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Mis 
The following Volumes of the Transactions of the 

Missouri Academcy of Science are available for pur
chase. 

Cost is $18.00 USD per Volume which includes a 
$3. 00 charge for shipping and handling for domes
tic postage. Overseas orders should also add current 
postal ai1mail rate for international mail. 

Volumes available include 1-36. Volumes 7 and 8; 
10 and 11; & 33 and 34 are double issues. 

The following Occasional Papers of the Missouri 
Academy of Science are also available for purchase. 
Cost is $8.00 per copy, which includes a $3.00 ship
ping and handling for domestic postage. Again, over
seas orders should add current postal airmail rate for 
international mail. 

1. Symposium on Pests and Pesticides 
2. Enzyme Characterization of Brown Recluse 
Spider Venom 
3. Timber-Wildlife Management Symposium 
4. Callaway Plant Units I and IL Preconstruction 
Environment Monitoring 
5. Second Woody Ornamentals Disease Workshop 
8. Lyme Disease in the Southcentral United States 

Occasional Paper number 6 was cancelled, and 
Occasional Paper number 7, Proceedings of Cedar 
Glade Symposium, is out of print. 

of 
of Science resides with 

the author(s). Permission use, 
copy, or reproduce must be ob
tained by contacting the respec
tive author(s) of the specific item 
of interest 
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Michael G. Scott 
Department of Agriculture and Natural Sciences 

Lincoln University 
Jefferson City, MO 65102 

(573) 681-5120 
scottm@lincolnu.edu 

Abstract: Variation in atmospheric pressure is a 
potential source of information that might be used by 
flying animals as the basis of a pressure altimeter and I 
or meteorologicalforecasting. A putative atmospheric 
pressure receptor found in the avian middle ear, the 
paratympanic organ, has also been reported to occur 
in the middle ear of some bats. In that report, the 
paratympanic organ was of variable occurrence in 
the bat Pipistrellus pipistrellus and was not observed 
in five other species examined. My examination of the 
microanatomy of the middle ear of P pipistrellus failed 
to confirm the previous report of a paratympanic organ 
in this species. I also did not observe a paratympanic 
organ in specimens of ten other bat species. 

Key words: bat, paratympanic, pressure, middle ear 

Introduction 
A small sensory structure that develops in 

association with the hyomandibular cleft in vertebrate 
embryos (von Bartheld, 1990) is retained beyond early 
embryological development in only a few vertebrates 
(Simonetta, 1953). This embryonic structure persists 
throughout adult life as the spiracular organ in 
nonteleost fish (Wright, 1885) and the paratympanic 
organ in a few reptiles (Simonetta, 1953), most birds 
(Vitali, 1911) and perhaps one bat species (Vitali, 1924). 
The anatomy of the spiracular organ in nonteleost fish 
has been described (Wright, 1885; Barry and Boord, 
1984; Barry et. al., 1988a) and appears to have a 
proprioceptive function that responds to movements of 
the hyomandibular-cranial joint (Barry et. al., 1988b ). 
The reptilian paratympanic organ has received little 
study (Simonetta, 1953). The avian paratympanic 
organ has been described in great detail (Vitali, 1911; 
Vitali, 1912; Simonetta, 1953; Petrash et. al., 1983; 
Jorgensen, 1984; Giannessi and Pera, 1986; Giannessi, 
1989; von Bartheld, 1994; Giannessi and Ruffoli, 1996) 
and functions in a manner that is consistent with the 

detection of atmospheric pressure (von Baiiheld, 1994). 
Vitali ( 1924) reported the presence of a paratympanic 
organ in the bat Pipistrellus pipistrellus that was of 
variable occurrence and rudimentary in conformation 
compared with the paratympanic organ in birds. Only 
two of the six P pipistrellus examined were reported 
to have had a paratympanic organ. None of the 
specimens of Rhinolophus ferrumequini, Rhinolophus 
hipposideros, Nyctalus noctula, Vespertilio murinus 
and Plecotus auritus examined by Vitali (1924) 
were repmied to have a paratympanic organ. 

The occurrence of the paratympanic organ in bats 
is of interest because it has been suggested that several 
species of temperate, insectivorous bats can detect 
changes in atmospheric pressure (Paige, 1995; Scott 
and Vaughan, 1997). In these studies, the detection of 
atmospheric pressure was discussed in relation to the 
presumed function of the paratympanic organ as an 
atmospheric pressure detector. However, the report by 
Vitali (1924) does not support the common presence of 
the paratympanic organ in bats. In fact, an alternate 
mechanism for pressure detection by some mammals 

Table 1. Bat species examined for the occurrence of the 
paratympanic organ. 

Species # exammed paratympamc 
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has been suggested by the presence of stretch receptors of the paratympanic organ in a bat is in P. pipistrellus 
in the human tympanic membrane (Rackley and Hawke, (Vitali, 1924) out of a combined total of 16 species 
1992). The objective of this study was to reexamine examined. In that early report, the occurrence of 
P. pipistrellus for the presence of a paratympanic the paratympanic organ was variable with it only 
organ and also to increase the number of bat species being reported in 2 of 6 specimens. This current 
surveyed for the presence of the paratympanic organ. study was unable to confirm the earlier report since 

Adult specimens of 11 microchiropteran bat 
species were obtained and examined. Two specimens 
of P. pipistrellus that had been fixed by immersion in 
ethanol were obtained from collections at the American 
Museum of Natural History. A third P. pipistrellus 
specimen fixed by immersion in 4% paraformaldehyde 
was provided by D. H. Pauza, Kaunas, Lithuania. Four 
specimens each of Pipistrellus subfiavus, Eptesicus 
fuscus, Myotis velifer and Tadarida brasiliensis were 
immersion fixed in 3 % glutaraldehyde in phosphate 
buffered saline (PBS) overnight. The entire middle 
ear region of all specimens was removed by dissection 
under the microscope, rinsed in PBS, decalcified for 
seven days in 10% EDTA (pH 7), stained in 2% osmium 
tetroxide in PBS for 1 hour, dehydrated in alcohol and 
propylene oxide and embedded in Epon (Electron 
Microscopy Supplies). Serial sections 10 µm thick 
were taken from throughout the middle ear. Alternate 
sections were collected on gelatine coated slides and 
stained with 1 % Toluidine Blue 0 in 1 % Borax. Six 
other bat species were examined: Rhinolophus rouxi (n 

= 1 ), Pteronotus parnellii (n = 2), Pteronotus quadridens 
(n = 1), Nata/us strmnineus (n = 1), Eumops perotis (n = 

1) and Leptonycteris sp (n = 1). These six species were 
provided as prepared slides of serial sections throughout 
the middle ear of bats that had been used in previous 
research (Henson, 1961 ). All slides were examined 
using a light microscope up to 1 OOOX magnification. 

Table 1 lists all of the species of bats that were 
examined in this study as well as all of the bat species 
that were examined by Vitali (1924). I did not observe a 
paratympanic organinanyoftheP. pipistrellus specimens 
I examined. I also did not observe a paratympanic organ 
in the specimens of P. subfiavus, M velifer, E. fuscus, 
T brasiliensis, R. rouxi, P. parnellii, P. quadridens, 
N stramineus, E. perotis and Leptonycteris sp. 

Discussion 
The paratympanic organ does not appear to be 

a common anatomical feature in the middle ear of 
microchiropteran bats. The only reported occurrence 

no paratympanic organ was observed in the three 
P. pipistrellus specimens examined. If Vitali ( 1924) 
was correct in reporting his observations, there are 
two possible explanations for the discrepancy in the 
observations. If the occurrence of the paratympanic 
organ in P. pipistrellus is variable, it may have simply 
not been in the specimens I examined. Alternatively, 
the discrepancy might be due to species confusion since 
P. pipistrellus has been recently discovered to exist as 
two separate cryptic species (Barratt et al., 1997). If 
only one of the two species has the paratympanic 
organ, it is possible that the specimens examined 
by Vitali ( 1924) contained some of each species and 
that my specimens were all of the species without a 
paratympanic organ. Further examination of known 
species samples would be necessary to resolve this issue. 

Since some bats appear to be able to detect variation 
in atmospheric pressure (Paige, 1995, Scott and Vaughan, 
1997), there must be an alternative pressure detection 
mechanism other than the paratympanic organ. One 
alternate atmospheric pressure detection mechanism 
that has been proposed for mammals is in the function 
of stretch receptors in the tympanic membrane (Rackley 
and Hawke, 1992). Ifbats also have stretch receptors in 
their tympanic membranes, it is possible that bats detect 
variation in atmospheric pressure using this mechanism. 

Barratt, E. M., R. Deaville, T. M. Burland, M. 
W. Bruford, G. Jones, P. A. Racey and R. K. 
Wayne. 1997. DNA answers the call of the 
pipistrelle bat species. Nature 387:138-139. 

Barry, M.A. andR. L. Boord. 1984. The spiracularorgan 
of sharks and skates: anatomical evidence indicating 
a mechanoreceptive role. Science. 226:990-992. 

Barry,M.A.,D.H.HallandM.V.L.Bennet. 1988a. The 
elasmobranch spiracular organ. I. Morphological 
studies. J. Comp. Physiol. A. 163:85-92. 

Barry, M. A., R. White and M. V. L. 
Bennet. 1988b. The elasmobranch 
spiracular organ. II. Electrophysiological 
studies. J. Comp. Physiol. A. 163:93-98. 

Giannessi, F. and L. Pera. 1986. The ultrastructure 
of the paratympanic organ in the domestic fowl 
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(Gallus gall us domesticus). J. Anat. 147:191-199. 

1989. On the presence of reciprocal 
synapses in the paratympanic organ of the 
chicken. Anat. Embryo!. 180: 175-178. 

Giam1essi, F. and R. Ruffoli. 1996. Fine structure 
of the afferent synapses in the paratympanic 
organ of the chicken, with special reference to 
the synaptic bodies. Ann. Anat. 178:127-131. 

Henson, 0. W. 1961. Somemorphologicalandfunctional 
aspects of certain structures in the middle ear in bats 
and insectivores. Univ. Ks. Sci. Bull. 3:151-255. 

Jorgensen, J.M. 1984. Fine structure oftheparatympanic 
organ in the avian middle ear. Acta Zool. 65:89-94. 

Paige, K. N. 1995. Bats and barometric pressure: 
conserving limited energy and tracking insects 
from the roost. Fune. Ecol. 9:463-467. 

Petrash, E. W., K. H. Andres, M. Von During and J. 
D. Delius. 1983. Morphologische aspekte des 
Vitali-Organs bei der taube. Anat. Anz. 153:288 

Rackley, T. J. and W. M. Hawk. 1992. The middle ear as 
a baroreceptor. Acta Otolaryngology. 112:816-823. 

Scott, M. G. and G. L. Vaughan. 1997. Induced 
atmospheric pressure changes elicit spontaneous 

responses in bats. J. Tenn. Acad. Sci. 72:42-44. 
Simonetta, A. 1953. L'organo di senso dello spiracolo 

e l'organo paratimpanico nell sistematica dei 
Vertebrati. Arch. Ital. Anat. Embryo!. 58:266-294. 

Vitali, G. 1911. Di un intressante derivato della prima 
fessura branchialenel passero. Anat.Anz. 3 9: 219-224. 

. 1912. Di un intressante derivato dell'ectoderma 
della prima fessura branchiale nel passero: 
un organo nervoso di senso nell'orecchio 
medio degli ucceli. Anat. Anz. 40:631-639. 

1924. II comportamento dell'organo della 
prima fessura branchiale, negli anfibi, nei rettili, 
nei mammiferi. Ric. di Morf. 4:191-220. 

von Bartheld, C. S. 1990. Development and 
innervation of the paratympanic organ (vi tali organ) 
in chick embryos. Brain Behav. Evol. 35:1-15. 

1994. Functional morphology of the 
paratympanic organ m the middle ear 
of birds. Brain Behav. Evol. 44:61-73. 

Wright, R. R. 1885. On the hyomandibular 
clefts and pseudobranchs of Lepidosterous 
and Amia. J. Anat. Physiol. 19:476-499. 
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William. W. Ellis 
Southeast Missouri State University 

Depaiiment of Agriculture 
Cape Girardeau, MO. 63701 

Abstract: Purebred boars were used to evaluate the 
effect of breed on feed efficiency. Analysis of variance 
indicated that breed had a significant influence on feed 
efficiency. All possible trait correlation coefficients 
are reported and the trait least squares 1neans were 
significantly separated. Feed efficiency was plotted to 
display that swine breeders improved feed efficiency 
over the 17 years of svvine pe1formance testing. 
Key Words: Feed efficiency, swine pe1formance traits 

Purebred boars evaluated at the Southeast Missouri 
State University Swine Test Station were used to study 
the breed effect on feed efficiency. Two thousand 
and forty-one boars of seven different breeds were 
used in the study. Feed efficiency was measured via 
the pen method. Each pen contained three boars. 
Feed efficiency was found to be significantly (P>.05) 
effected by breed of boar. Data in Table 1 revealed 
that among the breeds used in the study Chester White 
displayed the most desirable feed efficiency. This 
study was conducted over a 19-year period. Analysis 
of variance revealed that year was a significant source 
of variation. Figure 1 displays that swine breeders did 
reduce feed requiied per unit of gain. 

Feed efficiency measures the volume of feed 
required per unit of gain. This trait is economically 
important because feed costs account for 60-70 
% of the total production costs for commercial 
swine producers, Taylor et al (1998). Obtaining 
feed efficiency records requires keeping animals 
in individual or group feed records. This is very 
expensive for the commercial swine producer. 
However, feed efficiency can be improved by testing 
and selecting individual pigs for gain and backfat. The 
improvement occurs because fast-gaining lean pigs 
tend to be more efficient in feed utilization Lasley, 
(1987). 

The major objectives of this experiment were to 
compare the feed efficiency among different breeds 

of swine, determine if feed efficiency had improved 
across time, and to study the conelation coefficients 
between feed efficiency and swine traits of economic 
importance. 

Data was obtained from 214 7 boars of seven 
different breeds evaluated at the Southeast Missouri 
State University Swine Test Station of Cape 
Girardeau, Missouri. This represents the boars 
evaluated in a 19-year period. Feed efficiency was 
calculated on each animal in the study. On-test weight 
was 31.75 Kg. The off-test weight was 104 Kg. Boars 
were evaluated in a three-boar sire group. The feed 
efficiency is an average of the sire group of three. 

Least squares means, conelations, and analysis 
of variance were calculated from these data using a 
Statistical Analysis Systems package designed and 
implemented by Ban and Goodnight, Department of 
Statistics, North Carolina State University. 

The mean squares and standard deviations for feed 
efficiency are presented in Table 1. Breed differences 
were important (P<.05) for feed efficiency. The breed 
means were separated using the least significant 
difference test (P<.05). The means that display 
differences were separated by use of superscripts. 
Chester White displayed the most desirable feed 
efficiency. Table 2. displays the analysis variance 
for the two effects used in the study of swine feed 
efficiency across time. Breed of swine and year 
was a highly significant source of variation for feed 
efficiency. 

Figure 1. displays feed efficiency plotted across 
the years of the boar testing. Year was a significant 
source of variation. Swine breeders did reduce the 
feed required per unit of gain across the 1 7 years of 
boar evaluation. 

Table 3. contains correlation coefficients and their 
level of significance between various traits. Feed 
efficiency was positively correlated to average daily 
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Table 1. Anova Results and Standard Deviations for Feed Efficiency 
Breed N Mean* 1 Standard Deviation 
Chester White 247 1.17a 0.19 
Spot 159 1.23b 0.28 
Yorkshire 447 1.24b 0.04 
Berkshire & Poland's 147 l.25b 0.08 
Duroc 723 l .30c 0.49 
Landrace 170 1.3 lc 0.53 
Hampshire 252 1.36c 0.56 

Means in the same column not sharing common superscripts differ (P<.05) 

*Significance level for effect of breed from analysis of variance where designated 

1Mean Feed Efficiency= kilograms per kilogram of gain 

Table 2. Analysis of Variance for Swine Feed Efficiency 

Effects 
Breed of Swine 
Year 

df 
7 

16 

PR>F 
0.0001 
0.0001 

Literature Cited 

12 

gain (P<.01) and days of age to 104 kilograms live 
weight. Feed efficiency was negatively correlated 
with loin muscle area (P<. 01) and backfat thickness 
(P<.01). These correlations indicate boars in this 
study with desirable feed efficiency grew faster but 
displayed higher levels of fat thickness and possessed 
smaller loin muscle area. 

Lasley, J. F. 1987. Genetics of Livestock Improvement. 
Englewood Cliffs, NJ: Prentice-Hall. 

Taylor, Robert E. and Thomas G. Field. 1998. 
Scientific Farm Animal Production. Upper saddle 
River, NJ: Prentice-Hall. 
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Table 3. CORRELATION COEFFICIENTS AND LEVELS OF SIGNIFICANCE BETWEEN VARIOUS 
TRAITS 

DAYS ADG LE 
DAYS -.67 .10 

0.01 0.01 
ADG -.15 

0.01 
LE 

BF 

FIG 

DAYS =Days of age to reach 104 kg. weight 
. ADG =Average Daily Gain 

LE = Loin Muscle Area 
BF= Back Fat Thickness 
FIG= Feed Efficiency 

BF 
.08 

0.01 
-.08 
0.01 

.29 
0.01 

FIG 
.002 
0.91 

.11 
0.01 
-.91 
0.01 
-.25 
0.01 

7$ 7~ ro :;: 1 :i:"l :;:::: :;:4 ~ :;:.;: :i:7 :;::;: ~ ~o ~1 ~~ re ~4 ~~ ~ 

Y~r 



MISSOURI ACADEMY OF SCIENCE • HADDIX 14 

Pryce L. Haddix*, Jessica Shaw and Terry F. Werner 
Harris-Stowe State College 

3026 Laclede Ave 
St. Louis, MO 63103 

The red-pigmented bacterium Serratia marcescens 
has been used as a model organism for a variety of 
new microbiology and genetic laboratory exercises. 
In this work we expand the utility of S. marcescens 
Nima to include more modern approaches of in 
vivo molecular biology. We describe a method for 
transposon-mediated reporter gene mutagenesis which 
creates transcriptional fusions of S. marcescens genes 
to a bacterial luciferase operon. The resulting mutants 
express light in proportion to cell number during 
exponential growth. Phenotypic screening of twenty 
mutants revealed 45% luminescence-positive fusions. 
Growth and luminescence profiles of several mutants 
illustrate the value and complexity of mutant phenotype 
analysis. This mutagenesis exercise demonstrates 
a wide variety of basic molecular biological 
concepts. Equipment required for this exercise 
includes a waterbath-shaker and a spectrophotometer 
(both of which are standard for most biological 
laboratories) and an inexpensive luminometer. 

exercises. In this work we introduce transposable 
elements and their research applications to the advanced 
undergraduate microbiology or genetics classroom. 

Transposable elements or transposons are a major 
source of genome modification and transfer of genes 
to other organisms (2). Transposons are segments of 
genetic material, usually DNA, which catalyze their 
own inse1iion at new places in the host cell genome 
either by excision and movement or by replication into 
a second site. This feature of transposable element 
biology has been exploited by bacterial geneticists 
as a means of creating random loss-of-function (null) 
mutations. Recombinant DNA technology has allowed 
experimenters to substitute genes of known function 
for nonessential transposable element sequences. 
This has made possible the in vivo fusion of genes 
encoding easily-assayable products to target genes of 
unknown function. In addition to the elimination of 
target gene function, the fusion of transposon DNA 
physically marks the genetic locus and, importantly 
for this work, provides a quantitative measure of target 
gene expression. Genes encoding assayable products 

As repositories ofheritable biochemical information, 
fused to other genes therefore became lmown as 

genes are foundational to the study of total organism 
"reporter genes" because, under ce1iain circumstances, 

biology. Investigations involving gene mutation, 
assayable product expression is proportional to 

regulation of expression, strncture and function reveal 
valuable infonnation that contributes to a detailed activity of the target gene. Transposon-mediated 

rep01ier gene mutagenesis has been used extensively 
understanding of phenotypic characteristics. Many 

in the field of bacterial pathogenesis to identify loci 
such investigations begin with random mutagenesis 

upregulated by mammalian body temperature and other 
to identify genes of interest by a loss of function 

enviro11111ental cues such as calcium concentration ( 4). 
phenotype. Transposable element biology has been 

Further, transposon-mediated fusions to 
exploited for this purpose for the last quarter century, and 

genes which catalyze light production are used in 
modern genetic constructions function simply enough 

b ful 
c d d d d 1 b enviromnental microbiology to create biological 

to e use 1or a vance un ergra uate a oratory f t · 1 · 1 h b (1) sensors o ox1c c 1em1ca s sue as enzene _ _. 
*Corresponding author. Present address: American Water Works Service Company, Inc., 1115 S. Illinois St., 
Belleville, IL 62220-3102. Phone: 618-239-0517; Electronic mail: phaddix@amwater.com. 
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Transposons which create genetic u1s10ns are o o ai o .c. · ftw 'd t teaching the concepts of molecular genetics. 

basic types (Fig. 1). Transcriptional or operon fusions 
carry reporter genes without their native transcriptional 
initiation sites. These promoterless elements rely on 
the transcriptional start site of the disrupted gene to 
express the reporter. Therefore, reporter expression 
can reflect the transcriptional activity of the target 
gene under a given set of environmental conditions. 

Reporter genes provide an accurate measure of 
target gene expression provided two assumptions 
hold true. First, the experimenter assumes that the 
disrupted gene does not regulate its own expression. 
This assumption is not always valid, particularly 
in bacterial systems. Since gene expression can 
be regulated at transcriptional, posttranscriptional, 
translational and posttranslational levels, results 
can sometimes be misleading. In spite of these 
limitations, reporter gene technology does allow the 
experimenter to genetically mark a locus with a unique, 
recoverable DNA sequence. This is often a necessary 
first step toward gene cloning and more refined 
regulatory studies in nonmutant cells and functio~al 
analysis by means of site-directed mutagenesis. 

Serratia marcescens strain Nima expresses the red, 
intracellular pigment prodigiosin (5). This normally 
nonpathogenic organism has been useful for the 
development of undergraduate laboratory exercises 
demonstrating mutation to antibiotic resistance ( 6), the 
regulation of gene expression (7), and classical genetic 
studies based on analysis of mutant pigmentation 
phenotypes (8). This work extends the utility of 
S. marcescens by describing a simple method for 
transposon-mediated reporter gene fusion mutagenesis. 
This method may be adapted to the undergraduate 
microbiology or genetics curriculum as a laboratory 

Bacteria, media and culture conditions. Serratia 
marcescens Nima ATCC #29632 was obtained from 
Carolina Biological Supply Company. Escherichia 
coli SMlO lambda pir (pUTminiTn5Kmlux) (3) was 
provided by Dr. John Coote. The control strain E. 
coli HB 101 has been described previously (8). E. 
coli HBlOl(F' Tn3) was constructed by conjugal 
transfer of F' lac from E. coli EG312 (Escherichia 
coli Genetic Stock Center strain #6217) with selection 
for 25 µg/mL ampicillin resistance (Apr) . Bacteria 
were stored in 40% glycerol as -20°C frozen stocks. 
Bacteria were cultivated in trypticase soy broth (TSB; 
Difeo Inc., Detroit, MI) supplemented with 1.5% 
agar as needed for growth on solid medium. LB agar 
was purchased from Midwest Scientific Company 
(St. Louis, MO). The S. marcescens pigmentation 
medium nutrient broth (NB)+ 0.5% maltose has been 
described elsewhere (7). S. marcescens Nima and its 
derivatives were incubated at 30°C, and the E. coli 
strains were incubated at 30°C to 37°C. Bacterial cell 
concentration in broth culture was measured as the 
optical density at 620 nm (OD

620
) using a Beckman 

DU 640B spectrophotometer. Bacterial strains for the 
gene fusion mutagenesis procedure described below 
are available from Dr. Pryce L. Haddix upon request. 

Mutagenesis procedure. Plate or slant growth of 
E. coli SMlO lambda pir (pUTminiTn5Kmlux) and S. 
marcescens Nima was transferred into separate 10 mL 
TSB tubes and resuspended to slight turbidity. 150 
µL of E. coli and 50 µL S. marcescens were added 

TABLE 1 c A' IONS* 
SUGGESTED TASK OUTLINE FOR UNDERGRADUATE LABORATORY APPLI fiT , 

Wee Tas 

1 

2 

2 3 

3 5 

*Assumes twice weekly laboratory sessions. 

0.5 our 

0.25 our 

ours mm1mum wit time 
points measured every 0. 5 



MISSOURI ACADEMY OF SCIENCE • HADDIX 16 
to the surface of LB agar plates and mixed together 
by spreading over the surface to dryness. The plates 
were incubated about 24 hours at 30°C. Inoculum 
mixing on distinct plates ensured independent solid
phase matings. After lawn growth had appeared on the 
nonselective plates, approximately 1/3 of the growth 
was scraped from the surface using a sterile, disposable 
L-shaped spreader (Midwest Scientific). The growth 
was thinly spread onto the surface of LB agar plates 
with 40 µg/mL Km and 25 µg/mL Sm and allowed to 
incubate for two more days at 30°C. Growth from the 
selection plates was picked for single-colony isolation 
on the same selective medium. Individual isolates were 
designated MTN5-X, where Xis a number. Incubated 
plates may be held in the refrigerator at any time 
during or after this procedure for up to one month. 

Tests of transposon vector carriage by mutant 
Serratia strains. Two indirect tests were employed to 
ensure that each Kmr S. marcescens strain did not harbor 
the transposon delivery vehicle pUTminiTn5Kmlux. 
Both are tests for expression of the beta-lactamase 
(Bla) protein, which confers Apr on cells expressing it. 
Characterization of the Apr phenotype was performed 
by growing the cells to stationary phase in TSB at 30°C 
and diluting them in cold PBS on ice (6) for recovery 
of single colonies on LB agar and LB agar + 25 µg/mL 
Ap. The second method was direct assay of Bla activity 
from stationary phase cells grown in TSB at 30°C (8). 

Measurement of bacterial bioluminescence. 
Bacterial bioluminescence mediated by luxCDABE 
gene products produces green light at 490 nm (9) 
and is constant per cell during exponential growth 
(10). Luminescence of 1 mL culture aliquots was 
cumulatively measured as relative light units (RL U) over 

TABLE2 

a 90 second read time using an Inspector luminometer 
(UltraSource, Inc., Peachtree City, GA). In all cases 
light emission was measured in TSB medium to 
minimize cellular pigmentation and its potential impact 
through light absorbance. All measurements were 
corrected for background luminescence contributed 
by the medium, which was generally less than 1000 
RLU and insignificant at high cellular optical densities. 

Statistical definitions and methods. 
Luminescence activity units are defined as 1000 
multiplied by the slope of the regression line from a 
plot of log luminescence vs. early log phase OD 

620
• 

Correlation squared values for these plots exceeded 
0.9000. Another descriptive parameter, measured 
peak luminescence, is defined as the highest ratio of 
luminescence to optical density recorded during log 
or stationary phase. Since luminescence could not be 
monitored continuously throughout the growth cycle, 
measured peak luminescence values are approximate. 

Least-squares linear regression, analysis of 
doubling time data for normality and graph constmction 
were performed using Axum 6.0 statistical software 
(Mathsoft, Inc.). Broth culture doubling times were 
calculated from the graphs as previously described (7). 

Mutagenesis of S. marcescens Nima with 
miniTn5Kmlux. The luxCDABE operon of the 
terrestrial bacterium Photorhabdus luminescens 
1s carried on the mobilizable, Apr plasmid 
pUTminiTn5Kmlux. These promoterless genes lie 
near one end of a modified Tn5 transposon which also 
encodes kanamycin resistance (Kmr). Transcriptional 
fusions delivered by inter-species conjugation were 
recovered by selection for Kmr and the Smr unique to 

TESTS OF MTN5-1 AND MTN5-4 FOR VECTOR CARRIAGE 

tram Mean CFU on LB gar Mean CFU on LB Beta- actamase 
Activity, Units 

x ± s (n) x ± s (n) 
E. co i HBlOl ND ND 12.3 

E. co i HB 0 F'Tn3 96± 3 7 1 ±5 20 121 

. marcescens N nna 0 0±0 0 19.0 

. marcescens MTN5-1 397 ± 36 0 0±0 0 0.5 

. marcescens MTN5- 0 0±0 10 12. 

ND= not done; *Data from reference 8. 
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TABLE 3 
PHENOTYPIC PROPERTIES OF mini-Tn5Kmlux S. marcescens NIMA MUTANTS 

MTN5-X Stram Lummescence 
Activity 
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Figure 1. Transcriptional and translational gene fusions. Pis the promoter for target gene transcription, and 
T represents sites of transcription termination. Arrows indicate directions of transcription and translation. 
Asterisks identifY sites of translation initiation, and.frequencies are ideal probabilities of reporter gene activity 
assuming nonoverlapping transcription of the entire genome. 
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S. marcescens. Mating controls, consisting of conjugal 
donor and recipient plated separately on selective 
medium containing Km and Sm, produced no growth 
(data not shown). We conclude that spontaneous 
mutation of strain Nima to Kmr does not occur 
under the conditions of these experiments and that 
proof of transposon carriage by molecular methods 
(e.g., Southern blotting or the less informative PCR 
technique) is not required for this classroom exercise. 

We attempted to simplify the above procedure 
by mixing liquid cultures of the parental strains and 
allowing them to incubate at 30°C without agitation 
for periods up to two days. Unfo1iunately, we were 
not able to recover Kmr S. marcescens mutants using 
this approach (data not shown). Other investigators 
using similar mutagenesis systems have been able to 
perform liquid-phase matings using cells centrifuged 
to form pellets and incubated overnight (B. M. 
Applegate, personal communication). Because we 
intended to keep requirements for instrumentation 
to a minimum, we did not test this procedure. 

Loss of transposon delivery vector through its 
failure to replicate in the S. marcescens host was 
confirmed by ampicillin sensitivity and negative 
~-lactamase activity in two representative isolates 
(Table 2). MTN5-4 and MTN5-5 were the only 
mutants to appear nonpigmented on LB agar. 

Luminescence and growth phenotypes of 
independent Kmr Nima mutants. Twenty colony
purified isolates from twenty separate conjugation 
platings were screened for luminescence. Even 
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Figure 2. Normal plot of mutant doubling time data. 

though assignment of Lux phenotype was sometimes 
complicated by endogenous luminescence from strain 
Nima, clear phenotypes could be detennined for 
more than half of the strains. Mutants with relatively 
unchanged luminescence activity and measured 
peak luminescence were considered non-fusions. 
Mutants with increases in both of these parameters 
were considered positive lux fusions. A potentially 
confounding scenario involving mutational elimination 
of a negative regulator of background luminescence 
was considered unlikely. Those mutants with decreases 
in one or both parameters were designated unknown. 

As Table 3 indicates, the mutants 
displayed a wide variety of phenotypes. 

Table 3 shows a 1.6-fold range in luminescence 
activity and a 4.4-fold range in peak luminescence 
among the 9 mutants designated Lux+. Mutants MTN5-
8 through MTN5-10 showed strong consistency with 
the Nima luminescence and doubling time parameters. 
In fact, n = 3 t tests for these three parameters revealed 
no significant differences between Nima (three identical 
measurements) and its negative fusion mutants 
(one measurement each of three different strains). 

A normal plot of the mutants' doubling time data 
revealed an overall negligible effect of mutation on 
cellular physiology (Figure 2). Sixteen of the 20 
mutants showed a normal distribution about their mean 
of 36.0 minutes with a 95% confidence interval of 
34.8 minutes to 37.1 minutes. Then= 3 mean of the 
parental strain Nima is 33.9 minutes. Taken together, 
these data show a statistically significant but small 
increase in mutant doubling time by approximately 
6%. Pairwise comparisons of the three variables in 
Table 1 showed a weak positive correlation between 
mutant doubling time and measured peak luminescence 
(r = 0.74). The strains identified by number in Figure 
2 appear to be defective for nonessential genes 
which influence general features of Serratia biology. 

Luminescence profiles of selected mutants. 
Growth and luminescence phenotypes for three mutant 
strains grown at 30°C in TSB are presented in Figures 
3 through 5. We will assume that the hybrid mRNA 
molecules encoding luminescence gene products have 
the same stability in all mutant genetic backgrounds. If 
this assumption is valid, luminescence measurements 
directly reflect reporter gene transcriptional activity. 

Figures 3 through 5 show the general trend of 
exponentially increasing luminescence during log 
phase. This corresponds to the exponential increase 
in cell number and suggests that luminescence per 
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cell is constant throughout log phase. Indeed, this 
observation is the basis for calculation of luminescence 
activity for comparison of transcriptional activity 
among strains (see Materials and Methods). Figure 
3 shows endogenous luminescence activity of a non
fusion mutant. Activity during both logarithmic 
and stationary phases was dependent on cellular 
multiplication. Figure 4 records luminescence of 
strain MTN5-4 with indeterminate fusion activity. 
In this case luminescence continued to increase 
logarithmically through recorded stationa1y phase. The 
relatively small rate of luminescence increase reflects a 
lower luminescence activity than the nonfusion strain 
MTN5-9 (Figure 3 and Table 1 ). In addition, two 
large spikes of luminescence activity are visible and 
correspond to changes in growth rate. Finally, the 
positive fusion strain MTN5-15 (Figure 5) showed 
high luminescence activity and peak luminescence. 

Our screen of twenty independently-selected 
luxCDABE transposon mutants identified 45% 
Lux positive, 15% Lux negative, and 40% of 
indeterminate fusion phenotype. Of the 12 mutants 
whose phenotypes could be assigned, 9 or 7 5% are 
positive and 3 or 25% are negative. These data fit 
perfectly a binomial probability model which assumes 
50% positive fusions (on the basis of transcriptional 
orientation) and two transposition events per isolate: 
25% of all mutants have two positive fusions; 50% 
have one positive and one negative fusion; and 25% 
have two negative fusions. Selection schemes using 
minimal medium (7) to select against mutations 
in metabolic genes would probably face a drastic 
reduction in recoverable colonies per selection plate. 

Experience with other genera of Gram-negative 
bacteria, Pseudomonas and Spirillum, has shown that 
similar luxCDABE mutagenesis protocols are possible 
in these organisms (P. L Haddix, unpublished data). 
Pseudomonas fluorescens mutants express background 
luminescence similar to Nima, while Spirillum 
mutants express about tenfold higher luminescence 
per cell with an inducible luxCDABE fusion (1) when 
compared to Pseudomonas. Unfortunately, Spirillum 
doubles about every two homs in NB medium at 
30°C, making it a poor choice for classroom exercises. 

Other experiments may be performed with the 
MTN5-X mutants created in this exercise. Growth in 
minimal medium and growth at 3 7°C downregulate 
Nima pigmentation, while growth in LB and nutrient 

broth with maltose upregulate pigmentation (7). Light 
production among the mutants will likely vary in 
response to these growth conditions, since luminescence 
is controlled by different cellular operons in the different 
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isolates. More advanced independent study projects 
are also possible. Investigations into the physiological 
role of prodigiosin pigment, which absorbs light at 
499 nm (7), may be possible with controllable light 
production at the nearby wavelength of 490 nm. 

We present here a simple method for transposon
mediated rep01ier gene fusion mutagenesis which may 
be performed over several undergraduate laboratory 
periods with convenient holding points. This system 
requires a one-time investment in a single instrument, 
a luminometer (11 ), but does not require reagents to 
assay fusion gene activity. Theoretical topics which 
are illustrated by this laboratory exercise include: 
conjugation, transposition, bacterial genetic structure 
and transcriptional organization, and the biological 
importance of repeated DNA sequences by means of 
their in vivo rearrangements. In summaiy, this exercise 
helps to illustrate many concepts which are foundational 
to modern molecular biology and genetic engineering. 
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After so long as adversaries, it is 
difficult for Westerners not to maintain 
a cautious faith in Russian power. It is 
even more difficult for the Russians to 
regard themselves with anything less 
than faith in their nation. They have, 
after all, survived so much for so long. 
But contemporary Russian ideas of 
prosperity grew out of an expanding, if 
unsustainable, economy and expectations 
for more of the same. Prosperity by 
an emerging semi-marketized system, 
fashioned under the fonner head of 
State Security Vladimir Putin, relies 
more than ever on interactions across 
a maturing (i.e. sectoring) econo1ny. To 
the average Russian, this new economy 
is both mysterious in it possibilities and 
strangely familiar in its fatalism. It is 
also s1naller, less stable, just as exclusive 
and less humane than what Soviet
experienced Russians came to expect. 
Let us consider the material world 
of Russia entering the new Century: 

•Through the 90s, Russia's GDP 
fell fifty percent. By comparison, 
the Great Depression U.S. 
economy fell thirty-three percent 
(in Germany twenty percent). 

•Inflation has had an enonnous 

effect since 1989, when one ruble 
was fixed by the government at 
$1.85. Today, it cost 29 2/3 rubles 
to buy a dollar. But that's not 
really the whole truth, because 
the January 1998 redenomination 
lopped three zeros from the ruble 
note. Therefore, in consistent 
units, a dollar really buys 29 ,666 
rubles, and a 1989 retiree's 
savings of $20,000 equivalent 
is worth barely 36 cents now. 
That 1989 nest egg might not 
have gone as far in the United 
States, but it was enough for a 
comfortable retirement in Russia. 
It's nothing now, and pensioners 
commonly live hand-to-mouth. 
•The circulating volume of Western 
currencies in relation to cash rubles is at least 
100% in Russia, and the dollar operates as a 
de-facto parallel currency. One of Russia's 
latest social tears is between a new dollared 
elite and the ruble-earning underclasses. 

•In recent years, scnne sixty 
million people are estimated 
to be working na-levo, or off 
the books. 1 Crilninal gangs 
and corrupt bureaucrats extort 
up to eighty percent of private 
enterprises, 2 as well as (depending 
on which government estimate 
you prefer) somewhere between 

21 
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'' th a third" 3 and eighty- an exciting seven percent in 2000 and by five and f?ur 
more an . percent in 2001-2. The government announced fallmg 

five percent of Russian banks.4 
unemployment and inflation dropped to less than 

•$20-25 billion is illegally twenty percent by the end of 2001. President Putin 

1 ndered out of Russia every even cautioned ag~inst "diz~ine~s with s~ccess"'. But.he 
au also turned to shormg-up his gams, movmg to s1mphfy 

year. And the current amount the unwieldy tax systems, establishing a tax-collector 

missing now reaches as high as academy, reassigning fede~al administrative regio~s 
$250 b ·1r s _ more than four and putting his own men 111 charge of them. Russia 1 

ion recharged its arms and nuclear reactor sales abroad, 
times the 2002 state budget. entered the lucrative nuclear waste storage market,9 and 

suicide and self-abuse, sold vacation time on the International Space Station. *From 

the male life span has dropped from 73 to 
59, and Russia's population is shrinking at 
an unprecedented rate. Fifty-one percent 
of Russians think that it's best to have 
one child or no children under current 
economic conditions.6 Even though there 
are 4 .4 million fewer children in Russia 
than five years ago, ten times as many 
of them are infected with tuberculosis.7 

Russia emerged from the Raspad (Breakup) with 
such promise for Free Marketeers, that Western 
governments plunged quickly, and deeply, into the task 
of opening and refonning Russia's economy. It s~em~d 
like a good bet at the time: Privatizatsia, marketlzatsia 
and democratizatsia would naturally grow a working 
middle class, the Russian People would rally, and the 
hard-bitten economy would step into the light of market 
efficiency. Mineral and energy reserves were impressive, 
and resources legendary. Russians were patient and well 
educated. Their scientific community drove seemingly 
strong military and space programs. And there must have 
been something to that famous heavy-industrial sector. 

By the end of 1997, such high expectations 
were looking at negative growth, sinking standards 
of living, a war between equally un-representative 
branches of government, and an even less tractable 
war with Russia's own Chechian Province. There 
was a collapsing infrastructure, a slumping military, 
a default on international loan payments, and growing 
mafia networks that only their families could love. 

Then came the 1999 tripling of oil prices and 
a subsequent Y2K perk-up, following the January 
'98 devaluation which made Russian conunodities 
cheaper on the world market, following the August 
'98 crash which pulled the plug on many government 
subsidies.8 The Russian economy started growing - by 

Despite these recent gains, Russia's economy still 
bears a heavy set of handicaps. After such a long fall, 
practically any bright spot, (like a spike in the wo:ld 
oil price) could be expected to perk up the Russian 
GDP by five percent or so. But economic expansion 
is still unsteady and uneven. Why, as Mr. Putin has 
lamented, is Russia "stuck in a condition of sustainable 
stagnation as its dynamic for growth is disappearing."10 

With consideration for Russian industrial culture, 
geography and history, let us consider three reasons: 

First, economic growth will not be based on 
manufacturing performance. The Soviet Union might 
have been the world's greatest steel producer, but 
manufacturing in Russia is still more hooked on 
subsidies than on profits derived from competition. 
This is natural. Under the Soviets, most manufacturing 
activity and about half of all state spending was 
military industrial. And the only spending was state 
spending. This sector produced obsolescing hardw~re 
for the constipated Gosplan (Central Plannmg 
Agency), which brokered exchanges between an 
empire of producers without quality computers 
or telecommunications, and without transparent 
banking or market indicators or even a free press. 

Rather than bringing efficiency to manufacturing, 
privatization heralded a frenzy of downsizing and asset 
stripping and the collapse of investment in GDP - by 
eighty percent from 1982 to 2000.11 Recapitalization in 
Russian engineering fell by ninety-five percent between 
1990 and 1998, and the number of employed scientific 
researchers has declined by half. 12 In all, Russian 
privatization of state-owned enterprises amounte~ to 
little more than a transfer of assets at fire-sale pnces. 
To contrast, privatization in Hungary raised $1253 per 
capita while privatization sales of state assets raised 

' . 13 a mere $56 per capita for the Russian economy. 
The privatization of state-owned enterprises was 

supposed to decentralize decision-making, and a 
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concurrent marketization campaign would shake out 
the deadwood and attract foreign investors. Instead, 
manufacturing simply rearranged itself into the hands 
of another privileged group called the oligarchs 
- groomed in the Soviet Communist Party, capable of 
delivering trade, avoiding taxes, working with the mafia, 
and banking around the world. Even after the August 
98 shake-out and the proliferation of small businesses 
in Russia - now said to be two-thirds of all businesses 
- those small businesses employ only ten percent of 
the nation's workforce, raise half that much in capital 
investment, and control not even half that much in 
capital assets. As it turns out, Russian economic power 
is extremely centralized, so that those rich enough to buy 
foreign consumer goods do so, and the rest spend very 
little for theirs. Caught in the middle, without enough 
customers or cash flow, are the domestic manufacturers. 

As for the foreign investors, they came and for 
the most part set up small operations according to the 
whimsical currency laws and the best bureaucratic 
advice they could muster. Still, without tested norms 
of taxation, inspection, accounting, bribery, currency 
transfer, banking or even personal protection, some 
have now joined up with the oligarchial networks, 
while others hung on until August 1998 and then pulled 
out of Russia altogether. 14 Enterprises truly are going 
broke now - something that wasn't allowed for years 
And the Oligarchs and former Party Apparatchiki 
have mostly completed carving up Russian assets by 
now, and they may be almost ready for real Western 
partnerships. But so far, Russian manufacturers have 
not significantly reformed, recapitalized, or retooled. 

Second, Russia's economy will not soon be 
saved by its raw resources. To be sure, Russian gold 
production is climbing again, and Russia has its 
famous oil and gas reserves. In fact, reminiscent of 
single commodity developing states, Russia's economy 
practically rides on the price of oil. 15 Indeed, oligarchs 
do grow rich on energy and minerals and will as long 
as prices are attractive and accounting is lax. Some 
eighty-five percent of Russian exp01is are natural 
resources, 16 and the commercial mining of natural 
resources, by its nature, concentrates decisions, so 
that the wealth and power of an elite few may never 
be known. 17 But just as predictably, the masses will not 
work in the oil industry. And Russian organized crime, 
official c01ruption, nationalist politics, an old-thinking 
workforce, and a dearth of corporate governance 
culture generally limit foreign direct investment 

even in Russian mineral and energy reserves. 
And then there is geography. Remote Russia may 

make an attractive and lucrative radioactive waste 
dump, but more surely Russia's size, the severity of its 
climate and its infrastructural inadequacy undennine 
its competitiveness. How well can distant Siberian 
oil compete against the convenience of low delive1y 
cost of Kuwait or Saudi Arabia, or Brunei? Why 
fight the infrastructure to extract timber from the 
Far East, when sellers are pushing better grades of 
it in Borneo, Canada, Brazil, Thailand and Alaska? 
Add to Russia's list of aggressive competitors the 
new technologies that make our metal cars less 
metal, our wooden homes less wooden and oil 
reserves ten times greater than they were fifty years 
ago, and Russia's short-tenn recove1y almost unties 
from what still may become its long-term salvation. 

Third, we might wonder, with life and the economy 
so harsh, why don't Russians fonn a People Powered 
movement, as Philipinos did in 1986 or Poles in 1989? 
One reason is that spontaneous networking - political 
or otherwise - is still very difficult in Russia, where 
there is not yet a mature homegrown civil society. 
Trade associations, grass roots civic and service 
organizations, telethons and the United Way have not 
validated themselves in Russia. Fraternal and charitable 
agencies, competing churches, legions of volunteers in 
hospitals, recycling centers, soup kitchens, cleaning 
up, pro-bono, coaching, reading, guiding, serving ... 
have not shown Russia their ability to help a nation 
from the bottom up. Environmental agencies, a civil 
liberties union, anti-discrimination law, liability law, 
contract law or even notions of private property... are 
not accepted institutions in Russia. Certainly, there are 
Western financed farmer-to-farmer exchanges, medical 
outreaches, and naturalist clubs, whose works are 
making a difference. But few of these groups are strong, 
and those Russians who stumble onto them commonly 
mistake their missions for that of distributors oflargess. 

And yet, the Bolshevik Revolution demonstrated 
that at least some Russians would revolt then. Why 
not now? Another reason is that the Russian population 
is effectively shell-shocked. For three generations the 
Soviet police state repressed them. And for centuries 
even before that, the overwhelming power of the state 
was never checked as it was in the West by the Magna 
Carta, the Bill of Rights and the French Revolution. 
Neither individualism, nor entrepreneurism, and 
ce1iainly not a coherent middle class has ever 
had much prestige in Russia. Russia never passed 
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through the Renaissance or the Reformation or the 
Age of Enlightenment. In effect, Russia never left 
the Middle Ages. And true to form, most Russians 
are focused on just getting by. With a third of the 
population living on less than a dollar a day, 18 

there isn't much energy or means left for revolting. 
Another cause for public calm is that the capitalist 

world has a lot of interest in Russian progress, and none 
in revolution. Russia has an enormous foreign debt -
dropping recently, but still around $140 billion. Steady 
growth is the way out of debt with continued good 
credit, and the International Monetary Fund and the 
World Bank are intent upon helping Russia get there. 
It's a high wire act to be sure, but the globalization of 
Russia's malaise brings with it a safety net. The whole 
institution of international development lending simply 
did not exist the last time Russia's productive economy 
was so depressed - when famine in the 1920s and 30s 
cost millions oflives. As long as the Russian Federation 
hangs together, nothing like that should happen this time. 

It can seem as though little changes in the status 
of the average Russian. In the Tsarist era, only five 
percent of Russians served in the Imperial Court. In 
the Soviet Era, barely ten percent of the people joined 
the Communist Party. And today, again, just a small 
concentration of the powerful controls a tight circle of 
mafia, politicos and oligarchs. Their work is not valued 
for what it does, but for what it brings. It's a high society, 
lmown for conspicuous consumption of European 
luxuries if not for transparent business associations. Its 
leadership - together with most of Russia's wealth- is 
mostly in Moscow, where a rich core contrasts starkly 
with everywhere else in Russia. The rest of the people 
barter and moonlight, go to the factory when there is 
work, await their pay, grow and brew what they can 
at home and are otherwise whipsawed by events. 19 The 
two populations have little in common. Power does 
not devolve to the people, but re-concentrates to the 
Center. And the people seem to accept it all, especially 
with a strongman at the helm. In just the last year, Mr. 
Putin has lowered expectations of a free press, reversed 
President Yeltsyn's promise of greater autonomy for 
far-flung regions, personally selected a national anthem 
and assumed the undisputed center of political gravity in 
Russia. His approval rating hovers near seventy percent. 

Russians are famous for muddling through. And 
mineral resources may continue to pull it along. But 
the new economy, rather than a shopper's paradise 
synonymous with Western prosperity, for most has a 
strong cashless-barter component. For many, economic 

contraction is by now almost irrelevant. Still, better 
standards of living for all will ultimately require a more 
efficient economy. For Russia's assorted challenges 
with embracing economic reform, ongoing and 
incremental adjustments by the state will intersperse 
with the occasional realization that something 
significant has happened. Economic expansion will, 
of course, correspond with perceptions of economic 
health, and foreign investors will or will not follow. 
All of this may keep the Russian economy on a bumpy 
path toward growth. But with such weak diversification 
and strong mistrust of institutions, Russia will 
be hobbled in its sustained economic recovery. 
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Abstract: The state-endemic Bluestripe Darte1~ 
Percina cymatotaenia, occurs only in the Niangua 
and Gasconade river systems of central Missouri. 
Objectives were to assess change in distribution 
and abundance between two time periods: 1976 to 
1982 and 1994 to 2002; Fish community samples 
from within the range of P. cymatotaenia were 
analyzed: 40 from period 1 and 58 fiwn period 2. 
Data were averaged by 25-lan stream segment, for 
a total of 22 segments. Average relative abundance 
of P. cymatotaenia was greater in period 2 (0. 05 < 
P < 0.10) as was the average proportion of sites 
in which they were caught (0.01 < P < 0.025). The 
average relative abundance in period 1 was 1. 7 P. 
cymatotaenia per 100 benthic fish caught and in 
period 2 was 2.4 P. cymatotaenia per 100 benthic fish 
caught. They were caught in an average of 5 0% of 
the samples fiwn period 1 and in an average of 73% 
of the samples from period 2. The upper Osage Fork 
showed decline over tilne, and the Woods Fork and 
upper Big Piney River showed depressed numbers 
in both time periods compared to pre-1976 samples. 
These reaches would be good candidates for fi1rther 
recovery efforts for P. cymatotaenia. 

conservation, biodiversity, fishes, 
streams, Ozarks 

The Bluestripe Darter, Percina cymatotaenia, is 
endemic to rivers of central Missouri (Pflieger 1997). 
It is one of two species in the subgenus Odontopholis, 
the other of which is found in the Ohio River system 
in east-central Kentucky and Tennessee (Burr and Page 
1993). These species are characterized by the presence 
of a caudal keel and elongated anal fin in breeding 
males which are hypothesized to facilitate the transfer 
of spenn from the male's genital opening to eggs 

buried in the substrate by the female (Page and Sabaj 
1994). Percina cymatotaenia is listed as imperiled 
(very vulnerable to extinction) both in the state and 
globally (Missouri Natural Heritage Program 2003). 

Percina cymatotaenia is most common in 
the middle reaches of the Niangua, Osage Fork, 
Gasconade, Roubidoux, and Big Piney rivers (Pflieger 
1997). It is not found in headwaters, and is naturally 
rare in the Niangua River below Bennett Spring and in 
the Gasconade River below the mouth of the Big Piney 
River. Gilbert (1888) described it as abundant in the 
Sac River system but, since then, only one individual 
has been collected there (in 1947). It has also been 
rep01ied from the Maries River near Dixon (Meek 
1891), but this location is so far up in the headwaters 
that it seems a mistake may have been made in the 
locality data. None have been collected from the Maries 
River system since then. Pflieger (1984), comparing his 
recently collected data with data from the 1940s and 
1960s, warned that the remaining populations still 
seemed to be declining but at a slower rate compared 
to the turn of the century. However, between the 1940s 
and the 1990s, Winston (2003) found an increase in the 
prop01iion of sites in which the species was collected. 

In the present study, samples made from 197 6 
to 1982 were compared with samples made from 
1994 to 2002. The objective was to use this data to 
assess the conservation status of P. cymatotaenia. 
The null hypothesis was no change in distribution 
or abundance between the two time periods. 

Between 1976 and 1982, W. L. Pflieger made 40 
samples within the range of P. cymatotaenia. He used a 
variety of seines but mostly a 1. 8 m by 1.2 m, 3 .2 mm 
mesh kick seine for sampling riffles and cover along the 
margins of pools and a 7.6 m by 2.4 m, 6.4 mm mesh 
drag seine for sampling pools and the deeper sections of 



MISSOURI ACADEMY OF SCIENCE • WINSTON 27 
riffles and runs. His goal, while sampling, was to catch 
most or all small fish species in a reach. He also sampled 
intensively enough so that P. cymatotaenia densities 
could be estimated (Pflieger 1984). He made 32 of his 
samples (80%) between February and May because 
he was also studying P. cymatotaenia reproduction. 

of the samples (92%) between June and August. 

Between 1994 and 1996, S. A. Bruenderman 
resampled 13 of Pflieger's sites. Bruenderman was 
trained by Pflieger and made three of the samples 
with him. Bruenderman sampled with a 1. 8 m 
by 1.2 m, 6.4 mm mesh kick seine and a 4.6 m 
by 1.8 m, 6.4 mm mesh drag seine. She made 12 

Between 2000 and 2002, M. R. Winston made 45 
samples within the range of P. cymatotaenia. He located 
samples at randomly chosen access sites. Winston used 
a 1.8 m by 1.2 m, 3.2 mm mesh kick seine and a 4.6 
m by 1.8 m, 3.2 mm mesh drag seine. His goal, while 
sampling, was to collect all small fish species ( < 30 
cm maximum length) in a reach. He sampled major 
habitat types (e.g., riffles, open water in pools, aquatic 
vegetation at the edge of pools) until he reached a 
plateau in the number of small species caught in each 
habitat. All were taken between June and September. 

Table 1. Numbers of Percina cymatotaenia caught. Multiple numbers in a stream segment in a time period 
represent multiple samples. Numbers are listed from downstream to upstream within a segment/period. Stream 
segments are mapped in Figure 1. 

Stream Segment 
Niangua River 1 
Niangua River 2 
Niangua River 3 
Niangua River 4 
Niangua River 5 
Osage Fork 1 
Osage Fork 2 
Osage Fork 3 
Osage Fork 4 
Osage Fork 5 
Gasconade River 1 * 
Gasconade River 2 
Gasconade River 3* 
Gasconade River 4 * 

Time Period 
1976-1982 1994-2002 
0 1 
0,0 3,3 
7 1,4 
18,3 1,0, 1 
1,0 1,0 
0 1, 1 
0 1 
0 1,0,0 
2 0,0,0,0 
8 0, 0, 1, 0, 0 

0,0,0 
0 1 
0 

Gasconade River 5 3 2, 1 
5 Gasconade River 6 0 

Gasconade River 7 3, 3 
Gasconade River 8 
Gasconade River 9 
Gasconade River 10 
Woods Fork 1 * 
Whetstone Creek 1 
Roubidoux Creek 1 
Big Piney River 1 * 
Big Piney River 2 
Big Piney River 3* 
Big Piney River 4 
Big Piney River 5 * 

4, 1 
3 
13,0 
0 
7,4 
7, 1,0,0 
0 
0 

l,0,17,0,0 

Big Piney River 6 0, 0 
*Data not included in statistical analyses. 

1, 0 
9 
1, 5, 5 
1, 2, 0 
0 
4,0 
1, 0, 3, 0 
0 
1, 10 

2,2 
0 
0, 0, l, 0 
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Figure 1. The range of Percina cymatotaenia divided mto 25-km stream segments. 

For analysis, Pflieger's samples (period 1) were 
compared with Brnenderman's and Winston's samples 
combined (period 2). Number of benthic fishes, 
number of P. cymatotaenia, relative abundance of P. 
cymatotaenia to benthic fishes, presence/absence of 
P. cymatotaenia, and number of benthic species were 
calculated for each sample. Values were averaged by 
25-km stream segment for a total of22 segments (Table 
1; Figure 1). This was necessary for three reasons: 
more samples were made in the later period; the spatial 
distribution of samples was uneven; and, Pflieger's sites 
were not always resampled. Wilcoxon signed rank tests 
(Sokal and Rohlf 1981) were used to test for a difference 
over time in average number of P. cymatotaenia, average 
number of benthic fishes, average relative abundance, 
average presence/absence of P. cymatotaenia, and 
average number of benthic species in stream segments. 
Percina cymatotaenia have been categorized as benthic 
(Pflieger 1984); therefore the number of benthic 
fishes caught provides a better measure of effort 
for calculating relative abundance than does total 
number of fishes caught. Average number of benthic 

species caught was also used as a measure of effort. 

Greater numbers of benthic fishes were 
caught in the period 1 (0.001 < P < 0.005). 
The average number of benthic fishes caught 
in period 1 was 226 and in period 2 was 94. 

There was no significant difference in the number of 
P. cymatotaenia caught (P> 0.10). The average number 
caughtinperiodl was2.6andinperiod2wa-s l.9(Table 1_). 

Relative abundance was marginally greater m 
period 2 (0.05 < P < 0.10). The average relative 
abundance in period 1 was 1. 7 and in period 2 was 
2.4 P. cymatotaenia per 100 benthic fish caught. 
This result was due to the large difference in number 
of benthic fishes caught compared to . the small 
difference in number of P. cymatotaenia caught. 

The difference in the average proportion of sites 
in which P. cymatotaenia were caught was significant 
(0.01<P<0.025). They were caught in an average of 
50% of the samples from period 1 and in an average 
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of 73% of the samples from period 2 (Table 1). only one P cymatotaenia was collected total. Pflieger 

There was no significant difference in the number of (1984) did not mention the upper Osage Fork; probably 
benthic species caught (P > 0.10). The average number because he caught 10 P cymatotaenia in two samples 
of benthic species caught was 8.7 in both time periods. there. In period 2, the species showed a strong decline 

The data show a significant increase in relative 
abundance and occurrence (proportion of sites in 
which they were caught) of P cymatotaenia. Relative 
abundance increased by 41 %, and occurrence increased 
by 46%. In a related study, between the 1940s and 
1990s, P cymatotaenia was found to have increased 
in occurrence by 138% (Winston 2003), indicating 
that the increase has been ongoing since 1940. 

The results of the presence/absence analysis should 
be more robust than the results of the total number and 
relative abundance analyses. The season in which most 
samples were taken and the effort put into sampling 
differed between time periods. Percina cymatotaenia 
is not known to make regular migrations, and they can 
be collected with seines at all times of the year where 
they are known to occur (Pflieger 1984). Effo1i was 
most likely greater in the earlier time period as shown 
by the greater number of benthic fishes caught. One 
would expect that the number of species caught would 
increase with the number of fish caught; however, this 
was not the case. A similar number of benthic species 
was caught in both time periods. This suggests that a 
plateau was reached in the number of species caught 
with effort in both time periods. Therefore, the presence/ 
absence analysis should not be biased by season. Total 
number and relative abundance would seem to be more 
sensitive to small differences in decisions made by the 
samplers in the field such as the time spent sampling 
in different habitats, as well as seasonal and water
level differences. Although calculating abundance of 
p cymatotaenia relative to number of benthic fishes 
was better than to number of all fishes, an even better 
metric would have been number of benthic fishes 
collected in cover in pools with little water velocity, 
but this was not available for many of the samples. 

Pflieger (1984) warned that the main area of decline 
of P cymatotaenia was in the upper reaches of its 
range. This problem seems to have worsened since his 
study. Pflieger (1984) noted locations of decline in the 
Woods Fork and upper Big Piney River. In period 2, 
the species showed little evidence of recovery in these 
reaches. One sample was made in the Woods Fork and 
four were made in the upper Big Piney River; and, 

in this reach. Only one individual was caught in nine 
samples. In an analysis of land use and land cover, 
Blanc (2001) rated the upper Osage Fork as one of the 
more impacted subbasins in the Gasconade drainage, 
with a relatively high percentage area of urban and 
cropland in the watershed, a high percentage area 
of gravel bars in the river channel, and low riparian 
quality. Pflieger (1984) noted the urbanization of the 
Woods Fork and upper Big Piney River watersheds. 
The data suggest that these reaches merit special 
concern relating to their land use and management. 
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Abstract 
Snow crystals were collected during nine years at 

two sampling sites in the Midwestern United 
States. Snow c1ystal replicas were evaluated for 
50 different snow crystal types and for seven types 
of snowflakes and snow element aggregates. The 
following data were recorded: concentrations and 
sizes of individual and aggregated snow crystal 
types and the coexistences of different crystal 
types in specific samples. Based on these data the 
suitable nonnal and log-normal size distribution 
curves for the main c1ystal and snowflake types 
are suggested. Attention was also paid to the 
occurrence of small graupels (minigraupels) and 
their aggregates. Several of the evaluated snow 
crystal morphological parameters are briefly 
discussed and compared to the results of similar 
investigations. 

1. Introduction 
The knowledge of the occurrences of basic snow 

crystal types in the atmospheric boundary layer 
is important not only for cloud and precipitation 
physics, but for many applications in science and 
technology (Hogan, 1994). These data are often 
used for the investigations of snowfalls and for the 
study of ice deposition on objects at the ground, on 
vehicles, and on airplanes. Attempts have been made 

to apply the concentrations and size distributions 
of snow crystals for more realistic modeling of 
visibility and for the description of the propagation 
of optical and electromagnetic waves (O'Brien, 1970; 
Vivekanandan et al., 1999). Another important field 
of the application of the data related to snow crystal 
occurrence and morphology is the scavenging of 
aerosol particles and fog droplets during snowfalls. 
This "selfcleaning" of the atmosphere has specific 
features in the air layer above the ground, where 
many snow crystal types and snow elements 
coexist (Murakami et al., 1985; Podzimek, 2000b). 

The most important findings of many investigations 
of snow crystals and snow elements are summarized 
by Pruppacher and Klett (1997, p. 27-55). Hogan 
(1994) discussed the main morphological and physical 
parameters of snow elements and deduced the most 
suitable mensuration formulas for the snow crystal 
mass, fall speed and precipitation rate. Specification of 
the airborne snowflake properties (Locatelli and Hobbs, 
1974; Hobbs and Rangno, 1985) allows for improved 
calculations of snowfall intensity. However, it must be 
admitted that the current knowledge of the occurrence of 
different types of snow crystals and of the composition 
of snowflakes is rather incomplete. This holds especially 
for rimed snow crystals aggregated in snowflakes. 

The principal thrust of this paper is to contribute to the 

*Corresponding author address: Josef Podzimek, 524 Northern Oaks Drive, Groveland, 
IL 61535-9605, USA; Fax: (309) 347-2755; e-mail: jmpcloud@bwsys.net 
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more complex investigation of the morphology of snow 
crystals collected at the ground and potentially to deduce 
parameters useful for the modeling o(the evolution and 
modification of snowfall processes. These parameters 
were deduced from the evaluation of 991 snow crystal 
samples collected in the Midwestern US during the 
years 1993-2002. Each sample generally contained 
more than 100 snow elements and was described by 
the sampling and environmental conditions (e.g., wind 
speed and direction, air temperature and humidity, 
precipitation character and regional weather situation). 

Some of the snow crystal investigations described 
in this paper were related to the analyses of special 
weather situations (e.g., severe snowstorms, icing 
events, heavy snowfalls) and presented during several 
Annual Meetings of the Missouri Academy of Sciences 
in its Atmospheric Science Section (Podzimek, 
1999, 2000a, 2001; Podzimek and Market, 2001). 

>J ........ , .... ...,,111.JILJIUl .... Sites 
Between December 1993 and February 1995, a 

total of 59 snow crystal samples were collected at 
Rolla, MO (347 m above sea level [ASL], geographical 
coordinates: longitude 91° 47' W, latitude 37° 57' 
N). The sampling was performed at the University of 
Missouri using a large wooden container ( 60 x 60 x 
60 cm) with glass slides at the bottom. The container 
was placed 1 m above the ground in the university park 
not far from Norwood Hall and produced satisfact01y 
snow crystal deposition on slides even during wind 
speeds greater than 3 m/s. The exposure time was 
controlled by opening and closing the container's lid. 

Similar sampling technique was used during 
the winter seasons 1993 (23 samples) and 1995 
- 2002 (909 samples) at Groveland, IL (228 m 
ASL, longitude 89° 33' W, latitude 40° 35' N). 

With the exception of a few direct photographic 
pictures of natural snow crystals and snowflakes 
deposited on the sampling board, which was covered 
by the black velvet, the well known replica technique 
(Schaefer, 1941; Podzimek, 1965) was used always for 
preserving and evaluating the snow crystal shapes. The 
sampled snow crystals settled on microscopic slides and 
were embedded in a formvar resin solution (formvar in 
ethylene dichloride) approximately 2 % by weight. The 
exposure time of single or of several glass slides (26 mm 
x 76 mm) generally varied between 10 seconds and 10 
minutes, depending on the snowfall intensity. The main 
intention was to capture enough crystals, without their 
overlapping, for a statistically representative evaluation. 

The coating of glass slides by cold fonnvar 

solution was performed just before their exposure. 
Some additional coating of large snow crystals and 
snowflakes was done at the end of the sampling 
time, when formvar solution drops, carefully released 
from a micropipette, were placed over large c1ystals. 
The additional coating was canied out in a manner 
to avoid possible displacement or aggregation of 
captured snow crystals. After exposure, coated slides 
were placed in a dessicator at a temperature of -5°C 
for one hour After this time, durable snow c1ystal 
replicas were suitable for microscopic examination. 

For the calculation of the snow crystal or 
snowflake concentration the selected slide 
area was corrected because the entire area was 
often not equally covered by formvar solution. 

Snow crystal replicas were photographed with a 
Zeiss Type W optical research microscope and a JEOL 
T330A scanning electron microscope located at the 
UMR Electron Microscope Laboratory. The scanning 
microscope is equipped with an X-ray energy spectrum 
analyzer. This provided information about the chemical 
composition of large aerosol particles deposited 
on snow crystals or embedded in frozen droplets 
(Podzimek et al., 1995). The evaluation of sizes of 
small crystals, frozen droplets and minigraupels was 
facilitated by using a Zeiss TGZ semiautomatic particle 
evaluator or computer microscope (Digital Blue QX3). 

From optical and scanning electron microscope 
measurements the following parameters were 
detertmined: the total numbers of individual and 
aggregated snow c1ystals deposited during the 
sampling time on the slide surface; the numbers, mean 
and maximum sizes of snow crystals of a specific 
type; the numbers, mean and maximum sizes of snow 
crystal fragments, of minigraupels (graupels with 
mean diameters smaller than 1 mm) and of frozen 
droplets. Separately were evaluated the numbers, mean 
and maximum sizes of snowflakes of a specific type. 
From these parameters and from the assumed settling 
speeds of rimed and not rimed crystals of different 
forms the mean crystal and snowflake concentrations 
and snowfall intensities were calculated and used for 
the detailed description of specific weather situations 
(Podzimek, 1999, 2000a, 2001, Podzimek and 
Market, 2001). The crystal settling speeds were based 
primarily on the data published by Hogan (1994). 
These speeds were confirmed and extended in several 
cases by our measurements and observations (e.g., for 
columnar type crystals). Size distribution curves were 
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determined for the main types of snowfall elements. 

A factor that might have an influence on the 
statistical values of the calculated snow element 
parameters is the different time interval of successive 
c1ystal samplings. Usually during steady snowfalls 
half an hour or one hour intervals were the most 
frequent. However, during heavy snowfalls or fast 
developing freezing rain situations, the sampling 
intervals were much shorter (e.g., five or ten minutes). 

Snow 

Table 1 includes the parameters of the 50 

evaluated snow crystal types. To each c1ystal type 
(with abbreviated description) is added its symbol 
according to the Magono-Lee classification (Magono 
and Lee, 1966; Pruppacher and Klett, 1997, p.45-46). 
In a few cases the classification symbols were not 
available (e.g. column with one plate, four columns, 
almost triangular plate, plates with stellar extensions). 

Two different snow crystal occurrences were 
evaluated and expressed in Table 1 in percentages 
related to the total number of evaluated samples (OT-
1) and to the mean occurrence of a specific crystal 
type to other crystals in the same sample (OT-2). 

Due to the improved division of snow crystal 

Table 1. Snow crystal occurrences and sizes of individual crystals plus crystals contained in snowflakes. 

Type of snow crystal 

Needles 
Sheaths 
Bullets, Pyramidal 
Bullets, Columnar 
Bullets with Plates 
Columns 
Columns w. Plates 
Column w. Plate 
2 Columns ,,,, Plates 
2 Columns Aggreg. 
2 Bullets in Line 
3 Columns Aggreg. 
4 Columns 
Columns Irreg. Comb. 
3 Bullets \V. Plates 
Plate Simple 
Plate w. Profiles 
Plate w. Sector Prof. 
Plate w. Sector Bran. 
Plate w. Extensions 
Plate w. Short Ext. 
Plate w. Long Ext. 
Plate w Stellar Ext. 
Stellar Broad Branch. 
Stellar Thin Branches 
Stellar Ornamental 
Stellar \V. Armplates 
Dendrite Simple 
Dendrite Fernlike 
Dendr. \\r. Armplates 
Plate \V. Short Orn. Ext. 
Plate w. Long Orn .. Ext. 
Plate "r. Short Dendr. E. 
Plate \V. Long Dendr. E 
Plate \V. Plates at Ext. 

Dendr. ''' 12 Branches 
Dendr. \V. 4 Branches 
Flower Type 
Scroll 
S pherocrystal 
Triangular Plate 
Plates at 2 Levels 
Side Planes 
Broken 1 Stellar Br 
Broken 1 Dendr. Br. 
Broken 2 Stellar Br. 
Broken 2 Dendr. Br. 
Broken 3 Stellar Br. 
Broken 3 Dendr. Br. 
2 Dendr. Br. in Line 

Classific. 

N1a,N1b 
N1c,Nld 
Cla 
Clc,Cld 

C1e,C1f 
CPla 

* 
* 

C2a,C2b 

C2aC2b 

* 
C2b* 
C2a,C2b 
Pla,(Clg) 
(Pia)* 
(Pia)* 
Plb 
P2e 

* 
* 
* 

Plc 
Pld 

* 
P2a,P2b* 
P1e 
PH 
P2c 

* 
* 

P2e* 
P2g* 

* 
P4a,P4b 

P3c 

Cli 
Il,14 

Sl,S2 
13a 

I3b 

P3a 

Sampl No. % of Total Occur.% 

171 19.32 13.938 
223 25.2 13.746 

60 6.78 4.518 
298 33.67 6.377 

34 3.84 6.589 
48i 
133 

9 
5 

97 
3 

250 

7 
13 

617 
98 
9 

358 
3i8 

57 
i 
4 

175 
189 
28 
7 

239 
230 
128 

4 
3 

14 
26 

9 
4 
4 

39 
11 
26 
61 
24 
24 

289 
275 
198 
201 

16 
36 

7 

54.35 
15.03 

1.97 
1.09 

10.96 
0.66 

2825 
0.21 
1.53 
1.47 

69.72 
21.29 

1.97 
40.45 
35.93 
12.45 

0.22 
0.87 

19.77 
21.36 

6.11 
1.53 

27.01 
25.99 
14.46 

0.87 
0.66 
3.06 
5.68 
1.97 
0.45 
0.45 
4.41 
1.24 
2.94 
6.89 
2.71 
2.71 

32.66 
31.07 
22.37 
22.7i 

1.81 
4.07 
0.79 

i2.407 
4.53 

3.347 
4.99 

4.i i5 
3.49 

8.439 
2.401 
2.208 

3.54 
16.529 
10.827 

9.44 
6.789 
5.732 
6.385 

11.801 
3.775 
6.682 
7.018 
6.8i4 

6.25 
8.434 

12.084 
7.028 
3.551 

4.75 
7.305 
4.881 
3.34i 
2.733 
4.785 
4.401 
2.338 
7.195 
3.258 
4.862 
7.913 

10.654 
13.059 

6.277 
10.048 
4.339 
4.072 
2.929 

S.D. d, 1. [mm] 

13.021 0.755 
8.011 0.949 
0.822 0.396 
2.399 0.418 
2.106 0.427 
4.778 
2.363 
i.559 
1.923 
2.434 

1.64 
5.884 

0 

1.661 
2.092 
6.741 

10.437 
0 

1.803 
1.796 
1.788 

0 

1.451 
3.119 
i.658 
3.238 
0.636 
3.541 
4.786 
3.002 
3.576 
2.05i 
1.549 
2.586 
0.481 
1.115 
3.514 
0.465 
1.105 
4.828 
1.507 
3.172 
7.065 
4.465 
3.501 
3278 
6.428 
2.253 
2.617 
2.074 

0.456 
0.413 
0.437 
0.579 
0.501 

0.48 
0.492 
0.701 
0.473 
0.482 
0.511 
0.768 
1.081 
0.885 
1.008 
0.948 

2.05 
1.278 
1.144 
1.221 
1.497 
1.461 
1.747 

3.18 
1.735 
1.16 
2.23 

1.249 
2.173 
1.755 
3.017 
2.179 
0.471 
0.475 
0.371 
0.513 
0.6i2 
0.825 
0.794 

l.16 
0.893 
1.211 
0.947 
1.507 
2.543 

S.D. 

0.197 
0.211 
0.141 
0.061 
0.089 
0.088 
0.052 
0.057 
0.087 

0.13 
0.014 
0.087 

0 
0.17 

0.101 
0.072 
0.049 

0 
0.194 
0.139 
0.172 

0 
0.513 
0.198 
0.175 
0.226 
0.352 
0.217 
0.315 
0.329 
0.125 
0.028 
0.1i7 
0.414 
0.088 
0.843 
0.175 
0.009 
0.109 
0.094 
0.115 
0.147 
0.303 
0.114 
0.169 
0.184 
0.243 
0.276 
0.42'1 
0.943 

d,I,max S.D, 

1.009 0.32 
1.235 0.314 
0.437 0.129 
0.479 0.079 
0.492 0.115 
0.574 0.121 
0.454 0.074 
0.453 0.079 
0.634 0.094 
0.547 0.141 
0.525 0.071 
0.581 0.087 
0.701 0 
0.478 0.169 
0.575 0.155 
0.668 0.118 
0.955 0.194 
1.311 0 
1.021 0.216 
1.136 0.177 
1.081 0.255 
2.051 0 
1.555 0.771 
1.302 0.227 
1.372 0.206 
1.737 0.142 
1.55 0.354 

1.953 0.229 
3.804 0.411 
1.967 0.401 
1.275 0.251 
2.625 0.106 
1.363 0.147 
2.424 0.497 
1.855 0.124 
3.0i7 0.843 
2.217 O.i18 
0.498 0.021 
0.511 0.139 
0.46i 0.148 
0.581 0.143 
0.703 0.196 
1.i03 0.677 
0.979 0.147 
l.52i 0.23 
1.047 0.211 
1.528 0.268 
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Table 2. Simultaneous occurrences of snow elements 93 8 samples collected at Groveland, during the years 1993-2002. 

Nla Nlc Cla Cle C2a CPla Pla Plb P2e Plc Pld Ple Plf P2a P2f Ba 21-31 R4a D 

Needles Nla 178 39.9 48.9 64.6 37.6 20.8 72.5 41.6 35.4 20.8 19.1 24.2 24.2 9.6 14.0 55.6 33.7 71.9 35.4 

Sheaths Nlc 29.1 244 55.7 70.1 49.6 29.1 68.0 33.2 33.2 16.4 12.3 19.7 21.3 9.0 18.4 53.3 39.3 80.3 30.7 

Bullets Cla 37.8 59.1 230 89.1 58.7 39.1 91.3 53.0 40.9 21.7 15.2 23.9 20.0 10.4 19.1 59.1 43.9 81.3 32.6 

Columns Cle 31.9 47.5 56.9 360 50.6 28.9 79.2 46.7 40.0 23.1 13.9 22.5 18.1 12.8 16.4 58.1 41.1 78.3 36.9 

Columns, bullets C2a 36.0 65.1 72.6 97.8 186 38.2 86.6 52.2 38.7 22.0 9.1 19.9 18.3 10.2 18.8 61.8 41.4 81.2 31.2 
combinations 
Columns with plates CPI a 33.3 64.0 81.1 93.7 64.0 111 90.1 49.5 38.7 23.4 13.5 17.1 16.2 7.2 18.0 59.5 40.5 91.9 34.2 

Plates Pla 28.6 36.8 46.6 63.2 35.7 22.2 451 49.4 40.6 25.5 20.8 29.0 26.2 14.6 17.7 57.9 44.1 73.6 34.1 

Plates with profiles Plb 28.8 31.5 47.5 65.4 37.7 21.4 86.8 257 51.0 30.0 29.2 35.0 37.0 21.4 28.4 70.0 52.1 71.2 24.5 
- Sector plates 
Plates with extensions P2e 29.9 38.4 44.5 68.2 34.1 20.4 86.7 62.1 211 32.2 25.6 38.4 37.0 20.4 28.0 68.7 53.6 79.6 28.9 

Stellar with broad 
branches 
Stellar with thin 
branches 
Simple dendrites 

Fem.like dendrites 

Stellar with plates at 
branches 
Plate with stellar or 
dendritic extensions 
One stellar or 
dendritic branch 
broken 
Two or three stellar 
or dendritic branches 
broken 
Mm1graupels 

Frozen droplets 

Ple 

Pld 

Ple 

Plf 

P2a 

P2f 

Ba 

21-31 

R4a 

D 

28.7 31.0 38.8 64.3 31.8 20.2 89.1 59.7 52.7 

26.4 23.3 27.1 38.8 13.2 11.6 72.9 58.1 41.9 

24.9 27.7 31.8 46.8 21.4 11.0 75.7 52.0 46.8 

24.7 29.9 26.4 37.4 19.5 10.3 67.8 54.6 44.8 

18.1 23.4 25.5 48.9 20.2 8.5 70.2 58.5 45.7 

23.1 41.7 40.7 53.7 32.4 18.5 74.1 67.6 54.6 

28.5 37.5 39.2 60.2 33.l 19.0 75.2 51.9 41.8 

23.4 37.5 39.5 57.8 30.1 17.6 77.7 52.3 44.1 

29.9 45.8 43.7 65.9 35.3 23.8 77.6 42.8 39.3 

27.5 32.8 32.8 58.1 25.3 16.6 67.2 27.5 26.6 

129 35.7 45.7 49.6 26.4 33.3 74.4 62.0 74.4 27.9 

35.7 129 77.5 73.6 34.1 31.0 84.5 77.5 75.2 17.8 

34.1 57.8 173 68.8 34.7 32.9 88.4 73.4 78.0 17.3 

36.8 54.6 68.4 174 40.2 32.8 89.7 82.2 76.4 19.0 

36.2 46.8 63.8 74.5 94 39.4 89.4 79.8 74.5 20.2 

39.8 37.0 52.8 52.8 34.3 108 88.9 72.2 86.1 26.9 

27.7 31.4 44.l 45.0 24.2 27.7 347 65.7 79.5 31.7 

31.3 39.1 49.6 55.9 29.3 30.5 89.1 256 80.9 25.0 

22.4 22.7 31.5 31.1 16.4 21.7 64.5 48.4 428 37.6 

15.7 10.0 13.1 14.4 8.3 12.7 48.0 27.9 70.3 229 
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types during the sampling, the sample numbers of 
the 34 main crystal types are related to 885 and 
not to the mentioned total number of evaluated 
samples (991). For the same reason the numbers of 
16 rare crystal type samples (denoted by * in the 
c1ystal classification column in Table 1) are related 
to the total number of 457 evaluated samples. 

The standard deviations (S .D.) of calculated 
occurrences related to the total number of crystal 
samples (OT-1 in Table 1) are high for specific 
c1ystal types (e.g., Needles, Sheaths, Plates with 
Profiles and several types of snow c1ystals with rare 
occmTence ). The possible explanation of these large 
standard deviations is the often observed binding in 
line of needles and sheaths and sometimes the not 
well distinguishable profiles on plate type c1ystals. 

The mean size of a snow c1ystal corresponds in Table 
1 to the diameter of the circle ( d in mm) circumscribed 
to a planar crystal or spherocrystal and to the length of a 
needle, sheath, columnar or bullet type c1ystal (1 in mm). 
The approximate mean length (size) was determined for 
the combination of several columns, bullets and broken 
arms of stellar and dendritic crystals and also for side 
planes. In a similar way was estimated the height of a 
pyramidal c1ystal and the size of a scroll type crystal. 

The standard deviations (S.D. in Table 1) of the 
calculated mean sizes confinn the previous remark 
concerning the snow crystal occurrences. For most 
of the c1ystal types the standard deviations were 
about 15% of the calculated mean c1ystal sizes. 
However, for needles, sheaths, sector plates and for 
several special types of stellar and dendritic c1ystals 
the standard deviations were larger than 20%. 

Table 1 contains also the mean maximum sizes 
( d max, 1 max) of different types of snow crystals 
calculated from all samples in which a specific 
c1ystal type was found. As can be expected, the 
calculated standard deviations of the mean maximum 
sizes of crystals are in many cases higher than the 
corresponding standard deviations of mean crystal sizes. 

The simultaneous occurrence of different types of 
snow crystals is an important aspect of snow crystal 
morphology. To obtain statistically more significant 
results, 19 different snow elements with high 
occurrences in samples were selected. Among them 
are also minigraupels (R4a, R4b) and frozen droplets. 
Along the main diagonal in Table 2 are listed the 
numbers of samples in which a specific crystal type was 
found in 93 8 samples collected at Groveland during the 
years 1993-2002. To these numbers were related the 

simultaneous occurrences of other types of crystals and 
expressed in percents of the total number of samples 
in which a specific crystal type was simultaneously 
identified. For example, with hexagonal simple Plate 
C1ystals (Pla) found in 451 samples (out of the total 
number of 93 8 evaluated samples) were simultaneously 
identified 285 Columnar Crystals (Cle). This 
corresponds to 63 .2 % of simultaneous occurrence with 
Plate Crystals. On the same line in Table 2 is indicated 
the coexistence of 118 Fernlike Dendritic Crystals 
(P 1 f) c01Tesponding to 26 .2 % of the total number of 
Plate Crystals ( 451 ). In the same way it is determined 
that Plate C1ystals (Pla) exist simultaneously with 
Columnar Crystals (Cle) in 79.2% of the total number 
of samples containing Cohum1ar Crystals (360). 

Because of the small number of evaluated 
samples at Rolla (59) a table similar to Table 2 has 
a low statistical significance and limited application. 
However, in general we concluded that the evaluation 
of bullet and colunmar type c1ystal total occurrences 
does not deviate much from the corresponding data 
in Table 2 (e. g., for Cla, Cle, CPla the calculated 
values differ less than 20%). For simple plates (Pla) 
the Rolla total c1ystal occmTence was 16% higher 
than the corresponding occurrence at Groveland. 
However, much higher were the occurrences of stellar 
and dendritic c1ystals and of their fragments (broken 
branches) collected at Rolla (e.g., for Pld, Ple, Plf, 
P2a, P2f and 2I-3I more than 100%). One of the 
possible explanations would be that Rolla samples 
were taken during more intense snowfalls, whereas at 
Groveland emphasis was put on sampling at all (weak 
and intense) snowfall situations. This explanation is also 
supported by the snow crystal occurrence tables based 
on the detailed analysis of all samples taken during 
the transition of an intense snowfall system in Central 
Europe (Podzimek, 1965). Also the evaluation of snow 
crystal samples taken during intense snowfalls in the 
US leads to similar conclusion (Weickmann, 1972). 

The mean sizes and mean maximum sizes of 
different snow crystal types in Table 1 document the 
large variety of snow crystal morphological parameters. 
These depend strongly on several meteorological 
factors and on general weather situations. 

Air temperature and humidity in the planetaiy 
bounda1y layer might strongly affect the type and the 
size of snow crystals and has certainly an effect on the 
crystal aggregation and fonnation of snowflakes. In. 
total 16.8% of all evaluated samples were taken at air 
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temperatures close to 0°C and 44.4% at temperatures 
between 0°C and -5°C. Percentages of evaluated 
samples corresponding to air temperatures between 
-5°C and -10°C were 28% and to air temperatures 
between -10°C and -15°C were about 8.7%. The 
lowest sampling air temperatures (between -l 5°C 
and -20°C) were recorded in 1.9% of sampling cases. 

Air temperatures in the ground air layer might also 
have an imp01iant effect on the snow crystal riming 
and aggregation. Almost 81 % of all snow c1ystal 
samples collected at Groveland were featured by rimed 
snow c1ystals and by deposited minigraupels or frozen 
drops. The highest occmTences of these events were 
usually found at ground air temperatures between 
+ l.0°C and -l.0°C (Podzimek and Market, 2001). 

The effect of wind speed at the ground was often 
difficult to evaluate because of its potential influence 
on the snow c1ystal sampling. Surprisingly, it was 
observed that increasing wind speeds up to 8.0 mis did 
not have a strong effect on the generation of fragments 
or broken branches of dendritic or stellar c1ystals. 

In order to simplify the size distribution parameters 
of snow c1ystals and snowflakes two main distributions 

(single or combination of two) were selected. These 
are the normal ( Gaussian) distribution and the log
normal distribution. The following parameters, related 
to the calculated standard deviations, are mentioned : 

a) For single nonnal distribution: the mean sizes 
(diameter, d, or length, 1) of crystals c01Tesponding to 
34%, 50% and 66% of their accumulated occurrence. 

b) For single log-normal distribution: the mean 
sizes ( d or 1) of c1ystals corresponding to 16%, 50%, 
and 84% of accumulated occurrence of these crystals. 

c) For the combination of two normal or log
normal distributions, besides the parameters for single 
distributions and their occmrences (usually greater than 
50%), the mean sizes of crystals and of accumulated 
occurrences at the points, where the slope of the 
distribution curve changed, are mentioned in Tables 
3, 4, and 5. In addition, another point (size) at higher 
occurrence (e.g., 95%) was often needed for drawing 
the lines of two nomrnl or log-nonnal distributions. 

Several examples of the plotting of mean size 
distribution curves for the main types of snow crystals 
are presented in Figs. 1 and 2. From these curves were 
deduced the mentioned size distribution parameters for 

Table 3. N annal size distributions of different types of snow crystals. 

Snow crystal type Samples Size at accum.occur. 
34% 50% 66% 95% 

Needles, Nla, Nl b 119 0.50 0.59 0.68 1.29 
Sheaths, Nlc, Nl d 206 0.74 0.82 0.91 1.39 
Pyramidal, C 1 a 70 0.27 0.29 0.32 0.48 
Bullets, Cle, Cld 184 0.32 0.36 0.40 0.54 
Columns, Cle, Clf 333 0.35 0.38 0.42 0.59 
Columns w.2PI, CPla 59 0.26 0.30 0.35 0.48 
Columns w. 1 Plate 39 0.28 0.33 0.38 0.54 
3 Columns, C2a, C2b 92 0.39 0.42 0.45 0.70 
2 Columns or Bullets 91 0.32 0.36 0.41 0.59 
Plate, Pla, Clg 386 0.40 0.45 0.50 0.65 
Plate w. Profiles, P 1 a 142 0.68 0.74 0.80 0.98 
Sector Plates, P 1 b 265 0.71 0.84 0.98 1.45 
Stellar Broad Br. P 1 c 138 0.94 1.05 1.15 1.76 
Stellar Thin Br. Pld 138 0.98 1.10 1.23 1.75 
Dendritic Ord. P 1 e 171 1.51 1.60 1.69 2.16 
F emlike Dendr. P 1 f 174 2.73 2.92 3.16 4.10 
Dendr. Lily Type, P2b 59 1.26 1.35 1.52 2.44 
Dendr. w. Plates, P2c 41 1.34 1.60 2.05 3.10 
Plate w. Ext. P2e,P2f 221 0.81 0.92 1.02 1.59 
Plate w. Dendr.E.P2g 76 1.71 2.01 2.33 3.27 

Slope ch. 
% d[mm] 

68 0.68 
79 0.98 
85 0.36 
88 0.46 
86 0.47 
50 0.30 
0.25 0.65 

66 0.45 
77 0.45 

0.17 0.83 
0.37 1.17 

43 0.74 
66 1.15 
83 1.40 
80 1.78 
56 2.97 
61 1.42 
41 1.43 
80 0.95 
35 1.72 

Size [mm] 
Min. Max. 

0.15 1.85 
0.45 2.35 
0.20 0.75 
0.15 0.75 
0.15 0.85 
0.15 0.75 

30.8 0.36 
0.25 0.85 
0.25 0.75 

23.1 0.43 
14.1 0.76 
0.45 2.15 
0.45 2.80 
0.35 2.50 
0.95 2.90 
2.05 5.39 
0.95 3.15 
0.75 3.12 
0.25 2.36 
0.90 5.20 

Max.occur. 
% at d[mm] 

21.9 0.55 
22.3 0.85 
57.2 0.35 
51.0 0.45 
40.0 0.35 
36.8 0.35 

51.1 0.45 
34.1 0.45 

17.0 0.75 
15.2 1.05 
18.1 1.05 
20.5 1.65 
8.1 2.90 
17.0 1.25 
14.6 1.25 
14.0 0.95 
10.5 1.65 
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Table 4. Nomrnl size distributions of broken snow crystal branches. 

Crystal branch type Samples Size at accum. occur. Slope ch. Size [mm] Max.occur. 
34% 50% 66% 95% % d[nun] Min. Max. % at d[mm] 

Single Stellar 142 0.61 0.68 0.76 0.99 0.25 1.25 25.4 0.75 
Single Lily Type 75 0.81 0.88 0.96 1.39 88 1.10 0.55 2.25 24.0 0.95 
Single Dendritic 239 0.98 1.08 1.18 1.69 81 1.29 0.55 2.90 17.2 1.15 
Double Stellar 62 0.65 0.73 0.81 1.04 0.35 1.35 19.4 0.75 
Double Lily Type 28 0.99 1.06 1.13 1.61 80 1.20 0.75 2.05 25.0 1.15 
Double Dendritic 183 0.96 1.06 1.15 1. 76 78 1.24 0.35 3.25 19.1 1.05 
Triple Stellar 18 0.68 0. 77 0.87 1.17 0.45 1.15 16.7 0.80 
Triple Dendritic 39 1.09 1.24 1.45 2.30 60 1.33 0.75 3.70 10.3 1.20 
Table 5. Log-normal size distributions of snow c1ystals 

Snow crystal type Samples Size at accum.occur. Slope ch. Size [mm] Max.occur. 
16% 50% 84% 95% % d[mm] Min. Max. % at d[mm] 

Plate, P 1a,P1 g 528 0.37 0.50 0.70 0.87 9 0.33 0.17 1.17 17.2 0.43 
Sector Plate, Plb 265 0.63 0.86 1.20 1.46 0.45 2.15 17.0 0.75 
Stellar Broad Br. P 1 c 138 0.80 1.05 1.45 1.75 0.45• 2.80 15.2 1.05 
Stellar Thin Br. Pld 138 0.85 1.12 1.45 1.74 0.35 2.50 18.1 1.05 
Dendritic Ord. P 1 e 171 1.37 1.60 1.90 2.12 0.95 2.90 20.5 1.65 
Femlike Dendr. Plf 174 2.45 2.97 3.60 4.12 2.05 5.39 8.1 2.90 
Dendr.Lily Type, P2b 59 1.16 1.35 1.95 2.58 59 1.41 0.95 3.15 17.0 1.25 
Dendr.w. Plates, P2c 41 1.08 1.62 2.83 3.10 36 1.35 0.75 3.12 14.6 1.25 
Plate w. Ext. P2e,P2f 221 0.63 0.90 1.25 1.59 9 0.56 0.25 2.36 14.0 0.95 
Plate w. Dendr. E. P2g 76 1.53 2.00 2.67 3.20 0.90 5.20 10.5 1.65 
Plate w. Branch Plates 27 1.08 1.82 2.55 3.05 0.75 3.10 11.1 2.10 
Single Branch Stellar 142 0.51 0.67 0.84 0.99 0.25 1.25 25.4 0.75 
Single Branch Dendr. 239 0.83 1.08 1.42 1.70 0.55 2.90 17.2 1.15 
Double Branch Dendr. 183 0.811.06 1.42 1.75 0.35 3.25 19.1 1.05 
Triple Branch Dendr. 39 0.88 1.25 1.81 2.32 0.75 3.70 10.3 1.20 
Minigraupels, R4a 425 0.10 0.16 0.26 0.35 0.07 0.78 32.5 0.18 

the main types of snow crystals given in Tables 3, 4 minimal and maximal data are related to the evaluation 
and 5. In Table 3 are summarized the data for snow of each sample with a specific number of snow crystals 
c1ystals under the assumption that one or two normal of a selected type and are listed in Tables 3, 4, and 5. 
distribution curves describe well the snow crystal size Several remarks pertaining to the data 
distribution. The same size distribution was assumed mentioned in tables describing the size distribution 
for different kinds of c1ystal fragments (broken parameters of snow crystals can be made: 
branches) and the results are tabulated in Table 4. For a) During several meteorological situations 
comparison, the size distribution parameters for planar characterized by low temperatures and by freezing 
c1ystals if one or two log-normal distributions were fog small needles (Nla, Nl b) were identified with 
assumed were calculated. These data with the numbers mean sizes well described by one nonnal (Gaussian) 
of evaluated snow crystals are plotted in Table 5. distribution curve [e.g., 1 (34%) = 0.38mm; 1 (50%) 

In addition to the size distribution parameters, the = 0.46mm, and; 1 (66%) = 0.54 111111]. Also, for 
mean minimal and maximal sizes of snow crystals larger sheaths (Nlc, Nld ) numerous cases were 
and the crystal sizes corresponding to the maximal well described using one normal distribution curve 
crystal occmrences (in % ) were evaluated. These mean for the size distribution in samples collected at 
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Table 6. Evaluation of snowflakes in 615 samples collected at Groveland during the years 1998 - 2002. In parentheses are the standard deviations of 
the calculated parameters. 

Type Predominating Number of N(SCSF) SCinSF Size at accum.occur. Slope Ch. SF size 
elements samples Ntot% Mean Max 34% 50% 66% 95% % d[1mn] Mean Max 

Needles 15 49.95 13.9 233 1.47 1.72 2.65 6.10 54 1.77 3.23 22.0 
(15.32) (8.13) (1.14) 

2 Sheaths 37 60.17 14.3 378 2.63 3.22 3.88 6.25 88 5.00 3.04 18.60 
(12.18) (8.10) (1.25) 

3 Columns, Plates 131 58.70 20.6 880 1.00 1.50 2.25 4.50 43 1.15 2.32 10.90 
Bullets (17.21) (14.6) (1.01) 

4 Stellar, Large 230 60.43 13.2 432 2.35 2.95 3.55 6.70 80 4.30 3.95 14.30 
Plates (13.68) (7.57) (1.75) 

5 Dendritic, Large 115 53.88 13.1 294 4.20 5.35 6.50 10.20 38 4.40 5.91 33.00 
Stellar (10.50) (7.57) 

6 Minigraupels 39 69.51 12.40 66 1.20 1.50 
(18.91) (7.27) 

7 Frozen Drops, 123 74.65 11.36 123 2.45 2.85 
Melted SC (12.54) (5.23) 

temperatures close to 0°C (e.g., on March 3, 2001). 
b) Two normal size distribution curves described 

well the sizes of pyramidal-conical (Cla), bullet type 
(Cle, Cld) and columnar (Cle, Clf) snow crystals. The 
curve slope changes happened for these three crystal 
types at accumulated occurrences close to 86% and the 
corresponding mean crystal sizes were 1=0.36 mm for 
pyramidal-conical crystals, 1 = 0 .46 mm for bullets and 
1 = 0.47 mm for columns. At relative humidity larger 
than 90% several cases were described where large 
scrolls (Cli), hollow bullets (Cld) and colmm1s (Clf) 
had sizes deviating considerably from the presented 
mean size distributions (e.g., on March 16, 2001). 

c) Unlike the size distribution of columns with two 
plates at their bases (CPla), which is well described 
by two normal distribution curves in Table 3, the size 
distribution of columns or bullets with one plate was 
characterized with one simple normal distribution 
curve. This difference in size distribution possibly 
explains why the sizes of columns with two plates 
are different from those of columns with one plate 
for accumulation occurrences larger than 75%. 

d) The combination of two normal distribution curves 
is also suitable for the size distribution of crystal bunches 
of three or two columns (C2a, C2b, CP2a). In this 
comparison the diameter of the circle circumscribed to 
the bunch of crystals was taken as the size for evaluation. 

(2.07) 

1.85 4.30 70 1.90 2.18 5.46 
(1.09) 

3.25 5.05 84 3.75 3.29 22.00 
(1.39) 

e) Simple hexagonal plates (Pla) were divided 
tentatively into two major groups: small simple 
(clear) hexagonal plates and larger plates with marked 
growth profiles. Simple normal size distributions with 
parameters indicated in Table 3 described reasonably 
well crystal sizes in each group. If both groups were 
combined, two log-normal size distributions with the 
marked curve slope change in the small crystal size 
domain (in Table 5 close to d = 0.33 nm1) were applied. 

f) One log-normal size distribution curve was 
suitable for the following types of c1ystals: crystals 
with sector branches (P 1 b ), stellar with broad branches 
(Plc), stellar with thin branches (Pld), ordinary 
dendritic c1ystals (P 1 e ), femlike dendritic crystals 
(P 1 f), plate with dendritic extensions (P2g) and plate 
with small plates at extension ends. For three c1ystal 
types the combination of two log-normal distributions 
was applied: lily type stellar or dendritic crystals (P2b ), 
dendritic c1ystals with plates at branch ends (P2c ), and 
plate with simple extensions (P2e, P2f). For all planar 
crystal types for which lognonnal size distributions were 
applied, the combination of two normal distributions 
also gave good results (Table 3). It should be stressed 
that in several crystal type groups the number of samples 
was smaller than 50. This might correspond only to few 
hundreds of evaluated snow crystals and the statistical 
importance of calculated parameters is rather low. 
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g) For snow crystal fragments, usually one log

normal distribution gave satisfactory results for 
single branch types of stellar and dendritic c1ystals 
(Ba, Bb) and also for double and triple branch 
of dendritic c1ystals (see Table 5). One or two 
n01mal distribution parameters were calculated and 
successfully used for the description of sizes of eight 
different types of snow crystal fragments (Table 4). 

h) Minigraupels ( R4a ) existing as individual 
or deposited elements on snow crystals were 
evaluated in 425 samples. Their log-no1mal size 
distribution parameters are included in Table 5 
in spite of the fact that in several samples it was 
difficult to make a distinction between minigraupels, 
frozen droplets, ice particles, and irregular ge1ms. 

l,,[mml r 
1.6 
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b 50 

i) The dete1mination of the size distribution of 
frozen or half-frozen drops was very difficult because 
many times these elements were mixed with partly 
melted snow crystals. Also the potential deformation of 
spherical shapes oflarger drops during the deposition in 
the fonnvar layer prevented more detailed and accurate 
evaluation of3 84 samples containing droplets. The mean 
size of evaluated droplet imprints was d = 0. 78 mm. 

j) In addition to the main types of snow crystals 
several crystals with infrequent occurrences were also 
evaluated in samples. They included the following 
crystal types in Table 1: two columns with plates 
in line, X-type combination of four columns, plate 
with long extensions, plate with stellar extensions, 
plate with short ornamental (lily type) extensions, 
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Figure 1. Size distributions of Needles - Nla, Nlb (118), Sheaths - Nlc, Nld (206), Pyramidal 
Cones - Cla (70), Bullets - Cle, Cld (184), Columnar Crystals - Cle, Clf (333) and of Single 
Fragments (Broken Branches) of Stellar (142) and Dendritic (239) Crystals - Ba, Bb are 
plotted assuming the applicability of two normal distribution curves. The numbers of evaluated 
samples in which the crystals of a specific type were identified are given in parentheses. 
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plate with long ornamental (lily type) extensions, 12-
branch stars (P4a) or dendrites (P4b ), dendrites with 
four branches, small daisy type crystals, scrolls (Cli), 
spherocrystals (Il ), almost triangular plates, plates 
grown at two levels, side planes (Sl, S2, S3) and two 
dendritic branches in line (P3a). Not all of these crystal 
types are included in Magono-Lee classification. 

6. Composition And Size Distribution Of 
Snowflakes 

The attempt to select major groups of snowflakes 
and to evaluate the snow crystal samples according 
to the proposed classification is a difficult task 
especially if all the samples are collected at the 
ground. There many snowflakes contain snow crystals 
of different types, c1ystal fragments, minigraupels 
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and frozen droplets (Podzimek, 2000a, 2001). 
Additionally, formation of snowflakes depends on 
element collision, adhesion and collection efficiency. 
Adhesion and collection efficiency depend on 
several factors, mainly on temperature and humidity. 

In spite of these difficulties, which may explain 
the large standard deviations of the main snowflake 
parameters in Table 6, seven main types of snow 
element aggregates were selected : 1) aggregates with 
prevailing needle type crystals; 2) aggregates with 
prevailing sheaths; 3) small crystals (bullets, columns, 
small plates); 4) medium size snow crystals (large plates, 
crystals with sector like branches, small stellar c1ystals); 
5) large dendritic and stellar c1ystals; 6) aggregates of 
small graupels (minigraupels) and spherocrystals; 
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Figure 2. Size distributions of planar snow crystals: Simple Plates - Pla, (Clg) (386), Large Plates 
with Growth Profiles - Pla (142), Crystals with Sector Plates - Plb (265), Stellar Crystals with 
Broad Branches - Plc (136), Dendritic Simple Crystals - Ple (171) and Femlike Dendritic 
Crystals - Plf (174). The numbers of evaluated crystal samples with crystals of a specific type 
are given in parentheses. Different size scale, d[ mm], oflarge Femlike Dendritic Crystals (P lf) 
is plotted on the right side. 
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7) aggregates of frozen or half-frozen drops. 

This snowflake classification was used to evaluate 
615 snow crystal samples collected at Groveland 
during the years 1998-2002. Usually each sample 
contained more than 10 snowflakes. In Table 6 are 
summarized the evaluated main snowflake parameters 
for each of the snowflake types. They include: the 
number of samples with prevailing snowflake type; 
the percentage corresponding to the number of snow 
elements in snowflakes, N(SCSF), divided by the 
total number of snow elements (individuals and in 
the snowflakes), Ntot; mean and maximum number of 
snow crystals in a snowflake (SC in SF); the mean sizes 
of snowflakes conesponding to the accumulated mean 
size occurrences (assuming usually the applicability of 
the combination of two nonnal distribution curves); 
size of the snowflake and the accumulated percentage 
conesponding to the slope change in the normal 
distribution curve. In addition are mentioned for 
each snowflake type the mean snowflake size (SF) in 
mm (with the calculated standard deviation) and the 
maximum size. Important results are noted below. 

a) Aggregates of needles were usually mixed with 
other crystal types. Only 15 samples with clearly 
prevailing needle type crystals were evaluated. 
However, they do not include the aggregates of small 
needles that often form snowflakes with more than 
100 elements during freezing fog situations (e.g., 
on December 26 and 29, 2001). The slope change 
of the normal size distribution curve of common 
needle type snowflakes corresponded to the size d = 

1.77 mm and to the accumulated occunence of 54%. 
b) Sheaths were prevailing in 3 7 snowflake 

samples. These snowflakes contained often a mixture 
of needles and other types of snow crystals, especially 
if minigraupels and rimed crystals were present. This 
possibly explains the differences in size distribution 
parameters of sheaths in comparison to needles. 

c) Highest numbers of crystals in snowflakes 
were displayed in the small snow elements (the third 
snowflake type). These snowflakes often aggregated 
at ground air temperatures not much below 0°C. For 
example, the highest numbers of small crystals in large 
snowflakes (880, 640 and 628) were found at ground air 
temperatures between -0.5°C and -2.2°C on March 8, 
1999. These high c1ystal concentrations affect strongly 
the calculated size distribution parameters and the 
mean crystal concentrations in snowflakes (Table 6). 

d) Aggregates of stellar and large plate crystals 
were the predominant snowflake type (Type 4). Out 

of the total number of 615 evaluated samples, 230 
samples contained 1884 snowflakes of this type. The 
calculated size distribution parameters indicate that 
the sizes of these snowflakes can be described by 
the combination of two normal distribution curves 
with the curve slope change at the snowflake size 
4.30mm and at the accumulated occurrence of 80%. 

e) Snowflakes with large dendritic and stellar 
crystals (Type 5) contained approximately the same 
mean number of crystals in one snowflake ( 13 .1) as 
snowflakes with medium size crystals (Type 4 in Table 
6). In three cases snowflake c1ysta1 concentrations were 
measured to be higher than 100. For example, during 
heavy snowfall on Januaiy 28, 2001, a snowflake with 
the mean size 33.0 mm contained approximately 294 
mostly rimed crystals. The mean size distribution 
of 697 of these snowflakes is described by the 
combination of two normal distributions in Table 6. 
If the size distribution of the largest snowflakes 
(with the accumulated occurrence larger than 90 
% ) is neglected, a single log-normal distribution 
describes well the sizes of these snowflakes. The 
parameters of this distribution are d (16%) = 3.70 
mm, d(50%) = 5.40 mm, d(84%) = 8.00 mm. 

f) Admittedly the accuracy of the size distribution 
and composition parameters of aggregates of small 
graupels and of partly frozen drops (Types 6 and 7 
in Table 6) is not sufficient for making conclusions 
of general validity. The size distribution of 
minigraupels (Type 6) is more reliable. If two normal 
distribution curves were used for the description of 
minigraupel snowflake size distribution, the curve 
slope parameters were d = 1.90 mm and 70%. 

7. 
The purpose of this article is first to summarize the 

evaluation of snow crystal samples collected in the 
Midwestern United States and second, to compare the 
morphological parameters of crystals and snowflakes 
with the results of other similar investigations. 
Attention will be paid to the different c1ystal and 
snowfall element shapes, to the occmTence of specific 
c1ystal types, to the size distribution of snowfall 
elements and to the composition of snowflakes. 

Grunow and Huefner (1959) described in detail 
the results of the evaluation of many samples of snow 
c1ystals collected mostly in Germany at the mountain 
observat01y Hohenpeissenberg (989 m ASL) during 
the winter 1957-1958. In total 4035 planar crystals 
and 2068 colunmar crystals were evaluated. If we 
compare these studies to the evaluation of Groveland 
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samples with larger numbers of evaluated snow crystals 
(6214 planar crystals and 4736 columnar crystals), the 
following comparison of mean percentages of snow 
crystal occurrences is obtained: Pla - 22.4 % (51.6%); 
Plb - 8.9 % (2.1 %); Plc - 7.5 % (9.2%); Pld -9.6 
% (2.4%); (Pie+ Plf - 23.6 % (22.5%); P2e - 8.8 % 
(1.8%); (P2c + P2g) - 19.2 % (10.5%). In parentheses 
are mentioned the percentages corresponding to 
the evaluation of samples by Grunow and Huefner 
(1959) which document well the more intense 
nucleation and growth of small plate crystals (P 1 a) in 
clouds at the mountain observatory. Also the higher 
occunence of larger snow crystals in the air close 
to the ground is apparent. The different sampling 
environment also affects the formation of needles, 
sheaths and long columns collected at the ground. 

The size distributions of planar snow crystals 
evaluated by Grunow and Huefner (1959) were 
discussed by Hogan (1994), who applied simple log
normal distribution curves for their descriptions. If 
we compare our three characteristic sizes of planar 
crystals, corresponding to the three accumulated 
crystal occurrences (A.C.O.) of 16%, 50%, and 
84%, we obtain for the following crystal types the 
comparison of our data to those (in parentheses) 
evaluated by Grunow and Huefner (1959): 

Pia - d(l6%) = 0.37mm (0.22mm), d(50%) = 
0.50mm (0.34mm), d(84%)=0.70mm (0.58mm); Plb 
- 0.63 mm (0.54 mm), 0.86 mm (0.64 mm), 1.20 mm 
(0.96mm); Plc - 0.80 mm (0.60 mm), 1.05 mm (0.85 
mm), 1.45 mm ( 1.10 mm); Pld - 0.85 mm (0.66 mm), 
1.12 mm (1.00 mm), 1.45 mm (l .35mm); P2e - 0.63 mm 
(0.59 mm), 0.90 mm (0.88 mm), 1.25 mm (1.15 mm). 

In conclusion, our mean sizes of planar snow 
crystals collected at the ground were 1.26 times larger 
for A.C.O. = 16% than the mean sizes reported by 
Grunow and Huefner (1959). For A.C.O. = 50% this 
factor was 1.19 and for A.C.O. = 84% it was 1.18. 
More difficult was the comparison for dendritic type 
crystals because ordinary dendritic crystals, (P 1 e ), 
and femlike dendritic crystals (P 1 f), were evaluated 
separately in our samples. Similarly, a different 
evaluation was related to the comparison of crystal 
sizes of dendritic crystals with plates, for plates with 
dendritic branches and for different types of columnar 
crystals. It should be noted, that Grunow and Huefner 
(1959) used the simpler International Classification 
for snow crystals (Mason, 1957, p. 168) and the more 
detailed classification suggested by Nakaya (1954) for 
crystal type evaluation. However, there was a strong 

indication that dendritic type crystals, sampled at 
the ground, had sizes considerably larger than those 
collected at the mountain observatory in Central 
Europe. The corresponding mean ratios for dendritic 
type crystals are for A.C.0.=16% close to 1.97, for 
A.C.0.=50 % about 1.52 and for A.C.0.=84% about 
1.28. For dendritic crystals with plates these three 
approximate factors will be 1.67, 1.72, and 1.57. 

It is interesting to compare slopes of the log-normal 
size distribution curves expressed by the ratios d(84%)/ 
d(50%) and d(50%)/d(16%). Plate type and stellar 
c1ystals collectedatGrovelandhavevalues 1.37and1.36 
and dendritic c1ystals 1.37 and 1.30. The corresponding 
values calculated for similar crystals collected at the 
mountain observat01y were 1.46, 1.44 and 1.55, 1.45. 

The size distribution parameters of different 
types of snow crystals in Tables 3 and 4 support the 
applicability of one or two normal size distribution 
curves for the description of sizes of columnar and 
planar crystals. Also included are parameters for 
needles (Nla, Nlb) and sheaths (Nlc, Nld), which 
were not distinguished by Gnmow and Huefner 
(1959). They found a multimodal size distribution 
of these combined elements that can be explained by 
two different size maximal occmTences of these snow 
crystals in our diagrams (for needles at I = 0.55 mm 
and for sheaths at 1 = 0.38 mm). Our evaluation of 
small colu11111 sizes with maximal occurrence at I = 0. 3 8 
mm is close to this parameter calculated for samples 
collected at the mountain observato1y (I= 0. 3 5 mm). 
The size distribution of small graupels (minigraupels ), 
we studied, followed closely the log-nonnal 
distribution curve (Table 5) and does not correspond 
to much larger graupel sizes sampled in Germany. 

Another important subject is the generation of snow 
crystal fragments (broken branches) of stellar and 
dendritic crystals. In Table 2 it is shown that broken 
crystal branches exist simultaneously with many other 
c1ystal types collected at the ground. A more detailed 
division of crystal broken branches is given in Table 
4. The number of samples with specific snow crystal 
fragments related to the total number of evaluated 
samples demonstrates the importance of these snow 
elements in the total population of crystals collected 
at the ground, e.g., single broken branches of dendritic 
crystals were foundin25 .5% and double broken branches 
of these c1ystals in 19 .5% of all evaluated samples. 

Hobbs and Farber (1972) stressed the fragment 
generation during the collision of droplets or graupels 
with larger snow c1ystals. Our evaluation of a large 



MISSOURI ACADEMY OF SCIENCE • PonzIMEK 43 
number of samples with dendritic and stellar crystals, 
however, indicates that in more than 20 % of all samples 
with broken crystal branches drops larger than 0 .15 mm 
and graupels greater than 0.70 mm were not present. 

The aggregated snow elements were divided 
into seven main types and their occurrences and 
size distribution parameters are summarized in 
Table 6. Because the main task of Grunow's and 
Huefner 's interesting investigations was to use 
the snow crystals as an aerological sonde, not 
much attention was paid to the composition and 
classification of snowflakes. Several problems 
related to sometimes difficult evaluation of elements 
aggregated in snowflakes were already mentioned. 

The evaluation of 991 samples of snow c1ystals 
collected at the ground in the Midwestern US was 
presented. Because each sample contained usually more 
than 100 snow elements of different types, the obtained 
data represent a solid basis for describing and modeling 
the snowfall processes in the atmospheric ground layer. 
Each of the 50 identified types of snow c1ystals (based 
mainly on the Magano-Lee classification) was related to 
its mean occurrence and to the mean and maximal snow 
element size. The most frequent occurrences displayed in 
all samples were in decreasing order: simple hexagonal 
plates (Pla), columns (Cle, Clf), plates with sector 
branches (P 1 b ), plates with simple short extensions 
(P2e ), columnar bullets (Cle, Cld), broken stellar or 
dendritic c1ystal branches (Ba, I3b ), simple dendritic 
crystals (P 1 e) and fernlike dendritic crystals (P lf). 

The simultaneous occurrence of 19 different 
main types of snow elements was investigated 
in regard to element interaction and formation of 
snowflakes. In addition to the interaction of main 
crystal types (e.g., small columns and small plates), 
the important role of large snow c1ystal fragments, 
minigraupels and frozen droplets in the snowflake 
formation close to the ground was demonstrated. 

The size distributions of 20 main c1ystal types 
were approximated by single normal or log-nonnal 
distributions; however, in most cases the combination 
of two n01mal or log normal distributions was 
more suitable. In addition to the main parameters 
characterizing the accumulated occurrences of a specific 
crystal type size distribution, the curve slope change 
(with the c01responding crystal size and percentage 
of accumulated occurrence was indicated if the 
combination of two size distribution curves was used. 
One or two n01mal distributions described well the size 

distributions of eight different snow crystal fragments 
(broken branches of stellar and dendritic c1ystals). 

The evaluation of 425 samples containing small 
graupels (minigraupels) leads to the conclusion 
that in most cases the application of one simple 
log-nonnal size distribution curve is appropriate. 

In spite of the difficult classification of snowflakes, 
which usually represent aggregates of different types 
of crystals, minigraupels and frozen droplets, seven 
types of snowflakes or snow elements were identified. 
Calculations of the mean and maximal numbers of 
elements in .a snowflake, the mean and maximal 
snowflake size and the main snowflake size distribution 
parameters were made for each type. It was established 
that the combination of two normal distributions 
adequately described the sizes of each snowflake type. 

The mean number of snow crystals bound in 
snowflakes collected at the ground is comparable 
to the number of individual (unbound) c1ystals or 
greater than that. As expected, the highest mean 
number of snow crystals in a snowflake (20. 6) was 
related to snowflakes containing small columnar or 
plate type c1ystals. Dendritic and large stellar crystals 
f 01med snowflakes with the evaluated mean size of 
5.9 mm and contained a mean of 13.1 snow c1ystals. 

Comparisons between morphological parameters 
and size distributions of snow c1ystals collected at the 
ground in the Midwestern US with those from a mountain 
observato1y in Ge1many revealed larger sizes and 
occurrences of almost all types of c1ystals collected in the 
Midwestern US. This may explain the different slopes 
in size distribution curves of c1ystals of the same type. 

C1mently an attempt is made to relate the 
dimensional parameters, occmrences and size 
distributions of the main snow c1ystal types to the 
typical weather situations during the sampling and 
to compare the results to other similar investigations. 
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Abstract 
We suspended sediment traps at 2 m, 4 m, and 6 m 
near the deepest point (8. 7 m) in a 30 ha eutrophic 
lake in Georgia, U.S.A., for 13 consecutive months. 
Aside from one depth collection (2 1n in August), 
the inorganic fraction was always greater than 
the organic fraction, by a ratio of 7:2 for the 
yem~ Inorganic flux reflected rainfall and peaked 
in December and March, while virtually all of 
the organic flux took place in March and April. 
During winter turnover (October through March), 
sedimentation rates increased linearly with depth. 
However during the summe1; when the lake was 
stratified, sedimentation rates in traps below the 
thermocline were essentially constant and less than 
fluxes in the uppermost trap. The data suggest, 
therefore, that the thermocline acts as a barrier to 
sedimentation, and allows microscopic heterotrophs to 
consume detritus that has paused during its descent. 
As a consequence, nutrient loss to the hypolimnion 
is reduced, epilimnetic recycling is increased, and 
inorganic sediments seem to be redirected to the lakes 
stream outflow rather than deposited on the bottom. 
Key words: metalimnetic plate, nepheloid layer, 
sedimentation, sediment traps, detritivores 

Recent investigations have revealed that settling 
material often collects in the vicinity of thermal 
discontinuities (e.g. Macintyre et al., 1995), due to low 
turbulence and eddy diffusion (Megard et al., 1997) 
as well as low particle density. This accumulation of 
detritus fonns a turbid layer which is often called a 
midwater nepheloid layer, and may concentrate food 
for aquatic detritivores of various taxa (Sanders et al., 
1989; Bennett et al., 1990; Pace 1982; McDonough et 
al., 1986), and alter the sedimentation pattern in the lake. 

N epheloid layers generally occur on the bottom of 

1 corresponding author 

lakes, but may also occur at the surface or at midwater 
depths; we refer to midwater nepheloid layers as 
"metalimnetic plates." While many large lakes contain 
nepheloid layers, these generally occur on the bottom 
and are attributed to river input or sediment resuspension, 
as in Lake Superior (Halfman and Johnson, 1989) and 
Lake Ontario (Sandilands and Mudroch, 1983). Surface 
nepheloid layers are often associated with thermal 
bars (i.e. areas where two water masses of differing 
temperature meet), and have been reported in Lake 
Michigan (Chambers and Eadie, 1981) and Lake 
Superior (Halfman and Johnson, 1989). Few midwater 
nepheloid layers have been repmied, but may also 
reflect river input (e.g. Halfman and Scholz, 1993). We 
collected data to determine if the thermocline in a small 
freshwater system might influence sediment flux; if so, it 
suggests that nutrients may be more effectively recycled 
in the epilimnion than has been suspected previously. 

Most lakes in the southeastern U.S. become 
stratified in the spring, developing two layers based on 
temperature; the epilimnion is the upper, warmer, well
illuminated zone that overlies the deeper, cooler, and 
darker hypolimnion which, in the case of most eutrophic 
lakes, is rapidly depleted of oxygen. The boundary 
between these two zones is the thermocline, defined 
as the depth of the maximum temperature gradient. 
The zone of decreasing temperatures in midwater, 
which includes the thermocline, is the metalimnion. 

Lake Oglethorpe, Georgia (33°52' 12"N, 
83°13 '49"W) has been the focus of much limnological 
research, recently summarized by Pmier et al. (1996). 
The lake is eutrophic, with an area of 30 ha and a 
maximum depth of 8. 7 m. During summer stratification, 
bacterial production is high, the plankton consists of 
cyanobacteria and large algae, and grazers include 
protozoans (flagellated and ciliated), rotifers, cyclopoid 
copepods, and Chaoborus (an insect larva: Porter et 
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Figure 1. Deployment of the chandeliers (left) and representative temperature profiles (right) for turnover 
(February 1) and stratified (July 22) sampling dates. Temperature was measured at depths indicated by 
diamonds and squares. 
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Figure 2. Thennal structure of Lake Oglethorpe during the sampling period (March 1983 to March 1984). 
Contour interval is 4 °C. Dotted line indicates depth of the thermocline. 

al., 1996). The metalimnetic plate is well developed, 
and includes elevated concentrations of heterotrophs 
and chlorophyll-a. In the winter, the lake is isothermal 
due to atmospheric cooling; consequently, the lake is 
unstratified and mixes through all depths (it "turns 
over"). During this time, nutrients are recycled from the 
deepwater and sediments. The winter plankton include 
fewer bacteria and cyanobacteria, and the grazers 

are largely represented by crustaceans (especially 
the copepod Diaptomus: Pace and Orcutt, 1981). 

We suspended sediment traps at a site in Lake 
Oglethorpe that was 8.5 m deep, attaching the traps to 
the line of an automatic-rewind clothesline reel which 
was anchored with steel weights; the free end was 
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Figure 3. Total sediment flux for each month and 
stratified from late April into September. 

attached to a buoy. We attached three "chandeliers" 
to this line, each consisting of a 50 cm PVC disk with 
eight PVC tubes ( 49 mm diameter, 350 mm length) 
rising ve1iically from the disk (Fig. 1 ). The bottom 
end of each tube had been threaded to fit 49-mm
diameter jars. A drain spout was added to each tube 
approximately 1 cm above the disk to drain most of the 
water in the tubes during jar removal. The chandeliers 
were held in a horizontal position by harnesses and 
deployed so that the trap openings were 2 m, 4 m, and 
6 m below the surface of the lake. Initial deployments 
included traps with no preservative, with saturated 
saline solution, and with salt-saturated Lugol's solution. 

Sediments were collected monthly for thirteen 
consecutive months begi1111ing March 1983. During 
each visit we also measured the temperature
oxygen profile with a YSI temperature-oxygen 

8 3 to March 19 84. The lake was 

meter. Jar contents were filtered onto Whatman 
GFIC filters, dried at 50 °C for at least 48 hours, 
weighed on a Mettler H33AR balance (:!:0.1 mg), 
ashed at 450 °C for 4 hours, and weighed again. 

We initially compared jars with no preservative 
to jars with saturated saline solution and others with 
salt-saturated Lugol's solution. Jars deployed with 
salt-saturated Lugol's solution tended to collect more 
material, largely in the form of poisoned migrators, so 
these collections were excluded from further analysis. 
Of the 39 chandelier collections (three depths for each 
of 13 months), five are represented by four replicate 
jars, two are represented by five replicate jars, six are 
represented by six replicate jars, and the remaining 
30 are represented by seven replicate jars. For each 
chandelier, the standard deviation in the total flux is less 

Table 1. Average sedimentation rates for the limnological seasons in Lake Oglethorpe. Entries are total monthly 
flux as dry g m-2 d-1 and standard deviations. 

Trap depth (m) Stratified season Isothermal season 
(May-Sep) (Oct-Apr) 

---------------------- -------------------- ---------------------
2.0 3.8 ± 0.4 6.0 ± 0.4 
4.0 3.9 ± 0.5 8.7 ± 0.8 
6.0 4.2 ± 0.4 11.5 ± 0.6 



MISSOURI ACADEMY OF SCIENCE • HABERYAN 48 
than 0. 71 g m-2d-1 ( < 20% of the collected mass) except 6 
min March 1983 (s.d. = 1.85of16.16 g m-2d-1

) and 4 m 
in April 1983 (s.d. = 1.61 of 8.21 g m-2d-1

). Overall, half 
of the standard deviations are less than 0.30 g m-2d-1• 

The lake was isothermal (temperature difference of 
< 2 °C between depths 0.25 m apart) from September 
into April (Fig. 2). During this time sedimentation 
rates increased linearly with depth (Fig. 3). (We 
include April in these months because, although 
the lake was stratified during our visit on the 29th, 
it had been unstratified for most of the deployment 
period.) This increase with depth is expected, 
because flux at depth is a function of total overlying 
suspended particles (whether biogenic or inorganic). 

The lake was stratified from May through August, 
during which time the thermocline depth increased 
from about 1.4 m to about 5. 8 m. In contrast to winter, 
sedimentation rates during summer stratification 
were essentially independent of depth (Fig. 3, Table 
1). Traps below the thermocline collected very 
similar masses regardless of depth. This suggests 
that there is little production and decomposition in 
the hypolimnion, and therefore that sediment flux 
below the thermocline . reflected flux through the 
thennocline, rather than the thickness of the overlying 
water. Late in stratification (in August), fluxes were 
again linearly related to depth, probably because all 
traps were in, or iimnediately below, the epilimnion. 

During much of the stratified period, flux into 
hypolimnetic traps was often less than flux in the 
uppermost trap, indicating the interception of material 
in the vicinity of the thennocline. Therefore, rather 
than sinking into the hypolimnion, epilimnetic 
detritus may be exported from the lake via its surface 
outflow. More importantly, Lake Oglethorpe often has 
a pronounced turbid layer (a "metalimnetic plate") 
lying just above the thennocline, which includes 
bacteria (McDonough et al., 1986, Porter et al., 1996) 
and heterotrophic microflagellates (Bennett et al., 
1990). Heterotrophic flagellates are the dominant 
grazers in Lake Oglethorpe (Sanders et al., 1989), 
and their distribution is strongly influenced by the 
distribution of their food (Pace 1982). Apparently 
these heterotrophs are taking advantage of the greater 
concentration of settling particles at the thermocline. 

These observations have been supported by later 
studies. For example, Megard et al. (1997) report 
that zooplankton densities in western Lake Superior 
often peak at the thermocline. We suggest that such 
behavior by grazers not only conserves their swimming 

energy, but allows them to feed on settling matter that 
has concentrated at the thermocline. Hansson (1996) 
suggested that the thermocline acts as a barrier to 
vertical migration by algae (in this case, upward from 
the hypolimnion). Macintyre et al. (1995) found a strong 
correlation between the vertical distribution of marine 
snow and density discontinuities off central California. 
Finally, Halfman and Scholz (1993) report a midwater 
turbid layer in Lake Malawi, Africa, linked to river inputs. 

In conclusion, a thermocline can have significant 
effects on the distribution of settling matter and on 
biota. While nepheloid layers have been reported from 
large lakes worldwide (e.g. Chambers and Eadie, 1981; 
Halfman and Johnson, 1989; Halfman and Scholz, 
1993 ), these are often benthic and composed of inorganic 
sediments from sediment resuspension or river input. 
Our study indicates that, at least in eutrophic lakes, 
thermoclines may create organic metalimnetic plates, 
and may greatly reduce organic flux to deeper waters. 
Consequently, it provides an enviromnent suitable for 
detritivores, whose grazing probably returns important 
amounts of matter and energy to theplanktonic food web. 
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Abstract: K-feldspar in the younger granites exposed 
in the western St. Francois Mountains of southeastern 
Missouri shows a high degree of structural order. The 
structural state parameter Z (defined to vmy from 0 
for pe1fectly disordered sanidine to 1 for pe1fectly 
ordered microcline) averages 0.94 for the Graniteville 
Granite and 0. 8 7 for the Munger Granite P01phyry. 
Within the precision and scatter of the data, the 
structural state of the K-feldspar in these rock units is 
identical to that reported earlier for both the plutonic 
and volcanic rock units of the Butler Hill Caldera, the 
major structure that dominates the eastern portion 
of the St. Francois Mountains complex. There is no 
significant variation of K-feldspar structural state 
with present topographic elevation or with lateral 
distance .fiwn the Simms Mountain Fault, the structure 
bounding the St. Francois Mountains complex to 
the northeast. We interpret the homogeneity of 
the K-feldspar structural state throughout the St. 
Francois Mountains complex as evidence for a 
pervasive alteration event. We believe the most 
likely cause of this alteration is the heat and/or 
metasomatic fluid associated with the final major 
phase of Mesoproterozoic igneous activity involved in 
fonnation of the St. Francois Mountains complex. 

Key K-feldspar, stmctural state, St. Francois 
Mountains, Mesoproterozoic, Missouri, Graniteville 
Granite, Munger Granite Porphy1y 

The St. Francois Mountains (SFM) of southeastern 
Missouri provide the only significant exposures of the 

Precambrian basement m the central mid-continent 
region. Erosion of the Paleozoic sedimentaiy rocks 
off the top of the Ozark Dome has exposed a series 
of felsic volcanic rocks and epizonal granitic plutons 
of the Mesoproterozoic Eastern Granite-Rhyolite 
Province (Pratt and others, 1979; Kisvarsanyi, 
1981; Sims, 1990; Van Schmus and others, 1993). 

The eastern portion of the St. Francois Mountains 
is dominated by a large, partially collapsed caldera 
stmcture, the Butler Hill Caldera (Sides and others, 
1981; Lowell, 1991). This structure exposes a sequence 
of rhyolitic ash-flow tuffs and other layered felsic 
volcanic rocks, a large zoned granitic subvolcanic 
massif (the Butler Hill-Breadtray Granite), and a series 
of granitic ring plutons (the Silvermines and Slabtown 
Granites), all forn1ed by magmatic activity at 1.4 7 ± 
0.03 Ga. (Lowell, 1991; Van Schmus and others, 1996). 
In an attempt to clarify the geomet1y of the Butler Hill 
Caldera, Plymate and others (1992) and Plymate and 
others (2001) determined the structural state of the K
feldspar in these rock units. They discovered that the 
K-feldspar is consistently highly ordered eve1ywhere 
within the Butler Hill Caldera, regardless of rock 
type (volcanic versus plutonic) or inferred depth of 
crystallization. They concluded that the strnctural state 
of the K-feldspar must have been homogenized by a 
pervasive re-heating event coincident with or subsequent 
to the final episode of crystallization within this caldera. 

The western portion of the St. Francois Mountains 
is dominated by felsic volcanic rocks formed at 
approximately the same time as those associated 
with the Butler Hill caldera to the east (Van Schmus 
and others, 1996; Menuge and others, 2002; M. E. 
Bickford, personal communication cited by Walker 



MISSOURI ACADEMY OF SCIENCE • MATHENIA 51 
and others, 2002). A second caldera structure, the Taum 
Sauk Caldera, is inferred to exist beneath the western 
St. Francois Mountains (Sides and others, 1981; Pratt 
and others, 1979), but it is less deeply eroded than the 
Butler Hill Caldera and its internal structure is therefore 
less well exposed. Two felsic plutonic bodies, the 
Graniteville Granite and the Munger Granite Porphyry, 
are exposed in the western St. Francois Mountains. At 
1.36 ± 0.03 and 1.38 ± 0.06 Ga. respectively, these 
plutons are the youngest felsic units yet dated within 
the St. Francois Mountains complex (Van Schmus and 
others, 1996). The difference in age between these 
granites and the volcanic rocks they intrude suggests 
that formation of these plutons was not associated with 
collapse of the Taum Sauk Caldera, but rather that 
these plutons represent a second, separate phase of 
felsic magmatism, perhaps associated with fotmation 
of the adjacent 1.34-1.40 Ga Southern Granite-R11yolite 
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Province (Bickford and Van Schmus, 1985; Van 
Schmus and others, 1993; Menuge and others, 2002). 

The purpose of this study was to determine whether 
the structural state of the K-feldspar in the younger 
granites of the western St. Francois Mountains has 
been reset to the same extent as in the older rocks of 
the Butler Hill Caldera and to thereby further constrain 
the extent and timing of the process( es) or event( s) 
responsible for resetting the K-feldspar structural 
state in the felsic rocks of the St. Francois Mountains. 

We analyzed six samples of the younger granites 
of the western St. Francois Mountains, three samples 
from the Graniteville Granite and three from the 
Munger Granite Porphy1y. In collecting the samples, 
we took care to avoid dikes, veins, and other obvious 
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Figure 1 Variation in K-feldspar structural state for Mesoproterozoic felsic rocks exposed in the St. Francois 
Mountains as revealed by variation in the b and c unit cell parameters. The error bar included in the 
explanation indicates the experimental uncertainty in each data point. 
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contamination, but the exposure in much of the 
western St. Francois Mountains is not sufficiently 
good to yield completely fresh samples. Each sample 
was slabbed to approximately one centimeter in 
thickness, and any visible weathering rind and/or 
xenolith material was trimmed away. The remaining 
material was then crushed and sieved to <120 mesh. 

K-feldspar-rich chips were initially separated by 
density in a centrifuge using acetylene tetrabromide 
diluted to p=2.595 with dimethyl fonnamide. Material 
floating at this density was filtered, rinsed with acetone, 
dried, and pulverized in a tungsten carbide ball 
mill, and sieved to <325 mesh. K-feldspar was then 
concentrated from this powder by density in a centrifuge 
using acetylene tetrabromide diluted to p=2.58. 

The K-feldspar concentrates were analyzed by x-ray 
diffraction using CuKa radiation in a Scintag XDS-2000 
diffraction system with a theta-theta goniometer and a 
germanium solid-state detector. Diffraction spectra 
were collected from 20° to 52° 28 at a scan rate of 
0.10°/minute. Before collecting each data spectrum, the 

goniometer was calibrated using finely powdered quartz 
(Fisher Reagent Grade Si0

2
) as an external standard. 

For each sample we obtained a preliminary 
estimate of the K-feldspar structural state from the 
(060) and the (204) peaks using the method of Wright 
(1968). We then indexed the remaining K-feldspar 
peaks assuming a triclinic unit cell according to 
Appendix All of Ribbe (1983). Unit cell refinements 
were calculated by multiple regression according to 
the procedure of Appleman and Evans (1973) using 
the 14 K-feldspar singlet peaks that are independent 
of any potential quartz or albite interference. 

Table 1 lists the results of our K-feldspar unit 
cell refinements and the structural-state parameters 
calculated from those refined lattice parameters. The 
uncertainty listed for each lattice parameter is the 
average standard error for that parameter generated in 
the six unit-cell refinement regressions. Each of these 
values is listed with one digit beyond the first uncertain 

Figure 2 Generalized geologic map of the Mesoproterozoic rocks exposed in the St. Francois Mountains 
of southeastern Missouri (simplified after Pratt and others, 1979) showing average value of the K-feldspar 
structural state parameter Z for each of the major felsic rock units. 
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digit so they can be used in subsequent calculations 
without the introduction of round-off error (Bevington, 
1969; Lyon, 1970). The uncertainty listed for each 
calculated structural-state parameter was determined 
by propagating the experimental uncertainties through 
the defining equations according to the techniques 
discussed by Bevington (1969) and Meyer (1975). 

The two most common methods for representing 
K-feldspar structural data are ( 1) to plot the b versus 
c lattice dimensions (Wright and Stewaii, 1968; Kroll 
and Ribbe, 1983), and (2) to calculate a composite 
structural state parameter Z from the percentage of 
Al occupying each of the four unique tetrahedral sites 
in the unit cell (Thompson, 1969). Defined as Z = t

1
o 

+ t
1
m - t

2
o - t

2
m, this Z parameter varies from 0 for 

completely disordered sanidine to 1 for completely 
ordered microcline. Kroll and Ribbe (1987) provide 
a method for estimating Al site occupancies from the 
lattice parameters for a K-feldspar unit cell refinement. 

TheK-feldsparin the younger granites ofthewestem 
St. Francois Mountains shows a consistently high 
degree of structural order. Figure 1 shows the variation 
in the b and c lattice parameters in our analyses of the 
K-feldspar in the Graniteville Granite and the Munger 
Granite Porphyry. For comparison, this figure also 
shows the b-c variation in the K-feldspar in all the major 
rock felsic units of the Butler Hill Caldera as analyzed 
by Plymate and others (1992) and Plymate and others 
(2001). Samples from each rock unit cluster near, but 
not coincident with, the microcline end-point (Figure 1 ). 
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The structural state parameter Z averages 0.94 for 
our three samples of the Graniteville Granite and 0.87 
for our three samples of the Munger Granite Porphyry. 
Within the precision and scatter of the data, there 
is no significant difference between these averages. 
Figure 2 compares the average Z value for these two 
younger granite rock units of the western St. Francois 
Mountains to the c01responding values for each of 
the major felsic igneous rock units exposed in the 
Butler Hill Caldera. Again, within the precision and 
scatter of the data, there is no significant difference 
between these average Z values, either among the 
three different modes of crystallization represented 
(volcanic phenocryst versus volcanic matrix versus 
pluton) or between the two ages of plutons represented. 

Plymate and others (1992) showed that the 
structural state of the K-feldspar in the Butler Hill
Breadtray Granite is highly ordered, very homogenous, 
and virtually independent of inferred depth of 

, crystallization. Plymate and others (2001) extended 
that observation to include the ring plutons and both the 
phenocrysts and the matrix of the felsic volcanic rock 
units of the Butler Hill Caldera. By applying the same 
type of analysis to the younger granites of the western 
St. Francois Mountains, the present study extends that 
observation to include all the major felsic igneous rock 
units exposed in the St. Francois Mountains Complex. 
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Because microcline is the thermodynamically 
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Figure 3. Variation in K-feldspar structural state parameter Zin felsic rock units of the St. Francois Mountains 
versus (A) present topographic elevation and (B) horizontal distance from Simms Mountain Fault. 
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TABLE 1. Unit-cell and structural state parameters for K-feldspar in the younger SFM granites 

Sample Northing * Easting * Elev. a b c ~ y tat t mt z+ a 1 1 
(m) (m) (ft.) (Angstroms) (degrees) 

Graniteville Granite 
G-3 4170169 704289 1180 8.6040 12.9742 7.2262 89.998 115.869 88.038 0.92 0.09 1.01 
G-4 4171434 703699 1140 8.6072 12.9683 7.2241 90.286 116.016 87.940 0.92 0.05 0.94 
G-5 4168072 703506 1260 8.6012 12.9750 7.2225 90.392 116.033 87.846 0.93 0.01 0.87 
----------------------------------------------------------------

Munger Granite Porphyry 
M-6 4163058 691446 1280 8.6400 12.9628 7.2163 90.324 116.016 88.860 0.72 0.23 0.90 
M-7 4156096 692108 1450 8.6081 12.9735 7.2215 90.026 116.130 88.021 0.87 0.03 0.80 
M-8 4155133 691964 1350 8.6118 12.9817 7.2250 90.466 115.943 87.921 0.92 0.03 0.90 
----------------------------------------------------------------

Uncertainty§ 0.0038 0.0027 0.0013 0.038 0.021 0.044 0.02 0.02 0.03 

* Universal Transverse Mercator Grid, Zone 15, NAD27 

t Kroll & Ribbe (1987) equations 6 and 12 i Z = t
1
o + t

1
m - t

2
o - t

2
m where t

2
o = t

2
m = (1 - (t

1
o + t

1
m ))/2 (Kroll and Ribbe, 1983) 

§ Uncertainties for a, b, c, a,~' and y are the averages of the standard errors for those parameters from the six unit-cell refinements; uncertainties for t
1
o, t 1m, and Z 

were determined by propagating the experimental uncertainties through the defining equations (Bevington, 1969; Meyer, 1975) 

stable state for K-feldspar under ambient conditions, 
one might expect re-equilibration to a highly ordered 
structure to be the norm for ancient igneous complexes. 
However, in the absence of hydrothermal, metasomatic, 
or metamorphic conditions, the driving force for the 
orthoclase-to-microcline transition is very low (Brown 
and Parsons, 1989), and K-feldspar with intennediate 
to low structural order has been documented from a 
number of unaltered Precambrian igneous complexes 
(Martin and Falster, 1986; Schandl and others, 1986; 
Stevenson and Maiiin, 1988). Therefore, we interpret 
the homogeneity of the K-feldspar structural state across 
the entire St. Francois Mountains Complex regardless 
of inferred mode or depth of crystallization (volcanic 
phenocryst versus volcanic matrix versus hypabyssal 
ring pluton versus subvolcanic massif) or crystallization 
age (1.47 Ga versus 1.36-1.38 Ga) to be evidence for a 
single, pervasive alteration event subsequent to (or 
coincident with) the last major igneous event in the area. 

Petrographic observation of the samples analyzed 
in the present study, as well as the samples studied 
by Plymate and others (1992) and Plymate and others 
(2001 ), reveals that the feldspars are significantly 
clouded by alteration to cryptocrystalline clays, mica, 
and/or hematite. Numerous other studies of the felsic 
rocks of the St. Francois Mountains Complex have 
reported this same type of alteration of the feldspars 
(Tolman and Robertson, 1969; Anderson, 1970; Sides 
and others, 1981; Brown, 1983, 1984; Lowell, 1991; 
Menuge and others, 2002). Plymate and others (2001) 
suggested that the homogenization of the structural 
state probably resulted from the same event or 
process responsible for this clouding of the feldspars, 
and they reasoned that any such event or process 

must have been coincident with or subsequent to the 
final major crystallization event in the Butler Hill 
Caldera. The present study suggests that this alteration 
event or process was not confined to the Butler Hill 
Caldera and must have occurred coincident with or 
subsequent to the final major felsic igneous event 
recorded in the St. Francois Mountains Complex. 

A number of processes and events have 
been proposed to account for alteration in the 
Mesoproterozoic rocks of the St. Francois Mountains. 
Those processes or events that might also account for 
re-setting the K-feldspar structural state throughout 
the St. Francois Mountains Complex include ... 

1.heat and/ or metasomatic fluids associated with 
alkaline magmatism at approximately 1.36 
Ga. which produced two-mica "tin-granite" 
or "HHP" (high heat production) granite 
plutons, including the Graniteville Granite 
(Kisvarsanyi, 1980, 1981; Kisvarsanyi and 
Kisvarsanyi, 1989). 

2.heat and/or metasomatic fluids associated with 
emplacement of the Skrainka suite of mafic 
intrusive bodies at approximately 1.33 Ga 
(Amos & Desborough 1970; Honda and 
others, 1985; Ramo and others, 1994; Lowell 
& Ramo 1999; Lowell & Young 1999; 
Walker and others, 2002). 

3 .migration of fluids associated with 
development of the Simms Mountain Fault 
and other related northwest-striking transfer 
faults formed during the Late Proterozoic
Early Cambrian opening of the Reelfoot Rift 
(Clendenin and others, 1989; Lowell, 1991). 

4.migration of fluids responsible for 
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dolomitization of the Upper Cambrian 
Bonnetene Fonnation (Stein and Kish, 1991; 
Shelton and others, 1992). 

5 .migration of fluids responsible for formation 
of the "Mississippi Valley-type" Pb-Zn-
Cu sulfide ore deposits within the Upper 
Cambrian strata (Hagni, 1989; Aleinikoff and 
others, 1993; Clendenin and others, 1994). 

6.migration of fluids associated with reactivation 
of the Simms Mountain Fault and other 
related northwest-striking faults during the 
Middle-to-Late Paleozoic uplift of the Ozark 
Dome (Clendenin and others, 1989; Lowell, 
1991). 

Alteration in the Mesoproterozoic igneous rocks 
of the St. Francois Mountains complex caused 
primarily by vertical migration of fluids through the 
overlying Paleozoic sedimentary rocks (events #4 or 
#5 above) would be expected to vary vertically with 
present topographic elevation. Sutton and Maynard 
(1996) reported just such a relationship for alteration 
in the Paleozoic strata in five cores drilled around the 
perimeter of the St. Francois Mountains. However, 
K-feldspar structural state in the underlying igneous 
rocks shows no conesponding variation with present 
elevation (Figure 3A). We therefore conclude that 
the process responsible for homogenization of the 
K-feldspar structural state must have been something 
other than, and more pervasive than, ve1iical migration 
of fluids through the overlying sedimentary rocks. 

Alteration in the Mesoproterozoic igneous rocks of 
the St. Francois Mountains complex caused primarily 
by lateral migration of fluids from the Simms Mountain 
Fault and related northwest-trending faults (events #3 
and #6 above) would be expected to vary laterally with 
distance from those structures. Wenner and Taylor ( 197 6) 
found that oxygen isotope ratios in most major igneous 
rock units exposed in the St. Francois Mountains have 
been reset by reaction with low-temperature ( <200°C) 
hydrothermal fluids, and Lowell & Clendenin ( 1991) 
demonstrated that the extent of this isotopic disturbance 
varies proportionally with proximity to the Simms 
Mountain Fault and the parallel fault to the southwest, 
the Black Fault. However, K-feldspar structural 
state in these same igneous rock units shows no 
conesponding variation with distance from these faults 
(Figure 3B). We therefore conclude that the process 
responsible for homogenization of the K-feldspar 
structural state must have been something other than, 
and something more pervasive than, fault-controlled 

migration of low-temperature hydrothermal fluids. 
We believe the most likely cause of the 

homogenization of the K-feldspar structural state 
throughout the St. Francois Mountains is the heat and/ 
or metasomatic fluid associated with the final major 
phase of Mesoproterozoic igneous activity recorded in 
the complex (events #1 and #2 above). Although rocks 
fonned by this magmatic activity represent a ve1y small 
fraction of the present surface exposure in the Francois 
Mountains, numerous lines of evidence suggest they 
are much more abundant in the subsurface. Kisvarsanyi 
(1980, 1981) determined that a significant fraction of 
the portion of the St. Francois terrane presently buried 
under Paleozoic sedimentary rocks consists of plutons 
of alkali-rich two-mica granite that are relatively 
enriched in Sn, U, and Th. The Graniteville Granite is 
the only example of these "tin granite" or "HHP" (high 
heat production) granite plutons exposed at the surface, 
but fourteen others have been identified from drill 
cores (Kisvarsanyi and Kisvarsanyi, 1989). Walker and 
others (2002) summarize geophysical data suggesting 
that mafic plutons may be common in the upper crust 
beneath the St. Francois Mountains. We suspect the 
Skrainka suite of mafic intrusive bodies may represent 
merely the "tips of some much larger icebergs." 
Therefore, we suggest that the homogenization of 
the K-feldspar structural state throughout the St. 
Francois Mountains complex reflects the pervasiveness 
of the 1.36-1.33 Ga igneous activity in this area. 
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Erosion following unintended forest fires 
or controlled burning programs designed to improve 
plant diversity is a major environmental concern. 
The loss of vegetation exposes the soil siaface 
briefly to raindrop impact, allowing conversion of 
the raindrops kinetic energy to mechanical energy 
and the resultant destruction of the soil structure. 
The loss of soil structure permits the preferential 
loss of organic material and clay, reducing the soils 
productivity. The purpose of this investigation is to 
observe changes in the soils structure and fertility 
following a controlled burning progrmn and to infer if 
erosion is enhanced because of the controlled burning 
programs. A secondary objective is to determine if a 
liming progrmn favorably improves the soil fertility 
and modtfies the soil structure. The investigation was 
conducted on two different soils located on Tawn 
Sauk Mountain in the St. Francois Mountains of 
Missouri. Following a controlled burning on a portion 
of the mountain, replicated plots were established 
on each soil to measure soils fertility and structure. 
In addition, selected plots were limed to assess the 
effect of lime on the soil structure and fertility. The 
burning program did not signtficantly affect the size 
distribution of soil aggregates, suggesting that burning 
and rainfall did not degrade the soil structure or 
accelerate erosion. The root mat was not affected by 
the burning program, therefore the root mat provided 
a measure of swface protection until the vegetation 
was re-established. Liming increased the soils 
exchangeable calcium (Ca) and the cation exchange 
capacity (CEC) and reduced the neutralizable acidity, 
an improvement of these key soil fertility components. 
Importantly, smaller aggregates were less acidic 
and contained greater levels of exchangeable Ca, 
inferring that the soil is not entirely homogeneous in 
its reactivity towards lime. 

Soils are three dimensional natural resources 
that support plant growth, cycle carbon and other 
nutrients, store and transmit water, exchange energy 

with their surroundings and maintain an impressive 
array of microbial and invertebrate populations (Brady 
and Weil, 1996). Each soil supports and responds 
differently to these phenomena because of numerous 
inherent physical, chemical and mineralogical 
properties, chief among these being pH, texture and 
strncture. Texture is the percentage of the sand (2 to 0.5 
mm), silt (0.5 to 0.002 mm) and clay (less than 0.002 
mm) fractions (separates) coupled with visual estimates 
of the gravel, cobble and boulder contents (Brady and 
Weil, 1996). Soil structure is the arrangement of 
the separates composing the fine earth fraction into 
peds or aggregates, which may be classified by their 
distinctive shapes, sizes and coherence (strength) 
(Kay and Angers, 2000). In surface and iiear-surface 
horizons soil organic matter (SOM) is an imp01iant 
cementing agent that enhances aggregate coherence and 
provides much of the soil's cation exchange capacity 
(Baldock and Nelson, 2000; Brady and Weil, 1996; 
Johnson and Todd, 1998; Kalisz and Stone, 1980). 

In surface horizons, aggregates are frequently 
subdivided into microaggregates (less than 250 µm) 
and macroaggregates (greater than 250µm), with the 
tacit assumption that macroaggregates are composed 
of microaggregate assemblages. The nature of the 
SOM responsible for aggregate coherence varies with 
aggregate size (Baldock and Nelson, 2000; Beare 
et al., 1994a and b; Gale et al., 2000; Kristensen et 
al., 2000). Water stable macroaggregates are largely 
stabilized by transient and relatively unstable SOM, 
whereas microaggregates are largely stabilized by 
microbially processed SOM (Beare et al., 1994a 
and b; Gale et al., 2000; Kay and Angers, 2000; 
Kristensen et al., 2000). Gale et al. (2000) proposed 
that microaggregates are formed within existing 
macroaggregates. Kristensen et al. (2000) provided 
evidence that N mineralization and immobilization 
rates are affected by the aggregate size distribution. 

An important consequence of soil structure is the 
creation of pore space. Macropores (greater than 7 5 µm) 
and mesopores (30 to 75 µm) are largely responsible for 
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the redistribution of water, whereas micropores (5 to 30 
µm) and ultramicropores (0.1 to 5 µm) are considered 
to be water storage pores. Cryptopores (less than 0.1 
µm) are largely associated with the physical isolation 
and protection of soil organic carbon (SOC) from 
microbial decomposition (Kay and Angers, 2000). The 
total pore space, the distribution of pore classes and 
their connectivity results from an incredibly complex 
interaction involving soil texture, the presence of SOM, 
climate, vegetation, soil drainage, and human activities. 
Soil structure is a complex interaction among soil 
texture, clay mineralogy, SOM, inorganic noncrystalline 
materials, plants and soil organisms, soil profile depth 
and human activities (Kay and Angers, 2000). The 
purpose of this investigation is to assess the influence of 
controlled burning programs on soil structure and SOM 
levels of selected forest soils. A secondary objective 
is to determine the influence of liming treatments, 
following a controlled burning program, on the soil's 
structure and its physical and chemical attributes. This 
paper is an outgrowth of a more comprehensive study 
to assess the influence of controlled burning programs 
on erosion rates and its effect on vegetative regrowth. 

Taum Sauk Mountain is pa1i of the St. Francois 
Mountains in southeastern Missouri. These mountains 
are composed of Precambrian felsics that are intruded 
with granites and mafics. Soils of the Ultisol and 
Alfisol orders dominate the area, including Taum Sauk 
Mountain (Brown and Gregg, 1991 ). Typically, these 
soils are deep to somewhat deep, well drained, strongly 
acid to extremely acid, silt loam to clayey textured A 
- E - Bt horizon sequences overlying rhyolite. Brown 
and Gregg ( 1991) have described three soil series 
in the Taum Sauk Mountain study area: Knobtop 
(fine-silty, mixed, mesic Aquic Hapludults ), Irondale 
(loamy-skeletal, mixed, mesic Typic Hapludults ), 
and Taumsauk (loamy-skeletal, mixed, active, mesic 
Lithic Hapludults). The summer climate is generally 
hot and humid with July temperatures averaging 
25 ° C, whereas January temperatures average near 
0°C. Rainfall averages over 1 m, with spring receiving 
somewhat more rainfall; however rainfall is generally 
common throughout the year, causing the upland soils 
in the study area to maintain a udic soil moisture regime 
(Brown and Gregg, 1991). Deciduous forests form a 
paiiially closed canopy cover over much of the study 
area, with vegetation composed mostly of white oaks 
(Quercus alba L.), red oaks (Quercus rubra L.) and an 

assortment of grasses, herbaceous plants and mosses. 

Two sites representing the Knobtop series and two 
sites representing the Taumsauk series were located and 
sampled on Taum Sauk Mountain (T 33 N, R 3 E, Sec 4, 
5 and 6, Iron County, MO). Soil profile characteristics 
are reported in Aide and Wendel (1997). For the 
Knobtop site, a summit landscape, four plots were 
established (15.3 m <II 15.3 m or 50 ft• 50 ft). Two of the 
plots were not subjected to a controlled burn; whereas, 
the other two sites experienced a controlled bum 
approximately three months prior to plot establishment. 
Seconda1y treatments included liming one plot from 
each of the unburned and burned areas. Calcitic 
limestone [Mississippi Lime] was applied at a rate of 
45.5 kg (100 lbs.) in August of 1998 to provide an 
equivalent surface coverage of 1943 kg ha-1 (1742 lbs. 
Acre-1

). In March of 1999, the liming application was 
repeated. For the Taumsauk site, a convex sideslope, 
four plots were established (15.3 m • 15.3 m or 50 ft• 
50 ft). Three plots experienced a controlled burn, at the 
same time as the controlled bum for the Knobtop sites, 
and the remaining site served as an unburned control. 
Secondary treatments included liming two plots from the 
burned area. Calcitic limestone [Mississippi Lime] was 
applied identically as described for the Knobtop sites. 

Whole soil samples from the 0 and A horizons were 
collected periodically. Oven dried aggregates were 
isolated by sieving into the following size intervals: 
[5 mm, to 2 mm], [2 1mn, to 1 mm], [l mm, to 0.5 
nun], [0.5 1mn, to 0.25 mm], [0.25, mm to 0.1 mm], 
and [less than 0.1 mm]. Sieving of lOOg samples was 
accomplished using U.S. standard sieves with a shaking 
interval of exactly 1 minute using a gentle back and 
forth hand motion with a horizontal displacement of 
approximately 15 cm and a frequency of 60 cpm. Dry 
sieving was used, instead of the traditional wet sieving 
technique, to minimize alteration of the aggregate's 
chemical properties. Traditionally wet sieving provides 
a more reliable estimate of aggregate stability and is 
cmmnonly used in studies involving soil structure 
changes induced by tillage practices. Analysis of whole 
soil and samples of each aggregate class consisted 
of soil pH in water, the ammonium acetate (pH 7.0) 
extraction of exchangeable bases, the total acidity by 
slow titration to pH 8.2 with 0.01 MNaOH, and SOM by 
loss on ignition (LOI) using methods in Caiier (1993). 
The cation exchange capacity (CEC) was calculated 
from the sum of the exchangeable bases and the total 
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acidity. The particle size distribution was estimated 
by Na-saturation of the exchange complex, centrifuge 
washing with water-methanol mixtures to remove 
excess electrolyte, dispersion in 0.01 MNa

2
C0

3
, and 

centrifuge fractionation and wet sieving of the separates 
(Carter, 1993). The bulk density of the Knobtop 
sites was estimated using the ring method ( Caiier, 
1993). The bulk density of the Taumsauk horizons 
were not detennined because of the gravel content. 

The root-mat of the 0 horizon was sampled by 
cutting a 10 x 10 inch (25.4 x 25.4 cm) soil section with 
a depth corresponding to the 0 horizon's thickness. The 
particulate organic matter content (POM) was dispersed 
by sonification in water and isolated by sieving and hand 
removal with a forceps. The POM was washed in water, 
dried at 70 ° C, weighed and analyzed for N using micro
Kjeldahl (Carter, 1993) and S, P, Ca, Mg, K, Na, Al, Fe, 
Mn, B, Cu and Zn using inductively-coupled plasma
emission spectroscopy. The root-mat was washed in 
water, dried at 70°C, weighed and similarly analyzed 
for N, S, P, Ca, Mg, K, Na, Al, Fe, Mn, B, Cu and Zn. 

Selected Soil Properties 
The surface and near-surface horizons of the 

Knobtop pedons consist of a thin 0 horizon (2-3 cm) 
composed oflitter and partially burned residues (POM), 
partially to fully humified SOM and a living, dense root
mat overlying a silty A horizon (4 to 5% clay, 60-65% 
silt, 30-36% sand with less than 10% rhyolitic gravel). 
The surface and near-surface horizons of the Taumsauk 

pedons are similar, except the Taumsauk pedons have 
gravelly (25-50% rhyolitic gravel) silt loam textures. 
Soil pH ranges from acid to extremely acid for the 0 
horizons and acid to strongly acid for the A horizons. 
Exchangeable Ca levels are paiiicularly low, ranging 
from 0.47 to 1.61 cmolp(+) CD kg-1 for the Knobtop sites 
and 0.76 to 3.48 cmolp(+) • kg-1 for the Taumsauk sites. 
As expected, exchangeable Ca levels are somewhat 
greater for those plots receiving liming treatments. 
The base saturation is particularly low, consistent 
with the Ultisol order and the nature of the parent 
materials (Table 1 ). Selected soil physical and chemical 
properties of the near surface horizons after eight 
months of equilibration with the lime are in Table 1. 

Aggregates Size 
The soil aggregate is distribution was relatively 

uniform among sites within each soil type, with 
microaggregates (aggregates smaller than 0.25 mm) 
ranging from 15 to 27% (kg/kg) in the Knobtop 
sites and ranging from 12 to 20% in the Taumsauk 
sites (Fig. la and 1 b ). Variation of the aggregate 
distribution over time was largely insignificant and 
variation within the soil type appears related to the 
soil's natural heterogeneity. Thus, no differences in the 
soil aggregate distribution between the two soil types 
was observed. Secondly, the effect of liming on the 
aggregate distribution is not statistically significant. 

Chemical Properties of the Soil Aggregates 
Each aggregate class was chemically analyzed 

Table 1. Initial soil properties at Taum Sauk Mountain immediately after imposition of liming treatments (March. 1999). 

---------------Exchangeable Bases------------------ Loss on 
Ignition 

Treatment ------------pH---------- Ca Mg K Na Neutralizable Acidity 0 A 
0 A ------------------------------------cmo l(p+) • kg-1 

--------------------------------.----------- % % 
Horizons 

Knobtop Sites 

lime-unburned 5.8 5.3 0.96 0.29 0.13 0.15 6.7 12.4 2.5 
no lime-unburned 4.0 5.7 0.47 0.25 0.12 0.14 6.3 6.4 2.9 
lime-burned 5.5 5.8 1.61 0.39 0.15 0.16 6.5 7.1 2.6 
no lime-burned 4.6 5.5 1.20 0.37 0.17 0.17 8.5 12.4 3.0 

Taumsauk Sites 

no lime-unburned 4.3 5.3 0.74 0.36 0.18 0.17 11.5 11.4 6.1 
lime-bum 5.7 5.7 1.18 0.18 0.11 0.13 7.3 11.2 5.0 
no lime-bum 4.8 5.5 1.28 0.27 0.13 0.13 7.5 11.3 5.1 
lime-bum 5.6 6.0 3.48 0.50 0.13 0.13 6.0 9.4 3.3 

All values represent a composite sample taken from uniform slices of the A horizons, except pH and LOI. 
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Table 2. Aggregate pH. loss on ignition (LOI), and particulate organic material (POM) sampled August 1999. 

Treatment 
-----Aggregate pHil ----
Coarse Medium Fine 
-----A- Horizon--------

----------LO I§ ___________ _ ---------PO M---------
Coarse Medium Fine Coarse Medium Fine 
-----------------Percent of Whole Soil ------------------

Knobtop Sites 

Not Burned and Limed 4.7 4.8 5.6 5.9 8.7 8.9 2.3 2.9 1.7 5.8 
Not Burned and No Lime 4.5 4.5 4.6 8.2 10.6 8.6 2.3 1.5 0.4 4.1 
Burned and Limed 5.2 6.1 6.5 5.1 8.6 7.6 2.0 1.0 0.5 5.5 
Burned and No Lime 4.4 4.3 4.5 8.9 8.7 8.9 2.0 2.6 0.9 4.7 

Taumsauk Sites 
Not Burned and No Lime 4.4 4.4 4.5 
Burned and Limed 4.7 4.6 4.8 
Burned and No Lime 4.4 4.3 4.4 
Burned and Limed 4.7 4.5 4.7 

ii Coarse (>2 mm), Medium (2 mm to 0.25 mm), Fine (<0.25 mm) 
§ LOI was determined after POM was determined. 
£ pH is from 0 horizons. 

for pH, POM, LOI (Table 2), and CEC (Fig. 2). 
The CEC varied appreciably among the aggregate 
classes, the soil horizon designations and the liming 
practices. Coarse aggregates display a lower CEC, 
especially in the Taumsauk sites; a feature likely 
attributed to differences in clay content and a higher 
quartz and feldspar content. The CEC expression 
is consistently greater in the Taumsauk sites and in 
the 0 horizons of each site. The CEC is greater in 
lime treated sites, a likely consequence of the pH 
dependent nature of SOM (Brady and Weil, 1996). 

POM and LOI values from medium and fine sized 
aggregates are roughly equivalent, whereas coarse 
aggregates show markedly smaller POM and LOI 
values (Table 2). Unlimed aggregate pH values are 
extremely acidic and are roughly equivalent across 
the aggregate size classes; whereas limed aggregates 
are slightly acidic to acidic. Limed Taumsauk 
aggregates show little differences in pH across the 
aggregate size classes, whereas the fine and limed 
Knobtop aggreg~tes show a higher pH. Thus, liming 
treatments did not uniformly alter the soil's chemical 
properties, rather chemical changes were altered 
to a greater extent in the smaller aggregate classes. 

Chemical analysis of the aggregate classes show that 
exchangeable Ca percentages (ECaP), the percentage 
ratio of Ca and the CEC, are distinctly different because 
of soil type, horizon designation and liming practices. 
Calcium was indexed to the CEC to account for clay 

4.4 7.8 9.0 2.4 3.8 3.1 4.2 
4.3 6.0 4.9 2.4 3.0 1.9 5.7 
4.4 6.2 5.2 1.9 2.3 2.2 4.1 
6.0 7.8 6.9 7.3 5.7 3.5 5.6 

and SOM differences among the aggregate size classes 
(Fig. 3). Knobtop epipedons generally shows smaller 
ECaP values than the Taumsauk epipedons. Liming 
treatments dramatically increased the ECaP. Fine 
aggregates from unlimed sites show a slight tendency 
to have smaller ECaP values, whereas in limed sites the 
fine and medium aggregates from the A horizons show 
greater ECaP. Interestingly, the 0 horizons generally 
have higher ECaP levels than the corresponding A 
horizons, possibly a combined consequence of their 
surface position and their initial contact with the lime 
and also because of Ca cycling by the vegetation. 

The (NAP), the neutralizable acidity indexed 
as a percentage of the CEC, are distinctly different 
because of soil type, horizon designation and liming 
practices. The NAP reduces the intrinsic clay and SOM 
differences among the aggregate size classes, thus 
chemical differences attributed to the treatments are 
converted from capacity to intensity factors. The NAP 
values from unlimed sites are somewhat greater in the 
Knobtop sites (Fig. 4). Smaller aggregates showed a 
slight tendency to have a greater NAP values . Liming 
has the pronounced tendency to reduce the NAP and 
the 0 horizons were more responsive to the liming 
treatments than the A horizons. Fine and medium sized 
aggregates from the Taumsauk sites show the greatest 
liming response, whereas medium sized aggregates from 
the Knobtop sites show the greatest liming response. 

Analysis 
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The root-mat density varies from 0.17 to 1.2 kg

root 111 m-2 and the bulk density varies from 0.65 to 0.70 
g-soil 111 cm-3 in the Knobtop 0 horizons, whereas the 
root-mat density varies from 0.12 to 0.28 kg-root 111 

m-2 in the Taumsauk 0 horizons. The root mat density 
variation was considerable in the Knobtop sites, 
reflecting the natural soil and forest variation. Variation 
in the root-mat density and the bulk density over time 
are relatively constant and reflect site heterogeneity 
rather than site disturbance because of the controlled 
burning program or the liming practice. The elemental 
composition of the root mat did not reflect the 
controlled burning program or the liming practices. 

DISCUSSION 
The controlled burning program was established 

to stimulate plant diversity; however,. one question 
needed to be addressed was the possible unintended 
consequence of accelerated erosion. As is commonly 
known, water erosion rates are affected by climate, 
soil properties, topography, vegetation and human 
activities (Brady and Weil, 1996). Soil properties 
key to influencing water erosion rates include: 
texture, structure, SOM, drainage and penneability, 
and gravel content (Brady and Weil, 1996). The 
controlled burning program did not influence the soil 
structure or SOM content. The root-mat remained 
intact and living, providing a living web of strong 
tissue to anchor the 0 horizon and the underlying 
A horizon and provide protection from the rainfall's 
energy. Thus, a controlled burning program in the St. 
Francois Mountains should not accelerate soil erosion. 

The liming program did alter the soil's chemical 
properties, as expected and intended. However, 
the aggregate classes were not equally affected by 
the liming program, suggesting that soil horizons 
are not entirely homogeneous regions. The liming 
program did improve the soil fertility by increasing 
the CEC and the base saturation of the soil's 
exchange complex. These improvements should 
promote plant diversity by reducing the specter of 
Al-toxicity and increasing the overall soil fertility. 
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Delta Center, Portageville, 63873. 
POTASSIUM FERTILIZATION ON RICE IN 
MISSOURI. 
A rice study was conducted on a field at the Missouri 
Rice Research in Dunklin County, Missouri in 1999, 
2000 and 2001. Soil test values were 55 mg K kg-1, 
45 mg P kg-1

, and the CBC value was 17.9 cmolc kg
I. A split plot design was used. Main plot treatments 
were the rice cultivars Baldo and Bengal. Subplot 
treatments were an untreated control, three K ( 45 
kg ha-IKCl pre-plant, two 22.5 kg ha-I KCl, and two 
12 kg ha-1 KN0

3
), and one urea treatment (1.5 kg 

ha-I). Soil K treatments were broadcast by hand on 
subplots two days before planting. The four remaining 
treatments were applied at inter-node elongation 
= 1.3 cm (IE) and IE + 10 days. Potassium in the 
leaves was determined by atomic absorption after 
sulfuric acid-hydrogen peroxide digestion of dried 
and ground plant tissues. Rice grain yields for Baldo 
were significantly increased over the untreated check 
by mid-season K applications (check=5600 kg ha-I, 
KC1=6200 kg ha-I, KN0

3
=6175 kg ha-1

). Pre-plant K 
treatment yields were not significantly different that 
either the check or midseason treatments. Rice grain 
yields for Bengal were significantly increased over the 
untreated check by preplant K applications). In 2000 
all Baldo plots were 100% lodged. When lodging 
for the other two years was averaged the mid-season 
KNO treatment reduced lodging from 40% to 18%. 

3 

Aide, M. T. Department of Geo sciences. Southeast 
Missouri State University. THE BENEFITS OF AN 
ARTICULATION AGREEMENT BETWEEN LAND 
GRANT AND STATE UNIVERSITIES. 
Southeast Missouri State University and the University 

Missouri-Columbia (UMC) have entered into a Soil 
Science articulation agreement where students spend 
2 to 3 years at Southeast, then transfer to the UMC 
to complete their soil science major and graduate 
with a BS degree from the UMC. Southeast does 
not have the faculty resources to maintain a soil 
science major, yet Southeast serves a large section 
of Missouri. Southeast benefits by having access 
to faculty, laboratories and the resources of UMC. 

• v ....... Univ. of Missouri 
Center, Portageville 

63873. PHARMACEUTICAL CORN POLLEN 
CONFINEMENT. 
Research was conducted to develop methods for 
achieving optimum containment of pollen from 
com grown for plant-made pharmaceuticals (PMP). 
Experiments evaluated isolation distance and tassel 
removal as means of reducing gene flow. A candidate 
PMP production system was tested. Com inbreds were 
planted in a 4-ha block in the center of three 65-ha 
cotton and bean fields. Within the 4-ha blocks, four 
rows of yellow kernel females were alternated with 
four rows of white kernel males. Yellow com cultivars 
with transgenes were planted for tracing gene flow. 
Female rows were detasseled by hand with some of the 
plants intentionally missed. Levels of detasseling were 
0%, 80%, 90%, and 100%. At 200 and 300 m from the 
pollen block, white corn trap plots were planted on three 
dates in strips. The greatest amount of gene flow, as 
detected by seed color and polymerase chain reaction, 
was to trap plots located 200 m north of the pollen 
block and was associated with pollen from yellow corn 
with no detasseling. Incidence of yellow kernels was 
0.0301 %. At 300 m, gene flow was 0.0013% from 
90% detasseled corn. When 100% of the com was 
detasseled, no gene flow was detected at 300 m. 
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0%, 80%, 90%, and 100%. At 200 and 300 m from the 
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dates in strips. The greatest amount of gene flow, as 
detected by seed color and polymerase chain reaction, 
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Wilson, C. Stevens, and Khan. 
Department of Agriculture, Southeast Missouri 
State University. INFLUENCE OF NUTRIPAK 
FERTILIZER ON YIELD OF 'BETTER BOY' 
TOMATOES. An experiment was conducted in a 
randomized block design to dete1mine the effect of 
three rates of NutriPak fertilizer on the yield of 'Better 
Boy' tomatoes. Tomatoes were transplanted in May 
2002 and harvested July through October 2002. There 
were significant differences with marketable numbers of 
tomatoes. A higher number of tomatoes were harvested 
from the 24 ozs/ac treatment. Significant differences 
occurred with marketable fruits of tomatoes. The highest 
weight of fruits occurred at the 24 ozs/ac treatment. 

Section Chairman: D1~ Patrick S. Market, University 
of Missouri - Colwnbia 

Office, AN EXAMINATION OF THE 
7 DECEMBER 2001 CENTRAL ARKANSAS MINI
SUPERCELL. Case studies of unique meteorological 
events are often valuable tools for advancing operational 
meteorology. A mini-supercell fo1med during the late 
afternoon 7 December 2001, and affected portions 
of central Arkansas through the early evening hours. 
Among the severe weather events produced by this 
supercell included four weak tornados, which occurred 
across the Little Rock metropolitan area. These severe 
weather events developed in an area where synoptic 
scale and even mesoscale support for severe storms did 
not appear to be readily evident. A detailed overview 
of this st01m and its enviromnent will be presented, 
including radar analysis. Applications to short te1m 
severe storm forecasting will be emphasized. 

Lupo, and 
itm.n.'1ir'lllht0•11411' Science, of 

Missouri-Columbia. PLANETARY AND SYNOPTIC
SCALE INTERACTIONS IN SOUTHEAST PACIFIC 
BLOCKING USING POTENTIAL VORTICITY 
DIAGNOSTICS. The synoptic and planetary-scale 
forcing in two blocking anticyclones occurring over 
the Southeast Pacific Ocean are examined using 
Potential Vorticity diagnostics. While many studies 
have examined the dynamic and the1modynamic 
forcing associated with blocking events in the 
Northern Hemisphere (NH), very few studies have 
examined blocking in the Southern Hemisphere (SH). 
Climatological analysis suggests SH blocking events 
in the Pacific Region have similar characteristics to 
their NH counterparts. However, the occurrence of 
blocking is rare elsewhere in the SH, and these events 
are relatively short lived. Some studies of NH blocking 
dynamics have also shown that the extent to which 
planetary and synoptic-scale, and planetary-synoptic
scale interaction forcing contribute to the genesis and 
maintenance of Pacific and Atlantic region events 
can be quite different. Thus, a study of the relevant 
atmospheric dynamics associated with blocking 
events in the SH is carried out in order to determine 
whether or not these events are associated with similar 
dynamic forcing mechanisms to those in the NH. 
Using the NCEP re-analyses data set and applying 
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a low-pass filter to the relevant variables, a study of 
the scale interactions associated with two blocking 
events which occuffed during July and August 1986 
and applying Potential Vorticity diagnostics. Initial 
results demonstrate that blocking in the Southeast 
Pacific is associated with similar forcing mechanisms 
and interactions to those of North Pacific blocking 
events rather than those occuning over the NH Atlantic 
region. Further, this study will attempt to explain the 
paucity of blocking occurrences over much of the SH. 

Cloud cover parameterizations and statistical analysis 
of cloud in-situ parameters for climate studies 

The main objectives of the present work are 1) 
to use in-situ data to parameterize the cloud cover as a 
function of cloud condensed water content and relative 
humidity, and 2) to analyze statistical characteristics 
of in-situ cloud data for modeling studies. In-situ 
data were obtained during Radiation, Aerosol, and 
Cloud Experiment (RACE), the First International 
Regional Arctic Cloud Experiment (FIRE.ACE), 
and the Alliance Icing Research Study (AIRS) field 
projects that represent warm maritime clouds, cold 
Arctic clouds, and mixed phase clouds, respectively. 
Results show that significant differences exist between 
the results from the present and earlier works related 
to cloud cover parameterizations. The difference ( 10%-
40%) is found when observed cloud cover is compared 
to the earlier parameterizations. It is also shown that 
20% ( 40%) uncertainty in the cloud cover can result in 
up to 25%( 42%) uncertainty in the conversion rate of 
cloud liquid water content to precipitation. In general, 
gamma distribution function for condensed water 
content and constant values of number concentrations 
and/or effective size have been used in earlier studies. 
The probability density functions (PDFs) of the in-situ 
parameters can be different for various cloud types. It 
is concluded that 1) a better summary of PDFs of cloud 
parameters can significantly improve our understanding 
of cloud-climate interactions, and cloud representation 
in general circulation models (GCMs) and 2) Cloud 
cover parameterizations should be improved for a 
better representation of the cloud systems in GCMs. 

U niversityofMissouri-Columbia.INTERD EC AD AL 
VARIABILITY IN THE PREDOMINANT PACIFIC 
REGION SST ANOMALIES. Previous research 
has demonstrated that Pacific Region SSTs and SST 
anomalies can be separated into seven general synoptic 
classifications ("clusters", A-G) for Pacific Region. 
Each of these clusters was shown to have a distinct 
impact on the barotropic component of the mean 
tropospheric height distributions as well. Clusters A, B, 
E, and G (C, D, and F) are shown to be representative 
of La Nina (El Nino) type SST distributions. Fmiher, 
an analysis of the SST patterns from 1955 - 1993 
demonstrated that clusters A - D (especially A and B
type) were prominent from 1955 - 1977, while types 
E and F dominated the later period. Type G clusters 
were comparatively rare, but occurred in both periods. 
In retrospect, this shift in prominent patterns during 
1977 corresponds with a change in phase of the Pacific 
Decadal Oscillation (PDO). Thus, it is suggested that in 
updating the analysis to include the 1994 to 2002 period 
will coffespond to a change in phase of the PDO during 
1999 and 2000. Initial results have shown that during this 
period, SST patterns did evolve from predominantly E 
and F-type anomalies during 1994 to A, B, and G-type 
anomalies through 2002. By June 2002, the incipient El 
Nino resulted in the transition of the SST distributions 
to a D-type pattern. Thus, these results suggest that A 
through D-type SST clusters are characteristic of the 
negative phase of the PDO, while C, E, and F type 
are more characteristic of the positive phase of the 
PDO. These results will also be extended backward 
in time in order to obtain a longer period of record. 

"'-'"'·""'·'".JU'""· WIND-DRIVEN RAIN LOSS 
ESTIMATION FOR AUTOMATED WEATHER 
STATION NETWORKS. 

Horizontal displacement of air forces raindrops to fall 
at a ce1iain degree of angle (Angle of Attack) at which 
raindrops enter the orifice of a rain gage. The angle 
of attack is measured reference to horizontal plane. 
It is directly (indirectly) prop01iional with rainfall 
intensity (wind speed). Reduced angle of attack due 
to high wind speed and/ or low rainfall intensity causes 
effective orifice opening of a rain gage, which in tum 
causes loss of rainfall that would have entered the 
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gage otherwise. It is defined as Wind Driven Rain 
(WDR) loss. WDR loss is calculated as a function of 
two readily available weather variables measured by 
an automated weather station network: wind speed 
and rainfall intensity. Preliminary results show that 
for wind speeds of 10 meters/second (22 miles/hour) 
and rainfall intensity of 2.54 mm/hr (0.1 in/hr), the 
actual amount of rainfall in the absence of the wind 
would have been 2 times the amount of rainfall that 
is measured under those environmental conditions. 
The authors are well aware that there are other factors 
affecting the performance of rain gages (tipping 
bucket, which is the most commonly used types) used 
in automated weather stations. However, the WDR 
effect imposes the greatest effect by far, especially 
during windy conditions. The WDR loss is subject not 
only to the tipping bucket types, but to all rain gage 
types that are exposed to environment without proper 
shielding for wind. We are offering a ve1y inexpensive 
alternate method to eliminate the WDR effect--to 
include an algorithm in the automated weather station's 
recording unit ( datalogger) to capture the WDR loss 
corresponding to respective environmental conditions 
in real time, and output as an additional variable. There 
will be no attempt (yet) to correct the rainfall amount 
before an extensive study to evaluate the method by 
measuring rainfall with a pair of rain gages--one with a 
proper shield, and one with a built-in WDR correction. 

*P.S. Oravetz, E. 
E. Kelsey, C. Allmeyer, Dahmer, 
S. Feather, E. Gilliland, Herndon, J. Lam, 
A. C. Podoll, S. Richmond, 

Senkpiel, Slavens, Tierney, Tilly, 
Weitlich, of Atmospheric Science, 
University of Missouri-Columbia. EVOLUTION 
OF MCS PROPAGATION CHARACTERISTICS: 
THE MID-MISSOURI FLASH FLOOD EVENT OF 
18 AUGUST 2002. 

Rain totals in excess of 4.0 inches (10 cm) fell across 
parts ofBoone County (including the City of Columbia) 
and paiis of surrounding counties in under 6 hours early 
on 18 August 2002. While impressive and sufficient to 
initiate several instances of flash flooding, what makes 
this event of particular note is the peculiar evolution in 
propagation of the parent MCS. Early on, the MCS was 
propagating foiward; within a few hours, a system of 
"training echoes" had developed over Boone County, 
behind and perpendicular to the leading convective 

line. At its peak, the radar signature of the MCS 
resembled a letter "T". The current case study focuses 
on wind profiler data and output from the Rapid Update 
Cycle to calculate Corfidi vectors, which performed 
well in depicting the propagation of the initial, 
southern line of convection. However, behind the 
initial line of convection, the Corfidi vector approach 
(using observed data only) suggested propagation 
up to 30° from reality, and did not fully anticipate a 
training event. Possible sources for error include the 
location of the profiler ("behind" the MCS) used for the 
analysis, and the likelihood of untapped, moist, low
level air over western Missouri early on 18 August. 

J.I. McCaskill. 
Research, Department of Earth 

Atmospheric Sciences, Saint Louis University. 
AMPLITUDE ORDERING IN ELECTRICAL 
ACTIVITY OF LIGHTNING STROKES AND 
FLASHES - EXAMPLES AND ANOMALIES. 

This study will investigate three component parts and 
illustrate them: I) The synoptic sequencing of intracloud 
(IC) discharges within the thunderstorm, positioned 
generally at the beginning and ending of the storm track, 
with cloud-to-ground (CG) flashes lying somewhere "in 
between". II) Amplitude ordering of the return strokes 
within multi-stroke flashes, with generally decreasing 
magnitude of charge peaks to ground following the first 
return stroke. Occasionally investigators found notable 
exceptions or violations of this general rule (1,2). We 
show specific examples. III) A significant proportion of 
the above mentioned exceptions in which subsequent 
strokes of CG flashes exceeded the amplitudes of 
their previous or initial return strokes was related to 
creation of a new channel distinct from the original, 
resulting in more than one terminal contact at ground 
(2). Later separated strokes independent of the 
original, we show may even change their orientation 
and focus by conversion to in-cloud discharges. 
(1) W.C.Geitz, 1996 (2) R.Thottappillil, et al., 1992. 
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(Collegiate) 
Section Chairwoman: D1~ Mara Aruguete, Lincoln 
University 
*Douglas, and G.J. Cwiek. of 
Geosciences, Southeast Missouri State University. 
COM- PARATIVEANALYSIS OF LANDSCAPE 
FEATURES ON EARTH AND MARS USING 
REMOTELY SENSED IMAGERY. 

Remote sensing data collected by the Mars Global 
Surveyor (MGS) and Viking Orbiter spacecraft were 
analyzed to determine to what extent Martian stream 
valleys and other landform patterns (e.g., lattice 
stmcture, polygonal ground, etc.) occur and compare 
to their Earth counterparts. MGS and its Mars Orbiter 
Camera (MOC), having a spatial resolution of 1.4m/ 
pixel, was conducive for acquiring detailed views 
of surface features while the Viking visual imaging 
subsystem (VIS), with its lower resolution of 15m/pixel, 
was useful for its extensive regional coverage and ease at 
identifying large landscape formations. These images, 
along with Landsat TM scenes and aerial photographs 
of selected sites here on Earth, were scrutinized using 
image processing techniques, such as contrast stretching 
and edge enhancement, to allow visual interpretation 
and comparisons to be made. This analysis resulted 
in the successful identification of similar features 
and processes on both planets. For example, Martian 
gullies in a crater at 42.4° S and 158.2° W appear to 
be analogous to the Nelchina River in Alaska, and 
thermokarst topography comparable to that in the 
Northwest Territories of Canada can be observed in 
Viking images oflatitude 35.67° and longitude 255.78°. 

Winemiller*, A., L. Evans, J. Oliver1
, J. Cooper, 

Department of Biology, Department of Psychology1
, 

Rockhurst University. GENDER DIFFERENCES 
IN THE SCIENCES: A SURVEY OF MISSOURI 
COLLEGES. 

Science depmiments at Missouri's four year colleges and 
universities, both public and private, were surveyed to 
determine the participation of women faculty in the various 
departments and their rank. Chi-square analyses were 
conducted to evaluate gender differences within rank by 
department. Significant gender differences were found for 
all departments (JJ. < .05), with most of the discrepancy 
occun-ing at the associate professor and full professor ranks, 
with more males than females at these ranks. Chi-square 

analyses were also conducted to evaluate gender differences 
within rank by type of school (public versus private). Gender 
difference discrepancies occun-ed beginning at the assistant 
professor level and continued through the full professor 
level for both types of schools (JJ. < .001). A comparison 
of the percentage of females in each department was 
made with data from 1991 of the percentage of doctorates 
awarded to women in each field. The percentages of women 
teaching in Psychology and the Physical Sciences were 
below the percentages of doctorates awarded in those fields. 

Section Chairman: Dr. J. Michael Jones, Culver
Stockton College 

*Ballard, S., T. Gabor. Department of Biology, 
Park University. BASELINE SURVEY OF 
NORTHERN BOBWHITE QUAIL POPULATION 
AND COMPARISON OF POPULATION INDICES. 

Northern bobwhite quail, Colinus virginianus. 
populations are regularly monitored by wildlife 
management agencies. This study evaluates three 
methods of estimating northern bobwhite quail 
populations and compares the efficiency of the methods. 
Drive counts, call counts, and line transect surveys were 
conducted over a one and a half year period on land 
managed by the Missouri Department of Conservation 
to obtain a baseline population count. Drive counts 
were conducted in two consecutive early fall seasons 
on two Missouri Department of Conservation managed 
areas, Guy B. Park, and Kendzora conservation area. 
Call counts and line transect surveys were conducted 
for two fall seasons and one spring season at Guy B. 
Park. The population of birds on the two areas differed 
with respect to each other and increased within the 
time frame of the study. Drive counts used 10 to 12 
people for 13 hours per session. Call counts used one 
person for 20 hours in spring and 20 hours in fall. 
Line transect surveys used one person for up to 3 0 
hours each fall and spring. The cost:benefit of these 
methods will be discussed with respect to management 
requirements due to man power and funding concerns. 
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FISH COMMUNITY CHANGES IN AN URBAN 
STREAM, TURKEY CREEK, SOUTHWEST 
MISSOURI 

College 

Differences in fish communities were documented in 
an urban and a rural stream in Southwest Missouri. 
Four replicate riffle/pool reaches were sampled by 
depletion seining in each watershed. A two-way Anova 
was used to test riffle/pool habitat and urban/rural site 
differences. Jaccard Similarity, Index Biotic Integrity, 
and a biotic index of our own construction were also 
used to compare communities. Nineteen species were 
collected in a rural stream, 12 in urban. Diversity 
differences for both habitat and site were significant (P 
= 0.0002). Differences were most pronounced in riffle 
habitats. Total numbers were not significantly different 
although numerical distributions among species were 
(P < 0.0001). Significant ranked biomass differences 
were detected between riffles and pools (P = 0.031 ), but 
not between urban/rural sites. Index of Biotic Integrity 
scores ranged from 39, fair, in urban stream to 48, 
good, in one rural stream. J accard and biotic indexes 
were markedly different between rnral and urban sites. 
Urban stream declines were most notable in benthic 
fishes suggesting fish community losses are due to 
decline in benthic invertebrate prey. Even so, Turkey 
Creek, properly managed, has potential to become a 
recreational and educational asset for Joplin community. 

*Stunz, Mills. of 
Biology and Science, Central Missouri State 
University. ENTRAINMENT OF METABOLIC 
RESPONSES OF LABORATORY RATS BY LIGHT 
CYCLE CHANGES. 

Metabolic responses in every organism are affected 
by enviromnental factors. The most evident 
enviromnental factors are temperature and light; both 
easily manipulated within a laboratory. The focus for 
this study was on how the period of ce1iain metabolic 
responses are driven (entrained) by exogenous forcing 
light cycles. These kinds of studies are relevant 
because light cycle changes affect humankind regularly 
and naturally such as changes due to daylight savings 
time; seasonal changes of the sunrise and sunset; and 

jet lag when traveling. This study used three light cycle 
changes: one hour ahead, two hours behind, and six 
hours ahead compared to the rat's nonnal rhythm. These 
light cycles were for 12 hours on and 12 hours off. Body 
temperature and activity levels were collected at five
minute intervals continuously for 24 hours a day, seven 
days a week. Typical examples of time-series analysis 
of body temperature and activity support evidence of 
daily rhythms, approximately 24 hour periods. The 
actogram representations of activity visibly show the 
shift in activity levels after the light cycle changes. 
Cosinor analysis plots derived from 90 minute averages 
showed a shift in peak body temperature and activity. 
Peak body temperature and activity was near midnight 
and shifted slightly in accordance to light cycle changes. 

Turner, Department of Biology, Central 
Methodist College. DIVERSITY OF SOIL 
ARTHROPODS UNDER MISSOURI NATIVE 
GRASSLAND VESRUS FESCUE FIELDS. 

I conducted this study to obtain basic information 
about the abundance and diversity of meso-fauna in the 
organic litter layer of both native grass and Kentucky-
31 fescue covered fields in Cedar County MO. I 
selected six native grass and six Kentucky-31 fescue 
fields, taking samples 18cm in diameter at a depth of 
5 cm, placing them in foil and plastic for transp01i. 
Arthropods and other fauna were extracted using 
the berlese funnel technique. Samples were heated 
from ambient temperature to 35° C. The specimens 
were collected into alcohol and examined in order 
to determine taxonomic diversity and abundance, to 
note any differences that exist between the two ground 
covers relating to the small but vital organisms that 
live just below the cover's surface. Samples taken 
in 11 /02 and 1/03 show similar diversity of expected 
insect orders. Native grass covered fields showed 
a somewhat greater abundance of Acarina at both 
sample times. Another sample set will be taken 3/03. 
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GCN5-LIKE EXPRESSED IN DEVELOPMENT OF 
ZEB RAFI SH 

Histone acetyltransferase enzymes (HATs) paiiicipate 
in the regulation of gene expression. The acetylation 
mechanism modifies chromatin, which activates the 
expression of genes. To determine if and when a HAT 
gene was expressed, RNA was extractedfromDaniorerio 
(zebra-fish) embryos at several stages of development. 
DNA primers designed from known zebra-fish 
expressed sequence tags, which share homology with 
the Human nuclear HAT GCN5, were used to perf01m 
reverse transcriptase polymerase chain reactions (RT
PCR). GCN5 was found to be present at each stage 
of embryo development. Knowledge that the GCN5 
HAT was expressed will allow further investigation 
of its role in zebrafish embryo developmentz. 

Dara J Watkins* and Jeffrey L. Price, University of Missouri 
- Kansas City, School of Biological Sciences, Kansas City, MO 
64110.ANALYSIS OF THE ROLE OF THE DOUBLETIME 
PROTEIN KINASE TERMINAL DOMAIN IN THE 
CIRCADIAN RHYTHMS OF DROSOPHILA. 

Circadian rhythms are produced by the oscillations of clock genes 
that are synchronized to environmental cues but continue to cycle 
in the absence of environmental cues. The feedback loops of the 
per and tim proteins (PER and TIM) are central to the oscillations 
of Drosophila clock genes. During the night, the accumulation of 
PER and TIM proteins triggers their phosphorylation, dimerization, 
and entrance into the nucleus. where they negatively regulate the 
transcription of their own mRNA. The per and tim mRNA levels 
peak dramatically (approx. 11 hours) prior to the peak of PER and 
TIM protein. This delay in PER/TIM protein accumulation and the 
resulting negative feedback allows their mRNAs to reach a peak 
before they are repressed, thereby generating molecular oscillations. 
The delay in PER production is created by the doubletime (DBT) 
casein kinase I - like protein, which triggers phosphmylation of 
PER and degradation of of PER until an association with TIM 
stabilizes PER. We are investigating whether and how the kinase 
activity of DBT is regulated. Evidence has been presented that the 
c terminus region of ve1iebrate eras regulates their kinase activity. 
This regulation may result from the binding of regulatmy factors 
to the C terminus. Over expression of the C terminus of DBT 
would compete for binding of these factors and thereby affect PER 
degradation and ultimately Drosophila circadian rhythms. To test 
the hypothesis, the C terminus region of DBT has been linked to 
promoters that are continuously active in Drosophila or regulated 
in a tissue specific or temporal mam1er. In addition, MYC and HA 
epitopes have been added to allow detection of the C tenninus by 
irnmunoprecipitation and immunoblot analysis. These C terminal 
peptides will be overexpressed with PER and full length DBT 
to analyze effects on PER degradation and circadian rhythms. 

,,...,,.,,,,..,..,,...,,,,11-.. , EXPRESSION 

OF P300/CBP DURING EMBRYOGENIES IN 
DANIORERIO 

p300/CBP is a transcriptional coactivator that has been 
shown to play an important role in cell cycle control, 
differentiation, embryogenesis and apoptosis. p300/ 
CBP has also been associated with certain types of 
cancer. Dania rerio has emerged as a model organism 
for geneticists because of their affordability and low 
maintenance. In this study a gene homologous to 
human p300/CBP was expressed in Dania rerio at 
1,12, 24, 48 hour time points during development. RT
PCR was used to determine gene expression and was 
optimized for conditions used. Currently we are cloning 
this p300/CBP-like gene for use in in situ hybridization 
studies. Future plans are to complete steps for in situ 
hybridization to dete1mine where the p300/CBP-like 
gene is expressed in the developing embryo and to 
dete1mine the effect of knocking out the p300/CBP gene. 

Section Chairwoman: D1~ Anna Olle1~ Central Mis
souri State University 
*Alford, A.L. and S.H. Mills. Department of 
Biology, Central Missouri State University. 
METABOLIC RESPONSES, PHYSIOLOGICAL 
VARIATION, AND AGE MEASURES IN TWO 
POPULATIONS OF EASTERN CHIPMUNKS. 

Groups of eastern chipmunks (T striatus) from Missouri and 
North Dakota were captured, monitored in the laboratmy 
for physiological differences, and subjected to two rates 
of cooling in a metabolic chamber. Metabolic responses to 
both rates of cooling were compared within and between 
groups from each locality. Subjects from different localities 
had significantly different (p < 0.05) levels of oxygen 
consumption. Use of physical activity to defend body 
temperature during cooling was also significantly different 
between groups (p < 0.05), and coincided with previous 
work in this lab involving Spermophilus. Physiological 
variation among chipmunks was represented in both the rates 
of food consumption and change in body weight over the 
monitoring period. Attempts were also made to examine age 
of the subjects using both the premolar gap (PMG) and diy 
eye lens weight techniques. Age estimates were not found to 
have a significant affect on metabolic responses. Differences 
in metabolic responses and those observed during laboratmy 
monitoring may indicate that populations raised at different 
locations along a latitudinal gradient exhibit distinct 



MISSOURI ACADEMY OF SCIENCE 8 DIVISONS 72 
physiological parameters specific to their location. 

Ash, L. Dobens. University of 
Missouri-Kansas "REGULATION OF A 
NOTCH-DEPENDENT CELL COUNDARY IN 
DROSOPHILA." 

The bunched (bun) gene in Drosophila is required 
for several developmental events such as follicle cell 
patterning during oogenesis and peripheral nerve system 
formation during embryo genesis. Bun is a homologue 
ofTSC-22, which is a transcription factor in ve1iebrates, 
and shares a conserved DNA-binding and leucine 
zipper domain. It is known that bun represses Notch 
activation and expression of the mirror gene creating 
a cell fate boundary in the follicle cell epithelium. 
Three different isoforms of the bun gene encode proteins 
homologous to three unique members of the TSC-22 
gene family. One of the three bun isoforms appears to 
be a dominant negative. This suggests a conserved and 
intricate level of cross talk between these genes that we 
have linked to Notch signaling. Dominant negative 
TSC-22 designed for retaining DNA binding activity 
but lacking trans-activation function increases cell 
proliferation in mouse cell culture. Knowing the close 
relationship between TSC-22 and bun, we have built a 
dominant negative version of bun which we will test in 
fly cell culture and in vivo with dominant negative bun. 
To test if bun regulates Notch signaling at other stages 
of development, we examined the requirement for bun 
function in patterning the eye imaginal disk including 
the ommatidial eye and head capsule. In the head 
capsule, Notch signaling is responsible for determining 
cell differentiation between tactile bristle cells and 
neural cells. In the eye, Notch signaling is required 
to determine the lattice cell structure of the eye. We 
produced clones of bun mutant cells in the eye using 
the eye-FLP driver and examined bristle phenotypes 
and expression of the mirror reporter gene. In the 
head capsule bun mutant cell clones showed bristle 
duplications that are notch phenotypes indicating that 
bun plays a regulatory role in notch signaling in the 
head capsule of flies. In the eye, we made clones of 
bunched mutant cells and observed misexpression 
of mirror (mirr) indicating a reciprocal relationship 
with bunched. These data indicate a requirement for 
bun expression in several developmental processes 
regulated by Notch signaling including at cell fate 
boundaries. Future work will pursue the issue of bun 
regulation of Notch target genes in developing bristles. 

*Keller, Snell. Department of 
Biology, Central Missouri State University. 
EFFECT OF BARK pH ON THE OCCURRENCE 
ANDABUNDANCEOFTREECANOPY 
MYXOMYCETES IN THE GREAT SMOKY 
MOUNTAINS NATIONAL PARK. 

Tree canopy myxomycetes of the Great Smoky 
Mountains National Park were studied in relation to 
their association with certain tree species and bark 
pH. Using the double rope climbing method, bark 
was collected at three-meter increments to the tops 
of five different tree species and cultured using the 
moist chamber technique. The bark of 25 trees was 
cultured for 4 weeks resulting in 418 cultures. Bark 
factors including tree species, pH, height in tree and 
water holding capacity were analyzed as to their 
relationship to the myxomycete assemblages cultured 
in moist chambers. Results suggest that myxomycete 
community composition among selected tree species 
is similar, but occurrence and abundance of certain 
species are related to differences in bark pH. Trees with 
the most similar myxomycete communities also have 
the most similar bark pH. Most common myxomycete 
species in this study show a pH preference. This is the 
first study to characterize myxomycete communities of 
tree canopies. Ninety-five myxomycete species were 
identified, including 52 species not previously known 
to occur in the park. A new species of Diachea was 
restricted to heights above 6 meters. This is the first upper 
tree canopy species documented for the Myxomycetes. 
Funded by the National Science Foundation, Division 
of Enviromnental Biology, Biotic Surveys and 
Inventories Program, Award DEB-0079058 and 
Discover Life inAmericaAwards 2001-26 and 2002-17. 
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*Lange, M.J. and A. R. Oller. Department of 
Biology and Earth Science, Central Missouri State 
University. MOLECULAR ANALYSIS OF METAL 
AND ULTRAVIOLET LIGHT MUTAGENESIS IN 
MICROCOCCUS AND STREPTOCOCCUS. 

The gram positive bacteria Streptococcus and Micrococcus 
species are resistant to UV light, which has been previously 
described. Molecular analysis of combinational effects of 
compounds such as osmium chloride, manganese sulfate, 
and 1-methyl-3-nitro-1-nitrosoguanidine with UV exposure 
on cell properties has not been documented. Our laboratory 
research demonstrated Streptococcus mutations in colony 
size with increases of up to 3 times the normal size when 
exposed to various concentrations of metals. Micrococcus 
pigmentation also changed significantly to become either 
light yellow or orange, depending on the compound 
concentration. We analyzed molecular point mutations 
through Random Amplified Polymorphic DNA (RAPD) 
primers. Published DNA sequences of three genes specific 
for cell components were used to design appropriate primers. 
The gene 1nur M encodes enzymes for cell wall muropeptides, 
and was chosen because Streptococcus mutants exhibited a 
sticky cell surface in addition to size variation. The gene 
Rx 1 encodes for DNA repair of damage caused by agents 
other than UV, and may ultimately be responsible for many 
of the cellular results observed. The gene glpD encodes 
for expression of colony opacity, which was observed in 
Streptococcus mutants. Polymerase Chain Reaction (PCR) 
utilizing the RAPD primers and specific gene primers 
was perfom1ed on 13 Streptococcus and 11 Micrococcus 
mutants. Gel electrophoresis demonstrated mutations 
between the original strains and the chemical mutants. 

~~Lawrence, 

of JLDA<cYAV,;;. 

EVOLUTION OF COLOR COMMUNICATION IN 
PERCID FISHES. 

Color plays an important role in communicating 
male aggression and in comiship behavior in daiiers. 
However, the evolutionaiy sequence of color vision and 
body colors is unknown. We examined the phylogenetic 
distribution of retinal structure and body color among 
twenty-four North American percid species and two 
European species in order to test the prediction that 
visual acuity evolved before body color. Bright body 
coloration is restricted to species of Etheostoma and is 
absent in Percina, Crystallaria, Zingel, Romanichthys 
and the larger percids (Stizostedion and Perea). Rates 
of neural summation indicative of a high degree of 
visual acuity, characteristic of a visual system with 
the ability to detect color, are seen in both colorful 

and monochromatic species of Etheostoma (mean=2: 
1) and Percina (mean=3: 1 ). Summation rates are 
highest in Stizostedion (mean=22:1) and Perea (8: 
1) and are typical of retinae specialized for low 
ambient light levels. Zingel and Romanichthys exhibit 
retinal structures intermediate between darters and 
Stizostedion, despite their darter-like morphology. 
Phylogenetic distribution of retinal morphologies, 
habitat affinities, and color communication among 
percids suggests that color vision played a role 
in the evolution of bright body colors in percids. 

11£'111!, <111••1rm <'.U1111'" of 

Biology, State University. TEST 
OF THE "ESCAPE FROM LIGHT" HYPOTHESIS 
AT DIFFERENT GROWTH PHASES OF 
Chlamydomonas reinhardtii. 

The "escape from light hypothesis" suggests that 
organisms use circadian clocks to regulate cellular 
activities so that activities sensitive to ultraviolet (UV) 
light occur in the night to avoid damage from the sun. 
We measured survival of Chlamydomonas reinhardtii 
cells after exposure to UV at different phases of growth: 
exponential and saturation phases. Cell cultures were 
grown on light/dark cycles of 12 hours oflight followed 
by 12 hours of darkness. At four-hour intervals starting 
from the time lights turned on, cells were tested for its 
ability to survive UV exposure. During the exponential 
growth phase, cells tested at four hours after lights 
on had the highest survival (116% ± 17.1, mean±SD, 
N=3). Cells tested at the time the lights tum off had the 
lowest survival (55% ± 4.0, mean±SD, N=3). During 
the saturation growth phase, there was no difference in 
cell survival during the middle of the day versus the 
night. These results suggest that C. reinhardtii uses a 
circadian clock to protect sensitive cellular processes, 
which occur during the night, but that C. reinhardtii 
may not engage its circadian clock to avoid UV 
damages after the cell culture reaches stationary phase. 
This work is supported by a grant from the Laura 
Nahm Fund and Willard North Graduate Research 
Award to H. YL. and a University Research Award 
to S.S.N. from Central Missouri State University. 
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COMPUTER SIMULATIONS OF THE HEART AND 
CIRCULATORY SYSTEM. 

Complex computer simulations of the Circulatory 
system have long been used in scientific research 
and Medical School instruction. With the use of 
the simulation software STELLA, relatively simple 
computer models can be made that demonstrate 
complex interrelationships within the circulatory 
system. Students can see such things as the role 
of the kidneys in some forms of hypertension, the 
imp01iance of increased contractibility of the heaii 
when distended, and the importance of venous return 
in the control of the circulation. Such a model can 
also generally predict the consequences of a variety 
of circulatory disorders. Weakening of the heart, heart 
impulse conduction and valve problems, and hardening 
of the arteries are just a few of the issues that can 
be studied with such a model. Our experience with 
STELLA proves it to be a valuable tool in research and 
education. This work was supported in part by the United 
States Department of Education grant# P342A990411. 

EVIDENCE FOR A NEW DARTER IN THE 
MISSOURI OZARKS. 

Three subspecies of Etheostoma flabellare are 
recognized in Missouri: the nominate forn1 occurs in 
the Black and Current river systems, an undescribed 
fonn is found in the White River system, and 
E.f. lineolatum occurs throughout the rest of the 
state. Relationships among these taxa are not well 
understood, nor is it clear whether populations in the 
Black and Current river systems are referable to E.f. 
flabellare east of the Mississippi River. I inferred the 
phylogenetic relationships among Ozarkian fantail 
darters from mitochondrial cytochrome b sequence 
divergences. Sequences representing E.f. flabellare 
east of the Mississippi River form a monophyletic 
group with sequences representing E.f. lineolatum 
from Missouri. Sequences from the Black, Cutrent, 
and White river systems are not closely related to any 
sequences found in Missouri and form a monophyletic 
group with a taxon occun-ing on the Atlantic slope, 
E.f. humerale. Phylogenetic relationships among 
Ozarkian fantail darters suggest that populations 

in the Black and Current river systems are not E.f. 
flabellare and are referable to the undescribed form 
in the White River system. The White River forn1 
should be recognized as Etheostoma sp. cf. flabellare, 
pending further investigation of its taxonomic identity. 

BIODIVERSITY IN BIG OAK TREE STATE PARK, 
MISSOURI: PRELIMINARY RESULTS. 

The biodiversity of insects captured in canopy traps at 
Big Oak Tree State Park, Mississippi County, Missouri 
is analyzed with respect to tree species and trap height. 
Four Sante Fe canopy traps, two with top collectors, and 
two with top and bottom collectors, were hung by ropes 
at heights from 13 t~ 20 m in 9 species of trees from 6 
to 21 July 2002. Tree species consisted of persimmon 
(Diospyros virginiana L.), American elm (Ulmus 
americana L.), bald cypress (Taxodium dis ti chum (L.) 
Rich.), pumpkin ash (Fraxinus tomentosa Michx. £), 
green ash (Fraxinus pennsylvanica Marsh), sweetgum 
(Liquidambar styracifiua L.), shellbark hickory (Carya 
laciniosa (Michx. f.) Loud.), swamp chestnut oak 
(Quercus michauxii Nutt.), and eastern cottonwood 
(Populus deltoides Bartr.). Each trap was hung in a tree 
for five days after which the trap was lowered to the 
ground and the collecting bottles emptied. Traps were 
then moved to different trees and the bottles refilled 
with 70% isopropyl alcohol. A total of 3,365 specimens 
in 13 orders was collected. Hemiptera (s. !. ) accounted 
for 59%, Diptera 19%, and Coleoptera 7% of the total 
specimens collected. The remaining 15% of specimens 
were in the orders Hymenoptera, Lepidoptera, 
Trichoptera, Orthoptera, N europtera, Thysanoptera, 
Ephemeroptera, Collembola, Odonata, and Mantodea. 
Additional information on correlates between order and 
family and tree species and trap height are provided. 
This project was funded by the Missouri Department 
of Natural Resources, Division of State Parks. 
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Section Chairwoman: D1~ Colette M Witkowski, 
Southwest Missouri State University 

performing experiments to test the surface expression 
levels of the altered receptors. We are also beginning 
experiments to determine the effects of the site-specific 
mutations on the function of the P2Y 

2 
receptor. 

REGULATION OF P2Y
2 

NUCLEOTIDE 
RECEPTOR DESENSITIZATION. 

ANALYSIS OF THE DISTRIBUTION 
OFppat-3::GFP FUSION PROTEIN IN 
CAENORHABDITIS ELEGANS COLLAGEN IV 

P2Y
2 

nucleotide receptors are members of the G MUTANTS. 
protein-coupled receptor (GPCR) family. Activation 
of the P2Y

2 
receptor with ATP or UTP increases 

intracellular calcium and, in epithelial cells, opens 
calcium-dependent chloride channels. This latter 
effect may potentially alleviate the defective chloride 
secretion manifested in patients with cystic fibrosis 
(CF). UTP therapy provides temporary relief from the 
symptoms of CF because the P2Y

2 
receptor undergoes 

a process called desensitization. Desensitization 
results from prolonged exposure to the agonist, and 
prevents further addition of agonist from activating 
the P2Y

2 
receptor. We are studying four proteins that 

are thought to be involved in different aspects of the 
P2Y

2 
receptor desensitization process. The proteins 

are, G protein-coupled receptor kinase 2, arrestins 2 
and 3, and dynamin. We have transfected dominant 
negative mutant cDNAs and antisense oligonucleotides 
directed against each of these proteins into P2Y

2 

receptor expressing cells. We are also studying the 
effect of these reagents on P2Y

2 
receptor-mediated 

mitogen-activated protein kinase (MAPK) activation. 

SITE-DIRECTED MUTAGENESIS OF THE P2Y
2 

NUCLEOTIDE RECEPTOR. 
G protein-coupled receptors (GPCRs) are a super
family of proteins that are characterized by their 
7-transmembrane spanning domains. GPCRs are 
involved in a number of cellular signal transduction 
pathways. P2Y

2 
receptors are GPCRs that are activated 

equipotently and equiefficaciously by the agonists ATP 
and UTP. The focus of our research is to examine the 
effects of five specific amino acid changes at various 
locations of the recombinant P2Y

2 
receptor. We 

utilized enzymatic-inverse polymerase chain reaction 
to create each mutation in the P2Y 

2 
receptor cDNA. 

The mutations have been verified via DNA sequencing 
and the recombinant receptors are expressed in the 
1321N1J astrocytoma cell line. Presently, we are 

To transmit the muscle contractions evenly over the 
cuticle for movement, the body wall muscle cells need 
to be anchored to the hypodermis through the basement 
membrane dependant adhesions involving ppat-3 
integrin. Collagen IV (emb-9) mutant embryos an-est 
at the 3-fold stage of embryogenesis due to muscle 
detachments. To better understand the early sarcomere 
organization events in live collagen IV mutants, an extra 
chromosomal array (Ex) containing a functional ppat-3: 
: GFP fusion protein will be mated into the collagen IV 
mutant background. Genetic crosses between CHl 1 79 
(emb-9 heterozygotes) and RW3633 (ppat-3 mutants 
rescued with the ppat-3::GFP construct) were canied 
out to establish new transgenic strains. Initial crosses 
resulted in animals carrying two embryonic lethal 
alleles in the genetic background. To remove the ppat-
3 mutant alleles, a strain with the extrachromosomal 
array in wild type background has been constructed 
which will be crossed with CHl 179 to establish the 
potential CHll 79 transgenic strains with the ppat-3:: 
GFP construct. The distribution of structural proteins in 
body wall muscle cells including integins, perlecan, and 
M-lines will be assessed in the transgenic strains using 
epiflourescence and immunohistochemical analysis. 

JUl'Jl'll.JIJLllJl''-'"Jl~aJL Sciences, Southwest 
DISTRIBUTION OF AJM-

1: :GFP IN COLLAGEN IV NULL MUTANT 
CAENORHABDITIS ELEGANS EMBRYOS. 
Collagen IV is an impo1iant structural molecule as it 
fonns the basic three-dimensional network of all basal 
laminae. In Caenorhabiditis elegans, the predominant 
form of collagen IV is a heterotrimer consisting of an (a 
1 )

2 
a 2 composition. The C. elegans epidem1is shares a 

basal lamina with the body wall muscle cells. Adherens 
junction molecule (AJM-1) is an important structural 
adhesion molecule located in the apical junctions of 



MISSOURI ACADEMY OF SCIENCE ft DIVISONS 76 
adjacent epidermal cells and is involved in embryonic 
elongation. Genetic analysis of MZ 1 and MZ2, two 
transgenic strains of genotype unc36emb9(g23cg56)/ 
qcl;Ex ajm-l::gfp, allow analysis of ajm-l::gfp 
introduced into the collagen IV mutant background. 
Worms were grown on NGM plates seeded with E. coli 
OP50 at 20°C during analysis. Null mutants for collagen 
IV demonstrated embryonic lethality in 22-28.5% of 
eggs analyzed. Using fluorescence microscopy and 
Nomarski optics, the localization ofAJM-1: :GFPwill be 
characterized in wild type and mutant embryos during 
elongation. The effects of the collagen IV deficient 
basal lamina on the epidermis during elongation and 
the period when degeneration occurs will be studied. 

*1Stuart, P.S. Sexton2
, Cox\ 

Uray2 and L.C. Towns2
• 

1Department of 
Microbiology/Immunology and 2Department 
of Anatomy, Kirksville College of Osteopathic 
Medicine. MONOCLONAL ANTIBODIES 
TO THE BULLFROG OPTIC TECTUM AND 
CEREBELLUM. 
Amphibians are often used in studies of developmental 
plasticity, but such studies can be hindered by the lack 
of cross-reactivity for amphibian antigens displayed by 
antibodies generated to other taxa. In this study, we 
generated a panel of monoclonal antibodies (MABs) to 
brain antigens of the bullfrog, Rana catesbeiana, for use 
in examining cerebellar and visual system development 
in the amphibian model. The most interesting antibody, 
MAB 1H12, reacted in tissue sections with an antigen 
abundant in the zone of the optic tectum known to 
receive ingrowing optic fibers. Fmiher biochemical and 
immunological analyses demonstrated that the antigen 
recognized by MAB 1H12 is similar or identical to the 
HNK-1 carbohydrate epitope of neural cell adhesion 
molecule. Given the importance of HNK-1 in visual 
system development in other animals, we believe that 
MAB 1H12 will be useful for tracking visual system 
plasticity in the bullfrog. Supported by NIH/NIAAA 
AA07537 and the KCOM Warner/Fennaturo Fund. 

Section Chairman: Dr. Mel Mosher, Missouri Southern 
State College 
*Carter, K.N., M.E. Suffern, J.D. Bisges, N.J. 
Green, and A. T. Pawling. Division of Science, 
Truman State University. THE PHYSICAL 
CHEMICAL PRINCIPLE OF MASS ACTION AND 
EPIDEMIOLOGICAL MODELING: A CONCISE 
SURVEY AND EVALUATION. 
Fears of bioterrorism have added a new chapter in 
the science and ethics of vaccination policy. Crucial 
arguments hinge on the concept of herd immunity, given 
a theoretical foundation inl 906 by Hamer in a form later 
recognized as analogous to the chemical principle of 
mass action. Though providing insight, models based 
on uniform populations with homogeneous mixing can 
result in erroneous threshold estimates. Indicative of 
how herd immunity might be currently understood 
by practicing physicians, a "science c01mnentary" in 
British Medical Journal uses expressions such as "100% 
protection" --oversimplified in light of modern multi
compartment models with non-uniform transmission 
parameters. Subpopulations with higher proportions 
of susceptibles can allow epidemics to spread even 
if the overall prop01iion of susceptibles is below the 
calculated epidemic threshold. Happily, the high 
case-to-infection ratio, ease of differential diagnosis, 
and relatively low R

0 
for variola (smallpox) help 

make ring vaccination far more effective than for, say, 
pertussis, thus reducing dependence on herd immunity 
for control--a fact that has taken on new importance 
since P.E.M. Fine noted it in his review a decade 
ago. As J.S. Koopman affirms, both compartmental 
and discrete models prove useful. However, neither 
deserves the uncritical acceptance accorded the 
principle of mass action in its chemical context. 

Manuel, 0. and Katragada, A. Chemistry 
Computer Engineering, University of Missouri
Rolla. THE SUN'S ORIGIN, COMPOSITION, AND 
SOURCE OF ENERGY. 
Decay products of short-lived nuclides and linked 
elemental and isotopic variations in meteorites 
indicate that a supernova exploded 5 Gy ago [1], the 
Sun formed on its neutron-rich core, and its debris 
formed the planetary system [2]. Light (L) elements 
and isotopes are enriched at the solar surface relative 
to heavy (H) ones by a common mass-fractionation 
(f) [3], where f = (H/L)4

·
56

• Solar flares bring heavier 
elements and isotopes to the surface [ 4]. Beneath 
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its H-veneer, the Sun consists mostly of the same 
elements that comprise 99% of ordinary meteorites: 
Fe, Ni, 0, Si, S, Mg, Ca [5]. Nuclear systematics 
[ 6] reveal an instability in assemblages of neutrons 
toward neutron emission. Neutron-emission from 
the collapsed SN core in the Sun initiates a series 
of reactions that generate luminosity, neutrinos, 
and an outpouring of H+ ions in the solar wind [7]. 
References: 
1. www.mm.edu/,__,om/fgl.pdf or /fgl.html 
2. www.umr.edu/,__,om/fg2.pdf or /fg2.html 
3. www.umr.edu/,__,om/fg3 .pdf or /fg3 .html 
4. www.umr.edu/,__,om/fg4.pdf or /fg4.html 
5. www.umr.edu/~om/fg5 .pdf or /fg5 .html 
6. www.umr.edu/~om/fg6.pdf or /fg6.html 
7. www.mm.edu/~om/fg7 .pdf or /fg7 .html 

Fowler, Rosemary and *Amber Rosenberg. 
Department of Chemistry, Cottey College. 
DISPLACEMENT OF HALIDE FROM N
SUBSTITUTED TETRAHALOPHTHALIMIDES BY 
METHOXIDE ION. 
Initial investigations into the nucleophilic displacement 
of one or more halogens from N-phenyl-3, 4, 5, 6-
tetrabromophthalimide (I) and N-phenyl-3, 4, 5, 6-
tetrafluorophthalimide (II) with methoxide ion will 
be discussed. Typically, halides are not subject to 
nucleophilic displacement from benzene rings under 
normal reaction conditions. However, successful 
nucleophilic displacement of halide by methoxide ion 
occurs for N-substituted 3-halophalimides and has 
been rep01ied by Fowler and Caswell. In our study 
of the reactions of the tetrabromo compound (I) and 
the tetrafluoro compound (II) toward methoxide ion 
different reactivities for the two compounds have 
been established. Futhermore, the nucleophile, 
methoxide, displaced all four fluoro groups from N
phenyl-3 ,4,5 ,6-tetrafluoro-phthalimide (II) to form 
N-phenyl-3,4,5,6-tetramethoxyphthalimide (III). The 
strncture ofN-phenyl-3,4,5,6-tetramethoxyphthalimide 
(III) has been confirmed by spectroscopic analysis. 

Wixom, and Gehrke, of 
Biochemistry, University of Missouri-Columbia, 
Columbia, CONTRIBUTIONS OF 
CHROMATOGRAPHY - PHYSICAL SCIENCES 
AND LIFE SCIENCES. 
The history of Chromatography includes brilliant 
discoveries, new seminar concepts, paradigm shifts 
and many contributions to other science areas. 
Chromatography began in 1903 with an investigation 
of chlorophyll by Michael Tswett, a Russian botanist. 
From 1912 to 1950s, chromatography contributed to 
research areas of natural products, organic chemistry, 
analytical chemistry and biochemistry. With the 
development of gas chromatography (GC) in 1950s 
and high perfonnance liquid chromatography (HPLC) 
in the 1960s, the separations became more selective, 
precise and accurate. Column pressures increased, 
leading to faster flow rates, shorter analysis time and 
analytical separations of macromolecules. The past 
four decades were highlighted by the discoveries of 125 
Chromatography Awardees in Chapter 5 of our book 
"Chromatography-A Century ofDiscovery ( 1900-2000 ), 
The Bridge to the Sciences and Technology", 1100 
pp., Elsevier Science Publishing 2001. Over the past 
decade, chromatography has advanced Genomics, 
Proteomics and Metabolomics , which in tum has 
elevated Bioinfonnatics and Systems Biology, all of 
which is necessary for integrated life science research. 

Section Chairman: D1~ David R. Naugler, Southeast 
Missouri State University 
*Naugler, D.R., Department of Computer Science, 
Southeast Missouri State University. THE USUAL 
SUSPECTS: THE BUILTIN FUNCTIONS OF 
PROGRAMMING LANGUAGES. 
From the first FORTRAN version, programming 
languages have included some builtin or standard 
functions. Almost all languages have a core collection 
of these functions. Why are the same functions 
included in languages of very different design and 
application area? The core functions and their 
syntactically sugared variants are examined, and their 
history and importance are explained. Implementations 
of these functions are examined with the the core 
mathematical concepts and techniques behind them in 
mind. These concepts provide a guide for determining 
some ot the essential mathematics a computer science 
student should master. Both the core mathmatical 
concepts and some implementation should be part 
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of the education of computer science students. 

USING FORMAL CONCEPT ANALYSIS IN 
INFORMATION RETRIEVAL. 
Fonnal concept analysis (FCA) is a relatively new field 
that emerged when a group of researchers at Darmstadt, 
Germany, was trying to develop applications for lattice 
theory. It deals mainly with a formal definition of what 
is meant by a concept in a given context. An example 
of a context is a set of library documents and the tenns 

incorrect. Substitution method is a difficult algorithm 
analysis technique for students to master. Unmentioned 
mistakes or misleading information in a textbook would 
further hinder students' understanding on this topic. In 
this paper, we pointed out some misleading or incorrect 
examples and discussions appeared in the textbook. We 
also discussed the way we revise those discussions. 

Section Chairman: D1~ Cary D. Chevalie1~ Missouri 
Western State College 

in these documents. A formal concept in this context 2 

is any pair (A, B), where A is a set of documents, 

Ashley 1
, 

College, A-"..., .... ""'. 

Wildlife Service, 
B is a set of te1ms, every document in A has all the 
terms in B, and every term in B is possessed by all 
the documents in A. Using the framework of FCA, 
concepts can be structured in a fom1 of a lattice called 
the concept lattice. The concept lattice is a useful tool 
for knowledge representation and acquisition. FCA 
has also been applied successfully in many fields, 
including data mining, information retrieval, software 
engineering, database systems, conceptual modeling, 
chemistry, and psychology. In this presentation, I will 
show how FCA can be used in the area of information 
retrieval. This involves the case where the set of 
terms involved in a user's query do not form a formal 
concept. I will show how concept approximation can be 
used to find a formal concept that satisfies such query. 
The techniques I will show can be easily adopted 
and used in upper-level undergraduate and low level 
graduate students in an information retrieval course. 

Science, 
University. ABOUT 

THE SUBSTITUTION METHOD FOR SOLVING 
RECURRENCES. 
Algorithm analysis technique is an impo1iant subject 
covered in computer science curriculum in many 
universities. Introduction to algorithms, Second 
Ed. by Thomas H. Connen, Charles E. Leiserson, 
Ronald L. Rivest and Clifford Stein, McGraw Hill, 
2001, is a widely used textbook for this subject by 
various colleges and universities. In this book, the 
authors discussed a substitution method for solving 
recurrences that represent the numing times derived 
from recursive algorithms. The theoretical backbone 
of the substitution method is the mathematic induction. 
However, from place to place, the authors did not 
demonstrate the usage of the induction procedure 
correctly. Strictly speaking, some examples are even 

Creek National Wildlife THE 
OCCURRENCE AND MORPHOLOGICAL 
DESCRIPTION OF HEMOGREGARINES IN 
SEVEN SPECIES OF SNAKES FROM SQUAW 
CREEK NATIONAL WILDLIFE REFUGE. 
Hemogregarines are the most common type of blood 
parasite found infecting snakes but no research has been 
conducted involving hemogregarine activity in snakes 
of no1ihwest Missouri. Blood samples were obtained 
from seven snake species ( Coluber constrict01~ Elaphe 
vulpine vulpine) Nerodia sipedon sipedon, Regina 
grahamii, Sistrurus catenatus catenatus, Thaninophis 
radix and Thamnophis sirtalis parietalis) from Squaw 
Creek National Wildlife Refuge located in northwest 
Missouri. Giemsa-stained thin blood smears from 26 
different snakes were examined for intrae1ythrocytic 
gametocytes. Hemogregarines were found in 11 
(42%) of the snakes examined. Individuals from 
three species of snakes were infected. Three ( 60%) of 
five S. catentatus, three (75%) of four N. s. sipedon, 
and five (50%) of ten T.s.parietalis harbored blood 
protozoan infections. Infected red blood cells were 
larger than uninfected blood cells in N. sipedon and T. 
parietalis but not different in S. catenatus (Independent 
Samples T-test, p=0.05). Hemogregarine identification 
requires accurate analysis of morphological changes 
of the parasite within an invertebrate vector. 
Therefore, further research incorporating invertebrate 
vectors will need to be completed in order to 
successfully identify the hemogregarines discovered. 
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BURROW METRICS AND SPATIAL ANALYSIS OF 
BURROWS ASSOCIATED WITH BURROWING 
CRAYFISH ON NATIVE TALLGRASS PRAIRIES 
IN NORTHWEST MISSOURI. 
Eastern massauga rattlesnakes (Sistrurns catentatus 
catenatus ), a state endangered species and federal 
candidate species, utilize crayfish burrows as 
hibemacula. Rattlesnake populations at Squaw Creek 
National Wildlife Refuge (SCNWR) do not appear to 
be evenly distributed across the available mesic and 
wet prairie habitat during spring emergence suggesting 
that bmTow density and distribution may play a factor 
in snake distribution. In order to begin understanding 
the imp01iance of bunow distribution and density, 
relative to snake distribution, we investigated the geo
spatial distribution of crayfish bunows at five different 
locations on SCNWR. These locations represent areas 
lmown to be utilized as hibemacula by snakes. Five 
replicate circular plots (5m dia.) were established at 
each of the 5 locations. We attempted to locate and map 
bunow distribution using OPS technology. In addition, 
we recorded burrow metrics (entrance diameter and 
height). Mean entrance diameter was 3.33 cm (sd = 
0.96) and mean bunow height was 0.4cm (sd = 1.76). 
We found no statistical differences in entrance diameter 
among burrows from four locations but entrance 
diameter of bunows from location 5 were significantly 
larger (ANOVA, p=0.05) than the rest. Mean bunow 
densities per location varied from 0 .1 burrows per 
square meter to 0. 8 bunows per square meter. Locations 
1, 2 , 4 and 5 did not differ from each other but mean 
bunow densities in location 3 were significantly 
greater than at all other locations (ANOVA, p=0.05). 

Ashley1, T. Nagle2
, Chevalier.1 

Missouri Western State College, Department 
of Biology, and 2U.S. Fish and Wildlife Service, 
Squaw Creek National Refuge. USE OF 
GEOSPATIAL TECHNOLOGY TO MONITOR 
POPULATIONS OF THE WHITE-FRINGED 
PRAIRIE ORCHID (Platanthera praeclara) AT 
THREE NORTHWEST MISSOURI PRAIRIES. 
Populations of the white-fringed prairie orchid 
(Platanthera praeclara) are cmrently known from 
three prairies (Helton Prairie, Tarkio Prairie, and 
Little Tark Prairie) in northwest Missouri. These 
populations have been annually monitored since 1996. 

Individual plants (:flowering and vegetative) have been 
located, counted, measured, and permanently marked 
during the summer growing seasons. Early attempts 
to document orchid locations utilized a series of 
permanent points (prairie base stations) and involved 
determining distance and azimuth readings from 
each orchid to two of the permanent base stations. 
Individual orchids could be relocated by stretching 
meter tapes in appropriate compass directions from 
each of the appropriate base stations. During the 2002 
orchid growth season we began using Trimble Explorer 
III units to determine spatial coordinates for each 
orchid. The use of this OPS technology has allowed 
us to prepare maps of orchid distribution on each of 
the prairies and will allow us to evaluate spatial aspects 
of plant longevity, :flowering, and seed production. 

""".,,,.,..,.,C.1"' N. 

of Biology, University. AVIAN 
COMMUNITY STRUCTURE IN A SINGLE-TREE 
SELECTION MANAGED FOREST. 
Most forests are under tremendous pressure to be 
harvested, yet we know little how management 
translates into ecological heterogeneity. Paii of the 
problem is that heterogeneity is scale dependent, both 
in space as well as time. We surveyed forest breeding 
birds in a single-tree selection harvested forest in the 
Missouri Ozarks to detennine the effect of spatial and 
temporal heterogeneity on avian conununity structure. 
Fixed-radius point counts were performed at sites 
(n=6) of different age since last cutting to determine 
richness and abundance of species at each site. This 
was combined with extensive data from a vegetation 
regeneration study on the same sites, which were 
geo-referenced to a tenth of a second, permitting the 
data to be analyzed at multiple spatial scales. Forest 
structure and environmental parameter sampling was 
nested, thus allowing us to analyze data hierarchically. 
Thiliy-four species were recorded at the six sites; 31 
species were within at least one count circle. Red
eyed Vireo (Vireo olivaceus) was the most commonly 
encountered, within all 18 circles on at least one date. 
Other common species included Blue-gray Gnatcatcher 
(Polioptila caerulea) (12 circles) and Scarlet Tanager 
(Piranga olivacea) (10 circles). Species richness 
increased after logging until nine years had passed, 
when richness began to decline. Principle component 
analysis (PCA) was used to identify the relationship 
between bird community structure, forest structure, 
and enviromnental parameters at multiple spatial scales 
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Danny Beam*, Dr. Anna Oller and Dr. Stefan 
Cairns, Central Missouri State University 
Department of Biology. WATER QUALITY 
AND MICROBIAL ASSESSMENT OF THE 
BLACKWATER WATERSHED 
Water quality and microbial assessment of the 
Blackwater River watershed in west-central Missouri 
showed seasonal trends during the 2002/2003 one-year 
study. Monthly samples at seven watershed sites were 
analyzed for nitrate, phosphate, dissolved oxygen, pH, 
conductivity, and temperature. Fecal coliforms were 
monitored once each season during the same year. 

*Clark, S.J., Reeves, and D.L. Galat. School 
of Natural Resources, University of Missouri
Columbia. LARVAL FISH USE OF THE MAIN 
CHANNEL IN THE LOWER MISSOURI RIVER. 
Larval fish use of the main channel lower Missouri 
River has not been extensively research and even less 
is known about larval fish drift in the main channel 
compared to the shoreline. Larval fishes were sampled 
every two weeks from July 4, 2002 through September 2, 
2002 in the lower Missouri River at locations upstream 
and downstream of point sandbars. Four point sandbars 
were chosen between river mile 179 and 158 due to 
their proximity to each other. The sandbars were paired 
and the distance between them was determined using a 
range finder. Sampling was conducted at the midpoint 
between the sandbars and then equidistant above and 
below the sandbar. The channel width was detennined 
and sampling was done at distances 3 %, 3 3 %, 66% and 
97% of the channel width. The distance sampled was 
held constant at 300 meters for every sampling period. 
Sampling was done using bow-mounted icthyoplankton 
nets moving downstream at a speed of lm/s faster than 
the current. The presence of rip-rap was documented 
when sampling near the shoreline. Implications on 
whether larval fish are in greater abundance above 
sandbars or below, whether rip-rapping has an 
effect on larval fish abundance, and whether greater 
abundance of larval fish are located near the shoreline 
or in the main channel were all considered in this study. 

Kim Erndt*, Stefan Cairns, Don Willdson, 
John Hess, Alice Greife, Central Missouri State 
University Department of Biology. EFFICACY OF 
IN SITU USE OF THE AMPHIPOD, HYALELLA 
AZTECA, IN AN ECOTOXICOLOGICAL STUDY 
OF THE BLUE RIVER IN KANSAS CITY, 
MISSOURI 
Abstract - Hyalella azteca, an epibenthic detrivitore, is 

an amphipod often used in laboratory sediment toxicity 
studies. This study focused on method development 
for using amphipods in in situ ecotoxicological tests. 
Caged Hyalella azteca were placed at eight sites for 
five days during spring and summer (high and low flow 
conditions) of 2002. Sites were located both above 
and below a wastewater treatment facility on the Blue 
River. Mortality was determined at the end of the five 
days. Results of tests were analyzed by analysis of 
variance (ANOVA) to test upstream and downstream 
differences and to determine efficacy of the cage 
method for use in future ecotoxicology field studies. 
David Iott* and Stefan Cairns, Central Missouri 
State University, Department of Biology. 
EFFICACY OF IN SITU GROWTH OF THE 
ASIATIC CLAM CORBICULA FLUMINEA, AS A 
BIOMONITORING TOOL IN WEST-CENTRAL 
MISSOURI RIVERS 
Abstract: Asiatic clams, Corbicula fluminea, were 
collected from the Little Niagua River in south central 
Missouri to determine the efficacy of using them 
as a biomonitoring tool in ecotoxicology studies. 
Four size groups of Corbicula were placed in two 
different reference (minimally impacted) stream sites 
on two different dates in west-central Missouri to 
determine the efficacy of their use as a biomonitoring 
tool. Corbicula were placed in CPVC tubes, wired to 
cinder blocks and anchored in the streams for a period 
of four weeks . Pre-and post-measurements were 
taken to determine the amount of growth. Analysis 
of varience was used to determine significant 
differences between size groups at each stream site 
and minimum detectable difference was calculated 
to help determine the size class most suited for use a 
biomonitoring tool in future ecotoxicological studies. 
Dan Metcalf, Stefan Cairns, Trish Yasger, Kevin 
Sullivan. Central Missouri State University, 
Department of Biology. EVALUATION OF 
PADDLEFISH SPAWNING LOCATIONS AND 
SUCCESS OF SPAWNING EFFORTS ON THE 
MARAIS DES CYGNES RIVER 
Abstract - Since the construction of Truman Dam, 
all known paddlefish (Polydon spathula) spawning 
sites have been eliminated. The Marais Des Cygnes 
River, which offers the greatest potential for natural 
reproduction, has not been thoroughly investigated for 
location of suitable spawning habitat. The Missouri 
Department of Conservation and Central Missouri State 
University have initiated this study to assess habitat 
suitability for paddlefish spawning. Four potential 
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spawning locations, between Highway 71 and the US 
Fish & Wildlife Service Marais Des Cygnes Refuge 
in Kansas, were sampled. Adult paddlefish were 
sampled using gill nets as they migrated upstream to 
spawn. Paddlefish Icthyoplankton were sampled below 
and above the sample sites using boat-mounted drift 
nets. Spawning habitat was assessed for each sample 
site using modified Missouri Depmiment of Natural 
Resources Stream Habitat Assessment Procedures. 
Natural reproduction success will be determined by 
analysis oflarval and adult abundance at each river site. 

Beckman2
, Jason 

. 1. Biology 
Depa1·tment, University, Springfield, 

Sciences, Southwest Missouri 
Springfield, USING THE INDEX OF BIOTIC 
INTEGRITY TO ASSESS STREAM HEALTH IN 
BULL CREEK AND SWAN CREEK, SOUTHWEST 
MISSOURI 
The index of biotic integrity (IBI) of fish communities 
was used to characterize the ecological health of Bull 
and Swan Creek drainageways. Methodology followed 
the EPA protocol for the Missouri Ozark highlands. 
Fishes were sampled at sixteen randomly selected 
sites in each basin during the summers of 2001 and 
2002. Habitat and water quality data were recorded at 
time of sampling. The mean IBI score for Bull Creek 
was 68(±6. The Swan Creek mean was 74(±6. This 
indicates an overall "average" stream health in both 
basins. However, the "good" category (IBI2::80) was 
indicated for two sites on Bull Creek and eight sites 
on Swan Creek. The maximum IBI score was 92 for a 
"non-random" site in lower Bull Creek basin. A "below 
average" condition (IBI <60) was indicated at four Bull 
Creek sites and three Swan creek sites. IBI scores 
appear to be useful for establishing reference sites 
and evaluating changing stream conditions over time. 

Lisa 
State University, 
POND RESTORATION 
Abstract- Lily Pond, located in Pertle Springs 
recreational area, is owned by Central Missouri 
State University (CMSU) in Warrensburg, Missouri. 
The pond is dominated by dense populations of 
Ceratophyllum demersum (Coontail), Wolffia 
columbiana(Water-meal), and Spirodela punctata 
(Duckweed). There was concern with the "polluted" 
appearance of the pond and a desire to make Lily Pond 
more pleasing to the public. Aesthetical restoration 

was attempted using Nymphea odorata (White water 
lily) as an acceptable plant alternative. Lilies were 
transplanted from a nearby pond in July, 2001. Initial 
success of the first transplants were observed in the 
following spring and a second transplanting was 
initiated in July, 2002. Overall restoration success will 
be determined by continued increases in Lily density. 

*Pedersen, Schulz, J. Millspaugh. 
11.a.n.o.ll"irm.,u11 il" of Fisheries and Wildlife Sciences, 

University of JJM). 
of Conservation ( JHS). PRIMARY 

MOLT SEQUENCE AMONG HARVESTED 
MOURNING DOVES THROUGHOUT MISSOURI. 
Information on mourning dove (Zenaida macroura) 
reproduction and recruitment are critical in making 
improved harvest management decisions. We collected 
one wing from 5,350 hunter-harvested doves on six 
conservation areas throughout Missouri on opening 
day(s) of the 2002 season. We assessed wing plumage 
and progression of primary molt for classification of 
age class, and estimation of age (days from hatch) 
in hatching year (HY) doves. For each wing, we 
recorded age (HY; after-hatching year, ARY; and 
unknown, UNK), and the progression of primary 
molt. Logistically, we found that >5,000 dove wings 
were easily collected at field check stations, and 
wings required no special preservation procedures 
other than air drying. We observed the following age 
distributions: Anheuser-Busch: 387 HY(hatching year); 
49 ARY( after hatching year); 68 UNK(age unknown). 
Otter Slough: 265 HY; 32 ARY; 32 UNK. Bob D'Arc: 
1533 HY; 127 ARY; 159 UNK. Pony Express: 1189 
HY; 438 ARY; 198 UNK. Reed Memorial: 491 
HY; 138 ARY; 54 UNK. Eagle Bluffs: 119 HY; 61 
ARY; 21 UNK. These data will be used to explore 
possible regional differences in peak of hatching, 
and will be useful in improving our understanding 
of mourning dove reproduction characteristics. 
Jeff Ross* and Stefan 
Missouri State University, Department of 
Biology. GROWTH OF FATHEAD MINNOWS 
(PIMPHALES PROMELAS) DURING A TEN-DAY 
ECOTOXICOLOGICAL IN SITU TEST IN CLEAR 
FORK OF THE BLACKWATER RIVER, MISSOURI 
Abstract: Four age groups of Pimphales promelas were 
placed in cages at two locations in the Clear Fork of 
the Blackwater River. Cages were constructed of six 
inch CPVC tubes, wired to cinder blocks, and anchored 
in the streams for a period of ten days. Pre-and post-
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measurements were taken to determine the amount 
of growth in each age group. Analysis of varience 
(ANOVA) was used to detem1ine significant differences 
between groups and minimum detectable difference was 
calculated to help dete1mine the age most suited for use 
a biomonitoring tool in future ecotoxicological studies. 

College, 
A PRELIMINARY STUDY OF PLANTS AT 

THE LOWER HAMBURG BEND CONSERVATION 
AREAAPPROXIMATELY ONE-YEAR PRIOR TO 
FLOODING WITH A REOPENED CHUTE OF THE 
MISSOURI RIVER. 
The Lower Hamburg Bend Conservation Area 
(LHBCA) contains approximately 3,000 acres of 
wetland habitat located on the east side of the Missouri 
River just south of the Iowa border. As part of a joint 
project of the Missouri Department of Conservation 
(MDC) and the U.S. Army Corps of Engineers (COE), 
a chute is scheduled to be reopened through LHBCA to 
fonn an island, sloughs, and backwater areas. Within 
a 3 00-acre study area that will be primarily affected 
by the new chute, 232 evenly-spaced pennanent 
sampling plotsand 18 randomly located permanent 
sampling plots were used to collect herbaceous plants, 
woody seedlings, saplings, and trees according to the 
Vegetation Monitoring System (VMS) of the MDC. 
(All samplings was done in June and July 2002.) This 
study describes 77 species of herbaceous and woody 
plants collected from all of the study plots. It compares 
Importance Values of the top herbaceous species 
(1. Setaria glauca, 2. Solidago altissima, 3. Setaria 
Faberii, 4. Abut/ion Theophrasi, and 5. Polygonum 
pensylvanicum) in the entire study area and in the 3 
major VMS habitat types (Ammals, Shrub-grass and 
Marsh) located wihtin the study area. This study also 
detennined that the three major habitat types within 
the study area have similar plant diversity indices. In 
addition, it was found that most of the plants sampled 
during this preliminary survey are introduced and/ or 
generalist species. It is expected that native wetland 
plant species will increase as the Marsh habitat 
expands after the river chute is reopened. Suppoti 
from the Missouri Depatiment of Conservation. 

*Scholes, C.M. and M.A. Kabanuck. Depmiment of 
Biology, Rockhurst University. DETERMINATION 
OF THE DISTRIBUTION OF BUSH 
HONEYSUCKLE (L. maackii Maxim.) IN AN 
URBAN NATURAL AREA USING GPS AND 

GIS. Hidden Valley Natural Area is an 82 acre site 
owned by the Kansas City Parks and Recreation 
Department. Lonicera maackii Maxim., an exotic 
species, is the most abundant shrub on the perimeter 
of the mesic forest inhabiting Hidden Valley, but is 
relatively rare in the undisturbed core. Twenty-five 
m2 plots were established randomly during the 2002-
2003 winter in the natural area and every L. maackii 
Maxim. individual within each plot was marked 
using handheld GPS. The proximity of patches of L. 
nwackii Maxim. to the perimeter, trails and waterways 
of the site will provide information for management of 
the Natural Area with respect to L. maackii Maxim. 

of Conservation. STATUS OF THE 
MISSOURI-ENDEMIC BLUESTRIPE DARTER 
(PERCINA CYMATOTAENIA). 
The state-endemic bluestripe daiier, Percina 
cymatotaenia, occurs only in the Niangua and Gasconade 
river systems of Central Missouri. Our objectives were 
to assess any change in distribution or abundance 
between two time periods: 1974 to 1982 and 1994 to 
2002. We analyzed 28 pairs of samples spread evenly 
throughout the species' range. Each pair represented 
a sample from the first period and a sample from the 
second period at the same location or nearby. The 
average relative abundance in the first period was 1.6 
bluestripe darters per 100 benthic fish caught and in the 
second period was 3.0 bluestripe darters per 100 benthic 
fish caught. A student's paired t-test for a difference in 
relative abundance between the paired samples was 
significant (P=O. 0416). B luestripe darters were caught 
in 16 (57%) of the first samples and in 23 (82%) of 
the second samples. A test for a difference in binomial 
proportions was significant (P=0.0212). The apparent 
pattern of expansion we found led us to conclude that 
the bluestripe dmier was not declining in Missouri. 
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Section Chairwoman: D1~ Sufian A. Foravtd, Central 
Missouri State University 

ANALYSIS OF SCORES TAKEN FROM LOCAL 
SCIENCE OLYMPIAD ROCKS AND MINERALS 
COMPETITIONS INDICATING EVIDENCE OF 
PREPARATION AMONG CONTESTANTS. 
This study examines the scores of several paired 
middle school students as they enter Science Olympiad 
competition on a local level in preparation for the 
regional, state and possibly national competitions. 
Students were selected based on their entering 
competition in at least two of the three local 
competitions held in Region IV in the State of Missouri. 
Results from the three competitions indicate consistent 
gains did occur. At-test was run on the scores which 
was significant at the . 01 level. Indications from the 
study are that students do use the time between contests 
to study the material in preparation for the next contest. 

ASSESSMENT AND STUDENT SELF
ASSESSMENT AS VALUABLE TOOLS FOR 
EARLY ADVISEMENT IN THE HEALTH 
PROFESSIONS. 
Students tend to make initial career choices based on 
limited info1mation or misinf01mation about the daily 
activities of a paiiicular health practitioner and the 
personal characteristics needed for career satisfaction. 
Pre-health advisors must contend with the huge effects 
of the popular media that p01iray several health careers 
in an unrealistic fashion. Waves of career decisions 
by students parallel popular television programs 
. featuring specific disciplines, such as forensic science 
or emergency room medicine. To patily address this 
situation, I have developed a student worksheet that 
lists various personal and professional attributes and 
requires a student to rate oneself for each attribute and 
rate the importance of each attribute for a particular 
career choice. Continued evaluation using the attribute 
worksheet over time requires students to investigate their 
professional choices more thoroughly and to identify 
their own strengths and weaknesses. Discrepancies 
in attribute ratings alert students to difficulties they 
may anticipate in their selected profession or serve 
to motivate students to develop plans to improve 
the personal attributes required in that profession. 

.,.," .. ....,<:_...,.APPROACHES TOWARD 
INCREASING ACTIVE LEARNING IN PHYSICAL 
SCIENCE. 
Students who take physical science need to develop 
an understanding of scientific concepts that enables 
them to relate these concepts to real life experiences. 
In addition, students who take physical science as 
a requirement for a degree in elementary education 
must also be able to explain these concepts to their 
own students in a clear and simple fashion. As 
physical science instructors, we need to increase 
the student's conceptual understanding without 
sacrificing mathematical development. Our approaches 
toward increasing conceptual understanding involve 
incorporating active learning in combination with 
traditional classroom instruction. We have developed 
peer review sessions and directed inquiry labs that 
are presented in combination with standard lectures, 
conceptual questions, and problems. The peer review 
sessions are often presented to the students as "group 
discussion quizzes", in which students answer a set of 
conceptual and numerical questions individually and 
then discuss their answers in small groups. In directed 
inquiry labs, students are required to make a series of 
predictions followed by experiments, which lead to 
additional predictions. These approaches, coupled with 
the relation of scientific concepts to real life situations 
have increased student participation and understanding. 

L. 

WILDLIFE MUSEUM: PARTNERING 
WITH TEACHERS IN DEVELOPING AFTER 
SCHOOL SCIENCE PROGRAM. 
Thirty students from Pipkin Middle School were taken 
to visit the Wonders of Wild Life Museum. A school 
bus was ananged for the students to visit the museum 
accompanied by one University faculty member and 
two middle school teachers. An orientation meeting 
was conducted prior to the trip. During this meeting 
students were told about the objectives and the activity 
in which they would pmiicipate. The students arrived at 
the museum after the school was over and were greeted 
by seven teaching scholars and seventeen undergraduate 
education majors taking science methods course at 
Drury University. Each public school student was 
assigned to an undergraduate student. A chaii was given 
to each individual to complete. University students 
helped middle school students collect information 
about different animals. The university students and 
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the middle school students enjoyed exploring the 
different exhibits. Pre-service teachers along with 
the middle school students selected one animal and 
conducted research through the internet-websites 
and Zoobooks. Pre-service teachers aligned different 
activities with the Show-Me Standards and designed 
assessment strategies. The museum provides excellent 
opportunity for students to study different biological 
concepts using common animals. Throughout the trip, 
the middle school students were interacting among 
themselves, with the University students and faculty 
members, as well as discussing the contents of the 
exhibits. After the trip, middle school students created 
flip charts on one animal and took a retention test 
designed to measure how much information the student 
retained. Science standards and school improvement 
plans were met through students' interaction and 
individual research projects. A brief description of 
the project and retention test scores will be presented. 
This project was supported by a grant from CIC/NSF. 
Saha, G. C. Division of Education, Lincoln 
University. DEVELOPING TECHNOLOGY
INGRAINED INQUIRY SKILLS IN SCIENCE IN 
GRADES 3-8. 
Classroom science teachers' fears of science particularly 
limit their confidence in promoting refonn-based 
science instruction. Twelve science teachers from Mid 
Missouri participated in this study that was focused 
on a technology supported inqui1y approach to impart 
pedagogical-content lmowledge in a professional 
development program funded by the Eisenhower 
Grant Cycle XIX. Pre- and post-test and anecdotal 
data analyses indicate that the paiiicipant teachers' 
attitude towards inquiry science and targeted physical 
science content lmowledge increased significantly 
from this program. In addition, these experiences have 
had a long-tenn impact on these teachers' confidence 
and comfo1i levels to implement technology-infused 
inquiiy science instruction in their classrooms that their 
students find interesting and meaningful. Limitations 
and opportunities for fmiher research are discussed. 

Section Chairman: Mr. Thomas R. McCray 

McCray, of Geography, 
University of Missouri - Columbia. 
A SNAPSHOT OF GLOBALIZATION. 
"Globalization" means different things to different 
people. But it is widely regarded as one of the most 
influential, geographic and divisive issues of our time. 
Advocates for globalization claim that it promotes 
peaceful codependence, narrows the world income 
gap, and responds to popular demand. Opponents 
counter that it destroys cultures, exploits the poor 
and supports an unsustainable level of consumption. 
A snapshot of the current arguments serves to 
monitor trends in development and perception. 

*Patterson, G.J. Cwiek. Department 
Geosciences, Southeast Missouri State University. 
USE OF REMOTE SENSING METHODS FOR 
LOCATING ILLEGAL CULTIVATION OF 
CANNABIS SATIVA IN S.E. MISSOURI. 
Law enforcement agencies, such as the Missouri 
State Highway Patrol (MSHP), have eradication 
units designed to find cultivation of illicit drugs like 
marijuana (cannabis sativa). In the past, eff01is in this 
regard have focused on air and ground search methods 
which are somewhat limited in scope and involve 
considerable money, time and risk of inherent dangers 
posed by the cultivators. With available multispectral 
imagery from satel-lite remote sensors having relatively 
good spatial and spectral resolution conducive for 
detecting the growth of plants like cannabis sativa, it 
is feasible to invoke various image processing methods 
on the data they provide to locate suspected marijuana 
sites. Consequently, an attempt was made to identify 
patches of cannabis using a Landsat ETM+ scene 
of Missouri's bootheel region. Spat-ially filtered, 
principal component, and vegetation index images 
were produced and georeferenced with a lmown 
growth site to ascertain spectral characteristics of the 
plot for input into a supervised classifier. Resultant 
classification maps using this approach delineated the 
known site and another that was previously unknown. 
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ASSESSMENT OF AN ILLINOIAN NATURE 
PRESERVE FOR SMOKESTACK CONTAM
INATION EFFECTS USING REMOTE SENSING 
TECHNIQUES. 
Atmospheric fallout con-taining heavy metals from 
industrial sites is an ongoing concern, and its effect on 
particular eco-systems needs to be further evaluated. In 
an effort to asce1iai11 the efficacy of using geoprocessed 
satellite multispectral imagery and biogeochemical 
sampling of trees in this regard, the Fults Hill 
Nature Preserve in Illinois located across from the 
Herculaneum, Mo. lead smelter andAmeren UE power 
plant was assessed for possible contamination effects. 
Vegetation index models using Landsat Thematic 
Mapper (TM) images were derived to characterize tree 
health status at the time of leaf sample collection, and 
change detection analysis was conducted to quantify 
temporal variations of the forest in this area over a 13 
year period. Preliminary results have found relatively 
high concentrations of metals (e.g., Pb and Hg) 
accumulated in leaf tissue sufficient enough to induce 
discernible contamination effects in the remotely sensed 
data, and change detection indicates notable differences 
in the Preserve's trees during the timeframe assessed. 

Section 
State University 

Department of Earth 
Science, Central Missouri State University. 
OCCURRENCE AND ORIGIN OF THE HOGAN 
IRON DEPOSIT, ST. FRANCOIS MOUNTAINS 

' 
SOUTHEAST MISSOURI. 
The Middle Proterozoic igneous terrane of southeast 
Missouri is host to six major iron deposits and nearly 
three-dozen minor deposits. Much debate still exists 
as to the nature, source, and genesis of these deposits. 
The major iron occurrences have all been studied in 
varying degrees of detail. However, the minor iron 
occurrences have not been studied to any extent. 
Systematic examination of these minor deposits may 
provide significant insight towards developing a 
comprehensive framework by which the relationship 
between host rock, mode of deposition, and mineralizing 
source may be understood for the entire district. 
The Hogan deposit represents such a minor occurrence. 
It is hosted by rhyolitic pyroclastic flows and located 
roughly 5 miles southwest of the Pilot Knob deposits. 

Hematite represents the primary ore mineralization. 
Ore textures primarily reflect open-space filling 
phenomena, which includes spectacular, fine to coarse
grained colloform bands of hematite as wall coatings 
and breccia fillings. Late mineralization is characterized 
by coarse specular hematite as blades extending 
into open spaces, or as tiny cross-cutting veinlets, 
commonly with quartz or chalcedony. Textures suggest 
deposition in a vent system associated with hot spring 
activity. Preliminary examinations of other minor 
iron occurrences within the terrane are in progress. 

Resources PONDING 
BEFORE PIRACY: TETESEAU FLATS AND THE 
NEOTECTONIC ORIGIN OF THE MISSOURI 
RIVER; AN ALTERNATIVE TO GLACIAL 
PONDING 
Although the course of the Missouri River roughly 
coincides with the southern limit of pre-Illinoian glacial 
deposits, attempts to explain basin features in terms of 
glacial processes have proven inconclusive. Soil surveys 
show anomalous "terraces", traditionally ascribed to 
glacial ponding, actually formed over 500,000 years 
after the last glacier melted. One such "terrace" the 

' 
Teteseau Flats in Saline County, is located within 
the Missouri River trench but is not under the direct 
hydraulic control of the Missouri River! Drainage on 
the Teteseau Flats flows away from the Missouri River 
into the Salt Fork. Therefore, the Teteseau Flats can 
NOT be considered a Missouri River "terrace". This 
remarkable alluvial landform is the result of sediment 
accumulation in a pirated channel that has only recently 
been captured by the Salt Fork. This piracy is part of 
the ongoing dissection of the former divide between the 
growing Mississippi Basin and the pirated Great Plains 
drainage. The trans-state Missouri River was created 
by progressive headward erosion of streams radiating 
from structural/topographic basins. These neotectonic 
basins are identified by: anomalous thicknesses of 
valley-fill strata, valley profile defonnations, and 
topography driven brine migration (upconing). Stream 
deflections toward the axes of subsidence create 
asymmetric drainage basins. The Late Wisconsinan 
capture of the Missouri River basin by a tributary of 
the Mississippi River near Tetesau Flats is indicated 
by the relative lack of loess along the eastern portion 
of the trans-state Missouri River. This interpretation is 
consistent with Peoria loess lithology in the Mississippi 
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Valley, where only the latest Wisconsinan loesses show 
any impact of Rocky Mountain or Great Plains sources. 

EFFECT OF EARLY CEMENTATION ON THE 
DEVELOPMENT OF SECONDARY POROSITY
EXAMPLES FROM THE CAMBRIAN OF 
ILLINOIS BASIN!. 
Preliminary petrographic studies of the Galesville and 
Mt. Simon Fonnations, Cambrian of the Illinois basin 
show porosity estimated at 18% and 25% respectively. 
Most of the porosity is secondary in origin; in the 
Galesville, it occurs as a result of framework grain 
dissolution whereas in the Mt. Simon, it results from 
hematite cement dissolution. The most important 
factor in both cases is early cementation although 
it is manifested differently in the two sandstones. 
The basal Galesville shows low compaction and a 
high percentage of quartz overgrowths, which fonn 
a framework around abundant, irregular and oversize 
pores. Early feldspar dissolution in the sandstones 
provided silica for the development of overgrowths that 
held the framework open. This stabilized framework 
resisted compaction. The oversize pores were then 
created from subsequent dissolution of plagioclase 
feldspars. The basal sandstones may have also received 
quartz rich fluids expelled from the underlying shale, 
which may have contributed to early quartz cementation. 
The Mt. Simon shows irregular laminations defined 
by alternation between well compacted sutured quartz 
laminae with stylolitic texture and porous laminae of 
rounded hematite coated quartz grains with overgrowths. 
Fluctuation in the supply of hematite at deposition 
resulted in alternation between hematite cemented and 
'clean' laminae. During burial the uncemented layers 
were extensively compacted, whereas the cemented 
layers resisted compaction. Later, dissolution in the 
hematite cemented layers created new porosity. A 
second phase of dissolution resulted in the corrosion of 
quartz grains, overgrowths, as well as framework grains 

AND TRACE ELEMENTS GEOCHEMISTRY OF 
GRANITOIDS FROM EAST COAST MAINE; 
EVIDENCE FOR SOURCE REGIONS AND 
TECTONIC SETTINGS. 
Preliminary investigation of major and trace element 
abundances of 20 granitoid rocks from 16 different 
plutons in eastern Maine supp01is growing evidence 
that granitoid magmatism associated with terrane 
accretion during the Silurian to Devonian in this 
region involved reworking of the continental crust 
in a variety of tectonic settings. Trace element 
discrimination diagrams utilizing Ta,-Yb, Rb-(Y+Nb), 
and Rb-(Y +Ta) indicate mixed tectonic settings 
including volcanic arc, within-plate, and continental 
collision. Primordial mantle normalized trace elements 
plots show negative Ta-Nb anomalies, indicative of 
subduction component. Nb/Ta ratios of the majority 
of samples vary from 6 to 17, suggesting a crustal 
derivation for these plutons with limited mantle input. 
The variation in Nb/Ta ratios more likely generation 
of these magmas from diverse source materials in the 
crust. Further characterization of the source materials 
involved in the generation of these granitoid magmas 
will be constrained by ongoing isotopic studies. 

University 
Energy, 

uu.,..,,.,.,..,.n.,, .... Geological Organization. 

of 

MINERALIZATION ASSOCIATED WITH FELSIC 
MAGMATISM IN NORTHWESTERN INDIA: 
BALDAAND DEGANA TUNGSTEN DEPOSITS 
The Balda and Degana tungsten deposits are associated 
with Late Proterozoic (900-700 Ma) granites that 
intruded the metasedimentary rocks of the Delhi 
Supergroup. Four textural varieties of granites have 
been found in the Degana area, but only a sericitised 
leucogranite occurs in the Balda deposit. The tungsten 
mineralization is hosted by granite and the surrounding 
metasedimentary rocks. In Balda, the mineralization 
occurs in the form of quartz veins and greisenised 
pegmatites, whereas in Degana the mineralization 
is in the fonn of quatiz veins and disseminations. In 
general, bulk of the mineralization is preceded by the 
emplacement of barren quartz veins and post-dated 
by quartz-carbonate-sulfide veins. Fluid inclusion 
studies indicate a temperature range of 110° to 460°C 
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and a salinity of 29-42 wt % NaCl. Degana granites 
show characteristics of S-type granites, including high 
alumina/alkali ratio(~ 1.4) and high nonnative cornndum 
percentage (~4.9). Balda granite is somewhat alkaline 
when compared to the peraluminous Degana granite. 
Tournmlinization of wall rock and the occunence of 
scheelite as an ore mineral, along with wolframite, is 
restricted to Balda. Silicification and greisenization of 
wall rock are the wallrock alteration patterns in Degana. 
The vein-type mineralization in Degana is controlled 
by two sets of fractures and in Balda the mineralization 
is structurally controlled by shear zones. Tungsten 
bearing granites of northwestern India also show some 
mineralogical and geochemical specialization when 
compared to the barren granites of the same area. 

I lnll""TA'l11'4"'1D11"'<T of 

"'--'"'J!. ..... Jl.Jl.AJVJL ...... AQUEOUS GEOCHEMICAL STUDY OF 
TUFA CREEK, SHANNON COUNTY, MISSOURI. 
Carbon dioxide off-gassing due to agitation as Tufa 
Creek gradually falls 25 m in elevation over a 583 m 
stream reach is the principal mechanism for calcite 
deposition along this fen-fed stream. Water quality 
parameters gathered in the field and laboratory support 
this conclusion. The streamwater wanned from 14 to 
19 degrees Celsius. The pH increased from 7.02 to 7.96 
standard units. Specific conductivity decreased from 
0.570 to 0.488 millimhos/cm. Alkalinity decreased 
from 368 to 321 mg/1. Dissolved calcium decreased 
from 157 mg/l to 117 mg/1. Magnesium decreased 
only marginally from 156 to 148 mg/1. Total hardness 
(calcium and magnesium) decreased from 313 to 265 
mg/1. Chloride remained statistically unchanged from 
7.6 to 7.5 ppm. Sulfate decreased from 5.7 to 4.7 ppm. 
Calcite saturation increased from -0.03 to 0.85. PC0

2 

equilibrated from -1.51 to -2.56, but did not achieve 
atmospheric (-3.5) before entering the Current River. 
Biological mediation most likely perturbs water quality 
data at a sedge-muck section of the forested fen. Tufa 
formation closely correlates with steepness of elevation 
drop. Comparison of Tufa Creek data to nearby Ebb and 
Flow Spring, and Thompson Creek provides evidence 
that sufficient stream mineralization and optimal stream 
geometry are needed to result in freshwater calcite 
deposition. Actual tufa deposition rates along Tufa 
Creek are less than those predicted by the Plummer
Wigley-Parkhurst rate law. It is unclear if this is due 
to inhibiting effects of dissolved Mg2+ or rate changes 
effected due to periodic gravel scour on the stream. 

Section Chainnan: Dr. Roger D. Chelf, Missouri 
Southern State College 

OF THE COEFFICIENT OF RESITUTION OF 
DIFFERENT GOLF BALLS AT HIGH AND LOW 
SPEED. 
The United States Golfing Association has strict rules 
governing how fast a golfball may go when strnck by a 
metal club. The question is how much variation is there 
between different manufacturer's golf balls within 
these rnles? To answer this question the coefficient of 
restitution of different golf balls was measured. The 
coefficient of restitution is the ratio of the speed of the 
ball after impact to the speed of the ball before impact. 
The coefficient of restitution was measured at both high 
speed and low speed for comparison. For the low speed 
measurements the golf ball was dropped from a small 
height onto a heavy metal plate. For the high speed 
measurements a pitching machine was modified to pitch 
golf balls into the same heavy metal plate. The speed of 
the golf balls was measured by passing them past two 
light sensors which were illuminated by two laser beams. 
The voltage output of the light sensors was sampled by 
a computer interface to detennine the time between the 
balls passing the two light sensors. Because the ball 
will not in general pass the sensor in the same position 
each time, using two sensors gives more accurate 
results than one sensor measuring the time the light is 
blocked. As much as a 10% variation in the coefficient 
of restitution of the different golf balls was observed. 

*Kisker, 
of Chemistry and Physics, Northwest Missouri 
State University. MEASURING THE ELECTRIC 
CHARGE ON A CAPACITOR. 
The definition of capacitance, C=QN, does not 
make any sense unless the ratio of charge to voltage 
on a capacitor is a constant. Demonstrating this in 
a introductory physics course laboratory requires 
a means of measuring the charge on a capacitor. A 
simple op-amp integrator circuit was constrncted for 
this purpose. An ordinary digital voltmeter was used 
to measure the output of the integrator circuit. This 
circuit is compared to three other commercial means of 
quantitatively measuring the charge on a capacitor: the 
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ballistic galvanometer, a computer interface for voltage 
measurement, and an electrometer in combination 
with a Faraday ice pail. The relative advantages and 
disadvantages of each of these methods is compared. 

Section Chaimzan: Dr. Donald D. Mille1; Central Mis
souri State University 

*Gentry, M. Chelf, and Marsh, D. 
Department of Physics, Missouri Southern State 
College. THEORY AND EXPERIMENTAL DESIGN 
OF GLIDER AIRFOILS AT LOW REYNOLDS 
NUMBERS. 
With the approach of the centennial anniversary of the 
flight of the Wright Brothers there has been a renewed 
interest in low-speed, high-efficiency flight. Although 
there have been extensive studies of airfoils in the 
regime of high speeds and high Reynolds numbers, 
the regime of low Reynolds numbers, appropriate to 
small scale aircraft still remains to be fully explored. 
In our study, we have looked at the performance 
characteristics of airfoils in the low Reynolds number 
region, corresponding to flight at low airspeeds where 
the air may be treated as an incompressible fluid. 
We have chosen airfoils appropriate for use in these 
conditions, namely model unpowered sailplane design. 
We have compared the characteristics of these airfoils 
including the lift and drag coefficients, the lift to drag 
ratio, stall angle, and overall flight characteristics. 
Results of our comparisons will be presented. 
Katragada, A. and Manuel, 0. Computer 
Engineering and Chemistry, University of Missouri
Rolla. WHAT'S THE MATTER WITH ANTI
MATTER? 
Variations of potential energy per nucleon (M/ A = 1. 00 
+/- 0.01 anm/nucleon) with nuclear charge density (0 _::; 
ZIA::; 1 charge/nucleon) [1] indicate thatn-p interactions 
are attractive but n-n and p-p interactions are repulsive 
and symmetric except for Coulomb effects [2]. Fig. 1 
[3] shows matter and antimatter as reflections of one 
another across a symmetry plane at ZIA= 0. However, 
matter and anti-matter are both on the right of ZIA= 0 
in Fig 1, e.g., the beta-decay of mirror nuclides in Fig. 
2 [ 4]. Decay must overcome a 1. 022 Me V barrier to 
W emission, as shown in Fig. 3 [ 5] for 13N 7 13C + W 
+ 1.198 MeV; Qtotai = M(

13
N) - M(

3
C) = 2.220 MeV 

= 1.022 MeV + 1.198 MeV. By convention the 1.022 
Me V barrier is attributed to an electron/positron pair, 
each with a rest mass of 0.511 Me V. We suggest that 
the plane of symmetry for matter may not be at Z/ A= 0 

as shown in Fig 1, but near ZIA= 0.50 where there is 
maximum nuclear stability. 
References 
1. Nuclear Wallet Cards, 6th ed., Brookhaven National 
Lab., Upton, NY, 74 pp. (2000) 
2. J. Fusion Energy 19, 93 (2000) 
3. www.mnr.edu/-_,om/fig 1. pdf or /fig I .html 
4. www.umr.edu/,..._,om/fig2.pdf or /fig2.html 
5. www.umr.edu/,..._,om/fig3 .pdf or /fig3 .html 

*Manivannan, and A. Manivannan, Department 
of Physics, Astronomy, and Materials Science, 
Southwest Missouri State University and Glendale 
High School. SPREADSHEET PLOTTING OF 
ELECTRIC FIELD LINES, ELECTRIC FIELD 
VECTORS, AND EQUIPOTENTIAL LINES. 
Electric field lines, electric field vectors, and 
equipotential lines play a central role in the fonnulation 
of electromagnetic theory. Electric field lines provide a 
nice way of visualizing electric fields, a representation 
commonly used in many introductory and advanced 
college physics courses. Electric field lines can also 
be represented by drawing electric field vectors at 
various points without connecting them. Usually 
the equipotential lines, which are closely related to 
electric field lines and electric field vectors, are drawn 
as well. Note that electric field lines, electric field 
vectors, and equipotential lines can all be calculated 
by using Coulomb law. This presentation will show 
how spreadsheets make it easy to draw diagrams 
containing one, two, or all three of the above for 
various charge configurations. Spreadsheets allow us 
to change parameters, such as the amount of charge 
and charge separations, and redraw the diagrams 
instantly. Plotting electric field vectors together 
with electric field lines enhances the visualization 
of electric fields. This multiple representation 
approach would be very effective in improving 
students' conceptual understanding of electric fields. 
Fricke, B.A., S.S. Poranld*, P.S.K. Mylavarapu* 
and B.R. Becker. Department of Mechanical 
Engineering, University of Missouri - Kansas 
City. NUMERICAL SIMULATION OF DRAG 
COEFFICIENTS FOR TWO DIMENSIONAL 
AUTOMOBILE PROFILES. 
Vehicle performance and fuel economy play important 
roles in obtaining larger market shares in the 
automotive industry. Optimization of the aerodynamics 
of a vehicle will enhance the vehicle's performance and 
fuel economy. In addition, the stability of a vehicle is 
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affected by its aerodynamics, and passenger comfort is 
affected by wind noise due to vehicle aerodynamics. 
By altering bodylines, the aerodynamics of a vehicle 
can be modified, and the drag coefficient can be 
minimized by properly designing various component 
profiles. To study the effects of body profile on vehicle 
performance, the aerodynamics of various body profiles 
were analyzed using computational fluid dynamics 
(CFD) software (FLUENT 6.0). Numerical models of 
three different body profiles, including a sport utility 
vehicle (SUV) and two mid-sized sedans, were created 
which closely approximate the actual body profiles. For 
the three vehicles, the drag coefficients calculated by 
the CFD software were in the range of I 0% to 15% of 
published drag coefficients, which were obtained from 
wind tunnel tests. The variations between calculated 
and measured drag coefficients are due to slight 
differences between actual vehicle dimensions and 
numerical model dimensions as well as differences 
in vehicle orientation with respect to the airflow. 

NUMERJCAL SIMULATION OF 
AIRBORNE CORN POLLEN FLOW. 
Genetically modified corn is a major product of many 
pharmaceutical and agricultural companies. Corn can 
be genetically modified to increase its resistance to 
pests and to adverse enviromnental conditions such as 
drought. In addition, corn may be genetically altered 
to produce raw materials for pharmaceutical products. 
However, it is imperative that the pollen of genetically 
modified com does not cross-pollinate with the natural 
species. The natural species must be preserved without 
modification since the ramifications of cross-pollination 
on future generations of corn are unknown. In order to 
avoid cross-pollination, the genetically modified corn 
must be grown at a safe distance from the natural 
species. Although there is evidence to suggest that bees 
and other insects may transport a small portion of corn 
pollen, com is primarily wind pollinated. The majority 
of airborne pollen falls within a short distance of the 
pollen source, although out-crossing has been recorded 
at up to 800 m. Computational fluid dynamics (CFD) 
software (FLUENT 6.0) was used to study the flow 
patterns of airborne, genetically modified corn pollen 
and to detennine the distances traversed by the pollen. 
The trajectory of a single pollen was studied for various 
air velocities and pollen orientations. Furthermore, 
the flow patterns of pollen clusters were simulated 

for various air velocities and pollen orientations. 
The results of the computer simulations were 
compared to experimental data found in the literature. 

Section Chairman: Mr. William R. Elliot, Missouri 
Department of Conservation 

Klldllld11"1<"T USE OF MINIPROJECTS 
IN BIOSPEOLOGY COURSES: THE INDIAN 
CAVE 2 ZONATION STUDY. 

I often use class miniprojects to collect data on natural 
history of invertebrate organisms. Standardized 
miniproj ects are useful teaching exercises that can 
be repeated in a variety of classes over an extended 
period of time. This presentation focuses on a zonation 
project conducted in Indian Cave 2 in the Huzzah 
Conservation Area in Crawford County, Missouri. The 
first visit to this cave was in the spring of 1992. The 
cave was measured and permanent linear transects 
(5-meter length) were established. Organisms seen 
in each zone during this and subsequent visits were 
counted and measured. We have collected data which 
reflect use of this cave as a habitat by a diversity 
of inve1iebrates. We also collect temperature and 
light penetration data along our linear transect. The 
majority of our data reflect cave cricket (Ceuthophilus) 
spatial and temporal distribution within the cave. Data 
from this project have also been used to document 
seasonal use of this small cave as a hibernaculum for 
Scolyopterix libatrix (Lepidoptera). 

CAVE GATING 
PROJECTS IN MISSOURl, 2002-2003. 
MDC's cave conservation efforts in 2002 resulted in 
the first and second largest cave gates in the world at 
Rocheport (Boone) Cave, Boone County, and Great 
Spirit Cave, Pulaski County. The two, large caves are 
among MDC's most important in harboring endangered 
Indiana bats and gray bats and other important cave 
resources. Cave gates are increasingly needed to protect 
sensitive bat roosts from human disturbance. These two 
species are especially vulnerable to noise, lights, and 
even the body heat of intmders. The Rocheport Cave 
gate, 85 feet wide and weighing 24 tons, was completed 
in July and was funded by the U.S. Anny Corps of 
Engineers at a cost of about $90,000. It was designed to 
withstand flash floods that come through the cave. The 
Great Spirit Cave gate (photo), 18 tons and 101 ft. wide, 
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was completed in October at a cost of more than $70,000, 
funded by MDC and the U.S. Fish and Wildlife Service. 
The ecological and engineering design considerations 
for these and other gates are discussed. Other resources 
such as sensitive aquatic life, archaeological and 
paleontological deposits, and the aesthetic and 
recreational values of the cave deserve protection as 
well. MDC's cave conservation program also assists 
other landowners in cave protection and habitat 
restoration. New projects on private land are detailed. 

HYDROGEOLOGIC INVESTIGATION OF THE 
CARROLL CAVE AREA, CAMDEN COUNTY, 
MISSOURI 
A multidisciplinary approach is cunently being used 
to characterize the Canoll Cave System. Mapping 
of surface karst features along with geologic and 
hydrologic studies in Carroll is helping direct current 
exploration and surveying efforts. The examination 
of rock samples and 9 thin-sections from the new 
entrance borehole of Carroll Cave places the 
majority of cave in the lower Gasconade Formation 
of Ordovician age. The genesis of the cave has been 
strongly influenced by structural deformation of lower 
Gasconade strata. Groundwater flow follows dip of 
geologic structure in the Upper Thunder River and 
Carroll River passageways, but trends along strike of 
geologic structure in the lower Thunder River passage. 
Analysis of water samples taken from various locations 
in the cave indicate a change in dissolved mineral 
saturations that may help explain the caves' origin. 
Inorganic water quality of the cave is excellent. Flow 
and chemical analysis of Thunder River - Toronto 
Springs groundwater points to extensive, unentered 
portions of cave. The potential for Canoll to extend 
south, west and northwest of known passageways is 
high based on the mapped position of sinkholes. An 
overburden map indicating the depth to the cave is 
used to infer possible boundaries to the cave system. 
A surface temperature survey and characterization 
of a sinkhole collapse has led to an interpretation of 
a significant extension of the cave towards Barnett 
Hollow 6400 feet west of Carroll passageways. 
Several sinkhole valleys filled with alluvial gravels, 
that may support recharge to Toronto Springs, have 
been identified. The validation of computer geologic 
mapping is currently ongoing with 30 sinkholes out 
of possibly hundreds field-located and photographed. 

Section Chairman: Dr: Virendra K. Varma, Missouri 
Western State College 

Section Chairwoman: D1~ Janice Nelsen, Southwest 
Missouri State University 





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

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

"This corporation is organized, not for profit but for the 
purposes of promoting the increase and the diffusion of scientific 
spirit, and of promoting cooperation between the scientific 
interests of Missouri. It proposes to accomplish these purposes: 

a. By holding meetings for the presentation of scientific 
papers embodying the results of original research, teaching 
experience, or other information of scientific interest. 

b. By fostering public interest in scientific matters,through 
open meetings, press releases and in such other ways as 
seem feasible. 

c. By encouraging local scientific organizations in every 
possible way. 

d. By promoting acquaintance in harmonious relationships 
between scientists in Missouri and among all who are 
interested in science. 

e. By supplying, so far as finances permit, a medium for the 
publication of results of original work, particularly those 
of special interest in this state. 

f. By concerning itself with legislation on scientific matters, 
and providing opportunity for discussion of such legislation. 

g. By working in any and all other ways which may prove 
feasible, for the advancement of science in Missouri." 

The Academy held its organizational meeting on April 13-14, 
1934, with 250 people attending. At the December, 1934, meeting, 
more than 400 people registered and by May, 1935, there were 

approximately 750 members of the Academy. Statewide interest 
at a high level continued until activities made necessary by World 
War II caused disruption of Academy affairs except for some 
activity in the College Section. 

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

Since its reactivation in 1963, the Missouri Academy of 
Science has regularly held annual meetings at 16 different sites 
around the state. The refereed publications, the Transactions of 
the Missouri Academy of Science, has been published consistently , 
since 1967. Seven Occasional Papers have also been released. 

Presently, 36 colleges and universities around the State of 
Missouri hold an Institutional Membership status. Membership 
into the Academy is a year-round opportunity for everyone and 
runs from January 1 to December 31. Benefits include four quar
terly Bulletins, one annual Transactions, and annual meeting 
lower pre-registration fee. 

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



Please read and follow these instructions for submission 
of an article for the Transactions of the Missouri Academy of 
Science. Attempts have been made to keep submission 
processes as simple and straightforward as possible. 

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

Missouri of Science 
Attn: Paula L. 
ttumohrevs 404 
Central Missouri State 

MO 64093 

Materials to be Submitted: The article is to be submit
ted in two forms: on a microcomputer disk (floppy disk, ZIP 
disk, CD, etc.) and as a printed hard copy. Instructions for 
each of these forms are described in more detail below. Most 
authors probably already have their aiticle on microcomputer 
media in some form, but we will require that it be submitted 
following a particular protocol. 

Disk Materials for publication must be 
submitted on either a 3.5" High-Density floppy disk, ZIP 
disk or a CD-ROM. The documents must be formatted in 
Microsoft Operating System (MS-DOS) form. Please label 
the disk with the first author's name. 

Text Text should be prepared or converted 
to either New Times Roman (Times) or Arial font with a 
print of 10-point type. DO NOT underline anything, use ital
ics if needed for scientific names or other terms in a lan
guage different from the rest of the text. DO NOT insert any 
codes for justification, hyphenation, line height, line center
ing, margins, spacing, fonts, page centering, page number
ing, suppression, tabs, or other special features. YOU MAY 
use subscripts, superscripts, and any of the available graphic 
characters available for the fonts used. USE ONLY SINGLE 
TABS. YOU MAY also use the Symbolic font if needed for 
special characters. All material should be in black on white, 
no color material permitted. 

DO NOT try to create your own approximation of hang
ing indent formatting for the literature cited or references 
section by using returns and tabs for the lines. Acceptable 
software has an automatic hanging indent feature, which 

should be used with the built in auto wrap feature of word 
processing. Avoid linked or embedded objects, images, and 
other advanced word processing capabilities, we will take 
care of this in final processing (e.g. placing figures and 
tables at appropriate locations in the text) .. 

""l!J?'"a....,.:i. Tables should be constructed using single tabs 
between columns and returns at end of sentence. Keep in 
mind that the larger format of the Transactions will allow 
larger graphs and figures. Because there will be two columns 
per page, graphics can be put in a single column or can be 
across two columns up to the size of the page. We anticipate 
having scanned images submitted for publication and they 
must be of appropriate size when saved to the disk. Please 
contact the editor if you have questions, email at 
<lupoa@missouri.edu>. Scan images should be minimally at 
300 dpi and grayscale images should be scanned minimally
at 450-dpi. 

the File to Disk: The text should be saved to the 
disk as a WordPerfect or Microsoft Word file(Version should 
be 5.0 or higher). In addition, please also save the file in Rich 
Text Format (RTF). We recognize that articles may have 
been prepared on a Macintosh system, but the files can be 
saved to a PC formatted disk in the RTF format without any 
complications. Use the SAVE AS command and save as 
requested. Thank you. 

Printed Hard Please submit four ( 4) copies of the 
manuscript. The text must be DOUBLE-SPACED, and only 
one-side of a standard letter-sized paper (8.5"xll "). These 
hard copies should show how you want to represent any spe
cial characters, equations, tables, etc. The manuscript is to be 
assembled in the following order: Title, Author(s) name(s) 
and affiliation, Abstract, words, Text, Figures, Please 
number your pages. Please use the common and binomial 
Latin name(s) of an organism when first mentioned. Names 
of taxa should be underlined. The text must match the docu
ment file text exactly. Distinguish between similar-looking 
but different symbols such as the letter "x", a multiplication 
sign (X), and the Greek Letter Chi (X, x). Similar problems 
occur with minus signs, hyphens, and dashes; there are dif
ferent symbols for each of these. 

Please provide the names of two or three possible 
reviewers in your cover letter. 

Send All Materials to: 
Missouri Academy of Science 
Humphreys 404 
Central Missouri State University 
Warrensburg, MO 64093 
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