
Zebra Mussels Found in Lake Ossawinamakee, 2009 (photo by Steve McComas)

White Bear Lake Habitat Suitability
Assessment for Invasive Zebra Mussels

Field Work: September 18, 2009

Prepared for White Bear Lake Conservation District, White Bear Lake, MN

Prepared by Steve McComas and Jo Stuckert, 
Blue Water Science, St. Paul, MN

December 2009



White Bear Lake Habitat Suitability
Assessment for Invasive Zebra Mussels

(prepared by Steve McComas, Blue Water Science, 2009)

White Bear Lake Status:  Not currently found in White Bear Lake as of December
2009.

Nearby Occurrences:  Upper and Lower Prior Lakes (Scott County), Lake Mille Lacs
(Cass County), St. Croix River (Washington County), Alexandria Lakes (Douglas County).

Suitability for Growth Based on Water Column Characteristics: The
water column has several parameters that are suitable for optimal growth (Table A).  However,
a lack of dissolved oxygen below 24 feet will limit the depth of zebra mussel colonization.  Also,
the good water clarity and moderate chlorophyll concentrations indicate food could limit zebra
mussel growth in White Bear Lake and keep it from optimal growth conditions although zebra
mussels are predicted to sustain long-term moderate growth.

Bottom conditions in 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.  White Bear Lake is predicted to

exhibit a combination of moderate to heavy growth of zebra mussels if zebra mussels get

introduced. 
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Table A.  Water column zebra mussel suitability criteria and White Bear Lake water column

conditions.  Conditions for moderate growth seem to dominate.

Little Potential for
Adult Survival

Little Potential for
Larval

Development

Moderate
(survivable, but
will not flourish)

High
(favorable for

optimal growth)

Calcium (mg/l) White Bear Lake 23.1
(Sept 2009)

Mackie and Claudi
2010

<8 8 - 15 15 - 30 >30

Dissolved oxygen
(mg/l)

White Bear Lake >24 ft 21 - 24 ft 0 - 21 ft

Mackie and Claudi
2010

<3 3 - 7 7 - 8 >8

Temperature White Bear Lake 6 months* 3 months/yr 3 months/yr

Mackie and Claudi
2010

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

pH White Bear Lake 20 - 30 ft 0 - 20 ft

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) White Bear Lake 2.1

(Bartell et al 2007)
>100

>50 (prevents
settlement)

40 - 50 <40

Hardness (mg/l) White Bear Lake 96
(Sept 2009)

Mackie and Claudi
2010

<30 30 - 35 55 - 100 100 - 280

Alkalinity (as mg

3CaCO /l)
White Bear Lake 89

(Sept 2009)

Mackie and Claudi
2010

<30 30 - 55 55 - 100 100 - 280

Conductivity
(umhos)

White Bear Lake 287 - 312
(May - Sept)

Mackie and Claudi
2010

<30 30 - 60 60 - 110 >110

Secchi depth (m) White Bear Lake 9 months/yr 3 months/yr

Mackie and Claudi
2010

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

Chlorophyll a
(ug/l)(food source)

White Bear Lake 9 months/yr 3 months/yr

Mackie and Claudi
2010

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

Total phosphorus
(ppb)

White Bear Lake most of the year 1 month/yr

Mackie and Claudi
2010

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

* will survive, but little growth over winter because of low water temperature
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Suitability for Growth Based on Substrate Characteristics:  The majority of
the White Bear Lake bottom conditions (substrate) will provide colonization habitat.  However
most of the lake bottom of White Bear Lake is composed of sand and muck and is not optimal
for the densest type of zebra mussel colonization.  An estimated 1,452 ac of lake bottom are
considered to consist of substrate conditions that could support zebra mussel growth, referred
to as suboptimal (Table B).  An additional estimated 195 acres of substrate which includes
gravel and rock are rated as optimal for growth (Figure A).  The vertical substrate component
could offer additional area for zebra mussel colonization, with 5 acres of surface area
considered optimal for growth and 880 acres of aquatic vegetation offering suboptimal
substrate conditions.

Table B.  White Bear Lake substrate suitability characteristics.  

Not Suitable Suboptimal    Optimal for

Growth

Horizontal Substrate Assessment (colonization on lake bottom including muck, sand, gravel,

rock, etc.)

0 - 5 feet deep (492 ac)
0 ac

(0%)

344 ac

(70%)

148 ac

(30%)

6 - 10 feet deep (467 ac)
0 ac

(0%)

420 ac

(90%)

47 ac

(10%)

11 - 15 feet deep (355 ac)
0 ac

(0%)

355 ac

(100%)

0 ac

(0%)

16 - 24 feet deep (393 ac)
60 ac

(15%)

333 ac

(85%)

0 ac

(0%)

>24 ft deep (721 ac)
721 ac

(100%)

0 ac

(0%)

0 ac

()%)

Subtotal (ac) 781 ac 1,452 ac 195 ac

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

Aquatic plant coverage (1,100 ac)
220 ac

(20%)

880 ac

(80%)

0 ac

(0%)

Boat lifts (749 lifts – 2008) 0 0 1 ac

Docks (467 docks – 2008) 0 0 1 ac

Commercial Docks and Boat hulls

in water (521 boats – 2008)
0 0 3 ac

Subtotal (ac) 220 ac 880 ac 5 ac

Examples of Substrate Conditions

Plant dominated substrate:

Sub-optimal, but survivable

Sand: Suboptimal, but

survivable.

Gravel, cobble, rock:  Optimal

for growth 
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Map of Substrate Suitability for White Bear Lake

Figure A.  Substrate suitability map for White Bear Lake.  Yellow shading indicates suboptimal

bottom composition for zebra mussel growth consisting of sand and muck conditions.  Red

shading indicates optimal conditions for growth.  The blue line represents the mud line, which is

the transition between sand in shallow water and muck in deeper water.  The blue shading

represents water depths greater than 25 feet deep where no zebra mussel growth is expected. 

Black dots represent substrate sample areas.
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