
EPA National Lake Assessment: 

Wisconsin’s Approach and Findings



Map of Survey Lakes



Upper Midwest

Temperate Plains

Two Ecoregions
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WI Site ReCon Status
Lake or wetland? Lake or river?

Unnamed pond in Polk Co. West Fork of Chippewa River
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WI Site ReCon Status
Rejects

Cranberry Bog Dugout for waterfowl production
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Name Cty WBIC

Lake 

Class Area (acres)

Max 

Depth 

(ft)

Buckskin Lake Florence 584600 5 11 6

Unnamed Polk 2658800 1 13 4

Marl Lake Waupaca 264100 2 17 59

Fox Lake Iron 1849500 6 43 23

Unnamed Washburn 2698300 1 48

Little Elkhart Lake Sheboygan 46000 6 52 25

McLeod Lake Vilas 1619600 1 54 7

Echo Lake Lincoln 1488400 1 57 10

Spring Lake Barron 1882800 6 63 67

Round Lake Polk 2616400 2 67 26

Crystal Lake Vilas 1842400 6 80 67

Price Lake Price 2234600 4 87 27

Haskell Lake Vilas 1538000 2 91 50

Half Moon Lake Polk 2621100 4 120 60

Schnur Lake Price 2284000 2 153 27

Atkins Lake Bayfield 2734000 2 175 80

Berry Lake Oconto 418300 6 206 27

Blueberry Lake Sawyer 1835700 6 300 29

Arrowhead Lake 

(Manchester) Adams 1377700 4 306 30

Plum Lake Vilas 1592400 4 323 57

Swan Lake Columbia 179800 4 453 82

Oconomowoc Lake Waukesha 849600 4 778 62

Chequamegon 

Waters Flowage Taylor 2160700 4 911 22

Tichigan Lake Racine 763600 4 1209 65

Wapogasset Lake Polk 2618000 4 1427 32

Kegonsa, Lake Dane 802600 4 3196 31

Willow Reservoir Oneida 1528300 4 4399 30

Green Lake Green Lake 146100 4 7672 236

Winnebago, Lake Calumet 131100 4 133404 21



Wisconsin’s Approach

 USGS conducted the pelagic (index station) 
sampling. 

 WDNR conducted the littoral habitat 
assessment, and collected benthic and 
pathogen samples. 

 DNR Science Services completed aquatic plant 
surveys on target lakes less than 500 acres

 DNR Science Services analyzed sediment core 
(top and bottom, dating and diatoms) and 
zooplankton samples.

 State Laboratory of Hygiene analyzed some 
water chemistry and all phytoplankton samples. 

 Full water chemistry, algal toxins, pathogens, 
and benthic invertebrates sent to centralized 
laboratories.



Wisconsin Add-ons

 Point intercept (PI) 
aquatic plant survey 
on NLA lakes, as well 
as reference lakes

 Additional info on 
shoreline habitat and 
human influence

 Sediment cores and 
water quality from 
additional 30+ lakes

 Mercury (Hg) sample 
from water column



Aquatic Plant Survey

• Point-intercept method

• Two headed rake throws

• Species list and distributions for 
each lake

• Density rating for exotics (1,2,3): 
EMW and CLP



Supplemental Data: Lakeshore Habitat

• Plot expanded to 45 m

• 3 plant rake throws

• Woody debris transects

• Additional invasives:

– Japanese stiltgrass

– Reed canary grass

– Phragmites

– Hybrid cattail

– Yellow iris



Supplemental Data: 

Human Development

Quantified %:

• Seawall & riprap

• Artificial beach

• Lawn

• Pavement

Counted:

– Residences

– Commercial 

buildings

– Structures

– Docks

– Boat lifts

– Swim rafts
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WI Findings

 Water clarity

 Trophic Status

 Algal toxins 
(microcystin)

 Sediment cores

 Mercury (Hg)

 Plant data

 Shoreland habitat and 
development
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Algal toxins (Microcystin LR)

 16 of 35 samples had 
detectable levels

 15 of 33 lakes

 Highest concentration 
was 4.5 ug/L (well 
below WHO guideline 
for risk)

 Samples collected in 
the middle of the lake!
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Lake Surface Area
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Lake Depth
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Secchi Depth
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For Citizens’s Lake Monitoring

Best Secchi:      31.5 ft  Black Oak L. Vilas Co.

Worst Secchi 0.7 ft Lake Sinissippi, Dodge Co.



NLA FREQUENCY DISTRIBUTIONS

Color Secchi DOC Chl-a TP TN Cl SO4

PCU ft mg L-1 µg L-1 µg L-1 µg L-1 mg L-1 mg L-1

Min 0 2.6 2 1 2 197 0.1 2

10th 3 3.3 3 2 6 307 0.3 5

25th 7 4.1 5 3 8 521 0.9 21

50th 10 8.5 6 5 13 654 3.6 61

75th 21 11.9 9 14 40 903 17.6 164

90th 28 15.1 13 32 64 1300 42.4 197

Max 125 23.8 27 149 161 1824 127.2 252

NLA IQ range for TP comparable to 

statewide assessment

State:  11 – 31 ug L-1

NLA:     8 – 40  ug L-1

NLA IQ range for Secchi comparable 

to statewide assessment

State:    5 – 12 ug L-1

NLA:     4 – 12  ug L-1





LAKE CLASS



LANDSCAPE POSITION
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REFERENCE CONDITIONS
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Summer Phosphorus
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Wisconsin Shoreline Habitat

Courtesy of Bob Korth



Level III Ecoregions



N = 1365 N = 176 N = 202 N = 38

TPL = 10

UMW = 28 

Shoreline Disturbance



N = 1365 N = 176 N = 202 N = 38

TPL = 10

UMW = 28 

Riparian Vegetation 



N = 38

TPL = 10

UMW = 28 

N = 202N = 176N = 1365

Littoral Zone Habitat



N = 38

TPL = 10

UMW = 28 

N = 202N = 176N = 1365

Shoreland and Shallows 



Ground-truthing is needed.
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We affect the shallow water habitat.
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Human Influences on Habitat

R2 = 0.369
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Do large trees have aesthetic appeal?
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National Lakes Assessment
Aquatic Macrophyte Surveys

Michelle Nault, Alison Mikulyuk, 

Scott Van Egeren, Jen Hauxwell



Protocol available at:

http://wiatri.net/ecoatlas/ReportFiles/Reports2/1757AquaticPlantReport.pdf

http://www.uwsp.edu/cnr/uwexlakes/ecology/APM/Appendix-B.pdf



Mikulyuk et al., 2010. Lake and Reservoir Management, 26:54–62.



Point-intercept grid

Enterprise Lake, Langlade Co. 



Data Collection

• Point-intercept method (Hauxwell et al., 2010)

• Species list and distributions for each lake

• Density rating for each species (1,2,3)



Summary Statistics

Total lake points 563

Number of points with plants 178

Maximum depth of plants (m) 4.1

Littoral area (% of lake) 32

Mean # species/point 1.7

Species Richness 27

Simpson's Diversity Index 0.87

Enterprise Lake, Langlade County

Size - 200 ha; Max depth - 8.2 m

In-lake examples:

Summary statistics



Enterprise Lake, Langlade Co. 

Species Frequency of 

occurrence (%)
Species Frequency of 

occurrence (%)

E. canadensis 48.1 M. tenellum 1.9

Nitella spp. 26.4 Chara spp. 1.9

V. americana 14.3 Isoetes spp. 1.9

C. demersum 12.0 P. amplifolius 1.6

N. flexilus 11.6 M. beckii 1.6

P. pusillus 11.2 E. acicularis 1.2

N. gracillima 8.1 N. odorata 1.2

P. richardsonii 4.7 P. strictifolius 1.2

S. fluctuans 4.7 E. palustris 0.8

P. robbinsii 3.9 M. heterophyllum 0.8

U. purpurea 3.9 N. variegata 0.4

M. spicatum 3.5 P. crispus 0.4

P. spirillus 3.1

B. schreberi 2.3



Statewide Lake Surveys

n = 244

Lakes Surveyed



National Lakes Survey Summary Results

244 sampled by DNR Research crews = about 50,000+ rake tosses!

Parameter Min Max Mean Min Max Mean

Lake size (ha) 5 3205 334.4 5 3205 80.1

Max depth (m) 1.2 71.9 13.6 1.2 71.9 9.5

MDC (m) 0.9 8.8 4.4 0.3 12 4.6

% Littoral 19 100 60 9 100 67

% Vegetated 5 100 43 2 100 52

% Littoral vegetated 25 100 69 5 100 74

Simpsons' diversity 0.37 0.93 0.8 0 0.94 0.79

Native species / vegetated site 1.25 3.95 2.30 1 4.92 2.16

Species richness 5 31 17.6 1 42 16.7

FQI 13.8 34.8 25.0 0 42.5 24.1

AMCI 33 62 51.3 11 68 51.0

Secchi (m) 0.5 8.5 3.5 0.3 8.8 2.9

NLA Lakes (n = 24) Statewide (n = 244)



Lake size (ha)

0

500

1000

1500

2000

2500

3000

3500

0 10 20 30 40 50 60 70 80 90 100

Percentile

H
e

c
ta

re
s

 (
h

a
)

NLA

STATEWIDE



Maximum lake depth (m)
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Maximum depth of plant colonization (m)
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% Littoral
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% Vegetated
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% Littoral Vegetated
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Simpsons' Diversity Index
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Species Richness
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Floristic Quality Index (FQI)
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Aquatic Macrophyte Community Index (AMCI)
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Conclusions

• NLA dataset overestimates “true” Wisconsin 

distribution of lakes based upon size and depth

• NLA dataset underestimates % littoral and 

vegetated compared to statewide dataset

• However, NLA dataset concurs with most 

general trends seen in statewide dataset

• Extremes (lower and upper percentiles) better 

represented in larger, statewide dataset



DISCUSSION
Questions? 

Comments?

michelle.nault@wisconsin.gov



Opportunities for WI lakes

 Test habitat assessment protocols

 Tie into existing WDNR Lakes Monitoring 
(addition of PI plant survey and 
reference lake sampling)

 Build up database of sediment core 
information (up to 60 more lakes) for 
Lake Assessment

 Broader context for citizen monitoring 
and satellite TSI

 Leverage dollars with lake grants



Statewide Lake Assessment

 Reference TSI 
conditions for WI 
lakes (sediment core 
dataset)

 Reference lakes for 
aquatic plants and 
development of 
impairment metrics

 Methodologies for 
statewide AIS 
monitoring



Step 1: Classification
Establish the Attainable Use

Decisions based on:

morphometry, models, and site-specific 

data.

Step 2: Assessment
Establish the Condition as:

“Excellent,” “Good,” “Fair,” or “Poor.”

Decisions based on:

Site-Specific Tier 1 & Tier 2 Monitoring Data

Best Professional Judgment

Excellent Condition

Clearly Attaining 

Use

Step 3: 

Management
Candidate for 

Outstanding or 

Exceptional 

Resource Water

Poor Condition

Not Attaining Use

Step 3: 

Management
Maintain 

management 

practices in place 

to preserve water 

quality.

Step 3: 

Management
Schedule 

additional 

monitoring to 

determine if there 

is a declining trend 

in water quality.

Step 3: 

Management
Candidate for 

Impaired Waters 

List or Use 

Attainability 

Analysis

Fair Condition

Attaining Use

Good Condition

Clearly Attaining 

Use

Process Diagram for Assessment of Lakes, Rivers, and Streams



Wisconsin

Lakes

Seepage Drainage

High

or

Low

High

Headwater

Low

Lowland

Deep Shallow Deep Shallow Deep Shallow

H
y
d

ro
lo

g
y

L
a
n

d
s
c
a
p

e
 

P
o

s
it

io
n

D
e
p

th

Wisconsin Lake Classification



Condition 

Level

Shallow Deep

Headwater Lowland Seepage Headwater Lowland Seepage Two-Story

Excellent < 45 < 49 < 39 < 47 < 46 < 44 < 44

Good 45 – 57 49 – 59 39 – 54 47 – 54 46 – 53 44 – 52 44 – 47

Fair 58 – 70 60 – 70 55 – 70 55 – 62 54 – 62 53 – 62 48 – 52

Poor > 71 > 71 > 71 > 63 > 63 > 63 > 53

TSI Thresholds By Natural Lake Community



Lakes with plant data



Possible reference lakes

Stratify by ecoregion, natural community type



Refining shoreland assessment tools

Develop standard methodology for statewide lake 
assessment down to the lakeshore property-
owner or parcel-based scale to:

1. Assess shoreland development and habitat loss in a 
meaningful way

2. Provide a good template for success [like methodology for 
apm work]

3. Present an effective tool for partners to identify priority 
restoration areas over time

4. Weave this shoreline assessment tool into lake 
management planning grants for partners

5. Provide some erosion severity measure along the way



Will you help Pat Goggin?

 Identify a subgroup of reviewers to help 
get this template perfected for wide 
use: lake coordinators; researchers; grant administrator; 
county zoning/lwcd; lake groups/WAL; UWEX; service 
providers; GIS technician; volunteer monitoring 
representative; others?

 Get your input on a process for 
feedback and moving forward a 
template for use



Partnerships

 Berry Lake – leveraged lake planning 
grants and heightened awareness of water 
quality changes and AIS in community

 Price Lake – baseline information and 
educational opportunity for lake residents

 Tribal lakes – shared information and 
analytical resources, better working 
relationships





Wisconsin’s website

• Maybe table of shoreland info



Discussion questions

 What can we apply from the NLA to our 
own statewide, regional, and local lake 
monitoring and assessment efforts?

 What would we like to see in the 2012 
National Lake Assessment?




