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High inter-lake variability between Chlorophyll and TP

Chlorophyll
varies between ~
10 and 220 ug/I

Phosphorus

For TP=200 ug/I






SHALLOW LAKE : NON-STRATIFIED,< 7 m DEEP,
> 4 ha

| V > One thlrd ofWI Iake acres, > 300k ac

N Iargest Wlnnebago @ 137,708 ac
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Stable States in Shallow

Clear State H Turbid State

/

»clear water @ »murky water

»low algal biomass »high algal biomass
»high macrophyte biomass >sparse macrophytes
»Piscivores dominate » Planktivores/benthivores

dominate




Effect of SAV on the chlorophyll
and TP relationship
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Effect of SAV on the chlorophyll and
TP relationship
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Effect of SAV on the chlorophyll and
TP relationship
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Effect of SAV on the chlorophyll and
TP relationship
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Cladocerans, or water
fleas ““vacuum’ the
algae from lake water.
When they are abundant,
the water 1s more clear.

If conditions are
unfavorable, I.e.
zooplanktivorous fish like
bluegill are abundant,
refuge absent, the lake
water remains turbid from

algae. .




Clear- water State
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http://www.davidmillerart.co.uk/common_carp_print.htm







(Commissioner Philo Hoy, 1876)

“When you can go with hook and
line and bag ten pound specimens of
that most desirable fish, the carp,
then you will feel like thanking the
men who have so persistently
persevered In Investigating every
condition that can secure benefits so
great.”






(General Edwin E. Bryant, President of the
Wisconsin Fisheries Commission, 1901)

““ The greatest trouble we have in some of our
lakes in Wisconsin Is that the carp have got Iin
there. | do not know of a fisherman in Wisconsin
that would catch one if he could, and | never heard
of one being eaten either by anybody In the circle
of my acquaintance... Within a radius of five miles
of Madison there are billions of carp. Every
fisherman sees them, curses them, and refuses to
catch them.”
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Hammering Carp
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Toxicity of Rotenone
Laboratory Tests; 24 hr LC.,
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Fry Stocking




Fry Stocking
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Aeration to Prevent Winterkil_l_
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Aeration - Refuge Areﬁ '
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HIGH WATER LEVELS DESTROY HABITAT













Management Tools

PROTECT PISCIVORES
BENTHIVORES STOCK PISCIVORES
PLANKTIVORES COMMERCIAL HARVEST

CHEMICAL RECLAMATION
SPOT TREATMENTS
WATER
DEPTH DRAWDOWN

LONG-TERM LEVELS

TEMPORARY BREAKWATERS
BARRIER ISLANDS

BOATING RESTRICTIONS

pool
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Features of Littoral Zone Habitat

Vegetation
Substrate
Woody Cover

Overhanging
Bank Cover

Depth and
Depth Gradients




1940 Housing Density by Partial Block Group
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1990 Housing Density by Partial Block Group
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2010 Housing Density by Partial Block Group
Rural Renaissance Forecast
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Consequences of Lakeshore Development on
Emergent and Floating-Leaf VVegetation
Abundance

Radomskl and Goeman 2001

'@ Minnesota Department of Natural Resources




Consequences of Lakeshore Development on
Emergent and Floating-Leaf VVegetation
Abundance

| A * Developed shores had less
VBN aquatic vegetation

_ 4 * For each lake lot, 2/3rds of the
e  emergent and floating-leaf
vegetation was lost

 Minnesota has lost 20-28% of
Radomski and Goeman, 2001

'@ Minnesota Department of Notural Resources




What’s Happened to Green Frogs

y = 0.0298x" - 2.1712x + 41.227
R? = 0.2854 (Woodford and Meyer)
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Impacts of Lakeshore Development on




Homes Per Mile  y=-172.78Ln(x) + 67159
hrlstensen et al. 1996 R?=0.7164
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Fish grow ~3X faster in lakes with
lots of woody habitat

|

Growth
Rate
(mm/yr

®
Low Development

®
] High Development

®
Undevelopefl

Undeveloped

Low Development

®
High [I)evelopment

Woody Habitat (no./km

From Schindler et al. 200C



Lake Characteristics Influencing
Spawning Success of Muskellunge
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Lake Characteristics Influencing Muskellunge Reproduction

Partially Developed
B Totally Developed




Habitat Changes With Lakeshore Development

Shrub layer at lake-forest edge

Bank covex

Snag trees

Woody cover & ttee-falls in the nearshore
Subcanopy layers at\lake-forest edge
Emergent and floating teafed plants
Water Quality
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