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Shawano Area Waterways Management

Management Planning Project Overview
• Foster holistic understanding of Shawano
Lake ecosystem
• Collect & analyze data
• Technical & sociological

Management Planning Project
Planning Meeting I
October 15, 2020

Eddie Heath

• Construct long-term & useable plan
• Living plan subject to revision over time

• Onterra’s role is to provide technical
direction
• Not really recommendations

ACEI‐147‐14

1991 Watershed Plan
2003 Watershed Tributary & In-lake WQ Monitoring
2008 UWSP Watershed Study
2009 Aquatic Plant Management (APM) Plan
2014 Updated APM Plan
2016 Whole-Lake 2,4-D Treatment Project
Current: Comprehensive Management Plan

October 15, 2020

Planning
Meeting I

•
•
•
•
•
•
•

Comprehensive
Management Plan
Outline

Planning
Meeting II

Select SAWM Studies & Plans

• 1.0 Introduction
• 2.0 Stakeholder Participation
• 3.0 Study Results
• 3.1 Water Quality
• 3.2 Paleoecology
• 3.3 Watershed
• 3.4 Shoreland Condition
• 3.5 Aquatic Plants
• 3.6 AIS
• 3.7 Fishery
• 4.0 Summary & Conclusions
• 5.0 Implementation Plan
• 6.0 Methods
• 7.0 Literature Cited
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Wisconsin Lakes Classification

3.1 Water Quality
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Shawano Lake Water Quality

Introduction to Lake Water Quality
Phosphorus
Naturally occurring & essential for all life
Enters lakes primarily through watershed
Human activity often increases P delivery to lakes
Most often ‘limiting plant nutrient’ (shortest supply)
N:P Ratio: 28:1 – Phosphorus Limited
Regulates phytoplankton biomass in most WI lakes

Near‐Surface Total Phosphorus

Chlorophyll‐a

Chlorophyll‐a
Pigment used in photosynthesis
Used as surrogate for phytoplankton biomass
Total Phosphorus ave summer = 37.4 µg/L
• Good for Shallow Lowland Drainage Lakes
• No trends detected
• Slightly higher than the Ecoregion Median

Secchi Disk Transparency
Measure of water clarity
Measured using a Secchi disk

Shawano Lake Water Quality

Chlorophyll‐a Ave summer = 12.5 µg/L
• Good for Shallow Lowland Drainage Lakes
• No Trends detected
• Slightly higher than the Ecoregion Median

Shawano Lake Water Quality

Secchi Disk Transparency

0

40

Loon
Tea‐Colored

Lightly Tea‐Colored
Slightly Tea‐Colored
Clear

2
35
4
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25
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8

15

Secchi Disk Depth (feet)

Highly Tea‐Colored

Near-Surface TP & Chl-α (µg/L)

True Color (Standard Units

45
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40
30
20
10
0

10
10

Shawano Lake
5

Secchi Disk Ave summer =7.1 feet
• Excellent for SLDL
• A little deeper than SLDL Median
• Minimally impacted by organic acids
(staining)
• Presence of zebra mussels

October 15, 2020

0

12
April

May

June

Near-Surface Total Phosphorus

July
Chlorophyll-a

August

Sept.

Secchi Disk Transparency

• TP & clarity improve after spring algal bloom
• TP & Chl‐a increase during the summer & clarity decreases
mainly with CLP die‐off & limited internal nutrient loading
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Shawano Lake Water Quality
70

110

100

A method to relate the
trophic parameters –
phosphorus, chlorophyll‐a,
and Secchi transparency, and
understand the trophic lake
of a lake.

60

Trophic State Index
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50
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40
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TSI - Total Phosphorus
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TSI - Secchi Disk Transparency
20

Stakeholder Perceptions of Water Quality
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140
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Trophic State Index

80

Mid-Summer Near-Surface pH

Additional Water Quality Parameters
High Susceptibility

35

29

30
25

Moderate Susceptibility

20
Low Susceptibility

15
10

Very Low
Susceptibility

5
0
Shawano Lake

Shawano Lake

Shawano Lake

Not sensitivity to acid rain

High photosynthesis during
summer & during day
increases pH

pH is ideal for ZMs (7‐9),
high calcium is also ideal
for ZMs

Shawano Lake Water Levels

53% Response Rate
How has water quality changed in Shawano
Lake since you first visited the lake?

300

300

250

250

200

200

# of Respondents

# of Respondents

How would you describe the current
water quality of Shawano Lake?

150

Riparian Survey:
53% Response Rate
Please tell us if you prefer the water to be
targeted at the higher, historical level year‐
round or at the 5‐inch lower level year‐round.

150

100

100

Completely prefer the 5-inch, lower level
50

50

Probably prefer the 5-inch, lower level
0

0
Very Poor Poor

Fair

Good Excellent Unsure

Severely Somewhat Remained Somewhat Greatly
degraded degraded the same improved improved

Unsure

~68% of stakeholder survey respondents indicated that water clarity (clearness of water) is the single
most important aspect when considering water quality, aquatic plant growth was most important to
~83% of respondents, 52% respondents indicated water levels (Appendix B Question #18).

October 15, 2020

Unsure/ Neutral

Probably prefer the higher, historical level

Definitely prefer the higher, historical level
0

100

200
300
# of Respondents

400

500
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Shawano Lake ‐ Paleoecology

3.2 Paleoecology

Full Core in 1991
•
•
•

Lead dating, cesium marker (1963)
Geochemistry – nutrients/sediments
Diatom fossils – WQ history, plant growth,
nutrients (too degraded)

Shawano Lake ‐ Paleoecology

3.3 Watershed

October 15, 2020
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Watershed

Wolf River Watershed
Code Name
WR20

• Geographic
area within
which all water
drains to a
common point

WR19

Shawano Lake
Watershed

WR18
WR17
WR16
WR15
WR14
WR13
WR12
WR11
WR10
WR09

47,351 acres or ~74 square miles
WS:LA = 8:1

131,503
132,673
115,035
161,114
132,556
45,544
85,619
121,447
91,191
160,004
74,444
200,074

WR08

South Branch Little Wolf River

102,586

WR07
WR06
WR05
WR04

Upper Little Wolf River
Lower Little Wolf River
Waupaca River
Lower Wolf River

116,512
98,307
186,096
76,768

WR03

Walla Walla and Alder Creeks

71,739

WR02

Pine and Willow Rivers
Arrowhead River and Daggets
Creek

193,329

WR01

Shawano Lake Watershed

Acres

Upper Wolf River and Post
Lake
Lily River
Wolf River - Langlade and
Evergreen River
West Branch Wolf River
Red River
Shawano Lake
Middle Wolf River
Shioc River
Wolf River - New London and
Bear Creek
Middle and South Branches
Embarrass River
Pigeon River
North Branch and Mainstem
Embarrass River

91,463

Shawano Lake Watershed
Unmonitored, 55
lbs, 1%

Shawano Lake
Surface, 1676
lbs, 25%

Noname Creek,
176 lbs, 3%
Murray Creek,
185 lbs, 3%

CLP, 1409 lbs,
21%

Shoreland Runoff,
238lbs, 4%
Duchess Creek,
238 lbs, 4%
Groundwater,
353 lbs, 5%

Loon
Creek, 454
lbs, 7%

Internal
sediment , 1005
lbs, 15%

Pickerel Creek,
765 lbs, 12%
Total Annual P Loading: 16,237 lbs

Model over predicts amount of phosphorus entering
lake, as parts of watershed may be phosphorus sinks
into groundwater

October 15, 2020
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Shoreland Assessment

3.4 Shoreland
Condition

•

Shoreland area is important for buffering runoff and provides valuable habitat for
aquatic and terrestrial wildlife.

•

EPA National Lakes Assessment results indicate shoreland development has
greatest negative impact to health of our nation’s lakes.

•

Fox-Wolf Watershed Alliance (FWWA) and Waterways Association of Menominee
and Shawano Counties (WAMSCO) completed a shoreline survey utilizing the
WDNR’s “Lake Shoreland & Shallows Habitat Monitoring Field Protocol.”

•

Assessment ranks shoreland area from shoreline back 35 feet

Shoreland Assessment

Shoreland Assessment

• Recommendations made to increase shrub/herbaceous and
decrease lawn

• Of the 1003 parcels, 935 contained manicured lawn at various levels

October 15, 2020
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Shoreland Assessment

3.5 Aquatic Plants
& 3.6 AIS

• Seawalls
53% Response Rate
What type of seawall do you have on the
shoreline of your property?
Ramped concrete seawall
Sand beach or natural shoreline
Rip-rap
My property is not on the lake
Other (please specify)
Vertical, non-ramped concrete seawall
Wood seawall
0

50

100
150
# of Respondents

200

Aquatic Plant Surveys
• Determine changes in plant community from past surveys
• Assess both native and non-native populations
• Numerous surveys used in assessment
• Early-Season AIS Survey (CLP, PYI)
• Whole-Lake Point-Intercept Surveys
• Emergent/Floating-Leaf Community Mapping Survey
• Late-Season AIS Survey (EWM)

250

Emergent & Floating‐leaf Community Mapping
Survey ‐ 2013

Square-stem spikerush
(Eleocharis quadrangulata)

• 226.3 acres of floating-leaf and/or emergent communities

October 15, 2020
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Bur-reed sp.

Native

N/A

Bidens beckii
Ceratophyllum demersum
Ceratophyllum echinatum
Chara & Nitella
Chara spp.
Elodea canadensis
Heteranthera dub ia
Littorella uniflora
Myriophyllum sibiricum
Myriophyllum spicatum
Myriophyllum tenellum
Najas flexilis
Najas guadalupensis
Najas spp.
Nitella spp.
Potamogeton amplifolius
Potamogeton berchtoldii
Potamogeton crispus
Potamogeton epihydrus
Potamogeton foliosus
Potamogeton friesii
Potamogeton gramineus
Potamogeton hybrid 1
Potamogeton hybrid 2
Potamogeton illinoensis
Potamogeton praelongus
Potamogeton pusillus
Potamogeton richardsonii
Potamogeton rob binsii
Potamogeton strictifolius
Potamogeton zosteriformis
Ranunculus aquatilis
Sagittaria sp. (rosette)
Stuckenia pectinata
Utricularia vulgaris
Vallisneria americana
Zannichellia palustris

Water marigold
Coontail
Spiny hornw ort
Charophytes
Muskgrasses
Common w aterw eed
Water stargrass
American shorew eed
Northern w atermilfoil
Eurasian w atermilfoil
Dw arf w atermilfoil
Slender naiad
Southern naiad
Slender and Southern Naiad
Stonew orts
Large-leaf pondw eed
Slender pondw eed
Curly-leaf pondw eed
Ribbon-leaf pondw eed
Leafy pondw eed
Fries' pondw eed
Variable-leaf pondw eed
Pondw eed Hybrid 1
Pondw eed Hybrid 2
Illinois pondw eed
White-stem pondw eed
Small pondw eed
Clasping-leaf pondw eed
Fern-leaf pondw eed
Stif f pondw eed
Flat-stem pondw eed
White w ater crow foot
Arrow head sp. (rosette)
Sago pondw eed
Common bladderw ort
Wild celery
Horned pondw eed

Native
Native
Native
Native
Native
Native
Native
Native - Special Concern
Native
Non-Native - Invasive
Native
Native
Native
Native
Native
Native
Native
Non-Native - Invasive
Native
Native
Native
Native
0
0
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native

8
3
10
7
7
3
6
10
7
N/A
10
6
7
N/A
7
7
7
N/A
8
6
8
7
N/A
N/A
6
8
7
5
8
8
6
8
N/A
3
7
6
7

Eleocharis acicularis

Needle spikerush

Native

5

X

Lemna trisulca
Spirodela polyrhiza

Forked duckw eed
Greater duckw eed

Native
Native

6
5

X
X

X
X

X

X
X

2019

Sparganium sp.

X
X
X
I

X

2018

7
6
6
5
9

X

2017

Native
Native
Native
Native
Native

2016

Watershield
Spatterdock
White w ater lily
Water smartw eed
Narrow -leaf bur-reed

I
X
X
I
I
X
X
I
I
X
X
I
I
I
X

2015

Brasenia schreberi
Nuphar variegata
Nymphaea odorata
Persicaria amphib ia
Sparganium angustifolium

X

2013

7
6
10
N/A
5
N/A
9
3
8
5
5
4
5
N/A
8

2005

Coefficient
of Conse rvatism

Native
Native
Native - Endangered
Non-Native - Invasive
Native
Non-Native Invasive
Native
Native
Native
Native
Native
Native
Native
N/A
Native

X

X

X
X

X
X

X
X

X
X

X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X

X

X
X
X
X

X

X
X

X

Shawano Lake
165-meter Resolution
925 Total Points
Compare: 2005*, 2013,
2015-2019

X
X

X

X
X

X
X

X
X

X
X

X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X

X
X
X
X

X

X
X

X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X

X

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X

X
X
X
X

X
X
X
X
X

X

X

X

X
X
X
X

X
X
X

X
X

X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X

X
X
X

X
X

X
X

X

X

X

X

X

X

X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X = Located on rake during point-intercept survey; I = Incidentally located; not located on rake during point-intercept survey
FL=Floating-leaf; FL/S=Floating-leaf and emergent; SE=Submergent and emergent; FF=Free Floating

Vegetation Trend Analysis

• Aquatic Plant Management
• Herbicide Treatments
• Mechanical harvesting

October 15, 2020

Littoral Frequency of Occurrence

• Natural Environmental Changes
• Competition
• Climactic conditions
• Water levels

100%
Rake-fullness = 3

90%
80% 76.5%

60%
50%
40%
30%
20%
10%

73%

75%
67%

70%
TRF data not recorded

Main Factors that Impact Aquatic Plants
on Shawano Lake

Status in
Wiscons in

Emergent

• Late-June survey needed
• Exists in upstream systems

Comm on
Nam e
Water-w illow
Creeping spikerush
Square-stem spikerush
Purple loosestrif e
Common reed
Giant reed
Pickerelw eed
Common arrow head
Stiff arrow head
Hardstem bulrush
Three-square rush
Softstem bulrush
Common bur-reed
Cattail spp.
Wild rice sp.

FL

Purple
Loosestrife

Scientific
Nam e
Decodon verticillatus
Eleocharis palustris
Eleocharis quadrangulata
Lythrum salicaria
Phragmites australis subsp. americanus
Phragmites australis subsp. australis
Pontederia cordata
Sagittaria latifolia
Sagittaria rigida
Schoenoplectus acutus
Schoenoplectus pungens
Schoenoplectus tabernaemontani
Sparganium eurycarpum
Typha spp.
Zizania spp.

FL/E

Pale Yellow
Iris

Grow th
Form

Submergent

Non‐Native Aquatic Plants

SE

Appendix A

FF

Shawano Lake Planning Meeting I

71% 72% 74%

Rake-fullness = 2

Rake-fullness = 1

0%

2019
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Vegetation Trend Analysis

Vegetation Trend Analysis

Slender & Southern naiad (Najas flexilis & N. guadalupensis)

Coontail (Ceratophyllum demersum)

Littoral Frequency of Occurrence (%)
0

10

20

30

40

50

60

100
70

Wild celery
Slender and Southern Naiad
Coontail
Charophytes
Common waterweed

2005
Forked duckweed

2013

Eurasian
watermilfoil
Eurasian
watermilfoil

2015

Flat-stem pondweed

2016

Illinois pondweed

2017

Charophytes (Chara spp., Nitella spp. Tollypella spp.)

Common waterweed (Elodea canadensis)

2018

Variable-leaf pondweed

2019
Fern-leaf pondweed
Curly-leaf
Curly-leafpondweed
pondweed

Vegetation Trend Analysis

Vegetation Trend Analysis

Wild celery (Vallisneria americana)

100%

Remaining Species

Floating wild celery
mats in and 2012
(left) and 2016 (right)
on Shawano Lake

Relative Frequency of Occurrence

90%

Curly-leaf pondweed

80%
70%

Illinois pondweed

60%

Flat-stem pondweed

50%

Eurasian watermilfoil

40%

Forked duckweed

30%

Common waterweed

20%

Coontail
10%

Slender and Southern
Naiad

0%

2005

2013

2015

2016

2017

2018

2019

Wild celery

7-year
1-year
data gap data gap

October 15, 2020
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Professional AIS Mapping

Non‐Native Aquatic Plants
Curly‐Leaf Pondweed

Point‐Based Mapping

Polygon‐Based Mapping

Single or Few Plants

Highly Scattered
Scattered
Dominant
Highly Dominant
Surface Matting

Clumps of Plants
Small Plant Colony

Mgmt

CLP Life‐Cycle & Control Strategy
Philosophy

October 15, 2020

• First “officially” documented in 1993, but
anecdotal reports go back to 1970s
• Rely on mapping surveys to understand
distribution, as point‐intercept surveys occur
after senescence (die‐off)

• Established populations
typically have over 10 years
of viable turions in
sediment
• Unless documented
ecological impacts,
established populations not
targeted for lake-wide
management
• Dies off around July 4th

CLP Population ‐ 2013

1,540 acres
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Non‐Native Aquatic Plants

Invasive Watermilfoil from Shawano Lake

Eurasian Watermilfoil
First “officially” documented in 1994, but anecdotal from earlier
EWM and HWM documented to be present, although unknown
proportions

•
•

• A few samples from 2010 were confirmed
as HWM
• Additional samples from 2013 & 2014
were EWM
• Challenge Testing at SePRO in 2014
• Plants were grown in aquaria and exposed to
3 different herbicides at differing doses
• All samples displayed classic response to
fluridone
• Some samples may display reduced
susceptibility to 2,4-D & triclopyr (both auxin
hormone mimics)

EWM
HWM
NWM

Taylor et. al 2017

Moody & Les, 2007

WDNR EWM Long‐Term Monitoring Trends
NCHF Ecoregion – Unmanaged

EWM Life‐Cycle & Control Strategy Philosophy

90

Unmanaged

Management

EWM Littoral Frequency of Occurrence (%)

100

Montana
80

Crystal
Crooked

70
60
50
40
30
20
10

• Strategy is straight-forward
compared to CLP management
• Herbicide needs to translocate to
root crown (hard to kill with
herbicides)
• Hand-harvesting is analogous to
single treatment (extremely time
intensive)
• Winter drawdown can be effective
if completely de-water and
desiccate/freeze roots.

0
2005

October 15, 2020

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019
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Ecological Definitions of Herbicide Treatment

2015 Treatment on Loon Lake
•
•
•

Spot Treatment: Herbicide applied at a scale where dissipation will not

Diquat (2 gallons per surface acre of application area)
~24 acres of 305 acre lake (7.8%)
Tracer Dye (Rhodamine WT) Survey

result in significant lake wide concentrations; impacts are anticipated to be
localized to in/around application area.

Whole‐Lake Treatment: Herbicide applied at a scale where dissipation

will result in significant lake wide concentrations; impacts are anticipated to
be on a lake wide scale.

EWM Management Strategy
Spring 2014

2013
Mgmt Plan

Update
Mgmt Plan
based upon
lessons
learned

Trial Spot
Treatment

Report
Results
• Written Report
• Informational
Meeting

Winter 2016-17

October 15, 2020

2016 Whole‐Lake 2,4‐D Treatment

Summer 2014

Winter 2014-15

2015

Assess

Report
Results

Support

Treatment
• Vegetation Data
• Herbicide
Concentration
Monitoring

• Written Report

• Sociological
• Informational
Meeting(s)
• Stakeholder Survey

• Financial

Large‐scale
Assess
Treatment

Summer 2016

Potential
Large‐scale
Management

Spring 2016

Treatment
Planning
• Pretreatment
Surveys

Summer 2015
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EWM Management Strategy
Point‐Intercept Survey

2020 EWM Mapping Survey Results

LSAIS Mapping Survey
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p
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p

2,000

Surface Matting
Highly Dominant
Dominant
Scattered
Highly Scattered

1,881

1,600

"
p

1,355

1,400

800
600
400
200
0
2014

1,192

1,163

1,000

2013

2015

1,033

2016

2017

"
p
"
p
"
p

2018

2019

2020

}
!

AIS Management Perspectives

Stakeholder Perceptions of 2016 Treatment
53% Response Rate

Do you believe the herbicide treatment
described above was successful in
controlling EWM short‐term (one year)??

Do you believe the herbicide
treatment described above was
successful in controlling EWM
long‐term (three years)?

No
6.9%

Yes
15.5%

What is your level of support or
opposition for future aquatic
herbicide use to target EWM in
Shawano Lake?
Moderately
oppose
3%

Moderately
support
24%

Completely
oppose
2%

No
31.6%
Unsure
32.2%

Unsure /
neutral
12%

Yes
61.0%

Support
Not Support
Unsure/Neutral

October 15, 2020

1. No Coordinated Active Management
(Let Nature Take its Course)
• Focus on education of manual removal by property owners

2. Reduce AIS Population on a lake‐wide level
(Population Management)
• Would need to use herbicide treatment (risk assessment)
• Will not “eradicate” AIS
• Set triggers (thresholds) of implementation and tolerance

3. Minimize navigation and recreation impediment (Nuisance Control)

Completely
support
59%

Unsure
53.0%

"
p

1,246

1,215

1,200
Year of Treatment (no colonized EWM)

Acres of Colonized EWM (polyogns)

1,800

• May be accomplished through herbicide treatment or mechanical harvesting
83%
5%
12%
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Stakeholder Perceptions of Aquatic Vegetation
53% Response Rate
During open water season how often does aquatic plant growth, including algae, negatively impact
your enjoyment of the Shawano Waterways?
50%
45%

2015
Percent of Respondents

40%

43%

2019
29%

28%

30%

24%

22%

20%

10%
1% 1%

4% 3%

0%
Never

Rarely

Sometimes

Often

Always

Nuisance Management Plan
• Diquat applied by SAWM
in 100-ft navigation lanes
in early summer

3.7 Fisheries Data

• Mechanical harvesting in
some years to pick up
“floaters.”
• Individual bays &
channels coordinate
mgmt. activites

October 15, 2020
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Stakeholder Perceptions of Fisheries

Fisheries Data

53%
Response Rate

400

# of Respondents

What species of fish do you like to
catch on Shawano Lake?

350
300
250

Walleye

Population density low (0.5/acre), supported through stocking,
decreasing in size.

Muskellunge

Low/Moderate density, w/ optimal size structure. Currently meeting
goals of maintaining trophy fishery

Northern Pike

Moderate density, utilize outlet channel for spawning

Largemouth
Bass

Moderate/High density. No mgmt. actions

Panfish

Moderate/High abundance but slow growth rates

200
150
100
50
0

200

150

100

250

# of Respondents

How has the quality of
fishing changed on
Shawano Lake since you
started fishing the lake?

250

# of Respondents

How would you
describe the
current quality
of fishing on
Shawano Lake?

200

150

100

50

50

0

0
Very
Poor

Poor

Fair

Good

Excellent Unsure

Much
worse

Somewhat Remained Somewhat
worse the same better

Much
better

Unsure

4.0 Initial Conclusions
Water Quality, Watershed, Shoreland
•
•
•
•

Overall “excellent” for Shallow Lowland Drainage Lake
High amount of agriculture in watershed
TP from CLP senescence and periodic internal loading
Shoreland protection and enhancement important to long-term health

Aquatic Plants
•
•
•
•

Native plant metrics have been fairly stable
Valuable floating-leaf and emergent plant communities
“Let nature take its course” for CLP, EWM management strategy needed
Navigation impediments exists, mostly from native species

October 15, 2020

Planning Meeting II
Primary Objective: Create implementation plan framework
Steps to Achieve Objective:
1. Discuss challenges facing lakes and lake groups
2. Convert challenges to management goals
3. Create management actions to meet management goals
4. Determine timeframes and facilitators to carry out actions
Assignment for Planning Meeting II
1. Create list of challenges facing lake and lake group (keep to yourself)
2. Review stakeholder survey results
3. Send potential report section edits and questions to Onterra

16
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Management Planning Project Overview
• Foster holistic understanding of Shawano
Lake ecosystem
• Collect & analyze data
• Technical & sociological

Management Planning Project
Planning Meeting II
January 11, 2021

Eddie Heath

• Construct long-term & useable plan
• Living plan subject to revision over time

• Onterra’s role is to provide technical
direction
• Not really recommendations

ACEI‐147‐14

Planning
Meeting II

Planning
Meeting I

Comprehensive
Management Plan
Outline

• 1.0 Introduction
• 2.0 Stakeholder Participation
• 3.0 Study Results
• 3.1 Water Quality
• 3.2 Paleoecology
• 3.3 Watershed
• 3.4 Shoreland Condition
• 3.5 Aquatic Plants
• 3.6 AIS
• 3.7 Fishery
• 4.0 Summary & Conclusions
• 5.0 Implementation Plan
• 6.0 Methods
• 7.0 Literature Cited

Nuisance Herbicide Mgmt Plan

Navigability Issues

2020 Riparian Cuttings

• Diquat applied by SAWM
in 100-ft navigation lanes
in early summer

January 11, 2021

1

Shawano Lake Planning Meeting II

2016‐2020 Mechanical Harvest Records

Appendix A

Shorelands/Seawalls
Question 22: What type of seawall do you have on the shoreline of your property?
Ramped concrete seawall
Sand beach or natural shoreline
Rip-rap
My property is not on the lake
Other (please specify)
Vertical, non-ramped concrete seawall
Wood seawall
0

50

100
150
# of Respondents

200

250

Figure 3.4-2. Select survey responses from the Shawano Lake Stakeholder Survey. Additional
questions and response charts may be found in Appendix B.

Plan Update

AIS Management
• Eurasian watermilfoil
• Curly‐leaf pondweed
• Purple loosestrife
• Pale‐yellow iris
• Phragmites

Monitoring
• Water Quality/Streams/etc.
• EWM Mapping

Fisheries & Lake Resource
• Fish Management
• Loons, trumpeter swans, etc

• CLP Mapping
• Point‐intercept Surveys
• Floating‐leaf/Emergent Communities
• Stakeholder Survey

January 11, 2021

2

B
APPENDIX B

2020 Riparian & SAWM Member Stakeholder Survey Response Charts
& Comments

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results

Appendix B

Shawano Waterways ‐ Anonymous Stakeholder Survey
Surveys Distributed: 1246
Surveys Returned: 663
Response Rate: 53.2%

Shawano Waterways Property
1. Where on the Shawano Waterways is your property located? Please select one choice.
Answer Options
On Shawano Waterways
On the channel
On the Wolf River
Other (please specify)

Number
1
2
3
4
5
6
7
8

Response Response
Percent
Count
73.6%
488
13.7%
91
11.5%
76
1.2%
8
answered question
663
skipped question
0

Other (please specify)
Wolf River Pond Lake
LaButzke Channel
Shawano Waterways Cecil Bay area
One block from the south shore.
Cecil Bay
Cecil Bay
On The Cecil Channel (Wallrich Road)
cecil channel

2. In which municipality is your Shawano Waterways property located? Please select one choice.
Response Response
Answer Options
Percent
Count
26.7%
177
Town of Washington
Town of Wescott
51.4%
340
Village of Cecil
6.8%
45
City of Shawano
*Note that "City of Shawano" and "Town of Richmond" were answers added after
9.5%
63
the close of the survey due to the large number of "Other" responses with these answers
Town of Richmond
5.4%
36
Other
0.2%
1
662
answered question
skipped question
1
Number

2020

Other (please specify)
1 Shawano County

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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3. Do you own or rent your property on the Shawano Waterways? Please select one choice.
Answer Options
Own
Rent

Response Response
Percent
Count
99.7%
655
0.3%
2
answered question
657
skipped question
6

99%
Own

Rent

<1%

2020

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results

4. How is your property on Shawano Waterways utilized?
Response Response
Answer Options
Percent
Count
A year round residence
50.4%
333
Seasonal vacation home
21.5%
142
Seasonal residence (Longer than summer)
19.8%
131
Summer only residence (June ‐ August)
3.2%
21
Other (please specify)
2.7%
18
Undeveloped
0.8%
5
Business (resort, restaurant, etc.)
0.6%
4
Resort property
0.6%
4
Rental property
0.5%
3
answered question
661
skipped question
2
Number

Other (please specify)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

2020

I visit this property almost weekly throughout the year
agriculture
Most weekends and most of summer
2 to 3 weeks a month from April ‐ Jan
Year round second home not primary residence
All year long when we can
Under development, only had for 1 year.
9 months home
Year around second home.
Year round vacation home
year round vacation home
7 month resident
Year‐round Vacation Home for rent when not occupied by us
Year round second residence
vacant lot, with building on back lot, didn't get to build house yet
year round vacation home
Year round getaway and seasonal vacation home
Lot Hoping to build second home this year on lot use year around,

Appendix B

A year round residence
Seasonal vacation home
Seasonal residence
(Longer than summer)

50%
21%

Summer only residence
(June ‐ August)
Other (please specify)
Undeveloped

20%
<1%

Business (resort,
restaurant, etc.)
Resort property

<1%
<1%

<1%

<3%

3%

Rental property

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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5. How many days each year is your property used by you or others?
Response
Count
answered question
651
12
skipped question

250

# of Respondents

Category

300

Responses

(# of days)

Less than 50 days per year
50 to 100 days per year
101 to 200 days per year
More than 200 days per year

94
137
124
296

200
150
100
50
0

Less than 50 days 50 to 100 days per 101 to 200 days
per year
year
per year

More than 200
days per year

6. How long have you owned or rented your property on the Shawano Waterway?
Response
Count
answered question
skipped question
Category
(# of years)

0 to 5
6 to 10
11 to 15
16 to 20
21 to 25
>25

2020

659
4
# of
Responses
122
99
96
87
60
195

200

# of Respondents

Answer Options

150
100
50
0
0 to 5

6 to 10

11 to 15

16 to 20

21 to 25

>25

Years

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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Recreational Activity on Shawano Waterways
7. How many years ago did you first visit Shawano Waterways?

Category
(# of days)
0 to 10
11 to 20
21 to 30
31 to 40
41 to 50
51 to 60
>60

Response
Count
656
answered question
skipped question
7
# of
Responses
52
79
96
106
132
98
93

140
120
# of Respondents

Answer Options

100
80
60
40
20
0
0 to 10

11 to 20

21 to 30

31 to 40

41 to 50

51 to 60

>60

Years

8. Have you personally fished on Shawano Waterways in the past three years?
Answer Options
Yes
No

2020

Response Response
Percent
Count
77.5%
512
22.5%
149
answered question
661
skipped question
2

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results

Number
1
2
3
4
5
6
7
8

2020

400
350
# of Respondents

9. What species of fish do you like to catch on the Shawano Waterways?
Answer Options
Response Response
Bluegill/Sunfish
75.2%
384
Yellow perch
55.2%
282
Crappie
53.4%
273
44.8%
229
Walleye
Northern pike
41.3%
211
Largemouth bass
35.0%
179
27.8%
142
All fish species
Smallmouth bass
24.7%
126
Muskellunge
11.9%
61
Other
1.6%
8
answered question
511
152
skipped question

Appendix B

300
250
200
150
100
50
0

Other (please specify)
Carp
Bullheads
bullheads
Any that bite
Garfish
Bullheads
Gar
Bullheads

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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10. How would you describe the current quality of fishing on the Shawano Waterways?
Answer Options

Very Poor

Poor

Fair

Good

19

81

233

163

Excellent

Unsure

4
12
answered question
skipped question

Response
Count
512
151

250

# of Respondents

200
150
100
50
0
Very Poor

2020

Poor

Fair

Good

Excellent

Unsure

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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11. How has the quality of fishing changed on the Shawano Waterways since you have started fishing the lake?
Much
worse
89

Answer Options

Somewhat Remained
worse
the same
241
105

Somewhat
better
35

Much
Response
Unsure
better
Count
6
35
511
answered question
152
skipped question

250

# of Respondents

200
150
100
50
0
Much worse Somewhat
worse

Remained
the same

Somewhat Much better
better

12. What types of watercraft do you currently use on the Shawano Waterways?
Response Response
Answer Options
Percent
Count
Pontoon
69.8%
458
Motor boat with greater than 25 hp motor
43.6%
286
Canoe / kayak / stand‐up paddleboard
42.1%
276
Jet ski (personal water craft)
40.2%
264
Paddleboat
19.7%
129
Motor boat with 25 hp or less motor
10.1%
66
Rowboat
6.6%
43
4.9%
Sailboat
Do not use watercraft on Shawano Waterways
3.7%
Jet boat
1.8%
Do not use watercraft on any waters
0.0%
answered question
skipped question

2020

Unsure

0

# of Respondents
50 100 150 200 250 300 350 400 450

Pontoon
Motor boat with greater than 25 hp motor
Canoe / kayak / stand‐up paddleboard
Jet ski (personal water craft)
Paddleboat
Motor boat with 25 hp or less motor
Rowboat

32

Sailboat

24
12
0

Do not use watercraft on Shawano Waterways
Jet boat

656
7

Do not use watercraft on any waters

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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13. Do you use your watercraft on waters other than the Shawano Waterways?
Answer Options
Yes
No

Response Response
Percent
Count
18.5%
117
81.6%
517
answered question
634
skipped question
29

14. What is your typical cleaning routine after using your watercraft on waters other than Shawano Waterways?
Response Response
Answer Options
Percent
Count
Remove aquatic hitch‐hikers (ex. ‐ plant material, clams, mussels)
70.7%
99
Drain bilge
52.1%
73
Rinse boat
40.0%
56
Power wash boat
21.4%
30
Apply bleach
1.4%
2
Air dry boat for 5 or more days
41.4%
58
Do not clean boat
5.0%
7
Other (please specify)
16.4%
23
answered question
140
skipped question
523
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

2020

Other (please specify)
Pontoon never leaves Shawano Lake
do not use on other waterways
Boat stays in the water all year then I clean when I pull out
We only use our boat on
Boats only go in Shawano Waterways
dont go anywhere else
Marina takes it out and winterizes it
The only one would be a canoe and it is left out to dry.
Kayaks only in other waterways.
Don't use other lakes
Only use on Shawano, keep on lifts
boat stays on lake on lift, no cleaning
We only use our boats and jet ski's on
only used on Shawano lake
do not take boat out of water
Only used on Shawano Waterways
used only on Shawano Lake
North Camping trip ‐ boat airs for weeks after
use only on shawano waterways
Will use a detergent with brush and rinse, take to car wash, wipe down
Don't remove from other lake,during year
drain livewells
N/A

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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15. Please rank up to three activities that are important reasons for owning or renting your property on the Shawano Waterways, with the 1st being the most important activity.
Answer Options

1st

2nd

3rd

Relaxing / entertaining
Motor boating
Fishing ‐ open water
Swimming
Nature viewing
Jet skiing
Water skiing / tubing
Canoeing / kayaking / stand‐up paddleboard
Ice fishing
Snowmobiling / ATV
Other
Hunting
Sailing
None of the activities are important to me

284
134
110
34
47
7
22
8
5
1
6
1
0
0

105
162
118
70
59
48
34
19
20
5
4
3
1
0

87
476
92
388
96
324
82
186
61
167
47
102
41
97
48
75
29
54
30
36
6
16
8
12
5
6
3
3
answered question
skipped question

Number

"Other" responses
Great place to live!
Ownership
Pontoon
Retirement Investment
Pontoon boat
It’s close to home
Family Homestead
the shawano itch keeps us from swimming more
Some fishing in future
Family time
peace & serenity
#4 would be ice fishing
a variation of swimming, fishing, relaxing on lake
kayaking, fishing
Any of the activities where weeds are being managed.
RESIDENCE WITH VIEW
having the grand kids and great grand kids here for visits
Bar/restaurant property
socializing
I live year round on channel

Total

661
2
# of Respondents
0

50

100

150

200

250

1
2
Relaxing / entertaining
3
Motor boating
4
Fishing
‐ open water
5
6
Swimming
7
Nature viewing
8
Jet skiing
9
Water skiing / tubing
10
11
Canoeing / kayaking / stand‐up paddleboard
12
Ice fishing
13
Snowmobiling
/ ATV
14
15
Other
16
Hunting
17
Sailing
18
None of the activities are important to me
19
20
21 Peace and quiet while enjoying the wildlife and water without 1). the excessive noise of revving engines or music from boat &/or personal water craft.

300

350

400

450

500

1st
2nd
3rd

2)without shore damage caused by high wakes from fast moving boats close to shore or a neighbor's(and occasionally other‐seldom) almost daily riding his property
PWC in repetitive loud high wave producing noise and shore errosion circles in front of my property

2020

Onterra, LLC

Shawano Area Waterways Management, Inc.
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Shawano Waterways Current and Historic Condition, Health and Management
16. How would you describe the current water quality of the Shawano Waterways?
Answer Options

Very Poor

Poor

Fair

Good

28

121

292

192

Response
Count
13
10
656
656
answered question
7
skipped question

Excellent

Unsure

300

# of Respondents

250
200
150
100
50
0
Very Poor

Poor

Fair

Good

Excellent

Unsure

17. How has the water quality changed in the Shawano Waterways since you first visited the lake?
Severely Somewhat Remained
degraded degraded the same
97
274
122

Answer Options

Somewhat
improved
105

Greatly
Response
Unsure
improved
Count
35
25
658
answered question
5
skipped question

300

# of Respondents

250
200
150
100
50
0
Severely
degraded

2020

Somewhat
degraded

Remained
the same

Somewhat
improved

Greatly
improved

Unsure

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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18. Considering how you answered the questions above, what do you think of when describing water quality?
Response Response
Answer Options
Percent
Count
Water clarity (clearness of water)
67.5%
445
Aquatic plant growth (not including algae blooms)
82.9%
546
Water color
27.3%
180
Algae blooms
56.3%
371
Smell
18.5%
122
Water level
52.4%
345
Fish kills
16.7%
110
Other (please specify)
7.0%
46
answered question
659
skipped question
4
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

2020

"Other" responses
Shawano itch
weed growth and shawano itch
Water poison when swimming
Water level too low for boating
swimmers itch
Blastomycosis
Water level on the average too high!
Swimmer's itch
City dumps road snow with salt near Channel. Instead of filtering thru the ground, filthy salted snow quickly melts and flows directly into the local channel. Disgusting

quit messing with water level costing people lots of money
Swimmers Itch
too many weeds
Like that the milfoil is reduced
weeds are horrible
more weeds
The itch
Itch
a & b are directly influenced by f
When we bought in 1997 we had a sand beach not now
concerned about the partially above ground culvert that directs street run off directly into lake
Bad Swimmer Ich Know every year.
Overall, too weedy!
weeds
Lake Itch occurances‐it has been terrible
lake is to weedy
swimmers itch
Weeds
sewage system
Stop messing with the dam and the water levels, too low
the white form that hits the shore line sometimes
Water level has been too low for most of the summer.

Onterra, LLC

Shawano Area Waterways Management, Inc.
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Appendix B

In
People overfishing
Water Itch is a problem
Swimmer's itch was bad in 2019, also more weeds on south shore than usua
swimmers itch
Swimmers Itch
Increased weed growth
swimmers itch
ITCH
New weed growth.
Swimmers itch
Lake itch
water
Totally against raising water levels!! Shore erosion!!!
terrible

19. Based on your answer above, which of the following would you say is the single most important aspect when considering water quality?
Answer Options
Response Response
Water clarity (clearness of water)
22.4%
147
Aquatic plant growth (not including algae blooms)
50.1%
329
Water color
0.8%
5
Algae blooms
8.2%
54
Smell
0.3%
2
Water level
15.7%
103
Fish kills
0.9%
6
Other (please specify)
1.7%
11
answered question
657
skipped question
6
Number
1
2
3
4
5
6
7
8
9
10
11

2020

"Other" responses
B. D. & E
water clarity and water level
weed growth
Water poison & excessive weeds
water contamination of any sort
Water level affects each of the above. Stop screwing with the water leve
too many
balance of weeds for fish and lack of same for boating
Water level is not a factor in quality, it is a function of water management
weeds under control
pollution

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results
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20. From the list below, please rank your top three concerns regarding the Shawano Waterways, with the 1st being your greatest concern.
Answer Options
1st
2nd
3rd
Total
Water quality degradation
116
128
129
373
Loss of aquatic habitat
8
18
32
58
Shoreline erosion
43
50
60
153
Shoreline development
5
7
12
24
Aquatic invasive species introduction
88
126
93
307
Excessive watercraft traffic
6
21
27
54
Unsafe watercraft practices
10
26
33
69
Excessive fishing pressure
13
15
40
68
Excessive aquatic plant growth (excluding algae)
306
127
66
499
Algae blooms
25
101
97
223
Septic system discharge
5
10
13
28
Noise/light pollution
3
6
12
21
Other (please specify)
25
11
20
56
657
answered question
skipped question
6
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

2020

"Other" responses
Unsafe water craft practices
Pesticides on lawns running into
water level control
Appropriate water level to be
geese droppings causing shawano itch
Runoff from farm fields spead with manure.
water poison
Spearfishing boats flood light disrespect
Water Level
swimmers itch
Muck levels in the channel needs to be dredged
any manmade or natural condition that may jeopardize the sustainability of Shawano Lake
Can anything be done to prevent the ice shoves
water level
Water level too low in Summer
Water level
farm land run off
Stop screwing with the water levels dammit! Leave it high!
water level low level creates weeds and poor water
Water level
Water level needs to be high enough for boats not to bottom out in shallower areas
Weeds, weeds, weeds floating in
Noise and lack of respect for neighboring properties next to summer rentals.
water level 1st
Water level
farm run off
Water level
Erosion, trash and fertilizer run off

Onterra, LLC
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

2020

Appendix B

Water level
Low water levels
Keeping water levels up
Shoreline degradation (ie:1. Concrete sea walls / loss of purifying shoreline plant life.) 2. Excessive use of fertilizers on lawns
farm field run off into the lake!!!
my 1'st choice is low water levels
Water Levels
Water level
Fertilizer run off
low water levels
Water level
Water Level
fishing, boating swimming etc balance
Lake water levels
Water Level
Low water levels
Poor Fishing
Water levels way too low
water level #1
Bass Tournaments
Speed of watercraft on Channel.
people drying washed up weeds on shore then throwing them back into the lake to float to someone elses property
Low water level recently during boating season
low water level
Manure and farm fertilizer going directly into Wolf River and theDNR and county don’t put a stop to i
Decreased fish population, especially "keeper" panfish
agricultural runoff
Shoreline damage from ice shoves
The water itch
Farm chemical runoff.
Low water levels
Run off from farm fields along south shore
Water level variances
farm field run off
Sediment (MUCK) in the channel
There seems to be a lot of manure runoff, especially by the landing in Cecil
Shore line erosion caused by excessive wakes: Recommend low/no wake enforcement (and NO circling PWC riding like "donuts" in a parking lot
water level too low
low lake levels at times, and neighbors crumbling sea wall causing erosion and houses muskrats

Onterra, LLC

Shawano Area Waterways Management, Inc.
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21. In Spring of 2015 the Federal Energy Regulatory Commission (FERC) mandated that the target water level maintained by the Shawano Paper Mill Dam be reduced by
approximately 5 inches from where it had historically been maintained. Complaints followed from Shawano Waterway users citing safety and navigational issues as a result of the
lower water level on the river, channel and Shawano Lake. FERC has granted temporary variances to allow the dam to target the higher water level during the boating season every
year since 2015 but a permanent order allowing the higher historical target level year‐round has not yet been finalized. Please tell us if you prefer the water to be targeted at the
higher, historical level year‐round or at the 5‐inch lower level year‐round.
Answer
Options

Definitely prefer the higher, historical Probably prefer the higher,
historical level
level

527

64

Unsure/ Neutral

31

Response
Count

Probably prefer the 5‐inch, Completely prefer the 5‐inch,
lower level
lower level

10

21

653
answered question
skipped question

653
10

22. What type of seawall do you have on the shoreline of your property?
Answer Options
Wood seawall
Vertical, non‐ramped concrete seawall
Other (please specify)
My property is not on the lake
Rip‐rap
Sand beach or natural shoreline
Ramped concrete seawall (to protect from ice shoves)

Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

2020

Response Response
Percent
Count
1.7%
11
4.3%
28
8.1%
53
10.8%
71
19.9%
131
25.4%
167
36.8%
242
657
answered question
6
skipped question

"Other" responses
Stones & Rocks
Seawall on river of large dimensional granite stone, plus some small rip‐rap
stones
stone
vertical, slightly ramped
Stone
sand/stone
1/10 ramped concrete, 9/10 seawall destroyed by ice shoves
wetlands
Steel sheeting with Rip Pap in front
larger stone
some stones
Rip Rap on Lubutzke channel
rocks lined on the shore into the lake
Ice Defector
Had Rip‐rap but ruined by ice and water levels
Had a seawall but was destroyed by ice during the winter/spring of 18
Large rocks

Other
Wood seawall
Sand beach or natural shoreline
Rip‐rap
Ramped concrete seawall
Vertical, non‐ramped concrete seawall
My property is not on the lake
0

50

100
150
# of Respondents

200

250

Onterra, LLC
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

2020
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1/2vertical non ramped 1/2 ramped all concrete
rock
None
rocks
Field Stone
NONE
Stone
100' of rip‐rap and 900' natural shoreline
Field stone 8‐10”
large rock on shoreline
Shoreline being eroded!
Large stone
None terrible
native plants
Stone/wood
Natural stone wall
Wood facade, rip rap support
medium size rocks
NO SEAWALL
Stone
Small boulder wall. Needs full rebuild every Spring.
Rock shoreline
Junky pieces of concrete put there by previous owner! :‐(
Field stone rip rap
rock
Neighbor has a seawall so I'm forced to put in wood rip‐rap during the summer but I remove it in the fall
Breaker Rock
corregated steel
part fieldstone,part stacked lannon stone
no seawall
round stone 10‐16" diameter
Natural shoreline
part rip‐rap ‐ rest natural shoreline which is erroding due to unnecessary/excessive waves
Rocks
gravel with a concrete walkway
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23. During open water season how often does aquatic plant growth, including algae, negatively impact your enjoyment of the Shawano Waterways?
Answer Options

Never

Rarely

Sometimes

5

20

159

Often

Always

278
190
answered question
skipped question

Response
Count
652
11

300

# of Respondents

250
200
150
100
50
0

Never

Rarely

Sometimes

Often

Always

Aquatic invasive species (AIS) are non‐native plants and animals that are introduced into our lakes and streams and can potentially upset the natural balance of a lake ecosystem while
decreasing recreational opportunities. Examples of AIS include animals such as carp, zebra mussels, rusty crayfish, round goby, and spiny waterflea; and plants such as Eurasian
watermilfoil, purple loosestrife, and curly‐leaf pondweed.
25. Do you believe aquatic invasive species are present within the Shawano
24. Before reading the statement above, had you ever heard of
Waterways?
aquatic invasive species?
Response Response
Response
Answer Options
Answer Options
Response Count
Percent
Count
Percent
Yes
Yes
97.5%
635
84.8%
541
No
I think so but am not certain
14.4%
92
2.5%
16
No
651
answered question
0.8%
5
answered question
12
638
skipped question
skipped question
25
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26. Which aquatic invasive species do you believe are in the Shawano Waterways?
Response Response
# of Respondents
Answer Options
Percent
Count
0
50 100 150 200 250 300 350 400 450
Zebra mussels
75.1%
474
Zebra mussels
Eurasian watermilfoil
74.6%
471
Eurasian watermilfoil
Carp
51.5%
325
Carp
Curly‐leaf pondweed
38.7%
244
Curly‐leaf
pondweed
Purple loosestrife
26.3%
166
Purple loosestrife
Rusty crayfish
15.5%
98
Rusty crayfish
Unsure but presume AIS to be present
15.5%
98
Unsure but presume AIS to be present
Giant reed (Phragmites)
8.1%
51
Giant reed (Phragmites)
Banded/Chinese mystery snail
5.1%
32
Spiny waterflea
Banded/Chinese mystery snail
4.8%
30
Flowering rush
4.0%
25
Spiny waterflea
Heterosporis (Yellow perch parasite)
3.8%
24
Flowering rush
Pale‐yellow iris
3.7%
23
Heterosporis (Yellow perch parasite)
Other
3.2%
20
Pale‐yellow iris
Round goby
2.9%
18
Other
Starry stonewort
2.5%
16
Round goby
Freshwater jellyfish
1.3%
8
Starry stonewort
Rainbow smelt
0.3%
2
Freshwater jellyfish
answered question
631
Rainbow smelt
32
skipped question
Note: Red bars indicate species confirmed in Shawano Lake, blue bars indicate
species not confirmed in Shawano Lake.
"Other" responses
Number
1 Mud Puppies‐ Dog Fish
12 Garfish
13 weeds
2 Do not know plants that invade
3 Possibly Quagga Mussels
14 pickerel bush
4 small snail shells
15 unsure,but remember reading about invasive species in our waterway
5 I am not sure of the current levels of these invasive species
16 not sure of names for some weeds
6 Not sure
17 I'm sure some of these others are as well, but unsure of species
7 I know plants are there but don’t know names
18 Snails
8 many weeds but do not know names
19 not sure what their name is
9 Purple shit flowering crap, and probably more I can't name
20 did see zebra mussels
10 Not sure if names but way too many weeds
11 possible Zebra mussels/ many kinds of weeds

2020

Appendix B

500

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results

Appendix B

27. Invasive, non‐native aquatic plant species may be managed using several techniques. What is your level of support for the responsible use of the following techniques on the
Shawano Waterways for the purposes of managing invasive, non‐native aquatic plant species?
Completely Moderately
oppose
oppose

Answer Options

Herbicide (chemical) control
Mechanical harvesting
Manual removal by property owners
Hand‐removal by divers
Dredging of bottom sediments
Do nothing (do not manage plants)

22
32
37
62
25
460

28
47
47
51
28
39

Unsure/
Moderatly Completely
Need more
support
support
information

86
33
85
257
217
29

164
148
130
66
125
11

Response Count

345
378
325
170
222
5

645
638
624
606
617
544
answered question
skipped question

653
10

100%
90%

Completely support 80%
Moderatly support

70%
60%

Unsure/ Need more 50%
information
40%

Moderately oppose

30%

Completely oppose 20%
10%
0%
Herbicide (chemical) Mechanical harvesting Manual removal by
control
property owners

2020

Hand‐removal by
divers

Dredging of bottom
sediments

Do nothing (do not
manage plants)
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In May 2016, a whole‐lake herbicide treatment occurred in Shawano Lake targeting the entirety of the Eurasian watermilfoil population throughout the lake. Professional
monitoring of native and non‐native plant species within and near the treatment areas took place in the summer of 2015 (pre‐treatment) as well as the summers of 2016‐2018
(post‐treatment). A detailed report regarding the treatment may be found at (www.sawm.org).
28. Prior to reading this information, did you know that aquatic herbicides were applied in 2016 in Shawano Lake to manage Eurasian watermilfoil?
Answer Options
Yes
Unsure
No

Response Response
Percent
Count
87.2%
573
2.9%
19
9.9%
65
answered question
657
skipped question
6

29. Do you believe the herbicide treatment described above was successful in controlling Eurasian watermilfoil short‐term (one year)?
Answer Options
Yes
Unsure
No

Response Response
Percent
Count
61.0%
398
32.2%
210
6.9%
45
answered question
653
skipped question
10

30. Do you believe the herbicide treatment described above was successful in controlling Eurasian watermilfoil long‐term (three years)?
Answer Options
Yes
Unsure
No

Response Response
Percent
Count
15.5%
101
53.0%
346
31.6%
206
answered question
653
skipped question
10

31. What is your level of support or opposition for future aquatic herbicide use to target Eurasian watermilfoil in Shawano Lake?
Answer Options

Completely Moderately
support
support

386

2020

161

Unsure/
Neutral

78

Moderately Completely
oppose
oppose

18

11
answered question
skipped question

Response
Count

654
9
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32. If you selected "Moderately oppose" or "Completely oppose" on question #31, what is the reason or reasons you oppose the future use of aquatic herbicides to target Eurasian
watermilfoil in Shawano Lake?
Response Response
Answer Options
Percent
Count
Potential cost of treatment is too high
13.3%
4
Potential impacts to native aquatic plant species
46.7%
14
Potential impacts to native (non‐plant) species such as fish, insects, etc
73.3%
22
Potential impacts to human health
63.3%
19
Future impacts are unknown
53.3%
16
Ineffectiveness of herbicide strategy
26.7%
8
Another reason (please specify)
10.0%
3
30
answered question
633
skipped question
Number

"Other" responses
1 That killed a lot of fish
2 Pesticides cause cancer
3 Impact to my dog

Shawano Area Waterways Management, Inc. (SAWM)
33. Before receiving this mailing, have you ever heard of SAWM?
Response Response
Answer Options
Percent
Count
Yes
97.5%
635
No
2.5%
16
answered question
651
skipped question
12
34. What is your membership status with SAWM?
Answer Options
Current member
Former member
Never been a member

2020

Response Response
Percent
Count
71.5%
456
9.3%
59
19.3%
123
answered question
638
skipped question
25
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35. If you are not a current member please indicate the reason below.
Response Response
Percent
Count
The $50 annual cost of membership is too high
20.0%
34
I do not support the projects undertaken by
8.2%
14
SAWM
I do not know enough about SAWM
37.7%
64
Other (please specify)
39.4%
67
answered question
170
skipped question
493
Answer Options

Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

2020

"Other" responses
What are results of dollars spent? How much for what?
Unsure
Focus is mostly on lake
We support the efforts but have just not been involved in the past few years
previous owner deceased answering from her
It was my mothers cottage and she recently passed and it's in a trust. I will probably join
I moved off the channel
We rake every weekend in cecil and dump all the loose weeds that wash up. This, while part of owning the house, is alot already. We will be joining in the future as well

I don’t agree with weed cutting
forgot to renew last year
They do nothing that effects me
No specific reason.
I donate to the Golf Outing
no comment
I have not seen any impact from SAWM the channel is not cut well enough
lack of concern over the Wolf River Pond Lake
I do not support cutting the plants because I feel it encourages growth.
The river is ignored.
I do not feel the projects have been helpful or not enough projects focused on helping property owners
We just don't pay for it
X
Nothing seemed to change.
They never helped us any.
seem ineffective
Unable/unwilling to cut weeds close to our property
just too lazy to send in the money to be completely honest
Along with the fees to cut around our dwelling
fixed income senior
I don't see any positive results. i pulled weeds all last summer. Algae blooms and weeds made the lake unswimmable by us.
No need @ my location
peer pressure from neighbors strong feelings against the organization
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
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To much fish kill
We were members for many years‐ but no results ‐ just arguments.
I just felt SWAM was not helpful
The Wolf River is not given much merit
I see the funds not well spent
Daughter is member. We are on same property.
No reason, just didn't do it.
I forgot to pay last year. Would like to become a member again.
Not aggressive enough. Disappointing results and the DNR has to much power to say no
Haven't seen benefit to this point.
1st year on the channel last year ‐ we will be joining this year. Need weeds cut but WAY too expensive
Have not joined yet but plan to
will consider becoming a member
I never see any improvement in the lake ‐ just keeps getting more weedy. You can talk to anyone and Shawano lake is nothing like it used to be ‐ way too many weeds and
not good for fishing.
waiting until i can spend more time on the Lake
Cutting Weeds is a waste of money.
Mechanical harvesting results are horrific to those of us on the entire Cecil shoreline: the cut weeds are not retrieved! We get hundreds of tons rolling in and we are the
ones harvesting. Inappropriate decision making as final outcomes are not realized nor managed whatsoever.
Poor performance made me reluctant to support SAWN
It's all about water receation and the money from the people that vacation bring in
All tax payers should be paying for improvements.
Not a full time resident yet. Will be upon retirement
Haven't used Lake or waterway in last 10 years
forgot to pay in 2019
Not interested
They do a terrible job.
Can't afford it at this time but I'd like to join
Less use of property last two years
Haven't gotten billed
Don't see the need.
not enough attention to agriculture pollution sources
My shoreline has no weed problem. The weeds that are cut up river end up in my dock and lift. Called to address and person said he would stop out and never did
The harvester lets parts of weeds float away and they then grow new plants
under the impression that the Lake and not the river property owners are the main benificiaries of their activy
The people that had the area by their docks sprayed didn’t look much different than the ones that had nothing done
Too political
weeds are worse over the years
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36. How informed has (or had) SAWM kept you regarding issues with the Shawano Waterways and its management?
Not at all
informed
13

Answer Options

Not too
informed
45

Unsure
56

Fairly well
Highly
Response
informed informed
Count
275
246
635
answered question
28
skipped question

300

# of Respondents

250
200
150
100
50
0
Not at all
informed

Not too
informed

Unsure

Fairly well
informed

Highly informed

37. Are you aware of SAWM's efforts in the following areas? Please select yes or no for each option.
Answer Options
Pursuing regulatory action for a permanent return to a higher target water level on Shawano Lake
Aquatic invasive species monitoring and control
Clean Boats Clean Water efforts at area boat landings
Placement and maintenance of navigational buoys on the lake, river and channe
Nuisance weed control on the seven navigation lanes on Shawano Lake
Mechanical weed harvesting services (private cutting and the collection of floating weed beds on Shawano
Lake), including the acquisition and maintenance of harvesting equipment

Yes
581
568
528
559
514

No
60
70
111
78
124

Total
641
638
639
637
638

589

48

637

answered question
skipped question

644
19

38. Are you aware that the SAWM has a Facebook page and a website (www.sawm.org)?
Response Response
Percent
Count
Yes
63.4%
409
No
36.6%
236
answered question
645
skipped question
18
Answer Options
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39. Stakeholder education is an important component of every lake management planning effort. Which of these subjects would you like to learn more about?
Response
Response
Answer Options
Percent
Count
Aquatic invasive species impacts, means of transport, identification, control options, etc
55.1%
348
How to be a good lake steward
36.7%
232
How changing water levels impact Shawano Waterways
59.2%
374
Social events occurring around Shawano Waterways
34.0%
215
Enhancing in‐lake habitat (not shoreland or adjacent wetlands) for aquatic species
35.4%
224
Ecological benefits of shoreland restoration and preservation
29.1%
184
Watercraft operation regulations – lake specific, local and statewide
29.0%
183
Volunteer lake monitoring opportunities (Clean Boats Clean Waters, Citizens Lake Monitoring Network, Loon Watch, LakeGroup programs, etc.
17.4%
110
9.0%
57
Not interested in learning more on any of these subjects
Some other topic
6.0%
38
answered question
632
skipped question
31
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
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Other (please specify)
Sea Walls
Your annual work schedule ‐ per seasons on lake
Dredging option to alleviate internal phosphorus loads
Not planting any more Muslims, the lake is finally getting back to normal. All my renters like perch, walleye n bluegill
DNR creel studies open water & ice fishing
Fish Limits and Size restriction signs for Shawano Lake at all boat landings. Interested in helping fund and installing please contact me at name and number removed‐
resources/ways to help prevent erosion of property
dredging areas silted in for safe boating
Cecil Ice racing‐shore and fishing damage
cost programs and safety to lake and people
seawall install
Need a speed limit on channel
More information about the chemicals used to elimiante the milfoil. I understand it has been successful, but there must be some unintended conquence to using a
chemical. What might this be?
how to use sewer dist. funds for more harvesting
Weed management rules for property owners
Loud boat motors
help with /information on loss of shoreline
How does one get a permit to build a sea wall?
The harmful effects of lawn fertilizers surrounding the lake
manure run off from farm fields
Weight in metric ton of the weeds that are cut versus actually retrieved by the harvesting operations
Will be selling in near future.
Inform people to not use lawm herbicides and pesticides
more updates on seawall repair and construction
Notice of negative impending government regulations
Elimination of water lilies in cecil channe
Control of all, inclluding native, nuisance plants = inhibit boats
walleye stocking on wolf river
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Pier placement rights ‐ AB 551 / SB 501
How to eliminate the lake itch
Alternative seawalls other than Conc. or Riprap or Buffer plantings
mechanical weed control in channel waterway
a sore spot for me and my neighbors are the dock fishermen. they continue to be disrespectful to personnal property by bouncing lures off boats and docks. We have
removed baits from our piers, had tears in boat and lifts canavas and had dock lights broken by dock fisherman. We would like to see a regulation change but know that is
nearly impossible to achieve, so posting signage at boat landings could be a start
why weeds are not adequately picked up after cutter harvest
How to control the tall weeds that grow out of the water off Swan Acres
What can be done/is being done to restrict noise and shore erosion caused by boat & pwc waves: low AND no wake zones esbtablished and enforced. No "donut" circle
PWC repetitive riding, etc.!!

37 Having property line setbacks for pier/dock placment
38 long term solutions as opposed to just a year or so
400
350
# of Respondents

300
250
200
150
100
50
0
Aquatic invasive How to be a good How changing
Social events
Enhancing in‐lake Ecological benefits
Watercraft
Volunteer lake Not interested in Some other topic
species impacts,
lake steward
water levels
occurring around
habitat (not
of shoreland
operation
monitoring
learning more on
means of
impact Shawano
Shawano
shoreland or
restoration and regulations – lake opportunities
any of these
transport,
Waterways
Waterways
adjacent
preservation
specific, local and (Clean Boats Clean
subjects
identification,
wetlands) for
statewide
Waters, Citizens
control options,
aquatic species
Lake Monitoring
etc.
Network, Loon
Watch, LakeGroup
programs, etc.)
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40. The effective management of your lake will require the cooperative efforts of numerous volunteers. Please select the activities you would be willing to participate in if SAWM
requires additional assistance.
Response Response
Percent
Count
Watercraft inspections at boat landings
9.4%
58
Aquatic plant monitoring
28.4%
176
Writing newsletter articles
2.3%
14
Attending Wisconsin Lakes Convention
5.5%
34
Bulk mailing assembly
12.8%
79
Water quality monitoring
30.4%
188
SAWM Board
8.9%
55
I do not wish to volunteer
54.1%
335
answered question
619
Answer Options

skipped question

44

350
300

# of Respondents

250
200
150
100
50
0
Watercraft
Aquatic
Writing
Attending Bulk mailing
Water
inspections
plant
newsletter Wisconsin assembly
quality
at boat
monitoring
articles
Lakes
monitoring
landings
Convention

SAWM
Board

I do not wish
to volunteer

41. Please feel free to provide written comments concerning the Shawano Waterways, its current and/or historic condition and its management.
Response
Count

Answer Options

answered question
skipped question
Number

286
377

Response Text
All my neighbors have sea walls but I was denied which wasn't fair. The new sea wall next door doesn't match any of the existing ones in our area and lowered the height of front lawn a foot. Curving
1 way into the lawn. It doesn't look right and the idea behind the DNR decision was really stupid.
We have a swamp across the highway and all turtles and aquatic life is alive and well there.
Using chemicals to control milfoil needs to be done every year‐ to touch up hot "spots" that show up. I rake out tons of milfoil & can see where it has re‐seeded. If these areas were zapped every
2 year it would not re‐infect the whole lake, which is what is happening now.
You will have to spray great big areas again. Why not spray the small areas every summer?
3

My husband Lyle really enjoyed ﬁshing oﬀ the end of our pontoon boat on the channel.
I don't have a boat now. I enjoy seeing the view & activities going on during the summer months. Keep up the good work

22. Seawall over 40 years ago now broken up, shi ed & problema c.
23. Years ago no vegeta on near shore, past years now shows growth closer to shoreline.
31. Why is it more prevalent now?
4
36. Is this just a study group or do you really an cipate be erment?
Many years ago also owned cottages on south shore and west shore. Some reflection from those years are also included on conditions at that time vs present. Most non residents still enjoy
Shawano Lake.
5 I think SAWM is doing a very good job. After 41 years on the lake I have noticed lots of improvements. Good Job
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In January & February when Fire & Ice have their races it reeks havoc with shorelines in Cecil Bay. All the weight of racers/spectator vehicles literally causes major ice movement.
A lot of the race cars leak oil which ends up in the lake. Also the noise level is deafening.

7 Keep up the good work!
8 In past I did a lot of shore work ‐ my age now is 96 years old ‐ don't think I'll do much anymore.
9 Apply for State Funds to operate weed cutter. Better management of the weed cutter.
Believe that Wolf River should be a no wake zone from the RR Bridge up past Cty A. Some parts of upper Wolf should be designated as because the banks are not 200' apart. The law says that you
10
must be no wake if within 200' of boats, piers, docks, ect.
I feel local residents are more responsible than some of the visitors when it comes to following waterway regulations (no wake zones, etc.). I'm not sure if the police are strictly responsible for
11
enforcing this, but it is an issue for residents that live in no wake zones or high traffic areas.
12 overall water quality the most important
I'm confused why seawalls are considered taboo. Shoreline damage and erosion has been an expensive and timely issue for as long as I have been a lake front property owner. If a filtering bed was
placed in front of the sea wall & would cause surface water to go into the ground rather than run directly into the lake, I can't see an issue.
13
In my younger years I could deal with annual repair of my shoreline, but at age 70 that is no longer possible. I can't understand why people should be forced out of the property they love, when a sea
wall would make it possible to stay.
14 Shawano lake has gotten worse in the last few years in regard to weeds and zebra mussel in my area.
I 've loved Shawano Lake and the area since my family purchased the land in 1950. Currently own and operate the business and home on this property and recently bought a home on the channel
15
near Sunset Island. I value Shawano Lake, the surrounding area and the quality people in the area and look forward to keeping it in our family for many years to come.
16 Thank you for caring and working to make Shawano Lake better. Our cottage has been a home for many cherished family memories. PLEASE GET CONTROL OF THE WEEDS!!
17 I think permanent sea walls should easily be permi ed.Dredging should be easily permi ed.
38. Don't use a computer.
18 Been a number of years since we've had to rake the weeds on our shoreline and sometimes to the end of the dock and then haul them away, Shouldn't be that way. Have to be cleaning our frontage
all the me to be able to have children swimming, all the neighbors have the same problem.
19 I am thankful that we have rtes SAWM board and for all the good work you do to maintain our waterways and address issues to improve the waterways for all of us.
20

We need to control the excessive agricultural waste which is entering Shawano lake. Primarily through the creeks entering the south shore. Last year semi truck loads of liquid manure from other
counties was spread on fields in the Shawano lake watershed. This has to stop.

21 You are doing a great job I have less shore damage if they lower the lake level as do most l suppose did they lower it this fall ? A lot of push up in NW bay.
22 Need to manage for perch, bluegill, walleye. No muskie
I have lived in Shawano almost all my life, but only lived on the water for the last 18 years. I don’t take my motor boat to other lakes, but do take my kayak. I live on the channel and love the wildlife. I
would love the bottom sediment removed so that we could swim by our shore. I also would love to catch more pan fish from my shoreline without fighting the weeds. I think the lake weed treatment
23 did also help the channel temporarily. Thanks, but we need a long term fix. I answered that I support herbicide use, but if there was an effective non herbicide fix I would prefer that. I don’t think that
cutting helps the weed situation other than opening the way for boats. I think the cutting may actually make it worse by the left behind cuttings replanting and growing. I may be wrong, but it makes
“plant sense “ that that would occur. Thanks for all you do, I guess I don’t realize all your efforts until thinking about it during this survey.
24 the north lake channel across from light house has narrowed and become stagnant.we need more flow and widening by island.
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thank you everything you do and for asking for our inputs. we are newer lake front owners, but have concerns of weeds and shawano itch. would like to keep frontage area clean so young children (
and adults ) can enjoy this beautiful lake

26 Thank you for sending out the survey.
Biggest problem I see is all the runoff with manure in it coming off farmers field in the Buss Drive area. It's placed there all winter and with heavy rain in the spring it washes right into the lake
27
providing an abundance of weed growth.
28 We love Shawano Lake!!! We think it's the best Lake in Wisconsin. Please keep up the hard work, it doesn't go unnoticed. We will participate more when we become full time residents.
29 I'd be interested in the financial cost to use herbicide vs manual removal and also the ecological cost of herbicide i.e. effect on native plant and animals also.
30 Weed cutting on private shorelines have been terrible in the last 4 years, not worth the money.
31 Chemical weed control needs to be managed be er across ALL of lake on a schedule for cost control.DNR needs to be ac ve ON THE LAKE rou nely!
I do see improvements on water clarity. But I don't see ANY improvement on the number or size of large Reed beds all over the lake. Seems like you only cater to fishermen. It severley limits
32
boaters.
In discussion with "the turtle man" last summer, significant change in channel occurred with building the train bridge that travels north from the united coop. When upgrade required or sooner, this
should be changed back to more original waterway flow of channel
34 The channel need to be dredged to remove all of the decaying leaves from the bottom that cloud the water and give a bad smell for the channel to be used more by those who live on it
33

35

45 years ago I had a sand bottom beach and concrete seawall. My beach is weedy and seawall broken even though I continue to maintain. Low water damaged my seawall. I pull out any weeds that
congregate along my property. I would like to see the DNR‐SWAM issues resolved for progress of this wonderful lake.

36 Keep up and expand the great work!
37

The growth of plants in the lake has become A major nuisance and feel that whatever means to destroy and Stop the growth other than cutting would be great. It has been a big job to collect the
plants out of the lake that have accumulated by the Shoreline because of cutting.

38
39
40
41
42

Call me at ‐name and number removed‐
How do we get more shore owners to support and assist? Poli cians to see their own best interest? Membership on water bill?
Appreciate the work being done.
SAWM if not already should see a means to receive monetary support from those that use our waterways but don’t reside on them: that may help offset annual fees.
I wish more interest was given to those of us on the Wolf River.
I do not feel enough is being done for weed control. I know there is a fee (which is too high, considering what we pay for taxes), but the cutting does not come close to your property, it is further out
43
which does not help the situation.
44

I was greatly disappointed with the change in water levels for water sports and safety of boaters because of the lower water level. I wish there was better sandbar notification with the lowering of
the water and felt this was extremely hazardous to the health of local and seasonal boaters that may not have been aware of the water level change prior to putting their boat in.

45 The cutting of weeds and letting them float all over the lake is unacceptable. If weeds are cut, they must be picked up also.
46

We appreciate the work done to control and remove weeds. We do our job as property owners to remove weeds from our shoreline. Raising water level we feel is good for boater safety and
perhaps some weed control. Good luck in fighting the endless battle, we support your efforts. Thanks

Fish catches on open water of 2019 were pathetic. Worst I've ever seen. I think this is due to thick weed growth. Maybe chemicals killed fish also but there are not many dead fish on the shore (North
shore).
48 Very concerned about water level. Also, PWC need a nice area with slalom course or races or something to keep them from driving recklessly and irresponsibly all over the lake!
20 years ago when I purchased my property I could ride my waverunner all over the lake. The past few summers it is impossible with all the weeds. The lake has lost its quality. Also way too much
49
garbage like beer bottles, food wrappers dumped in the water and it floats ashore.
47

50 the waterways are choking on two fronts; invasive and prolific weeds and the filling in of sediments making boating unsafe, we need to keep water levels high to keep tourism on the waterways
51
52
53
54
55
56
57
58
59

2020

N/A
why don't everyone have to belong
A big thank you to all the volunteers involved with SAWM!!!!!
Fish populations have greatly reduced. We need some type of limit changes to help control panfish being over fished
its ok
when the weeds are cut they grow faster and some people on the lake get more and more and more weeds to take out
SAWM is doing great work. Thanks
I thank the SWAM board for their effort.
Survey was very well written, thank you.
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60 I'm so happy to have a great group like SAWM working for all waterway owners. I just wish more people would be members to increase funding to further the good they do.
I have been a seasonal resident my entire life (73 years). In that time our golden hard sand bottom in front of our property has degenerated to mostly bottom weeds and milfoil. This is sad. A recent
problem has been created by the elevated lake level. Since our property on south shore was filled in from swamp land in the 1930's, the elevated lake level has created a very wet condition in the
61
yard with standing water resulting after even small rains. Last summer, 2019, was a washout. Need for the higher lake level results, most likely, from the greater draft of the larger boats on the lake
these days. Taxes go up and the quality of the product goes down.
62 Keep up the good work, and continue to stop the DNR or what ever the ass clowns are that screw with the water level. I want the lake HIGH!
63 Our waterfront is one of our most enjoyable aspects of living here in Shawano.
As a family we thought that the spraying in 2015 was improving the lake conditions/navigation. Last year was rough with weed growth. We are in the Webers Point area bay and have difficulty
getting in and out of the pier. We do pay for weed cutting and they used to cut a navigational channel through the lily pads and around the bay. It didn't seem like that had happened last year. The
last couple of years we couldn't really tell if it we were cut at all. It would be nice to get a notification when the cutter will be in the area. We could then get plan to have our boat off the pier to
64
make it easier for the cutter also. We pay a lot for the cutting and don't mind doing so, but we don't always see a benefit from doing so. It would be amazing if it we could make it a lake association
and require everyone to participate in the costs! It may make it possible to buy another cutter and possibly pay someone to run them. Thank you to the board for their efforts in making the lake
enjoyable for all of us.
65 water level is main concern I have owned many properties with trout ponds and other fish some weeds are good deeper water is colder water low level creates weed problems
66 Water level and weeds
67 We cannot comment at this time as we have only had the property less than a year. We look forward to upcoming improvements.
68 It's all of the garbage I pull out of the lake from Lake Tie ups to ice fishing garbage. Cans, bottles, golf balls ect!
69 A boat motor noise level response / fines from the WDNR.
70 Lake has improved and continued effort will be required. I am concerned that some property owners feel they have no obligation in lake management or support of SAWN
All we do in the summer is pull weeds on south shore. The bottom of the lake in winter is like black dust. No fish to be found. I've tried weed cutting and herbicides to no avail. Algae blooms are
71
horrible. Until something is done statewide about runoff you are spinning your wheels.
72 Why aren't membership dues mandatory of all shoreline owners?
73 More has to be done with the excessive weeds and water clarity
74 I believe it is important to keep the Shawano Lake water quality at the forefront of discussions. Last year was not good and I hope we can get some help for the tourism and enjoyment of our Lake.
75 This organization does a good job, better every year. #1 priority must be raising the lake level.
It’s such a disappointment in the 50 yrs I’ve come to Shawano lake. No longer do we have pan fish ever since it’s full of muskies. That about the time our weed problem started. Maybe they have
76
something to do about the transfer. Very dirty, slimy lake. Kids no longer swim. 😢
77 Thank you for your efforts!
78

SAWM, as the ONLY organization advocating for betterment of Shawano Lake and contiguous waterways, has proven track record producing positive outcomes. In order to assure sustainability,
every stakeholder should support moving their organization to more official Lake District status. Either way, thank you for what you do and please keep up the good work.

79 The low water levels made it nearly impossible to get our pontoon off the boat . Damned swimmers itch destroys enjoyment of the lake for our kids
80 Need to get the historical lake and river level re‐instated.
I've enjoyed the annual meetings keeping us informed & up to date on various issues. I've helped recruit new members. I have almost always doubled my membership $100‐ annually as well as some
of my neighbors. I've enjoyed the lake for 20 years & have tried to be a good steward of it.
81
However Aug 29, 2019 I sold my property. I filled this survey out because I still owned the property for 3/4 of the year & hope I'm still eligible to contribute to this survey. I do not know if the new
owners were asked to participate in this survey. I anticipate continuing my membership whether I am a lake property owner or not. i love the lake and i want to keep helping.
82 The native cabbage is so thick I can't get through it with my boat.
83 Very concerned regarding beach erosion over the years,
I feel everyone that uses the lake should help pay for maintenance and projects. Maybe a user fee would help the organization reach there goals. I also believe there are to many property owners
84 with freezers full of fish from exceeding catch limits. There is a perception that the organization is hurting rather than helping the lake, you have a real image problem.My neighborhood has constant
arguments about the organization. So unfortunately we don't get involved to avoid the drama.
85 keep water levels up

86

2020

I live on the channel, today there are islands of weeds with trees growing in them, I fished in these places in the past. I believe this was caused by fast moving boats with large motors washing silt into
the weeds that were there..The weed cu er takes more ﬁsh out of the water than all of the ﬁsherman combined.
If you would read the Wisconsin boa ng laws you would ﬁnd most of the laws are broken on the channel and river.
For two days after a fishing tournament you can not see more than one or two inches down in the water. I had a nice cove by my house which is now only six inches deep, it used to be 2 feet.
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37. We paid for this and all the cut weeds ﬂoated in ‐ never again.
39. How are you going to get rid of all the darn weeds.
87
41. I am so sick of our shoreline being so full of nasty, nasty weeds that ﬂoat in. All I do when I am up north is rake weeds and take them to the dump.
I am so so so sick of it!!
88 I am supportive of leaving the water level at the historic high mark. I support widening the bridge at the airport.
22. Prefer to have ramped concrete sea wall, was told we cannot build/install ect. However many other proper es have seawalls in close proximity.
25. For sure very bad and ge ng worse yearly.
32. A clean lake with herbicide treatment, Shawano lake is turning into a marsh.
36.
I've only heard what is being said, no ac on that I can see. All people owning lake property should be required to join,we would rejoin if there was some ac on & results.
This lake needs major cleanup before it becomes unrecoverable.
89
Weeds, ﬂoa ng weeds, dead ﬁsh, bad odor, surface & weed removal more sandy shoreline needed.
The water quality is so poor that we are concerned about being on the lake‐along with children and dogs. In fact the last 3 years it is so bad we can't row our boats in it nor do we want to take people
out on the boats due to the smell and increasing numbers of dead ﬁsh.
On a daily basis people are fishing close to our docks ( and a few come on our docks) to throw fish on shoreline or get their fishing gear caught on the shore, our deck, or disgard it along with their
garbage of their boats, canoes ect.
They are casting their lines on shore areas and getting out of their boatsect to get their equipment. We pay excessive tax rates for shoreline we can't use and its getting worse.
90

7. Life me of living in Shawano
29. I don't remember. i think in social conversation it seemed successful for a short‐term period. There was concern about some fish kills.

91

Erosion on the Wolf north of the channel has gotten much worse in recent years with large trees collapsing into the river and decaying. This has caused logs & limbs to lurk under the water creating
debris pile ups. Slow down the speed of water crafts in this stretch so we can preserve the beautiful natural shoreline for future generations.

92 Fishing has gone down extremely over the years. Do not add any more muskie to the lake, few people fish for them, Increase bass and walleye instead
The Shawano Waterways is doing a great job on trying to improve the water clarity, weed problems and maintaining the high water level. They also are doing a good job of keeping us informed of
93
upcoming projects, such as the HHH bridge replacement. I’m hoping we can get it raised and widened like the 47/55 bridge.
94 Happy that this organization is being more proactive. We are only in the area for the summer, so miss meetings, etc. Hope to eliminate a lot of the milfoil weeds through this organization.
95 Our primary concern is weed control without negatively impacting the aquatic environment for people, fish, other native marine creatures and native plants.
96 all properties within 1500 ft of the shore should be required to hook up to the sewer system which should surround the lakes and tributaries.
97

we are very concerned about the excessive weed problem on the lake. Cutting the weeds each year causes concentration, floaters of weeds throughout the lake. iIt makes boating difficult and
annoying as it builds up on the propeller of our boat. It's time to provide other options for the weed problem before many of us leave the lake for other areas

98 SAWM Thank You for helping Shawano Lake.
99 Can't understand way the higher lake level has to be requested each year. Do it permanently!!!!!!!
100 I think SWAM is do a terriﬁc job thanks
There used to be navigational buoys approaching the Wolf River railroad bridge ‐ no wake area. No longer. Our property has suffered excessive erosion. Its going to cost thousands of dollars for
101
Riprap to try and protect what's left of the shoreline. It has also eliminated natural plants, wild iris, ect.
102 No specific interaction to comment from. The annual meeting has always been scheduled on the week of an annual family vacation so I have been unable to attend.
103 farm runoff needs to be addressed
Maintain historic high water levels year round.
Increase the height and width of bridge replacement on Airport Road for boating safety.
104
Keep recreational hours at state level.
Maintain efforts for controlling weeds and invasive species in waterway.
105

I see knee jerk reactions to conditions on the lake and people covering up hasty decisions. Things like denying killing fish after spraying for weeds. Last winter's ice shoves from letting water out of
the lake after it froze over. Other lakes have been through these issues, they seem to be way ahead of us.

weed harvesting, while expensive, is the only long‐term method of removing nutrients from the lake. Particularly if done near the channel entrance to the lake and the area northeast of the channel
entry out into the lake (the very weedy area).
107 We live out of state. The emails are really informative and keep us connected. We appreciate the placement and upkeep of the navigational buoys.
When I was a child I have video of the lake quality. It was brown like Washington. Back then you didn’t pull weeds, ever. I pull weeds every weekend and have been doing so for over 30 years. To
108
keep up with the weeds you have to be here all the time. My neighbor is a year round resident and he can’t keep up with them.
106
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109 Many thanks for interaction & concern for Shawano Lake health & management. The lake is such an important asset to our community & to us property owners on the lake itself.
110 Shawano Waterways is a great organization.
111 stop changing the water level on the lake PLEASE
112
113
114
115
116
117
118
119
120

I am an avid Fisherman and have owned for 9 years. Fishing has really changed. Big time! I blame weeds are taking over and changing that water level is messing with the whole system. It is changing
rapidly for the worst! Boaters can’t navigate very well due to large pods of weeds everywhere! Shawano Lake will lose lots of people if these areas are not addressed soon.
I believe the lower lake levels create an unsafe operating level for boaters and the mechanical harvesting of weeds seems to spread them out and introduce them to areas that previously haven't had
weed problems along with washing up on the shoreline
Getting rid of floating weeds in summer!
We would consider volunteering in a few years when we plan to be spending more time at the lake. We are grateful to have SAWM and its board looking toward the future maintenance of the lake
as well as the inhabitants of both water and land
Increasing the water level has caused errosin on the channel with the larger boats going faster, especial in the No wake Zones They are also a danger to the smaller water crafts If they want to sell
and use such large boat stay off the channel or go slower
Thanks for all that you do. I appreciate it.
We are very happy to belong to SAWM. It has been a blessing & driving force to improve our lakes.Thanks!
thanks for what you do, it is very important!
I like the idea of a higher water level during the summer lake season, and a lower Lake level during the winter to help avoid the shore erosion in the spring. Hope this works!

18. Water level has been a disaster for 4 years. The weed problem has been a disaster for 15 years, never gets be er.
20. Noise
21. Lowering the water level was stupid! It was done because of 1 complaint.
121 27. Dredging is a must.
37. Mechanical harves ng is highly eﬀec ve but the equipment sits idle most of the me. Volunteers would gladly man these machines and get the job done.
39. The noisy overpowered speedboats on Sundays is more than a nuisance. Sound levels are illegal but the sheriff boats do almost nothing. Also heavy drinking on speedboats and pontoons at
airport sandbar are out of control and have a lot to do with the drag races from bamboo bar to sandbar and back!! Most of these boats are trailered in and the drivers own no property on the lake.
21. Can't stress enough its killing the lake
27. Many kill ﬁsh like last me, just not eﬀec ve for any length of me
122 31. It killed many ﬁsh, you could see them swimming half dead literally decaying..
39. Already know how this has impacted us. More weeds than ever, hard to get boats off lifts, poorer swimming conditions, worse fishing. Mind boggling how a lake can be great for more than five
decades and it takes only 2 years to ruin because of poor decisions by people without a vision.
123
124
125
126
127
128

Why were muskies introduced to Shawano lake? We're not aware of the benefit (other than fishing derbies) and feel they are a detriment to panfishing.
Weed cutting needs a price cut
Keeping water levels up and weed control.
with continuous shoreline erosion in some areas, landscape chemicals, grass, plants, growing dirt, etc. are constantly entering the lake.
It is a wonderful natural resource that must be monitored and maintained for the present and future generations.
Water levels must be raised. Could not get jet skis in water until after 4th of July. Had real difficulty floating pontoon out. If this continues we will need to find a different lake

129

We are very concerned about the shoreline on Shawano lake. It has been greatly decreasing over the years and according to DNA guidelines there are only certain things we can do to create a
"seawall" without putting a physical concrete wall in. This is not good for homeowners or the lake. This is a MAJOR CONCERN!!! WOULD LIKE HELP IN THIS AREA.

To promote a natural water purifying process and encourage waterlife ( frogs, waterfowl, turtles, etc. ), we removed our concrete seawall more than 30 years ago, and replaced it with a natural
buffer zone composed of natural lake shore plants.
130 We also severely limit formal lawn in favor natural habit ( Trees, natural grass and plantings, etc.), and encourage brown bats by building bat houses.
This effort has been successful. Since many ‐‐ certainly not all ‐‐ residents appreciate our waterways in their natural state, we think there would a significant interest in how they can make a
difference simply by managing their own pieces of property in a responsible way.
The old "fire lanes" around the lake need attention. Boats trying to launch, then pulling out to launch somewhere else. Garbage from ice fishermen left in lanes and on lake. Shacks should have to
pay a launch fee. Just like the boats do.
132 Low water levels are a major issue. They are causing problems with getting boat off of lift. Weed growth also a big problem for cruising around the lake.
We are concerned that the chemical milfoil weed control resulted in an exponential growth of other weed species. We are not sure how to control this but we think the run off from property owners
133
who fertilize their lawns is a big factor in the weed growth on Shawano lake.
131
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The buoys are placed as to come to close to residence piers, boat traffic is way to fast for conditions and conditions on the channel as well as creating wakes that are causing detrimental erosion on
landowners property.
135 I would like to see a lane put in for boat traffic in Cecil bay on the south shore, like the one by the airport.
134

136

On the West shore of Shawano Lake, there is a large drain/culvert that is partially above ground and it flows from the street and runs directly into the lake, with no filtration. This seems like it would
impact the lake in a negative way and is not good for the environment.

137 We are very thankful for the SAWM organization and their hard work.
I believe that cutting weeds is a waste of time and money and it creates a lot more work for me as I have to clean up all they cut weeds on my shore. Save the money and cut only the necessary
138
channels so folks can use the entire lake
139

swam Does a Very Poor Job of keeping everyone in the area informed. After 23 years I still do not understand were the Bullies are and how you tell were the Cutting lanes are. South shore gets way
to much cut off weed on Mondays

140 One of my biggest concerns for the enjoyment of the lake is keeping the lake clean of garbage, controlling invasive species and keeping the lake at the higher water level.
To stop cutting/spraying the major weed beds that are natural fish habitat!!!! The natural weeds keep the lake clean by running it's life cycle. We don't need the lake to look like a swimming
141
pool!!!!!!!!!!!!!!!!!! Thank you for your concern!!!
142 The weed growth has continued to get worse on the west end of the lake.
See feedback provided regarding weed harves ng.
143
Please plan to provide 10‐20 hours of shoreline clean‐up personnel per week to those along the west shore throughout the season once weed harvesting begins.
144 Great job, thanks for all the good work
145 Slow dynamic to solve the years of problems that have developed that have been impacting home ownership satisfaction and utility of the water system.
Water levels need to be restored to the higher level and invasive plants and algae need to be addressed. Boating is dangerous with lower levels. Swimming and boating in weeds and algae is awful.
Grandkids love to swim but when the lake is full of weeds and algae it defeats the purpose of having a cottage on the lake for the family. "Shawano itch" has gotten worse the last few years also. It is
146
embarrassing when friends and family come to visit and there is a ton of weeds that has washed up to the shoreline in front of the cottage with dead fish trapped in it. We try to clean it up but more
keeps washing in. Lake was not like this 15 to 20 yrs ago.
147 Eight years ago we had clear beautiful water with a sandy bottom. Now we are full of weeds,couldn't even see the botttom by July 4, never once was able to swim in it last year.
148 Was a member for two years and volunteered, telephone call and email, to help with weed cutting. Never heard back.
149 the low water levels and weed problem is terrible.
Our property has been in the family for 80 years. I've been there for 60 years. I lived through "weed itch" (pre sewers) and have watched how the weeds and algae have taken over the lake. We do
150 not use the lake as much as we used to because of this. I feel the value of our property will suffer because the lake is so bad, besides our children's and grandchildren's enjoyment of the lake. I have
such great memories of being on the lake (aside from the weed itch). Let's do something to improve the quality.
Buoy placement needs to be re‐evaluated. Any homes along the waterway that have buoys close/by/near their home should have input if they should be moved or if buoys should be added. People
do not always follow these markers and drive like idiots. NO WAKE ZONES should have additional buoys with actual larger floating signage. People DO NOT FOLLOW these No Wake Zones and pass
151
other boaters. Someone is going to get hurt or worse. You may also want to consider additional No Wake Zone signage in other languages (Spanish & Hmong). There are people boating that do not
know what that means.
152 I would have never purchased my cottage on this lake had I realized the weed problems. It has greatly reduced my appreciation of the lake.
153

The quality of fishing on Shawano Lake has deteriorated significantly over the past 20 years since I have been fishing on the lake. The amount of weeds below the surface and on the surface has
negatively affected my experience and enjoyment of Shawano Lake as I do enjoy swimming in the lake as well as boating and jet‐skiing.

154
155
156
157

Picking up the cut weeds needs tremendous improvement.Floa ng muck needs to be solved.
Personally contact every resident around lake in summer to join same and to cut out fertilizer use.
You are doing a good job
The lake and river are well taken care of, but the channel could certainly use some help. Weed harvesting is very expensive.
After the water level increased, our sand beach and was severely damaged by erosion and we lost approximately 15‐feet . Every winter the shoreline is pushed up (approximately 6‐feet) which has
158 already resulted in loss of several large trees. If the shoreline is not protected (ie. seawall), the shoreline will continue to creep closer to our residence which is unacceptable and needs to be
addressed.
159

We need to be allowed to repair/replace existing concrete seawalls. Rip rap is NOT the answer. lower water levels impair us from using boat lifts. We have to be able to get our boats in the water.

160 I am a 75yr old recently widowed owner. If my hubby were still here he would be volunteering for a lot more. I will be forced to sell (leave) unless we can control the shore weeds. There are way
way too many. I can’t remove them and I can’t find anyone to hire (too many&heavy) to gather them and get them to the dumps. Very sad! This is a huge huge issue. I live at‐address removed‐
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in the fall of 2019. Cutting of weeds did happen on the eastern end of Shawano Lake(Cecil Bay). However they cut weeds but failed to Harvest. This caused major problems with pier removal and lake
access. Terrible.
I don’t like the bright lights of the boats shooting carp at night. They shine in my living room amazingly bright
Get a permanent agreement to raise the water level at least 5 inches. Control the invasive species on the waterways.
The water in front of our lot is terrible ‐ dead tree‐vegetation garbage
Leave the lake alone, the more you cut weeds the thicker they get.
Spraying of non native aquatic plant species without manual removal causes decreased depths and poor water quality, due to bottom build up of dead plants
I know people really don't like the excessive weeds in Shawano lake. I have known people to sell their property because of excessive weed removal. Its just too much work for some families. So they
take their families elsewhere.
Thanks for all of the efforts by SAWM!
generally very satisfied with our efforts on shawano lake waterways
Runoff from farmland in high volume rain periods is something very concerning to me. Too many chemicals and fertilizer running into the lake and exploding weed growth in several areas of the
lake....
Is any work ever done on the east end of the lake in Cecil? I've been here six years and never seen it.
I feel that SAWM is doing a great job ‐ keep it up!
At my property, I pick up a truck load of weeds almost every day! And, so do the neighbors on both sides of us.
Our management team and officers have done a great job.
More aggressive weed havesting
big thank you to SAWM board and volunteers to get the water level up!
please keep me more informed via mail or e‐mail
How is the Walleye restocking working?
Higher water levels are needed
In our mid ‐ eighties cannot help out
would kike to see more management of DNR and not letting them become so overbearing and also,promoting greater use of our land by pushing back on the idiotic zoning ordinance of not allowing
building less than 75 ft from the OHWM.

182

Water levels need to be maintained at the higher levels. I believe water quality, boating/recreation and abundance of negatively impacting plant growth are all negatively affected by lower levels.
183 High priority: keep water level up
It seems that the cutting of weeds has made the lake become weedy in ares that never had weeds before. I am very against cutting and for that reason will not become a member of SAWM. The
184
weeds and lake need to be taken care of.
185 Thank you to the SAWM leaders who provide leadership in all these efforts!
186 To help we send donations the associations.
187 Need to find way to engage all lake property owners in sharing responsibility for maintaining the waterway.
188 I applaud SAWM, the board and their volunteers for their dedicated efforts to improve the quality of our lake and waterways. Thanks!
189 Control of water level will help with how ice shoves & destroys shore line.
37c ‐ There is no clean ﬂowing water to wash boats at the landing near me.
2.Hauling weeds to the landﬁll is very tedious.
3. Our neighborhood was told that the weed spray for weeds would dri to our area. That sure didn't happen.
190
3. There is no monitoring of payments at the landings. Few people pay.
Enclosed are some photos which will explain some of my answers to your questions. How can anyone swim here or even get their paddle boats and crafts out into the lake. Please share these photos
with your committee.
191 SAWM & DNR should be posi ve in allowing sea walls on all proper es to avoid all erosion of the areas.
192 The weed cutter should be discontinued until the collection process is improved so the property owners don't have to haul weeds every week that the cutter cuts BUT doesn't pick up.
Having been around the lake for many years, seeing changes is a constant. 20 years ago the lake looked
193 Run oﬀ from land around the lake is a big problem with weed growth. Some years are worse than others. The more ac vity on the lake the more pollu on. What is the answer?
A big thank you to SAWM Management for the work and dedication to make the lake better for everybody.
194 I'm only by the lake one month per year, couldn't really help.
195 Fishing, northern pike need size limit, stocking of fish, fee for ice shantys,!
196 All shoreline owners should support this organization. They work hard in the background on our behalf.
197 There way a many WEEDS,in the Lake
198 Satisfied with the work they are doing.

2020

Onterra, LLC

Shawano Area Waterways Management, Inc.
Anonymous Stakeholder Survey Results

Appendix B

199 This was so interesting. Thank you.
All in all the lake is in good shape and appears to be healthy. Zebra mussels are a danger to bare feet on kids. Heavy blooms of weeds make fishing very hard as far as casting lures. Algae blooms
200
can be dangerous to kids and dogs that are swimming.
201 I would like to see more attention given to the channel than has been given in the past, specifically, the use of chemical treatments to reduce/eliminate weed growth.
202 The Board and volunteeers are doing an outsatanding job. Would strongly support a special assessment for all waterfront property owners. We all benefit.
An emphasis should be placed on collecting all of the weeds that are cut by the weed cutters. There are way too many weeds floating around the lake that are the result of the weed cutting being
203
done but way too many weeds are left to float around the lake and up on shore and caught in motors.
204 We're too old to volunteer
205 Agricultural run off needs to be addressed. The brown clouds in Cecil Bay, for example, after a rain just show how much run off contamination is happening.
206 I have two comments. 1. The amount of weeds that wash ashore on the north shore is out of control. Each week there is more than a foot of weeds that require clean up. It is overwhelming! 2.
The cost of a seawall is outragous! What is being done to find competitive alternatives?
207 Everyone involved is doing a great job. keep up the great work
208 Please continue the fight for higher lake water levels
209 More information should be studied regarding the local spreading of manure and how it's affecting the waterways.
210 Please restore the historic water level year‐round and remove the weeds that have overtaken the lake.
211 SAWM has done an outstanding job from what I've seen. THANK YOU!
212 It is sad when the DNR takes water samples of manure running off fields into ditches dug by Jim Krueger into the Wolf River and no does anything!
We are really disapointed with how the water quaity has deteriorated since we bought our home. The weeds are so bad that we can't even swim at our beach! We've given it 4 years, hoping things
213
would change, but they haven't. This will be our last year at Shawano Lake.
214 Highly support the effort to permanently raise the water level. Grateful for all the work you do through the DNR buracracy
While controlled by the DNR, shorelines with no seawall or allowed to install one, often have severe ice push in the spring that is costly and labor intensive to repair. Any efforts in this area are
215
appreciated!
216 My family has homes on Shawano lake for over 50 years, the weed situation is probable at its worst. How do you control the plant spreading? We moved twice because of weed growth. This is our
last move and then we are going to look for a less weedy lake. I love Shawano lake, it's been a home all our life, but with the grand kids and the weeds we might make the move. Thanks Terry
217 great surveyneed bi annual surveys
218 Management of no wake areas is very poor. Many folks scoff at any of us who comment. No one enforcing the law in a meaningful way. Without better management, the day will come when those
of us on the Channel will push for the entire Channel being a no wake zone … that will spur some interest in fixing this. Especially bad just off the lake between Airport Road and Lake. Nonsense.
There are a few concerns we have as to things going on with the lake the past few years.
Lake levels ‐ the water levels have been managed very low and unsafe in our opinion. Getting boats in an out of the docking area has become a problem when water levels are maintained at a low
level.
Weed treatment ‐ I thought the treatment applied a few years ago was effective and made navigation in some areas good. However it seemed like last year some of the areas are back to where they
were and could be treated again.
Ice Shoves‐ While we have a retaining wall some of our neighbors do not and the damage they have incurred over the years each spring is incredible. Would like to see the ability to allow them to
219 come up with a comparable solu on with a wall. Have not heard much of what is going on in this area.
Loss of bullfrogs ‐ This is one example of loss of habitat we noticed last summer. At night we often sit around a fire and enjoy the evening. Bullfrogs croaking throughout the night were sometime
deafening. Last summer thought we heard very li le. We heard it was the result of adjus ng the lake levels in the fall and froze them out.
Algae bloom ‐ I think this has improved over the years. A few summers ago the month of August was terrible.
Fishing ‐ Overall for the species we would like catch the quality of fishing is poor. I have yet to catch a walleye in the 10 plus years we have been here, perch are small although we have seen more
smaller ones the past few years so we are hopeful for the future and bluegills are also small. Crappies are infrequent. I understand the musky are getting better, but I don't care to fish for them and
fear that introducing them and enhancing them in the lake is negatively affecting the quality of other fishing in the lake. Have yet to catch anything this winter and the past two summers have been
poor at best.
Weed rafts from July through end of open water season are the Lakes biggest problem by far. Circuitous, slow and weedy routes to everywhere I want to go on the lake are not what lake recreation
220 should be about.
Significant reduction in panfish "keeper" population is noticeable over last few years and huge over last 50‐60.
221 Thanks to all those who are involved with SWAM. We appreciate all you do.
222 The year after the 2016 AIS treatment there seemed to be an explosion of native plant growth. As a result the benefit of the treatment was marginalized. I'd like to know if the two events were
related and what SAWM is considering to address the excess growth of native plants.
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223 Home gardens benefit greatly from fertilizer. It stands to reason that aquatic vegetation is also benefited by the application of fertilizer. Agricultural runoff into the lake should be an area of great
concern, in my opinion.
224 There is a lot of information on social media on restoring pier placement rights and supporting AB 551 / SB 501. I would like this to be a topic of our annual meeting and have our legislative
representatives present for feedback.
It is critical we get the higher water level permanently approved. I actually think it should be a few additional inches higher which would help decrease the weed growth getting less sunlight. When
225 the water level is low you can't enjoy boating. Weed control is also critical both of these issues will allow us not to just enjoy the lake and waterways but keep our property values high. Thanks for all
your work.
226 SAWM management doing a good job
227 As the lakes goes, there also goes the city,county and community...
228 I feel that management thus far is doing a good job.
After the lake was chemically treated the weed situation greatly improved. Each year since then it
229 has become worse. The lake needs to be treated again. Also, the farmlands that runoff into the lake
need to be controlled.
230 Chemical treatment is a 100% more effective than harvesting.
231 Currently investigating why many of us, for years, have been absolutely stonewalled when applying for concrete seawall, and now after our elders of SAWM had a "chance" meeting with Rob. Cowles
who seemed interested in the water level of the lake, suddenly(1 1/2 yrs. later) are able to procure their own permits to not only repair, but also replace their own seawalls, and even obtain permits
for new concrete seawalls. This was completely taboo before they befriended R. Cowles. We are feeling they have abused their position at the cost of others.
In the last 20 years fishing has become difficult in most areas of 2‐8 ft of water. Weeds have taken over. I'm sure fish are still there just cannot get to them in most areas. I could go on the east
232 shore from Weber's point to the airport and catch 10‐20 bass and northern before dusk. Now all you can catch is weeds.
Thanks
We love Shawano lake and try to keep it clean by our residence. Had a lot of issues last couple of years with too many weeds and water levels being too low as we couldn't even get our pontoon off
233
its lift because the water level was too low.
234 Due to more non‐motorized watercraft on the channel, weed control done earlier in the season near the shorelines would provide more safety for those activities.
235 Being that the waters are a public waterway any and all action/costs/personal should be funded 100% by the County.
My two concerns ‐ the water level needs to remain at the higher level. When it had to be dropped five inches it had a huge overall negative impact on just getting around and accessing docks, etc.
236 Second ‐ water quality ‐ I rarely, if ever, have seen the harvester machines down near the Cecil Bay area in the five years I have lived on the lake....it would be great to see these machines on a much
more frequent basis....we need to keep the algae from taking over...By the fourth of July you usually start seeing weeds already spreading to the surface of the lake in large sections ‐ makes it tough
to navigate and an eyesore.
237 Changing water levels summer to winter is a good way to help cut down on the ice push (keep lowering water levels all winter long)
238 We are very concerned about the proposed bridge project on the channel and would strongly like to see the bridge level higher.
I purchased my lakefront property as a generational home. But the weeds at the shoreline have gotten so bad it limits the swimming, jet ski use to early summer, and plugs the outboard on the
239 pontoon. Maintaining by hand is almost impossible. The association should look into some type of mechanical solution for shoreline weed control. The use of rollers, spraying along shorelines,
anything that will allow the enjoyment of the waterfront without being tangled up in weeds.
I believe the SAWM is doing an outstanding job and hope they keep it up. I think SAWM should pursue a way to ensure ALL property owners on these waters contribute to the organization for the
240
good of maintaining the waterways.
241 need more help restoring shorelines after winter ice heaves and removal of weeds in fall that stack up and turn to muck
242 need all property owners to join sawm
243 Just hope they(SAWM) continues efforts to keep water weeds down, as organically possible.
244 I appreciate all that SWAM has done for the Shawano waterways system and will do my part moving forward to help in any way I can.
245 I was not aware of your activities prior to receiving this questionnaire; I am happy that citizens are organizing to protect our lake and waterways.
246 weed cutting is not a good way to solve Shawanos major weed problems
247

2020

Something needs to be done about the weed problem on Shawano lake, it is making it un pleasent to own property there, with the amount of taxes being paid a portion should be going to lake
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It seems that if you have a property on Shawano Waterways, the dues should be mandatory. It is not fair for the small number to keep supporting the masses. If owners are not enjoying the view or
using the waterways, they should sell.

249 It would be nice if the weekly mailing contained at least a couple of new items each issuance. Most times it's more than 99% ads, it tends to get ignored.
250 Shawano SAWM has been doing a great job.
We thank you for your efforts.
higher water levels
251
being able to drivw boat or Jet ski around lake without stopping to clean weeds off
A huge problem on the river is the failure to monitor and control boating speeds. I do not go on the river in the summer because of the congestion and unsafe activities by tourists who do whatever
they want. Too much noise and speed‐‐the wakes are tearing into the shorelines. 'The channel and river should be NO WAKE ZONES instead of something that looks like the Indy 500. I let my
252
shoreline trees grow up so I don't have to look at all the nonsense on the water and it also cuts down on the noise. We built here because of the wildlife‐‐now waterfowl is driven off by people who
are interested only in speed.
253 I can't imagine what Shawano Lake would look like today if we didn't have SWAM. It would be a total disaster with low water levels, and over taken with weeds and so much more. I'm proud to be a
member of SWAM, and I think everyone on the lake should have to support SWAM with a membership.
254 Why does the city(Shawano) run all there storm sewers into the channel?Why do they allow farmers to divert fertilizer run off into the lake,like close to the lake on Hwy 22
255 After over 65 yrs on the lake, it's sad to not have my grandkids be able to swim off the dock without worrying about the ever‐present scum!
256 Currently owners do not have control over their own shoreline. The DNR has totally too much control and the coal DNR authority is uncooperative when it comes to resolving issues.
I am concerned with the weed growth on Shawano Lake over the last 25 years. I am also concerned with the water levels on the river. The changing water level creates a huge safety concern for
257
boaters and skiers. People will soon find other lakes to enjoy and negatively effect our economy.
258 The tall weeds collect muck and soon I will not be able to get my boat away from my dock.
259 doing good job
260

I guess it must be realized that since the 70's the volume of use has increased causing some of these concerns to escalate. I believe SAWM is a necessary entity to monitor ongoing issues.

261 I think that SAWM is doing a great job at keeping the lake clean for all persons using it. I hope that all people living and using the lake will become members of SAWM. It is a great program in helping
the lake.
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262 The farmers send to much fertilizer run off into the lake,plus the city(Shawano) runs all there storm sewers right into the channel.
My only complaint of SAWM is I wish they would be more proactive of picking up floating weed bogs. For example last summer was bad on the south shore. It really was unusable and the land
263
owners had a mess.
264 Spraying for eurasion milfoil did work for about 3 years but there is evidence that it is returning to Shawano Lake
265 Thank You
To my household, water level maintenance and keeping water levels at the historic higher level is our greatest concern. We were witness to several instances of fellow boaters hitting bottom and
damaging their boats. Lowering the water level will only lead to discouraging families from using and enjoying our lake and waterways.
Please try to get the DNR to let people ﬁx & replace
267
seawalls that are damaged from ice shoves.
266

268

We have always been a member, but most people we talk to do not find value in being a member. They are disgusted with the mechanical harvesting on the lake but see the benefit on the channel
and river. In all the years we have been on the lake it has been weedy, but the weed carpet mats are much more prevalent and the lake itch seems to be getting worse and worse Also, there should
be more regulation of speed and distances to piers on the river for overall safety. We enjoy driving up there from the lake and on the weekends its almost scary. We would never want any type of
speed or slow no wake restrictions on Shawano Lake.

269 Would like to see less farm runoff enter the lake and river.
Based on the current level of property owner participation/membership in SAWM, and as much as I really don't like additional taxes, I believe much more could be accomplished by enacting a lake
270 district taxing authority, to more equitably share the cost of future projects of those who benefit from the results. More could be accomplished if more funds were available...and more funds would
be available if the Association didn't have to rely solely upon donations and voluntary dues payments from a small minority of property owners.
My main concern is water and aquatic quality to improve the pan fish popuation for numbers and quality. Another major concern is Jet Ski or PWC traffic on lake, it has increased greatly in past few
271 yeasrs. Jet skis run at high speeds within 100 yards of docks etc at all times of the day, My grand children swim and kayak close to dock, I am concerned for their safety with what I consider reckless
operation and speed near shoreline of my property. My property is in north area of Cecil Bay, this is a serious issue. Appreciate any help in enforcing speed rules etc for PWC's on the lake.Please
advertise volunteer opportunities so I can participate. SAWM does a great job! Thanks for your efforts!
272 Thankful for all you do
CONCERN ABOUT FOLLOWING RULE AND REGULATION, SWAN FEELING ABOUT EQUIPMENT/BARGES BEING PARKED AROUND THE SHORE LINE WHEN NOT BEING USED NEXT TO PRIVATE PROPERTY
273
VERY BIG PROBLEM / ASKING DNR HELP ON THIS
274 Help pass legislation and work with DNR to allow individual property owners use licensed contractors to treat waterway in front of their properties such as is allowed in Minnesota.
275

Do weed more weed cutting in the channel and replace bridge by s and s marina . When water level is high we cant get to the lake and when we can get under the bridge we have to duck down in the
boat . VERY UNSAFE ! Should be replaced sooner than projected date of August 2022

276 Increase Water Level,low levels are very dangerous to enjoying our waterway
Need to raise the water level. Can’t even get the boat off the boat lift. Lift is down as low as it can go and sand underneath is also removed . Very dangerous when you can see boats moving along
277
and suddenly stopped because they hit bottom. People could be ejected from watercraft . Lower units and props are always being damaged
Sawm should be funded by all lakefront properties including properties not on shore but have shore access/pier rights through a percentage of property taxes. If not done already all boat launch
278 fees should go to SAWM to help pay for expenses of harvesting equipment and maintaining launches. Be an advocate to help setup a setback between lakefront property lines on pier/dock
placement so that no neighbor set pier right on property line and invading riparian zones. Have the farms prove they do not have runoff into the lake, if they do that they pay a environmental fee to
help clean up the water clarity. Keep up the great work and being diligent in making the Shawano Waterways the best they can be and last for many years of enjoyment.
We have inherited our property from my grandparents who built it in 1927. We now own the property on the north shore. I have come here since 1944. There's no fish in the lake anymore. It's a
279
good thing I don't fish!
We live on the lake East of swan acres boat landing. We have a pontoon but in order to get to get out to water that we can operate without getting we weed bound we have to take the shoreline
280 down to Cecil Bay to get out. The weeds get worse and worse every year for the past 4 years. We see less and less tubers, skiers, and jet skies each year because the weeds are terrible. From what
I'm seeing the lack of spraying for weeds and letting the water level get so low has created this problem.
281 SAWM does an excellent job.
282 It seems like water level changes have become very dramatic in recent years. It has been either very high or really low. Why can't we maintain a more consistent level?
283 When are or is anything going to be done on the bridge at Airport Rd !
284 Thanks to the current group doing so much for our waters. It is a thankless job and not appreciated by most.
I applaud efforts to maintain the water quality of Shawano Lake and attached waterways but we need to think about dealing with factors that affect weed infestations and the resulting loss of water
285
productivity.
286 swam does great job, our personal concern is damage to our sea wall and erosion due to our neighbors deteriorating sea wall, don't know how to fix that
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Water Quality Data Summary

Shawano Lake
Water Quality Data

Year

Secchi (feet)
Growing Season
Summer
Count
Mean
Count
Mean

1988

3

5.0

3

5.0

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

3
7
5
6
9
12
9
10
8
5
5
5
8
8
5
7
9
11
10
8
16
11
10
14

6.5
11.0
8.3
9.3
8.3
8.7
6.2
6.4
8.5
10.9
13.6
8.3
7.3
10.1
9.1
5.6
4.7
8.0
7.3
8.0
5.3
6.0
6.1
6.2

2
6
4
2
7
8
7
9
6
3
3
3
5
5
4
4
6
8
9
5
8
6
7
7

6.4
10.4
8.4
11.3
7.7
8.2
5.4
5.8
8.2
8.3
8.0
6.7
8.1
9.8
9.8
6.3
4.4
7.6
7.3
6.5
4.6
5.8
6.2
5.9

All Years (Weighted)
SLDL Median
NCHF Ecoregion Median
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7.5

7.1
5.6
5.3

Chlorophyll-a (µg/L)
Growing Season
Summer
Count
Mean
Count
Mean

2
4
4
5
3
4
4
4
3
6
6
4
6
6
2
4
3
3
3
2
5

11.5
8.0
7.8
30.4
15.8
8.4
10.0
9.0
12.6
4.0
4.9
6.7
27.9
17.3
7.0
7.5
5.0
20.7
8.8
7.2
9.3

12.0

0
3
3
4
3
3
3
3
3
5
5
3
4
5
1
2
2
2
2
2
2

9.3
7.7
35.2
15.8
8.6
12.2
11.4
12.6
4.1
4.5
5.6
25.6
17.0
7.9
7.0
4.8
19.6
11.6
7.2
9.1

12.5
9.4
15.2

Total Phosphorus (µg/L)
Growing Season
Summer
Count
Mean
Count
Mean

2
4
5
6
4
5
5
5
4
8
8
5
7
7
4
5
4
5
3
2
6

33.5
30.0
29.0
39.2
30.5
25.2
27.6
28.0
37.5
30.9
25.1
30.2
44.6
39.1
75.8
26.1
27.4
41.0
30.8
35.8
27.2

33.7

0.0
3.0
3.0
4.0
3.0
3.0
3.0
3.0
3.0
5.0
5.0
3.0
4.0
5.0
2.0
2.0
2.0
3.0
1.0
1.0
3.0

29.0
35.3
45.0
34.0
24.3
31.3
29.7
42.7
29.8
27.6
30.7
41.5
43.6
122.7
26.6
31.5
45.1
34.7
53.0
24.4

37.4
33.0
52.0
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2019 Shoreline Assessment Report (FWWA/WAMSCO)

Shawano Lake, Shawano County
Shoreline Assessment 2019

1

Introduction
The Fox‐Wolf Watershed Alliance and Waterways Association of Menominee and Shawano Counties
regional watershed coordinator for Shawano and Menominee Counties was tasked with the shoreline
survey on Shawano Lake as part of Wisconsin Department of Natural Resources Grant LPE‐570‐18.
Starting on June 25th, 2019 and ending July 12th, 2019 the shoreline survey was conducted on Shawano
Lake. Connecting Our Waters, a program of the Fox‐Wolf Watershed Alliance and the Waterways
Association of Menominee and Shawano Counties (WAMSCO), completed the survey with Shawano
Area Waterways Management (SAWM) and American Marine and Motorsports.
The Wisconsin Department of Natural Resource Lake Shoreland & Shallows Habitat Monitoring Field
Protocol was used to completed the Shawano Lake survey in 2019. This protocol has been used on other
lakes within Shawano and Menominee Counties and more detail can be found under the survey
methodology section.

Shawano Lake Shoreline Historically
In 2004, the Fox‐Wolf Watershed Alliance worked with partners to produce a stakeholder survey for
property owners within the Shawano Lake watershed. This survey targeted anyone living within the
Shawano Lake watershed, not just property owners on the lake. There were 176 responses received.
Due to the low number of surveys returned, the results cannot be used to make conclusions for the
watershed on a whole. However, the results can be used to provide some background information, that
would be otherwise unknown, for Shawano Lake and its shoreline.
As a part of that survey,
respondents were asked
questions regarding their
shoreline on the lake. When a
respondent did not live on
Shawano Lake, these questions
were generally skipped or had a
question mark next to them.
Of the 176 responses that were
received, 80 respondents
stated they have mowed lawn
on their property and the
Figure 1. Results from 2004 Shawano Lake Watershed stakeholder
largest percentage of those
survey
people had 50‐75% of their lot
in mowed grass. The survey also asked how the property owner would describe the location in which
their property meets the lake. Eighty‐one percent (143 respondents) of property owners responded to
the question and the top three answers were retaining wall, lawn, and rock rip‐rap (Figure 1).
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These anecdotal responses do show similarities to what was found during the 2019 Shawano Lake
shoreline survey. A copy of the survey can be found in Appendix 1. If you have interest in more of the
results, please contact the Fox‐Wolf Watershed Alliance. Contact information can be found in Table 3.

2019 Shawano Lake Survey
Starting on June 25th, 2019 Connecting Our Waters, with help from SAWM, WAMSCO, Fox‐Wolf
Watershed Alliance, and high school volunteers, completed the Shawano Lake shoreline survey. The
survey wrapped up on July 12th, 2019 and took approximately 50 hours over three weeks, covering
about 18 miles of shoreline.
Boat use was donated by Dave Zelinger (SAWM; WAMSCO) and American Marine & Motorsports. On
the days that Dave was unavailable, the survey was conducted from a kayak. There were one to four
surveyors on the boat throughout the survey. Two or three surveyors is ideal: a dedicated boat driver,
note taker and spotter.
The general observations from the survey were that a lot of shorelines contained seawalls and
manicured lawn. These observations will be discussed in further detail below.

Survey Methodology
The Wisconsin Department of Natural Resource Lake Shoreland & Shallows Habitat Monitoring Field
Protocol was used to complete the Shawano Lake shoreline survey in 2019. The methodology is
described below but the full protocol can be found in Appendix A. Definitions can also be found in the
full protocol.
Before heading out to the field, a map was created of the lake and associated tax parcels that touch the
lake. These type of maps can be loaded on to a GPS or smart phone. Maps were created in ArcGIS then
exported as a georeferenced PDF to be loaded into Avenza maps. During the Shawano Lake survey
Avenza maps was used to track our location on the lake, as well as the tax parcel number we were
working on
The riparian zone, the area of interest, starts at the high water level and extends 35 feet inland. The high
water mark is defined as the point on the bank or shore up to which the water, by its presence, wave
action, or flow, leaves a distinct mark on the shore or bank11. Water levels were slightly lower than
average during the survey but did not change the methods used during the Shawano Lake survey.
While completing the survey, multiple variables are assessed. The canopy cover is assessed on trees
greater than 16 feet tall and in 5% increments. The trees that are providing the canopy cover may or
may not fall within the riparian zone.

1

Wisconsin Department of Natural Resources Lake Shoreland & Shallows Habitat Monitoring Field Protocol 2016
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Next the ground layer of the riparian buffer zone is analyzed. There are five options for the ground layer
cover and their percent cover needs to equal 100%. Similar to canopy cover, this is broken down in 5%
increments:
1. Shrubs and herbaceous plants: Shrubs refer to woody plants that are less than 16 feet tall.
Herbaceous plants are generally grasses, forbs, and sedges
2. Impervious surfaces: Examples include decks, stone/concrete paths or stairs, over turned boats,
rip‐rap, etc.
3. Manicured lawn
4. Agriculture
5. Other: duff, bare soil, gravel, mulch, etc.
If a ground layer cover was not present in the riparian zone, it was written as a zero on the data sheet.
Human structures present within the riparian zone were then counted. Buildings, boats on shore, and
fire pits are the most common. Small, easily moveable objects do not get counted, for example, lawn
chairs near the water’s edge.
The next step is to record the presence of run‐off concerns within and outside of the riparian zone. A
run‐off concern being present within the riparian zone is a more critical problem to fix than one being
present outside the riparian zone. A run‐off concern outside the riparian zone can still be a problem but
may not affect the lake as quickly as a concern within the riparian zone. The run‐off concerns assessed
during a shoreline survey are listed below:
1.
2.
3.
4.
5.
6.
7.

Point source: Examples could be a culvert, rain gutter, drain pipe or sump pump
Channelized flow or gullies
Stair, trail, or road leading to the lake
Lawn or soil sloping to the lake
Bare soil
Sand/silt deposits
Other run‐off concerns

The bank zone is then looked at to determine the length, in feet, of bank modifications and/or erosion.
Erosion of shoreline can cause problems for the lake as well as the landowner. Seawalls and rip‐rap are
the most common types of erosion control structures. Artificial beaches and bank erosion are also
factors to be considered during the bank zone analysis. The bank erosion is broken up into greater than
one foot and less than one‐foot face erosion.
Finally, the littoral zone of each parcel is described. The human structures present within the littoral
zone are counted. The common structures present are piers, boat lifts, swim rafts or water trampolines,
boathouses over the water, and marinas. Swim rafts may not always be counted during the survey due
to their proximity to shore, the rafts need to be within 50 feet of the shore. During this portion of the
survey presence of emergent and/or floating‐leaf vegetation are documented. If there is obvious
removal of such plants, it is also documented.
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Finally, for the Shawano Lake shoreline survey, coarse woody debris was marked. The protocol
described in the Wisconsin Department of Natural Resource Lake Shoreland & Shallows Habitat
Monitoring Field Protocol was not used, instead a note was just written on the data sheet.

Shawano Lake Survey Results
There were a total 1003 spaces surveyed during the Shawano Lake survey. Nine hundred and sixty‐seven
of those spaces contained a tax parcel ID while 36 spaces were added by the watershed coordinator to
connect those previously identified parcels. The added spaces were things like boat launches, areas
where roads led to the lake with no home, parking lots or park and rides, etc.
The area surveyed totaled approximately 18.1 miles. The Shawano Lake outlet was not surveyed as part
of this survey. Of the 18.1 miles of shoreline surveyed, 33% of the shoreline contained a
shrub/herbaceous layer, 71% of the shoreline had some type of impervious surface, 93% contained
manicured lawn, and 25% contain some other type of ground layer cover. Many of the parcels contain
multiple types of ground cover, so each ground type will be discussed separately. Table 1 and Figure 1
show the breakdown of all parcels by 25% increments.
Table 1. Percent breakdown of parcel canopy cover and ground cover. Each row will
equal 1003 for the 1003 parcels surveyed.
Canopy Cover
Shrub/Herbaceous
Impervious Surface
Manicured Lawn
Agriculture
Other

0‐25%
503
906
827
114
0
908

25‐50%
227
42
146
78
0
46

50‐75%
94
9
12
235
0
19

75‐100%
179
46
18
576
0
30
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75-100%

1000

Number of parcels

900
800
700
600
500
400
300
200
100
0

Figure 1. Percent breakdown of parcel canopy cover and ground cover. Each column will
equal 1003 for the 1003 parcels surveyed.
Percentage increments do not do a great job of explaining what is good or bad about a property, so
more descriptive terms will be used for this report: ideal, acceptable, minor improvements, and major
improvements. For canopy cover and shrub/herbaceous layer, 75‐100% is considered ideal, 50‐75% is
considered acceptable, 25‐50% could benefit from suggested minor improvements, and 0‐25% is in
major improvements. For impervious surfaces, manicured lawns, and other ground cover, 0‐25% is
considered ideal, 25‐50% is considered acceptable, 50‐75% could benefit from suggested minor
improvements, and 75‐100% could benefit from suggested major improvements.

Canopy cover
Shawano Lake contained properties that ranged from 0% canopy cover to 100% cover with the average
parcel around Shawano Lake having 35% canopy cover. Figure 2 displays Shawano Lake and each
parcel’s respective canopy cover within the riparian zone. Of the 1003 parcels, 38% (311 parcels) have a
canopy cover which needs suggested major improvements, 28% (227 parcels) have a canopy cover
needing suggested minor improvements, 12% (94 parcels) have acceptable canopy coverage, and 22%
(179 parcels) have ideal canopy cover. The greater the canopy cover, the more habitat it provides, and
the more time it takes for precipitation to hit the ground. This slowdown of precipitation can aid in that
precipitation infiltrating into the ground rather than running off into the lake.
As discussed above, canopy cover is assessed only on trees above 16 feet in height. A concern for many
property owners is that the presence of many trees on their property. Large trees can lead to safety
concerns during extreme weather events as well as potentially blocking their view of the lake. The
number of trees present on a property does not always correlate to a high percentage of canopy cover.
A few larger, mature trees may create as much canopy cover as many smaller trees.
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Figure 2. Canopy cover of Shawano Lake. The ideal shoreline contains 75‐100% canopy cover within the
riparian zone, an acceptable shoreline contains 50‐75% canopy cover, a shoreline with 25‐50% canopy
cover is in need of minor improvements, and a shoreline with 0‐25% canopy cover is in need of major
improvements.

Shrub/Herbaceous Layer
Similar to canopy cover, a strong shrub and/or herbaceous layer can aid in slower run‐off on a property.
Of the 1003 parcels, 436 contain either a shrub or herbaceous layer within the riparian zone, with 150
containing a shrub layer and 286 containing an herbaceous layer. Figure 3 displays Shawano Lake and
each parcel’s respective shrub/herbaceous layer. Of the 436 parcels with a shrub and herbaceous layer,
70% (232 parcels) had a shrub and/or herbaceous layer that would benefit from suggested major
improvements, 13% (42 parcels) had a shrub and/or herbaceous layer that would benefit from
suggested minor improvements, 3% (9 parcels) have an acceptable shrub and/or herbaceous layer
present, and 14% (46 parcels) have an ideal shrub and/or herbaceous layer present.
Most of the shrub and herbaceous layers seen on Shawano Lake were in planted flower beds. The
easiest way to improve the shrub and herbaceous layer is by adding more plants within the riparian
zone. Rain gardens and shoreline restoration projects can be completed to have that same manicured
garden look with a nice border. Native plants have the tendency to spread but by adding that border it
may help maintain a level of order to the project. An increase in percentage of shrub and/or herbaceous
present would be very beneficial to the lake.
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Figure 3. Shrub and herbaceous layer of Shawano Lake. The ideal shoreline contains 75‐100% shrub and/or
herbaceous cover within the riparian zone, an acceptable shoreline contains 50‐75% shrub and/or
herbaceous cover, a shoreline with 25‐50% canopy cover needs minor improvements to the shrub and/or
herbaceous layer within the riparian zone, and a shoreline with 0‐25% shrub and/or herbaceous cover
needs major improvements.

Impervious surface
In regards to run‐off, impervious surfaces are one of the biggest problems. Unlike the shrub/herbaceous
layer or manicured lawn, precipitation has no way of being slowed down or infiltrating when it hits an
impervious surface.
Of the 1003 parcels, 712 contained some type of impervious surface within the riparian zone. Figure 4
displays the breakdown of impervious surface around Shawano Lake. Of the 712 parcels that contained
impervious surface, 75% (536 parcels) contained 0‐25% impervious surface, 20% (146 parcels) contained
26‐50% impervious surface, 2% (12 parcels) contained 51‐75% e, and 3% (18 parcels) contained 75‐100%
impervious surface. The impervious surface categories do not follow the scale used throughout the rest
of this report because no level of impervious surface is desirable. All areas of impervious surface need
major improvements.
Thirty‐seven percent of all parcels containing impervious surface were made up of only having 5% of
impervious surface. This was due to the fact that a lot of the seawalls around Shawano Lake had a small
flat area up above the bank zone that created just a small portion of impervious surface in that 35‐foot
riparian zone. The parcels that contained 75‐100% impervious surface were generally boat launches or
parts of business that had roads or parking lots near the water.
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A decrease in impervious surface would be very beneficial for Shawano Lake. Even very small amounts
of impervious surface can affect fish habitat. Shore spawning and nursery habitat, for many of our fish,
are very close to the shoreline. Run‐off, impervious surface, and scour causes a decrease in habitat
availability for these young fish. Efforts towards removing all impervious surfaces should be made to
further protect the shoreline, aquatic habitat, and the water quality.
If the removal of all impervious surface is not possible, changes to how the run‐off leaves the property
need to be explored and executed. By pointing down spouts or grading impervious areas toward rain
gardens or native plant buffers, improvements can be made to the water running off the impervious
surfaces present, while providing habitat.

Figure 4. Impervious surface around Shawano Lake. There is no level of impervious surface that is
acceptable within the shoreline. The shoreline is broken down into 25% increments to showcase what is
present around Shawano Lake.

Manicured Lawn
As mentioned above, manicured lawns were one of the more commonly seen things within the riparian
zone around Shawano Lake. Of the 1003 parcels around Shawano Lake, 935 contained manicured lawn
at varying levels. Of the 935 parcels, 5% (46 parcels) contained an ideal amount of manicured lawn, 8%
(78 parcels) contained an acceptable amount of manicured lawn, 25% (235 parcels) contained 50‐75%
manicured lawn that would benefit from suggested minor improvements, and 62% (576 parcels)
contained 75‐100% manicured lawn that would benefit from suggested major improvements.
A properly fertilized and maintained lawn can aid to slowing down run‐off and allowing for proper
infiltration of that run‐off. The problems that can occur are over fertilization and improper handling of
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grass clippings. A soil test can be helpful in establishing the proper fertilizer for your lawn. Collecting
grass clippings during mowing can also aid in stopping a phosphorus source from entering the lake.
Geese are also attracted to manicured lawns because of the visibility. Geese get wary of areas where
they cannot fully see their surroundings. The addition of taller native plantings in the riparian zone can
deter geese from coming onto a lawn. They cannot see their surroundings in the taller plant and avoid
them in an effort to not be attacked by predators.
The thing to remember is property owners can have a manicured lawn and native plants to protect the
shoreline and add habitat. As discussed in the shrub and herbaceous layer section, more traditional
looking gardens can be created with the native plants to give you that balance of lawn and buffer.

Figure 5. Manicured lawns around Shawano Lake. The ideal shoreline contains 0‐25% manicured lawn
within the riparian zone, an acceptable shoreline contains 25‐50% manicured lawn, a shoreline with 50‐
75% manicured lawn needs minor improvements, and a shoreline with 75‐100% manicured lawn needs
major improvements.

Agriculture
No parcels on Shawano Lake contained agriculture within the riparian zone.
A few parcels had garden plots near or in the riparian zone but those do not fall under agriculture in the
shoreline protocol. Those garden plots were accounted for in other sections of the shoreline protocol.

Other
As discussed above, the other category includes any other ground layer cover that does not fit in the
previously mentioned categories. Properties around Shawano Lake contained duff, mulch, bare soil,
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sand, and/or gravel. Of the 1003 parcels around the lake, 253 parcels contained some other type of
ground layer cover. Figure 6 displays the breakdown of other ground layer types around Shawano Lake.
Of those 253 parcels, 62% (158 parcels) contained the ideal amount of other types of ground layer
cover, 18% (46 parcels) contained an acceptable amount of other types of ground layer cover, 8% (19
parcels) contained an amount of other types of ground layer cover that would benefit from suggested
minor improvements, and 12% (30 parcels) contained an amount of other types of ground layer cover
that would benefit from suggested major improvements.
Most of the other ground layer cover that was found around Shawano Lake was in the form of sandy
beaches. There were also a number of properties that contained, what looked like, unmaintained
beaches. One way to decrease the amount of other ground cover types around Shawano Lake would to
transform the unmaintained beaches into native plantings or even maintained lawns. The most
important thing to do is to keep the soil and sand on the landscape. This can be accomplished by more
and better root structures. While the ideal situation would be to completely remove beaches and other
ground cover types and replace them with native plants, we understand that is unrealistic. Even
changing a small portion of beach, or other area, to native plantings can have great benefits.

Figure 6. Other types of ground layer cover around Shawano Lake. The ideal shoreline contains 0‐25%
other types of ground layer within the riparian zone, an acceptable shoreline contains 25‐50% other types
of ground layer, a shoreline with 50‐75% other types of ground layer needs minor improvements, and a
shoreline with 75‐100% other types of ground layer needs major improvements.

Human structures
Human structures within the riparian and the littoral zone were counted during the survey (Figure 7 and
Figure 8). Buildings counted included sheds, garages, and similar structures. Boats that were left on
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shore were counted. This ranged from kayaks to pontoons on shore. Fire pits were also counted around
the lake, this included in ground and non‐permanent fire pits. If the fire pit was outside the riparian
zone, it was not counted. Finally, a number of other human structures were counted around Shawano
Lake. The majority of the other human structures found were large wooden swings or benches and
boatlifts or piers that were left on land.
Human structures within the littoral zone that were counted during this survey were piers, boat lifts,
swim rafts, boat houses, marinas, and any other structure that may be present. Boats in the water were
not counted as part of this survey. The most common other human structures within the littoral zone
were basketball hoops, volleyball nets, slides, and floating lifts for jet‐skis or boats.
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Figure 7. Human structures within the riparian zone.
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Figure 8. Human structures within the littoral zone.

Run‐off concerns
Shawano Lake contains a number of run‐off concerns around the shoreline. Most of these concerns can
be easily mitigated with some small changes on the land. The largest concerns around Shawano Lake
are stairs, trails, or roads leading to the lake and lawn or soil sloping towards the lake. There were also a
number of properties around Shawano Lake that contained point sources within the riparian zone.
These point sources were mostly small and were within the seawalls. There were a few areas where
downspouts were pointed at the lake.
Table 2 lists the run‐off concerns and their presence within or outside the riparian zone. As mentioned
above, while a run‐off concern outside the riparian zone may not immediately affect the lake, it may
eventually cause the same issues as if it were present within the riparian zone.
Properties around Shawano Lake are relatively flat but a slight slope in the landscape still allows for run‐
off to enter the lake at an accelerated rate. The survey protocol does not currently take into account the
degree of slope. The lawn or soil sloping to the lake values may seem artificially high for the relatively
flat landscape.
Most of the other run‐off concerns around Shawano Lake were things that did not fit into the prescribed
options. For example, some properties contained impervious surfaces – like a seating area – that sloped
towards the lake. They may have also had a trail or path leading to them outside of the riparian zone.
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Gravel was another item that fell into the other run‐off concern. While gravel has been said to help
water infiltrate, the longer the gravel has been there, the more packed down it becomes and it will end
up acting like an impervious surface.

Table 2. Run‐off concerns around Shawano Lake within and outside the riparian zone.

Present in riparian
zone
Present outside
riparian zone
Absent

Point
Source

Channelized
flow/gully

Stair/trail/road
leading to lake

Lawn/soil
sloping to lake

Bare
soil

Sand/silt
deposits

Other run‐off
concern

110

34

230

521

81

97

11

12

3

103

143

0

0

1

881

966

670

339

922

906

991

The easiest ways to improve the run‐off concerns around Shawano Lake is by adding native plantings or
rain gardens to the landscaping. Stairs, trails, roads, and manicured lawns need some sort of buffer zone
to slow down run‐off and help it infiltrate and add habitat. This buffer does not need to be large but it is
crucial to help keep warm, dirty water out of the lake.
The point sources around Shawano Lake do need to be addressed. Point sources coming off homes (i.e.
downspouts) need to pointed into a rain garden. There were also point sources coming out of a number
of seawalls (79 properties). Changes like adding rain gardens and native plants around the riparian zone
could further improve the discharge that may be coming out of these seawalls. If the point source in the
seawall is used to help drain septic systems or other similar situations, that run‐off can add to further
problems within Shawano Lake.

Bank Zone
During the Shawano Lake shoreline
survey, it was found that
approximately 37% of the shoreline
(6.6 miles) contained seawalls, 33%
(6 miles) did not contain a bank
zone structure, 18% (3.3 miles)
contained rip‐rap, 1% (0.3 miles)
contained some type of other
erosion control structure, 5% (1
mile) of the bank zone on Shawano
Lake contained beaches, 2% (0.3
miles) contained greater than 1‐foot
bank erosion, and 3% (0.6 miles)

Other erosion
control
2%
Greater than 1
foot erosion
2%
Less than 1 foot
erosion
3%

Seawall
37%

Beach
5%

Rip-rap
18%

No bank zone
structure
33%

Figure 9. Bank zone structures and concerns around Shawano Lake.
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contained less than 1‐foot bank erosion. Figure 9 displays the breakdown of the bank zone around
Shawano Lake.
Seawalls
Seawalls can be a controversial subject when it comes to the shoreline of lake and Shawano Lake is no
exception. Due to the ice shoves around Shawano Lake, seawalls have become an important part of
armoring the shoreline. Adding, fixing, or replacing seawalls can be expensive for the landowner.
Permits can also be hard to get for adding a seawall due to the environmental implications they can
have on the lake.

Photo courtesy of the Michigan Natural Shoreline Partnership

Research has found that wind and
wave action against seawalls can
cause a lack of submergent and
emergent plants to be present in front
of seawalls. This scouring of the lake
bottom can have negative effects for
lake‐life (Figure 10). Other concerns
with seawalls are: loss of fish
spawning and nursery habitat,
preventing amphibians and reptiles
from getting into and out of the lake,
prevention of future recruitment of
fisheries habitat.

Figure 10. Illustration of wave action against a seawall.
Courtesy of Michigan Natural Shoreline Partnership

While completing the shoreline
survey, submergent and emergent
plants were seen in front of seawalls but the intensity of the wind and wave action on these areas was
not documented. It can be assumed that the energy in those locations was low. In front of more high
energy shorelines, submergent and emergent plants were not generally present.
There can be a difference in how water moves against a sloped seawall versus a vertical seawall.
According to the Army Corps of Engineers, scour still occurs with sloping structures but is less significant
than against a vertical seawall2. The more energy a wave has as it crashes against a seawall the greater
the scour whether the seawall is sloped or vertical.
In a perfect world, seawalls would be pulled out and replaced with practices like coir biologs and native
plants. This is not realistic for property owners around Shawano Lake. Adding native plants near the
border of seawalls can help alleviate the run‐off concerns that occur with the presence of seawalls.
Rip‐Rap
Rip‐rap has become a recommended method of stabilizing the shoreline, rather than a seawall. Again,
natural plantings with coir biologs is still the best option for the environment, but some shorelines need
2

Design of Maritime Structures: Scour and Scour Protection. Steven A. Hughes
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more protection from erosion than a natural shoreline can provide. Rip‐rap needs to be made of clean
field stone or quarry stone. It allows ice shoves to climb up the shoreline rather than push the shoreline
out of place. Scouring, as discussed in seawalls, is also less likely to happen with rip‐rap. The removal of
a seawall and replacing it with rip‐rap and native plantings could be very beneficial to the shoreline and
lake health of Shawano Lake. Mixing in native plants throughout the rip‐rap can also give
Figure 11 displays the presence of seawall and rip‐rap around Shawano Lake.

Figure 11. Seawalls and rip‐rap present within the bank zone of Shawano Lake.
Erosion
Eroding and slumping shorelines around Shawano Lake are directly adding nutrients to the lake and
action needs to take place to improve these areas. Not only is the property losing land but they are
directly contributing to the water quality issues on Shawano Lake by adding phosphorus and total
suspended solids to the lake. Aquatic animals, like fish, struggle with these extra pollutants and
nutrients. These excess sources of nutrients can add to the nuisance level of native plants found near
shore.
There are different options to help with soil and shoreline stabilization. Geoweb cellular confinement
structures have been used to help keep the soil from moving (Photo 1). These Geoweb structures would
be used on majorly eroding shorelines. Around Shawano Lakes, properties that contained channelized
gullies or eroding shoreline greater than 1 foot may consider this an option to help contain the erosion.
Use of Curlex blocs (similar make up to biologs) have also been used to help stabilize eroding shorelines.
These blocks can be stacked to help hold back slightly eroding shorelines (Photo 2). These blocks can be
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planted into with native plants, also. Properties around Shawano Lake that have less than 1‐foot erosion
and greater than 1‐foot erosion may consider this an alternative to stabilizing their shoreline.

Photo 1. Geoweb cellular confinement structure. Photo Photo 2. Curlex blocs. Photo
courtesy of Menominee County.
courtesy of Menominee County.
Other erosion control structures
This category is more of a catchall for things found around the bank zone that do not readily fall into the
prescribed categories. Shorelines that contained other erosion control had things like fine pea gravel or
erosion control structures during active construction. It was also hard to tell, at times, if the material
present in the bank zone was an eroding seawall or rip‐rap, or something else. Those properties ended
up in other erosion control structures. As mentioned above, it can be expensive to add rip‐rap or a
seawall but making sure your shoreline structure is not failing is also very important. Failing seawalls or
broken down seawalls or rip‐rap can have negative impacts on your shoreline as well as the health of
the lake.
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Emergent and Floating‐leaf presence
Of the 1003 parcels around Shawano Lake,
342 parcels included emergent and/or
floating‐leaf plant communities. Of those 342
parcels, 184 of them contained emergent
plants and 158 parcels contained floating‐leaf
plants. Only 98 parcels, of the 342, contained
both emergent and floating‐leaf plants.
The presence of floating‐leaf and/or emergent
plants is very important for young fish as well
as helping slow down wind/wave action
headed toward the shoreline. Generally, a
lake is calmer behind a large stand of
emergent or floating‐leaf plants. As discussed
in the seawall section, emergent and floating‐
leaf plants are not generally found in front of
seawalls due to the scouring that can occur.
While completing the Shawano Lake survey, emergent and/or floating‐leaf plant communities were
found in front of 100 properties with seawalls. Lack of wind/wave action and minimal lake seiche is most
likely why these communities were found in front of the seawalls.
It was also found that 95 of the 1003 parcels around Shawano Lake had removed plants from the lake.
We were unable to tell if the plants removed were due to them floating in the lake or if they were
Photo courtesy of https://slideplayer.com/slide/6667616/
removed from the lake substrate. While you are allowed to remove a 30‐foot corridor of plants in front
of your property, the removal of any rooted plants can potentially lead to aquatic invasive species
moving into the freshly disturbed sediment.
As a reminder, both native and invasive plants can naturally dislodge themselves from the lake
sediment. Property owners can remove any and all floating plants, not to be confused with floating‐leaf
plants, from their waterfront. Floating‐leaf and emergent plants should be kept in place to protect the
shoreline.

Coarse woody habitat
As discussed in the survey methodology, the WDNR protocol for surveying coarse woody habitat was
not used during this survey. After talking with the consultants completing the lake management plan
update for Shawano Area Waterways Management, taking note of coarse woody habitat presence was
sufficient.
There were only eight parcels around Shawano Lake that contained coarse woody habitat. There was
potentially a ninth parcel but unclear if it was coarse woody debris or a wood seawall that had fallen
into the water.
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Coarse woody habitat provides great fish habitat. Addition of tree drops, anywhere on the lake, will be
beneficial for the lake. The Healthy Lakes grant program offers cost sharing for adding fish sticks (tree
drops) to the lake. The Healthy Lakes grant Action Plan can be found in Appendix B.

Conclusions
In conclusion, Shawano Lake’s shoreline, like a lot of lakes, is in need of restoration. Most of the
concerns can be addressed with small, management projects or changes completed by the property
owner. There were some areas that may need to hire a consultant to help assess the problem area and
come up with solutions.
Simple restoration suggestions are to increase native plantings within the riparian buffer zone,
installation of rain gardens, and changes to or removal of large human structures with riparian zones. All
three of these can help increase infiltration as well as decrease in run‐off.
Changes to lawn maintenance can also aid in improving water quality around Shawano Lake. By
increasing the height of cut when mowing, a greater root mass can remain to help water infiltrate
before reaching the lake.
Shawano County offers 50% cost‐share funding up until $2500 for shoreline restoration projects and rain
gardens. The Healthy Lakes grant program offers up to $1000 per qualified practice and up to $25,000
can be applied for. These two funding sources can be used in combination to keep costs low for the
participants. More information on the Shawano County program can be found in Appendix C.

Recommendations
On October 1st, 2019 Connecting Our Waters presented the results of the survey to Shawano Area
Waterways Management (SAWM) board of directors. It was suggested that the group promote and then
pursue a lake‐wide shoreline restoration installation project. This project would need to be pursued by
SAWM with funding being, potentially, provided by the Shawano County Shoreline Restoration funds in
combination with a Healthy Lakes grant. Healthy Lakes grants cannot be applied for by individual land
owners, hence the need for SAWM to pursue the project. If individual landowners would like to
complete project themselves, Shawano County funds are available year round to any applicable
property owner.

Shoreline Restoration Project Resources
Shawano and Menominee Counties are very fortunate to have many partners willing to assist with
shoreline restoration on waterfront properties. Connecting Our Waters, a partnership of the Fox‐Wolf
Watershed Alliance and the Waterways Association of Menominee and Shawano Counties, is a new
program that aims to improve water quality through shoreline restoration projects. Both Shawano
County Land Conservation Department and Menominee County Land Conservation Department offer
cost sharing programs for applicable shoreline restoration projects. The Wisconsin Department of
Natural Resources has funds available through the Wisconsin Healthy Lakes Program. There are also
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landscapers throughout the counties, as well as the state, familiar with completing shoreline restoration
projects.
Table 3. Contact information for the different resources in Shawano and Menominee Counties.
Resource Program
Contact
Contact information
Connecting Our Waters
Emily Henrigillis
emily@fwwa.org; 920.851.6472
http://fwwa.org/connecting‐our‐waters
Healthy Lakes Grant Program
Pamela.toshner@wisconsin.gov;
Pamela Toshner
https://healthylakeswi.com/
715.635.4073
Menominee County Land Conservation
jeremyj@co.menominee.wi.us;
Jeremy Johnson
Department
715.799.5710
Shawano County Land Conservation
Scott.frank@co.shawano.wi.us;
Scott Frank
Department
715.526.4632
Waterways Association of Menominee and
Shanda Hubertus
wamsco@gmail.com
Shawano Counties https://wamsco.org/
Wild Ones – Wolf River Chapter
Bob Dumke
cobblerscloset@frontiernet.net
Wisconsin Department of Natural
Brenda Nordin
Brenda.nordin@wisconsin.gov
Resources

* Please note the Connecting Our Waters project ended in summer 2021.
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Overview and Purpose
This guidance document provides a standard methodology for surveying, assessing, and
mapping habitat in lakeshore areas, including the Riparian Buffer, Bank, and Littoral Zones. This
survey will be conducted by county staff, consultants, Wisconsin Department of Natural
Resources (WDNR) staff, and other professionals and can be funded through the surface water
grant program (Lake Protection, River Protection, and Aquatic Invasive Species are authorized
by ss. 281.68, 281.69, 281.70, 281.71, 281.72, and 23.22(2)(c), Wis. Stats. and administered
under chapters NR 190, 191, 192, 195, and 198, Wis. Admin. Codes).
The data is being collected to provide important and useful information to local and regional
resource managers, community stakeholders, and others who are interested in protecting and
enhancing Wisconsin’s lakes. We anticipate that the data generated from this protocol will be
used for:
 Teaching and outreach
 Identifying areas for protection or restoration
 Targeting future Critical Habitat Designations within lakes
 Creating lake management plans
 Creating county comprehensive plans
 Aiding management at the county level
 Planning Aquatic Plant Management
 Evaluating trends in lakeshore habitat over time (repeat survey every ~5 years)
 Understanding trends in lake ecology (e.g., fish, wildlife, invasive species)
Reporting tools that stem from this survey are currently under development. Examples of
information to be gathered lake-wide include: percent cover of impervious surface, mowed
lawn, or plants in the Riparian Buffer Zone, number of parcels with erosion concerns, total
length of modified banks, density of human structures (piers, buildings, etc.), general
distribution of floating and emergent aquatic plants, and density of coarse woody habitat. For
each metric, a threshold identifying healthy habitat will be developed. This information may
eventually be used for the WDNR Water Quality Report to Congress, which summarizes the
condition of surface waters in Wisconsin.
The time commitment to complete the protocol is reasonable for most Wisconsin lakes,
although it will take substantial effort on lakes with long shorelines. We recommend conducting
this protocol by circling the lake three times with two people in a small boat:
1. Loop 1 - Take georeferenced photos that slightly overlap
2. Loop 2 - Assess the riparian, bank, and littoral habitat by parcel
3. Loop 3 - Count and map all pieces of large woody habitat in water less than 2 feet deep
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Loops 1 and 2 could be combined into a single lap if the team is able to take photos from a
consistent perspective and track photo boundaries while also conducting the habitat
assessment. Woody habitat should be inventoried separately because the team will need to get
close to shore and use extreme focus to find all pieces of large woody habitat.

Requirements







The habitat assessment should be conducted during the growing season at a date late
enough for plants to have leafed out and landowners to have landscaped their property,
but before plants senesce and landowners store piers and other equipment for the
winter.
The woody habitat survey could occur at a separate time; spring and fall provide optimal
conditions with clear water and few aquatic plants in many lakes.
The same people should assess all properties on the lake.
The team should calibrate their eyes to recognize distances by physically measuring
common distances with a tape measure or range finder (see Estimating Distance).
The team should calibrate their eyes to recognize log diameters using the wood
calibration stick (see Estimating Diameter and Length of Coarse Woody Habitat).
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Equipment
General





Data sheets (“Rite in the Rain” paper)
OR
Tablet computer with GPS, digital camera, and virtual forms (optional, but useful)
Pencils
Boat Equipment
o Life Jackets
o Anchor
o Oars
o Motor & Fuel

Georeferenced Photos


Digital camera with GPS
o Spare SD Card (or other storage)
o Spare batteries

Habitat Assessment









GPS
o Pre-loaded coordinates of shoreland parcel property boundaries
o Spare batteries
o Spare GPS unit
Maps
Range finder in feet
Forestry tape measure (50 feet)
Yard stick or handheld depth finder
Flagging tape or cones
Polarized sunglasses

Coarse Woody Habitat Inventory





GPS
Secchi disk
Wood calibration stick
Polarized sunglasses
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Georeferenced Photos (Loop 1)
This is an opportunity to document shoreland habitat condition at a single point in time, and
the results may be referred to years later. The entire shoreline should be photographed with
slightly overlapping images that are taken from a vantage point ~50 feet from and
perpendicular to shore. The water’s edge and understory vegetation 35 feet inland should be
visible in the photo. Tree crowns may be partially cropped out of the photo.

Photographic Equipment
A variety of cameras may be used:
1. Digital Camera with internal GPS – this option results in high quality, georeferenced
photos. The latitude and longitude of the camera’s position when the photo was taken
is stored with the photo, and locations can be uploaded directly to GIS.
2. Digital Camera and separate GPS unit – this option results in high quality photos that
can be georeferenced with post-processing work. Manually adjust your camera’s clock
so that it displays the same time as your GPS clock. The locations of individual photos
can be derived by matching the date/time of each photo with the date/time of the
location recorded by the GPS. Check to make sure that the date and time is recorded for
each photo and that the GPS unit is continuously recording your path.
3. Smartphone with camera and georeferencing capacity – this option may result in lower
photo quality depending on the phone, but has the ability to georeference each photo.
4. Tablet computer with internal GPS and camera – this option has the ability to
georeference and store each photo. Check the quality of the camera.

Photo Tips








If possible, photograph early in the morning or early in the evening to avoid harsh
sunlight conditions (or do half the lake in the morning and half in the evening to avoid
backlit conditions).
Do not take photos into the sun.
Make sure the photo is level and in focus.
Increase the focal length (high f-stop) to improve depth of field (full frame in focus) or
use auto settings with Landscape option.
Increase the shutter speed to prevent blur.
Avoid zooming in too close. Try to frame the water’s edge up to the canopy with
sufficient detail for assessment.
Respect privacy:
o Notify the lake association or local paper about the habitat survey in advance.
o Do not take photos with people in them (weekday mornings are ideal).
o Avoid taking photos too close to shore or into windows.
o Listen and respect resident’s concerns. These photos will primarily be used for
shoreland habitat assessment and lake management plans, but will be a public
record and may be used for additional purposes.
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Habitat Assessment (Loop 2)
Mapping Prior to Field Work
The shoreland habitat assessment is conducted for each parcel around the lake. Prior to doing
field work, maps must be created. At a minimum, maps should include:
1. Satellite imagery of the lake (e.g., Google or World Imagery in ArcMap)
2. Parcel layer that shows the parcel boundaries: http://www.sco.wisc.edu/wisconsingeospatial-news/statewide-parcel-database-of-wisconsin-now-available-online.html

3. Parcel ID and the feet of frontage for each parcel
4. Line depicting the 35 foot riparian buffer (use the lake edge of the parcel boundary, not
a separate lake polygon file)
5. GPS coordinates where each parcel boundary intersects the lake shore (depending on
technology used)
Depending on available technology,
there are a variety of ways that
navigation in the field may be
accomplished. The first option is to
use a handheld GPS to navigate to
the parcels in conjunction with a
paper map. This option requires
uploading x,y coordinates for each
parcel-lakeshore intersection point
to the GPS unit. Use the GPS to
navigate close to each point and
reference the paper maps to
determine the parcel boundaries.
Alternatively, you may take
a tablet computer loaded with all
necessary map layers into the field.
The GPS within the tablet will allow
you to view your location relative
to the mapped parcel boundaries.
This works well with ArcPad, an
ESRI software package. If you do
not have a license for ArcPad, you
may instead use free software
(ArcGIS Collector and Google Maps)
on a tablet computer or a
smartphone. However, a 3G/4G
signal is required to view your
location relative to the map.
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Quality Assurance – Determining High Water Level and Estimating Distances
High Water Level
This protocol is meant to assess habitat regardless
of water levels. Before initiating monitoring, the
lake level in relation to the approximate Ordinary
High Water Mark (OHWM) should be determined
and recorded on the quality assurance data sheet.
The OHWM has legal ramifications and must be
determined by qualified staff. This protocol will
not make legal OHWM determinations, but will
HWL
borrow the concept to approximate a boundary
between land and water called the “High Water
Level” or “HWL” in this protocol. Check the
corresponding box if the current water level is
below, at, or above the HWL (see Definitions). If water levels are low, the Riparian Buffer Zone
could be tens of feet (or more) inland from the present waterline. If the water level is above the
HWL, expect to find terrestrial vegetation underwater.
Estimating Distance
This protocol requires estimating distances inland and along the length of shore. Improving
your ability to estimate distance inland and along the shore requires practice, so all observers
should practice estimating both types of distances before conducting the survey. One quality
assurance data sheet must be filled out per crew and lake.
MEASURE & FLAG:
Find a riparian property where you may enter to measure and flag various distances onshore.
Measure and flag distances only on land you may legally access: public land or private land you
were given permission to access.
1. Measure distance inland: Measure 35 feet inland from the HWL perpendicular to shore
and place a flag at that point. If possible, repeat this exercise on public land with varying
degrees of vegetation (e.g., an open boat landing vs. dense forest) and varying slopes.
Measure the 35 foot distance inland horizontally (do not follow the slope angle).
2. Measure distances parallel to shore: Measure five 10-foot intervals, one 50-foot
interval, and one 100-foot interval on shore and flag them. Bank modifications require
estimating horizontal distances.
3. Observe those distances from the water: Go out on the boat and observe the flags; try
to get a sense of the 35 foot buffer inland distance and the varying distances parallel to
shore (Fig. 1).

7

ESTIMATE:
Next, practice estimating the length of shoreline features of unknown distance. Make all
estimations from the boat as if you were conducting the survey.
4. For each of 3 replicates, record the estimated and measured distances. You may either:
a. Flag at least 3 unknown distances of each type (3 inland and 3 parallel to shore)
for the rest of the crew to estimate before going out on the boat.
b. Choose landmarks on shore and estimate their distances from the water (at least
3 distances of each type for a total of 6). Then go back to shore to measure the
actual length of the estimated feature with a tape measure.
c. Choose landmarks on shore and estimate their distances from the water (at least
3 distances of each type for a total of 6). Then use a range finder to test your
inland distances. Use a tape measure on land to test the parallel distances.
5. Test the accuracy of your range finder by shooting it to at least 3 different objects on
land and then measuring the distance with a tape measure. For each replicate, record
the distance estimated by the range finder and the distance measured with a tape
measure. Ensure that the range finder is accurate within 2 feet.

35 ft inland (horizontal)
50 ft

10 ft

Figure 1. Example of cones marking the Riparian Buffer Zone (yellow vest on post 35 feet inland
along the horizontal) and distances parallel to shore as viewed from a boat.
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Defining an Assessment Boundary
Shoreland habitat will be evaluated
within each parcel. The Riparian
Buffer Zone begins at the HWL and
extends inland 35 feet (Fig. 2). The
Littoral Zone extends from the
present waterline into the lake. The
width of the Littoral Zone may vary,
but generally includes the area near
shore where aquatic plants and
human structures are present in the
water. The Bank Zone is the region
between the edge of the top-of-thebank lip and the bank toe, which is
the inflection point between the bank
face and the lake bed. It includes the
bank face and the shore.
Figure 2. Profile view of lake shore
illustrating three habitat zones when
water level is average.
The HWL will normally be on the bank face (Fig. 3). Note that depending on where the HWL and
the present water levels fall, the Bank Zone can overlap with the riparian and Littoral Zones. In
Fig. 3, the Riparian Buffer Zone includes the upper part of the bank. When water levels are low,
the lake bed is exposed (Fig. 3). Exposed Lake Bed should be assessed if the present water line
is at least 3 feet horizontally out from the bank toe.

Figure 3. Habitat
zones in relation to
the High Water Level
when the present
water level is average
(left) or low (right).

From a boat, navigate to the first parcel you will assess. Use landmarks and aerial photography
from your map together with GPS coordinates and the rangefinder to define the parcel
boundaries and the 35 foot setback. Go close to shore to view the parcel.
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Riparian Buffer Zone
Percent Cover
Using your satellite imagery map and observations from the boat, visualize looking down on the
Riparian Buffer Zone from the air. If a rain drop fell from the sky, what would it land on?
Estimate the percent covered by each of the following in the Riparian Buffer Zone only:
1. Canopy - large trees at least ~16 feet tall (0-100%)
Ground layers (sum to 100%):
2. Shrubs and herbaceous plants - shrubs are woody plants with multiple stems or tree
saplings approximately < 16 feet tall and herbaceous plants are grasses and forbs
3. Impervious surface – concrete, decking, boulders, stone, rip rap, rooftops, compacted
gravel/soil, boats flipped over on shore
4. Manicured lawn
5. Agriculture - row crops, pasture, range, hay field
6. Other - duff, bedrock, gravel, bare soil, sand, mulch, etc.
Percent canopy cover can be up to 100% regardless of the other percent cover categories
because tree canopies can overlap with the other categories. For example, tree branches may
shade patio, lawn, and herbaceous plants. The sum of all “ground layers” (shrub/herbaceous
plants, impervious surface, manicured lawn, agriculture, and other) must equal 100%. Shrubs
and herbaceous plants may overlap and be difficult to distinguish. Estimate their combined
percent cover and mark whether the estimate included shrubs and/or herbaceous plants. Check
both boxes if both were present. Report percent covers in multiples of 5%. For example, if
impervious surface only includes a couple of stairs on a 100 foot long parcel, report 5% cover.
Plants are only quantified in terms of their growth form, but not their taxonomic identity.
Percent cover of non-native plants are quantified together with native plants. Species
identification skills are not required to conduct this survey. Thus, a Riparian Buffer Zone with
100% cover of reed canary grass, an invasive, will appear the same as a buffer with 100% cover
of native sedges. Species identification could be added for individual surveys if desired.
On some lakes, individual parcels could be very large, covering miles of shoreline. If the
shoreline is completely undeveloped (i.e., no buildings, mowing, cleared vegetation, etc.), list
100% canopy cover and 100% shrub/herbaceous cover. If a lot of shoreline is covered by
wetlands or prairie without trees, try to estimate the actual percent canopy cover (do not
assign 100%). If there are signs of human disturbance (structures, cleared vegetation, etc.) in a
small section of the entire parcel (e.g., 50 feet of shoreline on a 1600 foot long parcel), then you
may assume the disturbed area covers 5% of the entire Riparian Buffer Zone (see example
Parcel E on page 28).
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Human Structures in the Riparian Buffer Zone
Count the number of structures that are present within the Riparian Buffer Zone of the parcel.
 Buildings (e.g., residence, shed, boathouse, garage, commercial building)
 Boats (generally flipped upside down on shore for storage)
 Fire pits (free standing or built in the ground)
 Other – include written description (e.g., retaining wall), but avoid counting small
objects that are easily moved (e.g., toys or lawn chairs)
Runoff Concerns
Look for changes to the land that would increase runoff into the lake (see list below). Record
whether the runoff concern occurs within the Riparian Buffer Zone (“Present in Riparian”) or
within the parcel but outside of the Riparian Buffer Zone (“Present out of Riparian”). If the
runoff concern is present in the Riparian Buffer Zone, you do not need to search in detail
outside of the Riparian Buffer Zone. You may still check both boxes if the concern occurs both in
and out of the Riparian Buffer Zone.
Record presence of:
 Point sources (e.g., culverts, drain pipes, rain gutters, sump pumps, gray water outflow)
 Channelized flow or gullies
 Stairways, trails or roads leading directly to the Bank Zone (top of the bank lip)
 Sloped lawn/soil (such that water runoff leads directly to the lake)
 Bare soil
 Sand/silt deposits
 Other – include written description
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Bank Zone
Bank Modifications and Erosion
Estimate the length (to the nearest 10 feet) of the following items if present. Train your eye to
recognize 10 foot increments along the shoreline. You may also use the recorded shoreline
length of the parcel to aid length estimation.
 Vertical sea wall
 Rip rap
 Other erosion control structures (note what the material is under “Notes”)
 Artificial beach
 Slumping banks or bank erosion > 1 foot vertical bank face
 Slumping banks or bank erosion < 1 foot vertical bank face

Littoral Zone
Human Structures
Count the number of human structures present within the Littoral Zone:
 Piers
 Boat lifts (count lifts with and without canopies the same)
 Swim rafts/water trampolines (Do not count rafts beyond ~50 feet out into the water
from shore. Rafts may be placed up to 200 feet from shore.)
 Boat houses (over the water)
 Marinas
 Other – include written description
Aquatic Plants
Check the box if emergent and/or rooted floating aquatic plants are present within the Littoral
Zone of the parcel. Plants growing only underwater (submergent) are not included in the survey
because they may be difficult to observe. Check the box if there are obvious aquatic plant
removal areas in the Littoral Zone of the parcel. Aquatic plant removal areas are generally
demarcated by straight lines of cleared vegetation that are perpendicular to shore and adjacent
to plant beds.
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Exposed Lake Bed Zone
When lake levels are low and expose at least 3 horizontal feet of the lake bed (Fig. 3 and 4), this
portion of the data sheet should be filled out. Otherwise, skip the Exposed Lake Bed Zone
portion of the data sheet. Wisconsin case law grants an owner of riparian property the right to
exclude members of the public from the Exposed Lake Bed abutting his property. Members of
the public may only access Exposed Lake Bed adjacent to public land or to private land with the
consent of the adjacent riparian landowner. Thus, do not step out of the boat and walk on the
Exposed Lake Bed toward the HWL unless you have permission from the owner of the private
abutting land. This means that the Riparian Buffer and Bank Zones cannot be accurately
surveyed when the Exposed Lake Bed becomes very wide. In Fig. 4b, the observers would be
too far away to assess the Riparian Buffer and Bank Zones. When lake levels are extremely low,
only surveys of the Littoral and Exposed Lake Bed Zones are appropriate. The full survey should
be postponed or repeated when water levels are higher.
Plants
Check the appropriate box if plants are growing on the Exposed Lake Bed. Use the same 3 plant
growth forms as in the Riparian Buffer Zone: canopy, shrub, herbaceous. At left, the Exposed
Lake Bed is sandy with herbaceous plants (Fig. 4a). At right, the Exposed Lake Bed is completely
covered with Fasset’s Loco Weed, an herbaceous plant (Fig. 4b).
Disturbances
Look for signs of disturbances to the Exposed Lake Bed and check the appropriate box.
Specifically, look to see if plants were mowed or removed and look for signs of tilling or digging
up the sediment.

a

b

Figure 4. In both examples, the “Exposed Lake Bed” is the land between High Water Level and
the present water level.
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Coarse Woody Habitat Inventory (Loop 3)
Conduct the woody habitat protocol from a small boat or kayak, not a pontoon or large boat.
Small boats can be maneuvered close enough to shore to see woody habitat. First, observe
Secchi depth near shore. If the Secchi depth is less than 2 feet, this protocol should not be used
because visual estimates of woody habitat will be unreliable.
Second, observe the current water level as
compared to the High Water Level (HWL). Check
the corresponding box if the current water level is
below, at, or above the HWL. If water levels are
low, the Riparian Buffer Zone could be tens of feet
(or more) inland from the present waterline (Fig. 4
and 5). Coarse woody habitat below the HWL and
above the present waterline should still be
counted.
The woody habitat survey does not need to be
associated with parcels. The boat driver should
Figure 5. Wood stranded above water
slowly drive the perimeter of the lake at the 2 foot
should be counted if below the HWL.
depth contour with help from the observer, who
shall periodically check water depth and find the 2
foot depth contour (use a yardstick, handheld depth finder, or marked wood calibration stick).
If the Littoral Zone is relatively flat, then follow the 2 foot depth contour at the nearest point to
shore. The observer should search for wood while wearing polarized sun glasses to improve
visibility. The observer will mark a GPS waypoint for each piece of large wood.
This protocol only enumerates “large wood,” defined as greater than 4 inches in diameter
somewhere along its length and at least 5 feet long. Only count wood that is between the HWL
and the 2 foot depth contour. The large wood section must be in the water or below the HWL.
Tree branches hanging over the water may be counted if the required size occurs below the
HWL. If water levels are low, note that you will also be counting wood lying on the ground that
is out of the water, but still below the HWL. Live branches and non-anchored logs count if they
meet the other requirements. Live/dead wood standing vertically in the water and tree stumps
with roots should be counted if they meet the size criteria. Do not count lumber (e.g., railroad
ties, fish cribs, rip rap).

Coarse Woody Habitat Step by Step Instructions
1. Before searching for wood, measure the Secchi depth in deep water.
2. Record whether the current water level is below, at, or above the HWL.
3. Mark a GPS waypoint for each piece of large wood between the HWL and the 2 foot
depth contour.

14

4. Give each piece of large wood a branchiness ranking:
0 = no branches
1 = a few branches
2 = tree trunk has a full crown

Figure 6. From left to right, woody habitat without branches (0), with few branches (1), and
with a full crown (2).
5. Touch Shore: Mark “1” if the log crosses the HWL (comes out of the water onto shore);
mark “0” if it does not. Logs parallel to shore count if they touch the HWL.
Figure 7. Example of woody habitat
connected to shore (top). If bog mats extend
far out from shore, count as connected to
shore when wood extends above water and
touches the bog mat. Woody habitat parallel
to shore may be counted if the log touches
shore. In the bottom photo, the piece of
wood is off shore and would not be counted
as connected to shore.

6. In Water: Mark “1” if at least 5 feet of log is currently underwater; mark “0” if the log is
below the HWL, but less than 5 feet of the log is currently underwater.

Figure 8. This photo illustrates an
example of trees hanging over the
water. In this case, only the trunk closest
to the water with inundated branches
will be counted. It has few branches,
touches shore, and is out of the water
(Branch = 1, Touch Shore = 1, In Water =
0). The other trunks are too far above
the water.
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Estimating Diameter and Length of Coarse Woody Habitat
Coarse woody habitat greater than 4 inches diameter and 5 feet long that is in the water and/or
below the HWL will be counted. First, the observers must familiarize themselves with wood of
this size. Use the “wood calibration stick” to find trees on shore whose largest diameter is
greater than or less than 4 inches diameter.
Bring the “wood calibration stick” on the boat. This is a 6 inch length
of 4 inch inner diameter PVC pipe cut in half lengthwise and attached
perpendicular to a 5 foot long pole. The pole is used to judge whether
the piece of wood is at least 5 feet long and the PVC section is used to
judge wood diameter at its widest point. If the PVC fits over the
wood, the wood is too small to count. If it does not fit over the wood,
it is large enough to count. One foot intervals should be marked on
the pole, which can then be used to measure the 2-foot depth
contour.
Measure various sized pieces until you begin to recognize the size
thresholds. Before you begin the survey, use your eye to identify
“large wood” and then measure the length and diameter with the
wood calibration stick.
 After you are correct on at least 5 consecutive pieces of wood,
you may begin the survey.
 As you proceed with the survey, use the wood calibration stick
to measure the diameter and length of 1 in every 20 pieces of wood as a quality
assurance measure.
The measurements do not need to be recorded.

16

Definitions
Percent Cover – an estimation of the fraction of the plot that is dominated by each of a number
of categories, such as lawn, impervious surface, and plants. The fraction is given as a
percentage from 0 to 100 at 5% intervals.

Riparian Buffer Zone Definitions
Riparian Buffer Zone – land area from the High Water Level to 35 feet inland along the
horizontal
Canopy layer – area that is
shaded by trees that are at least
16 feet tall
Shrub layer – woody plants with
multiple stems and small trees
less than 16 feet tall
Herbaceous plant layer – plants
without woody stems. Grasses
and sedges have slender leaves
and inconspicuous flowers. Forbs
are broad-leaved plants that
often have showy flowers.

Impervious surface – an area that releases as
runoff all or a majority of the precipitation that
falls onto it (e.g. rooftops, sidewalks, driveways,
parking lots, concrete, boulders, stone, decks,
stairs, compacted gravel/soil, and boats flipped
over on shore). Rocks used for rip rap also count
as impervious surface.

Concrete

Rooftops

Boulders
Deck & Stairs

Rocks for rip rap
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Agriculture – agricultural fields planted in rows
or grasslands used for grazing livestock

Manicured lawn – grass that is mowed
short

Duff
Gravel
Bedrock
Mulch

Other Percent Cover – this category includes cover types that are not on the data sheet, such as
bedrock, gravel, bare soil, sand, mulch, and dead plant material (duff)

Building – any roofed
structure (house, cabin,
shed, boathouse,
garage, commercial)

Fire pit – circular
indentation in the
ground or portable
structure used for fires

Boats on shore – boats
flipped upside down for
storage in the Riparian
Buffer Zone
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Point Source – look for a pipe bringing water directly
to the lake. This pipe could be directing stormwater,
gray water, or other water sources to the lake.

Channelized water flow/gully – sharp
indentation into the ground where
water flows downhill and has eroded
away the soil

Stair/trail/road to lake – stairs, dirt or paved trails, or roads that lead directly to the lake and
would cause rainfall to flow into the water. Roads to the lake may be old, private boat landings.

Lawn/Soil Sloping to Lake – the land slopes toward
the lake and lacks natural vegetation that would
prevent runoff/erosion (e.g., slope covered by lawn,
bare soil, gravel, mulch)

Bare soil – unvegetated ground that
could be eroded in a rain storm
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Eroding, Slumping bank – obvious signs that soil on the bank is washing into the lake, location
on the shoreline where the bank is lower than expected due to erosion
Sand/silt deposit – pile of fine sediments (< 2 mm diameter) that collected at a site due to
erosion

Bank Zone Definitions
Bank Zone - The Bank Zone is variable in width, and is the
region between the edge of the top-of-the-bank lip and the
lake bed. The Bank Zone includes the bank face, high water
level and the shore (or beach).
Bank Toe – the inflection point between the bank face and
the lake bed
High Water Level (HWL) – the point on the
bank or shore where the water is present often
enough so that the lake or streambed begins to
look different from the upland. Specifically, the
HWL is the point on the bank or shore up to
which the water, by its presence, wave action,
or flow, leaves a distinct mark on the shore or
bank. The mark may be indicated by erosion,
destruction of or change in vegetation, or other
easily recognizable characteristics. The HWL
can be located through on-site studies of
physical and biological conditions at the
shoreline. The principal indicator is the change
from water plants to land plants. In the area where the plants change, the investigator may also
use indicators such as change in soil type, ridges, or other erosion marks or water stains on
rocks, soils, trees, or structures. If none of these indicators are available in the immediate
location, the elevation of the HWL may be found at another spot and transferred to that site in
question (from NRCS 643A). The water level is below the HWL in the two sites pictured to the
upper right (arrows point to the HWL).
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Vertical Sea Wall – upright structure that is steeper than 1.5
feet vertical to one foot horizontal installed parallel to the
shore to prevent the sliding or slumping of the land and to
protect the adjacent upland from wave action. Note:
Seawalls are commonly constructed of timber, rock
(including gabions), concrete, steel or aluminum sheet
piling and may incorporate biological components
Rip rap – rock or concrete
piles used to armor shorelines
and prevent erosion; this may
also include natural cobbles
and gravel that were clearly
taken from the water and
piled on the bank

Other erosion control structures – any other type
of erosion control structure on the shoreline;
may include inert materials (rocks) at the bank
toe and biological materials on the upper portion
of the bank, non-treated wood, stakes and posts,
jute netting, biologs, fiber rolls and mats, logs,
and branches
City of Golden Valley, MN

Artificial beach– sand along the shoreline used
to create a beach (versus shorelines that
naturally have sand substrate). It may have
been created by dumping sand along the bank
or by scraping away top soil and vegetation to
expose sand underneath.

Erosion >/< 1 ft. face – estimate the length (to
the nearest 10 feet) of shoreline with eroding
banks that are less than or greater than 1 foot
vertical height. The picture to the left shows
about 10 ft. of eroding bank face > 1 ft. tall.

Jeanne Scherer
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Littoral Zone Definitions

Littoral Zone – water area from the present water
line into the lake (~50 ft.), generally including the
area near shore where aquatic plants and human
structures are present in the water

Exposed Lake Bed – land area between the High
Water Level and present water level (when
water level is low)

Pier – structure leading out
Pier
Wharf
from shore into a body of
water. One pier may have
multiple mooring locations for
boats. One pier should be
counted for each access to
shore. Count wharves, which are structures that run parallel to shore, as additional piers.

Boat lift and shelter – the lift stores a boat
over and above the water. Some lifts have a
canopy over the boat. Count together as 1.

Boathouse – roofed
structure over the water
used to store boats

Swim raft/water trampoline – floating
structure that is anchored up to 200 ft. from
shore. Count rafts within ~50 ft. from shore.

Marina – facility that provides secured moorings or
dry storage for boats
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Emergent aquatic plant – plants that live in
the water and have leaves that extend
above the water surface (e.g., bulrush,
sedge, wild rice, arrowhead, cattails)

Floating aquatic plant – rooted
plants with leaves that float on
the water surface (e.g., lily pads)

Removed aquatic plants – littoral area where submergent or
emergent aquatic plants have obviously been removed as
evidenced by adjacent plant beds on both sides of the removal
area. The removed area will often be along a straight line
perpendicular to shore.

Coarse Woody Habitat – a piece of wood greater than 4
inches in diameter and 5 feet in length that is in the
water or below the HWL. Live and dead wood standing
vertically in the water should be counted if it is large
enough. Tree stumps with roots should only be counted
if they meet the size criteria.

Wood Calibration Stick – a 6 inch length of 4 inch inner
diameter PVC pipe cut in half lengthwise attached
perpendicular to a 5 foot long pole that is used to measure
large wood in the water. One foot intervals should also be
marked on the stick (to measure 2-foot depth).
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Sample Parcel Assessments

HWL
The vegetation and shoreline erosion structures show a distinct boundary between Parcel A
and B. The Riparian Buffer Zone is marked by the horizontal white line, but a rangefinder would
be used to find the 35 foot inland distance in the field.
In Parcel A, the tree trunk is behind the Riparian Buffer Zone, but part of the canopy extends
over the Riparian Buffer Zone (~10%). There are some herbaceous plants growing in the rip rap,
but very few (5%). Mark herbaceous plants as present, but not shrubs. The rest of the parcel is
made up of lawn and impervious surface (stairs and rip rap that extend landward from the
water). Estimate impervious surface in the Riparian Buffer Zone as 15% and the remainder as
lawn (100 – 5 – 15 = 80%). None of the “Human Structures” listed on the data sheet in the
Riparian Buffer Zone or Littoral Zone boxes are present, so write “0” beside each item. There is
sloped lawn present in the Riparian Buffer Zone, as well as a straight stairway to the lake that
would deliver runoff during rain events, so check the appropriate boxes under Runoff Concerns.
The entire Bank Zone is covered in rip rap; use the parcel shoreline length to record length of
rip rap in feet. Aquatic plants are absent (leave blank).
There is no canopy cover in Parcel B. The majority of the parcel has been restored with native
prairie plants (herbaceous cover). Approximately 5% is impervious surface (stairs and stone wall
on the right), 10% is lawn, and the remaining 85% is herbaceous plants (no shrubs). There are
no human structures in the Riparian Buffer Zone. There is 1 pier and 1 boat lift in the Littoral
Zone. Under Runoff Concerns, sloped lawn and straight stair to lake are present in the Riparian
Buffer Zone. There is a vertical sea wall along the entire length of the parcel. Aquatic plants are
absent. The Exposed Lake Bed section does not apply.
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Note that the HWL is slightly above the present waterline, so the sand and small grasses
between the present waterline and HWL will not be a part of the percent cover estimation in
the Riparian Buffer Zone. There are a lot of trees on the parcel, but some gaps near shore (90%
canopy cover). The entire parcel except for the path leading to the water is covered by shrubs
and herbaceous plants (mark as 95% cover and check both the shrub and herbaceous boxes).
The remaining 5% cover is other (bare dirt on the path). There are no human structures in the
Riparian Buffer Zone, but there is 1 pier in the Littoral Zone. There is a narrow path leading to
the lake, which should be checked under “Present in Riparian” as “Stair/trail/road to lake” and
“Bare soil”. Emergent plants are present. The Exposed Lake Bed Zone applies to this parcel
because the width of the Exposed Lake Bed is at least 3 feet between the HWL and present
water level. Herbaceous plants are present and there are no signs of disturbance.
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For instructional purposes, we will describe how to assess the portion of Parcel D pictured here.
The house is just barely outside the Riparian Buffer Zone. Canopy cover is 0%. The garden area
may be counted for shrub and herbaceous vegetation because it serves a structural function
even though many of the species are ornamentals. Note the spaces between plants that are
mulched; mulch will count as “other”. The top of the wooden boards that form the planter and
the rip rap will count as impervious surface, but not the upside down pier section, which may
only be stored there temporarily. Thus, the percent cover of shrub/herbaceous vegetation is
30%, impervious surface is 15%, lawn is 50%, and other is 5%. The garden planter may be
counted as a human structure in the Riparian Buffer Zone under “Other”. There is 1 pier in the
Littoral Zone. There are no runoff concerns. Rip rap covers the entire shoreline (approximately
20 feet in this photo). There are no aquatic plants and no visible plant removal areas. The
Exposed Lake Bed Zone does not apply.
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This is an example of state land that is natural, but shows signs of previous human disturbance.
Parcels WR 163 – 183 in the map below are state land; the orange bar depicts the disturbed
area in the photo above. There is an old forest road in the Riparian Buffer Zone. The area in the
center of the photo lacks shrubs and trees, has sparse herbaceous vegetation, and large areas
of bare soil with pine needles on top, but the majority of the 1600 feet of shoreline in parcel
WR 173 has full coverage of herbaceous plants, shrubs, and trees. Assume that this disturbed
area is 5% of the entire Riparian
Buffer Zone in this parcel. Report
95% canopy cover, 95%
shrub/herbaceous, and 5% other for
the entire parcel. After
“description”, note that other
percent cover is bare soil with pine
needles. Runoff Concerns Present in
Riparian include: “Lawn/soil sloping
to lake” and “Bare soil”. Human
structures are absent in the Riparian
Buffer and Littoral Zones. The Bank
Zone is not modified. Emergent
plants are present.
27

Time Estimate
This protocol is designed for a crew of 2 people in a small motor boat or, in some cases, a
kayak. To help with planning, we approximate the time spent per monitoring activity. Time
estimates represent the time that it takes a well-trained crew to complete a parcel. During
training, the time to complete a parcel was approximately twice that reported here. Photos
were taken on 13 lakes, the habitat assessment was done on 15 lakes, and the coarse woody
habitat assessment was done on 5 lakes. The lakes range from very natural to highly developed
and are spread throughout the state.
Table 1. Minimum and maximum time spent on each of the three parts of the protocol.
Protocol
Min Max
Photos (minutes/mile of shoreline)
14
50
Parcel Assessment (minutes/parcel)
3.5
4
Coarse Woody Habitat (minutes/mile of shoreline)
29
120
Taking photos from a kayak added a substantial amount of time (max. in Table 1). This mode of
transportation was required because the lake was so shallow. The time spent on the woody
habitat inventory varied greatly as well. On most lakes, the time ranged from 29 to 50 minutes
per mile, but one lake took 120 minutes per mile. This lake was stained and had very dense
floating aquatic plants, making it hard to see and navigate. In this type of lake, the woody
habitat inventory would be more efficient and accurate if conducted in early spring or late fall.
The time spent managing data post-field work is not accounted for here. It takes approximately
one hour to enter data from 35 parcels into Excel. However, data management effort will
depend on whether data is captured on paper sheets or in a tablet computer. Eventually, data
will be entered directly into the SWIMS database.
The total amount of time to complete the habitat survey on a lake depends largely on the
length of shoreline and number of parcels. Green Lake (in Green Lake County) is one of the
largest lakes in the state and will take at least two weeks to complete under the best
conditions. Rock Lake (Jefferson County) is still quite large with a lot of parcels, and could be
completed in less than a week. Small lakes with a lot of state land could be completed in a half
day. Note that the time estimates in Table 2 do not account for travel time, set up, breaks, bad
weather, etc.
Table 2. Examples of lakes that were sampled during summer of 2015. The total hours spent
monitoring each lake was estimated using the minimum number of minutes per mile or parcel
listed in Table 1.
Lake
Area
Shoreline Parcels Total Hours Total Hours Total Hours
Total
(acre) length (mi)
Photos
Parcels
Wood
Hours
Green
7433
23.6
~1000
5.5
58.3
11.4
75
Rock
1364
11.2
341
2.6
17.5
6.5
27
Buffalo
105
2.1
26
0.5
1.5
1.0
3
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Number of Lakes

This protocol will be a major undertaking on Wisconsin’s largest lakes and flowages. Lake
Chippewa (250 miles) and Turtle Flambeau flowage (209 miles) have the longest shorelines in
the state and could take ~950 hours to complete all three aspects of the survey. However, this
protocol could be accomplished quickly on smaller lakes, and most lakes in the state are small;
88% of the 1793 lakes with boat launches have <10 miles of shoreline (Fig. 9). Lakes with
approximately 10 miles of shoreline should take approximately 2.5, 5, and 31 hours to complete
the photo, woody habitat, and parcel assessments, respectively. This assumes the minimum
time per mile or parcel in Table 1 and assumes that all parcels on a lake are 100 feet wide. The
estimated time to complete the photo survey varies from < 10 minutes to 58 hours (Fig. 10),
and the time to complete the woody habitat inventory varies from < 10 minutes to 120 hours
(Fig. 11). It is harder to estimate total time on the parcel survey because the size of parcels can
vary greatly. A lot of lakes have large parcels with state or federal land and will take less time
than the estimate assuming 100 foot parcels around the entire lake.
10000
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1

Number of Lakes

10 20 30 40 50 60 70 80 90 100 110 120 130
Shoreline Length (miles)
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1
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Figure 9. Frequency
distribution of lake size for all
lakes in the state with boat
launches. Lake Chippewa and
Turtle Flambeau Flowage are
not included here.

Figure 10. Total hours to
complete the photo survey
on lakes with boat launches
given shoreline length. It will
take 1 hour or less to
complete the survey on 1244
lakes.

Figure 11. Total hours to
complete the coarse woody
habitat survey on lakes with
boat launches given shoreline
length. It will take 4 hours or
less to complete the survey
on 1518 lakes.
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Data Sheets
Quality Assurance

30

Habitat Assessment Data Sheet (one per parcel)

31

Coarse Woody Habitat Inventory Data Sheet
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Appendix. Additional Parameters of Interest
There may be local reasons for including additional parameters into the minimum protocols
described in this document. The following list gives a few examples that were included in past
surveys. This list is not meant to be exhaustive.
General
Average width of natural vegetation from water’s edge landward
Human Structures in Riparian Buffer
Boathouse – the number of boathouses on the lake could be quantified separately from
buildings
Littoral Zone
Watercraft in the water – the number of watercraft in the water at piers and mooring buoys
could be counted in addition to boat lifts if the lake group wants to find out the total number of
watercraft at riparian lots. This count could be compared to counts from previous years and
analyzed for a historical trend.
Bank Zone
Bank slope – this parameter could be documented with the use of
GIS or by visually estimating categories of bank slope as in the
National Lakes Assessment protocol

Aquatic Plants
Submergent Plants – submergent plants could be marked as present, absent, or unknown if
water clarity was too low to judge.
Invasive Species
Percent cover of canopy, shrub, and herbaceous plants is quantified regardless of whether the
species are native or invasive. In addition to estimating percent cover of each vegetation layer,
percent cover of invasive species could be quantified separately. A checklist of invasive species
could also be filled in for each parcel with special attention to riparian plant species.
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APPENDIX B
Healthy Lakes Grant Implementation Plan

Menominee County

Lake Ripley, Jefferson County - Pamela Toshner
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HEALTHY LAKES & RIVERS PLAN
INTRODUCTION
Wisconsin’s lakes and rivers define our state, local communities, and our own identities. Fond memories of splashing in the water,
seeing moonlight reflect off the lake, and catching a lunker last a lifetime. With over 88,000 river and stream miles and 15,000
lakes dotting the landscape, it’s no surprise that fishing alone generates a $2.3 billion economic impact each year1, and most of the
property tax base rests along shorelines in some counties. Unfortunately, we’ve learned through science2 that while we love living
by our abundant water resources, we often inadvertently contribute to declining habitat and water quality by how we care for our
properties. In fact, nationally, the loss of lakeshore habitat is the number one stressor of lake health, and more than 2 out of 5 river
and stream miles are polluted. Working together to implement Wisconsin’s Healthy Lakes & Rivers Action Plan (Plan), we can protect
and restore our lakes and rivers for future generations to enjoy, as well.
This Plan identifies relatively simple habitat and water quality best practices that may be implemented on most waterfront properties
in Wisconsin, as well as “Did you know...” tips to keep our waters healthy. We encourage do-it-yourselfers to use these practices
and have also created a WDNR Surface Water Grant “Healthy Lakes & Rivers” sub-category for funding assistance. Furthermore,
local partners – like lake and river groups and counties – may choose to integrate the Plan into their lake and river management,
comprehensive planning, and shoreland zoning ordinance efforts.
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It’s important to consider this Plan in the context of the lake or river and local community’s management complexity. The best
practices’ effectiveness will increase cumulatively with additional property owner participation and depend on the nature and location
of the lake or river. For example, if every property owner implemented appropriate Healthy Lakes & Rivers best practices on a
small seepage lake, also known as a pothole or kettle lake, within a forested watershed, the impact will be greater than on a large
impoundment in an agricultural region of Wisconsin. Nevertheless, all water resources will benefit from these best practices, which are
a piece of the overall management puzzle that property owners can directly control. More property owners choosing to implement
Healthy Lakes & Rivers best practices over time means positive incremental change and better success at protecting and restoring
Wisconsin’s waters for everyone to enjoy.

Sportfishing in America, An Economic Force for Conservation. January 2013. American
Sportfish Association. Alexandria, Va.
1

2

For more information on shoreland science, please check out healthylakeswi.com.
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DID YOU KNOW...
...82% of Wisconsin’s lakes and
rivers are healthy? We need
your help to keep them that way.

HEALTHY LAKES & RIVERS PLAN
PLAN OVERVIEW
Wisconsin’s Healthy Lakes & Rivers Action Plan divides a typical waterfront parcel into the following three management zones: 1)
in-lake, 2) transition, and 3) upland (see illustration below). Management activities in each of these property zones affect lake and
river health. This Plan identifies best practices for each zone. Based on customer feedback, the Healthy Lakes & Rivers Team selected
these practices because they are relatively simple and inexpensive to implement, appropriate for typical waterfront properties, and
beneficial to habitat and/or water quality. The Plan also provides cost ranges and averages and technical, regulatory, and funding
information for each practice. Fact sheets for each best practice support the Plan and provide more technical detail. Additional
guidance is available for more detailed technical information.

DEFINITIONS
Ordinary High Water Mark: the point on the bank or
shore up to which the presence and action of the water is
so continuous as to leave a distinct mark either by erosion,
destruction of terrestrial vegetation or other easily recognized
characteristic.

Best Practice: a working method, described in detail, which
has consistently shown results.
Divert: redirect runoff water.
Grantee: an eligible organization that receives a WDNR
Healthy Lakes & Rivers Grant on behalf of individual property
owners. Eligible organizations include, but are not limited
to, local and tribal governments, lake districts, qualified
lake associations, and river management and nonprofit
conservation organizations.

Runoff: rain and snowmelt that doesn’t soak into the ground
and instead moves across the land surface and eventually into
lakes, streams, and wetlands.
Shoreland: the land area within 300 feet of rivers and 1000
feet of lakes. A more detailed definition is provided in
state statute 281.31 (2)(d).

Habitat: where a plant or animal lives.
Infiltrate: absorb water.

Transition: also known as a shoreline buffer or vegetation
protection zone, an area that is 35 feet landward from the
Ordinary High Water Mark and bridges aquatic and
terrestrial life.

In-lake: an area that is often below the Ordinary High Water
Mark – a regulatory distinction between public and private land
- where aquatic plants and animals live.

Upland: the landward area beyond the transition zone but
within the shoreland zone that often encompasses structures
and driveways.

Installed: completed best practice costs, including the
material, contract labor, and transportation cash costs but not
including the volunteer labor and equipment contributions as
part of a grantee cost-share.
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HEALTHY LAKES & RIVERS PLAN
PURPOSE, GOALS, AND OBJECTIVES
The purpose of Wisconsin’s Healthy Lakes & Rivers Action Plan is to protect and restore the health of our lakes and rivers by
increasing property owner participation in habitat restoration and runoff and erosion control projects.

GOAL

OBJECTIVE

1

Increase property owner participation in Healthy Lakes
& Rivers.

2

Maintain existing and engage new property owners as
ambassadors of the Healthy Lakes & Rivers philosophy.
Increase the number of grant applications submitted by
project coordinators and/or grant applicants.

3

4

Grow a business partner network to promote Healthy
Lakes & Rivers and provide technical and installation
assistance.

Participation, as measured at the individual property
scale or number of best practices installed, will increase
100% every 3 years starting from 2018.
Annual grant application demand will be relatively
balanced with repeat customers and new applicants.
A statewide Healthy Lakes & Rivers network, including
volunteer training and promotional materials, will be
established by 2021.
The statewide Healthy Lakes & Rivers network will
engage and recognize at least 25 businesses by 2022.

Lake and river groups, businesses, and local governments are encouraged to develop their own habitat, water quality, and/or
participation goal(s) through local planning and public participation processes thereby demonstrating a shared commitment to
Healthy Lakes & Rivers by leading by example with personal actions on their properties and at their businesses.

AUDIENCE
The target audience for this Plan, and implementation of the associated practices, is
property owners within the shoreland zone of Wisconsin’s lakes and rivers, including
permanent and seasonal homeowners, municipalities, and businesses.
Additional planning work will be necessary to implement Wisconsin’s Healthy Lakes
& Rivers Plan, and the level of effort will depend on the complexity of the natural
resource and its local community. Planning could range from simple site-specific
property visits and development of design plans, to the integration of this statewide
Plan into a broader and more comprehensive effort. Your lake or river group, county
land and water conservation department, non-profit conservation organization, UWExtension lakes specialist or local educator, and/or WDNR lake or river biologist can
provide planning guidance or alternative contacts.

Wisconsin’s Healthy Lakes & Rivers Action
Plan, and the diversion and rock infiltration
practices, in particular, are not intended for
heavily developed parcels, sites with large
volumes of runoff, or sites with complex
problems that may require engineering
design. Technical assistance and funding
are still available for more complex sites;
contact your county land and water
conservation department or local lake or
river biologist for more information.

BEST PRACTICES
Best practice descriptions follow. Each description defines the practice, identifies benefits, provides cost ranges and averages, and
identifies additional technical and regulatory information. The costs provided are installed costs, which include all materials, labor, and
transportation, but do not include technical assistance, such as design and project management/administration work. Cost ranges are
a result of geographic location, property conditions like soils and slopes, and contractor availability and proximity to the project site.
Cost averages are based on real-life costs of installed best practices from throughout the state, as calculated in December 2018.
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ZONE 1: IN-LAKE
PRACTICE 1 FISH STICKS*

Large woody habitat structures that utilize
whole trees grouped together, resulting in the
placement of more than one tree per 50 feet of
shoreline. Fish Sticks structures are anchored to
the shore and are partially or fully submerged.

LAKE HEALTH
BENEFITS
COSTS
TECHNICAL
REQUIREMENTS

Bony Lake, Bayfield County - Pamela Toshner

*NOTE: River properties are not eligible for
this funding.

Improve fish and wildlife habitat
Prevent shoreline erosion
Range: $50-$1300 per cluster of 3-5 trees, installed
Average: Average cost per unit of 3-5 trees: $890, installed
Follow Fish Sticks Fact Sheet and Technical Guidance
https://healthylakeswi.com/best-practices/#fish
WDNR: Habitat Structure - Fish Sticks General Permit
https://dnr.wi.gov/topic/Waterways/habitat/fish_wildlife.html ($303 fee unless WDNR
grant funded)
• Fish Sticks must comply with the local shoreland zoning ordinance. Consult with your
county or municipal zoning staff.
•

REGULATORY
INFORMATION

HEALTHY
LAKES & RIVERS
GRANT FUNDING

•
•

Maximum of $1000/cluster of 3-5 trees
Fish Sticks may be a stand-alone grant activity only if the vegetation protection area
(i.e. buffer) complies with local shoreland zoning. If not, the property owner must
commit to leaving a 350 ft2 area unmowed at the base of the cluster(s) or implement
350 ft2 native plantings (Practice 2).
DID YOU KNOW...
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...fallen trees can be left in the water? A
single tree can survive for hundreds of
years and provide habitat for life stages
of most fish and protect your shoreline.

ZONE 2: TRANSITION
PRACTICE 2 350 FT2 NATIVE PLANTINGS

LAKE & RIVER
HEALTH
BENEFITS
COSTS
TECHNICAL
REQUIREMENTS

Beaver Dam Lake, Dodge County - Bill Foley

Grasses and wildflowers with shrubs
and trees sorted into six prescribed
options based on property
specifications and landowner
interests. The minimum size is 350
ft2 and must be planted adjacent
to the lake or river and include a
contiguous area, rather than be
planted in patches. Native planting
options include: shoreline edge,
bird/butterfly habitat, woodland, lowgrowing, deer resistant, and bare soil
area plantings.

Improve wildlife habitat
Slow runoff water
Promote natural beauty
Range: $480-$2400 for 350 ft2 area, installed
Average: Average cost per 350 ft2: $1140, installed
Follow 350 ft2 Native Plantings Fact Sheet and Technical Guidance
https://healthylakeswi.com/best-practices/#350
WDNR: an aquatic plant chemical control permit may be necessary if using herbicides in
or adjacent to the water (https://dnr.wi.gov/lakes/plants/).
• Native plantings must comply with the local shoreland zoning ordinance. Consult with
your county or municipal zoning staff.
DID YOU KNOW...
• Full shoreline restoration or protection
…shoreline plants will regrow on their own if you
would most likely require native
stop mowing? Over 90% of wildlife depend on
plantings in a larger dimensional area.
•

REGULATORY
INFORMATION

this critical area. Bonus – you can use many of
the native plants on the lists elsewhere on your
property to benefit pollinators, birds, and other
beneficial wildlife!

Maximum of $1000/350 ft native
plantings installed and implemented
HEALTHY
according to the technical requirements.
LAKES & RIVERS • Site prep, including controlling invasive species, is eligible for funding.
GRANT FUNDING • The native planting dimension must be at least 350 ft2 of contiguous area at least 10
feet wide either perpendicular or parallel to the water. Final shape and orientation to
the shore are flexible.
•

2
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ZONE 3: UPLAND
PRACTICE 3 DIVERSION PRACTICE

Lake Minnesuing, Douglas County - Jim Giffin

Includes a water bar, diverter,
and broad-based dip. These
practices use a berm or
shallow trench to intercept
runoff from a path or road
and divert it into a dispersion
area. Depending on the site,
multiple diversion practices
may be necessary.

LAKE & RIVER
Divert runoff water
HEALTH BENEFITS
COSTS
TECHNICAL
REQUIREMENTS
REGULATORY
INFORMATION

Range: $25-$3750, installed
Average: $1205, installed
Follow Diversion Practice Fact Sheet and Technical Guidance
https://healthylakeswi.com/best-practices/#diversion
•
•

WDNR: none
Diversion practices must comply with the local shoreland zoning ordinance.
Consult with your county or municipal zoning staff.

Maximum of $1000/diversion practice installed and implemented according to the
technical requirements.
• Healthy Lakes & Rivers diversion practice grant funding is not intended for large,
heavily developed parcels, sites with large volumes of runoff, or sites with complex
problems that may require engineering design.
• Funding is also available for diversions in the transition zone, provided they comply
with local shoreland zoning.
DID YOU KNOW...
•

HEALTHY
LAKES & RIVERS
GRANT FUNDING

…gutters and downspouts that are sloped
to the upland side of garages and houses
and directed away from the lake are an easy
way to prevent runoff pollution?
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ZONE 3: UPLAND
PRACTICE 4 ROCK INFILTRATION PRACTICE

Deer Lake, Polk County - Cheryl Clemens

An excavated pit or trench filled with
rock that reduces runoff by storing
it underground to allow infiltration.
A catch basin and/or perforated
pipe surrounded by gravel and lined
with sturdy landscape fabric may be
integrated into the design to capture,
pre-treat, and redirect water to the
pit or trench. Pit and trench size
and holding capacity are a function
of the area draining to it and the
permeability of the underlying soil.

Divert runoff water
LAKE & RIVER
Clean runoff water
HEALTH BENEFITS
Infiltrate runoff water
COSTS
TECHNICAL
REQUIREMENTS
REGULATORY
INFORMATION

Range: $510-$9688 per rock infiltration practice, installed
Average: $1220 per rock infiltration practice, installed
Follow Rock Infiltration Practice Fact Sheet and Technical Guidance
https://healthylakeswi.com/best-practices/#rock
•
•

DNR: none
Rock infiltration practices must comply with the local shoreland zoning ordinance.
Consult with your county or municipal zoning staff.

Maximum of $1000/rock infiltration practice installed and implemented according to
the technical requirements.
• Healthy Lakes & Rivers rock infiltration practice grant funding is not intended for
heavily developed parcels, sites with large volumes of runoff, or sites with complex
problems that may require engineering design.
•

HEALTHY
LAKES & RIVERS
GRANT FUNDING

DID YOU KNOW...

11

…800 ft2 of pavement, rooftop, or other hard
surface generates nearly 500 gallons of water
during a one-inch rain? Anytime you can refrain
from adding hard surface to your property,
you’re helping our lakes and rivers.

ZONE 3: UPLAND
PRACTICE 5 RAIN GARDEN

A landscaped shallow
depression with loose soil
designed to collect roof and
driveway runoff.
Rock Lake, Jefferson County - Pamela Toshner

LAKE & RIVER
HEALTH
BENEFITS

COSTS
TECHNICAL
REQUIREMENTS
REGULATORY
INFORMATION

Improve wildlife habitat
Divert runoff water
Clean runoff water
Infiltrate runoff water
Promote natural beauty
Range: $500-$9500 per rain garden, installed
Average: $1245 per rain garden, installed
Follow Rain Garden Fact Sheet and Technical Guidance
https://healthylakeswi.com/best-practices/#rain
•
•

DNR: none
Rain gardens must comply with the local shoreland zoning ordinance. Consult with your
county or municipal zoning staff.

Maximum of $1000/rain garden installed and implemented according to the technical
requirements.
HEALTHY
LAKES & RIVERS • Healthy Lakes & Rivers rain garden grant funding is not intended for heavily developed
parcels, sites with large volumes of runoff, or sites with complex problems that may
GRANT FUNDING
require engineering design.
DID YOU KNOW...
•
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…many properties have existing natural
areas where water can soak into the ground
and provide habitat, too? Look for these
areas, especially prior to construction, and
use them if you can.

HEALTHY LAKES & RIVERS PLAN
FUNDING AND ACCOUNTABILITY
Administrative details and the application process are described in detail in the
WDNR’s Surface Water Grant Application & Guidelines, Healthy Lakes Application
Tutorial (https://dnr.wi.gov/aid/surfacewater.html), and Healthy Lakes & Rivers
Funding FAQ and Financial Administration factsheets (https://healthylakeswi.com).

IMPORTANT! Please note Healthy Lakes &
Rivers grant funding is not available for
regulatory compliance purposes, including
shoreland mitigation projects.

Healthy Lakes & River grant funding highlights:
• Competitive grant funding is available for eligible grantees that apply on behalf of property owners with the possibility to include
multiple lakes and rivers. State funding for each best practice is capped at $1000, and the total grant award is capped at
$25,000. The grant application includes an option for applicants to add 10% of the state share of the best practice costs for
technical assistance, project management, and/or education and communication costs.
• Grantees must match 25% of the total grant award amount. This 25% match can be in the form of volunteer labor, equipment,
and cash from participating property owners or other partners. The grantee may determine individual property owner cost share
rates, provided the state’s share of the individual best practice caps ($1000) and state’s contribution to the project (75% of
total costs) are not exceeded.
• Grantees are allowed the standard two-year grant timeline to complete projects; this encourages shovel-ready projects. Grantees
can use small-scale lake planning or river planning grants to develop projects, including recruiting property owners and
completing initial site visits.
• Property owners may sign a participation pledge to document strong interest in completing the project.
• Application and reporting forms and process are standardized.
• Grantees will use a standard deliverable checklist, including a signed landowner contract with operation and maintenance
information and 10-year requirement to leave practices in place. Also:
ww Native plantings must remain in place according to local shoreland zoning standards.
ww Fish Sticks projects require a 350 ft2 native planting at the lakeshore edge or commitment not to mow, if the property does
not comply with the shoreland vegetation protection area (i.e., buffer) standard described in the local shoreland zoning
ordinance.
• The Healthy Lakes & Rivers Team and/or local DNR staff will complete site visits on at least 10% of funded projects annually, and
there may also be a future self-reporting process to verify projects, collect program feedback, and celebrate success.

PROMOTION
Wisconsin’s Healthy Lakes & Rivers Action Plan will be supported and
promoted as a statewide program. Lake and river groups, businesses,
local governments, and other partners may choose to implement
the Plan as is or to integrate it into their own planning processes. A
communication plan will drive statewide promotion and engage our
partners with the following:
• A logo/brand.
• A promotional toolkit, including outreach publications and signs.
• An ambassador program to recruit and champion program
participants.
• A website (https://healthylakeswi.com/) with plan, practice, and
funding information housed on the University of Wisconsin server in
partnership with the UW-Extension Environmental Resources Center.
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HEALTHY LAKES & RIVERS PLAN
EVALUATION OF RESULTS
Wisconsin’s Healthy Lakes & Rivers Action Plan will be evaluated annually and updated as
Results matter! Take a look at
needed but at least once every 3-5 years. Depending on the results, best practices may be
what we’ve accomplished so far:
modified, removed, or added, and application and reporting requirements may be changed.
• 21 counties,
The following information will be collected to support an objective evaluation:
• 56 lakes,
• Number and geographic distribution of Healthy Lakes & Rivers grant applications, lakes,
• 269 properties, and
properties, and best practices.
• 398 best practices
• Property owner participation, including numbers and locations of best practices
received Healthy Lakes grant
implemented.
funding from 2014-2017.
• Standardized Healthy Lakes & Rivers grant project deliverable report including:
ww Numbers of Fish Sticks clusters and trees
ww Type of native planting, surface area, and length of lake or river shoreline restored.
ww Impervious/drainage area captured by or diverted by infiltration, diversion, and rain garden practices.
• Customer feedback, including project testimonials and opportunities for improvement.

Beaver Dam Lake - Cherie Hagen
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Appendix C
Shawano Count Shoreline Restoration Program 2019

Menominee County

LAND CONSERVATION DEPARTMENT
311 N MAIN STREET – COURTHOUSE
SHAWANO, WI 54166-2145
Phone (715) 526-6766 Fax (715) 526-6273
www.co.shawano.wi.us

Shawano County Shoreline Restoration Program
Careful use of land surrounding our lakes and streams is essential to protect one of Shawano County’s
greatest assets – clean water. Good water quality is also necessary for many wildlife species and
providing us with recreational opportunities such as fishing, boating and swimming. The need for
improved stormwater management and shoreland restoration is applicable to all areas within Shawano
County. Project proposals throughout Shawano County will be considered. Rain Gardens can also
be an eligible practice depending on the needs of the site.
Shoreland restoration projects involve establishing native plants such as native grasses, wildflowers,
shrubs and trees which provide a deep root structure to hold soil in place. This prevents soil erosion
and improves water quality by reducing the overall amount of nutrients and pollutants that enter
Shawano County surface waters. Individual property owners can chose plants which are not only
aesthetically pleasing, but appropriate for their property and landscaping desires. Vegetation along
the shoreline also creates a biological barrier to deter Canada Geese from coming on to the land.
Although wildlife habitat is enhanced through these projects, the most important benefits are water
quality improvements.
Rain gardens are landscaped areas formed from a hollow depression that are planted with native
perennial plants. Rain gardens are fairly simple to create and care for. Rain gardens can also offer
options for shoreland properties where there is not adequate area to establish a shoreland buffer and
in non-riparian (waterfront) properties. The depression allows stormwater to slowly infiltrate onsite
while absorbing pollutants and sediment. Rain gardens actively manage stormwater on a landowner’s
property from impervious surfaces such as concrete and building roofs.
Shoreland restoration and rain gardens are best completed on a voluntary basis. Willing volunteers
can provide showcase examples of how lakeshore property owners can restore natural shorelines and
still enjoy a view of the lake. Property owners, who participate voluntarily, will be eligible for a 50%
cost-share rate and up to a maximum of $2,500 of cost-share per property. Landowners will need to
enter into cost-share agreements with the Shawano County Land Conservation Department. Cost
shared practices shall be operated and maintained for a minimum of 10 years, commencing on the
date that the final practice covered by the agreement has been installed. Pictures of recent projects
are on the next page.
Funding is still available. For more information on this opportunity please contact:
Scott M. Frank
Conservationist
Shawano County Land Conservation Department
(715) 526-4632
scott.frank@co.shawano.wi.us

Shawano Lake

Shawano Lake Outlet

Lower Red Lake

E
APPENDIX E

Point-Intercept Aquatic Macrophyte Survey Data

Non-dicots

Dicots

LFOO (%)
Scientific Name
Myriophyllum spicatum
Ceratophyllum demersum
Myriophyllum sibiricum
Bidens beckii
Nuphar variegata
Nymphaea odorata
Myriophyllum tenellum
Ranunculus aquatilis
Utricularia vulgaris
Ceratophyllum echinatum
Brasenia schreberi
Lythrum salicaria
Potamogeton crispus
Vallisneria americana
Najas flexilis & N. guadalupensis & N. gracillima
Chara spp.
Elodea canadensis
Lemna trisulca
Najas guadalupensis
Potamogeton zosteriformis
Najas flexilis
Potamogeton illinoensis
Potamogeton gramineus
Potamogeton robbinsii
Potamogeton friesii
Filamentous algae
Potamogeton praelongus
Stuckenia pectinata
Heteranthera dubia
Potamogeton pusillus
Potamogeton amplifolius
Potamogeton richardsonii
Potamogeton strictifolius
Nitella spp.
Potamogeton hybrid 1
Schoenoplectus acutus
Sagittaria sp. (rosette)
Potamogeton foliosus
Freshwater sponge
Eleocharis palustris
Schoenoplectus pungens
Spirodela polyrhiza
Fissidens spp. & Fontinalis spp.
Potamogeton berchtoldii
Zannichellia palustris
Sagittaria cristata
Eleocharis acicularis
Potamogeton epihydrus
Zizania spp.
Sparganium angustifolium
Potamogeton hybrid 2
Pontederia cordata
Phragmites australis subsp. australis
Sparganium sp.
Schoenoplectus tabernaemontani
Littorella uniflora

Common Name
Eurasian watermilfoil
Coontail
Northern watermilfoil
Water marigold
Spatterdock
White water lily
Dwarf watermilfoil
White water crowfoot
Common bladderwort
Spiny hornwort
Watershield
Purple loosestrife
Curly-leaf pondweed
Wild celery
Slender, Southern, and Northern Naiad
Muskgrasses
Common waterweed
Forked duckweed
Southern naiad
Flat-stem pondweed
Slender naiad
Illinois pondweed
Variable-leaf pondweed
Fern-leaf pondweed
Fries' pondweed
Filamentous algae
White-stem pondweed
Sago pondweed
Water stargrass
Small pondweed
Large-leaf pondweed
Clasping-leaf pondweed
Stiff pondweed
Stoneworts
Pondweed Hybrid 1
Hardstem bulrush
Arrowhead sp. (rosette)
Leafy pondweed
Freshwater sponge
Creeping spikerush
Three-square rush
Greater duckweed
Aquatic Moss
Slender pondweed
Horned pondweed
Crested arrowhead
Needle spikerush
Ribbon-leaf pondweed
Wild rice sp.
Narrow-leaf bur-reed
Pondweed Hybrid 2
Pickerelweed
Giant reed
Bur-reed sp.
Softstem bulrush
American shoreweed

2005
42.1
21.8
8.9
0.0
1.7
0.3
0.0
0.0
0.2
0.0
0.0
0.2
26.1
13.7
14.9
0.5
23.8
0.0
0.0
10.3
0.0
0.3
9.1
3.8
0.0
0.0
0.0
0.0
0.0
0.0
6.2
0.0
0.5
0.0
0.0
0.0
0.2
2.5
0.0
0.0
0.0
0.0
0.0
0.0
0.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2013
17.4
29.2
5.9
1.4
0.5
0.6
0.1
0.1
0.1
0.0
0.1
0.0
2.8
29.6
21.7
27.0
19.3
35.6
16.3
20.7
8.3
16.7
4.0
7.5
8.2
0.0
1.9
1.5
2.3
1.5
1.7
2.8
4.4
1.0
0.2
1.1
0.6
0.0
0.2
0.8
0.3
0.2
0.7
0.0
0.0
0.0
0.1
0.1
0.1
0.0
0.2
0.1
0.1
0.0
0.0
0.0

2015
16.6
29.8
4.3
2.4
0.1
0.2
0.4
0.1
0.0
0.0
0.1
0.0
1.4
33.0
44.1
27.1
14.6
30.9
29.1
15.3
21.5
5.0
5.9
7.5
0.7
0.7
3.2
3.4
2.2
2.2
1.5
1.4
1.7
0.0
0.6
0.7
0.2
0.0
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0.6
0.0
0.4
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2016
1.2
23.9
0.1
1.5
0.2
0.1
0.2
0.0
0.1
0.0
0.0
0.0
0.8
37.7
23.9
24.4
17.1
17.3
18.0
7.1
6.7
6.0
3.7
5.3
0.1
2.7
1.6
0.6
0.6
0.6
1.5
1.9
0.0
0.2
0.2
0.2
0.0
0.1
0.2
0.2
0.1
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2017
11.8
24.6
1.1
0.6
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
2.7
37.2
17.2
34.3
33.2
14.9
13.0
10.0
4.4
8.1
2.4
3.3
3.4
6.5
1.4
2.8
0.6
1.4
1.3
1.6
0.5
0.0
0.0
0.0
0.1
0.1
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.1
0.0
0.1
0.0
0.0
0.0
0.0
0.1
0.1
0.0

2018
15.6
27.4
5.6
1.4
0.2
0.1
0.0
0.0
0.0
0.1
0.0
0.0
0.1
33.8
30.1
31.4
29.3
22.1
18.6
13.1
15.4
2.8
5.0
1.9
2.5
1.3
2.4
1.3
2.4
2.4
0.5
2.0
1.5
2.8
0.0
0.4
0.4
0.0
0.2
0.2
0.1
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.1
0.1
0.0
0.0
0.1

2019
22.3
29.2
2.2
2.5
0.1
0.1
0.2
0.2
0.1
0.1
0.0
0.0
1.2
32.5
36.7
30.5
26.8
31.0
28.7
20.5
10.6
7.3
5.7
3.9
7.0
4.4
2.1
2.6
3.2
2.6
0.6
1.1
1.4
0.6
1.8
0.5
0.6
0.2
1.0
0.2
0.2
0.4
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
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Strategic Analysis of Aquatic Plant Management in Wisconsin (June
2019). Extracted Supplemental Chapters: 3.3 (Herbicide Treatment),
3.4 (Physical Removal), & 3.5 (Biological Control)

Aquatic Plant Management in Wisconsin: Draft Strategic Analysis – Draft December 2018
Supplemental Chapter 3.3 (Herbicide Treatment) and 3.4 (Physical Removal Techniques)

The WDNR is in the process of conducting a Strategy Analysis which will ultimately mold policies
and approaches. The strategy the WDNR is following is outlined on the WDNR's APM Strategic
Analysis Webpage:
https://dnr.wi.gov/topic/eia/apmsa.html
Below is a table of contents for the extracted materials for use in risk assessment of the discussed
management tools within this project. Please refer to the WDNR’s full text document cited above
for Literature Cited.

Extracted Table of Contents
S.3.3. Herbicide Treatment
S.3.3.1. Submersed or Floating, Relatively Fast-Acting Herbicides
Diquat
Flumioxazin
S.3.3.2. Submersed, Relatively Slow-Acting Herbicides
2,4-D
Fluridone
Endothall
Imazomox
Florpyrauxifen-benzyl
S.3.3.3. Emergent and Wetland Herbicides
Glyphosate
Imazapyr
S.3.3.4. Herbicides Used for Submersed and Emergent Plants
Triclopyr
Penoxsulam
S.3.4. Physical Removal Techniques
S.3.4.1. Harvesting: Manual, Mechanical, and DASH
Manual and Mechanical Cutting
Hand Pulling and Diver-Assisted Suction Harvesting
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S.3.3. Herbicide Treatment
Herbicides are the most commonly employed method for controlling aquatic plants in Wisconsin.
They are extremely useful tools for accomplishing aquatic plant management (APM) goals, like
controlling invasive species, providing waterbody access, and ecosystem restoration. This Chapter
includes basic information about herbicides and herbicide formulations, how herbicides are
assessed for ecological and human health risks and registered for use, and some important
considerations for the use of herbicides in aquatic environments.
A pesticide is a substance used to either directly kill pests or to prevent or reduce pest damage;
herbicides are pesticides that are used to kill plants. Only a certain component of a pesticide
product is intended to have pesticidal effects and this is called the active ingredient. The active
ingredient is listed near the top of the first page on an herbicide product label. Any product
claiming to have pesticidal properties must be registered with the U.S. EPA and regulated as a
pesticide.
Inert ingredients often make up the majority of a pesticide formulation and are not intended to
have pesticidal activity, although they may enhance the pesticidal activity of the active ingredient.
These ingredients, such as carriers and solvents, are often added to the active ingredient by
manufacturers, or by an herbicide applicator during use, in order to allow mixing of the active
ingredient into water, make it more chemically stable, or aid in storage and transport.
Manufacturers are not required to identify the specific inert ingredients on the pesticide label. In
addition to inert ingredients included in manufactured pesticide formulations, adjuvants are inert
ingredient products that may be added to pesticide formulations before they are applied to modify
the properties or enhance pesticide performance. Adjuvants are typically not intended to have
pesticidal properties and are not regulated as pesticides under the Federal Insecticide, Fungicide
and Rodenticide Act. However, research has shown that inert ingredients can increase the efficacy
and toxicity of pesticides especially if the appropriate label uses aren’t followed (Mesnage et al.
2013; Defarge et al. 2016).
The combination of active ingredients and inert ingredients is what makes up a pesticide
formulation. There are often many formulations of each active ingredient and pesticide
manufacturers typically give a unique product or trade name to each specific formulation of an
active ingredient. For instance, “Sculpin G” is a solid, granular 2,4-D amine product, while “DMA
IV” is a liquid amine 2,4-D product, and the inert ingredients in these formulations are different,
but both have the same active ingredient. Care should always be taken to read the herbicide product
label as this will give information about which pests and ecosystems the product is allowed to be
used for. Some formulations (i.e., non-aquatic formulations of glyphosate such as “Roundup”) are
not allowed for aquatic use and could lead to environmental degradation even if used on shorelines
near the water. There are some studies which indaicate that the combination of two chemicals (e.g.,
2,4-D and endothall) applied together produces syngerinstic efficacy results that are greater than
if each product was applied alone (Skogerboe et al. 2012). Conversely, there are studies which
indicate the the combination of two chemicals (i.e. diquat and penxosulam) which result in an
antagonistic response between the herbicides, and resulted in reduced efficacy than when applying
penoxsulam alone (Wersal and Madsen 2010b).
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The U.S. EPA is responsible for registering pesticide products before they may be sold. In order
to have their product registered, pesticide manufacturers must submit toxicity test data to the EPA
that shows that the intended pesticide use(s) will not create unreasonable risks. “Unreasonable” in
this context means that the risks of use outweigh the potential benefits. Once registered, the EPA
must re-evaluate each pesticide and new information related to its use every 15 years. The current
cycle of registration review will end in 2022, with a new cycle and review schedule starting then.
In addition, EPA may decide to only register certain uses of any given pesticide product and can
also require that only trained personnel can apply a pesticide before the risks outweigh the benefits.
Products requiring training before application are called Restricted Use Pesticides.
As part of their risk assessments, EPA reviews information related to pesticide toxicity. Following
laboratory testing, ecotoxicity rankings are given for different organismal groups based on the
dosage that would cause harmful ecological effects (e.g., death, reduction in growth, reproductive
impairment, and others). For example, the ecotoxicity ranking for 2,4-D ranges from “practically
non-toxic” to “slightly toxic” for freshwater invertebrates, meaning tests have shown that doses of
>100 ppm and 10-100 ppm are needed to cause 50% mortality or immobilization in the test
population, respectively. Different dose ranges and indicators of “harm” are used to assess toxicity
depending on the organisms being tested. More information can be found on the EPA’s website.
Beyond selecting herbicide formulations approved for use in aquatic environments, there are
additional factors to consider supporting appropriate and effective herbicide use in those
environments. Herbicide treatments are often used in terrestrial restorations, so they are also often
requested in the management and restoration of aquatic plant communities. However, unlike
applications in a terrestrial environment, the fluid environment of freshwater systems presents a
set of unique challenges. Some general best practices for addressing challenges associated with
herbicide dilution, migration, persistence, and non-target impacts are described in Chapter 7.4.
More detailed documentation of these challenges is described below and in discussions on
individual herbicides in Supplemental Chapter S.3.3 (Herbicide Treatment).
As described in Chapter 7.4, when herbicide is applied to waters, it can quickly migrate offsite and
dilute to below the target concentrations needed to provide control (Hoeppel and Westerdal 1983;
Madsen et al. 2015; Nault et al. 2015). Successful plant control with herbicide is dependent on
concentration exposure time (CET) relationships. In order to examine actual observed CET
relationships following herbicide applications in Wisconsin lakes, a study of herbicide CET and
Eurasian watermilfoil (Myriophyllum spicatum) control efficacy was conducted on 98 small-scale
(0.1-10 acres) 2,4-D treatment areas across 22 lakes. In the vast majority of cases, initial observed
2,4-D concentrations within treatment areas were far below the applied target concentration, and
then dropped below detectable limits within a few hours after treatment (Nault et al. 2015). These
results indicate the rapid dissipation of herbicide off of the small treatment areas resulted in water
column concentrations which were much lower than those recommended by previous laboratory
CET studies for effective Eurasian watermilfoil control. Concentrations in protected treatment
areas (e.g., bays, channels) were initially higher than those in areas more exposed to wind and
waves, although concentrations quickly dissipated to below detectable limits within hours after
treatment regardless of spatial location. Beyond confining small-scale treatments to protected
areas, utilizing or integrating faster-acting herbicides with shorter CET requirements may also help
to compensate for reductions in plant control due to dissipation (Madsen et al. 2015). The use of
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chemical curtains or adjuvants (weighting or sticking agents) may also help to maintain adequate
CET, however more research is needed in this area.
This rapid dissipation of herbicide off of treatment areas is important for resource managers to
consider in planning, as treating numerous targeted areas at a ‘localized’ scale may actually result
in low-concentrations capable of having lakewide impacts as the herbicide dissipates off of the
individual treatment sites. In general, if the percentage of treated areas to overall lake surface area
is >5% and targeted areas are treated at relatively high 2,4-D concentrations (e.g., 2.0-4.0 ppm),
then anticipated lakewide concentrations after dissipation should be calculated to determine the
likelihood of lakewide effects (Nault et al. 2018).
Aquatic-use herbicides are commercially available in both liquid and granular forms. Successful
target species control has been reported with both granular and liquid formulations. While there
has been a commonly held belief that granular products are able to ‘hold’ the herbicide on site for
longer periods of time, actual field comparisons between granular and liquid 2,4-D forms revealed
that they dissipated similarly when applied at small-scale sites (Nault et al. 2015). In fact, liquid
2,4-D had higher initial observed water column concentrations than the granular form, but in the
majority of cases concentrations of both forms decreased rapidly to below detection limits within
several hours after treatment Nault et al. 2015). Likewise, according to United Phosphorus, Inc.
(UPI), the sole manufacturer of endothall, the granular formulation of endothall does not hold the
product in a specific area significantly longer than the liquid form (Jacob Meganck [UPI], personal
communication).
In addition, the stratification of water and the formation of a thermal density gradient can confine
the majority of applied herbicides in the upper, warmer water layer of deep lakes. In some
instances, the entire lake water volume is used to calculate how much active ingredient should be
applied to achieve a specific lakewide target concentration. However, if the volume of the entire
lake is used to calculate application rates for stratified lakes, but the chemical only readily mixes
into the upper water layer, the achieved lakewide concentration is likely to be much higher than
the target concentration, potentially resulting in unanticipated adverse ecological impacts.
Because herbicides cannot be applied directly to specific submersed target plants, the dissipation
of herbicide over the treatment area can lead to direct contact with non-target plants and animals.
No herbicide is completely selective (i.e., effective specifically on only a single target species).
Some plant species may be more susceptible to a given herbicide than others, highlighting the
importance of choosing the appropriate herbicide, or other non-chemical management approach,
to minimize potential non-target effects of treatment. There are many herbicides and plant species
for which the CET relationship that would negatively affect the plant is unknown. This is
particularly important in the case of rare, special concern, or threatened and endangered species.
Additionally, loss of habitat following any herbicide treatment or other management technique
may cause indirect reductions in populations of invertebrates or other organisms. Some organisms
will only recolonize the managed areas as aquatic plants become re-established.
Below are reviews for the most commonly used herbicides for APM in Wisconsin. Much of the
information
here
was
pulled
directly
from
DNR's
APM
factsheets
(http://dnr.wi.gov/lakes/plants/factsheets/), which were compiled in 2012 using U.S. EPA
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herbicide product labels, U.S. Army Corps of Engineers reports, and communications with natural
resource agencies in other northern, lake-rich states. These have been supplemented with more
recent information from primary research publications.
Each pesticide has at least one mode of action which is the specific mechanism by which the active
ingredient exerts a toxic effect. For example, some herbicides inhibit production of the pigments
needed for photosynthesis while others mimic plant growth hormones and cause uncontrolled and
unsustainable growth. Herbicides are often classified as either systemic or contact in mode of
action, although some herbicides are able to function under various modes of action depending on
environmental variables such as water temperature. Systemic pesticides are those that are absorbed
by organisms and can be moved or translocated within the organism. Contact pesticides are those
that exert toxic effects on the part(s) of an organism that they come in contact with. The amount
of exposure time needed to kill an organism is based on the specific mode of action and the
concentration of any given pesticide. In the descriptions below herbicides are generally categorized
into which environment (above or below water) they are primarily used and a relative assessment
of how quickly they impact plants. Herbicides can be applied in many ways. In lakes, they are
usually applied to the water’s surface (or below the water’s surface) through controlled release by
equipment including spreaders, sprayers, and underwater hoses. In wetland environments,
spraying by helicopter, backpack sprayer, or application by cut-stem dabbing, wicking, injection,
or basal bark application are also used.
S.3.3.1. Submersed or Floating, Relatively Fast-Acting Herbicides
Diquat
Registration and Formulations
Diquat (or diquat dibromide) initially received Federal registration for control of submersed and
floating aquatic plants in 1962. It was initially registered with the U.S. EPA in 1986, evaluated for
reregistration in 1995, and is currently under registration review. A registration review decision
was expected in 2015 but has not been released (EPA Diquat Plan 2011). The active ingredient is
6,7-dihydrodipyrido[1,2-α:2’,1’-c] pyrazinediium dibromide, and is commercially sold as liquid
formulations for aquatic use.
Mode of Action and Degradation
Diquat is a fast-acting herbicide that works through contact with plant foliage by disrupting
electron flow in photosystem I of the photosynthetic reaction, ultimately causing the destruction
of cell membranes (Hess 2000; WSSA 2007). Plant tissues in contact with diquat become impacted
within several hours after application, and within one to three days the plant tissue will become
necrotic. Diquat is considered a non-selective herbicide and will rapidly kill a wide variety of
plants on contact. Because diquat is a fast-acting herbicide, it is oftentimes used for managing
plants growing in areas where water exchange is anticipated to limit herbicide exposure times,
such as small-scale treatments.
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Due to rapid vegetation decomposition after treatment, only partial treatments of a waterbody
should be conducted to minimize dissolved oxygen depletion and associated negative impacts on
fish and other aquatic organisms. Untreated areas can be treated with diquat 14 days after the first
application.
Diquat is strongly attracted to silt and clay particles in the water and may not be very effective
under highly turbid water conditions or where plants are covered with silt (Clayton and Matheson
2010).
The half-life of diquat in water generally ranges from a few hours to two days depending on water
quality and other environmental conditions. Diquat has been detected in the water column from
less than a day up towards 38 DAT, and remains in the water column longer when treating
waterbodies with sandy sediments with lower organic matter and clay content (Coats et al. 1964;
Grzenda et al. 1966; Yeo 1967; Sewell et al. 1970; Langeland and Warner 1986; Langeland et al.
1994; Poovey and Getsinger 2002; Parsons et al. 2007; Gorzerino et al. 2009; Robb et al. 2014).
One study reported that diquat is chemically stable within a pH range of 3 to 8 (Florêncio et al.
2004). Due to the tendency of diquat to be rapidly adsorbed to suspended clays and particulates,
long exposure periods are oftentimes not possible to achieve in the field. Studies conducted by
Wersal et al. (2010a) did not observe differences in target species efficacy between daytime versus
night-time applications of diquat. While large-scale diquat treatments are typically not
implemented, a study by Parsons et al. (2007), observed declines in both dissolved oxygen and
water clarity following the herbicide treatment.
Diquat binds indefinitely to organic matter, allowing it to accumulate and persist in the sediments
over time (Frank and Comes 1967; Simsiman and Chesters 1976). It has been reported to have a
very long-lived half-life (1000 days) in sediment because of extremely tight soil sorption, as well
as an extremely low rate of degradation after association with sediment (Wauchope et al. 1992;
Peterson et al. 1994). Both photolysis and microbial degradation are thought to play minor roles
in degradation (Smith and Grove 1969; Emmett 2002). Diquat is not known to leach into
groundwater due to its very high affinity to bind to soils.
One study reported that combinations of diquat and penoxsulam resulted in an antagonistic
response between the herbicides when applied to water hyacinth (Eichhornia crassipes) and
resulted in reduced efficacy than when applying penoxsulam alone. The antagonistic response is
likely due to the rapid cell destruction by diquat that limits the translocation and efficacy of the
slower acting enzyme inhibiting herbicides (Wersal and Madsen 2010b).
Toxicology
There are no restrictions on swimming or eating fish from waterbodies treated with diquat.
Depending on the concentration applied, there is a 1-3 day waiting period after treatment for
drinking water. However, in one study, diquat persisted in the water at levels above the EPA
drinking water standard for at least 3 DAT, suggesting that the current 3-day drinking water
restriction may not be sufficient under all application scenarios (Parsons et al. 2007). Water treated
with diquat should not be used for pet or livestock drinking water for one day following treatment.
The irrigation restriction for food crops is five days, and for ornamental plants or lawn/turf, it
varies from one to three days depending on the concentration used. A study by Mudge et al. (2007)
on the effects of diquat on five popular ornamental plant species (begonia, dianthus, impatiens,
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petunia, and snapdragon) found minimal risks associated with irrigating these species with water
treated with diquat up to the maximum use rate of 0.37 ppm.
Ethylene dibromide (EDB) is a trace contaminant in diquat products which originates from the
manufacturing process. EDB is a documented carcinogen, and the EPA has evaluated the health
risk of its presence in formulated diquat products. The maximum level of EDB in diquat dibromide
is 0.01 ppm (10 ppb). EBD degrades over time, and it does not persist as an impurity.
Diquat does not have any apparent short-term effects on most aquatic organisms that have been
tested at label application rates (EPA Diquat RED 1995). Diquat is not known to bioconcentrate
in fish tissues. A study using field scenarios and well as computer modelling to examine the
potential ecological risks posed by diquat determined that diquat poses a minimal ecological
impact to benthic invertebrates and fish (Campbell et al. 2000). Laboratory studies indicate that
walleye (Sander vitreus) are more sensitive to diquat than some other fish species, such as
smallmouth bass (Micropterus dolomieu), largemouth bass (Micropterus salmoides), and bluegills
(Lepomis macrochirus), with individuals becoming less sensitive with age (Gilderhus 1967; Paul
et al. 1994; Shaw and Hamer 1995). Maximum application rates were lowered in response to these
studies, such that applying diquat at recommended label rates is not expected to result in toxic
effects on fish (EPA Diquat RED 1995). Sublethal effects such as respiratory stress or reduced
swimming capacity have been observed in studies where certain fish species (e.g., yellow perch
(Perca flavescens), rainbow trout (Oncorhynchus mykiss), and fathead minnows (Pimephales
promelas)) have been exposed to diquat concentrations (Bimber et al. 1976; Dodson and Mayfield
1979; de Peyster and Long 1993). Another study showed no observable effects on eastern spiny
softshell turtles (Apalone spinifera spinifera; Paul and Simonin 2007). Reduced size and
pigmentation or increased mortality have been shown in some amphibians but at above
recommended label rates (Anderson and Prahlad 1976; Bimber and Mitchell 1978; Dial and BauerDial 1987). Toxicity data on invertebrates are scarce and diquat is considered not toxic to most of
them. While diquat is not highly toxic to most invertebrates, significant mortality has been
observed in some species at concentrations below the maximum label use rate for diquat, such as
the amphipod Hyalella azteca (Wilson and Bond 1969; Williams et al. 1984), water fleas (Daphnia
spp.). Reductions in habitat following treatment may also contribute to reductions of Hyalella
azteca. For more information, a thorough risk assessment for diquat was compiled by the
Washington State Department of Ecology Water Quality Program (WSDE 2002). Available
toxicity data for fish, invertebrates, and aquatic plants is summarized in tabular format by
Campbell et al. (2000).
Species Susceptibility
Diquat has been shown to control a variety of invasive submerged and floating aquatic plants,
including Eurasian watermilfoil (Myriophyllum spicatum), curly-leaf pondweed (Potamogeton
crispus), parrot feather (Myriophyllum aquaticum), Brazilian waterweed (Egeria densa), water
hyacinth, water lettuce (Pistia stratiotes), flowering rush (Butomus umbellatus), and giant salvinia
(Salvinia molesta; Netherland et al. 2000; Nelson et al. 2001; Poovey et al. 2002; Langeland et al.
2002; Skogerboe et al. 2006; Martins et al. 2007, 2008; Wersal et al. 2010a; Wersal and Madsen
2010a; Wersal and Madsen 2012; Poovey et al. 2012; Madsen et al. 2016). Studies conducted on
the use of diquat for hydrilla (Hydrilla verticillata) and fanwort (Cabomba caroliniana) control
have resulted in mixed reports of efficacy (Van et al. 1987; Langeland et al. 2002; Glomski et al.
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2005; Skogerboe et al. 2006; Bultemeier et al. 2009; Turnage et al. 2015). Non-native phragmites
(Phragmites australis subsp. australis) has been shown to not be significantly reduced by diquat
(Cheshier et al. 2012).
Skogerboe et al. 2006 reported on the efficacy of diquat (0.185 and 0.37 ppm) under flow-through
conditions (observed half-lives of 2.5 and 4.5 hours, respectively). All diquat treatments reduced
Eurasian watermilfoil biomass by 97 to 100% compared to the untreated reference, indicating that
this species is highly susceptible to diquat. Netherland et al. (2000) examined the role of various
water temperatures (10, 12.5, 15, 20, and 25°C) on the efficacy of diquat applications for
controlling curly-leaf pondweed. Diquat was applied at rates of 0.16-0.50 ppm, with exposure
times of 9-12 hours. Diquat efficacy on curly-leaf pondweed was inhibited as water temperature
decreased, although treatments at all temperatures were observed to significantly reduce biomass
and turion formation. While the most efficacious curly-leaf pondweed treatments were conducted
at 25°C, waiting until water warms to this temperature limits the potential for reducing turion
production. Diquat applied at 0.37 ppm (with a 6 to 12-hour exposure time) or at 0.19 ppm (with
a 72-hour exposure time) was effective at reducing biomass of flowering rush (Poovey et al. 2012;
Madsen et al. 2016).
Native species that have been shown to be affected by diquat include: American lotus (Nelumbo
lutea), common bladderwort (Utricularia vulgaris), coontail (Ceratophyllum demersum), common
waterweed (Elodea canadensis), needle spikerush (Eleocharis acicularis), Illinois pondweed
(Potamogeton illinoensis), leafy pondweed (P. foliosus), clasping-leaf pondweed (P.
richardsonii), fern pondweed (P. robbinsii), sago pondweed (Stuckenia pectinata), and slender
naiad (Najas flexilis) (Hofstra et al. 2001; Glomski et al. 2005; Skogerboe et al. 2006; Mudge
2013; Bugbee et al. 2015; Turnage et al. 2015). Diquat is particularly toxic to duckweeds
(Landoltia punctata and Lemna spp.), although certain populations of dotted duckweed (Landoltia
punctata) have developed resistance of diquat in waterbodies with a long history (20-30 years) of
repeated diquat treatments (Peterson et al. 1997; Koschnick et al. 2006). Variable effects have been
observed for water celery (Vallisneria americana), long-leaf pondweed (Potamogeton nodosus),
and variable-leaf watermilfoil (Myriophyllum heterophyllum; Skogerboe et al. 2006; Glomski and
Netherland 2007; Mudge 2013).
Flumioxazin
Registration and Formulations
Flumioxazin (2-[7-fluoro-3,4-dihydro-3-oxo-4-(2-propynyl)-2H-1,4-benzoxazin-6-yl]-4,5,6,7tetrahydro-1H-isoindole-1,3(2H)-dione) was registered with the U.S. EPA for agricultural use in
2001 and registered for aquatic use in 2010. The first registration review of flumioxazin is expected
to be completed in 2017 (EPA Flumioxazin Plan 2011). Granular and liquid formulations are
available for aquatic use.
Mode of Action and Degradation
The mode of action of flumioxazin is through disruption of the cell membrane by inhibiting
protoporphyrinogen oxidase which blocks production of heme and chlorophyll. The efficacy of
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this mode of action is dependent on both light intensity and water pH (Mudge et al. 2012a; Mudge
and Haller 2010; Mudge et al. 2010), with herbicide degradation increasing with pH and efficacy
decreasing as light intensity declines.
Flumioxazin is broken down by water (hydrolysis), light (photolysis) and microbes. The half-life
ranges from approximately 4 days at pH 5 to 18 minutes at pH 9 (EPA Flumioxazin 2003). In the
majority of Wisconsin lakes half-life should be less than 1 day.
Flumioxazin degrades into APF (6-amino-7-fluro-4-(2-propynyl)-1,4,-benzoxazin-3(2H)-one) and
THPA (3,4,5,6-tetrahydrophthalic acid). Flumioxazin has a low potential to leach into groundwater
due to the very quick hydrolysis and photolysis. APF and THPA have a high potential to leach
through soil and could be persistent.
Toxicology
Tests on warm and cold-water fishes indicate that flumioxazin is “slightly to moderately toxic” to
fish on an acute basis, with possible effects on larval growth below the maximum label rate of 0.4
ppm (400 ppb). Flumioxazin is moderately to highly toxic to aquatic invertebrates, with possible
impacts below the maximum label rate. The potential for bioaccumulation is low since degradation
in water is so rapid. The metabolites APF and THPA have not been assessed for toxicity or
bioaccumulation.
The risk of acute exposure is primarily to chemical applicators. Concentrated flumioxazin doesn’t
pose an inhalation risk but can cause skin and eye irritation. Recreational water users would not
be exposed to concentrated flumioxazin.
Acute exposure studies show that flumioxazin is “practically non-toxic” to birds and small
mammals. Chronic exposure studies indicate that flumioxazin is non-carcinogenic. However,
flumioxazin may be an endocrine disrupting compound in mammals (EPA Flumioxazin 2003), as
some studies on small mammals did show effects on reproduction and larval development,
including reduced offspring viability, cardiac and skeletal malformations, and anemia. It does not
bioaccumulate in mammals, with the majority excreted in a week.
Species Susceptibility
The maximum target concentration of flumioxazin is 0.4 ppm (400 ppb). At least one study has
shown that flumioxazin (at or below the maximum label rate) will control the invasive species
fanwort (Cabomba caroliniana), hydrilla (Hydrilla verticillata), Japanese stiltgrass (Microstegium
vimineum), Eurasian watermilfoil (Myriophyllum spicatum), water lettuce (Pistia stratiotes),
curly-leaf pondweed (Potamogeton crispus), and giant salvinia (Salvinia molesta), while water
hyacinth (Eichhornia crassipes) and water pennyworts (Hydrocotyle spp.) do not show significant
impacts (Bultemeier et al. 2009; Glomski and Netherland 2013a; Glomski and Netherland 2013b;
Mudge 2013; Mudge and Netherland 2014; Mudge and Haller 2012; Mudge and Haller 2010).
Flowering rush (Butomus umbellatus; submersed form) showed mixed success in herbicide trials
(Poovey et al. 2012; Poovey et al. 2013). Native species that were significantly impacted (in at
least one study) include coontail (Ceratophyllum demersum), water stargrass (Heteranthera
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dubia), variable-leaf watermilfoil (Myriophyllum heterophyllum), America lotus (Nelumbo lutea),
pond-lilies (Nuphar spp.), white waterlily (Nymphaea odorata), white water crowfoot
(Ranunculus aquatilis), and broadleaf cattail (Typha latifolia), while common waterweed (Elodea
canadensis), squarestem spikerush (Eleocharis quadrangulate), horsetail (Equisetum hyemale),
southern naiad (Najas guadalupensis), pickerelweed (Pontederia cordata), Illinois pondweed
(Potamogeton illinoensis), long-leaf pondweed (P. nodosus), broadleaf arrowhead (Sagittaria
latifolia), hardstem bulrush (Schoenoplectus acutus), common three-square bulrush (S. pungens),
softstem bulrush (S. tabernaemontani), sago pondweed (Stuckenia pectinata), and water celery
(Vallisneria americana) were not impacted relative to controls. Other species are likely to be
susceptible, for which the effects of flumioxazin have not yet been evaluated.
S.3.3.2. Submersed, Relatively Slow-Acting Herbicides
2,4-D
Registration and Formulations
2,4-D is an herbicide that is widely used as a household weed-killer, agricultural herbicide, and
aquatic herbicide. It has been in use since 1946 and was registered with the U.S. EPA in 1986 and
evaluated and reregistered in 2005. It is currently being evaluated for reregistration, and the
estimated registration review decision date was in 2017 (EPA 2,4-D Plan 2013). The active
ingredient is 2,4-dichloro-phenoxyacetic acid. There are two types of 2,4-D used as aquatic
herbicides: dimethyl amine salt (DMA) and butoxyethyl ester (BEE). The ester formulations are
toxic to fish and some important invertebrates such as water fleas (Daphnia spp.) and midges at
application rates. 2,4-D is commercially sold as a liquid amine as well as ester and amine granular
products for control of submerged, emergent, and floating-leaf vegetation. Only 2,4-D products
labeled for use in aquatic environments may be used to control aquatic plants.
Mode of Action and Degradation
Although the exact mode of action of 2,4-D is not fully understood, the herbicide is traditionally
believed to target broad-leaf dicotyledon species with minimal effects generally observed on
numerous monocotyledon species, especially in terrestrial applications (WSSA 2007). 2,4-D is a
systemic herbicide which affects plant cell growth and division. Upon application, it mimics the
natural plant hormone auxin, resulting in bending and twisting of stems and petioles followed by
growth inhibition, chlorosis (reduced coloration) at growing points, and necrosis or death of
sensitive species (WSSA 2007). Following treatment, 2,4-D is taken up by the plant and
translocated through the roots, stems and leaves, and plants begin to die within one to two weeks
after application, but can take several weeks to decompose. The total length of target plant roots
can be an important in determining the response of an aquatic plant to 2,4-D (Belgers et al. 2007).
Treatments should be made when plants are growing. After treatment, the 2,4-D concentration in
the water is reduced primarily through microbial activity, off-site movement by water, or
adsorption to small particles in silty water.
Previous studies have indicated that 2,4-D degradation in water is highly variable depending on
numerous factors such as microbial presence, temperature, nutrients, light, oxygen, organic content
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of substrate, pH, and whether or not the water has been previously exposed to 2,4-D or other
phenoxyacetic acids (Howard et al. 1991). Once in contact with water, both the ester and amine
formulations dissociate to the acid form of 2,4-D, with a faster dissociation to the acid form under
more alkaline conditions. 2,4-D degradation products include 1,2,4-benzenetriol, 2,4dichlorophenol, 2,4-dichloroanisole, chlorohydroquinone (CHQ), 4-chlorophenol, and volatile
organics.
The half-life of 2,4-D has a wide range depending on water conditions. Half-lives have been
reported to range from 12.9 to 40 days, while in anaerobic lab conditions the half-life has been
measured at 333 days (EPA RED 2,4-D 2005). In large-scale low-concentration 2,4-D treatments
monitored across numerous Wisconsin lakes, estimated half-lives ranged from 4-76 days, and the
rate of herbicide degradation was generally observed to be slower in oligotrophic seepage lakes.
Of these large-scale 2,4-D treatments, the threshold for irrigation of plants which are not labeled
for direct treatment with 2,4-D (<0.1 ppm (100 ppb) by 21 DAT) was exceeded the majority of the
treatments (Nault et al. 2018). Previous historical use of 2,4-D may also be an important variable
to consider, as microbial communities which are responsible for the breakdown of 2,4-D may
potentially exhibit changes in community composition over time with repeated use (de Lipthay et
al. 2003; Macur et al. 2007). Additional detailed information on the environmental fate of 2,4-D
is compiled by Walters 1999.
There have been some preliminary investigations into the concentration of primarily granular 2,4D in water-saturated sediments, or pore-water. Initial results suggest the concentration of 2,4-D in
the pore-water varies widely from site to site following a chemical treatment, although in some
locations the concentration in the pore-water was observed to be 2-3 times greater than the
application rate (Jim Kreitlow [DNR], personal communication). Further research and additional
studies are needed to assess the implications of this finding for target species control and nontarget impacts on a variety of organisms.
Toxicology
There are no restrictions on eating fish from treated waterbodies, human drinking water, or
pet/livestock drinking water. Based upon 2,4-D ester (BEE) product labels, there is a 24-hour
waiting period after treatment for swimming. Before treated water can be used for irrigation, the
concentration must be below 0.1 ppm (100 ppb), or at least 21 days must pass. Adverse health
effects can be produced by acute and chronic exposure to 2,4-D. Those who mix or apply 2,4-D
need to protect their skin and eyes from contact with 2,4-D products to minimize irritation and
avoid inhaling the spray. In its consideration of exposure risks, the EPA believes no significant
risks will occur to recreational users of water treated with 2,4-D.
There are differences in toxicity of 2,4-D depending on whether the formulation is an amine
(DMA) or ester (BEE), with the BEE formulation shown to be more toxic in aquatic environments.
BEE formulations are considered toxic to fish and invertebrates such as water fleas and midges at
operational application rates. DMA formulations are not considered toxic to fish or invertebrates
at operational application rates. Available data indicate 2,4-D does not accumulate at significant
levels in the tissues of fish. Although fish exposed to 2,4-D may take up very small amounts of its
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breakdown products to then be metabolized, the vast majority of these products are rapidly
excreted in urine (Ghassemi et al. 1981).
On an acute basis, EPA assessment considers 2,4-D to be “practically non-toxic” to honeybees and
tadpoles. Dietary tests (substance administered in the diet for five consecutive days) have shown
2,4-D to be “practically non-toxic” to birds, with some species being more sensitive than others
(when 2,4-D was orally and directly administered to birds by capsule or gavage, the substance was
“moderately toxic” to some species). For freshwater invertebrates, EPA considers 2,4-D amine to
be “practically non-toxic” to “slightly toxic” (EPA RED 2,4-D 2005). Field studies on the potential
impact of 2,4-D on benthic macroinvertebrate communities have generally not observed
significant changes, although at least one study conducted in Wisconsin observed negative
correlations in macroinvertebrate richness and abundance following treatment, and further studies
are likely warranted (Stephenson and Mackie 1986; Siemering et al. 2008; Harrahy et al. 2014).
Additionally, sublethal effects such as mouthpart deformities and change in sex ratio have been
observed in the midge Chironomus riparius (Park et al. 2010).
While there is some published literature available looking at short-term acute exposure of various
aquatic organisms to 2,4-D, there is limited literature is available on the effects of lowconcentration chronic exposure to commercially available 2,4-D formulations (EPA RED 2,4-D
2005). The department recently funded several projects related to increasing our understanding of
the potential impacts of chronic exposure to low-concentrations of 2,4-D through AIS research
and development grants. One of these studies observed that fathead minnows (Pimephales
promelas) exposed under laboratory conditions for 28 days to 0.05 ppm (50 ppb) of two different
commercial formulations of 2,4-D (DMA® 4 IVM and Weedestroy® AM40) had decreases in
larval survival and tubercle presence in males, suggesting that these formulations may exert some
degree of chronic toxicity or endocrine-disruption which has not been previously observed when
testing pure compound 2,4-D (DeQuattro and Karasov 2016). However, another follow-up study
determined that fathead minnow larval survival (30 days post hatch) was decreased following
exposure of eggs and larvae to pure 2,4-D, as well as to the two commercial formulations (DMA®
4 IVM and Weedestroy® AM40), and also identified a critical window of exposure for effects on
survival to the period between fertilization and 14 days post hatch (Dehnert et al. 2018).
Another related follow-up laboratory study is currently being conducted to examine the effects of
2,4-D exposure on embryos and larvae of several Wisconsin native fish species. Preliminary results
indicate that negative impacts of embryo survival were observed for 4 of the 9 native species tested
(e.g., walleye, northern pike, white crappie, and largemouth bass), and negative impacts of larval
survival were observed for 4 of 7 natives species tested (e.g., walleye, yellow perch, fathead
minnows, and white suckers; Dehnert and Karasov, in progress).
A controlled field study was conducted on six northern Wisconsin lakes to understand the potential
impacts of early season large-scale, low-dose 2,4-D on fish and zooplankton (Rydell et al. 2018).
Three lakes were treated with early season low-dose liquid 2,4-D (lakewide epilimnetic target rate:
0.3 ppm (300 ppb)), while the other three lakes served as reference without treatment. Zooplankton
densities were similar within lakes during the pre-treatment year and year of treatment, but
different trends in several zooplankton species were observed in treatment lakes during the year
following treatment. Peak abundance of larval yellow perch (Perca flavescens) was lower in the
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year following treatment, and while this finding was not statistically significant, decreased larval
yellow perch abundance was not observed in reference lakes. The observed declines in larval
yellow perch abundance and changes in zooplankton trends within treatment lakes in the year after
treatment may be a result of changes in aquatic plant communities and not a direct effect of
treatment. No significant effect was observed on peak abundance of larval largemouth bass
(Micropterus salmoides), minnows, black crappie (Pomoxis nigromaculatus), bluegill (Lepomis
macrochirus), or juvenile yellow perch. Larval black crappie showed no detectable response in
growth or feeding success. Net pen trials for juvenile bluegill indicated no significant difference
in survival between treatment and reference trials, indicating that no direct mortality was
associated with the herbicide treatments. Detection of the level of larval fish mortality found in the
lab studies would not have been possible in the field study given large variability in larval fish
abundance among lakes and over time.
Concerns have been raised about exposure to 2,4-D and elevated cancer risk. Some
epidemiological studies have found associations between 2,4-D and increased risk of non-Hodgkin
lymphoma in high exposure populations, while other studies have shown that increased cancer risk
may be caused by other factors (Hoar et al. 1986; Hardell and Eriksson 1999; Goodman et al.
2015). The EPA determined in 2005 that there is not sufficient evidence to classify 2,4-D as a
human carcinogen (EPA RED 2,4-D 2005).
Another chronic health concern with 2,4-D is the potential for endocrine disruption. There is some
evidence that 2,4-D may have effects on reproductive development, though other studies suggest
the findings may have had other causes (Garry et al. 1996; Coady et al. 2013; Goldner et al. 2013;
Neal et al. 2017). The extent and implications of this are not clear and it is an area of ongoing
research.
Detailed literature reviews of 2,4-D toxicology have been compiled by Garabrant and Philbert
(2002), Jervais et al. (2008), and Burns and Swaen (2012).
Species Susceptibility
With appropriate concentration and exposure, 2,4-D is capable of reducing abundance of the
invasive plant species Eurasian watermilfoil (Myriophyllum spicatum), parrot feather (M.
aquaticum), water chestnut (Trapa natans), water hyacinth (Eichhornia crassipes), and water
lettuce (Pistia stratiotes; Elliston and Steward 1972; Westerdahl et al. 1983; Green and Westerdahl
1990; Helsel et al. 1996, Poovey and Getsinger 2007; Wersal et al. 2010b; Cason and Roost 2011;
Robles et al. 2011; Mudge and Netherland 2014). Perennial pepperweed (Lepidium latifolium) and
fanwort (Cabomba caroliniana) have been shown to be somewhat tolerant of 2,4-D (Bultemeier
et al. 2009; Whitcraft and Grewell 2012).
Efficacy and selectivity of 2,4-D is a function of concentration and exposure time (CET)
relationships, and rates of 0.5-2.0 ppm coupled with exposure times ranging from 12 to 72 hours
have been effective at achieving Eurasian watermilfoil control under laboratory settings (Green
and Westerdahl 1990). In addition, long exposure times (>14 days) to low-concentrations of 2,4D (0.1-0.25 ppm) have also been documented to achieve milfoil control (Hall et al. 1982; Glomski
and Netherland 2010).

Aquatic Plant Management in Wisconsin: Draft Strategic Analysis – Draft December 2018
Supplemental Chapter 3.3 (Herbicide Treatment) and 3.4 (Physical Removal Techniques)

According to product labels, desirable native species that may be affected include native milfoils
(Myriophyllum spp.), coontail (Ceratophyllum demersum), common waterweed (Elodea
canadensis), naiads (Najas spp.), waterlilies (Nymphaea spp. and Nuphar spp.), bladderworts
(Utricularia spp.), and duckweeds (Lemna spp.). While it may affect softstem bulrush
(Schoenoplectus tabernaemontani), other species such as American bulrush (Schoenoplectus
americanus) and muskgrasses (Chara spp.) have been shown to be somewhat tolerant of 2,4-D
(Miller and Trout 1985; Glomski et al. 2009; Nault et al. 2014; Nault et al. 2018).
In large-scale, low-dose (0.073-0.5 ppm) 2,4-D treatments evaluated by Nault et al. (2018), milfoil
exhibited statistically significant lakewide decreases in posttreatment frequency across 23 of the
28 (82%) of the treatments monitored. In lakes where year of treatment milfoil control was
achieved, the longevity of control ranged from 2–8 years. However, it is important to note that
milfoil was not ‘eradicated’ from any of these lakes and is still present even in those lakes which
have sustained very low frequencies over time. While good year of treatment control was achieved
in all lakes with pure Eurasian watermilfoil populations, significantly reduced control was
observed in the majority of lakes with hybrid watermilfoil (Myriophyllum spicatum x sibiricum)
populations. Eurasian watermilfoil control was correlated with the mean concentration of 2,4-D
measured during the first two weeks of treatment, with increasing lakewide concentrations
resulting in increased Eurasian watermilfoil control. In contrast, there was no significant
relationship observed between Eurasian watermilfoil control and mean concentration of 2,4-D. In
lakes where good (>60%) year of treatment control of hybrid watermilfoil was achieved, 2,4-D
degradation was slow, and measured lakewide concentrations were sustained at >0.1 ppm (>100
ppb) for longer than 31 days. In addition to reduced year of treatment efficacy, the longevity of
control was generally shorter in lakes that contained hybrid watermilfoil versus Eurasian
watermilfoil, suggesting that hybrid watermilfoil may have the ability to rebound quicker after
large-scale treatments than pure Eurasian watermilfoil populations. However, it is important to
keep in mind that hybrid watermilfoil is broad term for multiple different strains, and variation in
herbicide response and growth between specific genotypes of hybrid watermilfoil has been
documented (Taylor et al. 2017).
In addition, the study by Nault et al. (2018) documented several native monocotyledon and
dicotyledon species that exhibited significant declines posttreatment. Specifically, northern
watermilfoil (Myriophyllum sibiricum), slender naiad (Najas flexilis), water marigold (Bidens
beckii), and several thin-leaved pondweeds (Potamogeton pusillus, P. strictifolius, P. friesii and
P. foliosus) showed highly significant declines in the majority of the lakes monitored. In addition,
variable/Illinois pondweed (P. gramineus/P. illinoensis), flat-stem pondweed (P. zosteriformis),
fern pondweed (P. robbinsii), and sago pondweed (Stuckenia pectinata) also declined in many
lakes. Ribbon-leaf pondweed (P. epihydrus) and water stargrass (Heteranthera dubia) declined in
the lakes where they were found. Mixed effects of treatment were observed with water celery
(Vallisneria americana) and southern naiad (Najas guadalupensis), with some lakes showing
significant declines posttreatment and other lakes showing increases.
Since milfoil hybridity is a relatively new documented phenomenon (Moody and Les 2002), many
of the early lab studies examining CET for milfoil control did not determine if they were examining
pure Eurasian watermilfoil or hybrid watermilfoil (M. spicatum x sibiricum) strains. More recent

Aquatic Plant Management in Wisconsin: Draft Strategic Analysis – Draft December 2018
Supplemental Chapter 3.3 (Herbicide Treatment) and 3.4 (Physical Removal Techniques)

laboratory and mesocosm studies have shown that certain strains of hybrid watermilfoil exhibit
more aggressive growth and are less affected by 2,4-D (Glomski and Netherland 2010; LaRue et
al. 2013; Netherland and Willey 2017; Taylor et al. 2017), while other studies have not seen
differences in overall growth patterns or treatment efficacy when compared to pure Eurasian
watermilfoil (Poovey et al. 2007). Differences between Eurasian and hybrid watermilfoil control
following 2,4-D applications have also been documented in the field, with lower efficacy and
shorter longevity of hybrid watermilfoil control when compared to pure Eurasian watermilfoil
populations (Nault et al. 2018). Field studies conducted in the Menominee River Drainage in
northeastern Wisconsin and upper peninsula of Michigan observed hybrid milfoil genotypes more
frequently in lakes that had previous 2,4-D treatments, suggesting possible selection of more
tolerant hybrid strains over time (LaRue 2012).
Fluridone
Registration and Formulations
Fluridone is an aquatic herbicide that was initially registered with the U.S. EPA in 1986. It is
currently being evaluated for reregistration. The estimated registration review decision date was
in 2014 (EPA Fluridone Plan 2010). The active ingredient is (1-methyl-3-phenyl-5-[3(trifluoromethyl) phenyl]-4(1H)-pyridinone). Fluridone is available in both liquid and slow-release
granular formulations.
Mode of Action and Degradation
Fluridone’s mode of action is to reduce a plant’s ability to protect itself from sun damage. The
herbicide prevents the plant from making a protective pigment and as a result, sunlight causes the
plant’s chlorophyll to break down. Treated plants will turn white or pink at the growing tips a week
after exposure and will begin to die one to two months after treatment (Madsen et al. 2002).
Therefore, fluridone is only effective if plants are actively growing at the time of treatment.
Effective use of fluridone requires low, sustained concentrations and a relatively long contact time
(e.g., 45-90 days). Due to this requirement, fluridone is usually applied to an entire waterbody or
basin. Some success has been demonstrated when additional follow-up ‘bump’ treatments are used
to maintain the low concentrations over a long enough period of time to produce control. Fluridone
has also been applied to riverine systems using a drip system to maintain adequate CET.
Following treatment, the amount of fluridone in the water is reduced through dilution and water
movement, uptake by plants, adsorption to the sediments, and via breakdown caused by light and
microbes. Fluridone is primarily degraded through photolysis (Saunders and Mosier 1983), while
depth, water clarity and light penetration can influence degradation rates (Mossler et al. 1989;
West et al. 1983). There are two major degradation products from fluridone: n-methyl formamide
(NMF) and 3-trifluoromethyl benzoic acid.
The half-life of fluridone can be as short as several hours, or hundreds of days, depending on
conditions (West et al. 1979; West et al. 1983; Langeland and Warner 1986; Fox et al. 1991, 1996;
Jacob et al. 2016). Preliminary work on a seepage lake in Waushara County, WI detected fluridone
in the water nearly 400 days following an initial application that was then augmented to maintain
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concentrations via a ‘bump’ treatment at 60 and 100 days later (Onterra 2017a). Light exposure is
influential in controlling degradation rate, with a half-life ranging from 15 to 36 hours when
exposed to the full spectrum of natural sunlight (Mossler et al. 1989). As light wavelength
increases, the half-life increases too, indicating that season and timing may affect fluridone
persistence. Fluridone half-life has been shown to be only slightly dependent on fluridone
concentration, oxygen concentration, and pH (Saunders and Mosier 1983). One study found that
the half-life of fluridone in water was slightly lower when the herbicide was applied to the surface
of the water as opposed to a sub-surface application, suggesting that degradation may also be
affected by mode of application (West and Parka 1981).
The persistence of herbicide in the sediment has been reported to be much longer than in the
overlying water column, with studies showing persistence ranges from 3 months to a year in
sediments (Muir et al. 1980; Muir and Grift 1982; West et al. 1983). Persistence in soil is
influenced by soil chemistry (Shea and Weber 1983; Mossler et al. 1993). Fluridone concentrations
measured in sediments reach a maximum in one to four weeks after treatment and decline in four
months to a year depending on environmental conditions. Fluridone adsorbs to clay and soils with
high organic matter, especially in pellet form, and can reduce the concentration of fluridone in the
water. Adsorption to the sediments is reversible; fluridone gradually dissipates back into the water
where it is subject to chemical breakdown.
Some studies have shown variable release time of the herbicide among different granular fluridone
products (Mossler et al. 1993; Koschnick et al. 2003; Bultemeier and Haller 2015). In addition,
pelletized formulations may be more effective in sandy hydrosoils, while aqueous suspension
formulations may be more appropriate for areas with high amounts of clay or organic matter
(Mossler et al. 1993)
Toxicology
Fluridone does not appear to have short-term or long-term effects on fish at approved application
rates, but fish exposed to water treated with fluridone do absorb fluridone into their tissues.
However, fluridone has demonstrated a very low potential for bioconcentration in fish,
zooplankton, and aquatic plants (McCowen et al. 1979; West et al. 1979; Muir et al. 1980; Paul et
al. 1994). Fluridone concentrations in fish decrease as the herbicide disappears from the water.
Studies on the effects of fluridone on aquatic invertebrates (e.g., midge and water flea) have shown
increased mortality at label application rates (Hamelink et al. 1986; Yi et al. 2011). Studies on
birds indicate that fluridone would not pose an acute or chronic risk to birds. In addition, no
treatment related effects were noted in mice, rats, and dogs exposed to dietary doses. No studies
have been published on amphibians or reptiles. There are no restrictions on swimming, eating fish
from treated waterbodies, human drinking water or pet/livestock drinking water. Depending on the
type of waterbody treated and the type of plant being watered, irrigation restrictions may apply for
up to 30 days. There is some evidence that the fluridone degradation product NMF causes birth
defects, though NMF has only been detected in the lab and not following actual fluridone
treatments in the field, including those at maximum label rate (Osborne et al. 1989; West et al.
1990).
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Species Susceptibility
Because fluridone treatments are often applied at a lakewide scale and many plant species are
susceptible to fluridone, careful consideration should be given to potential non-target impacts and
changes in water quality in response to treatment. Sustained native plant species declines and
reductions in water clarity have been observed following fluridone treatments in field applications
(O'Dell et al. 1995; Valley et al. 2006; Wagner et al. 2007; Parsons et al. 2009). However,
reductions in water clarity are not always observed and can be avoided (Crowell et al. 2006).
Additionally, the selective activity of fluridone is primarily rate-dependent based on analysis of
pigments in nine aquatic plant species (Sprecher et al. 1998b).
Fluridone is most often used for control of invasive species such as Eurasian and hybrid
watermilfoil (Myriophyllum spicatum x sibiricum), Brazilian waterweed (Egeria densa), and
hydrilla (Hydrilla verticillata; Schmitz et al. 1987; MacDonald et al. 1993; Netherland et al. 1993;
Netherland and Getsinger 1995a, 1995b; Cockreham and Netherland 2000; Hofstra and Clayton
2001; Madsen et al. 2002; Netherland 2015). However, fluridone tolerance has been observed in
some hydrilla and hybrid watermilfoil populations (Michel et al. 2004; Arias et al. 2005; Puri et
al. 2006; Slade et al. 2007; Berger et al. 2012, 2015; Thum et al. 2012; Benoit and Les 2013;
Netherland and Jones 2015). Fluridone has also been shown to affect flowering rush (Butomus
umbellatus), fanwort (Cabomba caroliniana), buttercups (Ranunculus spp.), long-leaf pondweed
(Potamogeton nodosus), Illinois pondweed (P. illinoensis), leafy pondweed (P. foliosus), flat-stem
pondweed (P. zosteriformis), sago pondweed (Stuckenia pectinata), oxygen-weed (Lagarosiphon
major), northern watermilfoil (Myriophyllum sibiricum), variable-leaf watermilfoil (M.
heterophyllum), curly-leaf pondweed (Potamogeton crispus), coontail (Ceratophyllum
demersum), common waterweed (Elodea canadensis), southern naiad (Najas guadalupensis),
slender naiad (N. flexilis), white waterlily (Nymphaea odorata), water marigold (Bidens beckii),
duckweed (Lemna spp.), and watermeal (Wolffia columbiana) (Wells et al. 1986; Kay 1991;
Farone and McNabb 1993; Netherland et al. 1997; Koschnick et al. 2003; Crowell et al. 2006;
Wagner et al. 2007; Parsons et al. 2009; Cheshier et al. 2011; Madsen et al. 2016). Muskgrasses
(Chara spp.), water celery (Vallisneria americana), cattails (Typha spp.), and willows (Salix spp.)
have been shown to be somewhat tolerant of fluridone (Farone and McNabb 1993; Poovey et al.
2004; Crowell et al. 2006).
Large-scale fluridone treatments that targeted Eurasian and hybrid watermilfoils have been
conducted in several Wisconsin lakes. Recently, five of these waterbodies treated with low-dose
fluridone (2-4 ppb) have been tracked over time to understand herbicide dissipation and
degradation patterns, as well as the efficacy, selectivity, and longevity of these treatments. These
field trials resulted in a pre- vs. post-treatment decrease in the number of vegetated littoral zone
sampling sites, with a 9-26% decrease observed following treatment (an average decrease in
vegetated littoral zone sites of 17.4% across waterbodies). In four of the five waterbodies,
substantial decreases in plant biomass (≥10% reductions in average total rake fullness) was
documented at sites where plants occurred in both the year of and year after treatment. Good
milfoil control was achieved, and long-term monitoring is ongoing to understand the longevity of
target species control over time. However, non-target native plant populations were also observed
to be negatively impacted in conjunction with these treatments, and long-term monitoring is
ongoing to understand their recovery over time. Exposure times in the five waterbodies monitored
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were found to range from 320 to 539 days before falling below detectable limits. Data from these
recent projects is currently being compiled and a compressive analysis and report is anticipated in
the near future.
Endothall
Registration and Formulations
Endothall was registered with the U.S. EPA for aquatic use in 1960 and reregistered in 2005
(Menninger 2012). Endothall is the common name of the active ingredient endothal acid (7oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid). Granular and liquid formulations are currently
registered by EPA and DATCP. Endothall products are used to control a wide range of terrestrial
and aquatic plants. Two types of endothall are available: dipotassium salt and dimethylalkylamine
salt (“mono-N,N-dimethylalkylamine salt” or “monoamine salt”). The dimethylalkylamine salt
form is toxic to fish and other aquatic organisms and is faster-acting than the dipotassium salt
form.
Mode of Action and Degradation
Endothall is considered a contact herbicide that inhibits respiration, prevents the production of
proteins and lipids, and disrupts the cellular membrane in plants (MacDonald et al. 1993;
MacDonald et al. 2001; EPA RED Endothall 2005; Bajsa et al. 2012). Although typical rates of
endothall application inhibit plant respiration, higher concentrations have been shown to increase
respiration (MacDonald et al. 2001). The mode of action of endothall is unlike any other
commercial herbicide. For effective control, endothall should be applied when plants are actively
growing, and plants begin to weaken and die within a few days after application.
Uptake of endothall is increased at higher water temperatures and higher amounts of light (Haller
and Sutton 1973). Netherland et al. (2000) found that while biomass reduction of curly-leaf
pondweed (Potamogeton crispus) was greater at higher water temperature, reductions of turion
production were much greater when curly-leaf pondweed was treated a lower water temperature
(18 °C vs 25 °C).
Degradation of endothall is primarily microbial (Sikka and Saxena 1973) and half-life of the
dipotassium salt formulations is between 4 to 10 days (Reinert and Rodgers 1987; Reynolds 1992),
although dissipation due to water movement may significantly shorten the effective half-life in
some treatment scenarios. Half of the active ingredient from granular endothall formulations has
been shown to be released within 1-5 hours under conditions that included water movement
(Reinert et al. 1985; Bultemeier and Haller 2015). Endothall is highly water soluble and does not
readily adsorb to sediments or lipids (Sprecher et al. 2002; Reinert and Rodgers 1984).
Degradation from sunlight or hydrolysis is very low (Sprecher et al. 2002). The degradation rate
of endothall has been shown to increase with increasing water temperature (UPI, unpublished
data). The degradation rate is also highly variable across aquatic systems and is much slower under
anaerobic conditions (Simsiman and Chesters 1975). Relative to other herbicides, endothall is
unique in that is comprised of carbon, hydrogen, and oxygen with the addition of potassium and
nitrogen in the dipotassium and dimethylalkylamine formulations, respectively. This allows for
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complete breakdown of the herbicide without additional intermediate breakdown products
(Sprecher et al. 2002).
Toxicology
All endothall products have a drinking water standard of 0.1 ppm and cannot be applied within
600 feet of a potable water intake. Use restrictions for dimethylalkylamine salt formulations have
additional irrigation and aquatic life restrictions.
Dipotassium salt formulations
At recommended rates, the dipotassium salt formulations appear to have few short-term behavioral
or reproductive effects on bluegill (Lepomis macrochirus) or largemouth bass (Micropterus
salmoides; Serns 1977; Bettolli and Clark 1992; Maceina et al. 2008). Bioaccumulation of
dipotassium salt formulations by fish from water treated with the herbicide is unlikely, with studies
showing less than 1% of endothall being taken up by bluegill (Sikka et al. 1975; Serns 1977). In
addition, studies have shown the dipotassium salt formulation induces no significant adverse
effects on aquatic invertebrates when used at label application rates (Serns 1975; Williams et al.
1984). A freshwater mussel species was found to be more sensitive to dipotassium salt endothall
than other invertebrate species tested, but significant acute toxicity was still only found at
concentrations well above the maximum label rate. However, as with other plant control
approaches, some aquatic plant-dwelling populations of aquatic organisms may be adversely
affected by application of endothall formulations due to habitat loss.
During EPA reregistration of endothall in 2005, it was required that product labels state that lower
rates of endothall should be used when treating large areas, “such as coves where reduced water
movement will not result in rapid dilution of the herbicide from the target treatment area or when
treating entire lakes or ponds.”
Dimethylalkylamine salt formulations
In contrast to the respective low to slight toxicity of the dipotassium salt formulations to fish and
aquatic invertebrates, laboratory studies have shown the dimethylalkylamine formulations are
toxic to fish and macroinvertebrates at concentrations above 0.3 ppm. In particular, the liquid
formulation will readily kill fish present in a treatment site. Product labels for the
dimethylalkylamine salt formulations recommend no treatment where fish are an important
resource.
The dimethylalkylamine formulations are more active on aquatic plants than the dipotassium
formulations, but also are 2-3 orders of magnitude more toxic to non-target aquatic organisms
(EPA RED Endothall 2005; Keckemet 1969). The 2005 reregistration decision document limits
aquatic use of the dimethylalkylamine formulations to algae, Indian swampweed (Hygrophila
polysperma), water celery (Vallisneria americana), hydrilla (Hydrilla verticillata), fanwort
(Cabomba caroliniana), bur reed (Sparganium sp.), common waterweed (Elodea canadensis), and
Brazilian waterweed (Egeria densa). Coontail (Ceratophyllum demersum), watermilfoils
(Myriophyllum spp.), naiads (Najas spp.), pondweeds (Potamogeton spp.), water stargrass
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(Heteranthera dubia), and horned pondweed (Zannichellia palustris) were to be removed from
product labels (EPA RED Endothall 2005).
Species Susceptibility
According to the herbicide label, the maximum target concentration of endothall is 5000 ppb (5.0
ppm) acid equivalent (ae). Endothall is used to control a wide range of submersed species,
including non-native species such as curly-leaf pondweed and Eurasian watermilfoil
(Myriophyllum spicatum). The effects of the different formulations of endothall on various species
of aquatic plants are discussed below.
Dipotassium salt formulations
At least one mesocosm or lab study has shown that endothall (at or below the maximum label rate)
will control the invasive species hydrilla (Netherland et al. 1991; Wells and Clayton 1993; Hofstra
and Clayton 2001; Pennington et al. 2001; Skogerboe and Getsinger 2001; Shearer and Nelson
2002; Netherland and Haller 2006; Poovey and Getsinger 2010), oxygen-weed (Lagarosiphon
major; Wells and Clayton 1993; Hofstra and Clayton 2001), Eurasian watermilfoil (Netherland et
al. 1991; Skogerboe and Getsinger 2002; Mudge and Theel 2011), water lettuce (Pistia stratiotes;
Conant et al. 1998), curly-leaf pondweed (Yeo 1970), and giant salvinia (Salvinia molesta; Nelson
et al. 2001). Wersal and Madsen (2010a) found that parrot feather (Myriophyllum aquaticum)
control with endothall was less than 40% even with two days of exposure time at the maximum
label rate. Endothall was shown to control the shoots of flowering rush (Butomus umbellatus), but
control of the roots was variable (Poovey et al. 2012; Poovey et al. 2013). One study found that
endothall did not significantly affect photosynthesis in fanwort with 6 days of exposure at 2.12
ppm ae (2120 ppb ae; Bultemeier et al. 2009). Large-scale, low-dose endothall treatments were
found to reduce curly-leaf pondweed frequency, biomass, and turion production substantially in
Minnesota lakes, particularly in the first 2-3 years of treatments (Johnson et al. 2012).
Native species that were significantly impacted (at or below the maximum endothall label rate in
at least one mesocosm or lab study) include coontail (Yeo 1970; Hofstra and Clayton 2001; Hofstra
et al. 2001; Skogerboe and Getsinger 2002; Wells and Clayton 1993; Mudge 2013), southern naiad
(Najas guadalupensis; Yeo 1970; Skogerboe and Getsinger 2001), white waterlily (Nymphaea
odorata; Skogerboe and Getsinger 2001), leafy pondweed (Potamogeton foliosus; Yeo 1970),
Illinois pondweed (Potamogeton illinoensis; Skogerboe and Getsinger 2001; Shearer and Nelson
2002; Skogerboe and Getsinger 2002; Mudge 2013), long-leaf pondweed (Potamogeton nodosus;
Yeo 1970; Skogerboe and Getsinger 2001; Shearer and Nelson 2002; Mudge 2013), small
pondweed (P. pusillus; Yeo 1970), broadleaf arrowhead (Sagittaria latifolia; Skogerboe and
Getsinger 2001), sago pondweed (Stuckenia pectinata; Yeo 1970; Sprecher et al. 1998a;
Skogerboe and Getsinger 2002; Slade et al. 2008), water celery (Vallisneria americana; Skogerboe
and Getsinger 2001; Skogerboe and Getsinger 2002; Shearer and Nelson 2002; Mudge 2013), and
horned pondweed (Yeo 1970; Gyselinck and Courter 2015).
Species which were not significantly impacted or which recovered quickly include watershield
(Brasenia schreberi; Skogerboe and Getsinger 2001), muskgrasses (Chara spp.; Yeo 1970; Wells
and Clayton 1993; Hofstra and Clayton 2001), common waterweed (Yeo 1970; Wells and Clayton
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1993; Skogerboe and Getsinger 2002), water stargrass (Skogerboe and Getsinger 2001), water net
(Hydrodictyon reticulatum; Wells and Clayton 1993), the freshwater macroalgae Nitella clavata
(Yeo 1970), yellow pond-lily (Nuphar advena; Skogerboe and Getsinger 2002), swamp smartweed
(Polygonum hydropiperoides; Skogerboe and Getsinger 2002), pickerelweed (Pontederia cordata;
Skogerboe and Getsinger 2001), softstem bulrush (Schoenoplectus tabernaemontani; Skogerboe
and Getsinger 2001), and broadleaf cattail (Typha latifolia; Skogerboe and Getsinger 2002).
Field trials mirror the species susceptibility above and in addition show that endothall also can
impact several high-value pondweed species (Potamogeton spp.), including large-leaf pondweed
(P. amplifolius; Parsons et al. 2004), fern pondweed (P. robbinsii; Onterra 2015; Onterra 2018),
white-stem pondweed (P. praelongus; Onterra 2018), small pondweed (Big Chetac Chain Lake
Association 2016; Onterra 2018), clasping-leaf pondweed (P. richardsonii; Onterra 2018), and
flat-stem pondweed (P. zosteriformis; Onterra 2017b).
Dimethylalkylamine salt formulations
The dimethylalkylamine formulations are more active on aquatic plants than the dipotassium
formulations (EPA RED Endothall 2005; Keckemet 1969). At least one mesocosm study has
shown that dimethylalkylamine formulation of endothall (at or below the maximum label rate) will
control the invasive species fanwort (Hunt et al. 2015) and the native species common waterweed
(Mudge et al. 2015), while others have shown that the dipotassium formulation does not control
these species well.
Imazamox
Registration and Formulations
Imazamox is the common name of the active ingredient ammonium salt of imazamox (2-[4,5dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-(methoxymethl)-3pyridinecarboxylic acid. It was registered with U.S. EPA in 2008 and is currently under registration
review with an estimated registration decision between 2019 and 2020 (EPA Imazamox Plan
2014). In aquatic environments, a liquid formulation is typically applied to submerged vegetation
by broadcast spray or underwater hose application and to emergent or floating leaf vegetation by
broadcast spray or foliar application. There is also a granular formulation.
Mode of Action and Degradation
Imazamox is a systemic herbicide that moves throughout the plant tissue and prevents plants from
producing a necessary enzyme, acetolactate synthase (ALS), which is not found in animals.
Susceptible plants will stop growing soon after treatment, but plant death and decomposition will
occur over several weeks (Mudge and Netherland 2014). If used as a post-emergence herbicide,
imazamox should be applied to plants that are actively growing. Resistance to ALS-inhibiting
herbicides has appeared in weeds at a higher rate than other herbicide types in terrestrial
environments (Tranel and Wright 2002).
Dissipation studies in lakes indicate a half-life ranging from 4 to 49 days with an average of 17
days. Herbicide breakdown does not occur readily in deep, poorly-oxygenated water where there
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is no light. In this part of a lake, imazamox will tend to bind to sediments rather than breaking
down, with a half-life of approximately 2 years. Once in soil, leaching to groundwater is believed
to be very limited. The breakdown products of imazamox are nicotinic acid and di- and
tricarboxylic acids. It has been suggested that photolytic break down of imazamox is faster than
other herbicides, reducing exposure times. However, short-term imazamox exposures have also
been associated with extended regrowth times relative to other herbicides (Netherland 2011).
Toxicology
Treated water may be used immediately following application for fishing, swimming, cooking,
bathing, and watering livestock. If water is to be used as potable water or for irrigation, the
tolerance is 0.05 ppm (50 ppb), and a 24-hour irrigation restriction may apply depending on the
waterbody. None of the breakdown products are herbicidal nor suggest concerns for aquatic
organisms or human health.
Most concerns about adverse effects on human health involve applicator exposure. Concentrated
imazamox can cause eye and skin irritation and is harmful if inhaled. Applicators should minimize
exposure by wearing long-sleeved shirts and pants, rubber gloves, and shoes and socks.
Honeybees are affected at application rates so drift during application should be minimized.
Laboratory tests using rainbow trout (Oncorhynchus mykiss), bluegill (Lepomis macrochirus), and
water fleas (Daphnia magna) indicate that imazamox is not toxic to these species at label
application rates.
Imazamox is rated “practically non-toxic” to fish and aquatic invertebrates and does not
bioaccumulate in fish. Additional studies on birds indicate toxicity only at dosages that exceed
approved application rates.
In chronic tests, imazamox was not shown to cause tumors, birth defects or reproductive toxicity
in test animals. Most studies show no evidence of mutagenicity. Imazamox is not metabolized and
was excreted by mammals tested. Based on its low acute toxicity to mammals, and its rapid
disappearance from the water column due to light and microbial degradation and binding to soil,
imazamox is not considered to pose a risk to recreational water users.
Species Susceptibility
In Wisconsin, imazamox is used for treating non-native emergent vegetation such as non-native
phragmites (Phragmites australis subsp. australis) and flowering rush (Butomus umbellatus).
Imazamox may also be used to treat the invasive curly-leaf pondweed (Potamogeton crispus).
Desirable native species that may be affected could include other pondweed species (long-leaf
pondweed (P. nodosus), flat-stem pondweed (P. zosteriformis), leafy pondweed (P. foliosus),
Illinois pondweed (P. illinoensis), small pondweed (P. pusillus), variable-leaf pondweed (P.
gramineus), water-thread pondweed (P. diversifolius), perfoliate pondweed (P. perfoliatus), largeleaf pondweed (P. amplifolius), watershield (Brasenia schreberi), and some bladderworts
(Utricularia spp.). Higher rates of imazamox will control Eurasian watermilfoil (Myriophyllum
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spicatum) but would also have greater non-target impacts on native plants. Imazamox can also be
used during a drawdown to prevent plant regrowth and on emergent vegetation.
At low concentrations, imazamox can cause growth regulation rather than mortality in some plant
species. This has been shown for non-native phragmites and hydrilla (Hydrilla verticillata;
Netherland 2011; Cheshier et al. 2012; Theel et al. 2012). In the case of hydrilla, some have
suggested that this effect could be used to maintain habitat complexity while providing some target
species control (Theel et al. 2012). Imazamox can reduce biomass of non-native phragmites though
some studies found regrowth to occur, suggesting a combination of imazapyr and glyphosate to be
more effective (Cheshier et al. 2012; Knezevic et al. 2013).
Some level of control of imazamox has also been reported for water hyacinth (Eichhornia
crassipes), parrot feather (Myriophyllum aquaticum), Japanese stiltgrass (Microstegium
vimineum), water lettuce (Pistia stratiotes), and southern cattail (Typha domingensis; Emerine et
al. 2010; de Campos et al. 2012; Rodgers and Black 2012; Hall et al. 2014; Mudge and Netherland
2014). Imazamox was observed to have greater efficacy in controlling floating plants than
emergents in a study of six aquatic plant species, including water hyacinth, water lettuce, parrot
feather, and giant salvinia (Salvinia molesta; Emerine et al. 2010). Non-target effects have been
observed for softstem bulrush (Schoenoplectus tabernaemontani), pickerelweed (Pontederia
cordata), and the native pondweeds long-leaf pondweed, Illinois pondweed, and coontail
(Ceratophyllum demersum; Koschnick et al. 2007; Mudge 2013). Giant salvinia, white waterlily
(Nymphaea odorata), bog smartweed (Polygonum setaceum), giant bulrush (Schoenoplectus
californicus), water celery (Vallisneria americana; though the root biomass of wide-leaf
Vallisneria may be reduced), and several algal species have been found by multiple studies to be
unaffected by imazamox (Netherland et al. 2009; Emerine et al. 2010; Rodgers and Black 2012;
Mudge 2013; Mudge and Netherland 2014). Other species are likely to be susceptible, for which
the effects of imazamox have not yet been evaluated.
Florpyrauxifen-benzyl
Registration and Formulations
Florpyrauxifen-benzyl is a relatively new herbicide, which was first registered with the U.S. EPA
in September 2017. The active ingredient is 4-amino-3-chloro-6-(4-chloro-2-fluoro-3methoxyphenyl)-5-fluoro-pyridine-2-benzyl ester, also identified as florpyrauxifen-benzyl.
Florpyrauxifen-benzyl is used for submerged, floating, and emergent aquatic plant control (e.g.,
ProcellaCORTM) in slow-moving and quiescent waters, as well as for broad spectrum weed
control in rice (Oryza sativa) culture systems and other crops (e.g., RinskorTM).
Mode of Action and Degradation
Florpyrauxifen-benzyl is a member of a new class of synthetic auxins, the arylpicolinates, that
differ in binding affinity compared to other currently registered synthetic auxins such as 2,4-D and
triclopyr (Bell et al. 2015). Florpyrauxifen-benzyl is a systemic herbicide (Heilman et al. 2017).

Aquatic Plant Management in Wisconsin: Draft Strategic Analysis – Draft December 2018
Supplemental Chapter 3.3 (Herbicide Treatment) and 3.4 (Physical Removal Techniques)

Laboratory studies and preliminary field dissipation studies indicate that florpyrauxifen-benzyl in
water is subject to rapid photolysis (Heilman et al. 2017). In addition, the herbicide can also
convert partially via hydrolysis to an acid form at high pH (>9) and higher water temperatures
(>25°C), and microbial activity in the water and sediment can also enhance degradation (Heilman
et al. 2017). The acid form is noted to have reduced herbicidal activity (Netherland and Richardson
2016; Richardson et al. 2016). Under growth chamber conditions, water samples at 1 DAT found
that 44-59% of the applied herbicide had converted to acid form, while sampling at 7 and 14 DAT
indicated that all the herbicide had converted to acid form (Netherland and Richardson 2016). The
herbicide is short-lived, with half‐lives ranging from 4 to 6 days in aerobic aquatic environments,
and 2 days in anaerobic aquatic environments (WSDE 2017). Degradation in surface water is
accelerated when exposed to sunlight, with a reported photolytic half‐life in laboratory testing of
0.07 days (WSDE 2017).
There is some anecdotal evidence that initial water temperature and/or pH may impact the efficacy
of florpyrauxifen-benzyl (Beets and Netherland 2018). Florpyrauxifen-benzyl has a high soil
adsorption coefficient (KOC) and low volatility, which allows for rapid plant uptake resulting in
short exposure time requirements (Heilman et al. 2017). Florpyrauxifen-benzyl degrades quickly
(2-15 days) in soil and sediment (Netherland et al. 2016). Few studies have yet been completed for
groundwater, but based on known environmental properties, florpyrauxifen-benzyl is not expected
to be associated with potential environmental impacts in groundwater (WSDE 2017).
Toxicology
No adverse human health effects were observed in toxicological studies submitted for EPA
herbicide registration, regardless of the route of exposure (Heilman et al. 2017). There are no
drinking water or recreational use restrictions, including swimming and fishing. There are no
restrictions on irrigating turf, and a short waiting period (dependent on application rate) for other
non-agricultural irrigation purposes.
Florpyrauxifen-benzyl showed a good environmental profile for use in water, and is “practically
non-toxic” to birds, bees, reptiles, amphibians, and mammals (Heilman et al. 2017). No
ecotoxicological effects were observed on freshwater mussel or juvenile chinook salmon (Heilman
et al. 2017). Florpyrauxifen-benzyl will temporarily bioaccumulate in freshwater organisms but is
rapidly depurated and/or metabolized within 1 to 3 days after exposure to high (>150 ppb)
concentrations (WSDE 2017).
An LC50 value indicates the concentration of a chemical required to kill 50% of a test population
of organisms. LC50 values are commonly used to describe the toxicity of a substance. Label
recommendations for milfoils do not exceed 9.65 ppb and the maximum label rate for an acre-foot
of water is 48.25 ppb. Acute toxicity results using rainbow trout (Oncorhynchus mykiss), fathead
minnow (Pimephales promelas), and sheepshead minnows (Cyprinodon variegatus variegatus)
indicated LC50 values of greater than 49 ppb, 41 ppb, and 40 ppb, respectively when exposed to
the technical grade active ingredient (WSDE 2017). An LC50 value of greater than 1,900 ppb was
reported for common carp (Cyprinus carpio) exposed to the ProcellaCOR end-use formulation
(WSDE 2017).
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Acute toxicity results for the technical grade active ingredient using water flea (Daphnia magna)
and midge (Chironomus sp.) indicated LC50 values of greater than 62 ppb and 60 ppb, respectively
(WSDE 2017). Comparable acute ecotoxicity testing performed on D. magna using the
ProcellaCOR end-use formulation indicated an LC50 value of greater than 8 ppm (80,000 ppb;
WSDE 2017).
The ecotoxicological no observed effect concentration (NOEC) for various organisms as reported
by Netherland et al. (2016) are: fish (>515 ppb ai), water flea (Daphnia spp.; >21440 ppb ai),
freshwater mussels (>1023 ppb ai), saltwater mysid (>362 ppb ai), saltwater oyster (>289 ppb ai),
and green algae (>480 ppb ai). Additional details on currently available ecotoxicological
information is compiled by WSDE (2017).
Species Susceptibility
Florpyrauxifen-benzyl is a labeled for control of invasive watermilfoils (e.g., Eurasian
watermilfoil (Myriophyllum spicatum), hybrid watermilfoil (M. spicatum x sibiricum), parrot
feather (M. aquaticum)), hydrilla (Hydrilla verticillata), and other non-native floating plants such
as floating hearts (Nymphoides spp.), water hyacinth (Eichhornia crassipes), and water chestnut
(Trapa natans; Netherland and Richardson 2016; Richardson et al. 2016). Natives species listed
on the product label as susceptible to florpyrauxifen-benzyl include coontail (Ceratophyllum
demersum; Heilman et al. 2017), watershield (Brasenia schreberi), and American lotus (Nelumbo
lutea). In laboratory settings, pickerelweed (Pontederia cordata) vegetation has also been shown
to be affected (Beets and Netherland 2018).
Based on available data, florpyrauxifen-benzyl appears to show few impacts to native aquatic
plants such as aquatic grasses, bulrush (Schoenoplectus spp.), cattail (Typha spp.), pondweeds
(Potamogeton spp.), naiads (Najas spp.), and water celery (Vallisneria americana; WSDE 2017).
Laboratory and mesocosm studies also found water marigold (Bidens beckii), white waterlily
(Nymphaea odorata), common waterweed (Elodea canadensis), water stargrass (Heteranthera
dubia), long-leaf pondweed (Potamogeton nodosus), and Illinois pondweed (P. illinoensis) to be
relatively less sensitive to florpyrauxifen-benzyl than labeled species (Netherland et al. 2016;
Netherland and Richardson 2016). Non-native fanwort (Cabomba caroliniana) was also found to
be tolerant in laboratory study (Richardson et al. 2016).
Since florpyrauxifen-benzyl is a relatively new approved herbicide, detailed information on field
applications is very limited. Trials in small waterbodies have shown control of parrot feather
(Myriophyllum aquaticum), variable-leaf watermilfoil (M. heterophyllum), and yellow floating
heart (Nymphoides peltata; Heilman et al. 2017).
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S.3.3.3. Emergent and Wetland Herbicides
Glyphosate
Registration and Formulations
Glyphosate is a commonly used herbicide that is utilized in both aquatic and terrestrial sites. It
was first registered for use in 1974. EPA is currently re-evaluating glyphosate and the
registration decision was expected in 2014 (EPA Glyphosate Plan 2009). The use of glyphosatebased herbicides in aquatic environments that are not approved for aquatic use is very unsafe and
is a violation of federal and state pesticide laws. Different formulations of glyphosate are
available, including isopropylamine salt of glyphosate and potassium glyphosate.
Glyphosate is effective only on plants that grow above the water and needs to be applied to
plants that are actively growing. It will not be effective on plants that are submerged or have
most of their foliage underwater, nor will it control regrowth from seed.
Mode of Action and Degradation
Glyphosate is a systemic herbicide that moves throughout the plant tissue and works by
inhibiting an important enzyme needed for multiple plant processes, including growth. Following
treatment, plants will gradually wilt, appear yellow, and will die in approximately 2 to 7 days. It
may take up to 30 days for these effects to become apparent for woody species.
Application should be avoided when heavy rain is predicted within 6 hours. To avoid drift,
application is not recommended when winds exceed 5 mph. In addition, excessive speed or
pressure during application may allow spray to drift and must be avoided. Effectiveness of
glyphosate treatments may be reduced if applied when plants are growing poorly, such as due to
drought stress, disease, or insect damage. A surfactant approved for aquatic sites must be mixed
with glyphosate before application.
In water, the concentration of glyphosate is reduced through dispersal by water movement,
binding to the sediments, and break-down by microorganisms. The half-life of glyphosate is
between 3 and 133 days, depending on water conditions. Glyphosate disperses rapidly in water
so dilution occurs quickly, thus moving water will decrease concentration, but not half-life. The
primary breakdown product of glyphosate is aminomethylphosphonic acid (AMPA), which is
also degraded by microbes in water and soil.
Toxicology
Most aquatic forms of glyphosate have no restrictions on swimming or eating fish from treated
waterbodies. However, potable water intakes within ½ mile of application must be turned off for
48 hours after treatment. Different formulations and products containing glyphosate may vary in
post-treatment water use restrictions.
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Most glyphosate-related health concerns for humans involve applicator exposure, exposure
through drift, and the surfactant exposure. Some adverse effects from direct contact with the
herbicide include temporary symptoms of dermatitis, eye ailments, headaches, dizziness, and
nausea. Protective clothing (goggles, a face shield, chemical resistant gloves, aprons, and
footwear) should be worn by applicators to reduce exposure. Recently it has been demonstrated
that terrestrial formulations of glyphosate can have toxic effects to human embryonic cells and
linked to endocrine disruption (Benachour et al. 2007; Gasnier et al. 2009).
Laboratory testing indicates that glyphosate is toxic to carp (Cyprinus spp.), bluegills (Lepomis
macrochirus), rainbow trout (Oncorhynchus mykiss), and water fleas (Daphnia spp.) only at
dosages well above the label application rates. Similarly, it is rated “practically non-toxic” to
other aquatic species tested. Studies by other researchers examining the effects of glyphosate on
important food chain organisms such as midge larvae, mayfly nymphs, and scuds have
demonstrated a wide margin of safety between application rates.
EPA data suggest that toxicological effects of the AMPA compound are similar to that of
glyphosate itself. Glyphosate also contains a nitrosamine (n-nitroso-glyphosate) as a contaminant
at levels of 0.1 ppm or less. Tests to determine the potential health risks of nitrosamines are not
required by the EPA unless the level exceeds 1.0 ppm.
Species Susceptibility
Glyphosate is only effective on actively growing plants that grow above the water’s surface. It
can be used to control reed canary grass (Phalaris arundinacea), cattails (Typha spp.; Linz et al.
1992; Messersmith et al. 1992), purple loosestrife (Lythrum salicaria), phragmites (Phragmites
australis subsp. australis; Back and Holomuzki 2008; True et al. 2010; Back et al. 2012;
Cheshier et al. 2012), water hyacinth (Eichhornia crassipes; Lopez 1993; Jadhav et al. 2008),
water lettuce (Pistia stratiotes; Mudge and Netherland 2014), water chestnut (Trapa natans;
Rector et al. 2015), Japanese stiltgrass (Microstegium vimineum; Hall et al. 2014), giant reed
(Arundo donax; Spencer 2014), and perennial pepperweed (Lepidium latifolium; Boyer and
Burdick 2010). Glyphosate will also reduce abundance of white waterlily (Nymphaea odorata)
and pond-lilies (Nuphar spp.; Riemer and Welker 1974). Purple loosestrife biocontrol beetle
(Galerucella calmariensis) oviposition and survival have been shown not to be affected by
integrated management with glyphosate. Studies have found pickerelweed (Pontederia cordata)
and floating marsh pennywort (Hydrocotyle ranunculoides) to be somewhat tolerant to
glyphosate (Newman and Dawson 1999; Gettys and Sutton 2004).
Imazapyr
Registration and Formulations
Imazapyr was registered with the U.S. EPA for aquatic use in 2003 and is currently under
registration review. It was estimated to have a registration review decision in 2017 (EPA
Imazapyr Plan 2014). The active ingredient is isopropylamine salt of imazapyr (2-[4,5-dihydro4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-3-pyridinecarboxylic acid). Imazapyr is
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used for control of emergent and floating-leaf vegetation. It is not recommended for control of
submersed vegetation.
Mode of Action and Degradation
Imazapyr is a systemic herbicide that moves throughout the plant tissue and prevents plants from
producing a necessary enzyme, acetolactate synthase (ALS), which is not found in animals.
Susceptible plants will stop growing soon after treatment and become reddish at the tips of the
plant. Plant death and decomposition will occur gradually over several weeks to months.
Imazapyr should be applied to plants that are actively growing. If applied to mature plants, a
higher concentration of herbicide and a longer contact time will be required.
Imazapyr is broken down in the water by light and has a half-life ranging from three to five days.
Three degradation products are created as imazapyr breaks down: pyridine hydroxy-dicarboxylic
acid, pyridine dicarboxylic acid (quinolinic acid), and nicotinic acid. These degradates persist in
water for approximately the same amount of time as imazapyr (half-lives of three to eight days).
In soils imazapyr is broken down by microbes, rather than light, and persists with a half-life of
one to five months (Boyer and Burdick 2010). Imazapyr doesn’t bind to sediments, so leaching
through soil into groundwater is likely.
Toxicology
There are no restrictions on recreational use of treated water, including swimming and eating fish
from treated waterbodies. If application occurs within a ½ mile of a drinking water intake, then
the intake must be shut off for 48 hours following treatment. There is a 120-day irrigation
restriction for treated water, but irrigation can begin sooner if the concentration falls below 0.001
ppm (1 ppb). Imazapyr degradates are no more toxic than imazapyr itself and are excreted faster
than imazapyr when ingested.
Concentrated imazapyr has low acute toxicity on the skin or if ingested but is harmful if inhaled
and may cause irreversible damage if it gets in the eyes. Applicators should wear chemicalresistant gloves while handling, and persons not involved in application should avoid the
treatment area during treatment. Chronic toxicity tests for imazapyr indicate that it is not
carcinogenic, mutagenic, or neurotoxic. It also does not cause reproductive or developmental
toxicity and is not a suspected endocrine disrupter.
Imazapyr is “practically non-toxic” to fish, invertebrates, birds and mammals. Studies have also
shown imazapyr to be “practically non-toxic” to “slightly toxic” to tadpoles and juvenile frogs
(Trumbo and Waligora 2009; Yahnke et al. 2013). Toxicity tests have not been published on
reptiles. Imazapyr does not bioaccumulate in animal tissues.
Species Susceptibility
The imazapyr herbicide label is listed to control the invasive plants phragmites (Phragmites
australis subsp. australis), purple loosestrife (Lythrum salicaria), reed canary grass (Phalaris
arundinacea), non-native cattails (Typha spp.) and Japanese knotweed (Fallopia japonica) in
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Wisconsin. Native species that are also controlled include cattails (Typha spp.), waterlilies
(Nymphaea sp.), pickerelweed (Pontederia cordata), duckweeds (Lemna spp.), and arrowhead
(Sagittaria spp.).
Studies have shown imazapyr to effectively control giant reed (Arundo donax), water hyacinth
(Eichhornia crassipes), manyflower marsh-pennywort (Hydrocotyle umbellata); yellow iris (Iris
pseudacorus), water lettuce (Pistia stratiotes), perennial pepperweed (Lepidium latifolium),
Japanese stiltgrass (Microstegium vimineum), parrot feather (Myriophyllum aquaticum), and
cattails (Boyer and Burdick 2010; True et al. 2010; Back et al. 2012; Cheshier et al. 2012;
Whitcraft and Grewell 2012; Hall et al. 2014; Spencer 2014; Cruz et al. 2015; DiTomaso and
Kyser 2016). Giant salvinia (Salvinia molesta) was found to be imazapyr-tolerant (Nelson et al.
2001).
S.3.3.4. Herbicides Used for Submersed and Emergent Plants
Triclopyr
Registration and Formulations
Triclopyr was initially registered with the U.S. EPA in 1979, reregistered in 1997, and is
currently under review with an estimated registration review decision in 2019 (EPA Triclopyr
Plan 2014). There are two forms of triclopyr used commercially as herbicides: the triethylamine
salt (TEA) and the butoxyethyl ester (BEE). BEE formulations are considered highly toxic to
aquatic organisms, with observed lethal effects on fish (Kreutzweiser et al. 1994) as well as
avoidance behavior and growth impairment in amphibians (Wojtaszek et al. 2005). The active
ingredient triethylamine salt (3,5,6-trichloro-2-pyridinyloxyacetic acid) is the formulation
registered for use in aquatic systems. It is sold both in liquid and granular forms for control of
submerged, emergent, and floating-leaf vegetation. There is also a liquid premixed formulation
that contains triclopyr and 2,4-D, which when combined together are reported to have synergistic
impacts. Only triclopyr products labeled for use in aquatic environments may be used to control
aquatic plants.
Mode of Action and Degradation
Triclopyr is a systemic plant growth regulator that is believed to selectively act on broadleaf
(dicot) and woody plants. Following treatment, triclopyr is taken up through the roots, stems and
leaf tissues, plant growth becomes abnormal and twisted, and plants die within one to two weeks
after application (Getsinger et al. 2000). Triclopyr is somewhat persistent and can move through
soil, although only mobile enough to permeate top soil layers and likely not mobile enough to
potentially contaminate groundwater (Lee et al. 1986; Morris et al. 1987; Stephenson et al.
1990).
Triclopyr is broken down rapidly by light (photolysis) and microbes, while hydrolysis is not a
significant route of degradation. Triclopyr photodegrades and is further metabolized to carbon
dioxide, water, and various organic acids by aquatic organisms (McCall and Gavit 1986). It has
been hypothesized that the major mechanism for the removal of triclopyr from the aquatic
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environment is microbial degradation, though the role of photolysis likely remains important in
near-surface and shallow waters (Petty et al. 2001). Degradation of triclopyr by microbial action
is slowed in the absence of light (Petty et al. 2003). Triclopyr is very slowly degraded under
anaerobic conditions, with a reported half-life (the time it takes for half of the active ingredient
to degrade) of about 3.5 years (Laskowski and Bidlack 1984). Another study of triclopyr under
aerobic aquatic conditions yielded a half-life of 4.7 months (Woodburn and Cranor 1987). The
initial breakdown products of triclopyr are TCP (3,5,6-trichloro-2-pyridinol) and TMP (3,5,6trichloro-2-methoxypridine).
Several studies reported triclopyr half-lives between 0.5-7.5 days (Woodburn et al. 1993;
Getsinger et al. 2000; Petty et al. 2001; Petty et al. 2003). Two large-scale, low-dose treatments
were reported to have longer triclopyr half-lives from 3.7-12.1 days (Netherland and Jones
2015). Triclopyr half-lives have been shown to range from 3.4 days in plants, 2.8-5.8 days in
sediment, up to 11 days in fish tissue, and 11.5 days in crayfish (Woodburn et al. 1993;
Getsinger et al. 2000; Petty et al. 2003). TMP and TCP may have longer half-lives than triclopyr,
with higher levels in bottom-feeding fish and the inedible parts of fish (Getsinger et al. 2000).
Toxicology
Based upon the triclopyr herbicide label, there are no restrictions on swimming, eating fish from
treated waterbodies, or pet/livestock drinking water use. Before treated water can be used for
irrigation, the concentration must be below 0.001 ppm (1 ppb), or at least 120 days must pass.
Treated water should not be used for drinking water until concentrations of triclopyr are less than
0.4 ppm (400 ppb). There is a least one case of direct human ingestion of triclopyr TEA which
resulted in metabolic acidosis and coma with cardiovascular impairment (Kyong et al. 2010).
There are substantial differences in toxicity of BEE and TEA, with the BEE shown to be more
toxic in aquatic settings. BEE formulations are considered highly toxic to aquatic organisms,
with observed lethal effects on fish (Kreutzweiser et al. 1994) as well as avoidance behavior and
growth impairment in amphibians (Wojtaszek et al. 2005). Triclopyr TEA is “practically nontoxic” to freshwater fish and invertebrates (Mayes et al. 1984; Gersich et al. 1984). It ranges
from “practically non-toxic” to “slightly toxic” to birds (EPA Triclopyr RED 1998). TCP and
TMP appear to be slightly more toxic to aquatic organisms than triclopyr; however, the peak
concentration of these degradates is low following treatment and depurates from organisms
readily, so that they are not believed to pose a concern to aquatic organisms.
Species susceptibility
Triclopyr has been used to control Eurasian watermilfoil (Myriophyllum spicatum) and hybrid
watermilfoil (M. spicatum x sibiricum) at both small- and large-scales (Netherland and Getsinger
1992; Getsinger et al. 1997; Poovey et al. 2004; Poovey et al. 2007; Nelson and Shearer 2008;
Heilman et al. 2009; Glomski and Netherland 2010; Netherland and Glomski 2014; Netherland
and Jones 2015). Getsinger et al. (2000) found that peak triclopyr accumulation was higher in
Eurasian watermilfoil than flat-stem pondweed (Potamogeton zosteriformis), indicating
triclopyr’s affinity for Eurasian watermilfoil as a target species.
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According to product labels, triclopyr is capable of controlling or affecting many emergent
woody plant species, purple loosestrife (Lythrum salicaria), phragmites (Phragmites australis
subsp. australis), American lotus (Nelumbo lutea), milfoils (Myriophyllum spp.), and many
others. Triclopyr application has resulted in reduced frequency of occurrence, reduced biomass,
or growth regulation for the following species: common waterweed (Elodea canadensis), water
stargrass (Heteranthera dubia), white waterlily (Nymphaea odorata), purple loosestrife, Eurasian
watermilfoil, parrot feather (Myriophyllum aquaticum), variable-leaf watermilfoil (M.
heterophyllum), watercress (Nasturtium officinale), phragmites, flat-stem pondweed
(Potamogeton zosteriformis), clasping-leaf pondweed (P. richardsonii), stiff pondweed (P.
strictifolius), variable-leaf pondweed (P. gramineus), white water crowfoot (Ranunculus
aquatilis), sago pondweed (Stuckenia pectinata), softstem bulrush (Schoenoplectus
tabernaemontani), hardstem bulrush (S. acutus), water chestnut (Trapa natans), duckweeds
(Lemna spp.), and submerged flowering rush (Butomus umbellatus; Cowgill et al. 1989; Gabor et
al. 1995; Sprecher and Stewart 1995; Getsinger et al. 2003; Poovey et al. 2004; Hofstra et al.
2006; Poovey and Getsinger 2007; Champion et al. 2008; Derr 2008; Glomski and Nelson 2008;
Glomski et al. 2009; True et al. 2010; Cheshier et al. 2012; Netherland and Jones 2015; Madsen
et al. 2015; Madsen et al. 2016). Wild rice (Zizania palustris) biomass and height has been
shown to decrease significantly following triclopyr application at 2.5 mg/L. Declines were not
significant at lower concentrations (0.75 mg/L), though seedlings were more sensitive than
young or mature plants (Madsen et al. 2008). American bulrush (Schoenoplectus americanus),
spatterdock (Nuphar variegata), fern pondweed (Potamogeton robbinsii), large-leaf pondweed
(P. amplifolius), leafy pondweed (P. foliosus), white-stem pondweed (P. praelongus), long-leaf
pondweed (P. nodosus), Illinois pondweed (P. illinoensis), and water celery (Vallisneria
americana) can be somewhat tolerant of triclopyr applications depending on waterbody
characteristics and application rates (Sprecher and Stewart 1995; Glomski et al. 2009; Wersal et
al. 2010b; Netherland and Glomski 2014).
Netherland and Jones (2015) evaluated the impact of large-scale, low-dose (~0.1-0.3 ppm)
granular triclopyr) applications for control of non-native watermilfoil on several bays of Lake
Minnetonka, Minnesota. Near complete loss of milfoil in the treated bays was observed the year
of treatment, with increased milfoil frequency reported the following season. However, despite
the observed increase in frequency, milfoil biomass remained a minor component of bay-wide
biomass (<2%). The number of points with native plants, mean native species per point, and
native species richness in the bays were not reduced following treatment. However, reductions in
frequency were seen amongst individual species, including northern watermilfoil (Myriophyllum
sibiricum), water stargrass, common waterweed, and flat-stem pondweed.
Penoxsulam
Registration and Formulations
Penoxsulam (2-(2,2-difluoroethoxy)--6-(trifluoromethyl-N-(5,8-dimethoxy[1,2,4] triazolo[1,5c]pyrimidin-2-yl))benzenesulfonamide), also referred to as DE-638, XDE-638, XR-638 is a postemergence, acetolactate synthase (ALS) inhibiting herbicide. It was first registered for use by the
U.S. EPA in 2009. It is liquid in formulation and used for large-scale control of submerged,
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emergent, and floating-leaf vegetation. Information presented here can be found in the EPA
pesticide fact sheet (EPA Penoxsulam 2004).
Mode of Action and Degradation
Penoxsulam is a slow-acting herbicide that is absorbed by above- and below-ground plant tissue
and translocated throughout the plant. Penoxsulam interferes with plant growth by inhibiting the
AHAS/ALS enzyme which in turn inhibits the production of important amino acids (Tranel and
Wright 2002). Plant injury or death usually occurs between 2 and 4 weeks following application.
Penoxsulam is highly mobile but not persistent in either aquatic or terrestrial settings. However,
the degradation process is complex. Two degradation pathways have been identified that result in
at least 13 degradation products that persist for far longer than the original chemical. Both
microbial- and photo-degradation are likely important means by which the herbicide is removed
from the environment (Monika et al. 2017). It is relatively stable in water alone without sunlight,
which means it may persist in light-limited areas.
The half-life for penoxsulam is between 12 and 38 days. Penoxsulam must remain in contact
with plants for around 60 days. Thus, supplemental applications following initial treatment may
be required to maintain adequate concentration exposure time (CET). Due to the long CET
requirement, penoxsulam is likely best suited to large-scale or whole-lake applications.
Toxicology
Penoxsulam is unlikely to be toxic to animals but may be “slightly toxic” to birds that consume
it. Human health studies have not revealed evidence of acute or chronic toxicity, though some
indication of endocrine disruption deserves further study. However, screening-level assessments
of risk have not been conducted on the major degradates which may have unknown non-target
effects. Penoxsulam itself is unlikely to bioaccumulate in fish.
Species Susceptibility
Penoxsulam is used to control monocot and dicot plant species in aquatic and terrestrial
environments. The herbicide is often applied at low concentrations of 0.002-0.02 ppm (2-20
ppb), but as a result long exposure times are usually required for effective target species control
(Cheshier et al. 2011; Mudge et al. 2012b). For aquatic plant management applications,
penoxsulam is most commonly utilized for control of hydrilla (Hydrilla verticillata). It has also
been used for control of giant salvinia (Salvinia molesta), water hyacinth (Eichhornia crassipes),
and water lettuce (Pistia stratiotes; Richardson and Gardner 2007; Mudge and Netherland 2014).
However, the herbicide is only semi-selective; it has been implicated in injury to non-target
emergent native species, including arrowheads (Sagittaria spp.) and spikerushes (Eleocharis
spp.) and free-floating species like duckweed (Mudge and Netherland 2014; Cheshier et al.
2011). Penoxsulam can also be used to control milfoils such as Eurasian watermilfoil
(Myriophyllum spicatum) and variable-leaf watermilfoil (M. heterophyllum; Glomski and
Netherland 2008). Seedling emergence as well as vegetative vigor is impaired by penoxsulam in

Aquatic Plant Management in Wisconsin: Draft Strategic Analysis – Draft December 2018
Supplemental Chapter 3.3 (Herbicide Treatment) and 3.4 (Physical Removal Techniques)

both dicots and monocots, so buffer zone and dissipation reduction strategies may be necessary
to avoid non-target impacts (EPA Penoxsulam 2004).
When used to treat salvinia, the herbicide was found to have effects lasting through 10 weeks
following treatment (Mudge et al. 2012b). The herbicide is effective at low doses, but while lowconcentration applications of slow-acting herbicides like penoxsulam often result in temporary
growth regulation and stunting, plants are likely to recover following treatment. Thus,
complementary management strategies should be employed to discourage early regrowth (Mudge
et al. 2012b). In particular, joint biological and herbicidal control with penoxsulam has shown
good control of water hyacinth (Moran 2012). Alternately, a low concentration may be maintained
over time by repeated low-dose applications. Studies show that maintaining a low concentration
for at least 8-12 weeks provided excellent control of salvinia, and that a low dose followed by a
high-dose application was even more efficacious (Mudge et al. 2012b).
S.3.4. Physical Removal Techniques
There are several management options which involve physical removal of aquatic plants, either by
manual or mechanical means. Some of these include manual and mechanical cutting and handpulling or Diver-Assisted Suction Harvesting (DASH).
S.3.4.1. Harvesting: Manual, Mechanical, and DASH
Manual and Mechanical Cutting
Manual and mechanical cutting involve slicing off a portion of the target plants and removing the
cut portion from the waterbody. In addition to actively removing parts of the target plants,
destruction of vegetative material may help prevent further plant growth by decreasing
photosynthetic uptake, and preventing the formation of rhizomes, tubers, and other growth types
(Dall Armellina et al. 1996a, 1996b; Fox et al. 2002). These approaches can be quick to allow
recreational use of a waterbody but because the plant is still established and will continue to grow
from where it was cut, it often serves to provide short-term relief (Bickel and Closs 2009; Crowell
et al. 1994).
The amount of time for macrophytes to return to pre-cutting levels can vary between waterbodies
and with the dominant plant species present (Kaenel et al. 1998). Some studies have suggested that
annual or biannual cutting of Eurasian watermilfoil (Myriophyllum spicatum) may be needed,
while others have shown biomass can remain low the year after cutting (Kimbel and Carpenter
1981; Painter 1988; Barton et al. 2013). Hydrilla (Hydrilla verticillata) has been shown to recover
beyond pre-harvest levels within weeks in some cases (Serafy et al. 1994). In deeper waters, greater
cutting depth may lead to increased persistence of vegetative control (Unmuth et al. 1998; Barton
et al. 2013). Higher frequency of cutting, rather than the amount of plant that is cut, can result in
larger reductions to propagules such as turions (Fox et al. 2002).
The timing of cutting operations, as for other management approaches, is important. For species
dependent on vegetative propagules, control methods should be taken before the propagules are
formed. However, for species with rhizomes, cutting too early in the season merely postpones
growth while later-season cutting can better reduce plant abundance (Dall Armellina et al. 1996a,
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1996b). Eurasian watermilfoil regrowth may be slower if cutting is conducted later in the summer
(June or later). Cutting in the fall, rather than spring or summer, may result in the lowest amount
of Eurasian watermilfoil regrowth the year after management (Kimbel and Carpenter 1981).
However, managing early in the growing season may reduce non-target impacts to native plant
populations when early-growing non-native plants are the dominant targets (Nichols and Shaw
1986). Depending on regrowth rate and management goals, multiple harvests per growing season
may be necessary (Rawls 1975).
Vegetative fragments which are not collected after cutting can produce new localized populations,
potentially leading to higher plant densities (Dall Armellina et al. 1996a). Eurasian watermilfoil
and common waterweed (Elodea canadensis) biomass can be reduced by cutting (Abernethy et al.
1996), though Eurasian watermilfoil can maintain its growth rate following cutting by developing
a more-densely branched form (Rawls 1975; Mony et al. 2011). Cutting and physical removal tend
to be less expensive but require more effort than benthic barriers, so these approaches may be best
used for small infestations or where non-native and native species inhabit the same stand (Bailey
and Calhoun 2008).
Hand Pulling and Diver-Assisted Suction Harvesting
Hand-pulling and DASH involve removing rooted plants from the bottom sediment of the water
body. The entire plant is removed and disposed of elsewhere. Hand-pulling can be done at
shallower depths whereas DASH, in which SCUBA divers do the pulling, may be better suited for
deeper aquatic plant beds. As a permit condition, DASH and hand-pulling may not result in lifting
or removal of bottom sediment (i.e., dredging). Efforts should be made to preserve water clarity
because turbid conditions reduce visibility for divers, slowing the removal process and making
species identification difficult. When operated with the intent to distinguish between species and
minimize disturbance to desirable vegetation, DASH can be selective and provide multi-year
control (Boylen et al. 1996). One study found reduced cover of Eurasian watermilfoil both in the
year of harvest and the following year, along with increased native plant diversity and reduced
overall plant cover the year following DASH implementation (Eichler et al. 1993). However, hand
harvesting or DASH may require a large time or economic investment for Eurasian watermilfoil
and other aquatic vegetation control on a large-scale (Madsen et al. 1989; Kelting and Laxson
2010). Lake type, water clarity, sediment composition, underwater obstacles and presences of
dense native plants, may slow DASH efforts or even prohibit the ability to utilized DASH. Costs
of DASH per acre have been reported to typically range from approximately $5,060-8,100 (Cooke
et al. 1993; Mattson et al. 2004). Additionally, physical removal of turions from sediments, when
applicable, has been shown to greatly reduce plant abundance for multiple subsequent growing
seasons (Caffrey and Monahan 2006), though this has not been implemented in Wisconsin due to
the significant effort it requires.
Ecological Impacts of Physical Removal Techniques
Plants accrue nutrients into their tissues, and thus plant removal may also remove nutrients from
waterbodies (Boyd 1970), though this nutrient removal may not be significant among lake types.
Cutting and harvesting of aquatic plants can lead to declines in fish as well as beneficial
zooplankton, macroinvertebrate, and native plant and mussel populations (Garner et al. 1996;
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Aldridge 2000; Torn et al. 2010; Barton et al. 2013). Many studies suggest leaving some vegetated
areas undisturbed to reduce negative effects of cutting on fish and other aquatic organisms (Swales
1982; Garner et al. 1996; Unmuth et al. 1998; Aldridge 2000; Greer et al. 2012). Recovery of these
populations to cutting in the long-term is understudied and poorly understood (Barton et al. 2013).
Effects on water quality can be minimal but nutrient cycling may be affected in wetland systems
(Dall Armellina et al. 1996a; Martin et al. 2003). Cutting can also increase algal production, and
turbidity temporarily if sediments are disturbed (Wile 1978; Bailey and Calhoun 2008).
Some changes to macroinvertebrate community composition can occur as a result of cutting
(Monahan and Caffrey 1996; Bickel and Closs 2009). Studies have also shown 12-85% reductions
in macroinvertebrates following cutting operations in flowing systems (Dawson et al. 1991; Kaenel
et al. 1998). Macroinvertebrate communities may not rebound to pre-management levels for 4-6
months and species dependent on aquatic plants as habitat (such as simuliids and chironomids) are
likely to be most affected. Reserving cutting operations for summer, rather than spring, may reduce
impacts to macroinvertebrate communities (Kaenel et al. 1998).
Mechanical harvesting can also incidentally remove fish and turtles inhabiting the vegetation and
lead to shifts in aquatic plant community composition (Engel 1990; Booms 1999). Studies have
shown mechanical harvesting can remove between 2%-32% of the fish community by fish number,
with juvenile game fish and smaller species being the primary species removed (Haller et al. 1980;
Mikol 1985). Haller et al. (1980) estimated a 32% reduction in the fish community at a value of
$6000/hectare. However, fish numbers rebounded to similar levels as an unmanaged area within
43 days after harvesting in the Potomac River in Maryland (Serafy et al. 1994). In addition to direct
impacts to fish populations, reductions in fish growth rates may correspond with declines in
zooplankton populations in response to cutting (Garner et al. 1996). Because divers are physically
uprooting plants from the lake bed, hand removal may disturb benthic organisms. Additionally,
DASH may also result in some accidental capture of fish and invertebrates, small amounts of
sediment removal, or increased turbidity. It is possible that equipment modifications could help
minimize some of these unintended effects.
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Introduction and Survey Objectives

W I S C ON S I N D N R C ON T AC T I N F O .

In 2018, the Department of Natural Resources conducted a fyke netting survey of Shawano Lake and Washington Lake in order to provide insight and direction for the future fisheries management of the water body.
Primary sampling objectives of this survey are to characterize species composition, relative abundance and
size structure. The following report is a brief summary of the activities conducted, general status of fish populations and future management options for that lake.

Jason Breeggemann—Fisheries Biologist
Elliot Hoffman - Fisheries Technician
Wisconsin Department of Natural Resources
647 Lakeland Rd.
Shawano, WI 54166

Combined Acres: 6,290
Combined Shoreline Miles: 19.78
Combined Maximum Depth (feet): 42
Lake Type: Both = Drainage
Public Access: 7 Public Boat Launches
Regulations for both waterbodies: Walleye (Bag limit of 3, 18” minimum) All other species Statewide Default Regulations.

Jason Breeggemann: 920-420-4619;
jason.breeggemann@wisconsin.gov

Survey Information
Site Location

Survey Dates

Shawano Lake and
5/1/2018 - 5/12/2018
Washington Lake

•

•

•

Water Temperature
(°F)

Target Species

Gear

Number of
Nets

Net Nights

45 - 62

All

Fyke Net

18

94

Elliot Hoffman: 920-420-9581;
elliot.hoffman@wisconsin.gov

Survey Method
Shawano Lake and Washington Lake were sampled according to spring netting (SNI and SNII) protocols as outlined in the statewide lake assessment protocol. The primary objective for this sampling period is to count and
measure adult walleye and muskellunge. However, this survey can also be used to target adult northern pike.
Other gamefish and panfish may be sampled but are considered by-catch as part of this survey.
Fyke Nets were deployed in areas of the lake that contained spawning habitat or were likely travel areas for walleye and muskellunge. All captured fish were identified to species and gamefish and panfish measured for length.
All newly captured walleye were given a partial fin clip (top caudal fin). All walleye were weighed and age structures (i.e., otoliths, fin rays, and spines) were collected from a subsample of bluegill, black crappie, and walleye
for age and growth analysis. All muskellunge were given a passive integrated transponder (PIT) tag.
Fish metrics used to describe fish populations include catch per unit effort, total abundance, proportional stock
density, length frequency distribution, and mean age at length.

Fish Metric Descriptions

Catch per unit effort (CPUE) is an index used to measure fish population relative abundance, which simply refers to the number of fish captured per unit of distance or time. For netting surveys, we typically
quantify CPUE by the number and size of fish per net night. CPUE
indexes are compared to statewide data by percentiles and within lake
trends. For example, if a CPUE is in the 90th percentile, it is higher
than 90% of the other CPUEs in the state.
Total abundance is a metric that describes population size and is estimated by mark and recapture. In our study, all walleye that were captured in fyke nets during the peak of the walleye spawn were given a
partial caudal fin (i.e., tail fin) clip and released. Once the walleye
spawn was winding down, an night time electrofishing survey was conducted to recapture walleyes marked during the fyke netting survey.
The total number marked during fyke netting, the total number of walleyes captured in the electrofishing survey, and the number of marked
walleyes captured in the electrofishing survey were used to estimate
the abundance of walleyes.
Proportional Stock Density (PSD) is an index used to describe size
structure of fish populations. It is calculated by dividing the number of
quality size fish by the number of stock size fish for a given species.
PSD values between 40 - 60 generally describe a balanced fish population.
Length frequency distribution (LFD) is a graphical representation of
the number or percentage of fish captured by half inch or one inch size
intervals. Smaller fish (or younger age classes) may not always be
represented in the length frequency due to different habitat usage or
sampling gear limitations.
Mean Age at Length is an index used to assess fish growth. Calcified
structures (e.g., otoliths, spines, or scales) are collected from a specified length bin of interest (e.g., 7.0-7.5 inches for bluegill). Mean age is
compared to statewide data by percentile with growth characterized by
the following benchmarks: slow (<33rd percentile); moderate (33rd to
66th percentile); and fast (>66th percentile).

Relative Abundance

Species

CPUE (number per net night)
2018
2018 Total
2018
Statewide
Number
Abundance
Percentile
Historical
Captured
Rating
2006 2010 2014 2018
Rank
Median

Black Bullhead

22

0.2

0.2

0.3

0.1

Black Crappie

1618

11.8

5.5

6.4

45.7 17.2

84th

Bluegill

2512

22.2

21.8

14.6

22.5

26.7

71st

Bowfin

116

0.9

1.0

0.8

0.4

1.2

-

-

Brown Bullhead

348

3.7

4.9

3.7

1.4

3.7

-

-

Common Carp

6

0.2

0.3

0.5

0.1

0.1

-

-

Lake Chubsucker

110

0.7

0.3

0.4

0.9

1.2

-

-

0.2

-

Moderate High
Moderate High

Largemouth Bass

171

2.0

2.2

2.4

0.8

1.8

86th

Moderate High

Longnose Gar

42

0.1

0.0

0.1

0.0

0.5

-

-

Muskellunge

34

0.4

0.2

0.4

0.9

0.4

54th

Moderate

Northern Pike

112

1.4

1.4

1.3

4.1

1.2

44th

Moderate
Moderate High

Pumpkinseed

720

4.3

3.0

1.2

5.7

7.7

84th

Rock Bass

326

1.9

2.0

1.8

1.5

3.5

-

-

Walleye

572

6.2

32.7

6.2

4.7

6.1

68th

Moderate High

White Sucker

5

0.1

0.6

0.1

0.1

0.1

-

-

Yellow Bullhead

1197

4.9

3.7

6.1

3.0

12.7

-

-

Yellow Perch

20

0.2

0.6

0.2

0.2

0.2

18th

Low
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Size Structure Metrics
Average Length Length Range
(inches)
(inches)

Stock and Quality
Size (inches)

Stock
Number

Quality
Number

PSD

Percentile Rank

Size Rating

10.8 - 32.6

14.0 and 21.0

106

39

37

44th

Moderate

14.4

5.9 - 19.3

8.0 and 12.0

162

151

93

85th

Moderate - High

32

37.7

18.8 - 47.6

30.0 and 34.0

29

21

72

55th

Moderate

528

18.2

7.5 - 30.3

10.0 and 15.0

521

500

96

84th

Moderate - High

Species

Total

Northern Pike

108

20.6

Largemouth Bass

166

Muskellunge
Walleye

Size Structure (PSD) Trends
Species

Historical
Median
(2006-Present)

2006

2010

2014

2018

Northern Pike

32

29

17

34

37

Largemouth Bass

93

93

94

90

93

Muskellunge

74

53

76

76

72

Walleye

98

97

99

98

96

PSD by Year

Total Adult Abundance (Mark and Recapture Population Estimate)
Number
Number
Number
Species Marked
Captured
Recaptures
(Netting) (Electrofishing) (Electrofishing)

Walleye

•
•

•
•

•

•

•

468

Walleye

38

4

Population
Estimate
(95% CI)

Number
per Acre

Abundance
Rating

3,657
0.58
(1,753 - 8,632) (0.27 - 1.37)

Low

Gamefish Summary

Walleye CPUE and population estimates have increased since the last
comprehensive survey conducted in 2014. However, population densities
still remain relatively low at just over 0.5 adult walleyes per acre.
Walleye size structure metrics showed a population primarily comprised of
larger individuals. However, walleye PSD values have decreased slightly
from the 2014 survey and the average size of walleyes captured decreased
by nearly 2 inches from the 2014 survey as well, indicating more small
walleyes in the population. This is likely the result of extensive stocking
efforts by both the WDNR and Walleyes for Tomorrow with these stocked
fish finally reaching maturity and recruiting to the fishery.
Muskellunge
Results from the 2018 fyke netting survey showed a low - moderate density
of muskellunge with optimal size structure.
Shawano Lake is meeting its management objective of being a Class A1
musky fishery. This classification means that it is managed as a “trophy
water” with lower densities and high growth potential.
Northern Pike
Northern pike were captured in moderate densities in the 2018 fyke netting
survey. Northern pike catch rates have declined since the 2014 survey, but
are very similar to catch rates in 2006 and 2010. It is known that a significant number of the northern pike spawn in the Shawano Lake Outlet Channel, which was not surveyed in 2018. Therefore, catch rates in the 2018
survey may not be representative of the entire northern pike population.
Northern pike size structure was found at moderate levels and PSD values
in 2018 were the highest of any of the previous four fyke netting surveys
meaning size structure has continued to trend upward.
Largemouth Bass
Largemouth bass were captured in moderate - high densities with good
size structure. However, electrofishing is a more preferred gear for evaluating the largemouth bass population. A spring electrofishing survey was also
conducted in 2018. Results from that survey can be found on a separate
report.

Shawano Lake
(WBIC
322800)
and
Washington
(WBIC 323700)
- Summary
Report Continued
White
Clay
Lake
(WBIC
326400)Lake
- Summary
Report
Continued
Panfish Summary
Gamefish
Summary
Shawano County
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Size Structure Metrics
Species

Number
Measured

Average Length Length Range
(inches)
(inches)

Stock and Quality
Sizes (inches)

Stock
Number

Quality
Number

PSD

Percentile Rank

Size Rating

Bluegill

1,706

6.4

3.6 - 8.5

3.0 and 6.0 inches

1,706

1,274

75

73rd

Moderate - High

Black Crappie

1,222

7.3

4.1 - 12.4

5.0 and 8.0 inches

1,123

447

40

33rd

Low - Moderate

Pumpkinseed

648

6.4

3.8 - 8.3

3.0 and 6.0 inches

648

459

71

85th

Moderate - High

Yellow Perch

20

6.5

5.6 - 9.7

5.0 and 8.0 inches

20

2

10

40th

Moderate

Size Structure (PSD) Trends

Species

Historical Median
(2006 - Present)

PSD by Year
2006

2010

2014

2018

Bluegill

68

64

72

46

75

Black Crappie

51

64

62

20

40

Pumpkinseed

66

71

61

31

71

Yellow Perch

48

78

89

17

10

Growth Metrics

•
•
•
•
•
•
•
•
•

Species

Total

Length Bin
(inches)

Mean Age

Bluegill

22

5.50 - 6.49

Bluegill

18

6.50 - 7.49

Black Crappie

20

Black Crappie

23

Black Crappie

24

Bluegill

Age Range

Percentile
Rank

Growth
Rating

5.9

5-7

15

Slow

6.9

6 - 11

11

Slow

7.50 - 8.49

5.2

3-8

10

Slow

8.50 - 9.49

5.9

4-7

20

Slow

9.50 - 10.49

6.3

4-9

23

Slow

Panfish Summary

Bluegill were captured in moderate to high densities and size structure
showed that a high percentage of the bluegill captured were ≥ 6.0 inches.
However, only 24% of the bluegill captured were ≥ 7.0 inches and 1% was ≥
8.0 inches.
Bluegill growth rates are slow in Shawano and Washington Lakes compared
to statewide growth data.
Moderate to high densities of bluegill resulting in slower growth combined with
intense angler pressure and harvest removing the largest individuals are likely
driving the observed trends in the bluegill population.
Black Crappie
Black crappie were also captured in moderate - high densities in the 2018
fyke netting survey.
Black crappie size structure has increased from the 2014 survey but the population is still dominated by smaller individuals.
Black crappie growth was slow, likely driven by high densities. Catch rates in
the 2014 survey were nearly three times as high as the 2018 survey, meaning
black crappie densities have been high for the last 5+ years.
One or two strong younger year classes combined with slow growth are driving the observed trends in the black crappie fishery.
Pumpkinseed
Pumpkinseed were also captured in moderate - high densities and showed
the best size structure of any of the panfish species with 34% of the pumpkinseed captured being ≥ 7.0 inches.
Yellow Perch
Few yellow perch that were primarily too small to be desired by anglers were
captured in the spring fyke netting survey. However, fyke netting is not the
preferred gear for evaluating the yellow perch fishery. Angler reports suggest
that yellow perch fishing has been good for the past few years in Shawano
Lake and Washington Lake.
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Management Options

Stocking History 1972 - Present
Species

Year

Age

Source

Mean Length
(inches)

Number
Stocked

Walleye

2018

Fry

Private WFT

0.75

4,448,000

Muskellunge

2018

Large
Fingerling

DNR

11.7

2,246

Walleye

2017

Fry

Private WFT

0.75

5,196,000

Walleye

2017

Large
Fingerling

DNR

7.75

31,141

Walleye

2016

Fry

Private WFT

0.75

5,378,000

Northern Pike

2016

Large
Fingerling

DNR

8.6

5,524

Walleye

2015

Fry

Private WFT

0.75

4,907,000

Walleye

2015

Large
Fingerling

DNR

7.7

33,358

Walleye

2014

Fry

Private WFT

0.2

2,550,000

Walleye

2013

Fry

Private WFT

0.3

500,062

Walleye

2013

Large
Fingerling

DNR

5.6

22,308

Muskellunge

2013

Large
Fingerling

DNR

9.7

2,000

Walleye

2012

Fry

Private WFT

0.3

1,169,000

Walleye

2011

Large
Fingerling

DNR

5.6

2,987

Walleye

2011

Large
Fingerling

DNR

7.3

6,778

Muskellunge

2011

Large
Fingerling

DNR

9.4

1,495

Muskellunge

2009

Yearling

Private Figure 8

13.5

583

Muskellunge

2009

Large
Fingerling

DNR

10.6

2,499

Muskellunge

2008

Large
Fingerling

Private Figure 8

17.0

470

Muskellunge

2007

Large
Fingerling

DNR

13.0

1,667

Muskellunge

2007

Large
Fingerling

Private Figure 8

15.0

1,000

Muskellunge

2006

Large
Fingerling

Private Figure 8

15.5

290

Muskellunge

2005

Large
Fingerling

DNR

10.6

2,494

Muskellunge

2003

Large
Fingerling

DNR

10.9

2,496

Muskellunge

2002

Large
Fingerling

DNR

10.6

6,059

Muskellunge

2001

Large
Fingerling

DNR

10.7

6,063

Muskellunge

1997

Large
Fingerling

DNR

11.2

2,500

Muskellunge

1995

Fingerling

DNR

8.8

1,590

Muskellunge

1993

Fingerling

DNR

10.8

2,400

Muskellunge

1974

Fingerling

DNR

5.0

500

Muskellunge

1973

Fingerling

DNR

11.0

500

Walleye

•

•
•
•

Continue to stock 30,000+ large
fingerling walleyes every other
year and work with Walleyes for
Tomorrow to stock 4 - 6 million
fry every spring from their walleye wagon.
Ideally, future stockings will
result in a population estimate of
approximately 2 walleyes per
acre.
The 18 inch minimum length
limit and daily bag limit of 3 will protect small walleyes from harvest and
should enhance the quality of the walleye fishery in the future.
The spring 2018 walleye run happened very quickly due to the prolonged winter and rapid spring warm up. The WDNR is planning to work
with Walleyes for Tomorrow to conduct an additional walleye population
estimate in 2019 when weather conditions will hopefully allow for longer
marking period and better recaptures in the electrofishing survey.

Northern Pike

•
•

Maintain a moderate density northern pike fishery with quality size structure. Keeping adequate predators numbers will help keep panfish from
experiencing density dependent stunting and improve panfish growth.
It is known that a majority of the northern pike spawn in the Shawano
Lake Outlet Channel prior to the ice melting on most of Shawano Lake.
A netting survey is planned for the Shawano Lake Outlet during the next
comprehensive survey in 2022.

Muskellunge

•
•
•

Continue to maintain a low density, trophy muskellunge fishery.
Muskellunge stocking was suspended for five years starting in 2013.
Stocking muskellunge at a low density (i.e., 2,500 every other year)
should resume in order to maintain the current muskellunge fishery and
meet management objectives for this species in the future.

Another spring fyke netting survey will be conducted in 2019 to serve as
the recapture survey for a muskellunge population estimate.
Largemouth Bass

•

Electrofishing is a more preferred gear for evaluating the largemouth
bass population. A spring electrofishing survey was also conducted in
2018. Results from that survey can be found on a separate report.

Panfish

•
•
•

Bluegill, pumpkinseed, and black crappies were all captured in moderate
- high densities and growth rates showed the bluegill and black crappie
were growing slowly.
Consider a special regulation to lower harvest of adult bluegill. Having
more large bluegill in the population will improve the quality of the fishery
and may prevent bluegill from maturing at smaller sizes, potentially resulting in increased bluegill growth rates.
Maintain or increase predator densities to prevent panfish densities from
increasing and experiencing additional density dependent competition.

Other Management Objectives

•

•

Continue to work with WDNR staff and local lake management organizations to manage aquatic plants as needed. High densities of invasive
plants often inhibit the ability of predators to effectively forage resulting
in slow growing predator populations.
Additionally prey fish (e.g., bluegill)
populations can become overabundant
and slow growing when predators cannot effectively forage on them.
Shawano Lake and Washington Lake
are on a 4 year rotation with the next
comprehensive survey scheduled for
2022.
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Introduction and Survey Objectives

W I S C ON S I N D N R C ON T AC T I N F O .

In 2018, the Department of Natural Resources conducted a one night electrofishing survey of Shawano and
Washington Lakes in order to provide insight and direction for the future fisheries management of these
water bodies. Primary sampling objectives of this survey were to characterize species composition, relative
abundance, and size structure. The following report is a brief summary of that survey including the general
status of the fish populations and future management options for Shawano Lake and Washington Lake.

Jason Breeggemann - Fisheries Biologist
Elliot Hoffman - Fisheries Technician
Wisconsin Dept. of Natural Resources
647 Lakeland Rd.
Shawano, WI 54166

Combined Acres: 6,290
Combined Shoreline Miles: 19.78
Combined Maximum Depth (feet): 42
Lake Type: Both = Drainage
Public Access: 7 Public Boat Launches
Regulations for both waterbodies: Walleye (Bag limit of 3, 18” minimum) All other species Statewide Default Regulations.

Jason Breeggemann: 920-420-4619
jason.breeggemann@wisconsin.gov

Survey Information
Site Location

Survey Date

Shawano Lake and
Washington Lake

5/22/2018

•

•
•

Water Temperature Target
(°F)
Species
68

Total Miles
Shocked

Number of
Stations

Gear

Number of
Netters

8

8

2x Boomshocker

4

All

Elliot Hoffman: 920-420-9581
elliot.hoffman@wisconsin.gov

Survey Method
Shawano Lake and Washington Lake were sampled according to spring electrofishing (SEII) protocols
as outlined in the statewide lake assessment plan. The primary objective for this sampling period was
to count and measure adult largemouth bass and panfish. Other gamefish and panfish may be sampled but are considered by-catch as part of this survey.
Eight miles were electrofished. All fish captured were identified to species and gamefish and panfish
were measured for length.
Fish metrics used to describe fish populations include proportional stock density, catch per unit effort,
length frequency distributions, and mean ages at lengths.

Fish Metric Descriptions

Size Structure Metrics

PSD, CPUE, LFD, and Mean Age at Length
Proportional Stock Density (PSD) is an index used to describe size structure of fish
populations. It is calculated by dividing the
number of quality size fish by the number of
stock size fish for a given species. PSD values
between 40 - 60 generally describe a balanced
fish population.
Catch per unit effort (CPUE) is an index used
to measure fish population relative abundance,
which simply refers to the number of fish captured per unit of distance or time. For electrofishing surveys, we typically quantify CPUE by
the number and size of fish per mile of shoreline. CPUE indexes are compared to statewide
data by percentiles. For example, if a CPUE is
in the 90th percentile, it is higher than 90% of
the other CPUEs in the state.
Length frequency distribution (LFD) is a
graphical representation of the number or
percentage of fish captured by half inch or one
inch size intervals. Smaller fish (or younger
age classes) may not always be represented in
the length frequency due to different habitat
usage or sampling gear limitations.
Mean Age at Length is an index used to assess fish growth. Calcified structures (e.g.,
otoliths) are collected from a specified length
bin of interest (e.g., 13.5 - 14.4 inches for
largemouth bass). Mean age is compared to
statewide data by percentile with growth characterized by the following benchmarks: slow
(<33rd percentile); moderate (33rd to 66th
percentile); and fast (>66th percentile).

Species

Total

Average
Length
(inches)

Length
Range
(inches)

Stock and
Quality Size
(inches)

Black Crappie

6

7.9

5.9 - 10.4

5.0 and 8.0

6

2

Bluegill

180

4.8

2.6 - 7.8

3.0 and 6.0

170

Largemouth Bass

105

12.2

6.6 - 19.8

8.0 and 12.0

Pumpkinseed

65

5.5

2.9 - 8.2

Yellow Perch

56

5.3

3.5 - 8.5

Stock Quality
PSD
Number Number

Percentile
Rank

Size Rating

33

50th

Moderate

35

21

40th

Moderate

100

52

52

48th

Moderate

3.0 and 6.0

64

26

41

68th

Moderate

5.0 and 8.0

28

3

11

65th

Moderate

Abundance Metrics
Species

CPUE Total Percentile
(No. per mile)
Rank

Overall
Abundance
Rating

Length Index

Length Length Index
Index
Percentile
CPUE
Rank

Length Index
Abundance
Rating

Black Crappie

3.0

33rd

Low - Moderate

≥ 8.0 inches

1.0

33rd

Low - Moderate

Bluegill

90.0

51st

Moderate

≥ 7.0 inches

2.5

36th

Low - Moderate

Largemouth Bass

13.1

49th

Moderate

≥ 14.0 inches

3.9

60th

Moderate

Pumpkinseed

32.5

87th

Moderate - High

> 7.0 inches

2.5

81st

Moderate - High

Yellow Perch

28.0

77th

Moderate - High

> 8.0 inches

1.5

79th

Moderate - High
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Abundance (CPUE) Trends
CPUE (No. per mile)

Species

Historical Median
(2006 - 2018)

2006

2010

2014

Black Crappie

5.0

35.3

7.0

0.5

3.0

Bluegill

97.8

134.7

81.5

105.5

90.0

Largemouth Bass

17.9

40.7

20.8

15.1

13.1

Pumpkinseed

28.75

22.0

27.0

30.5

32.5

Yellow Perch

20.9

17.3

10.5

24.5

28.0

2018

Size Structure (PSD) Trends

Growth Metrics - 2018
Mean Age Percentile
and Range
Rank

Historical Median
(2006 - 2018)

2006

2010

Black Crappie

5.0 and 8.0

31

69

Bluegill

3.0 and 6.0

32

33

2014

2018

29

0

33

30

36

21

Species

Total

Length Bin

Largemouth Bass

8.0 and 12.0

69

88

72

67

52

Largemouth Bass

4

11.50 - 12.49

3.8 (3 - 5)

80th

Fast

Pumpkinseed

3.0 and 6.0

61

64

57

67

41

Largemouth Bass

10

13.50 - 14.49

5.9 (5 - 6)

91st

Fast

Yellow Perch

5.0 and 8.0

5

33

0

0

11

•
•
•
•

•

Growth Rating

Species

Stock and
Quality Size
(Inches)

Summary
A total of 522 fish from 14 different species were captured in the electrofishing survey. The most frequently encountered and common species
were bluegill (180), largemouth bass (105), pumpkinseed (65), and yellow
perch (56).

Management Options

This survey was primarily intended to assess largemouth bass and panfish populations. Other species are captured but different survey techniques are typically
used to better assess their population metrics. Therefore, management recommendations are focused on bass and panfish.

Other species sampled in lower abundance include brown bullhead (30),
yellow bullhead (24), walleye (18), rock bass (13), lake chubsucker (11),
black crappie (6), golden shiner (6), northern pike (5), common carp (2),
and bowfin (1).

Largemouth Bass

One invasive species (common carp) and one species of greatest conservation need (lake chubsucker) were captured in our survey.

•

Largemouth bass were the dominant gamefish captured in our survey.
Although largemouth bass densities have been declining over the last 15
years, densities were still found at moderate levels. Largemouth bass size
structure was also found at moderate levels with a PSD of 52 and just
under 4 largemouth bass ≥ 14.0 inches captured per mile of electrofishing.
Largemouth bass growth rates were fast, likely driven by the abundant
forage available in the lake.

Panfish

Bluegill, pumpkinseed, and yellow perch were the dominant panfish species captured in our survey. Densities of all three species were moderate to
moderate - high. Bluegill PSD in 2018 was the lowest it had been in the last
15 years. A bluegill PSD of 21 indicates a population dominated by smaller
individuals and only 2.5 bluegills ≥ 7.0 inches were captured per mile of
electrofishing. Pumpkinseeds showed a little better size structure with a
PSD of 41 and 2.5 pumpkinseed ≥ 7.0 inches captured per mile of electrofishing. Good numbers of yellow perch were captured, including some
harvestable size fish. It is difficult to draw conclusions regarding the yellow
perch fishery because spring electrofishing is not the optimal gear to sample this species.

•

•

•
•

Largemouth bass were found at optimal levels in Shawano Lake and
Washington Lake. Densities and size structure were moderate, growth
rates were fast, and largemouth bass PSD showed a balanced population.
No management actions recommended at this time.

Bluegill, pumpkinseed, and yellow perch were all captured in moderate to
high densities and size structure was moderate at best for these three
species. Slower growth observed from bluegill and black crappie captured
in the spring fyke netting survey combined with intense fishing pressure
are likely driving the observed trends in size structure.
Maintain or increase predator densities to prevent panfish numbers from
increasing, resulting in additional competition for resources.
Consider a regulation change to reduce angler harvest and increase the
number of quality sized fish panfish in the population.

Other Management Objectives

•

Continue to work with WDNR staff and local management organizations to
manage invasive aquatic plants as needed. High densities of invasive
plants can inhibit the ability of predators to forage resulting in slow growing
predator populations and overabundant, stunted panfish populations.

H
APPENDIX H

Comment Response Document for the Official First Draft

Comments to Shawano Lake Draft Comprehensive Management Plan
(6/25/2021)
Response by Eddie Heath (Onterra, LLC)
Response by Jo Barlament (Onterra, LLC)
WDNR Official Comments: Brenda Nordin – Lakes Biologist (Received 8/2/2021)
Hi Eddie, thank you for sending this along. Looks great! I only have a couple of comments:
1. Page 100 – omit Emily Henrigillis, the project has ended Contact changed to Jessica Schultz.
2. Page 111 – Clark Delzer and Mark Schraufnagel are the Wardens, Jake has transferred to Antigo Change
has been made.
3. Page 121 - Let’s add a target of 100 property owners for the shoreland restoration practices, this was
consistent with their Strategic Plan drafted a while ago. They’re at about 10 now, which doesn’t seem like
a lot, but I funnel them names every year of people who are interested. Some additional text was added
to this section, including a statement that the WDNR would like SAWM to set a target of 100 properties
per year. SAWM has been and will continue to advocate for shoreland health, but also acknowledges that
shoreland restoration is associated with perceived overreach. SAWM will continue to promote shoreland
health at its current level.
4. Page 18 in the Appendices – Omit Emily Henrigillis, the project has ended. Because Onterra did not
author this report, we do not feel it is appropriate to edit it. However, we added the following text for
clarification: Please note the Connecting Our Waters project ended in summer 2021.

WDNR Official Comments: Jason Breeggemann – Fisheries Biologist (Received 7/20/2021)
Overall, I think the management plan looks great. Below are my comments that pertain to the fishery:
1.) In the fish stocking section on page 93, I think it is also important to add some information about the
Walleye Wagon that the Shawano Chapter of Walleyes for Tomorrow has run each spring since 2012. The
Walleye Wagon is a lakeside portable hatchery. Each spring, members of Walleyes for Tomorrow set fyke
nets to collect adult walleyes from Shawano Lake. Eggs are collected from the adult walleyes and the
adults are immediately released unharmed back into the lake following egg collection. The eggs are raised
in the hatchery until they hatch into walleye fry. All hatched fry are released back into Shawano Lake as
well. Since 2012, just under 30,000,000 walleye fry have been hatched in the lakeside hatchery and
released into Shawano Lake by Walleyes for Tomorrow.
Added information on the Walleye Wagon program.
2.) Table 3.7-2 on page 94, which is the stocking table. This table is missing the fry that were stocked from
the Walleyes for Tomorrow Walleye Wagon in 2014, 2015, and 2016. In 2014, 2,550,000 walleye fry were
stocked. In 2015, 4,907,000 walleye fry were stocked. In 2016, 5,378,000 walleye fry were stocked. These
were Lake Michigan strain walleyes. The average size should be 0.3 inches. Also, the average size of the
walleye fry stocked in 2017 and 2018 should be 0.25, not 0.75. I believe this was an error on our reports
we had sent you.
The stocking charts have been updated to the information provided.
3.) Page 99, the fishing regulations table. The daily bag limit for largemouth bass and smallmouth bass is 5
between both species combined. I think its important to make sure people don’t assume the regulation is
5 for each species. Perhaps remove the row where each bass species is listed separately and only use the
row where they are combined and add the word combined to the bag limit section. Also, the minimum
length limit for muskies is 40 inches. At the bottom of the table, there is a statement that I think is about
motor trolling. The statement gets cut off at the end and the trolling regulation is 3 hooks, baits, or lures
per angler for Shawano County inland waters.

Added combined to largemouth bass and smallmouth bass daily bag limit regulations. Fixed muskellunge
minimum length limit and motor trolling.
4.) On page 111, the warden for Shawano County is Clark Delzer. His phone number is 920-764-0194.
Changed game warden contact info.
5.) In the Fish Kills Section on page 97, I think the fourth sentence should say Columnaris Fish Kills on
Shawano Lake in spring…. Also, I would like to add “but primarily affects panfish and bullheads which are
the primary species observed dead on Shawano Lake” at the end of sentence 3 to note that we are not
seeing up to a thousand dead gamefish.
Corrected and change made.
6.) Also for the fish kill on page 97, I would like to add a sentence at the end of paragraph one saying that we
have not seen long term significant declines in the fishery as a result of the spring fish kills. Please add
“Despite fairly regular fish kills in spring, WDNR fisheries staff have not observed any long term significant
declines in the fishery as a result of these kills. As an example, over 4,000 bluegills and black crappies
were caught in spring 2018 fyke netting surveys, and catch rates of bluegills were the highest they have
been in the last 20 years.”
Added recommended text to the fish kill section.

WDNR Official Comments: Scott Koehnke – Water Management Specialist (Received 7/22/2021)
Thanks Brenda! And thank you Eddie – great report.
I’d like to emphasize the importance of limiting the concrete seawalls on Shawano Lake due to their adverse env
impact on the public interest in navigable waters. It was touched on in the report, but I don’t believe that it was
expanded upon or discussed enough as far as impacts and alternatives. The amount of hard structure on the lake
is quite excessive and the cumulative impacts of additional structures needed more attention. If additional
history/background or info is needed, please contact me to discuss further. The underlined sentence above was
added to page 46. Please note this sub-section was constructed following consultation with Kyle McLaughlin on
June 24, 2020.
Couple corrections need to be made in the content of the document. On page 50 regarding screens placed on the
bed, size does not matter! Any screen placed on the bed is considered a structure and requires an individual
permit pursuant to s. 30.12, Stats. These are not likely to be permitted in general. Text has been clarified.
On page 113 for warden contacts on Shawano Lake it should be Clark Delzer or Mark Schraufnagel. Change in
wardens made.
Page 50 talks about water level draw down. How much consideration/discussion has occurred regarding small
annual draw downs of up to 2’. In a large percentage of the lake, a 2-foot draw down will expose a lot of sand
lakebed which will reduce the impact associated with ice shoves. Many lakes in WI do small scale draw downs in
the fall and then bring the water back up in spring before piers go in. Adding that as an option to consider for
shoreline protection could involve an annual draw down of up to 2’? I believe that the Department would
support that and could be conditioned in the operation of the dam plan. An additional paragraph was added to
this section outlining the possibility of this strategy which would allow SAWM to investigate its feasibility. We
appreciate your review of a first draft of this text and providing additional comments on the draft included within
the final document.
Thanks for the opportunity to comment and thank you for considering my comments.

