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INTRODUCTION
In the summer of 2004 the Three Lakes Association conducted the latest in a
series of cladophora surveys on Torch Lake, Clam Lake, and Lake Bellaire. A team of
TLA volunteers and Bellaire High School interns using kayaks examined the entire
shoreline of these lakes. Wherever cladophora or cladophora like algae was found near
the shore, the locations were logged with a Global Positioning System (GPS), the size of
the bloom noted, and samples taken. This survey was carried out weekly over the course
of ten weeks and when poor weather conditions limited time on the water, the samples
were examined under a microscope to determine the type of algae. Cladophora, Ulothrix,
and Spirogyra made up approximately 70% of these samples, but like cladophora all
grow in response to the presence of low levels of phosphorus. While phosphorus
promotes growth of all types of plant life, the ones found in our samples are the earliest
and most prolific detectors this substance. Our goal, as in the past, has been to locate
places where phosphorus nutrients are coming into our lakes and use them as a roadmap
for future examinations of the sources. Sources include lawn fertilizers and soaps,
leaking septic systems, agricultural fertilizers, creeks and rivers (which drain regions well
away from the shoreline), and natural wells and seeps.
Three Lakes Association last conducted an algal survey of Torch Lake in 1984.
The survey located 37 sites with suspected nutrient loading. A follow-up survey
conducted by Tip of the Mitt Watershed Council in 1998 located 217 significant sites on
Torch Lake, 10 sites on Clam Lake, and 36 sites on Lake Bellaire. The reasons for the
increase are not explained in the unpublished report. Observations made during the
current shoreline survey have identified 114 sites: 75 on Torch Lake, 24 on Clam Lake,
and 15 on Lake Bellaire. A total of 69 of these sites are considered significant based on
their area. Table 1 shows the number and distribution of algae types among the three
lakes and Table 2 shows the areas of most significance. In addition Appendix A shows
the exact locations of these sites on a set of plat maps. Each site has a tax number
designating the specific property or properties involved.
This report describes the methods used and measurements taken in the 2004 algal
survey. The various factors that influence algal growth and diversity are also discussed.
The levels of phosphorus in Torch Lake and several of its major rivers and streams are
shown in Table 3. The phosphorus levels in streams and rivers indicate how some
phosphorus enters our lakes and suggests that these sources can also influence growth
along the shoreline. Finally, several recommendations are made concerning our results
and what action to take next. However, the cleanliness and quality of our lakes will be
maintained chiefly through the cooperation and vigilance of the riparian homeowners.
Three Lakes has been extremely successful in working quietly with homeowners
to find out whether the phosphorus is from human activity or natural. If the source is
from human activity, our volunteers will help riparians determine what type of activity
and suggest remedies that are acceptable. In the last ten years Three Lakes has helped
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homeowners with more than 150 septic system investigations. Invariably, homeowners
have responded positively to our suggestions and have substantially reduced the influx of
phosphorus and other biologically active materials to our lakes. Our continuing tests on
the general health of our lakes has confirmed what most residents already know, that our
lakes are clean. Our goal is to keep them this way.
The scientific basis of our methodology is described in Freshwater Algae of North
America, by R. Jan Stevenson and John Smol [Academic Press, London, UK, 2003].
References sited are found at the end of this report.
Algae have been used successfully for environmental assessment of many
streams, larger rivers, lakes, and wetlands around the world. During the early
twentieth century, algae were explored as indicators of organic pollution in
European streams and rivers (Kolkwitz and Marsson, 1908). In North America
Ruth Patrick and C. Mervin Palmer were pioneers in the development of large
monitoring programs to assess the ecological health of rivers (Patrick, 1949;
Patrick et. al., 1954; Palmer, 1969). Government agencies now use algae to
monitor and assess ecological conditions in many types of aquatic ecosystems
(Stevenson and Bahls, 1999). Characterization of algal assemblages has been
important in environmental assessment, both in indicating changes in
environmental conditions that impair or threaten ecosystem health and in
determining if algae themselves are causing problems.
In many aquatic environments, algae are the most diverse assemblage
of organisms that can be easily sampled and readily identified to species. The
great species-specific sensitivity of algae to environmental conditions and their
high diversity provide the potential for very precise and accurate assessments of
the physical, chemical, and biological conditions that may be causing the
problems. Algal bioassessment complements physical and chemical data by
providing corroborative evidence for environmental change.
Both structural and functional characteristics of algae can be used to
assess environmental conditions in aquatic habitats. Algal biomass (measured as
chlorophyll-a, cell numbers, and/or algal biovolume; Stevenson, 1996) can be
used to indicate the presence of toxic pollutants as well as trophic status and
nuisance algal growths (Carlson, 1977; Dodds, et. al., 1998). Taxonomic
composition and diversity of algal assemblages are used to assess ecological
health of habitats and to infer probable environmental impairment (Smol, 1992;
Stevenson and Pan,1999).
A large body of data clearly indicates that algae production and biomass
in most lakes is controlled by phosphorus supply (Schindler, 1978; Wetzel, 1983;
Hecky and Kilham, 1988). Although other factors like grazing, light availability,
temperature are clearly involved in regulating algae production, only nutrients
are amenable to regulation.
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Algal blooms and subsequent eutrophication in Seattle’s Lake Washington
were reversed through monitoring and sewage diversion. Phosphorus inputs were
reduced to near zero and summer time chlorophyll-a dropped from 45 to 5 ppb
(Edmundson and Lehman, 1981).
Excessive growths of mat-forming algae (cladophora), either alone or in
combination with aquatic vascular plants like milfoil, impairs recreational
activities such as swimming, fishing, and boating. Swimming beaches fouled with
algal mats are not only unappealing but also hazardous when ladders, rocks, and
submerged concrete are coated with slime-producing species such as Spirogyra
and cyanobacteria. Cladophora growths in the Great Lakes were noted as posing
a potential danger to young and inexperienced swimmers who might become
entangled in the mats and drown (Herbst, 1969). The loss of recreational and
esthetic values can have a significant economic impact on waterfront properties.
Ormerod (1970) reported that the value of real estate on Lake Erie fronted with
Cladophora mats averaged 80-85% of the value of clean frontage.
METHODS
The survey occurred between June 22 and August 31, 2004 and required 300
man-hours to complete. Field workers in teams of two or three, kayaked around the
shorelines of Torch Lake, Clam Lake, and Lake Bellaire looking for the presence of
filamentous green algae on hard surfaces such as rocks and logs. Algal assemblages were
characterized by identifying major genera and establishing an approximation of
biovolume. Biovolume can be estimated by using the Cladophora Status Index (Grant,
1984). The CSI value of each area equaled the length of the patch in feet (L), times the
width in feet (W), times the average algal filament length in inches (F). The units are
arbitrary CSI units with no actual cubic values.
CSI = (L)(W)(F)
Algal assemblages with a CSI of <50 were noted but not sampled. When the CSI
was >50 the site was recorded by GPS coordinates and a physical description of the site
and its buildings. Samples were collected in zip lock bags and stored on ice in a cooler
for microscopic examination. All samples were examined using a Zeiss Standard Phase
Contrast microscope. Temporary slides were made using lake water taken from the same
site as the alga. Algae were identified to Genus using “How to Know the Freshwater
Algae” by G.W. Prescott, 3rd Ed. and “A Guide to the Study of Freshwater Biology” 5th
Ed. By Needham and Needham. Representatives of each genus were photographed using
a 4 Mega pixel Canon G3 adapted to the top phototube of the Zeiss with a MaxView Plus
adapter.
The maps in Appendix A indicate the sites where algal samples were taken. When
the CSI value is 50 or above the site was revisited from the roadside to obtain the closest
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address. The site was assigned a property address by coupling the lakeside GPS
coordinates and the physical description of the property with a roadside confirmation of
both. The addresses where compared to the tax identification numbers and property
owner information available from the county. By determining the correct mailing address
of the property owner, contact can be made and information concerning possible nutrient
sources exchanged. When the CSI value is < 50 the sample site is not noted on the map.

OBSERVATIONS
Following the wettest May in recent history (total rainfall = 6.85 inches) Torch,
Clam and Bellaire Lakes displayed blooms of filamentous algae attached to hard surfaces
along shorelines that generated great interest on the part of many riparian property
owners. Forty-five of the 1,488 Torch Lake sites examined were classified as CSI>50. Of
the remaining 1,443 sites (CSI<50) most hard surfaces displayed varying amounts of
filamentous green alga consisting of; Ulothrix, Zygnema, Mougeotia, or Cladophora,
with a large variety of associated Diatoms. Sand does not provide a suitable substrate for
filamentous types of alga so those riparian properties with predominantly sandy beaches
had no observable filamentous algal assemblages. Clam Lake had 11 CSI>50 sites of the
272 examined and Lake Bellaire had 13 CSI>50 sites of 292 examined.
Successional variation occurs when a sequence of species replace each other in
dominance over time. In June the predominant genus in Torch Lake was Ulothrix. By
August Cladophora was most common. In Clam Lake Spirogyra appeared first in July
and then Cladophora became dominant at the end of August. Lake Bellaire displayed a
majority of Sprirogyra, and Cladophora was second most common when sampling
occurred at the end of August.
A total of 114 samples were collected while examining 2,017 properties around the three
lakes. The genus distribution is listed in Table 1 as occurrence in the total samples for
each lake over the ten-week collection period. ‘N’ is the number of samples collected
from each lake.
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Table 1: Distribution of Algal Types

Algal Types
Cladophora

Torch Lake
N = 75
28

Clam Lake
N = 24
8

Lake Bellaire
N = 15
8

Ulothrix

27

0

0

Spirogyra

4

21

9

Mougeotia

10

1

0

Zygnema

3

1

0

Diatoms, mixed

8

4

8

Microspora

7

1

0

Cyanobacteria

3

1

0

Table 2 displays the distribution of significant algae growths (CSI > 50) out of the114
samples collected.
Table 2: Algal Sites Where CSI > 50

Lake
Torch
Clam
Bellaire

Number of Map Sites (CSI>50)
45
11
13

DISCUSSION
Preliminary water quality modeling studies of Torch Lake and it’s tributaries
indicate that 2/3 of the lake’s phosphorus loading comes from a combination of non-point
sources such as atmospheric deposition, and watershed runoff (unpublished sampling
data). It is our hypothesis that the unusual spring weather contributed to a significant
increase in phosphorus loading from a combination of atmospheric deposition, tributaries,
flowing wells, and springs. Wetland soils and organic debris found in tributaries are rich
in phosphorus so water flowing through and over them would add considerable
phosphorus to the lakes. A July 20 storm event increased the normal phosphorus load of
Spencer Creek by a factor of 10 (Table 3). Wet soils are also less likely to properly
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process residential septic leachate and could also lead to increased nutrient loading.
Additional phosphorus sampling and analysis will be required to support this explanation.
Table 3: Total Phosphorus (Parts Per Billion)

Date
May 6, 2004
July 22, 2004
July 22, 2004

July 29, 2004

Sample Site Total Phosphorus
Torch Lake, Top = 2.5 ppb
South Basin Middle = 1.8 ppb
Bottom = 2.1 ppb
Clam River 5.6 ppb = 1,427
grams/day
Spencer
114 ppb = 736
Creek
grams/day (storm
event)
Spencer
15.9 ppb
Creek

Data Source
Tip of the Mitt
Watershed
Council
TLA/GLEC
TLA/GLEC

TLA/GLEC

(Phosphorus data from a second May sampling event will be added to this report
when received from MSU/DEQ in January of 2005.) When prevailing northwesterly
winds drive phosphorus laden surface water to the southeastern and southern shorelines
the greatest algae growth should be observed. Observations of algal site distribution
support this explanation.
Normal seasonal succession may account for the changes in dominant species at
sampling sites. Due to time constraints sites were sampled only once during the summer
and succession was not directly observed at a single site. Water temperature and
phosphorus levels could also influence these temporal variations. Further study is
warranted.
It is difficult to assign specific point sources such as septic leachate, excessive
lawn fertilization, ducks, geese, etc. when the distribution of algal assemblages was
relatively uniform on hard surfaces around the lakes. Prior algal survey reports had a
greater degree of confidence in the correlation between point sources and algal growth
than was possible to make in this report.
RECOMMENDATIONS
The sites marked on the maps indicate luxuriant algal assemblages that need to be
followed up with a letter or a call to the landowner offering our assistance to determine if
human influenced nutrient loading is occurring.
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It is our recommendation that the next survey be conducted as soon as 2006 by
utilizing a series of riparian lake monitors around the three lakes who will periodically
observe and sample a mile or two of their shoreline. The samples would be delivered to
the TLA office for analysis. This would ensure repetitive sampling over the spring and
summer season and provide important data about temporal variation as well as making
the entire process much more efficient. It would also be instructive to have monthly water
samples collected for phosphorus analysis.
Thought might also be given to including the great array of diatom species for
shoreline bioassessment. Current literature tends to favor this approach.
BIBLIOGRAPHY
Carlson, R. E. 1977, A trophic state index for lakes. Limnology and Oceanography
22:361-69.
Dodds, W. K., Jones, J. R., Welch, E. B. 1998. Suggested criteria for stream trophic state:
Distributions of temporate stream types by chlorophyll, total nitrogen and phosphorus.
Water Research 32:455-1462.
Edmondson, W. T., Lehman, J. T. 1981. The effect of changes in the nutrient income on
the condition of Lake Washington. Limnology and Oceanography 26:1-29.
Hecky, R. E., Kilham, P. 1988. Nutrient limitations of phytoplankton in freshwater and
marine environments: A review of recent evidence on the effects of enrichment.
Limnology and Oceanography 33:796-822.
Herbst, R. P. 1969. Ecological factors and the distribution of Cladopora glomerata in the
Great Lakes. American Midland Naturalist 82:90-98.
Kolkwitz, R., Marsson, M. 1908. Okologie der pflanzliche Saprobien. Berichte der
Deutchen Botanishen Gessellschaft 26:505-519.
Needham, J. G., Needham, P. R., 1975. A Guide To The Study Of Freshwater Biology,
5th Ed., Holden-Day, Inc. San Francisco.
Ormerod, G. K. 1970. The relationship between real estate values, algae, and water
levels. Report of Lake Erie Task Force, Department of Public Works, Canada.
Palmer, C. M. 1969. A composite rating of algae tolerating organic pollution. Journal of
Phycology 5:78-82.

9

Patrick, R. 1949. A proposed biological measure of stream conditions based on a survey
of the Conestoga Basin, Lancaster County, Pennsylvania. Proceedings of the Academy of
Natural Sciences of Philadelphia 101:277-341.
Patrick, R., Hohn, M. H., Wallace, J. H. 1954. A new method for determining the pattern
of the diatom flora. Notula Naturae (Philadelphia) No. 259, 12p.
Prescott, G. W., 1978.How To Know The Freshwater Algae, 3rd Ed. WCB McGraw-Hill,
Dubuque, Iowa.
Schindler, D. W. 1978. Factors regulating phytoplankton production and standing crop in
the world’s freshwaters. Limnology and Oceanography 23:478-486.
Smol, J. P. 1992. Paleolimnology: An important tool for effective ecosystem
management. Journal of Aquatic ecosystem Health 1:49-58.
Stevenson, R. J. 1996. An introduction to algal ecology in freshwater benthic habitats, in:
Stevenson, R. J., Bothwell, M., Lowe, R. L., Eds., Algal ecology: freshwater benthic
systems. Academic Press, San Diego, pp. 3-10.
Stevenson, R. J., Bahls, L. L. 1999. Periphyton protocols, in: Barbour, M. T., Gerritsen,
J., Snyder, B. D., Eds. Rapid bioassessment protocols for use in wadeable streams and
rivers: Periphyton, benthic macroinvertebrates, fish, 2nd Ed., EPA 841-B-99-002. U. S.
Environmental Protection Agency, Washington, DC, pp 6-1-6-22.
Stevenson, R. J., Pan, Y. 1999. Assessing ecological conditions in rivers and streams with
diatoms, in: Stoermer, E. F., Smol, J. P., Eds. The Diatoms: Applications to the
environmental and earth sciences. Cambridge University Press, Cambridge, U. K., pp.
11-40.
Wetzel, R. G. 1983. Limnology, 2nd Ed. Saunders College Publishing, Philadelphia, 767
pp.

10

APPENDIX A

LAKE MAPS
The lake maps are arranged in three categories, Lake Bellaire, Clam Lake, and Torch
Lake. Each map represents a township section with the section number indicated at the
lower left of the page. The townships surrounding each lake are in alphabetical order.
Townships with algal sites are the only maps included in this appendix. Algal sites
with a Cladophora Status Index of 50 or higher are indicated with a green or gray symbol.
The last five digits of the county tax number identify each property.
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LAKE BELLAIRE
The following townships and sections are contained in this part of Appendix A:

Custer, Section 6…………………………………….…….pg 13
Forest Home, Section 1……………………………….…..pg 14
Forest Home, Section 12……………………………….…pg 15
Forest Home, Section 35…………………………….……pg 16

12

Custer Township Section 6

CSI of 50 – 100 =

13

Key:
CSI of 50 – 100 =
CSI of 100 – 500 =

Forest Home Township Section 1

14

Key:
CSI of 50 – 100 =
CSI of 100 – 500 =

Forest Home Township Section 12A

15

Key:
CSI of 100 – 500 =
CSI of 500 – 1000 =

Forest Home Township Section 35
16

CLAM LAKE
The following townships and sections are contained in this part of Appendix A:

Forest Home, Section 3………………………………………….pg 18
Forest Home, Section 4………………………………………….pg 19
Forest Home, Section 11...………………………………………pg 20
Helena, Section 3 and 10………………………….……………..pg 21
Helena, Section 4………………………………….……………..pg 22
Helena, Section 11……………………………….………………pg 23

17

N

Key:
CSI of 50 – 100 =
CSI of 100 – 500 =

Forest Home Township Section 3

18

Key:
CSI of 100 – 500 =
CSI of 500 – 1000 =

Forest Home Township Section 4

19

Key:
CSI of 50 – 100 =
CSI of 100 – 500 =
CSI of 500 – 1000 =

Forest Home Township Section 11

20

Helena Township Sections 3 and 10

CSI of 500 – 1000 =

21

Key:
CSI of 50 – 100 =
CSI of Township
100 – 500 Section
=
Helena
4
CSI of 500 – 1000 =

Helena Township Section 4

22

Helena Section 11

CSI of 50 – 100 =

23

TORCH LAKE
The following townships and sections are contained in this part of Appendix A:

Central Lake, Section 20………………………………………………..pg 25
Central Lake, Section 29………………………………………………..pg 26
Clearwater, Section __……………………………….…………………pg 27
Forest Home, Section 17………………………………………………..pg 28
Forest Home, Section 21………………………………………………..pg 29
Forest Home, Section 28………………………………………………..pg 30
Forest Home, Section 33………………………………………………..pg 31
Helena, Section 4………………………………………………………..pg 32
Helena, Section 9………………………………………………………..pg 33
Helena, Section 16………………………………………………………pg 34
Helena, Section 21………………………………………………………pg 35
Helena, Section 28………………………………………………………pg 36
Helena, Section 33………………………………………………………pg 37
Milton, Section 6, T28…………………………………………………..pg 38
Milton, Section 19, T30…………………………………………………pg 39
Milton, Section 30……………………………………………………….pg 40
Milton, Section 30, T30…………………………………………………pg 41
Milton, Section 31, T29…………………………………………………pg 42
Torch Lake, Section 13…………………………………………………pg 43

24

Central Lake Township Section 20

CSI of 50 – 100 =

25

Central Lake Township Section 29

CSI of 50 – 100 =

26

Key: CSI of 50 – 100 =
CSI of 100 – 500=
CSI of 500 –1500=

Clearwater Township Section

27

Key: CSI of 50 – 100 =
CSI of 100 – 500 =

Forest Home Township Section 17

28

Forest Home Township Section 21

CSI of 100 – 500 =

29

Forest Home Township Section 28

CSI of 100 – 500 =

30

Forest Home Township Section 33

CSI of 100 – 500 =
31

Key:
CSI of 50 – 100 =
CSI of 100 – 500 =
CSI of 500 – 1000 =

Helena Township Section 4

32

Helena Township Section 9

CSI of 50 – 100 =

33

Helena Section 16

CSI of 100 – 500 =

34

Helena Section 21

CSI of 50 – 100 =

35

Helena Section 28

CSI of 50 – 100 =

36

Helena Section 33

CSI of 100 – 500 =

37

Milton Section 6

CSI of 100 – 500 =

38

Key:
CSI of 50 – 100 =
CSI of 100 – 500 =

Milton Township Section 19, T 30

39

Milton Township Section 30

CSI of 100 – 500 =
40

Milton Township Section 30, T 30

CSI of 100 – 500 =

41

Key:
CSI of 50 – 100 =
CSI of 100 – 500 =

Milton Township Section 31, T 29

42

Key:
CSI of 100 – 500 =
CSI of 500 – 1000 =

Torch Lake Township Section 13
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APPENDIX B

FIELD DATA
The field data includes the township and section number for each property with a CSI
ranking of 50 or higher. Physical descriptions of the property and buildings were noted
from the shoreline. CSI measurements and calculations are included, as are the GPS
coordinates and the approximate street address. The street addresses may vary from the
lakeside GPS coordinates by one or more lots.

Lake Bellaire…………………………………………………………..pg 45
Clam Lake……………………………………………………………..pg 46
Torch Lake…………………………………………………………….pp 47, 48, 49
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Lake Bellaire Field Data

45

Clam Lake Field Data

46

Torch Lake Field Data

47

Torch Lake Field Data

48

Torch Lake Field Data

49
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