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Introduction

Forest Lake is located in the southeast corner of Fond du Lac County, Wisconsin, near
the village of Dundee. The lake is within the boundanies of the Northern Unit of the
Kettle Morainc Statc Foresl. It has a surface area of approximately 50 acres, a maximum
depth of 32 feel and a mean depth of 11 feet.  Forest Lake is a classic glacial pothole
lake, having ne inlets or outlets, 1ts primary water source is groundwater scepage. “There
arc no drive-in boat launches on fhe lake, However, a walk-in access 1s located in the
Stafe Forest frontage. TForest I.ake’s shores are predominantly upland hardwood foresl,
Tts watershed covers approximately 160 acres. The main management unit for the lake 18
the Forest Lake improvement Association

Forest Lake has historically been known for its scenic beauty and good water quality.
Since af least 1993 however, Forest Lake has been infested with Eurasian watenmilforl
(Myriophylhen spicatin). By 2000, dense beds of this aggressive exolic plant had
covered 25% of the littoral area. By 2002, Eurasian watermilfoil could be found in 41%
of the lake (20.5 acres). Throughout much of 115 Iakewide disiribution, Burasian
watermiltoil formed dense surface inats that formed a nearly impencirable bamner fo
boaters, switamers and anglers,

Historical data

Water qnality parameters and aquatic plant community characteristics have been weli
documenicd on Forest Lake over the past 35 yeurs. Aqualic plant surveys were
conducted in 1968 and 1985 by the Wisconsin Departiment of Nalural Resources
(WDNR), and in 1993 by Gerber. ‘The resuits of all three surveys arc presented in

1993). Water gualily moniloring was conducted by the WDNR during 1985-86 and
reported in Forest Lake Update: 1986 (D). Kendziorski, 1986). Water qualily moniforing
was conducted by the U.8. Geological Survey from 1994 to 1996 and reported in C.
Kendziorski (2001).

Recent management activilies

During the summers of 1999 and 2000, the Forest Lake Improvement Association hived
EnviroScience, Inc. to stock milff woevil (fSufrychiopsis leconfer) eggs and larvae into
Forest Lake. linviroScience, Inc. markets milfoil weevil stocking as a Eurasian
watcrnilfoil control program. Follow-up surveys conducted by EnviroScience stafl’ in
the late summers of 1999 and 2000 found no weevil survival or damape to mitfoil stems.

A repor{ entilled Effects of sudden exposure te elevated pH on milfoil weevil
Euhrychiopsis lecontei in Forest Lake Fond du Lac, County, Wisconsin {C. Kenduiorski,
2001) studied the efficacy of weevil stocking in Forest Lake. This study hypothesized
that the sudden exposure te (he high pH found in Forest Lake (Figure 1) impacted weevil
development and survival. Tt was calculated fhat the stocked weevils were exposed fo a
59-fold increase in alkalinity from laboratory rearing conditions fo Forest Lake waters.
Laboratory experiments conducted by EnviroScience in conjunction with this study did




indced find that weevil cgg-laying was simificantly reduced in high pH conditions. The
report recommended that weevils be gradually acclimatized to Forest Lake watcr in
future stocking efforts. The Forest Lake lmprovement Association however opted to
discontinue the weevil stocking program, and to explore alternative management opfions.

Tn 2002, the Forest Lake Fnprovement Association relaimed Agquatic Biolomsts, Ing. to
assist in the development of an aquatic plant management plan for the lake. This project
invoived conducting a survey of the fake’s water quality and aquatic plant conumugily,
and exploring options for both short-term and long-lerm management of Eurasian
watermilloil and other plants. This repori presents the findings of this study.
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Methods

Field studies for this project included 1) conducting a lake-wide snbmergent plant survey,
2} conducting a shoreline emergent plant survey, 3) mapping the disiribution of Eurasian
watermilfoif, 4) analyzing water quality parameters, and 5) determining temperature and
oxygen profiles.

Submergent plant sarvey

This survey involved plotting a series of 10 fransects {labeled A through J) that radiated
outward from equidistant points along shore (Figure 2). (GPS coordinates for the
starting point of each transect, and the compass direction of each transcct are given in
Appendix 1)) Four plots were sampled along each transect: at 2.5, 5, 10 and 15 foot
depths in the north basin, and 24 2.5, 5, 7.5 and 10 foot depths {where possibie) in the
south basin. Plots were established by estimating a 10-foot diameter circle around the
anchiored boat. The circular plot was then divided info four quarters with each quarter
representing 2 quadrant. Planis were collected in cach quadrant by making tows with a
tethered shori-loothed rake. A iotal of 160 quadrants were sampled. From each rake tow,
all piants collecled (inciuding emergent and floating-leaf species) were identified 10
genus and to species whenever possible. Data collecicd included species distribution,
relative abundance (% camposition) and % frequency.

This survey utilized the cven numbered lransects from the 1993 survey and coliecicd the
same types of data so that surveys were comparabic. Data collection methods for the
1993 survey uiilized undorwater observations, whereas rake tows were used in the 2002
survey. While the 2002 methods produced statisticatly stronger data, as well as atlowing
for easicr idenlification of plants, the 1993 methods were more likely to document low
frequency plant species.

Emergent planf survey _ .

This survey involved establishing ten additional transccts (labeled AB,BC ... ... TA) that
ran parallel to shore between the starting poinis of the submergent transeets (Figure 2).

For each transect, all emergent and floating-leal plants encountered were identilicd and

recorded. Fach species encountered was then given a relutive abundance yanking based
on the following criteria:

& Abseni aot found atong anseot

i Rare fornd &long less than 5% of transect

2 Present found along 5 — 25% of transcot

3 Conman found aleng 25 - - 50% of transect

4 Abundont found along more than 50% of ransect

From this data, percent frequency and percent composition were calculated.



Results and Discussion

Aquatic plant surveys

Species composition
The surveys conducled during 2002 found 2 fotal of 24 species, compared [0 23 species in
1993, 13 species in 19835 and 10 species in 1968 (Table I). The increase in plant species
fourd may be due to more thorough surveys being conducied during 1993 and 2002, It
may aiso be due o actual increases in species diversity. This trend has beon foumd in
other Wisconsin lakes, Increases in macrophyfe diversity may be the result of increased
fertility in fakes or increased human activity, such as hoat trailering, or a combination of
both factors.

Of the 24 species found during the 2002 survey, only five were found in al four surveys:
musk grass (Chara spp.), northern watermilfoil (AMyriophyihon sibericum - Formerly M.
excefbescens), tarpe-leaf pondweed (Potamageton amplifolius), sago pondweed {F.
pectinatus) and Natstem pondweed (P. zosteriformis).  Two cxotic specics, Burasian
watermilfoil and purple loosestrife (Lythrum salicaria), were encountered in 1993 and
2002 but not in the cariicr surveys. Ore positive {inding is that invasion Eurasian
watermilfoil has not yet Ted to a decrease in species diversity.

Interestingly, the 1993 repost concluded that Fries pondweed (P, friessil} found in the
1968 survey was misidentified smatl pondweed (P. pusiffus). During the 2002 survey
though, a common plant initiaily identificd as small pondweed was later keyedoufasa
variant of flatstem pondweed (2. zosteriformis). While the true idenlity of the plant may
remain a mystery, it is possible that all three labels have been applied fo a single species.

 Submergent plant survey results

Table 2 shows the results of {he submergent plant survey. Al 55.6% frequency, Burasian
watermitloil dominated the plant community. Nexf in abundance were flatstem '
pondweed and bushy pondweced (Najas flexilis). Northern watermilloil, Ulinois

" pondweed (P. illinoiensis), and coontail (Ceratophyilum demersunt) wete also abundant.
Tn comparison, the 1993 survey {Table 3) found hushy pondweed to be dominant st
47.5% freguency, followed by northern watermitioil at 33.8% and musk grass at 27.5%.
Burasian walermilfoil was fourth in abundance at 26.3%. [he mosl notable decline
(except for small pondweed with its apparent identity crisis) ocourzed 1n musk grass,
which dropped from 27.5 to 8.1% frequency. Chanpes in the plant community
composition between 1993 and 2002 are presenled in Figure 3. The most notabic finding
ol these data compatisons is that Eurasian watermiiloil has expanded dramatically, but
tias not yet reached the point of significantly reducing the diversity and abuadance of
nulive species.



Table 1. Species found during four Forest Lake aquatic piant surveys.

1968
Chara sp.
Iris spp.
Myriophyitum sibaricum
Potamogeton amplifolius
P. friessii
P. pactinalus
P. zosteriformis
Palygonum amphibium
Scirpus vatidus
Typha spp.
(10)

1985 1953 .
Ceratophylium demersum  Caralophylium demersu
Chara spp. Chara spp.
Myricphylium sibericum Eleacharie acicuiaris
Najas flexilis Eieocharis spp.
Nuphar variegaium Lythrum salicaria

Nymphaea odorata
Potamogeton amplifolius
£. natans
P. pectinatus
P. Zosteriformis
Polygonum amphibium
Valisneria americana
Zostarelia dubla

{13}

Myriophytkem sibericum
M. spicatum
Najas flexilis
Muphar vartegeta
Hymphaes odorats
Potamogeton amplifalius
P foliosus
P. gramineus
P. natans
F. pectinatLs
P. pusiiius
P. zosteriformis
Polygonum amphibium
Sagitaria spp.
Scirpus vakdus
Typha spp.
Valisneria americana
Zostereila dubia

(23}

2002
Carex hystericina
Carex spp.
Caratophyliuem demersum
Chara spp.
Drepanaciadus spp.

_Elepcharis acicutaris

Eleocharis palusiris
Lythrum salicaria
Myciophyllum sibericum
M. spicatum
Najas fiexdlis
Nitetla spp.
Nuphar variegata
Mymphaea odorala
Potamogeton amplitclius
P illinciensis
P. natans
P. peciinaios
P. zosteriformis
Scirpus americanus
Typha latifolia
Valisneria americana
Zostersiia dubia
Typha angustifolia

(24}

Table 4 shows the submergent plant survey data by transcct. Bushy pondweed and
Burasian watermilfoil wete most widely distributed, having been found in every transect.
Fiutstem pondweed, lilinois pendweed and northern watermiifoil were also widely
distributed, having becn found in 9 of 10 fransects. TransecisTand J on the east shore
had the highest diversity with 10 and 11 species, respectively. Transect A on the north
shore had the lowest diversity with six species. Raw daia from ¢his survey, including
transect descripiors such as depth, boitom subsirate, and the presence of human
disturbance (i.e. weed raking or treatment) is presented in Appendix 1.

Emergent plant survey data
Fable 5 shows the results of the emergent and floating-leaf plant survey. A total of
.. gleven species were found. The most commonty found plant was white water lily




Flgure 6. Total phosphorus water quatity index.
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(Nvmphaea odorata) at 77.5% frequency. Also abundani was the invasive exotic, purple
toosestrife (Lythrum salicaria) at 62.5 94, The next most gbundani plant was three-square
bulrush (Scirpus americanus) at 35% frequency. While threc-square bulrush is readily
identifiable by its trianguiar-shaped sicms, af a distance it resembles sofistem bulrush
(Scirpus validus). 1t is possible that {his specics was misidentificd as softsiem bulrush in
fhe previous surveys.

The transect having the preates! species diversity was DE with seven species. This
transect was along undeveloped State Forest land. The ransects with the least diversity
were AB and BC with four species each. Thesc fransects were along the north shore
which is the mosl heavily developed {Table 6).

' Eurasian watermilfoil distribution

" Burasian watermilfoil was found, in varying degrees of density, in approximately 20.5
acres of the lake (Figure 4). The largest continucus bed was found along the north shore
of the lake. Burasian watermilfoil distribution correlated most closely with depth. It was
seldom found in fess than two feet or greater than 15 feet of water. Dense, monctypic
stands of urasian watermilfoil were most often found al depths of 6 10 12 feet. Eurasian
watermilfoil tended to coexist with native species in shallower waters. While Curasian
watermilloil is quite well established in Forest Lake, it is likely that it will continme to
spread and become more dense,

Water quality parameters

The following water quality parameters were determined for Forest Lake from (he
September 20, 2002 sampling:

Chiorophy!l 2 2.9 ugl
Ammonia {as N) 0.18 mg/l
Nitrate + Nitrite {as N) not detectable
Kjeldahi Nitrogen 0.73 mg/l
Total Phosphorus 25 ngl

pH 906

Secehi dise depth 14.0 1.

The vomplete laboratory reports are found in Appendix 2. fixplanations of these Tesuits
are given in the following paragraphs.

Chloerephyli a

Chilorophyll is a pigment found in all plants. Ttis the only pipment that can convert light
to chemicat energy in photosynthesis. Chiorophyli o concenirations are often uscd to
gauge slgal abundance. Because algal abundance is often relaied to pulricnt inputs in a
lake, chlorophyli @ can be a good indicaior of water quality. Figare % ranks Foresl Lake
ont a chlorophyll @ water qualily index. Forest Lake ranked in the “very good” rangs.
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The result found in 2002 was below hislorical averages and welt below the average for
Southeastern Wisconsin lakes (D. Kendziorski, 1986}

Nitrogen

After carboun, hydrogen and oxypen, nifrogen is the most abundant element in living celis.
Tt is essential for most biochemical reactions. Nifrogen is always present in aquatic
covironments. Iis most common form is gaseous; which is basically inert. Nifrogen is
presetit 1 aquatic environments to a Jesser exient in the forms of ammonia, nitrate, nilrite
and urca. OF these, nifrate and ammonia are the most imporlant for plant growih.
Nitrogen can Hmit plant growth is high phosphorus environments, fhus it may be an
imporlant water quality paramcter. The ratio of nitrogen 1o phosphorus found in Forest
Lake however, indicates that nitrogen is not a plant-limiting factor. The rcsulls of the
2002 nitrogen parameters {ested were below historical averages and below the averages
for Southenstern Wisconsin lakes {D. Kendziorski, 1986). |

Phosphorus

Phosphorus is most oficn the clement that determines, or limits, plant productivity in
lakes. Results indicate that it is indeed the limiting nutrient for plant growth in Foresl
Take Forest Lake ranks in the “good” range on the fotal phosphorus water quality index
shown in Figure 6. Results were compasable {o 1985-86 data and below 1968 dala (D.
Kendziorski, 1986). '

pil

pH is the negative log of the hydragen jon concendration. i is used to measure the acidity
or alkalinity of lakes. As discussed earlier mn this report the pil of Forest Lake is well
above average. C. Kendziorski (2001) suggesicd that the high pH was a result of sol
types in The watershed. This is no doubt the main influence on Forest Lake™s pH.
Tlowever, historicat data presented in D). Kendriorski {1986) indicates thal mean pH has
increased over time. This increase is Hkely due io an 1ncrease in photosynthetic activity
within the lake. The tikely culprt for this increased photosynthetic activity is Evrasian
watermil foil.

Seechi disc depth

Seechi disc depth is the standard measure of water clarity. It is also one of the primary
indicators of water gualify. Torest Lake ranks in the “sood” range on the Secchi disc
depth water quality index shown in Figure 7. Results were weli above histotical data and
well above average for Southeastern Wisconsin Lakes (B, Kendziorski, 1986). This may
be the only positive result of the dense beds of Eurasian watermilfoil.

Dissolved oxygen snd temperature profiles

The saturation level of oxygen in water decreases with increased {cmperature, However
it more productive lakes this trend is reversed when low dissolved oxygen levels are
found in the cooler depibs. This phenomenon is evident in the resnits from Forest Lake
shown in Figere 8. A distinct oxycline was evident between 18 and 20 [cet deep.
Below 20 feet the lake was nearly devoid of dissolved oxygen. A thenmuocline was also
evident between 26 and 24 feet. The anoxic conditions found in the depths are & resuit of



bacierial decomposition of organic matter. As lake produclivity increases, so does
bacterial oxygen demand.

10



Table 2. Results of the submergent aquatic plant survey conducted on Forest
_Lake during September, 2002.

Species Samples Percent Pereent
CORmmen name scientific name Collected | Freguency* | Compositian**
|Eurasian Water Milfoil  Myriophylium spicatum 89 55.6 21.3
|Fiatstern Pondweed Potamogeton zosteriformis 73 45.6 17.5
Bushy Pondweed Najas flexilis 72 45.0 17.2
 {Northern Water Milfoil ~ Myriophytlum sibericurn 43 26.9 10.3
: tiinois Pondweed Potamogeton illinciensis 35 21.9 8.4
Bl Coaritai Ceratophyilum demersum 24 21.3 8.1
Iwater Ceiery Valisneria americana 24 15.0 57
. |Large Leaf Pondweed  Pofamogsfon amplifolius 18 11.3 4.3
|Musk Grass Chara spp. 13 8.1 3.1
~ Iwhite Water Lily Nymphaea odorata 8 5.0 1.9
tWater Stargrass Zosterella dubia 4 2.5 1.G
|Sago Pondweed Potamogeton pectinatus 2 1.3 0.5
Stonewort Niteila spp. 2 1.3 0.5
-tWater Moss Drepanocladus spp. 1 0.8 6.2

* % Freguency = number of oocurences / 1680 rake tows
** % Composition = individual samples coflected { total samples collected

{n=4i8}



Table 3. A comparison of Forest Lake subymery

from 1993 and 2002.

ent aquatic plant survey results

Species 1993 2002 Parcent
Acommon name scienﬁﬁc_ fname % Frequency | % Frequency Change
Bushy Pondweed Najas floxilis 47.5 45.0 ()25
iNorthern Water Milfoll ~ Myriophyilum sibericum 33.8 26.8 {-} 4.1
Musk Grass Chara spp. 27.5 8.1 () 194
* |Eurasian Water Mol Myriophyium spicatum 26.3 55.6 (+} 20.3
s -.-__: Water Celery Valisneris americana 25.0 15.0 (-) 10.0
"|Small Pondweed Potamogefon pusilius 22.5 0.0 (-) 225
" Ivariable Pondweed Potamogeton grammineus 10.0 0.0 (-} 10.0
. |Flatstem Pondweed Potamogelton zosteriformis 8.8 458 {(+) 36.8
~'{Coontail " Ceratophyllum demersum 6.3 21.3 (+) 15.0
JLarge Leaf Pondweed  Polamogeton amplifolius 6.3 11.3 (+} 5.0
& |White Water Lily MNymphaea odorata 6.3 5.0 {-) 1.3
- Sago Pondweed Potamogeton pectinatus 6.2 1.3 (-} 5.0
) Arrowhead Sagitaria spp. 3.8 0.0 ()38
|water Stargrass Zosterella dubia 26 2.5 (-} 1.0
- \Water Smartwesd Polygomun amphibium 2.5 0.0 (2.5
-|Needie Spikerush Eleochar's aciculanis 1.3 0.0 -j1.3
spikerush SpP. Eleocharis spp. 1.3 0.0 {(-}1.3
i eafy Pondweed Potamogefon foliosus 1.3 0.0 (-) 1.3
- |lincis Pondwead Pofamogeforn iffinoiensis G.0 219 {(+) 21.9
" [Stonewort Nitelia spp. 0.0 1.3 (+) 1.3
|Water Moss Drapanociadus spp. 0.0 0.6 (+}0.6




{£661) Jogen) wold

%E0L
[LCHA _m__..zmz : %0l
. %1LE _ : %E 0k NS4IN :_mmmm‘_:m_ GLe'L ]
%l'G eleyny | s J8lepa Ry
Ausje) 191BAN %ELT i .
03I ueiseiny
. 950G
Sl bl o%5'€L
slueld S0 SIEId S0 __S___m SANEN
uxum_hf Yol A %G 61
%408 pasmpUdd AUSNY  gnaBowelod pOBMPLO ALSNg
sugjebowelnd

¢00¢ 661l

.coEwanoo..&E:EEoo jueld usbisugns sxe 18010 ‘¢ anbi4




gt il 01 L g L B & & g 9 ¥l yoesiies) 1ad sawedg
g & l b g I BIEIONGD BERLUUAN AT JBlen, SN
4 L £ BIGRp BIAEIS0F sepifileg JelEpA
k L gds snpeouedalg BEUN JEIEM
¥z £ g i £ Z & & I BUEILSUE BUALSHEA A5 Jaem
g z ods Biaun LOMBLOIS
2 ! L smeugoad uolebowejod paampuod ofes
152 L L g l 4 9 2 g 3 wnausqs wniAydoui RO Jetepn WBLHCN
ek b ra [4 3 t £ dds esety) s32.0) sy
8l 4 b A 4 8 SOFOMOWe UORBOWEI0d peampuo Jea abien
g€ Z g L z 8 9 G A S SISUSIOUNY UOIBBOUBIOH paoMpLIo.d stou||
£l EL Ol £i =" g Ol g ! g siuLIDuBIs0r vojefowe)o paampLod Wasie|d
68 A nf 5 9 Zh g G £i L gl LREoNds WhALdouAK [ICN Jelen, uelsedny
e g g £ B ¥ £ z wnsisiuan waglydonessn (IERI0CT
fef'A g ¥ ¥ L £k £ g B £l Gl sy sefey pesMpUSd AYsng
Je3ol r l H L} 3 3 Q 0 g Y salgeds

1vasuen Aq pajaaljod sejdwes

-aye] 153404 U0 pRjanpucd Aeains Zo0Z equisides a3 w0l BEp J0asUBL juejd uablawgng ¢ 2JqeL




Table 5. Results of the emergent and floating-leaf aquatic plant survey conducted
on Forest Lake during September, 2002,

.+ o, Gomposition = total individual rank/ total species rank

(n=101)

Species Total Percent Percent
|eommon name scientific name Rank Freguency* |Composition**
White Water Lity Nvmphaea odoraia 31 77.5 30,7

Purple Loosestrife - Lythrum salicaria 25 62.5 24.8

Three-sguare Buirush Scirpus americanus 14 35.0 13.9

tPorcupine Sedge Carex hystericina 9 225 8.9
3padderdock Nuphar varfegata 8 . 20.0 7.9
s Unk. Sedge Carex spp. 5 12.5 5.0

|Broad-leaved Cattail ~ Typha Jatifoiia 3 7.5 3.0

. INeedle Rush Fleocharis aciculans 3 7.5 3.0
. -|Creeping Spikerush Eleccharis palustis 1 2.5 1.0

[Floating-leaf Pondwead  Fotamogeton nafans ] 2.5 1.0

INarrow-teaved Cattail  Typha angustifolia 1 25 1.0

* of, Frequency = total abundance rank / total possible rank fn=40)
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Figare 4. Forest Lake Eurasian watermilfoil distribution — September
2602. (20.5 acres total).
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Figure 5. Chlorophyli 2 water quality index_
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Conclusions and Recommendations

Tt is evident from this survey that the greatest management concerns for Foresl I.ake are
exotic aquatic plants; in particular Evrasian watermiifoil and purple loosestrife. TDucto
ils agaressive growth and rapid dispersal, Eurasian watermilfoil represenis a substantial
theeat to Wisconsin’s Lakes. Because Burasian watermilfoil grows quickly to the water's
surface and forms densc canopies that dlock sunlight, it can displace nearly all native
submergent species. This has been altributed to significant declines in the habital
diversity of fakes, The densc canopy and surface mat formations of matarc Eurasian
watermitfoil beds can preatly inhibit recreational valucs such as swimming boating and
fishing, Furasian watermilfoil has also been linked to declines in fishery quality,
jnvertebrate abundance and water quality (Pullman, 1993).

Purpie loosestrife can be found in a wide varicty of habitats from shaliow water to moist
soils. Like Burasian watcrmitfoil it is a very aggressive plant that can displuce many
native wetland plants including cattails (Typha spp.). Unlike catiails, purple loosesirife
has listle food or cover value for witdlife (Borman, et. al. 1997). When food and cover
disuppear, so do the species thal depend on it

Milfoil management opiions

Mechanical harvesting

Roatmounted mechanical weed harvesters have often heen employed to controf LBurasian
watenmilfoil. This method is usually used in fakes that have historically nsed harvesters,
and is sifuations whers lake management unifs have done insufficient planning fo receive
permits for herbicide use. Mechanical harvest is not a recommended control method for
Furasian watermitfoil, however. Eurasian watermilfoil can reproduce by fragmentation
{Borman, et. al. 1997), and fhe free-floating plant matter left from cutting operations can
acceleraic dispersat of the plant, Mechanical harvest docs offer several distinct
advantages, though. Harvested plant matter can be removed from the iake system,
climinating the possibility of low dissolved oxygen due to bacterial decomposilion. The
possibility of algae blooms duc to a sudden nutrien{ rclease is also greatly reduced. There
are 1o water use restrictions following mechanical harvest either. A disadvantage of
mechanical harvest is that it is not species selective. While cutting does not fypically kill
plants, there is fittle evidence to suggest that cutting can induce a shift back to native
specics. In the process of removing plants, weed harvesters also kill subsiantial numbers
of fish, reptiles, amphibians and invertebrates (Shardt, 1999). Perhaps the greatest
drawhack of a mechanical harvest program though, is cost. Cost / benefit analysis
conducted by the Florida Depariiment of Environmental Protection fourd that mechanical
harvest of nuisance weeds cost over 40 times as much as some herbicide treatments o
achieve the same level of control (Shardt, 1999). Given these considerations, employing
a mechanical weed harvester 1o control Furasian watermilfoil in Forest Lake would be a
poor choce.
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Miifoil weevils

There has been considerabie research on biological vectors, such as insects, and their
ability to affect a decline in Lurasian walermilfoil populations. Of these, the mitfoil
weevil has received the most attention. Native milfoil weevil populations have been
associated with declines in Eurasian watermilfoil in nataral lakes o Vermont (Crecd and
Sheldon, 1995}, New York (Johnson, e, al., 2000} and Wisconsin {Litie, 2000).

However thete is scant evidence that stecked weevils can produce a decling in Eurasian
watermitfoil density. A twelve lake study called *“The Wisconsia Milfoil Weevil Project”
{Jester, et. al. 1999) conducied by the University ol Wisconsin, Stevens Point in
conjunction with the Wisconsin Departraent of Natural Resourecs researched the etficacy
of weevil stocking, This report concluded that milfoil weevil densities were not elevated,
and that Furasian wajermilfoil was unaffected by weevil stocking in any of the study
lakes.

There have heen numerous reasons given for the lack of success of weevil sfocking as a
management option, including calcium carbonaie deposits on plants (Jester, et. al. 1999),
poor over-wintering habitat (Ncwnman, ct, al. 2001), high pH (C. Kendziorski, 2001) and
sunfish predation (Newman, pers, comm.). Perbaps the most compelling reason why
weavil stocking has been unsuccessful may be that weevil populations arc already at
camrying capacily in many lakes. Receat studics in Wisconsin indicate that milfoil
weevils are widely distribuled throughout Wisconsin’s iakes (Jester, et. al. 1997). Infact
this may have been the case in Forest Lake, as numerous weevils were observed during
the 2002 plant survey, despile weevils not having been slocked in 2002. One reason that
native weevil populaiions may be able o impact Enrasian watermoilioil in some fakes but
not others may have to do with a lake’s surface are and ils wind fetch. Recent studies
conducted by Aquatic Biologists, Inc. stalf {as yet napublished) concluded that a
relationship may exisi between wind energy and the ability of milfoil weevils to affect a
decline in Burasian watermiifoil, Tl appears that lakes must be large enough (300 acres +)
to generate sufficicnt wave action before milfod stems burrowed by weevils will
collapse.

Given the findings of this literature review and the resuits of past weevil stocking cfiorls,
it seems prudent that weevil stocking be discontinued in Forest Lake.

Herbicides

Ilerbicides have been the most widely used and most successful tools for coniroiling
Furasian watermilfoil.  The two herbicide groups most commonly employed are
fluridone (Avasi®, Sonar®) and 2,41 {Aquacide®, Aquaklcen®, Navigate®, Weedar
64). Whole-lake Sonar® treatments have been donc on several Wisconsin Lakes.
While initial results werc cneouraging {species selectivity, 95-100% initial contra ),
continuied monitoring found that desired long-term conirol was 1ot achieved {Cason,
20023 2,41 herbicides, on the other hand, have been used on bundreds of Wisconsin
Lakes with goad success. Before any trcatinent plan is adopled fora lake though, the
fotlowing concerns should be addressed:
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Is it safe for humans? The EP.A. lisis 24D as a Class I herhicide; which means that
shere is no data to support that it is barmful to humans. The E.P.A. product fabel lists no
watcr use restrichions for swimming or fish consamption following treamment with 2,4D
(Appendix 3). The University ol Michigan School of Public TTealsh recently conciuded a
review of more than 160 foxicological and epidemiological studies on 2,41 and
concluded that thers was no adequate cvidence to link 2,4D exposure 1o any forms of
cancer. Nor docs 2,4D from treated lakes appear 1o be able fo contaminate well water.
The Michigan Department of Environmental Qualily recently relcased resulis of a 4-year
study of drinking walce wells surrounding {welve kakes heavily {reated with 2,4D. To
date, no traces of 2,41 have been found in any of the test wells (Bondra, 2002). While no
one will guarantee that any herbicide is 100% safe, the overwhelining body of evidence
sugpests that 2.4D poses minimal nsks to Inunans.

Is it sufe for the environment? 24D is a biodcgradable organic kerbicide that does not
persist in the environment in any form, 2,4D does not bioaccumulate. BEven if fish
consune 2,4D pellets, the chemical passes through the gut withont entering muscle
tissues. Hence, the reasons there are no label restrictions on fish consomption,

Will it affect desirable planis? Applied comrectly at prescribed rates, 2,4D is highty
selective to Burasian watermilfoil. According the product label (Appendix 3), the
following plants found in Forest Lake are susceptible {o 2,4D at higher rates: watcr
sturprass, white water lily, spadderdock, and coontait. At lower rates (100 lbs / acre)
these and other nafive plants {ypicaily respond positively 1o freatments.

Is it effective? 2,40 has been used on thousands of lakes throughout North America. To
date 24D treatinents have been the single most effective Rurasian watermilfoii control
program. [n fact, the number of lakes in Michigan having Furasian waiermilfoil
problems has actually declined as a vesult of 2,4D usc (Pullman, 194933,

Is it ecanomical? While no contrel method could be considered cheap, 2,40 treatments
are among the least costly of methods, Perhaps the greatest consideration is that 24D
typicalty produces long-terra milfoil control. This means that lake mapngement units
seldom need to spend as much in the long term as They do for the Initial treatment. Dnce
Furasian watermitfoil is brought under conlrol, the costs of annual maintenance
treatmenls, if needed, are minimal.

Bhiaf are the disadvamtages? The greatest disadvantage of 2,4D treatments is that they
rarely produce 100% control. As a granular fonumiation, (he product lends to work ondy
where applied. Unnoticed and untreated plants may eventually grow to dense beds if left
wnchecked. Factors such as pL1 and plant maturity may also reduce treatment efficacy.
Several follow-up treaiments, in-season or on subsequent years, may be needed io reduce
Curasian watermilfoil to tarpet levels.

Purple loosestrife management options
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There are several methods that are commenly used for purple loosestrife contrel: digging
and hand pulling, cutting, herbicide treatments und biological controls. Digping and hand
pulling are smost effective for smailt infestations. Individual property owners are
encouraged to use this method if they are able. Cutiing involves removal and destruction
of flowers and seed heads (o inhibit plant propagation. Since cut plants tend to re-grow
and since seeds present in (he soifs can sprout new plants, this method will need to be
done for a2 number of years before desired control is achieved. Herbicide treatments are
the casiest and most ecenomical of methods. The preferred herbicide is glyphosate
(Bagre®, Rodeo®). This product rapidly bicdegrades upon contact with soél or water.
There arc no water use restrictions following trcatment. Becausc it is non-selective, cach
individual plant must be sprayed, as opposed to broadcast applications. Glyphosate is
extremely effective in controlling purple Icosestrife. 1t is also a very low cost treatment.
The biggest disadvantage is that secds in the soil will sprout new planis, requiring anmual
treshiments (or a numsber of ycars before desired control 1s achieved. Riological conirols
using several species of beetles and a weevil lrom Europe, by far show the most promise
for long-tenn controf of purple loosestrife (WDNR PUB-WT-276 20013, However this
method is pencrally not recommended for small infestations such as found on Forest
Lake beeause of the labor, time and expensc involved.

Plant management plans for Forest Lake

If volunieers are willing to donate the time and Tabor require for rearing beetles to coniral
puepic loosestrife, this would be the best management option for the lake. Started kits are
available [vom the DNR. Contact:

Brock Woods

IINR Research Center
1350 Femrite Dr,
Momona, WT 53716
(608) 221-634%

il herbicide treatments are deemed a more reasonable course of action for purple
loosestrife, they should be scheduled for 2003, A treatment for the entire lake should _
cost less than $660. This amount would need to be budgeted for several years though, A
DNR permit is requived for treatment; however the foe is waived. With either miethod,
full cooperation will be required from all lakeshore property owners, as purple looscstrife
OCCUrs Gh private property.

Based on the considerations prescnicd in this report, the best course of action for
controlling Llurastan watennilfoil in Forest Lake will be {o develep a 2 AD treatment
progratu. The Forest Lake knprovement Association should seek penmiis to conduct
large-scale 2,4D treaiments in 2003. Given the seasonal pH profiles of the [ake {Fignre
1) treatments should be conducied in April or May to increase effectivencss, While
dissoived oxygen levels do nol appear to be a major concem (Figure 8) trealments should
none-the-less be conducted in early scason as soon as plands are visible 1o reduce the
bioloyical oxygen demand, as wel as the threat of algae booms from nutrient relesse,
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Because Forest Lake contains non-target species that are moderately to sliphtly
susceptible to 2,4D (Appendix 3), treatment rates should be 100 Ihs / acre or fess,
Treatments shounld be made with properly calibrated equipment and with GPS tracking {o
ensure that application rates are both even and thorough.

Ideaily all of the Eurasian watermilfoil found in the lake should be treated at once. Past
experience has shown that this will produce the greatest long-tenn control. 2003
treafiment prices should be arcund $400 f acre. A twenty-scre treatment then, would cost
$8000. The Take Association should budget at least 10% of this smount for 1n-3ea5011
follow-up treatments, and al least 25% of this amount for 2004 follow up treatiacnls, A
realistic goal for Forest Lake will be to reduce Burasian watermilfoil fo Iess than 10% of
its 2002 distribution (as messured by % frequency). The success of this program will rest
upoen the Lake Association’s ability to develop an active monifosing program. After
Euzasian watermilfoil has been reduced to target levels, volunteers will be necded io
regularly monitor the lake for the purpose of identifying and mapping and recurring
Burasian watermilfoil. This wil! facilitate timely relreatments, and prevent Eurasian
watermilfoil froin again becoming the dominant plant in the lake. In this manncr
Eurasian watermilloil should be kept under conirol for a minimal anmual cost.

Formal aquatic plant surveys should be done in 2003 and 2004 o monitor pProgram
cflectivencss and fo provide inforruation that wili direct futare management efforts.
Conducting these surveys witl likely be a condition of a DNR pemmit. The Lake
Association cun seck financiat assistance from the DNR’s Lake Planning Grant Program
t¢ complete this work.
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Appendix 1. Aquatic plant survey raw data.



Waterbody: Forgst Lake Collectors: C. Cesan C. Zickert
Date: 8132002

TRANSECT: A {corresponds to 1993 frensect: 2 )
Starting GPS Leoc. B 43 36612 Compass directlon: 220 5w
W a8 G 924
QUAD 1 QUAD 2 QUAD 3 QiiAD 4

Depth  feet 2.5 5 10 15
Substrate sand unk Link uik
Disturbed? ¥yes dradgad dredged no
Species ! Decurrence
musk rass 3
coontait 1
Eurasian watermiifoil 4 4 2 2
bushy pondweed 3 4 4 #
Hiincis pondweed 3 2
waler celery 1

Observatlons: EVAM is loaded with mifoil weevils - many appesar newly hatched. Little spparent

damage to stemns though.

Waterbody: Forest Lake Collectors: L. Cason C. Zickert
Date:  &/13/2002
TRANSECT: B {corresponds to 1993 transect: 4 )
Btarting GPS Lo, M43 38662 Compass diraction: 208
W 88 10.008'
CUAD 1§ uAD 2 cuaAD 3 QUAD 4
Depth feest 25 5 i4a 15
Bubstrate mesck rrci unk unk
. Dlsturbed? yos dredged dredged no
] Species ! Qcourrence
cooriail 3
Eurasian watermilfoll 2 4 1
norhern watermiliod 4 2
bushy pondwesd 4 2 4 3
sago pendweed 1
Hibnois pondwesd 1 1
flatslem pondwesd 4 3 1 i
water celary 4 1

Observations:




Waterbody: Forost Lake Collectars:  C. Cason . Zickert
Date: 94 3£2002
TRANSECT: C (comesponds fo 1993 transect: 6 )

Starting GPS Loc. N 43 w61z Compass direction: 140 SE
W BB 1491

UAD 1 GuAD 2 QUAD 3 QAL 4

Depth  fest 25 5 10 15
Substrate sand sand muck unil
Disturbed? YES yas dredgsd no
Species ! Occurrence
muisk grass 1 3
coontail 1 3
Eurzastan watermilfoil 4 2 4 3
bushy pondwead 4 3 2
Itlinais pondweed 1 3 1
water celery 2
norihem watermiffoll 3
sago pondweed 1
flatstem pondwaed 1
Observations: Milfoil weevils are naear surface- they are even clinging to the boat.
Waterbody: Forest Lake Collectors:  C. Cason . Zickert
Date:  SH3/2002
TRANSECT: D {corresponds to 1893 lransect: 8 }
Starting GPS Loc, N 43 36490 Compass direction: 60 NE

W Bg 10.088

QUAD 1 QLIAD 2 QUAD 3 QLAD 4
Depth feal 25 5 190 15
Subsztrale sand riick muck ek
Disturbad? no no no o
Species / Decurence

coontail 2
Eurasian watermilfoll 1

niorthem watermilfol!
bushy pondweed
Hlinois pondweed
fialsiemn pondweed
water celery

musk grass

ritella 2

4

-
oL L e
M = L2

- Mo O

QObservations: undeveloped shora




Observations;

Waterbocdy: Fores! Lake Coliactors: <. Gazon . Zickert
Date:  SM132002
TRANSECT: E {corresponds io 1993 fransect: 16 )
Starfing GPS Lac. W43 35.2397" Compass direction: QO E
W 83 10068
QuUAD 1 QUAL 2 QUAD 3 QUAL 4
iepth fost 2.5 5 7.5 10
Substrate muck milgck miick muck
Bisturbad? 374] no ng no
Specles { Qccurrence
coortaf 3
bushy pondweed 1 1
Eurasian watermiifoil 2 4
fiatstem pondweed 4 3 3
Hinnis pondweed 2 3 2 1
largeleaf pondweed 4 2
miusk grass 1 1
northerm watermilfoil 3 2 1
white waler fify 1
Ohservations:
Waterbody: Forest Laks Collectors:  C. Cason G. Zickert .
Date: Qr 32002
TRANSECT: F _ (corresponds to 1993 transect: 12 )
Starting GPS Loe. M 43 368,365 Compass direction: 130 5F
W BB ey
GHAD 4 Quab 2 QUAD 3 UAD 4
Depth feet 25 & 10 15
Substrate zand mick rrieck muck
Disturbed? yas dredged dredged dredged
Species { Qocurrenca
bushy pondwesd 4 4 4 1
Eurasian watermilfioil 2 & 2
fiatstem pondweed 3 3 1 1
{linois pondweead 3 1
northem watermilfodl 2 4 g
watar celary 2 1
while water kily 2




Observations;

Waterbady: Forest Laks Collectors: C. Cason . Zickert
Date:  9/9/2002
TRANSECT: G {corresponds 1o 1583 transect: 14 }
Starting GPS Loc. N 43 Jg.2es Compass direction: 340 NW
VW 88 10.119°
_ CHJAD 1 QuAD 2 QUAD 3 QUAD 4
Dapth faet 25 5 & T
Substrate ok mick miick mick
Disturbed? 11+ no no no
Species  Doourrence
walar stargrass a
Eurasian watenmilioi 3 1 2
northern watermiffol 1
bushy pondweed q
{argeleal pondwead 4 3
itiingis pondweed 1
fiatstern pondweed 4 4 3 4
white water lily 2
Observations; Lois of CalO3 buildup on plants,
Waterbody: Forest Lake Collectors: C. Cason C. Zickert
Bate:  9MS2002
TRANSECT: H {corresponds lo 1893 transect: 16 )
Starting GPS Loc. M 43 36.325 Compass direcfion: 280 NW
W asa 09,884
- QUAD 1 QUAD 2 GUAD 3 QLuAD 4
Pepth foet 2.5 5 75 16
Substrate sand muck muck muck
Disturhed? £ R na dredged
Species I Occurrence
bushy pondweed 1 3
Eurasian walermiifoil 2 3
flaistern porndwesd 3 4 4 pd
largsaiaal pondweasd 2
narihern watermitfoi 1 2
water celery 2
whiter water fily 3




Cheervations:

Waterbody: Forast Lake Coflactora: . Cason <. Zickert
Date:  SM92002
TRANSECT: i {vorresponds to 1593 fransect: 18 }
Starting GPS Loc. N 43 G420 Compass directlon: 270W
W a8 gee 7
DUAD 1 UAD 2 QuAD 2 CQUAD 4
Depth feet 25 5 10 15
Substrate sand muck mtick meick
Disturbed? no no no no
Species | Occurrenca
coontail 1 4
muskorass 2
narthern watarmilfoil 3 2 2
bushy pondweed i 3
targefesf pondweed 1
illinois pondweed 1 1 3
fintstermn pondweed 3 4 2 E;
water calary 4 1 il
Furasian watermilfoil 4 1 3 pe
Observations:
‘|YWaterbody: Forest Lake Collectors: C. Cason C. Zickert
|Date; | M S2002
‘| TRANSECT: 4 fcofresponds to 1993 franseck 20 }
Starting GPS Lo, H 43 36.653% Compass direction: 270w
Was 09 848 :
- QUAL 1 QLAD 2 QUAD 3 QLUAD 4
Dapth feat 2.5 5 10 15
Substrafe sand LEFTK LK, Lk
Disturbed? o no 1o no
Species | Occurrence
coontall 2 2 1 3
muUsk grass 1
Eurasian watenmiiocil 4 4 4 1
northem watermiifoil 3 2 2
bushy pondweed 3 3
iargaleaf pondwesd 2
illinots pondweed 2
water celery 3
white water lily 2
waler moss 2




Appendix 2. Water quality monitoring analytical reports.
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