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Wisconsin’'s lakes

Wisconsin has
one of the
largest
concentration
of fresh water
glacial lakes on
the planet.

The Wisconsin Lakes Partnership
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Recent History of Wisconsin's Lakes
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1940 Housing Density by Partial Block Group
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1990 Housing Density by Partial Block Group

v o [ ] County Boundaries
oy [J
o xe B0 Wiater
: ‘,“, Housing Units Per Square Mile
B Le:sthan 5
5-10
. Bl 10-20
B 20 - 40
B L0 or maore

o 10 20 30 40 Miles
e ™ e =

AP L3 400




2010 Housing Density by Partial Block Group
Rural Renaissance Forecast
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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



OVERVIEW

m Unique Properties of Water

m Lake Types

m Physical, Chemical, Biological and Habitat
Characteristics

m Technical Aspects
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Unique Properties of Water

m Living organisms
(including us!) are
~ /0% water

m /1% Earth’s surface §
covered by water

B <1% water on Earth §
IS freshwater

m .009% water on
Earth Is freshwater —— —
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From waterencyclopedia.com



NIQUE PROPERTIES OF WAT
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OVERVIEW

Unique Properties of Water

Lake Types

Physical, Chemical, Biological and Habitat
Characteristics

Technical Aspects




LAKE TYPES

m  Seepage

" Groundwater Drainage
" Drainage

"  |mpoundments

" Oxbow




EEPAGE LAKE

Natural Lake

Water Source
Groundwater
Precipitation
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SEEPAGE LAKE
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ROUNDWATER DRAINAGE

Natural Lake
Water Source
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RAINAGE LAKE

Water Source
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POUNDMENT

A manmade lake
Dammed River

EVAPORATION










OVERVIEW

m  Unique Properties of Water

m Lake Types

m Physical, Chemical, Biological and Habitat
Characteristics

m Technical Aspects




PHYSICAL CHARACTERISTICS

Mixing / Stratification

Lake Depth

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

Influence of Watershed Runoff




MIXING/ STRATIFICATION

WINTER
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KE DEPTH MATTERS

Deep Lakes
tratify

DEEP LAKE

SHALLOW LAKE




L ake Level vs Lake Volume
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ETENTION TIME/
USHING RATE

ow long would it
to fill a drained

Inflow 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 Seepage Lake- small

m Drainage Lake- large
watershed

= Seepage Lake w/
drainage area mapped
Round Lake




ANDSCAPE POSITION

PRECIPITATION-DOMINATED

GROUNDWATER & SURFACE
WATER-DOMINATED

SEEPAGE LAKES
(Isolated)

Water Table
—> Groundwater Flow
-3 Surface Water Flow

LAKES
(connected)

HEADWATER DRAINAGE

LOWLAND DRAINAGE
LAKES

(connected)




CHEMICAL CHARACTERISTICS

m Chemical Characteristics
m Limiting Nutrient Concept P vs N
m Lake 227




EMICAL CHARACTERISTIC

Nutrients

NUTRIENT FUNCTIONS

AVAILABILITY  DEMAND AVAILABILITY FUNCTION

S

MNa 32 0.5 &4 Cell membrane

Mg 22 1.4 16 Chlorophyll, energy transfer
Si 268 0.7 383 Cell wall (diatoms)

P 1 1 1 DNA, RNA, ATP, enzymes
K 20 & 3 Enzyme activator

Ca 40 8 5 Cell membrane

Mn 0.7 0.3 3 Photosynthesis, enzymes
Fe 54 0.06 900

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




CHEMICAL CHARACTERISTICS

ELEMENT

AVAILABILITY DEMAND

NUTRIENT FUNCTIONS

AVAILABILITY FUNCTION
DEMAND

32
22
268
1

20
40
0.9
54
0.02
0.05
0.07
0.001

0.5

1.4

0.7

1

6

8

0.3
0.06
0.0002
0.006
0.04
0.0004

64 Cell membrane
16 Chlorophyll, energy transfer
Cell wall (diatoms)
1 DNA, RNA, ATP, enzymes
3 Enzyme activator
5 Cell membrane
3 Photosynthesis, enzymes
900 Enzymes
Vitamin B12
Enzymes
Enzyme activator
Enzymes

Source: The Biology of Lakes and Ponds, by Christer Bronmark and Lars-Anders Hansson



Phactoids: Importance of P to organisms

m Phosphorus is acritical
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 PRINCIPL

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

N:P Ratio in plant Tissue 10:1

atio of N:P in Water is
en Limited




PHOSPHORUS LIMITATION
LAKE 227
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OTAL PHOSPHORUS/
LOROPHYLL a RELATION

hosphorus

Chlorophyll

Phosphorus



Ecoregions

N Lakes & Forests

N Central Hardwood Forests
SE Wisc Till Plains

Driftless Area




hy Develop the Criteria?

Obvious water quality problems in state ca
Xcess nutrient loading

Ic goals for protecting or r
and Fish and A




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

tratified seepage lakes - 20 ug/I|

Ified drainage lakes -




TROPHIC STATE INDEX
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OLOGICAL CHARACTERIST
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Ciliates ¢— Heterotrophic



V I
ALGAE _

m  Primary Energy Source
for Invertebrates

m Can be Nuisance and
Human Health Issue

Produce O2




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
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Trophic Estimated
State Index  Secchi Depth
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m Habitat

AQUATIC PLANTS

m Energy Dissipation
m  O2Producers




ZOOPLANKTON &
AQUATIC INVERTEBRATES

Zooplankton
Dragonfly




FISH

Planktivore
Piscivore
Benthivore

s R RARR RSN
. W ".1:_ \.«I'l
R R



ROPHIC PYRAMID
A

Piscivores A

Planktwores

Nutrient
Cyclm g erbwores

Energy
Fl'ow
Primary
Producers
Detritivores
/ Decomposers\

ENERGY PYRAMID AQUATIC FOOD CHAIN




|NORTHERN PIKE

b LR kUL

ILARGEMOUTH BASS|

LAKE WHITEFISH

WHITE CRAPPIE

NPT e P [0 3
LAKE TROUT . BLACK BULLHEAD

[ROCK BASS] BLUEGILL

Every change af 10 in the TSI corresponds to 8 dowbiing of a lake's algae biomass and a halving af water clarity.




LAKE HABITAT ZONES

LITTORAL ZONE LIMNETIC ZONE (OPEN WATER)
TERRESTRIAL
PLANTS EMERGED
PLANTS
‘ FLOATING
PLANTS

SUEMERGED
PLANTS

EUPHOTIC
ZONE

BENTHIC ZONE




LAKE LITTORAL ZONE

m Functions
Intercepts Nutrients
Refuge from Predators
Nursery for Fish
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LOSS OF WATER CLARITY




HYPOLIMNETIC DO DEPLETION

BASS LAKE
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HARMFUL ALGAE BLOOMS




FISHERIES DEGRADATION




Help Protect Wisconsin’s...
WATER RESOURCES.




PALEOLIMNOLGY




PALEOLIMNOLGY

SQUAW LAKE
St. Croix County

ORGANIC MATTER (%)
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Despite all this
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Algal toxins r ~

WATER QUALITY ADVISORY

A threat to
both human

water with a floating scum layer thal
may ook like green paint or pea-soup)
« Do mot swallow water (esp. smal
chibdren and pets)
* Rinse off after swimming
- These waters may contain aigas capable of
et areducing texing that can be dangerous fo humans

n iy
:;::Irl_:._ | and pets. For more information please contact fhe
el | GENERIC LOCAL NEALTH DEPARTMENT
= af (XX AN




LAND USE AND WATERSHED IMPACTS




300,000 e 50
microgram/ NSl microgram/
liter liter




mpirical Watershed Models

sphorus export coefficients - develope
monitoring data.

WISCONSIN VALUES
TP EX




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

GW-P is
lally low,
15 ppb

Transport of
particulate P by
soil erosion

Total runoff P
(particulate + soluble)
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P Loading Sources to Lake Mendota

EXxisting Urban Areas
6%

tion Sites

Streambanks 6%




puts Lake Mendota Watershed P Budget P Outy

(from Bennett et al. 1999)
Crops harvested, ir

or agricultural

uding: corn
soybeans

wheat

oats

peas and bez

barley

forage

i INPUTS - OUTPUTS =

CHANGE IN STORAGE

Lake Mendota watershed




Frequency (%)

100%
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20%
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Chlorophyll-a interval frequency versus total phosphorus.
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LAKE HABITAT ZONES

LITTORAL ZONE LIMNETIC ZONE (OPEN WATER)
TERRESTRIAL
PLANTS EMERGED
PLANTS
‘ FLOATING
PLANTS

SUEMERGED
PLANTS

EUPHOTIC
ZONE

BENTHIC ZONE




Without habitat, they are gone




Shoreland green frog trends

What has Happened to Green Frogs?
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High Development
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Low Development
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From Schindler et al. 2000
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ow do they get here?

allast water




How do they spread?

Boaters

Anglers

Other water users
Natural dispersal




Why do we care?

= Economic impacts
Fishing industry, tourism, property values

Ecological impacts
Native fish, invertebrates, plants

eational Impacts _.
angling, swimming &8




Wisconsin’s AIS Program

Prevent introduction and limit the
spread of aquatic invasive species




Program Goals

m Focus on containment

m Increase AIS awareness &
responsible behaviors

m Strengthen partnerships




AlS Program Elements

ucation & Outreach
ercraft Inspection
1 Lake Monitoring

osestrife Biological Contro
2 Species Grants f: ’\I --3'{]-




