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Executive Summary 
 

 Ensuring that best management practices are implemented throughout the sequence of 
control actions for a dreissenid introduction will maximize cost-effectiveness of actions, 
minimize impacts to non-target organisms and the environment, and result in a coordinated, 
effective response that achieves the goal of controlling the introduction, where it is possible. 

 The best management practices included in this guide are not meant to be 
comprehensive. Rather, they are meant to highlight key aspects of control actions, including: 

 Comprehensive local fate and transport analyses for chemicals likely involved in a 
dreissenid response 

 Effects of non-chemical control dreissenid response actions 
 Timing of in-water work to minimize effects to non-target species, particularly 

sensitive, threatened, and endangered species 
 Pesticide use matrices that inform each state in the CRB the regulatory requirements 

and entities responsible for providing services and permits to inform control actions 
 Sources of licensed pesticide applicators for each state in the CRB 
 Locations at high risk for introduction and establishment of dreissenids, and 

associated sensitive, threatened, or endangered native species at or downstream from 
these locations 

 Notification protocols 
 Quarantine protocols 
 Monitoring protocols 
 General conservation measures applicable to all actions. 

 These best management practices are meant to guide implementation actions, building 
on the rapid response plans developed by each CRB state. These practices also serve to 
further collaboration with federal partners to inform the core elements of 
Endangered Species Act consultation. 
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The Threat1 
 
Zebra and quagga mussels are closely related filter-feeding freshwater mussels in the genus 
Dreissena. These bivalves produce free-swimming planktonic larvae that eventually settle out 
of the water column and attach to hard surfaces using byssal threads. First discovered in 
Lake Erie in 1988, Dreissenid mussels have spread rapidly throughout North America and are 
found in all of the Great Lakes and many drainages in the Midwest, North Atlantic and 
Southwestern United States. 

Dreissenid mussels are introduced into new water bodies through both natural and human-
mediated transport. Natural dispersal occurs through larval drift, or by the transport of 
adults attached to floating objects. Human-mediated dispersal occurs through the movement 
of larvae in the ballast water tanks of large vessels, via internal water stored in engine 
compartments of smaller trailered boats, or via the movement of adults attached to the hulls 
of conveyances. Also, mussels may be introduced to new water bodies in contaminated bait 
and nursery stock.2, 3 

Adult mussels may survive out of water up to five days in dry environments and for several 
weeks in wet areas and compartments of boats, motors, trailers, and other conveyances, 
making overland transport by recreational boaters a high risk pathway for the introduction 
of zebra and quagga mussels into Oregon waters.4, 5 The chance of establishment of aquatic 
invasive species by overland transport increases by a factor of the square of the distance 
from existing populations.6  

Many factors contribute to the risk of Dreissenid introduction and establishment, including 
environmental parameters (e.g., dissolved calcium, pH), and the extent and types of public 
usage (e.g., total day use, presence of boat ramps and marinas, proximity to transportation 

1 Excerpted and revised from the OISC Zebra Quagga Mussel Risk Assessment, 
http://www.oregon.gov/OISC/calendar_may10.shtml 

2 Johnson L.E, A. Ricciardi, and J.T . Carlton. 2001. Overland dispersal of aquatic invasive species: a 
risk assessment of transient recreational boating. Ecological Applications 11(6):1789–1799.  

3 Karatayev, A. Y., D. K. Padilla, D. Minchin, D. Boltovskoy, and L. E. Burlakova. 2007. Changes in 
global economies and trade: the potential spread of exotic freshwater bivalves. Biological 
Invasions 9:161–180. 

4 Johnson L. E, A. Ricciardi, and J. T. Carlton. 2001. Overland dispersal of aquatic invasive species: a 
risk assessment of transient recreational boating. Ecological Applications 11(6):1789–1799. 

5 Timar, L., and D. J. Phaneuf, 2009. Modeling the human-induced spread of an aquatic invasive: The 
case of the zebra mussel. Ecological Economics 68(12):3060–3071. 

6 Leung, B., J. M. Bossenbroek, and D. M. Lodge. 2004. Boats, Pathways, and Aquatic Biological 
Invasions: Estimating Dispersal Potential with Gravity Models. Biological Invasions 8(2): 241–
254. 

3 | P a g e  
 

                                                 

http://www.oregon.gov/OISC/calendar_may10.shtml


 4 Responding to an introduction of dreissenids in the Columbia River Basin 

corridors, motorized boating, fishing). Boat transport from contaminated waters is the most 
likely pathway of introduction to new water bodies in Oregon.7, 8, 9, 10 Once introduced, pH 
and calcium concentrations are likely to determine the success of the invasion. These factors 
are considered critical environmental parameters for Dreissenid mussel survival and 
growth.11, 12 

Once established, Dreissenid mussels can dramatically alter the ecology of a water body and 
associated fish and wildlife populations. As filter feeders, they remove phytoplankton and 
other particles from the water column and thus shift production from the pelagic to the 
benthic portion of the water column.13 Native mussels are significantly threatened by the 
presence of invasive mussels. By attaching themselves to the surfaces of other bivalves, 
Dreissenid mussels can starve freshwater mussels and drive indigenous populations to local 
extinction. Dreissenid mussels can also affect dissolved oxygen through respiration, and 
dissolved calcium carbonate concentrations through shell building.14 

Dreissenid mussels can cause substantial economic damage by infesting municipal, industrial, 
and agricultural water systems and attaching themselves to the hard substrates of pipes, 
dams, and diversion pathways. This restricts the flow of water through the systems 
impacting component service life, system performance, and maintenance activities. The 

7 Lucy, A., J. Buchan, and D.K. Padilla. 1999. Estimating the probability of long distance overland 
dispersal of invading aquatic species. Ecological Applications 9(1):254–265. 

8 Frischer, M. E., B. R. McGrath, A. S. Hansen, P. A. Vescio, J. A. Wyllie, J. Wimbush and S. A. 
Nierzwicki-Bauer. 2005. Introduction pathways, differential survival of adult and larval zebra 
mussels (Dreissena polymorpha), and possible management strategies, in an Adirondack lake, 
Lake George, NY. Lake and Reservoir Management 21(4):391–402.  

9 Johnson L. E, A. Ricciardi, and J.T. Carlton. 2001. Overland dispersal of aquatic invasive species: a 
risk assessment of transient recreational boating. Ecological Applications 11(6):1789–1799. 

10 Karatayev, A. Y., D. K. Padilla, D. Minchin, D. Boltovskoy, and L. E. Burlakova. 2007. Changes in 
global economies and trade: the potential spread of exotic freshwater bivalves. Biological 
Invasions 9:161–180. 

11 Hincks, S. S. and G. L. Mackie. 1997. Effects of pH, calcium, alkalinity, hardness, and chlorophyll 
on the survival, growth, and reproductive success of zebra mussel (Dreissena polymorpha) in 
Ontario lakes. Can. J. Fish. Aquat. Sci. 54:2049–2057. 

12 McMahon, R. F. 1996. The physiological ecology of the zebra mussel, Dreissena polymorpha, in North 
America and Europe. Amer. Zool. 36:339–363. 

13 Sousa, R., J. L. Gutiérrez, and D. C. Aldridge, 2009. Non-indigenous invasive bivalves as 
ecosystem engineers. Biological Invasions 11(10):2367–2385. 

14 Strayer, D. L. 2009. Twenty years of zebra mussels: lessons from the mollusk that made headlines. 
Front Ecol. Environ. 7(3):135–141. 
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annual cost to power plants and municipal drinking water systems in North America has 
been estimated between $267 million and $1 billion dollars.15, 16  

Establishment of Dreissenid mussels in the Columbia River Basin would be expensive, 
requiring extensive maintenance to the nuclear power plant and the hydroelectric dams, fish 
ladders and irrigation pumping. In an economic impact report prepared for Bonneville 
Power Administration, the one-time cost to install mussel treatment systems was estimated 
at more than $23 million dollars; annual costs were estimated at $1.5 million.17 

  

15 Connelly N., C. R. O’Neill, B. A. Knuth, and T. L. Brown. 2007. Economic impacts of zebra 
mussels on drinking water treatment and electric power generation facilities. Environmental 
Management 40(1):105–112. 

16 Pimentel, D. 2005. Aquatic nuisance species in the New York State Canal and Hudson River 
Systems and the Great Lakes Basin: An economic and environmental assessment. 
Environmental Management 35(5):692–701. 

17 Phillips, S., T. Darland, and M. Sytsma. 2005. Potential economic impacts of zebra mussels on 
hydropower facilities in the Columbia River Basin. Prepared for Bonneville Power 
Administration. 22 pg. 
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Chemical Fate and Transport Analyses 
 
Chemicals to control dreissenids 
  Both non-chemical and chemical controls have varying levels of success in 
controlling dreissenids. Non-chemical controls are discussed in detail in the Effects of 
Physical Controls portion of this document. 

 Mussel life cycle and behavior influence the strategies and tactics of chemical control, as 
well as choice of molluscicidal compound.18 Dreissenids cannot survive in saline conditions, 
but are well adapted to water temperatures (12 ºC to 32 ºC (55 ºF to 90 ºF)), pH range (6.5 
to >8), and turbidity levels found in the CRB.  

 The application of chemical molluscicides is limited by19: 

 How well it removes or kills the various dreissenid life stages. 
 It’s ability to be compatible with possible potable water use. 
 It’s toxicity to native fish and wildlife and their ecosystems. 
 Whether or not the system in which the chemical application occurs is closed, 

helping to ensure no release to the environment; or whether the system is open, 
requiring consideration of the effect of the chemical release downstream from the 
application site. 

 Cost effectiveness.  

  Chemical treatment methods for dreissenids target various ages of mussels, have 
differing levels of efficacy, require minimum amounts of contact time and concentrations of 
chemical (Appendix A) and include: 

 Non-oxidizing chemicals: pH adjustment (potassium salts, potassium ions, copper 
ions), copper-based algaecides (EarthTec,®, Captan™, Natrix™, and copper 
sulfate), Endothall-based algaecides (Teton, Cascade) 

 Proprietary molluscicides: 
o Quaternary ammonium compounds: Clam-Trol CT 1, Calgon H-130, Macro-

Trol 9210, and Bulab 6002 
o Aromatic hydrocarbons: Mexel 432, EVAC—endothal formulation, Bulab 

6009 

18 U.S. Army Corps of Engineers – Chemical Control of the Zebra Mussel. 
19 Ibid. 
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 Oxidizing chemicals: chlorine, chlorine dioxide, chloramine, hydrogen peroxide, 
ozone, potassium permanganate, and sodium permanganate    

 The following pesticides are currently registered products in the state of Oregon, 
Washington, and Idaho (Table 1).20 In addition, two products, Lo Temp Sanitizer (813-16-
48211) and Sodium Hypocholorite – 12.5 Bacticide (72315-6), are registered in Washington 
and Idaho, but not in Oregon. 

The two main categories of chemicals that have been used to treat dreissenid introductions 
are oxidizing biocides and non-oxidizing biocides.21 

Table 1. Formulation name and EPA registration number for all Section 3 pesticides 

registered in Oregon, Washington, and Idaho that are listed as capable of 

controlling zebra mussels.  

 EPA Reg.# 
7000 748-295-1677 

Accu-Tab® SI Calcium Hypochlorate 748-295 
Acti-Brom® 1318 5185-467-1706 

Anthium Dioxcide 9150-2 
Aquabrom™ 3377-25-71898 

Bromide Plus 8622-49-69470 
Chemtreat CL-41 15300-26 

Chlorine Liquified Gas Under Pressure 72315-1 
Formula 318 5185-451-8540 

High Strength Sodium Hypochlorite EP 72315-16 
K-Brom 40® 88714-3 

Liquibrom 4000® 5185-451 
Multibrom Liquid 8622-49-1677 

Sanibrom 40 Biocide® 3377-25 
Spectrus OX109® 3876-159 

Spectrus OX1201® 3876-159 
Stericlean Sodium Hypochlorite 12.5 72315-6-74225 

Zequanox® 84059-15 
Nalco® H150M 6836-235-1706 

20 Pesticides registered in the states of Oregon and Washington can be viewed online at the Pesticide 
Information Center Online (PICOL) Databases. 
21 Columbia River Basin Interagency Invasive Species Response Plan: Zebra Mussels and Other 
Dreissenid Species (2011), Appendix D – Control. 
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Fate and Transport Analyses 
 
 The objective of fate and transport analyses is to identify how chemicals degrade and 
where chemicals travel in the environment when they are intentionally or unintentionally 
released.22 Fate and transport analyses describe how a chemical moves through the 
environment—air, water and soil—as well as how it changes in the presence of other 
chemicals and substances. 

 Technical fact sheets on the most commonly used chemicals to control dreissenids can 
be found in (Appendix B). Technical fact sheets provide information on the chemical class 
and type, uses, physical and chemical properties, mode of action, non-target organisms, acute 
toxicity, chronic toxicity, endocrine disruption, carcinogenicity, reproductive and 
developmental effects, fate in the body, medical tests and monitoring, environmental fate, 
ecotoxicity studies, and regulatory guidelines. While these studies base effects on 
populations, the Endangered Species Act is concerned with effects to individual organisms. 

 Copper-based algaecides are lethal to all life stages of dreissenids, but are also lethal to 
many other aquatic species. Their efficacy increases with increasing ambient temperatures. 
Cooper sulfate is an algaecide, bactericide and fungicide, and is one of the most effective 
chemicals used to control dreissenids in a closed water body. Copper sulfate disrupts the 
surface epithelia function and enzymes in mussels in all life history stages of mussel, but has 
a proven efficiency of 50–99% for adult dreissenids (0. 5mg/l copper equivalent with 96 
hours of exposure). Its toxicity to fish and other aquatic organisms depends on pH, 
dissolved organic carbon levels, and other water chemistry parameter, such as calcium. 
Copper sulfate, however, is highly toxic to salmonids.23, 24 

 Extensive fate and transport analyses have been conducted on copper sulfate (Appendix 
B). Three processes control the fate of copper in the environment: transport to lower soil 
levels by groundwater percolation; binding to soil components; and breakdown into 
metabolites.25 Copper is bound, or adbsorbed to organic materials, and to clay and mineral 
surfaces, depending on the level of acidity or alkalinity of the soil. The distance copper 
travels in soil is limited by its strong adsorption to many types of surfaces. Copper sulfate is 

22 U.S. Department of Energy, Pacific Northwest National Laboratory 
23 Iowa Fisheries Extension: Use of copper compounds in aquatic systems. 
24 Griffin, B. R., and D. L. Strauss. 2000. Target animal safety of copper sulfate as a disease 
therapeutant for cultured freshwater fish. U. S. Food and Drug Administration – Public Master File – 
Copper sulfate. 3:274.  
25 Hartley, D. and H. Kidd, eds. 1983. The Agrochemicals Handbook. Nottingham, England: Royal 
Society of Chemistry. 
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highly water soluble, but the copper ions are strongly adsorbed or precipitated to soil 
particles.26 

The following27 summarizes fate and transport analyses on copper sulfate:  

Mechanism of Toxicity—Photosynthesis and cell growth inhibitor.  

Solubility—230,550ppm at 25 degrees Celcius (anhydrous) 

Fate—Highly water soluble with no degradation. Strong particle and dissolved oxygen 
concentration affinity causes rapid sediment deposition. Transport occurs between water and 
sediment (advection/flux). 

Confounding Factors—Toxicity is temperature, pH, and hardness dependent, with greater 
toxicity in softer water. Bioavailability is influenced by sorption to dissolved oxygen 
concentration and particles. 

Data Gaps—Toxic effects on embryos and larvae, and chronic effects to benthic 
invertebrates. 

Environmental Fate28: 

Soil 
Copper sulfate can dissociate or dissolve in the environment releasing copper ions. This 
process is affected by its solubility, which in turn is affected by pH, redox potential, 
dissolved organic carbon, and ligands present in the soil. Copper in soil may originate from 
natural sources, pesticides, and other anthropogenic sources such as mining, industry, 
architectural material, and motor vehicles. Copper accumulates mainly at the surface of soils 
and it can persist because it has a tendency to bind to organic matter, minerals, and some 
metal oxides. It may leach from acidic or sandy soil. The more acidic the soil, less binding 
occurs. Irrigation water treated with copper sulfate as an algaecide could lead to soil levels 
that could damage crops. The presence of calcium ions decreases leaching of copper, 
increasing its binding capacity. The presence of sodium ions has the opposite effect and 
causes more copper to leach. 

26 EXTOXNET. Extension Technology Network. 1996. Pesticide Information Profiles: Glyphosate. 
Oregon State University. 
27 Siemering, G., and J. Hayworth. 2005. Aquatic herbicides: Overview of usage, fate and transport, 
potential environmental risk, and future recommendations for the Sacramento-San Joaquin Delta and 
Central Valley. White paper for the Interagency Ecological Program. SFEI Contribution 414. San 
Francisco Estuary Institute, Oakland, CA. 
28 Excerpted from the National Pesticide Information Center. Technical Fact Sheet on copper 
sulfate. 
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Water 
Copper sulfate is an inorganic salt that is highly soluble in water. The disassociated copper 
ions mainly bind to organic matter or remain dissolved in water. When applied to channel 
catfish ponds over 16 weeks, 90% of the copper in copper sulfate pentahydrate was bound 
to the sediments within minutes of application and 99% of it was bound after 2 days. Nearly 
all of the copper remained in the top 16 cm of sediment. After applying 2,250 kg copper 
sulfate to a lake in California, researchers noted that 20% of the applied copper left the 
reservoir by day 70 and most of the remaining copper became bound in the upper layer of 
the sediment.  

Air 
No data were found regarding the fate of copper sulfate in the atmosphere.  

Plants 
Copper is an essential mineral for plant growth and its concentration is regulated by 
homeostatic mechanisms. However, copper can be toxic to plants by affecting electron 
transport in photosynthesis. Bioavailability depends on the amount of copper, soil pH, 
organic carbon, precipitation, and temperature. Readily soluble copper is the most 
phytotoxic form, and can inhibit growth of plants, such as onion (Allium cepa) bulbs and 
garden cress (Lepidium sativum) seeds by as much as 50% within 48 hours of exposure.  

Ecotoxicity Studies: 

Birds 
The U.S. EPA classified copper as moderately toxic to birds based on the acute oral LD50 for 
bobwhite quail (Colinus virginianus) of 384 mg/kg copper sulfate pentahydrate and 98 mg/kg 
metallic copper. Bobwhite quail feed copper sulfate for 21 days fed less and gained less 
weight. Then birds in a flock of captive 3-week-old Canada geese (Branta canadensis) that used 
a pond treated with copper sulfate died nine hours after ingestion of about 600 mg/kg 
copper sulfate. Limited data are available regarding copper sulfate toxicity to wild birds. 

Fish and Aquatic Life 
The toxicity of copper to fish and other aquatic life depends on its bioavailability, which is 
strongly dependent on pH, the presence of dissolved organic carbon (DOC), and water 
chemistry such as the presence of calcium ions. Fish kills have been reported after copper 
sulfate applications for algae control in ponds and lakes. However, oxygen depletion and 
dead organisms clogging the gills have been cited as the cause of fish deaths, resulting from 
massive and sudden plant death and decomposition in the water body. 

 Researchers exposed juvenile rainbow trout (Oncorhynchus mykiss) to either hard water 
or soft water spiked with copper for 30 days. Fish in the hard-water, high dose (60 
µg/L) treatment groups showed an increased sensitivity to copper. 
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 The mean 96-hour LC50 (with 95% confidence limits) for copper exposure in alevin, 
swim-up, parr and smolt steelhead (Salmo gairdneri) are 28 (27-30), 17 (15-19), 18 (15-
22), and 29 (>20) µg/L of copper respectively. The mean 96-hour LC50 for copper 
exposure in alevin, swim-up, parr and smolt Chinook salmon (Oncorhynchus 
tshawytscha) are 26 (24-33), 19 (18-21), 38 (35-44), and 26 (23-35) µg/L of copper 
respectively. The experiments were done by adding copper as CuCl2. 

 Copper sulfate is toxic to shrimp due to damage of the gill epithelium and respiration 
disruption. Copper also disrupts olfaction in fish, possibly interfering with their 
ability to locate food, predators, and spawning streams 

 The toxicity of copper sulfate to blue tilapia (Oreochromis aureus) fingerlings was found 
to increase with the decrease in total alkalinity.  

 Researchers studied the effect of sediment on copper toxicity in three Daphnia 
species, D. similis, D. magna, and D. laevis. They reported that the toxicity is reduced in 
the presence of sediments because bioavailability of copper is decreased.  

 Researchers exposed 1-day-old freshwater snail eggs (Lymnaea luteda) to copper at 
concentrations from 1 to 320 µg/L of copper for 14 days at 21 °C in a semi-static 
embryo toxicity test. Embryos exposed to copper at 100 to 320 µg/L died within 168 
hours. At lower doses from 3.2-10 µg/L, significant delays in hatching and increased 
mortality were noted.  

 Researchers reported no observed effects concentrations (NOEC) of 8.2-103 mg/L 
copper in the freshwater rotifer (Brachionus calyciflorus). Toxicity increased with 
decreasing levels of DOC and decreasing pH. 

Terrestrial Invertebrates 
The U.S. EPA considers copper to be practically nontoxic to bees.
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Effects of Non-Chemical Control Options 
 Non-chemical control options for dreissenids29 include: 

 METHOD Primary 
TARGET AGE  

Potential  EFFICACY  CONTACT TIME /CONCENTRATION COMMENTS 

Thermal shock All  100% 13 hours @ 33 °C (winter) 
1 hour @ 37 °C (summer) 

Lethal to most aquatic species 

Freezing Juveniles, Adults 100% 2 days @ 0 °C 
5-7 hours @ –1. 5 °C 
under 2 hours @ –10 °C 

Must dewater system 

Oxygen starvation – 
stripping water of oxygen 

All  2 weeks + @ 0 mg/l Must isolate population  

Oxygen Starvation -Benthic 
mats 

Juveniles, Adults Up to 99% 9 weeks Initial tests promising for limited infestations 

Desiccation  Juveniles, Adults 100% Immediate @ 36 °C 
5 hours @ 32 °C 
2. 1 days @ 25 °C 

Must dewater system for several days 

Manual removal Juveniles, Adults Variable N/A Ongoing efforts in Lake George, New York and Lake 
Powell 

Predation All  Low Continuous  Harvest of potential predatory species should be limited 
Acoustic Deterrents 
Cavitation 

 Veligers Not commercially available veligers in seconds @ 10–380 kHz 
juveniles in minutes 
adults in a few hours 

May affect other species, reduced success in high flows, 
needs power source 

Acoustic Deterrents 
Low frequency sound 

Veligers Not commercially available 4 to 12 min @ 20 Hz–20 kHz Inhibits settling 
  

Not lethal, needs power source 

Acoustic Deterrents 
Ultra sound 

All Not commercially available veligers in seconds @ 39–41 kHz 
adults in 19-24 hours 

May impact other species, needs power source  

Acoustic Deterrents 
Vibration  

Veligers, Juveniles Not commercially available  intermittent @ 200 Hz & 10–100 kHz Structural integrity may be threatened 

Acoustic Deterrents 
Plasma pulse technology 

Veligers Prevents settling – Not 
commercially available 

intermittent high energy pulses Not lethal, private technology 

Electrical Deterrents 
Low voltage electricity 

 Veligers  Not commercially available immediate results @ 8 volt AC 
Prevents settling 

Not lethal, needs power source 

Filtration 
Media filters 

Veligers, 
translocators 

100% Removal of all particles greater than 80 microns Removes all plankton, high total suspended solids 
may be a problem  

Filtration 
Self-cleaning mechanical 
filters 

Veligers, 
translocators 

100% Removal of all particles greater than 80 microns Removes all plankton, high total suspended solids 
may be a problem  

UV radiation Veligers 100% prevention of settlement  Lethal to many species, effectiveness may be limited by 
turbidity and suspended solids 

Bacterial toxin All 95%  6 hours Low toxicity to other organisms, few treatments needed, 

29 Columbia River Basin Interagency Invasive Species Response Plan: Zebra Mussels and Other Dreissenid Species (2011), Appendix D – Control. 
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(Pseudomonas fluorescens) not yet available in commercial quantities.  

1 | P a g e  
 



 

Extensive information on treatment methods, including information sources, application methods, 
hazards, etc. is available on the US Army Corps of Engineers website. Information on the bacterial 
toxin, Pseudomonas fluorescens is available on the National Energy Technology Laboratory website. 

Appendix D of the Columbia River Interagency Invasive Species Response Plan: Zebra Mussels and 
Other Dreissenid Species (2011), provides details on each of these non-chemical control techniques. 
  

Zequanox® 
Zequanox® (Pseudomonas fluorescens CL145A), is produced by MarroneBio, for use in dreissenid 
control in enclosed systems and infrastructures. Zequanox® is the first biopesticide available for 
controlling dreissenids. It is a naturally occurring ubiquitous bacteria that protects the roots of plants 
from diseases. Its manufacturer, MarroneBio, claims minimal risk to humans and non-target species, 
short treatment times, and effective in a broad range of water conditions and temperatures. The 
EPA published a revised risk assessment for Pseudomonas fluorescens strain CL145A (EPA Reg. No. 
84059-15) in May of 2014 (Appendix X). The EPA concluded the delayed mode of action of 
Zequanox® “presents uncertainty regarding length of exposure that may result in impact to non-target aquatic 
organisms. A concentrated dose at any time interval may result in sublethal effects to various aquatic species as noted 
with growth effects to fish larvae. The calculated RQ values for this product reflect a conservative Agency stance because 
of the uncertainty regarding the actual sublethal threshhold of Zequanox® to non-target aquatic organisms. In order to 
be protective of non-target aquatic organisms, an approach that may lessen this uncertainty issue is timing of 
application. Since Zequanox® is actutely toxic to fish and bivalve larvae/juveniles, applications that do not occur 
during critical breeding seasons (especially for endangered/threatened species) would decrease acute and subacute risk to 
these organisms. Applicators much have knowledge of seasonal migrations and breeding times, including 
endangered/threatened salmonid species, as well as, endangered/threatened bivalve species. In some cases the effects of 
Zequanox® application may be localized without large population effects. In other closes and open systems, however, 
intermitted application of Zequanox® without regard for fish (i.e., salmonlid) and non-target bivalve breeding over an 
extended time period may result in survival and growth effects to these organisms. For example, several salmon species 
in the western states breed one time a year in various tributaries and water bodies during the late spring and summer. 
After the eggs hatch, salmon larvae rapidly consume food items including particulate in the water column. Exposure to 
Zequanox® at this critical stage in their development can result in reduced survival, as well as, possible reduced growth 
rate, which will affect their competitive ability and fitness.” 
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In-water work windows are designed to ensure work in streams avoids critical 
times during the life history of sensitive, threatened and endangered fish. 

Timing of In-Water Work 
 

Guidelines for timing of in-water work windows (IWW) will be followed. 

 Both the Oregon Department of Fish and Wildlife and Washington Department of Fish and 
Wildlife have developed guidelines for timing of in-water work in various water bodies within their 
jurisdictions. NMFS staff provide guidelines for in-water work in Idaho. In addition, both NOAA 
and the USFWS have established in-water work guidelines for respective trust species that may vary 
from state in-water work windows. Both federal agencies should be consulted in advance of in-water 
work. 

 Consideration should be given to numerous factors associated with fish presence/absence, 
microhabitats, locations where recent habitat restoration has occurred, life stages of species present, 
locations of species, types of habitat (e.g., spawning, rearing, foraging, migration, overwintering). 

 NMFS may consider granting variance to in-water work windows if clear conservation benefit 
exists. 
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Pesticide Use Matrix 
  
 All applicable regulatory permits and authorizations should, to the extent possible, be in place 
prior to the start of any control action. 

 Oregon, Washington, and Idaho developed pesticide use matrices to assess the regulatory 
requirements, regulatory approval provisions, and emergency provisions involved in preparing each 
state for a response to a dreissenid introduction (Appendix F).  

 The following are the key federal regulatory requirements and their state-designated 
administrative authorities: 

 Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)—administered by the 
US EPA 
o Oregon—pesticide licensing and application authority delegated to the Oregon 

Department of Agriculture 
o Washington—pesticide licensing and application authority delegated to the 

Washington State Department of Agriculture 
o Idaho—pesticide licensing and application authority delegated to the Idaho State 

Department of Agriculture 
 Endangered Species Act (ESA)—administered jointly by the U.S. Fish and Wildlife 

Service and the National Oceanic and Atmospheric Administration’s (NOAA) 
National Marine Fisheries Service 
o Oregon—Oregon rules for threatened and endangered species are administered by 

the Oregon Department of Fish and Wildlife 
o Washington—the state Species of Concern list is administered by the Washington 

Department of Fish and Wildlife 
 National Environmental Policy Act (NEPA)—administered by the U.S. EPA 

o Washington—the State Environmental Policy Act is administered by the 
Washington Department of Ecology 

 Clean Water Act (CWA)—administered by the U.S. EPA 
o Oregon—pollutant regulations and Oregon Pesticide General Permit administered 

by the Department of Environmental Quality 
o Washington—pollutant regulations in state waters is administered by the 

Washington Department of Ecology 
o Idaho—CWA 401 certifications that permit projects that meet state water quality 

standards are administered by the Idaho Department of Environmental Quality 
 Resource Conservation and Recovery Act (RCRA)—administered by the U.S. EPA 
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Regulatory 
Framework 

FIFRA 

RCRA 

ESA NEPA 

CWA 

o Oregon—pesticide waste storage and transport administered by the Oregon 
Department of Environmental Quality 

o Washington—pesticide waste storage and transport administered by the 
Washington Department of Ecology 

o Idaho—pesticide waste storage and transport administered by the Idaho 
Department of Environmental Quality 
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Licensed Applicators 
 

 Only state-licensed pesticide applicators will apply pesticides during control actions for 
dreissenids. Lists of state-licensed pesticide applicators are as follows: 

Oregon— http://oda.state.or.us/dbs/licenses/search.lasso?&division=pest 

Washington— http://agr.wa.gov/PestFert/LicensingEd/lists/ 

Idaho— http://www.agri.state.id.us/Categories/Pesticides/licensing/licenseLookUp.php 
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High Risk Locations and Associated Species 
 

 A report published in 2010, Prioritizing Zebra and Quagga Mussel Monitoring in the Columbia River 
Basin30, provided a framework for prioritizing water bodies in the CRB for dreissenid monitoring. 
Despite significant data gaps, the authors of the report identified water bodies in each state at risk of 
dreissenid mussel establishment and/or introduction based on calcium concentrations and pH levels 
(Tables 2, 3 and 4) (note: temperature is not a factor in the Pacific Northwest, as dreissenids are 
capable of surviving in the full range of temperatures that exist in the CRB), and recreational boat 
use.31  

 Since the report was published, Oregon and Washington have produced rapid response plans, 
creating detailed tables of information about each of the top highest risk lakes, including location, 
statistics, water quality, monitoring, adjacent land managers/owners, and access. 

 In addition, each state rapid response plan includes contact information to obtain information 
about sensitive, threatened, and endangered species in the area of the proposed control measure, 
including downstream of the control site. Oregon Explorer, an online site, provides information on 
all species by county. In addition, the Oregon Biodiversity Information Center, publishes a Rare, 
Threatened and Endangered Species of Oregon book every 3–4 years (most recent version is 2013), 
and will respond to data requests for a nominal fee. Washington provides information on its rare, 
threatened and endangered species online, and via an annual report. Despite these numerous 
resources, biologists associated with key federal and state agencies should be involved in finalizing 
the list of sensitive, threatened, and endangered species associated with the potential control location 
and action. 

 In addition to high risk species, there are numerous native fish and wildlife species associated 
with CRB aquatic habitats that may be affected by control actions. Identifying these species in 
advance of any control action is imperative. For example, native salmonids susceptible to copper 
sulfate applications, native freshwater mussels susceptible to molluscicides, and species potentially 
susceptible of control actions downstream of the site should be identified, and actions, such as 
adhering to timing of state and federal in-water work windows, should be taken to risk harming non-
target aquatic organisms. 

30 Wells, S., T.D. Counihan, A. Puls, M. Sytsma, and B. Adair. 2010. Prioritizing zebra and quagga mussel 
monitoring in the Columbia River Basin. Prepared for Bonneville Power Administration and the Pacific 
States Marine Fisheries Commission, BPA Contract Number: 00003373 TI Project Number: 152. 
31 Ibid. 
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Table 2. Top high-risk water bodies in Oregon based on water chemistry and boat use data.32  

Water Body Name Ca++ mg/L pH Risk of 
Establishment33 

Risk of 
Introduction34 

Prineville Reservoir  33.4  7.72 High High 
Owyhee Reservoir 28.2 7.55 High High 
Paulina Lake 28.0 8.25 High High 
East Lake 25.5 7.25 High High 
Snake River,  
Brownlee Reservoir 

31.3 8.13 High High 

Snake River,  
Hells Canyon Reservoir 

31.0 8.20 High Medium 

Applegate Reservoir 18.1 7.75 Medium High 
John Day River 17.3 7.79 Medium High 
Columbia River,  
Lake Celilo 

17.0 8.07 Medium High 

Columbia River,  
Lake Bonneville  

16.5 8.11 Medium High 

Ochoco Reservoir 20.1 8.40 Medium Medium 
Wallowa Lake 14.0 8.09 Low High 
Emigrant Lake 12.6 7.02 Low High 
 

  

32 Wells, S., T.D. Counihan, A. Puls, M. Sytsma, and B. Adair. 2010. Prioritizing zebra and quagga mussel 
monitoring in the Columbia River Basin. Prepared for Bonneville Power Administration and the Pacific 
States Marine Fisheries Commission, BPA Contract Number: 00003373 TI Project Number: 152. 
33 The risk of establishment is based on mean calcium concentrations because the physiological importance of 
calcium and its association with the distribution of established dreissenid populations is well documented. 
34 The risk of introduction for each water body was determined by boater recreational data. Total use days 
and the number of registered angling tournaments were the most commonly used parameters to assess 
recreational boating. 
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Table 3. Top high-risk water bodies in Washington based on water chemistry and boat use data.35  

Water Body Name Ca++ mg/L pH Risk of 
Establishment36 

Risk of 
Introduction37 

Moses Lake  30.5 8.18 High High 
Potholes Reservoir 
outflow 

28.3 8.14 High High 

Pend Oreille River 20.1 - Medium High 
Lake Washington, 
inflow 

18.8 7.77 Medium High 

Banks Lake 17.8 7.90 Medium High 
Columbia River, Lake 
Celilo 

16.8 - Medium High 

Columbia River, Lake 
Bonneville 

16.5 8.11 Medium High 

Clear Lake 16.4 8.47 Medium High 
Williams Lake 20.5 7.39 Medium Medium 
Columbia River, Lake 
Wanapum  

18.1 8.02 Medium Medium 

Lake Crescent 15.9 6.94 Medium Medium 

 
  

35 Wells, S., T.D. Counihan, A. Puls, M. Sytsma, and B. Adair. 2010. Prioritizing zebra and quagga mussel 
monitoring in the Columbia River Basin. Prepared for Bonneville Power Administration and the Pacific 
States Marine Fisheries Commission, BPA Contract Number: 00003373 TI Project Number: 152. 
36 The risk of establishment is based on mean calcium concentrations because the physiological importance of 
calcium and its association with the distribution of established dreissenid populations is well documented. 
37 The risk of introduction for each water body was determined by boater recreational data. Total use days 
and the number of registered angling tournaments were the most commonly used parameters to assess 
recreational boating. 
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Table 4. Top high-risk water bodies in Idaho based on water chemistry and boat use data.38  

Water Body Name Ca++ mg/L pH Risk of 
Establishment39 

Risk of 
Introduction40 

Snake River, American 
Falls Reservoir  

30.5 8.18 High High 

Snake River, Lake 
Walcott 

28.3 8.14 High High 

Snake River, Milner 
Lake 

20.1 - High High 

Snake River, Brownlee 
Reservoir 

18.8 7.77 High High 

Kootenai River 17.8 7.90 High High 
Salmon Falls Creek 
Reservoir 

16.8 - High Medium 

Magic Reservoir, 
outflow 

16.5 8.11 High Medium 

Snake River, Hells 
Canyon Reservoir 

16.4 8.47 High Medium 

Snake River, C.J. Strike 
Reservoir 

20.5 7.39 Medium High 

Lake Pend Oreille  18.1 8.02 Medium High 
Lake Lowell 15.9 6.94 Medium High 
Salmon River 19.1 8.62 Medium High 
Pend Oreille River 20.1 7.92 Medium High 
  

38 Wells, S., T.D. Counihan, A. Puls, M. Sytsma, and B. Adair. 2010. Prioritizing zebra and quagga mussel 
monitoring in the Columbia River Basin. Prepared for Bonneville Power Administration and the Pacific 
States Marine Fisheries Commission, BPA Contract Number: 00003373 TI Project Number: 152. 
39 The risk of establishment is based on mean calcium concentrations because the physiological importance of 
calcium and its association with the distribution of established dreissenid populations is well documented. 
40 The risk of introduction for each water body was determined by boater recreational data. Total use days 
and the number of registered angling tournaments were the most commonly used parameters to assess 
recreational boating. 
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Notification Protocols 
 

 A key best management practice is to establish and maintain notification lists and procedures in 
the event of a report of a dreissenid introduction in the CRB. The CRB Interagency Invasive Species 
Response Plan: Zebra Mussels and Other Dreissenid Species (2011) includes the following best 
management practices: 

 Priority 1 Notification List—includes individuals that will be notified when a report is 
received of live dreissenids within the CRB. These contacts represent the standing members 
of the CRB MAC group and the coordination and support staff. Contacts on this list are 
responsible for internal notification within their agency. 

 Priority 2 Notification List—includes individuals that will be notified when a report is 
received of live dreissenids within the CRB. These contacts may be incorporated into the 
CRB MAC group and the coordination and support staff depending on the nature of the 
incident. Similar to the Priority 1 list, contacts on the Priority 2 list are responsible for 
internal notification within their agency. 

 Recognized experts for confirming dreissenid identification—given the vast amount of 
resources that will be triggered upon receiving a report of live dreissenids in the CRB, a list 
of recognized experts that can confirm the identification of dreissenids is critical. 

The CRB Interagency Invasive Species Response Plan: Zebra Mussels and Other Dreissenid Species 
(2011) describes the roles and responsibilities of entities and individuals on the notification lists.  
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Quarantine 
Protocols/Water 

Body Closure 
 

 Upon determining live 
dreissenids exist in a water 
body, each state has the 
authority to quarantine a 
legally described area of the 
state and prohibit or 
otherwise restrict any movement of vehicles, persons, watercraft, or other defined items into or out 
of the area for a period of time necessary to either eradicate or control the infestation, or prevent the 
spread of the infestation into other parts of the state. 

Oregon—Oregon has authority to quarantine areas through the Oregon Department of Agriculture 
via Oregon Revised Statute 596.402, Authority to Summarily Quarantine Areas.  

(1) The State Department of Agriculture may also summarily quarantine any legally described area of this state and 
prohibit or otherwise restrict any movement of livestock, vehicles, persons or things into or out of such area as the 
department deems necessary for the eradication or control of a disease in the area, or for the prevention of the spread of 
such disease into other areas of this state. 

(2) When the department imposes a quarantine under this section, it shall forthwith but not later than seven days 
thereafter give notice of the quarantine in a newspaper of general circulation in the quarantined area. A copy of the 
order of quarantine and any regulations relating thereto shall be filed in the office of the county clerk in each county in 
which quarantined property is located. The published notice of quarantine shall contain a description of the boundaries 
of the quarantined area and a notice that copies of the regulations applicable to the quarantine are filed with the county 
clerk or may be obtained from the department. 

The Oregon Invasive Species Council is considering proposing legislation that would provide 
quarantine authority to the Oregon Department of Fish and Wildlife for purposes of dreissenid 
control. 

Washington— Engrossed Substitute Senate Bill 6040 - 2014 Regular Session - 63rd Legislature 
(excerpt) 
 
If the department (Washington Department of Fish and Wildlife) determines it is necessary to 
protect the environmental, economic, or human health interests of the state from the threat of a 
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prohibited Level 1 or Level 2 species, the department may declare a quarantine against a water body, 
property, or region within the state. The department may prohibit or condition the movement of 
aquatic conveyances and waters from such a quarantined place or area that are likely to contain a 
prohibited species. 

A quarantine declaration under this section may be implemented separately or in conjunction with 
rapid response management actions under section 108 of this act and infested site management 
actions under section 109 of this act in a manner and for a duration necessary to protect the interests 
of the state from the threat of a prohibited Level 1 or Level 2 species. A quarantine declaration must 
include: 

(a) The reasons for the action including the prohibited Level 1 or Level 2 species triggering the 
quarantine; 

(b) The boundaries of the area affected; 

(c) The action timeline; 

(d) Types of aquatic conveyances and waters affected by the quarantine and any prohibition or 
conditions on the movement of those aquatic conveyances and waters from the quarantine area; and 

(e) Inspection and decontamination requirements for aquatic conveyances. 

Idaho—The Idaho governor has broad authority in the event of a disaster/emergency to issue a 
water body closure or to restrict movement of conveyances. 

 

 Preventing spread of an original introduction is crucial to the success of early detection and 
rapid response. The use of a quarantine or temporary closure is necessary until prevention 
techniques can be implemented to manage the pathways that spread dreissenid mussels. The 
duration of the emergency closure will last until a 
prevention plan is implemented for the water 
body. If closure is untenable, watercraft 
inspection teams must be on hand for 
decontamination. Quarantines can be effective 
strategies to implement to contain an infestation 
and prevent the spread of dreissenids to other 
water bodies. 

  

Oregon Department of Fish and Wildlife technician 
decontaminates a boat infested with zebra mussels.  

Source: ODFW photo. 
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Monitoring Protocols  
 

 Standard field protocols for early detection and monitoring are imperative to both protecting the 
Pacific Northwest from an introduction of dreissenids, and to quickly and efficiently respond to an 
introduction. To promote strategic investments in monitoring in the CRB, the Pacific States Marine 
Fisheries Commission published a set of best management practicies for monitoring41: 

 Sample high risk water bodies: Continue evaluating and prioritizing dreissenid monitoring 
activities to ensure highest risk water bodies are receiving the majority of sampling effort. 
 

 Determine appropriate level of water sampling in the CRB: Assess the current volume of 
water currently being sampled for dreissenid veligers by all agencies and entities in the CRB, 
determine the appropriate level of sampling to obtain optimal coverage, and then sample at 
that level on a consistent basis. 
 

 Increase both sampling and analysis in the CRB. 

These strategies are implemented with partner organizations that pool resources to achieve these 
best management practices recommendations.  

41 Recommendations for dreissenid mussel prevention, management, research, coordination, and outreach for 
the Columbia River Basin: A roadmap to make strategic investments in Federal Columbia River Power 
System and Technology Innovation Programs. 31pp. 

Sampling for quagga mussels at Lake Powell. Source: Musselfree.org 
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General Conservation Meaures  
Applicable to All Actions 

 

 Although each introduction of a dreissenid will require site-specific responses, actions, and 
strategies to address the introduction, implementing core conservation measures will help to protect 
and restore fish and wildlife habitat, provide long-term benefits to ESA-listed species, and minimize 
any short-term detrimental effects caused by control actions. When implementing control actions 
for dreissenids in the CRB, the following minimum conservation measures apply: 

 Incorporate climate change projections into outcome analyses to minimize effects to non-
target species. 

 Obtain all relevant state and federal permits (these will vary depending on the location of the 
control action) and require working directly with state and federal agencies to ensure 
compliance. 

 Follow state and federal guidelines for timing of in-water work, incorporating any variances, 
if necessary. 

 Identify the type, quantity, and extent of any potential action that involves excavating more 
than 20 cubic yards of soil. 

 Clearly flag sensitive resource areas, equipment entry and exit points, staging, storage, and 
stockpile areas, and areas were no pesticides will be applied, including buffers. 

 Use existing roads and paths. If temporary roads and paths must be used: 
o minimize the number and length of these routes through riparian areas and 

floodplains;  
o avoid steep slopes, and if slopes are greater than 30%, ensure a civil engineer is 

involved in road design; 
o minimize removal of riparian vegetation; 
o Obliterate all temporary roads and paths upon project completion. 

 Use existing stream crossings, and follow any guidelines for temporary stream crossings. 
 Ensure staging, storage, and stockpile areas are 150 feet or more from water bodies or 

wetlands. 
 Ensure equipment is well maintained and staged more than 150 feet from a water body or 

wetland. 
 Implement erosion control measures, such as installing sediment barriers if the potential 

exists for sediment to enter the stream. 
 Implement dust abatement measures, if necessary. 
 Implement spill prevention, control, and countermeasures to avoid habitat degradation and 

harm to aquatic organisms and ESA-listed species. 
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Water buoys can help delineate areas where chemicals will/have been applied. 

 Implement invasive species control measures by cleaning and inspecting equipment before 
entering the control area, and by cleaning and inspecting personal gear. 

 Implement NFMS-directed construction conservation measures, if necessary.  
 Implement post-construction conservation measures, such as site restoration, revegetation, 

site access, and obliteration. 
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Treatment Options in Various Water Body Types 
 

(This section excerpted and modified from William T. Haller, University of Florida as part of “A Review of the 
State of Idaho Dreissenid Mussel Prevention and Contingency Plans”) 

 
 The discovery of dreissenids in large river run reservoirs would most likely be impossible to 
eradicate based on the length of time (often weeks or months) between sample collection and 
analyses with confirmation. This temporal lag allows mussels to reproduce and spread beyond 
pioneer infestations in marinas or boat moorage locations into the reservoirs proper. The likely cost 
of eradication, if possible, may be prohibitive in large reservoirs where the isolation of the newly 
discovered infestation is not possible.  
 Registered herbicides, such as copper sulfate, chelated copper and endothall are registered in 
several of the Columbia River Basin (CRB) states and can generally be used for mussel control in 
ponds, lakes, irrigation and drainage canals and in slow moving or quiescent water such as bays and 
coves adjacent to reservoirs. Not all labels list rivers as approved sites of application, thus if a river is 
being considered for treatment, the pesticide chosen must be labeled for use in rivers. It is unlikely 
that control efforts will be undertaken in Columbia River Basin rivers due to their generally high 
discharge and velocity of flow. Emerging biocides, such as Pseudomonas fluorescens are currently not 
registered for open water applications (although this particular biocide is scheduled to be registered 
for open water applications beginning in 2014), however, its efficacy in a large river system is, as yet, 
untested. All treatment options considered need to chemical fate and transport, threatened and 
endangered species, and timing of in-water work windows. 
 Waterbodies in the CRB vary greatly in size and flow characteristics, and could be described in 
five categories based on the ability of CRB states to manage the water and the likelihood of the 
successful eradication of dreissenids.   
 
1. Enclosed pond or lake with no water exchange 
 Immediately close the water body to all public access to stop the further spread of the 

infestation; 
 Determine and resolve any legal or jurisdictional issues which would impede the entry of 

state agents to the privately owned water bodies and the eradication of dreissenids and 
including collateral damage to other life forms in the water;  

 Immediately survey all adjacent or nearby waters for infestations;  
 Determine, if possible, the pathway of introduction and implement measures to prevent 

additional introductions; 
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 Consider mechanical methods of control, including drawdown to allow desiccation to occur. 
A minimum of 30 days of exposure is necessary to effect a positive outcome. Water cannot 
be permitted to contaminate other water bodies;  

 A partial drawdown or drainage may enhance chemical treatment efficacy. Chemical 
treatments should be conducted when water temperature exceeds 15 ºC. 

 Determine if any seepages or springs are located in the waterbody. Underground water 
exchange (subterranean inflow into the lake) will allow mussels to survive a chemical 
treatment.  

 
2. Gravel pits (small lakes or borrow pits common along river bed, with the likely lateral movement 
of surficial ground or storm water.  
 The response to detected infestations in these areas will be similar to the response identified 
above in enclosed ponds or lakes depending on water movement both into and out of the area. 
Additional considerations include:  
 Chemical applications will have to account for potential dilution because of water 

fluctuations. Sequential treatments will have to be considered to optimize results;  
 The proximity of potable water sources would have to be considered if the chemicals of 

choice would likely reach them.  
 The wells, pumps or treatment systems would have to be closed, filtered or otherwise 

modified if the chemical(s) of choice do not have potable water tolerances. Chlorine would 
be a likely candidate chemical in these circumstances.  

 
3. Irrigation canals  
 These canals or canal bottoms are rarely completely dry, even in the off- or non-crop season  
(October to April). There are generally two types of canals: those with return flow to a natural 
waterway and those that have no water return flow to the source waterway. Some irrigation canals 
are currently treated with aquatic herbicides for weed control. All chemicals applied to irrigation 
canals used to water crops must have established tolerances on the crops receiving the water or be 
exempt from tolerances. If irrigation return flow is returned to natural waterways, additional 
restrictions may apply. Chemicals used in irrigation water must be registered by the EPA for that site 
and use. For exceptions see FIFRA Section 18. Additional considerations include:  
 Possible potable water uses, cattle watering, and or other domestic water uses;  
 Whether the return flow be held and, if so, for how long; and 
 Endangered Species Act compliance.  

 
4. Lakes  
 Lakes are generally considered to be between 100 and 1,000 acres. Eradication may be possible 
in any size lake, depending on the size and location of the infestation. Large lakes would be 
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evaluated on a case-by-case basis, and considerations for responses indicated in numbers 1 and 2 
above would apply to a large extent. Large lakes can be treated in their entirety much as ponds and 
borrow pits, but it is much more expensive and difficult. Outflow on large lakes is a concern and 
must be controlled or stopped before the infestation can move downstream.  
 
5. Reservoirs and river-run impoundments and large lakes 
 There are many large reservoirs in the CRB, and it is likely that dreissenid eradication is 
implausible once they become an established and reproducing population. If reproducing 
populations of exotic mussels are found in open bays outside of closed or restricted water-flow 
marinas, eradication and downstream movement in river-run reservoirs is likely implausible. The 
most likely scenario, and one in which eradication in these large systems may be possible, is when an 
infestation is found in an isolated bay or a restricted-flow or water-movement marina. Another 
example is if a heavily infested boat with live mussels is launched and moored at a marina. In this 
case, it may be possible to consider some of the options for water bodies noted in 1 through  
3 above with the following considerations:  

a. Immediately close the marina or bay to boat traffic and immediately remove any 
contaminated boats;  
b. Establish mandatory decontamination procedures for all existing watercraft;  
c. Collect samples inside and outside of the contaminated area for immediate analysis;  
d. Determine the feasibility of using silt curtains or barriers to close the bay or marina to 
open water;  
e. Remove and decontaminate all boats;  
f. Treat the entire enclosed area to kill all veligers and possible adults. 
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Effects of the Action on the Species  
and its Designated Critical Habitat 

 

 The implementation of a dreissenid control action is intended to benefit CRB native fish and 
wildlife species long term. In general, ephemeral effects are expected to last for hours or days, short-
term effects are expected to last for weeks, and long-term effects are expected to last for months, 
years or decades. The activities covered by this program may have some ephemeral or minor, 
unavoidable, short-term adverse physical effects, such as increased sedimentation or riparian 
disturbance, to achieve dreissenid eradication. Minimization measures, such as best management 
practices, have been incorporated into the proposed action to reduce these short-term effects. 
However, short-term adverse effects are reasonably certain to occur, and are generally associated with 
near- and in-water application of chemicals or biocides. The direct physical and chemical effects of 
each project will vary depending on the type of action being performed. The effects to habitat that 
are common to many of the activity categories are discussed first, followed by a discussion of habitat 
effects specific to each activity category. 

Effects to the Environment 
 
 Dreissenid control actions are intended to have long-term beneficial effects to the habitat of 
listed fish species at a variety of scales through removal of dreissenids that causes widespread, 
deleterious and long-term ecosystem effects through the physical and chemical alteration of any 
ecosystem in which they are introduced. Once established, Dreissenid mussels can dramatically alter 
the ecology of a water body and associated fish and wildlife populations. As filter feeders, they 
remove phytoplankton and other particles from the water column and thus shift production from 
the pelagic to the benthic portion of the water column.42 Native mussels are significantly threatened 
by the presence of invasive mussels. By attaching themselves to the surfaces of other bivalves, 
Dreissenid mussels can starve freshwater mussels and drive indigenous populations to local extinction. 
Dreissenid mussels can also affect dissolved oxygen through respiration, and dissolved calcium 
carbonate concentrations through shell building.43 

42 Sousa, R., J. L. Gutiérrez, and D. C. Aldridge. 2009. Non-indigenous invasive bivalves as ecosystem 
engineers. Biological Invasions 11(10):2367–2385. 

43 Strayer, D. L., 2009. Twenty years of zebra mussels: lessons from the mollusk that made headlines. Front 
Ecol. Environ. 7(3):135–141. 
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Dreissenid mussels can cause substantial economic damage by infesting municipal, industrial, and 
agricultural water systems and attaching themselves to the hard substrates of pipes, dams, and 
diversion pathways. This restricts the flow of water through the systems impacting component 
service life, system performance, and maintenance activities. The annual cost to power plants and 
municipal drinking water systems in North America has been estimated between $267 million and $1 
billion dollars.44, 45  

 Dreissenid eradication will have benefits at the project site, watershed, state and regional scales. 
Proposed actions will include activities that result in short-term adverse effects to habitat.  

 1. The direct effects of control actions typically begin with pre-control activities, such as surveying, 
placement of barriers, and minor movements of equipment and personnel within the action area. 
Examples of effects associated with these activities may include increased sedimentation, increase in 
water temperature in the area enclosed by the barriers, and loss of riparian vegetation. 

 2. The next stage, site preparation, typically requires construction staging areas, and materials 
storage areas that affect more of the project area. Effects associated with these activities depend on 
the type of control action proposed (e.g., reservoir drawdown versus biocide application) and the 
location of each activity, and will be analyzed in subsequent sections.  

 3. The third stage, control activities, may introduce a chemical, biocide or other product to the 
environment. The duration of physical changes to the environment, which will occur with any 
control activity, will depend on the type of control action taken. 

 4. The final stage for control actions is site restoration, which is intended to restore ecological 
function and habitat-forming processes to maintain or promote the site along a trajectory toward 
conditions that support functional aquatic habitats. This stage also includes long-term monitoring to 
assess the existence and status of dreissenids, effects on non-target organisms, physical changes to the 
environment, and effectiveness of site restoration activities. 

1. Pre-control activities—Pre-control activities include planning, design, permit acquisition, and 
surveying. Vegetation and fluvial geomorphic processes at a project site provide for natural creation 

44 Connelly N., C. R. O’Neill, B. A. Knuth, and T. L. Brown. 2007. Economic impacts of zebra mussels on 
drinking water treatment and electric power generation facilities. Environmental Management 40(1):105–
112. 

45 Pimentel, D. 2005. Aquatic nuisance species in the New York State Canal and Hudson River Systems and 
the Great Lakes Basin: An economic and environmental assessment. Environmental Management 
35(5):692–701. 
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and maintenance of habitat function. Pre-control activities that result in removal of vegetation will 
reduce or eliminate those habitat values.46, 47  

 Denuded areas lose organic matter and dissolved minerals, such as nitrates and phosphates. The 
microclimate becomes drier and warmer with a corresponding increase in soil and water 
temperatures. Loose soil can temporarily accumulate in the construction areas and, in dry weather, 
this soil can be dispersed as dust. In wet weather, loose soil is transported to a stream or water body 
by erosion and runoff, particularly in steep areas. Erosion and runoff increase the supply of soil to 
lowland areas, and eventually to aquatic habitats where they increase turbidity and sedimentation. 
This effect is amplified during high frequency and high duration flow events. 

 If the control action occurs adjacent to or near a stream, loss of vegetation on the project site will 
increase the rate of transport of water to the stream during rain events, which can lead to higher peak 
flows. Higher stream flows increase stream energy that scours stream bottoms and transport greater 
sediment loads farther downstream than would otherwise occur. Sediments in the water column 
reduce light penetration, increase water temperature, and modify water chemistry. Once deposited, 
sediments can alter the distribution and abundance of important instream habitats, such as pool and 
riffle areas. Fish that spawn in fish gravel require fresh, moving water to survive and grow and then 
an escape route after they have hatched. The introduction of excess sediment can have disastrous 
results for the spawning habitat of fish that require gravel substrate for spawning and for the habitat 
of gravel-dwelling benthic organisms.48 During dry weather, the physical effects of increased runoff 
appear as reduced ground water storage, lowered stream flows, and lowered wetland water levels. 

 The combination of erosion and mineral loss can reduce soil quality and site fertility in upland 
and riparian areas. Concurrent in-water work can compact or dislodge channel sediments, thus 
increasing turbidity and allowing currents to transport sediment downstream where it is eventually 
redeposited. Multiple control activities, in which the site is inundated, can significantly increase the 
likelihood of severe erosion and contamination. 

 Implementation of conservation measures can reduce, but not eliminate, the risk of soil erosion 
and increased sediment inputs to streams, thus reducing the likelihood of impacts to stream habitats. 

46 Darnell, R. M. 1976. Impacts of construction activities in wetlands of the United States. U.S. 
Environmental Protection Agency, Ecological Research Series, Report No. EPA-600/3-76-045, 
Environmental Research Laboratory, Office of Research and Development, Corvallis, Oregon. 
47 Spence, B. C., G. A. Lomnicky, R. M. Hughes, and R. P. Novitzki. 1996. An ecosystem approach to 
salmonid conservation. ManTech Environmental Research Services, Inc., Corvallis, Oregon, to National 
Marine Fisheries Service, Habitat Conservation Division, Portland, Oregon (Project TR-4501-96-6057). 
48 Castro, J. and F. Reckendorf. 1995. Potential NRCS actions to improve aquatic habitat—Working paper 
No. 6: The effects of fine sediment on aquatic habitat. Oregon State University, Dept. of GeoSciences.   
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At a watershed scale, this risk is not expected to be significant because of the localized nature of the 
impacts and the anticipated widely dispersed locations of project sites in multiple watersheds across 
the CRB. 

2. Site Preparation Activities—Effects of site preparation activities may involve use of heavy 
equipment for transport and application of chemicals. New impervious surfaces allow for faster and 
more delivery of soil and contaminants in stormwater runoff, causing impaired water quality. In-
water work may be required to complete some activities, resulting in injury or death of fish due to 
handling. Site preparation may involve cordoning off a portion of the water body in preparation for 
biocide or chemical application. Siltation, sedimentation, and other deleterious physical effects to the 
environment may occur on a short-term basis. 

Heavy equipment. Heavy equipment use compacts soil, thus reducing soil permeability and 
infiltration of stormwater. Use of heavy equipment also creates a risk that accidental spills of fuel, 
lubricants, hydraulic fluid, control chemicals and other similar contaminants may occur. Discharge of 
water used during the control action may carry sediments and a variety of contaminants to the 
riparian area and stream. 

In-water work. Although the most lethal biological effects of the proposed actions on individual 
listed species will likely be caused by the isolation of in-water areas, lethal and sublethal effects would 
be greater than without isolation. In-water work area isolation is a conservation measure intended to 
reduce the adverse effects of erosion and runoff on the population.  

3. Control Activities 
Any likely control activity will result in physical and chemical changes to the environment. Best 
management practices call for minimizing both short- and long-term effects to the environment and 
to all non-target species. Numerous studies spanning several fish species have demonstrated that 
exposures to common metals and pesticides interfere with fish olfaction, ultimately disrupting life 
history processes that affect survival and reproductive success. Recovery of sensory function occurs 
more quickly for pesticides than for metals, such as copper.49 

The most likely products used to control dreissenids in the CRB are copper sulfate, potash 
(potassium), and one biocide, Pseudomonas fluorescens. [At the time of this publication, Pseudomonas 
fluorescens was not yet registered for open water applications.] 

A. Copper sulfate—Copper sulfate is a non-oxidizing agent available as a dust, wettable powder, or 
liquid concentrate (see attached Copper Technical Fact Sheet for detailed fate and transport 

49 Tierney, K. B., D. H. Baldwin, T. J. Hara, P. S. Ross, N. L. Scholz, and C. J. Kennedy. 2010. Olfactory 
toxicity in fishes. Aquatic Toxicology 96:2–26. 
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analysis). Copper sulfate affects fish and aquatic invertebrates by binding copper to gill membranes, 
interfering with osmoregulatory processes.50 Hydrology and water chemistry—specifically dissolved 
organic carbon, pH, and alkalinity—influence the amount of copper sulfate needed to induce 
mortality to molluscs.51  
 
Effects on fish, including salmonids—Copper is a general-purpose olfactory toxicant for all 
freshwater fish,52 interfering with the ability of fish to detect and respond to chemical signals.53 
Copper is directly toxic to the salmon olfactory system at very low exposure concentrations. Unable 
to smell, copper-exposed juvenile salmon become unresponsive to chemical signals in their 
environment, including cues indicating the close proximity of a predator. When they fail to take 
evasive action, they are much more likely to be captured and killed by predators than are their 
counterparts with a working sense of smell.54 Impairment of essential behaviors may occur following 
10 minutes of exposure and may last for hours to weeks depending on concentration and duration 
of exposure.55 

 Contaminants affect the physiology of fish, which may ultimately affect their survival  and 
reproductive success, and corresponding growth and productivity of fish  populations as well as 
interactions among species.56 

 The following is a summary of research of copper on fish species conducted by the 
Northwest Fisheries Science Center and others: 

 Coho salmon (Oncorhynchus spp) exposed to low levels (5–20 microg/L for 3 hours) of 
copper became unresponsive to their chemosensory environment, were unprepared 
to evade predators, and were significantly less likely to survive a predatory attack.57 

50 US Environmental Protection Agency. 2008. Copper Facts. 8pp. 
51 Ibid. 
52 Tierney, K. B., Baldwin, D. H., Hara, T. J., Ross, P. S., Scholz, N. L., and Kennedy, C. J. 2010. Olfactory 
toxicity in fishes. Aquatic Toxicology 96:2–26. 
53 Sandahl, J.F., Baldwin, D.H., Jenkins, J.J., and Scholz, N.L. (2007). A sensory system at the interface 
between urban stormwater runoff and salmon survival. Environmental Science and Technology 41:2998–3004. 
54 http://www.nwfsc.noaa.gov/research/divisions/efs/ecotox/salmon_physiology_behavior.cfm 
55 Hecht, S. A., D. H. Baldwin, C. A. Mebane, T. Hawkes, S. J. Gross, and N. L. Scholz. 2007. An overview of 
sensory effects on juvenile salmonids exposed to dissolved copper: Applying a benchmark concentration 
approach to evaluate sublethal neurobehavioral toxicity. NOAA Technical Memorandum NMFS-NWFSC-83, 
39 p. 
56 http://www.nwfsc.noaa.gov/research/divisions/efs/ecotox/salmon_physiology_behavior.cfm 
57 McIntyre, J. K., D. H. Baldwin, D. A. Beauchamp, and N. L. Scholz. 2012. Low-level copper exposures 
increase the visibility and vulnerability of juvenile coho salmon to cutthroat trout predators. Ecological 
Applications 22:1460–1471. 
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 Exposure to both a common environmental pesticide (chlorpyrifos) and metal 
(copper) caused a unique transcriptional signature in adult zebrafish that is heavily 
influenced by the metal, even when the organophosphate dominates.58 

 Naturally-reared salmon (Oncorhynchus mykiss) were exposed to copper (5 and 20 
microg/L for 3 hours) to measure loss in olfactory function. Exposure to copper 
disrupted olfactory responsiveness of steelhead to an amino acid (L-serine) equivalent 
to previously published research on hatchery coho.59 

 Chinook salmon (Oncorhynchus tshawytscha) and rainbow trout (Oncorhynchus 
mykiss) avoid copper—Chinook exhibit the higher sensitivity (0.7 microg/L versus 
1.5 microg/L).60 

 Fish eggs are more resistant than young fish fry to the effects of copper sulfate.61  
 Copper is toxic to fish lateral line neurons,62, 63 and may disrupt other behaviors, such 

as shoaling, prey capture, and predator evasion. 
 Given the range of natural water quality conditions in the western United States, the 

influence of water hardness and alkalinity across environmentally relevant ranges. 
However, the olfactory toxicity of copper may be partially reduced in surface waters 
that have a high DOC content.64 

 Exposure to copper diminishes the speed of alarm cues in salmon.65, 66 
 The effects of copper are concentration-dependant.67 

58 Tilton, F. A., S. C. Tilton, R. P. Beyer, T. K. Bammler, R. P. Beyer, P. L. Stapleton, N. L. Scholz, and E. P. 
Gallagher. 2011. Transcriptional impact of organophosphate and metal mixtures on olfaction: Copper 
dominates the chlorpyrifos-induced response in adult zebrafish. Aquatic Toxicology 102:205–215. 
59 Baldwin, D. H., C. P. Tatara, and N. L. Scholz. 2011. Copper-induced olfactory toxicity in salmon and 
steelhead: extrapolation across species and rearing environments. Aquatic Toxicology 101:295–297. 
60 Hansen, J. A., J. C. A. Marr, J. Lipton, D. Cacela, and H. L. Bergman. 1999. Differences in neurobehavioral 
responses of chinook salmon (Oncorhynchus tshawytscha) and rainbow trout (Oncorhynchus mykiss) exposed to 
copper and cobalt: behavioral avoidance. Environmental Toxicology and Chemistry 18, 1972–197. 
61 Gangstad, E. O. 1986. Freshwater Vegetation Management. Thomson Publication, Fresno, CA. 
62 Bettini, S., F. Ciani, and V. Franceschini. 2006. Recovery of the olfactory receptor neurons in the African 
Tilapia mariae following exposure to low copper level. Aquat. Toxicol. 76:321–328. 
63 Linbo, A. O.; C. M. Stehr, J. P. Incardona, and N. L. Scholz. 2006. Dissolved copper triggers cell death in 
the peripheral mechanosensory system of larval fish. Environ. Toxicol. Chem. 25:597–603. 
64 McIntyre, J. K., D. H. Baldwin, J. P. Meador, and N. L. Scholz. 2008. Chemosensory deprivation in juvenile 
coho salmon exposed to dissolved copper under varying water chemistry conditions. Environmental Science and 
Technology 42:1352–1358. 
65 Sandahl, J. F., D. H. Baldwin, J. J. Jenkins, and N. L. Scholz. 2007. A sensory system at the interface 
between urban stormwater runoff and salmon survival. Environmental Science and Technology 41:2998–3004. 
66 Scott, G. R., K. A. Sloman, C. Rouleau, and C. M. Wood. 2003. Cadmium disrupts behavioural and 
physiological responses to alarm substance in juvenile rainbow trout (Oncorhynchus mykiss). Journal of 
Experimental Biology 206:1779–1790. 
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o Copper causes a steady decline in coho salmon (Oncorhynchus kisutch) olfactory 
sensory neuron responses when exposed to concentrations of 10 microg/L 
during a 30-minute period, with responses of 80% of pre-exposure values at 5 
minutes, and responses of 30% of pre-exposure values at 30 minutes. 
Recovery responses were 50% 90 minutes following exposure.68 

o Chum salmon (Oncorhynchus keta), recovered from a copper toxicity of 24 
microg/L within one day.69 

o Brown trout (Salmo trutta) exposed to a concentration of 18 microg/L caused 
ciliary loss within one day, and recovery took eight days.70 

o Rainbow trout exposed to 20 microg/L caused changes in olfactory sensory 
neurons consistent with programmed cell death response following a 15-day 
exposure.71 

o Loss of cilia and rupture of microvillar cells occurred in Chinook salmon 
(Oncorhynchus tshawytscha) and rainbow trout (Oncorhynchus mykiss) exposed to 
more than 50 microg/L of copper for 1–4 hours.72 Copper causes anatomical 
changes in olfactory epithelium that range from slight to severe following low 
to high microg/L range exposure, respectively.73  

o Rainbow trout (Salmon gairdneri) begin to experience a depressed olfactory 
response when exposed to copper concentrations between 0.10 and 0.008 
mg/liter within a 2-hour time period. The depression increases with increased 

67 Tierney, K. B., D. H. Baldwin, T. J. Hara, P. S. Ross, N. L. Scholz, and C. J. Kennedy. 2010. Olfactory 
toxicity in fishes. Aquatic Toxicology 96:2–26. 
68 Baldwin, D. H., J. F. Sandahl, J. S. Labenia, and N. L. Scholz. 2003. Sublethal effects of copper on coho 
salmon: impacts on nonoverlapping receptor pathways in the peripheral olfactory nervous system. 
Environmental Toxicology and Chemistry 22:2266–2274. 
69 Sandahl, J. F., G. Miyasaka, G., N. Koide, and H. Ueda. 2006. Olfactory inhibition and recovery in chum 
salmon (Oncorhynchus keta) following copper exposure. Canadian Journal of Fisheries and Aquatic Sciences 63:1840–
1847. 
70 Moran, D. T., J. C. Rowley III, G. R. Aiken, and B. W. Jafek. 1992. Ultrastructural neurobiology of the 
olfactory mucosa of the brown trout, Salmo trutta. Microsc. Res. Tech. 23:28–48. 
71 Julliard, A. K., D. Saucier, and L. Astic. 1996. Time-course of apoptosis in the olfactory epithelium of 
rainbow trout exposed to a low copper level. Tissue Cell 28:367–377. 
72 Hansen, J. A., J. D. Rose, R. A. Jenkins, K. G. Gerow, and H. L. Bergman. 1999. Chinook salmon 
(Oncorhynchus tshawytscha) and rainbow trout (Oncorhynchus mykiss) exposed to copper: neurophysiological and 
histological effects on the olfactory system. Environ. Toxicol. Chem. 18:1979–1991. 
73 Tierney, K. B., D. H. Baldwin, T. J. Hara, P. S. Ross, N. L. Scholz, and C. J. Kennedy. 2010. Olfactory 
toxicity in fishes. Aquatic Toxicology 96:2–26. 
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concentration and exposure time. Recovery of olfactory response is slower 
with higher concentrations and longer exposure.74 

Effects on birds—Copper sulfate is practically nontoxic to birds, and poses less of a threat to 
birds than to other animals. 

Effects on aquatic organisms—Copper sulfate is toxic to aquatic invertebrates, such as crab, 
shrimp, and oysters. High concentrations of copper sulfate has caused some behavioral changes, 
such as secretion of mucous, and discharge of eggs and embryos.75 In mollusks, copper sulfate 
disrupts surface epithelia function and peroxidase enzymes.76 Reductions in aquatic organisms 
can reduce the food supply for fish species, particularly threatened and endangered salmonids. 

Effects on other organisms: Most animal life in soil, including large earthworms, have been 
eliminated by the extensive use of copper containing fungicides in orchards.77  

 

B. Pseudomonas fluorescens—Pseudomonas fluorescens strain CL145A is a biopesticide made from a strain 
on naturally occurring bacteria. It has low toxicity and presents little risk to non-target organisms.”78 
It is registered for use in closed systems, and is currently being considered by the EPA for use in 
open water systems. Like other successful biopesticides that are used globally to control pests such 
as black fly and mosquito larvae, Pseudomonas flourscens strain CL145A is an environmentally 
compatible control option for invasive mussels. When applied, the active ingredient (i.e., dead P. 
fluorescens CL145A cells), is non-toxic to humans and is highly selective, affecting only zebra and 
quagga mussels. Barrier systems, such as curtains, can be used during product application to 
maintain product concentration for treatment durations. The concentration of P. fluorescens has a 
linear relationship with turbidity, thus turbidity measurements can be used to accurately estimate 
actual concentration. During an open water testing of this product in an Illinois lake in 2011,79 water 
quality monitoring showed no effect on DO, pH, conductivity, or temperature when comparing 

74 Hara, T. J., Y. M. C. Law, and S. MacDonald. 1976. Effects of mercury and copper on the olfactory 
response in rainbow trout, Salmo gairdneri. J. Fish. Res. Board Can. 33:1568–1573. 
75 U.S. National Library of Medicine. 1995. Hazardous Substances Databank. Bethesda, MD. 
76 Reregistration Eligibility Decision (RED) for Coppers. 2009. U.S. Environmental Protection Agency, 
Office of Prevention, Pesticides and Toxic Substances, Office of Pesticide Programs, U.S. Government 
Printing Office: Washington, DC. 
77 Pimentel, D. 1971. Ecological Effects of Pesticides on Nontarget Species. Executive Office of the 
President’s Office of Science and Technology, U.S. Government Printing Office, Washington, DC. 
78 U.S. EPA Biopesticide Registration Action Document (BRAD) July 29, 2011. 
79 http://www.aquaticnuisance.org/wordpress/wp-content/uploads/2009/01/Zequanox-2012-Deep-
Quarry-Treatment-Report_FINAL-2012.pdf. 
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treated and control sites. Turbidity in treated sites increased after the initial application and after the 
second application (remaining stock solution), and then began to taper off during the treatment 
period. The treatment period included the first 6 hours following the initial application. Maximum 
observed turbidity was 102 Nephelometric Turbidity Units (NTU). Turbidity dropped off 
significantly the day after treatment in treated sites, with an average turbidity of 9 NTU 24 hours 
after initial application, compared to 1.2 NTU in control sites. A temporary drop in DO was 
observed 24 hours after initial application within the treatment site barriers; however, all sites 
returned to background DO levels quickly. Results from water samples analyzed for ammonia, total 
nitrogen, total phosphorus, biochemical oxygen demand, and chlorophyll a showed no impact for all 
parameters. 

Mode of action: Dreissenids filter the product out of water and process the active ingredient as 
a food source. When they digest the product, the active ingredient disrupts the epithelial cells 
lining their digestive system, causing mortality. The product is dependent on dreissenids feeding 
activity and metabolism, which is affect by water temperature and mussel breeding activity. 

Environmental Fate:  
 Persistence/Biodegradation: P. fluorescens strain CL145a biodegrades rapidly and 
completely, with no persistence expected. When the dry powder is mixed with water, it begins to 
lose activity within hours, and completely biodegrades. The risk of acute exposure to non-target 
aquatic organisms is mitigated by precautionary labeling and NPDES permit requirements. The 
product is not expected to bioconcentrate in organisms. 

Toxicity in animals: 

 The product is harmful if swallowed or absorbed through the skin. Causes moderate eye 
irritation. Avoid contact with skin, eyes, or clothing. 

 Acute oral toxicity LD50: >5,000 mg/kg (rat), very low toxicity. Category 4. 
 Acute dermal toxicity LD50: >2,000 mg/kg (rabbit), non-irritating, mild or slight 

irritation. Category 4. 
 Acute inhalation LC50: >2.25 mg/L (rat). Category 4. 
 Eye irritation: Minimally irritating (rabbit). Category 4. 
 Skin irritation: Slightly irritating (rabbit). Category 4. 
 Skin sensitization: Non-sensitizing (guinea pigs). Category 4. 

 Ecotoxicity: 

This product is nontoxic or practically nontoxic (Category 4) to mammalian and avian wildlife. 
Effects are highly selective to dreissenid mussels, and it is low toxicity to freshwater fish, native 
mollusks, insects, plants, crustaceans and other organisms. 

Acute freshwater fish toxicity: 
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Rainbow trout LC50 = 150 mg/L   Category 4 
Bluegill sunfish LC 50 = 135 mg/L  Category 4 
Common carp LC 50 = 469 mg/L  Category 4 
Chinook salmon LC50 = 184 mg/L Category 4 
Fathead minnow LC50 = 570 mg/L Category 4 

Acute native mollusk toxicity: 

No effects to the native freshwater bivalves (Pyganodon grandis, Lasmigona compressa, Strophitus 
undulatus, Elliptio complanata, Lampsilis radiata, Pyganodon cataracta) when exposed for 72 hours at 
200 mg/L. Category 4 

Blue mussel (Mytilus edulis) LC50 = 1,612 mg/L   Category 4 
Freshwater mussel (Anodonta spp.) LC50 = 500 mg/L  Category 4 

Daphnia magna LC50 = 255 mg/L      Category 4 
Freshwater shrimp LC50 > 100 mg/L      Category 4 
Mayfly LC50 = 196 mg/L         Category 4 
Crayfish LC50 > 500 mg/L        Category 4 
Midge LC50 = 1,075 mg/L        Category 4 
Waterlouse LC50 = 3,883 mg/L       Category 4 
Common aquatic plants: No effects, 6 days > 200 mg/L Category 4 

 
This product has previously been deemed to have no action that would significantly affect the 
human and natural environment, therefore, not warranting an EIS. 

 

C. Potash (Potassium chloride)—The exact mode of action by potassium on mussels is unknown, 
but evidence suggests that potassium kills mussels by interfering with the organisms’ ability to 
transfer oxygen across gill tissue, resulting in asphyxia.80 To ensure lethal concentrations of 
potassium throughout the water column, yet minimize likelihood of “hotspots” within the 
waterbody, a “target” potassium concentration of 100 ppm throughout the water column could 
be established: 50 ppm is used as the minimum concentration to initiate bioassays, though it is 
estimated that long-term exposure to 30–40 ppm would be sufficient to kill 100% of all 

80 Aquatic Sciences. 1997. Ontario Hydro Baseline Toxicity Testing of Potash Using Standard Acute and 
Chronic Methods. ASI Project E9015, Aquatic Sciences Inc., St. Catharines, Ontario.  

38 | P a g e  
 

                                                 



 39 Responding to an introduction of dreissenids in the Columbia River Basin 

dreissenids of all life stages.81 At these concentrations, potassium is estimated to pose no human 
health risks, nor would it likely harm any non-molluscan aquatic wildlife, vegetation, or terrestrial 
wildlife inhabiting the project site.82 The entire water column could be infused with potassium by 
pumping muriate of potash (potassium chloride – KCl) solution from land-based storage tanks 
with spill containment through a floating supply line to a work boat outfitted with a specially 
designed diffuser assembly. Treatment could occur within zones determined by depth and by 
presence of thermoclines within the water column. Concentrations of potassium would be 
monitored at various depths along transects established throughout the water body, both during 
and after “charging” of the waterbody with potash. Mortality of dreissenids would be confirmed 
by direct and video confirmation of dreissenid mortality by scuba divers. Very little, if any, land 
disturbance will be required, as the staging area and setup could occur adjacent to the water body 
in established parking and driving areas as well as boat ramps. No disturbance of substrate or 
bottom sediments within the water body would likely occur. Monitoring of groundwater 
infiltration of potassium from the waterbody would occur at adjacent waterbodies for a pre-
determined period of time. 

  
4. Post-control Site Restoration—The direct physical and chemical effects of post-control site 
restoration included as part of the proposed activities are essentially the reverse of the pre-control 
activities. Bare earth is protected by seeding, planting woody shrubs and trees, and mulching. This 
immediately dissipates erosive energy associated with precipitation and increases soil infiltration. It 
also accelerates vegetative succession necessary to restore the delivery of large wood to the riparian 
area and stream (in the case of control efforts in streams or downstream of control areas), root 
strength necessary for slope and bank stability, leaf and other particulate organic matter input, 
sediment filtering and nutrient absorption from runoff, and shade. Microclimate will become cooler 
and moister, and wind speed will decrease. 

In addition to revegetation, site restoration may include restoring or repairs to streambanks. 
Streambank restoration activities require bioengineered solutions that include vegetation and large 
wood as the major structural elements to increase bank strength and resistance to erosion 
stabilization.83, 84 The intent of these activities is to restore riparian function and allow habitat to 

81 Aquatic Sciences L.P. 2005. Eradication of zebra and quagga mussels at Millbrook Quarry, Prince William 
County, Virginia. Proposal M20065 submitted to Virginia Department of Game and Inland Fisheries in 
response to Request for Proposals RFP 00375-352ASI, Project E9015. 
82 Ibid. 
83 Mitsch, W. J. 1996. Ecological engineering: A new paradigm for engineers and ecologists. Pages 
111-128 in P.C. Schulze, editor. Engineering within ecological constraints. National Academy of Engineering, 
National Academy Press, Washington, D.C. 
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develop, and allow the banks to respond more favorably to hydraulic disturbance than conventional 
hard alternatives. 

Invasive and Non-native Plant Control—The proposed use of chemicals to control dreissenids is 
designed to minimize the risk of adverse effects on aquatic habitat and the associated native fish and 
wildlife species. Chemical (including fuel) transport, storage, and emergency spill plans will be 
implemented to reduce the risk of an accidental spill of fuel or chemicals. A catastrophic spill would 
have the potential for significant adverse effects to water quality. The risk of an accidental spill is 
considered to be minor if best management practices are strictly followed. 

An environmental fate and transport analysis is provided for three of the most commonly used 
chemicals and biocides to control dreissenids – potash, copper sulfate, and Pseudomonas fluorescens—
to evaluate the risk of effects to water quality from this program. The types of dreissenid control 
actions proposed offer the best and most effective solutions to eradicate dreissenids. Each type of 
treatment is likely to affect fish and aquatic organisms through a combination of pathways, including 
disturbance, chemical toxicity, dissolved oxygen and nutrients, water temperature, sediment, forage, 
and vegetation. 

Herbicide applications 
Surface water contamination with herbicides occurs when herbicides and biopesticides are applied 
intentionally or accidentally into ditches, irrigation channels or other bodies of water, or when soil-
applied herbicides are carried away in runoff to surface waters. Direct application into water sources 
is generally used for control of aquatic species. Under the proposed action, herbicides and biocides 
would be applied directly to the surface of the water. Any juvenile fish in the margins of streams and 
water bodies are more likely to be exposed to herbicides as a result of overspray, inundation of 
treatment sites, percolation, surface runoff, or a combination of these factors. 

Groundwater contamination is another important pathway. Most herbicide groundwater 
contamination is caused by “point sources,” such as spills or leaks at storage and handling facilities, 
improperly discarded containers, and rinses of equipment in loading and handling areas, often into 
adjacent drainage ditches. Point sources are discrete, identifiable locations that discharge relatively 
high local concentrations. Proposed conservation measures minimize these concerns by ensuing 
proper calibration, mixing, and cleaning of equipment. Non-point source groundwater contamination 
of herbicides is relatively uncommon, but can occur when a mobile herbicide is applied in areas with 

84 WDFW, WDOT WDOE, and USACE (Washington Department of Fish and Wildlife, Washington 
Department of Transportation, Washington Department of Ecology, and the U.S. Army Corps of Engineers). 
2003. Integrated Streambank Protection Guidelines, various pagination (April 2003) 
(http://www.wdfw.wa.gov/hab/ahg/ispgdoc.htm). 
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a shallow water table. Proposed conservation measures minimize this danger by restricting the 
formulas used, and the time, place and manner of their application to minimize offsite movement. In 
addition, a thorough analysis of the hydrological and geochemical setting of any project site is 
integral. 

Downstream transport is another important pathway. ADD INFO HERE 

 

Effects on ESA-Listed Salmon and Steelhead 
 The biological effects included as part of the proposed action are primarily the result of physical 
and chemical changes in the environment caused by activities funded under this program. These 
effects are complex, and vary in magnitude and severity between individual organism, population, 
ESU/DPS, and community scales. 

Preconstruction Activities. The primary habitat effect from preconstruction activities is a 
temporary and localized increased in turbidity and suspended sediment. Turbidity may have 
beneficial or detrimental effects on fish, depending on the intensity, duration, and frequency of 
exposure.85 Salmonids have evolved in systems that periodically experience short-term pulses (days 
to weeks) of high suspended sediment loads, often associated with flood events, and are presumably 
adapted to high pulse exposures. Adult and larger juvenile salmonids may be little affected by the 
high concentrations of suspended sediments that occur during storm and snowmelt runoff,86 
although these events may produce behavioral effects, such as gill flaring and feeding changes.87  

Deposition of fine sediments reduces egg incubation success, 88 interferes with primary and 
secondary production,89 and degrades cover for juvenile salmonids.90 Chronic, moderate turbidity can 

85 Newcombe, C.P., and D.D. MacDonald. 1991. Effects of suspended sediments on aquatic ecosystems. 
North American Journal of Fisheries Management 11: 72–82. 
86 Bjornn, T. C., and D. W. Reiser. 1991. Habitat requirements of salmonids in streams. Pages 83-138 in: W.R. 
Meehan, editor. Influences of forest and rangeland management on salmonid fishes and their habitats. 
American Fisheries Society Special Publication 19. 
87 Berg, L., and T. G. Northcote. 1985. Changes in territorial, gill-flaring, and feeding behavior in juvenile 
coho salmon (Oncorhynchus kisutch) following short-term pulses of suspended sediment. Canadian Journal of 
Fisheries and Aquatic Sciences 42:1410–1417. 
88 Bell, M. C. 1991. Fisheries handbook of Engineering requirements and biological criteria. Fish Passage 
Development and Evaluation Program. U.S. Army Corps of Engineers, North Pacific Division. 
89 Spence, B. C., G. A. Lomnicky, R. M. Hughes, and R. P. Novitzki. 1996. An ecosystem approach to 
salmonid conservation. ManTech Environmental Research Services, Inc., Corvallis, Oregon, to National 
Marine Fisheries Service, Habitat Conservation Division, Portland, Oregon (Project TR-4501-96-6057). 
90 Bjornn, T. C., and D. W. Reiser. 1991. Habitat requirements of salmonids in streams. Pages 83–138 in: W. 
R. Meehan, editor, Influences of forest and rangeland management on salmonid fishes and their habitats. 
American Fisheries Society Special Publication 19. 
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harm new-emerged salmonid fry, juveniles, and even adults by causing physiological stress that 
reduces feeding and growth, and increases basal metabolic requirements.91, 92, 93, 94, 95 Juveniles avoid 
chronically turbid streams, such as glacial streams or those disturbed by human activities, unless those 
streams must be traversed along a migration route.96 Older salmonids typically move laterally and 
downstream to avoid turbidity plumes.97, 98, 99, 100, 101 Fish exposed to moderately high turbidity levels 
in natural settings are able to feed, although at a lower rate and with increased energy expenditure 
due to a more active foraging strategy. Over a period of several days or more, reduced feeding 
resulting from increased turbidity can translate into reduced growth rates. 

Turbidity also limits fish vision, which can interfere with social behavior,102 foraging103, 104 and 
predator avoidance.105, 106 This can have varying effects on fish growth and survival, depending on a 

91 Redding, J. M., C. B. Schreck, and F. H. Everest. 1987. Physiological effects on coho salmon and steelhead 
of exposure to suspended solids. Transactions of the American Fisheries Society 116:737–744. 
92 Lloyd, D. S. 1987. Turbidity as a water quality standard for salmonid habitats in Alaska. North American 
Journal of Fisheries Management 7:34–45. 
93 Bjornn, T. C., and D. W. Reiser. 1991. Habitat requirements of salmonids in streams. Pages 83–138 in: W. 
R. Meehan, editor, Influences of forest and rangeland management on salmonid fishes and their habitats. 
American Fisheries Society Special Publication 19. 
94 Servizi, J. A., and D. W. Martens. 1991. Effects of temperature, season, and fish size on acute lethality of 
suspended sediments to coho salmon. Canadian Journal of Fisheries and Aquatic Sciences 49:1389–1395. 
95 Spence, B. C., G. A. Lomnicky, R. M. Hughes, and R. P. Novitzki. 1996. An ecosystem approach to 
salmonid conservation. ManTech Environmental Research Services, Inc., Corvallis, Oregon, to National 
Marine Fisheries Service, Habitat Conservation Division, Portland, Oregon (Project TR-4501-96-6057). 
96 Lloyd, D. S., J. P. Koenings and J. D. LaPerriere. 1987. Effects of turbidity in fresh waters of Alaska. North 
American Journal of Fisheries Management 7:18–33. 
97 McLeay, D. J., I. K. Birtwell, G. F. Hartman, and G. L. Ennis. 1987. Responses of arctic grayling (Thymallus 
arcticus) to acute and prolonged exposure to Yukon placer mining sediment. Canadian Journal of Fisheries and 
Aquatic Sciences 44:658–673. 
98 Sigler, J. W., T. C. Bjornn, and F. H. Everest. 1984. Effects of chronic turbidity on density and growth of 
steelheads and coho salmon. Transactions of the American Fisheries Society 113:142–150. 
99 Lloyd, D. S. 1987. Turbidity as a water quality standard for salmonid habitats in Alaska. North American 
Journal of Fisheries Management 7:34–45. 
100 Scannell, P. O. 1988. Effects of elevated sediment levels from placer mining on survival and behavior of 
immature arctic grayling. Alaska Cooperative Fishery Unit, University of Alaska. Unit Contribution 27. 
101 Servizi, J. A., and D. W. Martens. 1991. Effects of temperature, season, and fish size on acute lethality of 
suspended sediments to coho salmon. Canadian Journal of Fisheries and Aquatic Sciences 49:1389–1395. 
102 Berg, L., and T. G. Northcote. 1985. Changes in territorial, gill-flaring, and feeding behavior in juvenile 
coho salmon (Oncorhynchus kisutch) following short-term pulses of suspended sediment. Canadian Journal of 
Fisheries and Aquatic Sciences 42:1410–1417. 
103 Gregory, R. S., and T. G. Northcote. 1993. Surface, planktonic, and benthic foraging by juvenile Chinook 
salmon (Oncorhynchus tshawytscha) in turbid laboratory conditions. Canadian Journal of Fisheries and Aquatic Sciences 
50:233–240. 
104 Vogel, J. L. and D. A.Beauchamp. 1999. Effects of light, prey size, and turbidity on reaction distances of 
lake trout (Salvelinus namaycush) to salmonid prey. Canadian Journal of Fisheries and Aquatic Sciences 56:1293–1297. 
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range factors such as ambient light levels and depth; relative visual sensitivities of predators and prey; 
and non-visual sensory abilities. Conversely, salmon may benefit from increased turbidity; predation 
on salmonids may be reduced in water turbidity equivalent to 23 Nephalometric Turbidity Units 
(NTU)107, 108 which may improve survival. 

Therefore, fish will be exposed to elevated turbidity and suspended sediment during pre-construction 
activities. Some juvenile salmonids may decrease feeding, experience increased stress, or may be 
unable to use the action area, depending on the severity of the increase in suspended sediments. 

  

105 Miner, J. G., and R. A. Stein. 1996. Detection of predators and habitat choice by small bluegills: Effects of 
turbidity and alternative prey. Transactions of the American Fisheries Society 125:97–103. 
106 Meager, J. J., P. Domenici, A. Shingles, and A.C. Utne-Palm. 2006. Escape responses in juvenile Atlantic 
cod (Gadus morhua): The effect of turbidity and predator velocity. Journal of Experimental Biology 209:4174–4184. 
107 Gregory, R. S. 1993. Effect of turbidity on the predator avoidance behavior of juvenile Chinook salmon 
(Oncorhynchus tshawytcha). Canadian Journal of Fisheries and Aquatic Sciences 50:241–246. 
108 Gregory, R. S., and C. D. Levings. 1998. Turbidity reduces predation on migrating juvenile Pacific salmon. 
Transactions of the American Fisheries Society 127:275–285. 
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Hypothetical Scenario – Oregon 
Prineville Reservoir 
 Prineville Reservoir is located at the base of the Ochoco Mountains, about 15 miles south of 
Prineville on the Crooked River (44 06’36’’N, 120 47’08’’W in Crook County). When full, it has a 
surface area of over 3,000 acres, but the water stored behind Bowman Dam is used for flood control 
and provides water for municipal use and irrigation (Ochoco Irrigation District), thus water levels 
can vary. The dam was constructed between 1958 and 1961 by the Bureau of Reclamation. The 
water is eutrophic. Inflow to the reservoir is the Crooked River, Bear Creek, Sanford Creek, Deer 
Creek, Alkali Creek, Antelope Creek and Owl Creek. The outflow is the Crooked River. The surface 
elevation is 3,257 feet, the basin area is 2,635 square miles, the surface area is 3,030 acres, the 
volume is 150,200 acre-feet, and the maximum depth is 130 feet. The shoreline length is 43 miles. 
The pH is 7.72 and calcium is 33.4. The Arthur R. Bowman Dam, which created Prineville 
Reservoir, is an earthfill dam owned and administered by the Bureau of Reclamation.  
 There are numerous access points to the reservoir, which has public boat ramps, private boat 
ramps, and moorages. The majority of boat launches occur at Crook County Boat Ramp (US Bureau 
of Reclamation), Jasper Point (state), Powderhouse Cove (US Bureau of Reclamation), Prineville 
Reservoir Resort (private), Prineville Reservoir State Park (state), and Roberts Bay East (US Bureau 
pf Reclamation).  
 ODFW’s High Desert Region109 manages the fish and wildlife resources associated with the lake. 
The reservoir is dominated by non-game fish species, such as suckers and chiselmouth. Other fish in 
the reservoir include brown bullhead, largemouth bass, smallmouth bass, rainbow trout, and black 
crappie. In a 2006 opinion, NOAA concluded the Crooked River upstream of Bowman Dam, 
including Prineville Reservoir, is not designated as Essential Fish Habitat (EFH). 
 The reservoir is designated as having both high risk of introduction and high risk of 
establishment because of its water chemistry and the recreational boating that occurs.110 
 

Threatened, endangered, and sensitive species111 
 The habitats at Prineville Reservoir support more than 70 species of birds, mammals, reptiles 
and amphibians.112 Threatened, endangered, and sensitive species that are known to or potentially 
occur in the Prineville Reservoir vicinity include:  

109 ODFW High Desert Region, (541) 388-6363 
110 Wells, S., T.D. Counihan, A. Puls, M. Sytsma and B. Adair. 2010. Prioritizing zebra and quagga mussel 
monitoring in the Columbia River Basin. Prepared for Bonneville Power Administration and the Pacific 
States Marine Fisheries Commission, BPA Contract Number: 00003373 TI Project Number: 152. 
111 Prineville Reservoir Resource Management Plan, 2003. 
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 Amphibians 
o Oregon spotted frog (Rana luteiventris) – Proposed species (USFWS) - The presence 

of bass in Prineville Reservoir, especially near the mouths of tributaries (Reclamation 
1992), would preclude the occurrence of spotted frogs in the reservoir itself; 
however, the frogs could exist farther up tributary creeks.  

o Columbia spotted frog (Rana pretiosa) – Candidate species (USFWS) 
 Mammals 

o Canada lynx (Felis lynx Canadensis) – Threatened (USFWS) 
 Fish 

o Bull trout (Columbia River pop.) – Critical Habitat, Threatened (USFWS) 

Case A: Live dreissenids at Powder House Cove in Prineville Reservoir 
 
 For the purposes of this case study, live adult dreissenids were reported by Portland State 
University monitoring staff, who routinely monitor the reservoir because of the dreissenid risk 
associated with introduction and establishment. The dreissenids were detected in Powder House 
Cove. The cove in which the dreissenids were found is close to the dam and close the outflow to the 
Crooked River. This cove was the subject of an environmental assessment in 2006 for the Powder 
House Cove Expansion Project, which would provide more access and parking for people seeking 
to recreate in that location on Prineville Reservoir. There are no listed sensitive, threatened, or 
endangered species in that portion of the reservoir, and there is no ESA critical habitat, however, the 
the water is very deep. No sensitive, threatened, or endangered species were determined to be 
downstream within several miles of the reservoir. 

 

112 Clowers, G. 2004. Prineville Reservoir Final Report 2001. Prepared by Raven Research West (Madras, Oregon) for 
Bureau of Reclamation, Lower Columbia Area Office, Portland, Oregon. 
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 The adult dreissenids were found as a result of sampling by Portland State University monitoring 
staff. A total of 2 dreissenid adults were found initially. 

Steps Taken: 
 
1. State Rapid Response Plan Steps are initiated, including: 

a. Verification and initial response to report of live dreissenids 
b. Confirmation of status level of water body (e.g., inconclusive, suspect, positive) 
c. Initial response: reporting and notification 
d. Defining the extent of colonization through surveys 
e. Preventing further spread through quarantine or temporary closure of the water 

body to manage the pathway for spread. If closure is not possible, watercraft 
inspection teams are available to decontaminate watercraft. 

a. Identify dispersal vectors 
b. Establish public outreach 
c. Restrict dispersal pathways 
d. Establish wash and inspection requirements on watercraft and equipment and begin 

pre-launch inspection program for all watercraft and equipment 
f. Evaluate management options – determine if eradication is possible 
g. Eradication is deemed possible because the adults are confined to the cove area 

(about 2 acres), and have not been found in any other location in the reservoir. 

Powder 

House Cove 
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2. Recommended control action: 
 
 Despite no critical ESA habitat or ESA-listed species, the goal is to select the best cost-effective 
control option that minimizes risks to non-target organisms in both the short- and long-term. The 
infestation is small and restricted to the two surface acres closest to shore. No other dreissenids 
were found near the dam, in deeper water, or in other locations in the lake, which makes eradication 
possible.  
 Water management (e.g., lowering the reservoir) issues may influence the ability of the water 
level in the reservoir to be managed to assist with dreissenid control. In addition, there are 
uncertainties associated with the feasibility of drawing down a reservoir to assist in dreissenid 
control, as these invasives move toward deeper water during slower drawdowns. 
 One pesticide (copper sulfate) and one biocide (Pseudomonas fluorescens) have the potential to 
eradicate the dreissenids. Copper sulfate is more cost effective, but has greater toxicity, and there 
will be take of some fish species. Pseudomonas fluorescens is more expensive and is not toxic to any 
organisms in the reservoir other than dreissenids, but given the relatively small amount of water that 
will need to be treated, has benefits that far exceed the costs. In addition, there are some 
uncertainties about its efficacy in open water. 
 
 RECOMMENDATION: Eliminating dreissenids would benefit native fish and wildlife by 
eliminating/minimizing an invasive species which poses a serious threat to these resources and the 
habitats in which they thrive. The presence of dreissenids would also affect a key recreation activity 
at the reservoir – fishing. The treatments also support the authorized purpose of the reservoir, 
which is irrigation. 
 Option 1 (Preferred): Licensed applicators will apply Pseudomonas fluorescens as the control 

agent in Powder House Cove.  
 Option 2: Licensed applicators will apply copper sulfate (EPA Reg. No. 829-210), an 

algaecide/herbicide that has copper sulfate crystals as an active ingredient – 99.0% and other 
ingredients – 1%) to the area (about X acre feet) at a rate of 1.5 ppm.  

o This product is routinely used to control algae in nearby irrigation systems at 
discharges that do not exceed 12 ug/L113. The entire cove would be closed to public 
activity for 72 hours after treatment. The boat ramp will be posted with area closed 
signs and the entrance to the cove delineated with “no access” buoys. No adverse 
impacts to water quality are anticipated. 

113 http://www.deq.state.or.us/news/publicnotices/uploaded/050329_3850_IS_PermitModsPubNotice.pdf 
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o Open water, mussels, and use of the product are included on the label for this 
product. 

For both option 1 and option 2:  

 The reservoir may be closed to recreational boating and all watercraft and equipment use 
until treatment occurs (because the amount of access to the lake makes inspection stations at 
each boat ramp cost prohibitive, inspection stations would be located on highways leading 
into and out of the reservoir). 

 A comprehensive monitoring program will be established and followed according to the 
UMPS guidelines. 

 No new roads or pathways into and out of the treatment area are necessary, and not removal 
or modification of vegetation is necessary. 

 Check back on assumptions once control activity occurs (check with both federal and state 
agencies).  

 Follow riparian habitat best management practices outlined on pages 18-19 of this 
document. 

Public interest factors considered: 

 Non-target fish and wildlife species—As proposed, there would be minor impacts on non-
target fish and wildlife species in the application area—the most severe on less motile 
species, such as invertebrates, and the least on more motile species, such as fish, which 
would be capable of moving away from the treatment area. There would likely be mortality 
of juvenile fish species in the target area. To minimize adverse effects to fish, application will 
begin at the shoreline and proceed out towards deeper water (for copper sulfate). 
Application would occur in accordance with timing of in-water work windows for the stream 
below the reservoir. 

 Water Quality/Drinking Water—No adverse effects to water quality would occur (for either 
product selected). 

 Recreation—Other than temporary closure of the cove during and for a short period after 
treatment (72 hours after copper sulfate treatment, 24 hours after Pseudomonas fluorescens), 
there are no adverse effects to recreation. 

 Treatment—Scheduled to occur as soon as possible. 
 Costs—$10,000 per acre for Pseudomonas fluorescens (cost prior to the product being produced 

commercially); $3,000 per 92 acre feet for copper sulfate (2013 costs). 

Other considerations: 

 Clean Water Act—There will be no discharge of fill material into the water, thus no 
authorization under Section 404 of the Clean Water Act is warranted. 
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 Endangered Species Act—The proposed action would have no effects on any listed 
threatened or endangered species or any critical habitat. 

 National Historic Preservation Act—The proposed action would have no effects on cultural 
resources or property listed or eligible for listing on the National Register of Historic Places. 
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Hypothetical Scenario - Washington 
 

Lake Washington 
 Lake Washington is the largest freshwater lake in the 
Seattle, Washington area, and the second largest natural lake 
in the state (47.37’0’’N, 122.15’53’’W) in King County). Inlet 
rivers—the Sammamish and Cedar River—provide inflow to 
the lake; the only outflow is the Lake Washington Ship Canal 
(locks and dam). Many others small creeks and rivers feed the 
lake. The water is mesotrophic. The surface elevation is 16 
feet, the basin area is 315,000 square miles, the surface area is 
21,000 acres, the volume is 2,400,000 acre-feet, and the 
maximum depth is 214 feet.  
 There are several hundred access points to the lake, which 
has public boat ramps, private boat ramps, and moorages. 
Recreational fishing occurs year-round, however, with 
anadromous salmonids, such as coastal cutthroat trout a 
desired species. Chinook, coho, and sockeye salmon can also 
be present depending on annual fish runs. Several entities co-
manage the sockeye runs, including National Marine Fisheries 
Service, Washington Department of Fish and Wildlife and 
three Puget Sound Indian tribes (Muckleshoot, Suquamish, 
and Tulalip).  
 The reservoir is designated as having a high risk of 
introduction and a medium high risk of establishment because 
of its water chemistry (e.g., calcium concentrations) and the 
moderate level of recreational boating that occurs (e.g., total 
use days and number of recreational angling tournaments).114 
 

114 Wells, S., T.D. Counihan, A. Puls, M. Sytsma and B. Adair. 2010. Prioritizing zebra and quagga mussel 
monitoring in the Columbia River Basin. Prepared for Bonneville Power Administration and the Pacific 
States Marine Fisheries Commission, BPA Contract Number: 00003373 TI Project Number: 152. 
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Threatened, endangered, and sensitive species 
 There are three threatened fish species known to occur in and around Lake Washington: 

 Fish 
o Chinook salmon (Oncorhynchus tshawytscha) (2 populations in the Sammamish River 

and Cedar River) (Lake Washington and Ship Canal are critical habitats) – 
Threatened (NMFS)    

o Steelhead (Oncorhynchus mykiss) (4 spawning populations: Lake Washington, Cedar 
River, Lake Sammamish, Sammamish River) – Threatened (NMFS)  

o Bull trout (Salvelinus confluentus) (Lake Washington and Ship Canal) – Threatened 
(USFWS) 

o Coho (Oncorhynchus kisutch)– (Lake Washington) – Species of Concern (NMFS) 
 

In-Water Timing Windows 

 Sammamish River—July 16–July 31 and November 16–March 15 
 Cedar Creek—July 15–September 30 

CASE B: Adult dreissenids 
found at marina at 
Sammamish River inflow to 
Lake Washington 
 In April 2015, Washington 
Department of Fish and Wildlife 
staff find adult dreissenids at one of the 
inflows to Lake Washington (mouth of 
the Sammamish River), which drains 
into Lake Washington. No 
dreissenids were found in the river 
itself. No dreissenids were found 
anywhere else in the northern part of the 
lake other than at the marina and 
cove NW of the Sammamish River 
inflow. 

 Three threatened fish species and one species of concern exist in the lake. In addition, the lake is 
designated as critical habitat for salmonids. 
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 Several tribes co-manage the sockeye runs, but the lake is not considered to be on tribal lands, 
thus a state NPDES permit is sufficient. 

 The distribution of dreissenids is not limited to an enclosed water body, however, the portion of 
the water body that includes the dreissenids (one marina and cove) could be cordoned off from the 
main portion of the lake. 

 Despite the presence of species of concern, threatened species and designated critical habitat, 
the likely proposed control option would have minimal effects if the control action is conducted 
within appropriate in-water work windows, when spawning is not occurring, and when juveniles are 
not present. The action agency, in this case, the Washington Department of Fish and Wildlife, 
consults with the USFWS and NMFS to determine if the potential action may have an adverse effect 
on sensitive, threatened, or endangered species or their habitats and if formal consultation should 
occur.  

 Eradication is deemed possible given the current small distribution restricted to the marina and 
cove. 

 The proposed control method includes pesticides. One pesticide (copper sulfate) and one 
biocide (Pseudomonas fluorescens) have the potential to eradicate the dreissenids. Copper sulfate has a 
robust chemical fate and transport analysis and is more cost effective, but has greater toxicity, and 
there may possibly be take of some fish. Pseudomonas fluorescens is more expensive and is not known to 
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be toxic to any organisms in the lake other than dreissenids, but given the relatively small amount of 
water that will need to be treated, has benefits that far exceed the costs. In addition, there are some 
uncertainties about its efficacy in open water. Consider other factors, such as physical disturbance 
(sedimentation, physical barriers, effects of food supply) and displacement. 
 It is deemed that eradicating the mussels at this stage of introduction far outweighs any short-
term fish kill associated with copper sulfate use (if that pesticide is chosen). Consult with the federal 
agencies (Washington U.S. Fish and Wildlife Office and NMFS) to discuss physical disturbances – 
provide assessment to USFWS and NMFS. 
 It may appear the path of least resistance is to use the biopesticide, but both options should be 
explored and discussed with NOAA and the USFWS. 
 

Effects of Copper on Salmonids and non-target organisms (add to Effects Analysis) 

Impairment of sensory functions important to survival 0f juvenile salmonids is likely to be 
widespread in many freshwater aquatic habitats. Impairment of these essential behaviors may 
manifest within minutes and continue for hours to days depending on concentration and exposure 
duration. Therefore, dCu has the potential to limit the productivity and intrinsic growth potential of 
wild salmon populations by reducing the survival and lifetime reproductive success of individual 
salmonids.115  

Long-term sublethal exposure to copper, as it commonly occurs under “natural” conditions, may 
result in olfactory dysfunction with potential impacts on fish survival and reproduction.116  

ADDING TO THIS SECTION 

 

 
 
 
  

115 Hecht, S. A., D. H. Baldwin, C. A. Mebane, T. Hawkes, S. J. Gross, and N. L. Scholz. 2007. An overview 
of sensory effects on juvenile salmonids exposed to dissolved copper: Applying a benchmark concentration 
approach to evaluate sublethal neurobehavioral toxicity. U.S. Dept. Commer, NOAA Tech. Memo. NMFS-
NWFSC-83, 39 p. 
116 Saucier, D., L. Astic, and P. Rioux. 1991. The effects of early chronic exposure to sublethal copper on the 
olfactory discrimination of rainbow trout, Oncorhynchus mykiss. Environ. Biol. Fishes 30:345–351.  
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 54 Responding to an introduction of dreissenids in the Columbia River Basin 

Worst Case Scenario 
Coming Soon! 
 
 
Pick another scenario – worst case scenario - Listed species, difficult physical environment, 
hydropower facility, multi-agency involvement. Lake Roosevelt with Spokane Tribe. Lake Billy 
Chinook (good nexus of agencies, tribes, etc.). 
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