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1.0 PARADISE LARROJECT SUMMARYONCLUSIONS

Evaluation of he laminar flow aeration systemuring the 2013 season has demonstrated that the
system will continue to delive multiple benefits for quality improvements to Paradise Lake
Specifically, it will continue toeducenutrients in the lake andhelp to keep algal and submersed
aquatic plant communities in balance. Additionally, it appears that systemis not havimg
significant negative impacts on native aquatic plant spetiegerms of species diversity but some
species have increased while others have experienced a modest decré&seh a community
composition shift is normal in aquatic ecosystems so it iscdiffto conclude that these impacts are
due to the system and not normal ecological changentinued monitoring of the West Basim
2014 will help distinguish among system and normal ecological changes.

The Paradise Lake ecosystem continues to have geater quality and a healthy balance of
phytoplankton (algae), with the abundance of favorable algae such as diatoms and small unicelfular
green algae. Although no fishery studies have been completed by RLS, anecdotal reports onfarge
fish being caught bipcal anglers have been recently received.

Protection of the shoreline emergent vegetation is critical for the reduction of sediment amo
nutrient loads to the lake, especially through erosion in areas with high slope. In addition, the Hgh
biodiversiy of emergent vegetation found during 2013 is critical for weevil overwintering habites.
Weevils were stocked in the northeast region of the lake during July of 2013 to reduce the density of
the milfoil beds in that area. Analysis of weevil stems fromrtbeh, west and south shores of the

lake showed that the greatest amount of weevil damage has occurred on milfoil stems in the S@uth
Basin (this also occurred in 2012). Statally, however, the weevil damage in all areas is simile
with a mean stem damagindex around 2.0 on a scale of 5.0. This damage has been enougi§to
reduce the milfoil bed density so that no canopy is visible near the surface.
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The south and east shores of Paradise Lake are surrounded primarily by mucky loamy sand® and
peats. Thepotential for erosion is low around the entire lakexpect for one area on the West
shore)but the potential for ponding and runoff is very high in the mucky arfgasnarily the east

and southeast shores)Additionally, regular maintenance of septic systems in these areas is critic§l.

Future recommendation&urther monitoring of the aeration and weevil activity wittbmparisons to
pre-implementationdata. In addition, a program that encouemyannual septisysteminspections
and maintenance is desired fdurther water quality proection. The shoreline around Ralise
Lake containsa high biodiversity of emergent vegetation which should be protectedwater
guality protection and the habitat used by weevils éserwintering

2.0 PARADISE LAKFATERQUALITYDATA(2013

The quality of water is highly variable among Michigan inland lakes, although some characterifitics
are common among@articular lake classification types. The water qualitgathlake is affected by

both land use practices ardimatic events Climatic factorgi.e., spring runoff, heavy rainfalmay

alter water quality in the short termwhereas, anthropogenic (nma

induced) factorgi.e., shoreline development dawn fertilizer useklter water quality over longer

time periods. Since many lakes have a fairly long hydraulic residence time, the water may remai in
the lake for years and is therefore sensitive tatment loading and pollutantsFurthermore, lake

water quality helps to deterine the classificatiorof particular lakes Lakes that are high in
nutrients (such as phosphorasd nitroger) and chlorophylta (the primary pigment of algagand

low in trangarency are classifiedas eutrophic; whereas those that are low in nutrientsaind
chlorophylta, and high intransparencyare classified asligotrophic. Lakes that fall in between
these twocategoriesare classified amesotrophic Paradise Lakes consilered mesooligotrophic

due to its clear water and low nutrients arahlorophylta, but moderateto heavyaquatic plant
growth.

2.1 Water and SedimenParameter Methods, Data, and Discussion

Water quality parameters such as dissolved oxygen, water &atpre, conductivitypH, oxidation
reduction potential(ORP) Secchi transparengywater column total phosphorus and total kjeldahl
nitrogen, all respond to changes in water quality and consequently serve asatods of water
guality change. Sedimentnutrients (such as organic matter and sediment total phosphor)
generally more consistent with time, but are usually several orders of magnitude higher than wat@r
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column concentrations Sediments are highly heterogeneous among sites and exhibit gtro
variability based on sitepecific characteristicsAn aerial map showing the deep basin wagenality

and sedimensampling locations is shown below in FigireVater quality data for the deepasins
can be found in Tables4and sedimehorganic méer data in Table 5

The sections below describe the methods used to measure the parameters, along with meas@red
data and discussion of results.
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Figurel. Water quality and ediment sampling locations arouriRhradise Lake

Note: Samplingsites 18 denote sediment sampling locations ab& #1DB#4
denote deep basin water quality sampling sites.



Restorative Lake Sciences
Paradise Lake LFA Study
November, 2013

Pagel2
2.1.1 Dissolved Oxygen

Dissolved oxyge(DO)is a measure of the amount of oxygen that exists in the water column.
general,DOlevels should be greater than 5 mg to sustain a healthy warmwvater fishery. DO
concentrations may decline if there is a high biochemical oxygen demand (BOD) where organi§mal
consumption of oxygen is high due to respiratidDOis generally higher icolder watersDOwas
measured in milligrams per liter (mg)Lwith the use of aalibrateddissolved oxygn meter(Hanna

Model HI9828).

The DCconcentrations inParadise Lakeanged betweerl0.1-11.9mg L in October of 2013 The

West BasinDB#1)exhibited higheDOlevek than theother basins at the surface arat depthas

was observed in 2012 This is direct evidence of the efficacy of the laminar flow aeration syste

for the increase in DO at th&/est Basin During summer monthsDO at the surface is generally
higher due to the exchange of oxygen from the asphere with the lake surface, whereBOis

lower atthe lake bottomdue to decreased contact with the atmosphere and increased biochemigal
oxygen demandBOD)from microbial activity. A study by Verma and Dixit (2006) evaluatec
aeration systems in Lower Lake, Bhopal, India, and found that the aeration increased ov@rall
dissolved oxygen, and reduced BOD, chemical oxygen demand (COD), and total coliform counts

2.1.2 Water Temperature

Thewater temperature oflakesvaries within and among seasons and is nearly uniform with dept
under winter ice cover because lake mixing is reduced when waters are not exposed to wind. en
the upper layers of water begin to warm in the spring afterafle the colder, dense layergmain

Fd GKS o020G2Y09 ¢CKAA LINRPOSaa NBadz Ga Ay I|f ai
warmer and colder water layers. During the fall season, the upper

layers begin to cool and become denser than the warm@r$aNB = OF dzaAy 3 |y A F DS
G dzNY 2 S NE @ shallbwy/lake3sbof SidRlarbdise Lakevill not exhibit a major thermal
stratification while deeper lakes may experiencearked stratification. Water temperdure was

measuredat depth (just dove the lake bottom)in degreesFahrenheit(°F) with the use of a
calibratedsubmersiblehermometerprobe HannaModel HI 9828.

Water temperaturesat samplingranged between45.1-41.9°F from the surfaceto the bottom.
Differences in water tempetures among sampling sites may be due to variations in sols
irradiance,aquatic plantoiomass, or relative position to surface water movements



Restorative Lake Sciences
Paradise Lake LFA Study
November, 2013
Pagel3

2.1.3 Conductivity

Conductivity is a measure of the amount of mineral ions present in the water, especiallyadhose

salts and other dissolved inorganic substances. Conductivity generally increases as the amo
dissolved minerals and saltand temperaturein a lake increasesConductivitywas measured in
micro Semensper centimeter (B cntl) with the use of acalibrated conductivity prdoe Hanna
Model HI 9828.

Conductivity valuefor Paradise Lakeanged betweer207-234uS cm'. These values aneormalfor
an inland lake and reflect a moderatencentration of dissolved solidsAdditionally, these values
are much lower than in 2012, especially in the aerated West Basin.

2.1.4 pH

(alkaline), with neutral values around 7. Most Michigan lakes have pH valuestige from 6.5 to
9.5. Acidic lakes (pH < 7) are rare in Michigan and are most sensitive to inputsiotabg&tances
due to a low acid neutralizing capacity (AN@H wasmeasured with acalibrated pH electrode
(Hanna Model HI 982&) Standard Unit§S.U).

The pH ofParadise Lakevater rangedbetween 78-8.1 S.U. The pHof lakes is generally dependent
upon submersed aquatic plant growth anshderlying geological featuresFrom a limnological
perspective Paradise Lakis consideregbove neutrabn the pH scale.

2.1.5 Secchi Transparency

Secchi transparency is a measure of the clarity or transparency of lake water, and is measured
the use of an 8nch diameter standardized Secchi disk. Secchi disk transpanersayeasured in
feet (ft) at each individual sampling sit@g=4) by lowering the disk over the shaded side of a boa
around noon and taking the mean of the measurements of disappearance and reappearance o
disk. Elevated Secchi transparency afidar more aquatic plant and algagrowth. Eutrophic
systems generally have Secchi disk transparency measurements less than 7.5 feet due to turl
caused by exces& planktonic algae growthSecchi transparency is variable and depends on th
amount of suspended particles in the watéften due to windy conditions of lake water mixing)
and the amount of sunlight present at the time of measuremefhe Secchi trangpency for Deep
Basin 1 wa 130+feet (2 feet higher than last yegrhile the Secchi transparency for Deep Basin

was10+ feet,3 was 11.8 feet (to thebottom) and Deep Basin 4 was ¥.teet (to the bottom).

t of

pH is the measure of acidity or basicity of water. The standard pH scale ranges from 0 (acidic) b 14

ith

he
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Theseransparencymeasurements arenoderatelyhigh for a shallow inland lake and have increasec
from filtration of the water by zebra mussels.

2.1.6 Oxidaion-Reduction Potential

The oxidatiorreduction potential ORP or&,) of lake water describes the effectiveness of certai
atoms to serve as potential oxidizers and indicates the degree of reductants present within e
water. In general, therfevel (measuredn millivolts) decreases in anoxic (low oxygen) waters. Lo

B values are therefore indicative of reducing environments where sulfates (if present in the lake
water) may be reduced to hydrogen sulfide@1 Decomposition by microorganisms in the
hypolimnion may also cause then Evalue to decline with depth during periods of thermal
stratification.

The ERvaluesfor Paradise Lakeanged betweerl19.4188.4mV.The high variability could be due to
numerous factors such as degree of microbial activitgrribe sedimeriwater interface, quanty of
phytoplankton in the water, or mixing of the lake water.

2.1.7 Water Column Total Phosphorus

Total phosphorus (TP) is a measure of the amount of phosphorus (P) present in the water colmn.
Phosphorus is the prinma nutrient necessary for abundant algae and aquatic plant growth. Lak§ls
which contain greater than 20 pg'lor 0.020 mg  of TP are defined as eutrophic or nutrient
enriched. TP concentrations are usually higher at increased depths due to higlaseredtes of P

from lake sediments under low oxygen (anoxic) conditions. Phosphorus may also be released from
sediments as pH increases. Total phosphorus is measured in micrograms per litet) (g L
milligrams per liter (mgt) with the use of a cheival auto analyzeror titration methods. The TP
values forParadise Lakare within themesotrophicrangeof 0.0160.020mg 1.

2.1.8 Water Column Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen (TKN) is the sum of nitrate {Nitrite (NQ’), ammonia (Nk), and
organic nitrogen forms in freshwater systems. Much nitrogen (amino acids and proteins) aso
comprises the bulk of living organisms in an aquatic ecosystem. Nitrogen originates ffhm
atmospheric inputs (i.e. burning of fossil fuels), wastewatenrses from developed areas (i.e.
runoff from fertilized lawns), agricultural lands, septic systems, and from waterfowl droppingsyIt
also enters lakes through groundwater or surface drainage, drainage from marshes and wetland$§ or
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from precipitation (Wetzg 2001). In lakes with an abundance of nitrogen (N: P > 15), phosphoius
may be the limiting nutrient for phytoplankton and aquatic macrophyte growth. Alternatively,
lakes with low nitrogen concentrations (and relatively high phosphorus), the-drieen algae
populations may increase due to the ability to fix nitrogen gas from atmospheric inputs. Lakes With
a mean TKN value of 0.66 mgrhay be classified as oligotrophic, those with a mean TKN value bf
0.75 mg tt may be classified as mesotrophic, and

those with a mean TKN value greater than 1.88 mgnlay be classified as eutrophicThe TKN
values forParadise Lakeanged 0.50.9 mg L1, which is lower than in previous years.

Depth  Water DO pH Cond. TDS ORP Total Total Total
ft Temp mg L1 S.U. MUS cmt mg L1 mv Kjeldahl Alk. Phos.
°F Nitrogen mgL-? mg L1

mg L1 CaCaQ@
1194 0.7 97 0.010
167.9 0.5 97 0.010
156.4 0.5 99 0.010

Tablel. Paradise Lakeater quality parameterdata ®llected over Deep Basin 1 on
October 28, 2013

Depth  Water DO Total Total Total
ft Temp mg L1 . Kjeldahl Alk. Phos.
°F Nitrogen  mgL-? mg L

mg L1 CaCQ@
0.7 99 0.010
0.8 99 0.010
0.5 101 0.020

Table2. Paradise Lakeater quality parameterdata collected over Deep Basin 2 on
October 28, 2013
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Total
Kjeldahl
Nitrogen

mg L1

0.7
0.7
0.9

Table 3. Paradise Lake water quality parameter data collected over Deep Basin 3 on

October 28, 2013

Depth Water DO ORP Total Total Total
ft Temp mg L1 . mvV Kjeldahl Alk. Phos.
oF Nitrogen  mgL mg L1

mg L1 CaCQ@
441 106 135.7 0.7 99 0.010
44.0 10.9 167.6 0.8 98 0.010

Table 4. Paradise Lake water quality parameter data collected over Deep Basin 4 on
October 28, 2013

2.1.9 Sediment Organic Matter

Organicmatter (OM) contains a high amount of carbon which is derived from biota such as decaygd
plant and animal matter.Detritus is the term for all dead organic matter which is different tha
living organic and inorganic matte©M may be autochthonous orlaththonous in nature where it
originates from within the system or external to the system, respectivefediment OM is
measured withthe ASTM D297Method and is usally expressed in a percentage (%) of total bul
volume. Many factors affect the degradion of organic matter including basin size, water
temperature, thermal stratification, dissolved oxygen concentrations, particle size, and quantity and

type of organic matter present. There are two major biochemical pathways for the reduction of
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organicmatter to forms which may be purged as waste. First, the conversion of carbohydrates @nd
lipids via hydrolysis are converted to simple sugars or fatty acids and then fezthentlcohol,

CQ, or CH. Second, proteins may lproteolyzedto amino acidsdeaminated to NkH, nitrified to

NQ- or NG-, and denitrified to M gas. Bacteria are the major factor in the degradation of organic
matter in sediments (Fenchel and Blackburn, 1979) so the concomitant addition of microbes to fke
sediments will accelerat that process. A reduction in sediment organic matter would likel
decreaseaquatic plantgrowth as well as increase water dépt

Wang etal. (2008) showed that although organic matter in sediments may restrict the release fof
soluble reactive phosphorU$SRPJjo overlying waters, the fraction of dissolved organic phosphoru
(DOP) is readily released by organic matter under anoxic conditions. Thus, reduction of the organic
matter layer may reduce the total nutrient pool available for release in eutrolalikie systems. The
concentrations of phosphorus in both sediments and the water column fluctuate seasonally in lafes
with reported increases occurring during the summer (Clay and Wilhm, 1979).

Laing (1978)Yemonstratedan annual losef 49-82 cm of orgaic sediment in a study of nine lakes
which received aeration and bioaugmentation. It was further concluded that this sedim
reduction was not due to redistribution of sediments since samples were collected outside of ghe
FSNI GA2Y GONlyfdsE G(GKFG Aa dzadz f

Other inland lakeg Michigansuch as Chippewa Lake (Mecosta County, Michigan), KeeleMaake (
BurenCounty, Michigan), and Sherman LaKalémazodCounty, Michigan) have successfully usec
laminar flow technology to reduce organic mattercamulation in lake sediments and reduce
nuisance algal and aquatic plant growth.

Eightsediment samples were collected by hand with a héwettl (Ekman) dredge fromight areas
throughout the lake(Table 5. Each sedimensample waskept on ice prior toanalysisin the
laboratory for percentage of OM. The mean percentage of organic mattermong all of the
sampleswas 47%, with a high of 60% and a low of ¥6 The highest concentrations of organic
matter were found near thewestern and northern portionsof the lake with the lowest values
near thesouthern basin. In comparison to 2012 values, site #1 declined by 7%, site #4 by 8%, alid
site #4 by 2%. Site 2 actually increased 3% but this could be due to normal sediment variability.
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Sampling Site Sediment
% Organic Matter
55
60
39
50
25
3.0
49
1.6

0o N oo o B~ W DN P

Table5. Paradise Laksedimentdata collected around the lake on
October 28, 2013

2.2  PhytoplanktonMethods, Data, and Discussion

2.2.1 Phytoplankton Samplig Methods

Water samples were collected via a composite sample from above the sediment to the surface using
a composite sampler as described by Nicholls (1979amples were placed in dark brown
polyethylene bottles and maintained at 4°C until microscopmalysis could be executed. All
samples werereserved with buffered glutaraldehyde and analyzed within 48 hours of collection.
Prior to microscopic analysisach sample bottle was inverted twenty times prior to selection o
each aliquot to evenly distbute phytoplankton in the sample.A calibrated SedgwieRafter
countingcell (50 mm x 20 mnin areawith etched squares in mjrwith 1-ml aliquots (n=5 per

water sample) was usednder a brightfield compound microscopt determine the identity and
quartity of the most dominaniphytoplanktongenerafrom eachParadise Lakeater samples (n=4).
For identification of the individualominantalgaltaxa,algal samples were keyed to genus level with
Prescott (1970Q)
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PhytoplanktonData and Discussion

Algalgenera present ifParadise Lakmclude the following as determined through analysis under ¢
compound bright field microscope. The genera present included the Chlorophyta (green alghe):
Haematococcusp., Chlorellasp., Scenedesmusp., Ulothrix sp., Eugena sp., Chloromonassp.,
Mougeotiasp., Staurastrumsp., andPediastrumsp.; the Cyanophyta (blugreen algae)Gleocapsa

sp.; the Bascillariophyta (diatoms)Stephanodiscusp., Synedrasp., Naviculasp., Tabellariasp.,
Cymbellasp., andPinnulariasp, and Rhoicospheniap. The aforementioned species indicate a
diverse algal flora and represent a relatively balanced freshwater ecosystem, capable of suppofing
a strong zooplankton community in favorable water quality conditions.

Table6 below shows tle relative number of algae by taxa for a composite water samptelected

in each deep basin In comparison to 2012, the number of diatoms (the most favorable algae
type) has increased while the number of green and blgeeen algae have decreased in theedt
Basin. This finding has been observed in many lakes that implement laminar flow aeratia
systems and the mechanism for this is currently unknown.

Site Mean # Blue-Green Mean # Green Mean # Diatoms
Algae Algae
Deep Basin #1 1 32 94

Deep Basin #2 2 44

Deep Basin #3 51

Deep Basin #4 49

Table6. October 28 2013phytoplankton data

There has been considerable variability in the responses of biotic and abiotic parameterd to
aeration. For example, some studies hawtectincreases in green algae (Boehmke, 1984; Toet§,
1981), or bluegreen algae (Knoppert etl., 1970) and others have observed declines in {gteen

algae such aMicrocystis(Malueg etal., 1973; Toetz, 1981). A study by Burns (1994) found ths
annual aeration prevented the formation of reducing conditions which in turn reduced availabge
nutrients for bluegreen phytoplankton growth.
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Toetz (1981) found evidence of a declinéMliicrocystisalgae (oxin-producing blue greenalgae) in
Arbuckle Lake i©klahoma. Other studies (Weiss and Breedlove, 1973; Malual, €i973) have

also shown declines in overall algal biomass.

Chorus and Bartram (1999) reiterate that bathing aratwith < 20,000 cyanobactercells per ml

are considered not hazardous public health. Paradise Lakeater samples were found to contain

no Microcystiscells. However, a few cells dileocapsavere noted and thisalgais not currently
known to produce toxins.Currie and Kalff (1984) found that bacteria can be more effidgiernihe
uptake of phosphorus in the epilimnion compared to different types of phytoplankton. This co@d
have favorable ramifications for laminar flow aeration since augmentation of bacteria in sedimefits
through bioaugmentation could increase bacterial ptgiion densities to lead to increased uptake

of phosphorus whiclhecomedess available in the sediment pore water or sediments.
Bluegreenalgae arehighly resistant tgphoto-inhibition and thus can continue to photosynthesize
during exposure tdnigh lidht conditions (Paerl et al., 1995Microcystiscontains cellular toxins that

can cause liver (Hughes at., 1958; Falconer e&l., 1983) and nerve damage in humans ano
animals. A historical study by Gerloff and Skoog in 1957 of lakes in southern \Kisatgtermined

that the abundance oMicrocystisvas dependent on adequate levels of nitrogen in the water, sinc
this nutrient was the most limited.

Boyd etal. (1984) showed no significaetfects on total phosphorus, nitrogen, or chlorophall or
phytoplankton quantities with the applications of microbes.

A recent study by Vanderploeg &t (2001) on Saginaw Bay (Lake Huron) and Lake Erie showed fat
Microcystisbecame much more prominent after the introduction of zebra mussBleiésena
polymorpha). This is because the mussels filter the lake water for valuable phytoplankton and exbel
the bluegreen algae (such adicrocystig that are relativelyundesirable The increase izebra
mussels within Paradise Lake may make the lake more vulnet@bliécrocystisgrowth; however,
given the low nutrient concentrations of the lake, it is unlikely that a large infestatidfia@bcystis
would occur since it desires hypeutrophic (very nutriendrich) conditions.

2.3  SubmersedAquatic Plant SamplingMethods, Data, and Discussion

A total of 220 sampling locations were selected in the West Basin in 2012 and sampled again in 013
for aquatic vegetation relative abundance (Figure 2). Each waypoint wasefpenced with a
Lowrance HDS 8 GPS unit. A bomation of visual, rake tosses, and grab sample methods wepe
used to sample the aquatic vegetation.
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Figure 2. Aquatic vegetation sampling locations (n=220).

2.3.1 SubmerseddquaticPlant Sampling Methods

The GPS Poinrintercept Survey nethod was developed by th&rmy Corps of Engineets assess

the presence andelative abundance of submersed afldating-leavedaquatic plans within the
littoral zones of Michigan lakes. With this survey methiodiividual GPS points are sampled for
relative abundance of aquatic plant specieEach macrophyte species corresponds to an assigné@d
number designated by the MDEQ. In addition to the particular species observed (via assighed
numbers), a relative abundance scale is used to estimate the peammrage of each species
within the GPSsite.

Thesurvey onOctober B, 2013consisted 0220 samplinglocations in the West Basin &faradise

Lake Acombination of rake tossesjsualobservations, and bioaccoustmethods wereexecuted
throughout the West Basin area The primary objective of these surveys was to assess t
conditions of the submersedquatic plant communities before and after implementation of the
laminar flow aeration system with bioaugmentationThe secondary objective was to assehe
evidence of weevil damage throughout different regions of the lake and make managem@nt

recommendations for future years.
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2.3.2 Paradise Lak&xotic Aquatic Plants

Exotic aquatic plants (aquatic plants) are not native to a particular site anchtaoeluced 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 public access sites), waterfowl, @& by
wind dispersal. In additiorexotic species may be introduced into aquatic systems through t
release of aquarium or water garden plants into a water body. An aguatic exotic species may lfave
profound impacts on the aquatic ecosystem. The majority of exotic aquatic plants dopendien

high water column nutrients for growth, as they are wadlapted to using sunlight and minimal
nutrients for successful growth. These species have similar detrimental impacts to lakes in that fhey
decrease the quantity and abundance of native atualants and associated macroinvertebrates

and consequently alter the lake fishery.

Education and awareness are key ingredients for the reduction of transfers of these and ofher
invasive species. All boats placed irRaradise Lakeshould be thorougly steamwashed if
previously in another water bodgnd the existing boatvashing station helps to facilitate this

The only invasive found ifParadise Lakevas the exotic, invasive submersed aquatic plant
(Myriophyllum spicatury) which has been previously treated with weevils and is currently being
treated with both aeration and bioaugmentation and sustained weevil populatio&sirasian
Watermilfoil wasfirst documentedy G KS ! yAGSR {dFGSa Ay (KS yy
NBEL2NIa&a 6/ 2dzOK |yR bStazy wmdyp 0 Masgchtanghasisince G & |
spread to thousands of inland lakes in various states through the use of boats and trailfirs,
waterfowl, seed dispersal, and intentional introduction for fish habitd#l. spicatumis a major
threat to the ecological balance of an aquatic ecosystem through causation of significant declings in
favorable native vegetation communities within lakes (Madseal. 1991), and may limit light from
reaching native plant species (Newroth 1985; Aikenle1979). AdditionallyM. spicatumcan alter

the macroinvertebrate populations associated with particular native plants of certain structul
architecture (Newoth 1985). Within the past decade, research has been conducted on tlfe
genotype of hybrid watermilfoil species (Moody and Les, 2002; 2007) which are commonly a result
of crosspollination betweenM. spicatumand other native species such as Northern Watifoil

(M. sibiricun), and Variable Watermilfoil (M. heterophyllun). Since the introduction of Eurasian
Watermilfoil, many nuisance aquatic plant management techniques such as chemical herbicifies,
mechanical harvesting, and biological control have beaplemented. Mechanical harvesting is
generally not recommended for the control of Eurasian Watermilfoil since it causes fragmentatibn
of the plant which dramatically increases the spread of the plant, with each fragment possessingithe
potential to root inb the sediment and grow as a new plant. Chemical aquatic herbicides &e
commonly used but require a permit from the Michigan Department of Environmental Quality afd
must be registered with the U.S. EPA and U.S. Department of AgricuBiategical contol may be

a preferred method that is chemicéiee and targetspecific, and will not cause fragmentation of
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Eurasian Watermilfail Additionally, laminar flow aeration appears to be reducing Eurasia
Watermilfoil in many inland lakaacluding Paradise Lak

2.3.3 Assessment of the Weevil dharadiseLakeEurasian Watermilfoil

The aquatic weeviEuhrychiopsis leconteaturally exists in many of our lakes; however, the lack g
adequate populations in many lakes requires that theyirbplanted or stocked for successful control
of the milfoil. The weevil feeds almost entirely Barasian Watermilfoihnd will leave native aquatic
species unharmed. The weevil burrows into the stems of the milfoil and removes the vascular ti
theredc @ NBRdAzOAYy3a GKS LI FydQa I o6Afak 496). (Bventdally?thes
milfoil stems lose buoyancy and the plant decomposes on the lake bottom. Recent research has s
that the weevils require a substantial amount of aquatic plamass for successful controf
EurasianWatermilfoil. In addition, the weevils require adequate oweintering habitat since they
overwinter within shoreline vegetation. Lakes with sparse milfoil distribution and abundant metal
concrete seawadl are not ideal candidates for the milfoil weevilhere isan adequateamount of
overwintering vegetation around thearadisd.ake shorelinéo support a sustained weevil population

The native weevilEuhrychiopsis lecontéCokoptera: Curculioniddehas been shown to cause
detrimental impacts on the exotic aquatic macrophyEerrasian Watermilfoi(Creed etal. 1992,
Creed and Sheldon 1995, Newmanakt1996). The weevil life cycle consists of larval, pupae, a
adult life stages, whichll are involved in the destruction of the milfoil plants. In the initial stages ¢
biological control, larvae are applied to the apical (top) portions of stems and destroy the vasc
tissue (Creed and Sheldon 1993, 1994a, Newmaal.e1996), which sigficantly hinders stem
elongation. During the pupation stage, stem vascular tissue is further destroyed during
construction of the pupal chamber (Creed and Sheldon 1993). During the adult phase, ma
weevils feed on the milfoil leaves and stemse@ and Sheldon 1993\ map showing the large
milfoil bed (76 acres) where weevils were stocked on July 26, 2013 is shown in Figure 3 below.
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loss of stored Cfgases in stem epithelial cells) and photosynthetic growth inhibition of milfo
plants (Creed et al. 1992; Newman et al. 1996). Other herbigpecies such a®hytobius
leucogasterand Acentria ephemerellsshowed negligible results in the reduction of Eurasia
Watermilfoil (Sheldon 1995; Creed and Sheldon 1994). It is possible that many water physical,
chemical, and biological variablesuld dfect the success of th&. lecontecontrol method. As a
result, weevil evaluation treatments should minimize variables to the extent possible.

Laboratory Methods and Analyses

After milfoil stems were collected in the field and transported to theolabory, they were cleaned
and sorted prior to being inspected under the dissection microscope.
Each milfoil stem that was collected at each of tiiee sampling sites was sorted and untangled prio

to analysis under the microscope. In order to avaesdinng any delicate life cycle stages (i.e. newly lai
eggs or larvae) off of the exterior of the milfoil stems, washing of the stems was conducted only ater
an initial scan of the stem was completed and any of the associated weevil life cycle staggs (i
present) were recorded. Milfoil stems that could not be immediately analyzed were placed betwegen
constantly moistened paper towels which were refrigerated to halt tissue degradation. If necessary,
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stems with thick encrustations of zebra mussé&lsesena polymorpheor other debris, were cleaned
with deionized water and a steady stream of cold and lightly pressurized water. Whenever poss
tissue analyses occurred as soon as the dissection microscope was available after each sample.
Stem damage grameters such as stem diameter was measured and recorded. Stem diameter
measured in (mm) with the use of a set of calibrated, digital calipers, which wealibeated
between each reading for enhanced accuracy.

The condition of the milfoil stemé@ndex of stem damage, Jermalowidtanes etal., 2007) was
measured on each of the collected stems. The index of stem damage includes a stem tissue da
scale that ranges from 0 to Fhe index ranged fromOp @A G K | @ f de® wekvl
dayl 3S @AaAofSs | aué RSy2GAy3 GKS LINBaSyOoS
LINEaSyOS 2F tFNBIS Ay (KS adSy GAraadsSa | yR
or pupae and severe necrosis of the stem tissue,landd p ¢ RSy 20 SR 020K aSdS
pupae or larvae, and the loss of foliar leavée. assess for weevil damage, each individual milfo
stem was placed under the dissection microscope (first under the 10x objective power and t
under the Dx objective power) to look at the plant from the apical tip to the roots. Both overheg
and basdighting are used to illuminate the plant specimens and determine if weevil larvae or ot
life cycle stages are present in or on the individual stemeedvil stages were located in or on the
stems, they were recorded.

The data show that the stem diameter is highly variable and is not an adequate indicator of wee
damage. The stem damage index, however, showeshrly equaldamage at the North South,
and West regions of the lake during the 20%8ason.
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Table 7 Summary data table showing responses of EWM to weevil predation

in October of 2013n the West, South, and North basins of Paradise Lake

In addition to the weevil damage data on the milfoil plants, the graph below displaysfieets of
the laminar flowaerationsystem on the milfoil relative density for the West Basin in 2013.
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EWM Density Changes before and after Laminar
Flow Aeration in the West Basin of Paradise Lake

® Jun-12
w Oct-13

Found Sparse  Common Dense
Aquatic Plant Relative Abundance

Figure 4. Changes in EWM density at West Basin sampling sites before and after laminar§flow
aeration.

2.3.4 Paradise bBke Native Aquatic Plants

There are hundreds of native aquatic plant species in the waters of the United States. The rfost
diverse native genera include the Potamogetonaceae (Pondweeds) and the Haloragaceae (Milf@ils).
Native aquatic plants may grow tauisance levels in lakes with abundant nutrients (both wate

of native aquatic plants is essential for the balance of aquatic ecosystems, because each @lant
harbors different macroinvertebrate communities and varies in fish habitat structure.

Paradise Lakeontains 7 submersed, 2 floatifgaved, and £mergent aquatic plant species (Table

8), for a total of 13ative aquatiqlant species. The majority ¢tfie emergent macrophytes may be
found along the shoreline of the lakeAdditionally, the majority of the floatindpaved macrophyte
species can be found near the perimeter of the lake. This is likely due to enriched sedimentsfand
shallower water depth wh reduced wave energy, which facilitates the growth of aquatic plants
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with various morphological forms. Figure 5shows the relative abundance of all aquatic plan

species before and after implementation of the laminar flow aeration systéuiditionally, Table 8
shows the changes in native aquatic plants prior to implementation and again in 2013.

The dominant native submersedaquatic plants includedFernleaf Pondweed(Potamogeton
robbinsij Figure6) which occupied over 28 of the West Basiim 2013 The second most abundant
submersed plant wasVhitestem PondweedPotamogeton praelonguyg-igure?7), which occupied
approximately 206 of the West Basin 2014 The third most abundant aquatic plant wa@$asping

leaf PondweedRotamogeton richardsonifFigure 8), which has increased dramatically over the pas
few yearsand now occupiegalmost 184 of the West BasinThe dominance afooted submersed
aquatic plantsin the lake suggests that the lake sediments are the primary source of nutrieris
(egecially ritrogen), since most submersed aquagilants obtain most of their nutrition from the
sediments. Although the relatve abundance of some natives hagcreasedn 2013 the relative
abundance of both Bladderwort and Slender Naiad have actually increased.

Other aquatic plants founth Paradse Lake can be seen in Figures89 Only moderatedensities of

most native aquatic plant species were noted and careful management strategies are neede@ to
manage exotic aquatic plant species aprbtect native species while preserving the delicate
balance of native vegetation communities.

The Michigan Department of Environmental Quality has designated abundance codes for fihe
aquatic plantsurveys, where a = found (occupying < 2% of the surface area of the lakspdrse
(occupying 20% of the surface area of the lake), ¢ = common, (occupyir@P2d of the surface
area of the lake), and d = dense (occupying > 60% of the surface area of the lake)
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Aquatic
Plant Species
And MDEQ code

Aquatic Plant
Common

Name

% West Basin
Covered
June 2012

% West Basin
Covered
October, 2013

Chara vulgaris 3
Stuckenia pectinatus4
Potamogeton zosteriformis5
Potamogeton robbinsii6é
Potamogetongramineus 7
Potamogetonpraelongus 8
Potamogeton richardsonii9
Potamogetonillinoensis 10
Potamogeton amgfolius, 11
Vallisneria americanal5
Myriophyllum verticillatum, 18
Elodea canadensj21
Utricularia vulgaris, 22
Najas flexils, 26

Muskgrass
Thin-leaf Pondweed
Flatstem Pondweed
Fern-leaf Pondweed

Variable-leaf Pondweed
Whitestem Pondweed
Claspingleaf Pondweed
lllinois Pondweed
Largeleaf Pondweed
Wild Celery

Whorled Watermilfoil

Common Waterweed
Bladderwort
Slender Naiad

2.9
0.0
15

3.5

Table8. Paradise Lakehanges irsubmersedaquatic plant species and relative
abundanceprior to and after laminar flow aeration (Jun2012and Octobey2013.
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Relative Abundance of Submersed Aquatic Plant
Species in the West Basin of
Paradise Lake

® Jun-12 m Oct-13
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Aquatic Plant Species

Figure 5 Changes in fimersed aquatic plant relative abundance in the West BasiPaofdisd_ake
before and after laminaflow aeration.
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(Potamogeton robbingii
© Superior Photique, 2008

Figure7. Whitestem Pondweed
(Potamogeton praelongys
© Superior Photique, 2008

Figure8. Claspingeaf Pondveed
(Potamogeton richardsonii




