
A STUDY BASED ON THE SAPROBIONTIC SYSTEM 

OF THE CHAIN O* LAKES,

ANTRIM, CHARLEVOIX, KALKASKA & GRAND TRAVERSE COUNTIES

SEPTEMBER & OCTOBER, 1970

By

Lloyd Everhart 

Edwin Krol 

Gerald Winkler

Prepared for 

ELK-SKEGEMOG LAKES ASSOCIATION. 

THREE LAKES ASSOCIATION,

UPPER LAKES ASSOCIATION,

ELK RIVER WATERSHED MANAGEMENT BOARD

And

ANTRIM COUNTY BOARD OF COMMISSIONERS

January, 1971



ACKNOWLEDGMENTS

The editorial committee would like to acknowledge the contributions of the

following class members:

Barber, Bruce 
Brinker, Fdta M.
Fultz, Roger 
Janosz, Frank 
Lawrenz, Ronald W.
Morgan, Dennis 
W illiams, David

We also thank Dr. L aV erneL . Curry for the tim e, effort, and knowledge 

given to his Aquatic Insects class. His years of experience and work in the Chain O' 

Lakes area provided an im m easurable contribution.



TABLE OF CONTENTS
PAGE

Introduction 1

Geological History 2

Methods & Materials 2

Results and Discussion 4

Summary 10

Glossary 12

Literature Cited 14

Appendix A

Appendix B

Figures
/



LIST OF APPENDICES & FIGURES

APPENDIX A

Table I.

Table II.

Table III.

Table IV.

Table V 

Table VI.

APPENDIX B

Table I. 

Table II.

Chemical and Physical Data --  Chain O’ Lakes, Antrim, 
Charlevoix and Kalkaska Counties, Michigan, September
and October, 1970

Quantitative Data of Bottom Fauna Expressed in Organisms 
per Square Meter, Chain O' Lakes, Antrim, Kalkaska and 
Charlevoix Counties, Michigan, September and October, 1970

Organisms per liter determined from plankton tows at 13 
stations in Lakes Bellaire, Clam and Torch on September
5, 6, 7, 1970

Percent Occurrence and Organisms Observed, Chain O’ Lakes, 
Antrim, Charlevoix and Kalkaska Counties, Michigan, September 
and October, 1970

Coliform Bacteria Collecting Stations

Bacterial Counts From Chain O’ Lakes, Antrim, Charlevoix & 
Kalkaska Counties, Michigan, October 17, 1970

Morphometry of the Chain O’ Lakes 

Description of Sampling Stations

Table III. Rain Data --  Torch Cliff

Table IV. Results of Hach Kit Analysis on Known Concentrations 

FIGURE 1. Chain O' Lakes Sampling Stations

FIGURE 2. Coliform Bacteria Collecting Stations, October 17, 1970, Chain O’ 
Lakes, Antrim County, Mich.

FIGURE 3. Rain Data at Weekly Intervals From Torch Cliff on the Chain O’ 
Lakes From January to October, 1970

FIGURE 4. Plankton Sampling Stations, Torch, Clam, & Bellaire Lakes, 
Antrim County, Michigan, September, 1970



INTRODUCTION

The purpose of this report is to examine the biological, chemical and physical data collected 

in a survey of the Chain O' Lakes, Antrim, Charlevoix, Kalkaska, and Grand T raverse Counties, 

Michigan. The data were used to classify the existing water quality based on the Saprobiontic 

System. (14) Emphasis was placed on aquatic insects since some of these organism s a re  sen

sitive to changes in their environment.

Various system s have been devised to classify bodies of water according to the nutrients 

available and organism s present. One of the better known system s distinguishes three broad zones 

of existence characterized by a gradual decrease in content of organic m aterials. (16) The follow

ing is  a brief description of each of the Saprobic zones.

1. Polysaprobic zone - -  Recognized by a high content of decomposable organic food stuffs; 
very low readings o r absence of oxygen; absence of fish; and generally contains high 
numbers of only a few species of oollution tolerant organism s.

2. M esosaprobic zone

a. Alpha-mesosaprobic zone - -  Typically low in dissolved oxygen and the oxidation 
of organic m aterial is proceeding rapidly.

b. Beta - rre  s o s apr o bi c zone - -  Typified by higher quantities of dissolved oxygen; 
oxidation of organics is near completion; and numerous and varied higher olant 
and animal organism s a re  present.

3. Oligosaprobic zone - -  Its waters a re  clean and transparent with a high content of 
dissolved oxygen; oxidation of organics is complete; bacterial counts a re  low; dissolved 
nutrients a re  lacking ; and generally this zone is low in productivity but has a diversity 
of species.

Eutrophication is a term  often used to denote the enrichment of w aters by nutrients either 

through natural o r m an-created means. Today, this process is being rapidly accelerated in m ost 

natural w aters of the world by the increasing human ponulation. Increased demands for domestic, 

recreational and industrial uses emphasize the need for maintaining the natural w aters in a non

polluted condition.

It is often possible to determ ine the above mentioned zones by means of aquatic organisms 

which a re  indicative of a particu lar environment. With this thought in mind, the students of the
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Aquatic Insects class at Central Michigan University during the fall sem ester of 1970 undertook 

the project of classifying the Chain O' Lakes.

GEOLOGICAL HISTORY 

Physically, the Chain O' Lakes system  is unique with respect to the depths of the individual 

lakes, their proximity to Grand T raverse Bay, their alkalinity, their North-South axis of direction, 

and abundance of drumlins. The G reat Lakes area, p rio r to glaciation, was a basin-shaoed low

land (now known as the Michigan Basin) of granitic rocks bordering a granitic highland known as 

the Canadian Shield. This shallow, round basin includes the entire lower peninsula, Lake Huron, 

and Lake Michigan. Six m ajor seas have occupied, the Michigan basin successively adding products 

and characteristic  fossils. General continental uplifts brought the basin to several hundred feet 

above sea level. Underground w aters then began to erode the sea sediments and silty bottom. 

Stream  and subterranean erosions began to form riv e rs  in the Devonian drift, and most of the 

m ajor riv e rs  of Michigan were then developed. Elk Lake, Torch Lake, and other lakes in the 

' chain' a re  portions of this old drainage system . These a re  bordered by long cigar-shaoed 

hills, known as drumlins, which were formed as the ice cap readvanced over till plains of recently 

deposited glacial till. The alkalinity of the Chain O' Lakes system is the resu lt of large lim estone 

deposits which make up the ancient riv e r beds. The current m orphometric data have been calcu

lated and summ arized. (Appendix B, Table I)

METHODS AND MATERIALS 

Samples were taken September 19-20, October 2-3, 16-17, and 30-31, 1970. Lake samples 

from the lower Chain O' Lakes were collected from the Central Michigan University boat, the 26 

foot Fish Hawk. A 16 foot fiberglass Clipper Craft, powered by a 25 H.P. Johnson was used to 

take bottom samples from the Upper-Chain . Samples from bridge stations we re  taken off the 

bridge or when obstructions prevented this, waders were used. Each station was sampled once 

during the field investigations. (Appendix B, Table II and Figure 1)
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Quantitative benthic samples w ere taken at each station by means of either a Ponar or 

Ekman Dredge. A winch mounted aboard the Fish Hawk was used to lower and ra ise  the Ponar 

Dredge. The collected m aterial from each station was carefully sifted through a #30 mesh brass 

screen and all organism s were placed in appropriately labeled ja rs  containing 5% formalin solu

tion. Further sorting and classifying of organism s was completed at Central Michigan University. 

Small portions of the samples were placed in white enamel trays and hand sorted with the aid of 

dissecting m icroscopes. All m acroinvertebrates were placed in separate vials for la te r  identifi

cation. (Appendix A, Table II).

W ater chem istry, including dissolved oxygen, carbon dioxide, n itrite , n itrate, pH, alka

linity, ortho-phosphate and total hardness, was taken at each station, using a Hack Chemical Kit, 

and standardized. (Appendix 3, Table IV) Air and Water tem peratures were recorded at each 

station using a therm istor or laboratory therm om eter, respectively. Light penetration v/as 

m easured using a secchi disk. (1) Water samples for chemical analysis were collected with a 

two lite r  K em m erer Water Sampler within one rr e ter of the water surface. (!)

Plankton samples from Lakes Bellaire, Clam, and Torch were taken using a Wisconsin 

Plankton Net. (Appendix A, Table III) This net was drawn through the water at approximately 1 

foot per second. The efficiency of such a net is about 80%. (1) Counts were made under low power 

using a Sedgewick-Rafter cell having a volume of 1 m illiliter. Precipation data were collected at 

the Torch Cliff 7/eather Station from January 1970 through October 1970. (Appendix B, Table III 

and Figure 3)

Bacteriological samples were collected from 14 stations on October 17, 1970. (15) Appendix °

A, Table V and Figure 2) Plates w ere incubated at 37° C at the Elk Rapids Laboratory for approxi

m ately 24 hours. They were transported to Central Michigan University and reincubated at 37° C 

for an additional 12 hours. Counts w ere made on all dark m etallic colonies of Escherichia coli. 

(Appendix A, Table VI)
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Taxonomic keys by Pennak (2), Chu (3), Usinger (4), Ward and Whipple (5), Burk (6), 

Needham and Needham (7), Johannsen (17), Curry (8), and Mason (9), were used in the identifica

tion of the organism s. Chironomid (triage) larvae w ere prepared and mounted for identification 

according to procedures by Curry (8).

RBSULTS AND DISCUSSION

Chemical and Physical Data

.Water tem perature is im portant in the aquatic environmen t since it is a controlling factor 

in the amount of dissolved oxygen present. Gradual tem perature changes within certain lim its 

a re  tolerable by most aquatic organism s. Abrupt changes of only a few degrees may have adverse 

consequences. Certain species of fishes and insects have a therm al tolerance zone and, if critical 

lim its a re  exceeded, the species may be eliminated. (10) All tem peratures observed were within 

the favorable lim its set forth for trout (21° C) but should not be categorically regarded since they 

w ere not obtained during the w arm est and m ost critical period of the year.

With few exceptions, all organism s living in fresh  w ater require an adequate supply of free  

oxygen. It is one of the m ost critica l factors to the biota of the aquatic environment.

Dissolved oxygen ranged from a low of 3. 8 parts per million (ppm) to a high of 9 .0  ppm 

during the sampling period. The lower reading was obtained from Clam Lake on September 19, 

1970, with a w ater tem perature of 16° C. The highest reading was from Torch River on October 

17, 1970, with a water tem perature of 12.1° C. Relatively low dissolved oxygen readings of 4 

to 6 ppm were found throughout the Chain O' Lakes with the exception being Elk Lake, Skegemog 

Lake, and Torch River on October 17, 1970. R esearchers have found that dissolved oxygen levels 

of 3 ppm o r lower should be regarded as hazardous to lethal under average stream  and lake con

ditions; and that 5 ppm or m ore of dissolved oxygen should be present if conditions a re  to be 

favorable for freshw ater fishes. (11) T iis  applies prim arily  to w arm -w ater fishes and it is 

believed that cold-water species require a higher dissolved oxygen level. Organisms require
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much less oxygen at lower tem peratures. The water tem perature m ust be considered in the 

deeper w aters of lakes during the sum m er and early  fall months. {11} This factor is of significance 

in several of the lakes sampled in this survey.

The pH at most stations ranged from 7. 5 to 8.5 which coincides to the levels expected in 

m ost ordinary lakes and s tream s. (11) Two stations reflected extrem es of pH: Clam Lake at the 

mouth of the Grass River had a high reading of pH 9.6; and Hanley Lake at the mouth of Green 

River had a low reading of pH 5.8. These tv/o extrem es might be explained by the nature of the 

bottom m ateria ls, effluent from the inflowing stream s, or possibly sampling e rro r .

T ie  total hardness ranged from hard to very hard, with readings of 170 to 390 ppm. 

Generally, w aters of the upper lakes were harder than w aters of the lower lakes.

Crtho-phosphate and n itrate, the two fertilizing compounds adding most to the productivity 

of a body of water, were generally very low. Most readings v/ere less than 1 ppm with many 

barely discernable on the m eter. It is  accepted that the flora of an aquatic ecosystem rapidly 

assim ilates these compounds thereby leaving trace  amounts. Some deviation did exist and stations 

1, 16, 30, 32, 33, and 48 had readings of 1. 2 ppm or higher of either n itra te  o r ortho-phosphate. 

Extrem e readings of these tv/o entities indicate that effluents adding nutrients a re  present at 

certain  locations on the Chain O' Lakes. (Appendix A, Table I)

It is emphasized that the chemical analyses of different stations were conducted at intervals 

over a period of approximately forty days. Existing clim atic conditions produced the fall overturn 

during the period of testing and would have affected the various chemical param eters. Rain data 

taken at Torch Cliff Weather Station indicate considerable precipitation during the la tte r part of 

September which could have affected the chemical analysis made during early  October. (Appendix

B, Table III and Figure 3)
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Biological --  Benthic Organisms

A quantitative analysis of the bottom fauna from sampling stations was made on the Chain 

O' Lakes and connecting channels. This type of analysis is m ore reliable than a one-shot" 

chemical analysis, since the fauna will reflect changes through time.

One of the m ajor controlling factors in the distribution of invertebrates is the nature of 

substrate. Many heterogenous m ixtures of bottom types varying from silt, sand, gravel, m arl, 

and organic were found at different sampling stations. The fact that a single sample was taken 

at each station may have led to erroneous resu lts  since different bottom types might exist close 

together.

Throughout the Chain O' Lakes, representatives of at least 72 species belonging to 8 

orders of aquatic insects were collected. (Appendix A, Table II) Numerous non-insect aquatic 

m acroinvertebrates belonging to 8 other orders were also collected. Station 17 at the junction of 

Shanty Creek and G rass River had the g reatest diversity of organism s with a minimum of 33 

species. The large diversification at that station may be attributed to the influence of Shanty 

Creek which appears to contain a very good quality of v/ater. Stations 29 through 45, and 46 through 

48 were combined because of sim ilar morphological features and faunal populations. Appendix A, 

Table IV shows the number and percent occurrence of organism s collected in different lakes 

throughout the system .

Elk Lake is the lower-most lake in the system before the w aters empty into Lake Michigan. 

Its maximum depth is 192 feet and its w aters support a population of Salmonidae fishes. The most 

prevalent organism s collected during the sampling were midges of the family Tendipedidae. The 

m ost dominant genera was Polypedilum sp. which has a cosmopolitan distribution. (12) The second 

most prevalent insects were mayflies (Hexagenia s p .). These p refer clean, cold w aters associated 

with Oligosaprobic or 3eta-m esasaprobic conditions. (7) Another midge, Chironomus plumosus, 

was found in the sample collected in Spencer Bay and would tend to indicate a m ore eutropnic con-
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dition in that area.

Skegemog Lake has a maximum depth of 29 feet. One factor slowing the eutrophication 

process is the clean water flowing into it from Torch River. Insects from four sampling stations 

indicate a transitional oligotrophic condition. Mayflies (Hexagenia sp .) were the dominant organ

isms present occurring 22.4% of the time. Other insects frequently encountered were phantom 

midges (Chaoborus s p .) and other genera of midges. It was the least productive of any lake 

sampled with a total of 1, 359 organisms collected. Bottom samples contained a high amount of 

organic m atter, probably as a result of the aquatic vegetation observed in several areas of the 

lake. On the basis of the insect population samoled, observations of aquatic vegetation, and o r 

ganic deposits, Skegemog Lake v/ould be classified as entering a transition between Cligosaorobic 

and Beta-mesasaorobic.

Torch Lake, the largest and deepest in the system, is regarded as the most Cligosaprobic, 

Its morphological features are typical of an oligotrophic lake and low productivity coincides with 

\ that expected for this type of lake. Mayflies were the prevalent insects observed with midges 

peing second most common. Ephemera sp. v/ere present and are considered indicators of 

Oigosaprobic conditions. (12) ______ ___
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Clam Lake produced a total of 3,607 organisms from two stations with Amphipods occurring 

71.3% of the time. !' ayflies (Ephemera s p .) were the most common insects encountered indicating 

the presence of clean water. Procladius sp. (midge) was the second most frequently encountered 

insect and is cosmopolitan in distribution. Portions of the eastern end of the lake had large areas 

of aquatic vegetation. 3ottom samples taken in that area contained organic materials of a ouloy 

composition. Conditions such as these tend to indicate that the lake is entering a transition between 

Cligosaprobic and Beta-mesasaorobic sta tes.

Lake Bellaire is the third largest in the system. The majority of the insects taken from 

four stations belonged to the family Tendipedidae (midges). Chironomus sp. and Bndochironomus
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sp. were the dominant genera indicating a more euthrooic condition than in lakes Previously dis

cussed. Species of mayflies were present but their percent occurrence had declined and they were 

no longer a dominant insect species. Productivity of macroinvertebrates was the highest of any 

of the lakes in the lower chain. (Appendix A, Table IV) Conditions would indicate that Lake 3ellaire 

is also entering a change between Cligosaprobic and 3eta-mesasaprobic conditions.

Stations on Intermediate Lake produced fewer macroinvertebrates than Lake Bellaire. The 

percent occurrence of midges increased and were the dominant group present. Chironomus sp. 

and Pentaneura sp. were the most prevalent genera collected. It would appear that a lower quality 

of water is found in Intermediate lake. However, conditions are favorable enough to support a 

small population of mayflies in the extreme southern end of the lake. This lake has probably 

entered into a transition between Cligosaprobic and 3eta-mesasaprobic conditions.

Tne six lakes above Intermediate Lake were grouped together as mentioned previously. 

I'/tacroinvertebrate production in these lakes was the greatest in the system. The largest contri

butor to the high productivity were phantom midges (Chaoborus s p . ) which reached a calculated 

density of 47,978 individuals per square meter. Other insects found in large numbers were 

Procladius s p . , Cryotochironomus s p . , and Chironomus s p . which tend to indicate 3eta-mesasa- 

probic conditions. Mayflies were lacking from all lake stations above Intermediate Lake and were 

regarded as a sign of poorer water quality.

The upper-most lakes in the chain are Scott's and Beal’s Lakes. Both are small and 

shallow with 60% or more of their depth less than 15 feet. Samples taken from the center of each 

lake indicate midges and phantom rridges are the dominant insect fauna. Chironomus plumosus 

(midge) was found for the second time in the survey and could be regarded as an indicator of 

either Alpha or 3eta-mesasaprobic conditions. It was noted that station 47 in Seal's Lake pro

duced only Chironomus plumosus, Chaoborus sp. and aquatic earthworms (Cligochaeta). All of 

these organisms can be regarded as indicators of Alpha-mesasaprobic conditions.



Station 48 in Interm ediate River, above Beal's Lake, had a population of midges (Tanytarsus 

s p .) which are  generally regarded as clean water species. Their presence would indicate that 

w ater entering the Chain O' Lakes from that source is of a relatively unpolluted condition. Evidently 

a transition occurs after the water enters these lakes. The transition might be attributed to natural 

conditions existing within the lake basins, run-off from the surrounding lands, or to the influence 

of the encroaching human population.

Biological --  Bacteria

Bacteriological samples for a prelim inary investigation were taken on October 17, 1970, at 

14 bridge stations throughout the Chain O' Lakes. (Appendix A, Table V and Figure II) There v/ere 

significant coliform counts from all stations with Rapid River having the highest average reading 

of 3, 333 colonies per 100 ml of water. Samplings from Spencer Creek at Alden, Old Quarry Road 

Bridge, Pleasant Valley village, and Dingman School Bridge produced bacterial counts higher than .

1,100 per 100 ml v/ater. These a re  higher than the maximum of 1,000 per 100 ml established for 

recreational w aters by the State of Michigan. (13) This is of particular significance since the sam 

ples were taken in the fall of the year when water tem peratures had cooled and the growth of the 

bacteria could be inhibited. Tne high reading at Rapid River bridge might be caused by fecal con

tamination from livestock and wild anim als, o r to the discharge of human sev/age effluents in the 

village of Rapid City. The other high reading at Spencer Creek in Alden is undoubtedly due to the 

discharge of pollutants by the residents of the village.

Biological --  Plankton

Plankton samples of September 5, 6, and 7, 1970, from Torch, Clam and Bellaire Lakes 

tend to indicate Cligosaprobic w ater quality. The dominant species were Ceratium hirudinella ?, 

Dinobryon sertu laria  ?, Synura uvella ? and F rag ilaria  s p . All a re  characteristic  of clean water. 

(Appendix A, Table III, Figure 4)
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SUMMARY

Forty-eight sampling stations were established throughout the Chain C’ Lakes in Antrim, 

Charlevoix, Kalkaska, and Grand T raverse Counties. Chemical and physical param eters m easured 

during September and October, 1970, included water and a ir  tem peratures, dissolved oxygen, 

carbon dioxide, pH, n itrite , n itrate, total hardness, alkalinity, ortho-ohosohate and light pene

tration. Benthic faunal populations, bacteriological and plankton tow data v/ere analyzed and used 

to classify this system of lakes into the saorobic system .

Lakes Bellaire, Clam, Torch, Skegemog and Elk were classified as Cligosaprobic o r 

nearing a transition between Cligosaprobic and Beta-mesasaorobic. Torch Lake is the most C li

gosaprobic lake within the system and Elk Lake nearly resem bles it in w ater quality. Skegemog,

Clam and Bellaire Lakes contain populations of Cligosaprobic type insects. Observations of beds 

of aquatic vegetation and accumulations of organic bottom deposits indicate these lakes a re  nearing 

a transition between Cligosaprobic and Beta-mesasaorobic conditions.

Interm ediate Lake was classified as in a transition between Cligosaprobic and 3eta- 

m esasaprobic on the basis of large occurrences of the cosmopolitan type midges Chironomus so. 

and Pentaneura sp.

Six Mile, St. Clair, Hanley, Ellsworth, Wilson and Benway Lakes v/ere classified as 

Beta-mesasaprobic. Mayflies were absent from all stations in these lakes and there v/as a domi

nance of phantom midges (Chaoborus s p .) and other midges (Procladius s p . , Cryptochironomus 

sp. and Chironomus s p .).

Beal's and Scott's Lakes were classified in a transition between Beta-mesasaprobic and 

Aloha-mesasaprobic conditions. Few species of organisms were obtained from sampled areas 

within the lakes and those collected were not indicative of good water quality.

Coliform bacterial samples v/ere taken from bridges throughout the Chain O’ Lakes with 

five stations having counts higher than 1,000AGO ml water. The highest counts occurred at Rapid
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River and Soencer Creek which might be attributed to the effluents from the villages of Rapid City 

and Alden, respectively.

Analysis of phytoplankton from Torch, Clam and Bellaire Lakes indicate Cligosaprobic 

water quality.

The following sequence of lakes is a visual summary of their classification into the Saoro- 

bionic system based on the findings of these authors.

Cligosaprobic

Transitional

Beta-mesasaorobic

Transitional

Alpha- mesasaprobic



GLOSSARY 12

ALGAE--Simple plants, many m icroscopic, containign chlorophyll. Most algae a re  aquatic and 
may produce a nuisance when conditions a re  suitable for prolific growth.

AMPHIPODS (scuds)--M acroscopic aquatic crustaceans that a re  la terally  com pressed. Dense 
populations a re  associated with aquatic vegetation. G reat numbers a re  consumed by fish.

ANNELIDS--Segmented worms, as distinguished from the nonsegmented roundworms and flat- 
worms. These ' aquatic earthworm s establish dense populations in organically rich 
deposits. Earthworms, sludgeworms and leeches a re  examples.

BENTHIC REGION--The bottom of a body of water. This region is inhabited by im m ature 
aquatic insects.

BIOMASS--The weight of all life in a specified unit of environment or an expression of the total 
m ass or weight of a specified population.

BLOOM--A readily visible concentrated growth or aggregation of plankton (plant o r animal). 
Usually re fe rs  to an excessive growth of algae.

BOTTOM TYPE--Substrate.

CLEAN WATER ASSOCIATION--An association of organism s, usually characterized by many
different kinds of organism s. These associations occur in natural unpolluted environments.

CRUSTACEA--Mostly aquatic animals with rigid outer coverings, jointed appendages and gills.
Examples a re  crayfish, crabs, barnacles, v/ater fleas and sow bugs.

DYSTROPHIC L AXES - - Brown-water lakes with a very lov; lim e content and high humus content. 
These lakes often lack nutrients

ECOLOGY--The science of the interrelations between living organism s and their environment.

ECOSYSTEM--Interaction of all living and nonliving param eters within a given environment.

ENVIRONMENT--The sum of all external influences and conditions affecting the life and the 
development of an organism.

EUTRO?HICATION--The intentional or unintentional enrichment of water.

EUTROPHIC WATERS--Waters with a good supply of nutrients. These w aters may support rich 
organic productions, such as algal blooms.

FAUNA--The entire animal life of a region.

FLORA--Plants.

INVERTEBRATES--Animals v/ithout backbones.

LIMNOLOGY--The study of the physical, chemical and biological aspects of inland w aters.
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GLOSSARY (Continued)

MOLLUSCA (mollusks)--A large group including those forms popularly called shellfish. Exam
ples are  snails, m ussels, clams and oysters.

NEMCTODA--Unsegmented roundworms or threadworms. Some are  free living and others are  
parasites.

OLIGOTROPHIC WATERS--Waters with a small supply of nutrients tnerefore supporting little 
life or or ganic production.

PHYTCPLANXTCN--Microscopic plants (algae) floating in water.

PLANKTON (plankter)--Organism s of relatively small size, mostly m icroscopic. T ie  powers
of locomotion are  weak or drift in the water with waves, currents and other water motions.

SECC.-II DISC--A device used to m easure visibility depths in water. The upper surface of a 
circu lar metal plate, 20 centim eters in diam eter, is divided into four quadrants and so 
painted that two quadrants opposite either are  black and the intervening ones are  white. 
7/hen suspended at various depths of water by means of a graduated line, its point of 
disappearance indicates the lim it of visibility into the water. Usually expressed in m eters.
1 m eter equals 39. 37 in.

SPECIES--A natural population or group of populations tnat transm it specific characteristics to 
tneir offspring.
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35) - 10/30/7C 6,0 11,0 £, 3 5 o S 0 ,02 ,25 180 - 195 .25 Bottom

40 - 10/3/7C 10,0 13,2 8,65 5.4 0 ,12 .62 220 250 340 .15 2.50.

41 - 10/3/70 3,0 14,2 0.45 6.2 0 .15 n / io ■ • 220 240 340 .20 2.50i

42 - 10/3/70 9,0 16,0 7,3 6.0 0 .20 ,40 200 230 340 .20 2.504

-13 - 10/31/7C •3,0 12,0 7,7 6.0 0 .01 .25 165 200 335 .10 -

'•Vi - 10/31/7C 9,0 11.5 7,7 5,1 0 .01 ,20 170 210 340 .05 -

45 - 10/30/7C 4,0 9,0 0,2 -J o > 0 .01 ,10 170 - 180 .00 Bottom

.'5 - 10/31/7C 9,0 11,0 7,6 5e5 0 ,01 ,50 11)0 200 310 . 1 j -

47 • 10/31/7C 7,0 10,0 7.4 o 5 0 .02 .25 180 200 320 .10 -

<13 10/31/70 12,0 8,0 7.5 5o5 0 ,10 3,20 210 210 320 6.50 -



APPENDIX A

TABLE I —  Chemical and Physical Data —  Chain O' Lakes, Antrim, Charlevoix and Kalkaska Counties, 
Michigan, September and October, 1970

Station & Date Temp .° C pH Chemistry PPM Hardness Secch1
Sempled Air Hater DO C\J

oo N°2 NO T. Aik Ca Total °-p o4 Disk
1 - 10/17/70 13.5 13.0 7.8 7.0 0 .12 1.5 170 180 225 1.2 Bottom
2 - 10/17/70 18.0 13.0 8.0 7.0 0 .02 .20 170 180 230 .10 2.75M
3 - 10/17/70 15.0 13.0 3.0 7.5 0 .01 .11 180 165 230 .20 3.50M
4 - 10/17/70 16.5 13.0 7.9 8.0 0 .01 .13 180 160 240 .30 4.001)
5 - 10,17/70 — 13.0 8.1 8.0 0 >.01 .10 175 160 250 .50 Bottom

5A - 10/17/70 14.0 13.0 8.4 7.0 0 >.01 .90 150 150 240 .70 3.25K
6 - 10/17/70 15.0 12.0 3.0 8.0 0 .01 .80 185 170 245 .20 2.70M
7 - 10/17/70 15.0 12.0 8.0 7.5 0 .01 .90 175 130 255 0 f\J o 2.25 I
3 - 10/17/70 15.0 12.0 8.1 8.0 0 .02 1.0 135 170 240 .10 2.50M

1cnV

10/17/70 15.0 12.0 3.2 8.0 0 .02 1.2 180 180 255 Botto.i
10 - 10/17/70 15.0 12.1 8.5 9.0 0 0 o h~* .70 180 185 250 .10 Bottom

^  11 - 9/20/70 23.0 19.5 8.3 4.6 0 .025 .13 160 - 210 “61. 3.20M
-C? 11A - 10/30/70 U1 0 o 10.0 8.4 6.6 0 ,01 .18 170 - 180 ,.05' Bottom
%  12 “ 9/20/70 27.0 14.5 7.6 4.2 0 .017 .12 130 - 230 .21 Bottom
/ 13 - 9/19/70 27.0 19.0 8.4 4.5 0 .025 orH0 200 - 210 Trace 3.2;4

14 - 9/20/70 26.0 20.0 8.8 4.4 0 .020 .10 200 - 210 .05 Bottom
15 - 9/19/70 26.0 16.5 8.1 4.4 0 .015 .12 160 - 190 .00 Bottom
15 - 9/19/70 19.0 16.0 9.5 3.8 0 .01 oC

\J0 150 - 180 6.00 2.4.1
17 - 9/19/70 19.0 17.0 8.4 5.0 0 .02 .13 170 - 130 .80 Bottom
18 - 9/19/70 21.0 18.0 7.1 5.0 0 .013 .12 160 - 180 .20 2.8.1
IS - 9/19/70 22.0 19.0 8.5 4.0 0 .02 .13 150 - 190 .30 3.211
20 - 9/1S/70 25.0 19.5 8.4 5.0 0 0 o ru .12 200 - 225 .05 2.2il
21 - 9/1S/70 25.0 19.5 8.5 4.5 0 .02 .12 160 - 235 COC

O0 2.811



APPENDIX A

TABLE IV, ^ercent Occurrence and Organisms Observed, Chain O' Lakes, Antrim, Charlevoix 
and Kalkaska Counties, Michigan, September and October, 1970

ELK LAKE - STATIONS 1, 2, 3, 4, 5, 5A

Organism
•p

Number Observed /M " Dercent Occurrence

Total Organisms 9,020
Total Tendipedidae 3, 458 38.2
Amphipoda 2,109 23.3
Polypedilum sp. 1, 634 18.0
Ephem erootera 1,610 17.7
Chaoborus so. 1, 349 15.0
Chironomus so. 779 8.6
Procladius sp. 304 3.3
Chironomus olurnosus 228 2.4
Metriocnemus so. 228 2.4
Oligochaeta 171 1.8
Pelecypoda 133 1.5
Isopoda 95 1.0
All others 95 1.0

ROUND LAKE - STATIONS 6, 7, 8, 9

Total Organisms 1,359
Eohemerootera 304 22.4
Oligochaeta 266 18.8
Chaoborus so. 228 16.8
Pelecypoda 209 15.4
Total Tendipedidae 152 11.2
Chironomus sp. 114 8.4
Ceratopo gonidae 95 7.0
Pentaneura sp. 38 2.8
All others 95 7.0

TORCH LAKE - STATIONS 11, 12, 13, 14

Total Organisms 3, 553
Amphipoda 1,919 54.0
Oligochaeta 665 18.7
Eohemerootera 342 9.6
Total Tendipedidae 285 8.0
Polypedilum sp. 152 4.3
Ceratopoginidae 133 3.7
Trichoptera 57 1.6
Pseudochironomus so. 57 1.6
Procladius sp. 57 1.6
All others 152 4.3



Appendix A - Table IV (Continued)

CLAM LAKE - STATIONS 15, 16 

Organism Number Observed /M °ercent Occurrence

Total Organisms 8,607
Amphipoda 6,137 71.3
Ephemeroptera 665 7.7
Total Temdipedidae 532 6.2
Procladius sp. 399 4.6
Isopoda 361 4.2
Trichaptera 247 2.9
Coleoptera 190 2.2
Oligochaeta 133 1.5
Ceratopogonidae 114 1.3
All others 228 2.6

LAKE BELLAIRE - STATIONS 18, 19, 20, 21

Total Organisms 13,808
Gastropoda 3,686 26.7
Total Tendipedidae 2,907 21.0
Oligochaeta 2,831 20.5
Amphipoda 2,584 18.7
Chironomus so. 1,140 8.3
Endochironomus sp. 836 6.5
Procladius sp. 418 3.0
Ephemeroptera 418 3.0
All others 456 3.3

INTERMEDIATE LAKE - STATIONS 25, 26, 27, 28

Total Organisms 7,045
Total Tendipedidae 2,967 42.1
Oligochaeta 1,533 21.8
Chironomus sp. 1,457 20.7
Pentaneura sp. 912 12.9
Gastropoda 874 12.4
Chaoborus sp. 463 6.6
Amphipoda 433 6.1
Ephemeroptera 368 5.2
Pelecypoda 217 3.0
All others 442 6.3



Appendix A - Table IV (Continued)

HANLEY, BENWAY, WILSON, ELLSWORTH, ST. CLAIR 
& SIX MILE LAKES - STATIONS 29 through 45

2
Organisms Number Observed /M °ercent Occurrence

Total Organisms 103,735
Chaoborus sp. 58,003 55.9
Amphipoda 19,369 18.7
Oligochaeta 13,712 13.2
Total Tendipedidae 8,833 8.5
Procladius sp. 3,043 2.9
Pelecypoda 1,581 1.5
Cryptochironomus sp. 1,245 1.2
Chironomus sp. 1,058 1.0
All others 6,975 6.7

BEAL'S & SCOTT'S LAKES - STATIONS 46, 47, 48

Total Organisms 5,643
Oligochaeta 2,698 47.8
Total Tendipedidae 1,520 2.6.9
Chaoborus sp. 1,292 22.9
Chironomus plumosus 836 14.8
Tanytarsus sp. 309 5.5
Paralauterborniella sp. 242 4.3
All others 209 3.7



APPENDIX A 

Table V. Coliform Bacteria Collecting Stations

Station Location

1 U.S. 31 Bridge at Elk Rapids

2 Torch F iver Bridge

3 Rapid River bridge

4 Soencer Creek at Alden

5 Clam River bridge

6 Interm ediate River at Bellaire Sport and K arine, 
Bellaire

7 Interm ediate River bridge at Bellaire Dam, 
Bellaire

8 Central Lake bridge, County Road 624

9 Old Life Bridge

10 Old Quarry Road bridge

11 Ellsworth Dark bridge

12 Qingman School road bridge

13 Shore area near tra ile rs  and cottages on Scott's
Lake

14 Peasant Valley Village on Old State Road at 
bridge, County R.oad 624



Table VI. Bacterial Counts From Chain O' Lakes, Antrim, Charlevoix & Kalkaska Counties, 
Michigan, October 17, 1970

APPENDIX A

Station Colonies Colonies AOOml Ave/Station 
(col AOOml)

1 0
1 2 667 778
1 5 1,667

2 1 333
2 1 333 222
2 0 C

3 9 3, 000
3 6 2, COO 3,333
3 15 5,000

4 6 2,000
4 6 2,000 2,000

5 n 0
5 i 333 111

6 0 f\
6 5 1,667 833

7 1 333
7 4 1,333 822

8 2 667
8 1 333 500

9 1 333
9 3 1,000 666

10 4 1,333
10 5 1,667 1,500

11 1 333
11 2 667 500

12 5 1,667
12 2 667 1,167

13 2 667
13 2 333 500

14 4 1,333
14 4 1,333 1,333



APPENDIX B - TABLE 1 (Continued) 

Lake Bellaire, Antrim County, Michigan

Intermediate Lake, Antrim County, Michigan (19)

Maximum Length 4 05 miles
Maximum Effective Length 3o2 miles
Maximum VJidth lo4 miles
Maximum Effective Width lo4 miles
Maximum Depth 103o0 feet
Area 1,775,0 acres
Mean i/idth 0<,6 miles
Length of Shore Line 10 o 4 miles
Direction of * a ior Axes NNT/-•SSC

Maximum Length SoO miles
Maximum Effective Length 4,521o0 feet
Maximum Effective T7idth 2052 miles
Maximum Depth 74o3 feet
Area 2o41 miles
'ean adth o40 miles
Length of Shore Line 14o5 miles
Direction of Major Axes UJ - S E

Lake Area 
(Acres)

Length
(miles)

Maximum Depth 
(feet)

Maximum Width 
(miles)

Beal’s 40 o 5 inCM0
O 16 0o20

Scott1s 63o0 0„75 30 0»20

x i .! le 407o0 3»8 31 0o25
Sto Clair - lol 32 0ol5

Ellsworth 120o0 I08 40 0 o20

wilson 106o0 1,5 47 0.13
Benway 131o0 lol 42 Oo25
Hanley 93o0 1,7 27 OolS



Appendix B - Table II (Continued)

Station Sixteen:

Station Seventeen:

Station Eighteen: 

Station Nineteen:

Station Twenty:

Station Twenty-one:

Station Twenty-two:

Station Twenty-three:

Station Twenty-five: 

Station Twenty-six:

Station Twenty-seven:

Station Twenty-eight:

Station Twenty-nine:

Station Tairty:

Station Thirty-one:

Station Thirty-two: 

Station Thirty-three:

Station Thirty-four:

Clam Lake--G rass River inlet. Bottom sand and detritus.

G rass River--Shanty Creek inlet. Bottom sand and detritus, 
current m oderately fast.

Lake B ellaire--G rass River outlet. Bottom sand and m arl.

Lake Bellaire--between G rass River and water tower. Bottom 
silt and sand.

Lake Bellaire--northw est arm . Bottom sand and organic detritus.

Lake Bellaire--Interm ediate Pdver inlet between deadhead v  
m arkers. Bottom m arl and sand.

Interm ediate River Bridge--Highway 620. Bottom gravel and 
sand, current moderate.

Bellaire D am --M -83 bridge. Bottom gravel and sand, current 
m oderately fast.

Interm ediate Lake—south end. Bottom sand, clay, and m arl.

Interm ediate Lake--off Recreation Point. Bottom clay, sand 
and m arl.

Interm ediate Lake--north end. Bottom gravel, sand, clay, 
and m arl.

Central Lake Bridge at Central Lake. Bottom sand and gravel, 
current moderate.

Hanley Lake--south end near narrow s. Bottom mostly pulpy 
peat and m arl.

Hanley Lake--north end. Bottom pulpy neat with some m arl.

Old Lift Bridge on Green River. Bottom sand, gravel and organic, 
current moderate.

Benway Lake--south end. Bottom m arl, sand, and fibrous peat.

Benway Lake--north end off r iv e r inlet. Bottom m arl and sand 
with pulpy peat.

Wilson Lake--south end. Bottom pulpy peat with m ixture of 
sand and m arl.

Station Thirty-five: Wilson Lake—north end. Bottom sand, m arl, and pulpy oeat.



Station Thirty-six:

Station Thirty-seven: 

Station Thirty-nine:

Station Forty:

Station Forty-one:

Station Forty-two: 

Station Forty-three:

Station Forty-four:

Station Forty-five:

Station Forty-six: 

Station Forty-seven: 

Station Forty-eight:

Q uarry Road Bridge--tv/o m iles south of Ellsworth. Bottom 
gravel, sand, and m arl; current moderate.

Ellsworth Lake--north end. Bottom pulpy peat.

Ellsworth Bridge--off Pleasant Hill Road. Bottom gravel and 
sand, current m oderate.

St. Glair Lake--northw est end. Bottom silt, m arl, and pulpy 
peat.

St. Clair Lake--southeast end. Bottom silt, m arl, and pulpy 
peat.

Six Mile Lake--north end. Bottom pulpy pear and silt.

Six Mile L ake--at narrows in center. Bottom silt, sand and 
pulp3/- peat.

Six Mile Lake--south end off Echo Township Park. Bottom pulpy 
peat, s ilt, and some sand.

Oingman’s School Bridge--south of Six Mile Lake. Bottom 
gravel and sand, current fast.

Center of Scott's Lake. Bottom pulpy peat and silt.

Center of Beal's Lake. Bottom peat, silt, and sand.

Pleasant Valley Bridge. Bottom sand and gravel, current slow.

Appendix 3 - Table II (Continued)
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Table III. Rain D ata--Torch Cliff 1970—) current

Jan. 4-10 0. 21 in. June 1-6
11-17 0.33 in. 7-13
18-24 0.62 in. 14-20
25-Feb. 1 0.56 in. 21-27

28-July 5
Feb. 1-8 0.23 in.

9-15 0. 25 in. July 5-11 
16-22 0.13 in. 12-18 
23-March 1 0.21 in. 19-25

26-Aug. 1
March 2-8 0. 56 in.

9-15 0.14 in. Aug. 2-8
16-22 0.28 in. 9-16
23-30 0.32 in. 17-22
30-April 5 0.06 in. 23-29

30-Sept. 5
April 6-12 0. 04 in.

13-19 0.66 in. Sept. 6-11
20-26 0.13 in. 12-17
27-May 3 0.32 in. 18-24

25-Oct, 3
May 4-9 0.16 in.

10-16 0. 38 in. Oct. 4-10 
17-23 0.68 in. 11-17 
24-30 0.57 in. 18-23 
31 - June 1 0.14 in. 23-30

0.52 in. 
0.00 in. 
0.45 in. 
0.01 in. 
0.42 in.

1.26 in.
0. 56 in 
0. 32 in 
0. 32 in

0.00 in 
0.00 in 
0.32 in 
0.17 in. 
2. 81 in.

0. 37 in 
0. 53 in 
3.00 in 
0.95 in

0.47 in 
0. 40 in 
0.03 in 
0. 93 in



APPENDIX. 3

Table IV. Results of Hach Kit Analysis on Known Concentrations

DISSOLVED OXYGEN

Std. Methods 
7.2

Hach Method 
7.0

PHOSPHATE (ortho-) oH
Known Hach results Known Hach results

test 1 2. 2opir std. 7.0 Hach 7.0
std. 2. Oppm. test 2 2.1ppm

te s tS  1.9 m m std. 10.0 Hach 10.0
test 4 2. Oopm



APPENDIX B

TABLE L  ibrphometry of the Chain 0? Lakes (10)

Elk Lake, Grand Traverse and Antrim Counties, id chinan

Skegemog Lake, Antrim, Kalkaska and Grand Traverse Counties5

Torch Lake, Antrim County, Michigan

idchigan

Maximum Length 901 miles
Maximum Effective Length 9c1 miles
Maximum Effective • Tidth 2o0 miles
Maximum Depth 192o0 feet
Area 7,732o0 acres
I can '?idth lo3 miles
Length of Shore Line 23o2 miles
Direction of Major Axes N-S

’ .aximum Length 4o0 miles
Maximum Effective Length 4 o0 miles
Maximum idth lo6 miles
Maximum Effective Width lo6 miles
i aximum Depth 29o0 feet
xea 2,560o0 acres
Mean idth loO miles
Length of Shore Line 11o0 miles
Direction of Major Axes NW-3E

Maximum Length 18o0 miles
Maximum Effective Length 1704 miles
Maximum Width 2o4 miles
Maximum Effective idth 2o4 miles
Maximum Qeoth 310o0 feet
/urea 18,770o0 acres
Mean /idth lo6 miles
Length of Shore Line 41o3 miles
direction of Major Axes N-S

Clam Lake, Antrim Soitot^y^iichi-gan^'

liaximum Length 3<,5 miles
Maximum Effective Length lo8 miles
Maximum /idth 0o3 miles
Maximum Effective idth 0o3 miles
Maximum Depth 20o0 feet
Area 480o0 acres
Mean ./idth Ool miles
Length of Shore Line 705 miles
Direction of Major Axes NTv-3E
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