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Owen J. Sexton
Department of Biology
Washington University
St. Louis, MO 63130
Abstract: A population of Blanding's turtle Emydoidea blandingii (Testudines, Emydidae) was studied
at Crane Pond on the University of Michigan's E.S. George Reserve near Pickney, MI. One hundred ten
individual turtles were captured a total of 217 times between March, 1953, and September, 1957. Most
individuals were large and the sex ratio of captured individuals was biased in favor of females (1/4.86).
EJ,iremes of seasonal activity ranged from early March until early December. Many turtles emigrated
out of Crane Pond during the spring. The most extensive movement was through the inlet into Crane
Pond. The minimal inlet water temperature for emigration was about 8°C. Emydoidea emigrated during
both day and night. One individual traversed the 3 15 m length of Crane Pond within 4-9 h. Individuals
made overland movements in excess of 2 km. Within Crane Pond, this species is often positively
associated with mats of surface vegetation of Chara fil2.,.,_ Potamog,eton foliosus and Ranunculus
longirostris and is negatively associated with mats of filamentous algae. The activities of E. blandingii
within the pond are compared to those of Chrysemys picta reported earlier from Crane Pond (Sexton,
1959).

Key words: Emydoidea blandingii, Blanding's turtle, life history, movements,
vegetation structure
Introduction
The material presented here was collected incidentally during a 1953-1957
study of the seasonal distribution of the painted turtle, Chrysemys picta (Sexton,
1959). Prior to the mid-1950's, most of the information dealing with Emydoidea
blandingii was scttered and cursory. McCoy (1973) has reviewed much of this
earlier literature. Beginning in the 1970's, a more extensive and systematic series
of field studies has been conducted. Topics covered include: growth (Congdon and
van Loben Sels, 1991; Graham and Doyle, 1977, 1979), eggs and nesting (Packard
et al., 1982; Congdon et al., 1983; DePari et al., 1987; Gutzke and Packard, 1987;
Macculloch and Weller, 1988; Linck et al., 1989), sex ratio (Bull and Chamov,
1989), courtship (Baker and Gillingham, 1983) and various other aspects of natural
history (Gibbons, 1968; Collins and Wilbur, 1979; Brewster, 1982; Kofron and
Schreiber, 1985; Brecke and Moriarity, 1989; Rowe and Moll 1991; Rowe, 1992;
and Butler and Graham, 1993). In spite of the great increase in our knowledge of
this unusual species, there are still gaps. Consequently, I have elected to contribute
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this much delayed material to further our understanding of the natural history of
this species.

Location and Methods
I conducted this study at the Edwin S. George Reserve, Pickney,
Michigan, from March, 1953 to August, 1955, for 2 spring days in 1956, and from
13 to 21 April, and again from 11 June to 12 September, 1957. I captured turtles
in five bodies of water: Crane Pond, Southwest Swamp, Fishhook Marsh, the Canal
(=Ditch), and Cattail Marsh. Crane Pond is the focus of the study (Figures 1 & 2).
~

HIDDtN LAU

ODUATPOND

Figure 1. An overall view of the relationship of Crane Pond to surrounding bodies of
water on the University of Michigan's E.S. George Reserve near Pinckney, MI. This map represents the
situation during 1953-57. ·From "Spatial and temporal movements of a population of the painted tUitle,
Ch1ysemys picta marginata (Agassiz) by O.J. Sexton, Ecological Monographs, 1959, 29:113-140.
Copyright 1966 by the Ecological !society of America. Reprinted by permission.
Details of the area are described elsewhere: Cantrall, 1943; Sexton, 1959; Collins
and Wilbur, 1979. Crane Pond is the central pond of the complex. It is man-made
and has a surface area of approximately 2 hectares ( 5 acres) and a maximum depth
of about 1.3 m. It contains water throughout the year. To the west and southwest
of Crane Pond are Fishhook Marsh and Southwest Swamp, respectively. During
the periods of high water, water flows both eastward from Fishhook Marsh through
the inlet at the west end of Crane Pond and southward through a second channel
into Southwest Swamp. The water levels in both the marsh and swamp often
decline over the summer so that only a few puddles may remain in each. Water
exits from the eastern end of Crane Pond through an outlet which joins the Ditch
(now more grandly called the Canal) 170 m eastward. The depth of the Ditch
varies between 0.3 and 1.3 m during wet weather, but sections become dry during
summers. The Ditch extends 1100 m eastward.
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Figure 2. A detailed map of Crane Pond in the 1953-57 period. At that time both
Emydoidea blandingii and Cluysemys picta inhabited the pond. From ''Spatial and temporal movements
of a population of the painted turtle, Cluysemys picta marginata (Agassiz) by O.J. Sexton, Ecological
Monographs, 1959, 29:113-140. Copyright 1966 by the Ecological Society of America. Reprinted by
permission.
The turtles were collected by a wide variety of methods. The use of dip
nets from shore and from a boat, baited traps, sunning traps and of the hands were
all very effective. Permanently established funnel traps placed in the inlet and outlet
of Crane Pond were especially efficient in capturing migrating animals. Colleagues
working in other areas of the Reserve frequently captured individuals of E.
blandingii on land and brought them to me . I also attached spools of thread to the
carapace ofBlanding's turtles to track their movements (Stickel, 1950).
Each animal was individually marked at its first capture by notching a
unique set of marginal scutes with a knife blade. At each capture the sex of each
arumal was determined, and, in many cases, the total medial length of the carapace
was measured. The date, time, and location of each capture was carefully noted, as
was the nature of the aquatic vegetation in the immediate vicinity. Pertinent
information on any aspect of the life history was recorded. All individuals were
released at the point of capture as soon as possible, generally well within one hour.
Water temperature of the Crane Pond inlet was recorded using a Taylor maximumminimum thermometer placed in the current flowing through the inlet trap. The
temperature was recorded at least once each day. I frequently refer to comparative
data on Ch1ysemys picta (Sexton, 1959) as a foil to establish differences and
similarities to these two common inhabitants of this pond system.

Results
Population Characteristics
During the course of study 110 individual Blanding' s turtles were
captured in or near Crane Pond, Southwest Swamp, Fishhook Marsh, or the Canal.

4

Transactions, Missouri Academy of Science

Vol29

These 11 O animals were captured a total of 217 times. In addition, eight other
individuals were captured in surrounding terrestrial areas and marked .
.The total length of the carapace of 86 E. blandingii was measured during
the course of the study, and these measurements are the basis for a frequency
distribution of the size classes in the population (Table 1). It is very clear that only

Table 1. Frequency distribution of the size classes of the 86 marked Emydoidea whose total carapace
length was known. The data are from the first capture of each individual.
Total Carapace
Length in Cm.
2.5-6.49
6.5-8.49
8.5-10.49
10.5-12.49
12.5-14.49
14.5-16.49
16.5-18.49
18.5-20.49
20.5-21.49
Totals

Males
0
0
0

Females

Uncertain

0

0

0

0
4
7
0

0
0
5
5
23
21
2

3
2
3
1
1
3
4
2

11

56

19

0
0

large animals were being sampled. The reasons for this are unknown, but certainly
the conspicuous yellow throat of the large adults makes it very easy to see these
animals from a great distance. However, many hatchlings and juvenile Chrysemys
were collected in Crane Pond so that it is difficult to see why the small E.
blandingii should not also have been observed. Perhaps, in addition to the relative
ease with which the adults may be seen, there are differences in behavioral patterns
between the young and adult E. blandingii. For example, the small animals may be
restricted to aquatic habitats other than those investigated, or they may be much
more terrestrial than the advlt. Another possibility, for which there is some
evidence, is that E. blandingii may be somewhat nocturnal (see later), and since
collecting was carried out in daylight hours, many inactive turtles were overlooked.
A truly reliable estimate of the numbers of E. blandingii inhabiting the
Crane Pond area cannot be made because of the above discrepancy. However, data
from six different months during 1954 and 1955 in which 10 or more individuals
were collected per month can be used to estimate the order of magnitude of the
population size. This population estimate would consist almost entirely of adults.
The population size as estimated by the Lincoln index technique ranged from 100
to 200 animals, and averaged 150. This population of E. blandingii probably
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occupies an area larger than that occupied by the population of 1000 Chrysemys
inhabiting Crane Pond and its surrounding bodies of water because it is known that
Blanding' s turtle is capable of much more extensive movement, especially overland,
as will be demonstrated later.
In ad~ition to the discrepancy in the size classes, there is also a
discrepancy in the sex ratio of the animals collected. Although there are externally
observable secondary sexual characteristics in E. blandingii, it is sometimes
difficult to determine the sex of any particular animal. When they are collected,
most of the animals close the plastron so that it is difficult to determine the size of
the tail without unduly disturbing the turtles. Furthermore, the degree of concavity
of the plastron does not appear to be completely reliable for distinguishing the
sexes. Thus, the sex of only 88 was determined; 15 were males and 73 were
females. This extreme discrepancy in the sex ratio, 1.0 male per 4.86 females in
this case, has been often observed in turtles of many species (Bull and Chernov,
1989). Undoubtedly the fact that the females are exposed to capture on land
during the nesting season accounts for some of the difference.
Timing and magnitude of movements.
Both species of turtles, first Chrysemys and then Emydoidea._ are active
early in the spring, sometimes long before the final disappearance of the ice cover.
The earliest dates on which active individuals of E. blandingii were observed or
captured were March 2, 1954 and April 1, 1955. Daily observation of the pond
had been made for some time prior to these dates, but no active turtles were seen.
Blanding's turtles were active by March 21, 1953, March 31, 1956, April 19, 1957,
and· March 24, 1959. Blanding's turtles perhaps become inactive slightly earlier in
the fall than does Chrysemys. The latest dates on which active individuals of E.
blandingii were December 4, 1953 and November 16, 1954; corresponding dates
for Chrysemys were December 6, 1953 and November 24, 1954
On occasion, Emydoidea was active in early spring at low temperatures.
One individual was captured beneath 1 cm thick ice on 1 April, 1956. Water
temperature was 2°C and the cloaca! temperature was 3.2°. On 11 March, 1954,
another turtle was active in shallow water beneath a thin sheet of ice. The turtle
thrust its head from side to side. Its movements were moderately fast and the eyes
were partially open. The animal responded to my movements by making a quarter
turn away and then becoming quiescent. On 2 March, 1954, a shell of a third
animal was partially concealed beneath submerged grass. The turtle's head
extended into the air; its eyes were closed. A fourth Emydoidea was also
concealed in a patch of submerged grass on 16 March, 1954. It's head was above
the surface and when it saw me, it dove and moved over the pond bottom towards
deeper water. Two days later, another individual was observed beneath a clump of
floating Eleocharis sp. Finally, at 0930, 31 March, 1956, I observed a turtle
ensconced on land in a depression 1.25 cm deep near the shoreline. The carapace
was covered by a few strands of grass. The head, limbs, and tail were completely
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withdrawn into the shell and ice crystals had formed around the head and
appendages. The surrounding ground was frozen solid. I thumped the turtle but
elicited no response. I replaced the animal and returned at 1145. The Emydoidea
then began to move. However, the water was still frozen so that it could not seek
refuge there.
All individuals so cooled must be subject to predation. In March, 1953,
Dr. William Pruitt, Jr. directed me to a small pond where a large number of turtles,
primarily Chlysemys, had been killed by predators. The pond is in the northwestern
portion of the Reserve and is surrounded on all sides by wooded, low hills. A
truncated cone of dead leaves was situated in the frozen pond. Its height was
approximately 1 m, and its periphery at the ice margin was about 9 m. Several
tunnels or excavations were evident in the leaf mass, and they lead to a hollow
center. Scattered about on the leaf pile, on the ice and on shore were the remains
of 52 Chrysemys and 1 Emydo;dea. The smaller victims were located at or near the
pile while the larger ones had been carried up the hill sides. One carcass was found
150 m distant. Since this small pond, although possibly permanent, gave no
indication that it could provide a proper habitat for so many turtles, my inference
was that they had moved into the pond from several adjacent ponds for hibernation.
A series of rains occurred several days before the discovery of the dead turtles.
This thaw might have lead to the discovery of the massed dormant turtles by a
predator. Raccoon (Procyon lotor) droppings were evident in the vicinity.
The average date for the disappearance of the ice sheet from Crane Pond
is about March 15. Approximately two weeks later both species begin a general
exodus from Crane Pond. The greatest number of both species emigrate westward
through the inlet of Crane Pond and in the direction of Fishhook Marsh and
Southwest Swamp. However, some Blanding's turtles move westward into Crane
Pond and others emigrate eastward from it.
In 1954, the first emigrating turtles to be observed were two painted
turtles which were collected in the inlet trap on March 18. Ten more were
captured on March 25, one on March 27, and 24 on March 28. The first
emigrating Emydoidea was a single individual seen on March 23; six were captured
in the inlet trap on March 28. In 1955 Chrysemys began emigrating through the
inlet on March 12 while the first Emydoidea was not captured until April 5. Similar
migrations of both species have been observed at two other areas within ten miles
of the Reserve. Observation of emigration at Crane Pond during 1957 was made
only from April 16 until 21. The first emigrating Chrysemys was captured on April
17, and two others were observed on the succeeding day. On April 19, 6
Chrysemys and 1 Emydoidea were in the inlet trap, and many other painted turtles
were captured and observed while emigrating on that day.
Both species continue to emigrate throughout the spring and during part
of the summer, but the peak is attained relatively quickly after the start of
emigration. In 1954, 50 Emydoidea moved out of Crane Pond through the inlet in
the 97 days from March 23 until June 27, and 291 Chrysemys emigrated through
the same route from March 18 until July 5, a total of 110 days. However, 31 or
1
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62% of the Emydoidea had emigrated within 3 weeks after March 23, and 160 or
SS% or the Chrysemys had passed through the inlet within 3 weeks of that date.
Limited data suggest that Emydoidea did not emigrate through the inlet
unless the temperature of the water flowing through the inlet and into Crane Pond
was 8°C or higher. The following sets of data represent, respectively, the number
of E. blandingii captured in the inlet trap, the temperature of the water when the
animals were removed from the trap, and the maximum temperature of the water
attained between the time of removal and the time the temperature was checked
previously: 1, 7.7°C, 7.7°C; 2, 8.3°C, 8.8°C; 1, 4.4°C, 9.4°C; 1, 7.7°C, l0.0°C; 1,
10.S°C, 10.S°C; 1, l 1.1°C, maximum not recorded. Other Emydoidea emigrated at
higher temperatures. Some Chrysemys will migrate when temperatures are as low
as 6° or 7°C, but migration is not heavy until the water is at least 8°C.
The daily pattern of emigration (Table 2) through the inlet is different for
the two species (G=29.09, d.f.=9; p=0.0006). The data are for those days on

Table 2. The data are the time at capture and the numbers of turtles captured while emigrating
through the Crane Pond Inlet from March 28 until May 18, 1954. Only data from those days on which at
least one individual Ch1ysemys emigrated have been used.
Time
0800-0900
0900-1000
1000-1100
1100-1200
1200-1300
1300-1400
1400-1500
1500-1600
1600-1700
1700-0800
Total

Emydoidea

2
2

Chrysemys

12

3
6
14
12
7
60
9
79
16
9

41

215

2
1
7

2
7

5

which individuals of Emydoidea were collected in the inlet trap during the spring of
1954. Since both species were collected simultaneously by the inlet trap, the effect
of any peculiarity in examining the trap should not be responsible for the difference
in hour at which the two species emigrated. Almost 30% of the emigrating
Emydoidea were removed from the inlet trap between 1700 and 0800 of the
following day while only 4.2% of the emigrating Chrysemys were collected
between these hours. This suggests that Blanding' s turtle might be active during
the evening, night, and early morning as well as during the day, but that Chrysemys
are almost entirely diurnal during this spring period. However, both species do
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migrate during the day, and both appear to reach a peak in emigration between
13 00 and 1600. During this period 40% of the Emydoidea and 68. 8% of the
Ch1ysemys emigrated. The sudden decrease in numbers of emigrants between
1400-1500 as shown is an artifact due to collecting procedures. Additional data
from previous studies have indicated that the painted turtle migrates most heavily
between noon and 1500 or 1600.
The direct distance between these outlet and inlet traps was 3 15 m., and
the average maximum time it took the eight Blanding' s turtles to transverse the
distance between the two traps was 43.6 hours. The maximum time was 116
hours. On 9 April, 1955, one male traversed the distance between 3.9 h to 8.75 h.
This individual traveled between 81 m h- 1 and 36 m h- 1 . No Chrysemys were ever
captured, within a week's span, first in outlet trap and then in the inlet trap.
The Blanding' s turtles which were captured in both the outlet and inlet
trap furnish additional evidence concerning the crepuscular or nocturnal activity of
this species. One individual arrived at the inlet trap between 1510 and 2000. A
second was released at the outlet trap at 1800 and was removed from the inlet trap
at 0845 the next morning. A third released at 1910 by the outlet trap was in the
inlet trap by 1015 the next day.
The end result of the emigrations is that the two species are dispersed both
eastward and westward from Crane Pond, though most moved to the swampy
areas. From the beginning of activity until June 1, 1954, there were 44 captures of
Emydoidea moving westward from Crane Pond, and one animal was collected
while it was heading eastward from Crane Pond. During the same period in 1955,
there were 11 captures of Blanding' s turtles leaving Crane Pond on the west and 6
on the east. The movement is predominantly westward at this time of year for
Chrysemys also. In 1954, a minimum of 300 painted turtles moved westward, and
a minimum of 13 traveled eastward. In 1955, 73 Chrysemys were captured going
westward and 15 eastward up until May 31. Individuals of both species were found
throughout the Southwest Swamp and near the eastern end of the Ditch, 1100 m.
from Crane Pond.
While the predominant movement of both species during emigration was
in an east~west line passing through, Crane Pond, E. blandingii also tended to
disperse northward, crossing one or more low divides between various branches of
the George Reserve drainage system. One female was captured twice in the Crane
Pond inlet, once on June 16, 1954 and again on April 5, 1955. On June 1, 1955,
probably during the nesting season, this same turtle was captured on land at a point
930 m. north of the inlet to Crane Pond and west of a small artificial pond. On
August 8 of the same year, it was found dead in that pond. A second animal, also a
female, was captured on land 1520 m northwest of Crane Pond on June 16, 1954.
Eleven days later it was trapped in the inlet. The third case was that of a female
which inhabited the eastern end of Crane Pond where it was captured five times
between August 17, 1953 and April 6, 1954. On April 23, 1954, it was 340 m.
north of Crane Pond on land, and on June 30, 1954, it was found dead alongside a
vernal pond 2280 m. northwest of Crane Pond in a direct line and 2660 m. from
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Crane Pond following available water courses. In tllls latter case, the turtle had to
cross several low divides. The sex of the three animals, all females, and the time of
year, approximately June, indicate that E. blandingii may disperse widely,
especially during nesting seasons.
E. blandingii can move rapidly. I attached a spool of thread to the
carapace of an Emydoidea. It was first captured on land 137 m. east of Crane
Pond June 10, 1957, at 1610. In less than one hour this turtle had moved over 91
m. eastward to the Ditch. This same turtle was observed on land at noon on the
next day 520 m. downstream from the west end of the Ditch. A second spool of
thread was placed on the carapace, and the turtle was released. By 1425 of the
same afternoon, the turtle had continued eastward over land for over 91 m. The
animal moved at least 702 m. in 20 hours or 35.1/m/hr.
The movements of E. blandingii witlllrt Crane Pond itself are relatively
restricted during those seasons when the aquatic plants are abundant. Two males,
three females and one individual of uncertain sex were captured two or more times
within the pond during the summer of 1953. The minimum distance between the
two most distinct points of capture ranged from 9. 6 m to 219 m. with an average of
65 m. During the same summer 68 Ch1ysemys were collected two or more times
within Crane Pond. The average minimum distance between the farthest points of
capture for an individual turtle averaged 89.5 m and ranged from 3.5 to 300 m.

Activities within Crane Pond.
The activities of the two species within Crane Pond appear to be largely
restricted to the confines of beds of aquatic plants, especially those plants which
have reached the surface of the water to form some sort of mat. Data concerning
the type of plant beds (Table 3) in wlllch the two species were captured indicate
that the two react differeritly towards various plant types (G=77.6,d.f.=5,p<0.001).

Table 3. The distribution of captured individuals of Emydoidea blandingii and Ch1ysemys picta in
various plant beds during the following periods when plants had reached the water surface: July 31December 7, 1953; June I-December 26, 1954; June 11-September 12, 1957.
Emydoidea
Plant S12ecies
Number
Percentage
Filamentous algae
2.9
2
Ranunculus longirostris
10
14.7
Potamogeton foliosus
15
22.1
Ceratophyllum demersum
8
11.8
Chara sp.
24
35.3
1
Others
9
13.3
TOTAL
68
100.1

Number
131
192
103
20
26
62
534

Ch1ysemys
Percentage
24.S
36.0
19.3
3.7
4.9
11.6
100.0

1. Potamogeton strictifolius, P. amp/ifo/ius, P. pectinatus, Najas jlexilis, E/eocharis sp., Typha
/atifolia, Nuphar advena, and Chara sp. with Rivularia sp.
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There may be said to be four general classes of plant beds inhabited by Emydoidea
and Chrysemys. First there are those plant associations which are inhabited by
Chrysemys but to a much lesser extent by Emydoidea. The surface areas covered
with mats of filamentous algae would be an example. Second, some areas are
occupied relatively commonly by both species of turtles. Such areas include those
with Ranunculus longirostris, Potamogeton fobosus, or Ceratophyllum
dermersum. There is some difference shown by the two species of turtles within
this second class. Chrysemys appears to be associated with Ranunculus more than
is Emydoidea, while the reverse relationship seems to be true for Ceratophyllum.
Third, those associations, such as the Chara sp. one, inhabited commonly by
Emydoidea but less so during the summer and fall seasons by Chrysemys. Fourth,
many small areas of different plant types do not harbor many individual turtles of
either species. Plants of this fourth class are of very different types. Some are
graminoid {Eleocharis and Typha), some have large floating leaves (Nuphar,
Potamogeton natans), and others are of still different foliar arrangements.
The relationship between either species of turtle and any particular plant
appears to be dependent, in part at least, upon the habits of the turtles. Emydoidea
is primarily a walking turtle. If placed in a large aquarium filled with water to the
depth of 20 cm this species will remain on the bottom for all but 5-10 seconds of a
ten minute period. The motion used in moving across the bottom of tank is a
combination of pushing against the substrate and of swimming. Blanding' s turtle
cannot remain suspended in the water without a great deal of effort or without
pushing against some solid object. In nature one frequently sees them at the
surface, bobbing up and down as would an inanimate object which had been
released from the bottom. Emydoidea evidently occupies those areas containing
aquatic plants capable of giving the turtles some support in the water. Such plants
would be Chara, Ceratophyllum, Ranunculus and Potamogeton joliosus. Chara
generally forms a more or less solid mass of vegetation extending from the pond
bottom almost or up to the water surface. Ceratophyllum is a linearly arranged
plant, the upper portion of the plant being more robust than the lower and often
forming an open mat at the surface. Dense surface mats are formed by both
Ranunculus and P. foliosus .. Such mats may be 10 cm thick and are formed by the
dense array of terminal branches and leaves. The volume of water beneath the mats
is relatively free of vegetation. When Blanding' s turtle is observed within the
vegetated areas within nature, one generally sees only the head and throat, for the
shell is not supported above the water surface. Thus, it appears that this turtle is
actually partially embedded in the vegetation near the surface. Emydoidea is rarely
observed within areas containing extensive mats of filamentous algae. Evidently,
the mats are not strong enough to support these heavy turtles, or the turtles are not
able to force their way through the resilient mat to reach the surface.
The activities of painted turtles in relation to the aquatic plants differ
considerably from those of Blanding' s turtle. The former move over the upper
surface of the mats of floating vegetation, with the head and about half of the
carapace protruding above the surface. They move about the mats rather
1
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extensively, feeding upon both plant and animal matter. Sometimes they remain
quiet, evidently sunning themselves. When disturbed they dive through the mat and
swim away through the clear area beneath. This species differs completely in
locomotion from Emydoidea for Chrysemys is primarily a swimming turtle. When
placed in a tank of water they swim at the surface or midway between the surface
and the bottom and touch the bottom only for occasional 5 second intervals. This
species uses far less strenuous efforts in swimming, and is capable of remaining
afloat with. only gentle movements of the limbs. The areas most frequented by
Ch1ysemys are those containing filamentous algae, Ranunculus and P. foliosus.
Such mats are strong enough to support the turtles without retarding their
movements. Areas of Ceratophyllum, while occupied by painted turtles, do not
seem capable of supporting an animal which is moving horizontal to the surface.
The masses of Chara are probably so thick that a swimming turtle such as
Ch1ysemys cannot move through them readily.
Discussion
Ch1ysen~ys picta is widely recognized as an inhabitant of slow-moving or
quiet shallow bodies of water (Ernst and Barbour, 1972; Sexton, 1959). It is
especially common in those areas infested with an abundance of aquatic plants.
The equivalent status of Emydoidea blandingii appears to be open to question.
Many authors have commented upon the terrestrial movements of this species
(Ernst and Barbour, 1972) and the general consensus has been that E. blandingii
restricts its terrestri_al travels to the vicinity of water. Cahn (1939) stated that the
habits of this turtle ·varied geographically; in some areas it was restricted to an
aquatic environment, but in other regions it might have been much more terrestriaL
Lagler (1943) and Walker et al. (1953), on the basis of epizootic algae, are among
those who believe Blanding' s turtle to be more aquatic than often supposed.
The present study clearly supports the latter view, for of the 215 captures
in which the location was recorded, 182 or 84.6% of the captures were in the water
and 33 or 15.4 percent on land. However, 26 of the 33 catches made on land were
of turtles migrating between various ponds along well established migratory paths.
The final seven captures of tmiles on land were largely of sunning or of nesting
animals. Each summer other investigators working in all parts of the Reserve were
asked to report all instances of E. blandingii observed on land. Practically all
reports concerned emigrating or nesting animals. It is easy to see how E.
blandingii could be classed as being terrestrial for part of the year, for it does travel
extensively between various bodies of water. However, it must be concluded that
the George Reserve population is associated primarily with an aquatic environm~nt.
There are at least two important differences in the aspects of the life
history of the two species studied. E. blandingii appears to be the more nocturnal
of the two, at least during some periods, for individuals were known to emigrate
through the inlet during evening, night or early morning, to travel from the outlet to
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the inlet during the same hours, and to travel from one end of the Ditch to another
during the same times. There was no evidence that Chrysemys did this.
The second difference is that the two species inhabit beds of aquatic plants
of different structure. Ch1ysemys feeds while moving over the floating mats of
surface vegetation but swims in the unobstructed areas beneath the mat when
disturbed. Emydoidea is more often found within the relatively vertically dense
beds. When this species is disturbed, it merely withdraws from the surface and
remains submerged directly below its surface position. During the summer and fall
the two species each inhabit plant beds rarely occupied by the other (Chysemys in
filamentous algae; Emydoidea in Chara), and both share other beds (Potamogeton
folosus and Ranunculus longirostris). Associated with this selection of different
plants is the mode of locomotion. The latter species walks over the bottom and
presumably through the dense plants.
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OXYGEN UPTAKE AND ENZYME
ACTIVITY OF ISOLATED TISSUES OF
LUMBRICUS TERRESTRIS
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Abstract: Studies were conducted on isolated body wall, gizzard, and intestinal tissue of the earthworm
Lumbricus terrestris. Determinations of oxygen uptake, lactate dehydrogenase (LDH) isocitrate
dehydrogenase (ICDH) and succinate dehydrogenase (SDH) activities were made, and expressed as units
per gram of fresh tissue. Oxygen uptake was significantly (p<0.05) lower in the body wall than either
the gizzard or intestine. Neither SDH nor LDH activity differed significantly according to tissue, but
ICDH did show significantly (p<0.05) higher activity in the gizzard and intestine than the body wall.
These results indicate that the gizzard and intestine are more capable of aerobic respiration than the body
wall, and as capable of anaerobic respiration as the body wall, and that their LDH activity is similar to
the body wall when compared on an activity per unit weight basis.

Key words: Earthworm, body wall, gizzard, intestine, oxygen uptake, enzyme
activity.
Introduction

In studies conducted on the activity and distribution of selected enzymes
in the body wall and intestine of the earthworm Lumbricus terrestris Prento
(1987a,b) reported that the body wall contained ninety two percent of the total
body lactate dehydrogenase (LDH) activity. It was concluded that the body wall
musculature was primarily anaerobic, and that the intestine had very little anaerobic
capability. Values reported for succinate dehydrogenase (SDH) and isocitrate
dehydrogenase (ICDH) showed these enzymes to be more evenly distributed
between the body wall and intestine, and supported the conclusion that the body
wall and intestine were equally capable of aerobic respiration. The distributions of
LDH, SDH, and ICDH, were found to be individually uniform along the length of
the intestine (Prento, 1989a).
The presence and activity of Kreb>s cycle enzymes have been used to
ascertain the reliance of.an organism, or tissue, on aerobic respiration. Alp et al.
(1976) reported that tissues low in ICDH had low energy use or relied primarily on
anaerobic respiration.
The presence and activity of LDH has been used as an indicator of
anaerobic respiration (Lee, 1985; Zammit 1976). In Lumbricus anoxia resulted in
increased lactate accumulation (Michaelidis et al. 1990; Gruner and Zebe 1978) and
Tubifex (Hoffman et al. 1979) also showed increased lactate accumulation during
anoxia.
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It would appear that percent-of-total body enzyme activity may not
accurately serve to determirte the respiratory capabilit!es of an organ or tissue, and
that determinations made on a fresh tissue weight basis of both enzyme activity and
oxygen uptake may be more suitable indicators.
The purpose of these studies was to determine the oxygen uptake, and the
enzyme activities of LDH, SDH, and ICDH in the earthworm body wall, gizzard
and intestine.

Methods
Mature earthworms were maintained on moist bedding at 5°C. At the
time of each experiment individual worms were transferred to moist paper toweling
and maintained at room temperature for 2 hours. Upon dissection the gizzard, a 2
cm segment of intestine located 1 cm caudal to the gizzard and a section of body
wall surrounding the gizzard were excised and placed in physiological solution
isotonic to earthworm coelomic fluid and similar in ionic content· (Drewes and Pax
1974). This solution also served as the base for the reaction chamber fluid during
oxygen uptake studies, and tissue homogenization for enzyme activity studies.

Oxygen Uptake
The isolated gizzard, intestine, and body wall tissues were rinsed in
earthworm physiological solution, blotted dry on paper toweling, and individually
weighed. Tissues were then mechanically diced prior to being placed in the
reaction chamber of an oxygen electrode apparatus which contained 1 ml of
physiological solution maintained at 15°C. Oxygen uptake by each tissue sample
was recorded for a two minute period, and expressed as nanomoles of oxygen
uptake per minute per gram of fresh tissue. Ten replications for each tissue were
performed, and data collected were subjected to statistical analysis according to
accepted procedures (Zar, 1984).

Enzyme Activity Assays
Isolated tissue samples were rinsed in physiological solution, blotted dry
on paper toweling, and weighed. Samples were then homogenized with a Tekmar
tissuemizer for 15 seconds, sonified for 10 seconds, with a Branson 450 sonifier,
and centrifuged 5 minutes' at 8,000g. The supernatant was retained for enzyme
assay.
Enzyme assay for LDH activity was performed using reagents and
procedure number 500 from Sigma Diagnostics (St. Louis, MO). The assay for
ICDH was performed using reagents and procedure number 153-UV provided by
Sigma Diagnostics (St. Louis, MO) and the assay for SDH was performed by a
colorimetric procedure (Kiernan, 1990) at 600 nanometers. Absorbance values
were determined on a Beckman DU-70 spectrophotometer for all enzyme assays,
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and enzyme activity was expressed as international units per gram fresh weight of
tissue. Three replications of each of ten samples for each tissue were determined.
Data collected were statistically analyzed by accepted procedures (Zar 1984).

Results and Discussion
Mean oxygen uptake for body wall, intestine, and gizzard are presented in
Table 1. These data indicate that oxygen uptake by the body wall was significantly
(p<0.05) lower than either the intestine or the gizzard, and that the intestine and
gizzard oxygen uptake did not differ significantly.

Table 1. Mean oxygen uptake according to tissue type in
nanomoles per minute per gram fresh tissue.
Tissue~

Mean

SEM

* 179.46

17.00

Intestine

272.81

18.10

Gizzard

247.30

16.79

Body Wall

*Significantly different (p<0.05)

The mean enzyme activities of body wall, intestinal, and gizzard enzymes
are presented in Table 2. It can be seen from these data that neither SDH nor LDH
activities differed significantly according to tissue, but that ICDH was significantly
(p<0.05) higher in the gizzard and intestine than in the body wall.

Table 2. Mean enzyme activity according to tissue type in
I.U. per gram fresh tissue. ± SEM
Enzyme
Tissue~
LDH
SDH
ICDH
Bodywall

3222±511

0.123±0.030

*0.630±0.026

Intestine

2870±402

0.142±0.032

1.648±0.214

Gizzard

2581±512

0.216±0.054

2.157±0.214

*Significantly different (p<0.05)
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These results are supportive of the results of the oxygen uptake study, and indicate
that the intestine and gizzard are more capable of aerobic respiration than are
tissues of the body wall. Such a conclusion is in agreement with that reported by
Prento (1987a). However, Prento (1987b) reported that 92% of the LDH activity
of the earthworm was located in the body wall, and concluded that body wall
respiration was primarily anaerobic. The LDH activity determined on a fresh
weight basis as reported in this study demonstrated that the body wall, intestine,
and gizzard do not differ significantly in LDH activity, and support the conclusion
that all three tissues are equally capable of anaerobic respiration.
These results do not agree with those of Prento ( 198 7a, b) and suggest that
the determination of the aerobic or anaerobic respiratory capability of a tissue is
more accurately represented on a fresh tissue weight basis than on a percent of total
body weight basis.
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Abstract: The mammalian fauna of Weldon Spring Training Area, Missouri, was found to consist of
27 species. Eight additional species likely will be found there in the future. Manufacture of ammunition
and military training at Weldon Spring apparently has not appreciably diminished the mammalian fatma
of the area.

Key Words: mammals, Missouri, conservation
Weldon Spring Training Area is located on slightly more than 670 ha of
land in St. Charles Co., Missouri. Physiographically, it is part of the Dissected Till
Plain (from the Wisconsinan glaciation) just north of the Ozark Plateau. The divide
between the drainages of the Missouri and Mississippi rivers, which are located 3 .2
km S and 14. 5 km N of the training area, respectively, is just outside the southern
boundary of the training area (USATHMA, 1977). The area is part of the former
Weldon Spring Ordnance Works, which occupied 6979 ha and produced explosives
during World War II.
Topography of the northern three-quarters of the area consists of gently
rolling hills that drain through the Busch Wildlife Area to Dardeene Creek, a
tributary of the Mississippi River. More rugged terrain in the south drains
southward in Little Femme Osage Creek through the Weldon Spring Wildlife Area
into the Missouri River. Elevation ranges from 177 to 223 m, and there are
numerous intermittent streams and three artificial impoundments.
Native vegetation is characterized as prairie parkland and includes a
mosaic of bluestem prairie and oak-hickory forest (Bailey 1978, Galvin 1979).
Portions of the area where buildings previously were located now support sparse to
moderate second-growth woodland interspersed with grassland.
The most
abundant species in these areas are common persimmon (Diospyros virginiana),
willow (Salix), cedar (J1,miperus), red mulberry (Morus rubra), boxelder (Acer
negundo), cottonwood (Populus), hackberry (Ce/tis), Indian mallow (Malva),
ragweed (Ambrosia), goldenrod (Solidago), Canada thistle (Cirsium an1ense),
aster (Aster), fleabane (Erigeron), and mustard (Brassica) (U.S. Department of
Energy 1987). Previously undeveloped portions of the area support stands of pine
(Pinus), walnut (Jug/ans), ash (Fraxinus), maple (Acer), and oak (Quercus).
Climate of the area is characterized by warm summers and moderately
cold winters. Record high and low temperatures at nearby St. Louis, Missouri, are
41 C and -28 C. The yearly average temperature is 13 C; average daily maximum
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temperature is 19 C, and average daily minimum temperature is 7 C (National
Oceanic and Atmospheric Administration 1991, IT Corporation 1993).
Mammals on the Weldon Spring Training area were sampled throughout
1993 with a variety of traps and by shooting and netting. All voucher specimens
are housed in the Sternberg Museum of Natural History. The arrangement of
species in the following list follows Wilson and Reeder (1993). Common names
are from Jones et al. (1992).
ORDER DIPELPHIMORPHIA
Family DIDELPHIDAE--opossurhs

Didelphis virginiana, Virginia opossum. Common. Many were seen
throughout the area, especially in deciduous timber in the South and East.
ORDER INSECTIVORA
Family SORICIDAE--shrews

Blarina hylophaga, Elliot's short-tailed shrew. Abundant, especially in
grassy habitats. Few were captured in deciduous leaf litter.
Cryptotis parva, least shrew. Uncommon. Most vouchers were trapped
in deciduous leaf litter, and few were captured in grassy habitats.
Family TALPIDAE--moles

Sea/opus aquaticus, eastern mole. Uncommon. Mole "runs" were found
in the eastern two-thirds of the area and along the hillsides at the southern
boundary.
ORDER CHIROPTERA
Family VESPERTILIONIDAE--vespertilionid bats

Eptesicus fuscus, big brown bat. Uncommon. Most were found inside
abandoned buildings or flying around lights at night.
Lasiurus borealis, red bat. Uncommon. Red bats were seen flying along
creeks and around street lights soon after dark. Several were found hanging in
persimmon trees during daylight.
Pipistrellus su~flavus, eastern pipistrelle.
found flying over ponds and creeks.

Uncommon.

Several were
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ORDER CARNIVORA
Family CANIDAE--canids

Canis latrans, coyote. Common. Coyotes were observed more often in
brushy habitats than in woodland. They are the most important predator in the
area.
Vulpes vulpes, red fox.
deciduous woodland.

Uncommon.

Only a few were observed m

Urocyon cinereoargenteus, gray fox. Rare. One was found dead.
Family FELIDAE--cats

Lynx rufus, bobcat. Rare. Only three were seen, all in the hilly deciduous
woods of the southern portion of the area.
Family MUS TELlD AE--mustelids

Mephitis mephitis, striped skunk.
catching insects in grassy habitats.

Common.

Most were observed

Family PROCYONIDAE--procyonids

Procyon lotor, raccoon. Common. Raccoons were found throughout the
training area but were most abundant along streams in deciduous woodland.
ORDER ARTIODACTYLA
Family CERVIDAE--cervids

Odocoileus virginianus, white-tailed deer. Abundant. In the absence of
hunting pressure, predators (coyotes and bobcats) have been unable to prevent
overpopulation of deer,. resulting in starvation during winter.
ORDER RODENTIA
Family SCIURID AE--squirrels

Marmota monax, woodchuck. Uncommon. Woodchucks were found near
culverts beneath roads and at the forest edge. Most specimens were collected at
the southeastern corner of the training area, which is hilly with large boulders.
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Sciurus carolinensis, eastern gray squirrel. Common. Seen throughout
the training area in deciduous woodland.
Sciurus niger, fox squirel. Very Common.
throughout the area wherever trees occurred.

Specimens were collected

Glaucomys volans, southern flying squirrel. Rare. This species was found
only in deciduous forest near streams in the eastern third of the training area.
Family MURIDAE--voles, mice, and rats

Microtus ochrogaster, prairie vole. Abundant. This species was the most
common rodent in the training area. Most specimens were captured in grassy
habitats.
Microtus pinetorum, woodland vole. Uncommon. Most were captured
beneath leaf litter in deciduous woodland near the eastern and s'outhern boundaries
of the training area. A few were caught in overgrown fields at the forest edge.
Synaptomys cooperi, southern bog lemming. Common. All specimens
were captured in heavily overgrown fields or ditches, often in runways constructed
by prairie voles.
Ondatra zibethicus, common muskrat.
swimming along the edge of one of the three ponds.

Rare.

One was observed

Mus musculus, house mouse. Uncommon. House mice were found only
around buildings and in piles of junk.
Peromyscus leucopus, white-footed mouse. Abundant. Vouchers were
collected throughout the area wherever trees occur. Most were caught around tree
stumps and fallen logs, but a few were around the foundations of ruins and
abandoned buildings.
Peromyscus maniculatus, deer mouse. Abundant. This species was found
in all habitats on the training area except wooded areas.
Reithrodontomys megalotis, western harvest mouse. Common. Most
vouchers were caught near bushes in open fields or along the edges of fields or
roads.
ORDER LAGOMORPHA
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Family LEPORIDAE--hares and rabbits

Sylvilagus floridanus, eastern cottontail. Common. Vouchers were
collected from throughout the training area, but the species was most abundant in
the brush and briars of the western third of the area.

Discussion
Although Weldon Spring Training Area has been used as a year-round
military training area for Army Reserve and National Guard soldiers, at least 27
species of mammals still occur there. Eight additional species (northern myotis,
Myotis septentrionalis; silver-haired bat, Lasionycteris noctivagans; evening bat,
Nycticeius humeralis; hoary bat, Lasiurns cinereus; eastern chipmunk, Tamias
striatus; beaver, Castor canadensis; meadow jumping mouse, Zapus hudsonius;
and mink, Mustela vison) likely occur on the area but have not been documented.
Richness of the mammalian fauna of Weldon Spring is neither exceptional nor
depauperate, suggesting that long-term use of the area for th~ manufacture of
ammunition and the training of soldiers has not had an appreciable effect on the
mammalian fauna of the area.
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POTASSIUM SELECTIVITY ON REFERENCE
AND SOIL SMECTITES
(Received November 1995; accepted for publication February 1996)

Michael Aide
Department of Agriculture
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Abstract: Cation exchange and its underlying mechanisms and chemical expression continues to be an
area of active research in soil science. The purpose of this research was to determine if isomorphous
substitution associated with a series of reference smectites and smectite containing soil clays show K+
preferences using a binary system of the ions K+ and Mg 2+ . Batch techniques using the K+ -Mg2+ cation
pair were equilibrated, at constant ionic strength, to determine the preference of reference and soil
smectities for K+. The preference for K+ was directly related to the extent of tetrahedral Al associatd with
the reference smectites and to the presence of micaeous minerals in the soil clays. Such research will
enhance the understanding of cation exchange in soils, promoting analytical protocals to assess
potassium fertility and fertilization requirements.

Key words: Cation exchange, montmorillonite

Introduction
Cation exchange is the modern foundation upon which soil science
flourishes and its historical development has been reviewed (Thomas, 1977;
Sposito, 1981 ). Cation exchange is a chemical reaction involving a low energy
transfer of ions between the aqueous and solid phases and may be mathematically
described as:
VA{A} + VB{B-clay} <=> VB{B} + VA{A-clay}
. VA
VB
Kv == {A-clay} {B} I {B-clay}

1a
lb

where v A and VB are stochiometric coefficients for ions A and B, {A} and {B}
are activity expressions for ions A and B in the aqueous phase, {A-clay} and {B·
clay} are concentration expressions for ions A and B associated with the solid
"exchanger" phase, and Kv is a selectivity coefficient.
Gaines and .Thomas (1953) proposed exchanger phase activity coefficients
and equivalent fractio~s to describe the exchanger composition, hence creating an
opportunity to describe the exchange reaction as an equilibrium expression. Carson
et al. (1972), Gardine et al. (1984), Mehta et al. (1986), and Ogwada et al. (1986)
investigated the behavior of K+ in binary cation systems and in each case observed,
at low levels of exchangeable K+, an exchanger phase preference for K+. Recent
attempts have focused on predicting cation exchange in ternary systems
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(Wiedenfeld and Hossner, 1978; Elprince et al., 1980; Chu and Sposito, 1981;
Sposito and Fletcher, 1985; Sposito and LeVesque, 1985).
Potassium selectivity in soil systems is highly dependent upon the clay
mineralogy, especially for micaeous and vermiculitic clay systems (Talibudeen and
Goulding, 1983; Rich, 1968). Talibudeen and Goulding (1983) have shown that
montmorillonite is rarely free of micaceous impurities and that K+ selectivity may
be explained by these mineral impurities. Weir (1965) and Rich (1968) observed
K+ selectivity on reference and soil montmorillonites, respectively,and they inferred
that clays having a high charge density are more conducive to showing a K+
selectivity.
Potassium selectivity is influenced by the degree of aluminum
interlayering, the soil's moisture content, the K+ concentration in the aqueous
phase, the concentrations of competing cations, and the soil pH (Rich, 1968).
Using soil clays, Sparks and Jardine (1981) showed that K+ selectivity was
proportional to temperature.
The purpose of this research was to examine reference and soil smectites
for any preferential adsorption of K+ on predominately Mg saturated smectite
suspensions and to infer if the type and extent of isomorphic substitution within the
clay lattice influenced K+ selectivity.

Materials and Methods
Three reference bentonite clays were obtained from clay mines in the State
of Mississipi: Amory, Chisholm and Husband. The hectorite sample was obtained
from Wards Scientific Co, while the remainer of the reference clays were obtained
from the University of Missouri Collection (Nontronite (Rohen Hagen), SWY,
SWA, SCA, SAZ). Soil clays were obtained from soil pits and supplied by
Mississippi State University: Leeper Ap horizon (fine, montmorillonitic, nonacid,
thermic Vertie Haplaquepts); Marietta Ap horizon (fine, loamy, siliceous, thermic
Fluvaquentic Eutochrepts); and Prentiss B horizon (coarse loamy, siliceous, thermic
Glossic Fragiudults).
Clay materials were preteated according to methods in Carter (1993) with
modification for bulk fractionation. Clay fractionation of the coarse (2 - 0.2 µm)
and fine(< 0.2 µm) fractions were accomplished with centrifugation. All fine clay
samples were Mg2 + saturated, and washed with water:acetone mixtures to remove
soluble salts. The fine clay residue was suspended in distilled water and the
suspension density was determined gravimetrically and used for all subsequent
experiments.
Using the procedures contained in Carter (1993), X-ray Difilaction
(XRD), Differential Thermal Analysis (DTA) and Infrared Spectroscopy (IR) were
performed to identify and characterize all clay materials. The cation exchange
capacity was determined on duplicate fine clay samples by Mg2+ saturation and
NH+ 4 displacement. Total chemical analysis was by HF digestion after Bernas
(1968) for Ca, Mg, K, Na, and Fe, while Al and Si were determined by sodium
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carbonate fusion (Kanchiro and Sherman, 1965).
Potassium-Mg2+ exchange on smectites was investigated using increasing
K+ activities in a series of KCl-MgCh solutions with a constant ionic strength of 1. 7
x 10-3 M. To obtain these suspensions sufficient volumes of fine clay suspension,
to obtain 0.125 g of fine clay, were transferred to eight 0.1 liter volumetric flasks.
Using burettes, aliquotes of 0.004 M KCl and 0.004 M MgCh were transferred to
create a series of increasing K+ and decreasing Mg2 + concentrations. Exact volume
additions were monitored by weighing the volume additions. Volumetrics were
diluted to volume and periodically shaken for a 3 day equilibration period, while
maintained at 23°C. Controls without clay were similarly prepared. Magnesium
and K+ contents were determined by flame atomic absorption spectroscopy.
All exchange experiments were
Adsorption was calculated by difference.
duplicated.
Selectivity coefficients for each point on the isotherm of each clay were
calculated using equation 1b. Activity coefficients for the solution phase were
estimated from the compositional data of the solution phase using the DebyeHuckel equation (McBride, 1994).
Results
X-ray diffraction (Figure 1) was employed to determine the clay
mineralogy and mineral purity. The reference clay minerals are smectites without
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Figure 1. X-ray diffraction spectra for Mg-saturated soil clay samples
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any evidence of any non-smectitic clay minerals, while the soil clay samples contair
a combination of smectitic and non-smectitic minerals. The XRD spectra for the
reference clays are nearly identical with those in Grim (1968). For the soil clays,
kaolinite was identified by diffraction peaks centered around 0.71 nm and minor
quantities of micaceous minerals were identified by diffraction peaks centered
around 1. 0 I nm. The Marietta soil clay contains trace quantities of vermiculite.
Infrared spectroscopy (Figure 2) was used to further characterize mineral
purity and to observe the effect of isomorphous substitution on the spe9tra. The
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Figure 2 The infrared spectra for various soil and reference clay minerals.

hydroxyl stretching region was centered around 3600-3605 cm· 1 for all of the
reference clays, except SWA and the nontronite which possessed OH stretching
peaks near 3500 cm· 1. The IR spectra for the reference clays from the University
of Missouri collection .are similar to the spectra supplied by University of Missouri
Collection. The IR spectra for the soil clays were similar to those of the reference
clays, except for a broader and more diffuse Si-0 stretching region near 100 cm· 1
suggesting a lower degree of crystallinity. The presence of weak adsorptions at
708 and 685 cm· 1 indicated kaolinite in the Leeper and Marietta samples. The soil
clays were the only minerals to demonstrate an endothermic DTA peak near 550 to
600°C, confirming the presense of kaolinite. The relative proportions of kaolinite
in the sequence Marietta, Leeper, Prentiss were estimated at I : 0.7 : 0.6,
respectively.
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Metal compositional data (Table 1) for the reference clays show a wide
range of composition. The expression of charge creation because of isomorphous

Table 1. Metal compositional data for the reference clay minerals.
Octahedral
Tetrahedral
Clay Mineral

M

Al

Fe

Mg

Li

Al

Amory

0.30

1.40

0.32

0.31

0.00 .

0.12

3.88

Hectorite

0.33

0.01

0.00

2.71

0.34

0.00

4.00

Nontronite

0.25

0.16

1.75

0.04

0.00

0.04

3.96

Chisholm

0.36

1.54

0.13

0.51

0.00

0.42

3.58

Husband

0.37

1.53

0.19

0.31

0.00

0.15

3.89

SAZ

0.33

1.58

0.08

0.59

0.00

0.53

3.47

SCA

0.19

1.43

0.03

0.64

0.00

0.01

3.99

SWA

0.33

0.81

1.10

0.12

0.00

0.33

3.66

SWY

0.20

1.55

0.15

0.33

0.00

0.08

3.92

M

Si

= exchangeable cation

substitution varied from 0.19 (SCA) and 0.20 (SWY) to 0.36 (Chisholm) and 0.37
(Husband). The nontronite and SWA reference clays show considerable Fe
substitution in the octahedral layer, while the hectorite sample shows considerable
octahedral Mg and Li subsdtution. The 'SWA, SAZ, and Chisholm samples reveal
the greatest degree of tetrahedral substitution. The unit cell formulas were of little
value because of the mixed mineralogy.

Potassium-Magnesium Exchange Isotherms
The Kv values for the soil clays (Figures 3 and 4) show a prominent K+·
preference at high degrees of Mg2+ saturation (XMg > 90%), especially for the
Marietta and Leeper soil clays. Potassium selectivity associated with the Marietta
and Leeper soil clays may be largely attributed to micaceous impurities, expecially
vermiculite clay in the Marietta soil clay. Thus, the smectite in these soil clays may
exhibit little K+ selectivity. The Chisholm bentonite and the SAZ reference clay are
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the only non-soil clays to show a strong K+ selectivity, which may be attributed to a
high degree of Al substitution in the tetrahedral layer. Figure 6 displays the
relationship between the Kv (the selectivity coefficient at 95% Mg2+ saturation)
with particular clays and the degree of tetrahedral Al. Linear regression (Figure 6)
shows that the Kv values are positively related to the extent of tetrahedral Al.
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INTEGRATING DESIGN INTO LOWER DIVISION
COURSES: MECHANICS OF MATERIALS
(Received March, 1995; accepted for publication February, 1996)

Douglas R. Carroll
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Abstract: Engineering schools across the country are developing ways of integrating design into their
curriculum, and a question that often arises is how to best integrate design into the lower division
courses. This paper summarizes a three year effort at integrating design into the Mechanics of Materials
course. Originally the assumption was made that to teach design we must have. the students design
something. Their designs were very original and creative, but were not practical from a cost standpoint,
and did not follow sound engineering practice. The students had nothing to draw from in doing the
design projects. After working on this for three years, I have decided that the most effective way to teach
design is to select an item relevant to the course, which required a substantial design process. A few
class periods should be spent showing how the principles taught in the course were.used in designing the
item. This teaches students the design process, and gives them something to draw from in their upper
division courses.

Introduction
For most basic engineering courses, students are taught to work short drill
problems which illustrate the principles of the course, but bear little resemblance to
practical applications. The problems assigned are short, well defined and have only
one correct answer, whereas realistic problems are much longer, not as clearly
defined and may have many solutions. The focus in the courses is on individual
effort and ability, rather than contributing to a team effort. However, most
students, after they graduate, will work as a member of a team, so developing the
skills necessary to provide technical input to a team effort is an important part of
their education.
ABET is requiring that we increase the design content of the engineering
curriculum. A question to be addressed is how best to incorporate design inter
lower division courses such as Mechanics of Materials. Sadowski (1987) and Van
Valkenburg (1990) proposed a top down approach which involved major changes
to the curriculum, and some engineering schools have incorporated these changes.
The most notable is the curriculum at Drexel as reported by Quinn (1993). But
most engineering schools are not going to make major changes in the curriculum.
Even small changes such as adding or deleting a course from a degree plan are
painfully difficult at most universities. For most schools the most reasonable
approach is to make small changes in the content of existing courses, and even this
will be difficult since faculty members have already decided what the course content
should be and how it should be taught. This report is a summary of three years'
work, in which the author has been experimenting with different ways of
incorporating group design projects into a Mechanics of Materials course.
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Objective
The objective was to incorporate realistic group design projects into a
Mechanics of Materials course. The design process was integrated into the course
by focusing on a specific structure or machine. The students analyzed an existing
design, and this allowed them to explore some of the more difficult questions in
design, which are not normally addressed in this course. Why is it designed this
way? What are some other good alternatives to this design? Is this the optimum
design, or could it be improved? If I were to design a structure, how much should
it be over designed (safety factor), and how should I estimate the maximum load it
must carry? Thinking about these questions in a Mechanics of Materials course will
give students some experience to draw from when they move on to senior design
courses, and into engineering practice.

First Year Projects
The first time the author attempted to integrate design into a Mechanics of
Materials course, it seemed very straightforward. Assign the students into groups
and have them design a simple structure or machine as part of the course. And so,
during the first year, they were assigned typical term projects, that required each
group to design something, build a scaled model, write a report, and give a
presentation.
Students were assigned to groups, with each group consisting of five or
six students. The two projects were similar; the theme was changed for the second
semester to prevent the second group from just improving what was done the first
semester, as this would have reduced the creativity part of the project. The History
and Heritage of Missouri project was assigned the first semester. The groups were
to presume that Jefferson City, Missouri, had decided to renovate a city park. They
were to replace all old equipment and buildings with structures that reflected the
theme of the park. For the second semester, the Christopher Columbus project was
assigned. The students were to suppose that in support of the summer olympics,
Spain would build a small park in honor of Christopher Columbus, and the
discovery of the New World. The purpose of the park was to provide a place for
parents to take small children and entertain them for a while. It was supposed to be
especially appealing to American tourists. In both cases, the assignment was to
design either (1) a piece of playground equipment, (2) a pavilion, or (3) a footbridge to cross a creek, which runs through the park. The design was to reflect an
event, person, or item of historical significance to the theme of the park. It was
required that a scaled model of the design be built. The model was to be of an
appropriate size to be brought to meetings to help sell the idea. Each group was to
give a formal presentation of their design, presenting a cost estimate, construction
schedule, and a strong argument as to why their design should be selected and
included in the park.
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The course was taught during a sixteen weeks session, and there were
three due dates for the project. Students were required to provide a proposal for
their project during the third week of class. The proposal was to include a one
paragraph description and a hand drawn sketch. During the ninth week they were
to provide a progress report, stating what had been done, and what remained to be
done.
Several groups had modified their original proposal by this time.
Presentations were due during the thirteenth week of class, which allowed them to
get the project finished before the end of the semester crunch. The presentations
were done outside of class time in conference rooms at the university. Each group
was to dress appropriately, prepare transparencies, and give a sales pitch as to why
their design should be selected for the park. Their grade for the project was based
on the presentation and the model. They were told that the important aspects
would be: aesthetics, versatility, relevance to the theme, cost analysis, safety, and
durability. They were also to use a mechanics of materials approach to analyze the
structure, and to turn in a handwritten report.
One of the most positive results of the project was that the students
learned to work in assigned groups. There were a variety of tasks to be done, and
my perception was that in nearly all cases there was a true group effort. Without
question, some contributed more than others, but that is typical of any group effort.
Some students were a little apprehensive at first, but in the end they seemed to
benefit greatly from the experience. It forced them to make some friends outside
their usual circle. The university has made great strides in attracting minority and
foreign students to campus and making them feel welcome, but I sense that the
student body is still segregated outside of class. Group projects have a very
positive effect in truly integrating the student body.
Another positive result was the design experience. Students visited parks
in the surrounding area and found structures similar to their designs. They used
this knowledge and built structures which fit the theme of the park. The designs
were very creative. For the History and Heritage of Missouri project, there were
several pavilions and playground equipment shaped like river boats and honoring
Mark Twain. One of the groups assumed they were giving their presentation to the
governor saying "Governor, can you imagine standing on the balcony of this
Missouri river boat pavilion, speaking to hundreds of reporters and constituents
seated in the lawn surrounding the pavilion?" There were bridges and playground
equipment including a Gateway Arch, honoring Missouri as the gateway to the
west. There was a railroad style bridge, with some explanation as to how the
railroad shaped the history of Missouri. One group designed a pavilion honoring
Lewis and Clark and their exploration along the Missouri river, and there was
playground equipment featuring tunnels for small children to explorei honoring
Missouri as the cave state.
For the Christopher Columbus project, there were several Ninas, Pintas,
and Santa Marias. The challenge was to design a project with many of the features
of a ship, keep the cost reasonable, and have it function as playground equipment, a
pavilion, or a foot bridge. For playground equipment, one group used rope netting
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which children could use to climb up to a crow's nest, which had a captain's wheel
and a slide. This was a simple low-cost design, which fit the theme nicely. Several
of the groups which designed much more extravagant ships for pavilions or
bridges, used the upper deck as a restaurant to help justify the cost. One group
decided to excavate the banks of the creek so one bank would look like Europe and
Africa, and the other bank would look like North America. A simple wood
footbridge was then built from Spain to North America.
The presentation portion of the project was a good learning experience for
the students. Some groups gave excellent presentations, while others were
mediocre. One group gave such a terrible presentation that they were required to
do it over. For this group, the second attempt was very good. Probably all of the
groups would have given a good presentation the second try.
The analysis portion of the project was not so successful. None of the
groups did a good job analyzing their structure. I worked with some of the groups,
showing them almost step by step what to do, and still their analysis portion was
not good. In the end the analysis was not counted as part of the students' grades.
However, the analysis is important, so I selected two of the projects, and presented
a brief structure analysis in class. The homework for those two lectures was for the
students to go through the analysis presented in class, and fill in some gaps pointed
out during the lecture. It was hoped that this would bring the project full circle and
show how it was related to the analysis taught in the course.
Each student filled out a questionnaire concerning the design project.
They viewed working in small groups as a very positive part of the project.
Apparently they were convinced that learning to work as part of a group is very
important. However, they felt the groups were too large. Many suggested a group
size of three or four students, which is in agreement with results of Feichtner and
Davis (1991). Most of the students felt the project was fun, and they seemed to
enjoy building the model, at least as a break from all the analysis required in this
and other classes. Most of them felt that counting the project as one-fourth of their
grade was reasonable. They were asked if working with women or minorities
helped alleviate any of their fears or prejudices. A few said yes and a few said no,
but the most common response was that they did not have any fears or prejudices.
Several of the students commented that they got to know their fellow students in
this class much better than in other classes.
Second Year Projects

The first year. projects were a success in many ways, but I felt the students
didn't learn much about design from them. The design concepts were good, but
the students could not seem to incorporate the analysis taught in class into the
design process. A good group of high school students could probably have done
just as well. The first year projects would have been good for freshmen design, but
were not what we were trying to accomplish at the junior level. During the second
year, an effort was made to address two major problems: (1) The analysis taught in
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the course must be tied in with the design effort. (2) The amount of work required
to do the projects needed to be reduced. The first year projects were too much
work for both the students and professor.
Working in groups was a good experience for the students, so the idea of
working in teams was retained for the second year projects. To tie the analysis
taught in the course with the design, it was decided to focus on two specific items,
a bridge and a four speed transmission. The students investigated the designs using
the analysis taught in the course, and were able to gain some understanding as to
why they were designed the way they were, and discuss some alternatives to the
design. They were also able to see the safety factors employed for a typical
structure and a machine. An effort was made to develop projects which were a
reasonable amount of workload for the students, and also a reasonable grading
workload for the teacher.

Bridge Project
The first project was to analyze the trusses of an existing through truss
bridge. It was assigned in the fourth lecture of the course. Bridges are typical
problems for civil engineers, but trusses also play an important role in space
structures, cranes, fire truck ladders, oil derricks, etc., and are thus important for
the structures in all engineering disciplines. The first three class lectures were spent
introducing the students to the basic ideas of axial stress, bearing stress, shearing of
pins, bolts and rivets, and Euler buckling, and they were assigned some short drill
problems to help reinforce these ideas. During the fourth lecture they were divided
into groups of four or five and given the assignment of analyzing the trusses of an
existing through truss bridge. They were to prepare a report, one per group,
showing the analysis and giving a load rating for the bridge. Consideration was
given to having the students measure the bridge themselves, but because of the
large number of students involved (70) it was decided that this posed too much of a
safety risk.
Professors in the department measured the bridge and took
photographs, and the students worked from the given dimensions and the
photographs. During the fourth, fifth, and sixth lectures the professor worked
through the analysis of a similar bridge truss to show what was expected in the
report. The work for the project replaced the homework assignments which would
normally be given during the fourth, fifth and sixth class periods. Some of the
students pointed out that this was probably more work than three regular
homework assignments, but they also felt they learned something practical and
useful. The bridge project counted 5% of the final grade.
This was different from a typical class pr'oject because it was completed
and the report turned in by the end of the third week of class. The reports were
graded and turned back the fourth week of class. The project introduced the
students to many of the basic concepts of the mechanics of structures without
having to introduce the more difficult topics of torsion, bending, shear flow, and
combined loading. The students understood that there are many different ways the
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structure can fail (tension, compression, bearing, shear and buckling) and that all of
them must be considered. They understood the importance of including the dead
load, which is generally not included in textbook problems, and that live loads must
be rated (impact) to include the dynamic effects. They learned to work in a group
and submit a joint report. Each group member received the same grade for the
project.
In do~ng this project the students gained experience in working in small
groups, and in working on a longer, more involved problem. After the first project
the class had become well acquainted with each other, and the class atmosphere
was relaxed and friendly. Forcing the students to work in assigned groups is an
effective way of integrating the student body. The intention was that each person
in the group would work through the entire project, compare their results with
other group members, and submit a joint report, but that was not what happened in
most of the groups. In most cases they divided up the work and had each person
do a part of the analysis and write up a part of the report. This approach resulted
in reports with poor continuity, and because they didn't check each other there
were several technical mistakes. The organization and style of the report is a
matter of personal taste, and it is unlikely that anyone could write a report that
would not be criticized by some, but the technical mistakes were judged to be the
result of carelessness and resulted in significant deductions in the project grade.
Another very positive result was the practical experience of working on a
more realistic problem. Many of the students are unfamiliar with the commonly
available structural steel shapes. Even if they know basically what the shapes look
like, they are not familiar with the ways they are put together with steel plates,
rivets, welds, bolts, pins, etc. By forcing them to carefully examine a bridge truss
they began to understand why the truss is constructed the way it is. Compression
members must have enough cross sectional area to carry the load, and must have a
large enough moment of inertia to prevent buckling. Therefore a logical way to
make compression members is to build them up from steel plate and channels
riveted together, and that is how the compression members in this bridge were
made. Buckling is not a problem for tension members, so the tension members
were made from solid flat pieces. Lugs on the ends of the members prevent axial
and bearing failure near the joints. Using a multiple shear arrangement on the pins
allows for the use of smaller diameter pins. All of these things can be taught with
short drill problems, but a larger project like this helps emphasize the overall scope
of the design.
Transmission Project

The second project was to analyze a four speed transmission. A large part
of the students' effort was spent figuring out how the shifting mechanisms work
and how the power flows in each gear. A transmission was purchased and the side
was cut open so the students could see how it worked. This project would have
been very difficult to do without the working model. Most students needed to sit
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down and spin the gears by hand to convince themselves of what was happening.
The project gave the students hands-on experience with some of the commonly
used machine design components. The analysis portion of the project was
relatively simple; bending stress had not been covered in the course, so the bending
stresses on the shafts were not considered. Bending could have been considered if
the project were assigned during the combined loading portion of the course, and
some consideration has been given to moving the project to that part of the course.
However, assigning a difficult project near the end of the semester goes against my
teaching philosophy. The students are too busy to take on a long and difficult
project at the end of the semester. The response to this project was better than that
for the bridge project, probably because the students had a better idea as to what
was expected.
The students liked the practical nature of the projects. They felt they were
learning about worthwhile "real world problems", and this probably helped
motivate them to work hard. Opinions were divided about working in groups. The
experience of working in a group was considered to be beneficial and good job
training. Some students who commuted complained that it was too much trouble
to make a special trip to campus to meet with their group, and a few of the students
who work made similar complaints about disrupting their work schedule.
There were also some complaints about all members in a group receiving
the same grade. Assigning fair grades to a group project is difficult. Some
members work harder than others, and felt they deserve a higher grade. A common
compromise is to have the professor grade the group effort, and the students in the
group grade each other for individual effort. The problem with this approach is
that then some students complain that they were not given an opportunity to make
a significant contribution to the project. The compromise I made was that all
members in the group receive the same grade, but if a particular group member
refuses to help, they were not to put that student's name on the report, and that
student would receive a zero on the project. Theoretically I would then be judge
and jury as to whether the student refused to work on the project, or was excluded
by the group. In reality this problem has not yet arisen.

Third Year Projects
The second year projects were successful in getting the students to
integrate the analysis taught in class with the design of the structure or machine.
These two projects accomplished most of my original goals so the third year
projects were a refinement of what was done the second year. The bridge project
required considerably ' more work than the transmission project. Some of the
students complained that there wasn't enough work on the transmission project to
give everyone something to do. To deal with these problems I kept the bridge
project the same, but counted it 10% of the final grade, rather than 5%. This was
the only group project assigned the third year, but I developed three short hands·on
design projects for the students to do individually. These short projects were
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comparable to working three or four homework problems out of the textbook. The
transmission project was shortened slightly and assigned as the first individual
project.
A parking post, made from a piece of railroad track was used as the
second individual project. The students had to measure the post themselves to get
the shape, area, and moment of inertias. They then had to answer the question
"How hard can a car push on the post before it breaks?" It was an open ended
problem. The students had to decide the material strength to use, and the height at
which the car bumper would strike the post. This project helped them learn to
work with beams that have odd shaped cross sections.
A foot-bridge in a park close to the university was selected for the third
individual project. The bridge is supported primarily by two I-Beams spanning the
length. The decking is ·made from 2 X 4 treated lumber, and the hand railing is
made from steel pipe. The students were to answer the question "How many
people can safely occupy the bridge at one time?" The students asked a lot of good
questions in working this project. If a dozen people lean hard on one of the
railings, it will probably collapse, but would people be stupid enough to do that?
The I-Beams could support 50 people easily, unless everyone starts jumping up and
down. This was a good project in that it showed clearly th~t design is more than
just looking in the table for the beam with the right section modulus. Figuring out
the required load capacity of the structure is an important part of the design effort.
Summary
This paper gives a summary of a three year effort in trying to integrate
design into a Mechanics of Materials course. During the first year, typical semester
group design projects were assigned, requiring that the students design something,
build a scaled model, write a report, and give a presentation. The projects were
successful. in providing group experience for the students, and the designs were
well thought out and very creative. A major shortcoming of these projects was that
the students were unable to integrate the analysis taught in the class with the design
process. Consequently the first year projects were ve!) similar to freshman design
projects, and did not accomplish the level of design effort suitable for a junior level
course.
During the second and third years, a different approach was taken so that
the students would use the analysis taught in the course to study different designs,
and thus integrate the analysis with the design experience. The students got
experience working with real structures and machines, and began developing a
sense of how things are designed and why they are designed that way. My
conclusion after three years of work is that the best way to integrate design into the
sophomore and junior level courses is to teach the design process. Instructors
should select a few items and show the students in detail how they are designed,
and then use the analysis taught in the course to explain why they are designed that
way, and explore other design options. This will help students build their
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experience base so they can do a good job on senior design projects, and in
engineering practice.
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Abstract: A species list and notes on geographic distributions of the Calanoida in Missouri is
presented, based on material collected during the years 1980, 1981, 1986. Six species of North
American freshwater Calanoida were found in Missouri during this investigation. Of these, one taxon,
Osphranticum labronectium, is a new state record, which brings the number of taxa reported from
Missouri to twelve. Calanoida reported from Missouri but not found in this study are listed, and prior
state records are discussed.
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Introduction
Although distributional ranges of aquatic organisms are rarely confined to
political boundaries, progressive sampling efforts combined with excellent
taxonomic and distributional studies of Missouri fish (Pflieger 1971, 1975), naiades
(Oesch 1984), amphibians and reptiles (Johnson 1987), and crayfish (Pflieger 1987)
have provided a wealth of ecological and biogeographical information available on
aquatic fauna of this state. However, state-wide taxonomic and distributional
studies of less easily observed organisms inhabiting the wide variety of aquatic
habitats in Missouri are lacking. This is unfortunate since there are whole groups
of unstudied Missouri fauna and flora that contribute considerably to the quality
and productivity of aquatic resources and changes in their diversity could be
indicative of environmental stress.
Among the groups of aquatic fauna that have received little taxonomic or
distributional study in Missouri are the Cladocera and Copepoda. The Cladocera
and Copepoda constitute two major taxonomic groups of microcrustacean
zooplankton commonly found in freshwater ecosystems (Edmondson 1959; Pennak ·
1989). Cladocerans and copepods are important for their roles in aquatic food
webs as primary and , secondary consumers and as food for other organisms
(Hutchinson 1967; Kerfoot 1980; Wetzel 1983; Kerfoot and Sih 1987). Copepods
are also important as intermediate hosts for cestodes and nematodes parasitic to
fish. birds, and mammals (Rylov, 1948; Pennak 1989).
1

Present address: Missouri Department of Conservation, 1110 South College Avenue,
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The current study was to provide a species checklist and notes on
geographic distributions of the calanoid copepods in Missouri, based upon material
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gathered from lakes and reservoirs throughout the state. The Calanoida comprise a
taxonomic subgroup of the Copepoda and are among the most prominent
components of zooplankton communities in lentic ecosystems (Pennak 1989).
Available prior records of Calanoida from Missouri are those of Turner
(1921 ), Crawford (1942), Lind (1966), Brezina (1968), Geiling (1969), Stern and
Stern (1972), King (1974), Casey (1977), Michaletz et al. (1982), and Youngsteadt
et al. ( 1986). This report represents the first detailed account of the species and
distributions of Missouri Calanoida on a state-wide basis.

Materials and Methods
During warm seasons of the years 1980, 1981, and 1986, a series of
zooplankton samples were gathered from a total of 55 bodies of water located
within all physiographic regions of Missouri (Fig. 1).

Figure 1. Approximate locations of water bodies sampled in this study.
Dark lines separate physiographic regions: A, Dissected Till Plains;
B, Osage Plains; C, Ozark Uplands; D, Southeastern Lowlands.

The samples were collected with 150 and 250 1ill1 mesh plankton nets and
preserved in 5% formalin. In the laboratory, specimens of calanoids were
transferred from each sample into tap water in a petri dish for dissection. All
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dissections were accomplished using fine-pointed needles and higher magnifications
(up to 50~) of a dissection microscope. Dissected appendages and remaining
portions of specimens were transferred via pipet into either glycerin or polyvinyl
lactophenol upon a slide and covered with a coverslip. This material was then
viewed under a compound light microscope at magnifications up to 950~ and
identified by the key of Wilson (1959). A complete list of all species of calanoid
copepods found to occur at each locality sampled in this investigation is available
from the author.
Results and Discussion
A species list of the Calanoida found in this study is presented in Table 1,

Table 1. Species list, area of occurrence, and percentage of total localities found
positive for Missouri Calanoida in this study.

Taxon

Area of
occurrence

% of total
localities positive
· for species

Family Diaptomidae

Leptodiaptomus sisciloides
Lilljeborg 1889

All

32.7

S!dstodiaptomus pallidus
Herrick 1879

All

72.7

S/dstodiaptomus reighardi
Marsh 1895

c

18.2

Onychodiaptomus sanguineus
Forbes 1876

D

5.5

Aglaodiaptomus clavipes
Schacht 1897

A,B

5.5

D

3.6

Family Centropagidae

Osphranticum labronectcum
Forbes 1882

with the areas and percentage of total localities sampled in which each taxon was found to
occur. Six species of North American freshwater Calanoida were found in Missouri during
this investigation.
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Of the Diaptomidae listed in Table 1, Leptodiaptomus sisciloides and
Skistodiaptomus pa!lidus have a widespread range of distribution in North America
(Kincaid 1953; Wilson 1959). Therefore, ubiquitous Missouri distributions found
for these species are not surprising. However, since S. pallidus and L. sisciloides
were, respectively, the first and second most commonly encountered species in this
study, the predominance of these taxa in our collections suggests that some
environmental factors may provide an advantage for these diaptomids in Missouri
waters. There is some evidence indicating the species L. sisciloides may serve as
an indicator of eutrophication (Gannon and Sternberger '1978) and, most prior
Missouri records for L. sisciloides and S. pallidus are for bodies of water known to
have been environmentally perturbed. For example, the species S. pallidus is
known to occur in acid-alkaline strip mine lakes in Callaway County (Crawford
1942; Lind 1966; Geiling 1969) and a culturally eutrophicated reservoir in Jackson
County (Stern and Stern 1972). Similarly, the taxon L. sisciloides is known to
inhabit Stockton Reservoir in Cedar-Dade Counties (Casey 1977) and co-occur
with S. pallidus in Montrose Reservoir in Henry County (Brezina 1968) and
Thomas Hill Reservoir in Macon-Randolph Counties (King 1974). Of the latter
three bodies of water, Stockton and Thomas Hill reservoirs are considered
eutrophic (USEP A 1978), and both Montrose and Thoma~ Hill reservoirs have
received sulfuric acid pollution from stripmine drainage (Jones 1977). Therefore,
S. pallidus and L. sisciloides apparently are tolerant to Missouri waters known to
have been environmentally perturbed and factors related to water quality may,
possibly, be associated with the commonness of these taxa in the state. However,
the elimination of large-bodied zooplankton from waters inhabited by size-selective
zooplanktivorous fish is well documented in the literature (for a review, see
Northcote 1988) and, L. sisciloides and S. pallidus are among the smallest species
of calanoid copepods found in this study. Thus, the commonness of these taxa in
collections of this investigation is likely reflective of·· both abiotic and biotic
characteristics of the majority of localities sampled.
The only ·other skistodiaptomid copepod found in this study is
Skistodiaptomus reighardi (Table 1). Youngsteadt et al. ( 1986) provide the first
Missouri record for this species. Youngsteadt et al. (1986) collected S. reighardi
from Fellows Reservoir in Greene County. In this investigation, specimens of S.
reighardi were found only in collections from the Ozark Uplands physiographic
region (Fig. 1). However, Pennak (1989) lists the Great L,akes drainages for the
distribution of S. reighardi in the United States. Therefore, records on the
occurrence of S. reighardi in the Ozark Uplands (Youngsteadt et al. 1986; this
report) provide evidence the distribution of this species is not restricted to the
Great Lakes drainag~s. Like the congener S. pallidus, S. reighardi is a small
calanoid. According to Wilson (1959) S. pallidus and S. reighardi may reach sizes
up to 1.2 mm in length. These taxa are the smallest species of calanoid copepods
known to occur in Missouri. Thus, it is likely interactions associated with sizeselective predation also play a role in governing the species composition and
structure of zooplankton communities found positive for S. reighardi.
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The only prior published Missouri record for the onychodiaptomid listed
in Table 1 is provided by Turner (1921).
According to Turner (1921)
Onychodiaptomus sanguineus was collected from a pond within the vicinity of St.
Louis. Although populations of the species were found only in the Southeastern
Lowlands physiographic region (Fig. 1), collecting efforts focused upon obtaining
material from smaller impoundments and natural basins with shorter hydroperiods
than those sampled in this investigation will likely add to Missouri distributional
information for this species. 0. sanguineus primarily inhabits ponds and temporary
waters throughout a transcontinental range of distribution in North America
(Kincaid 1953; Wilson and Moore 1953; Wilson 1959). Unlike the skistodiaptomid
and leptodiaptomid copepods found in Missouri, this species is a relatively large
calanoid. Wilson (1959) indicates 0. sanguineus can reach sizes up to 2.1 mm in
length. Thus, based on the concept of size-selective predation, the predominance
of this larger taxon in a body of water might be expected to serve as an indicator of
low densities of size-selective zooplanktivores. However, 0. sanguineus is a
producer of resting eggs (Hairston 1987; Lohner et al. 1990) and can avoid periods
of intense sight-selective zooplanktivory through timing of diapause egg production
(Hairston 1987).
Michaletz et al. (1982) provide the first Missouri record for the
aglaodiaptomid listed in Table 1. Michaletz et al ( 1982) indicate Aglaodiaptomus
. clavipes was collected from fish hatchery ponds in Saline County. This species is
the largest representative of the Diaptomidae found in this investigation.
According to Pennak (1989) A. clavipes can reach sizes up to 2.5 mm in length.
Although A. clavipes is another known producer of diapause eggs (Gehrs and
Martin 1974), effects of zooplanktivory on the reproductive strategy of this species
remains untested. In this study, collections containing specimens of A. clavipes
were gathered in the Dissected Till Plains and Osage Plains physiographic regions.
It is likely Missouri waters found positive for A. clavipes represent some of the
eastern-most localities where populations of this taxon have been found in the
United States. Most records of A. clavipes are from Great Plains, Rocky
Mountain, and southwestern states (Kincaid 195 3; Wilson 195 5, 1959).
The remaining species listed in Table 1 is a new state record. According
to Pennak (1989) Osphranticum labronectum is uncommon and erratically
distributed in the United States. This could explain why 0. labronectcum has
previously gone undetected in Missouri. Specimens of this species were found only
in material collected from the Southeastern Lowlands physiographic region. In
Missouri, there are several aquatic organisms known to occur only in the
Southeastern Lowlands (see Pflieger 1989; Mabee 1990). Therefore, it is possible
0. labronectum is restricted to the Southeastern Lowlands in its Missouri
distribution. 0. labronectum is a large calanoid and the only representative of the
family Centropagidae now known to occur in Missouri. Pennak (1989) notes 0.
labronectum can reach sizes up to 2.5 mm in length.
C~lanoida reported from Missouri but which were not found in this study
are listed in Table 2. Of these taxa, Turner (1921) described the species
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Table 2. Species of Calanoid copepods reported from Missouri but not found in
this study.

Taxon

Reference

Family Diaptomidae
Aglaodiaptomus pseudosanguineus
Turner 1921

Turner (1921)

Aglaodiaptomus stagnalis
S.A. Forbes I882

Turner (1921)

Skistodiaptomus oregonensis
Lilljeborg 1889

Turner (1921)

Leptodiaptomus sicilis
S.A. Forbes 1882

Turner (1921)

Leptodiaptomus ashlandi
Marsh 1892

Turner (1921)
Michaletz et al. (1982)

Family Pseudocalanidae
Senecella calanoides
Juday 1923

Stern and Stern (1972)

Aglaodiaptomus pseudosanguineus as new to science from material collected near
St. Louis. However, Turner (1921) fails to provide information with regard to the
specific location of the body of water from which A. pseudosanguineus was
discovered. This is unfortunate since the type specimens of this species are not
known to exist (Wilson 1953) and the original description of this taxon is
considered inadequate (Wilson 1958, 1959).
Turner (1921) also provides the only published Missouri record for the
species Aglaodiaptomus stagnalis. However, according to Pennak (1989) A.
stagnalis occurs prim<}rily in the eastern United States. Although the Missouri
status of this species warrants further investigation, it is unlikely waters positive for
the congener A. clavipes harbor populations of A. stagnalis.
Congeneric
association of aglaodiaptomid copepods are documented for some North American
freshwaters (e.g., see Wilson 1958; Cole 1961; 1966; Hammer and Sawchyn 1968)
but there are no available records on the co-occurrence of A. stagnalis and A.

clavipes.
Concerning the skistodiaptomid and leptodiaptomid copepods listed in_
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Table 2, the major lines of distributions of Skistodiaptomus oregonensis,
leptodiaptomus sicilis, and L. ashlandi tend to correspond to regions of North
America covered by glaciers during the Pleistocene (Kincaid 1953,; Carter et al.
1980). Although the Dissected Till Plains physiographic region represents part of
the southern-most boundary of Pleistocene continental glaciation in North America
(Fenneman 1938), collections from this area did not yield specimens of these
species. However, it is conceivable that populations of taxa typical of cold-water
habitats in northern latitudes could be extremely rare at southern boundaries of
their distributional range. Missouri records for S. oregonensis, L. sicilis, and L.
ashlandi (see Turner 1921; Michaletz et al. 1982) represent some of the southernmost records for these taxa.
As demonstrated in Table 2, there is only one available record on the
occurrence of Senecella calanoides in Missouri. Stern and Stern (1972) indicate S.
calanoides was collected from Lake Jacomo in Jackson County. It is likely this
record is reflective of a misidentification. If the single Missouri record for S.
calanoides is disregarded, this species is known only to inhabit cold-water lakes of
glacial origin in northern latitudes (see Marsh 1933; Pinozhnikov 1958; Dadswell
1974; Carter et al. 1980; Pennak 1989).
In conclusion, the current study presents the first comprehensive account
of the species and geographic distributions of Missouri Calanoida and should serve
as an aid to investigators considering study of these organisms at the species level.
A total of six species of North American freshwater Calanoida were found in
Missouri during this investigation.
Of these, one taxon, Osphranticum
labronectum is a new state record, which brings the number of species reported
from Missouri to twelve.
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CONCENTRATION IN U.S. MANUFACTURING
INDUSTRIES: LEVELS AND TRENDS
(Received May, 1993; accepted for publication March, 1996)

Doris F. Sheets
Department of Economics
Southwest Missouri State University
Abstract: Industrial concentration is believed to influence firm behavior in ways which reduce
consumer welfare. Thus, the trend in industrial concentration is of some concern. Weighted mean fourfirm value-of-shipments concentration ratios and weighted mean differences in concentration ratios are
calculated for the three most recent Censuses of Manufactures. Concentration is shown to decline
between 1977 and 1982 but to increase between 1982 and 1987. Herfindahl Index data also show
increasing concentration in the 1982-87 period.

Key Words: Competitiveness, concentration ratio, Herfindahl Index, merger
Introduction
The purpose of this paper is to examine the levels and trends in
concentration in U.S. manufacturing industries during the decade from 1977 to
1987. Economic theory suggests that industrial concentration (i.e., the extent to
which an industry is dominated by a small number of firms) is an important
determinant of firm behavior. When an industry is controlled by a few large
producers, there is an increased likelihood of collusion, either tacit or overt, to raise
prices above the level of costs and to increase profits. Such behavior, however,
restricts output and reduces consumer welfare in comparison with more
competitive industries. Thus, the trend in industrial concentration is of some
concern.
Scherer and Ross (1990) examined average concentration ratios in
manufacturing, weighted by value added in the industry, for the period 1947 to
1982. Their data indicate that concentration increased slightly until 1972 but
declined slightly thereafter so that over the entire period the average ratio is little
changed.
Several recent developments suggest it may be worthwhile to extend the
investigation into more recent time periods.
First, a change in antitrust
enforcement, beginning in the early 1980's, is widely believed to have relaxed the
legal barriers to mergers, including horizontal mergers. Other things being equal,
such mergers, which occur between firms in the same industry, have the effect of
increasing industrial concentration.
Fox (1982) has examined all the Supreme Court cases under the amended
Section 7 of the Clayton Act for the period from 1950, when the Celler-Kefauver
Amendment was passed outlawing anti-competitive mergers, to 1982, when new
merger guidelines were issued. Of the 14 cases involving horizontal or potentially
horizontal mergers that were successfully prosecuted, Fox estimates that eight, or
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slightly more than half, would not have been challenged under the new guidelines.
It is not known, of course, how many mergers would have been attempted had the
more relaxed guidelines been in effect during the period.
Furthermore, whether or not related to antitrust enforcement, a wave of
mergers occurred between 1980 and 1990 as can be seen in Fig. 1. At its peak in
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Fig. 1. Mergers and Acquisitions. Adapted from Statistical Abstract of the US.

1989, $254 billion in assets changed hands (U.S. Bureau of the Census, 1992b).
While the data do not reveal how many of these mergers involved firms within the
same market, anecdotal' evidence found in press reports suggests some number of
them did.
Finally, beginning in 1982, the Herfindahl Index (HI) has been published in
the Census of Manufactures. The HI is a more comprehensive measure of
industrial concentration than the four-firm value-of-shipments concentration ratio
(CR4). Althugh both measures show similar patterns, the CR4 reflects the market
shares of the four largest firms only. A merger or other change in market share will
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not affect the CR4 unless it occurs among the top four firms or unless another firm
becomes large enough to displace one of the top four.
The HI is based on the squared values of the market shares of all, or most,
of the firms in an industry. (The published statistics cover the top fifty firms.) It
will increase in response to mergers or other market share changes among small
and medium sized firms that might not infuence the CR4, and it is more responsive
to changes in the degree of inequality, especially among the largest firms. It is thus
a more sensitive measure than the CR4 and may be expected to provide a more
accurate indication of the trend in concentration.
The merger guidelines issued in 1982 and amended slightly in 1984 are
stated in terms of the Herfindahl Index. With regard to horizontal mergers, they
generally provide that in cases in which the pre-merger HI is less than 1000,
mergers will not be challenged; where the pre-merger HI is greater than 1000 but
less than 1800, mergers will normally not be challenged unless they increase the
index by at least 100 points; and even mergers in industries in which the pre-merger
index is at least 1800 will likely not be challenged unless the merger increases the
index by at least 50 points (Bronsteen, 1984). (A fifty-point increase is roughly
equivalent to a merger between two firms who each have a 5% market share.)
Changes in concentration arise from many sources ·other than horizontal
mergers. Technological change may increase the minimum efficient scale in an
industry. A steep recession, such as the one that occurred in the early 1980's, may
force out some of the weaker firms in various industries leaving a higher level of
concentration in its wake. Random chance may favor increased market share for
larger firms.· Even increases in import competition, which increase the degree of
actual competition, may nevertheless raise the measured level of concentration.
Since the statistics are based on domestic production only, imports, by crowding
out some domestic firms, can increase the share of the (smaller) domestic output
produced by the largest firms.
Shepherd (1982) considers a number of variables and concludes that
nearly all sectors of the U.S. economy, including manufacturing, became
substantially more competitive during the period between 1939 and 1980. He
attributes this increase in competitiveness to rising import competition, deregulation
and antitrust action.
This paper does not attempt to take account of international trade or any
factor affecting competitiveness other than the size distribution of firms in an
industry. The scope of the study is further limited to the manufacturing sector
which accounts for approximately 30 percent of business receipts (U.S. Bureau of
the Census, l 992b ).

Data and Method
Data on sales revenue and four-firm concentration ratios were obtained
for 352 matched four-digit SIC industries from the Census of Manufactures (U.S.
Bureau of the Census. 1992a) for the three most recent censuses: 1977, 1982, and
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198 7. While these are not precisely the same industries employed by Scherer and
Ross, they encompass all the four-digit SIC categories for which data were
available for all three periods. Values of the Herfindahl Index for 1982 and 1987
were obtained from the same source for 344 matched industries.
To determine the average level of concentration in manufacturing, the
mean value of CR4, weighted by industry sales revenue, was calculated for each of
the three census years. The results are shown in Table 1. To take account of the
possibility that changes in these values may have resulted from changes in industry
sales, all the statistics in Table 1 were also calculated using 1977 sales as weights
for all three years. The results were substantially the same as those reported here.

Table 1. Weighted Mean Concentration Ratios in Manufacturing.

Year

All
Industries

CR4>50

1977

42.4

70.7

85.6

1982

40.3

69.0

82.9

1987

42.5

71.9

84.3

CR4>70

The statistics reveal that on average within the manufacturing sector, the
four largest firms in an industry earned slightly more than 40% of the sales revenue.
These data show a reduction in the average level of concentration between 1977
and 1980 similar to that found by Scherer and Ross. However, the statistics for
1987 show a reversal of this trend with mean concentration rising enough to offset
the reduction in the previous period. (Since the data cover virtually all of a finite
population, the question of statistical significance does not arise. That is, the
standard error of the mean, corrected for a finite population, is very near zero.)
It is possible that these changes in concentration might have occurred
chiefly in relatively unconcentrated industries so that the effect on industrial
performance would be minimal. To examine this possibility, the same calculations
were performed on a restricted data set consisting of the 98 industries in which the
1977 concentration ratio was at least 50 and the 28 industries in which it was at
least 70. These results are also reported in Table 1.
In both cases, the pattern is similar to that for all industries. Average
concentration falls between 1977 and 1982 and then rises again between 1982 and
1987. For the subset involving the highest concentration, however, the mean does
not return to its 1977 level.
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Since the data consist of matched industries, an alternative approach can
be employed to examine the trend in concentration. The change in CR4 is
calculated for each industry. The weighted mean value of these differences is then
computed, using base-year sales revenues as weights, for each of the two pairs of
census years. These results are reported in Table 2 for all industries, for those in
which CR4 is greater than 50 and for those in which it is greater than 70. The
mean difference is negative between 1977 and 1982 but positive between 1982 and
1987 with the exception of the highest-concentration category for which there was
virtually no change in the 1982-87 period. This again indicates that on average
industrial concentration fell during the earlier period and rose during the latter.

Table 2. Weighted Mean Differences in Concentration Ratios.
All
Year

Industries

CR4>50

1977-82

-0.50

-0.45

-0.95

1982-87

1.48

1.51

0.03

CR4>70

The trend in concentration can also be seen be examining the Herfindahl
Index data. This statistic was not published prior to 1982 but is available for both
1982 and 1987 permitting a comparison of those two years. The (unweighted)
mean value of the HI for the 344 industries rose from 641 to 688 in the five-year
period between the two censuses. An indication of the distribution of this increase
can be seen by examining Fig. 2.
Fig. 2 shows the shares of manufacturing sales by industries grouped
according to the ID. It can be seen that the shares of sales arising from industries
with HI's in the 1500 to 2500 range rose while the shares of those with ID's below
1500 fell or remained essentially unchanged, providing further evidence of a shift
toward higher industrial concentration in the period between 1982 and 1987. It
should be noted, however, that the great majority of sales, approximately 75%, in
both years arises from relatively unconcentrated industries in which the HI is less
than 1000.
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Summary and Conclusions
The evidence presented here indicates a decline in the measured level of
industrial concentration in the manufacturing industries between the two Censuses
ofManufactures in 1977 and 1982. This is consistent with other published results.
The average level of industrial concentration in manufacturing is seen to have
increased between 1982 and 1987. This latter conclusion is supported. by both
concentration ratio data and by Herfindahl Index statistics.
Whether these trends have continued during the latter half of the 1980's
will not be known until the publication of the 1992 Census of Manufactures, not
due for a few years yet. The questions of whether the patterns revealed here have
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also prevailed in sectors of the economy other than manufacturing and whether
rising concentration has been accompanied by declining competitiveness awaits a
more detailed study including other variables such as government regulation,
technology, and international trade.
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ESTIMATION OF STRUCTURAL DIFFERENCES
BETWEEN RURAL NORTH AND
SOUTH MISSOURI
(Received May, 1993; accepted for publication March, 1996)

Mark Jelavich
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Abstract: This study examines the differences between rural north Missouri and mral south Missouri,.
using the Missouri River as a division line and excluding metropolitan statistical areas. County personal
income in each half of the state is specified as a function of net farm earnings, manufacturing earnings,
transfer payments, and reveal that (a) net farm income and Federal earnings have greater impacts in
northern Missouri than southern Missouri; (b) manufacturing earnings and transfer payments have
similar impacts in both halves of the state; and (c) rural south Missouri counties adjacent to metropolitan
areas have higher personal incomes than similar northern counties.

Key Words: regional economics.

Changes in the farm, manufacturing and service sectors have brought
change to different regions in the United States, as seen in discussions about the
"Rust Belt" and "Sunbelt". Missouri itself has undergone a transformation over the
past two decades. That transformation can in part be observed by examining the
economy in the northern half of the state and contrasting it to the economy in the
southern half of Missouri, i.e., comparing northern Missouri with southern
Missouri. This study is an examination of how the two halves differ from each
other by examining the impact of changing manufacturing earning, net farm income,
transfer payments and Federal government income on county personal income in
each half of the state. ]n particular, the following hypotheses are tested:
1. Agriculture is significantly more important to northern Missouri than to
southern Missouri; and
2. Transfer payments, Federal government income payments and
manufacturing earnings have significantly difterent impacts in each half
of the state.
A 1987 state commission that examined the future of Missouri evaluated the future
of the two halves:
"By the year 2001, Missouri's economy will be significantly
different. Recreation and tourism will be the primary industry in southern
Missouri. Northern Missouri and the (southeastern) Bootheel will go
through 15 years of dramatic transition Without the geography that

1995

Transactions, Missouri Academy of Science

57

allows for easy transition to lakes and recreational areas, the transition to
other employment alternatives outside of agriculture will be difficult. ..
"During this period, much of Northern Missouri will be
economically deprived compared to the rest of the state .... " · (9, p. 85)
Similarly, forecasts of regional economic growth between 1984 and 1995 by the
Missouri Department of Labor and Industrial Relations predict that employment
will grow more rapidly in the southern half of the state rather than the northern
half. Employment growth in the North will vary between 12.4 and 17.4 percent
over the eleven years, while employment growth in the South will vary between
18.9 and 37..1 percent (8).

Recent Rural Development Studies
Agricultural economists have always been interested in the economic
vitality of rural areas. Recently, several articles have appeared that focus on the
nonagricultural rural sector. Some of the interest is based on tpe "new Federalism"
of the Reagan era (e.g., (3), (11)) and Federal and . state assistance to
nonmetropolitan communities. Other work has examined the private nonfarm
sector. In a study of North Dakota, Arkansas and Maine, Buss and Lin (2)
discovered that new business survival rates in rural areas and urban areas were the
same, i.e., entrepreneurs setting up shop in rural communities were not seriously
handicapped compared to their urban brethern. On the other hand, Gilpier et al. (4)
concluded that trade services in rural areas are subject to agglomeration economics,~
i.e., services based in larger communities tend to serve smaller communities; the
researchers surmised that Federal and state assistance to small business service
entrepreneurs in small rural villages and towns may be counterproductive.
Furthermore, Gilmer et al. argued that there is no evidence of a trend of
"footloose" service industries (e.g., telemarketing) moving from urban to rural
locations.
To the extent these studies are applicable to Missouri, 'business persons
and government planners may have to look beyond services as future employment
and income sources for rural Missouri. This appears to be particularly true for
smaller rural counties (see below).

Previous Economic Studies of Rural Missouri
Several recent studies have focused on the Missouri economy. Two
studies in particular have attempted to estimate regional multipliers for Missouri.
Kuehn et al. (7) developed average earnings multipliers for nonmetropolian (i.e.,
rural) Missouri counties. Rural counties were classified as being either "small"
counties (counties without towns of 2500 or more persons) . or large counties
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(counties with towns of 2500 or more persons). In turn, industry multipliers were
produced for both sets of counties. For small counties, multipliers varied from 3.83
(food products) to 1.25 (gas and oil extraction); for large counties, the multipliers
varied between 4.28 (petroleum) and 1.40 (oil and gas extraction) (7, Table 3).
These numbers may be reflective of the agglomeration economies discovered by
Gilmer et al.
A second study by Bloomquist (1) estimated economic base multipliers for
each Missouri county using location-quotient and so-called "minimumrequirements" techniques; the latter predicts the multiplier solely as a function of
population. Neither the Kuehn et al. or Bloomquist study, however, examined how
northern and southern Missouri counties might differ.
Other models of the Missouri economy exist, such as the Bureau of
Economic Analysis' RIMS-II model (13). This model, however, only provides
statewide industry multipliers and forecasts.

Data
Based on "local lore", the Missouri River was used to divide the state into
northern and southern Missouri. Counties that are part of metropolitan statistical
areas (MSAs) were excluded. In addition, because of data suppression, two
northern counties (Schuyler and Mercer) were excluded from the study. This
resulted in a data base consisting of 36 northern and 60 southern counties. Data on
the counties came from Local Area Personal Income (12).

Specification and Estimation of Model
To assess the impact of farming, manufacturing, Federal government
employment and transfer payments on Missouri, two alternative equations were
specified. Equation (1) has the following specification:
PY
where:

=

g (FARM, MAN, TRAN, FED, METRO,NORTH)

(1)

PY = 1987 county personal income;
FARM = 1987 county net farm earnings;
MAN = 198 7 county manufacturing earnings;
TRAN =· 1,987 county transfer payments;
FED = 1987 county earnings from Federal civilian and military
employment;
METRO = a dummy variable, equal to 1 if the county is adjacent to a
metropolitan statistical area (MSA), zero otherwise; and
NORTH = a dummy variable, equal to 0 ifthe county is north of the
Missouri River, one otherwise.

1995

Transactions, Missouri Academy of Science

59

Equation (2) has the following specification:
DPY
where:

= f(DFARM, DMAN, DTRAN, DFED, METRO, NORTH) (2)

DPY = change in total personal income in a county between 1986 and
1987;
DF ARM = change in county net farm earnings, 1986-87;
DTRAN = change in transfer payments, 1986-87;
DMAN = change in manufacturing earnings, 1986-87;
DFED = change in county Federal civilian and military earnings, 198687; and
METRO and NORTH as defined for equation (1).

FARM, TRAN, MAN and FED (and their equation (2) counterparts) are
postulated to reflect export activities and other out-of-county sources of income.
The variable METRO is included to capture proximity effects of being near large
urban areas, especially commuters' income (5). NORTH is to test for income
differences north and south of the river. All variable coefficient signs are expected
to be positive.
The equations were estimated by ordinary least squares (OLS) using SAS.
The dependent variables were assumed to be linearly related to the independent
variables. Not all the resulting regression coefficients can be interpreted as
multipliers, however. The FARM and DF ARM variables measure net farm income,
i.e., profit; to develop a multiplier estimate one would need gross farm income (or
gross expenses) to reflect input purchases. The MAN and DMAN variables
measure manufacturing earnings, but the values were not adjusted to reflect local
versus export-oriented manufacturing (as might be done with a location-quotient
procedure); the latter manufacturing activity is the appropriate measure for a
multiplier.
Estimates for equation (1) are given in Table 1, where the first regression
(1 a) is for all counties; regression ( 1b) is for northern counties; and regression ( 1c)
is for southern counties. NORTH is obviously dropped in the last two regressions.
Estimates for Equation (2) are presented in Table 2, in the same format.
As seen in Table 1, ignoring the constant term, all the regression
coefficients are significantly different from zero (at 95 percent confidence) except
for the FARM and MAN coefficients in the north counties equation (2b). The
TRAN coefficients ate all insignificantly different from 4.25. The high value of the
TRAN coefficient is consistent with other studies showing that transfer payments
are a major income stimulant in rural areas (10). The METRO coefficients are
significantly positive, indicating that rural counties adjacent to MSAs enjoy an
income advantage, possibly because of commuters' incomes (5); the effect is much
larger in the south than in the north. The negative NORTH coefficient appears
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TABLE 1. INITIAL OLS ESTIMATES OF EQUATION (1)

Variable

la
All counties

lb
North counties

le
South counties

constant

13094.7196
(0.972)

-12393
(-0.698)

-22532
(-1.349)

FARM

-2.5256
(-2.115)

1.53502
(0.345)

-3.70038
(-2.431)

TRAN

4.447852
(15.881)

4.054410
(5.334)

4.390171
(13.142)

MAN

1.572619
(5.146)

0.200626
(0.392)

1.941141
(5.035)

FED

0.569939
(2.986)

6.120576
(2.292)

0.218001
(2.611)

40618.8938
(3.950)

10868.438
(3.422)

50280.930
(3.342)

METRO

NORTH

-35830
(-3.409)

R2

0.9087

F

147.579

No. of obs.

96

0.9333

83.953
36

0.9080

106.593
60

anomalous, since the average county income was lower in the north ($160. 6
million) than in the south (232.1 million).
Disturbingly~ ithe coefficients for net farm income (FARM) are
significantly negative for the all counties (la) and south counties (le) equations. In
all three samples, the simple correlation between PY and FARM is positive but
small: 0.105 for the north counties; 0.201 for the south counties; and 0.155 for all
counties. The initial presumption is that there may be a multicollinearity problem,
but here again the simple correlation coefficients do not show any obvious villains.
In the south counties sample, the highest correlation to be found is between FARM
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and MAN (0.412); in the north counties between FARM and METRO (-0.171);
and in the all counties sample, between FARM and MAN (0.328).

TABLE 2. INITIAL OLS ESTIMATES OF EQUATION (2)

Variable

2a
All counties

2b
North counties

2c
South counties

Constant

121.4990
(0.192)

-2037.27
(-1.756)

-2147.99
(-2.555)

DFARM

0.68255
(4.628)

1.00923
(4.415)

0.54579

DTRANS

6.35259
(21.637)

5.45225
(6.514)

6.38561
(18.670)

DFED

0.16220
(0.814)

14.22056
(2.235)

0.15209
(0.714)

DMAN

0.71409
(7.206)

0.67262
(4.946}

0.71433
(4.905)

METRO

1269.9958
(1.774)

1624.305
(1.445)

1380.237
(1.404)

NORTH

-2392.15
H.366)

(2~830)

R1

0.9024

0.8594

0.9114

F

137.217

36.681

111.163

96

36

No. of obs.

60

Probably of more interest are the FED coefficients, in particular the FED
coefficient for the north counties (6.12), much larger than for the other two
samples. In the north counties sample, FED is highly correlated with MAN (0.859)
and TRAN (0. 717), again suggesting a multicollinearity problem. The correlations
are much smaller in the south counties sample. Multicollinearity issues in Table 1
are discussed below.
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In Table 2, again ignoring the constant term, all the coefficients are
significantly different from zero except for METRO (in all equations) and the
DFED coefficient in the south counties equation (2c) and all counties equation (2a).
Unlike Table l's results, the DF ARM coefficients are all significantly positive. At
90 percent confidence, the north counties coefficient is significantly different from
the south counties coefficient. The DTRAN coefficients are all insignificantly
different from six (6), a higher value than for TRAN (4.25). The author's guess is
that this reflects the indexation of social security between years. The DMAN
coefficients are also all insignificantly different from 0. 70 at 95 percent confidence.
However, as in Table 1, DFED coefficient in the north counties regression is quite
large; the correlation between DFED and DTRAN is 0.519, and between DFED
and DMAN is 0.329. The NORTH coefficient is again oddly negative.

Respecifications

In order to avoid the multicollinearity problem, Equation ( 1) was
reestimated for the north counties several times by OLS, each time dropping one or
more of the original independent variables. However, the MAN coefficient
remained below one, and the FED coefficient remained quite large. Similarly,
Equation (I) was reestimated for the· south counties several items; however, the
FARM coefficient remained negative.
In Equation (2)'s case, the DFED variable was dropped and the equations
reestimated, as presented in Table 3. The DF ARM, DTRANS, and DMAN
coefficients are all significant in all three equations. Furthermore, the magnitudes
of the coefficients (ignoring the constant and METRO values) appear similar to
their Table 2 counterparts, with these equations. The DTRANS values are above
six, the DMAN values are near 0.7, and the DFARM values are positive. (In other
respecifications of Equation (2) that included DFED and dropped other
independent variables, the DFED coefficient changed considerably from
specification to specification.)
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REESTIMATES OF EQUATION (2) WITHOUT DFED
VARIABLE
3a
All counties

Variable

63

3b
North counties

3c
South counties

Constant

-797.409
(-1.326)

-244.406
(-0.274)

-2165.26
(-2.589)

DFARM

0.64553
(4.169)

0.98604
(4.064)

0.54425
(2.835)

DTRANS

6.08958
(21.405)

6.49159
(8.631)

6.44142
(19.432)

DMAN

0.68880
(6.624)

0.77152
(5.647)

0.71466
(4.929)

METRO

1374.0460
(1.826)

1156.3165
(0.985)

1378.508
(1.409)

R1

0.8895

0.8360

0.9106

F

183.096

39.511

140.076

96

36

60

no. of obs.

Conclusions and Policy Implications
Based on the above regressions, the following conclusions can be drawn
between rural northern and southern Missouri:
1. Net farm income has a significantly greater impact in northern rather
than southern Missouri (Table 2);
2. Manufacturing earnings and transfer payments appear to have the same
impaot in northern and southern Missouri (Tables 2 and 3);
3. Southern Missouri counties adjacent to metropolitan areas have higher
total personal incomes than adjacent northern counties (Table 1);
and
4. Although multicollinearity may be a problem, Federal earnings may
have a larger impact in northern rather than southern Missouri.
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Given recent Federal budget proposals to reduce farm subsidies, northern
Missouri would be hit proportionately harder than southern Missouri if such
subsidies were significantly reduced. Changes in transfer payments (e.g., social
security) and manufacturing may have proportionately less harmful effects on north
rather than south Missouri.
The final bullet item is the most perplexing, especially since south
Missouri is home to two major military bases (Whitman Air Base and Fort Leonard
Wood); furthermore, south Missouri tourism has benefited from the Army Corps of
Engineers (Lake of the Ozarks, Truman Lake). One possible explanation may be
found in (6), which indicated that counties without large towns had higher Federal
employment income multipliers than counties with large towns.
Lastly, as noted in (9) above, the tourist industry may give south Missouri
an economic edge over its northern half. If this is true, the economic rejuvenation
of north Missouri may lie in manufacturing and attracting service industries to
larger communities (to "piggyback" on agglomeration economies). There does not
appear to be an obvious solution for the small northern counties, however.
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SENIOR DIVISION
Atmospheric Science
Lefwich, P.W. Scientific Services Division, National Weather Services, Central Region Headquarters,
Scientific Services Division. RETIJRN PERIODS FOR EXTREME METEOROLOGICAL AND
HYDROLOGICAL EVENTS IN MISSOURI. Extreme meteorological/hydrological events have
significant impacts on our society. An awareness of the expected frequency of such extreme events can
be used as an aid in planning for the protection of life and property. Historical values of annual
maximum/minimum temperatures and annual maximum 24-hour rainfall were compiled from
climatological records for Kansas City, St. Louis, Columbia, and Springfield. Also, annual values of
both peak river flow and peak river stage were compiled for primary rivers in Missouri. For each set of
data the Method of Moments was used to compute return periods, defined as the average lengths of time
between the occurrence of a given value and the next occurrence of an equal or greater value.
Probabilities of occurrence were computed for selected threshold values. As an example, the return
period for a maximlllll temperature of lOO"F at Springfield is 2.5 years. There is a 39.4% chance that the
maximum temperature will equal or exceed 1OO"F in a given year, and there is a 50% likelihood of
recurrence in 1. 7 years. Also, variations of computed values in response to changes in the period of
record are examined.

Agriculture, Entomology, and Herpetology Section
Ashraf, M and F. Worman. Department of Agriculture, Central Missouri State University. THE·
RUSSIAN INVASION'S EFFECT ON THE AGRICULTURE OF AFGHANISTAN: A RETROSPECT
AND PROSPECTS. The objectives of this research were twofold: 1) to measure the effects of a decade
of war on the agriculture of Afghanistan and to critically analyze the current food production situation in
the country. 2) To formulate effective policy guidelines to ensure the adequacy of food and to sugest
practical solutions to the major farm problems in the country. To achieve the first objective, a
longitudinal study of 8 variables (farm power, farm labor, yields and area for wheat, rice, corn, fertilizer
use and availability, family size, farm problems perceived by farmers, abandoned area/farmer) was
conducted. Due to the war, no official data were available; thus, all initial data on the above variables
were compiled from various annual reports by the Swedish Committee for Afghanistan. To achieve the
second objective, a questionnaire survey was conducted in Pakistan and Iran, where more than 5 million
Afghan refugees live. Six hundred respondents who ranged in age from 13 to 80 and in education from
illiterate to professors were randomly selected. Based on the results, the current farming system for
various reasons cannot supply the needed f~d; thus, a number of recommended courses of action to
improve the agricultural situation Were identified.
Carrel, J.E. Division of Biological Sciences, Missouri University. FIRE ECOLOGY OF RARE
BURROWING WOLF SPIDERS IN FLORIDA SCRUB. Two rare burrowing wolf spiders, Geolycosa
micanopy and G. xera (Araneae, Lycosidae), occur sympatrically in fire-maintained, upland scrub
habitats at the Archbold Biological Station, Highlands Co., Florida. To determine the responses of
spider populations to burning, students and I censused burrows of both spiders annually in 15 replicate,
100 Ih2 plots in a scrubby flatwoods for several years before and after it was burned by a wildfire in May
1989. To measure vegetative development, we estimated the percent of the ground covered by leaf litter
at randomly located sites in each plot. Densities of both Geolycosa species increased threefold, from
about 0.1 to 0.3 spider per m 2, within just 9 months after the fire. In subsequent years the density of G.
xera declined sharply sp that within 4 years this species was back to prebum values. In contrast, the
density of G. micanopy was stable for 3 years after the bum event before it began to decline to prebum
levels. Hence, both Geolycosa species seem to be highy fire-adapted. G. xera appears to require very
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frequent bums (every 3-7 years) that keep the scrub sparse and the sandy soil barren, whereas G.
micanopy tolerates longer bum intervals (7-10 years) and greater litter accumulation. One wonders
whether these rare and possibly endangered spiders can persist in scrub habitats that go unburned for
more than 2 decades, as has happened conunonly in the native habitats of 20th century Florida.
Elledge, Ann amt Michael Aide. Department of Geoscience and Agriculture, Southeast Missouri State
CHROMIUM(VI) ADSORPTION ISOTHERMS AND LEACHING POTENTIAL
University.
STUDIES. Chromium(VI) is well documented and several contamination areas exist in Southeast
Missouri. The purpose of this invesigation was to establish chromate absorption isotherms for selected
soils having conditions conducive to chromate leaching and to determine if these isothenns are useful for
predicting chromate leaching. The intensity of the absorption isotherms paralleled the soil's organic
carbon content, suggesting that chromate reduction, rather than chromate adsorption is the dominant
mechanism. Leaching studies revealed that normal leaching rates were excessively rapid for reduction
mechanisms to extract significant concentrations of chromate from the aqueous phase. Mechanisms
need to be created to increase chromate adsorption for incite remediation.
Keingatti, R.K, C.J. Nelson and J.H. Coutts. Department of Agronomy, University of Missouri.
ACCUMULATION OF MINERALS IN DEVELOPING TALL FESCUE LEAVES. Phosphorus (P)
and nitrogen (N) fertilization alters potential for grass tetany. Our objectives were to (1) determine when
potassium (K), calcium (Ca), magnesium (Mg) and P accumulate in the growing leaf, and (2) measure
how their concentrations change as the leaf develops and matures. In two field experiments, growing
leaf blades of tall fescue (Festuca anmdinacea Schreb.) were randomly sampled and cut into segments
of 3 mm (base to 36 mm) or 5tnm (36 to 96 mm), and one 5-rnm segment from the exposed part. A 5mm segment of the mid-section of the previous blade was also sampled. Samples were dried, weighed
and ashed with nitric and perchloric acids. Ca, Mg, and K were determined using atomic absorption
whereas P was measured colorimetrically. In both experiments, P .and Mg accumulated most rapidly
during cell production, which occurs in the basal 15 mm. K accumulated mostly during cell expansion,
mainly 10-30 mm from the base, especially with high N rates, perhaps accumulating in the vacuole. Ca
rapidly accumulated throughout the basal 30 mm, probably because it is associated with cell walls.
Nearly all accumulation occurred before the tissue was exposed above the surrounding sheaths (about 80
mm). This information on accumulation of minerals will lead to a better understanding of factors that
affect leaf growth and subsequent feed/economic value of tall fescue. Research supported by US Aid for
International Development.
Korns, C.H., K Ham, S. Raines and M. Thomas. Agriculture Department, Southeast Missouri State
University. ALL-AMERICAN FLOWER DISPLAY GARDEN PLANT PERFORMANCE. Over 400
annual flowering plant selections were established and maintained in the display garden. Four to six
plants of each plant variety were evaluated three times during the 1994 growing season. The plants were
ranked from 1 to 5 with five being excellent. The Display Garden provides Southeast Missouri residents
with an opportunity to see what's new in the industry and how it performs in this section of the state.
Larson, J.A. and G.L. Gille. Department of Agriculture, Northwest Missouri State University.
CHARACTERISTICS OF PRODUCERS AND CONSUMERS AT NORTHWEST MISSOURI
FARMER MARKETS. A survey was conducted to determine the characteristics of the producers and
consuomers that frequent northwest Missouri farmer markets. Producers were asked about their growing
and marketing operations., The typical producer is part time (96%) and retired (52%). Of those
surveyed, 76% derive less than 25% of their income from these operations. Most (80%) use five or fewer
acres for production. Many (63%) employ at least a part-time worker. Over half (51%) travel 14 or
more miles to sell at fanner markets. Consumers were asked about why they frequent farmer markets,
how much they buy and prices of produce. Consumers attend primarily for the quality and variety of
produce (100% and 85% respectively) found at these markets. Most consumers (57%) were interested in
traditional produce and about 7% were looking for novelty items. About 36% of the consumers believe
farmer market prices are the same or higher than grocery store prices and most (94%) are willing to pay
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higher prices at farmer markets. Two thirds of the consumers consider it important to have organically
grovm or pesticide free produce available.

Norby, E.L., P.C. Corbett, A.M. Fralick and T.E. Marshall. Science Division, Northeast Missouri
State University. EFFECTS OF DIET AND ZERANOL ON LAMB GROWTH. The objective of this
study is to determine the effects of protein source, zeranol (IMC Ltd., USA) and their interaction on lamb
growth over a 56 day feeding period. Fifty-six castrated lambs of an average body weight of 87 lbs were
assigned by weight to one of two dietay treatments and one of two zeranol levels within diet. Diets
consisted of a com - 34% protein commercial protein supplement (COMM) and a com - 17% protein
com gluten supplement (CGM). Both diets contained 13% crude protein and 89% TDN on a dry matter
basis. Implant levels consisted of either 12 mg zeranol (ZER 12) or 0 mg zeranol (ZERO). The main
effects of diet and zeranol had significant effects on lamb gain (p<0.05) while the interaction between
Diet and zeranol was non-significant (p>0.05).
Lamb gain Qbs) by Diet and zeranol level*
COMM
CGM
Zero
37.4
23.5
Zer 12
45.6
28.2
*minimum significant difference== 4. 7 lbs
Roling, M.P. Department of Agriculture, Southwest Missouri State University. MONITORING
APHIDS IN SCOTCH PINE CHRISTMAS TREEE PLANTINGS. Christmas tree growers need timely
information regarding invertebrate pest problems in their plantings to avoid economic losses. Aphids are
occasional pests for Christmas tree growers in southwest Missouri. This project involved the
construction of a device to monitor aphids in Scotch pine Christmas trees. The device is constructed
using a pint container, a twelve inch ruler, a four inch diameter disc coated with petroleum jelly, a small
metal screw and a rubber band. In 1992 aphids were detected in high enough numbers to cause loss of
sales of this product. In 1993, aphid populations were not detectable in late summer, fall or winter.
Using the sampling de,~ce introduced in this project, aphids are easily detected and control measures
could be implemented as needed. The device used for monitoring aphids is simple to construct;
materials are cheap and locally available, and the device is easily operated. Supported by Missouri
Department of Conservation.
Wilson, John and Michael Aide. Department of Agriculture, Southeast Missouri State University.
EFFECTS OF NITROGEN SOURCE AND POTASSIUM ON DRY SEEDED RICE. Rice is highly
responsive to nitrogen applications, with yield influenced by the rate of nitrogen, the timing of the
·nitrogen application and the source of nitrogen. This study focuses on the relative efficiencies of urea
and ammonium sulfate as sources of nitrogen. Additionally, the influence of supplemental potassium
fertalization is assessed on nitrogen uptake. A field experiment was designed using control (No
nitrogen pre-flood), urea and ammonium sulfate crossed with potassium in all possible combinations.
The urea and the ammonium sulfate were effective in increasing rice yields above that of the control.
Urea with supplemental potassium was significantly more effective than urea without potassium and
decidedly more effective than ammonium sulfate.
Xu, Q-Z., C;J. Nelson, and J.H. Coutts, Department of Agronomy, University of Missouri.
STOMATAL DEVELOPMENT IN TALL FESCUE LEAVES. Stomata! development of grasses occurs
early, while the. tissue is within the whorl of older sheaths. However, when and where an epidermal cell
develops into the stomata! mother cell (SMV), subsidiary cells (SC), and eventually, into guard cells
(GC) remains poorly understood. We used scanning electron microscopy, anatomy and imprint
techniques to determine stomata! development of tall fescue (Festuca arundinacea Schreb.). The SMC
arises from a protoderrnal cell, beginning about 3 mm from the base (point of attachment to the
terminal). The protoderrnal cell becomes polarized, the nucleus migrates to the distal end of the cell, and
the polarized cell divides unequally at 4 mm from base. The shorter cell is the SMC, the longer cell is a
normal epidermal cell. At 5 mm from base, the nuclei of epidermal cells in lateral cell rows become
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oriented closely adjacent to the SMC. At 6-8 mm, they divide asymmetrically and longitudinally giving
rise to two small daughter cells on either side of the SMC which develop into SCs. At 10-11 mm from
base, the SMC divides symmetrically and longitudinally to form the guard cells, which later open to
fonn the aperture (about 15 mm from base). The stomatal complex undergoes several processes
(elongation, enlargement and change in shape) as it matures while adjacent epidermal cells continue to
elongate to 30-35 mm above the base. Tissue is exposed at 65-90 mm above the base. Research
supported by USDA National Research Initiative.

Biology
Brocknteier, B. and D. Castaner. Biology Department, Central Missouri State University. NEEDLE
AND COLOR MORPHS OF THE GREAT BASIN BR1S1LECONE PINE IN THE WHITE PINE
MOUNTAINS OF NEVADA Great Basin Bristlecone Pines, Pinus aristata var. longaeva, were
observed in both short and long needle forms, and red and purple first year ovulate cone color forms, in
the White Pine mountains of east-central Nevada. A field study was lllldertaken to determine if two
distinct taxa were present. Needle length and first year ovulate cone color were shown to be normally
and distributed and not associatible with distinct populations;. The variation in both needle length and
cone color were positively correlated to elevation. The longest needles and reddest first year ovulate
cones tended to occur at the highest elevations.
Frye, Charles I. Department of Geology and Geography, Northwest Missouri State University.
GEOLOGIC AND GEOGRAPHIC CONSTRAINTS ON THE DISTRIBUTION OF CYRIPEDI7M
CALCEOLUS IN NODAWAY COUNTY, MISSOURI. Studies of Cyripedium calceo/us distribution
at the Julian A Steyermark site 64321 in Nodaway County, Missouri located on the valley slopes on the
east side of the Hundred and Two River indicate a strong correlation between the presence of this ladyslipper orchid and local geology and geography. Lady-slipper plants are confiend to wooded slopes of
the Gara Soil Type. Ladoga soils are found on hilltops and slopes above and Olmitz soils on bottom
lands below. The plants occupy a zone within the Gara soils defined by decreasing soil moisture upward
and increasing soil pH upward. The plants do not tolerate excessive droughtness nor very low pH soil
values. The plants are found on northwest, north, northeast and east facing slopes and are most robust in
development on east facing slopes and absent from south facing slopes. They prefer forest that has not
been grazed by farm animals and are absent from adjacent forest where cattle are present. Early work at
this site was carried out with Dr. Billy D. Scott, Emeriti NWMSU. Financial support is by the MidAmerica Orchid Congress.
Jones, R.L., and G.R. Janssen. Mathematics and Science Division, Cottey College, and Department of
Microbiology, University of Miami. THE STREPTOMYCES FRADIAE APH PROTEIN IS OF
AVERAGE STABILITY. Messenger RNA (mRNA) transcribed from the Streptomyces fradiae aph
gene is unusual in that it lacks an untranslated leader and therefore has no Shine-Dalgamo homology.
As a result, aph mRNA might be expected to be inefficiently translated. Surprisingly, the APH protein
can constitute up to 10% of total soluble protein when the aph gene is expressed in the heterologous host,
Streptomyces lividans. Label-chase studies using radioactive Cysteine showed that the APH protein is
of average relative stability when compared to total soluble protein. The high cytoplasmic concentration
of APR, therefore, is not due to a higher than average stability of this protein. This raises the interesting
possibility that aph mRNA is efficiently translated.
Magnuson, C.L. and S.JI, Mills. Department of Biology. Central Missouri State University.
OBSERVATIONS ON TEMPERATURE REGULATORY RESPONSES IN 13~LINED GROUND
SQUIRRELS, SPERMOPHILUS TRIDECEMLINEATUS, AT YOUNG AGES. Previous studies have
examined the development of temperature regulation in a few species of ground squirrels. This study
was conducted on the development of temperature regulation in 13-lined ground squirrels. Ground
squirrels aged 0~50 days were placed in chambers in groups and exposed to step-wise decreases in
ambient temperatures (35-15C). A Taylor paramagnetic oxygen analyzer measured oxygen consumption
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and thermocouples measured surface body temperatures. The highest mean body temperature was
observed at 25C ambient thru day 17. From day 19 to day 29, the highest mean body temperature was
usually observed at 20C. Behavior and activity were monitored visually and by video. Body temperature
was monitored with abdominal transmitters at intervaals between 40 and 50 days. Supported by Sigma
Xi, Dept. of Biology and Graduate School ofCMSU.
Sells, M.A., A. Jay, and G.D. Sells. Department of Biology, Northeast Missouri State University.
EFFECT OF WATER-STRESS ON PROLINE ACCUMULATION IN UPPER FIVE LEAVES OF
CUCUMBER. This investigation was undertaken to determine if cucumber leaves would osmotically
adjust to water stress which was applied at slow vs. rapid rates. Responses measured were: a)
individual water potential of the top five leaves, and b) proline concentrations in these same leaves. The
experimental design involved growing plants in pots of 240 g and 80 g. When water was withheld, the
plants in the smaller pots dried out faster (rapid stress). Rapid stress plants were sampled over a four
day period. The slow stressed plants were sampled over a seven day period. A pressure bomb was used
to determine water potential. Proline was measured photometrically. Results showed that water
potentials of the uppermost leaves remained at a lower level with increasing water stress than did the
leaves at lower levels, and secondly, that proline accumulation appeared at significant levels only in
leaves that had reached water potentials of -15 to -17 bars. It is concluded that plant leaves at different
positions on the same plant exhibit different water potentials and varying proline concentreations as the
whole plant is subjected to stress. Results from this type of study may provide the basis for better
understanding of how a plant may osmotically adjust to stress.
Schulte, G.J. Division of Science, Biology Discipline, Northeast Mis'souri State University.
CHARACTERIZATION OF THE ABSORPTION OF L-METHIONINE BY GUT SEGMENTS OF
THE BLACK BASS, MICROPTERUS SALMOIDES. A tissue accumulation technique was employed to
characterize the absorption of L-methionine by gut segments of Black bass, lvficropterus sa/moides.
Data obtained suggest that absorption happens by a carrier-mediated active transport type molecular
mechanism. The evidence in support of this conclusion is as follows. TIA ratios for L-methionine
significantly greater than one were obtained, indicating the amino acid can be absorbed against an
apparent concentration gradient. Absorption of L-methionine exhibits the phenomena of competitive
inhibition and metabolic inhibition. Uptake of L-methionine is both Na+ and Ct dependent. And
finally, absorption of L-methionine by bass gut segments apparently has a saturable component.
Supported by NMSU faculty grants.
Taylor, W. T., D. Castaner, and S. Larrabee. Biology Department, Central Missouri State University.
RESPONSE OF GROUND VEGETATION TO FOREST THINNING AND BURNING IN A
SAVANNA DEVELOPMENT SITE AT KNOB NOSTER STATE PARK, JOHNSON COUNTY,
MISSOURI. Six forested sites were selected within a Savanna Development Area at Knob Noster State
Park to study the effects of burning and forest thinning. The herbaceous cover of these sites was
surveyed in 1992 by Park Naturalist Sheila Larrabee. All sites were burned in 1992 and 1993.
Additionally in 1993, half the canopy of each site was thinned by 80%. Using Ellenberg's biomass
coefficient of similarity, herbaceous vegetation in both thinned and unthinned plots were found to be
very similar when resurveyed 1994; coefficients ranged from 65-87 (avg. 76.5). Based on a comparison
of 1992 data with 1994 data, it appears that burning produced the most immediate effect on ground
cover; these coefficients ranged from 36· 71 (avg. 52).

Bio-Medical
Che, P., R. Zhang, and C.L. Cooper. Division of Science, Northeast Missouri State University.
EFFECT OF POLYAMINE DEPLETION ON NOREPINEPHRINE METABOLISM IN RAT PC12
CELLS. PC 12 cells are a convenient cell culture model for neurotransmitter uptake, metabolism, and
release studies. Two anti-tumor agents, a/pha-difluoromethylornithine (DFMO) and methylglyoxal bisquanylhydrazone (MGBG), were found to be neuro-stimulants on PC 12 cells. They reduced cellular
spermine and spermidine concentrations to 27% of control levels and placed cells in growth stasis. Four
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day treatment of cells with both drugs (DFMO, lmM; MGBG, 0.5 mM) caused subsequent secretion of
{3!-I}-norepinephrine (NE) stimulated by high K+, 1,l-dimethyl-4-phenylpiperazinium iodide and
carbachol to increase 57%, 108%, and 60%, respectively (p<0.001). DFMO increased the cellular NE
content 3-fold, while MGBG had no effect on the NE content of PC12 cells. In contrast, MGBG
suppressed the uptake of {3H }-NE into cells 58% while DFMO reduced uptake 21 %. Combined drug
treatment reduced {3H}-NE uptake 32%, thus, the in- hibition was not additive. The rate of turnover of
{3H}-NE was not significantly altered by DFMO or MGBG. The increase in NE content in DFMO
treated cells suggested biosynthesis was uncoupled from efflux (turnover). These studies demonstrate
DFMO and MGBG can be used to study the role of polyamines on neural function in PC 12 cells.
Supported by NMSU Faculty Grants and DFMO was provided by Marion Merrell Dow.

Hancock, RA., T.J. Richmond, P.C. Rutledge, R.H. Vail and R. Wampler. Social & Behavioral
Sciences, Lincoln University THE EFFECTS OF GLUCOSE AND 1,8 AND 18 HOUR RETENTION
INTERVALS ON WIN-SHIFT PERFORMANCE OF RATS IN AN EIGHT ARM RADIAL MAZE.
The effect of glucose on win-shift performance with a 1, 8, 18 h retention interval (RI) was examined.
Rats collected food from four arms of an 8-arm radial maze and then were removed from the maze for a
RI. Following this RI, rats were returned to the maze for a retention test with no arms blocked and food
only in the previously blocked arms. After training at shorter Ris, rats (n==42) were randomly assigned
to one of two drug conditions (100 mg/kg of glucose or 100 ml/kg water) and three Rls (1, 8, or 18 h) in
a 2x3 factorial design. For the drug test, rats collected four pellets, were removed from the maze,
injected immediately with the appropriate drug, waited tha appropriate RI, and then returned for drug
retention test. ANOV A on the percentage of correct responses on the drug retention test found
significant effects of drug (glucose improved performance), delay Oonger Rls decreased performance)
and no interaction. The importance of finding glucose enhancement effects at intermediate Ris with
above chance levels of performance is discussed. Supported by NIH/NIGMS/MBRS Grant GM-08202.

Chemistry
Afzal, D. and R. Baughman. Science Division, Northeast Missouri State University. SYNTHESES
S1RUCTURE AND REACTIONS OF SELECTED METALLOPORPHYRINS CONTAINING
TRANSITION METALS IN HIGH OXIDATION STATE. Macrocycles such as porphyrins can be used
to stablize high oxidation states of transition metals. These complexes provide an unique opportunity to
study the metal center reactivity modified by the porphyrin moiety.
We have synthesized
metalloporphyrins containing high oxidation state metals such as V(IV), Zr(IV), Hf(IV), Ta(V) in our
lab and structurally characterized them with spectroscopic and x·ray analyses. We have undertaken
molecular modeling on some of these compounds using molecular mechanics and extended Buckel
methods. Furthermore, we have synthesized alkyl and oxo complexes containing several of these
metalloporphyrin units. Currently, we are investigating the reactivity of these complexes. We will
present spectroscopic and x-ray results of some selected compounds.

Kubler, K.M., IT. Beasley, S. Jordan, R.N. Roy and L.N. Roy. Walter H. Hoffman Department of
Chemistry, Drury College.
THERMODYNAMICS OF THE UNSYMMETRICAL MIXED
ELECTROLYTE HCL-INCL3. APPLICATION OF PITZER'S EQUATIONS. Emf measurements
were performed on solutions at temperatures from 278.15 to 318.15 Kat ten different ionic strengths in
the range from 0,01 to 5.0,mol kg·', by using Hamed's emf cell without liquid junction of the type
Pt;H2(g,l atm~ HCl(m1), InCh(m2)I AgCl, Ag{A}. From these measurements, the Pitzer mixing
coefficients "8H.1n and 'f'H,1n,c1 as well as linear representation of temperature derivatives 8"8H,1n/8T and
8'f'H,1n,ci/8T have been determined. The results are interpreted in terms of simple Hamed's rule and
Pitzer' s formalism for mixed electrolyte solutions. A brief table of the enthalpy and activity coefficients
is included. Supported by the Camille and Henry Dreyfus Foundation Teacher-Scholar Award.
Moore, C.P., T. Beasley, K. Wise, R.N. Roy, L.N. Roy. Walter H. Hoffman Department of
Chemistry, Drury College.
VALUES OF pH AND pK2 FOR BIOLOGICAL BUFFERS
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"TES"AND"HEPES" AT SUBZERO TEMPERATURES. The need for pH standards at subzero
temperatures has long been established. pH and pK2 values for biological buffers TES, N-Tris(Hydroxymethyl)-methyl-2-aminoethanesulfonic acid; and HEPES, N-2-Hydroxyethylpiperazine-N' -2ethane-sulfonic acid have been obtained in the cryoprotectant systems of ethylene glycol (EG) and
dimethylsulfoxide, (DMSO). Experimentation involved the standard electromotive force technique
yielding pK2 and pH values with an uncertainty of± 0.005 pH units and± 0.002 pK2 units. Both values
of pH and pK2 have been fitted as a function of temperature.. From the temperature coefficients,
thermodynamic quantities, (Llli0 , ~G , ~ , ~Cp°) have been determined. Results will be compared with
those of similar systems. Supported by NIH-Rl5 GM46099-01Al
0

0

Riley, Heather, R.M. Schwarz and R.L. Smith. Department of Chemistry, Missouri Western State
College. M. Aberer. Environmental Sampling Technologies. COMMERCIALIZATION OF SPMD
TECHNOLOGY AND ITS USE FOR MONITORING ORGANIC CONTAMINANTS IN VARIOUS
MISSOURI WATERWAYS. Semipermeable membrane devices (SPMDs) have been used as
bioaccumulators of environomental organic contaminants in aqueous media in a number of research and
monitoring studies throughout the world. These devices have proven to mimic biological systems by
providing a measure of bioavailable pollutants in both fresh and salt water. Environmental Sampling
Technologies (EST) has exclusive patent license for the preparation and dialysis of SPMDs. EST has
developed an ultra-clean room equipped with several phases of carbon filters and a laminar flow air
system in which to manufacture the cleanest possible SPMDs. In addition, EST has designed a versatile
dep1oyiment device specifically targeted at minimizing contamination from sampling procedures and
vigorous enough to withstand harsh temperature and water conditions. These devices and SPMDs were
used to monitor for PCB's and PAH's in various waterways in and around St.. Joseph, MO. These areas
include watershed areas around agricultural chemical plants, River, and waterfowl areas for Canadian
and Snow Geese.

Computer Science Section
Ali, S.S. Department of Computer Science, Southwest Missouri State University. ANALOG: A
SYSTEM FOR NATURAL LANGUAGE REASONING. Natural language (English) allows a form of
reasoning called surface reasoning. This style of reasoning allows the derivation of new statements from
old, based on two properties of the statements. First, similarity of the syntactic structure of the
statements and second, "obvious" subsumption relations between parts of the statements corresponding
to descriptions and classes. We describe a formalization of surface reasoning, based on a propositional
semantic network with structured variables, using three mechanisms: node subsumption, matching, and
instantiation. The implemented system is called ANALOG and it is a useful tool for natural language
processing applications.
Naug~r, D.R. Department of Computer Science, Southeast Missouri State University. SOFTWARE
FOR INTRODUCTORY ARTIFICIAL INTELLIGENCE.
An introductory course in Artificial
Intelligence has too much material for all the topics to be explored by writing programmes, but first hard
experience can be obtained by working with various tools and reading, running, and modifying code. A
course using this approach is described. The students entering the course know Scheme and all learn
Standard Prolog. Most work is done on IBM PCs for which PC-Scheme (and other schemes), and
several implementations of Pfolog (Prolo2, SWI Prolog, BINProlog) are available. Students individually
or in groups use other language products including MC (CAML), Common Lisp (AK.CL), XLisp, the
constraint language cuProlog III, and CLIPS (C Language Integrated Production System), an expert
system tool. Students are exposed to topics such as artificial life using Life and Tierra and expert
systems using shells such as ES, ESIE, and MIKE. Code in Scheme, Prolog, and Common Lisp is used.
The software, code, and documentation is easily and freely available from sources such as the CMU
Artificial Intelligence Repository.

Sanderson, D.P. Department of Computer Science, Southwest Missouri State University. 11IE SPIRIT
INTERACTIVE PROGRAMMING TUTOR. Novice computer programmers find the task of learning
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etfoctive program development skills formidable. The use of interactive tutorial software can facilitate
this task by allowing the student to practice solving programming problems. The SPIRIT software
system is being developed to help novices learn to program in C++. Its design combines results from
intelligent tutoring systems (ITS) research with my previous adaptive user interface (AUI) research. The
learning approach is based on programming plans, which are composed to form problem solutions.
SPIRIT can adapt to individual students by tracking their activities and adjusting problem selection and
solution specification methods according to their progress. A prototype was built using Visual Basic as
part of the term project for an upper-division undergraduate software engineering course.
Shade, E. Department of Computer Science, Southwest Missouri State University. ALGORITHMS
FOR MONOTONE BOOLEAN FUNCTIONS. A Boolean function is one that takes one or more
Boolean values (0 or 1 as inputs and produces a Boolean output;. A Boolean function is monotone if
changing one of the inputs from 0 to 1 never causes the output to change from 1 to 0. In 1897 Dedekind
considered the function M, where M(n) is the number of distinct monotone Boolean functions with n
inputs. No closed form for Mis known, and no precise values for M are known other than for the first
few values of n. Here we consider algorithms for enumerating square Boolean matrices in which 1
entries correspond to monotone Boolean functions. These matrices can be used to directly computM(n)
by simply counting. The algorithms are recursive, and one in particular exhibits very fractal-like
behavior. Obviously the size of the matrix corresponding to M(n) has at least M(n) entries, so the
algorithms are not practical for computing M(n) for large values of n. However, analysis of these
algorithms may lead to recurrence relations whose solution provides either a closed form for M or tighter
bounds than are currently known.

Conservation
O'Dell, R.B. and P.K. Wilson. Biology Discipline, Division of Science, Northeast Missouri State
University. CHANGING PERSPECTIVES OF MISSOURI PRAIRIES: PRE-SETTLEMENT TO
LATE-TWENTIETH CENTURY. Our prairie history review demonstrates a specific episode of human
environmental destruction, further emphasizing the need for environmental conservation. The first postLouisiana Purchase land survey of what is now the state of Missouri reported that prairies covered
18,475 sq mi stretching over 89 counties. Prairies comprised the majority of upland areas whereas flood
plains and draws were forested. Presently, 32 sq mi of prairie spread over parts of 23 counties.
Compared to the pre-settlement period, 99.8% of the prairies have been lost. This depletion was due, in
part, to natural causes including climatic variation, changing migration patterns, and fluctuating
prairie/forest borders. Most prairie devastation was, however, consequent of human partitioning land,
controlling wildfires, and sod busting. Subsequent prairie depletion resulted from urbanization as well
as changing economic and conservation valuation of the land.
Pettit, M.D., L. S. Ellis. Science Division, Northeast Missouri State University. EFFECTS OF OAK
SAVANNAH RESTORATION ON THE BEHAVIORAL ECOLOGY OF PEROMYSCUS
LEUCOPUS. A management dectsion has been made by the Department of Natural Resources to
undertake an ecological restoration project at Thousand Hills State Park, Adair County, Missouri. The
restoration goal is to revert second-growth oak-hickory forest back into an oak savannah ecosystem and
to reinstate pre-settlement b~ological diversity. This study investigated how the techniques involved in
the restoration alter the behavior of Peromyscus leucopus. Specifically, this study explored how cutting
the forest affected the population structure and density. Radio telemetry of 12 resident males and 9
resident females was used to determine nest site location and activity. More mice inhabited the cleared
area where trees had been cut relative to the undisturbed forest (the control). Mice using the clearing
also exploited both a higher number of nest sites and switched nest sites more often than mice living in
the forest. Quantitative comparisons using the results from both a cut site and an uncut site +3 indicate a
significant initial impact of the oak savannah restoration project on Peromyscus /eucopus.
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Engineering Section
Carroll, Douglas R. Department of Basic Engineering, University of Missouri-Rolla. INTEGRATING
DESIGN INTO LOWER DIVISION COURSES: MECHANICS OF MATERIALS. Engineering
schools across the country are developing ways of integrating design into their curriculum,. and a
question that often arises is how to best integrate design into the lower division courses. This
presentation will summarize a three year effort at integrating design into the Mechanics of Materials
course. Originally the assumption was made that to teach design we must have the students design
something. Their designs were very original and creative, but were not practical from a cost standpoint,
and did not follow sound engineering practice. The students had nothing to draw from in doing the
design projects. After working on this for three years, I have decided that the most effective way to teach
design is to select an item relevant to the course, that required a substantial design process. A few class
periods should be spent showing how the principles taught in the course were used in designing the
item. This teaches students the design process, and gives them something to draw from in their upper
division courses.
Eerkens, J.W., J.F. Kunze, G. Anderson. Nuclear Engineering Program, University of MissouriColumbia. M0-98 AND M0-99 LASER ISOTOPE SEPARATION FOR NUCLEAR MEDICINE.
Successful production of non-fission Mo-99/Tc-99m for use in nuclear medicine will depend vitally on
the development of efficient isotope separation techniques. Both, the separation of Mo-98 (24%) from
natural Molybdenum (phase I), and the removal or enrichment of Mo-99 from neutron-irradiated Mo-98
(phase II) will be investigated with a laser process called CRISLA (Chemical Reaction by Selective
Laser Activation). Under phase I, for which preparatory work is almost complete, gaseous Molybdenum
Hexafluoride will be irradiated with selected laser lines from a C02 laser which will excite primarily the
Mo-98 hexafluoride. The excited species react at greatly enhanced speeds with a mixed-in coreactant
such as Si.Ht or HCl. The Mo-98 enriched reaction product precipitates out and is thereby separated
from the remaining unreacted and depleted gaseous MoF 6• For optimum results, the gas mixture will be
supercooled to 200 Kor colder by a suph~onic nozzle. In phase II, 0.01% of (n,y) produced Mo-99
hexafluoride will be preferentially excited and separated from the parent 98MoF 6 . Even if the Mo-99
enrichment factor is only 10 to 30, the result can lead to the economic development of a non-fisson Mo99!Tc-99m technology. At present Mo-99/Tc-99m is obtained from the fission products of U-235 and is
chemically extracted at only one location in Canada. Often traces of other fission products are found in
the Tc-99rn delivered doses. Furthermore producers would prefer the cleaner (n,y)-generated Mo-99,
not having to contend with fission products for which there is currently no U.S. disposal site. Tc-99rn is
shipped weekly to 4000 U.S. hospitals for diagnostic and therapeutic applications.
Najafi, M., V. Varma. Department of Engineering Technology, Missouri Western State College.
TRENCHLESS TECHNOLOGY: NEW WAYS OF UNDERGROUND UTILITIY CONSTRUCTION.
The demand for installing new underground utility systems or rehibilitating old ones in congested areas
with existing utilitiy lines has increased the necessity for innovative methods. Environmental concerns,
surface and subsurface congestions, social (indirect) costs, new safety regulations, difficult underground
conditions (existence of natural or artificial obstructions, high water table, etc.) and new developments in
equipment have increased the demand for trenchless technology. Trenchless technology methods include
all methods of installing or rehabilitating underground utility systems with minimum disruption of the
surface. The recent developrp.ents in new products and equipment have resulted in increased competition
and hence decrease in the cost oftrenchless installations. This paper outlines the benefits and limitations
oftrenchless technology compared with open-cut utility installation and replacement.
Rao, G.S. and H.J. Sauer, Jr. Department of Mechanical and Aerospace Engineering and Engineering
OPTIMUM OPERATION OF BUILDING HVAC
Mechanics, University of Missouri-Rolla.
SYSTEMS UTILIZING ECONOMIZERS AND HEAT RECLAIM. Concern for energy conservation in
the area of building heating, ventilating, and air conditioning (1-NAC) during the past few decades has
led to the development and use of various types of heat recovery (reclaim) systems which recover
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building internal heat for use either elsewhere or later. On the other hand, air economizer cycles have
been widely used for many years in HVAC systems to provide "free cooling." While operation of either
the economizer cycle or heat reclaim individually is known to save energy, proper care must be exercised
in their combined installation and use. This study was undertaken to develop methodology for
estimating potential savings in annual HVAC energy and cost when using operation of heat reclaim
and/or economizer cycle, while giving priority to operation of either one. Optimization of the economizer
set-point is reported for several different climatic locations in the United States. The effect of supply air
temperture level on system performance is reported showing the energy effect of dehumidification as the
supply air temperature is lowered.

Varma, V.K., M. Najafi. Department of Engineering Technology, Missouri Western State College.
DESIGN OF A CONTROLLED LOW STRENGTH MATERIAL (CLSM) USING SPENT LIME
FROM SUGARBEET PROCESSING. Flowable CLSM mixtures are an economical alternative to
backfilling of engineered structures by soil or granular materials due to saving of labor and time. This
study was conducted to optimize the design of a unique CLSM backfill material utilizing varying
quantities of spent lime obtained as a by-product from processing of sugarbeet. Eight different designs
and sixty-four tests were conducted with variatioins in quantities of cement, flyash, and spent lime. The
resulting 28-day compressive strengths ranged from 60 psi to 720 psi. Based on results of this study, the
material with a compresisve strength of 230 psi was recommended as a backfill for sewer trenches, and
meets the American Concrete Institute Committee 229 criteria for CLSM materials.
Younger, R.A. and N.R. Cox. Department of Electrical Engineering, Unjversity of Missouri-Rolla.
SUPRESSION OF POWER-LINE-RELATED IMPULSE NOISE IN COLOR TELEVISION
PICTURES. Television (fV) reception is often corrupted by electromagnetic interference which arises
from nearby motors, electrical switches, and faultiy power-line insulators. This interference can be
particularly severe in fringe areas where the picture signal is relatively weak, in comparison. By making
use of the fact that 60Hz-related noise is displaced in the temporal dimension by one TV field time, it is
possible to suppress or conceal much of this interference by replacing errors with similar video
information from the spatial (two-dimensional) domain. In this paper, we discuss the results of an
experiment in which two such concealment algorithms were evaluated with actual TV signals. The
corrupted signals were recorded on video tape so that they could be played back repeatedly through a
real-time digital video processor and then displayed for evaluation. The results show that either
algorithm works well if the interference is not overwhelming and if noise impulses are highly coherent
with the power-line frequency. Either algorithm could be implemented in integrated circuit form with
minimal memory requirements.

Environmental Science
Frazierj J.J., G.J. Cwiek and R.A. Hrabik. Missouri Department of Conservation , and Geosciences
Department, Southeast Missouri State University. USE OF AIRBORNE VIDEOGRAPHY FOR
REAL-TIME ENVIRONMENTAL DATA COLLECTION AND ANALYSIS. Many resource agencies
are turning to- remote sensing methods to monitor short and long-term changes in the physical
environment. Satellite data may be used, but it is often expensive, has too coarse of resolution for certain
purposes, and can be somewhat outdated. Hand-held video cameras offer resource managers a relatively
inexpensive and timely alternative to satellite imagery. An off-the-shelf video camera was carried onboard a helicopter and used to record conditions in the Mississippi River floodplain of southeast
Missouri after the 1993 flood. Acquired data were input into a computer and digitally processed using a
video capture board and the MIPS (Map and Image Processing System) software package. Further
statistical and .spatial analyses were conducted using the IDRIS! geographic analysis system. This
method of real-time data acquisition appears to have a variety of resource management applications, but
was found to be particularly useful in this study for characterization of recent ecological changes induced
by catastrophic flooding.
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Overman, S.R. Department of Biology, Southeast Missouri State University. ATTITUDES OF
PARTICIPANTS IN A HOUSEHOLD HAZARDOUS WASTE COLLECTION. Household hazardous
wastes (HHW) constitute a small, but environmentally significant, proportion of the municipal solid
waste stream. For many HHW items, proper disposal requires citizens to tum in these materials to
special HHW collection events or sites. In October, 1994 a free-of-charge HHW collection event was
held in Cape Girardeau, Missouri. An 18 item questionnaire was completed by 325 participants. Most
individuals had not previously brought HHW to a special collection, but indicated a desire for quarterly
or annual similar future collections. Newspaper stories were the most effective means of public
awareness of the October event and participants indicated both newspaper and broadcast media should
be used for public education on HHW. Respondents indicated a willingness to drive several miles and
pay a small user fee for future collections. Attitudes were mixed with regard to public or private
administration of HHW collections. Most individuals recongnized the environmental importance of
proper HHW disposal and reported that they would store HHW indefinitely until a future collection
event. HHW materials turned in had often been stored for several years. Reactions were mixed vvith
regard to the possibility of an organized swap or exchange of HHW. A profile of HH\\T materials
collected was obtained. Results of the survey and profile of materials will be useful in planning of future
HBW collections in this and other communities.

Geography Section
Albrecht, M.S. and G.J. Cwkk. Department of Geosciences, Southeast Missouri State University.
DETERMINATION OF ANTHRO-POGENICALLY-INDUCED CHANGES IN LANDSCAPE
CHARACTERISTICS AROUND THE AMU-DAR'YA·RIVER BASIN, UZEBEKISTAN USING
LANDSAT MSS DATA. Analysis of remotely sensed multitemporal data was conducted in the
northern portion of the Amu-Dar'ya river delta at the southern boundary of the Aral Sea basin to
detennine the extent of lanscape alteration that has occurred there over a 16-year period. Two Landsat
MSS data sets spanning the September 1973 to September 1989 timeframe were spatially merged and
analyzed using change detection techniques to quantiy areal variation in ceratin landcover types (e.g.,
salt playas, lakes, and marshes) resulting from anthropogenically-induced desertification and salinization
processes. Preliminary results indicate that substantial changes have occurred in these features over this
period, and suggest that remote sensing data and geoprocessing methods are very useful for delineating
the extent of ecological disturbances in this region.
Barnes, C. Taylor, Department of Geology and Geography, Northwest Missouri State University.
MILITARY INSTALLATION CLOSURE: A SPECIAL LOOK AT MILITARY RETIREMENT
MIGRATION. The purpose of this research was to determine the impact of base closure on militazy
retirement migration. Since 1988, over 200 bases have closed. Each year approximately 45,000 military
members retire from active duty and become part of the 1.4 million military retirees living in the U.S.
Previous research indicates that two-thirds of all military retirees retire in the community of their
tenninal military assignment. An important variable contributing to this locational choice is location
specific capital such as medical and shopping amenities. A random sample of 400 retirees was
analyzed. Hypotheses relating to the propensity for retirees to move following base closure were tested
using logit models and regression analyses. Results indicated a high propensity for retirees to relocate
following base closure. The decision to relocate varied inversely with length of retirement. This research
revealed significant implications for population redistribution resulting from base closure.
Dodds, C.W. Department of Geology/Geography. Northwest Missouri State University. PESQUERIA
CANYON PASS-MONTERREY TO SALTILLO: A UNIQUE TRANSPORTATION LINK. This
study examines the changes in the volume of traffic that passes through a critical constriction in the
Mexican transportation network. Rapidly-increasing traffic flows caused by the expanding Mexican
economy and differences in the ease of movement as NAFTA is implemented can be measured, in part
by analyzing periodic traffic counts in the decade of 1982 through 1991. The increasing traffic, however,
is only an excuse for examining the geography of a fascinating route that provides one of two major
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linkages between the U.S. and the Mexican core region. This route passes through two "gateway cities"
(my choice of designation is "pass cities"). Monterrey at an elevation of 600 meters located at the
bottom of the pass with Saltillo at 2800 meters located at the top of the pass only 80 kilometers away.
These are the only significant urban concentrations in a sparsely-populated landscape. In addition, the
pass is at the contact between two distinct geomorphic landscapes. These and other factors bring a
variety of geographic features together in a description of a unique transportation link.

Meserve, P.H. Department of Mathematics and Science, Columbia College. Tiffi WISE USE
MOVEMENT IN MISSOURI: DIFFUSION AND INFLUENCES. This paper briefly traces the
diffusion of the 'wise use movement' across the United States and examines its efforts to influence
environmental policy at the state level, with specific reference to Missouri. The 'wise use movement'
started in the Pacific Northwest in the 1970s as a challenge to the activities of 'green' organizations such
as the Sierra Club and Nature Conservancy. Financially supported by mining and forestry corporations
and empoyees, the movement espouses a philosophy of resource development and economic growth that
is increasingly popular in regions whose economies are based on extractive industries. Mining and oil
conservation policies in Missouri are concerns of the local movement.
Robertson, Alfred Q. Department of Health and Leisure, Southeast Missouri State University. WHY
NOT?---WHY NOT ACCEPT WELL DOCUMENTED, CORRECTLY RECORDED WEATHER
RECORDS? Weather records are recorded and tabulated at official weather sites across the country. In
some instances, weather data were tabulated by individuals that had a keen interest in meteorology.
Because the location was not an official weather station, the data were not considerred official. A case in
point occurred in Cape Girardeau. Science professors at Southeast Missouri State College in the l 930's
and 1940's recorded meticulous weather records. It was not until 1948 that the aitport became a
sanctioned weather gathering site by the United States Weather Bureau. The data gathered by the
professors are not much different than the weather data of official weather sites in Missouri. This
presentation will document and try to support the inclusion of such records.

Geology

Geophysics Section

Cash, J.W., and R.D Hagni. Department of Geology and Geophysics, University of Misouri-Rolla.
MINERALOGY OF DIRECT IRON REDUCTION WASTE PRODUCTS. The AISI's direct iron
reduction smelter at Universal, PA is capable ofrecycling it's own waste products of build-ups, cyclone
dust, and sludge. The mineralogy of each of these waste products, however, must be known before
smelting so a satisfactory steel can be produced. The mineralogy was obtained using reflected light
microscopy, SEM-EDS, CLM, x-ray diffraction, and electron micropobes. The build-up consists of free
iron, wuestite, pyrrhotite, pseudobrookite, akermanite-ferroakermanite, gehlenite, magnetite, and
possibly hercynite. The mineralogy of the cyclone dust is much simpler as it contains 99% carbon with
minor free iron, wuestite, pykrrhotite, and glass. Study of the sludge mineralogy is hindered by small
particle size, 69% of the particles are less than 2.5 µm. Glass, metallic iron, and carbon are abundant in
the sludge whereas wuestite and pyrrhotite are less common. Sludge has also been produced from
recycling high zinc metals. The resulting high zinc sludge consists ofwurtzite, wuestite, and glass. The
mineralogical results will improve the process and diminish the development of build-ups at the AISI
direct iron reduction smelter., Research supported by AISI.
Emin, Ciftci, Department of Geology and Geophysics, Universitsy of Missouri.Rolla.
Tiffi
DETERMINATION OF POLYMETALLIC MINERALIZATION BY Pb AND As GEOCHEMISTRY
IN EASTERN PONTIDS, TURKEY.
The Eastern Pontids Tectonic Belt (North Turkey)
contains numerous volcanogenic massive sulfide deposits that differ in the size of their reserves (0.1 to
30 million tons) and that vary in their composite tenors. Soil geochemistry is conventionally used in the
exploration programs for these deposits. In the present study, Pb and As were used as pathfinder
elements to investigate the relationship of their anomalies to a completely delineated ore deposit that
served as a natural physical model. A total of 250 soil samples were analyzed to conduct the study. The
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two elements, which represent. the opposite ends of the mobility range, revealed that both showed high
contrast and overlapped each other at the location of the ore deposit. The success of the research in
clearly pinpointing the deposit is remarkable considering the rough topography. Previous thought was
that the extremely moist climate would cause excessive leaching of the trace element pathfinders from
the ore deposit, but the present resarch has shown that this method can be used if the sampling is
carefully conducted.
Felton, R.M. and J.P. Pope. Department of Geology and Geography. Northwest Missouri State
University. SIGNIFICANCE OF INTERNAL STRATIGRAPHY OF THE BETHANY FALLS
LIMESTONE MEMBER, SWOPE FORMATION AND THE WINTERSET LIMESTONE MEMBER,
DENNIS FORMATION (PENNSYLVANIAN, MISSOURIAN) NORTHERN MID-CONTINENT
SHELF. Although the Bethany Falls and Winterset display general shallowing-upward carbonate
sequences consistent with the interpretation that they are the regressive limestone members of the Swope
and Dennis cyclothems, study of lithology and conodont distribution in southwestern Iowa and
northwestern Missouri indicate that both of these units are composed of smaller scale transgressiveregressive cycles. These cycles generally consist of shallowing-upward carbonate sequences separated
by thin, conodont-rich shales that descend southward to merge with the underlying transgressivehighstand shale member (Hushpuckney Shale-Swope; Stark Shale-Dennis), thus defining a series of
southward prograding carbonate wedges. This pattern supports the interpretation of the upper parts of
the Hushpuckney and Stark shales to the south as the respective offshore sediment-starved facies
equivalent of the Bethany Falls and Winterset limestones to the north. The lower Bethany Falls cycles
merge with the Stark farther south, suggesting a basinward shift of carbonate deposition from the time of
Bethany Falls deposition to the time of analogous Winterset deposition in the next cyclothem.
Fennel, Mark J., Richard D. Hagni. Department of Geology and Geophysics, University of MissouriMilton F. Bradley, Magmont Mine, Bixby, Missouri. GEOLOGY OF THE MAGMONT-WEST
MINE, VIBURNUM TREND, SOUTHEAST MISSOURI. This study has involved underground
mapping, examination of selected drill core, description of 200 polished sections, and analyses of trace
element contents of selected sphalerite crystals. Although the ore deposit at Magrnont-West is similar to
other ore deposits in the Viburnum Trend of southeast Missouri, it differs from the typical deposits in the
lead district in several important respects. The deposit is located two to three miles west of the main ore
deposits in the Trend. It is closely controlled by narrow fracture and breccia structures that give angular,
curving, and fish-hook plan shapes to the orebody. The ores are stratigraphically higher than most ores
in the district, and they are contained largely in the False Davis unit. The ores are usuallly high in zinc,
2-2.5% vs. 1% for the district average. The deposit exhibits strong mineral zoning, and a narrow
discontinuous zone that is unusually nickel-rich along the center of the deposit has been studied by ore
microscopy and electron microprobe analyses. The paragenetic sequence of mineral deposition is:
millerite-gersdorffite-polydyrnite-vaesite-luzonite-chalcopyrite-siegenite-yellow
brown
sphaleriteoctahedral galena-colloform pyrite and marcasite-red sphalerite-cubic galena
Rolla~

Hagni, Richard D. Department of Geology and Geophysics, University of Missouri-Rolla. ORE
MICROSOPY OF BORNITE ORES, VIBURNUM TREND, SOUTHEAST MISSOURI. The bornite
ores in the Viburnum Trend, Southeast Missouri Lead District, have been deposited in small pods and
lenses that formed early in the paragenetic sequence of ore mineral deposition. Their ore textures vary
significantly from one locality to another suggesting that the bornite ores mark early point sources for the
entry of ore fluids into the district. The bornite ores exhibit a great variety of ore textures: exsolution
textures at the Fletcher mine, intricate colloform textures at the Brushy Creek mine, replacement textures
at the Sweetwater mine, and granular intergrowths at other mines. These variations in ore textures
appear to reflect differences in the mode of deposition and the rate of crystallization of these ores from
place to place. The interesting and complex mineralogy of the bornite ores also records significant
variations in the ore-depositing fluids through time. The early fluids carried significant amounts of
copper, cobalt, nickel, and arsenic. The chemical character of the fluids that deposited the bornsitre ores
changed through time, as shown by the replacement of early-deposited gersdorffite by subsequent

82

Transactions, Missouri Academy of Science

Vol29

copper-arsenic minerals, enargite and tennantite. Later fluids caused replacement of bornite an
chalcopyrite by digenite, anilite, djurleite, and chalcocite.
Kogut, Ari I., Richard D. Hagni. Department of Geology and Geoscience, University of MissouriRolla; G.l.C. Schneider, Namibian Geological Survey. A COMPARISON OF THE OKORUSU
FLUORSPAR DEPOSIT IN NAMIBIA WITH FLUORSPAR DEPOSITS IN SOUTHERN ILLINOIS
AND KENTUCKY. The character of the ores, mineralogy, and geochemistry of the fluorite deposits at
Okorusu, Namibia share some similarities with fluorite deposits in Southern Illinois and Kentucky.
Both are characterized by coarse cubic fluorite crystals in locally abundant vugs, associated replacement
ores in carbonate host rocks, and fluid control by faults, fractures, and breccias. The fluorite colors
include colorless, purple; blue, and yellow, and exhibit a depositional stratigraphy. Associated minerals
include barite, calcite, strontianite, pyrite, marcasite, chalcopyrite, sphalerite, and galena. The
occurrence of apatite and rare earth minerals in the deeper fluorite ores in the Hicks Dome in Illinois are
similar to Okorusu. · The similarities shown by the two deposits are not interpreted to indicate that
Okorusu is a MVT deposit, but rather that the large amounts of fluorite in the Southern Illinois MVT
deposits tnay owe their origin to the addition of fluorine from a buried carbonatite source as recently
proposed by Goldhaber (1994). Research supported by NSF no. INT 9312728 and Society of Economic
Geologists' Hugh Exton McKinstry grants.
Lee, J.T. and O.K. Manuel.
Department of Chemistry, University of Missouri-Rolla.
TERRESTRIAL-TYPE XENON IN SULFIDES OF ALLENDE METEORITE. Two sulfide-rich
samples from the Allende (C3V) chondrite :were analyized for Xe and Kr. On~ sample was irradiated in
a neutron flux to generate a tracer isotope of Xe by the 130Te(n;yj3") 131 *Xe reaction. The experiment was
designed to use this tracer isotope to identify the temperature at which gases were released from within
the sulfide. When the sulfide melted at 950°C, the Xe released was terrestrial in isotopic composition,
except for enrichments from spallogenic and radiogenic components. It is concluded that terrestrial-type
Xe was a primordial component that was dominant in the FeS-rich region of the solar nebula.

Maxwell, Dwight T. Department of Geology-Geography, Northwest Missouri State University.
EFFECT OF 1993 FLOODS ON STRAIGHTENED RIVERS. The purpose of this study is to examine
the amount of river cutting done by the 1993 mid western floods. This was done by measuring the
amount of bank cutting in a straightened river and comparing to an unstraightened part of the same river.
Methods of research include personal interviews, search of government records, and field work including
photography of altered areas. Although the reports of the 1993 Midwestern floods on urban areas have
been extensive, effects on rural areas are less reported. Nodaway Cow1ty, Missouri, a rural county,
having 23 .5 inches of rain in July, experienced alteration of both cultural and natural features, and was
used for this study. Effects on cultural features include road closings and road degradation as well as
damage or complete destruction to county bridges and tubes. Also included are flooded structures as
well as broken or exposed water and sewage lines. Flood effects on natural f~tures include alteration by
rill erosion and gullying as well as bank cutting along major rivers. While many flood effects in
Nodaway County are similar to those in uban are_as, others are different. Similarities include road
closings and road collapse as well as flooded structures and broken lines. Response of natural features
in this rural county are more differrent from urban areas. In this agricultural county, the weathering by
soil removal has been extreme. To some degree this is influenced by the stage of crop growth at the time
of flooding. Furthermore, major rivers in the research area have eXperienced bank cutting which is
intense. The rivers are trying to unstraighten themselves.
Romer, S.A., H. Mahdi and R Al-Shukri. Department of Geosciences, Southeast Missouri State
University. PRELIMINARY SURFACE WAVE ANALYSIS OF DATA FROM KIRGHIZIA
BROADBAND SEISMIC NETWORK. Surface wave data from regional events recorded at six
Krighizia broadband seismic network stations were analyzed using single station method. The multiple
filter analysis technique was used to measure Rayleigh wave group velocity values. Results of the
analysis of surface waves from an earthquake in northern India and another near India-Pakistan border
show that for the period range of 6-50 seconds, the group velocity values for fundamental tnode Rayleigh
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waves range between 2.4 km/sec and 3.2 km/sec. These values are in general lower than the average
values for the same period range in other regions. A differential least-square inversion procedure was
used to invert the group velocity dispersion data to derive a shear wave velocity model for the crust and
upper mantle. Preliminary inversion results show that there is a velocity discontinuity around a depth of·
10 km within the upper crust. The Moho-discontinuity appears as a sharp boundary at a depth of 55-60
km. The models show no indication of a low velocity zone in the region.

Stewart, Kimberly L., John W. Cash, Richard D. Hagni. Department of Geology and- Geophysics,
University of Missouri-Rolla. TIIB AISI DIRECT REDUCTION PROCESS. The American Iron and
Steel Institute (AISI), in conjunction with the Department of Energy (DOE), is developing a method of
directly reducing hematite and wuestite pellets to produce steel. The process involves a 10 ton smelter
that can produce 1% carbon steel at 400,000 tons per year. Direct reduction is more cost efficient than
conventional ovens. Dollars per annual ton of steel range from $300 for direct steelmaking to $450 for
conventional steelmaking. In the direct reduction process, reduction of iron takes place in the smelter as
opposed to the conventional method that requires prereduction before smelting. The direct reduction
process further utilizes the off-gas from the smelter to heat the hematite and wuestite pellets, increasing
the efficiency of the reduction process. The low cost of the process, safety, plus many other features may
make the AISI Direct Reduction Process the wave of the future. Applied mineralogical techniques have
been applied in this study to the determination of the mineralogy of furnace products from the direct
reduction processing of iron oxide pellets. Current research involves the study of mineralogy of direct
reduction treatment of waste products from the steel industry. Research supported by University of
Missouri-Rolla OURE fund.
Sullivan, R., M. Aide, M. Elledge, J. Fairbanks, K. Grimes, S. Johnson, H. Reimold, C. Stokes,
and G. Young. Department of Agriculture, Southeast Missouri State University. CLAY MINERAL
FORMATION IN REDDISH CLAY SOILS OVERLYING DOLOMITIC LIMESTONE IN
BOLLINGER CO., MISSOURI. Clayey textured soils overlying limestone are commonly dispersed
across the United States and considerable speculation exists concerning the nature .·of their parent
materials and their evolution in the landscape. This study focused on two upland, well drained, clayey
textured soils in southeastern Missouri and attempted to determine if the underlying limestone was the
source material for the soil clays. Soil profile description showed evidence of isovolumetric alteration of
limestone to clayey sediments. Infrared analysis demonstrated that kaolinite clays were entrained in the
limestone and that the Fe content could account for the free iron oxide contents associated with the soil.
X-ray diffraction demonstrated that. the soil clays were mostly kaolinite and hydroxy-aluminum
interlayered vermiculite. It was tentatively concluded that isovolumetric weathering of limestone is
responsible for the clayey parent materials of these two soils.

Wright, W.R. Department of Geology and Geophysics, University of Missouri-Rolla. THE
GEOLOGY, PETROLOGY, AND GEOCHEMISTRY, OF TIIB WESTERN FLANK OF MT.
McLOUGHLIN, HIGH CASCADES, SOUTHERN OREGON. (Wright, W. R., 1992, unpubl
bachelor's thesis, Beloit College) The field area was analyzed using mapping, petrography, K-Ar dating,
and elemental geochemistry. On the basis of research results, a theory was proposed for the petrogenesis
of the differing volcanic rocks extruded in the area of the composite volcano Mt. McLoughlin, southern
Oregon. Data indicate a relationship between only two of the six units present in a seven section field
area. The previously studied.and geochemically analyzed McLoughlin summit, is related to the Flank
Eruptive Assoc. flows of the North Squaw tip by shallow magna body fractional crystallization. The four
other units within the mapped area do not appear to be related by simple magmatic processes. The
unrelated nature of the six units suggests that all stem from distinct magma bodies. These bodies
originate from a MASH (Melting, Assimilation, Storage and Homogenization) zone at the crust-mantle
interface. The MASH zone was formed during thedecrease and rotation of subduction in the southern
Oregon area. Research supported by: Keck Geologic Consortium 1991.
Yepes, 0., C. Jaramillo. Department of Geology and Geophysics, University of Missouri-Rolla.
PALYNOLOGICAL RECOGNITION OF MAXIMUM FLOODING SURFACES: TWO
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EXAMPLES FROM TIIE CRETACEOUS OF COLOMBIA. Palynological analyses were conducted
on 45 outcrop samples from a stratigraphic section in the Ortega-Coyaima region, Department ofTolima,
Colombia. The combined results of our study and lithostratigraphic data permitted us to discriminate a
Maximum Flooding surface (MFS) in the lower Villeta Group (Late Middle-Early Late Albian) and in
the Oxal Formation (Late Middle-Early Late Aptian). From base to top, the stratigraphic section in the
area consists of Alpujarra, Ocal and Caballos Formations, and the Villeta Group. The Middle-Late
Aptian MFS and the Middle-Late Albian boundary MFS were identified based on palynomorph
assemblages (30 dinoflagellate and 70 sporomorph species). Highly degraded, fine, amorphous organic
matter and a decrease in the richness and degraded, fine, amorphous organic matter and a decrease in the
richness and abundance of dinoflagellates and sporomorphs characterize the Middle-Late Albian
boundary MFS. Cribroperidinium and Oligosphaeridium dinoflagellates dominate these assemblages.
The palynofacies indicate that outer neritic conditions prevailed during deposition of the sediments in the
MFS interval. A minor decrease in coaly, herbaceous, and woody material and the appearance of
amorphous organic matter and peridinoid dinoflagellate species (Subti/isphaera spp.)characterize the
Middle-Late Aptian MFS. In addition, the level of organic degradation is lower and the palynodebris are
larger than that observed at the Middle-Late Aptian MFS. Inner neritic conditions characterize the
sediments observed at the Ocal MFS. Good petroleum source-rocks occur in the Late-Middle Albian
MFS interval, whereas the Middle-Late Aptian MFS interval is somewhat gas prone. The whole
stratigraphic section seems to be thermally mature. The palynological record reflect the influence and
magnitude of marine incursions during maximum flooding events. This increase the potential use of
palynology for chronostratigraphic correlations and sequence stratigraphic analysis.
Wu, Yue, Richard D. Hagni. Department Geology and Geophysics, University of Missouri-Rolla.
Norman Paarlberg, Doe Run Company, Viburnum, Missouri. TIIE SILVER CONTENT OF IRON
SULFIDES IN THE BUICK AND BRUSHY CREEK MINES, VIBURNUM TREND, SOUTHEAST
MISSOURI LEAD DISTRICT. Iron sulfides are important phases in the lead-zinc-copper ores in the
Viburnum Trend, Southeast Missouri Lead District. Their abundance is about that of the lead-zinccopper sulfides in those ores. To investigate the silver content, 150 samples of marcasite and pyrite has
been collected from varied areal and geological positions in the Buick and Brushy Creek mines. The
concentration of silver, areal distributions of silver concentrations in the iron sulfides, and the variation
of silver with different iron sulfide morphologies are bding investigated. This investigation will
determine whether sufficient silver is present in the iron sulfides to consider its recovery, and whether
iron sulfides in certain geological environments and areal locations tend to have higher concentrations of
silver, and to determine if there is an areal distribution of silver values. Initial results from analyses by
ICP with aqua regia digestion indicate 4 to 37 ppm Ag, 38-197 ppm Ni, 15-69 ppm Co, 18-111 ppm As,
2-12 ppm Bi, 4-8 ppm Sb, 9-16 ppm Cr, and 1000 ppm Mn. One sample contained 9 ppm Tl. Research
sponsored University of Missouri Research Board.

Science Education Section
Berldand, T. R. Earth Science Department. Central Missouri State University. THE GROWTH OF
COPPER SULFATE CRYSTALS BY PROSPECTIVE MIDDLE SCHOOL EARTH SCIENCE
TEACHERS. Developmental ,methods of creating copper sulfate crystals from an aqueous solution
illustrate the crystalline nature of matter and the growth of natural evaporite crystals. Prospective
teachers are shown how to grow large individual triclinic crystals and are later allowed to develop their
own methods and techniques. Crystals measuring 2" (approx. 25 grams) are commonly grown in only a
couple of months with simple materials. These prospective teachers are encouraged by this initial
success to continue this activity with their students.
Several former students who are currently teaching have reported their own students have
successfully grown large copper sulfate crystals. Many have expanded the techniques learned in this
class and applied them to the growth of other crystals.

1995

Transactions, Missouri Academy of Science

85

Frucht, S. Department of Chemistry and Physics, Northwest Missouri State University. GENERAL
CHEMISTRY STIJDENTS' AffiTUDES TOWARDS INTERACTIVE VIDEODISC LAB
EXERCISES. Northwest Missouri State University established a computer laboratory in Fall, 1993.
Interactive videodisc labs replace up to one-third of experiments in general chemistry lab class. The
purpose of this study is to establish student attitudes towards both learning with computers and replacing
traditional labs with computer labs. Two hundred general chemistry students completed a Likert-style
questionnaire during the final lab of the Fall, 1994 semester. On a scale of 1, (strong agree) to 5 (strong
disagree) students responded: 1. 99 to "felt like real experiment"; 1.69 to "easy to follow video program";
1.47 to "pictures were realistic"; 3.34 to "looked forward to traditional lab more than computer lab";
1.85 to "interactive questions helped critical thinking"; 1.8 to "visual images facilitate learning"; and
2.82 to "learned more from wet lab than computer lab". These data indicate that students believe
computers are effective instructional tools, but that they are not more effective than actual lab experience.
These results support using interactive computeer as part of a comprehensive approach to chemistry
education, but that computers should replace traditional wet lab experiments.
Gordon, A.R. Department of Biomedical Sciences, Southwest Missouri State University.
SUGGESTIONS FOR TEACHING RESPIRATORY METABOLISM WITIIOUT RESORTING TO
MEMORIZATION. Energy transformations and energy flow through living systems are among the key
concepts that students in the biological sciences need to understand. These concepts are based on
principles covered in chemistry and physics courses, but these courses usually do not include
considerations of the restrictions applicable to biological systems. Unless teachers address these
restrictions, students are not equipped to integrate prior knowledge from the physical sciences with the
foundations needed to understand cellular respiration. Such restrictions and other considerations, not
usually addressed in supporting course work, will be presented. The author's "valence electron
difference" method (VED method) reported earlier (1983) has been updated. 1bis approach allows
students to understand important energy concepts while avoiding memorization of various respiratory
pathways, an activity that is counter productrive and viewed by students with disdain. An improved
version of a tally work sheet based on the VED method will be presented. This tool is easily modified by
teachers to test student understanding of usable energy transduction and material exchanges that are
associated with respiratiory sequences.
Mills, S.H. Department of Biology, Central Missouri State University. COMPUTER INTERFACED
DATA ACQUISITION IN THE PHYSIOLOGY LABORATORY. Choices in the conduct of laboratory
experiments increase scientific inquiry. A problem in the physiology lab at CMSU has been that too
much time has been directed to data gathering which has limited efforts in questioning, analysis and
interpretation. Two computer· data acquisition systems (CDS) have been used by Animal Physiology
students for comparison to chart recording systems. Nearly all students rated their experience with
computers as a novice or intermediate while about half of the students had previous experience with the
Macintosh computers. Students compared two systems (MacScope and MacLab) with nearly all rating
both as useful or very useful compared to the "physiograph" chart recorders. Both CDAS were found to
be more convenient and easier to use in preparing lab reports. Requested instructions for using the
CDAS were made available on HyperCard which are immediately available as the MacLab CDAS is
used. "On-line" processing of data (i.e., data stream averaging) makes recording of evoked potentials
possible in "noisy" laboratories without electronic filteres or "noise" isolation devices. Network
connection of all recording stations to a file server not only simplifies retrieval, evaluation,a and
compiling of data, but also pelll;lits analysis of the compiled data via the campus network on a 24 hour
basis. Support was provided by a National Science Foundation's Division of Undergraduate Education
through grant DUE-# 9452535.
Oshima, E.A. Department of Curriculum and Instruction, Central Missouri State University.
REFLECTIONS ON GENDER, PEDAGOGY, AND SCIENCE. Good pedagogy must continually
change and develop as research findings continually add to knowledge. Current research on gender
differences suggests a need for pedagogical changes with respect to science education. How might the
research findings about gender differences influence our specific practices in the classrooms? Do we
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1treat college students equally? Do we ask ALL students the same kinds of questions? Do we give the
same amount and kinds of feedback for the efforts of ALL students? Do we encourage ALL students to
pursue technical, scientific, advanced, or high status studies or careers? How could we find out if we do?
Female college students do not expect equal treatment and generally do not immediately respond
favorably to it. Why? This presentation will examine these and related questions and explore the theory
that female college students are the products of years of subtle and unconscious "mistreatment" since
their childhood years.
Salt, S.D. Biology Discipline, Division of Science, Northeast Missouri State University. NATURL
PHILOSOPHY REVISITED: TEACHING BIOLOGY WITH UNDERGRADUATE NON-SCIENCE
MAJOR STUDENTS. Three experimental sections of a general education course in biology for nonscience major students were taught in 1994-95 utilizing a novel hybrid liberal arts/experiential
investigation approach. With a focus theme of "food", the core of the approach was semester-long
student-initiated, -designed, - conducted, and -reported investigational projects utilizing the scientific
method. Students chose diverse topics ranging from Salmonella contamination of poultry products
through effects of food color upon taste perception to changes in flavor of radishes grown with varying
fertilizer and water treatments. Students also analyzed biological phenomena in popular literature and
movies and folklore, presented original skits based on biological topics (e.g., murder mystries where
audience deduced poison employed from biological clues), did genealogical research on their own
ancestors, kept diaries and logs, participated in biological controversy debates, went on 'reality therapy'
interview/field trips to mortuaries, sewage treatment plants, etc. and wrote papers, etc. on biological
topics. Student response was strongly positive as judged from internal surveys, comparative surveys
with 'control' conventional lab/lecture sections, and by subsequent enrollment demand for 'Natural
Philosophjy' sections.
Schooler, K.S., M. Ellerbusch, K. Myers, N. Tibbs. Department of Geosciences, Southeast Missouri
State University. DEVELOPMENT OF AN INTRODUCTORY ENVIRONMENTAL HAZARDS
LABORATORY TO MEET GENERAL EDUCATION OBJECTIVES IN A GEOSCIBNCE
DEPARTMENT. In an effort to update and make the Environmental Hazards class more relevant to the
student, a three-stage program was developed. This course is directed toward non-science majors
enrolled to fulfill their general education requirements. 'State one' of the laboratory introduces students
to general earth science concepts. Through a series of indoor and outdoor lab exercises they learn to
conduct experiments and record data while studying solar energy, plate tectonics and topographic maps.
Special attention is given to showing how the infonnation acquired from each exercise can be relevant to
daily living. 'Stage two' focuses attention on natural disasters, particularly earthquakes, and community
involvement. In groups of two or three they contact and evaluate local businesses doing a seismic safety
study consisting of writing a report of their findings, and designing a program complete with floor plans
for disaster preparedness, concluding with an oral presentation to the class. 'Stage three' is the capstone
project culminating with a poster presentation on a topic chosen by the student pertaining to
environmental hazards. It involves original research using the library, various agencies, and helpful
individuals for resource material. This approach has proven successful as shown by the enthusiastic
feedback of both students and instructors, student inquiries about additional geoscience classes, and
student ratings.
Scism, A.M. Department •of Chemistry. Central Missouri State University. ELEMENTARY
CHEMIS1RY LABORATORY EVALUATION REVISITED. Central's Introductory Chemistry has a
Fall enrpllment of about 300 students. The coutse includes three, 50~minute lectures and one 2-hour
laboratory per week. Past student laboratory evaluations consisted of answers to pre~lab questions
submitted at the start of the laboratory and a lab report submitted at the end of the period. Analysis
indicated that student lab scores were 15-17 percentage points higher than overall course percentages.
Laboratory prrocedures were revised to include (1) distributed outcomes for each exercise, (2) submitted
lab reports as before, (3) distributed Feedback Sheets, all prior to (4) post-lab quiz. Student lab
percentages utilizing the revised procedure related much more closely to overall class percentages.
Disadvantages were that class time was taken for lab quizzes, students reacted negatively to weekly lab
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quizzes, and paper usage greatly increased. Currently, the laboratory segment is composed offour units,
with all evaluation being done within the laboratory periods. Feedback information is posted, and unit
evaluation typically includes practical and written exercises covering three related experiments.
Trautwein, S.N., B. Hillman, A.M. Racke. Department of Biology, Southeast Missouri State
University. ASSOCIATION BETWEEN COOPERATIVE LEARNING IN ANATOMY AND
PHYSIOLOGY LABORATORY CLASS AND GRADES EARNED BY STUDENTS. At our
institution, Anatomy and Physiology is taught as a two-semester sequence in which anatomy is the focus
of the laboratory component and physiology is the focus of the lecture component. Students meet two
hours each week in the lab to cover specified anatomical material (e.g., axial skeleton, circulatory
system), with detailed anatomical models being the study material. Prior to the Spring 1994 semester,
lab presentations consisted of demonstrations by the instructor of the specified anatomic structures to be
covered. Students were then expected to drill during review sessions. Student performance on lab
practical exams was the primary basis for their grades. In the Spring 1994 semester, we organized each
lab section around groups of students, in which the students were responsible for demonstrating to one
another the material. · Follow-up and monitoring activities were also provided in each lab period, with
details to be described. Student performance in both semesters increased significantly (p<0.05) after the
shift to cooperative learning. Possible sources of bias will be discussed.
Whitaker, Robert J. Department of Physics and Astronomy, Southwest Missouri State University.
PHYSICS FOR PREMEDS. Physics is an admission requirement for nearly, all medical schools. The
specific requirements, as stated in medical school admission standards, differ widely. These
requirements range from the length of the course to the number of semester hours. Prospective
applicants (and their advisors) should be aware of the stated requirements of those schools to which they
may apply.
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Biology Section
Balcazar, Leslie L. and Dr. David Smith. Department of Biology, Northwest Missouri State
University. ELECTROMAGNETIC FIELDS AND THEIR EFFECTS ON OVARIECTOMIZED RAT
BODY TEMPERATURE. It has been demonstrated in preliminary studies on intact Sprague Dawley
Rats, that electromagnetic fields cause an increase in body core temperatures. This study was an attempt
to negate temperature variations of cycling females. Ovariectornizes were performed on three groups of
five female rats; a control group, in electric group exposed to a 30,000 V/m uniform electric field, and a
magnetic group exposed to a 4.5 Gauss Magnetic field. There were no significant differences in the
temperature cycle after the ovariectomies were performed when compared to before. Body core
temperatures were taken anally for a ten day period. It was noted that during the testing that control rat
three had rectal bleeding and an increased temperature for five of the ten day period. Its temperature was
0.9 degrees Celsius over the average of the other rats in the control group. Inclusions of this animal may
have affected the control group data by demonstrating a higher overall temperature than the Magnetic
group. The results including rat three were: Electric 0.13 degree higher than the control and the control
0.44 degrees higher than the magnetic group. If the data for rat three was deleted due to experimental
error, the resullts would have been: the electric group one degree Celsius higher than the control and the
magnetic group 0.2 degree higher than the control. These results then demonstrate an overall increase in
body core temperature for ovariectomized Sprague Dawley Rats.
Barber, S. and K.L. Schaffer. Northwest Missouri State University. THE EFFECTS OF
DIFFERENT CONCENTRATIONS OF ATRAZINE ON THE GROWTII OF BLACK WILLOW. The
EPA has imposed limits of 10 ppb of the herbicide atrazine in drinking water because of the dangers it
poses to living organisms. Previous studies have shown that Salix sp. are resistant to 3 ppm
concentrations of atrazine and that they can absorb and transport atrazine to new stem and leaf tissue.
This study was done to determine an upper limit to which atrazine will have a toxic effect on the growth
of black willow, Salix nigra. Rooted stems were placed in containers that held 0 ppb, 10 ppb, 1ppb, 10
ppm, 100 ppm, 500 ppm and 1000 ppm atrazine in water. While all stems survived to some extent,
those plants in 10 ppb (arid below) exhibited more root and shoot growth, by weight, and had more
stems survive than others of high concentrations. Atrazine was detected in new stem and leaf growth by
HPLC analysis.
Christian, J., A. Manning and W. Millington. Division of Molecular Biology and Biochemistry,
University of Missouri-Kansas City. NON-OPIOD FORMS OF 13-ENDORPHIN IN RAT, BOVINE,
EQUINE AND ffiJMAN ANTERIOR PITUITARY: A COMPARATIVE STUDY. The endogenous
opiod peptide, f3-endorphin- l -3 l (f3-End) is synthesized in both the anterior (AP) and intermediate (IP)
lobes of the pituitary. In rat IP, f3-End is almost entirely converted to N-acetyl-f3-End-1-27 and N-acetylf3-End-1-26 which are dyvoid of analgesic potency. These modifications are not observed, however, in
rat AP. The synthesis ofnoh-opiod 13-End peptides by the IP and 13-End by the AP in the rat has served
as a classical example of tissue·specific processing. Here we report that this principle does not extend to
other epecies, however. f3-End peptides were analyzed in acid extracts of rat, cow, horse and human
anterior pituitaries by cation exchange HPLC and radioimmunoassay. Although 13-End was the
predominant form observed, the peptide was extensively converted to opiod-inactive forms in the AP of
cow and horse. In the cow AP, f3-End-l-27 was responsible for 28.9% with the N-acetylated forms of f3End and f3-End-1-27 comprising 12.3% and 16.3% of 13-End immjnoreactivitiy, respectively. Similarly,
N-acetyl-13-End-1-27 contributed 21.1 % of total 13-End in the horse. In human, small amounts of nonopiod ~-End peptides were also noted although histochemical studies revealed a widespread distribution
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of N-Acetyl-f3-End immunoreactivity. These data show that not only can f3-End in AP undergo
extensive processing to its non-opioid form, but these conversions also occur in a species-specific
manner. (NIDA 5-31646 to W)
Cooper, J.L.,Biology Department, Northeast Missouri State University. J.M. Stone and J.D. Walker.
Department of Biological Sciences, University of Missouri-Columbia. IDENTIFICATION OF A
NOVEL SIGNAL 1RANSUC110N COMPONENT IN ARABIDOPSIS. To respond to stimuli,
organisms have evolved mechanisms to transmit signals received at the cell membrane to the nucleus.
These signal transduction pathways often depend on reversible phosphorylation to initiate a cascade of
events that results in changes in gene expression. To study the mechanisms of signal transduction, it is
necessary to identify and study the proteins involved in 1.ransmitting the message. Since these proteins
must interact to transmit the message, cloning proteins that interact is important to the study of signal
transduction. An Arabidopsis gene designated STKI encodes a serine/threonine protein kinase that has
been identified through interaction cloning with the Kiinase Interaction (KI) domain of KAPP (Kinase
Associated Protein Phosphatase). KAPP itself was isolated by interaction cloning with the
phosphorylated form of RLK5, an Arabidopsis serine/threonine receptor kinase. STKI appears to be a
single copy gene encoding a messenger RNA of approximately 4.4 kb that is more highly expressed in
young leaves than in mature leaves or roots. A portion of STKI hs been sequenced and compared to
other sequences in the Genbank database. STKI showed homology to serine/threonine protein kinases, in
particular to CTR! which is a Raf protein kinase homolog in Arabidopsis. It has been demonstrated that
Raf protein kinases act downstream of Ras in signal transduction pathways in animal systems. STKI
may play a similar role in signal transduction pathways in plants. Supported by NSF-REU.
Cooper, S.A. Biology Department, William Jewell College. POPULATION/ DENSITY OF
PHAROMACHKRUS lvfOCINNO COSTARICENSIS (THE RESPLENDENT QUETZAL) IN
RELATION TO TIIE STANDING FRUIT OF TIIE LAURACEAE. Previous studeis of Pharomachms
mocinno, as well as its inclusion on the endangered species list, indicate that its populations have been
threatened. This study was conducted to ascertain the importance of Lauraceae fruit crop availability as
a limiting factor on populations. Transects of the Quetzal Education Research Complex (QERC) were
carried out over an area of 250 hectares of Costa Rican cloud forest for a period of four months. Daily
behavioral patterns were observed and recorded. A quarter count method was used to estimate the
amount of standing fruit crop in each transect area, and fruit samples were collected from Lauraceae.
Numbers of Pharomachrus mocinno at QERC over the four month period ranged from a high of 13 to a
low of3. An observed decrease in upper elevation populations supports previous studies, which showed
vertical migration patterns to lower elevations. The Pharmachrus mocinno showed little dependence on
food source, but rather mamtained familiy units despite low standing crops and high predation.
Daiber, MK. and D.A. Easterla. Department of Biology, Northwest Missouri State University.
WATERFOWL UPLAND NEST SUCCESS OF HOMESTEAD UNIT ON MEDICINE LAKE
NATIONAL WILDLIFE REFUGE, MONTANA. The nesting success of specific species of ducks was
studied during the two nesting seasons of 1993-94 with the cooperation of the United State Fish and
Wildlife Service at Medicine Lake national Wildlife Refuge. This study was conducted to determine the
effects on the· nesting population during two simultaneous years: one with low water levels (1,927
elevation: 1993) and one year at the operation elevation of 1,930 (1994). A total of 288 nests was
monitored throughout the two years on three fields: 72, 66, and 63 acres in size. The fields were dragged
with chains between jeeps. The apparent and mayfield success rates were both higher during the year
the unit was at operational level. The total number of nests increased from 88 in 1993 to 200 in 1994.
The apparent success rate escalated to 0.750 from 0.625 and the mayfield rate increased from 0.350 to
0.572. The water level probably had an effect on the nesting population and indirectly may have had
bearing on the success rates. A predator fence was also used on one field (66 acres) accounting for the
high success rates.
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DeBruyne, J. Division of Science, Northeast Missouri State University. MAGNITUDE OF
ACTIVITY-INDUCED CIRCADIAN CLOCK RESETTING IN THE HAMSTER IS CORRELATED
WITH OTHER CIRCADIAN PARAMETERS. Hamsters reset their circadian clock forward by about 3
ht if they run vigorously in a novel running wheel in the middle of the day. However, about 30 percent
of hamsters choose not to run when presented with a novel wheel and therefore do not reset. To find out
why some hamsters reset and others do not, I tested whether resetting was correlated with other
measures of circadian rhythmicity such as magnitude of light-induced resetting, amount of daily activity,
duration of activity, and freerunning circadian period (tau). I found that the amount of running in a novel
wheel correlated with both the magnitude of resetting (p<0.001) and the amount of daily activity
(p<0.05, Pearson's product-moment correlation). Most importantly, I found that the magnitude of
activity-induced resetting was correlated with tau (p = 0.01, Pearson's product-moment correlation).
This latter finding is consistent with thte hypothesis that hamsters use activity-induced resetting to
maintain a constant phase relationship with sunset Oights oft) as photoperiod shortens. Hamsters with a
short tau (<24hr) automatically advance, and therefore do not need to reset to maintain a stable phase
relationship with sunset during short photoperiods. Supported by NMSU Research Stipend and Grant to
J.D and NMSU Facullty Research Grant to D. Janik.
O'Connor, G., R. Ernest, S. Dunlap, S. Roberts, R. Tooney, C. Bradley. Department of Biology,
Rockhurst College. INSECT FEEDING DETERRENT ACTIVITY OF PLANT EXTRACTS, AND
SYNTHETIC COMPOUNDS. Bioassays of plant extracts and synthetic compounds were conducted to
determine their potntial as feeding deterrents for insects that normally feed on stored grain products.
This research was a cooperative effort of students in the Departments o~ Biology and Chemistry.
Bioassays with lavae of Tenebrio mo/itor included two different types of tests: 1) weight gain; insects
(40 per group) were raised on bran meal teated with the test substance, weight changes were regularly
measured for 6 weeks and compared with weight changes of insects on untreated food. 2) choice tests,
insects were given a choice of treated and untreated food Measures were made of feeding preferences.
Time of pupation and insect death rate were also noted. Natural products tested were methanol extracts
of Vernonia, Verbena and Maclura spp., the most active being that from the fruit of Madura pom(fera.
The most active compound isolated from this source is porniferin which caused 70% deaths after 14 days
but no repellent activity. The most active synthetic compound was benzofuroxan which caused 33%
reduction in growth and 40% deaths at 28 days and 80% repellent activity at 7 days.

Eubanks, K.M. and D. Janick-Buckner. Division of Science, Northeast Missouri State University.
EFFECTS OF y-INTERFERON AND RETINOIC ACID ON MHC GL YCOPROTEIN EXPRESSION.
Retinoic Acid (RA), a form of vitamin A, influences the immune response. Macrophages internalize and
digest foreign antigens and express antigen peptide fragments on their surface in conjunction with major
histocombatibility complex (MHC) glycoproteins. Class I MHC glycoproteins present antigen to
cytotoxic T-cells, activating them to seek out and lyse virally infected cells. Class II MHC glycoproteins
present antigen to helper T-cells which results in their induction of proliferation and differentiation of
other immune system cells. The magnitude of the immune response has been previously correlated with
the level of MHC expression on antigen presenting cells (e.g., macrophages). Gamma-interferon (yIFN), a protein secreted by activated helper T-cells, activates macrophages and also enhances expression
of both class I and class II MHC glycoproteins on their cell surface. Our goal was to determine whether
RA and y- IFN alone or in combination modulate the expression of Class I and classs II MHC
glycoproteins on the surface of macrophages. wEHI-3 cells, a macrophage like cell line, constitutively
express class I MHC glycoproteins, but expresss little or no class II MHC glycoproteins. However, class
II MHC glycoproteins can be induced on the cell surface. !Cells were treated with different levels of RA
(10-8 M, 10-10 M, 10· 12 M) and y-IFN (IOU/ml, 50U/~I) alone or in combination. Class I and class II
MHC glycoproteins were immunofluorescently labelled and then analyzed by using a fluorescence
activated cell sorter. We found that y-IFN alone at both concentrations enhanced MHC glycoprotein
expression on the surface of WEHI-3 cells. At all concentrations tested, RA alone appeared to inhibit
the expression of class I MHC glycoproteins. When used in conbination, RA appeared to reduce the
effect y-IFN had on WEHI-3 cells when used alone. RA may be influencing the immune response by
modulating the expression ofMHC glycoproteins on macrophages.
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Fite, Brenda, Dale Karr, and David Emerich. Department of Biochemistry, University of MissouriColumbia. ISOLATION OF ISOCITRATE DEYDRAGENASE GENE FROM BRADYRHIZOBIUM
JAPONJC[llvf. Bradyrhizobium japonicum is a nitrogen-fixing bacteria that uses energy derived from
the metabolism of the TCA cycle to function. To understand how B. japonicum utilizes the TCA cycle
and which enzymes are essential is the primary goal of our research lab. The purpose of this research
was to isolate the gene for isocitrate dehydrogenase. A probe was developed from the N-terrninal
sequence of the enzyme for ICDH and the length of the EcoRI B. japonicum fragment containing the
gene was determined to be approximately 4.3 kb using Southern Hybridization. An ICDH-mutant was
then complemented with a PSTI library and colonies that grew on a specialized media (a modified form
of media 56) were digested and probed to determine which plasmids contained the ICDH gene. After
the gene is isolated, its base sequence will be determined, and mutations will be introduced into the gene
to determine its function in B. japonicum.
Goodpasture, E.G., M.T. Henzi. Department of Biochemistry, University of Missouri. ISOLATION
AND CHARACTERIZATION OF CHICKEN PARV ALBUMIN 3 REGULATORY REGION.
Parvalbumins are intracellular Ca binding proteins. In muscle and nerve, they function as soluble
relaxing factors and/or cytosolic Ca ion reservoirs. Unexpectedly, the chicken expresses two distinct
parvalburnin isoforms, called avian thymic hormone and chicken parvalbumin 3 (CPV3), in the thymus.
They are believed to play a role in avian immune function. Recent efforts have focused on isolation of
the CPV3 gene from a cosmid library. A CPV3 cosmid clone was isolated using colony blotting and
PCR. The colony blots were probed with a fragment of the CPV3 cDNA, and sense and anti-sense
primers designed to amplify intron 3 were employed in PCR assay, To date, we have not succeeded in
isolating the entire gene. The CPV3 genomic sequence is unstable in E. coli, and the majority of the
gene is eliminated via recombination at very high frequency. However, we have succeeded in cloning
the upstream regulatory region, which was our primary goal. A rough restriction map of the CPV3 gene
was obtained using southern blotting methods. The regulatory regions were then subcloned into
bluescript. We are currently sequencing the promotor region. Supported by Hughes Program.
Haas, S. and G. Eldred. Department of Ophthalmology, University of Missouri. SEARCH FOR
OXIDATION PRODUCTS OF A NEW CLASS OF RETINOID IN AGE PIGMENTS OF HUMAN
RETINAL TISSUE. Age.related macular degeneration is the leading cause of untreatable blindness in
the elderly. The earliest age change in the retina is the accumulation of fluorescent molecules in the
lysosomes of a single cell layer: the retinal pigment epithelium (RPE). With age, residual lysosomes
build up as age pigment granules. A new class of vitamin A compounnds has been discovered in these
granules that may be the long sought cause of the disease process. The most important of the vitamin A
compounds (A2-E) is formed from two vitamin A molecules and an ethanolamine. A variety of other
t1uorophores are also present and we hykpothsize that they are oxidation products of A2-E. Oxidation
experiments were conducted on synthetic A2-E. The chromatographic and fluorescence characteristics of
the oxidized A2-E supported this hypothesis. To further confirm our findings, 11 unknown t1uorphores
from human RPE were purified and derivatized for mass spectral analysis. From preliminary CAD FAB
MS/MS, we confirmed A2-E structure, and the remainder are being analyzed by ms and nmr at the
Department of Chemistry, Columbia University, New York.
Hanslick, J.H., V. H. Huxley, D.A. Williams. Department of Physiology, University of Missouri.
CONSERVATION OF EXCHANGE VESSEL SEGMENT VOLUME AND SURFACE AREA IN
INTACT MICROVASCuLAR NETWORKS. The structural significance of capillary network
organization remains elusive. We hypothesized that, regardless of size, capillary networks possess a
fundamental frramework that gives rise to their function. We tested this hypothesis by constructing 15
randomly selected intact capillary networks from the mesenteries of Rana pipiens, anesthetized by
cerebral pith. Individual segments were classified according to How as arterial - (AC), true - (TC) or
venular - capillaries (VC). Individual vessel diameter and length were measured to calculate segment
surface area and volume. Comparisons of number, diameter, volume, and surface area were made
among the various vessel types using ANOV A. Our data display a trend where TC predominate,
comprising 57% of the vessels in the network. The distribution of AC and VC was similar at 19% and
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24% respectively. VC were larger in diameter (24 ± 2 µm) than either AC (1± 1 µM) or TC (17 ± 2 µM)
Despite the variance in segment length (range 5 to 3410 µm), both surface area (AC 17.9 ± 3.3, TC 34.3
± 13.7 and VC 27.7 ± 2 x 10-5 cm 2) and volume (AC 8±1.6, TC 34.3±13.7 and VC 27.7±5.7 x W- 8 cm3)
were similar between capillary types. 'Ibe conservation of these two parameters indicates that
distribution of capillary lengths is not haphazard. We conclude that there must be organization inherent
within capillary networks that maintain a constant distirbution of volume and surface area-dependent
transport among vessel types. Supported by NIH HL 34876; DAW is an AHA Missouri Affilate Fellow.
Heckenlively, L.M. and Cooper, C.L. Division of Science, Northeast Missouri State University.
TWO ANTI-TUMOR DRUGS REDUCE GROWTH, NOT VIABILITY OF PC12 CELLS. PC12 cells
are a model system for studying the effects of drugs on neutral tissue. A/pha-difluoromethylornithine
(DFMO) reduces putrescine, spermidine, and spermine biosynthesis at the omithine decarboxylase step.
Methylglyoxal bis-quanylhydrazone (MGBG) has more pleiotropic effects in that polyamine levels are
reduced and mitochondria membrane effects have been reported. Both drugs are under evaluation in
clinical trials and we used PC 12 cells to evaluate neural effects in vitro. Viable and nonviable cell
numbers were determined using two methods. Membranes of viable cells exclude the dye trypan blue.
Mitochondrial integrity was determined by 3-{ 4,5-dimethylthiazon-2-yl}-2, 5-diphenyltetrazolium
bromide (MTT), a soluble yellow dye that is cleaved and converted to an insoluble purple formazan by
active mitochondrial dehydrogenases. Cells were seeded into 2 cm2 wells, in triplicate, and treated for 2,
4, and 6 days with each and both drugs (DFMO, 1.0 mG; MGBG, 0.5 mM). The total number of control
cells increased 90% while thel number of cells treated with both drugs decreased 48% from days 2 to 6
days of treatment. Of the cells remaining after drug treatment, the viability percentage among treatment
groups was not statistically different from control groups, as measured by trypan blue exclusion.
Separately, MGBG and DFMO were found to be cytostatic, rather than cytotoxic, to PC12 cells.
Supported by NMSU Faculty Grants, Council for Undergraduate Research, and DFMO was provided by
Marion Merrell Dow.
Hesler, Shelia L, and Terry Elder. Department of Biology, Missouri Western State College.
EFFECTS OF TWO DIFFERENT BURN TREATMENTS ON TIIE VEGETATION OF A
SUCCESSIONAL PRAIRIE SITE AFTER ONE YEAR. Based on pre treatment comparisons of
species overlap and index of commonness values, the three vegetation sampling transects used in this
study were considered to be similar. Treatments consisted of a fall bum on one vegetation sampling
transect, a spring bum on another transect and a control transect that remained unburned. Although
index of commonness .values show Andropogon scoparius to be the major species in all transects,
commonness results also show that the study area was undergoing natural succession with increases in
Sorghastnm1 nutans and Panicum capilare and decreases in So/idago nemoralis and Ambrosia
artemisiifolia. The fall bum was correlated with post treatment increases in Sorghastrum nutans,
Solidago graminifo/ia, Ambrosia artemisiifolia, and Pyicnanthemum tenuifolium Decreases in
Lespedeza stipullacea and Panicum capillare were also documented after the fall burn. Except for a
dramatic incrase in Antennaria neg/ecta., the spring burn had an effect on the vegetation similar to that
of the fall bum. Further comparisons of spring and fall bums show significant differences in the
magnitude of change for some species. Support from the Missouri Department of Conservation.
Ireland, L.L. and D.A. .E1asterla. Department of Biology, Northwest Missouri State University. LIFE
HISTORY OBSERVATIONS (AND THREE NEW DOCUMENTED OCCURENCES) OF
MISSOURI AMPHIBIANS AND REPTILES FROM THE H. ROE BARTLE SCOUT
RESERVATION, ST. CLAIR COUNTY. While ecology director from 10 June to 10 August 1994 at a
large, 1102-hectare Boy Scout camp in St. Clair C0unty, Missouri, approximately 800 herptiles were
captured and studied. Numerous significant observations were made daily on herptile ethology,
reproduction, predation, habitat preference, and other miscellaneous life history traits. Weather
conditions were recordt>,d regularly and much data were also quantified (e.g., size measurements, etc.).
Two previously unrecorded species, the Spring Peeper (Pseudacris crucifer) and the Great Plains Rat
Snake (Elaphe em01yi) were observed in St. Clair County; also, a voucher specimen was obtained for the
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red-eared Slider (Trachemys scripta), which had previously only been observed in the county. The
summation of these observations provide further insight into the natural history of Missouri herptiles and
would warrant a long-term study of these vertebrates at this site.

James, B.R., M. Fairchild, J. Fairchild, T. Zweifel and G. Gille. Department of Agriculture.
Northwest Missouri State University.
EFFECTS OF POPULATION SIZE ON TIJNNEL
DIS1RIBUTION OF EUROPEAN CORN BORER IN SHORT AND LONG-SEASON VARIETIES
OF CORN. A. previous study indicated no highly significant differencies in Com Borer populations
among varieties and level of plant populations. This study was performed to ascertain the differences
population and vaOriety have had on the number of com borer tunnels. Eight varieties were grown in
populations of 20, 30, and 40,000 plants/acre in four repetitions. Upon maturity in the fall of 1994, the
corn ears were harvested and yield was determined.
Ten plants were cut from each
variety/population/repetition. Com borer tunnels were counted above and below the ear. An analysis of
variance was run on the data. At the 0.05 level, no significant relationships were found among
population size differences. Significant relationships were found among varieties. Short-season varieties
have significantly more tunnels than long-season varieties. This is suspected to be due to an earlier
maturing plant which was a more attractive target for moths already in flight. Further researh should be
conducted to support this conclusion. Supported by undergraduate research.
Jones, K.E., K. Donahue, M. Kerwin, C. Sucher, K. Barclay, B.J. Jeffers an~ G.J. Schulte. Science
Division, Northeast Missouri State University. 1RANSEPITHELIAL MOLECULAR 1RANSPORT
OF L-LEUCINE BY GUT SEGMENTS OF BLACK BASS. This research was undertaken to fully
characterize the nutrient absorption mechanisms as this would allow optimal conditions for growth and
development in farm ponds. The preliminary studies conducted included a pilot competitive inhibition
study, geography study, and a temperature study. Gut segments were incubated in an ambient solution
of lx10· 5 rnM tritiated L-leucine for 15 min. The pre-incubation ambient was assessed for radioactivity
with a Beckman LS 6800 scintillation counter. The post incubation ambient was assessed for
radioactivity and compared to the initial ambient to determine concentration. This was done at different
temperatures and with different gut regions. The middle 1/5 of the gut at 15°C absorbed more L-leucine
(p<0.01) than other tested regions. Optimal absorption was observed at 30°C (p<0.05). The
temperature dependent F-statistic was 7.684. Competitive inhibition indicated a carrier medicated
transport mechanism. Further characterization of L-leucine transport will utilize the middle 1/5 of the
gut at a temperature of 30°C ..
Kallem, D.D., T.R. Zweifel, and G.L. Gille. Agriculture Department, Northwest Missouri State
University. EFFECT OF PLANT DENSITIY ON CORN HYBRIDS OF DIFFERENT MATURITIES.
Short-season com hybrids typically have a lower yield potential than later maturing hybrids but could
offer greater stability of yield and certainty of production. This experiment was designed to evaluate the
effect of plant density on short-season com hybrids gro\\·n in Northwest, Missouri. Eight hybrids were
planted at three population densities in a split-plot, randomized complete block design with four
replications in 1993 and 1994. Varieties included six commercial hybrids adapted to higher latitudes
and ranging from one to four weeks earlier than the control hybrids of 111 or 113 day maturity. Ears
were hand harvested from t{le center of four-row plots and grain yield was adjusted for moisture
concentration at harvest. Hybrids differed significantly for grain yield (p<0.05), but one short-season
hybrid had yields comparable to the controls. Grain yield was positively correlated with plant density
(r=0.59), but there was no significant hybrid X plant densitiy interaction. Short-season com hybrids can
be grown in Northwest Missouri at plant densities similar to those currently used with high-yielding, full
season hybrids. Seed supplied by ICI and Pioneer.

Kolwyck, D. and D. Janick-Buckner. Division of Science, Northeast Missouri State University.
EFFECTS OF RETINOIC ACID ON LIPOPOL YSACCHARIDE STIMULATED MONONUCLEAR
SPLEEN CELLS. Vitamin A is an essential dietary element. Inadequate intake of vitamin A is
associated with blindness, abnormal differentiation of epithelial cells and a suppressed immune
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response. One of the cell types involved in the immune response to foreigh antigens is B cells. B cells
produce antibodies which enhance elimination of the foreign antigen. We are interested in the
proliferative and antibody producing response of B cells stimulated by lipopolysaccarides (LPS) in
conjunction with varying concentrations of retinoic acid (i.e., the acid form of vitamin A), or a new
retinoid, retinoyl adenosine. By stimulating murine mononuclear spleen cells with LPS and a range of
retinoid concentrations (10- 6 M - 10- 16M), the amount of antibody secreted by B cells depended upon the
concentration of retinoid added. The peak antibody production occurred at a concentration of 10· 10 M,
which is well within physiological concentrations ofretinoic acid. Hoechet 33258, a dye that fluoresces
when it binds to DNA, was used in a cell proliferation assay to determine whether the enhanced antibody
production was due to an increase in either the production of antibodies per cell or the number of cells
producing antibodies per well. The cell proliferation assay revealed the same dose response curve with a
peak proliferative response at 10- 10 M. These data sugest that ratinoids enhance the proliferation of LPS
stimulated spleen monocuclear cells, resulting in a greater number of cells capable of producing
antibodies in response to LPS.

Kreilich, J.J., and E.P. Wiggers. School of Natural Resources, University of Misosuri-Colurnbia.
DIFRENTIAL BETWEEN THERMAL RADIATION OF WHITE-TAILED DEER AND THEIR
HABITAT. Currently, thermal infrared sensing is being used to census white-tailed deer (Odocoileus
virginim111s) populations. However, little is known about temperature differential between deer and their
habitats and how these are affected by ambient temperature. We measured the surface temperature of
hardwoods, conifers, soils, rocks, and deer for various diurnal weather conditions every 10 to 30
minutes. We found a correlation greater than 20.87 (p<0.05) between ambient temperature and bark
temperature on coniferous and deciduous trunks and canopy. Correlations were :5:.._0.67 (p<0.05) or not
significant between ambient temperature and rocks, exposed soil, and soil beneath canopies of deciduous
and coniferous trees. Surface temperature of deer is influenced by ambient temperature. In general, the
difference between the surface temperature of deer and ambient temperature increases as ambient
temperature decreases (i= -0.62, p=0.0001, i= -0.27, p=0.04, r= -0.30, p= 0.02, and i= -0.42, p= 0.001)
for the head, back, side, and neck of a deer, respectively. Results will be useful for determining weather
conditions and timing for differentiating between deer and their environments using thermal infrared
cameras.
Langbammer, C.R and P.A. Mahoney. Division of Biological Sciences, University of MissouriColumbia. SCREEN FOR PROTEINS WHICH INTERACT WITH THE CYTOPLASMIC DOMAIN
OF THE DROSOPHILA FAT PROTEIN. The fat gene of Drosophila encodes a member of the cadherin
family of cell adhesion molecules. In vetebrntes, cadhering frequently interact with intracellular proteins
termed catenins. A screen for catenin-like proteins which might interact with the cytoplasmic domain of
the fat protein was conducted, using the yeast two-hybrid system. This system utilizes the control
mechanism for the expression of the galactose-metabolizing gene GAL 1. Two plasmids were
constructed which encode chimeric yeast/Drosophila fusion proteins. One plasmid encodes a fusion
protein consisting of the amino terminal portion of galactose transcription factor GAL4 fused to part of
the fat protein's cytoplasmic domain. The other plasmid encodes a fusion protein consisting of the
carboxy-terrninal portion of GAL4 fused to Drosophila proteins derived from cDNA library. Both
plasmids were transformed into a yeast strain containing reporter genes whose expression is dependent
on GAL4 function. Proper association between the fat cytoplasmic domain and any library-derived
proteins which interact with fat results in the formation of a functional GAL4 protein. Several positive
clones were obtained in the inltial screen, however, they did not retest positive in subsequent rescreens.
Negative results may indicate the lack of catenin-like proteins, or they may indicate that another portion
of the fat cytoplasmic domain is needed for proper association between the fat protein and possible
catenin-like proteins of Drosophila. Supported by NIH DHHS 5R29 GM50568.
Leeper, T.C., A.E. Moody, and D. Janick-Buckner. Division of !Science, Northeast Missouri State
University. CYTOSTATIC EFFECTS INDUCED IN MOUSE I-CELLS BY EXTRACTS OF
IMPATIENS SP. Anecdotal reports imply that extracts of Impatiens species remedy the rash associated
with poison ivy. Our goal was to test this hypothesis at the cellular level by examining one of the cell
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types involved in this classic type IV hypersensitivity response. We have determined that aqueous
extracts of Impatiens palida or capensis inhibit, in a concentration dependent manner, the
phytohemagglutinin induced proliferation of IT-cells isolated from C57/bl6N mice.
Marino, J.M. anti K.J. Newton. Department of Biological Sciences, University of Missouri-Columbia.
ANALYSIS OF A NEW MITOCHONDRIAL MUTATION IN MAIZE. The new maize mutation
called nonchromosomal stripe 7 (NCS7) results in yellow leaf striping and aborted kernals. We are
trying to discover which gene is affocted by the mutation and how the gene is mutated. To ascertain the
inheritance of the defective trait, progeny from reciprocal crosses were examined in the field last
summer. Every plant with a mutant female parent and a normal male parent was striped, while none of
the plants with a normal female parent and a mutant male parent had stripes. This maternal inheritance
is characteristic of mitochondrial and chloroplast mutations. The phenotype ofNCS7 does not resemble
that of a chloroplast mutation but is very similar to other mitochondrial mutations. In order to determine
which gene was affected, the technique of DNA blot hybridization was used. Mitochondrial DNA was
prepared from a selection of heavily striped to almost normal looking plants. These samples were
digested with restriction enzymes and probed with several closed genes to see if the DNA was
specifically mutated in one of those genes. The striping ofNCS7 plants resembles the striping of NCS6
and NCSS plants, both of which are mutated in the cytochrome oxidase subunit 2 (cox2) gene. There
were no apparent changes in the mitchondrial cox genes of NCS7 plants. We are testing several other
mitochondrial genes for DNA rearrangements. Preliminariy evidence suggests that there is a
rearrangement in another mitochondrial gene, nad7. Supported by Howard Hughes Institute.
McDowell, .J., and G.A. McDonald. Department of Molecular Microbiology and Immunology,
University of Missouri-Columbia.
MOLECULAR CLONING OF BARTONELLA HENSELAE
ANTIGENS. Bacillary anglomatosis (B.A.) is an infectious disease that causes distinct vascular
proliferation of the skin and visceral organs, most often seen in immunocompromised hosts, especially
patients with human immunodeficiency virus (HIV). 1be condition is fatal if not treated. The bacterium
Bartone/la hense/ae can be found in lesions resulting from the disease. B. henselae is a parasite of the
erythrocytes of humans and other vertebrates. The bacterium will be grown in the laboratory and its
DNA purified. The DNA will be digested by restriction enzymes and cloned into various vectors. The
resulting clone banks will be screened with convalescent sera from BA patients for the production of B.
henselae.
Miller, A.C., M. Haskins, L. Bolger, M. Daegas, T. Roesslein. Department of Biology, Rockhurst
College. THE REPELLENT EFFECT OF A/fACLURA POMJFERA FRUIT ON ORDER ARANEAE
AND FAMILY GRYLLIDAE. Folklore holds that the fruit of Maclura pom((era (hedge apples) may be
used to repel spiders, crickets, roaches and water bugs. However, in trials conducted using a threechambered plexiglass testing area, it was found that spiders (n=12) had overal11 net movement toward
hedge apples (p>0.05). In tests with crickets (n=36), the organisms randomly dispersed throughout the
testing arena. Preliminary field observations have also shown spider and insect presence and activity in
Madura pomifera trees, both in the presence and absence of fruit. In conclusion, the hedge apples did
not appear to provide any positive or negative stimulus for the organisms tested. Although only two
species were tested, the data suggest ~Maclura pomifera fruit has little or no effect on repelling
arthropods.
Mills, W.C. Department of Anesthesiology, University of Missouri-Columbia. THE EFFECT OF
ANESTHETICS ON POTASSIUM EFFLUX IN THE GARFISH OLFACTORY NERVE. The
mechanism of general anesthetics is unknown. To learn more about how these drugs affect the nervous
system, I tested the effect of halothane and isoflurane, both volatile general anesthetics, on potassium
effiux in unmyelinated C fibers. A flow-through system was used to measure the rate coetlicient of 42 K
efflux for 42K-loaded nerves at 28°C. Anesthesia-like conditions were created by superfusing the nerves
with bicarbonate-buffered solutions equilibrated with 95% N 2/5% C0 2 and 0-4% anesthetics.
Anesthetics increased 42 K efflux, but in varying amounts depending on the concentration. Isoflurane at
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1%, 2% and 4% increased the 42K effiux by 5, 14 and 25%, respectively. Halothane inceased the 42K
effiux hy 25%, and 42% at concentrations of 1% and 3%, respectively. Various K channel blockers were
employed, but no conclusive results were established. Both anesthetics activated 42 K eflux in C fibers in
a similar manner and possibly by the same mechanism. Supported by Hughes Program and NIH
GM50317.
Murnan, T.L., J.D. Wall and B.J. Giles. Department of Biochemistry, University of MissouriColumbia. A TN7-BASED MUTAGENESIS SYSTEM FOR DESULJ?OVJBRIO DESULFURICANS.
Recombinant transposon Tn7 is being employed to locate genes within Desulfovisbrio desu/fi1rians by
mutagenesis analysis. Wild-type Tn7 has two contrasting transposition pathways: site-directed
transposition and non-directional transposition. The site..directed pathway transposes at a high
frequency into a specific, neutral chromosomal site (atffn7). Conversely, the non-directional pathway
transposes at a low frequency into "random" chromosomal sites. Tn7's site-directed, non-mutagenizing
pathway, overshadows transposition events created by its low frequency pathway needed for mutagenesis
analysis. The gene, tnsD, which dictates Tn7 transposition into atffn7, was mutated so that Tn7 would
transpose merely by its non-directional pathway. The recombinant Tn7 was named Tn7NOD. A
delivery system of Tn7NOD to Desulfavibrio desulfuricans was constructed by transposing Tn7NOD
onto a self-transmissible suicide vector, pRK2013, creating pRK2013: :NOD7. Preliminary conjugation
and Southern analysis results show that the pRK2013: :NOD7 mutagenesis sysem transposes randomly
at a frequency of 10·5 into Desulfovibrio desulfuricans G20. Currently, exconjugates are being screened
for auxotrophs. Supported by a Hughes Undergraduate Research Fellowship.
Ochs, K.M., R.D. Smith, J.C. Walker. Division of Biological Sciences, University of MissouriColumbia. IDENTIFYING MOLECULAR COMPONENTS lNVOL VED IN PLANT SIGNAL
TRANSDUCTION.
Understanding the molecular mechanisms involved in plant growth and
development essentially is the goal of our research. The objective is to identify the genes that encode the
cellular machinery responsible for signaling in plants and ultimately determine their function. The yeast
two-hybrid system was employed to isolate Arabidopsis cDNA encoding proteins that interact with
protein kinases and protein phosphatases. A total of 500,000 primary transformants from the A--ACT
library were screened. Four positive His+, Lacz+ colonies were recovered using a protein kinase as bait.
However, all four proved to be false positive. 12 His+, Lacz+ colonies were recovered using a protein
phosphatase as bait. At least one clone has proven to interact specifically with the phosphatase.
Characterization of two-hybrid clones will be presented.

Reece, Bryan A. and David C. Ashley.

Biology Department, Missouri Western State College.
PRELIMINARY STUDIES ON THE EMERGENCE ECOLOGY OF LARVAL DRAGONFLIES IN
AN EPHEMERAL POND IN NORTHWEST MISSOURI. The emergence dynamics of a guild of
odonates in a small, ephemeral pond in northwest Missouri was studied by utilizing artificial emergence
substrates. Bamboo stakes were regularly spaced around the perimeter of the pond and also positioned
at regular distances from the edge of the pond toward the deeper center of the pond. We removed all
emergent vegetation from the pond and monitored the stakes daily (7 /6/94 to 9/4/94) for the presence of
odonate exuvia. We collected specimens from the emergence stakes on a weekly schedule. Each
exuvium was labeled as to date, emergence stake, height on emergence stake and type of odonate. One
hundred dragonfly exuvia were observed during the study. Three different types of dragonfly exuvia
were collected during the study period. Two of the species were in the genus Libe/111/a and one of the
species appeared to be Anax Junius. There seemed to be species-specific differences in the frequency of
odonate emergence throughout the study period, in the distance the larvae moved up the stake during
emergence, and in the preferred deph of water from which they emerged.

Robinett, D.M., and K.C. Cone. Department of Biological Sciences, University of Missouri-Columbia.
MOLECULAR EXAMINATION OF THE ANTHOCYANON3 GENE IN ZEA MAYS. Anthocyanins
are pigments responsible for the red and purple coloration of the kernels and vegetative tissues of Zea
mays. The m1thocyanin3 (a3) gene is thought o play a role in determining the quantity and distributions
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of pigments in the plant. Recessive mutations in the a3 gene confer the ability to intensify pigmentation
in vegetative issues, but have no effect on pigmentation of the kernel. This project has two goals: to
precisely map the chromosomal location of a3; and to explore the interaction of a3 with other genes
known to regulate anthocyanin synthesis, namely B and Pl. An F2 population segregating for
distinguishable alleles of the a3, B, and Pl genes was obtained. DNA prepared from each plant was
analyzed by Southern hybridization to look for co-segregation of the a3 pigmented phenotype with
known molecular markers. Previous genetic mapping experiments established that a3 is located on
chromosome 3 near the anthocyanin structural gene anthocyaninlessl (al). However, the precise
location was uncertain. The results of our study indicate a3 is located approximately at map position
166 on chromosome 3, a distance of 8.7 map units from the al gene. In order to understand how a3
intensifies plant pigmentation, we have also analyzed the F2 population to ask how a3 interacts with
different alleles of Pl and B. Thus far, our ,results indicate that the phenotypic effect of a3 is independent
of Pl. Experiments to evaluate the interactions of a3 with the Bgene are underway.

Rouse, D. T. and A.D. McClellan. Department of Biological Science. University of MissouriColumbia. CONTRIBUTIONS OF DESCENDING PROPRIOSPINAL NEURONS TO RECOVERY
OF LOCOMOTOR FUNCTION IN SPINAL CORD-TRANSECTED LARVAL LAMPREY. The
purpose of the present study was to determine the organization of propriospinal neurons with short and
long descending axons in both normal and spinal cord-transected lamprey. The positions of descending
propriospinal neurons were mapped to examine differences in the distribution of these neurons in normal
lamprey and animals that had recovered for 32 weeks following transection of. the rostal spinal cord
(10% body length). Horseradish peroxidase (HRP), a retrogrde tracer, was applied to the spinal cord at
either 40% body length (BL) or 60% BL in both groups of animals. Labeled neurons were partitioned
into bins along the spinal cord from the beginning of the cord to the application site. The data indicated
that propriospinal neurons with long and short descending axons exist in the spinal cord of the lamprey.
The presence of descending propriospinal neurons throughout the length of the cord suggests that these
netµ-ons may act in parallel with descertding brain neurons to activate spinal motor networks and initiate
locomotion; On average, more descending propriospinal neurons were found in a given region of the
spinal cord in spinal cord-transected animals than in normal animals, suggesting that the descending
propriospinal system may undergo plasticty following spinal cord transection. Supported by NIH grant
NS29043 to A.D.M.
Sanger, Brooke M. and Todd T. Eckdahl. Biology Department, Missouri Western State College.
INTRINSIC STRUCTURE OF SATELLITE DNA ISOLATED FROM CORN. Satellite DNA
sequences are a universal feature of eukaryotic genomes but remain largely mysterious with regard to
their function. These sequences consist of short repeats, are located in the highly condensed
heterochromatin of interphase nuclei and are not transcribed. A possible function for satellite DNA is
that it plays a role in condensing and packaging of heterochromatin. Many cloned satellities have the
property of slow migration during polyacrylamide gel electrophoresis. This property has been shown to
be characteristic of instrinsically hent DNA. According to one hypothesis, intrinsic bending of DNA
may assist its assembly onto nucleonsomes. Com has a 180 bp satellite repeat which has been cloned
and sequenced. Although computer modelling has predicted the sequence to be bent, experimental
evidence is lacking. This study was conducted to evaluate the com satellite bending hypothesis by a
novel t\vo dimensional gel electrophoretic method. Analysis of isolated and restricted genomic DNA
showed that the satellite sequences.had rnigrational properties similar to the bulk of the sequences. This
result did not support the hypothesis that the satellites are bent. Possible explanations for the
discrepancy between the computer and electrophoretic analyses will be explored by examination of the
properties of a cloned version of the satellite DNA.
Smith, L.J, and P.W. Gabielson. Department of Biology, William Jewell College. THE ANATOMY,
REPRODUCTION, AND B IOGEOGRAPHY OF THE RED ALGA, TURNERELLA MERTENS/ANA.
The vegetative anatomy and reproductive morphology of Tumerella mertensiana, the type species of the
genus Turnerel/a, has not been investigated since the original, brief description in 1840. Dried and
liquid preserved material collected in Alaska was sectioned, stained with Aniline blue and microscopic
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preparations were photographed with an Olympus compound microscope. Tumerella mertensiana was
observed to have similar vegetative characteristics with the genus Opuntie/la, but to have reproductive
characteristics similar to T. pennyi. Biogeographic and anatomical evidence suggests that Opuntie//a
and 7i1rnetella may represent a single genus, namely Turnere/la
Stone, S.M., R.D. Sage. Division of Biological Sciences, University of Missouri. THE EFFECTS OF
THE FLOOD OF 1993 ON GENETIC INTERACTIONS BETWEEN TWO SPECIES OF LEOPARD
FROGS. We studied the effects of the record flooding of 1993 on the displacement and subsequent
breeding behavior of two species of leopard frogs (Rana b!airi and R. sphenocephala) in central
Missouri. We determined the genetic identity of 879 tadpoles and frogs using protein electrophoresis.
Tadpoles collected from three localities during two years prior to the flooding suggested that each
species bred by itself, with R. blari using ponds in open habitats and R sphenocephala using ponds at
the edge of the floodplain. At the maximum extent of flooding (August, 1993) adults of both species
werre collected together at the edge of the floodplain and at upland sites. Four percent of these adults
were first-generation hybrids, and 11 percent more showed signs of continued hybridization. Collections
of larvae taken from breeding ponds this year showed: 1) R. blairi reoccupied the open floodplain
habitat; 2) both species bred in both ponds at the edge of the flood plain and in the upland valleys; 3)
first-generation hybrids were found in only two of the 15 ponds where the species bred together. We
conclude that the displacement by the flooding disrupted the behavior of these two species and led them
to breed more frequently in the same ponds. But, it is not clear that breeding together has led to more
hybridization than occurred prior to the flooding ..
Strauser, L. and S. Alexander. Division of Biological Sciences, University of Missouri-Columbia.
GENETIC ANALYSIS OF REGULATORY GENES DURING THE DEVELOPMENT OF
D!CTI'OSTEUUlvf DlSCO!DEUM. Dictykostel!um discoideum is a simple haploid multicellular
organism that is ideal for the study of the molecular and cellular basis of development. Previous
mutational analysis in this lab identified three interacting regulatory genes that control the developmental
expression of a family of prnteins know as discoidins. These proteins are implicated in the control of cell
shape and motility during development. Another laboratory recently isolated several new regulatory
gene mutations controlling discoidin expression. We were interested in determining whether these
mutants were allelic to those previously isolated in our lab, or whether they defined additional regulatoriy
genes in this pathway. To accomplish this, we took a genetic approach and made crosses between the
two mutants which fail to express the discoidin proteins. These crosses have produced several diploid
lines that carry both regulatory mutations. If both mutations are identical they will not complement each
other and will not express the discoidin proteins. If the mutations are in different genes, they will
complement and express the proteins. We are currently using immunochemical assays to determine if
the proteins are made in our diploid strains. The results are significant both in tem1s of the mechanism
of gene regulation and for their potential use in cell biological experiments on the control of cell shape
and movement. Supported by the NSF and HHMI.
Sm1emihl, P. and KL. Fritsche. Department of Animal Sciences, University of Missouri. IN VITRO
MODIFICATION OF MEMBRANE PHOSPHOLIPID FATTY ACID COMPOSITION OF THE
MURINE MACROPHAGE CELL LINE (P388D.l). The purpose of this study was to establish a cell
model system to study fatty' acid effects on immune cell function without using live animals. P388D.1
cells were co-incubated in the presence of 0, 1, 10, or 100 uM of arachidonic acid (AA; 20:4116),
eicosapentaenoic acid (EPA; 20:5n3) or docosa-hexaenoic acid (DHA; 22:6n3) for either 24 or 72 hr.
T'ne fatty acid composition of the five major phospholipid fractions and triglyceride were assessed by
two~dimensional thin-layer chromatography followed by gas chromatographic analysis of each lipid
fraction. Our results indicate that these cells readily incorporate each of these fatty acids into their
membrane phospholipids and triglycerides. Fatty acid addition did not change the amount of cellular
phospholipids, but tended to increase total triglyceride content particularly at the higher fatty acid
conct.."Iltrations used. The extent to which individual lipid fractions were enriched was dependent upon
many factors, including which fatty acid was added, the concentration added, and the length of time
incorporation was allowed to occur. Unlike DHA, EPA was handled much like AA. Furthermore, EPA
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enrichment of thses cells reduced membrane phospholipid AA levels to a greater extent than DHA
enrichment. These data have helped us establish an in vitro model for studying fatty acid modulation of
immune cell function. (Supported by the Food-for-the-21st Century Program).

Talley, J.P. and D. Compton. Department of Biology, Missouri Southern State College. VIABILITIY
AND DORMANCY IN FIELD COLLECTED PRAIRIE GRASSES AND FORBS. The National Park
Service routinely purchases new seeds to plant on prairie sites in the National Parks which it services.
While this approach allows the park to increase and replace prairie areas, it also degrades the natural
gentic makeup of the area. This research was concerned with the viability of seeds from eight prairie
forbs collected at the prairie site. It is suggested that these seeds be used to supplement and then replace
commercially purchased seed in prairie restoration plans. In order to determine whether the seeds would
be viable, several determinations were made. Tests for initial germination, seed viability using
Tctrozoliurn, and seed dorminancy using Gibberellic acid where conducted according to standard
techniques.
Twenty-five percent of the seeds tested showed germination under inital germination
studies. Sixty percent of the seeds tested positive in the Tetrazolium analysis, therefore confirming that
they werre viable. This rsearch demonstrates the feasibility of using locally harvested seeds to maintain
the genetic and local diversity that is necessary when restoring prairies.

Tharp, C.J. Department of Biology, University of Missouri-Columbia. .J.S. Morris, V. Spate, C.E.
Baskett, Research Reactor Center, University of Missouri-Columbia. THE DETERMINATION OF
SELENIJM CONCENTRATIONS IN SWINE HEARTS BY NEUTRON ACTIVITATION
ANALYSIS. The objective of this study was to utilize Neutron Activation Analysis (NAA) to determine
the selenium concentration in various tissues of the swine heart. Selenium is an essential trace element
in nutrition. Deficiency of selenium in humans has been linked to a cardiomyopathy of unknown origin
that is responsive to supplementation of selenium. This cardiomyopathy is known as Keshan Disease,
named after the province in China where it was first documented. Swine react much the same way to
selenium deficiency and exhibit a similar cardiomyopathy known as Mulberry Heart Disease. For this
reason, swine hearts were used as a model to determine the selenium distribution in cardiac tissue with
respect to the subtile differences in the cardiac function.
Wagner, J.M., K.L. Rhodes and K.L. Schaffer. Department of Biological Sciences, Northwest
Missouri State University. THE CREATION OF A MURAL AND ACCOMPANYING LAB
EXERCISE TO DEMONSTRATE THE NATIVE TALLGRASS PRAIRIE BIOME TO
UNDERGRADUATE BIOLOGY AND BOTANY STUDENTS. Areas where native tallgrass prairies
still exist are few and far between. Yet, they are a significant biome which is impractical to take large
numbers of students on field trips to observe them directly; therefore we constructed a representation of a
tallgrass prairie with an accompanying lab exercise to be utilized by undergraduate biology and botany
students. This representation consisted of a 10 x 4 foot mural displaying representative plant and animal
species native to tallgrass prairies. Actual obsrvations of a prairie located at Tarko, MO along with
literature surveys were used to compile a species list and paint the mural as life like as possible.
Students view the mural while reading the accommpanying lab exercise. Throughout the exercise,
questions concerning various aspects of the prairie biome are posed to them. Among the goals for this
exercise were: 1) show studynts the enormous diversitiy of plants and animals that are preent in tallgrass
prairies; 2) introduce students to the fact that prairies are disappearing at an alarming rate; 3) relate to
students the importance of the prairie biome and 4) introduce the concepts of drought, burning and
grazing as natural forces in maintaining the prairie ecosyistem.
Wakefield, C. and K. Johnson. Department of Biological Sciences, University of Missomi-Columbia.
REGENERATION OF A GIANT NEURON IN THE CNS OF Aplysia californica FOLLOWING
AXOTOMY. Using the sea hare, Aplysia californica, as a model system, we examined the regeneration
of the Meta-Cerebral Cell (MCC) following axotomy resulting from a bilateral lesion to the CerebralBuccal Connectives (CBC) A lesion to the CBC eliminates consummatory feeding behavior. Appetitive
responses to food stimuli are still present, and the return of rhythmic biting, which is correlated with
neural regeneration, usually occurs within 14 days following the lesion. In control animals, the MCC
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modulates the rate of repetitive biting, as well as bite magnitude. The MCC is located in the Cerebral
Ganglia and send'l axons into the CBC and the Lower Lip Nerve. Axotomy, caused by a CBC crush,
stimulates regeneration of the MCC. The extent of axonal regeneration was examined 10, 15, and 25
days post-lesion using electro- physiological techniques. Morphological correlates of regeneration were
studied using intracellular dye injections as well as biocytin backfills of the Lower Lip Nerve. Neurite
sprouting occurred at the proximal stump of the severed axon as early as 8 days after axotomy. More
extensive sprouting was observed 15-30 days post-lesion. Eletrophysiological studies revealed that even
as late as 30 days following the lesion the normal axonal projections had not completely regenerated.
We conclude that the MCC begins regeneration by sprouting neurites from the proximal axon stump,
and that these neurites follow the same general path as the severed distal axon. Thirty days after
axotomy these regenerates were still too fine for action potentials to be recorded. Supported by NSF.

Wilbert, C.L. and J.R. Crooks. Division of Science, Iowa Wesleyan College. PROCEDURES TO
DETERMINE SOUND LEVELS AND STANDARD 1BRESHOLD SHIFTS THAT OCCUR IN THE
INDUSTRIAL SETTING. This study looked at sound levels throughout the Goodyear plant in Mount
Pleasant, Iowa for the last five years. This procedure is done because associates of Goodyear rotate job
positions throughout the plant. Sound levels were determined by sound level meters and noise
dosimeters in all areas of the plant. On average, values obtained were between 26.0 and 87.9 TWAs for
the eight hour shift and 26.0 and 84.3 TWAs in the 12 hour shifts. This procedure did determine
inappropriate levels of noise at various times and areas. Engineering controls and process changes were
implemented to correct these readings. Hearing damage to associates was also tested every year and
measured against their baseline. Results of the five year study showed 3% of the associates with STS,
based upon OHSA standards.
Wynne, R.W., C. EcWes, J.W. Fairchild and M.L. Fairchild. Department of Biology, Northwest
Missouri State University. THE EFFECT OF MOWING ON THE BIOLOGICAL CONTROL OF
MUSK THISTLE. 'This study was conductd to determine whether the mowing of the musk thistle,
Carduus nutans, disrupted the synchrony between the thistle plant and the musk thistle weevil,
Rhinocyllus conicus, development. This synchrony is essential for effective biological control. The plots
observed were a naturally occurring stand of musk thistle which was naturally infested with the head
weevil and located on the west side of the Northwest campus. Of the three plots, one was left unrnowed
(A), (B) was mowed and bolted shortly after, and the third (C) was mowed and bolted late in the season.
Terminal heads were collected from all three plots when they were mature. All heads were checked for
weevil infestation. Almost all heads from the unmowed plots (A) were infested and most of the seeds
were destroyed. In plot (B) only a few heads were infested and none of the heads in plot (C). Remaining
seeds from plot (A) and seeds from (B) and (C) were collected and random samples were tested for
viability in replicated tests in the greenhouse. Seeds from all three plots were viable. It was concluded
that mowing has a detrimental effect on the biological control of musk thistle by the head weevil and
does not prevent the development of viable seeds which can result in subsequent thistle infestations.
Undergraduate Research grant.
Yager, Rodney L. and David C. Ashley. Biology Department, Missouri Wes!-ern State College.
PRELIMINARY! STUD)ES ON VERTICAL DISTRIBUTION OF ARTHOPOD POPULATIONS IN
THE BIOLOGY STUDY AREA OF MWSC. Vertical stratification of arthropod populations in a small
deciduous forest in northwest Missouri was studied by utilizing CDC miniature Light Traps. Three
lightraps were placed at three different heights in the Biology Study Area of MWSC. Traps were
suspended on a retractable vertical stratification system at 2 m, 8m, and 14m heights during the study.
Collections were made on three successive nights in September and then again in October of 1994.
Traps were activated at dusk and specimens were collected at dawn. Almost three thousand specimens,
representing 53 different species of spiders and insects were collected. Most of the species collected
were dipterans. We did see some differences in the abundance of selected species collected in September
and October. Most of the species encountered were collected only occasionally. Five species of Diptera
were encountered commonly during the study. There were differences in the total numbers of insects
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collected at the different heights, however, the mean numbers collected at each height were not
significantly different using an ANOVA (p>0.05).

Chemistry Section
Anthamatten, M. and R. Glaser. Department of Chemistry, University of Missouri-Columbia.
EFFECTS OF ORTHO SUBSTITUTION ON PHENYLACETIC ACID ENOLIZATION. In the context
of our studies of incipient nucleophilic attack on diazonium ions by proximate nucleophiles, we ahve
examined the influence of ortho-diazonium functionality on the enolization equilibrium of phenylacetic
acid. With previous semi-empirical results not entirely conclusive (J. Phys. Org. Chem. 1993, 6, 201204), we have carried out a complete analysis of the potential energy surface of phenylacetic acid and its
o-diazonium derivative. All restricted Hartree-Fock
OH
calculations were perfonned using the polarized
2
6-31 G* basis set. The Hessian matrices of all
I OH
stationary structures were calculated to determine
OH
1
\
vibrational frequencies and thennodyinamic
functions. The program VIBRATE was employed
to examine displacement vectors associated with imaginary frequencies. The enolization of the parent
system is endothennic by 31.3 kcal/mol and is endothennic by only 23.2 kcal/mol for its o-diazonium
analog. The o-diazonium substitution was found to greatly effect the potential energy surface
characteristics. This work has been supported by a Hughes Undergraduate Research Fellowship.
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Chickos, Sarah J, and Michael Hannata. Department of Chemistry, University of MisosuriColumbia. PREPARATION OF ALL YLIC CYCLIC ACETALS FOR USE IN INTRAMOLECULAR
(4+3) CYCLOADDITIONS. Our intention is to develop substrates for intramomlecular 4+3
cycloaddition reactions. Acid catalyzed acetal exchange of allylic acetal 1 with racemic diol 2 gives
cyclic acetal 3 as a mixiure. Oxidation attempts of acetal 3 to ketone 4 will be discussed. Ketone 4 may
be used as a potential intramolecular 4+3 cycloaddition precursor.
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Chohan, R. Science Division, Northeast Missouri State University. SYNTHESIS OF ELECTRON
WITHDRAWlNG PORPHYRIN.
1be study of metalloporphyrins is very important to the
understanding of many biological systems. An example is cytochrome P450, a catalyst used to rid the
liver of toxins in the human body. It has been found that simple modifications to the porphyrin ring
affects its catalytic ability. We have modified the porphyrin ring by adding electron withdrawing groups
(halogens). Synthesis ·of•electron withdrawing porphyrins has been achieved by modified literature
methods. Currently, we are attaching an acyl or an alkyl group to the central metal. We plan to study
the insertion reactions of various small molecules into the carbon metal bond. This presentation will
cover the synthesis of these electrowithdrawing porphyrins.
Grimes, K., J. Woodring and D. Cuebas, Department of Chemistry, Southwest Missouri State
University.
THE DEHYDRATION OF 3,7,12,24-TETRAHYDROXY-CHOLESTANOYLCOENZYME A, A PRESUMED INTERMEDIATE IN BILE ACID BIOSYNTHESIS, BY THE
TRIFUNCTIONAL ENZYME OF RAT LIVER PEROXISOMES. The enzyme(s) ofrat liver capable of
catalyizing the dehydration at C24,25 of a mixture of the four C24,25 diastereomers of 3a,7cx.,12a,24tetrahydroxy-5~-cholestanoyl-Coenzyme A (feHC-CoA) was investigated.
HPLC analysis of the

102

Transactions, Missouri Academy of Science

Vol 29

dehydration of TeHC-CoA catalyized by purified trifunctional enzyme showed that one of the four
diastercomers of TeHC-CoA was almost completely converted to a compound that co-eluted with
synthetically prepared (24E)-3,7, 12-trihydroxy-cholest-24-enoyl-Coenzyme A (THC-24-ene-CoA).
Using a stereospecific aldol condensation of S-phenyl propanethioate with triformyloxy-protected cholyl
aldehyde that affords only the 24S,25R and the 24R, 25S diastereomers, we have confirmed the
stereochemical assignments determined by Kinoshita, et al, for the 24R,25S and 24R,25R diastereomers.
We have determined the order of elution on HPLC of the four C24,25 diastereomers of TeHC-CoA, and
can conclude that (24S,25S)-TeHC-CoA is the product of hydration of (24E)-THC-24-ene-CoA
catalyized by the trifunctional enzyme. The hydration of CoA thioesters by the trifunctional enzyme
therefore occurs stereospecifically by the syn addition of water. Supported by a Bristol-Myers Squibb
Company Award.
Lewis, KJ. and J. R. Crooks.
Division of Science, Iowa Wesleyan College.
THE
SAPONIFICATION OF ASPIRIN IN DIMETHYL SULFOXIDE TO DETERMINE
ACETYLSALICYLIC ACID CON1ENT IN BUFFERED ASPIRIN. The goal of this study was to
develop a straight forward assay that would emphasize the differences in determining the amount of
acetylsalicyclic acid contained in a tablet of buffered aspirin. The assay chosen was the saponification of
aspirin in dimethyl sulfoxide. Two procedures are required to obtain the necessary data. Subtracting the
products of the second equation from the products of the first yields the total amount of acetylsalicylic
acid in the sample. The added base of buffered aspirin must be considrred because the assay is designed
to back-titrate excess base with acid. For this reason, the exogenous base in the buffered assay is
reduced fifty percent. Each brand of aspirin in this study was labeled to contain 325-mg acetylsalicylic
acid. Results indicate no major differences in determining the acetylsalicylic acid for either aspirin type.
Martinez, F., and D.E. Gibbs. Department of Chemistry, Rockhurst College. SYNTIIESIS AND
CHARACTERJZATION OF BENZOFUROXANS AS POTENTIAL INSECT FEEDING
DETERRENTS. In a program to develop an alternative to insecticides we have synthesized and tested
some benzofuroxans as potential feeding deterrents. The parent compound and 4- and 5-substituted
derivatives (R=Cl, OCH3,0(CH2)sCH3,C02H and C02C 2CH2CH2CH3) by oxidation of 2-nitroanilines
with sodium hypochlorite. The purification of products was monitored by TLC and HPLC. Structures
were determined using mass spectroscopy and NMR spectroscopy using a lanthanide shift reagent.
Bioassays were performed in our Biology Department on larvae of the mealwom, Tenebrio molitor,
using both growth rate and choice tests. The most active compound was benzofuroxan which caused
40% mortality and 33% reduction in growth of survivors in 28 days and 80% repellent activity in 7 days.
Miller, B.G., and A.E. Moody. Division of Science, Northest Missouri State University. A
COMPUTATIONAL CHEMISTRY STUDY OF BENZYLIC. HYDROGEN ATOM ABSTRACTION
PROCESSES. Radical species play an important role in many organic reactions. These radicals are
commonly generated through a hydrogen atom abstraction process whereby a hydrogen atom is released
by homolytic carbon-hydrogen bond dissociation. Computational chemistry was used to calculate the
heats of formation of various benzylic organic molecules and their related benzylic radicals. The effects
of various substituents upon these heats of formation was probed. Carbon-hydrogen bond dissociation
energies were thken deterrninlid using these calculated heats of formation.
Nichols, T.A. Department of Chemistry, University of Missouri-Columbia; J.S. Morris, V. Spate, C.K
Baskett, Research Reactor Center, University of Missouri-Columbia. THE DETERMINATION OF
IODINE IN COW'S MILK AND INFANT FORMULA BY EPITHERMAL INSTRUMETAL
NEUTRON ACTIVATION ANALYSIS. Iodine is an essential nutrient in the human diet. It is a
component of hom1ones produced by the thyroid that regulate growth, development and metabolism.
The objective of this study was to utilize epithermal neutron activation analysis (EINAA) to determine
the iodine concentration in cow's milk and infant formula. This study evaluates the changes that might
have occurred over a thirteen year period and detennines the seasonal variation of the iodine
concentration.
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Raley, G.E., P.A. Droege, E.O. Schlemper. Department of Chemistry, University of MissouriSYNTIIES OF ORGANOMETALLIC COMPLEXES
FOR USE AS
Columbia.
RADIOf>HARMACEUTICALS. Previous studies suggest that radioisotopic metals that are primarily
beta and gamma emitters can be used as diagnostic and therapeutic agents against certain cancers. Our
current research is on the development of radiopharmaceuticals with an emphasis on creating complexes
containing metals of the platinum group. Ligands are designed to be tri-dentate and tetra-dentate in
nature with oxygen and nitrogen atoms occupying the binding sites. Additionally, the ligand should
include an easily accessible functional group for protein conjugation. The overall goal is the
development of bi-functional chelating agents. Having completed the synthesis of the stable l\gands,
they are next complexed with Pd(109) and Rh(105) radioisotpes. The functional groups are then
activated for attachment to a protein. Currently, nine ligand designs are under study and five conjugated
complexes have passed through radiochemical testing. Both complex and ligand designs are
characterized using IR, NMR, and elemental analysis. Supported by Howard Hugh's Undergraduate
Research Fund.
Wood, Bryan Clyde, KV. Katti and P.R. Singh. Center for Radiological Research, University of
Misosuri-Columbia, TIIE USE OF A WATER SOLUBLE PHOSPHINE AS A REDUCING AGENT
FOR 99mTc-PnAO The knowledge of fundamental coordination chemistry of technetium is used in
Currently,
developing radiophannaceuticals of Technetium-99m for nuclear· medicine products.
Technetium-99m is being reduced by tin, in a staanoustartrate solution, to form a 99mTc-PnAO complex,
which is used in nuclear medicine kits. The goal of this research was to remove tin and to replace it
using a safer, non-metal reducing agent. A water soluble phosphine, P(CH20H)3, was found to reduce
99
mTc0 4 from a +7 oxidation state to a +5 oxidation state to form relatively high yields of the 99mTc-PnAO
neutral complex. Paper chromatography was used to determine the percent yield of the neutral complex
formed. HPLC separations also verified that the neutral complex had formed using the. watrer soluble
phosphine. Using a water soluble as a reducing agent for the production of 99mTc-PnAO proved to be
effective, with the production of the neutral complex forming a percentage of 70-80%, just 10-20%
below that of using tin as a reducing agent..

Computer Science Section
Anderson, B.
Department of Computer Science, Southwest Missouri State University.
ENHANCEMENTS TO THE ANALOG NATURAL LANGUAGE PROCESSING SYSTEM. The goal
of my research project has been to add advanced features to the ANALOG artifical intelligence system
developed by Dr. Syed Ali of Southwest Missouri State University. This system is the descendent of an
older system known as SNePS, developed at the S.U.N.Y.-Buffalo campus. !ANALOG is designed to
process witten.language into abstract knowledge, and is capable of deducing new knowledge with its
internal logic. For example, given. the sentences "All men are mortar' and "Bob is a man," ANALOG is
able to derive the fact that Bob is mortal. The system benefits from the use of object-oriented
programming methods, as well as from a specialized innovation known as the "structured" variable. My
area of research involves adding alternate deductive abilities to ANALOG, necessary when the system is
working with real-world s.entences. In particular, I have been working to give the system the ability to
work with connective words like "and" and "or" that commonly appear in English sentences. A
sentence like "All humans are either male QI female" requires special processing, as would the sentence
"Bob is happy and content." I am also working to make the ANALOG system function as a set of
parallel processes rather than as a single serial process.
Cantrell, K Department of Computer Science, Department ofMathematrics, Southwest Missouri State
University.
RAPID SOFTWARE DEVELOPMENT THROUGH ·THE APPLIED USE OF
MICROSOFT VISUAL BASIC. Traditional software engineering methods have eschewed the use of
prototypes until other, more formal, software design methods have been employed. Microsoft's Visual
Basie's object-centered program design provides a simple and inexpensive way to prototype userinterface design and program functionality. This ease-of-use has many implications for the future of
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software engineering methodology, and can potentially alter the teaching of such methods in the future.
The speed with which a prototype can be created and later modified supports the concept of a more cyclic
revision process than is normally suggested. A programming team at Southwest Missouri State
University recently used Visual Basic to begin creation of an intelligent, plan-based tutoring system for
Pascal and C++. Although the project is not yet complete, Visual Basic has been successfully used for
its rapid prototyping and subsequent development. The greatest barriers to successful software
development using Visual Basic lie with the inherently high learning curve associated with all objetcentered languages, and with Visual Basie's exclusion of the "pointer" data type.

Geology Section
Halcomb, C., and H.J. Al-Shukri. Department of Geosciences, Southeast Missouri State University.
ATTENUATION OF SEISMIC WAVES NEAR PINYON FLAT, CALIFORNIA. The experimental
data of the Broadband Array at Pinyon Flat, California was used to measure attenuation of P and S
waves in the upper crust beneath the array and surrounding regions. The analyzed data includes the
records of more than 100 local and regional earthquakes, each of which were recorded by most of the 28
elements of the array. Both the single station spectral decay technique and the two station spectral ratio
technique were used to measure attenuation parameters (t* = t!Q, where Q is the quality factor and t is
the travel time). Results indicate that attenuation measurements are greatly affected by near station site
conditions when the sources are located at distances less than 50 km. In this distance range t* varies by
a fuctor of 2 from one element of the array to the other. Rays to a site of the southernmost element,
which is located on an alluvial fan, seems to have suffered the highest apparent attenuation. Beyond 50
km the near station site conditions seem to have less effect on attenuation measurements. Preliminary
results show that for long ray paths (>50 km), the Qs/Qp ratio ranges between 1.1 and 1.5 with an
average Qp value ranging between 400 to over 1000. For shorter raypaths, the range of QJQp ratio
seems to increase to about 1.7 to over 2 with average Qp value ranges between 50 and 300. The spectral
calculation for the seismograms recorded by the array stations shows that for most of the studied
earthquakes the corner frequency of P waves is between 15 to 20 Hz, while S wave comers were found
between 10 and 15 Hz.
Huskey, A., B. Darnell, S. Romer, C. Halcnmb, H. A~Shukri. Department ofGeosciences, Southeast
Missouri State University. IRONTON FAULT: POTENTIAL FIELD MEASURE:tvIBNTS AND
INTERPRETATION. During the period from February 4 to the 11th, 1995, we conducted a gravity
survey along a profile extended in an east!west direction which makes an angle of approximately 40
degrees with the strike of a mylonite shear zone. The study area is located along the west side of Buford
Mountain in the St. Francois Mountain terrane of southeastern Missouri. The surveyed one-dimensional
profile, approximately 1. 9 km in length, is centered along an outcrop of mylonite which is believed to
mark the location of the Ironton fault. We took 51 gravity mesurements spaced from 30 to 100 m. Onedimensional forward modeling to the observed gravity data indicates the existence of a relatively low
density region having a width of approximately 30 m. This low density region, which is co-located with
mylonite, is believed to be a high angle fault. Regions to the east and west of this zone are of relatively
high density, and represent predominately volcanic and plutonic structures.

Pope, J.P.

Department of Geology/Geography.
Northwest Missouri State University.
DEPOSITIONAL CYCLES IN THE BETHANY FALLS LIMESTONE MEMBER, SWOPE
FORMATION (PENNSYLVANIAN, MISSOURIAN), NORTHERN MISSOURI. Previous studies of
the Bethany Falls Limestone in Taylor and Madison Counties, Iowa, revealed that at least three minor
transgressive-regressive cycles comprise the unit at these localities. This study examined lithologic and
microfossil data derived from thin sections, x-ray diffraction, polished slabs, and microfossil collections
from Missouri Geological Survey cores to determine the nature of these cycles in northern Missouri. 'Die
results of this study show that these cycles consist of shallowing-upward carbonate sequences separated
by thin conodont-rich shales that descend southward where they merge with the underlying
Hushpuckney Shale near Kansas Citiy, Missouri. The data suggests that these cycles are minor eustatic
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cycles superimposed upon the main shallowing-upward carbonate sequence of the Swope major
cyclothem.
Tibbs, H.C. Department of Geosciences, Southeast Missouri State University. APPLICATION OF
GROUND PENETRATING RADAR TO HOME-SITE EVALUATION. The purpose of this study was
to test the applicability of ground penetrating radar (GPR) for evaluating home sites for purposes of
property transfer. GPR is an effective tool for determining depth to bedrock, locating buried pipes and
tanks, identifying subsurface voids, and mapping buried interfaces. To assess the applicability of GPR
to home-site evaluation, known features were surveyed using a GSSI Model 3 Subsurface Interface
Radars. A septic system was effectively mapped, including the local water table in the leach field.
Buried concrete slabs and areas of fill were also identifiable. Subsequent evaluation of unknown
features at home sites gave results that ranged from straightforward to problematic. At this time, GPR is
not widely used by consulting firms, and is relatively expensive making it cost-prohibitive and generally
unavailable for property transfer _evaluation. As GPR technology evolves and becomes more widely
available, it has the potential to become a useful tool for evaluation of home sites. Equipment used in
this research was partially funded by grants from the NSF Instrumentation and Laboratory Improvement
Program, and the Southeast Missouri State University Grants and Research Funding Committee.

Wamsley, C., N. Gudererra, M. Tiedeman and G.L. Gille. Department of Agriculture, Northwest
Missouri State University. SPATIAL VARIABILITY OF SOIL PROPERTIES OF LAND IN THE
CONSERVATION RESERVE PROGRAM. Site-Specific analysis of soil properties for effective
management of land resources is one of the current topics of interest in the popular farm press. The SiteSpecific concept involves sampling fields in a systemic manner on a grid basis and soil testing each of
the individual samples. This project is an attempt to determine if Site-Specific analysis could be a
valuable technique in management of land being returned to production from the Conservation Reserve
Program. A field 16 hectare (40 acre) field ws intensely sampled on a 30.5 meter (100) foot) grid
interval. The soil properties of A horizon depth, depth to gray mottling and elevation were determined
for each grid and compared to soil survey information. The analysis of soil salt pH and available
phosphorus for each grid exhibited considerably less variation than that reported for fields in row crop
production.

Physics and Engineering Section
Barnes, E.T. and M. Samiullah. Division of Science, Northeasst Missouri State University.
ALTERNATIVES TO DARK MATTER HYPOTHESIS: IMPLICATIONS OF DISTANCEDEPENDENT NEWTON'S CONSTANT. The rotation velocity curve for galaxies was analyzed and a
distance-dependent Newton's constant was deduced. This G(r) explains why the rotation curves are flat
at large distances without the need to invoke the dark matter hypothesis.
Bhashyam, V.K and P. Rolnick. Department of Physics, Northest Missouri State University.
NUMERICAL MINIMIZATION AND ITS APPLICATION TO THE NON-HEDGEHOG
SKYRMION. A computer program is developed which minimizes a definite integral, whose integrand
is a functional of a function of any number of variables. This program is used to determine the profile
function for the Hedgehog and non-Hedgehog ansatz in the Skyrme Model of Nucleons. Our numerical
solution for the minimum normalized energy of the Hedgehog ansatz is 5.796, in comparison to 5.809
obtained by Adkins, Nappi and Witten (Nucl Phy B228, 552(1983)). The numerical plot for the profile
function obtained using this program matches with the one obtained by Witten, et. al.
Brokken, A.B. Division of Science, Northeast Missouri State University. ELECTRIC ROCKETS:
THE MODELING OF AN ELECTROMAGNETIC LAUNCH SYSTEM. The current trend in the
United States Space program is to refine an inefficient siystem, the Space Shuttle, rather than look for
alternative launch methods. In the exploration of a more efficient launch system a scale model of an
electromagnetic mass accelerator (rail gun) has been built. The rail gun is comosed of two conducting
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rails connected by a conducting armature. When current is run through the system, a magnetic field is
created by the current in the rails which acts on the current running through the armature. The force on
the armature can be calculated using a combination of Faraday's and Biot-Savart's Laws. Theoretical
predictions and experimental data will be presented. The ultimate goal of this project is to compare the
railgun's performance to that of chemical engines when accelerating a standared model rocket. This
project was financially supported by a Northeast Missouri State University, Division of Science,
Undergraduate Research Stipend.

Goings, J.G.
Division of Science, Northeast Missouri State University.
ACOUSTICAL
TRANSMISSION HOLOGRAPHIC INTERFEROMETRY OF A VIBRATING TROMBONE BELL.
Using the process of time average holographic interferometry, we examined the modal patterns that
result when a trombone bell is driven at a resonance by a magnetic oscillator. Inspired by Dr. Peter
Hoekje, a visiting colloquim speaker, with the University of Northern Iowa we repeated and extended his
measurements on trombone bells in order to develop the methodology in our own lab for other
applications, as well as to corroborate his results. Although the phsycis of sound production in a
trombine is largely the physics of vibrating air columns, perturbations due to body resonances as well as
player feedback effects are not well studied. The relationship between the resonant frequencies of the
trombone bell and the corresponding modal patterns were studied and compared to theories.
Photographic reproductions of many resulting acousti'c interferograms will be presented.
Jackson, J., J. Schroeder. Department of Physics, University of Missouri-Rolla. TEMPERATURE
DEPENDANCE AND PIEZORESISTIVE PROPERTIES OF POLYMERS. The object was to study
the dependance of resistivitiy on temperature and the piezoresistive properties of a polymer of unknown
composition 1 supplied by Brewer Science Inc. The polymer was implanted by the corporation on a
standard 16 pin chip and then sectioned into 16 wafers of sizes ranging from 100 to 1000 microns. The
chip was cooled to approximately -5° C and allowed to warm to ambient temperatures. From 0° C to 5°
C the resistance of each wafer would either drop by -55% and then return to its previous value, drop and
remain low for the duration of the measurement, or show no change. The polymer was also implanted
on mylar film and the film was clamped so that the center was free to vibrate. Periodic oscillations were
mechanically induced in the film resulting in the film's resistance varying precisely in phase with the
oscillations. These experiments demonstrate that the polymer can be used as a conformal temperature
sensor and a highly sensitive strain gauge.

1. The polymer is not patented so its contents were not available for analyisis.
Johnson, E., S. Baldwin, KD. Hahn.

Science Division, Northeast Missouri State University.
RESONANCE IN THE MOTION OF A DRIVEN MAGNETIC HARMONIC OSCILLATOR. 'The
primary purpose of our experiment is to study dampening in the motion of an oscillating magnet as
metals are brought near it. Dampening of the motion is a result of eddy currents created by Faraday's
Law of Electromagnetic Induction. Early in the study of this system we found several resonances of the
spring-driven magnet (without the eddy currents being produced) ..These resonant features have become
an important step in understanding the overall motion of the system. The magnet, connected above and
below by springs, is driven by either a sinusiodal or square waveform. The magnet induces a current as
it moves through a signal coil. The signal is measured by a lock-in amplifer. Different experimental
setups show either 2 or 3 distinct resonant frequencies which we can modify by adding mass, changing
the moment of inertia and varying temperature. One peak clearly seems to be related to the up-down
motion one would expect for such a system; other resonances are related to rotations and/or to the highly
non-linear side-to-side oscillations. One possible model for this system is the Wilberforce Pendulum.
We will compare this theoretical description and others, with the actual data from the experiment.

Lloyd, R.J., D.E. Chyba. Division of Science, Northeast Missouri State University. NONLOCAL
QUANTUM EFFECTS FOR CORRELATED MASSIVE SPIN-1 PARTICLES IN THE SINGLET
STATE. Nonlocal effects are well-studied both theoreticalliy and experimentally for photons and spin112 particles. Our study focused on massive spin-1 particles in the singlet state. This system is
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interesting because there are three possible eigenvalues for the projection of spin angular momentum
instead of. the two present in the spin··l/2 or massless spin-1 (photon) cases. We assumed that the
correlated particles were moving in opposite directions with a total linear momentum of zero.
Calculations on this model system provided statistical predictions for measurements of the angular
momentum states of the correlated particles after they became separated by an arbitrarily large distance.
These results were compared with the corresponding calculations for the local realistic model, in which
the particles are each assumed to have a definite angular momentum state prior to measurement. The
comparison showed that the two models can be clearly differentiated by the measurements considered.
In this and other respects, our spin-I results parallel those for the spin-1/2 case. .

Murray, W.J. and D.E. Chyba.

Division of Science, Northeast Missouri State University.
MODELING THE SUBTIIRESHOLD BERAVIOR OF LASERS IN THE PRESENCE OF NOISE
THE ASSISTANCE OF ANIMATED THREE-DIMENSIONAL GRAPHICS. The goals of the
theoretical research presented here were (i) to study the role of noise in laser systems operating below the
lasing threshold, and (ii) to find the graphical presentation which would best aid in understanding these
results. We have considered a free-running ring laser and a ring laser with a narrow intracavity
absorber. The models are based on the Maxwell-Bloch equations in the slowly-varying amplitude
approximation, with homogeneously broadened two-level atoms, plane wave solutions, and external and
spontaneous emission noise sources. The media may be detuned away from the optical caity modes and
from each other. The results demonstrate the existence of one or more "preferred" optical frequencies
below the lasing threshold. These are different from the frequencies found above threshold, but approach
the latter as the excitation level approaches threshold. Animated thr~e~dimensional graphics were
utilized because of their unique ability to depict complex parameter dependences. We have found that
these graphics aid greatly in understanding the models. We believe our results also demonstrate the
usefulness of these graphics techniques in teaching laser physics and other subjects involving multiparameter systems.

WITH

Pattillo, G.D.

Department of Physics and Astronomy, Southwest Missouri State University.
MODERNIZATION OF A 30keV ION IMPLANTER: SOFTWARE. The goal of this project was to
develop real-time control and remote monitoring software for an ion implanter. With a 386DX-40 PC
interfaced to the implanter through various control circuits, a software system was needed in order to
control the circuitry, provide monitoring capabilities, and allow for recording and storage of all implant
information. The process began with the development of low-level control software using the C
language. Several routines were added to this software to gather and record static implant information,
to periodically retrieve time-based information reflecting the state of the implanter, and to create and
update a log file for each implant. To facilitate viewing and graphing of implant information, I created a
Windows based program which would allow the user to view graphs and other implant infonnation in
real-time. The Windows program allows the user to create custom time based graphs with single or
multiple data sets simply by clicking check boxes beside the desired values. This allows the user to view
any of the data sets on any graph, and to have as many graphs as computer memory will allow.
Individual graph types can also be customized by selecting line, 3-D bar, stacked, horizontal, etc. The
program can be used to view an in-progress implant, where the graphs are updated to reflect changes in
the state of the implanter, or it can be used to view information and create graphs of a previous run. By
interfacing the implanter PC to the campus network, this software can be used by any PC on the
network.

Pitney, J.A. and P.F. Miceli. Department of Physics and Astronomy, University of MissouriSURF ACE
ROUGHNESS
AND
INTERF AClAL
PROPERTIES
OF
Columbia.
SUPERCONDUCTORS. The surface roughness and interfaces of conventional and high-temperature
supercondm tors are critical to device applications such as tunnel junctions. X-ray reflectivity techniques
are a uniquely sensitive_ tool for studying buried interfaces in these materials, because x-rays can probe a
wide range of length scales effectively, from less than one Angstrom to 5000 Angstroms. In order to
study the surfaces and interfaces of superconductors, I have developed an automated x-ray reflectometer.
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The system is near completion, and measurements will begin soon on a niobium/copper multilayer as
well as thin films ofyttrim-barium-copper oxide grown on strontium titanate.

Polly, C.C., J.A. Sago, M. Karabalut, O.A. Pringle, J.W. Newkirk and W.J. James. Departments
of Physics, Metallurgical Engineering, and .the Graduate Center for Mat~rials Research, University of
Missouri-Rolla. IRON NITRIDE FILM FORMATION BY PLASMA-ENHANCED CHEMICAL
VAPOR DEPOSITION. This research was conducted to investigate the properties of iron nitride thin
films prepared by plasma-enhanced chemical vapor deposition and the parameter space in which they
form. Fe3N thin films with secondary iron carbide phases were prepared in an r.f. glow discharge at
pressures of 80-160 millitorr and temperatures of 200-400°C by introducing iron pentacarbonyl
(Fe(CO)s) and anyhdrous ammonia (NH3) as the source gases. The flow rates of the source gases and
the substrate temperature were varied to determine their effects on deposition rate, grain grovvth, and
phase formation. In addition, partial pressures of 0 2 and H 2 were introduced duriITgdeposition to study
the influence of both an oxidizing and reducing environment. The carbon to nitrogen ratio in the films
increased linearly with the ratio of the H 2 to Fe(C0)5 partial pressures, while adding a partial pressure of
02 at 275°C resulted in the formation of magnetite (Fe30 4). X-ray diffraction showed a preference for the
basal plane of the Fe~ crystallites to lie in the plane of the film. As measured by scanning electron
microscopy, film thicknesses ranged from less than 100 nm to over 3µm, depending on flow rates and
deposition times, while surface particle size varied from less than 10°0 nm to about lµm.

Saab, G., and B. Defacio. Department of Physics and Astronomy, University of Missouri-Columbia.
ELECTRON BINDING IN A STRAIN FIELD. A strain field in a semi-conductor or biomolecule can
bind an electron, which will make a qualitative change in the electronic conduction properties. First, the
electron binding in the strain field of a semi-conductor is studied using a variational method where the
potential energy function for the strain field is:

V(r,cp)

~

O:s;;cp::;;n

0,

n::;; cp::;; 2n

{

Variational solutions based on the sine-Gordon equation and on the extension of the support of V to the
interval 0-s ::;; cp ::;; n+B are both studied. The energy bounds are then studied and compared to previous
results. In the ne"-i generation of studies, the binding of an electron on a biopolymer will be investigated
using these methods.

Schroeder, J. and D.H. Madison. Department of Physics, University of Missouri-Rolla. SECONDORDER DISTORTED-WAVE CALCULATION FOR ELECTRON-COPPER SCATTERING. The
second-order distorted-wave Born (DWB2) approximation has been found to produce accurate
differential scattering cross-sections (DCS) for effective one-electron atoms such as hydrogen and the
alkali metals. The DWB2 method is preferable to conventional close-coupling methods because it
allows electron exchange and polarization effects to be studied in detail. The intent of this study is to
determine if copper cap also be treated as a one-electron system with a "forzen"core. Calculations were
performed using four different sets of normalized wavefunctions, and the DCS data was integrated over
100 eV to produce an integrated cross section. The results were compared with other theoretical
(Msezane and Henry) and experimental (Teubner, Trajmar and Srivastava) findings. We have found that
the DWB2 calculation yields accurate DCS for copper at energies above 50 eV. We conclude that the
second-order perturbation tenn has converged and therefore the frozen-core approximation is valid.
Supported by the National Science Foundation and the REU.
Sheldon, E.S., E.M. Baugher, M. Chandrasekhar. Department of Physics, University of MissouriColumbia. OPTICAL STUDIES OF CdS QUANTUM DOTS. We study Cadmium Sulfide quantum
dots produced by an electrochemical etching technique at the University of Notre Dame, which has the
advantage of speed and cost over conventional techniques of thin film growth followed by
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nonolithography. This technique produces quasi-periodic arrays which have been confirmed by scanning
tunneling microscopy. The quantum dots have pore diamters of - 130±20 A with a separation of
-400±20 A The depth of the pores range from 100 to 2000 A for five samples. We have conducted
Photoluminescence (PL), direct reflectance (DR), Raman, and absorption studies of these samples. We
see a blue shift in the PL peak of about 200meV from the bulk band gap, indicative of strong quantum
confinement. The peak, however, is rather broad due to the presence of strain and impurities. In the
Raman scattering spectra we see first and second order LO phonon vibrational modes when excited close
the bulk band gap. In the absorption and reflectance spectra we also see features indicative of the blue
shift of the band gap. 1his work was supported by the Howard Hughes Foundation, U.S. DOE DEFG02-90ER45427 and U.S. Army DAAL03-92-G0367.
Sodergren, Clifford C. and D::rvid K. Probst. Department of Physics, Southeast Missouri State
Univeristy and Michael A. Krninak, Photonics Branch, NASA Goddard Space Flight Center.
ANALYSIS Of SIGNAL DEGRADATION IN AN INTEGRATED OPTICAL AMPLIFIER CHIP.
Integrated optical amplifiers have many advantages when used in fiber optic systems. The most useful
of these is the capability to split and direct an optical input signal to many outputs while amplifying it.
Normally, when the signal is split in such a way, it becomes too weak to be of use. But this splitting can
be done without loss of signal power in an integrated optical chip because the signal paths also act as
amplifiers. But, due to the noise that is added and amplified, there is a degradation of the signal-to-noise
ratio (SNR). Using computer modeling, we will vary the many parameters that describe an integrated
optical amplifier and explore their effects on the SNR degradation for optical paths of different
configurations. The communications format used is intensity modulated and direct detection at 100
Mb/s. Supported in part by the NASA JOVE Program.

Babe, L. Depa1iment of Geography, Northwest Missouri State University. FROM THE RUST BELT
TO THE SUNBELT: A GEOGRAPHICAL PERSPECTIVE OF WOMEN'S MAJOR COLLEGE
BASKETBALL. Much work has been conducted in the field of sport geography regarding male
involvement in athletiCs. In particular, college football and men's basketball have an extensive array of
literature. However, little work has been conducted regarding the geography of women's basketball.
The purpose of this study was to conduct a geographical analysis of women's major college (NCAA
Division I) basketball in the United States. The variables assessed to determine regions of elite
basketball involvement included:
win-loss percentage, attendance, poll rankings, high school
involvement at the statte level, and the origin and destination of players. The Data from Division I
rosters was collected with the aid of the National Collegiate Athletic Association (NACC) and then
geocoded at the zip code level. The geocoded data was then aggregated to the following geographic
levels: county, state, conforence and region. The resulting maps provide insight into the quantification of
a region leading in women's basketball involvement and skill level. This region is designated as
'OhMiss". The resulting spatial patterns can be used for comparison and contrast with existing general
sport regions identified in the literature.
Brinkley, Elaine. Department of Psychology, Missouri Western State College. MARITAL ROLE
EXPECTATIONS AND RELATIONSHIP SATISFACTION. The changing structure of family today
has highly differentiated marital roles. This study examines the influence of the degree of congruency of
role expectations upon the relationship satisfaction of the males and females of couples in serious
relationships. Thirtytfour undergraduates of General Psychology classes at Missouri Western State
College and their partners completed the Role Orientation scale and the Global Distress scale of
Snyder's (1979) Marital Satisfaction Inventory. Female relationship satisfaction was affected in
relationships with males who were more traditional, but in males, relationship satisfaction was not
affected in relationships with females who were more traditional. Future research may continue to
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explore the ever changing marital and career sex roles to enhance the goal of anticipation and planning of
couples to succeed i.n more egalitnrian, duo-career family systems.
Bryan, Tracy. Department of Geology and Geography, Northwest Missouri State University.
TEENAGE PREGNANCY IN MISSOURI, 1988-1993: A GEOGRAPHICAL ANALYSIS. During the
last few years considerable national attention has been given to teenage pregnancy and its relationship to
the well-being of children. Although most sociological examinations of teenage pregnancy occur at the
national level, state level analyses have the potential to provide the most comprehensive examination of
micro-scale attitudes and behaviors. In 1993, eleven percent of Missouri births were to single teens.
Twenty percent of all birth mothers do not have a high school education. The purpose of this research
was to identify the spatial pattern of teenage pregnancy in Missouri counties between 1988-1993 and to
determine the processes contributing to this pattern. Eleven variables were tested to determine their
relationship to the spatial variation in the change in significance level, descriptive statistics, correlation
analyses and difference of means tests revealed a strong relationship between mother's education level,
poverty level and prevalence of single parent households.
Butl'ick, J.A., B.S. Cook, A.M. Boudreau. Department of Geosciences, Northwest Missouri State
University. GEOGRAPHIC INFORMATION SYSTEMS ANALYSIS OF IOWA COUNTY SEATS.
A geographic information system (GIS) has been applied to the analysis and interpretation of
morphologies of Iowa's county seats. Data were collected and entered into a data base. Queries were
performed to create maps depicting patterns of central courthouse square, and linear and railroad town
forms. The results were transferred to GeoQuery where FIPS codes were used to create corresponding
maps. Patterns of central courthouse square plans in Iowa are associated with the platting o( county
seats by county commissioners. Pattern of linear town plans are more random, but show some
association with individual planners and with the location of county seats along major rivers. Planners
platted railroad town forms most frequently in northwest Iowa, where their evolution can be linked to
later settlement. GIS can be used to map spatial changes of county seats morphologies and other
geographic phenomena.
Davies, S.A. Department of Psychology, Missouri Western State College. DIVORCE RECOVERY IN
THE WORKPLACE. This pilot project; conducted in a factory, was designed to measure the effects of a
divorce recovery workshop on the workplace attitude and attendence of six divorced workers. Attitude
was measured over the course of the eight week program with self esteem tests and an exit questionnaire,
and a change in self esteem was noted. The data for attendance is not yet complete. Of the divorced
employees on second shift in a large machine shop, eight were selected at random. Six were assigned to
the experimental group and two to the control group. All eight were given the ten question Rosenburg
self-esteem scale; then, once a week during their lunch break, for the next eight weeks, the experimental
group viewed a video of a professionally administered divorce recovery workshop. The self-esteem test
was readministered to both groups at four weeks and at the end of the project. The experimental group
was given an exit questionnaire for self assessment and assessment of the project's worth. All subjects
released their company absentee records for the purpose of comparing six month pre-project data and six
month post-project- da,ta. This phase is not yet complete. The self esteem test data did not show a
significant diffemce between the groups, possibly due to the small sample size. There was a strong
negative correlation between the meetings missed by individuals and their change in self-esteem. Data
from the exit questionnaire showed that the workshop had a positive effect on every member of the
experimental group and more workshops of this type would be beneficial. More work is being planned
on this project using a larger group.
Crites, Katie and James Davis. Department of Geology and Geography. Northwest Missouri State
University. MISSOURI CONSTITUTIONAL AMENDMENT 7 (HANCOCK II): A SPATIAL
ANALYSIS. The purpose of this research is to identify the November 8, 1994, spatial pattern of voting
behavior on Amendment 7 in Missouri Counties and determine the relationship between voting behavior
and the socioeconomic variables: age, education, income, welfare recipiency, unemployment and
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urban/rural status. During the last few years considerable national attention has been given to tax
initiatives that would puiportedly give voters a voice in all tax and fee related measures. According to
press accounts, there was strong support for this amendment in some geographic areas, especially
southern, rural counties. Hypotheses relating to the above variables were tested using univariate
procedures, t-tests and correlation analyses. Using a 0.05 significance level, the hypotheses relating to
age, percent receiving welfare, income and employiment status were rejected. There was no relationship
between education level and voter behavior.
Fasching, S. Department of Psychology. Missouri Western State College. AGE DIFFRENCES
AMONG PRESCHOOLERS IN SOCIAL DEVELOPOMENT THROUGH PARALLEL PLAY. An
observational study using 2 groups of preschoolers was conducted to determine whether 3-year-olds
engaged in parallel play more than 4- to 5-year-olds did. Data were collected with a VHS camcorder.
Each group was on a VCR, and the amount of time that each subject engaged in nonsocial, parallel, or
associative play was recorded on a table and coverted into percentages in each category. 'Three
dependent t-test were used comparing the two age groups in all 3 levels of play. Both age groups
engaged in nonsocial play the same amount of time; 3-year-olds engaged in parallel play more; and 4- to
5-year-olds engaged in associative play more. When the variable of gender was added three 2x2
ANOVA were done comparing the 3 groups of play in both age groups and gender. Both genders
engaged in nonsocial play equally while males engaged in associative play more and females engaged
more in parallel play.
Hare, H.M. Department of Psychology, Missouri Southern State College. RELATIONSHIP
BETWEEN GENDER, SEX-ROLE AND ATITUDES TOWARD ACQUAINTANCE RAPE. This
study was conducted to identify the interactions between gender, sex-roles as indicated by the Bern SexRole Inventory (BSRI), and general attitudes toward the victim and the perpetrator in an acquaintance
rape. Subjects were given the BSRI, a vignette which described either a heterosexual or a homosexual
rape involving a couple who were either on their first date or who have been dating for six months,
questions about the vignette, the Rape Myth Acceptance Scale, and a questionnaire to ascertain the
background of the subject. It has been hypothesized that subjects who were described as masculine or
undifferentiated according to the BSRI would hold the victim more responsible for the rape, kold more
pro-rape beliefs, and believe in more rape myths than subjects who were identified as feminine or as
androgynous.
Haynes, L.H. and C.A. Anderson. Department of Psychology, University of Missouri-Columbia. TIIB
SHORT TERM COGNITIVE AND AFFECTIVE CONSEQUENCES OF EXPOSURE TO
HUMOROUS SONGS WITII VIOLENT LYRICAL CONTENT. Previous studies on the effects of
exposure to violent media have largely neglected examination of exposure to violent music. The purpose
of this study is to research such effectrs while testing the extent to which the cognitive-neoassociationist
theory of agression generalizes to the cognitive and affective consequences of listening to violent music
lyrics with a humorous theme. A pilot study has been conducted to determine which of 5
nonviolent/humorous songs are most like which of 3 violent/humorous songs (n = 34). It was found that
"A Boy Named Sue" and "Hello Mudda, Hello Fadda ... "were most alike on 7 of the 19 dimensions
tested (p<0.05), while being significantly different on the dimension of violent lyrical content (p<0.05).
The actual study, which is currently being conducted, uses these songs and examines the differences
between groups listening to the violent versus nonviolent songs on several different cognitive and
affective tasks: a reading reaction time task, a word-completion task, a state hostility scale, and a
perceived arousal scale.
Locke, Michael and L. Caputo. Department of Geology and Geography, Northwest Missouri State
University.
SPATIAL INEQUITIES OF MISSOURI LOTTERY WINNINGS, 1986-1992:
GEOGRAPHIC PATTERNS AND PROCESSES. This research examined the relationship between the
spatial pattern of Missouri Lottery winnings for the period 1986-1992 and geographic variables such as
income, education, urban/rural environments, and dollars spent on lottery tickets. Nodaway County
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tickets generated over $295,000 in prize money whereas Green County winners received about $600,000
in prize money. Green County, however, has 180,000 more people than Nodaway County. Such
disproportional lottery winnings raises an intriguing question. Do people in rural counties purchase
lottery tickets in greater proportion to their population than do people in urban counties? Other counties
exhibit similar disparities between winnings and population at risk to win. What impact does income,
employment and education have on lottery sales? Using difference of means tests and univariate
procedures, the results indicated a strong relationship between theabove geographic factors and the
lottery winnings by county in Missouri for the six year period, 1986-1992.
McGrail, T.E. and D. Oldehoeft. Department of Geography, Northwest Missouri State University.
ffiGH SCHOOL BLUE CHIPS AND THE PIGSKIN CULT. The term 'Pigskin Cult' was coined by
Rooney in reference to the fusing of football into the southern culture. This melding began in the 1890's
and has reached a zenith in recent years. Some of the evidence to support the Pigskin Cult is based on
college and professional football programs and player origins. If quality high school football is
associated with this southern region, then the origins of the better players (Blue Chips) should be
significantly influenced by this region.
Thus, the purpose of this study is to determine the origins and destinations of the best high
school football recruits who signed with NCAA Division I schools during the Spring 1994 national letter
of intent signing period. The blue-chip recruits (approximately 2,000) were digitalliy geocoded, then
mapped by zip code, county, state and conference. An analysis of where these Blue Chips went to school
by state and conference provide insight into the supply and demand of quality football players at this
level of competiton. The findings of this study lead to further delineation of the 'Pigskin Cult' region.
West, N.S., Department of Geography, Northwest Missouri State University. DIGGING IT OUT
WEST: A GEOGRAPHICAL ANALYSIS OF WOMEN'S COLLEGE VOLLEYBALL. Few games
played in the U.S. can be considered American inventions. One sport that is truly "American" is
volleyball. From origins at a Holyoke, Massachusetts YMCA in 1895, obscure beginnings as a minor
sport, through its diffusion world-wide following the Second World War, and, until its current popularity
in the western states, volleyball is most largely found as an activity in public and school recreation
programs. Little work has been conducted regarding the geography of women's major college (NCCA
Division I) volleyball in the United States. The variables assessed to determine regions of varying
involvement included: win-loss percentage, attendance, poll rankings, high school involvement at the
state level, and the origin and destination of players. The Data from Division I rosters was collected with
the aid of the National Collegiate Athletic Association (NCAA) and then geocoded at the zip code level.
The geocoded data was then aggregated to the following geographic levels: county, state, conference and
region. The resulting maps provide insight into the retionalization of women's volleyball involvement.
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