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Abstract

Fi'om the fall of I98O to the summer of I98I water 
quality parameters were measured for lakes Bellaire ,
Gian and Torch. The I98I program was an expansion of the 
general summer sampling program run by the Three Lakes 
Association. The results show that nutrient levels ucve 
high in the winter months and typically declined in the 
summer. However, the lakes showed late summer increases 
in these nutrients. Algal blooms are still a problem in 
the northeast portion of Lake Bellaire. The is also evi
dence of oxygen depletion in the hypolimnion of this lake. 
G a m  Lake has remained relativily constant over the past 
four years. On Torch the nitrate and phosphate concentra™ 
tion have remained similar, although Secchi disc readings 
have declined.
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Introduction

'The Three Lakes Association in cooperation with Central Michi

gan University, operates a water quality monitoring program on lakes 
Bellaire, Clam and Torch. The water quality of these lakes has been 
the subject of much study ( Miller, I98I; Witzerman, I978; Boyd,
1976; Sundberg, 1972)* This year the summer program has been expanded 
to include fall, winter and spring. The data obtained will serve tc 
give a more complete picture of prevalent water quality trends. It 
will also assist in the separation of anthropogenic effects from the 
natural chemical and biological cycling. Finally, it can show if 
prevention or correction measures that are applied to a problem area 
are adequate.

Lakes Bellaire, Clam, Torch and related waters collectively form 
the Elk Rapids watershed. The majority of this watershed is in Antrim 
County. This region of northwest lower Michigan has experienced 
several glacial advances and retreats. The formation of the Elk Rapids 
watershed was the result of this glaciation. Witzermn ( I978 ) gives 
a detailed description of the watershed's formation. The bedrock of 
the watershed is primarily Devonian/Mississippian limestone and shale, 
originating during the Paleozoic era ( Kelley, I96I ).

The geology and land us* of the watershed are important deter

minative factors in the overall water chemistry of an are^ ( Dillion
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and Kirchner, I975 ). The presents of a limestone bedrock is Elected 
in the hi$i values for pH, hardness and alkalinity. Also a Task Group 
Report ( I967 ) estimated that this type of rock contains about 0.02 

percent phosphorus. The weathering of this and other vital nutrients
can result in excessive algal and aquatic plant growth. A phosphorus jr 0 ^

.. (hr-A*concentration of 0.01 mg/l can lead to this excessive growth ( Wol- 0
—  • tj- ̂  s,

lenweider, I968 from Cooperative Ex ten ti on Service, 1979 ). Ujrxruj)J n

f fi Qj)a?tete rials and Methods ' rQ, -

•£>y y/Water samples were collected in acid washed plastic bottles near
the lake surface, unless otherwise sta,ted. In the summer the sampling „

■h:i°interval was about once every three weeks. The sampling period during
the other times of the year was variable. An attempt was made to 
sample during the times of fall and spring overturns, and in addition, 
during winter ice over. The summer sampling stations were the same 
as those described in Miller ( I98I ). Non-summer sampling sites 
were the mid-lake stations for each lake ( Fig. 1 ).

Nitrate-Nitrogen samples were analyzed using EPA approved 
methods and Hach Company chemicals on a standardized Bausch and Lomb
Spectronic 20 spectrophotometer. Orthophosphate concentrations were 
determined on unfiltered water samples, using the stannous chloride 
method as described in Standard Methods ( American Public Health 
Association, 1978 ). In Wilson creek water samples were filtered 
through a 0A5/u membrane filter. Other chemical parameters were
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analyzed using a Kach Company model DR EL/2 portable water lab.

Dissolved oxygen samples were collected in an one liter Kera - 

merer water sampler. The samples were then fixed in the field and 

returned to the Bellaire Water Laboratory for analysis. The oxygen 

concentration was determined by using the azide modification of the 

Winkler method. Phenylarsine oxide, P.A.O. was used in place of 

sodium thioeulfate. The P.A.O. was standardized against a 0.0250N 

solution of potassium dichromate ( A.P.H.A., 1978 ). Other equip

ment used were the Beckman Model G pH meter amd a YSI thermister.

This year the water quality program also included the dye testing 

of riparian septic systems. A fluorescent dye, in 25gm. packets, was 

used as a tracer. Homeowners were to place this dye into their 

septic systems and then visually check for the presents of the dye 

along the shore. If present, this indicates that the septic system 

was not functioning correctly. The results of this program are not ? ?  

yet available.

Results and Discussion 

Torch Lake

Torch Lake is large, deep and oligotrophic. The hypolimnion, 

the deep layer of generally cold water in a lake, remained well oxy

genated throughout the year. The major inflow from the upper lakes 

is through the Clam River, with the outflow being the Torch River.

A detailed description of Torch's and the other lakes' morphology

‘-5X

can be found in Witzerman ( 1978 )•
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The chemical data from this year long survey of Torch Lake is 

presented in Table one. The hardness and alkalinity values are not 

significantly different from those of the previous two years. The 

slight decrease, 10 mg/l CaC0o, during the summer may reflect varia

tions in biological activity, ie . phytoplankton growth. Rivtoplankton

results of these tows will be detailed in a later report. 0

There was a decrease, about 1 .5  feet, in the average summer Secchi 

disc reading as compared to last year. A general trend of decreasing 

Secchi disc values was evident ( Fig. 2 ) .  This decrease may be the 

result of increased plankton production. Although the major nutrient 

concentrations remained relatively similar during the year, changes 

in other parameters, such as climate and micro nutrient levels may be 

responsible for these fluctuations. Also noted this year was a large 

amount of detritu3jand flocculation in the water at certaint times 

this summer.

There was no clear seasonal trends in the levels of macro nutrients 

evident in Torch Lake. Imboden ( 1970 ) suggested tliat deep lakes 

may have a memory in the hypolimnion. These deep lakes with compara

bly low hydraulic loading factor remain stable in the face of varia

tions in nutrient inputs. There is also a positive relationship be

tween hypolimnetic oxygen consumption and epilimnetic, surface waters, 

biological activity. The sedimentation of the plankton and other sus

pended matter and their subsequent decomposition contributed to the 

reduction of oxygen in the hypolimnion (Table 1 ). Microbial, organisms,

samples were collected by towing with a Wisconsin plankton net. The
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Table 1. Water chemistry data for Torch Lake from f a l l  of

I98O to the summer of I98I. Values are in mg/l
and were collected at the mid-lake station.

(Js

Date
ro4

NO^ Hardness

(OaCO^)
Alkalinity

(CaC03 )
DO PH

10-30-1980 0.09 1.0 - - - —

2-12-1981 0.68 1.2 - - —

5-17-1981 0.06 0 .7 - 155 - —

7-06-1981 0.05 0 .8 155 145 9 .53  @ lm
9 .80  @ 15m 

10.63 @ 24m

8.16

7-30-1981 0.06 0.9 150 145 8.93 @ lm 7.94

8-07-1981 0.0 5

X
r

0.9 150

■

140 8 .75  ® lm 
3.56 @ 24m

8.08





bacteria and the like, use this rain of particulate matter as a food 

source. Some bacteria require oxygen in the decomposition process, 

which in turn may reduce the oxygen concentration in the surrounding 

waters. Although there was some depression in the hypolimnion, oxygen 

levels in Torch Lake are still sufficient to sustain the lake's sports 

fishery.

There were no major complaints during the summer sampling season. i

0 t W **
However, an incx-ea.se in attached algae was noted in the northeast

section of Torch Lake. This was concentrated around the mouths of 

Wilkinson Greek and two other smaller streams. An increase in human 

activity, ie. housing construction and clearing of upland areas, re

sulted in a sharp rise in the sediment load of the streams*. T h e s j { Q c 3 iy) 

eroded sediments will carry nutrients to the lake. ^

Clam Lake

Water quality parameters in Clam Lake this year were not dis

similar from those of the previous two years ( Table 2 ). Ihe average 

summer Secchi disc reading was 2  feet , The seasonal phosphate 

and nitrate concentrations showed a general decline in the summer. ^  ^

However, the phosphate level did increase 0.02 mg/l in mid summer. ' 1 *3/^
a-

This may ba from an increase in the amount of human utilization of y ^

the lake and surrounding area at this time,\ The higher nutrient levels

from late fall through spring are in part the result of a decrease u U j

ccrO /vP  -+ *& + !( i
in biological activity. Algal and plant growth is reduced over the /»f /

colder months. Also there is some nutrient leaching from the wet- 

!* Master's Thesis research! *'

cu's'X 'rt/.tdo -h>
(Xa j L  d o  •W M L #

. rJb unsA 'b  

A  Pen POu ^  

} ------—-------



Table 2 . Water chemistry data for Glam Lake from fall of 

I98O to the summer of I98 I . Values are in mg/l 

and were collected at the mid-lake station.

Date po4 N0̂ Hardness

(GaCC.)
Alkalinity

(CaCG^)
DO pH

10-30-1980 0.10 1.2 - - - -

2-12-1981 0.10 1 .1 - - «h

5-17-1981 0.08 0.8 180 165 - —

6-IO-I98I

7-18-1981

0.07

0.07

0.8

0.7

I85

180

165

I60

8.93® lm 

9. Oof* 5™ 
8.242 lm

7.75

7.90
7-30-1981 0.09 0.6 170 155 7.84® lm 7.93
8-07-1981 0.09 0.6 175 155 7.52© lm 

7 . 36® 5r*
8.06

vO



• J y ,
lands as a result of plant decomposition. , ^

J  r
Clara Lake’s short retention time and high hydraulic loading . |/ 5̂ /

can make this shallow lake more susceptible to transient nutrient ^ 

changes. ’These conditions also reduce the retention of nutrient, 

such as phoshorus ( Imboden, 1970 ). This suggests that a major] ,,, ^
portion of Clam Lake’s nutrient load is flowing into Torch Lake.-'

The flow of water and the shallow depth inhibits the estab
lishment of a strong thermal gradient. There was only a minor 
variation in the water with depth. The lack of variation was also 
reflected in the concentration of dissolved oxygen ( table 2 ).

As with Torch lake, there were no major problems reported for 
(Ham Lake. High phosphate levels that were observed at station II, 
near the DN.R access site, are now reduced to nK'mal lake concentrations.
The general condition of the lake is reflected in the consistent 
Secchi disc reading over the past four years ( Fig.3 ).

Lake Bellaire

Lake Bellaire is a medium size mesotrophic lake, whose outflow
is through the|Grass Pdver wetlands into d a m  Lake,) 'Ihe major inflow 
from the upper chain, is via the Intermediate River. The average 
nutrient concentration of this incoming water has remained stable ^

Tnia M  a* Wfor the past three^years. Nitrate-Nitrogen and orthophosphate have
averaged 0.53 and 0.03 mg/l} respectively, this year.  ̂V nU/-

l------— ---- ---- J  &f\L- 'Ww-cio
The lake condition, in general, was also similar to last year.„— ___---- .------- — — ■ —  SLkM jl

* . :Al. \ -U'-iA-i J
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Phosphate levels show a decrease from their early highs during the \^ 

summer. However, in the late simmer there was an increase. This may /  ̂

have resulted from a decline in the phytoplankton production due to 

some limiting factor. On the othex* hand, this may reflect an elevation 

in nutrient inputs from human sources. The average summer Secchi disc r 

reading was 8.0 1 1.5 feet (Fig. 4-).

Êxcessivej* algal growth was evident again this year in the north

east section of the lake. Tallent ( 1981a and 1981b ) gave a detailed 

account of phytoplankton and attached algae growth and distribution.

This year a complex of Spirogyra sp. and Zygnema sp. was predominant 

throughout the summer. Kydrodlctyon sp. , which was dominant in the 

early part of the summer in the previous two years, was of secondary 

importance. Wind and lake currents combined to hold nutrient and de

tritus in this locatioo. This action promotes the observed algae bloom.

Wilson Greek also contributes nutrients to the lake. Orthophos

phate concentration declined from the high levels found in I98O 

( Fig. 5 ). The concentration of nitrate - nitrogen has remained 

stable. Although greatly reduced, both total orthophosphate and dis

solved orthophosphate levels are sufficient to produce algae blooms.

Another part of the lake that may be experiencing a problem 

is the hypolimnion. This deep and cold water portion of the lake 

is preferred by many types of fish. In order to sustain these fish 

populations the water must be will oxygenated, preferably over 

5 rag/1 of dissolved oxygen. This summer the oxygen level was de- 

pressed to only 3*05 wg/l as a result of decomposing detritus and

,-3
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T a b le  3 . W ater c h e m is try  d a ta  f o r  Lake B e l l a i r e  from
f a l l  o f  I98O t o  th e  summer o f  I 9 8 I .  V alues, a r e  
i n  m g /l and w ere c o l l e c t e d  a t  th e  m id - la k e  s t a t i o n

Date NO^ H ard n ess
(CaCO? )

A l k a l i n i t y
(GaC03 )

DO PH

1 0 -3 0 -1 9 8 0 0 .0 9 1 .3 - - —

2 -1 2 -1 9 8 1 0 .1 1 2 .0 - - |

5 -1 7 -1 9 8 1 0 .1 0 1 .4 185 155 —

6 -1 7 -1 9 8 1 0 .0 6 0 .6 180 150 8 .2 7  e  lm 
9 -5 9  @ 15® 
8 .3 8  @ 24a

8 .0 9

7 -0 6 -1 9 8 1 0 .0 6 0 .8 180 150 8 .3 5  ® lm 8 .1 6

7 -3 0 -1 9 8 1 0 .1 0 0 .5 175 1^5 7 .8 6  @ lm —

8 -0 7 -1 9 8 1 0 .0 7 0 .4 175 140 _Z*4? (& lm
3.0 .5  @ 

^ ----------

-
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dead algae cells.
Not only is the lack of oxygen a problem for the fish, but in 

anaerobic environments phosphorus that is bound to particulates in 
the water or sediments can be released into the water. This release 
of bound or complexed phosphorus will add to the nutrient load. In 
addition, this self - fertilization may complicate other measures 
to curtail influent phosphorus loading. It is to early to tell if 
the summer oxygen depression is a trend and getting worse or merely j
an aberration. Nevertheless, this situation should be closely watched.

l\ jh v

Conclusion £
In most cases, with the exception of those parameters mentioned 

above, the water quality of the three lakes has remained relatively 

constant. The expansion to a seasonal monitoring program proved. -1°-. (,ui 

be very useful . in the delineation of the nutrient fluctuations that V~ (' U
........." ...... .......occurs in the lakes. The information again showed that in Lake Bel- \

----------------------- - 7 J~;> %  l U }  ul,
laire annual phytoplankton blooms are the result of nutrient inputs i p---- ------- ------- - L

’■ from the Intermediate River and Wilson Creek./ Waterfowl also make a .Jd , »V-_--_-------- ------------------ ------ ----J
contribution. With the use of new phoshorus removal techniques the 
Bellaire Sewage Treatment facility should be able to increase the ')

/
percentage of phosphorus removed. However, there is a limit to how 
much the wetland can absorb. Equally important is the oxygen de- 1rJ  ■ , 
press ion in Lake Bellaire. If this condition does not improve during isyp 

fall overturn there may be a winter-kill in the lake. I-,.

^ V . o \  . 
° ‘K ,  H
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ABSTRACT

In the summers of 1979 and I98O, water quality 
parameters of three northwest Michigan lakes were 
analyzed. The goal of the program was twofold, con
tinuation of baseline data collection and detection 
of problem situations. Torch lake, large and oligo- 
trophic, had high water clarity and low nutrient 
levels. Nitrate nitrogen and orthophosphate concen
trations averaged 0.6 mg/l and 0.05 mg/l, respec
tively. Lakes Bellaire and Clam have been classified 
as mesotrophic. Water quality for these two lakes in 
general was good. One major problem area was the 
northeast section of Lake Bellaire. High nutrient 
levels resulted in algal blooms. Fecal bacteria counts 
were significant at some sampling stations.

INTRODUCTION

This study is a continuation of a twenty year effort to monitor the 
water quality in the Elk Rapids watershed. The Elk Rapids watershed is 
located within Antrim County in northwest lower Michigan. The baseline 
data obtained from this program is used to document water quality trends. 
This information is also employed to detect and correct potentially de
leterious situations. Monitoring in recent years has tended to concen
trate on three of the major lakess Torch, Clam and Bellaire. Although 
these lakes individually have received intensive study, they cannot 
be viewed as totally separate entities. Various factors within the sur
rounding watershed play a vital role in influencing their water quality.

In present day lakes and streams, the water quality is determined 
by both natural and anthropogenic factors. Ihe effect of one factor, 
human activity, is becoming more pronounced. With land development 
and resource utilization, there is an accompanying increase in the
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human impact on the aquatic system. Symptoms of this impact can be 

algal blooms, excessive aquatic weeds and depletion of desired fish 

stocks. This results in a general decrease in user enjoyment of the 

aquatic resources.

The water quality in this part of the state is relatively high.

The Boardman River, which flows into Grand Traverse Bay, averages less 

than 0.05 mg/l total phosphorusj(Hartig and Stifler, 1979). The pro

jected population increase in Antrim County for the next ten years 

is expected to be ah°ut 18 percent (Northwest Michigan Regional 

Planning and Development Commission, 1978). The natural resources 

and beauty of the area will attract more people. The goal of this 

study is to supply an accurate body of information to facilitate the 

intelligent selection of various development alternatives. Adequate 

planning must be made so that the natural beauty that attracted these 

people is not lost.

The Elk Rapids watershed is the result of Pleistocene glaciation.

A detailed account of its formation is given by Witzerman (1978). The 

glacial activity and the surrounding geologic features, such as the 

limestone bedrock, exert a strong influence on the water chemistry.

This can be seen in the high amounts of hardness and alkalinity. These 

concentrations result from water dissolving minerals from soil and rock. 

The weathering process also occurs ■. for other nutrients.

It has been estimated that limestone bedrock contains about 0.02 

percent phosphorus (Task Group Report, I967). Most of this phosphorus 

is in the form of orthophospate. Phosphorus is an essential nutrient in

(2)



aquatic systems. The concentration of phosphorus in relation to other 
nutrients provides both a limiting and determinative factor in the type 
and growth of algae. Concentrations of phosphorus on the order of
0.01 mg/l may result in an increase in algal growth (Wollenweider,
1968 from Cooperative Extention Service, 1979)* The Environmental Pro
tection Agency (1976 from Smolen and Shanholtz, 1980) has suggested 
that total phosphorus in streams entering an impoundment and free ■ 
flowing streams be less than 0.05 and 0.10 mg/l, respectively. Also 
phosphorus and its role in eutrophication can be correlated to other 
variables. Phosphorus loading coupled with such factors as mean depth 
(Wollenweider, I968 from C.E.S., 1979) and chlorophyll a (Dillon and 
Rigler, 197^) are useful in the determination of the amount of eutro
phication and the standing crop of phytoplankton in a lake. Once phos
phorus is in a lake, it is very dynamic and readily cycles throughout 
the system (Rigler, 1973)-

While phosphorus is generally viewed in most aquatic systems as a 
limiting nutrient, other nutrients, such as nitrogen,will influence 
the lake's productivity. As with phosphorus,the nitrogen component is 
correlated to the type of land use. There is a positive relationship 
between agriculture and stream nitrogen levels (Smith, 1977)* Hill 
(1978) finds that mean annual export of nitrates increases with increasing 
cropland acreage and the amount of poorly drained soils. This may be 
the result of excessive fertilizer application and subsequent leaching. 
Abatement measures, such as soil conservation and greenbelting, are 
invaluable in reducing eutrophication

(3)



MATERIALS AND METHODS

Water samples were collected at both fixed sampling locations and 
at problem areas. At the fixed sites, the sampling interval was once 
every three weeks, while in the problem areas,the sampling regime re
mained flexible. The sample . site selection process provided continuity 
with previous studies. Sampling sites for I98O were divided into three 
types: primary, secondary and tertiary. The primary sites served as 
background readings for the lakes. These were located in the central 
portion of lakes Bellaire and dam. Torch Lake was divided into three 
sections, with a primary site located in each. The secondary sites were 
near the shoreline. Locations near areas of development and inflowing 
streams made these sites more sensitive to human impact. Tertiary 
sites were flexible sampling stations that would provide information 
in problem situations.

Water samples were collected by numerous vessels. These included 
a 6.1 meter Penn Yan, the Katy M, a 8.3 meter Broadwater, the Fish Hawk, 
and other private craft. The first two vessels were owned by Central 
Michigan University. The samples were either processed on the boats, 
using the Hach DR EL/ 2 portable water lab, or analyzed at the Water 
Quality Laboratory in Bellaire.

A number of chemical parameters were measured using the Hach .!
DR EL / 2. These technics were standardized by following procedures de
scribed in Standard Methods (American Public Health Association, 1978). 
Dissolved oxygen was sampled by using a Kemmerer water sampler* after
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which the concentration was determined with the azide modification of 
the Winkler method. Water samples were also analyzed for nitrate and 
in some cases nitrite nitrogen using the Hach DR EL/ 2. Orthophos
phate levels were analyzed by using the stannous chloride method on 
unfiltered water samples. Headings were made on a Bausch and Lomb 
Spectronic 20 spectrophotometer. Two other meters that were employed 
for water quality analysis were the Beckman Model G pH meter and a‘
YSI conductivity bridge.

The presence of high numbers of certain types of bacteria may be 
indicative of pollution. Water samples were analyzed for total coliform, 
fecal coliform and fecal streptococci using the memebrane filter technic 
as described by the Millipore Corporation (1974). All samples were 
filtered through a 0.45>u.mertbrane filter. The coliform group has been 
defined as aerobic and facultative anaerobic rod-shaped bacteria that 
ferment lactose (A.P.H.A., 1978)• Total coliforms were placed on 
nutrient pads containing H - Endo medium and incubated for 24 hr. at 
35° G. Ihe total coliform-nrnber from the sample by itself is not a 
significant indicator of pollution.

Fecal coliforms were distinguished from other bacteria in the 
coliform group by being from warmblooded organisms. Two of the more 
common bacteria in this group were Escherichia coli and Enterobacter 
aerogenes. Anderson and Sobieki (1980) noted that while the later 
was primarily associated with the intestine, it also may be found in 
decaying organic matter. Fecal coliform numbers were determined using 
M - FC medium and incubation for 48 hr. at 44.5° C.
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Enterococci was another group of bacteria associated with the 

intestine and occurs with fecal pollution. The fecal streptococci 

count was determined by using M - Enterococccus agar and incubation at 

35° C for 48 hours. Ihe ratio of fecal coliform to fecal streptococci 

may be used to differentiate between the types of warmblooded animals 

from which the pollution originated.

While there was no formal program for direct algal sampling;, grab 

samples or plankton tows were taken if algae blooms or growth became 

a problem. A modified Wisconsin plankton net was used for the vertical 

tows. Ihe samples were preserved in Fisher algae preservation solution 

at a 10 percent dilution until slides were made. Identification was 

made with a Bausch and Lomb phase contrast microscope. Prescott (1970) 

and Smith (1950) were the taxonomic keys used.

IIndirect quantitative jmethods were employed to measure the 

standing crop of phytoplankton. Since 1975# the ThgecLakes Association 

has participated in a Self - Help program operated by the Michigan 

Department of Natural Resources. This program consisted of transparency 

data obtain from Secchi disc readings. This information was coupled 

with chlorophyll-a levels. The results gave an indication of the trophic 

status of each lake. Frozen samples were sent to the D.N.R. for chloro

phyll -a analysis.

(6)





iiESULTS AND DISCUSSION

Summer of 1979 Program

To establish a basis from which the water quality data can be 
viewed, samples were collected throughout the watershed, ihe results 
are presented in table one. Starting at the darasite in Elk Rapids, , 
the total hardness and alkalinity were both 140 mg/l CaCO^. This was 
less than what was present in the upper sections of the watershed. Ihe 
reduced levels may be due to the precipitation of dissolved minerials 
in the lakes. Another interesting feature was the elevation of the 
pH below the dam. The turbulence in the water released CO^, thereby> 
increasing the pH. Nitrate nitrogen and orthophosphate levels were 
relatively low, 1.0 and 0.01 mg/l, respectively. In the Torch River 
the orthophosphate concentration was slightly higher. Human activity 
in the shallow waters around the river and septic systems in the poor p 
soils may be the source of these elevated levels.

In Bellaire,the nutrient concentrations of the Intermediate River 
remained low. The filtering action of the wetland in the area above 
the dam removed much of the suspended particulate matter. Phosphorus 
may be bound to these particulates. The wetland plants and algae 
utilized the nutrients and their growth caused the precipitation of 
dissolved minerials. Here the wetland acted as both an active and pas
sive nutrient sink. As the Intermediate River passed through Bellaire, 
the concentration of arthophosphate increased to 0.05 mg/l. However, 
this was still within the EPA recommendations.

(7)



Table 1. Water quality data for the Elk Rapids watershed
collected on 6 - 26 - 1979, in mg/l.

Location Conductivity 
(micromhos/cm)

D.O. Hardness
(CaCO^)

pH NO^ P04 Alkalinity
(CaC03)

Torch River 280 8.02 Total 150 
Ca 90

7.0 1.5 0.08 Total 140

Elk Rapids Dam
Below 250 8.20 Total 140 

Ca 110
9.0 1.0 0.01 Total 140

Above 250 9.20 Total 140 
Ca 90

7-1 1.5 0.17 Total 140

Bellaire Dam 300 9.00 Total 170 
Ca 130

8.6 0.8 0.05 Total 160

Graven Bark 350 9.32 Total 180 
Ca 140

8.8 1.7 0.25 Total 170

Central Lake Park 310 8.24 Total 180 
Ca 140

8.6 1.0 0.10 Total 170

Grass River
(School Rd.) 350 7.30 Total I85 

Ca 120
8.5 0.9 0.25 Total 180

Wilson Lake 350 7.26 Total I90 
Ca 140

8.6 0.4 0.07 Total 180

St Clair Lake 350 6.12 Total I90 
Ca 130

8.6 0.8 0,20 Total 160

(8)



The upper section of the Chain of lakes showed an increase in 

both the total hardness and alkalinity. They averaged 180 and 170 

mg/l CaCO^, respectively. This was a function of the weathering of 

minerals from the surrounding watershed. Nitrate averaged about 

0.8 mg/l, while orthophoephate value^ averaged'0.17 mg/l. Varia-

I, f) f

CJLslf
tions in these concentrations may be related to land development.

Points of high human activity showed high nutrient levels.

d a m  Lake

Water quality for d a m  Lake in general was very good. The Secchi 

disc readings were averaging 10 ft. which compared favorably to the 

averages for the previous two years (Table 2). The water samples were 

collected on d a m  Lake starting at the Grass River. The results . 

showed a trend of increasing conductivity to the d a m  River. Con

ductivity is a measure of resistance to electron flow (Wetzl, 1975). 

It is also related to the concentrations of ions, such as calcium 

and magnesium. Orthophosphate concentrations were low near the in

flow of the Grass River (Table 3). This was due to the affect of the 

Grass River wetland.

Problems on Clam Lake 

Progressing from the Grass River station into the lake, there

was an increase in the orthophosphate levels. Thef^igh levels at ~j—

stationsIII and IV jmay be due to septic pollution. Elevated nitrite 

levels have also been associated with these stations. At station III 

near the DNR access, high numbers of fecal streptococci were recorded. 

Station IV also had high counts of fecal coliform. The large number



Table 2. Three years of Secchi disc reading for 
dam Lake, in feet. The 1978 and 1977 
readings are from Witzerman (1978).

Monthly Transparency 
Year_________ May_________ June_______ July________ August
1979 - - 10 .5 10.0

1978 6.3 7.3
1977 - 7.2 3.3

(10)



Table 3* Water quality data for Clam Lake collected 
on 7 - 31 “ 1979» in mg/l. (See Map I for 
station location)

o

Station Conductivity 
(micromhos/cm)

Hardness
(CaCO^)

pH no3 N02 Alkalinity
(CaC03)

I 460 - - 1.0 0.005 0.02 -

II 465 mm - 0.8 0.010 0.06 -

III 480 Total 170 
Ca 120

7.7 1.0 0.008 0.07 Total 160

IV 480 tm - 0.8 0.009 0.08 -

V 490 - - 0.8 0.005 0.08 -

VI 490 - - 0.8 0.005 0.08 -

(11)



of waterfowl in this area made . the interpretation of these figures 

difficult. However, mats of Cladophora s t >. were noted on the rocks 

near the access* "boat ramp. Bacteria counts were low for the other 

sites.

The health department standard for fecal coliform "bacteria in 

water to be used for total body contact is 200 colonies per one 

hundred milliliters (Northwest Michigan Regional Planning and De

velopment Commission, 1978). While most coliform bacteria are not 

pathogenic, their presence may indicate the existence of other 

hazardous bacteria and virus. Michigan has no standard for fecal 

streptococci. Fecal coliform to fecal streptococci ratio greater than 

four indicates human pollution. Ratios of two to four are associated 

with a mixture of livestock and human waste. A weakness of this 

ratio is the differential die-away rates of the two groups (Feachem, 

197^; Geldreich, 1976). The factor of time must be incorporated into 

the analysis.

Sampling was conducted on Torch Lake in the beginning of August. 

Torch Lake was classified (Hartig and Stifler, 1979

While Secchi disc readings were lower than previous years, water 

clarity was still excellent. Variations may be the result of the natural 

dynamics of plankton growth. At the mic' 

tions of nitrate nitrogen and orthophos 

respectively (Table *f).

Torch Lake

This means that nutrient 1 and water clarity high

(12)



Table 4. Transparency and chemical data for Torch Lake 
collected on 7 - 31 and 8 - 2 of 1979 in mg/l. 
(See Map I for station location)

Station Trans.
ft

Conductivity
(micromho/cm)

Hardness
(CaCO^)

PH N0^
N02 P04

Alkalinity
(CaCO^)

I - - - 7.6 0.75 0.005 0.01 -

II 14 ^50 Total 160 
Ca 100

7-6 0.90 0.005 0.03 Total 135 
Phen 0

III - 380 - - 0.90 0.005 0.06 -

IV 15 - - - 0.70 0.005 0.05

V 15 400 - 7.7 0.70 0.005 0.05 -

VI 16 440 Total 150 
Ca 105

7.7 0.80 0.006 °.°5t -

VII
*

13 420 - 7.7 0.70 0.004 0.05 -

VIII
*

13 mm - - 0.70 0.004 0.05 -

IX
*

4o 5 - 7.7 0.70 0.004 0.0 7

at bottom

(13)



The phosphate concentration at the near shore stations were 
greater. The Alden sample at Spencer Greek contained 0.07 mg/l 
orthophosphate. This value may be the result of population impacts 
such as the 1 surge number of old septic systems and relatively poor 
soils. This trend was also apparent in the conductivity reading.
Bacteria counts were generally low throughout the lake. While the 
shallow waters in the southeast area of the lake provided anchorage 
for a large number of boats, bacteria number.were well below the J  J) 
health department standards. f

Lake Bellaire
Analysis of the water samples from Lake Bellaire showed that 

the lake can be classified as mesotrophic. This classification-̂----------- ———

indicates that the productivity is moderate, and there is sufficient 
oxygen in the lower levels of the lake to support a good fish popula
tion. Excessive productivity tended to be localized. This was shown 
by the low Secchi disc readings in the northeast section -as- compared 
to the rest of the lake (Table 5)* The decrease in Secchi disc readings Jk/cruj~~ d ie
were related to an increase in the amount of algae presentA The nut
rient values also reflected this trend. The mid-lake station average 
nitrate nitrogen and orthophosphate concentrations were 0.25 and-0.03 
mg/l, respectively.

Problem areas on Lake Bellaire

Algal blooms were reported in Lake Bellaire, occurring in 
early July of 1979* Algal sampling indicated that the blooms were 
predominately Hydrodictyon sp.. although Spirogyra sp. and Zygnema sp.

(i<0 k  g v



Table 5* Transparency and chemical date for Lake Bellaire 
collected on 7 “ 24 - 1979 ^  mg/l. ( See Map I 
for station location)

Station \

X5---J

Trans.
ft

Hardness
(CaCO-j)

Alkalinity 
(CaCO^)

Cl NO^

I 7.5 - - 7-5 0.25 0.04

II 8.0 - - 7.5 0.50 0,0?

III 8.0 - - 7.5 0.25 0.02

IV 7.5 - - 7.5 0.60 0.04

V 6.0 - - 7.5 0.70 0.06

VI 8.0 Total 175 Total 155 7.5 0.25 0.03

(15)
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were also present. Ihe "blooms originated in the Wilson Greek and  ̂ ^yv/-7
<r

Intermediate River area .j The concentrations of orthophosphate tended 
to increase northwardly along the east shore of the lake (Fig. l).

±±a_Has true for nitrate nitregen. Ph'osphorus was generally
the limiting factor in algal growth./However, high concentrations of 
phosphorus may have led to another nutrient limiting the algae's

J(jzlqĴ cL
potential growth.

A lake the size of Bellaire, with its diverse land development, 
has many sources of nutrients. Some are non-point sources, such as 
upland agriculture. Other major influences on the non-point source 
inputs of phosphorus are population density, geology (Dillon and 
Kirschner, 197^; Thomas and Crutchfield, 197^) and soil conservation 
(Burwell et al., 197^). Other may be point sources, as are the Inter
mediate River and Wilson Creek.

The Intermediate River was sampled on .7-17 ~ 1979. There was 
a trend of declining nutrient concentrations from the city of Bell-

___ _ _
aire to the lake (Fig. 2). The values at station^? and 8 may be the 
result of nutrient loading by riparian dwellings-t—Passing through 
the wetland, there was a reduction in the concentrations of both 
nitrate nitrogen and orthophosphate. The levels were similar to the 
June 26 data.

Wilson Creek was also a source of nutrients. The Wilson Creek 
area exhibited high numbers of fecal coliform and fecal streptococci 
bacteria. The lack of information on bacterial residence time coupled 
with a discontinuous sampling regime precluded delineation of the

AcfsCfaf,
A OMt\ i
/FI

Oxdl't#

• f
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bacteria's origin. There was also a large number of waterfowl 
in the area. Coupled, with this was the natural flow pattern of the
lake, by which the current tended to hold the nutrients in a limited^} 
area. The combined effect of these factors was the algal blooms.

A railroad track separated part of the wetland from the upland 
region of the Lake Bellaire drainage basin. The nitrate nitrogen 
levels in the railway culvert were higher than the creek. The op
posite was true for the orthophosphates. Chlorides, which may be 
indicative of human pollution, were relatively low. While the ortho
phosphate concentration was greater in Wilson Creek than the Inter
mediate River, the total amount of phosphorus transported in each 
system must be taken into consideration. At this time no phosphorus 
transport study has been done on the lake.

Thayer Lake

In responding to complaints of " soap suds " on the shore, 
water samples were collected from Thayer Lake. Although Thayer Lake 
was in close proximity of large hardwater lakes, hardness and alkal
inity were low. Total hardness and alkalinity were 35 and 20 mg/l
CaCO^, respectively^ The increase!) in the amount of organi# ;compouiiada 
was also evidenced in the high specific conductance values, 1500 

micrmhos/cn.j~~The softwaterj in combination with tannic and uric acids, 
producted the soap suds. These acid, accumulations were proceeded 
by the degradation of algae. There were also other indications of an 
algal bloom. While the orthophosphate levels were high, the concentra
tion of nitrate nitrogen was markly reduced (Table 6). This reduction

(18)



Station

Northwest
Section

Southeast
Section

Table 6. Water quality data for Thayer Lake 
8 - 31 - I979, in mg/l.

collected

Conductivity
(micromhos/cm)

D.O. Hardness
(CaCO^)

P« NO^ N°2 Alkalinity
(CaCO^)

1500 8.50 E
Vj
J 
-£
• 

O 
O 7.5 0.08 0.005 0.29 Total 20

1500 8.00 Total 30 
Ca 25

7.5 0.05 0.005 0.22 Total 20

(19)



was the result of nutrient utilization by the growing crop of algae. 
With the differential rate of nutrient depletion, nitrogen will be-- ) 
come limiting, thereby reducing growth. / )

(20)



Summer of I98O Program 
Clam Lake

In I98O, the sampling program was consolidated and the number 
of sampling sites were reduced. Monthly sampling during the summer 
revealed a trend of decreasing nutrient concentrations in dam Lake 
(Table 7)* Ihe decline in both nitrate nitrogen and orthophosphate 
levels was precipitated by the utilization of these nutrients for the 
growth of algae. This growth was reflected by a one foot reduction 
in water transparency. Bacterial counts were also reduced. However, 
the distance of the sampling stations may reflect a dilution effect 
rather than a true reduction in number.

Torch Lake
Data from the sampling program on Torch Lake showed that for 

I98O, the water quality was generally similar to the previous year. 
However, on 7 “ 28 - 80 there was an increase in the orthophosphate 
levels in the mid-lake stations (Table 8). Other water quality para
meters remained stable throughout the summer.

Problem Areas
There have been some areas of concern on Torch Lake. The residents 

in the area around Bonnie Brook complained of gelatinous mats being 
washed up on shore. These mats were the remains of the diatom Cvmbella 
s-p.. Cvmbella sp. grow profusely on the rocky substrate in 1 to 2 
meters of water. Orthophosphate levels were high, 0.08 mg/l, thus 
stimulating algal growth. Septic tank seepage was suspected. The soils 
in this area were poorly drained Tawas mucks and the Kalkaska - East 
Lake sand complex (Soil Conservation Service, I978). The problem of

(21)



6 - 10 - 80

Table 7* Transparency and chemical data for Clam Lake in the summer
of I98O (mg/l)

(22)

#

Station Trans. 
(ft)

Dissolved
oxygen

Hardness
(CaCO^)

PH N03 Alkalinity
(CaCO-j)

I - 10.10 Total - - 0.9 0.09 -

II 11.5 10.15 Total
Ca

180
135

8.0 0.5 0.07 Total 160

III 9.84

7 - 10 - 80

0.6 0.07

I - 9.60 Total - - 0.4 0.04 -

II 10.5 5.92 Total
Ca

192
130

8.1 0.3 0.08 Total 155

III 10.0 9.84

7

Total

- 31 - 80

0.6 0.07

I 10.0 9.20 Total - - 0.2 0.02 -

II 9.5 9.52 Total
Ca

175
120

8.1 0.2 0.02 Total 150

III 9.5 9.34 Total - - 0.3 < 0.01 -



Table 8. Transparency and chemical date for Torch Lake in
the summer of I98O (mg/l).

(23)

Date Trans< 
ft

D.O. Hardness 
(CaCÔ .)

PH NO^ Alkalinity
(CaCO^)

6 - 1 2 — <0> O’ 
10.24 

@ 90' 
10.28

Total 150 
Ca 110

6.85 — 0.05 Total 1*K) 
Phen. 0

7 - 2 8 19 @ O'
9.56

Total 150 
Ca 115

8.12 0.5 0.07 Total 1'42 
Hien. 0

8 - 2 0 21 @ 0* 
9.36

Total 150 
Ca 110

7.88 oA O.Ô f Total 140 
Ca 0



seepage coupled with the presence of a high water table restricted 
the efficiency of the tile field systems. However, coliform and fecal 
streptococci counts were not significant.

Lake Bellaire
In 1980^the first samples were collected on Lake Bellaire in 

early June. The analyzed water quality parameters exihibited a gen
eral similarity to the 1979 program's data. The increase in sampling 
revealed some trends not evident in the previous year's information.
Orthophosphate levels in early June were 0.06 mg/l and decreased 
throughout the summer (T&ble 9). Nitrate nitrogen concentrations also

fJO  OS3u A _

for the decline, as evidenced, by the mid-lake station's Secchi disc
reflected this tr^nd^/Algal growth during the summer was responsible

reading^. While the Secchi disc readings were lower than 1979» they - —  

still fall within the mesotrophic classification.
/af)

Problem Areas
Lake Bellaire again experienced problems with algae growth. In 

addition to this was the accumulation of course particulate detritus 
on the shore. This detritus was a potential source of nutrients, es
pecially phosphorus. Decomposition and associated bound minerals con
tributed to the phosphorus load. Duxburg and Peverly (1978) stated 
that organic colloids do not have a great affinity for phosphorus.
Thereforethe adsorb*) phosphorus was susceptible to various environ
mental influences. Large phosphorus molecules, such as polyphosphates, 
were broken down, hydrolyzed, into smaller forms. One simple form 
that was readily assimulated by plants and algae was orthophosphate.

(24)



Table 9. Transparency and chemical data for Lake Bellaire
collected in the summer of 1980, in mg/l.

(25)

Date Trans.
ft

D.O. Hardness
(CaC03)

PH NO^ P04 Alkalinity
(CaCO^)

6 - 9 - o'  9.90 
30*10.00

Total
Ca

190
135

8.3 - 0.06 Total 145 
Phen. 2

7 - 1 0 11.5 0* 8.20 Total
Ca

185
132

8.2 0.4 0.04 Total 142 
Phen. 0

7 - 3 1 7.5 o* 9.10 Total
Ca

180
135

8.1 0.2 0.02 Total 140 
Phen. 0

8 - 2 0 7.0 0* 9.52 Total
Ca

180
130

8.1 0.2 0.03 Total 140 
Phen. 0



Shew and Morgan (1973) reported that hydrolysis would increase with 
increasing temperature. This was a result of a higher activation 
energy. Khesaweh et al. (1979) stated that the hydrolysis of pyro
phosphates, another large phosphate molecule, was enzyme-mediated, 
thus related to biological activity. Here the amount of activity is 
in part determined by ambient temperatures. The ambient nutrient con
centration and pH also affect the sorption dynamics (Holford and • 
Patrick, 1079).

In conjunction with the nutrient load of the detritus, it was 
determined that there were high concentrations of orthophosphate in 
Wilson Creek. The orthophosphate levels for Wilson Creek were within 
their normal range in early June. However, a sharp increase was ob
served in July (Fig. 2). Orthophosphate concentrations were deter
mined onunfilterei been suggested that fine colloids

Research Group (Kadlec, I98O), which does the monitoring for the 
Bellaire sewage treatment system, reported values of 0.2 to 0.3 mg/l. 
Wilson Creek also had high levels of chloride at this time (Pig. 3).

Accompanying the extremely high phosphorus values, were a series 
of algal blooms in the Wilson Creek and Intermediate River section of 
the lake. The first bloom occurred in late June and was predominantly 
Hydrodictyon s~p.. A second bloom of S-pirogyra so. followed in mid- 
July. The growth was generally located in the northeast section of 
the lake. The overall distribution of both the algal mats and the

may increase the spectrophotometric readings. Total dissolved ortho-
phosphate concentrations were also high. The Wetland Ecosystems

(26)
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detritus was subjected to the prevailing winds. This resulted in the 
problem moving intermittently down the east shore.

Orthophosphate levels from the railway culverts that transected 
the wetland did not show the levels observed in the creek. Concentra
tions of orthophosphate remained relatively constant throughout the 
summer. These concentrations ranged from 0.04 to 0.07 mg/l. The 
•values were comparable to the total dissolved phosphate values re
ported by Kadlec (1980) in 1979 for this station. The chloride levels' 
were also similar. During this time the railroad ditches were graded, 
and the disruption was reflected in the dynamics of nitrogen.

f

j
Nitrite nitrogen was nitrified into nitrate nitrogen in the \ ' a  -tr~

-------- ---- - ----— ------- -> /&***
I railway culverts (Pig 3). Although the disruption of the railroad <r~L̂
' Aditches may make interpretation difficult, it seems that abnormally - »
hish nutrient levels were not -nresent. This was also reflected in the ' ' -high nutrient levels were not present. This was also reflected in the 
chloride values. The Meadow Brook treatment ponds were directly up
land from the railway line. The lack of excessive nutrients here 
would suggest that these ponds were not the source of the Wilson 
Creek nutrient load. Bacterial counts are shown in figure 4.

The City of Bellaire employs a unique method of sewage treatment. 
The wetland in the Intermediate River and Wilson Creek area serves 
as a tertiary treatment facility for the city’s domestic waste.
The sewage is held during the winter months in large settling ponds. 
At the advent of the growing season and after the spring runoff, 
the ponds are slowly drained. The discharge generally begins in 
late May to early June and Lasts until November.

(29)
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Boyd et al. (1971) noted that total phosphorus removal capacity, 
98 percent, of a wetland compares favorable with the coagulation-sedi- 
mentation process, 98 to 99.5 percent, used for wastewater treatment. 
In natural marshes the microbial activity is very important in the 
removal of nutrients. The microbial populations are in turn affected 
by the oxidation state, temperature and moisture of the sediments 
(Kadlec, 1976). Nitrogen transformation is also influenced by water 
flucuations. High water levels and temperature may produce reducing 
conditions. This favors dentrification of the subsurface soils. In 
anaerobic conditions there is a decrease in nitrate concentrations. 
Through a series of reactions, complex molecules are decomposed by
microorganisms into simpler compounds./ Ammonium, for example, is'/

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

"nitrified into nitrite and than nitrate nitrogep. These are then ^ ̂ ,^< 5̂ .
in anaerobic conditions denitified to form nitrogen gas.

Hie amount of oxygen present may also affect phosphorus removal.
Anaerobic conditions can result in compounds with low adsorption 
capacities (Richardson et al., 1976). Famham (197*0 indicates that 
phosphorus is readily adsorb by the soil and by f ulvie and humic 
acids. Both biological and physical sorption are responsible for 
phosphorus removal. Phosphorus is taken up by microorganisms which 
then release it in a more soluble from that can be utilized by plants.

The Bellaire wetland is removing a large percentage of the nutrient 
load it receives. Kadlec (I98O) states that there is/a 93 reduc
tion in phosphorus and a 90 - 5 % reduction in nitrogejaT However, the

r
nutrient removal capacity of the wetland may have be^n reached\ While

A;
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the amount of nitrogen removed has remained constant in the past four 
years, the percentage of phosphorus removed has declined (Fig. 5). 
Accompanying this was an increase in the amount of nutrient loading 
into the lake (Fig. 6).

Removal of phosphorus in the wetland is in part a combination 
of soil adsorption and vegetative uptake. Another important considera
tion is the effect of dilution. As the wetland’s capacity for phos
phorus immobilization decreases, the role of dilution becomes more 
important. About JO percent of. the reduction in 1979 may be con
tributed to dilution from runoff.

Nutrients entering Lake Bellaire from Wilson Greek undoubtedly
contribute to the growth of algae. Ihe Intermediate River is a nu-

present time,the Bellaire sewage treatment system also has an impac

The Three Lakes area is a region of great natural beauty and 
high quality water resources. In the surrounding townships water

(Table 10). A concerted effort has been made to preserve this vital 
resource. One part has been the water quality program of the Three 
Lakes Association.

The general water quality in lakes Bellaire, Glam and Torch 
for the past two years has been excellent. There was a trend of

source has not been documented.

trient source, as are the waterfowl and the septic systems. At the

on the nutrient load. However, the relative magnitude of each indiv:

comprises slighly more than 25 percent of the total acreage held

Conclusion

(32)







Table 10. Percentages of landuse types in selected Antrim 
County townships (Northwest Michigan Regional 
Planning and Development Commission, 1978).

Landuse Types

Townships______  Water________Cropland_______Broadleaf Forest________Residential

Torch Lake 30 15 31 7

Central Lake 11 37 36 5

Milton 33 24 23 3

Forest Home 30 23 30 5

Helena 27 32 22 3

(35)



improving water quality. However, it should be remembered that 
lakes are dynamic systen®. There will be some periodic fluctuation. 
This is not to say there are no problemsv^Excessive nutrient inputs 
from septic systems that are in ill repair or on poor soils plague 
all three lakesC~Heavy boat traffic may impair the water quality in
Glam Lake. Distrubance of the lake sediments and wave induced bank 
erosion may increase nutrient availability, via suspended particulates. 
The confluence of several pollution sources in the northeast section 
of Lake Bellaire has given rise to algal blooms.

While nutrient loading from such sources as the Intermediate 
River are extremely difficult to control, there are inputs that readily 
lend themselwj to management,/For the Bellaire treatment facility 
phosphorus reduction processes, such as alum precipitation, should 
be encouraged. On a more individual level, proper septic field main
tenance and methods for reducing excessive water usage should be em
ployed. This information is available through the Water Laboratory 
and the Lake Association.

Gburek and Heald (197/+) contends that only a small proportion of 
the precipitation that may fall on a watershed will directly run into 
a stream. This occurs close to the stream, 50 meters or less. The 
rest of the water is for recharge. With this in mind, it can be 
seen that greenbelting can help reduce the sediment and phosphorus 
loading. Karr and Schlosser (1978) indicate that keeping the natural 
vegetation decrease erosion. This is very important in low quality 
soils.

ju©

D o
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The feeding of waterfowl should be curtailed. The wild water
fowl population can be adequately sustained by natural forage. 
Feeding in excess of this natural food base tends to destablize 
the population distribution. The results of this disruption are 
the concentration of the birds in a small area and an increase in 
nutrient loading.

The following of the above suggestions and the application of, 
common sense and reasonabilty to the utilization of- the water re
source will insure that it will be there for the enjoyment of all.

(37)
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Detailed seasonal information on algal dynamics in Lake Bellaire is 

scarce (Bennett,1968; Lawrenz,1971j Boyd, 1976; Witzerman,1978)*. The lake, 
located in the townships of Forest Home, Kearney, Custer and Helena (T. 29- 

30 N.f R, 7-8 W.) of Antrim County, Michigan, is susceptile to possible inputs 

of eutrophying nutrients (N,P) from the following sources: l)riparian lawn 

and septic systems, 2)the Intermediate River, flowing in from the town of
"J 1 — -------- — --- 1 ■— T •»----- -- ---—■■ ■ ■ — ■ --  ■ ----—■

Bellaire, 3)'^ilson Creek, which drains a wetlands presently used for waste-.

Preliminary Report: Lake Bellaire Algal Survey: Spring-Summer, 198l.

water treatment. Although there is a substantial amount of data on the water 

chemistry of the lake over the past 10 years or more (most recently, Witzerman,

1978; Miller, 1981) studies monitoring the biota have been less frequent. Perhaps 

the first ecological group (or, trophic level) to respond to enrichment situations 

in temperate lakes are the algae and aquatic vascular plants (hydrophytes). The 

algae, especially, are rapid to respond to changes in nutrient levels. The 

response usually occurs in terms of a change in major species and growth, or 

production (such as an algal bloom). Such an algal bloom has been noted by 

riparians in the northeast bay of Lake Bellaire in past years, and was observed 

again in July-August of I98I. The main components of the bloom were the net- 

like green alga, Hydrodictyon reticulatum, and the filamentous green genera,
- d o l >Spirogyra sp, and Zygnema sp. These algae indicate warm/ still,) enriched water _ 

conditions. Such a situation prompts further monitoring of algal communities, 6

Wilson Creek enter the lake. Results of such studies are especially salient 

to public discussions regarding the use of the wetlands draining through -Wilson

*Due mainly to the concern of the Three Lakes and Bellaire riparian associations 
and Dr, LaVerne Curry, biology-graduate students from Central Michigan University 
have carried out yearly monitoring of the three lakes, Torch, Clam and Bellaire. 
Reports —  unpublished —  are filed with the Bellaire Water Quality Lab.

especially in the vicinity of the northeast bay, where Intermediate River and



Creek. Presently the site of wastewater treatment, any plans for further 

(nutrient) loading should be approached with extreme caution. Certainly, any 

further input of nutrients at the northeast bay will only aggravate the situ

ation of mid-summer algal blooms.

The 1981 Study.

Algal sampling was conducted in mid-May, mid-July, late July and the 

second week of August, with the purpose of describing algal trends in differ

ent parts of Lake Bellaire over the summer growing season. The May sampling 

trip involved three workers (Miller, Tallent and Tom Pienkowski of Central 

Michigan University) and was funded by a£200.°° contribution through the 

Environmental Fund of CMU. This spring study included a survey of the attached 

(periphytic) algae along the lakeshore, as well as sampling of the suspended 

algae (phytoplankton). A report of the findings was presented to the Lake 

Bellaire Association (Ms. D. Becker) as well as to Mr. R. Anderson, of the 

Three Lakes Association. Further funding ($500.00, presently still in the 
Environmental Fund, until submission of the final report) for algal studies 

was provided in mid-summer, 1981. This was marked for a summer sampling 

program through August. Such a program was developed to concentrate on the 
phytoplankton, which may change composition dramatically in as little as a 

week's time in temperate lakes and serve v/ell as indicator organisms. The 

accomplished sampling schedule was not as precise as the two-week intervals 

originally planned; it was altered out of necessity, due to transportation 

problems. Even so, the samples obtained provide valuable insight into the 

algal dynamics in Lake Bellaire. A quantitative, complete report is due on 

the counts by early October. The main trends are summarized here, and they 

include information from the spring study, for comparison.

Suspended algae (phytoplankton) v/ere collected by net (50-60 urn mesh) 

at six to eight stations in Lake Bellaire on 18 and 30 July and 11 August.



Sites were chosen so as to evaluate algae in different sections of the 

lake and by the inlets of Intermediate River and Wilson Creek. All samples 

were preserved in Lugol's solution and aliquots of each are being examined by 
light microscopy (250X for counts; 400 and 1000X for identification) at 

Central Michigan University. At least 500 cells of each sample from each 

site are counted (totalling, for all samples, over 10,000 cells; counts to 

be completed by 30 September); species are identified, enumerated and tabulated. 
Many of the algal species, especially diatoms (Bacillariophyta), green algae 

(Chlorophyta) such as those mentioned from the northeast bay, and blue-green 

algae (Cyanobacteria) are of value in describing water quality, the main goal 

of the study* Permanent slides of the diatom species will be deposited at 

the Bellaire Water Quality Lab for future reference (those for the first sampling 
are already complete).

In association with algal studies, personal observations of the species, 

abundances and distribution of various aquatic plants were recorded. These are 

being compiled, as supplementary data for water quality records and will also 

be submitted to the Water Lab and Three Lakes Association. Increased densities 

of certain species of aquatic vascular plants (e.g., water millefoil, Hyrionhyl- 

lum and pondweeds, Potamo.qeton spp.) would indicate accelerated enrichment, 

also. Basel$ne information along these lines is of value to riparians and the 

water lab.

Observations and Overview of Trends.

Secchi disk depths at mid-summer were about 3.5 meters, compared with 

a spring mean of 5.0 m. This change suggests the degree of algal growth which 

is occurring. Not only the algae grew to high numbers in mid-summer; aquatic 

vascular plants were present around the lake, and certain species were especially 

abundant around the north to northeast shore. These included the pondweeds,



Potamogeton richardsonii, P. nodosus, and P. pectinatus. In the Intermediate 

River, arrowhead, Sagittaria sp. (cf. S. cuneata)and tape-grass, Valisneria 

americana were especially dense. Senescence and decay of these plants in 

late summer may contribute to a significant oxygen demand on the lower waters 

(hypolimnion) of the lake, especially when combined with algal blooms (and 

subsequent die-off), such as occurred in the northeast bay. A cursory check 

of the oxygen concentration at 25 meters depth in Lake Bellaire yielded an
oxygen concentration of ca* 3 mg/liter. . This is a low Value, close to the
critical value required by game fish, but extended sampling is necessary to 

confirm this measurement (Winkler method), as it was based on only one sample 

run. Oxygen concentration is a very important parameter of lake waters 

and it is directly related to algal quantities and the 0^ consumed by bacteria 

in decomposition of the algae.

The most distinctive algal populations were those of green algae —  

Hydrodictyon reticulaturn, Spirogyra sp. and Zygnema sp. —  which developed 

in the northeast bay of the-lake in late July. Such populations are unique 

to that sector of the lake and the latter two algae may be linked to the 

abundance of pondweeds (Potamogeton spp.) and bulrushes (Scirpus sp.) as 

substrate for initial development, as v/ell as to nutrient inputs in that area.

High diatom diversity in the Intermediate River indicates that nutrient 

inputs are probably moderate, here. Diatoms found at nearly all sites in

cluded Synedra delicatissima, Melosira granulata, and small Cyclotella sp. 

Rhizosolenia sp. was present, but always in low numbers. Other ubiquitous 

algae included Ceratium hirudjnella, Dinobryon spp., and Chrysosphaerella 

longispina. Slightly higher amounts of blue-green algae were noted, than 

were expected. These included Anabaena sp., Merismopedia sp., Oscillatoria 

limosa and Microcystis aeruginosa. Initial analysis shows no distinct re

lationship of these species to the northeast bay, but site maps similar to



those of the Kay survey report will be drawn up for the final report.

The presence of Microcystis aeruginosa in several of the samples for 

July suggests that the lake is more in limbo in the mesotrophic-eutrophic 

condition than was suspected from the May survey. Again, the northeast bay 

is indicated as the area most susceptible to detrimental effects of any 

further nutrient inputs, as it already displays green filamentous algal 

blooms in mid-summer and high densities of aquatic vascular plants.





Lake Bellaire 
Algal Survey

}1BI

Report of Study
Conducted 16 May, 19? ! j
Submitted to Three lakes

Association,
July, 1981.
R. Tallent, Biology Dept. 
Central Michigan University



Abstract♦

Results of an algal survey on Lake Bellaire, Antrim 
County, Michigan, on 16 May, 1981, are reported. Phyto-

%
plankton were sampled at 11 sites and periphytic algae

*
were collected at 35 sites. The species of algae from 
both growth habits indicate that the lake's nutrient con-

and that greatest exposure 
to enrichment has occurred along the northeastern shore. 
Prevalent diatom species are applied as indicators according 
to the spectral descriptions of Lowe (1974). The presence 
of the attached filamentous green algae, Ulothrix sonata. 
Draparnaldia glomerata and Cladophora glomerata is mapped 
out. The last species suggests further monitoring for 
possible point sources of enrichment. Chara vulgaris occurs 
along the western shore but is almost absent along the 
eastern shorej it is possible that this is due to increased 
levels of phosphorous in the water along the latter.

dition is meso- to eutrophic,

/C2»-
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Recognizing the necessity for biological information 
in the wise management of lakeshore property and inflowing 
waters, the Three Lakes Association sought an algal survey 
of Lake Bellaire in the spring of 1981. Two hundred dollars 
was designated for this study which was carried out by biol-%
ogists from Central Michigan University. The following re-%
port summarizes information acquired from the survey of peri- 
phytic and planktonic algae in Lake Bellaire (Antrim Co., 
Michigan). All collections were made on 16 May, 1981. ■ X

fKtI would like to acknowledge the support of Dr. Laverne ‘
Curry at all points and the assistance of Dr. Daniel Wujek 
(Biology Department, Central Michigan University) in planning 
the study. Wolfgang Miller provided stimulus to the survey 
and coordinated transportation. Thomas Pienkowski was instru
mental in collecting, algal identification and enumeration.
Any errors in description or interpretation of the data are 
my own responsibility.
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One of the most fascinating aspects of northern temperate 
lakes, although it is not strikingly evident without microscopic 
examination, is their diversity of species in the suspended al^al 
community (phytoplankton) at any one time. The open waters of a 
lake would seem to be fairly uniform, in terms of physical and 
chemical characteristics, and yet many species of klgae may coexist 
there. Only one to a few species are dominant —  in terms of numbers 
at any moment, while many others are represented by low numbers.
In spring, the dominant species are commonly members of the group 
of silica-walled algae known as diatoms (Bacillariophyta). Several 
factors, including light and temperature and grazing by microscopic ' 
crustacea and rotifers (zooplankton), are important in determining 
which species become dominant. It is here that nutrient concentra- 
tions may be critical, too. The end effect is that the algal com
munity which develops may provide an important and ongoing clue to 
the nutrient status of the lake, especially as it is influenced by 
human activity. Certain algal associations are known as generally 
occurring in lakes of defined nutrient conditions, from low-nutrient, 
or oligotrophic, waters to enriched, or eutrophic waters (Wetz9l,*75) 
Knowledge of these associations, as well as information on the 
nutrient requirements of species of diatoms (Lowe, 197*0, may be an 
important tool in monitoring water quality. The following study of 
phytoplankton in Lake Bellaire was conducted on this premisej it is

. 41 ‘ . 
hoped.that continuing algal studies will provide water quality in
formation useful to riparians who make important decisions regarding 
the use of land around the lake and inflowing waters.

The microscopic algae of open waters range in size from 10 to j
500 um (one um, or micrometer, equals one one-thousandth of a milli
meter). In the past samples of these algae were collected bv towin^



a fine mesh not (with openings of 50 to 60 um) at a slow speed 

frotn a boat. This method was applied in the present studyj more 

elaborate methods are necessary in order to obtain the smaller 

algae (nannoplanktom 10 to 50 um) but were not feasible, in this 

case.

Algae attached to objects (rocks, aquatic plants, submerged
%

logs) along the shore were also collected. These algae are diverse
s

and undergo seasonal changes in species comparable to the phyto

plankton. Still, the periphytic algae —  as they are termed —  

provide a good clue to the nutrient conditions along shore. As 

water currents may obscure the influence of point sources of en

richment, care must be taken in inferring a source from the loca

tion of periphytic algae. Bottom type and exposure to wave action 

(ergo, orientation to prevailing winds) also influence- the type of 

attached algal community (Chapman and Chapman,1973)•

Lake Bellaire.

Studies have been conducted for several years on the water

shed known as the Chain of Lakes in Antrim County (Bennett,1968j 

Lawrenz,1971» Boyd,1976» Witzerman,1978t Miller,1981)„ These works 

provide important background information on the water quality of 

Bellaire Lake over a period of time. Although the investigations 

are concentrated mainly on water chemistry and bacteriological 

conditions, there is’ some documentation on the other groups of 

organisms (all of which are important members of the intricate 

living web of an aquatic environment). Witzerman*s report describes 

the geological history of the lake (glacially formed) and yields 

relevant information on the morphometry. The lake is oriented 

along a major axis running south-3outheast to north-northwest and 

has a surface area of 718.343 hectares (metric acres). There are
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16.744 kilometers of shoreline, with a shallow gradient and sandy 
to gravel-marl substrate. Main aquatic plants noted' by eye in 
the 1981 season were bulrush (Scirpus acutus). Sago pondweed 
(Potamogeton pectlnatus) and the macroscopic algae commonly called 
stonewort (Chara vulgaris). A diversity of submerged hydrophytes 
has been observed to develop over the summer in the northeastern

%
region of the lake and at the mouth of the Intermediate River1 

these include the broad-leaf pondweed (Potamogeton amplifolius) 
as well as other pondweeds (P. richardsonii. P. p.osteriformis) 
and arrowhead (Sagittaria sp.). When the three lakes (Torch, 
Bellaire and Glam) are considered, this plant community is more 
common to the latter two than to the first. The maximum depth of
Lake Bellaire is recorded as /31.38 meters about a third of
the maximum depth of Torch Lake. Considering that Lake Bellaire 
provides a considerable quantity of the waters for Torch Lake and 
that Bellaire is shallower and has a considerable shoreline, or 
littoral zone and proximity to the village of Bellaire and its 
water treatment facilities, it is evident that the quality of 
Lake Bellaire is of importance to not only its own riparians but 
to riparians all along the three lakes system.

The following survey should prove salient to members of both 
the Three Lakes Association and members of the Lake Bellaire Property

j •Owners Association.
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Mothods
o

Sampling of Lake Bellaire was conducted on 16 May, 1981. 
Phytoplankton were collected by plankton net tows at each of 
eleven sites, chosen so as to evaluate the effects of major water 
and wind currents and including the major inlets and outlets of

%
the lake (Intermediate and Grass rivers, respectively). These

. % 
algae were preserved in Lugol's solution for later qualitative
analysis.

Growths of periphytic algae were observed by wading along 
east and west shores of the lake. Thirty-two samples of these 
algae were obtained and preserved in Lugol's solution for later 
identification.

Information from field notes as well as temperature and 
water clarity (Secchi disk) measurements proved useful in the 
evaluation of results of algal collections. All algae were i- 
dentified at Central Michigan University} this involved examina
tion by light microscopy (440X and 970X magnification), using 
scopes equiped with calibrated ocular micrometers and making 
reference to standard phycological keys (Patrick and Reimer, 1966 
1975; Prescott, 1962).

A minimum of 500 cells were identified and enumerated in 
traverses of slides prepared from each phytoplankton sample, and 
the status of each species expressed as a percentage composition 
for that sample. (Large differences in composition of phyto
plankton samples will indicate varying environmental conditions 
(e.g., nutrient input) at different sites in the lake). Major 
constituents of periphytic algal communities were also identified

The prevalent species of diatoms (a taxonomic class of algae 
well represented in northern temperate lakes in spring) were



u s e d  a s  i n d i c a t o r s  o f  w a t e r  q u a l i t y .  T h i s  w a s  m |d e  p o s s i b l e  

b y  r e f e r e n c e  t o  i n f o r m a t i o n  o n  t h e  e n v i r o n m e n t a l  s p e c t r a  c o r -
A m

r e l a t e d  w i t h  e a c h  s p e c i e s  ( L o w e , 1 9 7 4 ) .

I n f o r m a t i o n  f r o m  t h e  a b o v e  p r o c e d u r e s  w a s  i n t e g r a t e d  i n  

o r d e r  t o  p r o v i d e  a  p i c t u r e  o f  t h e  l a k e ’ s  n u t r i e n t / a l g a l  s t a t u s
%

a s  a  w h o l e  a n d  t o  i n d i c a t e  a n y  p r o b l e m  a r e a s  i n  p a r t i c u l a r .
%

P e r m a n e n t  s l i d e s  ( b u r n t  m o u n ts  i n  H y r e x  m e d iu m )  o f  t h e  d i a t o m s  

f r o m  e a c h  p h y t o p l a n k t o n  s i t e ,  a s  w e l l  a s  f r o m  s e v e r a l  p e r i p h y t o n  

s a m p l i n g s ,  h a v e  b e e n  d e p o s i t e d ,  a l o n g  w i t h  a  k e y  t o  t h e  s l i d e s ,  

i n  t h e  B e l l a i r e  W a te r  Q u a l i t y  L a b ,  f o r  c o m p a r i s o n  w i t h  f u t u r e
* • > ;; -:V

s a m p l i n g s .

R e s u l t s

T h e  l o c a t i o n  o f  s a m p l i n g  s i t e s  a n d  so m e  a n c i l l a r y  d a t a  i s  

p r e s e n t e d  i n  F i g u r e  1 a n d  T a b l e  1 .  Som e 3 5  s p e c i e s  o f  s u s p e n d e d  

a l g a e  ( p h y t o p l a n k t o n )  w e r e  i d e n t i f i e d  ( a n d  t h i s  i s  l i k e l y  a n  

u n d e r e s t i m a t e )  a n d  a r e  l i s t e d  i n  T a b l e  2  a l o n g  w i t h  t h e i r  r e l a t i v e  

a b u n d a n c e  a t  e a c h  s i t e  ( d i v e r s i t y  i n d i c e s  w e r e  n o t  c a l c u l a t e d  

a t  p r e s e n t  b u t  m ay  b e  d e v e l o p e d  f r o m  t h e s e  d a t a ) .  F i g u r e  2 

s h o w s  t h e  r e l a t i v e  a b u n d a n c e  o f  m a j o r  p h y t o p l a n k t o n  s p e c i e s  a t  

t h e  e l e v e n  o p e n  w a t e r  s i t e s .  T h e s e  s p e c i e s  ( o b t a i n i n g  o r  

m o re  a t  a t  l e a s t  o n e  s i t e )  w e r e  a l l  d i a t o m s ,  w i t h  t h e  e x c e p t i o n  
/  •* 

o f  o n e  c o l o n i a l ,  g o l d e n  b r o w n  a l g a l  s p e c i e s *  D i n o b r v o n  s e r t u l a r l a . 

S p e c i e s  o f  d i a t o m s  m ay  b e  f a i r l y  r e p r e s e n t a t i v e  o f  c e r t a i n  

e n v i r o n m e n t a l  c o n d i t i o n s  ( L o w e , 1 9 7 4 ) ,  a n d  i n f o r m a t i o n  t o  t h i s  

a f f e c t  i s  p r o v i d e d  f o r  t h e  m a j o r  L a k e  B e l l a i r e  s p e c i e s  i n  T a b l e  3 .  

K n o w le d g e  o f  p r e v a l e n t  w i n d s ,  m a j o r  i n l e t s  a n d  o u t l e t s ,  a n d  t r a c k i n g

v ..



of algal species^An particular Fragi.laria construens. a diatom^ 

'introduced to the lake via the Intermediate River/.* made possible 

a rough sketch of the current conditions in the lake, as shown 

in Figure J.

Several different groups of algae were represented in the 

attached, or periphytic, algae. These included diatoms, filamentous 

blue-green algae (Cyanophyta) in low numbers and filamentous green 

algae (Chlorophyta), as well as stonewort (Ghara sp.). The fila

mentous green algae were conspicuous at several locations, are 

good continuous indicators of water quality, and relative proportions 

of these are given in Table 4 and depicted in Figure 4. Chara 

vulgaris appeared to be mainly limited to the western shores of 

Lake Bellaire, while a diatom (Cymbella sp.) in mucilage tubes 

comprised the main periphytic component of algae in the northeastern 

bay of the lake (near the inflow of Wilson Creek, which drains the 

wetlands where settling lagoons of the Bellaire Water treatment 

plant are located.

♦

Discussion

Lake Bellaire has as its major inflow the mouth of the Intermediate

Riverj The algal survey revealed that”several species of algae, 

especially Fragilaria construens and, to a lesser extent, Diatoma 

tenue var. elongatum. which grow attached to rocks are washed in

to the lake along this tributary Intermediate River as well as

Wilson Creek (n.e. bay) and Grass Creek (n.w. bay) may be contri

buting nutrients in substantial quantity to the lake. The phyto- 

plankton data do not confirm this, but the information on attached 

algae indicate enrichment in the northeast bay of the lake. This 

problem (which recommends close chemical monitoring of Intermediate 

River and Wilson Creek, as has been carried out in the 1981 season

#«

6



by Wolfgang Miller (1981)) is compounded by the fact that 
indicated current conditions (cf. Figure 3) tend to hold in
flowing waters against the northeast shore.

The prevalent species of phytoplankton diatoms (cf. Table 3) 
are indicative of meso- to eutrophic waters, that is, these algae 
suggest that the waters of Lake Bellaire are enricheduin plant%
nutrients such as nitrogen and phosphorous. Such conditions can

*
lead to massive summer growths of green or blue-green algae\ 
in fact, blooms of Hvdrodictvon reticulatum have been reported 
in past summers for the northeast bay of the lake, and substantinl 
masses of this algae as well as Spirogyra sp. and Zygnema sp. 
(filamentous green algae) were noted in the summer, 1981, season 
(Tallent, personal observationsKjMost careful control of nutrient 
inputs from the wetlands at the northeast bay, from Intermediate 
River and from riparian septic systems in that area is recommended. 
It is interesting to note that the plant nutrient phosphorous 
may actually be detrimental to some algae, particularly the 

(VjjfJ' stonewort, Chara vulgaris, when present in large concentrations 
(>20 ppm) in the water? Chara vulgaris was virtually absent 
along the east shore of Lake Bellaire, and this suggests a 
higher continuous exposure to phosphorous loading (substrates 
are similar, but differing wind effects must also be considered).

The main attached green filamentous algae were Ulothrix 
zonata. Draparnaldla glomerata and Cladophora glomerata. It 
is noted that the first fluorishes in spring, in more or less 
eutrophic waters. The second grows only in hard waters (this 
,jibes for Lake Bellaire, where Miller measured the total hard
ness as ranging from 180 to 190 mg/litre). The last algae mentioned

7

♦Hutchinson, i9?5>.



Cladophora glomerata thrives under conditions of nutrient en

richment} large masses of this species may indicate point sources 

of pollution. Its occurrence around the lake, especially into 

the northeast bay, is a valid reason for continuing concern and 

monitoring of nutrient levels in the Intermediate .River and 

Wilson Creek. Faulty septic systems and overapplications of 

lawn fertilizers may also stimulate growth of this algae. This 

situation was suggested at several sites, both east and west shores 

of the lake, in the May survey, and property owners should keep 

a close eye on their shoreline during this month (and contact 

the biologist at the Bellaire Water Quality Lab, if they notice 

unusually heavy growth of green algae). It is recommended that 

a shoreline survey of periphytic algae be conducted yearly on 

Lake Bellaire, so as to record longer term changes. As subtle 

as these changes may be, an alertness to them is an integral 

part of water quality preservation on Lake Bellire and lakes 

downstream. *

8





Table I . Some notes on phytoplankton sampling sites. See Figure 1 for 
sites.

Site Depth 
(meters)

Secchi
Reading*(njOt.tr;;)

Temperature 
( C at 50 cm)

Other Notes

1 0.5 - 2 bottom Intermediate R,, 50 m below 
dam, town of Bellaire. 
Cobble bottom* lm + / sec.

2 2.0 bottom

* % '

Intermediate R. at Lake 
Bellaire. Sandy, with 
Potamogeton richardsonii, 
Valisneria americana, 
Sagittaria so.

3 3.0 bottom N.E. bay, near Wil3on Crk. 
Marly/organic bottom; 
Potamogeton amo]ifolius.

4 2.5 bottom ca, 70 m. off Fisherman's 
Paradise, sandy.

5 ca. 28. — .— deep water off n. public 
access.

6 ---- ---- * deep water, ca. 200 m. w. 
of Fisherman's Paradise

7 1.5 bottom 13.0 off outflow of Grass R. 
sandy bottom.

8 ca. 10. 4.8 12.5 N. Arm. W. shore undevolop' 
and marshy, ca. 6 homes on 
e . shore.

9 ca. 1 5. 4.8 14.0 N. central, shore low, sand 
wi. Salix so.. Iarix lari- 
cina and Thu.ia occidental.!

10 ca. 10. 4.6
i

14.0 Along w. shore. Sand/gravel 
and slight Scirpus sp. 
development. More he os 
proximal than site 11.

11 ca. 15.£ 6 .2 *
I

16.0 S. Arm. ca, 9 homes along 
w. shore, sandy.

* Secchi Disk Reading is a simple but useful measurementi the depth to 
which a white and black disk (20 cm in diameter) remains visible when 
lowened from the side of a boat. Although this measurement depends on 
wind and cloud conditions, it provides an approximation of the-trans
parency of the water, which is more or less inversely related to the 
density of suspended matter, including phytoplankton.



Table 2. Composition of phytoplankton commununity at eleven sites,
represented as factor of 500 cell count. Lake Bellaire. 16 May,*81.

Site j
Taxon \

1 2 3 4 5 6 7 8 9 . 10. 11 ii

Bacillariophyta 
Pennales 
(araphe) 

-Asterionella 
formosa 

-Diatoma tenue 
var. elonp;atu

.061

.031T1

.08 >.086
.005

.093 .099
.007

.107

.005
.128 .051

.002
.242 .145

.012
.116

. ■

-Diatoma sp.A 
-Fragilaria 
construens 

-Fragilaria 
crotonensis 

-Synedra
delicatissima

.042

.492

.066

0Q5
.247
.421

.163

.527

.013

.115

.455

.071
.510
.055

.518

.041
.512
.100

.526

.075
.265
.134

*

.537

.114
.333
.107

var.anp;ustissi ma .048

.013

.002

.002

.032

.003.008

.090

■
-Synedra sp. A 
-Tabellaria 

fenestrata 
(monoraphe) 

-Aohnanthes sp. 
-Cocconeis sp.

biraphe) 
^Iphora sp. 
-Entomoneis sp, 
-Gomphonema sp, 
-naviculoid sp* 
-Nitzschia sp. 
-Cvmbella spp.
Centrales 
-Cvclotella spd 
-Melosira 
granulata 

"B" var.granulata

.044

.004

, 0 2 t
.001

.00* 
• .055 
.007 
.03C

.02*

.005

.003

.106
.003

.093.108

.007

.003

.010

.092

.002

.013

.261

.008

.004

.179

.002

.013

.010

.035

.205

.005

.002

.319

.015

•

.122

.002

.004

.021

.013

■ >

"A* var .angustissi ma .089 .181-Rhizosolenia aP. .002 .010 .006 .005 .002 .004 .010 .005
Chlorophyta
-Chlamvdomonas r̂.002sp. .0 1 ; .014 .028
-Cladophora sp, 
-Moukeotia sp. 
-Spirop;yra sp. 
-Stieeoclonium

.060

.005

.006sp.
.00?

4

.008
.005

Chrysophyta 
-Dinobryon 

bavaricum 
diverp.ens 

V f  sertularia
.023.002
. 0 1 1 .027

.007
.062 .043

.013

.077
.002
.030 .020 .035 .002 .044

.002

.018

.188
Cryptophyta 
-Cryptomonas s 
- flagellate B 
Cyanophyta 
-Auhanizomenon

).
.007

.010

.004
.020
.003

.005 . 0 1 1
.025

.007

flos-aquae .0021 1



Table 2 , continued.
Site : 1 2 3 4 5 6 7 8 9 10 11

Cyanophyta 
^Icon tinued)
Btcroe.ysti3 sp. 
^yn/.bya sp, 
-Oso.i 11 atoria 

limosa *

.001

.001

.002 .004 .002 .002 .005 .01* ■.002

«

.002

.002

.010 .004

Pyrrophyta
-Ceratium

hirudinella .003 .00* .002 .002 .002

Euglenophyta 
-Trachelomonas s 3. t

4

1

.002 *

^Counted as filaments





Table J. Characteristic environmental types for prevalent diatom* 
phytoplankton species sampled in Bellaire Lake.
16 May, 1981. Based on spectra compiled by #Lowe (1974).

- 'A

Species pH Nutrient Specific Habitat Additional Comments

Asterionell a , t HMi
'MWoptimum pH« 7.2-7.8. 

coSmopolitani summer 
maximumj limnophilous, 
Oligo-' tOy8-mesosaprobic.

optimum pHi 7.4-7.8; 
halophilous.

formosa

Diatoma
tenue
var. elonp;

alki-
philou

indiffe 
to alki 

a turn

meso- to 
3 eutrophic

rent
phil. -----

euplanktonic

periphytic to 
euplanktonic

Fragilaria
construens

alkiphi
ous

1- eutrophi c periphytic and 
tychoplanktoni

optimum pHs ca. 7.0-7.8| 
: an indicator of oxygen•

Fragilaria
crotonensi

alki- 
s philou

meso- to 
3 eutrophic

euplanktonic

ated waters\ fall maxi-, 
mum; oligo- to *<-meco- 
saprobic.

optimum pH; ca.R.O.
oligo- to ̂ -merjo^a nr obic,

Synedra
delicatiss ima

eutrophic euplanktonic often in water of medium 
hardness.

var. an^us tis.
Tabellaria 
fenestrata

acido-
philou

in all 
3 nutrient

periphytic halophobous (in this 
and pH optimum of 5-0

condition s to 7.1, this species is 
markedly different than 
preceeding one3).Saprobiei 
range is broad.

Centrales
Melosira
granulata V

« ..

var. granu- 
lata

var. anp;ust

alki-
philo
ft ft

eutrophic
ms

ft i ft

euplanktonic —  

ft ff

Little difference between 
this variety and the 
following is reported by 
Lowe, except that the

issima • f ' following variety does
not appear in flowing 
water as often (?).

* Prevalent di 
at least on 
Identificat 
application

atom spe 
e percen 
ion to s 
of envi

cies were de 
t in a 500 c 
pecies —  an 
ronmental sp

fined here as thos 
ell count of sampl 
d often to variety 
ectra/tolerances.

e species comprising 
e from at least one site. 
—  is necessary for



Figure J. Indicated conditions of currents in Lake Bellaire.



Table 4 .

Relative abundance of major filamentous Chlorophyta (and Chara so.) 
growing periphytically,

Sites # Containing* Composition (Taxa assigned percentage.
(from filaments as decimal)
field of Chlorophyta, Chara Ulothrix Draparnaldia Cladonhora
notes) or Chara sp. sp. zonata glomerata glomerata

28-33 3 (50*) 0.30 0,40 ......... 0. '30

20-27 6 (75$) 0.17 0,34

‘

O.lS 0.33

55-60 3 (.'605*) ------ (0 .6 5  )

*

---  0.35

50-55 5 (100$)j 0.35 0.24 ' 0.41

36-39 3 (75%) 0.03 .0.97

•

* This column has a subjective element, since periphytic algae were 
sampled selectively and not randomly. However, it does give some 
indication of the relative importance of Chara sp. and the filamentou 
green algae as noted by collectors at different sites.



Relative composition of periphytic communities of green filamentous 
algae and Chara sp. along different sections of shoreline,
Lake Bellaire, Antrim Co., Mi. 16 May, 1981.

Figure k.
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PROPOSED
LAKE BELLAIRE-GRASS RIVER-CLAM LAKE 

PLANKTON SURVEY

A„ Collection Sites
1. Intermediate River (1 site)

( ~  100 meters up stream from mouth)
2-6. Lake Bellaire (5 sites)
____^a. 100 meters off-shore from the mouth of

the Intermediate River (input)u^-
b. '-'-'100 meters off-shore from the mouth of

Grass River
c. 3 sites distributed in Lake Bellaire (consult 

earlier studies and attempt to sample similar 
locations)^

7-10. Grass River Sites (4)
a. ^ 2 5  meters into the mouth of Grass River
b. At the south end of the large marsh area
c. At the GRNA sign (approx. mid-river)

11-12. Clam Lake Sites (2)
a. '"■'100 meters off the mouth of Grass River

in Clam Lake
b. Mid-lake 600— 800 meters out from the 

mouth of Grass River ^

B„ Plankton Hauls / t' P ■ 'f: / , . ;i
c1. Collect at all si^t^s on same day

2. Sample weekly
3„ Coordinate with sample collection for water 

quality chemistry
4. #80 mesh (fine plankton net)

■frju H (rO ^ O L ^ J L .  A : .• i V .5 0 Preserve in osmotically balanced neutral formalin 
10% (vol./vol.) - formalin to sample: 1 to 1. 
Retain samples for future comparative studies



6. Scan several small well-mixed sub-samples 
(100 x to 430 x) and identify all organisms 
to genera (species if feasible)

7. Note relative abundance of each taxa.
t>

8. Quantify Richness and Diversity by counting 
a measured volume (usually 1 ml) in a 
Sedgewick-Rafter or other appropriate 
sampling cell.

a. Count at least 200 individuals for # taxa 
(richness), sequential comparison index 
(SCI), and diversity index (DI). See 
attached sheets for methods

b. Repeat (a)

c . Record as follows:

# of Individuals

Species Count (a) Count (b)

a.

b.

c.

d. etc.

# Species

SCI

DI

9. Also record:

a. Species observed in the sample but not 
found during the counts

b. Weather conditions on day of sample and 
1-2 days before the sample

c. Water Temperature (pH, D.O., etc. as feasible) 
If well coordinated with water chemistry study 
this data will be available

2.



3 „

C. Physical/Chemical Parameters
1. Bottom Profile - /v,. „c.e—

j 2 .  Current Speed and Direction
3. Secchi Reading ^ , cs./
4„ Depth to Thermocline
5. Temperature Gradient (surface to bottom)
6. D.O. (surface to bottom) ,t.e/c<?A- 

•— 7. pH, Hardness, Alkalinity !--c~a
8. Nutrients (nitrate, nitrite, ammonia,phosphates,

etc.) / /
/ £  i--\ £ .£ - /  Uy 1C . -

( 9. BOD (if feasible)

V? . ' /
, o


