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I. Introduction 

A. PUlrpose of Investigation 

Re:3idents of Studebaker Halls and the Ball State Mobile 

Home Courts living near Cardinal Creek have complained about 

offensive odors coming from the creek, from time to time, 

during the last several years. Complaints have also been 

made about the general "unsightliness" of the stream. Ball 

State officials, however, have maintained that the stream has 

never been the source of the offensive odors about which re-

sidents have complained. One explanation of the odors given 

by the University has been that high temperatures and humidity 

preven1i the diffusion of sewer gas from trailer vent stacks. 

This S€lwer gas would then settle in low areas much like smog 

over a large city. 1. 

Because the investigator was a resident in the Studebaker 

complex during the summer of 1966, and because of interest in 

Limnology stimulated by Dr. Miller and Dr. Hibbs that same 

summer, the investigator proceeded to plan a limited chemical 

and biological study of Cardinal Creek to detenuine the general 

health of the stream on the Ball State campus. This investi-

gation was planned during the summer of 1967 and begun in Sept

ember of that year. The bulk of the research was carried out 

during the Fall Quarter of 1967. 

1. "Advice and Dissent, Clean Creek"; R. H. Showalter; 
"Ball State News"; June 29, 1967. 

l. 



B. His,tory of Cardinal Creek 

This creek is officially listed as Hiatt Ditch by the 

County Surveyor, but is better known on Campus as Cardinal 

Creek. It is labeled York-Prairie Creek on state Geological 

Survey maps. Because the area of the stream studied is within 

the Campus grounds, the stream will be referred to as Cardinal 

Creek t;hroughout the paper. 

The, area through which Cardinal Creek now runs is thought 

to havEI once been the site of the 'Ivbi te River stream bed. To

pographic maps give support to this hypothesis. 

The tract of land through wbich the creek now runs was 

purcbased by Mr. Leonard Shick Sr. of Muncie in 1891 and was 

used as a dairy farm. The land where the Mobile Home Court and 

the Ments Gym now stands was low and uncleared when the pro

perty was bought. However, there was evidence that it had 

previou.sly been cleared as only small trees, dense shrubs and 

vines were to be found. Mr. Leonard Shick Jr. of Muncie has 

described the area from his boyhood memories as a "wilderness". 

He said. that at this time it was possible to force by hand a 

fence rail into the mucky soil of this region for its entire 

length. Perhaps this is an exaggeration, but it demonstrates 

the swampy character of this area quite well. frhe elder idr. 

Shick kept a horse on the dairy farm expressedly for the purpose 

of pulling cows out of the muck whenever they would stray into 

this low ground. The area abounded in snakes and other wild

life. 

About 60 to 64 years ago the low area was cleared and an 



open d.i.tch dug i"or drainage purposes through the lowest area. 

The di'cch was later tiled and its construction greatly im-

proved the land use as the acres were now tillable. High 

yields of corn were obtained for many years. One crop of 

wheat was sufficient to show that this area was better suited 

to corn. 

In the fall of 1946 this drained area of 40 acres was pur-

chased by Ball State. Between 1946 and 1951 various species 

of trees were planted in the old fields and multiflora rose 

planted along the fence rows. As stated in a paper by Mr. 

Carter,. the tree plantings were thougbt to be successful as 

40% of the planted species survived. 2. 

TbEI area was described in 1952 as is shown in Figure I by 

Gordon Carter. A topographic map drawn in 1949, Figure II, 

sbows t;his same area. 'rbe overlay shows the location of pre-

sent Campus buildings. 

In 1952 a sewer flowed south and west from septic tanks 

along Bethel Pike and discharged into a ditch just soutb of 

'Iurner's Drive-in. Tbe water entered at the extreme northeast 

corner of the 40 acres from a 24 inch outfall, forming a stream 

3 to 10 feet wide and 3 to 12 incbes deep. Tbe stream forked 

750 feet west of the outfall, witb the majority of the water 

flowing into a pond tbat was one to two feet deep. Tbe rest of 

tbe water flowed north and west and finally disappeared into 

tbe ground near Bethel Pike. The pond was one to two acres in 

size and varied in size with the seasons and amount of rainfall. 

2. "The College 40 Acres, An Ecological Study"; Gordon 
Carter for Dr. D. E. Miller; 1952. 
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Sewage sludge was heavy near the north end of the pond. 

Stream flow as measured before the ditch forked was determined 

to be one foot per second by Mr. Carter during November of 

1952. As this reading was taken several days after 8 heavy 

rainfall, it was undoubtedly higher than normal. The pond was 

located in a strip of marsh land that covered approximately 8 

acres. 

Ball State maintained the "College 40 Acres", as this tract 

was called, as a natural area until 1956 when construction was 

begun in the area. The present creek bed was dredged out in 

1958 to make further construction possible. 

The present stream has its origin on the Ball State Campus 

near the southeast tennis courts from well water used for air 

conditioning purposes on Campus. The stream also takes care 

of all the runoff water from the Campus buildings and parking 

lots aH well as some runoff from the surrounding residential 

areas. The discharge rate from the wells that supply the air 

conditioning systems in the Music, English, Library, Physical 

Science-Math and the Student Center was 110 to 360 gallons 

per minute. However, a large central air conditioning cooling 

tower was built in 1966-67 and now well discharge has been cut 

to half this amount. Since the tower can recycle used water 

and feed it back into the air conditioning systems, the wells 

need only be used twice 8 year when the water is changed in 

the tow·er. At present, the well pumps are kept running at 

half their capacity in order to maintain continuous flow in 

Cardinal Creek. This well water acts in a benefical way to 

flush the stream. 



From its origin, the stream continues in a general south 

westerly direction until it joins White River between Yorktown 

and Daleville approximately 7.5 miles from Muncie and one mile 

northwest of Highway #32 (see Figure III). The stream is ap-

proximately 10 miles in length and varies from 4 to 20 feet 

in width and from 4 to 24 inches in depth. It has steep banks 

and the bottom varies from mud and sludge to rocks and gravel. 3 

c. Surrnnary of Approach 

Because it is felt that a stream survey should include not 

only the physical-chemical factors of the water, but also the 

biota Hnd the conditions in and around the stream, it was de-

cided that the survey would include the following areas: 

1. Physical conditions in and around stream 
2. Chemistry of the water 
3. Aquatic biota 
4. Terrestrial biota where deemed significant 

After confering with Mr. David McGinty of the Department 

of Natural Resources and Dr. Clyde Hibbs, a preliminary list 

of chemical tests which should be included in such a study 

was determined. After gaining information as to the equipment 

available in the Department, it was decided to include the fol-

lowing chemical tests in the investigation: 

Carbon dioxide 
Free acidity 
Alkalinity 
Dissolved oxygen 

Hardness 
pH 
Detergents 
Biological oxygen demand 

To this list was added water temperature, weather conditions 

3. "Haitt Ditch", a paper by Dr. R. Siverly, 1963. 
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and coliform bacteria count. Plans were also made to collect 

and idElntify stream flora and fauna. Therefore a space was 

providEld for the name and number of genera and of individuals 

collected and also for the flora collected, in the field sheet 

that was prepared. See Figure IV. 'fhe sheet was carried into 

the field where data and observations were recorded. 

Equipment available and lack of transportation limited 

the munber of tests which could be run. These same factors 

also l:1.mited the number and placement of sampling stations. 

After examining the only previous paper on the stream by Dr. 

R. E. Siverly and after a survey of the creek in which all 

outfalls were taken into consideration, five collection sites 

were s€llected. It was :felt that the investigation would be 

most beneficial if results from morning, afternoon and evening 

tests were obtained. However, there was a realiz.ation that 

the amount of time necessary to complete the test run and the 

time available to the investigator would affect the times of 

sampling. It was also hoped that tests in the winter and 

spring of 1967-68 could be taken for comparison. 

Equipment was assembled in September of 1967 in the Ecology 

and Conservation Research room and testing was begun as soon 

as all materials were gathered. 

II. Stream Characteristics 

A. PhYSical 

1. geographical 

As stated before, Cardinal Creek is an artifically created 



stream which was dredged out in 1958. This was done in order 

to drain the College 40 Acres so that construction of new 

buildings could begin in the area. Because of its origin, the 

banks of the stream are steep and some soil erosion has taken 

place. The present stream does not exactly follow the low 

ground reported by Mr. Carter in 1952. Much of this area was 

filled when building began. A layer of rock and gravel under

lies the entire area. A perched water table is found at a 

depth of 13 feet. The stream was originally dredged to a depth 

of 14 feet. These factors make it possible to maintain a 

stream in this area. 

2. size of water shed 

The size of the natural water shed of the area of the 

stream studied is shown in Figure V. It covers an area of 

approximately 1235 acrea. This includes most of the University 

property and several residential areas, mostly to the north 

and east. 

3. bottom composition 

The stream bottom from the origin to the cement bridge to 

Studebaker Halls is composed of a 3 inch layer of fine gravel, 

sand, rocks and brick chips over sandy clay. The bottom is 

stained a definite orange from mineral deposits, mostly iron, 

from the air conditioning wells. 

From this point to 100 feet south of the new dam the bot

tom is composed mostly of clay, mud, some sand, with muck in

creasing as one goes down stream. 
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Beginning with the area just above the new dam and contin

uing until the effluent of outfall #18 is added to the stream, 

a predominantly sand, clay and gravel bottom reappears. There 

is some silt present, but no mineral deposits. Numerous rocks 

are found in the stream bed. 

Sludge and silt with perhaps a little clay make up the 

bottom down stream from outfall #18. fl,lhe change in bottom 

composi tion is quite marked. 'l,Ihis is seen in photograph I. 

'l'he layer of silt and sludge is 9 inches deep. 

4. water level control 

The water level of the creek haa fluctuated greatly during 

the time it has been observed by the investigator. During the 

summer of 1966 stream flow was moderate, despite almost droJl 

conditions. Then a dam was constructed in the Fall of 1966~~ 

raised the water level one foot. This dam was removed in the 

Spring of 1967 and a second dam was built. This dam raised 

the water level 9 inches. Stream flQW was cut in half when 

the new cooling towers of the central air conditioning system 

were put into operation in the summer of 1967. Presently 

stream flow is maintained by operating the pmnps for the air 

conditioning wells at half their capacity. Dependence on these 

wells for stream flow was shown during the week of April 15-20, 

1968. The well pumps were shut down at this time and the stream 

dropped 6 inches. 

Because of the lack of water with which to maintain the 

trees a~d grass on the Campus during the excessively dry summer 



Pbotograpb I 

Outfall #18 - Looking east, 
note large sludge deposit on 
east bank, color of effluent, 
algae bloom just inside culvert, 
rip-rap on west bank, decrease 
in flora below outfall. 
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of 1966, the University decided to construct a dam to deepen 

Cardinal Creek. This was to provide a water supply for water

ing purposes during following summers. Accordingly, the first 

dam was put into place in October of 1966. It was a steel 

plate that had a V cut into the top surface. This V served 

to increase areation and could also have been used, with a 

little work, to measure stream flow. The steel plate was sup

ported in the expansion space between the two cement sections 

of the culvert under the Trailer Court bridge. The bottom of 

the plate was fitted to the spillway_ This was a very effec

tive dam. It raised the water level one foot in the stream 

above. Provision was made so that in case of flooding, the 

dam cotud be raised. Holes were drilled into the sides of the 

plate. Special hooks fit into these holes and the plate could 

be raised either by man power or with the help of a Winch 

mounted on one of the maintance trucks. The water above the 

dam wafl deep enough for muskrat activity. Areation provided 

by the dam was very beneficial to the stream below for more 

fry and crayfish were observed in this area while the dam was 

in oper'a tion. 

In April of 1967 this dam was removee because it was felt 

that a greater volume of water was neaded for watering pur

poses. A second dam was constructed in late April just east 

of the north corner of the Field and Sports building. This 

spot was chosen for construction because a pump already ex

isted in the stream just above this site. The pump had been 

used to. pump water into the l''ield and Sports building to wet 

l'i 



down the dirt floor. After the new dam was built, this pump 

was als.o used to fill the tank truck used for watering the 

Campus grounds. The new dam consists of four, five foot cement 

car par'king stops supported by two stakes driven into the 

stream bed. Some cement blocks are also present. See Photo

graph II. However, this dam has not been near as effective 

from ar.1 ecological point of view as the first. Stream flood

ing has: washed away the east bank at this point so that most 

of the water flows around, not over, the dam. Stream areation 

is perhaps 1110th that achieved by the first dam. This dam 

raises the water level in the stream above only 4 inches at 

the pre1sent time. 

As can be seen, flooding is the major problem with this 

stream. Because it receives direct runoff from the extensive 

paved areas and roofs on Campus, flash floods are common. The 

investigator has observed Cardinal Creek rise ei,ht feet at 

the base of the cement Studebaker bridge within 10 minutes. 

Flooding completely washes out the stream. Few plants and 

animals remain. Deep pools are formed in the stream bed wher

ever an outfall enters the creek. 

5. outfalls 

For orientation as to the location of all outfalls in the 

area of the stream investigated, refer to Figure VI. Table I 

gives the origin and a description of each outfall. Refer to 

Photographs III through VIII. 

1.5 



Pbotograph II 

New dam - Looking upstream. 
Note flow, depth and width of stream; 
washout on east bank and parking 
stop on west bank. 
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B. Sampling Stations 

The five sampling stations chosen were located between the 

origin of the stream and a point 100 feet north of the northern 

boundary of the Mobile Home Courts. Eighteen major outfalls 

enter the stream in this first half mile of stream bed. Fig

ure VII shows the location of these five sampling stations. A 

descrip1;ion of each station may be found in Table II. The 

origin of the stream and each sampling station are shown in 

Photogr13.phs III through VIII. 

C. Watlsr Physics and Chemistry 

Eight physical-chemical tests were run at each station dur

ing each investigation of the stream. Weather conditions were 

noted and coliform bacteria test samples and water temperature 

were also taken. It will be noticed that wherever possible 

Hack Chemical Co. test kits were used. These kits are simpler 

to use and lighter to carry in the field. Though some error 

is introduced by the use of eyedroppers for titration purposes, 

hwnan Elrror in measuring indicators and reagents is eliminated 

by the use of pre-packaged plastic pillows. It is felt these 

positive and negative error factors cancel each other out and 

that as accurate results are obtained by these methods. The 

method used for each test is described in the next paragraphs. 

Result::! obtained are to be found in Table III. 

1. ca:l:'bon dioxide 

The amount of carbon dioxide present in the water was de

termined by using the Hach Chemical Co. CO2 determination kit. 



TABLE II 

Station Jne Two Three Four Five 

Loc2tion 93' N. of 64' S. of lb4' N. of lb5' S. of 2' N. of foot 

origin Nf'f>ley Trailer Ct. new dam bridge,lCO' N. 
bridge bridge of. Tr. Ct. 

Bank found on north we~t west west east 

Water depth 2-1:" 2-14" 3-8" 2-7" 2-13" 

StreAm width 5' 10' 12' 7' 12' 

Banks ~teep, stetp, steen, steep, grassed, steep, sO'1le 

e;;rassed, f..ome grassed grassed, some som.e weeds weed~, mostly 

erosion erosion grass 

Jbservations evsrgreenf some some crayfi rh m.any craffish no crayfish 

recently mu~krat '1I()l.mds preff'nt :nounds, !'Iuch mounds 

planted activity m~skr8t activity 
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Photograph III 

.~~ 

J, ,-,.. 
, .- 1I 

. II' 

Origin of stream - Note 
stream flow from outfalls, 
bottom compos1tion and 
mineral stains, depth 
and w1dth of stream. 



Photograph IV 

Station I - Note the swift flow, 
algae on botttm, mineral depos1tes 
on bottom and algae on south bank, 
and erosion on the south bank. 



Pbotograpb V 

station II - Looking west, station 
II 1s across tbe creek on tbe west 
bank. Note rIow, stream 1s wider 
and deeper. 



Photograph VI 

Station III - Looking east, station 
III is in the foreground, small silver 
maple lies across the stream from the 
station. Note stream flow, width and 
depth; Glycera in center of stream. 
Mud bottom is also visable. 



Photograph VII 

Station IV - Looking east, station 
IV is in foreground. Note width and 
depth of stream and abundant flora; 
stream flow. 



Photograph VIII 

Station V - Looking east, station 
V is on the far bank, just north of 
the foot bridge. Note stream depth 
and width, water color and mud-sludge 
bottom. Note lack of flora. 



This is basically the titrimetric test listed for CO 2 determin

ation in Standard Methods. However, the needed amount of 

crystal Phenolphthalein is pre-measured and sealed in small 

plastic pillows. Titration was done with an eyedropper. Water 

sainples for this test were obtained by laying a Kemmerer Water 

Bottle in the stream and leaving the current flow through the 

bottle for five minutes before closing. 

2. free acidity 

For determination of the amount of free acidity in the 

water of the stream the liach Chemical test kit for free acidity 

determination was used. This is the same method as used in 

Standard Methods, however the indicators are pre-measured and 

pack~ged in plastic pillows. Titration was done with an eye

dropper. Water samples were obtained with the Kemmerer water 

bottle. 

3. alkalinity 

The Hach Chemical test kit was also used for alkalinity 

determination. This is the same method as that found in 

Standard Methods, but again power pillows and an eyedropper 

were used. A Kemmerer water bottle was used to obtain water 

samples. 

4. dissolved oxygen 

The Standard Winkler Method was used. The test was made 

immediately in the field with a liach Chemical kit. The kit 

contains a small B.O.D. bottle, an eyedropper and pre-measured 

reagents in power pillows. 



5. hardness 

Water hardness in g./gal. was determined with a Hach 

Chemical Co. test kit. Eyedroppers were used to titrate the 

pre~ared solutions. This test is a Hach modification of the 

EDTA T1.trimetric Method as explained in Standard M.ethods. 

6. E!! 
Thel colorimetric method was used to determine pH of water 

sample::! collected from the stream. All sampling was done with 

a Kemmerer Water Bottle as described before. 

7. detergents 

A detergent test kit from LaMotte Chemical Co. was used. 

This test kit employs the colorimetric method. 

8. biologic,l ~lgen demand 

B.O.D. tests were not begun until October 2,9 because the 

equipment needed did not arrive until then. The Modified 

Winklel:' method of D.O. determination was used after 5 days of 

incubation at 200 C. Samples were again taken with a Kemmerer 

Water Bottle. 

9. water temperature 

Wa"t;er temperature was taken with a mercury centigrade 

degree thermometer. The thermometer was allowed to remain in 

the water for ten minutes before a reading was taken. The 

reading was made with the bulb still in the stream. 



10. other determinations 

8. Coliform bacteria 

The presence of Coliform bacteria in a stream indicates 

the presence of animal or human wastes for this bacteria is 

found only in the intestinal tracts of these species. Hach 

Chemical Co. modified APHA test tubes were used to determine 

coliform bacteria count. Five viles are needed for one test. 

The test viles are small sterilized viles with smaller glass 

viles inverted inside them. The Presumptive Germ Test Assembly 

contairls powered lactose broth. These viles are filled in the 

field, shaken to disolve the broth, inverted to free the inner 

vile of bubbles and then incubated at 980 F. for two days. At 

the end of this time the inner viles are checked for bubbles, 

an indication of bacterial growth. Any "positive" tubes are 

then inverted to coat the caps and the wet caps are transfered 

to sterile Confirmed ColiVer Tube Assemblies which contain 

brilliant green lactose bile broth solution. These assemblies 

are incubated at 980 F. for two days and then read according 

~o the following table: 

..30 

Negative Positive Most Probable #b./ 100 mI. 

0 5 16+ 
1 4 16.0 
2 3 9.2 
3 2 5.4 
4 1 2.2 
5 0 0.0 

According to the USPHS 1946 drinking water standards, the pre

sence of 4 or more Coliform bacteria per 100 Ml. (or a positive 

confirmed ColiVer test in 3 or more viles) indicates a need 

for i~~ediate attention. 



1 -

Test Carbon Dioxide Free 

Station 
p.p.m. Acidity 

1 2 ) 4 5 1 2 ) 4 5 

Alkalinity 
g./gal. 
1 2 ) 4 5 

~eptember 24 60 45 50 55 60 0 0 0 0 0 23 22 23 23 23 

~eptember 26 65 40 55 45 50 0 0 0 0 0 20 21 22 21 23 

October 3 60 5) 50 45 50 0 0 0 0 0 18 16 16 17 16 

rrABLEIII 

Dissolved 02 
p. p. m. 
12345 

Hardnes 
g./gal. 
123 

6 7 9 11 8 32 30 3 

5 6 8 11 8 28 29 

4 5 5 8 4 23 22 

October 10 60 55 45 40 60 0 0 0 0 0 21 21 21 16 21 5 5 4 6 6 28 28 

October 17 

October 24 

October 29 

November 4 

i~ovember 14 

l.Iecember 29 

Barch 16 

55 45 45 35 50 0 0 0 0 0 20 22 20 20 16 2 4 5 6 5 28 28 2 

65 50 40 35 60 0 C 0 C 0 22 21 20 20 20 

75 55 55 35 45 0 0 0 0 0 20 20 20 20 20 

60 55 55 45 85 0 0 0 0 0 16 14 15 1) 14 

70 55 35 25 45 0 0 0 0 0 19 20 21 ~O 19 

50 45 35 25 40 0 0 0 0 0 15 13 14 14 12 

eo 75 65 55 65 0 0 0 0 0 88578 

5 7 8 9 7 29 27 2 

I S 6 9 e 29 27 2 

5 5 5 7 5 22 21 

5 6 7 9 8 26 28 2 

5 6 6 8 5 19 18 1 

5 8 9 11 8 16 10 



pH Detergents B.O.D. Water Temperature °c l-: 
p.p.m. p.p.m. 

4512345 12345 12345 1 2 3 4 5 
C 
1 

30 29 1·0 1·5 1·5 7·5 8.0 0 0 0 0 0 - - - - - 18.6 18.4 Ib.4 18.1 19.1 _ 

28 32 1·0 1·5 7·5 7·5 8.0 0 0 0 0 0 - - - - - 18.5 18.4 18.5 19.2 19.8 _ 

20 21 7·5 7.2 7·5 7·5 7.0 0 0 0 0 0 - - - - - 15.0 14.0 12.0 12.0 11.0 

28 29 7·4 7.5 7·5 7·1 7·5 1 1 1 1 1 - - - - - 15.5 15.0 14.0 14.0 13.0 1 

25 21 7.2 7·2 7.2 7·4 7.0 1 1 1 1 1 - - - - - 18.5 18.0 18.0 17.3 17.3 1 

26 26 7·0 7·5 7·3 7·5 7.6 0 0 0 0 0 - - - - - 11.0 18.5 18.2 18.0 18.0 1 

25 25 7.2 1·5 7·) 8.0 7·7 1 1 1 1 1 2 2 2 1 4 15.0 15.0 15.5 15.5 16.5 1 

2l 21 1·7 7·2 7·5 7·5 7.5 0 0 0 0 0 1 2 235 15.0 15.0 11.0 11.0 12.0 1 

27 23 7·0 7·3 7·5 7·5 7·5 0 0 0 0 0 2 2 2 4 6 14.0 14.0 14.0 13.5 14.0 

15 16 7.5 7·0 7.5 7.5 7.0 0 0 0 0 0 - - - - _ 2.0 2.0 1.0 2.0 3.0 -

11 16 6.0 8.0 8.0 8.0 7.2 2 3 2 2 5 10.0 15.0 1500 15.0 8.0 1 



.31 

:)st Probable # of Precipation % Cloud Temperature °c Wind Vel. 
:;liform bacteria kind amt. " Cover at col. d. rg. m.p.h. 

2 3 4 5 

r3.in ·4 60 20.0 10-23 6 

0.0 0 16.0 8-16 3-4 

9·2 9·2 9·2 9.2 16+ rain .21 100 9·0 8·5-15·5 10-15 
r 16+ 16+ 16 16+ b rain 2·46 100 9·5 8·5-10·5 4-6 

6+ 16+ 16+ 16+ 16+ rain ·91 100 20.0 23-10·5 1-3 

6 16+ 16+ 16 16+ rain ·41 75 23·0 13-25 10-15 1 
,i 
'1 

6+ 16+ 16+ 16+ 16+ rain 1.06 60 7·5 2-10 4-6 
, , 

6+ 16+ 16+ 16+ 16+ ra.in 1·41 60 . ~. 5 ·5-10 4-6 
)' 

9·2 9·2 9·2 9.2 16 r-sn ·45 100 2.0 ·5-8 10-12 
: ;( 

snow .63 10 -8.0 -11--31 3 
i;ii: 
,f 6+ 16+ 16+ 16+ 16+ snow 4·5 90 8.0 9·3·5 3 

... _------_.------



After using these prepared sterilized assemblies once, the 

wri ter then washed and sterilized the:n and ma de up new tubes, 

adding lactose broth power to one set and brilliant green bile 

broth solution to the other. Care was taken that the two sets 

were not mixed. The filled viles were then autoclaved again 

before belng used. These tests were not begun until October 3 

beCat.lse of lack of equipment until this date. 

b. weather data 

The weather data in Table III was obtained from the Ball 

State University weather station. 

III. Associated Biota 

A. Aquatic Flora 

Flora was collected and placed in collection jars for later 

examination and identification in the laboratory. An eigbt inch 

strainer was used to collect algae. Other flora was scraped 

from rocks or pulled up by the roots. The aquatic plants that 

were found at each station during the entire investigation are 

shown in the table below. 

Table IV - Aquatic Flora 

Station I Station II Station III Station IV Station V 

Cladophora Cladophora Cladophora Cladophora Euglena 
Glyceria Glyceria Glyceria Glyceria Glyceria 
Protococcus (some) Potamogeton Potamogeton ~(some) 
Spirogyra Potamogeton (some) Spirogyra ~rmidium 
Stichococcus Spirogyra Spirogyra Ulothrix Potamogeton 
Ulothrix Ulothrix Ulothrix Vaucheria (some) 
Vauchuria Oscillatoria 

Spirogyra 
Stichococcus b. 



"The variation in the algal population at different points 

or under different conditions of pollution constitutes one of 

the indices that can be applied to any desired location in 

the stream to determine the presence or absence of domestic 

sewage or other putrescible wastes, or to measure the degree 

of recovery from pollution with these wastes." 4 Algae com

monly found in waters containing a high concentration of or-

ganic wastes include Oscillatoria, Phormidium, Euglena, Stich

ococcus b., and some species of Spirogyra. On the other hand, 

algae commonly found in clean water. include Cladophora, Ulothrix, 

Vaucheria and some species of Spirogyra. Potamogeton and 

Glyceria are also found in clean waters. 

B. Terrestrial ~~ora 

The banks of the entire section of the stream studied are 

grassed. However, the amount of weeds and sedges found along 

the banks increase as you go downstream away from frequently 

mowed areas near Campus buildings. Many thistles are found 

in the grass near Station III. Tall weeds begin at this 

point, especially on the east bank, and continue to increase 

in number downstream. 'l'he thickest weed cover is found at 

Station V. 

, For the location of trees in the area of the stream see 

Figure VIII. 

4 ~lgae in Water Supplies, Palmer, C. M., Public Healtb 

Service Publication No. 657, 1962. 

33 
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c. Aquatic Fauna 

An eight inch strainer was drawn through the £lora along 

the banks and in the stream center to collect some specimens. 

Other species were collected by up-turning rocks or by bottom 

sampling. Botvom sampling was done with a bulb planter since 

conditions were not suitable for the equipment normally used. 

Three samples, near the west bank, the stream center, and the 

east bank were taken at each station. Each was placed in a 

properly labeled jar for separation and identi£ication later 

in the laboratory. Bottom samples were screened immediately 

in the laboratory through three dif£erent screens, a .203, .038 

and .011 inch mesh. F'auna were taken from each screen and 

£rom the wash water collected in a large basin. These speci-

mens were sorted, identified and preserved. 

Some general patterns £or tolerance grouping can be estab-

lished. Certain animals can be indices of the degree o£ pol

lution in the particular area on the stream studiea.
5 

Common 

stream fauna is grouped into three tolerance groups in the 

following table: 

Table V - Tolerance o£ Aquatic F'auna 

Sensitive 

stonefly nymphs 
may£ly naiad. 
hellgra.rmni tes 
caddisfly larvae 

Intermediate 

black £ly larva 
scuds 
sow bugs 
snails 
fingernail clams 
dra60nfly nymphs 
damselfly nymphs 
some bloodworms 

(yellow) 

Tolerant 

sludgeworms 
SOille bloodworms 

(red) 
some leeches 
mosquito larva* 
aosqui to pupa ~

rat-tailed maggots * 

35 

* can survive in anaerobic H20 

5 Bottom Dwellin6 Micro£auna in Water Pollution Investigations, 
Keup, Ingram, Mackenthun, U.S. Dept. o£ H. E. W., 1966. 



Figure IX shows the number of individuals and genera coll

ected B,t each station. Aquatic fauna found at each station dur-

ing thel investiga tion are shown in the table below. 

Table VI - Aquatic Fauna 

Station I Station II Station III Station IV Station V 

Chironornidae Chironornidae Canbarus Anisoptera Anisoptera 
(yellow) (yellow) (crayfish) (dragonfly (dragonfly 

(bloodworms) (bloodworms) nymph) nymph) 
Chironomidae 

S-cagnicola Diplogaster (yellow) Canbarus Canbarus 
(snail) (nematodes) bloodworms) (crayfish) (crayfish) 

Tubificidae Dytiscus Chironomidae Chironomidae Chironomidae 
( sludg€lworm) (diving (yel. pupa (yellow) Y. bloodworm 

beetle) bloodworms) (bloodworm) 
Diplogaster Chironomidae 
(nematodes) Sphaeriidae Diplogaster Chironomidae red bltiworm 

(fingernail (nematodes) (yel. pupa 
clams) bloodworm) Chironomidae 

Dytiscus bl'dworm pupa 
Tubificidae (diving Diplogaster 
(sludgeworrn) beetle) (nema todes ) Culux 

luosqui to larva 
Stagnicola Gerris Dytiscus 

(snails) H20 strider (diving bet.) Culux 
mosquito puPa 

Hirundinea Gyrinus 
(leech) (whirligig B~ Dytiscus 

diving bet •. 
Isopoda Hirundinae 
(sow bug) (leech) Gyrinus 

Sphaeriidae Isopoda 
whirligig b. 

(fingernail (sow bug) Hirundinae 
clams) (leech) 

Sphaeriidae 
Stagnicola (fingernail Isopoda 

(snails) clams) (sow bug) 

Tubificidae Stagnicola Stagnicola 
(sludgeworm) (snails) (snails) 

Zygoptera Tubificidae Tubificidae 
(damselfly ( sludgeworm) sludgeworms 

nymph) 
Zygoptera Zygoptera 
(damselfly (damselfly 

nymph) nymph) 
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IV Ecological Relationships 

Ecological relationships found in this investigation 

are shown in the figures on the following pages. 
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'- V Conclusions 

By int.erpreting the charts of Section IV, it is seen that Cardinal 

Creek is, in general, a fairly t;ood clean water stream in most of the area 

investigat.ed. However, parts of the half mile of stream investigated 

(Stations I and V) do not meet the Indiana Water Quality Standards as regards 

odor and prutrescent deposites. See Table VII. There is also doubt as to 

whether the upper reaches of the stream meet Water Quality Standards for 

dissolved o~gen, however, more extensive testing should be done. The water 

at the origin contains little dissolved o~gen due to previous use in the 

air condit.ioning systems of the University. Organic wastes are also present 

at the origir.. as showr.. by flora and fauna indicators ar..d Coliform bacteri.a 

tests. I high level of dissolved carbon dioxide is also found in thj_s area. 

Progressing down stream from the origin, the ammount of dissolved o~gen 

generally increases and the biological o~gen demand decreases until the 

effluent of outfall #18 enters the stream. Station IV exhibits the best 

clean water stream characteristics in the area investigated. At this point 

enough e~rGen has been ad ,ed to the water and enough dilluting storm water 

has been added to the creek to create a Good aquatic habitat for intermed

iatly tolerant fauna. However, no sensitive fauna were found. Organic 

wastes have also begun to be digested by bacteria. After the effluent of 

outfall #18 enters the creek, this aquatic habitat deterior;;tes rapidly. 

Station V exhibits the characteristics of a zone of degeneration or recent 

pollution. Floating solids have been observed in the effluent of this 

outfall after heavy rains. Flow from this outfall was maintained even through 

the dry summer of 1966. It is thought that some persons have hooked their 

septic tank overflows into this storm sewer. The presence of solids ~_ndi

cates SOME residents are discharging raw sewage into this storm sewer. 

--------------_. 



It will be remembered that Coliform bacteria were also Dresent at the 

origin of the stream. It is believed by Kr. Robert Showalter, Pqysical 

Plant Superintendent, that these organic wastes must enter the University 

storm sewer somewhere beneath the parking lot behind the Practical Arts 

Building. Here, it is tvpothesized, there is a connection between the Un

iversity storm sewer and the combination sewer installed by Er. Leonard 

Shick Jr. for the homes he has constructed in the area. See Figure XVI. 

This investigator suggests first that the hypothesized connection be

tween the storm sewer and Mr. Shick's cor.:bination sewer be investigated. 

Also, all other septic connections from University buildin~s should be 

cheCKed to insure that none of these have oeen connected with the storm 

sewer during recent construction projects. Second, it is suggested that the 

Universit:r, in cooperation with the city of Muncie, attempt to discover the 

source of the organic wastes present in the effluent of outfall #18. Cardinal 

Creek has become an increasinf,~ important Ca pus feature since the con

struction of new dormitorjes near the Duck Pond recreation area. This rec

reational area is now heavi~ usect by students. Organic material in the 

state of putrification is found in Card:inal Creek where it flows into the 

Duck Pond. Tests were not made in this area, but observations would sugc:est 

that boqy contact with this water would be unwise. Certain~ this area 

could be made much more attractive if the discharging of organic wastes 

above the area ceased. 
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Table VII 

Water Quality Standards for Waters of Indiana 

Minimum Conditions Applicable to all Waters at all Places at 
all Times 

1. Free from substances attributable to municipal, indus
trial, agricultural or other discharges that will set
tle to form putrescent or otherwise objectionable 
deposits. 

2. Free from floating debris, oil, scum, and other float
ing materials attributable to municipal, industrial, 
agricul tural or other di~scharges in amounts sufficient 
to be unsightly or deleterious. 

3. Free from materials attributable to municipal, indus
trial, agricultural or other discharges producing color, 
odor or other conditions in such degree as to create a 
nuisance. 

4. Free from substances attributable to municipal, indus
trial, agricultural or other discharges in concentra
tions or combinations which are toxic or harmful to 
human, animal, plant or aquatic life. 

For Recreation 
1. Whole bO~ contact: Coliform group not to exceed 1.000 

per 100. as a monthly-average value (either MPN or 
Mr count) during any month of the recreational season; 
nor exceed this number in more than 20 percent of the 
samples examined during any month of the recreational 
season; nor exceed 2,400 per 100 ml. (either MPN or MF 
count) on any day during the recreational season. The 
months of April through October, inclusive, are design
ated as the recreational season. 

2. Partial bod~ contact: Coliform group not to exceed 
5,000 per 1 0 mI. as a monthly-average value (either 
MPN or MF count); nor exceed this number in more than 
20 percent of the samples examined during any month; 
nor exceed 20,000 per 100 mI. in more than five per
cent of such samples. 

so 



Table VII continued 

For Aqua tic Li fe 
1. Dissolved oxygen: Not less than 5.0 mg./l during at 

least 16 hours of any 24-hour period, nor less than 3.0 
mg./l at any time. 

2. ~: No values below 6.0 nor above 9.0 and daily-aver
age (or median) values preferably between 6.5 and 8.5. 

3. Temperature: Not to exceed 930 F. at any time during 
the months of April tnrough November, and not to ex
ceed 600 F. at any time during the months of December 
through March. 

4. Toxic substances: Not to exceed one-tenth of the 96-
hour medIan tolerance limit obtained from continuous 
flow bio-assays where the dilution water and toxicant 
are continuously renewed, except that other application 
factors may be used in specific cases when justified 
on the basis of available evidence and approved by the 
appropriate regulatory agencies. 

5. Taste and odor, There shall be no substances which 
impart unpalatable flavor to food fish, or result in 
noticeable offensive odors in the vicinity of the water. 

Sf 
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