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About the Academy 
Scientists of the State of Missouri organized in 1934 to form the 

Missouri Academy of Science. By April 6, 1934, a Constitution 

andBy-Lawswere prepared. On August 14, 1934, the organization 

was incorporated. 

The purpose of this Academy was presented in the fourth article 

of agreement as follows: 

This non-profit corporation is organized for the purposes of 

promoting the 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 release and in other such 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 the 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 first organizational meeting on April 13-14, 

1934 with 250 people attending. At the December 1934 meeting, 

more than 400 people registered. By May 1935, there were more 

than 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 an April 20, 

1963 meeting 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 members. 

Activities of the Academy have expanded to include the awarding 

of modest grants for projects proposed by high school and college 

students, and to sponsor the establishment of a Junior Academy 

of Science. Since its reactivation in 1963, the Missouri Academy 

of Science has regularly held annual meetings at sixteen different 

sites around the state. 

Presently, 36 colleges and universities around the State of 

Missouri hold an Institutional Membership status. Membership 

into the Academy is a year-round opportunity. Benefits include 

four Bulletins, one annual Transactions, and annual meeting lower 

pre-registration fees. 

The Missouri Academy of Science is a non-profit organization 

and is supported solely by membership dues and donations. 

That is why we appreciate every new member and the current 

members who renew faithfully each year. And it is because of 

their interest that the Academy continues its success as a fine 

scientific organization. 

About the Transactions. The Transactions of the Missouri 

Academy of Science is a regional publication that has been 

printed consistently since 1967. Articles authored by regional, 

national, and international authors have been submitted and 

published in Transactions. Several occasional papers have been 

released. In accordance with the American Association for the 

Advancement of Science, of which we are a member organization, 

the scope of the material published in the Transactions comes 

from disciplines such as Agriculture, Atmospheric Science, 

Chemistry, Computer Science, Ecology and Conservation, 

the Geological Sciences (including Geology and Geophysics), 

Physics, Soil Science, and Education. Other scientific disciplines 

have also contributed articles through the years. Transactions uses 

a blind peer-review process similar to the procedures used by the 

journals of professional societies in the disciplines cited above. 

Reviewers of Transactions manuscripts with the appropriate 

expertise have been drawn from regional as well as national and 

international institutions. 

Typesetting and printing services provided by Allen Press, Inc., Lawrence, KS 66044. 
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Please read the following instructions for submission of an article 

for the Transactions of the Missouri Academy of Science. Attempts 

have been made to keep submission processes as simple as 

possible. 

Editorial Policy 
Authors must pay $30.00 USD per printed page for publication 

costs. Transactions publish several types of original contribution 

from the disciplines within the Academy: research papers, research 

notes, reviews, and annotated bibliographies. Manuscripts must 

be authored or co-authored by a member of the Academy. 

Each manuscript is subject to peer-review. The Editor has 

final authority for acceptance or rejection. Manuscripts should 

be submitted prior to August 1st to the Missouri Academy of 

Science's Business Office. 
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W.C. Morris 206A 
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Warrensburg, MO 64093 
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disk {floppy disk, USB flash Drive, CD, etc.) and as a printed 

hard copy. Instructions for each of these forms are described in 

more detail below. Most authors probably already have their 

article on a microcomputer media in some form, but we will 

require that it be submitted following a particular protocol. 

Microcomputer Disk 
Disk requirements: Materials for publication must be submitted 

on either a 3. 5" High-Density floppy disk, USB Flash Drive, CD
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Comparing Carnot, Stirling, Otto, 
Brayton and Diesel Cycles 

JohnE. Shaw 

Department of Chemistry and Physics, Northwest Missouri State University, Maryville, Missouri 64468 

Abstract: Comparing the efficiencies of the Carnot, Stirling, 
Otto, Brayton and Diesel cycles can be a frustrating experience 
for the student. The efficiency of Carnot and Stirling cycles 
depends only on the ratio of the temperature extremes whereas 
the efficiency of Otto and Brayton cycles depends only on the 
compression ratio. The efficiency of a Diesel cycle is generally 
expressed in terms of the temperatures at the four turning points 
of the cycle or the volumes at these turning points. How does 
one actually compare the efficiencies of these thermodynamic 
cycles? To compare the cycles, an expression for the efficiency 
of the Diesel cycle will be obtained in terms of the compression 
ratio and the ratio of the temperature extremes of the cycle. It 
is found that for a fixed temperature ratio that the efficiency 
increases with compression ratio for the Otto, Brayton and 
Diesel cycles until their efficiency is the same as that of the 
corresponding Carnot cycle. This occurs at the point where the 
heat input to the cycles is zero. For a .fixed compression ratio 
the efficiency increases with temperature ratio for the Carnot 
and Stirling cycles but decreases for the Diesel cycle. This is 
an important factor in understanding how a Diesel cycle can be 
made to be more efficient than an Otto cycle. 

Key Words: Heat engines, Carnot cycle, Otto cycle, Diesel 
cycle, Stirling Cycle, Brayton cycle, engine efficiency 

Introduction 

The Carnot, Stirling, Otto, Brayton and Diesel cycles are 
discussed in a number of advanced texts on thermodynamics 
(Fenn, 1982; Blair, 1999; Zemansky, 1957; Granet, 1974; Sand
fort, 1962; Hsieh, 1993; Milton, 1995; Hoyle and Clarke, 1973). 
They are also discussed in the introductory text by Fishbane et 
al. (Fishbane, Gasiorowicz and Thornton, 2005). None of these 
texts, however, gives the efficiency of a Diesel cycle in terms of 
the compression ratio and the ratio of the temperature extremes 
of the cycle. This makes it difficult to compare the cycles as 
the efficiency of Carnot and Stirling cycles depends only on its 
temperature ratio and the efficiency of Otto and Brayton cycles 
depends only on the compression ratio. 

In the first part of this article the Carnot, Stirling, Otto, 
Brayton and Diesel cycles will be described. In the second part 
of this article an expression for the efficiency of a Diesel cycle 
in terms of the compression ratio and temperature ratio will 
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be obtained. In the third part the maxima and minima of the 
compression and temperature ratios will be obtained for the 
different cycles. The efficiencies will then be compared 
graphically and implications will be discussed. 

Review of Carnot, Stirling, Otto, Brayton 
and Diesel Cycles 

Figures 1 thru 5 show the PV diagrams for the Carnot, Stir
ling, Otto, Brayton and Diesel cycles. The dashed lines in the 
PV diagram for the Diesel cycle will be discussed later in the 
article. Table 1 describes the thermodynamic processes involved 
in each of these cycles. These are ideal cycles in that the ther
modynamic processes involved are all assumed to be reversible 
processes. 

The Carnot cycle is the most efficient cycle theoretically 
possible with an efficiency given by 

1 
e =e =l--carnot Stirling t (1) 

where t is the temperature ratio ThfT1• In this ratio Th refers to 
the highest temperature in the cycle and T1 refers to the lowest 
temperature in the cycle. The ideal Stirling cycle has the same 
efficiency as that of the Carnot cycle (Senft, p. 7, Granet, 
p. 377). It should be noted in the PV diagram of the Stirling 
cycle shown in fig. 2 that QR refers to heat input and output from 
the "regenerator" of the Stirling engine. The regenerator is a 
heat source/sink that is internal to the engine. Therefore QR 
is not included in the heat input/output used to calculate the 
efficiency of the Stirling cycle. 

The Otto cycle is the ideal cycle for a piston-driven 
gasoline engine. It has an efficiency given by 

1 
e =e =1---oua Brayton r y-1 

(2) 

where r is the compression ratio of the cycle andy is the ratio of 
the molar heat capacity at constant pressure to the molar heat 
capacity at constant volume. The Brayton cycle is the ideal 
cycle for a gas-turbine engine and has the same efficiency as 
that of the Otto cycle (Granet, p. 373). 

No text gives the efficiency ofthe Diesel cycle as a function 
of temperature and compression ratios. This efficiency will be 
obtained in the next section. 
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Figure 1. PV diagram of the Diesel Cycle. 
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Figure 2. PV diagram of the Stirling Cycle. 
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Figure 3. PV diagram of the Otto Cycle. 

p 

c 

Efficiency of the Diesel Cycle 
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The solid lines . of figure 5 show a PV diagram for the 
Diesel cycle. The Diesel cycle consists of the following four 
thermodynamic processes: 

a""""*b: Adiabatic compression 
b""""*c: Isobaric heating and expansion 
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Figure 4. PV diagram of the Brayton Cycle. 
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Figure 5. PV diagram of the Diesel Cycle. 
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C""""*d: Adiabatic expansion 
d""""*a: Isochoric heat exhaustion 

The heat input occurs during the isobaric expansion b""""*c. 

The heat output occurs during the isochoric process d""""*a. 

Qaut = nCv (T: - Td) 

The efficiency is then given by 

v 

v 

(3) 

(4) 

e. =l-IQa"'l= 1_nCv(Td-r;)=l-_!_(Td-T;) (5) 
Diesel IQ·I nC Th -T Th -T 

m Pc b Yc b 

where the subscripts refer to turning points in the cycle and 
the superscripts refer to high and low temperature extremes. 
This is the usual formula given in most texts (Blair, p. 151; 
Zemansky, p. 145; Granet, p. 363). It is also written in terms of 
the volumes at the four turning points in some texts (Zemansky, 
p. 145; Granet, p. 364). To obtain the efficiency in terms of 
temperature ratio and compression ratio consider the adiabatic 
gas laws 
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Table 1. Thermodynamic processes for the Carnot, Stirling, Otto, Brayton and Diesel Cycles. 

a-'>b b-'>C C-'>d d-'>a 

Carnot cycle Isothermal compression Adiabatic compression Isothermal expansion Adiabatic expansion 
Stirling cycle Isothermal compression Isochoric process Isothermal expansion Isochoric process 
Otto cycle Adiabatic compression Isochoric process Adiabatic expansion Isochoric process 
Brayton cycle Isobaric compression Adiabatic compression Isobaric expansion Adiabatic expansion 
Diesel cycle 

T vr-1 = T. v:r-1 
a a b b ' 

T vr-1 = T vr-1 
c c d d • 

Adiabatic compression Isobaric expansion 

(6) 

(7) 

Using equation (6) to substitute for Tb in equation (3), the heat 
input becomes 

(8) 

Using equation (7) to substitute for Ta in equation (4), the heat 
output becomes 

(9) 

For the isobaric process 

(10) 

For the isochoric process Va= r-:. Using this and equation (10) 
to substitute for Vc in equation (9), the heat output becomes 

(11) 

Finally, using equation (6) to substitute for Tb in the above equa
tion, the heat output is 

(12) 

The heat input and output are now written in terms of the tem
perature and volume extremes of the cycle. For the Diesel cycle 
the temperature ratio, t, and compression ratio, r, are given by 

Th V 
t = _c_ and r = ...!!... 

Diesel Tl Diesel V: 
a b 

(13) 

The efficiency of the Diesel cycle can now be expressed in 
terms of the temperature ratio and compression ratio for the 
cycle. 

Adiabatic expansion Isochoric process 

[( t )y I - -1 
1 r1- 1 

e -1--
Diesel - yt l- r yt-1 

(14) 

This is a complicated expression so to make comparisons with 
the Carnot and Otto cycles it will be graphed. However, before 
examining the graphs, the limiting points on the efficiency need 
to be examined. 

Maxima and Minima of Compression and 
Temperature Ratios 

To increase the compression ratio while keeping the tem
perature ratio fixed in either a Diesel, an Otto or a Brayton cycle, 
the heat input must be made smaller. Eventually a maximum 
compression ratio is reached for which the heat input is zero. 
The heat input for the Diesel cycle is given by equation (8). For 
heat input greater than or equal to zero this equation gives 

(15) 

For a given temperature ratio this gives a maximum compression 
ratio and for a given compression ratio this gives a minimum 
temperature ratio. 

A similar analysis could be made for the Otto and Brayton 
cycles but an easier method is to simply make use of the fact 
that their efficiency must be less than or equal to that of a Carnot 
cycle. Using equations (1) and (2) 

1 1 
1--<1-

r1_1_ t 

which means that 

tz.rr-1. 

(16) 

(17) 

So for a given temperature ratio, the maximum compression 
ratio for the Otto and Brayton cycles is the same as that of the 
Diesel cycle. 

For a given temperature ratio, the Carnot cycle has a 
minimum compression ratio corresponding to zero heat input. 
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The Camot cycle consists of the following four thermodynamic 
processes: 

a---+b: Isothermal compression 
b---+c: Adiabatic compression 
c---+d: Isothermal expansion 
d---+a: Adiabatic expansion 

The heat input during the isothermal expansion is given by 

d d f f h dV h vd 
Q. =W = PdV= nRT -=nRT ln-. 

m out V V 
c c c 

(18) 

The adiabatic gas law gives 

( r )fr_, ( rl )fr_, 
T vr-i = T vr-' ::::} V = V __!!.... = V -d d a a d a T a Th 

d 

(19) 

The compression ratio is v;, over Vc . Substituting for Vd in 
equation (18) gives 

(20) 

For the heat input to be greater than or equal to zero the loga
rithm must be greater than or equal to zero so 

(
Tl )fr_, v 
- > r > /r-1 r Th - 1 ::::} Carnot - tcamot • (21) 

Note that this gives a minimum compression ratio that is the 
same as the maximum compression ratio for the Otto and Diesel 
cycles operating between the same temperature extremes. 

For the Stirling cycle the heat input is the same as that of 
the Camot cycle since the heat input is during an isothermal 
process from c to d. 

(22) 

However, for the Stirling cycle, Vd= v;,, so 

(23) 

When Q1n goes to zero, r goes to zero, so there is no minimum 
compression ratio for the Stirling cycle for a given temperature 
ratio. 

For the Diesel cycle there is also a minimum compression 
ratio for a given temperature ratio. As heat is added during the 
isobaric expansion the gas expands until it reaches the initial 
volume at which point Vc = v;,. This is shown in the dashed lines 
of figure 5. For the isobaric process 

Th V 
_c_ = ___£_ = r . 
T, ~ mm 

(24) 
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Substituting for Tb from the adiabatic gas law of equation (6) 
gives 

(25) 

At this minimum compression ratio the four-point cycle has 
become a three-point cycle with no adiabatic expansion as 
shown by the dashed lines of figure 5. 

Comparing the Cycles 

The cycles are compared in the graphs of Figures 6, 7 and 
8 which show efficiency as a function of compression ratio for 
a given temperature ratio and efficiency as a function of tem
perature ratio for a given compression ratio. The efficiencies of 
the Camot, Stirling, Otto, Brayton and Diesel cycles are given 
by 

1 
e =e .. =1--carnot Sttrlmg t 

1 
eOtto = eBrayton = 1----;;=! 

r 

[( t )y I - -1 
1 r1- 1 

e =1--
Diesel yt 1_ r yf-1 

(26) 

(27) 

(28) 

In the calculations for the figures, y = 1.4, which is the ratio of 
molar heat capacities for air. 

Measured values for the maximum temperatures reached 
are 3000 Kin a typical gasoline engine and 2000 K for a typical 

Figure 6. Efficiency as a function of compression ratio for a 
temperature ratio oflO. 
This shows the efficiency over a compression ratio range of 0 
to 300. The Camot efficiency is not shown as its minimum 
compression ratio is the maximum shown in this figure. 
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.u : i --Stirling 
;o.s +-T-!

1
----------------Ic_ ___ _J 

~ 0.4 t-1------------------1 

w 0.3 ti-----------------1 

0.2 H-------------------1 

0.1 -!i-------------------1 

50 100 150 200 250 300 350 

Compression Ratio 
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Figure 7. Efficiency as a function of compression ratio for a 
temperature ratio of 10. 
This shows the efficiency over a compression ratio range of 0 
to 50. 
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Figure 8. Efficiency as a function of temperature ratio for a 
compression ratio of 10. 
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Temperature Ratio 

Diesel engine. If the low temperature is taken to be 20° C 
(293 K) then the temperature ratio is about 10 for the Otto 
cycle and 7 for the Diesel cycle. Figures 6 and 7 are graphs of 
efficiency vs. compression ratio for a temperature ratio of 10. 
Figure 7 is a graph over a smaller range to show greater detail. 
For the Diesel cycle the minimum compression ratio is 5.2 for 
a temperature ratio of 10 as determined by equation (25). To 
increase the compression ratio while keeping the temperature 
ratio constant, the heat input must get smaller. Eventually the 
heat input becomes zero. At this point the Otto, Brayton and 
Diesel cycles have a maximum compression ratio of 316 for 
a temperature ratio of 10 as determined by equation (15). At 
this point the efficiency of the Otto, Brayton and Diesel cycles 
equals that of the Camot cycle operating between the same two 
temperatures. The Stirling efficiency is shown on the graph 
but the Camot is not as its minimum compression ratio is the 
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maximum on the graph. If it did not have this minimum then it 
would be the same as the Stirling cycle shown. 

A feature that stands out in the graphs of Figures 6 and 7 is 
that the Diesel cycle is less efficient than the Otto cycle at the 
same compression ratio. Most texts state that the reason Diesel 
engines are more efficient than gasoline engines is because 
they operate at a much higher compression ratio (Fenn, p. 201; 
Blair, p. 152; Granet, p. 364; Sandfort, p. 240; Hsieh, p. 385). 
Gasoline engines typically operate at a compression ratio of 
9 to 10 whereas a Diesel engine typically operates at a compres
sion ratio of 17 to 20. At a compression ratio of 10, the Otto 
cycle has an efficiency of 60%. The Diesel cycle with the same 
temperature ratio as the Otto cycle, which is 10, will not reach 
an efficiency of 60% until the compression ratio is raised to 20. 
It takes more than higher compression ratio to account for the 
greater efficiency of Diesel cycles. If the temperature ratio is 
changed to 7, which is more typical of Diesel engines, then the 
efficiency of the Diesel cycle for a compression ratio of 20 is 
64%. A typical Diesel engine is more efficient than a gasoline 
engine because of both its higher compression ratio and its 
lower temperature ratio. 

The fact that the efficiency of a Diesel cycle increases 
as the temperature ratio is decreased is seen in the graph of 
Figure 8. Conceptually this feature can be understood by noting 
that, if the lower temperature is kept constant, to increase the 
temperature ratio you need to add more heat to the system. For 
the Diesel cycle the heat is added during the isobaric expansion 
so there is a maximum amount of heat that can be added before 
the volume has expanded to its limit, which is the initial volume. 
This is point e in figure 5 and at this point there is no adiabatic 
expansion and therefore the efficiency will be less. For the 
Otto cycle the heat is added during an isochoric process so the 
adiabatic expansion is unaffected. Diesel was trying to design a 
practical cycle that came as close as possible to the ideal Camot 
cycle. The adiabatic processes are critical to the increased 
efficiency of the Camot cycle and constitute the most practical 
means of increasing the efficiency of any engine as isothermal 
processes are difficult to accomplish. This is the reason that 
though Stirling engines are more efficient, they are difficult to 
accomplish on a scale that makes them useful commercially. 

The features cited in this comparison can all be understood 
conceptually from the graphs of figures 6, 7 and 8 without 
resorting to the derivations given in this article. These graphs 
provide an excellent way of engaging the students in a discus
sion of heat engine cycles and their relative efficiencies. Graphs 
for other compression ratios and temperature ratios have the 
same general behavior shown in these graphs. 
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An Investigation into Fish 
Escapement from a Small 

Impoundment through a Pipe 
Spillway and Implications for 
Predatory Impacts on Small 

Stream Fishes 
Scott C. Williams 
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Scott. Williams@mdc.mo.gov 

Abstract: Escape of predatory fish from impoundments and 
their impact on native stream fishes, especially threatened and 
endangered fish, are concerns of fishery managers. This inves
tigation was designed to identify if fish, especially predatory 
fish, would escape from an impoundment with a surface with
drawal spillway pipe, and enter a stream. From March 16, 2005 
through June 2, 2006, all discharge from the impoundment was 
forced to flow through a steel cage constructed of one-half 
inch steel mesh, which trapped escaping fish consisting of 
3 7 largemouth bass Micropterus salmoides, 141 bluegill 
Lepomis macrochirus, and 197 green sunfish Lepomis cyanel
lus. The average sizes of largemouth bass, bluegill and green 
sunfish caught were 3.9 inches (range 2.5 to 10.5 inches), 
1.4 inches (range 0.75 to 2.5 inches), and 2.2 inches (range 
1.3 to 3.3 inches), respectively. Most of the fish escapement 
occurred during the months of April, May, and September when 
discharge was highest. Thus fish can readily escape through a 
surface withdrawal spillway pipe during periods of discharge. 

Key Words: fish, escapement, impoundment, spillway 

Introduction 

The Moniteau Creek watershed in Cooper and Moniteau 
counties, Missouri, USA is one of the last strongholds in 
Missouri for the federally endangered Topeka shiner Notropis 
topeka. Due to the large number of small impoundments in 
the Moniteau Creek watershed, emigration of predatory fish, 
especially largemouth bass Micropterus salmoides, is a concern 
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of fishery managers. Winston (2002) found the occurrence of 
largemouth bass at the study sites in the range of the Topeka 
shiner in Missouri showed a strong expansion from 1940 to the 
1990s, while Topeka shiners at those study sites showed a strong 
population decline during that time frame. In the Flint Hills area 
of Kansas, introduced predators are thought to be a significant 
threat to Topeka shiner populations (Knight and Gido 2005). 

In reviewing the available literature, it was found that there 
have been several studies conducted to measure the occurrence 
of fish migration over earthen, concrete or otherwise non-pipe 
spillways from impoundments (Clark 1942; Louder 1958; Elser 
1960; Powell and Spencer 1979). However, no study measured 
fish migration or passage out of an impoundment through a 
surface withdrawal pipe spillway. Since many of the ponds in 
the Moniteau Creek watershed have piped spillways, and nearly 
all of the new ponds being constructed have piped spillways, 
this investigation was initiated to identify if fish would escape 
from an impoundment with a surface withdrawal spillway pipe, 
and if so examine how fish escapement varied seasonally and 
with discharge rate. 

Study Site 

Due to site limitations and access issues the study impound
ment was not located in the Moniteau Creek watershed. 
However, the fish assemblage in the study impoundment 
is characteristic to most all of the impoundments in central 
Missouri including those found in the Moniteau Creek 
watershed. The study impoundment is located on Missouri 
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Department of Conservation's (MDC) Scrivner Road Conser
vation Area, Cole County, Missouri, USA. The watershed for 
the study impoundment consisted of mainly upland hardwoods 
with some old fields. Discharge from the impoundment enters 
an unnamed tributary to South Moreau Creek. 

The study impoundment was constructed in 1987. The 
impoundment is two acres in size, 16 feet maximum depth, and 
has a 69 acre watershed resulting in a watershed ratio of 34:1. 
The spillway pipe is a straight 12 inch diameter smooth plastic 
pipe that is 80 feet long. The inlet end of the spillway pipe has 
a metal plate hood type anti-vortex device installed and no trash 
rack. The discharge from the pipe when it is fully charged is 
14 cubic feet per second. The spillway pipe is set at an elevation 
of 0.8 feet below the emergency spillway. This type of surface 
withdrawal spillway is consistent with most spillway pipes. The 
study impoundment was designed by the Natural Resource 
Conservation Service (NRCS), and the specifications for the 
spillway met NRCS requirements. The condition of the 
emergency spillway indicated it only rarely had flow and most 
overflow was directed down the spillway pipe. 

An electro-fishing survey was conducted on the impound
ment in May 2004. The fish community in the impoundment 
was found to consist oflargemouth bass Micropterus salmoides, 
bluegill Lepomis macrochirus, and green sunfish L. cyanellus. 
The first recorded stocking of channel catfish Ictalurus 
punctatus into the study impoundment occurred on October 12, 
2005 when 100 channel catfish 12 to 14 inches in length were 
stocked. 

Methods 

In order to trap fish discharged through the spillway pipe, a 
metal box was constructed from one inch square metal tubing 
and one half inch expanded-steel mesh. This mesh size was 
chosen so that large juveniles and older fish could be collected 
but still enable water to easily drain from the box when the box 
contained debris. The size of the box was 40"L x 19"H x 18"W 
and had a volume of 7.9 cubic feet. The box had an opening 
equal to the spillway pipe outside diameter cut out of one end 
so it could be placed over the downstream end of the spillway 
pipe. The box was installed over the end of the spillway pipe 
and supported with steel fence posts. The box had a hinged top 
with a latch so any fish and debris could be removed. Once 
installed, all discharge from the impoundment through the 
surface withdrawal outlet structure was forced to flow through 
the box. 

The box was monitored during discharge events to identify 
if any fish large enough to be held in the box escaped from the 
impoundment. Once the impoundment began discharging an 
observation was usually recorded each day the impoundment 
continued to discharge. The date, species, and total length (TL) 
of the fish were recorded on a data sheet along with water. 
temperature of the discharging water, weather conditions, and 
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volume of water being discharged from the impoundment. The 
discharge was measured using a container of known volume. 
The container was used to trap all flow from the spillway pipe, 
and the time needed to fill the container was measured using a 
stopwatch. This data was then used to calculate the instanta
neous discharge rate in gallons per minute (gpm). The study 
was conducted from March 16, 2005 through June 2, 2006 to 
evaluate seasonal fish escapement. 

Results and Discussion 

During the 457-day study 375 fish were caught in the 
expanded-steel mesh box from the study impoundment through 
the spillway pipe. According to the Jefferson City, Missouri 

Figure 1. Length frequencies of escaped bluegill, green sunfish, 
and largemouth bass that were caught in the metal cage from 
March 16, 2005 through June 2, 2006. 
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rainfall gauge 44.53 inches of rain fell during the study period. 
The average yearly rainfall for Cole County Missouri is 
39.59 inches. The captured fish consisted of 37 largemouth 
bass, 141 bluegill, and 197 green sunfish (Figure 1). No 
channel catfish that were stocked in 2005 escaped from the 
impoundment. 

Most of the fish loss occurred during the months of April, 
May, and September when more rain and discharge occurred 
(Figure 2). Previous studies involving earthen or concrete 
spillways suggested that fish loss was more related to season 
than discharge rate (Clark 1942; Louder 1958). Elser (1960) 
also stated, "volume of flow appeared to affect (fish) escape 
only locally and occasionally", when assessing fish escapement 

Figure 2. Discharge rate from the study pond spillway pipe 
(solid line, gallons per minute, gpm), rainfall (dotted line, 
inches), and numbers (N) ofbluegills, green sunfish, and large
mouth bass collected in the metal box trap from March 16, 2005 
through June 2, 2006. Rainfall was measured at the Jefferson 
City, Missouri gauge station. Dates listed on the x-axis are 
arbitrary dates generated by the statistics program and represent 
the progression of time and not necessarily observation dates. 
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from impoundments with concrete or wooden drop-board type 
spillways. 

Most fish were lost when the impoundment began discharg
ing up to the peak discharge level. In the days following the 
initial discharge, the number of escaped fish consistently 
dropped even though the impoundment continued to discharge 
water. OnAprill2 and 13,2005, the discharge rate was too high 
to accurately measure so an arbitrary value of 300 gpm was 
assigned to the data. 

Most fish lost through the spillway pipe were small. Total 
length averaged 3.9 inches (range 2.5-10.5 inches) for large
mouth bass, 1.4 inches (0.8-2.5 inches) for bluegill, and 2.2 
inches (1.2-3.2 inches) for green sunfish (Figure 1). During the 
study it was also noted that other non-fish species would leave 
the impoundment through the spillway pipe. These included: 
common snapping turtles Chelydra s. serpentine, red-eared 
sliders Trachemys scripta elegans, bullfrog tadpoles Rana 
catesbeiana, muskrats Ondatra zibethicus, and crayfish. 

The results of this preliminary study show largemouth bass, 
bluegill, and green sunfish will leave an impoundment with at 
least a 12-inch principal spillway pipe during discharge events. 
It is unclear whether fish are leaving the impoundment through 
purposeful migration or simply by washout, however it is likely 
that both are involved. In comparing the results of this study to 
work performed on impoundments with earthen, wooden, or 
concrete spillways, it appears fish escapement through a piped
spillway may be more closely tied to discharge events or volume 
of flow rather than time of year, however, more data needs to be 
collected to positively show this correlation. 

Based on this information it would be useful to test a set of 
impoundments with varying watershed ratios and spillway pipe 
diameters to determine what combination may most effectively 
reduce fish loss through the spillway pipe. This information 
may be used to help construct piped spillways in a manner as 
to reduce valuable sport fish migration out of an impoundment 
and potentially into a stream environment. Schultz et al. (2003) 
found that largemouth bass were especially more abundant 
in southwestern streams after flood events when they left an 
impoundment. Possible changes in impoundment construction 
or spillway design could reduce predatory fish loss. This 
reduction may have significant importance in watersheds where 
predatory fish escaping from impoundments could have a 
detrimental effect on native threatened or endangered fish 
living in the watershed (Meffe 1985; Marsh and Brooks 1989; 
Douglas et al. 1994; Marsh and Douglas 1997; Dudley and 
Matter 2000). 
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Abstract: Drainage pipe effluent is frequently analyzed to 
determine the water composition to address nutrient or con
taminant transport. The total effluent volume must be known in 
order to determine the total nutrient or contaminant discharge. 
These estimates of total effluent volumes may be accomplished 
with flow meters; however, equipment and labor costs may 
be prohibitive and a qualitative method may be a practical 
alternative. This manuscript outlines a mathematical approach 
for employing Manning's formula; in which, the cross
sectional area and wetted perimeter of partially filled conduits 
are determined using measurements of the pipe internal dia
meter, the maximum depth of water in the pipe, and the coeffi
cient of roughness. Field observations indicate that the method 
is a qualitative estimate of water effluent and is accurate for 
field approximations; however, field calibration is warranted. 

Key Words: land drainage, Manning's formula, effluent 
volume estimation 

Introduction 

Water flow volumes from drainage pipes or irrigation pipes 
are commonly measured using flow meters or other electronic/ 
mechanical devices. Frequently, the need arises to determine 
the water flow from drainage tiles in agricultural fields, and the 
cooperating landowners do not have the equipment or financial 
resources to adequately equip their systems. In such cases, it is 
desirable to have approximate methods to obtain qualitative 
assessments of the average water velocity and discharge. 
Manning's formula is an attractive qualitative alternative for 
estimating the average water velocity and discharge from drain
age systems, if the cross-sectional area and wetted perimeter 
may be conveniently ascertained (Fetter, 2001; Tollner, 2002). 
Aide used Manning's formula to effectively predict water flow 
in parabolic waterways (Aide, 1987). 

The objectives of this research are to propose: (1) a conve
nient approximation to the cross-sectional area and wetted 
perimeter for various flow rates from drainage pipes, and (2) 
an Excel® program to calculate the average water velocity and 
discharge using Manning's equation. 
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Theoretical Estimation of the Cross
sectional Area and Wetted Perimeter 

Manning's Estimation of Average Water Velocity in a 
Natural Conveyance. 

Manning's formula may be expressed as: 

V = [H]D.66 * [S]o.s n-1 

where the average velocity (V) has units of meters/second 
(ms-1), the hydraulic radius (H) has units ofm, and gradient (S) 
is the drop in elevation in meters (m) for a transverse distance 
of 100 meters (dimensionless). The hydraulic radius is calcu
lated from the ratio of cross-sectional area (Area) with respect 
to the wetted perimeter (WP), which have units of m2 and m, 
respectively. The coefficient of roughness (n) is an experimen
tally determined constant relating the water flow interactions 
with the confining surface. Tollner (2002) lists the coefficient 
of roughness for clay tiles (n=0.013) and for corrugated drain 
pipe as: (1) n=0.015 for diameters of 76 to 203 mm, (2) 
n=0.017 for diameters of203 to 305 mm, and (3) n=0.02 for 
diameters greater than 305 mm. For PVC pipe having a 3 inch 
diameter (7.6 em), we determined the coefficient of roughness 
to be 0.02. The discharge (m3 s-1) is equivalent to the product of 
the cross-sectional area and the average velocity [Area x V]. 
Tollner (2002) and Fetter (2001) discuss assumptions associ
ated with Manning's Equation, including the requirement 
of laminar flow. Some of these assumptions are more readily 
associated with natural stream estimates: (1) accurately deter
mining the cross-sectional area and wetted perimeter lengths, 
(2) accurately estimating the vegetation influence on the 
coefficient of roughness, (3) the lack of eddy's associated with 
stream obstacles, ( 4) accurately estimating the gradient, and ( 5) 
the requirement of laminar flow. In engineered land drainage 
systems where the drainage pipes are placed by laser guided 
tile-plows having a precisely known gradient and the drainage 
pipes have known geometry and coefficient of roughness, many 
of the assumptions associated with Manning's formula are 
easily verified. 
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Figure 1. Cross-sectional area of a pipe illustrating depth 
delineations. 

Partitioning of a Circular Pipe Transporting Drainage 
Water 

Figure 1 displays a cross-section of a pipe transporting 
water. The deepest water depth in the pipe (d) is located in the 
center of the pipe (x=O). The radius from the center of the pipe 
(origin) to the bounding internal pipe surface is r. The distance 
[r-d] represents the shortest distance from origin to the water 
surface (Fig. 1). The length 2.Y[2rd-d2] is the length of the 
chord representing the water surface. The lower case A (a 
and -a) are points on the x axis, whose distance between them 
(2a) represents the distance equivalent to the chord length 
representing the water level in the pipe. 

Cross-Sectional Area of Water Flow in a Circular Pipe 

Let the area of arc element (A1) be defined as bounded on 
the bottom by the circle and on the sides by two vertical lines at 
x = a and -a, where a is defined as the equivalent horizontal 
length from origin, drawn along the x axis, to a position 
representing the water surface contact with the inner wall of the 
pipe {a= .Y[2rd-d2]}. 

A1 = Jydx is the area representation for an arc-area, 
where the integration is performed from -a to a. Noting that the 
equation of a circle is x2 +y2 =r2 or y=.Y(r-x2) and consider
ing of the symmetry of the circle, thenA1 may be expressed as: 
A1 =2f--J[r2 -x2] dx, where the integration is performed from 
0 to a. Integration yields: 

A1 =(r-d).Y[2rd-d2] +rsin-1(-Y[2d/r-(dlr)Z]). 

The integration may be verified using tables of integration in 
Thomas (1969). The area of the inscribed square (A2) is defined 
as located between the vertical lines -a and a and between 
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the horizontal lines at 0 and (r-d), thus A2 =2a(r-d). A2 may 
be expressed as: A2 = 2(r- d).Y(2rd- d2), after substitution of 
a= .Y(2rd- d2). The area of A1-A2 represents the cross-sectional 
area of water in a pipe that is less than 50% full. 

Wetted Perimeter of Water Flow in a Circular Pipe 

The wetted perimeter is the arc-length associated with the 
arc-element used for describing the cross-sectional area of water 
flow in a circular pipe. The wetted perimeter is determined by 
integrating an infinitesimal portion of the arc-length ( ds) from 
-a to a: 

WP = Jds = f--J[1 + ( dy/dx)2]dx = f--J[r/(r- x2)]dx. 

The solution derived by integration from -a to a is: 

WP = 2r sin-1 [ .Y[2dlr- ( d/r )2]. 

The integration may be verified by inspection of tables of 
integration in Thomas (1969). 

The Excel Program 

The Microsoft Excel® based program designed to estimate 
discharge is free public software available by email from the 
corresponding author. The software has input consisting of 
(1) the pipe internal diameter and water depth (inches), (2) the 
gradient (meters/lOOmeters), and (3) the coefficient of rough
ness (dimensionless). The input parameters are converted and 
displayed as SI units. The software calculates the cross
sectional area and wetted perimeter using the resultant equa
tions embodied in the above discussions. The hydraulic radius 
is calculated as the ratio of the cross-sectional area and wetted 
perimeter. Using Manning's formula, the average velocity and 
discharge are calculated. 

We have validated the model with respect to actual 
discharge rates from drainage pipes installed in a 1 00 acre 
agricultural field in Cape Girardeau County in southeastern 

Figure 2. Simulated discharges from 8 inch tile drains. 
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Missouri. In this field, a newly installed subsurface drainage 
system having a tile-line gradient of 0.15% and terminal pipes 
constructed of 8 inch (20.32 em) PVC conduct were employed. 
The percent experimental error [(actual value-observed value)/ 
actual value] was approximately 15%. The model's sensitivity 
is strongly dependent on the value of the coefficient of rough
ness. Therefore, collection of several timed water volumes 
in each new agricultural field to estimate the coefficient of 
roughness is warranted (n=0.02 for our system). 

Example Calculation 

Consider a drainage pipe with an internal diameter of 8 
inches (radius of 4 inches), having a gradient of 0.15 percent 
(0.0015 m/m). The maximum water depth (d) is the indepen
dent variable and ranges from 0.2 to 4 inches. The dependent 
simulated discharge (liters/second) is displayed in Figure 2 and 
ranges from 0.09 to 43.08 liters/second. At 0.5 inch of depth we 
recorded a discharge rate of0.80 liters/s. 
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Summary 

A simple mathematical derivation was employed to esti
mate the discharge from tile drains from an agricultural setting. 
Manning's formula was used, along with conduit geometry, 
pipe gradient, and the water depth in the tile drain to estimate 
effluent discharge. Simple timed water collections verified that 
the method is a qualitative predator of effluent discharge. 

References 

Aide, M. T. 1987. Designing parabolic waterways. J. 
Agronomic Educ. 17:129-130. 

Fetter, C.W. 2001. Applied hydrology. Upper Saddle River, NJ. 
Thomas, G.B. 1969. Calculus and analytic geometry. Addison 

Wesley. Reading, MA. 
Tollner, E.W. 2002. Natural resources engineering. Iowa State 

Press, Ames, IA. 



Transactions of the Missouri Academy of Science, Volume 42 (2008), pp. 14-17 

Sponge Predation by a Mississippian 
Asteroid and Feeding Behaviors, 

Food Selection, and Feeding Habits 
of Fossil Asteroids 

Dan R. Elliott 

Department of Biology and Geology, Central Methodist University 411 CMU Square, Fayette, MO 65248 

Abstract: A recently described fossil asteroid from mid
Missouri, Emphereaster missouriensis, contained sponge 
spicules in the stomach area. In addition to spicules within the 
asteroid, fossil spicules were found at the site in two forms; 
as discoid structured clusters and as disarticulated concentra
tions. The spicules were identified as Belemnospongia fas
cicularis, a small discoid sponge in the Class Demospongea. 
The site was an exposed road cut next to the Missouri River, 
approximately 200m in length. Stratigraphy and paleontology 
of the site indicate it is in the Warsaw Formation of the Middle 
Mississippian. Living asteroids have·a wide variety of feeding 
behaviors, food selection, and feeding habits, including a large 
number of species that feed on sponges. Fossil asteroids rarely 
show direct evidence of feeding behaviors, food selection, or 
feeding habits. Annual collections from this site since 2000 
indicate the asteroids and the sponges were relatively abundant 
and this asteroid-sponge encounter was likely more than an 
isolated incident. 

Key Words: sponge spicules, Class Demospongea, asteroid, 
feeding habit, food selection, feeding behavior 

Introduction 

Direct evidence of feeding behavior is extremely rare 
among fossil invertebrates and the recent discovery of sponge 
spicules concentrated in the stomach area of an asteroid, 
Emphereaster missouriensis (Blake and Elliott 2003) is an 
important find. The asteroid was found in 2000, about mid-way 
through a 200m long road cut, in mid-Missouri. These spicules 
were not identified, photographed, or studied in detail when the 
asteroid specimen was originally described. Consequently, only 
a statement was included concerning the high concentration of 
spicules in the disk of the asteroid that indicated a sponge or 
sponge body parts had been consumed. The objectives of this 
study involve identifying the sponge, details of sponge spicules 
associated with the asteroid, and feeding behaviors, food 
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selection, and feeding habits ofliving and fossil asteroids, which 
Boucot (1990) described as behavioral events. 

Discussion 

Sponge Identification 

Under magnification the partially collapsed body cavity 
of the asteroid shows many well preserved spicules. All of 
the spicules are straight, cylindrical, monaxons that are pointed 
at each end. Spicule diameter is approximately 0.25 mm and 
length ranges from 4 to 8 mm (Figure 1). Hyman (1940) 
described similar monaxons forming a prickly exterior in small, 
rounded, living sponges. The spicules described by Hyman 
appear to be similar with the fossil spicules described here, 
forming rounded clusters. No intact sponges were found at the 
site, but annual collections from this site since 2000 discovered 
many structured clusters of spicules. These spicules were on the 
same bedding plane, within a few meters of where the asteroid 
was found, as well as up to 100 m in each direction from that 
location. These structured clusters likely indicate entire organ
isms which gently collapsed in place. The best preserved and 
least altered clusters clearly show that the spicules radiate 
upward and outward to form a discoidal mass. The center of the 
dorsal surface is depressed with a diameter of approximately 
2.5 em (Figure 2). Each cluster has a ventral surface that 
tapers to a short point, likely forming an area of attachment in 
the sessile adults. These spicules appear to be identical with the 
spicules within the asteroid. These clusters were identified 
as Belemnospongia fascicularis Ulrich 1890 (Rigby, personal 
commun.). The interpreted colony shape closely matches 
Ulrich's original description. Ulrich further described the 
sponge as distinguished by large, spicules arranged in bundles 
of three or more with bundles united to each other by short lat
eral processes. However, neither bundles nor lateral processes 
are preserved in these clusters. Belemnospongia fascicularis 
was first identified from the Middle Mississippian of Illinois 
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Figure 1. Magnified dissociated monaxon spicules from the 
dorsal view of the body cavity of the fossil asteroid Emphere
aster. Scale is 5 mm. 

Figure 2. Magnified dorsal view of the fossil sponge Belemno
spongia, showing structured cluster of spicules, discoid shape, 
and depressed center. Scale is 5 mm. 

and Iowa. There is little doubt this small sponge was abundant 
at the site and could have been a common food source for sponge 
predators. No other sponge species was identified from this 
site. 
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Figure 3. Magnified scattered concentrations of hundreds of 
disarticulated spicules from the fossil sponge Belemnospongia. 
Scale is 5 mm. 

In addition to structured clusters of spicules, examples of 
concentrations of hundreds of disarticulated spicules are abun
dant and widely scattered at the site (Figure 3). It is not uncom
mon for sponge body parts to dissociate upon death. Hyman 
(1940) suggested that fossil sponges tend to be poorly preserved 
because the spicules were attached to soft organic support tissue 
in the wall of the sponge. All of the spicules studied from this 
site are well preserved, do not react with HCl, and appear to 
be silica. Nearly all of the loose spicule concentrations are pre
served in the limestone, yet the discoid clusters of spicules are 
associated with thin layers of soft gray shale alternating with the 
limestone. The Middle Mississippian of mid-Missouri often 
has fossiliferous limestone inter-bedded with gray shale, typical 
of mud deposited from sediment clouds (Thompson 1986). 
Stratigraphy, paleontology, and paleoecology of the site are 
discussed by Whitenack, et al. (2002) who place the site in the 
Warsaw Formation of the Middle Mississippian. 

Review of Feeding Behavior, Feeding Habit, and Food 
Selection of Fossil Asteroids 

Feeding behavior of living asteroids takes place in one of 
two ways. Extra-oral feeding involves everting the stomach 
which makes close contact with organic matter or the surface of 
organisms where digestion occurs. Then the stomach is slowly 
retracted through the mouth. Intraoral feeding occurs by 
swallowing the prey whole or small pieces tom from whole 
organisms. When swallowed the fleshy parts are digested and 
the undigested solid body parts are eventually ejected through 
the mouth (Jennings 1907). Numerous studies indicate a variety 
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of living asteroids which feed on sponges by carnivory. The 
following studies showed sponge spicules in the stomachs of 
asteroids. Mediaster was observed feeding on sponges encrusted 
on rocks and Luidia was hand collected from Puget Sound, 
Washington (Mauzey, et al. 1968). Carey (1972) collected 
Dytaster, Ctenodiscus, Mediaster, Zoroaster, and Pseudar
chaster in deep-water trawls off the coast of Oregon. Dearborn 
(1977) used baited traps to collectAcondonaster and Odonaster 
in shallow water off the coast of Antarctica. Kjerskog
Agersborg (1918) hand collected Pycnopodia from shallow 
water in Puget Sound, Washington. Shepard (1967) hand col
lected three species of Nectria while scuba diving off the coast 
of Australia. Clearly, there is widespread evidence to indicate 
sponge predation by living asteroids. These asteroids are 
taxonomically, ecologically, and geographically diverse. It is 
assumed that ancient asteroids had similar feeding behavior, 
feeding habit, and food selection. 

There is little direct evidence of feeding behavior, feeding 
habit, or food selection of ancient asteroids. By studying such 
fossils it is possible to reconstruct certain behavioral character
istics and daily events of the living organisms. It is likely most 
direct fossil evidence of carnivory would be associated with 
articulated, hard body parts as soft body parts and alternate 
forms of feeding would not be conducive to preservation 
(Boucot 1990). Clarke (1912) reported a Devonian fossil bed in 
which many specimens of Devonaster eucharis (Schuchert 
1915) were found in close contact with specimens of two genera 
ofbivalves, Grammysia andPterinea, but simple co-occurrence 
can't be ruled out. Spencer and Wright (1966) found several 
Ordovician asteroids, specimens of Girvanaster sculptus 
(Spencer 1916), that had stomach areas gorged with small 
gastropod shells. 

Blake and Zinsmeister (1979) described an Early Cenozoic 
asteroid, Ctenophoraster downeyae, two specimens of which 
had gastropod shells in the stomach region of the disk. Blake 
and Guensburg (1994) reported an Ordovician asteroid, Promo
palaester dyeri (Schuchert 1915), that was wrapped around a 
pelecypod in a humped posture typical of extraoral bivalve 
feeding. Blake and Elliott (2003) described a new Middle 
Mississippian asteroid, Emphereaster missouriensis, from 
mid-Missouri in which the holotype had sponge spicules of 
Belemnospongia fascicularis present in its stomach area, as 
proposed in this study. To date, examples of fossil asteroid 
feeding only indicate carnivory. Food selection is restricted to 
gastropods, pelecypods, and sponges. 

Since the initial asteroid discovery in 2000, annual collec
tions from the site indicate large radial ossicles (first carinals) 
were widely distributed along the road cut for nearly 200 m. 
The asteroid has 5 radial ossicles of equal size. Dozens of dis
articulated radial ossicles of various sizes have been found, 
indicating local abundance of the asteroid. Since both the sponge 
species and the asteroid species appear to have local abundance, 
it is likely this asteroid-sponge encounter was more than an 
isolated incident. 
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Mixing Effectiveness of Various 
Damper-Plenum Configurations 

H. J. Sauer, Jr., P. Hande and F. Finaish 

Department ofMechanical and Aerospace Engineering, Missouri University of Science and Technology, 
Rolla, Missouri: 65409 

Abstract: Improper mixing of outside air and return air 
streams in building air conditioning systems has been recognized 
for years. The problems may lead to nuisance cycling, frequent 
freeze-stat trips and serious consequences of a frozen or ruptured 
conditioning coil. It was thought that typical solutions for the 
problem usually consist of preferred placement of outside air and 
return air duct penetrations to the mixing box, manipulation of 
the inlet damper angles and velocity ratio between the outside 
air and return air streams and the insertion of static flow mixers 
in the mixing box to help improve the thermal stratification. This 
paper reports the results of a computational fluid dynamics 
(CFD) study conducted as a follow-up to an experimental study 
conducted at the Ruskin Laboratory in Grandview, Missouri, 
sponsored by the American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE). The CFD results 
indicated that the most significant improvement in mixing 
performance with minimum increase in pressure drop and energy 
use is achieved by expanding the mixing plenum. Effectiveness 
increased from 39 percent to 67 percent with less than a 0.1 
inch of water additional pressure drop. However, optimization 
of relative plenum dimensions and baffle size and placement 
awaits additional CFD simulations andfoll scale validation. 

Key Words: Mixing, Plenum, Air Conditioning, Indoor Air 
Quality 

Background 

Many of the problems associated with the lack of mixing 
in heating, ventilating and air-conditioning (HVAC) systems 
have been recognized for several years [Haines (1980), Delaney 
et al. (1984)], while others have been realized or have become 
significant more recently. The problems with mixing are mainly 
concerned with non-uniform temperature distribution and non
uniform chemistry which result in detrimental effects on 
many measures of the HVAC system performance, including 
equipment functionality and efficiency, indoor air quality and 
the comfort of the building's occupants. 

In an air-conditioned building, the fraction of outdoor air 
being provided is about 10% to 40% of the total airflow. This air 
stream is normally referred to as the make-up or outside air. The 
remainder of the air is drawn from the building space and is 
commonly called the return air. The two streams are ducted 
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separately to the mixing plenum, which is integrated in the main 
air-handling unit (AHU). 

Air mixing has been generally addressed by rules of thumb 
or engineering intuition. The most popular recommendation to 
decrease stratification within an HVAC system is to direct the 
two air streams perpendicular to each other in a mixing box and 
use parallel blade dampers to guide the airstreams into each 
other. Another method to mix the two air streams is to introduce 
outdoor air at the top of the mixing box, with the perception 
that the cold, dense air would sink to the floor, mixing with the 
warmer return air as it passes through the return air stream. The 
use of either parallel blade dampers or the introduction of 
the outdoor air on top of the mixing box was found to have 
little effect on mixing. Commercially available "blenders" may 
be inserted for additional mixing-at added initial as well as 
operating cost, due to the increased pressure drop. Several inves
tigators have reported the incomplete mixing obtained using 
dampers alone and the subsequent recommendation for a separate 
air mixer, usually a static type. Robinson (1997) & (1998) pro
vides considerable insight into past activities and the current state 
of the art. However, no systematic study was found that would 
provide for designing an air distribution system with minimum 
stratification. It has often been assumed that if parallel blade 
dampers are used and the blades are aligned to force mixing 
of the outdoor air and return air, the air will mix sufficiently 
to prevent thermal stratification. 

The NAS/NAEIIM report "Making the Nation Safer: the 
Role of Science and Technology in Countering Terrorism" 
noted "A better understanding of air movements and mixing in 
HVAC systems could lead to improved designs for lowering 
vulnerability to toxins." Also, particularly with the variable air 
volume (VAV) system, inadequate mixing of re-circulated and 
"fresh" outdoor air has been a significant problem related both 
to indoor air quality (lAQ) and to temperature stratification. 
In addition to good thermal mixing, it has also been assumed 
that the fresh air brought in through the outdoor air intake is 
thoroughly mixed with building return air providing uniform 
concentrations of various gaseous components throughout the 
building. However, as Howard (2006) notes from examination 
ofASHRAE RP-1 045 test data, parallel-blade dampers arranged 
to direct the airflows to each other, as shown in Figure 1, do not 
effectively mix the air. 

Under ASHRAE RP-1045, tests were conducted using the 
large (full size components) test facility at Ruskin, shown as 
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Figure 1. Typical AHU Showing Mixing Zone 

Return 

Supply 
Air 

Figure 2. For details on the data collected during the course of 
this ASHRAE Research Project and produced results, the reader 
may refer to Mainkar et al. (2004) and Sauer et al. (2004). 

Mixing Zone Configurations 

Table 1lists the range of configurations examined up to this 
time. The "original" [Design No. 1, Case 1] is illustrated as 
Figure 3. The "most" modified [Design No.4, Case 4] is shown 
as Figure 4. 

The aim is to analyze the performance of the proposed new 
designs and compare their performance with the old design. A 
concurrent aim is to make changes in the shape and internals of 
the chamber so that the uniform thermal mixing is achieved at 
the outlet without compromising on the pressure drop. 

The most modified design (Fig 4) is as follows [it differs in 
that the chamber is extended and baffles are introduced]: 

Mixing Effectiveness 

"Mixing Effectiveness" is used to express how well a 
mixing device mixes two air streams. This rating indicates 

Figure 2. Sketch ofRuskinAMCA Damper Mixing Test Facility. 
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Table 1. Mixing Plenum Configurations. 

Design Design 
No Type Case1 

2 

3 

4 

Basic No Baffle 
Design 

Extended No Baffle 
Chamber 
Design 
Long Baffle No Baffle 
Basic 
Chamber 
Long Baffle No Baffle 
Extended 
Chamber 

Case2 

Only 
Top 
Baffle 
Only 
Top 
Baffle 
Only 
Top 
Baffle 
Only 
Top 
Baffle 

Case3 

Only 
Bottom 
Baffle 
Only 
Bottom 
Baffle 
Only 
Bottom 
Baffle 
Only 
Bottom 
Baffle 

Figure 3. Three Dimensional Original Configuration. 

Return air Inlet 
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Case4 

Both 
Baffles 

Both 
Baffles 

Both 
Baffles 

Both 
Baffles 
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Figure 4. Three Dimensional New Design with Both Baffles 

Top Baffle 

how much a mixing device reduces the temperature range. 
A perfect mixing will have mixing effectiveness of 100% while 
a device that provides no mixing would have an effectiveness 
ofO%. 

There are two significantly different ways to define mixing 
effectiveness: the range mixing effectiveness and the statistical 
mixing effectiveness. . The performance ratings calculated 
using these two methods do not yield the same value. The range 
effectiveness is based only the highest and lowest values 
upstream and downstream of the mixing chamber. The statisti
cal effectiveness method takes all reading into account and, as 
a result, gives an indication of the uniformity of the mixture 
downstream of the mixing chamber. 

For thermal mixing, the defining equations for effectiveness 
are: 

Thermal Range Mixing Effectiveness (ERT) 

(1) 

where, 
T Max' & T Min= Maximum and minimum temperatures down~ 
stream of mixing device. 
T R = Temperature of return air stream. 
T 0 = Temperature of outside air stream. 

Thermal Statistical Mixing Effectiveness (E8T) 

EsT =(1- SDvs)xlOO% 
SDus 

where, 

(2) 

SDDs =temperature standard deviation downstream of mixing 
device. 
SDus =temperature standard deviation upstream of mixing 
device. 
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SDDS = ...:..;._:_ ___ _ 
n-1 

n 

L.TL 
T =.cl_ 

avg n 

~VRVo ( ) 
SDus = TR -To 

VR+Vo 

where V R and Vo are the velocity of the return and outside air 
streams. 

The range mixing effectiveness is helpful when extremes 
of the mix are important but the statistical mixing effectiveness 
provides a better idea about the uniformity of the distribution in 
the mixing plenum. Companion effectiveness definitions for 
gaseous mixing replace temperatures with concentrations. 

The range effectiveness can be used when the extremes of 
a mix are of prime importance, such as in coil freeze-up or 
freezestat nuisance tripping. However, when concerned about 
proper mixing of gases and indoor air quality, the statistical 
mixing effectiveness is by far the most significant. 

Computational Fluid Dynamics (CFD) 
Simulations 

Fluid flow is governed by three fundamental principles
mass is conserved, Newton's second law (momentum is con
served), and energy is conserved. These principles can be 
represented by mathematical equations that are usually expressed 
as partial differential equations. Computational Fluid Dynamics 
(CFD) is the technique of replacing these partial differential 
equations by a set of algebraic equations, solving for the 
algebraic equations by stepping through space and/or time, 
and arriving at a set of numbers that describe the flow field of 
interest. In some applications, mathematical equations in the 
form of integral equations are better suited to obtain a solution 
for the flow field in question. 

Closed-form analytical solutions to most partial differential 
equations provide values to variables continuously throughout 
the physical domain. The equations that define a fluid flow, with 
the exception of a few well defined flows, have no closed-form 
solutions. This requires a numerical solution to the continuity, 
momentum and energy equations and is achieved by solving for 
the fluid flow at predefined discrete points along the continuum. 
Discretisaton could therefore be defined as the sectioning of 
the continuous medium into finite points or volumes and 
numerically solving the governing equations for each discrete 
location. 

In recent years finite difference schemes have been refined 
and developed to solve very complex flow problems and are 
extensively used for a majority of flow phenomena. In this 
research, CFD codes that use finite volume techniques are 
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predominantly used. The governing fluid dynamic equations 
can be represented as partial differential equations or translated 
into the integral form, giving two approaches towards a 
numerical solution, the finite difference and the finite volume 
methodology. 

The essence of finite difference methods is the substitution 
of the partial derivatives with algebraic quotients, giving a 
system of algebraic equations that can be solved for the flow 
variables at the specific, discrete grid points within the flow 
field. The algebraic equations for the derivatives are usually 
obtained using Taylor's series expansions. The CFD code 
FLUENT uses this approach. 

The problem with the aforementioned finite difference 
scheme is the instability associated with the solution of discon
tinuities, like flow through a shock. For such cases, the solution 
of the Navier-Stokes equations in the integral form has shown 
to provide better accuracy. The basis of the finite volume method 
is the discretisation of the integral form of the equations and not 
the differential form. Thus, the Navier-Stokes equation in the 
integral form is integrated over individual computational cells 
and then approximated in terms of the cell-centered nodal values 
of the dependent variables. The discretised form preserves the 
conservation properties of the parent differential equation. 

Results 

Table 2 and Figure 5 provide an analysis and summary of 
these basic results. 

Conclusions 

• The basic mixing chamber provides maximum mixing 
effectiveness with the addition of both top and bottom 
baffles but at a significant increase in pressure drop across 
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Figure 5. Effect of Plenum & Baffies on Mixing Effectiveness 
and Pressure Drop 
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the chamber. As depicted in Figure (5), the pressure drop 
changed from 0.088 for the basic plenum configuration 
to 1.441 for a plenum with a long top baffie. Thus, the 
pressure drop can increase considerably. For instance, 
for the plenum with the long top baftle, the pressure drop 
increased by nearly 1,600%. 

• Significant improvement in mixing performance can 
be achieved with minimum increase in pressure drop by 
either: 
(a) expanding the mixing plenum, or 
(b) adding a top baffle. 

• Validation of the CFD approach should be obtained 
with full scale experimental results for at least one 
configuration (preferably two or more). 

• Optimizing the relative dimensions of the plenum and the 
baftles will require additional CFD simulations (assuming 
validation). 

Table 2. Mixing Characteristics of Various Plenum Configurations. 

% Temperature % Temperature Pressure Drop 
Design Configuration Effectiveness (Range) Effectiveness (Statistical) (in of water) 

Basic Design No Baffle 39 70.0 0.088 
Top Baffie 55 82 0.483 
Bottom Baftle 56 78.21 0.250 
Both Baffies 60 84 0.747 
Long Top Baftle 80 93.74 1.441 
Long Top Baftle same bottom 90 96 1.835 
Baffie 

New Design No Baffle 67 84 0.177 
Top Baffie 60 80 0.403 
Bottom Baffie 75 85 0.402 
Both Baffies 68 83 0.846 
Long Top Baffie 71.5 84.83 0.866 
Long Top Baffie same bottom 71 86.7 1.050 
Baftle 
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Abstract: Pied-billed Grebes (Podilymbus podiceps) are 
secretive water-birds that build floating nests in smaller 
wetlands. Our study focused on the nesting ecology, includ
ing phenology, of Pied-billed Grebes at Squaw Creek National 
Wildlife Refuge in northwest Missouri during an 11 year period. 
We located 956 Pied-billed Grebe nests in wetlands from April 
to July 1996-2007 and documented the number of eggs in the 
nest, water depth at the nest, and surrounding vegetation. Using 
this information, the mean clutch size, mean nest initiation date, 
mean hatching date, mean water depth at nesting sites, and most 
common vegetation types surrounding nests were determined 
and analyzed for differences among years. 

The mean clutch size for all nests was 7.18 eggs/nest 
(SE = 0. 09, n = 249) although clutch size significantly varied 
among years (F=3.51, df=7, P=0.0013). Mean nest initia
tion date from 414 nests was 18 May while the mean hatch
ing date was 11 June. Both dates were significantly different 
among years (F=31.86, df=ll, P<0.0001 and F=31.93, 
df=ll, P<0.0001). Mean water depth at nest sites was 
62.03 em (SE=0.45, n=561) and varied significantly across 
years (F=46.50, df= 7, P<0.0001). River bulrush (Schoeno
plectus fluviatilis) was the most common vegetation type 
found at 72.2% of 573 nesting sites followed by arrowhead 
(Sagitarria latifolia) (23.2%), smartweed (Polygonum sp.) 
(20.8%), and American lotus (Nelumbo lutea) (19.5%). 

All Pied-billed Grebe nesting data from Squaw Creek 
NWRfalls within the ranges reported in other nesting studies. 
It appears current management on the refuge is adequate to 
support quality Pied-billed Grebe nesting habitat. 

Key Words: Pied-billed Grebe, Podilymbus podiceps, Squaw 
Creek National Wildlife Refuge, clutch size, nest initiation date, 
hatching date, waterbirds 

Introduction 

Pied-billed Grebes (Podilymbus podiceps) are secretive, 
summer occupants of Missouri (Jacobs and Wilson 1997) 
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that have seen population declines since the 1970s (Gibbs et al. 
1991). Pied-billed Grebes use a variety of wetland types 
(Missouri Department of Conservation 2007) but prefer smaller 
ponds or a small area within a larger wetland for nesting 
(Faaborg 1976). They rarely leave the water except during 
migration (Rockwell1910). 

Pied-billed Grebes build floating nests of decaying vegeta
tion above the water surface in stands of dense cattails (Typha 
sp.), bulrush (Schoenoplectus sp.), or other emergent vegetation 
(Collette 1892, Rockwell 1910, Provost 1947, Glover 1953, 
Gabrielson 1974, Sealy 1978, Jacobs and Wilson 1997, Lor and 
Malecki 2006). Nests are attached to surrounding vegetation for 
support, to protect it from wind and waves, and hide it from 
predators ( Chabreck 1963, Lindvall and Low 1982, Forbes et al. 
1989). Nests are typically found in areas with 60--90 em (24-35 
in) of water (Collette 1892, Rockwell 1910, Provost 1947, 
Glover 1953, Chabreck 1963, Sealy 1978, Lor and Malecki 
2006). Most nests are more than 23 meters (75 feet) away from 
the nearest grebe nest (Chabreck 1963, Lor and Malecki 2006) 
and are located at sites that offer good protection over an 
abundance of food (Chabreck 1963). 

Pied-billed Grebes usually lay one egg per day (Rockwell 
1910, Glover 1953) with the onset of egg-laying starting in 
early April and continuing through mid July (Collette 1892, 
Deusing 1939, Glover 1953, Forbes et al. 1989, Lor and 
Malecki 2006). Numerous studies have noted mean clutch sizes 
for Pied-billed Grebes ranging from 4.3 to 8 eggs/clutch 
(Collette 1891-92, Provost 1947, Glover 1953, Wolf 1955, 
Chabreck 1963, Momoe 1968, Sealy 1978, Stewart 1975, 
Forbes et al. 1989, Arnold 1989, Lor and Malecki 2006) 
(Table 1 ). Prior to our study, the largest recorded unmanipulated 
clutch had 10 eggs (Bent 1919, Glover 1953, Palmer 1962). 
Eggs are a clear bluish-white color when first laid and turn a 
dirty brown color the longer they are exposed to nest material 
(Collette 1892, Rockwell1910, Jacobs and Wilson 1997). When 
Pied-billed Grebes leave their nest, they cover the eggs with 
~ 5 em ( ~ 2 in) of nesting material to hide the eggs from pred
ators (Collette 1892, Rockwell1910, Deusing 1939, Chabreck 
1963, Gabrielson 1974). 
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Table 1. Mean clutch size and water depth (em) from previous Pied-billed Grebe studies along with this study. 

Study Clutch Size Water Depth Area of Study Year(s) of Study 

Collette 1891-92 5 (n=N/A) ~ 91.4 Emporia, Kansas 1890 
Provost 194 7 6.1 (n= 13) 49.8 (range 43.2-58.4) Northwest Iowa 1942 
Glover 1953 Successful = Successful=61.5 Palo Alto Co., Iowa 1948 

6.18±0.40 (n=97) Unsuccessful = 41.7 
Unsuccessful= 
4.34±0.63 (n=41) 

Wolf1955 4.3 (n= 14) Idaho 1955 
Chabreck 1963 7.0 (n=67) >45.7 Coastal Louisiana 1961 
Momoe 1968 5 (n= 1) Honduras 1968 
Sealy 1978 6.8 (n=22) 35.5 Minnedosa, Manitoba 1973 

(no nests found < 12. 7) 
Stewart 1975 6.7 (n=74) North Dakota 1975 
Forbes et al. 1989 8 (n=90) ;::::30 Amherst, Nova Scotia 1982-83 
Arnold 1989 7.33 ± 1.28 (n=21) Minnedosa, Manitoba 1987-88 
Lor & Malecki 2006 6.4±0.2 (n=55) · 55.6 Western New York 1997-98 
Lee et al. 2008 7.18 ±0.09 (n=249) 62.03 ±0.45 Mound City, Missouri 1996-2007 

· After an average incubation period of 23 days (Deusing 
1939, Jacobs and Wilson 1997), hatching begins with two to 
four eggs hatching the first day (Forbes and Ankney 1988). One 
egg hatches each subsequent day (Forbes et al. 1989). Hatching 
occurs between early May and the first week of August, with 
peaks occurring in June (Deusing 1939, Glover 1953, Chabreck 
1963, Lor and Malecki 2006). 

Because of their secretive nature and non~game status, 
Pied-billed Grebes have not been thoroughly studied and are 
often overlooked from a research standpoint. Pied-billed Grebes 
have been known to nest on Squaw Creek National Wildlife 
Refuge (NWR) for many years although their nesting ecology 
has never been formally documented. The purpose of our study 
was to describe nesting characteristics and phenology of 
Pied-billed Grebes on Squaw Creek NWR from 1996-2007. 
This information provides insight into the extent, timing, 
and distribution of use by grebes that will enable managers to 
produce quality habitat conditions for nesting Pied-billed 
Grebes. 

Study Area 

Our study took place at Squaw Creek NWR (refuge) near 
Mound City, Holt County, MO in the northwest region of the 
state. The majority of the 3000 ha (7415 ac) refuge is located 
in the Missouri River floodplain and has 1397 ha (3452 ac) in 
15 managed wetlands (Figure 1). Pools searched in this study 
included Cattail Pool, Eagle Pool, Mallard Marsh (South and 
North), Moist Soil Units 3 & 5W, Pelican MSU, Pelican Pool, 
Pintail Pool, and Snow Goose Pools A, C, D, and E (Figure 1 ) .. 
Because water level and vegetation composition varies in 

each pool by year, we evaluated different wetlands each year 
depending on available Pied-billed Grebe nesting habitat. 

Methods 

We located Pied-billed Grebe nests during airboat surveys 
from late April to early July 1996-2007. Any wetland with suf
ficient water and suitable Pied-billed Grebe nesting habitat was 
searched with approximately 50 m wide transects. When a nest 
was located, we recorded the date and number of eggs and/or 
chicks present. From 1996-2003, the water depth and major 
vegetation in the nesting area were also documented. Nests 
were revisited during 1996-2002 and the number of eggs and 
status of the nest were noted. Grebes may have more than one 
nest but only one is used fornesting (Glover 1953). Ninety nests 
were found that had no eggs and consequently were not used for 
data analysis. 

Mean Clutch Size 

Nests that were visited more than once were used to deter
mine mean Pied-billed Grebe clutch size on Squaw Creek NWR. 
The 2002 field season was the last year nests were revisited so 
we were unable to determine clutch sizes from most nests found 
in 2003-2007. If on subsequent visits a nest had the same 

. number of eggs, that number was considered the clutch size for 
that nest. If there were more eggs in the nest during the second 
visit and there were more days than eggs laid between visits, the 
number of eggs observed during the second visit was the clutch 
size for that nest. If the eggs hatched between the first and 
second visit and the time between visits was < 23 days, the 
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Figure 1. Map of Squaw Creek NWR with all wetlands 
labeled. 
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number of eggs observed during the first visit was considered 
the clutch size. 

Nest Initiation and Hatching Dates 

Three methods were used to determine nest initiation dates. 
First, if a nest had more eggs during the second visit than the 
first, it was assumed that the bird was still laying eggs during 
the first visit. Pied-billed grebes lay about 1 egg/day (Rockwell 
1910, Glover 1953) so we counted back one day for each egg in 
the nest by the first visit and that was the nest initiation date. 
Second, if we visited the nest only once and it had less than the 
mean 7 eggs/nest, we counted back the days frcim the visitation 
date until the first egg was laid to determine the nest initiation 
date. Third, if we could determine the hatching date and 
we know it takes 23 days to incubate Pied-billed Grebe eggs 
(Deusing 1939, Forbes et al. 1989, Jacobs & Wilson 1997, 
Gough et al. 1998), we subtracted 23 days from the hatching 
date to get the nest initiation date. All dates were converted to 
Julian dates. 
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When calculating hatching dates, if a nest was hatching 
during any visit we were able to calculate the initial hatching 
date by looking at how many eggs had already hatched 
and counting back one day for each hatched egg minus one. 
Pied-billed Grebes hatch at a rate of approximately one egg/day 
(Forbes et al. 1989) with the exception of the first day when 
two to four eggs hatch (Forbes and Ankney 1988). If the nest 
initiation date was known, we could calculate the hatching date 
by adding 23 days to the nest initiation date. All dates were 
converted to Julian dates. 

Water and Vegetation Measurements 

From 1996 to 2003, we recorded the mean water depth and 
dominant vegetation surrounding each nest. Water depth was 
recorded in centimeters. 

Statistical Analysis 

We determined mean clutch size, mean nest initiation and 
hatching dates, and mean water depth using all nests with suf
ficient data. We investigated annual variation in clutch size, nest 
initiation date, and water depth at nest sites using analysis of 
variance in SAS v9 .2 (MIXED Procedure, SAS Institute, Inc. 
2004). We accepted significance for all tests at P:s;0.05. For 
clutch size, we used the PDIFF option in PROC MIXED to con
duct Tukey-Kramer post-hoc tests for year-specific differences. 
For this test we discussed differences when P ::::;0.10. The dom
inant vegetation types used by Pied-billed Grebes at nesting 
sites were noted and the percentage of each vegetation type was 
calculated to determine the most commonly used species. 

Results 

We located 956 Pied-billed Grebe nests with at least one 
egg on the refuge in 1996-2007. Two hundred forty-nine nests 
had sufficient data to determine mean clutch size, while 414 
nests had sufficient information to calculate nest initiation and 
hatching dates. We measured water depths at 561 nests and 
dominant vegetation types were recorded at 573 nests. 

Mean clutch size on the refuge was 7.18 eggs/nest 
(SE = 0.09, n = 249), with a range of 2 to 11 eggs/nest. This is 
the first known study to document an unmanipulated Pied-billed 
Grebe clutch of 11 eggs. The mean clutch size varied signifi
cantly among years (F=3.51, df=7, P=0.0013) (Table 2). We 
did not use 2007 while testing for annual variation as we were 
only able to determine clutch size for one nest that year. Tukey
Kramer multiple comparisons test shows significant differences 
(P:s;0.10) between 2000 and 2001 (T=4.31, df=240, P= 
0.0006), 1997 and 2000 (T=3.02, df=240, P=0.0551), 1996 
and 2001 (T=2.93, df=240, P=0.0706), and 1999 and 2001 
(T=2.82, df=240, P=0.0956). 

The mean nest initiation date for Pied-billed Grebes was 18 
May (138.2 ±0.56, n=414). The earliest known nest initiation 
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Table 2. Mean clutch size, nest initiation and hatching dates (Julian dates), and water depths (em)± SEat nest sites at Squaw 
Creek NWR from 1996-2007. 

Year Clutch Size Nest Initiation Date 

1996 6.75±0.57 (n=12) 155.33 ± 1.83 (n= 12) 
1997 7.44±0.17 (n=61) 144.33±1.01 (n=57) 
1998 6.80 ± 0.39 (n= 10) 140.31 ± 1.59 (n= 13) 
1999 7.24±0.18 (n=67) 144.20± 1.09 (n=59) 
2000 6.70±0.18 (n=71) 132.91 ±0.88 (n=66) 
2001 8.26±0.15 (n=19) 130.50± 1.30 (n=30) 
2002 7.60±0.51 (n=5) 145.08±2.32 (n=26) 
2003 N/A(n=O) 143.85±2.47 (n=26) 
2004 N/A(n=O) 151.50 ±2.54 (n= 12) 
2005 N/A(n=O) 128.41 ±2.93 (n= 17) 
2006 6.67 ± 0.88 (n = 3) 128.22±0.99 (n=73) 
2007 8.00±0.00 (n= 1) 140.61 ± 1.01 (n=23) 
Total 7.18±0.09 (n=249) 138.21 ±0.56 (n=414) 

F=3.51 F=31.86 
AOV d£=7 d£=11 

P=0.0013 P<0.0001 

date was 11 April, while the latest was 24 June. The mean hatch
ing date on the refuge was 11 June (161.2 ±0.56, n=414), with 
hatching dates ranging from 4 May to 17 July. Both the mean 
initiation date (F =31.86, df= 11, P <0.0001) and mean hatch
ing date (F = 31.93, df = 11, P < 0.0001) were different among 
years (Table 2). Figure 2 shows the mean nest initiation and 
hatching dates fall within the peak range for both. 

The mean water depth at 561 nest sites was 62.0 em 
(24.4 in) (SE=0.45) and ranged from 25.4to 210.8 em (10.0 to 
83.0 in). Mean water depths were significantly different among 
years (F =46.50, df= 7, P <0.0001) (Table 2). Fifty-six percent 
(n = 321) of nesting sites were in areas with two types of vegeta
tion, while 35.0% (n=202) were in areas dominated by one 
type of vegetation. A total of 8.2% (n=47) were in areas 
with three types of vegetation, and only 0.5% (n=3) of nesting 
sites were in areas with four vegetation types. River bulrush 
(flchoenoplectus fluviatilis) was most common and found at 
72.2% (n=414) of nesting sites (Figure 3). River bulrush was 
followed by arrowhead (Sagittaria latifolia), 23.2% (n= 133), 
smartweed (Polygonum sp.), 20.8% (n= 119), and American 
lotus (Nelumbo lutea), 19.5% (n= 112). Other common species 
found at nesting sites included cattails, pondweed (Potamo
geton sp. and Stuckenia sp.), water plantain (Alisma sp.), and 
residual vegetation. 

Discussion 

The mean clutch size on Squaw Creek NWR was 7.18 
eggs/nest, and although this is relatively high, it still falls within 

IIatchingDate Water Depth 

178.58 ± 1.85 (n = 12) 83.49 ± 1.16 (n=23) 
167.33 ± 1.01 (n= 57) 86.06±0.41 (n= 120) 
163.31 ± 1.59 (n= 13) 67.26± 1.12 (n=27) 
167.20± 1.09 (n=59) 61.49 ± 0.42 (n= 116) 
155.91 ± 0.88 (n=66) 42.48 ±0.22 (n= 119) 
153.57 ± 1.30 (n=30) 48.41 ±0.60 (n=33) 
168.08±2.32 (n=26) 66.80±3.00 (n=60) 
166.85 ±2.47 (n=26) 46.70±0.50 (n=63) 
174.50 ±2.54 (n= 12) N/A(n=O) 
151.41 ±2.93 (n= 17) N/A(n=O) 
151.22±0.99 (n=73) N/A(n=O) 
163.61 ± 1.01 (n=23) N/A(n=O) 
161.22±0.56 (n=414) 62.03 ±0.45 (n=561) 
F=31.93 F=46.50 
d£=11 d£=7 
P<0.0001 P<0.0001 

the range of mean clutch sizes reported in other Pied-billed 
Grebe nesting studies (Table 1 ). There does not appear to be a 
latitudinal effect on mean clutch size, so this difference may be 
due to a larger food supply or better nesting habitat at the refuge. 
The difference in mean clutch size among years on the refuge 
can be caused by many factors including precipitation - flood/ 
drought, temperatures, vegetation from the present and previous 
year, freeze/thaw dates, and other extreme weather conditions 
that adversely affect water levels and vegetation. The highest 
mean clutch size was observed during 2001 and this year also 
showed the most differences in clutch sizes to other years. In 
2001, the mean initiation date was at 130.50 days (Table 2). 
Among years, this is the third earliest mean initiation date and 
is earlier than the overall mean initiation date. The earlier nest 
initiation during this year may have allowed more days for nest 
laying and could be the cause of the larger mean clutch size. 
The mean nest initiation dates for 1996 and 1999, which both 
had significantly smaller clutch sizes than 200 1, were 14 and 
25 days, respectively, later than 2001 (Table 2). 

The mean nest initiation date was 18 May on Squaw Creek 
NWR which was also the period of peak nest initiation on the 
refuge (Figure 2). Our data is similar to research by Forbes et al. 
(1989) and Lor and Malecki (2006) who observed peak laying 
activity 14-28 May and 27 May, respectively. Lor and Malecki 
(2006) observed another peak nest initiation period around 
15 April that we did not observe. Nest initiation dates ranged 
from 11 April to 24 June at the refuge. This range is about 
4 weeks less than the range observed by Lor and Malecki (2006), 
who observed nest initiation from 1 April to the second week of 
July. 
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Figure 2. The number of Pied-billed Grebe nests (n=414) by nest initiation and hatching dates (Julian date) at Squaw Creek NWR, 
1996--2007. 
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Figure 3. Breakdown of vegetation found at 573 Pied-billed Grebe nesting sites on Squaw Creek NWR, 1996--2007. The number 
for each vegetation type indicates the number of nests that were found in a dominant stand of that vegetation type. Other vegetation 
includes bulrush (Schoenoplectus sp.), duckweed (Lemna sp.), reed canary grass (Phalaris arundinaceae), and willow (Salix sp.). 
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The mean and peak hatching date of 11 June, were similar 
to other studies that also reported peak hatching rates in June 
(Figure 2). Peak hatching dates were observed in early June and 
26 June by Chabreck (1963) and Glover (1953), respectively. 
The range of hatching dates of 4 May to 17 July is slightly less 
but similar to Lor and Malecki (2006), 9 May to the first week 
of August. 

The mean water depth at nests on Squaw Creek NWR was 
higher than most other studies (Table 1) and was similar to the 
mean water depth found at successful nests by Glover (1953). 
Mean annual water depth variation is due to the available fall 
flood water and precipitation and evaporation during the winter 
and spring (Durbian, pers. obs.). 

The most common vegetation types used at nesting sites 
by Pied-billed Grebes at Squaw Creek NWR included river 
bulrush, arrowhead, smartweed, and American lotus. Other 
studies have found Pied-billed Grebes nesting in dominant 
stands of bulrush and cattails (Provost 1947, Sealy 1978), as 
did our study. 

Conclusion 

Squaw Creek NWR is an important nesting area for 
Pied-billed Grebes. During the course of our study we observed 
ample amounts of available nesting habitat for grebes on 
the refuge. Because there are so many independently managed 
wetlands within the system on the refuge, it is possible to 
manage wetlands for a variety of species with alternative habitat 
requirements and still have quality habitat available for nesting 
grebes. Data from our study are similar to other Pied-billed 
Grebe nesting studies, so it is not necessary to alter existing 
management strategies on the refuge. Current management 
regimes are providing suitable nesting conditions for grebes. 
By continuing to manage wetlands on the refuge to benefit a 
host of water-bird species and other wildlife, Squaw Creek 
NWR will continue to provide abundant habitat for Pied-billed 
Grebes in northwestern Missouri. 
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Abstract: The decline in populations of the eastern massa
sauga rattlesnake (Sistrums catenatus catenatus) across its 
range is of concern to conservation managers and the species 
is currently a candidate for federal listing. Because only 
four eastern massasauga populations are known to occur in 
Missouri, the species is on the Missouri Endangered Species 
List. We sought to produce a molecular genetic data set that 
could be used to inform conservation management decisions 
about three of these populations. Our method was to collect 
and analyze data from three microsatellites sites in an effort to 
provide insight into the genetic health of the populations and 
into relationships between them. Our method was controlled 
by inclusion of two populations of the western massasauga 
(Sistrums catenatus tergeminus) from southeastern Nebraska. 
The final data set included 111 individuals from Missouri and 
Nebraska populations. Although a significant portion (92%) of 
alleles were shared between each population, low levels of 
heterozygosity were detected, indicating local inbreeding. Tests 
of population differentiation suggested that little to no gene 
flow between these populations has occurred, giving rise to 
unique allele frequencies and combinations which may be of 
high conservation value. Most notably, significant differentia
tion was observed between putative subpopulations at the 
Squaw Creek National Wildlife Refuge that are in close proxim
ity to one another. Our results illustrate the value of molecular 
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genetics analysis in conservation management and have impor
tant implications for the management of Missouri massasauga 
populations. 

Introduction 

The massasauga (Sistrurus catenatus) is a pygmy rattle
snake species that is found from Texas to New York (Conant 
and Collins, 1998; Schmidt andDavis,1941; Szymanski, 1998). 
Three sub-species of massasauga are currently described 
including the desert massasauga (Sistrurus catenatus edward
sii), western massasauga (Sistrurus catenatus tergeminus), and 
eastern massasauga (Sistrurus catenatus catenatus) (Gloyd, 
1940; Minton, 1983; Conant and Collins, 1998; Johnson, 2000). 
The distribution of the eastern massasauga is primarily consid
ered from western New York and southern Ontario to Iowa and 
Missouri (Minton, 1972; Conant and Collins, 1998; Johnson, 
2000; Johnson et al., 2000). Conant and Collins (1998) listed 
the range of the western massasauga as southwest Iowa and 
western Missouri to Colorado and Texas and the desert massa
sauga as west Texas, southern New Mexico and southwest 
Arizona. Although the current range of the eastern massasauga 
is believed to encompass all of Missouri (Johnson, 2000) 
several authors have listed possible zones of intergradation 
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between the eastern and western subspecies in the central or 
western portion of the state (Gloyd, 1940; Conant and Collins, 
1998; Johnson et al., 2000). However no published work utiliz
ing genetic research to distinguish these proposed zones of 
intergradation exists and currently the eastern subspecies is 
considered to occupy Missouri (Szymanski, 1998). 

The eastern massasauga is a candidate for listing under the 
United States Endangered Species Act (Szymanski, 1998; Code 
of Federal Regulations 64 FR 57534). In Missouri, this sub
species occurs north and east of the Missouri River and is listed 
as an endangered species (Missouri Natural Heritage Program, 
2008). Missouri currently harbors only four extant populations: 
Squaw Creek National Wildlife Refuge (SCNWR), Swan Lake 
National Wildlife Refuge (SLNWR), Pershing State Park (PSP) 
(Johnson, 2000) and a newly characterized population in Holt 
County, MO (Durbian et al. 2006). The sub-species decline 
throughout its range is attributed to habitat loss and fragmenta
tion, over utilization for commercial, recreational, scientific or 
educational purposes, predation due to habitat fragmentation, 
inadequacy of existing regulatory mechanisms, and indiscrimi
nant or accidental killing (Szymanski, 1998). Given the status 
of massasauga populations in Missouri, we believed it was of 

Figure 1. Study site locations in Missouri and Nebraska. 
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considerable conservation value to begin assessing the genetic 
diversity of these populations (SCNWR, SLNWR, and PSP). 
We also compared the genetic health and allelic variation of 
the Missouri populations with two nearby populations of the 
western massasauga located on Burchard Lake Wildlife Man
agement Area (BL) and Pawnee Prairie Wildlife Management 
Area (PP) in southeastern Nebraska (Figure 1). 

To determine the genetic health of each population we 
focused on the three key elements of genetic diversity, continual 
gene flow between populations, and the degree of genetic struc
tures (unique alleles or genotypes). Genetic diversity has been 
shown to reflect the relative fitness of populations (McAlpine, 
1993; Jimenez et al., 1994) and may be a predictor of the sus
tainability ofmassasauga populations. Gibbs et al. (1994, 1997) 
found that significant and unique portions of the total genetic 
variation found among Canadian massasauga populations was 
partitioned among populations, suggesting that each population 
is therefore of high conservation value. This situation is likely 
to have arisen from low levels of gene flow. The Missouri popu
lations are thought to be geographically distant enough from 
one another that gene flow does not take place, but genetic evi
dence of this has not been available. Finally, we sought to learn 
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if a level of genetic structuring exists in our populations, espe
cially within the SCNWR population. Researchers and wildlife 
managers have postulated that the SCNWR population may 
consist of three putative subpopulations having limited genetic 
exchange due to potential physiographic and vegetative barriers 
including large expanses of seasonally flooded wetlands and 
bottomland timber tracts (R. Seigel, personal communication). 
Additionally, radio telemetry research conducted on SCNWR 
failed to demonstrate direct connectivity among subpopulations 
as snakes rarely entered or used the forested habitat separating 
two of the subpopulations (Durbian et al. 2008). If the large 
population at SCNWR carries unique alleles or genotypes, 
conservationists need to know if these unique genetic markers 
are equally distributed among each putative subpopulation, so 
as to preserve sustainable levels of genetic diversity. 

Although ongoing research evaluating the phylogeny of 
the massasauga throughout its range is being conducted 
(M. Douglas, personal communication), molecular data on the 
genetic structure ·of the Missouri populations have not been 
reported. Understanding the genetic structure of massasauga 
populations is vital to the conservation of the species in 
Missouri and range-wide. In this report we describe the results 
of a microsatellite DNA analysis of the genetic structure ofthree 
putative subpopulations ofmassasaugarattlesnakes at SCNWR, 
two other populations in Missouri, and two populations of the 
western massasauga from southeastern Nebraska. 

Materials and Methods 

Study Sites 

Blood samples were collected from massasaugas at three 
different locations in Missouri including SCNWR (3,012 ha), 
SLNWR (4,400 ha), PSP (1,443 ha), and two sites in south
eastern Nebraska, PP (445 ha) and BL (283 ha) (Figure 1). 
Squaw Creek National Wildlife Refuge was divided into puta
tive subpopulations consisting of Main Wet Prairie (MWP) 
(399 ha), West Railroad Grade (WRG) (93 ha), and 118 High
way (118 Hwy) (79 ha) (Figure 2). The Holt County population 
was not discovered before the initiation of this study and is 
therefore not considered in our analyses. The habitat occupied 
by massasaugas is similar at each site and can be characterized 
as a combination of mesic and xeric prairie managed for 
warm season native grass species including prairie cord grass 
(Spartina pectinata), Indian grass (Sorghastrum nutans), switch 
grass (Panicum virgatum ), big bluestem (Andropogon gerardi), 
and eastern gamma grass (Tripsacum dactyloides). 

Capture Techniques 

From August 2003 through September 2004, snakes 
captured in this study were part of ongoing research projects 
on their respective sites, thus multiple capture techniques were 
used. Individuals were captured using visual searches of spring
burned prairie, cover boards, "road cruising", drift fencing, and 
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Figure 2. Land use cover map of Squaw Creek National 
Wildlife Refuge and location of Main Wet Prairie (MWP), 
West Railroad Grade (WRG), and 118 Highway (118 Hwy) 
subpopulations. 
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incidental captures. The majority of the individuals captured on 
the Nebraska sites were located by searching spring-burned 
prairie while most of the individuals captured on the Missouri 
sites were caught with drift fences. Drift fences consisted of a 
modified design based on Fitch (1960). 

Snakes removed from the field were typically held over
night and released the following day. All individuals held in 
captivity were housed in cotton or nylon snake bags that were 
placed inside a ventilated 48-quart beverage cooler. Coolers 
were placed in a temperature controlled environment (26°C) to 
reduce stress. Each individual was implanted with a passive 
integrated transponder (PIT) tag (American Veterinary Identifi
cation Devices, Norco, California) for future identification and 
to prevent resampling (Jemison et al., 1995). 

Blood Sample Collection 

Blood samples were collected from individuals either 
immediately upon capture in the field or post-capture in a 
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laboratory setting. Approximately 0.1 ml ofblood was extracted 
from each individual via the caudal vein at the mid-point of the 
tail or through ventricular aspiration using 1.0 ml tuberculin 
syringes and 25 gauge needles. Ventricular aspiration was only 
used when blood could not be obtained via the caudal vein. 
Neither technique resulted in any mortalities or observable 
negative effects. Blood samples were transferred from syringes 
to 1.5 ml microcentrifuge tubes. Samples were frozen at ooc 
until used for microsatellite analysis. 

DNA Isolation and Microsatellite PCR 

DNA was isolated from 10 J.tl of each whole blood sample 
with the DNeasy Tissue kit (Qiagen, Valencia, California) 
following the manufacturer's protocol. The quality and quantity 
of the DNA was measured by UV absorbance. Polymerase chain 
reactions for the analysis of microsatellite variation were assem
bled in 20 J.tl final volumes consisting of: 2-10 ng isolated DNA 
template, 20 pmol each of forward and reverse primers, 2 J.tl 
10 mM dNTP mix, 2 J.tl Mg-free lOX buffer (100 mM Tris 
pH 9.0 at 25°C, 500 mM KCl, 1% Triton X-100), 1 J.tl25 mM 
MgC12, and 1 unit Taq DNA Polymerase. A Touchgene Gradient 
thermal cycler (Techne, Burlington, New Jersey) was used to 
conduct the following thermal profile: initial denaturation of 
4 minutes at 94°C; 25-30 cycles of denaturation at 94°C for 
30 seconds, annealing at 45-62°C for 30 seconds, extension 
at 74°C for one minute; final extension of74°C for 10 minutes. 
Reactions for the analysis of the microsatellites used primers 
previously designed for S. catenatus (Gibbs eta!., 1997) includ
ing Scu07 forward primer 5'-CTTTGTGCTATTTTTCCACC-
3' and the reverse primer 5'-GCCAAAAAAGTAAAATAT
GAGC-3', an annealing temperature of 52°C, and 27 cycles. 
Reactions for Scull used the primers 5'-AATCAGCATGTG
GCTTAAATC-3' and 5'-GCTGCTTGGCTACATATGC-3', 
61 °C, and 27 cycles, while those for Scu26 used 5'
GTCCAGGATATGAGGGATCTG-3' and 5'-GAAATTGGTG
GAAGAGACCTG-3', 65°C, and 28 cycles. Aliquots taken 
from reactions were electrophoresed on 12% polyacrylamide 
gels at 20 volts/em for 60 minutes and stained with 10 mg/ml 
ethidium bromide for 15 minutes. Gel electrophoresis images 
were captured with a Kodak DC120 digital camera and the 
densitometry feature ofKodak Digital Science lD version 2.0.3 
(New Haven, Connecticut) was used to measure product sizes. 

Genetic Analyses 

Genetic analyses for recovering population and/or specific 
subdivision from the seven sampled localities of Sistrurus were 
conducted using a matrix of the scored alleles for each of the 
111 individuals at all three microsatellite loci (Scu07, Scull 
and Scu26). All loci were combined to give an allelic fingerprint 
for each of the individuals, and all analyses were performed 
using algorithms available in ARLEQUIN v.2.0 (Schneider 
et al., 2000) to assess intraspecific variation. Several comple
mentary measures (described below) were used to interpret 
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recovered levels of genetic differentiation among the sampled 
localities and to establish base-line levels of locality subdivi
sion for Sistrurus in Missouri and Nebraska using nuclear loci. 
Genetic variation and structuring were assessed via estimation 
of allelic diversity and heterozygosity, and observed patterns of 
intra- and interlocus allelic combinations. The effective size of 
each putative population or subpopulation was estimated based 
on tests oflinkage disequilibrium (Bartley et al., 1992). Hierar
chical genetic structure was analyzed by Analysis of Molecular 
Variance (AMOVA) with populations combined into three a 
priori groups. These groups consisted ofMain Wet Prairie, West 
Railroad Grade, and 118 Highway in group one, Pawnee Prairie 
and Burchard Lake in group two, and Pershing and Swan Lake 
populations in group three (Table 1 ). This a priori structuring of 
the putative subpopulations was designated based on geographic 
proximity of sample sites and historical subspecific designa
tions (Gloyd, 1940; Evans and Gloyd, 1948). Additional 
groupings, including pooling, were considered and analyzed 
including grouping the Nebraska and northwest Missouri 
populations as is consistent with phytogeographic analyses 
(M. Douglas, personal communication). Genetic subdivision 
as recovered by this experimental design was assigned to one 
of three levels using the Fu notation in ARLEQUIN: among 
groups (F cT), among populations within groups (F sc), and within 
populations (F8T)· Significance ofthe recovered F-values was 
also assessed. In addition, genetic subdivision and statistically 
significant deviations from randomness were investigated by 
calculating pairwise F sT values using both allele frequencies 
and a stepwise mutation model and the linearized R8T, thought 
to better represent the evolution of microsatellite loci (Slatkin, 
1995) between populations. All analyses were run for 20,000 
generations. An exact test of population differentiation 
(Raymond andRousset, 1995) run for 100,000 generations was 
also used to assess whether all alleles are randomly distributed 
throughout the sampled localities. 

Results 

The molecular genetic data set we constructed consisted 
of genotypes at three different microsatellite loci for a total of 
111 individuals from the Missouri and Nebraska populations. 
PCR amplification of DNA isolated from an individual blood 
sample was followed by polyacrylamide gel electrophoresis 
in order to reveal whether the individual was homozygous or 
heterozygous for a given microsatellite and which alleles it pos
sessed. Figure 3 shows example of results for each of the three 
micro satellite primer pairs used. Examination of the data reveals 
evidence of both homozygotes and heterozygotes and a variety 
of different alleles sizes. Not all reactions yielded results, such 
as the one in Figure 3, part B, lane 3. Such individuals were 
not included in the data set. Negative controls were used to dis
tinguish microsatellite alleles from PCR artifacts such as primer 
dimers. 
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Table 1. Population level parameters estimated from the recovered microsatellite data for each locus. NE is the effective popula-
tion size with the respective 95% confidence intervals where Inf =infinity. N is the total number of individuals from each population 
for each locus and H is the expected and observed heterozygosity with associated significance values. rc and rb are measurements 
for null alleles. 

Squaw Creek NWR Nebraska Central Missouri 

Site MWP WRG 118HWY pp BL PSP SLNWR 
NE 155 (26-inf.) 34 (12-inf.) 16 (6-inf.) 15 (6-inf.) 65 (17-inf.) Inf(l7-inf.) 21 (10-115) 

Scu-7 N 21 13 16 22 10 14 19 
Alleles 8 5 6 6 5 6 6 
Hexp. 0.7782 0.7908 0.6230 0.6533 0.6526 0.5741 0.6174 
Bobs. 0.8095 0.5385 0.6250 0.5455 0.5000 0.5714 0.8947 
p-value (H) 0.5417 0.1867 0.7131 0.6915 0.2121 0.3598 0.0022 
rc -0.020 0.190 -0.002 0.090 0.132 0.002 -0.183 
rb -0.018 0.141 -0.001 0.065 0.092 0.002 -0.171 

Scull N 21 12 16 22 9 14 17 
Alleles 14 6 8 10 8 10 14 
Hexp. 0.9013 0.8188 0.8427 0.7664 0.9083 0.5899 0.9269 
Bobs. 0.5238 0.3333 0.3125 0.3182 0.5000 0.6429 0.7059 
p-value (H) 0.0000 0.0004 0.0000 0.0000 0.0100 0.6969 0.0080 
rc 0.265 0.421 0.459 0.413 0.290 -0.043 0.135 
rb 0.199 0.267 0.288 0.254 0.214 -0.033 0.115 

Scu26 N 21 13 16 21 10 13 19 
Alleles 6 5 9 5 3 4 5 
Hexp. 0.8130 0.7323 0.7923 0.7329 0.6474 0.6031 0.7070 
Bobs. 0.3333 0.2308 0.3750 0.1905 0.2000 0.1538 0.4737 
p-value (H) 0.0001 0.0000 0.0000 0.0000 0.0108 0.0002 0.0025 
rc 0.418 0.521 0.357 0.587 0.528 0.594 0.198 
rb 0.265 0.289 0.233 0.313 0.272 0.280 0.137 

Figure 3. Polyacrylamide gel electrophoresis ofPCR reactions with Massasauga genomic DNA templates and the three microsatel
lite primer pairs used in the study. M is a molecular weight marker of 100, 200, 300, 400, 500 bp. A. Scu07 primers- 1 MWP, 
2 MWP, 3 Burchard, 4 MWP, 5 Pershing, 6 negative control with no template DNA. B. Scull primers- 1 118 Hwy, 2 WRG, 
3 WRG, 4 118 Hwy, 5 MWP, 6 negative control. C. Scu26 primers- 1 Pershing, 2 Swan Lake, 3 Pershing, 4 Pershing, 5 Swan Lake, 
6 negative control. 

A 
M 2 3 4 5 6 

B 
M 2 3 4 5 6 

c 
NI 2 3 4 5 6 
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Once the microsatellite data set was constructed, we con
ducted genetic analysis. We found low levels of heterozygosity 
across many of the populations from 111 individuals across the 
seven study sites in Missouri and Nebraska. Table 1 summarizes 
all ra'Y data collected such as effective population size, number 
of samples collected for each locus, number of alleles recov
ered, observed & expected Hardy-Weinberg p -values, and rc 
and rb. Estimates of effective population size using the program 
NE-EST1MATOR (Version 1.3, D. Peel, J. R. Ovenden, and 
S. L. Peel, Queensland Government., Department of Primary 
Industries and Fisheries) based on linkage disequilibrium esti
mates demonstrate a wide range of values, from a low of 15 
individuals in BL to an estimated infinite number of individuals 
in Pershing. The frequency of observed heterozygotes (indi
cated by Robs) was high for Scu07, but low for Scull and Scu26 
and observed heterozygosities were lower than expected under 
Hardy-Weinberg equilibrium in 17 of the 21 populations. For 
locus Scu07, a significant difference between observed and 
expected heterozygosity values for one population (SLNWR) 
was observed. The Pershing population was the only population 
at locus Scull that showed no significant difference between 
observed and expected heterozygosity values. All seven popula
tions at locus Scu26 showed significant deviation from the 
expected level of heterozygosity. 

The possible occurrences of null alleles (non-amplified 
polymorphisms that falsely score individuals as homozygotes) 
were estimated independently from the expected and observed 
heterozygosity for each of the three loci (rc- Chakraborty et al., 
1992; rb- Brookfield, 1996). The statistics rb and rc are estimates 
of the frequencies of null alleles where rc assumes that null 
alleles do not exist in our data but rb allows them to occur, with 
higher values indicating a greater likelihood of null alleles. 
Overall mean values for rc and rb were 0.255 (s.d. ± 0.229) and 
0.152 (s.d.±0.136), respectively. This indicates that approxi
mately 20% of the non-amplifiable loci can be attributed to null 
alleles. Estimates for rc and rb for Scull and Scu26 (rc = 0.277 
and 0.457; rb= 0.186 and 0.255, respectively) are much greater 
than for Scu07 (rc=0.030; rb =0.016). 

The AM OVA results recovered 92% of the variation in the 
genotypic data from within the sampled localities (p = 0.00009; 
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F = 0.08), indicating a moderate level of allelic diversity shared 
across the populations. Of the variation recovered among 
populations, 5% was within the a priori groupings (p=0.018; 
F = 0.05) shown in Table 1. Only 3% of the variation was among 
groups (p = 0.16; F = 0.03). The recovery of5% ofth.e variation 
within a priori population groups, while significant, is small 
compared to the large amount of variation shared among 
populations. Alternatives to the a priori groupings shown in 
Table 1 that were based on geographic, subspecific and phylo
genetic assumption were also considered, including grouping 
the Nebraska and northwest Missouri populations. Analysis of 
these alternatives demonstrated that the original a priori group
ing did not significantly affect the location ofhierarchical varia
tion and the statistical significance conclusion did not change 
for any ofthe hierarchical levels. For example, when SCNWR, 
PP, and BL were combined into one group, the percent of varia
tion among groups dropped from 3% to 1. 7%, with the variation 
being added to the total groups within population level. 

Statistical tests suggest very little, if any, gene flow between 
populations. F sT estimates are measures of population differen
tiation that vary from zero, indicating no genetic subdivision, to 
one, indicating complete subdivision and no sharing of alleles. 
Higher levels of FsT can be explained by inbreeding, lack of 
gene flow, bottlenecks, or some combination of these factors. 
Slatkin's RsT is an analogue of Wright's FsT> adapted to micro
satellite loci by assuming a high-rate stepwise mutation 
model instead of a low-rate K- or infinite-allele mutation model 
(Slatkin, 1995; Wright, 1969). As shown in Table 2, RsT 
estimates were low (less than 0.17) for all localities, indicating 
very little if any ongoing gene flow. 

The exact test is a test of the nonrandom distribution of 
haplotypes into population subdivisions under the null hypoth
esis of pamnixia. The exact test is an alternative to traditional 
F sT measures and has several advantages over F sT (Raymond 
and Rousset, 1995). The global exact test applied to our data 
returned a value of p < 0.00001 and significant p values for 16 
of the 21 population comparisons, indicating significantly dif
ferent genetic structures (Table 3) which is in general agreement 
with the RsT results showing differences between the popula
tions. The exception is the Pershing population, which is 

Table2. Pairwise comparisons of Slatkin's Rst values for the seven sample localities. Rst p-values are below the diagonal and sig-
nificance values, +=significant (p < 0. 05) and-= non-significant (p > 0.05), are shown above the diagonal for each comparison. 

Squaw Creek NWR Nebraska Central Missouri 

MWP WRG 118HWY pp BL PSP SLNWR 

MWP + + 
WRG 0.0274 + + + 
118HWY -0.0187 0.0681 + + + 
pp 0.0779 0.1231 0.1231 + 
BL 0.0384 0.0788 0.0877 -0.0033 
PSP -0.0110 0.0648 0.0038 0.0475 -0.0470 + 
SLNWR 0.1122 0.1627 0.0872 0.1573 0.0548 0.1076 
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Table 3. Results from the Exact test of population differentiation. Exact test p-values are below the diagonal and significance 
values, +=significant (p<0.05) and -=non-significant (p >0.05), are shown above the diagonal for each comparison. 

Squaw Creek NWR 

MWP WRG 118HWY 

MWP 
WRG 0.2395 + 
118HWY 0.4420 0.0062 
pp 0.0134 0.0013 0.0000 
BL 0.1631 0.0210 0.0021 
PSP 0.0103 0.0002 0.0019 
SLNWR 0.1110 0.0006 0.0009 

differentiated from the other populations by the exact test, but 
notRsT. 

Discussion 

We detected several deviations from heterozygosity, based 
on our panmictic structuring, indicating a level of population 
structure in our samples (Hartl and Clark, 1997). Though the 
low levels of heterozygosity identify populations likely. to be 
inbreeding, this is expected since the dispersal distance is rela
tively confined to state and federally protected lands such as 
SCNWR, BL, and PP. Another explanation for the low hetero
zygosity is the occurrence of null alleles, ·which are thought 
to falsely inflate the number of homozygous individuals for a 
locus and thus skew estimates of observed heterozygosity and 
bias Hardy-Weinberg equilibrium estimation for a population. 
Higher values of rb and rc observed in our data suggest null 
alleles likely are responsible for deviations from Hardy
Weinberg equilibrium. Non-amplifiable loci are not the direct 
result of point mutations in the primer binding sequence that 
would falsely indicate an individual as homozygous (Gibbs 
et al., 1997). 

Some of the most frequently used measures for estimating 
population subdivision revealed significant levels of differenti
ation among the populations studied. This means that although 
they share a large number of alleles, the frequencies in which 
those alleles are found are distinct in each population. The 
Pawnee Prairie and Burchard Lake populations are geographi
cally close, and the fact that they are not differentiated can be 
interpreted as recent and/or continual gene flow between the 
two populations. This mechanism could also explain the obser
vation that Burchard Lake individuals are not distinguishable 
from Swan Lake and Squaw Creek individuals. Alternatively, 
these populations may have been much larger in the past and 
genetic drift has not yet affected their allelic distributions. 

Of the 21 possible comparisons between populations, 10 
showed statistically significant differentiation, including those 

Nebraska Central Missouri 

pp BL PSP SLNWR 

+ + 
+ + + + 
+ + + + 

+ + 
0.1353 + + 
0.0137 0.0000 + 
0.0000 0.0268 0.0002 

previously identified as putative subpopulations at SCNWR. 
Pawnee Prairie and Swan Lake populations are distinguishable 
from all three of the Squaw Creek populations, which is not 
surprising given their geographic proximity to one another. 
However, two of the Squaw Creek populations, 118 HWY and 
WRG were also differentiable from one another. The presence 
of vegetative barriers and the distance these putative subpopula
tions may explain this differentiation. Although similar barriers 
of bottomland hardwood forest occur between all three sites, the 
shortest straight-line distance between the 118 Highway sub
population and the West Railroad Grade subpopulation is much 
longer (~2.3 km) than the distance between the 118 Highway 
site and the Main Wet Prairie 00.4 km). Additionally, several 
seasonally flooded wetlands are located between the 118 HWY 
and WRG subpopulations, representing a seasonal barrier that 
may reduce potential genetic exchange between these to popu
lations. This is in general accord with the findings in Tables 2 
artd 3. 

Of some concern is the large number of alleles found in 
each of the sampled populations. For example, eight different 
Scull alleles were found in only nine Burchard Lake individu
als. This indicates that our sample size may have been smaller 
than desirable. One way to remedy this would be to pool the 
data from all Squaw Creek, Nebraska, and mid-Missouri popu
lations. However, since we have observed significant differen
tiation between Squaw Creek populations where geographic 
separation is less than three km, pooling data from populations 
separated by greater than three km would not be appropriate. 

Our results suggest that allelic diversity is relatively high 
in these populations, although variation among groups exists, 
likely due to large effective population sizes or lack of recent 
population bottlenecks. Since actual population size data are 
currently unavailable for these sites, it is important to continue 
monitoring genetic diversity to ensure that potential bottlenecks 
can be recognized and appropriate actions taken to prevent 
localized extinction. This also places emphasis on the need to 
collect demographic data that can be used to determine popula
tion trends that may be used to predict potential bottlenecks. 
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Further studies may also use these and other markers to develop 
a more comprehensive understanding of genome-wide patterns 
of variation. 

We also observed significant genetic subdivision between 
several populations, including the 118 HWY and WRG sub
populations at SCNWR. Since these populations are geographi
cally close but genetically distinct, it creates a challenge to 
conservation management. If monitoring reveals significant 
reduction of genetic diversity or inbreeding depression in popu
lations used in our study, we believe that individuals from the 
geographically closest population should be considered for use 
in augmenting genetically depressed populations in an attempt 
to increase their genetic diversity. The populations studied 
warrant this type of action under circumstances where the host 
population will be extirpated if no action is taken. We are not 
suggesting population augmentation simply to increase genetic 
diversity but only when local extinction is probable and no other 
alternatives exist, as augmentation can be financially costly and, 
more importantly, may fail to prevent extinction. Augmentation 
of reptile and amphibian populations has been minimally suc
cessful (Dodd and Seigel, 1991) and complications including 
physiological and behavioral differences that increase the 
mortality rate of the donor population may result in failure. 
Repatriations may also alter the genetic composition of the host 
population beyond a desirable point and can introduce diseases 
that may adversely affect the host population and other similar 
species. Additionally, if the problems leading to local extinction 
are not resolved prior to augmentation, failure becomes more 
likely. In situations where population fragmentation has occurred 
or has the potential to occur and putative subpopulations 
are relatively close, such as those on SCNWR, corridors of 
suitable habitat should be created to allow gene flow between 
subpopulations. 
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Abstract: Organic waste amendments have the potential to 
irifluence the amount and chemical composition of surface 
aggregates within a soil. Organic waste amendment-induced 
changes in soil aggregate stability and chemical concentrations 
have potential to not only directly affect localized flora and 
fauna, but can also indirectly affect human health by impacting 
the transport of nutrients to surface and groundwater. Soil 
samples were collected from long-term research experiments 
located at the Oklahoma Panhandle Research and Extension 
Center receiving annual, spring applications of 0, 168 and 
504 kg N ha-1 of beef manure, swine effluent, or anhydrous 
ammonia applications under conventionally-tilled, continuous 
corn (Zea mays L.). Aggregates one to two mm in diameter were 
collected and separated into stable and non-stable fractions and 
both fractions were analyzed for total phosphorus, potassium, 
copper, zinc and boron concentrations using ICAP-AES. Results 
showed swine effluent and anhydrous ammonia applications 
significantly decreased aggregate stability as compared to the 
control. In addition, potassium and boron were found in higher 
concentrations in the non-stable aggregates verses stable 
aggregates within the control and plots receiving 168 kg N ha-1 

beef manure and 168 kg N ha-1 anhydrous ammonia. 

Keywords: Animal waste, soil aggregates, heavy metals, 
stable aggregates 

Introduction 

Organic waste amendments can potentially influence the 
amount and chemical composition of surface stable aggregates 
within a soil. Organic waste amendment-induced changes in 
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soil aggregate stability and nutrient concentrations have poten
tial to not only directly affect localized flora and fauna, but can 
also indirectly affect human health by impacting the transport of 
contamirlants to surface and groundwater. 

Several studies have found organic waste applications 
increase the proportion of water stable aggregates at the soil 
surface (Pagliai et al., 1981; Browning and Milan, 1944; Benebi 
et al., 1998; Mbagwu, 1989a, 1989b; Nath et al., 1973; Young, 
1974; Guttay et al., 1956; Mbagwu and Bazzoffi, 1988). The 
effect of organic waste applications on aggregate stability is 
almost immediate; as aggregate stability increases a few days 
after readily decomposable organic material is applied to the 
soil, reaches its peak effect 20 to 30 days after application, 
and then gradually decreases with time (Browning and Milan, 
1944). 

Soil aggregate formation can occur even when indigenous 
organic matter levels are low if a readily metabolizable carbon 
source, such as fresh manure, is available (Chaney and Swift, 
1986). Many researchers believe the formation of stable soil 
aggregates is facilitated by the close association or absorption 
of the organic material onto soil mineral particles (Greenland, 
1965a, 1965b; Tisdall and Oates, 1982). Particularly, humic 
substances contained in the organic waste materials promote the 
long-term stabilization of soil aggregates (Chaney and Swift, 
1984, 1986; Oades and Ladd, 1977) and contribute more to the 
stabilization of the aggregates than the temporary effects of 
extra-cellular polysaccharides (Chaney and Swift, 1986). 

The chemical composition of aggregates is often different 
than that of bulk soils and often varies among aggregate size. 
Wolfgang et al. (1998) found that bulk soil contained higher 
concentrations of heavy metals than aggregates from the same 
soil. They suggested the difference in concentrations was the 
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result of heavy metals being bound preferentially to inter
aggregate soil material. Tabatabai and Hanway (1968) found 
that exchangeable potassium and extractable phosphorus within 
different sized aggregates did not show a general trend with 
increasing aggregate size. Similarly, Kowalinski et al. (1982) 
also noted that the content of exchangeable cations within 
aggregates of various sizes were fairly similar. In contrast, 
Mbagwu and Piccolo (1990) reported that the concentrations 
of organic carbon, total nitrogen and available phosphorus in 
aggregates isolated from organic waste amended soil were 
higher than the controls. Specifically, the application of pig 
slurry to soil significantly increased available phosphorus 
concentrations in soil aggregates (Mbagwu and Piccalo, 1990). 
Organic waste applications have also been found to decrease 
bulk density and dispersability of aggregates (Mbagwu, 1990). 

The objective of this research was to document the effect 
of animal waste amendments on the chemical composition 
of stable and non-stable aggregate fractions in a cultivated, 
calcareous silt loam. 

Materials and Methods 

Soil samples were collected from long-term research 
experiments located at the Oklahoma Panhandle Research 
and Extension Center (OPREC) in Goodwell, Oklahoma 
(36°35'38''N 101°36'48"W). The study site was established 
in 1995 and contains plots receiving pre-plant, single annual 
applications of: 0, 168 and 504 kg N ha-1 of beef manure, swine 
effluent, or anhydrous ammonia applications under spring 
plowed, continuous com (Zea mays L.). The treatments were 
repeated in triplicate and plots arranged in a randomized com
plete block design. The Richfield series (fine, smectitic, mesic 
Aridic Argiustoll) was the only soil mapped within the research 
plots. Initial soil chemical properties for experimental plots can 
be found in Table 1. 

To simplify the reporting of results, the treatments are 
abbreviated throughout this paper in the following manner: 
0 kg N ha-1 (CTL), 168 kg N ha-1 swine effluent (SE168), 

Table 1. Average soil characteristics prior to manure applica
tions (Turner, 2004). 

Soil Parameter (0-15 em) 

pH (soiVwater 1:2) 
NHrNitrogen, mg kg-1 

NOr Nitrogen, mg kg-1 

Phosphorus, mg kg-1 

Potassium, mg kg-1 

Magnesium, mg kg-1 

Calcium, mg kg-1 

Total Nitrogen, g kg-1 

Total Carbon, g kg-1 

Initial Result 

7.18 
10.7 
55.4 
34.3 

634 
747 

2512 
1.2 

12.3 

504 kg N ha-1 swine effluent (SE504), 168 kg N ha-1 beef 
manure (BF168), 504 kg Nha-1 beef manure (BF504), 168 kgN 
ha-1 anhydrous ammonia(AA168), and504kgNha-1 anhydrous 
ammonia (AA504). 

Surface soil samples (0-7.6 em) were collected from the 
research plots in the spring of 2002. All samples were air-dried 
and sieved. Aggregates one to two mm in diameter were 
collected and separated into stable and non-stable fractions 
using the wet sieving method outlined by the Soil Survey Staff 
(1996). The percent water stable aggregates was calculated 
using the following formula: 

Water Stable Aggregates= 100 [(Weight of Stable Aggregates)/ 
(Weight of Aggregate Sample Used)] 

Both the stable and non-stable fractions were retained from 
wet sieving, digested using EPA method 3050b, and analyzed 
for total phosphorus, potassium, copper, zinc, sodium, and 
boron concentrations using Inductively Coupled Argon Plasma 
-Atomic Emissions Spectroscopy (ICAP-AES). Data was 
analyzed using the PROC MIXED procedure in Statistical 
Analysis Systems (SAS) (SAS Institute, 2002). 

Results and Discussion 

Aggregate Stability 

AA168, AA504 and SE168 treatments contained signifi
cantly lower percentages of water stable aggregates in the sur
face horizon compared to the control (Table 2). It is thought that 
the destruction of water stable aggregates in the anhydrous 
ammonia and swine effluent treatments is possibly the result of 

Table 2. Average surface water stable aggregates and bulk 
surface sodium by N-source and rate. 

Water Stable 
Rate Aggregates Sodium 

N-Source kgNha-1 % mgL-1 

Swine 
168 16.4at 72.0abt 
504 18.7ab 85.7a 

Beef 
168 18.3ab 57.6b 
504 18.7ab 54.7b 

Anhydrous Ammonia 
168 13.3a 54.7b 
504 9.9a 68.9ab 

Control 
0 26.5b 50.2b 

twithin each property, values displaying the same letter are 
not significantly different (p-value < 0.05) as determined by 
analysis ofvariance. 



MISSOURI ACADEMY OF SCIENCE: PATTON AND TURNER 41 

aggregate dispersion due to increasing sodium concentrations, 
as preliminary data shows that the application ofboth N -sources 
is increasing the amount of sodium found in the bulk soil 
(Table 2). This is consistent with Khaleel et al. (1981) who 
found increased dispersion of aggregates in swine e:ffiuent 
treated soils due to buildup of e:ffiuent-derived sodium. Other 
investigators have also reported that the application of animal 
wastes containing high concentrations of sodium often result 
in aggregate dispersion and reduction in water infiltration and 
percolation (Powers et al., 1975; Travis et al., 1971). 

The decline in water stable aggregates with the addition of 
animal wastes is contrary to several research findings, as several 
studies have shown animal waste amendments increase the 
amount of water stable aggregates within the surface soil 
(Pagliai et al., 1981; Browning and Milan, 1944; Benebi et al., 
1998; Mbagwu, 1989a, 1989b; Nath et al., 1973; Young, 1974; 
Guttay et al., 1956; Mbagwu and Bazzoffi, 1988). However, 
Sweeten and Mathers (1985) noted that changes in soil physical 
properties may be difficult to measure after three to five years of 
manure application when manure is applied annually at rates 
based on plant nutrient requirements, but over the long-term the 
effects on soil physical properties can be significant. That said, 
additional sampling would further verifY the changes in water 
stable aggregates with animal waste amendments within the 
OPREC plots as time progresses. 

The decline in surface stable aggregates within the 
anhydrous ammonia treatments is not understood. Gifford 

and Strickling (1958) found anhydrous ammonia applications 
increased surface soil aggregate stability, likely due to increases 
in soil organic fractions. In contrast, Biederbeck et al. (1996) 
and Darusman et al. ( 1991) found anhydrous ammonia had little 
effect on water stable aggregates. It is believed a build up of 
ammonium (NH/) due to reduced nitrification in low pH soils 
can lead to soil dispersion (Aldrich et al., 1945; Fox et al., 1952). 
However, this is not thought to be the case in this study, due to 
the soils' calcareous nature. Additional studies into the role of 
organic matter decomposition and microbial activity within the 
anhydrous ammonia amended plots may provide insight into 
the observed decline in surface stable aggregates. 

Nevertheless, the decline in water stable aggregates within 
these treatments is concerning, as soil structure, particularly 
stable aggregates, have been shown to have significant effects 
on soil porosity, water infiltration rates, runoff and erosion, and 
subsequently, plant growth (Sainju et al., 2003). 

Chemical Composition of Aggregate Fractions 

Phosphorus 

Non-stable aggregates contained significantly higher con
centrations of total phosphorus than stable aggregates within 
the CTL (Table 3). However, there were no differences in total 
phosphorus concentrations between the stable and non-stable 
aggregates within the nitrogen-amended treatments or 

Table3. Average total element concentrations by N-source and rate. 

p K Na Cu Zn B 

N-source Rate kg N ha-1 Aggregate Type* ----------------------mg kg-1---------------------

Swine 
168 Stable 534 4664 583 6 449 49 

Non-Stable 578 8068 879 19 575 78 
504 Stable 513 4515 576 12 411 43 

Non-Stable 524 7527 916 12 583 75 
Beef 

168 Stable 1850 3832* 796* 11 690 31* 
Non-Stable 2649 10115* 1586* 21 561 79* 

504 Stable 803 3634 677 14 281 41 
Non-Stable 810 7388 796 8 486 67 

Anhydrous Ammonia 
168 Stable 365 2152* 453 14 205* 37* 

Non-Stable 622 8568* 805 11 627* 81* 
504 Stable 542 4990 635 10 412 59 

Non-Stable 543 8246 1112 32 653 83 
Control 

0 Stable 382* 3527* 542 14 316* 37* 
Non-Stable 573* 8042* 847 10 621* 78* 

*Aggregate type determined by wet sieving method (Soil Survey Staff, 1996) 
tWithin each N-source and rate, values displaying *are significantly different (p-value < 0.05) as determined by analysis of 
variance. 
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Table 4. Average total element concentrations for stable aggregates by N-source and rate. 

p K Na Cu Zn B 

N-source Rate kg N ha-1 -----------------mg kg-1-----------------

Swine 
168 534at 4664a 583a 6a 449ab 49a 
504 513a 4515a 576a 12a 411ab 43a 

Beef 
168 1850a 3832a 796a lla 690b 31a 
504 803a 3634a 677a 14a 281a 41a 

Anhydrous Ammonia 
168 365a 2152a 453a 14a 205a 37a 

----------------
504 542a 4990a 635a lOa 412ab 59 a 

Control 
0 382a 3527a 542a 14a 316a 37a 

tWithin each property, values displaying the same letter are not significantly different (p-value < 0.05) as determined by analysis 
of variance. 

difference in total phosphorus concentrations within stable and 
non-stable aggregates between treatments (Tables 4, 5). These 
results are in contrast to Mbagwu and Piccolo (1990) who found 
high available phosphorus concentrations in aggregates isolated 
from organic waste amended soils as compared to the controls. 

Potassium 

Total potassium concentrations were significantly higher in 
the non-stable aggregates than in the stable aggregates within 
the BF168 and AA 168 treatments and the CTL (Table 3). 
This difference may be attributed to the dispersion of colloids 
by monovalent cations (Whalen and Chang, 2002), thereby 

causing instability of aggregates with higher concentrations of 
potassium_ 

There was no significant difference in total potassium 
concentrations within stable and non-stable aggregates between 
treatments (Tables 4, 5). 

Sodium 

Total sodium concentrations were significantly higher in 
the non-stable aggregates than in stable aggregates within the 
BF168 treatment (Table 3) and the BF168 aggregates contained 
higher concentrations of sodium than all other nitrogen treat
ments and the CTL (Table 5). This is in contrast to the bulk 
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soil sodium data (Table 2), where the BF168 treatment shows 
no significant accumulation of sodium as compared to the 
treatments or control. 

With exception of the BF168 treatment, there was no sig
nificant difference in total sodium concentrations within stable 
and non-stable aggregates between treatments (Tables 4, 5). 

Copper 

Total copper concentrations were significantly higher in the 
non-stable aggregates within theAA504 treatment (Table 3) and 
the non-stable aggregates in the AA504 treatment contained 
significantly higher concentrations of copper than the non-stable 
aggregates from the AA168, BF504, SE504, and CTL treat
ments (Table 5). The source of the additional copper in the 
AA504 treatment is unknown. Anhydrous ammonia is known 
to be highly reactive with copper, facilitating the reduction of 
copper compounds. 

Zinc 

Total zinc concentrations were significantly higher in the 
non-stable aggregates within theAA168 treatment and the CTL 
(Table 3). Stable aggregates within the BF164 treatment con
tained significantly higher amounts of total zinc than the AA164 
and BF504 treatments (Table 4). 

However, there was no significant difference in total zinc 
concentrations within non-stable aggregates between treatments 
(Table 5). 

Boron 

Total boron concentrations were significantly higher in the 
non-stable aggregates within the BF168 andAA168 treatments 
and the CTL (Table 3). This is contrary as to what was expected, 
as boron is often associated with clay and organic matter com
plexes (Hou et al, 1996), both of which are typically found in 
greater quantities in stable rather than non-stable aggregates. 

There was no significant difference in total boron concen
trations within stable aggregates between treatments and within 
non-stable aggregates between treatments (Tables 4 and 5). 

Conclusions 

Heterogeneous metal distribution in aggregated soils 
directly affects metal and nutrient bioavailability and transport 
(Wilcke et al, 1999). Animal waste applications had varied 
effects on the stability of surface soil aggregates and the accu
mulation of nutrients within the stable and non-stable aggregate 
fractions. Swine effluent and anhydrous ammonia applications 
significantly decreased aggregate stability as compared to the 
control. In addition, potassium and boron were found in higher 
concentrations in the non-stable rather than stable aggregate 
fractions within plots receiving 168 kg N ha-1 beef manure 

and anhydrous ammonia. Further research is needed to better 
understand the role of animal waste applications on aggregate 
formation, stabilization and aggregate chemical composition in 
calcareous soils. 
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Abstract: Lactating cows require complete balanced rations 
to meet their high nutritional requirements and to maximize 
milk and milk fat production. Total mixed rations (TMR) were 
developed to meet these nutritional needs by thoroughly mixing 
necessary feedstuffs into a single ration; hence providing a 
balanced diet in each bite. However, the actual nutrient and 
fiber concentration consumed by cows can dramatically differ 
from that of the ration due to selective feeding. The objectives 
of this study were to 1) evaluate the palatability of alfalfa hay 
TMR and alfalfa baleage TMR and 2) determine the effect of 
TMR.fiber sources on the preferential sorting of rations. Sixty
four lactating dairy cows at the R. T Wright University Farm at 
Northwest Missouri State University, Maryville, Missouri, were 
fed TMR containing either 35 percent alfalfa baleage or 35 per
cent alfalfa hay. Fresh TMR was weighed and distributed evenly 
within the feed bunk every 24 hours and arts (unconsumed 
feedstuffs) were collected and weighed to determine the amount 
offeed consumed. Feed samples from the bulk ration and arts 
mixture were collected for analysis of particle size distribution 
via a Penn State Particle Separator. Results indicate the cows 
clearly preferred shorter ( < 0. 79 em) feed particles in both the 
baleage TMR and hay TMR. In addition, the cows preferred and 
consumed more alfalfa baleage TMR than alfalfa hay TMR. No 
relationships between moisture content and TMR preference 
were identified. 

Key Words: Total Mixed Ration, Preferential Sorting, Dairy, 
Particle Size Distribution 

Introduction 

Maximizing energy and feed conversion efficiency of 
rations has become increasingly important as the genetic poten
tial of dairy cattle has dramatically enhanced milk production 
(Krauser and Combs, 2003). Lactating cows require complete, 
balanced rations to meet their high nutritional requirements and 
to maximize milk and milk fat production. Therefore, most 
rations are composed primarily of concentrates and high quality 
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forages (Beauchemin et al., 1994). Total mixed rations (TMR) 
were developed to meet nutritional needs and maximize lacta
tion productivity by thoroughly mixing necessary feedstuffs 
into a single ration; hence providing a balanced diet in each bite. 
Typical TMRs contains 40 to 60 percent concentrates, com
posed mostly of particles less than 0.8 em, with the remainder 
of the TMR composed of forage-based fiber (Kononoff et al., 
2003b). 

Dietary fiber can be slowly digestible or indigestible and 
occupies space in the gastrointestinal tract of animals (Mertens, 
1997). Fiber in dairy cattle rations is characterized as acid deter
gent fiber (ADF), the indigestible fiber comprised of cellulose 
and lignin, or neutral detergent fiber (NDF), the fiber containing 
the ADF portion of the cell wall plus hemicellulose. Neutral 
detergent fiber is used to estimate total fiber and is often related 
to cows' dry matter intake, chewing activity, and rate of diges
tion. Current recommendations suggest lactating cow rations 
should contain a minimum of 25 to 28 percent fiber (measured 
as NDF) to maintain normal rumina! function (Clark and 
Armentano, 1999). Ofthis, 7 5 percent ofthe dietary fiber should 
be supplied by forages (Yang et al., 2001). 

Dairy producers need to be particularly conscious of the 
percentage of fiber in rations, as fiber intake significantly con
tributes to cow health, productivity and, ultimately, economic 
returns. Too much fiber in a ration reduces the energy density of 
the diet and can lead to depressed dry matter intake and produc
tivity, while too little fiber can lead to conditions ranging from 
suboptimal fermentation to acidosis and death (Mertens, 1997). 
Even minor cases of acidosis can seriously impact a producer's 
bottom line by significantly lowering milk fat production, and 
therefore the amount of milk premiums received. Cud chewing 
and salivary secretion, which alter and buffer volatile fatty acids 
in the rumen, are reduces when cows consume too little fiber. 
The resulting increase in rumina! acid leads to altered fermenta
tion patterns, lowered ratios of acetate-to-propionate, modified 
animal metabolism, and reduced milk fat synthesis (Mertens, 
1997). 

Com silage and alfalfa hay are the most commonly used 
fiber sources in dairy rations. In particular, the high protein and 
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mineral content combined with a low concentration of fibrous 
components in alfalfa hay have contributed to its wide use in 
TMRs (Nelson and Satter, 1992). Although a TMRmay contain 
an optimal balance of nutrition, the nutrient and fiber concentra
tion of the feed actually ingested by cows may dramatically 
differ from that of the ration due to selective feeding (Leonardi 
andArmentano, 2003). 

Cows tend to prefer or reject certain dietary fiber sources, 
with the quantity rejected or eaten dependent upon the quality 
of the feed and the level of feeding (Schneider and Flatt, 1975). 
Cows frequently select against longer feed particles in favor of 
shorter particles (Leonardi et al., 2005) and sorting behavior is 
increased when a greater disparity among feed particle lengths 
exists (Leonardi and Armentano, 2003). Preferential selection 
of small particles has a direct effect on digestion time. Smaller 
particles digest more quickly than larger particles in the rumen, 
due to increased surface area, resulting in the reduction of 
physical fill and the encouragement of voluntary intake (Dado 
and Allen, 1995; San Emeterio et al., 2000). Therefore, cows 
will consume more dry matter if fed fine rations than when fed 
coarse rations (Courderc et al., 2006). 

Primary ingestion of small feed particles can lead to 
many of the same metabolic and production problems as fiber 
deficient diets (Lammers et al., 1996). Smaller feed particles 
decrease the amount of time that cows spend chewing, thereby 
decreasing ruminal pH and digestibility of ingested feed 
(Lammers et al., 1996). Decreasing particle length has also been 
associated with various metabolic disorders including abomasal 
displacement and increased incidence of ruminal parakeratosis, 
laminitis, acidosis and fat cow syndrome (Heinrichs et al., 
1999). Reduction in feed particle size has been found to reduce 
the.butterfat content of milk (Beauchemin et al., 1997; Colen
brander et al., 1991 ), as decreased digestion time leads to altered 
insulin pro.duction and the depression of lipid synthesis for milk 
fat production and adipose deposition (Grant et al., 1990). 

Forage size is commonly determined using the Penn State 
Particle Separator (PSPS), as feed particle size analysis can be 
used as a quick estimation of feed quality (Kononoff et al; 
2003a). Mertens (1997) introduced the concept of physically 
effective fiber as it relates to feed particle length and its effec
tiveness in maintaining proper rumen pH. Physically effective 
fiber can be defined as the proportion of feed retained on a 
1.18 em sieve. Poppi and Norton (1980) suggest that particles 
with a length of 1.18 em or more control the retention time of 
materials in the rumen. Alternatively, physical effective fiber 
can be obtained by adding the dry matter retained on the 1.9 em 
and 0.8 em screens of the PSPS (Yang et al; 2001). Ideally, 
TMR should contain 6 to 10 percent particles greater than 
1.9 em, 30 to 50 percent particles between 0.8 and 1.9 em, and 
40 to 60 percent particles less than 0.8 em (Lammers et al., 
1996). Physically effective NDF, as calculated by multiplying 
NDF by physically effective fiber, should compose a minimum 
of 20 percent of the ration for lactating dairy cows (Mertens, 
1997; Yang etal., 2001). 
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The objectives of this study were to evaluate the palatabil
ity of alfalfa hay TMR and alfalfa baleage TMR and determine 
the effect of TMR fiber sources on preferential sorting of 
rations. 

Materials and Methods 

Sixty-four lactating dairy cows at the R.T. Wright Univer
sity Farm at Northwest Missouri State University, Maryville, 
Missouri, were used to compare the palatability of alfalfa 
baleage and alfalfa hay-based TMR. The herd was composed of 
50 Holstein, seven Brown Swiss, and seven Jersey cows. 
The average age of the herd and days in milk were 3.5 years and 
15 0 days, respectively. All cows were housed continuously in a 
single free-stall barn and had continuous access to feed via a 
fence-line bunk. 

All cows were fed the baleage TMR for 21 consecutive 
days and then switched to the hay TMR for an additional 21 
consecutive days. No feeding or feed data was collected during 
the first seven days of each feeding treatment to allow the cows 
to adjust to the imposed diet. 

Composition of Baleage and Hay TMR 

Bale age 

A pure stand of first-cutting alfalfa was harvested in the 
late bud stage and dried to approximately 50 percent moisture 
content before it was harvested into large round bales. Bales 
were wrapped in heavy gauge polythene using a bale wrapper. 
Plant material was allowed to partially ferment prior to feeding 
and was mixed with predetermined concentrates listed in 
Table 1 to form a baleage TMR. 

Table 1. Mean nutrient profiles of alfalfa baleage and alfalfa 
hay-based TMR 

Alfalfa Baleage Alfalfa Hay 
TMR TMR 

Dry Matter (%) 46 57 
pH 5.3 6.0 
DMBasis (%) 

Crude Protein 17.6 18.5 
ADF 36.0 37.1 
NDF 46.2 53.2 
Phosphorous 0.3 0.3 
Calcium 1.2 1.0 
Potassium 2.7 2.3 
Magnesium 0.2 0.3 
Sulfur 0.2 0.2 
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Hay 

A pure stand of second-cutting alfalfa was dried to approx
imately 18 percent moisture content before being baled with 
the aforementioned baler. Bales were not wrapped and were 
stored dry. The resulting plant material was mixed with the 
predetermined concentrates listed below to form hay TMR. 

TMR 

The alfalfa baleage and alfalfa hay were incorporated into 
total mixed rations (TMR) containing either 3 5 percent baleage 
or hay, 35 percent com silage, 21 percent ground com, four 
percent soybean meal, four percent dry distiller's grain (with 
soluble) and one percent mineral mixture (all on a fresh weight 
basis). Rations were mixed uniformly and delivered to feed 
bunks so as to permit ad libitum consumption. Nutrient concen
trations of the baleage and hay-based TMR were determined by 
Midwest Laboratories in Omaha, Nebraska (Table 1). 

Data Collection 

Fresh TMR was weighed and distributed evenly within the 
feed bunk every 24 hours. Feed bunks were cleaned using a 
tractor and blade (and swept, if required) prior to the addition of 
fresh material and all orts were collected and weighed to deter
mine the amount of feed consumed. Random feed samples 
(approximately 500 grams) were collected by hand for 14 con
secutive days (after the seven day adjustment period) from the 
feed wagon prior to distribution and from the orts. All samples 
were weighed at sampling and particle size distribution was 
determined within two to three days after collection using the 
PSPS per the method described by Kononoff et al. (2003a). 
After separation, the moisture content of each sieve sample was 
determined by oven drying. Mean differences were analyzed 
usingANOVAin SAS Statistical Software (SAS Institute, Cary, 
NC, USA). 

Results and Discussion 

Sorting Effects on Particle Size Distribution 

Before feeding, the baleage TMR had a significantly higher 
percentage of the large particle sizes analyzed than the hay 
TMR (Table 2), as well as a greater geometric mean particle 
length. After allowing the cows to voluntarily feed for 24 hours, 
the hay TMR orts samples contained a significantly higher per
centage ofthe largest feed size(> 1.90 em) as compared to the 
baleage TMR orts (Table 3). The mean percentage of the largest 
particles increased by approximately 25 percent in the hay TMR 
orts compared to an 18 percent increase in the baleage TMR 
orts. This indicates the cows preferentially selected against 
these particles in favor of smaller particles. These findings 
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Table2. Mean particle size of bulk TMR by feed type 

Baleage TMR Hay TMR 

Particle Size 
-------%of total sample-------

Range n Mean sd Mean sd p-value 

>1.90 em 14 11.64 4.32 10.84 2.25 <0.0001 
0.79-1.90 em 14 24.68 5.40 18.94 2.28 0.0007 
0.18-0.79 em 14 48.63 4.73 49.37 2.49 <0.0001 
<0.18 em 14 15.06 2.32 20.84 2.97 <0.0001 
Xgmt 14 39.84 27.99 <0.0001 

tXgm =Geometric mean length (em) 

Table 3. Mean particle size of orts by feed type 

Baleage TMR Hay TMR 

Particle Size 
-------% of orts sample-------

Range n Mean sd Mean sd p-value 

>1.90 em 14 30.00 10.25 35.53 12.33 <0.0001 
0.79-1.90 em 14 34.62 9.59 29.29 4.48 <0.0001 
0.18-0.79 em 14 29.01 7.01 27.93 10.03 <0.0001 
<0.18 em 14 6.37 3.77 7.24 4.80 0.0096 
Xg,.t 14 45.32 32.85 <0.0001 

tXgm =Geometric mean length (em) 

confirm the results of Leonardi et al. (2005) who found that 
cows prefer shorter ration particles over longer particles and 
will select against long particles when feeding. 

The mean percentage of particles sized between 0. 79 and 
1.90 em increased approximately 10 percent for both TMR orts, 
with the baleage TMR orts containing significantly greater 
amounts of particles of this size. In both TMR orts, the two 
smallest feed size fractions decreased drastically from pre- to 
post-feeding. Baleage and hay TMR orts realized an approxi
mate 19 and 21 percent decrease in the 0.18 to 0.79 em sized 
fraction and a 9 and 14 percent decrease in the >0.18 em sized 
fraction, respectively. These data further supports the premise 
that cows preferentially select smaller sized feed particles. 
In this study, the cows specifically selected for feed particles 
less than 0. 79 em in length. 

Consumption as Affected by TMR Fiber Source 

Mean daily consumption ofbaleage TMR was significantly 
greater (42.5 kg cow1) than hay TMR (39.4 kg cow1) (Tables 
4, 5). This confirms the findings of Broderick (1995), who also 
found cows increased dry matter intake when fed alfalfa silage 
as compared to alfalfa hay. However, Vagnoni and Broderick 
(1997) found the opposite to be true. No clear reason for cows' 
preference for alfalfa hay or alfalfa silage was found in the 
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Table 4. Mean feeding amount, orts, and daily consumption 
by feed type 

Amount Fed Orts Consumptiont 

Feed type n --------------kg------------- kg animal-' day-' 

Baleage 
Hay 

14 2818 
14 2647 

101.3 
123.3 

42.5 
39.4 

tConsumption =(Amount fed- Orts) I Number of cows fed 

Table 5. Analysis of mean cow consumption by feed type 

Consumptiont 
Feed type n kg animal-' day-' Variance p-value 

Baleage 14 42.5 2.0 0.00003 
Hay 14 39.4 9.3 

tConsumption =(Amount fed- Orts) I Number of cows fed 

literature. However, Leonardi et al. (2005) found the addition of 
water to dry rations reduced sorting and increased fiber intake 
per feeding. The moisture content of the baleage orts (45.32%) 
in this study was significantly higher than that of the hay orts 
(32.85%) (p-value = 0.0019). This could suggest cows preferred 
rations with a higher moisture content; however, no strong 
correlation between moisture content and TMR consumption 
was found (R2 =0.018, p-value= <0.0001). 

Conclusions 

In this study, cows clearly preferred smaller-sized 
( <0.79 em) feed particles in both the baleage TMR and hay 
TMR, as both ort types contained significantly higher percent
ages of large particles when compared to the corresponding 
bulk TMR. In addition, cows preferred and consumed more 
alfalfa baleage TMR than alfalfa hay TMR. However, no rela
tionship between TMR moisture content and amount of TMR 
consumed was identified. 

Further research is needed to clearly identifY cow pre
ference for alfalfa forage treatment (hay or silage), as well as for 
a particular feed particle size. This research should investigate 
the effect of age and breed of cow on preference for feed type 
and size, as well as clearly identifY which feed components of 
the TMR are unpalatable or rejected. 
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*Aide, M, W. Hargraves, J. Rhomberg, and K. Scritchfield. 
Department of Agriculture, Southeast Missouri State 
University. ULTISOL GENESIS ON COLLUVIAL 
MATERIALS IN THE ST. FRANCOIS MOUNTAINS IN 
MISSOURI. Mass wasting is a series of geologic processes 
that modify the landscape. Soils developing on these landscapes 
reflect these parent material modifications. Four soils of the 
Ultisol order, which were developed in loess and rhyolite resid
uum in the St. Francois Mountains of Missouri were character
ized to determine the role of mass wasting on soil expression. 
Talus slopes across the mountainous terrain and rhyolite gravels 
are common in all of the soils of the study area. The presence of 
argillic horizons and nutrient accumulation in the near-surface 
horizons infer stable landscapes and much of the mass wasting 
is largely ancestral. The mixed clay mineralogy is consistent 
with loess weathering. Iron contents of the pedons show a 
positive and linear relationship with clay content, suggesting 
that the parent materials are similar among all of the sampled 
pedons. For the pooled pedons, elemental ratios of Vanadiun 
(V), Scandium (Sc), Nickel (Ni) and Chromium (Cr) with 
respect to Fe are also presented as evidence that the parent 
materials are similar and that loess weathering contributes 
greatly to the fine earth fraction. 

*Bullard, A.M., E. Byamukama, F.W. Nutter, Jr., A.R. 
Lagneaux, M.P. Mansini, and G.W.M. Turner. Department 
of Plant Pathology, Iowa State University. QUANTITA
TIVE STUDY OF THE SPATIAL SPREAD OF BEAN 
POD MOTTLE VIRUS IN SOYBEAN. The purpose of this 
study was to obtain quantitative data on the spatial spread of 
Bean Pod Mottle Virus (BPMV) in soybean crops. Such infor
mation may aid in the development of more cost-effective, inte
grated methods to manage BPMV and its insect vector, the bean 
leaf beetle. This experiment was conducted by using a total of 
15 field plots (five different treatments replicated three times). 
The five treatments were: 1) a BPMV- inoculated point source, 
2) two foliar sprays of lambda-cyhalothrin (Warrior) insecti
cide, 3) a non-treated control, 4) a BPMV-inoculated point 
source, plus two foliar sprays of lambda-cyhalothrin, and 5) a 
BPMV-inoculated point source, plus an insecticide seed treat
ment. Treatments were arranged in a randomized complete 
block design to reduce bias. Each sampled plot consisted of six 
rows, which were further subdivided into 150, 30-centimeter 
quadrats. Soybean leaf samples were collected from each 
quadrat beginning 8-10 days after planting. Sap samples from 
soybean leaves (quadrats) were obtained using a leaf roller 
press and the extracted sap was then tested for the presence of 
BPMV using an enzyme-linked immunosorbent assay (ELISA). 
BPMV was first detected in soybeans during the first sampling 
period (12 June). As of the fifth sampling, BPMV incidence 
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ranged from 1.3% to 12%. Ordinary runs analysis indicated that 
the spatial pattern of BPMV incidence within the treatments 
was clustered. 

*Johnson, S.S. and N.V. Nkongolo. Center of Excellence 
GIS Laboratory, Lincoln University. MONTHLY TRENDS 
IN C02, CH4, AND N20 EMISSIONS AND RELATED 
SOIL PROPERTIES IN A PASTURE IN CENTRAL 
MISSOURI. In-depth knowledge of greenhouse gases and 
their soil controlling factors fluctuations may be helpful in 
developing prediction models. We studied the monthly changes 
in Carbon Dioxide, C02, methane, CH4, nitrous oxide, N20, and 
related soil properties in a pasture at Lincoln University's 
Carver Farm. To collect soil air samples for determinations of 
C02, C~, and NzO fluxes, twenty chambers, 0.30 m long and 
0.20 diameter, were installed in a 1.42-hectare field and their 
locations were recorded with a Global Positioning System 
(GPS). Soil air sampling processes included closing the cham
ber top and two ventilation holes, collecting air samples at 
thirty minute intervals and analyzing them within 2 hours with 
a Shimadzu Greenhouse Gas gas chromatograph. Soil samples 
were collected for measurements of soil chemical and physical 
properties while soil thermal properties were directly measured 
using a KD2 probe. Results showed that N20, C02, and CH4 

showed strong variability across months with coefficients of 
variation (CV) ranging from 53 to 185. Soil physical properties 
were in the range of normally reported data while thermal 
properties had very high monthly variability with coefficients 
of variation (CV) ranging from 24.36 to 137.89%. The pasture 
released more C02 in months that received more rainfall. C02 

was positively correlated with thermal conductivity (K) and 
negatively correlated with thermal resistivity (R). C~ uptake 
positively correlated with soil temperature, K and R. However, 
N20 only negatively correlated with R. The pasture soil acted as 
a source for carbon dioxide and shifted from sink to source for 
both methane and nitrous oxide. 

*Paro, R.M., N.V. Nkongolo. Center of Excellence GIS 
Laboratory, Lincoln University. YEARLY FLUCTUA
TIONS OF C02, CH4, N20 AND SOIL THERMAL PROP
ERTIES FROM SOIL OF A SECONDARY FOREST IN 
CENTRAL MISSOURI. The decomposition of yearly litter 
may have an impact on the emissions of greenhouse gases 
(GHG) into the atmosphere. The first objective of this study 
was to assess the annual fluctuations in emissions of carbon 
dioxide, C02, methane, C~, and nitrous oxide, N20, from a soil 
of a secondary forest. A second objective was to investigate the 
relationships between these emissions and soil temperature (T), 
thermal conductivity (K), resistively (R), diffusivity (D), spe
cific heat (C), moisture (M) and soil hardness (P). The study site 
was a secondary forest dominated by Oak and Hickory trees on 
a Gatewood-Moko Silty Loam (Oxyaquic Hapludalfs) soil type. 
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Soil air samples for analysis of C02, CH4 and N20 were col
lected from twenty static chambers, 0.30 m long and 0.20 m 
diameter, installed permanently since 2003 on a 0.49 ha plot. 
Samples were analyzed within two hours of collection using a 
GC-14A. Soil T, K, R, and D were directly measured inside the 
chamber using a KD2 probe. In 2006, C02 fluxes ranged from 
11.86 to 172.90 mg C-C02 m-2 h-1, N20 from -5.72 to 18.80 ug 
N-N20 m-2 h-1 and C~ uptake from -203.48 to -91.94 ug 
C-CH4 m-2 h-1• C02 was linearly correlated with (K), (R), (T) 
and (D) whereas N20 only linearly correlated with (R). In addi
tion, C~ only correlated with (T). Correlation coefficients 
ranged from 0.40 to 0.60. Data for 2007 indicates that C02, CH4 

and N20 fluxes are similar to values observed in 2006. These 
results confirm that this secondary forest is a source for C02 

and a sink for CH4 as observed in other ecosystems. The results 
also suggest that K, R and D are potential soil controlling 
factors for greenhouse gases in this ecosystem. 

*Plassmeyer, C. and N.V. Nkongolo. Center of Excellence 
GIS Laboratory, Lincoln University. VEGETATION TYPE 
AFFECTS THE DISTRIBUTION OF SOIL PHYSICAL 
PROPERTIES AT LINCOLN UNIVERSITY LIVING 
LABORATORY. The Lincoln University's Living Laboratory 
(LULL) is a forested area near Lincoln University main campus, 
which resulted from rock mining activities that took place prior 
to 1950. The property is now owned by Lincoln University and 
has been dedicated to faculty research and teaching activities. 
The past mining history of the site and the runoff water it 
receives might have an effect on the vegetation type and soil 
properties. This study investigated the effect of vegetation type 
on the spatial distributions of soil bulk density, water and air 
contents. Soil samples were collected in two portions of LULL 
dominated by a forest and grass and analyzed for several soil 
physical properties. Global positioning system (GPS) was used 
to map the sampling sites. Data was analyzed using Statistix 8.0 
for summary of samples statistics and GS+ 5.0 for variogram 
modeling. Results showed that the forest portion of LULL had 
higher soil bulk density (ph), gravimetric (8g) and volumetric 
(8v) water contents while the grass portion had higher total soil 
pore space (TPS) and air-filled porosity (f.). Soil physical 
properties responded to several variogram models, but except 
for TPS, which was significantly fitted to a linear variogram 
model in both forest (R2 = 0.95) and grass (R2 = 0.95), all other 
soil properties differed. Further studies are underway to better 
understand the effect of land use history on the interactions 
between vegetation and soil properties. 

Atmospheric Science 

*Buonanno, C.C. National Weather Service, Little Rock 
AR. ANALYSIS OF DATA FROM THE SUPER TUESDAY 
SEVERE WEATHER OUTBREAK: AN ARKANSAS 
PERSPECTIVE. An outbreak of severe storms occurred on 
February 5 and 6, 2008 across much of the mid-south and Ohio 

Valley. Over one hundred tornados were reported during this 
event. Tornados associated with this outbreak were responsible 
for at least fifty-nine fatalities, which made this event the dead
liest in over twenty years. An analysis of data from this event 
will be presented, which will focus on storms that occurred in 
Arkansas, where thirteen fatalities were reported. Of particular 
interest will be an examination of the long-lived super cell 
thunderstorm that moved across much of northern Arkansas. 
This storm was responsible for one of the longest tornado tracks 
ever recorded in Arkansas. Experiences from forecasters during 
this event will be offered as best practices for future warning 
events associated with tomadic outbreaks. 

*Hughes, K.B. and A.R. Lupo. Department of Soil, 
Environmental, and Atmospheric Science, University of 
Missouri - Columbia, INTERANNUAL VARIABILITY 
OF TORNADO PRODUCTION IN THE CENTRAL 
PLAINS. An analysis of tornado occurrences as well as the 
variables affecting these occurrences was performed over the 
four-state region of Kansas, Nebraska, Missouri, and Iowa over 
the period of 2003-2007 as a follow-up to an analysis done 
earlier by this research group. The variables that were examined 
were April - June mean temperatures, pressures, and winds 
at different levels, acquired from the National Center for 
Atmospheric Research- National Centers for Environmental 
Prediction (NCAR-NECP) re-analyses. These were plotted into 
synoptic analyses using software provided by the Climate 
Analysis Branch of the Earth System Research Laboratory 
in order to determine if the conclusions made in the original 
analysis were supported by the new data set. The results 
showed a trend toward more tornado occurrences during El 
Nifio years with little variation of previous results. The com
posite synoptic analyses made of these recent years studied 
were found to be similar to previous composites, which indi
cates that the interannual variability found in the original study 
has not changed significantly. 

Lupo, A.R., J.V. Clark, A.M. Hendin, A.S. Kelly, B.L. 
Perrin* and K.M. Puricelli. Department of Soil, Environ
mental, and Atmospheric Science, University of Missouri
Columbia. THE GLOBAL INCREASES IN BLOCKING 
OCCURRENCES. Earlier work on the climatological fre
quency of blocking suggested that in a warmer climate, North
em Hemisphere blocking occurrences would increase, but they 
would become longer lived and less intense. Additionally, 
a recent increase in blocking frequency has been found for 
the Southern Hemisphere, even though other characteristics, 
such as duration, and intensity are relatively unchanged. An 
investigation of recent increases in northern Hemispheric 
blocking are investigated here and shown to be consistent with 
earlier model studies. The data set used here was the National 
Center for Environmental Prediction (NCEP) and National 
Center for Atmospheric Research (NCAR) gridded re-analyses. 
The blocking criterion was used here, and this can be summa
rized as a combination of a subjective criterion and objective 
criteria. Initial results show that both hemispheres have 
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witnessed increases in blocking events. In the southern hemi
sphere, the increases have occurred throughout the year, while 
in the northern hemisphere, the summer season has witnessed 
the largest increases. 

Biology 

*Caine, A.L., K.N. Carter, C. Dillavou and P. Nguyen. 
Departments of Chemistry and Biology, Truman State 
University. MODERATING PANDEMIC FLU BY ENVI
RONMENTAL CONTROL AND SOCIAL DISTANCING. 
We develop and apply a differential equation based com
partment model to examine the extent to which environmental 
control might augment social distancing measures such as 
school closures in a midwestern university town of 17,000 
people. Though media hype has all but vanished, the threat of a 
pandemic of a lethal new variety of flu remains. Deferral and 
reduction of the epidemic surge could save lives by decreasing 
the demand for scarce medical resources. Until recently it 
appeared that social distancing might be the only widely 
available strategy pending development of a specific vaccine. 
However, recent evidence suggests that aerosol transmission 
in guinea pigs depends on relative humidity (RH) and tem
perature. Extrapolating to humans, they suggest that "Influenza 
virus transmission indoors could potentially be curtailed by 
simply maintaining room air at warm temperatures ( > 20°C) 
and either intermediate (50%) or high (80%) RHs." Also, they 
did not observe aerosol transmission at 30°C with 35% RH. 
Our field data indicate typical indoor RH conditions at Truman 
State University of lOo/o-30% at the height of the February flu 
season in Kirksville, which might suggest substantial opportu
nity for amelioration. However, indoor temperature is easier to 
control than RH. Furthermore, consideration of direct, fomite 
mediated, and large-droplet mediated transmission casts doubt 
on the adequacy of environmental control alone. Nevertheless, 
when run with plausible parameters, our model suggests that, 
used in concert with social distancing measures, inexpensive 
masks, eye shields, and gloves, environmental control might 
provide crucial reduction in rate of transmission. 

*Diamond, H.L., W.E. Crow, M. Mack and L.J. Swatzell. 
THE ROLE OF CARBOHYDRATES AND LIPIDS 
IN WATER BALANCE OF CHEILANTHES LANOSA 
GAMETOPHYTES. Department of Biology, Southeast 
Missouri State University. Cheilanthes is a genus of xerophytic 
ferns that enjoys a broad distribution range in the United States 
but is restricted to a narrow niche comprised of particular types 
of sedimentary rock outcrops. One common Cheilanthes fern, 
Cheilanthes lanosa ranges from southeastern Missouri, east to 
the Piedmonts in Georgia, and north through the eastern United 
States. In Missouri, Cheilanthes lanosa typically lives on sedi
mentary rock, most often sandstone, but is also found on shale 
and chert outcrops in the northeastern United States. The sur
vival of Cheilanthes ferns in arid habitats and their restriction 
to specific habitat is enigmatic. The gametophyte consists of a 

one cell thick, unprotected array of vacuolate cells. Because no 
apparent morphological feature protects the vulnerable gameto
phytes from desiccation in their rocky habitat, a physiological 
mechanism must be present that assists in water balance. Recent 
studies have demonstrated that Cheilanthes lanosa utilizes 
aquaporin-like proteins for water regulation. However, data 
from these studies also suggest that osmotic gradients and a 
potential cuticle might also be important factors in gametophyte 
water balance. Therefore, in this study, the total lipid and carbo
hydrate contents of protonemal callus, mature agar-grown 
gametophytes, and mature sand-grown gametophytes were 
assessed using the Anthrone and Vanillin Assays. Data from 
these assays suggest that lipid and carbohydrate contents change 
as a developmental process and in response to the environment. 
Data also suggest that the adaptation that allows the gameto
phytes to survive in an arid habitat also restricts the fern to 
a narrow range of conditions, and thus, relegates it to its 
narrow niche. Supported by GRFC of Southeast Missouri State 
University. 

*Jaeger, T., S. Long, and J. Lang. Department of Psychol
ogy, Westminster College. OUTLINED OBJECTS IN A 
MACH PATTERN CREATE ILLUSIONS: FURTHER 
EVIDENCE OF A FREQUENCY CODE FOR SIZE. In two 
experiments, new illusions of size were created using stimuli 
comprised of nine trees, otoscopes, pens, hourglasses, hands or 
mailboxes. The size of the nine objects varied across space in 
accordance with a Mach pattern. At the small side of the pattern 
where there were three identically sized objects, the twelve 
observers selected the object at the inflection point as smallest; 
at the large side of the stimuli where there were also three 
equally sized objects, the twelve observers selected the object 
at the inflection point as largest. In a third experiment, twenty 
observers compared equally sized isolated objects and objects 
at the inflection points of Mach patterns. When the patterns 
were oriented so as to place the judged objects at the inflection 
points near the isolated object, the pens and otoscopes at the 
small side of the pattern were underestimated and the pens and 
otoscopes at the large side of the pattern were overestimated. 
These illusions resemble the Mach lines illusion and appear to 
result from interactions among visual neurons that are encoding 
the size of complex objects by frequency of their response. 

*Mettler-Cherry, P., D. Heimann and J. Ely. Department of 
Biology, Lindenwood University, U.S. Geological Survey
Water Resources Discipline, Lee's Summit and Department 
of Biology and Earth Sciences, University of Central 
Missouri. EFFECTS OF PROPOSED RIVER REGU
LATION ON RIPARIAN WETLANDS IN THE MAR
MATON RIVER BASIN. A recent (2004-2007) cooperative 
study by the U.S. Geological Survey and Missouri Department 
of Conservation estimated the cumulative effects of 1 03 current 
and 64 proposed impoundments, land-cover changes, and 
reported water uses on streamflows in the Marmaton River 
Basin. Results indicated that flood magnitude, frequency, and 
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duration may be substantially reduced in portions of the 
Marmaton River Basin if proposed impoundments are built. 
A three-year study, begun in 2007, will quantify the effects of 
these altered streamflows on riparian wetland hydrology and 
determine how streamflow alterations may affect native ripar
ian vegetation and wildlife communities along the Marmaton 
River. Relations between the present composition and distri
bution of the riparian vegetation, wildlife communities, and 
hydroperiods at three sites will be used to determine how altered 
streamflow conditions may affect the ecological integrity of 
the Marmaton River riparian systems. The existing vegetation 
composition of three selected study wetlands will be mapped, 
monitored and related to measured hydrologic factors including 
surface- and ground water hydrology, land-surface elevation, 
and soil characteristics. These relations, along with estimates of 
changes in wetland hydrology resulting from altered stream
flows, will be used to predict how wetland vegetation com
position and distribution may respond to proposed streamflow 
regulation. Qualitative estimates will be made of the effects of 
alteration in wetland hydrology and vegetation characteristics 
on common reptile, amphibian, waterfowl, and fish species that 
utilized the Marmaton River wetlands. 

*Oller, A.R., L. Province, B. Curless and D. Glover. Depart
ments of Biology and Earth Science, Safety Science, 
and Athletic Training, University of Central Missouri. 
COMMUNITY-ACQUIRED METIDCILLIN RESIS
TANT STAPHYLOCOCCUS AUREUS PREVALENCE 
AND ANTIBIOTIC SUSCEPTIBILITY IN COLLEGE 
ATHLETES AND COLLEGE RESIDENTS. Community
Acquired methicillin resistant Staphylococcus aureus (CA
MRSA) continues to emerge as a problematic pathogen in 
collegiate contact sports such as football and wrestling due to 
increased personal contact. Individuals harboring the bacte
rium in the nasal cavity often serve as reservoirs, and can then 
transmit the drug-resistant bacterium to others. Two collegiate 
athletic teams and a control group of 53 non-athlete campus 
resident students were tested for S. aureus nasal colonization 
and antibiotic sensitivity. Nasal swabs from each human sub
ject were directly plated onto Chromagar plates and incubated 
at 35°C for 24-48 hours to visually determine probable Staph
ylococcus aureus colonies. Dark blue colonies were then sub
cultured onto Mueller Hinton plates to determine antibiotic 
disk susceptibility patterns to methicillin, clindamycin, 
rifampin, tetracycline, trimethoprim/sulfamethazole, gentami
cin, vancomycin, chloramphenicol, ciproflozacin, nitrofuran
toin, and if needed, linezolid. A PbP2' latex test confirmed the 
presence of the mecA gene in methicillin resistant colonies. 
Of the 182 athletes, 3 8 (21%) tested positive for S. aureus, of 
which 25 (14%) were confirmed to be MRSA. Three strains 
were susceptible to only nitrofurantoin, one to only chloram
phenicol, and one to only linezolid. Only one isolate from the 
athletic team was susceptible to six antibiotics. For campus 
residents, two (4%) tested positive for S. aureus, but only one 
(2%) was MRSA and it was susceptible to six antibiotics 

tested. Our data support a higher S. aureus colonization rate 
in athletes (21%) over the campus cohort (4%). 

Wasim, H., M. Lam, and *M.F. Haskins. Biology Depart
ment, Rockhurst University. THE EFFECT OF VITAMIN 
E ON CATALASE ACTIVITY. Many substances are known 
to interfere with enzyme activity. In this study we tested three 
concentrations of Vitamin E as in-vitro inhibitors of a catalase
hydrogen peroxide reaction. Paper disks were used to trap 
the oxygen released in each reaction and allowed us to quantify 
the enzyme's activity. Vitamin E inhibited the catalase activity 
in only one of the three concentrations tested. The two most 
concentrated solutions of Vitamin E enhanced the enzymatic 
activity and reactions were faster than that observed in the 
control. 

Biomedical/Biotechnology 

*Joseph, K.L, L.F. Dong, C.M. Witkowski and M.M. Craig. 
Department of Physics, Astronomy, and Materials Science, 
and Department of Biomedical Sciences, Missouri State 
University. SURFACTANT EFFECTS ON SINGLE
WALLED CARBON NANOTUBE INTERACTIONS 
WITH CELLS. Cytotoxicity of single-walled carbon nano
tubes (SWCNTs) suspended in various surfactants was investi
gated by phase contrast light microscopy characterization 
in combination with an absorbance spectroscopy cytotoxicity 
analysis. Our data indicate that individual SWCNTs suspended 
in the surfactants, sodium dodecyl sulphate (SDS) and sodium 
dodecylbenzene sulphonate (SDBS), were toxic to 1321N1 
human astrocytoma cells due to the toxicity of SDS and SDBS 
on the nanotube surfaces. This toxicity was observed when cells 
were exposed to SDS or SDBS solutions having a concentration 
as low as 0.05 mg/ml for 30 minutes. Proliferation and viability 
of the cells was not affected by SWCNTs alone or by conju
gates of SWCNTs with various concentrations of sodium cho
late (SC) or single stranded DNA. The cells proliferated similar 
to untreated cells when surrounded by SWCNTs as they grow, 
which indicated that nanotubes did not affect cells adversely. 
Cytotoxicity of the nanotube-surfactant conjugates was con
trolled in these experiments by the toxicity of the surfactants. 
Consequently, when evaluating a surfactant to be used for 
the dispersion of nanoscale materials in applications such as 
nanoscale electronics or non-viral biomolecular transporters, 
the cytotoxicity needs to be evaluated. The methodology pro
posed in this study can be used to investigate the cytotoxicity of 
other nanoscale materials suspended in a variety of surfactants. 
Supported by a Faculty Research Grant from Missouri State 
University and the American Chemical Society Petroleum 
Research Fund (47532-GB10). 

*Lewis, C.L. and C. M. Witkowski. Department of 
Biomedical Sciences, Missouri State University. ESTAB
LISHMENT OF AN AXENIC CULTURE OF CAE
NORHABDITIS ELEGANS TO TEST IN VIVO EFFECTS 
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OF CARBON NANOTUBES ON GROWTH PARAME
TERS OF ANIMALS. Caenorhabditis elegans is an excellent 
model organism to study toxicity to cellular processes. The 
nematode was introduced as an experimental model organism 
in early 1970 and since thEN there are now many tools in the 
form of resources, a sequenced genome, a full lineage map, 
an anatomical atlas (http://www.wormatlas.org/index.htm), and 
the use of C. elegans for drug discovery and to assess potential 
toxicity. Use of C. elegans as the organism in a toxicity screen 
allows for in vivo exposure and assessment of this exposure. We 
have chosen to study potential toxicity of carbon nanotubes 
(CNTs) and CNT hybrids using an established liquid axenic 
(not contaminated with or by other living organisms) culture 
conditions for C. elegans. N2 stocks were initially conditioned 
for growth in liquid axenic media. Worms were exposed to 
(CNTs) and CNT hybrids of varying concentrations, combina
tions, and length of time. Control conditions (non-exposed 
worms) served as growth and morphology controls. Worms 
were grown at 20°C with shaking (aeration). The nature of the 
axenic CeHR media allows for routine observation of worms 
using a stereo dissecting microscope, DIC or epifluorescent 
microscopy techniques. CNTs and CNT hybrids of varying 
concentrations were tested along with control conditions 
of non-exposed worms serving as growth and morphology 
controls. 

Computer Science 

*Naugler, D. R. Department of Computer Science, South
east Missouri State University. ERLANG AS AN INTRO
DUCTION TO CONCURRENT PROGRAMMING. 
Multi-core processors, trusted networks and the Internet make 
concurrency an ever more important topic in Computer Science 
education. The Erlang language is a general purpose program
ming language of the functional language family with built in 
support for concurrency and fault tolerance. Erlang is dynami
cally typed, extensively uses pattern matching and, most inter
estingly, allows parallel processes using no locks, no shared 
memory and no synchronized methods. Also, Erlang programs 
run on single core processors, can seamlessly use multiple 

· cores, can run over trusted networks and even over the Internet. 
The Erlang language encourages the use of a large number of 
very lightweight processes, which are language, and runtime 
controlled not operating controlled. Erlang has been generally 
available since 1997, and was designed originally for industrial 
applications. Indeed, some of the largest applications written in 
any functional language are written in Erlang. It has only 
recently become better know to the computing community but 
implementations for Windows and Linux are readily available 
as is the complete source code. There is good documentation, 
an excellent book about Erlang, and an Erlang user community 
with conferences on Erlang. Through examples of some 

essential features of Erlang its special suitability for Computer 
Science education are demonstrated. 

*Saquer, J. M. Computer Science Department, Missouri 
State University. USING AJAX TO TIE TOPICS IN A 
WEB PROGRAMMING COURSE. Main technologies that 
are usually taught in a Web programming course include 
HTMLIXHTML, JavaScript, XML, and a server side scripting 
language such as PHP. As the course progresses, students are 
usually given homework assignments to reinforce learning 
these topics. These assignments usually cover different topics 
independent of other topics -except for HTML, which is almost 
always part of any Web document. Nonetheless, many students 
find it hard to tie different Web technologies together without a 
major term project. Ajax, which is shorthand for Asynchronous 
Java Script and XML, provides an easy way for using different 
web technologies together in simple projects. Moreover, learn
ing Ajax does not require much time in a Web programming 
course. This is so because Ajax builds on topics that students 
learn in this course such as HTML/XHTML, Java Script, PHP 
andXML. 

*Simms, J. andY. Wang. Department of Computer Science, 
Missouri State University. VISUALIZATION AND 
APPROXIMATION OF GENOTYPE LANDSCAPES. 
In the field of population genetics, the combined effects of 
selection and genetic drift drive changes in genotype. Dr. Sewell 
Wright, one of the founders of modem theoretical population 
genetics, developed the theory of adaptive landscapes in order 
to better understand the interactions that take place between 
selection and genetic drift. Dr. John Heywood at Missouri State 
University derived an approximated model from Dr. Wright's 
theory. In this project, we developed a three-dimensional simu
lation system to visualize the adaptive landscape computed 
from the approximated model. Through the graphic interface, a 
user not only can visually see the adaptive landscape computed 
from a set of predefined parameter values, but also is able to 
interactively modify the value of a parameter and observe the 
effects of the change to the adaptive landscape. This simulation 
system can help users to understand how the parameters could 
affect the adaptive landscape individually or collectively, 
thus to have a better understanding of Dr. Wright's adaptive 
landscapes theory. 

Conservation 

*Clark, C. and J. Rushin. Department of Biology, Missouri 
Western State University. A COMPARISON OF BIRD 
DIVERSITY AMONG SEVERAL SUCCESSIONAL 
HABITAT TYPES AT THE PONY EXPRESS CONSER
VATION AREA NEAR OSBORN, MISSOURI. Bird species 
were surveyed at the Pony Express Conservation Area (PECA) 
in Northwest Missouri using a standard point count method and 
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species diversity indices were compared among several succes
sional habitat type combinations during sampling periods from 
May 1 to June 20 in 2006 and again in 2007. The presence of 
ponds and/or brush piles was also a consideration during this 
study. A total of eighty-nine species of birds were observed 
during this 2-year study. A total of forty-four sampling points 
were counted at 1 0-day sampling periods with 100 meters 
between each point. The survey observations lasted for a dura
tion of 10 minutes per plot. Each bird species seen or heard was 
recorded along with their abundance. The data showed that 
there was a greater diversity in species occurring in the plots 
dominated by tall grass, shrubs, and forest edge. This study was 
supported by the Missouri Department of Conservation. 

*Edwards, R. and R. K. Beth. Department of Biology, 
Missouri Southern State University. BEST USE MET
RICIES FOR DETERMINING LEVELS OF DISTUR
BANCE OF URBAN STREAMS. A decline in diversity and 
density of sensitive organisms has been observed in urban 
streams in southwest Missouri. In an effort to determine a metric 
that best distinguished streams, we applied 4 different metricies 
to samples from rural Jones Creek (JC) and two sites, above a 
mall (AM) and below a mall (BM), on urban Turkey Creek on 
Missouri Southern State University campus. Five riffle benthos 
samples (0.200 mm mesh, 1.0 fF) were collected from each 
site. Metricies applied included a family biotic index, 4.83(BM), 
5.05(AM), and 4.72(JC); a Shannon-Weaver index, 1.16(BM), 
1.26(AM), 1.30(JC); an EPT (Ephemeroptera, Plecoptera, 
Trichoptera)-Chironomidae ratio, 3.97: l(BM), 3.26: l(AM), 
and 2.95:l(JC); and EPT richness, 10 species (BM), ll(AM), 
and 23(JC). EPT richness appears to best distinguish these 
streams in comparison to the family biotic index, Shannon
Weaver, and EPT/Chironomidae measures. 

*Beth, R. Department of Biology, Missouri Southern State 
University. CADDISFLIES OF FOUR OUACIDTA 
MOUNTAIN INTERMITTENT STREAMS. Caddisfly 
diversity, density, biomass, and production were estimated in 
four Ouachita Mountain headwater streams differing in flow 
permanence. Monthly benthos samples along with light trap 
and hand collections were conducted 1998-1999 in adjacent 
Glazypeau and Winona Basin watersheds. Thirty-seven taxa, 
29 to species including six regional endemics, were identified 
from 2228 individuals collected in benthos, 737 in light trap, 
and 97 in hand collections. Nine species were common to all 
four streams. Scrapers (Agapetus, Helicopsyche) and filterers 
(Cheumatopsyche, Chimarra) were reduced in the Winona 
streams. Polycentropus, Wormaldia, and Hydroptila dominated 
caddisfly assemblages in the dryer Winona streams. Density, 
average biomass, and size-frequency production were signifi
cantly higher in the most permanent stream (Little Glazypeau 
Creek 119 caddisflies/m2, 0.029 g dry mass/m2, 0.24 gdm/ 
m2-yr) that experienced riffle drying for only a brief period 
late summer. Values in the three Winona Basin streams, which 
ranged from riffle-dry to completely summer-dry, were approx
imately 10% ofLGPC values (SouthForkAlum Creek, 13Im2, 

0.0023 gdm/m2, 0.020 gdm/m2-yr). Streams of this study are 
probably representative of unproductive, but still relatively 
diverse, trichopteran communities typical of intermittent 
headwaters in the Interior Highlands. 

*Beth, R.K. Department of Biology, Missouri Southern 
State University. LIFE IDSTORY AND PRODUCTION 
OF LIRCEUS HOPPINAE AND CAECIDOTEA HOLT/ 
(ISOPODA: ASELLIDAE) IN FOUR INTERMITTENT 
HEADWATER STREAMS OF THE OUACIDTA 
MOUNTAINS. Isopods are often the most abundant organisms 
in headwater streams of the Interior Highlands. I sampled four 
660 ha headwaters, Little Glazypeau Creek (LGPC), South 
Fork Alum Creek (SFAC), Bread Creek (BC), and North Fork 
Alum Creek (NFAC) in two adjacent watersheds (Glazypeau 
and Winona basins) in the Ouachita Mountains of central 
Arkansas. Replicate samples were collected with a vacuum 
benthos sampler, 0.200 mm mesh, on 18 dates. Two epigean 
species were common to all four streams, widespread Lirceus 
hoppinae and endemic Caecidotea holti, along with low densi
ties of a yet unidentified blind Caecidotea. Brooding females of 
both L. hoppinae and C. holti could be found all months except 
summer. Lirceus hoppinae recruitment peaked April in LGPC 
with a secondary peak in October. In the dryer Winona Basin, 
L. hoppinae recruitment peaked January-February. Caecidotea 
holti recruitment peaked May in SFAC. Densities were low 
in BC and NFAC, but two cohorts were apparent in these 
summer-dry streams. Large individuals of both species were 
present in Winona Basin samples late September soon after 
rewetting indicating probable survival in damp sediments. 
Lirceus densities and production (with 95%CI) were highest 
in LGPC (mean 811/m2 ± 106, 3.14 g dry wt/m2-yr±0.60) and 
lowest in SFAC (11/m2 ±5, 0.07gdw/m2-yr±0.04). Mean Cae
cidotea densities were highest in SFAC (257 /m2 ± 70, 0. 79 gdw/ 
m2-yr±0.20) andlowestinLGPC (1.2/m2, 0.00lgdw/m2). Both 
Lirceus and Caecidotea were important contributors to produc
tioninBC (Lirceus 0.42gdw/m2-yr ± 0.30, Caecidotea 0.35gdw/ 
m2-yr±0.48) and NFAC (Lirceus 2.05gdw/m2-yr± 1.49, Cae
cidotea 0.31gdw/m2-yr ± 0.35). Isopods dominated invertebrate 
secondary production in all four streams. 

*Johnson, B.Y. Cooperative Research and Extension, 
Lincoln University. TRAP TECHNIQUE AND ITS 
APPLICATIONS IN IDENTIFICATION AND GENETIC 
DIVERSITY ASSESSMENT OF MISSOURI NATIVE 
PLANTS. TRAP abbreviated for Target Region Amplification 
Polymorphism (TRAP) is a modified AFLP technique first 
reported by Hu and Vick in 2003. This technique involved the 
use of fixed primers designed against sequenced expressed 
sequence tags (EST) associated with high genetic conservation, 
flavanoid synthesis, sex-linkage, and drought resistant genes. 
Thus TRAP technique is of potential in amplifying genes of 
useful traits. In the TRAP PCR amplification process, each 
primer is combined with four arbitrary primers tagged with 
florescent dyes. Therefore TRAP technique is capable of gener
ating ample DNA markers useful for assessing plant genetic 
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diversity. In addition this paper reports the effectiveness of 
TRAP technique in distinguishing plants of high resemblance 
such as MO native Bittersweet (Celastrus scandens) verses 
an invasive Oriental Bittersweet (Celastrus orbiculatus) and 
Poverty grass (Danthonia spicata) verses a native sedge 
(Carex sp.). 

*Klawinski, P. and P. Engquist. Department of Biology, 
William Jewell College. LIFE TABLE ANALYSIS OF 
POPULATION GROWTH IN THE INVASIVE SHRUB 
LONICERAMAACKIIIN WESTERN MISSOURI. Invasive 
plant species are becoming increasing common and are increas
ingly the object of concern for conservation biologists. Shrub 
honeysuckle, Lonicera maackii, grows thickly and shades out 
native understory vegetation and produces large numbers of 
animal dispersed seeds but this species has been poorly studied 
from the perspective of its life cycle and reproductive capacity. 
We attempted to quantify the life cycle of this species and 
analyze its life history with the goal of making conservation 
recommendations. We examined plant size, age, seed produc
tion and survivorship in the field and germination success in a 
greenhouse study and used these data to construct a life table of 
this species. After constructing the Leslie matrix, we subjected 
this matrix to an elasticity analysis which quantifies the relative 
contribution of each life stage or age transition to overall popu
lation growth rate. We found that basal area, age, biomass and 
berry production were correlated with one another. Each berry 
harbored an average of3 .5 seeds. The oldest shrub was 22 years 
old in the population we studied and the high seed producing 
shrub was 19 years old and produced approximately 104,000 
seeds. Elasticity analysis revealed that fecundity contributed 
much more to population growth than survivorship. Plants 
reached first maturity at four years of age and the life stage that 
was most influential in influencing population growth rate was 
reproductive inputs of five year old plants but all reproductive 
plants influenced population growth many orders of magnitude 
greater than the survivorship transitions. Based on this analysis, 
Lonicera maackii should be eradicated prior to reaching the 
age/size of first maturity. 

*Scott, M. Department of Agriculture, Biology, Chemistry 
and Physics, Lincoln University. DEPREDATION AT AN 
OUTDOOR AQUACULTURE RESEARCH FACILTIY. 
An outdoor aquaculture research facility was constructed and 
stocked with fish at Lincoln University in 2004. These ponds 
have been monitored for potential fish predators by reviewing 
continuous time-lapse video recordings from the summer sea
sons. Predator activity has been variable but continued through
out the observation periods. A number of potential fish predator 
bird species have been observed with the vast majority being 
Little Green Herons. On a daily basis, Little Green Heron activ
ity peaked during early morning, mid day and late afternoon 
time periods. No mammalian predators have been observed. 
Two different exclusion methods have been tested for effective
ness in preventing Little Green Herons from accessing the 

ponds. Initially, half the ponds were randomly assigned to be 
surrounded with plastic netting or a two-strand electric fence 
located at the water edge and with 30 em separation. Bird 
activity was observed at each pond by reviewing continuous 
time-lapse video recordings with natural and near infrared illu
mination for 30 days. It became apparent that the plastic netting 
was effective but the two-strand electric fence was not effective 
at excluding Little Green Herons. A third strand was added to 
the electric fences (15 em spacing) and observations continued 
for an additional 30 days. The netting continued to be very 
effective at excluding Little Green Herons while the three
strand electric fence prevented 80% of them from accessing the 
ponds. 

*Wiegman, A. and J. Rushin. Department of Biology, 
Missouri Western State University. CHANGES IN BIRD 
DIVERSITY THROUGHOUT THE SPRING IN DIVERSE 
SUCCESSIONAL HABITATS AT THE PONY EXPRESS 
CONSERVATION AREA NEAR OSBORN, MISSOURI. 
A standard point-count method was used to survey bird spe
cies from April 1 through June 201h. All of the forty-four plots 
in the study area were surveyed during ten-day intervals 
throughout the study except for April 21 through April 30 
when no plots were surveyed. The study area used in this 
survey encompassed the following six habitats: old-field, 
shrubby field, tall grass prairie, agricultural field, forest and 
forest edge. Eighty-nine different bird species were observed 
in all plots during the entire study. Early in the study, winter 
residents such as crows, blue jays and song sparrows were 
predominant. Bird diversity increased and more transient spe
cies and numerous individuals were observed in Mid-April 
through May. Bird diversity finally declined as nesting birds 
in smaller numbers dominated the study area in June. Support 
from the Missouri Department of Conservation. 

Engineering 

*Sauer, H.J., Jr. and S. Vurakarnam. Department of 
Mechanical and Aerospace Engineering, Missouri Univer
sity of Science and Technology. NUCLEATE BOILING 
HEAT TRANSFER COEFFICIENTS FOR REFRIGER
ANTS. Nucleate boiling is a significant type of heat transfer, 
which often occurs in heat exchangers used in refrigeration and 
process industries. In the air-conditioning field, the refrigerant 
boils outside the tubes whereas the fluid being cooled (fre
quently water) flows inside. In order to either design such heat 
exchangers or predict their performance, the engineer needs 
to have an accurate numerical estimate for the heat transfer 
coefficient on the shell side of the tube. The work reported on in 
this. presentation involved examining existing correlations for 
predicting the convective heat transfer coefficient, "h", for the 
nucleate pool boiling of refrigerants on the outside of copper 
tubes and comparing the predictions with available experimen
tal data. Results are presented graphically and indicate that for 
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the refrigerants investigated, the Cornwell-Houston correlation 
provides the best fit to the actual test data. However, the most 
widely used correlation for predicting the nucleate pool boiling 
of liquids is that of Rohsenow which appears in all current heat 
transfer textbooks and reference books. The Rohsenow correla
tion has the serious drawback in that it requires a csf factor, 
which is dependent on the fluid/surface combination and must 
be determined experimentally for each combination. The results 
of this project also included using the Comwell-Houston data to 
successfully produce Csr values for the Rohsenow Correlation 
for the current refrigerants, R-22, R-123, R-134A, R-407C, and 
R-410A. 

Geography 

Fox, D.P. and B. L. Hoffman*. Department of Natural aud 
Physical Sciences, Park University. DIFFUSION OF THE 
INFLUENZA PANDEMIC OF 1918-1919 IN NORTH
WEST MISSOURI. In 1918, most Missouri counties were 
lacking county health departments. As a consequence, pub
lished statistics for the 1918-1919 influenza pandemic are lack
ing for most areas of Missouri, except for Kansas City and Saint 
Louis. This study utilizes the Missouri death certificates to 
provide information on individuals that died of influenza or 
pneumonia in Northwest Missouri counties from September 
1918-May 1919. Other sources include Saint Joseph Health 
Department records from 1918-1919 and newspaper accounts 
of the pandemic. Street addresses were available for individuals 
that died in Saint Joseph. These addresses were geocoded 
and the diffusion of the pandemic through Saint Joseph was 
analyzed using ArcGIS 9.2 software, utilizing the street grid 
for Saint Joseph. The findings suggest that the Saint Joseph 
epidemic originated in Chicago, Illinois at the Great Lakes 
Naval Station. Further findings are that instead of circulating 
as a single epidemic, that several discrete cells of influenza 
activity were occurring during this pandemic, not only in Saint 
Joseph but throughout Northwest Missouri. 

*Fox, D.P., S.A. Hageman and B.L. Hoffman. Department 
of Natural and Physical Sciences, Park University. DEEP 
MAP PROJECT OF NORTHWEST MISSOURI: AN 
INTERDISCIPLINARY FACULTY-STUDENT GIS COL
LABORATIVE. Northwest Missouri is an understudied region 
of the United States. Studies that have been done are typically 
fragmentary and fail to provide integrated analysis and a com
prehensive sense of place. Deep mapping refers to the emerging 
practice of integrating data from the widest range of sources 
possible in an endeavor to remedy such shortcomings. Mapping 
will be initially achieved by combining data obtained through 
individual and collaborative faculty research with that from 
student projects completed in courses, such as Geographic 
Information Systems (GIS) and Advanced GIS. The regional 
focus provides direction for student course projects while at the 
same time allowing them to conduct their research on virtually 

any topic of interest. The datasets will be collected into a GIS to 
provide the most extensive database possible for conducting 
interdisciplinary research projects and analysis of the region. 
The geography, geology, and biology programs at Park Univer
sity are currently conducting research on the history, topogra
phy, biota, and physical enviromnent of the region, which serves 
as the initial phase of the deep map project. A second phase 
will consist of an emphasis on social and cultural datasets and 
will also encourage additional programs, such as history and 
criminal justice, to join in the collaboration. 

Jones, A.C. and S.A. Hageman*. Department of Natural 
and Physical Sciences, Park University. USING GIS 
TO CALCULATE THE ENVIRONMENTAL IMPACT 
OF PARK UNIVERSITY COMMUTERS. Calculating car 
emissions is difficult because of variables such as composition 
of fuel, engine type, and driving style. The purpose of this study 
is to analyze the commuter emissions at Park University. 
The amount of emissions from commuters (1,471 students, 279 
staff, and 98 faculty) was established using the travel distance 
for each individual by their zip code. Address data for 2,078 
individuals was geocoded using ArcGIS. The addresses were 
then analyzed and any students living on campus or outside of 
a 50 mile radius were removed. The average commute at Park 
University is 30.6 miles with students commuting the most at 
31.7 miles, faculty at 30.3 miles, and staff at 25.0 miles. Using 
the Department of Transportation's 2002 baseline for in-use 
emissions; VOC (1.4g/mi), CO (14.2 g/mi), and NO (1.2 g/mi) 
emissions would total 16.8 grams/mile or 514.08 grams (1.13 
lbs) for the average Park University commute. Based on daily 
commutes for faculty and staff and with a conservative estimate 
of students commuting only twice a week, the emissions would 
result in 5,476.76 lbs/week or 87,628.16 lbs/semester. This 
study is not accounting for fuel consumption which would 
greatly increase the carbon footprint. 

Geology/Geophysics 

*Aide, C. and M. Aide. Department of Environmental 
Sciences, Southeast Missouri State University. NEWLY 
DEVELOPING SINKHOLE FIELD IN AN URBAN SET
TING. We are describing a newly developing sinkhole field 
forming in an urban setting. The field is in an area that has had 
no past history of sinkhole development. There are three sink
hole areas mapped in a 2,000-meter radius from the new field 
with the closest feature being over 900 meters away from the 
new field. All original mapped sinkhole areas are west to south
west of the present locality. The new sinkholes are forming in 
the Plattin Formation and are bounded by three faults. The soils 
in the area include a silt loam, a clay loam and a disturbed area 
from previous gravel and sand excavation (dating midl900's). 
The new sinkhole field is impinging on essential city services 
such as the water gas and sewer lines and a road/bridge and rail 
line. They have necessitated the relocation of a natural gas line 
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and are also threatening the rail line and rail spur that services 
the port area. To date the response to the sinkhole development 
has been filling with concrete, backfilling with gravel, rock and 
soil as well as excavation of some of the sinkholes then filling 
with gravels. The gravel filling seems to have little success in 
preventing the sinkholes from increasing in size. 

*Nold, J. L. and M. A. Dudley. Department of Earth 
Science, University of Central Missouri. PROGRESS 
REPORT ON CONTINUING WORK ON THE GEOL
OGY AND ORIGIN OF THE PILOT KNOB MAGNE
TITE DEPOSIT. At this time last year we were working on 
thin and polished sections from ten core holes that were 
obtained from Southeast Missouri State University. We have 
since found eight more core holes at Washington University 
and have logged, sampled, and have cut and described thin 
and polished sections from these ores. Our continuing work 
suggests that the dominant deposit is of igneous, intrusive 
origin with a minor, late hydrothermal overprint. Textural and 
mineralogical .indications of the deposit having resulted from 
an ore magma intrusion are as follows: Albite plagioclase 
(An 2-5), quartz, and K-feldspar are the most common matrix 
minerals. Where albite and K-feldspar are dominant, magne
tite microsyenite would be the petrologic name for the ore. 
Magnetite shows porphyritic textures and the phenocrysts are 
commonly zoned. Most of the magnetite and matrix minerals 
have a hypidiomorphic granular igneous texture. Some of 
the magnetite ores are layered and this is considered to be of 
rhythmic gravitational origin. Some of the albite plagioclase 
has an intercumulus poikilitic texture and contains magnetite. 
Calcite is a common matrix mineral and where it is dominant 
in small segregations within the magnetite microsyenites, 
the rock is considered to be a magnetite carbonatite. Hematite 
is present within many of the rocks within the deposit, usually 
as minor late-stage alteration of magnetite or as specular 
hematite within late-stage hydrothermal veins or breccia fill. 
However, a volumetrically minor part of the ore is composed 
dominantly of hematite and textures indicate that it is not 
an alteration of magnetite (martite ). This hematite commonly 
shows well-developed rhombohedral twinning, and this plus 
the ore textures suggest that it is primary igneous hematite. 

*Stinchcomb, B.L. and C. Baught. Geology Department, 
St. Louis Community College at Florissant Valley. MOR
PHOLOGY OF STROMATOLITES FROM A PRE
SUMED ARCHEAN GLACIAL BOULDER FROM 
LEWIS COUNTY, MISSOURI. A variety of stromatolite 
morphotypes are described from a large glacial boulder found 
on the Wyaconda River, previously reported. Stromatolite 
morphotypes found by sectioning various parts of the boulder 
suggests an Archean age for it as do associated boulders of 
what is believed to be a morainal lobe whose components 
were primarily derived from an Archean terraine, possibly that 
in northern Minnesota. These associated boulders include 
immature sandstone (quartzite), amphibole schist, iron 
formation, greenstone, biotite gneiss as well as the iron-rich, 

siliceous boulder, which carries the stromatolites. Most of 
these boulders were probably derived from what are today 
subcrop occurrences of Archean rocks of the Canadian Shields 
Superior province, subcrops that have never been sampled as 
they are now deeply buried under thick glacial drift. 

Physics 

*Tansil, J.E. Department of Physics and Engineering Phys
ics, Southeast Missouri State University. NON-UNIQUE 
SOLUTIONS FOR TWO RESISTIVE LOADS IN PAR
ALLEL IN DC ELECTRIC CIRCUITS. Direct current elec
tric circuits with resistive loads in parallel across a constant 
voltage source V. are a common topic in general physics 
courses. Textbooks used in these courses will invariably con
sider the simplest case of two resistive loads, R I and R2 , and 
then proceed to discuss the splitting of source current I, by the 
two loads into branch currents, i.e. I,=II+I2 • Ohm's Law 
V =I R is then applied to the current in each load to define an 
equivalent parallel resistance~ in terms of the individual loads, 
i.e. 1/RP = 1/RI + 1/R2 . Electric power Pis shown to be related 
to voltage and current by the relation P= V L Thus, for the case 
of two resistive loads in parallel across a constant voltage 
source, there are nine circuit quantities V., I., P., II, RI, PI, I:J> 
R2, P2 • If the source voltage V. and two other quantities are 
specified, the other six quantities can be found in the majority 
of cases, and, in fact, yield unique solutions. However, if the 
source voltage is not included in the set of three specified quan
tities, it can be shown that, in some cases, the source voltage is 
non-unique and can have two possible values. Each of these 
two possible values of source voltage will then yield a unique 
set of values for the other five initially unspecified quantities. 
We will discuss solutions where the source voltage is initially 
specified and solutions where it is not initially specified and, in 
fact, may not be unique. 

*Gibbons, P.C. and J.F. Wiegers.* Department of Physics 
and Science Outreach, Washington University. CHAL
LENGES IN IMPLEMENTING PHYSICS FIRST. What 
9th grade students in a Physics First course need in the curricu
lum depends strongly on their preparation in science and 
mathematics. Students who have gone through the activities 
and discussions contained in NSF -approved middle school 
science curricula, for example the STC/MS units and activities 
kits; who understand proportional reasoning; and who have 
been introduced to rates; are ready for the courses supported by 
CPO Physics a First Course or by the A-Time for Physics First 
curriculum under development by faculty at University of 
Missouri- Columbia and their collaborators. Students who do 
not have this background would be better served by a 9th grade 
course that uses the STC middle-school units and activities and 
develops their understanding of proportional reasoning and 
rates. This is just another example of the general rule that you 
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must know what your students know at the start of a course 
in order to present activities and concepts that they will be able 
to master. 

Science Education 

*Hegger-Ferguson, P.1 and S.H. Mills2• 1Sedalia Middle 
School and 2Department of Biology, University of Central 
Missouri. MIDDLE SCHOOL INVESTIGATIVE STUDY: 
INSECT TEMPERATURE EFFECTS ON INSECT 
DIVERSITY. Middle school students developed a comparative 
study of regions of the schoolyard resembling a prairie, wood
land, and wetland Students followed up on a previous study 
and developed a web of ideas. After discussing their observa
tions, the question was narrowed to the effect of insect tempera
ture on insect diversity over time. Students in each of 4 classes 
recorded the different insect species found in each ecosystem 
and recorded insect temperatures at three sites over a series 
of days during Fall, 2007. Students summarized their data by 
plotting the number of different insects in each ecosystem 
over time. The insect temperatures were also plotted over time. 
By overlaying the numbers of insects and insect temperatures, 
it appears that the number of insects decreased in prairie 
and woodland ecosystems but did not decrease in the wetland 
ecosystem. It appears that the number of species observed was 
reduced as insect temperature decreased. Students observed 
fewer insects on days when insect temperatures were lower 
which correlated to their study last year in which diversity was 
lower at lower ambient temperatures. 

*Saba, G.C. Department of Education, Lincoln University 
of Missouri. HOW TO DEVELOP PERFORMANCE
BASED ASSESSMENT ACTIVITY IN SCIENCE. Ass
essing inquiry science is challenging and may be frustrating if 
the assessment activity jeopardizes learner performance. This 
study documents how to develop a doable performance-based 
inquiry assessment activity for upper middle grade and second
ary science students. Because students are assessed during the 
inquiry activity on their process skills that help them construct 

the content knowledge, performance assessment is critical to 
evaluating the effectiveness of the inquiry science. For this 
reason, developing performance-based assessment activities 
that adequately measure science inquiry is essential to the qual
ity science curriculum reform movement. This paper describes 
only the trial testing process to illustrate a performance-based 
activity on osmosis to document what we did, what worked, and 
what didn't. 

*Varma, V.K. and Tina Varma. Department of Engineer
ing Technology, Missouri Western State University and 
Department of Curriculum and Instruction, University of 
Central Missouri. TEACHING SUSTAINABLE ENVI
RONMENT IN SCIENCE EDUCATION: STARTING 
WITH ELEMENTARY GRADES AND ENDING WITH 
ENGINEERING EDUCATION. In 1957, the Soviet Union 
launched the world's first artificial satellite (Sputnik 1 ). The 
event became a turning point in American education. All of a 
sudden science and engineering education came into promi
nence. Not only did the federal spending increase in teaching 
science to children, the nation set a goal to put a man on the 
moon. Today, we are feeling the same urgency of reviving 
interest of our society in science and engineering education. 
Living in, and designing a sustainable environment for man
kind is an important issue for the 21st century. How do we get 
our children interested in science and engineering when all the 
national measures indicate a declining interest in science? It is 
a dilemma. Researchers are currently engaged in designing 
engineering systems that will result in energy conservation and 
use natural resources that will reduce carbon footprints, and 
lessen the environmental impact. This paper defines sustain
ability in its basic form and addresses the need for educating 
elementary grade students in the fundamentals of sustainable 
engineering designs. The elementary school teachers are best 
positioned to develop children's interest in science and 
engineering; this paper addresses collaborations that can be 
developed between elementary school teachers, scientists, and 
engineers so that elementary school children can learn to 
appreciate science and engineering concepts through project
based learning. It is not too early to teach fundamentals 
of science and engineering research to elementary school 
children; in fact, it may be too late otherwise. 
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*Bullard, A.M., E. Byamukama, F.W. Nutter, Jr., A.R. 
Lagneaux, M.P. Mansini and G.W.M. Turner. Department 
of Plant Pathology, Iowa State University. QUANTI
TATIVE STUDY OF THE SPATIAL SPREAD OF BEAN 
POD MOTTLE VIRUS IN SOYBEAN. The purpose of this 
study was to obtain quantitative data on the spatial spread of 
Bean pod mottle virus (BPMV) in soybean crops. Such infor
mation may aid in the development of more cost-effective, 
integrated methods to manage BPMV and its insect vector, the 
bean leaf beetle. This experiment was conducted by using a 
total of 15 field plots (five different treatments replicated three 
times). The five treatments were: 1) a BPMV-inoculated point 
source, 2) two foliar sprays of lambda-cyhalothrin (Warrior) 
insecticide, 3) a non-treated control, 4) a BPMV-inoculated 
point source, plus two foliar sprays oflambda-cyhalothrin, and 
5) a BPMV-inoculated point source, plus an insecticide seed 
treatment. Treatments were arranged in a randomized com
plete block design to reduce bias. Each sampled plot consisted 
of six rows, which were further subdivided into 150, 30-cen
timeter quadrats. Soybean leaf samples were collected from 
each quadrat beginning 8-1 0 days after planting. Sap samples 
from soybean leaves (quadrats) were obtained using a leaf 
roller press and the extracted sap was then tested for the pres
ence of BPMV using an enzyme-linked immunosorbent assay 
(ELISA). BPMV was first detected in soybeans during the first 
sampling period (12 June). As of the fifth sampling, BPMV 
incidence ranged from 1.3% to 12%. Ordinary runs analysis 
indicated that the spatial pattern of BPMV incidence within 
the treatments was clustered. 

*Cornelius, K. Department of Biology, Missouri State 
University. A. MORPHOLOGICAL, MOLECULAR AND 
GENETIC CHARACTERIZATION OF COLLETOTRI
CHUM SP. FROM PEPPER. The classification of Colletotri
chum is based on physical appearance and pathogenicity on 
the host(s). The classical technique for identification has led to 
misidentification. This study looked at four types of species 
classification for Colletotrichum from chili peppers worldwide. 
Classification techniques included morphology, molecular 
(VCGs), pathogenicity and genetic (DNA sequencing, mtDNA 
RFLPs). My analysis indicated that there are eight morpholo
gical groups. VCG testing indicates that 36 of 43 isolates of 
C. acutatum belonged to a single VCG (CA01). C. acutatum is 
more pathogenic on immature green fruit and less pathogenic 
on red mature fruit, C. gloeosporioides is more pathogenic on 
mature fruit than immature and C. capsici in mildly pathogenic 
to peppers. Isolates were placed into five RFLP groups based 
on· the distribution of bands. Six atypical Colletotrichum 
isolates were found to be Nectria mauritiicola based on ITS 
sequencing. My results indicate that more than one species of 
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Colletotrichum is active in pepper anthracnose and that the 36 
isolates of C. acutatum are a single clone that has been distrib
uted worldwide. 

*Gannaway, M. and N.V. Nkongolo. Center of Excellence 
GIS Laboratory, Lincoln University. SHORT SCALE 
ELEVATION AFFECTS THE DISTRIBUTION OF SOIL 
NUTRIENTS IN A PASTURE. It is well known that topo
graphy affects the spatial patterns of soil nutrients. However, 
the scale at which such effect persists has not received much 
attention. We investigated if small differences (less than 10m) 
in elevation between sampling points would affect the spatial 
distribution of selected soil micronutrients. The experiment was 
conducted from May to October 2007 in a pasture at Lincoln 
University's George Washington Carver Farm. The study site 
was also used for the study of greenhouse gases. Twenty soil 
samples were collected near gas sampling chambers already 
installed in the plot. The latitude, longitude and elevation of 
each sampling point were recorded with a global position 
system (GPS). The difference between the highest and lowest 
elevation (range) was 9.86 m. Surface soil samples (0--lOm) 
were analyzed for several nutrients, among them sodium (Na), 
zinc (Zn), molybdenum (Mo ), lead (Pb ), phosphorus (P), iron 
(Fe), Manganese (Mn), Magnesium (Mg), sulfur (S) and potas
sium (K). Results showed that except for Na and Mg, all 
soil nutrients studied were linear and significantly correlated 
with elevation with correlation coefficients ranging from 0.40 
to 0.90. In addition, all nutrients decreased as elevation 
increased, except for Mo. These initial results suggest that when 
sampling for soil properties, careful attention needs to be paid 
to elevation even in apparent fiat fields. 

*Loesch, J.B., J.T. Kitchel, J.E. Wetzel and A.M. Vanostran. 
Department of Cooperative Research, Lincoln University. 
COMPARISON OF WEANING REGIMES FOR BLUE
GILL SUNFISH LEPOMIS MACROCHIRUS (Rafinesque 
1820) FRY. Bluegill sunfish Lepomis macrochirus are cultured 
for stocking of recreational fisheries and as a food fish. Both 
uses benefit from uniformly large fish that could be produced 
through intensive aquaculture techniques using manufactured 
diets. Weaning success from live to manufactured diets is influ
enced by diet formulation, pellet properties (i.e. size, density), 
palatability, conditioning before weaning, regimen, abiotic 
and genetic factors. Previous efforts to improve the weaning 
process have concentrated on diet and regimen although with 
limited control over the latter, environmental factors and genet
ics. Herein, we investigate weaning regimen effects on the size 
variation in 35-day old fry with control over environmental and 
genetic factors. Pre-trial larvae were fed ad libitum hourly from 
0600 - 1700 hrs. with freshly hatched brine shrimp, Artemia sp. 
and Nauplii sp., until12 day post-exodus, then stocked at a rate 
of 62 individuals I 150-L tank into 32 tanks of a water reuse 
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system. The same feeding regimen continued through 14 day 
post-exodus when tanks were randomly assigned four replicates 
each to a two-factorial experimental design with 2levels ofbelt 
feeder operation and 4levels ofbrine shrimp feeding. Belt feed
ers operated either 12 hrs. I day applying 2 g or 24 hrs. I day 
applying 4 g. Brine shrimp feedings during a 6-day weaning 
period were at 4levels: 1) days 14-19 fed hourly 0600-1700 
hrs.; 2) days 14-19 fed three times at 0600 hrs., 1100 and 1700 
hrs.; 3) days 14-15 fed at 0600 hrs., 1100 and 1700 hrs.; days 
16-17 fed at 0600 and 1700 hrs. and days 18-19 fed at 0600 
hrs.; and 4) not fed brine shrimp days 14-19. We report length, 
weight, and survival as a function of regimes used. Supported 
by USDA/CSREES 0209523. 

*Mitchell, L. and N.V. Nkongolo. Center of Excellence GIS 
Laboratory, Lincoln University. CARBON DIOXIDE (C02) 

EMISSIONS AND SOIL CHEMICAL PROPERTIES IN 
A PASTURE. The relationship between carbon dioxide (C02) 

emissions and soil chemical properties was studied at Lincoln 
University's Carver Farm. The study was conducted from May 
to November 2007 in a permanent pasture. Twenty four static 
chambers of 0.30 m long and 0.20 m diameter were installed in 
a 1.5 ha plot and their locations recorded using global position
ing system (GPS). Soil air samples for determinations of C02 

were collected and analyzed within two hours after sampling 
with a Shimadzu Greenhouse Gas GC-14 at Dickinson Research 
Center. Soil samples were collected near each chamber at 10 em 
depth from the soil surface and analyzed for several soil chemi
cal properties, among them sodium (Na), zinc (Zn), molybde
num (Mo), lead (Pb), phosphorus (P), iron (Fe), Manganese 
(Mn), Magnesium (Mg), sulfur (S) and potassium (K). Results 
showed that C02 emissions ranged from 9.75 to 204.16 mg 
C-C02m-2h-1 with a coefficient of variation (CV %) of 39.65. 
Soil chemical properties were in the range of normally reported 
data. C02 emissions were linearly correlated with all soil chem
ical properties, except Na, P and Pb. In addition, C02 emissions 
increased with decreasing levels of these nutrients, except for 
Mn. These preliminary results suggest that soil chemical prop
erties may be important controlling factors for C02 emissions in 
this pasture. 

*Morant, D., S. Welch, G. A. Dudenhoeffer and T. R. 
Omara-Alwala, Lincoln University. BLUEGILL LARVAE 
PERFORMANCE ON SELECTED COMMERCIAL 
STARTER FEEDS. There are no commercial feeds tailored 
for bluegill larvae. This study's objective was to determine the 
growth performance of bluegill larvae on selected starter com
mercial feeds in an indoor water recirculation system. Commer
cial feeds were lNVE Proton 4, lNVE Lansy NRD 416, Silver 
Cup Granulated Salmon Fry Feed & Starter, Zeigler Finfish 
Starter Meal, Purina Aqua Max Fry Powder 5DOO, Rangen 
Fast Start with Krill and Bio-Oregon Bio Vita Starter. Each feed 
was replicated four times. Two-hundred larvae per tank were 
fed from day 14 to day 3 7. Lengths and weights of 25 fish from 
each tank were recorded; the remaining fish were counted and 

mass-weighed. Growth rates were best in the fish fed Bio
Oregon (37.458g), lNVE NRD 416 (32.303g) and Zeigler 
(25.900g). The performance of fish on these feeds differed 
(p < 0.05) from each other and from Rangen (20.600g), Proton 
(20.023g), Silver Cup (16.618g) and Purina 9.363g. Fish fed 
Purina (95.875%) and Zeigler (95.750%) showed the best sur
vival rates (p < 0.05). Survival rates of fish fed Bio-Oregon 
(90.000%) was not different (p < 0.05) from Purina and Ziegler 
or from NRD (88.250%), Silver Cup (86.750%), Rangen 
(86.625%) and Proton (83. 750%). Individual mean weights and 
lengths were 238.4, 214.7, 152.9, 149.1, 139.2, 111.8 and 66.7g 
and 25.60, 25.06, 22.96, 22.08 21.63, 19.54 and 17.23mm for 
Bio-Oregon, lNVE Lansey NRD 416, Zeigler, Rangen, lNVE 
Proton 4, Silver Cup and Purina, respectively. This study dem
onstrated a four-fold increase in mass weights among different 
commercial starter feeds but not a relationship between survival 
rates and weights. Supported by USDA/CSREES Evans-Allen 
Agricultural Research Project. 

*Vanostran,A.V., J.B. Loesch, J.T. Kitchel and J.E. Wetzel. 
College of Natural Sciences, Mathematics and Technology 
and Cooperative Extension & Research, Lincoln University 
of Missouri. COMPARISON OF MANUFACTURED 
FEEDS FOR RED EAR SUNFISH LEPOMIS MICRO
LOPHUS (GUNTHER 1859) FRY. Extensive production of 
sunfishes [Centrarchidae] uses variable food webs resulting in 
the need for grading fish to size. Intensifying methods with 
indoor fry propagation prior to pond stocking reduces variation. 
Live foods (i.e. brine shrimp Artemia spp. nauplii) for larval 
sunfishes are more expensive than manufactured alternatives. 
Seven manufactured diets [Rangen Fast Start Diet Size 0®, 
lNVE GR-416 (1), Bio-Oregon BioVita Size 0 NP Starter Feed 
(B), Proton 4 (P), Silvercup Fry Feed and Starter Size 0.44-0.59 
(S), Purina 5-DOO Aquamax Fry (Powder) (A), Zeigler Fin Fish 
Starter 55-1 Meal (Z)] are compared in their affects on red ear 
sunfish Lepomis microlophus (Giinther 1859) fry 14 to 35 day 
post-exodus. Pre-trial larvae were fed hourly ad libitum 0600 
to 1700 with nauplii thru 12 day post-exodus, then stocked at 
a rate of 200 individuals I 150-L tank into 28 tanks of a water 
reuse system. Feeding regimen continued until 14 day post
exodus when randomly assigned diets (four tanks I diet) were 
applied starting 0800 at a rate of 2 g • day-' (dry weight) with 
12-h belt feeders. Reductions in nauplii applications started 
on day 14 with feedings on days 14-15 at 0600-1100-1700, 
days 16-17 at 0600- 1700 and days 18-19 at 0600. Belt feeding 
regimen continued thru 35 d post-fertilization. Fork length, 
individual and total weights, and survival were analyzed with 
a General Linear Model. Individual weight varied with diet 
(P<0.0001) in the order ofB, I, P, Z, S, R, and A with similar 
results for fork length, total weight and survival. We conclude 
Bio-Oregon Bio Vita 0 NP Starter diet is best for red ear sunfish 
fry. Further investigations should consider weaning regimen. 
Supported by USDA/CSREES Evans-Allen Agricultural 
Research Project. 
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*Welch, S., G. Dudenhoeffer, D. Morant and T. Omara
Alwala. Department of Cooperative Research, Lincoln 
University. THE EFFECTS OF CHEMICAL PRESER
VATIVES ON BLUEGILL LARVAE. There is little or no 
information on the chemical preservation of bluegill larvae 
Lepomis macrochirus. The objective of this study was to deter
mine how larval weight and length were affected by 5 and 10% 
buffered formalin, 30% ethanol under -l7°C, and 70 and 90% 
ethanol at room temperature. Four broods were tested over four 
age groups (0, 7 d, 21, and 35 day) for length and two age 
groups (21 and 35 day) for weight. Anesthetized larvae were 
measured individually and then preserved. After 6, 13, or 27 
day in preservatives, fish were re-measured. Brood and time 
preserved were insignificant (p>0.05). Larvae 21 and 35 day 
old gained weight in 5 and 10% formalin and 30% ethanol. 
Larvae lost weight in 70 and 90% ethanol. The 21 day larvae in 
70% ethanol showed an insignificant difference (p > 0.05) 
between initial and preserved weight. The 0 day larvae pre
served by 90% ethanol and 7 day larvae preserved by 30% 
ethanol gained length. All other treatments caused shrinkage in 
length. The 0 day larvae in 30 and 90% ethanol and the 21 day 
larvae in 30% ethanol caused insignificant (p > 0.05) length 
changes. Older larvae had significantly (p < 0.05) greater weight 
and length compared to younger larvae. This study showed that 
70% ethanol caused the least effect on weight followed by 10% 
formalin. It demonstrated that 30% ethanol under -l7°C caused 
the least effect on length followed by 5% formalin. Supported 
by USDA/CSREES Evans-Allen Agricultural Research 
Project. 

*Williams, L. and N. V. Nkongolo. Center of Excellence 
GIS Laboratory, Lincoln University. SOIL CARBON 
INDICES AND GREENHOUSE GASES (C02, CH4 AND 
N20) FLUXES IN A SECONDARY FOREST. We studied 
the relationship between methane (CH4), carbon dioxide (C02) 

and nitrous oxide (N20) fluxes and soil carbon indices: total 
carbon (TC), inorganic carbon (IC) and total organic carbon 
(DOC). The study was conducted from May to October 2007 at 
Lincoln University's Busby Farm. The study site was a second
ary forest dominated by Oak and Hickory trees on a Gatewood
Moko Silty Loam (Oxyaquic Hapludalfs) soil. Soil air samples 
for analysis of COz, CH4 and N20 were collected from twenty 
static chambers of 0.30 m long and 0.20 m diameter installed 
permanently since 2003 on a 0.49 ha forest plot. Samples were 
analyzed within two hours of collection using a GC-14A at 
Dickinson Research Center. Soil samples were also collected 
near each chamber for analysis of TC, IC and DOC. For the 
sampling period of May to July 2007, average fluxes were 
-24.90 ug CH4-C m2h-' for CH4 uptake, 88.61 mg C02-C m2h-' 
for C02 and 13.88 mg N20-N m2h-'m for N20 emissions, 
respectively. Average values for soil carbon indices were 16.35, 
1.53 and 14.81 ug/mL for TC, IC, and DOC, respectively. In 
June 2007, IC was significantly correlated with C02 (r = -0.46) 
and N20 (r=-0.62). TC was also correlated with N20 emis
sions (r = 0.45). These preliminary results seem to suggest that 

indices of soil carbon play an important role in controlling soil 
fluxes in this secondary forest. 

Biochemistry 

*Klein, E.A., D.R. Meenen* and L.S.E. Brandt. Department 
of Biology, State Fair Community College. IDENTIFYING 
THE MOLECULE OF INHERITANCE: REPLICATION 
OF HERSHEY-CHASE. In the early 1900's scientists argued 
whether DNA or protein was the material of inheritance. Early 
work was inconclusive because the results were confounded by 
the researcher's inability to separate DNA from the proteins 
associated with it. In 1952, while trying to develop a better 
understanding of viral transmission, Alfred Hershey and Martha 
Chase developed techniques that led to the resolution of the 
DNA/protein dilemma. The unique structure of bacteriophages 
that are only composed of DNA encapsulated within a protein 
shell allowed them to resolve earlier experimental problems 
concerning inheritance. By culturing T2 bacteriophages sepa
rately in the presence of the elemental isotopes of phosphorous 
(P32) and sulfur (S35), the DNA and protein shells were 
radioactively labeled, respectively. Their results were thought 
to have demonstrated conclusively that DNA was the material 
of inheritance as the P32 containing DNA was found in subse
quentEscherishia coli while the S35 containing proteins were 
not. Although well accepted, it is possible that their results are 
confounded by the fact that proteins sometimes may contain 
phosphorous. In an attempt to validate their results and to 
minimize this latter confounding issue, we replicated their 
experiment with some modification. Rather than using elemen
tal isotopes, we established a culture of T2 bacteriophages 
labeled with nucleotides containing P32, and a second culture 
labeled with amino acids containing S35. Individual cultures 
of E. coli were then infected with one of the labeled bacterio
phages. After 48 hours, the biological components of each 
culture were separated using standard blender/centrifugation 
lab techniques, and the presence of radioactive material was 
determined. Early results indicate our modification supports the 
Hershey-Chase results and clarifies any possible use of phos
phorous in building proteins as our design completely isolates 
the use of nucleotides and amino acids. 

*Sternke, M. and S. Falke. Biology Department, William 
Jewell College. GROWTH EFFECTS OF TRUNCATION 
MUTATIONS ON THE C-TERMINAL TAIL OF CPN60 
IN ESCHERICHIA COLI. Previous studies have shown 
the 60kDa chaperone CPN60 (GroEL) to be necessary for cell 
growth and proliferation. The highly conserved c-terminal tail 
of GroEL has not been shown to be necessary for cell growth; 
however the exact role of the c-terminal tail is currently 
unknown. This study is examining the growth of bacterial cells 
with mutant and wild type forms of GroEL under stressful 



MISSOURI ACADEMY OF SCIENCE: COLLEGE DMSION ABSTRACTS 63 

growth conditions to determine if growth is affected. Trunca
tion mutations were performed on the highly conserved ggm 
repeats of the c-terminal tail of GroEL. The mutant studied 
for this experiment has the C-terminal tail of GroEL completely 
truncated. Both mutant and wild type cells were cultured in LB 
media with 0.2% arabinose and 20 J..Lg/ml ampilcillin and chlor
amphenicol. They were then plated on LB agar plates with 0.2% 
arabinose and 20J..Lg/ml ampilcillin and chloramphenicol and 
grown at 35C and at a heat shock temperature of 41C. Optical 
density was checked on an hourly basis and a growth curve at 
both temperatures was calculated at a wavelength of 560 nm. 
Contrary to our expectations, preliminary results show that the 
mutant cells grow faster at higher temperatures than the wild 
type cells. This suggests that under the heat shock temperatures 
which are enhancing growth the cells may express proteins. 
2D analysis is being attempted on total protein content of both 
the mutant and wild type cells to identify a subset of proteins 
that require GroEL under these specific conditions. Supported 
by Oxbridge summer research grant and WJC Biology 
Department. 

*Thapaliya, D. and L. S. E. Brandt. Department of Biology, 
State Fair Community College. SEMI-CONSERVATIVE 
DNA REPLICATION: INVESTIGATING MESELSON 
AND STAHL. When James Watson and Francis Crick pre
sented their structure ofDNAmodel in 1953, they stated "It has 
not escaped our attention that the specific pairing we have 
postulated suggests a possible copying mechanism for the 
genetic material." Although this was a mastery of understate
ment, the mechanism by which DNA molecules replicate was 
not as clear as Watson and Crick's statement might suggest. 
Subsequently, three possible replication models were postulated 
for DNA replication: 1) semi-conservative replication, 2) con
servative replication, and 3) dispersive replication. In 1958, 
Matthew Meselson and Franklin Stahl designed an experiment 
utilizing isotopic labeling of Escherichia coli DNA and 
density-gradient centrifugation that demonstrated support 
for the semi-conservative replication model. In an effort to 
better understand their technique and the process of semi
conservative replication, we replicated the Meselson and Stahl 
experiment. However, instead of using amino-salts labeled with 
N15 as the source of heavy nitrogen as Meselson and Stahl did, 
we cultured E. coli in medium containing isotopicly labeled 
nucleotides. Following the same reasoning as Meselson and 
Stahl, heavy labeled DNA would allow for the separation of 
labeled and unlabeled DNA through centrifugation. After 
allowing our E. coli cultures to grow for a generation in a heavy 
nucleotide culture medium and subsequently to grow in a light 
nucleotide medium, the DNA molecules produced during 
bacterial binary fission would contain predictable degrees of 
isotopic labeling. Consequently, each postulated model ofDNA 
replication would have a specific pattern of centrifugation 
separation. Our preliminary results support this reasoning and 
provide additional support for the semi-conservative replication 
model. 

Biological Sciences 

*Beamer, S, T. Yangsom and S. Martinez. THE EFFECTS 
OF TAURINE (1ML/KG), 10% ETHANOL SOLUTION 
(2.5ML/KG), AND TAURINE MIXED WITH ETHANOL 
(1.25ML/KG ETHANOL WITH 1 ML/KG TAURINE) ON 
THE HEART RATE OF MICE. The objective of this study is 
to observe the effects of taurine (1ml/kg), 10% ethanol solution 
(2.5mL/kg), and taurine mixed with ethanol (1.25mL/kg 
ethanol with 1 mL/kg taurine) on the heart rate of mice. With 
this study it will be determined which chemicals raise, lower, or 
have no effect on the heart rate of mice. Taurine is the energy 
effective ingredient in many energy drinks, namely Red Bull, 
and ethanol is the effective ingredient in alcohol. This experi
ment tests mice that are anesthetized through an injection 
of Avertin (0.02mL/gm weight). Once anesthetized, a pulse 
plethysmograph hooked up to an Iworx system is used to get a 
baseline rate of the pulse serving as a comparison for the heart 
rate after the mice have been injected with the designated chem
ical. Each group is injected with the relative amounts of taurine, 
ethanol, a mixed solution of both or the control, phosphate 
buffered saline. After the chemical injections, the heart rate is 
recorded for 20 minutes, in 5-minute increments. It has been 
suggested that the heart rate will increase with the introduction 
of taurine, but be depressed with the injection of ethanol and the 
mixed solution. Although this experiment is being done on 
mice, the results will be used to promote awareness to humans 
of the dangerous effects that these chemicals can have on their 
heart rate. 

*Blankenship, A. Department of Biology, Missouri South
ern State University. URBANIZATION OFTEN AFFECTS 
THE DENSITY AND DIVERSITY OF THE MOST SENSI
TIVE INVERTEBRATE GROUPS IN STREAMS. In the 
fall 2007 we observed sensitive Ephemeroptera, Plecoptera, 
and Trichoptera in urban Turkey Creek both above and below a 
mall (AM, BM) and in a nearby rural stream, Jones Creek (JC). 
We took replicate samples ofriffie benthos (5 reps),root wads 
(3), leaf packs (5), and CPOM (3) from each ofthe three sites 
using a 0.200mm mesh sampler. Samples were preserved 
in 80% ethanol with rose Bengal and sorted under 1 OX. Mean 
benthos densities for Ephemeroptera were AM 57± 72, BM 
11±15, and JC 246±182; for Plecoptera AM 0.4±1.1, 
BM 0.2±0.6, JC 12±22; and Trichoptera, AM 43±79, BM 
19 ± 31, and JC 55± 72. Diversity in Turkey Creek riffie 
samples AM included 5 Ephemeroptera, 1 Plecoptera, and 3 
Trichoptera; BM, 4 Ephemeroptera, 1 Plecoptera, and 3 
Trichoptera, and JC 12 Ephemeroptera, 4 Plecoptera, and 4 
Trichoptera. Densities of Ephemeroptera and Plecoptera, but 
notTrichoptera, were significantly different (ANOVA,P < 0.01 ). 
Urbanization, and specifically the mall, are affecting these 
orders. 

*Bolyard, B.A. and T.M. Carroll. Department of Biology, 
Drury University. RELATIONSHIP BETWEEN PRECI
PITATION AND THE LEVEL OF ESCHERICHIA COLI 
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IN A STUDY OF THE MCKERREL SPRING AND PEAR
SON CREEK Escherichia coli is an important indicator of 
the quality of a body of water and has a variety of both rural 
and urban sources. The hazard of the presence of E. coli is the 
potential for infection. For these reasons, the E. coli levels 
in streams, rivers, and lakes are often studied. This research 
was concentrated on Pearson Creek, from its point of origin at 
McKerrel Spring to a sampling point just above the James River 
confluence. In the spring, E. coli levels at 2 sampling points 
and at 2 downstream sites in Pearson Creek were assessed for 
6 weeks at both base flow and storm flow times to assess the 
impact of precipitation on the levels of the bacterium. Esche
richia coli levels varied with varying patterns of precipitation. 
High E. coli levels were associated with both base flow and 
storm flow events. Moderate precipitation and consequent flow 
patterns resulted in decreased levels of E. coli. These patterns 
indicate that base flow has a concentrating effect on the bacte
rium, and storm flow creates an influx of bacterium through the 
input of overland surface flow. Moderate precipitation and 
resulting flow patterns tend to dilute bacterium concentrations. 
Spring sites exhibited a lag time in expression of these patterns. 
Land use impacts must be addressed in preserving the chemical 
and biological integrity of the McKerrel Spring-Pearson Creek 
continuum. Additionally, public safety is of concern as most 
sites exceeded fecal coliform (FC) whole-body-contact state 
standards (125 col/100 mL). 

Bulgurova, 0. and C. Fraser*. Department of Biology, 
Missouri Southern State University. COMPARISON OF 
INVERTEBRATE DENSITY AND DIVERSITY IN AN 
URBAN AND A RURAL STREAM IN SOUTHWESTERN 
MISSOURI. Since urbanization has been shown to negatively 
impact stream biota, we observed the diversity and density of 
invertebrates in both an urban and a rural stream. We sampled 
riffle benthos, CPOM, and root wad habitats in rural Jones 
Creek (JC) as well as above (AM) and below a mall (BM) in 
urban Turkey Creek (TC) in Jasper Co., Missouri, in the fall 
2007. Replicate samples were collected using 0.200 mm mesh 
box samplers. Densities of riffle invertebrates were significantly 
different (ANOVAP= 0.002) with TC BM 97/ft2, TC AM 216/ 
ft2, and 586/ft2 in JC. Species richness was greatest in JC (91) 
followed by TC AM (72), and TC BM (62). Density and diver
sity differences were most pronounced among isopods, Ephem
eroptera, and Plecoptera. Riffle benthos and root wad habitats 
appeared to best discriminate among sites. 

*Carver, N. and K. Jarvis. Department of Biology, West
minster College. THE EFFECTS OF ANDROSTADIE
NONE ON THE AUTONOMIC SYSTEM. Pheromonal 
communication is considered likely among humans, though its 
existence is highly controversial. It has been found that smell
ing pheromones released in male sweat, can cause autonomic 
effects in women. However, most studies conducted require 
participants not be using oral contraceptives, as it may have 
an effect on the results. The objective of this experiment is to 

test the effects of androstadienone on the autonomic system of 
women who use oral contraceptives compared to those that do 
not use oral contraceptives. By knowing this information, future 
experimenters will know who the most eligible participants in 
studies will be and can test further the effects of different types 
of oral contraceptives. Eligible women are heterosexual with no 
chronic use of medication (excluding oral contraception), and 
no nasal conditions. Once selected, the participants will be 
exposed, by smell, to androstadienone (male sweat), and a 
series of controls including yeast and water. Effects of these on 
heart rate and blood pressure will be measured. Based on these 
measurements the effects of oral contraceptives on response to 
pheromones will be determined. 

*Durlova1, D., M. Kober2 and S. Meierfrankenfeld2• 

1Biology Program, Department of Natural & Physical 
Sciences, Park University and 2Department of Animal 
Behavior, University of Bielefeld, Germany. OLFACTORY 
RECOGNITION OF GENDER AND REPRODUCTIVE 
STATE OF FEMALES BY MALE GUINEA PIGS. Mam
mals have two major (non-visual) ways of communication: 
vocal and olfactory. Olfactory cues convey information for an 
individual's gender, reproductive state, and dominance status. 
In guinea pigs, it was demonstrated that mothers recognize 
their offspring, and vice versa, through urine smell. More over, 
male guinea pigs also displayed recognition of dominance by 
perineal gland secretion. We studied male recognition of sex 
(male versus female) and breeding state of females (estrous 
from non-estrous) in captive guinea pigs. We used secretions 
from the perineal gland to test male recognition of sex and 
breeding state. Male guinea pigs were randomly assigned to 
trials and were offered two glass balls covered with perineal 
secretions; the two glass balls had either 1) male and female 
secretions, or 2) estrous and non-estrous female secretions. 
Behaviors were recorded, along with time spent investigating 
the various scents. Our results showed that males can discrimi
nate sex, and that they also recognize breeding state. Male 
guinea pigs showed more excited behavior and spent more time 
on the female (versus male) and estrous (versus non-estrous) 
samples (P < 0.05). 

Eisterhold, M. B., Adams*, E. Joo, and K. Lee. Department 
of Agriculture, Biology, Chemistry, and Physics, Lincoln 
University, and C. Campbell, P. Nam. Department of 
Chemistry, Missouri University of Science & Technology. 
CULTIVATING AND HARVESTING MICRO ALGAL 
SPECIES SELECTED FOR THE PURPOSE OF PRO
DUCING BIOFUELS. As a part of the research directed at the 
production ofbiofuels from micro algae, we've been exploring 
algal strains that are adaptable to various environmental condi
tions and the growth conditions that yield the maximum amount 
of biomass and target biochemical's. Micro algal species were 
collected from a number of local (Missouri) and non-local 
(Nebraska) regions, and subjected to cultivation, isolation, 
identification, and documentation (photography). The lipid 
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contents of each species were monitored in order to evaluate 
their potential as a sustainable feedstock for producing biodie
sel. Several types of micro algae growth media (F/2, Jaworski's, 
Von Stosch's, and Bold's Basal with vitamins) containing vari
ous concentrations of essential nutrients were compared for the 
best algal biomass production. The optimum algal cultivation 
condition was determined by measuring the amount of biomass 
present during the log phase of growth through the measure
ment of optical density or dry weight. For the large-scale (total 
65 Liters) algae cultivation, an incremental volume (20% of 
total volume) was harvested daily for biomass yield determina
tion. The harvesting and de-watering of algae culture were 
conducted via the chitosan-aided flocculation technique, which 
allowed the treatment of large quantities. The effect of recycled 
water that contains various levels of chitosan following the 
flocculation process was also studied. Supported by USDA
CSREES Evans-Allen Program Fund and US Department of 
Defense. 

*Faulk, S. and A. Oller. Department of Biology and Earth 
Science, University of Central Missouri. THE EFFECTS 
OF ANTACIDS, PROTON PUMP INillBITORS, AND 
PROBIOTICS ON GROWTH OF CLOSTRIDIUM SPO
ROGENES. Proton pump inhibitors (PPI) and antacid usage 
are suspected of increasing the risk of contracting Clostridium 
difficile antibiotic-associated diarrhea (CDAD), which is 
potentially fatal and often resistant to Metronidazole and Van
comycin. Probiotics are often suggested to help with intestinal 
conditions. This study examined the effects of antacids, PPis, 
and probiotics on bacterial growth and effectiveness of antibiot
ics against Clostridium sporogenes, which is genetically related 
to C. difficile, which could not be used due to it pathogenicity. 
Clostridium sporogenes and a pro biotic containing Lactobacil
lus acidophilus were plated onto tryptic soy agar and Mueller 
Hinton with Metronidazole and Vancomycin discs to establish 
baseline susceptibilities. Tryptic soy broth tubes containing a 
pH of either 1.5 or 7.1 to simulate stomach and intestinal pH 
were inoculated with C. sporogenes. The probiotic was added 
to half of each of the different pH tubes. The tubes were further 
adjusted to contain Turns, Maalox, or Prevacid; in addition, 
each tube contained either Pepsi One or Liptons Green Tea. 
Tubes were incubated at 37°C for 24 hours and then plated onto 
Tryptic soy agar. The results showed no growth of Lactobacil
lus or C. sporogenes in the 1.5 pH tubes, whereas the 7.1 pH 
tubes contained 4+ growth. Resistance to Vancomycin was 
widespread with some susceptibility to Metronidazole in the 
7.1 pH tubes. No difference was observed in growth between 
the soda and the tea or between the three antacids. Altering of 
the gastric pH to a less acidic enviromnent may contribute to 
the development of CDAD. 

*Gross, M., V. Schofield* and N. McCutcheon. Department 
of Biology, Westminster College. TIDS EXPERIMENT IS 
TO MEASURE THE CHANGE IN BLOOD PRESSURE 
UPON EXPOSURE TO A COLD EXTERNAL STIMU
LUS. Past research has demonstrated that there is an inverse 

correlation between blood pressure and cold temperatures. 
The purpose of this experiment is to measure the change in 
blood pressure upon exposure to a cold external stimulus. The 
hypothesis is that the change in blood pressure will escalate to 
pre-hypertensive (120/80 to 139/89 mmHG), possibly even 
hypertensive (140/90+ mmHG), pressure when exposed to a 
cold stimulus and the rate of return to homeostasis will be dif
ferent in each participant. The experiment uses a random sample 
of 30 Westminster College students, of any age and gender. 
Blood pressure is measured in the right arm of each participant 
at constant room temperature; each participant is then exposed 
to a control external stimulus, 3 7 degree Celsius (°C) water bath 
for five minutes. The participants are then exposed to a cold 
external stimulus in the form of an ice water bath (0 to 4°C). 
Participants have their hand and wrist submerged for five 
minutes, and blood pressure is taken immediately upon removal, 
and then every 105 seconds to determine the rate in which the 
body returns to homeostasis. 

*Gundy, L., P. Lowry, and T. M. Gabor. Biology Program, 
Department of Natural & Physical Sciences, Park Univer
sity and Missouri Department of Conservation. LEAD 
DEPOSITION DUE TO MOURNING DOVE HUNTING 
AT TWO CONSERVATION AREAS IN PLATTE 
COUNTY, MISSOURI. The mourning dove (Zenaida mac
roura) is abundant and widespread throughout the United 
States. Long-term declines in several upland game bird popu
lations have caused wildlife managers to increase other hunt
ing opportunities (e.g. mourning doves), especially on public 
lands near urban population areas. Lead shot toxicity in game 
birds was first recognized more than a century ago. This study 
was conducted to summarize data collected by the Missouri 
Department of Conservation on managed mourning dove hunts 
on the Platte Falls (PFCA) and Guy B. Park (GBPCA) con
servation areas in Platte County, Missouri from 1997 through 
2007. Each opening day of dove season, hunters were asked 
to fill out a card with various personal information, hunting 
times and success, and ammunition characteristics and deposit 
these cards in drop boxes at designated parking areas. Time 
afield, harvest rates, and lead deposition rates were estimated 
using data that was collected. At PFCA, we estimated 309.68 
pounds of lead was annually deposited on the 60 acres of man
aged dove fields on opening day of dove season. At GBPCA, 
11.44 pounds of lead was deposited annually on about 8 acres 
of managed land. This is a minimal estimate. True annual 
lead deposition rates are probably several times higher due to 
several factors: data being collected only during opening day 
of dove season, an unknown percentage of hunters do not 
report hunting activity, other small game hunting takes place 
on these areas, and the reliability of self-reported data from 
hunters. 

*Beth, R.S. Biology Department, Missouri Southern State 
University. LONGITUDINAL AND TEMPORAL VARIA
TION OF STONEFLIES IN A SOUTHWESTERN 
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MISSOURI OZARK STREAM. The purpose of this study 
was to record the longitudinal and temporal emergence periods 
of stonefiies present in an Ozark stream. Only three surveys of 
the Ozark region have been done, however, none have specifi
cally looked at Jones Creek. Stoneflies are an important aquatic 
taxon because they serve as biological indicators of stream 
health. Stoneflies were collected weekly at four sites along 
Jones Creek in southwestern Missouri. Stoneflies were col
lected by hand and kick net for a period of a half hour per site 
in order to collect both adults and nymphs. Emergent stoneflies 
included Allocapnia frisoni, A. granulata, A. jeanae, A. mys
tica, A. rickeri, A. sandersoni, Isoperla mohri, Strophopteryz 
fasciata, Zealeuctra claasseni, and Z. nar:fi. Stonefly diversity 
decreased going downstream from 9 species at headwaters to 5 
at the farthest downstream site. Zealeuctra claasseni showed 
temporal variation, emerging one week earlier at the headwa
ters than at downstream sites. Z. claasseni was most abundant 
and had the longest emergence period at the intermittent 
upstream site. 

*Mills, L. B. Department of AgricUlture, Southeast 
Missouri State University. CARBARYL EFFECTS ON 
AMPHIBIAN SPECIES WITH IMPLICATIONS FOR 
FURTHER RESEARCH. Localized declines in amphibian 
populations have been reported worldwide. The increased use 
of pesticides is one of six leading hypotheses believed to con
tribute to loss of amphibian species. Pesticide registration does 
not require amphibiantesting, though amphibians may be more 
sensitive than fish or invertebrates that are use to set acceptable 
levels. A comprehensive review of literature evaluates testing 
methods used to study effects of water contamination by the 
insecticide carbaryl. Due to complex interactions of abiotic and 
biotic factors on a species in the aquatic ecosystem, it is neces
sary to understand research methods involved. Carbaryl may 
serve as a model for organophosphate and carbamate pesticides. 
The broad-spectrum insecticide acts rapidly on the neurological 
system by inhibiting production of acetylcholine esterase. Acute 
toxicity analyses such as LC50s and time-to-death assays are 
used to determine lethal concentrations of a chemical. Levels 
of carbaryl in the environment are expected to be less than 
those that cause direct mortality to many amphibians. Thus, it is 
important to examine effects of sublethal concentrations. Fur
ther, it is essential to study the indirect effects of a contaminant 
by including a natural community and food web in conjunction 
with factors such as pond drying, density, pathogens, and UV 
radiation. When incorporating natural factors such as the food 
web, the results of a study can be quite different those of acute 
toxicity analysis. Because amphibian declines are generally 
believed to be caused by multiple stressors, it is logical to 
conclude that better understanding of the declines will only be 
found through the examination of interactive effects of those 
stressors. 

*Paudyal, S., C. Jordan and A. Darkow. Department 
of Biology, Westminster College. THE RELATION OF 

WATER TEMPERATURE TO METABOLISM IN CAR
ASS/US AURATUS. As a part of Animal Physiology Project 
Lab at Westminster College, an experiment is being performed 
to determine the effect of water temperature on the metabolism 
in a common goldfish, Carassius auratus. The materials and 
methods for the experiment use the iWorx 214 Data Acquisition 
Unit, ISE 730 Dissolved Oxygen Electrode and iWorx 214 
Labscribe Software to measure and record the oxygen concen
tration in the water over a time. Three different water tempera
tures: 1 0°C, 20°C and 30°C are examined and measuring the 
oxygen concentration in the water using the dissolved oxygen 
electrode assesses metabolism. For every trial, measurements 
of water oxygen concentration are taken continuously for 5 
minutes, and the final water oxygen concentration is compared 
to the initial water oxygen concentration to determine the net 
change. Since the goldfish are ectothermic poikilotherms, it is 
proposed that the water temperature will profoundly influence 
the metabolic rate. It is hypothesized that the increase in water 
temperature will increase the rate of oxygen consumption in 
Carassius auratus. 

*Siedlik, M.C., T.M. Gabor, B. Hoffman and D. Burns. 
Department of Natural and Physical Sciences, Park 
University. PERSONAL KEYS: EFFECTS. OF GENDER, 
LOCATION, AND COMPOSITION ON MICROBIAL 
LOAD. Previous studies have determined levels of microbes 
on public items such as door handles and key boards. This study 
examined microbial contamination on personal keys. Keys 
were tested for bacteria and fungi by pressing into a tryptic soy 
agar petri dish, then incubated for three days at 36.5°C. Keys 
tested were noted for gender of owner (male or female), 
location kept when not in use (pocket or bag), and composition 
(all metal or metal with a plastic grip). Microbe count was 
transformed using the natural log to achieve normality. We used 
a 3-way ANOVA to test the main effects of gender, location, 
and composition. The overall average microbial concentration 
was 21.00±4.46se colonies (n=65). No difference was 
found for gender (males: Mean= 19.65, SE=3.20, females: 
Mean=22.24, SE=5.68, P=0.549). Location that keys were 
kept approached significance (pocket: Mean= 24.20, SE = 4. 77, 
bag: Mean= 15.54, SE=3.66, P=0.052), which may be a 
consequence of temperature and humidity in pockets. Plastic 
keys had more microbes (Mean=26.44, SER=4.77) than all 
metal keys (Mean= 17.60, SE=4.46, P=0.012), but surface 
area of plastic with metal keys is generally larger than that of 
the all metal keys. 

*Slade, J., J.T. Layne, J. Flinn, B. Jamison and V. Jackson. 
Department of Biology and Earth Sciences, University of 
Central Missouri. PATCH-BURN GRAZING PROJECT 
BY THE MISSOURI DEPARTMENT OF CONSERVA
TION. The patch-burn grazing project (PBG) by the Missouri 
Department of Conservation was started in 2004. Actual field
work did not begin until2005. The project had three objectives. 
The first objective was to access the species composition 
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and floristic quality of plants on treatment areas. The second 
objective was to evaluate habitat quality for grassland birds. 
The third objective was to evaluate cattle performance on native 
prairie with rotational prescribed burning. The objective of 
evaluating cattle performance and utilization of burned areas 
was the focus of my poster. I was employed as a resource 
science assistant (Cattle Observer) for the Summer of 2007. 
The duty of the Cattle Observer was to physically map the area 
that the cattle were in. Our observations were to be evenly 
spread across the day. Since it is believed that cattle graze most 
intensely 2.5 hours prior to sunset and 2.5 hours after sunrise it 
was crucial collect data during these time periods. The prelimi
nary data indicated that PBG management techniques are a 
viable alternative to non-native cool season pastures. It is clear 
that cattle prefer the most recently burned portions of the graz
ing unit. Cattle performance has not been negatively affected. 
Average daily gains are comparable to fescue pasture cattle 
performance. From the data they have exceeded expectations of 
the project managers. By more intensely managing rangeland a 
benefit to flora and fauna can also occur. PBG might not be the 
whole answer, but it can play a critical role in the restoration of 
native prairies to Missouri. 

*Stovall, P., T. Williams, K. Lee and P. Nam. Department of 
Agriculture, Biology, Chemistry, and Physics, Lincoln Uni
versity and Department of Chemistry, Missouri University 
of Science & Technology. FACTORS AFFECTING THE 
RATE OF CIDTOSAN-AIDED FLOCCULATION OF 
MICRO ALGAE. In order to develop cost-effective micro 
algae harvesting and dewatering methods, we have examined 
the flocculation technique utilizing gravimetric settlement aided 
by flocculants. For this specific study, we have employed non
toxic and inexpensive chitosan, which is a cationic polyelectro
lyte that can coagulate negatively charged suspended particles 
in water. The biological colloids of micro algal cells receive 
their charge and stability from the ionization of functional 
groups, such as carboxyl and amino, on the surface. We have 
evaluated the flocculation-aided harvesting process by a number 
of different approaches. To improve the flocculation efficiency, 
we investigated the effects of algal cell density (determine as 
optical density using spectrophotometer at 680nm wavelength), 
the pH (adjusted with HCl, NaOH, or C02), varying concentra
tion and molecular weight (C12H24N20 9 Brookfield viscosity of 
20.0 cps, 200.0 cps and 800.0 cps) of chitosan, and confined 
volumes. These quantitative tests were conducted repetitiously 
to establish the most cost effective procedure for harvesting 
algae while maintaining an optimum level of recovery. The 
flocculation of micro algae (LU strain) was most efficient when 
conducted at pH 6 after lowering the pH of the sample from 
their natural state (pH 8-9) by bubbling C02• The most effec
tive flocculation's occurred while utilizing either a high or 
medium molecular weight (Brookfield viscosity 200.0 or 800.0 
cps) chi to san at 4 mg/L concentration in the algae culture 
sample which had optical density of 1.0. Gravity sedimentation 
of these flocculated algae allowed efficient collection and 
subsequent removal of water through the centrifugation or 

filtration. Supported by USDA-CSREES Evans-Allen Program 
Fund and US Department of Defense. 

Chemistry 

Afzal, D. and M.Q. Salih*. Department of Chemistry, 
Truman State University. SYNTHESIS AND CHARAC
TERIZATION OF PYROGALLOL[4]ARENES AND 
RESORCIN[4]ARENES (RCs). With the reaction of an alde
hyde and resorcinol (Benzene-1, 3-diol) it is possible to synthe
size a resorcin[ 4]arenes (RCs), in the same manner an aldehyde 
reacts with a pyrogallol (1, 2, 3-Trihydroxybenzene) to give the 
pyrogallol[4]arenes (PGs). The variation in the aldehyde and 
the substitutions on the benzene ring of the resorcinol and the 
pyrogallol can yield different RCs and PGs. Two methods have 
been used to synthesize PGs and RCs, first the conventional 
method of reflux in ethanol and the solvent free1 acid catalyzed 
method. The percent yields have ranged between 50%-80% in 
both methods. The PGs and RCs have the quality of self assem
bling via hydrogen bonding, metal coordination and covalent 
bonding. Atwood's group has shown the assemblies have deep 
cavities and resemble molecular capsules and can be used 
in drug transportation and selective catalysis. Their ability to 
contain another molecule in the cavity is why it can be used to 
transport drugs directory to receptor sites. In the future this 
can be a major break through in the pharmaceutical industry. 
Metal complexes that will bond and seam these PGs and RCs 
together to form molecular capsules have been synthesized in 
our research, future plans are to synthesize larger complexes 
and make molecular capsules with deeper cavities that will 
accommodate larger molecules in the cavity. 

*Ahmad, J. and S. Sarkar. Department of Biochemistry, 
Chemistry and Physics, University of Central Missouri. 
SYNTHESIS OF DISUBSTITUTED BENZHYDROLS 
AS POTENTIAL ANTIMICROBIAL AGENTS. Symme
trically substituted dimethyl benzhydrols and benzophenones 
have shown considerable antimicrobial activity toward several 
microorganisms that we studied recently. Therefore, we have 
focused on synthesizing asymmetric dimethyl substituted ben
zhydrols to explore whether there is a considerable effect of the 
substitution pattern on the antimicrobial activity. The 2, 4', 2, 3', 
and 3, 4' dimethylbenzhydrols were prepared using Grignard 
reaction, crystallized, and then characterized using IR, NMR 
spectroscopy. During the synthesis, we investigated whether 
there is any substantial steric effect on the product yield when 
the Grignard reagent and the aldehydes are switched. For exam
ple 2, 4' dimethylbenzyhydrol was prepared using 2-methyl 
tolualdehyde reacting with a Grignard reagent derived from 
4-bromotoluene. In addition, same product was prepared by 
using 4-methyl tolualdehyde with a Grignard reagent derived 
from 2-bromotoluene. Although we obtain a much better yield 
in all reactions compared to what is reported in literature, we do 
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not observe any significant changes in yield with varying part
ners and therefore no stearic effect can be attributed to these 
reactions. This paper will present improved synthetic strategies 
and spectroscopic data. 

*Boorem, A. J., R. E. Smith, and P. A. Chernovitz, Depart
ment of Chemistry, Park University. SYNTHESIS OF 
DEHYDRODI-2-HYDROXY-METHOXYACETOPHE
NONE. Didehydro-2-hydroxy-4-methoxyacetophenone was 
synthesized by the oxidative coupling of 2-hydroxy-4-
methoxyacetophenone. Sulfate radicals were used as the oxi
dant. They were generated in situ by adding FeS04 and Na2S20 8 

to the monomer. It was analyzed by negative ion atmospheric 
pressure chemical ionization LC-MS. The results indicated that 
the dimer had been produced. This work was done as part of 
a project to synthesize isomers of diapocynin, which may be 
a metabolite of apocynin. Apocynin has been isolated from 
Picrorhiza kurroa, a native plant grown in the mountains of 
India, Nepal, Tibet and Pakistan. This compound specifically 
blocks the activity ofNADPH oxidase, a cell membrane enzyme 
known to protect against reactive oxygen species. Apocynin 
has been shown to be able to prevent ischemia and hypoxia/ 
reoxygenation-induced injuries. It has also been suggested that 
apocynin is metabolized to diapocynin, which may be more 
active than apocynin. 

*Fisher, L.J., J.C. Easdon and K.E. Garrison. Department 
of Chemistry, College of the Ozarks. FLUORESCENT 
4-ACYLPYRAZOLONE LIGANDS FOR METAL ION 
DETECTION. Metal ions are present in many everyday items. 
There are times, however, when metal ions can cause problems. 
Detection and removal of metal ions is an important area of 
research. Ligand-metal chelation is one way to remove a metal 
from a solution. One way to detect chelation is to measure 
the change in fluorescence, which was the main goal of this 
research. For this research, 4-acyl-5-pyrazolones were synthe
sized and tested. Naphthoyl chloride was used to acylate both 
3-methyl-1-phenyl pyrazolone and 1,3-dimethylpyrazolone. 
The pyrazolone was refluxed with the acid chloride and calcium 
hydroxide in dioxane solvent. The 4-naphthoyl-3-methyl-
1-phenylpyrazolone was obtained in 22% yield. The 4-
naphthoyl-1,3-dimethylpyrazolone was obtained in 4.5% yield. 
The compounds fluoresced at an excitation wavelength of 
440nm and an emission wavelength of 515 nm. The compound 
was then complexed with a nickel (ll) cation. The nickel was 
found to greatly reduce the intensity of the fluorescence for all 
three pyrazolones tested. The average fluorescence values were 
reduced by a range of 120--3_52. In addition, molecular model
ing was used to predict better pyrazolone ligands for other metal 
ions. This research is currently being supported by the College 
of the Ozarks. 

*French, K., A. Ikem and L.A. Ramos. Department of 
Agriculture, Biology, Chemistry and Physics, Lincoln Uni
versity. HEAVY METAL CATION EXCHANGE USING 

CORNHUSKS. Cellulosic materials such as coconut coir and 
cotton have been shown to exhibit cation exchange properties. 
Cornhusk, a common agricultural waste, is also composed 
of high cellulose fibers. Our study involves the evaluation of 
cornhusk for use in low-cost cation exchange applications. 
Cornhusk samples were titrated with standard NaOH solution 
and the titration curves were constructed. The titration was 
started at pH 2, and as the pH of the solution was increased to 
pH 6, the titration curve was lowered in the presence of com
husk. The addition of nitrate solutions of the Pb2+ and Co2+ 
showed a dramatic decrease in the slope of the titration curve 
starting at pH 4. NF+ exhibited this shift at a higher pH value 
(pH 8). The cornhusk fibers were also tested for their ability to 
remove the metal ions by titration with NaOH to pH values of 
4, 6, and 9. As the acidity ofthe solution decreased from pH 4 
to 9, the amount of cations removed from solution increased, 
from 18.1% to 81.2% for Co2+, from 21.0% to 97.8% for Pb2+, 
and from 14.0% to 43.7% for Ni2+. Our results indicate the 
weakly acidic behavior of cornhusk, especially at higher pH, 
and therefore, could be used for cation exchange processes. 

*Gumbel, A. G., *A. Green, M. Porter, Christopher B., J. 
Hayes. Department of Chemistry, State Fair Community 
College. DETERMINING THE SOLUBILITY AND 
DETECTABILITY OF TRINITROTOLUENE IN CON
SUMER GRADE GASOLINE AND DIESEL FUEL. Trini
trotoluene (TNT) dissolved in consumer grade gasoline and 
diesel fuel was investigated as a potential mechanism of illicit 
movement of TNT. The project consisted of literature research 
to identify areliable TNT synthesis procedure that was appro
priate for the resources available. FT-IR and physical properties 
were used to identify the product and the purified product was 
then dissolved in consumer grade gasoline and diesel fuel. 
Although unable to identify literature solubility values for 
heptane, octane, gasoline, and diesel fuel the literature values 
of TNT solubility in other organic solvents were identified. 
The research confirmed similar responses for TNT in gasoline 
and diesel fuel when compared to the identified literature values. 
Additionally, UV-Vis absorption investigations indicated that 
TNT dissolves in consumer grade gasoline and is readily 
detected between 405-410 nm. The experimental evidence con
firms the ability to transport TNT in consumer grade gasoline, 
and the presence of the dissolved TNT can be easily detected 
with a portable spectrophotometer. 

*Hunter, H., J. Schuknecht*, L. Chernioglo, and J. Hayes. 
Department of Chemistry, State Fair Community College. 
CLASSICAL FUNCTIONAL GROUP ANALYSIS. In 
many modem organic chemistry teaching laboratories, the use 
of instrumentation has replaced wet chemistry techniques. Such 
wet-lab testing once used for the functional groups of organic 
molecules has fallen into disfavor. Consequently, several of the 
classical functional group tests are being lost with time. The 
goal of our research was to gather these fading tests into 
one place to aid instrument deprived teaching laboratories in 
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determining the functional groups of organic compounds. In 
particular our project focused on the functional groups that are 
associated with salicin, salicylic acid, and acetylsalicyclic acid. 
In addition to the more common tests we investigated the 
suitability of the Fehling test, Froehde's test, Folins-Denis test, 
Folins-Ciocalteu test, and others. The data we collected enabled 
our lab to validate the synthesis of aspirin from willow feed 
stocks. The results of this effort have been tabulated to show the 
economic impact, level of difficulty, hazardous waste stream 
impact, and appropriateness for organic chemistry teaching 
laboratories. When feasible these tests encourage students 
to engage in the active learning process by allowing them to 
determine the functional groups that are present in organic 
compounds. 

*Parkhurst, J., J. Browning, D. Thalypia, and J. Hayes. 
Department of Chemistry, State Fair Community College. 
REVERSIBLE SODIUM-SULFUR BATTERY. Our lab 
has investigated the design and operating parameters of a 
reversible sodium-sulfur battery. At this time, these batteries 
have limited. commercial application such as buffers for peak 
power demands and they have been considered as a power 
storage device in automobiles or space vehicles. Our design 
parameters included the use of typical laboratory equipment 
except the outer ceramic case was a crock-pot. The cell, as con
structed, contains approximately 40 gs of sodium and about 
1000 gs of sulfur; the volumes of available components drove 
these values. The cell consists of a porous alumina ceramic cru
cible containing the sodium immersed in sulfur; the cell employs 
a brass cathode and an anode fashioned from sheet aluminum, 
both of which are connected to monitoring devices with copper 
wire. An inert vapor phase purge of nitrogen or argon gas main
tains an inert vapor phase above the cell; typically, applications 
for commercial purposes are sealed to protect the cell from 
reacting with water vapor. Our sodium-sulfur battery is capable 
of generating up to 2 volts when operated at a temperature of 
300° C. Quantification of the cell's reversibility is in progress, 
as well as reconciliation of the electrode potential to our 
non-standard conditions. 

*Thomas, J. M., M. Formuzan, H. Hunter, L. Chernioglo, J 
Schuknecht, and J. Hayes. Department of Chemistry, State 
Fair Community College. THE EXTRACTION AND 
CONVERSION OF SALICIN TO SALICYLIC ACID. 
Willow bark has been used since the time of Hippocrates for 
pain relief. Salicin, the active ingredient in willow (Salix §12) 
bark, is biologically converted into salicylic acid. Raffaele Piria 
was the first to document the process for extracting and con
verting salicin to salicylic acid. Salicylic acid was originally 
marketed as a pain reliever, but it had adverse side-effects. 
Acetylation of salicylic acid, a process patented by Bayer, 
yielded a product with fewer side-effects. Modem commercial 
salicylic acid is synthesized from the phenol by-products of 
burning coal and subsequently acetylated to form aspirin. 

Although modem commercial techniques are productive, it can 
be inferred from current cultural interests in homeopathic 
remedies that the production of aspirin from willow will be 
attractive to many students, consequently generating an 
increased interest in science. Many published extraction tech
niques are convoluted (i.e. Soxhlet reflux, multiple dual-solvent 
extractions) and time-consuming (10--20 days). However, some 
sources claim that the process can be accomplished in a rela
tively simple and quick manner. The goal of this research was 
to validate and optimize simplified methods of extracting and 
functionalizing salicin from common willow bark. 

Geosciences 

*Abbott, M.E., Department of Geosciences, University of 
Missouri-Kansas City. INVESTIGATION OF DIELEC
TRIC SIGNATURE OF SOILS USING TIME DOMAIN 
REFLECTOMETRY. Time domain reflectometry (TDR), 
a near-surface geophysical technique, has traditionally been 
utilized by the telecommunications industry to find cable signal 
disruptions and in agriculture to indicate soil moisture for 
conservation purposes. TDR technology is increasingly being 
tested as a method for detecting groundwater contaminants 
and subsurface structural instabilities. This study attempts to 
increase the scope and usage possibilities ofTDR by cataloging 
ranges of dielectric constants of soil mediums under saturating 
conditions of levees and embankments for early detection of 
potential failure. The hypothesis is that a TDR system can be 
installed within an embankment at time of construction, and the 
knowledge of the dielectric constant of a given soil at its satura
tion point could be used to predict a possible failure of a struc
ture due to seepage and water pressure. The range of dielectric 
constant, or the signature was achieved through laboratory 
testing of sandy soil and clay soil. Complete saturation of the 
soil medium was achieved by simulation of natural inflow con
ditions. Water was introduced via polyethylene tubing to the 
bottom of a glass enclosed soil sample containing a TDR probe. 
All signal data was simultaneously recorded with coaxial cable 
and a multiplexer. The dielectric saturation point signature 
range of each tested soil was successfully achieved and indi
cates the dependence of a given soils dielectric constant upon 
salinity, grain size, and system configuration. Future studies 
recording the dielectric saturation signatures of other soil types 
and mixtures would produce a catalogue of standard ranges 
under saturated conditions enabling the use of a TDR system to 
predict or prevent dangerous levee failures. 

*Kaiser, J.F., J.P Hogan and N.R. Miller. Department of 
Geological Sciences and Engineering, Missouri University 
of Science and Technology. LASER ABLATION ICP-MS 
ANALYSIS OF "RAPAKIVI" FELDSPARS: A RECORD 
OF MAGMA CHAMBER DYNAMICS. Plagioclase mantled 
alkali feldspars PMAF (i.e., "rapakivi" feldspars) are common 
to all three facies (cumulate pile, "active" chamber, felsic cap) 
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of the Deer Isle Pluton ME. PMAF may have formed either as 
a result of decompression during magma ascent or as a result 
of influx of higher temperature primitive magma during crystal
lization. Using a 213 nm laser, PMAF from a bottom to top 
transect across the tilted fossil magma chamber were analyzed 
(100 fl spot size) using Inductively Coupled Plasma~ Mass 
Spectrometry. For each PMAF, spots from the core and margin 
of the alkali feldspar as well as the plagioclase rim were com
pared to spots in unmantled matrix alkali feldspar and plagio
clase. If PMAF formed as a result of decompression during the 
ascent of the magma through the crust, the abundance of trace 
and REE elements ofPMAF should resemble the abundance of 
the matrix feldspars. IfPMAF formed as a result of an influx of 
a higher temperature primitive magma during crystallization, 
trace and REE abundances of the PMAF should differ signifi
cantly from feldspar crystals in the matrix. Preliminary data 
show that both plagioclase and alkali feldspar from the felsic 
cap and cumulate pile has higher concentrations of Barium than 
those form the active portion of the chamber. For PMAF, Ba 
concentrations in plagioclase rims more closely match Ba con
centrations of the adjacent alkali feldspar core than the matrix 
plagioclase. This suggests plagioclase mantles crystallized in 
part form a boundary layer melt surrounding the dissolving 
alkali feldspar crystal, which they mantle. This limited data 
suggests that PMAF crystallized under distinctly different con
ditions at a different time/place in the magma chamber relative 
to the corresponding matrix feldspars ~ indicating a dynamic 
magma chamber. 

*Kohler, R.M. Department of Geological Sciences, Univer
sity of Missouri-Columbia. ANALYSIS OF THE RELA
TIONSIDP BETWEEN FRACTURES AND LARAMIDE 
FOLDING MECHANISMS. Two possible fold mechanisms 
are believed to contribute to the formation of basin margin folds 
along the margin of Laramide uplifts, buckle folding and forced 
folding. Based on a previous study of basin margin folds adja
cent to the Wind River Mountains in Wyoming it was concluded 
that both end-member fold types operated simultaneously to 
produce the Laramide folds known as Derby and Dallas Domes. 
My objective was to determine if the same results can be deter
mined by analyzing the fracture sets from one folded unit, the 
Alcova Limestone. Three fracture sets (S 1, S2, S3) are variably 
concentrated in different partitioned regions of Derby and 
Dallas domes. In both domes, S 1 is dominant and occurs as a· 
conjugate shear set with apposing dips ranging from 60° to 90° 
to 60° and strike orientations of 100°/280°, consistent with a 
forced folding mechanism. Fracture sets that are consistent with 
buckle folding include S2 and S3. S2 is a strike-conjugate shear 
set with strikes between 10°-15° to 75°-80° that dip~ 60°, with 
an extensional joint set striking 50°-60° that bisects the conju
gate shear set. S3 is a conjugate set of fractures believed to have 
formed in response to extensional bending stress above the 
neutral surface during buckle folding. The strike of the set 
is sub-parallel to the fold hinge and is rather consistent at 

~ 130°/31 0°; however, the angle of dip increases across the fold 
from the limbs to the hinge line. The fracture data indicate that 
an understanding of the fractures formed during the folding 
events can be determined entirely from data collected from the 
Alcova Limestone. 

*Rybacki, K.S. and D.J. Wronkiewicz. Geological Sciences 
& Engineering, Missouri University of Science & Tech
nology. CALCIUM CARBONATE PRECIPITATION 
WITHIN MISSOURI SPRINGS. Colloidal white precipi
tates, identified as calcium carbonate (CaC03), are commonly 
observed in Missouri springs and other regions. Samples for 
this study were collected from Maramec Spring, St. James, 
Missouri. The crystals readily effervesced when immersed into 
a 5% HCl solution indicating that the precipitate is a carbonate 
mineral. Precipitate analysis using the Scanning Electron 
Microscope (SEM), and Inductively Coupled Plasma - Mass 
Spectroscopy (ICP-MS) revealed that the particulate material 
was composed of rhombohedral calcite crystals with~ 8 mole% 
Mg. Water temperatures measured at the spring conduit aver
aged 13.9 ± .30°C after eight samplings. Downstream water 
temperatures increased slightly to 14.2± .23°C at the end of 
the sampling reach (670 m. from conduit). At the point of 
upwelling, the mean pH value is 7.05±.15. These values 
progressively increased downstream to: 7.10±.13 (55 m from 
conduit), 7.15 ± .19 (85 m), 7.28 ± .15 (285m), and 7.31 ± .17 
(670 m). The general trend identified is that pH and water tem
perature increase slightly downstream away from the spring 
conduit. Eh values decreased slightly in correlation to the 
increasing pH values. The Eh values ranged from +3 (55 m), 
-5 (85 m), -10 (285 m), and -13 millivolts ( 670 m). Unlike 
pH, temperature, and Eh, the conductivity readings were rela
tively consistent throughout the sampling reach of the stream. 
Conductivity measurements ranged from 196 to 309 micro
Siemens/em and tended to be higher on days following local 
rain events. 

*Stevens, E. J. Department of Geology and Geophysics, 
Missouri University of Science and Technology. INVES
TIGATION OF JOINTING IN THE ROUBIDOUX 
FORMATION, ROLLA, MISSOURI. Jointing present at an 
outcrop of sandstone in the Roubidoux formation was exam
ined in order to determine the principle stress direction( s) caus
ing the joint formation. The investigation was accomplished 
with traditional mapping techniques (detailed field sketches, 
photographs, structural measurements). Seventy seven attitude 
measurements of joints and measurement of primary bedding 
were collected using a Brunton Compass. These measurements 
were analyzed using stereonets and rose diagrams. Two major 
joint sets were present. The more major joint set strikes along 
the 175° or 355° azimuth and it has a dip averaging from 75° to 
80°. The minor joint set strikes along the 115° or 295° azimuth 
and has a dip averaging from 75° to 80° as well. The spatial 
pattern of these joints indicates the presence of a conjugate joint 
set. This indicates an orientation of 325° for crl and 055° for cr3 
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at the time of joint formation. Major joints from both sets exhibit 
secondary hematite cement in the sandstone adjacent to the 
joint, whereas hematite cementation is sparse along the minor 
joint sets indicating these joints controlled paleofluid flow. 
Understanding how joints in rock form can better constrain 
numerical computer models to further understand the effect 
joints may have on groundwater or petroleum reservoir charac
teristics like secondary permeability and direction of fluid flow. 
Understanding the conditions in which joints form can also aid 
exploration geologists in determining the genesis of specific ore 
bodies. Current spatial orientation of joints and bedding also 
affect rock face stability and highway safety. 

Physics, Computer Science and 
Engineering 

*Greenwade, M.M., C.C. Field and L.F. Dong. Department 
of Physics, Astronomy, and Materials Science and Biomedi
cal Sciences, Missouri State University. THE SEPARATION 
OF METALLIC AND SEMICONDUCTING SINGLE
WALLED CARBON NANOTUBES VIA DENSITY
GRADIENT ULTACENTRIFUGATION. The isolation of 
single-walled carbon nanotubes (SWCNTs) according to their 
electronic properties is critical to their wide-spread applica
tions. Synthesized SWCNTs are normally a mixture of nano
tubes with different characteristics, such as diameter, chirality, 
and length. This study was conducted to disperse nanotubes 
into individuals and to separate them according to their struc
tural parameters (e.g. chirality and diameter) using structure
dependent surfactants and density-gradient ultracentrifugation. 
SWCNTs were dispersed in 2% w/v sodium cholate (SC) and 
subjected to ultrasonication. Density gradients were prepared 
by layering 60% w/v iodixanol, 22.5% w/v iodixanol, and 7.5% 
w/v iodixanol in 2% w/v SC solution in 3.2 mL thick wall 
polycarbonate tubes. Different volumes of SWCNT solutions 
dispersed in 2% w/v SC and 60% w/v iodixanol was injected 
approximately 5/6 of the way down the gradient. The solution 
was submitted to ultracentrifugation at 64,000 rpm (Beckman 
TL-100, TLA 100.3 rotor) for various times at 22°C. Nanotubes 
spread to form layers of different colors in the gradients after 
the ultracentrifugation. The nanotube layers were fractioned, 
diluted, and analyzed using a UV-Vis-NIR spectrophotometer 
to determine their structural characteristics (e.g. chirality 
and diameter). This work was partially supported by a Faculty 
Research Grant from Missouri State University and the 
American Chemical Society Petroleum Research Fund 
(47532-GBlO). 

*Perry, J.W., M.W. Moser, L J. Gilbert and D. B. Marsh. 
Department of Physical Science, Missouri Southern State 
University. SYNTHESIS AND CHARACTERIZATION 
OF AN ELECTROLUMINESCENT POLYMER CON
TAINING THE Co (II) COMPLEX. Organic light-emitting 

diodes (OLEDs) show great potential as an alternative to con
ventional inorganic light-emitting diode (LED) technology. 
Devices of this type have the potential of achieving high photo
luminescence efficiencies and long device lifetimes. In addition 
these devices show potential of emission wavelengths from the 
ultra-violet to the near infrared. However, at this time there are 
still issues that need to be resolved before OLEDs can come 
into widespread use. The high photoluminescence efficiencies 
do not necessarily produce high electroluminescence efficien
cies. In addition, one issue in particular involves controlling the 
width of the emission spectrum around the emitted light. The 
emitted light energy is commonly controlled by using metals 
with different work functions for the cathode and the anode. A 
possible solution to the diffuse emission spectra involves the 
doping of the polymer with different transition metals. In this 
study we compare the luminescent properties of two derivatives 
of a polymer: one created by using a Co(II) tris(bipyridine) 
complex polymerized with dodecanedioyl dichloride and a 
control without the cobalt center. 

Social and Behavioral Sciences 

*Fuller, G., A. Lauer* and S. Schwartz. Psychology Depart
ment, Westminster College. GENDER, CONFORMITY 
AND LOCUS OF CONTROL IN PURCHASING BEHA
VIOR. Forty-eight participants were separated into three inde
pendent groups for the study. Two of the groups were separated 
by gender and the third group consisted of both genders. Each 
of these groups will be asked to provide their personal opinion 
on what products they would personally want to purchase 
as well as take a locus of control survey. Our prediction was 
there would be a positive correlation between internal locus 
of control attributions and conformity rate. The results of 
this study indicated that the only significant aspect affecting 
conformity rate was the group dynamics. 

*Gombosi, B. Department of Psychology, Missouri South
ern State University. TEST ANXIETY, ACADEMIC PER
FORMANCE, AND MANIPULATION OF INVENTORY 
LABEL. The study investigated the relationship between test 
anxiety, academic performance, and manipulation of inventory 
label. The surveys were administered to 139 general psychol
ogy college students (58 men, 81 women). In this experiment, 
the test anxiety inventory label was manipulated. Students were 
randomly assigned into three groups: Test Anxiety Inventory 
group, Test Attitude Inventory group, and No Label group to 
see if the label influenced their responses. The first hypothesis 
for this study was that high test anxiety will be associated with 
decreased academic performance while low test anxiety will be 
associated with increased academic performance. The second 
hypothesis was that the label change on the Test Anxiety 
Inventory will have an effect on how the students answer the 
questions. To test the hypotheses, two questionnaires were used: 
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a demographic questionnaire and Test Anxiety Inventory 
(Spielberger, 1980). The data in the current study revealed that 
inventory label does not have an effect on how students answer 
the questions. The results showed that students with lowest test 
anxiety scores had higher GPAs than students with highest test 
anxiety scores. As opposed to previous findings (Spielberger, 
1980), the results showed that Test Anxiety Inventory measures 
only one factor, this is test anxiety, and not two factors, such as 
worry and emotionality. 

*Khoza, G.G. and J.R. Brown*. Psychology Department, 
Westminster College. THE DIFFERENCE IN ELECTRI
CAL SIGNALING IN FLEXOR AND EXTENSOR 
MUSCLES BETWEEN FEMALE BASKETBALL AND 
SOFTBALL PLAYERS AT WESTMINSTER COLLEGE. 
This study examines the electrical signal differences in flexor 
and extensor muscles between female softball players and 
female basketball players at Westminster College. The electri
cal signals are measured during muscle activity (flexing and 
extending at the forearm while lifting 1 kg and 2 kg weights). 
To find the differences in the electrical signal activity in the 
forearm, the iWorx data inquisition unit is used. Subject's age, 
body mass and height are taken into account. This experiment 
will determine which sport involves more specific muscle 
signaling between the flexor and extensor muscles. Muscles 
that are involved in the flexor compartment included during 
experimentation are flexor digitorum superficialis, flexor digi
torum profundus and the flexor carpi radialis. The extensor 
muscles tested include: extensor carpi radialis brevis, extensor 
carpi ulnaris, extensor digiti minimi and extensor digitorum. 
The null hypothesis is: softball players have greater electrical 
signaling in their flexor muscles opposed to their extensor mus
cles, and basketball players have greater electrical signaling in 
their extensor muscles opposed to their flexor muscles. 

*Pelzl, A. and A. Gilreath. Department of Biology, Rock
hurst University and University of California, Santa Cruz. 
TRADITIONAL PANAMANIAN MEDICINE USED IN 
PREGNANCY AND CIDLD BIRTH. Traditional medicine 
has historically been used in many countries and has a rich oral 
history. However, for a variety of reasons, people outside of 
these cultural practices have found access to this oral history, 
and its valuable knowledge, very challenging. In this study we 

interviewed local curanderos and residents to gain a better 
understanding of how traditional medicine is used during preg
nancy and child birth. Our study focused on the people in the 
areas of Bocas del Drago and Tierra Oscura, Panama and the 
types of plants they use during pregnancy and child birth. 
During the interviews we also attempted to identifY both the 
method of preparation and method of ingestion. Many individu
als could only use their local dialect to describe the plants, 
therefore, species' identifications were not possible for many 
specimens, but others were positively identified. Once species 
identifications are confirmed western medicine can then inves
tigate the plants for secondary metabolites, and begin the 
process of understanding if, and how, these plants are capable 
of providing effective medicines. In addition, taxonomic identi
fication of traditionally used plants allows researchers to explore 
other related plants for medicinal properties. 

*Turner, C., M. Meacham, S. Daroga and G, Fuller. Depart
ment of Psychology, Westminster College. THE EFFECTS 
OF GENDER-SPECIFIC RETROACTIVE INTERFER
ENCE ON VERBAL LEARNING. The purpose ofthis study 
was to explore the effects of retroactive interference on memory 
for text when the interference is generated by gender-specific 
reading material. Thus, this study was based on the idea that 
gender-specific text, such as articles in magazines with male or 
female target audiences, would be more meaningful to the 
reader and therefore more likely to distract him or her from a 
primary, gender-neutral text. Past research has shown that retro
active interference has a negative effect on memory; however, 
there have been no studies relating it to gender. In the current 
study, there were 20 males and 20 females who were given a 
gender-neutral text to read. Then, depending on experimental 
condition, they were given an article from Cosmopolitan or 
from Playboy which they read for five minutes. After reading 
both texts, the participants' memory for the initial gender
neutral text was measured using a survey with questions related 
to its content. The hypotheses for this study were that females 
would have higher memory scores for the initial text and 
that retroactive interference would be reduced by reading 
subsequent text that was oriented to the opposite sex. 

* Denotes scheduled presenter 


