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Introduction

Lake Puckaway, located on the border between Grake and Marquette counties, is a natural
widening of the Fox RiverHigure 1) lying in a glacial scoured valley. Lake Puckavie$§ miles
long and 1.5 miles wide, has a surface area of &/@00 acres. Lake Puckaway receives
drainage from a watershed of 805 square miles (WIR2001; sum of 6 subwatersheds). It has
27.3 miles of shoreline, of which 60-70% is marsing not developed. The remaining shoreline
has been developed for seasonal or permanent meskle

Water levels on the lake are controlled by the ¢&tion Dam, located 8 miles downstream from
the lake. The dam is part of the deactivated raiagal system built by the Army Corp in 1878.
The maximum depth of 5 feet occurs in the westhaghile the east basin is all less than 3 feet.
The main axis of the lake is east-to-west, makirsgibject to heavy wind-driven wave action.

Lake Puckaway is one of the finest fishing and mgnkakes in Wisconsin. The lake contains a
variety of game and rough fish and boasts the &ingerthern pikeEsox luciuskever caught in
Wisconsin (38 pounds in 1952). Lake Puckaway i® dleme to many birds, songbirds,
migratory waterfowl! (diving and puddle ducks), stards, eagles, and has one of the largest
colonies of the endangered Forster's T&telna forsteii

Fish and wildlife populations thrived in an ecosgystrich in aquatic vegetation until about fifty
years ago. Prior to 1950, the lake had an aburdahaquatic vegetation including wild rice
(Zizania aquatica and bulrush. The name Puckaway is believed tmecdrom the word
“Apuckawa”, meaning “the place where wild rice goiv Wild rice was once the dominant
plant species in the lake. Father Marquette shdcribing the lake in 1673, “It is easy to lose
one’s way, especially as the river is so full ofdmice that it is difficult to find the channel”
(Stel 1993). Open water was limited to the wedtirband a dredged navigational channel
though the east basin. A vegetation survey in 1@gbrded an abundant and diverse plant
population. Dense growth of emergent vegetatios myaesent on all shallow shorelines and
most of the east basin. In the early 1960’s theas a marked decrease in vegetation abundance
and water clarity. Aquatic plant densities flu¢egathrough the 1960’s. By 1977, almost no
emergent plant stands were present. The marskalbag much of the lake shoreline was lost,
and the amount of open water gradually increasei amy water lily was present. Suspected
causes include increased turbidity, algal bloomghdr carp populations, and unnatural high
water levels (to improve the navigability of thisadlow lake).

As the aquatic vegetation decreased and changedfighery gradually declined from an
excellent source of bass, northern pike, and panfie primarily bullheads and catfish.
Concerned lake users and residents asked the VgiscDINR to develop a plan to restore the
fishery and waterfowl resources, and water qualityLake Puckaway. In 1977, a fishery
management survey of the lake was conducted tondiete the condition of the fish population.
DNR worked with the Lake Puckaway Protection andidditation District (LPPRD) and the
Lake Puckaway Improvement Association (LPIA), tv@lep a management plan in 1978. The
3-phase plan involved partial drawdown of the lakechanical (and chemical) carp removal,
and restocking of game fish species. Water leliaiee been adjusted to maximize use of the
lake, carp recruitment has decreased due to iastadlof an electric fish barrier on the Princeton



Dam, mechanical removal by seining, eradication tie Grand River Wildlife Area
impoundment with rotenone, and increasing the mimmiength limit (32”) on northern pike to
increase natural predation on carp.

Comprehensive planning efforts require considenatibecosystem management. The majority
of fish species in Lake Puckaway rely on plantsti@ir reproductive success, depending on it to
provide shelter for their young and protection frgmedation. However, many of the plant
species once dominant in the lake such as wild bigkush, and submerged plants have become
scarce over the past 50 years, possibly due torveatels, common carp, shoreline development,
and land use changes. The fish species and planisiportant and intricate parts of the diverse
ecosystem of the lake. A variety of factors cafedfpopulations of aquatic macrophytes,
macroinvertebrates, wildlife, and desirable figfigire 2). In order to attain the 2004
Comprehensive Management Plan vision of a heatllesr Lake Puckaway, a whole ecosystem
management philosophy and attention to all of tHaseors is needed to ensure the dynamic
balance of this ecosystem. Ecosystem managenem phould include:

Maintenance of biological diversity so as to keepatanced and healthy ecosystem that

fits human and natural needs.

Methodology that maintains, protects, and enhanttes natural environment, its

resources, and its wildlife.

Education of the public on the protection of endard species and habitat while also

protecting sensitive ecosystems, possibly througduigition of land or easements/tax

breaks to those who do so on their own property.

Socioeconomic and institutional limitations are sidered when identifying biological

needs (WI DNR 2001).

Timeline for Lake Puckaway

A timeline for the human use of Lake Puckaway, tstgrwith European observations, is
presented inTable 1L Native Americans and later settlers have probalsed the natural
resources of Lake Puckaway for many centuries,udioh fish, plants, and fur-bearing
mammals. However, there is little evidence recdridefore the current century. Management
and manipulation of the lake began with its dammm&897. The main rationale for damming,
river/canal transport along the upper Fox Riverswabandoned in 1922. The earliest fishery
management was in 1939, with the first attemptsotdrol an introduced species, common carp.

It is important to note major changes in the histwirland use in the watershed, as any pollution
from the land would constitute an indirect useldsf take. The U.S. Census maintains data for
population changes since Wisconsin became a terr{tout did not count Native Americans
before or during early decades of Euro-Americatiesaent). The census data are a bit difficult
to assemble because the watershed area has béseddnd re-divided into different counties,
but assembling the total populations in counties$ thday are called Green Lake, Marquette, and
Columbia probably give the best trendBiglire 3). The initial settlement by farmers,
predominantly wheat growers in the 1840’s, peakgdhle 1870's. The population remained
relatively steady through the 1940'’s, as the dontirgricultural use shifted to dairy cattle and



feed. Population growth picks up during the 195B&coming more rapid than the state average
by the 1990’s. The post-World War Il growth hasrgased the human population by about 60%
in the watershed, but it has probably had only mimepacts on land use in the watershed

(though it could have a stronger effect on watesnéyhe development has been predominantly
along shorelines). At the relatively fast ratepopulation growth in recent decades, the future
population would double in about 50 years.

Figure 1. Map of the Fox River Watershed. Lake Puckawayndicated by the red box
(Congdon 1993).




Figure 2. The dynamics of ecosystem response based on hwsanfactors that affect
populations of aquatic macrophytes, macroinvertebrawildlife, and desirable fish in large,
shallow lakes like Lake Puckaway (taken from Ka®91).

Figure 3. U.S. Census population data for Green Lake, Matguahd Columbia Counties.

90,000

—&— Total (3 counties) /
80,000 1 - Marquette Co. /‘/‘/
70,000 4 —&— Green Lake Co.

—o— Columbia Co.

60,000

50,000 9

40,000 <

Population

30,000

20,000 4

10,000 4

0 T
1840 1860 1880 1900 1920 1940 1960 1980 2000

Year




Table L Timeline of Lake Puckaway and its watersheattisig with European observations.
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Year or Event or Notes

Decade

1673 Writings of this time speak to Puckaway’sdmgtof an abundant wide spot in t
Fox River. During June, the explorer Father Mattpuenade note of th
condition of the area now known as Lake Puckawdy:is easy to lose one’
way, especially as the river is so full of wildeit

1829 Trading post established near Indian villagea( modern Marquette)

1840 US Census records 18 people (white) in Matguébunty (including moder
counties of Green Lake, Waushara, and parts of Barlchc and Portage).

1850 Migrant population explodes. US Census rec@&@gl people in Marquetie
County (99.9% white, 32% foreign-born).

1860 Population more than doubles in 10 years asgnation explosion from easte
US and Europe continues. US Census records 8,288l in Marquette Ca.
(modern boundaries) and 12,663 in Green Lake Co(@®8% white; 36%
foreign-born; first census to count Native Amerigan none reported in the
counties).

1870 Immigration slows and population stabiliz&sS Census records 8,053 people in
Marquette County and 13,195 in Green Lake County

Late 19 Wheat farming becomes the predominant use of dgrraliland in Wisconsin.

Century

1885 Nee Pee Nauk Duck Hunting Club, whose didly t& members around 1885:
“Shooting lousy. We killed only 30 canvasback, @0ebill, 21 pintail, and 18
redhead.” Or, “Fishing only fair. We caught 63 #mauth and 66 pike.”

1897 The U. S. Army Corps of Engineers (USACE) taused the Princeton Dam
attempt to improve transportation on the Fox River.

1920 Population little changed since the 1870's1%% increase), growing at abgut
1/10" as fast as the state population; all counties €fieake, Marquette, and
Columbia) decreasing from 1900 peak.

1922 The War Department abandoned the Upper FogrRianal project planned
make the river navigable to barges between GregraBd the Wisconsin River.

1930 US Census reports all three counties loselatpa (back to 1890'’s level).

1933-36 Drought left the lake rimmed with mudflttat were slow to revegetate.

1934 Breeding colony of rare Forster’s Terns reggbr Lake Puckaway.

1939 State rough fish crews first begin seiningd_Bkickaway in an attempt to cont
the carp population.

1941 Wild rice emerged along the entire shorelirffgubmerged aquatics formed
almost impenetrable mat throughout the eastermpasth only the navigatior
channel remaining open.

1946 Puckaway Restoration League, Inc. attempted to awgorlake quality (ang
temporarily succeeded) by planting hundreds of dewf wild rice.

1949 Large expanses of open water began to deuretbp lake.
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Year or Event or Notes

Decade

Mid-20" Dairy farming becomes the dominant farming practic@Visconsin, replacing

Century wheat farming.

1950 Deep ice cover on the lake during the coldwdess winter. Ice breakup
spring tore loose huge mats of vegetation thatgeddghe river outlet at the east
end of the lake. High winds in May caused heavyenaction that uprooted and
disintegrated much of the remaining vegetation.

US Census shows population growth starting in Greake and Columbia
Counties, but Marquette County losing population.

1950’s Row crops begin to take over pasture andlgran crops, severely reducirn
areas that mimicked natural grasslands and infingneildlife populations.

1950-51 Water levels were drawn down during théngpin 1950 and 1951. This annu
draw down allowed the development of stands of Isottmergent and emerge
aguatic plants in some of the open water expanse.

1951 Vegetation survey recorded an abundant arefgdiied plant population in th
lake growing to depths of five feet.

Milwaukee District Engineer closed all locks frorarkage to Eureka.
Puckaway Rod and Gun Club planted 6-7 acres of @gldry and 4 acres of wil
rice.

1952 A 38-pound Northern Pike is caught on the | akstate record.

Late 1950’s| The fishery, noted particularly for its northerkgiand largemouth bass, declin
as carp began to increase in abundance.

1953 Committee on Water Pollution and the Stater@ad Health issued orders
seven municipalities and 14 industrial enterpriglesg the Upper Fox River
reduce the amount of pollutants discharged intaithes.

1954 Report by the University of Wisconsin CollegfeAgriculture to the Governo
and Wisconsin Conservation Department recommendeckasing the use (
muck farms, draining of marshes, use of commefeidlizer, and conversion g
remaining grasslands to agricultural crops to improwildlife feed and
agriculture output in the Fox River region.

1961 The State of Wisconsin took ownership of thadeton Dam from the US Arm
Corps of Engineers.

1964 Concerned property owners and area residetablished the Lake Puckaw
Improvement Association Inc. (LPIA), a voluntary migership group for “the
improvement and betterment of Lake Puckaway andsading area.”

1960’s A marked decrease in vegetation abundargtevater clarity evident.

1970 First US Census since 1900 to show populagiowth in all three counties.

Early Wisconsin DNR began placing an additional 6 incbe®oards on the dam f{

1970’s increase water levels.

1973-1978 | Rough fish removal conducted by conttantmercial fishermen.

1976 Little to no aquatic vegetation, the water wagldy, and angler use had declin

to nearly nothing. Secchi disc measurements inu&ugere 9 inches.

ed
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Year or
Decade

Event or Notes

1977

Almost no submergent plants were present ateniily was the only emergent

Fishery survey determines Carp and bullheads wererost prevalent specigs;

however, due to overpopulation most of the fishememaciated. Northern pik

were the most abundant game fish. Black crappiee ilee most abundant

panfish. Largemouth bass, bluegill and yellow pgropulations were very low,

Lake Puckaway Protection and Rehabilitation Dis{ili€®PRD) established.

1978

WI DNR worked with LPPRD and LPIA to developnanagement plan. The B-
phase plan involved partial drawdown of the lakechanical removal and/or

poisoning of carp, and restocking of game fish gzec
Carp comprised of 76% of the fishery.
Secchi disc measurements in August were 6 inches.

A fish trap in the Grand River was constructed ptm the drawdown of th
Grand River Marsh to prevent migration of carp ibttke Puckaway; Carp wer
killed by spot poison treatment or removed by comunaéfishermen.

During the winter no more than five ice shacks waesent at any time.

1979

Implementation of the 1978 management plan.

Marsh eradication continues, including herbicidespoing of Spring Lake.

1980

Steady population growth continues through0l9@about 1% per year (same
state and US rates)

1980

Electric fish barrier on the Princeton Dam westalled to discourage migration

of carp from the Fox River into Lake Puckaway.

1983-84

A plant restoration project planted wildetiwild celery, and sago pondweed
several bays.

1984

D

e

as

in

Significant natural recruitment of panfish@pe occurred. Stocking operatigns

of panfish were discontinued.

1986

Poison spot-treatments for carp were discoetin

1990

Steady human population growth continues t§irol®80’s, about 1% per year

(faster than state growth rate).

1990

Low altitude aerial color photographs usededtermine that 706 acres of lakel
supported dense or scattered growth of submerggeatia plants.

1991

Fishery survey conducted during spring fourmhlanced fishery with a diverse

species assemblage, with 86.3% game fish andHassl®so carp.

Aquatic plants measured along 26 transects oraltee | Dense plant beds with

variety of species found in the 0-4 feet depth zdm only sparse or no growth

in the 4-6 feet depth zone. Sago pondweed, wildrgeland coontail were th
dominant submerged plants.

Secchi disc measurements increased to an avera@d aofiches in August
attributed to the carp population reduction.
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Year or Event or Notes

Decade

1992 Submerged plant growth so dense that corfisl@rmen were unable to make
carp seine hauls in areas traditionally fishedchmp.

1993 Minimum length limit for northern pike was reased to 32" to increase natural
predation on carp.

2000 Steady human population growth continues t§irol990’s, about 1% per year
(same as state and US rates).

2000 WI DNR hired contractors to manage the danratjp®is including maintaining
the flashboards.

2004 The Comprehensive Management Plan for Lakkd®wey was drafted, outlining
a mission of restoration with a goal of producinigealthy, clear Lake Puckaway
which includes, 1) infrequent algal blooms, 2) dbere habitat for plants and
animals, and 3) a fishery dominated by walleyetheyn pike, bass, and panfish.

2006 WI DNR removed the Manchester Millpond Damnfrthe Grand River.

2007 UW Oshkosh contracted for a data compilatimhan assessment project.

2008 Major flooding in June.

Assessment project is completed and presentect todhrd.

*Note: Sources are contained within the main baaty libliography.

Watershed of Lake Puckaway

Lake Puckaway receives drainage from a watersh&)®fiquare miles (Wl DNR 2001; sum of
6 subwatersheds) through seven counties and manicipalities. It has long been known that
the geology and land use of the watersheds thal tideutaries emptying into the Fox River
greatly alter the system (Thompson 1959). In tlastisn, we will review the geology and
hydrology of the five areas (sub-watershed) thakenap the watershed. We will then review
the land use by humans, wetlands,

There are over 35 dams in the watersheds thatifeed_ake Puckaway. Most of these dams
were constructed for the production of power, mglilake creation/deepening, flood control, or
recreation (i.e. duck ponds). The impacts of tlaensl on Lake Puckaway could include
disrupting natural nutrient cycles, interruptinghfi migrations, altering native habitats, and
increasing water temperatures to those more saifablunwanted rough fish like car@yprinus
carpio) and sheepsheadglodinotus grunniengWI DNR 2001).

While the watershed for a lake is usually definedree land and water from which any drop of
precipitation could eventually runoff to the lakegke Puckaway is also influenced by a dam 8
miles downstream that can regulate water levelse Hrinceton Dam was constructed in 1897 by
the U.S. Army Corps of Engineers (USACE) to imprower transportation by raising the water

to make it possible for steamboats to get throughnfLake Butte des Morts to Portage. This

13



purpose was almost immediately lost as the railtmechme the dominant transportation mode.
The DNR took over management of the 8-foot timlmexksfilled crib dam in the early 1970s,
and has since allowed water levels to be raisethiasummer by placing boards on the dam in
the spring and removing them in the fall. A cootoa has taken over this task since 2000. High
summer water levels are believed to have been érteeolong-term factors leading to the
ecological degradation of Lake Puckaway, primanyyaltering aquatic plant communities. This
loss of plants, as mentioned elsewhere in thisrtep@s had dire consequences on the fish
population. The DNR and USACE have looked into ifyaaly the dam for the sakes of habitat
restoration, easier fish migration, and safety @ dkuckaway Protection and Rehabilitation
District Fact Sheet).

Geology

The watersheds feeding Lake Puckaway, as wellasake itself, lie in an ecoregion known as
the Central Sand Ridges, with a small portion efltlpper Grand River Watershed running into
the Southeast Glacial region. The terrain of #rsa is heavily influenced by glacial activity.
The area is dominated by glacial drift overlyingn@aian sandstone. Glacial activity was also
responsible for the local geography, including rateand ground moraines, outwash plains,
ancient lake sediment dumping. This area of rglhills affects the primary aquifer that feeds
the headwaters of the Fox River system. Towardaheastern ends of the basin, the geography
flattens out and the soil type changes.

These landforms and soils have a heavy influencevaier quality and drainage in the area,
which impacts erosion. Erosion due to runoff dases soil fertility and groundwater recharge,
while also increasing the amount of sediment diggddhinto waterwaysTo counteract the loss
of soil fertility and promote crop growth, farmeapply fertilizer and in some cases pesticides.
However, these additives also wash into waterwaygeasing nutrient loading and affecting
water quality.

The soils of this region range from sandy to vasiolays, with sandy soils, especially several
sandy loam types, dominating the western partb®fupper Fox River Basin (WI DNR 2001).
Sandy soils allow nutrients to easily permeateughothe soil (speeding their delivery to streams
or groundwater). Clay particles on the other hami, often retain or slow the leaching of
nutrients (Albrecht and McCalla 1938). Clay slowe seepage of precipitation into the
groundwater which feeds streams, slows surfaceffiusnad also forms aggregates which attract
these nutrients via chemical binding. The nutseint these aggregates can then by used by
organisms (Stainton and Stone 2003).

The sediment of the lake bottom of Lake Puckawayamposed of silt and sand. This

combination makes the entire bottom of Lake Puckawseable for growth by macrophytes
(rooted aquatic plants) (Kahl 1991).

The Sub-Watersheds

There are five officially recognized sub-watershedthe Upper Fox (UF) River Basin that feed
water to Lake PuckawayFigure 4): UF-10 (Buffalo and Puckaway Lakes), UF-11 (Lower
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Grand River), UF-12 (Upper Grand River), UF-13 (Mo River), UF-14 (Neenah Creek), and
UF-15 (Swan Lake). The Fox River is the main wasgnin this watershed, carrying water that
will eventually end up in Green Bay.

Figure 4. Geographical location of the five watersheds teatl water to Lake Puckaway
(modified from map produced with Wisconsin DNR &g Water Data Viewer).

Buffalo and Puckaway Lakes Watershed (UF10)

Covering 232 square miles and parts of three cesinthis watershed contains both Buffalo and
Puckaway Lakes and all the streams that empty ttliredo these two lakesH{gure 5). The
primary land use throughout the watershed is alju@l, though large wetlands (including those
of French Creek State Wildlife Area and Swan LakateSWildlife Area) are still present. The
towns of Marquette, Packwaukee, and Endeavor ahedad within this region, along with parts
of Portage, Montello, and Markesan. Some of thallseanitary sewage districts in this area
spread their discharge onto land, while othershadisge into waterways or wetlands.

This watershed also includes a stretch of the FggrRrom Swan Lake to Lake Puckaway. The
two dam-formed lakes, Puckaway and Buffalo, providem water fishing for sportsmen.
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Buffalo Lake is a shallow lake covering 2,210 acrd$ere are problems with excessive plant
growth in this eutrophic lake, and water qualitydales substantially downstream. Industrial
sections of this lake have problems with PCBs,igésts, carp, and mercury in fish. The WI

DNR rates Buffalo Lake as stable and healthy, thosgsceptible to future losses in plant
populations, increased nutrient loading, and iregean carp population that may affect other
fish species. Buffalo Lake was a turbid, carp-duated lake before becoming the clear, plant-
dominated lake it is today (WI DNR 2001).

Lake Puckaway covers over 5,000 acres. In conteaBuffalo Lake, it was formerly a wild
rice-dominated marsh that degraded to a turbid. |akbe lake has poorer water quality than
Buffalo Lake (WI DNR 2001).

Figure 5. Buffalo and Puckaway Lakes Watershed (Wiscon$iiRDvebsite).
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Lower Grand River Watershed (UF11)

The Grand River forms the main waterway of thisesstied [Figure 6), delivering water to the

Fox River in Marquette County. Starting at thenfier dam site on the Grand River in
Manchester, this watershed spreads east over whabstly agricultural land, though it also
includes the Grand River Marsh State Wildlife Arealowns in the watershed include
Manchester, Friesland, Dalton, Kingston, and parMarquette. The Grand River has little
water quality monitoring data, but what has beeneddentified substantial problems including:
wetland draining, an overabundance of carp, angoioh source pollution from agriculture.
The river has been treated successfully with chalsiior carp in the past (WI DNR 2001).

A dam forms Grand Lake near Kingston, which presiginad good fishing until the lake began
to fill up with sediment and carp became a factArdrawdown of water in the early 1990s (to
allow the dam to be rebuilt) made it possible fattails to reestablish in the shallower areas of
the lake (WI DNR 2001). Wild rice has also begangtow in the areas on the southeastern
shore (personal observation by David Flagel ovet three years). Belle Fountain Creek, a
relatively clear and healthy (according to past miawertebrate records) stream surrounded by
wildlands, feeds the Grand River near the StatelMél Area. This creek may be important to
walleye and northern pike spawning (W1 DNR 2001).

Figure 6. Lower Grand River Watershed (Wisconsin DNR website
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Upper Grand River Watershed (UF12)

The Grand River is also the main waterway in th@&tpGrand River Watershe#igure 7).
The Grand River empties into the Lower Grand Rwéatershed past the former Manchester
Millpond, a small dam lake created by a milling gamny. The dam on this millpond was
removed in 2006, since the dam was failing, pogsilelgrading lower river water quality, and
obstructing fish migration (WI DNR 2001).

Erosion is a major concern in this mostly agricidtuvatershed, with a rate of eight tons of
sediment per acre per year. Photos taken in 1966ndented heavy gully erosiofigure 8)
west of the city of Markesan (Thompson 1959).

Figure 7. Upper Grand River Watershed (Wisconsin DNR wedsit
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Though water quality monitoring data is patchy,ist believed agriculture is significantly
impacting this river. According to a 1990 repadbiptic indices were fair at best below
Markesan. Little Green Lake, a 28-foot deep, 46& dake north of Markesan suffers from
severe sediment loading, which has affected waitality of the lake. Little Green supports a
warm water fishery and has a developed shoreliigal and plant growth is high, and chemical
poisons have been applied. Extensive water qualdgitoring by the United States Geological
Survey (USGS) have found the lake to be eutrophith poor water quality and high

phosphorus levels.

The towns of Markesan and Fairwater, as well a$ plManchester, lie in this watershed.
Markesan is home to two canning factories, Del Moahd Chiquita Processed FoodBel
Monte directly releases non-contact cooling watén the water system, whereas Chiquita uses
seepage pools; however, these seepage pools maynteathe river. Efforts to identify and
prevent nonpoint source pollution have been recona®e for this watershed (Wl DNR 2001).
The WI DNR continues to monitor the Upper GrandeRiwatershed.

Figure 8. Heavy gully erosion just west of the city of Maslan in 1956 (Thompson 1959).
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Montello River Watershed (UF13)

Consisting of several creeks emptying into the MbatRiver, the Montello River Watershed
covers 152 square mileBigure 9). Though the main land use is agriculture, thidesshed has
large expanses of forests, woods, and wetlandse riiain waterway is the Montello River,
which empties into Montello Lake and eventually thex River at Buffalo Lake. There are
several trout streams in this area, including Cave=ek, Tagatz Creek, and Lawrence Creek.
All of these streams have good to very good watglity, due in part to low agriculture and
natural buffers (riparian zones of woods and wel$dn However, most of the stream bottoms
are sand or gravel, which limit plant growth in mameas.

The watershed encompasses several municipalitidading: northern Montello, Lawrence,
Westfield, and Harrisville. Dams form Harris Ponidiwrence Lake, and Montello Lake. A
hydroelectric dam forms Lawrence Lake. In Montedllake, nutrients from natural sources
(rather than agricultural sources) are impactirggl#tke (WI DNR 2001). Additional research is
needed to identify the extent of nutrient loadirg these and other sources.

Figure 9. Montello River Watershed (Wisconsin DNR website).
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Neenah Creek Watershed (UF14)

The Neenah Creek Watershdegure 10) consists of several small creeks that eventuallly
converge and join the Fox River. The watersheddlthrough parts of three counties (Adams,
Marquette, Columbia), and surrounds the commundfe@xford, Brooks, Briggsville, and Big
Spring. About 42% of the watershed is agricultval DNR 1991), while forests and wetlands
(some quite large), comprise 27% and 14% of theenshed. Potholes and kettle lakes are
spread across this area.

Figure 10. The Neenah Creek Watershed (Wisconsin DNR website
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Like the Montello River Watershed, there are sdvieoat streams in this watershed, including
Big Spring Creek, Widow Green Creek, and NeenatelC(eonsidered Adams County’s best
brown trout stream). Neenah Creek was dammeddaterNeenah Lake, which impacts the
water quality below the dam, decreasing the traltefy. Neenah Lake has many of the same
nutrient and water quality problems as identified lfake Puckaway and Lake Montello. While
these streams host the best trout fishing in tgemne trout populations have been eliminated in
other streams. Peppermill Creek no longer suppoesthy populations of trout due to a
warming of stream water below the dam (WI DNR 2001)

The Mason Lake area was part of nonpoint sourdetmm abatement program from 1994-2004.
This lake is important to waterfowl and fishermand the abatement effort is aimed at water
guality problems similar to those of other shallesuthern Wisconsin lakes (WI DNR 2001).

Swan Lake Watershed (UF15)

The Swan Lake Watershed covers 81 square niiggie 11). This watershed contains the
headwaters of the Fox River in Green Lake Coufitige watershed contains two municipalities,
Marcellon and Pardeeville. The topography of thatenshed is rolling drumloidal hills.
Agriculture is the main land use in this watershé with the other sub-watersheds, nonpoint
source pollution from agriculture has been ideatifias a major problem. Animal waste
disposal, stream bank erosion, and cropfield ruagcgfcontributing sediments and nutrients into
the Fox River, Park Lake, and Swan Lake (WI DNRDOO

Figure 11. The Swan Lake Watershed (Wisconsin DNR website).
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Park Lake is a popular 312-acre fishing and remedake, created by a dam near Pardeeville.
Similar to other shallow lakes in southern WiscandPark Lake is now highly eutrophic.
Phosphorus loading into Park Lake from the Fox Rigesix times the level that would be
considered excessive, and algal blooms and deasé growth are problematic. Swan Lake is a
natural, 32-foot-deep mesotrophic lake downstreaifihe water quality of Swan Lake is
considered good; however, if nutrient and sedimeating by the Fox River subwatershed
above Swan Lake were minimized, water quality wooldrove (WI DNR 2001).

Land Uses in Watersheds

Land use estimates were made based on the WISCLED Cover Data set, provided by WI
DNR. This data is over 15 years old (based on 1€82llite measurements), but is the most
recent state database available for watershed sesalyThere are certain to have been changes in
land use since 1992. Based on factors coveredavieése in this report, land use may have
changed in response to the ca. 15% increase inrhpoaulations (increasing urban lands) or
increased use of conservation leases on agriclltanals (conversion from agriculture to
grassland, wetland, or forest). While these chamgald effect thousands of acres, they may not
significantly change the overall patterns acrogsib2,354 acre watershed.

The primary land use of the watersheds that fetmllinke Puckaway is agriculture (37%), due
to the historical attraction of farmers to richlsa@nd flat topography and the continued viability
of the agriculture-based economy (Table 2 and Chblap in Appendix). The distribution of
agricultural lands is not uniform. The Grand Riveatersheds are almost entirely agricultural
lands, while agriculture is a smaller componentthe western subwatersheds. The second
largest category is forest (25%; up to 31% inclgdiorested wetlands), concentrated mostly in
the western subwatersheds. The third largest cgteg grassland (16%), though a combination
of wetland (11%) and forested wetland (6%) would ddarger category. Wetlands are
concentrated along the Fox River, its largest tabas and the lakes. Urban makes up less than
1% of land use. The land abutting Lake Puckawdne®vily dominated by wetland and forested
wetland, with urban stretches on the north shom Mlarquette, and some forest along the
southwest shore.

Table 2 Land use categories and area in the watersmdchke@ Puckaway.

Land Use Class Acres Percent
Agriculture 186,188 37
Forest 125,782 25
Grassland 81,344 16
Wetland 57,546 11
Forested Wetland 27,691 6
Open Water 17,352 3
Urban 4,096 0.8
Barren 1,499 0.5
Shrubland 856 0.2
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A large portion of agricultural land was converfeain wetlands which were drained by a series
of ditches. These ditches alter natural waterflamsl eventually empty into the Fox River
system (WI DNR 2001).

The patchwork of agricultural lands (wheat, daetg) and wild lands (wetlands, etc) that existed
as late as the 1940s was able to maintain theatdiadiversity in Wisconsin. However, much
Wisconsin’s former wilderness has been convertedrépland through draining and advanced
agricultural technologies. Changes in agricultuethniques, such as row cropping, also
introduced practices that were less friendly tadidfé (WI DNR 2001). Many of the waterways
and tributaries feeding Lake Puckaway developeagessvith fecal coliform (bacteria growing in
the water), high turbidity, and carp. Treatmemighe late 1960s and 1970s began to address
these problems, with some success. Some streaotsas the Grand River, also suffered from
high levels of nutrients (WI DNR 1979).

Lack of ecological awareness in government polisp &ook its toll, as well as an “agriculture
first, environment second” mentality. Reports e t1950’s prepared for the Governor and
Wisconsin Conservation Department called for th#ization of the marsh land and last
remaining wild grasslands around the Fox Riverdgriculture to increase the food supply. A
1954 paper calls for the heavy use of commercréliger in the area; while acknowledging the
risk of contaminating waterways, the predicted oote was positive: “Some of the mineral
fertilizing elements used in large quantities farck crops will get into the drainage waters that
will enter the Fox River. This will materially inease the feed for fish in the river and pools”
(Kabat 1954). Muck farms are also supported umtiderpremise that the land should be used
until it is “spent,” then reverted back to wildlifeabitat. In addition, the paper states that the
large expanses of remaining wild grass meadowsnaardh should be converted to row crops
since they were:
“...virtually barren of wildlife desired by the humidecause of the absence or scarcity of
desirable food. The production of agriculturalpgoon included areas (the wild grass
meadows) will increase food for wildlife...developmeh the better marsh lands would
be an important asset to the local agriculture..exigh marsh soil survey is necessary to
delineate the areas suited to agriculture and thioge could be dedicated to wildlife
habitat because they are incapable of producingektable vegetation. Use of this
information will avoid spending money for intensiveldlife development...” (Kabat
1954).

The Wisconsin Conservation Department disagreel this interpretation and attributed losses
of wildlife in the area to the establishment of iagiture-dominated habitats, high hunting
pressure, changes of land use, carp, and abnoratat ¥evels in its own report to the Governor
(Kabat 1954).

The degradation and fragmentation of habitat fergake of agriculture and, to a lesser extent in
this watershed, urbanization has led to large deslin wildlife populations in the region (WI
DNR 2001). Birds have been hit particularly hamith several species declining in numbers.
Some of these species include bobolinkolichonyx oryzivorus) meadowlarks Sturnella
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magng, pintails @nas acuty blue-winged teal Anas discory and green-winged teahKas
carolinensi$ (Wl DNR 2001). One wildlife population that beea overpopulated was white-
tailed deer (Kabat 1954). By the 1950’'s (contiguio today), the deer population exceeded the
natural carrying capacity of the land, and suffess starvation and winter kills (Theil 1989).

The original communities of oak savanna, prairiegpand oak barren, sedge meadow, various
wetlands, and southern dry/mesic forest have beastidally altered. Prairies and savannas are
now almost non-existent in south-central Wiscongiith 99% of these lands having disappeared
in the time since settlers began populating thie sté/etlands have also been hit hard, with over
50% now eliminated (WI DNR 2001; Zedler and Pof2668). Assessments conducted in 1954
noted that those wetlands that had not been cad/éotagriculture were slowly degrading due

to sedimentation, filling-in, and vegetative decakhis in turn decreased the amount of land for
waterfowl food and cover (Kabat 1954).

Erosion depends on land use. In 1979 in the UppgmRiver Basin, 1.9 tons of soil was lost per
acre per year in acreage occupied by crops, compar@.3 and 0.5 tons of soil lost per acre per
year for grasslands and woodlands, respectivelynhan@Ges in land use and development of
wetlands and other land, also impacted the watalitgof the Upper Fox River system. New
farming technologies led to a decline in the useasfservation practices to prevent nutrients and
chemicals (pesticides/herbicides) from getting itb@ water, either from river runoff or
groundwater seepage (WI DNR 1979). Smaller faromhsned into larger farms may remove
windbreaks and buffer vegetation that reduce emsis they increase field sizes.

In 2001, the DNR prepared a report on the statihnefUpper Fox river basin. It listed several
priorities for land and water plans in Columbiag@n Lake, and Marquette Counties. Problems
with sedimentation and phosphorus loading into aa@fwaters were important in all three
counties. Columbia County and Marquette Countyp alsffer from soil erosion problems on
cropland and grazing land that exceed tolerabldass rates.

Wetlands in the Watersheds

In the Upper Fox River Basin, some of the most cammwetland communities include shrub-
carr, sedge meadow, and emergent aquatic. Wetigsraand wet-mesic prairies were also
common at one time, but have been drained to ttenethat they are now quite rare.

Wetland losses have been very high throughout Wisooapproximately half of pre-settlement
wetlands). The remaining wetlands in the watersh&atsounding Lake Puckaway provide
several important functions to the environment buachans. These wetlands act as natural filters
to remove and absorb nutrients, sediments, andtpalls that would otherwise end up in Lake
Puckaway (WI DNR 1979). Wetlands also provide tabior several species that are either
endangered or important to Wisconsin’s economyrigou hunting and fishing). During flood
events, wetlands serve as storage capacity, toamaldglowly release water. The risk of flooding
in urban areas increases substantially when wegldadline below 10% (WI DNR 2001).
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The greatest threats to wetlands have historidadlgn agriculture and urban development (Wi
DNR 2001). Nationally, more than 87% of wetlands st due to agriculture (Tiner, 1984).
Thousands of acres of wetland in the watershedsidgainto Lake Puckaway have been drained
for agriculture, but this activity has slowed drditelly in the past decades. Drainage ditches
(mostly constructed between 1926 and 1949) alse lawvered the water table in many areas,
causing water shortages, habitat loss, and thamdien of downstream ecosystems. Even when
wetland areas that have been drained for agrieulise are no longer farmed, ditches and tiling
prevent the native ecosystem from reestablishing DIWNR 2001). Drained marshes also can
serve as a source of nutrient and sediment (foynstdred in the muck and peat bottoms) to
streams and lakes (WI DNR 1979).

A recent review of Wisconsin wetlands (Zedler amdtét 2008) reports the changes in wetland
acres for southeastern Wisconsin and specific eesintComparable state surveys in the 1930’s
and the 1950’s showed an average loss of 25% damkiacres over 20 years; specifically,
Green Lake Co. lost 25%, Marquette Co. lost 18% @othmbia Co. lost 13%. The 1950’s
survey showed that as much as half the remainiritamas were being grazed by cattle. About
half the remaining wetlands are wet meadows; otleenmon types are shallow marsh, shrub
swamp, and timber swamp. They note that invasipecies are taking a toll, with
approximately 10% of Southern Wisconsin wetlands2004 heavily degraded by nearly
complete stands of reed canary grass. They spatyfimention Green Lake County as one of 5
Wisconsin Counties with heavy dominance of wetlaogiseed canary grass. Hybrid cattail and
purple loosestrife are also significant wetlandaideers in the region.

Both the federal government (Conservation ReserogrBm, Wetland Reserve Program, and
U.S.F.W.S. Partners for Fish and Wildlife Program{l private organizations (Ducks Unlimited,
Wisconsin Waterfowl Association, etc.) promote thwtection and restoration of wetlands
through easements, land leases, tax breaks, chamilyland acquisition. The Wetland Reserve
Program (WRP) specifically works by buying a conaéipn easement from the landowner and
paying them for the cost of restoring the croplartd wetland. The efforts of this program are
two fold, ecologically restoring wetlands, and limedp to keep the area safe for future
generations. Tourism and recreation may also bendth the encouragement of wildlife
production. The Upper Fox River basin currentlg llee most land in WRP in WI, with 5,112
acres in Marquette County, 833 acres in Green L@&anty, and 2,060 acres in Columbia
County (WI DNR 2001).

Water Quality of the Watershed

The quality of water flowing in streams and rivazan be useful for lake management,
particularly those parameters that can be usedtimate whether the “load” of pollutants to the
lake is increasing or decreasing. Reducing loatldead to improved lake water quality, while
increasing loads will degrade lake water qualifyhe parameters most often monitored include
data include nutrients, sediments, water clarity axygen. Biological communities have also
been useful as “indicator organisms” or “sentinelsith sensitive species present only under
good water quality conditions. However, the infatan available for the Lake Puckaway
watersheds is primarily for nutrients and turbidftyater clarity). Computer models are also
available to make estimates of runoff quality basedand use patterns.
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Nutrients that supply nitrogen (such as nitrate and ammaaal) phosphorous (phosphate) are
key materials that can, if supplies are low, cdnine growth of plants and algae. Additions on
land to encourage growth of plants (crops, lawas) enter streams and lakes and encourage the
growth of aquatic plants and algae. As such timegeents have received special attention and
have been extensively studied (Mulholland et aD@0 Nitrogen in the ionic form of nitrate
(NO3) is highly mobile in the environment due to itsadhanion size, it often travels easily into
the water and groundwater system (Ayebo et al. R0OOHowever, the nutrient of greatest
concern for lake systems in the Midwest is phospfiaas the nutrient most likely to be limiting
for the growth of algae and aquatic plants. In&bisin, almost 90% of lakes are phosphorus
limited (WI DNR 2001).

Total Phosphorus concentration data for the wagershas averaged and applied to a map
(Figure 12) as a way of identifying the parts of the watetsleentributing to the phosphorus
loading of Lake Puckaway. As noted in the sub-velted reports by the DNR, the highest
stream phosphorus concentrations originate in thped Grand River and Lower Grand River
subwatersheds. One study reported total phosphdemels as high as 4.3 mg/L and nitrogen
levels as high as 17.6 mg/L, well above what issaered healthy (Burbach 1998; Durham
2002). Given the large amounts of water that W watersheds feeding the Grand River feed
into Lake Puckaway, additional monitoring of thenditions of this waterway are warranted to
assess the role of this watershed and water frasnataitershed on Lake Puckaway (specifically
input of phosphorus into the lake).

Excesses of growth limiting factors (nutrients tpabvide the upper limit of plant and algae
growth an ecosystem is capable of supportingto@much of a good thing) can lead to several
problems for terrestrial ecosystems, aquatic et¢esys and human environments. Some of
these problems include bacterial and algal outlseaktrophication, biodiversity reduction,
acidification, and declines in water quality in b@tquatic ecosystems and human drinking water
supplies (Durham 2002, Mulholland et al. 2000).gad blooms enhanced by nutrient inputs
from fertilizer and/or manure runoff are of a peutar concern in lakes as high accumulation of
algae can decrease water quality. Major algalrakoan make lakes anoxic (low in dissolved
oxygen due to aerobic bacteria decomposing deak agd plants taking up oxygen), increase
turbidity (which in turn blocks light from and kdlloff submerged vegetation), and increase stress
on native organisms (e.g. toxins produced by bheemyalgae).

To reduce the effects of fertilizer on watershedface water, and groundwater quality, several
governments have passed regulations that stressréagion and/or maintenance of natural
riparian buffer zones (i.e. woodlands, marshessgigads) (Stainton and Stone 2003). Riparian
buffer zones are strips of land which regulatetthasfer of nutrients and particulates in runoff
and groundwater to other surface waters or groutetwigows (Durham 2002, Stainton and
Stone 2003). These buffer zones perform this ttagkugh mechanical filtering of surface runoff
and the detention and assimilation of nitrogen &getation, as well as denitrification and uptake
from shallow groundwater by deep-rooted plants.aéobic bacteria may also remove nitrate
from shallow groundwater in riparian zones when #wl conditions are right for such
interactions (Stainton and Stone 2003). Furtheemdhe introduction of anthropogenic
phosphorus and nitrogen may be easily reduced ef-application of fertilizer is common.
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Crops typically only use 40 to 60 percent of thieagien compounds in the fertilizer spread on
fields, and about 66% of Wisconsin’s fields alreadyurally have enough phosphorus in them to
raise crops (Ayebo et al. 2006, WI DNR 2001). Awey runoff from natural systems is another
common way this problem is addressed.

Figure 12. Total phosphorus levels (mg/L) at various surfaeger points along the watersheds
feeding into Lake Puckaway (WI DNR, USGS, and ER&&, picture taken from Google Earth
and manipulated in Photoshop Elements 4.0).

The waterways of this area are affected by nonmmatces of pollution. These are sources that
do not come from a single place, like an industdeicharge pipe or septic tank, but from
multiple sources which combine together to cause globlem. Usually, nonpoint source
pollution is the result of agriculture, though unbsources such as storm drains and runoff from
streets and heauvily fertilized lawns can also cgqueblems. The intense agricultural use of this
area further deteriorates water quality throughdh@&nnelization of streams, reducing the ability
of the stream to take up nutrients before thesdemis enter the lakes, and increasing stream
flow velocity which can lead to increased erosiad ¢hus sedimentation and turbidity (WI DNR
2001).
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The WI DNR recently evaluated the susceptibility tbe watersheds that flow into Lake
Puckaway to nonpoint source pollutiohaple 3). Overall nonpoint source pollution sources
were ranked based on if the nonpoint pollution sewas controllable (feasibly), and whether
control of the source would have a large impacttib@ whole Fox River system. The
subwatersheds of Lake Puckaway were ranked as medtihigh risk.

Table 3. Nonpoint source pollution rankings (WI DNR 2001)

Watershed Name Overall Ranking
Buffalo and Puckaway Lakes (UF10) High
Lower Grand River (UF11) High
Upper Grand River (UF12) Medium
Montello Creek (UF13) Medium
Neenah Creek (UF14) High
Swan Lake (UF15) Medium

Nutrient Loading. Total phosphorus loading from the watershed toelL&uckaway was
estimated using computer models from the WI DNRe (Wisconsin Lake Modeling Suite,
WILMS version 3.3.18 fronwww.dnr.state.wi.us/org/water/fhp/lakes/laketoaohjit The main
input to the models is land use in the watershetitatal phosphorus data from the lake. Land
use estimates from Table 1 above were used in th@ehruns to assess the current situation.
Because Table 1 has only a single designationgocwtural lands, and the phosphorus loading
is much higher for row crops than for pasture,itipait to the model was made assuming that the
agricultural land in the basin is 47% row crops a8é6 pasture (based on the split estimated for
Green Lake County; Green Lake County 2005). TBtadsphorus concentrations for the lake
were based on an average of all USGS data coll@ft@8-2007 (seEigure 19 below).

The results from the “Current Land Usecenario are presented ifable 4, along with
speculative alternate land use scenarios. WiLM8ehresults are reported at three levels based
on loading rates that would be low, most likelyhagh for a given land use type. This provides
a loading range of 70,510 to 356,247 Ibs Phosphmeugear, and a most likely value of 149,088
Ibs Phosphorus per year entering the lake. Thist tileely value gives an annual loading of 30
Ibs Phosphorus per acre of lake (the low to highgeais 14 to 72 Ibs per acre). Lake
management issues in the shallowest lakes usu#sly w&ith values greater than 1 Ib Phosphorus
per acre per year. (Wetzel 2001). To reduce pharsighoading below this critical level would
require a more than a 90% decrease in watershetsinp

The largest contributor to phosphorus loading ¥8 coop land, which contributes more than half
(53%), despite only making up 18% of watershed sadfegure 13). Forest and wetlands
contribute far less (5-7%) to phosphorus loadirentktheir land area would suggest; their low
coefficients for phosphorus loading per acre malesé land types best candidates for watershed
protection and restoration.
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Figure 13. Distribution of land types (Top graph, % of totedtershed acres) used in WiLMS
Model runs to estimate phosphorus loading (Bottaiep@, % of total phosphorus loading).
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Table 4. Estimated total non-point source loading of phasus from the watershed to Lake
Puckaway, based on WILMS. The numbers in parenshase the percent change from the
current land use scenario (Note that “-* is bettet,is worse).

Scenario Acres Loading, in pounds Phosphorus per year
converted (% change from current land use)
Low Most Likely High
Current land use 70,510 149,088 356,247
Convert all pasture and 180,024 134,757 261,520 757,792
grassland to row crop (+91%) (+75%) (+113%)
Convert enough pasture and 4,096 71,241 149,819 357,344
grassland to double urban area (+1%) (+0.5%) (+0.3%)
Convert enough pasture and| 85,237 70,510 133,878 325,828
grassland to double wetland (no change) (-10%) (-9%)
area
Convert all pasture and 180,024 62,479 115,358 304,850
grassland to forest (-11%) (-23%) (-14%)
Convert all row crop acreagel 87,508 39,280 94,436 161,061
to pasture (-44%) (-37%) (-55%)
Convert all row crop, pasture, 267,532 27,795 45,659 89,174
and grassland to forest (-71%) (-69%) (-75%)

Assuming that pasture and grassland are the neosblé land types for conversion to other land
use categories, such as different agricultural,usd&sn uses, or to restore to natural ecosystems,
the following alternate land use scenarios wereetest

Al. Convert pasture and grassland to row crdghis scenario should be given considered due to
the recent trend to increase row crop productierbfofuel manufacturing (e.g. corn for ethanol
and soybean for biodiesel), that has led some f&rtwecancel conservation leases for buffers
and plant marginal lands. This scenario presdn®@ negative outcomes for Lake Puckaway,
approximately doubling the current high phosphdoasling.

A2. Convert enough pasture and grassland to daubkn area This scenario would allow for
substantial urban growth (doubling population wotalkle 50 years at current growth rates). The
results show that this would have negligible nagaéffects on phosphorus loading (1% increase
or less). However, it should be noted that thia doubling of urban acres in the watershed, and
should not be confused with increased urbanizatind development directly on shorelines
(which would have more direct and much strongeraotg on the lake).
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A3. Convert enough pasture and grassland to doubtiand area This scenario presents the
possibility that wetland restoration would procdeda level that equals pre-agriculture levels
(approximately twice the current acreage). Sinetlamds tend to export less phosphorus, this
scenario would be likely to reduce phosphorus logdo Lake Puckaway. However, the size of
the reduction is not very high (up to a 10% improeat over current estimates).

A4. Convert all pasture and grassland to foreBhis scenario would go beyond restoration of
past forest levels (reforestation) to an activedl@onversion into forest (aforestation). The

reason to consider this scenario is that forested has the lowest export of phosphorus to a
watershed, so this scenario should produce thedargffect for pasture/grassland conversion.
Model results predicted that the improvement wobkl as high as a 23% reduction in

phosphorus loading.

Since row crops are the largest non-point sounse,management scenario would be to convert
them to an agricultural use with less potentialgbosphorus loading:

A.5. Convert all row crop acreage to pastufdis change in agricultural practices would eu
phosphorus loading by 37% to 55%. These reducaoasarger than a combination of complete
wetland restoration and complete conversion ofgiaasl/pasture into forest.

Is there any combination of land use that could eatose to a 90% reduction (to go from a
loading of 30 Ibs phosphorus per acre down togdhissphorus per acre)? An extreme watershed
makeover might be the following aforestion plan:

A.6. Convert all agricultural land and grassland ftwest This scenario would involve
establishing forest on all pasture and row cropl$ams well as all grasslands. In addition to the
economic issues, it should be noted that thereiistorical precedent for this level of forest
cover in the region (i.e., this is not restorattona natural land cover). While this level of
forested land cover would produce the lowest phospghloadings, the decrease would be about
70% below current levels.

All the scenarios above are for phosphorous loaftimg the land, but there are also direct point
sources (e.g. effluent pipes) for phosphate poltutiThe largest point sources in this watershed
are sewage treatment plants and food processitgits; but they are few and relatively small.
Seven communities maintain sewage treatment pldats range from 0.008 to 0.3 million
gallons per day (WDNR 2001). Their total effluemitput is 0.8 million gallons per day.
Assuming they have an average effluent with a folt@isphorus concentration of 2.5 milligrams
per liter (based on performance for secondary sewegatment; actual performance may be
considerably better), the total annual point souoa&ling would be about 6,000 Ibs per year.
While this amount is larger than forests, wetlaratsiyrban land inputs, it only adds 4% to the
“most-likely” non-point loading of 149,000 Ibs pgear for the watershed.

The effect of a watershed on a lake will be mucdbrgfer if there is a large watershed are

relative to lake size, and if the watershed produaehigh flow into the lake relative to its
volume. If the ratio of watershed acres to lakeads high (greater than 10 or 15), the lake may
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receive substantial phosphate loads even if the immominated by natural, low erosion lands.
The ratio for Lake Puckaway is 100. Amongst lalgles (>1,000 acres) in Wisconsin, the
median ratio is 14 (Lillie and Mason 1983).

A second factor that influences the ability of keldo take nutrient loads from its watershed is
the residence time: how long it takes to flush l@eg) the volume of lake water. A larger
watershed will produce higher flows into the lakegucing the time it takes to flush the lake. A
shallower lake will have less volume than a dedpke, reducing the volume that has to be
flushed (thus cutting the flushing time). Lake Raway is extreme on both counts, with a
relatively large watershed and relatively smallelalolume, and the average residence time is
only 0.04 years (two weeks). In contrast, mose¢sahkave residence times greater than a year; for
large lakes (>1,000 acres) in Wisconsin, the medi@n9 years (Lillie and Mason 1983).

The conclusion is that size of this watershed irdato the size and shallowness of Lake
Puckaway would receive high nutrient loading unele¥n the best land use conditions. Thus the
goals for lake management should consider realgbials that will fit a highly productive
ecosystem, but avoid protracted algal blooms thathe ecologically damaging and a nuisance.
(In the following section on Lake Puckaway, modeils be used to study scenarios with respect
to lake productivity based on trophic indices).

Turbidity measurements have also been collected in the shatgand can offer some insights
to water quality, especially sediment loads inastie and rivers that may be caused by high rates
of soil erosion. The Secchi disk reading is a cammeasurement; the deeper the secchi disk
can be lowered before disappearing from view, tveel the turbidity. The phosphorus map
seems to correlate with the effects of differentasgheds on turbidity in Lake Puckaway.
Reports from the 1950s particularly point out theartdl River and Neenah Creek as being
“‘instrumental in determining the characteristicstioé Fox”, whereas other streams were less
important. Figure 14 shows how the Secchi disc measurements of thesevaterways highly
correlate with the average values of the Fox Raich they feed. Pictures from 1956 show the
Grand River dumping large amounts of dark silt itite Fox River just before emptying into
Lake Puckaway. Data show that water clarity drafsr each of these streams empties into the
Fox River. Though historically Lake Puckaway andffBlo Lake have had the lowest water
clarity in the Fox River system (results of wavéi@g), it is clear that these tributaries are also
playing a large factor in water clarity of the lak@hompson 1959).
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Figure 14. Secchi disc seasonal trends for Upper Fox ahdtaries (Thompson 1959).
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Lake Puckaway

Lake Puckaway lies in a valley carved by glaciarsrd) the glacial period, also known as the
Wisconsinian glacial period. With a surface aré&,039 acres, it is one of Wisconsin’s largest
lakes by surface area. However, unlike the siyilsized, but very deep Green Lake, the depth
of Lake Puckaway only reaches a maximum of five, f@&h an average of three feet. At eight
miles long, the east to west orientation of theslakuses it to be subject to heavy wave action.
This wave action easily churns up the soft sedim@rture of sand, silt, and organic debris that
makes up the lake bottom. Due to its very divdise species population, and excellent fish
growth rates due to a large foraging base, the asebeen historically popular for fishing all
year round (Lake Puckaway Protection and RehatditdDistrict Fact Sheet).

The terrestrial wildlands, wetlands, and surfacéevgaaround Lake Puckaway currently support
a limited variety of species. Waterfow! breedinghis area include mallards, wood ducks, blue-
winged teal, and giant Canada geese. Though panececonomy of this basin experiences a
boom from the draw these birds bring in from hugtamd viewing (especially Lake Puckaway,
which may be the most famous for hunting), it mipdead to a problem as the overpopulated
Canada geese may produce enough fecal matter écot affater quality in addition to the
nuisances they already cause. The watershed$sareane to many different songbirds, despite
the declines in those whose native habitats werddtest or grassland. Work is currently under
way to try to convert 10% of active cropland to rpanent nesting cover to help boost the
numbers of grassland dependent birds (W1 DNR 2001).

Human activities to use and manage the lake cr@atemplex set of interaction&igure 2
above). Aquatic plant populations, many of whiclieceon natural water level fluctuations, have
been altered from their early population numbétsld rice and bulrush, emergent species, were
once dominant, especially along the shallow shoeedind in the east basin. Submerged plants
have also declined. Artificially manipulated watksvels, weather, the development of
shorelines, changes in watershed land use (ero&dilizer inputs), and the rise of carp in the
lake have all led to severe declines in the plamraunity (Lake Puckaway Protection and
Rehabilitation District Fact Sheet).

Historical Degradation of Lake Puckaway

In June of 1673, as Father Marquette traveled diwrFox River on his way to the Wisconsin,
he hit upon a vast expanse of wild rice, one thatlenit “easy to lose one’s way” (Stel 1993).
Such conditions, with overly lush wild rice prowidi an abundant feast for the locals and
wildlife and amounts of ducks and geese only dbedrias “numberless”, are said to have
continued in the river system up through the 188@&nce then, wild rice has precipitously
declined to the point where today it is no longedaninant species in Lake Puckaway or
anywhere in the Fox River system (Thompson 1958).this time, the Nee Pee Nauk Duck
Hunting Club on Lake Puckaway recorded kills ofcagbvasback, 50 bluebills, 21 pintails, and
18 redheads as “lousy”. Catches of 63 smallmouth & pike were only considered “fair”.

These numbers, and attitudes, speak to the abumddribe area’s wildlife. While the eastern
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basin was normally heavily weeded, water claritys wacellent (Stel 1993). The western basin
was frequently the only place open water areasdcbel found, so a navigation channel was
dredged and maintained to provide access to theRiter. The southwest side of the lake was
protected by high wooded banks, while the resthef land was surrounded by marshland,
grassland, and strips of willow (Kabat 1954).

The turn of the century saw major changes to tlke kand watershed. Construction of the
Princeton Dam in 1897 and subsequent impoundmenheflake altered the natural water
fluctuation levels, to which the marsh/lake comntiesi had adapted during the period from the
last ice age to the settlement by immigrants froendastern states and Europe (Lake Puckaway
Protection and Rehabilitation District Fact Sheefround the same time, Common Carp were
introduced into many Wisconsin lakes, including €ak/innebago, in an attempt to develop a
commercial fishery for a fish in high demand byemrgicimmigrants and generations from central
Europe. Carp are a large fish well known for hgumnany detrimental effects on shallow lake
systems, primarily by damaging vegetation and imsirey turbidity (Scheffer, 2004).

As late as the 1950s and 1960s, the lake was seandack hunting and fishing mecca, with
people traveling from miles around to take advamtafjits vast resources. In 1952, the state
record Northern Pike was caught from the lake (88ngls). Wild rice continued to grow all
around the lake, while dense plant beds were romtdtie lake bottom elsewhere (Congdon
1996).

However, the lake may have undergone major damagéumdamental changes by mid-century.
The winter and spring of 1950 may have been thealfstraw that broke the camel’'s back”.
Thick ice cover developed on the lake during thlel,cenowless winter. Ice breakup in spring
tore loose huge mats of vegetation that then clddlge river outlet at the east end of the lake.
High winds in May caused heavy wave action thatoamd and disintegrated much of the
remaining vegetation. Before 1950, the fishery wWaminated by bass, panfish, and northern
pike (Kabat 1954). But this 1954 report showet iatches dominated by catfish and bullheads
(Figure 15). Farm runoff and erosion contributed silt thatreased turbidity and nutrient loads
that fuel algal blooms, which combined with a plaptooting carp populations and high water
levels from damming, would make life extremely widilt for aquatic plants. Damage to plant
beds was also increased by lakeshore developmienttaé 1940’sKigure 16). Since the late
1950’s, positive reports from Lake Puckaway havenbeountered by assessments stating it was
transformed from a “once-famous fish and waterfbasen into a dead mud puddle” (Thompson
1959, Stel 1993). Vegetation on the lake has dacmnsiderably from year to year since the
1950’s, making occasional comebacks, but has aseqa periods, such as the 1970’s when it
was nearly gone. In 1976, aquatic vegetation aroeased to exist, and with it so disappeared
the fishermen as the waters turned to muddy brolwa.shack numbers went down to about an
average of five on the lake at a time (Congdon 1996

It is likely that Lake Puckaway fits the theoretioaodel for shallow lakes that states they have
two possible stable states (Scheffer 2004; LPPRI2ZR0OnNe state is dominated by plants, with
clear waters and diverse plant, fish, and wildfitgoulations. The other is dominated by algae,
turbid, with low diversity of fish and wildlife. Ae term “stable” implies that either of the states
can last for a long time, and that it can be difico change from one state to the other. The
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numerous and strong changes made to Lake Puckalwagding water levels, losing plant beds,
introducing carp, unusual floods or winds) areliated by Scheffer (2004) as drivers that have
been demonstrated to drive shallow lakes from thlart-dominated, clear-water” state to the
“algae-dominated, turbid” state. Any one of theBanges could cause the lake to change states;
the combination of multiple stressors may have miievitable.

Figure 15. Fish surveys conducted in 1977 and 1991.
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Figure 16. Loss of emergent vegetation in Lake Puckawayvalhg shoreline development.
Top panel images are from aerial photographs; Igheto is taken from the south shore (from
Lake Puckaway Protection and Rehabilitation Digt2005)
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Historical Efforts to Protect Lake Puckaway

A major step toward protecting Lake Puckaway wasdstablishment of a lake district in 1977
(Figure 17). This entity has allowed local landowners to Ip@sources and collect funds for
larger projects than individuals or clubs could teomplate. The funding base and organization
have also allowed for long-term planning and prgeteeded for ecosystem restoration and
management.

The efforts to protect Lake Puckaway have focusedtiy on fish and game issues. In 1983,
concerned citizens began a plant reestablishmepgqdrto restore and protect the plant life of

the lake. Lake District Commissioner Rudy Wintlséated the goal “to re-establish a healthy
ecosystem, and the basis of that ecosystem inclualeisat” (Stel 1993). As is the case with

almost any shallow lake, the health of the lake asdish population can be almost directly

correlated to the health of the aquatic plant pajah. Several fish species rely on aquatic
vegetation for food and to provide cover (for snfedh species and large species’ juveniles).
Such cover helps to prevent small fish and juvenftem predation by game fish like the

northern pike, while also providing a nursery fovertebrates that help to support the food web
for all the fish of the lake (Lake Puckaway Protatiand Rehabilitation District 2005).

Figure 17. Boundaries of the lake district established9d 7L

Carp were identified as major culprits in destrgyitne plant community and re-suspending
sediment while feeding. This led to a large, WI ®K&un program to kill carp with spot

treatments of poison (rotenone) during spring spagvruns; one year included poisoning of 7%
of the lake area (Congdon, 1993). Since the lakmart of a river system with a major inlet and
outlet, total eradication of carp was not a plalesdption. Therefore, a plan was established to
physically remove carp while also increasing thedptor population (i.e. northern pike) so as to
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make it possible to reestablish the native fish mamity. Fish have been removed by contract
fishermen and through chemical poisoning since 19728though carp were removed, other

sources of stress to plant communities, such agaion nutrient pollution issues (Congdon

1996), were largely ignored.

Once the carp population was reduced, efforts wexrée to replant desired species of plants into
the lake, including wild celery Mallisneria americang Sago pondweedPptomogeton
pectinatuy and wild rice Zizaniaspp) (Congdon 1996, Stel 1993). Wild celery is pauthcly
important to waterfowl, especially canvasback ducks also provides important habitat for
microinvertebrates, another food source for fisd amterfowl (Stel 1993). Starting in 1983,
12,000 to 15,000 tubers were planted each yeaalirtgt over 100,000 plants (Stel 1993).
Plantings were a greater success in shallow bays dpen water, where wave action disturbed
the young plants. By 1990, aerial photography #tbwhat 706 acres of the lake were
supporting submerged aquatic plants. 1991 stushesved wild celery, coontail, and Sago
pondweed to make up the majority of plants (Congtie®n).

During this time, water levels were also broughe daot lower than normal after an initial
drawdown of 1.5 to 2.0 feet. (Congdon 1996). Whatlacologist Rich Kahl linked the re-
establishment and improvements in many of the fispulations more to rough fish (i.e. carp)
control and lake level management than the reintred plants (Kahl 1991). Because lake level
management was a contentious subiject, it was impord gain the support of the public for the
drawdown of the lake (Stel 1993). The topic of evdevel management was and is highly
controversial, and it was and is very difficultdet lake users to understand the importance of
lowering lake levels (Congdon 1996). Lowering l#eels make it possible for aquatic plants to
reestablish themselves (Stel 1993). After sevdedlates, a compromise in water levels was
established where water levels were lowered duttiegspring and summer to allow plants to
become established, and then the water level isedaiduring the summer months to
accommodate boaters.

Fish stocking operations were performed to helgtedgish the desired fish species in the lake
(Table 5 (Congdon 1996). Overall, fish and bird populasancreased after these efforts (Stel
1993). Waterfowl used the lake more frequentlpeesally coot and scaup. Canvasback did not
show any significant increases from 1986 to 199dn(fZion 1996).

Table 5. Fish stocking data for Lake Puckaway from 198072 (adapted from Congdon 1996).

Year Species Name Age Class Number of Fish Stocked
1980 Bluegill Adult 2,283
Bluegill Yearling 7,783
Walleye Fry 5,200,000
Yellow Perch Adult 30,000
1981 Bluegill Adult 4,500
Walleye Fry 5,000,000
Yellow Perch Yearling 33,000
1982 Largemouth Bass Fingerling 50,000
Walleye Fry 5,000,000
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Year Species Name Age Class Number of Fish Stocked
1983 Bluegill Fingerling 52,440
Largemouth Bass Fingerling 50,000
Northern Pike Fry 5,292,500
Walleye Fry 5,000,000
1984 Largemouth Bass Fingerling 50,000
Northern Pike Fry 5,275,000
Walleye Fry 5,000,000
1985 Largemouth Bass Fingerling 46,150
Northern Pike Fry 4,000,000
Northern Pike X Muskellunge Fingerling 500
Northern Pike X Muskellunge Fingerling 4,000
Walleye Fry 5,000,000
1986 Largemouth Bass Fingerling 49,000
Muskellunge Fingerling 11
1986 Northern Pike Fry 4,977,000
Northern Pike X Muskellunge Fingerling 725
Walleye Fry 5,000,000
1987 Muskellunge Fingerling 399
Northern Pike Fry 2,550,000
Northern Pike X Muskellunge Fingerling 915
Walleye Fry 15,000,000
1988 Largemouth Bass Fingerling 54,280
Northern Pike Fry 5,207,000
Northern Pike X Muskellunge Fingerling 1,761
Walleye Fry 9,000,000
1989 Largemouth Bass Fingerling 50,000
Northern Pike Fry 5,000,000
Northern Pike X Muskellunge Fingerling 956
Walleye Fry 5,000,000
1990 Northern Pike Fry 5,000,000
Northern Pike X Muskellunge Fingerling 500
Walleye Fry 5,000,000
1991 Walleye Fry 5,000,000
1992 Walleye Fingerling 18,210
1993 Walleye Fry 506,600
1994 Northern Pike Fry 398,300
1995 Walleye Fry 2,000,000
1996 Largemouth Bass Fingerling 18,200
Northern Pike Fry 1,357,800
Walleye Fry 2,150,000
1997 Northern Pike Fry 329,014
Walleye Fry 500,000
1998 Northern Pike Fry 1,202,767
Walleye Fry 3,321,619
1999 Northern Pike Fry 384,000
Walleye Fry 821,900
2000 Northern Pike Fry 2,306,160
2001 Northern Pike Fry 1,131,958
Walleye SMALL Fingerling 1,000,000
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Year Species Name Age Class Number of Fish Stocked
2002 Northern Pike Fry 1,067,998
Walleye Fry 900,000
2003 Northern Pike Fry 498,049
Walleye LARGE Fingerling 6,084
Walleye SMALL Fingerling 69,360
2004 Walleye Fry 1,500,000
2005 Northern Pike Fry 350,000
Walleye Fry 924,500
2006 Northern Pike Fry 78,000
Walleye Fry 2,600,000
2007 Northern Pike Fry 136,000
Walleye Fry 1,724,799

Water Quality in Lake Puckaway

Based on a review of available data on Lake Puckaveder quality, there have been significant
changes to the water quality of the lake over tinkowever, the water quality data for Lake
Puckaway is patchy since water quality monitorirag Imot been done extensively in this area
over the last few decadesTable 6 highlights the main water quality averages for éak
Puckaway in the new millennium (data from the USGBA, and DNR databases). Any value
labeled “total lake” is due to an inability to detene whether the sample was taken in the West
or East basin, as the sample was likely just resmbritch documentation as “Lake Puckaway”
without any coordinates.

Overall, water quality data are consistent betweninlet, two basins and outlet, reflecting the

rapid flow-through of water in Lake Puckaway. Thisalso referred to as a low retention time,

or a high flushing rate. The conductivity valuasnfeasure of salt concentrations) indicate that
their may be a small amount of dilution of the FRixer water by other sources of water to the

lake.

Table 6. Water quality values for Lake Puckaway (2000spr¢). ND = not determined.

Average or Median Value (April-October)

Water Quality Factor Fox Inlet  West Basin East Basin Fox Outlet
Chlorophylla (nmg/L) ND 54 61 56
Dissolved Oxygen (mg/L) ND 10.4 9.6 9.1

pH 8.1 8.7 8.7 8.7
Phosphorus (total, mg/L) 0.06 0.12 0.12 0.12
Secchi disc (m) (turbidity) ND 0.64 0.52 0.55
Specific Conductivity (uS/cm 25 deg C391 358 345 346
Temperature (degrees C) ND 22.1 22.4 22.4
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Chlorophyllais used as a measure of algae biomass in the,\&aatéris a common chemical that
photosynthetic organisms produce to harvest thés smergy. Chlorophyla is generally at its
highest in July-August, then declines in Septemherwyever, depending on the year, a spring
bloom in April can be high as welFigure 18). Lake Puckaway Chlorophyll levels are about 8
times higher than the state median of MyAL (Lillie and Mason 1983), placing it in the tégw
percent of Wisconsin lakes. Even amongst largeslgk#,000 acres), with a median chlorophyll
level of 21ng/L (Lillie and Mason, 1983), Lake Puckaway rateghh

Figure 18. Chlorophylla levels in Lake Puckaway since 1979, and in détarh April 2005 to
September 2007.
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The relatively high pH values, a full unit above ttate average of 7.2 (Lillie and Mason 1983)
are probably due to the high photosynthetic pradanodf the lake algae and plants, as pH will
rise as the algae and plants remove carbon didsodethe water.

Total phosphorus and Secchi disk readings supperthlorophyll and pH data in indicating a

rich, eutrophic lake with high productivity of alga The higher total phosphorus values in the
lake and its outlet suggest that either the lakinsents (through resuspension of sediments) or
sources of water other than the Fox River (e.goffuitom the shore) are adding phosphorus
(Figure 19). Lake Puckaway is extreme for Wisconsin witlatg@hosphorus values above 0.10

mg/L; the state average is 0.019 mg/L, placing LRkekaway levels in the top few percent of

Wisconsin lakes (Lillie and Mason, 1983). Even agsi large lakes (>1,000 acres), with a
median total phosphorus level of 0.036 mg/L (Likied Mason, 1983), Lake Puckaway rates
high.

Figure 19. Total phosphorus levels in Lake Puckaway sincé18nd in detail from April 2005
to September 2007.

Total Phosphorus 1976-2007

% 0.35 ——W. Basin R
g 03 :
£ S —o—E. Basin
» 0.25
2 o2 I —— Whole Lake
5 0.
£ 015 i A | —m Foxnlet }\ .
§ 0.1 \Lf—x%FoxOutlet
o 0.05
-lg O T T T T T T T T T T T T T T T T T
[ Lo N~ (o)) — AN < O [e 0] o N < O [e0) () N < Lo N~
LI T Q¥ Q Q 9 9 2 2@ 2 @ 2 Q L L2 L 29
(o] (o] < < Lo < Lo < Lo Lo Lo Lo Lo Lo (92] < < <
d o 2 °d d g g od d d d d d o Jd o o d
< (92] N i (qV] i o (o)) (o] N~ © Lo < ™ N i N —
— — — — —
Total Phosphorus 2005-2007 (April-September)
~ 0.35 :
? 03 A ——W. Basin ||
= 0.25 /:,.\*\1\ .--m--- E.Basin |
2 & S —-a—- FoxOutlet|-
s 02 N
5 0.15 :
.E 0.1 —142
s 0.05
|9 0 T T T T T T T T T T T T T T T T T T T T
N 1 W w wmwLwLwmw o © © © O© © O© © © N~ M~ I~ DM~ I~
S Q99O 99 9L 90 QQLOQQ Q99 Q9>
S 2 o0 d 8 dd g0 dddadd s d
n o O O «+H «—«H « n O o O AN ™ ©
A Date -

44



One study has looked at the ratio of phosphorusittmgen. During 1991, this ratio was
measured on July 2nd, Septembéf,1dhd October8 The results were 9.4, 14.1, and 16.3; the
lower values (<16) indicate a risk for blue-greégaa blooms and an overall dominance of blue-
green algae in the lake. Such dominance can benéetal to the health of an ecosystem (WI
DNR 1991).

Lake Eutrophication Models from the WI DNR (the Wisconsin Lake Modeling SUuMgLMS
version 3.3.18 fromwww.dnr.state.wi.us/org/water/fhp/lakes/laketoahhtwere used to asses
the trophic status of Lake Puckaway. All Existuhgta suggest that Lake Puckaway would be
classified as eutrophic (= highly productive), Boime evidence suggests a hypereutrophic state
(which is so productive that negative effects anpased on the ecosystem and human users).
The modeling approach can compare estimates basptiasphate concentrations, algae bloom
levels (measured as chlorophyll) and Secchi dishkidity readings. The main input to the
models was:

Ecoregion: Southeast Wisconsin Till Plain (of 4regions in Wisconsin).

Total Phosphorus: 2005-2007 mean of 0.13 milligraersliter.

Chlorophyll: 2005-2007 mean of 66 micrograms per i

Secchi Depth: 2005-2007 mean of 0.53 meters.

The output of the model is expressed in terms dfaphic State Index (TSI), which can range
from 0-110. Higher TSI numbers are found in riglmeore eutrophic waters. The TSI values for
Lake Puckaway are high, ranging from 69 to 74.sTitia narrow range of scores, showing that
estimates based on phosphorus, chlorophyll, orfs@eadings are in agreement. To interpret
these values, the eutrophic rating is used forescabove 50. Another comparison can be made
with average values for lakes in the the South®éstonsin Till Plain ecoregion, which are
closer to 50 (range 41-57). Buffalo Lake, upstrezinbake Puckaway has been estimated to
have TSI values of about 60. Lake Delavan, infseunt Wisconsin may provide an encouraging
comparison (Holdren et al. 2001): TSI values of6h5i the 1980’s were improved in the late
1990’s after manipulating the food web with fisltodting. Lake Delavan TSI values for
phosphorus stayed in the 50-60 range, but valussdban chlorophyll and Secchi readings
dropped to about 40 as algal blooms subsided.

The model also an alternate prediction of whataerage phosphorous loading would be from a
watershed this size for the Southeast WisconsinPTain ecoregion. The result was a loading
estimate of 94,123 pounds phosphorus per year, hwiscbetween the “Low” and “Most
Probable” values estimated from land use in Table 4

The TSI and nutrient loading estimates both sugidpadtlake Puckaway is receiving about 40%
more phosphorus loading, with accompanying produactif algae, than comparable lakes in the
ecoregion. In the simple scenarios presented loheTd, only conversion of row crops to pasture
could achieve this large of a decrease, though ay rhe possible to combine aggresive
aforestation and improved nutrient management erfidims to produce a result that would bring
the lake into a more desirable trophic index range.
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Water Levels

Lake Puckaway is a shallow lake, with a maximumtldey only 5 feet. This creates a different
mix of habitats and management concerns than nedebp-water lakes like Green Lake or
Spring Lake. A shallow lake will have more of dbal regions that support emergent and
submerged plant habitats. Lake Puckaway alsoxtassve developed shorelines with property
owners concerned about flooding and erosion. Sbowers desire a lake with maximum
acreage deep enough for their use.

A dam raises the water level in Lake Puckaway pual2 feet (LPPRD 2002e). The concrete
dam raises levels by 12 inches, and water levelbeamoderated by placing boards onto the
Princeton Dam for an additional rise of up to 10kidhes. Actual water level measurements are
sparse for Lake Puckaway (a few spot measuremergeme years; difficult to compare from
year to year), which severely hampers discussionsofg scientific information to manage or
regulate water levels.

However, using a dam to artificially regulate wdearels can lead to ecological damage. Lake
ecosystems in Wisconsin have evolved to a seasyohd of rising and lowering water levels,
including critical stages in the life cycles of argsms. Changing the natural water cycles of a
lake can interfere with the ability of the lake f@intain the natural habitat, flora, and fauna.
The most common uses of these types of dam forrveatel regulation are to lower lake levels
to make room for annual flood periods (such asgpeng flood on the Fox River), and to
maintain high water levels for recreational boatimgransportation. While artificial lowering of
lake levels may occur when the ecosystem is leBgeasuch as winter to make room for a
spring flood), high water levels are often mainggirthrough periods that would naturally see
great change and in which the ecosystem activilkpé@ate spring through fall).

Current water level management practices for Lakek&way involve lowering water levels
during the spring, restoring high water levels befthe summer, and decreasing water levels
during the late fall Figure 20). The artificially high water is maintained thghout a
recreational boating season and into part of thek ¢wnting season. In the 1950’s, artificially
high water levels were predicted to transform Lékdeckaway from a marsh with abundant
wildlife to a muddy, open lake. As well-publishedtlands researcher C. W. Threinen noted:

“Should the openings continue to expand, the bneakti this marsh (Lake

Puckaway) can be expected with conditions simdaBéaver Dam Lake and Lake
Koshkonong appearing. Intensive prosecution ofcdmp and careful regulation of
water levels is necessary to avoid such a developmieargely because of high

water the carp are able to invade the shallowshwhad the best stands of wild rice
and arrowhead. Both are now scarce in former aséabundance. To maintain
the marsh ecology of Lake Puckaway a decreasesimvéter level of 6 inches to 1
foot from what it was on August 11, 1952 is justifi’ (Thompson 1959)

Keeping water levels artificially high for the surantan damage the plant community in several

ways. Raising the water depth will lower the antoofhsunlight reaching the lake bottom as
plants and seedlings are emerging from the mudjowit sufficient sunlight, they will grow
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poorly or die trying. The loss of these rootedndaallows wave action to reach the bottom and
stir up sediment, which causes the lake to becamad{ further discouraging the growth of
rooted plants. With fewer plants, the nutrientdha lake become available for algae, making
their blooms more intense.

Figure 20. Lake Puckaway current, natural, and proposednietels (relative, not to scale) by
month of year with time ranges for major eventsBvanaugh, Pers. Comm.., modified).

High water levels also affect numbers and typedisif, waterfowl, and mammals. If high
summer water levels lead to increased turbiditgaty favor rough fish species that are attracted
to turbid. Carp would thrive in turbid water witlguatic vegetation. High water will reduce
nesting sites in marshes for waterfowl, and subméabitat that can serve as muskrat dens.

Personal property is at an increased risk of flogdind shoreline erosion with artificially high
water levels. This risk extends to the lakeshar@ downstream communities because the lake
will have less ability to act as a water retentimea during summer or fall storms. Erosion events
can increase in number and intensity during thensemand fall due to the combination of high
water, fewer plants (which would dampen waves), lamaks closer to shore increasing the wave
strength with their wake.

Low winter water levels, if too low, could also laxamifications for the ecosystem. Fish can
become trapped in bays if ice freezes to a silkgnly leading to a fish kill, should oxygen
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levels go too low) and prevent them from being ableget into spawning marshes. Marsh
sediments can also be caused to freeze in wintbingkfrogs and other amphibians that
hibernate there (Kahl 1991). Plant beds frozenrdowo the sediment can be lifted and ripped
out by rising spring waters. (LPPRD 2002a).

The dam also makes it possible to engage in “erealestruction” for lake restoration, by
allowing the lake level to drop significantly foryaar or longer (LPPRD 2004a). This would be
a more substantial drawdown than the spring drawdowrrently practicedRigure 20), and
may require breaching part of the concrete sillhat Princeton Dam. While Lake Puckaway
cannot be completely drained, the exposure of @lategions for a growing season would
modify sediments (drying and oxidation will redubeir volume) and allow emergent wetland
plants to get established. This approach was tigcemployed on Rush Lake in Winnebago
County to restore shoreline vegetation and impreater quality. However, using this dramatic
and inconvenient strategy implies that water levélsbe regulated differently in the future so
that re-established plant communities can be maigda

Biodiversity

Fish

Over the years, the compositiohaple 7) and size of the fish population in Lake Puckaway
changed based on the varying water quality conubtiof the lake and available food sources.
According to historical fish survey data, there ddveen several shifts and trends in the
abundance and composition of the fish populatiarisake Puckaway. Historical accounts speak
of an abundance of both game and panfish specan, conditions worsened in the 1970’s.
During this time a comprehensive survey was coredleto determine the changing fish
populations in the lake. This resulted in a markkdnge in the fish community, with carp and
bullheads being the most abundant species. Howeler to overpopulation these fish were
emaciated. Northern pike were identified as thetnabbundant game fish, while black crappies
were the most abundant panfish (Figure 15 abov&).three-phase management plan was
implemented to change the fish population of ttke |&aesulting in significant changes to the fish
community. To document this change a comprehensivgey was performed in 1991 to
determine the fish community on the lake. Thisveurrevealed that the carp population was
down and northern pike, bluegills, and perch hateased in numbers. The most recent survey
of the lake taken in 2006, indicates that the ismmunity is changing again. The populations
of many game fish like northern pike, bluegill, apdrch are declining, while walleye and
channel catfish numbers are increasing.

Lake Puckaway contains two fish species currensied on the Wisconsin Natural Heritage

Inventory as “Special Concern”: Lake Sturgeon aald_Chubsucker. Lake Sturgeon fishing is
regulated, but Lake Chubsucker is not.
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Table 7. Fish Species Known to be Present in Lake Puckaway

Common Name

Scientific Name

Northern Pike

Esox lucius

Grass pickerel

Esox americanus vermiculatus

Muskellunge Esox masquinongy
Walleye Sander vitreus
Yellow perch Perca flavescens

Largemouth bass

Micropterus salmoides

Smallmouth bass

Micropterus dolomieu

Black bullhead

Ameiurus melas

Yellow bullhead

Ameiurus natalis

Brown bullhead

Ameiurus nebulosus

Flathead catfish

Pylodictis olivaris

Channel catfish

Ictalurus punctatus

White sucker

Catostomus commersonii

Spotted sucker

Minytrema melanops

Shorthead redhorse

Moxostoma macrolepidotum

Golden redhorse

Moxostoma erythrurum

Quillback carpsucker

Carpiodes cyprinus

Largemouth buffalo

Ictiobus cyprinellus

*Lake sturgeon

Acipenser fulvescens

Black crappie

Pomoxis nigromaculatus

White crappie

Pomoxis annularis

Bluegill Lepomis macrochirus
Green Sunfish Lepomis cyanellus

Rock bass Ambloplites rupestris
Pumpkinseed Lepomis gibbosus
Yellow bass Morone mississippiensis
White bass Morone chrysops
Sheephead Aplodinotus grunniens
Longnose gar Lepisosteus osseus
Bowfin Amia calva

Burbot Lota lota

*Lake chubsucker

Erimyzon sucetta

Common Carp

Cyprinus carpio carpio

Bullhead minnow

Pimephales vigilax

Emerald shiner

Notropis atherinoides

Blackchin shiner

Notropis heterodon

Golden shiner

Notemigonus crysoleucas

Bluntnose minnow

Pimephales notatus

Creek chub

Semotilus atromaculatus
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The fishery stocks on Lake Puckaway have not besasnored directly, but can be estimated
based on the system productivity. In particulaiffiths (2006) has reviewed the relationship
between total phosphorus and fish stocks in lak&rse key relationship is that approximately
half a lake’s phosphorus is in fish, which would he measured by water sampling. Another
way of putting this is that the measured total piasus (e.g. 0.12 mg/L in Table 6) is matched
by an equal amount of fish phosphorus. The totedunt of measured total phosphorus in Lake
Puckaway is approximately 4,991 pounds (0.12 mighles 18.9 billion L of lake volume,
converted to pounds), which would represent 986 &#ds of fish (4,991 pounds of fish
phosphorus divided by 0.023 Ibs of phosphorus pang of dry fish, divided by 0.22 Ibs of dry
fish per wet pound of fish; Griffiths, 2006). Thastimate works out to 197 pounds of fish per
acre. An alternate calculation can be based difit@'s finding that for the concentration of
total phosphorus in a lake is about equal to thén&gjare (approximately pounds per acre) of
fish. So 0.12 mg/L of Total Phosphorus would supf07 pounds of fish per acre in Lake
Puckaway. Values of 100-200 Ibs fish per acre@asonable for highly productive lakes in the
upper Midwest.

Northern Pike

The northern pike population in Lake Puckaway is ofithe best in the state. Lake Puckaway’s
northern pike population is so healthy that it hasn used as broodstock for the state hatcheries
for years. In return for supplying broodstock, eaRuckaway is stocked with an average of
75,000 fry every yearHgure 21), which have been shown to have a better survata than
natural egg laying. On January, 11993 a new size and bag limit for northern pikasw
implemented on Lake Puckaway. This regulationvedl@anglers to harvest one northern pike of
a minimum of 32" per day. This was an attempt teate a high-density northern pike
population, which would help to naturally contrbketcarp population, perhaps creating trophy
fish.

Figure 21. Northern pike stocking in Lake Puckaway (Modif\d DNR)
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The northern pike in Lake Puckaway, like all fisieed to be managed and protected from their
top predator, humans. An important managementi@molvith pike was expressed by Becker:
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“Probably no other Wisconsin game fish has beenenamlversely affected by
increased shoreline “improvements” on many of alkes than the northern pike.
Gone are many of the large northern pike spawnurgs that occurred every
spring into adjacent marshes and flooded lowlandsouthern Wisconsin. Why?
Because spawning grounds have been destroyedhevompike waters today are
confined mainly to the north and isolated lakeshi@ southern part of the state,
which still have good spawning marshes. The gstddss of pike spawning
grounds has taken place in the southeastern tiewfties, where the demand for
lake frontage is greatest” (Becker 1983).

In systems where spawning habitat has already redfflosses, the construction of spawning
marshes may be effective in restoring the poputatiddditional concerns for pike are their
vulnerability during spawning in late March to gaApril. Northern pike spawn in shallow,
flooded marshes, or habitats with emergent vegetatAfter hatching the pike fry adhere to the
vegetation in which they were spawned and begiieéd on plankton; however, they often fall
prey to perch, small minnows, and bluegills. As fish mature, pike will feed on invertebrates,
then fish, until eventually they become the topdater in the system (Becker 1983).

Data on northern pike from 1995-2006 shows a vesglthy and increasing population. Since
the implementation of the new size and bag limitsl993, the amount of large females has
increased. In 1995 there were few females over @5’ in 2006 there many females over 25”
(Figures 22, 23 and 24 The number of large females in 2006, indiched there will be many
harvestable fish on Lake Puckaway. The male pikg have increased in average size since
1995, but raw data was not provided to calculage1i®95 mean, 2006 mean 20.6”. The 1995
fish survey data indicates that pike populationshm Grand River (data not shown) and Lake
Puckaway are similar in size, although the smathber of fish sampled in the river indicates the
river supports fewer fish than the lake. The 2806vey did not sample the Grand River, so
current comparisons cannot be made, but basedeobh9®b data we assume that the population
is similar.

In the 1977 survey, northern pike had a larger srge with the largest fish measuring in at
41.4 inches, whereas in the years since the lafigbssurveyed has been 37.3 inches (in 1999).
Some possible explanations for this decrease ie sange include habitat degradation and
increased fishing pressures. Decreasing trendsaximum size were not seen in either panfish
or walleye (Congdon 1996).

The data available on northern pike in Lake Puckasvygest that the population will be strong
for a number of years. The natural reproductiortrenlake is backed yearly with stocked fry,
this replacement combined with the increased smé Insures a healthy and sustainable pike
population for years to come.
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Figure 22. Northern Pike length frequency Lake Puckaway 1(@npled by fyke netting).
(Modified W1 DNR)
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Figure 23. Northern Pike length frequency Lake Puckaway 1888mpled by fyke netting
overnight) (Modified WI DNR)
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Figure 24. Northern Pike length frequency Lake Puckaway 2@8ampled (3/22/06 - 3/30/06)
fyke netting (3 foot fykes fished overnight)) (Méidd W1 DNR)
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Walleye

The population of walleye on Lake Puckaway app&atse in good health. The majority of the
population results from natural reproduction, alifjo it is aided by stocking 1.5 to 2.5 million
fry annually Figure 25). While that level is down from historic highs $f15 million per year
in the 1980’s, the program appears to be succeasfaurrent stocking rates. The DNR has
maintained a policy in recent years of stocking illion fry plus an additional stock back to
replace what they have taken from the lake. Timiskeng is both in part from the DNR hatchery
and the walleye wagon from Walleyes for Tomorrow. IWFT). Stocking is always important
in Lake Puckaway, but it has its greatest bengfit@ars of low natural reproduction.

Figure 25. Walleye stocking in Lake Puckaway (Modified WI BN
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The walleye population on Lake Puckaway, althoughgood health, needs to be managed.
Walleye, like pike, have specific spawning habieguirements and need a suitable substrate of
rocks or vegetation to broadcast their eggs. GtelRuckaway, walleye generally spawn from
mid-April to early May. The fry initially feed oplankton, moving on to insect larvae, until
eventually consuming many species of fish as wselaeger invertebrates (Becker 1983).

Once walleye eggs have been dispersed, they anecsulo water levels, predation, and

competition. Evidence from tag returns, indicdtat in years with high water levels in the Fox
River, walleye are able to migrate from Lake Winmgh over the Eureka Dam to reach
spawning grounds on Lake Puckaway (Priegel 1966hce in the lake, walleye spawn in

marshes that are flooded with spring run off. Newatched walleye fry require a current in

order to reach the river, and the continuous fléwvater to the eggs in the marsh provides this
necessary current (Becker 1983). This requirerbangs them in close proximity to spawning

carp, which are detrimental to walleye eggs, siceng roil up the bottom substrate, dislodging
the walleye eggs. The walleye eggs then settlendow the silt bottom where they become
smothered and die from lack of oxygen (Becker 1983)

Like the northern pike, walleye are heavily affechy losses of spawning habitat. The walleye
population depends on the availability of a propdrstrate for eggs as well as spring flooding of
marshlands to help the fry reach the river. Degtiad of marshes and other sensitive areas may
impact the walleye population. The protectionhi@ge marshes, and the construction of artificial
spawning beds holds promise for improved walleypraguction and sustainability of the
population.
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Fish surveys for Lake Puckaway suggest that théey&lpopulation has remained steady over
the years. Although mainly from the Montello Rivéne 1960s data, suggests that the mean
walleye length has not changed significantly ower yearsKigure 26, 27 and 28 The current
data, although patchy, indicates that the sizewfdles has increased slightly from 21.2 inches in
1997 to 21.5 inches in 200Bigure 29 and 3(). The male walleyes have however decreased in
mean size from 18.2 inches in 1997 to 17.2 inche®006. This may be due to a number of
reasons, including habitat loss, fishing presswaed,sample size differences.

Figure 26. Walleye length frequencies 1961-2006.
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Figure 27. Walleye length frequency Montello River 1961 (Nfast Priegel 1966; sampled by
electrofishing with an AC shocker).
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Figure 28. Walleye length frequency Montello River 1963 (Nfaetl Priegel 1966; sampled by
electrofishing with an AC shocker).
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Figure 29. Walleye length frequency Lake Puckaway 1997 (MediWI DNR; sampled by
fyke netting).
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Figure 30. Walleye length frequency Lake Puckaway 2006 (MediWI| DNR)
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The population of walleye in Lake Puckaway seemietanaintaining historic levels, based on
length frequency datdigures 26 to 30. Unfortunately the only age composition data wam
1997 Figure 31), so comparisons cannot be made. Despite nohgaage data, the length
frequencies, amount of fish sampled, and increasecking suggests walleye population on
Lake Puckaway is in good health.

Figure 31. Walleye age composition Lake Puckaway in 1997difed WI DNR; sampled by
fyke netting).
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Panfish

The population of panfish on Lake Puckaway seentsetdeclining over the yearBigure 15).
The current size structure and growth rates ame lbait the 2006 data shows a low catch per
effort, which may indicate low densities. Thislilely due to a combination of high predator
populations, habitat degradation, and lack of stagk A stocking program ended in 1983 after
these species were reintroduced to the |&kgu(e 32).

Bluegills on Lake Puckaway generally spawn in d&gy to early August, peaking in June. The
males construct a nest in sand or gravel, typicalh-15 cm deep depression in water 0.8 m.
Once hatched the fingerlings are heavily preyednhupp largemouth bass, pike, yellow perch,
black crappies, pumpkinseeds, bullheads, and bggills themselves. Two to three-year-old
bluegills are eaten by adult largemouth bass ake, faut the bodies of larger bluegills are too
deep to be swallowed. Research indicates a treaidwe may be currently seeing on Lake
Puckaway. They found that lakes managed for walegnd other sport species, that bluegill
numbers may be low, with correspondingly low retuitmthe angler (Becker 1983).

Lake Puckaway’s yellow perch spawn typically in A@nd early May. They are random in
spawning, generally draping their egg strands eweergent and submergent vegetation in slow
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moving water. The young feed on zooplankton wagkup to insects, after time they can eat
many things including other fish. Perch are pregedy walleyes, musky, pike, and largemouth
bass. Like bluegills, it has been shown that uréetain circumstances, walleye predation can
reduce perch populations (Becker 1983).

Figure 32. Panfish and largemouth bass Stocking to Lake #ualt (Modified WI DNR)
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The panfish data on Lake Puckaway indicates ameah the population for some species since
1997, further supported by anglers who have refdoasteecdotal evidence of low numbers in
recent years. The mean bluegill length from 1983 thecreased about one inch to 5.7 inches in
2006, but the amount caught in the survey in 2086 twice that of 1997, perhaps indicating a
more abundant small populatidrigure 33). Black crappie have maintained the same sizgesin
2006, but the population may be decreasing in nusnag indicated by the 2006 survey which
caught about one third the amount as in 199@ure 34). The yellow perch population as
indicated by the fish surveys from 1977, 1991, &0@6 was low in 1977, followed by a
dramatic increase in 1991, and finally a graduallide to 2006 numbers (Figure 15). This
follows the lakes history with the health sufferimgthe 70s and the restoration project that
improved the lake significantly, through stockingdacarp control, but since then the population
suggests a gradual decline. The number caughti2@06 survey was low and the mean length
of 4.9” which seems low. The panfish populatioemse to be declining, possibly due the
abandonment of stocking program since the 1983h hpgedation rates, and/or habitat
degradation.
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Figure 33. Panfish length frequency Lake Puckaway 1997 (KediWl DNR; sampled by
fyke netting)
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Figure 34. Panfish length frequency Lake Puckaway 2006 (fextilWI DNR)
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Carp

The population of carp on Lake Puckaway is diffidiol determine because to date, no direct
survey of the population has been taken. Anecdntalence indicates that the carp populations
are in decline over the years, but lower than etqokbarvests in recent years and aquatic plant
losses may indicate a large population. The lgrgeator base of game fish may be helping to
reduce the population of carp, but data on this yetsto be collected on Lake Puckaway.
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Research indicates that in feeding preference testiern pike always select carp over sunfish
and bluegills (Becker 1983).

The carp on Lake Puckaway spawn from April to Augpeaking in late May or early June. It
takes place in shallow, vegetated areas of the laegsh, and tributaries. Predators of carp
include bass, crappie, and pike, but predaciougmasects, frogs, and toads have been shown
to eat small carp. The eggs of carp are eatenibgaws, catfish, and sunfish. Sources indicate
that competition exists between young largemoutesband carp for all ages for food
availability, and in spawning the largemouth isaatlisadvantage (Becker 1983). This may
support anecdotal evidence of low largemouth numipeovided by anglers and the lack of
stocking since 1996-{gure 35). The success of carp and the disappearancentd gpecies is
attributed the eutrophication of the lake. Two ditions that have been shown to favor carp are
high water temperatures and the silting of the lakke water temperature of Lake Puckaway is
currently not a problem, but the siltation as aulteffom erosion of agriculture is having a
negative effect to the lake. It been noted thargds a symptom, not a cause. Its abundance is
due to ecological changes in the habitat that smmteimproved conditions for carp and
deteriorating conditions for game species” (Beck8B83). Control measures for carp vary
throughout the literature from seining being thestaractical, barriers being erected to prevent
movement, water level fluctuations consisting afido levels to destroy eggs, biological control
with parasites and diseases specific to carp, dasiike rotenone or antimycin, and sonar or
radio tracking during the winter to locate schootscarp. It is generally conceded although
unpopular to the public, that the best why to reengarp is through the exploitation of the
commercial and sport possibilities of them.

The data on the carp population is mainly drawmffeshing surveys and the rough fish removal
efforts of the DNA and private contracting. Thshfisurveys indicate that the population has
alternated from high densities in 1997, to low BO1, and then high again in 1997. While
removal efforts have been maintained throughosttihie the target level of 300,000 to 500,000
pounds (from the Comprehensive Management Planpbeas reached only in 3 years (1967,
1989, 1990), though the harvests of 1965 and 199®2ame closd~(gure 35). Similarly, the
efficiency of carp removal has varied over the gdaigure 36), which could be due to the skill
or luck of the operators, but it may also refldat size of the carp population. If the latternthe
carp populations have remained high through th®200Significant carp removal efforts seem
to require that the contractor spends more thardageon the water.

59



Figure 35. History of carp removal for Lake Puckaway (Mo€diWI| DNR).
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Figure 36. Efficiency of carp removal operations estimatedcarp removal/days fished Lake
Puckaway (Modified WI DNR)
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Waterfowl

Historically Lake Puckaway was an important migraél staging habitat for waterfowl.

Hunters from around the state valued Lake Puckdwaathis great hunting. Accounts from the
Pee Nauk Duck Hunting Club indicate that in 188%oasy” day on the lake was harvesting 30
canvasback, 50 bluebill, 21 pintail, and 18 redh&idl 1993).

With stories of such great hunting, the area bectam®us for duck hunting as thousands of
redheads and canvasback would stop to feed orakieedlach year during their migration north
and south. The reason that waterfowl were drawn_dke Puckaway was its abundant
submerged macrophtye community consisting of witte rand sago pondweed. However,
habitat changes and increasing recreational aesv{boating disturbance and hunting activity)
on the lake caused changes in the duck populatetlines in food sources, increased hunting
pressures, and habitat loss all caused a declitieeimvaterfowl population on Lake Puckaway.
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In the 1940s, it was noted that waterfowl populaicon Lake Puckaway declined, while
numbers of hunters increased. Before 1945, Lakekd&uay and Buffalo Lake would see
25,000-50,000 ducks in the spring, and 50,000-B@Dducks in the fall. By the 1950s, these
numbers had decreased to 10,000 ducks in the spmithd. 5,000 ducks in fall. The species ratios
using the lake also changed, reverting from dontinadhead/scaup use to ring-necked ducks
and scaup (Kabat 1954).

Canvasback ducks were once attracted to Lake Puagkawowever, by the early 1970s few
canvasbacks were sighted on the lake. In a stddganvasbacks from 1985-1993, Lake
Puckaway attracted far fewer migrational stagingytations of canvasbacks than in previous
years. This reduction in the canvasback populatias attributed to the decline in abundance of
aguatic vegetation. Flooding, increased nutrieraiding, wetland loss, and increased carp
population dislodging existing plants, caused tleEmphytes to disappear and open water areas
to increase. More open water resulted in grearewaction, increasing water turbidity and
physical stress on the macrophytes (Kahl 2004).reManvasbacks use the lake in the spring,
which may be a reflection of the recreational atiés on the lake in other parts of the year
(boating in the summer, hunting, etc.).

Research indicates that waterfowl abundance wilurre once an aquatic food base is

reestablished. For example, in Kahl's (2004) siuBlgaver Dam Lake had the worst water
quality for every parameter in 1986, with low agoategetation abundance. Then a project of
drawdown and rough fish eradication was implemeimetio87, and the water quality greatly

improved in 1988-89, with subsequent increase bmsrged aquatic vegetation. More abundant
food, led to a larger forage base for canvasbags)g in the return of these ducks to the lake.

It is unlikely that duck numbers will ever be retad to historical levels, as there is simply not
enough feasible habitat for these animals in thegeding and over-wintering zones. This
development is largely due to the destruction oflamels, especially the filling of marshes and
potholes for the sake of agriculture and urban libgweent. However, healthy populations
should be maintainable with proper management tquabs as described above (Kahl 2004).

Aquatic Plants

Three of the most important aquatic plants in LBkekaway are wild rice, sago pondweed, and
wild celery. These plants are important to thesgstem of the lake. Aquatic plants help to
stabilize the lake bottom, preventing sediment floeeoming suspended in the water column.
This is especially true in storm events, whereghallow lake water gets churned by the wind.
In addition to reducing suspended sediments, atjyédints help to improve water clarity by

taking up the excess nutrients that may otherwisetribute to algal blooms (Stel 1993).

Aquatic plants also provide important cover andtgmtion for smaller and younger fish.

Sufficient vegetation prevents over predation afing fish, and prevents overpopulation of prey
fish. Aquatic plant beds also support the invedtbpopulation, a key element in the fish food
web of the lake. Furthermore, many species, inctudhorthern pike, largemouth bass, and
panfish, depend on aquatic plant beds during tleeiroductive cycle (Lake Puckaway Protection
and Rehabilitation District 2005). Finally, aquagilants also provide protection from anglers.
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Therefore, the variety and density of vegetatiortately has a direct effect on the composition
of a lake’s fish population, as well as the siziethe fish within the lake.

The plant community of Lake Puckaway is difficldt¢compare to historical records due to lack
of information and different measurements. ThelKa004) report addresses the aquatic plant
community, but the values for each species werergin relative abundance (# of individual
species/by the total abundance of all species)e NMaxim report (2005) uses frequency of
occurrence, which is not directly comparable tatree abundancer@ble 8). Analysis of the
data seems to indicate that since 1985-93 to tl#® 28port the abundance of both Eurasian
watermilfoil and Curly-leaf pondweed have slowlycieased. Wild celery appears to have
similar high numbers in the lake, whereas sago weed appears to have increased in numbers.

Table 8. Aquatic plant diversity with abundance determibgdrequency of occurrence (Maxim
Technologies, 2005). Non-native species marketl by

Common Name Scientific Name Abundance Ranking
Wild celery Vallisneria americana 1
Sago pondweed Stuckenia pectinatus 2
Common waterweed Elodea canadensis 3
Bushy pondweed Najas flexilis 4
Coontall Ceratophyllum demersum | 5
White water lily Nymphaea odorata 6
Flat-stem pondweed Potamogeton zosteriformig 7
Lotus Nelumbo lutea 8
Clasping-leaf pondweed | Potamogeton richardsonii | 9
Spatterdock Nuphar variegate 10
Wild rice Zizania palustris 11
Grass-leaved arrowhead | Sagittaria graminea 11
Floating-leaf pondweed Potamogeton natans 12
Softstem bulrush Scirpus validus 13
*Giant reed Phragmites australis 14
Forked duckweed Lemna trisulca 15
*Narrow-leaved cattail Typha angustifolia 16
*Reed canary grass Phalaris arundinacea 17
Large-leaf pondweed Potamogeton amplifolius | 17
*Curly-leaf pondweed Potamogeton crispus 17
Northern water milfoil Myriophyllum sibiricum 18
*Eurasian water milfoll Myriophyllum spicatum 18
Muskgrass Chara spp 19
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Algae and Invertebrates

Algae is an important component of lake ecosystemg, extreme blooms can disrupt
ecosystems and be a nuisance. For Lake Puckawese brganisms serve as the foundation for
the food chain. Problems occur when populatioroive too high or are dominated by a few
nuisance species, as with any wild community. &heunt of algae in the lake has been
measured as chlorophyll concentration (Table 6ufeidl8), and the levels recorded are at the
higher range of values seen in lakes. These learelcommon for shallow lakes in southern
Wisconsin, and they indicate algae concentratibas will definitely be perceived as a problem
by residents. Chlorophyll levels above 50 microggaer liter, depending on the species, can
accumulate and cause rapid loss of oxygen (poss#alging to a fish kill), generate rotting
smells nearshore, and further compound the tugbmivoblem(WI DNR 2001). However, for
Lake Puckaway the shallowness, layout of the la&ksttwest orientation), wave action created
by wind, and low water retention time can keep @lglooms from accumulating to the point
where these problems become overwhelming (W1 DN&L2Congdon 1996).

While we did not find data for algal species, ihighly likely that Lake Puckaway has the same
succession of species seen dominating other lakdbe region (e.g. Big Green, Mendota,
Winnebago). These species would include springpdiablooms and summer blooms of the
blue-green algae nicknamed “Annie, Fanny and MiK&habaena Aphanizomengnand
Microcystig. Detailed records of algal populations are awdédor Big Green Lake (one of the
best records for the state, collected by a highblifed volunteer, Ms. Mary Jane Bumby) could
provide a useful history, as the algae of Big Gréake are, in part, derived from Lake
Puckaway outflow.

Data were also sparse for invertebrates (animalsowi a backbone, such as insects, mollusks,
and other small animals) that inhabit the water amel of Lake Puckaway. They are an
important part of the food chain, responsible farsinof the conversion of algae and plants into
“fish food”. They can control algae populationgatigh their “grazing”. Invertebrates also
include several problematic invasive species, midlg species of mussel, snail, and waterflea.

Aquatic Invasive Species

Probably the most infamous and influential exopedes in this system is the common carp
(Cyprinus carpi¢. The species has been implicated in destroying doatpiatic vegetation in
lakes and severely reducing invertebrate populatiynrooting around in the lake bottom during
their search for food (Krull 1969, 2001 status mgpbBigure 37). The effect was noted in the
journal Ecologyon a dammed Wisconsin Lake (Neosha Mill Pond)aaky&s 1929, where the
introduction of fish from Europe into the water ledthe removal of virtually all rooted plants in
the lake bed (Cahn 1929). Almost all other ganhefigecies disappeared in the process, and the
water became quite turbid (Cahn 1929). Carp wareduced into Lake Puckaway in the mid to
late 1900s, and immediately became destroyingishery and aquatic vegetation. A diagram of
how carp can affect wetlands in numerous waysasvehn Figure 37.
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Figure 37. The potential ecological impacts of carp on wetlacosystems (from Kahl, 1991).

Other animal invaders are probable due to theisgaree upstream or in nearby lakes. The WI
DNR lists Rusty Crayfish records for Marquette @pstream from Lake Puckaway (Fox River,
Montello River). Big Green Lake has Zebra Musseld Breshwater Jellyfish. Zebra Mussels
have not yet been found in Lake Puckaway, thougir ihvasion is likely unless boaters and
anglers take special precaution to clean off theats and empty live wells before travelling
between lakes with these species and without.

Non-native plants have the most potential invaspecies present in Lake Puckaway (Table 8).
Eurasian Watermilfoil (first recorded in 1984) a@drly-leaf Pondweed have been found in this
lake, as evidenced in the 2005 plant survey by MaxHowever, the levels are so low that it is
not likely these are having an effect on the lak#her invasive plant species that are present in
Lake Puckaway include Reed Canary Grass, Narrowete&ZLattail, and Giant Reed (Maxim
Technologies 2005). Czarapata (2005) lists Eamadatermilfoil, Reed Canary Grass,
Narrow-leaved Cattail, and Giant Reed (also knoss€ammon Reed Grass) as “Invasive Plants
of Major Concern”, and Curly-leaf Pondweed as arvakive Plant of Lesser Concern”.
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Lake Management

Assessment of Lake District Management Actions

Several groups have worked to improve Lake Puckawayl1946, the Puckaway Restoration
League, Inc. attempted to improve lake quality (aid so temporarily) by purchasing and
planting hundreds of pounds of wild rice (MJS 194@&) 1964, a group of concerned property
owners and area residents established the LakeaRagkilmprovement Association (LPIA), a
voluntary membership group for “the improvement amwiterment of Lake Puckaway and
surrounding area.” In 1977, the Lake Puckawaydetain and Rehabilitation District (LPPRD)
was established. Together the LPPRD and the LPd#&ked with the WI DNR, to develop a
three-year management plan for the lake, which &ftdct in 1983. The current lake district is
also working toward the improvement, learning frpravious successes and mistakes in the past
to develop a plan to provide a permanent dynamiatiso to the problems affecting Lake
Puckaway.

Suggested Actions

There is no single cure for Lake Puckaway. Theatgerof 150 years cannot be restored with a
few simple management tools. “The manipulatiomwafer control structures alone will not alter
the forces of deterioration” (Thompson 1959). ilf wmstead take a multi-faceted approach that
addresses all or most of the ecosystem. Manyeofrthnagement strategies outlined by Kahl in
1991, apply to Lake Puckaway today.

Additional monitoring of the lake and lake tributs are also warranted. The water quality data
on the lake and the watersheds that feed intoake &re sparse. While fisheries data were
relatively abundant, studies of plant communitiesravless common, and studies of plankton
were severely lacking. Plant communities may besihgplest to address, as a solid mapping
survey every 1-3 years could provide the necedsagl of management data. For water quality
and plankton, which can change relatively quicldgmples should be collected weekly-to-

monthly through the ice-free season. Trained elens are the most cost-effective way to
gather samples and data at such a high frequerBglow we provide a superlative example of

volunteer lake monitoring on nearby Green Lake.taguality monitoring programs have also

been initiated in the watershed with cooperatimmfiocal universities and high schools. The
students collect basic water quality data, while #thool/university may provide access to
instruments, labs and expertise. The UniversityM$consin-Green Bay had a program that
trained teachers, who worked with their studemtsnonitor streams in the Fox watershed above
Lake Puckaway (UWGB 2008). It may also be costatiVe to hire university students for part-

time summer employment to collect and test samiptes the lake or across the watershed. A
better understanding of the water quality and epplof this system is necessary for the

successful rehabilitation of Lake Puckaway.

Nutrient Management

To help control nonpoint source pollution, suchpi®sphorus and silt from erosion, efforts
should be directed toward working with local farsy@nd municipalities in watersheds UF-10
through UF-15, with particular focus on those némr Grand River and Upper Fox to reduce
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unnecessary pollution inputs to the system. Atbas should be addressed include row crop
erosion, barnyards, and improper manure storagpreading.

While controlling the source of the pollution wouldve the best long-term benefits, there are
optional measures that could help the nonpointcgopollution problem. Establishing natural
riparian zones, buffers of grass and native veigetationg stream shores that serve as filters and
sites of nutrient uptake, may be one of the sintpleays to help reduce the amount of
agricultural runoff and materials flowing into aestm. The use of chemicals to precipitate
nutrients may be another alternative. This tealmibas been used in some smaller lakes to
inactivate nutrients and increase the rate at wkiehnutrients settle into the lake sediment.
However, this method may not be very feasible fakd Puckaway due to its high water
turnover rate. The establishment, restoration, @otection of the remaining wetlands will also
serve to filter pollution before it reaches Lakeckaway. The use of sediment traps to reduce
the amount of silt deposited into the lake sholdd &e considered.

Algae and Invertebrates

Algae population trends can serve as a key indichio the health and vitality of a lake.
Ecologists refer to “bottom-up” control of the foatain, which is based on supplying nutrients
for the primary producers (algae and plants), wiemtfeed higher levels on a food chain. (more
nutrients more algae more zooplankton more plankton-feeding fish more fish-eating
fish). “Bottom-up” controls produce abundant fisks, but they can also mean algae blooms
and abundant aquatic plants. If the latter arecgpeed as a problem, then “bottom-up”
management would entail looking for nutrient soartteat can be controlled, such as runoff from
the land in the form of topsoil, manure, fertilizeeptic systems, or industry. It is important to
educate residents that a rich fishery depends sarbatantial (= visible) amount of algae. They
should also know that a shallow lake with a watedshs large as Lake Puckaway’s will never
have “blue water”. But nutrient management inwadershed and on shoreline properties could
reduce the worst of the summer blooms, which adterertain point do not have a positive
“bottom-up” effect on the food chain. Lake Pucksvatal phosphorus values are currently near
or above levels where fishery yields peak (ca. dd€rograms per liter, according to a global
review by Griffiths 2006), so additional nutrier® not likely to increase the fish stock.

Ecologists have also noted that algae can be dmardTop-down” through fishery
management. The idea is that each level in a ébath can be controlled by whoever eats them.
Since algae are eaten by small animals (zooplankitmhsome smaller fish), we could control
algae by increasing these “grazers”. But theroisa lot of public support for stocking animals
like waterfleas Daphnig), so the use of this management idea has beewkdigher in the food
chain. So to increase the grazers, we could rertfmiepredators. For humans to remove them
can be difficult and expensive, so we look one nievel up to larger predators. These include
walleye and pike, which people like to fish andttltan be encouraged through fishing
regulations (size/catch limits). Delavan Lakeanthiern Wisconsin claims to have reduced their
trophic status significantly through the stockirfgoscivorous (“fish-eating”) fish (Holdren et al.
2001). Thus by stocking and regulating anglemmaintain a high predator fish population, Lake
Puckaway managers may be contributing to a “toprdosifect that alters fish populations to
favor the increase in animals that control algaagh(KL991).
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Management decisions for the fishery, algae bloand, some invasive species (such as zebra
mussels) could be strengthened by knowing more tabwertebrates. Management decisions
about reducing nutrient loads to the lake that flghe blooms should be based on the extent
that invertebrate grazers are able to control a{tjap-down”).

To gain a scientific basis to support these théakmanagement ideas, it will be necessary to
study the algae to the degree that fish populat@ve been studied. As noted above, this data
has been collected for decades on Green Ldkgure 38 shows a recent example of a data
report from Ms. Bumby. Volunteers could handle fidd observations and the sample
collection and preservation. However, Ms. Bumbgylslls in identifying species are at a
professional level that may be hard to find in duateer; most lake managers would need the
services of a contractor or local government Idthe purpose would be to establish trends in
algae and grazer populations, and will also seovendnitor for algae blooms that are a public
health risk (toxic blue-green algae species) andllsminvasive species such as fishhook
waterfleas and quagga mussel larvae.

Aquatic Plants

Efforts to reestablish native plant communities dtidbe continued and improved; however,
water quality factors must be considered when plannthe re-establishment of plant
communities, as different species of plants haviéeréint requirements for survival. A
temporary drawdown is the quickest and most effecivay of re-establishing native emergent
plant communities, especially in the spring wheohsplants are dependent on low, consistent
water. Another and more costly method is direchiphey. This method is also susceptible to
water levels and other factors. Without loweringtev levels the ability to plant directly is
limited to areas where it is shallow enough anércknough for plants to grow. Removal of
plants should be minimized or halted entirely (Ka891). Similar drawdowns have been highly
effective in areas like the Horicon Marsh (Kabatadt1952) and Rush Lake.

It is important to note that planting and drawdostforts can fail if they are not combined with
vigorous control of carp populations, water levehmagement to produce more natural
spring/early summer depths, and nutrient managesfénts. It is especially important to keep
nutrients from entering the system in spring andyesummer, when an algal bloom would be
most harmful in shading out young plants).

Fish

Efforts to control the carp and other rough fishpgations should be continued. However,
radical approaches employing broad-spectrum poiéags rotenone will kill or damage all fish

and many invertebrate species) should only be eyagdlavhen all other possibilities have been
exhausted. Healthy populations of predators shbeldnaintained, and may have additional
benefits in top-down control of algal blooms. Tharent size limit for northern pike should

continue to ensure a healthy predator fish popmratn the lake and maintain a balanced
ecosystem (Kahl 1991).
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Figure 38. Example of high quality volunteer monitoring d&talake condition and plankton.

FRIDAY, JULY 18, 2008, GREEN LAKE, GREEN LAKE COUNTY, WI
LAKE MONITORING REPORT # 8. West & East Deep-water Stations
Partly cloudy, SE 2-5 MPH. Bloom! Not&hnunculussp. in flower in
ABA harbor among diversified aquatic plants anddaied filamentous algae.
Bees & beetles. Wonderful lightning bugs and Mohautterflies. Gulls! Gypsy moth
caterpillars are no longer evident but earwigsagmendant!

Green Lake Sanitary District WWTP Rainfall Repotiay total of 2.4"; June 3rd = (0.4"),
5th = (0.9"), 7th = (2.4"), 8th = (2.5"), 12th =14),19th = (0.1") and 29th =(0.5)
with a 2008 June total of 10.9".

LAKE MONITORING JULY 18, 2008

STATION SECCHI (FT) TEMPERATURE (F) APPEARANCE OF
(TIME) 1" BELOW SIRFACE LAKE WATER
West (11:00) 115 74 Murky & Green
East (11:55) 7.5 76 Murky & Green
(Air=80F)

PUBLIC PERCEPTION: (RANGE: #1 = Excellent water quality; #5 = Pesl)
#4. Desire to swim and lake enjoyment very mectuced (algae).

NOTED IN SAMPLES FROM VERTICAL 17 FT WISCONSIN NET PLANKTON
TOWS AT BOTH EAST & WEST DEEP-WATER STATIONS:
BLUE-GREENS: Very Abundant: Anabaena flos-aqua, Coelosphaerium,
Gimapsa, Lyngbya birgei, Microcyssgp.,
Abundar@ieotrichia, Oscillatoria
GREENS: Very Abundant: Little Green Ball®rotococcus, Chlorella, Sphaerocystis
Abundant:Gloecystis, Oocystis, Botryococcus
Also present:Crucigenia, Coelastrum, Pediastrum
DINOFLAG & PROTOZOA: Very Abundant:Ceratium
Abundant:Vorticella
DIATOMS: AbundantFragilaria, Meridium
DESMIDS & "GOLDEN": Very Abundant:Staurastrum
ZOOPLANKTON: Very Abundant: Nauplii, Cyclopoids, Daphnidia
ROTIFERS: Very AbundantKeratella cochlearis
Present in very small numbekeratella quadrata, Polyarthra

OTHERS: Green egg clusters ca. 3
Oval, fast & colorless bundant
MARY JANE BUMBY, Vfonteer Monitor
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Fish removal may also have a minor impact on moitrleading (if the fish are completely
exported from the watershed). Based on averagspbioous content of lake fish (Griffiths
2006), a million pounds of fish (500 tons) contaat®ut 5,000 pounds of phosphorus. For Lake
Puckaway (ca. 5,000 acres) that means removindliampounds of fish would remove 1 pound
of phosphorus per acre. Recent and planned carpviad programs aim for 300,000 to 500,000
Ibs per year, which would be a removal of 0.3 t lbs Phosphorus per acre; this may seem
relatively small compared to the estimated 30 lbesphorus loading per acre to the lake from
its watershed — about a 1% drop. But comparelleéachange in land use scenarios, this may be
a relatively cost effective measure (again, assgnire fish are really removed from the
watershed). To get a 1% improvement from land arsnge would require converting about
8,000 acres of pasture/grassland to wetland oisfoos about converting 2,400 acres of row
crops to pasture. Conversely, if row crop agrim@tincreases by an additional 2,400 acres in
the watershed, it will wipe out any gains from frgimoval.

The panfish population in Lake Puckaway could bérdedm increased management. Habitat
degradation to important spawning sites may beirdirthe population. Loss of aquatic
vegetation may be damaging the already low parggbulations by removing both cover and
spawning sites. Similarly, nest-building speci&e bluegill and largemouth bass may be more
difficult to maintain, because flowage lakes ard meal for this spawning strategy (Bartz
personal comm.). The panfish population could berggeatly from the continuation the
stocking program, which ended in 1983 after th@seiss were reintroduced to the lake.

In order to protect the valuable fish resourcekake Puckaway, actions to manage the shifts in
fish species should be considered. Though unpoputh some anglers, regulations on fish are
considered as a vital lake management tool. 8iaeslhelp to increase population numbers, and
fish demographics, as well as lead to larger pordah populations that aid in controlling rough
fish populations. Other management options thatildvdenefit fish include: increasing the
amount and diversity of plants in Lake Puckaway &wlering and fluctuating water levels.
High water levels in late spring and early summan éead to higher carp populations as it
provides these large fish access to sensitive brgeareas (Lake Puckaway Protection and
Rehabilitation District Fact Sheet).

Stocking operations will probably be necessary gyaamic system like Lake Puckaway, both
to maintain the fishery and possibly for food webhnipulations aimed at top-down control of
algal blooms. Future stocking operations shouldlbsely scrutinized to ensure that procedures
can keep Lake Puckaway free of exotic diseases\(el§ virus) and parasites.

Waterfowl and Wildlife

Several management tools that improve habitat figrating waterfowl are the installation of
breakwaters and transplantation or planting subeter@quatic plants that attract waterfowl.
Breakwaters are structures that increase submeiqeatic plant abundance by protecting plants
from wave action. In the mid-1990s, the WI DNR sioucted a breakwater with a carp barrier
on Lake Butte des Morts. This breakwater has ivguiadhe water quality of the sheltered area,
and has allowed the growth of submerged aquatittqlaThese efforts have been a success due
to increased use of the area by diving ducks. héndarly 1980s, transplantation or planting

69



submerged aquatic plants to improve habitat wasemented on Lake Puckaway with marginal
success (Kahl 2004).

The Comprehensive Management Plan (LPPRD 2004d$ goamprove wildlife population
surveys and begin to use the data in planningimifirove capacity for adaptive management.
This data will be needed to justify projects ainadare or endangered species (e.g. Forster's
Terns) or perceived nuisance species (e.g. corrtgran

Invasive Species Management

The Comprehensive Management Plan includes aategasding invasive non-native plants and
carp. The actions cover monitoring and removalevéntion of new species introductions are
not covered well in the management plan, includiew plants, fish, invertebrates or diseases
that could have strong effects on Lake Puckawalye [&ke is upstream from Lake Winnebago,
and the Great Lakes, significant sources of invesipecies that may be blocked by several
dams, including the Princeton Dam. However, thke lig still susceptible to overland transport
on boats, trailers, fishing gear, or other recosti equipment. Humans can also introduce
organisms they acquire for bait, aquarium specimgasien or water garden plants. It is also
important to consider the watershed, because agenwill usually move downstream rapidly

(e.g. Rusty Crayfish apparently entered the Wingeliool after it was introduced into the Wolf

River, and it is now migrating up the Fox River).

An active education program is needed to build exidforce sufficient understanding of the
risks to Lake Puckaway, and the value of their pnéative measures (e.g. cleaning boats and
gear used in other waters). Many Wisconsin cosrdre pursuing county-wide aquatic invasive
species control programs, but LPPRD may want teygimore of a regional approach that can
include other major waterways in the area, espgctak Fox River, Buffalo Lake, and Big
Green Lake.

Water Level Management

A strong recommendation should be made to estahlgater level monitoring program on Lake
Puckaway. This may involve placing sensors insitds on the lake to collect water level data
at least daily. This data collection is necesdargngage in scientific management of water
levels (i.e. choosing dates for placing, adjustmgremoving boards at the dam). Data will also
greatly improve discussions amongst managers amdcptiblic about actual versus perceived
water levels and the effect of management actiddata output to the Lake Puckaway website
would also be helpful to citizens to help them mspto flooding threats and to plan their
recreational activities. The dam at Princetonors far downstream to accurately portray lake
water levels, and may be too far away for voluntegport on data collection.

While water levels should not remain high year-mhurare must be taken to prevent too low of
water levels in winter (under the current plan)iorsummer (under a natural water level
scheme). As noted in the sections above and ihittery of Lake Puckaway, low winter water

levels can damage plant beds, trap fish, and lkrmating amphibians. It is important that the
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public be aware of the importance of mimicking taural water level patterns of the lake keep
the lake healthy for all purposes.

When developing a lake maintenance plan, it isnoftard to consider water level management,
especially when residents and water enthusiaste bacome accustomed to artificially high
water levels over several decades (as is the cdbe Lhake Puckaway). While there are
alternatives to treating problems associated witifically high water levels in a lake, most of
these alternatives are expensive and have limitedess. For example, a recent project on Lake
Butte des Morts used the construction of a $2 amilliock breakwall to address water quality
problems. However, the breakwall did not have @ébttmated impact on water quality. It has
been the experience of the WI DNR and other rebeasc that restoring natural water level
fluctuations, or at least mimicking natural highddow water levels, is the single best way to
restore fish populations, natural habitat, and oivikllife populations (WI DNR 2001).

An approach that could be tried in Lake Puckawatp idevelop a water level decision scheme
for the spring-summer fill period based on a corabon of water level measurements and
Secchi disk measurements. Water level measuremghtgive the decisionmakers current
information. Secchi disk readings, preferably takat stations that represent plant bed
conditions, will give the decisionmakers informatiabout water clarity. Clear water conditions
would lead to a decision to begin the fill earliembid water conditions (due to high winds, river
inputs, or a prolonged spring algae bloom) woulggast a delay to avoid reducing light levels
further to stressed aquatic plants. Over timeg#sion matrix would be improved based on an
annual review of results, including the satisfattad boaters, the annual water level trends, and
the plant community status (e.g. from an annua} 3urvey at the site used for Secchi Disk
monitoring).

Recreational Use Management

Decreased water quality and damaged lake ecolojyimpact recreational uses of the lake.
Since habitat and water quality are integral to livd and fish populations, a decline in lake
conditions will influence hunting and fishing susseand satisfaction. In addition, boats are of a
particular concern to shoreline integrity and tlealth of the plant community. Wave action
caused by high speed boats and oversized boat sncaor disrupt the sediment, tear up weed
beds (physical damage), and lead to wakes thaeate shorelines (enhancing erosion caused
naturally by ice-out and wind damage). Limitingaing speeds and establishing no wake zones
may be advisable to prevent these problems in ptisteareas.

The establishment of no-boating zones or refugélsareast basin would significantly reduce the
amount of sediment and nutrients in the water caluend would protect aquatic plants, wildlife,
and wildlife habitats. This management strategy thee added bonus of creating a possible
source of tourism for wildlife enthusiasts. Then@pwehensive Management Plan establishes a
use map with recreational and habitat zones (LPRPRM4a), which should be well-marked,
well-known (e.g. with postings at launches and ahmeminders to lakefront property owners)
and enforced.
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Management of recreational use by motorized boatkosild be strongly tied to water level
management. Access to water deep enough for, laxg®rized boats can be reconciled with
lower seasonal water levels for much of the pubdie by improving boat launch facilities (e.qg.
extending paved launches further into the lakepraowing navigation aids (buoys and other
shallow zone markers), and dredging launches, Ihgrbad artificial channels.

Shoreline Management

Rip-rapping (the addition of loose stone assemislagan solidify the shoreline habitats against
wave action, while the construction of artificialands in shallow lakes can increase the amount
of nesting habitat for desired bird species (i.aterfowl) (Lake Puckaway Protection and
Rehabilitation District Fact Sheet). But thesedhforms of shoreline protection lack many
attributes of natural shorelines with trees, shrubsody debris, and cooler, shady waters that
provide a complex habitat. Hard shorelines mag alscourage other shoreline practices that
disturb the natural riparian zones that help tddsuhe lake from local runoff and fragment the
natural habitat (Wl DNR 2001). For example, it maycourage fertilization and pesticide
applications for formal lawns and gardens, or wedat burn pits that rapidly inject nutrient to
the lake as ash.

Lakefront property owners should be encouragedetrnl about more natural landscaping
options, and find ways to share their new knowledgi neighbors. The Comprehensive
Management Plan (LPPRD 2004a) set goals for dewvgjaemonstration projects and incentive
programs. County or local events could be modaeladthe Winnebago County Natural
Shoreline Expo (late May-early June) for educatiowarkshops, vendors and government
service providers.

Breakwaters are also listed for study in the Cotmgnsive Management Plan (LPPRD 2004a).
The feasibility study should compare costs to theedfits of shoreline protection. Depending on
the design and placement, the benefits should @ssider protection of plant beds that will

provide natural services (e.g. habitat; bufferlttie from lawn chemicals).

Local ordinances cover some aspects of shorelineageanent Table 9). Ordinance review,
development and enforcement should be discussédiegal authorities with respect to the lake
management plan.

Watershed Management

County conservation plans, as well as state anerdé@rograms, contain many goals for
changing the nutrient management of agriculturadiéa Continued progress to full
implementation of these ongoing efforts and bestagament practices will have beneficial
impacts on Lake Puckaway, and should be encourag#éle direct monetary support is
needed, the role of Lake Puckaway users may he@ariant in terms of recognition and
education. Identifying and awarding the best edampf land stewardship in the watershed
would let landowners know that you are watching @rad you care what they do upstream.
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Preservation of wetlands is key to maintaining althg ecosystem. Given the number of federal
and state programs that support wetland proteet@hrestoration, and their past success in the
watershed, Lake Puckaway efforts should includepstmg wetland projects throughout the
watershed. Other efforts should focus on educaiiothe important functions of wetlands and
understanding the extensive wetlands abuttingake. |

However, the modeling studies in this report shbat the largest land use change impacts will
come from conversion of row crop lands to othersusiéh lower phosphorus loading potential.
This will be particularly difficult in the near ter given the current economic conditions, with
record prices for corn and soybeans due to theibi®boom and government subsidies. But the
agricultural and rural character of the watersheddnnot be sacrificed if the shift is to more
compatible agricultural practices, which may induwbnservative (as in generous) use of buffers
near waterways and promotion of managed grazingl¢fand Neary 2008) in place of row
crop production. Finally, expanding, restorimgl a&stablishing forested lands would provide a
long-term strategy for improving watershed conaisio

Expansion of the Lake District boundaries woulebdle a way to increase the understanding and
responsibility of watershed landowners. The wéietddand use analysis implies that the most
relevant expansion of the district would be upstre@ include the Grand River Marsh,

Kingston and Markesan. This strategy is in comtnath the Lake Puckaway Management Plan
(LPPRD 2004a), which recommends expansion dowmsattedrinceton and upstream towards
Montello and Buffalo Lake (which was based on laabf those benefiting from lake services).

Table 9. County Ordinances relevant to management of Palekaway.

County Type of Ordinance Article Number
Columbia Flood Plain Zoning 16-4-1 through 16-4-99
Shoreland Wetland Protection 16-5-1 through 1®6-1
Green Lake Flood Plain Zoning 300-1 through 300-47
Shoreland Protection 338-1 through 338-42
Marquette Flood Plain Zoning 16.3001 through 162301
Shoreland Zoning 16.1001 through 16.1023
Waushara Flood Plain Zoning 18-1 through 18-124
Shoreland Zoning 58-901 through 58-903
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Public Opinion

The management of Lake Puckaway has been a cantsrénd controversial issue for decades.
References to controversial water level managemecisions are documented as early as 1979
(W1 DNR). According to straw polls taken at ther@arehensive Management Plan for Lake
Puckaway Open House on April 3, 2004, it appeafret the public favored most of the
management goals. A majority of the public is @ned about water levels being too low for
boating, or weeds being in front of their propertyMost (76.5%) agree that maintaining
acceptable water levels is the single most importaanagement objective. Taking out the
Princeton dam is not seen as a viable option.

A large percentage of the public (93.5%) believa tbwering carp levels will improve fishing
Lowering the northern pike size limit has also beebated. In recent years, cormorants have
also been blamed for the decline in the fishingdittons of the lake. Nearly 75% of people
believe reducing the cormorant population will siigantly improve fishing, though scientific
evidence has not shown that cormorants have affette fish populations (Lake Puckaway
Users Survey 2001). Some studies indicate thlainysor overfishing is often a greater factor in
areas with cormorants than the formerly endang@ned native) bird itselfSuter 1995).

All of these concerns reflect the three most commmess of Lake Puckaway, fishing, motorized
boating, and viewing nature (Lake Puckaway Usenmye3u2001). However, the majority of
people believe that the water quality of the lak&ir and not changing. A review of all the data
indicates that this is not the case. Additionaladion is needed to explain and promote the idea
of keeping the lake and the environment (as a Wwhadalthy to protect this ecosystem and this
lake for current uses and for future generatiorisis also important that the outreach and
education extend into the watershed so that o#treow that their impacts on Lake Puckaway are
important to Lake Puckaway users.

The website (www.lakepuckaway.com) is an excellesburce. However it could use some
strengthening in the areas of lake ecology andnseieas well as lake management concepts.
The inclusion of management reports and documerdasstart, but user-friendly material may be
easier to provide via links to websites maintaibgdfor example:

Wisconsin Dept. of Natural Resources: Lakes (dngovi/lakes/)

Wisconsin Association of Lakes (www.wisconsinlakeg)

UW Extension Lakes Partnership (www.uwsp.edu/uwesdd

Environmental Protection Agency: Lakes (www.epa/gemw/lakes/)

North American Lake Management Society (www.nalmgg.o

LakeNet (www.worldlakes.org)
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APPENDIX

Color map of land use in the Lake Puckaway Waterdiesed on WISCLAND data (Nicholas
Bach and Dr. Mamadou Coulibaly).
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