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Vilas & Oneida Counties have
the most lakes









Intense human use of Vilas Co. 
lakes has occurred during <1% 
of lakes’ existence – however 
measured change is dramatic!







Research Findings 
(1990s)

Current Wisconsin 
Shoreland Management 

Rules (NR 115)
do not protect critical 

fish and 
wildlife habitat –

Shoreline development
densities 

(52 homes/mile) 
are too high!



From:  Elias, JE and Meyer, MW (2003) 
Wetlands 23: 800-816.



From:  Woodford, JE and Meyer, MW (2002)
Biological Conservation.  110(2):277-284.



From: Lindsay, AR et al. (2002)       
Biological Conservation  107: 1-11. Shoreland bird trends

Source: Wisconsin Dept. of Natural 
Resources



Carnivore Diversity on Lake Riparian Areas
in Vilas County, Wisconsin 2009
From: Haskell, D.et al. (In Press) American Midland Naturalist



Snow Track Survey TransectsHigh-Development Low-Development
N = 10
Housing density ≥10/km
Mean house density ~ 21/km

N = 10 
Housing density < 10/km
Mean house density ~ 2/km



Remote Camera Methods
High-Development:
• n = 2
• Mean house density ~ 

16/km
• Cameras n = 6
• Sites randomly picked
• Sites at ≥ 1 km apart

Low-Development:
• n = 2 
• Mean house density ~ 1/km
• Cameras n = 6
• Sites randomly picked
• Sites at ≥ 1 km apart



Photos



Carnivore Diversity and Abundance 
Greater on Undeveloped Lakes

Snow Tracks Camera

Our results suggest that a higher diversity of carnivores (P = 0.006) were present on low-development lakes. 
Coyotes (Canis latrans) were detected most frequently (n = 34) especially on low-development lakes. 
Fishers (Martes pennanti), wolves (Canis lupus), bobcats (Lynx rufus), and northern river otters 
(Lontra canadensis) were exclusively detected on low-development lakes by snow track surveys. 
Raccoons (Procyon lotor) and red fox (Vulpus vulpus) detection was greater on higher-development lakes 
than low-development lakes. 



White-tailed deer much more abundant on developed lakes 
Supplemental feeding by property owners, no hunting

Because feed 
sites attract deer 
into tight  
densities, natural  
nearby browse is 
often depleted. 



Project Goal – Quantify the benefits of shoreland restoration by comparing habitat 
and wildlife endpoints at “restored” vs. “unrestored” shorelines on developed lakes. 
Endpoints are measured before and for 10 years after restorations.

Study Objectives -

1. Pair five developed lakes in Vilas County, Wisconsin with five undeveloped 
(reference) lakes.  Developed lakes are segmented into control shorelines 
(without restorations) and treatment shorelines (with buffer restorations).  

2. Within treatment shorelines, educate and enroll property owners by conducting 
lake ecology workshops, creating and distributing educational information, and 
offering “free” restorations.

3. Develop site specific management plans for each enrolled property owner.   

4. Restore and conserve native vegetation and reduce erosion within the shoreland
riparian buffer (35’ minimum) of all participating properties.

5. Quantify the benefits of restoration activities by conducting habitat and plant 
and animal species surveys at reference, control, and treatment lakes before 
restoration occurs and in subsequent years.



Five Lake Pairs

Developed Lakes

• Found (2007-8)
• Lost (2010-11)
• Moon (2009-10)
• Little St. Germain

(2011-12)
• Crystal (2011)

Reference Lakes

• Escanaba
• White Sand
• Jag
• Star
• Starrett



What is Shoreland Restoration?

Shoreland Restoration is a lake management 
practice that uses native trees, shrubs, and 
groundcover, along with natural and 
biodegradable materials (biologs, delta-lock 
bags, sediment logs, soil lifts, woody material), 
to reduce lakeshore erosion and improve aquatic 
and wildlife habitat quality. 



Measures of Success

Shoreland Restoration will be considered a 
successful management practice if it:

– Reduces surface water and nutrient run-off
– Reduces lake bank erosion
– Increases native plant abundance and diversity
– Improves wildlife habitat quality
– Increases wildlife abundance and diversity



Before / after photos > Kloepfer Property







Erosion control method > biologs / Enviro-lok® 
bags



Before / after photos 
> Breus Property



Breus’s - Impervious patio receives stormwater
Open soil on 450 slope
Obvious sediment movement downslope 

1



Enviro-lok Bags® / sediment logs to create tiered effect;
slow water flows; native plantings





Erosion control method > straw mats with 
plantings



Erosion control method > soil 
lifts



Shrub comparison study > bare root gravel 
culture plants versus 3-5 gallon containers

– Bare root is grown in an 
experimental gravel culture medium 
that is well-watered

– Aronia melanocarpa, Cornus 
racemosa, Sambucus canadensis, 
Symphoricarpos alba, Physocarpus 
virginanum, Viburnum lentago

– Paired with container stock of same 
species

– Planted in same shoreland area

– Marked/tagged for long-term 
monitoring



Woody habitat comparison 
> 10’ X 10’ sites

– The project is 
examining the use of 
woody habitat on 
restored plantings

– Monitoring changes in 
soil temperature and 
moisture between 
sites with no wood on 
the ground, 25% 
woody cover, and 50% 
woody cover

– Perhaps woody 
habitat can lessen 
plant mortality



Coarse Wood Augmentation Reduces Soil 
Temperature and Fluctuations

From: Haskell, D. et al. (2012) Restoration Ecology 20: 113-121.



Coarse Wood Augmentation Reduces Soil Moisture 
Loss and Increases Canopy Volume of Shrubs



Restoration Completed at Found Lake 2007-2008
in Partnership with Vilas County LWCD, WDNR, WDATCP, MTU

Control = 
Developed, 
Unrestored

Treated =
Developed, 
Restored

Reference Lake = Escanaba Lake (Undeveloped)



Long-term Vegetation Quadrats (10m2)



Botany Work

Quantify trees, saplings, shrubs, coarse 
wood, and groundcover at each quadrant



Total Saplings Per Plot Sample

Developed Lakes Reference Lakes

66% of plot samples on reference 
lakes had >10 shrubs vs.
31% of plot samples on developed 
lakes
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Total Shrubs Per Plot Sample

Histogram
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Reference Lakes

43% of plot samples on reference 
lakes had >10 shrubs vs.
8% of plot samples on developed 
lakes



Total Trees Per Plot

Developed Lakes Reference Lakes

66% of plots on reference lakes had 
>10 trees vs. 31% of plots on 
developed lakes
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Total Coarse Wood Per Plot

Developed Lakes Reference Lakes

35% of plots on reference lakes had 
>6 wood pieces vs. 13% of plot 
samples on developed lakes



Canopy Photos

High-Development Low-Development



Plot Canopy Gap Fraction

Developed Lakes Reference Lakes

83% of plots on reference lakes had 
<20% open canopy vs. 37% of plots 
on developed lakes
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Found Lake 2007-2010
Shrubs 

Shrubs increased on all restoration plots between years



Found Lake 2007-2010
Change in Shrubs 

The difference between treatment is dramatic, all control plots
lost shrubs between years, all treated plots gained



Found Lake 2007-2010
Saplings 

Saplings followed a similar pattern, increasing at most treated plots



Found Lake 2007-2010
Change in Saplings 

Sapling numbers increased at all restoration plots, but at only four
control plots. 



Found Lake 2007-2010
Trees 

Tree numbers remained relatively constant between years



Found Lake 2007-2010
Change in Trees 

Only a few large trees were planted on the treated plots due
to much higher costs



Found Lake 2007-2010
Canopy Openness 

Canopy openness did decline at half of the treated plots



Found Lake 2007-2010
Change in Canopy Openness 

We anticipate this trend towards a less open canopy will continue
as the restoration projects mature



Found Lake 2007-2010
Coarse Wood

Coarse wood showed mixed results on the treated plots, but
remained relatively unchanged on the control plots.



Found Lake 2007-2010
Change in Coarse Wood

Because coarse wood has been shown to reduce soil temperature 
fluctuations, increase soil moisture, and improve shrub growth in 
some species, we will work with landowners to attempt to increase
Coarse wood density on our restoration plots



2007-10 Bird, Amphibian, Small 
Mammal  Transects



Paired Reference (Undeveloped) Lake – Escanaba Lake NHAL

2007 bird, mammal, amphibian transect



Photo by: D. Haskell

Avian Surveys 



Avian Surveys

• Tallied all species seen 
or heard

• 23 indicator species 
– Ground & shrub nesting
– Canopy nesting
– Cavity nesting



Shoreland Restoration 
Avian Indicator Species

• AMRE American Redstart
• AMRO American Robin
• BAWW Bl. & Wh. Warbler
• BLBW Blackburian Warbler
• BTBW Bl-thr. Bl. Warbler
• BTNW Bl-thr. Gr. Warbler
• CSWA Ch.-sided Warbler
• EAPW E. Wood-pewee
• GCFL Gr-crest Flycatcher
• HETH Hermit Thrush
• MYWA Myrtle Warbler

• NOPA Northern Parula
• PIWA Pine Warbler
• NAWA Nashville Warbler
• OVEN Ovenbird
• REVI Red-eyed Vireo
• RBNU Red-br Nuthatch
• RBGR Rose-br. Grosbeak
• SOSP Song Sparrow
• TRES Tree Swallow
• VEER Veery
• WTSP Wh.-thr. Sparrow



Quantifying Success –
Hypothetical Example
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Escanaba/Found
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Small Mammal Trapping

Photo by D. Haskell



Peromyscus Spp.

• Deer mice abundance was negatively correlated with 
human development in central Ontario, Canada (Racey 
& Euler 1982)

• Historically, white‐footed mouse are found in the 
southern three quarters of the state with a 
preference for deciduous forests (Jackson 1961)

• Currently, it may be moving slowly northward with 
the habitat alterations, climate change, and/or forest 
management practices



Results Peromyscus Spp.
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Means and standard errors of deer mouse (Peromyscus maniculatus) (A) and white‐footed mice 
(Peromyscus leucopus) (B) captured on three matched lakes in Vilas County, Wisconsin in 2008.  

Deer Mouse
(Peromyscus maniculatus)

White-footed Mouse
(Peromyscus leucopus)



Ticks and Lyme Disease



Cases have spread over a larger area

WDPH data:  http://www.dhs.wisconsin.gov/communicable/TickBorne/LymeDisease/Data%20and%20Statistics.htm  



1979-1982 1996-1998

2008

Marshfield Clinic Service Area
I. scapularis-positive County
I. scapularis-negative County
No reports

Jackson & DeFoliart (1970)
Davis et al. (1984)
Callister et al. (1988)
French et al. (1995)
Riehle & Paskewitz (1996)
Walker et al. (1996)
Caporale et al. (2005)
Guerra et al. (2002)
Diuk-Wasser et al. (2006)
WDPH (unpublished)

1st tick survey - 1968

The tick has spread across the state



Results
Species Diversity and Mean Tick Body 

Burden

0
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2.5

Developed Restored Undeveloped Reference

Species Diversity

Mean Body Burden (Peromyscus)

Mean Body Burden (All Other
Animals)

Comparison between species diversity and mean body burden on 
mice and on all other small mammals by treatment type.



Results
Tick Abundance on Small Mammals

Odds Ratio 95% CI P
Developed vs. 

Undeveloped Reference 3.20 1.03 - 9.84 0.043*
Restored vs. 

Undeveloped Reference 0.85 0.26 - 2.77 0.784

Restored vs. Developed 0.27 0.14 - 0.50 <0.0001*

Relative Tick 
Abundance 95% CI P

Developed vs.
Undeveloped Reference 3.07 1.51 - 6.26 0.002*

Restored vs. 
Undeveloped Reference 1.31 0.63 - 2.74 0.47

Table 1: The odds of finding a tick on a small mammal 

Table 2: The relative tick abundance on small mammals 

*Statistically significant 





Lessons learned > partnership building
• Partners had to come together around a common 
purpose—a research project that helps us better 
understand if shoreland restorations improve water quality 
and wildlife habitat
• Each agency/partner had to think about other partners 
points of view, including landowners, relating to items like 
lakeshore access, erosion control techniques, permitting 
work, plant choices, planting density, contracts, media 
coverage, etc.
• A holistic partnership involving a myriad of agencies, 
people, and talents is crucial to this project’s success



Lessons learned > landowners
• Ecological literacy varies – need to educate

•Restorations require maintenance by landowners and 
some loss of access.  Many landowners seasonal.

•Expectations not always met – restoration does not 
equal landscaping.  Deer resistant plant species often 
“boring”.

•Deer feeding must end at all properties – will cause 
complete project failure.  Deal-breaker for some.

•Contracts are a key tool for working with landowners 
on the ten-year study

• Landowners vital to making this partnership work over 
the ten-year period of the study – ongoing contact

• Finding willing landowners to participate in the 
lakeshore restoration process is a continuing issue 
(even though it is free)



Lessons learned > plantings and 
watering

– Know your soil!  Plant list depends on it.  
Testing at UW Soils Lab.

– Use deer resistant plant species - more conifers 
and hazel in the restoration plans

– Start thinking about climate change for plant 
species.

– Watering/irrigation essential - 1” weekly for 
first 2 years.

– Site conditions variable and can be difficult —
harsh exposure, ‘sugar’ sand soil, steep slopes 
(up to 45◦)

– Need a consistent policy on a “sacrifice area” 
for winter dock and shore station storage



Lessons learned > deer/rabbit 
browse protection - fencing & 

repellents
Protection of plants for 
3-5 years (perhaps 
longer) with temporary 
fencing and repellents is 
essential to 
establishment of the 
native plantings

Land owners
must agree
to end deer
feeding



Lessons learned > costs
• Preliminary cost breakdowns are between ~$50 and 
$100 per linear foot of restored buffer back 35-feet 

• Costs in part dependent on the amount of 
involvement from landowners, staff labor support, who 
does the design work, erosion control installation, 
plantings, fence building, and watering regime over 
time?  

• Creating a reliable and consistent funding source for 
the 10-year duration of the project between multiple 
agencies continues to be a hurdle to overcome

• Biocontrol and other erosion control techniques can 
be costly and logistically challenging



Lessons learned > lot sizes
Developed lakes with 
little shoreland habitat 
alteration and lot 
widths >200’ have 
less impact on wildlife 
and plant 
communities



Lessons learned > working with nurseries & contractors

• Building local expertise with 
nurseries and contractors for 
effective shoreland buffer designs 
and installations will be a continued 
priority



Additional Lesson Learned - Shore Restore is 
a hard sell, and the public is not “buying”! 

• Majority of public not convinced restoration needed – sensitive to 
having “done something wrong”

• Property rights – suspect intention of DNR
• Primary concern erosion, not habitat
• Trusted lake leader best recruiter – one vocal squeaky wheel and many 

bail out
• Restrictive covenant a deal breaker for some – worry about resale or 

future subdivision potential
• Do not BLOCK THE VIEW!
• DEER DAMAGE A BIG PROBLEM! Don’t like the fence – but 

essential to success.  Feeding has to end for restoration to succeed.
• Neighborhood and family feuds surface



Moon Lake 2008
Before 

Restoration





Moon Lake 2009
After Restoration







Crystal Lake



Crystal Lake

Photo by D. Haskell



Additional Partners

• Lost Lake property owners, Vilas County, 2010-2011
(county cost-share)

• Little St. Germain property owners, Vilas County, 
2010 – 2012  (Wisconsin Lake Management Grant)

• City of Ashland Waterfront (numerous partners)



Quantifying the Ecological Benefits of  
Shoreland Restoration in Wisconsin

City of Ashland Project
2010-2020



Funding – USEPA Great Lakes Research Initiative Grant

Partners:  WDNR Science Services, IGISES, City of Ashland, Ashland 
County,Sigurd Olson Environmental Institute/Northland College, Northwest 
Cooperative Weed Management Unit, UW Extension, 





Bayview Park Site



Hotel
Chequamegon

Site



Invasive Species Control

Buckthorn and Japanese
honeysuckle infests 
work sites





Restoration Plan – Bayview Park Site



Restoration of Aquatic Macrophytes 



5 years later!



Implementation & Funding 
Mechanisms  - Found Lake

• Wisconsin County 
Conservation Cost-Share 
Program

• Reimburses landowner 
70% of project costs

• Provides engineering 
(DATCP) and restoration 
expertise (VCLWCD)

• Wisconsin DNR Science 
Services

• Plans and implements 
restoration projects

• Conducts wildlife surveys
• Provides 30% of project 

costs, reimbursable to 
property owners



Implementation & Funding 
Mechanisms  - Moon Lake

• Wisconsin Lake 
Protection Grant

• Sponsored by Moon/Alma 
Lake Rehabilitation 
District – submit proposal, 
submit invoices for 
reimbursement, document 
25% match requirement 

• WDNR reimburses 75% 
of project costs to Lake 
District

• Wisconsin DNR Science 
Services

• Plans and implements 
restoration projects

• Conducts wildlife surveys

• Moon Beach Camp
• Provides up to 25% of 

project costs to achieve 
required match for Lake 
Protection Grant



Measuring the value of wildlife habitat restoration on northern Wisconsin lakes—the 
Wisconsin Lakeshore Restoration Project

Mike Meyer1, Dan Haskell2, Patrick Goggin / Robert Korth3, Stacy Dehne4, Carolyn Scholl5, and Brent Hanson6

1 Wildlife Research Scientist - Wisconsin Department of Natural Resources > Bureau of Integrated Science Services 

2 Michigan Technical University - School of Forestry and Environmental Science

3 Lake Specialists - Wisconsin Lakes Partnership, UW-Extension Lakes > University of Wisconsin – Stevens Point, College of Natural Resources

4 Conservation Engineer - Department of Agriculture, Trade, and Consumer Protection (DATCP)

5 County Conservationist – Vilas County Land and Water Conservation Department

6 Nurseryman/contractor - Hanson’s Garden Village nursery


