Picture 1. Beautiful Lake Manitou looking north.
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INTRODUCTION

We were asked to perform a fishery and limnoldgiozestigation of Lake
Manitou, located in Shiawassee County, near Owadgdand develop short-term and
long-term management plans for the lake with emighas fish management. We
classified Lake Manitou as eutrophic, moderatelghhin nutrients, based on hypoxia
(low dissolved oxygen) in the hypolimnion (bottorarpof the lake), an ongoing blue-
green algae bloom during August, an abundance afrophytes (including Eurasian
milfoil infestation requiring annual treatment), dara warm-water fish community,
including a large number of common carp.

HISTORY

Lake Manitou is a shallow lake surrounded bywynesidential houses. It has a
dam on the north side, a few small, shallow bayd antypical warm water fishery
composed of largemouth bass, panfish, and the eeRaiian common carp. There are
aerators in the lake at various places in shalloyasand the lake is used by a large
number of fishermen. There is runoff from agriatdd activities entering the lake from
several places in the south and east ends of kke [@here is an active group that water
skies in the main basin. An extensive program dpfadéic plant control for Eurasian
milfoil is conducted by the residents. Up to 7 aoneere treated with 2-4,D. Treatment
continues. Northern pike were stocked a few tiaras walleyes were put in about 15 yr
ago (9-inch specimens).

Picturéllz.




METHODS

Our study involves physical, chemical, and biota$i measurements and
observations by professional aquatic biologists Whwe conducted lake management
studies since 1972; we incorporated in 1974. \Wespecialized samplers and equipment
designed to thoroughly examine all components d@uratic ecosystem. Shallow water,
deep water, sediments, animal and plant life ad alinlet and outlet streams are
intensively sampled and analyzed at several keéipeta(sites on the lake). Our SCUBA
divers examine aquatic plants, sediments, and &st assist in some other data
collections. Some samples are analyzed in thd,fighile the balance is transported to
our laboratory for measurements and/or identifaratf organisms found in samples.

After the field study, we compile, analyze, summeayiand interpret data. We
utilize a comprehensive library of limnological gies, and review all the latest
management practices in constructing a managemiant pAll methods used are
standard limnological procedures, and most chenaigalyses are according to Standard
Methods for the Examination of Water and WastewaWfater analyses were performed
by Grand Valley State University.

STATION LOCATIONS

During any study we choose a number of placedidey where we do our
sampling for each of the desired parameters. \Wedb have a station in any unusual
or important place, such as inlet and outlet stegaams well as in representative areas in
the lake proper. One of these areas is alwayddbpest part of the lake. Here we check
on the degree of thermal and chemical stratificatiwhich is extremely important in
characterizing the stage of eutrophication (nutriemrichment), invertebrates present,
and possible threats to fish due to productiorowictsubstances due to decomposition of
the bottom sediments. The number and locatiohedd stations for this study are noted
in that section.

PHYSICAL PARAMETERS

Depth

Depth is measured in several areas with a sonithdeywler or a marked sounding
line. We ran transects across all three lakesreocarded the depths since there seemed
to be some confusion about the depths of the lak&fese soundings were then
superimposed on a map of each lake and a contqumaa constructed to provide some
information on the current depths of the lake. nirnwhat was reported to us about the
depth of the lakes in the past, the lakes havedfilh a considerable amount since they
were formed.

Acreage

Acreage figures, when desired, are derived fromanbag triangulation, and/or
estimation. The percentage of lake surface arsaatiow water (less than 10 feet) is an



important factor. This zone (known as the littarahe) is where light can penetrate with
enough intensity to support rooted aquatic plantatural lakes usually have littoral
zones around their perimeters. Man-made lakesame reservoirs often have extensive
areas of littoral zone.

Sediments

Bottom accumulations give good histories of theelakThe depth, degree of
compaction, and actual makeup of the sedimentsaatenach about the past. An Ekman
grab or dredge sampler is used to sample bottormsets for examination. It is
lowered to the bottom, tripped with a weight, anthrabs" a 1 square foot sample of the
bottom. Artificial lakes often fill in more rapigithan natural lakes because disruption of
natural drainage systems occurs when these lakdsudt. Sediments are either organic
(remains of plants and animals produced in the ake&ashed in) or inorganic (non-
living materials from wave erosion or erosion and-off from the watershed).

Light Penetration

The clarity of the water in a lake determines Hawsunlight can penetrate. This
in turn has a basic relationship to the productbtiving phytoplankton (minute plants
called algae), which are basic producers in the,lakd the foundation of the food chain.
We measure light penetration with a small circliiack and white Secchi disc attached
to a calibrated line. The depth at which this disst disappears (amount of water
transparency) will vary between lakes and in thmesdake during different seasons,
depending on degree of water clarity. This refeeedepth can be checked periodically
and can reflect the presence of plankton bloomstariddity caused by urban run-off,
etc. A regular monitoring program can provide anwat documentation of water clarity
changes and also a historical record of changdiseiralgal productivity in the lake that
may be related to development, nutrient inputstber insults to the lake.

Temperature

This is a physical parameter but will be discussethe chemistry section with
dissolved oxygen. Thermal stratification is a catiprocess in lakes which helps control
the production of algae, generation of various &rzes from the bottom, and dissolved
oxygen depletion rates.

Stream Flows from Inlets and Outlets

Estimation of flows in and out of a lake givesinfrmation about ground water
inputs, inputs of nutrients and toxic substanced, amount of water moving through the
ecosystem. When tied to the chemical analysesridedcearlier, nutrient inputs and
outputs can be calculated and amount of impadiedd inputs evaluated.



CHEMICAL PARAMETERS

Water chemistry parameters are extremely usefulsureanents and can reveal
considerable information about the type of lake bod nutrients are fluxing through the
system. They are important in classifying laked ean give valuable information about
the kind of organisms that can be expected to exider a certain chemical regime. All
chemical parameters are a measure of a certainricon complex in water. The most
important elements--carbon (C), hydrogen (H), arggen (O) are the basic units that
comprise all life, so their importance is readilywmus. Other elements like phosphorus
(P) and nitrogen (N) are extremely important beeattsey are significant links in
proteins and RNA/DNA chains. Since the latter fi?oand N) are very important plant
nutrients, and since phosphorus has been showa toitical and often times a limiting
nutrient in some systems, great attention is gitenthese two variables. Other
micronutrients such as boron, silicon, sulfur, af&mins can also be limiting under
special circumstances. However, in most casessgitavus turns out to be the most
important nutrient.

Temperature Stratification

Temperature governs the rate of biological proeessA series of temperature
measurements from the surface to the bottom ike(l@mperature profile) is very useful
in detecting stratification patterns. Stratificetiin early summer develops because the
warm sun heats the surface layers of a lake. Whier becomes less dense due to its
heating, and "floats" on the colder, denser wabetsw. Three layers of water are thus
set up. The surface warm waters are called thiemepon, the middle zone of rapid
transition in temperatures is called the thermeglend the cold bottom waters, usually
around 39 F (temperature of maximum density), amaed the hypolimnion. As summer
progresses, the lowest cold layer of water (hypoiim) becomes more and more
isolated from the upper layers because it is caerdenser than surface waters.

When cooler weather returns in the fall, the wappar waters (epilimnion) cool
to about 39 F, and because water at this temperetulensest (heaviest), it begins to sink
slowly to the bottom. This causes the lake toritwer" or mix, and the temperature
becomes a uniform 39 F top to bottom. Other chalmariables, such as dissolved
oxygen, ammonia, etc. are also uniformly distriduteroughout the lake.

As winter approaches, surface water cools even mdxecause water is most
dense at 39 F, the deep portions of the lake "fith this "heavy water". Water colder
than 39 F is actually lighter and floats on the endense water below, until it freezes at
32 F and seals the lake. During winter decompmsitin the bottom can warm bottom
temperatures slightly.

In spring when the ice melts and surface water wamom 32 to 39 F, seasonal
winds will mix the lake again (spring overturn)uthcompleting the yearly cycle. This
represents a typical cycle, and many variations evast, depending on the lake shape,
size, depth, and location. Summer stratificat®msually the most critical period in the
cycle, since the hypolimnion may go anoxic (withaxygen--discussed next). We
always try to schedule our sampling during thigqeeof the year. Another critical time
exists during late winter as oxygen can be deplétexh the entire water column in
certain lakes under conditions of prolonged snoweco



Dissolved Oxygen

This dissolved gas is one of the most significgmmical substances in natural
waters. It regulates the activity of the livinguatic community and serves as an
indicator of lake conditions. Dissolved oxygenmeasured using the Winkler method
with the azide modification. Fixed samples anatéd with PAO (phenol arsene oxide)
and results are expressed in mg/L (ppm) of oxygdmch can range normally from O to
about 14 mg/L. Water samples for this and all otbeemical determinations are
collected using a device called a Kemmerer watempéar, which can be lowered to any
desired depth and like the Ekman grab samplepeadpusing a messenger (weight) on a
calibrated line. The messenger causes the cyliodsral and the desired water sample is
then removed after the Kemmerer is brought to thitase. Most oxygen in water is the
result of the photosynthetic activities of plartkee algae and aquatic macrophytes. Some
enters water through diffusion from air. Animatgeuthis oxygen while giving off carbon
dioxide during respiration. The interrelationshipstween these two communities
determine the amount of productivity that occurd #re degree of eutrophication (lake
aging) that exists.

A series of dissolved oxygen determinations canutelh great deal about a lake,
especially in summer. In many lakes in this arellichigan, a summer stratification or
stagnation period occurs (See previous thermalifstedion discussion). This layering
causes isolation of three water masses becausengfetature-density relationships
already discussed. In the spring turnover perisdaved oxygen concentrations are at
saturation values from top to bottom. Howevertthiese lakes by July or August some or
all of the dissolved oxygen in the bottom layerlast (used up by bacteria) to the
decomposition process occurring in the bottom sedis1 The richer the lake, the more
sediment produced and the more oxygen used ue 8iere is no way for oxygen to get
down to these layers (there is not enough light dtgae to photosynthesize), the
hypolimnion becomes devoid of oxygen in rich lakés.non-fertile (Oligotrophic) lakes
there is very little decomposition, and therefdtéel or no dissolved oxygen depletion.
Lack of oxygen in the lower waters (hypolimniongpents fish from living here and also
changes basic chemical reactions in and near tbemest layer (from aerobic to
anaerobic).

Stratification does not occur in all lakes. Shalltakes are often well mixed
throughout the year because of wind action. Sakesl or reservoirs have large flow-
through so stratification never gets established.

Stratified lakes will mix in the fall because ofater weather, and the dissolved
oxygen content in the entire water column will bplenished. During winter the oxygen
may again be depleted near the bottom by deconposjtrocesses. As noted
previously, winterkill of fish results when thismodition is caused by early snows and a
Manitou period of ice cover when little sunlightncpenetrate into the lake water. Thus
no oxygen can be produced, and if the lake is séweutrophic, so much decomposition
occurs that all the dissolved oxygen in the lakeeigleted.

In spring, with the melting of ice, oxygen is agaijected into the hypolimnion
during this mixing or "turnover" period. Summer aag repeats the process of
stratification and bottom depletion of dissolveggan.

One other aspect of dissolved oxygen (DO) cyclesxems the diel or 24-hour
cycle. During the day in summer, plants photosgsitte and produce oxygen, while at
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night they join the animals in respiring (creat@@2) and using up oxygen. This creates
a diel cycle of high dissolved oxygen levels during day and low levels at night. These
dissolved oxygen sags have resulted in fish killi&akes, particularly near large aquatic
macrophyte beds on some of the hottest days of¢ae

pH

The pH of most lakes in this area ranges from alfoto 9. The pH value
(measure of the acid or alkaline nature of wateryaverned by the concentration of H
(hydrogen) ions which are affected by the carbcebatarbonate buffer system, and the
dissociation of carbonic acid (H2CO3) into H + icasd bicarbonate. During a daily
cycle, pH varies as aquatic plants and algae etli®2 from the carbonate-bicarbonate
system. The pH will rise as a result. During engrhours, the pH will drop due to
respiratory demands (production of carbon dioxiéjch is acidic). This cycle is
similar to the dissolved oxygen cycle already disea and is caused by the same
processes. Carbon dioxide causes a rise in pHas@s plants use CO2 during the day in
photosynthesis there is a drop in CO2 concentraimha rise in pH values, sometimes
far above the normal 7.4 to values approachin®@ring the night, as noted, both plants
and animals respire (give off CO2), thus causingsa in CO2 concentration and a
concomitant decrease in pH toward a more acidiclition. We use pH as an indicator
of plant activity as discussed above and for detgcany possible input of pollution,
which would cause deviations from expected valugbl is measured in the field with
color comparators and in the laboratory with a Beak pH meter.

Alkalinity

The amount of acid (hydrogen ion) that needs tadked to a water sample to get
a sample to a pH of 4.5 (the endpoint of a methghge indicator) is a measure of the
buffering capacity of the water and can be quaintgly determined as mg/L or ppm as
calcium carbonate (CaCO3). This measurement iseiértotal alkalinity and serves as
an indicator of basic productivity and as an estinad the total carbon source available
to plants. Alkalinity is a measure of hydroxide®H-), carbonates (CO3=) and
bicarbonates present. Plants utilize carbon dekidm the water until that is exhausted
and then begin to extract CO2 from the carbonatarbonate buffer system through
chemical shifts. As discussed before, this deeré@<CO2 concentrations causes great
pH increases during the day and a pH drop duriegniight. There are two kinds of
alkalinity measured, both based on the indicatetsch are used to detect the end-point
of the titration. The first is called phenolthalalkalinity (phth) and is that amount of
alkalinity obtained when the sample is titratecdtpH of 8.3. This measurement is often
0, but can be found during the conditions previpusscussed; that is, during summer
days and intense photosynthesis. Total alkalimigs noted above and includes
phenolthalein alkalinity.

Hardness

Like alkalinity, hardness is also a measure ofiam though these are divalent
cations, positive double charged ions like calci(@a++) and magnesium (Mg/L++).
Again, the units of hardness are mg/L as CaCO3amAple of water is buffered and then
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an indicator is added. Titration to the indicagdpoint using EDTA completes the
analysis. As with all our analyses, for more detainsult Standard Methods. Alkalinity
and hardness are complementary, so that compathiegtwo readings can give
information about what ions are present in theesysand confirm trends seen in other
data. Alkalinity and hardness are complementacabse every calcium ion must have a
bicarbonate ion or other such divalent negative aod vice versa; each carbonate or
hydroxide ion must have a divalent or monovalemamassociated with it. For example,
we might find high chlorides from street run-off anparticular sample. Since chlorides
are probably applied as calcium chloride (CaCl2) ,would confirm our suspicions when
hardness (a measure of Ca++ ions) was considehnaddher than alkalinity. If alkalinity
were higher than hardness it would indicate thatespositive anion like potassium (K+)
was present in the lake, which was associatedtivétbicarbonate and carbonate ions but
was not measured by hardness. Generally spedkigiy,alkalinity and hardness values
are associated with a greater degree of eutrophmcatakes are classified as soft,
medium, or hard-water lakes based on these values.

Chlorides

Chlorides are unique in that they are not affdvg physical or biological
processes and accumulate in a lake, giving a kisgbpast inputs of this substance.
Chlorides (CI-) are transported into lakes fromtgefank effluents and urban run-off
from road salting and other sources. Chloridesdatected by titration using mercuric
nitrate and an indicator. Results are expressadgds as chloride. The effluent from
septic tanks is high in chlorides. Dwellings ardunlake having septic tanks contribute
to the chloride content of the lake. Depending ruglmw-through, chlorides may
accumulate in concentrations considerably higheanthn natural ground water.
Likewise, urban run-off can transport chloridesnfrdoad salting operations and also
bring in nutrients. The chloride "tag" is a simplay to detect possible nutrient additions
and septic tank contamination. Ground water ig #nea averages 10-20 mg/L chlorides.
Values above this are indicative of possible paiut

Phosphorus

This element, as noted, is an important plantieniy which in most aquatic
situations is the limiting factor in plant growtilhus if this nutrient can be controlled,
many of the undesirable side effects of eutropldnatdense macrophyte growth and
algae blooms) can be avoided. The addition of lsamabunts of phosphorus (P) can
trigger these massive plant growths. Usually tkieeo necessary elements (carbon,
nitrogen, light, trace elements, etc.) are preserguantities sufficient to allow these
excessive growths. Phosphorus usually is limifmerasionally carbon or nitrogen may
be limiting). Two forms of phosphorus are usuatigasured. Total phosphorus is the
total amount of P in the sample expressed as mgfpm as P, and soluble P or Ortho P
is that phosphorus which is dissolved in the watet "available" to plants for uptake and
growth. Both are valuable parameters useful iigijugl eutrophication problems.

Nitrogen
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There are various forms of the plant nutrientagiem, which are measured in the
laboratory using complicated methods. The mosticed form of nitrogen, ammonia
(NH3), is usually formed in the sediments in theaire of dissolved oxygen and from
the breakdown of proteins (organic matter). Thigh lconcentrations are sometimes
found on or near the bottom under stratified an@einditions. Ammonia is reported as
mg/L as N and is toxic in high concentrations whfand other sensitive invertebrates,
particularly under high pHs. With turnover in thgring most ammonia is converted to
nitrates (NO3=) when exposed to the oxidizing ¢ffeaf oxygen. Nitrite (NO2-) is a
brief form intermediate between ammonia and nissatehich is sometimes measured.
Nitrites are rapidly converted to nitrates when cadde dissolved oxygen is present.
Nitrate is the commonly measured nutrient in linogital studies and gives a good
indication of the amount of this element availatdeplant growth. Nitrates, with Total
P, are useful parameters to measure in streamsngnkakes to get an idea of the amount
of nutrient input. Profiles in the deepest parthaf lake can give important information
about succession of algae species, which usuallsepds from diatoms, to green algae to
blue-green algae. Blue-green algae (an undesisgi#cies) can fix their own nitrogen
(some members) and thus out-compete more desii@ihs, when phosphorus becomes
scarce in late summer.

BIOLOGICAL PARAMETERS

Bacteria

This group of organisms is extremely importanthe biology of lakes in that
they are responsible for all the decomposition thaturs in a lake as well as many
chemical transformations, such as the manufactuingdrogen sulfide by sulfur bacteria,
the transformation of nitrate to ammonia by detyitng bacteria, etc. Another important
group is the coliform bacteria which when present mdicate that sewage has somehow
entered the body of water. The methods used (8tdrdethods) indicate the degree of
contamination of the water with wastes from humammmal sources. Since this is a
public health aspect, we do not interpret nor r@lyi run coliform, unless there is a
special reason to do so.

Algae

The algae are a heterogeneous group of plants,hwtossess chlorophyll by
which photosynthesis, the production of organicteraand oxygen using sunlight and
carbon dioxide, occurs. They are the fundameraslgf the food chain leading to fish in
most aquatic environments.

There are a number of different phyla, including timdesirable blue-green algae,
which contain many of the forms, which cause seripwblems in highly eutrophic
lakes. These algae can fix their own nitrogen yafta@ms cannot) and they usually have
gas-filled vacuoles which allow them to float oretburface of the water. There is
usually a seasonal succession of species, whichreoatepending on the dominant
members of the algal population and the environaiefitanges, which occur.

This usual seasonal succession starts with dia(brog/n algae) in the spring and
after the supply of silica, used to construct tlmitside shells (frustules), is exhausted,
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green algae take over. When nitrogen is depldtieed-green algae are able to fix their
own and become dominant in late summer.

The types of algae found in a lake serve as godidators of the water quality of
the lake. The algae are usually microscopic, fiesting single and multicellular
organisms, which are responsible many times foigteen or brownish color of water in
which they are blooming. The filamentous formg;hsasSpirogyraandCladophoraare
usually associated with aquatic macrophytes, ehadccur in huge mats by themselves.
The last typeChara a green alga, looks like an aquatic macrophyte gtows on the
bottom in the littoral zone, sometimes in massieds It is important to understand the
different plant forms and how they interact, siptants and algae compete for nutrients
present and can shade one another out dependinwhash has the competitive
advantage. This knowledge is important in contrglithem and formulating sensible
management plans. Samples are collected using.a&0@lankton net (153-micron
mesh), preserved with 10% formaldehyde and examimedroscopically in the
laboratory.

Macrophytes

The aquatic plants (emergent and submersed), veneckommon in most aquatic
environments, are the other type of primary producethe aquatic ecosystem. They
only grow in the euphotic zone, which is usuallg thshore littoral zone up to 6 ft., but
in some lakes with good water clarity and with theroduced Eurasian water-milfoil
(Myriophyllum spicatum See Appendix 2), growths have been observed hrdeeper
water. Plants are very important as habitat feeats, zooplankton, and fish, as well as
their ability to produce oxygen. Plants have asspal growth pattern wherein over
wintering roots or seeds germinate in the springost growth occurs during early
summer. Again plants respond to high levels ofients by growing in huge beds. They
can extract required nutrients both from the wated the sediment. Phosphorus is a
critical nutrient for them. The aquatic plants aldae are closely related, so that any
control of one must be examined in light of what tither forms will do in response to
the newly released nutrients and lack of competitio For example, killing all
macrophytes may result in massive algae bloomscihwhre even more difficult to
control.

Zooplankton

This group of organisms is common in most bodfesaier, particularly in lakes
and ponds. They are very small creatures, uslesl/than 1/8 inch Manitou, and usually
live in the water column where they eat detritud algae. Some prey on other forms.
This group is seldom seen in ponds or lakes byc#seial observer of wildlife but is a
very important link in the food web leading frometllgae to fish. They are usually
partially transparent organisms, which have limiédality to move against currents and
wave action, but are sometimes considered patefpiankton' because they have such
little control over their movements, being deperdam wind-induced or other currents
for transport.

Zooplankton is important indicators for biologidts three reasons. First, the
kind and number present can be used to predict typatof lake they live in as well as
information about its stage of eutrophication. et they are very important food
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sources for fish (especially newly hatched and gooirthe year fish), and third, they can
be used to detect the effects of pollution or clvaivinsult if certain forms expected to be
present are not. These data can be added tosatblerdata on a lake and the total picture
can then lead to the correct conclusions about Wasbccurred in a body of water.

Zooplankton is collected by towing a No. 10 (153rn-mesh) plankton net
through the water and the resulting sample is pvedewith 10% formaldehyde and then
examined microscopically in the laboratory. Qudiite estimates of abundance are
usually given.

Benthos

The group of organisms in the bottom sedimentassociated with the bottom is
termed benthos. These organisms are inverteb(édeking a backbone) and are
composed of such animals as aquatic insect lamdeadults, amphipods (fairy shrimp),
oligochaetes (aquatic worms), snails, and clamie importance of this group for fish
food and as intermediates in the food chain shd@demphasized. Because of the
tremendous variety of animals in each group antt thepective tolerances for different
environmental conditions, this group is a very imi@ot indicator of environmental
guality. We examine samples from deep water statior the presence of organisms, as
certain types live in low to no dissolved oxygemditions, whereas other kinds can only
exist when their high dissolved oxygen needs atsfisl.

These benthic organisms are collected using aiapsampler called an Ekman
dredge or Ekman grab sampler. It is lowered to lib#tom in the open position, a
messenger sent down the line and tripped. Thidtees about an | square foot section
of bottom being sampled. The sample is washedigir@ series of screens to remove
the fine mud and detritus, leaving only the largeganisms and plant material behind.
The sample is then picked in the field or lab dr@ldrganisms found identified.

Fish

The top carnivores in most aquatic ecosystemsuexg man, are the fish. They
are integrators of a vast number and variety of-etianging conditions in a body of
water. They, unlike the zooplankton and benthdsckwvcan reflect short-term changes,
are indicative of the Manitou-range, cumulativduehces of the lake or stream on their
behavior and growth. The kind of fish, salmon onfssh, can tell us much about how
oligotrophic (low productivity) or eutrophic (higbroductivity) a lake is. We collect fish
with seines, gill nets and from lucky fishermen thie lake. Most fish are weighed,
measured, sexed, and their stomach contents renmawéddentified. Fish are aged
using scales, and breeding condition is observeddecorded. The catches from our nets
and age information on the fish will tell us howuydength-at-age data compare with
state averages and whether or not fish growth e&lgAnother problem, "stunting"”, can
be detected using these sources of information.

Stomach contents of fish document whether or natdgsources of food are
present and help confirm age and growth conclusioisbalances in predator-prey
relationships are a closely related problem, whehcan usually ascertain by examining
the data and through discussions with local fisleerm From studying the water
chemistry data and supportive biological data, we make recommendations, such as
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habitat improvement, stocking of more predatorsl, @memical renovation. We can also
predict for example, the effects of destroying ropbwytes through chemical control. All
elements of the ecosystem are intimately interedland must be examined to predict or
solve problems in a lake.

RESULTS

WATERSHED

Lake Manitou is located in Shiawassee County anth ithe Shiawassee River
watershed. The local watershed is mostly devel@tlearound the lake with some lawns
running right to the lake shore with no riparianffeu greenbelt zone. The impacts
generated by these disturbances to the land arinefurexacerbated with lawn
fertilization, which acts to degrade the watersheul contribute more nutrients
(fertilizers) to the lake. Septic tanks can cdmite more nutrients into the lake. Septic
tanks are NOT designed to remove nutrients froneffieent, only solids. What remains
seeps into the ground water, and depending on camitlitions, a small or a large
percentage of the nutrients, mostly phosphorussanae nitrates, enter the lake with the
ground water flow that is continually entering tla&e from the watershed. If the soils
are sandy, the nutrients enter the lake quicklghely are loamy they may adsorb some of
the nutrients before they enter the lake. Therase a problem with large numbers of
Canadian geese, which can bring in a considerabtiat of nutrients and leave them in
the lake. However, one of the most important ispft nutrients into the lake may be
from agricultural runoff into the lake through rdhand creeks that enter the lake. We
did not measure discharge nor the water nutriestswe have no idea what this
contribution might be. But we believe it is probabubstantial.

Intensive development and agriculture in a watetstean contribute substantially
to increasing the nutrient and sediment loadinigake Manitou and along with the storm
water inputs, can cause these lakes to becomeyteghiched fostering large growths of
aquatic plants and algae, which were common toddmirin the lake system. Symptoms
of this enrichment include degraded water qualitgluding anoxia in the dissolved
oxygen profiles, and elevated concentrations ofientls in bottom waters (problems
noted in Lake Manitou). Lake Manitou probably al&s a rich, thick organic sediment
(we did not sample it) which has been building apurally from the input of leaves, tree
limbs, and other organic material from the woodeatenshed. Humans can accelerate
the process through the building of impervious atet, which accelerates runoff from
the inhabited areas, from fertilizers that are gutlawns, from agricultural runoff; and
from septic tanks. The aerators that are in tke man also change the distribution of
nutrients, re-suspending sediments and nutrieats frottom waters.

The overall water quality appears to be degratbladed on the August samples;
however, August is not the best time to ascertaitnient status. During August, there
was an algal bloom and the lake is infested withaBian milfoil. Hence, most of the
phosphorus and nitrates are taken up quickly bsetipbants. However, the very presence
of the algal bloom, the very low dissolved oxyg@maentrations on the bottom in the
deep basin, input of nutrients from the tributargesd septic tanks all point to over
fertilization of Lake Manitou. Samples need to dmlected in the spring right after
overturn to get a better picture of the nutrieatust of the lake.
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The local riparian zone is very important also. nated above, lawn fertilization
and disturbance of the lake surface for new devedsys, etc., can cause additional
nutrients to be exported to the lake, and furtheeed the enrichment process (see
Appendix 1 for lawn care and other recommendatioRsings that can be done to inhibit
entry of undesirable and deleterious substanceshietlake are planting greenbelts (thick
plants that can absorb nutrients and retard ditexiff into the lake) along the lake edge,
reducing erosion where ever it occurs, reducing uke of fertilizers for lawns (use
phosphorus-free fertilizer), pumping septic tankerg 2 years, cutting down on road
salting operations, not feeding the geese or duoks|leaf burning near the lake,
prevention of leaves and other organic matter fremtering the lake, and care in
household use of such substances as fertilizetgrgdmts to wash cars and boats,
pesticides, cleaners like ammonia, and vehicled$lusuch as oil, gas, and antifreeze
(Appendix 1).

STATION LOCATION

We established two types of stations on Lake Manitor sampling various
parameters in this study (Fig. 1 and Table 1). sdawvchemistry sampling station was set
up in the deepest part of the lake (stations A4/28315 42.92554 ), while fishes were
collected using seines at station S1 and S2, aejilht station G1 and G2, and trap nets
at stations TN1, TN2, TN3.

Table 1. Location and description of samplingistet where water quality and fishes
were collected in Lake Manitou, Shiawassee Couftysowo, Michigan, 29 August
2010. See Fig. 1 for locations.

Station Letter Description/Location
A Water quality: In the northern part ofkeaManitou near the
spillway, depth = 20 ft
S1 Seining station western part of the lake
S2 Seining istaton northeastern part of the lake
Gl Gill netting in main basin, west side
G2 Gill netting in western basin, south ofleyball net
T1 Large trap net set in south part of nisgsin
T2 Large trap net set in the west bay ofrtiaén basin
T3 Small trap net set in the western basithé south part
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Figure 1. Map of Lake Manitou showing the three andpasins, several bays, and
incoming creeks. The lake has a dam on the noide sf the major basin.
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Figure 2. Map of Lake Manitou, Shiawassee Co. shgthe water quality sampling
stations (A- see Table 1 for description) and §ampling sites for seining (S), gill
netting (G), and trap netting (TN). Fish and watere sampled on 29 August 2010.
Map provided by lake residents.

PHYSICAL PARAMETERS

Depth

Lake Manitou has one major deep basin with deptlstation A being around 20
ft deep near the dam face. Sediments buildup edittom of the deep basin and act as
a reservoir of nutrients (nitrates and phosphorushich are released at a faster rate
during anoxic- no dissolved oxygen- conditions atel summer and winter than they
would if the dissolved oxygen levels remained abpem). If sediments are thick and
highly organic, like they probably are in Lake Mani, these conditions during
stratification in summer can degrade the dissotwegyen from bottom waters at a much
faster rate, reduce the water quality and henceentakditions for aquatic life much
more difficult. The morphology of Lake Manitoutiso major large areas connected by a
narrow isthmus with a couple of smaller, shallowvacnophyte-dominated bays on the
south and eastern ends of the lake. It also lamadl island in the southern part of the

20



main basin. Because it is shallow and nutriert-from lawn fertilization, agricultural
runoff through the tributaries/ditches and sepitktseepage, luxuriant plant growth and
algal blooms result.

Acreage

Lake Manitou is 80 acres based on map providegl @i It is relatively shallow
with most of it being 10 ft or less deep; the dbapin by the dam was only 20 feet deep.
These conditions also make it a productive lake.

Sediment

Sediment at seining station S1 (Fig. 2), in a s on the west side of the main
basin, was thick with black organic muck with lesvend finely divided, organic
material, the residue from years of rotting plarstenial. Our other seining site on the
west basin was sandy with some organic material.

Light Penetration

The Secchi disc (measure of water transparen@ging at station A in Lake
Manitou on 29 August 2010 (1.3 m or 4.3 ft) wasyMew due to an ongoing blue-green
algae bloom and definitely makes this lake a etimpake (highly enriched with low
water transparency). Secchi disc data can proadaexpensive, first-line indicator of
water quality changes and can be carried on byattee association. We would strongly
recommend the collection of Secchi disc readingskiyeto provide a record of change
for the lake. These readings can also be linkigdal aquatic plant treatments to monitor
how algae react to the ongoing aquatic plant manage program. Usually if aquatic
plants are killed, the rotting vegetation releasasients and an algal bloom often ensues.
On the other hand, these blooms may also be retatednoff from the surrounding
watershed. Such a data set could also shed lighh® importance of rain events in
promoting algal blooms during summer.

Temperature

Water temperature is intimately associated withdissolved oxygen profiles in a
lake. Lake Manitou was untypical of most lakeagcsithe expected stratification pattern
we usually see during the summer was different I@&h Fig. 3). On August 29th,
water temperatures were (77.7 F) at the surfacg (warm) and 71.4 F on the bottom at
20 ft (station A), a difference between surface bottom of only 6.3 F. A lake goes
through a series of changes (see introductory mbteifemperature) in water
temperature, from spring overturn, to summer dgication, to fall overturn, to winter
conditions. During both summer and winter, rapgtamposition of sediments and
detritus occurs in bottom waters and can causeadedr chemical conditions on the
bottom (found in Lake Manitou — will be discussed)Because the lake is essentially
sealed off from the surface in summer during dication, no dissolved oxygen can
penetrate to the bottom and anoxia (no dissolvegenx conditions- a dead zone) results.
This condition has implications for aquatic orgamss (fish will not go there) and
chemical parameters (phosphorus is released frensédiments to contribute nutrients
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during the fall overturn). However, we did not sbés typical pattern in the lake.
Instead we found that water temperature was waanehe bottom than what would be
expected, while the dissolved oxygen was zero enhbbttom (expected), but would
probably be much lower and lower higher in the watelumn, were it not for the
constant boat traffic. Boat traffic is de-straitiy the lake (breaking down the thermal
barriers that usually exist in a lake during summesulting in re-suspension of bottom
waters and warmer temperatures on the bottom)s ddndition is not optimal because it:
1.) mixes the bottom water with surface water. Dogtom water contains fertilizers
(nitrates, ammonia, and phosphorus from decomposdf the bottom sediments) which
promote aquatic plant growth and algal blooms, Wwhiere rampant when we sampled
the lake in August, and 2.) still results in dissol oxygen depletion from the bottom
sediments, since they are apparently rich in oggamatter (conditions would be much
worse without the de-stratification, but you migidt have such a severe algal bloom
either). Not only are nitrates and ammonia rel@aséarge quantities (ammonia is toxic
to fish as well as the low dissolved oxygen), bbhbgphorus is also released in large
guantities under stratification conditions, whicbhed not happen when the sediments
have well oxygenated water above them. Hencedfislprevented from going below 13
ft and phosphorus is usually released from thensexdlis fueling algal blooms and plants.
However, the odd thing about the nutrient data wlected, was that both nitrates and
phosphorus were very low, while ammonia was elelatdsually these three chemicals
act in concert and are all high on the bottom dystnatification on the bottom.

Table 2. Dissolved oxygen (mg/L) and water temjueea (C, F) profile for Lake
Manitou, Shiawassee County, 29 August 2010 atostalti(see Fig. 3, Table 1).

Depth Water Water Diss. Oxy
Temp. —
(ft) Temp.-C F (mg/L)
0 254 77.7 104
3 25.1 77.2 10.3
7 25 77.0 10.1
10 24.2 75.6 7.8
13 24 75.2 3.6
16 224 72.3 0.2
20 21.9 714 0.2
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LAKE MANITOU DISSOLVED OXYGEN/WATER
TEMPERATURE PROFILE, AUG 2010
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Figure 3. Dissolved oxygen (bottom purple linequares) and water temperature profile
(top yellow line — triangles) for Lake Manitou stat A, 29 August 2010.

CHEMICAL PARAMETERS

Dissolved Oxygen

At station A on Lake Manitou, dissolved oxygenuesd on 29 August 2010 were
10.4 mg/L at the surface then declined to 0.2 niglow 16 ft where the lake was almost
anoxic (no oxygen) (Table 2, Fig. 3). These pedfiindicate that the lake is very
productive with extensive decompositional processeging in bottom waters. Despite
the boat traffic, which tends to disrupt the sfiedtion process, there was still enough
decomposition ongoing on the bottom to remove almatisthe dissolved oxygen from
the bottom (20 ft) up to 16 ft, but we only sawrgesed concentrations of ammonia, not
phosphorus or nitrates, which is unusual. This $evere implications for the fish, since
they will be prevented from staying in bottom watduring summer when these waters
are toxic (high ammonia) and hypoxic (low dissoleegygen). Warm-water fish usually
need a minimum of 3 mg/L to live, so a considera®unt of the bottom waters are too
toxic or devoid of dissolved oxygen to support fiéé during this time.

As noted, anoxia on the bottom of a lake has sdime consequences for the
ecology of the lake, since it not only affects fesid benthos survival, but phosphorus is
also released from the sediments under anoxic tondi(but not when the sediments are
oxygenated). When a lake shifts over to this mdigere can be some dramatic changes.
This regeneration and recycling of phosphorus fthensediments under these conditions
results in this important plant nutrient (P) beswgspended throughout the water column
in the spring turnover period (see introductiondarexplanation of this). These nutrients
are then available to fuel algal blooms and aqualémts contributing to the cultural
eutrophication of a lake. It appears from thealigsd oxygen data, which show hypoxia
in Manitou Lake, that P was not being recycled frim bottom sediments in large
guantities. Ammonia was generated however, soitond were very close to becoming
anoxic and creating this situation for recycling P.
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pH

The pH was 7.22 at the surface, 7.13 at 10 ft, &0d on the bottom, again
showing the lake was stratified and more acidictlon bottom than in surface waters
where photosynthesis removes carbon dioxide frawtiater and raises the pH.

Chlorides

Chloride concentrations from Lake Manitou were §/lmat the surface, mid
depth, and bottom (Table 3). Chloride ions areseovative ions, which means they are
not altered by biological or chemical activity; yhean only change with evaporation or
input of water of differing concentrations of chttes. Therefore they accumulate in a
lake and give a good impression of the past histbrypputs of that ion, as well as co-
occurring substances from runoff, such as nutrjeietdc substances, and sediment. In
addition, chlorides are usually well mixed with #8an concentrations in the water
column. We usually see a consistent concentratiamlorides from surface to bottom in
a lake, unless there is an input to one of thetibtich layers of the lake that would
increase or decrease concentrations in that lajfer. example we have seen increased
levels of turbidity and chlorides associated witput of a small stream into a lake during
the summer. Because of density and temperatureratiices, this water input
accumulated at the middle or thermocline layersoapa peak of increased turbidity and
chlorides at that depth with lower concentrationsha surface and bottom layers. The
levels of chlorides in Lake Manitou are very lowrguared to the lakes we usually study
in a more urban setting. Some lakes have up tan§Q chlorides a reflection of runoff
of salt from winter salting operations and fromtsepank effluent running into the lake
from groundwater interception of the septic tanKueht. The low levels in Lake
Manitou are an indication of the rural, wild segtithe lake is in and apparently low
levels of salting and septic tank inputs. In tase, chlorides may not be a good measure
of input from the watershed, especially since catre¢éions may not reflect what we
expect would be high concentrations of P and msrétom a predominantly agricultural
watershed. More data on input of nutrients wowddchbeded to document how important
this source is in providing nutrients to Lake Manit

Table 3. Water chemistry data for Lake Manitowgluding data on nutrients (SRP —
soluble reactive phosphorus, nitrates, ammonia),ciuorides. Data were collected from
station (A — see Fig. 1) near the dam during 29ustg010.

SRP Nitrate Chloride Ammonia
Station (mg/L) (mg/L) (mg/L) (mg/L)

A -SUR <0.005 <0.01 19 <0.01
A-10 FT <0.005 <0.01 19 0.015
A-20 FT <0.005 <0.01 19 0.384

24



Phosphorus

We are interested in phosphorus (P) because Bnisrgly the limiting nutrient
for plant growth and the level of concentrations cadicate the trophic state or amount
of enrichment in the lake. Soluble reactive phasph (SRP) measures only that P
which is dissolved in the water, which is the fottmat is readily available for algal and
plant growth. Total P would be all the P in theevadissolved and that tied up in algae
or other detritus. During 29 August 2010, SRPtatien A varied was <0.005 mg/L at
the surface, mid depth and bottom (Table 3). Tpadtern is reflective of the
decomposition processes we discussed which arer@nga the bottom, which usually
increases phosphorus concentrations (anoxia catgslio this), while uptake of P at the
surface by plants depresses concentrations thdogever, as indicated this pattern was
not seen for the lake, which is unusual. Nitratmaentrations were similar to P
concentrations, while ammonia was elevated; usw@dlllthree are elevated. We have no
explanation for this. Values of SRP are relatiely, since concentrations around 0.03
mg/L are required to be reached to prompt an dllgaim. Since there was a heavy blue-
green algal bloom ongoing when we did the studguggests most of the P was taken up
by aquatic plants and other algae in the lake.

Nitrates

Nitrate is very important since it is a criticdapt nutrient as well as P; however,
blue-green algae can generate their own nitrogawvoring them when nitrate
concentrations are depleted. In August, nitratesewthe same at all depths (<0.01
mg/L), which was somewhat surprising (see P disonssbove) as we would expect to
see more generated on the bottom during anoxiaaasoticed for ammonia (Table 3).
Nitrates must be rapidly taken up in Lake Manitguhe algae and plants present.

Ammonia

Ammonia is also a plant nutrient, but it can baddao fish in high concentrations.
It is formed by the decomposition of bottom sediteenConcentrations of ammonia in
Lake Manitou on 29 August 2010 were stratified t@tisn A according to the usual
pattern, with low concentrations (<0.01 mg/L) irrfage waters and at mid depth (0.15
mg/L), and a buildup on the bottom, where a comegioh of 0.38 mg/L was found
(Table 3). This concentration along with the loissdlved oxygen would kill any fish
that entered it. We expect this sort of chemicati|mnment in summer due to
decomposition processes on the bottom during an@sianoted the strange finding was
low concentrations of nitrate and P).
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Hydrogen Sulfide

Hydrogen sulfide is a toxic substance produceceurdnditions of no dissolved
oxygen (anoxia) from the decomposition of organatter on the bottom. It is the rotten-
egg smelling chemical; it was not present on th&obo at station A, which was
somewhat of a surprise, since we expected thaappdn. Evidence that suggests the data
are accurate and consistent include no builduphokphorus or nitrates on the bottom
(but ammonia did buildup), the small amount of digsd oxygen on the bottom (0.2
mg/L), and of course the zero hydrogen sulfide tbuVe speculate that the reason for
this is that boat traffic has de-stratified thedakesulting in the mixing of the bottom
waters with the surface water (similar water terapees from surface to bottom support
this view). The low concentrations of dissolved/g@en and the high concentrations of
ammonia observed in Lake Manitou would probablyaily fish that would venture into
these bottom waters during summer maximum stratiba. These are the chemicals
that will be circulated through the water columrridg spring turnover and foster algal
and macrophytes growth as well.

Conductivity

Conductivity is a measure of the ability of water conduct current and is
proportional to the dissolved solutes present. dDotivity followed a general pattern of
similar concentrations from surface to the bottofis supports our contention that the
boat activity and aerators have mixed the lakecesimany of the parameters we
measured were similar from surface to bottom exdegstolved oxygen and ammonia. If
the normal pattern we usually see prevailed, we ldvoexpect to see elevated
conductivity on the bottom. Levels ranged from 443he surface to 436 at mid depth,
to 447 u/S on the bottom; these concentrationsra@erate for lakes on which we have
worked.

BIOLOGICAL PARAMETERS

Phytoplankton

The algae undergo a seasonal sequence of spbheieges from diatoms, to green
algae, to blue-green algae (for more detail seéhoast algae). Blue-green algae are
rarely seen in oligotrophic (low in nutrients; law productivity) lakes. Depending on
how eutrophic (productive, enriched) the lake ikjelgreen algae may never attain
dominance, or they may just occur in the lattert pdrsummer (the infamous "dog
days"). When they occur and how early they occariadicators of the trophic status
(degree of enrichment) of a lake. Usually theipegrance is related to the ratios of
nitrogen and phosphorus in the lake. We did ntécbalgae during our study, but noted
that the water was very green indicating that ebg@bte blue-green algal bloom was
ongoing. This is a bad sign of increased fertilaof the lake during summer.
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Aquatic Macrophytes

Because of the infestation of Lake Manitou withrdsian Milfoil (Myriophyllum
spicatum, the lake association carries on an extensivet giantrol program. The plant
populations of Lake Manitou are diverse, but unfodately Eurasian milfoil is pervasive
in the lake, especially in shallow near shore agreash as bays and tributaries. Our
general feeling about the aquatic plants in Lakaikda is that Eurasian milfoil is serious
problem, justifying the intense efforts by the asaton to control it. Without control,
there could be stunting of the panfish populatiod the quality of recreational activity
will be diminished. Residents can help with théorfby mechanically harvesting or
removing plants from their activity areas (swimminigoat access, etc.). Some
information and suggestions are provided in Appedi

Fish

We collected fish using a 50-ft seine at two st&ti(at station S1 and S2),
and by setting gill nets (at station G1 and G2) #mde trap nets (stations TN1, TN2,
TN3) (see Table 1, Fig. 2) on 29 August 2010 aista throughout the lake. We never
want to kill too many fish as they are so importemfish community balance in a lake.
The first seine haul was done around 3 pm on ttetese shore; we did two tows parallel
to shore. One was 40 yards and the other was #s.y@he second seine collection site
was in the small bay in the main basin on the wigl around 4 pm.

Picture 3. Fish, mostly bluegills, captured witb@ft seine deployed at two sites on
Lake Manitou, 29 August 2010.
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We set two gill nets: one was set on in the masirbalong the west shore around
1221 pm; GPS coordinates were: N-84.12.505 W42085.4ets were set overnight and
fish collected included: largemouth bass, yellowcpeand bluegill. The second gill net
was set around 2 pm in the west basin on the sendh GPS coordinates were: N-84
12.299 W42 55.634. Fish collected included:oxlperch, bluegill, and white suckers.

We also set three trap nets overnight. The fiest get in a cove in the south bay
in the main basin around 115 pm. The second wasysthe spillway in the main basin
off a point by the west bay. The net was set aitdlB0 pm. We caught black crappies
and bluegills. The third trap net (a small oneswat in the south end of the west basin
at 1220 pm. The GPS coordinates were: N-84 D2V882 55.423. Unfortunately, we
could have used a few more large fish, but the @reedid catch provided a good sample
for some basic information on the lake. Overall eatlected seven species: black
crappie, bluegill, largemouth bass, pumpkinseedaldarter, yellow perch, and golden
shiner (Table 4) and observed, but did not catolmmon carp. Top predators included:
largemouth bass and at least one northern pikeaepasted recently, but was found dead.
Yellow perch also are predators at larger sizes.ale would have expected to collect
some bullheads, which are undoubtedly presentaratke as well (fishermen report none
however). Among the Centrarchidae (sunfish fang$ides the largemouth bass noted,
there were black crappies, bluegills, and pumpladse Presence of lowa darters, small
members of the perch family, golden shiners, andenduckers, provide diversity in the
fish community and forage for the predators inldle. Golden shiners in particular are
excellent forage species, since they are fecundnddnt, attain large sizes and hence
provide forage for the bigger predators in the Jak&d they are pelagic (inhabiting the
water column, rather than benthic (near bottomg. obher minnows were collected.

Since growth appears to be good and the community adapted to current
conditions, we do not believe that any fish manag@npolicies need be implemented,
with the exception of : 1.) we always encourageppeeto put back large predators, such
as northern pike and largemouth bass to maintagd dish community balance. This
also promotes good growth of sunfish and preveists $tunting in the lake. These
species are usually full of mercury too (see belsavshould not be eaten at large sizes),
and 2.) common carp are fairly common based onrte@md our observations of them
jumping out of the water. We recommend they betrotlied by archers and using
trammel nets we can provide to cut down on themipers.

Two other fish management issues are: 1.) northiashould not be stocked in
the lake because the thermal conditions are toonwfar this species during summer.
Northern pike are cool water species and we woakkmo objections to stocking them
since they provide good control of panfish. Butiyghould be aware that they will not
grow well or survive well in Lake Manitou becausktloe bottleneck during summer
when they will be severely stressed. In otheragitic lakes in Michigan, the lake
stratifies and provides a cool water refugia foesen fish. Such refuges do not exist
currently in the lake because of boat traffic. rtNern pike usually spawn on vegetation
or in creeks, so it might be a good thing to inigege whether any still left in the lake
have access to the creeks that enter and leaviakbeor whether any of these creeks
provide useful spawning habitat. They usually apavet after ice out. It appears that the
creek coming in on the east side of the lake magtfan as a spawning site, if there are
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any left in the lake. 2.) there are many youngh&-year largemouth bass and yellow
perch collected (we kept only a few for documentat+ Table 12) which indicates that
good natural reproduction is ongoing with the langeth bass and yellow perch in the
lake, so obviously no stocking of these fish needse considered.

Picture 4. Trap net deployed along the west sbbtlee main basin.

In addition, mercury is a problem in most of Micaigs inland lakes (see MDNR
fishing guide for recommendations on amount of fsleat). Most mercury comes to the
watersheds of lakes through deposition from thevahr most coming from power plants
burning coal. The elemental mercury is convertednethyl mercury through bacterial
action or in the guts of invertebrates and anintaig ingest it. It becomes rapidly
bioaccumulated in the food chain, especially in popdators. The older fishes, those
with less fat (yellow perch, bluegills, crappiesalleyes for example), or those high on
the food chain or old will carry highest levelstudes we have done in Michigan lakes
and studies by the MDNR have shown that large lilsedargemouth bass, black
crappies, northern pike, and walleyes all contagh hevels of mercury. This suggests
that fishers should consult the Michigan fishingidgu for recommendations on
consumption, limit their consumption of large indwals, and try to eat the smaller ones.
It also suggests that a trophy fishery be estadtisfor large northern pike and
largemouth bass, and some of the larger indivigaafish in the lake.

When the diets of these fish were examined (Tablew®g found that black
crappies either had empty stomachs (all the smals eve examined), while the one large
one (10.8 inches) was eating zooplankton, not figtich is a bit unusual, but they do eat
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a lot of zooplankton. We also examined a large memof bluegills and they all were
eating aquatic plants, with the exception of onach bluegill which was eating some
dragon flies. This is not unusual, but certaintyt mptimal either. Eating plants is
probably an attempt to get benthos and indicatesl fie scarce during this time for
bluegills. Usually they eat zooplankton whenytlzee small and switch to benthos
when they grow to larger sizes. Some will eat figfiven the opportunity.

Largemouth bass are known predators and those 3réon5 inches were eating
small bluegills (1-2 inches long) (Table 5). Onasweating an unknown species,
probably another bluegill. This is typical for g@mouth bass and maintains the
community relationships preventing stunting amomg panfish. When diets of larger
bass were examined, we found them to be eatingjitlti@and yellow perch and several
other unknown species, probably bluegills. It appehat the fish are eating species they
are supposed to and also growing adequately (see seetion). Yellow perch we
examined all had empty stomachs.

Growth of the fishes we collected was determinecadging a sample of fish of
various sizes using scales (Table 6). Generallytrel species we examined were
growing near the average growth exhibited by Miahigfishes (Latta 1958, DNR
pamphlet no. 56) (Table 6). For bluegills and pkimpeeds, both species growth rates
were similar to those averages determined for the sising the Latta data (Figs. 4 and
8). For largemouth bass, growth rates were simdaall ages, except 3 and 5-year old
fish were almost 1 inch below state averages, atohig poorer growth for these sizes of
fish (Fig. 5, Table 6). Considering we had a l@amnple size and the abundance of food
in the lake for largemouth bass, we are not comzkabout this finding. Growth of black
crappie and yellow perch both generally followedsimilar growth trajectory, since
length-at-age data were similar between Lake Mangiod Michigan averages (Figs. 6,
7).

Lastly, black grubs (small black spots) were obséran yellow perch (Table 5).
Black grubs or black spot disease which we obselsyedmmonly observed in rock bass
and other sunfish, bass, pike, perch, minnows,cdner fish species. It can be identified
by the presence of small black spots, usually attmisize of a pin head, in the skin, the
fins, the musculature, and the mouth of the fish ba affected. The black spots are
caused by pigment that the fish deposits aroundattval stage of a parasitic, digenetic
trematode, usually Beascusr Uvulifer spp.

The lifecycle of the "black spot” parasite is comyplThe adult parasite is found
in a fish-eating bird, usually a kingfisher. Thaddisher eats a fish and the larval parasite
is transferred from the infected fish to the biwdidg the feeding and digestion process.
The larval stage develops into an adult parasiteerkingfisher. The adult parasite in the
intestine of the bird then produces eggs that aeateally deposited in the water. There
the eggs mature, hatch, and develop into the ndiitaoi stage of the parasite. The active
swimming miracidium penetrates into (infects) ailsima the lake. In the snail, the
miracidium develops into the cercaria life staglee Tercaria (another actively swimming
stage) leaves the snail and actively seeks andtnaée® a host fish. The parasite then
becomes encysted within the fish. In about 22 dbia;k spots form around the cyst.
This entire life cycle takes at least 112 daysdmpglete. This cycle is also similar to
“swimmers itch”, a schistosome parasite that ingevely penetrates humans, and helps
understand why treating water with copper sulfata@ch kills snails, will help reduce the
incidence of this nuisance.

30



In general, presence of the "blactt'’sparasite does not affect growth or the
longevity of the infected fish; however massiveentfons in young fish may cause fish
mortality. The parasite is incapable of infectingrtans and, as is the case with all fish
parasites, it is destroyed by thorough cooking. BVFish are heavily infected, some
anglers prefer to remove the skin to improve thgeapance of the cooked fish. The life
history of this parasite can be disrupted by usiogper sulfate to kill snails, but this has
side effects, such as killing algae and one migiveha buildup of toxic copper in the
sediments if prolonged treatment is promulgated.

For further information see

Parasites of North American Freshwater Fishes
by G. L. Hoffman

Table 4. List of fish species collected or observed at various places at Lake
Manitou, 29 August 2010. Given is the common name and scientific name of each
species.

*REPORTED BY LAKE RESIDENT.

*OBSERVED, BUT NOT CAUGHT IN NETS.

Fish

Code Taxon Scientific Name

GL GOLDEN SHINER Notemigonus chrysolecus
ID IOWA DARTER Etheostoma exile

BC BLACK CRAPPIE Pomoxis nigromaculata
YP YELLOW PERCH Perca flavescens

BG BLUEGILL Lepomis macrochirus
GN GREEN SUNFISH Lepomis cyanellus

LB LARGEMOUTH BASS Micropterus salmoides
NP  NORTHERN PIKE* Esox lucius

PS PUMPKINSEED Lepomis gibbosus

CP COMMON CARP** Cyprinus carpio
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Picture 5. Bluegill and black crappie caught ikké&lanitou, 29 August 2010.

Picture 6. Golden shiner caught in Lake ManitdiARgust 2010.
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Picture 7. lowa darter caught with a seine in Listanitou, 29 August 2010.

Table 5. Listing of the species collected, lengtiejght, sex, and diet information for
fishes from Lake Manitou, Shiawassee County, MIARfust 2010. LB=largemouth
bass, BC = black crappie, BG = bluegill, PS = pumgéed, GL = golden shiner, ID =
lowa darter, YP = yellow perch, WS = white suck€X = unknown fish, NA = not

available, ZOOP = zooplankton, M = male, F= feméake poorly developed gonads. MT

= empty stomach.

Fish Gear Length Length
No. Species Used (Inches) Sex  Diet
1 LB S 289 11.4 11.8 F1 XX FISH
2 LB S 197 7.8 31 F1 MT
3 YP S 164 6.5 1.70 F1 MT
4 BG S 177 7.0 400 M1 AQ. PLANTS; DRAGONFLIES
5 BG S 169 6.7 3.10 F2 AQUATIC PLANTS
6 BG S 200 7.9 5.10 F2 AQUATIC PLANTS
7 BG S 191 7.5 470 F2 AQUATIC PLANTS
8 BG S 168 6.6 3.00 F1 AQUATIC PLANTS
9 BG S 164 6.5 3.00 F1 AQUATIC PLANTS
10 BG S 156 6.1 250 F1 AQUATIC PLANTS
11 GL S 216 8.5 5.00
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ID

BG
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YP
YP
YP
YP
BG
BG
BG
BC
BC
BC
BC
PS
PS
PS
PS
PS
LB
LB
LB
LB
LB
LB

NDOLOLLLOLOOLOOOLOOLOOLOOLOOOOOLOOnOOuOOnnnnonunununonununouounouuonuonuonunounununununununuunununomnmnonmunmunuon

71
70
76
63
66
46
62
60

144

142

150

131

136

143

147

126

116

138

133

149

124

122

131

129

108
83
38
32
30
30
74
85
78
78
60
35
40
83
90
60
60
55
94
84
80
83

120

120

118

109
88
96
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1.20
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2.00
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0.30
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0.10
0.10
0.10
0.10
0.10
0.10
0.20
0.10
0.10
0.10
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0.20
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0.10
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Il
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AQUATIC PLANTS
AQUATIC PLANTS
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AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS

CHIRONOMIDS
CHIRONOMIDS
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
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88
89
90
91
92
93
94
95
96
97
98
99

LB
LB
LB
LB
LB
LB
LB
LB
LB
LB
BC
BG
BG
BG
BG
BG
BG
BG
LB
BG
WS
BG
BG
YP*
YP
YP
LB
LB
BG
BC
BC
LB
LB
LB
BG
YP
BG
LB

40 0nunnunnnnnm
zz
N

0
N

TN-2
TN-2
TN-2
TN-2
TN-2
TN-2
GN-1
GN-1
GN-1
GN-1
GN-1
GN-1
GN-1
GN-1
GN-1
TN-2
TN-2
TN-2
TN-2
GN-2
GN-2
GN-2
GN-2
GN-2
GN-2
GN-2

98
100
116
105

98
105
112
104

96

92
275
202
182
193
204
193
195
150
303
192
454
164
158
222
221
203
133
107
154

58

60
176
217
223
203
205

75
110

3.9
3.9
4.6
4.1
3.9
4.1
4.4
4.1
3.8
3.6
10.8
8.0
7.2
7.6
8.0
7.6
7.7
5.9
11.9
7.6
17.9
6.5
6.2
8.7
8.7
8.0
5.2
4.2
6.1
2.3
2.4
6.9
8.5
8.8
8.0
8.1
3.0
4.3

0.40
0.60
0.80
0.80
0.30
0.60
0.90
0.60
0.30
0.30
11.30
5.40
3.60
4.30
4.90
4.30
4.40
2.10
11.30
5.20
39.00
3.00
2.70
4.30
4.20
3.20
1.30
0.70
2.20

9.00
5.30
4.00
5.50
3.30
0.10
0.40

F1
M1

Il
F1
F1
M1
F1
Il

?BG
BG-2IN

BG 0.8 IN

MT

BG 1IN

XX FISH
ZOOPLANKTON
AQUATIC PLANTS
AQUATIC PLANTS
AQUATIC PLANTS
MT

AQUATIC PLANTS

MT
MT

AQUATIC PLANTS
AQUATIC PLANTS
MT
MT

XX FISH
BG 0.7 IN

YP 3.4 IN

BG 1IN

MT

AQUATIC PLANTS
MT

* BLACK GRUBS
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Table 6. Growth of selected fishes collected froake Manitou, Shiawassee County,
2010. Fish were collected in seines, gill nets] &ap nets, scales removed, aged and
compared with Michigan state averages (see Lath&8)19Shown is the age of the fish,
the mean age reached by fish collected and comfiib@a MDNR sources, and the size-
at-age determined from the fishes we collectednduttiis study.

AGE STATE OF MANITOU
GROUP MICHIGAN LAKE
BLUEGILL
0 2.1 1.7
1 2.9 4.6
2 4.3 5.4
3 5.5 5.9
4 6.5 6.6
5 7.3 7.0
6 7.8 8.0
7 8
8 8.5
9 8.5
10 9.2

PUMPKINSEED

2.9 3.2
4.1
4.9
5.7
6.2
6.8
7.3
7.8

coOoNO UL WNPEFEO

LARGEMOUTH BASS

0 3.3 4.2
1 6.1
2 8.7 8
3 10 8.5
4 12.1 11.9
5 13.7 11.4
6 15.1
7 16.1
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17.7
17.9

BLACK CRAPPIE

3.1

4.3

5.9

8

9

9.9

10.7

11.3

11.6

YELLOW PERCH
3.3

5.7
6.8
7.8

8.7
9.7
10.5
11.3
11.7

2.7

10.8

3.1

6.3
8.5
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GROWTH OF MANITOU AND STATE OF
MICHIGAN BLUEGILLS
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Figure 4. Growth of bluegill in Lake Manitou (sgeaj compared with the Michigan state
averages (diamonds) (see Latta 1958).
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Figure 5. Growth of largemouth bass in Lake Man(guares) compared with the
Michigan state averages (diamonds) (see Latta 1958)
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LAKE MANITOU BLACK CRAPPIE GROWTH

T

10
O
P
£ 8 / —e— MICHIGAN LEN(IN)
I
56 —=— MANITOU LEN(IN)
G 4]
-

2 _

0 T T T T

0 2 4 6 8 10
AGE (YR)

Figure 6. Growth of black crappie in Lake Manitegyares) compared with the
Michigan state averages (diamonds) (see Latta 1958)
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LAKE MANITOU YELLOW PERCH GROWTH
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Figure 7. Growth of yellow perch in Lake Manitog@ares) compared with the
Michigan state averages (diamonds) (see Latta 1958)
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LAKE MANITOU PUMPKINSEED GROWTH
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Figure 8. Growth of pumpkinseed in Lake Manitow@es) compared with the
Michigan state averages (diamonds) (see Latta 1958)

DISCUSSION

To summarize the results, Lake Manitou would prdpabe classified as
eutrophic due to moderate phosphorus concentratigp®xia on the bottom of the lake,
its shallow nature, warm-water fish population,dlyreen algae blooms in summer, and
probable regeneration of P and N from thick andient-rich sediments. It appears also
to receive excessive nutrients from developmentradothe lake (lawn fertilization,
runoff from these lawns, septic tanks) as wellaagé periodic inputs from the creeks and
run off that enters the lake from the agricultyradlbominated watershed. In addition,
Lake Manitou is unusual in that we suspect thatt bogffic during summer is de
stratifying the lake. This results in the losstloé cool water layer in the lake, which is
important for cool water fishes, such as northeke.p This has implications for the fish
community, which is also a typical warm-water coexplbut has the problem of the
presence of common carp and the loss of cool wetkitat creates a poor environment
for consideration of promoting northern pike in take. Another problem in the lake is
the presence of Eurasian milfoil, a non-indigenmarophyte, which is abundant in the
lake and undergoes intensive treatment by the daiseciation. Excessive exotic plant
growth can lead to stunting of sunfish (not obsédj\vend clogging of large portions of
the lake, which can lead to problems which canbiswimming and boating in their
vast beds. This problem is being dealt with bylgk® association and we support their
efforts to keep this exotic species in check. €heralso probable excessive nutrient
inputs from the sediments during summer hypoxia (@issolved oxygen), which results

41



in the degradation of water quality and a declmeame of the biological indicators used
to characterize the lake (see Table 7 for a quickrsary of items of interest).
My major concerns are itemized below:

1. Fish Management

Despite probable complaints from fisherman, we dbsee any major problems
with most of the fish community in Lake Manitou,tivithe exception of two issues. The
fish species complex appears to be moderately skyerven though we did not hear
about or collect a large number of other species #re sometimes present in lakes
including other minnows, other darters, rock bdmsyfin, longnose gar, bullheads, or
brook silversides. The eutrophic (enriched) natfréhe lake is a fundamental problem
that on one hand contributes to the productivityheflake, but on the other is detrimental
to the fish community. High concentrations of mrits encourage Eurasian milfoll
growth and algal blooms, which produces thick cdeerprey (promotes stunting) and
decreases water clarity, making it more difficudt fpredators to catch prey. Efforts
should be encouraged to reduce the nutrient inputhé lake by the residents (see
Appendix 1) by not fertilizing their lawns or atl& using non phosphate fertilizers, since
it is common knowledge that most lawns need niratet P. You should also do
whatever can be done in the watershed to encouraaean vegetation near streams to
take up runoff and other best management pract@wesduce runoff from agricultural
fields in the watershed.

Catch and release for large predators (largemaoaghk And any northern pike still
present) should be enacted in the lake. Theseafishvaluable as keystone predators
helping to control stunting of young fish, should baught more than once by sport
fishers, and are probably full of mercury anywayd ahould not be eaten.

Largemouth bass young-of-the-year were collectetithere is suitable spawning
habitat for bass, hence it appears they are préseatequate numbers, are eating what
we expect — bluegills, and growing similar to staterages. We can say the same for
yellow perch, bluegills, and black crappies. Siogkany of these species would be a
waste of your money, since they appear to be regind adequately. Sometimes
placement of baskets of gravel into areas that@vered with soft, mucky sediments can
provide spawning substrate for largemouth basganfish. We did not do enough work
in this area (snorkeling or dredge samples) touatal whether there is adequate gravel
and sandy substrate in the lake. From our seimiagpears there are several areas with
substrate of this type.

One northern pike was reported as being found de#tk recent past, indicating
that this species may still exist in the lake mutow numbers. Evidence of reproduction
would be the catching by fisherman of small “hamrhandles”. If they are then
adequate spawning is ongoing, but we doubt any baea caught, we caught none in
our nets, and as noted, the current conditionbendke are degraded for northern pike.
De-stratification during summer has removed a michrser, cool-water refuge that
northern pike require to flourish in a lake. North@ike are desirable, exert good control
on panfish populations, and provide a good spat fior fisherman. We have no
problem if you want to stock northern pike, but @@not support it very strongly, since
the environment is too warm for them and thereasmd summer cool water refuge;
hence they would not survive well in the lake.
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Lastly, common carp appear to be abundant in tke I& his is an exotic species
that can increase water turbidity, compete with sowtive species, and may on occasion
eat eggs of natives. They should be removed kedgllanyone catching them on hook
and line and archers should be encouraged to retheve as well. In addition, we have
contacted MDNR and discussed the possibility ofifga team of lake residents, who
would be given a permit, to use a special net dadleérammel net, which is specially
designed to catch carp. This net could be deployeithg the spawning season and could
help reduce the number of common carp in the |aKa@s is a net that is commonly used
by commercial fishermen on the Mississippi River e Asian carp we have heard so
much about. One drawback is that there is a pitisgilgou will catch other native
species, but those natives that might be caughidedargemouth bass (they do not get
caught in these types of net very often) and nontpée (which appear to be rare or non
existent). The way to reduce impact is to set mieisfor a short period of time until one
gets experience with what happens and most fismatr&illed in this type of net, since
they are usually not set for long periods of time ¢he fish are bagged not gilled by the
mesh. Some commercial drive the carp into the wbich might also be used in the
tributaries, where the net could be placed acresgriouth and then boats used to drive
the common carp into the net.

2. Eurasian milfoilMyriophyllum spicatum)

We identified Eurasian milfoil as one of the fundamal problems in Lake
Manitou, along with the excessive nutrients it reeg, because it: 1.) affects fish by
covering spawning sites, promotes stunting by preng predators from being able to
access fish, and degrades fish-food organisms tigripeesent for fish, 2.) creates
massive amounts of plant biomass that can rot meréase the amount of sedimentation
in the lake, leading to dissolved oxygen depletionghe main basin, and 3.) obstructs
recreational use of the lake by growing in vastsbedshallow water. The problem is
being addressed by the lake association and st@uttbntinued in order to maintain at
least a semblance of good habitat and open watesador recreational uses.

2. Aerators

There are several aerators placed in the shalleasaf several of the bays on the
southern and eastern side of the lake. The aerhtaws positive and negative aspects.
The positive aspects include their ability to pd®/dissolved oxygen to the water column
when it may be low or at zero levels. Unfortunatéhe usual time this occurs is during
winter, when the aerators are not in operation.dhla exist on dissolved oxygen in Lake
Manitou during winter, but you should consider dpii, especially when we have
winters like 2010 and 2011, when there is early lamg-lasting snow. Based on what
happens in summer, there could be substantial til@plen the bottom of the lake, which
could become serious if the winter is long. Durthg summer, there could be dissolved
oxygen sags in some of the shallow, plant-infesi@gs on the eastern side of the lake.
During the day, plants and algae produce dissobxggen, but at night they respire and
use up oxygen; hence the aerators may be doing goattin those places.

The negative aspects are that they may not beydoip good for your money and
worse may be contributing to de-stratification bétlake. Most lakes in Michigan
stratify into three layers during the summer, tpdiranion (top), thermocline (middle)
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and hypolimnion (bottom layer) (see introductorytenial for more detailed discussion).
The bottom layer contains cold water and decomioosiprocesses occur during the
summer stratification period proportional to theguctive status of the lake. These
processes produce large concentrations of decotiggoproducts: phosphorus, nitrates,
ammonia and other toxic substances such as lovo tdigsolved oxygen and hydrogen
sulfide, which is toxic to fish. These materiaiayson the bottom isolated from the top
because of the thermal structure until the falléidurn” when the temperatures become
similar (39 F) from top to bottom and mixing of tkatire water column occurs due to
wind action. These nutrients then remain in théewaolumn and are not utilized fully
since the water is too cold and hence fuel next'yedgae and aquatic plants. So we
believe that the aerators may stir up the bottodinsents in these shallow areas, release
more nutrients that would have been buried in gtBnsent, resulting in excessive aquatic
plant and blue-green algal blooms. The offset beyhat they prevent “summer kill” by
aerating these areas at night when dissolved oxyggnbe lowered.

3. Sediments

The sediments in Lake Manitou are probably vergklaind rich, from years of taking
in leaves, nutrients, and other detritus in ruricdm the local watershed, decomposition
of vegetation, septic tank and lawn fertilizatiomnoff, and erosion/runoff from the
surrounding agricultural land. These sedimentsagmt a vast reservoir of fertilizers (N
and P) that the macrophytes are taking up and ttivaugh re-suspension, become
available in the water column and fuel macrophytamgh and algal blooms. Sediments
when they decompose, especially in summer, are @sponsible for the lack of
dissolved oxygen on the bottom, which promotes @beumulation of toxic materials
(ammonia, hydrogen sulfide, lack of oxygen) andtilieers (high nitrates, P, and
ammonia). In addition, the anoxia promotes theemegation of P from the sediments,
which does not occur under conditions of any disswbloxygen present on the bottom.
One option that you might consider in the futureahditions get really degraded is a
winter drawdown to reduce the sediment buildughelake. You have the dam to effect
such a change. A 5-ft drawdown for example, wddildall the Eurasian milfoil from 5
ft on in to shore and consolidate, dry, and redtle thickness of the sediments
nearshore. Drying of the sediments is a good m&mnagt tool, since it increases depth,
which can improve water quality, and may assisfigteif more favorable bottom habitat
is exposed and thick vegetation is removed. Drawdohave three serious drawbacks
however: it will be initially expensive, you willeed a permit, but most importantly, it
may result in winterkill in your lake since we haakeady identified dissolved oxygen
problems in summer. Some preliminary work on wintéssolved oxygen and the
possibility of installing the aerators during thenter would have to be part of the
thinking if this option is ever considered.

4. De-stratification

Boat traffic on the lake we believe is de-stratifyithe three layers of the lake during
summer. The physical properties of water dictheg these three layers form during
summer, since the coldest water is most denseiendrsthe bottom, while the warmest
water sits on top. This effectively seals the dmottwaters from mixing and keeps
fertilizers and other toxic substances on the bottmtil the fall overturn. We base this
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finding on little difference in the water tempenatsi from surface to bottom, the uniform
concentrations of two of the three nutrients we sneed, and the boat traffic we
observed when we were sampling. De-stratificatesults in the mixture of fertilizers
into the surface waters which then leads to ble=gralgal blooms and increased aquatic
macrophyte growth, including Eurasian milfoil. \We not think banning boat traffic is a
viable option, but do need to point out that tléeras to be happening and is part of the
reason why excessive algal blooms are flourishinigake Manitou.

5. Lawn fertilization and runoff from the occupikahd surface

Nutrient enrichment in Lake Manitou is the othendamental problem in the
lake. It appears to derive from three sourcesstowification of the lake (see 4),
agricultural runoff from the watershed, and locgdut of nutrients from residences. It is
always a good idea to reduce the imprint of hunmanthe lake ecology (see Appendix 1
for a list). Efforts should be directed at modergtor eliminating lawn fertilization on
Lake Manitou; test lawns for the presence of phosph before adding any, and if
fertilization is thought necessary, then get ora it phosphorus free. Most lawns show
no additional need for P fertilization. We alsgpart extensive greenbelts near shore to
retard nutrient export into the lake; many of theris we saw had steep long reaches to
the lake and had no greenbelts nearshore to retaaff into the lake. Septic tanks
should be cleaned often, at least once every Zyeaeduce nutrient input due to septic
tank runoff into ground water feeding Lake Manitdaterfowl, especially geese which
are abundant on the lake, should not be fed oruwraged to hang around, since they
contribute fertilizer to the lake. Pets shouldtaken away from the lake or dropping
cleaned up and not allowed to enter the lake. ésahould not be burned at the edge of
the lake.

6. Additional Exotic Species

You have an infestation of Eurasian milfoil, whialas brought into the lake by
some resident who visited an adjacent lake or Grake and carelessly neglected to
clean off the aquatic plants from the vessel oeoitem used before putting it into Lake
Manitou. Another route for not only plants, bus@invertebrates and exotic fish, is bait
buckets. Use of bait in the lake can not only agrexotic species, such as common carp,
but also viral hemorrhagic septicemia, which isimuss recently implicated in killing
many muskies and other fish species in Lake St.Claimight be a good idea to ban the
use of minnows in the lake or at least make sua¢ thinnows come from a reliable,
disease-free source before they be allowed in dke.| The other highly undesirable
exotic species that could be introduced to the ialtee zebra and quagga mussels, which
have wreaked havoc in the Great Lakes, especiake lHuron. In addition, we have
recently worked on a lake in Oakland Co. which Isdrry stonewort, an aquatic
nuisance species, which looks likthara a green alga. It is said to be worse than
Eurasian milfoil since it has no roots, grows massnound of plant material, and is
difficult to kill. Copper sulfate can kill it, butan cause toxicity to other organisms in the
lake. Mostly it is harvested now. Hence, thereudth be an effort in the rules or the
newsletter to inform the lake residents and/origsthe possible entry of exotic species
by making sure that water craft, SCUBA gear, or ather item is free of water and
plants before they are put in Lake Manitou. Thaymequire careful inspection, treating
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water in the boat with bleach (chlorine), lettingnns sit in the sun for a week, and not
dumping bait buckets or any minnows or bait inte Itke.

Table 7. A compilation of the various chemical abidlogical measures for Lake
Manitou and a qualitative assessment (good, bagyoidem) in general. + = positive,
0 = as expected, - = negative. “See guidelinegrseo Appendix 1 — guidelines for lake
residents to reduce nutrient input into the lake.

Condition Qualitative
Documented assessment Problem Pdtentia Action to Take
Physical

Water Clarity reduces visibility for fishSecchidd program,reduce P

Water Depth - sediment buildup Drawdown
Water Temp. - Warm up; mixes Boat traffic?
Sediments - thick, highly organic alidown
Chemical
pH 0 None None
Dissolved oxygen - hypoxia boat traffic?;nutrieeduction
Chlorides + None None
Nitrates + No Buildup See Guidelines;reduce P
Ammonia - Buildup on bottom See Guidelines;reduce P
SRPhosphorus + No Buildup on bottom  See Guideliedsgce P
Hydrogen sulfide + No Buildup on bottom  See Guidedi;reduce P
Biological
Algae - Blue-green algae bloom Reduce P input
Macrophytes - Eurasian milfoil 2,4-D,SONAR
Fish
Northern pike 0 None caught Monitor, no stogkin
Largemouth bass + YOY present;grow well NormEcuate spawning
Bluegill + Adequate Maintain predator balance
Yellow perch  + Adequate Monitor; do not stock
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RECOMMENDATIONS
1. Fish Management

Most of the sport fish in Lake Manitou are growingll and seem to be have well
balanced populations. Some suggestions are:

a. Do not stock any largemouth bass or yellow lgeboth are reproducing
adequately. Additional spawning habitat for largemh bass could be provided (rock
and gravel baskets embedded in the substrateyrié ik inadequate substrate present.

b. Northern pike could be stocked, but we dothotk they will survive well
because of the warm environment and lack of midnsencool water habitat destroyed
by excessive boat traffic. Walleyes definitely wibt survive for very long in the lake.

c. Practice catch and release for large predatwostly largemouth bass and any
northern pike that may be left in the lake. Thésk are probably contaminated with
mercury anyway.

d. Remove any common carp caught by hook and lamehers shoot be
encouraged to shoot them, and we are hoping toiggdvammel nets to reduce their
numbers during summer if a resident team can bdifael to perform this service during
the spawning season.

2. Eurasian milfoil Kyriophyllum spicatum)

Eurasian milfoil is common throughout the lake. sTlproblem is complex,
expensive to address, and is being addressed bgnanitted effort by the lake
association. The best that can be hoped for idoae its presence to a manageable
level. Options for addressing the milfoil probl@ppear in three categories below; the
lake association has chosen to use herbicidesackathe problem.

A. Herbicides

The herbicide: 2,4-D and SONAR are two herbicidest tappear to give good
control of milfoil.

B. Harvesting

Harvesting is another option for controlling thelfoil. It has many drawbacks
and usually does not provide the kind of contrcdinbsl.

C. Biological control (weevils)

Third, one can use biological control, i.e., weg\that feed on the plants. It has
been shown to reduce the plants in some circumssanc

3. Aeration

There are several aerators in the lake in theabdytributary areas. They have
drawbacks (re suspend sediments and nutrientsifuatjuatic plants and algal blooms)
and some positive features (they can provide disgobxygen to an area that becomes
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anoxia during the night). At the present time,hage no evidence to suggest they be
should be removed, until more studies are donetbdut what actual services they
provide.

4. Sediments

The sediments in Lake Manitou are probably vergktand rich in the main basin.
When they decompose, there can be anoxia, accuanulait toxic materials (ammonia,
hydrogen sulfide, lack of oxygen) and fertilizetégh nitrates, P, and ammonia), and
regeneration of P. If conditions in the lake shoeN@r degrade to unacceptable levels, a
drawdown of the lake level would reduce sedimeridbp in the lake and kill Eurasian
milfoil in the nearshore zones.

5. De-stratification

Based on our water temperature and water qualitgsorements in the main
basin of the lake, it appears that boat traffithis basin de-stratifies the lake. This mixes
nutrients on the bottom into surface waters whieey tan be used by aquatic plants and
algae and destroys a cool water refuge requireddod growth and survival of northern
pike. Since banning boat traffic in that basimpigbably not an option, this finding can
only act to inform the lake association of theisgible options.

6. Influx of nutrients into Lake Manitou

There are three major sources of nutrients to LMkeitou: re cycled nutrients
from the sediments (see no. 5 above), inflow frbmm ditches and creeks that feed the
lake, and input from the residents. Little candome with the sediment input besides
dredging the lake. The runoff from agricultural igities in the watershed could be
addressed with more riparian vegetation along itehes and best management practices
by the farmers in the watershed. Lastly, sevéiiabs can be done by residents to reduce
nutrient input to the lake (see Appendix 1 forst)li Moderate or no lawn fertilization;
use only phosphorus-free, nitrogen-based fertilizéPlant greenbelts near shore, if
necessary, to retard nutrient export into the laReptic tanks should be cleaned often, at
least once every 2 years. Waterfowl should nofeldeor encouraged to hang around.
Pets should be taken away from the lake or dropplieaned up and not allowed to enter
the lake. Leaves should not be burned at the efitpe lake.

7. Non-indigenous species

You already have one of the scourges of the lakedichigan and around the
country, Eurasian milfoil. There are others youndt have yet, especially zebra mussels,
so you need to include as part of any newslettetlogr communication with residents to
be very, very careful whenever they come from & ltlat “might” have veligers (the
small microscopic reproductive stage of zebra makserhis especially includes boats
that were in a Great Lakes or infested inland lak&sats or equipment that might harbor
these aliens should be examined and all obvioud phaterial removed. Boats and other
equipment should either allowed to sit for a coupéeeks and dry out or treat them with
bleach. There might be other ways they can entakea as well, including SCUBA
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divers and their gear, bait-bucket dumping (newenyp bait and bait should probably be
discouraged/banned in view of the threat of VHSalvhemorrhagic septicemia) and
veliger transfer in the bait buckets of fishermimnaddition, any stocking of fish into the
lake should be discouraged because Lake Manitos ”oeneed any; northern pike will
probably not survive or grow well given the poomsstilved oxygen conditions in
summer, and they may be carrying VHS into the lakée live in strained times, and
extraordinary efforts must be made to avoid thesblpms.

8. Networking and Education

The Michigan Lakes and Streams Association andhdagazine the Riparian are
great sources of information on lakes, what othke$ are doing, they run a water clarity
and nutrient program (with the DEQ), and they pdeva forum for asking questions, and
an annual meeting to get together with other sinfdlke associations to discuss mutual
problems. The lake association at a minimum shguitd and the Riparian should be
recommended to interested residents (cheap subsnjip

The best solidarity that can be generated amorghipers can be fostered by a
newsletter and regular meetings by lake associatiembers to discuss the management
techniques ongoing, planned, or problems that teéd addressed.

SUMMARY OF RECOMMENDATIONS
1)) Fish

a. Do not stock any largemouth bass or yellow perahwalleyes for that
matter). Northern pike can be stocked, but wea@aecommend it.

b. Initiate a common carp control program using tratmess

c. Establish a catch and release program for top prexia

2.) Eurasian milfoil
a. Continue the control program in place to rediheeabundance of this exotic
species

3.) Aeration

a. Continue aerating shallow areas (avoid deegsamtil a program can evaluate
whether the positive impacts justify possible negaimpacts

4.) Sediments
a. One major lake restoration effort (drawdown)pisssible because of the
presence of a dam. A winter drawdown would codsdd sediments and kill aquatic

plants in the areas exposed.  Keep this optianind for the future if Eurasian milfoil
problems become too costly and time consumingwergiroblems develop.
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4.) De-stratification

a. Boat traffic appears to be de-stratifying ldee. The obvious solution is
banning boat traffic, but assuming this is not atiam, managers should be aware that
this is part of the problem of excessive nutrientsake Manitou.

6.) Influx of nutrients into Lake Manitou

a. Re-suspended nutrients from the main basimefake can only be dealt
with by banning boat traffic (not an option) or dging the lake.

b. Agricultural runoff can be slowed by ripariaagetation along the creeks
and best management practices by farmers in thersvesd.

7.) Non-indigenous Species

a. Prevent zebra mussels, goldfish and common car®,\@Ad other exotic species
from entering Lake Manitou. Consider a ban on bed, especially minnows and
crayfish. Issue warnings in newsletter. Have peealpy or bleach the water in
any boats or equipment that could have come froooraaminated lake. No
stocking of any fish by private individuals to pest the entry of exotic species of
fishes (e.g., goldfish) and diseases, such as \Widfi;h could destroy the fish
populations in the lake. Never dump bait bucketsrused bait into the lake.

8.) Networking and Education

a. Get connected: Join Michigan Lakes and Streams ddatson and meet
regularly to discuss progress and problems.

b. Join MLSA'’s secchi disc monitoring prograwhich will provide good
information on water clarity changes in the lakethbseasonally and annually.
There is a Cooperative Lakes Monitoring Program NIB), which is jointly
sponsored by the MI Department of Environmental lQuand the Michigan
Lakes and Streams Association. This program ishbyrnvolunteers, who are
trained by the DEQ and MLSA, take the weekly measwents of secchi disc
readings and spring and summer water samples faenumeasurements. Data
are then reported to the DEQ; they put them ontasite for all to view.
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APPENDICES

APPENDIX 1. Guidelines for Lake Dwellers; some nmay apply.

1. DROP THE USE OF "HIGH PHOSPHATE' DETERGENTS&Ise low phosphate
detergents or switch back to soft water & soap.tridats, including phosphates, are the
chief cause of accelerated aging of lakes andtresalgae and aquatic plant growth.

2. USE LESS DISWASHER DETERGENT THAN RECOMMENDEDRY HALF).
Experiment with using less laundry detergent.

3. STOP FERTILIZING, especially near the lake. Dot use fertilizers with any
phosphate in them, use only a nitrogen-basedifentil In other areas use as little as
possible liquid fertilizer rather than the granusamellet inorganic type. Do not burn
leaves near the lake.

4. STOP USING PERSISTENT PESTICIDES, ESPECIALLY DDOHLORDANE,
AND LINDANE. Some of these are now banned becaidigbeir detrimental effects
on wildlife. Insect spraying near lakes should betdone, or at best with great
caution, giving wind direction and approved pesdtsi first consideration.

5. PUT IN SEWERS IF POSSIBLE. During heavy raihfaith ground saturated with
water, sewage will overflow the surface of the smild into the lake or into the
ground water and then into the lake.

6. MONITOR EXISTING SEPTIC SYSTEMS. Service tanksery other year to
collect and remove scum and sludge to prevent aiggof the drain field soil and to
allow less fertilizers to enter the groundwater #reh into the lake.

7. LEAVE THE SHORELINE IN ITS NATURAL STATE. Do rofertilize lawns
down to the water's edge. The natural vegetatitirhelp to prevent erosion, remove
some nutrient from runoff, and be less expensiveaintain. Greenbelts should be
put in to retard runoff directly to the lake.

8. CONTROL EROSION. Plant vegetation immediatefgraconstruction and guard
against any debris from the construction reachiegake.

9. DO NOT IRRIGATE WITH LAKE WATER WHEN THE WATER EVEL IS
LOW OR IN THE DAYTIME WHEN EVAPORATION IS HIGHEST.
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10. STOP LITTER. Litter on ice in winter will engp in the water or on the beach in the
sprig. Remove debris from your area of the lake.

11. CONSULT THE DEPT OF NATURAL RESOURCES BEFORE RAFIG
CHEMICAL WEED KILLERS OR HERBICIDES. This is manubay for all lakes,
private and public.

12. DO NOT FEED THE GEESE. Goose droppings afeinautrients and bacteria.

From: Inland Lakes Reference Handbook , InlankekeShoreline Project, Huron River
Watershed Council.

APPENDIX 2. POSSIBLE USEFUL AQUATIC PLANT MANAGEMRET TOOLS

A WEED CUTTER THAT CUTS AT THE BOTTOM

An excellent hand tool cutter is the "Water Weedt€ti which cuts a clear swath 42"
wide right at the bottom. Outdoor Enterprise®fthe tool (1-800-299-4198 ext 19 /
8am-4:30pm) for $129 and a special rake for $118oth for $200. It is effective to
depths of 10 feet. | don't know if they haveebgite; however, they advertise in the
Riparian magazine.

GARDEN DIGGING FORK

Sears or Ace Hardware and probably Home Depotseélline garden digging fork.

They generally have short handles with a handajripe top. To remove lily pad tubers
in sand/aggregate bottom areas, you will needdloisfor best effect. Should be just
below $20 for a good one. If the tubers are irckna three tined garden cultivator
works; however, your situation requires the fork.

BOW RAKE

Same stores will offer a garden bow rake, abouh2Res wide, for $20. To make this
rake an effective tool, you need to wrap a piec&bfalvanized hardware screen around
the rake (a piece 12" by 24” will do fine). Fir&br safety sake, turn over any cut edges
and hammer them flat using the width of the rakedhes a guide. Work the rake tines
through the wire until about 1 %" of tines are lveltve wire edge and fold/bend the wire
over the bow and then fold/bend in the ears urftebow and wire fasten. The exposed
tines will dig out shallow roots and the screertleas the roots, tubers, and stones.

FLOATING BIN

Use a plastic cement mixing trough/bin (Lowes ontdécDepot) which will carry/float
several bushels of weeds that can be floated te sl sledded across land. They are
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cheap, nest to store, lightweight, and durableill ®couple of ¥2” holes in the edge
flange and add a pull rope. Sometimes, if itisdy, a small anchor helps. These are
much easier to handle and clean out than usingafboa weed removal container.

COMPOST PILE

Compost as far from water as is practical sinceéents leach from the pile and re-enter
the lake through groundwater. Consider havingrevenient dump/pile area at shore and
then later moving the pile elsewhere with a tractéiryou intend to create gardener
compost, then you need to layer your final pilewgix inch interval layers of leaves and
sprinkle a shovel or two of soil over each layegéb soil organisms distributed in the
pile. Alternating layers of green and brown wbdst although a weed pile with soil
sprinkles will produce decent compost althoughkes longer.
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