Magician Lake 5-Year Lake
Management Plan Report
2021-2025

June 2020

Magician Lake Management Plan
Report (2021-2025)

© Restorative Lake Sciences
18406 West Spring Lake Road
Spring Lake, Michigan 49456
Email: info@restorativelakesciences.com
Website: http://www.restorativelakesciences.com

Table of Contents
Section 1: Magician Lake Summary ......................................... 4
Section 2: Magician Lake Water Quality Data (2011-2019) ...... 5
Section 3: Magician Lake Aquatic Vegetation Communities ... 11
Section 4: Management Methods Considered ........................ 17
Section 5: Proposed Budget (2021-2025) .............................. 21

1
Section

Magician Lake 5-Year Lake
Management Plan Report
The following information is a summary of
key lake findings collected from 2011-2019

T

he overall condition of Magician Lake is ranked in the top 10% of
developed lakes of similar size in the state of Michigan. The water
clarity typically is excellent and ranges from 15.0-28 feet. In recent
years, intense rainfall events have increased nutrients in most lakes.
Magician Lake has enough nutrients (phosphorus and nitrogen) to support
some algae and submersed aquatic plant growth, but the nutrient levels are
still considered moderately low and may be assisted by a small immediate
watershed. Invasive species such as Eurasian Watermilfoil (EWM), Curlyleaf Pondweed (CLP), and Starry Stonewort are able to grow in moderate
nutrient waters and thus are a challenge to the Magician Lake ecosystem.
EWM and CLP have been successfully managed over the years due to
intense survey efforts and rapid response treatments. Starry Stonewort has
become prevalent in the channel in recent years and is being managed.
Protection of the 22 native aquatic plant species is paramount for the health
of the lake fishery and these plants should not be managed unless they are
a nuisance to lakefront property owners and possess navigational and
recreational hazards (i.e. overgrowth of pondweeds in the canals).
Fortunately, this has not occurred on Magician Lake and the aquatic plant
communities have been stable and diverse.
The deepest basins of the lake do experience depletion of dissolved oxygen
with depth. This means that phosphorous locked in the lake sediment can
be released in the water column and contribute to algae growth.
Fortunately, most of the nutrients in the lake are in the sediments which
may lead to healthy weed growth but controlled algal growth.
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Magician Lake Water Quality Data (2011-2019)
Water Quality Parameters Measured
There are hundreds of water quality parameters one can measure on an
inland lake, but several are the most critical indicators of lake health. These
parameters include water temperature (measured in °F), dissolved oxygen
(measured in mg/L), pH (measured in standard units-SU), conductivity
(measured in micro-Siemens per centimeter-µS/cm), total alkalinity or
hardness (measured in mg of calcium carbonate per liter-mg CaCO3/L),
total dissolved solids (mg/L), Secchi transparency (feet), total phosphorus
and total nitrate nitrogen (both in µg/L), chlorophyll-a (in µg/L), and algal
species composition. Graphs that show trends for each parameter of each
year are displayed below. Water quality is measured in the deep basins
(Silver Creek and Keeler Township regions) of Magician Lake each year.
Trend data was calculated using mean values for each parameter. Table 1
below demonstrated how lakes are classified based on key parameters.
Magician Lake would be considered mesotrophic (mildly productive) since it
does contain ample phosphorus, nitrogen, and aquatic vegetation growth
but has excellent water clarity and moderately low algal growth. Water
quality trends by parameter over the years are shown in the graphs below.

Table 1. Lake trophic classification (MDNR).

Lake Trophic
Status

Chlorophyll-a
(µg L-1)

Oligotrophic

Total
Phosphorus
(µg L-1)
< 10.0

< 2.2

Secchi
Transparency
(feet)
> 15.0

Mesotrophic

10.0 – 20.0

2.2 – 6.0

7.5 – 15.0

Eutrophic

> 20.0

> 6.0

< 7.5
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Water Clarity (Transparency) Data

Secchi Transparency (ft)

Elevated Secchi transparency readings allow for more aquatic plant and
algae growth. The transparency throughout Magician Lake has always
been adequate to allow abundant growth of algae and aquatic plants in the
majority of the littoral zone of the lake. The values have ranged between
10-23 feet over the past several years. Secchi transparency is variable and
depends on the number of suspended particles in the water (often due to
windy conditions of lake water mixing) and the amount of sunlight present at
the time of measurement. The trend in Secchi transparency is shown in
Figure 1 below.

Figure 1. Trend in Mean Secchi
Transparency
in Magician Lake
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Total Phosphorus
Total phosphorus (TP) is a measure of the amount of phosphorus (P)
present in the water column. Phosphorus is the primary nutrient necessary
for abundant algae and aquatic plant growth. TP concentrations are usually
higher at increased depths due to higher release rates of P from lake
sediments under low oxygen (anoxic) conditions. Phosphorus may also be
released from sediments as pH increases. TP concentrations have ranged
between 0.007-0.040 mg/L with the highest values in August of 2018 which
is still quite low for an inland lake but expected during seasons with intense
rainfall as observed in recent years (Figure 2).
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Figure 2. Trend in Mean TP in Magician Lake
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Total Alkalinity

Total Alk. mg L-1 CaCO3

Lakes with high alkalinity (> 150 mg/L of CaCO3) are able to tolerate larger
acid inputs with less change in water column pH. Many Michigan lakes
contain high concentrations of CaCO3 and are categorized as having “hard”
water. Total alkalinity may change on a daily basis due to the re-suspension
of sedimentary deposits in the water and respond to seasonal changes due
to the cyclic turnover of the lake water. The alkalinity of Magician Lake has
ranged between 154-173 mg/L of CaCO3 (Figure 3) and indicates a
moderately hard water lake that is well-buffered.
Figure 3. Trend in Mean Total Alkalinity for
Magician Lake
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pH
Most Michigan lakes have pH values that range from 6.5 to 9.5. Acidic
lakes (pH < 7) are rare in Michigan and are most sensitive to inputs of acidic
substances due to a low acid neutralizing capacity (ANC). Magician Lake is
considered “slightly basic” on the pH scale. The pH (Figure 4) of Magician
Lake has ranged between 8.0-8.4 S.U. over the past several years which is
ideal for an inland lake.
Figure 4. Trend in Mean pH for Magician
Lake
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Conductivity
Conductivity is a measure of the number of mineral ions present in the
water, especially those of salts and other dissolved inorganic substances.
Conductivity generally increases as the amount of dissolved minerals and
salts in a lake increases, and also increases as water temperature
increases. The conductivity values for Magician Lake have ranged
between 340-420 µS/cm (Figure 5). Severe water quality impairments do
not occur until values exceed 800 µS/cm and are toxic to aquatic life around
1,000 µS/cm.
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Conductivity µS cm-1

Figure 5. Trend in Mean Conductivity for
Magician Lake
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Chlorophyll-a and Algal Species Composition
Chlorophyll-a is a measure of the amount of green plant pigment present in
the water, often in the form of planktonic algae. High chlorophyll-a
concentrations are indicative of nutrient-enriched lakes. Chlorophyll-a
concentrations greater than 6 µg/L are found in eutrophic or nutrientenriched aquatic systems, whereas chlorophyll-a concentrations less than
2.2 µg/L are found in nutrient-poor or oligotrophic lakes. The chlorophyll-a
concentrations (Figure 6) in Magician Lake have ranged between 0.5-4.5
µg/L, which are favorable given the increased rainfall and runoff observed
over the past several years.
The algal genera were determined from composite water samples
collected over the deepest basin of Magician Lake during each year and
were analyzed with a compound bright field microscope. The genera
present in most years included the Chlorophyta (green algae):
Scenedesmus sp., Chlorella sp., Cladophora sp., Mougeotia sp.,
Rhizoclonium sp., Pediastrum sp., Cosmarium sp., Gleocystis sp.,
Pandorina sp., and Cosmarium sp. The Cyanophyta (blue-green algae):
Gleocapsa sp., the Bascillariophyta (diatoms): Navicula sp., Synedra
sp., Fragilaria sp., and Cymbella sp. The aforementioned species
indicate a diverse algal flora and represent a good diversity of alga with
an abundance of diatoms that are indicative of great water quality.
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Figure 6. Trend in Mean Chlorophyll-a in
Magician Lake
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Aquatic Vegetation Communities
Status of Native Aquatic Vegetation in Magician Lake
The native aquatic vegetation present in Magician Lake is essential for the
overall health of the lake and the support of the lake fishery. Previous
annual lake surveys have utilized 664 GPS locations to determine that there
was a total of 22 native aquatic plant species in Magician Lake. These
include 15 submersed species, 2 floating-leaved species, and 5 emergent
species. This indicates a good biodiversity of aquatic vegetation in Magician
Lake. In 2009 just prior to management of the EWM, there were 19 species
with only 12 submersed aquatic plant species. This means that since
efforts have begun, there are now two more native aquatic plant species
that were not previously present. The reason for this is that removal of the
EWM allows for lower-growing natives to germinate. The overall % cover of
the lake by native aquatic plants is low relative to the lake size and thus
these plants should be protected unless growing near swim areas at
nuisance levels.
The most common native aquatic plant species included: 1) Southern Naiad
(Figure 7), which appears as a thin-leaved, bright green colored aquatic
plant that lies a foot or so off of the lake bottom, 2) the macro alga Chara
(Figure 8), which has a strong, skunky odor and resembles small green
nodules that grow along the lake bottom, and 3) Variable-leaf Pondweed
(Figure 9), which is a bright green and brown-colored small, low-growing
pondweed that is often found near the shoreline.
Table 4 below shows the many different species of native aquatic plants in
Magician Lake over the past several years.
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Figure 7. Southern Naiad

Figure 8. Chara

Figure 9. Variable-leaf Pondweed
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Table 4. Magician Lake Native Aquatic Plant Species (May 21, 2018).

Aquatic
Macrophyte
Species
Myriophyllum spicatum
Chara vulgaris (macroalga)
Potamogeton pectinatus
Potamogeton zosteriformis
Potamogeton gramineus
Potamogeton praelongus
Potamogeton illinoensis
Potamogeton amplifolius
Potamogeton natans
Vallisneria americana
Myriophyllum verticillatum
Elodea canadensis
Utricularia vulgaris
Najas guadalupensis
Najas marina
Nymphaea odorata
Nuphar sp.
Sagittaria sp.
Pontedaria cordata
Typha sp.
Scirpus sp.
Decodon verticillata

Aquatic Macrophyte
Common Name
Eurasian Watermilfoil
Muskgrass
Thin-leaf Pondweed
Flat-stem Pondweed
Variable-leaf Pondweed
White-stem Pondweed
Illinois Pondweed
Large-leaf Pondweed
Floating-leaf Pondweed
Wild Celery
Whorled Watermilfoil
Common Waterweed
Bladderwort
Southern Naiad
Spiny Naiad
White Waterlily
Yellow Waterlily
Arrowhead
Pickerelweed
Cattails
Bulrushes
Swamp Loosestrife
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Aquatic
Macrophyte
Growth Form
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Submersed
Floating-Leaved
Floating-Leaved
Emergent
Emergent
Emergent
Emergent
Emergent

Status of Invasive (Exotic) Aquatic Plant Species in
Magician Lake
The amount of Eurasian Watermilfoil (EWM; Figure 10) present in Magician
Lake varies each year and is dependent upon climatic conditions, especially
runoff-associated nutrients. The lake experienced intense rainfall events
and associated nutrient runoff in recent years and many lakes experienced
nuisance milfoil and algal outbreaks. Each year, the amount of EWM in the
Keeler Township region and the Silver Creek region varies and each area
necessitates a unique treatment strategy. Nuisance Curly-leaf Pondweed
(Figure 11) has been present in the southwest canals and Starry Stonewort
(Figure 12) has been present in the southwest canals as well. Traditional
treatments for the EWM have included systemic herbicides to reduce
growth over time and contact herbicides to reduce the growth of Curly-leaf
Pondweed over time. Starry Stonewort is usually treated with flumioxazin to
reduce the use of copper commonly used for macro-algae treatment. Muck
pellets are added to the aerated canal annually to continue to reduce muck.
Figures 13 and 14 show the original infestation of EWM (2009) and the
recent (2019) and demonstrate a substantial reduction in the EWM cover
due to successful management efforts.

.
Figure 10. Eurasian Watermilfoil
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Figure 11. Curly-leaf Pondweed

Figure 12. Starry Stonewort
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Figure 13. Eurasian Watermilfoil distribution in Magician
Lake (May 2009).

Figure 14. Eurasian Watermilfoil distribution in Magician
Lake (May 2018).
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Management Recommendations Considered
Magician Lake Aquatic Plant Management
Lake improvement strategies include the management of exotic aquatic
plants, among others. The current SAD for Magician Lake is centered
around reduction of invasive species only which includes EWM, CLP,
and Starry Stonewort. The goals of a Lake Management Plan (LMP) are
to increase water quality, favorable wildlife habitat, aquatic plant and
animal biodiversity, recreational use, and protect property values.
Regardless of the management goals, all management decisions must
be site-specific and should consider the socio-economic, scientific, and
environmental components of the LMP (Madsen 1997). Most of these
objectives can be achieved through education and effective reduction of
invasive aquatic plant species.
The management of submersed nuisance invasive and native aquatic
plants is necessary in Magician Lake due to previous accelerated
growth and distribution which could increase in any given year.
Management options should be environmentally and ecologically sound
and financially feasible. Options for control of aquatic plants are limited
yet are capable of achieving strong results when used properly.
Encouragement of more growth of favorable native aquatic plants
(especially the low growing native plants) in Magician Lake to provide
for a healthier lake is recommended. However, exotic aquatic plant
species
and nuisance-level native aquatic vegetation should be
managed with solutions that will yield long-term results.
Aquatic Herbicides and Applications
The use of aquatic chemical herbicides is regulated by the MDEQ (now
EGLE) under Part 33 (Aquatic Nuisance) of the Natural Resources and
Environmental Protection Act, P.A. 451 of 1994, and requires a permit. The
permit contains a list of approved herbicides for a particular body of water, as
well as dosage rates, treatment areas, and water use restrictions. Contact
and systemic aquatic herbicides are the two primary categories used in
aquatic systems.
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Contact herbicides such as diquat, flumioxazin, and hydrothol cause damage
to leaf and stem structures; whereas systemic herbicides are assimilated by
the plant roots and are lethal to the entire plant. Wherever possible, it is
preferred to use a systemic herbicide for longer-lasting aquatic plant control.
There are often restrictions with usage of some systemic herbicides around
shoreline areas that contain shallow drinking wells. In Magician Lake, the
use of contact herbicides (such as diquat and flumioxazin) would be
recommended only for the growth of CLP or Starry Stonewort in the canals.

Systemic herbicides such as 2, 4-D and Triclopyr are the two primary
systemic herbicides used to treat milfoil that occurs in a scattered
distribution such as that noted in Magician Lake. Fluridone (trade name,
SONAR®) is a systemic whole-lake herbicide treatment that is applied to
the entire lake volume in the spring and is used for extensive infestations.
The objective of a fluridone treatment is to selectively control the growth of
milfoil in order to allow other native aquatic plants to germinate and create
a more diverse aquatic plant community. Due to the low amount of milfoil
in Magician Lake, the use of fluridone is not recommended at this time.
Recommended herbicides for the current EWM include liquid or granular
Triclopyr nearshore and possibly granular 2,4-D in offshore areas. 2, 4-D
cannot be used in near shore areas with shallow well (< 30 feet deep)
restrictions so knowledge of these well depths is important for future
treatments if the use of 2, 4-D is desired.
Mechanical Harvesting
Mechanical harvesting involves the physical removal of nuisance aquatic
vegetation with the use of a mechanical harvesting machine. The
mechanical harvester collects numerous loads of aquatic plants as they
are cut near the lake bottom. The plants are off-loaded onto a conveyor
and then into a conveyor and then placed onto a dump truck before being
transported off-site. Due to the sparse native aquatic vegetation in
Magician Lake, mechanical harvesting is not needed at this time.
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Benthic Barriers and Nearshore Management Methods
The use of benthic barrier mats (Figure 15) or Weed Rollers (Figure 16)
have been used to reduce weed growth in small areas such as in beach
areas and around docks. The benthic mats are placed on the lake bottom
in early spring prior to the germination of aquatic vegetation. They act to
reduce germination of all aquatic plants and lead to a local area free of
most aquatic vegetation. Benthic barriers may come in various sizes
between 100-400 feet in length.
Weed Rollers are electrical devices which utilize a rolling arm that rolls
along the lake bottom in small areas (usually not more than 50 feet) and
pulverizes the lake bottom to reduce germination of any aquatic vegetation
in that area.
Both methods are useful in recreational lakes such as Magician Lake and
work best in beach areas and near docks to reduce nuisance aquatic
vegetation growth.

Figure 15. A Benthic Barrier. Photo courtesy of
Cornell Cooperative Extension.

Figure 16. A Weed
Roller.

Diver Assisted Suction Harvesting (DASH)
Suction harvesting via a Diver Assisted Suction Harvesting (DASH) boat
(Figure 17) involves hand removal of individual plants by a SCUBA diver
in selected areas of lake bottom with the use of a hand-operated suction
hose. Samples are dewatered on land or removed via fabric bags to an
offsite location. This method is generally recommended for small (less
than 1 acre) spot removal of vegetation since it is costly on a large
scale. It may be used in the future to remove small remaining areas of
milfoil after large-scale initial treatments have been successful or is
useful on dense lily pad growth.
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Furthermore, this activity may cause re-suspension of sediments (Nayar
et al., 2007) which may lead to increased turbidity and reduced clarity of
the water. This method is a sustainable option for removal of plant beds
in beach areas and areas where herbicide treatments may be restricted.
The process requires a permit from EGLE.
Magician Lake Nutrient Source Control
Based on the high ratio of nitrogen to phosphorus (i.e. N: P > 15), any
additional inputs of phosphorus to the lake are likely to create additional
algal and aquatic plant growth. Accordingly, RLS recommends the
following procedures to protect the water quality of Magician Lake:
1) Avoid the use of lawn fertilizers that contain phosphorus (P). P is
the main nutrient required for aquatic plant and algae growth, and
plants grow in excess when P is abundant. When possible, water
lawns with lake water that usually contains adequate P for
successful lawn growth. If you must fertilize your lawn, assure
that the middle number on the bag of fertilizer reads “0” to denote
the absence of P. If possible, also use low N in the fertilizer or
use lake water.
2) Preserve riparian vegetation buffers around the lake (such as
those that consist of Cattails, Bulrushes, and Swamp
Loosestrife), since they act as a filter to catch nutrients and
pollutants that occur on land and may run off into the lake. As an
additional bonus, Canada geese (Branta canadensis) usually do
not prefer lakefront lawns with dense riparian vegetation because
they are concerned about the potential of hidden predators within
the vegetation.
3) Do not burn leaves near the lake shoreline since the ash is a high
source of P. The ash is lightweight and may become airborne
and land in the water eventually becoming dissolved and utilized
by aquatic vegetation and algae.
4) Assure that all areas that drain into the lake from the surrounding
land are vegetated and that no fertilizers are used in areas with
saturated soils (see soil table above).
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Management Recommendations
Table 2 below cites the treatment dates, amount of EWM present,
aquatic herbicides used, and the cost for each year. The costs for EWM
treated have declined over time due to successful EWM management.
Although it is desirable to assess at a much lower rate given the lower
costs over the past several years, a seed bank emergence can occur at
any time. This results in dormant EWM seeds germinating above the
lake sediment and growing into the water column. When this occurs, it
can be a substantial amount of EWM acreage and be quite costly.
Thus, RLS recommends an annual budget shown in Table 3 below.
Table 2. Historical Treatment Costs
Year

Date
Treated

Herbicides Used

2011

6-23
6-23

Renovate OTF, Navigate, diquat, copper
Canal-diquat, copper, Muck Digest pellets
Permit Invoice

#
Acres
of
EWM
89.2
0
NA

2012

5-23
6-22
6-26
7-24

Channel-diquat, copper
Canal-Muck Digest pellets
Renovate OTF, Clipper
Channel-diquat, copper
Permit Invoice

0
0
5.6
0
NA

2013

5-23
6-13
6-21
7-16
7-24

Copper, Aquathol-K, diquat, Muck MD pellets
Renovate OTF, Clipper
Canal-copper
Canal-Muck MD pellets
Canal-copper
Permit Invoice

0
9.33
0
0
0
NA

2014

6-4

Canal and Channel-MD pellets, copper, diquat,
Clipper
Renovate OTF, Sculpin, diquat, copper
Permit Invoice

0

$38,738.20
$831
$1,500
$41,069.92
$392
$848
$9,261
$392
$1,500
$12,393
$1,312
$7,648.19
$64
$800
$64
$1,500
$11,388.19
$1,640

9.8
NA

$6,531.90
$1,500

6-26
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Total Cost

2015

5-20
7-23

Copper, diquat, Clipper (Channel)
Copper, diquat (Cannel)
Permit Invoice

0
0
NA

2016

5-24

Renovate OTF, Aquathol-K, MD pellets, diquat,
Clipper
Permit Invoice

10

2017

5-25
6-19
7-18

NA

Renovate OTF, MD pellets, Copper, diquat,
Clipper
MD pellets
Copper
Permit Invoice

17.4
0
0
NA

2018

5-31
5-31
7-2
7-19

Renovate OTF, copper, diquat, Clipper
MD pellets
Copper, diquat
Copper
Permit Invoice

1.11
0
0
0
NA

2019

6-3
6-10

Renovate OTF, diquat, Komeen (Starry)
MD pellets
Permit Invoice

3.5
0
NA

$9,067.19
$875
$428.75
$1,500
$2,803.75
$10,137.60
$1,500
$11,637.60
$7,064.40
$848
$70
$1,500
$9,482
$1,890.83
$848
$306.25
$60
$1,500
$4,605.08
$3,588.75
$768
$1,500
$5,856.75

Notes: All copper, diquat, Aqua-thol K products were used exclusively in
the Channel to reduce invasives such as Curly-leaf Pondweed and
Starry Stonewort.
All Muck MD pellets were used exclusively in the Canal for muck
reduction with aerators.
All milfoil treatments consisted of very selective systemic herbicide
treatments in the open waters.
Total annual costs depend upon many factors including seed bank and
climate characteristics which vary among years.
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Table 3. Proposed Lake Management Budget for Magician Lake
(2021-2025).
Proposed Magician Lake

Estimated

Estimated

Estimated

Management Item

2021 Cost

2022

2023-2025

Cost

Cost

$14,000

$14,000

$14,000

$2,500

$2,500

$2,500

$8,000

$8,000

$9,000

Contingency

$2,450

$2,450

$2,550

TOTAL ANNUAL

$26,950

$26,950

$28,050

$53.79

$53.79

$55.99

EGLE permit fee; Triclopyr
OTF for 20 acres@ $700 per
acre.
Treatment for canals; muck
treatment
Professional Limnologist
Services (limnologist
surveys, contractor
oversight, education)

ESTIMATED COST
APPROX. ANNUAL COST
PER UNIT OF BENEFIT
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