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GLOSSARY OF TERMS {1, 2, 2)

Water that has extyemely low or no digsolved
ORYYgEnN.

Gresn pigment present in all green plant life
and needed in photosynthesis. The amount
present in lake water ils related to the amocunt
of algae and 1s therefore used as an indicator
of water quality,

From Greek for "well ncurished®, describes the
acceleration of 2 lake’s aging by naturzl or
manmads procasses.

The longest distanse across a lake surface over
which the wind can sweep unobstructed.

A lake having large amounts of groundwater as a
water source and a surfacs outlet.

Hare defined as the drainage arega inmediastely
arcund a Lake 1.8, within 1,000 feet of shore
and any inlet{s;).

The zone bounded by the shore of a lake and by
the maximum depth a2t which light can penstrate
to the bottom cf a lake.

Commonly referred to as lake *wesds". Actually
aquatic vasculax plants found floating,
emergent or submergeni in a body of water.

A lake of intermediate photosynthatic activity
and transparency.

The total nitrogen divided by the total

phosphorous in a glven water sample. A value
greater than 1% indizates that phosphorous is
the limiting nutrient for primary production.

“Poorly nourished” from the Greek. Describes a
lake of low plant productivity and high
transparency.

Commonly called the hydraulic residencs time,
The amount of time reguired to completely
replace the lake’s current volume of water with
an equal volume of "new" water.
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Riparian

Secchi bepth

Year Class

vil

GLOSSARY OF TERMS
(Continuned;

A landowner whoese land lies on the shore of a
partisular body of water.

A measure cof optical water clarity as
determined by lowering & weichlted Secchi disk
{20 om in diameter) intce the watey body to a
point where it is no longsr visiblie.

A figheries management term relating to any of
the individugls of a gpecies hatched during a
particular year.




SUMMARY

White Lake, Waupaca County, Wisconsin, is a shallow relatively
large groundwater drainage lake which, despite its location in a
primarily agricultural watershed, retains good water guality with
respect to all paraneters nmeasured including transparency and
water column nutrient content. These same gqualities, howavear,
provide excellent habltat for aguatic macrophyte growth.
Macrophyte growth in White Lake currently occurs at nulsance
levels during the opan water season and causes, even wiih
aeration, dissolved oxygen depletion over much of the lake during
decomposition under ice in winter,

White Lake, even i1f subiected to costly and drastic habitar
alteration {e.g., extensive dredging}, will likely continue to he
& very productive habitat for aguatic macrophytes. Riparian
landowner diligence with raspect to land use/care and septic tank
maintenance should be emphasized to maintain water gualify. This
and physical or mechanical control oF macrophytes, io best
provide a recreaticnally usable and aesthetic resource, are
recopmandad as realistio and achievable management cbisctives.

Water guality maintenance resommendations ars common gonse
approaches aimed at contrel Of nutrient and sediment inputs.
Macrophyte control methods will eventually have to be intense and
widespread, but must be designed to 1) minimize dispersal of
current {bushy pondweed)} and potential (Burasian Milfoil)
nuisance species and 2) mazxinmize retrieval efficiency of cut
organic debris.

A seasonal and localized harvest strategy 1s recommended for the
near term. "Demonstration plots", with implications for a
combination of control technigques, are recommended to evaluate
and ultinately select cost-effective long term management that
wouid minimize potential complications related to dispersal,
succassion, and higher competitiveness of nulsance species.

! Text terms in bold print defined in glossary (p. vi)
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INTRODUCTION

White Lake is located two miles North of the City of Wevauwega in
south~cantral Waupaca County, Wisconsin, and is the segond
largest (1,026 acres) lake in the county. The White Lakse
Preservation Association (WLPA} was formed in 1983 to provide
leadership and ooordination of lake preservation and educaticonal
activities pertinent to the rasource. Its primary cbiectives
have been to contral excessive "wead” growth and, in general, to
make the lake more daesirable for all uwsers., (Qurrently, the WLPA
has 154 menmbers with a thres member elected Board of Directors

and four oificers.

The WLPA formed a Grant {ommittee in 19%0 to determine the
acticns that would bé necessary 10 protect the lake and, further,
to pursue the development of & long range mapnagenment plan under
the Wisconegin Department of Natural Resourcas {WDHR) Lake
Management Planning Grant Program. This comniittse selected IPS
Environmental & Anzlytical Serxvices {IPS) of Appleton, Wisconsin
as its consultant to develop the plan. A grant application,
incorporating reqguired or recommended program components and the
following general cbijectives, was prepared, submitted, and

approved in the Fall of 19%¢:

1. establishment of a monitoring study designed to track
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County Boaxd cof Supervisors, WDNR, the White Lake RAexationw-
Conservation (Clubk and the FJown of Royalton, was formed and met

initially in Februwary, 1931 to provide program guidance and

direction.

“3e
long~term trends,

2 acguisiticon of existing historic data and analysis,
along with current data, to assess the ¢urrent status of
the resource,

3. identification ¢f aguatic macrophyte contrel technigues
appropriate to White Lake, and

g, identification cof propsrty owner activitiss to help
maintaln the quality ol the lake,

A Planning Advisory Committee, comprised of represantatives from
WLPA, IPS, Waupaca County Land Conservation Department, Waupaca
|
N
|
_
N




DESCRIPTION OF AREA

White Lake (T2ZN R1IE 815, 156, 20, 21, 22} is a groundwater
drainage lake located in the Town of Royalton, Waupaca County,
Wiscongin {(Figure 1}. The general topegraphy of Waupaca Jounty
is related to glavial activity: that adjacent o the White Lake
khasin is level {prasumably ourtwash plain] to the wast, noxth, and
east, with higher moderately sloped topography to the south.
Low-lying areas immediately adijacent to the lake on the southwest
and northeast shores are comprised primarily of Seelyeville and
Cathro/Markey mucks; these are very poorly drained soils not
generally suitable for septic tank drainage fields or dwellings.
Predominant solls on the north and south shores are loamy sands;
those on the north shore are rather poorly drained Meehan and
Roscomron soils whereas those on the scuth shore are noderataly

to waell-~drained Plainfield soils {4}).

white Lake has a surface area of 1,028 acres, an average depth of
£.0 feet, and a maximunm depth of 11 feet. The fetch is 2.0 miles
and lies in a2 gastewest orientaticon:; maximum width isg 1.2 miles

and lieg in an northeazt-southwest orientation. an inlet exists

on the west shore and an intermittent ocutlet, tributary to thse
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F Pigure 1. Location Map, White Lake, Waupaca County, WI.
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South Branch ¢f the Little Wolf River, exists on the east shore.
Lake wolume 1s about 6,200 acre feet with a residence time of

about 7.4 years (5).

White Lake is a natuaral lake/wetland scosysten which was, about
1876, partially drained {outlet) to create a cranberry marsh. 2
concrete dam with a four foot head was bullt in 1821 1o restore
and =atabilize lake water level at about $6.25 fset {Railrcad
Commission Datum). The lake has experienced, currently and in
the past, nuisance levels of macrophyies {aguatic plants} which,
wnen the plants die and decompese under ilos cover, contribute to
severe dissclved coxygen (DO) deplstion ang fish kills in the
winter. The White Lake Aeration~Conservation Club (WLACC) began
winter aeration in 1973 in an attempt to alleviate this problemn;
partial kills, however, still ocour (£). WLPA has coperated &

waeed harvester through the open water season since 1983.

The watevshed immediately adijacent to the lake, i.e. within 1,460
feet of shore, is about 1,011 acres. Land use within this
immediate watershed ig predominantly agricultural with areas of
residential, forest and marsh. Primary waterched inflow iz via
the inlet which drains the lowland area on the southwest side of
the lake. Groundwater flow is also in a southwest to northeast
direction {73. Residential development is primarily along the

north and scouth shores; all residences are on septic systems or

holding tanks.
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white Lake supports a moderate sport fishery for lavgemouth bass

(Micropiterus salmeideg), northern pilke {Esox lucius), walleye

{stizostedion vitreum) and catfish (Jctalurug go.) {5). Other

species present in a WDNR fish survey conducted in 1984 included

vellow perch [Perca flavesceng), black c¢rapple {Fomexis nigro-

{Ietalorus melas) and common sunfish {(Lepomis 8p. prob.

P

gibbosus). HNorthern pike, walleye, largemouth bass, perch or
bluegill were stocked in 1974-1%76, 1978-197%, 1982-1854 by

either WDNR or WLACC (8).

Thres points of public access are lovcated on the south shore.

Parking facilities are available at the landing near the

southwest corner of the lake,




. -

METHONS

FIELD PROGRAM

water sampling in 1991 was conducted in Winter {March 7}, lata
Spring (May 23), mid-Summer (August 1) and late Summer {(August
26) at one or two sites {Table 1, Figure 2). Station 0402 (neaxr
inlet) was sampled at mid-depth {designated "S87}, and Station
G401 {(mid-lake deeposgt point) was sampled near surfacs

{degignated "8") and near bottom (designated "B},

Physicochemical parameters measured in the field were Secchi
depth, water temperatuere, pH, dissolved oxygen (DU), and
conductivity., Fisld measurementis werxé taken using a standard
Seccht disk and eirhey a Hydrolab Survevor I or 44041
multiparameter meter; Hydrolab units were calibrated prior and

aubsequent to daily use,

Samples wers taken for laboratory analyses with a Xemmerer water
pottle. Samples werxe labelled, preserved if necsssary, and
packed on i1¢e in the fisld; sanmples were deliversd by overnight
carrier to the laboratory. All laboratory analyses were
conducted at the State Laboratory of Hygiene (Madison, WIJ using

WDNR or APHA (8) methods.
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" Indicates trasseet also sampled by WDNR-LMD o 1989

§

EEE
HoE

0.0 - 0.5m (@0 17 ft;;
05 - 15m (L7 50 ft.
1.5 - 3.0m (30100 fr.)

Table 1. Sampling Station Lozations, White Lake, 1991.
WATER QUALYTY
Hite Iatitude/Longitude Depth
0401 44° 22.067 88" 55.53¢ in.o ft.
0402 447 21.78* 88° 57.2%° 3.0 £t¢.
MACROPHYTE TRANSECTS
Latitude/Longitade Transert Bearing Depth faterval
Transect Origin Ead Length {m) {Deprees) Hange! End im)
AT 44° 2198 44° 2158 26 84 Vs 15:222/280
RE° 2389 88 33.6%
B 44° 11.4%° a4® 2218 168 336 &3 &/ T6/168
38° 56,38 88° 36.07
¢ 45° 01 44° 218 2% 204 1213 1241227280
2% 5595 47 30N
ol 4% 213 49° 2168 32 358 172 6320
88° 5% 38° 5638
E' 44° 2158 447 2166 220 22 1724725 6/ 12220
A0 5694 $8° 57.0%
F 44° 21.84° 44° 2203 37 180 1203 5/ 24370
83° ¥ BE® 5883
G 44° 220 a3° 7 OF 26 135 1723 3O
RRE 56 47 88° 56,18
H 44° 2160 44 21,77 A6 320 172072k 5 615
88 3526 g8% 3557
1 44° 2160 4° 7.48 220 342 12 61220
88" 380 £8° 3883
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Figure 2.

Sampling Sites, White Lake, Waupaca County, Wisconsin.
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wWinter water quality parameters determined in the laboratory
inciuded laboratory pH, total alkalinity, total Kijesldahl
nitrogen, ammonia nitrogen, nitrate/nitrite nitrogen, tofal
phosphorous and dissolved phosphorous. Spring parameters
included labkoratory pH, total alkalinity, total Xjeldahl
nitrogen, ammeonia nitrogen, nitrate/nitrite nitrcgen, total
phosphorous, dissolved phosghorous, suspended solids and
chlorophyll a. Summer and late Summer laboratory analyses
included total Kijeldahl nitrogen, ammonia nitrogen,
nitrate/nitrite nitrogen, total phosphorous, dissolved

phosphoreus, and chlorophvil a.

Macrophyte surveys were condusted in early Summer and agaln later
in the season using a method developsed by Sorge et al and
modified by the WDNR-Lake Michigan District (WDNR-LMD} for use in
the Long Term Trend Lake Monitoring Program (23. The method
ntilizes established transect endpoints on and off shore for use
as reference from one sampling period to the next. These points
ware determined using & Loran Vovager Sportnav latitude/longitude
locator and recorded with bearing and distance of the transect
{iline of collection) for future surveys. Five of the nine
transects (A - E) sampled in 1991 were sampled by WDNR~LMD in
July, 1989, and thus provided some historical trend information.
The remaining four transects sampled in 1981 were chosen to
provide information from areas of local lmportance (i.e. boat

landings, harvesting zones, residential arsas, ste.}.
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Data were racorded from three depth ranges, i.e., 0 to 0.8% meters
{1.7 fesetr), 0.5 to 1.5 meters {5.0 feet), and 1.5 to 3.0 meters
{10.0 feetl, as avallable along each transect. Plants were
identified (collscted for verification as appropriate)}, density
ratings assigned {see below), and substrate type recorded along a
gixn foot wide path on the transect using a garden rake,
snovkeling gear or SCUBA where necessary. Nacrophyte density
ratings, assigned by specles, were: 1 = Rare, 2 = Ocgasional, 3 =
Common, 4 = Very Commen, and 5 = Abundant. These ratings were
treated as numeric data points for the purpose of simple
descriptive astatistics in the results and discussicon section of

this report.

CTHEER PHYSICOCHEMICAL CHARACTERISTICES

Watar Cuality Information

Historic Secchi and water chemistry informetion was cobtained fronm
Hank Tank, WLPA water guality coordinator. Secchi readings dated
bavk to August, 1985 and were measured aboubt svery two weeks
through 1930 {when the lake was accessible)., Additional Secchi
data were taken from the 1950 WDHR Self Help Monitoring Program
report (1081. Spring and Fall water chenistry data (analyses
performed by the University of Wisconsin-Stevens Point

Environmental Task Force) were also obtained from the WLPA and

I e
I -




I
dated back to November, 198%. Additional lake informaition was
retrieved from the WDNR Surface Water Inventery (11) and from the

WONR Wisconsin Lakes publication (5).

Land Use Information

Detalls of zoning and specific land uses were obtained from the
Waupaca County Zoning Administrator s Office zoning maps, United
States Soll Conservation Service scoll maps (4) and United States
Genlogical Survey gquadrangle maps. This information, whan
considered questionable or out-dated, was confirmed by field

reconnaissance.

Grdinance information was taxen ILyoem Waupaca County Zoning
rdinance, Waupaca County Floodplain Zoning Ordinance, and

Waupaca County Erxosion Control and Animal wWaste Management Plans

which were acquired from the Waupaca Ccunty Land Conservation

Depaxtment.

Punlic Involvement Program

A summary of public involvement activities coordinated with the

lake management planning process is outlinsd in Appendix I.
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FIELD DATA DISCUSSION

The three major land uses in the immediately adjacent watershed
are agriculture (45%), open-natural (36%) and residential (19%)
(Figure 3). Past and current water quality monitoring data
showed no significant nutrient inputs even though the overall
watershed (i.e. all land draining to the lake) is predominately
agricultural. White Lake has historically had low DQ problems in
the winter. This was observed again in the 1991 monitoring data
(Tables 2 and 3}. This problem apparently reflects the massive
macrcphyte growth rather than the occurrence and subsequent die-
off/decomposition of algal blcocoms. When the macrophytes die,
their decompositional oxygen demand depletes most of the

available dissclved oxygen.

Phosphorus is most often the limiting factor in algal and plant
production in lakes. Nitrogen to phosphorous ratios (N/P ratio)
consistently greater than 15 alsc indicate White Lake to be
phosphorous limited. Total phosphorus during past monitoring in
White Lake (lake center surface) ranged from .002 to .032 mg/l
(parts per million) with a mean value of .011 mg/l {Appendix II}.

Monitoring in 1991 showed total phosphorous in the range of .013

to .021 mg/l (mean = .016) at the in-lake site (0401). These in-
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Table 2. Water Quality Parameters, Station 0401, White Lake, 1991.

' § = Near Surface; B = Near Bottom

PARAMETER SAMPLE' MAR 7 MAY 23 AUG 1 AUG 26
Secchi (feet) S - 7.5 9.0 3.0 -
Temperature (°C) S - 22.00 24.08 25.58
B 4.13 15.80 22.63 24,91 -
pH (S.U.) s - 8.30 8.91 8.98
B 6.64 §9.30 8.58 8.92
D.0. (mg/l) s - 4.00 9.16 9.19 -
B .32 7.10 7.71 9.21
Conductivity (pmhos/cm) S - 202 152 186 -
B 304 215 195 186
Laboratory pH (S.U.) S - 8.3 - - -
B 7.6 8.2 - -
Total Alkalintiy (mg/l) 8§ - 95 - - -
B 163 98 - -
Total Kjeldahl N (mg/1) S - 1.2 1.0 1.0
B 1.7 1.2 1.2 1.1 -
Ammonia Nitrogen (mg/l) S - .045 .068 .017
B 231 .198 .079 .035 -
NO,+NQO; Nitrogen(mg/l) S - .012 <.007 <.007
B <.015 .008 <.007 <.067 -
Total Phosphorous (mg/l) S - .021 .013 .019 |
B 016 .017 .014 .014 -
Diss. Phosphorous (mg/l) S - .004 .005 <.002 '
B .Q05 .005 .006 .002
Suspended Solids (mg/l) S - 2 - - -
B - 2 - -
Chlorephyll a {pg/l) S - 11 2 2 -
Total Nitrogen (mg/l) S - 1.212 1.0 1.0
B 1.7 1.208 1.2 1.1 -
N/P Ratio S - 57.7 76.9 52.6
B 106.3  71.1 85.7 78.6 -
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Table 3. §3§§r Quality Parameters, Station 0402, White Lake,
PARAMETER SAMPLE MAY 23 AUG 1 AUG 26
Secchi (feet) 5! 1°% b b
Temperature (°C) 3 22.70 23.15 25.03
pH (S.0.) S 8.50 7.28 7.23
D.0. (mg/l) S 5.60 5.29 2.63
Conductivity (umhos/om) o 275 281 278
Laboratory pH (8.U0.) 8 7.4 - -
Total &Alkalintiy {mg/l) S 134 - -
Total Kieldahl N {mg/l) 8 2.0 2.3 2.2
Amronia Nitrogen {mg/l) 5 052 030 L 249
NO,+HC, Nitrogen{mg/1l) 8 012 L013 .G08
Total Phospherous (mg/l) 5 121 L1l .128
Diss, Phosphorous {mg/l) § .048 L0490 gzl
Suspended Solids (rng/l) S & - -
Chlorophyll a {ug/l) 3 & 13 22
Total Ritrogen {(mg/l) 5 2.012 2.313 2.208
N/P Ratio s 18.% 20.8 17.3

Near Surface
Sacchi disk vigible to bhottom

g1

wn




~18~
according to a recent compilation of summer total phosphozus
levels in upper midwestern lakes (12}, were lower than typical

for the region in which White Lake is located,

Significantly higher concentrations of total phosphorous were
onserved ngar the inlet at Station 0402 (range of 111 to .128
mg/l; mean = .120}. This inlet area rsoceives little wind driven
mixing and has very low flow which allows the water to bhecone
anoxic. Phosphorous releage from the sediments, similar to that
observed in deeper stratified lakes, cocours under anoxic
conditions. Wetland areas adiascent to the inlet should filter
cut most of the runoff nutyrients from adiacent agricultural lands
before they xeach the lake. Elevated phosphorous levels in this
area, apparently related to agricultural runoff/sedimentation or
long term organic buildup, are localized in this relatively
stagnant aresa and do not appear to have significant inpact on in-

lake levels, which remain relatively low.

Other indicators of lake eutrophication status include light
penetration and algal production. HNumerous summarative indices
have been developed, based on a combination of these and other
parameters, to assess or monitor lake sutrophication. The
Trophic State Index (T8I) developed by Carlson (13) utilizes
Secchi transparency, chlorophyll a, and total phosphorus. As
with most indices, application is generally most appropriate on a

relative and trend monitoring basis. This particular Iindex does

I 4
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not agcount for natural, regional variability in total phosphorus
levels nor in Secchi transgparency reduction unrelated to algal

growth {e.g., that associated with color).

TST numbers for White Lake {lake center surface} chlorophyll a
and total phosphorus lavels range from those indicative of an
pligotrophic to eutrophic condition, but overall suggest an early
mesotrophic classification {Figures 4-53. TSI numbers for
transparency indicate a mesotrophic to early eutrophic
classification (Figure o). Oligotrephic and early mesotrophic
lakes are often relatively deep, cool, clear, and stratify in the
summer, White Lake T51 values, therefore, indicate good water

column quality; the lake, however, Is very shallow and wanm,

As would be expected given relatively clear, warm and shallow
water over soft substrate, White Lake provides a habitat very
conducive to macrophyte growth. During past {14) and recent

macrophyte surveys {Appendix 11I), macrophytes {Table 4) were
found at 77 of 78 sample sites {sample gites = number of depth

ranges}.

Bushy pondweed {Naijas sp.} is widely distributed and, ovexall,
the mogt abundant macrephyte {Tablesg 5.7}, This plant is found
completely submerged and mostly on mucky substrates in the second

and third depth ranges {greater than .5 meters) {Table 8). Halas

is an annual {which reproduces solely by sesds), is most commonly
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Table 4. Macrophyte Species Cbserved, White Lake, 1991 (15).

Taxa Code
Coontail . . . e e e e e . CERDE
{Ceratophyllun dem&rsum}
HUSKGrassS . v » v o a4 v aw e e e e e e e e e e e CHASP
(Chara sp.)
Common waterweed . . . . . o s . o 0 o w . .. ’ BLOCA
{Elodea canadengis)
Fllamentaous algade . . .« 4« v v v s e , FILAL
Small duckwsed . . . . . . .+ . . 4 .04 4. . LEMHMT
{Lemna minor)
Water milfoll . . o o o+ - o o o o 000w . . MYRBEE
{Myriophyliam Sp. )
Furasian Milfoil™ . . . . . . . . . . . . . . . . . . ., MYRSPI
{Myricphvlium spicatum)
Bushy pondweed . . . . . . . . . . . . L . - . RAaJsP
(Naias sp.)
Nitella . . « .+ « « . e o e e NITSP or NITFL
(Nitella sp.)
Yellow pond 1ily . . . . . . . . o L .o . NUPSE
{Huphar sp.
White pond lily . . « « - « - « . v o . . . . KYMSP
{Hvmphaea sp.
No piants found . . . . . L . . o . .. ... . NGFLT
Pickerel-weed . . . . . . . . . . - PONCO
{Pontedaria cordata)
Large-leaf pondweed . . . « . . e o 4 0 . s h e e PUTAM
(Poramogeaton amplifolious)
Tilinios pondweed . . o & . 4 4 v v 0 v s . s . POTIL
{Potamogeton illincensis)
Sago pondwead . . . . s e e s e e e e e e e e e e POTPE
{Potamogeton mectlnaths)
Small pondweed . . . - . . . . a s e 4 e e s . POTPRY
{Potamogeton pusillue?
White~stem pondweed . . . « + +« & .+ . 4 . NN POTPR
{Potamogelton praelongus
Flat-stem pondwesd . . . < « « + « o v e v e e e e e POTEG
{Potamogeton zosteriformis)
Water CrowlooT .« . .+ v« v w0 e e e e . RANSP?
{Ranunculus 8p.)
A -3 + S « a0 SCISP
(BCiTpUus S0, )
Narrow~leaf cattall . . . . . . . . . o ., . . . TYPAN
(ITvpha angustifolis)
Broad-leaf cattail . . . . . . . . . . . . . ‘ TYPLA
{Typha latifeolia)
Water Celery .« . « « « « « « v v s s e v s v s s s VALAM
{Yoplligneria americand)
Horped pondweed . . . - .« . « . o 0 . . 0 . s . ZANPA

{Zannichellia palystris)

* Observed by WDNR in 1949
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Tanle 5. Qocurrence and Abundance of

White Lake, July 1381,

Macrophytes by Depth,

Depth Ranges

CODE I (N=91} 2 iN=111% 3 [ N=&3
T Abun- % abune % Abun-
% of gdance % of danoe % of gdance
Sites J(range) Zites (rapge) Siteg {range:
CERDE s 3 0 g 20 1i13
CHEASP 11 1{1} 8 11} G 0
ELOCA 3 0 g 1¢(1} 0 G
PILAL 33 A¢1-2% 0 0 0
LEMMI 1l 2{Z} 0 g i 0
MYRSPE 23 6{1-3) 18 4(2) 26 11
HAJSP 44 10(2-3) 94 38{1-5) 80 20{4-5)
NITEP 33 {13} 9 2121 4] 0
NUEsy 1l ity t ¢ i G
HYMEP 56 B(l-2) 18 3(1-2) 0 3
NOPLT 14 g 0 G g 0
FONCO 506 11{1-3) 27 S5{i-2} 24 (1)
POTAM 4] 0 G 0 0 G
POPIL 11 111) 36 3(2-3) 4{ 3{1-2;
POTPE 22 2{1} 9 {13 4] 0
POTPFY 11 1(13 G 0 G G
RPOTPR 22 2{2} 5¢ Z6{2-5%) 150 12¢4-4)
POTRG 1) 1{1) 18 6{3} 1 0
RANSP o 0 O 0 U )
QISP 44 T(1-2) 55 Bil-23 O g
FYDPAN ¥} 0 9 (1% g 0
TYPLA 11 5{35} 9 {13 2 4]
VALBM  RE 9{1-3} 18 5(2~33 0 O
ZANPA 0 0 9 11y 0 ¥
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Table 6. Occurrence and Abundance of Macrophytes by Depth,
White Lake, August 1991,

Dapth Ranges

CODE Iofn=8s% 7 {W=ay 3 (HR=%)
o Abun~ L Abune L Abun-

$ of dancs B oof dance % aof dance

Citeg {ranged Srme  {rancysy Sites {rangel
CERDE O 0 11 141} 0 o
CHASE & f 0 0 a &
ELOCA 11 2123 il {1} 0 O
FILAL 4 8 0 0 0 L
LEMMI 3] i ] 0 0 o
HMYRSEPE § 0 il 1¢15% 20 1(1)
NAJSP 78 LE{L~4} gg 26{1=-5} 50 11{3-5}
NITSP 22 3(1-2} 22 S{2-2) 0 4!
NURSE O 0 0 0 0 O
NYMEFP 11 (1} 22 I(1-2) 0 O
NOPLT 0 0 0 0 0 0
PONCO 44 9(2~3) 56 10(1-3) 0 0
POTAM 33 E(1w-3) 44 T{1~2) 0 0
POTIL 11 2¢2) B89 13(1-3) 40 6(3)
POTPE 44 4(1) 11 iNEN) 0 0
POTPU 0 0 Q 0 0 0
POTPR 11 1 56 ${1-3) 40 5(2-3)
POTZO 23 3{L-2) &7 (129 44 2(1)
RANSY 0 0 1L L{L) 0 0
sCISP 22 3{1w2) 33 5{1-3) g 0
TYPAN G 4] g 0 it o
TYPLA 11 5(8%) 1L 33 g 0
VALAM 78 1733} 84 14{1~3) 2 4{23
ZBHNPA 0 { g < G 0
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Table 7. Comparisoen of Occurrence as Percent of Potal
Abundance for Selected Macrophytes by Depth, White
Lake, 1991.

Species Toda Cepth RHang

JULY AUG  JULY AUG JULY AUG

KAJSP 13 21 31 2% 48 38
POTPR 3 1 21 7 29 17
VALAM 12 24 & 14 Q 14
PONCO id 13 4 10 2 0
HYRSPE 8 0 3 1 2 3
POTIL 1 3 7 i3 7 2L
sCIsy 2 4 7 5 0 it
TYPLA & 7 1 3 8 0
NITEY & 4 & 5 8 0
YMSP 190 1 2 3 G g

found in non-turbid water with hard substrates (15), and is rated
as an excellent spurce of waterfiowl food, but ¢an reach nuisance
levels. Bushy pondweed densities appear toe have reached nuisancs
Jevels in White Lake and aliso to a point whers they are
detrimental to a more diverse plant community which ftypically
provides a stable supply of forage oxganisms for fish and other

agquatic organisms.

White-gtem pondwesd (Potamcgeton praelongus) is the second most

prevalent plant in White Lake (Tables 5-8). This plant typically

does not reach nuisance levels and is a2 falry waterfowl food

gource which also provides fish with food and cover (13).
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White Lake also has established areas of cattail (Typha latifolia

and Typha angustifolia), purple loosestrife (Lythrum salicaria)

and water milfoil (Myricphyllum sp.). These species can reach

nuisance levels under certain conditions (15).

A dense stand of cattails is found on the south side of the
island as well as along the shore. These stands, according to
WLPA, appear to have been increasing for the last 20 years and
concern has been expressed about this occurrence. Otherwise,
overall macrophyte species dominance in White Lake does not

appear to have changed substantially since 1989 (Table 9).

Table 9. Compariscon of Sum Abundance of Selected Macrophytes
for Duplicated Transects, White Lake, 1989-1991.

Sum Abundance

Species Code Year
1985 1681
NAJSP 32 36
POTPR 23 26
VALAM 9 5
PONCO 5 8
MYRSPE 1 8
POTIL 0 4
SCISP 5 7
TYPLA 5 &
NITSP 11 5
NYMSP 0 7
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Species determination for water milfoil (Myriophvilum sp.) was
not possible because of lack of distinguishing flower parxts
during the time of survey. The WDNR-LMD 1582 macrophyie survey,

however, showed only Eurasian Milfoill (Myriophvyllum spicatum)

present in White Lake. This species is an exctic (not native o
Wisconsin) and has shown the capability to outcompete native
vegetation and reach nuisance levels guickly; this haz not vet
been observed in White Lake. Purple locsestrife which occurs on
shore, adjagent to White Lake, is also an invader which itends 1o

displace native vegetation in marsh areas along shores.
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BASELINE CONCLUSIONS

White Laks proper water quality during the open-water
season 1is good with respect to all parameters.
Transparency is good, i.e., to bottom over most of this
shallow lake, and total phosphorous is lower {.013 to
821 mg/1l} than that normally found (.030 to .430) in
lakes in this region, Higher phosphorous levels and
lower DO occur in and near the usually rather stagnant
inlet, but effects of this inflow on lake proper water

guality do not appear significant.

White Lake, due to physical habitat conditions including
shallow depth, hnigh transparency, and predominantly soft
subsirate materials, supports proliflo macrophyte growth
which repeatedly reaches, despiits rather intensive

harvesting efforts {16), nuisance levels. Bushy pondwaed

(Najas sp.) and white~stem pondweed (Potamageton

praelonous) are dominant and the exetic Eurasian Milfoill

{¥yricphvilum spicatum) is present.

Dimssulved oxygen depletion during winter has been and
continues to be a major problem in White Lake. Partial

fish kills still ccour {(last documented in 19858) and

severe kills are anticipated during years with thick snow
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cover. The aeration system is reported to only affect
areas within 500 feet of the aeration units, The major
cause Oof this problem appears to be related to
decomposition of macrophytes rather than algae {56).

4. Long term management efforts should concentrates on water

gquality maintenance and effective practical macrophyte

control.

(B R EEEREEEREBEREEREREESESEESEESESSEES
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MANAGEMENT ALTERNATIVES DISCUSSION

Water gaad.wy

wWhite Lake is a rather large shallow lake with a small watershed,
Direct agricultural influence is minimal and water guality is
good during the open-water season. Hiparian land use practices
can have a major influence on this small lake and land owner
diligence should be strongly emphasized and encouraged to
maintain this condition. Major concerns are sediment and
nutrient inputs; Common sensge approaches are velatively easy and

can be very effective in nminimizing these inputs.

Proper septic upksep is espscially inportant in White Lake
kecause predeminant soils are gither oo mucky to permit required
flow~through or tco sandy to permit effective filtration by soil
particles. An improperly functioning septic system can causs
gxcessive bacterial or nutrient input and cause algal and
macrophyte growth in the near-shore areas of the iske. Owners
should also use phosphate~ or phosphorcus-free detergents, curb

unnecessary water use, and avaid domping chemicals down drains.

Land practices can minimize both nutrient and sediment inputs.

Lawn fertilizers should be used sparingly, if at all. If used,
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the land owner should use phosphate-fres fertilizers and apply
small anmounts more often instead of large amountis at one or two
cimes, Composting lawn clippings and leaves can reduce nutrient
inputs Lo the lake. If leaves are burned, it should be done in

an area where the ash cannot wash directly inte the lake [17).

Creation of a buffer strip with diverse plants at least 20 Ieset
wide immediately adiacent to the lake can control wave sroslon,
trap scil ercded from the land above, increase infiltration {(to
filter out nutrients and scil particles), shade areas of the lake
to reduce macrophyte growth {especially on south shores), and
provide fish cover, Placement of a low berm in this area can
enhance effectiveness of the buffer strip by further zaterding
runoff during rainfalls. A buifer zone not only protects lake
water gquality but creates habitet for wildlife and provides

privacy.

Placement ©f rock xip-rap can alsc retard erosion and soil loss
ralated to wave erosion, ice expansion and wind-thrown ice. A
rip-rapped area two feet wide over filter cloth with rocoks about
4-77 in diameter oan be a very effsctive barrier. A WDKER permit

is reguizred for rip-rapping.

‘there ars nunerous informational sgurces available to land owners
with gusstions regarding land managesent practices. Home souxdces

are outlined in Appendix IV.
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Digselived oxygen depletion under ice 16, and will probably
continue {as long a¢ prolific macrophyte growth continuss), to be
a major problem in White Lake. Aeration, thryough maintenance of
opan water and direct introduction of oxygen to the water ¢olumn,
gan be very afifective in better maintaining numerous yeary classes
of fish., Continusd operation ©f the existing aeratcr, at leasy,
is strongly vecommended, though steps should be taken to assess
s effectivensss. SCUBA obsarvation of fish concenirations and
activity in aeratad areas of the lake may give insight as to

possible system upgrades.

Macrophytes

Control of dense macrophyte growth should be the maior management
obiective on White Lake. Existing macrophytic growth affects the
resourre nobt only assthetically, but physically {(e.¢. organic
sediment build-up) and biclogically {e.g. winter fish stress,
critical habitat reduction) as well. Numerous methods of
macrophyte control ranging from radical habltat alteration to
more subtle habitet manipulation are avallable and are discussed

below relative to White Lake applicability.

Dredging is a drastic form of habitat alteration. Dredging could

range from massive whole-lake sediment removal Lo a depln (&about
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i4 feet) at which macrophyte growth would be retarded due to
reduced sunlight {16) to spot dredging of limited (high pricrity)
areas with subseguent inw~lake deposition of sediment to create
islands. Large scale sediment removal is vexry costly; a previouns
egtimate in 19856 Loy this on White Lake was about $640 million.
Spot dredging, because of lower cost is a reasconable alternative
in some cases. The success potential for spot dredging in White
Lake ls very low, however, due to the shallow water habitat and
high potential for wind-driven sediment yedistribution (18}.
Neither form of dredging preésently appears appropriate for White

Lake in the near term.

Chemical treatment has been shown to eradicate some undesirsble
specie#s and leavs others intact. The WDNR strongly discourages
the use of chemicals because of nutrient release, oxygen
depletion, ssdiment accumulation, bicaccoumulation, unknown
environmental hazavds and the provision of a potential avenue for
invasion of exotic gpecies. Chemical treatment should not be

conzsidered for White Lake at this time.

Partial drawdown can be an effective macrophyte control method
and ls implementable to some degree in White Lake. Lowering the
water level 12-18" would expose littoral area roots, tubers and
rhizomes of macrophytes te freezing conditicons in the winter and
could eliminate some ©of the near-shore species. A gungier draw-

down could aid the mechanical harvester in yeaching macrophytées

|



C i N N N NN ENFENEEEEERS

-35-
in deeper areas of the lake. The partial drawdown still permits
some recreational use of the lake and may, within regulatory

constraints, be implemented by the lake association (19).

Potential problems with this method are that some species are
repcrted to increase in density after drawdown (including bushy

pondweed) and that restoration of lake level may be difficult and

take several years during dry vyvears or seasons.

Aquatic plant screens have been shown to reduce plant densities
in other lakes and may be applicable here. A fibkerglass screen
or plastic sheet is placed and anchored on the sediment to
prevent plants from growing. This may also make some sediment
nutrients unavailable for algal growth. Screens have to be

removed each fall and cleaned in order to last a number of years.

A newer technique consists of rototilling sediments to destroy
plant roots and appears to be effective in controlling plant
growth for a relatively longer period than harvesting. The
process is about the same cost per hour as a contracted
mechanical macrophyte harvester. A potential problem is
disturbance of the sediments and resuspension of nutrients or

toxics.

Installation of floating platforms (black plastic attached to

wooden frames) just after ice-out can shade the sediments,

restrict plant growth and help to open corridors for swimming or
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boat navigation. Shading is usually required for three wesks to
two months to significantly impact nuisance plant growth (20).
Potential drawbacks include limited spatial applicability and

e¢limination of use of the area while the platform is in place.

Remaining control methods consist, in one form or ancther, of
macrephyte harvest. It is a commonly used technique which can be
applied on a widespread or localized basis. Its efflciency,
based on method of cut/harvest, can vary substantially with

depth.

geveral conditicons should be considerad with respect to
macrophyte harvest in White Lake. Nulsance macrophyte growth on
White lake is widespread and would require intensive application
to achieve lake-wide effect., Secondly, the most abundant
macrophyte in the lake is bushy pondwesd which spreads solely by
seed dispersal. Thirdly, the exotic Eurasian Milfoll is present
in White Lake and spreads easily by fragmentation; strong
consideration should also be given to the potential of this
species to invade areas where competing macrophytes have been

removed.

Macrophyvte harvesting ls typlcally conducted with a mechanical
harvester which cuts the vegetation and removes {harvests) it
ento a platform for out-lake disposal. This type of harvester is

currently operated throughout the open-water season on White

2R E2EEEREEEPETPEPEEIEEEEEEEEE®
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Lake., Over 100 “loads® (i.e. more than in anyv past yvear of
effort) were removed in 1981, Despite this effort, only
marginal sBuccess in maintenance of "hoat lanss® was achieved and
no long term improvement overall was observed. Given the
previously menticned precautions regarding bushy pondweed and
Burasian Milfoll disparsal, present harvest practices may even
enhance the nuisance macrophyie problem through seed dispersal,
fragmentation or incomplete removal. Indiscriminate power boat
nsage cutside maintained boat lanes, through formation of “prop

cut® f£loating weed masses, may also contribute to this problem,

Selective SCUBA assisted narvest has been shown to sffectively
manage some macrophyvtes in deepsr areas whare the harvester
cannot reach portom. It can also be used to target only desired
species {bushy pondweed and Eurasian Milfoili. This method is
labox intensive, but has proved to effectively reduce nulsance

plant levels for up to two ysars (18%.

Raking weeds {usging an orxdinary gavden rake)} in the f{rontage area
can be & very effective localized plant control method when done
an a regular basis. Such concentraticn on the shallow water
dreas would reduse efforts expended on mechanical or SCUBA

aggisted methods.

Macrophyte control technigues vary considerably with respect to

cast-gffectiveness. 7To ensure selection of the most costm
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effective implemantational approach to White Lake macrophyte
control, WLPA should consider a combination of technigues with
localized and/or seagonal application “demonstration plots.”
These plots, to be most effective, need to be well documented and

closely wabtched with respect to the many f{isld variables present

in White lLake.
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MANAGEMENT RECOMMENDATIONS

WLPA should strongly encourage riparian land owner diligence with
respect to septic tank operation/condition, oreation of shoreline
buffer strips and proper fertilization practices to maintalna good

existing water guallity.

Winter peration should bhe continued, at least, at its present
level to provide some relief te the fishery during winter low
dissolved oxygen strass. Additional monitoring to determine
present spatial effect should bhe conducted and the potential need

for expanded aeration assessed.

¥Macrophyte control, which eventually would have to be intense and
widespread to achleve noticeable improvemsnt, should heavily
emphasize minimization of species ar nulsance levels {(bushy
pondweed and Eurasian Milioil dispersal) and the buildeup of in-
lake organic sediments. Near-term procedure acoording to the

follewing raticnale is recommended:

. Control of nuisance macrophytes should be implemented by
riparian landowners in their immediste shoreline area

extending out to a depth of about three feet. Maarophyte
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control at these depths, where harvester efficiency is
greatly reduced, can be acoonmplished relatively easily by

the landowner through raking.

Existing mechanical harvésting may be intense and
widespraead, if deslired, but only early in the season to
ninimlze seed dispersal. Boat lanes should be well
marked (buoyed) during this time frame. Later season
mechanical harvesting should be confined to areas where
harvester efficiency i1s high and to well warked "lanes",

with emphasis on complete and efficient removal of cut

macrophytes. Informational brochures/posters should be
distributed or displayad at accesses to discourage
unnecessary racrophyte disruption by power boats outside

of lanoes.

Cemonstration plots Lo evaluate efficiencies of various
combinatlions of methods should be concurrently

implemented. Experimental desligns shouwld include:

* Shallow vs. deep watgr (depth related
efficiency with draw«down implications)

* Mechanical vs. BCUBA assisted harvest (relative
species/tine frame afficiency)

* Documentation of taxonomic changes [(SUCCesSsSor

specias)

22 B2 BT EBEEBEEBEEREEBEBEEBEBEEEEEEEREEERE
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* BEvaluation of transplanting/seeding (species
competition/growth characteristics) and

creation of edges around desirables species beds

- Eurasian Milfoll beds should he identified and sslesctiva

SCUBA alded removal inplemented.

. Substrate characterization {specifically to detsrmine
depth «f silt to sand) may be undertaksen to evaluate
potential for future leocalized dredging to expose less
productive substrate; also has implication te partial

drawdown alternative.

.
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IMPLEMENTATION

The success of any laxe nanagement plan relates directly to the
abllity of the asscoclation/district to obtain funds and
regulatory approval necessary to implement the plan. The WLPA
was formed in 1883 under provisions cof Chapter 181, Wisconsin
Statutes. The WLFPA ls a voluntary asscoclation that does not have
a lake distrietns specific legal or financial powers {(to adopt
grdinances or levy taxes Or special assessments) to meet plan

objectives.

The White Lake watershed is located within the political
jurisdictions of the Town of Royalten, County of Waupaca and the
State of Wisconsin., Thess units have the power To regulate land
usaes and land use practicss. Waupaca QCounty orxdinances and Flans
possibly pertinent to the White Laks plan are summarized In

Appendix V.

Fotential scources of funding for inplementation projects are

listed in Appendix VI.
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APPENDIX I
PUBLIC INVOLVEMENT ACTIVITIES SUMMARY
White Lake Management Plan

The white Lake Preservation Association (WLPA) initiated steps to
develop a comprehensive lake management plan inder the Wisconsin
Department of Natural Resources (WDNR) Lake Management Planning
Grant Program in the fall of 1390. The grant was received on
December 20, 1990. A public involvement program was immediately
initiated as part of the planning procesgs. The fellowing is a
summary of mador public involvement effcrts.

Planning Advisory Commitiee

A Planning Advisory Committee comprised of representatives
from WDNR, IPE, the White Lake Asration-Conservation Club, the
Town ¢f Royalton, the Waupaca County Conservation Department
and Ceommlittee, Waupsaca County UW-Extensicon and the Waupaca
County Zoning was éestablished at the start of the program.

The committee provided directlion during the planning program
and served as main reviewer of the draft plan docunent,

Brochures

A brochure entitled, “Wialte Lake Management Planning Program”,
wag developed initially to acguaint WLPA members and others
about the objectives and elements of the program. The
brochure also included a brief history of the lake and
described how members of the WLPA could get involved,
Approximately 600 coplies 0f the brochure were produced and
distributed.

A plan brochure will also be produced. It will be made
available for WLPA use and distributicn when the plan has been
approved by the WDNR. The brochure will describe the main
features of plan desvelopment, plan recommendaticons and
pertinent infarmation specliic to inplepentation.

Newsletter

The WLPA newsletter, "White Lake Clipper”, with a monthly
digtribution of about 200 copies, provided updates on ths
pianning effort cthroughout the program,

Meetings

The WLPA conducted monthly meetings for its members and othex
interested parties. Meetipg agenda included progress reports
and guest speakers on various aspects of lake management (Uw-
Extension Waupaca County Resource Agent, UW-Stevens Point

Extension Lake Specialist and IPS among others). All meetings
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APPENDIY X
{Continued)
ware open to the public. Informaticn on the planning program

was also available at WLPA's fisheree and annual cook-out.

Prirni Media

The “Weyvauwegs Chronicle”™, a local weekly newspaper, published
articles on the planning sffort throughout the course of the
program.

The WLPA played a key role in the develcpment of the Waupaca
County Lake Assoclation. The overall cobiective of the
associlation is to provide a forum to facilitate timely
sxohange of lake management planning information with emphasis
on Weupaca County. The Waupaca Uounty Lake Association
conducted a half-day workshep on lake management planning,
water sampling and lakeshore landscaping.
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APPENDIX II

HISTORIC WATER QUALITY DATA
WHITE LAXE, WAUPACA COUNTY, WI
1385 - 04/91
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APPENDIX III
MACROPHYTE SURVEY DATA
WHITE LAKE, JULY AND AUGUST,

Spedivs Code

Subalrate

Fraat

HUPSPE  POTAM POTPE  FOTPU  POTED

L EMMI

ELOCA  FiLAaL

CHaASE

CERDE

14

ia

L g ]

==

frafo R o
g

Lo K]

—T O

Rl = =]

far Lol ]

=g

=B ol ]

L gl e
et

Al
AL
A3

fuc bl

]

R R e

20

— 0
s i

-
frm i

Lo ]

[ o
fem R e

i a

[
[HIEE]

SAND
RELHCK
RLICK

I3
134
ji¥

Lol

AR rd

picl o et
Lol egon]

ol o e
o

s o]
e Loei vl

el o]
e R e

o vl
[a sl

o

g8
g8

3
i

poo s
et

Ll

SAND
MUK

i
ol

[retad ]

i)

1]

i34

[ R

—_ i 4T

o

ETHETEATE

o
it
&

[l ]

fmie ]

Lo o

[ Rk

ST T

G e ¥
e

SANINBMUCK § &
£ 43
LI

SANDEMEC
MLICK

o3
Ela
B

== )
DD

R ]

oar

oo
T

e

LwsRors i)

[ a )
fan R R

(=R Ru]

e e

frm R R ]

R ]

P g
=

SILT/SAND
SILT/MUCK

SAND

3

(1
f
{

{1
]
3

af
i
g

a
G
4

u
1
&}

D
68

L=}

fa o )

SAND
SAND
MUK

(87}
Lid
133

i

[t
(L
[

9 4
@

9 4
a

Lo e

[k oag

FEIE
HI

53

Lty
-

fragiang
e Y

L]
ey

oo I
fm R

o]

g
fr- )

4 4
HIR

SANDMUCK
MUMCHSHTY

H
iz




—E0-

APPENDIX I1I
MACROPHYTE SURVEY DATA
WHITE LAKE, JULY AND AUGUST, 1991
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APPENDIX 1V
SOURCES OF INFORMATION AND ASSISTANCE (21)
White Lake, Waupaca County

Department of Natural Resources:

Waupaca Area Qffice
N2490 Hartman Creek Road
Waupaca, WI 54981
715-258-2372 or

Lake Michigan District Office
Tim Rasman

Lakes-LMD

1125 N. Military Road, Box 10448
Green Bay, WI 54307-0448
414-497-6034

Can answer questions con lake management, groundwater, water
quality, fisheries, regulations, zoning and wildlife or direct
you to scmeone that can be cf help.

East Central Wisconsin Planning Commissiocn:

Ken Theine

RP, ECWRPC

132 N. Main Street
Menasha, WI 54952
414-729-4770

Has information regarding zoning and building planning
information as well as information on land use.
Environmental Task Force:

Environmental Task Force

College of Natural Resources

UW-Stevens Point

Stevens Point, WI 54481

Will test soils, lake water or well water.




