LAKE HEALTH
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Recent History of Wisconsin's Lakes
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Wisconsin's Lakes are Changing Faster than
Ever:

Algae blooms
(phosphorus pollution)

Destruction of
shoreline habitat

Invading plants and
animals

Steve Carpenter



WISCONSIN
INITIATIVE on

CLIMATE |
CHANGE
IMPACTS

WICCI's First Adaptive
Assessment Report -
released Feb 2011

CHANGING
CLIMATE:

IVIRACTSYAN DYADARMATION,

e Council

22 Chairs/Co-Chairs of
15 Working Groups



ajor Drivers of Climate
hange Impacts on Water
.esources

Thermal Impacts (Increased air and water ter
nger ice-free period, more ET)

) rainfall patterns (seasone




WISCONSIN
INITIATIVE on
CLIMATE
CHANGE
IMPACTS

Key Water Resource Impact

Increased flooding
Increased frequency of harmful blue-gre

flicting water use concerns
In water levels




Photo: Melvin McCartney, Lake Monona, June 2006




Projected Change in the Frequency of 2" Precipitation
Events (days/decade) from 1980 to 2055
E:.'D Source: Center for Climatic Research & Center

for Sustainability and the Global Environment,
Melson Institute, University of Wisconsin-Madison
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NIQUE PROPERTIES OF WAT

Physical
Properties
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HYDROLOGIC CYCLE
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LAKE TYPES

®  Seepage

" Groundwater Drainage
" Drainage

"  |mpoundments

" Oxbow




EEPAGE LAKE
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ROUNDWATER DRAINAGE
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RAINAGE LAKE

Water Source
m Streams

Groundwater
recipitation
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POUNDMENT

A manmade lake

Dammed River
Stream
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PHYSICAL CHARACTERISTICS

Mixing / Stratification

Lake Depth

Retention Time / Flushing Rate
Drainage Basin/ Lake Area Ratio
Landscape Position

Influence of Watershed Runoff




MIXING/ STRATIFICATION
WINTER

SPRING

0 10 20 30 °C 0 10 20 30 °C

SUMMER _ FALL_

Temperature
Profile
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KE DEPTH MATTERS

Deep Lakes
tratify

utrient
DEEP LAKE

Tammtum
SHALLOW LAKE
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Change in water

_ table (also lakes and
Precip — ET-_ Runoff wetlands)

'

Wate* In — Water Out = + Stgrage

1&

Discharge to streams




ETENTION TIME/
USHING RATE

w long would it
to fill a drained

Iinflow Outflow
10 acre-ft/day 10 acre-ft/day

Water Retention Time
500 acre-ft + 10 acre-ft/day = 50 days




DRAINAGE BASIN/
LAKE AREA RATIO

m See page | ake- small “‘ s 1M 'a
m Drainage Lake- large Woie 7 ot O P

watershed

= Seepage Lake w/
drainage area mapped
Round Lake




ANDSCAPE POSITION

PRECIPITATION-DOMINATED < % GROUNDWATER & SURFACE
WATER-DOMINATED

Water Table
—> Groundwater Flow
—p Surface Water Flow

SEEPAGE LAKES
(Isolated)

HEADWATER DRAINAGE
LAKES

(connected)

LOWLAND DRAINAGE

LAKES
(connected)




HEMICAL CHARACTERISTIC

Nutrients

Alkalinity

ELEMENT  AVAILABILITY  DEMAND AVAILABILITY FUNCTION

DEMAND
Ma 3z 0.5 a4 Cell membrane
Mg 22 1.4 16 Chlorophyll, energy tranifer
Si 268 Q.7 383 Cell wall {diatoms)
p 1 1 1 DMA, RMA, ATP, enzymes
K 20 ] 3 Enzyme activater
Ca 40 ] 5 Cell membrane
Mn 0.2 0.3 3 Photasynthesis, enzymes
Fe 54 0.06 900 meas '
Co 0.02 0.0002 100 Vitamin B12
Cu 0.05 0.006 ] Enzymes
In 0.07 0.04 2 Enzyme activator
Mo 0.001 0.0004 3 Enzymes




Phactoids: Importance of P to organisms

m Phosphorus is a critical
Genetic molecules: DNA, RNA
Structural molecules: phospholipids in cell walls
Energy metabolism: ATP
Every living organism needs phosphorus

m A little P goes along way

1 Ib of P can produce 500 Ib of algae, and that P can be recycled many
times

m Phosphorus is less abundant than most other
nutrients

Both N and P tend to be high in demand by organisms, relative to their
supply in the environment

N Is often the limiting nutrient in terrestrial and marine ecosystems (with
P close behind...)

But in lakes, P is nearly always the principal limiting nutrient




LIMITING NUTRIENT PRINCIPLE

... That Nutrient in Least Supply
Relative to Plant Needs

:P Ratio in plant Tissue 10:1




PHOSPHORUS LIMITATION
LAKE 227




OTAL PHOSPHORUS/
LOROPHYLL a RELATION

Chlorophyll

Phosphorus



hy Develop the Criteria?

Obvious water quality problems in state ca
excess nutrient loading

r|c goals for protecting or res
al and Fish and Aquati




ecific Lake Criteria
2-story fishery lakes - 15 ug/I

tratified seepage lakes - 20 ug/

Ified drainage lakes -




OLOGICAL CHARACTERIST

Viruses/ Bacteria/
ngi

ary - Producers
acrophyte

Gillate.-s < Heterntrophlr.
Flagellatns
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ALGAE

m  Primary Energy Source | (r(
for Invertebrates

" il
m Can be Nuisance and ' | \
Human Health Issue ' j‘ -

Produce O2
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Human Health Concerns

m Toxic algae




Common human symptoms associated with
blue-green algae exposure include:

Respiratory

Dermatologic

Other

Sore throat
Congestion
Cough
Wheezing
Difficulty
breathing
Evye irritation

ltchy skin
Red skin
Blistering
Hives
Other Rash

Earache
Agitation
Headache
Abdominal pain
Diarrhea
Vomiting

Vertigo

Common animal symptoms
associated with blue-green algae

exXposure:

Lethargy

Vomiting

Diarrhea
Convulsions

Difficulty breathing
General weakness

http://dhs.wisconsin.gov/eh/bluegreenalgae/#NewProg




ZOOPLANKTON &
AQUATIC INVERTEBRATES

Zooplankton
Dragonfly




AQUATIC PLANTS

m Habitat
m  Energy Dissipation
m O2Producers




FISH

Planktivore
Piscivore
Benthivore



Without habitat, they are gone




LAKE HABITAT ZONES

LITTORAL ZONE LIMNETIC ZONE (OPEN WATER
—emgl]- = g { )
TERRESTRIAL
PLANTS
FLOATING
PLANTS

SUBEMERGED
PLANTS

EUPHOTIC
ZONE

BENTHIC ZONE
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Shoreland green frog trends

What has Happened to Green Frogs?
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More homes per mile

The Wisconsin Lakes Partnership "
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h grow ~3X faster In la
Ith lots of woody habit




LAND USE AND WATERSHED IMPACTS




Land Use Impacts on the Water
Cycle
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How do you make
this...




mpirical Watershed Models

sphorus export coefficients - develope
monitoring data.

WISCONSIN VALUES




Cedar Lake

Polk County
WBIC 2615100
Surface area 1,120 acres
Max depth 32 ft
Mean outflow 33.7 cfs
Summer water residence time 280 days
Drainage area 39,495 acres
Phosphorus load (most likely) 13,600 Ib/yr
Phosphorus load (range) 6,300 -
35,000 Ib/yr
Wetland,
1,451 acres
Forest,
14,743 acres 2'08%%\{:3::;
/— ]
Rural
Residential,
Row Crops, —_ 1,955 acres
7,867 acres

Medium Density
Urban, 64 acres

High Density
Urban, 5 acres
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P Loading Sources to Lake Mendota

Existing Urban Areas
6%

Streambanks 6%




Inputs

Lake Mendota Watershed P Budget

(from Bennett et al. 1999)

P Outpu

er for agricultural
including:
]
i
t

nd beans

=L
Fertilizer 18

Crops harvested, includ
corn
soybeans
wheat
oats
peas and beans
barley
forage




-- P Is transported by runoff in both (1) dissolved [DP] and (2)
particulate forms [PP].

Transport of
particulate P by
soil erosion

Total runoff P
(particulate + soluble)

Runofs




300,000 il 60
microgram/ - SN microgram/
iy liter







Undeveloped — Apr.-Oct. phosphorus/sediment runoff

IMPACT

 maple-beech forest ON LAKE

(April - Oct.)
* 6% slope to lake « 1,000 3 runoff
| to lake
¢ sandy loam soil « 0.03 Ibs. phos.
to lake

* 5 |bs. sediment
to lake

200 FT

100 FT

Source: Wisconsin Dept. of Natural The Wisconsin Lakes Partnership iﬁ%
Resources







1940s development — Apr.-Oct. phosphorus/sediment

maple-beech forest

* 6% slope to lake

e grass corridor 20'-wide

cottage 700 ft>
perimeter

 gravel drive 800 ft2

35'-wide buffer strip

Source: Wisconsin Dept. of Natural
Resources

200 FT

Grass Corridor

i Cottage
25'x28'

100 FT

IMPACT
ON LAKE
(April - Oct.)

e 1,000 ft3 runoff
to lake

 0.03 Ibs. phos.
to lake

* 20 Ibs. sediment
to lake

The Wisconsin Lakes Parinership 1%*‘







1990s development — Apr.-Oct. phosphorus/sediment

_n/\__\__'

e maintained lawn,
soil graded

* 6% slope to lake

* home 3,350 ft?
perimeter

e paved drive 770 ft2

Source: Wisconsin Dept. of Natural
Resources

200 FT

IMPACT

ON LAKE
(April - Oct.)

* 5,000 ft3 runoff

Home to lake

50' x 67"
¢ 0.20 Ibs. phos.
to lake

* 90 |bs. sediment
to lake

The Wisconsin Lakes Parinership j'ﬁ%




Impacts from Impervious Surfaces on
Phosphorous Loading

5 10 15 20 25 30 50
% Impervious Surface 20K ft2 Lake Lot
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LAKE HEALTH.
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Soil Compaction is increased during
building construction

Spoil from basements placed
on adjacent solls

Building crews and material
suppliers driveon soils




Effect of Compaction on Infiltration

Rate
14
120
NIRRT
Infiltration 8/
Rate 6 e B Native
(In/Hour) 4/ B Compacted
20 ;
0

Sandy Clayey
Soil Type



Reducing Soll

paction
INg construction -




atershed Landuse 1938

Long Lake Historic Landuse/Landcowver (1938)

B High Density Urban
Urban

Wetlands




Watershed Landuse 2001

g Lake Landuse/Land Cover G '
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Watershed Landuse 200

Historic Current
Coniferous Forest 59.99 43.17
Deciduous Forest 1875.29 1983.04
Grassland 98.21 32.37
Hay 136.01 147.08
High Density Urban -—-- 14.32
Moderate Density Urban 5.19 104.36
Low Density Urban 39.05 84.01
Mixed Grassland/Forest 383.46 63.12
Roadways 30.92 41.49
Rowcrops 27.61 39.27
Water 1041.81 1193.75
Wetlapgds 1193.18 1]

Applied

Data Consult




Landuse Acres Kg/Year Lbs/Year
High Density 17.3 11 24.3
Urban

Medium Density | 125.7 25 55.1
Urban

Rural Residential | 101.2 4 8.8
Pasture/Grass 218.7 27 59.5
Wetlands 1144.7 46 101.4
Forest 2089.4 76 167.6
Atmosphere 1052 128 282.2
Septics 6.25 13.8
Total 323.25 712.7
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LONG LAKE
Chippewa County

e

11 13 15 17 19

Inferred Phosphorus —y—
P. Garrison, 1995




LONG LAKE
Chippewa Count




Development during the early twentie
antury had a small impact on the lak

2lopment during the last 30
d water quality.

P. Garrison, 1995 e & & Gapmmen




Issolved Oxygen Depletion

August 1995
10 15




Long Lake
Spring vs. Summer Mean Total Phosphorus
1986-2012
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oal I. Protect water clarity,
revent the occurrence of algae
oms and reduce nutrient leve
Lake.

amilies and individuals, parti

eserve to have a |




Semi Shade —
Polk County, WI
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Help Protect Wisconsin’s...
WATER RESOURCES.




