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 Summary 

 
 
Lake Minnetonka Status:  Zebra mussels were first reported in Lake Minnetonka on July 28, 2010 
(reported in a MnDNR press release). 
 
 
Nearby Zebra Mussel Occurrences:  Upper and Lower Prior Lakes (Scott County), Lake Mille Lacs (Cass 
County), St. Croix River (Washington County), Alexandria Lakes (Douglas County). 
 
 
Overview: The water column conditions in 22 out of 26 Lake Minnetonka bays that were assessed in this 
study have conditions that are suitable to support moderate to optimal zebra mussel growth based on high 
calcium concentrations (used for shell growth) and moderate chlorophyll concentrations providing a suitable 
food source from algae.  The lake bottom conditions (substrate) are dominated by sand out to the mudline, 
where sediments then transition to muck.  This is not optimal zebra mussel substrate, but will support 
moderate growth. 
 
Overall, because of substrate limitations due to a lack of hard surfaces, moderate growth would be 
expected for most of the shoreline areas around Lake Minnetonka to water depths with oxygen greater than 
3 mg/l which ranges out to water depths of 13 to 40 feet, depending on the bay.  Due to excessive blue-
green growth in the water column, four bays would be expected to support only light growth of zebra 
mussels (Tables I and II). 
 
 

  
Examples of bottom conditions in a lake with zebra mussels (Lake Ossawinamakee in 2009).  
(Left) Low to moderate zebra mussel density seems to lead to low to moderate filamentous algal 
growth.  (Right) High density of zebra mussels may lead to high density of benthic filamentous 
algal growth.  Lake Minnetonka is predicted to exhibit mostly moderate growth of zebra mussels 
after zebra mussels get established.  
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Zebra Mussel Growth Potential in Lake Minnetonka Based on Water Quality 
 
The water column assessment is used to determine if the water column environment is conducive to zebra 
mussel survivability and reproductive success in Lake Minnetonka.  The suitability criteria are derived from 
a variety of sources.  For Lake Minnetonka, the most recent reference by Mackie and Claudi (2010) has 
been used for suitability criteria for Lake Minnetonka (Table I). 
 
Table I.  Water column zebra mussel suitability criteria. 
 

 Low Potential 
for Adult 
Survival 

Low Potential for 
Larval 

Development 

Moderate 
(survivable, but 
will not flourish) 

High 
(favorable for 

optimal growth) 

Calcium  
(mg/l) 

Mackie and 
Claudi 2010 

<8 8 - 15 15 - 30 >30 

Dissolved oxygen 
(mg/l) 

Mackie and 
Claudi 2010 

<3 3 - 7 7 - 8 >8 

Temperature 
(C ) 

Mackie and 
Claudi 2010 

<10 or >32 26 - 32 10 - 20 20 - 26 

pH Mackie and 
Claudi 2010 

<7.0 or >9.5 
7.0 - 7.8 or 

9.0 - 9.5 
7.8 - 8.2 or 

8.8 - 9.0 
8.2 - 8.8 

Potassium  
(mg/l) 

(Bartell et al 
2007) 

>100 
>50 (prevents 

settlement) 
40 - 50 <40 

Hardness  
(mg/l) 

Mackie and 
Claudi 2010 

<30 30 - 35 55 - 100 100 - 280 

Alkalinity (as mg 
CaCO3/l) 

Mackie and 
Claudi 2010 

<30 30 - 55 55 - 100 100 - 280 

Conductivity 
(umhos) 

Mackie and 
Claudi 2010 

<30 30 - 60 60 - 110 >110 

Secchi depth  
(m) 

Mackie and 
Claudi 2010 

<1 or >8 1 - 2 or 6 - 8 4 - 6 2 - 4 

Chlorophyll a 
(ug/l)(food source) 

Mackie and 
Claudi 2010 

<2.5 or >25 2.0 - 2.5 or 20 - 25 8 - 20 2.5 - 8 

Total phosphorus 
(ppb) 

Mackie and 
Claudi 2010 

<5 or >50 5 - 10 or 35 - 50 10 - 25 25 - 35 

 

 

  
 
 
 
 
 
 
 
 
 

Light Growth (low potential 
for growth) 

Weakly colonized on plants or 
hard substrates with factors 
limiting growth to a single 
season and then a zebra 
mussel die-off at the end of the 
year.  Low impact to lake 
ecology and recreation. 

Moderate Growth (suboptimal 
growth) 

In soft sediments, found in clumps, 
with zebra mussels attached to each.  
Can colonize aquatic plants as well.  
Moderate impact to lake ecology, with 
increase in benthic filamentous algae 
and adverse impact on fish spawning 
success.  Moderate impact to 
recreational swimming and boats will 
have to be serviced annually. 

Heavy Growth (optimal growth) 

Found at high densities when water column 
conditions are suitable on hard substrates 
such as rocks and submerged structures 
such as tree limbs, docks, and pipes.  
Impacts can be significant.  Impacts to lake 
ecology include increase in benthic algae 
growth and a decline in fish spawning 
habitat and lower fry survival.  Swimming 
areas with hard substrates will contain 
sharp edges of the mussels and produce 
an inconvenience to swimmers.  Boats will 
have to be serviced annually. 



 

 
iii 

Zebra mussel growth in Lake Minnetonka that is based on water column criteria has the potential to grow to 
moderate (yellow shading) to high densities (red shading) with several bays supporting only light growth 
(green shading). 
 
There is a general consensus that calcium concentrations, around 28-30 ppm or higher, produce optimal 
zebra mussel growth.  Calcium data for all 26 bays in Lake Minnetonka collected in 2010 were over 30 mg/l.  
Calcium concentrations would be high enough to support optimal zebra mussel growth on a lake-wide 
basis.  
 
However, there is some uncertainty about the influence of three trophic indicators (Secchi depth, total 
phosphorous, and chlorophyll) on zebra mussel growth.  Some investigators think high chlorophyll levels 
promote high zebra mussel growth, but more recently, some think it could inhibit zebra mussel growth, 
especially if algae are dominated by blue green algae (Macki and Claudi, 2010).  Based on these criteria, 
several bays would support only light growth of zebra mussels. 
 
 

Table II.  Lake Minnetonka bays water quality (2009 and 2010) and suitability for zebra mussel growth.  Key: 
green = light growth; yellow = moderate growth; and red = heavy growth. 

 

Water Column 
Suitability Rating for 
Individual Bays 

Dissolved Oxygen 

Calcium 
(mg/l) 

pH 
Alkalinity 

(mg/l) 
Conductivity 

Secchi 
Disc (m) 

Total 
Phosphorus 

(ug/l) 

Chlorophyll 
a 

(mg/l) 

Depth where 
DO is less 
than 3 mg/l 

(ft) 

Depth range 
where DO is  
3-6 mg/l (ft) 

Depth range 
where DO is 
greater than 

6 mg/l (ft) 

Black Lake 20 13 – 20 0 – 13 33 - 34 7.9 - 8.3 130 405 1.3 - 2.5 30 - 35 12 - 20 

Carman Bay 36 26 – 36 0 – 26 35 7.5 - 8.1 138 415 3.2 - 3.3 15 - 27 3 - 8 

Carsons Bay 20 13 – 20 0 – 13 32 - 36 7.8 - 8.4 123 420 3.0 - 3.6 18 - 20 1 - 5 

Cooks Bay 30 20 – 30 0 – 20 35 - 36 7.8 - 8.1 128 400 1.6  - 2.3 25 - 30 10 - 14 

Crystal Bay 30 23 – 30 0 – 23 37 - 38 7.4 - 7.7 138 460 2.6 - 3.1 19 - 24 5 - 6 

Forest Lake 20 13 – 20 0 – 13 32 - 39 7.5 - 8.0 138 470 0.4 - 1.1 56 - 62 33 - 101 

Grays Bay 23 16 – 23 0 – 16 35 - 36 8.0 - 8.4 135 420 1.7 - 3.0 22 - 28 5 - 8 

Halsted Bay 23 13 – 23 0 – 13 40 - 42 7.7 - 8.1 145 380 0.4 - 0.8 96 - 116 60 - 122 

Harrisons Bay 23 16 – 23 0 – 16 37 - 40 7.8 - 8.4 141 430 0.5 - 1.3 51 - 59 25 - 76 

Jennings Bay 20 13 – 20 0 – 13 43 - 44 7.9 - 8.5 152 440 0.4 - 1.2 79 - 123 35 - 91 

Lafayette Bay 33 20 – 33 0 – 20 35 7.7 - 8.5 -- 425 3.2 - 3.4 16 - 21 2 - 6 

Lower Lake N. 41 30 – 41 0 – 30 35 - 36 7.6 - 8.2 135 435 3.2 - 3.7 13 - 18 3 - 4 

Lower Lake S. 39 26 – 39 0 – 26 36 7.4 - 8.0 -- 435 3.2 - 3.8 15 - 20 3 - 5 

Maxwell Bay 26 20 – 26 0 – 20 38 7.4 - 7.8 -- 450 1.6 - 2.1 26 - 30 8 - 14 

North Arm 23 20 – 23 0 – 20 35 - 37 7.3 - 7.7 134 437 1.5 - 2.3 27 - 29 8 - 14 

Peavey Lake 13 7 – 13 0 – 7 72 - 80 6.6 - 6.7 215 1,640 1.3 - 2.7 49 - 90 21 - 59 

Phelps Bay 23 20 – 23  0 – 20 34 - 34 7.4 - 8.4 -- 400 2.1 - 2.6 20 - 25 4 - 7 

Priests Bay 23 16 - 26 0 – 16 35 - 37 7.8 - 8.3 134 400 0.9 - 2.2 28 - 45 14 - 36 

Smithtown Bay 30 20 - 30 0 – 20 34 - 35 7.2 - 8.0 -- 405 2.3 - 2.7 19 - 28 7 - 8 

Spring Park Bay 23 16 - 23 0 – 16 34 - 35 7.8 - 8.4 137 410 2.8 - 3.3 17 - 24 4 - 8 

St. Albans 30 23 - 30 0 – 23 28 - 33 7.9 - 8.5 114 405 3.0 - 4.3 15 - 18 2 - 4 

Stubbs Bay 20 16 - 20 0 – 16 41 - 42 7.7 - 8.1 -- 460 0.8 - 1.5 36 - 42 14 - 42 

Tanager Lake 16 13 – 16 0 – 13 44 - 46 7.8 - 8.4 152 430 0.4 - 1.1 71 - 104 38 - 97 

Wayzata Bay 36 26 – 36 0 – 26 34 - 36 8.0 - 8.3 135 430 3.6 - 3.9 13 - 17 2 - 6 

West Arm 26 13 – 26 0 – 13 38 - 41 7.8 - 8.3 146 440 0.5 - 1.4 58 - 79 26 - 82 

West Upper Lake 30 23 - 30 0 – 23 34 - 35 7.2 - 7.8 -- 415 2.4 - 2.8 21 - 23 7 - 9 
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Zebra Mussel Growth Potential in Lake Minnetonka Based on Substrate Characteristics 
 
The bottom sediment conditions (substrate) in Lake Minnetonka are dominated by sand out to the mudline.  
The mudline represents the transition from shallow, nearshore sediments to the depth where fine-grained 
sediments and organic material accumulates, commonly referred to as muck.  In Lake Minnetonka the 
shallow sediments are dominated by sand.  However, gravel and rock are present, but compose less than 
1% of the bottom substrate area.  The sand-silt substrate as well as the mucky sediments will support zebra 
mussel growth but it is not an optimal substrate type.  The majority of the substrate conditions in Lake 
Minnetonka are considered suboptimal.  Zebra mussel growth is predicted to be moderate and not as dense 
as would occur if the substrate was dominated by hard surfaces. 
 
All 26 bays are dominated by sand out to the depth of the mudline.  The mudline starts at 4 to 5 feet of 
depth in several bays and is as deep as 16 feet in other bays.   
 
The substrate assessment indicates zebra mussel growth may not reach optimal growth status even though 
water column criteria indicate the potential for optimal growth.  The substrate conditions should limit zebra 
mussel growth. 
 
Aquatic plants are abundant in most bays in Lake Minnetonka.  They represent a potential substrate for 
colonization as well.  However, plants are not an optimal substrate. 
 
Table III.  Lake Minnetonka substrate characteristics for 26 bays. 
 

Growth Potential 
Based on Water 
Column Criteria 

Size of Bay 
(ac) 

Maximum 
Depth in 
Bay (ft) 

Depth 
Mudline 
Starts in 
Bay (ft) 

Substrate Composition  
(out to mudline) 

Aquatic Plants 

Sand-Silt (%) Rock-Cobble (%) 
Plant Growing 

Depth (ft) 
% Plant 

Coverage 

Black Lake 25 25 4 - 6 100 0 14 - 16 80 

Carman Bay 307 52 5 - 8 100 0 17 90 

Carsons Bay 152 23 7 - 11 100 0 18 - 25 75 

Cooks Bay 362 43 8 - 12 100 0 16 90 

Crystal Bay 800 113 5 - 11 99 1 14 - 16 80 

Forest Lake 84 42 6 100 0 6 - 7 40 

Grays Bay 207 28 5 - 7 100 0 7 - 11 50 

Halsted Bay 544 36 9 - 16 100 0 9 20 

Harrisons Bay 211 46 4 - 13 100 0 8 20 

Jennings Bay 290 26 5 - 14 100 0 4 - 6 40 

Lafayette Bay 460 62 8 - 14 90 10 21 90 

Lower Lake N. 1,008 73 11 - 16 98 2 11 - 18 50 

Lower Lake S. 1,069 77 6 - 16 99 1 15 - 16 80 

Maxwell Bay 300 44 7 - 15 100 0 14 60 

North Arm 307 64 7 - 16 100 0 13 - 15 60 

Peavey Lake 9 63 5 100 0 14 60 

Phelps Bay 394 30 6 100 0 7 - 15 60 

Priests Bay 120 46 7 - 16 98 2 15 60 

Smithtown Bay 112 80 15 100 0 13 - 16 50 

Spring Park Bay 402 36 8 - 11 100 0 14 - 16 80 

St. Albans 164 44 6 98 2 17 90 

Stubbs Bay 194 37 6 100 0 8 - 10 70 

Tanager Lake 74 20 8 - 11 100 0 9 55 

Wayzata Bay 751 63 9 - 11 100 0 16 70 

West Arm 577 44 8 - 16 100 0 6 - 9 50 

Upper Lake 879 84 8 - 16 98 2 14 - 20 90 
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An estimated 6,000 acres of lake bottom consist of substrate conditions considered to be suboptimal for 
zebra mussel growth (Table IV).  There are less than 100 acres of substrate consisting of gravel and rock, 
which are rated as optimal for growth.  However, the vertical substrate component could offer additional 
area for zebra mussel colonization.  The most common type of vertical substrate in Lake Minnetonka 
consists of aquatic plants covering about 4,000 acres.  Of the whole area of aquatic plant coverage about 
3,600 acres would appear to be suitable for supporting zebra mussel growth.  Aquatic plants are considered 
to be a suboptimal substrate condition. 
 
Boat lifts and docks are also examples of vertical substrate and because of their hard surfaces, represent 
an optimal growing surface.  Based on the number of boat lifts and docks, and boat hulls in the water, the 
surface area represented by these structures totals about 17 acres of potential optimal substrate (Table IV). 
 
 
Table IV.  Lake Minnetonka substrate suitability characteristics.   
 

 Not Suitable Suboptimal     Optimal for Growth 

Bottom Substrate Assessment (colonization on lake bottom including muck, sand, gravel, rock, etc.) 

Range is 0 to 12 feet in some bays 
and 0 – 40 feet in others 

0 ac 6,000 ac 50 ac 

Lake bottom area where dissolved 
oxygen will be limiting 

8,000 ac 0 ac 0 ac 

Subtotal (ac) 8,000 ac 6,000 ac 50 ac 

Vertical Substrate Assessment (colonization on upright structure, like plants, boat lifts, etc.) 

Aquatic plant coverage (4,000 ac) 
400 acres 

(low lying plants like 
chara) 

3,600 acres 
(EWM and other 

pondweeds) 
0 ac 

Boat lifts (assume 2,500) 0 0 3 

Docks (assume 2,800) 0 0 2 

Commercial Docks and Boat hulls in 
water (assume 2,300) 

0 0 12 

Subtotal (ac) 400 ac 3,600 ac 17 ac 

 

 
 
 Examples of Substrate Conditions 

   

Plant dominated substrate: 
Suboptimal, but survivable 

Sand: Suboptimal, but 
survivable. 

Gravel, cobble, rock:  Optimal 
for growth  
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Map of Zebra Mussel Growth Potential in Lake Minnetonka 
 
Based on water column characteristics and lake bottom composition, a map of zebra mussel growth 
potential was prepared (Figure I).  Most of the lake bottom area that would have enough dissolved oxygen 
for zebra mussels to survive is predicted to support moderate growth (shown in yellow shading, Figure I). 
 
 
 
 

 
Figure I.  Zebra mussel growth potential in Lake Minnetonka.  Yellow shading indicates suboptimal 
growth conditions with bottom composition for zebra mussel growth consisting of sand and muck 
conditions.  Green shading indicates conditions for light zebra mussel growth due to primarily food 
limitations (excessive amounts of blue-green algae that are not edible).  The blue shading 
represents water depths greater than 30 feet deep where no zebra mussel growth is expected.  Even 
with suboptimal growth potential, zebra mussel impacts to Lake Minnetonka will be noticeable.  
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Potential for Zebra Mussel Colonization in Lake Minnetonka 
Lake Minnetonka has an estimated 6,000 acres of bottom area that could be colonized by zebra mussels.  
Within the 6,000 acres, there are about 50 acres of optimal substrate habitat and the remainder is 
considered to be suboptimal.  In addition, there are about 3,600 acres of aquatic plants that could be 
colonized as well.  Overall, there is the potential for significant zebra mussel colonization in Lake 
Minnetonka but at mostly suboptimal or moderate levels. 
 
 
Limiting Factors: Calcium concentrations do not appear to be limiting however, high chlorophyll 
concentrations in several bays, may limit zebra mussels in four bays in Lake Minnetonka.  Also, low 
dissolved oxygen concentrations will limit how deep zebra mussels will colonize on the bottom.  Zebra 
mussels are not expected to thrive when dissolved oxygen concentrations are less than 3 mg/l.  Based on 
testing by the Minnehaha Creek Watershed District conducted in all 26 bays of Lake Minnetonka, zebra 
mussels will colonize the bottom out to water depths of 13 to 40 feet deep depending on the bay. 
 
 
Potential Impacts of a Zebra Mussel Invasion into Lake Minnetonka 
 
$ Initially, zebra mussels will rapidly expand and grow densely in most of the littoral area of Lake 

Minnetonka.  This is the typical pattern for an invasive species.  These high densities probably will not 
be sustained on a long-term basis. 

 
$  Water clarity should increase.  Aquatic plant growth may increase because of the improved water clarity. 
 
$ Zebra mussel shells will convert sandy substrate to shell gravel.  Bottom conditions in swimming areas 

will contain live zebra mussel clumps as well as shells from dead zebra mussels. 
 
$ Soft sediments such as sand and silty muck will support clumps of mussels.  The high density of clumps 

of mussels will excrete high nutrient waste products and likely produce filamentous algae on the lake 
bottom covering many acres.  It is difficult to predict how long this condition will last.  It could be 10 years 
or longer (based on conditions found in other lakes). 

 
$ Fish spawning habitat will be covered with filamentous algae.  Mussels will filter the water column and 

reduce the amount of edible algae.  Zooplankton will decline and could impact the survival of young fish. 
 
$ Boats, docks, and lifts will have to be scraped annually.  Boat servicing will be critical to avoid operating 

problems. 
 
$ Aquatic plants are not expected to be impacted, at least not initially.  Growth of zebra mussels are 

expected to be food limited not space limited, so the likelihood of zebra mussels colonizing aquatic 
plants may be minor.  However, if food is available, zebra mussels could colonize aquatic plants and this 
could adversely impact aquatic plant community structure. 

 
$  After a period time (10-20 years), zebra mussels will settle into equilibrium state in Lake Minnetonka.  

Densities reached in the rapid expansion phase will probably not be sustained on a long-term basis.  
The ecology of the lake will be altered, but it is difficult to predict if impacts will be subtle or substantial. 
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Recommended Management Option: Because zebra mussels are present in Lake Minnetonka and may 
be colonized past the “rapid response” threshold, the emphasis will be on small-scale long term controls 
(Level 4).      
 
 
Table V.  Levels of action to consider for zebra mussel prevention, rapid response, and control in 
Lake Minnetonka.  The recommended level of action is Level 4 (shown in blue shading). 
 

 Prevention Rapid Response Long Term Management 

Level 1 Use existing programs. No rapid response. Monitor only. 

Level 2 Employ additional prevention 
programs. 

No rapid response. Monitor and research small-scale 
control projects. 

Level 3 Employ additional prevention 
programs. 

One-time rapid response 
effort. 

Conduct small-scale field 
experiments and select best 
control techniques. 

Level 4 Employ additional prevention 
programs and work at a state 
level.  Emphasize a “containment” 
strategy for Lake Minnetonka. 

Rapid response for 3 years 
but only if adult populations 
are found at a low number of 
sites. 

Conduct small-scale field 
experiment and select best 
control techniques and implement 
in selected areas. 

Level 5 Boat and trailer sterilization and 
then inspection. 

Rapid response for 5 years. Eradication by lake drawdown if 
rapid response is unsuccessful. 

 
 

Zebra mussel filtering activities will remove open-water algae from the lake and metabolic activities 
will discharge waste products to the bottom.  Filamentous algae will develop from these nutrient 
sources.  This has occurred in Lake Ossawinanakee.  At this time, the long-term effects Lake 
Minnetonka are unknown. (photo by Steve McComas) 
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Zebra Mussel Management Plan Summary 

 
Prevention - First Line of Defense.   

General Approach:  Employ the shield and containment strategy.  For the “shield” strategy add additional 

inspection hours at boat landings (apply for MnDNR grants for uninfested lakes).  Try to “shield” uninfested lakes 
from zebra mussels.  Send out news releases at mussel spawning time (early to mid summer) to alert folks to be 
extra careful about transporting water from one lake to the next.  Apply for MnDNR grants to improve signage at the 
landings.  For the “containment” strategy encourage the MnDNR to increase inspections at major potential sources 
of zebra mussel exports, such as boats leaving Mille Lacs and Prior Lake.  The idea is to contain the zebra mussel 
in infested systems and prevent new introductions to uninfested lakes and rivers. 
 
Lake Minnetonka Plan:  Enhance the effort to strengthen the “containment” strategy for Lake Minnetonka to reduce 

the chance of exporting zebra mussels to other lakes. 
 
 
Rapid Response - Second Line of Defense.   

General Approach 

Scouting: Send a questionnaire to all lake residents asking them to inspect their boat lifts and docks on a routine 
basis.  If they see anything unusual, have them contact a designated organization that is leading the zebra mussel 
program. 

 
Inventory: If zebra mussels are spotted and there are less than 10 growth centers documented after a thorough 
survey, then treat up to 1,600 m

2
 per colonized area.  If colonization sites exceed 10 growth centers, then go to the 

next line of defense, the control program. 
 

Rapid Response Treatment: Use a tarp to cover an area of zebra mussel colonization.  Inject either potassium 
chloride or chlorine under the tarp to kill the zebra mussels.  Leave the tarp in place up to a month and then remove 
it from the lake. 
 
Lake Minnetonka Plan:  If there is confidence that adult spawning populations are few in number and all have been 

spotted, then a rapid response treatment program would be considered.  If juvenile and adult populations are found 
at more than ten sites, then a rapid response is highly unlikely to eradicate all zebra mussels and is not considered 
a viable option. 

 
 
Control Program - Third Line of Defense.   

General Approach:  If the Rapid Response effort is not viable, then a control program is the next line of defense.  A 

high priority control area is mussel removal at swimming beaches.  Zebra mussels will colonize in clumps of 
mussels about the size of tennis balls on top of sandy sediments.  These mussels can be harvested.  The next 
priority areas for control are at the public boat landings.  The next priority area for control after boat landings is 
spawning habitat around the lake. 
 
Lake Minnetonka Plan:  Zebra mussels will become noticeable in Lake Minnetonka in 3-5 years.  During this time, 

annual assessments should be made and populations should be mapped.  In conjunction, small-scale control efforts 
should be tested, selecting the best for small-scale control methods at boat landings, swimming areas, and 
spawning beds.  

 
 
 
 
 
 
 
 
 
 
 
On soft sediments, zebra mussels grow on 
top of other zebra mussel shells forming 
clumps of zebra mussels.  These can be 
harvested.  (Photo by Steve McComas).



 

 

 

 


