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SUMMARY REPORT OF PROJECTS CONDUCTEDON CHAIN C’LAKES 

ANTRIM, CHARLEVOIX, KALKASKA AND GRAND TRAVERSE COUNTIES

JULY, 1970 -  OCTOBER, 1971

The purpose of this report is to give members of boards supporting project work at 

Central Michigan University a summary of the major studies conducted by the students of 

the Biology Department. A review of these studies was given October 11, 1971, at the Elk 

River Drainage Basin Council meeting held at Bellaire, Michigan. Included are results 

of the most recent physical and chemical studies conducted in Torch Lake. Also, a 

general interpretation is given for the water quality found in the lakes investigated.

I. BUDGET

The results of research projects summarized in this report could not have been 

accomplished without the financial assistance of the interested lake associations and the 

Antrim County Board of Commissioners. The budget belcw lists the income and expendi• 

tures on the projects from July 1, 1970, to June 30, 1971. An exception is a portion of the 

salary for Mr. Ronald Lawrenz, the summer resident biologist at the Elk Rapids Labora

tory, which was paid during July 1 to August 15, 1971.

Income (donations):

Total Income

$1, 200.00
500.00 
100.00 

$1,800.00

Three Lakes Association 
Elk-Skegemog Lakes Association 
Upper Intermediate Lakes Association

Justification
Expenditures: Gasoline $1,062.14 Lake survey work

Oil 8.26 Lake survey work
Heating oil 46.55 Heat laboratory

* Boat maintenance 998.48 Boat, trailer repairs
* Boat storage 324.00 Winter & summer docking
* Boat insurance 585.00 Loss-theft coverage
* Telephone 133.04 Laboratory phone-communication

Air tanks 7 7.25 Scuba diving
* Trailer license 3.00 State license

Miscellaneous 74. 37 Hardware, field sup. (screens, wood)
Salary Ron Lawrenz 288.00

Total Expenditures $3,550.09



Items marked with an asterisk were paid from Siology Department funds. The re 

maining items plus $212. for Mr. Lawrenz' July-August salary were paid from association 

contributions. 3ue to the limited budget, tiie Elk Rapids laboratory was not used exten

sively during the winter because of the cost of heating the facility.

II WATER QUALITY PROJECTS

Before summarizing the field projects a brief discussion should be given the term 

"water quality". At best this is a general term . A standard of "quality” can be applied 

to a body of water by anyone depending on their point of view. One person can call a body 

of water "beautiful" and thus have a high “water quality" due to the aesthetic value. Cn the 

other hand, the same water could be unfit to drink because it contains a high bacterial 

count. Or, from the standpoint of bacteria, the water could have a low human intestinal 

bacteria count (coliform bacteria), thus making it fit for drinking and swimming (total 

body contact), but unfit for use as a cooling agent in industry because of a high mineral 

content. A problem also exists in the use of water for irrigation in western United States 

In some areas water may be severely restricted because of (1) the bacterial content--truck 

farming (for example, green, leafy vegetables), (2) a specific mineral content--concen

trating sodium chloride (ordinary table salt), or (3) a silt content (silt load) carried by 

the water being too great and plugs up the pore space in the soil which results in reduced 

aeration for the soil.

The biologist interprets 'water quality" to mean something that is measurable. The 

average layman does not measure quality. He expects the biologist to do this and inter

pret the findings for him. Using specified methods, the biologist attempts to measure the 

water's quality with respect to amounts of plants and animals found in the environment.

His results are then compared with (1) published information by biologists made on sim ilar 

lakes, rivers or stream s (supporting information), (2) standards set up by state and federal
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agencies, and (3) standards that have been set up by local agencies (in addition to the 

federal and state standards).

The biologist measures the water quality by using equipment that will help to stan

dardize the results of his work. The equipment is used according to a standardized 

method for field and laboratory procedures. The standard methods used to obtain much 

basic information are taken directly from Standard Methods books (or reprint publications) 

and thus his results can be compared with the results of other biologists using the same 

methods.

After the samples are collected by standardized methods and equipment, they can 

then be treated in a quantitative manner (what is it and how much). For example, a 

tubular sampler on a line is used to collect microscopic plants and animals in the water 

(plankton) at a given depth. The results of the sample when analyzed can give numbers 

of plants and animals per volume of water (liters or quarts) Two systems of measure

ments can be used in this case--the m etric or English system. Unfortunately, in the 

United States the English system is used by the layman while the m etric system is used 

almost universally in the sciences. This adds to the confusion of laymen when attempting 

to understand scientific reports.

A second example of a quantitative sample is the method used to collect small animals 

in the mud at the bottom of a lake or stream . In this case, a known amount of bottom soil 

is collected by the apparatus (a square foot or part of a square foot). The soil is sifted, 

and the organisms collected, preserved, identified and counted. The results then are 

listed as the kinds and number of animals (or plants) per unit area. This can be expressed 

in square feet, square m eters, square yards, or acres. Again we are dealing with a 

quantitative measurement. Chemical tests of water can be converted to a quantitative 

measurement, as well as physical factors such as temperature. In the last case, one may
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determine a heat budget for a given body of water. Interestingly enough, this later infor

mation tells us why the land areas along the east shore of Lake Michigan (Michigan's west 

coastline) are such good fruit raising regions. The prevailing winds (weather) plus the 

heat of the lake helps to moderate the climate; i . e . , have warmer winters, cooler sum

m ers. In another way it also helps to keep people happy--more tourists, more dollars'.

Samples that are collected on a given date and time of day (taken using standard 

methods) can be treated as a s ^ r.O.-r.g crop. This information can be compared to the 

standing crops of other bodies of water. If a series of samples are taken over a period 

of a year on given dates and times of day using standard methods, the results of such a 

study can be used in estimations of annual production. A study of this type is involved as 

it requires considerable time and dedication to obtain the information. The results, 

however, can be compared to other bodies of water and are valuable in that the produc

tivity is measured for a longer period of time. The last case is explored only if (a) many 

of the plants and animals are known by name, or (b) a team of experts are available to 

investigate many of the physical, chemical and biological aspects of the body of water.

Thus they, as specialists in their respective fields, can interpret the results and correlate 

the f?.cts which results in a very lengthy report.

The productivity of a body of water is primarily caused by (1) seepage of nutrients 

from the decomposition cf organic matter (natural eutrophication) and (2) the addition of 

nutrients (eutrophication) by man’s activities (we call this pollution) in the drainage basin, 

The latter may be the addition of nutrients derived from septic tanks., fertilized lawns, 

agriculture, roadways via drainage ditches or community dumps. The addition of nutrients 

by natural decay processes is very slow in our climate. Thus the changes in kinds of 

animals and plants in the body of water will cover a long period of time. Changes brought 

about by the latter are more rapid; there are more individuals of a kind of plant or animal,
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or the kinds change very rapidly over a short period of time. People add a lot of waste 

to the environment because they create a variety of types of waste and there are many 

people for a given surface of the earth (they tend to concentrate). This type of in

fluence on productivity can be compared to a farm er who fertilizes a field to obtain 

greater production. But in the case of man’s pollution of the environment he is interested 

in getting rid of our waste and not recycling it. Unfortunately, he is recycling it, but not 

in a way he considers beneficial. He dumps in wastes increasing plants and animals 

(recycling) but ends up with a situation he does not like - smell, taste, sight, more fish 

but not the right kind, etc.

The students of the Biology Department have attempted to measure certain aspects 

of this productivity- -the changes in plants and animals that have taken place in the Chain 

O 'Lakes—through individual projects. But the most important contribution is to obtain 

base line information regarding the lakes and stream s in question. For example, a class 

sampled the insects inhabiting the lakes of the Chain and reported their findings in 

January 1971. In the report the lakes were listed as shown in Table I.

What has happened in the lakes? Through the addition of nutrients--either natural, by 

man or both--the production of the lakes has increased. But the study has also given us 

some basic information with respect to the insects living in the water as well as the physical 

and chemical conditions found when the samples were taken. We are now ready to put the 

pieces together in the "food chain" of the lakes. We can compare the lakes and we can type 

the lakes by using other studies on sim ilar bodies of water. And finally, after a few years, 

samples can be taken again and the rate of change determined when compared to the earlier 

base line study. Also, it appears that each animal or plant living in the water has to have 

a given set of nutrients and other conditions to live. It is true that some have a "wider" 

requirement than others.
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Thus we possibly can "type" a lake by the plants and animals living in it. However, 

some conclusions can be drawn as to water quality from the base line information. It also 

stands to reason that the more the lake is sampled (number and kinds of samples), the 

more sure one can be in determining this water quality level, or the changes that are talcing 

place in the lake. With the above facts in mind, let us summarize the work of the 

biology students for the past year.

A. Plankton samples from Bellaire, Clam and Torch Lakes, September, October and
November 1970

This survey was conducted due to a supposed Chlorella bloom in Lake Bellaire during 

June 1970. There is real doubt that the bloom was caused by Chlorella.. According to 

other reports that can be obtained regarding the bloom, a sample of the algae was collected 

by a person at Lake Bellaire--not preserved--and sent to an agency in Chicago, Illinois, 

for identification. The report sent from this agency indicated the algal sample could not 

be indentified for certain because of decomposition. Some cells in the sample indicated 

they might be Chlorella. Thus the bloom was believed caused by this algae.

Algal samples collected during the fall of 1970 by our group did not have any organisms 

identified as Chlorella in any numbers that would constitute a bloom. A colonial form of 

algae called Synura was found during the survey. It is quite possible this is the culprit 

that caused the bloom in Lake Bellare earlier in the summer. But it is a colonial algae-- - -  

a mass or glob of cells. To account for the "Chlorella-like" cells identified in the first 

sample at Chicago, the cells could have become isolated after the decomposition of the 

colony. This is a good example of how not to handle samples that are involved in a 

biological problem. They must be handled by a standard method!

What did the algal samples tell us about the water quality of the lakes sampled? F irst, 

there is an indication that nutrients are entering the lake. A study of the map showing the
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stations sampled (Fig. 1) indicates that the water of Intermediate River have a source of 

nutrients. There are high counts off ilamentous algae at the mouth of the river (Fig. 2). 

This algal growth drops off greatly as the samples were taken through the Chain into 

Torch L ake,, that is both numbers and kinds of algae fluctuate, from place to place. Thus 

the nutrients (and other factors) are not uniform. A check at the station above the old 

hydo-electric dam in the village of Bellaire does not indicate all of the nutrients are 

derived from Intermediate Lake. Now that the village of Bellaire is installing a sewage 

treatment plant the sampling program should be continued. The new samples will possibly 

show us 1) the effects on the populations of plants and animals in Lake Bellaire by reducing 

the nutrients from the village of Bellaire, 2) the effects of the nutrients derived from the 

lake above the dam at the village of Bellaire, and 3) by noting the difference some esti

mation as to nutrient addition by the human population around Intermediate lake (now minus; 

the village of Bellaire) and the nutrient addition by the humans around Lake Bellaire. The 

sum total of this action on Lake Bellaire should be a reduction of plankton populations (due 

to less nutrients added to the lake) and a higher (better) quality of water.

The major algal forms identified from the survey samples indicates that they are 

characteristic of high quality water (Fig. 3). Algae such as Fragillaria, Diatoms, and 

Asterionella are found in good quality water (see Table I -- oligosaprobic). It will be 

noted that the algal count fluctuates as the winter season approaches (Table II). However, 

it is believed this indicates (1) utilization of nutrients existing in the lakes by different 

species of algae, (2) changes in temperature of the water (as well as oxygen, carbon 

dioxide and other chemical factors) that influence different species of algae to utilize 

the available nutrients and (3) seasonal fluctuations '.of different types of algal popula

tions as they "phase in and out according to their preference of nutrient supply , available 

oxygen and carbon dioxide, sunlight and temperature. There are other factors but these
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are not completely understood. The total trend is a reduction in the total algal count as 

one progresses toward Torch Lake. The main fact to remember is that the predominant 

algal form identified in the survey is a form that inhabits high quality water. An only 

exception would be the filamentous type algae which has some forms listed as nuisance 

algae by the Federal Water Supply and Pollution Control Agency. And some of the high 

water quality forms can be a nuisance if their numbers increase and they do one or both of 

the following: (1) clog filters in water treatment plants, or (2) cause a taste or odor. They 

can also cause a bloom if their numbers are high enough which in turn will give color to a 

lake, cause a bad smell and cause unsightly amounts of decomposing algae on beaches when 

blown in by the wind. In addition a further prediction can be made for the populations of 

the algal forms found in Lake Bellaire is that by continued sampling as described above 

the populations should be reduced in the future if the nutrients were solely derived from 

the village of Bellaire--with the addition of the sewage treatment plant this source of 

nutrients will no longer be available to cause high algal populations. Thus they should be 

reduced to a more normal" numbers found in less nutrient waters.

The continuation of the algal survey in April, May and June of 1971 indicated similar 

trends as during the previous fall. The trend, of course, was an increase in numbers of 

algae as the summer season developed. It was interesting to find an algae called 

Aphanizomenon in fairly large numbers. It was not found during the fall survey. This 

algae can be positively classed as a nuisance form.

B The aquatic insects collected from the lakes in the chain indicate, in general, good 

quality water (see Table I). Again, the quality of water is lower as one progresses 

in the Chain to Scott's and Beal’s Lakes, because aquatic insects indicative of more 

nutrient conditions (from other studies by other biologists) were found in isolated areas. 

Some of the locations are Spencer Bay at Elk Lake and Beal's
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Lake. The general trend appears to be more aquatic insects which are indicators of 

added nutrients (eutrophication) in the sm aller lakes in the upper chain. Even Lake 

Bellaire had its share of this type of insect. In spite of the increase in numbers of 

these insects the indications are that the water quality is still high. Or, the numbers of 

insects are not high enough yet to cause a problem in the lake basin.

C . The biological effects of the effluent from the laundromat on the Intermediate River 

Sluiceway were found to be (1) a reduction in numbers and diversity of the kinds of 

animals that live in the bottom mud and (2) an increase in the numbers of pollutional 

forms in the mud. The study did not show a "clean cut" line between the less tolerant 

forms to pollution and the more tolerant forms of pollution. Certainly, the more tolerant 

forms were found and this would indicate that some waste had been discharged into the 

sluiceway. This was one of the possible sources of nutrients that caused the marked 

increase in algae (plankton) in Lake Bellaire during the fall and spring survey.

D. The Algal survey of Bellaire, Clam, Torch, Skegemog and Elk Lakes, April 1971. 

During this survey a cruise was made after the ice had left the lakes to find any

patches of algae growing on rocks, pilings, and docks at or near the shore. The results 

of this survey are  shown in Figures 4, 5, 6, 7, 8, and 9. It is believed the isolated 

growths of attached algae may indicate nutrient sources other than the lake proper. This 

may mean that a person is inadvertently draining his septic tank by an open pipe into the 

lake, or it may mean a tile field is too close to the lake. In addition heavy fertilizing of 

lawns could add to the nutrient load of a lake by seepage during and after ra ins. What 

the homeowner should do in this case is to check for the algal frowth immediately after 

the ice leaves the lake. Frequent inspections should be made as the summer progresses. 

One help in preventing the leeching of nutrients into the lake is to encourage greenbelting.
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It is estimated that greenbelting will take up 98% of the nutrients going into the water.

In this way they do act as a filter and thus help to preserve the water quality of the lake. 

The fall survey for attached algal growths was made on October 16, 17, 1971. The results 

of this survey are not known at this time.

E Con dominium Survey

A graduate student has attempted to establish a base line survey in Torch Lake at 

the site of the condominium. The results of this study are not yet compiled However, 

the chemical analysis (TablellJ indicates high quality water. Continued chemical and 

biological surveys should be made of this area to prevent possible nutrients entering the 

lake.

F M aster’s theses by biology students based on studies on the Chain O'Lakes.

1. David W Sanderson, 1970. Food of the lake trout in Torch and Elk Lakes. It 

was found in this study that the Torch Lake cisco was the major food of the lake trout 

in Torch Lake. Ciscos did not appear in the diet of trout in Elk Lake. In the latter 

lake, a variety of less preferred food organisms were used as food.

2. Daniel E Patulski, 1971. DDT levels in lake trout, whitefish, and Torch Lake 

ciscos from Torch Lake. In this study, the ovaries, liver and flesh of the three species 

of fish were sampled and analyzed for DDT, TDE, and DDE levels. The analysis 

showed the highest levels of DDT and its breakdown compounds (TDE, DDE) to be in 

the flesh tissue of lake trout. Also ovarian tissue contained levels above 2.95 ppm 

suggesting the possibility of mortality to the sac fry -- early stage of development after 

hatching from egg --  and, as a result, the interference with the reproduction success

of the species in Torch Lake.

3. Edwin J ICrol, 1971. Base line water quality study Chain O'Lakes based on 

plankton diatoms and water chemistry 1969-1970. This study gave evidence of the
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conclusion that the waters in the lower Chain of Lakes were less productive, had less 

nutrients, than those lakes in the Upper Intermediate Chain. There is undoubtedly an 

association between size and depth of lake as well as the supply of nutrients the lakes 

receive. Other factors that were found were (1) the temperatures of the lower lakes --  

Elk, Skegemog, Torch, and Bellaire -- were less variable than the lakes above Bellaire, 

Michigan. (2) The least productive water was that from Torch Lake, but the BOD tests 

(oxygen consuming processes by plants and animals in water or mud) increased in the 

lower lakes during the summer and fall 1970. This would indicate that nutrients are 

being added to the water thus increasing the population of plants and animals in the lower 

Chain of Lakes when compared to populations of these plants and animals determined 

several or more years ago. The plankton samples collected during the fall of 1970 and 

spring 1971 support this fact. Also, during this period, the populations were higher in 

Lake Bellaire, for example, than in Torch Lake. (3) The total numbers and total 

volumes of organisms in plankton generally increased from the lower to the upper chain. 

But it must be remembered that the kinds of plankton will change as to the body of water 

and the season of the year. What is important is that the total amount of a given year 

will be less in a nutrient poor lake and will probably increase quite rapidly when nutrients 

are added to the lake. Thus, these changes can be followed by sampling the population 

periodically to observe the changes and to interpret what they mean.

G In addition tQ the above summaries, the following may be added:

1. The lakes are in good condition generally with respect to water quality. The 

process of eutrophication for the lakes increases the further upstream in the chain.

2. There are indications of added nutrients and a consequent change in productivity 

in certain areas of the lakes. The indicators used are (a) algal growths along the margins
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of lakes, (b) chemical tests, (c) aquatic insects found in the bottom muds and (d) 

bacterial samples.

3. The added use of the water by people plus the increase in population around the 

lakes will increase the possiblity of added nutrients to the lakes.

4. It is suggested that the surveys of the lakes be continued to have a monitoring 

of the water thus detect the subtle changes in the lakes.
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Productivity

Low in nutrients, thus fewer 
plants and animals; also a cold 
water type of fisheries

More nutrients, some change in 
the kinds of plants and animals 
and the fisheries

Additonal nutrients when compared 
to above; there is a definite 
increase in numbers and kinds of 
plants and animals and in the 
fisheries

More organic matter than in the 
above case with a change in 
numbers and kinds of plants and 
animals; fisheries may change 
due to production of numbers of 
fish





TABLE III

Set A

SAMPLE
NO.

CHLORIDES ph SENSITIVE
C0D-K2CR

207

T.O.D.
Dow

Mehtod
T.C.
Total
CARBON

INORGANIC
CARBON

TOTAL
ORGANIC

1 6 mg/1 6.4 1 10 36 30 6
2 0 Mg/1 6.4 1 17 50 44 6
3 6 mg/1 6.2 r>u 1C 64 64 0
4 0 mg/I 6.4 5 17 30 3G 0
5 6 mg/1 6.3 5 14 53 47 6
6 6 lag/1 6.0 11 13 32 2C 4
7 6 iag/I 6.1 7 13 44 39 5
8 6 mg/1 6.3 2 15 45 42 3
9 6 mg/1 6.2 2 16 41 39 2

Set B

SAMPLE
NO.

CHLORIDES ph SENSITIVE
C0D-K2CR

207

T.O.D.
DOW

METHOD
T.C.
Total
CARBON

INORGANIC
CAR, ON

TOTAL
ORGANIC

1 6 mg/1 6\5 5 13 44 34 10
2 6 mg/1 7.1 e 11 34 27 7
3 6 mg/1 6. C i 13 41 32 9

4 6 mg/1 6% 9 4 •13 41 32 9

5 6 mg/1 6v$ 1 11 r r 30 '5
6 6 mg/1 6-.t 3 15 40 -2: 11

7 6 mg/1 6.-3 i. Tl 40 •31 C

OO 6 mg/1 r v 'i hw/ 11 31 31 "Oo

9 6 mg/1 ( . V nil 11 42 33 10



FIGURE I




