Zebra Mussel Attached to a Native Mussel from Forest Lake, Found on July 3, 2015
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Zebra Mussel Detection and
Rapid Response Actions for Forest Lake,
Washington County, Minnesota in 2015
Summary
Timeline of Zebra Mussel Detection and Rapid Response Actions
July 1, 2015:

July 2, 2015:
July 3, 2015:
Mid July, 2015:

Initial detection: Zebra mussel first observed by a lake resident who
brought in a specimen measuring 16 mm to the CLFLWD office. The
zebra mussel was likely mature.
Rapid response assessment: MnDNR staff found 13 mussels at 3
locations.
Rapid response assessment: Blue Water Science staff found 5 zebra
mussels at an additional 3 locations.
Rapid response action: An eradication option was evaluated, but
collected data indicated Forest Lake was not a good candidate for an
eradication attempt due to widespread zebra mussel occurrences and the
presence of adult zebra mussels. The selected option has 3 components:
continue monitoring, prepare for maintenance projects to boat motors and
equipment and prepare for future small-scale zebra mussel removal
projects, if needed.

Summary of zebra mussels found in Forest Lake on July 2 (MnDNR assessment) and the July 3
(Blue Water Science assessment), 2015. During the rapid response assessment, zebra mussels
were found at 6 locations.
Summary - i

Zebra Mussel Detection and
Rapid Response Actions for Forest Lake,
Washington County, Minnesota in 2015
Initial Detection in Forest Lake:

The initial detection of a zebra mussel in Forest
Lake was reported by a lake resident on the northeast shore of First Lake on July 1, 2015.
After the initial detection, the rapid response plan was initiated. The rapid response plan had
two components, a rapid response assessment and a rapid response action. The rapid
response action was based on the findings of the rapid response assessment.

Rapid Response Assessment:

A rapid response assessment was conducted by the
MnDNR and Blue Water Science. On July 2, 2015, the MnDNR conducted a rapid response
assessment and in their survey a total of 11 zebra mussels were found at 3 locations (Figure 1).
On July 3, 2015 additional searching was conducted by Blue Water Science. A total of 5 zebra
mussels at 3 locations were found (Figure 1). Details of the Blue Water Science search are
shown in Table 1. Results of the rapid response assessment, indicated at least 16 zebra
mussels were collected from 6 locations.

Table 1. Summary of search activities for zebra mussels on July 3, 2015 conducted on Forest
Lake, Washington County, Minnesota by Blue Water Science.
Water
Number of
Length of
Total
Duration of Number of
searchers search time shoreline depths (ft) objects
search
examined
(ft)
(minutes)
(minutes)

Total
objects

Number of Percent of Bottom
objects conditions
zebra
mussels with zebra
mussels

Site

Way
point

1

1-2

30

2

60

150

0-3

3/min

180

0

--

Rockysandy

2

2-3

20

2

40

100

0-3

1/min

40

0

--

Sandysilty

3

4-6

20

2

40

150

0-3

1/min

40

1 (16mm)
(WP 5)

3%

Sandy

60

3
(10 mm,
10 mm,
11 mm)
(WP 8, 9,
10)

5%

Sandy

4

7-11

20

2

40

100

0-3

1.5/min

5

12-13

40

1

40

300

0-3

10/min

400

0

--

Sandy

6

14-15

40

1

40

300

0-3

3/min

120

0

--

Sandy

7

16

20

2

40

100

0-3

2/min

80

1
(14 mm)
(WP 17)

1%

Sandy

300 min
(5 hrs)

1,200 ft

920

5

0.5%

Total
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Rapid Response Assessment: The rapid response assessment consisted of 2
surveys and locations of the zebra mussel occurrences are shown in Figure 1.

Figure 1. Zebra mussel distribution in Forest Lake is based on searches and observ ations conducted by the
Minnesota DNR and Blue Water Science. The rapid response assessments on July 2 and 3, 2015 searched
the public accesses and other likely landing areas for zebra mussels.
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Examples of Zebra Mussels Found in Forest Lake on July 3, 2015

Figure 2. Examples of zebra mussels
found during the zebra mussel rapid
response assessment on July 3, 2015.
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Rapid Response Plan Summary
What Was Found in the Rapid Response Assessment
• Zebra mussel juveniles and adults were observed at low densities.
• Zebra mussels were found at 6 widely separated sites.

Review of the Rapid Response Assessment
• Early detection of zebra mussels in big lakes is difficult. By the time they are observed,
they are typically widespread.
• There is likely a spawning adult population in Forest Lake based on juveniles and adults
found at widely distributed areas around the lake.
• Dispersal point (or point of introduction) in Forest Lake is uncertain at this time.
• Because juvenile and adult zebra mussels were found in 3 feet of water, attached to
rocks, there are likely additional juveniles located in water at these depths or deeper.
These juveniles will overwinter and will be able to spawn next year. It is not known where
all the juveniles in deep water are located.
• 100% eradication of a zebra mussel population has only occurred once in a confined 10
acre quarry in West Virginia.

Rapid Response Action Options
Two zebra mussel action options were evaluated. One option was to conduct an eradication
project and the second option was to not conduct an eradication treatment, but rather
implement a management project. The second option was considered the most practical.
Option 1. Conduct a search of the 6.6 mile shoreline to find all zebra mussel locations in
addition to the 6 known locations. Obtain floating silt curtain material and set up containment
barriers around all known zebra mussel locations. Obtain the necessary MnDNR permits.
Treat all known areas of zebra mussel colonization with EarthTec (a copper sulfate compound)
within containment areas at each zebra mussel location. Use extensive monitoring to track
results. This option would have a chance of eradication only if all zebra mussels in the lake
were within a confined treatment area. This would have a very low probability of being
successful (see the zebra mussel eradication index on p. 5 for additional information). The cost
of an eradication effort in Forest Lake would be $50,000+. This was not considered to be an
option for Forest Lake.
Option 2. Long-term management action for Forest Lake includes the following.
1. Track zebra mussel density and distribution and water quality changes in Forest Lake
over the next few years.
2. Supply information to lake residents regarding techniques for conducting maintenance on
boats, boat motors, and lake equipment.
3. Track the latest zebra mussel control and management techniques and implement them
in Forest Lake in the future at appropriate areas.
Option 2 was the recommended rapid response action.
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Zebra Mussel Eradication Index: In evaluating the rapid response options, the
zebra mussel eradication index was employed. To conduct an eradication attempt, the lake
setting should be conducive to a high probability of success. The Eradication Index (McComas,
unpublished) is a semi-quantitative approach that scores ten criteria on a scale of 1 to 100 with
a total possible score of 1,000 points. The Eradication Index score for Christmas Lake, which
appeared to be a good eradication candidate was 730. After several eradication attempts,
zebra mussels were detected again in Christmas Lake. It would appear for a successful
eradication attempt on Eradication Index score of greater than 730 would be necessary. The
Eradication Index score for Forest Lake was 275 (Table 2). This low score indicates Forest
Lake was not a good candidate for an eradication attempt.
Table 2. Example of a Zebra Mussel Eradication Index worksheet and index scores for Forest Lake
(prepared October 2015).

FOREST LAKE
Criteria
1. Minimum of 30 hours and 7,000 objects checked monthly in
early detection surveys. Plate or tube samplers should be
deployed and checked monthly.
2. Monthly early detection inspections indicate zebra mussels
came into the lake within a month. Alternatively, there is
specific knowledge of a recent introduction on an object (for
example recent installation of a used boatlift with zebra
mussels).
3. Rapid response assessment involves up to 90 hours of
additional searching and 20,000 objects should be checked.

4. Zebra mussels are found at 1 or 2 sites. If three sites or
more are found the probability of eradication decreases. Low
numbers of zebra mussels should be present at the site of
occurrence. If zebra mussel densities are high, the odds
increase that they have detached and drifted to other locations.
5. Zebra mussels should be immature. It has to be assumed
immature zebra mussels were introduced on objects detached
and reattached to new objects. Presence of mature zebra
mussels indicates the probability of ongoing spawning.
6. Individual mature zebra mussels should be separated by
distance. If two or more mature zebra mussels are found in
close proximity successful spawning is likely to have occurred
and dispersal of veligers and juveniles may be widespread but
undetected.
7. Wave action on containment barriers along open stretches
of shoreline causes leakage of treatment water and dilution by
lake water reducing the chemical concentration of the toxic
agent within the containment area. It is best if the containment
area is in a secluded location such as a bay or a cove.
8. Treatment area should be at least 3 times larger than known
area of distribution at a site. A total area greater than 10 acres
will be difficult to administer. Treatment should occur as soon
as possible after the rapid response assessment.
9. The probability of reintroduction should be low. Is the public
access gated, are inspectors present from sunup to sundown,
etc? Also do nearby lakes have zebra mussels?
10. The smaller the lake the better. The odds of a successful
eradication for lakes greater than 300 acres in size is low.

Total Score
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Scores for the Zebra Mussel Eradication Index
Poor
0 - 30

Fair
30 - 60

Excellent
60 - 100

35
(4 plate samplers
checked monthly)
40
(alert citizen reports
ZM on a rock.
Samplers are clear.)
15
(17 hours of search
time for additional
ZMs)
0
(ZMs found at 6
sites)
30
(several adult ZMs
were found)
30
(mature ZMs found
close together)

50
(relatively open
shoreline areas)
15
(would need at least
10 treatment acres)
60
(inspectors on-site
but White Bear Lake
is within 15 miles)
30
(2,271 ac)

275
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Predicted Zebra Mussel Growth Based on Lake Conditions:

A review of
water column and substrate characteristics for Forest Lake was compared to characteristics
suited for zebra mussels based on criteria described by Mackie and Claudi (2010). Initially, it
appears that zebra mussel growth could be food limited due to algal concentrations that may be
dominated by inedible blue-green algae species. However, as blue-greens decrease, more
edible forms of algae could dominate. Zebra mussel growth might increase and then become
food limited as edible algal species decrease. Substrate conditions (sand, silt, rocks) would
support moderate growth.

Table 3. Water column and substrate zebra mussel suitability criteria and Forest Lake conditions.
Conditions for moderate growth seem to dominate.
Up = upper basin, Mid = middle basin, Low = lower basin of Forest Lake.
Little Potential for
Adult Survival

Little Potential for
Larval
Development

Moderate
(survivable, but
will not flourish)
Up

Mid

Low

High
(favorable for
optimal growth)
Up

Mid

Low

36

39

41

Shell Formation Factors
Calcium
(mg/l)

Forest Lake
Mackie and Claudi
2010

pH

Conductivity*
(umhos)

8 - 15

Forest Lake
Mackie and Claudi
2010

Alkalinity*
(as mg CaCO3/l)

<8

15 - 30
7.8

<7.0 or >9.5

7.0 - 7.8 or 9.0 - 9.5

8.0

>30
8.0

7.8 - 8.2 or 8.8 9.0

Forest Lake
Mackie and Claudi
2010

136
<30

30 - 55

55 - 100

Forest Lake
Mackie and Claudi
2010

8.2 - 8.8

30 - 60

148

100 - 280
330

<30

148

340

60 - 110

>110

1 - 2 or 6 - 8

4-6

2-4

2.0 - 2.5 or 20 - 25

8 - 20

2.5 - 8

335

Food Factors
Secchi depth (m)

Forest Lake
Mackie and Claudi
2010

Chlorophyll a
Forest Lake
(ug/l)(food source) Mackie and Claudi
2010
Total phosphorus
(ug/l)

1.7m
<1 or >8
28
<2.5 or >25

Forest Lake
Mackie and Claudi
2010

46
<5 or >50

5 - 10 or 35 - 50

10 - 25

25 - 35

>5.5

3.5 - 5.5m

2.5 - 3.5m

0 - 2.5m

<3

3-7

7-8

>8

20%

70%

10%

Soft muck with no hard objects

Muck, silt, sand

Rock or wood

Substrate Factors
Dissolved oxygen Forest Lake
(mg/l)
Mackie and Claudi
2010
Bottom substrate

Forest Lake
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Growth conditions for zebra mussels in Forest Lake are mostly suboptimal (Figure 3 - yellow
shading). Lack of food availability in the form of algae may limit growth and shell production
factors, based on the calcium concentration, are not optimal. In addition the lake bottom
conditions are dominated by silt, sand, and organic material and those are also suboptimal
conditions for zebra mussel growth. A map of zebra mussel growth potential is shown in Figure
3. However, even at suboptimal conditions, zebra mussel growth can be considerable.

Figure 3. Map of substrate suitability combined with water column characteristics related to zebra
mussel growth potential in Forest Lake. Yellow shading indicates suboptimal conditions for zebra
mussel growth. Red shading indicates optimal conditions for growth. The blue shading
represents water depths greater than 25 feet deep where no zebra mussel growth is expected due
to low dissolved oxygen conditions.

Forest Lake Zebra Mussel, 2015

7

Currently, the zebra mussel population in Forest Lake is at a low density. It is not certain where
the zebra mussel population is on the growth curve (Figure 4) but it is likely zebra mussels are
closer to Condition 2 rather than Condition 1 in Figure 4. It takes about 3 to 5 years to reach
the rapid growth phase shown in Figure 4.

Figure 4. Theoretical zebra mussel growth in a lake (modified from Harvey et al 2009).

In Forest Lake, the optimal bottom conditions are rock or wood substrate. These conditions are
relatively minor in Forest. Silt, sand, and muck are the most common type of bottom substrate.
Although this type of substrate is suboptimal, zebra mussels will still grow in Forest Lake.
As zebra mussel numbers increase, they will start attaching to other zebra mussels, forming
clumps of zebra mussels about the size of golf balls. This clumping will be the dominant growth
form and zebra mussel clumps will rest on top of the sediments (Figure 5). Zebra mussels will
also attach to the stems of aquatic plants (Figure 6).

Figure 5. Zebra mussel clumps.
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Figure 6. Zebra mussels will attach to aquatic
plant stems.
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With the filtering action of a large population of zebra mussels, water clarity will improve, but
there are some downsides with this clearer water. Energy flow will be shunted off into a zebra
mussel - algal loop and will not efficiently flow up to fish. Lower numbers of fish could possibly
result. The ‘energy’ in this case, is the flow nutrients through the food chain. Normally,
phosphorus is taken up by algae and algae are grazed by zooplankton, which in turn are eaten
by small fish. Gamefish, like bass and walleyes, eat the small fish. Therefore phosphorus has
made it’s way into fish.
When zebra mussels are prolific, they feed on algae as well. However, predation on zebra
mussels by fish is low. Instead of transferring energy up to fish, zebra mussel excretion
products deposit nutrients into the sediments. Released nutrients from the sediments will go
back into algae, which in turn, are filtered by zebra mussels, forming the zebra mussel-algal
loop. Fish do not get the full benefit of the phosphorus ‘energy’ component and the result can
be lower fish biomass.

Figure 7. Web of lake interactions (including zebra mussels).
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Figure 8. Zebra mussel life stages (from McComas 2003).
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Next Steps for Zebra Mussel Management
Since zebra mussel eradication is not a viable option for Forest Lake, the next steps are to
consider 1) monitoring, 2) maintenance, and 3) small-scale control methods.
1. Monitoring: currently, routine water quality sampling occurs at 4 sample locations in Forest
Lake that is conducted by Ramsey County. Water quality monitoring is scheduled to continue
at these sites in the future. Monitoring zebra mussel densities should be considered as well at
these water quality sampling locations. In the future, zebra mussel densities could be
correlated with water quality results. In addition, plant assessments and fish surveys will
continue and potential changes may be associated with zebra mussel densities.

2. Maintenance: as the zebra mussel population increases in Forest Lake, there will be
additional maintenance activities to conduct compared to lakes without zebra mussels. Some
of the possible maintenance tasks are shown below.

Zebra mussels on docks and boat lifts will have to
be scraped off.

Forest Lake Zebra Mussel, 2015

Water intakes can get clogged and zebra mussels
should be removed.
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3. Small-Scale Control: zebra mussels have few natural controls and large scale or lakewide
treatments are not economically or ecologically ready to go at this time. The alternative is to
control zebra mussels in small areas. For example, zebra mussels
in swimming areas will be a concern (Figure 9). Currently there are
several small-scale zebra removal devices that could work to remove
zebra mussels from swimming areas, boat accesses and even sandy
fish spawning areas (Figure 10). It will likely take 3 or more years
before zebra mussels reach high clumping densities in Forest Lake
where removal activities are needed.

Figure 9. Zebra mussel shells are sharp and in some cases protective footwear is recommended
to protect wader’s feet from the shells. However, these conditions don’t develop in every lake.

Figure 10. Zebra mussel collection devices for small-scale removal projects. These devices can
be used to pick up clumps of zebra mussels.
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APPENDIX
MnDNR Zebra Mussel Survey and Confirmation

ZEBRA MUSSEL INSPECTION: FOREST LAKE, WASHINGTON COUNTY
Surveyed by the Invasive Species Program
MNDNR – Division of Ecological and Water Resources

Lake: Forest Lake (DOW#82015900)
County: Washington
Observer[s]: K. Lund, E. Mottl, M. Verhoeven
Date of report: 6 July 2015

Date of inspection: 2 July 2015
Type of inspection: Zebra mussel inspection
Results: CONFIRMED INFESTED
Author[s] of report: Keegan Lund, Mike Verhoeven

An adult zebra mussel reportedly from Forest Lake was brought to the Comfort Lake Forest Lake Watershed
District office on July 1, 2015. The DNR surveyed the site where the zebra mussel was found on July 2, 2015.
The surveys confirmed the presence of zebra mussels in Forest Lake after finding 11 zebra mussels.

DNR Aquatic Invasive Species staff completed snorkel searches on July 2, 2015 at the location where the initial
reported zebra mussel was found. DNR surveys found zebra mussels along multiple sites on the east side of
Forest Lake – Lake 1 (see map below). In total, 11 zebra mussels were found ranging in size from 8-16 mm. The
mussels were attached to rocks ranging in size from ½ inch to 1 foot in diameter and were also found attached
to native mussels. The depths where zebra mussels were found ranged from 1.5-3.5 feet. Search effort by the
DNR was 3.2 man-hours.

On July 3, 2015 staff from Blue Water Science continued search efforts, finding additional sites where zebra
mussels were present. They completed an additional 5 hours of searching, bringing the total combine search
time to 12.2 man-hours, and the total number of mussels found to 16. Based on location and size of zebra
mussels found, adult mussels may currently be reproducing in the lake. No additional management or control
efforts will be sought by the DNR at this time.
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ZEBRA MUSSEL INSPECTION: FOREST LAKE, WASHINGTON COUNTY
Surveyed by the Invasive Species Program
MNDNR – Division of Ecological and Water Resources

Photo 1: MN NDR surveys on 2 July
turned up eleven zebra mussels.

Photo 2 & 3: Zebra mussels were observed attached to both rocks (right) and native mussels (left).
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ZEBRA MUSSEL INSPECTION: FOREST LAKE, WASHINGTON COUNTY
Surveyed by the Invasive Species Program
MNDNR – Division of Ecological and Water Resources

Map 1: Area surveyed on Forest Lake, Washington County MN. Lake was inspected on 2 &3 July
2015 and the number of zebra mussels found at each site is shown next to black dot.
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