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Species

Zebra musselsijreissengpolymorphg)
Native range: southern Russia

High fecundity

Invasive traits

Broad dispersah

Huge filtering capacity

o~

Release eggs
and sperm
into water:
0.5 million

eggs/female

A4

Veliger larvae
develop 24 wks. in
plankton, drifting
long distances in

lakes, down streams

Attach withbyssal
threads to any
firm surface
(including other
mussels)

Dense mussel
beds remove %
¥, plankton mass

from lakes and

rivers
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A Several introductions to €
the Great Lakes In Ship L
ballast water 2011: Brown andstepien

A Appeared in Lake St Clair (1988: arrow)

A Through navigable waters (Grelahkes and Mississippi
Basins, Hudson and Susquehahtheersy theyreached
Louisiana to the south, Quebec and New York to the east,
Oklahoma and Minnesota to theest in 5 years!
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Spread to date L=~
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A131river systems =L ; - \5:;. o

A772 inland lakes, reservoirs 2011 Map : Brown an8tepien
andimpoundments

I Minnesota as of 2016**
A28 riversand streams
A103 inland lakes

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



Number of infested lakes
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among the highest in the US

1999

2004

FromMallezand McCartney (in review)

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

A Prevention works, but must be
targetedby

A Understanding transport pathways
pinpointinvasion sources anautes,
and vectors (boatsdocks, liftX 0

Boat traffic data and models
Geneticsaandgenomics

2009 2014
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A Ecological AT \
i Dense mussel beds can *'-.' P | / | ]

A Filter ¥4- Yavolume of a lake or river per day s t S

A 50-75% drop irphyto- & zooplankton biomass L """" 3: «‘?f\
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A Restructure fOOd WebS From Higgins and Van déanden(2010)

I Greater waterclarityt may promoteplant growth,cascadinggffects

I Damage to fish populations (e.g. Hudson River), but not everywhere
(e.g. Lake Erie)

T Decline, local extinctions of native mussels
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Zebra mussels: impacts

A Economic and recreational
I Clog intake pipes for industrial facilities

A USGS: $5 hillion losses in Great Lakes,-2000

T Waterfront/recreational: docks, boats, lifts,
Y202 NAX

I Impacts on recreational industries very high (?)

i tNBLISNII 8 GO dzSaéy &2 Y S e

many downs (e.g. algal blooms)



Our approach

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

A Determine spread routes to plan
where and how to best block them

A Long term research on genetic
biocontrol: genome sequencing

A Meanwhile, help managers improve
existing management techniques
(mostly, chemical)



Genetic markers of zebra mussel spread

A Microsatellite markers
A Repeated motif§ GTTAGTCCD ! D ! ABXGATTCGATCT

A Genotyping of 9 microsatellite markers

A Obtained from the literature
A Optimized for this study
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Sampling zebra mussels

A Sampling of infested waterbodies in 2042015¢ 2016
A 69 sites- 44 water bodiesc 2047individuals
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Sampling zebra mussels

A Sampling of infested waterbodies in 2042015¢ 2016
A 69sites- 44 water bodiesc 2047individuals
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Analysis of genetic diversity
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Analysis of genetic structure
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Somewell-defined genetic clusters allows testing invasion models




Analysis of invasion modelg & { dzBISINES I R S NJ

Mille Lacd_akec a source for other inland lakes?

A High boater traffic
A Infested early (2005)

Carlos«——" ?

— Pelican

)
? ~ Minnetonka
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X X \ Prior

N = 35akescomparedto Mille Lacs Lake



Analysis of invasion modetsi { dzBIEINIS | RS NE

Mille Lacd_akec a source for other inland lakes?

S1: Independent introductions S2: Successive introductions
A Past A Past
s Na s Na
v, T
i} i
1 N2 w ' N2 - 108"
N2B N2B (i

- t2-DB2
Present \ Present

Mille Lacs Lake Other infested lake Mille Lacs Lake Other infested lake



Analysis of invasion modetsi { dzBIEINI | RS NE

Mille Lacd_akec a source for other inland lakes?

S1: Independent introductions S2: Successive introductions
A Past A Past
1} Na | 11 il Na [ t1
: N1B e . N1B
-t1-DB1 L t1-DB1
" N2 -t2-DB2 N2 12
N2B N2B
_t2-DB2
Present Present
Mille Lacs Lake Other infested lake Mille Lacs Lake Other infested lake

Independent introductions scenargelectedin everycase
with highprobabillities from 81% to 99%.

Mille LacdLake:not the sourcdor any of
the 35lakesinvadedafter 2005




Analysis of invasion models: clustered invasions iniekeregions:
1. Dispersal from outside region (red arrows) 2. Local spread (shaded colors)




Clustered InvasiogdDetroit Lakes
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Detroit Lakes 1
unique genetic cluster
found nowhere else

Includes Orwell

Reservoir (50 -
miles
downstream

Clustered Invasion[sDetroit Lakes
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Clustered InvasiomBrainerd Lakes
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Clustered InvasiomsBrainerd Lakes

N

(2

Brainerd Lakesl
unique genetic

cluster found * = Tested lake
nowhere else

A

Includes Cass and
WinnibigoshisiLakes



Clustered InvasiomgsAlexandria lakes

Mille Prior Alexandria Brainerd Pelican Rapids
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Clustered InvasiomgsAlexandria lakes

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

* Tested lake

® |nfested lake




Summary and management conclusions

A High genetic diversity: Infestations are founded by

many mussels
A If veligersin residual water are the vectormultiple introductions
A Vectors that transmit juveniles or aduttslocks, lifts, resident
boatst are more likely to generate this pattern



Summary and management conclusions

A High genetic diversity: Infestations are founded by

many individuals
A If veligersin residual water are the vectormultiple introductions
A Vectors that transmit juveniles or aduttslocks, lifts, resident
boatst are more likely

Aad { d2BIEINEB I RSNEX f I 1Say yz2i
A High boater traffic, but geneticshows (so far) thathey have not

Infested other lakes
A Inspection/decontaminatioprograms are working on Milleacs



Summary and management conclusions

A High genetic diversity: Infestations are founded by

many individuals
A If veligersin residual water are the vectormultiple introductions
A Vectors that transmit juveniles or aduttslocks, lifts, resident
boatst can introduce large #s of mussels per transport event

Aad { d2BIEINEB I RSNEX f I 1Say yz2i
A High boater traffic, but genetics shows (so far) that they have not

Infested other lakes
A Inspection/decontamination programs are working on Milkcs

A Mussels spread locally in lakieh regions
A One or more original infestations from outside the region
A After thist local spread is rapid (overland and downstream)
A Vectors spreading mussels locally must be identified and blocked



What can be done to control or eliminate zebra mussels

L

A Mechanical controls
I Hand harvest
I Draw downs

A Chemical treatment

A Biological control




Zebra M ussels Removed

from Lake George -
Rogers N\

Site (vear discovered) # Removed * RO'FE \x
LG Village (1999) 21278 Mossy
Cleverdale (2004) 1,380 Point

Nbssy Point (2004) 1816
Sandy Bay (2006) 451 Hague
RogersRock (2007) 231
Yankse Manna (2007) 36
Castaway Manna (2007) 47
Treasurs Cove (2008) 188
Beckley's (2008) p7) N
Middle Bay(2009)

* As of the end of 2009.
Zebra mussels removed by
divers from the Damin
Fresh Water Institute,
Bateaux Below, and
InnerSpace Scientific
Diving.

Hulats
Landing

Bolton

Landing
Beckley’s
Middle Bay*\ *
ﬁeasurg 5%
Cove ™. |

Indicates Zebra Mussel
location

s . Sandy Bay
Yankee, / Castaway Marina
Marina

LG Village

Lal=
Villags

For more info about zebra mussels or to learn more about the LGA & how <y eorc

to support its work, go to www.lakegeorgeassociation.org. Association



Chemical treatments for zebra mussels in Minhesota

Lake

Minnewashta

Ruth

Christmas

Independence

Rose

Irene

County

Hennepin

Crow Wing

Hennepin

Hennepin

Otter Tail

Douglas

Year treated

2016

2015

2014

Agent(s) Current Status

OFNUKESO, pa yvdzasta FTadyR Ay GNBFGYSYd FNBE 7
(copper sulfate  status: evaluation in progress; follow up monitoring begins Spring 2017
formulation)
w b2 Ydz&AasSta F2dzyR Ay GNBIFGYSyd | NBIF |
w b2 FRdzZ Gaz I NBIS 2wde thrbuhisunned2018 dzd Sy A
9 NIIK¢SOw CFtf wnmcY 2yS RSIR YdzaasSt F2dzyR i
wStatus:uncertain

T
f
!

P NUKESO, ha vamasta FadyR Ay i NEeatnwnyd | NBI 2
potas_h (potassiun,, ¢ ¢t ppm p Y onequipMeaitiréniteddistang fomyi Reatmentarea
chloride), Asizes of these mussels suggests that reproduction occurred

Zequanox wStatusithe lakepopulation is now growing

Fall 2014, Spring 9 | NIiK ¢ SOw nd¢ YdzaasSta F2dzyR AY Hnwmpinate feéatmentared | F

2015

2011

2011

potash w C 2dp&udvey in 2016 only 3 mussels found, no smaliimals,no reproduction
wStatus (tentative): population suppression

Cutrine@Ultra { dzNBSe& Ay &LINAY3I wnamH F2dzyR o YdzaasSta
(liquidchelated w { dzNBSeéada FTNRBY Hnamo (KMNEdbd wHnampY y2 Ydz
copper algicide) wStatus: uccessfupopulation suppression, beirmonitored

. w [A1S w2aS8S [I1SZ L N&nuSeatédusing@uififeSlail SR 0 &
Cutrine@Ultra ¢, 2§ | NB y2d F6INB 2F F2f{t26 dzJ Ay T2 NYI
wStatus: population has grown and is widespread



Is Lake Washingtom candidate for
treatment?

v

Not without a coordinated effort with Lake Stella



Predators

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




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

Parameter Lake Washington | | o Potential for | Low Potential for Moderate High
data Adult Survival Larval (survivable, but will (favorable for
Development not flourish) optimal growth)
MPCA!
PLM?
Calcium (mg/1) (?) Regionisin <8 815 15-30 >30
the moderate-
high range
Dissolved oxygen 7.3¢12° . -
(mg/l) 6.11-10.73° < 7 e 7
Afew lower D.O.
sites
2
Temperature 15.1-24.7 <100r >32 26-32 10-20 20-26
2
pH ezl <700r>95 | 7.0-7.80r9.095| 7.8820r8.89.0 8.2-8.8
High pHin
autumn
Potassium (mg/l) >100 >S50 40-50 <40
(prevents
Hardness(mg/1) (?) Regionisin <30 30-35 55-100 100-280
the moderate-
high range
Alkalinity (?) Regionisin <30 30-55 55-100 100-280
(mg GaCoy/L) the moderate-
high range
Conductivity 324-368° <0 30-60 60-110 >110
(umhos)
Secchidepth (m) | .76-1 (1992)" <Lor>8 1-20r 68 46 24
0.8-2.1(2016)"
787-1.7°
Chlorophylia 6.4 <250r>25 2.0-2.50r 20- 25 8-20 258
(ud/l) 7-22
Most sitesin the
moderate range
1
Total phosphorus 37-672 <5 or >50 5-10 or 35-50 10-25 25-35
(Ppb) 21-56
Many sitesin

moderate range




Possible impacts to Lake
Washington: ecologic and
recreational

A ZM effects on fish populations

I Impacts in the Great Lakes and major rivers: mixed bag
A Lake Oneida perch: none
A Lake Erie walleye: none
A Lake Michigan: some

A Hudson River: several

I We would not predict aapid declinan any fisheries population to
be caused by this zebra mussel invasion

I Longer termt very difficult to predict

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



Possible impacts to Lake |
Washington: ecologic and
recreational

A Nevertheless, the lake will likely change in
OKI N} Ot SNE k YR SO2ft23AO0l

A Increased wateclarity is likely

A Changes in aquatic plant populations are
possible

A Nuisance: shoreline areas with rocks will
become encrusted with mussels



Future prospects for control

A Once an infestation is
established: few options

A We need population
control agents that we can
spread throughout an
Infested lake

A Genetic biocontrol
technology Is rapidly
becoming an option



