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GLOSBARY OF TERME {1, 2, 3}

Land use practices o control the interactive
processes of erssion, runoff amnd nutrient ov
pesticide infiows.

Green pigment present in all green plant life
and needed in photosynthesis. The amount
praesent in lake water is related to the
amount of algae and is therefore used as an
indicator of water quality.

Genaerally referred to as natural lakas having
permanent inflowing and outflowing siveams.

A blologically diverse area located at the
interface of differing habitat types.

From Greek for Ywell nourished¥, describes a
lake of nigh photoasynthetic activity and low
Lrangparency.

The process of lake aging or envichnment with
nubtrients, generally with asseciated
inoreases in algae or weeds. The extent ta
which this process has progressed is
descrihed by Trophic status terms, 2.g.,
oligotrophic, mesctrophic, or eutrophic.

The longest distance over which the wind can
sweep unchstructed.

Lower, cooler laver of a lake during
sumnert.ime thermal stratification.

Here defined as the drainage area immediately
around a lake, i.e. within 1,000 feet of
shore and any inlet{s}.

The shallow area of a lake from the share to
the depth where light no longer penetrates to
the botitom.

Commonly referved to as lake MweedsV,
actually aguatic vascular plants that grow
either floating, emergent or subrergent in a
hody of water,
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GLOSBARY OF TERMS
(Continued)

Mesotrophic & lake of intermediate photosynthetic
activity and transparency.

N/P Ratio Total nitrogen divided by the total
phogphorus found in a water sample. A& value
greater than 1% indicates that phosphorus is
timiting for primary production,

Physicochenical Pertaining to physical and/or chemicail
characteristics.

Regidence Time Commonly walled the hydraulic residence time.
The amount of time reguired to completely
replacs the lake's current volume of water
with an egual wvolume of Ynew' water.

Secchi Depth A measure of optical water clarity as
determined by lowering a weighted Secchi disk
{20 cit in diameter) intc the water bhody Lo a
peoint where it is no longer visible.

gtratify Ltayering of water caussed by differences in
water density. Thermal stratification is
typical of most desp lakes during the Summer,.
Chemical stratification can also ocour.



BUMMARY

Shawano Lake i1s a large, recreationally popular lake in northeast
Shawano county, Wisconsin., The lake drains a relatively small
watershed {(compared to lake area) which is comprised of
predominantly open and agricultural lands.

Water quality readings indicated mesotrophic' to eutrophic
conditions for all parameters measured {on the Trophic State
Index). There appears to bhe a slight {trend from higher, more
variable nputrient readings in the past to more consistent,
slightly iower levels presently. The lake is well-mixed
throvghout the vear and nutrient levels are at or near those
gxpected for lakes in the region and other Wisconsin lakes. High
productivity appears related as much to basin mecrphometry
{(extenzsive shallow areas) and good water clarity as to nmoderate
in-lake nutrient levels. HMonitering indicated relatively higher
nutrient inflow during or after significant raln events,

Hacrophyte populations appeared to positively affect the resourcs
{as a whole)} through shoreline stabilization, nutrient uptake and
figh food and habitat preoduction, but some arsas support nuisance
levels of macrophytezs. The SLPOA currently coperates a mechanical
harvester (and has implemented a nmacrophyte management plan) to
manage specific areas and help keep portions of the lake area
recreationally usable. Most abundant plants include pondweeds
{Potamcgeton spp.}, nalads {(Naias spp.) and water celery
{Vvallisneria americsna) and ave generally of a desirable nature.
Water milfoil (Myricphvilum spp.) is alse common and may incliude
Eurasian Milfeil, an exotic, potentially nuisance species.

Recommendations foyr future management of Shawano Lake are
designed to maintain and enhance water gquality and
improve/enhance recreational access:

. Water guality moniteoring (regular, event and Self-Help
sseochi depth} should ke continued to track trends.

+ Riparian land management should be emphasized for the
extensive and highly developed Shawane Lake shereline.
Best Management Practiges (BMP's) should be further
solicited throughout the watershed,

. Macrophyte harvest according to a flexible schedule
should be continued to targst reduction of nuigance
species and thelr spread and o create edge and access,
Emphasies should also be given to identification and
effective management ox removal of macrophytes
particularly prone to sprsad by fragmentation.

. The SLPOA should consider distribution of a survey to
solicit attitudes and priorities ¢f shawano Lake users.
The survey c¢an help to foous management priorities.

. Steps should be taken to prevent spread of exotic
species to (and potentially fror) Shawano Lake.

Text terms in bold print defined in glossary {pp. vi-vii}




IRTRODUCTION

Shawano Lake is lcca%ed in the Towns of Washington and Wescott in
northeast Shawano County, Wisconsin. It 1s the largest lake in
the county and receives heavy recreatiocnal use. Currently,
fishing pressure is estimated to ke in excess of 4%0,000 hours
per veay (mostly ice fishing) and recreational boating to be over

500,000 hours per yeayr {Personal communication WDNR).

Tne &Shawano Lake Property Owners Assoclation (8LPOAY was formed
in 1281 to organize and direct the preservation of this resourcs.
The Assocliation is governed by an elected, 9 person, Board of
Directors. Directors ave elected annually by the approximately

454 menber Assoclabtion.

The SLPOA, in Gctcher 1946, decided to pursue development of a
long range managerent plan under the Wisconsin Depariment of
Natural Resources {(WDNR)} Lake Management Planning Grant Programn.
The SLPOA Directors selected IPS Environmental & Analytical
Services {(IPS) of Appleton, Wisconsin as its consultant to
develop the plan. A grant application to initiate development of
the plan, inceorporating required or recommended progran
conponentas and the following obisectives, was prepared, submitted,

and approved in aApril, 1s81:




acqgulire historic and current data, to assess the
present status of the resource,

establish ; monitoring strategy desiogned to track long-
term lake water quality trends,

locate, identify and gquantify aguatic macroghyte
concentrations, and

increase the awarensss of the lake propsarty owners and
establish a base of support for iake mahagement

efforkts.



DESCRIPTION OF BAREA

Zhawano Lake {(T27N, ?168, Sections 10, 13-16, 21-28; T27H, R17E,
Sections 17-20} is a drainage lake [possessing permanent inlets
and an ocutiet). The City of Shawano and Village of Ceclil are
located on the west and east ends of the lake, respschtively
{Figure 13}, A dam owned by the Shawano Paper Mill Division of
Little Rapide Corporation and operated for hydropower generation

contrels water levels of the Wolf River and Shawano Lake,

The general topography of Shawane County is related to glacial
activity. Shawano Lake iz located in the bed of what was Glacial
Lake Gshkesh or Nicolet during the Wisconsin stage of glaciation
which ended about 10,000 - 15,000 years ago {4). Topography in
the immediately adjacent watershed is level to gently sloping.
Major soll types adjacent to Shawano Lake are puorly drained
Cormant macky loamy fine sands on 0 - 2% slopes, Markay angd very
poorly drained Cathro mucks on 0 - 2% slopes, and Wainola fine
sand on € ~ 3% slopes. Sell permeablility is generally rapid on
these solls {5}. The overall watershed (approximately 65 sqg.

niles) consists mainly of openfagricultural areas.

Shawano Lake has a surface arsa of 6,100 acres, an average depth
of zmbout 9 feebt, a maxinmum depth of 39.5 feet and a lake wvolume

of 34,300 acre-feet {(6). The feteh is 5.9 wmiles and lies in an
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east-west orientation and the widith is 3.0 miles in a north-
south orientation: shoreline length is over 18 miles. The
residence time for Shawano Lake iz estimated to be 1.5 years

{Pars, comm. WDHR) .

The Shawano Lake watershed is 490,000 acrss; predominant iand uss
is opensagricultural {44%), forested (42%), and residential (11%)
(Pers., comm. Shawano County Soil Congervation Service, SC8)
{Figure 2). Private residences and commercial resorts/nmotels
soouny all but three small corridors arcungd the lake {(Psrs. comn,
WDHR} . 7The watershed to lake ratio of about 6.2 Lo 1 means that

6.2 times wore land tharn lake surface area drains +o the lake.

Sanitary sewerage service began in 1974 for nearly all lake
residenges through the Shawano Lake and Cecil Sanitary Districts
{approximately 182% and 224 residences served, respectively)
(Pers. comm. Shawano Lake and Cecil Sanitary Districts).
Individual septic systems remain in use at about 100 households
(predominantly farm units) in the watsrshed. 2anival waste
systems are utilized on approximately 32% of the livestock farms

in the watershed {Pers comxm. SCS).

The Shawane Lake watershed was designated a priority watershed by
the Wisconsin Department of Agriculiture, Trade, and Consumer

Brotection in 1985, Ahoubt 6%% of the Livestock farms in coritical

“ (. :. - a. - . ... s. . . . . . . . . .. .
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Figure 2. Land Use in the Shawano Lake Watershed, Shawano County,




areas, 1.€., within 1000 feet of the lake or tributaries,
participated in the program which emphasized fegdliot runoff and
manure managsmpent in the highly agriculitural southeast portion of

the watershed {Fers. ocomm. 345).

Littoral substrates are primarily muck {50%) and sand (50%) with
minocr areas af rubble located around Schumacher's Island {(Pers.
comm. WDNEI. Much of the littoral zone supports rooted aguatic
macrophytes and sometimes at nulsance levels., Historio
macrophyte contrel methods included contracted mechanical
harvesters (1985-1391) and chemical application {various vears
and chemicals}. Presently, nmacrophytes are managed by a

mechanical harvester owned by the SLPOA,

Shawano Lake supporbs a variety of wvarnwater game, pan, rough,
and forage gpecies {Table 1}. Fish introductions {Table 2) and
historical management have been principally directed toward the
northern pike, hass, walleye, and panfish fisheries. A 1988 WDKRR
fish survey indicated walleye and northern pike populations
needad management, while largemouth bass and bluegill populations
were healthy (Pers. comm. WDNR). Fish sampling has indicated
some mercury contamination: a WDNR fish consumption advisory

currently sxists for walleyse from Shawano Lake (7).

Dirsct public beoat access to Shawano Lake is available at
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Table 1. Fish Specles Present in S8hawano Lake.

COMMON HNAME
Muskeliunge
Noxrthern pike
Yellow perch
Walleve

Black crapple
Bluegill
Largemouth bass
Pumpkinseed

Rock bass
Smalimeouth basg
Shorthead redhorse
White sucker
Longnose gar
Bowfin

Central mudminnow
Yellow bulihead
H8lack bullhead
Arown bullhead
Bluntnose minnow
Brookx silverside
Commeon Carp
Common shiner
Fathead minnow
Golden shiner
Johnny darter
ake chubsucker
Spottall shiner

SCTENTIFIC NAME

Eso¥ masquinongy
Esox lucius

Perca flavascens
Stizostedion vitreun

Leponmig macrochirus
Micropterus saimocides
Leponis gibbhosus
Ambloplites rupestris
Ficropterus dolomieul
Moxostama macrolepnidotun
Catostonus compersoni
Iepigosteus ospeus

Unbra limi

Tetalurus natalis
Tetaluruyg melas
Ictalurus nebulosus
Pimevhaies nobtatus
Labidenthes sicoulug
Cyprinus carpioc
Hotroois gornutus
Pimephales propelas
Hotenmligonus grvsoleucas
Ethesstoma nigrun
Erimyzon sucebtia
Notropis hudsonius

Table 2. Recent Fish Introductions, Shawano Lake, Shawano

County, WI.

YEAR SPEQIES
188% Walleve
1968 Walleye
1967 Walleva
1868 Walleye
1988 Wallevye
1283 Walleve
1970 Walleye
1991 Crappie

BLZE NUMBER

Fry 1,040,000
Fry 4,100,800
Fry 1,000,000
Fry 1,800,000
Fingeriin %G,000
Pry 1,000,000
Fry 545,431
Fingerling 2,000
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approximately ten locations. Indirsct boat access via the outlet
channel and thse Wolf Riwver is also available., Public
recreational accea%aiﬁ avallable at 2 county parks, & piconic
areas, 2 beaches, and 356 acres of public bunting grounds. In
addition to public access points, several resorts and campgrounds

have private launch sites {Parsg., comm. SCE, WDNR}.

Shawano Lake provides nesting habitat for migrating watexfowl
including mallards, black ducks, biue-wing teal, and wood ducks,
A wide variety of the ducks and geese common to the

central /Mississippl flyways alsc rest in the area,

3

l L. L. l. i. I..
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KETHODS

FIBELD FPROGRAM

Shawano Lake water sampling was conducted Spring, Summer, late-
Summer and Winter {(June 4, July 30, Beptember 9, 1881, and
January 27, April 28, and July 7, 19%2) at Stations 1501 ({west
kasind, 1502 {(deepsest point, central basiny and 15083 {(east bhasin)
{Table 3, Figure 3). 3all stations ware sampled three feet below
the surface {(designated ¥5%; and threo feet above the bottom

(designated “BM").

Physicochemical parawmeters measured in the field included Secchi

depth, temperature, dissolved oxygen (DO), pH and conductivity.
Measuresments wversg Laken uging a standard Secchi disk and elther a

Fydrolan Surveyor II or 4041 multivaramstsr meler; Hydrolabh uniis

were calibrated prior fto and subseguent To daily use.

Samples taken for laboratory chemical analyses were collected
using a Kemmerer water bottle, Samples were labelled, preserved
when necessary, and packed on ice in the field; delivery ta the
lakboratory was made via overnight carrier. 211 laboratory
analysses were conducted at the State laboratory of Hygiene
{Madison, WI)} using WDNR or APHA (8) methods. Spring water

gamples were analyzed for laboratory pH, total alkalinity, total



Table 3. Sanpling Station Descriptions, Shawance Lake, 1%%1 -

1992,
WATER QUALITY

Hegular
S5ie Latitude A ongitude fienth
1501 44 48.76 880 32.33 20,0 ft.
1R 45 4 syt om o W 087 R R
1503 4% #H.EY BE 7RGV RIS o
Lvent

Site Location
151 Mouth of urmnamed iniet near Shady Lane Road: south shore
156 Mouth of urmamed inlet nedr Swan Oriver south shors

Mouth Piekerel (resk; in the ¥Village of fecil; sast shore
of Zuchess Ureek; narth share
b washingion Lake outlet: ngvth shore

™

MACROPHYTE TRAHBEDTS

Latitude/igngituce Trangect Bearing Depth Interval
Trangeskliciqin ind Lermyth{md egrens) Renge! Eod )

AoA4 49,120 a3l a7 g0 214 17273 127374850
88" 353 837 3l.a3yt

B 44 48,58 48 AB.Ew £95 285 17243 TSGR
gs" 2799 88 g1t

L 44 amar agl &gy 0 333 172743 £F2307 300
8RO 88 MY

AT M - 0 S - O b L] 197 17273 648407390
88 28,267 BB 2R.33"

E 44 47720 447 az.ey 450 24 1/2/3 674107450
68" 31.63° 887 31,58

Foooa4l 472yt 4777 a1 295 1z 27470
887 31,077 88 3Ley

G A4 484z 44 4 5011 ip? 17273 R/2E0/500
8 Zisy @8 3.y

HoO44 48,93 44 47 2R 110 17273 B/ 2200
887 33010 28 3183

' % 0.0 - 0.5m (0.0 - 1,7F4)

Z = 0.5 - 1.5m (1.7 - 5.0ft)
3= L8 - 3,00 (5.0 - 10.0ft)

I B
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Figure 3. Sampling Stations, Shawanc Lake, Shawanc County, WI,



Kijeldahl nitrogen, ammconia nitrogen, nitrate/nitrite nitrogen,
rotal phosphoerus, dissslived phosphorus, total solids, and
chlerophyll a. Summer, late Summer and Winter laboratory
analyses included total Kjeldahl nitrogen, ammonia nitrogen,
nitrate/nitrite nitrogen, total phosphorus, and dissolved
phosphorus: c¢hlorophvlil a was deternined during Spring, Summex

and late Summer monitoring periods.

In addition to regular monitoring sites, event nonitoring
sztations {Table 3) were located at five maior inlets to
characterize water gquality of inflows after major runcff events.
Event sample laboratory analyses included total Xjeldahl
nitrogen, ammonia nitrogen, nitrate/nitrite nitrogen, total

phosphorus and dissolved phosphorus.

Macrophyte surveys were conducted July 30 and September 9, 1991
using a method developed by Sorge eb a3l and modified by the WDNR-
Lake Michigan District {WDNR~LMD} for use in the Long Term Trend
Lake Monitoring Program {%). Eight transects {(A-H) werse chosen
to provide information from various habitats and areas of
interest (Figure 3)}. Transect endpoints were established using a

Loran Voyager Sportnav latitude/longitude locator and recorded

with bearing and distance of the transect (line of collection)

for use in future surveys.
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Data were recorded from three depth ranges, i.e., U to ¢.5 meters
(1.7 Feet), 0.% to 1.5 meters (5.0 feet), and 1.5 to 3.0 meters
{10.0 feet}, as appropriate along each transect. Plants were
identified (collected for verification as appropriate), density
ratings assigned (see below), and substrate type recorded along a
six foot wide path on the transect uging a garden rake, snorkel
gear or SCUBA where necasesary, Haorophyte density ratings,
assigned by species, were: 1 = Rare, 2 = Ocgasional, 3 = Common,
4 = Vary Common, and 5 = Abundant. ‘“These ratings were iLreated as
nuneric data polnts for the purpose of simple descriptive

statistica in the Field Data Discussion section of this report.

OTHER PHYSICOCHEMICAL CHARACTERISTICOS

Water Ouality Information

Additiconal lake information was retrieved from the WDNR Burfaca
Water Inventory (10) and the WDNR WY LAKES Electronic Bualletin

Board System.

TLand Tse Informpation

Details of zoning and specific land uges were obtained from the
Tw~FExtension, Shawano County zoning maps, United States Soil
Conservation Service soil maps (5), aerial photographs, and
United States Geological Survey guadrangle maps. Information,

when considered questionable or outdated was confirmed by fisld
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reconnaissance,. Ordinance information was taken from Shawano
County Zoning Ordinance and the Shawano County 50il Brosion
Contrel and Animal ?éas?:ez Water Pollution Control Plans., The
Shawano County Farmland Presseyvation Plan also provided ordinance

and waterszhed inforpation.

rulrl ic Invalvement Procram

Various public involvement activities were coordinated with the

planning process; these activitlies are summarized in Appendix I.




FIELD DATA DIBCUSBION

Physicochenmical characteristics of natural lakes tend toward a
state of dynawmic emilibrium (i.e., seasonally wvarlabkle but
relatively consistent within that framework over the long-term)
defined by bkasin morphometry and watershed features. Shawano
Lake, on an areal basglis, hag littie wabsr over 20 feet desp and
apparently does not stratify during Sumnmer (Tables 4-6, Appendix
T, IIX). A supstantial portion on the water supply for Shawano
Lake is overland runoff from an openfagricultursl watershed
{aspecially in southeast areas). While effects of nonpoint
inflows of sediment and nutrients are potentially greater under
these conditions than would be expected in a more fcrested
watershed, the relatively small watersghed would tend to reduce

the potential for negative effecis.

Phosphorus is often the limiting major nutrient to algal and
plant producticon in lakes. Average surface total phosphorus
during 18%1~1992 monitoring was similar for the three in-lake
menitoring sites [0.022, 0.026, and 0.025 myg/l {parts per
million} for sites 13501, 1502, and 1503, respectively]. Oversail,
surface total phosphorus values ranged from $.013 to §.038 mg/l
(Tables 4-6, Appendix ITI, III}. Surface total phosphorus levels
were at or near levels expected for natural lakes in the central

region of Wisconsin (11). Summer surface total phosphorus values
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Table 4. Water Qualtiy Parameters, Station 1501, Shawano Lake,
Shawano County, WI, 1991 - 1892.

PARAMETER SAMPLE' 06/04 /91 07730491 09706991 01227792 D4 728/98 07/07/92
Secchi {feet) 7.0 5.0 5.0 HR' 5.9 7.9
Cloud Cover (%} MR 20 95 Qg 10 B
Temperature () 5 22,25 22.0%9 27.65 3.2 B8.23 19.34

g 21,78 20.%7 21.63 L4707 8.00 18,75
pH (.U S 8.14 8.75 B.83 B.45 &1 8.53

g B.14 8.69 8.82 3] 7.85 a.13
0.0, (mg/ly 5 7.89 8.89 §.01 13.70 15.07 ¢.51

B .93 B.0& T.82 5.99 12.44 07
Conductivity (umhos/cm) 5 287 243 Fal] 256 223 %2

B 292 243 216 274 22% 233
Laboratory pH (5.U.) s 8.3 L1 HR WR 8.3 L1

B 8.3 R HR NR HR KR
Total Alkalinity (/L3 s 119 KR HR WR WR HR

B 120 HR NR HR HR 14
Total Sclids (ma/l) 5 158 [[£:3 MR MR MR KR

B 150 KR NR HR NR NR
Total Kjeldaht N (mgsi) H 0.7 0.7 a.7 0.8 0.8 0.7

B 0.7 0.9 a.6 0.7 0.8 q.7
Amoonia Hitrogen (mg/fl) -4 <(0.013 0,011 0.008 0.0&F 0.0GS 0.022

B <0.013 o1 0.00& 0.054 0.017 0.0230
KO, + MO, Nitrogenimg/l) s <0015 NO* HD 0.072 ND KD

B «0,0H% NO KD 0.07& ND HD
Tatal Nitrogen (mg/l) 3 <0, 715 <0.707 <0.707 q.872 (1,807 <0, 707

B «0.715 <0907 <{). 607 0.776 <0807 «0, 707
Total Phosphorus (mg/ll 5 0.023 0.0ev 0,024 0.016 0.030 0.024

B 0,020 0.0e3 0.023% 0.012 0,026 0,027
Oiss. Phosphorus {mg/l) S 0.6495 0.008 ND 0.003% a.002 0.007

-} 0.003 0.006 WD G.003 0.003 0.G04
W/F Ratio 5 <31.1% 24,2 <294 54.5 <26.9 <29.4

-} <35.8 <39 .4 <26 4 647 <31.0 <26.2
Chlorophyll g (ug/1) 3 12 1t 13 KR 23 10

b

|'
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Table 5. Water Qualtly Parameters, Statlion 1502, Shawano Lake,
Shawano County, WI, 1891 - 1592,

PARAHE T EAHPLE BH/BLSTY 73691 w0974 BYEIsu2 BorIRIT il iard
Sepchi (Testd &40 5,5 5.8 a5’ el B,
Chened Eover £X) L1 3 &% e L1} 1% it}
Termersturs £ $ rE.e¥ 22.3% 2167 2.95 7.3% 2. 78

3 .67 1.2 A0.95 .95 &% 138,548
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Table 6. Water Qualtiy Parameters, Station 1503, Shawano Lake,
Shawano County, WI, 1891 =~ 1592,
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were slightly lower than those typical of the ecoregion in which
Shawano Lake is locabted {12). Sinmilar surface and bottom levels

further displayed the well mixed nature of the lake.

Total nitrogen is highly variable among lakes and should only be
compared within the same lake and on a relative oy trend basis,
surface total nitrogen levels averaged abouf 0.75 mg/l for each
in~lake sample point and were generally similar to those observed
near botitom. Nitrogen to phosphorus ratios {N/P ratio} greater

than 15 indicated phosphorus limited conditions.

Event samples indlcated higher {than in-lake} levels of nutrient

infiow (Table 7). “otal nitrogen ranged from 0.628 to 1.612 ng/l

Table 7. Event Water Quality Parameters, Shawano Lake, 1993.

STATION

PARAMETER(urits ) 191 i 1583 1584 A5
Nate 01412797 aTAR/5E CFF12/92 0712792 12792
Totad Kleldaht Himg/7) 0.5 1.4 0.5 3.7 4.6
fmronia Kitrogen{mg/1y  0.0%96 8.116 0.0 8,017 0,039
HONO, Ritrogeaiag/ NG 0.23 0.028 ND 0,.0%
Totat Niteggei{ng/ 1} <3, 527 1.832 0.628 e 1657
Total Phoschorys{eg/l) 0,158 0.143 D053 0.1% 0,026
Diss. Phosphorus (mgd1) 3.0660 8.006 G014 R ] 4,004
H/P Ratin 2.8 11.3 1.6 5.2 23.3

B Al W BAE sk AL M AR S4B . o W Sl . Wik 005 L1000 S Mol it S A TR i Wt W b it W B e o W A v i W . e W o e e e e e W T

'HD = Not Detectabie




e B

and averaged €.902 mg/l (highest value at Station 152}, Total
phosphorus ranged from 0.0248 to 0.1856 myg/l and svaraged 0.104

wg/l {higher vazaes'at Stationa 18B1, 15E2 apd 15E4%.

Humerous indices have been developed to azsess lake
eutrophication statusg based on water guality parameters., The
Trophic State Index (T8I} developsd by Carlson {13) utilizes
Secchi transparency, cnlorophyll a, and total phospherus. As
with most indices, application is generally most appropriate on a
relative and trend monitoring bamis. This index does not account
faor natural, regional variakllity in phosphorus levels nor in

Secchi transparency reduction unrelated to algal growth.

PBI wvalues for historic {Appendix 1% and current mid-lake data
suggested a mesobrophic to early eutrephic classification
{Figures 4~6). Recent TSI for fecchi trangparency and total
rhosphorus appear less wvariable than in the past: a slight
decline for total phoesphorus may also be indicated, T5I's

applied to event data would indicate a eutpophic situation.

Macrophytes {(Table 8) were found at 44 of 46 sample sites (sample
sites = number of depth ranges sampled on both dates) and were

relatively diverse taxonomically. Pondweeds {(Potamogeton spp.),

as a group, were nost common (35 siteg) and abundant:! P.
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(Tables $-11, Appendix IV). Naiads {Hailas spp., 33 sites) and

water celery (VYallisneria amerigana, 26 sites) were also

widespread and abundant. Plants were often found at nulisance
levels and there have been numercus complalints concerning

nuisance macrophyte growth in late sumner nonths.

pondweeds are probably the most beneficial group of plants with
raspect to wildlife benefits., Pondweeds have leaves with a
relatively large surface area which supports numercus species of

aguatic invertebrates (forage fish food), the plants also provide

!
|
|
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!
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Table 8. Macrophyte Species Ohsarved, Bhawano Lake, 18%1 (15).

Taxa Code
Coontall . . 4 v v e ke e e x s e e e e e e e . ERDE
{Ceratephyilun demarsun}

HaskKgrassS . .+ s+ o« v v e s 2 s s 2 o« o« s a2 oa o+« « » . CHASP

{Chara spEp.)

Common waterwesd . . . . . . . - . e v v+ 4 o« o« . . ELOCA
(Eledea canadensis)
Filamentous algae . . .+« ¢« + « & « « & &« » + + &+ « « . FILAL

Small duckw&ed e ¢ v % + « s s 2 4 e + + s s s+ s = « LEMMI
{Lemna minor)

Faorked Duckwaed . . 5 . 4+ + = 2 = s 5 + % « s + x s « LEMTR
(Lemna Lrisuloa)
Water milfall . . . & &« v e s e e 4 e e s e e 4 - « . MYRSEE

{Myriophvilum sob.
Bushy pondwaad . . . .+ 4 4 4 . 4 4« « s x + + « .« HNAISP

{Naias spp.;

St

Nitella . . v 4 4 &« «+ + + 4 4 4 « 4+ w 4w s v s « 2 .+ HNITSP
{Nitella spp.!}

vellow poend 11y + + « « & + v « v « v « o » + + « . HNUPSP
(Nuphaxr spp.)

Wnite pond 1ily . . .+ + + « « « v 4 4 4 v 4w w 4 « . . NYMBP
(Nvmphaea spp.)

No plantsg found . . . . + . . « . v v « « « « . . . . HOFPLT
Pickerel-wead . . . + « & + + « + & 2 2 » =+ « « » « . PONCO
{Pontedaria cordatal

Large—leaf pondwesd . . . . L . 0 4 s s s s s o« . . BOPAM

{(Potamogeton amplifolious)
Ci}.rl}’“zeaf ?Oﬁﬁ’%&&?ﬁ » * + * - “ - + * I ¥ * * * - - - ?OT{}R
{Potamogeton grispus)

Leafy pondwesd +« v v v « + + 2 4 s s s s + e« « s . . POTFD
{Potamogeton foliosus)

{1iinois pondweed « o v v ¢ . 4 . 4 s a4 e a e v o« « . POTIL
{Potamogeten iilingensis)

Sago pondweed « .+ v 4 v s v+ 4 4 4 v 4 e w « « « « . DPOTEE
{Potamogeton pectinatus)

Emall pondweed v . 4 v v 4 s s s v s 4w o w s« o+ .« « POTPU
(Potamogeton pusillus)

Clagping=leafl pondweed . . . . . . & v« « « 2 .+« « . DPO¥RY

{Potamogeton richardsonii)

Flat-stem pondweed . . . . . . + . . 4 + « « + + + . POTZO
{Potamogeton zosteriformis)

Water Crowfool . 4 . « ¢ « « «+ « = = = » » + « s+ +« 2 RANSP
{Ranunculus spp. )

Arrowhead . . . .+ « = « + 4« « = s = s s s &« x s + « SApeP
{Sagittaria spp.}
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Table 8. Macrophyte Species Observed (continued), Shawano Laks,

1991.
Taxa code
Grassy arrowhead . . . . . . . o . 4 o 4 v 4w s . . SAGGR
(Sagittaria graminea)
RUSH & . . b s vt h e e s s e s e s e xa x e e s e BCIBPE
{Sgirpus spp.)
Broad~Isaf cattail . . . . . . . 0 s v s v o w e o TYPLA
{Typha latifolia)
Water Celery . .+ .+ v v« v e v e v e » v oaox v v o« » VALAM

{(Vallisneris americana}

covey and spawning habitat and produce roots, shoots, stems,

seeds and tubers that are highly desirable waterfowl food {(14).

Naiads are typically found completely submerged and usually on
wucky substrates in the second and third depth ranges {(greater
than .8 meters)}. HNaizs is an annual which reproduces gselely by

seads and is most commonly found in non-turbid water with hard

gsubstrates {158}, It is rated as an excellient source of waterfowl

food, but can reach nuisance levels.
Water celery is typically found submerged on relatively harder
substrates in turbid water. It is an excelleni waterfowl food

source and provides fish forage, cover and spawning habitat {15).

Water milfoil {(Myriophyllun spp.) was also present (21 sites) and

moderately abundant in Shawano Lake. Species determination was

not verifiable because floral bracts were absent during the
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Table ¥. Occurrence and Abundance of Macrophytes by Depth,
Shawano Lake, July, 16391.

Depth Ranyes

COnE H=8 2 IN=3 3 MmF
5 Abun- Z Aburn~- % Abun-
% of dance % of dance %2 of danoe
Gites [(range) Sites {ranue) Sites {ranue)
CERDE 13 22} 25 5{2-3} 71 10 (1~1}
CHASP 13 2(2} 38 5{1~2) 14 (1}
BLOCA 38 4(1~2) 25 4(1-3) 14 3(3}
FLLAL a8 17 (13} is 11{3-4} i4 1{1)
LEMMT 28 5(2-3} 13 1(1} D O
LEMTR 13 4{4) 38 8(1-4) 29 2{1)
MYRSPE 25 3(1=2) 38 5(1-2) 71 8{1-2}
NAJEP 50 9 (1=4) 88 16{1-4) 100 13 {1=4)
NITSP 13 6(1) 13 3¢(3) 14 3(3)
NUPSP 25 2(1) 13 2(2) 0 0
NYMSP 13 1(1) 0 0 0 0
NOPLY 4§ 0 0 4] 0 ]
PONCO 50  10(1-4) 13 4(4) 0 0
POTAM Q 0 )] G 0 ]
FOTCR 25 §(2} 13 2{2) 29 3{1-2)
POTEG 25 3{1=2) 63 8({1-1) 57 H{1=3)
POTIL 25 4(2) 63 8§{1-2) 43 5(1-2)
POTEE 25 4{1~3) 13 1{1) o o
DOTRI & ¥ 13 3{3} 4 &
POTRI 38 5(1-2) 50 9(2~3) 29 2(1%
POTZO 3 G { G G O
RANGY & 4] 13 1{1} G O
SAGSP 13 3{3) 0 8 o 0
SAGGR 13 141} o 0 o 0
SCISP 75  15{1=5) 38 13{4-5) 0 o
TYPLA 13 333 6 0 o 0
VALAM 38 5(1-3) 88 17 (14} 71 15(2-5)

sample periods. Distinguishing characteristics (red-tinged stenms
and shoocts and more than 12 pairg of leaflets) of Eurasian
Milfeil, an exobic plant known to spread rapidly, displace native
plants and change plant and animal assemblages, were not

apparent, but posgitive species determination should be attenmpted.
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BASELINE CORCLUBIONS

Shawano Lake 18 a large, recreationally popular lake in Shawano
county, Wisconsin. The lake drains a relatively small,
predominantly open/agricultural watershed via five major inlets
and has one major outlet tributary to the Wolf River.

' Lake water quality indicated mesotrophic te early

eutrophic conditions for all parameters measured on the

Trophic State Index; paramsbers seem to show l2ss
variability in recent yvears and possibly a slight
decline in nmutrient content. High productivity in the
lake is probaply relatsd as much to basin morphometry
{extensive shallow areag and well mixed relatively
clear water) as to moderate nutrient content in the
system; event samples generally exhibited higher levels
of phosphorus than in~lake samples.

. Hacrophyte pepulations in Shawvano Lake are often at
nuisance levels and the SLPOA currently operates a
harvester to keep densely populated areas of the lalke
recreationally usable. Most common species include
pondweeds, naiads and water celery with a high
diversity of aguatic plants. Most abundant plants are
of a desirable nature but some species have nuisance
growth potential. Beveral common species are prone to
spread by fragmentation, and warrant special attention

during harvest or managsment efforts.

2 B BB EEE T EBEEREEEEEEEREEEE
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MANAGEMENT ALTERNATIVES DISCUSSION

Shawano Lake is a héavily ugad recreational resource with fair to
good water guality and localized areas of miisance macrophyte
growth., Enphasis should be given to maintenance or enhancement
of water guality through minimization of sediment and nutrient
inflows, and to enhancement of resource recreational use and

aesthetics through macrophyvie manasgement.
WATER QUALITY

Bacause of extensive and highly developed shoreline areas,
riparian land use practlees can, cumulatively, have a significant
influence on Shawano Lake water guality and land owner diligence
shounld be strongly emphasized and encouraged. Conmon sense
approaches are relatively esasy and can be very effective in

minimlizing inputs,

Yard practices can ninimize both nutrient and sediment inputs.
Lawn fertilizers should be used sparingly, if at all. If used,
the land owner should use phosphate-free fertilizers and apply
small ancunts more often instead of large amounts at one or Lwo
tines. Composting lawn clippings and leaves away from the lake
can reduce nutrient inputs to the lake. If leaves are burned, it

should be done in an area where the ash cannot wash directly into
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the lake {18}, or indirectly to the lake via roadside ditches.

Creaticn of a buffer strip with diverse plants at least 20 fest
wide immediately adjacent to the lake can control wave erosion,
trap soil eroded from the land above, increase infiltration {to
filter nutrients and soil particles), and shade areas of the lake
to reduce macrephyite growth (especially on south shores) and
provide fish cover. Placement of & low berm in this arsa can
enhance effectiveness of the buffer strip by further retarding
runcff during rainfalls. & buffer zone not only protects lake
water quality, but creates habitat for wildlife and provides

privacy (18).

There are a number of informational scurces for land owners with
questions regarding land managenent practices. Some sources are

outlined in Appendix V.

MACROPHYTES

Management of macrophyte populations should continue to be a
major chijective on Shawano Lake where littoral areas are
relatively extensive. Macrophytic growth appears to positively
affect the resource in some places throuwgh forage fish
production, shoreline stabilization and negatively in others

through reduced access, sediment bulld-up and decreased



w3 G

aestnetics. The macrophyte managenent plan approved for the
Wisconsin Waterways Commission application (for the cost-share
grant for the harvestsr purchase} should be pericdically reviewsd
te incorporate changes in recregtional use and wildlife
management. Congideration may alsce ke given toe identification
and control of nacrophyte beds susceptible to spread by
fragmentation. Numercus methods of wmacrophyte control and
management are available ranging from radical habitat alteration
to more subtle habitat manipulation and are discussed below

relative to Shawano Lake applicability.

Dradging is a drastic form of habitat alteration. Dredging could
entail wassive lake~wide sedimpent removal (to a depth at which
macrophyte greowth would be retarvded due to reduced sunlight) or
spot dredging of limited (high priecrity) areas. lLarge scale
sediment removal is very costly. $8pot dredging, because of lower
cost may be a reascnable alternative in some casss. Because of
potentially extensive dredge areas, the high potential for wind
and motor radistribution of sediment, and resuspensicn of mercury
contaminated sediments, dredging should not ke considered for

Shawano Lake at this tine.

Chenmlcal treatment has been shown to eradicats undesirable
species and lsave others intact. The WDNR strongly discourages

the use of chemicals, however, because of putrisnt release,



axygen depletion, sedinent accumulation, biloaccumulation and
other unknewn environmental hazards including invasion potential
from nuisance exotiﬁ&. Chemical effects are nondiscriminate and
may harm desireable or beneficial plant populations. Chemical
usge in the past has not shown lasting effects and ghould not be

considersed for Shawano Lake at this tine.

Aquatic plant screens have been shown to reduce plant densities
in lovalized areas and may be applicable in near-shore oy
localized arcas here. A fiberglass soreen or plastic sheet is
piaced arngd anchored on the sediment o prevent planits fron
growing. This may also make some sedinent nutrients unavailable
for algal growth. Screens should be removed each fall and

cleaned in order to last a nunber of years.

& newsy technique of rototilling sediments to destroy plant roots
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 macrophyte harvesher (17).
a2 potential problem isg disturbance of the sediments and

resuspension of nutrisnts or toxics.

Installation of floating platforms (black plastic attached to
wooden frames) Jjust after lce-out can shade the sediments,

restriot plant growth and help to open corridors for swimming or



poat navigation. Shading is usually required for threes weeks to
two nmonths to impact nuisance plant growth (18). A drawback is

that the arsa cannot be used while the platform is in place.

Remaining control methods consist, in one form or another, of
macrophyte harvest. It is a commonly used technique which ¢an be
applied on a widespread or localized bagis. Its efficiency,
based on methoed of cutsharvesi, can vary substantially with
depth. The SLPOA currently operates a harvester with an approved

macrophyte management plan.,

Mechanical macrephyte harvest is a popular means for macrophyte
management because it lg area {(and possibly species) selechive
and actually removes plants (and subsequenitly nutrientsy from the
system., Certain precautiong and acticonsg should ke taken

aoncerning mechanical hapvest, however.

Water milfoll, coontail and common waterwesd [all potentially
nuisance species) are present in Bhawano Lake and are Xnown o
spread easily by fragmentation. <Care nust be given to conpletely
remova out plants to prevent further spread. In addition, many
plants produce seeds and harvest efforts may further aid in
species spread by way of seed dispersal., By concentrating

widespread harvest in the early growing season and later limiting

harvest areas, this potential can be reduced.
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Harvest can include large areas of removal around popular areag
of the lake but should also include cutting access lanes through
the layger plant beés§ These lanes will increase sdge habitat
and accsss for predator fish and rvecreation., 7This mathod of cut
has bsen shown to reduce stunted fish populations and increase
diversity. Areas and general timing of harvest should be made
avallable to lake users at major access points to maximize use of
these areas and minimize power boat usage outside of harvest
aress in the dense growth areas. This indiscoriminant power hoat
usage can isad Lo masses of Yprop outy plants and also
potentially spread nuisance gpecies. Any passages bebween

popular areas should aliso be located.

Selective SCIUBA assisted harvest has also bean shown to
selectively manage macrophytes. It can be used in deeper areas
and to target only desirvred gpscles {(s.g9., Burasian milfoll) or
nuisance growth areas. This method is labor intensive, but has
proved to effectively reduce nuisance plant levels for up to two
years (17). This methed can give native or more beneficial
spaciea a "head start"™ and thus reduce abundance of the

particular nuisance species targeted.

Raking weeds {using an ordinary garden rake} in the frontage arsa

can be a very effective localized plant control method when done

on a regular basis. Such concentration on the problem shallow
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water areas would reduce efforts esxpended on other control
methods and should he encouraged. Harvested plants should be
removed away from the lakeshore area to prevent nutrients from

reentering the system.



MANAGEMENT RECOMMENDATIONS

Management. recommendations for Shawano Lake include objectives to
protect and enhance water quality, teo efficiently create access
and improve aesthetics of the resource and to obtain information

about lake user attitudes and priorities.

Water quality monitoring should be continued in Shawano Lake on a
similar schedule to provide data necessary to track trends.

Given the similar water chemistry between the three sample points
(during this study), a single monitoring site (at the deepest
peint) may be sufficient. Event monitoring sheould be continued
to assess nutrient levels entering the lake. Further
investigation of lands drained to event sites may be warranted.

Self~help Secchi monitoring should be implemented.

Riparian land management can have a significant impact on Shawano
Lake water quality given the highly developed and extensive
shoreline. Practices such as buffer stripping, fertilizer
management and runoff contrel are affordable, common sense
approaches that c¢an help to control overland inflow of sediment
and nutrients. Best Management Practices (BMP's), summarized in
Appendix VI, have been implemented on a number of areas in the
highly agricultural southeast area of the watershed and further

participation and implementation should be solicited.

BB B BB B EIBEEREBEBE IR EEEEREER
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Mechanical macrophyte management should be continued on Shawano
Lake and follow a flexible schedule to target reduction of
nuisance species, cfeate edge and access, and reduce (to the
point practical} further spread of nuisance species. Maps
locating harvest areas should be made available at major access
points te maximize use of these areas and reduce "prop cut"
plants. Water milfoil species should be positively determined
and SCUBA aided removal (or other species selective method)

implemented.

The SLPOA may also consider distribution of a user survey to
determine attitudes and pricorities of the lake users. A survey
can yield valuable information on amount of use, popular areas

and general ideas of water quality and association efforts.

The SLPOA, in cooperation with towns, the county and the state,
should take an active role in protecting the Shawano Lake
resource from invasion by exotic, potentially harmful species.
By posting signs at boat landings, providing educational
brochures and educating the public about harmful species and

their prevention, infiltration of purple loosestrife and Eurasian

milfeil and other exotic species may be slowed or even stopped.




IMPLEMENTATION

The suncess of any iake nanagement plan relates directly to the
ability of the assoclationsdistrict to cobtain funds and

regulatory approval necessary to implement the plan. The 5LPCA
is a voluntary association that does not have a lake district's
specific legal or financial powars {(toe adept ordinances or levy

taxes or special assepsments) o meet plan objectives,

The Zhawano Lake watershed is located within the political
jurisdictions of the Towns of Washington and Wescott, County of
fhawano and the State of Wisconsin. These units have the power
to regulate land uses and land use practices. Shawano County
ordinances and plans possibly pertinent to the Shawano Lake plan

are summarized in Appendix VIIL.

Fotential sourcss of funding are listed in Appendix VIII.
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APPENDIX T
SUMMARY OF PUBLIC IRVOLVEMERT ACTIVITIES
Shawanc Lake Hanagement Plan

he Shawano Lake Property Owners Association (SLPOA} initliated
steps to develop a comprehensive lake management plan under the
Wisconsin Department of Natural Resources (WDNR)} Lake Management
Planning Grant Program in the Fall of 19%0. A public involvemant
progran was immediately initieted as part of the planning
process, The following iz a summaryy of maioer public involvement
afforts.

Planning Adviscry Committee

A Planning Advisory Committee (PAC) comprised of SLPOA,
WDNR, University of Wisconsin-Extension and Ips
representatives was established at the start of the program,
The PAC provided planning direction and served as main
raeviewer of the dralft plan document.

A management plan sumsary brochure will also be produced.
It will be made available for SLPOA use and distribution
when the plan document has been approved by WDNR. The
brochure will desceribe the main features of plan
developmpent, plan recommendations and other pertinent
infoermation.

Meatings
I¥8 presented progress raports, provided information about
the resource and interpretations of these results at several
board and assoclation mestings.

Print Media

The area newspaper, "Shawano Evening Leader® published
articles about the plamning progran throughout the course of
the program,

An IPS newsletter entitled YLake Management News" was
developed and distributed to the SLPCA for the Board's use
and distribution among the membership. A special

"Shawano Lake EditionY was also developsd to notify the
SLPOA of any late developments in the planning program.
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APPENDIX 11

Water Chemistyy: 03/75 -~ 08/77; Deepest Site

Source: WDNR
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Water Chemistry: 10/77 =~ 08/83: Deepest Site

APVERDIX 1T
HIBTORIC WATER QUALITY DATA
Bhawano Lake, sShawano County,

Source: WDNR {Continued}
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Shawano Lake,
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APPENDIX XX
HISTORIC ¥WATER QUALITY DATA
S8hawano County, WI

Water Chemistry: East Basin, Midlake

Source: EPA Eutrophication Survey
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APPENDIX II
HISTORIC WATER QUALITY DATA
Shawano Lake, Shawano County, WI
Water. Chemistry: East Basin, Midlake
Source: EPA Eutrophication Survey (Continued)
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Shawano Lake,
Water Chemistry:

APPENDIX IX
HISTORIC WATER QUALITY DATA

S8hawane County, WI
ILake Center, Midlake

Source: EPA Futrophication Survey (Continued)
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APPENDIX ITI

HISTORIC WATER QUALITY DATA
Shawano Lake, Shawano County, WI
Water Chemistry: Lake Center, Midlake
Source: EPA Eutrophication Survey (Continued)
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' Yalue known to be in error



oo 3 €Y e

APPENIIY IT
HIBTORIC WATER QUALITY DATA
Shawans Lake, Shawano County, WI
Water Chemistry: West Bagin, Midlake
Source: EPA Eutrophication Survey (Continued)
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APPENDIX T1
HISTORIC WATER QUALITY DATA
Shawane Lake, Shawano County, WI
TSI Pavameters: (7/68 -~ 05%/79; Despest Point
Sourae: WDNR — Bureau of Research
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