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EXECUTIVE SUMMARY
William Haller, University of Florida Center for Aquatic and Invasive Plants
The Idaho State Department of Agriculture convened a panel of dreissenid experts in the
Spring of 2011 to review the Department’s prevention program and to debate contingency
plans that could be undertaken if prevention efforts fail and invasive mussels become
established in waterbodies in the state. Idaho has implemented an aggressive boat inspection
and mussel prevention program; as a result, several boats contaminated with dreissenid
mussels have been intercepted and decontaminated in the past three years. Invasive mussel
eradication efforts have also been undertaken in relatively small waterbodies in other states.
These efforts have not been uniformly successful but they have been uniformly expensive,
with costs ranging from $4,000 to greater than $30,000 per acre. The few options available
for control of mussels – even in small systems – further highlights the importance of
prevention programs. These prevention programs should be expanded to a regional level
because many very large watersheds in Idaho originate from neighboring states.
Most molluscicides are lethal (or have the potential to be lethal) to non-target fish and
aquatic invertebrates. The presence in Idaho of several endangered species, coupled with the
state’s large, hydrologically connected lakes, makes eradication and control measures
expensive and unlikely to succeed. Suggestions to the Department include: 1) the registration
of molluscicides before a crisis occurs; 2) coordination and education of tribal, federal and
state stakeholders; 3) development of a rapid response program to treat or contain mussels in
marinas, bays or other enclosed areas (the most likely points of introduction) before mussels
can establish reproducing populations in larger systems; and 4) the development of
contingency plans for containing exotic mussels in all watersheds. The panel unanimously
agrees that boat inspections and educational programs are critical and constitute the most
effective means that are under Idaho’s jurisdiction that can protect Idaho’s waters from
exotic dreissenid mussels.
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SECTION I: INTRODUCTION
Amy Ferriter, Idaho State Department of Agriculture
Overview
Zebra and quagga mussels were introduced to North America’s Great Lakes in ballast water
in the late 1980s. Soon after introduction, the invasive mussels spread throughout the Great
Lakes region, disrupting food chains and outcompeting native species. They are fouling
organisms and have caused hundreds of millions of dollars in damage to water delivery
systems in the Midwest and eastern US. They were first detected in the western US in
January 2007 at the Lake Mead National Recreation Area and have since spread throughout
the Lower Colorado River system and into several other western states.
Although these exotic mussels have not been found in Idaho, calcium and temperature levels
are suitable for establishment in the majority of the state’s waters. Ninety “Critical” and
“High Risk” waterbodies have been identified in the state (see Section VII).
In addition to devastating environmental impacts, zebra and quagga mussels pose an
economic threat to Idaho. The mussels can colonize boat hulls, engines and steering
components of boats and other recreational equipment and can damage boat motors and
restrict cooling. This invasive species also attaches to aquatic plants, submerged sediment
and surfaces such as piers, pilings, water intakes, fish screens and ladders. Mussels
frequently settle in massive colonies that can block water intakes and threaten municipal
water supply, agricultural irrigation and power plant operations. It is estimated that if
introduced to Idaho, these mussels would cost more than $94 million annually in direct and
indirect impacts to infrastructure, facilities, agriculture and recreation.
Given the well-documented impacts associated with these species, many western states are
on high alert to prevent, contain and control exotic mussels in the region. The states of
Nevada, California, Arizona, Colorado and Utah have all detected these species in critical
water supply systems and are attempting to minimize impacts, but despite these efforts, they
continue to spread. In 2011, quagga mussel veligers (the immature stage of the mussels) were
found in a Nevada waterbody that is just 110 miles from the Idaho state line.
Prevention
The mussels are transported from waterbody to waterbody primarily by boats. Idaho’s
resource managers have developed a proactive prevention program to minimize the risk of
introduction to Idaho’s waters via mussel-fouled watercraft. In 2011, the Idaho State
Department of Agriculture (ISDA) operated 15 watercraft inspection stations on highways
3

and major roads. Additionally, Idaho Transportation Department Port of Entry (POE) staff is
trained to inspect commercially hauled watercraft at Idaho’s 11 POEs (Figure 1).

Figure 1. Watercraft inspection stations operated by the Idaho State Department of Agriculture (ISDA) and
major points of entry on highways and major roads in 2011.

More than 100,000 inspections have been conducted on boats from 49 different states since
July 2009. As of Fall 2011, 38 mussel-fouled boats have been intercepted by the Idaho
prevention program. The state plans to continue this work until partners that manage infested
waterbodies institute mandatory inspections and decontamination at the “point sources.”
Inspection and decontamination of watercraft as they are removed from mussel-infested
waters is an economical and environmentally sound strategy to reduce mussel transfer to
uninfested waters. A functional point source decontamination program such as this targets
and focuses resources on watercraft known to have been in infested waters, which could
reduce the need for inefficient and costly inspection of all boats in Idaho, where only a small
percentage of vessels are identified as harboring exotic mussels.
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Contingency Planning – What if Prevention Fails?
The chances of eradicating a newly discovered population of zebra or quagga mussels in
Idaho are small, but those chances depend directly on the ability of the state to respond
quickly and effectively once a population of exotic mussels is detected. Many of Idaho’s
“Critical” and “High Priority” waterbodies are extremely large, deep and often free flowing,
which severely limits management options.
The Idaho Invasive Species Council convened a roundtable of stakeholders to determine the
steps that should be taken to prepare the state for a zebra or quagga mussel outbreak. These
stakeholders included conservation groups, water users, canal companies, irrigation districts,
utilities, municipal water companies and germane state and federal agencies. The participants
were asked to weigh options in the event these species are discovered in the state. Given the
complexity of management options if quagga or zebra mussels are discovered in Idaho, the
stakeholder group recommended that the Idaho State Department of Agriculture develop an
“Idaho Exclusion Strategy and Contingency Plan.”
The ISDA, in conjunction with the Aquatic Ecosystem Restoration Foundation (AERF),
convened a panel of experts in April 2011 to evaluate the following:
1. The effectiveness and soundness of the current Idaho prevention strategy, and
2. The potential scenarios in which control and containment efforts can be initiated to
eradicate or contain new infestations in the state’s waters.
This report was developed as a result of the cooperative efforts of the task force and other
contributors solicited by the AERF.
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SECTION II: GENERAL BIOLOGY
Robert McMahon, University of Texas – Arlington
General Biology
Zebra mussels (Dreissena polymorpha) and quagga mussels (Dreissena rostriformis
bugensis) are freshwater members of the family Dreissenidae and are often referred to
collectively as dreissenid mussels. Both species are native to the Caspian and Black Sea
regions and associated drainages in Eastern Europe and Western Asia. In North America
these mussels can grow to as large as 1 to 2 inches over their 3 to 5 year life spans,
depending on habitat productivity and temperature regime. In highly productive, warmer
habitats, zebra mussels grow more rapidly and have shorter life spans than individuals in less
productive and/or cooler habitats.
Zebra mussels were first found in North America in Lake St. Clair and the eastern basin of
Lake Erie in 1989. It is believed they were introduced to these systems around 1986 as larvae
released with ballast water by ships coming from ports on the northern coast of the Black Sea
in the Ukraine. From their initial site of introduction, zebra mussels spread rapidly
throughout major US and Canadian drainage systems east of the Rocky Mountains, the Great
Lakes, the Mississippi River and its eastern tributaries, the lower Missouri River, the
Arkansas River and isolated lakes and rivers (Figure 2).

Figure 2. Current (November 2011) distribution of zebra and quagga mussels in North America. Source: US
Geological Service NAS – Nonindigenous Aquatic Species – Current Zebra and Quagga Mussels Sightings
Distribution. Accessed on 22 November 2011 at:
http://nas.er.usgs.gov/taxgroup/molluscs/zebramussel/maps/current_zm_quag_map.jpg
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They were rapidly dispersed through navigable waterways by attachment to the hulls of
commercial vessels. Mussels dispersed more slowly into isolated waterbodies, where
introduction was mostly dependent on overland transport on the hulls of recreational boats, as
larvae in water contained in boat live boxes or in water associated with bait transfers and fish
stocking. Until recently, zebra mussels were only found in waterbodies east of the Rocky
Mountains; however, an established population was recently identified in the San Justo
Reservoir in Central California, where its vector for this long-range introduction is unknown.
The quagga mussel, another dreissenid species that is closely related to the zebra mussel, is
believed to have been introduced to the Great Lakes with the zebra mussel. Originally
dominant only in deeper waters of the Great Lakes, it progressively outcompeted zebra
mussels in the lower Great Lakes and St. Lawrence River, where it is now the dominant
species in both deep and shallow water habitats. Unlike zebra mussels, quagga mussels have
not invaded many other North American waterbodies outside of the lower Great Lakes and
St. Lawrence River. However, in 2009 they were discovered in the Boulder Basin of Lake
Mead (NV, AZ) and they have since spread rapidly through the lower Colorado River into
Lakes Mohave and Havasu. Quagga mussels have subsequently infested a number of
reservoirs in southern California and Arizona as a result of the transport of larval stages in
raw water transfers through piping and canals.
Reproduction and Development
Both zebra and quagga mussels have distinct male and female individuals that shed sperm
and eggs, respectively, directly into the water column for external fertilization. Large female
zebra mussels are highly fecund and capable of releasing up to one million eggs in a single
spawning event. Individuals of both species typically reach sexual maturity by the time they
are 1 year old.
Following external fertilization, the zygote passes through several larval stages, which
remain in the water column prior to settlement and development into a juvenile (Figure 3). In
both species, the initial larval stage is referred to as the trocophore, which is a
microscopically small mass of ciliated cells that can reach 40 µm (less than 1/500 of an inch)
in diameter. The trochophore rapidly metamorphoses into a veliger larva, which in its early
form has a calcareous bivalve shell with a straight hinge line that produces a pronounced “D”
shape (Figure 3).

8

Figure 3. Zebra and quagga mussel life cycle. Source: US Fish and Wildlife Service. Accessed on 22 November
2011 at: http://www.fws.gov/midwest/mussel/image_library_line_drawings.html on 11/22/2011

A distinguishing characteristic of the veliger larva is the presence of an expansive, flattened
mass of tissue called the velum which can be extended beyond the shell valves. The velum is
covered with nearly microscopic cilia that move rapidly on the velum, which allows the
veliger to swim non-directionally but generally toward the water’s surface. The beating of the
cilia also directs the unicellular algae and bacteria into the veliger’s mouth. As the early
veliger grows, it develops a more curved shell hinge line, which causes each valve to form a
distinct hump or “umbo” on either side of the hinge and results in what is referred to as the
umbonal veliger stage (Figure 3). At the end of the umbonal stage the shell of veliger is 250300 µm (1/100 of an inch) in length. At this point, the veliger develops a distinct foot and is
referred to as a “pediveliger.” The pediveliger eventually settles to the substratum, where it
attaches by secreting byssal threads, then metamorphoses into the juvenile stage that is
marked by a typical “mussel-shaped shell” that measures approximately 1/25 of an inch in
length (Figure 3).
Byssal Attachment to Hard Substrata
A unique feature of dreissenid mussels compared to native North American freshwater
bivalves is that adults possess a specialized organ for secretion of proteinaceous “byssal”
attachment threads (Figure 4). The threads are initially extruded as a fluid along a groove on
9

the posterior side of the extendable foot, then the fluid hardens to form attachment threads,
which firmly attach the mussel to hard substrata.

Figure 4. Adult zebra mussel with byssal attachment threads. Courtesy Robert F. McMahon, The University of
Texas at Arlington.

Besides natural substrata of rocks, sunken wood and aquatic vegetation, dreissenid mussels
can use byssal threads to attach equally well to manmade surfaces such as boat hulls, cement,
plastics, iron, steel, fiberglass, glass and other hard surfaces. They can also attach to the
shells of other mussels, allowing them to form dense mats of individuals that can entirely
cover hard natural surfaces. Byssal attachment also allows zebra and quagga mussels to settle
in low-flow areas of manmade raw water systems and develop thick encrustations that slow
or block water flow, which often reduces the system’s operational efficiency or results in
cessation of operations.
The ability of zebra and quagga mussels to attach to hard surfaces with byssal threads,
sustain high reproductive rates and population densities, and foul the raw water systems of
water treatment plants, power stations and water-using industrial facilities have made them
the most ecologically and economically damaging invasive species to ever be introduced to
North America. Zebra and quagga mussels can achieve densities of more than 75,000
individuals per square foot, greatly impacting infested water bodies and the raw water
systems drawing from those water bodies.
Ecological Impacts
A single adult mussel can filter more than a gallon of water per day. They are filter feeders
and use stiff, stereo cilia on enlarged and modified gills to capture microscopic algae,
bacteria, animals and detritus for food. At high densities, it is possible for dreissenid mussel
populations to filter the entire volume of a waterbody every day, which greatly increases the
water’s clarity and massively reduces populations of phytoplankton and zooplankton.
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Decreases in phytoplankton and zooplankton abundance can negatively impact energy
transfer or disrupt food chain dynamics to higher trophic levels such as fish populations,
which generally do not feed on adult dreissenid mussels. In addition, water clarification can
increase light penetration to greater depths, which leads to increased growth of aquatic plants
and allows growth of plants at greater depths. Selective filtration and ingestion of
phytoplankton instead of cyanobacteria (i.e., blue-green algae), along with dreissenidinduced reduction in N:P ratios, can result in environmentally damaging toxic cyanobacterial
blooms during summer months.
Dreissenid mussels attach to hard substrata, including native unionid bivalve shells, many of
which are already imperiled. Native mussel species infested with dreissenid mussels have
restricted valve function, food availability and mobility, which eventually results in death by
starvation. Thus, dreissenid infestations have been implicated in massive native mussel
mortalities and even extirpations in North America.
Economic Impacts
Despite the extensive negative ecological consequences of zebra and quagga mussel
infestations, it is these species’ impacts on industrial raw water systems that have received
the most attention. Dreissenid mussels negatively impact the operations of industrial,
electrical (particularly nuclear) power-generating and potable water facilities that rely on raw
water intake and distribution systems for cooling and other processes. Both zebra and quagga
mussels attach to and foul piping, screens, cement structures and other raw water system
components. Such mussel fouling occludes or blocks flow, which reduces operational
efficiency or prevents operation of these systems. Such mussel fouling is often difficult and
costly to control or mitigate; in addition, the use of molluscicides in industrial systems raises
environmental, water quality and human health concerns. It has been estimated that as much
as $500 million is spent annually in the Great Lakes region alone for mitigation and control
of dreissenid mussels and the resultant fouling in raw water facilities.
Further Invasion of North American Waters
It is generally accepted that dreissenid mussel veligers were accidentally transported to the
Great Lakes by commercial transoceanic vessels in ballast water that was taken on in
European freshwater ports and then released in the Great Lakes prior to entering port.
However, others suggest that dreissenids may have been introduced as adults attached to the
anchors and/or anchor chains of transoceanic vessels. Adult dreissenids can survive out of
water for several weeks in cool, moist conditions. As a result, United States federal
legislation now requires transoceanic vessels to exchange ballast water at sea or to destroy
potential aquatic hitchhikers in their ballast water by approved alternative means prior to
11

entering the St. Lawrence Seaway and the Great Lakes (Nonindigenous Aquatic Nuisance
Prevention and Control Act, 104 Stat. 4761, 16 U.S.C. 4701, enacted November 29, 1990).
The rapid spread of zebra mussels through the interconnected navigable waterways of North
America has been primarily due to downstream hydrological transport of larval stages and
upstream human-facilitated movement of adults attached to watercraft, particularly to barge
hulls. Within one year of being reported in Lake St. Clair (MI) in 1988, zebra mussel
populations were found in all of the Great Lakes and by 1991 zebra mussels were recorded in
the Illinois and upper Mississippi Rivers. Currently, the North American distribution of zebra
mussels includes the majority of freshwater river drainages and lakes in the US east of the
100th meridian, with newly introduced populations in Offutt Air Force Base Lake (NE) and
San Justo Lake in San Benito County (CA).
Dispersal of quagga mussels in the Great Lakes was considerably slower than that of zebra
mussels. Quagga mussel populations have been mostly restricted to the lower Great Lakes,
the St. Lawrence River and several drainages associated with the Erie Canal in New York
State. Between 1995 and 2005, populations were also recorded in the Mississippi River near
St. Louis (MO) and at several sites in the lower Ohio River. In January 2007, quagga mussels
were discovered in the lower Colorado River at Lake Mead (NV/AZ) and, soon afterwards,
downstream in Lakes Mohave and Havasu, where veliger larvae from Lake Mead were
presumed to have been hydrologically dispersed. Soon after their discovery in the Lower
Colorado River, quagga mussel populations were reported in several California reservoirs
that received water carrying veliger larvae through piping and canals from the infested Lakes
Mead, Havasu and Mohave. Because of the abundance of such inter-drainage water transfers
and heavy recreational boat traffic between drainage systems, quagga mussels appear certain
to expand their range in the southwestern US unless their human dispersal vectors are
controlled.
Further distribution of zebra and quagga mussels to currently uninfested drainage systems
and isolated water bodies in North America, particularly in the western US, will require
overland transport from infested waters. While rare, long distance overland transports (<1%
of boater movements) represent a threat to pristine waterbodies. In an analysis of boater
movements in the western US, Britton and McMahon recorded 793 unique waterbodies
visited by boaters; they found that 93 waterbodies in 16 different states and a Canadian
province not harboring zebra or quagga mussels were visited by boaters who had previously
launched in areas infested with one or both species. This analysis identified 10 lakes at high
risk of dreissenid introduction due to elevated levels of boater traffic from infested reservoirs,
and 6 of these lakes later became infested with zebra mussels. The quagga mussel population
in Lake Mead (AZ/NV) was more than 1250 miles from the next nearest known population
in Lake Michigan, indicating that recreational boats or submerged equipment infested with
12

dreissenids can be transported long distances overland to successfully establish new
dreissenid populations. Even though such introductions may be rare events, the intensity of
overland transport through recreational boating is likely to assure eventual dispersal of
dreissenids into the majority of suitable, presently uninfested freshwater habitats in North
America if efforts are not made on a cooperative and integrated state, interstate and federal
basis to regulate, manage and prevent the overland transport of mussels by recreational
boaters and commercial boat haulers.
The movement of quagga mussels into Lake Mead from the nearest infested site – over 1000
miles distant – confirms the need for a continued boat inspection and mussel prevention
program in Idaho. Although the threat of infestation in Idaho waters is most likely to occur
from infested sites that are closer (such as Lake Mead or the Colorado River), zip code data
collected at the Cedars Station during the 2011 inspection season revealed that there is
significant movement of boats from infested sites in the eastern United States into Idaho
(Figure 5).

Figure 5. Zip codes (origins) of recreational boats inspected at the Cedars Station in 2011.

Establishment of New Dreissenid Infestations
Dr. John Morse at The University of Texas at Arlington performed an extensive study in
2009 of the molecular genetics of US populations of zebra and quagga mussels and found
that there was little genetic differentiation among isolated, long existing and newly
established populations of either species and that all populations of both species had high
13

levels of genetic diversity. The broad genetic diversity and apparent lack of genetic
bottlenecking in newly established zebra and quagga mussel populations suggests that
dreissenid invasions must result from either multiple introductions or a single introduction of
a large number of genetically diverse individuals. In a number of cases, it was highly
unlikely that the dreissenid populations under investigation resulted from multiple
introductions. Considerable gene flow is unlikely to occur between dreissenid populations in
hydrologically isolated waterbodies; therefore, the lack of genetic bottlenecks in US
dreissenid populations suggests that initial introductions by overland dispersal on trailered
boats and other submerged equipment include a large number of individuals.
The likelihood that establishment of zebra or quagga mussel populations requires an initial
introduction of a large number of individuals has important implications to help prevent
invasion of uninfested water bodies by either species. Separate multiple introductions of
small numbers of individuals may not be capable of establishing viable dreissenid
populations because the mussels may settle in areas distant from one another. Under ideal
laboratory conditions, only 41 to 52% of zebra mussel eggs are successfully fertilized. It has
been hypothesized that in natural populations of externally fertilizing species such as
dreissenids, fertilization success decreases linearly with decreasing adult density, falling
below 10% at 0.5 individuals per cubic yard. Also, it has been shown that less than 2% of
zebra mussel veliger larvae develop to the settled juvenile stage even under ideal laboratory
conditions. Based on these estimates, only 0.82–1.03% of spawned eggs would likely be
fertilized and survive to settled juveniles under ideal conditions in dense populations.
However, based on data from several investigators, survivorship of spawned eggs to settled
juveniles would decline to <0.003% in newly introduced populations of very low density
(<0.1 per square yard).
Based on his model for fertilization success in externally spawning species, Claereboudt
(1999) stated that
“…for free-spawning, colonizing species (such as the zebra mussel Dreissena
polymorpha), the probability of these recruits to start a new population remains low
unless sufficiently high numbers of new recruits settle simultaneously at the same
location. This implies that either several successful settlement episodes or a massive
immigration would be required before a self sustainable density of colonizers is
reached.”
If simultaneous introduction of a large number of individuals is required to form a
sustainably reproducing dreissenid population in a new location, prevention and containment
measures that eliminate mussels from recreational boats and other submerged equipment or
prevent mussel-infested boats from entering uninfested waters may not require 100%
accuracy to be effective. Thus, preventative and containment measures for exotic mussels
(such as the decontamination of attached juvenile and adult mussels on boats,
14

decontamination of boats leaving infested waters, prevention of infested boats from entering
uninfested waters and interception and inspection of trailered boats at critical entry points),
although unlikely to be 100% successful, will probably reduce the number of transported
mussels to levels that preclude successful colonization of uninfested waterbodies. Therefore,
although imperfect, prevention and containment measures should be maintained and
expanded, as they appear capable of preventing establishment of dreissenids in uninfested
waterbodies. In addition, it also implies that prevention and containment methods could be
further improved and supplemented by intensified monitoring of uninfested waterbodies,
analysis of boater movements, increased public awareness campaigns, closing of unmanned,
unmonitored boat launching sites, and provision of efficient, readily accessible mussel
decontamination facilities at launch sites. Though expensive, inspection and decontamination
of infested boats is well worth the effort.
Idaho Watercraft Inspection Program
The panel of experts convened by the ISDA and AERF has reviewed the Idaho Watercraft
Inspection Program and members of the panel are highly complimentary of Idaho’s activities
in both preventing human movement of exotic mussels into Idaho and its educational efforts.
During the 2011 recreational season, more than 47,000 recreational and commercially hauled
watercrafts were inspected and 25 boats were identified as carrying invasive mussels (Idaho
State Department of Agriculture); these boats were decontaminated. The program has been in
place since 2009 and over 100,000 recreational and commercially hauled boats have been
inspected during this time. Idaho now has the most aggressive and comprehensive exotic
mussel prevention program in North America. As noted in the previous discussion, a few
undiscovered exotic mussels are unlikely to be sufficient to establish a reproducing
population, but the heavy infestations most likely to be found by boat inspections would
probably result in the development and establishment of new self-sustaining populations. The
panel, while complimentary of Idaho’s prevention program, noted the following deficiencies
beyond the control of the state of Idaho.
1. Boats and equipment that depart from waters known to be contaminated with exotic
mussels need to be decontaminated and certified free of exotic mussels. It is clear that
those responsible for the infested waterways should be required to take responsibility
for ensuring that vessels and equipment leaving their waters do not contribute to
further spread of these economically and environmentally damaging organisms. For
example, the Minnesota legislature in 2011/2012 instituted a system of fines for any
boat found carrying zebra or quagga mussels in that state. In addition, Minnesota is
installing wash stations at 40 infested lakes where boaters must decontaminate their
vessels before leaving the boat ramp (USA Today, January 10, 2012).
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2. Idaho cannot be solely responsible for protecting its sovereign waters. While human
overland introductions of exotic mussels can be controlled by prevention programs,
the interstate movement of water cannot be controlled. Many rivers (e.g., Bruneau,
Snake, Clark Fork and others) originate from neighboring states. If these drainages
become infested there is no way to prevent movement downstream into Idaho waters,
as has been dramatically shown by the expansion of exotic mussels in the Great
Lakes. It is clear that a concerted regional approach is required to stop the spread of
exotic mussels. The panel discussed the need for additional assistance from agencies
such as the USDA Animal and Plant Health and Inspection Service (APHIS) or the
US Department of the Interior (DOI) under the Lacey Act. The point is this: over the
past three years, the boat inspection program in Idaho has clearly shown the need for
a concerted regional prevention program. This effort is even more critical when it is
apparent that exotic mussels cannot be controlled once introduced into the large flowthrough systems typical of the northwestern US (see Section III and Section VI).
While recreational boats are most likely responsible for overland transport of exotic mussels,
the panel also reviewed other pathways, which are listed below. These are generally ranked
in order of the greatest opportunity to introduce large numbers of exotic mussels to those
likely to carry smaller numbers. A possible priority action list includes:
1. Large recreational boats. Though not proven, it is suspected that the overland
movement of large recreational boats has introduced exotic mussels into previously
uninfested waters. Idaho works closely with its transportation department to train
POE staff to inspect boats. They also have an automatic notification system to alert
regional partners when commercially hauled boats are being moved. Several fouled
boats have been intercepted as a result of this work. Other states lack this type of
system to inspect commercially trucked boats.
2. Construction equipment, barges, lake aerators, pumps, silt barriers, dock sections and
irrigation pipes. The Idaho Department of Water Resources now requires
decontamination of dredge equipment that is brought into the state, but more work
needs to be done. Where did the railroad construction equipment being used for work
on the Long Bridge come from? Can construction permits require an inspection
before deployment in Idaho waters? Is it possible that irrigation pipe, purchased from
an irrigation district on the Colorado River, can be brought into the Snake River
Valley and introduce exotic mussels? Perhaps an educational program regarding this
equipment would be beneficial.
3. Smaller recreational boats, fishing tournaments. This is the emphasis of the current
prevention program. Is more needed for fishing tournaments?
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4. Aquaculture programs, fish stocking, fish hatcheries/transport, aquatic plants. Some
of these are suspected of introducing exotic mussels in other areas of the US.
5. Sand/gravel operations, river rock, bagged river rock, bagged moist. Exotic mussels
prefer to attach to hard surfaces and can live for several weeks if kept moist.
6. US Department of Defense, US Navy and other federal facilities, US Army Corps of
Engineers, US Bureau of Reclamation. Where is this equipment coming from? It is
suspected that boats moved from the northeastern United States to Offutt Air Force
Base in Nebraska introduced zebra mussels into a 100-acre lake in Nebraska.
7. Illegal, intentional introductions. The hardest to deal with; education is the key here.
8. Water gardens. These are very popular in some parts of the US and are often stocked
with aquatic plants and equipment purchased on the internet.
9. Scuba equipment, nets, seines. Unlikely to carry large numbers of exotic mussels, but
research boats, equipment, etc. need to be inspected.
These potential pathways of introduction need to be considered, particularly the first 6 items,
because they are most likely to introduce large numbers of exotic mussels. Expansion of
educational programs will be necessary to deal with items 7 through 9.
The following section will outline water quality parameters in which exotic mussels are most
likely to thrive. Unfortunately, water quality parameters in most of Idaho’s natural waters all
fall into the range of temperature and pH where exotic mussels are likely to do well if
introduced.
Environmental Tolerance Limits
Temperature Limits
Both zebra and quagga mussels are adapted to a temperate climate and tolerate 0 °C during
winter months in the northern portions of their European and North American ranges. Zebra
mussels from the northeastern US have been estimated to have an upper thermal limit of 30
°C. However, the upper thermal limits of zebra mussels from a more southern population in
Winfield City Lake (KS) were found to be 31.7 °C, the highest recorded limit for this species
in North America.
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Quagga mussels from Lake Ontario acclimated to 20 °C did not survive >14 d at 30 °C,
while no mortality was recorded among concurrently tested zebra mussels from the same site,
which indicates that quagga mussels may have a lower upper thermal limit than zebra
mussels. Similarly, when tested in 2008, the upper thermal limit of quagga mussels from the
relatively warm waters of Lake Mead (NV/AZ) was 27.2 °C, considerably lower than the
31.7 °C recorded for zebra mussels from Winfield City Lake (KS) using the same
methodology; this also suggests that zebra mussels are more tolerant of elevated temperatures
than quagga mussels. Zebra mussels appear to have a 2 to 3 °C higher upper thermal limit
than quagga mussels in North America, which may allow them to be more successful at
infesting the warm surface waters of the southern and southwestern US, where ambient
summer surface water temperatures reach or exceed 30 °C.
Temperature impacts spawning and larval development in dreissenids. Zebra mussel
spawning is initiated at ≥15-18 °C. Zebra mussel eggs cannot be fertilized at ≤10 °C, but low
numbers of veligers can occur at water temperatures as low as 12 °C. Shallow-water Lake
Erie zebra and quagga mussels spawned simultaneously when water temperatures reached
18-20 °C, but when individuals of both species were moved to cooler waters at 23 m depth,
quagga mussels initiated spawning at 9-11 °C, while zebra mussels did not spawn. Thus, it
appears that quagga mussels can spawn at much lower temperatures than zebra mussels (at
least in deep water), which may allow them to invade cooler water habitats and colonize
waterbodies at more northern latitudes in North America.
Calcium Limits
Numerous North American studies have indicated that both zebra and quagga mussels
require higher calcium concentrations than most other North American bivalves. The lower
calcium limit for successful colonization by zebra mussels is considered to be 8 to 12 mg
Ca2+ L-1, while that for quagga mussels is somewhat higher at 12 mg Ca2+ L-1. For this
reason, calcium concentration is considered to be an important component of risk
assessments for waterbody invasion by either zebra or quagga mussels.
Salinity Limits
Although results have been variable, studies indicate that the zebra mussels generally do not
inhabit water bodies with salinities greater than 6 to 12 psu (practical salinity units), while
quagga mussels generally do not tolerate salinities greater than 6 to 8 psu.
pH Limits
The tolerated pH range for zebra mussels is considered to be 6.0 to 9.6, with a pH of 7.4 to
9.4 required for larval development to the settled juvenile. The pH tolerances of quagga
mussels have not been studied, but are likely to be similar to those of zebra mussels.
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Oxygen Concentration Limits
Dreissenid mussels cannot tolerate “low” oxygen concentrations for extended periods of
time, but they can survive anaerobic conditions in the short term by closing their shells.
Mussels generally grow and reproduce best in the epilimnion or aerated zones of lakes,
which are below the high energy wave line and above the anaerobic hypolimnion in
temperate stratified lakes. Therefore, a winter drawdown to the level of the summer
hypolimnion may expose the entire population of dreissenid mussels in some bodies of water,
thus rendering them vulnerable to freezing temperatures and potentially destroying the entire
population (see Freezing Tolerance, below). This strategy could be an effective method to
control dreissenid mussels, but there is currently no experimental evidence to verify its
potential utility as a control method.
Emersion Tolerance
The ability of zebra and quagga mussels to survive emersion (in air) is highly dependent on
both temperature and relative humidity. Studies indicate that when relative humidity ranges
from <5% to >95%, zebra mussels survive 10 to 28 days of emersion at 5 °C, 5 to 12 days at
15 °C and 2 to 6 days at 25 °C. Reported values for quagga mussels are 5 to 13.5 days at 15
°C and 3 to 5 days at 20 °C. The relatively long times that adults of both species tolerate
emersion is due to their ability to close their shell valves and remain anaerobic to avoid rapid
water loss. It also explains their ability to survive transportation across long distances
overland on the hulls of trailered boats and other equipment that has been in contact with
infested waters.
Freezing Tolerance
Zebra mussels are highly intolerant of aerial exposure to subfreezing temperatures. They can
survive exposure to 0 to -1.5 °C for >48 hours, and -3.0 °C for 7.5 hours, with survival times
decreasing to 2.7 hours at -10 °C. Although not studied, quagga mussel tolerance of
subfreezing temperatures is likely to be similar to that of zebra mussels. Poor tolerance of
subfreezing temperatures may be associated with their reduced densities in shallow, nearshore habitats in the northern portions of their European and North American ranges.
Current Velocity and Agitation
The ability of zebra mussels to generate a byssal holdfast begins to decline at flow rates >27
cm s-1 and at agitation rates of >30 cycles min-1. Filtration rates are inhibited in quagga
mussels at flow rates >19 cm s-1. The negative impacts of flow and agitation on dreissenids
may explain their low densities in shallow water on shores exposed to high wave energies.
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Turbidity
Zebra mussels appear to be tolerant of highly turbid waters containing much suspended
sediment. Although not intensively studied, both zebra and quagga mussels are likely to
tolerate turbidities of >100 NTU.
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SECTION III: PESTICIDE OPTIONS
FOR EXOTIC MUSSEL CONTROL
Don Stubbs, US Environmental Protection Agency (retired)
Despite the fact that several dozen – or even hundreds – of chemicals are toxic to exotic
mussels, they must be registered for use as pesticides under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA) administered by the US Environmental Protection
Agency (EPA). In addition, permits may be required under the jurisdiction of the Clean
Water Act, which administers the National Pollution Discharge Elimination System
(NPDES). There are 4 circumstances (as outlined below) in which a molluscicide may be
legally used in waters in the United States.
Section 3 registration
Section 3 registration is the federal registration of a pesticide under FIFRA which authorizes
use of a pesticide at the federal level; however, each state has their own rules and regulations
about the use of a pesticide within their boundaries. Some piggyback on the federal
registration, whereas others conduct their own evaluations. Pesticides are regulated by their
labeling and it is against the law to use a registered pesticide in a manner inconsistent with its
labeling. A pesticide label is defined as the written, printed or graphic matter on or attached
to the pesticide or any of its containers or wrappers. Pesticide labeling is defined as all labels
and written, printed or graphic matter accompanying the pesticide at any time; or to which
reference is made on the label or in literature accompanying the pesticide.
Prior to pesticide registration, the EPA must make a finding that the pesticide product will
perform its intended function when used in accordance with its label without causing
unreasonable adverse effects on the environment. The agency makes this finding based on
scientific data submitted by the registrant. Once the EPA has made this finding, it grants a
registration, notifies the requesting company of the decision and approves the label to be
used with the product. All registered products include an approved label. The pesticide
product’s label is a legal document.
It can take 1 to 2 years for the EPA to act on the application for a new pesticide depending on
the type of submission. Amending a pesticide label which is already registered may require
additional data and can take up to 15 months to be processed by the EPA.
State Registration under FIFRA Section 24(c)
A state can register a pesticide under a special local need registration under the authority of
Section 24(c) of FIFRA. Thus, the name “24(c) registration” is often used and a state may
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only authorize a registration use within that state. A state may only issue a registration in
order to meet a special local need. A need can include an additional use of a federally
registered pesticide product or a new end use product which is not federally registered. A
new end use product must contain active and inert ingredients found in federally registered
products. The term “additional use” can include a new method or timing of application, new
crop or new site, new pest, changed rate, application in particular soil type, new product or
different formulation, and products useful in managing pesticide resistance in a particular
crop.
Prior to registering a use under Section 24(c) of FIFRA, the state needs to determine:
1. That a special local need exists. This means there is an existing or imminent pest
problem within a state for which the state lead agency has determined that an
appropriate federally registered pesticide product is not sufficiently available. EPA
does not second-guess a state’s finding that a special local need exists;
2. The use is covered by necessary food tolerances or other clearances under the Federal
Food, Drug, and Cosmetic Act (FFDCA);
3. That registration of the same use has not previously:
a. been denied, disapproved, suspended, or canceled;
b. voluntarily canceled by the registrant subsequent to issuance of a notice of
intent to cancel because of health or environmental concerns about an
ingredient contained in the pesticide product, and
4. That the registration is in accord with the purposes of FIFRA. This is a vague phrase
that has not been defined.
If the proposed use or product falls into one of the following categories, the state must
determine that it will not cause unreasonable adverse effects on man or the environment
when used in accordance with labeling directions or widespread and commonly recognized
practices:
1. Use of a product which has a composition not similar to any federally registered
product, or
2. Use of a product involving a use pattern not similar to any federally registered use of
the same product or a product of similar composition.
The EPA reviews state registrations to determine whether they meet the requirements of
FIFRA, since these registrations become federal registrations within 90 days unless the EPA
disapproves them. Problems found by the EPA are discussed with the appropriate state. The
EPA makes an effort to work out problems with states, but as a last resort EPA may
disapprove the state registration. For state 24(c) registered products which are not
substantially similar to a registered product, the EPA requires a brief summary of the data,
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the state's conclusions, and a certification that the product will not cause unreasonable
adverse effects as defined in FIFRA for registration of pesticides.
The state is required to submit a complete 24(c) notification package for each registration.
The EPA has 90 days from the date the state registration was issued to make a final decision
on the 24(c) application. When a state issues the 24(c) registration, it is assumed to be valid
and the product may be sold or distributed and used upon the state issuance. If a disapproval
notice is issued, sale and distribution by the registrant or other persons must stop beginning
on the date of disapproval. However, use of product already sold and distributed may
continue unless the disapproval notice states otherwise. The EPA may rescind the right for a
state to issue a 24(c) registration if the state's registrations are routinely denied or found
unacceptable.
The application package should include:
1. A Notification of State Registration form (EPA Form 8570-25);
2. A cover letter with a description of what special local need is being met by the
issuance of the 24(c) and a clear explanation of how the definition of special local
need is met;
3. A copy of the labeling approved by the state;
4. A Confidential Statement of Formula if the product is not federally registered;
5. An Unreasonable Adverse Effects Determination Statement which summarizes the
state's assessment of risks and benefits which supports its conclusion that no
unreasonable adverse effects will occur.
Generally, labeling submitted by states for a 24(c) registration for an additional use (an
additional use 24(c) registration is often referred to as an amendment since the registration
will amend the federal registration after 90 days) is supplemental in nature. However, if a
state authorizes a 24(c) registration for a new product, it must contain a full Section 3 label.
The state must require that at the time of sale to users, labeling from the federally registered
product be accompanied by supplemental labeling which contains:
1. A statement identifying the state where registration is valid;
2. Directions for use to meet the special local need (provides instructions to the user on
how to use the product, and identifies the pest(s) to be controlled, the application
sites, application rates and any required application equipment;
3. The trade name of the product;
4. An ingredient statement;
5. The name and address of the Section 24(c) registrant;
6. The EPA registration number of the federally registered product;
7. The special local need registration number assigned by the state;
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8. A statement prohibiting use of the product in a manner inconsistent with all
applicable directions, restrictions, and precautions found in the labeling of the
federally registered product and accompanying supplemental labeling.
When a federally registered product is already in the stream of commerce at the time the state
issues a registration for an additional use of that product, the state must ensure that
supplemental labeling for the additional use is made available to purchasers and users of the
product.
Emergency Use of Pesticides under FIFRA Section 18
Section 18 of FIFRA allows for the administrator to exempt any federal or state agency from
the provisions of FIFRA if an emergency condition exists. An emergency condition has been
defined as an urgent, non-routine situation that requires the use of a pesticide where:
1. No effective pesticides are available;
2. No alternative practices are available; and
3. the situation:
a. Involves the introduction or dissemination of an invasive species; or
b. Will present significant risks to human health; or
c. Will present significant risks to threatened or endangered species, beneficial
organisms, or the environment; or
d. Will cause significant economic loss due to:
i. An outbreak or an expected outbreak of a pest; or
ii. A change in plant growth or development caused by unusual
environmental conditions where such change can be rectified by the
use of a pesticide.
Types of Exemptions
Emergency exemptions are broken down into 4 types: specific, quarantine, public health, and
crisis exemptions.
A specific exemption may be authorized in an emergency condition to avert:
1. A significant economic loss; or
2. A significant risk to:
a. Endangered species,
b. Threatened species,
c. Beneficial organisms, or
d. The environment.

24

A quarantine exemption may be authorized in an emergency condition to control the
introduction or spread of any pest that is an invasive species, or is otherwise new to or not
theretofore known to be widely prevalent or distributed within and throughout the US and its
territories.
A public health exemption may be authorized in an emergency condition to control a pest
that will cause a significant risk to human health.
A crisis exemption may be utilized in an emergency condition when the time from discovery
of the emergency to the time when the pesticide use is needed is insufficient to allow for the
authorization of other types of exemptions.
In the case of an aquatic use for control of mollusks, a specific or quarantine exemption may
be possible. By definition, use of the crisis provision would be extremely hard to justify for
mollusk control. Most exemptions handled by the EPA are in the specific category and deal
with food crops, whereas most quarantine exemptions are submitted by the USDA for
controlling pests arriving at the US border. As of 2008, only one specific exemption had been
authorized for an aquatic use (aquatic herbicide). Therefore, the EPA has little experience
dealing with aquatic uses under Section 18 and an education process would be beneficial.
USE OF A PESTICIDE ALREADY REGISTERED FOR OTHER USES IS THE MOST
COMMON MECHANISM FOR AN EXEMPTION. USE OF AN UNREGISTERED
PESTICIDE UNDER AN EXEMPTION IS ALLOWED BUT VERY HARD TO JUSTIFY.
General information required for a specific or quarantine exemption for registered pesticide
includes:
1. What pesticide is to be used, how it is to be used, amount of area to treated, amount
of pesticide to be used, duration of use and appropriate labeling;
2. A detailed description of alternative methods of control and, if a pesticide is
registered, why it will not work;
3. Data on the effectiveness of the proposed pesticide to be used; and
4. A discussion of risks, food residues, and a proposed enforcement program, and an
acknowledgement by the registrant of their pesticide use.
In addition to the general information, additional information for a specific exemption
includes:
1. The scientific and common name of the pest or pest complex;
2. A discussion of the events which brought about the emergency condition;
3. A discussion of the anticipated risks to endangered or threatened species, beneficial
organisms, or the environment that would be remedied by the proposed use of the
pesticide; and
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4. A discussion of the anticipated significant economic loss (guidance is based for the
most part on agricultural crops).
In addition to the general information, additional information for a quarantine exemption
includes:
1. The scientific and common name of pest;
2. The origin of pest and the means of its introduction or spread if known; and
3. The anticipated impact of not controlling the pest.
The EPA reviews all requests as expeditiously as possible. The EPA reviews the application
and other available data necessary to make a determination concerning whether an
emergency condition exists, what the anticipated benefits from the use are, potential risks
posed from the use, and if necessary, whether temporary tolerances can be established. An
exemption may be authorized if an emergency condition exists and the use will not cause
unreasonable adverse effects on the environment.
Specific exemptions are authorized for up to a period of one year and quarantine exemptions
are authorized for up to a period of 3 years.
Section 2(ee) of FIFRA
This variance to the pesticide label has been commonly used for control of exotic mollusks. It
has been used to control island apple snails (Pomacea insularum) in Florida (copper sulfate)
and zebra mussels in Nebraska [24(c)] and Minnesota (Cutrine Plus). Section 2(ee) of FIFRA
essentially states that a labeled pesticide may be used for a pest not named on the label,
provided use of the pesticide on the site is allowed. The maximum label rate cannot be
exceeded and all other provisions of the label must be adhered to. A good example of this is
the use of copper sulfate. This pesticide is registered for use as a herbicide at up to 1 ppm to
control algae and aquatic plants in ponds, lakes, reservoirs, drainage and irrigation canals.
There is no mention of mollusk control on the label; however, under Section 2(ee) of FIFRA,
copper sulfate can also be applied at up to 1 ppm for mollusk control in ponds, lakes,
reservoirs, drainage and irrigation canals, but not in rivers. In this example, rivers are not
listed as an approved site on the FIFRA label and thus copper sulfate cannot be used in
rivers. Other labels for copper sulfate may include rivers as an approved site; use of those
products would therefore be legal to control an unnamed pest (such as mollusks) in rivers.
Major agrichemical companies generally do not seek pesticides that will control exotic
mussels. On the contrary, the major emphasis in the development of new agrichemicals
favors the registration of products with minimum toxicity to aquatic organisms such as
zooplankton, crustaceans and mollusks, as well as selectivity to protect desirable non-target
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insects and other species. The potential market for molluscicides is also very small compared
to the large markets in crop protection products used in agriculture. For these reasons, the
development of control technologies for exotic mussels has been slow and this work has to
be accomplished by small companies in cooperation with federal or state funded research
programs (see Section V). As a result, for the present time, those wishing to control exotic
mussels must rely heavily upon the use of Section 2(ee) for FIFRA registered products that
by chance are also toxic to mussels.
Federally labeled products that can be used for mollusk control in accordance with Section
2(ee) are described below and listed in Table 1. Non-oxidizing molluscicides, which cannot
be used in natural waters, are shown in Table 2.
Zequanox
This biological control product was registered for use in industrial and commercial water
systems (not natural waters) in the Fall of 2011. It is being evaluated in reservoirs by the US
Bureau of Reclamation and will hopefully have an expanded label for additional uses in
2012. This product contains the bacterium Pseudomonas fluorescens and is considered highly
selective against exotic mussels. It might be used in Idaho waters under an emergency
declaration (Section 18, FIFRA) pending approval by the registrant and the US EPA.
Copper sulfate
There are many registrants and labels for copper sulfate and most products are registered for
algae control in virtually all types of natural waters. At least one product (ChemOne) is also
labeled for use as a molluscicide for snail control (see Appendix 1). Copper sulfate has been
used in attempts to control the exotic island apple snail in Florida and zebra mussels in a 100acre closed lake in Nebraska. Copper sulfate can be toxic to fish, particularly member of the
Cyprinid family. Copper sulfate in Idaho could legally be used under Section 2(ee) or with
approval of a 24(c) special local need label.
Chelated liquid copper
There are several formulations and aquatic labeled uses of chelated copper. These
formulations contain copper bound by organic chelating agents and do not contain the sulfate
ion (SO4--) that contributes to the fish toxicity of copper sulfate. Thus, it is generally believed
that chelated copper formulations are less toxic to fish. Natrix® is a copper ethanolamine
complex which has a 24(c) label for exotic mussel control in Idaho and is used as a
molluscicide under 24(c) labels in other states. Recently, another ethanolamine chelated
copper (Cutrine Plus) has been used under 2(ee) for zebra mussel control in Minnesota (J.
Bondra, pers. comm.).
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Chlorine
Chlorine has been used to control exotic mussels in potable water systems in several states.
Adult mussels detect the chemical in the water and cease to feed, close their shells and are
consequently less susceptible to chlorine than mollusks in juvenile growth stages. Chlorine is
also very toxic to fish and other aquatic organisms, including invertebrates. There are more
than 500 labels for chlorine in the US EPA registry and some are actually labeled for use in
reservoirs. Chlorine can be used in potable water and might also be used where fish are not
an important resource. The Task Force suggests that the various labels for chlorine be
evaluated to determine whether any of these products are registered for use in irrigation
canals and ponds.
Dimethylalkylamine salt of endothall
This pesticide is used most often as an aquatic herbicide and is registered for control of algae
and aquatic weeds in most natural waters, but care must be taken to avoid fish mortality. It is
also labeled for exotic mussel control as EVAC® by Calgon Corp. and as TD2335 Industrial
Biocide-Molluscicide by United Phosphorus Inc. Both of these labels specify use only in
recirculating or once-through cooling water systems. The concentration of the DMA salt of
endothall that is necessary to control exotic mussels exceeds the toxicity limit for fish.
ANY PRODUCT USED FOR CONTROL OF EXOTIC MUSSELS UNDER SECTION
2(EE) OF FIFRA MUST BE LABELED FOR USE AT THAT SITE (POND, RIVER,
RESERVOIR, CANAL) UNDER CONSIDERATION. IN ADDITION, NPDES PERMITS
FOR USE ARE LIKELY NECESSARY AND WILL REQUIRE CONSIDERATION OF
IMPACTS TO ENDANGERED SPECIES.
As noted earlier, there are likely hundreds of chemicals that are toxic to exotic mussels and
many non-oxidizing ammoniated compounds are particularly toxic to mussels, but are
labeled only for use in industrial cooling towers or other closed systems. Since most of these
are not labeled for use in natural waters, they are not legal to use under Section 2(ee) of
FIFRA, but some may be considered for 24(c) labels. See Table 2 for this listing and
comments. Anyone considering registration of a product for mollusk control will need to
contact the manufacturer (registrant) and the EPA to determine the feasibility of labeling,
data requirements, and other factors.
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Algaecide/
molluscicide

Bactericide/
molluscicide

Algaecide/
molluscicide

Chlorine

Endothall-amine

Closed
systems
Algaecide/
molluscicide

Aquatic use

Chelated liquid
copper

Copper sulfate

Zequanox

Product

Up to 3
ppm

1 ppm

1 ppm Cu
(higher for
mollusk
control –
see label)
Up to 2.5
ppm (see
label)

Application
rate
?
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•24c label (Natrix) for exotic mollusk control in
Idaho
•Less toxic to fish than CuSO4
•No irrigation restrictions
•Readily available
•Labeled for mussel control in industrial plants
•Technology well-known
•Veligers particularly susceptible
•Can be used for crop irrigation, potable water
•Labeled for use in industrial sites, closed
systems
•Algaecide registered for use in ponds, lakes,
natural sites, canals
•Water can be used for irrigation
•Possible 24(c) in Idaho?

•Readily available
•Some registered for snail control
•No irrigation restrictions

•Selective control of mussels

Advantages

•Volatile
•Rapidly leaves water
•Requires several days of exposure to kill
adults
•Toxic to fish
•Short half-life (2-4 days)
•Toxic to fish

•Efficacy on mussels not known or
independently verified

•Corrosive to aluminum
•Possible fish mortality, particularly
cyprinids

•Not registered for use in natural systems

Disadvantages

FIFRA 2(ee)

Full federal Section 3
label

FIFRA 2(ee) and FIFRA
24(c) labels

FIFRA 2(ee) label

Full federal label (2012?)

Authority

Table 1. Molluscicides that may be used for control of exotic mussels based upon current registrations for aquatic use. These are based upon 24(c) local need
registrations or under FIFRA Section 2(ee). See comments in text for additional information.
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Clam-trol-1 or CT-1
ADBAC Antimicrobial Highly toxic to
fish and aquatic invertebrates

Clam-trol-2 or CT-2
ADBAC Antimicrobial Highly toxic to
fish and aquatic invertebrates

N-alkyl dimethyl benzyl ammonium
chloride
Possible 24c candidate but label would
have to be very limited and address
endangered species. No 2ee

H-130
DDAC 1706-186
Antimicrobial
persistent

Bulab 6009 1448-37 TMTB
antimicrobial
Highly toxic to aquatic organisms

Commercial name
Bulab 6002 or Busan 77 1448-42
Antimicrobial
Highly toxic to fish and clams

N-alkyl dimethyl benzyl ammonium
chloride & Dodecylguanidine
hydrochloride
Possible 24c candidate but label would
have to be very limited and address
endangered species. No 2ee

Molluscicide chemical name
Poly[oxyethlene(dimethyliminio)ethylene
(dimethylimino)ethylene dichloride
Possible 24c candidate but label would
have to be very limited and address
endangered species. No 2ee
2-(Thiocyanomethythio)benzothiazole
Possible 24c candidate but label would
have to be very limited and address
endangered species. No 2ee
Didecyl dimethyl ammonium chloride
Possible 24c candidate but label would
have to be very limited and address
endangered species. No 2ee
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Betz Industrial
See above

Buckman Laboratories
Materials preservation, wood preservative,
industrial processes and collijng towers
and (seed treatment) tolerances 180.288
Calgon? NLCO
Used in industrial process and water
systems, swmming pools, wood
treatement , aqutic areas to include for
algae control( Greenhouses/nurseries, golf
courses, recreational parks,
amusement parks, universities, and
cemeteries)
Betz Industrial
Algicide, wood preservative, fungicide,
molluscide, reg no 3876-145- oncethrough closed-cycle fresh and sea water
cooling systems, cooling ponds, canals
and lagoons.

control algae, bacteria, fungi and mollusks in
industrial cooling water and industrial process
water systems

Manufacturer
Buckman Laboratories

2-5 ppm applied for 6-24 h - 100% adult
mortality

15 ppm for 12 h at 11°C - 100% adult
mortality after 48 h
15 ppm for 14 h at 14°C - 100% adult
mortality after 48 h
15 ppm for 6 h at 20°C - 100% adult
mortality after 24 h
15 ppm for 14 h at 20°C - 100% adult
mortality after 48 h

Lethality to dreissenid mussels
0.5 ppm for 826 h - 100% adult mortality
2 ppm for 313 h - 100% adult mortality
8 ppm for 197 h - 100% adult
mortality
CAS no 31512-74-0 PC code 069183
0.5 ppm for 758 h - 100% adult mortality
2 ppm for 313 h - 100% adult mortality
4 ppm for 260 h - 100% adult mortality
CAS no 21546-17-0 PC code 03503
1 ppm for 24 h - 100% adult mortality
CAS no 7173-51-5

Table 2. Nonoxidizing molluscicides that are toxic to zebra and quagga mussels but are not registered for use in natural waters. Information provided by Ricardo
Deleon; labels reviewed and registration comments made by Don Stubbs are shown in red.

N-triphenylmethyl-morpholine (4tritylmorpholine 4(triphenylmethyl)morpholine)
No 2ee no 24c

Molluscicide chemical name
Akyldimethylbenzyl ammonium chloride
& Akyldimethylethylbenzyl ammonium
chloride
Possible 24c candidate but label would
have to be very limited and address
endangered species. No 2ee
By-product produced from dead
Pseudomonas fluorescens soil bacterium,
strain CL145A
Not sure if you could 24c this strain or
the use pattern. No 2ee.
Compound with Primary and Secondary
Aminated Carbon Chains Possible 24c
candidate but label would have to be very
limited and address nontarget such as fish
an endangered species. No 2ee
Dichloro-2'nitro-4' salicylanilide
possible 24c Restricted use pesticide. This
is a heavily restricted label for use by Fish
and Wildlife Service - No 2ee . The label
and SOP for this product are what we
probably need to do to get most of these
chemicals registered for mussel use.

Table 2 continued

Shell
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Bayer registered as sea lamprey

Bayluscide-Reg no 3125-218 or
6704-87 This chemical is toxic
to fish and aquatic invertebrates.
Directions for use must be
strictly
followed to minimize hazards to
non-target organisms

Frescon bayer not epa registered
to my knowledge

Mexel-chemical term does not allow for a
good search -Product name does show up
for cooling towers and non potable water
sources

Manufacturer
Nalco
Algaecide, wood preservative, fungicide,
molluscicide, reg no 3876-145- oncethrough closed-cycle fresh and sea water
cooling systems, cooling ponds, canals and
lagoons.
Marrone Bio Innovations (MBI) BBPD
registered for frost protection. Exempt from
tolerance requirement 40cfr when used on
crops180.114- Strain A506 registered

Mexel 432 Reg no 84304-1 highly toxic to fish .
Antimicrobial

Zequanox EPA Reg no 64004-3.
Does not appear to have tox
issues.

Commercial name
Mactrol 9210
ADBAC Antimicrobial Highly
toxic to fish and aquatic
invertebrates

200 mg/l applied for ≤24 h for ≥ 80% adult mussel
kill
6 mg/l applied ≤6 h/day no more than twice per
week to prevent juvenile mussel settlement
Registration review completed 2009.
2 ppm for 1.5h/day for 30 days - 40% adult
mortality
10 ppm for 1.5 h/day for 30 days - 62-77% adult
mortality
ai is 1-(Alkyl*amino)-3 aminopropane
0.05 ppm for 24 h - 70% adult mortality
0.1 ppm for 24 h - 100% adult mortality
Reg No 6704-87 Niclosamide, Aminoethanol Salt
Read the entire label and Sea Lamprey Control
Document No. SLC-92-001 [Standard Operating
Procedures for Application of Lampricides in the
Great Lakes Fishery Commission Integrated
Management of Sea Lamprey (Petromyzon
marinus) Control Program] for correct rates of
application. This product must be used strictly in
accordance with both label's precautionary
statements and applicable use directions, as well
as with all applicable State and Federal laws and
regulations.
0.5 ppm for 24 h - 70% adult mortality
0.9 ppm for 24 h - 100% adult mortality
CAS no 1420-06-0 PC no 498300

Lethality to dreissenid mussels
0.5 ppm for 249 h at 18°C - 100% adult mortality
0.5 ppm for 120 h at 22°C - 100% adult mortality
2.0 ppm for 65 h at 18°C - 100% adult mortality
2.0 ppm for 45 h at 22°C - 100% adult mortality
CAS no 8001-54-5; RED available

SECTION IV: IDAHO EXOTIC MUSSEL CONTINGENCY PLAN
William T. Haller, University of Florida
The Idaho Panel of Experts clearly indicated that the discovery of exotic mussels in large
river run reservoirs would most likely be impossible to eradicate. This conclusion is based in
part upon 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. In addition, past
eradication efforts have generally been limited to closed ponds of <25 acres and has cost as
much as >$10,000 per acre (see Millbrook Quarry, VA). The likely cost of eradication, if
possible, is therefore prohibitive in large reservoirs where the isolation of the newly
discovered infestation is not possible.
Copper sulfate, chelated copper and endothall herbicides listed in Table 1 can generally be
used for mussel control under Section 2(ee) of FIFRA 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, so 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 Idaho rivers due to their generally high discharge and velocity
of flow. Other products that are toxic to mussels (such as chlorine, rotenone, antimycin A,
potassium chloride, anhydrous ammonia and chlorine) should also be evaluated and
researched to determine if they can be used in certain but specific aquatic sites in Idaho.
Because waterbodies in Idaho vary greatly in size and flow characteristics, the panel divided
them into five (5) different types or categories based on the ability of the state to manage the
water and the likelihood of the successful eradication of exotic mussels. It is understood that
a specific eradication plan would be quickly developed on a case by case basis.
1. Enclosed pond or lake with no water exchange
The panel offered several suggestions for consideration should exotic mussels be discovered
in this type of system (although many of these comments can be applied as applicable to any
infested waters):
• 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 destruction of the
exotic mussels and including collateral damage to other life forms in the water;
• Immediately survey all adjacent or nearby waters for infestations;
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• Determine, if possible, the pathway of introduction and implement measures to
prevent repeats;
• 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
(See www.100thmeridian.org). 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; and
• 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
For the purposes of this plan, gravel pits refer to small lakes or borrow pits common along
river beds in Idaho 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; and
• Fish populations, if any, are generally of less concern in these artificial areas.
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. 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 [See Legal Considerations, Section III and
FIFRA Section 2(ee)]. Chemicals used in irrigation water must be registered by the EPA for
that site and use. For exceptions see FIFRA Section 18 and Legal Considerations. 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
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• Endangered Species Act compliance.
4. Lakes
Lakes are generally considered to be between 100 and 1,000 acres. Data were presented at
the meeting indicating that 17 of the 83 lakes listed in Appendix I of this report were <400
acres. Also, the Idaho Fish and Game representative felt that if exotic mussels were found in
a lake of 500 to 1,000 acres in size, it would be possible to consider an eradication effort.
Fish toxicants have been used in similar size lakes in the west to remove or regulate
undesirable fish populations.
Large lakes would also be evaluated on a case by case basis and considerations for responses
indicated in numbers 1 and 2 above would apply to a large extent. Hopefully, the infestation
would be localized or would occur in a marina or a closed bay. Large lakes can be treated in
their entirety much as ponds and borrow pits, but it is much more expensive and difficult. To
our knowledge, no attempt has been made to eradicate exotic mussels in lakes greater than
125 acres. Outflow on large lakes is a concern and must be controlled or stopped before the
infestation can move downstream. See the marina discussion below.
5. Reservoirs and river-run impoundments and large lakes
There are 66 reservoirs in Idaho which are >1,000 acres and often impound large rivers. It is
impossible for mussels to be eradicated once established in these systems in numbers capable
of reproduction. Thus, the panel felt that prevention and sampling has to be concentrated at
or near these very high risk areas which usually attract the highest number of users and
recreation boaters. These systems include Priest Lake, Lake Pend Oreille, Big Bear Lake, etc.
If reproducing populations of exotic mussels are found in open bays outside of closed or
restricted water-flow marinas, it will be impossible to eradicate them or prevent downstream
movement in river-run reservoirs.
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 watermovement 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;
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e. Remove and decontaminate all boats;
f. Treat the entire enclosed area to kill all veligers and possible adults; and
g. Be prepared to collect and remove dead fish.
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SECTION V: RESEARCH NEEDS AND RECOMMENDATIONS
Denise Hosler, US Bureau of Reclamation
Research
The biology and ecology of exotic mussels are well known, as are their pathways of
introduction. However, data and products that could be useful for management and
monitoring of mussels are lacking.
There are currently no economic or technical means to control exotic mussels in large river
run reservoirs such as Lakes Pend Oreille, Coeur d’Alene and similar waterbodies. Thus,
early detection and treatment of mussels in marinas or coves of such waterbodies is the only
means to stop or slow expansion of these species. Unfortunately, most of the molluscicides
that could be employed for exotic mussel control are toxic to native mussels as well. In
addition, many are toxic to fish, some of which may be classified as endangered species.
The panel identified the following research needs:
• A more rapid means of water sampling for detection of exotic mussels. The time required
for sample collection, shipping, analysis and confirmation of the presence of exotic mussels
is at minimum several days and more often requires several weeks. This time lag could result
in veliger movement away from an enclosed boat ramp, marina or bay and into a much larger
system.
• Research on control methods of exotic mussels that have less impact on non-target species.
The continued progress on the registration of bacteria for mussel control is a very positive
move forward. However, additional control methods are needed to prevent reliance on one
means of control. For example, chelated copper compounds could perhaps offer effective
control of exotic mussels with little danger of fish mortality.
• Comparison of the toxicity to exotic mussels of FIFRA products registered for aquatic use.
In 1993, Waller et al. reported the toxicity of copper sulfate and 18 piscicides, lampracides
and industrial molluscicides to zebra mussels and selected non-target species. Similar
research is needed on chemicals currently registered for aquatic use in natural waters (Table
1), many of which have been used or are being considered for use to control exotic mussels.
The legal hurdles required to gain exotic mussel control under Sections 24(c) or 2(ee) for
herbicides already registered for aquatic weed and algae control are typically much less
arduous than for chemicals not labeled for use in natural waters.
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• Irrigation canals, particularly those with outflow to natural waters, are unique and provide
other opportunities for mussel control. Chlorine and fertilizer components (such as anhydrous
ammonia and potassium chloride) might offer an inexpensive means of control. The
toxicities of chlorine (1-2 ppm) and potassium chloride (100 ppm) have been determined but
similar information is not available for anhydrous ammonia. The Pesticide Registration
section of the Idaho Department of Agriculture should determine whether the use of these
products is legal and whether the necessary crop tolerances have been identified.
Other Panel Recommendations
• The Idaho Department of Agriculture should share the invasive mussel contingency plan
with federal agencies and adjoining states to foster greater cooperation and to integrate and
increase regional prevention efforts;
• Idaho and neighboring states should encourage, insist on and use all possible means to
ensure that states and authorities enforce decontamination of boats leaving mussel-infested
waters, similar to the program instituted in Minnesota. Every one of these vessels has the
potential to infest other waterways, so it is common sense – from both environmental and
economic standpoints – to ensure that departing vessels are decontaminated.
• Increase, improve and intensify prevention and monitoring programs near Category 4 and 5
waterways;
• Educational efforts need to be expanded to include marina owners/operators and
commercial boat haulers;
• Engage with a Rapid Response Team (similar to the Columbia River Basin Team that
includes WA, OR, MT and ID) that represents appropriate state, federal and tribal interests
from all neighboring states to evaluate and coordinate the response to any suspected mussel
finds, develop specific treatment plans and define agency responsibilities and commitments;
• Work with other Idaho state agencies as appropriate to include mussel exclusion clauses
and inspections in state construction contracts when equipment (barges, silt barriers, water
tanks, gold dredges, etc.) might be brought into Idaho and placed in waters of the state; and
• Collect additional water temperature data on highly vulnerable lakes to optimize the timing
of monitoring efforts (see Section VIII).
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SECTION VI: CONTINGENCY PLANNING FOR INVASION OF
MUSSELS INTO IDAHO FROM CONTAMINATED WATERSHEDS
William Haller, University of Florida Center for Aquatic and Invasive Plants
While the Idaho inspection and decontamination plan is and will continue to be successful,
the next most likely pathway of introduction of exotic mussels into Idaho is beyond the
control of the state. This is due to three major factors:
1. Because Idaho is a long and narrow state, most watersheds in the state originate from
outside the state on the western slope of the Rocky Mountains.
2. There is currently no regional prevention program that includes boat inspection and
decontamination for watersheds that feed into Idaho’s waters.
3. There is no national program in place to detect and decontaminate boats leaving
mussel-infested waters such as the Mississippi River and the Great Lakes.
After zebra and quagga mussels became established in the Great Lakes, boats harboring
exotic mussels moved quickly from these contaminated waters into isolated inland lakes in
Michigan and other Great Lake states. The Idaho inspection program has documented
significant numbers of recreational boat traffic into Idaho from locations infested with
mussels. It is possible – and even likely – that contaminated boats could launch into
reservoirs in neighboring states, which would result in contamination of the entire watersheds
from the Continental Divide to the Pacific Ocean. Thus, Idaho’s state agencies must consider
a plan to prevent inter- and intrastate movement of mussels if they become established in
watersheds passing through Idaho.
For example, if the heavily utilized Flathead Reservoir is invaded by mussels and becomes
host to an established mussel population, there is no feasible means to prevent movement of
mussels down the Clark Fork River into Lake Pend Oreille. The question then becomes how
mussel movement from a contaminated lake to other watersheds in Idaho can be prevented.
In this example, mussels entering Lake Pend Oreille from the Clark Fork River cannot be
excluded, controlled or eradicated. Thus, evaluation by state agencies should be conducted to
determine the feasibility of preventing movement of mussels from the newly established
population in Lake Pend Oreille to Priest Lake, Lake Coeur d’Alene, the Salmon River
watershed and others. Questions to be answered include:
1. What can be done to prevent boats from transporting mussels from an infested lake to
other areas?
2. Which boat ramps can be closed? Which boat ramps have decontamination stations?
3. When (hours and times of year) are decontamination stations in operation? Can
boaters legally be prevented from leaving a lake without first being decontaminated?
4. How many boats (perhaps all) will need to be decontaminated and at what cost?
Where will the funds come from? Will there be a fee for decontamination?
This contingency should be developed for each watershed in Idaho. Funding, regulations and
other legal issues must be resolved before exotic mussels are found in waters that pass
through Idaho. Exotic species do not recognize state boundaries and rapidly move through
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hydrologically connected watersheds, but planning that addresses this type of scenario
appears to be limited. Preventing the movement of exotic mussels and other invasive species
from a contaminated watershed will require a major planning effort and must be done
quickly. Therefore, pre-planning and contingency plans should be developed for each
watershed in Idaho.
Idaho is concerned with the introduction of invasive species into Idaho waters from floating
craft or other devices, including recreational and mining equipment that has previously been
used in contaminated waters outside the state. To prevent the introduction of invasive aquatic
species, specifically quagga and zebra mussels, Idaho’s Invasive Species Law makes it illegal
to import, transport or possess invasive species. Recreational mining equipment operators are
required to decontaminate their equipment before they come to Idaho or before returning to
Idaho after mining out of state. The Idaho Department of Water Resources also strongly
recommends that all mining equipment be decontaminated when moving into another
watershed within the state. See 100thmeridian.org for information on decontamination of
equipment.
Operators of recreational mining equipment shall ensure that all internal and external
surfaces of their equipment are cleaned and free of bacterial growth by circulating hot water
internally and thoroughly pressure washing all exterior surfaces. Cleaning should ensure that
all rough or gritty spots (microscopic mussels feel like sandpaper) are cleaned using high
pressure 140+ degree Fahrenheit water or similar cleaning processes and thoroughly drying
dredges and equipment for a minimum of 24 hours prior to use. Also see the Idaho
Department of Agriculture's web site.
The expert panel has made several comments in this report that emphasize the need for
regional cooperation. This may be overstated due to the fact that the Columbia River Basin
states have worked together to develop a rapid response plan for dealing with aquatic
invasive species. For more information about this collaborative effort, please see
http://www.100thmeredian.org/ActionTeams/Columbia/CRB_Dreissenid_Rapid_Response_
Plan_September_19_2011.pdf.
In addition, Idaho has developed its own draft rapid response plan as an addendum to the
Columbia River plan noted above; the Idaho state plan outlines the responsibilities of various
state agencies (see Appendix 4).
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SECTION VII: RANKING IDAHO WATERBODIES FOR
LIKELIHOOD OF INVASION BY ZEBRA AND QUAGGA MUSSELS
Amy Ferriter, Idaho State Department of Agriculture
The Idaho State Department of Agriculture, in cooperation with other state and federal
agencies, compiled this list of waterbodies in Idaho with an assessment of their potential for
invasion by exotic mussels. Factors considered included the requirement for calcium for
mussel growth and survival, along with the potential for recreational use as indicated by the
number of access points and “destination” data collected by the boat inspection program. The
results of this assessment are presented below and indicate that many waterways in Idaho
have a high potential for invasion by exotic mussels.
1. Calcium
Calcium levels in waterbodies are widely seen as an important risk factor for zebra/quagga
mussel establishment. The following categories were `used to classify waterbodies based on
available calcium data:
• Less than 11 ppm = 0 points
• 11-25 ppm = 1 points
• Greater than 25 ppm = 3 points
2. Use
Ramps – Number of ramps/access points to the waterbody was used in combination with the
other variables to estimate relative use. The following categories were used:
• 1 ramp = 1 points
• 2-3 ramps = 3 points
• 4-5 ramps = 4 points
• More than 5 ramps = 7 points
Moorage – If a waterbody has a boat moorage facility, the waterbody was given 4 points.
This information was used to factor in long term boater usage (vs. “day tripper” use). Long
term usage is seen as higher risk for inoculation of a waterbody.
Fishing tournaments – Waterbodies that have at least one permitted fishing tournament per
years are given 3 points. This data was factored into use due to the large number of out-ofstate boats that compete in these events.
Inspection station “Destination” data – Data collected from Idaho’s watercraft inspection
stations was used to determine the most frequent “destination waterbodies.” Data from the
2009 and 2010 watercraft inspection seasons was used (approximately 63,000 inspections).
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This data was collected from roadside inspection stations and largely measures destinations
for boats that are crossing the state line.
• Less than 100 inspections = 0 points
• 100-500 inspections = 4 points
• More than 500 inspections = 6 points
Proximity to impacted state – Spatial data was used to determine the proximity of the subject
waterbody to a “mussel positive” state. Waterbodies that are less than 50 miles from a
“mussel positive” state (per the USGS NAS database) were given 3 points. The rationale for
using this variable is that fouled boats that launch into Idaho’s waters are more likely to have
live mussels attached if the boat has travelled a shorter distance.
3. Endangered/Threatened Species
The presence of endangered and threatened species is not considered a “risk factor” per se,
but the presence of these species in a waterbody will severely limit control options if zebra
and quagga mussels are discovered in the waterbody. This data was included in the
prioritization step for this reason. If a waterbody has endangered species, it is given 6 points,
if a waterbody has threatened species, it is given 3 points.
RANKING:
Based on the point system, waterbodies are given the following rankings:
• Greater than 10 Points = Critical. “Critical” waterbodies are either highly susceptible to
invasion (high calcium, high use, close proximity to impacted states, or any combination of
these factors), and/or have significant threatened and endangered species concerns. In a
“Critical” waterbody, it is considered essential that robust monitoring continue.
• 6 – 10 Points = High Priority. “High Priority” waterbodies are considered susceptible to
invasion (adequate calcium levels, significant use, or a combination of these factors) and/or
have threatened species concerns.
• 1 – 5 Points = Medium Priority. “Medium Priority” waterbodies are considered
susceptible to invasion, but have calcium levels that are considered unfavorable for
zebra/quagga mussel establishment and/or the waterbody has limited access and low use.
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Basin
Bear River
Bear River
Bear River
Bear River
Bear River
Bear River
Bear River
Bear River
Bear River
Bear River
Clearwater
Clearwater
Clearwater
Clearwater
Clearwater
Clearwater
Clearwater
Clearwater
Lower Snake
Middle Snake
Lower Snake
Lower Snake
Lower Snake

Name

Alexander Res

Bear Lake
Daniels Res
Deep Creek Res

Devil Crk. Res

Glendale Res
Oneida Narrows

Stone Res

Treasureton Res

Twin Lake Res

Clearwater River, Orofino

Clearwater, Lewiston
Dworshak Reservoir
Elk Creek Res
Moose Creek Res
Snake River (Lewiston)
Spring Valley Res
Winchester Lake
Arrowrock Res
Bell Rapids
Black Canyon Res

Brownlee Reservoir

C J Strike Reservoir

Table 3: Priority Ranking of Idaho Waters
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36

12
44
11

6
6

6

38

61

28

53

Ca max
(mg/L)

1

1

1

1
1

1

3
1
1

1

8

4

0
7
1
1
0
1
1
2
1
4

25

Boat
ramps

43

7,539

13,250

0
14,658
76
7
0
47
86
1,937
719
1,032

0

437

152

124

203
420

85

34,413
361
63

1,011

Acres

Priority

Critical

Critical

Critical
Critical
Moderate
Moderate
Critical
Moderate
Moderate
High
Critical
High

High

Critical

High

High

High
High

High

Critical
High
High

High

Dam owner

Idaho Power

Idaho Power

IDFG
IDFG
BOR
Idaho Power
BOR

CENWW
Elk R Res Co
IDL

IDWR
St Johns Irr. Dist.
Deep Crk. Irr. Co
Malad. valley
irrigation
Preston Whiney
Irr. Co
Pacificorp
Delomore Canal
Co
Strongarm Res
Irr. Dist.
Twin Lakes Canal
Co

Pacificorp

BLM

BLM

BOR

BOR_USFS

USACE

USFS

USFS

BOR_BLM

USFWS

Federal land

Bull Trout
Snails

Chinook,
Steelhead
Chinook,
Steelhead
Bull Trout

ESA

Fishery

Chinook, Steelhead
Kokanee, Rainbow
Rainbows, Brook
LM Bass, rainbows
Chinook, Steelhead
Rainbow, LM Bass
Rainbow, LM Bass
SM Bass, Kokanee
Sturgeon, Rainbow
LM Bass
SM Bass, LM
Bass, Sturgeon
SM Bass, LM
Bass, Sturgeon

Chinook, Steelhead

Rainbow

Rainbow

Rainbow
Perch, Walleye

White Sturgeon

Cutthroat
Cutthroat, Lake
trout
Cutthroat, Rainbow

Basin
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Lower Snake
Middle Sake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake

Name

Cascade Reservoir

Crane Creek Res
Deadwood Res
Lake Lowell

Lost Valley Res
Lucky Peak Reservoir
Mann Creek Res

Mountain View Lake

Mt Home Res
Owyhee River

Oxbow Res

Paddock Valley Res
Payette Lake

Sage Hen Res
Snake River (I-84)

Swan Falls (Snake River)
Upper Payette Lake

Wilson Lake Res
American Falls Reservoir
Anderson Ranch Res

Cedar Creek Res

Chesterfield Res
Fish Creek Res

37

62

59
60
12

1

21
11

31
23

13
12
27

10
9
58

4

Ca max
(mg/L)

Boat
ramps

1
1

1

2
5
6

1
1

1
0

1
4

3

1
0

1

1
5
2

2
1
2

9

44

1,245
0

973

484
55,501
4,618

0
303

293
0

1,194
5,003

2,520

406
0

406

524
3,019
270

2,324
3,023
6,084

19,626

Acres

High
Moderate

High

High
Critical
Critical

High
Moderate

Moderate
Critical

Moderate
Critical

High

Moderate
High

High

Moderate
Critical
Critical

High
Moderate
High

Critical

Priority

Dam owner

Idaho Power
Lake Res Co
Northside Canal
Co
BOR
BOR
Cerar Res and
Mesa Canal Co
Port Chest Canal
Co
Fish Crk. Res Co

Idaho Power
Little Willow Irr.
Dist.
Lake Res Co
Squaw Crk. Irr.
Dist.

BIA
Mt Home Irr.
Dist.

BOR
Crane Crk. Res
Admin. Board
BOR
BOR
Lost Valley Res
Co
USACE
BOR

Federal land

BLM
BLM

BLM

BLM
BOR
BOR_USFS

BLM
USFS

USFS
BLM

BLM

BLM

BLM
BLM

Duck Valley
IR

USFS
USFS

BLM
BOR
BOR_USFWS

BOR

Bull Trout

Bull Trout

Bull Trout

ESA

Cutthroat, Rainbow

Bullhead, Perch
Rainbow, Cutthroat
Rainbows

SM Bass, LM
Bass, Sturgeon
Rainbow, Brook

Rainbows

LM Bass
Rainbow, Cutthroat

Rainbow
Redband
SM Bass, LM Bass
Sturgeon

Rainbow

Rainbows
Kokanee, SM Bass
LM Bass

LM Bass
Kokanee, cutthroat
LM Bass, SM Bass

Rainbow, Kokanee

Fishery

Basin
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Middle Snake
Panhandle
Panhandle
Panhandle
Panhandle
Panhandle
Panhandle
Panhandle

Panhandle
Panhandle
Panhandle
Panhandle
Panhandle
Panhandle

Name

Goose Creek (Oakley Res)
Horsethief Res
Lake Walcott
Little Wood River Res
Mackay Res
Magic Res

Milner Reservoir

Mormon Res

Mud Lake

Murtaugh Lake

Salmon Falls Creek Reservoir

Little Camas Res
Clark Fork River (Cabinet Gorge)
Cocolalla Lake
Coeur d'Alene Lake
Coeur d’Alene River
Fernan Lake
Hauser Lake
Hayden Lake

Kootenai River
Lake Pend Oreille
Priest Lake
Spirit
Spokane River
Twin Lakes
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43
28
11
2

5
11

12
25
7
42
42

82

46

47

24

50

75
4
47
34
42
62

Ca max
(mg/L)

1

1

2

1

1

1
1
2
1
1
6

4
31
15
3
2
3

1
0
1
21
1
2
1
2

Boat
ramps

45

0
66,924
23,423
1,547
0
919

968
0
806
27,360
0
341
541
3,813

2,655

837

3,094

1,587

4,342

1,007
250
8,392
600
1,174
3,570

Acres

Priority

Critical
Critical
Critical
High
Moderate
High

Moderate
Critical
Moderate
Critical
High
Critical
Moderate
Critical

High

High

Moderate

High

Critical

High
Moderate
Critical
Moderate
Moderate
Critical

Dam owner

Avista

USACE
IDWR

Avista

Twin Falls Canal
Co
Salmon R Canal
Co
Mt Home Irr.
Dist.
Avista

Milner Dam Inc.
Twin Lakes Res
Irr. Dist. Co

Oakly Canal Co
IDFG
BOR
BOR
Big Lost Irr. Dist.
Magic Res Hydro

Federal land

USFS_BLM
USACE_USFS
USFS

USFS

CDA Tribe
USFS_BLM

USFS
USFS

BLM

BLM

BLM

BOR_BLM

BOR
BOR
BLM
BLM

BLM

Bull Trout,
Burbot,
white
sturgeon
Bull Trout
Bull trout

Bull Trout
Bull Trout

Bull Trout

Snails

ESA

Rainbow, Cutthroat
Kokanee, Cutthroat
Cutthroat, Kokanee
Kokanee, Rainbow
Rainbow, Browns
Rainbow, cutthroat

Rainbows
Cutthroat
Rainbow
Cutthroat, Kokanee
Cutthroat
Rainbow, cutthroat
Rainbow, cutthroat
Rainbow, Cutthroat

Walleye, Rainbow

Channelcat, perch

Perch, Largemouth
Bass

Rainbow, Kokanee
Rainbow
Rainbow,
Smallmouth

Rainbow, Brook
Cutthroat, Rainbow

Fishery

Basin
Salmon
Salmon
Salmon
Salmon
Salmon
Upper Snake
Upper Snake
Upper Snake
Upper Snake
Upper Snake
Upper Snake
Upper Snake
Bear River
Bear River
Bear River
Bear River
Bear River

Name

Alturas Lake
Redfish Lake

Salmon River (Riggins)

Salmon River (Salmon)
Warm Lake
Ashton Res
Blackfoot Reservoir
Gem Lake
Henrys Lake
Island Park Reservoir
Palisades Reservoir
Rire Res
Alexander Res

Bear Lake
Daniels Res
Deep Creek Res

Devil Crk. Res

28

28
4
19
86
41
19
19
73
53
53

28

8
6

Ca max
(mg/L)
1
1

1

3
1
1

0
1
1
7
2
5
4
6
2
1

18

Boat
ramps

46

85

34,413
361
63

0
413
356
17,442
301
6,072
7,551
13,457
1,414
1,011

0

826
1,515

Acres

Priority

High

Critical
High
High

Critical
Moderate
Moderate
Critical
High
Critical
High
Critical
High
High

Critical

High
Critical

IDWR
St Johns Irr. Dist.
Deep Crk. Irr. Co
Malad. valley
irrigation

Pacificorp
BIA
Idaho Falls
Northfor Res Co
BOR
BOR
BOR
Pacificorp

Dam owner

USFWS

BOR
BOR

BLM

BLM

USFS, BLM
USFS

USFS_BLM

USFS
USFS

Federal land

ESA
Sockeye
Sockeye
Chinook,
Steelhead
Chinook,
Steelhead

Fishery

White Sturgeon

Rainbow
Cutthroat, Rainbow
Cutthroat, Rainbow
Cutthroat, Brook
Rainbow, Cutthroat
Cutthroat, Brown
Cutthroat, Kokanee
Cutthroat
Cutthroat, Lake
trout
Cutthroat, Rainbow

Chinook, Steelhead

Chinook, Steelhead

Sockeye, rainbow
Sockeye, rainbow

SECTION VIII: CURRENT MONITORING FOR EARLY DETECTION
OF EXOTIC MUSSEL POPULATIONS IN IDAHO
Tom Woolf, Idaho State Department of Agriculture
The monitoring program for dreissenid mussels in Idaho waters utilizes several methods,
including:
1. Plankton tow sample collection for veliger detection,
2. Static substrate monitoring, and
3. Shoreline monitoring.
Sampling is focused on high use and high priority areas that are identified in the Idaho
Waterbody Ranking Assessment (Section VII).
Plankton tow samples for veliger detection are collected following US Bureau of
Reclamation (BOR) protocols. Sampling is conducted on waterbodies throughout the state,
with the highest sampling frequency focused on high-use “Critical” ranked waterbodies.
Waterbody ranking also determines sampling frequency, varying from one sampling event
per season in lower risk waters to sampling at three-week intervals at multiple locations in
“Critical” waterbodies. Plankton sampling is initiated in the spring when water temperatures
rise above 10 oC and continues through the summer until water temperatures at depth exceed
20 oC. Sampling early in the season can be delayed due to very high flow conditions and high
turbidity as a result of snow runoff.
Shoreline surveys are conducted in conjunction with plankton tow sampling activities.
Shoreline surveys are conducted at each waterbody visited and are focused on high-use boat
launches. Plant material and shells along the shoreline are inspected for evidence of invasive
aquatic species. If possible, the shoreline is also waded and rocks are picked up and inspected
for invasive mussels, snails and crayfish. This survey varies depending on shoreline access
and flow conditions.
Sampling for settled adult mussels is also conducted using static substrate samplers at highuse waterbodies throughout the state. The substrate sampling effort has been led by the Idaho
Department of Environmental Quality. Samplers are deployed on or adjacent to high
watercraft use areas, which are inspected several times per season. Other partners – including
lake associations, tribes and canal companies – also monitor substrate samplers throughout
the year. A new public monitoring program called the Mussel Patrol (MP) will be
implemented in 2012; this program will provide kits of substrate samplers and sampling
supplies to interested organizations and the public to improve substrate monitoring and
reporting throughout the state.
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In the 2011 season, 532 plankton tow samples from 76 waterbodies were collected and
analyzed for dreissenid veligers in Idaho. BOR provided sample analysis services for the
2011 season and found no evidence of dreissenid veligers. Plankton samples were analyzed
using cross polarized microscopy. If a suspected dreissenid veliger was encountered, BOR
utilized a scanning electron microscope for improved visual analysis and also utilized PCR to
conduct DNA analysis on suspect samples. No evidence of mussels was found during
shoreline surveys or on substrate monitors in Idaho during the 2011 season.
Partners around the state assist with dreissenid mussel monitoring, including county
personnel from around the state, Idaho Department of Environmental Quality, US Army
Corps of Engineers, US Forest Service, The North Side Canal Company and The Coeur
d’Alene Tribe.

Figure 6. Plankton samples collected for veliger early detection analysis in 2011.

48

SECTION IX: CASE STUDIES – PAST EXPERIENCE
William Haller, University of Florida Center for Aquatic and Invasive Plants
Zebra and quagga mussel control efforts have been conducted in natural waters in several
states in the past. We have compiled information from some of these projects from published
reports and personal contacts to determine which molluscicides were used, approximate costs
and the results of these treatments.
Millbrook Quarry (near Manassas), Virginia. This privately owned pond is located in
Prince William County, Virginia, and is used extensively for scuba diving and training. The
first infestation of zebra mussels in the state of Virginia was confirmed in this 12 acre, 93
feet deep quarry in August 2002. An eradication effort was initiated because 54% of
freshwater mussel species in Virginia are endangered, threatened or species of special
concern, and the spread of zebra mussels from this site would likely cause extirpation of a
number of these protected species. Potassium chloride was applied to the quarry in February
2006 under a Section 18 Emergency Use Permit to achieve a potassium concentration of 100
ppm – approximately twice the concentration considered toxic to zebra mussels, but well
below levels that would cause environmental or human health concerns. The environmental
assessment indicated that there would be no impacts on any species other than mollusks,
which appeared to be a correct assessment. In addition, the potassium content of the water in
this closed system would remain toxic to zebra mussels for several years. Treatment and
subsequent monitoring of the 12-acre site cost approximately $400,000, or slightly more than
$33,000 per acre. Eradication of zebra mussels from Millbrook Quarry was very successful;
see http://www.dgif.virginia.gov/zebramussels/ for more details.
Offutt Lake (near Omaha), Nebraska. Zebra mussels were found at Offutt Lake in April
2006 and were likely introduced into this 123 acre, 20 feet deep military recreational lake
from paddle boats shipped to the site from the northeastern US. Offutt Lake is a large borrow
pit used for runway construction at the base and represented the first discovery of dreissenid
mussels in Nebraska. The lake is located a few hundred yards from the Missouri River and
overflows into the Missouri under high water conditions. Several stakeholder meetings were
held in 2007 and 2008, and four products – Spectrus CT1300 (Clamtrol), endothall,
potassium and copper sulfate – were considered for eradication efforts. For various reasons,
copper sulfate was selected for eradication efforts and a 24(C) Special Local Need label was
obtained for the use of medium-size granular copper sulfate. This product was applied to
achieve a concentration of 1 ppm elemental copper in the entire water column, which would
control veligers and larval stages and provide a temporary higher concentration of the lake
bottom to control adult mussels. To ensure eradication, copper sulfate was applied twice (in
September 2008 and in April 2009). Copper concentrations in the water immediately after
completion of the first application averaged 0.7 ppm. Over the next 30 days, nearly 20 tons
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of fish (96% non-game fish – primarily cyprinids such as buffalo, bighead, common and
grass carps) were collected from the lake. Total cost for monitoring, planning and treating the
123 acre lake was approximately $480,000, or around $4,000 per acre. No live zebra mussels
were found following the first treatment until October 2010 (18 months after the second
treatment), when five live zebra mussels were found on a tile sampler. It is unlikely that these
mussels were the result of a reintroduction, because use of the lake was restricted. It is
possible that zebra mussels survived the copper sulfate treatments in ground water seeps
believed to occur on the eastern side of the lake when the Missouri River rises. The reasons
for the failed eradication attempt remain unknown. For more details on Offutt Lake, see
http://snr.unl.edu/invasives/documents/NebraskaZebraMusselInfestationandEradicationLake
Offutt.pdf.
Pelican Brook/Lake Ossawinnamakee (near Breezy Point), Minnesota. The Minnesota
Department of Natural Resources reports that there are many inland lakes in Minnesota that
are infested with zebra mussels. Lake Ossawinnamakee is a 64 acre mesotrophic hard-water
flowthrough lake in the Pine River Watershed, which comprises around 150 lakes. The outlet
on the southeastern corner of the lake exits into Pelican Brook, which flows into the Pine
River and ultimately into the Mississippi River. Zebra mussels were found in the lake in the
fall of 2003 and mussel control efforts were undertaken during the summers of 2004 and
2005. Chelated copper (Cutrine Ultra ®) was applied weekly from mid-June through
September at concentrations of 0.6 ppm (in 2004) and 0.4 ppm (in 2005) to a 26 acre bay
leading into the Pelican River. These treatments coincided with water temperatures that were
favorable for mussel reproduction. The objective of these weekly treatments was to kill
veligers and larval mussels before they could exit the lake through the bay and travel down
Pelican Brook to infest downstream sites. At the time of the initial treatment (June 2004), a
few adult mussels were present in Pelican Brook.
By the end of treatments in September 2005, there were no adult zebra mussels in Pelican
Brook, which indicated that adult mussels were killed by long-term exposure to copper, and
no settling or establishment of veligers in Pelican Brook. In the fall of 2005, adult mussels
were found downstream at Rice Lake and the control efforts were stopped. Extensive
sampling of benthic invertebrate communities in Pelican Brook suggested that the copper
treatments prevented veliger movement downstream from the site. This conclusion was
reached because adult mussels in Pelican Brook were killed and no re-establishment was
noted during the period when copper treatments took place. Mussels were already present
downstream prior to June 2004 and may have already infested Rice Lake, or a separate
introduction of mussels to Rice Lake may have occurred. The pesticide in this effort was
applied under the “unnamed pest” Section 2(ee) clause of FIFRA. This information was
provided by Chip Welling and Gary Mantz of the Minnesota Department of Natural
Resources (500 Lafayette Road, St. Paul, MN). See the following publication for more
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details: Mantz, GR, JHirsch, R Rezanka and DF Staples. 2010. Impacts of copper on a lotic
benthic invertebrate community: response and recovery. Journal of Freshwater Ecology
25(4):575-587.
Sister Grove Creek (Collin/Grayon Counties), Texas. The first zebra mussels found in
Texas were discovered in Lake Texoma (northeast of Dallas) in April 2009. Lake Texoma, a
US Army Corps of Engineers reservoir, is located in the Red River Watershed. Surveys in
August 2009 confirmed that zebra mussels were also present downstream of the lake in Sister
Grove Creek, which is the headwaters of Lake Lavon. These waterbodies are multi-use
reservoirs and serve as potable water supplies. Water flow down the Creek from Lake
Texoma has been stopped and a 30 mile section of Sister Grove Creek was treated with
potassium chloride at a target concentration of 175 ppm in the fall of 2010. The upper half of
the Creek was treated again in the summer of 2011 in an attempt to prevent zebra mussel
establishment downstream. Cages of live adult mussels were placed in the Creek and
monitored to determine whether treatments were effective. All caged mussels died following
the treatments, but a small number of adults in the Creek have survived. The Creek has a
number of nooks and crannies; also, water flow is highly variable and dependent on rainfall.
There are also several seeps and springs along the Creek in which mussels may have taken
refuge or avoided exposure to the potassium chloride treatments. As of the winter of
2011/2012, zebra mussels have only been found in Lake Texoma and in Sister Grove Creek.
This information was provided by Brian Van Zee, Texas Parks and Wildlife. For more
details, see http://www.zebramussels.net.
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INTRODUCTION TO APPENDICES 1 THROUGH 3
There are few molluscicides registered or labeled by the US EPA for use in natural waters,
although several are labeled for use in industrial systems (see Table 2). This has forced
management personnel to employ the “unnamed pest” provision of FIFRA [Section 2(ee)] to
utilize herbicides and algaecides that happen to be toxic to mollusks and are registered for the
application site (ponds, lakes, canals, etc.). The following appendices contain labels and
information that will provide biologists who are unfamiliar with aquatic pesticides some
insight into the 2(ee) process (Appendix 1), 24(c) registrations (Appendix 2) and federal
labels (Appendix 3).
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APPENDIX 1
Copper Sulfate
Copper sulfate is 25% elemental copper. The concentration of copper cannot exceed 1 ppm
(elemental copper) or 4 ppm (copper sulfate) in potable water. Copper sulfate is used for
algae control in lakes, reservoirs, ponds and irrigation canals but this particular product is
NOT registered for use in rivers. Mollusks can only be treated along the shoreline portions of
lakes, ponds and reservoirs, as described under “Fresh Water Snail Control.”
Other copper sulfate products may include labeling for other sites. The label included in this
report is provided as an example and is not a recommendation or endorsement for its use in
lieu of other copper sulfate products.
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APPENDIX 2
Copper Carbonate Liquid
Note: The following two labels (Captain® and Natrix®) are good examples of 24(c) Special
Local Need labels. The Section 3 Federal label is for Captain ® (active ingredient: copper
carbonate). Sites where it can be used for algae control include “potable water sources, lakes,
rivers, reservoirs, ponds, slow-flowing or quiescent water bodies, crop and non-crop
irrigation systems (canals, laterals and ditches), fish, golf course, ornamental, swimming and
fire ponds, and fish hatcheries.” Because Captain® can be used at up to 1 ppm for hydrilla
control under the 2(ee) provision of FIFRA, the maximum use rate of Captain® to control an
unnamed pest (e.g., mussels) is also 1 ppm. However, the registrant applied for a 24(c) label
for Natrix® to allow its use at up to 2.5 ppm in non-potable waters. This was approved by the
US EPA and the pesticide regulating agency of Idaho for dreissenid mussel control in Idaho.
Captain® and Natrix® are registered trademarks of SePRO Corporation, Carmel, Indiana.
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APPENDIX 3
Endothall
This Appendix contains three Federal Section 3 labels for use of endothall in water. The
active ingredient in all of these products is the amine salt of endothall. Hydrothol 191 has
been used for over 40 years for aquatic weed control, but was only recently granted
unrestricted use in irrigation canals. The registrant has been conducting research on endothall
residues in food crops and has received permission from the EPA to add irrigation canals to
their labels. The older Hydrothol 191 label prohibited the use of treated water for irrigation
for up to 21 days after application. Now, both Teton and Hydrothol 191 have similar labels
and approved application sites include irrigation canals. Pesticide labels change over time as
new data are submitted to the EPA or as a result of re-registration, etc. The label date is
found on the last page of pesticide labels; the label dates for both Hydrothol 191 and Teton
are September 15, 2011. The third Federal Section 3 label for endothall in this appendix is for
TD2335 Industrial Biocide and Molluscicide, which can only be used in “recirculating and
once-through cooling water systems”; clearly, the label for TD2335 precludes it use for
mussel control in natural waters such as ponds, lakes and canals.
Hydrothol® 191 and Teton® are registered trademarks of United Phosphorus Incorporated,
King of Prussia, Pennsylvania.

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

APPENDIX 4
Idaho Rapid Response Plan – DRAFT
Provided by Amy Ferriter, Idaho State Department of Agriculture

IDAHO RAPID RESPONSE PLAN
NOTE: FOR DISCUSSION PURPOSES
AMONG MAC MEMBERS ONLY
(A supplement to the CRB RR Plan)
Initially drafted 11/06/09
Objective 1: Verify
Purpose: Confirm positive identification of the Dreissenid species.
Lead entity: ISDA.
1) Confirmation includes both of the following methods:
- Microscopy.
- PCR (genetic) identification of a sample sent to a qualified subject matter
expert.
Objective 2: Make Initial Notifications
Purpose: Ensure that all parties that have jurisdiction in response decisions are quickly
engaged.
Lead entity: ISDA.
1) Tier 1 Contacts:
• Governor’s Office
• Legislators
• IDFG
• BHS
• Northside Canal Company
• Twin Falls Canal Company
• Idaho Power
• Idaho Water Users
• DEQ
• OSC
• EPA
• BOR
• USACE
• Aquaculture
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•
•
•

Columbia River Basin Rapid Response Team
Northwest Power and Conservation Council
Impacted counties – Cassia, Minidoka, Jerome, Twin Falls, Gooding, Elmore,
Owyhee

Develop cooperative agreements with relative cooperating agencies and entities.
Objective 3: Activate Appropriate Organizational Elements of the Columbia River
Basin Interagency Response Plan
Purpose: Activate a response that facilitates interagency decision-making, promotes
information sharing, ensures efficient resource management, and supports on-scene
management.
Lead entity: ISDA and/or CRB MAC Group.
Objective 4: Define Extent
Purpose: Establish physical range of infestation
Lead entity: ISDA
1) Additional veliger pulls where temperature range holds
2) Obtain necessary permission from property owners and develop an SOP regarding
obtaining permission and going onto private property
3) Check Existing Substrate samplers for adults
• DEQ
• Northside Canal Company
• Idaho Power
4) Check Exposed Infrastructure for adults
• BOR
• Idaho Power
• Northside Canal Company
• Twin Falls Canal Company
• IWU
5) Deploy:
• Dive Teams
Objective 5: Establish External Communications System
Purpose: Ensure consistent and effective communication to other external stakeholders,
including the media and public.
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Lead Entity: ISDA.
1) Develop a Press Release
2) Coordinate with interagency PIOs
3) Establish POC for media
4) Prepare for ongoing media alerts (closures, etc.)
Objective 6: Prevent Further Spread
Purpose: Minimize all pathways.
Lead Entity: ISDA.
1) Inventory boat launches in affected area (including OR, WA)
2) Determine management authorities
3) Contact management authorities and advise of potential inspections or closures
4) Initiate inspections or closures.
Objective 7: Initiate Available/Relevant Control Measures
Purpose: Proceed with either eradication efforts or containment/mitigation activities.
Lead Entity: ISDA.
1) Evaluate management options given the nature of the population (veligers only, adults
and veligers, isolated population vs. widespread population, etc.)
2) Make contact with agencies and individuals with expertise in eradication control
techniques.
3) Convene an expert panel for consultation.
4) Evaluate potential feasible control methods.
5) Secure environmental “buy-in.”
Draft MOUs or cooperative agreements with entities participating in eradication.
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APPENDIX 5
Contributors
Ricardo Deleon (ricardo_deleon@mwdh2o.com)
California Metropolitan Water District
Amy Ferriter (Amy.Ferriter@agri.idaho.gov)
Idaho Department of Agriculture
William T Haller (whaller@ufl.edu)
Professor, University of Florida
Center for Aquatic and Invasive Plants
Denise M Hosler (DHosler@usbr.gov)
US Bureau of Reclamation
Carlton R Layne (clayne1111@bellsouth.net)
Executive Director, Aquatic Ecosystem Restoration Foundation
Robert F McMahon (r.mcmahon@uta.edu)
Professor, University of Texas – Arlington
Donald Stubbs (donald271@verizon.net)
US Environmental Protection Agency (retired)
Former Director, Office of Pesticide Programs
Thomas Woolf (twoolf@agri.idaho.gov)
Idaho Department of Agriculture
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