments 
I am grateful to students and teachers in the participating 

schools for helping to generate the data of this study. Also, I 
thank Debbie Gerhart for her assistance in the final stage of this 
research. 

literature Cited 

Alters, B. J. 1997. Whose nature of science? Journal of Research 
in Science Teaching, 34(1). 39-55. 

American Association for the Advancement of Science. 1993. 
Project 2061: Benchmarks for science literacy. Washington 
DC: Author. 

Brickhouse, N. W. 1990. Teachers' beliefs about the nature of 
science and their relationship to classroom practice. Journal 
of Teacher Education, 41(3), 53-62. 

Clough, M. P. and Clark, A. 1997. Strategies and activities for 
initiating and maintaining pressure on students' na'ive 
views concerning the nature of science. Interchange, 28(2-
3). 191-204. 

DeBoer G. E. 1991. A history of ideas in science education. New 
York: Teachers College Press. 

Flick, L.B. and Dickinson, V. L. 1997. Teacher intentions, teaching 
practice, and students' perceptions of inquiry-oriented teach
ing. Paper presented at the annual meeting of the National 
Association for Research in Science Teaching. Oak brook, IL. 
(ERIC Document Reproduction Service No. 394833). 

Finley, F., Lawrenz, F., and Heller, P. 1992. A Summary of 
research in science education-1990. Science Education, 
76(3), 239-338. 

Forawi, S. A. 1998. Quality school: Students' conceptions the 
nature of science. A paper presented at the Conj erence of 
Creating the Quality School, Arlington, VA. 

Kuhn, T. S. 1970. The Structure of Scientific Revolutions. 
Chicago, IL: The University of Chicago Press. 

National Research Council. 1996. National science education 
standards: An enhanced sampler. A working paper of the 
National Committee on Science Education Standards and 
Assessment. Washington, DC: National Research Council. 

National Science Teachers Association. 1997. NSTA pathways to 
the science standards: Guidelines for moving the vision into 
practice. High School Edition. Arlington, VA: Author. 

Martin, D. J. 1997. Elementary science methods: A constructivist 
approach. New York, NY: Delmar Publishers. 

Matthews, M. R. 1997. James T. Robinson's account of philosophy 
of science and science teaching: Some lessons for today from 
the 1960s. Science Education, 81(3), 295-315. 

Meichtry, Y. J. 1992. Influencing student understanding of the 
nature of science: Data from a case of curriculum develop-



2000 Transactions, Missouri Academy of Science 85 

ment. Journal of Research in Science Teaching, 29(4), 389 
Meichtry, Y. J. 1993. The impact of science curricula on student 

views about the nature of science. Journal of Research in 
Science Teaching, 30(5), 429-443. 

Munby, H. 1976. Some implications of language in science 
education. Science Education, 71(5), 721-734. 

Rubba, P. A. 1977. The development of field testing and validation 
of an instrument to assess secondary school students' under
standing of the nature of scientific; knowledge, Unpublished 
doctoral dissertation, Indiana University, Bloomington. 

Wise, K. C. 1996. Strategies of teaching science: What works? 
Clearing House, 69(6). 337-339. 



86 Transactions, Missouri Academy of Science Vol 34 



87 Transactions, Missouri Academy of Science Vol 34 

Senior Division 
2000 

Agriculture Section 

Constantinescu, A.E. and P.A. Donald. Department of Plant 
Microbiology and Pathology, University of Missouri
Columbia. REPRODUCTION OF SOYBEAN CYST NEMA
TODE ON HENBIT. The winter annual henbit, Lamium amplex
icaule, is a documented host of soybean cyst nematode, 
Heterodera glycines. This weed has increased in frequency with 
the increased use of no-tillage. To determine whether chemical 
control of henbit would be beneficial in managing soybean cyst 
nematode, the reproductive rate of the nematode on transplanted 
henbit in the greenhouse was compared with the reproductive 
rate of the nematode on seedling soybeans not containing resist
ance to the nematode. There were six replicated pots of each 
plant species per replication and four replications in time of the 
experiment. Relative reproductive rate was determined by count
ing the number of cysts present on the roots. washing the cysts 
from the roots and counting the eggs contained within the cysts. 
Changes in sampling time for soybean production fields contain
ing henbit may be needed if soybean cyst nematode is present and 
reproductive rates on the weed are high. 

Cramer, D.R., R. Tabor. and F.D. Woman. Department of 
Agriculture. Central Missouri State University. THE 
EFFECTS OF SEED WEIGHT ON GROWTH AND FLOWER
ING IN Helianthus annus L. The effects of seed weight on plant 
height, number of days to floral bloom, and flower receptacle 
size of the common sunflower Helianthus annus L were exam
ined. A total of 300 seeds was randomly selected from a 4536.0 
sample and weighed. The selected seeds were categorized by 
comparing the mean weight to the standard deviation. Small 
seeds were one standard deviation less than the mean, and large 
seeds were one standard deviation greater than the mean. Seeds 
were planted 2.54cm deep in a silty clay loam garden soil in the 
CMSU Orchard. The seeds were planted in alternating rows. The 
first row was planted with large seeds, followed by a row of small 
seeds, a combination row of half small and half large seeds, a row 
of large seeds, and finally, a row of small seeds. The seeds were 
irrigated daily for one hour until emergence occurred. After the 
seedlings emerged, the plants were checked daily and irrigated as 
needed. The plants were fertilized with a 20-20-20 balanced fer
tilizer after 14 and 32 days of growth. The first height reading 
was taken after two weeks of growth and then biweekly there
after. As soon as floral iriitiation began, the receptacle width was 
recorded at the time the height was measured. Days to floral 
bloom were determined by daily observations. A one-way 
ANOVA comparing seed weight to final plant height (df=43, 
F=l4.18, and p<0.05) was significant, as was the comparison of 
seed weight to days to floral bloom (df=45, F=5.35, and p<0.05), 
and seed weight to final flower receptacle size (df=43, F=ll.29, 
and p<0.05). Based on the results of this study, seed weight has a 
significant role on growth and flowering of Helianthus annus L. 

Cramer, J., F.D. Worman, and D. Diggs. Department of 
Agriculture, Central Missouri State University. A BUD
GETARY ANALYSIS OF VARIABLE RATE APPLICATION 
OF FERTILIZERS FOR CORN PRODUCTION IN WEST 
CENTRAL MISSOURI. Precision agriculture is one of the most 
important technological advances benefiting farmers today. The 
use of global positioning systems (OPS) for site-specific soil 
sampling and variable rate application (VRA) of fertilizer is esti
mated to be both environmentally beneficial and economically 
desirable. A budgetary analysis was used to evaluate the eco
nomic viability of precision application of fertilizer for corn on a 
fallow field at the Central Missouri State University Farm. A 
Trimble OPS with Red Hen software was used to identify and 
locate sampling sites. These soil samples were taken at the six
inch depth and analyzed for nitrogen, phosphorous, potassium, 
and lime by the Missouri Farmers Association. 
Recommendations were generated for each site-specific location 
at four corn yield goal levels: 100 bu/a, 120 bu/a, 150 bu/a and 
175 bu/a. Results of the tests were then mapped using Arc View, 
a geographic information system (GIS) software package, and a 
final budget for fertilizer application was estimated for each yield 
goal. Arc View was also used to determine acreage for each level 
of fertilizer input. Costs were then estimated by multiplying input 
prices by the number of acres determined by the GIS program. A 
budgetary cost comparison was made between variable rate and 
traditional application practices. The results of this study will, in 
part, enable farmers to make informed decisions about precision 
technologies and help them determine whether these technolo
gies are beneficial for use on Missouri farms. 

Hayes, C.P. and P.A. Donald. Department of Plant 
Microbiology and Pathology, University of Missouri
Columbia. FIELD DETERMINATIONS OF THE NUMBER 
OF SOYBEAN CYST NEMATODE GENERATIONS IN CEN
TRAL MISSOURI. Soybean cyst nematode, Heterodera 
glycines, is a major pest of soybean production in Missouri and 
other Midwest states. The nematode is capable of several gener
ations during the growing season and the impact of the number of 
eggs added to the soil reservoir in infested fields can be influ
enced by the number of generations of the nematode. Previous 
estimates of the number of soybean cyst nematode generations 
have been determined by theoretical relationships rather than 
field observations. Plant roots were destructively sampled at least 
weekly from infested microplots for three growing seasons. Soil 
temperature and growth stage of the plants was collected. There 
were at least three replications for each sampling date. The bioas
say technique of stained roots was used to document different 
soybean cyst nematode life stages. Field observations suggest 
that there are three generations of soybean cyst nematode in mid
Missouri when soybeans are planted in late May to early June. 

Lall, P., F.D. Worman and R. Tabor. Department of 
Agriculture, Central Missouri State University. AN ANALY-



88 Transactions, Missouri Academy of Science Vol34 

SIS OF TECHNICAL EFFICIENCY IN U.S. CROP FARMS -
IMPLICATIONS FOR THE SURVIVAL OF SMALL FARMS. 
Trade liberalization has been intensifying international market 
competition and threatening the survival of U.S. farms. 
Determining a strategy to deal with the emerging situation is 
therefore important. A non-parametric method was used to deter
mine the relative technical efficiency of crop farms in the mid
west between 1987-97 and Tobit regression analysis was used to 
identify strategic variables that are relatively more useful in fos
tering technical efficiency in small farms compared with large 
farms. Results indicated that, on average, technical efficiency 
was lower and more variable in small farms. Strategies aimed at 
reducing the use of machinery and agro-chemicals, increasing 
access to loans, utilizing relatively more family labor and 
improving the level of specialization are likely to provide a com
parative advantage to small farms compared with large farms. 

Madzura, T. and J. Dillard. Missouri Watershed Information 
Network (Mo WIN), University of Missouri-Columbia. MIS
SOURI'S WATERSHEDS - OUR RESPONSIBILITY. Mo WIN 
was established within the University of Missouri's Outreach and 
Extension Division to assist individuals in locating and accessing 
natural resources information and data,. and to encourage 
Missourians to take action to protect, conserve and enhance their 
shared natural resources. Mo WIN is a partnership of 27 state and 
federal agencies, non-governmental organizations, and natural 
resource interest groups. Initiated on April 1, 1998, Mo WIN has 
a director, a project coordinator, part-time staff; and a website 
(http://outreach.missouri.edu/mowin/). The goal of Mo WIN is to 
help citizens increase their knowledge about current watershed 
conditions and best watershed management practices and strate
gies to improve Missouri's water quality. Mo WIN provides infor
mation about: current watershed events and meetings, ongoing 
projects, local contacts, human resources, financial assistance, 
technical assistance, educational resources, and natural resource 
facts, reports and data. Information is provided via the Internet, 
phone, fax, mail, email and personal visits. Mo WIN is a good 
example of a conservation partnership that provides many bene
fits to the natural resources of Missouri, and a higher level of 
service to all Missourians. MoWIN's "Desired Outcome" is 
"Healthy watersheds with sustainable soil, water, plant, animal, 
and air resources as indicated by improved water quality". 

Wilson, M.A., V.A. Khan and C. Stevens. Department of 
Agriculture, Southeast Missouri State University and 
Tuskeegee University. EFFECT OF AGRI-GRO, AN ENZYME 
BASE FERTILIZER ON YIELD OF TOMATO. Our studies 
revealed that marketable number of tomatoes showed similar 
results to marketable yield and data was optimized at 145 gallons 
of Agri-Gro per acre. This increase was 9% and 78% above the 
control and the higher dose level used in this study, respectively. 
Total yield of tomatoes fitted a third degree poly-nominal degree. 
However, maximum total yield was obtained at a dose level of 
145 gallons Agri-Gro per acre. This was a 31%and58% increase 
over the control and the highest dose treatment respectively. 

Wilson, M.A., V.A. Khan and C. Stevens. Department of 
Agriculture, Southeast Missouri State University and 

Tuskeegee University. EFFECT OF AGRI-GRO FERTILIZER 
ON YIELD OF ONIONS. Our studies have revealed fertilizer 
dose levels of 145 and 290 gallons per acre of Agri-Gro fertiliz
er increased onion shoot numbers above the control by % 17 
respectively. However, the shoot weight data showed that shoots 
receiving 145 gallons per acre of Agri-Gro had the highest shoot 
weight. Marketable bulb yield was highest at 145 gallons of Agri
Gro per acre which was 5 and 113% higher than the control and 
the highest dose rate. The data also indicated that the dose levels 
increased beyond 135 gallons per acre bulb yield as dose rate 
increased. Shoot numbers and marketable yield of onions fitted a 
second degree polynominal degree. 

Yue, P., P.R. Arelli, and D.A. Sleper. Department of 
Agronomy, University of Missouri-Columbia. RESISTANCE 
TO DIFFERENT PACES OF Heterodera glycines NEED DIF
FERENT GENE COMBINATIONS IN SOYBEAN. Studies 
indicated three loci in soybean conditioned for resistance to H. 
glycines (SCN=Soybean Cyst Nematode.) Two genes, rhgl and 
Rhg4, have been anchored on linkage groups (LG) C and A2, 
respectively. Mapping studies indicated that neither of these two 
genes provided complete resistance to SCN in soybean. In our 
studies using two F2 and F2.3 soybean mapping populations, we 
found complete resistance to different SCN Races required dif
ferent resistance gene combinations. The locus on LG C (rhgl) 
was necessary for resistance to Races 1, 2, 3, and 5 in both pop
ulations. The Rhg4 gene, tightly linked to i-locus, was only need
ed to provide complete resistance to certain Races. Complete 
resistance to Race 14 in PI438489B did not include either rhgl or 
Rhg4 locus, but three other loci, located on LGs Cl, Dl, and E, 
important. We were unable to anchor rhg2 and rhg3 genes on any 
LG because of lack of identification. 

Atmospheric Sciences 

Akyuzl, F. A., A.R. Lupol, C. Graves2, P. Marketl, P. 
Guinanl, J. Moore2, S. Mudrickl, and J. O'Sullivan2. 
lDepartment of Soil and Atmospheric Sciences, University of 
Missouri-Columbia. 2Department of Earth and Atmospheric 
Science, St. Louis University. MESOSCALE AUTOMATED 
WEATHER AND ENVIRONMENTAL MONITORING NET
WORK PROJECT IN MISSOURI. The Mesoscale Automated 
Weather and Environmental Monitoring Network (Mesonet) 
workshop was held on May 25-26, 1999 at the University of 
Missouri-Columbia campus to bring various state and federal 
government agencies, private and academic institutions together 
to design a state-of-the-art network of environmental monitoring 
weather stations. The Missouri Mesonet planning committee was 
constructed to establish a state wide, real-time, environmental 
monitoring network that will benefit the economy, public safety, 
education, and the general welfare of the people of Missouri. The 
Mesonet will be composed of surface weather observation sta
tions, which will be deployed throughout the state to measure a 
variety of surface weather parameters such as temperature, 
winds, and precipitation, and soil parameters such as temperature 
and moisture content. These weather stations will be deployed, 
one per county where there is no existing accessible or suitable 
site, in a grid-like arrangement. IP-base internet communication 
will allow continuous on-line access and real-time monitoring for 
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the public. A variety of supplementary weather data (e.g., local 
radar imagery) would be linked to the site to provide a compre
hensive weather source. The real-time and archived research 
quality Mesonet data will improve Missouri's natural resources 
management practice in agriculture, emergency management, 
energy saving transportation and research. Eventually, the 
Missouri Mesonet will foster cooperation with neighboring states 
that already have, or are developing, Mesonets of their own. 

Chambers, M.D., A.R. Lupo, and F.A. Akyuz, Department of 
Soil and Atmospheric Sciences, University of Missouri 
Columbia. THE INTERANNUAL VARIABILITY OF SIGNIF
ICANT TORNADOES IN MISSOURI.Due to several factors, 
including geographical location and a wide range of terrain types, 
the state of Missouri presents many challenges to the modem-day 
forecaster. Recent studies have shown that Missouri's weather 
patterns exhibit impressive interannual variability that can be 
related to the El Nifio and Southern Oscillation (ENSO). 
Thorough knowledge of such variability can be useful for both 
long-term and short-term forecasting and planning. This study 
will focus on trends in the occurrence and the interannual vari
ability of significant tornadoes throughout the state of Missouri. 
The climatology of significant tornadoes and tornado days were 
compiled for the state of Missouri from 1950 - 1999 in order to 
examine the issues stated above. Initial results show that there 
was a weak downward trend in the number of tornado days. This 
trend counters the upward trend in tornado activity nationally, 
which is due in part to better observational methodologies. Also, 
as was found for other characteristics of the climate of Missouri, 
significant ENSO related variability was found. it was found that 
there were significantly more tornadoes and tornado days during 
La Nifia years, than during El Nifio or Neutral years. In examin
ing this issue further, it was determined that the more active La 
Nifia years are a function of an increase in the number of torna
do outbreaks rather than the occurrence of larger outbreaks. 
Finally, the issue of longer-term interannual variability is exam
ined in order to determine if ENSO-related variability is modified 
by interdecadal variability such as that related to, for example, 
the Pacific Decadal Oscillation. 

Johnston, G. and A.R. Lupo, Department of Soil and 
Atmospheric Sciences, University of Missouri-Columbia. 
THE EFFECT OF EL NINO ON HURRICANE INTENSITY IN 
THE ATLANTIC BASIN: AN UPDATE. It is well-known that El 
Nifio and La Nifia events significantly reduce the number of hur
ricanes in the Atlantic Basin. Various atmospheric and oceanic 
parameters necessary for hurricane development become signifi
cantly altered during an El Nifio event, leading to the suppression 
easterly wave development and growth, thereby reducing the 
yearly total of named storms. Also, it has been shown that the 
effect of the El Nifio/La Nifia cycle on hurricane intensity is that 
hurricanes tend to be weaker in El Nifio years than during La 
Nifia years. This study examines the occurrence and intensity 
(measured as Saffir Simpson category) of every hurricane over a 
62 year (1938-99) time frame. These data are then compared with 
the occurrence of El Nifio/La Nifia events as defined using the 
Japan Meteorological Association (IMA) index. The results were 
also compared with regard to phase of longer-term oscillations 
such as the North Pacific Oscillation. This year, the results will 

focus on the interannual variation in hurricane intensity by gene
sis region (i.e., the West and East Atlantic Basins Caribbean, and 
Gulf of Mexico). The results will demonstrate that interannual 
variability in hurricane occurrence and intensity within the Gulf 
and Caribbean region is similar to that of the total sample. 
Interannual variability within the Western Atlantic Basin is gen
erally weak and opposite that of the total sample, while in the 
East Atlantic there is a strong tendency for decreased activity 
during El Nifio years (especially during the "positive" phase of 
the NPO). 

Lupo, A.R. Department of Soil and Atmospheric Sciences, 
University of Missouri Columbia. PERSISTING WITH PER
SISTENCE: THE VERIFICATION OF COLUMBIA AREA 
WEATHER FORECASTS. The verification of weather forecasts 
has always been a difficult task. This issue has always been 
clouded by the fact that thousands of forecasts are issued. but 
there are no reliable methodologies or statistics available on the 
accuracy or quality of these forecasts. Some variables, such as 
sky cover, can only be subjectively assessed for forecast accura
cy. Other variables, such as wind speed and direction are also not 
as straightforward to verify as a more "stable" parameter such as 
maximum or minimum temperature. Various studies have 
attempted to subjectively compare weather forecasts to baseline 
measures of accuracy such as persistence or climatology. Recent, 
studies have shown that while weather forecasts are regularly 
better than these baselines, the degree to which they are an 
improvement varies from season-to-season. This study will show 
that the degree of improvement over some baseline may also be 
a function of location. A subjective forecast assessment method
ology is borrowed from a previous study in order to allow for a 
smoother comparison to their results. Thus, the accuracy of fore
casts issued by the Weather Service Office in Saint Charles, MO 
for Columbia, MO are assessed using this subjective point rating 
system. Then skill scores are calculated and statistical tests are 
performed in order to assess the accuracy of these forecasts and 
their improvement over two baselines (persistence and climatol
ogy). These forecasts are also compared to model guidance 
(NGM). Initial results show that, since mid-November, the 
weather service forecasts are a greater improvement over the 
baselines for the Columbia area, than for a similar region in the 
United Kingdom. Also, the WFO forecasts are a slight improve
ment over guidance forecasts. 

Lupo, A.R. and J.M. Wiedenmann, Department of Soil and 
Atmospheric Sciences, University of Missouri-Columbia. 
BLOCKING ANTICYCLONES IN THE SOUTHERN HEMI
SPHERE. Blocking anticyclones are large scale phenomena 
which have long been of interest to the meteorology community. 
While many studies have examined Northern Hemisphere block
ing, com'Paratively few have examined blocking events in the 
Southern Hemisphere. Even fewer studies have examined sea
sonal and inter-annual variations of blocking anticyclone occur
rences and characteristics, as well as long-term climate trends in 
the Southern Hemisphere. A long-term climatology of Southern 
Hemisphere blocking events is presented so that these issues can 
be examined. In this study, blocking anticyclones are defined as 
quasi-stationary, positive anomalies in the 500 hPa geopotential 
height fields that persist for five days or longer. Using the NCEP 
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reanalyses archived at the National Center for Atmospheric 
Research (NCAR), an extensive Southern Hemisphere climatol
ogy extending from January 1977 through December 1999 was 
completed. The results demonstrate that in the Southern 
Hemisphere, the blocking climatology is dominated by Pacific 
Region cold season events. The long-term trend for Southern 
Hemisphere blocking occurrences is downward over the time 
period. This trend is significant at the 90% confidence interval. In 
the Southern Hemisphere, there are fewer and less intense block
ing events during La Nifia years than during El Nifio years. The 
result for fewer block occurrences during La Nifia years is sig
nificant at the 85 % confidence level. and is significant at similar 
levels in all regions. 

Market, P.S. Department of Soil and Atmospheric Sciences, 
University of Missouri-Columbia. A SCALED THERMAL 
GRADIENT VALUE FOR THE OBJECTIVE DETERMINA
TION OF FRONTAL ZONES. Recently, investigators have 
returned to the problem of frontal analysis as both subjective and 
objective enterprise. One researcher proposed an arbitrary ther
mal gradient Value of 8°C.(220 kmtl for moderate frontal zones 
to 8°C. (110 kmtl for strong ones, beyond which a given ther
mal pattern may be thought of as representing a true frontal zone. 
Through scale analysis, the aforementioned value is shown to 
have some validity based on mean Earth surface characteristics. 
The mean, January, Northern Hemisphere, pole-equator thermal 
gradient is on the order of 61°C. (10,000 kmtl, and varies up to 
78°C. (10,000 kmtl along more active meridians. Compression 
of this more active gradient to the Synoptic to meso-a scales 
gives a gradient of 78°C. (1,000 kmtl. This value is equivalent 
to 7.8°C. (100 km)-1, a value which is closer to our experience 
with the real atmosphere. Moreover, this value yields general 
agreement to the strong frontal zone thermal gradient value sug
gested elsewhere in the literature (and mentioned earlier), and 
thus supports that value. 

Podzimek, J. Cloud and Aerosol Sciences Laboratory, 
University of Missouri-Rolla. PHYSICAL AND METEORO
LOGICAL PARAMETERS IMPORTANT FOR LARGE 
SNOWFLAKE FORMATION. The paper summarizes the main 
results of the evaluation of 448 snow crystal samples collected at 
the ground during the years 1993-98 in Rolla, MO, and in 
Groveland, IL. A central point of these sample evaluations in the 
optical and scanning electron microscopes is the morphology and 
size distribution of snowflakes collected at different meteorolog
ical situations. Among the cloud microphysical parameters 
important for the formation of large snowflakes are briefly dis
cussed the initial conditions of ice crystal growth, collection and 
freezing of supercooled droplets and aggregation (clumping) of 
snow crystals. It is shown that the successful forecast of heavy 
snowfalls ought to include combined effects of the snowflake 
microphysics with the cloud dynamics and macroprocesses 
affecting the distribution of temperature, humidity, updraft speed 
and turbulence intensity. The most important seems to be the esti
mation of snow element dwelling time in the temperature zone of 
the crystal most intense growth (usually confined to the air tem
peratures between -12°C and -l 7°C). Several examples document 
well the important role the "seeder" and "feeder" clouds play in 
the evolution of heavy snowfall processes in the Midwest and the 

possible deformation of the snowflake microstructure by snow 
crystal fragments and supercooled droplets blown by wind in the 
ground layer. 

Wiedenmann, J.M. and A.R. Lupo, Department of Soil and 
Atmospheric Sciences, University of Missouri-Columbia. 
THE INTERANNUAL VARIABILITY OF NORTHERN HEMI
SPHERE BLOCKING ANTICYCLONES. Blocking anticy
clones are large scale phenomena which have long been of inter
est to the meteorology community. In order to thoroughly under
stand global seasonal and inter-annual variations of blocking 
anticyclone occurrences and characteristics, as well as long-term 
climate trends, a study of adequate length for must be conducted. 
A long-term climatology of the Northern Hemisphere will be pre
sented so that global climate trends can be compared and evalu
ated. In this study, blocking anticyclones are defined as quasi-sta
tionary, positive anomalies in the 500 hPa geopotential height 
fields that persist for five days or longer. Using the NCEP 
reanalyses archived at the National Center for Atmospheric 
Research (NCAR), an extensive global climatology extending 
from July 1982 through June 1998 was completed. The results 
demonstrate that in the Northern Hemisphere there was signifi
cant interannual variability over the Pacific Ocean and 
Continental blocldng regions. This accounted for total Northern 
Hemisphere blocking interannual variability, which demonstrates 
that blocking events occur less often and are less intense during 
El Nifio years than during La Nifia +neutral years. These results 
are significant at the 75% level. This study also notes a down
ward trend in block occurrences in the total sample and across all 
regions. The downward trend in only significant at 95% over the 
continental region. Finally, blocking events are more frequent 
over the Eastern (Western) Pacific in La Nifia (El Nifio) years. 

Zacher, C.A., AERO Research. REFLECTIVE FLARE AND 
PARALLAX IN APPERCEPTION OF ICE CRYSTAL OPTICS 
ALOFT. This paper will attempt to present a more accurately 
depicted model of the appearance, physical aspects and geometry 
from some unusual ice crystal optical phenomena that have been 
observed aloft. Observations were presented in a previous study 
from a high-latitude case, involving a problematic bi-directional 
sun pillar at low solar elevation angle, but the observations pro
ceeded from an already elevated 10-story ( 40-50 m) viewing site. 
Problems of parallax are invited; but with newly developed soft
ware, the length, direction and appearance of sun pillar flare 
based on parameterized inputs are solvable, giving the expected 
optics; and the synoptic development of the phenomenon newly 
amenable to a computer program. Another surprising, unusually 
bright reflective spot in the high atmosphere has been observed 
with photographic evidence of such an event from ground level; 
but again - notably, during a period of high angular elevation of 
the sun (afternoon). This occurrence took place in St. Louis (mid
latitude location). It is believed this concentration of incident 
light came from perhaps more than one (multiple?) light sources, 
combining in additive fashion to create an unusually spotlighted 
optical feature. 

Biology Section 

Alford, A.L., and S.H. Mills. Department of Biology, Central 
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Missouri State University. THE EFFECTS OF TEMPERA
TURE CHANGE RATES ON METABOLIC RESPONSES IN 
TWO POPULATIONS OF EASTERN CHIPMUNKS (Tamias 
striatus). T. striatus collected in Missouri and North Dakota were 
tested by habituation to 25°C, and then stepped down five 
degrees every 30 minutes to l0°C. Temperature transitions took 
place over a 5-minute (slow change test) or 1-minute (fast change 
test) interval. Responses to fast and slow change tests were com
pared, as well as between Missouri and North Dakota chipmunks. 
In a typical example, as chamber temperature was decreased, 
physical activity and body temperature were found to increase, 
while percentage of oxygen in the chamber decreased with each 
temperature change. Slow change tests showed a delayed 
response to each temperature change through decreased oxygen 
consumption. Physical activity did not appear to be used to 
defend body temperature until the chamber reached l0°C. In a 
typical fast change test, oxygen consumption values showed a 
quicker, more marked response compared to the slow change test. 
Physical activity occurred with less cooling during the fast 
change test than during the slow change test. Mean oxygen con
sumption for North Dakota animals was found to be significant
ly higher (p<0.05) than that of Missouri animals. 

Andersen, M.L. Department of Biology, Rockhurst 
University. HYPOTHETICAL MODEL OF THE EARLY 
TETRAPOD LIMB. A well formed tetrapod limb is found infos
sil amphibians. No transitional forms are known between the 
early amphibian limb and the presumed rhipidistian ancestors. 
The skeletal plan of the rhipidistian Eusthenopteron consisted of 
an axial series of bones, each of which articulated with a preaxi
al series. One model suggests a developmental relationship 
between the axial series and the myotomes in which each preax
ial piece receives muscle slips from the segment supplying the 
axial series. My examination of extant archaeobatrachids shows 
a repeating pattern of skeletal and muscle elements within the 
distal part of the limb and suggests the muscle and skeletal ele
ments of the hand are serially homologous with each other and 
with corresponding elements of the foot. This repeating pattern 
consists of similar groups of short flexors and extensors, long 
flexors and extensors, adductors, and abductors. The extensor 
and flexor series radiate from the axial series onto the preaxial 
series as the model predicts. The most lateral and medial digits 
are specialized in that they do not have adjacent digits on either 
side. 

Babrakzai, N. Department of Biology, Central Missouri State 
University. DEVELOPMENT OF MICROSCOPE-BASED 
MULTIMEDIA WORKSTATIONS FOR BIOLOGICAL 
RESEARCH IN AN UPPER LEVEL UNDERGRADUATE 
COURSE. Six multimedia **workstations; each consisting of a 
trinocular microscope, a CCD video camera, a TV monitor, a 
VCR, a Power Macintosh (G3/G4) computer, an ATi VR card, a 
CD-ROM drive, a Zip drive, and a CD-RW drive, all connected 
to a color laser printer, have been developed to facilitate under
graduate research involving intensive microscopy to study the 
biology of chromosomes. The workstations enable the students 
(i) to video-tape important images from a microscope (ii) digitize 
cytological results of interest followed by their storage as com
puter files on Zip cartridges or 650 Mb CD-RW discs (iii) 

retrieval (iv) manipulation (v) merging with text documents (vi) 
production of paper copies as term/research papers (vii) up-load
ing/down-loading files from the lab computers to private com
puters in the dorms/residences. All units are also connected to the 
campus-wide net work and the Internet. Logging on to the 
Pub Med (at the National Library of Medicine) gives a student the 
ability to search more than ten million bio-medical research 
abstracts. Local literature sources can be searched by connecting 
to the LUIS system of our library. Accessibility to such remote 
data bases from the lab enables the students to conduct searches 
and to discuss their class room research results in the light of con
temporary relevant biological literature. The entire system helps 
the students make the most of their limited time in the lab. 
**Supported in part by one time funding by the Office of the 
President CMSU, and in-kind equipment donation by the Sheerin 
Scientific Co, Overland Park KS. 

Cui, F and J .R. McLean. Department of Biology, Truman 
State University. MOLECULAR IDENTIFICATION AND 
LOCALIZATION OF DROSOPHILA RAN AND ITS POSSI
BLE ROLE IN SEGREGATION DISORDER. Segregation 
Disorder in Drosophila melanogaster is a naturally occurring 
meiotic drive system in which the SD chromosome is transmitted 
preferentially to its progeny. SD-bearing spermatids suffer from 
chromatin condensation failure. A truncated Drosophila Ran GAP 
(dRanGAP) which is missing 234 amino acids at the COOR-ter
minus is the functional product of the Sd locus, the primary gene 
responsible for distortion. Our study shows that the truncated 
dRanGAP is missing 34 of about 40 extremely acidic residues in 
the C-terminus, which is highly conserved in all RanGAP pro
teins known so far, and one of two interaction domains indispen
sable for activating Ran-mediated GTP hydrolysis. Because of 
functional and structural associations with Drosophila Ran 
(dRan), we tried to explore the possible role of dRan in the 
process. Using some bioinformatics techniques and online soft
ware, we identified a long Open Reading Frame (ORF) that con
sisted of 651 base pairs and encoded 216 amino acids from more 
than 50 Expression Tag Sequences (ESTs) of D. melanogaster. 
The deduced amino acid sequence showed high similarity with 
other Ran proteins. We verified the product by RT-PCR and 
Southern Hybridization. dRan is probably in polytene chromo
some band 10A7-9. We utilized the UAS-GAL4 ectopic expres
sion system to express the wild type and mutant dRan that can 
bind but not hydrolyze GTP in Drosophila spermatocytes. The 
mortality of flies with mutant dRan appeared to be increased, 
while the fecundity and fertility appeared to be reduced. The k
test, one of critical values in the assessment of Segregation 
Distortion, is under investigation. 

Martin de Camilol, J.E. and C.S. Asa2. lnepartment of 
Biology, Saint Louis University and 2saint Louis Zoological 
Park, Endangered Species Research Center. ULTRASOUND 
IMAGE ANALYSIS PROVIDES NEW INSIGHT INTO THE 
VITELLOGENIC PROCESS OF CONSTRICTOR SNAKES. 
Knowledge concerning the dynamics of varian events for tropical 
reptiles is limited. We used ultrasound to study ovarian morpho
logical changes in ball python and Brazilian rainbow boa, species 
that are oviparous and viviparous, respectively. Ultrasound was 
used to assess, classify and quantify ovarian changes over a one-
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year period conducted biweekly for four adult females of each 
species. Ultrasound images were digitized and analyzed using 
NIH Image. Gray scale analysis allowed quantification of com
positional changes occurring within oocytes. Five oocytes were 
randomly selected from each individual and sampling period. An 
8-bit gray pixel intensity scale (0-255) was used to measure three 
standardized lines positioned vertically across the oocyte. Oocyte 
stage categories were 1) previtellogenic, 2) early vitellogenic, 3) 
vitellogenic, 4) ovulatory and 5) atretic. Surface maps of the 
oocyte stages revealed differences in gray intensity and topogra
phy as a result of protein deposition. Regression analysis was 
used to quantify the rate of vitellogenin deposition. In boas, mean 
gray intensity for previtellogenic oocytes and decreased at a rate 
of -11.16 per week (p<0.0001). For pythons mean gray intensity 
for previtellogenic oocytes was 197.87 and decreased at a rate of 
-4.89 per week (p=0.0059). ANOVA of the slopes revealed these 
rates were significantly different. These result suggest that yolk 
uptake in boas occurs at a faster rate than pythons, over a longer 
period of time. ANOVA of the regression's residuals indicated 
differences in yolk deposition with boas showing significantly 
less variation than pythons, thus higher uniformity of protein 
uptake. 

McCauley, J.M., J.A. Raveill, and R. Krause. Department ot 
Biology, Central Missouri State University. A FLORISTIC 
COMPARISON OF A PRAIRIE AND AN AGRICULTURAL 
AREA IN WEST CENTRAL MISSOURI. This study compares 
the different species on a native prairie and a disturbed pasture. 
Collections were made throughout the summers of 1998 and 
1999 at an 80 acre remnant prairie, Grandfather Prairie 
Conservation Area, Pettis County and an 80 acre pasture area in 
Henry County that was likely prairie in presettlement times. The 
areas were similar superficially with a combination of fields and 
wooded areas but represent different land-use histories. The 
species totals were nearly identical, 312 on the prairie and 314 for 
the pasture area while the percentage of introduced species dif
fered slightly 16.7% for the prairie and 19.7% in the pasture. The 
two areas each had 29 .9% different species that the other did not 
have, leaving 40.2% of all species collected occurring in both 
areas. The major families present on both plots of land were the 
same, Asteraceae, Poaceae, and Fabaceae. 

Mendez-Harclerode, F.M., and C.A. Schmidt. Department of 
Biology, Central Missouri State University. CHROMOSO
MAL POLYMORPHISM IN A SOUTH DAKOTA POPULA
TION OF THE NORTHERN POCKET GOPHER Thomomys 
talpoides nebulosus (RODENTIA: GEOMYIDAE). In an 
attempt to identify species specific chromosomal rearrangements 
responsible for variation in chromosome number previously 
reported for Thomomys talpoides nebulosus from the northern 
Black Hills, pocket gophers from Lawrence Co., S.D. were live
trapped during the summers of 1998 and 1999. Chromosomal 
spreads for each individual were prepared using a standard bone 
marrow karyotype technique. Standard, Ag-NOR, and C-banded 
karyotypes were prepared using the chromosomal spreads 
obtained. Although previous studies in this area reported varia
tion in chromosome number from 46-48, all animals karyotyped 
for this study had a diploid number of 48. However, 3 distinct 
cytotypes were delineated based on differences in the sex chro-

mosomes. Cytotype I was characterized by the presence of only 
metacentric X chromosomes, Cytotype II by both metacentric 
and submetacentric X chromosomes, and Cytotype III by sub
metacentric X chromosomes only. NORs were observed on 2 
pairs of chromosomes for Cytotype I and on an additional pair of 
chromosomes for Cytotype Ill. In addition to centromeric bands 
on all chromosomes, terminal C-bands were observed on the 
short arms of 3 pairs of large submetacentric chromosomes. 
Previous hypotheses about interactions between populations of 
pocket gophers in the northern Black Hills are reviewed in light 
of these new data. 

Parker, M.S. and J.L. Butler. Department of Biology, Central 
Missouri State University. ASSESSMENT OF BIOLOGICAL 
CONTROLAGENTS FOR AREA-WIDE INTEGRATED PEST 
MANAGEMENT OF LEAFY SPURGE IN MONTANA AND 
SOUTH DAKOTA. Leafy Spurge (Euphorbia esula L.) is an 
invasive exotic plant estimated to infest over one million hectares 
in the Northern Great Plains region of U.S and Canada reducing 
native species diversity and impacting regional economies. 
Integrated Pest Management strategies (chemical, cultural, bio
logical control) have been employed to reduce the detrimental 
effects. The primary objective of this study was to assess the 
physical and biological characteristics influencing the establish
ment of two species of flea beetles (Aphthona lacertosa, A. 
nigriscutis) used as biological control agents on leafy spurge. 
Three thousand flea beetles of each species were released at 
sixty-two release sites that were established in the summer of 
1998 between two study areas. One study-area (2,600 ha of 
mixed-grass prairie and ponderosa pine forest) is located in 
southeastern Montana, while the second area (6,219 ha of mixed
grass prairie) is located along the south fork of the Moreau River 
in northwestern South Dakota. Counts were determined for both 
species using insect sampling sweeplines established at each of 
the 62 release sites in the summer of 1999. Forty-seven of the 62 
release sites were determined to have established populations 
using an 80% confidence interval. Aspect had the greatest influ
ence on flea beetle establishment. The mean number of A. lac
terosa was higher (P<0.05) on north to east facing slopes than on 
south to west facing slopes in both studv areas. The mean num
ber of A. nigriscutis was significantly larger for north to east fac
ing slopes in South Dakota, but there was no difference (P~0.05 
) between north to east or south to west facing slopes in Montana. 

Raveill, J.A. Department of Biology, Central Missouri State 
University. VEGETATION SURVEY OF THE NATCHEZ 
TRACE PARKWAY. A vegetation survey was conducted over the 
entire 443 mile length of the Natchez Trace Parkway and 
National Scenic Trail from Natchez, Mississippi to Nashville, 
Tennessee. The park consists of a highway that approximately 
follows the former route of the Natchez Trace and adjacent buffer 
area. The Parkway project was first funded in 1934 and the high
way is complete except for three small sections in urban areas at 
the ends of the trail in Nashville and Natchez as well as Jackson, 
Mississippi. The Parkway and right-of-way cover 50,000 acres in 
three states, Mississippi, Alabama, and Tennessee. A major study 
of environmental resources of the Parkway was initiated in the 
summer of 1999 including a vegetation survey. The vegetation 
survey included 300 permanent plots that were each of 25 m 
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radius and approximately equally spaced along the Parkway. 
Comparisons were rnade among the four ecosystem provinces 
and 12 physiographic regions for the following parameters: for
est cover type or land use; coverage class of overstory, midstory 
shrub, and herbaceous layers; average number of sterns over 4 crn 
DBH for hardwood and softwoods; and average size of individu
als for hardwoods and softwoods. Predictions of future changes 
will be rnade based on midstory components and extensive loss 
of pine due to the pine bark beetle. A future study will reexamine 
the sarne plots to document vegetational changes. 

SanDiego, N.M. and G.R. Camilo. Department of Biology, 
Saint Louis University. LEAFLITTER ARTHROPOD COM
MUNITIES OF AN OZARK FOREST. The impact of forest 
management practices such as clear-cutting have had an effect on 
the spatial patterns of soil arthropods. They indicate how forest 
stand composition appeared to contribute to the spatial structur
ing of soil properties and therefore, invertebrate spatial structur
ing. Our objectives are to determine which invertebrates rnake up 
the various cornrnunities and also the abiotic factors that influ
enced that composition. This study focuses on three types of for
est management practices (preservation, selective logging, and 
clear-cutting) in the Missouri Ozarks and their respective effects 
on invertebrate cornrnunity structure. Within these areas, two 
400rn2 grids were mapped out in addition to a 160rn x Srn tran
sect, each divided into Srn x Srn squares. Methods for collecting 
and sorting specimens include litterbag sampling and berlese fun
nel extraction. Specimens were sorted in the lab and identified to 
family and species. Results suggest that abundance distributions 
follow the intermediate disturbance hypothesis. This preliminary 
analysis indicates that the SH forest rnanagernent does seern to 
indicate an efficient use of natural resources, concurrent with 
diversity conservation objectives. 

Chemistry Section 

Malcolm, T.C. and M.W. Mosher, Physical Science 
Department, Missouri Southern State College. THE SYN
THESIS OF A NEW CLASS OF POSSIBLE ANTI-TUMOR 
DRUGS: 9-HYDROXYAMINOMETHYLENE ACRIDINES. 
Substituted 9-arninoacridines have been found to be useful anti
turnor and anti-cancer drugs. These compounds suffer from sev
eral undesirable side effects, not the least being their ease of in 
vivo hydrolysis into non-active substituted acridones. One way to 
decrease the easy of hydrolysis might be the incorporation of a 
hydroxylamino group. This project describes their synthesis start
ing with diphenylamine. 
The Bernthsen reaction of diphenylamine and acetic acid cat
alyzed by zinc chloride afforded 9-rnethyl acridine in over 70% 
yields. Bromination of 9-rnethylacridine with N-brornosuccin
imide with benzoyl peroxide as an initiator gave nearly quanta
tive yields of 9-brornornethylacridine. Treatment of 0-bro
mornethylacridine with 0-benzyl-hydroxylarnine in acetonitrile 
gave N-(9-methyleneacridlno)-O-benzylhydroxylarnine. 
Similarly, treatment of 9-brornornethylacridine with N,0-
dirnethy !hydroxy larnine gave N-(9-rnethyleneacridino )-N, 0-
dirnethylhydroxylarnine. 

McKay, S.E. Department of Chemistry and Physics, Central 

Missouri State University. Blackstock, S. C., Selby, T. and 
Bodige, S.G., Department of Chemistry, University of 
Alabama. DONOR-ACCEPTOR AND C-H .. ·O HYDROGEN 
BOND INTERACTIONS IN CRYSTAL ENGINEERING. C
H .. ·O interactions of azaarornatic N-oxides are useful for system
atic supramolecular construction in the solid state. Co-crystals of 
azaarornatic N-oxides with electron poor compounds exhibit both 
C-H···O interactions and donor-acceptor interactions. Co-crystals 
with donor N-oxide and electron poor partners are further com
pared to compounds, which have extensive C-H .. ·O hydrogen 
bonded interactions. The weak intermolecular interactions are 
useful in the context of the new and emerging fields of crystal 
engineering and suprarnolecular chemistry. 

Computer Science 

Naugler, D.R. Department of Computer Science, Southeast 
Missouri State University. WHAT ARE THEY REALLY 
LEARNING? The undergraduate computer science educational 
environment is rapidly changing. The increasing power and 
sophistication of computers, the Web, and of visual prograrnrning 
and rapid application development environments are creating a 
demand for web applications and are changing who is developing 
applications. Our students knowledge, attitudes and expectations 
are influenced by these changes. Computer science and software 
engineering teachers rnust rnake rnany choices. Of all we might 
do, how do we rnake good choices that encourage students to 
learn appropriate concepts, attitudes and skills - and what is 
appropriate? What are our students really learning? Do our choic
es really help? These questions are considered in the light of what 
we know about how students learn prograrnrning and software 
development. In particular, the potential dangers to undergradu
ate education in ignoring these concerns are indicated. 

Sanderson, P. Department of Computer Science, Southwest 
Missouri State University. EXPERIENCE WITH SERVICE
LEARNING PROJECTS IN A SOFTWARE ENGINEERING 
COURSE. Service learning is a forrn of experiential education in 
which students apply classroom concepts by concurrently partic
ipating in an appropriate cornrnunity service project or activity. 
SMSU supports service learning through the office of Citizenship 
and Service Learning (CASL). The Computer Science depart
ment has offered a 1-hour CASL component in conjunction with 
its Software Engineering course for four semesters. Student 
teams have developed administrative database applications three 
local non-profit agencies so far, and are currently developing web 
sites for two agencies. Student surveys and essays support the 
assertion that this "real world" experience enhances their learn
ing of and appreciation for software engineering practices that 
they might not otherwise gain until after graduation. Students 
also enjoy the satisfaction of applying their professional skills to 
the benefit of the cornrnunity. 

Shade, E. Computer Science Department, Southwest 
Missouri State University. A PREPROCESSOR FOR XML 
AND RELATED LANGUAGES. Modern publishing is heavily 
based on applications of XML (and its superset, SGML) such as 
HTML, MathML, and DocBook. These document types share 
syntactic features like tags ( <author> ... <lauthor>) and character 
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entities (&amp;). They use plain ASCII charac-ters, and so in 
principle can be created directly without using specialized tools. 
However, their verbosity and redundancy (particularly in 
start/end tags) make the task painful. PHAX is a tool developed 
by the author to simplify the creation of XML-based documents, 
and supports three major features: quick tags, mathematics, and 
verbatim text. Quick tags are user-definable tags like <@b ... > 
that expand into paired XML tags like <b> ... <lb>; they reduce 
typing and eliminate mismatches between start and end tags. 
Mathematical equations can be written using notation like 
$X=theta(y)_2$ that is similar to TeX; these equations can be 
translated into HTML or MathML. Verbatim text can be specified 
with constructs like @' <b>', in which the text <b> is treated lit
erally and is not considered as a tag. Using PHAX makes it easy 
to create most common kinds of documents, and the results are 
often superior to what you would get by using a traditional tool 
like Microsoft Word and translating the results to HTML. PHAX 
can be customized using a simple configuration file, and (except 
for HTML math) makes no assumptions about the target docu
ment type. 

Vollmar, K.R. Department of Computer Science, Southwest 
Missouri State University. FORMULATING SEARCH PROB
LEMS AS SURFACES. Surface-searching techniques such as the 
hill-climbing algorithm and the A* algorithm are commonly used 
to solve artificial intelligence and optimization problems. The 
form of the surface upon which these algorithms operate is often 
not evident from the problem statement. This paper considers 
design strategies, visualization techniques. and data structures 
appropriate for the surfaces themselves. 

Wang, Y. Department of Computer Science, Southwest 
Missouri State University. GENERATING BEZIER CURVES 
WITH cl PARAMETRIC CONTINUITY. Curve generation is 
an important subject in computer graphics. The degree of 
smoothness or continuity at the junction points of different curve 
segments is a critical criterion among other important considera
tions, such as the ability to evaluate derivatives, local control, and 
stability and flexibility, to evaluate a curve generation method. 
Bezier curves have been considered as curves that have only cl 
parametric continuity by most authors, if not all. So it is believed 
that they are not as smooth as the cubic B--spline curves. In this 
paper the author introduces a method to reuse the control points 
for the curve segments, such that the generated Bezier curves do 
have c 1 parametric continuity. Therefore, the Bezier curves could 
be generated smoother than they had been. Thus, the application 
area of the Bezier curves should be broadened. 

Conservation Section · 

Ashley, David C. Department of Biology, Missouri Western 
State College. STATUS REPORT ON MONITORING STUD
IES ON THE WHITE FRINGED PRAIRIE ORCIIID 
(Platanthere praeclara). Studies in the growing seasons of 1998 
and 1999, focused on the natural history of a state-endangered 
prairie orchid (Platanthera praeclara). Populations of the 
Western Prairie Fringed Orchid (Platanthera praeclara) were 
monitored at three prairies in northwest Missouri. Helton Prairie 
Natural History Area (Harrison County), Tarkio Prairie Natural 

History Area (Atchison County), and Little Tark Prairie (Holt 
County) contain the only known populations of P. praeclara in 
Missouri. A permanent reference point system was established on 
each prairie. This allowed researchers to measure distance and 
compass coordinates from each individual plant observed to two 
of the reference points. All orchids that were located on the 
prairies were marked with permanent aluminum tags. A total of 
304 plants have been marked at Little Tarkio Prairie, 184 plants 
have been marked at Helton Prairie, and 7 plants were marked at 
Tarkio Prairie. Both vegetative and flowering plants were 
marked. Plants were also measured and the number of buds, 
flowers, and mature seed pods present were counted and ana
lyzed to evaluate population parameters at the different prairies. 
This study was funded in part by the MDC Natural History Small 
Grants Program and by a Professional Development Grant from 
the MWSC Division of Liberal Arts and Sciences. 

Ashleyl, D.C., P. McKenzie2, P. Haverland3, and T. Aley4. 
1Department of Biology, Missouri Western State College, 
2Ecological Services, U.S. Fish and Wildlife Service, 
3Midwest Science Center, National Biological Service, and 
4ozark Underground Laboratory. RESULTS OF A THREE 
YEAR MONITORING PROJECT ON THE ONLY KNOWN 
POPULATION OF THE TUMBLING CREEK CAVESNAIL 
(HYDROBIIDAE: Antrobia culveri). The Tumbling Creek 
Cavesnail was described in 1971 based on specimens recovered 
from Tumbling Creek Cave (TCC) in Taney County, Missouri. 
No specimens of this species have ever been found anywhere else 
in the world. A stratified sampling scheme was developed to 
monitor the population of this endemic snail. Permanent markers 
divide an accessible stretch of Tumbling Creek into seven vari
able-length sections of alternating "favorable" and "marginal" 
habitat. Favorable habitat is characterized as riffle habitat with 
gravel to large rocks and medium to fast stream flow. Marginal 
habitat is characterized as large pool (deeper than .6 meter) and 
minimal flow, or riffle habitat with a solid rock bottom. A PVC 
frame (approximately .09 meter square) is used as a sampling 
square. Rocks within a square are examined and the number of 
snails observed is recorded. The number of plots in each section 
constitutes approximately 3% or 1 % of substrate area (for favor
able and marginal habitats, respectively) within that section. 
Individual snails were carefully measured using a dissecting 
microscope with an ocular micrometer and then returned to the 
rock and section of the stream from which they were recovered. 

Butler, J.L., S.W. Tyree, and K. Buckley. Department of 
Biology, Central Missouri State University. CONTROL OF 
EXOTIC PLANTS IN A NATIONAL PARK: A DILEMMA IN 
MANAGING BIODIVERSITY. This study was conducted in 
Theodore Roosevelt National Park, North Dakota. Previous work 
has indicated that the Park is relatively rich in exotic (non-native) 
plant species. Many exotics occur as infrequent constituents and 
pose no apparent threat to biological diversity. However, leafy 
spurge is an aggressive exotic that dominates and displaces native 
species, significantly reducing species richness. In 1992, a long
term study was initiated to examine the effects of using herbi
cides in controlling leafy spurge while preserving native, non-tar
get species. Plots were aerially sprayed with a commercial herbi
cide mixture during the early part of the 1993 field season. 



2000 Transactions, Missouri Academy of Science 95 

Species composition was monitored from permanent plots one 
year prior to herbicide application (1992) and four times after 
application (1993, 94, 96 & 99). Species richness was lower (P:s; 
0.05) in plots invested with leafy spurge prior to herbicide appli
cation. The herbicide reduced the density and cover of both leafy 
spurge and native forbs. Recovery of the forb component 
appeared promising in 1996 and 1999 indicating that recovery of 
the original native constituents may be possible. However, data 
collected during the 1999 field season indicate that leafy spurge 
may be re-invading the site and again threatening native species 
richness. 

Diamond, D.D., T. Gordon and C.D. True. ASSEMENT OF 
CONSERVATION OPTIONS USING WATERSHED VERSUS 
ECOSYSTEM POLYGONS. We used simple models derived 
from land cover metrics to attach ranks to watershed and ecore
gion polygons for non-point source pollution and forest interior 
bird conservation in Missouri. Polygons with high ranks were 
assumed to be 'high priority.' The area of overlap of identified 
high priority polygons using watersheds versus ecoregions gen
erally was less than 50% under different 'minimum area sought' 
scenarios. Furthermore, we show that ecoregion polygons are 
more uniform in land cover than watershed polygons by calcu
lating landscape metrics (e.g. richness, evenness, contagion, frac
tal dimension) for randomly selected 7.5' USGS quads segment
ed by ecoregion and watershed polygons. Since identified priori
ty areas selected are different, and ecoregions are more uniform 
in land cover, then the results from ecoregion-based analyses 
should be more valid versus those based on watersheds. This 
result is important, since land cover metrics have recently been 
attached to watershed units to set conservation priorities. In turn, 
agencies provide funding based on these analyses. We suggest 
that our effort and our funds will be better spent if targets are set 
using ecoregion-based rather than watershed-based assessments. 

Elliott, W.R., K.B. Lister, and M.D. McGimsey. Natural 
History Division, Missouri Department of Conservation. 
TEMPERATURE DATA LOGGING IN MISSOURI GRAY BAT 
CAVES. We present our results of digitally logged temperatures 
in three Missouri caves that are inhabited by the endangered gray 
bat, Myotis grisescens. We monitored the caves and outdoor tem
peratures from 1997 until 1999 with Onset Stowaway® loggers 
to determine the range of temperatures preferred by gray bats. All 
sites were summer roosts. The resulting graphs illustrate nearly 
constant ambient temperatures and daily activity patterns of the 
bats. Some caves were warm-air traps. In contrast, data from a 
related study indicate that Indiana bat hibernacula undergo dra
matic responses to cold fronts. Most hibernacula are cold-air 
traps. Protection strategies must take into account that caves pro
vide a variety of microclimates for different bat species and 
usages. 

Henry, B.I. and C.A. Schmidt. Department of Biology, 
Central Missouri State University. HABITAT UTILIZATION 
OF RODENTS ALONG A FOREST-FIELD EDGE. A monthly 
investigation was conducted throughout 1998 to examine a vari
ety of factors that may contribute to habitat utilization by rodents 
in a forest-field edge in northeast Missouri. Two sites with forest, 
field and edge habitats were live-trapped using capture-recapture 

methods for 10,920 trap-nights. All 8 species captured in the 
study were found in the edge, 6 were found in the field and 5 in 
the forest habitat. ANOVAs showed species had no greater affin
ity towards edge in terms of capture numbers. Peromyscus man
iculatus captures in the forest and Peromyscus leucopus captures 
in the edge were not consistent with existing literature. However, 
size of the different habitat types, vegetation available and grid 
locations in relation to other habitat types are possible reasons for 
this inconsistency. A vegetation analysis was also performed to 
differentiate between the vegetation of the three habitat types and 
provide further insight into seasonal distributions of rodents. 
Greater vegetative richness was found in the edge, which may 
favor a greater diversity of rodents in edge. Other environmental 
and population factors were analyzed as possible correlates of 
habitat use. 

Hernandez J., T. Elder and J. Rushin, Biology Department, 
Missouri Western State College. THE EFFECT OF TWO DIF
FERENT BURN TREATMENTS ON THE VEGETATION IN A 
SUCCESSIONAL PRAIRIE SITE AFTER SEVEN YEARS. 
Based on pretreatment comparisons of species overlap and index 
of commonness values, the three vegetation sampling transects 
used in this study were considered similar. Treatments consisted 
of a fall burn followed by a spring burn on one sampling transect; 
two spring burns on another transect; and a control transect that 
remained unburned throughout the study. Although index of com
monness values showed Andropogon scoparious to be the major 
species on all transects before and after treatments, commonness 
results also showed that the study area was undergoing natural 
successional changes with Helianthus tuberosus and Solidago 
graminifolia increasing on all transects. In addition the native 
tallgrass Sorghastrum nutans and the introduced forb Lespedeza 
cuneata showed dramatic increases in both burn treatments over 
the control. Various other perturbations in commonness values 
were observed over the seven year study period. Support from the 
Missouri Department of Conservation. 

Lerchl, R.N., J.M. Erickson, C.M. Wicks, W.R. Elliott, and 
S. W. Schulte. 1 USDA-Agricultural Research Service. WATER 
QUALITY IN TWO BOONE COUNTY KARST BASINS. 
Urbanization and agricultural land-use activities represent poten
tial threats to the water quality and ecosystem integrity of Devils 
Icebox and Hunters Caves in Boone County. Land use within the 
Devils Icebox watershed is primarily agricultural and urban 
while Hunters Cave is predominantly agricultural and forested. 
Since these cave systems have very similar geologic and hydro
logic settings the impact of different land-use on water quality 
can be compared. Year-round monitoring was initiated in April, 
1999 with the objective of characterizing the current water qual
ity status of the main cave streams relative to nutrient, herbicide, 
and coliform bacterial contamination. In addition, basic water 
quality parameters, dissolved 02, pH, temperature. specific con
ductance, and turbidity are being monitored. Grab samples are 
collected at regular intervals, and runoff events are collected by 
automated sampling equipment. The presentation will focus on 
the dynamics of contaminant transport during selected runoff 
events in 1999. In addition, overall contaminant concentrations 
and trends in the basic water quality parameters will be compared 
between the two cave systems. 
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Polston, C.J. Department of Biology Missouri Western State 
College. INTERPRETING SCIENTIFIC SURVEYS FOR PUB
LIC UNDERSTANDING: MY INTERNSHIP AT SQUAW 
CREEK NATIONAL WILDLIFE REFUGE, MOUND CITY, 
MISSOURI. This summer I did my internship at Squaw Creek 
National Wildlife Refuge in the area of natural interpretation and 
management. I was involved in many activities including several 
natural resource surveys. I performed a frog survey to check for 
frog deformities such as missing or extra legs. There was one 
frog out of 200 that had a deformity. The deformity was a miss
ing front, left leg. I helped with a wood duck nest box survey 
whereby we counted the eggshell membranes indicating success
ful hatches and the infertile eggs indicating unsuccessful hatches. 
The internship program provided me with an opportunity to work 
with professionals in the fields of my interest and to apply what 
I learn in class in "real-world" work environments. I believe the 
internship model as I experienced it to be an invaluable addition 
to my educational opportunities, and one of the strengths of the 
Conservation/Wildlife Emphasis Area of the Biology Degree 
Program here at Missouri Western State College. 

Schmidt, C.A. Department of Biology, Central Missouri State 
University. RIPARIAN WOODLANDS AS CORRIDORS FOR 
GENE FLOW ACROSS THE NORTHERN GREAT PLAINS. 
Historically, linearly distributed riparian woodlands have proba
bly served as habitat corridors for gene flow among populations 
of woodland species throughout the Northern Great Plains. The 
state of South Dakota has lost over 90% of its riparian woodland 
habitat in the last 60 years. To elucidate the impact of reduction 
and fragmentation of riparian woodlands on population genetic 
structure of small, non-volant mammals, microsatellite variation 
in four populations of white-footed mice (Peromyscus leucopus) 
from along the James and Missouri Rivers in eastern South 
Dakota was assessed. Six microsatellite loci, including 5 dinu
cleotide repeats and one tetranucleotide repeat, were assayed. 
Mean number of alleles per locus ranged from 5.83 to 6.33. Mean 
heterozygosity per locus ranged from 0.581 to 0.792. All of the 
loci examined were polymorphic based on the 0.95 criterion. 
Wright's F-statistics, interpopulational heterogeneity, reduction 
in range of base-pairs of alleles per locus per population, and per
formance of microsatellite genotypes in population assignment 
combine to indicate that the remaining riparian woodlands along 
the sampled areas of the Missouri and James Rivers no longer 
function as corridors for gene flow among populations of P. leu
copus. 

Vineyard, J.D. Missouri Department of Natural Resources. 
SPELEOLOGY AND THE MISSOURI ACADEMY OF SCI
ENCE Speleology--the science of caves--was the focus of two 
prior MAS symposia. "Cave Resources of Missouri" was con
vened in 1986 by Dr. Oscar Hawksley. It established the magni
tude, distribution, and characteristics of the resource, then 4,759 
caves in 78 counties. Cave mapping, management, mineralogy, 
paleontology, biology and geology were among topics discussed 
by nine speakers. The Missouri Speleological Survey, Inc. (MSS) 
was the co-sponsor with MAS, as it was in the 1994 "'MAS/MSS 
Speleology Symposium," co-convened by Dr. David Ashlev and 
Dr. John Sham. The second symposium attracted 16 papers 

reflecting the growing importance of cave science in Missouri's 
environment and the endangered species designation of cave 
organisms including the Indiana and Gray Bats and the Ozark 
Cavefish. Post-symposium field trips to local karst areas were 
also a part of the program. By 1994, the focus had shifted from 
resource documentation to more specific topics, and the resource 
had grown by 15 percent to more than 5,500 caves. Occasional 
speleologyrelated papers have been presented in various Senior 
Division sessions, as well as in Collegiate and Junior Division 
programs. Speleology has become a discipline in its own right. 

Von Loh, J., D. Cogan, J. Butler, D. Faber-Langendon, D. 
Crawford, and M. Pucherelli. ACS Government Solutions 
Group, Central Missouri State University, The Nature 
Conservancy, and the US Bureau of Reclamation. THE 
NATIONAL PARK SERVICE VEGETATION MAPPING PRO
GRAM: AN EXAMPLE FROM THEODORE ROOSEVELT 
NATIONAL PARK. The Inventory and Monitoring Program of 
the National Park Service (NPS) was created to provide Parks 
with critical information on natural resources. To meet the objec
tives of the Program, the NPS has entered a multi-year partner
ship with the US Geological Survey's Biological Resource 
Division and the US Bureau of Reclamation's Remote Sensing & 
Geographic Information Systems Group to develop vegetation 
maps for Parks across the US. In 1997, a project was initiated to 
classify, describe, and create a digital, spatial database that repre
sents the vegetation and land use occurring at Theodore 
Roosevelt National Park, North Dakota. The vegetation map was 
created from photographic interpretation of 1:12,000 scale true 
color aerial photography with a 0.5 ha minimum mapping unit. 
All vegetation and land-use information was transferred to digi
tal quarter-quads using a combination of on-screen digitizing and 
scanning techniques. Twenty-seven natural and semi-natural 
associations were identified and investigated using the National 
Vegetation Classification System (NVCS) developed by The 
Nature Conservancy. Map accuracy was evaluated using a modi
fication of the NVCS protocol and was determined to be 74%. 
The entire report and database can be accessed at http:/ !biolo
gy. us gs .gov /npsveg. 

Weaver J., S. Heyman, R. Feldman and N. Ekpo. Division of 
Biological Sciences, Missouri University. THE IMPACT OF 
LOGGING ON ANT COMMUNITIES OF MISSOURI OZARK 
FOREST. As part of the Missouri Ozark Forest Ecosystem 
Project, ant communities in control, 10% clear cut and 10% 
selectively logged forests were sampled before and after logging 
to evaluate forest level effects of logging on ants. Ants were sam
pled in June 1993, 1994 and 1995 (pre-treatment ) and 1997, 
1998 and 1999 (post-treatment) by Tullgren funnel extraction of 
ants from 0.08 sq m of leaf litter per plot. There were 12 plots in 
each forest, 36 plots total. The plots were placed randomly with 
respect to the logging treatments. Ant numbers in pre-treatment 
forests ranged from 10 to 60 ants per plot, but did not vary sig
nificantly among treatments. After logging, average ant numbers 
in treated forests were approximately 1/2 the number in control 
forest in 1997 (significantly lower) and 1998. By 1999 richness 
in both treated forests were virtually identical to numbers in the 
control. Ant species richness followed a similar pattern, with 
richness significantly lower for both 1997 and 1998. By 1999 



2000 Transactions, Missouri Academy of Science 97 

richness in both treated forests was similar to the control rich
ness. Ant species were differentially affected, with Smithistruma 
sp. and Ponera sp. declining following logging. Because only a 
small number of plots were directly disturbed by logging, it 
appears that logging has a strong, indirect, but transient effect on 
forest ant communities. 

Westhus, E. J., and G.R. Camilo. Department of Biology, 
Saint Louis University. PRAIRIE SPECIES DIVERSITY 
ALONG A CONNECTIVITY GRADIENT. The critical thresh
old theory of landscape connectivity states that when a randomly 
fragmented landscape consists of at least 60% good habitat, the 
good habitat patches within the landscape are connected enough 
to allow movement of organisms across the entire landscape 
without ever having to cross a section of bad habitat. Species 
located in a habitat with at least 60% good habitat should be able 
to freely move through out the landscape, while those species in 
landscapes with less than 60% good habitat should be unable to 
move out of their individual patches. An experimental landscape 
connectivity gradient was set up from 0% connectivity to 90% 
connectivity in a 1 OOm x 1 OOm restored prairie landscape by 
selectively mowing randomly assigned lOm x lOm subplots. 
Diversity and distribution of the plant species of the unmowed 
plots was analyzed in light of the connectivity theory. The criti
cal threshold theory of landscape connectivity states that there 
should be a change in diversity or distribution of species at the 
60% row. 

Winston, M.R. Fisheries Research, Missouri Department of 
Conservation. FISHES OF STREAMS IN CROWLEY'S 
RIDGE AND THE OZARK FALL-LINE, MISSOURI. In a sur
vey for the state-endangered Etheostoma parvipinne, we sampled 
all small streams in Crowley's Ridge and the Ozark fall-line, 
Missouri. Fish communities were identified using canonical cor
respondence analysis and by mapping. Three spatially distinct 
communities were identified by their unique species: first, the 
Cyprinella venusta/Pimephales notatus/E. parvipinne communi
ty; second, the Campostoma pullum/E. spectabile community: 
and third, the Esox americanus/Elassoma zanatum community. 
These three communities made up 45 of the 65 total community 
samples; the remaining 20 samples consisted of randomly locat
ed species. Despite exhaustive sampling, E. parvipinne were not 
found at Romine Spring, the one historic locality in the Ozark 
fall-line. They were found at all historic localities around Holly 
Ridge, plus in other previously unsampled tributaries in the area. 
Ten of 18 streams in the Holly Ridge area lacked E. parvipinne 
and were associated with a gravel-washing operation, small 
impoundments, and pipe culverts. 

Geology and Geophysics Section 

Black, A.A. Department of Geography, Geology, and 
Planning, Southwest Missouri State University. THE GEOG
RAPHY OF JANE AUSTEN'S ENGLAND. Several aspects of 
English geography during the Regency Period of the early 1800s 
are discussed in this study, with references to passages in Jane 
Austen's novels. Three primary topics are discussed. These are 
the relative status of occupations, the professed love of nature, 
and attitudes toward colonialism. Sense of place is related to the 

relative status of occupations, and the growth of industry, com
munication and transportation and the geography of towns and 
cities are included in the discussion of the professed love of 
nature. In all of the primary categories, comparisons are made to 
modern North America. 

Diggs, D.M. Department of Geography, Central Missouri 
State University. AN INTRODUCTORY LABORATORY 
MODULE IN REMOTE SENSING FOR WORLD GEOGRA
PHY STUDENTS. This paper provides an example of using a 
topical approach to teach introductory World Geography. The 
laboratory module introduces students to the Persian Gulf, 
remote sensing concepts, and the environmental effects of the 
Persian Gulf war through the use of satellite imagery, internet 
sources, and moderately priced software. Addition of an internet 
section eases students into more difficult portions of the exercise. 
Student performance is also improved with an introductory lec
ture on remote sensing. Time spent on the exercise provides an 
occasion for individual instructor/student interaction and can 
help invigorate marginal students. 

Goudge, T.L. Department of Geography, Northwest Missouri 
State University. THE GEOGRAPHY OF WOMEN'S MAJOR 
COLLEGE BASKETBALL RECRUITS. Rooney's Recruiting 
Game analyzes recruitment of high school football and basketball 
players in the 1980's. This work by Rooney focused on high 
school origin data derived from college team rosters. Only men's 
teams were studied. An investigation of the top women's recruits 
is in order. The database includes the hometowns/high schools as 
well as the college team/conference of the women players who 
signed with NCAA Division I schools by the August, 1998 sign
ing period. This study differs in 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 were 
mapped and analyzed for comparison with similar studies on the 
geography of men's basketball blue chips. It was found the 
women's programs rely less on junior college transfer talent and 
more on foreign players than their male counterparts. The result
ing spatial distribution indicates distinct regions of high and low 
involvement exist. This distribution was compared with other 
sport regions identified by Rooney in his earlier work to deter
mine if any correlations exist and it also establishes baseline data 
for the geography of top women's basketball recruits. 

Lanclos, R.P. Department of Geography, University of 
Missouri. EFFECTS OF CATTLE GRAZING ON REACH 
CHANNEL STABILITY: MILL CREEK, UTAH, USA. This 
study will assess what effects cattle grazing in the Mill Creek 
watershed of southeastern Utah has on the reach channel stabili
ty of the stream compared to a non-grazed reach. A best manage
ment practice that incorporates stream stability and riparian 
integrity with the local practice of cattle grazing will be devel
oped for the Mill Creek watershed. Cattle have been shown to 
directly affect stream channels by trampling banks and soils 
while feeding, and indirectly affect channel stability by removing 
or damaging the riparian vegetation cover. Using a location-for
time substitution, grazing effects transmitted to the stream in the 
grazing reach will be compared to the non-grazed reach, allow-
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ing for reach channel comparisons and amplification of channel 
differences resulting from cattle grazing. Channel measurements 
will be collected quantitatively using cross-sectional surveys of 
reach locations. In addition, qualitative measurements of vegeta
tion, habitat, and bank stability for stream reach comparison 
analysis will be taken. 

McLelland, K. Department of Geography, University of 
Missouri-Columbia. NEWCOMERS IN MISSOURI: HOUS
ING ISSUES FOR HISPANIC POULTRY PROCESSING 
WORKERS. This study focuses on the increasing number of 
Hispanics who have come to work in poultry processing plants in 
Missouri and evaluates their housing situation. Population statis
tics and related documents were employed to assess the relation
ship between locations of poultry processing plants and Hispanic 
population increases. Interviews and observations were used for 
analyzing housing issues. School enrollment figures indicate that 
the average increase of Hispanic students between 1990-1998 for 
the seven counties with a poultry processing plant was 3.39%. 
whereas a 0.39% average increase occurred for the remaining 
108 counties. Also, Hispanic births during the same period 
increased an average of 5.43% for the same seven counties and 
0.70% for the remaining counties. Hispanic migrants are attract
ed to and often recruited for the available jobs which are low
skilled and do not require English language proficiency. Hispanic 
newcomers often arrive with few financial resources, and one of 
the immediate dilemmas they face is finding decent and afford
able housing. Crowded and unsafe living conditions are common 
problems. With mixed results, some processing plants have intro
duced worker housing, and some communities are building addi
tional low-income housing units, but the need continues to grow. 
These communities can only successfully meet this need with 
concerted cooperation among Hispanic workers, industry, and 
public and private organizations. 

Meserve, P.H. Department of Natural Sciences and 
Mathematics, Columbia College. DOUBLE MEANINGS: 
PLACE ICONS, IDENTITY, AND SOCIETAL DIVISION. 
Societal unity and identity are reproduced partially through group 
acceptance of societal icons. Sites of conflict between ethnic or 
social groups within the larger society may become 
symbols/icons of societal division and their invocation by social 
elites may perpetuate those divisions. Past and present examples 
of place icons with double meanings in the United States and 
Canada are reviewed and strategies to re-vision them are exam
ined. 

Redd, E. Department of Technology, Southwest Missouri 
State University. ANOTHER LOST HILL IS FOUND. My first 
lost hill was "found" in 1993. It resulted when erosion breached 
a narrow ridge between Pomme de Terre River and Lindley 
Creek. This subject lost hill was identified in March 1999 from 
topographic map features. It was created by a meander loop cut
off of Pomme de Terre River that left the hill encircled by a val
ley. The cutoff shortened Pomme de Terre by about 5 km (3 mi), 
but lengthened Stinking Creek by 3 km (2 mi) and Possum Creek 
by 2 km (1.6 mi). Pre-inundation, Stinking Creek made a 140-
degree turn as it merged with Pomme de Terre. Stinking Creek 
also reversed the flow direction in its portion of the previous 

Pomme de Terre vaJley. Since inundation, normal Pomme de 
Terre lake level has the lost hill about 3/4 surrounded. Had the 
Corps of Engineers not built a causeway to access the village of 
Adonis, record high lake levels would have several times made 
the lost hill an island. The name, Adonis Lost Hill, is proposed. 

Riesenberg, K.M. Department of Geography, University of 
Missouri, Columbia. PHYSICAL IMPLICATIONS OF ATV 
IMPACT ON MILL CREEK CANYON WATERSHED, MOAB 
UTAH. This study will quantify tourist impact on the fluvial geo
morphology of Mill Creek watershed in Moab Utah in an effort 
to suggest implications of this impact on semi-arid morphologi
cal and biophysical Systems. This study will be conducted in the 
context of a tourist town struggling to create wilderness manage
ment policies acceptable to locals, tourists, developers, and 
shareholders with regard to aesthetic, economic, and environ
mental value of the landscape involved. The quantification of 
physical impact of this social phenomenon on a spatially delim
ited physical system will be measured by observing changes in 
stream power immediately downstream from tourist activities in 
the watershed, (specifically All Terrain Vehicle use), as compared 
to relatively undisturbed reaches of the stream system. A Digital 
Elevation Model created by the USGS, in conjunction with a sim
ple hydrologic model, will be used to determine overall slope and 
total stream power for the watershed. Fieldwork will include the 
survey of reaches upstream of, including, and downstream of 
ATV crossings in an effort to map stream power at a more precise 
scale. Sediment sampling and preliminary erosion work on adja
cent hills will occur. This study will represent pathways in geo
morphology that have not previously been explored to a great 
degree. The discovery of the implications of impact of tourist 
activity on a semi-arid watershed could provide a piece of the 
puzzle for environmental policy decisions regarding watershed 
use. 

Geosciences Section 

Aide, M., K. Anderson, M. Palmieri, C. Smith, S. Tomlinson, 
J. Thompson, and D. Wildharber. Department of 
Geosciences, Southeast Missouri State University. SURVEY 
OF HEAVY METAL DEPOSITION ON FLOODPLAINS OF 
THE MISSISSIPPI RIVER. We conducted a study to determine 
if heavy metal deposition has occurred on floodplain soils of the 
Mississippi River in Cape Girardeau Co., MO. Two soil sites 
were selected and soil pits were excavated to classify the soils 
and provide samples for heavy metal contamination. Routine soil 
chemical characterization was supplemented with X-ray diffrac
tion, an aqua regia digestion with ICP determination of 33 ele
mental concentrations and instrumental neutron activation analy
sis for rare earth element concentrations. Differences in soils 
were attributed to their natural levee and backswamp positions. 
In general, heavy metal contents did not appear to increase 
because of industrial activities and are equivalent to those con
tents in samples deposited prior to European settlement. Lead 
was the only metal that may have slightly elevated concentrations 
because of human influences. 

Ciftci, E., R.D. Hagni and B. Yalcinalp. Department of 
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Geology and Geophysics, University of Missouri-Rolla. 
CHARACTERISTICS OF TURKISH MASSIVE SULFIDE 
DEPOSITS OF UPPER CRETACEOUS AGE OCCURRING IN 
THE EASTERN PONTID TECTONIC BELT, NORTHEAST
ERN TURKEY. The Eastern Pontid tectonic belt is host to a num
ber of massive sulfide deposits that vary in magnitude and metal 
content. The majority of the deposits occur in felsic volcanic 
rocks of Upper Cretaceous age. They have long been accepted to 
be volcanogenic Kuroko-type massive sulfide deposits. Despite 
showing significant differences from Kuroko ores, the present 
study has found that the Turkish massive sulfide deposits exhibit 
most of the characteristics of Kuroko-type ore deposits. They are 
mainly pyrite-chalcopyrite or pyritechalcopyrite-sphalerite dom
inated deposits. However, single deposits of typical Kuroko-type 
are very rare in the Pontids, and most of the deposits lack the 
Kuroko-ore mineral lavering. Measured fluid inclusions show 
that the deposits have formed from low salinity ( <5% wt. NaCl 
eq.) and medium to high-medium temperature (l 70°C-300°C) 
hydrothermal fluids. The inclusions are mainly liquid-rich and 
have a consistent liquid to gas ratio, indicating ore deposition 
from non-boiling ore fluids at significant water depths. Oxygen 
and sulfur isotope measurements indicate that the hydrothermal 
fluids were of mixed origin and had significant contributions of 
magmatic water. Supported by Nigde University (Turkey) and 
UMR. 

Cozort, F.A. and R.D. Hagni, Department of Geology and 
Geophysics, University of Missouri-Rolla. ORE 
MICROSCOPY OF A BORNITE POD AT THE SWEETWATER 
MINE, VIBURNUM TREND, SOUTHEAST MISSOURI. The 
recent discovery of a new bornite pod at the NW edge of the 
north mine at Sweetwater has provided an opportunity to further 
study those very interesting copper ores. The bornite ores were 
formed very early in the paragenetic sequence of the Cu-Pb-Zn 
MVT deposits of the Viburnum Trend of SE Missouri. They con
sist mainly of bornite and chalcopyrite, with an interesting vari
ety of other sulfide minerals lacking from typical Pb-Zn ores in 
the district. These bomite ores exhibit bornite and chalcopyrite 
intergrown in spheroidal and colloform textures. They also are 
especially characterized by relatively abundant carollite crystal
lized as coarse crystals partly replaced by bornite and chalcopy
rite. That replacement typically has produced an ore texture in 
which relict outer rims of carrollite remain as atolls. Elsewhere 
the replacement appears to result in the formation of spheroidal 
textures. Although the replacement of carrollite by bornite and 
chalcopyrite may explain the spheroidal textures so common for 
the Viburnum bornite ores, it is interpreted that those textures 
more commonly result from primary deposition. 

De La Rue, S.R., and F.E. Oboh-Ikuenobe, Department of 
Geology and Geophysics, University of Missouri-Rolla. 
PALYNOLOGICAL ANALYSIS OF EARLY TERTIARY SED
IMENTS FROM THE COTE D'IVOIRE-GHANA TRANS
FORM MARGIN: BIOSTRATIGRAPHIC AND PALEOCLI
MA-TOLOGIC SIGNIFICANCE OF DEEP-SEA ASSEM
BLAGES. Marine sediments, with their palyno-morph content, 
can be especially functional in that they provide a means of inter
preting contemporaneous changes of terrestrial vegetation and 
climate on adjacent land masses. Thirty-four core samples of 

Late Paleocene-Early Oligocene biosiliceous, sub-CCD sedi
ments from ODP Leg 159 were studied primarily for their spore 
and pollen (sporomorph) content to better constrain the interval's 
biostratigraphy and to evaluate how paleoenvironmental parame
ters (paleoclimate paleoecology, upwelling) affected the pre
served assemblages at the depositional site and adjacent West 
African source area. Eight palynostratigraphically important 
marker species observed include: Proteacidites dehaani, 
Spinizonocolpites echinatus, Perfotricolpites digitalus, 
Retibrevitri colpites triangulatus, Proxapertites cursus, 
Spirosyncolpites bruni, Cicatricosisporites dorogensis, and 
Verrucatosporites usmensis. Four main ecological sporomorph 
groups characterize the samples: (1) gymnospermous inapertu
rates and saccates; (2) angiospermous monocotyledons and (3) 
dicotyledons; and (4) pteridophytic fern spores. The observed 
assemblages appear to reflect continental vegetation changes 
possibly due to Mid-Tertiary global events resulting from closure 
of the Tethys Sea. Periodic, low sporomorph:dinoflagellate cyst 
ratios indicate upwelling events. Project was partially supported 
by the US Science Support Program. 

Drake. J.K., and J.P. Hogan. Department of Geology and 
Geophysics, University of Missouri-Rolla. TEXTURAL VARI
ATON WITHIN THE WALLAMATOGUS GRANITE PLU
TON, MAINE. The Wallamatogus Pluton of the Coastal Maine 
Magmatic Province, Maine, is a muscovite-biotite-garnet granite 
containing primary muscovite and early tourmaline. The pluton 
exhibits systematic textural variation in grain size and phenocryst 
abundance (primarily alkali-feldspar) from the margin inward to 
the center of the pluton. Three fades have been defined: 1, out
ermost coarse-grained seriate fades; 2, porphyritic medium to 
fine-grained fades; 3, innermost fine-grained equigranular fades 
(phenocrysts rare to absent). These fades are concentrically 
arranged and contacts between them are typically gradational. 
Nucleation density and growth rate of crystals in a granitic melt 
are highly sensitive to water content. Thus, zonation in this plu
ton may reflect a function of the water or volatile content of the 
magma during crystallization rather than originating from crys
tal-melt fractionation processes. 

Hagni, R.D., and P. Shivdasan. Department of Geology and 
Geophysics, University of Missouri-Rolla. NEW FIELD 
OBSERVATIONS ON PEGMATIC CARBONATITES, SILICQ
CARBONATITES, AND CARBONATITE-CEMENTED 
some FENITE BRECCIAS AT OKORUSU, NAMIBIA. 
Recent field study of the host rocks for the fluorspar deposits at 
Okorusu, Namibia has led to a new understanding of the charac
ter of those rocks. Deepening of the open pit mines has revealed 
the presence of small intrusive bodies of pegmatitic carbonatite, 
closely associated areas of silicocarbonatite rocks, and local areas 
of brecciation of the main fine-grained sodic fenites that are 
cemented by pegmatitic carbonatite. The pegmatitic carbonatites 
consist of calcite, magnetite, apatite, aegirine-augite, biotite, 
phiogopite, and pyrochlore. The silicocarbonatites are coarse 
grained, closely associated with pegmatitic carbonatite, and con
sist of calcite, aegirine-augite, apatite, magnetite, pyrrhotite. 
pyrite, and chalcopyrite. The sodic fenites form the principal 
rocks at the Okorusu mines, are very fine--grained, and consist of 
aegirine-augite, apatite, and calcite. Where they are brecciated, 
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pegmatitic carbonatite forms the cementing matrix. The fluorspar 
orebodies at Okorusu have formed by the massive replacement of 
those host rock types. Supported by a Society of Economic 
Geologists research grant. 

Heberlie, L., M. Aide, and P. Statler. Department of 
Geosciences, Southeast Missouri State University. INTER
PRETING SOIL GENESIS ON FELSIC ROCKS USING THE 
RARE EARTH ELEMENTS. Soils developed in felsic rocks in 
the St. Francois Mountains generally show an A - E - Bt - R or 
saprolite - Rhyolite horizon sequence. Elemental loss rates show 
that the original Ca and Na is largely depleted, whereas the pools 
of Mg, K, Fe and Mn are partially depleted. The original pool of 
Si and Al has been partially depleted, with the residual Si and Al 
converted into the kaolinite dominated clay mineral suite. The 
rare earth metals are largely preserved and have been incorporat
ed into secondary weathering products. The rare earth elements 
may be used to show parent material uniformity. 

Kim, C.W., and DJ. Wronkiewicz. Department of Geology 
and Geophysics, University of Missouri-Rolla. EFFECTS OF 
SECONDARY URANIUM MINERALS ON THE MIGRATION 
OF RADIONUCLIDES. Spent nuclear fuel typically contains 95 
to 99% U02, up to 1 % Pu, and up to 4% other actinides (e.g., Np. 
Am, Cm) and fission products (e.g., Sr, Cs, Tc, I, Mo, Se). Uranyl 
oxide hydrate phases will form due to the corrosion and alteration 
of spent fuel under oxidizing conditions. The actinide elements 
released during the corrosion of spent fuel may also he incorpo
rated into the structures of secondary u6+ phases. The incorpo
ration of radionuclides into alteration products will affect their 
mobility. We have experimentally examined the potential for 
actinide substitution in uranyl oxide hydrate ~phases by using 
ce4+ and Nd3+ (surrogates for Pu4+ and Am3+, respectively). 
Results obtained from dehydrated schoepite (U03 ·0.8-l.OH20) 
crystals precipitated in the presence of a ce4+ bearing solution 
suggest a Ce concentration of approximately 26 to 11 ppm, with 
the concentration progressively decreasing with increasing reac
tion time and crystal size. Data obtained from Ianthinite ([U24+ 
(U02)406(0H)4(H20)5) tests indicate about 306 ppm Ce (Ka= 
146) was incorporated, while neodymium contents were much 
higher, being approximately 24,800 ppm (Ka-62). Becquerelite 
(Ca[(U02)604(0H)6]'8H20) tests suggest about 33 ppm Ce 
(Ka-16) was incorporated, while neodymium contents were 
higher, being approximately 1,300 ppm (Ka =5). 

Lippincott, T.A., S.J. Cardimona, N.L. Anderson, and S. 
Hickman. Department of Geology and Geophysics, 
University of Missouri-Rolla. INTEGRATED GEOPHYSICAL 
STUDY OF PROPOSED HIGHWAY CONSTRUCTION SITE. 
This study implemented three geophysical methods; ground-pen
etrating radar, high-resolution shallow seismic, and dipole-dipole 
resistivity for the purpose of determining the structure of bedrock 
beneath a proposed addition to Missouri Highway 63 near 
Cabool, Missouri. The ground-penetrating radar method imaged 
the shallow subsurface soil structure to a depth of approximately 
six meters. Seismic and resistivity lines placed on specific radar 
line locations allowed correlation between all three methods. 
Seismic data imaged the subsurface interfaces below radar pene
tration. Pseudo-section resistivity profiles delineated regions 

with anomalous lateral character, possibly indicative of varia
tions in bedrock. Cores from near the site indicate the subsurface 
consists of slightly non-horizontal layers grading from clayey 
soil at the surface to weathered dolomite to solid dolomite 
bedrock. Radar data indicates the interface between the soil and 
weathered bedrock occurs at approximately one to two meters 
below the surface. The seismic data imaged the solid bedrock at 
depths of between three and nine meters. Anomalous regions 
within the subsurface were identified by all three methods and 
plotted for comparison. These results will be used to guide fur
ther investigation by the Missouri Department of Transportation. 

Martens L.M. and J.P. Hogan. Department of Geology and 
Geophysics University of Missouri-Rolla. THE ASYMETRI
CALLY ZONED BLUE HILL GPANITE PLUTON, ME. The 
Blue Hill Pluton of the Coastal Maine Magmatic Province is a 
Biotite±Muscovite Granite with accessory tourmaline, which 
occurs as sprays, and with quartz in discrete nodules. This pluton, 
approximately 40 km2, consists of five textural fades: 1.) coarse
grained equigranular 2.) coarse-grained senate, 3.) porphyritic, 
4.) fine-grained, and 5.) aplite containing abundant tourmaline. 
The first crops out in the northwestern region of the pluton and 
the others southeastern region of the pluton. Country rock xeno
liths. aplite and pegmatite dikes, and tourmaline nodules are 
more common in the southeastern portion of the pluton. Contacts 
between these five fades are gradational along the interior, and 
sharp and intrusive on the exterior side of the pluton. This sug
gests migration of evolved melt from the interior of the pluton 
towards the margin. Presumably, high Boron (as indicated by 
tourmaline) lowered the solidus temperature and reduced melt 
viscosity, thus, enhancing crystal-liquid separation and giving 
rise to the textures fades. This hypothesis will be tested using 
geochemical studies. 

Nold, J.L. and M.A. Dudley. Department of Earth Science, 
Central Missouri State University. THE GOLD RANGE 
TOURMALINITE, MINERAL CO., NEVADA. The Gold Range 
Tourmalinite is located in Mineral Co., Nevada, in the Excelsior 
Mountains, about seven miles southwest of Mina, Nevada, and is 
being studied to understand its origin and to determine its rela
tionship to the mineralization in the nearby Camp Douglas gold 
district and the Silver Dyke tungsten mine. The tourmalinite is a 
NlOW trending, steeply dipping breccia dike intrusive into rhy
olitic tuffs of the Cretaceous Gold Range Formation. The brec
cias are composed of fragments of altered, angular tuff fragments 
cemented with an intergrowth of tourmaline and quartz. At least 
two episodes of tourmalinization have occurred because some of 
the breecia fragments are composed of tourmalinite. The tourma
linite breccia dikes are similar to tourmalinite dikes at the Majuba 
Hill, Nevada copper-tin deposit and the Julcani, Peru tungsten
gold district. The Gold Range tourmalinite developed from the 
movement of boron-rich fluids (magmatic?) through fractures in 
the convergent margin Cretaceous volcanic sequence. 

Overstreet, R.B., J.M. Gregg, and F.E. Oboh-Ikuenobe. 
Department of Geology and Geophysics, University of 
Missouri-Rolla. SEA LEVEL CURVES FROM THE LOWER 
ORDOVICIAN OF SOUTHERN MISSOURI. Accommodation 
plots (sea level curves) have been constructed for shallow car-
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bonate sections in several North American basins. Various work
ers have indicated that the interbasin correlation of third-order 
sea-level cycles implies eustasy. This study tests the hypothesis 
that sea-level curves generated from other North American basins 
can be correlated with those from the Mid-Continent. Sections 
containing meter-scale cycles in the Lower Ordovician 
(Gasconade, Roubidoux, Jefferson City, and Cotter Formations) 
were measured in outcrops from four widely separated locations 
(Jerome, Westphalia, Southern Texas Co., and Hwy 65 road-cuts 
near Branson), as well as from two continuous drill-core (from 
St. Clair and Christian Counties). A preliminary examination of 
the data from outcrop measurements indicates a definite trend in 
cycle thickness, with cycles thinning upward from the Gasconade 
Fm. to the Roubidoux Fm., followed by a gradual increase in 
accommodation (thickening upward) from the Jefferson City Fm. 
to the top of the Cotter Fm. These data are interpreted as indicat
ing several third order sea level cycles superimposed on the 
longer term second order cycle. Comparison of the southern 
Missouri accommodation plot with the plots from other Lower 
Ordovician basins will be used to confirm the processes control
ling meter-scale cycle formation, such as, eustatic sea level fluc
tuation, auto-cyclic sedimentation, and/or tectonic processes. 

Shivdasan, P.A. and R.D. Hagni. Department of Geology and 
Geophysics, University of Missouri-Rolla. NEW FIELD 
INTERPRETIONS OF FLUORSPAR ORE CONTROLS AT 
OKORUSU, NAMIBIA: REPLACEMENTS OF PEGMATITIC 
CARBONATITE AND FENITE BRECCIAS. Recent field map
ping at the Okorusu, Namibia open pits has led to new interpre
tations of the formation of the fluorspar replacement orebodies. 
Fluorite ore commonly has replaced pegmatitic carbonatite, silic
ocarbonatite, and pegmatitic carbonatite-cemented sodic finite 
breccias. Where pegmatitic carbonatite bodies were replaced, 
rims of titaniferous magnetite remain as replacement remnants at 
the margins of the fluorite orebodies. Goethite pseudomorphs of 
crystals of magnetite, aegirine-augite, and pyrrhotite that remain 
in the fluorite ores further support the interpretation that the orig
inal replaced rocks commoly were pegmatitic carbonatites. Local 
replacement remnants of pegmatitic carbonatite present in the 
fluorite orebodies clearly attest to the importance of fluorite 
replacement of pegmatitic carbonatite. Fluorite ores also replaced 
carbonatite-cemented sodic fenite breccia, locally present at the 
margins of ore pods, and marbles and biotite schists forming flu
orite ores characterized by distinct banding. Supported by 
Society Economic Geologists research grant. 

Smith, C., M. Aide, K. Anderson, M. Palmieri, S. Tomlinson, 
J. Thompson, and D. Wildharber. Department of 
Geosciences, Southeast Missouri State University. SOIL GEN
ESIS ON RHYOLITE IN THE ST. FRANCOIS MOUNTAINS. 
This study is the first phase of an investigation into the evolution 
of soils on rhyolite in the St. Francois Mountains. The soils have 
an extremely acid, shallow to moderately deep, A - E -Bt -rhyo
lite sequence. Elemental analysis, using XRF and INAA, shows 
that the majority of the Ca K, Al and Na have been removed from 
the system, with a clay mineral suite composed of smectite 
immediately above the rhyolite and kaolinite, hydrous mica and 
HIV throughout the solum. Silicon was largely preserved. The 
clay mineral suite and the clay contents are consistent with 

feldspar alteration mechanisms associated with sericitization. 
Analysis of the rare earth elements suggest that loess or some 
other type of aeolian activity may have historical importance to 
soil evolution. 

Stallings, M.D., and R.D. Hagni. Department of Geology and 
Geophysics, University of Missouri-Rolla. MINERALOGIC 
STUDY OF SHALLOW, AU-BEARING CARBONATE-HOST
ED FISSURE VEIN AND REPLACEMENT ORE FROM THE 
TINTIC MINING DISTRICT, NORTH-CENTRAL UTAH. The 
historic Tintic Mining district is a silver-rich, hydrothermally 
zoned mesothermal/epithermal deposit that produced more than 
19 million tons of Cu-Ag-Au-Zn-Pb ore from 1869 to 1983. Ore 
mineralogy consists of sphalerite, galena, native-Ag, native-Au, 
and chalcopyrite to - 2000 ft. Au-mineralization occurs primari
ly in the Main and East district ore runs, the Gemini and 
Mammoth/Chief Consolidated. These bodies extend north-south 
forming fissure and replacement veins in early Paleozoic carbon
ate rocks. Carbonate host rocks were intruded by the Silver City 
monzonite stock, considered to be the likely source of the ore 
forming fluids. However, the spatial and genetic relationship of 
the magmatic hydrothermal fluids to native-Au in Tintic has not 
been established. For the present study, field examination and 
sample collection was initiated during winter, 1999. Samples 
have been collected from shallow depths ranging from 15 to 900 
ft. from the Main and East district ore zones for mineralogic, pet
rographic, ore microscopic, geochemical, and paragenetic analy
sis. Field study and additional sampling is planned for summer, 
2000. Research is supported by Mammoth Mining 
Company/Keystone Surveys, Inc. of Eureka, UT. 

Physics Section 

Borgwald, J., Department of Natural Sciences and 
Mathematics, Lincoln University. SKY WATCHING IN 
INTRODUCTORY ASTRONOMY LABS: OBSERVING 
STARS. Modem astronomy labs emphasize sophisticated tech
niques of studying the sky, using telescopes, spectrometers, ccd 
photography, and computer interfaces to telescopes, or simula
tions of real astrophysical data. Many general education students 
who take astronomy expect they are simply going to learn about 
constellations and how to find their way around the sky. This 
interest can be exploited in laboratories that involve observing 
the sky with only the unaided eye and binoculars. This allows 
students to develop an interest in the sky they can easily contin
ue in their personal lives. One basic experiment in sky watching 
is to locate and observe a small number of assigned stars and then 
begin to judge their color and relative brightness. Since star col
ors are difficult to distinguish, instructors must work closely with 
students during observing sessions. Suggestions will be made for 
guiding students to making successful observations. After obser
vations are completed, students can compare their observations 
with tables of spectral types and magnitudes. 

Ottinger, M.B., M. Samiullah, and I. Lindevald. Science 
Division, Truman State University. ALTERNATE VIEW OF 
THE SIMPLE HARMONIC OSCILLATOR DAMPED BY 
FRICTION. Early students of physics typically spend a great deal 
of effort in mastering the skills and knowledge necessary to deal 
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with problems involving contact friction. Then, at the next level, 
when studying the damped harmonic oscillator with a higher 
level of mathematical sophistication, the standard presentation 
favors a viscous drag force proportional to velocity. We have ana
lyzed the nonlinear dynamics of the harmonic oscillator damped 
by contact (or kinetic) friction and have obtained a completely 
deterministic solution. With kinetic friction, we find that the 
envelope of the oscillation decays linearly, the oscillation period 
is independent of the damping, and the final state of equilibrium 
retains some stored energy. We believe a thorough conceptual 
understanding of this alternative system is accessible to entry 
level physics students; and a complete mathematical analysis, 
such as the one we present, can be understood in detail by 
midlevel physics students. 

Science Education Section 

Black, A.A. Department of Geography, Geology, and 
Planning, Southwest Missouri State University. EARTH SCI
ENCE TEACHING ENCOUNTERS FOR PRE--SERVICE 
ELEMENTARY/MIDDLE SCHOOL TEACHERS. A co-opera
tive program was initiated in 1997 in which pre-service teachers 
enrolled in an Earth Science for Teachers course teach hands-on 
inquiry Earth Science lesson plans which they have written and 
prepared. Lessons have been taught primarily to children in the 
elementary and middle grades of the University's Laboratory 
School, although public school classrooms have been used dur
ing a summer session. Students are prepared for their encounters 
by a curriculum which includes not only Earth Science content, 
but inquiry and other laboratory activities, talks by practicing 
teachers and Earth Science experts, demonstrations, field trips, an 
introduction to electronic and other resources, and observations 
and meetings with teachers at the participating school. Student 
evaluations after the encounters have indicated overwhelming 
student satisfaction with the experience and increased confidence 
in teaching Earth Science. 

Fitch, G.K. Department of Natural Sciences, Avila College. A 
STUDY GUIDE APPROACH TO TEACHING BIOLOGY 
INCREASES STUDENT SATISFACTION RELATIVE TO A 
TRADITIONAL LECTURE APPROACH. College science text
books have generally become encyclopedias rather than learning 
tools. Also, a trend exists in higher education away from tradi
tional lectures and toward approaches that more actively engage 
the student in the learning process. In response to these issues, a 
"study guide" approach to teaching college biology, which is a 
variation on an approach developed by A.M. Campbell, D.L. 
Kimmel, and J .R. Serie (Davidson College and Macalester 
College), has been implemented in my courses. The goals of the 
approach have been to use the textbook effectively, to reduce the 
time spent lecturing, and to engage the students more actively, all 
without sacrificing course content (as do some nontraditional 
approaches). Students have been given a "study guide" that con
tains much of the information they are expected to learn. The 
study guide frequently sends the student to the textbook to gath
er information on selected topics. The study guide also contains 
review questions that focus the attention of the student. The stu
dents have been motivated in various ways to prepare for each 
class period during which times they ask questions and answer 

questions posed by the instructor. When students who have fin
ished the course have rated it on a scale of one to five on "how 
much did you learn in this class compared to others?" and "eval
uate the quality of the teaching of this course," the study guide 
approach has been rated 0.6 and 0.3 points, respectively, higher 
than the traditional lecture approach. These results suggest that 
the study guide approach merits further consideration as an alter
native to the traditional lecture format. 

Forawi, S.A. and J.A. Raveill. Department of Curriculum 
and Instruction and Department of Biological Sciences, 
Central Missouri State University. THE CONCEPTIONS OF 
SCIENCE HELD BY COLLEGE STUDENTS. Many reform 
documents emphasized that students must be introduced to the 
nature of science, as well as to science content (AAAS, 1996; 
NAS, 1996; NATA, 1992). This study investigated the concep
tions of the nature of science held by college students at a 
Midwestern University. Students majoring in biology, education 
and history were selected to take a modified Nature of Scientific 
Knowledge Scale (Modified NSKS). Data were analyzed to pro
vide descriptive results of means, standard deviations, ranges of 
students' scores with regard to their conceptions of science, gen
der, and class makeup. Other results indicated how preparation of 
a science course influenced the conceptions of the nature of sci
ence that were held by students. Curricular and educational 
implications were provided. 

Haskins1, M.F., N. Donaldson2, and S.D. Newhergl. Biology 
Department1 and Physics Department2. Rockhurst 
University. ENHANCING THE LABORATORY EXPERI
ENCE OF HOMESCHOOLED CHILDREN. Since 1998 
Rockhurst University has offered a combination of biology, 
physics, and chemistry laboratories for middle and high school 
students who are homesehooled. The self-supporting program, 
which generates its own revenue stream, has served approxi
mately 300 students during the last 3 years. Each 10-week pro
gram focuses on major concepts within a specific discipline with 
each lab meeting for 2-2 1/2 hours. The program provides a 
forum for concept discussion and an emphasis on scientific 
investigation. This program allows students who might have lim
ited access to scientific equipment the opportunity to gain hands
on experience. Anecdotal evidence strongly suggests the science 
education of those participating in the program has been 
enhanced, and undergraduates working in the program have 
gained valuable teaching experience. Rockhurst has gained 
media attention through this program, both on the community 
and state level. In addition to enhancing students' education, 
long-term benefits may also include the recruitment of students 
from a unique population. 

McKay, S.E., and S.R. Boone. Department of Chemistry and 
Physics, Central Missouri State University. SYMMETRY 
ACROSS THE CURRICULUM. Student understanding of sym
metry and awareness of the three-dimensional aspects of com
pounds and reactions are of the utmost importance for student 
learning in the chemical sciences. The department of chemistry is 
making a concerted effort to add a seamless integration of sym
metry-related activities and experiments across the organic and 
inorganic curriculum. The emphasis on symmetry based learning 
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has benefited the student in a better understanding of how and 
when chemical reactions take place. Results from laboratory 
experiments and assessment activities were used to measure stu
dent learning and evaluate the effect on course curriculum. 
Improvement in the students observational abilities is indicated 
and were apparently translated to other courses. 

Scism, A.J. Department of Chemistry, Central Missouri State 
University. RESEARCH PROJECTS IN BIOCHEMISTRY 
LABORATORY. Biochemistry laboratory provided students 
experience with buffer preparation, paper and thin layer chro
matography, dipeptide sequencing, quantitative protein determi
nation, enzyme properties, isolation and characterization of lipids 
and RNA. Recently, students selected research projects that 
included chemical modification of silica gel with b-cyclodextrin, 
hydrolysis of p-nitrophenyl acetate by enzymes and other nude-

ophiles, denaturation of myoglobin by guanidinium hydrochlo
ride, and immobilization of lactase. Students were guided to pub
lished materials related to their project and required to formulate 
a research plan. Students were monitored and submitted brief, 
weekly research reports. A final written report of their results 
concluded the project. Students gained experience in experimen
tal design, solution preparation, literature searching, and work
time management. Most students made good efforts and the 
results of some were publishable. Students worked more on proj
ects than they would have doing conventional labs. Students 
gained independent research experience, but did not experience 
all the previously mentioned techniques. The per student cost was 
more than for conventional labs. 
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Collegiate Division 
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Biology Section 

Barnhard, N.D. and D.R. Lee. Department of Molecular 
Microbiology and Immunology, University of Missouri
Columbia. BINDING OF HIV PEPTIDE EPITOPES TO 
HUMAN HLA-B7 SUPERTYPE MHC CLASS I ALLELES. 
Previous studies in this laboratory have refined a protocol for 
performing peptide binding assays on lymphoblastoid cell lines 
[LCLs] (EBY-transformed B-cell lines). This study is being per
formed (using this forestated protocol) to analyze the ability of 
HLA-B7 supertype MHC class I alleles to bind specific HIV pep
tides. Preliminary studies indicate that each of three distinct 
HLA-B7 restricted HIV peptides (HIV env 303-312 HXB2 
{365}, HIV nef 68-76 LA-I {366} and HIV nef SF-2 {367}) 
exhibit binding characteristics that are significantly above the 
negative baseline controls (cells exposed to no peptide, and cells 
exposed to an irrelevant (HLA-B7-restricted) peptide (FLU NP 
380-388) {244}). Subsequent experimentation will attempt to 
discern the quantity of each peptide that is required to induce 
half-maximal binding. More importantly, the ability of the three 
B7-restricted peptides to bind to other B7 supertype alleles will 
be tested. Additionally, other HIV peptides that bind to another 
HLA-B7 supertype allele will be tested for their ability to bind to 
the other supertype alleles. These studies will potentially provide 
HIV peptides capable of binding to multiple HLA-B7 supertype 
alleles and inducing immune responses against HIV in a greater 
proportion of the human population. Supported by the Life 
Sciences Undergraduate Research Opportunities Program (LS 
UROP), University of Missouri-Columbia; MU Research Board 
(URB-99- 127 Lee); DHHS IR21AI45469. 

Borrok, M.J. and O.B. Mock. Kirksville College of 
Osteopathic Medicine. AGING STUDIES IN MALE LEAST 
SHREWS (Cryptotis parva). Known-aged least shrews were 
placed in five age-based groups. Each group contained at lea~t 
five males whose ages were within a 190-d time span. Analysis 
of testis color, sperm counts and organ measurements compared 
actual age for regression analysis (RA) and group data for analy
sis of variance (AOV). Values for 50- and 1000-d old males are 
listed for parameters that showed significance with RA as fol
lows: absolute and relative spleen weight, 0.013mg, 0.25% and 
0.024mg, 0.43% respectively; lower incisor length, 32mm and 
23mm respectively: and crystalline lens 2.9mm and 2.lmm 
respectively. Data plots for absolute liver, kidney and testis 
weights, ampullary gland and bulbourethral gland greatest diam
eter, and total sperm counts were nonlinear with middle age.d 
males showing significantly higher values than the younger ani
mals as determined by AOV. Testis color was light gray for all 
males up to 72-d old and very dark gray for all males over 220-d 
old (as compared to Munsell Color Charts). Lower incisor length, 
spleen size, and testis color are the parameters that best estimate 
least shrew's age. Decreased lens diameter resulted from the pro-

gression of cataracts in most shrews over 370-d old. Supported 
by EPA granbCR823734010 and PRIMO grant ER0186-8024-
001. 

Brooks, T. T., L.R. Ayyagari. Department of Biology, 
Lindenwood University. DEVELOPMENT OF AN ASSAY 
FOR THE MEASUREMENT OF D-GLYCERALDEHYDE 
PHOSPHATE DEHYDROGENASE IN LEG MUSCLES OF 
THE WOLF SPIDER. We optimized the assay conditions for the 
measurement of D-glyceraldehyde phosphate dehydrogenase. In 
this assay, we were able to measure enzyme activity in the range 
of 1.25 units to 6.25 units. A 0.33-millimolar triethanol amine 
buffer system was used at a pH of 7. 8 with all of the reagents of 
the assay system at 3.0-millimolar concentrations. A decrease in 
the absorbance of reduced NAD was measured at 340 nm as an 
indicator of the enzyme activity. After standardization of the 
assay, we applied it to determine D-glyceraldehyde phosphate 
dehydrogenase in resting leg muscle homogenates obtained from 
wolf spiders. The enzyme activity ranged from 0.125 units to 2.0 
units (n=3) for female spiders and 1.5 units to 2.0 units (n=2) for 
male spiders. Future studies will concentrate on the effect of 
short spurts of exercise on this glycolytic enzyme in wolf spiders. 

Broz, A.K., B.P. Mooney, J.A. Miemyk, and D.D. Randall. 
Department of Biochemistry, University of Missouri. MITO
CHONDRIAL PYRUVATE DEHYDROGENASE COMPLEX: 
INVESTIGATION OF THE UNIQUE DIHYDROLIPOAMIDE 
ACETYLTRANSFERASE SUBCOMPLEX FROM PLANTS. 
Two isoforms of the acetyltransferase (E2) component from the 
pyruvate dehydrogenase complex have been identified. One i~o
form contains a single lipoyl domain and is believed to be ubiq
uitous, while the other consists of two lipoyl domains and has 
only been identified in dicots. Previous experiments have led to 
the cloning and expression of the dilipoyl E2 isoform from 
Arabidopsis thaliana, however, both isoforms are needed to per
form comparative studies. Recently, an A. thaliana gene encod
ing the mono-lipoyl E2 isoform was discovered through a 
genome project. This gene was identified by alignment with the 
maize E2 protein sequence (also mono-lipoyl). This information 
was used to clone a cDNA encoding an A. thaliana protein. The 
isoform was cloned using PCR, and subjected to restriction 
enzyme analysis. The protein is presently being expressed in bac
teria. The recombinant protein will ultimately be used in com
parative studies with the previously isolated A. thaliana di-lipoyl 
E2. An investigation of the two E2 isoforms in A. thaliana and 
other dicotyledon plants will yield information about their regu
lation and function. Future experiments will be conducted to 
determine the catalytic differences between the two isoforms and 
their interactions in vitro. This will yield important information 
to help in understanding the assembly and function of the pyru
vate dehydrogenase complex. Supported by the Life Sciences 
Undergraduate Research Opportunities Program, University of 
Missouri, Columbia. 
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Burks, F., E. Sugano, and A.D. McClellan. Department of 
Biological Sciences, University of Missouri-Columbia. 
MECHANISMS FOR INCOMPLETE REGENERATION IN 
SPINAL CORD-TRANSECTED LAMPREY. Severe spinal cord 
injury in higher vertebrates, such as birds and mammals, results 
in permanent paralysis below the lesion because of an inability of 
axons of descending brain neurons to regenerate. In some lower 
vertebrates, such as lamprey, neurons can regenerate their axons 
across a spinal cord injury site and restore motor function, includ
ing locomotion. However, in lamprey the brain neurons that 
regenerate their axons across the injury site appear to project for 
shorter distances and are fewer in number than in normal ani
mals. Thus, regeneration of axons across the lesion is incomplete. 
Because of this incomplete regeneration, we hypothesized that 
the degree to which a descending brain neuron is stimulated to 
regenerate is based, in part, on the number of synaptic connec
tions it makes, both above and below a lesion. In the present 
study, lamprey were divided into two groups, one in which the 
spinal cord was transected rostrally at 10% body length (BL) and 
another group in which the spinal cord was transected caudally at 
50% BL. After 4, 6, 8, 16 and 32 week recovery periods, a retro
grade anatomical tracer, horseradicsh peroxidase (HRP), was 
placed just below the transection site (20% BL and 60% BL) to 
label descending brain neurons that regenerated their axons 
across the lesion. Subsequently, the brains and spinal cords were 
removed and processed for HRP, and the numbers of labeled 
descending brain neurons were counted. Because the spinal 
lesion at 10% BL eliminated most of the spinal targets of 
descending brain neurons, these neurons were strongly stimulat
ed to regenerate their axons. Thus, greater numbers of these neu
rons were labeled compared to the animals with a spinal transec
tion at 50% BL. 

Deschenes, B., C. Snook, P. Tipton, L. Beamer. University of 
Missouri-Columbia. CRYSTALLIZATION OF AN ENZYME 
INVOLVED IN SECONDARY INFECTIONS OF CYSTIC 
FIBROSIS PATIENTS. The Gram-negative bacteria 
Pseudomonas aeruginosa secretes alginate, which forms a vis
cous coat around the organism. Alginate is a beta- 1,4-linked 
polymer of mannuronic acid and its CS epimer, guluronic acid. P. 
aeruginosa infections are common in immune compromised 
patients, specifically those suffering from bums, wounds, and 
cystic fibrosis. The alginate seems to benefit the bacteria in more 
than one way. The alginate protects the infecting bacteria from 
dehydration in the lung environment. The coating protects the 
infecting cells from antibiotic treatment and phagocytosis by the 
host immune response. Alginate also appears to help the bacteria 
attach to the hosts' lung epithelial cells. Turning off the alginate 
biosynthetic pathway would enable the use of traditional antibi
otics to treat these infections. The pathway for alginate synthesis 
is well defined; however, the enzymes involved have not been 
studied in detail. Our lab has crystallized the enzyme GDP-man
nose dehydrogenase (GMD), which converts GDP-mannose to 
GDP-mannuronate in the committed step of the alginate biosyn
thetic pathway. GMD is a 48 kDa protein that is believed to form · 
a 290 kDa hexamer in solution. The enzyme appears to have two 
domains. The amino-terminal end has an NAD and GDP-D-man
nose binding sites. To gain more knowledge about how GMD 

works, a 3-D structure of the enzyme is needed. We have suc
cessfully grown crystals of native GMD and obtained a native 
data set to 2.4 A resolution at -180° C. Preparation and crystal
lization of selenomethionine GMD is in progress in order to solve 
the crystal structure by multiwavelength anomalous diffraction. 
This research is supported by the Life Sciences Undergraduate 
Research Opportunities Program, University of Missouri
Columbia. 

Dunham, C. Department of Biology, Culver-Stockton 
College. ALLELOPATHIC EFFECTS OF Phalaris arundinacea 
EXTRACTS ON Avena sativa GERMINATION AND 
SEEDLING GROWTH RATES. The purpose of this research 
was to test the hypothesis that Reed Canarygrass (Phalaris arun
dinacea) exhibits allelopathic tendencies upon neighboring 
plants. Reed Canarygrass, is a perennial, winter hardy, drought 
and flood tolerant cool season grass. Invasion of this species has 
become a major concern from the wetlands of Minnesota through 
southern Missouri. Allelopathic effects of Phalaris arundinacea 
on Avena sativa germination and seedling growth were studied 
using extracts made from an emulsion of green and dead Phalaris 
arundinacea above ground growth and subsequent application of 
this emulsion to Avena sativa plants. This research was conduct
ed under greenhouse conditions with abundant light and constant 
temperature regulation. Results indicate that there is no signifi
cant effect upon Avena sativa germination and seedling growth 
rates (p>0.05). This study parallels research conducted October
November 1999 using Raphanus sativus. 

Ekong M., J.K. Eberhardt, M.E. Swartz, C.E. Krull. Division 
of Biological Sciences, University of Missouri-Columbia. 
USING IN ova ELECTROPORATION TO EXPRESS GFP IN 
AVIAN EMBRYOS DURING AXON PATHFINDING. Previous 
studies have demonstrated that the EphA4 receptor tyrosine 
kinase and its two ligands, ephrin-A2 and ephrin-AS, are 
expressed in complicated patterns during axon outgrowth to the 
avian hindlimb. To decipher the function of these molecules in 
axon pathfinding, we are using in ova electroporation to express 
dysfunctional forms of EpliA4 in motor neurons and their axons. 
As a first step, a DNA construct encoding Green Fluorescent 
Protein (GFP) was injected into the lumen of the neural tube and 
electroporated into embryos at two days of development (Stage 
14). In ova electroporation drives the GFP-encoding construct 
into neuroepithelial cells in only one half of the neural tube; the 
other half serves as an excellent control. To determine the spa
tiotemporal pattern of GFP expression, embryos at 48-123 hours 
post-electroporation were viewed using GFP optics. At 48 hours, 
GFP was present in developing motor neuron cell bodies on one 
side of the neural tube. At later stages, GFP was present in all 
motor neurons and their axons on one side of the neural tube that 
have extended to the hindlimb. These studies demonstrate that 
GFP can be localized to motor neurons and their axons, and that 
GFP can be visualized for at least five days after in ova electro
poration. These results form the basis for our current experiments 
in which we are expressing truncated forms of EphA4, and eval
uating the subsequent effects of disrupted EphA4-ephrin interac
tions on axon pathfinding. Supported by the Life Science 
Undergraduate Research Opportunities Program, University of 
Missouri-Columbia. 
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Ganley, B., J. Bhansali, J.S. Daniels, and K.S. Gates. 
University of Missouri, Columbia. REDOX-ACTIVATED, 
HYPOXIA-SELECTIVE DNA CLEAVAGE BY QUINOXA
LINE 1,4-DI-N-OXIDES. Quinoxaline 1,4 dioxides are well 
known antibacterial and antifungal agents that may be potential 
protoypes for modem, clinically promising heterocyclic N-oxide 
antitumor agents. To better understand the biological activity of 
the quinoxaline 1,4-dioxides we investigated their ability to 
cleave DNA through a redox-activated pathway in a well-defined 
in vitro assay system. Enzymatic activation of quinoxaline 1,4-
dioxide (QDNO) primarily yields the redox-inactive quinoxaline 
mono-N-oxide (QNO). Redox-activated DNA cleavage by 
QDNO that occurs with low sequence specificity, and is com
pletely inhibited under aerobic conditions and by common radi
cal scavengers. The need for redox activation of QDNO coupled 
with the inactivity of the metabolite, QNO, strongly support the 
hypothesis that DNA cleavage by QDNO proceeds through enzy
matic conversion of the compound to an activated, oxygen-sensi
tive radical intermediate. We have also extended our studies to a 
naturally occurring antibiotic 2-carboxyquinoxaline 1,4-dioxide. 
This natural product displays DNA-cleaving properties analo
gous to the parent compound, QDNO. Our work provides the 
first direct evidence that quinoxaline 1,4-dioxides are redox-acti
vated DNA--cleaving agents, and may provide a chemical basis 
for understanding the biological activity of this class of antitu
mor, antibiotic, and antifungal agents. Supported in part by 
Monsanto Corporation and the Arnold and Mabel Beckmann 
foundation. 

Gentry, B., N. Oehrle and D. Emerich. University of 
Missouri-Columbia. Soybean, the number one cash crop in 
Missouri, forms a nitrogen fixing symbiosis with the bacteria, 
Bradyrhizobium japonicum. Previous experiments have failed to 
indicate that attachment of B. japonicum to soybean is mediated 
by a specific bacterial species-host plant interaction. Our labora
tory discovered a rapid, multi-phasic attachment process that 
promises to resolve these previous ambiguous results. This assay 
suggests that there are four phases in attachment. Exposing plants 
to proteases before inoculation shows a significant reduction in 
the attachment of B. japonicum to soybean root hairs. This exper
iment shows that a protein found on the root hairs of the plant is 
involved in recognition, the first step of nodulation. Isolation of 
root hair proteins through sonication, precipitation, electrophore
sis and Western blotting has been performed. Western blotting 
experiments have identified the putative receptor protein on soy
bean root hairs that mediates binding of B. japonicum. 

Gerhardt, H.C. and G.M. Snyder. Division of Biological 
Sciences, University of Missouri-Columbia. INFLUENCE OF 
DURATION OF CALL ON PREFERENCE STRENGTH IN 
Hyla versicolor. Previous research has shown that when given 
the option between a mating call of short duration (in pulses per 
call) and one of longer duration, female Hyla versicolor show 
strong preference when the short-call alternative is well below 
average. A weaker preference occurs when the short-call alterna
tive is near the average pulses per call. In that study one short-call 
alternative had 10 pulses per call (subaverage) and the other had 
18 pulses per call (approximately average). The short-call alter-

native was tested against longer calls that differed by 10, 20, 30, 
and 50%. The specific aim of this study is to explore the effect on 
preference strength of using a short-call standard of intermediate 
duration (14 pulses per call). Females will be tested in an acoustic 
chamber and released directly between two speakers separated by 
2 m. Each synthetic alternative will be played alternatively three 
times. The female will then be free to move. Female choice will 
be determined by movement in the direction of either speaker (to 
within 50 cm of the speaker), as established in previous studies. 
These results will better quantify the overall preference function 
for call duration. Supported by the Life Science Undergraduate 
Research Opportunities Program, University of Missouri -
Columbia. 

Huerta, J.A. and M.L. Spratt. Department of Biology, 
William Woods University. Ehrlichia SPECIES IDENTIFIED 
IN IXODID TICKS BY POLYMERASE CIIAIN REACTION. 
We are assessing species of ticks from various MO counties for 
the presence of bacteria responsible for the ehrlichial diseases 
which are of increasing ·concern in both veterinary and human 
medicine. Vectors include Dermacentor variabilis, Amblyomma 
americanum and Ixodes scapularis, all Ixodid tick species found 
in Missouri, while the causative agents are small, obligate, 
intraleucocytic bacteria of genus Ehrlichia. At least nine 
Ehrlichia species have been identified, three of which have been 
found to cause human disease in the US: E. chaffeensis identified 
in 1986 as the cause of Human Monocytic Ehrlichiosis; the 
"HGE agent", cause of Human Granulocytic Ehrlichiosis identi
fied in 1994; and in 1999, four MO ehrlichial cases were traced 
to E. ewingii. Fatality is estimated at 2-5% for E. chaffeensis and 
7- 10% for HGE. Ticks have been collected from 30 MO coun
ties, both by sweeping vegetation in state/national parks and 
through cooperating veterinarians. Records are kept of county of 
origin, species, sex of tick, and host [where applicable]. DNA is 
extracted using a modified Marmur protocol. Using previously 
published primers, a nested PCR protocol first amplifies most of 
the 16s rDNA sub-unit; this DNA is then used for a second ampli
fication using various species-specific primers. Samples are visu
alized by gel electrophoresis on a 1.2% agarose gel. Of approxi
mately 210 individual ticks processed in 495 total PCR reactions, 
5.8% test positive for E. chaffeensis, 4% for the HGE agent, and 
1 % for E. ewingii. Tick species testing positive include: 67% 
Amblyomma americanum, 22% Dermacento variabilis and 11 % 
Ixodes scapularis. Data may be useful in protecting citizens 
against these potentially fatal emergent diseases. 

LaBarge J.L. and Milanick, M.A. Department of Physiology, 
University of Missouri-Columbia. EXTRACELLULAR 
PROBES OF THE NNK ATPASE. Cardiac glycosides found in 
Foxglove extracts produce positive inotrophic effects in cardiac 
tissue by inhibiting the sodium/potassium pump (Na/KATPase). 
We are currently investigating several drugs' interactions with the 
extracellular loops of the Na/K ATPase through radioactive 
rubidium (a potassium surrogate) influxes. Dichloroterpyridine 
platinum(II) (DCTP) (1 mM), a histidine modifier, did not inhib
it Rb influx even though there is a highly conserved histidine in 
an extracellular half of a transmembrane domain. DCTP did 
inhibit Ca ATPase and acetylcholinesterase. Rats bind cardiac 
glycosides less well in part because of an arginine in the binding 
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site. We hypothesize that modifying the arginine will increase 
ouabain binding to the rat red blood cell. P
Nitrophenylglyoxylate (1 mM), an arginine modifier, did not 
inhibit the Rb influx in human RBCs. We can now test whether 
NPG modifies ouabain binding or pump activity in rat RBCs. 
Ultimately, the changes in ouabain binding to the Na/K ATPase 
after drug modification will help clarify the mechanism behind 
N a/KATPase resistance to cardiac glycosides in rats and perhaps 
in a subset of human non-responders. Supported by Life Sciences 
Undergraduate Research Opportunities Program, University of 
Missouri-Columbia. 

Martin, R.I., and M.R. Enochs. Department of Sciences, 
Central Methodist College. THE EFFECT OF STRESS ON 
CALRETICULIN LEVELS IN RATS. Previous studies have 
shown that stress raises the incidence of flare-ups in patients with 
Lupus erythematosus. In addition, Lupus patients have elevated 
levels of Calreticulin (CRT). This study was designed to test 
whether stress is responsible for elevation of CRT levels in nor
mal rats. Rats were divided into groups of six, one group 
remained unstressed and the other group was stressed at five
minute intervals by swimming. CRT levels were measured by an 
ELISA, which was developed using rabbit anti-human CRT and 
anti-rabbit IgG, heavy and light chain (Goat) Perosidase 
Conjugate. Mean absorbance value at 450 nm at five minutes for 
the control rats was .7024 and for stressed rats was .7143. Mean 
absorbance value at 10 minutes for the control rats was .7021 and 
for the stressed rats was . 7183. These differences were not sig
nificant. Future studies should examine effects of greater stress 
and look for binding of calreticulin to other serum proteins. 

Maue, A.; B. Puttler; G.A. McDonald. Department of 
Medical Microbiology and Immunology, University of 
Missouri-Columbia & Department of Entomology, 
University of Missouri-Columbia. USE OF POLYMERASE 
CHAIN REACTION IN DETECTING Wolbach/a postica. 
Wolbach/a postica is an intracellular symbiont of many insects, 
including the alfalfa weevil (Hypera postica). W. postica is pres
ent in some Western strains of this insect, while it is absent in 
Eastern strains. This is important because it has a correlation in 
Western strains with resistance to a natural predator, the wasp 
Bathyplectes curculionis. This study was conducted in order to 
produce a viable detection procedure to identity the presence or 
absence of W. postica in alfalfa weevils. Weevils were subjected 
to an extraction procedure that was developed by us. The result
ing DNA containing supernatant was then further prepared 
through the Qiagen DNA purification system. The weevil sam
ples were then individually subjected to the polymerase chain 
reaction (PCR). Five microliters (mL) of sample DNA, 8 mL of 
designed primers, and 37 mL of distilled water were used in con
junction with 50 mL of PCR Master Mix. These solutions were 
then put through 40 PCR cycles. After amplification, the DNA 
was precipitated in 300 mL ethanol and 10 mL sodium acetate. 
The samples were precipitated to form pellets, which then could 
be rehydrated with 35 mL of distilled water. Buffer was then 
added to the samples and the samples were subjected to agarose 
gel electrophoresis. Currently, we are testing Missouri alfalfa 
weevils using the Western strains as positive controls. Supported 
by the Life Sciences Undergraduate Research Opportunities 

Program. University of Missouri-Columbia. 

Mayer, V., C. Brock and J. Woslery. Department of Biology, 
Rockhurst University. THE INTEGRATED DESIGN AND 
DEVELOPMENT OF INSECT FEEDING DETERRENTS. 
Bioassays of plant extracts and synthetic compounds have been 
conducted in the previous years to determine their potential as 
feeding deterrents for insects that normally feed on stored grain 
products or live plants. The current research is a cooperative 
effort between students in the departments of Chemistry and 
Biology. Bioassays were conducted using larvae of Tenebrio 
molitor in both choice tests and weight gain tests. The choice 
tests consisted of the meal worms ( 40 per group) being given a 
choice between treated and untreated bran meal. Measures of 
feeding preference were made. Feeding was also measured by 
initial mealworm average weight and mealworm average weight 
after feeding. Results suggest that alkynes by themselves and in 
combination with sublethal doses (lOOppm) of the commercially 
available insecticide sevin do show feeding deterrent activity. 
The mechanism appears to involve alkyne destruction of 
cytochrome P-450. 

Montgomery, M. and M.D. Kirk. Division of Biological 
Sciences, University of Missouri-Columbia. DISSOCIATED 
ARTERIAL CELLS ISOLATED FROM Aplysia HAVE NEU
ROTROPHIC ACTIONS ON REGENERATING NEURONS IN 
CULTURE. Soluble and substrate factors influence axonal 
growth and synapse formation during development and regener
ation. We have grown in culture cells dissociated from the ante
rior aorta of the sea slug Aplysia, and tested the influence of these 
dispersed arterial cells on neurite regeneration of co-cultured 
Aplysia neurons. A 2cm section of the anterior aorta was removed 
from 90-125gm Aplysia, digested in collagenase, rinsed, plated 
on poly-L-Lysine treated glass coverslips, and grown in 
Leibowitz L-15 medium supplemented with glutamine, salts and 
sugar (SL-15). In some cases arterial cells were plated on only 
one half of the coverslip. Neurons dissociated from the pleural
pedal ganglia of juvenile (10-20 gm) Aplysia were plated over the 
entire surface of the coverslips. Neurons grown in co-culture 
exhibited significantly higher outgrowth compared to controls, 
and the effects were observed on both sides of coverslips that had 
arterial cells plated on only one half of the surface. These results 
suggest that the factor(s) that mediate the neurotrophic actions 
are soluble. Supported by NIH grant R01N530832, and an MU 
Research Council grant. 

Palmer, I. V. Department of Biochemistry, University of 
Missouri-Columbia. MAMMALIAN ER-GAMMA. Estrogen 
plays a vital role in many physiological and pathological process
es such as cardiovascular disease, breast cancer, prostate cancer, 
and reproductive physiology. Estrogen action is mediated by 
binding to estrogen receptors (ER). Genes for two estrogen 
receptors, ER and ER , have been identified in mammals. 
However, studies have indicated that cells remain partially 
responsive to estrogens in the absence of these two receptor 
forms, leading to the hypothesis that a third estrogen receptor is 
present in mammals. To test this hypothesis, we have designed a 
series of PCR primers based upon unique, conserved sequences 
in the ERs of various fish species. The ER found in fish is encod-
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ed by a sequence that is distinct from the mammalian ERs. Based 
on phylogeny, a homologue of the fish ER may be present in 
mammalian DNA. PCR using the fish-based oligo primers will 
be used to amplify mouse genomic DNA to search for additional 
ERs. The PCR products of interest will be sequenced and com
pared to GenBank for known proteins encoding regions. A match 
between the newly sequenced mammalian ERs and the fish ERs 
would indicate the potential identification of a third mammalian 
ER. Identification of a third ER would have a major impact in the 
fields of cancer and reproductive research ranging from estrogen 
resistant tumors to developmental abnormalities. Supported by 
LSUROP, UMC. 

Redwine, W.B., and G. Hagen. Department of Biochemistry, 
University of Missouri-Columbia. CLONING A HISTONE 
DEACETYLASE GENE FROM Arabidopsis thaliana FOR 
ANTIBODY WORK. Previously a member of our lab produced, 
and analyzed mutant Arabidopsis thaliana plants through muta
genesis experiments. One group of mutants has mutations within 
a his tone deacetylase gene on chromosome 5. The purpose of this 
project is to clone a full length and a partial length copy of a his
tone deacetylase open reading frame. Both a full length and a par
tial, 3', 80 amino acid coding fragment were amplified with 
primers by way of PCR. The primers contained restriction sites 
that allowed the fragments to be incorporated into a protein 
expression vector. This vector allows high amounts of the protein 
to be synthesized in particular strains of Escherichia coli. 
Isolated protein can then be used to obtain antibodies to isolate 
proteins that interact with deacetylases, further elucidating path
ways and mechanisms. Currently both a full length and a partial 
fragment have been isolated and cloned into the expression vec
tor. We are currently sequencing the constructs before we isolate 
protein for antibodies. 

Regni, C., P. Tipton and L. Beamer. Department of 
Biochemistry, University of Missouri-Columbia. STRUC
TURE DETERMINATION OF AN ENZYME IN ALGINATE 
BIOSYNTHESIS Mucoid strains of the bacteria Pseudomonas 
aeruginosa secrete alginate, a linear polymer composed of b-D
mannuronate and a-L-guluronate residues. Alginate forms a vis
cous coating around the bacteria, and protects it from the host's 
immune response and antibiotic therapy. While the pathway for 
alginate biosynthesis has been defined, the enzymes involved 
have not been characterized in detail, and no detailed structural 
three-dimensional information is available. A key enzyme in the 
initial steps of the alginate pathway, phosphomannomutase/phos
phoglucomutase (PMM/PGM) has been crystallized in our labo
ratory. PMM/PGM converts mannose 6-phosphate to mannose 1 
-phosphate and is encoded by the algC gene. PMM/PGM crystal
lizes in space group P212121 with unit cell constants of a=70.89, 
b=73.03, and c= 92.40 A. The structure of PMM/PGM was 
solved by MAD phasing to 2.2 A resolution. The model is cur
rently being refined to 1.7 A. Details of the structure solution and 
an analysis of the active site will be presented. Supported by Life 
Sciences Undergraduate Research Opportunities Program. 

Reynolds, A.M., K.M. Silkwood, M.R. Enochs and A. Spevak. 
Department of Science, Central Methodist College. PHYSIO
LOGICAL RESPONSES TO OLFACTORY STIMULATION 

BY PHEREMONES. This study was designed to help determine 
if humans respond to pheromones as animals do. Pheromones are 
given off as an attractant to find a suitable mate. Estradiol or 5a
Androst- l 6en3a-ol were dissolved in a 1to5 ratio of ethanol and 
water, then heated to make volatile. Eleven by percent or 5a
Androst-16en3a-ol was used as the male pheromone, while the 
same concentration of Estradiol was used as the female 
pheromone. Ten males and eight females were used. All females 
were on oral contraceptives and were tested during the second 
week of the cycle. Using a physiograph pulse rate and galvanic 
skin resistance were measured. Temperature was also taken every 
minute. Subjects were exposed sequentially to the pheromone 
solution and the ethanol water control solution. Temperature and 
skin resistance, responses were inconclusive. In 7 out of 10 males 
a small increase pulse rate occurred. None of the females 
responded to 5a-Androst-16en3a-ol. These preliminary results 
suggest that estradiol may be a weak female pheromone. 

Silkwood, K.M. and M.R. Enochs. Department of Sciences, 
Central Methodist College. ANTIBACTERIAL EFFECTS OF 
Achillea millefolium AGAINST Escherichia coli; Historically A. 
millefolium (yarrow) has been used to treat wounds of soldiers, 
specifically to coagulate blood. This study was designed to deter
mine whether yarrow has antibacterial properties as well. Yarrow 
was prepared using both a 4.3% w/v boiling water extract (infu
sion) and a 4.3% w/v ethyl alcohol (200 proof) extract (tincture). 
The effects of the extracts on the bacterial growth were deter
mined by a standard plate count. Doses of infusion or tincture 
ranged for Oml to 2.Sml per Sml incubation broth. There was no 
bacterial growth with any dose of tincture, including the zero 
control, indicating that alcohol was responsible for inhibition of 
growth. At the highest dose of infusion, growth was inhibited 
20%. These results suggest potential use of yarrow as an antibac
terial agent. 

Subramanian, S. and T.E. Phillips. Department of Biological 
sciences, University of Missouri-Columbia. ROLE OF IL-8 IN 
INCREASED HT29-N2 CELL DIFFERENTIATION. The 
human colon adenocarcinoma HT29-18N2 cell line forms a 
monolayer of well-differentiated goblet cells when grown in a 
protein-free culture medium. Previous work had shown that 
cyclosporine increases the differentiation of these cells by an 
average of 94%. Cyclosporine also increases the autocrine secre
tion up to 0.36 ng/ml interleukin-8 (IL-8) from these cells. We 
hypothesized that cyclosporine increased HT29-18N2 cellular 
differentiation by inducing autocrine stimulation mediated by IL-
8. To test this hypothesis, we examined the ability of exogenous 
IL-8 to modulate differentiation of HT29-18N2 cell line. Cells 
were grown on glass coverslips and fed every other day with 0, 
0.3, 3.0, or 30 ng/ml IL-8 for 14 days. Following fixation and 
embedding in plastic resin, 0.9 um semi-thick cross-sections 
were prepared and stained with safranin 0 and Hematoxylin. 
Computer assisted morphometric analysis was used to quantify 
intracellular mucin stores as a measure of differentiation. Cells 
treated with 3.0 and 30 ng/ml IL-8 showed a small (15-18%) 
increase in differentiation. This result suggested that the increase 
in differentiation evoked by cyclosporine might be partially 
mediated by autocrine secretion of IL-8. To further test our 
hypothesis, we looked at two other agents which are known to 
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increase IL-8 secretion by our cell line, TNF a and IL--1. We 
found that neither of these drugs increased differentiation of 
HT29-18N2 cells. We conclude that cyclosporine induced differ
entiation of these cells is not mediated by IL-8. 

Tesar D.B. and C.E. Krull. Department of Biological 
Sciences, University of Missouri-Columbia. SEGMENTAL 
ORGANIZATION OF AXON OUTGROWTH: ROLES FOR 
PNA-BINDING GLYCOPROTEINS AND EPHRIN-Bl. During 
neural development outgrowing spinal motor axons extend from 
the developing neural tube and into the adjacent mesodermal 
somites in a distinctive segmental pattern, entering freely into the 
rostral somite while being restricted from entering the caudal 
somite. This segmental arrangement of spinal nerves provides a 
relatively simple system in which to study the various positive 
and negative factors that influence axon pathfinding. Two partic
ular glycoproteins that bind the plant lectin peanut agglutinin 
(PNA) are localized within the caudal somite and have been 
shown to induce the collapse of axonal growth cones in vitro. 
Here we demonstrate that blocking the function of these glyco
proteins via the addition of PNA in avian trunk explants is suffi
cient to instigate defects in proper axon segmentation in approx
imately 60% of treated cultures. These defects include decreases 
in axon fasciculation and invasion of some axons into the caudal 
somite, which they would normally avoid. Biochemical analysis 
via SDS-PAGE and Western blot shows that these two glycopro
teins are distinct from ephrin-Bl, a ligand for Eph RTKs that is 
involved in the segmental organization of neural crest migration. 
Furthermore we demonstrate that inhibiting the function of EphB 
RTKs via the addition of ephrin-B 1--Fc fusion proteins plus PNA 
leads to no observable increase in the axon pathfinding defects 
compared to cultures treated with PNA alone. These results sug
gest that inhibitory signals from the caudal somite are mediated, 
at least in part, by two PNA-binding proteins localized within this 
region and do not involve signaling from EphB RTKs. Future 
experiments will investigate the potential functions of EphA 
RTK-ephrinA interactions and NCAM (neural cell adhesion mol
ecule) in the proper formation precise structures within the verte
brate nervous system. 

Walker, A. W., A. Ealy and R.M. Roberts. Department of 
Animal Science, University of Missouri-Columbia. PRODUC
TION OF RECOMBINANT INTERFERON-TAU IN MAM
MAILIAN CELLS: THE EFFECT OF GLYCOSYLATION ON 
BIOLOGICAL ACTIVITY. Interferon-tau (IFN-t) promotes the 
continuation of pregnancy in ruminants, such as cattle, sheep, 
goats and deer, by preventing the regression of the corpus luteum. 
Both glycosylated and unglycosylated forms of IFN-t are present 
and recombinant forms of nonglycosylated ovine and bovine 
IFN-t have potent biological activity. However, a recent study has 
shown that glycosylation of human lFN-t improved its antiviral 
activity. This study was undertaken to determine whether glyco
sylation affects the biological activity of IFN-t., Three cDNA 
were chosen for study. Two cDNA (ovine t6d, bovine tla) code 
for proteins with an N-glycosylation site at ASN78, while the 
third cDNA (ovine t4) lacks this site. Coding regions for all 
cDNA were cloned into pSecA mammalian expression vector 
(Invitrogen). Chinese hamster ovary fibroblasts were transfected 
with plasmids and stablely transfected lines were selected based 

on their resistance to hygromycin. Proteins from all three IFN-t 
forms were detected in the culture medium by using western blot
ting with IFN-t-specific antiserum and by using antiviral assays. 
The molecular weight of ovine t4 was approximately 5 kDa less 
than that of ovine t6d and bovine tla. N-linked glycosylation was 
responsible for this increase in mass as treatment with PNGase F, 
an N-linked deglycosylating agent, reduced the size of ovine t6d 
and bovine tla to that of ovine t4. Efforts are now concentrating 
en purifying the IFN-t by affinity chromatography with an IFN-t 
antibody. After purification, antiviral assays will be used to 
determine whether glycosylation alters the bioactivity of these 
proteins. Supported by LS DROP, UMC. 

White, T.A., J.C. Polacco and M.E. Hoyos. Department of 
Biochemistry, University of Missouri-Columbia. DETERMI
NATION OF ARGININE TRANSPORTER IN Escherichia coli. 
In germinating seedlings it has been proven that the amino acid, 
arginine, is broken down by an enzyme sequestered in the mito
chondria, arginase. The focus of this study is by which mecha
nism this arginine is transported into the mitochondria for break
down. To "see" this transporting mechanism, we will use E. coli 
mutants that cannot transport arginine and characterize the 
altered gene. To find these mutants 1st) we will grow E. coli on a 
medium containing arginine as its sole nitrogen source for 
growth. 2nd) we will mutate these E. coli by transpositional 
mutagenesis. 3rd) we will select for the arginine transporter 
mutant by growing.it on canavanine (a toxic analog to arginine 
and, if utilized, will inhibit growth). The E. coli that grow on 
canavanine will be resistant. They will have a mutation in their 
arginine transporter, and should not be able to utilize arginine as 
its sole nitrogen source. Once the strain is confirmed, we can then 
introduce arginine transporter genes from plants. This should 
cause the transporting mechanism to, once again, become func
tional . Supported by the LSUROP, University of Missouri
Columbia. 

Woods, D., G.Y. Sun and A. Simonyi. Department of 
Biochemistry, University of Missouri-Columbia. EFFECTS 
OF ETHANOL AND GRAPE POLYPHENOLS ON MRNA 
LEVELS OF PHOSPHOLIPASE A2 IN MALE RAT BRAIN. In 
previous studies, it has been shown that grape polyphenols (GP) 
could reduced the neurodegenerative effects of ethanol on male 
Sprague Dawley rat brains. Our study was undertaken to exam
ine the effects of ethanol and/or GP on phospholipase A2 (PLA2) 
expression. PLA2 has many functions including response to 
inflammatory stimuli in the brain, in this case caused by ethanol 
consumption. The rats were divided into four groups, each fed a 
different diet: control, GP supplementation, ethanol, GP and 
ethanol. The rats were decapitated. The brains were kept at -
80°C until cut in a cryostat at -20°C. In situ hybridization was 
then performed using radioactively labeled probe for PLA2. An 
image analysis system was used to determine mRNA levels in 
different areas of the brain. Data analysis is still in progress. It 
is hoped that results from this study will further suggest the pro
tective properties of GP in neurodegenerative diseases simulated 
here by ethanol. Supported by the Life Sciences Undergraduate 
Research Opportunities Program, University of Missouri -
Columbia. 
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Wunsch, M., S. Vasquez-Santana, A. Ippolito and T.P. 
Holtsford. Division of Biological Sciences, University of 
Missouri-Columbia. THE ROLL OF POST-POLLINATION 
PROCESSES IN CREATING AND MAINTAINING SPECIES 
DIVERSITY IN Nicotiana. Nicotiana alata, N. bonariensis and 
N. forgetiana are interfertile species that grow sympatrically and 
parapatrically throughout southern Brazil, but they form no 
hybrids in the wild. Pollinator discrimination does not fully 
explain the lack of hybridization, raising the possibility that dis
crimination against interspecific pollen is occurring within 
Nicotiana styles and ovaries after pollination. To examine the 
role of post-pollination processes in preventing hybridization, we 
performed three tests. Pollinations with 50 percent interspecific 
and 50 percent intraspecific pollen were completed, and the Fl 
progeny were grown to determine the proportion of hybrid off
spring produced. Pollinations of 100 percent interspecific pollen 
and 100 percent intraspecific pollen were performed, and the 
number of seeds produced was analyzed. A second set of pollina
tions of 100 percent interspecific pollen and 100 percent 
intraspecific pollen were performed, and the styles were harvest
ed to analyze pollen tube growth rates. A proportion of hybrid 
offspring below 50 percent, slower interspecific than intraspecif
ic pollen tube growth, and reduced hybrid seed sets would sug
gest that discrimination against interspecific pollen is occurring. 
Supported by the Life Sciences Undergraduate Research 
Opportunities Program, University of Missouri-Columbia. 

Zweifel, A., S.A. Ha, and S.F. Nothwehr. Department of 
Biological Sciences, University of Missouri-Columbia. 
CHARACTERIZATION OF THE STATIC RETENTION SIG
NAL OF A YEAST GOLGI MEMBRANE PROTEIN. A-ALP, a 
model protein which consists of the cytoplasmic domain of 
dipeptidyl aminopeptidase A and the transmembrane and lumenal 
domains of alkaline phosphatase is a resident protein of the trans 
-Golgi network (TGN) in yeast. A-ALP is localized to the yeast 
TGN by two independent mechanisms: static retention and 
retrieval from a post-TGN compartment. A mutant form of A
ALP, called A(F->A)-ALP is specifically defective in the 
retrieval mechanism and is slowly mislocalized to the vacuole 
where it is cleaved and becomes enzymatically activated. 
Previous experiments have demonstrated that the static retention 
signal partially resides between residues 2-11 and anA(F->A,D2-
11 )-ALP double mutant protein is mislocalized rapidly to the vac
uole. This provides evidence that a signal for the static retention 
mechanism exists, independent of the retrieval signal. In order to 
more thoroughly characterize the static retention signal, the plas
mid encoding A(F->A)-ALP was subjected to mutagenesis by 
PCR. The mutagenized plasmids were transformed into yeast and 
the localization of the mutated A(F->A)-ALP is currently being 
investigated. Supported by the Life Sciences Undergraduate 
Research Opportunities Program, University of Missouri
Columbia. 

Chemistry Section 

Aide, M., K. Anderson, M. Palmieri, C. Smith, S. Tomlinson, 
J. Thompson, and D. Wildharber. Department of 
Geosciences, Southeast Missouri State University. SURVEY 

OF HEAVY METAL DEPOSITION ON FLOODPLAINS OF 
THE MISSISSIPPI RIVER. We conducted a study to determine 
if heavy metal deposition has occurred on floodplain soils of the 
Mississippi River in Cape Girardeau Co., MO. Two soil sites 
were selected and soil pits were excavated to classify the soils 
and provide samples for heavy metal contamination. Routine soil 
chemical characterization was supplemented with X-ray diffrac
tion, an aqua regia digestion with ICP determination of 33 ele
mental concentrations and instrumental neutron activation analy
sis for rare earth element concentrations. Differences in soils 
were attributed to their natural levee and backswamp positions. 
In general, heavy metal contents did not appear to increase 
because of industrial activities and are equivalent to those con
tents in samples deposited prior to European settlement. Lead 
was the only metal that may have slightly elevated concentrations 
because of human influences. 

Baldwin, N. and S. Sarkar. Department of Chemistry and 
Physics, Central Missouri State University. CONNECTING 
ORCANTC CHEMISTRY THOROUGH A STUDENT 
DESIGNED WEB SITE. The World Wide Web is currently being 
used as a supplement to enhance 1 earning of organic chemistry. 
The purpose of this project is two-fold: to improve upon the web 
designs that have been used, and to use a unique student per
spective to make introductory organic chemistry more connected 
and student-friendly. A team approach is being used to design the 
site (URL: www2.cmsu.edu/orgchem). The site is constructed by 
a student, who has prior experience in organic chemistry, with 
input from the professor and from ongoing evaluations of other 
organic chemistry students. The site is designed in an effort to 
ensure ease of navigation, to supply comprehensive yet concise 
information, and to provide more interactive ways of learning 
that are compli-mentary to the textbook and the lectures. Links 
are provided to relevant, contextual materials to facilitate con
nection and to improve student attitude. This presentation will 
address issues regarding the selection of both the content and the 
method of design. 

Buencamino R.B.1 and J.J. Tanner2. Department of 
Chemistry2 and Department of Biochemistryl, University of 
Missouri-Columbia. Glyceraldehyde-3-phosphate dehydroge
nase (GAPDH) is best known for its role in glycolysis, where it 
catalyzes the conversion of D-glyceraldehyde-3-phosphate to 
1,3-bisphosphoglycerate. The trypanosomes that cause African 
sleeping sickness, Chagas' disease, and some forms of leishma
niasis depend heavily on glycolysis for energy, thus, GAPDH is 
an important drug design target. Moreover, recent evidence 
demonstrates that mammalian GAPDH plays a role in membrane 
fusion microtubule bundling, phosphotransferase activity, 
nuclear RNA export, DNA replication and DNA repair. We are 
studying a thermostable GAPDH to understand the interplay of 
structure, function, and stability. We recently collected 1.65 A 
data from a frozen crystal of GAPDH with NAD bound. A sec
ond 1.8 A data set was obtained from a frozen crystal of GAPDH 
with NAD and phosphate bound. The structures were solved by 
isomorphous replacement using the room temperature 2.5 A 
structure. The new structures will provide information on the 
conformational changes caused by phosphate binding and the 
structural basis of thermostability. These structures are currently 
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being refined with X--plor. Supported by the Life Sciences 
Undergraduate Research Opportunities Program, University of 
Missouri-Columbia. 

Hilgenbrink, A.R., J.R. Beck and D.B. Riederer. Department 
of Chemistry, University of Missouri-Columbia. DISSOCIA
TION OF PROTONATED PEPTIDES VIA SURFACE COLLI
SIONS IN A TIME-OF-FLIGHT MASS SPECTROMETER. 
Mass spectrometry is an important tool for providing molecular 
weight and structural information about biomolecules. We have 
recently implemented the use of surface-induced dissociation 
(SID) in a time-of-flight mass spectrometer to obtain structural 
information about peptides. The dissociation of several protonat
ed peptides/proteins, including cyclo(His-Phe), cyclo(Pro-Gly)3, 
bradykinin and bovine insulin, have been studied. Fragmentation 
was induced by colliding the parent ion into a perfluoropolyether
coated surface at energies ranging from 30-2000e V. Previous SID 
studies on small molecules and on peptide backbone fragments 
have shown that the degree of fragmentation is controlled by the 
collision energy. In the present study, which focuses specifically 
on low mass immonium ions containing amino acid side chains, 
it was found that the degree of fragmentation depends on colli
sion velocity. The collision energy ranges over which immonium 
ions are produced from bovine insulin (MW 5800) and 
cyclo(His-Phe) (MW 284) are 1000-2000eV and 65-lOOeV, 
respectively. While the collision energies are very different, both 
correspond to velocities in the range of 6500-8000 mis. This sug
gests that the dynamics of energy transfer leading to the frag
mentation of immonium ions is different from that of peptide 
backbone fragments. Supported hv the Life Sciences 
Undergraduate Research Opportunities Program, University of 
Missouri-Columbia. 

Huang, G., S.S. Jurisson, M. Venkatesh, and J.D. Lydon. 
Department of Chemistry, University of Missouri-Columbia. 
Synthesis, characterization and radiochemistry of Au(II~ com
plexes with tetradentate Schiff base lignads. Gold-199 ( 99 Au) 
has potential for use in radiopharmaceuticals for treating cancer 
because it emits both a 13- particle and y ray. The 13- particle has 
a short range over which it deposits its energy while the y ray is 
suitable for imaging. In this study, we investigated the chemistry 
and radiochemistry of Au(III) with the tetradentate Schiff base 
lignads, N,N' -propylenebis(salicylideneimine) (H2Sal2pn) and 
N,N'ethylenebis(salicylideneimine) (H2Sal2en). In this initial 
phase of the project, we synthesized and fully characterized two 
Au(III) Schiff base complexes ([AuSal2pn]+ and [AuSal2en]+ ), 
using tetrabutylammonium tetrachloroaurate (TBA-AuC14) as 
the starting material. We carried out radiochemical studies at the 
tracer level (using 198 Au) with one of the Schiff base ligands 
(H2Sal2pn) and the results concur with our non-radioactive 
Au(III) studies. We analyzed the Au(III) complexes by thin layer 
chromatography (TLC), infrared (IR) UV-visible, NMR spec
trometry and x-ray crystallography. BothAu(III) complexes were 
found to be square planar four coordinate cationic complexes 
having the form [AuSal2pn]'PF6 and [AuSal2en]'PFfr 

Kuther, S.J., H.L. Milligan, and B.S. Ross. Department of 
Chemistry, Cottey College. SYNTHESIS OF 4,4' -DINITRO
AND 4,4'-DIAMINO- DERIVATIVES OF CHAIN-TYPE 

POLYPHENYL COMPOUNDS. We are interested in the interac
tion of chain-type polyphenyl compounds with clay minerals. 
The purpose of this study is to develop a synthetic strategy for 
synthesis of aromatic chain compounds of the general formula 
H2N-(Ph)n-NH2 (n=3,4,5,6 .. ). Compounds in which n = 1 and 2 
are commercially available. Our recent effort is focused on the n 
= 4 molecule. Reaction of 4,4' -diiodobiphenyl with 4-nitroben
zoic acid in the presence of copper (I) oxide and quinoline at 
220°C yields the desired 4,4' -dinitroquaterphenyl in low yield. 
The dinitro- compound can readily he converted to the diamine
by reduction with elemental tin. Several transition metal-promot
ed cross-coupling reactions of aryl halides have also been inves
tigated, with mixed results. 

Mitchell, A., A. Cook and G.O. Gray. Department of 
Chemistry and Physics, Southwest Baptist Universitv. SPEC
TROPHOTOMETRIC DETERMINATION OF THIO
CYANATE IN HUMAN SALIVA AND HUMAN TEARS. 
Thiocyanate (SCN 1-) is thought to confer antimicrobial activity 
to saliva and tear via the peroxidase-thiocyanate-hydrogenperox
ide system. Other studies have shown the presence of thiocyanate 
(0.5-2 mM) in saliva and tear using assays of peroxidase activity 
or by spectrophotometric determination (saliva alone) of the red
colored FeSCN2+ complex. This study was conducted to deter
mine simultaneously the SCN 1- levels in human tear and saliva 
and to ascertain whether significant differences in SCN 1- con
centration existed in these two fluids. Forty-eight samples (24 
male; 24 female) of human saliva and human tears were obtained 
from volunteer subjects and treated with Fe(N03)3_ containing 
solution. Simultaneously, a standard curve was prepared by com
bining known amounts of Fe(N03) with KSCN and measuring 
the absorbance due to formation of FeSCN2+. Absorbances of 
the Fe(N03)3_ treated tear and saliva samples were compared to 
the standard curve to determine the FeSCN2+ content. 
Thiocyanate concentrations in the tear (5.9 mM; male and 
female) were determined to be 3.7-times the levels observed in 
saliva (1.6 mM) 

Zurovac, J., H.L. Milligan, and B.S. Ross. Department of 
Chemistry, Cottey College. INTERCALATION OF DIAMMO
NIUM CHAIN-TYPE POLYPHENYL COMPOUNDS IN A 
SMECTITE CLAY MINERAL. We are interested in the interac
tion of organic molecules with phyllosilicate clay minerals. In 
this study, we examine the expansiveness of a smectite clay 
(Swy-2) upon intercalation with a series of rigid, aromatic chain 
compounds of the general formula Me3N-(Ph)n-Nme32+ 
(n=l,2,3,4). Intercalation of the chain compound is accomplished 
through displacement of Ca(II) by the aromatic diammonium 
cation on the Swy2 clay. The response of the clay to intercalation 
is monitored through x-ray diffraction spectrometry. In all cases 
(n=l,2,3,4) the d-space of the intercalated sample remains con
stant at 1 5. IA. This d-space value is of the order expected if the 
organic molecule is aligned with its major axis coplanar with the 
sheets of the smectite clay. The calculated surface area of the 
SWy2 clay is 17 5 A 2 per charge site. Molecular modeling has 
been used to determine the surface area of the aromatic chain 
compounds to be 38, 58, 76, and 95 A2 for n=l,2,3 and 4 respec
tively. These values are consistent with a coplanar alignment of 
the molecules with the clay sheets. 
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Physics Section 

Fuller, B., C. Doudna, and M. Teig. Department of Physics, 
University of Missouri-Rolla. QUANTIZED CONDUC
TANCE IN COLD NANOCONTACTS. An experiment was per
formed at room temperature demonstrating that nanosized con
tacts were created between two wires in loose contact. This 
resulted in quantized values of conductance in the nanocontacts. 
A small curreht on the order of 10 mA was passed through two 
gold wires that were brought into and out of contact with each 
other by means of a slight vibration. The current was converted 
to voltage and read on a storage oscilloscope. By this method, 
quantized voltages were observed on a microsecond scale during 
individual contact breaks. By creating a histogram of many con
tact breaks, conductance peaks appeared at integer multiples of 
2e2/h, thus confirming the existence of nanosized contacts 
between the wires. 

Maune, B., and C. Doudna. Department of Physics, 
University of Missouri-Rolla. A SURVEY OF HIGH-TEM
PERATURE YBCO SUPERCONDUCTOR PROPERTIES. 
High-temperature YBa2Cu307 (YBCO) superconducting pellets 
were fabricated and used to demonstrate three properties of 
superconductors. First, we investigated the force of repulsion 
between a superconductor and a neodymium permanent magnet 
by using an electronic balance. Next, we observed the Meissner 
effect with an AC susceptometer. Here, the magnetic flux exclu
sion by the superconducting pellets was detected by placing the 
pellets within an induction coil and by measuring the coil's 
change in inductance as a function of temperature. The super
conductors' critical temperature was determined by an abrupt 
decrease in the coil's inductance. These critical temperature 
results are compared with results obtained via a four-point resist
ance measurement across the superconductors where the critical 
temperature is when the superconductors resistance drops to zero. 

Stratman, C.S., B.H. Bozarth, and K.D. Winkler. Department 
of Physics, University of Missouri-Rolla. THERMAL HYS
TERESIS IN DC RESISTIVITY OF CARBON-60. This work 
investigated the resistance of C60 as a function of temperature. A 
sample of C60 was made using a reaction chamber that would 
allow an electrical arc to be produced across two graphite elec
trodes in a 100 Torr helium environment. Production of 
fullerenes was confirmed by an infrared spectrum of a sample. A 
thin layer of C60 was placed in a slit cut into a rectangular piece 
of copper-coated circuit board. This board was then cooled and 
heated from 150K to 450K. Resistance measurements showed the 
presence of a dip in resistance on the order of four orders of mag
nitude near 290K when the sample was heated but not when it 
was cooled. 

Zirbel, J., B. Fuller, and C. Stratman. Department of Physics, 
University of Missouri-Rolla. A STUDY ON THE CRYSTAL 
STRUCTURE AND TEXTURE OF TUNGSTEN. This paper 
presents an experiment that examines the crystal structure of 
tungsten and how it changes when annealed. Several samples of 
thin tungsten ribbon and tungsten mesh were heated in vacuum 
by passing an electric current through them. For each sample, the 

temperature and length of time of heating was varied. The sam
ples were tested for crystal structure and texture using an x-ray 
diffractometer. The crystal structures of the samples were com
pared. Next, the samples were placed in the high flux gamma 
field of a nuclear reactor for varying amounts of time. These sam
ples were then tested for radiation damage using an x-ray dif
fractometer. 

Behavioral and Social Sciences Section 

Morton A.M., K.A. Fischer* J.C. Kixmiller and P. Lall. 
Department of Agriculture, Central Missouri State 
University. PRICE ADJUSTMENT IN SOYBEAN FUTUES. 
The rates of adjustment of futures and cash prices to delivery
date futures price are very useful to farmers and traders in fore
casting the futures price at specific delivery dates. Regression 
analysis was used to determine the rate of adjustment of lagged 
futures and current and lagged cash prices to the delivery-date 
futures prices of soybean using monthly data. The data set cov
ered the period January 1996, to January 2000. One-month lags 
were used for both the futures and cash prices. Results indicated 
that for futures prices, prices lagged more that one period from 
the delivery date were not significant and consequently were not 
useful in tracking the delivery-date futures. For the cash price, up 
to two lags were significant. While the absolute value of the coef
ficient suggest that the rate of adjustment improves as the pre
dictor price approach the delivery-date price, there appears to be 
considerable variation in the prices about the expected delivery
date futures price. Similar results were obtained for the cash 
prices as well. Further analysis will be done to determine whether 
the price variation becomes smaller and the consistency 
improved as the delivery-date price is approached. 

Rowden, D. and K.A DeBord. Department of Social and 
Behavioral Sciences, Lincoln University. ASSESSING 
INTERVENTIONS: WHAT FACTORS AFFECT BIPHOBIA 
AND COLOR-BLINDNESS? Much of the published literature 
on college students' attitudes regarding cultural diversity has 
either focused on potentially influential institutional variables 
(e.g., whether or not an institution offers a diversity course) or 
upon untested classroom interventions. The current investigation 
responded to the gaps in the current literature by examining how 
a standardized course (e.g., common syllabi, common texts) on 
cultural diversity influenced college students' scores on a meas
ure of covert racism (i.e., Color-Blindness) and on a scale 
designed to assess attitudes toward bisexuality. Pre- and post
semester data were collected from 157 students who were 
emolled in either a cultural diversity course or an introductory 
psychology course. Results indicated that biphobia and Color
Blindness were umelated (p > .05). Additionally, scores on the 
measure of covert racism improved as a result of participation in 
the cultural diversity course (p < .05), whereas they did not 
change as a result of participation in the introductory psychology 
course (p > .05). The reverse was true of attitudes toward bisex
uality; scores improved in the introductory psychology course (p 
< .05) and stayed the same in the cultural diversity course (p > 
.05). Results will be discussed in terms of course content and sug
gestions for curriculum improvement. 
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Wood, A.J., M.J. Mergen and P. Lall. Department of 
Agriculture, Central Missouri State University. A COMPAR
ATIVE ANALYSIS OF SOYBEAN SUPPLY RESPONSE TO 
INPUT USE: MISSOURI VS. THE REST OF THE U.S. 
Regression analysis was used to determine the relative response 
of soybean supply to various production factors in the state of 
Missouri compared with the average response throughout the 
U.S. between the periods 197 5 and 1999. The data consisted of 
annual aggregate quantity of soybean supplied for Missouri and 
the U.S. as a whole, and price indexes for farm supplies. A 
dummy variable was used to represent technological change. 

Results obtained indicated that the supply of soybean in Missouri 
was more responsive to changes in fuel price (-0.33 vs. -0.046), 
interest rates (-0.73 vs. -0.43), income tax (-0.46 vs. -0.069), seed 
price (-0.67 vs. -0.25) and the prices of farm equipment (-0.42 
vs. -0.35) than the average of the states. However, Missouri is 
less responsive to changes in the own-price of soybean, price of 
fertilizer and the price of agro-chemical than the average of the 
states. The results also indicated that Missouri farms were more 
responsive to technological changes and farm supply was greater 
in larger farms in Missouri than the average of the states. 
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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 pur
poses of promoting 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 necessary 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 award
ing 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 reactivation in 1963, the Missouri Academy of 
Science has regularly held annual meetings at 16 different sites 
around the state. The refereed publications, the Transactions of 
the Missouri Academy of Science, has been published consis
tently since 1967. Six Occasional Papers have also been 
released. 

Presently, 49 colleges and universities around the State of 
Missouri hold an Institutional Membership status. Many indus
tries 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 organiza
tion 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 suc
cess as a fine scientific organization. 
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Printed Hard Copy: Please submit four ( 4) copies of the 
manuscript DOUBLE-SPACED, on one side of standard sized 
paper. These hard copies should correctly show how you want to 
represent any special characters, equations, tables, etc. The man
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