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D-1. Control Options 
 

(Note: Portions of the material in this section were taken from California’s Zebra Mussel Early Detection and Public 
Outreach Program Final Report (Messer and Veldhuizen 2005). Additional information including the data in 
Tables 2, 3, and 4 was compiled by Bruce Sutherland, consultant to the Pacific States Marine Fisheries Commission.) 

 

Thermal Shock 

Hot water treatment can kill zebra mussels. Temperatures of 37°C and above are lethal to zebra 
mussels. Depending upon acclimation temperature, zebra mussels will die in about 1 hour. At winter 
acclimation temperatures (5 to 10°C), temperatures of 33°C and above will kill zebra mussels within 
13 hours. For further information, see Table 1 below (McMahon et al. 1993).  

Freezing 

Adult zebra mussels die when aerially exposed to freezing temperatures. In winter, populations can 
be controlled by dewatering and exposing zebra mussels to freezing air temperatures. Zebra mussels 
die in 2 days at 0°C and at minus 1. 5°C, in 5 to 7 hours at minus 3°C, and in under 2 hours at minus 
10°C. Duration to mortality is less for single mussels than for clustered mussels. (Payne 1992).  

Oxygen Starvation 

Oxygen starvation can be achieved by cycling ambient water through oxygen-starving pumps. The 
developer of the technology, Wilson J. Browning of Amark Corp, Norfolk County, VA, claims the 
equipment can cycle 200 million gallons of water. Another method of removing oxygen is to add 
oxygen scavenging chemicals, such as sodium-meta-bisulfite and hydrogen sulfide gas (USACE-
ZMIS at http://www.wes.army.mil/el/zebra/zmis/idxlist.htm. It should be noted, however, that 
zebra mussels are able to tolerate oxygen deprivation for up to 2 weeks, provided ambient 
temperatures are low enough (USACE-ZMIS).  

Desiccation 

Desiccation is a viable option for eradicating zebra mussels from areas that can be dewatered for 
several days. Alternatively, desiccation can also act as a population control method in areas that 
cannot be completely dewatered. For example, reservoir levels can be lowered to expose zebra 
mussels inhabiting shallow water. The majority of the zebra mussel population inhabits shallow 
water within 2 to 7 m below the surface, with moderate to low densities up to 50m. Colonization is 
dependent upon water temperature, oxygen content, and food availability. They tend to colonize 
above the thermocline.  

Temperature is positively related and humidity is negatively related to adult zebra mussel mortality. 
As humidity increases and temperature decreases, survival increases (Table 1). Aerial exposure of 
zebra mussels to temperatures exceeding 25°C, will result in 100% mortality in 2. 1 days. 
Temperatures over 32°C are lethal within 5 hours. Instantaneous mortality occurs at 36°C. At 
temperatures below 30°C, time to mortality is dependent upon relative humidity.  

 
  

http://www.wes.army.mil/el/zebra/zmis/idxlist.htm
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Table 1. Number of days to 100% mortality of adult zebra mussels aerially exposed to 
different levels of relative humidity and air temperature (McMahon et al. 1993).  

 

 Days to 100 % Mortality at Air Temperature, °C 

Relative Humidity, % 5 15 25 

95 26. 6 11. 7 5. 2 

50 16. 9 7. 5 3. 3 

5 10. 8 4. 8 2. 1 

 

Benthic Mats 

 
Researchers from the Rensselaer Polytechnic Institute in New York are investigating the use of 
benthic mats that would cover the sediment and zebra mussels, and smother the mussels. 
Preliminary laboratory bioassays carried out in aquaria demonstrated that benthic mat covering of 
zebra mussels for 2 weeks resulted in mortality rates of 14. 9-100%, while mortality rates were 2. 2% 
or lower for control aquaria without mats. In laboratory studies in which mussels were covered for 4 
weeks, mortality rates of 20-100% occurred, and did not vary significantly with duration of covering 
or size class. Measurements of several water chemistry parameters beneath mats, including dissolved 
oxygen, ammonia, calcium and magnesium and pH, indicated that dissolved oxygen concentration 
was the only parameter to exhibit both significant change and a consistent trend over the course of 
the study, declining from nearly 100% saturation to a mean of 16. 5% saturation, and remaining at 
this level for the duration of the experiment (Sandra Nierzwicki-Bauer, personal communication, 
2008).  
 
In field studies carried out in New York’s Saratoga Lake, divers created treatment and control zebra 
mussel colonies at 2m depths on a rocky substrate by placing rocks with attached mussels on 
fiberglass screens placed on prepared gravel beds. During a field trial where two treatment colonies, 
composed of approximately 30,000 mussels each, were covered with 4m2 mats, mortality rates 
exceeded 99% after nine weeks of covering. As observed in the laboratory tests, dissolved oxygen 
concentrations declined significantly under the mats, correlating strongly with increased mortality 
((Sandra Nierzwicki-Bauer, personal communication. 2008).  

 

Manual Removal 

 
When found in relatively small numbers, manual removal may be an effective way to reduce 
dreissenid populations and potentially even eradicate them if reproduction has not yet occurred. 
Manual removal can take place via hand extraction or via mechanical scraping and suction, typically 
using divers. In Lake George, New York an effort involving hand harvesting by divers appears to 
have significantly reduced an introduced population. Divers removed 267 mussels in 1999, followed 
by a peak of nearly 20,000 in 2000. Since then, ongoing removal efforts have yielded fewer than 
2,000 mussels per year (Sandra Nierzwicki-Bauer, personal communication, 2008). The apparent 
eradication of the nonnative sabellid polychaete worm (Terebrasabella heterouncinata) in California 
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provides analogous evidence to the role of hand removal as a control technique. After this marine 
pest was found at an intertidal site outside of an infected abalone culture facility, over 1. 6 million 
native black turban snails (Tegula funebralis) - the preferred native host - were extracted by hand, 
along with other infested material. This effort reduced the transmission of the pest species to the 
point that it no longer was detectable in follow-up surveys (Culver and Kuris 2000).  

 

Predation 

The relatively soft shells of zebra mussels and their exposure (on substrates as opposed to buried in 
sediment) make them vulnerable to predation. Possible predators of adult mussels are some species 
of carp, catfish, bullhead, sucker, sunfish, sturgeon, crayfish, and muskrats. A possible predator of 
veligers is the American shad. However, there is no evidence of predation control in the Great 
Lakes, Ohio River, and Poland. There is some evidence of population reduction in the Hudson 
River. Despite the lack of clear evidence of population control through predation, it is 
recommended that harvest of predatory species in infested waterbodies be stopped.  
 

Acoustic Deterrents 

It should be noted that the impacts and effectiveness of the following acoustic deterrents are not 
fully proven, especially in high-flow areas. However, they are relatively low maintenance 
technologies that have a low likelihood of harming non-targeted organisms, are environmentally 
friendly, and have few related safety issues. Acoustic methods are only suitable for certain kinds of 
structures and are limited to areas where power is available.  

• Cavitation is a form of acoustic energy that initiates the formation and collapse of microbubbles. 
At frequencies between 10 and 380 kHz, this type of energy has demonstrated mortalities of 
veliger, juvenile, and adult zebra mussels. Exposure times are ranges of seconds for veligers, 
minutes for juveniles, and hours for adults. (Nalepa and Schloesser 1993).  

• Sound treatment using low frequency energy has prevented the settlement of zebra mussels and 
could be a valid option for reducing the spread of the organisms. Sound waves in the 20 Hz to 
20 kHz range have been used to cause veligers to detach and sink. Ultrasound waves in the 39 to 
41 kHz range have fragmented veligers in a few seconds and killed adults in 19 to 24 hours. 
(Sonalysts, and Aquatic Sciences 1991).  

• Vibration is the use of solid-borne acoustic energy in mechanical structures. This treatment will 
only work on structures that can be subjected to vibration and not suffer structural deterioration. 
Vibrational energy is effective in killing zebra mussel veligers and juveniles at just below 200 Hz 
and between 10 and 100 kHz. (Nalepa and Schloesser 1993).  

Electrical Deterrents 

• Continuous low-voltage electrical fields can control adult zebra mussel settlement. However, 
veligers and juveniles seem to remain relatively unaffected. Adult settlement can be completely 
prevented with an eight volt A-C current. This technology has recently been successfully applied 
using electrodes attached to the hull of a vessel to prevent mussel attachment. (Smythe and 
Miller 2003).  

• Plasma pulse technology (Sparktec Environmental, Inc.) has proven effective in controlling 
zebra mussels in intake pipes. The system works by releasing stored energy that subsequently 
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causes an intensive shockwave, a steam bubble, and ultraviolet light. (Mackie, Lowery and 
Cooper 2000).  

• Pulse power devices can be utilized to create an electrical field between two electrodes. When 
the field spans the entire width of the area to be protected, it has been effective in stunning and 
killing juveniles as they pass through the electrical field. Although not too effective against 
veligers because of their small body mass, pulse power has also been used successfully to prevent 
mussel settlement. (Smythe and Miller 2003) 

UV Radiation 

UV radiation is an effective method for controlling zebra mussels in all life stages, although veligers 
are more sensitive than adults. Complete veliger mortality can be obtained within four hours of 
exposure to UV-B radiation, and adult mortalities can also be obtained if constant radiation is 
applied. UV radiation can be harmful to other aquatic species and its effectiveness may be decreased 
by turbidity and high suspended solids loads. (Wright et al. 1995).  

Chemical Treatment 

There are 3 general categories of chemicals used to treat zebra mussel infestations: metallic salts, 
oxidizing biocides, and nonoxidizing biocides. The most susceptible life stages to chemical treatment 
are post-spawned mussels that are in a low energy state, and veligers and pediveligers that have 
undeveloped shells. Application rates and duration data for these compounds come from laboratory 
studies, power plants, and water treatment plants.  

• Metallic salts (electrolytically dissolved metallic ions), are effective on adult mussels because of 
the incomplete sealing of their shells.  

— Potassium salts at a concentration of 50 mg/l have successfully prevented the settlement of 
zebra mussels. Higher concentrations between 88 and 288 mg/l are necessary to cause 
mortality. Such concentrations will likely kill native mussels as well but are non-toxic to fish. 
In 2006, KCl was used to successfully eradicate zebra mussels from a rock quarry pond in 
Virginia. 100% kill was attained with minimal environmental impacts to other aquatic species 
and to the drainage waters downstream. This method seems promising if a lethal 
concentration of KCl can be maintained for a 2 to 3 week period. More information about 
this project can be found at: http://www.dgif.virginia.gov/zebramussels/index.asp 

— The product known as “BioBullets” has been developed that uses the encapsulation of an 
active ingredient (KCl) in microscopic particles of edible material designed for ingestion by 
mussels. It is also supposed to affect Asian clams (Aldridge et al. 2006).  

— Chloride salts are also effective and safe for most fish species but require high dosages. 
Copper ions at concentrations of 5 mg/l have resulted in 100% veliger mortality. Copper 
sulfate concentrations between 5 and 40 mg/l are effective for adult zebra mussel control 
but are also lethal to native mussels and other aquatic species. The required exposure time 
for most metallic ions ranges from 5 to about 48 hours.  

• Oxidizing biocides such as chlorine have been used by the water treatment industry for 
disinfection since the late 1800s. Because these chemicals have been in use for so long, their 
effect on the environment is understood and documented (Claudi and Mackie 1994). In mussels, 
oxidizing chemicals work by oxidizing the gill lamellae and other parts, eventually causing death. 
Zebra mussels can recognize oxidizing chemicals as toxins. In response to exposure, zebra 

http://www.dgif.virginia.gov/zebramussels/index.asp
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mussels expel the offending water and close their valves for several days. Periodically, they 
reopen their valves to “test” the water. Depending upon water temperature, respiration rate, and 
stored nutrient reserves, zebra mussels can remain closed and withstand exposure for many days 
before reopening their valves to resume respiration and feeding. Therefore, required exposure 
time for oxidizing biocides is usually 1 to 3 weeks.  

Chlorine, bromine, hydrogen peroxide, ozone, and potassium permanganate are examples of 
oxidants that facilitate zebra mussel mortality.  

— Chlorination in various forms such as hypochlorite, sodium chlorite, chlorine dioxide, and 
chloramines is the most common method of zebra mussel treatment. The use of chlorine 
and its various forms is usually limited to non-open water situations because of its high 
toxicity to other forms of aquatic life. Treated waters must either be dechlorinated or held 
until the residual chlorine has dissipated before discharge.  

An example of chlorine use that may be applicable to a small isolated population of zebra 
mussels is the practice of using tarps to seal off an area and then injecting chlorine into the 
enclosed area. The State of Washington Department of Fish and Wildlife used this method 
in October of 2004 to successfully eradicate a small population of non-indigenous tunicates 
in Puget Sound near the City of Edmonds. (Personal communication with Pam Meacham, 
WDFW, February 2007). This method was also utilized in Huntington Harbor, California to 
eradicate a marine alga, Caulerpa taxifolia. Patches of Caulerpa were treated by covering them 
with black PVC tarp and injecting liquid chlorine under the tarp. The edges of the tarp were 
sealed to the bottom with sandbags. While all the organisms under the tarps were killed by 
the treatment, the tarping method avoided impacts to surrounding areas. More information 
can be obtained at www.sccat.net/eradication.php.  

— Hydrogen peroxide. Although toxic to zebra mussels, hydrogen peroxide is rarely used 
because of the high dosage rates.  

— Ozone is effective at relatively low concentrations. 0. 5 mg/l has been 100% effective on 
veligers in 5 hours and adults in 7 to 12 days. Ozone dissipates quickly and is less harsh on 
the environment but expensive because of the effort needed to maintain exposure.  

—  Potassium permanganate is effective at reducing or eliminating zebra mussels at high dosage 
rates but is also very toxic to other aquatic species. (Minnesota Dept of Natural Resources. 
2005)  

Non-oxidizing biocides are drawn into the mussel’s body and attacks the cell walls. The cells lose the 
ability to maintain their chemical balance, and the mussel dies. Zebra mussels do not detect most 
non-oxidizing chemicals and continue to filter water, exposing themselves to the chemical. 
Treatment with non-oxidizing chemicals can be accomplished in hours as opposed to weeks for 
oxidizing chemicals.  

The most commonly used non-oxidizing compounds are proprietary molluscicides (e.g., Clam-Trol, 
Bulab, and Bayluscide). These are very effective at zebra mussel control but are also highly toxic to 
many fish and other aquatic species. They are applied at high concentrations, and, in most cases, the 
water must be detoxified after treatment. These compounds are usually deactivated by releasing 
slurry of bentonite clay into the water. The cationic or surfactant active ingredients bind onto the 
clay, becoming inactive. The clay settles out of the water column and becomes part of the bed 
sediments. The compound is microbially degraded into nontoxic products. These chemicals are less 
effective at lower water temperatures, so treatment is recommended during warmer months. The 

http://www.sccat.net/eradication.php
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chemicals are usually administered with equipment supplied by the vendors. An example of the 
successful use of non-oxidizing chemicals to control the Asian clam in the southeastern US can be 
found in a paper entitled “Strategies for application of non-oxidizing biocides.” (Green 1995).  

Additional information on most of these chemicals, such as formula, manufacturer, and application 
method, is available at http://www.wes.army.mil/el/zebra/zmis/idxlist.htm.   

Bacterial Toxin  
 
The naturally occurring bacterium Pseudomonas fluorescens strain CL145A is a candidate for the 
biological control of zebra and quagga mussels, and progress has been achieved at the laboratories 
of the New York State Museum (NYSM) in moving it toward commercialization. Pseudomonas 
fluorescens is ubiquitous in the environment, and lab studies have indicated that when zebra or quagga 
mussels ingest artificially high densities of strain CL145A, a toxin within these bacterial cells destroys 
their digestive system. Dead bacterial cells are equally as lethal as live cells, providing evidence that 
the mussels die from a toxin, not from infection. Future commercial products based on this microbe 
will contain dead cells, thus further reducing environmental concerns.  
 
Laboratory trials to date have been very encouraging regarding nontarget safety (Malloy 2008). At 
dosages which produced high zebra mussel mortality (76–100%), no bacteria-induced mortality has 
been recorded among any of the nontargets, including fish, ciliates, daphnids, and bivalves (Malloy 
2008). Although originally developed as an environmentally safe alternative for chlorination in 
power plants, the nontarget safety of this bacterial control agent may allow this technology to also be 
used for zebra and quagga mussel control in open waters, such as lakes and rivers.  
 
Supported by funding from the National Science Foundation and in partnership with the NYSM, 
the biopesticide company Marrone Organic Innovations (MOI) expects to bring this bacterial 
control method to commercialization in 2010. This NYSM-MOI research partnership will focus 
primarily on: 1) increasing bacterial toxicity so that cells can routinely achieve >90% mussel kill, and 
2) conducting additional nontarget toxicology studies mandated by the USEPA for product 
registration.  
 

No-Growth Materials (anti-fouling paints) – Can be effective in preventing zebra mussel attachment 
but the leachate can be toxic to other organisms. Anti-fouling paints are expensive to use and only 
feasible in certain situations.  

The following three tables provide a more detailed look at these control methods including target 
populations, application rates, efficiency and toxicity. Table 2 details non-chemical methods. Table 3 
describes chemical control methods and Table 4 identifies some of the most common commercial 
products.  

http://www.wes.army.mil/el/zebra/zmis/idxlist.htm.
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TABLE 2: Non-chemical treatment methods for dreissenid control.  

 

METHOD TARGET 
AGE  

EFFICIENCY  CONTACT TIME 
/CONCENTRATION 

COMMENTS 

Thermal shock All  100% 13 hours  @ 33 C in 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 All  2 weeks + @ 0 mg/l Must isolate population  
Desiccation  Juveniles 

Adults 
100% Immediate @ 36 degrees C 

5 hours @ 32 degrees C 
2. 1 days @ 25 degrees C 

Must dewater system for several days 

Benthic mats Juveniles 
Adults 

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

Manual removal Juveniles 
Adults 

Variable N/A Ongoing efforts in Lake George, New York 

Predation All  Low Continuous  Harvest of potential predatory species must be 
limited 

Cavitation All 100% 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 

Low frequency sound Juveniles Inhibits settling 4 to 12 min @ 20 Hz – 20 kHz  Not lethal, needs power source 
Ultra sound All 100% veligers in seconds @ 39-41 kHz 

adults in 19-24 hrs 
May impact other species, needs power source
  

Vibration  Veligers 
Juveniles 

100% intermittent @ 200 Hz & 10-100 
kHz 

Structural integrity may be threatened 

Low voltage electricity Adults Prevents settling immediate results @ 8 volt AC Not lethal, needs power source 
Plasma pulse 
technology 

Juveniles 
Adults 

Prevents settling intermittent high energy pulses Not lethal, private technology 

Electric field pulse
   

Juveniles/ 
adults 

Lethal to juveniles 
Inhibits adult settling 

seconds   May affect other species, needs power source 

UV radiation All 100% juveniles -4 hrs 
adults – continuous 

Lethal to many species, effectiveness limited by 
turbidity and suspended solids 
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Bacterial toxin 
Pseudomonas 
fluorescens 

All 95%  6 hours Low toxicity to other organisms, few treatments 
needed, not yet available in commercial 
quantities.  

NOTES:  

• Extensive information on treatment methods listed above including information sources, application methods, hazards, etc. is available 
on the US Army Corps of Engineers website at 
http://el.erdc.usace.army.mil/zebra/zmis/zmishelp3/zm_control_handbook_contents.htm. 

• Information on the bacterial toxin, Pseudomonas fluorescens is available on the National Energy Technology Laboratory website at 
http://www.netl.doe.gov/File%20Library/Research/Coal/ewr/water/Proj291.pdf. 

 

 

 
  

http://el.erdc.usace.army.mil/zebra/zmis/zmishelp3/zm_control_handbook_contents.htm
http://www.netl.doe.gov/File%20Library/Research/Coal/ewr/water/Proj291.pdf


September 19, 2011 

D-8 
 

TABLE 3: Chemical treatment methods for dreissenid control.  

 

NON- OXIDIZING 
CHEMICALS 

TARGET 
AGE 

EFFICIENCY CONTACT TIME/ 
CONCENTRATION 

COMMENTS 

Potassium salts (KCL) Juveniles/ 
adults 
All 

Prevent settlement 
50% 
95-100% 

50 mg/l 
48 hrs @ 150 mg/l 
3 weeks @ 95 – 115 mg/l 

Lethal to other mussel species, 
non-toxic to fish at required 
dose rate 

Potassium ion (KH2PO4) All  100% continuous @ 160-640 mg/l As above 
Potassium ion (KOH) All 100% Less than 10 mg/l As above 
Chloride salts (Nail,) Veligers/ 

juveniles 
95-100% 6 hours @ 10,000-20,000 mg/ Low cost, low environmental 

Impacts, very high dosage 
rates 

Copper ions Veligers 100% 24 hours @ 5 mg/l Lethal to other aquatic species 
Copper sulfate All 55% 

40% 
50% 

5 hrs 300 mg/l @ 22. 5 C 
5 hrs 100 mg/l @ 22. 5 C 
48 hrs 2 – 2. 5 mg/l @ 17 C 

Lethal to other aquatic species 

OXIDIZING CHEMICALS TARGET 
AGE 

EFFICIENCY CONTACT TIME/ 
CONCENTRATION 

COMMENTS 

Chlorine Veligers 
All 
Adults 
Adults 

100% 
90% 
95% 
75% 

0. 25-5mg/l in 1 to 9 days  
2. 0 mg/l continuous 
0. 3 mg/l 14-21 days 
0. 5 mg/l 7 days 

Lethal to many aquatic species  

Chlorine dioxide ClO2 Veligers 100% 0. 5 mg/l 24 hours Most successful on veligers 
Chloramine Veligers 100% 

95% 
1. 2 mg/l 24 hours 
1. 5 mg/l continuous 

Less toxic to other aquatic life 
than chlorine 

Hydrogen peroxide Veligers 
Juveniles 

100% 6 hours High dosage rates required. 
Lethal to other aquatic species 

Ozone All 100% Veligers in 5 hours @ 0.5 mg/l 
Adults in 7 days @ 0.5 mg/l 

Lethal to other aquatic species 

Potassium permanganate All 90-100 % 2. 0 mg/l for 48 hours `Must have high continuous 
dosage, lethal to other species 

Virkon All 100% 2% Virkon Aquatic® solution for 10 
minutes (adults and larvae); 0.5% 
Virkon Aquatic® solution for 10 
minutes for larvae 

Virkon is corrosive to soft 
metals. 
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NOTES:  

• Extensive information on the chemical treatment methods listed above, including information sources, application rates, toxic effects, 
hazards, etc. is available on the US Army Corps of Engineers website at 
http://el.erdc.usace.army.mil/zebra/zmis/zmishelp3/zm_control_handbook_chemicals.htm. 

 

TABLE 4: Non-oxidizing chemical treatment methods (commercial products) for dreissenid control.  

 

QUATERNARY 
AMMONIUM 
COMPOUNDS 

TARGET AGE EFFICIENCY CONTACT TIME/ 
CONCENTRATION 

COMMENTS 

Clam-Trol CT 1 All 100% 48 hours after 
exposure 

1. 95 mg/l @ 11 C for 12 hours 
1. 95 mg/l @ 14 C for 14 hours 
1. 95 mg/l @ 20 C for 6-14 
hours 

More toxic to veligers than adults and more 
toxic to mussels than to trout 

Calgon H-130 All 100% after 48 hours 0. 85-1. 12 mg/l 1. 1 mg/l toxic to salmonids, must be 
deactivated, corrosive, flammable 

Macro-Trol 9210 All 100% 5-50 mg/l continuous Lethal to aquatic organisms, must be 
detoxified 

Bulab 6002 All 100% 2 mg/l 7-10 days 
4 mg/l 5-8 days 

Lethal to fish, especially salmonids 

AROMATIC 
HYDROCARBONS TARGET AGE EFFICIENCY CONTACT TIME/ 

CONCENTRATION 
COMMENTS 

Mexel 432 Deters veliger 
settlement 

 Dose at 1-4 mg/l once a day 96 hrs LC 50 for rainbow trout 11mg/l, 
corrosive 

EVAC – endothal formulation All 100% 0. 3-3 mg/l for 5 to 144 hours Lethal to fish but rapidly degrades, does 
not bioaccumulate 

Bulab 6009 All 100% 2 mg/l 4 to 10 days 
4 mg/l 3 to 8 days 

96 hr LC 50 for rainbow trout 1,1 mg/l, 
corrosive 

NOTE: The commercial products listed above have been approved for aquatic use by EPA if applied according to label instructions by a 
licensed applicator. It is important to note that they may not have been approved by the individual states and must have that approval 
before they can be applied. The molluscicides have been primarily developed for use at water impoundment and hydropower facilities, 

http://el.erdc.usace.army.mil/zebra/zmis/zmishelp3/zm_control_handbook_chemicals.htm
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treatment facilities, water intake structures, etc. Their use in open water is not generally recommended but might be possible under certain 
circumstances. For example, the herbicide Endothal, has been shown to be effective against zebra mussels and has been permitted for use 
in open waters in Washington State to control noxious weeds.  

Extensive information on the products listed above, including manufacturer, chemical formulation, application rates, toxicity, hazards, etc. 
is available on the US Army Corps of Engineers website at 
http://el.erdc.usace.army.mil/zebra/zmis/zmishelp3/zm_control_handbook_chemicals.htm. 

References for Appendix D are incorporated in the main document.  

http://el.erdc.usace.army.mil/zebra/zmis/zmishelp3/zm_control_handbook_chemicals.htm


September 19, 2011 

D-11 
 

D-2. Rapid Response Scenarios 
 

The detection of dreissenid mussels into the Columbia Basin could occur through numerous scenarios. The following cases may be more 
probable based on risk factors and recent history, and should be considered both for planning purposes as well as during initial 
investigations of actual reports. They also relate to Appendix D-3 (table of scenario-based response options).  

 

• Veligers found in the main-stem Columbia or Snake Rivers; no adults detected 

 

• Settled mussels found growing on moored watercraft and/or fixed structures within the main-stem Columbia or Snake Rivers; no 
veligers detected (eradication might be feasible in this scenario) 

 

• Veligers and/or settled mussels found in an isolated, non-draining water body within the CRB (eradication might be feasible in this scenario) 

 

• Reproductive mussels and veligers found in the mainstem Columbia or Snake Rivers and/or a hydrologically connected water body 
(eradication would probably not be feasible in this scenario) 

 

 

 
Appendix D-3. Scenario-based eradication and control options  

(FROM: MESSER, C. AND T. VELDHUIZEN. 2005)  
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Eradication and control options for various zebra mussel waterbody infestation scenarios.  

Population level 
Waterbody 

Isolated Population Widespread Population 

 

Pond, Isolated, 
non-draining 

• Evaluate for natural control (e.g. Winter freeze, summer 
desiccation) 

• Chemically treat area and buffer zone 

• Quarantine and/or stop all recreational and commercial uses 
in infested area and buffer zone 

• Mandatory cleaning of departing vessels and equipment 

• Chemically treat entire waterbody 

• Stop water diversions, if any, and chemically treat diversion 
infrastructure 

• Mandatory cleaning of all departing vessels and equipment 

• Quarantine and/or stop all recreational uses 

 

Pond, draining 

• Chemically treat released water or prevent water release 

• Chemically treat area and buffer zone 

• Monitor for spread within pond and downstream 

• Quarantine and/or stop all recreational and commercial uses 
in infested area and buffer zone 

• Mandatory cleaning of departing vessels and equipment 

• Minimize or prevent water release 

• Chemically treat released water 

• Chemically treat diversion infrastructure, if any 

• Monitor for spread downstream 

• Chemically treat entire waterbody 

• Mandatory cleaning of all departing vessels and equipment 

• Quarantine and/or stop all recreational and commercial uses 

 

Small Reservoir 

• Minimize water releases 

• Chemically treat released water 

• Chemically treat area and buffer zone 

• Monitor for spread within reservoir and downstream 

• Quarantine and/or stop all recreational and commercial uses 
in infested area and buffer zone 

• Mandatory cleaning of departing vessels and equipment 

• Evaluate need to reduce reservoir volume through water 
releases 

• Chemically treat released water 

• Chemically treat diversion infrastructure, if any 

• Monitor for spread downstream 

• Chemically treat entire waterbody 

• Mandatory cleaning of all departing vessels and equipment 
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Eradication and control options for various zebra mussel waterbody infestation scenarios.  

Population level 
Waterbody 

Isolated Population Widespread Population 

• Quarantine and/or stop all recreational and commercial uses 

 

Large Reservoir 

• Reduce reservoir volume 

• Chemically treat released water 

• Chemically treat infested area and buffer zone 

• Monitor for spread within reservoir and downstream 

• Quarantine and/or stop all recreational and commercial uses 
in infested area and buffer zone 

• Mandatory cleaning of departing vessels and equipment 

• Chemically treat released water 

• Monitor for spread downstream 

• Chemically treat diversion infrastructure, if any 

• Evaluate potential for a water level drawdown to reduce the 
population 

• Evaluate ability to chemically treat entire waterbody 

• Prevent spread to upstream waterbodies and other 
watersheds 

• Quarantine and/or stop all recreational and commercial uses 

• Mandatory cleaning of all departing vessels and equipment 
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Eradication and control options for various zebra mussel waterbody infestation scenarios.  

Population level 
Waterbody 

Isolated Population Widespread Population 

 

River, Small 
Volume 

• Minimize or stop inflow and increase upstream water 
diversions to reduce stream volume and flow rate 

• Install veliger settlement materials at downstream end of 
population 

• Create pool conditions at downstream end of population to 
facilitate veliger settlement (e.g., installation of temporary 
weir) 

• Treat with molluscicide 

• Detoxify downstream of infested area 

• Monitor for spread downstream 

• Prevent spread to upstream waterbodies and other 
watersheds 

• Quarantine and/or stop all recreational and commercial uses 
in infested area and buffer zone 

• Installation of travel barrier and mandatory cleaning station 
for all vessels traveling upstream via waterway 

• Mandatory cleaning of all departing vessels and equipment 

• Minimize or stop inflow and increase upstream water 
diversions to reduce stream volume and flow rate 

• Treat with molluscicide 

• Detoxify downstream of infested area 

• Monitor for spread downstream 

• Prevent spread to upstream waterbodies and other 
watersheds 

• Quarantine and/or stop all recreational and commercial uses 

• Installation of travel barrier and mandatory cleaning station 
for all vessels traveling upstream via waterway 

• Mandatory cleaning of all departing vessels and equipment 
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Eradication and control options for various zebra mussel waterbody infestation scenarios.  

Population level 
Waterbody 

Isolated Population Widespread Population 

 

River, Large 
Volume 

• Minimize inflow and increase upstream water diversions to 
reduce stream volume and flow rate 

• Install veliger settlement materials at downstream end of 
population 

• Create pool conditions at downstream end of population to 
facilitate veliger settlement (e.g., installation of temporary 
weir) 

• Treat with molluscicide 

• Detoxify downstream of infested area 

• Monitor for spread downstream 

• Prevent spread to upstream waterbodies and other 
watersheds 

• Quarantine and/or stop all recreational and commercial uses 
in infested area and buffer zone 

• Installation of travel barrier and mandatory cleaning station 
for all vessels traveling upstream via waterway 

• Mandatory cleaning of all departing vessels and equipment 

• Prevent spread to upstream waterbodies and other 
watersheds 

• Quarantine and/or stop all recreational and commercial uses 

• Mandatory cleaning of all departing vessels and equipment 

• Installation of travel barrier and mandatory cleaning station 
for all vessels traveling upstream via waterway 

• Closure of unattended boat ramps, especially In zebra 
mussel-free areas 

• Mandatory inspection/cleaning of all vessels entering zebra 
mussel-free waterbodies 

• Evaluate ability to chemically treat 



September 19, 2011 

D-16 
 

Eradication and control options for various zebra mussel waterbody infestation scenarios.  

Population level 
Waterbody 

Isolated Population Widespread Population 

 

Estuary 

• Install veliger settlement materials at perimeter of population 

• Divert upstream water to reduce river volume and flow rate 
(e.g. Rock barrier) 

• Create pool conditions at downstream end of population to 
facilitate veliger settlement (e.g., installation of temporary 
weir, tidal flow/rock barrier) 

• Treat with molluscicide 

• Detoxify downstream of infested area 

• Monitor for spread 

• Prevent spread to upstream waterbodies and other 
watersheds 

• Quarantine and/or stop all recreational and commercial uses 
in infested area and buffer zone 

• Installation of travel barrier and mandatory cleaning station 
for all vessels traveling upstream via waterway 

• Mandatory cleaning of all departing vessels and equipment 

• Eradication doubtful 

• Implement population level control measures (e.g. Salt 
water intrusion during spawning season and veliger 
settlement) 

• Prevent spread to upstream waterbodies, other watersheds, 
pumping plants, and aqueducts/diversion canals 

• Mandatory cleaning of all departing vessels and equipment 

• Closure of unattended boat ramps, especially in zebra 
mussel-free areas 

• Installation of travel barrier and mandatory cleaning station 
for all vessels traveling upstream via waterway 

• Mandatory inspection/cleaning of all vessels entering zebra 
mussel-free waterbodies 

• Establish regulations for ships traveling to/from ports of the 
Columbia River 

• Evaluate treatment/spread prevention at all points of 
diversion 
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Eradication and control options for various zebra mussel waterbody infestation scenarios.  

Population level 
Waterbody 

Isolated Population Widespread Population 

 

Water Diversions 

• If only one facility is impacted, transfer all diversions to 
alternate facility (ies) 

• Drain and desiccate facilities, chemically treat standing water  

- OR - 

• Isolate infested area and buffer zone with temporary barriers, 
chemically treat 

• Chemically treat removed water or quarantine and discharge 
the mussel-infected water to safe disposal area 

• Monitor for downstream spread 

• Mandatory cleaning of all vessels and equipment 

• Quarantine and/or stop all recreational and commercial uses 
of aqueduct  

• Retrofit facility (ies) to minimize impacts 

• If only one diversion system is impacted, transfer all 
diversions to other facility (ies);  

• Drain and desiccate facilities, chemically treat standing 
water  

• If both facilities/water transfer infrastructure are impacted: 

o Chemically treat water before transferring to 
“downstream” uses 

o Chemically treat water before entrance into the 
facilities) 

o Mandatory cleaning of all vessels and equipment 
departing facility (ies) 

o Quarantine and/or stop all recreational and 
commercial uses of contaminated facilities 

o Desiccate and chemically treat one facility and 
aqueduct at a time; continue diversions through 
alternate facility (ies) 

• Retrofit facility (ies) to minimize impacts 
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Appendix D-4. Method for in-situ evaluation of chemical control effectiveness 
(MESSER, C. AND T. VELDHUIZEN. 2005) 

 

Mortality Monitoring 

• Suspend test cages containing attached live mussels into the water to be treated.  

• Use at least 10 mussels per cage and multiple cages per waterbody or use a statistically designed replication study.  

• Monitor kill rate as chemical is administered.  

• Conduct multiple tests for alternative chemical concentrations based on kill success of mussels in test cages.  

• Follow by extensive inspections of the facility (ies) (surface and by diver) looking for live mussels.  

 

Visual determinations of dead mussels 

• Valve gaping with no response of exposed mantle tissue to external stimuli.  

• For mussels with gaping shells failure of plantigrade mussel to respond to the touch of a probe.  

• If shell is closed absence of ciliary beating and adductor muscle activity when inserting probe between the valves of the mussel.  

 

Mortality verification 

• Monitor test cages conducting mortality counts every 24 hours post-treatment or in accord with the chosen statistical design.  

• Transfer test cages to recovery tank(s) to test for false-positive kill observations.  

• Transfer in-situ-killed mussels to recovery tank(s) for false-positive kill observations.  
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