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Eutrophic

Oligotrophic

- Low Nutrient Conc.
- Low Productivity.

- Clear Water

- Desirable Fishery
but often limited

Mesotrophic
- Moderate Nutient Conc.

- Increased Productivity
- Occasional Algal Bloom

- Good Fishery
Eutrophic
- High Nutrient Conc.

- Very Productive
- Frequent Algal Blooms

- Freq. Deep DO Depletion
- Rough Fish Common



Morphometry
Area — 700 ha; 3.7 mi?
Fetch — 6 km; 3.5 mi
Max Depth —16.5 m; 54 ft
Mean Depth — 7.6 m; 25 ft

Delavan Lake
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Sources of Nutrients to Delavan Lake

1972 - EPA Study
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Total P Load
8,020 kg/yr

Point Sources Contribute ~76% of the Phosphorus Loading

to the Lake
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Algae in Delavan Lake
triggers health worries,
sends vacationers home

/ By Jon Henkes

DELAVAN LAKE—
Year-round residents and
vacationers at public and
private beaches here
have been warned that
swimming in the lake
may be hazardous to
their health.

Concerned that decay-
ing algae in the lake is
emitting a toxic sub-
stance proven harmful to
aquatic life, a state De-
partment of Natural Re-
sources official told lake
residents last week to in-
struct their families and
friends that swimming in
Delavan Lake could pro-
duce gastrointestinal ail-
ments such as nausea,
vomiting and diarrhea.

That warning
prompted the exodus of

several vacationing fami-
lies from the area, while
prompting many others
to drive to the city of Del-
avan’s Mill Pond swim-
ming area or to Geneva
Lake to go swimming.

At the town of Delavan
lakefront park, where
major improvements
have recently been made
to attract summer vaca-
tioners, about 250 beach-
goers drove away in
disgust on the weekend of
July 9-10.

That disaster occurred,
however, three days
before the DNR an-
nouncement about poten-
tial health problems.

On July 9 and 10, a thick
coating of dead algae per-
meated nearly the entire
lake, the end result of the

4

Several families have
requested refunds for
their coftages and have
- packed their bags and
left because of the
algae. There were some
children who became
sick after swimming.
The beach has been
very quiet all week. 99

spraying of a chemical al-
gaecide into the lake on
June 30 and July 7.

Visuvally uninviting the
lake was not known then

to contain toxic dead
algae. Year-round lake
resident Bill Morelli said

Turn to page 10
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Internal Release of Phosphorus from Deep Sediment
“Internal Loading”

Thermocline




Phosphorus Budget For
Delavan Lake — 1984-85

H Internal
Atmosphere el e B Inlet
1% 1% B Ungaged
Ungaged 0O Atmosphere
10% m Ground water

Internal
52%

Inlet
36%

Total P Loading — 8,700 kg/yr
= USGS . o
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Delavan Lake: A Recovery and Management Study

Water Resources Management Workshop

Institute for Environmental Studies, University of Wisconsin—Madison
in cooperation with
Wisconsin Department of Natural Resources

September 1986

Management
Strategies based on
Scientific Monitoring
Data and Scientific
Relations/Models



Goals for Delavan Lake Rehabilitation

Increase Water Clarity — Increase Average Summer
Secchi Depth from ~1.0 m to at least 1.5 m

1

Decrease Average Summer Chlorophyll a
concentration from ~30 — 50 ug/L to 14 ug/L

]

Decrease In lake spring P concentration from
~100 — 120 ug/L to about 34 ug/L

I

Decrease P Loading to the lake from about
8,700 kg/yr to about 1,900 kg/yr



Typical conditions associated with trophic status
Oligotrophic Mesotrophic Eutrophic  Hypereutrophic

PreRehabilitation

[SLATK BULLHEAD!

Based on work of Dennis Schupp MDNR Fisheries



Phosphorus Budget For
Delavan Lake — 1984-85
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WDNR > Dingle Johnson Funds Local Support >_Cf’15h and In-kind

B

». : Dept Ag > Nonpomt Funds & USGS > Cooperative Funds

USEPA> Clean Lake Fundlng
> Water Pollution Control Project House Public Works Committee
> Natural Prototype Project for Rehabilitating Lakes |
>>~$ 7 Million |
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Kickoff Meeting with Congressman Les Aspin, 1989
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The county has ordered removal of drainage

Farmer Vola

Investigation of a farmland dramage
system by county and state officials has
resulted 10 an order Lo remove pumping
stations shd drain tiles from almost 51X
acres of property near Delavan Lake.

In a letter released last week, Frank
Dobbs stated that coastruction of the

B e
s !
e I

X
e
Gy
{DNR) travelzd to the properly Sept. 20
Based on an inspection of the
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Jackson Creek
Short-Circuiting

ckson Creek
at Mound Rd.

Inlet at
State Hwy 50

Delavan Lake
g Outlet

EXPLANATION
== Drainage-basin divide
_.—— Subbasin-drainage divide
A Streamflow-gaging station and

automatic water-quality-
sampling site
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Internal Sources Chemical Application of Alum
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Delavan Lake - Postmanipulation

Biological
- Biomanipulation

NUTRIENTS

+ 14



Figure 16-29. PREmanipulation

Lower left: First branchial arch with closely spaced gill rakers that act as a plankton
sieve. Lower right: First branchial arch with widely spaced gill rakers of A. mediocris, a
species that feeds primarily on small fish. (From Brooks, ]. L., and Dodson, S. I.: Predation,
body size, and composition of plankton. Science, 150(3692):28-35, 1965. Copyright 1965 by
the American Association for the Advancement of Science.)
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DELAVAN LAKE TOTAL PHOSPHORUS CONCENTRATIONS,

1972-1992
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MEMBERS & GUESTS
ONLY

PRIVATE PROPERTY
NO TRESPASSING
TRESPASSERS WILL
BE PROSECUTED




Phosphorus Loading to Delavan Lake

Annual Phosphorus Loading (kilograms)
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Phosphorus Jackson Creek  Jackson Creek Jackson Creek
Budget - kg’s Tributary 2 (T2) Tributary 1 (T1)  (JC)

680 1,018 1,972
3,670 kg Input |

Tributary inflow

East Pond

Pond Accumulation West Pond North Pond

Estimated Pond Loss

Phosphorus outflow @ Mound Rd. 2,560 kg Output
- 30% P Removal

= USGS

science for a changing world



Delavan Lake Watershed
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Phosphorus Budget for Delavan Lake Inlet

Ps + Puc + Gow + Parm + {(Pso + Psa * Puac) + AS - Ppgp} = Pour

Atmosphere

Gaged A Storage Out

Oxic Anoxic

Macrophytes

Ungagéd
Ground water

Z USGS
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> Release Rates as a function of DO an
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Ungaged Area Phosphorus Budget for
o Delavan Lake Inlet
April 14 - September 30, 1994

Gaged Area
26%

Sediment - Oxic
36%

Macrophytes
27%

macrophytes

Sediment - Anoxic

Clarity 5.2% Atmosphere

3%
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Phosphorus Budget for Delavan Lake Inlet
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Jackson Creek
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Internal Sources Chemical Application of Alum



Internal Loading

Near Bottom Total Phosphorus Concentrations

Total P Concentrations, mg/L
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1972

Atmosphere
' . o Groundwater
Point Sources in 1%
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1%
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36%
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E Tributaries
B Direct

O Atmosphere
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Point Source Removal
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Delavan Lake - Premanipulation
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Fish/Acre and Size (cm)

Changes in Walleye Population in Delavan Lake
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Post-Biomanipulation
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But, where have things gone since 1994??




Annual Phosphorus Loading (kilograms)
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Total Phosphorus, ug/L

Has there been changes in the Watershed??

Volumetrically Weighted Mean Total Phosphorus Concentration, HWY 50
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Elevation, in feet

East Pond, Cross Section Number 6
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Mean Depth, in feet

East Pond

Annual Change in Mean Depth
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Elevation, in feet

East Pond, Cross Section Number 6
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Internal Sources Chemical Application of Alum
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Phosphorus Budgets For Delavan Lake
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Trophic State of Delavan Lake
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Changes in Fish Populations in Delavan Lake
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B Geremachek Jok
strange thing happened in
April 1998, . wher wprkers
removed wallé
Delavan. What's going on? Is Lake
Delavan’s well-publicized late-1980s
restoration project still working?
Yes, actording to biologists, who
"are just fine-tuning the lake's
management. And although fishing
has slowed somewhat since the
glory days immediately after the
rehabilitation project, Delavan still
provides excellent action on wall-
eyes, bass, panfish, northern pike
and even some muskies,

New Age, New Strategies
In one of Wisconsin's largest, most
expenewe lake rehabllltahon :

the late 1980s. F]thg was closesl fe
the lake reopened, anglers found
ing to bite.

In those days, fishing was sensational, wh B isn't
unusual with newly restored lakes. Blueglll anglers
caught buckets of big fish, walleye anglers had great
catch-and-release action, and fishermen caught nice
northerns, legal bass and even muskies. The lake gained
a reputation as a sure bet. Almost any lure would work.

Fishing on Delavan has slowed since then, but biolo-
gists believe the lake is still on the right track.

A Fall 1998 survey revealed one surprise, though. Carp,
which hadn’t been seen since the restoration project, have
returned to Delavan. Twelve carp between 14 and 20
inches were caught during the survey, although biologists
had installed fish barriers to prevent this. However, Doug

WlSCONSME’M -~ lowmorthern end nea
HOWEVER, DELAVAN
~STHLL-PROVIDES
EXCELLENT ACTION.
ON WALLEYES BASS,

Jackson Creek flows into t.he

public boat launch at Highway 50.
On the northern shoreline, the
lake’s outlet flows toward Turtle | .
Creek n the ity of Delavan: THIS
shallow area holds several bays. The— -
outlet forms a bay and channel.
has a

and createsthe nars 0.
sticks out from the lake’s southwestem end, and an
unnamed point juts out from South Shore Drive.

Walleyes Abound

In April 1998, biologists removed about 5,500 walleyes
from Delavan and stocked them in other area lakes. They
might remove more fish to further reduce Delavan’s wall-
eye popul ition.

Why? A Fall 1998 survey indicated Delavan held too
many walleyes. The survey catch rate was 72 fish per
hour. Walleyes ranged from 5.9 to 19.9 inches, and the
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FISH DISTRIBUTION, 2004

Rock Bass White Suckers

Carp 0 0 Walleye
Bullheads go4 L 0% 15%?/
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Do you have an itchin’ for some open-water fishin?
The crappies in these waters can fill your needs.

Wisconsin anglers itching for some
open-water action would
plan an outing or two for crappies this
spring. Hundreds of lakes throughout
the Badger State offer good fishing
for crappies, which in many cases are
the most abundant panfish available
Abundant does not always mean easy
to catch, however. These speckled
panfish can be downright closed-
mouthed at times, refusing even the
most delicious morsel presented oh
so delicately on light tackle. At othet
times, they will bite anything you
throw at them and do it so fast that
have a hard time keeping a line in
-
black and white crappies
inhabit Wisconsin waters. Black crap
pies ¢ dark specks scattered all
over a white body in uneven rows that
thin out from the top of the fish to the
bottom. White crappies look paler
and bleached out by comparison, with
distinet dark vert ars over a
creamy background. They frequent
ibitat and can be
ethods. Most

the same

the same

tell th
In winter, crappies often suspend at

middepth in the

in the middle of a lake or adjacent to

ater column,

a steep dropoff or other deep struc

by Dan Small

spawning time
gradually move
shallower until they are in a few feet
of water in reeds, over a marl or hard-
pan bottom, or alor rock riprap.
Crappie populations are cyclical on
most lakes, with a couple boom years
followed by three or four bust years
before their numbers rebuild. The
lakes detailed here are waters where
crappie numbers are currently high,
or where consistent natural reproduc-
tion sustains them at high levels for
years at a time. In other words, these
are some of the very best crappie
hotspots in the Bac
DELAVAN LAKE
Delavan Lake is one of our state’s
great fish-management success stories,
In 1989, this 2,072-acre Walworth
County lake was drawn down, poi-
soned to remove carp, then refilled and
stocked with a variety of game fish and
panfish. The result has been a tremen-
ed strong f
over a decade, according to
rtment of Natural Resources fish
ist Doug Welch
Crappies are abundant here, and
there are several strong year-classes
currently available. In winter, the
suspend over deep water. When the
out, you'll still find

suspended. where
take them

When the water begins to warm,
look for papermouths on shallow bars,

reing spoons will

along deep weed edges and around
emergent bulrushes, Good spring
spots include the mouth of Brown’s
Channel and near the public landing
off Highway 50 on South Shore Drive,
the best landing on the lake.

Anglers do well with small min
nows and tiny jigs tipped with small
plastic tails or Berkley Gulp baits.
Scale down your offerings and your
line diameter when crappies are shal-
low. because they often bite very
ightly during this pre-spawn period

For bait, tackl
fishing information, try Brian Gates

Geneva Lake Bait & Tackle in
Williams Bay, (262) 245-6150

BEAVER DAM LAKE

tide service and

in this shallow, sprawling lake, so crap-
pies roam the open water most of the
year. In spring, though, they move onto
the flats along the north shore where
vill spawn in a month or so
R fisheries hiologi [Laura
mick-Thompson surveyed the

crappies there last Octol She found

MARCH 2005




Increased Macrophyte Production
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Biomanipulation in Delavan Lake
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Trophic State of Delavan Lake
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Conclusions
Rehabilitation Program

1. Success depends on what part is examined.

2. Water clarity and fish populations remain good but
decreasing, especially late in the summer.

3. Macrophyte and filamentous algae growth very high, now
mid- and late-summer algal blooms.

4. Walleye populations have declined and carp populations
have increased but strong fishery and possibly the effects of
zebra mussels maintain a weak trophic cascade.

S. If you don’t eliminate the source of the problem
(phosphorus loading), any action will be a temporary fix.






Extensive Algal Blooms of 2007
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Total Phosphorus Loading In

2001-09
Atmosphere
204 Ground water
Ungaged 2% Is another Alum Treatment the
19% ANSWER?
Inlet ~25%0 Reduction So Far

38% Present Loading ~6,000 kg



Evaluation of the Importance of Internal Phosphorus Loading with
DYRESM-CAEDYM

Thermal Structure in Delavan Lake
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Evaluation of the Importance of Internal Phosphorus Loading with

DYRESM-CAEDYM
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Total Phosphorus Loading In

Atmosphere
204 Ground water
Ungaged 2% Is another Alum Treatment the

19% ANSWER?
More Dredging?

Biomanipulation?

Inlet ~25% Reduction So Far
S Present Loading ~6,000 kg



Forage crops
Grassland

Delavan Lake
USDA — MRBI - Mississippi River

Basin Healthy Watersheds Iniative

Wetland

5 Kilometers
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Goal: Use Scientific Information in the Long-term Maintenance
of Delavan Lake, Wis.

Don’t waste money on inefficient or short-lived projects (alum
without stopping the source, short-circuiting without barriers)



Delavan Lake

Monitoring/Evaluation Sites
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The Role of Science In the Long-
Term Rehabilitation of

Delavan Lake, Wis.
Questions??

Dale Robertson
U.S. Geological Survey
Contact Information
Emalil: dzrobert@usgs.gov
Tele: 608-821-3867
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