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Wastewater Epidemiology

Covid, RSV, Norovirus, Influenza A&B, Bird Flu, Measles




" OVERVIEW
WDNR Grants

Lake Ecology

Riparian Area
Littoral Zone

Aquatic Plants



Surface Water Planning Grant

November 2023 Application - Awarded early 2024

- Examine historical WDNR water quality data

- Summarize WDNR shoreland /shallow water data

- Education (public presentation & floating workshop)
- Lake management plan




Early Detection & Response Grant

April 2025 Application - Awarded immediately

- Response to the discovery of Eurasian watermilfoil

- Meander surveys for Eurasian watermilfoil

- Point-intercept aquatic plant survey (all plants)

- Management action: volunteer hand-pulling & DASH
- Lake user survey

- Education

The timelines of the two grants have been integrated.







Our lakes are rare

- 71% Earth’s surface covered by water
- <1% Water on Earth is freshwater

- 0.009% of Earth’s water is in freshwater lakes







Lakes face many stressors:

* Algae blooms (phosphorus pollution)

* Degradation of shoreline habitat
* Non-native plants and animals
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. Lake Habitat Zones

LITTORAL ZONE LIMNETIC ZONE (OPEN WATER)
e

o
TERRESTRIAL
BLAMNTS EMERGED

PLANTS

FLOATING
PLANTS

SUSMERGED
PLANTS

EUPHOTIC
ZONE

BENTHIC ZUNE ———




90% of all lake life is born, raised, and fed in the area where
land and water meet. (Ontario Ministry of Natural Resources)



Riparian Area

The area that both
influences the
water body and is
influenced by the
water body.

R T .



Riparian Area

Functions include:
 Buffer zone (filter)
Stabilizes soils
Habitat for many species
Provides organics matter

Provides shade & cover

How wide is
the Riparian Area?







- Degraded (Unhealthy) Riparian Areas

Patchy/scrubby plant growth with bare patches
Vegetation dominated by non-native species

Soil compacted, eroded, with bare trails & paths
Pavement

Eroding or sloughing banks

Limited diversity of plants and animals







What limits the distribution of rooted plants?

 Sunlight

» Substrate
Nutrients
Herbivores

Mechanical
forces




Littoral Zone Functions:
 Intercepts nutrients

» Refuge from predators

* Nursery for fish

* Productive of invertebrates
Contribution to food web

 Dissipates energy of waves




Threats to Lakes

* Poor lakeshore habitat (riparian vegetation) is the #1
stressor of lake ecosystems.

Poor littoral zone habitat is the #2 stressor of lakes.

The 2007 National Lakes Assessment
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Threats to Lakes

« By managing for healthy lakeshores (both littoral and
riparian), we can make a difference in lake biological
integrity (health).

* This means both development standards (shoreland
ordinances) as well as BMP's (leave wood in place,
minimize clearing of littoral vegetation, natural
al‘mOI‘ing, etC) . The 2007 National Lakes Assessment
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Native Aquatic Plants

* Rarely get respect they merit

* “Weed” or “weed bed”

* “Weed” connotes unwanted & aggressive growth
* Not true for vast majority of aquatic plants

* Essential to lake health (habitat, oxygen, nutrient

uptake, protect shorelines and more)



Aquatic Plant Survey




Point-
Intercept
Aquatic
Plant
Survey

Lake Lucerne

Forest County

WBIC 396500

T35N R13E S10

1039 acres / 420.3 ha
1169 Sampling Points
60m between Points
Site1: Lat. 45.50604490
Long. -88.84844091

N




P-I Aquatic Plant Survey

Three-person team

° Driver-Navigator

o Aguatic Plant Botanist
o Scribe

Rake probes bottom

o Record depth

o Record substrate

o (Collect plants 1m sweep
Plants identified

Rake fullness recorded
Navigate to next point
Systematic and repeatable

Lake Lucerne

Forest County

WBIC 396500

T35N R13E S10

1039 acres / 420.3 ha
1169 Sampling Points
60m between Points
Site1: Lat. 45.50604490
Long. -88.84844091

N
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Other species <3% (17 species), Najas flexilis, Slender naiad,
15.1% 14.4%

Myriophyllum tenellum, Dwarf
water-milfoil, 4.5%

Potamogeton gramineus,

AU E D L B Variable pondweed, 14.0%

Large-leaf pondweed, 4.7%

Juncus pelocarpus f. submersu
Brown-fruited rush, 5.5%

Sagittaria sp., Arrowhead, 5.7%

Chara sp., Muskgrasses, 13.2%

Vallisneria americana, Wild
celery, 6.4%

Eleocharis acicularis, Needle Potamogeton robbinsii, Fern
spikerush, 7.9% pondweed, 8.7%

Aquatic plants relative frequency of occurrence




Summary stats for 2019 & 2025 aquatic plant surveys

Summary Statistic 2019 2025

Total number of sites with vegetation

Total number of sites shallower than maximum depth of plants

Frequency of occurrence at sites shallower than maximum depth of

plants

Simpson Diversity Index

Maximum depth of plants (ft.)

Average number of all species per site (shallower than max depth)

Average number of all species per site (vegetated sites only)

Average number of native species per site (vegetated sites only)

Species Richness

Species Richness (including visuals)

Floristic Quality Index (FQI)

Average rake fullness




o |

-
i o

—» &

2019

Legend

o

fLh

.

# PI point not sampled
» PI point sampled but no plant collected

Number of species

%
*
| *
1
*
;5
¥*
*

L7
%*
%*
*
*
*

%*
*
*
*
*
*
3*

%

%
*
*
*
*
*
*
*
*
*
*
3*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
k3

% ok k ok ok ok ok 3k

. .

.

*OROE K K K K K K X F Kk k¥ ¥ K

* % 3k k ok ¥ k ok ok 3k Kk ¥ ¥

* =

MUK K K K K K K KN (o
(o % % % % % % % ¥ * %0

H*od d ok o K K ok A K ok K K e e ok o Kk ok d e K K d A K ok K K K ok K K Kk k ¥

0 100 200m
|

Hode K K K kK K K ok ¥
***ﬂf**************************************'@

**********#*******#**##*-ﬁ*@*#*****#****%***.'HIZZ_'N"-

* d K Kk k Kk Kk Kk k kK *

ok R R ok k% ok ok ok ok ok ok ok ok ok ok o ok ok ok o ok ok ok ok ok ok ok ok ok ok ok Kk ok ok kK k ko
N PEESESEEEE B

oK K K K K K K K K K K K K K K K K K K K K K K K K KK KK K K KKK = K KKK K- o

*-#r*-*-*-*************************************._ﬁ-
* oK Kk Kk Kk K K Kk K K K Kk k k kK Kk K K K kK k k K ¥ Kk Kk k k k ¥ ¥k k Kk ¥ k Kk %k * ¥ ¥ ¥ * >
*******************************'_H-***********Iai

e ode B K Kk ok K K K k ¥

* d K K ok * K k k *

* ¥ ¥

N o R d Rk %k o - g e ok % ok % K K K k% o . i@

2
1
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
3

North part Lake Lucerne # of plant species in




S WS R ARSI N  RE E A

o
ok ode ok ok ok ok ok ok ok ok ok ok

T LI e S e eco it e . R R

i

d oK K ko ok K K K K K
deod ok ko K K kK .

¥ %k de R K K ok ok koK k|
d o e de de K N K ok ok ok ok |
¥ %k de ke K Kk k kK

.

0
2

&

doK K K K K K K K K -3

% % ¥ K Ok K kK K K
d* ¥ d K Kk K Kk ok K Kk
¥* % ¥ ok ¥ ¥ Kk koK ok

©

T100
G *x*xxxxxxxx .10

¥ % K K W K K K Kk ¥k o

=k 1

* %k ¥ kK ok kK k -

O

e ¥ ke KK K Kk K K ¥
VLl ok ok ok ok ok ok ok ok ok

¥ K ke de K e Kk Kk ¥

::_1,'-

#*
#*
*
*
*
*
#
¥
#*
#*

i‘\

27
(13

U
.

| ¥
*
*
*
*
*
*
*
*
*
*

¥ % B Kk d K K K .
L1 ¥ % % kK kK ¥ % .

*

(1

*
*
*
*
*
*
*
*
*
*

¥* ¥ Kk Kk kK ok ok Kk K -

*
*
*
*
¥*
*
*
¥*
*

1

¥ % K ¥k Kk K K kK Kk -

ok ok ok ok ok ok ok ok ok

© ¥ ¥ K K K ¥ K ¥

¥ Ok d ok ok N Kk K K .

3) .
(1]

.

EEE T EET TR

o % o R ok d ok K Kk K Kk d ¥

3 & 1~'

SN K Kk K KK Kk kK K K K -

2
(2]

— % ¥ K
* % ¥k ¥
* e % ¥
* % k ¥
* ¥ ¥ ¥
* % ¥k ¥
* ¥ ¥k ¥
* ¥ ¥ ¥
¥ % % %
* ¥k ¥
* ¥ ¥ ¥
* % ¥ ¥
* k - -
.*.;._../_,._1

(1]
.

2% K kR Rk K K kK K k%

P e de e ok ke ko e d ok Kk
'-:1_?***'!5*********

ey

Sk KKK K K K K KKK (1)

Lk K R kR K K K Kk K K

* . o i)
¥ % ¥ ¥ - ¥
¥ ¥ % ¥ k ¥
* % ¥ ¥ * ¥
* % ¥ Kk ¥ ¥
* ¥k ¥ k ¥
* % ¥ ¥ %k ¥
* % k k ¥k ¥
¥* % % k¥ ¥k
* % kK o« o
*-o-n.o
0..00”.2
= lZ@wL
5 )
* H oo v e e
¥* % 3k ¥k k¥ k
¥* ¥k ¥ ¥ %
* e % ke * K
¥* %k ok %
* K ok ok ok K
% ek ¥ k¥
¥* ok ok ¥ k *
* % Ok ¥ ¥ %
¥ % ok % ¥ %
o ¥ ¥ .
l..\l -
o 1 i~ 1=
- Lm
@
g
I=
il
=
o
Y
LT
33
ET®
wm_e._
- -—
553
tts
w B 8%
e =5 5
U oo o -
w5
S % - 2

1.
2

EEEEEEEEE XY
ek kK K K K K %

(111

*

<k ok ok ok ok - ¥ ¥

i e |

.

4 SIS
(M pe e e il
P X
T % k% .
EEEEN
T E L
* % * K
* % ¥ o
* ® .
* % o
* *

* % -

(1ie % % % % %

j_ |2 (1

Mm s 1w ™~ W

000000

S
=1
o
~
o
o
—

0

2019 & 2025

ies in

(&)
()
Q.
(7))
o
C
0
Q.
o
@)
= =
()
C
-
Q
(&)
-
—
Q
=z
©
—
o
S
(q)
Q.
i e
)
-
O
(Vo)




.
.
.
-
-

.
.
.

¥* ¥ Kk ok ¥

* % K K % k %

% k X K £ ¥
1ok i1 %k % k ¥ %
ok ok ok ok ok ok X
1ok K Kk ok ok % %
1%k % % % % % ¥
|k ok Kk k% %

ok koK ok % K|
* % k Kk Kk Kk %

* oKk ok K d %
P EEEREER"
* % % K % K k % %

Gk % % % % % % % *

¥* ok ok Kk ok ok kK

d* ok ok ok ok k¥ *

* k koK ok k ¥k

PR I I I R )

T EEEEE I
* ¥ % k k ok k
KK K K X %
#* ¥ K kK K ¥ ¥k K Kk ¥
#* 0k %k Kk k ok k K kK Kk ¥
* %k K k % .
#* 0k % k k & k Kk k k ¥ *
E LK K K K K K K K K %

1% % % % % ¥ ¥
* %k ok k ok k k ok

o
1
3

4

EE Kk

SRR EREERE"
oK K K K K K X
Tk K K K K K K X K ¥

*
*

o 1..:

1

fullness in 2019 & 2025

.
-
-

.

1]

¥ d Kk ok ok ok K k¥
¥ % Kk ok k ok K ¥ ¥
* ok ok Kk Kk kK ok ¥
¥ % Kk K K K K Kk ¥
d %k Kk K K ok ¥

1

Pl % % % K % £ K %

.
.
.

* K kK Kk X %

* ok ok Kk Kk

* ok ok K ok Kk %

* K ok Kk kX %

* K K K K X %

L% % % % % % %

* oK K K ok Ko%K

* oK Kk K K K %

* ok ok R ok k(1

* ¥ ¥ ¥ ¥ ¥k ¥

* ok ok Kk k Kk %

Lok % % % % % % %

* oK ok K kK %

* kK k K k % %

* K K Kk kK Kk % %

i * K K ok K k K Kk ¥
@k ko ok R ok R R K %

FEEEEEEE
HEEXEEE R,
* oK K K K X

e
E
1
:

d ok Kk ok ok Kk Kk
gk ok koK K kK
* oK K K K K K %
TLid % % % % % % %
d ok Kk koK K Kk ok K K K
¥ ok ok ko k K Kk ok ok ok k %
* ok K kK Kk koK K K kK ¥ ¥
Bk K K K K Kok ok K K K K

+

.
.
.
.
.
.
.
.

¥ K K K Kk K Kk ¥ ¥ ¥ k Kk Kk ¥
¥ % K Ok kK K Kk Kk ok K Kk K ¥
¥ %k ok K K K K K K K kK K ¥

PI point sampled but no plant collected

#* PI point not sampled
100 200 m

Total Rake Fullness rating

0

Q
=z
()
S
S
e
O
afd
()
C
| .
Q
(&)
-
—
Q
=z
©
—
wd
L .
©
Q.
i o
e
S
@)
2




a5

EEEEEEE LR X I

1)
1

_-_************—*-}_} \

1 1

X
[

MEE RS EES

Y XL

* ok % K ok Kk Kk ¥ Kk ok Kk ¥
¥ d d K Kk ok d ok ok k k k
= ¥ o Kk K K K Kk Kk k ok k-
s ok % ¥ ok k ok Kk %k 3k
=k ok R K K ok Kk ok k
o B B Mk ke e ok % Ok
s % ok ok ok ok ok k-
L
oo ¥ ¥k Ok e Kk % K
* K k k% - ok ki1

.
'...'1‘

T e W A R ke W w11
L .1

code koK Kk Kk K -1
1.1
*

KKK K K K K K K -1
C ok e R K Ko K R -

i

%ok ok ok ok Rk kK %
B AL EEEEEE RN
R R TR
Foo ok ok ok ok kR ok kK
ek ok ok kK K Kk %
(20 % ok % o % % % ¥ %
IEEEEEEERRE"
AR R RN
[e ek R K K R K R L1

.
[215)

1

. 2025

Ge o de de e ko ok K o ok K ok -

1
(1]
1

R EEEE R
R EEEE RN
Soe Wk ok koK k(1

1
101

¥k K K K R R K K K -1
EEEEEEEEE RN N
e ek ko kR ok K K ok o o

ok Kk ok ok ok ok %k -

SHEEEEEEE RS
CLi% % % % % K % K o

1
1

oo M N Nk R N k(L
EEEEEREEE R EE N
oo o g ok K g kR %11
1Lk ke ok ok ok K ok ok k ok k(171
R R
C o g kK g K Kk k- (1]
s Mok kR Kok ok K -
<ol ok k de ok ok R Kk Kk ¥ -
TN R K KK K R K K R K K K
el Kk K K kR K R K k11
Lie ok ok kR Kk ok K ok ok R -1
R N R
Wl

T T E L EE R
gk ok ok ok ok ok ok K ok ok X

B ok K K K oK K K K K Kk -

CoE kK K K K K K K K -
T E T EEEE L
(1ie % % % K K E K kR 11

{1
(1]

PI point sampled but no plant collected

PI point not sampled

100 200 m

*
0

LN
N
o
N
oJ
(@)
i
o
N
k=
7))
7))
()
Inl
S
S
Q
=z
©
S
m
e
@)
o
()
C
L .
Q
(&)
-
—
Q
=z
©
—
e
p .
©
Q.
i -
e
-
O
Vo)

Total Rake Fullness rating




100%

90%
Other species (<3%)
80% B Potamogeton pusillus, Small
pondweed
W Nitella sp., Nitella
710%

Myriophyllum tenellum, Dwarf 2019 and 2025 Lake

water-milfoil

gaswehaail Lucerne aquatic plant
relative frequencies

M Juncus pelocarpus f. submersus,
Brown-fruited rush

50% M Sagittaria sp., Arrowhead

Vallisneria americana, Wild

cele
40% v

Eleocharis acicularis, Needle

spikerush

Potamogeton robbinsii, Fern
30% pondweed

Chara sp., Muskgrasses
20% Potamogeton gramineus,

Variable pondweed

B Najas flexilis, Slender naiad
10%
0%

2019 2025
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| Aquatic Plant Community Highlights

- Lake ecosystems are dynamic - change is the norm.

- Number of sites with plants increased between 2019 & 2025.
- Maximum depth of plants increased between 2019 & 2025.

- Diversity has remained consistently high (species richness,

Simpsons Diversity Index, and Floristic Quality Index).

- The number of species per point-intercept site has

increased over time.

- This is a diverse and healthy aquatic plant community.
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" Aquatic Plant Community Highlights cona

- 2025 percent relative frequencies do not show any
dominant species.

- The frequencies of occurrence reflect a very diverse and
dynamic aquatic plant community. Individual plant species
increase and decrease from year to year.

- Over the surveys, the average rake fullness of all plants has
been stable indicating a stable biomass.
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Non-native species - Aquatic Invasive Species

- A non-native species is an organism that does not occur
naturally in a particular region but has been introduced
there through deliberate or accidental human activities.

- Examples: brown trout, rainbow trout, rusty crayfish,

Chinese mystery snail, freshwater jellyfish, Eurasian
watermilfoil

- Not all non-native species act invasively. They are
considered invasive if they cause measurable harm.

- An aquatic invasive species does not act invasively in every
circumstance



Eurasian watermilfoi
Documented in 2024

Several species of native milfoils
EWM only sometimes behaves invasively
Provides some of the same benefits as native plants.
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anagement of Eurasia termilfoil

“First, do no harm’” - core principle in medical ethics

Any action taken is justified by benefits outweighing risks.
No management action is done in isolation.

Eradication is not possible.

EWM management options for lakes include:

- Prevent introduction in the first place

- Biological control: milfoil weevil

- Manual removal: cutting, raking or hand-pulling
- Diver Assisted Suction Harvesting (DASH)

- Mechanical harvesting

- Chemical (herbicide)




Lake Lucerne
WBIC 396500

Eurasian watermilfoil
meander survey in 2025
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Lake Lucerne
WBIC 396500

Eurasian watermilfoil
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Q14 From the list below please select your Water Quality concerns on
Lake Lucerne.

Answered: 223 Skipped: 9

Agquatic Invasive Species
(AIS) introduction

Geese population
increasing

Aguatic plant growth
Water quality degradation
Shoreline erosion

Algae growth

Lake bottom disturbance

Septic system discharge

Increasing muck on lake
battam

Increased lamd
development fconstruction/hardscaplng/landscaping

Shoreline vegetation

rermaval

Storm drain runoff

Other (please specify)

0% 10% 20% 0% 40% 50% B0% 0%  B..




Q16 What aspects of wildlife and habitat are most important to you when
considering the future of Lake Lucerne? (Please check all that apply)

Answered: 223 Skipped: 9

Other (please specify)

Maintaining healthy fish
populations

Supporting bird and
waterfowl habitat

rotecting native animal
? g
species

Preventing invasive

species that impact wildlife

Preserving natural
shoreline for wildlife

0% 10% 20% 30% 40% 50% 60% TO% 80%  90%
& OTHER (PLEASE SPECIFY) DATE

1 Loons 3/28/2026 B:31 AM
2 Protection of loons, but not geese. 3/25/2026 6:18 PM
3 I know that people that have not used the lake for a lot of years. Do not realize how much 3/24/2026 1:19 PM

dirtier the water is now than what it was 40 years ago. | die of a lot in the lake over the years
and it is by far dirtier now than what it used to be

4 | would like more work done to eradicate invasive species such as the milfoll and the geese 3/18/2026 6:00 PM
population. Swimmers itch has become prevalent which never happened before.
5 Understand and eliminate swimmers itch. 3/18/2026 5:59 PM
6 Preserving shoreline to control erosion 316/2026 1:28 PM
7 Preserving natural shoreline for people too! 3/15/2026 2:58 PM
8 Quiet environment for all 132026 2:26 PM
g Loon protection 311372026 2:16 PM
10 Attracting water fowl (ducks and geese) by feeding and providing unrestricted access by lawns 312026 9:36 AM

down to the water's edge increases population and fertllity of the water. Feeding deer is altering
the native flora around the lake, deer are browsing off the Ground Hemlock and other
conifers/around level olants. If Zebra/Ouaooa mussels or Soiny Water Fleas are introduced




Q21 During the years you have been familiar with Lake Lucerne, what
changes, if any, have you seen in the aquatic plants?

Answered. 220 Skipped: 12

Dramatically more aquatic
plants than in the past
More aguatic plants than in
the past

Slightly more aguatic plants
than in the past

Fewer aquatic plants than
in the past

Mo dramatic changes -

about the same as always




Q28 Do you believe that aquatic plant management is needed on Lake
Lucerne?

Answered: 217 Skipped: 15

leH _

Unsure
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Q34 An Aquatic Plant Management (APM) Plan can have several goals.

We would like to know where you think the plan for Lake Lucerne should

place its emphasis. Rank the following list of APM goals (1 for being the
most important and 5 being the least important)

Manitor Lake Lucerne for
changes in the native plant
composition and distribu..,

Protect native plant species

Prevent the introduction of
Aquatic Invasive Species

Provide education to Lake
Lucerne stakeholders
regarding the plant
CoOmmunity

Monitor recreational users
to minimize introduction of
Agquatic Invasive Speci...

Answered: 215 Skipped: 17

60% T0% 80% 10..
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