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Radon Lgvels in Domestic Water Wells of East Central Indiana
John Kevin Hammer Xi Chapter, Ball State University

The Radon Working Group at Ball State University has reported on over
400 water samples which were tested for radon concentrations using the
liquid scintillation technique. These samples were mostly collected from
domestic water wells in central and east central Indiana. To date, levels in
untreated samples range from the detection limit of less than 50 pCi/1 to a
maximum of 1660 pCi/1, Possible correlations of radon concentration
versus other attributes are examined: dissolved trace elements; geographic
location; well depth; depths to water table, glacial horizons, and bedrock;
and glacial or bedrock aquifer type. Although several of the highest values
are from shallow gravel wells, the bedrock acquifer population has a
distinctly higher geometric mean. Heavily studied Delaware and Madison
Counties have similar radon distributions despite differences in bedrock
geology. A strong inverse correlation between iron and radon is noticed, as
reported by other researchers elsewhere. There seems to be no direct
correlation between the radon concentrations found in air samples and in
water samples taken at the same home site.

A Novel Macrocyclic Metal Complex Dye
David Thweatt Beta lota Chapter, Bethel College

The emphasis of our research is novel industrial dyes. Ideal properties
include intense and narrow absorption bands in the visible region of light.
Molecules that exhibit these properties can be designed by incorporating
components of well-known dye systems in new ways, panticularly extended
two-dimensional pi conjugation and the presence of multiple azo groups.
This work involves the preparation of a square-planar bis (1,10-
phenanthroline) nickel complex with the phenanthrolines joined through the
2- and 9- positions via azo ¢froups. The synthesis involves mutltiple steps,
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including preparation of 2, 9-dichloro-1, 10-phenanthroline, chelation to form
the bis nickel complex condensation with hydrazine, and oxidation to the
final conjugated, macrocyclic form.

A Qualifications Analysis of Cytosine Methylation During the Floral
inductlon Period of Chrysantheum morifolium by means of the Restric-

tion Enzymes Msp | and Hpalll
Don L.V. Wanek Beta Beta Chapter, George Fox College

In view of the role played by DNA methylation in the regulation of gene
expression during development, it is thought that methylation may play a role
in plant cell differentiation and morphogenesis by repressing the expression
of genes which control these processes. | studied this hypothesis by
analyzing restriction digests of Chrysanthemum morifolium apical meristem
and leaf DNA. The C. morifolium is a short-day flowering plant with a floral
induction period of 8-10 days. Floral induction of C. morifolium occurs in two
phases: 1) induction of only crown buds if plants were exposed to 5 shorn-
days 2) complete floral induction when plants are exposed to 5 additional
days. DNA extracts were taken from apical meristem and leaf tissues during
three critical days, Day 2, Day 4 and Day 8. The DNA samples were
digested with the restriction enzymes Msp 1 and Hpa Il. Msp | recognizes
the same sequence as Hpa Il (CCGG) but cuts the DNA regardiess of the
methylation state of the internal cytosine. With this technique, total genomic
DNA is cut with either Hpa Il or Msp I. The DNA tragments then are
separated according to size by agarose gel electrophoresis and stained with
ethidium bromide. My goal was to evaluate the methylation patterns
involved in the flowering mechanism of C. morifolium.
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The Effect of Citric Acld on: Human Sailvary Flow Rate, Sallvary
Anylase Activity, and Protein Content of Saliva
Janet Ballard and Harold Wilkinson Pi Chapter, Millikin University

The effects of three citric acid solutions of differing concentration were
tested on 10 college females to determine the effect on salivary flow rate,
salivary anylase activity and protein content. The subjects were of good
physical health and fasted for 10 hours prior to test administration. Saliva
samples were collected at 8 a.m. before and after the subjects were given a
weak acid solution to rinse with. Flow rates were determined by gravimetric
methods and expressed as grams/min. Preliminary findings indicate that
acid causes increasss in salivary flow rate, a finding consistent with earlier
research.

The Effects of the Velvet Bean Mucuna deeringlana on Mice
Nancy L. Deming Beta lota Chapter, Bethel College

.While drought conditions spread across Latin America, agriculturists are
Iookmg for alternative crops, like Mucuna deetingiana. The purpose of this
experiment was to identify possible methods of reducing the toxicity of M.
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deeringiana, to make it safe for mammalian consumption. Nine methods of
preparation of M. deeringiana (the velvet bean) were studied against two
controls for a period of 28 days, on forty four mice. The mice which were fed
raw beans experienced significant weight loss, compared to either control
group. The groups which consumed the broth of the boiled beans had
significant weight gain, relative to all raw bean, boiled bean, and control
groups. The levodopa control group was not significantly different from the
normal food control group. These resuits seem to confirm previous research
findings of the toxicity of these beans when prepared raw, but suggest that
the toxicity may be a consequencs of a trypsin-like inhibitor rather than
directly due to the levodopa in these beans. The results also suggest the
use of the broth from boiling or soaking the beans in water as additional
nutrition to regular food.
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Publishing Student Papers
Zero to three refereed student research papers will be published in each

issue of the Sigma Zetan .
Rules
1. The paper must be presented by a student Sigma Zeta member at a
National Convention of Sigma Zeta.
2. The paper must be received by the National Editor within thirty days after
the paper was presented at the National Convention.
3. Based upon the following criteria, the National Editor will reject the paper
or send the paper out to 3 to 5 faculty member referees.

a. Follows scientific method.

b. Has sutficent data and a clear resuit

c. Is well written.
4. Papers not correctly submitted will not be accepted by the National Editor,
see Paper Submission Instructions.
5. The referees will return the paper to the National Editor before August 31.
If the paper was approved by a majority of referees, it will be returned to the
author. The author will revise the paper based upon the referees’ and the
editor's comments.
6. The revised papers are to be returned to the National Editor before
October 31. The National Editor will make the final decision to publish or not
to publish the paper.
7. Papers not passing majority review will be returned to the authors along
with the referee and Editor's comments. These papers will not be published.
8. Because the Sigma Zetan is not a referenced journal, publishing in the
Sigma Zetan does not disqualify the paper from publication in referenced
journals,
9. Deadline dates must be met by the author, the referees, and by the
National Editor.
Referees (reviewers): 1. The National Editor will select referees from
among the Sigma Zeta chapter advisors. The Sigma Zeta referee chosen by
the National Editor is responsible for refereeing the paper. This responsibil-
ity may be shared with or transferred to faculty colleague(s) of the referee.
10. No paper will be refereed by a faculty member of the author’s host
college or university.
11. The names of paper referees will not be revealed to the paper author.
However, the reviewed paper along with the referees’ and the editor's
comments will be sent to the paper author.
12. A page fee based upon the final page cost of publishing the Sigma
Zetan will be charged to the chapter having a paper accepted for publication.
The National Editor may be petitioned for financial support to publish the
Paper if the chapter requires assistance.
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Paper Submission Instructions and Submission Form for the Sigma
Zetan (Xerox copies of this form as needed). .
1. The paper title is placed on page 1 of the paper. The paper abstract is
placed two spaces below the paper title on page 1 of the paper. The text of
the paper begins two spaces below the abstract.

2. The typed or laser printed manuscript should not exceed fourteen

double spaced pages. .
3. The number of tables and graphs should be kept to a minimum. Tables

and graphs should be laser printed, suitable for scanning or photocopying.
4. Papertitle:

5. Date the paper was prasented at the Sigma Zeta National Convention

6. (Type or print)
Author’s name: N
Last First Initial__

7. The author is a member in good standing of the Chapter

of Sigma Zeta. ’
Address: (college or university)

(zip code) .
College or university phone number( )

8. Author's signature

9. Advisor's signature

10. Author submit 5 copies of the paper within 30 days follow?ng the date
the paper was presented at the Sigma Zeta National Conventnoq to Ted
Platt, Nationai Editor, Biology Department, Hillsdale College, Hilisdale, Ml
49242,  (517) 437-7341.
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PATTERNS OF SEXUAL DIMORPHISM IN A POPULATION OF HOUSE
SPARROWS (Passer domesticus). Stephen D. Ebbs, McKendree College,
Lebanon, IL.

ABSTRACT

Studies have indicated that the long-term maintenance of sexual size
dimorphism in the House Sparrow is a function of natural selection for the
thermoregulatory benefits of surface area:volume ratios. Due to a domi-
nance hierarchy at feeding sites based on male badge size, large males with
smaller surface area:volume ratios are tavored while selection on females
favors smaller birds due to the lower daily energetic requirements. Overwin-
ter selection for advantageous surface area:volume ratios and energetic
requirements in each sex results in significantly larger males and signifi-
cantly smaller females in the following spring. This study attempted to verify
these hypotheses by observing the pattern of sexual size dimorphism in a
population of House Sparrows. Although there was no significant increase in
sexual dimorphism for overall body size, bill depth and culmen width in

males was significantly larger than corresponding bill dimensions of the
female.

INTRODUCTION
The House Sparrow (Passer domesticus) exhibits sexual dimorphism in
traits such as plumage and body size. Darwin ( 1871) proposed that natural
selection operated differently on males and females due to their distinctive
roles in reproduction, or from competition between the sexes for limiting
resources. “He further reasoned that intrasexual contests for mates and
intersexual mating preferences exert sexual selection, producing sexual
dimorphism. The origin of sexual dimorphism in body size in a given species
is therefore a result of “the difference between the sum of all the selective
pressures affecting the size of the female and the sum of all selective
pressures affecting the male” (Ralls, 1976). Selection affects the mean
phenotypes of the traits in the two sexes which, in turn, continually increase
the mean fitness in a population until an evolutionary equilibrium is attained
(Lande, 1980). That equilibrium, in the House Sparrow, corresponds to the
degree of size and plumage dimorphism observed in that species at that
point in time.
Moller (1987) showed that males in House Sparrow populations exhibit

a dominance hierarchy based on their size and the size of their badge (black
chest plumage below the bill). Rank in the flock carried a distinct feeding
advantage, a nesting advantage, and a mating advantage (McGillivray and
Johnston, 1987). Large males usually won aggressive encounters at
feeding sites and therefore, had a distinct advantage when obtaining food
(Moller, 1987). It badge size possesses a mating advantage as well, the
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higher ranking males should transmit their genes more often than smaller,
anking males. .
Ioweﬂéhnsto?l and Fleischer (1981), however, pointgd out that because ;IZB
is a polygenic character, there is a tendengy for a S|‘gn|f|c.ant palnt'of ?gihe
generation of House Sparrows to be of an m?ermedlate size re ablve :
parents. Howevaer, this decrease in dimorphism has not been o s:rve1981)
(Johnston and Fleischer 1981; Rising 1970). Johnston and Fleisc erft ( 81)
showed that, in a popuiation of House Sparrows in easter_n Kgns(’az at er
winter, the degree of sexual dimorphi§m was not only malnta':ne tg oo
actually increased relative to the previous fa!l.. Males werle s gwnrWinter
significantly larger while females whgre significantly smaller. | ve v
mortality as a result of naturai selection was the proposgd exp a:fna a;ea ©
Large size in males apparently provides a Ic?wer ratio of surface oa
volume. This increases the amount of heat retained and mcre:ses‘me >
bolic efficiency. Smaller body size in females.apgea.rs to be a r:/a1n9‘a‘§;1'e
because less overall energy is required to maintain it (Kendel? 't > )t.his
Since females apparently do not cor?p'e:e( hc;lrﬁctly1\ggr_1i)me_zrlre“: fc;re d?ng'pattgm
nergetic requirement is bensficial (Moller, .
I:'v::; eI'-Ious?e Spar?ow described by Moller (1937) and by Weather?(.a;:ﬁzt atlo
(1987), suggsests that large males are at.a survival advantage, contri g
the development of sexual size dimorp_hlsm(SSD). e individuals of
Selection for body size over the winter acts against individuals o Smal
intermediate size, particularly against small ma[es and Iar_ge f.em?Ieih mal
males and large females are the result of gen_etlc r_eoombmatlon or ‘ o .
genes coding for size. Assuming autosomal mhe.ntance, a !argg rlna e n;hzn
impart his ‘large’ genotype to both sexes of offspnng, resulting |In atrg.er: han
optimal females. The opposite may als_o be true, wn_h Ismall 'ma s bei tg
result of smaller than average females |mpar}mg their sma}l genot:ﬂp(il (o]
offspring. Again, based on the dominance hierarchy QGscr,bed by Moller .
(1987), the large female and small male are at a survival disadvantage ov
i food is a limiting resource. .
e wxl‘glre\r'vaegrzﬁ) observed that the number of times aggressive oor;frgnta-
tions occurred between a male and female was vygll belovy the expecteh t
number of confrontations based on flock composrpon. Th{s suggests tha o
females avoid males at feeding sites during the winter. It is an a@vantage (o]
females to have a smaller energetic requirement (smallqr body size) to
maintain metabolic activity. Large females are ata survival dlsa_dva'ntag';fe
because, even with the conservation of heat p:o;ggc:n by large size itself, a
food intake is necessary to maintain metabolism,
IargeSrmall males are at a disadvantage because thgy are unabie to col;nx:rte
with other males at feeding sites. Althgugh small size itself %onfBSO?Ier
daily ensergetic need for food, the dominance matrix observe :r¥1b9r lo
(1987) indicated that a small male must engage in a greater n
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aggressive encounters to acquire food. Since the outcome of the confronta-
tion is dependent on male badge size, smaller males tend to lose aggressive
encounters. Even though their energetic requirements are lower, the
competition with higher ranking males makes obtaining food much more
difficult, reducing the probability that a small male wilt survive.

The following study assesses the pattern of overwinter mortality in a
population of House Sparrows. If natural selection acts on this population of
House Sparrows according to the above patterns for sex and sex size, the
following predictions can be made:

Size of males: Males should show a significant increase in overall size
from fall to spring based on the competitive advantage of their larger size in
obtaining food and the conservation of heat provided by their low surface
area to volume ratio.

Size of females: Females should show a significant decrease in overall
size based on the lower energetic requirements of a smaller body.

Overall dimorphlc pattern: The degree of sexual dimorphism exhib-
ited by fall and spring samples of the population should either be equal or
the degree of dimorphism in the spring sample should be greater than that of
the previous fall sample.

MATERIALS AND METHODS

House Sparrows were captured by mist-netting near several known
roosts around the McKendree College campus during early December,
1989. The capture procedure was enhanced by utilizing a roost-noise
recording (obtained using a parabolic reflector) remixed on a Memorex 90
minute tape. A tape recorder playing the tape was hung in trees where the
birds were known to roost. The tape was started approximately 20-30
minutes before the ‘established time of arrival’ for the flock being studied.

Captured individuals were sexed and banded. The following external
morphologic traits were measured: wing chord, tibiotarsus length, bill
dimensions (bill depth, and culmen length and width). The measurements
were the same as those taken by Abbott et al (1977) except for bill depth.
Bill depth in this study combined the measurements of culmen depth and
gonys depth of Abbott et al (1977). Following external measurements, each
sparrow was weighed using a 50g Pesola spring balance. Each specimen
was released at the completion of the measuring procedure near the point of
capture.

The recapture portion of the study was accomplished by mist-netting in
the same areas. The recapture period was from late February to March,
1990. Data for the spring sample were obtained following the above
procedure.

Analyses were performed using the Student's t-test and correlation
analysis.
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RESULTS

Size in Males. Of the 181 birds captured during the two sampling
periods, 126 were male. The fall sample contained 51 males while the
spring sample contained 75 males. The only significant changes in the male
were increases in culmen length (t=3.34, p<0.001) and bill depth (t=2.36,
p<0.05) (Table 1). Means for net body weight and tibiotarsus, two accepted
indicators of overall body size, showed decreases though the change was
not significant (t=0.97, t=0.82, p<0.05). The two remaining traits measured,
culmen width and wing chord, also showed no significant change (p>0.05).

Bill size was represented by the product of culmen length, cuimen width,
and bill depth. This value was compared to net body weight and two values
of tibiotarsus length, length itself and length squared. These measurements
are indicators of overall body size.

The correlation of overall bill size to net body weight showed a signifi-
cant positive correlation (r=.403, p<0.00001). The correlation of overall bill
size to tibiotarsus length also showed a positive correlation (r=.067, p>0.05),
but a very weak one. The correlation loses its significance if a single
outlying point is excluded from the analysis (r=.143, p>0.05). The compari-
son to the square of the tibiotarsus length showed a significant but weak
positive correlation (r=.158, p<0.05).

Size in Females. 55 birds captured during the sample periods were
temale. In the fall, 30 females were captured as opposed to 25 females in
the spring. The Student's t-test indicated that there was no significant
change in any of the female traits (Table 1).

Overall Dimorphic Pattern. The fall sample exhibited some sexual
dimorphism (Table 2). Wing chord was significantly longer in males than in
females (t=5.43, p<0.001). Male tibiotarsus was significantly longer than
female tibiotarsus length (t=2.00, p<0.05).

In the spring sample male wing chord remained significantly longer than
female wing chord. Tibiotarsus length however was no longer significantly
different. The mean for male tibiotarsus length actually decreased while the
mean for female tibiotarsus length increased. Neither change was signifi-
cant but female tibiotarsus in the spring was actually longer than the
corresponding male tibiotarsus length (Table 2).

The new pattern of sexual dimorphism appeared in the bili. Male House
Sparrows in the spring showed significantly larger culmen width and bill
depth as compared to spring females (t=2.09, t=2.17, p<0.05).

DISCUSSION
The initial hypothesis of this study was that sexual size dimorphism
(SSD) was maintained by natural selection for surface area:volume ratios
due to differential patterns of overwinter mortality. This presupposes a
definite relationship between SSD and environmental factors such as
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temperature. Selection has been hypothesized to favor a smaller surface overall body size (Rising and Somers 1989), the tact that the mean value for
area:volume (large body size) in males and a corresponding high ratio (small this trait, as well as for the net body weight mean, actually decreased over
body size) in females (Johnston and Fleischer 1981). In addition, as the winter (Table 1) means that changes in body size can not account for the
suggested by Moller (1987), male House Sparrows exhibit a dominance observed changes in bill size. Selection for bill dimensions appears to be
hierarchy based on b'adge size. The feeding advantage conferred by this independent of selection for body size, at least under the mild conditions
hierarchy would provide a survwgl advaqtage for large males. Females , axperienced during the 1989-1990 winter.
were not observed to compete directly with males for food, hence, a lower ! The conclusion that can be drawn from the data is that selection during
energetic requirement of a smaller body size becomes more advantageous. the 1989-1990 winter acted primarily on bill dimensions in response to
Over the course of a single winter, selection should resuit in significantly , intensified intrasexual competition for limiting food resources. The signifi-
larger males and significantly smaller females due to higher mortality of cant change in male bill dimensions indicated that selection for that trait had
small males and large females. This result was not observed. intensified. Since females do not compete directly with males for food

The data collected in December 1989, and Spring 1990, indicated that selection for bill dimensions would not be as strong. Attempts to correlate
there was no SSD after the winter. The 1989-1990 winter was extremely overall bill size with measures indicative of overall body size (net body
mild with higher than average temperature and only a single incidence of weight and tibiotarsus weight) failed to indicate a definite relationship
prolonged subzero temperatures (Dec. 21-Dec. 24). The only dimorphism between the change in bill and body size. This study suggests that under
that did appear was a significantly larger culmen width and bill depth in mild winter conditions, selection for bill dimensions is perhaps independent
males as compared of femlaes. There was no significant change in any of of selection for body size.
the female variables. Spring males did demonstrate an unexpected increase
in culmen length and depth, as compared to December males. The results Table 1. Mean values for the six external morphologic
suggest that a milder winter with higher than average temperatures may not traits measure. KEY: wt = net body weight; leng =
have provided the selective pressures necessary to initiate SSD. culmen length; wid = culmen width; dep= culmen depth;

The data indicated that male culmen length and depth for the spring tars = tibiotarsus length; wing = wing chord length '

population increased significantly compared to the December sample. In
males, the only sexual dimorphism observed involved significantly larger bill
dimensions. In the absence of selection for body size, therefore, natural

selction may have acted on another trait that would contribute to overwinter MALE MEANS FEMALE MEANS
survival of the House Sparrow: the bill. A larger culmen would become 1989 1990 {-test 1989 1990 t-test
advantageous in males because it would allow for a greater range of foods ‘ trait n=51 n=75 prob n=30 n=25 prob
to be consumed. Since females do not compete heavily with males at the
same feeding sites, this sex should not have experienced the same competi- wt 31.53 31.35 ns. 30.72 3096 n.s
tive pressure for food acquisition that males do. Natural selection would leng 9.77 10.09 .001 9.87 9.98 n.s:
therefore select for larger culmen dimensions in males, but not in females. wid 7.93 8.03 n.s. 7.79 782 ns
The significant increase seen in male bill dimensions supports this conten- dep 8.10 8.26 .027 8.05 8.09 n:s.
tion, as does the lack of a significant change in any of the female measure- | tars 19.53 19.38 n.s. 19.23 19.41 n.s:
ments, : ) wing 8.04 799 ns. 7.74 7.82 ns.
The correlation of overall bill size (length-depth-width) with net body
weight was a significant positive correlation. Body weight, however, is not
an accurate indication of overall body size due to daily and seasconal ‘ Table 2. Pattern of sexual dimorphism exhibited by the
fluctuations in individual weight (Rising and Somers 1989). The data for this two samples measured. KEY: wt = net body weight;
study were collected in the evening following daily feeding. Morning weight ‘ leng = culmen length; wid = culmen width; dep = cuIr'nen
would be a more accurate measurement to correlate to bill dimensions. The depth; tars = tibiotarsus length; wing = wir;g chord length

wmparison of overali bill size to tibiotarsus length also showed a weak
positive correlation. Even though tibiotarsus is an accepted indicator of
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Table 2
MALE MEANS FEMALE MEANS

1989 1990 t-test 1989 1990 t-test
trait n=51 n=75 prob n=30 n=25 prob
wt 3183 30.72 ns. 31.35 30.96 ns.
leng 9.77 9.87 ns. 10.09 998 ns.
wid 7.93 7.79 ns. 8.03 7.82 .015
dep 8.10 8.05 n.s. 8.26 8.09 .027
tars 19.53 19.23 .049 19.38 19.41 ns.
wing 8.04 7.74 001 7.79 7.82 .048
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EDITOR’S COMMENTS

Bethel College Provost, David Brandt, in his welcome of Sigma Zeta to
Bethel's campus stressed the need for having a passion for science and the
hope that undergraduates, such as members of Sigma Zeta, bring continu-
ing growth of science in our world. For the Editor, working with the students
and professors of Sigma Zeta is a hope-fulfilling experience. Your good
work in science reflects good people, well-trained, motivated and seeking.
Seeking for a better world through scientific, social, and ethical endeavors.
My hand to you. You are a meritorious and exciting group.

Acknowledgements: The editor wishes to acknowledge Kristina Francoeur,
Mark Katz, Bryan Pellock, Dr. Donald Heckeniively, and Professor George
Angell in making this issue of the Sigma Zetan possible.
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