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4.0

BEAR LAKE MANAGEMENT CONTROL METHODS

Improvement strategies are available for the various problematic issues including the management of
exotic aquatic plants, beach and shoreline erosion, nutrient loading, and the presence of elevated E.
coli bacteria levels due to abundant waterfowl populations. The increased developmental pressures
and usage of aquatic ecosystems necessitate inland lake management practices to preserve and
maintain balance within the system. Lake management components involve within-lake (basin) and
around-lake (watershed) solutions to protect and restore complex aquatic ecosystems. The multiple
goals of a Lake Management Plan (LMP) are to increase water quality, favorable wildlife habitat,
aquatic plant and animal biodiversity, recreational use, and lakeftont property values. Regardless of
the management goals, all management decisions must be site-specific and should consider the socioeconomic, scientific, and environmental components of the LMP (Madsen 1997).

4.1.1

Aquatic Plant Management

The management of submersed, floating-leaved, and emergent aquatic plants is necessary in nutrientenriched aquatic ecosystems due to accelerated growth and distribution. 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. Implementation of
protection of favorable native aquatic plants (especially the submersed pondweeds) in Bear Lake to
provide for a healthier fishery is recommended.

However, exotic aquatic plant species should be

managed with solutions that will yield long-term results.

4.1.2

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 dump truck.
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Harvested plants are then taken to an offsite landfill or fann where they can be used as fertilizer.
Mechanical harvesting is preferred over chemical herbicides when primarily native aquatic plants exist,
or when excessive amounts of plant biomass need to be removed. Mechanical harvesting is usually not
recommended for the removal of Eurasian Watennilfoil since the plant may fTagmentwhen cut and regrow on the lake bottom. Due to the moderate abundance and deep-water location of the native flora in
Bear Lake, mechanical harvesting is not recommended since the majority of that aquatic vegetation
should be encouraged to grow to support the vital fishery. If pondweeds grow to nuisance levels in the
future, then mechanical harvesting could be a favorable alternative to aquatic herbicide use for the
removal of native aquatic macrophyte biomass. Mechanical harvesting does not require a pennit fTom
the Michigan Department of Environmental Quality (MDEQ); however, some counties require a launch
site use permit fTomthe Michigan Department of Natural Resources (MDNR) if a public access launch
site is present.

4.1.3

Chemical Herbicides and Aigaecides

The use of aquatic chemical herbicides is regulated by the MDEQ under Part 33 (Aquatic Nuisance) of
the Natural Resources and Environmental Protection Act, P.A. 451 of 1994, and requires a permit fTom
the Michigan Department of Environmental Quality (MDEQ). 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. Furthennore, residents that reside within 100 feet of the proposed treatment area must be
notified at least seven days, but not more than forty-five days prior to the initial treatment date. A
certified herbicide applicator usually notices the residents in advance of the proposed treatment date, and
during the day of treatment.

Contact and systemic aquatic herbicides are the two primary herbicide types used in aquatic systems.
Contact herbicides 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
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some systemic herbicides around shoreline areas that contain shallow drinking wells.

Systemic

herbicides such as 2,4-D and Triclopyr could be used to successfully treat localized or widely dispersed
beds of Eurasian Watermilfoil.

Triclopyr should be used with an adjuvant to increase its ability to

adhere to the aquatic plants. Fluridone (trade name, SONAR®) is a systemic whole-lake herbicide
treatment that is applied to the entire lake volume in the spring. The objective of a fluridone treatment is
to selectively control the growth of Eurasian Watermilfoil in order to allow other native aquatic plants to
germinate and create a more diverse aquatic plant community.

A whole-lake treatment of fluridone is not recommended for Bear Lake since it currently contains a
:tragile amount of native vegetation (overall) and may be better controlled with spot-treatments for M
spicatum. Since M spicatum is located in large beds within Bear Lake, it is recommended that it be
treated in early spring with a systemic herbicide (recommended 2,4-D in offshore areas, or Triclopyr if
nearshore) to prevent it :trom spreading to other areas of the lake and to increase the chances of adequate
control. Thus, the entire approximate acreage of 313 acres of M spicatum may be treated with the
systemic herbicides. In addition, it should be applied during calm weather conditions to minimize drift
of the chemical :trom the treatment site. Other systemic herbicide treatments may be needed throughout
the growing season as new M spicatum :tragmentsmay be introduced to the lake.

Algae treatments through the use of algaecides should be limited to filamentous algal blooms and efforts
should be taken to reduce the nutrient loads that encourage algal blooms which may require treatments.
The current composition of phytoplankton in the water is healthy and should not be treated with
algaecides that may disrupt the proportional balance of algal diversity. Green algae can be a nuisance if
present in high abundance, yet are a critical food source for zooplankton that serve as the base of the
food chain for the lake fishery.
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4.1.4

Biological Control

The use of the aquatic weevil, Euhrychiopsis lecontei to control M spicatum has become a popular
option for many inland lakes. The weevil naturally exists in many of our lakes; however, the lack of
adequate populations in many lakes requires that they be implanted or stocked for successful control of
M spicatum. The weevil feeds almost entirely on M spicatum and will leave native aquatic species
unharmed. The weevil burrows into the stems of M spicatum and removes the vascular tissue, thereby
reducing the plant's ability to store carbohydrates (Newman et al. 1996). Eventually, the M spicatum
stems lose buoyancy and the plant decomposes on the lake bottom.

Recent research has shown that the weevils require a substantial amount of aquatic plant biomass for
successful control of M spicatum.

Stem densities of M spicatum in four Bear Lake sites were

determined in July of 2007 to be approximately 64 stems m-2 (n = 12 quadrat samples), and were
determined to provide adequate food supplies for the weevils. In addition, the weevils require adequate
over-wintering habitat since they overwinter within shoreline vegetation. Lakes with sparse M spicatum
distribution and abundant metal and concrete seawalls are not ideal candidates for the mi1foi1weevil. An
experimental pilot study of the efficacy of the weevil on M spicatum within Bear Lake and the possible
predation of the Bear Lake fishery on the weevil was conducted by ASI Environmental Technologies,
Inc and the Little River Band of Ottawa Indians Inland Fisheries Division in July-August of 2007.
Approximately 60 healthy mi1foi1stems were collected horn each treatment and control site both before
weevil stocking and again after the 31-day experimental treatment. Each mi1foi1stem was carefully
investigated under a dissecting microscope and analyzed for stem diameter, number of lateral branches,
an index of weevil damage, and stem length. The index of weevil damage was developed to assess the
degree of stem damage associated with the weevil activity. The index ranged horn 0 - 5 with a value of
"0" denoting no weevil damage visible, a "2" denoting the presence oflarvae or eggs on or in the stem, a
"3" indicated the presence of larvae in the stem tissues and vascular tissue damage, "4" indicated the
presence of larvae or pupae and severe necrosis of the stem tissue, and a "5" denoted both severe tissue
necrosis, weevil pupae or larvae, and the loss of foliar leaves. Prior to the study, it was determined that
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the weevil should be placed in areas of dense M. spicatum growth and thus the treatment areas were
determined to be in the deeper waters off of the west shore of the lake. Approximately 2,500 weevil
units (consisting primarily of the egg and larval stages) were placed into each of two treatment areas
within Bear Lake using SCUBA (Figure 12). An additional two control areas were also selected to
appropriately assess weevil impacts over the duration of the experiment. At each of the two treatment
sites, a 12' x 12' square area was delineated and marked with a GPS unit. Weevils were then placed into
the delineated zone on M spicatum stems that were in approximately 8 - 12 feet of water depth. At the
time of the weevil stocking, the M spicatum beds were at least one meter below the lake surface.
Preliminary results :/Tomthe weevil study indicated that: 1) no weevils were found in any of the control
or treatment sites prior to the experiment, 2) approximately 58% of the mi1foi1 stems in the first
treatment site had some degree of weevil damage, and approximately 52% of the mi1foi1stems in the
second treatment site had some degree of weevil damage, and 3) the weevil did not appear to migrate
:/Tomthe treatment sites within the 31-day experimental period. Complete results of the study are
expected soon and will be combined with the fisheries data for a complete peer-reviewed scientific
journal article submission. Weevils may be used for the entire lake, but it is unlikely that they can keep
up with the increasing spread of M spicatum and thus should be used as a component of an integrated
management approach, in combination with the use of chemical herbicides.
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Figure 12. Aerial map of Bear Lake sho~ing locations of weevil stocking sites (Tl, T2) and control
sites (Cl, C2), July 2007.

4.1.5

Integrated Management

Integrated management involves the combined use of chemical, biological, or mechanical control
methods. Integrated management is becoming increasingly common since aquatic ecosystems are multidimensional and have different vegetation communities in certain lake areas and thus may show variable
responses to specific treatments. The recommended use of systemic chemical herbicides for the M
spicatum present within Bear Lake and the use of the weevil for further control of M spicatum growth
are indicative of an integrated management plan. Care must be taken to assure that the weevils are
stocked during a period when chemical herbicide residues may not be detected in the water column and
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have been assimilated by treated M spicatum plants. A small bed (approximately 68 acres in size) at the
southwest comer of the lake would serve as an ideal candidate for the weevil since it lies close to shore
(and hence close to overwintering vegetation) and is a manageable size for the weevil to feed on and
possibly control. It may also be advantageous to treat the outer margins of the M spicatum bed with
2,4-D to prevent the further spread of M spicatum, and then stock the interior of the bed with weevils to
feed on the remaining biomass.

4.1.6

Watershed Management

In addition to the proposed treatment of Eurasian Watermilfoil in Bear Lake, it is recommended that
watershed conservation practices be implemented to improve and preserve the good water quality of
Bear Lake.

4.1. 7

Erosion and Sediment Control

The construction of impervious surfaces (i.e. paved roads and walkways, houses) should be
minimized and kept at least 100 feet from the laketront shoreline to reduce surface runoff potential.
In addition, the large wetlands around Bear Lake should be preserved to act as a filter of nutrients
trom the land and to provide valuable wildlife habitat.

Construction practices near the lakeshore

should minimize the chances for erosion and sedimentation by keeping land areas adjacent to the
water stabilized with rock, vegetation, or wood retaining walls.

Increased erosion may lead to

increased turbidity and nutrient loading of the lake. Seawalls should consists of rip-rap (stone, rock),
rather than metal, due to the fact that rip-rap offers a more favorable habitat for lakeshore organisms,
which are critical to the ecological balance of the lake ecosystem.

If metal seawalls are currently

used, then rip-rap should be installed in tront of the seawall and extend into the water to create a
presence of microhabitats for enhanced biodiversity of the aquatic organisms within Bear Lake.
Figure 13 below demonstrates the satisfactory potential of the emergent aquatic plant, Scirpus sp. to
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stabilize shoreline sediments and assist in the minimization of sediment release into the waters of
Bear Lake.

Figure 13. The emergent aquatic plant (Scirpus, sp.) minimizes shoreline erosion near Bear Lake by
binding sand particles and decreasing sand inputs to the lake.
4.1.8

Nutrient Source Control

Due to the morphology of the lake having a large central deep basin, the lake may act as a sink or
reservoir for phosphorus and nitrogen. Such nutrients may accumulate on the lake bottom and may
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be released into the water column during water circulation and turnover events. The total phosphorus
and total KjeldaW nitrogen concentrations at the bottom of the lake were above the eutrophic
threshold values. Furthermore, since Bear Lake is phosphorus-limited, it will react quickly to any
additional increase of phosphorus to the system by promoting phytoplankton and aquatic plant
growth. Thus, the following recommendations are advised to protect the water quality of Bear 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 ofP.

2) Preserve riparian vegetation buffers around 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, Canadian 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) In areas where septic drain fields are present, use only P-free dishwashing detergent since
these detergents may end up in the drain field and cause P-plumes to possibly distribute P to the
lake.

4) Do not bum 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
usable by aquatic vegetation and algae.
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4.1.9

Waterfowl Management and Control

In addition to the contribution of E. coli from runoff sources, waterfowl populations should also be
controlled since they may contribute bacteria and nutrients to the lake and also contribute to the
problem of swimmer's itch (schistosomiasis).

This is especially important in areas of Bear Lake

where the soils are prone to ponding or saturation. Such ponding will cause an overflow of E. coli
directly into the lake during a strong runoff event. It is recommended that the residents of Bear Lake
prevent the feeding of waterfowl that visit lakefront properties.

Waterfowl populations may be

controlled by following these guidelines:

•

Do not feed the waterfowl as it only encourages them to reside on lakefront lawns. There is
adequate food for them within the watershed area.

•

Plant tall grasses near the shoreline or stop mowing the lawn in areas adjacent to shore.
Geese in particular are less likely to visit a lawn with tall grasses due to the possibility of a
potential predator residing there. In addition, the vegetation buffer may help to absorb some
of the fecal matter (and consequently the E. coli bacteria) and prevent it ITom leaching into
the water at the shoreline-water interface.

Since geese will likely not visit the edge of this

buffer if it directly abuts the water's edge, they may visit the other side of the buffer and it
may filter the fecal inputs from the geese. Figure 14 demonstrates an ecologically ideal and
aesthetically acceptable vegetation buffer that could be installed along every riparian's
ITontage to trap nutrients or bacteria before they can enter the water, possibly resulting in less
nutrients or bacteria to Bear Lake.

•

Contact the Michigan Department of Natural Resources (MDNR) for permit applications for
egg-replacement strategies of Geese, which usually nest in March and April. The MDNR
may also participate in nest destruction practices in selected areas.
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•

Purchase sound alarms, whistles, or loud devices to deter waterfowl from lakefront
properties.

•

Participate in goose hunting season which is coordinated with the Unites States Fish and
Wildlife Service and the MDNR in early September and January. Make sure to check local

township firearm ordinances and see the guidelines in the Annual Michigan Waterfowl
Hunting Guide available from the MDNR.

•

Plastic birds of prey or predatory mammals have minimal effects on the prevention of
waterfowl from entering large beach areas.

Figure 14. A riparian vegetation buffer abutting a shoreline on an inland Michigan Lake.
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4.3

Invasive Aquatic Species Prevention

An exotic species is a non-native species that does not originate from a particular location. When
international commerce and travel became prevalent, many of these species were transported to areas
of the world where they did not originate.

Due to their small size, insects, plants, animals, and

aquatic organisms may escape detection and be unknowingly transferred to unintended habitats. The
first ingredient to successful prevention of unwanted transfers of exotic species to Bear Lake is
awareness and education.
report.

The majority of the exotic species of concern have been listed in this

Other exotic species on the move would be introduced to the riparians around Bear Lake

through the use of a professionally developed educational newsletter.

4.3.1

Zebra Mussels

Zebra mussels (Dreissena polymorpha) were first discovered in Lake St. Clair in 1988 (Herbert et al.
1989) and likely arrived in ballast water or on shipping vessels from Europe (McMahon 1996). They
are easily transferred to other lakes because they inherit a larval (nearly microscopic) stage where
they can easily avoid detection. The mussels then grow into the adult (shelled) form and attach to
substrates (i.e. boats, rafts, docks, pipes, aquatic plants, and lake bottom sediments) with the use of
byssal threads. The fecundity (reproductive rate) of female zebra mussels is high, with as many as
40,000 eggs laid per reproductive cycle and up to 1,000,000 in a single spawning season (Mackie and
Schlosser 1996). Although the mussels only live 2-3 years, they are capable of great harm to aquatic
environments.

In particular, they have shown selective grazing capabilities by feeding on the

preferred zooplankton food source (green algae) and expulsion of the non-preferred blue green algae
(cyanobacteria).

Additionally, they may decrease the abundance of beneficial diatoms in aquatic

ecosystems (Holland 1993). Such declines in favorable algae can decrease zooplankton populations
and ultimately the biomass of planktivorous fish populations. Zebra mussels are viewed by some as
beneficial to lakes due to their filtration capabilities and subsequent contributions to increased water
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clarity.

However, such water clarity may allow other photosynthetic aquatic plants to grow to

nuisance levels (Skubinna et al. 1995).

The recommended prevention protocols for introduction of zebra mussels includes steam-washing all
boats, boat trailers, jet-skis, and floaters prior to placing them into Bear Lake. Fishing poles, lures,
and other equipment used in other lakes (and especially the Great Lakes) should also be thoroughly
steam-washed before use in Bear Lake. Bear Lake currently contains a large population of zebra
mussels, which may be found on submerged structures, lake sediments, and submersed aquatic
vegetation. Additionally, all solid construction materials (if recycled from other lakes) must also be
steam-washed. Boat transom wells must always be steam-washed and emptied prior to entry into the
lake.

Excessive waterfowl should also be discouraged trom the lake since they are a natural

transportation vector of the microscopic zebra mussel larvae or mature adults.

4.3.2

Invasive Aquatic Plants

In addition to Eurasian Watermilfoil (M spicatum), many other invasive aquatic plant species are
being introduced into waters of the North Temperate Zone. The majority of exotic aquatic plants do
not depend on high water column nutrients for growth, as they are well-adapted to using sunlight and
minimal nutrients for successful growth. These species have similar detrimental impacts to lakes in
that they decrease

the quantity

and abundance

of native

aquatic plants

and associated

macro invertebrates and consequently alter the lake fishery. Such species include Hydrilla verticillata
and Trapa natans (Water Chestnut).

Hydrilla was introduced to waters of the United States trom

Asia in 1960 (Blackburn et al. 1969) and is a highly problematic submersed, rooted, aquatic plant in
tropical waters. Recently, Hydrilla was found in Lake Manitou (Indiana, USA) and the lake public
access sites were immediately quarantined in an effort to eradicate it.

Hydrilla retains many

physiologically distinct reproductive strategies which allow it to colonize vast areas of water and to
considerable depths, including tragmentation, tuber and turion formation, and seed production.
Currently, the methods of control for Hydrilla include the use of chemical herbicides, rigorous
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mechanical harvesting, and Grass Carp (Ctenopharyngodon
controls currently being researched.

idella Va1.), with some biological

However, use of the Grass Carp in Michigan is currently not

permitted by the Michigan Department of Natural Resources (MDNR).

Water Chestnut (Trapa natans) is a non-native, annual, submersed, rooted aquatic plant that was
introduced into the United States in the 1870' s, yet may be found primarily in the northeastern states.
The stems of this aquatic plant can reach lengths of 12-15 feet, while the floating leaves form a
rosette on the lake surface. Seeds are produced in July and are extremely thick and hardy and may
last for up to 12 years in the lake sediment.

If stepped on, the seed pods may even cause deep

puncture wounds to those who recreate on the lake.

Methods of control involve the use of

mechanical removal and chemical herbicides. Biological controls are not yet available for the control
of this aquatic plant.

5.0

KEY FINDINGS AND OVERALL ASSESSMENT OF BEAR LAKE

5.1

Key Watershed Findings

The watershed around Bear Lake is vulnerable to nutrient loads from surrounding agricultural lands
and residential development around the lake shoreline. The highly developed shoreline around Bear
Lake emphasizes the need for riparians to follow sound land use management practices to protect the
water quality of the lake. The abundant forested land and wetlands will help to reduce nutrients and
should be preserved.

Furthermore, the low density of commercial or industrial development also

decreases potential pollutants to the lake from point-source locations.

Land use activities around

Bear Lake may also affect the water quality of Little Bear Creek and eventually Bear Creek since the
water from Bear Lake exits there.
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