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1.0 EXECUTIVE SUMMARY

PhysicalCharacteristicsStatus:

Silver Lakeis located in Sections 19, 20, 29, 30, and 31 of Golden Township, Oceana Co
Michigan (T.15N, R.18W). The lake is comprisé&a¥9f2acres (RLS, 2018 bathymetric datand is
the center of a recreational community as the west shore of the lake is bordered by sand dunes
abut Lake MichiganThe surface area dbilver Lakeavas around 690 acres in 1950 but has bee
reduced due to sand dune encroachment. Silver liakenatural lake with a dam located at the
southwest corner and has three areas of water influx which include a spring locateel mbttheast
corner, HunterCreek inlet at the west shore, and a snudathinage aredocated on the south shore
near the Silve Lake State Park. The lake has a shoreline of approximateinilesand a mean
(average) defn of 14feet and a maximum depth of Z2et (RLS, 2018 bathymetric scan dat@jhe
lake also has a fetch (longest distance across the lake) of approximagelyiles (MDNR, 2006).
SilverLake hasan approximate water volumef 9,379.96 acrdeet (RLS, 201Bathymetric data).
The approximate residence time of water in the lake is around 223 days.

Aquatic Vegetation Status:

Based on the current studyilverLakecontainsapproximately 11.@cres ofthe exotic submersed
macrophytehybrid Eurasian WatermilfoilMyriophyllumsibiricumvar. spicatumL.) Other exotics
suchasthe submersedaquaticplants CurlyLeaf Pondweed were found in Hunter Crdmk would
not require management All invasivesnust be managed to prevent further population increases
and protect thebiodiversityof SilverLake Hybrid milfoilshould be managed in the spring and as
needed during the growing season with systeamciatic herbicides using granular triclopyr at a hig
dose due to hybridityand associated tolerance at lower doses

The native aquatic plant biodiversity very low in Silver Lake which has negaimpactson the
lake health andincludes contributing to a weak fishery and resulting in an osayundance of
planktonic algae thateduce water clarity.




The July 23, 2018 whalake survey orSilverLakedetermined thepresenceof 4 native aquatic

plant speciesith only two submersednd two emergent aquatic plant species present. There wa
slightly higher biodiversity of aquatic plants in Hunter Creek but that is also low. RLS recommdnds
transplanting of native strain aquatic plants from Hunter Creek into Silver Lake if the agtiatc

plant biodiversity does not improve without interventiorincreasing thisdiodiversityshould be a
primary goal for the lake improvement programmcreases in biodiversity would also be expectec
with continued reduction of invasive milfoil in the &k

Water QualityAlgae Status:

Theoverall water qualityof SilverLakewas measuredasfair to goodwith much less water column
total phosphorusand orthophosphorusthan total inorganic and total kjeldahlitrogen. The mean
total phosphorusconcentration wa$.021 mg £ and the mean orthgphosphorus was < 0.010 mg L
1 (below detection) for the July 23, 2018 samples in the three basin locatidnsfact, the
percentage of nitrate (N& of the total nitrogen ranged from 192% which is quitdiigh since
nitrate contributes to algal growth. In additipthe overall mean nitrogen to phosphorus i@{N:P)
was 36which indicates that there is approximately 3@mes more nitrogen in Silver Lake water than
phosphorus which means that phosphorustli® limiting growth factor. An additional limiting
growth factor for aquatic plants is the reduced water clarity with a mean Secchtrdissparency
on July 23, 2018 of 3.9 feet which is quite low. This limits lmgntetration to the roots of
submersel aquatic plants in the majority of the lake littoral zori@issolvedoxygenconcentrations
ranged from a low of 3.8 mg!Lin basin #1 (north) to a high of 7.8 mg in basin #3 (south).
Although the low dissolved oxygen concentration does not indieatexia, theseoncentrationsare
not ideal for a lake warm water fishery as the minimpreferred concentration is around 5.5 mg L
1. This paramter should be monitored throughouhe growing season to determine if dissolved
oxygen supplementation methodse needed in the near future to enhance the health of the lakg
fishery. Water temperatures ranged from a low of 24.2°C to a high of 24.5°C which indicat@s a
completely mixed lake system (polymictic). The pH of the lake water ranged from 7.5 S.USt0 8.
with the lowest and highest values recorded at the bottom and surface of basin #1 (nortl),
respectively.The specific conductivity of the lake water ranged from -332 puS cm which is
moderate for an inland lake and indicates higher values for salt activity near basin #talcerar
dunes). The total dissolved solids ranged from-228 mg E which is moderately high and
indicates the presence of ample dissolved substancdabe water column that can contribute to
reduced waterclarity.

The highest concentrations of nitrate were in Hunter Creek which indicates that this tributary i a
significant source of nitrate for Silver LaRhosphorusoncentrations were lowest ithe Creek yet

the specific conductivity and total dissolved solids were slightly higher than in the IHkeate
concentrations at both the mouth and head of the Creek were around 3x higher than in Silver Lgke.
As a result of this, a Critical Sourdealysis(CSA) evaluation of the Creelknsededto recommend
BestManagementt NJ Ol A OS &suatessiutly®diiae nitiia® loads to the lake which should
improve water quality over time.



Chlorophylta concentrationswere negative but the pheophytia cncentrations were around 11.8
ug Lt which is quite high and indicatebat the central magnesium (Mg atom that is found in
chlorophyll and green algae was lacking. This means that the cyanobacteria(b&realgae) have
the distinct advantageof using nitrate and ammonia in the water (along with §as from the

atmosphere) as food and can ecbmpete the green algae due to their faster growth rates ang
ability to be buoyant at the lake surface which reduces light to underlying green algaeelgtive
lower abundanceof green algaerelative to bluegreen algaecan reduce needed food for
zooplankton which can also create limitations on food for the lake fishery.

Lake Fishery Status:

The lake fishery spawning habitat is under great threatnf the existing milfoil growth, lack of

native aquatic vegetation, and lack of woody debris. In addition, the lake fishery is threated by pw
guantities of favorable green algae and lower dissolved oxygemcentrations with depth.
Previous historical fishery surveys by the Michigan Department of Natural Resources (MONR)
indicated the presence af6 native fish species in the lake but this will need to be revised with
future inventory of species in the near future. A 2017 MDNRSfiskihR Sa NB L2 NI o0 &f h ¢
that the current walleye population is thriving due to intensive fish stocking efforts by the MDIgR
from 19792018. The report also supports the concerns amdommendationsin this lake
management plamffered by RLS.

Erosion Control Status:

It is also recommendedthat the Silver Lake community implement Best Management Practices

0 . a ttdxaduce thenutrient and sediment loadbeing transported ito the lakefrom areas with

high slope(> 6% slope). At the request of the Silver Lake Improvement Board, RLS staff fgave
identified problematic areas with a potential for erosion, or currently experiencing active erosi
While conditions on the western and southern shorelines are good, sorster@aand northern
shoreline areas are experiencing active erosion and sedimentation that could impact water quagty,
lake habitat and recreational activities. Shoreline restoration efforts should be focused in thgse
areas.

The use of vegetation alone astreatment relies solely on using sprigs of emergent aquatic plantj,
such as water willow, bulrush, spikeshes, or other grasike plants, and unrooted cuttings or
poles of dormant woody plants, such as willow. Emergent aquatic plants would be phaaetbne
lakeward of the shoreline in water depths extending up to 1.5 feet. Woody plants would be planged
from the shoreline on up to an elevation that is affected by erosion. More severely eroded ar@as
should focus on using vegetation in combinationhastome materials such as geotextile fabrics o
mats and stakes and wire to anchor plants into the ground. This includes a variety of options guch
as coco fiber geotextile rolls, erosion control mats, and willow bundles. These techniques are giten
used with rock riprap for extra protection in areas where fetches in combination with wind produc
waves greater than 1 foot in height.



In addition to mitigating erosion, restoration work will assist in increasing the abundance gad
distribution of aquatic vegation that is scarce in Silver Lake. Repairing eroded slopes can e
problematic due to restricted access and difficult working conditions. Such difficulties can resulin
high costs for slope repair, therefore minimizing the disturbance of natural sherelfeas and
implementing effective erosion protection in actively used spaces can prevent or reduce fhe
magnitude of these problems.

2.0 LAKE ECOLOGY BACKGROUND INFORMATION

2.1 Introductory Concepts

Limnology is a mukHiliscidinary field whichinvolves the study of the biological, chemical, and
physical properties of freshwater ecosystems. A basic knowledge of these processes is necessfiry to
understand the complexities involved and how management techniques are applicable to curfgnt
lake issus. The following terms will provide the reader with a more thorough understanding of t
forthcoming lake management recommendations 8ilverLake

2.1.1 Lake Hydrology
Aquatic ecosystems include rivers, streams, ponds, lakes, and the Laur@n¢ianLakes. There are

thousands of lakes in the state of Michigan and each possesses unique ecological functiongland
sociaeconomic contribtions. In general, lakes are divided into four categories:

Seepage Lakes,
Drainage Lakes,
SpringFed Lakes, and
Drained Lakes.

Some lakeqseepage lakesgontain closedbasirs and lack inlets and outlets, relying solely on
precipitation or groundwater for a water sourceSeepage lakes generally have small watershedgs
with long hydraulic retention times whichender them sensitive to pollutantsDrainagelakes
receive significant water quantities from tributaries and riveBrainage lakesontainat least one

inlet and an outlet and generally are confined within larger watershetth shorter hydraulic
retention times As a result, thegire less susceptible to pollution. Sprifegl lakes rarely contain an
inlet but always have an outlet with considerable flow. The majority of water in this lake tyfle
originatesfrom groundwater and is associated wighshort hydraulic retention timeDrained lakes

are similar to seepage lakes, yet rarely contain an inlet and have-adevoutlet.



The groundwater and seepage from surrounding wetlands supply the majority of water to this I
type and the hydraut retention times are rather high, makintpese lakes relatively more
vulnerable topollutants The water quality of a lake may thus be influenced by the quality of bot
groundwater and precipitation, along with other internal and exterpdiysical, chenmcal, and
biologicalprocesses.SilverLakemay be categorizd as adrainage lake since it has an inlet at the
east shore of the lake(Hunter Creek) and small drainage areas as welarasoutlet at the

southernmost shore of the lakewhich enters Silver Creek that eventually drains to Lake Michigal.

Additionally, the lake also receives water from wetlands and ruaod spring activity
2.1.2 Biodiversity and Habitat Health

A hedthy aquatic ecosystem possessa variety andabundanceof niches (environmental habitats)
available for all of its inhabitants. The distribution afmiadance of preferable habitat depeadn
limiting Y' I yigflaence from man and developmenthile preservingsensitive or rare habitats. As

a resultof this, undisturbed or protected areas generally contain a greater number of biologig®

species and areonsideredmore diverse. A highly diverse aquatic ecosystem is preferred over o
with less diversity because it allewa particular ecosystem to psess a greater number of functions
and contribute to both the intrinsic and soeexonomic values of the lakeHealthy lakes have a
greater biodiversity of aquatic macroinvertebrates, aquatic macrophytes (plants), fish
phytoplankton, and may possesspéentiful yet beneficial benthic microbial community (Wetzel,
2001).

2.1.3 Watershedsand Land Use

A watersheds defined as an area of land that drains to a common point and is influenced by bq
surface water and groundwater resources that are often impadtgthnd use ativities. In general,
larger watershed possess more opportunities for pollutants to enteretbco-system altering the
water quality and ecological communities. In addition, vatersheds that contain abundant
development and industrial sites are more vulnerable to water quality degradation $ioe
pollution which maynegatively affectooth surface and groundvater. Since many inland lakes in
Michigan are relatively small in size (i.e. less than 300 acres), they are inherently vulnerabl
nutrient and pollutant inputsdue to the reduced water volume and small surface area As a
result, the living (biotic) components of themaller lakes (i.e. fishery, aquatic plants, macro

watershed influences. Land use activities have a dramatic impact on thigyqofasurface waters
and groundwater.

In addition, the topography of the land surroundiadakemay make it vulnerable to nutrient inputs
and consequential loading over time. Topography and the morphometra lafkke dictate the
ultimate fateandtransport of pollutants and nutriententeringthe lake

to

invertebrates, benthic organisms, etc.) are highly sensitive to changes in water quality frgm



Surface runoff from thetsep slopes surrounding a lakell enter a lake more readily thamunoff

from land surface at or near the sameyradeas thelake In addition, lakes with steep dreagfs
may act as collection basifor the substances that are transported to the lake from the land.

Land useactivities such as residential land use, industrial land use, agricultural land use, wager
supply land use, wastewater treatment land use, atokm watermanagementcan influence the
watershed of a particular lake. All land uses contribute to the water quality of the lake through e
influx of polutants from nonpoint sources orfrom point sources. Nopoint sources are often
diffuse and ase when climatic events carry pollutants from the land into the lake. Foatce
pollutantsare dischargedrom a pipe or input device and empty directly into a lake or watercourse.

Residential land use activities involve the use of lawn fertiliaarikefront lawns, the utilization of
septic tank systems for treatment of residential sewage, the construction of imperviofis
(impermeable, haresurfaced) surfaces on lands within the watershed, the burning of leaves ndmr
the lakeshore, the dumping of leas or other pollutants into storm drains, and removal of
vegetation from the land and near the waterln addition to residential land use activities,
agricultural practices by vegetable crop and cattle farmers may cong&ibutrient loads to lakes
and dreams. Industrial land use activities may include possible contamination of groundwat@r
through discharges of chemical pollutants.

3.0 SILVERAKEPHYSICAL AND WATERSHED CHARACTERISTICS

3.1 TheSilverLakeBasin

Silver Lake is located in Sections 19, 20, 29, 30, and 31 of Golden Township, Oceana Cgunty
Michigan (T.15N, R.18W). The lake is comprisé&a¥9f2acres(RLS, 2018 bathymetric datand is

the center of a recreational community as the west shore ofléke is bordered by sand dunes that

abut Lake Michigan (Figure The lake was reported to have a surface area of 690 acres in 1950 But
has been reduced in size due to migration of the nearby dursser Lake is a natural lake with a

dam located at thesouthwest corner and has three areas of water influx which include a sprifig
located at tle northeast corner, the Hunter Creek inlet at the ealsbre, and a small inlet located

on the south shore near the Silver Lake State Pa8prings and runoff from etlands also
contribute water sources to the lake.

The lakeis classified as &utrophic @utrient-enriched)aquatic ecosystem witla dstinct central

deep lasin The lake contains moderatesizedlittoral (shallow)zonethat could supportrigorous
submersel aquatic plant growth but currently does not



SilverLakehas amean depth of 14eet and a maximum depth d2 feet (RLS, 2018 bathymetric
data) The maximum depth was ctirmed by RLS scientists fluly of2018 with the use of a
bottom-scanning GPS system that created a modernized depttoaobathymetric map (Figure)2
The lake also has a fetch (longest distance actios lake) of approximately 1riles (MDNR, 2006).
SilverLake has a lake perimeter of approximatélg miles (Restorative Lake Scienc2318 and an
approximate water volume of 9,379.96 adeet (RLS, 2019 bathymetric data). The approximat
residence time of water in the lake is around 223 days.

In additionto the depth contour map, a map of soft versus hardtbot was also created (Figuré.3
The bottom hardness map shows th#tere are two regions offairly consolidated sediment
throughout the lake with one small area near the south shore with soft ordasttom. This is not
surprising given the amount of sand in the region which contributes to the lake gedlgerLake
contains an inlet(Hunter Creek)at the east end d the lake. An outlet is located at the
southernmostend of the lake The outlet drains tdahe Silver CreeRiver which eventuallgmpties
into Lake Michigan.

From a longerm, geological perspective, Lake Michigan was around 80 meters lower in water Iegel
than now during the time the glaciers retreated. Fisher and Lo(g85) determined that the
higher water levels destabilize coastal bluffs which can contribute to the transport of sand acrgss
the lake during ice®n and enter the lake during iemelt. Further, Fussell &tl., (2006) found that
sedimentary fauna such abe gastropodStagnicolasp., and the bivalvéisidiumsp., present in
Silver Lake sediment cores indicatgreviously much lower water levels than todayhus, as Lake
Michigan levels continue to increase, the probability of dunestibilization increase and so does

the ability of the dunes to contribute sand inputs to Silver Lake and the surrounding land.
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Figure 1.Aerial photo ofSilverLake,GoldenTownship,OceanaCounty, Michigan.




Figure 2. SilverLake depth contour map (RL3Jly 23,2018.




Figure 3.SilverLake sediment bottom hardness map (RU8ly 23.2018).

3.2 SilverLakeExtended and Immediate Watersheahd Land Use Summary

A watershed is defined as a region surrounding a lake that contributes water and nutrients tfl a
waterbody through drainage sources. Watershed size differs greatly among lakes and Rlso
significantly mpacts lake water quality.



Large watersheds with high development, numerous impervious or paved surfaces, abstatamt
water drain inputs, and surrounding agricultural lands, have the potential to contribute significat
nutrient and pollution loads to aquatic ecosystems.

SilverLakeis located within thePere MarquetteWhite River extended watershe(HUC 04060101
Thewatershed is characterized by highly variable terrain, land use, and soil types which means ghat
sustainable land use practices must consider-sgecific conditions.This information ivaluableon

a regional scale; however, it is at the immediate waked scale thasignificant improvementsan

be made by the local Silver Lake community.

SilverLake inmediate watershedonsists othe area around the lakevhich directly draingo the
lake andmeasuresapproximatelyl2,384acres(19.4mi?) in size(Figure 4RLSJuly 232018).

There are howevermany areas around the lake witkignificant slopeg>6%) These areas are
prone to erosionespeciallyin areas with norvegetated sands. The immediate watershed is
approximatelyl8.2times larger than the size &filverLake which indicates the presence aflarge-
sizedimmediate watershed In general larger watersheds have more opportunities for pollutants
nutrients, and sediments to enter water bodies.Sa i al yI 3SY Sy (&) far Bbsioni ABO S
reduction are offered in the sediment reduction section of this report.



Figure 4.SilverLake immediate watershed boundary (RLIs)y 23,2018).




3.3 SilverLakeShorelineSoils

Thee are 4 major soil types immediately surrounding Silver Lakewhich may impact the water
quality of the lake and may dictate the particular land use activities withenarea Figure5
(created with data from the United States Department of Agricult@ed Natural Resources
Conservation Servicdd999 demonstrates the precise soil types and locations aroGilderLake
Major characteristics of thelominant soil typesdirectly surrounding theSilverLakeshorelineare
discussedelow. The locations of eackoil typenorth (N), south (S), west (W), east @ listed in
Table 1below.

Table 1. SilverLake Shoreline Soil Types (USNRCS soil survey data).

USDANRCS Silver LakeSoil Type

Soil Series Location

Pipestone fine sand;-8% slopes E, SE, §hores

Covert sand; ®% slopes Sshore

Dune land Quartzipsamments;level to very steep W shore

Martisco muck SW shore
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Figure 5 NRCR®JSDA soils map fdBilverLakeshoreline soils




The majority of the soilaround SilverLakeare somewhat poorly drained soils that are very deep

such as Pipestone sands that have a water table depthdbfda®t beneath the ground surface. The
second most common soil type consist Covert sands thatra very deepmoderatelywell-drained
sands, typically on dunes, with low runoff potential and high permeability.

There are areas around the immediate shorelinat the southwest section where wetlands are
present and these soilenown as Martisco muckare prone to pondingnd even flooding Ponding
occurs when water cannot permeate the soil and accumulates on the ground surface which tflen
may runoff into nearby waterwaysuch as the lakend carry nutrients and sediments into the
water. Excessive pding of such soils may lead to flooding of some-Iging shoreline areas,
resulting in nutrients entering the lake via surface runoff since these soils do not promote adequite
drainage or filtration of nutrients The mucks located ithe wetlands may become ponded during
extended rainfall and the wetlands can serve as a source of nutrients to the lake. When the soif of
the wetland are not saturated, the wetland can serve as a sinkditnients and the nutrients are
filtered by wetland plants




4.0 SILVERAKBNATER QUALITY

Water quality is highly variable among Michigai#land lakes, although some characteristics are
common among particular lake classification types. The water qualieaciflake is affected by
both land use practices andimatic events Climatic factorgi.e. spring runoff, heavy rainfalthay
alter water quality in the short termwhereas, anthropogenic (manduced) factorgi.e. shoreline
development, lawn fertilizer & alter water quality over longer time periodsSince many lakes
have a fairly long hydraulic residence time, the water may remain in the lake for years an
therefore sensitive to nutrient loading and pollutant$urthermore, lake water quality helgs
determine the classificatiomf particular lakegTable2). Lakes that are high in nutrients (such as
phosphorusand nitroger) and chlorophylta, and low in transparencygre classifiedas eutrophic
whereas those that are low in nutrientand chlorophylta, and high irtransparencyare classified as
oligotrophic. Lakes that fall in between these teategoriesare classified as mesotrophi@Silver
Lakeis classified asutrophicdue to excessivalgalgrowth and low Secchi transpareneynd some
dissolved oxygen depletiowith depth during late seasqras well ashavingmoderateto hightotal
nitrogen concentrations The nitrogen concentrations in the lake are much higher than th
phosphoruswvhich favors blueggreen algae

Table 2. Lak@&rophic Status Classification Table (MDNR)

LakeTrophic Status  Total Phosphorus Chlorophyla Secchi Transparency

(g L) (g L) (feet)
Oligotrophic <10.0 <22 >15.0

Mesotrophic 10.0¢ 20.0 2.2¢6.0 7.5¢15.0
Eutrophic > 20.0 >6.0 <75

4.1 Water Quality Parameters

Parameters such asut not limited to,dissolved oxygen, water temperaturexidative reduction
potential, conductivity, turbidity total dissolvedsolids pH, total alkalinity, total phosphorusnd
ortho-phosphorus total Kjeldahl nitrogenand inorganic nitrogenchlorophylta, algal community
composition andSecchi transparencyespond to changes in water quality and consequently serv,
as indcators of lake health During thisevaluation RLSollected water samples from withitnree
bashson July 23, 2018ndtook all samples to a NELAgertified laboratory foranalysis.




Thedeep basirresults are discussed belowand are presented ifables 3-5. A map showing the
sampling locationgor all water quality samples is siwo below in Figure .6All water samplesvere

collected with a deptkintegrated Van Dorrhorizontal water sampler and physicaéadings were
collected with a calibrated Eureka Manta ll®&ulti-meter probe with parameter elctrodes,

respectively.
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Oceana County, Ml
Water Quality Sampling Map
A
Legend
P Water Sampling GPS Paint

|
S
N

I B8R
/
v 6.'«./\4.'«15'
N

3;' N
St |
|

)

Figure6. Locations fowater quality samplingn SilverLake(July 232018).




4.1.1 Dissolved Oxygen

Dissolved oxygen is a measure of the amount of oxygen that exists in the water colugenetal,
dissolved oxygen levels should be greater thahrbg L! to sustain a healthy warrwater fishery.
Dissolved oxygen concentrations may decline if there is a high biochemical oxygen demand (§OD)
where organismal consumption of oxygen is high dueespiration. Dissolved oxygen is generally
higher in colder watersDissolved oxygen waseasured in milligrams per liter (mg)Lwith the use

of acalibratedEureka Manta ll®issolved oxygn meter Dissolved oxygen concentrations ranged
between 3.8-7.8 mg L', with concentrationsof dissolved oxygen higher at theurfaceand mid

depth andlower at thebottom, especially in basins #1 and #d.he bottom of the lake produces a
higher Biochemical Oxygen Demand (BOD) due to microbial activity attempting to break down figh
guantitiesof organc plant matter, which reduces dissolved oxygerthe water columnat depth
Furthermore, the lake bottom is distant from the atmosphere where gélxehange of oxygen occurs.
RLS recommends continued monitoring of the dissolved oxygen levels to determine if the Rke
bottom becomes anoxic in future years which could be problematic.

4.1.2 Water Temperature

! f wlatSr@einperature varies withinand among seasonsind is nearly uniform with depth

under the winter ice cover because lake mixing is reduced when waters are not exposbeé to

wind. When the upper layers of water begin to warm in the spring afteoft,eghe colder, dense
layersremay’ | 0 GKS o62d0d0d2Yo® CKAA LINRPOSaa NBadz i A
between warmer and colder water layers. During the fall season, the upper layers begin to coolnd
become denser than the warmer layers, causing an inversion knédwn & ¥ I £ £ (G dzNJ/ 2 @SN
shallow lakes will not stratifand deeper lakes may experience single or multiple turnover cycl
Water temperdure wasmeasured indegreesFahrenheit(°C) with the use of acalibrated Eureka

Manta |I® submersiblethermometer. The July 23, 2018water temperatures of Silver Lake
demonstrateda lack of a thermocline and is indicative of a vmitked (polymictic) lake that mixes
multiple times per year.On the day of samplingyater temperatures ranged fron24.2C (at the

surface to 24.2C (at the botton) of the three basirs. The water temperature was essentially
uniform throughoutthe water column at the sampling sites.

4.1.3 SpecificConductivity

Specificcconductivity (abbrev. Conductivityls a measure of the amount of mineral ions present i

the water, especially those of salts and other dissolved inorganic substances. Conductivity gendgrally
increaseswith water temperature andthe amount of dissolved minerals and salts in a lake
Condutivity wasmeasured inmicro Siemenger centimeter (j5cm?) with the use of acalibrated

Eureka Manta li®onductivity probe and meter.Conductivity value$or SilverLakewere variable
amongthe threebasins and ranged fro®33-452mS cmt.
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These values amnoderatdy highfor an inland lakeand mean that the lake water contanample
dissolved metalsand ions such as calciumpgtassium sodium, chlorides, sulfate, and carbonate
Baseline parameter data su@s conductivity are important to measure the possible influences ¢
land use activitiegi.e. road salt influence®n SilverLakeover a long period of time, or to trace the
origin of a substance tothe lakein an effort to reduce pollutant loading Elevated conductivity
values over 80@nS cnt can negatively impact aquatic life.

4.1.4 Turbidity and Total Dissolvedolids

Turbidity is a measure of the losswéter transparency due to the presence of suspended particleg
The turbidity of water increases as the number of total suspended particles increbsgsdiy may
be causedby erosion inuts, phytoplankton bloomsstorm water discharge, urban runoff, re
suspension of bottom sediments, and by large bottterading fish such as cafthough thisusually
occurs in small, shallow water bodied}articles suspendenh the water column absorb hedtom
the sun and raise water temperatuse Since higher wateemperatures generally hold less oxygen,
shallow turbid waters are usually lower in dissolved oxygefurbidity was measured in
bSLIKSt2YSUNRO ¢ dzND A RA G & calibyatedLétron@orgidim@tar v Thes\Woid<
Hedth Organization (WHO)liedzA NBa G KIF G RNAY1Ay3 61 SN 6S
waters may be significantly higher than thafhe turbidity ofSilverLakewas moderate and ranged
from3.85.2b ¢ | Q& R deNJR3/ Z18arkpkhg event.On the day osampling the winds were
calm and turbiditywas not likely due tae-sugpension of sedimentsSpring values woultikely be
higher due to increased watershed inputs from spring runoff/androm increased algal blooms in
the water columnirom resultant runoffcontributions.

(/)) [atN
ax R

Total Dissolved Solids

Total dissolved solids (TDS)ameasure of the amount of dissolved organic and inorganic particles
in the water column. Particles dissolved in the water column absorb heat from the sun and raisefghe
water tempeiture and increase conductivity. Total dissolved solhdsmeasured with the use of a
Eureka Manta li®alibrated probe andmeter in mg E. Spring values are usually higher due td
increased watershed inputs from spring runoff and/or increased planktalgial communitiesThe
TDSin Silver Lake during the July 23, 2018 evamiged from213-290 mg L for the three basirs

which is moderately high for an inland lakeand correlates with the measurednoderate
conductivity

415 pH

pH is the measure of acidity or basicity of wategpH wasmeasured with aEureka Manta 1I®
calibratedpH electrode and ptheter in Standard Units (S.U)he standard pH scale ranges from O
(acidic) to 14 (alkaline), with neutral values around 7. Most Michigan lakes have pH values ghat
range from 6.5 to 9.5.



Acidic lakes (pH < 7) are rare in Michigan and are most sensitive to inputs iofsatdtanceslue
to a low acid neutralizing capacity (ANC)he pH ofSilverLakewater ranged from7.5-8.5 S.U.
during thesampling event This range of pH iseutral toslightlyalkaline onthe pH scale and is ideal
for an inland lake. pH tends to rise when abundant aquatic plants are actively gro
(photosynthesispr when marl deposits are present

4.1.6 Total Alkalinity

Total alkalinity is the measure of the giidffering capacity ofake water. Lakes with high alkalinity
(> 1D mg ! of CaC@ are able to tolerate larger acid inputs with less change in water column pj.
Many Michigan lakes contain high concentrations of GACg R I NB OF 6 S32 NA |
water. Total alkalhity was measured in milligrams per liter of CaCf@rough an acid titration
method. The total alkalinity oSilverLakeisO 2 Y & A RI&/ALERERDK 140 mg L of CaCg) except at
the lake bottom andindicates that the water islightlyalkaline Total alkalinityin the three basns
ranged from140-144 mg L* of CaC®during theJuly 23, 2018ampling eventTotal alkalinity may
change on a daily basis due to theswspension ofedimentarydeposits in the water and respond
to seasonal changes dte the cyclic turnover of the lake water.

4.1.7 Total Phosphorugand OrthoPhosphorus

Total phosphorus (TP) is a measure of the amounthaisphorus (P) present ithe water column.
Phosphorus is the primary nutrient necessary for abundant algae audtiagplant growth. Lakes
that contain greater than0.020 ng L! of TP are defined as eutrophic or nutriemiriched. TP
concentrations are usually higher at incseal depths due tohe higher release rates of ffom lake
sedimentsunder low oxygen (anoxic) conditionBhosphorus may also be released from sediment
as pH increasesTotal phosphorus wasneasured in milligrams per liter (gL*) with the use of a
chemicalauto analyzewith Method EPA 200.7, Rev. 4Pconcentrationsn the lakeranged from
0.0150.030 mg L% These values are quite low, especially given the elevated nitroge
concentrations discussed below. The TP concentrationlovasst in Hunter Creek at 0.013 mg.L
Given the low concentration of TP in the lake, this means that P is the limiting nutrient for aqu
plant and green algae growth in the lake.

Ortho-phosphorus refers to soluble reactive phosphorus or the most Jaitable form used by
aquatic lie. All but one samplebpttom of basin ) had ortheP concentrationsXX0.010 mg £
which is quite low and favorable.




4.1.8 Total Kjeldahl Nitrogen

Total KjeldahNitrogen (TKN)is the sum ofinorganicnitrate (NG&), nitrite (NQ"), ammonia(NH"),
and organimitrogen forms in freshwater systems. Much nitrog@mino acids and proteins) also
comprises the bulk of living organisms in an aquatic ecosystem. Nitrogdginates from
atmospheric inputs (i.e. burning of fossil fuelsjastewater sources from developed aregse.
runoff from fertilized lawns)agricultural lands, septic systemsnd from waterfowl droppingsilt
also enters lakes through groundwater or surface niagee,drainage from marshes and wetlanas,
from precipitation(Wetzel, 2001)In lakes with an abundance of nitrogsaoch as Silver Lakmean

N: P=36 mg '), phosphoruss the limiting nutrient for phytoplankton and aquatic macrophyte
growth. Lakeswith amean TKN value of 0.66 mg nay be classified as oligotrophic, those with a
mean TKN value of 0.75 mg inay be classified as mesotrophic, and those with a mean TKN vaflie
greater than 1.88 mg-Lmay beclassifiedas eutrophic. SilverLakecontains moderate values for
TKNat all depths (0.90.9mg L), which is normal for an inland lake of siamisizeand demonstrates
that the lake isphosphoruslimited (dominant in nitrogen) Thus, any additional inputs of
phosphorus would lead to increased aquatic plant atghegrowth. In the absence of dissolved
oxygen, nitrogen is usually in the ammonia form and will contribute to rigorous milfoil growth.

The total inorganic nitrogen (TIN) consists of nitrate, nitrite, and ammonia forms without tige
organic forms of nitrogen. Based on the proportions of TIN and TKN, the samples indicate ghat
between 1792% of the total nitrogen consists of nitrate and thenander of each sample was in

the ammonia form.

4.1.9 Chlorophylaand Algal Community Composition

ChlorophyHa is a measure of the amount of green plant pigment present in the water, often in tHge
form of planktonic algae. High chlorophgtincentrationsare indicativeof nutrient-enriched lakes.
ChlorophyHa concentrations greater than 6 pg'lare found in eutrophic or nutrierénriched
aquatic systems, whereas chlorophglconcentrations less than 2.2 ug Bre found in nutrient

poor or oligotrophic lakes.ChlorophyHa wasmeasuredin micrograms per liter (jg L) with the use

of an acetone extraction method aha spectrometer. The chlorophyia concentratiors in Silver
Lakewere determined by collecting a composite sample of the algae throughout the water colu

at each ofthree basin sites fromust above the lake bottom to the laksurface Chlorophyi-a
concentrations were negative but the pheophytinconcentrations were arowhl1.8 pg t which is

quite high and indicates that the central magnesium {M@tom that is found in chlorophyll and
green algae was lacking. This means that the cyanobacteria-fbbem algae) have the distinct
advantage of using nitrate and ammonrathe water (along with Blgas from the atmosphere) as
food and can outompete the green algae due to their faster growth rates and ability to be buoyagit
at the lake surface which reduces light to underlying green algae. This relative lack of green gigae
can reduce needed food for zooplankton which can also create limitations on food for the Igke
fishery.
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Algal genera from a composite water sample attel over thedeep basinsof SilverLakewere
analyzed under a compoungright field microscope.Genera are listed here in the order of most
abundant to least abundantThe genera present includgtie Chlorophyta green algag Chlorella
sp.,Haematococcusp. Ulothrixsp.,Mougeotiasp.,Gleotrichiasp.,Rhizocloniunsp.,Gleocystisp.,
Spirogyrasp., and Chloranonas sp. the Cyanophyta (be-green alga): Oscillatoria sp. and

Microcystis sp,; the Bascillariophyta (diatoms):Synedrasp., Navicula sp., Cymbellasp., and
Fragilariasp. The aforementioned species indicatemaderatelydiverse algal flordut the blue
green algae were the most abundant which is not desirablethe dissolved oxygelevels of the
lake were increased, diatoms maycrease and be more beneficial for the zooplankton which for
the base of the lake food em.

4.1.10 Secchilransparency

Secchi transparency is a measure of the clarity angparency of lake water, and waseasured

with the use of an 8nch diameter standardized Secchi d{fkgue 7). Secchi disk transparency is
measured in feetff.) or meters (m) by lowering the disk over the shaded side of a boat around nofin
and taking the mean of the measurements of disappearance and reappearance of th&léigikted
Secchi transparency readings allow for more aquatic plant and algae growtinoplia systems
generally have Secchi disk transparency measurements less than 7.5 feet due to turbidity caus@d by
excessive planktonic algae growtlihe Secchi transparency $ilverLakedeep basingneasured on

July 23, 2018 ranged from 347 feet which is quite low. Measurements wereollected during
calmwind conditions(winds out of the northwest at& mph) This transparency indicates that an
abundance of solids such as suspengeticles and algae are presenthroughout the water
column which increases turbidity and reduces water claritgecchi transparency is variable and
depends on the amount of suspended patrticles in the wébdten due to windy conditions of lake
water mixing)and the amount of sunlight present at the time of measurement.




LIGHT PENETRATION LIGHT PENETRATION
with low Algae count with high Algae count

SECCHI
DISK

Figure 7 A Secchi dish and the relationship between
Secchi transparency and algae in the water column.
Photo courtesy of Michigan Sea Grant.

4.1.11 Oxidative Reduction Potential

The oxidatiorreduction potential (ORP om)Eof lake water describes the effectiveness of certai
atoms to serve as potential oxidizers and indicates the degree of reductants present within fhe
water. In general, thesffevel (measured in millivolts) decreases in anoxic (low oxygen) waters. LRw
E. values are therefore indicative of reducing environments where sulfates (if present in the lgke
water) may be reduced to hydrogen sulfide@ ORP values are measured in sitith a calibrated

probe and meter. Decomposition by microorganisms in the hypolimnion may also causenthe
value to decline with depth during periods of thermal stratification. Tiwakies for theSilverLake
ranged from189.692.7 mV from the surfaceto the bottom among thethree basinson July 23,

2018. The high variability could be due to numerous factors such as degree of microbial activity rgear
the sedimentwater interface, quantity of phytoplankton in the water, or mixing of the lake water.




Table 3. SilverLake water quality parameter data collectesite #1 (July 232018).

Depth  Water DO

(m).

Temp mg [
°C

pH

S.U.

Cond. Turb. Total
uScm NTU Kjeldahl
Nitrogen

mg L

Total  Total TDS TIN
Alk. Phos. mgl! mglL!
mgL?! mglLt

CaC@

Ortho-P
mg L

0.7

140

0.15

0.16

0.010

0.010




Table 4 Silver Lake water quality parameter data collected si@(8uly 23, 2018).

Depth  Water DO

(m).

Temp mg [
°C

pH

S.U.

Cond. Turb. Total
uScm  NTU  Kjeldahl
Nitrogen

mg L*

Total
Alk.
mg L
CaCo

Total TDS TIN
Phos. mgl! mglL!
mg L

Ortho-P
mg L

0.8

0.018

0.18

<0.010




Table 5 Silver Lake water quality parameter data collected site #3 (July 23, 2018).

Depth  Water DO

(m).

Temp mg [
°C

pH

S.U.

Cond. Turb. Total
uScm  NTU  Kjeldahl
Nitrogen

mg L*

Total
Alk.
mg L
CaCo

Total TDS TIN
Phos. mgl! mglL!
mg L

Ortho-P
mg L

0.8

0.018

0.19

<0.010




4.2  SilverLakeAquatic Vegéation Communities

Aquatic plams (macrophytesyare an essential component the littoral zones of most lakes in that
they serve as suitable habitat and food for macroinvertebrates, contribute oxygen to tle
surrounding waters through photosmesis, stabilize bottom sediments (if in the rooted growth
form), and contribute to the cycling of nutrients such as phosphorus and nitrogen upon decay.g In
addition, decaying aquatic plants contribute organic matter to lake sediments which furth@r
suppots healthy growth of successive aquatic plant communities that are necessary for a balarged
aquatic ecosystem. An overabundance of aquatic vegetation may cause organic matte@ to
accumulate on the lake bottom faster than it can break dowAquatic plantsgenerally consist of
rooted submersed, fredloating submersed, floatingeaved, and emergent growth forms. The
emergent growth form (i.eCattails, Native Loosestrife) is critical for the diversity of insects onshoreg
and for the health of nearby wetlands Submersed aquatic plants can be rooted in the lak
sediment (i.e. Milfoils, Pondweeds), or fredloating in the water column (i.e.Coontail).
Nonetheless, here is evidence that the diversity of submersed aquatic macrophytes can gredlly
influence thediversity of macroinvertebrates associated with aquatic plants of different structur
morphologies (Parsons and Matthews, 1995). Therefdeelinesin the biodiversity and abundance

of submersed aquatic plant speciesdaassociated macroinvertebratesuld negatively impacthe
fisheries of inland lakesAlternatively the overabundance adiquatic vegetation camompromise
recreational activities, aesthetics, and property values

4.21 SilverLakeExotic AquatidVlacrophytes

Exotic aquatic plantémacrophyteskyre not native to a particular site, but are introduced by some
biotic (living) or abiotic (noiiving) vector. Such vectors include the transfer of aquatic plant see@s
and fragments by boats and trailers (especially if the lake has padiess sites), waterfowl, or by
wind dispersal. In addition, exotic species may be introduced into aquatic systems through ghe
release of agquarium or water garden plants into a water boAw. aquatic exotic specigsay have
profound impacts on the aquatiecosystem.

EurasianWatemilfoil (Myriophyllum spicatum Figure8) is an exotic aquatic macrophyte first
R20dzySyiSR Ay GKS | YyAGSR {dl1rdSa Ay (GKS wmywWnQ
bSftazy wmdpyp0d &dz33Sald A G Eudbian Watdriilkoifias Firealnpriad fo {
thousands of inland lakei® various states through the use of boats and trailers, waterfowl, secl
dispersal, and intentional introduction for fish habitéEurasian Watermilfois a major threat to the
ecological balance of an aquatic ecosystem through causation of signifleahbhes in favorable

native vegetation within lakes (Madsenat 1991), and may limit light from reaching nataguatic
plant species (Newroth 1985; Aiken &t 1979). AdditionallyEurasian Watermilfoitan alter the
macroinvertebrate populations asciated with particular native plants of certain structural
architecture (Newroth 1985).
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The Eurasian Watermilfoilin Silver Lake has been previously determined to be the hybrid
Myriophyllum spicatumx Myriophyllum sibiricum This combination hashown resitance to
fluridone (trade name: SON&Rand other systemic herbicidesThis approach is discussed in the
aquatic herbicide section under lake management methods. The lakeentlyr contains
approximatelyl1.6 acresof hybrid milfoil. The mocrate to low waer clarity of SilverLakelimits
the distribution of Eurasian Watermilfoibut nutrient concentrations can favor growth over time
even with reduced water clarityHybrid watermilfoil is a serious problem in Michigan inland lakes.

A similar milfoil species that is considered to be exotic by some scientidigiophyllum
heterophyllum in New Hampshire was found to have significant impacts on waterfront properg
values (Halstead etl., 2003). Moody and Les (2007) were among the tiirstetermine a means of
genotypic and phenotypic identification of the hybrid watermilfoil variant and further warned of t
potential difficulties in the management of hybrids relative to the parental genotypes. It
commonly known that hybrid vigor ikkely due to increased ecological tolerances relative tg
parental genotypes (Anderson 1948), which would give hybrid watermilfoil a distinct advantage
earlier growth, faster growth rates, and increased robustness in harsh environmental conditic
Futhermore, the required dose of 2;B for successful control of the hybrid watermilfoil is likely to
be higher since there is much more water volume at greater depths it can occupy and also du
the fact that hybrid watermilfoil has shown increased talece to traditionally used doses of
systemic aquatic herbicides. In regards to impacts on native vegetation, hybrid watermil
possesses a faster growth rate than Eurasian milfoil or other plants and thus may effectively disf
other vegetation (Lesrad Philbrick 1993; Vila etl. 2000).Management options for the plant are
provided in the management recommendations section of the report

Curlyleaf PondweedRotamogeton crispydrigure 9 is an exotic, submersed, rooted aquatic plant
thatwas intrcR dzOSR Ay a2 GKS | YyAGSR {dFGSa Ay Itisgasily
distinguished from other native pondweeds by its wavy leaf margihgrows early in the spring
and as a result may prevent other favorable native aquatic specs germinating. The plant
reproduces by the formation of fruiting structures called turions. The plant does not reproduce
fragmentation as milfoil does; however, the turions may be deposited in the lake sediment g
germinate in following seasons. Famately, the plant naturally declines around midly in most
lakes and thus is not likely to be prolific throughout an entire growing seaSomlyleaf Pondweed

is a pioneering aquatic plant species and specializes in colonizing disturbed habitathigily
invasive in aquatic ecosystems with low biodiversity and unique sediment characteriktiasis
found to occupy approximately <0.#gresof the bottom in Hunter Creek, which is a low quantity.

FigurelO shows the general distribution of the hybrid Eurasian Watermitfio8ilverLakeon July 23,
2018 Table6 below shows all exotic aquatic plant speciesSitverLakeand the canals such as
Hunter Creek as of July 2318
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Hgure 9 Photo of Curlyleaf Pondweed ©RLS
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Figure D. Distribution of Hybrid Eurasian Watermilfoiin SilverLake OceanaCounty, MI. (July 23
2018.




Table6. SilverLake exotiaquatic plant species (July 23018).

Exotic Aquatic Aquatic Plant Growth Habit Abundance in or
Plant Species Common Name around SilverLake
(Acres or # Sites)

Myriophyllum spicatum Eurasian Watermilfoi Submersed; Roote( 11.6

Potamogeton crispds  Curlyleaf Pondweed Submersed; Roote( <0.75

* CurlyleafPondweed was found in Hunter Creek

4.2.2 SilverLakeNative Aquatic Macrophytes

There are hundreds of native aquatic plant species in the waters of the United SfEbtesmost
diverse native genera include the Potamogetonacdam@weeds) and the Haloragaceadilfoils).
Native aquatic plants may grow to nuisance levels in lakes with abundant nutrients (both we
column and sediment) such as phosphorus, and in sitdsivigh water transparency. The diversity
of native aquatic plants is essential for the balance of aquatic ecosystems, because each
harbors different macroinvertebrate communities and varies in fish habitat structure.

On July 23, 2018SilverL&e contained 2 native submersed,0 floating-leaved, and2 emergent
aquatic plant speciedor a total of4 native aquatic macrophyte speci€$able7). The majority of
the emergent macrophytes may be found along the shoeelof the lake especiallynear the
wetland located at the southwest shore near the darhis represents a very low biodiversity of
native aquatic vegetatioh Y R A a4 |y AYLISRAYSy(d G2 | NROdzA
Slightly more diversity was located in Hunter ékbut this too was low overa(Table 8).

The dominant aquatic plant ithe main part of the lake includetthe submersedmacro algaChara
vulgariswhich has a strong sulfurous odor and feels brittle to the touch. In additionatgecan
carpet the lake bottom and serve to prevent the rooting of milfoil fragments when in abundange
The abundance of this plant in Silver Lake is very low and should be allowed to increase with ti
it also reducesediment resuspension which leads teduced waterclarity.

The emergent plants such agyphasp.(Cattails)and Schoeneoplectusp. (Bulrushesare critical for
shoreline stabilization as well as for wildlife and fish spawning haardtare scarce, except for in
the wetland area near the dam




Figure 11shows the relative biovolume of all aquatic vegetationSiiverLake Biovolume is a
measure of the height in the water column that each plant occupi€ this map, blue color
represents no vegetation, green coloepresentslow-growing vegetation, and red/orange colors
represent tallgrowing aquatic vegetation in the water columms the map demonstratesilver
Lakecontains avery lowquantity of aquaic vegetation withlow biovolume and thus the need for
preservation and proper managemenf invasivesis critical Photos of all native aquatic plant
species are shown in Figures-12

Figue 11 A biovolume map showing relative heights in the water column of all aquatic
vegetation in Silver Lake (July 23 2018. Note: Dark red and orange cals denote thick
vegetation, whereas green and yellowcolors showlower-growing plantsand blue denotes no
vegetation.
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Table7. SilverLake rative aquatic plants (July 22018. Relative abundance displayed as a
percentage.

Native AquaticPlant Aquatic Plant Abundance Aquatic Plant
SpeciesName Common Name infaround Growth Habit
SilverLake
(%cove)
Chara vulgaris Muskgrass 2.0 Submersed, Rooted

Najas guadalupensis Southern Naiad 0.2 Submersed, Rooted
Typha latifolia Cattails 0.1 Emergent

Schoenoplectus acutus Bulrushes 0.1 Emergent

Table 8. Hunter Creek native aquatic plants (July 23, 20R®lative abundance displayed as a
percentage.

Native Aquatic Plant Aquatic Plant Abundance  Aquatic Plant
Species Name Common Name infaround Growth Habit
Hunter Creek
(% cover)
Chara vulgaris Muskgrass 0.2 Submersed, Rooted

Potamogeton pectinatus  Thinleaf Pondweed 4.0 Submersed, Rooted
Potamogeton zosteriformis Flatstem Pondweed 4.0 Submersed, Rooted
Elodea canadensis Common Waterweed 10.5 Submersed, Rooted

Typha latifolia Cattails 0.2 Emergent

Schoenoplectus acutus Bulrushes 0.2 Emergent




Fgure 12 Chara FHgure 13 Thinleaf Figure 14 Flatstem
(Muskgrass) Pondweed ©RLS Pondweed ©RLS
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Fgure 15 Elodea ©RLS Fgure 16 Southern Naiad Fgure 17 Bulrushes ©RLS
©RLS




FHgure 18 Cattails ©RLS

4.3 SilverLake Macoinvertebrates and the Lake Fishery

Freshwater macroinvertebrates are ubiquitous, as even the most impacted lake contains sc
representatives of this diverse and ecologically important group of organisms. Bent

macroinvertebrates are key components of lake food webs both in terms of total biomass and in
important ecological role that they play in processing of energy. Gtlage important predators,
graze alga on rocks and logs, and are important food sources (biomass) for fish. The remo
macroinvertebrates has been shown to impact fish populations and total species richness o
entire lake or stream food web (Lenand Barbour 1994). In the food webs of lakes, benthig
macroinvertebrates have an intermediate position between primary producers and higher trop
levels (as fish) on the other side. Hence, they play an essential role in key ecosystem processes
chan dynamics, productivity, nutrient cycling and decomposition). These may also include m
rare species.

Several characteristics of benthic macroinvertebrates make them usetfuhdbicators of lake water
quality including that many are sensitive to chasgn physical, chemical, and biological conditions
of a lake, many complete their life cycle in a single year, their life cycles and ecological require
are generally well known, they are sessile organisms and cannot readily escape pollution or g
negative aspects, and they are easily collected. Their ubiquitous nature and varied ecological rg
lakes make them very useful as indicators of water quality. As benthic macroinvertebrates resp
sensitively not only to pollution, but also to a numbef other human impacts (hydrmgical,
climatological, morphological, navigational, recreational, and others), they could potentially be u
for a holistic indication system for lake ecosystem health (Solimigi 2006).
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Some of the common lake maxnvertebrates include the Diptera (true flies), Coleoptera (beetles
Odonata (damselflies and dragonflies), Ephemeroptera (mayflies), Hemiptera (true bu
Megaloptera (hellgrammites), Trichoptera (caddisflies), Plecoptera (stoneflies), Crusta
(freshwater shrimp, crayfish, isopods), Gastropoda (snails), Bivalvia (clams and muss
Oligochaeta (earthworms), Hirudinea (leeches), Turbellaria (planarians). While the majority of t
are native species, numerous invasive species have been impactisgrake Great Lakes Region.

RLScollected aquatianacroinvertebrates two separate locationgNorth and South Basingjithin
Silver Lake on July 232018 (Table 9. The study found mayfly larvaéHexagenia limbata
Ephemeridae), mige larvagChironominda), pond snails(Lymnaeasp.),wheel snails (Planorbidae)
and zebra mussels (Dreisseniidae). Of all the species found, all were native except for the 2
mussels. While the majority of the species were native, some are located universally in low qu
and high quality water. The midge larvae family Chiron@midan be found in both high and low
guality water (Lenat and Barbour 1994). The maylgxagenia limbatafound within this lake, has
been shown to be linked with good watquality but only one specimen was noted

Native lake macroinvertebrate commui@s can and have been impacted by exotic and invasi
species. A study by Stewart and Haynes (1994) examined changes in benthic macroinverte
community in southwestern Lake Ontario following the invasion of zebra and quagga mus
(Dreissena spjp Trey found thatDreissenahad replaced a species of freshwater shrimp as the
dominant species. However, they also found that additional macroinvertebrates actually increa
in the 108year study, although some species were considered more polhkitienant than others.
This increase was thought to have been due to an increasPraissenacolonies increasing
additional habitat for other macroinvertebrates.

Eurasian watemilfoil (Myriophyllum spicatunhas also been shown to negatively influence bot
fishand macroinvertebrate communities (Lillie and Budd 1992).

In addition to exotic and invasive macroinvertebrate species, macroinvertebrate assemblages ca
affected by laneuse. Stewart etal. (2000) showed that macroinvertebrates were negativel
affected by surrounding landise. They also indicated that noted these lams® practices are
important to restoration and management and of lakes. Schreiberalet (2003) stated that
disturbance and anthropogenic land use changes are usually considered ty bectas facilitating
biological invasions.




Table 9 SilverLake OceanaCounty, Macroinvertebrate Samples.

Location

Order

Class, Family,
Genera, etc.

Quantity

Common
Name

Central Lake

Planorbidae

4

Wheel

Gastropoda
snails
Lymnaea 11 Pond

snails
Diptera Chironomidae |5 Midge
larvae

Gastropoda

Total 20
Lymnaea 9 Pond
snails
Dreissena Zebra
polymorpha mussels
Ephemeroptera | Ephemerillidae Mayfly
larvae
Diptera Chironomidae |7 Midge
larvae

South Shore Gastropoda

Dreissenidae

Total 28

The fishery ofSilverLakemay be defined as a warmater fishery due to lte shallow depth of the
lake and the resultant warm water temperatures during the opeater season.Historical studies

by the MDNR of Silver Lakisif communitieccongsted of 16 species including Yellow PerdPefca
flavesceny Bluegill lepomis macrochirfisPumpkinseed Sunfish&pomis gibbosysLargemouth
Bass Micropterus salmoidgs Yellow Bullhead Catfish Ameiurussp.) Black Crappie Pomoxis
nigromaculatuy, Smallmouth BassMicropterus dolomie))j Common Carp Cyprinus carpip
Walleye Stizostedion vitreum vitreunRock Basg\(nbloplites rupestris White SuckerGatostomus
commerson), Brook Trout $alvelinusfontinalis), Rainbow Trout@ncorhynchus mykigsBowfin
(Amia calvd, and Brown BullheadA(neriurus nebulosysand the Northern PikeEsox lucius More
species may be in the lake that were not observed during the lake surtieylake has been stocked
with Walleye infrom 19792018 (MDNR online fisktocking databaseA 2017 MDNR report by Rich
hQbSIHft SYLKI &aAl SR fatosin SilveOllake asFa kegijtritalitar to Gike Bé&aEhS
degradation. The lake fishery will benefit from a diverse (yet balanced) native aquatic plat
community, anple supply of zooplankton, and abundance of submerged habitats (i.e. wo@d
structures and native macrophyte beds).




4.4 SilverLake Zooplankton

Zooplanktonare microscopic organisms that cannot produce their own food and thus feed on alghe

(phytoplankton) in the water column. They are thus responsible for keeping algae populati

balanced and are the reason that many lakes are not completely covered with algae. Zooplangton

are selective feeders, only ingesting green algae and diatomsy Witlenot consume blugreen

algae due to the compounds and toxins often present in that type of algae. Zooplankton inclugles
the rotifers which have over 2,000 freshwater species and cladocerans which are small crustacgans

that have a carapace that coreemuch of their body. Another group, the copepods are active a
powerful swimmers and are an excellent fish food souifee last group consists of protozoans
which are the smallest and least motile. They tend to reside in lake sediments unless theyja
planktonic which then they are common in the water column during summer.

Two Doplankton tows using a pelagic plankton net with collection gawere conduded by RLS
scientists on July 22018in the north and south basinsPlankton suksamples (in 10nl aliquots)
were analyzed under a Zeisd®section scope with the use of a Bogorov counting chamber. TRe
most abundant zooplankton genera included copepods sucliaptomussp. (approximately?2
organisms per @ ml aliquot) Mesocyclopgapproximately2 organisms per @ ml aliquot). Also
presentwasthe cladocerarDaphnia(approximately Grganisms per @ ml aliquot)

Lakes such &SilverLake that a eutrophicwill select for small zooplankton sintleese organisms
prefer planktonic green algae drdiatoms as their primary food source relative to the overabunda
blue-green algae that offer less nutritionThis ultimately results ithe loss of large zooplankton
which could reduce the selection available to the fishery aadtribute to alower biodiversity of

the fishery.



5.0 LAKE IMPROVEMERNPTIONS FCRLVERAKE

5.1 SilverLakeAquatic PlantManagement

Improvement strategies, including the management of exotic aquatic plants, control of land ghd
shoreline erosion, and further nutrient loading from external sources, are available for the vari@us
problematic issues facingilverLake The lake managemegbmponents involve both withiteke

(basin) and aroundbke (watershed) solutions to protect and restore complex aquatic ecosystengs.
The goals of a Lake Management Plan (LMP) are to increase water quality, favorable wildlife hajitat,
aquatic plant and amal biodiversity, recreational use, and protect property values. Regardlessgpf
the management goals, all management decisions must bespeeific and should consider the
sociaeconomic, scientific, and environmental cpoments of the LMP

The managemenof submersednvasiveaquatic plants is necessary 8ilverLakedue tothe threat

of accelerated growth and distribution. Management options should be environmentally a@d
ecologically sound and financially feasible. Options for control of agpitints are limited yet are
capable of achieving strong results when used propeilly Silver Lake, onbxotic aquatic plant
species should be managed with solutions that will yield H#@mm resultsto reduce the need for
future herbicide treatmentsVaious methods and their applicatigho the management oinvasive
aguatic vegetation irsilverLakeare discussed below.

5.1.1 ChemicalAquaticHerbicide Applicatios

The use of aquatic chemical herbicides is regulated by the MDEQ under Part 38c(Ngisance) of

the Natural Resources and Environmental Protection Act, P.A. 451 of 1994, and requires a permitf§ The
permit contains a list of approved herbicides for a particular body of water, as well as dosage r@es,
treatment areas, and water use testions. Contact and systemic aquatic herbicides are the tw
primary categories used in aquatic systenfdl herbicides are applied with either an airboat or skiff

boat equipped with pumps, hoses, and even GRS or geclocation (Figure 19

Contact herbicidesuch as diqua(Trade Name: Rewa®l hydrothol (Trade Name: Aquath&®),
glyphosate(Trade Name: Habit@), and flumioxazirffTrade Name: Clipp&r cause damage to leaf and
stem structures; whereas systemic herbicides are assimilatatiéoplant roots and are lethal to the
entire plant. Wherever possible, it is preferred to use a systemic herbicide for Hasjeig aquatic

plant control. There are often restrictions with usage of some systemic herbicides around shorgline

areas thatcontain shallow drinking wells.In Silver Lake the use of contact herbicides not
recommendediue to the lack of native aquatic plant biodiversity.



Systemic herbicides such as4D andtriclopyr are the two primary systemic herbicides used to trea
hybrid invasivenilfoil that does not cover an entire laké-luridone (trade name, SONAR a systemic
whole-lake herbicide treatment that is applied to the entire lake volume in the s@md)is used for
extensive infestations. This method has been used in many previous years of prior Silver L@ke
improvement programs and is not recommended now or in the near future unless at least 66% offghe
lake surface area is covered by invasive milfoil

The use ofgranularsystemic herbicidesuch as Triclopyr is recommendfsnl the 11.6acres of milfolil
found inSilverLake during theuly 232018survey This hebicide has beerused very successfulbn
many inland lakesin Michigan that havenybrid watermilfoil Triclopyr must be used innear shore
areas with shallow well (< 30 feet deap}trictions Also, the use of granular, 2D in offshorearea
may be considered. The objective is to reduce the biomass of milfoil and rely etmesgiotents with
significantlyless herbicide once the population is under cont®hsed on review of MDEQsued
aguatic herbicide permitsherbicidessuch as copper sulfate, chelated copper algaecides, diquds,
endothol, flumioxazin,and triclopyr have been used irSilver Lake to reduce nuisance aquatic
vegetation growth. Only systemic herbicides should be used for this program in an effort-to
populate the native aquatic plant population.

A

Figure 19 A skiff boat used to jgply aquatic herbicides under MDEQ
permit on inland lakes.



5.1.2 Mechanical Harvesting

Mechanical harvesting involves the physical removal of nuisance aquatic vegetation with the useppf a
mechanial harvesting machineF{gure 2). The mechanicdiarvester collects numerous loads of
aguatic plants as they are cut near the lake bottom. The plants afleanféd onto a conveyor and

then into a dump truck. Harvested plants are then taken to an offsite landfill or farm where they @an
be used as feflizer. Mechanical harvesting is preferred over chemical herbicides when primarily natife
aguatic plants exist, or when excessive amounts of plant biomass need to be removed. Mechagical
harvesting is usually not recommended for the removal of Eurasian niiéitgil since the plarg may
fragment when cut and rgrow on the lake bottom. Due to tHact that milfoilis present inSilverLake

and fragnentation is a threat, mechanica#moval is not recommended at this time.

Mechanical harvesting does not require a permit from the Michigan Department of Environmergal
Quality (MDEQ); however, some counties require a launch site use permit from the Michifian
Department of Natural Resources (MDNR# ipublic access sitss preseh. Costs of mechanical
harvesting vary butwrently range from $30&500 per acre for most aquatic vegetation plus $1;000
$3,000 for mobilization of the mechanical harvesting equipment.

\

Hgure 20 A mechanical harvester.



5.13 Diver Assisted Suction Harvesting (DASH)

Suction harvesting via a Diver Assisted Suctiarvésting (DASH) bodFigire 21) involves hand
removal of individual plants by a SCUBA diver in selected areas of lake bottom with the use pf a
handoperated sution hose. Samples are dewatered on land or removed via fabric bags to gn
offsite location This method is generally recommended for small (less than 1 acre) spot remova@iof
vegetation since it is costly on a large so@ests range from $1,0085,000 @r acre) It may be

used in the future to remove small remaining areas of milfod nonchemical method is then

clarity of the water. This is especially the case when this method is conducted in soft, flocculgnt
sediments The process requires a permit from the MD& U.S. Army Corps of Engineers

Hgure 21 A DASH boat for hancemoval of
milfoil or other nuisance vegetation. ©RLS



5.14 Benthic Barriers and Nearshore Management Methods

The use of benthic barrier mat§Figure 22 or Weed RollergFigure 23 have been used to reduce
rooted aquatioveed growth in small areas such as in beach areas and around dduksnats are not
effective on noArooted aquatic plants since they can rest tp of the mats and move freely
throughout the water column.The benthic mats are placed on the lake bottom in early spring prior
the germination of aquatic vegetation. They act to reduce germination of all aquatic plants and lea
a local area fre®f most aquatic vegetation. Benthic barriers may come in various sizes between
400 feet in length.They are anchored to the lake bottom to avoid becoming a navigation haZael.
implementation of a benthic barrier mat requires a minor permit fréine MDEQ which can cost
around $56$100. The cost of the barriers varies among vendors but can range fronr$ 10D per
mat. Benthic barrier mats can be purchased online atwww.lakemat.com or
www.lakebottomblanket.com The efficacy of benthic barrier mats has been studied by Laitadh et
(2012) who report a minimum of 75% reduction in invasive milfoil in the treatment arkastly,
benthic barrier mats should ndoe placed in areas where fishery spawning habitat is present and/
Spawning activity is occurring.

Weed Rollers are electrical devices which utilize a rolling arm that rolls along the lake bottom in s
areas (usually not more than 50 feet) apdlverizes the lake bottom to reduce germination of an
aguatic vegetation in that area.They can be purchased online a&ww.crary.com/marineor at:
www.lakegroomer.né

Both methods are useful in recreational lalsesh asSilverLakeand work best in beach areas and near
docks to reduce nuisancmoted aquatic vegetation growttshould it occur in future years of the
current program



http://www.lakemat.com/
http://www.lakebottomblanket.com/
http://www.crary.com/marine
http://www.lakegroomer.net/

Hgure22. A Benthic Barrier. Photo courtesy of Figure 23 A Weed Roller
Cornell Cooperative Extension

5.15 Dredging

Dredging is a lake management option used to remove accumulated lake sediments to incr@ase
accessibility for navigation anekcreational activitiegFigure 23 Dredging activities isilver Lake
would remove sediments in shallow arelgt is not recommended for aquatic vegetation removal
since many of the species-ggow. Due to the norselective nature of dredging on thake sediment

seed bank, the response by individual species of aquatic vegetation is highly unc@reiging could

be used to remove accumulated sediments in Hunter Creek but this would require a separatanstud
assessmentprogram. Selection of a paicular dredging method and CDF should consider th
environmental, economical, and technical aspects involved. Dredging is regulated pursuang to

Environmental Quality (MDEQ) and the U.S. Army Corps of Engineers (USACE).

The two major types of dredging include hydraulic and mechanical. A mechanical dredge usgally
utilizes a backhoe and requires that the disposal site be adjacent to the lake. In contrast, a hydrulic
dredge removes sediments in an aqueous slurry and tbied sediments are transported through a

hose to a confined disposal facility (CDF). The CDF must be chosen to maximize retention of soli@s anc
accommodate large quantities of water from the dewatering of sediments. It is imperative tighat
hydraulic dredgs have adequate pumping pressure which can be achieved by dredging in wagers
greater than 3 foot of depth. Dredge spoils cannot be emptied into wetland habitats; therefore a lafige
upland area is needed for lakes that are surrounded by wetland habithtsaddition, proposed
sediment for removal must be tested for metal contaminants before being stored in a CDF.



If the sediment is not contaminated, it could be used for habitat restoration, landfill cover, agricultue,
strip mine reclamation, or in othrendustrial or construction uses (U.S. EPA/USACE 280d)edging
feasibility sudy and public hearingaould also need to be conducted prior to the start of the project tg
determine the amount of sediment to be dredged and the associated removal am&gement
oversight costs.The State of Michigan Department of Environmental Quality (MDEQ) has establisged
threshold effects and probable effects concentrations for arsenic levels in sediments. The thresgold
effectsconcentrationis at 9.79 mg/kg of dryeight and the prohable effects concentration is &3.0

mg/kg of dry weight.

Figure 24 A dredging process (photo courtesy of noaa.gov)

5.1.6 Laminar Flow Aeratiorand Bioaugmentation

Laminarflow aeration systems (Figure5) are retrofitted to a particular site and account for
variables such as water depth and volume, contours, water flow rates, and thickness @nd
composition of lake sediment. The systems are designed to completely mix the surrounding waer
and evenly distribute dissolved oxygen throughout the lake sediments for efficient microgal
utilization.



A laminar flow aeration system utilizes diffusers which are powered by onshore air compress@rs.
The diffusers are connected via extensive-saiking airlines which help to purge the lake sedimen
pore water of gases such &ydrogen sulfide (;8) andbenthic carbon dioxide (GPwhich are
byproducts of microbial metabolism.

The concomitant use of bacteria and enzymatic treatments to facilitate the microbial breakdowngpbf
organic sedimentary constituents is also used as a component of the treatmiettel (2006)
found that lake oxygenation eliminates release ofsNiffom sediments through oxygenation of the
sedimentwater interface. Allen (2009) demonstrated that MN+bxidation in aerated sediments was
significantly higher than that of control meszsms with a relative mean of 2.6 + 0.80 mg N gvelry

day! for aerated mesocosms and 0.48 + 0.20 mg N gadrglay! in controls. Recent case studies
have shown promise on the positive impacts of laminar flow aeration systems on aquatic ecosygiem
management with respect to organic matter degradation and resultant increase in water depth, afdd
rooted aquatic plant management in eutrophic ecosystemvgh highly organic sediments
(Jermalowiczlones,2010-2018. Toetz (1981) found evidence of a declingvilcrocystisalgae (a
toxin-producing bluegreen algae) in Arbuckle Lake in Oklahoma. Other studies (Weiss @hd
Breedlove, 1973; Malueg at., 1973) have also shown declines in overall algal biomass.

Benefits and Limitations of Laminar Flow Aeration

In addition to the reduction in toxic blugreen algae (such dgicrocystissp.) as described by Toetz
(1981), aeration and bioaugmentation in combination have been shown to exhibit other benefits gor
the improvements of water bodies. Laing (1978) showleat a range of 482 cm of organic
sediment was removed annually in a study of nine lakes which received aeration #hd
bioaugmentation. It was further concluded that this sediment reduction was not due 4o r

AAAAA 2dziaARS 2F (K
usually formed A study by Turcotte eal. (1988) analyzed the impacts of bioaugmentation on the
growth of Eurasian Watermilfoihnd found that during two foumonth studies, the growth and re
generation ofthis plant was reduced significantly with little change in external nutrient loading. @
reduction ofEurasian Watermilfoik desirable for protection of native plant biodiversity, recreation
water quality, and reduction of nutrients such as nitroger ghosphorus upon decay (Ogwada et
al.,, 1984). This technology cannot reduce aquatic vegetation on sandcadselake sediments
since nutrients are not reduced in the sediment pore water as no organic matter is decompoged
under those conditions.

Furthemore, bacteria are the major factor in the degradation of organic matter in sedimengs
(Fenchel and Blackburn, 1979) so the concomitant addition of microbes to lake sediments Rill
accelerate that process. A study by Verma and Dixit (2006) evaluatedomesgttems in Lower

Lake, Bhopal, India, and found that the aeration increased overall dissolved oxygen, and redfced
biochemical oxygen demand (BOD), chemical oxygen demand (COD), and total coliform counts.

52



The laminarlbw aeration system has sonlenitations including the inability to break down mineral
sediments, the requirement of a constant Phase | electrical energy source to power theamoits
possible unpredictable response by various species of rooted aquatic plants (currently bding
researtiedby RLY

Design of the Laminar Flow Aeration System

A laminar flow systentould be retrofitted to SilverLakeif desired; however, much more data (i.e.
sediment type and organic matter content) is needed to determine what benefits would be attainedgpy
using aeration in Silver Lake. The system has several components which consisinefater
components such amicro-porous ceramic diffusers, sealinking airline, and bacteria and enzyme
treatments whichconsist ofbacteria for sediment nutrient reductiorgnd enzymes as a catalyst for
muck reduction. Onland components consisif locallysourced sheds and rotaglaw compress@s)

along with cooling fans and ventilation. Once the system has been installed, the MDEQ has institued a
required minimum sampling protocol to monitor the efficacy of the system for the intended purposgs
as determined i stakeholders The lamina flow aeration design foBilverLakeshould include the use

2T YIFy@ OSNI YAO R ihfodgtnitSHetentirélake: with &idetl WiGuigdniation
(microbes).

Toxic gases removed (02 N H:S 0 Oxygenated surface water
\\ Mmoves to the bottom

Aerobic benthic bacteria

breaks down organics Nutrients removed

through the food

Phosphorus stays locked in the sediment

Hgure 25 A diagram showing the laminar flow
aeration mechanisms. ©ORLS



5.2 SilverLakeWatershed Protection

In addition to the proposed treatment ahvasivesin SilverLake it is recommended that Best

al yF3sSySyid tNIXOGAOSa 6. atQav o0S AYLIESYBWUOBR
guidebook, Lakescaping for Wildlife and Water Quality (Hendersoal.e1998) provides the
following guidelines:

Maintenance of brush aeer on lands with steep slopes (those >;8%e above soil tabje
Development of a vegetation buffer zor2s-30 feet from the landwvater interface with
approximately 6680% of the shagline bordered with vegetation

Limiting boat trafficand boat sizéo reduce wave engy and thus erosion potential
Encouraging the growth of dense shrsibr emergent sholee vegetatiorto control erosion
Using onlynative genotype plants (those native t8ilverLakeor the region) around the lake
since they are most likely to establish and thrive than those not acclimatgdotwing in the
area soils

The book may berdered online at: http://web2.msue.msu.edu/bulletins/mainsearch.cfm.

5.2.1 SilverLakeErosion and Sediment Control

A soil erosion survey was conducted for Silver Lake, Oceana County, Michigan on July B3, 2(88
certified soil erosion control officers at Rl&S part of a comprehensive lake managemen
assessmenas a component of this improvement plafhe purpose of thisurveyis to present data
collected in thefield by boat give examples of erosion occumiralong the lakes shoreline, and
illustrate some possible treatments of erosion using bioengineering methods that incorporfie
vegetative materials.

Shoreline erosion negatively impacts numerous resources including public use areas with Boat
launch sitesand camping areas; water quality from soils eroding into the lake; fisheries and wildle
habitat being diminished from both turbidity and a lack of suitable vegetative cover.



Shoreline areas may be susceptible to erosion from both naturalhamdan activities, including
wind, waves, wakes, ice push and storm water runoff, but this potential for soil movement
surface waters depends on several factors including:

Soil erodibility
Rainfall

Slope
Vegetative cover
Fetch
Bathymetry
Average depth

RLS evaluated the potential for soil erosion based on the risk of soil mobilization due to the fac
listed above.Shoreline exposure and bathymetry play a big part in determining the degree
erosion at a particular shoreline site. Sites with straigfmbrelines or that are exposed to long wind
fetches from prevailing wind directions are particularly vulnerable to more frequent and hig
waves(i.e. Silver Lake)Conversely, sites within coves that block the wind are more protected fro
waves. Lakes i shallow and wide the nearshore underwater benches have more drag a
resistance to waves. Waves will subsequently be smaller in these areas in contrast to those
the water deepens abruptly and there is less resistance or bottom roughness to icdlulea wave.
When vegetation is present, erosion is less severe or even minimadl use also influences the
degree of erosion at a site. If the site is adjacent to a public use area where there are a lot of pe
going to and from the shoreline, vegeimt is often mowed and/or trampled leaving very little, if
any vegetation to control erosion.

{ At @S doximityl tSL@ke Michigan makes it vulnerable to sustained high winds prevailing fre
the west. The potential for shoreline erosion is often influenced by fetch, average depth, and
speed. The fetch, or the distance across a body of water to produatnd driven wave, ranges

from less than % mile to 1 mile from west to east across Silver Lake. According to N

climatological records, wind speeds can gust at least up to 50 miles peohabe lake Using the

2 A302yaAy 5bwQa S NMBEm AaBymindgtifefeNiE: Ssust@ined Winkfspedd? of 3
miles per hour for 5 minutes or more, waves could be produced that are betwdesfi. high with
moderate erosive energy. Once waves are generated, the rate of soil loss is commonly assog
with slope, soil type, and vegetative cover. Soils group®)Are classified based on estimates of
infiltration rate and runoff potential. Group A soils consist of well drained sands or gravel, w
group D soils consist of a clay layer that is nearly impesvand generates significant runoffher
risk for soil erosion for sites with no vegetative cover grows as soil clay content increases from g
A to group D.
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Eastern Shoreline

{AfTOSNI [1SQa SIadSNy akz2NBft Ay&elopd@entiikasdiivhziag | 0
its exposure to Lake Michigan whggtnerated waves and soil groups with higher erosive potentia

On the contrary, there are no steep bluffs and shallow nearshore benches help to break up waves
and lessen the impact to shorelirdegradation. A clear majority of shoreline vegetation has bee
removed and reinforced ith seawalls or riprap (Figure R6Nonetheless, here are some areas wit

a stable, natural shoreline (Figur&)2and some areas lvere riprap is failing (Figure R&ossibly

due to higher that average water levels. Areas with minimal shoreline protection experiencing acjive
erosion are ideal candidates for bioengineering efforts which could both mitigate erosion gmd
enhance neeshore aquatic habitat (Figures 29 and).30his effort would have a positive impact on
water quality.

Figure 26 Area to the left is an example of seawall with no vegetation present. To the right is an
example of a well vegetated shoreline.



Figure Z. Up-close picture of the area ifigure 1. This has been planted with native herbaceous
vegetation.

Figure28. Riprap failure due to wave action and higlvater levels.




Figure 29 Erosion site located at state park campground is an ideal candidate for natural shoreli
restoration.

Figure 30 Erosion site located at state park boat launch is an ideal candidate for natural shoreling
restoration.




Northern Shoreline

The northern shoreline is serrotected by its covdike geometry, sandy group A soind low
sloping landscape. This area is dont&tk by manicured lawns (Figure 31 and),3%ith small
sections of natual vegetation present (Figure B3There is minimal shoreline degradation occurring

in this area except for drainage pipes causing someombeach gully erosion (Figwe&4 and 3b

The establishment of emergent shoreline vegetation in these areas will slow the rate of beach Igss,
filter nutrients and provide aquatic habitat.
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Figure 31 Example of manicured lawn in place of natural shoreline vegetation. Drainage discharge
causing beach erosion.
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Figure 33 Example of naturally vegetated northern shoreline with no signs of active erosion.




Western Shoreline

The western shoreline consisté shifting sand dunes (Figure )3dnd some emergent shoreline

vegdation in other areas (Figure 35Whilethere are high slopes and sand particles are free td
move due to the lack of vegetation, they often do not become suspended in the water column &
thus not a threat to water quality. RLS does not recommend any shoreline erosion controls in
area.

Figure 34 Western shoreline with sand dune area. No signs of active erosion were identified.




Figure 35Western shoreline with emergent wetland vegetation and no active erosion.

Southern Shoreline

{AfT GOSN [ 1 SQa auwdielipediyith a Wodds,t natyfivegktdted landscape
(Figure 3. This is a great example of an ideal shoreline that includagasiableswath of emergent
aquatic vegetation at the nearshore shallows, such as stath bulrush, backed by wetland
species, such as herbaceous plants, shrubs and trees including swamp loosestrife, wilgw,
buttonbush, and othe larger tree species (Figure )37This location is also semiotected from
prevailing westerly winds. No areas of concern with active erosion Yeermed here. This location is

part of the Silver Lake State Park and consists of wetlands and bogs, thus likely to be preservedlin its
current state.




Figure 36 Example of an undisturbed, natural shoreline at the southern end of the lake.

Figure 37 Example of an undisturbed, natural shoreline at the southern end of the lake with
shallow water emergent bulrush.




