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Zebra mussels (Dreissenapolymorpha)
Native range: southern Russia

Invasive traits

Release eggs 
and sperm 
into water: 
0.5 million 

eggs/female

Veliger larvae 
develop 2-4 wks. in 
plankton, drifting 
long distances in 

lakes, down streams

Broad dispersalHigh fecundity

Attach with byssal
threads to any 
firm surface 

(including other 
mussels)

Huge filtering capacity

Dense mussel 
beds remove ½ -
¾ plankton mass 
from lakes and 

rivers



North American 
invasion

ÅSeveral introductions to 
the Great Lakes in ship 
ballast water

ÅAppeared in Lake St Clair (1988: arrow)

ÅThrough navigable waters (Great Lakes and Mississippi 
Basins, Hudson and Susquehanna Rivers)τthey reached 
Louisiana to the south, Quebec and New York to the east, 
Oklahoma and Minnesota to the west in 5 years!

2011: Brown and Stepien



Spread to date in 
North America
ÅAs of 2010

2011 Map : Brown and Stepien

ïUS and Canada*

Å131 river systems

Å772 inland lakes, reservoirs 
and impoundments 

*Data from A. Benson, USGS (2013)
**From MnDNRAIS Program (K Pennington)

ïMinnesota as of 2016**

Å28 rivers and streams 

Å103 inland lakes



aƛƴƴŜǎƻǘŀΩǎ ǊŀǘŜ ƻŦ ƴŜǿ ƛƴƭŀƴŘ ƛƴǾŀǎƛƻƴǎ ƛǎ ƴƻǿ 
among the highest in the US

From Mallezand McCartney (in review)

We have the time, the will, and the 
resources to slow spread and prevent 
infestation of many prized water 
bodies!

Å Prevention works, but must be 
targetedby

Å Understanding transport pathways to 
pinpoint invasion sources and routes, 
and vectors (boats, docks, liftsΧύ

- Boat traffic data and models

- Genetics and genomics



Zebra mussels: impacts

From Higgins and Van der Zanden(2010) 

Å Ecological

ï Dense mussel beds can

ÅFilter ¼ - ½ volume of a lake or river per day

Å50-75% drop in phyto- & zooplankton biomass

ÅRestructure food webs

ïGreater water clarityτmay promote plant growth, cascading effects

ïDamage to fish populations (e.g. Hudson River), but not everywhere 

(e.g. Lake Erie)

ïDecline, local extinctions of native mussels



Zebra mussels: impacts

ÅEconomic and recreational

ïClog intake pipes for industrial facilities

ÅUSGS: $5 billion losses in Great Lakes, 2000-2010

ïWaterfront/recreational: docks, boats, lifts, 

ƳƻǘƻǊǎΧ

ï Impacts on recreational industries very high (?)

ïtǊƻǇŜǊǘȅ άǾŀƭǳŜǎέΥ ǎƻƳŜ ǳǇǎ όŜΦƎΦ ǿŀǘŜǊ ŎƭŀǊƛǘȅΣ 

many downs (e.g. algal blooms)



ÅGenetics of spread: where did 
mussels invading new lakes come 
from?

ÅDetermine spread routes to plan 
where and how to best block them

ÅLong term research on genetic 
biocontrol: genome sequencing

ÅMeanwhile, help managers improve 
existing management techniques 
(mostly, chemical)

Our approach

X



Genetic markers of zebra mussel spread

ÅMicrosatellite markers
ÅRepeated motifs ςGTTAGTCC!D!D!DΧΦAGAGAGTTCGATCT

ÅGenotyping of 9 microsatellite markers
ÅObtained from the literature 
ÅOptimized for this study



Sampling zebra mussels

ÅSampling of infested waterbodies in 2014 ς2015 ς2016
Å69 sites - 44 water bodies ς2047 individuals



Sampling zebra mussels

ÅSampling of infested waterbodies in 2014 ς2015 ς2016
Å69 sites - 44 water bodies ς2047 individuals



Analysis of genetic diversity

Broad pattern:  
Lakesare colonizedby large numbersof mussels



Analysis of genetic structure

Somewell-definedgenetic clusters allows testing invasion models
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Mille Lacs Lake ςa source for other inland lakes?
ÅHigh boater traffic
ÅInfested early (2005)

Analysis of invasion models I ςά{ǳǇŜǊ-ǎǇǊŜŀŘŜǊέ ƭŀƪŜǎ

Mille Lacs

Gull

Carlos

Minnetonka

Pelican

PriorΧΧ

N = 35 lakescomparedto Mille Lacs Lake

?

?

?

?

?



Mille Lacs Lake ςa source for other inland lakes?

Analysis of invasion models ςά{ǳǇŜǊ-ǎǇǊŜŀŘŜǊέ ƭŀƪŜǎ



Mille Lacs Lake ςa source for other inland lakes?

Analysis of invasion models ςά{ǳǇŜǊ-ǎǇǊŜŀŘŜǊέ ƭŀƪŜǎ

Independent introductions scenario selectedin everycase 
with high probabilities, from 81% to 99%.

Mille Lacs Lake: not the source for anyof 
the 35 lakesinvadedafter 2005



Analysis of invasion models: clustered invasions in lake-rich regions:
1. Dispersal from outside region (red arrows)  2.  Local spread (shaded colors)



Clustered InvasionsςDetroit Lakes
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Detroit Lakes:  1 
unique genetic cluster 
found nowhere else

Clustered InvasionsςDetroit Lakes

* =  Tested lake
ZM = Infested lake

* 

Includes Orwell 
Reservoir (> 50 
miles 
downstream



Clustered InvasionsςBrainerd Lakes
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Brainerd Lakes: 1 
unique genetic 
cluster found 
nowhere else

Clustered InvasionsςBrainerd Lakes

* =  Tested lake
ZM = Infested lake

Includes Cass and 
WinnibigoshishLakes



K = 2

K = 3

K = 4

K = 5

K = 6

K = 7

K = 8

K = 9

K = 10

Mille 
Lacs

Prior Alexandria 
area

Brainerd 
area

Pelican Rapids 
area

Clustered InvasionsςAlexandria lakes



Alexandria-
area lakes: 2-3 
unique genetic 
clusters found 
nowhere else

Infested lake

*

*

*

*

*

*

*

*

*  Tested lake
*

**

*

Clustered InvasionsςAlexandria lakes



Summary and management conclusions

ÅHigh genetic diversity: Infestations are founded by 
many mussels

Å If veligersin residual water are the vectorτmultiple introductions
ÅVectors that transmit juveniles or adultsτdocks, lifts, resident 

boatsτare more likely to generate this pattern



Summary and management conclusions

ÅHigh genetic diversity: Infestations are founded by 
many individuals

Å If veligersin residual water are the vectorτmultiple introductions
ÅVectors that transmit juveniles or adultsτdocks, lifts, resident 

boatsτare more likely 

Åά{ǳǇŜǊ-ǎǇǊŜŀŘŜǊέ ƭŀƪŜǎΥ ƴƻǘ ƛƴŦŜǎǘŀǘƛƻƴ ǎƻǳǊŎŜǎ
ÅHigh boater traffic, but genetics shows (so far) that they have not 

infested other lakes
Å Inspection/decontamination programs are working on Mille Lacs



Summary and management conclusions

ÅHigh genetic diversity: Infestations are founded by 
many individuals

Å If veligersin residual water are the vectorτmultiple introductions
ÅVectors that transmit juveniles or adultsτdocks, lifts, resident 

boatsτcan introduce large #s of mussels per transport event

Åά{ǳǇŜǊ-ǎǇǊŜŀŘŜǊέ ƭŀƪŜǎΥ ƴƻǘ ƛƴŦŜǎǘŀǘƛƻƴ ǎƻǳǊŎŜǎ
ÅHigh boater traffic, but genetics shows (so far) that they have not 

infested other lakes
Å Inspection/decontamination programs are working on Mille Lacs

ÅMussels spread locally in lake-rich regions
ÅOne or more original infestations from outside the region
ÅAfter thisτlocal spread is rapid (overland and downstream)
ÅVectors spreading mussels locally must be identified and blocked



ÅMechanical controls

ïHand harvest

ïDraw downs

ÅChemical treatment

ÅBiological control

What can be done to control or eliminate zebra mussels?



Image: RPI, Troy NY



Lake County Year treated Agent(s) Current Status

Minnewashta Hennepin 2016
9ŀǊǘƘ¢ŜŎ v½ϰ 
(copper sulfate 
formulation)

ω bƻ ƳǳǎǎŜƭǎ ŦƻǳƴŘ ƛƴ ǘǊŜŀǘƳŜƴǘ ŀǊŜŀ ŀŦǘŜǊ ǘǊŜŀǘƳŜƴǘ
ω Status: evaluation in progress; follow up monitoring begins Spring 2017

Ruth Crow Wing 2015 9ŀǊǘƘ¢ŜŎ v½ϰ

ω bƻ ƳǳǎǎŜƭǎ ŦƻǳƴŘ ƛƴ ǘǊŜŀǘƳŜƴǘ ŀǊŜŀ ŀŦǘŜǊ ǘǊŜŀǘƳŜƴǘ
ω bƻ ŀŘǳƭǘǎΣ ƭŀǊǾŀŜ ƻǊ ǎŜǘǘƭƛƴƎ ƧǳǾŜƴƛƭŜǎ ŦƻǳƴŘ ƭŀƪŜ-wide through summer 2016
ω Cŀƭƭ нлмсΥ ƻƴŜ ŘŜŀŘ ƳǳǎǎŜƭ ŦƻǳƴŘ ŀǘǘŀŎƘŜŘ ǘƻ ŀ ōƻŀǘ ƭƛŦǘ ǇǳƭƭŜŘ ŦǊƻƳ ǘƘŜ ƭŀƪŜ
ω Status: uncertain

Christmas Hennepin 2014

9ŀǊǘƘ¢ŜŎ v½ϰΣ 
potash (potassium 
chloride), 
Zequanox

ω bƻ ƳǳǎǎŜƭǎ ŦƻǳƴŘ ƛƴ ǘǊŜŀǘƳŜƴǘ ŀǊŜŀ ǘƻ ŘŀǘŜ όн ȅŜŀǊǎ Ǉƻǎǘ-treatment)
ω Cŀƭƭ нлмрΥ мс ƳǳǎǎŜƭǎ ŦƻǳƴŘ on equipment from sites distant from treatment area 
ÅSizes of these mussels suggests that reproduction occurred
ω Status:the lake population is now growing

Independence Hennepin
Fall 2014, Spring 
2015

9ŀǊǘƘ¢ŜŎ v½ϰΣ 
potash

ω пф ƳǳǎǎŜƭǎ ŦƻǳƴŘ ƛƴ нлмр όƻƴŜ ȅŜŀǊ ŀŦǘŜǊ ǘƘŜ ŦƛǊǎǘ ǘǊŜŀǘƳŜƴǘύτin the treatment area 
ω Cƻƭƭƻǿ-up survey in 2016τonly 3 mussels found, no small animals,no reproduction
ω Status (tentative): population suppression

Rose Otter Tail 2011
Cutrine®-Ultra 
(liquid chelated 
copper algicide) 

ω {ǳǊǾŜȅ ƛƴ ǎǇǊƛƴƎ нлмн ŦƻǳƴŘ о ƳǳǎǎŜƭǎ ǊŜƳŀƛƴƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ŀǊŜŀ
ω {ǳǊǾŜȅǎ ŦǊƻƳ нлмо ǘƘǊƻǳƎƘ нлмрΥ ƴƻ ƳǳǎǎŜƭǎ ŦƻǳƴŘΣ lake-wide
ωStatus: successful population suppression, being monitored

Irene Douglas 2011 Cutrine®-Ultra
ω [ƛƪŜ wƻǎŜ [ŀƪŜΣ LǊŜƴŜ ǿŀǎ ƛƴŦŜǎǘŜŘ ōȅ ŀ ōƻŀǘ ƭƛŦǘΣ and treated using CutrineUltra
ω ²Ŝ ŀǊŜ ƴƻǘ ŀǿŀǊŜ ƻŦ Ŧƻƭƭƻǿ ǳǇ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƛƻǊ ǘƻ Cŀƭƭ нлмп
ω Status: population has grown and is widespread

Chemical treatments for zebra mussels in Minnesota



Is Lake Washington a candidate for 
treatment?

Not without a coordinated effort with Lake Stella

Lake 
WashingtonStella



Predators

Several native and non-native species 
eat zebra mussels, but none can 
control them in North America



Parameter	 Lake	Washington	
data	

	
MPCA

1	

PLM
2	

Low	Potential	for	
Adult	Survival	

Low	Potential	for	
Larval	

Development	

Moderate	
(survivable,	but	will	

not	flourish)	

High	
(favorable	for	

optimal	growth)	

Calcium	(mg/ l)	 (?)	Region	is	in	
the	moderate-

high	range	

<8	 8-15	 15-30	 >30	

Dissolved	oxygen	
(mg/ l)	

7.3	ς	12
1	

6.11-10.73
2	 <3	 3-7	 7-8	 >8	

	 A	few	lower	D.O.	
sites	

	 	 	 	

Temperature	 15.1-24.7
2	

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

pH	 8.27-9.21
2	

<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	

	 High	pH	in	
autumn

2	 	 	 	 	

Potassium	(mg/ l)	 	 >100	 >50	
(prevents	

settlement)	

40-50	 <40	

Hardness	(mg/ l)	 (?)	Region	is	in	
the	moderate-

high	range	

<30	 30-35	 55-100	 100-280	

Alkalinity	

(mg	CaCO3/L)	
(?)	Region	is	in	
the	moderate-

high	range	

<30	 30-55	 55-100	 100-280	

Conduct ivit y	

(umhos)	
324-368

2	

<30	 30-60	 60-110	 >110	

Secchi	depth	(m)	 .76-1	(1992)
1	

0.8-2.1	(2016)
1	

.787-1.7
2	

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

Chlorophyll	a	
(ug/ l)	

26.4
1	

7-22
2	 <2.5	or	>25	 2.0-2.5	or	20-	25	 8-20	 2.5-8	

	 Most	sites	in	the	
moderate	range	

	 	 	 	

Total	phosphorus	
(ppb)	

37-67
1	

21-56
2	

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

	 Many	sites	in	
moderate	range	

	 	 	 	

	

Assessing habitat suitability for Lake Washington, Meeker Co. MN
Source of the habitat quality categories is Mackie and Claudi(2010)



Possible impacts to Lake 
Washington: ecologic and 
recreational
Å ZM effects on fish populations

ï Impacts in the Great Lakes and major rivers: mixed bag

ÅLake Oneida perch: none

ÅLake Erie walleye: none

ÅLake Michigan: some

ÅHudson River: several

ïWe would not predict a rapid decline in any fisheries population to 
be caused by this zebra mussel invasion  

ï Longer termτvery difficult to predict 

ïWE NEED MORE RESEARCH ON IMPACTS OF ZEBRA MUSSELS ON 
FISH POPULATIONS IN INLAND LAKES



Possible impacts to Lake 
Washington: ecologic and 
recreational

ÅNevertheless, the lake will likely change in 
ŎƘŀǊŀŎǘŜǊΣ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭƭȅ ōŜ άǊŜǎǘǊǳŎǘǳǊŜŘέ

ÅIncreased water clarity is likely

ÅChanges in aquatic plant populations are 
possible

ÅNuisance: shoreline areas with rocks will 
become encrusted with mussels



Future prospects for control

ÅOnce an infestation is 
established: few options

ÅWe need population 
control agents that we can 
spread throughout an 
infested lake

ÅGenetic biocontrol 
technology is rapidly 
becoming an option


