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Fish management.

1. Fish populations are low because of the basic character

of Runyan Lake. Hypolimnetic aeration would make habitable a
large area of the bottom water strata of the lake, but this
is costly and not a strong recommendation.

2. Brush shelters would attract fish and increase their
susceptibility to fishermen.

3, Smallmouth bass, if available, could be stocked in
the lake. This would not increase the production or abundance
of fish in the lake, but would add another sport fish to those
available to fishermen.

4, Northern pike spawning and population levels in the
lake require additional investigation. There are a few large
adults present from our collections and fishermen reports.
However, status of the young-of-the-year 1is unknown.

Maintenance of access to the shallow embayment.

Control of plants and eventually the sediments in the
station I area will have to be done to provide residents there
with access to Runyan Lake. Plants are recommended to be
controlled by harvesting, perhaps by renting a harvester
once or twice per summer to cut down these plants. Chemical
control is discouraged, but certainly allowable as a last
resort. The sediments in this area are very thick and can
only be controlled by dredging, mudcatting or a drawdown and
drying at some future date. Thought should be given to now
this problem will be addressed.’ Either option is very, and

possibly prohibitively, expensive.
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*FRESH WATER  PHYSICIANS INC.

7/8/76
PROFESSIONAL
BIOLOGISTS Enclosed is a gréphic presentation of chloride data from
FOR 8 lakes in Livinpston County, lichigan. The samples were
_ taken in the spring of 1976 by property owners. ‘e
CCRPLETE analyzed the samples and compiled the enclosed graph to
give further information on lakes of this re ion., Your
AQUATIC . 5
lake is ddentified and the others presented by code
STODIES number only for comparison purposes. Please remember

that one or two samples are sufficient to give an indica-
tion only. Broad generalizations cannot be derived from

a limited number of samples.

Ground water ranges from 10 to 2C mg/1 (ppm) chlorides.
Higher concentrations indicate possible contamination.
The two most likely sources are :eptic tanks and rozc
salt. Each of these inputs is likely to carry nutrierts
(phosphorus and/or nitroger) into the lake. Chloride

is not a problem in itself norrmally, but serves as an
indicator of possible corntamination. OJf the lakes in

this study, "A" and "C" both warrant further study dJdue

O
@)
@
®
®
O
O
O

to the very kigh values. “H" also is a bit high. It

should be pointed out that nutrient inputs can occur
without the presence of chlorides, so lakes can Lave
enrichment. problems with low chloride concentrations.
Call or write us if you have further quections,

2180 AUBURN

HOLT, MICHIGAN
IMPACT STUDIES LAKE MAKAGEMENT 517 6540713
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FRESHWATER  PHYSICIANS INC.

To: Chloride Study Lakes
From: Joe Ervin
Re1 Chloride Analyses

Attached is a graphic representation of the chloride
concentrations of several lakes in Michigan. We an-
alyzed samples sent to us to gain further information
about chlorides in area lakes. The chloride ion enters
our lakes primarily from septic tank effluents and

storm water/urban run-off. Natural groundwater ranges
from 10-20 mg/l (parts per million). Concentration above
+his level indicates inputs from one or both of these
sources.

We are not concerned with the chloride concentration
itself, but rather what enters your lake with the chlordes.
Nutrients, primarily nitrogen and phosphorus are high

in both chloride sources named above. The chloride ion

iz inert and not taken up by sediments or vegetation and
Sso can act as a "tag" on the nutrients. The analysis

is relatively inexpensive and easy So we use it widely

to determine possible nutrient inpuis.

We caution that a lake can have enrichment problems with-
out elevated chloride levels. It is one analysis of the
many we make that helps us identify current or potential
problems in our study lakes.

If you have any questions concerning these analyses,
please call or write me. Thank you for your cooperation
in this study.

Sincerely,

Joseph L. Ervin
JLE:sh
68 .

encl.

]l 2180 AUBURH
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FRESH WATER  PHYSICIANS INC |
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Eurasian milfoil in Michigan

This aquatic plant is a severe pest in many Michigan
lakes. You should learn to recognize it and treat it immed-
jately if it begins to grow in your lake. It is one species
that should be eliminated if possible. It can spread very
rapidly and grow in depths up to 18'., We do not support
the total eradication of aquatic vegetation. However this
particular species should not be allowed to get a foothold
in any lake. Treatment with 2,4-D is the best approach. We
recommend qualified licensed applicators be contacted to
treat this weed, which shows up in small clumps. 2, 4-D
will exert long term control in many cases because of its
systemic activity. Harvesting will cause further spreading.
Enclosed are some sketches of the plant. Note that the
feather-like leaves are divided into 12-16 sections. Other
species of milfoil exist but are not the problem that eurasian
milfoil (Myriophyllum spicatum) is.

If you would like a survey to determine if this plant is in
your lake, we can arrange an inspection at very low cost.
Please contact us at your convenience. Please note that

we are consultants and do not chemically treat or harvest
vegetation. We are only concerned with the proper manage-
ment of our lakes.

86 2180 AUBURK
HOLT, KICHIGAR
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eurasian milfoil
Yvriophyllum splcatun

s=>
=
_/
Nate 12-16 pairs of

leaves and fsathery
appearance of plant
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APPENDIX &4, Swimmer's Itch

life cycles. PAGE 1 of 2

From: STERKIANA §2-¢3. SEPTOWER 1976

THE LIFE CYCLE OF A DERMATITIS-PRODUCING SCHISTOSCME

bird or mammal

Egg in water

/ hatches
In man, In bird or mammal Miracidium
Cercariae the parasites grow, swims away
- die and become adult, and
dermatitis produce eggs

usually results

\

Cercariae Cercariae
penetrate  penetrate bird
man \ \

Cercariae

emerge from snail

Miracidium
penetrates
snail

In snail,
Miracidium
gives rise to

and swim away

LIFE CYCLE OF THE PARASITES

The life cycle of a typical dermatitis producing
schistosome begins when eggs (Platel, fig. 1) con-
taining fully developed miracidia (Plate I, fig. 2)
leave the infected bird or mammal host in the fe-
ces. If these feves happen to be deposited in wa-
ter, the miracidia hatch out 1n about ten minutes
end begin svimming about. The miracidia probably
remain in the vicinity of where they hatched and
must encounter an intermediate host snail within
sbout twelve hours or they die (Oliver and Short,
1950: 238-249). If the miracidia happen to encoun-
ter a snail, special glands secrete a histolytaic
substance and they penetrate the snail’'s body. If
the snail happens to be of the proper species, the
mirscidia develop inte sporocysts which in five
weeks or less give rice to hundreds of fork-tailed,
tedpole-shaped cercariue (Plate I, fig. 3). Under

* conditions of proper light intensity and tempera-

ture the cercariae leave the snail and begin swim-
ming about actively. To complete their life cycle
Ccertain avian or mammalien hosts, according to the
species of schistosome, must be encountered within
twelve totwenty-four hours (Miller and bdney, 1958:
55-60). The cercariae then penetrate the skin of
the definitive host by secretion of certain histo-
lytic substances and migrste through the circula-
tory system to the mesenteric and hepatic blood

vessels where they grow and mature (Plate I, fig.

Sporocysts
Qwhich give rise

to Cercariae

4). The adult worms mate and the females produce
hundreds of eggs, many of which find their way to
the lumen of the intestine and are voided with the
host s feces to start the cycle anew. Many of the
eggs also lodge inthe host's tissue and cysts form,
especially in the liver and intestinal walls, doing
considerable damage to these organs (Cort, 1950:
277-302).

The occurrence of schistosome dermatitis ina
particular area depends upon thepresence of certain
birds or mammals infected with schistosome para-
sites, suitable intermediate host gastropods, eco-
logical ccnditions favorable for the survival of
both hosts and the parasites, and the presence of
human beirgs engaged 1n an actavity which exposes
them to the parasites. In many parts of the world
these four basic factors are present and as a re-
sult the distribution of schistosome dermatitis is
worldwide (Cort, 1950: 268-277).

HOW MAN BECOMES INVOLVEU WITH THE PARASITES
AXD A DESCRIPTION OF THE DISEASE

If instead of the nommil host, the cercarize pe-
netrate the shin of an abnarmal host, li1ke men,
they seldoa go further than the epidermis. llow-
ever, the foreign protein substance (the cerceries)
csuses an allergic response in sensitized humans

Q90



APPENDIX L, continued.

STERXIAND 62X 58, SEPTORER 1976

in ten to fifteen hours which results in intense

itching accompanied by erythema and papular erup-

tionz at the points where the cercariae entered the
skin. Fxperiments done by L. Oliver during 1941
and 1948 resulted in 78 percent of people mot pre-
viously exposed todermititis-causing cercarise be-
coming sensitized after teo to eight exposures teo
dermatitis-causing cercariae. These eruptions are
often mistaken, even by dermatologists, for those

s

Canned LyMoSTUILS Liecs, beiscn 1V, OF chiggers.

The eruptions usually peraist [or iwo or three days
before vesicules form on them. These vesirules are
often ruptured when the infected person rubs and/or
scratches them; bacteria may enter and a secondary
infection result. The eruptions usually disappear
about a week to ten days after infection leaving
small scars on the skin (Cort, 1950: 277). Failure
of some people todevelop an allergic reaction to
cercariae has been attributed to a lack of sensiti-
vity to this foreign prozein. Such sensitivity may
not be acquired until after several exposures to
infested waters and apparently some people never
develop a semsitivity. However, other people be-
come extremely sensitized and develop urticarial
wheals and edematous swellings where the cercariae
entered their skin (Ulavier, 1949; 290-301). Dur-
ing July of 1967, the investigator talked with a
family vacationing on the north shore of Houghton
Lake and was told that theireight year old daughter,
who had become severely infected wath schistosome
dermatitis, developed a fever and nausea as a Te-
sult of the infection. Hesort owners on the west

shore of the same lake alsc spoke of guests, espe- -

cially young children, developing a fever and nau-
sea after becoming infected with schistosome der-
matitis. From their reports 1t appears that chil-

‘dren are generally more severely affected than

adults. Parents reported that their children who
were infected with schistnsoms dermatitils were ex-
tremely uncomfortabiz a? right. tossing and turn-
ing, unable to slecp.

Prevention of penctrat:on. Though mam different
lotions andointment & Rave been mirketed as pre-
ventatives against the penetration of the cercariae,
none has proved effective. Manv people believe
that cercariae will notpenetrate the skin while it
is submerged in the water and that asthe shin dries
after the person leavss the water that the cercariae
are ‘stimulated’ ta penetrate. Therefore, many
people contacted in ¢hys studv ~tated, that to ore-
vent becoming infect=d4 prople should show=r and or
dry off immedietely upen leasing water suspected
of being infested with vercarias. These people ap-
parently believe tnat showering will wash the cer-
carise off their skin befere thev have a chan=s to
penetrate and that 1 the person rubs Jown briskly
with a dry, rough towei. the cercariae will be en-
ther wiped off or crushea before they have time to
penetrate. Experiments by Olaver have largely dis-
proved this theorv as IO exposures rnvalving thar-
ty perscns showed, 1in almost everv instance, that
the cercarise could penetrate succersfully even
while the part of the body exposed was (ully sub-
werged (Olivier, 1948: 124=13491),

Treatment of eruptions. After the cerceriae have
penetrated the skin there s little that can be

21
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done in the way of treatment. Calamine or caladryl
lotion applied to the eruptions may help xtup the
jtching for short periods of time. [n severe caarn
it may be neressary to give antihistamine injes -
tions to minimize the reaction. Some prople te-
quire hospitalization end must be given sedatives
to quiet them and permit them to sleep (Hunter,
Frye, and Swartzwelder, 196): S13-515).

SOME COMMON SPECIES OF DERHAT!T'S—CHJS!NG SCHISTO-
SOMES, THEIR INTERMEDIATE AND DEFINITIVE HOSTS

Though more than a dozen species of dermatitis-
causing schistosomes have been described in the
Great Lakes region since 1928, probably the follow
ing are the most impare .t Tiichobilharzia ocel-
lata, which utilizex the snails Lyanaea stagnalts
and L. palustris elodrs asinteimediate hosts, with
cerzain species of ducks serving as definmitive
hosts: T. stagnicolae, found in Lynnaea emaryginata,
the final hosts being pssserine birds, forexample,
goldfinches. and T. physellae found invarious spe-
cies of Physa, especially P. parkert, utilizing
certain ducks and goldfinches as fainal hosts (Cort,
1950: 251-307).

Teo other common schistoscmes which probably are
responsible for dermatitis contracted in ditches,
woods pools, etc., are GGigantobilharzia hurnnensis,
which develops cercariae in Physa xyrina, utalizing
goldfinches and probably other species of birds as
final hosts (Najim, 1956: 443-469), and the mamma-
lian schistosome, Schistosomatium couthutte, found
in Lysnaec emarginata canadensis and L. stagnalis,
atilizing mice, voles, and muskrats as final hostx
(Price, 1931: 085-127).

In the above discussion of the speciex of human
dermatitis-causing schistosomes and theur snail 1n-
termediate and vertebraie defimitive hosts, the
frequent use of the word “probably’ and general
terms such as ‘passerine birds and certain ducks’
indicates the gaps in knowledge that presently ex-
1st in this area. At the present time 1l 1s not
knoen how serious the invasion of the cercariae ui
Lhe mammalian schistosome, Schistosonatiua douthitty
12 to humans. Penner t1931) found schistosomules
of this parasite in the lung tissue of Bhesus mon-
xeys 5.5days after exposure tothe cerrariae {Lort,
1950 Jo4). Very little is known regarding the bi-
onomics of the avian and lower mummalian schisto-
comes. Such knowledge 1s imperative to the devel-
vament of more adequate control wmethods. Though
heyond the scope of this studv, 1t 1s only logical
to assume that & more thorough and complete know-
ledge of the parasitss causing human dermatitas,
the snails acting as intermediate hosts and the
vertebrate animals s=rving as defimitive hosts 1s
vital to improving present control techniques and
any new control techmigques of the future. hknowing
more ahout the ecology and life histories of the
carrier snails snd which amimals sevve as final
hosts for the various dermatitis-causiag schisto-
somes would grestly improve the precision aed effu-
Cisncy of the currently utilized control pregram
and would appeur Lo be sbsolutely essential to sny
future improvement of the control program.
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Runyun Lake - Livingston County, Tyrone Township, near U.S. 23, South-
west of Fenton; 200 acres; large mouth bass, blue-gills;
T. 4N, R. 6E, Sec g, 10
Letter to Mr. Lewis A. Proper of Detroit by Milton P. Adams,
Executive Secretary, Water Resources Commission, on June 4, 1954: (In
summary): An investigation by members of the Water Resources Commission
of Runyun Lake concluded: ' (1) There is no unnatural pollution in the
lake. (2) There does not appear to be any reason why the lake is not
safe for swimming. (3) A portion of the Qud puppy population has died
off, probably due to a disease peculiar to certain types of amphibious
animals. (4) This mortality has had little or no effect upon the fish
population and it is believed that it has now run its course as far as
the mud puppies are concerned." No further problems were expected from
the above observation (apparently mud puppies had a sizeable die-off
and caused a letter by Mr. Lewis to be written reporting the incident

on May 25, 1954).

Summary Examination sheet on Runyun Lake -- July 31, 1890 --
Tributary to (give immediate and main drainage): Shiawassee system;
Depth: 15 feet; Species of fish and present abundance, etc.: None

taken; marshy.
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c Aquatic “Plants
_and
their Control

=

INTRODUCTION

Aquatic plants are a vital part of any lake or pond.
They convert by the process of photosynthesis, with
the aid of sunlignt, chemical elements into living
plant tissue. Then they themselves are utilized by
bacteria and animal life (zcoplankton, fish, water-
fowl, insects, and water marmals) as food for energy.
The process of photosynthesis also replenishes the
aquatic environment with oxygen, which is essentiral
to aquatic animals. Additicnally, rooted plants
create a varied aquatic environnent in which fish-
food organisms reside. They are also associated
with the reproductive activities of certain fish,
and fumish protection for young animals and fish.

Although they are important to the aquatic environ-
ment, plants frequently conflict with man's recre-
ational and economic interests. A need, therefore,
exists for prooer aquatic plant managerent 1o in-
sure that the natural environment and man’s interests
are mutually protected. The Departrment of Natural
Resources, Inland Lake Manacerent Unit, which ad-
ministers the state laws regulating the appiication
of herbicides to aguatic environments, Ras ceveloped
this bulletin as a primer for those seeking infor-
mation on aguatic plant management.

- —/
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ihe proper management of aquatic vegetation requires
a knowledge of the various plants that grow in lakes

s ponds. Although aquatic plants may be divided
-0 many categories, a simple classification ac-
ls*ding to 1ife forms and growtn patterms divides
them into two divisions: the algae and the
rrerophytes.
1./3ae
‘=ae are divided basically into planktonic, fila-
1tous and macro-algae forms. Planktonic forms are
ieroscopic, free floating plants often referred to
as "water bloom”. In large nurbers, these algae can
r3use water to appear green, brown, yellow or even
4, depending upon the species present. Fila-
_Entous algae, commonly cailed “pond scum”, can form
r3ft-like masses over the water surface, but since
trev are vulnerable to winds and currents, they are
merally restricted to Days, Dayous and sheltered
orelines, Filamentous algas can also grow attached
<> the lake bottom, the macrophytes, or piers and
accns. Many attached filamentous algae will
"recuently detach from the substrate ana form
[ l:ating mats. The macro-algae include the two
'Qtes referred to as Chara and vitella wnich are
large and resemble macrophytes.

| a:=anhvtes

:‘e ~acronhytes may also be diviced into three basic
p Y178 subrergent, emergent, and free-floating.

.3-wesent macrophvtes usually grow rooted to the
YLiIT with sters and leaves telow the water surrace,
€102 “or some plants which may procuce 2 few small

"'liting or aerial leaves. These plants are ot ten

_f'c“"ed 20 a3 seaweed, lake Qrass or Ioss. crergent
| fi'::~>:es tincluding large floating leaf plants

= 1% gitached roots) grow in shallow areas along the

shoreline, with most of the plant extending out of
the water (e.g. water lilies, cattails). Because
of their restricted habitat (shallow water areas)
these plants usually cause only localized problems,
The only free-floating macrophytes which may be a
problem in Michigan waters are the duckweeds. These
tiny plants are not attached to any substrate, but
float freely within or upon the water. They are
subject to current and wind action which will con-
centrate them in certain portions of a lake where
they can be a localized problem.

Identification of the aquatic plants present in 8
lake is important for proper plant management, since
control measures that are effective against one
plant type may not be effective against another.
Schematic drawings of a few plants which are com-
monly found in Michigan are presented in Figure 1.
Additional help in identification of aquatic plants
s available from: (1) county extension agents,

2) chemical companies dealing in aquatic nerbicides,

3) universities, (4) Department of Natural Re-
sources' district offices, and (5) licensed aquatic
pesticide applicators.

ALGAE SUBMERGENTS

2z
<

WATER LIy pucCsmEFD

COMMON AQUATIC PLAKNTS OF MICHIGAN LAES
{PLANTS NOT ORAWN 70 SCALE)

Figure 1
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The distribution and abundance of aquatic plants in-
& lake is dependent upon the lake's chemical and
physical properties including:

1) the quality and quantity of light available,
2) water levels,

3) water temperatures,

4) particle size of lake bottom sediments,

5) current or wave action, and

6) the concentration of dissolved gasses and
nutrients,

In lakes, nutrients and light availability are most
often the requirements which 1imit plant growth.
Nutrients are the chemicals such as nitrogen,
phosphorus, carbon, potassium, etc., which plants
require for their growth. These nutrients origi-
nate in the rocks and soils surrounding the lake.
Natural processes at work within the lake's water-
shed continually carry some of these nutrients into
the lake., A lake's watershed is tne land around
the lake from which water drains to the lake
(Figure 2). Lake watersheds vary greatly in size,
topographic relief and the means by which water
moves through the watershed (stream flow, ground-
water movement, surface runoff, etc.). The natural
movement of nutrients to lakes is therefore
dependent upon the characteristics of the watershed.

OIASRAMATIC REPRESENTAT'ION OF A { AKE
WATERSHLD THE OROWEN NS

AND TS
REPRESENTS THE
WATERSHED Th
PATTERN OF OQVERLAND FLOW

ORAINAGE OIVIDE OF THE
OEPICT THE

Figure 2

As nutrients move from the watershed, lakes natu-
rally develop an ability to produce aquatic plants,
Limnologists (lake scientists) have for many years
grouped lakes by a classification system based upon
their productivity or ability to produce plants,
Lekes that are low in productivity are called
oligotrophic, while lakes high in productivity

are called eutrophic. Oligotrophic lakes usually:

1) are deep,

2) have high oxygen concentrations in the
deeper water,

3) are very clear,

4) have sparse populations of aquatic plants,
and

§) are populated with cold water fishes such
as trout and whitefish.

Eutrophic lakes usually:
1) are shallow,

2) have little oxygen in waters deeper than
30 feet,

3) have murky water,

4) have substantial growths of aquatic plants,
and

5) are populated with warm water fishes such
as bass, pike, and bluegills.

The term mesotrophic is often used to describe a
lake with characteristics between oligotrophic and
eutrophic.

Over geological time (thousands of years) oligotrophic
lakes may very slowly age into mesotrophic and
eutrophic lakes. This aging process of lakes is
referred to as eutrophication. The rate at which
eutrophication (aging) proceeds in any given lake
is primarily based upon the quantity of nutrients
and sediments washed into the lake from its water-
shed.

- Without the presence of man, lake aging is usually

a very slow process requiring many thousands of
years. However, the presence of man in a lake water-
shed can greatly accelerate aging. This greatly
accelerated rate of aging is often referred to as
"cultural eutrophication" and is caused by the in-
creas=d amount of nutrients and sedirments put into
lakes as man changes (development) their watersheds
(Figure 3). Consequently, what man does 0 the

land within a lake's watersned can greatly influence
the growth of aquatic plants in the lake.
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SHORTEKR THE AMOUNT OF
TIME NECESSARY FOR A LAKE
TO CHANGE TO A SWAMP

THE CHANGES IN THE (AKE
SHOWN ON THE LEFT ARE
NATURAL (HANGES THE
SKETCHES ABOVE SHOW HOW
MAN  MAY SPEED ULP THE
CHANGE FROM LAKE TO Swame
V(FIGWE TAKEN FROM EXTENSION
BULLETIN E-718. MICHIGAN
STATE UNIVERSITY ]

Eutrophication
Figure 3

)
cAquatic Plant

Management
k Program
“he goal of aquatic plant management is not to

"i11 weeds" but to maintain a prorer baTance of
plants within a lake and still retain the lake's
recreational and economic importance. Ideally,
every aquatic plant management program uil].have
w0 phases: (1) long-terr nanadement (nutrient
control) and (2) short-term manacerent (direct
renipulation of macrophyvte and algae populations).
Short-term management is relatively easy to imple-
7Ent, but long-term managerent is more comdlicated.
it requires considerable comnunity involvement and
Codperation, and results take years rather than
Sdys to cevelop.

7,

™Me remainder of this bulletin wil) consider the
Srirciples and techniques of lonc-term and short-
' oaguatic plant managerent. Not every principle
7 technique presented will be epplicable to every
2\® and even those that are snould he evaluated
efully batore using them. while econamics Tust,
$Y lcurse, be considered, ecological vaiues should
TeXeive prime consiceration before employing any
“ragerent technique. Attention to ecological
VILles ray result in a program tnat is less costly
“T the period of a decade or two.

o =)
Long-Term

‘“Management
(Nutriegt Control ) J

S

Aquatic plants require many nutrients for growth
and reproduction. The nutrients most often con-
sidered to be in the shortest supply and therefore
limiting plant growth are phosphorus and nitrogen.
Since aquatic plant populations are directly de-
pendent upon the amount of nutrients available,
nuisance growths of plants are only symptoms of
high nutrient levels. This is important because
all too often aquatic plant control programs are
directed only at the aquatic plants, and not at
what causes the plants to grow (nutrients). An
effective aquatic plant management program must
give proper consideration to the amount of nutri-
ents entering the lake. Aguatic plant management
techniques designed only to "kill weeds"® must be
considered only temporary cosmetic measures to
reduce the symptoms of high nutrient levels. It
is wiser to control the movement of nutrients on
the watershed, wherever possible, then to attempt
remedial action after nutrients have entered the
lake. Although the management of nutrient sources
cannot, over the long run, prevent the lake from
becoming a marsh, it can reduce the rate of lake
aging (Figure 4),

MEW L ARE PRAMP OR MARSH
UNRDEVELOPED t? TIME —= g ¢
BATEASHED  FaCi—o -3 L S TP
BATURA. RATZ) ;'E‘d L 7
& 3 pig
A oA

DEVELOPED
WATERSHED
INUTRIENT
BANAGEMENT)

EUTROPHICATION
DIFFERENT LEVELS OF NUTRIENT LOADING

(AGING) OF LAKES WITH

Figure 4
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Limiting the movement of nutrients off the water-
shed and into lakes will require the management of
autrient scurces. Some sources of nutrients both
natural and man-mace are listed in Table 1. Natural
sources of nutrients are those which would con-
tribute nutrients to a lake even {f man were not
present. Most natural sources contain only very
small amounts of nutrients. However, man-made
sources of nutrients usually have large volumes
and high concentrations of nutrients which can
greatly accelerate the rate of lake eutrophication,

A1l nutrient sources will have different levels of
manageability. Some may be uncontrollable, while
others may be controlled with little effort or cost.
Jdeally, it is desirable to know which sources are
contributing nutrients to a lake and in what
quantities. It is then possible to adjust funds
and activities to control nutrient sources to most
effectively reduce the amount of nutrients entering
the lake. However, this approdcn in most situations
will require an extensive stuay by 2 trained
limologist.

The best time to begin a nutrient control program
is before aguatic plants have attained nuisance
levels, for proper management of a lake requires
considerable long-rance planning. The management
of nutrient sources 15 an on-30ing responsibility,
which must be intensified as man continues to
develop the watershed. Methods of nutrient source
managerent incluce:

1) proper land use,
2) wise consumer use of commercial products,

3) treatment of inflowing waters high in
nutrients,

4) diversion of waters high in nutrients, and

§) municipal and industrial wastewater treatment.

Proper Land Use

The inportance of proper land use and watershed
planning is beginning to stimulate many units of
government, at all levels, to enact ordinances and
laws to regulate lend use. [In Michigan, the State

Legisiature eracted the Soil Ercsion and Sedimentation

Control Act of 1672 {Act No. 347 of the Public Acts
of 1572) to Nimit tne movement of sediments and
2ssociated nutrients intd surface waters during

earth roving activities (except agricultural tillage).

Minnesota, Wisconsin and Maine now require local
goverrnment units to estadblish zoning ordinances for
lake and strean front proderties to orotect the
Quality of these agudtic enviror-pnis. Tabie 2
presents land use dractites that snculd be con-
sicered in a nutrient control program,

Wise Consumer Use of Cormercial ®roducts

There are Severa) corrercial products, such as
detergents and fertilizers, used for Jdomestic and
CorTereial Durposes which gan contribute signi-
ficant a~ounts of nitrogen and pnrospharus to
natural waters. Curtailing or restricting the
use of these products or sudstituting similar

products of low nitrogen and phosphorus content
would substantially reduce the loading of
nutrients to natural waters.

Waterfront property owners should take special care
in the use of detergents and fertilizers. Owners
with individual septic systems should minimize the
vse of high phosphate detergents to prevent leaching
of phosphorus into the lake by way of the ground-
water. Additionally, waterfront property owners
snould avoid the use of lawn fertilizers., |If
fertilizers nust be used, the so1i srould be tested
to determine which chemical nautrients dre needed.
If the soil coes not require prnosphorus, 4 ferti-
lizer containing jittle or no Jhasphorus shouid be
used. County cooperative extension agents can
provice inforration on soil testing procedures

and the best cates for appiying fertilizers.

Treatrent of Inflowing Waters Aich in Autrients

In certain situations 1t msy be possidble or necessary
to treat inflowing waters to reduce nutrient levels
before they enter a leke. An infiowing stream or
drain may carry substantial emounts of nutrients col-
lected from many Sources, such &s agricultursal
drainage or urban Stornwater drairniage. In certain
situations it may be more feasible to chemically or
physically treat the inflowing water to reduce nutri-
ents then to control the many diffuse nutrient sources
draining into it.

Diversion of Waters High in Nutrients

Diversion is the rerouting of water high in nutrients
around or away from a lake. The principle of di-
version is applicabie to most nutrient sources tnat
can be physically contained or rerouted. The apoli-
cation of this nutrient control techniGue has deen
most frequently applied to tne diversion oY munici-
pal wastewater, but the concept can apply to waters
containing high nutrient levels derived from other
sources as well.

In many cases where nutricent rich water has been di-
vertec away from a lake, there has been 3 markea in-
Crease 1n water gquality. 1[It must be emphasizes, how-
ever, that diversion is not a substitule fur treatment
or proper land management. Tne diversion of nan-
treatec nutrient rich waters is only a transfer of
nutrient control problems to downsiream communities.

Municipal and Industrial Wastewater Treatment

Few Michigan inland lakes receive municipal waste-
water discharge, but when present, 1% 3n De a ~lajor
source of nutrients for agquatic pient gromtn,
Several methods are now availanle to recuce the
level of plant nutrients in wastew2ier. But oven
when these aetnods are wsed, & waitewdler trealient
plant cischarging to a izke or 11§ trmouta~ies wiil
contribute greatly to the loaading of nutrients to Q
lake. Diversicn of wastewater ardund 12ees ar lang
dispocal are possibie aiternatives Tor eliminating
fomplfte]y the impact of tnis nutrient source ulon
lakes.,

industrial wastewater is hignly variabie 1n cuality.
Those that contzain substantial amounts of pient
rutrients or toxic materials must be consicerad in
wny lake management progran,
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Natural and man-made sources of plant nutrients
(chemical elements) to the aquatic environment.

(;;::::

Natural

\\

Man-Made

wetland runoff

meadow land runoff

forest runoff

precipitation on the lake surface
soil erosion

aquatic bird and animal wastes
leaf, pollen and dust deposition
groundwater influxes

nitrogen fixation by plants

sediment recycling

domestic and industrial wastewater
agricultural runoff (cropland & pasture)
agricultural wetland drainage

managed forest runoff

urban stormwater runoff

septic tank discharged

landfill drainage

construction activities

lake shore lawn runoff

atmospheric fall-out of wind borne
fertilizers from land and industry

(Modified from Shannon and Brezonik, 1972.

Relationship between lake trophic state

\::::_ and nitrogen and phosphorus loading rates. Environ. Sci. Tech. 6:719-725).

%

Table 2.

Examples of wise land use practices which can reduce the
movement of nutrients from the watershed into lakes.

Advocate sediment control from logging, agri- i.
cultural activities and urban construction.

Preserve wetlands as no development areas.
Require or encourage greenbelting to pre-

serve native vegetation along lake and s
stream banks.

Promote proper collection and disposal of or
treatment of farm and feedlot animal wastes.

Encourage sound farm fertilization practices.

Urge cormunity collection and disposal of

leaves in urban areas adjacent to large | £

recreational water systens.

Require routine inspection and maintenance

of catch basins in city storm drains. m.

Limit or restrict the use of fertilizers
on lawns adjacent to lares and strears.

Prevent urban stormwater drainage, with it;\\\
high nutrients, from diroctly entering a

lake, rather encourage s.bdivision designs
which maximize infiltration and groundwater
recharge.

Regulate the size and use of lake and stream
front lots and back lots to prevent over-
development of the environment and its assoc-
ia:ed high nutrient loading.

Stipulate a minimum distance of at least 100
foet between the shoreline and installation

of private septic systems and tile fields.
Pravent developrent in areas where the ground-
water is high or soils are poor nutrient traps
for private sewage-disposal systems.

Require an environmental impact statement for

d=arade environmental quality.

all develeprent which could signmificantly
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(7 %)

Short-Term
®Management of

cAquatic Plants

\ Y,
Ly 7/
Although the initial and continuing phase of aquatic
plant management should be the control of nutrient
sources, many lakes have such serious plant problems
that short-term mdnagenment tecnniques may be needed
to protect the recreational and economic interests
in the lake. Also in cases where nutrient control is
impractical, such as shallow reservoirs on major,
agricultural or urbanized river systems, short-term
management practices may have to be conducted annu-
ally. Even in such cases, however, under no cir-

cumstances should the complete eradication of aquatic
plants be considered. This practice is environmentally

unsound and could have very undesirable consequences.
In some lakes it may be necessary to alter recre-
ational activities somewhat to suit the lake's state
of eutrophication, rather than attempt to change the
lake to meet recreational demands. In situations

where nutrient control is possible, short-term manage -
ment techniques should be considered only as temporary

measures, designed to replace nuisance piant species
with plant species that conflict less with man's
recreational and economic interest.

The short-term methods for managing aquatic plants
fnclude:

1) biological control,

2) nmechanical harvesting,

3) environmental manipulation, and

4) use of herbicides.
These methods are directed primarily at the results
(aquatic plants) of nutrients entering the lake and
not at reducing the flow of nutrients. In some
cases, however, nutrient levels within the water
System may be reduced incidently with certain
techniques.

Biological Control

Biological control of aquatic vegetation is pre-
sently the jeast uncerstood and utilized of the
four short-term managerment techniques. Biological
control normally incliudes tne inrtroduction of an
organism that conpetes with, preys upon, inhibits
the growth of, causes disease in or parasitizes a
plant species which has created a problem.

The use of biological agents has many potential
hazarcs. Therefore, the use of this control tech-
nigue in eitner the terrestrial or tre agquatic
environzent will alwavs pe under the airect supor-
visicn of state agencies. Tne 1ntroduction and
Lelcase of eaotic, oreiun oF non-nutive insscts,
Fish ar other

IO zaticn 1 Strictiy f

aroigeen Dy state laws

AP M0E IR0 Michigan wilnout syecific

Act No. 286 of the Public Acts of 1929: Act No.
*§E'6?"fF6“FEETTE"IEEE'ETfT??E]T""IE'EH?‘EFE?EK?
time, there are no specific biological control
techniques being applied in Michigan waters.

Mechanical Harvesting

Mechanical harvesting involves the pulling or cutting
and removal of macrophytes from selected areas of a
lake. It may employ hand tools or highly sophisti-
cated motorized cutting or uprooting devices. The
harvesting of algae from lakes appears presently to
be economically infeasible primarily due to very

high energy costs to remove the microscopic plants
from water,

The removal of cut macrophyte material has advan-
tages over allowing the material to decompose in
the lake. Removal prevents dissolved oxygen loss
and reduces the buildup of organic material on the
lake bottom. Additionally, since macrophytes con-
tain nutrients within their tissue, removal of cut
material may somewhat reduce the level of nutrients
present in the lake. However, in lakes that are
annually receiving large amounts of nutrients from
the watershed, nutrient removal by harvesting will
have no or only a minimal infiuence in reducing the
quantity of nutrients available for plant growth,
But, in lakes that have had nutrient loading
reduced, harvesting may remove enough nutrients

to improve water quality,

Mechanical harvesting also has drawbacks which must
be considered. It has a high initial investment if
one of the specially manufactured harvesters are
purchased. Many of these machines are large, heavy
and can be damaged by obstructions (logs, boulders
and debris) hidden below the lake surface. Ad-
ditionally, harvesting coula aid the spread of a
plant problem, since cut plants may drift into
unaffected areas, take root and grow.

Environmental Manipulation

The objective of envircnmental manipulation is to
alter one or more physical or chemical factors
(listed in "Why Aguatic Plants Grow") critical to
plant reproduction and growth thus making the
environment less suitable to the plant. Several
techniques have been used with varying degrees cf
success to menipulate the environment to achieve
this goal. None of these methods are always eco-
nomically and/or environmentally practical in every
lake and even in practical situations snould be
employed only after careful consideration of the
plant problem anc social, econanic factors.
Environmental manipulaticn can provide some contro)
of aquatic plants but without reduction of nutrient
10puts, any results achieved will be only tewporary.
Since most of these methods are somewnat technical,
only a brief discussion of each is given below.

Dredqing reduces nuisance aquatic macrophytes by
deepening the lake bottom below the depth of light

“penetration. Reduction of the size of tre well

lighted zone around the shore will recuce tne tota)
amount of cermination and qrowth of macronnytes.
The disadventages of dradging tnclude a teraorary
increase in silt suspended in the witer, which on
settling in non-credged areas canm srother botton
Tiving animals. Additionally, land rust be avail-
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able for the disposal of dredge spoils. Dredging
also may not reduce the level of nutrients available
for plant production, therefore, algal populations
m3y increase as macrophyte populations decrease.

Aeration is the introduction of air into the deeper
waters of a lake for the purpose of increasing the
dissolved oxygen concentration of the water and
promoting oxidation of sediments. Aeration is most
effective in lakes which are devoid of oxygen in
the deep water. Keeping oxygen in the bottom waters
will prevent the release of nutrients from sediments,
As long as nutrients remain chemically bound to the
sediments in the deeper parts of the lake, they are
less available for aquatic plant growth. Decreases
in nuisance algal populations and a shift to more
favorable species have been reported following
aeration, but this result is not always observed.

A possible disadvantage of aeration is that it can
be detrimental to cold water fishes (trout) if warm
surface waters are mixed with cool bottom waters
making the total lake environment unsuitable for
these fish species. There are methods of aerating
only the deeper waters, however. The use of an
aerator may also cause the resuspension of bottom
muds which may increase turbidity.

Nutrient Inactivation is the application of a
chemical to a lake tnat binds with and otherwise
immobilizes nutrients necessary for plant growth.
Once immobilized, the nutrients settle to the lake
bottom. The chemical substance used to immobilize
and settle out the nutrients is usually a metal
fon (iron, aluminum, calcium) though ion exchange
resins, clay, mud, and fly ash have been used
experimentally. The settling process may also
reduce suspended solids and decrease turbidity

and color, in addition to inactivating nutrients.
This technique is expensive and may adversely affect
the lake biology by covering the bottom sediments
and fish-food animals with settling material.

Drawdown or water level manipulation is a potential
mechanism for cortrolling certain types of aquatic
vegetation. In this technigue, water levels are
lowered for a period of time to expose shallow water
dreas to air. This dries out the exposed plants and
kills them. Many submergent macrophytes are sus-
ceptible to this procedure, but certain emergent
racrephytes actually penefit from it. A drawdown
reriod of approximately two months is necessary for
drying and freezing to be effective during winter
GrdHGOWH.

Dilution ar Displacerent of low quality water with
wWater of nigner guallty rav lessen acuatic nlant
Prouiecis.  However, a supply of higher guality
replacesent water must be available as well a§ an
aZceptabie means of disposing of lower Guality lake
water,

Shadins for prolonged periods (4 weeks or greater)
hes teen effective in reducing certain subrergent
Facropnytes by lignt limitaticn. Lignt reduction
Lhrciuh the use of water dyes has been tried,
Cuin this technique is st1ll in the experimental
Stace. Blach plastic sheeting has been used as a
fioatirg shade. its success on swall arads (Swin-
TiNg beacnes) 1s good for certain submergent
malrophytes and of lTimited contro} value for
eergent vegetation. However, problems with

wave action and currents limits the usefulness
of 2 floating plastic shade primarily to small
ponds.

Covering of Bottom Sediments with sheeting material
iblack plastic) and/or particulate material (sand,
clay, fly ash) can perform two functions in con-
trolling aquatic plants. It can prevent the exchange
of nutrients from the sediments to the overlying
water and it can retard the establishment of rooted
aquatic macrophytes. Disadvantages of this technique
are that bottom dwelling animals are usually killed
when the sediment is covered and often qas is pro-
duced in the covered sediments, rupturing the bottom
seal or causing it to float to the surface. Experi-
ence with this technique so far has resulted in only
temporary control, since macrophytes will gradually
recolonize the area.

Intensive Use and Periodic Manual Cleaning of shore-
Tine areas wili in many instances prove to be an
effective means of aquatic plant control in smal)
beach areas. The rooted plants must produce suf-
ficient food in their leaves to maintain their root
systems. Frequent cutting of the leaves or their
destruction by wading and swimming will eventually
lead to death of the root system by which the plants
frequently spread. This technique is particularly
effective with emergent vegetation and water lilies.
Like weeding the garden, it is necessary to watch
for the early development of potential problems

and attack the plants as they become established

and before they spread over large areas.

Use of Herbicides

Chemical control has, for many years, been the
primary means of temporarily controlling aquatic
plants. There are a numder of chemicals available
which offer varying degrees of action time, per-
sistence, cost, selectivity and safety to humans ,
other manmals and aquatic animal life.

The best time to apply herbicides is during a calm
sunny dey after water temperatures have reached 50
degrees Fanrenheit, or when plants first show signs
of growth. For lakes where a large segment of the
surface area is involved in the treatment, the lake
should be treated in sections over several days to
avoid oxygen loss and consequently the loss of
aquatic animal life as the plants decompose. Report
immediately any environmnental damage or death of
large nurbers of non-target aquatic animais (fish,
frogs, crayfish, etc.) to the Department of Natural
Resources, Division of Land Resource Programs,
inland Lake Management Unit, P.0. Box 30028, Lansing
Michigan, 48306.

It is irdortant that herbicides be used with extreme
care. Those chemcals that are highly toxic to man
require soecial handling such as protective clothing
for application and posting of treated water so taat
innocent swimvers or fisherven are not exposed to
potentieally harmful chemicals. Before applying any
chemical 3lways read the product label completaly and
follow a1 instructions, Tane special) note of all
warnings on tne lacel to avoie any persoral injury
and discose of all ermpty cnemical containers as
directed.

10}
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A list of cormercial applicators licensed by the
Michigan Department of Agriculture to apply herbi-
cfdes and other pesticides to the aquatic environ-
ment is available from the Department of Natural
Resources, Inland Lake Management Unit. Addition-
ally, the Inland Lake Management Unit is available
to answer questions which may arise concerning
chemical control of aguatic plants or other aspects
of inland lake management.

When herbicides are part of an aquatic plant manage-
* |ment program, special care must be taken to protect
both the environnent and individuals involved, since
herbicides are potentially dangerous to both. To
promote the proper use of aquatic herbicides Act No.
86 of the Public Acts of 1977, has granted regulating
authority over the application of these compounds to
the Department of Natural Resources. A permit is
required from the Department of Natural Resources
prior to any chemical treatment of waters within
multiple ownership or private waters which discharge
to waters within multiple cwnership. Application
{ forms for a permit may be obtained from the Depart-
1 {
! '

P

¢ Table 3.
ray serve as potential controi agents.

Herbicides permitted for aquatic plant control in Michigan and the plant species for

ment of hatural Resources, Divisfon of Land Resource
Programs, Inland Lake Management Unit, P.O. Box 30028,
Lansing, Michigan 48909.

It 1s important to point out that the use of herbi-
cides to control agquatic plants has certain drawtacks
which should be mentioned. Most herbicides control
all forms of plant life to some extent. Desirable
aquatic plants may be killed along with the undesir-
able plants. It is.also difficult to control the
:drift of herbicides under certain conditions, conse-
.auently plants may be killed over a much wider area
‘than intended. Additionally, herbicides give only
lannual control. For continual control, the .treat-
‘ments will have to be repeated for as many years as
control is desired. In lakes where herbicides are
'used repeatedly on. a large scale, dramatic shifts in
‘plant populations can occur which may seriously
alter the lake's ecology.

At the time of this publication, the chemicals pre-
.sented in Table 3 are permitted for treatment of
jaquatic plants in the State of Michigan. Chemicals
‘on the 1ist may have many trade names.

which they

(?;;

61 (N K-dimethy-
alkylamine)

ﬂ

Salt of
Endothall
{1iquid)

Chelated
Copper

Copper

Plant species Sulfate

Simazine
{used in
ponds
only)

Salt of
Endothal)

b
(granular) Endothall Diquat 2,4-D

) Algae
‘ Planktonic

Filamentous
Macro-algae

Macrophytes

Subrergents
Curly leaf pond-

weed

3 Sago pondweed

{ Large leaf pond-

l weed

Nafad

Buttercup

[ - Coontail

| : Hilfeil

1 Elodea
Vild celery [

Emergents
Water 111y
Arrow weed
Cattails
Bulrush

Free floating

Sesssnissacsrinatat e n s Tt st AR e sessnssas® cuvnnncnnranaaas trenssane i

ssssssrvasanss L D L L L T es

--------

Duckweed
Ve

no outflocw and are under the control of the user.

Dicuat products are restricted for all aguatic uses, exceit in snall ponds such as farm ponds thal have

This maans that you rust be licensed by the Micnigan

Departiient of Agriculiure as a certified agquazic pest conirol apnlicator to purchase and use¢ this
material in all water bodies except small ponss under the control of the user.

—_——
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“In calculating the proper amount of herbicide

to use, the first step is always to determine
the surface area to be treated. In the case

of small bodies of water, this can be done by
direct mcasurement with a tape.

8reas, each of which is a shape with which you
can deal. The surface area of each section

Can be calculated, and the areas added together
to give the total area of the waterbody.

or who designed the pond may already have the
surface area calculated.

Depending on the type of herbicide being used
and the type of plant being treated, the
amount to be used is sometimes calculated on
‘the basis of surface area and sometimes on the
volume of water. Follow the directions on the
herbicide container. If the herbicide direc-
tions specify treatment on the basis of parts
per million (ppm), not only the surface area
but also the average depth must be determined
in order to calculate the volume to be treated.
If & contour map of the lake or pond is avajl-
able, the average depth can be calculated from
ft. .If not, the average depth will have to be
??aSured through the use of a pole or sounding
ne.

Once the surface area and depth has been
determined, it is a simple matter to calcu-
late the volume. For purposes of aquatic

-plant control, volume is usually calculated

in acre-feet. One acre-foot is that volume
of water which will cover one acre to a depth
of one foot. It is equal to 43,560 cubic
feet or approximately 326,000 gallons. To
calculate the volume of a waterbody in acre-
feet, multiply the surface area (in acres)

by the average depth (in feet).

.

Application Bzsed on Surface Area

When herbicides are applied on the basis of
surface area, calculations and recormenda-
tions are usually expressed in pourds per
acre of water (1b/A). Most commercially
available herbicides are not 100 percent
active ingredient. The commercial formula-
tion contains various extenders, binders,

carriers, surfactants, and solvents in

addition to the nerbicice. The label should
be read carefully to determine how much
Active irgredient is contained in each gallon
‘or pound of commercial formulation.

‘Application Based on Volume

|The concentration of herbicides used for
'aquatic weed control are so low tnat they
‘are rost conveniently expressed as parts
“per million (opm). If the erffective level
of a given chemical is 2 ppn, it means that
:{or every million pounds o7 lake water, 2
Lpornds of active ingredient are ngeded,

for waterbodies
of unusual shape, divide the surface into distinct

In the
.Case of man-made ponds, the engineer or survey-

——

Since an acre-foot of water weighs 2.7 mil-
Yion pounds, dissolving 2.7 pounds of any
material in 1 acre-foot of water will re-
sult in a concentration of 1 ppm (1 pound

of material for cvery million pounds of
water). In Tables 4 and 5, these calcula-
‘tions have alrcady been computed and the
amount of chemical necessary to treat one o
acre-foot of water can be read directly

from the table. Table 4 is used where the
‘amount of active ingredient is expressed

[@s a percentage of the product, whereas

Table 5 is used where the amount of active
Ingredient is expressed as pounds per gallon.
!

Table 4. Pounds of Herbicide Réguired to Treat

One Acre-Foot of Water Based on Concen-

trations of 1 to 5 Parts Per Million.

f;;rcent Active Parts Per Million (ppm) \
Ingredient (A.I.)[ 2 3 4 5
1 272 544 815 1,087 1,359
2 136 272 408 544 680
3 9 181 272 . 362 453
4 68 136 204 272 340
5 54 109 163 217 272
10 27 54 81.5 109 136
25 n 22 33 43.5 54
50 54 10.9 16.3 1.7 21.2
100 2.7 5.4 8.2 10.9 13.6
. Y,

Example:
ingredient.

Aquathol granular is 10 percent active
A treatment of 1 acre-foot at a con-

centration of 2 ppm requires 54 pounds of chemical.

Table 5. Gallons of Herbicide Required to Treat
One Acre-Foot of Water Based on Concen-
I trations of 1 to 5 Parts Per Million.
Pounds Actize ) Parts Per Million (ppm) N\
Ingredient (A.I.
Per Gallon 1 e 3 4 5
1 2.72 5.44 8.15 10.87,13.59
2 .1.36 2.72 4,08 5.44  6.80
3 10.91 1.8 2.72 3.62 4.53
4 :0.68 1.36 2.04 2.72 3.40
5 0.54 1.09 1.83 21T 2.02
10 0.27 0.54 0.82 1.09 1.36
. ' y
3

Example:
ingredient per gallon.

of chemnical.

lons of water.

water. __ __ .

1 acre-foot contains 43,560 cubic feet of water.
1 part per million = 8.345 pounds per million gal-

Aquathol liquid has 2 pounds of active
A treatment of 1 acre-foot

at 2 concentration of 2 ppm requires 2.72 gallons

1 part per million = 2.72 pounds per acre-foot of
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' ANALYST: 5. M. Usmen
 OATE SAMPLED: Sepiember 14, 1970
- TIME: 10:00 - 3:00
. LOCATION. Tyrone Township
NAME OF LAKE: Runyon Loke
DATE OF ANALYSIS: September 16, 17, 18, 1970
NMETHOD OF ANALYSIS: 1. Hach Method (Quick Method)
2, Standard Methed
i, Chloride = Mercuric Nitrate Method
Standard Methods for Examination of Water ond Waste Water
12th Edition, 87-89, 'y
il, Phosphate = Chlorostanuous Reduced Molybdophosphoric
Blue Coler Method, in Sulfuric Acid System Method 1.
Soil Chem. Analysis (Jockson, M. L.); 141-144 (1964),
; iii, Rapid Method for Nitrate Determination
. (Agr. Food Chem. 15:359-461)

- - HACH METHCD , STANDARD METHOD
' 'SITE OF SAMPLING Cl- PO=, NO-, ci- . PO=, - NO-,
PP ppm ppm ppm ppm ppmn
= e T S o S ey SmIsESTE e
21 = Inlet (small creek) wooded area  22.88 0-2 0-.1 8.42 0.017 0.194
"32 = Ditch = cottoges in vicinity 22.88 0-2 0-.1 19.00 0.072 0.194
A = Iner (small creek) 22.88 0=2 0-.1 8.42  0.06% 0.350
: o
R, =Outlet - sample taken from 22.88 0-2 0-.1 14.59  0.045 0.156
] 4 other side of the road
L.
R = Steepy slope - many cottages 22.88 0-2 0-.1 14.59 - 0.1 0.168
' ?‘6 = Inler (smell creek) wooded 22 .88 0-2 0-.1 10.42  0.094 0.271
5 area and cottages in vicinity
-
"5 = Llageon ~ just at its mouth = 22.83 - 0-2 0-.1 19.80 0.048 0.148
' cortages in vicinity :
“. = inier (small creek) wooded orea  22.88 0-2 0-.1 5.21  0.033 0.245
¢n3 cottages in vicinity
.7.? = lIrlet (small creek) wooded area  22.88 0-2 0-.1 12.50 0.063 0.297
and cottages in vicinity ' ' '
Rig=Inlet small craek) - a fow B 22,83 0-2  0-.1 - 15.47 0.409 1.C00 .

cotlages in vicinity -

A - . wt
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RESEARCHER: S. M. Usmon
LAKE: Runyon

Presumptive Test for E. Coli Buciar!a

Multiple Tube Fermentation Technique

Standard Methods for the Examination of Water and Waste Warer, |2th Edmon, 594-609.

SAMPLED DATE: September 14, 1970
. RUN DATE: September 15, 1970
READ DATE: September 17, 1970

p=

TIME:
TIME: 8:00
- TIME: 8:00 *-

10:00 - 300

]
—d

. SITE OF SAMPLING

10

DILUTION

-]

S

MPN/1 00 ML

RI = |nlet (small creek)wooded
R2 = Ditch = cottages in vicinity
R3 = Inlet (small creek)

. R, = Outlet - sample taken from the
other side of the road

R5 = Steepy Slope = many cottages

\ R6 = Inlet (small creek) wooded area
and cottages in vicinity

' R, = Lagoon = just at its mouth =
cottages in vicinity

,; R8 = Inlet (small creek) wooded area
and cottages in vicinity

R9 = Inlet (small creek) wooded area
and cottages in vicinity

R

in vicinity

10° Inlet (smoll creek) a few cottages

105

 43x10= 430

460 x 10 = 4,600

4x10= 40

93 x10= 930

t,iob x 10 = 11,000
460 x 10 = 4,600
460 x 10 = 4,600
150 x 10%= 15,000

1,100 x]03= 1100, 000 over

- ——t——— -



£ 4 APPENDIX 7
RUNYAN LAKE

TOWNSHIP 4N
RANGE G6E
SECTION 9
LIVINGSTON COUNTY
MICHIGAN
NOVEMEZR 6, IST0

Fage 3 of 3 4

l*' )

SURFACE AREA=4,002,080 SQ FEET
VOLUME = 221,280,000 CU FEET
LITTORAL ZONE VOLUNMEs 7440000 CU FEET

SCALE _
| INCH= 40D FRED
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ABSTRACT

Inland Lakes Vater Quality Sampling Program
Anatech Services, Inc.

Water Quality Sampling of 78 Inland Lakes in

Southeast Michigan

December, 1977
Southeast Michigan Council of Governments

Southeast Michigan Council of Governments
800 Book Building

1249 Washington Boulevard

Detroit, Michigan 48226

77

This document presents and initially discusses

the data derived from the sampling of 78 inland

lakes in Washtenaw, Livingston and Oakland Counties

in Southeast Michigan during the spring turnover and
the summer period of maximum thermal stratification.
The data are useful in assessing the trophic condition
of these lakes as well as in initiating the development
of a program for water quality improvement for these
lakes
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CHAPTER I: INTRODUCTION

Anatech Services, Inc. carried out a sampling program on 78 lakes in a three
county area for the Southeast Michigan Council of Governmcnts (SEMCOG) as part
of SEMCOG's 203 Water Quality Management Plan. This sampling program has three
basic objectives which are significant to the final 208 planning program:

1) To define the trophic state and baseline water quality of
relatively large lekes greater than 40 hectares (100 acres)
in a tri-county area whosc.environments range from urban to
rural.

2) To develop a data base on these lakes, such data being crucial

E; to local water quality management, planning efforts, identification

of factors that influence water quality and future undertakings such
as the development of computer modeling of the water quality of

M lakes in Southeast Michigan.

3) To assist, via the data and interpretation thereof, in establishing
a basic program of self help for local lake associations in South-
east Michigan.

The data base for this report was derived from two sampling periods. The first
period occurred in late March, 1977 during the spring turnover in these lakes.
The spring turnover occurs at the point when the ice has just melted and winds
have thoroughly mixed the waters to the point of hemogeneous oxygen saturation
and water temperature throughout the lake. No stratification has taken place
and algae blooms, if normally present, have not developed.

The second period occurred in late August, 1977 during the period of maximum
thermmal stratification when, in lakes of reasonable depth, three strata occur:
a) Epilimnion, b) Metalimnion and c) Hypolimnion.

During the sampling periods climatalogical and visual data such as wind speed
and direction and wave height were measured and recorded. A number of field
measurements were taken at each sampling site on each lake including dissolved
oxygen and temperature at 1 meter (3.3 feet) intervals from the top to the
bottom as well as a secchi disk depth.

Samples for analysis of numerous nutriert and biological parameters were taken
at ecach site cn cach lake. The samples in most cases were collected at one
meter from the top, one meter from the bottom, at the midpoint during the
spring turnover and in the center of the thermocline in August.

Samples were imnediately iced and preserved as specified by the United States
Environtental Frotection Adency. All sample sots were returnca to Anatech's
facilitios or mobile laboratory within o hours thereby insuring that labile
analyses were initiated before decorposition or sample aduiteration cccurred.
Dering the August survey, due to the lony sampling days, interniediate runners
wore used to collect the samples during the midday.
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In the field, quality control was carried out by duplicating all field
measurements and samples for aporoximately ten percent of the sampling sites.
The duplicate samples were analyzed in the lab and were subjected to the same
lab quality control standards as the rest of the samples.

In the laboratory Anatech carried out a rigid quality control program
including ten percent spike analyses, ten percent duplicate analyses and five
percent of the samples were analvzed seven times each for a measurement of
analytical precision. All procedures, including quality control were as
specified by the United States Envivonmental Protection Agency.

This report contains sections which describe the location of lakes sampled,
sampling procedures, analytical and quality control methodology. A pre-
liminary discussion of the data and suggestions for future studies are
presented in Chapter II.

The data collected during both surveys are available from Information
Services of the Southeast Michigan Council of Goverrments and are
partially summarized in this report. A detailed statistical analysis
of the quality control data is included in Appendices A, B and C.
Additional field and laboratory comments are presented in Appendix D.

This is the third paper in a series of four papers that address various
aspects of inland lake water quality in Southeast Michigan. The other
three papers are entitled: Inland Lake Management Concerns for Southeast
Michican; Water Qualitv of Scuthoast Michiaan: iniand Lakes and Inland

—_—— ——

Lake datershad Management: A Seit-Help Aoorcach.

These and other background papers that relate to water quality management
can be obtained from the SEMCOG Information Services.
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CHAPTER II: COMMENTS AND CONCLUSIONS

The data collected during both surveys present a wide variation in water
quality characteristics. Lake Brighton, an example of a hypereutrophic
situation, was consistently high in nitrogen and phosphorus as shown in
Figures 1 through 6. The dominance of the reduced form of nitrogen,

ammonia, is especially indicative of contamination by sewage. Point source
pollution maintains this lake in high algal productivity as illustrated by
Chlorophyll a in Figures 7 and 8 and results in considerable nuisance algal
growth. Maceday, on tihe opposite end of the spectrum, was the nearest to

an oligotrophic situation of all the lakes examined. It was low in nutrients
and had oxygenated conditions throughout the water column (Figure 9). This
lake is protected to a certain extent by the large volume and thus 1is able

to absorb small nutrient inputs by dilution. A relatively high fecal coliform
count encountered during the summer survey, however, suggests considerable
septic and/or storm water drainage enter the system. This could override
dilution effects in future ycars and cause premature cutrophicaticn.

During the spring survey, the lakes were in a homogeneous state with respect
to chemical and physical parameters. The absence of thermal stratification
permits the wind to mix the water column and effectively recycle all the
nitrogen and phosphorus accumulated over winter in the hypolimnion. In
addition, the ground water table is highest during this period due to rain
and melting snow, which increase run off inputs to the lakes. These factors,
coupled with the correlation between spring nutrients and summer algal
blooms, make the spring overturn a good period to appreximate general water
quality. Caution must be exercised in any judgments, however, as inputs from
recreational activities and agricultural runoff are not present at this time.

The summer survey found most of the lakes to be devoid of oxygen below six to
eight meters and no formation of a hypolimnion at sites less that ten meters
deep, as shown in Figure 9. Clinograde dissolved oxygen protiles were
exhibited in these lakes with a maximum in .the epilimnion from wind mixing
and algal photosvnihesis and a minimum in the hypolimnion due to bacterial
metabolism. Of interest are the effects of deep algal lenses found in lakes
such as Lower Long. The presence of algal growth produces an abrupt increase
in dissolved oxygen amidst an otherwise falling profile. Dissolved oxygen is
essential for the survival of fish, but more important., however, is its
relation to nutrient concentration. In the presence of oxygen and the ferric
form of iron, phosphorus is insoluble in most lakes due to the formation of
ferric phosphate. The anoxic, reducing environuent of the hypolimnion, however,
will solubilize phasphorus and stimulate microbial decomposition to reduced
forms of nitrogen such as ammonia.  Hiah levels of nutrients accunulate under
these conditicns and may recycle back through the water celunn during overturn.
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While point sources can be readily identified as the reasons for poor water
quality in lakes such as Brighton, Inchwagh, and Cre, it is difficult to
assess problem non-point sources for the rcmainder ol the lakes. Examining
the conservative ion, chioride, which was found to be high in a majority of
the lakes, it is evident that street and septic tank runoff present problen
to almost every lake. Chloride was high during the spring duc to winter road
salting activities and its associated runoff during the swvring thaw and rains.
Summer samples revealed Q drastic reduction in chloriae in certain lakes
indicating a flushing of the syston. While the exact composition of runoff

is unknown, other studies have shown it to be high in nutrients and, therefore,
a cause of cutrophication. Land use studies which have been funded under this
same grant will also be helpful in assessing non-point sources of pollution
(see Figures 10 and 11).

Another trend present in the data was reduction in concentration of the non-
conservative ions phosphorus, nitrate and ammonia occurring from spring to
summer. Algal metabolism of those nutrients reduces their concentration in
the water and may create a limiting situation for further growth. Thus, the
addition of nutrients froem point or non-point sources could override 1limiting
circumstances and increase the eutrophication potential. The lakas previously
reported as having point sources shall have this limiting situation continucusly
interrupted until more efficient non-polluting treatment facilities are
developed. To evaluate lakes with non-point sources, as previcusly discussed,
there is not encugh data to precisely evaluate the effect of runoff versus
septic systems. However, septic systems as close as 15 feet from lake shores
were observed and new construction of such systcins was observed in lakes such
as West Lake in Washtenaw County.

Considering presence of well developed sumner anoxic conditicns and high levels
of dissolved orthophosphorus during the spring (greater than 20 ppb), most of
the lakes studied lie on the eutrophic end of the trophic spectrum. If most of
these lakes are phosphorus and/or nitrogen limiting, water quality will probably
not worsen, but improve with proper management measures. Water quality could
ultimately detericrate, however, if increased urbanization brings more runoff
and/or drainage of low water quality into the system.

The initial data base created by this study is useful in assessing the trophic
status of the lakes. Thore is, however, much information lacking on the
internal dynamics of tho lakes and source contribution, which are beyond the
scope of this study. Further surveys need to be undertaken in these areas.

Sampling programs should include additional sites near shore and at influent
drains to define potential areas of nutrient input. Previous studies by this
organization have domonstrated unacceptable septic systens and hidden sanitary
drains flowing directly into the study watars. Land use studies and field
inspection will best define these problen areas.

Once problen areas are detormined, control programs can be establishad. In
additicn, investications as to the ¢ynamics of the phosphorus cycle and
nutrient limitation reed to te consiagered. Visual observation of many anoxic
samples revedals large quantities of rerrous iron which could precipitate wich

L4
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of the phosphorus as ferric phosphate during overturn. This would make the
excess phosphorus present in the hypolimnion less available to algae. The
analysis of soluble and colloidal iron would, therctore, provide information
as to the significance of high levels of phosphorus in the hypolimnion and
its potential to influence the lake toward eutrophic states.
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LAKES SAMPLED DURING THE WATER QUALITY PROGRAM.
AND IDENTIFIED NUMERICALLY FOR REFERENCE ON FIGURES 1 THROUGH 3.

Lake

10
1l
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

LIVINGSTON COUNTY TOTAL: 22 Lakes, 28 Sites

Lake Name

Bass

Bennett
Bishop
Brighton
Cedar |
Chemung

Coon

Crooked (Big)
Crooked (Little)
Hoisington
Inchwagh
Island

Ore
Patterson
Portage

Rush

Silver (Green Qak)

Straviverry
Thempson
Hinans
Woodland

Zukey

32

Township
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LAKES ARE SEPARATED BY COUNTY

Number of
Sampling Sites
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Lake

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

OAKLAND COUNTY TOTAL:

Lake Name

Angelus
Bald Eagle
Big

Cass

Cedar Island
Commerce
Deer

Duck
Elizabeth
Green
Greens
Island
Lakeville
Long

Long (Lower)
Loon

Lotus
Louise
Maceday
Oakland
Orchard
Orion

Qabow
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33

TABLE 1 (Continued)

Township”~
3N
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Range
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TABLE "1 (Continued)
QAKLAND COUNMTY (Continued)

Lake Number of
# Lake Name 5 % Township Range Sampling Sites
55 Pine T 9E 2
56 Pontiac 3N 8 E 2
57 Silver (Big) 3N 9 E 1
58 Straits (Lower) 2N 8 E 1
59 Straits (Middle) 2N 8 E 1
60 | Straits (Upper) 2 N 9 E 2
61 | Tipsico 4 N 7E 1
62 Union 2 N 8 E 1
63 Walled. 1N 8 E 1
64 Watkins 3N 9 E 2
65 White 3N 1E 2
66 Nilliams In 9 E 2
67 Wing 2 N 10 € 1
68 Wolverine 2 N 8 E 2
69 Woodhul}l 3 N SE 1
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