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Omernik, J.M. 1987.
Ecoregions of the
conterminous United
States.
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A 3-dimensional view of population density, 1990.
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Wisconsin's Ecoregions

Omernik, J.M. 1987.
Ecoregions of the
conterminous United
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The Human Influence Index (HII) is a measure of direct r
human influence on terrestrial ecosystems using the best
available data sets on human settlement (population density,
built-up areas), access (roads, railroads, navigable rivers,
coastline), landscape transformation (land use/land cover) and
electric power infrastructure (nighttime lights). HII values

range from 0 to £4. Zero value represents no human influence
and 64 represents maximum human influence possible using

all 8 measures of human presence,
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Summer Secchi Depth
Mean and 95% Confidence Interval (n=920)
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Stable States in Shallow Lakes

Clear State n Turbid State

/

»clear water @ »murky water

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

dominate




Photo Courtesy of MNDNR
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Photo: Mike DeVries, The Capital Times, 5 July 2007



Total phosphorus concentration (micrograms per litre)

| | | | >
25 50 100 1000
<«— Alternative states of plant or plankton dominane - B
Clearwater : Clear water, dominance by taller plants, stabilised by buffers Clear water with
Unique sparser plants
dominance Ta—"
; echanical cutting.
by plants PLAN| Boat damage.
Herbicide use or accidental runoff.
Heavy grazing by high density of native or introduced
species.
FORWARD SWITCHES | | Raising of the water level to place plants at lower light
intensities.

Turbid water, dominanc

PHYTOPL

Taken from (Moss et al.

|

A

Destruction of zooplankton activity by pesticides or
toxins.

Reduction of piscivorous fish to zooplanktivorous fish
ratio by deoxygenation in summer/winterkill.
Overfishing of large fish so that small size classes are
favoured.
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Hysteresis in the response of charophyte vegetation in the shallow Lake Veluwe to increase
and subsequent decrease of the phosphorus concentration. Red dots represent years of the
forward switch in the late 1960s and early 1970s. Black dots show the effect of gradual
reduction of the nutrient loading leading eventually to the backward switch in the 1990s.
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http://www.davidmillerart.co.uk/common_carp_print.htm




Cladocerans, or water
fleas “vacuum” the algae
from lake water. When they
are abundant, the water 1s
more cl®ar.

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

turbid ‘1 algae.




Park Lake as an Example
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Park Lake
Clear State n Turbid State

1978, SAV= 11 species _
2001, SAV=2 specles

1998, SAV=10 species



Parc Laxs Fish Community: Assessment by Analogy

Inter-quartile ranges are benchmarks for quick evaluations of survey data. Catch rates
within the inter-quartiles = normal for Class 3 lakes. Catch rates outside the inter-
guartiles = unusual.
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Fish Community Objectives:.

Biomanipulation of Park Lake
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Example: Trophic State Indices
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Box plots: Shallow lowland drainage lakes in Southern Wisconsin

@® 2001-2004 (mean) Park Lake TSI values (summer)
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What is the root problem/cause of Park Lake’s Degradation?

Water Levels
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Shallow Lake Ecosystems
A C()nceptual I\/I()d@:lrom Scheffer et al. 1993)

TURBIDITY
__+— <t+— 4+ —

SUSPENDED ALGAE
SEDIMENTS P
WATER - [\
DEPTH NUTRIENTS g
v _. % i
AQUATIC /
WAVES & -~ )
PLANTS * D ALLELOPATHS
+
BENTHIVORES \V

PLANKTIVORES - ——=— ZOOPLANKTON




Shallow Lake Ecosystems
A Conceptual Model
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Management Tools

BENTHIVORES
PLANKTIVORES

WATER
DEPTH

Jid



Management Tools

SPOT TREATMENTS
BENTHIVORES CHEMICAL RECLAMATION
PLANKTIVORES COMMERCIAL HARVEST
STOCK PISCIVORES
PROTECT PISCIVORES







(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 in there. | do not know of a fisherman
In Wisconsin that would catch one If he
could, and I 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




Aeration to Prevent
—Winterkill
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Management Tools

BENTHIVORES
PLANKTIVORES

WATER
DEPTH

P9l

PROTECT PISCIVORES
STOCK PISCIVORES
COMMERCIAL HARVEST
CHEMICAL RECLAMATION
SPOT TREATMENTS

LONG-TERM LEVELS
DRAWDOWN



HIGH WATER LEVELS DESTROY HABITAT
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Clear-water state
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Turbid-water state
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Increased water depth




Management Tools

PROTECT PISCIVORES
BENTHIVORES STOCK PISCIVORES
PLANKTIVORES COMMERCIAL HARVEST
CHEMICAL RECLAMATION
SPOT TREATMENTS

DRAWDOWN
LONG-TERM LEVELS

TEMPORARY BREAKWATERS
BARRIER ISLANDS

BOATING RESTRICTIONS
















Boating
Weekday to Weekend Turbidity Change

B Shallow lakes
B Deep lakes
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Plant Total Biomass (g/m )

Plant Growth - Boating
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Management Tools

BENTHIVORES
PLANKTIVORES

WATER
DEPTH

Jid

EXTERNAL LOADS
NUTRIENT INACTIVATION



External Nutrient Loads
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Protection




Restorations




Restorations
Fail

TURBID




Thunder Lake
Big Muskego
Rush Lake
Lake Puckaway
Fox Lake

Beaver Dam Lake
Sinnissippi Lake
Lake Koshkonong

n 4

mhmm e

TURBID




Level |I| Ecoregions and Watersheds of Wisconsin
Number of Lakes/Ponds/Flowages/Watershed Sq. Mile

No. of Lakes & Flowages
Per Watershed $q. Mile

I 0.019418 - 0.300000
" | 0.300001 - 1.000000
.~ | 1.000001 - 2.000000
I 2.000001 - 3.000000
I :.000001 - 7.808430

Morthemn Lakes and Forests

Marth Central Hardwood Forests
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Comparisons of Undeveloped and

Developed Shorelands Northern Wisconsin
| ﬁ ‘¢ P ./y’

‘,/

.

~“~Jean Elias & Mike

4 {
» | ‘Meyer



What's Happened To Shoreland Plai

MI—
Canopy

Understor
y I

Shrub

0 10 20 30 40 50 60
Elias and Meyer, in 06 Plant Cover

Pren



What's Happened To Songbirds? /— .

! Common Birds
!Uncommon Birds

Grackle
Catbird
Chickadee
Blue jay

Goldfinch

Undeveloped Lakes Developed Lakes



Consequences of Lakeshore Development on
Emergent and Floatlng |_eaf Vegetation Abundance

Redomskl and Goeman 2001

'@ Minnesota Department of Natural Resources




Conseguences of Lakeshore Development on
Emergent and Floating-Leaf Vegetation Abundance

”~

» Developed shores had less aquatic
vegetation

4%+ For each lake lot, 2/3rds of the
s emergent and floating-leaf vegetation
was lost

 Minnesota has lost 20-28% of this

E  Vvenetatinn
Radomski and Goeman, 2001

'@ Minnesota Department of Natural Rescurces




What’s Happened to Green Frogs

y = 0.0298x" - 2.1712x + 41.227
R’ = 0.2854

(Woodford and Meyer)

20
Homes per.




Impacts of Lakeshore Development on Tree-
falls in North Temperate Lakes

' “ﬂV' T

Ch,riété_ns-e_ let al. 1996
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2 Homes Per Mile  y=-172.78Ln(x) + 671.59
Christensen et al. 1996 R”=0.7164
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Development Impacts on Fish
Growth and Production




Fish grow ~3X faster in lakes
with lots of woody habitat

|

Growth
Rate
(mm/yr)

®
Undeveloped
®

Low Development

®
High Development

High Development

Undeveloped

®
Low Development

Woody Habitat (no./km) ——*

From Schindler et al. 2000



Can Habitat Alteration and Spring Angling Explain Largemouth Bass
Nest Success?, .

0.9
0.8
0.71

0.6

Probability of success

0.5

0.4

uigl...............;..,,..,...,.........
5 7 g 11 13 15 17 19 21 23

Lakeshore development (dwellings/km}



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

Partially Developed
M Totally Developed
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lisconsin

Effects of Pier Shading on Near-
Shore Aguatic Habitat
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Ecological Effects of Piers on Aquatic Plants

Mean Biomass
=
= 200 1572
£ 150
S 100
m 34.6
= 50 77
& 0
2 1 1
Pier Deck Control
Mean % Cover
5 80 67.2
3 60
O
L 40 294 26-3
=
< 20
= 0 : :
Pier Deck Control
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¥ Ecolical Effects of Piers on Fish

Mean Catch Rates
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Habitat Changes With Lakeshore Development

Shrub layer at lake-forest edge

Bank cover

Snag trees

Woody cover & trege-falls in the nearshore
Canopy and Subcanopy layers at lake-forest edge
Emergent and floating leafed plants

Water Quality




> _“Natural Shoreline
2 Habitat. .
\
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Lake Tomahawk, Oneida County




