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Basic Water Quality Survey of Pickerel Lake, Kalkaska County, Michi­
gan 
David K. Foster Alpha Chi Chapter, Eastern College 

A general survey of Pickerel lake's water column was conducted by 
students of the Environmental Chemistry class of AuSable Institute, summer 
1989. This survey had two purposes: to determine the trophic status of the 
lake; and to provide a set of general chemical parameters for further 
observation, monitoring, and comparison with future studies on this lake and 
others in Kalkaska County, total phosphate, N as nitrate. Dissolved oxygen 
profile by depth, total hardness, pH, alkalinity. Iron and ammonia were the 
primary tests performed. Using the data from these observations we 
conclude that this lake is an oligo-mesotrophic lake that has and is undergo­
ing anthropogenic eutrophication. 

Basic L1mnologlcal Study of Pickerel Lake, Kalkaska Co., MI: Trophic 
Status, Benthic Macrolnvertebrate Composition, Density, and 
DlversltY,and Chlorophyll Concentrations as Biological Indices of 
Water Quality 

John Skubinna Beta Iota Chapter, Bethel College 

A limnological study of Pickerel lake (Kalkaska County, Michigan) was 
done during the summer of 1989. This hardwater, kettlehole lake has 
surface area of 0.42km with significant inflow through groundwater and from 
a 12.62km watershed. Mean light transmission per meter was 71%. The 
moderate depth of the lake (z=8.5, max. z=22m) results in stratification with 
metalimnion mean depth between 5 and 12 meters. A metalimnetic oxygen 
maximum was evident with percent saturation at 140. Chlorophyll concen­
trations of phytoplankton, were mainly Ceratium sp. Average phosphorus 
and nitrogen levels as well as a trophic status of 33 indicate that Pickerel 
Lake is mesotrophic. A macroinvertebrate survey indicates 31 major families 
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of benthic invertebrates, with the highest densities in the �~�e�~�:�:�~�~�~�~�:�;� 
emergent, and floating macrophytes (11,833.2mg/m2 an d ercent' 
respectively). Diversity values range from 1. 7.8?3 �t�~�.�2�k�8�e�~�~�1�1� i..:e �~� moder­
evenness values range from 58.65 to 70.30 giving IC 
ately polluted water quality 

Water Quality Measurements In Baw-Beese Lake and the Saint Joseph 

River 
Chris Katz Alpha Psi Chapter, Hillsdale College 

M research involved a survey of several potential pollution �i�n�d�i�c�~�t�o�r�s� in 
�B�a�w�-�~�e�s�e� Lake and the Saint Joseph River as it flows �t�h�r�o�~�g�h� the City of 
Hillsdale, MI. Water quality measurements were conducted 10 �~�h�e� �I�~�t�e� 

. mer and fall of 1989 to determine the effects of residential 
�~�~�~�:�~�~�:�~�~�n�t� around Baw-Beese Lake, which serves as �t�h�~� head-waters for 
the st. Joe River, and the overall water quality of the �l�a�k�e�/�~�l�v�e�r� �s�y�s�~�e�m�.� 
Spectrophotometric methods were utilized to analyze for �n�i�t�~�o�g�e�n�,� 10 the f 
forms of ammonia, nitrite, and nitrate, and for phosphorous In the form 0 

hos hate ion. Alkalinity, acidity, conductance, and pH were also �~�~�a�­
�~�u�r�e�:� All parameters examined in this project were found to be �~�I�t�h�l�n� . 
acce 'table limits. No �s�i�g�n�~�i�c�a�n�t� increase in the �I�~�v�e�l�s� of the �~�p�e�c�l�e�s� studied 
COUI: be found upon comparison of my results With data obtalOed from a 
previous study carried out in 1972. 

• 
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Radon Levels In Domestic Water Wells of East Central Indiana 
John Kevin Hammer Xi Chspter, 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. Ahhough 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 Macrocycllc Metal Complex Dye 
David Thweatt Beta Iota 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, particularly 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 ~Iroups. The synthesis involves multiple 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 
Induction Period of Chrysantheum morlfollum by means of the Restric­
tion Enzymes Msp I and Hpa II 
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 playa role 
in plant cell differentiation and morphogenesis by repressing the expression 
of genes which control these processes. I 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 short­
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 II. Msp I recognizes 
the same sequence as Hpa II (CCGG) but cuts the DNA regardless of the 
methylation state of the internal cytosine. With this technique, total genomic 
DNA is cut with either Hpa II or Msp I. The DNA fragments 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 Acid on: Human Salivary Flow Rate, Salivary 
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 any lase 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 increases in salivary flow rate, a finding consistent with earlier 
research. 

The Effects of the Velvet Bean Mucuna deering lana on Mice 
Nancy L. Deming Beta Iota Chapter, Bethel College 

While drought conditions spread across Latin America, agriculturists are 
looking for alternative crops, like Mucuna deetingiana. The purpose of this 
experiment was to identify possible methods of reducing the toxicity of M. 

54 

Sigma Zetan Volume LVI April1990 

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 results seem to confirm previous research 
findings of the toxicity of these beans when prepared raw, but suggest that 
the toxicity may be a consequence 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 sufficent data and a clear result 
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 titie 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. Paper title: 

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

6. (Type or print) 
Author's name: 

Last _________ .First ________ lnitial_ 

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 numberL-J _______ _ 

8. Author's signature 

9. Advisor's signature 

10. Author submit 5 copies of the paper within 30 days following the date 
the paper was presented at the Sigma Zeta National Convention to Ted 
Platt, National Editor, Biology Department, Hillsdale College, Hillsdale, MI 
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 
. Stu?ies .have indicated that the long-term maintenance of sexual size 

dimorphism In the House Sparrow is a fUnction of natural selection for the 
thermor~gulatory 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 ~rea:volume ratios are favored while selection on females 
favors s~aller birds due to the lower daily energetic requirements. Overwin­
ter s~lectlon f~r advantageous surface area:volume ratios and energetic 
requirements In each s~x results in. significantly larger males and signifi­
cantly smaller females In the follOWing spring. This study attempted to verify 
these h~potheses by observing the pattern of sexual size dimorphism in a 
populatl~n of H?use Sparrows. Although there was no significant increase in 
sexual dlmo~ph~~m 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 ~uch as pluma~e and body size. Darwin (1871) proposed that natural 
sele~lon operate? differently on males and females due to their distinctive 
roles In rep~oductlon, or from competition between the sexes for limiting 
~esources. He !urther reasoned that intrasexual contests for mates and 
I~tersex~al mating p.r~ferences exert sexual selection, producing sexual 
~Imorphlsm. The ongln of sexual dimorphism in body size in a given species 
IS therefore a result of ''the difference between the sum of all the select· 
pressures affect~ng the size of the female and the sum of all selective Ive 
pressures affecting the male" (Ralls, 1976). Selection affects the mean 
phenotype~ of th~ traits in the two sexes which, in turn, continually increase 
the mean fitness In a population until an evolutionary equilibrium is attained 
(Lande, 19~O). That equilibrium, in the House Sparrow, corresponds to the 
de~re.e ~f size and plumage dimorphism observed in that species at that 
point In time. 

M~IIer (19~7) showed that males in House Sparrow populations exhibit 
a dominance hierarchy based on their size and the size of their badge (black 
chest plumage be~ow the bill). Rank in the flock carried a distinct feeding 
advantage, a nesting advantage, and a mating advantage (McGillivray and 
Joh~ston: 1987). Large males usually won aggressive encounters at 
feeding sites and therefore, had a distinct advantage when obtaining food 
(Moller, 1987). If badge size possesses a mating advantage as well, the 
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higher ranking males should transmit their genes more often than smaller, 
lower ranking males. 

Johnston and Fleischer (1981), however, pointed out that because size 
is a polygenic character, there is a tendency for a significant part of each 
generation of House Sparrows to be of an intermediate size relative to the 
parents. However, this decrease in dimorphism has not been observed 
(Johnston and Fleischer 1981; Rising 1970). Johnston and Fleischer (1981) 
showed that, in a population of House Sparrows in eastern Kansas after one 
winter, the degree of sexual dimorphism was not only maintained but 
actually increased relative to the previous fall. Males were shown to be 
significantly larger while females where significantly smaller. Overwinter 
mortality as a result of natural selection was the proposed explanation. 

Large size in males apparently provides a lower ratio of surface area to 
volume. This increases the amount of heat retained and increases meta­
bolic efficiency. Smaller body size in females appears to be advantageous 
because less overall energy is required to maintain it (Kendeigh, 1944). 
Since females apparently do not compete directly with males for food, this 
lower energetic requirement is beneficial (Moller, 1987). The feeding pattern 
of the House Sparrow described by Moller (1987) and by Weatherhead et al 
(1987), suggests that large males are at a survival advantage, contributing to 
the development of sexual size dimorphism(SSD). 

Selection for body size over the winter acts against individuals of 
intermediate size, particularly against small males and large females. Small 
males and large females are the result of genetic recombination for the 
genes coding for size. Assuming autosomal inheritance, a large male may 
impart his 'large' genotype to both sexes of offspring, resulting in larger than 
optimal females. The opposite may also be true, with small males being the 
result of smaller than average females imparting their 'small' genotype to 
offspring. Again, based on the dominance hierarchy described by Moller 
(1987), the large female and small male are at a survival disadvantage over 
the winter when food is a limiting resource. 

Moller (1987) observed that the number of times aggressive confronta­
tions occurred between a male and female was well below the expected 
number of confrontations based on flock composition. This suggests that 
females avoid males at feeding sites during the winter. It is an advantage for 
females to have a smaller energetic requirement (smaller body size) to 
maintain metabolic activity. Large females are at a survival disadvantage 
because, even with the conservation of heat provided by large size itseH. a 
larger food intake is necessary to maintain metabolism. 

Small males are at a disadvantage because they are unable to compete 
with other males at feeding sites. Although small size itself confers a lower 
daily energetic need for food, the dominance matrix observed by Moller 
(1987) indicated that a small male must engage in a greater number of 
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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 will 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 dimorphic pattern: The degree of sexual dimorphism exhib­
~ed 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<O.OOl) 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, culmen 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<O.OOOOl). 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 
female. 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 tra~s (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<O.OOl). 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 bill. 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 

61 



Sigma Zetan Volume LVI April1990 

temperature. Selection has been hypothesized to favor a smaller surface 
area:volume (large body size) in males and a corresponding high ratio (small 
body size) in females (Johnston and Fleischer 1981). In addition, as 
suggested by Moller (1987), male House Sparrows exhibit a dominance 
hierarchy based on badge size. The feeding advantage conferred by this 
hierarchy would provide a survival advantage for large males. Females 
were not observed to compete directly with males for food, hence, a lower 
energetic requirement of a smaller body size becomes more advantageous. 
Over the course of a single winter, selection should result in significantly 
larger males and significantly smaller females due to higher mortality of 
small males and large females. This result was not observed. 

The data collected in December 1989, and Spring 1990, indicated that 
there was no SSD after the winter. The 1989-1990 winter was extremely 
mild with higher than average temperature and only a single incidence of 
prolonged subzero temperatures (Dec. 21-Dec. 24). The only dimorphism 
that did appear was a significantly larger culmen width and bill depth in 
males as compared of femlaes. There was no significant change in any of 
the female variables. Spring males did demonstrate an unexpected increase 
in culmen length and depth, as compared to December males. The results 
suggest that a milder winter with higher than average temperatures may not 
have provided the selective pressures necessary to initiate SSD. 

The data indicated that male culmen length and depth for the spring 
population increased significantly compared to the December sample. In 
males, the only sexual dimorphism observed involved significantly larger bill 
dimensions. In the absence of selQction for body size, therefore, natural 
selction may have acted on another trait that would contribute to overwinter 
survival of the House Sparrow: the bill. A larger culmen would become 
advantageous in males because it would allow for a greater range of foods 
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
tive pressure for food acquisition that males do. Natural selection would 
therefore select for larger culmen dimensions in males, but not in females. 
The significant increase seen in male bill dimensions supports this conten­
tion, as does the lack of a significant change in any of the female measure­
ments. 

The correlation of overall bill size (Iength'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 seasonal 
fluctuations in individual weight (Rising and Somers 1989). The data for this 
study were collected in the evening following daily feeding. Morning weight 
would be a more accurate measurement to correlate to bill dimensions. The 
comparison of overall bill size to tibiotarsus length also showed a weak 
positive correlation. Even though tibiotarsus is an accepted indicator of 
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overall body size (Rising and Somers 1989), the fact that the mean value for 
this trait, as well as for the net body weight mean, actually decreased over 
the winter (Table 1) means that changes in body size can not account for the 
observed changes in bill size. Selection for bill dimensions appears to be 
independent of selection for body size, at least under the mild conditions 
experienced during the 1989-1990 winter. 

The conclusion that can be drawn from the data is that selection during 
the 1989-1990 winter acted primarily on bill dimensions in response to 
intensified intrasexual competition for limiting food resources. The signifi­
cant change in male bill dimensions indicated that selection for that trait had 
intensified. Since females do not compete directly with males for food, 
selection for bill dimensions would not be as strong. Attempts to correlate 
overall bill size with measures indicative of overall body size (net body 
weight and tibiotarsus weight) failed to indicate a definite relationship 
between the change in bill and body size. This study suggests that under 
mild winter conditions, selection for bill dimensions is perhaps independent 
of selection for body size. 

Table 1. Mean values for the six external morphologic 
traits measure. KEY: WI '"' net body weight; leng _ 
culmen length; wid,", culmen width; dep:. culmen depth; 
tars - tibiotarsus length; wing - wing chord length 

....... _-----_ ....... _---............. _---- ...... _ ..... _---- ... _-_ .. _----_ .. _------_ .... _-......... _---....... _--- ..... _ ........... _-_ ........ _-.... _--_ ..... ... 
---............ _------_ ... _------ ........ _-----............. _--- .......... _-.. -------- .. ---_ .. _- .... _ ..... _----_ .. _- ..... _ .. _---... __ ....... _-- ...... _---

MALE MEANS FEMALE MEANS 
1989 1990 t-test 1989 1990 t-test 

trait n=51 n=75 prob n=30 n=25 prob 
-------------....... _--- .... _--..... _-----_ ..... _--........ _---- ........ _------............... _- .. _-_ ... _-..... _-...... _-----_ ...... _-- .......... _ ...... 
WI 31.53 31.35 n.s. 30.72 30.96 n.s. 
leng 9.77 10.09 .001 9.87 9.98 n.s. 
wid 7.93 8.03 n.s. 7.79 7.82 n.s. 
dep 8.10 8.26 .027 8.05 8.09 n.s. 
tars 19.53 19.38 n.s. 19.23 19.41 n.s. 
wing 8.04 7.99 n.s. 7.74 7.82 n.s. 
--_ ......... ---------------- .. _--- ... _---..... _--------- ... _------ .............. _------ ........ _-- .. -----_ .... _------_ ..... _----- .... _--

Table 2. Pattern of sexual dimorphism exhibited by the 
two samples measured. KEY: WI ... net body weight; 
leng = culmen length; wid = culmen width; dep '"' culmen 
depth; tars .. tibiotarsus length; wing ... wing chord length 
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MALE MEANS 
1989 1990 t-test 

trait n=51 n= 75 prob 

wt 31.53 30.72 n.s. 
leng 9.77 9.87 n.s. 
wid 7.93 7.79 n.s. 
dep 8.10 8.05 n.s. 
tars 19.53 19.23 .049 
wing 8.04 7.74 .001 

Volume LVI 

FEMALE MEANS 
1989 1990 Hest 
n=30 n=25 prob 

31.35 30.96 n.s. 
10.09 9.98 n.s. 
8.03 7.82 .015 
8.26 8.09 .027 

19.38 19.41 n.s. 
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 Heckenlively, and Professor George 
Angell in making this issue of the Sigma Zetan possible. 
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