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Search Terms
Pests: “ZEBRA MUSSEL” & “ZEBRA MUSSEL (DREISSENA)”

Ava| I a_b I e TO O I S Use Sites: “LAKES (WATER TREATMENT)”

Status: “ACTIVE”

Lakes (water treatment) Others Used

Registered Name Active Ingredient Registered Name Active Ingredient

Drexel Defol 40%  Sodium chlorate (40%) EarthTec (+5 syn.) Copper sulfate

Natrix Copper ethanolamine pentahydrate (5% Cu)
complex (9.1% Cu) Cutrine Ultra Natrix syn.

MBI-401 SDP P.f. CL145a (~50%) Potassium chloride*

National Pesticide Information Center
424 451 Products
(npic.orst.edu/NPRO)

a USGS
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Control Efforts

Traditional Approach
* Prevention L o N SRS

« EDRR Treatment PR Qa8 | 5 ,;
» Contain " s
* Biofouling Mitigation

Lake SEPe (0T TSR

Established population? T —

Quagga mussel occurrences

Zebra or quagga mussels eradicated

- E I aA D I CAT E ' ? Zebra or quagga mussels failed

U.S. Geological Survey : L4 TMEXICO ™
Nonindigenous Aquatic Species Database (https://nas.er.usgs.gov)

v Map produced on 2023-02-06
a USGS
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Control Efforts

Our Research
« Population control

 Functional eradication
 Target habitats
* Biofouling

Established population?
“Mitigate”

a USGS
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Our Observations

Copper Treatments CO2 Toxicity Trials

>30% (up to > 50%) mortality Zebra mussels far more
of adults during 80 ug/L copper susceptible to CO, than
treatment targeting veligers. unionids tested.

R? = 0.60 for LCq, * Temp
What are potential drivers?
How does water chemistry
matter?

=/
"‘/4 Preliminary Information-Subject to Revision. Not for Citation or Distribution.
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Carbon Dioxide

* Reconstituted water
» Acclimated mussels to chemistry

* Exposed in flow-through diluter -— m11i

* 96-h exposure; 96-h recovery
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 Alkalinity l — | -
 Hardness :
* Major cations
¢ SpeCIfIC COI’]d uctance Total hardness Alkalinity Specific conductance Cations (mmol/L)
. Trial (mg/L CaCQO.) (mg/L CaCQO.) (uS/cm at 25 °C) Na* Caz* Mg+ K*
* Dissolved 02 Well water 186 145 409 0628 119° 0662  0.038°
Very hard 306 195 967 4.26 1.00 1.77 0.108
°
Te m pe ratu re Moderately hard 105 74 324 1.23 0.47 0.52 0.065
® p H High conductivity 189 148 819 4.81 1.46 0.72 0.050
Moderate conductivity 184 136 615 2.71 1.36 0.67 0.065

 USGS
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COZ ReSU ItS R2=0.8974 R2 = 0.8089

p = 0.0144 p = 0.0377
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High conductivity

Moderate conductivity

<-more toxicity

2 3 300 400 500 600 700 800 900 1000
Na* (mmol/L) Specific conductance (uS/cm @ 25 °C)

Welibull 2-parameter
Agg. =784
Ind. = 447

Environmental Toxicology

Carbon Dioxide Toxicity to Zebra Mussels (Dreissena

polymorpha) is Dependent on Water Chemistry

»./
r-{ Matthew T. Barbour,* Matthew J. Meulemans, Todd J. Sever y K. Wise, and Diane L. Waller

Upper Midwest Emvironmental Sciences Center, US Gealogical Survey, La Cross
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Copper

e

* Through reproductive season } §EART HTE

Molluscicide For Control of Quagga and Zebra Mussels in Impounded Waters: Lal Popds; .

Canals; Difches; Aqueducts; and Equipment/Structures that deliver water directly fo buu:g;ow%':isvv;ng?ﬁns‘ Wastewater Lagoons: Re
screens, pumping stations, weirs, and penstocks. . — eatment faciliies to include g
Bactericide* - Nonpublic Health Bacteri 1

e X posure tem per atures matched lake o .

ACTIVE INGREDIENT » RAT

Copper Sulfate Pentahydrate*(cAs No. 7756-068) 19.8% EPA ESTABLISH| -NE-001
OTHER INGREDIENT: s - i~

NEW? WE T s Az ons ’- .

- Condition factors e T

AND CONTAINS 0.493 LBS ELEMENTAL COPPER PER GALLON. E‘“m:- -

—_—

* 96-h exposure; 96-h recovery WARNING - AVISO

» If you do not understand this label, find someone to explain it to you in detail :
(Si usted no. entiende'la etiqueta, busque a alguien para que se la explique a usted en detalle.]

FNE FIRST AID
e e mi::"‘é:"‘:n:'r“se slowy and genly with water for 20 minutes, Remove contactlenses, ™ NOTE-TO BHYSIGIAN: P g
Flionep, o e continue fnsing eye. Call a poisah control center o doctor for advice, Have the product container o ablwih You Wien
o iSO "
i able o muo’;{%‘;’fmﬁm c:rml&: ;T‘:Zmaa;z for duoeamm advice. Have personsip  treatment. i
V& anything to S told to do s0 by a poison control center or 2
Eongoy g iy 8 You maf e contactINFOTRAC 1505 o enetc
v OR LOTHING, Tk of o \ :

5020 minyies, Cal : ooiso’?»";:;‘:u%d clothing. Rinse é'kin Immediately with plenty of soap

- g :
SEE ADDITIONAL PRECAUTIONARY STATEMENTS ON THE SIDE OR

NARY STATEMENTS h
Don . ENVIRONMENTAL KAZARDS
“‘n."d Animals Ths 3 louk 10 fsh and aquac by ‘-
NIN S
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This information is preliminary and is subject to revision. It is being provided to meet the need for timely

> best science. The information is provided on the condition that neither the U.S. Geological Survey nor
"‘l{ USGS the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized

science for a changing world use of the information.



Copper Results

e Shell
e Tissue
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Copper Results

2-parameter, log-logistic models

Agg. = 4679
Ind. = 1985
Date .. . . .
20230509 All dose-response statistically dissimilar
- 2023-06-06
T 5 2023-06-20 Temporal trend?
O 2023-07-11
= 2023-07-25
2023-08-22
2023-09-19 100 ug/L in early May vs late July...

<10% mortality vs >90% mortality!

100 pg/L is 10% product label restrictions!!!

0 50 100 150 200 250 300 350 400 450 500
Cu (ug/L)
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Copper Results
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Temperature or temporal? Can we separate them???
"5 Preliminary Information-Subject to Revision. Not for Citation or Distribution.
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Applying Results

» Structured Decision-Making =
* Integrated Pest Management

preferenceS

Decide &
Take Action

Principles of IPM

Start clean, Scout, collect, Apply biological, cultural,

stay clean analyze data physical/mechanical,
chemical management tools

Monitor Control
(N
&\

SDM Values:
Analysis | | ference scales,

Toolkit ‘ ective weights,
risk attitudes

Prevent

Tradeoffs & ) :
Optimization ‘ Alternatives

= @ /
- g Consider:
»~
- Uncertainty,
& linked

decisions

“

Identify i Evaluate

Pests, hosts, Set action Is the program
beneficials thresholds working?

Modeling
Toolkit

Source: Jean Fitts Cochrane

University of Connecticut U.S. Geological Survey
College of Agriculture, Health and Natural Resources
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Implications for Management

What are the capabilities and limitations of the tools on hand?
CO, work emphasizes tailoring treatments to water chemistry

Copper work emphasizes treatment timing and mussel biology
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Our Future

* [nvestigating lower copper doses for biofouling
* Product comparisons (Natrix vs EarthTec)

* Veliger toxicity
* Applications of CO, as alternative to benthic mats
* Strategies to prevent biofouling on native mussels

* Novel formulations, products, and techniques
« Zequanox |

. Niclosamide W |H”'
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Our work has been
possible thanks to
many partners and
collaborators.
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