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1.0   Introduction 

1.1 Purpose of the supplemental environmental impact statement 
It is the purpose of this Supplemental Environmental Impact Statement (SEIS) to objectively evaluate the 
scientifically documented evidence regarding all aspects of the use of Clearcast® for the control of nuisance 
aquatic weeds in waters of the State of New York. This document is intended to present a general description 
of the potential positive and negative impacts from the use of this product within waters of the State of New 
York. The SEIS is being submitted to the New York State Department of Environmental Conservation 
(NYSDEC) by ENSR Corporation (ENSR) on behalf of BASF Corporation (BASF), the manufacturer and 
distributor of Clearcast®.  

The SEIS has been prepared on behalf of BASF specifically for the evaluation of potential use of Clearcast® in 
New York State and is applicable only to that trademarked product formulation. The information and technical 
data contained in this SEIS pertaining to the active ingredient, imazamox, is provided to allow full evaluation of 
Clearcast® products, support selection of appropriate application setback distances and comparisons to other 
aquatic herbicides or alternative treatment options.  The impact evaluation contained herein is not intended nor 
should it be used as a surrogate SEIS for other imazamox-containing products. While sharing a common 
active ingredient, these products may differ widely in other formulaic components, resulting in physical and 
chemical properties that may significantly affect exposure and toxicity factors.  Accordingly, NYSDEC should 
be contacted regarding establishing environmental safe conditions for application of alternative imazamox-
containing products in riparian and aquatic settings.   

1.2 Objective of the SEIS 
The development of the SEIS for Clearcast® is intended to provide potential users of this product with a 
general understanding of the various results that might be associated with the use of Clearcast® in the waters 
of the State of New York. Clearcast® is an aquatic herbicide containing the active ingredient imazamox. By 
developing the SEIS, BASF has provided the information necessary for individual potential applicators to easily 
develop the necessary permit applications. However, the approach taken through the development of the SEIS 
is not intended to prevent any applicant from preparing a site-specific supplement to the Final Programmatic 
Environmental Impact Statement on Aquatic Vegetation Control (NYSDEC, 1981a) in the development of a 
permit for the use of Clearcast® in surface waters of New York State. The preparation of this SEIS is intended 
to provide potential users and interested parties with information specific for Clearcast® and its positive and 
negative impacts on surface water resources of New York State.   

1.3 Regulatory framework 
The SEIS was prepared in accordance with 6 NYCRR Part 617, the New York State Environmental Quality 
Review Act (SEQR). The purpose of SEQR is to incorporate the consideration of environmental factors into 
the existing planning, review and decision-making processes of State, regional and local government agencies 
at the earliest possible time. An action is subject to review by the NYSDEC under SEQR if any state or local 
agency has the authority to issue a permit or other type of approval over that action.  

Section 617.15 (a)(4) allows for the development of a SEIS to assess the potential environmental effects of an 
entire program or plan having wide application. The regulations concerning the use of pesticides in NYS are 
defined in 6 NYCRR Part 325 through 327. The regulations addressing the use of pesticides in wetlands are 
defined in 6 NYCRR Part 663 and within the Adirondack Park, 9 NYCRR Part 578.  

This registration represents a major change in labeling for the active ingredient imazamox. Initially, the BASF 
imazamox product Raptor® (USEPA registration number 241-379) was registered for use in New York for 
post-emergence grass and broadleaf weed control in alfalfa, edible legumes, and soybeans. 
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Clearcast® received full USEPA Section 3 approval in March 2008 and received New York registration on 
February 5, 2008.  The New York State and USEPA approved labels and Material Safety Data Sheets (MSDS) 
for Clearcast® are presented in Appendix A. 

1.4 Identification and jurisdiction of the involved and interested agencies 
The following agencies were identified as involved agencies for the development of this SEIS: 

• New York State Department of Environmental Conservation (NYSDEC) - Responsible for 
implementation of the laws and regulations pertaining to the management of environmental resources 
for the State of New York.  

• New York State Department of Health (NYSDOH) - Responsible for potential public health issues 
associated with the use of the products.  

• New York State Office of General Services (NYSOGS) - Responsible for the management of property 
owned by the State of New York. As pertaining to this project, they are responsible for the 
management of the lakes and/or lake bottoms owned by the State of New York.  

• Adirondack Park Agency (APA) - responsible for implementation of the Adirondack Park Land Use 
and Development Plan (as described by the Adirondack Park Agency Act).  

• New York State Department of State (NYSDOS) - Responsible for the administration of the Coastal 
Zone Program.  

By agreement of the involved agencies, NYSDEC was designated as the lead agency for the SEIS. 

1.5 Content and organization of the SEIS document 
An initial scoping meeting for purposes of identifying the necessary components of the SEIS for Clearcast® 
was held at the offices of the NYSDEC in Albany, NY on April 29, 2008. Present at the meeting were 
representatives of NYSDEC (Martin Williams, Jeanine Broughel, Anthony Lamanno, Scott Kishbaugh, Timothy 
Sinott), BASF (Jeffrey Birk and Judy Fersch), and their consultant ENSR (David Mitchell and Christine Archer).   

At this meeting, the registration and SEQR process were reviewed and discussed. A proposed outline of the 
SEIS was reviewed, discussed, and commented on by the agencies with regard to its content and 
completeness. This SEIS outline was revised and submitted to NYSDEC in April 2008.  This outline was 
approved by NYSDEC (via e-mail communication from Martin Williams dated May 27, 2008) and other 
agencies in May 2008.  

The SEIS document is organized in the following fashion: 

• Section 1.0 Introduction – provides general overview of the product registration and SEQR process 
and associated regulations; 

• Section 2.0 Description of the Proposed Action – Use of Clearcast®   - provides information on the 
aquatic herbicide, the general locale of its proposed application, its use in support of maintaining 
designated uses, and intended macrophyte target species; 

• Section 3.0 Environmental Setting – places the application of Clearcast® in the context of the New 
York lake environment. The general characteristics of New York lakes are described, along with the 
macrophyte communities – their ecology and functional roles. The overall objectives of aquatic 
macrophyte management control by Clearcast® are identified; 

• Section 4.0 General Description of Clearcast® and its Active Ingredient imazamox – provides a full 
description of Clearcast® and its chemical formulations.  This description includes proposed use, 
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mode of action, application factors, solubility, surfactant properties, fate and transport properties and 
residues; 

• Section 5.0 Significant Environmental Impacts Associated with Clearcast® - this section reviews direct 
and indirect impacts to non-target species, potential bioaccumulation and residence time in water 
column, and the potential for recolonization of macrophytes following application;  

• Section 6.0 Potential Public Health Impacts of Clearcast® - evaluates the potential for concerns or 
issues associated with human exposure to the product;  

• Section 7.0 Alternatives to Clearcast® - describes and briefly reviews the advantages and 
disadvantages of alternative aquatic macrophyte control methods and technologies including physical, 
chemical and biological-based alternatives.  The use of a combination of these techniques (Integrated 
Plant Management) or none (no-action alternative) are described. An alternatives analysis is also 
conducted; 

• Section 8.0 Mitigation Measures to Minimize Environmental and Health Impacts of Clearcast®     - 
reviews the approved use instructions and label information to mitigate and/or minimize any potential 
impacts to humans and the environment and discusses potential permit requirements; 

• Section 9.0 Unavoidable Environmental Impacts if Use of Clearcast® is Implemented – considers 
impacts to habitat, non-target species, and potential for reinfestation; and  

• Section 10.0 References – contains the citations and sources of the information presented in the 
SEIS. 
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2.0   Description of the proposed action – use of Clearcast®   

The proposed action is the use of the aquatic herbicide Clearcast® for the control of nuisance aquatic 
vegetation in waterbodies located in the State of New York. 

2.1 General description of the aquatic herbicide Imazamox (Clearcast®) 
Clearcast® herbicide is currently registered by the USEPA for the control of submerged, emergent, and 
floating aquatic weed species. Aquatic vegetation management efforts and long-term studies have been 
conducted in a number of states using the Experimental Use Permit (EUP) label. 

Clearcast® is composed of 12.1% active ingredient, ammonium salt of imazamox ((2-[4,5-dihydro-4-methyl-4-
(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-(methoxymethyl)-3-pyridinecarboxylic acid) and 87.9% proprietary 
ingredients. Imazamox is currently registered in New York as the crop weed herbicide Raptor® for post-
emergence control of broadleaf weeds and grass in alfalfa, edible legumes, and soybeans. Clearcast® is 
currently packaged as a liquid for purpose of aquatic vegetation control, but a granular formulation will be 
introduced in the future. Based on the discussion at the April 29, 2008 Albany meeting, NYSDEC considers 
that, due to the identical nature and characteristics of the imazamox product once it is dissociates from the 
granular form, the SEIS will serve for assessment of both liquid and granular products. 

2.2 Purpose of the product 
Clearcast® is a relatively fast-acting, systemic, selective herbicide proposed for the control of certain 
submersed, floating, and emergent aquatic plant species found in ponds, lakes, reservoirs, and other slow 
moving or quiescent bodies of water. Imazamox is a systematic herbicide with selective control of gramineous 
and broadleaf species. 

Imazamox is an imidazolinone herbicide that inhibits the acetohydroxyacid synthase (AHAS) enzyme that is 
essential for the synthesis of three branched chain amino acids. When applied, imazamox rapidly enters 
through a plant’s leaves and stems, then translocates down into the roots, disrupting the plant’s metabolism. 
Susceptible plants stop growing shortly after application and die within 4-12 weeks. Imazamox is very useful 
for controlling monocots such as Hydrilla verticillata. 

2.2.1 Need for the product 
The use of Clearcast® can be an important component of a comprehensive and integrated plant management 
approach to limit the spread of certain aquatic macrophytes. These macrophytes can be undesirable in certain 
circumstances. They may be introduced non-indigenous (i.e., exotic) species, which because of the lack of 
natural controlling ecological factors reach a nuisance stage in terms of extreme numbers or biomass. Such 
exponential growth can significantly reduce the recreational use of a waterbody by interfering with swimming, 
boating, or fishing. They may also clog intake screens and turbines, impart an unpleasant taste to the water, 
and reduce the presence of native aquatic species (Madsen et al., 1991a). Vermont Department of 
Environmental Conservation notes that nuisance vegetation may modify the aquatic habitat for indigenous 
organisms (VDEC, 1993). 

2.2.2 Benefits of the product 
Clearcast® provides an alternative means for management and/or control of common non-indigenous and/or 
invasive species including Eurasian watermilfoil (Myriophyllum spicatum), parrotfeather (Myriophyllum 
aquaticum), common reed (Phragmites), waterlily (Nymphaea spp.), and purple loosestrife (Lythrum salicaria). 
Therefore, Clearcast® can be used selectively for aquatic vegetation control in littoral areas as well as riparian 
wetlands. Specific target macrophyte species are discussed in Section 2.4 and listed in Tables 2-1 (federal 
label species) and 3-1 (New York State species).  
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2.2.3 History of the product use 
Clearcast® is part of the imidazolinone family of herbicides, which were originally discovered by the American 
Cyanamid Corporation (“Cyanamid”) in 1969.  Imazamox is the last imidazolinone herbicide to be developed 
by Cyanamid and was first registered for post-emergent weed control in soybeans in 1997, under the 
tradename of Raptor® herbicide. Imazamox is currently approved for use on 13 crops in the U.S. and 15 crops 
globally.  In the U.S. it is sold under the tradenames of Raptor®, Beyond® and Clearmax® herbicides. 

In 2003, imazamox received an exemption from tolerance designation from the USEPA, resulting in the 
waiving of food residue tolerance requirements for all potential food or feed uses of imazamox, including 
irrigated crops.  Imazamox is the first and only organic pesticide to receive a tolerance exemption. 

Experimental work with Clearcast for aquatic vegetation management began in 2004. Aquatic EUP programs 
were conducted, starting in 2006-2007, and including as many as 16 states (AL, CO, FL, IN, LA, MI, MS, NE, 
NH, NJ, NC, ND, SC, SD, TX ,WI) and the treatment of up to 4,750 acres per year. Clearcast® received full 
USEPA Section 3 approval on March 20, 2008. 

2.3 General location of the proposed action 
For the purposes of this portion of the SEIS, the general location for the proposed action is in the surface 
waters of the State of New York. The proposed action is the use of the aquatic herbicide Clearcast® for the 
control of certain nuisance aquatic macrophytes. Clearcast® is currently seeking registration in New York for 
use in freshwater ponds, lakes, reservoirs, non-irrigation canals and ditches with little or no continuous outflow, 
marshes and wetlands. Under Article 24 of the Environmental Conservation Law, some ponded water may be 
described as wetlands. A specific description of the actual body of water in which Clearcast® is intended for 
use would be included in the individual permit applications. This would also include any applications in New 
York State-designated wetland areas. Further descriptions of New York lakes and wetlands and their 
characteristics are given in Section 3.0. 

2.4 Support of designated uses 
All New York State surface waters are classified under 6 NYCRR Part 701.2 – 701.9, which delineates the 
protected or so-called designated uses inherent to such classifications. These designated uses for fresh 
waters include: source of water supply for drinking; culinary or food processing purposes; primary and 
secondary contact recreation; and fishing. In addition, the waters shall be suitable for fish, shellfish, and wildlife 
propagation and survival.   

To protect these uses, New York has promulgated water quality standards (6 NYCRR Part 703) to support the 
best uses of the waters.  These standards include several types including those pertaining to human health 
(water source and fish consumption), aquatic life (survival and propagation), wildlife (protection of piscivores) 
and aesthetic qualities. The latter is defined in a narrative water quality standard (6 NYCRR Part 703.2) that 
provides a general condition for all taste, color, and toxic and other deleterious substances shall not be in 
amounts “that will adversely affect the taste, color or odor thereof, or impair the waters for their best usages.”   

Presently there are no chemical-specific New York State water quality standards for imazamox or its salts 
(e.g., Clearcast®) in effect. However, for purposes of the SEIS, information will be provided to show how 
proper use of the aquatic herbicide Clearcast® for the control of nuisance aquatic vegetation will not adversely 
affect any of the protected or best uses of the treated waterbody. In addition, there can be secondary 
economic benefits by control of nuisance aquatic vegetation (Mongin, 2005). 

Protection of human health concerns (drinking water, fish consumption, primary and secondary recreation) are 
considered in Section 6.0; considerations for potential ecological impacts (aquatic life support function, wildlife) 
are considered in Sections 5.0 and 9.0; and aesthetics in Section 7.0. 

Clearcast SEIS Final Rpt Sept09.doc  September 2009 



AECOM Environment 
 

 

Clearcast SEIS Final Rpt Sept09.doc 2-3 September 2009 

2.5 Potential aquatic macrophyte and riparian wetland target species 
Based on the registered label for Clearcast®, the aquatic macrophyte species listed in Tables 2-1 and 2-2 are 
considered to be potential target species for this product. Table 2-1 lists the aquatic macrophytes controlled 
primarily through foliar application while those in Table 2-2 are those controlled by water-injection applications. 
Not all of the aquatic macrophyte species potentially listed on the product label are typically found in the State 
of New York (see Table 2-1).  The detailed discussions of the primary target species in Section 3.0 refer to 
representative species that are common throughout much of New York. 

Table 2-1  Aquatic macrophytes controlled by Clearcast® with foliar applications 

Alligatorweed 1,2 Floating pennywort 1  Spatterdock 

American lotus Four-leaf clover  Water hyacinth 

Arrowhead Frogbit  Waterlily 

Cattail  Mexican lily2  Water primose 

Chinese tallowtree2  Parrotfeather 1  Watershield 

Common reed  Pickerelweed  

Common salvinia2  Smartweed  
1 – Retreatment may be needed to achieve desired level of control. 
2 – Species not found in the State of New York 

 

Table 2-2  Aquatic macrophytes controlled by Clearcast® with water-injected applications 

Bladderwort Curlyleaf pondweed Spikerush 

Hydrilla Flat stemmed pondweed Variable pondweed  

Eurasian watermilfoil1 Illinois pondweed Water stargrass  

Northern watermilfoil Largeleaf pondweed Widgeon grass 

Variableleaf milfoil Leafy pondweed  

American pondweed Sago pondweed  

Clasping pondweed Small pondweed  
1 – Retreatment may be needed to achieve desired level of control. 
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3.0   Environmental setting 

This section describes the environmental setting in which the proposed action, the use of the aquatic herbicide 
Clearcast®, is projected to occur. While this section presents the available data in as detailed an extent as is 
required, the information is fairly generic for the State of New York. Further site-specific information may be 
required for application in particular waterbodies, as well as for wetland areas, which are specifically permitted 
under Article 24.  

3.1 General descriptions of New York State aquatic ecosystems 
The aquatic ecosystems of New York State generally fall into four basic categories. These include standing 
freshwater systems (lakes, ponds, and reservoirs), flowing freshwater systems (rivers and streams), brackish 
systems (tidal estuaries), and saline coastal systems.  Since the use of Clearcast® is aimed principally at 
macrophyte control in freshwater lentic (standing) systems, the focus will be on this category of aquatic 
ecosystem, but given the potential for application to macrophytes in littoral or riparian zones, some information 
is also given regarding wetlands. 

It is calculated that New York State has over 3.5 million acres covered by some type of surface water system 
(NYSDEC, 1967). That includes over 7,500 lakes (NYSDEC, 1987), of which over 1,500 are found in the 
Adirondack Mountains (NYSDEC, 1967). The Adirondack Mountains also contain over 16,700 miles of 
significant fishing streams. The state's largest lakes are Lake George, Chautauqua Lake, Oneida Lake, and 
the major Finger Lakes; Canandaigua, Keuka, Seneca, Cayuga, and Skaneateles (NYSDEC, 1967).  

The specific characteristics of each aquatic system are partially determined by its physiographic setting within 
the state. Changes in the characteristics of each aquatic system will lead to changes in the endemic biota 
associated with that waterbody. Generally, waterbodies within New York State can be defined geographically 
by region and drainage basin location. Aquatic ecosystems in the eastern region, which includes the St. 
Lawrence/Lake Champlain/Black River basin, the Hudson-Mohawk basin, the Delaware basin, and Long 
Island are defined by either the Adirondack/Catskill mountain areas to the north or the New York Bight tidal 
estuarine area to the south. Aquatic ecosystems in the central region, which includes the Oswego-Ontario 
basin and the Susquehanna, are defined by areas of low relief with large areas of marshes to the north and 
broad, steeply sided valleys with limited natural storage capacity in the south. Aquatic ecosystems in the 
western region, which includes the Lake Ontario basin, the Erie-Niagara basin, the Genesee basin, and the 
Allegheny basin, are defined by the glaciated geology of that region (NYSDEC, 1967). 

In addition to the watershed drainage basin, it is also possible to classify lakes and ponds according to their 
respective ecoregions. Ecoregions are geographical map units that depict areas which share common 
geology, morphology, soils, climate, and other characteristics (Omernick, 1987).  Accordingly, due to these 
similarities in watershed characteristics, water chemistry within an ecoregion tends to be similar and often is 
distinctive from other ecoregions (unless impacted by human activities). For example, the USEPA has issued 
Ambient Water Quality Criteria Recommendations (or “reference conditions”) for nutrients for lakes in the 14 
national ecoregions. For New York, USEPA has established numeric nutrient criteria recommendations for 
lakes in the following Level III Non-Aggregate Nutrient Ecoregions: 

• Ecoregion VII – Mostly Glaciated Dairy Region – this is the ecoregion for the majority of New York 
including western and central portions, as well as major river and lake plains; 

• Ecoregion VIII – Nutrient Poor, Mostly Glaciated Upper Midwest and Northeast – found primary in the 
Adirondack and Catskill mountain regions; 

• Ecoregion XI – Central and Eastern Forested Uplands – a small portion of the lower Hudson Valley is 
located in this ecoregion;  
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• Ecoregion XIV – Eastern Coastal Plain – metropolitan New York City region and Long Island are 
included.  

USEPA has also issued waterbody-specific technical guidance, in the form of the Nutrient Criteria Technical 
Guidance Manual for Lakes and Reservoirs (USEPA, 2000a).  

As noted above, water chemistry in each of these basins is influenced by the composition of the geological 
formations found within the region. For example, waters in the Adirondack Mountains and the Catskill 
Mountains can be influenced by geologic formations with little buffering capacity. In some lakes, this geological 
setting, coupled with anthropogenic inputs, has resulted in waters with pH values of less than 5 standard units 
(S.U.) (NYSDEC, 1981b). Surface water systems in the Erie-Niagara basin in western New York State are 
characterized by high levels of dissolved solids (140 to 240 ppm) and hard water (108 to 200 ppm, expressed 
as CaCO3 equivalents) (NYSDEC, 1968). Surface water in the Delaware River basin is characterized by low 
total dissolved solid levels (averaging 37 ppm) and an average hardness of approximately 37 ppm. The 
dominant ions are silica, calcium, bicarbonate and sulfate (Archer and Shaughnessy, 1963). The dissolved 
solid concentrations in surface waters in the Champlain-Upper Hudson basin rarely exceed 500 ppm (Giese 
and Hobba, 1970). In surface waters of the Western Oswego River basin, dissolved solid concentrations range 
from 50 to 300 ppm (Crain, 1975). 

Wetlands, both freshwater and coastal, are transitional areas where land and water interact.  The State of New 
York is highly variable in its environment relative to terrain, climate, and other environmental factors, and the 
state’s wetlands are similarly varied.  Wetlands in New York are highly diverse and range from Long Island 
tidal marshes dominated by cordgrasses, emergent and shrub marshes along the clay flats of the Finger 
Lakes region and the Hudson River valley floodplain, forested wetlands common to the Adirondacks, as well 
as fringe wetlands along lake shores and riparian wetlands along streams and rivers throughout the state. 

The typical wetland environments where application of an aquatic herbicide may be considered vary widely. 
This variation includes the nature of soil saturation among habitat types such as seasonally flooded freshwater 
marshes, wetlands located above the mean tide line of estuarine marshes, and marsh and shrub wetlands that 
exhibit perennially saturated surface soils but may never receive full inundation.  Some of these wetlands 
occur in isolated pockets, characteristic of the “perched” wetlands found upon clay plains, but more often they 
are found on the periphery of a larger wetland/waterbody complex.  Many lakes and ponds, particularly those 
formed in the glacially-affected landscape of New York, often have shallow aquatic marshes at their boundary 
with adjacent uplands.  Such ecosystems that form in perennial shallow standing water are particularly 
susceptible to colonization by riparian invasives such as Phragmites communis, which exerts a strong 
competitive advantage due to its ability to colonize disturbed areas and tolerate variable water levels.  

3.1.1 Lake basin characteristics 
The lakes in New York were created in two principal ways. Many lakes resulted from glacial activity 
approximately 12,000 years ago. Others were created by damming streams or by enhancing a small lake by 
damming its outflow. Most damming occurred during the early industrial age of the country when water power 
was a critical resource. Through natural processes, most lakes become shallower and more eutrophic 
(nutrient-rich) and eventually fill in with sediment until they become wet meadows. The aging process is not 
identical for all lakes, however, and not all start out in the same condition. Many lakes that were formed by the 
glaciers no longer exist while others have changed little in 12,000 years. Yet lake aging is reversible. The rate 
of aging is determined by many factors including the depth of the lake, the nutrient richness of the surrounding 
watershed, the size of the watershed relative to the size of the lake, erosion rates, and human induced inputs 
of nutrients and other contaminants.  

Existing lakes can be subdivided into four categories. Nutrient-poor lakes are termed oligotrophic, nutrient-rich 
lakes are eutrophic, and those in between are mesotrophic. A fourth category includes lakes following a 
different path; these typically result in peat bogs and are termed dystrophic lakes. They are often strongly tea 
colored. Lakes in one part of the New York State may share many characteristics (depth, hydrology, fertility of 
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surrounding soils) that cause them to be generally more nutrient-rich while another region may generally have 
nutrient-poor lakes.  

Lakes that are created by man-made impoundments and damming streams often follow a different course of 
aging than natural lakes. At first, they may be eutrophic as nutrients in the previous stream’s floodplain are 
released to the water column. Over a period of decades, that source of productivity tends to decline until the 
impoundment takes on conditions governed more by the entire watershed, just as for natural lakes. 
Impoundments in New York are commonly shallower than natural lakes, have larger watersheds (relative to 
lake area), and the pre-existing nutrient-rich bottom sediments may provide nutrients for abundant aquatic 
plant growth early in the life of the lake. However, most impoundments in New York are smaller, shallower 
systems with high watershed to lake area ratios. 

Human activity can accelerate the process of lake aging or, in the case of introduced species or substances, 
force an unnatural response. Examples of unnatural response include the elimination of most aquatic species 
as a result of acid deposition, noxious algal blooms resulting from excessive anthropogenic nutrient 
enrichment, intentional or inadvertent stocking of non-indigenous fish species that leads to the elimination of 
native species, or the development of a dense monoculture of a non-indigenous aquatic plant and elimination 
of native aquatic plants.  However, it would be unrealistic to assume that managing cultural impacts on lakes 
can convert them all into oligotrophic basins of clear water and/or clean bottoms, and this would not be an 
appropriate goal for many lakes. Understanding the causes of individual lake characteristics (i.e., 
understanding the lake ecosystem) is a fundamental part of determining appropriate management strategies. 

3.1.2 Hydraulic residence 
Hydraulic residence time is a function of the volume of water entering or leaving the lake relative to the volume 
of the lake (i.e., the water budget). The larger the lake volume is, and the smaller the inputs or outputs, the 
longer will be the residence time.  

Lake residence time may vary from a few hours or days to many years. Lake Superior, for example, has a 
residence time of 184 years (Horne and Goldman, 1994). However, New York lakes typically have residence 
times of days to months. Very short residence times will mean that algae cannot grow fast enough to take 
advantage of nutrients before the algae and nutrients are washed out of the lake. Long residence times mean 
that algae can utilize the nutrients and that they will probably settle to the lake bottom rather than be washed 
out. Those nutrients may become available again to the rooted plants or may be moved by biotic and abiotic 
internal recycling mechanisms back into the water column for additional algal growth.  

Water may flow into a lake directly as rainfall, from streams and from groundwater. Water may leave a lake as 
evaporation, via an outlet, or as groundwater. Human influences include direct discharges to lakes or 
withdrawals from them. Lakes that have no inlets or outlets are called seepage lakes while lakes with outlets 
are called drainage lakes.  Seepage lakes are basically a hole in the ground exposed to the groundwater. 
Precipitation and evaporation may also be influential in such lakes, and will increase the concentration of 
minerals to some degree. Few particulates will be brought into the lake or leave it. Drainage lakes, on the other 
hand, may receive significant quantities of particulates and dissolved material from inlet streams. Because 
lakes slow the flow of water, many particulates will be deposited on the lake bottom. Precipitation, evaporation, 
and groundwater flow may have some influence, but drainage lakes are normally dominated by storm water 
flows. 

3.1.3 Mixing 
The thermal structure of lakes also determines productivity and nutrient cycling (Wetzel, 2001; Kalff, 2002). For 
many shallow New York lakes, the mixed layer may extend to the lake bottom. Deeper lakes may form a three-
layered structure that throughout the summer consists of an upper warm layer (the epilimnion), a middle 
transition layer (the metalimnion, with the point of greatest thermal change called the thermocline), and a 
colder bottom layer (the hypolimnion).  
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A lake’s thermal structure is not constant throughout the year (Figure 3-1). Beginning at ice out in early spring, 
all the lake’s water, top to bottom, is close to the same temperature; the density difference is slight and water is 
easily mixed by spring winds. With warmer days, the difference between the surface and bottom waters 
increases until a layer (the metalimnion) is created where the incoming solar heat and wind-mixing effects are 
balanced. More heat and more wind moves the layer lower in the water column over the summer. Eventually, 
solar heating declines and the upper layer begins to cool. But the metalimnion does not retreat to the surface; 
it continues to move downward as wind mixes the remaining heat in the epilimnion ever deeper. Finally, in fall, 
the metalimnion arrives at the bottom and the lake is completely mixed again (turnover), but the upper layer is 
much cooler than during summer. In the early months of winter, the whole lake cools until it reaches 4oC. 
Further cooling which occurs only at the surface causes the surface water to be less dense. Ice forms at the 
surface and a new, inverse stratification (cold over cool water) is created and normally persists until spring. 

This rather curious phenomenon affects many lake processes.  During summer stratification, if incoming 
tributary water is relatively warm, it will float across the top of the cooler hypolimnion. Thus, during 
stratification, the effective residence time for incoming water and nutrients may be substantially less than when 
the lake is unstratified. If incoming water is especially cool, it may sink, often running along the thermocline as 
a sustained layer.  

The cooler waters of the hypolimnion provide a refuge for so-called coldwater fish (e.g., salmonids) that are 
intolerant of warmer waters, as long as oxygen and related water quality is suitable. The metalimnion provides 
a one-way barrier for many materials. Photosynthetic organisms may grow in the epilimnion, but when they die 
they will settle by gravity into the hypolimnion. As they settle, they carry nutrients with them to the bottom 
where they may be incorporated into the sediments or may be recycled by bacteria that will convert the 
nutrients into an inorganic form. Thermal characteristics of a lake and its tributaries are therefore important to 
lake ecology and management. 

Figure 3-1  Seasonal patterns in the thermal stratification of north temperature lakes (from Olem and 
Flock, 1990) 

 

 

 

 

 

 

 

 

 

When the metalimnion is established, the hypolimnion no longer has a significant source of oxygen, either from 
exchange at the surface or as a result of photosynthesis. But animals and bacteria live in these lower waters 
and consume oxygen. If enough organic matter rains down to the hypolimnion, bacterial decay may consume 
all the oxygen and kill any fish and other aerobes which may require cooler waters (Figure 3-2).  
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Lakes can have oxygen problems for other reasons. During winter when the lake is ice-covered, there is little 
plant photosynthesis and reduced animal and bacterial respiration. When there is heavy snow on the ice 
cutting off most light, plant photosynthesis is especially low. If the lake has substantial organic material in the 
water column or surface sediments, bacterial decay can, by late winter, deplete the oxygen and kill oxygen-
dependent organisms such as fish. Ice-out may reveal a fishkill. 

Figure 3-2  A cross-sectional view of a thermally stratified lake in mid-summer (from Olem and Flock, 
1990) 

Solid circles represent the dissolved oxygen profile in eutrophic lakes; open circles represent oligotrophic 
lakes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly, low oxygen levels may occur in areas of dense vegetation within highly enriched lakes as plants 
respire during darkness, particularly if the days have been very cloudy and photosynthesis has been lower 
than normal.  A fish kill may occur in early morning after a night of heavy respiratory oxygen consumption. 
These are somewhat rare conditions, but all stratified lakes and some unstratified lakes reveal their trophic 
state by the degree of loss of oxygen. The greater the amount of primary productivity in the epilimnion, the 
greater the potential oxygen loss in the hypolimnion. If hypolimnetic oxygen progressively declines from year to 
year, these simple data provide an excellent record of increasing productivity. Conversely, increasing levels of 
dissolved hypolimnetic or winter oxygen under the ice is clear evidence of improvement. 

3.2 General characterization of aquatic plant and wetland communities in New 
York waterbodies 

The characteristics of plant communities in aquatic settings are determined by the type of waterbody in which 
the community is located. Aquatic plants are often the dominant biotic factors in pond settings and are 
important ecological features of larger waterbodies such as lakes and reservoirs. New York State, with over 
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7,500 lakes, contains an extensive array of freshwater systems. This diversity is further increased by the 
inclusion of streams, rivers, and other bodies of flowing water. Waterbodies vary in terms of color, pH, 
temperature, silt loading, bottom substrate, depth, rate of flow if it is a moving body, and watershed area. Each 
of these characteristics will affect, to some extent, the type and distribution of the plant communities in that 
waterbody.  

3.2.1 Types of freshwater ecosystems 
Freshwater ecosystems include lentic ecosystems, represented by standing waterbodies such as lakes and 
ponds; lotic ecosystems, which are represented by running water habitats (rivers and streams); and wetland 
habitats where water is present at or near the surface and flow may range greatly over the seasons.  These 
habitats are discussed briefly below. 

3.2.1.1 Ponds and lakes 

Lentic systems (ponds and lakes) can be further subdivided in littoral, limnetic, profundal, and benthic zones. 
The littoral zone is that portion of the waterbody in which the sunlight reaches to the bottom. This area is 
occupied by vascular, rooted plant communities. Beyond the littoral zone is the open water area, or limnetic 
zone, which extends to the depth of light penetration or compensation depth. This is the depth where 
approximately 1% of the light incident on the water surface still remains. As a result of this decreased light, 
photosynthesis does not balance respiration in plants. Therefore, the light is not sufficient to support plant life. 
The water stratum below the compensation depth is called the profundal zone. The bottom of the waterbody, 
which is common to both the littoral zone and the profundal zone, is the benthic zone (Wetzel, 2001; Kalff, 
2002).  

Kishbaugh et al., (1990) note that the bottom morphology (shape) of a lake is a key factor is determining the 
type and extent of plant communities that are present. The chemical quality of the water is another factor that 
influences the distribution of plant species. Soft water lakes (total alkalinity of up to 40 ppm and a pH of 
between 6.8 and 7.4) will often have sparse amounts of vegetation. Hard water lakes (total alkalinity from 40 
ppm to 200 ppm and a pH between 8.0 and 8.8) will have dense growths of emergent species that can extend 
into deeper water (Fairbrothers and Moul, 1965).  Sculthorpe (1967) noted that the distribution of species 
within a waterbody is determined by the bottom substrate, light intensity (function of depth and water clarity), 
and turbulence (currents or wave action).  For additional information on lentic systems typical of New York 
lakes, see Diet For a Small Lake (Kishbaugh et al., 1990). 

3.2.1.2 Lotic systems 

Lotic systems include rivers and streams. In lotic systems the distribution of plant communities is dictated by 
the velocity of the water flow and the nature of the bottom substrate. In fast moving waters, the system is 
usually divided into riffle and pool habitats. Riffles, which are areas of fast water, are centers of high biological 
productivity.  However, the speed at which the water flows in these areas usually will not allow for rooted 
macrophytes to become established. Rooted vascular plants are more characteristic of pool habitats, which 
are interspersed with the riffle zones. In pool habitats, the softer bottom substrate and the slower current 
velocities allow for the establishment of rooted plants. This is also the case for slower moving streams and 
rivers. In larger rivers, as with lakes, ponds, and reservoirs, depth becomes a determining factor for the 
distribution of plant communities (Wetzel, 2001; Kalff, 2002).  

3.2.1.3 Wetlands 

Wetlands constitute a great range of habitat types which demonstrate different floristic, soil, and hydrologic 
characteristics, but most all share certain important characteristics.  These include the ability to attenuate 
floodwaters, to cleanse surface water and recharge groundwater supplies, and to prevent soil erosion.  Within 
wetlands ecosystems, sediment and associated pollutants from road runoff and other sources are deposited 
as water velocity slows and moves through the sinuous channels of natural swamps and marshes.  Microbes 
intrinsic to wetland environments are capable of breaking down and using nutrients and contaminants that may 
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otherwise be harmful to the environment.  Similarly, chemical processes in saturated soils characteristic of 
most wetland types further preserve water quality through the uptake and immobilization of heavy metals, 
salts, and other contaminants. 

In addition to these important biogeochemical attributes, such natural systems are also valued for their 
recreational and aesthetic characteristics and for provision of valuable habitat for fish and wildlife, particularly 
those emergent wetlands dominated by cattails, rushes or sedges. Large expanses of wetlands not only serve 
the purpose of protecting surface and ground water quality, but they are also often used for hiking and other 
outdoor recreational pursuits, waterfowl hunting, and fishing.  Estuarine wetlands, and particularly tidal 
wetlands, are very important breeding and spawning grounds for a myriad of species of birds, fish, shellfish, 
and aquatic invertebrates.  Not least importantly, wetlands are also valued and protected for their scenic 
beauty. 

3.2.2 Growth forms of aquatic macrophytes  
One useful way of classifying aquatic macrophytes conceptually is based on their habitat and location relative 
to the waterbody surface. There are four growth forms of aquatic plants that are commonly recognized (Figure 
3-3): floating unattached, floating attached, submersed and emergent (Riemer, 1984; Kishbaugh et al., 1990). 
Some plants consist of both submerged and floating leaves, and some have different growth forms under 
different abiotic conditions (submersed and emergent forms), so the groupings are not quite so distinct.   

There are many taxonomic groups but the above categories are often the most useful for understanding the 
causes of a macrophyte problem and determining an appropriate management strategy. In fact, within each 
category, many species may look very similar as their growth habit responds to common lake conditions. 
Although many macrophyte species appear similar, their propensity to cause problems in lakes varies. 
Effective management of macrophytes usually requires species identification (e.g., Fassett, 1966; Crow and 
Hellquist, 2000). For example, a drawdown may reduce densities of Cabomba caroliniana but may increase 
densities of Najas flexilis based on their overwintering strategies (vegetative vs. seeds). 
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Figure 3-3  Typical aquatic plant zones in lakes and ponds (from Kishbaugh et al., 1990) 

 

 

 

 

 

 

 

 

 

 

Rooted aquatic plants typically grow from a root system embedded in the bottom sediment. Unlike algae, they 
derive most of their nutrients from the sediments just like terrestrial plants, but they may be able to absorb 
nutrients from the water column as well. Because they need light to grow, they cannot exist where the lake 
bottom is not exposed to sufficient light. The part of a lake where light reaches the bottom is called the photic 
zone. For many such plants, nutrients in the sediments may be in excess and growth is limited by light, 
particularly during early growth when the plant is small and close to the bottom. Emergent plants solve the light 
problem by growing out of the water, but that limits them to fairly shallow depths. Free-floating plants also are 
not limited by light except in cases of self-shading when growths are dense, but cannot use the sediments as a 
source of nutrients. Finally, floating-leaf plants have attempted to achieve the best of all worlds by having their 
roots in the sediment and leaves at the surface. Although less limited by water depth, they still have depth 
limits. Common floating-leaf plants include white water lily (Nymphaea odorata), yellow water lily (Nuphar 
spp.), water shield (Brasenia schreberi), and waterchestnut (Trapa natans). 

Submerged plants are generally relegated to the littoral zone and include such genera as Potamogeton and 
Myriophyllum. Many of these macrophytes are rooted plants which complete the majority of their life cycle 
below the water surface, with only the reproductive structures extending above the water surface. Exceptions 
to this include plants in the genera Ceratophyllum and Utricularia. These plants do not have true roots, but are 
considered to be submerged plants found in the littoral zone (Kishbaugh et al., 1990). Lemna and other free-
floating species are generally found over the littoral zone and deeper water.  

Aquatic plant communities are commonly arranged by species along depth contours. These communities are 
comprised of either heterogeneous mixtures of species, or as is sometimes the case, they are comprised of 
monotypic stands of a single opportunistic macrophyte. The species diversity or richness of a plant community 
depends on sediment type, disturbance, and vegetation management efforts. The characteristics of the 
communities will change with increasing depth as more shade tolerant species become dominant. Mosses, 
charophytes, several vascular species, and blue-green algae (cyanobacteria) are the common constituents of 
the near-profundal zone. Open architecture species such as members of the genus Potamogeton are found in 
shallower, better lighted zones. Emergent species will typically dominate the shallowest water, but are usually 
accompanied by other vascular species. 
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3.2.3 Functional attributes of macrophyte communities 
Functionally, aquatic plants play important roles in the aquatic ecosystem. Aquatic macrophytes provide food 
and shelter for both vertebrate and invertebrate organisms and as spawning habitat for fish (Nichols, 1991; 
Keast, 1984; Gotceitas and Colgan, 1987; Schramm and Jirka, 1989; Hacker and Steneck, 1990; and 
Kershner and Lodge, 1995). The ability of the macrophyte community to fill these functions, its value per se, is 
often a function of the species, density, and distribution of the members of that plant community.  

Aquatic vegetation performs four basic functions in waterbodies (Fairbrothers and Moul, 1965). These 
functions include:  

• modification of the dissolved gas content of the surrounding water;  

• provision of nutrient material suitable for food and the introduction of inorganic nutrients into the food 
cycle;  

• modification of the physical environment; and  

• protection and provision of habitat for other organisms.  

However, the extent to which those functions are fulfilled will depend on the location of the plant community 
(i.e., emergent community versus a deepwater community).  

Daubenmire (1968) notes that plants in the genera Potamogeton and Scirpus are a favored food source for 
North American waterfowl, whereas muskrats (Ondatra zibethica) favor plants in the genera Carex, Sagittaria, 
and Typha. Brown et al. (1988) reported that vertically heterogeneous stands of aquatic macrophytes tended 
to contain more invertebrates than a community dominated by a single taxon. Therefore, opportunistic, rapid-
growing species such as Eurasian watermilfoil, purple loosestrife, phragmites, and cattails, which develop 
dense monotypic stands in mature communities, would not be expected to offer the quality or diversity of 
habitat in such circumstances as more diverse communities would.  

Dionne and Folt (1991) note that high plant densities can interfere with the foraging ability and efficiency of 
piscivorous and insectivorous fish. Dense plant stands can directly or indirectly disrupt the utilization of 
macrophyte beds by fish and macroinvertebrates by affecting light penetration, temperature regimes, and 
water chemistry (Lillie and Budd, 1992).  

In ponded waters, generally a greater variety of plant genera is available to fulfill the necessary functions 
provided by the plant communities (Daubenmire, 1968). This occurs because of the small size of the ponds, 
which results in a reduction in the influence of wave action. Plant communities in large lakes can be influenced 
by wind driven waves which will restrict the distribution of plants in exposed areas. The functions described by 
Daubenmire include habitat for fish and invertebrates, food for waterfowl, and nesting or hiding areas for fish 
and other vertebrates, such as amphibians. Plants in the genera Ceratophyllum, Chara, Elodea, Najas, and 
Potamogeton are the most common native species to fulfill these functions. These macrophyte species are 
generally the first macrophytes to advance over the bottom and will usually dominate the plant community 
which occupies that portion of the littoral zone at the pond margin to a depth of 7 meters.  

Aquatic plants serve as food sources for a variety of organisms, including fish, waterfowl, turtles (snapping, 
Chelydra serpentina and painted, Chrysemys picta), and moose (Alces alces). Herbivores will consume fruits, 
tubers, leaves, winter buds and occasionally, the whole plant. Many species in the genera Potamogeton and 
Najas are considered to be valuable sources of food items. Plants in the genera Myriophyllum, Nymphaea, 
and Ceratophyllum are considered to be poor sources of food items (Fairbrothers and Moul, 1965). Nichols 
and Shaw (1986) note that Eurasian watermilfoil (M. spicatum) is a poor source of food for waterfowl.  

Submerged plants play an important role in supporting fish populations (Kilgore et al., 1989; Smith et al., 
1991). Submerged plants provide food and shelter for fish and their young. Submerged plants serve as the 
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substrate for the invertebrates that support fish populations. Smith et al. (1991) stated that the production of 
forage fish and invertebrates generally increases in proportion to the submersed plant biomass. However, they 
conclude that populations of piscivorous fish tend to peak in water with intermediate levels of plant biomass. 
This is a function of the ability of the piscivorous fish, such as largemouth bass (Micropterus salmoides) to see 
their prey.  

Submerged macrophyte stems and leaves may act as a substrate for a variety of microscopic organisms, 
called aufwuchs. Aufwuchs include bacteria, fungi, diatoms, protozoans, thread worms, rotifers and small 
invertebrates. The architecture of a particular plant species will also determine its suitability as a place for egg 
deposition for fish and amphibians. Additionally, the young of many fish species and some tadpoles will seek 
shelter in plant structures to evade predators.  

Pullman (1992) notes that the architectural attributes of a particular plant species are a critical feature in the 
ability of that plant to function in support of fish populations. Those vertical plants with open architecture (some 
Potamogetons, Elodea, Cabomba, and a native species of Myriophyllum) provide more suitable habitat for fish 
than those plant species that form dense vertical mats or mats at the surface such as are formed by (M. 
spicatum), and some Potamogeton species (including Potamogeton crispus). Matted Eurasian watermilfoil 
plants have few leaves along their stems. The leaves are shaded and replaced by a dense leaf cover at the 
water's surface. The collection of vertical stems has limited habitat value. Madsen et al. (1991a) supports this 
by noting that most native species are recumbent or have short stems and do not approach the water surface 
and therefore tend to support greater fish populations than mat forming macrophyte species. Variable height 
and leaf architecture will yield more diverse habitats. 

3.3 Description of nuisance and aquatic invasive species 
Nuisance species is a generic term given to organisms (both fauna and flora) that are generally known to 
interfere with human activities including agriculture, aquaculture, or recreation.  Nuisance aquatic plant species 
can be aesthetically unpleasing, may interfere with effective and proper harvest of fishery resources, may 
interfere with other recreational activities such as swimming or boating, or cause impairment to other 
designated water uses. Some species may act as nuisance species in some environmental settings but not in 
others, influenced by, among other factors, their proximity to human activities. 

Invasive species are species that display a marked ability, upon being introduced into a new environment, to 
colonize or exploit that particular environment at the expense of the existing ecological community, resulting in 
their quantitative or biomass predominance in the resulting community structure. Their replacement of the 
existing community members is considered to be fundamentally detrimental to the colonized ecosystem in 
terms of reducing biodiversity, or in more specific ways, such as loss of habitat structure or reduced wildlife 
function. By virtue of their dominance of the colonized community, an invasive species can become a nuisance 
species in that they interfere with or are detrimental to human activities.    

The ability of an aquatic plant to behave invasively, i.e., spread rapidly and grow to potentially nuisance 
biomass levels, is dependent on the interactions of many factors, among them reproductive and dispersal 
mechanisms, growth rate, competitive abilities for light and nutrients, presence of natural biological controls, 
resistance to and presence of pathogens and favorable abiotic conditions.  Favorable abiotic conditions for a 
particular plant can include nutrient abundance, preferred water depth and sediment type, hardness of water 
and pH.  Occasionally a cycle of expansion and decline is observed in aquatic plants, attributable to the 
presence of pathogens (Shearer, 1994), the presence of herbivorous insects (Sheldon, 1994), competition 
between plant species (Titus, 1994, Madsen et al., 1991a; 1991b), or a change in abiotic conditions (Barko et 
al., 1994; Shearer, 1994).   

One of the most striking characteristics of nuisance species is that a large number of them are not native to the 
geographic area in which they are problematic, i.e., they are invasive. In some cases these invasive, non-
indigenous species have expanded their historic range through natural means, but in the large majority of such 
cases, it is through human activities, either intended or inadvertent (e.g., aquarium and horticulture trades). 
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Once established in a lake, waterfowl and boats may facilitate their spread to other locations due to the 
invasive species’ growth strategy that emphasizes efficient dispersal of propagules, rapid spread and growth 
rate, and sometimes high rates of biomass production emphasized by high productivity and rapid growth.  In 
many situations where a non-indigenous invasive species has been introduced, a near monoculture of that 
species develops, reducing recreational utility and habitat value. These plants are able to occupy a wide 
diversity of habitats (Wetzel, 2001; Kalff, 2002).  

The native plant communities in the ecosystem have evolved under long-term conditions and relationships 
including inter-specific and intra-specific competition for nutrients, space and sunlight; presence of natural 
enemies like insects, waterfowl and fish; and a range of environmental conditions such as temperature, pH 
and mineral content.  These relationships tend to keep any one native species from dominating and encourage 
a diverse plant community.  Introduced species are often able to out-compete native vegetation because of the 
absence of natural enemies and competitive pressures. Suter (1993) maintains that many of the severe 
anthropogenic effects brought upon natural biotic systems are caused by the introduction of non-indigenous 
species. Accordingly, there is a great need for control of rooted exotic or non-indigenous plants. 

Non-indigenous species, unlike the native biota, may experience few or no predators, parasites or pathogens 
when introduced into a new habitat. Invasive, non-indigenous species can therefore potentially totally dominate 
and eliminate native populations. Nichols and Shaw (1986) and Wade (1990) note that an invasive aquatic 
macrophyte has the potential to infest a waterbody, and then spread to the maximum extent of the available 
habitat. Following the initial invasion period, the production of the invasive species can attain a degree of 
stability and habitat equilibrium. Subsequently, the population of the invasive will fluctuate in response to the 
temporal and spatial dynamics of the aquatic environment (Nichols and Shaw, 1986; Wade, 1990). Usually, 
the equilibrium condition for the production of invasive species such as Eurasian watermilfoil (Myriophyllum 
spicatum) and curlyleaf pondweed (Potamogeton crispus) is considered to be deleterious for most recreational 
and utilitarian uses as well as a disruptive influence on native plants and animals.  

There are many examples of non-indigenous invasive species which have successfully colonized aquatic 
ecosystems in New York and Northeastern North America.  Introductions of Eurasian milfoil (M. spicatum) in 
Lake Champlain (Vermont/New York), Lake George (New York), Okanagan Lake (British Columbia) and many 
other  lakes in New York and Massachusetts and other states threaten otherwise healthy lakes (Mattson et al. 
2004). Within just a few years, a small patch of this species can grow to fill the lake, top to bottom, within the 
photic zone. Another nuisance species, fanwort (Cabomba caroliniana), is a popular aquarium plant. Many 
believe it was introduced from freshwater aquariums (Les, 2002).  Purple loosestrife, a non-indigenous wetland 
plant, completely crowds out native species and creates stands so dense that wildlife habitat is degraded. It 
was introduced by horticulturists and gardeners desiring the beauty of the plant for their area (Les, 2002). 
There are many other non-indigenous aquatic species of concern, but not all are as successful as these 
examples.  

It is important to distinguish between nuisance conditions caused by non-indigenous (i.e., non-native) invasive 
species and those caused by locally dense populations of indigenous plants. In the case of the former, any 
infestation of non-indigenous invasive species should be considered a de facto biological impairment and a 
threat to the natural aquatic ecosystem which should be dealt with quickly and completely. In the case of the 
latter, a much greater burden of proof would be required to show a causative impairment due to simple 
overabundance. 

Invasive species are also a concern for wetland habitats. The introduction and spread of non-indigenous 
invasive plant species represents a potentially significant threat to the structure, function, and associated 
habitat values provided by New York’s freshwater and tidal wetlands.  Such species most commonly observed 
in non-submergent freshwater and coastal wetlands include common reed (Phragmites australis), though 
others such as the woody species buckthorn (Rhamnus spp.) and multiflora rose (Rosa multiflora) may be 
locally problematic.   
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3.4 Distribution and ecology of representative aquatic macrophyte target species 
Several non-indigenous or native species are potential target species of Clearcast® (see Tables 2-1 and 2-2). 
Due to its flexibility of use against submersed, floating-leaved, and emergent species, we are providing 
information on the ecology of three representative target species: Eurasian watermilfoil, white waterlily, and 
purple loosestrife. While there are other target species which may be applicable for Clearcast®, consideration 
of these three species provides an opportunity to assess potential impacts across New York riparian and 
littoral areas and for non-indigenous invasive species and potentially problematic native species. The following 
sections describe the general distribution and ecology of the representative target macrophytes for Clearcast® 
with particular focus on Eurasian watermilfoil (Section 3.4.1), white waterlily (Section 3.4.2) and purple 
loosestrife (Section 3.4.3). 

3.4.1 Eurasian watermilfoil 
The genus Myriophyllum, watermilfoil, is almost cosmopolitan in nature.  Approximately 60 species occur 
world-wide from three main geographic centers.  According to Orchard (1981), the three geographic centers 
are Australia, North America, and India/Indo-China.  To date, species in the genus Myriophyllum are found on 
every continent, except Antarctica.  For nearly all introduced species, introductions are the result of the aquaria 
and aquatic gardening industries.  Marketing of Myriophyllum species is wide-spread in these markets due to 
their feather-like appearance and hearty nature. 

Eurasian watermilfoil, M. spicatum, is a submersed perennial herb that attaches to the substrate with fibrous 
roots.  The stems of Eurasian watermilfoil are slender, reddish-brown, and can reach 6 meters in length, 
typically branching near the surface of the water.  The leaves are green, less than 5 centimeters in length, and 
contain at least 12 segments.  When removed from the water, the leaves of Eurasian watermilfoil tend to 
collapse around the stem.  Mature leaves are typically arranged in whorls of 4 around the stem, ranging from 3 
to 6 on rare occasions.   Flowers of Eurasian watermilfoil are located on a spike protruding from the water.  
Flowers are reddish to pink in color, each containing four petals, and are most often observed in August and 
September.  The fruit of Eurasian watermilfoil is four-lobed and splits into four separate one-seeded nutlets.  
Pigment or DNA analysis is sometimes needed for species identification as a consequence of morphological 
variability and possible hybridization. Other milfoils share some of these characteristics. Reproductive parts 
are the most definitive character. In the absence of flowers and/or seeds, the most distinctive characteristics 
are the normally reddish stem tips, the 12 or more filaments on each side of the central axis of each leaf, and 
the truncated leaf tips. This latter feature gives leaf ends the appearance of having been trimmed with 
scissors.  Eurasian watermilfoil is sometimes confused with other species of milfoils, most notably the native 
northern watermilfoil (M. sibiricum). 

3.4.1.1 Geographic range and history of invasion 

Eurasian watermilfoil is native to Europe, Asia and northern Africa.  First believed to have been introduced to 
the Chesapeake Bay area in the 1880’s (Aiken et al., 1979), the first known sample of Eurasian watermilfoil 
was collected in a Washington, DC, waterbody in 1942 (Couch and Nelson, 1985). Eurasian watermilfoil has 
great potential for expansion due to an adaptive life history strategy, rapid vegetative growth, and carbohydrate 
storage in the root crowns, allowing for overwintering in cold climates (Giesy and Tessier, 1979; Adams and 
Prentki, 1982; Madsen, 1994, 1998; Madsen and Welling, 2002).  Plant fragments are easily transported to 
new waterbodies by boats, trailers, fishing gear, wind, animals and currents (Aiken et al., 1979).  In one study, 
Minnesota authorities found aquatic plants on 23% of all boats inspected (Bratager et al., 1996).  Plant 
fragments transported to new waterbodies can become rooted and form new shoots.   

As of 1992, COLAM (1992) reported that Eurasian watermilfoil had been identified in lakes in 35 of New York 
State's 62 counties. In its 1993 Annual Report on the Aquatic Plant Identification Program, the Rensselaer 
Fresh Water Institute noted that 38 counties had documented populations of Eurasian watermilfoil in 1993 
(Eichler and Bombard, 1994). By 2006, Eurasian watermilfoil had expanded its geographical extent further, 
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with verified populations in 50 counties and reports of occurrence in 3 of the remaining 12 counties (Eichler 
and Boylen, 2006). 

By 2002, Eurasian watermilfoil had been reported in 45 of the 50 U.S. States and in the southern portions of 
Canada from Quebec to British Columbia (Madsen and Welling, 2002). It has since been documented in 
several additional states, and it is reasonable to believe that it could become established in all U.S. states. 
Currently, M. spicatum is listed as regulated, prohibited, invasive or noxious in at least 15 different states.  In 
addition, Eurasian watermilfoil is on lists of government agencies or pest plant councils in at least 21 different 
states.    

3.4.1.2 Ecology of Eurasian watermilfoil 

Eurasian watermilfoil is a tolerant species that has been shown to grow well in a variety of aquatic habitats. 
Couch and Nelson (1985) note that the plant will thrive in all types of nutrient conditions (oligotrophic to 
eutrophic), both hard and soft water and under both brackish and freshwater conditions. The plant appears to 
grow best in fine, nutrient-rich sediments that do not contain more than 20% organic matter and requires a 
minimum light intensity of 1% to 2% of the available light (Smith and Barko, 1990). Kimbel (1982) reports that 
the colonization success of Eurasian watermilfoil is highest in late summer months; particularly within shallow 
water and on rich organic sediments. Eurasian watermilfoil's maximum growth rate occurs at temperatures 
ranging from 30 to 35°C (Smith and Barko, 1990). The plant utilizes both sediments and the surrounding 
surface water as sources of nitrogen and phosphorus (Smith and Barko, 1990). Barko and Smart (1980; 1981) 
indicate that uptake by the roots is the primary means of obtaining phosphorus and most other nutrients.  

Eurasian watermilfoil grows in waters at depths of 0 to 10 meters (typically between 1 to 5 meters in depth). 
Eurasian watermilfoil will commonly grow as an emergent in circumstances where the water level of the lake 
slowly recedes (Aiken et al., 1979). Smith and Barko (1990) suggest that light intensity determines much of the 
distribution and morphology of Eurasian watermilfoil. While it grows in waterbodies with wide ranges in water 
clarity, in turbid waters growth is generally concentrated in the shallow areas (Titus and Adams, 1979). In 
relatively clear waters, Eurasian watermilfoil grows at much deeper depths and may not reach the water 
surface. 

Pearsall (1920) considers Eurasian watermilfoil to be a deep water plant species, which he defines as a plant 
growing at a depth where light intensity is less than 15% of full sunlight. The common growth pattern for 
Eurasian watermilfoil is for the plant to initially colonize deeper waters, where it will generate a large quantity of 
biomass which extends to the surface (Coffey and McNabb, 1974). As the Eurasian watermilfoil reaches 
toward the surface, the lower leaves of the plant will be shaded out and will slough off. This creates a dense 
organic bed beneath dense growths of Eurasian watermilfoil and is part of the process that recycles nutrients 
back into the water column. The leaves and stems of Eurasian watermilfoil will concentrate at the surface of 
the waterbody, forming a thick canopy or mat which extends into shallower waters when the plant reaches 
sufficient densities. 

Madsen et al. (1991a), in work done in Lake George, New York, noted that growth characteristics are 
facilitated by a high photosynthetic rate and a high light compensation point. Because of its high 
photosynthetic rate and correspondingly increased metabolic activity and productivity, the plant is able to grow 
at a significantly higher rate than that exhibited by native species such as Potamogeton spp. and Elodea 
canadensis. Additionally, with its high light tolerance, Eurasian watermilfoil will tend to grow closer to the 
waters surface than the native species that occur in low to medium light intensity regions of the littoral zone. 
This pattern allows for successful replacement or disruption of native vegetative communities. Madsen et al. 
(1991b) reported that dense growth of Eurasian watermilfoil in a bay in Lake George had significantly reduced 
the number of native species present.  

Eurasian watermilfoil can overwinter with much of its green biomass intact. Because of its adaptation to grow 
at lower temperatures than many native aquatic species, Eurasian watermilfoil is capable of tremendous 
growth at the very beginning of the growing season. The early timing of growth, in conjunction with its great 
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ability to produce large quantities of biomass, further gives Eurasian watermilfoil a competitive advantage over 
most native aquatic macrophytes (Pullman, 1992). Smith and Barko (1990) report that the characteristic 
annual pattern of growth is for the spring shoots to begin growing rapidly as soon as the water temperature 
approaches 15°C. Pullman (1993) notes that this growth generally occurs before most native aquatic 
macrophytes become active. However, Boylen and Sheldon (1976) state that some native aquatic 
macrophytes, including Potamogeton robbinsii and P. amplifolius, will remain metabolically active at 
temperatures as low as 2°C.  

As the shoots grow, the lower leaves slough off as a result of shading. As the shoots approach the surface, 
they branch extensively and form the characteristic canopy (mat). Biomass peaks at flowering in early July, 
and then declines. If the population flowers early, a second biomass peak and subsequent flowering may be 
attained. It is common for Eurasian watermilfoil to adopt a stoloniferous habit in the autumn, growing prostrate 
over the surface of the lake sediment. This may also assist Eurasian watermilfoil in the displacement of 
competing native species through the acquisition of space when most native species are dormant. Variations 
in this growth pattern can occur as a result of differences in climate, water clarity and rooting depth.  

Dispersal of Eurasian watermilfoil is primarily through the spread of vegetative fragments. Seed production has 
been reported, but is considered a minor contributor to the plant spread (Hartleb et al., 1993). Pullman (1993) 
notes that there is much circumstantial evidence indicating that Eurasian watermilfoil does not form a viable 
seed bank in infested lakes, but the recovery pattern in some lakes after various treatments is best explained 
by seed germination. Eurasian watermilfoil has a tremendous capacity for the formation of vegetative 
fragments. A viable plant can regenerate from a single node carried on a fragment released in the water. 
Fragmentation can occur from boating or skiing impacts, as well as from mechanical harvesting operations. 
Additionally, Madsen et al. (1988) and Madsen and Smith (1997) reports that autofragmentation (self-
fragmentation) is common after peak seasonal biomass is attained. Often fragments released through 
autofragmentation bear adventitious roots. Madsen et al. (1988) also noted that fragments are very durable, 
and resistant to extensive environmental stress.  

3.4.1.3 Ecological impacts of Eurasian watermilfoil 

Eurasian watermilfoil is an opportunistic species, which is commonly found growing in areas that are not highly 
disturbed (Pullman, 1992). However, Pullman goes on to report that Eurasian watermilfoil appears to 
significantly increase in numbers and in biomass in areas of disturbance. This is reflective of the high 
productivity rate of the species and its resulting ability to outgrow native plant species.  

Lillie and Budd (1992) provide a definitive evaluation of the quality of habitat offered by Eurasian watermilfoil. 
In their study, conducted on a lake in Wisconsin, Lillie and Budd utilized an index of plant habitat quality and 
quantity to describe the following:  

• horizontal visibility within macrophyte beds; 

• the amount of shading afforded by the surface canopy;  

• the amount of available habitat for macroinvertebrate attachment;  

• the relative amount of protection afforded fish by the plants; and  

• the degree of crowding or compaction among plants.  

The results of their study indicated that the edges of Eurasian watermilfoil beds potentially provide more 
available habitat for macroinvertebrates and fish than interior portions. This conclusion was based on their 
observation that habitat space was more optimal at the edges, than in the center of the beds where stem 
crowding and self-defoliation resulted in a lack of vertical architecture due to the formation of surface mats. 
They noted that as Eurasian watermilfoil densities increase from sparse to dense, habitat value for prey 
species increased. However, as the vegetative density increased in Eurasian watermilfoil stands, a reduction 
in habitat for macroinvertebrates reduced the habitat quality for small fish. Habitat value for predator fish 
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species initially increased as Eurasian milfoil first colonized areas, but, then decreased as plant crowding 
impacted the ability of the predators to access their prey.  

Pullman (1993) concluded that Eurasian watermilfoil is supportive of fish populations during its initial 
expansion stages in a waterbody. However, he goes on to note that once Eurasian watermilfoil begins to 
dominate the plant community and form its characteristic dense mats, the lack of plant species diversity and 
associated water quality impacts will reduce the quality of the habitat for fish. Nichols and Shaw (1986) and 
Engel (1995) reported that Eurasian watermilfoil provides beneficial cover for fish, unless the cover is so dense 
that stunting of fish growth from overcrowding results. 

Eurasian watermilfoil significantly modified the habitat available to fish and macroinvertebrates (Keast, 1984; 
Pardue and Webb, 1985). In work conducted in a lake in Ontario, Canada, Keast (1984) noted that since the 
advent of Eurasian watermilfoil in his study area, significantly fewer bluegill (Lepomis macrochirus) were 
observed, but greater numbers of black crappie (Pomoxis nigromaculatus) and golden shiner (Notemigonus 
crysoleucus) were seen. He reported 3 to 4 times as many fish feeding in native plant beds as in the Eurasian 
watermilfoil beds. Schneider (2000) found that removal of Eurasian watermilfoil improved fishery conditions in 
Michigan. 

The most critical impact Keast (1984) noted was to prey organisms. Keast reported that significantly fewer 
macroinvertebrates were seen in the watermilfoil beds than in a native plant community composed of 
Potamogeton and Vallisneria. He found 3 to 7 times greater abundance of 5 invertebrate taxa in the native 
plant communities and noted that foliage of the native plants supported twice as many invertebrates per 
square meter. Keast observed twice as many insect emergences in the native plant community as in the 
Eurasian watermilfoil beds.  

Other studies have documented the impacts to the aquatic environment by the invasion of Eurasian 
watermilfoil. Madsen et al. (1991b) noted a sharp decline in the number of native macrophyte species per 
square meter in a bay in Lake George, New York. The decline was due to the suppression of native 
macrophyte species by Eurasian watermilfoil. The decline was from 5.5 species per square meter to 2.2 
species per square meter over a 2-year period.  

Honnel et al. (1992) noted that in ponds containing Eurasian watermilfoil, dissolved oxygen levels were 
significantly lower than dissolved oxygen levels in ponds dominated by native plants. Additionally, they note 
that pH levels were higher in Eurasian watermilfoil than in native plant dominated ponds. Nichols and Shaw 
(1986) noted that Eurasian watermilfoil is poor food for muskrats and moose and fair food for ducks, which will 
eat its fruit.  

Once it has formed dense stands, Eurasian watermilfoil interferes with, or prevents, recreational activities in a 
lake. Pullman (1993) notes that mats may constitute a safety hazard because they are not penetrable by boats 
and may hide submerged objects that could be struck by moving boats. He also notes that people can be 
placed at risk if they swim in dense areas of Eurasian watermilfoil due to the potential for entanglement. 

3.4.2 American white waterlily 
American white waterlily (N. odorata) represents an important native aquatic species that may occasionally 
grow to problematic populations and which Clearcast® is well suited to control. There is considerable 
information on this species due to its extensive geographic range and common weed status. The following 
description is adapted and summarized from life history and ecological information obtained from several 
federal and state agencies and cooperative extension websites (e.g., USDA, NatureServe, and Center for 
Aquatic and Invasive Plants, University of Florida, 2008). The respective websites are listed in the references.  

Nymphaea is the type genus of the waterlily family (Nymphaeaceae). About 4 genera and 18 species occur 
throughout North America, and about 40 species of water lily exist in the world, plus numerous hybrids and 
varieties (Center for Aquatic and Invasive Plants, University of Florida, 2008).  The American white waterlily is 
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also commonly referred to as fragrant waterlily. American white waterlily is a perennial, floating aquatic plant 
(USDA Plants Database, 2008). The leaves are nearly circular in shape and notched to the center, with 
pointed leaf lobes. The leaves arise on stalks from long rhizomes in the mud. Fragrant water lily flowers are 
showy white and aromatic; however, hybrid water lilies may exhibit uncharacteristic or unusual color and 
shape (Center for Aquatic and Invasive Plants, University of Florida, 2008). 

3.4.2.1 Geographic range and history of expansion 

American white waterlily is found throughout North America, from Manitoba and Ontario to the Atlantic 
Provinces south to Texas and Florida, and is known for its historic occurrences in South Dakota.  Although it is 
native to the eastern United States, It tends to be weedy in the eastern part of its range. It is non-native but 
naturalized to western parts of the country, and is listed as a noxious weed in California (NatureServe, 2008) 
and Washington State (USDA Plants Database, 2008). American white waterlily is present throughout all 
counties in New York State (NatureServe, 2008).  

The fragrant water lily was utilized in many ways by Native Americans in the eastern United States. Roots of 
this and other water lilies were used medicinally as a poultice for sores and tumors, internally for many 
aliments including digestive problems, and rinse made for sores in the mouth. The leaves and flowers were 
also used as cooling compresses. In addition, the rhizomes were occasionally used as food and the young 
leaves and lower buds were eaten as a vegetable. Even the seeds were fried and eaten or ground into flour 
(WDOE, 2008). 

3.4.2.2 Ecology of American white waterlily 

The optimal habitat for American white waterlily includes lakes, lake margins, quiet bays in lakes and rivers, 
slow-moving streams, and ponds in lowland, steppe and lower montane zones at 0 to 1710 m elevation. River 
or lake bottoms consisting of soft sediment and neutral pH is optimal. Subspecies N. odorata odorata is usually 
found in more stagnant waters of lakes or ponds, or even in marshes, bogs or fens between 0.5 to 1 m of 
water. Subspecies N. odorata tuberosa prefers slightly alkaline environment (>7.2 pH) (NatureServe, 2008). It 
is commonly found in wetlands throughout each region of the continental United States, excluding the 
Northern Plains zones and California (USDA Plants Database, 2008).  

Water lilies reproduce by seed and also by new plants sprouting from rhizomes. A planted rhizome will cover 
about a 15-foot diameter in about five years.  Fragrant water lily has an interesting pollination strategy. Each 
white or pink flower has many petals surrounding both male and female reproductive parts, and is only open 
during the daytime for three days.  On the first morning, the flowers produce a fluid in the cup-like center and 
are receptive to pollen from other flowers. However, they are not yet releasing pollen themselves. Pollen-
covered insects are attracted by the sweet smell, but the flower is designed so that when they enter the flower, 
they fall into the fluid. This washes the pollen off their bodies and onto the female flower parts (stigmas) 
causing fertilization. Usually the insects manage to crawl out of the fluid and live to visit other flowers, but 
occasionally the unfortunate creature will remain trapped and die when the flower closes during the 
afternoon. On the second and the third days, the flowers are no longer receptive to pollen, and no fluid is 
produced. Instead, pollen is released from the stamens. Visiting insects pick up the pollen and transport it to 
flowers in the first day of the flowering cycle. After the three days the flowers are brought under water by 
coiling their stalks. The seeds mature under water and after several weeks are released into the water. Water 
currents or ducks, which eat the seeds, distribute them to other areas. This flowering regimen is followed 
nearly throughout the summer, producing many blooms and a large supply of seeds (WDOE, 2008). 

3.4.2.3 Ecological impacts of American white waterlily 

Water lilies grow in dense patches and can create stagnant areas with low oxygen levels underneath the 
floating mats. These mats make it difficult to fish, water ski, swim, or even paddle a canoe through. Although 
relatively slow-spreading, water lilies will eventually colonize shallow water depths to six feet deep and can 
dominate the shorelines of shallow lakes. Wildlife, including beaver, muskrat, ducks, porcupine, and deer 
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will eat the leaves, roots, or seeds. In moderate quantities the fragrant water lily can also benefit the lake by 
providing shelter and habitat for fish and invertebrates and shade to cool the water (WDOE, 2008).  

Extensive infestations of waterlily may alter water quality such as creating low oxygen conditions beneath the 
canopy, changing nutrient dynamics, pH level or light regimes. Dense infestations may accelerate the natural 
siltation process in shallow bodies of water. White waterlily can clog irrigation ditches or streams, retarding 
water flow and accelerating water loss through transpiration. Infestations of waterlily may promote other exotic 
species such as carp, which has the ability to tolerate low oxygen conditions. Extracts from leaf petioles, and 
rhizomes have allelopathic potential and may suppress the germination and growth of other aquatic species.  
 
Potential control treatments for American white waterlily include physical (handpulling, mowing, hydroraking 
burning, water level manipulation), and chemical (herbicides such as glyphosate and imazamox). Further 
information on these methods is provided in Section 7.0. 

3.4.3 Purple loosestrife 
Purple loosestrife (L. salicaria) is an important invasive aquatic species of the riparian shoreline area and good 
representative of the emergent plant community that may be controlled with Clearcast® applications. There is 
considerable information on this emergent species due to extensive geographic range and nuisance plant 
status. The following description is adapted and summarized from life history and ecological information 
obtained from several federal and state agencies and cooperative extension websites (e.g., United States 
Geological Survey (USGS), Washington State, and Cornell University). The respective websites are listed in 
the references.  

Lythrum is the type genus of the loosestrife family (Lythraceae). About 22 genera and 500 species occur 
worldwide.  Although L. salicaria has more than 10 common names in America, the most widespread and best 
established usage is "purple loosestrife.”  Purple loosestrife is a perennial, emergent aquatic plant (Thompson, 
et al. 1987; Malecki et al., 1994). As many as 30 - 50 herbaceous, erect, annual stems rise to about 9 feet tall, 
from a persistent perennial tap root and spreading rootstock. Short, slender branches spread out to form a 
crown five feet wide on established plants (Thompson, et al. 1987). The somewhat squarish stems are four to 
six sided, with nodes evenly spaced. Main leaves are 3 to 10 cm long and can be arranged opposite or 
alternate along the squared stem and are either glabrous or pubescent. Inflorescence is a spike of clusters of 
reddish-purple petals (10 to 15 mm in length). Flowers are tri-morphic with short, medium, and long petals and 
stamens (USDA, 2002). Stems submerged under water develop aerenchyma tissue characteristic of aquatic 
plants. Loosestrife is most easily identified by the characteristic reddish-purple floral masses present during its 
long season of bloom (late June to early September in most areas). 

3.4.3.1 Geographic range and history of invasion 

Purple loosestrife was reportedly introduced as a garden perennial from Europe during the 1800's (Cornell 
University Ecology and Management of Invasive Plants Program, 2006).  It is still promoted by some 
horticulturists for its beauty as a landscape plant, and by beekeepers for its nectar-producing capability. Many 
of the early records of L. salicaria's spread into the estuaries and canals of northeastern North America 
indicate it may be traced to incidental transport in ship ballast or in imported wool. It has since extended its 
range to include most temperate parts of the United States and Canada. The plant's reproductive success 
across North America can be attributed to its wide tolerance of physical and chemical conditions characteristic 
of disturbed habitats, and its ability to reproduce prolifically by both seed dispersal and vegetative propagation. 
The absence of natural predators, like European species of herbivorous beetles that feed on the plant's roots 
and leaves, also contributes to its proliferation in North America. Currently, about 24 states have laws 
prohibiting its importation or distribution because of its aggressively invasive characteristics (USDA Plants 
Database, 2008). 

Purple loosestrife has been present in New York State since the 1800’s but seemed to achieve problem status 
during the 1950s.  By this time L. salicaria was so widely distributed in the uplands of the lower Hudson district 
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that McKeon (1959) reported "a large percentage of marshes in the district have an almost pure stand of 
purple loosestrife which provides little food but does give some cover." McKeon chose a 4.9-ha (12-acre) 
marsh constructed in 1952 as the site of L. salicaria control studies. By 1955, the central portion of this marsh 
had become "almost completely dominated by purple loosestrife with a few sedges interspersed." Water level 
manipulation, burning (in winter), and cutting at surface and subsurface were attempted in sequence, with no 
success. 

3.4.3.2 Ecology of purple loosestrife 

Any sunny or partly shaded wetland is susceptible to purple loosestrife invasion. This plant's optimal habitat 
includes marshes, stream margins, alluvial flood plains, sedge meadows, and wet prairies. It is tolerant of 
moist soil and shallow water sites such as pastures and meadows, although established plants can tolerate 
drier conditions. Purple loosestrife has also been planted in lawns and gardens, which is often how it has been 
introduced to many of our wetlands, lakes, and rivers.  

Vegetative disturbances such as water level drawdown or exposed soil accelerate the process by providing 
ideal conditions for seed germination. Invasion usually begins with a few pioneering plants that build up a large 
seed bank in the soil for several years. When the right disturbance occurs, loosestrife can spread rapidly, 
eventually taking over the entire wetland. The plant can also make morphological adjustments to 
accommodate changes in the immediate environment; for example, a decrease in light level will trigger a 
change in leaf morphology. The plant's ability to adjust to a wide range of environmental conditions gives it a 
competitive advantage; coupled with its reproductive strategy, purple loosestrife tends to create monotypic 
stands that reduce biotic diversity (WDNR Invasive Species Website, 2008).  

The remarkable success of purple loosestrife as a worldwide pioneer is reflected in a combination of attributes 
that enable it to spread and thrive in disturbed temperate-climate habitats. In addition to an elaborate means of 
sexual reproduction and prolific seed production, L. salicaria has a wide scope of dispersal mechanisms. 
Some of these modes are adapted to long-range jumps in distribution (i.e., seeds in plumage of migratory 
birds); others are well suited to vegetative spread during local perturbations (adventitious shoots and roots 
from clipped, trampled, or buried stems). Moreover, L. salicaria's abundant propagules can establish 
themselves under a wide range of soil conditions, which enables the weed to colonize new surfaces caused by 
natural- or human-caused perturbations. Lastly, L. salicaria's ability to make morphological adjustments to 
changes in its immediate environment (development of aerenchyma on submerged stems; change in leaf 
morphology with decrease in light level) enables it to adjust to a wide range of seasonal or semi-permanent 
changes in water levels and gives it a competitive advantage against other plants growing under these 
conditions (Thompson, et al., 1987).  

Purple loosestrife spreads mainly by seed, but it can also spread vegetatively from root or stem segments. A 
single stalk can produce from 100,000 to 300,000 seeds per year. Seed survival is up to 60-70%, resulting in 
an extensive seed bank. Mature plants with up to 50 shoots grow over 2 meters high and produce more than 
two million seeds a year. Germination is restricted to open, wet soils and requires high temperatures, but 
seeds remain viable in the soil for many years. Even seeds submerged in water can live for approximately 20 
months. Most of the seeds fall near the parent plant, but water, animals, boats, and humans can transport the 
seeds long distances. Vegetative spread through local perturbation is also characteristic of loosestrife; clipped, 
trampled, or buried stems of established plants may produce shoots and roots. Plants may be quite large and 
several years old before they begin flowering. It is often very difficult to locate non-flowering plants, so 
monitoring for new invasions should be done at the beginning of the flowering period in mid-summer (WDNR 
Invasive Species Website, 2008).  

3.4.3.3 Ecological impacts of purple loosestrife 

Purple loosestrife displaces native wetland vegetation (e.g., cattail (Typha latifolia)) and degrades wildlife 
habitat. As native vegetation is displaced, rare plants are often the first species to disappear. Eventually, 
purple loosestrife can overrun wetlands thousands of acres in size, and almost entirely eliminate the open 
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water habitat, thus reducing fish habitat. It can exclude desirable waterfowl food plants and reduces the 
effectiveness of the wetland for brooding and nursery waterfowl by reducing availability of secure routes to 
water and allows greater predator concealment.  There is evidence to suggest that replacement of cattails by 
purple loosestrife will reduce the carrying capacity of the habitat for muskrat. The domination of the sites by tall 
dense monocultures causes both physical and trophic changes of the habitat and may reduce the quality of 
bog turtle habitat (Kiviat, 1978). The plant can also be detrimental to recreational water use by choking 
waterways. Due to its impact to waterfowl and furbearers, there are indirect effects to hunting and trapping. 

Potential control treatments for purple loosestrife include physical (handpulling, mowing, burning, water level 
manipulation), biological (introduction of European herbivorous weevils and beetles), and chemical (herbicides 
such as glyphosate and imazamox).  

3.5 Distribution and ecology of other potential aquatic macrophyte target species 
In addition to the representative potential aquatic macrophyte target species discussed in Section 3.4, 
Clearcast® is intended for use to potentially control other aquatic macrophyte species. While not the typical 
species of concern, under certain conditions, additional species may also reach a nuisance level. These 
include both introduced and native species. Table 3-1 presents the submerged, floating-leaved and floating 
macrophyte species that are potential targets for control by Clearcast® and the relatively effectiveness of 
control. The sources of information for Table 3-1 include Kishbaugh et al (1990), ENSR (2007), and others. 
These species are found throughout New York State, although the actual presence and distribution in a 
waterbody are dependent on the physical characteristics of that waterbody. 

Table 3-1  Distribution and ecology of potential submerged, floating-leaved and floating target 
macrophyte species 

American frogbit (Limnobium spongia) 
Native floating or rooted aquatic plant; may form dense mats; found from Lake Ontario to the southern 
United States 
American Lotus (Nelumbo lutea)  
Found in ponds and quiet streams; is at the northern edge of its geographic distribution in NYS  
Arrowhead (Sagittaria latifolia) 
Common shoreline plant widely distributed throughout North America, occasionally can be weedy or 
invasive 
Bladderwort species (Utricularia spp.)  
Free-floating, common native species found in backwater areas of ponds, lakes and sluggish streams 
throughout NYS. Loosely rooted and easily displaced to new locations. 
Common Reed (Phragmites australis)  
Non-indigenous highly invasive emergent weed found in riparian zones and in shallow waters. Often 
targeted for localized eradication due to invasive qualities. 
Four Leaf Aquarium Clover (Marselia quadrifolia) 
Non-indigenous plant from Southeast Asia, increasingly popular in aquaculture and as groundcover for 
edges of man-made ponds. 
Hydrilla (Hydrilla verticillata) 
Invasive non-native plant long a problem in Southern states and lately established in select northeastern 
waterbodies. Often targeted for localized eradication due to invasive qualities. 
Native pondweeds (Potamogeton spp.)  
Native pondweed species are found in ponds, lakes and sluggish streams throughout NYS; large variety of 
species, most of which provide good habitat and shelter for fish and macroinvertebrates 
Native watermilfoils (Myriophyllum spp.)  
Native watermilfoil species are found in ponds, lakes and sluggish streams throughout NYS; is considered a 
low-grade duck food; is considered to be good habitat and shelter for fish and macroinvertebrates 
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Non-Native pondweeds (Potamogeton crispus) 
Non-native, invasive pondweed species that can reach high densities in early to mid-summer; often 
declining rapidly afterwards.   
 
Non-native watermilfoils (Myriophyllum aquaticum, M. heterophyllum, and M. spicatum)  
Several non-native watermilfoil species are invasive and can reach problematic concentrations, often lead to 
degradation of habitat due to large water column biovolumes. M. aquaticum is an introduced species (circa 
1900s) that is uncommon and currently limited to Long Island. 
Northern cattail (Typha latifolia)  
Native emergent marsh plant found throughout NYS, keystone species providing important habitat and food 
source functions for large variety of aquatic and semi-aquatic wildlife 
Pennywort (Hydrocotyle ranunculoides) 
Found in marshes and ponds; endangered in NYS;  
Pickerelweed (Pontederia cordata) 
Native species found along waters edge throughout NYS; leaves and rhizomes eaten by muskrats 
Sago Pondweed (Stuckenia pectinatus) 
Native species found along waters edge throughout NYS; leaves and rhizomes eaten by muskrats 
Smartweeds (Polygonum spp.) 
Very large family of plants, many which prefer wetland or riparian areas 
Spatterdock (Nuphar luteum)  
Found in sluggish streams, ponds, small lakes and swamps throughout NYS; low wildlife food value 
Waterhyacinth (Eichornia crassipes)  
Uncommon and introduced in NYS; found in ponds, lakes and sluggish streams  
Waterprimrose (Ludwigia spp., including waterpurslane (Ludwigia palustris)) 
Found in streams and springy areas throughout NYS; serves as a food source for birds and grazing 
mammals 
Watershield (Brasenia schreberi)  
Found in sluggish streams, ponds, small lakes and swamps throughout NYS; low wildlife food value 
Water stargrass (Heteranthera dubia)  
An aquatic plant either floating in shallow water or creeping along mud flats. Water stargrass also has a 
terrestrial form that develops when low water levels strand the plant (the origin of its other common name, 
mud plantain. Little habitat or wildlife food value. 
White water lily (Nymphaea odorata) 
Found in sluggish streams, swamps, and in shallow areas of ponds and small lakes throughout NYS; low 
wildlife food value 
Widgeon grass (Ruppia maritima) Occurs in brackish waters along the U. S. Atlantic coast as well as in 
alkaline lakes, ponds and streams in the western U.S. Value as habitat, nursery and food source for 
ecologically and economically important fauna and flora in brackish or estuarine waters. 
  

3.6 Role of potential aquatic macrophyte target species in plant communities 
within New York State waterbodies 

As discussed in Section 3.2.2, aquatic macrophytes fulfill valuable functions in the aquatic environment. They 
assist in oxygenation of the water, recycling of nutrients, and providing nesting and shelter areas for fish, 
amphibians, birds and mammals. Aquatic macrophytes serve in the stabilization of banks along watercourses 
and are a food source for a variety of organisms, including both invertebrates and vertebrates. The ability of a 
particular macrophyte to perform these functions and the quality of that function often depends on the 
characteristics of the entire aquatic community.  
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Heterogeneous stands of plant species generally offer more of these functions than a monotypic stand 
(dominated by a single species). Heterogeneous stands have a greater vertical distribution of niches, which 
aquatic organisms that are dependent on the vegetation may fill. Additionally, the horizontal distribution of the 
aquatic plant communities will affect the functions and values that the individual species may offer. 

Patchy communities, with a variety of vegetative species spread over the available substrate, tend to offer a 
greater variety in habitats than a community dominated by a single species that completely covers the 
substrate. However, if that single species community is localized and is the only available habitat in a large 
aquatic setting, then at least some of the functions generally offered by aquatic vegetation would be offered. 
This circumstance may be evaluated in a lake management plan that would determine the goals and 
objectives of the vegetation management needs for that waterbody. Restoration of a mixed community of 
desirable plant species is likely to require initial removal of a monotypic plant stand. 

3.7 General characterization of aquatic vegetation management objectives for the 
use of Clearcast® 

Aquatic macrophyte management is required when the overabundance of vegetation impairs the use of the 
waterbody. As mentioned in Section 2.0, the proposed action is the use of the aquatic herbicide Clearcast® for 
the control of nuisance aquatic vegetation located in the State of New York.   

3.7.1 Control of invasive aquatic macrophyte species 
The primary management objective for Clearcast® is the management and control of overabundant 
submerged and emergent weeds, particularly invasive aquatic species such as Eurasian watermilfoil or purple 
loosestrife.  Secondary objectives that are also relevant are the reduction in impairment of designated water 
uses, early response eradication of exotic invasives such as watermilfoil during primary infestation period, and 
being a potential method or technique as part of an Integrated Plant Management (IPM) plan. 

Clearcast® can be used either as a foliar or water column treatment; with differential effects seen between 
floating leaf and submerged plants. For example, when Clearcast® is applied as a foliar treatment for the 
control of floating-leaved and emergent species, the resulting imazamox concentration in the water is not 
sufficient to cause significant injury to submersed species.  Although in the case of submerged species that 
have emergent parts (e.g., the inflorescence of parrotfeather (M. aquaticum)), foliar applications will impact the 
aerial shoots.  In addition, it is effective against purple loosestrife and common reed (Phragmites), two 
common invasive species of riparian wetlands. Imazamox provides an additional resource to the suite of 
registered aquatic herbicides commonly used to treat Eurasian watermilfoil (e.g., 2,4-D, fluridone, triclopyr) in 
New York State (see Section 7.7.4.) For additional information on species selectivity see also Table 4-1. 

Imazamox works rapidly so that dosage concentrations do not have to be held in the lake for extended 
periods. Imazamox rapidly degrades in the environment and is not considered bioaccumulative (e.g., USEPA, 
has waived of food residue tolerance requirements for all potential food or feed uses of imazamox, including 
irrigated crops, fish, mollusks, and crustaceans). 

Imazamox can be applied to waters used as potable water supply, through use of a setback distance from any 
functioning intake that is determined by dose and size of the area treated.  For smaller sized water supply 
lakes, this may significantly limit the practical applicability of imazamox due to proximity of intakes. There are 
no federal label restrictions for recreational use of treated waters, use in livestock watering, or for irrigation 
area treated with foliar applications (< 2 quarts per acre). 

Imazamox has also been proven effective in the control of emergent species such as common reed in wetland 
areas.  Due to the varying nature of freshwater and coastal wetland habitats where invasive species may be 
found, prescription of one or more specific control techniques is challenging.   Unlike the majority of invasive 
plant species occurring in submergent habitats, the control of emergent species such as common reed 
generally require multiple treatments over a multi-year period, and a single or incomplete application of an 
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herbicide to these species may actually worsen their infestation by harming native plant communities and 
providing the invasive species with a competitive advantage.   

Application rates and techniques for herbicides vary among ecosystems, and an herbicide such as Clearcast® 
would be used differently within a lakeshore emergent wetland dominated by common reed and exhibiting 
standing water year-round versus a relatively “dry” clay plain shrub wetland with localized patches of common 
reed.  In many instances, as part of an integrated aquatic vegetation management plan, a combination 
approach of mechanical harvesting or burning in conjunction with herbicide application may be much more 
effective than herbicide application alone.  To this end, invasive species eradication and control plans may 
need to be individually prescribed for such systems to ensure proper, safe, and effective use of herbicides.  
These programs may be described in a lake-specific aquatic vegetation management plan or as part of the 
information and conditions associated with relevant permits (e.g., Article 24 Wetland permits).   

3.7.2 Reduction in impairment of designated uses 
As part of an Integrated Plant Management plant, Clearcast® can help reduce the level of impairment to 
designated uses caused by overabundant macrophyte vegetation, particularly by Eurasian watermilfoil. As with 
any aquatic macrophyte species that produces a high amount of biomass in the water column that is subject to 
fragmentation and eventual senescence and decay, removal of excess vegetation can lead to improvements in 
aquatic support (fishery, native macrophytes), recreational uses (contact and non-contact recreation), drinking 
water (removal of taste and reduction in potential disinfection by-product (DBP) precursors), and aesthetics.  
Applications of Clearcast® should reduce the level of designated use impairment caused by susceptible 
macrophytes. 

3.7.3 Rapid response action  
In most cases, introduced species demand special attention and this is particularly the case for Eurasian 
watermilfoil. While an overabundance of native species and diminution of desired uses can be managed over 
time, introduced species generally require quick action if eradication is to be achieved. The environmental cost 
of delay is potentially higher than the risk of immediate use of most control options. The quicker the response, 
the smaller the degree of intervention needed to protect the environment. It may be difficult to impossible to 
actually eradicate an invasive species, but the probability of achieving and maintaining control is maximized 
through early detection and rapid response.  The use of Clearcast® as part of a rapid response action 
management plan for Eurasian watermilfoil is one of the secondary plant management objectives.  

3.7.4 Integrated plant management  
The use of herbicides to get a major plant nuisance under control is a valid element of long-term integrated 
pest or plant management when other means of keeping plant growths under control are then applied (Nichols 
and Shaw, 1983; Gangstad, 1986: Wade, 1990; Mattson et al., 2004; Wagner, 2004; NYSDEC, 2005). 
However, failure to apply alternative techniques on a smaller scale, once the nuisance has been abated, 
places further herbicide treatments in the cosmetic maintenance category; such techniques tend to have poor 
cost-benefit ratios over the long-term.  Therefore, it is critical that an integrated aquatic vegetation 
management plan (IAVMP) be developed to support selection of an appropriate and cost-effective suite of 
control treatments to provide immediate and long-term control (i.e., > 5 years) of plants.  The elements of an 
IAVMP are provided in detail in Section 7.2.  One of the secondary aquatic plant management objectives of 
Clearcast® is to provide a useful addition to the methods to be considered when developing such a plan. 



AECOM Environment 
 

 

4-1

4.0   General description of Clearcast® and its active ingredient 
Imazamox 

4.1 General description of Clearcast® and its formulations 
Clearcast® is an aquatic herbicide labeled for control of floating, emersed, or submersed aquatic plants in and 
around aquatic sites such as ponds, lakes, reservoirs, non-irrigation canals, ditches, marshes and wetlands, 
and other slow-moving bodies of water. Clearcast® is composed of 12.1% active ingredient, ammonium salt of 
imazamox (2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-(methoxymethyl)-3-
pyridinecarboxylic acid), and 87.9% proprietary ingredients. Imazamox is an imidazolinone herbicide that 
inhibits the acetohydroxyacid synthase (AHAS) enzyme which interferes with plant metabolism and allows 
selective control of gramineous and broadleaf species. In aquatic ecosystems, this differential response gives 
imazamox the ability to remove Hydrilla verticillata and allow non-invasive native dicots and tolerant monocots 
to proliferate.  

4.1.1 Liquid formulation 
Clearcast® currently is packaged as an aqueous formation. It may be diluted in water and either applied 
directly to water for control of submerged species or as a broadcast or spot spray for emergent and floating 
vegetation. Clearcast® contains 1 lb of active ingredient imazamox per gallon, and imazamox concentration 
should not exceed 500 ppb per treatment (in non-potable waters) although multiple treatments can be made 
during the growing season as needed. 

4.1.2 Granular formation 
BASF is in the process of developing a 2.7G granular formulation of Clearcast herbicide.  Many aquatic use 
herbicides are available in granular form.  Granules provide a convenient and effective method of herbicide 
distribution in quiescent water bodies.  Clearcast 2.7G herbicide is designed to be a quick release formulation, 
with no slow release or extended release capabilities.  The specific dissociation constant for the granular 
formulation is not known, but the technical imazamox active ingredient is expected to be rapidly released from 
the limestone carrier once it is placed in the water.  Field performance with prototype limestone granular 
formulations of imazamox provided the same levels of submerged vegetation control as the liquid Clearcast 
herbicide product.  Because of the rapid release and the inherent water solubility of imazamox, the 2.7G 
formulation is not expected to significantly influence the environmental fate characteristics of imazamox in 
water. Based on the discussion at the April 29, 2008 Albany meeting, NYSDEC considers that, due to the 
identical nature and characteristics of the imazamox product once it is dissociates from the granular form, the 
SEIS will serve for assessment of both liquid and granular products. 

4.2 Description of use 
Clearcast® is labeled for herbicidal use in estuarine and marine sites, lakes, ponds, reservoirs, canals or 
ditches, swamps, marshes, bayous, arroyos, streams, rivers, creeks, wetlands, and noncropland sites for 
terrestrial and riparian vegetation control. Clearcast® can be applied to aquatic macrophytes through surface 
applications from a backpack sprayer, boat, helicopter, spray boom or other suitable equipment or through 
sub-surface applications. Applications to terrestrial sites near wetlands can be accomplished via surface 
applications from a backpack sprayer or vehicle.  

4.2.1 Typical application methods 
Application of Clearcast® for the control of a submerged weed like Eurasian milfoil in a pond or lake could 
consist of either a surface or sub-surface application. For treatment of emergent and floating-leaved species, 
foliar applications are typically conducted. 
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4.2.2 Rapid response  
Clearcast® has the potential to kill nuisance weeds with only one or two foliar applications. Yellow or general 
discoloration is evident almost immediately after application. Delayed symptom development includes growth 
inhibition and eventual death. Symptoms are evident on new growth first.  

4.3 Mode of action/efficacy 
The mode of action is the overall manner in which an herbicide affects a plant at the tissue or cellular level. 
Herbicides with the same mode of action will have the same translocation (movement) pattern and produce 
similar injury symptoms (Purdue, 1996). Plant absorption of imazamox occurs through both the foliage and its 
roots. As an imidazolinone herbicide, imazamox inhibits acetohydroxyacid synthesis (AHAS), an enzyme 
involved with the biosynthesis of the amino acids leucine, isoleucine, and valine. The growth of the susceptible 
plant is slowed and halts once the existing supplies of these three amino acids are utilized. Inability to 
synthesize new proteins containing the amino acids will ultimately result in stunting and necrosis of leaves and 
eventually the death of the plant. The time it takes for a treated plant to die is most likely related to the amount 
of stored aliphatic amino acids available to the plant. AHAS is widespread in plants but the biochemical 
pathway it catalyzes is not found in animals so that this mode of action will only affect plants. 

4.4 Application considerations that maximize the selectivity of Imazamox 
Several weeds have special application instructions explained on the Experimental Use Permit label, including 
Hydrilla, Eurasian watermilfoil, and Sago pondweed (Stuckenia pectinatus). The Clearcast® label has certain 
concentration restrictions if the product is applied to lakes, reservoirs or ponds that contain a functioning 
potable water intake for human consumption. Clearcast® concentrations should not exceed 200 ppb if applied 
outside ¼ of a mile from an active potable water intake, or 50 ppb if within ¼ mile. If no water supply intakes 
are present then a maximum dose of 500 ppb is permissible. The factors discussed in the following sub-
sections should be considered in the application of Clearcast® to ensure maximum selectivity of the product.  

4.4.1 Method of application 
The method of application of Clearcast® should be chosen based on the target macrophyte to be controlled 
and the overall management objectives of the control program. As described in Section 4.2, Clearcast® can be 
applied to aquatic macrophytes through surface applications or sub-surface applications of the liquid 
formulation. Clearcast® should be applied as evenly as possible over nuisance plant zones. However, certain 
lake morphometrics may require application non-uniformly over the entire lake. This should be done to 
enhance the selectivity of the Clearcast® application. The other form of application for Clearcast® is through 
foliar application through spray treatments.  

4.4.2 Time of application 
Clearcast® can generally be applied during any time of the growing season. However, it is suggested that 
Clearcast® should be applied specifically to actively growing Hydrilla and Eurasian watermilfoil early in the 
growing season. Eurasian watermilfoil initiates productivity and metabolic activity at an earlier time than native 
plants (Smith and Barko, 1990). They report that the characteristic annual pattern of growth is for the spring 
shoots to begin growing rapidly as soon as the water temperature approaches 15°C. Pullman (1993) notes 
that this growth generally occurs before most native aquatic macrophytes become active.  

Utilizing an early growing season application would allow for the treatment of Eurasian watermilfoil prior to 
dense biomass establishment and while the remaining plant community is still dormant. Additionally, such 
applications would occur while the water is sufficiently cold so that contact recreational activities are limited.   
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4.4.3 Rate of application 
The federally registered application rates are described on the Clearcast® label included in Appendix A. 
Information on in-water and foliar applications are provided below. 

In-water application 

It is expected that this will be the more common application of the two. The target imazamox concentration for 
in-water application ranges from 50 to 500 ppb, depending on water depth. Specific application rates for each 
weed can be found on the Clearcast® label included in Appendix A. Not more than 173 fluid oz. of Clearcast® 
should be used per acre foot or 500 ppb. Repeat applications may be applied during the growing season to 
maintain the desired vegetation response.  

Application rates for individual treatments may be adjusted to reflect site-specific conditions such as the 
potential for water exchange within the treated area and for the susceptibility of the target macrophytes.  Within 
that range, higher concentrations may be required where applications are made to smaller portions of a 
waterbody (i.e., shorelines, semi-protected and exposed cove or bay treatments), where a higher level of 
macrophyte control is desired, and where water movement will cause dilution with untreated water, based on 
the characteristics of an individual site.  

As with any aquatic herbicide treatment, selection of the application rate is subject to the management 
objectives, site conditions, water movement, applicator knowledge and experience and label language. 

Foliar application 

The other major form of treatment of Clearcast® is through foliar application. The target application rate of 
Clearcast® for foliar applications to emergent and floating species in aquatic sites and wetlands should not 
exceed 2 quarts per acre (0.5 lbs. ae). A surfactant should always be used, and for best results should be 
nonionic with an HLB (hydrophilic to lipophilic balance) ratio between 12 and 17 with at least 70% surfactant in 
the formulated product. For foliar spot application, treatments should be made with 0.25% up to 5% 
Clearcast® by volume. It should be noted that control will be reduced if spray is washed off foliage by wave 
action, and repeat applications may be necessary. Specific application rates for each weed and additional 
information on foliar application is provided in the labels contained in Appendix A.   

4.4.4 Species susceptibility 
Clearcast® is a selective aquatic herbicide, in that some plant species are affected while others are not and 
that the mode of application (foliar or submerged) can also be adjusted to target specific species.  Sections 3.4 
and 3.5 discuss the potential target macrophytes that are expected to be susceptible to Clearcast®. 
Susceptibility will be related to the concentration of Clearcast® in the treated water and as such will be a range 
of sensitivities. Generally, dicots are expected to be less sensitive than monocots, and algae and diatoms are 
expected to be less sensitive than the diocot Lemna (BASF, 2005b). The aquatic macrophyte species 
identified by the federal label as controlled by Clearcast® are presented in Table 2-1. Table 4-1 provides an 
updated summary of the susceptibility of aquatic macrophytes, as based on experimental treatments and 
current lake aquatic vegetation management applications. 

Table 4-1 provides the expected level of field control (i.e., following application) to Clearcast® herbicide for 
common aquatic plants in New York.  Given the available data, aquatic plants have been classified as being 
High (H), Moderate (M), or Low (L) in sensitivity to Clearcast®.  If no information is available, then the table is 
marked with a “?”. 

Because Clearcast® can be applied either directly to the foliage of floating and emergent species or indirectly 
by treating the water that they are growing in, the information on Table 4-1 includes the relative sensitivity for 
both foliar and submerged applications. The foliar value is given first, followed by the submerged, such as H/L.  

Clearcast SEIS Final Rpt Sept09.doc  September 2009 



AECOM Environment 
 

 

4-4

This has also been done for submergent species, such as parrotfeather (M. aquaticum), which can have 
emergent foliage late in the season. If only one rating is given, it is for submerged application. 

In general, when Clearcast® is applied as a foliar treatment for the control of floating-leaved and emergent 
species, the resulting imazamox concentration in the water is not sufficient to cause significant injury to 
submersed species.  For example, a 2 quart/acre application of Clearcast® for the control of floating-leaved 
species in a body of water with an average depth of four feet, results in an imazamox concentration in the 
water of 46 ppb.  Imazamox concentrations of 100 to 200 ppb are commonly needed to achieve submerged 
plant control.  Applications of Clearcast® to the water for the control of submerged species that result in 
imazamox concentrations >100 ppb can provide control of some sensitive floating or emergent species as 
indicated in Table 4-1. 

Although Clearcast is labeled for water concentrations of up to 500 ppb, the most common use rates are 
expected to be between 50 and 200 ppb.  Higher or lower Clearcast® use rates can be use depending upon 
the need for selectivity relating to desirable non-target species.  It should be noted that due to the requirement 
for imazamox concentrations not to exceed 50 ppb within ¼ mile of a drinking water intake, that treatment of 
submergent plants within these areas may not be fully effective. 

Regarding recolonization after using Clearcast®, it has been BASF’s experience that tolerant species will 
rapidly recolonize a site after Clearcast® use, because of its relative short half life in both water and soil.  In 
aquatic bodies, tolerant species such as coontail (Ceratophyllum demersum) and the macroalga Chara will 
actively colonize or proliferate once the competitive pressure from undesirable submerged vegetation is 
removed.  Because Clearcast® has no long term persistence in water or sediment even sensitive species are 
capable of recolonizing a site through either natural or artificial means.   

A similar situation is true for Clearcast® applications to shoreline species.  Clearcast® is primarily active via 
foliar uptake, with some small contribution from soil uptake, but because the soil half-life of Clearcast® is 
relatively short (few weeks) non-target plants are able to grow within the treatment site within a few months.  
Also Clearcast can be used to release suppressed or remnant stands of desirable species through the control 
of the dominant invasive species.  For example, in several locations, Clearcast® has been applied for the 
control of Phragmites, which resulted in the release of remnant cattail stands that had been totally suppressed 
by the Phragmites.  This is noteworthy since cattails are more sensitive to Clearcast than Phragmites, 
illustrating the short residual herbicidal activity of Clearcast®. 
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Table 4-1  Impact of Clearcast® to common aquatic plants in New York 

Aquatic Plant 
Dicot (D) or 
Monocot (M) 

Expected Level 
of Field Control 

(a) 
Emergent Species     
Hydrocotyle spp.    
(pennywort) D H/L  
Ludwigia spp.    
(waterprimrose) D M/L 
Lythrum salicaria  
(purple loosestrife) D  H/L 
Phragmites spp  
(common reed) M H/L 
Pontedaria cordata 
(pickerelweed) D H/M 
Sagittaria spp  
(arrowhead) M H/M 
Scirpus spp  
(bulrush) M M/M 
Typha spp  
(cattails) M H/M 
Floating Leaf Species    
Brasenia schreberi  
(watershield) D H/M 
Lemna spp  
(duckweed) M L/L 
Limnobium spongia    
(American frogsbit) M H/M 
Nuphar spp  
(spatterdock) D M/L 
Nymphaea spp  
(white water lily) D H/L 
Trapa natans 
 (water chestnut) D H/M 
Submersed Species    
Ceratophyllum demersum 
(coontail) D L 
Cabomba caroliniana  
(fanwort) D L 
Chara spp  
(muskgrass) NA L 
Elodea canadensis  
(common waterweed) M ? 
Egeria densa 
(Brazilian elodea) M M 
Heteranthera dubia 
(water stargrass) M H 
Hydrilla verticillata 
(hydrilla) M M 
Myriophyllum aquaticum  
(parrotfeather) D M/L 
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Aquatic Plant 

Expected Level 
Dicot (D) or of Field Control 
Monocot (M) (a) 

Myriophyllum sibiricum    
(northern watermilfoil) D H 
Myriophyllum spicatum  
(Eurasian watermilfoil) D M 
Myriophyllum heterophyllum    
(Variable milfoil) D M 
Megalondonta beckii    
(water-marigold) D ? 
Najas flexilis  
(bushy pondweed) M ? 
Najas guadalupensis     
southern naiad M L 
Potamogeton amplifolius  
(largeleaf pondweed) M M 
Potamogeton diversifolius    
water-thread pondweed M H 
Potamogeton crispus  
(curly-leafed pondweed) M M 
Potamogeton epihydrus 
(ribbon-leaf pondweed) M ? 
Potamogeton gramineus 
(variable-leaf pondweed) M ? 
Potamogeton illinoensis 
(Ilinois pondweed) M M 
Potamogeton natans 
(floating leaf pondweed) M H 
Potamogeton praelongus    
(white-stem pondweed) M ? 
Potamogeton pusillus    
(small pondweed) M ? 
Potamogeton robbinsii  
(Robbins' pondweed) M M 
Potamogeton zosteriformis    
(flat-stem pondweed) M ? 
Ranuculus longirostris    
(white-water crowfoot) D ? 
Stuckenia pectinatus  
(Sago pondweed) M M 
Utricularia spp  
(bladderwort) D L 
Vallisneria americanum 
(eelgrass) M L 
 
NA – not applicable, since Chara is a type of algae 
  
(a) – the first letter given refers to the effect when applied as surface or foliar 
treatment, the second refers to the effect of water column treatments. Where 
only one letter is given, it refers to water column treatments.     
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4.4.5 Dilution effects 
Clearcast® can either be applied directly as a concentrate or diluted before application; therefore the product 
is equally effective if diluted. However, if applied to emergent or floating vegetation within a high wave action 
area, several treatments may be needed to compensate for being washed off. Proper dosage and application 
instructions should be followed as directed on the Clearcast® label (Appendix A). 

4.5 Imazamox product solubility 
Solubility is a physical end point useful for understanding potential environmental impact. High water solubility 
is frequently associated with mobility and affects distribution in water and soil (WDOE, 2001). The Imazamox 
Environmental fate general summary (Appendix A) indicates that the product is highly miscible in water. At 
25°C, solubility was determined to be 116,000, >626,000, and >628,000 ppm in pH 5, 7, and 9 buffers, 
respectively. Water solubility is 0.45 g in 100 mL with a pH of 2.5 (Cyanamid, 1995). 

4.6 Surfactants 
The purpose of a surfactant (i.e., spray adjuvents) is to increase the surface activity of the applied herbicide, 
thus reducing both the application rate and the cost of the application. Surfactants are not necessary when 
using imazamox products to control submersed vegetation. The Clearcast® label (Appendix A) indicates that 
the addition of a nonionic surfactant to the spray mixture is recommended to improve control of floating and 
emerged weeds (e.g., common reed, water hyacinth, purple loosestrife). The surfactant manufacturer's label 
should be consulted for the appropriate application rate and any relevant precautions. 

Care should be taken to select a surfactant that has been approved for aquatic use to assure that these 
products will not harm resident fish or aquatic invertebrates. Some common surfactants used with aquatic 
herbicides are CideKick®, X-77®, PolyControl® and SunWet® (WDOE, 2001). Instead of a surfactant, a 
methylated seed oil or vegetable-based seed oil concentrate may be used at the rate of 1.5 to 2 pints per acre. 
When using spray volumes greater than 30 gallons per acre, the oil concentrate should be mixed at the rate of 
1% of the total spray volume (see also Section 4.4.3).  

4.7 Fate of Imazamox in the aquatic environment 
As stated previously, the active ingredient in Clearcast® is imazamox. Imazamox is highly soluble in water and 
dissociates in less than a minute. Imazamox is moderately persistent, and while mobile it degrades aerobically 
in the soil to a non-herbicidal metabolite which is either immobile or moderately mobile (USEPA, 1997).  

In aquatic conditions imazamox will degrade rapidly if light is present (half-life of 6.8 hours) and proceeds to 
rapid microbial degradation to carbon dioxide. However, imazamox is stable to degradation under the absence 
of light and under anaerobic aquatic conditions (half-life > 2 years; Cyanamid, 1995). Because of the rapid 
microbial degradation under aerobic conditions, it is not expected that volatilization or bioaccumulation in fish 
will contribute significantly to the dissipation of imazamox. Imazamox is stable at a pH range between 5 and 9, 
but in the rare event that pH exceeds 9, imazamox would still be stable.  

Laboratory tests and field dissipation studies indicate that aquatic photolysis and microbial breakdown are 
significant degradation pathways for imazamox. Dissipation half-lives of imazamox in water range from 35 
days to 50 days due to photolysis, microbial action, and dilution. In sediment, imazamox dissipation rates 
ranged from 15 to 130 days in field studies. Imazamox is, however, persistent under anaerobic aquatic 
conditions. It is highly water soluble and is not expected to bind with organic materials (USEPA, 1997).  
Additional information is provided below for various media. 

4.7.1 Water  
In an aqueous solution, imazamox has been shown to be hydrolytically stable at pH 5, 7, and 9 over a 30-day 
period. After 30 days in natural water, it was completely metabolized by photolysis, with CO2 accounting for 
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38% of the applied dose. In the presence of light, photodegradation is very rapid in water, having a half life of 
6.8 hours, under laboratory conditions. Without light, imazamox is relatively stable (Cyanamid, 1995).  

4.7.1.1 Aerobic  

Imazamox does not significantly degrade in aerobic aquatic environments without the presence of light. 
Cyanamid completed a biotransformation study with sediment (classified as sandy loam) and water collected 
from a farm pond in Ontario, Canada which was incubated in the dark after imazamox application to a nominal 
concentration of 0.035 ppm. Three different non-sterile and sterile systems were studied, and half-lives for all 
three systems were >975 days. Biotransformation to other compounds was insignificant after 12 months 
(Cyanamid, 1995). 

4.7.1.2 Anaerobic 

Imazamox should not persist in well-lit, oxygenated surface water but is poorly degradable in anaerobic or 
aphotic conditions. Cyanamid conducted a similar study for anaerobic conditions as their aerobic 
biotransformation study described in the previous section. In a mixture of water and sandy loam sediment, the 
half life in a sterile and non-sterile environment at 25°C was 1,439 and 761 days, respectively. Degradation 
was slower in the sterile system and at lower temperatures. Volatile materials collected during the 12 month 
testing period was less than 1% of the applied dose, indicating that volatilization of the parent compound had 
not occurred. There was one major metabolite detected accounting for >10% of the applied dose, CL 336,554, 
which was also an aqueous photodegradate and not phototoxic to plants (Cyanamid, 1995).  

4.7.2 Sediment  
Imazamox is steadily degraded in water-sediment systems to produce two extractable degradation products, 
diacid CL 312622 (main) and hydroxyl acid CL 354825 (minor). In a distribution and degradation study 
conducted by Cyanamid, two water-sediment systems differing in grain size, microbial biomass, organic 
carbon, and total nitrogen and phosphorus contents were analyzed after a single application of imazamox to 
surface water and incubated for period of 103 days. It was found that approximately 40% of imazamox had 
been degraded, and overall mean recoveries of applied radioactivity ranged from 95% to 99% for both 
systems (Cyanamid, 1997).  

4.7.3 Soil 
Imazamox degrades at a slower rate when applied to upland soils.  Photodegradation on soil is slow with a half 
life of 65 days; after 30 days of continuous irradiation in the laboratory, 70% of the applied dose remained. In 
aerobic soil conditions, imazamox will rapidly degrade during the first 2 months with a calculated half life of 28 
days and dissipating to 50% of initial residue level after 14 days. Metabolites produced were found only in soils 
and were non-phytotoxic and stable (BASF, 2005b). Volatilization is a not significant fate and transport 
pathway. Field studies have shown that imazamox dissipates with half lives of 130, 50, 35, 15 and 50 days at 
field sites in North Dakota, Georgia, Arkansans, Iowa, and California, respectively (BASF, 2005b). 

4.7.4 Aquatic dissipation 
Imazamox has a range of test aquatic dissipation half-lives from 15 to 130 days with the more representative 
range in natural waters appearing to be 35 to 50 days (USEPA, 1997).  The limited persistence will reduce the 
potential of imazamox from reaching ground water.  

4.7.5 Bioaccumulation/biomagnification 
For all taxa except plants, the most sensitive species to imazamox testing was the sheepshead minnow 
(Cyprinodon variegatus) with an LC50> 94.2 ppm and a Risk Quotient (RQ) of less than <0.001. RQs less than 
0.05 are below EPA’s Level of Concern for acute effects, meaning the toxicity result for the most sensitive 
species is negligible. This suggests that potential toxicity to non-target animal species is negligible. However, 
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RQs for aquatic plant species are above EPA’s Level of Concern. Therefore a supplemental higher tier 
assessment was conducted (BASF, 2005c).  

Imazamox has a very low potential for bioconcentration due to its low octanol/water partition coefficient 
(Kow<1). Information contained in supplemental fish studies showed that the maximum BCF was 0.14, where 
the compound was absorbed, rapidly excreted, and declined to less than quantifiable limits during the first 24 
hours of the depuration phase (Cyanamid, 1994a; USEPA, 2008b). Based on this behavior in fish, the 
potential for bioaccumulation and/or biomagnification in the foodchain is very low. 

4.8 Imazamox residue tolerances 
In establishing or reassessing tolerances, the Food Quality Protection Act of 1996 (FQPA) requires the EPA to 
consider aggregate exposures to pesticide residues, including all anticipated dietary exposures and other 
exposures for which there is reliable information, as well as the potential for cumulative effects from a pesticide 
and other compounds with a common mechanism of toxicity.  The Act further directs EPA to consider the 
potential for increased susceptibility of infants and children to the toxic effects of pesticide residues, and to 
develop a screening program to determine whether pesticides produce endocrine disrupting effects (USEPA, 
1999).  

A tolerance assessment for soybeans was conducted for the imazamox herbicide Raptor®, indicating a 
tolerance of 0.10 ppm. The results of this assessment are summarized in Table 4-2. 

Imazamox is currently exempt from the requirement of a tolerance on all food commodities when applied as a 
herbicide in accordance with accepted good agricultural practices (USEPA, 2003).  The tolerances listed 
above are prior to the current exemption from tolerance ruling.   
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Table 4-2  Imazamox tolerances from aquatic use exposure at application rate of 500 ug/L. 

 

Crop Tolerance (ppm) 

Canola, seed 0.05 

Legume vegetable, crop group 6 
(succulent or dried, includes 
soybeans, all beans, lentil, and 
others)  0.05 

Wheat, germ 0.6 

Wheat, grain 0.3 

Wheat, bran 1 

Wheat, shorts 0.8 

Sunflower, seed 0.05 

Rice, grain  0.2 

 Rice, bran  1 
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5.0   Significant environmental impacts associated with Clearcast®  

As a manufactured chemical that is released into the environment, imazamox, the main component of 
Clearcast®, has been extensively evaluated for non-desired impacts in terrestrial and aquatic ecosystems.  
The following section discusses the potential impacts from the use of Clearcast® in the waters of New York. 

5.1 Direct and indirect impacts to non-target species 
Clearcast® is formulated as a selective aquatic herbicide for use in the management of unwanted aquatic 
macrophytes.  The main component of Clearcast®, imazamox, has been evaluated during the registration 
process to determine potential adverse effects to non-target species. Direct impacts evaluated include toxicity, 
chronic changes in behavior or physiology, genetic defects or changes in breeding success or breeding rates 
for many test organisms. Indirect effects resulting from aquatic plant management may include changes in 
population size, changes in community structure or changes in ecosystem function. Both direct and indirect 
impacts can be evaluated at all stages of the life cycle of the non-target organism; though generally, the most 
sensitive stage of the organism (the young) is the period during which the organism is at greatest risk. 

It should be noted that indirect impacts are often positive. For example, by controlling an exotic weed with 
Clearcast®, the lake manager can facilitate the restoration of the native plant community. These desired 
changes in the community structure could be construed as a positive "impact". Additionally, the balance of 
potential impacts must be considered in relation to the potential impacts from the uncontrolled presence of an 
exotic nuisance weed in an aquatic environment. The prevention of long-term impacts caused by unwanted 
aquatic plants may offset a potential short-term impact of the management program. 

The direct toxicity of imazamox-based herbicides to fish and wildlife has been assessed using a variety of 
acute and chronic laboratory toxicity tests. Table 5-1 shows the general categories that have been established 
to evaluate the relative toxicity of various organisms (USEPA, 1985).  As supported by extensive toxicological 
tests conducted during the product development and registration process, imazamox is reported to be “slightly 
toxic” to “practically non-toxic” to receptors other than aquatic plants, based on the USEPA’s ecotoxicological 
categories shown below. Table 5-2 summarizes the toxicity data presented for a number of non-target 
organisms. Many of the mammalian results estimate the NOAEL value at the highest dose tested (HDT), 
which indicates that adverse effects were not observed over the range of experimental doses. 

Table 5-1  USEPA ecotoxicological categories for mammals, birds, and aquatic organisms 

Toxicity in Birds Acute Oral 
Toxicity in 
Mammals 

(mg/kg body wt) 

Acute Oral 
(mg/kg body 

weight) 

Dietary 
(mg/kg feed) 

Acute Toxicity  in 
Fish and 

Invertebrates 
(mg/L test solution) 

Toxicity Ranking 

<10 <10 <50 <0.1 Very Highly Toxic 
10-50 10-50 50-500 0.1-1.0 Highly Toxic 

>50-100 >50-500 >50-1000 >1-10 Moderately Toxic 
>500-2000 >500-2000 >1000-5000 >10-100 Slightly Toxic 

>2000 >2000 >5000 >100 Practically Non-
Toxic 

Source: USEPA, 1985. Hazard Evaluation Division, Standard Evaluation Procedure, and Acute Toxicity Test for Freshwater Fish.  PB86-
129277. EPA-540/9-85-006. 
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Table 5-2  Summary of selected Imazamox toxicity 

 Study Organism Results Comments 
Mammalian Studies 

Acute Single Oral Dose LD50 Rat 2,121 mg a.i./kg-
bw 1 

Practically non-toxic 

 Inhalation LC50 Rat > 6.3 mg/L 2  
 Dermal LD50 Rabbit > 4000 mg/kg 2  
 Dermal Sensitization Guinea Pig Non-sensitizer 2  
 Primary Dermal Irritation Rabbit Non-to-Slightly 

Irritating 2 
 

 Primary Eye Irritation Rabbit Slightly-to-
Moderately 
Irritating 2 

 

Subchronic 90-Day Feeding NOAEL Dog 40000 ppm [1368 
mg/kg-bw/day] 2 

Highest Dose Tested 
(HDT) 

 13-Week Feeding NOAEL Rat 20000 ppm [1661 
mg/kg-bw/day] 2 

HDT 

 28-Day Dermal NOAEL Rat 1000 mg/kg-
bw/day 2 

HDT 

Chronic Two-Generation Reproduction 
NOAEL 

Rat >20,000 ppm 
[1639 mg/kg-
bw/day] 1,2 

HDT Practically non-
toxic 

 Two Year Dietary NOAEL Rat 20,000 ppm [1167 
mg/kg-bw/day] 2 

HDT 

 One Year Dietary NOAEL Dog 40,000 ppm [1165 
mg/kg-bw/day] 2 

HDT 

 18-Month Oncogenicity v 
NOAEL 

Mouse 7,000 ppm [1201 
mg/kg-bw/day] 2 

HDT 

Non-Target Insect Studies 
Acute Non-target Insect 48 hour Honey Bee > 25 ug/bee 1 Practically non-toxic 

Freshwater Organism Studies 
Rainbow 
Trout 

>122 mg a.i./L 1 Practically non-toxic Fish 96 hour LD50 

Bluegill 
Sunfish 

>119 mg a.i./L 1 Practically non-toxic 

Invertebrate 48 hour EC50 Daphnia >122 mg a.i./L 1 Practically non-toxic 
Anabaena >0.038 mg a.i./L 3  Algae 120 hour EC50 and 

NOEC Selenastrum >0.037  mg a.i./L 3  

Acute 

Diatom 120 hour EC50 and 
NOEC 

Navicula >0.037  mg a.i./L 3  

Aquatic Plant 14 Day EC50 Lemna 0.011 mg a.i./L 3 Highly Toxic Chronic 
 Aquatic Plant 14 Day NOEC Lemna 0.0045 mg a.i./L 1 Highly Toxic 
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 Study Organism Results Comments 
Avian Studies 

Bobwhite 
Quail 

>1846 mg a.i./kg 
bw 1 

Slightly toxic to 
practically non-toxic 

Acute Single Oral Dose LD50 

Mallard Duck >1950 mg a.i./kg 
bw 1 

Slightly toxic to 
practically non-toxic 

Bobwhite 
Quail 

>5572 ppm a.i. 1 Practically non-toxic Subacute Dietary (5 Days) LC50 

Mallard Duck >5572 ppm a.i. 1 Practically non-toxic 
Bobwhite 
Quail 

>2000 ppm a.i. 1  Chronic Reproductive Study NOEC 

Mallard Duck 2000 ppm a.i. 1  
Marine Organism Studies 

Fish  96 hour LC50 Sheepshead 
Minnow 

>94.2 mg a.i./L 1 Practically non-toxic 

Invertebrate 48 hour EC50 Mysid 
Shrimp 

>100 mg a.i./L 1 Practically non-toxic 

Algae 120 hour EC50 and 
NOEC 

Skeletonoma >0.039  mg a.i./L 3  

Acute 

    
Plants – Seedling Emergence [results for most sensitive dicot and monocot species presented] 

Monocot Oat 0.0015 lb a.i./acre 1  
Dicot 

Single Application NOEC 
Cabbage 0.00075 lb a.i./acre 

1 
 

Monocot Oat 0.0020 lb a.i./acre 1  
Dicot 

Single Application EC25 
Cabbage 0.0018 lb a.i./acre 1  

Plants – Vegetative Vigor 
Monocot Oat 0.0015 lb a.i./acre 1  
Dicot 

Single Application NOEC 
Tomato 0.00075 lb a.i./acre 

1 
 

Monocot Oat 0.0016 lb a.i./acre 1  
Dicot 

Single Application EC25 
Tomato 0.0010 lb a.i./acre 1  

Abbreviations: EC25 = effective concentration – level resulting in 50% effect response (non-lethal) in test organisms; 
EC50 = effective concentration – level resulting in 50% effect response (non-lethal) in test organisms; LD50 = lethal dose - 
level resulting in 50% effect response in test organisms; LC50 = lethal concentration – level resulting in 50% mortality in 
test organisms; LD50 = lethal dose - level resulting in 50% mortality in test organisms; NOAEL – no observable adverse 
effect level; NOEC – no observable effect concentration. 
 
Studies conducted with imazamox unless otherwise noted. Data obtained from: 
1 - Ecological risk assessment evaluating Imazamox for the proposed new use for the control of vegetation in and 
around aquatic and non-cropland sites (USEPA, 2008b). 
2 - Pesticide Fact Sheet Imazamox (Raptor Herbicide) (USEPA, 1997) 
3 - BASF Imazamox Higher Tier Assessment (BASF, 2005c) 

 
The majority of the toxicological information in Table 5-2 was obtained from the USEPA ecological risk 
assessment evaluating imazamox for the proposed new use for the control of vegetation in and around aquatic 
and non-cropland sites (USEPA, 2008b) and the Pesticide Fact Sheet Imazamox (Raptor® Herbicide) 

Clearcast SEIS Final Rpt Sept09.doc  September 2009 



AECOM Environment 
 

 

5-4

(USEPA, 1997). The following sections summarize the potential impacts from the use of Clearcast® in New 
York waters. 

5.1.1 Macrophytes and aquatic plant communities 
Table 2-1 and Section 2.4 discuss those aquatic plants considered to be sensitive to Clearcast®.  Potential 
impacts to non-target macrophytes will be dependent on the sensitivity of that macrophyte to Clearcast® at the 
application rate utilized, the time of year of the application, the use rate, and other site-specific environmental 
factors.  

The loss of non-target plants within the aquatic plant community could alter the quality of functions that the 
vegetative community serves in the aquatic ecosystem. Loss of certain species from the community could alter 
the available habitat for fish species. The thinning of the macrophyte community could reduce the amount of 
refuge available to prey species and enhance the success of predators such as smallmouth bass. Such 
changes could benefit the fishery by altering the size distribution of the fishery (Andrews, 1989).  

As part of the product registration process, aquatic plant testing was required because aerial application and 
outdoor non-residential use may expose non-target aquatic plants to imazamox. Chronic testing was not 
required for imazamox because the estimated environmental concentration did not exceed 1% of the lowest 
EC50 or LC50 value, making the chronic risk of imazamox to fish and aquatic invertebrates negligible 

5.1.1.1 Potential impacts to riparian wetland community from lake application 

Imazamox applied as an in-lake application to control floating leaf and submersed macrophytes could have 
potential impacts to the riparian wetland community. This is due to the sensitivity of certain riparian wetland 
plants, particularly common emergents found at the littoral shoreline interface. As indicated by Table 4-1, 
emergent plants with potential susceptibility to water column treatment include pickerelweed, arrowhead, 
bulrush, and cattails and, to a lesser extent, pennywort, waterprimrose, purple loosestrife, and common reed. It 
is possible that a localized excessive concentration of imazamox applied in the waterbody could lead to 
reduction of these susceptible species. This could occur due to improper dose application or due to 
environmental factors leading to accumulation of herbicide (e.g., currents or downwind drift). 

A direct impact of the imazamox to riparian wetlands could be a reduction in the numbers and biomass of 
susceptible species and, if severely impacted, in the biodiversity of the wetlands. Secondary impacts of the 
reduction or removal of vegetation near the shoreline could be the temporary destabilization of the shoreline 
and increased erosion and/or resuspension of shoreline materials due to wind or wave action. Habitat 
functions for wildlife for forage, shelter, or breeding habitats could also be adversely impacted. Creation of a 
disturbed or temporarily sparse shoreline vegetation community could enhance the opportunity for an invasive 
species to become established.  

Although it is possible to have the adverse impacts outlined above, the likelihood of their occurrence is very 
slight for several reasons.  As shown in Table 4-1, all of the emergent riparian species have less to much less 
sensitivity to a water column treatment. Imazamox degrades quickly so that elevated concentrations would not 
be expected to persist in the well-lit and aerobic shoreline margin. It is also likely that herbicides impacting 
shoreline sediments may be rapidly adsorbed by the sediments and rendered inactive. Foliar application could 
impact the wetland plants, if applied incorrectly or without proper control for wind drift, so use by a licensed and 
properly-trained applicator is assumed.  

If they occur, adverse impacts would likely be confined to a narrow zone at the shoreline margin around the 
periphery of the lake. This is likely to be of significance only in the circumstance when a state-protected 
species is located at the shoreline-wetland interface. If herbicide applications are made later in the season, the 
lake water levels may likely be below full storage levels with reduced impact to shoreline emergents.  

Applications of aquatic herbicide are generally made in water 4 feet deep or more since these are the depths 
where recreational activities are most likely to be impacted; unless application is used for clearing of aquatic 

Clearcast SEIS Final Rpt Sept09.doc  September 2009 



AECOM Environment 
 

 

5-5

vegetation at a recreational beach or to gain access to a dock. This will likely move the site of the application 
further from shoreline areas. Finally, there is likely to be an adequate population of wetland plants interior to 
the shoreline that could repopulate the affected area quickly.    

5.1.1.2 Potential impacts to aquatic plant community from riparian application 

The potential impact of application to the aquatic plant community from application in the riparian zone was 
also considered. In this case, exposure of floating leaved or submerged plants could be caused by wind drift of 
foliar application or by runoff of excess herbicide material into the adjacent waterbody.  

A direct impact of the imazamox to affected floating leaved or submerged aquatic macrophyte could be a 
reduction in the numbers and biomass of susceptible species and, if severely impacted, in the biodiversity of 
the lake macrophyte community.  Habitat functions for wildlife for forage, shelter, or breeding habitats could 
also be adversely impacted. Creation of a small patch of cleared littoral habitat could allow light-suppressed, 
understory plants to flourish, however.  

There is likely to be low potential risk of a foliar application on a riparian wetland severely impacting floating 
leaved and submersed species, particularly the latter. As shown in Table 4-1, floating leaved species are more 
sensitive to foliar application and some could be impacted by wind drift of improperly applied imazamox. 
Unless the amount of wind drift is substantial, only a limited number of plants would likely be impacted.  The 
potential risk posed by runoff of herbicide is much lower, since the submersed plants are more resistant to 
imazamox and the dilution occurring in waters of any depth would lower the herbicide concentrations well 
below effective levels.  

5.1.2 Algal and planktonic species 
Aquatic plant testing is required for any herbicide which has outdoor non-residential terrestrial uses in which it 
may move off-site by runoff, by drift, or that is applied directly to aquatic use sites. Tier 1 testing indicated that 
the aquatic unicellular plant species (i.e., phytoplankton) do not experience adverse affects from exposure to 
imazamox up to 40 ppb. The maximum exposure level was based on 0.048 lb ai/A applied to a 6 inch water 
column. The Tier 2 results indicate that the aquatic vascular plant Lemna gibba is the most sensitive species 
floating free in the water. An imazamox concentration of 11 ppb ai is predicted to cause a 50% reduction in 
growth and reproduction of this species. 

5.1.3 Fish, shellfish, and aquatic macroinvertebrates 
Imazamox is practically non-toxic to fish and aquatic invertebrates (USEPA, 2008b). At the highest 
concentration tested, there were no observed adverse effects to fish or aquatic invertebrates. A freshwater fish 
early life-stage test and an aquatic invertebrate life-cycle test were not required for imazamox registration.  

Data from estuarine/marine fish early life-stage and aquatic invertebrate life-cycle toxicity tests are only 
required if the product is applied directly to the estuarine/marine environment or expected to be transported to 
this environment from the intended use site, and when any one of the following conditions exist: (1) aquatic 
acute lowest concentration exhibiting 50% mortality (LC50) and lowest concentration exhibiting 50% effect 
(EC50) are less than 1 mg/L, (2) environmental effect concentrations (EECs) in water greater than 0.01 of acute 
LC50 and EC50 values, and (3) half-life in water greater than 4 days. This potential was initially evaluated for the 
application of Raptor® for weed control in soybean croplands. Because the initial end-use product of Raptor® 
is not normally applied directly to water nor is it expected to be transported to water from the intended use site 
(soybeans) and none of the previous conditions were met, chronic estuarine and marine animal data was not 
required for imazamox (BASF 2005b).  

While ClearCast® is not intended for use in marine waters, it could be transported to these waters from the 
intended use site (application to freshwater macrophytes). However, the rapid degradation and lack of animal 
toxicity indicate that none of the ecotoxicity thresholds would be reached; therefore chronic estuarine and 
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marine biota data should still not be required.  Travel time and dilution will be major factors protecting estuarine 
habitats that may be downstream of treated freshwater areas. 

5.1.4 Terrestrial invertebrates 
Although not required, a supplemental honey bee acute contact LD50 study was conducted for assessment of 
potential effects to terrestrial invertebrates.The LD50  results were > 25 ug ai/bee, which was the the highest 
dose tested. The study showed that imazamox is practically non-toxic to the honey bee. The low toxicity of 
imazamox to honeybees would be expected from its mode of action. For control of submerged aquatic weeds, 
imazamox is applied as a subsurface treatment. Based on this treatment method, honeybees would not be 
exposed to significant amounts of imazamox. Exposure during emergent plant treatments is possible, but 
would not be expected at a high enough level to exceed the impact threshold. It would be possible that aquatic 
insects could be exposed up to 100 ppb in the water column; however, it is believed that this level would not 
cause any direct effects on aquatic insects (BASF, 2005c). The EC50 values for other tested aquatic 
invertebrates, the daphnid and mysid organisms, are >122 ppm and >94.3 ppm, respectively. These values 
are well in excess of the estimated environmental concentration in water of 0.1 ppm. 

5.1.5 Birds 
The toxic effects of imazamox on birds have been investigated in a small number of studies conducted by 
Cyanamid and other investigators (Cyanamid, 1994b; USEPA, 2008b). These results indicate that imazamox 
is considered “practically non-toxic” to avian species on an acute oral basis. 

The results of sub-acute dietary tests with the mallard duck and the bobwhite quail indicate that that imazamox 
is also “practically non-toxic” to avian species on a sub-acute dietary basis. The LC50s for sub-acute avian 
dietary assays were >5,572 ppm (USEPA, 2008a).   

Chronic avian reproduction studies were required for imazamox registration because birds may be subject to 
repeated or continuous exposure to the pesticide, especially preceding or during the breeding season, and the 
pesticide is stable in the environment to the extent that potentially toxic amounts may persist in animal feed.  

Water fowl are likely to be the most highly exposed bird species, given that they potentially swim, drink and 
feed on lakes and ponds proposed for treatment with Clearcast®. However, several factors are likely to 
mitigate this potential risk since (1) available toxicity values indicate that imazamox is relatively non-toxic to 
avian species; (2) the nominal maximum exposure concentration in water is 200 ug/L imazamox as per 
maximum application rates (BASF, 2005a); (3) the non-bioaccumulative properties of imazamox and its 
metabolites; and (4) the environmental fate characteristics of imazamox demonstrate that they are short-lived 
in the aquatic environment (see Section 4.7). Overall, it would appear that there are negligible risks to avian 
species, including those whose diet might consist of aquatic vegetation treated with imazamox.  

5.1.6 Mammals 
Wild animal testing was not required for Imazamox, and so acute oral LD50 data for laboratory rats submitted 
to the Health Effects Division (HED) for evaluation of human toxicity were used to assess the mammalian 
acute toxicity of imazamox. The LD50 for rats was 2313 mg/kg for male and 2121 mg/kg-bw for female. These 
results classify imazamox as practically non-toxic to mammals on an acute basis. The active ingredient was 
tested at 90%.  

A rat 2-generation reproductive study showed the NOEL to be greater than 20,000 ppm and no effects were 
observed at the highest dose. The active ingredient was tested at 98.2%.  

Using worst-case assumptions in the assessment, the calculated RQs are well below EPA’s Levels of Concern 
for the maxiumumm use pattern and endangered species. The risk of imazamox to small mammals is 
expected to be low. 
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5.1.7 Reptiles and amphibians 
Potential impacts to reptiles and amphibians from herbicides or pesticides are sometimes a concern at 
relatively low doses (Berrill et al., 1994). However, limited information was identified on the effects of 
imazamox on reptiles or amphibians.  The USEPA’s ECOTOXicology on-line database (see list of websites in 
Section 10 for address) was reviewed for further information (06/17/08), however no data for reptile or 
amphibian species were found. In light of the mode of action (i.e., AHAS inhibition) and the general non-toxicity 
to other wildlife, it was assumed that imazamox should not pose an ecological risk for these receptors.  

5.1.8 Federal and state listed rare, threatened, and endangered species 
Of the many rare plant species that are native to New York State (see Appendix B for full list of NYSDEC 
Protected Plants), only six are listed as threatened or endangered under the Endangered Species Act of 1973. 
These federally-protected plants are an important piece of New York's natural heritage and biodiversity. They 
are given legal protection in order to ensure the continued survival of the species. These species are not 
considered to be aquatic plants and it is unlikely that they would come in contact with Clearcast® applied as 
directed on the product label. 

There are a number of potentially relevant New York State-protected plant species including endangered, 
threatened and rare categories (Young, 2008). For purposes of the SEIS, a sub-listing of the aquatic 
macrophytes (i.e., floating-leaved and submerged plants) was developed for consideration of potential impacts 
and is presented in Table 5-4. This list was adapted from the New York Natural Heritage Program Protected 
Plant List and identifies protected plants (endangered, threatened, rare, exploitable, vulnerable) belonging 
primarily to the floating-leaved and submerged plant community.  

While the susceptibility of plants to imazamox is largely unknown, indications of potential susceptibility made 
be derived from comparison to sister species (i.e., same genera) shown in Table 7-3 or on general 
characteristics (e.g., monocot vs. dicot plants). These protected species would be potential species of interest 
relevant for applications to treat floating-leafed or submerged plants such as white waterlily or Eurasian 
watermilfoil.  

5.2 Potential for impact of treated plant biomass on water quality 
Reductions in dissolved oxygen (DO) may be caused by a number of natural events, such as a die-off of the 
microscopic green plants (phytoplankton) in the pond, or overturns in which oxygen deficient water from the 
deeper levels of the pond mixes with water in the upper levels and rapid decaying of dead macrophytes.  One 
indirect effect of the use of any “fast acting” and non-selective effective aquatic herbicide is the creation of 
dead and decaying macrophyte biomass following application. Plants may begin to sink from the lake surface 
in 1 to 7 days and death of the plant is typically complete in 1 to 3 weeks. This organic material that sinks to 
the bottom, is subject to bacterial and fungal breakdown, and results in consumption of DO.  If the oxygen 
demand is sufficiently large, a localized DO deficit may occur at the point of treatment that could result in the 
loss of sensitive fish or invertebrates. Based on the conditions (water temperature, wind/wave conditions, 
stratified state), these short-term effects may be severe.  

If organic biomass is transported internally within the waterbody and enters the hypolimnion of a stratified lake, 
the severity and duration of hypolimnetic oxygen deficits could be increased. In addition to the lowered DO, 
water quality may also be affected by the release of nutrients from the dead and decaying macrophytes, with 
subsequent uptake by phytoplankton. This may lead to an algal bloom and decreased water transparency. 
Based on the relatively rapid uptake and response to target macrophytes to treatment by Clearcast®, this 
release of nutrients could be phased over several days to weeks. In the long-term, overall water quality should 
not be significantly affected since the organic material within the target macrophytes is subject to annual 
senescence and decay even in the absence of the herbicide. 
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Petty et al. (1998) reported that dense Eurasian watermilfoil stands in study plots suppressed DO levels in 
bottom waters by inhibiting circulation and exchange of surface waters, and by contributing greatly to oxygen-
consuming respiration processes.  Once the Eurasian watermilfoil was removed (using the aquatic pesticide, 
Renovate®), DO levels rebounded. In both treatment plots, DO levels increased within 1 week post-treatment 
in the lower half of the water column. When conducting entire littoral zone specific treatments, a significant 
decline in DO is greatly minimized, since even though the target plant is selectively controlled, the ambient DO 
is sustained from advective diffusion from untreated deeper waters and through photosynthesis by algae and 
macrophyte species not affected by imazamox (Eichler and Boylen, 2006). 

Mitigation of the potential water quality impacts posed by the generation of large amounts of biodegradable 
biomass may be achieved by limiting the total amount of area treated to less than one half of the total water 
area.  In addition, phasing the timing of treatments and/or providing adjacent untreated areas to act as 
temporary refugia for aquatic organisms should be incorporated as part of a site-specific invasive aquatic 
vegetation management plan. In addition, the diversity and coverage of the plant community within the 
treatment area and susceptibility of select plant species should also be evaluated, as those species not 
impacted by a treatment (i.e. naiads, coontail, water celery, Chara) in many situations would allow adequate 
DO levels to be sustained following a Clearcast® treatment.  

5.3 Impact of residence time of Clearcast® in the water column 
Clearcast® is designed to remain in the water column long enough to produce its effects and then degrade 
and dissipate. There is no need to retain elevated concentrations in the water column for extended periods of 
time (days to weeks) or periodically reapply to “bump up” concentrations which may be required for other 
aquatic herbicides (e.g., fluridone). As discussed in the previous sections, Clearcast® is a relatively fast acting 
(effects observed within days to weeks) systemic herbicide that does not exhibit prolonged residence time 
relative to impact thresholds. Dissipation half-lives of imazamox in water typically range from 35 days to 50 
days due to photolysis, microbial action, and dilution (see Section 4.7.3 for details). Therefore, it is not 
anticipated that an extended residence time in the water column would be a significant factor or would cause 
secondary potential impacts. 

5.4 Recolonization of non-target plants after control of target plants is achieved 
Following application of Clearcast®, rapid recolonization and/or increase of pre-application cover of the bottom 
areas by non-susceptible native plants is expected.  By selective removal and decrease of biomass of 
Eurasian watermilfoil or white waterlily, local native plants will likely experience an increase in light availability 
(particularly lower in the plant canopy) and available physical habitat, thus facilitating growth. Important 
floating-leaved target species (e.g., Nuphar, Nymphaea) are susceptible when treated by direct foliar spray, 
but they are largely unaffected by sub-surface application of Clearcast®; therefore treatment for Eurasian 
watermilfoil should not decrease their abundance nor diminish their presence for fishery habitat.  Release of 
nutrients following decay and breakdown of the milfoil could increase concentrations in the local environment, 
with potential uptake and growth by phytoplankton, periphyton, or benthic macroalgae (Chara, Nitella). 

Overall, the colonization by native species expected after control of target nuisance plants is achieved could 
be rapid and effective.  The relative success of the short-term expansion of the native plant community will be 
dependent on the percent reduction of the nuisance species, which is a function of the application dosage, 
contact period, size of application, and seasonal timing of application, along with the presence of native plant 
propagules (especially seeds, but also nearby vegetative forms).  The longevity of the increased native plant 
success will depend on the long-term suppression of the nuisance species through application of a successful 
IAVMP.  Substantial removal of standing Eurasian watermilfoil shoots and reduced frequency of the plant can 
be obtained in the same season as the treatment, but complete kill of rootcrowns may not occur due to dosage 
or exposure limitations. Without further treatment, recovery of milfoil to nuisance levels could occur within one 
to several growing seasons. It would be very unusual to eradicate an established population of an invasive 
species with a single action of any kind, and follow up management is to be expected for maximum control. 
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Table 5-3  Federally listed threatened or endangered plant species found in New York State 1 

Name and Federal Status Description 

Northern wild monk's-hood 
(Aconitum noveboracense) 
Threatened 

An herbaceous perennial with distinctive blue, hood-shaped flowers. 
The plants range from one to four feet in height, with wide, toothed 
leaves. They prefer to occupy cool sites such as stream sides or 
shaded cliff sides.  

Sandplain gerardia  
(Agalinis acuta) 
Endangered 

A small annual plant with delicate pink blossoms. Six of the twelve 
known natural populations in the world can be found in coastal 
grassland areas on Long Island.  

Seabeach amaranth 
(Amaranthus pumilus) 
Threatened 

An annual plant with reddish stems and small, rounded leaves. For 
years it was thought to be extirpated from New York State, until it was 
found again in 1990. It is found along sandy beaches of the Atlantic 
coast, where it grows on the shifting sands between dunes and the high 
tide mark.  

Hart's-tongue fern (Asplenium 
scolopendrium var 
americanum) 
Threatened 

A member of the spleenwort genus with large lanceolate to strap-
shaped fronds. Over 90% of the U.S. population of this fern is found in 
Central New York, where it requires moist, sheltered locations and lime-
rich soils.  

Leedy's roseroot  
(Sedum integrifolium ssp. 
leedyi) 
Threatened 

A perennial with waxy, succulent leaves. The flowers are small and 
densely arranged, with four or five petals, and vary in color from dark 
red to orange or yellow. It grows on a few cliffs only in New York and 
Minnesota. This sub-species has probably always been rare, because 
of its very specific habitat requirements.  

Houghton's goldenrod 
(Solidago houghtonii) 
Threatened 

Grows only in the wetlands along the Great Lakes shoreline. It is a 
perennial with an upright stem and many yellow flower heads, which are 
arranged in somewhat flat-topped clusters. The leaves are narrow and 
grouped toward the base of the plant. There are many other goldenrods 
found in New York, some of which are similar-looking. One way to 
differentiate Houghton's goldenrod is by confirming the presence of tiny 
hairs on the flower stalks within the flower cluster. 

1 Information obtained from NYSDEC website: http://www.dec.ny.gov/animals/7133.html. 
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Table 5-4  New York State protected aquatic macrophytes 1 

________________________________________________________________________________ 

Endangered Status 
Callitriche hermaphroditica  (D)    Autumn Water-Starwort 
Elatine americana  (D)      American Waterwort 
Hydrocotyle ranunculoides ( D)    Floating Pennywort 
Hydrocoyle verticillata  (D)     Water-Pennywort 
Lemna perpusilla   (M)      Minute Duckweed 
Lemna valdiviana   (M)      Pale Duckweed 
Myriophyllum pinnatum   (D)     Green Parrot’s-Feather 
Najas guadalupensis var. muenscheri   (M)  Muenscher’s Naiad 
Najas guadalupensis var. olivacea  (M)  Southern Naiad 
Najas marina  (M)       Holly-Leaved Naiad 
Potamogeton diversifolius       Water-Thread Pondweed 
Potamogeton filiformis var.alpinus  (M)  Slender Pondweed 
Potamogeton filiformis var.occidentalis  (M)  Sheathed Pondweed 
Potamogeton ogdenii  (M)     Ogden’s Pondweed 
Potamogeton strictifolius  (M)    Straight-Leaf Pondweed 
Sagittaria teres  (M)      Quill-Leaf Arrowhead 
Utricularia inflate (D)      Large Floating Bladderwort 

 
Threatened Status 

Certatophyllum echinatum  (D)    Prickly Hornwort 
Megalodonta (Bidens) beckii  var. beckii  (D) Water-Marigold 
Myriophyllum alterniflorum  (D)    Water Milfoil 
Myriophyllum farwellii  (D)     Farwell’s Water Milfoil 
Podostemum ceratophyllum  (D)    Riverweed 
Potamogeton alpinus  (M)     Northern Pondweed 
Potamogeton confervoides (M)    Algae-Like Pondweed 
Potamogeton hillii  (M)      Hill’s Pondweed 
Potamogeton pulcher  (M)     Spotted Pondweed 
Proserpinaca pectinata   (D)     Combed-Leaved Mermaid Weed 
Rorippa aquatica (D)      Lake-Cress 
Sagittaria calycina var. spongiosa (M)   Spongy Arrowhead 
Utricularia juncea  (D)      Rush Bladderwort 
Utricularia minor  (D)      Lesser Bladderwort 
Utricularia radiate (D)      Small Floating Bladderwort 
Utricularia striata (D)      Bladderwort 

 
Rare Status 

Isoetes lacustris  (Q)      Large-Spored Quillwort 
 

Exploitably Vulnerable Status 
    None listed 
_________________________________________________________________________________ 
1 - This list was adapted from the New York Natural Heritage Program Protected Plant List and identifies protected plants belonging 
primarily to the floating-leaved and submerged plant community.  For verification of the status of the much more numerous emergent and 
semi-aquatic plant species refer to the source document (Young, 2008).  Abbreviations: D = dicot plant, M = monocot plant; Q = quillwort. 
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5.5 Impacts on coastal resources 
At the present time, application of Clearcast® is expected to be limited to largely freshwater settings and is not 
currently intended for use in the marine environment (label indicates not to apply to saltwater bays or 
estuaries). However, potential downstream migration of the product from application areas into estuarine or 
marine environments is possible. As noted in Section 5.1.3, the use of Clearcast® at the recommended 
application rates is considered to pose little risk of potential adverse impacts to marine or coastal resources.  
The likelihood of any effect is small due to the short half-life of the product, lack of bioaccumulation, and the 
potential for significant dilution in estuarine and marine environments due to waves, tidal action, etc.  

If  the use of Clearcast® is proposed to be located within the NYS Coastal Zone and is determined to require 
federal licensing, permitting, or approval, or involves federal funding, then the action would be subject to the 
NYS Coastal Zone Management Program (19 NYCRR Section 600). This determination would be required 
during the preparation of an individual permit application. 
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6.0   Potential public health impacts of Clearcast® 

6.1 Brief overview of Imazamox toxicity 
An overview of the toxicology information indicates that imazamox is not considered to be a carcinogen, a 
mutagen or to cause adverse reproductive effects or birth defects. Imazamox is considered to have a low 
degree of systemic toxicity based on findings from acute and subchronic toxicology studies (USEPA, 1997).  
USEPA determined that the toxicological profile of imazamox supports an exemption from the requirement of 
tolerance because no adverse effects were observed in the submitted toxicological studies regardless of route 
of exposure (USEPA, 2003).  The lack of toxicity is due to the unique mode of action for imazamox.  
Imazamox belongs to the imidazolinone class of compounds. The herbicidal activity of the imidazolinones is 
due to the inhibition of acetohydroxy acid synthase (AHAS), an enzyme only found in plants. AHAS is part of 
the biosynthetic pathway leading to the formation of branched chain amino acids. Animals lack AHAS and this 
biosynthetic pathway. This lack of AHAS contributes to the low toxicity of imazamox in mammals (USEPA, 
2000b). 

6.1.1 Acute toxicity 
For pesticides, there are typically six acute toxicity studies performed with the product formulation (USEPA, 
2007).  The acute oral, acute dermal and acute inhalation studies evaluate systemic toxicity via the designated 
routes of exposure.  The primary eye irritation and primary skin irritation studies measure irritation or corrosion, 
while the dermal sensitization study evaluates the potential for allergic contact dermatitis.  With the exception 
of dermal sensitization, each acute study is assigned to a toxicity category based on the study results.  There 
are four acute toxicity categories, designated Category I through IV.  Category I designates the most toxic or 
irritating effects, while Category IV represents the least toxic or irritating effects.  Effects in Categories II and III 
fall in between the two extremes.  The acute oral, acute dermal, and acute inhalation toxicity of imazamox are 
in Categories IV, III and IV, respectively.  The skin irritation study in rabbits placed imazamox in Category IV, 
indicating that it is non-to-slightly irritating to the skin.  The primary eye irritation study in rabbits placed 
imazamox in Category III, indicating that it is slightly-to-moderately irritating to the eye.  The acute dermal 
sensitization study in guinea pigs indicates that imazamox is not a dermal sensitizer (USEPA, 1997). 

The results of a rat acute oral toxicity study determined that the LD50 (dose causing lethality in 50% of the test 
animals) was greater than approximately 5,000 mg/kg.  The acute dermal LD50 was greater than 4,000 mg/kg 
based on a study in rabbits.  A rat acute inhalation toxicity study resulted in a 4-hour LC50 (concentration 
causing lethality in 50% of the test animals) of greater than 6.3 mg/L (USEPA, 1997). 

Neither dermal nor systemic toxicity was seen at the highest dose tested of 1,000 mg/kg/day in a 28-day 
dermal toxicity study in rats (USEPA, 1999).  

The USEPA has determined that there is no appropriate endpoint attributable to a single exposure for 
imazamox based on the toxicity database including oral developmental toxicity studies with rats and rabbits. 
Therefore, USEPA concluded that an acute dietary risk assessment was not needed.   

6.1.2 Subchronic and chronic toxicity  
A 90-day oral toxicity in rodents showed no effects at the highest dose tested, which was 1661 mg/kg-day.  No 
developmental or reproductive effects were noted at the highest dose tested which was 1,000 mg/kg/day in 
rats and 900 mg/kg/day in rabbits (USEPA, 1999).   

2-year carcinogenicity studies in rats and mice showed no treatment-related effects (USEPA, 2003).   
Imazamox has been classified as a ``Not Likely'' carcinogen (USEPA, 1999).  
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USEPA (1999) discusses a chronic Reference Dose (RfD) of 3 mg/kg-day based on a developmental toxicity 
study in rabbits that identified a NOAEL of 300 mg/kg-day.  However, a more recent USEPA document 
(USEPA, 2003 - Imazamox; Exemption from the Requirement of a Tolerance) concluded that a chronic 
dietary risk assessment is not needed for imazamox since no toxicity was observed at doses exceeding the 
maximum limit-dose (1000 mg/kg bw/day) in chronic or subchronic studies with mice, rats, or dogs.  A dose of 
1000 mg/kg bw/day is equivalent to a human diet in which the pesticide comprises 7% of the total dietary 
consumption.  However, to evaluate the chronic risk from imazamox, the lowest NOAEL from the short-, 
intermediate-, and chronic toxicity studies in dog, mouse, and rat was used.  The lowest NOAEL is 1000 mg/kg 
bw/day (highest dose tested) from the mouse oncogenicity study.   Applying the 10x safety factor for variations 
in the human population, 10x safety factor to account for potential differences between humans and animals, 
and a 1x FQPA safety factor, the chronic population adjusted dose (cPAD) is 10 mg/kg bw/day.   

6.1.3 Metabolism 
Metabolism and distribution tests have shown that imazamox is readily absorbed by male and female rats 
following intravenous or oral dosing. Imazamox was rapidly excreted as the unchanged parent compound, 
primarily in the urine following intravenous administration and in the urine and feces following oral 
administration (USEPA, 2003).  

6.2 New York State drinking water standard 
There are no specific drinking water standards available for imazamox.  Section 702.15 of 6 NYCRR 
(Derivation of Guidance Values) states that a “general organic guidance value” of 50 ug/L may be used for an 
individual organic substance.  NYSDEC’s registration of the pesticide product, Raptor®, which contains 
imazamox states “Based on its chemical structure, imazamox falls under the 50 microgram per liter New York 
State drinking water standard for "unspecified organic contaminants" (10 NYCRR Part 5, Public Water 
Systems)” (NYSDEC, 2003).   

To determine whether this standard is protective for imazamox, a drinking water calculation was done using 
the calculated cPAD for imazamox of 10 mg/kg-day.  Using the cPAD of 10 mg/kg-day and assuming that a 
60-kg adult female drinks 2 L of water per day results in an acceptable concentration of imazamox in drinking 
water of 300,000 ug/L. 
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  Even assuming a 20% source contribution factor (which is often used by USEPA in setting drinking water 
standards), the resultant concentration is 60,000 ug/L, which should be extremely protective for drinking water. 

While it is very unlikely that imazamox would impact a drinking water source, potential risk to humans via 
drinking water due to application of imazamox is de minimis because: 

• Imazamox use in waters of New York used for drinking water purposes would be highly regulated and 
expected to result in intermittent exposures to those using such waters; 

• Imazamox labeling requires a minimum setback distance of ¼ mile for applications of greater than 50 
ppb in proximity to active potable water intakes; and 

• Imazamox can be used within ¼ mile of an active potable water intakes at low levels (<50 ppb), but if 
concentrations exceed this the intake must be turned off until the imazamox level in the intake water is 
determined to be 50 ppb or less by laboratory analysis or immunoassay.     
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6.3 Risk from recreational exposure 
A more likely exposure scenario would be someone swimming in a pond or lake that has been treated with 
imazamox.  This exposure was evaluated using the Swimmer Exposure Assessment Model (SWIMODEL).   
The water concentration used in the chronic exposure evaluation was 500 ug/L, which is a worst case 
assumption.  Some of the other assumptions used with the SWIMODEL were: 

• The skin surface area of adults is assumed to be 21,000 cm2 as cited in the Residential 
Standard Operating Procedures (SOPs). 

• The skin surface area for children is assumed to be 9,000 cm2 as cited in the Residential SOPs. 

• The body weight for the adult male is assumed to be 70 kg.  

• The body weight for the adult female is assumed to be 60 kg.  

• The body weight for children is assumed to be 30 kg.   

• The mean water ingestion rate is 0.05 liters per hour for both adults and children as cited in the 
Residential SOPs.  

• The exposure time is assumed to be 5 hours per day.   

• The maximum application rate of 0.50 mg/liter (500 ppb) was used to assess acute and 
short/intermediate term imazamox exposures.   

The swimmer safety was evaluated using a Margin of Exposure (MOE) approach.  The MOE is calculated by 
dividing the appropriate NOAEL by the exposure estimate.  The acute NOAEL is 900 mg/kg bw/day and the 
chronic NOAEL is 1000 mg/kg bw/day (USEPA, 2003).  The acute NOAEL is a lower value than the chronic 
NOAEL because these were the highest doses tested in the studies and no effects were observed at any of 
the tested doses.  Therefore, the actual acute and chronic NOAELs could be higher.  A MOE of greater than 
100 indicates there that there is not a safety concern. Table 4-5 shows the swimmer exposure and the 
calculated MOE values.  The MOE values are extremely high, ranging from 4.76 * 10+3 to 4.76 * 10+5, which 
indicates that the concern of recreational swimming in water bodies treated with imazamox is very low.   

Table 6-1.  Summary of recreational swimmer exposure and risk for Imazamox treated water bodies 

 Total Exposure Acute Chronic  

Population subgroup mg/kg bw/day MOE MOE 

US Population 0.00021 4,285,714 4,761,905 

Children  0.00189 476,190 529,101 

Females 0.00025 3,600,000 4,000,000 

 

The risks from exposure to imazamox via recreational uses should be negligible based on the following: 

• That imazamox is only slightly toxic via acute oral and dermal route of exposure and is not a dermal 
sensitizer; and 

• That imazamox use in waters of New York used for recreational purposes is highly regulated and 
expected to result in intermittent exposures to those using such waters. 
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Finally, there are no restrictions on fishing or domestic use of water treated with imazamox. 

6.4 Summary of human health risk concerns  
The available information on imazamox indicates that it is not acutely toxic or irritating to the skin and eyes. 
Imazamox also did not cause any significant toxicity in subchronic, chronic, developmental or reproductive 
toxicity studies. The US EPA has determined that future risk assessments for imazamox are not needed 
because imazamox is non-toxic from acute or chronic exposure.   
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7.0   Alternatives to Clearcast ® 

This section details various alternatives to the proposed action. Specifically, this evaluation considers the 
advantages and disadvantages of potential macrophyte control treatment alternatives other than use of 
Clearcast®. These other potential alternatives to the use of Clearcast® include those based on physical 
control (manipulations of light, water depth, substrate, etc.), chemical control (other aquatic herbicides), and 
biological controls (herbivorous fish, insects, etc.), as well as the no-action alternative (which entails the lack of 
any aquatic macrophyte control measure).  The no-action alternative does not preclude the ability of an 
applicant to apply for a permit for the use of those products described in the Final Programmatic 
Environmental Impact Statement on Aquatic Vegetation Control (NYSDEC, 1981a). Each of the possible 
macrophyte control treatment alternatives should be evaluated from the standpoint of efficacy, positive and 
negative environmental impacts, and relative costs. The choice of a particular alternative over the proposed 
use of Clearcast® should be based on the management objectives for the waterbody and the specific 
characteristics of the problem. 

7.1 Identification of relevant macrophyte control treatment alternatives 
There are a large number of control treatments potentially available for use to control non-desirable 
macrophyte populations.  The various methods typically used to control aquatic plants are summarized in 
Table 7-1 (adapted from Wagner (2001), categorized by the principal mode of action (i.e., either physical, 
chemical or biological)). Table 7-1 provides a quick summary of the mode of action, advantages and 
disadvantages for these alternatives. The three classes of macrophyte treatment control alternatives are 
introduced briefly below, with additional detailed information on the specific alternatives provided later in this 
section.   

Physical treatment alternatives refer to macrophyte control treatment alternatives that work primarily by altering 
the light regime, the depth or nature of the benthic substrate, or the elevation of overlying surface water. These 
macrophyte control treatment alternatives include:  

• Benthic Barriers - Placement of materials on the bottom of a lake to cover and impede the growth of 
macrophytes; 

• Dredging – removal of underlying sediment through various methods (dry, wet, pneumatic) to either 
remove suitable or nutrient-rich substrate or to decrease available light (attenuation); 

• Dyes and surface covers – Addition of coloring agents or sheet material to inhibit light penetration and 
reduce vascular plant growths; 

• Harvesting - Multiple methods of mechanical plant cutting, with or without removal, and algal 
collection; and  

• Drawdown - Lowering of the water level to dry and freeze susceptible vegetation. 
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Table 7-1  Management options for control of aquatic plants (adapted from Wagner, 2001) 

OPTION MODE OF ACTION ADVANTAGES DISADVANTAGES 

PHYSICAL CONTROLS 

1) Benthic barriers • Mat of variable 
composition laid on 
bottom of target area, 
preventing growth 

• Can cover area for as 
little as several 
months or 
permanently  

• Maintenance 
improves 
effectiveness 

• Usually applied 
around docks, in 
boating lanes, and in 
swimming areas 

• Highly flexible control  
• Reduces turbidity from 

soft bottoms 
• Can cover undesirable 

substrate 
• Can improve fish habitat 

by creating edge effects 

• May cause anoxia at 
sediment-water 
interface 

• May limit benthic 
invertebrates 

• Non-selective 
interference with 
plants in target area 

• May inhibit 
spawning/feeding by 
some fish species 

1.a) Porous or loose-
weave synthetic 
materials 

• Laid on bottom and 
usually anchored by 
weights or stakes 

• Removed and cleaned 
or flipped and 
repositioned at least 
once per year for 
maximum effect 

• Allows some escape of 
gases which may build 
up underneath 

• Panels may be flipped in 
place or removed for 
relatively easy cleaning 
or repositioning 

• Allows some growth 
through pores 

• Gas may still build up 
underneath in some 
cases, lifting barrier 
from bottom 

1.b) Non-porous or sheet 
synthetic materials 

• Laid on bottom and 
anchored by many 
stakes, anchors or 
weights, or by layer of 
sand 

• Not typically removed, 
but may be swept or 
“blown” clean 
periodically 

• Prevents all plant growth 
until buried by sediment 

• Minimizes interaction of 
sediment and water 
column 

• Gas build up may 
cause barrier to float 
upwards 

• Strong anchoring 
makes removal 
difficult and can hinder 
maintenance 

1.c) Sediments of a 
desirable 
composition 

• Sediments may be 
added on top of 
existing sediments or 
plants. 

• Use of sand or clay 
can limit plant growth 
and alter sediment-
water interactions. 

• Sediments can be 
applied from the 
surface or suction 
dredged from below 
muck layer (reverse 
layering technique) 

• Plant biomass can be 
buried 

• Seed banks can be 
buried deeper 

• Sediment can be made 
less hospitable to plant 
growths 

• Nutrient release from 
sediments may be 
reduced 

• Surface sediment can 
be made more 
appealing to human 
users 

• Reverse layering 
requires no addition or 
removal of sediment 

• Lake depth may 
decline 

• Sediments may sink 
into or mix with 
underlying muck 

• Permitting for added 
sediment difficult 

• Addition of sediment 
may cause initial 
turbidity increase 

• New sediment may 
contain nutrients or 
other contaminants 

• Generally too 
expensive for large 
scale application 
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OPTION MODE OF ACTION ADVANTAGES DISADVANTAGES 

2) Dredging • Sediment is physically 
removed by wet or dry 
excavation, with 
deposition in a 
containment area for 
dewatering/disposal  

• Dredging can be 
applied on a limited 
basis, but is most 
often a major 
restructuring of a 
severely impacted 
system   

• Plants and seed beds 
are removed and re-
growth can be limited 
by light and/or 
substrate limitation 

• Plant removal with some 
flexibility 

• Increases water depth 
• Can reduce pollutant 

reserves 
• Can reduce sediment 

oxygen demand 
• Can improve spawning 

habitat for many fish 
species 

• Allows complete 
renovation of aquatic 
ecosystem 

• Temporarily removes 
benthic invertebrates 

• May create turbidity 
• May eliminate fish 

community (complete 
dry dredging only) 

• Possible impacts from 
containment area 
discharge 

• Possible impacts from 
dredged material 
disposal 

• Interference with 
recreation or other 
uses during dredging 

• Usually very 
expensive 

2.a) “Dry” excavation • Lake drained or 
lowered to maximum 
extent practical 

• Target material dried 
to maximum extent 
possible 

• Conventional 
excavation equipment 
used to remove 
sediments 

• Tends to facilitate a very 
thorough effort 

• May allow drying of 
sediments prior to 
removal 

• Allows use of less 
specialized equipment 

• Eliminates most 
aquatic biota unless a 
portion left undrained 

• Eliminates lake use 
during dredging 

 

2.b) “Wet” excavation • Lake level may be 
lowered, but 
sediments not 
substantially 
dewatered 

• Draglines, bucket 
dredges, or long-
reach backhoes used 
to remove sediment 

• Requires least 
preparation time or 
effort, tends to be least 
cost dredging approach 

• May allow use of easily 
acquired equipment 

• May preserve most 
aquatic biota 

• Usually creates 
extreme turbidity 

• Tends to result in 
sediment deposition in 
surrounding area 

• Normally requires 
intermediate 
containment area to 
dry sediments prior to 
hauling 

• May cause severe 
disruption of 
ecological function 

• Impairs most lake 
uses during dredging 

2.c) Hydraulic (or 
pneumatic) removal 

• Lake level not 
reduced 

• Suction or cutterhead 
dredges create slurry 
which is hydraulically 
pumped to 
containment area 

• Slurry is dewatered; 
sediment retained, 
water discharged 

• Creates minimal turbidity 
and limits impact on 
biota 

• Can allow some lake 
uses during dredging 

• Allows removal with 
limited access or 
shoreline disturbance 

• Often leaves some 
sediment behind 

• Cannot handle 
extremely coarse or 
debris-laden materials 

• Requires advanced 
and more expensive 
containment area 

• Requires overflow  
discharge from 
containment area 
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OPTION MODE OF ACTION ADVANTAGES DISADVANTAGES 

3) Dyes and surface covers • Water-soluble dye is 
mixed with lake water, 
thereby limiting light 
penetration and 
inhibiting plant growth  

• Dyes remain in 
solution until washed 
out of system. 

• Opaque sheet 
material applied to 
water surface 

• Light limit on plant 
growth without high 
turbidity or great depth 

• May achieve some 
control of algae as well 

• May achieve some 
selectivity for species 
tolerant of low light 

 

• May not control 
peripheral or shallow 
water rooted plants 

• May cause thermal 
stratification in shallow 
ponds 

• May facilitate anoxia 
at sediment interface 
with water 

• Covers inhibit gas 
exchange with 
atmosphere 

4) Mechanical removal 
(“harvesting”) 

 

• Plants reduced by 
mechanical means, 
possibly with 
disturbance of soils   

• Collected plants may 
be placed on shore for 
composting or other 
disposal  

• Wide range of 
techniques employed, 
from manual to highly 
mechanized   

• Application once or 
twice per year usually 
needed 

• Highly flexible control  
• May remove other 

debris 
• Can balance habitat and 

recreational needs 

• Possible impacts on 
aquatic fauna 

• Non-selective removal 
of plants in treated 
area 

• Possible spread of 
undesirable species 
by fragmentation 

• Possible generation of 
turbidity 

4.a) Hand pulling • Plants uprooted by 
hand (“weeding”) and 
preferably removed 

• Highly selective 
technique 

 

• Labor intensive 
• Difficult to perform in 

dense stands 

4.b) Cutting (without 
collection) 

• Plants cut in place 
above roots without 
being harvested 

• Generally efficient and 
less expensive than 
complete harvesting 

• Leaves root systems 
and part of plant for 
re-growth 

• Leaves cut vegetation 
to decay or to re-root 

• Not selective within 
applied area 

4.c) Harvesting (with 
collection)  

• Plants cut at depth of 
2-10 ft and collected 
for removal from lake 

• Allows plant removal on 
greater scale 

• Limited depth of 
operation 

• Usually leaves 
fragments which may 
re-root and spread 
infestation 

• May impact lake fauna 
• Not selective within 

applied area 
• More expensive than 

cutting 
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OPTION MODE OF ACTION ADVANTAGES DISADVANTAGES 

4.d) Rototilling • Plants, root systems, 
and surrounding 
sediment disturbed 
with mechanical 
blades  

• Can thoroughly disrupt 
entire plant 

• Usually leaves 
fragments which may 
re-root and spread 
infestation 

• May impact lake fauna 
• Not selective within 

applied area 
• Creates substantial 

turbidity 
• More expensive than 

harvesting 

4.e) Hydroraking • Plants, root systems 
and surrounding 
sediment and debris 
disturbed with 
mechanical rake, part 
of material usually 
collected and 
removed from lake 

• Can thoroughly disrupt 
entire plant 

• Also allows removal of 
stumps or other 
obstructions 

• Usually leaves 
fragments which may 
re-root and spread 
infestation 

• May impact lake fauna 
• Not selective within 

applied area 
• Creates substantial 

turbidity 
• More expensive than 

harvesting 

5) Water level control • Lowering or raising 
the water level to 
create an inhospitable 
environment for some 
or all aquatic plants 

• Disrupts plant life 
cycle by dessication, 
freezing, or light 
limitation 

• Requires only outlet 
control to affect large 
area 

• Provides widespread 
control in increments of 
water depth 

• Complements certain 
other techniques 
(dredging, flushing) 

• Potential issues with 
water supply 

• Potential issues with 
flooding 

• Potential impacts to 
non-target flora and 
fauna 

5.a) Drawdown • Lowering of water 
over winter period 
allows desiccation, 
freezing, and physical 
disruption of plants, 
roots and seed beds 

• Timing and duration of 
exposure and degree 
of dewatering are 
critical aspects 

• Variable species 
tolerance to 
drawdown; emergent 
species and seed-
bearers are less 
affected 

• Most effective on 
annual to once/3 yr. 
basis 

• Control with some 
flexibility 

• Opportunity for shoreline 
clean-up/structure repair   

• Flood control utility 
• Impacts vegetative 

propagation species with 
limited impact to seed 
producing populations  

• Possible impacts on 
contiguous emergent 
wetlands  

• Possible effects on 
overwintering reptiles 
and amphibians 

• Possible impairment 
of well production 

• Reduction in potential 
water supply and fire 
fighting capacity 

• Alteration of 
downstream flows 

• Possible overwinter 
water level variation 

• Possible shoreline 
erosion and slumping 

• May result in greater 
nutrient availability for 
algae 
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OPTION MODE OF ACTION ADVANTAGES DISADVANTAGES 

5.b) Flooding • Higher water level in 
the spring can inhibit 
seed germination and 
plant growth 

• Higher flows which 
are normally 
associated with 
elevated water levels 
can flush seed and 
plant fragments from 
system 

 

• Where water is 
available, this can be an 
inexpensive technique 

• Plant growth need not 
be eliminated, merely 
retarded or delayed 

• Timing of water level 
control can selectively 
favor certain desirable 
species 

• Water for raising the 
level may not be 
available 

• Potential peripheral 
flooding 

• Possible downstream 
impacts 

• Many species may not 
be affected, and some 
may be benefitted 

• Algal nuisances may 
increase where 
nutrients are available 

CHEMICAL CONTROLS 

6) Herbicides • Liquid or pelletized 
herbicides applied to 
target area or to plants 
directly   

• Contact or systemic 
poisons kill plants or 
limit growth   

• Typically requires 
application every 1-5 
yrs 

 

• Wide range of control is 
possible  

• May be able to 
selectively eliminate 
species 

• May achieve some 
algae control as well 

• Possible toxicity to 
non-target species 

• Possible downstream 
impacts 

• Restrictions of water 
use for varying time 
after treatment 

• Increased oxygen 
demand from 
decaying vegetation 

• Possible recycling of 
nutrients to allow other 
growths 

6.a) Forms of endothall 
     (7-oxabicyclo [2.2.1] 

heptane-2,3-
dicarboxylic acid) 

• Contact herbicide with 
limited translocation 
potential 

• Membrane-active 
chemical which 
inhibits protein 
synthesis 

• Causes structural 
deterioration 

• Applied as liquid or 
granules 

• Moderate control of 
some emersed plant 
species, moderately to 
highly effective control of 
floating and submersed 
species 

• Limited toxicity to fish at 
recommended dosages 

• Rapid action 

• Non-selective in 
treated area 

• Toxic to aquatic fauna 
(varying degrees by 
formulation) 

• Time delays on use 
for water supply, 
agriculture and 
recreation 

• Safety hazards for 
applicators 

6.b) Forms of diquat 
     (6,7-dihydropyrido [1,2-

2’,1’-c] pyrazinediium 
dibromide) 

 

• Contact herbicide 
• Absorbed by foliage 

but not roots 
• Strong oxidant; 

disrupts most cellular 
functions 

• Applied as a liquid, 
sometimes in 
conjunction with 
copper 

• Moderate control of 
some emersed plant 
species, moderately to 
highly effective control of 
floating or submersed 
species 

• Limited toxicity to fish at 
recommended dosages 

• Rapid action 

• Non-selective in 
treated area 

• Toxic to zooplankton 
at recommended 
dosage 

• Inactivated by 
suspended particles; 
ineffective in muddy 
waters 

• Time delays on use 
for water supply, 
agriculture and 
recreation 
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OPTION MODE OF ACTION ADVANTAGES DISADVANTAGES 

6.c) Forms of glyphosate 
      (N-[phosphonomethyl  

glycine) 
 

• Contact herbicide 
• Absorbed through 

foliage, disrupts 
enzyme formation and 
function in uncertain 
manner 

• Applied as liquid spray 

• Moderately to highly 
effective control of 
emersed and floating 
plant species 

• Can be used selectively, 
based on application to 
individual plants 

• Rapid action 
• Low toxicity to aquatic 

fauna at recommended 
dosages 

• No time delays for use of 
treated water 

• Non-selective in 
treated area 

• Inactivation by 
suspended particles; 
ineffective in muddy 
waters 

• Not for use within 0.5 
miles of potable water 
intakes 

• Highly corrosive; 
storage precautions 
necessary 

6.d) Forms of 2,4-D 
      (2,4-dichlorophenoxyl 

acetic acid) 
 

• Systemic herbicide 
• Readily absorbed and 

translocated 
throughout plant 

• Inhibits cell division in 
new tissue, stimulates 
growth in older tissue, 
resulting in gradual 
cell disruption 

• Applied as liquid or 
granules, frequently 
as part of more 
complex formulations, 
preferably during early 
growth phase of 
plants 

• Moderately to highly 
effective control of a 
variety of emersed, 
floating and submersed 
plants 

• Can achieve some 
selectivity through 
application timing and 
concentration 

• Fairly fast action 
 

• Variable toxicity to 
aquatic fauna, 
depending upon 
formulation and 
ambient water 
chemistry 

• Time delays for use of 
treated water for 
agriculture and 
recreation 

• Not for use in water 
supplies 

6.e) Forms of fluridone 
      (1-methyl-3-phenyl-5-  

[-3-{trifluoromethyl} 
phenyl]-4[IH]-
pyridinone) 

• Systemic herbicide 
• Inhibits carotenoid 

pigment synthesis and 
impacts 
photosynthesis 

• Best applied as liquid 
or granules during 
early growth phase of 
plants  

• Can be used selectively, 
based on concentration 

• Gradual deterioration of 
affected plants limits 
impact on oxygen level 
(BOD) 

• Effective against several 
difficult-to-control 
species 

• Low toxicity to aquatic 
fauna 

• Impacts on non-target 
plant species possible 
at higher doses  

• Extremely soluble and 
mixable; difficult to 
perform partial lake 
treatments 

• Requires extended 
contact time 

6.f) Forms of triclopyr 
      (3,5,6-trichloro-2-

pyridinyloxyaceticacid 
triethylamine salt) 

• Systemic herbicide 
• Synthetic plant growth 

hormone (auxin) that 
Interferes with plant 
metabolism 

• Best applied as liquid 
or granules during 
early growth phase of 
plants  

• Can be used selectively, 
based on concentration 

• Gradual deterioration of 
affected plants limits 
impact on oxygen level 
(BOD) 

• Effective against several 
difficult-to-control 
species 

• Low toxicity to aquatic 
fauna 

• Impacts on non-target 
dicot plant species 
possible at higher 
doses  

• Little impact on 
moncots 

• Extremely soluble and 
mixable; amenable for 
conducting partial lake 
treatments 

• Requires minimal 
contact time 
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Chemical treatment alternatives refer to macrophyte control treatment alternatives that work primarily by 
application of chemical agents (aquatic herbicides) to directly kill the aquatic macrophytes.  These include 
registered aquatic herbicides which differ in both application and mode of chemical action (general, systemic).  
For purposes of this analysis we will consider six of the major pesticides registered for use in New York State: 
Diquat, Endothall, Glyphosphate, 2,4-D, Fluridone and Triclopyr. 

Biological treatment alternatives refer to macrophyte control treatment alternatives that work primarily by 
interaction of other species with the target macrophytes.  These may include the stocking or manipulation of 
phytophagous (i.e., plant-eating) fish and invertebrates to control macrophytes through biological interactions.  

7.2 Integrated plant management 
As described briefly above and discussed in greater detail in the following sections, there is a potentially large 
selection of possible macrophyte control treatments or technologies that exist.  However, not all techniques are 
appropriate for a given lake and/or to effectively address nuisance macrophyte concerns. Furthermore, 
techniques may either be non-compatible or may exacerbate the problem (e.g., harvesting of limited pioneer 
watermilfoil stand leading to fragmentation and widespread colonization of the lake).  Given the potentially high 
costs necessary for extensive whole lake treatments, it is important that the appropriate techniques be used to 
maximize the benefits that such treatments can provide. In addition, there are potential societal conflicts that 
can occur between groups of lake users, who may have very different ideas regarding the best use of the lake.  
Therefore, it is important that the selection of any macrophyte control treatment, including herbicides, be 
conducted as a result of a well thought-out long-term Integrated Aquatic Vegetation Management Plan 
(IAVMP). This approach is also consistent with NYSDEC guidance, which endorses the development of an 
Aquatic Plant Management Plan as an important component of any strategy to deal with nuisance 
macrophytes (Appendix A in NYSDEC, 2005). 

There are many guidance documents that describe the steps and necessary data to be collected in developing 
an IAVMP (e.g., Hoyer and Canfield, 1997; WDOE, 1994; NYSDEC, 2005).  These methodologies are roughly 
equivalent and are likely to include the following components (adapted from WDOE, 1994): 

• Develop a problem statement – the problem statement summarizes the types, locations, and density 
of problem aquatic vegetation, and identifies the nature and the extent to which beneficial water uses 
are being impaired;   

• Describe past management efforts – summarizes the previous efforts at chemical and non-chemical 
plant control methods (for last 5 years or longer) and identifies the organizations (e.g., county, lake 
association, beach association, etc) that sponsored them (this last step is important in identifying 
possible stakeholders);  

• Define management goals – based on the problem statement and previous experiences in plant 
control, and the characteristics of the lake, the management goals define what is to be achieved in 
response to the aquatic plant problems.  Defining goals helps in selection of appropriate control 
treatments.  The scope of the management efforts should cover at least 5 years;  

• Determine waterbody and watershed characteristics – identify geographic limits, land use, 
potential point and non-point sources, and tributary systems within the waterbody watershed. Provide 
basic information on the lake size, depth, water quality, residence time, sediment types, water uses, 
riparian uses (including wetlands), biotic communities (aquatic plants, fish, amphibians, waterfowl), 
and identify any listed threatened or endangered (T&E) species within or adjacent to the lake; 

• List the beneficial uses of the waterbody – list the beneficial uses of the waterbody; map their 
location (this will allow for matching control treatments to within lake habitats and/or recreational focal 
points); 

• Map aquatic plants – map the approximate location and species of aquatic plants, the sediment 
depth and type, water depths (bathymetry), locations of wetlands, and location of any T&E species.  
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Correct identification is essential in order to prevent the eradication of rare and endangered species 
and to document the plant population so that it can be monitored over time (Hellquist, 1993; Crow and 
Hellquist, 2000).  A listing of plants considered rare, threatened or endangered in New York is 
available in Appendix B. Based on the beneficial uses identified in the step above, indicate whether a 
high or low level of aquatic plant control is desired.  In some cases, no control may be appropriate 
(i.e., leaving intact aquatic vegetation in selected locations to support fish populations); 

• Identify the aquatic plant control treatment alternatives – identify and screen potential control 
treatment alternatives, their effectiveness, environmental impacts, human health risks, and costs. For 
some lakes, several treatment techniques may be immediately eliminated from further consideration, 
based on the waterbody and watershed characteristics; 

• Select the aquatic plant control treatment method(s) – an IAVMP plan needs to be waterbody-
specific and is likely to involve a combination of methods. This step involves choosing the best control 
treatment (or set of methods) that best achieves the long-term management goals, with least impacts 
to the environment and is cost-effective; 

• Public involvement - the IAVMP should be a consensus document, with support or acceptance by 
major stakeholders and permitting agencies.  The draft IAVMP should be presented in public meeting 
and public and regulatory comments sought.  The final IAVMP will be revised according to this 
feedback; 

• Develop an action strategy – Based on the final IAVMP, take initial steps or immediate actions (e.g., 
install BMPs, purchase harvester, etc), provide foundations for later actions, and institute monitoring; 
and 

• Monitoring and evaluation of plan – monitoring plans should include sampling for concentrations of 
an applied herbicide, at various time and locations (a pre-treatment sample is recommended). Other 
field monitoring may be required for other techniques (e.g., turbidity for dredging project).  A pre- and 
post-treatment measurement of plant density and biomass is recommended to evaluate the 
effectiveness of various treatment alternatives.  

The IAVMP should be considered an evolving document. The IAVMP, its supporting information, and 
management goals should be periodically re-evaluated. The results of the post-treatment monitoring should be 
evaluated to see how well a particular treatment is controlling nuisance plants or whether unexpected side 
effects are noted. Quantitative criteria for target plant species reduction are useful benchmarks, but a more 
important measure of success will be the amount of increase or improvement in the beneficial uses of a 
waterbody. 

7.3 Physical controls 
Physical controls involve the direct alteration of the plant itself, the substrate, water column or general 
environment in which it depends on for survival.  Physical controls include benthic barriers, dredging, dyes, 
surface covers, harvesting, water level controls and controlled burns.  Each of these techniques is described 
below.  Much of this information is adapted from Mattson et al. (2004) and Wagner (2004).  

7.3.1 Benthic barriers 

7.3.1.1 Description 

The use of benthic barriers, or bottom covers, is predicated upon the principles that rooted plants require light 
and cannot grow through physical barriers. Applications of clay, silt, sand, and gravel have been used for 
many years, although plants often root in these covers eventually, and current environmental regulations make 
it difficult to gain approval for such deposition of fill. Artificial sediment covering materials, including 
polyethylene, polypropylene, fiberglass, and nylon, have been developed over the last three decades. A 
variety of solid and porous forms have been used. Manufactured benthic barriers are negatively buoyant 
materials, usually in sheet form, which can be applied on top of plants to limit light, physically disrupt growth, 
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and allow unfavorable chemical reactions to interfere with further development of plants. Various plastics and 
burlap have also been used, but are not nearly as durable or effective in most cases. 

In theory, benthic barriers should be a highly effective plant control technique, at least on a localized, area-
selective scale. In practice, however, there have been difficulties with the deployment and maintenance of 
benthic barriers, limiting their utility over the broad range of field conditions. Benthic barriers can be effectively 
used in small areas such as dock spaces and swimming beaches to completely terminate plant growth. The 
creation of access lanes and structural habitat diversity is also practical. Large areas are not often treated, 
however, because the cost of materials, application and maintenance is high. 

Benthic barrier problems of prime concern include long-term integrity of the barrier, billowing caused by 
trapped gases, accumulation of sediment on top of barriers, and growth of plants on porous barriers. 
Successful use is related to selection of materials and the quality of the installation and subsequent 
maintenance. 

Bottom barriers will eventually accumulate sediment deposits in most cases, which allow plant fragments to 
root. Barriers must then be cleaned, necessitating either removal or laborious in-place maintenance (Eichler et 
al., 1995).  Despite application and maintenance issues, a benthic barrier can be a very effective tool. Benthic 
barriers are capable of providing control of rooted plants on at least a localized basis, and have such desirable 
side benefits as creating more edge habitat within dense plant assemblages and minimizing turbidity 
generation from fine bottom sediments. 

7.3.1.2 Applicability to representative target species 

Benthic barriers have been effectively used for the control of Eurasian water milfoil (Boylen et al.,1996; Eichler 
et al, 1995; Lyman and Eichler, 2005), although recolonization has been documented after removal of the 
barriers (Eichler et al., 1995; Boylen et al., 1996).  Barriers are most useful when plant biomass is low, and 
where Eurasian milfoil is not intermixed with desirable native species.  Control of purple loosestrife through 
benthic barriers or other types of physical shading systems has not been demonstrated.  It has been 
suggested generally that benthic barriers are largely ineffective on emergent species (Whetstone, 2005).   
KCNWP (2005) suggests that shading barriers may be used as an interim option for dense seedling 
infestations to slow down growth and seed production, but that such barriers will not kill the root systems.  
Control of waterlilies has been documented, though it can be difficult to secure barriers over the fleshy 
rhizomes of the waterlily (WDOE, 2009). 

7.3.2 Dredging 

7.3.2.1 Description 

Dredging is perhaps best known for maintaining navigation channels in rivers, harbors and ports or for 
underwater mining of sand and gravel, but dredging can also be an effective lake management technique for 
the control invasive growth of macrophytes (Holdren et al., 2001). The management objectives of a sediment 
removal project are usually to deepen a shallow lake for boating and fishing, or to remove nutrient rich 
sediments that can cause algal blooms or support dense growths of rooted macrophytes.   

Dredging can be accomplished by multiple methods that can be conveniently grouped into four categories: 

• Dry excavation, in which the lake is drained to the extent possible, the sediments are dewatered by 
gravity and/or pumping, and sediments are removed with conventional excavation equipment such as 
backhoes, bulldozers, or draglines. 

• Wet excavation, in which the lake is not drained or only partially drawn down (to minimize downstream 
flows), with excavation of wet sediments by various bucket dredges mounted on cranes or amphibious 
excavators. 
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• Hydraulic dredging, requiring a substantial amount of water in the lake to float the dredge and provide 
a transport medium for sediment. Hydraulic dredges are typically equipped with a cutterhead that 
loosens sediments that are then mixed with water and transported as pumped slurry of 80 to 90% 
water and 10 to 20% solids through a pipeline that traverses the lake from the dredging site to a 
disposal area. 

• Pneumatic dredging, in which air pressure is used to pump sediments out of the lake at a higher solids 
content (reported as 50 to 70%).  This would seem to be a highly desirable approach, given 
containment area limitation in many cases and more rapid drying with higher solids content.  However, 
few of these dredges are operating within North America, and there is little freshwater experience 
upon which to base a review.  Considerations are much like those for hydraulic dredging, and 
pneumatic dredging will not be considered separately from hydraulic dredging for further discussion. 

Dry, wet and hydraulic methods are illustrated in Figure 7-1.  Cooke et al. (1993) provides a discussion of 
dredging considerations that will be helpful to some readers. Recent developments, methods, impact 
assessment and methods for handling dredged material can be found in McNair (1994). No technique requires 
more up front information about the lake and its watershed, and there are many engineering principles 
involved in planning a successful dredging project.  No technique is more suitable for true lake restoration, but 
there are many potential impacts that must be considered and mitigated in the dredging process.  Failed 
dredging projects are common, and failure can almost always be traced to insufficient consideration of the 
many factors that govern dredging success. 

Dredging works as a plant control technique when either a light limitation on growth is imposed through 
increased water depth or when enough “soft” sediment (muck, clay, silt and fine sand) is removed to reveal a 
less hospitable substrate (typically rock, gravel or coarse sand).   The amount of sediment removed, and 
hence the new depth and associated light penetration, is critical to successful long term control of rooted, 
submerged plants. There appears to be a direct relation between water transparency, as determined with a 
Secchi disk, and the maximum depth of colonization by macrophytes (Canfield et al., 1985). Dredging also 
removes the accumulated seed bed established by many vascular plants and the resting cysts deposited by a 
variety of algae. 

Partial deepening may limit the amount of vegetation that reaches the surface, but may also favor species 
tolerant of low light, some of which are non-indigenous species with high nuisance potential, such as Eurasian 
watermilfoil.  Where funding is insufficient to remove all soft sediment, it is more effective to create a depth or 
substrate limitation in part of the lake than to remove some sediment from all target areas of the lake, if rooted 
plant control is the primary objective of dredging. 

If the soft sediment accumulations that are supporting rooted plant nuisances are not especially thick, it may 
be possible to create a substrate limitation before a light-limiting depth is reached.  If dredging exposes rock 
ledge or cobble, and all soft sediment can be removed, there will be little rooted plant growth.  Yet such 
circumstances are rare to non-existent; either the soft sediment grades slowly into coarser materials, or it is 
virtually impossible to remove all fine sediments from the spaces around the rock or cobble.  Consequently, 
some degree of regrowth is to be expected when light penetrates to the bottom.  With successful dredging, this 
regrowth may be only 25% of the pre-dredging density or coverage, and will not contain more recently 
invading species at a dominant level.  Yet some rooted plant regrowth is expected, and is indeed desirable for 
proper ecological function of the lake as a habitat and for processing of future pollutant inputs. 

A properly conducted dredging program removes accumulated sediment from a lake and effectively sets it 
back in time, to a point prior to significant sedimentation. Partial dredging projects are possible and may be 
appropriate depending upon management goals, but for maximum benefit it is far better to remove all “soft” 
sediment to achieve restoration objectives.  
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Figure 7-1  Dry, wet and hydraulic dredging approaches (from Wagner, 2001) 
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7.3.2.2 Applicability to representative target species 

In the case of Eurasian watermilfoil, dredging may provide some near to long-term benefit via root crown 
removal, but it is rarely practical or possible to dredge to an adequate depth to achieve adequate light limitation 
to preclude reinfestation and regrowth (Cooke et al., 1993).  Hydraulic dredging may also fragment and spread 
Eurasian watermilfoil, if dredging is undertaken when above ground stems are present.  Dredging may provide 
effective  long-term control of waterlilies with removal of rhizome systems, though because of the difficulty in 
removing all rhizome fragment and seeds, it would rarely if ever be 100% effective.  Dredging, most likely dry 
excavation in shoreline and near shore areas, may provide control of purple loosestrife, but may raise issues 
of potential infestation elsewhere with the disposal of seed and root containing sediment.  Difficulty with 
completely removing all sediments containing dormant seeds or small root fragments limits the likelihood that 
excavation will achieve complete eradication. 

7.3.3 Dyes  

7.3.3.1 Description 

The use of dyes as algal or vascular plant control agents is often grouped with herbicides in lake management 
evaluations, but this can be very misleading with regard to how dyes work. Dyes are used to limit light 
penetration and therefore restrict the depth at which rooted plants can grow or the total amount of light 
available for algal growth. They are only selective in the sense that they favor species tolerant of low light or 
with sufficient food reserves to support an extended growth period (during which a stem could reach the 
lighted zone). Dyes are generally non-toxic to all aquatic species, including the target species of plants. In 
lakes with high transparency but only moderate depth and ample soft sediment accumulations, dyes may 
provide open water where little would otherwise exist. Repeated treatment will be necessary, as the dye 
eventually flushes out of the system. Dyes are typically permitted under the same process as herbicides, 
despite their radically different mode of action.  

Although dyes can be an effective method of algae and plant control in small ornamental and golf course 
ponds, dyes have not provided consistently acceptable control in larger systems and are not generally applied 
as a control method for either rooted aquatic plants or algae in larger lakes. The dye should be applied early in 
the growing season for greatest effectiveness. Dyes can usually only be used in lakes and ponds without a 
flowing outlet, making it a logical choice for small, contained ornamental ponds. There is insufficient 
information available to evaluate field applications of dyes other than AQUASHADE®, but the light attenuating 
mechanism is the same for other commercially available dyes.  

7.3.3.2 Applicability to representative target species 

Light limitation using dyes may be effective for Eurasian watermilfoil control in small ponds without a flowing 
outlet.  However, Eurasian watermilfoil is less light sensitive than some other species, and may survive dye 
treatment because of its ability to form a surface canopy under low light conditions.  Dyes would not be 
expected to control a floating leaved plant such as the white waterlily.  Dyes would have no appreciable benefit 
in the control of purple loosestrife or other emergent plants. 

7.3.4 Harvesting 

7.3.4.1 Description 

There are several methods of harvesting with varying degree of scale costs. These techniques include hand 
pulling, suction harvesting, mechanical harvesting (cutting with and without collection), rototivation, and 
hydroraking.  Each of these harvesting methods is described in detail below. 

Hand pulling is exactly what it sounds like; a snorkeler or diver surveys an area and selectively pulls out 
unwanted plants on an individual basis. This is a highly selective technique, and a labor intensive one. It is well 
suited to vigilant efforts to keep out invasive species that have not yet become established in the lake or area 
of concern. Hand pulling can also effectively address non-dominant growths of undesirable species in mixed 
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assemblages, or small patches of plants targeted for removal (Eichler et al., 1991). This technique is not well 
suited to large-scale efforts, especially when the target species or assemblage occurs in dense or expansive 
beds. 

Hand pulling can be augmented by various tools, including a wide assortment of rakes, cutting tools, water 
jetting devices, nets and other collection devices. McComas (1993) provides an extensive review of options. 
Suction dredging is also used to augment hand pulling, allowing a higher rate of pulling in a targeted area, as 
the diver/snorkeler does not have to carry pulled plants to a disposal point. Use of these tools transitions into 
more mechanized forms of harvesting. 

Suction harvesting, or suction dredging, is mechanically augmented hand pulling.  The diver hand pulls the 
unwanted plants and allows them to be transported through a vacuum hose to the surface into a mesh bag or 
other collection device.  This technique accelerates the hand pulling process allowing pulling for denser 
assemblages but generally does not increase the area of control (Eichler et al., 1993; Mattson et al. 2004).    

Mechanical harvesting is most often associated with large machines on pontoons that cut and collect 
vegetation, but encompasses a range of techniques from simply cutting the vegetation in place to cutting, 
collecting, and grinding the plants, to collection and disposal outside the lake. In its simplest form, cutting, a 
blade of some kind is applied to plants, severing the active apical meristem (location of growth) and possibly 
much more of the plant from the remaining rooted portion. Regrowth is expected, and in some species that 
regrowth is so rapid that it negates the benefits of the cutting in only a few weeks (Nichols and Lathrop, 1994). 
If the plant can be cut close enough to the bottom, or repeatedly, it will sometimes die, but this is more the 
exception than the rule. Cutting is defined here as an operation that does not involve collecting the plants once 
they are cut, so impacts to dissolved oxygen and nutrient release are possible in large-scale cutting 
operations. 

Harvesting usually refers to more advanced technology cutting techniques involving the use of mechanized 
barges with harvesting operations, in which plants are collected for out-of-lake disposal. In its use as a cutting 
technology, the “harvester” cuts the plants but does not collect them. A modification in this technique employs 
a grinding apparatus that ensures that viable plant fragments are minimized after processing. There is a 
distinct potential for dissolved oxygen impacts and nutrient release as the plant biomass decays, much like 
what would be expected from many herbicide treatments. 

Harvesting may involve collection in nets or small boats towed by the person cutting the weeds, or can employ 
smaller boat-mounted cutting tools that haul the cut biomass into the boat for eventual disposal on land. It can 
also be accomplished with larger, commercial machines with numerous blades, a conveyor system, and a 
substantial storage area for cut plants. Offloading accessories are available, allowing easy transfer of weeds 
from the harvester to trucks that haul the weeds to a composting area. Choice of equipment is really a 
question of scale, with larger harvesting operations usually employing commercially manufactured machines 
built to specifications suited to the job. Some lake associations choose to purchase and operate harvesters, 
while others prefer to contract harvesting services to a firm that specializes in lake management efforts. 

Rotovation is basically the application of an underwater rototiller to an area of sediment, typically one with 
dense growths of an unwanted rooted aquatic plant. A rotovator is a hydraulically operated tillage device 
mounted on a barge. The tiller can be lowered to depths of 10 to 12 feet for the purpose of tearing up roots. On 
a much simpler scale, cultivation equipment or even old bed springs pulled behind tractors can accomplish 
much root disturbance. Rototilling and the use of cultivation equipment are highly disruptive procedures 
normally applied on a small scale. Rotovation has a limited track record, mostly in British Columbia. Use of a 
variety of cultivation equipment has been practiced in New England for many years, but is rarely documented. 
Potential impacts to non-target organisms and water quality are substantial, but where severe weed 
infestations exist, this technique could be appropriate.  
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Hydroraking involves the equivalent of a floating backhoe, usually outfitted with a york rake that looks like a 
farm implement for tilling or moving silage. The tines of the rake attachment are moved through the sediment, 
ripping out thick root masses and associated sediment and debris. A hydrorake can be a very effective tool for 
removing submerged stumps, water lily root masses, or floating islands. Use of a hydrorake is not a delicate 
operation, however, and will create substantial turbidity and plant fragments. Hydroraking in combination with a 
harvester can remove most forms of vegetation encountered in lakes. 

Hydroraking is effective in the short-term in that it removes plants immediately. It is not an especially thorough 
or selective technique, and is therefore not well suited to submergent species that can reroot from fragments 
(e.g., milfoil) or mixed assemblages with desirable species present at substantial densities. It is particularly 
effective for water lilies (white or yellow) and other species with dense root masses. Hydroraking is also often 
used to remove subsurface obstructions such as stumps or logs.  

7.3.4.2 Applicability to representative target species  

Hand pulling and suction harvesting are suitable for control of Eurasian watermilfoil, for small infestations and 
localized areas.  Collection and removal of all fragments is important with Eurasian watermilfoil to prevent 
spreading to other areas.  Hand pulling with the assistance of rakes or hooks can be effective in soft sediments 
for waterlily control if rhizomes can be removed.  In addition, repeated removal of all floating leaves has also 
been effective in killing off the plant including rhizomes, but requires consistent implementation over a period of 
two to three years (WDOE, 2009).  Suction harvesting would not be effective for waterlilies. Hand pulling or 
digging of purple loosestrife may be effective for young plants or isolated plants in moist soils, but is not 
practical or effective for well established infestations (KCNWCP, 2005).  Hand pulling and suction harvesting 
may be used to selectively remove invasive species where intermixed with other desirable species. 

Mechanical harvesting can provide short term control for Eurasian watermilfoil, but may increase the risk of 
spreading through fragmentation.  Containment curtains and diligent collection of fragments have been used to 
minimize issues with dispersal of fragments created by mechanical harvesting.  Multiple harvests per season 
may be required to maintain control throughout the growing season.  Similarly harvesting of waterlilies requires 
multiple cuttings per season to maintain control.  Because lilies may grow in shallow waters, some areas may 
be inaccessible for control with harvesting.  Mechanical harvesters used to remove aquatic vegetation would 
not be suitable for purple loosestrife control. Mowers or light-weight cultivating equipment may be used to 
remove vegetation, but cutting alone is not an adequate control measure for purple loosestrife (KCNWCP, 
2005).  In many cases mechanical methods have resulted in the promotion of further spread of the loosestrife 
(CDFA, 2006).  Hand cutting of flower heads to prevent seed distribution can also be used, but requires repeat 
cutting of new flower heads until the first frost.  Seed heads and plants should not be composted. 

Rotovating and hydroraking have been used primarily as a means to control Eurasian watermilfoil in New York 
State, providing control for as long as two years (NYSDEC, 2005).  The spread of the plants from uncut areas 
or incomplete removal of plant fragments created during rotovating or hydroraking may reduce longevity of 
results.  Hydroraking and rotovating can be successfully used to remove waterlily, with long term control 
provided when repeated for two or three consecutive years.  Hydroraking and rotovating can be used to 
remove purple loosestrife in shoreline areas, but may cause dormant seeds or root fragments to be distributed 
to non-infested areas.  Hydroraking and rotovating non-selectively remove all vegetation within the control 
area. 

7.3.5 Water level control 

7.3.5.1 Description 

Control of rooted aquatic plants can be achieved through water level control.  Two methods can be used, 
flooding and drawdown.  Flooding, increasing water depth in an effort to achieve light limitation for aquatic 
plant control, is rarely used since water quantity and potential flooding impacts to urban areas limit the utility of 
this technique.  Drawdown is often used, however, and is described below. 
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Drawdown is a process whereby the water level is lowered by gravity, pumping or siphoning and held at that 
reduced level for some period of time, typically several months and usually over the winter. Drawdown can 
provide control of plant species that overwinter in a vegetative state, and oxidation of sediments may result in 
lower nutrient levels with adequate flushing. Drawdowns also provide flood control and allow access for 
nearshore clean ups and repairs to structures. The ability to control the water level in a lake is affected by area 
precipitation pattern, system hydrology, lake morphometry, and the outlet structure. The base elevation of the 
outlet or associated subsurface pipe(s) will usually set the maximum drawdown level, while the capacity of the 
outlet to pass water and the pattern of water inflow to the lake will determine if that base elevation can be 
achieved and maintained. In some cases, sedimentation of an outlet channel or other obstructions may control 
the maximum drawdown level. 

Several factors affect the success of drawdown with respect to plant control. While drying of plants during 
drawdowns may provide some control, the additional impact of freezing is substantial, making drawdown a 
more effective strategy during late fall and winter. However, a mild winter or one with early and persistent snow 
may not provide the necessary level of drying and freezing. The presence of high levels of groundwater 
seepage into the lake may mitigate or negate destructive effects on target submergent species by keeping the 
area moist and unfrozen. The presence of extensive seed beds may result in rapid re-establishment of 
previously occurring plant species, some of which may be undesirable. Recolonization from nearby areas may 
be rapid, and the response of macrophyte species to drawdown is quite variable. 

Aside from direct impact on target plants, drawdown can also indirectly and gradually affect the plant 
community by changing the substrate composition in the drawdown zone. If there is sufficient slope, finer 
sediments will be transported to deeper waters, leaving behind a coarser substrate. If there is a thick muck 
layer present in the drawdown zone, there is probably not adequate slope to allow its movement. However, 
where light sediment has accumulated over sand, gravel or rock, repetitive drawdowns can restore the coarse 
substrate and limit plant growths. Expected response of target species (Table 7-2) is of particular importance 
when plant control is the major goal. 

7.3.5.2 Applicability to representative target species 

Overwinter drawdown has been effectively used for the control of Eurasian watermilfoil (Bates et al. 1985, 
NYSDEC, 2005), with results lasting for a few years.  Drawdowns do not prevent recolonization from areas of 
the lake not impacted by drawdown, or nearby waterbodies (NYSDEC, 2005).  White waterlily is susceptible to 
overwinter drawdown (Cooke et al., 1993).  There have been no specific studies focused on overwinter 
drawdown control of purple loosestrife.  However, biological characteristics of the plant suggest that control 
may be poor.  Studies have demonstrated that seeds stored and frozen for 3 years germinated only two days 
later than fresh seeds (Thompson et al., 1987).  Hence freezing and drying action on seeds would not provide 
control.  Thompson et al. (1987) further cite that purple loosestrife’s ability to adapt to varying environmental 
conditions, including adaptation to seasonal or semi-permanent changes in water levels, make it well suited to 
out complete other plants under similar conditions.  The observed distribution and success of purple loosestrife 
into areas with only periodic to rare inundation which may be subject to freezing conditions further suggests 
that overwinter drawdown would not likely provide control by impacting root systems.  In addition, a review of 
historical control efforts suggests that heaviest infestations appeared linked to drainage of deep-water basins, 
flooding of shallow basins, or seasonal drawdowns of impoundment pools (Thompson et al., 1987). 
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Table 7-2  Anticipated response of some common aquatic plants to winter drawdown (adapted from 
Cooke et al., 1993) 

Change in Relative Abundance 
 Increase No Change Decrease   

Acorus calamus (sweet flag)    E   
Alternanthera philoxeroides (alligator weed) E   
Asclepias incarnata (swamp milkweed)   E 
Brasenia schreberi (watershield)     S 
Cabomba caroliniana (fanwort)     S 
Cephalanthus occidentalis (buttonbush)  E   
Ceratophyllum demersum (coontail)    S 
Egeria densa (Brazilian Elodea)     S 
Eichhornia crassipes (water hyacinth)  E/S  
Eleocharis acicularis (needle spikerush)  S S S 
Elodea canadensis (waterweed)   S S S 
Glyceria borealis (mannagrass)   E   
Hydrilla verticllata (hydrilla)    S   
Leersia oryzoides (rice cutgrass)   E   
Lythrum salicaria (purple loosestrife) E   
Myrica gale (sweetgale)  E  
Myriophyllum spp. (milfoil)      S 
Myriophyllum spicatum (Eurasian 
watermilfoil)   S 

Najas flexilis (bushy pondweed)   S   
Najas guadalupensis (southern naiad)    S 
Nuphar spp. (yellow water lily)   E/S 
Nymphaea odorata (white water lily)    S 
Polygonum amphibium (water smartweed)  E/S  
Polygonum coccineum (smartweed)  E   
Potamogeton epihydrus (leafy pondweed) S   
Potamogeton robbinsii (Robbins' pondweed)   S 
Potentilla palustris (marsh cinquefoil)   E/S 
Scirpus americanus (three square rush) E   
Scirpus cyperinus (wooly grass) E   
Scirpus validus (great bulrush) E   
Sium suave (water parsnip) E   
Typha latifolia (common cattail) E E  
Zizania aquatic (wild rice) E   
 
E=emergent growth form 
S=submergent growth form (includes rooted species with floating leaves) 
E/S=emergent and submergent forms 
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7.3.6 Controlled Burns 

7.3.6.1 Description 

Fire can be used to destroy vegetation and any associated seeds. Destruction of roots and any buried seeds is 
less certain, but is sometimes accomplished. Successful burns for invasive species control and related 
planning, precautions and impacts are discussed in the Nature Conservancy’s Weed Control Methods 
Handbook: Tools and Techniques for Use in Natural Areas (Tu et al., 2001). Successful control of terrestrial 
species is more common than for aquatic or wetland species, and it is especially important to destroy the roots 
and any buried seeds if eradication is the goal. Control of aquatic species by fire is limited, but when it is 
attempted it is nearly always accompanied by a follow-up technique, most often herbicides. Control of reed 
canary grass, cattail, common reed and purple loosestrife has been reported (Tu et al., 2001). Risks to 
humans, their properly, and non-target species of plants and animals greatly limits the use of this technique on 
a large scale, but where fire has historically been a factor in landscape features and has more recently been 
suppressed by human activities, it used is considered ecologically justifiable.  

7.3.6.2 Applicability to representative target species 

Purple loosestrife has rarely been controlled by burning, with increased success when herbicides are used as 
a follow-up treatment. Eurasian watermilfoil and waterlilies are not susceptible to control by fire. 

7.4 Chemical controls 
Chemical treatment is one of the oldest methods used to manage nuisance aquatic weeds, and is still the most 
frequently applied approach. Other than perhaps drawdown, few alternatives to herbicides were widely 
practiced until relatively recently. Those considering chemical use should become aware of all possible 
benefits, known limitations and constraints, and possible negative impacts, and should carefully evaluate the 
applicability and efficacy for the target lake. 

Herbicides and algaecides contain active ingredients that are toxic to target plants. For convenience, we will 
refer to this collective group of chemicals as herbicides here, with inclusion of algaecides inferred. Herbicides 
are typically classified as contact or systemic herbicides based on the action mode of the active ingredient. 
Contact herbicides are toxic to plants by uptake in the immediate vicinity of external contact, while systemic 
herbicides are taken up by the plant and are translocated throughout the plant. In general, contact herbicides 
are more effective against annuals than perennials because they may not kill the roots, allowing perennials to 
grow back. Seeds are also not likely to be affected, but with proper timing and perhaps several treatments, 
growths can be eliminated much the same way harvesting can eliminate annual plants.  

Systemic herbicides tend to work more slowly than contact herbicides because they take time to be 
translocated throughout the plant. Systemic herbicides generally provide more effective control of perennial 
plants than contact herbicides, as they kill the entire plant under favorable application circumstances. Systemic 
herbicides will also kill susceptible annual species, but regrowth from seeds is usually substantial. If annual 
species are the target of control, additional treatment will be required, normally a year after initial treatment and 
for as long as the seed bank facilitates new growths. 

Another way to classify herbicides is by whether the active ingredients are selective or broad spectrum. 
Selective herbicides are more effective on certain plant species than others, with control of that selectivity 
normally dependent on dose and exposure duration. Plant factors that influence selectivity include plant 
morphology, physiology and the stage of growth. Even a selective herbicide can kill most plants if applied at 
high rates. Likewise, contact herbicides may show some selectivity based on dose and plant features, but tend 
to induce impacts on a broad spectrum of plant species. 

The choice of herbicide to manage an undesirable plant population depends on the properties of the herbicide, 
the relative sensitivity of the target and non-target plants and other organisms that will be exposed, water use 
restrictions after herbicide use, and cost. Effectiveness in controlling the target plant species is normally the 
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primary consideration. Other factors determine possible choice between two or more potentially effective 
herbicides, dose, and whether a treatment is actually feasible.  

Herbicide effectiveness may be influenced by such factors as timing, rate and method of application, species 
present and weather conditions (Westerdahl and Getsinger, 1998a, b). Additionally, dose determination should 
consider hydraulic residence time, morphometry and water hardness to maximize effectiveness. Herbicide 
treatment can be an effective short-term (and sometimes, longer) management procedure to produce a rapid 
reduction in algae or vascular plants for periods of weeks to months. Although long-term effectiveness of 
herbicide treatments is possible, in most cases herbicide use is considered a short-term control technique. 

Six aquatic herbicides currently approved for aquatic use by the United States Environmental Protection 
Agency (USACE 2002) and registered for use in New York State are described below. Information for 
individual herbicidal active ingredients in use today is further discussed in association with each active 
ingredient in subsequent parts of review. Copper is not generally used to control milfoil growth and is therefore 
not included in this discussion.  The relative effectiveness of control by New York-registered herbicides on 
common nuisance aquatic plants is listed in Table 7-3 (NYSDEC, 2005). 

The relative effectiveness in Table 7.3 has three possible ratings: high (very effective control), medium 
(moderate control) or low (poor or no control). Since Clearcast® can be applied either by foliar and submerged 
applications, the information on Table 7-3 for that herbicides includes the relative sensitivity for both. The foliar 
value is given first, followed by the submerged, such as high/low.  This has also been done for submergent 
species, such as parrotfeather (M. aquaticum), which can have emergent foliage late in the season. If the 
response has not been well documented, it is indicated as an “?”. 

7.4.1 Diquat 

7.4.1.1 Description 

Diquat is a fast acting contact herbicide, producing results within 2 weeks of application through disruption of 
photosynthesis. It is a broad-spectrum herbicide with potential risks to aquatic fauna, but laboratory indications 
of invertebrate toxicity have not been clearly documented in the field. A domestic water use restriction of 3 
days is normally applied. Irrigation restrictions of 2 to 5 days are applied, depending on dose and crop to be 
irrigated. Regrowth of some species has been rapid (often within the same year) after treatment with diquat, 
but two years of control have been achieved in some instances.  

Diquat is used as a general purpose aquatic herbicide, both as a primary control agent for a broad range of 
macrophytes and as a follow-up treatment chemical for control of plants (especially milfoil) missed by other 
herbicides or physical control techniques. Treatment with diquat is recommended early in the season to impact 
early growth stages, but can be applied any time. Diquat is less effective in turbid, muddy water due to 
adsorption onto sediments and other particles. 

Since diquat is a broad spectrum herbicide, it can be expected to impact non-target plants when they are 
present. Loss of vegetative cover may have some impact on aquatic animals, but short-term effects are not 
expected. The acute toxicity of diquat for fish is highly variable depending on species, age, and hardness of 
water. Young fish are more sensitive than older fish. Toxicity is decreased as water hardness increases. 

7.4.1.2 Applicability to representative target species 

Diquat has a high impact on Eurasian watermilfoil, and limited effectiveness on white waterlily and purple 
loosestrife (Table 7-3). 
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Table 7-3  Impact of NYS registered herbicides on common nuisance aquatic plants (adapted from 
NYSDEC, 2005) 

 Susceptibility to Herbicide 
Aquatic Plant Diquat 2,4-D Endothall Glyphosate Fluridone Triclopyr Imazamox 
Emergent Species        
Lythrum salicaria  
(purple loosestrife) low low low high low high high/low 
Phragmites spp  
(reed grass) low low medium high low medium high/low 
Pontedaria cordata 
 (pickerelweed) low medium low medium low high high/medium 
Sagittaria spp  
(arrowhead) low high low high low medium high/medium 
Scirpus spp  
(bulrush) medium high low high low low medium/medium 
Typha spp  
(cattail) medium medium low high medium low high/medium 
Floating Leaf Species        
Brasenia schreberi  
(watershield) medium medium medium low medium medium high/medium 
Lemna spp  
(duckweed) high medium medium low high low low/low 
Nuphar spp  
yellow water lily) low medium medium high medium medium medium/low 
Nymphaea spp  
(white water lily) low medium medium high medium medium high/low 
Trapa natans 
 (water chestnut) low medium low 

medium 
(foliar only) low medium high/medium 

Submergent Species        
Ceratophyllum demersum 
(coontail) high medium high low high low low 
Cabomba caroliniana  
(fanwort) medium medium high low high low low 
Chara spp  
(muskgrass) low low low low low low low 
Elodea canadensis  
(common waterweed) high medium low low high low ? 
Heteranthera dubia 
(water stargrass) high high medium low medium low high 
Myriophyllum aquaticum  
(Parrotfeather) - - - - - - medium/low 
Myriophyllum spicatum  
(Eurasian watermilfoil) high high high low high high high 
Najas flexilis  
(bushy pondweed) high medium high low medium low ? 
Potamogeton amplifolius  
(largeleaf pondweed)  low low medium low medium low medium 
Potamogeton crispus  
(curly-leafed pondweed) high low high low high low medium 
Potamogeton robbinsii  
(Robbins' pondweed)  low low medium low high low medium 
Stuckenia pectinatus  
(Sago pondweed)  high low medium low medium low medium 
Utricularia spp  
(bladderwort) high medium low low medium low low 
Vallisneria americana 
 (wild celery) low low medium low medium low low 
Adapted from Holdren, et al, 2001; ENSR, 2007. 
Control levels: high (very effective control), medium (moderate control) or low (poor or no control); where both foliar and 
submerged applications are possible, the foliar value is given first, followed by the submerged, such as high/low 
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7.4.2 Endothall 

7.4.2.1 Description 

Endothall is a contact herbicide, attacking a wide range of plants. The method of action of endothall is 
suspected to inhibit the use of oxygen for respiration. Only portions of the plant with which the herbicide can 
come into contact are killed. There are two forms of the active ingredient; the inorganic potassium salt that is 
found in the products Aquathol® Granular and Aquathol® K and the alkylamine salt formulations of Hydrothol® 
191 Granular and Hydrothol® 191. Effective control can range from weeks to months. Most endothall 
compounds break down readily and are not persistent in the aquatic environment, disappearing from the water 
column in under 10 days and from the sediments in under 3 weeks. 

Endothall acts quickly on susceptible plants, but does not kill roots with which it cannot come into contact, and 
recovery of many plants occurs. Rapid death of susceptible plants can cause oxygen depletion if 
decomposition exceeds re-aeration in the treated area, but this can be mitigated by conducting successive 
partial treatments. Toxicity to invertebrates, fish or humans is possible but not expected at typical doses, but 
endothall is not typically permitted for use in drinking water supplies. 

Endothall is primarily a broad spectrum vascular plant control chemical. Endothall has not been very effective 
against milfoil, but works well on most species of pondweeds, coontail and naiads. It is used less than most 
other herbicides, mainly due to dose limits that are observed to avoid impacts to non-target fauna. 

Hydrothol® 191 is an alkylamine salt formulation of endothall. This formulation is effective against algae as 
well as macrophytes, but is much more toxic to fish than Aquathol® K. The environmental hazards listed on 
the Hydrothol® 191 (Dimethylalkylamine endothall granular and liquid) labels warn that fish may be killed by 
dosages in excess of 0.3 ppm. Hydrothol® 191 is less toxic to fish in cool water (<65°F). However, Hydrothol® 
191 granular is sometimes not used because of potential dust problems and possible toxicity to the applicator. 
Aquathol® K is much less toxic and is used more frequently than Hydrothol® 191. Aquathol® K application 
rates vary with water depth. Although usually applied at lower rates, the maximum rate of 269 lbs per 2 acre 
feet or 6.4 gallons per 2 acre-feet for spot treatment would result in a maximum concentration of 5 ppm 
according to the product labels.  

7.4.2.2 Applicability to representative target species 

Endothall has a high impact on Eurasian watermilfoil, a medium impact on white waterlily and low impact on 
purple loosestrife (Table 7-3). 

7.4.3 Glyphosate 

7.4.3.1 Description 

Glyphosate is a systemic, broad spectrum herbicide. Glyphosate is used to control emergent vegetation and to 
create open areas for waterfowl or human use. Its mode of action is to disrupt the plant's shikimic acid 
metabolic pathway. Shikimic acid is a precursor in the biosynthesis of aromatic amino acids. The disruption in 
the pathway prevents the synthesis of aromatic amino acids and the metabolism of phenolic compounds. The 
net effect is that the plant is unable to synthesize protein and produce new plant tissue. Glyphosate penetrates 
the cuticle of the plant and moves to the phloem where it is translocated throughout the plant, including the 
roots. Its aquatic formulation is effective against most emergent or floating-leaved plant species, but not 
against most submergent species.  Rainfall shortly after treatment can negate its effectiveness, and it readily 
adsorbs to particulates in the water column or to sediments and is inactivated. It is relatively non-toxic to 
aquatic fauna at recommended doses, and degrades readily into non-toxic components in the aquatic 
environment. The maximum concentration for treated water is typically about 0.7 mg/L, but a dose of no more 
than 0.2 mg/L is usually recommended. 
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The most common aquatic use of glyphosate is for control of emergent and floating leaf species, in particular 
water lilies (Nuphar spp., Nymphaea spp.), reed grass (Phragmites spp.), purple loosestrife (Lythrum salicaria) 
and cattail (Typha spp.). Glyphosate is not effective for control of submerged macrophytes because it is water 
soluble and the concentration after dilution would be insufficient to damage a submergent plant. It is, however, 
recommended for control of many wetland and floodplain species that include trees, shrubs and herbs. 
Glyphosate effectiveness is greater in soft water. Additives such as ammonium phosphate are recommended 
for hard water glyphosate applications, and non-ionic surfactants are often recommended to increase overall 
effectiveness. 

Because it is a broad spectrum herbicide, glyphosate should be expected to impact non-target emergent or 
floating leaf plants if the spray contacts them. Control of the spray can therefore greatly limit impacts to non-
target vegetation. The LC50 levels for fish species vary widely, perhaps due to variations in formulations tested 
(i.e., with or without surfactant). Most applications would result in aquatic concentrations far lower than any 
toxic threshold. Invertebrates do not appear to be harmed directly by the herbicide, but may be impacted by 
the alteration of vegetation.  

Note that glyphosate-based herbicides would be the primary chemical alternative for imazamox for addressing 
emergent and floating leaf aquatic plant nuisances. Other herbicides are applicable to submerged plants, but 
glyphosate and imazamox are directly competing strategies for emergent and floating plants. 

7.4.3.2 Applicability to representative target species 

Glyphosate has a low impact on Eurasian watermilfoil, a high impact on white waterlily and purple loosestrife 
(Table 7-3). 

7.4.4 2,4-D 

7.4.4.1 Description 

2,4-D, the active ingredient in a variety of commercial herbicide products, has been in use for over 30 years. 
This is a systemic herbicide; it is absorbed by roots, leaves and shoots and disrupts cell division throughout 
the plant. Vegetative propagules such as winter buds, if not connected to the circulatory system of the plant at 
the time of treatment, are generally unaffected and can grow into new plants. Seeds are also not affected. It is 
therefore important to treat plants early in the season, after growth has become active but before such 
propagules form. 

2,4-D is sold in liquid or granular forms as sodium and potassium salts, as amine salts, and as an ester. Doses 
of 50 to 150 pounds per acre are usually applied for the control of submersed weeds, most often of the 
dimethylamine salt (DMA) or the butoxyethanolester (BEE) in granular formulation. Lower doses are more 
selective but require more contact time; a range of one to three days of contact time is typically needed at the 
range of doses normally applied. 2,4-D has a short persistence in water but can be detected in the sediment 
for months. 

Experience with granular 2,4-D in the control of nuisance macrophytes has generally been positive, with 
careful dosage management providing control of such non-indigenous nuisance species as Eurasian 
watermilfoil with only sublethal damage to many native species. 2,4-D has variable toxicity to fish, depending 
upon formulation, dose and fish species. The 2,4-D label does not permit use of this herbicide in water used 
for drinking or other domestic purposes, or for irrigation until the concentration is less than 0.1 ppm, typically 
about 3 weeks. While there is overlap in the species to which 2,4-D and imazamox would be applied, the 
drinking water use restrictions are much more limiting for 2,4-D. 

7.4.4.2 Applicability to representative target species 

Control of Eurasian watermilfoil with 2,4-D is high, whereas control is medium and low for white waterlily and 
purple loosestrife, respectively (Table 7-3). 
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7.4.5 Fluridone 

7.4.5.1 Description 

Fluridone is a systemic herbicide that comes in two general formulations, an aqueous suspension and a slow 
release pellet, although several forms of pellets are now on the market. This chemical inhibits carotene 
synthesis, which in turn exposes the chlorophyll to photodegradation. Most plants can be damaged by sunlight 
in the absence of protective carotenes, resulting in chlorosis of tissue and death of the entire plant with 
prolonged exposure to a sufficient concentration of fluridone. When carotene is absent the plant is unable to 
produce the carbohydrates necessary to sustain life. Some plants, including Eurasian watermilfoil, are more 
sensitive to fluridone than others, allowing selective control at low doses. 

For susceptible plants, lethal effects are expressed slowly in response to treatment with fluridone. Existing 
carotenes must degrade and chlorosis must set in before plants die off; this takes several weeks to several 
months, with 30-90 days given as the observed range of time for die off to occur after treatment. The slow rate 
of plant die-off minimizes the risk of oxygen depletion. Fluridone concentrations should be maintained in the 
lethal range for the target species for at least 6 weeks, preferably 9 weeks, and ideally 13 weeks. This 
presents some difficulty for treatment in areas of substantial water exchange, and indicates the value of an 
alternative herbicide for many of the same target species, represented by imazamox. 

The selectivity of fluridone for the target species depends on the timing and the rate of application. Early 
treatment (April/early May) with fluridone effectively controls overwintering perennials before some of the 
beneficial species of pondweed and naiad begin to grow. Variability in response has also been observed as a 
function of dose, with lower doses causing less impact on non-target species. However, lesser impact on 
target plants has also been noted in some cases, so dose selection involves balancing risk of failure to control 
target plants with risk of impact to non-target species.  

Fluridone is considered to have low toxicity to invertebrates, fish, other aquatic wildlife, and mammals, 
including humans. The USEPA has set a tolerance limit of 0.15 ppm for fluridone or its degradation products in 
potable water supplies, although some state restrictions are lower. Substantial bioaccumulation has been 
noted in certain plant species, but not in animals.  

7.4.5.2 Applicability to representative target species 

Fluridone has a high impact on Eurasian watermilfoil, a medium impact on white waterlily and low impact on 
purple loosestrife (Table 7-3). 

7.4.6 Triclopyr 

7.4.6.1 Description 

Triclopyr is a systemic herbicide which contains a synthetic plant growth hormone (auxin) that interferes with 
plant metabolism. Bending and twisting of leaves and stems is evident almost immediately after application. 
Delayed symptom development includes root formation on dicot stems, misshapen leaves, stems, and flowers, 
and abnormal roots. Symptoms are evident on new growth first. Pigment loss (yellow or white), stoppage of 
growth, and distorted new growth are typical symptoms. Most injury appears in the period of several days to 
weeks (USEPA, 1998; Purdue, 1996). Following application to Eurasian watermilfoil (a primary target invasive 
species), chlorotic apices were noted in three days, defoliation and sinking to the sediment surface within 14 
days, and necrosis occurring over the next two weeks (Poovey et al., 2004).  

Various studies have shown triclopyr to be an effective herbicide for emersed, submersed and floating 
macrophyte control.  Treatments can be done via foliar, sub-surface or granular applications. It is highly 
selective and effective against susceptible submerged species (i.e., watermilfoil spp.) and floating and 
emersed plant species at a dose range of 0.75 to 2.5 mg/L and 2 -8 quarts per acre respectively. Triclopyr 
provides selective control of woody and broadleaf species (Swadener, 1993). In aquatic ecosystems, this 
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differential response gives triclopyr the ability to remove milfoil and allow non-invasive native monocots and 
tolerant dicots to proliferate (Antunes-Kenyon and Kennedy, 2004).  

It is recommended that triclopyr be applied when plants are actively growing, early spring into fall depending 
on target species.  Eurasian watermilfoil initiates productivity and metabolic activity at an earlier time than 
native plants (Smith and Barko, 1990). Utilizing an early growing season application would allow for the 
treatment of Eurasian watermilfoil prior to dense biomass establishment and while the remaining plant 
community is still dormant. 

Triclopyr is considered to have a low degree of systemic toxicity based on findings from acute and subchronic 
toxicology studies (WDOE, 2001). When the USEPA established the tolerance for combined residues of 
triclopyr and its metabolites it conducted a comprehensive risk assessment using modeling and risk 
assessment techniques to estimate maximum exposure potential from all sources (total aggregate exposure) 
including food, drinking water, and residential uses.  This risk assessment concluded that there is a reasonable 
certainty that no harm will result to the general population and to infants and children from aggregate exposure 
to triclopyr and TCP (Antunes-Kenyon and Kennedy, 2004).  

7.4.6.2 Applicability to representative target species 

Triclopyr has a high impact on Eurasian watermilfoil and purple loosestrife, and a medium impact on white 
waterlily (Table 7-3). 

7.5 Biological controls 
Interest has grown in biological control methods over the last two to three decades. Most methods are still 
experimental and have a limited degree of achieved effectiveness. Most methods have the potential to inflict 
negative impacts on the environment. Biological methods differ from other plant control methods in that there 
are more variables to consider and usually a longer time span needed to evaluate effectiveness. These 
methods are unusual in that the treatments consist of either altering conditions to favor certain organisms or 
introducing live organisms that may be difficult or impossible to control or recall once introduced. For this 
reason non-indigenous introductions are restricted in most cases. Biological control has the advantage that it is 
perceived as a more “natural” or “organic” plant control option, but it still represents human interference within 
an ecological system. The potential for long-term effectiveness with limited maintenance is attractive, but has 
been largely illusive with biological controls. 

7.5.1 Herbivorous fish 

7.5.1.1 Description 

The sterile triploid form of grass carp (Ctenopharyngodon idella), also known as the white amur, is a species of 
fish that is permitted for use in the control of aquatic macrophytes in New York State (Stang, 1994). The native 
range of grass carp includes the Pacific slope of Asia from the Amur River of China and Siberia, south to the 
West River in southern China and Thailand. They are typically found in low gradient reaches of large river 
systems. Grass carp can grow to 4 feet long and attain weights of over 100 pounds, making them the largest 
member of the cyprinid family. They have a very high growth rate, with a maximum at about 6 pounds per 
year. They typically grow to a size of 15-20 pounds in North American waters and have adapted quite well to 
life in reservoirs where they are stocked for aquatic vegetation control. 

As with other carp species, they are tolerant of wide fluctuations in water quality including water temperatures 
from 0 to 35°C, salinities up to 10 ppt, and oxygen concentrations approaching 0 mg/L. Grass carp do not feed 
when water temperatures drop below 11°C (52°F) and feed heavily when water temperatures are between 
20°C and 30°C (68°F and 86°F). Dietary preference is an important aspect of grass carp, as pertains to their 
use as a plant control mechanism. Grass carp have exhibited a wide variety of food choices from study to 
study. In some cases grass carp have been reported to have a low feeding preference for Myriophyllum 
spicatum. Yet in a recently completed Connecticut study (Benson, 2002), grass carp did consume milfoil more 
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readily than other submergent species. Grass carp readily eat other non-indigenous plants such as Cabomba 
caroliniana and Egeria densa as well as various native species. In some cases grass carp will also eat and 
control filamentous algae (e.g., Pithophora). Generally, grass carp avoid cattails and water lilies, but the high 
level of variability in grass carp diet among lakes should be kept in mind. 

The major difficulty in using grass carp to control aquatic plants is determining what rate will be effective and 
yet not so high as to eradicate the plants completely. Effective grass carp stocking rates are a function of grass 
carp mortality, water temperature, plant species composition, plant biomass and desired level of control. The 
fish usually live ten or more years but the typical plant control period is reported to be 3 to 4 years with some 
restocking often required. They are difficult to capture and remove unless the lake is treated with rotenone that 
will kill other fish species as well. Grass carp may also decrease the density or even eliminate vascular plants, 
although in a Connecticut study (Benson, 2002), the carp preferred milfoil to other plants. Algal blooms 
resulting from nutrients being converted from plant biomass by the grass carp have been common, even 
without elimination of vascular plants.  

7.5.1.2 Applicability to representative target species 

Diet preference demonstrated in various studies has been highly variable, some showing preferential feeding 
on Eurasian watermilfoil, while others have showed no preferential feeding on Eurasian watermilfoil.  Studies 
have documented that grass carp avoid water lilies.  Grass carp do not provide effective control of purple 
loosestrife. 

7.5.2 Herbivorous invertebrates 

7.5.2.1 Description 

Biological control has the objective of achieving control of plants without introducing toxic chemicals or using 
machinery. Yet it suffers from an ecological drawback; in predator-prey (or parasite-host) relationships, it is 
rare for the predator to completely eliminate the prey.  

7.5.2.2 Applicability to representative target species 

Augmentation of a native insect population has been studied with the milfoil midge (Cricotopus myriophylli), a 
moth (Acentria ephemerella) and the milfoil weevil (Euhrychiopsis lecontei). Releases in Massachusetts of the 
native weevil (Euhrychiopsis lecontei) for the control of Eurasian milfoil have occurred since 1995, and there 
are signs of success in two of the original test lakes (Creed and Sheldon, 1994; Sheldon, 1995; Sheldon and 
Creed, 1995; Sheldon and O’Bryan, 1996a,b). 

Euhrychiopsis lecontei is a native North American insect species believed to have been associated with 
northern watermilfoil (Myriophyllum sibericum), a species largely replaced by non-indigenous, Eurasian 
watermilfoil (M. spicatum) since the 1940’s. It does not utilize non-milfoil species. In controlled trials, the weevil 
clearly has the ability to impact milfoil plants through structural damage to apical meristems (growth points) 
and basal stems (plant support). Adults and larvae feed on milfoil, eggs are laid on it, and pupation occurs in 
burrows in the stem. Field observations linked the weevil to natural milfoil declines in nine Vermont lakes and 
additional lakes in other states (Johnson et al., 2000). 

Lakewide crashes of milfoil populations have generally not been observed in cases where the weevil has been 
introduced into only part of the lake, although localized damage has been substantial. Widespread control may 
require more time than current research and monitoring has allowed. As with experience with introduced insect 
species in the south, the population growth rate of the weevil is usually slower than that of its host plant, 
necessitating supplemental stocking of weevils for more immediate results. Just what allows the weevil to 
overtake the milfoil population in the cases where natural control has been observed is still unknown. 

Acentria ephemerella is a European aquatic moth first reported in North America near Montreal in 1927 
(Sheppard, 1945; as reported in Johnson and Blossey, 2002). While it is considered a generalist herbivore, 
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significant declines in Eurasian watermilfoil populations in Ontario and New York lakes have been associated 
with population explosions of the species (Johnson et al., 1998; Gross et al., 2001). Cayuga Lake is the best 
studied of these declines, with a greater than 90% reduction of Eurasian watermilfoil (Johnson et al., 1998; 
Gross et al., 2001); a reduction that has been maintained for 15 years since the initial decline (R. Johnson, 
pers. comm.. 12/20/06).  This selective suppression of Eurasian watermilfoil has led to a strong recovery by 
native macrophyte species, which now dominate the plant community (Johnson and Blossey, 2002). Further 
investigations of the effects of population augmentation and long-term control of watermilfoil by A. ephemerella 
are being conducted in several New York lakes including Chautauqua, Otisco, and Owasco (R. Johnson, pers. 
comm. 12/20/06). 

While there has been some research regarding aquatic insect herbivory on white waterlilies (Cronin et al., 
1998, Dorn et al., 2001), there are no effective biological control options available at this time for white 
waterlily. 

Biological control using invertebrates (mainly insects) from the same region as the introduced target plant 
species include the root boring weevil (Hylobius transversovittatus) and two leaf beetles (Galerucella 
calmariensis and G. pusilla) for the control of purple loosestrife (Lythrum salicaria). For the control of purple 
loosestrife, a measure of success has been achieved with the introduction of two European leaf beetles 
(Galerucella calmariensis and G. pusilla) (Blossey, 2002; MA CZM, 2006). Two other potential insect control 
agents for purple loosestrife (Hylobius transversovittatus and Nanophes marmoratus) have been identified, but 
their effectiveness has not been fully established.  

Mass releases of the Galerucella sp. beetles have been successfully used in the United States to control 
purple loosestrife infestations since the early 1990s (approved in 1992 by U.S. Department of Agriculture for 
their use in biocontrol). While these natural beetle predators cannot eliminate purple loosestrife entirely, at 
several release sites complete defoliation of large stands have been reported with local reductions of more 
than 95% of the biomass (Blossey, 2002). Published literature indicates that the beetles are host-specific and 
no significant long-term significant impacts on native plant species have been observed (MA CZM, 2006). 
Several states and academic institutions have established programs to provide information and guidance on 
this form of biological control (e.g., MA CZM Purple Loosestrife Biocontrol Project, Cornell University Ecology 
and Management of Invasive Plants Program). Efforts are also being made to mass-produce the biocontrol 
beetles to make them available to interested parties or state agencies (MA CZM, 2006). 

7.5.3 Plant competition 

7.5.3.1 Description 

Although invasive nuisance plant species are just what the name implies, there is evidence that the presence 
of a healthy, desirable plant community can minimize or slow infestation rates. Most invasive species are 
favored by disturbance, so a stable plant community should provide a significant defense. Unfortunately, 
natural disturbances abound, and almost all common plant control techniques constitute disturbances. 
Therefore, if native and desirable species are to regain dominance after disturbance, it may be necessary to 
supplement their natural dissemination and growth with seeding and planting. The use of seeding or planting 
of vegetation is still a highly experimental procedure, but if native species are employed, it should yield minimal 
controversy. 

Experiments indicate that the addition of dried seeds to an exposed area of sediment will result in rapid 
germination of virtually all viable seeds and rapid cover of the previously exposed area. However, if this is not 
done early enough in the growing season to allow annual plants to mature and produce seeds of their own, the 
population will not sustain itself into the second growing season. Transplanting mature growths into exposed 
areas has generally been found to be a more successful means of establishing a seed producing population. 
The use of cuttings gathered by a harvester has not been successful in establishing native species, so it 
appears that whole, viable plants must be added. 
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Areas of dense, healthy, indigenous plants tend to resist colonization by invasive species. Resistance may not 
be complete or lasting, but invasions have been greatly slowed where bare sediment is minimized. More 
research is needed, but establishment of desired vegetation is entirely consistent with the primary plant 
management axiom: if light and substrate are adequate, plants will grow. Rooted plant control should extend 
beyond the limitation of undesirable species to the encouragement of desirable plants. 

7.5.3.2 Applicability to representative target species 

Because restoration of native populations through planting remains largely experimental, documentation of 
successes in controlling specific invasive plant species is scant.  However, available documentation suggests 
that this strategy may be effective for the control of Eurasian watermilfoil and white waterlily.  The planting of 
native plants in disturbed areas has been shown to minimize colonization of nuisance aquatic plants such as 
watermilfoil (Doyle and Smart, 1993).  Helsel et al. (1996) demonstrated that control of Eurasian watermilfoil 
and white waterlily with 2,4-D allowed for natural re-colonization by the native plant community, but had little 
success in achieving similar re-establishment of native plants in areas treated with benthic barriers followed by 
establishment of native plant beds from transplanted cuttings.  The study suggested improved planting 
techniques were needed to improve potential success of replanting (Helsel et al., 1996). 

Replanting with native species when purple loosestrife is hand pulled or dug has been recommended 
(KCNWCP, 2005).  KCNWCP (2005) suggests using a mix of clover and grass species to improve resistance 
to re-infestation of cleared areas. 

7.6 No-action alternative 
7.6.1.1 Description 

The no action or no management alternative for aquatic plants would exclude all active lake management 
programs, but would include normal monitoring and would also include normal operations such as drawdowns 
for flood control or dam repair and other activities as permitted or required by law. The normal tendency for 
lakes is to gradually accumulate sediments and associated nutrients and to generally become more eutrophic. 
Although macrophytes may be excluded from deeper areas of the lake due to light limitation, as sediments fill 
in the lake a greater proportion of the lake area becomes suitable for aquatic macrophytes. In consideration of 
this, the no management alternative would allow lakes to become ever more eutrophic in the future, even if no 
human additions of nutrients, sediments or non-indigenous plants were considered.  In cases where there is 
development in the watershed leading to increased erosion and sediment transport to the lake, the rate of 
infilling and expansion of macrophyte beds would be expected to increase more rapidly. 

In addition, activities that involve boat transport among lakes may introduce non-indigenous plant species into 
lakes that previously did not have infestations. One of the major modes of introduction is assumed to be 
boating activities. The no management alternative would provide neither prevention nor remediation efforts 
other than those required by current laws, which contain minimal provisions intended to stop the spread of 
invasive species or preserve the desirable features of lakes. 

7.6.1.2 Applicability to representative target species 

The no-action alternative would not control the three representative target species.  Because these 
representative target species are invasive, lack of intervention will result in continued spread, and concomitant 
loss of native species. 

7.7 Alternatives analysis 
As discussed in Sections 2.0 and 3.0 of the SEIS, the uncontrolled growth of nuisance aquatic macrophyte 
species can substantially impact the natural diversity, ecological function, and recreational uses of a 
waterbody. However, as noted in Section 7.2, is important that the appropriate control techniques are selected 
which are appropriate for effectively removing the nuisance species, which minimize potential adverse 
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ecological effects (or mitigative measures can be included), that are practicable and cost-effective, and which 
reduces potential societal conflicts that can occur between groups of lake users. Therefore, it is important that 
the selection of any macrophyte control treatment, including herbicides, be conducted as a result of a well 
thought-out long-term IAVMP, consistent with NYSDEC guidance (NYSDEC, 2005).  Part of the development 
of the IAVMP is an alternative analysis, which is considered in a series of steps below. 

7.7.1 Management vs. no management 
The first consideration is the determination that a problem aquatic infestation is occurring within a waterbody of 
interest.  This primary determination is typically the responsibility of a lake association or lake manager (if 
applicable) and should be based on current aquatic plant surveys and/or monitoring efforts.  This information 
should include the areal size of the waterbody, the location, nature, and acreage of the infestation, the 
recreational uses of the waterbody, and the presence of sensitive species.  This is analogous to the first step 
in development of a problem statement for the IAVMP (see Section 7.2). If, through these monitoring and 
information gathering efforts, the infestation of the waterbody by Eurasian watermilfoil or excessive growths of 
other potential targets species (see Section 2.4) is detected, then a decision to treat the waterbody is made.   

Purple loosestrife occurs in a wide range of non-lake habitats as well as lakes.  Therefore, while responsibility 
for control of purple loosestrife may fall to an organized lake or watershed association, it often times falls to 
other groups or agencies depending on where the infestation occurs.  For example, infestations in drainage 
ditches along a highway may fall within the highway department’s purview, while infestations in riparian areas 
along a major river might fall to individual shoreline property owners, a large watershed association, or local or 
county government agencies.  While state agencies may have established invasive species control programs, 
such programs most often are intended to work with local groups for implementation.   

In some cases, no treatment may be elected for the short-term, with a “wait-and-see” attitude taken, using 
monitoring efforts to track the size and impact of the infestation until further information, equipment, funding, 
etc, may be available.  For some waterbodies, the no management approach may also be a long-term 
strategy, based on factors such as size of the waterbody, current and future uses, presence of sensitive 
receptors, proximity to residential or recreational uses, or other factors. However, for many ponds and lakes 
with important ecological and/or recreational uses, there is likely to be a decision to manage the macrophytes, 
particularly if this is an initial infestation of an invasive species and rapid response has the potential to 
eradicate it. As with any IAVMP, any subsequent decisions regarding macrophyte management approaches 
must consider all permit requirements.  

7.7.2 Clearcast® vs. physical treatment alternatives 
As part of the development of a waterbody-specific IAVMP, the potential usefulness of physical treatment 
alternatives needs to be considered.  As identified in Section 7.3., physical treatment alternatives include 
benthic barriers, dredging, dyes, harvesting, and water level controls.  Any initial screening may be based on 
the scale of potential treatment required or practicable.  Smaller scale treatments include installation of benthic 
barriers and harvesting (variable scale); while the other alternatives (dredging, dyes, water level control) tend 
to be conducted over a significant portion or the entire waterbody.   

Since Clearcast® is anticipated to be used mostly for selective control of Eurasian watermilfoil, waterlily or 
invasive emergents, several physical treatment alternatives can be easily eliminated from the alternatives 
analysis.  Dredging can be eliminated because it has significant impacts, is very costly, often requires a 
lengthy permitting process, and low light limitation may not be effective on watermilfoil. Dredging is not 
appropriate to riparian situations. Similarly, the use of dyes is inappropriate in larger waterbodies since the use 
of dyes is mostly restricted to small volume waterbodies due to the need to maintain high color concentrations; 
they may not be able to suppress watermilfoil with light limitation, and could impact other vegetation. Dyes may 
be appropriate for use in small contained ponds (i.e., ornamental ponds, golf course ponds).  Conventional 
harvesting is not appropriate due to the potential for fragmentation and spreading of Eurasian watermilfoil 
(Painter, 1988).  In areas with a monoculture or near monoculture of Eurasian watermilfoil, harvesting may be 
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appropriate to control surface canopy and promote recreational uses, but is not effective for reducing plant 
densities or preventing infestation of other areas.  Hydroraking, a modified form of harvesting is sometimes 
used for water lily control. This method involves removal of both the surface plant biomass and the wood 
rhizomes (i.e., root stocks) from shallow sediments. If pursued vigorously, this method can temporarily 
suppress but not eliminate water lily populations. 

Physical treatment alternatives that should be considered for control of Eurasian watermilfoil include small-
scale harvesting, (hand pulling or diver-assisted removal with suction equipment), benthic barriers, and water 
level control (Eichler et al., 1991; 1993; 1995). The first two alternatives are potentially useful in the early 
invasion phase when the size of the infestation is spatially limited. These alternatives are often considered 
when formulating a rapid response to aquatic invasives.  Both are labor-intensive and need significant 
involvement of either trained volunteers or professional lake management firms over a significant period of the 
growing season. 

Water level control has been shown to be effective against Eurasian watermilfoil and some floating leaved 
species (see Table 7-2) but is dependent on the ability of lake managers to draw the lake down to the areas 
and depths where the milfoil is present. This may be limited by the lack of an impounding structure, the bottom 
elevation of the existing outlet or drainage pipe, or secondary restrictions within the lake to free drainage (e.g., 
internal pooling areas).  In addition, the presence of sensitive plant or wildlife species or significant fishery 
resources in the waterbody or in adjacent wetlands may restrict the level, timing or frequency of drawdown 
permitted.  Therefore, water level control may be considered as a tool for use in an IAVMP for suppression or 
general control of Eurasian watermilfoil or waterlily, but will rarely be sufficient as a stand-alone option.  It is not 
generally considered as a rapid response technique for elimination of any early infestation. 

Control of purple loosestrife by physical methods has generally proven problematic. Experience has shown 
that many mechanical and cultural methods (water level management, burning, manual removal, and cutting) 
have been tried and have proven ineffective in controlling purple loosestrife and are largely impractical on a 
large scale (MA CZM, 2006). In many cases mechanical methods and controlled burns have resulted in the 
promotion of further spread of the loosestrife (CDFA, 2006). For early infestations, small patches of young 
plants can be removed by hand with little effort, but care needs to be taken to remove all root fragments. It is 
necessary to dispose of plants and roots by drying and burning or by composting in an enclosed area, and 
important to take care to prevent further seed spread from clothing or equipment during the removal process. It 
is difficult to remove all of the roots in a single digging, so monitoring of the infestation area for several growing 
seasons is recommended to ensure that purple loosestrife has not regrown from roots or seed. In summary, 
physical control of purple loosestrife is possible for small isolated primary infestation areas, but is largely 
impractical at larger scales (> 0.5 acres).    

7.7.3 Clearcast® vs. biological treatment alternatives 
As part of the development of a waterbody-specific IAVMP, the potential usefulness of biological treatment 
alternatives needs to be considered.  As identified in Section 7.5, biological treatment alternatives include 
herbivorous fish and invertebrates.  For selective control of Eurasian watermilfoil, grass carp do not provide a 
good alternative treatment because they tend to be general grazers of available macrophytes (see Section 
7.5.1) with no specialized preference for the watermilfoil.  The use of grass carp would only provide an 
acceptable alternative in lakes where it was known that the carp would prefer to feed on Eurasian watermilfoil 
rather than other resident macrophytes.  It is generally accepted that grass carp can not be effectively used for 
waterlily management (Washington State DOE website). 

In contrast, the herbivorous weevils (see Section 7.5.2), have high specificity for Eurasian watermilfoil.  
However, the effectiveness of these introduced invertebrates is still largely uncertain, with localized success 
reported in some locales and little or no effect in others. Moreover, keeping weevil populations at levels 
capable of controlling watermilfoil populations has been problematic. There has been a well-documented rapid 
reduction and long-term suppression of Eurasian watermilfoil by larvae of the aquatic moth, A. ephemerella in 
Cayuga Lake.  Further investigations on the applicability of enhancing ambient populations by stocking of 
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larvae to create a quicker reduction response are being conducted in several other New York lakes (R. 
Johnson, pers. comm.) , but a full evaluation looking at results over several years is still not yet available. At 
the current time, Clearcast® would likely be preferred over herbivorous macroinvertebrates in a rapid response 
plan due to its greater reliability and replicability of macrophyte control.  Further investigation and studies with 
herbivorous weevils in the Northeast may be required to see whether they are an effective long-term solution 
and/or should be incorporated into an IAVMP. Some limited research on biological control by aphids on 
waterlily has been conducted but no specific biological agent has been identified (Washington State DOE 
website). 

As discussed in Section 7.5.2, the most likely biological treatment alternative for control of purple loosestrife is 
the mass introduction of Galerucella sp. beetles.  Release of these beetles, possibly in combination with the 
root-eating weevil (H. transversovittatus) or the flower-eating weevil (N. marmoratus), may prove to be a very 
effective means of control. While results from early release sites indicate that successful suppression of purple 
loosestrife can be achieved, it is still not predictable which replacement communities will develop in their place. 
At several release locations in New York, a resurgence of cattails and other wetland plants has been 
observed, but this is not always the case as other invasives (Phragmites australis, Phalaris arundinacea) may 
expand (Blossey, 2002). Studies are being made to investigate whether a combination of biocontrol coupled 
with physical means (fire, disking, flooding, mowing, etc) may be useful in accelerating the return of nature 
plant communities. Nationwide, purple loosestrife biocontrol program are conducting standardized long-term 
monitoring programs to follow and evaluate the effectiveness of releases and the secondary redevelopment of 
wetland plant populations (Blossey, 2002). Investigations are also on-going regarding changes in animal 
communities (insects, amphibians, birds) associated with changes in purple loosestrife populations.  At the 
current time, Clearcast® would be a viable alternative to herbivorous macroinvertebrates in a rapid response 
plan due to its greater reliability and replicability of macrophyte control.     

7.7.4 Clearcast® vs. other chemical treatment alternatives 
As discussed earlier, aquatic herbicides can be very effective in controlling target plant species in lakes. 
Herbicides have advantages over most techniques when getting a problem species under control is an 
immediate goal.  No other technique can address infestations over a wider area faster and at lower cost.  
Herbicides may also be particularly applicable in cases of recent invasions by non-indigenous plants, as more 
complete control can often be exercised with herbicides before invasive species become widespread. 
Clearcast® is anticipated to be used mostly in two applications: that for control of a few submergent species, 
most notably Eurasian watermilfoil, and that for control of a substantial number of floating leaf species or 
riparian invasive species. Each of these applications and alternative chemical treatment options is considered 
below.  

7.7.4.1 Comparison to other herbicides for submergent vegetation control 

Comparison of the effectiveness of the six aquatic herbicides registered in New York (Table 7-3) indicates that 
five are considered to have high effectiveness with M. spicatum – diquat, 2,4-D, endothall, fluridone, and 
triclopyr (ENSR, 2007). However, diquat and endothall are considered general purpose, broad-spectrum 
contact herbicides which are used when removal of most aquatic vegetation is desired and not selective for 
specific control of watermilfoil. In many cases, this broad-spectrum toxicity may limit application of diquat and 
endothall to spot treatments of limited area. In contrast, Clearcast® is more effective against Eurasian 
watermilfoil and other select species and has little to no effect on other common native species (e.g., 
Ceratophyllum, Chara, Utricularia, Vallisneria, etc). Therefore, these two aquatic herbicides would not be 
considered good alternatives to Clearcast® for selective treatment of Eurasian watermilfoil.  

Clearcast® was therefore compared to the three herbicides more targeted for specific of control of Eurasian 
watermilfoil: 2, 4-D, fluridone and triclopyr.  When comparing these three herbicides, the factors which would 
favor selection of Clearcast® over 2,4-D and fluridone include: selectivity, requirement of a short contact time, 
short half-life, and low toxicity. Clearcast® may be preferred over triclopyr due to species selectivity and 
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flexibility to treat species in more than one media or application type, but these two herbicides provide a similar 
function with regard to Eurasian watermilfoil. 

Both fluridone and 2,4-D are systemic herbicides that are effective against Eurasian watermilfoil, but may also 
cause collateral damage to other aquatic macrophytes (particularly at higher doses).  For fluridone, this is 
typically avoided by maintaining a low effective concentration (high enough to impact milfoil but not high 
enough to impact many native species) for a lengthy period of time. Maintenance of the effective concentration 
may be problematic if the area to be treated is small, there is potential for dispersion and dilution (e.g., rapid 
flushing time of the waterbody) and due to unexpected meteorological events. Additionally, there is 
overlapping susceptibility among target and non-target species; getting the desired level of impact with 
fluridone without damaging non-target species can be difficult. In contrast, rapid uptake and short exposure 
requirement (hours to days) for effective macrophyte control with Clearcast® is a useful attribute for selecting 
an herbicide for treating a waterbody where water quality or hydrology may be dynamic (e.g., impoundment 
with significant stormwater inputs), and the selectivity appears greater, both in terms of species impacts and 
the ability to localize treatment.   

Due to the rapid breakdown (i.e., short half-life for imazamox under photolytic conditions), lack of significant 
bioaccumulation, and low toxicity of imazamox and its major metabolites (see Section 7.4), Clearcast® is 
considered to pose very little risk of adverse risk to fish and higher wildlife receptors. Due to its selectivity and 
short-half life, there would be low concern regarding potential overexposure of the vegetation.  The low toxicity 
of Clearcast® would be a useful attribute when selecting an aquatic herbicide where there are concerns with 
potential transport of treated water downstream to habitats of sensitive receptors.  

Clearcast® may be used as the primary substitute for 2,4-D or diquat due to use restrictions which prohibit the 
use of these chemicals in waters with depth >6 ft (see applicable restrictions under Conservation Law 15-0313 
Part 327 Pesticide Control Regulations). In addition, the selective properties of imazamox may result in 
Clearcast® as the primary tool in certain entire littoral specific treatment programs and/or as part of a IAVMP; 
for example, as a follow-up “spot” management (e.g., < 4 acres) of Eurasian watermilfoil following a lakewide 
fluridone management program. 

Clearcast® provides an alternative to triclopyr in its selectivity among various plant species and its flexibility to 
be used either as a foliar or water-based application. It is more effective with regard to selected floating-leaf 
species such as white waterlily, water chestnut, and watershield (Table 7-3). Since commercial applications 
are not yet widespread, it is not possible to compare cost-effectiveness at this stage.    

7.7.4.2 Comparison to other herbicides for emergent and floating leaf vegetation control 

Careful use of aquatic herbicide has been reported to be an effective, efficient, and a less destructive 
(compared with physical techniques) means of removing large purple loosestrife stands in California (CDFA, 
2006). Chemical control of purple loosestrife may be accomplished by application of glyphosate or imazamox. 
Glyphosate and triclopyr are the two currently- approved herbicides in New York shown to have high 
effectiveness for this species (see Table 7-3). Control of small purple loosestrife stands is reported by spot 
treatments with glyphosate commercial products (e.g., Rodeo) typically applied at a 1-1.5 % solution, during 
early to late bloom (CDFA, 2006). Clearcast® also provides an alternative, effective chemical control agent 
for purple loosestrife. However, as noted in Section 7.4.3, glyphosate is a broad spectrum (i.e., non-
selective) herbicide which would potentially affect other emergent species. Application of Clearcast® 
provides selective control of broadleaf plants with minimal impact to many submerged species, and could be 
used for spot treatment of smaller loosestrife stands, particularly in areas which overlap aquatic 
waterbodies. Glyphosate can also be used for control of white and yellow waterlily, but is not effective against 
water chestnut or water shield (Table 7-3).  Clearcast® is more effective with these species.  

As noted earlier, watershed and waterbody specific characteristics, aquatic and/or wetland plant community 
coverage and composition, water uses and stakeholders’ expectations and preferences will need to be 
considered when selecting any aquatic herbicide as part of an integrated aquatic vegetation management 
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plan.  Finally, the strategic use of herbicides with different modes of action to reduce the potential selection for 
plant resistance to any specific herbicide is recommended to ensure long-term effectiveness of aquatic 
vegetation control programs.  
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8.0   Mitigation measures to minimize environmental and health 
impacts from Clearcast®   

Mitigation measures describe guidelines or procedures used to mitigate or lessen the potential for impacts 
from the use of Clearcast®   in the waters of New York State. While no impacts to humans are expected from 
the use of Clearcast®   (see Section 6.0), there is the potential for some ecological effects (see Section 5.0). 
The mitigation measures described in this section will reduce, or mitigate that potential for ecological effects, 
without reducing the efficacy of the product. 

8.1 Use controls 
As of April 7, 1993, all pesticides labeled for use in aquatic settings were classified as restricted use products 
by regulation of the NYSDEC. Under this regulation, 6 NYCRR Parts 325 and 326, the use of aquatic 
pesticides is limited to persons privately certified, commercially certified in Category 5, or possessing a 
purchase permit for the specific application that is proposed. Additionally, only those persons who are certified 
applicators, commercial permit holders, or have a purchase permit may purchase aquatic use pesticides.  

8.2 Label identification 
The herbicide label is a USEPA required document describing the legal use of the registered product. 
Registrants are allowed to provide part of the label text in the form of a booklet or other “pull off” type labeling, 
when it is not feasible or possible to literally “fit” the entire label on the container [40 CFR 156.10.]  Additional 
information regarding instructions for application in New York State would be listed separately on a NYSDEC 
24(c) Special Local Need (SLN) Registration when issued. It is noted that BASF will also be looking for SLN 
registration for a granular form of Clearcast. The New York State and USEPA approved labels for Clearcast® 
are presented in Appendix A. 

For the buyer, the label is the main source of information about how to use the product safely and legally. In 
addition, the label provides information for the user regarding any safety measures needed for appropriate use 
of the product (i.e., personal protective equipment, acceptable application methods).   

8.2.1 Label components 
Final printed labels or labeling must be filed and accepted by the USEPA prior to product registration. In 
addition, products must be registered in New York State prior to their sale, use, offer for sale, and/or 
distribution in New York State. The following information is required by the USEPA to appear on the herbicide 
label: 

• Product name;  

• Ingredient statement including name and the percentage of each active and inert ingredient; 

• "Keep Out of Reach of Children" statement; 

• Signal word corresponding to appropriate USEPA toxicity categories; 

• First Aid statement; 

• "Skull & crossbones" symbol & the word "POISON" if the product is in Toxicity Category I; 

• Net contents/Net weight; 

• EPA registration and establishment numbers; 

• Company name and address; 
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• Applicable precautionary statements related to hazards to humans and domestic animals and 
environmental, physical or chemical hazards; 

• Directions for use; 

• Storage and disposal; 

• Warranty statement; and 

• Worker protection labeling. 

8.2.2 Label instructions 
This section of the label 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. Label use 
precautions and directions for aquatic applications of Clearcast® label include the following:  

• Obtain required state or local permits prior to application. 

• Do not apply in a manner that adversely affects federally-listed endangered and threatened species. 

• Limitations on the specific uses of irrigation waters/system after application of the product. 

 Do not use Clearcast®-treated water to irrigate greenhouse, nurseries, or hydroponics. 

 Do not use treated water for irrigation for 24 hours after Clearcast® application or until imazamox 
level is determined to be < 50 ppb by laboratory assay. 

 Do not plant sugar beets, onions, potatoes of certain canola strains in land that has been 
previously irrigated with Clearcast®-treated waters. 

 After application of Clearcast® to dry irrigation ditches/canals, the initial flush of water during 
recharge must not be used for irrigation purposes. 

• There are no restrictions on swimming, fishing, domestic use, livestock consumption or use for 
agricultural in waters from the treatment area. 

• For drinking water restrictions see section below. 

8.3 Relationship to the NYS drinking water standard 
The Clearcast® USEPA label indicates that Clearcast® may be used in potable water sources at a water 
concentration up to 500 ppb at distances of ¼ mile or greater from active intake. Clearcast® may also be used 
in potable water sources within ¼ mile from active intake, as long as water concentration does not exceed 50 
ppb. If water concentrations exceed 50 ppb, the USEPA label recommends that potable water intakes be 
turned off until the imazamox concentration in the water is determined to be 50 ppb or less by laboratory 
analysis.   As indicated in Section 6.2, the drinking water standard established in New York State for organic 
chemical compounds not specifically identified in the water quality standards is also 50 ppb.   

8.4 Spill control 
Care should be taken to use Clearcast® properly and in accordance with the approved labels. Any leaks or 
spills should be promptly addressed. Liquid spills on an impervious surface should be cleaned up using 
absorbent materials and disposed of as waste. Liquid spills on soil may be handled by removal of the affected 
soil, and disposal at an approved waste disposal facility. Leaking containers should be separated from non-
leaking containers and either the container or its contents emptied into another properly labeled container. 
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8.5 Permitting and mitigation considerations 
The State of New York regulates activities potentially affecting water resources and wetlands through several 
programs and multiple regulatory agencies.  Section 15.0313(4) of the New York Environmental Conservation 
Law (ECL) requires a permit for the application of pesticides to any surface waters greater than one acre, or 
with an outlet to other surface waters of New York State. Pertinent to the application of aquatic herbicides for 
the control of invasive species are the Freshwater Wetland Program and Coastal Wetlands Program, both 
administered by NYSDEC. 

Until recently, the Clean Water Act (CWA) and other programs administered by the U.S. Army Corps of 
Engineers did not directly regulate the application of herbicides for invasive species control.  Consequently, the 
NYSDEC Freshwater and Coastal Wetlands Programs formerly represented the primary agency issuing 
permits for the use of herbicides and pesticides potentially affecting wetland areas. These permits and the 
associated conditions also represent the means by which site-specific characteristics and applicable mitigation 
measures can be incorporated.  

The New York Freshwater Wetlands Act (Article 24 of ECL) provides the NYSDEC with the ability to regulate 
and issue permits for activities potentially affecting wetlands.  Generally, this program exerts regulation over 
wetland areas that are mapped by the state (note: currently 12.4 acres or 5 hectares, but eventually to be 
reduced to 7.4 acres or 3 hectares as state wetland mapping is completed) or greater in size.  Article 25 of 
New York Conservation Law represents the state’s tidal wetland permit program.  Similar to the freshwater 
wetland program, the state actively maps jurisdictional tidal wetlands, though there is no prescribed size limit 
for mapping and regulation.   

Use of herbicides for invasive species control within wetlands, whether fresh or tidal, will likely require a permit 
from the NYSDEC.  Such a permit is obtained through the general provisions of New York’s Uniform 
Procedures Act (UPA), which allows for joint review among any state or federal agencies reviewing or 
commenting upon such applications in a timely manner.  Permit applications must provide a clear description 
of the project purpose and details of the proposed activities, practicable alternatives to the activity, plans and 
specifications as needed, as well as proof of compliance (if applicable) with the state’s Environmental Quality 
Review Act (SEQR) and Historic Preservation Act (SHPA).  There are no applicable exemptions for either 
proactive invasive species control or filings conducted by government agencies under the freshwater or 
coastal wetland programs.  New York State Environmental Conservation Law section 9-1503 provides 
protection for rare plant species.  It is important to note that the application of herbicides to areas known to 
harbor rare plants is strictly controlled and may be subject to a long list of specific conditions (or, in some 
cases, may be simply prohibited). As noted in Section 5.1.7, information on the location and status of known 
rare plants may be obtained through the NYSDEC’s Natural Heritage Program. 

As part of the permitting activities identified above, application may be subject to limitations, constraints or 
modifications through which any adverse impacts may be reduced or eliminated by incorporation of mitigating 
measures into the permit provisions.  The following measures may be considered on a site-specific basis as to 
their ability to further reduce, or mitigate any potential for environmental effects, without reducing the efficacy 
of the product. 

8.5.1 Timing 
When the aquatic plant management objective is to control Eurasian watermilfoil, while minimizing impacts to 
other aquatic macrophytes, Clearcast® may be used early in the season and throughout the active growth 
stage of target species. As was discussed in Section 3.4.1, Eurasian watermilfoil is essentially evergreen and 
begins to grow rapidly at the beginning of the growing season. This enables this plant to often develop 
significant biomass before native macrophyte species begin growing (Smith and Barko, 1990). The use of 
Clearcast® early in the growing season would target Eurasian watermilfoil, while minimizing the impact on 
other aquatic vegetation.  Multiple applications may be made during the annual growth cycle to maintain 
desired vegetation control level. The selective nature of imazamox allows the resource manager to use 

Clearcast SEIS Final Rpt Sept09.doc  September 2009 



AECOM Environment 
 

 

Clearcast SEIS Final Rpt Sept09.doc 8-4 September 2009 

Clearcast® during mid-late season treatment programs with minimal impact to those less susceptible plants 
established in the treatment area. 

For control of purple loosestrife in wetland areas, foliar application should be made in the early-mid growing 
season when the plant development is at the bud to mid-flowering stage of growth. It is recommended that 
follow-up applications of Clearcast® be conducted in the following year on any regrowth to achieve increased 
control of this species. Application during the early part of the growing season may encourage the 
development of suppressed native species.   

8.5.2 Application techniques 
For removal of Eurasian watermilfoil, it is suggested that Clearcast® be uniformly applied across the entire 
waterbody, at the application rate of 10 or more gallons of diluted herbicide per acre in the area to be treated. 
Applicators should follow an application pattern that minimizes concentration of the product in local areas. In 
most cases for selective treatment of Eurasian watermilfoil, subsurface application is recommended. The 
maximum rate of application is 500 ppb (173 fluid ounces per acre foot). Foliar spot treatments of up to 5% 
Clearcast® may be applied, including under drawdown situation to provide post-emergence or pre-emergence 
control/suppression of aquatic vegetation. Under surface matted conditions, it is recommended that 
Clearcast® should be injected below the water surface, as practicable. 

Purple loosestrife can be controlled with foliar applications of Clearcast®.  Clearcast® may be applied 
aerially using fixed wing and helicopter. For broadcast applications, a use rate of 2 quarts of Clearcast® per 
acre is recommended. For further instructions and application details refer to Appendix A. 

For the treatment of wetland species, injection and cut stump applications may be made using up to 100% 
Clearcast® by volume. These application techniques are good methods to deliver the active ingredient only 
to the target plant, helping to minimize unintended impacts on other vegetation. 

8.5.3 Consideration of hydrologic setting / mixing regime 
When making lake-wide treatments it is recommended that application rates, calculated as ppb of imazamox, 
are based only on the water volume in which mixing is expected to occur. Rates should be selected according 
to the rate chart provided in the label as specified for a particular concentration and water depth and adjusted 
for mixing regime (see Appendix A).  

For thermally stratified waterbodies, the application rate calculations should be based on the water depth of 
the epilimnion above any deep water areas, but it should not take into account the waters below the 
metalimnion or thermocline. This caution is necessary because the stratified conditions could effectively 
concentrate the Clearcast® in the upper waters (or delay diffusion into the hypolimnion sufficiently long that the 
product is typically biodegraded).  In non-stratified conditions, the entire depth of the water column should be 
considered for the application rate calculations. A table indicating the proper volume of Clearcast to use as a 
function of treatment surface area and water depth is provided in the federal label (see Appendix A). 

Adjustments to application rates will also need to be made for rapidly-flushed waterbodies (e.g., run-of-river 
impoundments, rivers, etc.). These application adjustments to flushing should be made on a waterbody-
specific basis. The herbicide concentrations should be adjusted using estimates of water exchange or, in the 
case of a rapidly flushed waterbody, to consider the use of multiple applications (not to exceed total of 500 
ppb). If the water exchange is too rapid, the applicator may wish to consider alternative means to control 
macrophytes or delay treatment until flushing of the waterbody slows seasonally or may be temporarily halted 
(e.g., installing flashboards at a dam) until treatment is completed. This last option should only be tried 
following careful consideration of related effects (e.g., flooding, downstream effects, etc). 
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9.0   Unavoidable environmental impacts if use of Clearcast® is 
implemented 

The use of Clearcast® has been evaluated during the federal registration process and within this SEIS for 
various impacts to target plants and non-target organisms in an aquatic setting. There are several unavoidable 
impacts that will occur when Clearcast® is used in the waters of NYS to manage unwanted macrophytes such 
as Eurasian watermilfoil, white water lily, or purple loosestrife. It is important to note that the mitigation 
approaches described in Section 8.0 will lessen the magnitude and extent of these impacts. Those impacts 
are:  

• Impact to habitat - When Clearcast® is introduced into a waterbody, it is intended to result in the 
death of the target macrophytes. Once these target macrophytes have dropped out of the water 
column, there may be a potential for decreased dissolved oxygen and impacts to aquatic wildlife. 
There will be a period of time before the native non-target macrophytes reestablish themselves in the 
vacant niches. During that period of time, before the non-target species reestablish themselves, the 
aquatic macrophyte community will be reduced in size and any associated habitat function will be 
reduced.  

• Impacts to non-target species - A review of the literature indicates that there are some native 
macrophytes (e.g., native Potamogeton species) which could be impacted to some extent by the use 
of imazamox in a waterbody. However, many common native species (Ceratophyllum, Chara, 
Utricularia, Vallisneria) are less affected. The literature indicates that a plant community composed of 
native plant species will initiate reestablishment during the season following herbicide use.  

• Possible reinfestation - In areas of significant water flow, such as lake inlets, Eurasian watermilfoil 
and other target plants may not be sufficiently controlled due to the dilution of applied Clearcast® with 
untreated water or rapid product biodegradation unless application rates and possible sequential 
treatments take this into account. Even after a successful application, reinfestation by Eurasian 
watermilfoil, white waterlily, or purple loosestrife may occur within one to two growing seasons, 
dependent on the level of control reached in the original application and the proximity of other, 
untreated populations. This may necessitate the re-application of Clearcast® and/or utilization of 
alternative means of controlling Eurasian watermilfoil, white waterlily, or purple loosestrife in those 
areas. 
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FIRST AID
¯ Take off contaminated clothing.

If on skin or clothing. ¯ Rinse skin immediately with plenty of water for 15 to 20 minutes.
¯Call a poison control center or doctor for treatment advice.
¯Hold eye open and rinse slowly and gently with water for 15 to 20 minutes.
¯Remove contact lenses, if present, after the first 5 minutes; then continue

If in eyes             dnsing eye.
¯Call a poison control center or doctor for treatment advice.
¯Move person to fresh air.

If inhaled ¯ If person is not breathing, call 911 or an ambulance; then give artificial res-
piration, preferably mouth-to-mouth if possible.

¯Call a poison control center or doctor for further treatment advice.

HOT LINE NUMBER

Have the product container or label with you when calling a poison control center or doctor or going
for treatment. You may also contact BASF Corporation for emergency medical treatment information:
1-800-832-HELP (4357).

Precautionary Statements

HAZARDS TO HUMANS
AND DOMESTIC ANIMALS

CAUTION
Harmful if absorbed through skin or inhaled. Avoid
breathing spray mist. Avoid contact with skin, eyes
or clothing.
PERSONAL PROTECTIVE EQUIPMENT (PPE)
Some materfals that are chemical-resistant to this
product are listed below. If you want more options,
follow the instructions for Category A on an EPA
chemical-resistance category selection chart.
Applicators and other handlers must wear:
¯ Long-sleeved shirt and long pants
¯ Chemical-resistant gloves, such as butyl rubber

>14 mils, or natural rubber > 14 mils, or neo-
prene rubber >14 mils, or nitrile rubber > 14 mils

¯ Shoes plus socks

’I:~STRI6"fED USE"
IN N£W YORK STATE

UN~3~R 6NYCRR PART 3L>6

Follow manufacturer’s instructions for cleaning
and maintaining PPE. If no such instructions for
washables exist, use detergent and hot water.
Keep and wash PPE separately from other laundry.

USER SAFETY RECOMMENDATIONS
Users should:
¯Wash hands before eating, drinking, chewing

gum, using tobacco or using the toilet.
¯Remove clothing immediately if pesticide gets

inside. Then wash thoroughly and put on clean
clothing.

2

ENVIRONMENTAL HAZARDS
This pesticide may be hazardous to plants outside
the treated area. DO NOT apply to water except
as specified in this label. DO NOT contaminate
water when disposing of equipment washwaters
and rinsate.
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Directions For Use
It is a violation of federal law to use this product in
a manner inconsistent with its labeling. This label,
ing must be in the possession of the user at the
time of pesticide application.
DO NOT apply this product in a way that will con-
tact workers or other persons, either directly or
through ddft. Only protected handlers may be in
the area during application. For any requirements
specific to your state or tribe, consult the agency
responsible for pesticide regulation.
Ensure spray drift to nontarget species does not
Occur.
DO NOT apply Clearcastm herbicide in any
manner not specifically described in this label
Observe all cautions and limitations on this label
and on the labels of products used in combination
with Clearcast. DO NOT use Clearcast other
than in accordance with the instructions set forth
on this label. Keep containers dosed to avoid spills
and contamination.

STORAGE AND DISPOSAL
DO NOT contaminate food, feed or water by stor-
age or disposal.
PESTICIDE STORAGE
KEEP FROM FREEZING,
DO NOT store below 32° R
DO NOT contaminate water, food or feed by stor-
age or disposal.
PESTICIDE DISPOSAL. Wastes re~ulting from
the use of this product may be disposed of on-site
or at an approved waste disposal facility.
CONTAINER DISPOSAL
Nonrefillable Container. DO NOT reuse or
refill this container. Triple rinse or pressure rinse
container (or equivalent) promptly after emptying;
then offer for recycling, if available, or recondition-
ing, if appropriate, or puncture and dispose of in a
sanitary landfill, or by incineration, or by other pro-
cedures approved by state and local authorities.
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Triple rinse containers small enough to
shake (capacity ~ 5 gallons) as follows:
Empty the remaining contents into application
equipment or a mix tank and drain for 10 seconds
after the 11ow begins to drip. Fill the container 1/4
full with water and recap. Shake for 10 seconds.
Pour rinsate into application equipment or a mix
tank, or store rinsate for later use or disposal.
Drain for 10 seconds after the flow begins to drip.
Repeat this procedure two more times.
Triple rinse containers too large to shake
(capacity > 5 gallons) as follows: Empty the
remaining contents into application equipment or
a mix tank. Fill the container 1/4 full with water.
Replace and tighten closures. Tip container on its
side and roll it back and forth, ensuring at least
one complete revolution, for 30 seconds. Stand
the container on its end and tip it back and forth
several times. Empty the rinsate into application
equipment or a mix tank, or store dnsate for later
use or disposal. Repeat this procedure two more
times.
Pressure rinse as follows: Empty the remaining
contents into application equipment or mix tank.
Hold container upside down over application
equipment or mix tank, or collect rinsate for later
use or disposal. Insert pressure rinsing nozzle in
the side of the container and rinse at about 40 PSI
for at least 30 seconds. Drain for 10 seconds after
the flow begins to ddp.

General Information
Clearcast is an aqueous formulation that may be
diluted in water and either applied directly to water
for the controVsuppression of certain submerged
aquatic vegetation or applied as a broadcast or
spot spray to floating and emergent vegetation.
Aquatic sites that may be treated include estuarine
and marine sites, ponds, lakes, reservoirs, wet-
lands, marshes, swamps, bayous, arroyos, ditches,
canals, streams, rivers, creeks and other slow-mov-
ing or quiescent bodies of water. Cleareast may
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also be used during drawdown conditions.
Clearcast® herbicide may also be applied to
noncropland sites for terrestrial and riparian vege-
tation control.
Clearcast is quickly absorbed by foliage and/or
plant roots and rapidly translocated to the growing
points stopping growth. Susceptible plants may
develop a yellow appearance or general discol-
oration and will eventually die or be severely
growth inhibited.
Clearcast is herbicidally active on many sub-
merged, emergent and floating broadleaf and
monocot aquatic plants. The relative levels L~f con-
trol and selectivity can be manipulated by using a
choice of rates and herbicide placement (water
injected or floating/emergent foliar application).
To help maintain the utility of herbicide programs,
the use of herbicides with different modes of action
are effective in managing weed resistance.
SPRAY ADJUVANTS
Applications of Clearcast .targeting emergent,
floating or shoreline species require the use of a
spray adjuvant. Always use a spray adjuvant that is
appropri~te for aquatic sites.
Nonionic Surfactants. Use a nonionic surfactant
at the rate 0.25% v/v or higher (see manufacturer’s
label) of the spray solution (0.25% v/v is equivalent
to I quart in 100 gallons). For best results, select a
nonionic surfactant with an HLB (hydrophilic to
lipophilic balance) ratio between 12 and 17 with at
least 70% suffactant in the formulated product
(alcohols, fatty acids, oils, ethylene glycol or dieth-
ylene glycot should not be considered as
surfactants to meet the above requirements).
Methylated Seed Oils or Vegetable Oil
Concentrates. Instead of a surfactant, a methy-
lated seed oil or vegetable-based seed oil
concentrate may be used at the rate of 1.5 to 2
pints per acre. When using spray volumes greater
than 30 gallons per acre, methylated seed oil or
vegetable-based seed oil concentrates should be
mixed at a rate of 1% of the total spray volume, or

alternatively use a nonionic surfactant as
described above. Research indicates that these
oils may aid in Clearcast deposition and uptake
by plants under stress.
Silicone-based Surfactants. See manufacturer’s
label for specific rate recommendations. Silicone-
based surfactants may reduce the surface tension
of the spray droplet allowing greater spreading on
the leaf surface as compared to conventional non-
ionic surfactants. However, some silicone-based
surfactants may dry too quickly, limiting herbicide
uptake.
Invert Emulsions. Clearcast can be applied as
an invert emulsion. The spray solution results in an
invert (water-in-oil) spray emulsion designed to
minimize spray drift and spray runoff, resulting in
more herbicide on the target foliage. The spray
emulsion may be formed in a single tank (batch
mixing) or injected (in-line. mixing). Consult the
invert chemical label for proper mixing directions.
Other. An antifoaming agent, spray pattern indica-
tor, sinking agent or drift-reducing agent may be
applied at the product labeled rate if necessary or
desired.

Aquatic Use Directions
Clearcast may be applied directly to the water for
the control of submerged aquatic plant species
and some emergent and floating species, or as a
foliar application specifically for emergent and
floating species.
DO NOT exceed maximum use rate per appli-
cation:
Water treatment - 500 ppb (173 fluid ozs of
Clearcast per acre foot)
Foliar broadcast application - 2 quarts per acre
(0.5 Ib ae/A)
Foliar spot application - up to 5% Clearcast by
volume.

Clearcast m~y be applied via surface and aerial
equipment including both fixed wing aircraft and
helicopter.
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Spray Ddft Requirements For Aedal Application
¯Applicators ere required to use a coarse or

coarser droplet size (ASABE $572) or, if specifi-
caJly using a spinning atomizer nozzle, applicators
are required to use a volume mean diameter
0/MD) of 385 microns or greater for release
heights below 10 feet. Applicators are required
to use a very coarse or coarser droplet size or, if
specifically using a spinning atomizer nozzle,
applicators are required to use a VMD of 475
microns or greater for release heights above 10
feet. Appiicato.rs must consider the effects of
nozzle orientation and flight speed when deter-
mining droplet size.

¯Applicators are required to use upwind swath
displacement.

¯The boom length must not exceed 60% of the
wingspan or 90% of the rotor blade diameter to
reduce spray drift.

¯DO NOT apply when wind speed is greater than
10 mph.

¯If applying at wind speeds less than 3 mph, the
applicator must determine if
-1 .) Conditions of temperature inversion exist or
2.) Stable atmospheric conditions exist at or

below nozzle height.
DO NOT make applications into areas of temper-
ature inversions or stable atmospheric conditions.

Spray Drift Requirements For Ground Boom
Applications
¯Applicators are required to use a nozzle height

below 4 feet above the ground or plant canopy
and coarse or coarser droplet size (ASABE
S572) or, if specifically using a spinning atomizer
nozzle, applicators are required to use a volume
mean diameter (VMD) of 385 microns or greater.

¯Applications with wind speeds greater than 10
mph are prohibited.

¯Applications into temperature inversions are pro-
hibited.

DO NOT apply when wind conditions may result in
drift, when temperature inversion conditions exist,
or when spray may be carried to sensitive areas.
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See Managing Off-target Movement section for
more drift reduction recommendations.
SURFACE APPLICATION
Application to targeted emergent and/or
floating vegetation. To make surface applica-
tions targeting emergent or floating vegetation,
uniformly apply with properly calibrated broadcast
or spot treatment equipment in 10 or more gallons
of water per acre. Spot treatments can be made
with up to 5% Clearcaste herbicide by volume.
To ensure thorough spray coverage, higher spray
volumes may be required when treating areas with
large and/or dense vegetation. Use an appropriate
spray pressure to minimize the drift potential
depending upon spray equipment, conditions and
application objectives.
Guidelines for Foliar Treatment of Emergent
and Floating Vegetation
¯ Always use a surfactant for foiler applications of

emergent and floating weeds.
¯ Foliar applications of Clearcast may be made as

a broadcast spray or as a spot spray with a per-
cent spray solution ranging from 0.25% to 5%
Clearcast by volume.

¯ Control will be reduced if spray is washed off
foliage by wave action.

In aquatic sites, those application techniques
described in the Terrestrial Use Directions sec-
tion may be used to treat emergent vegetation.
Application to water targeting submerged
and/or emergent]floating vegetation. Clearcast
may be broadcast applied to the water surface or
injected below the water surface. Clearcast may
be applied as undiluted product or diluted with
water prior to application. Under surface-matted
conditions, Cleareast should be injected below the
water surface to achieve better product distribution.
Apply Clearcaat to water to achieve a final con-
centration of the active ingredient of no more than
500 ppb. Multiple applications of Clearcast may
be made dudng the annual growth cycle to main-
tain the desired vegetation response.
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Clearcast~ herbicide Rates Per Treated
Surface Acre

Average Desired Active Ingredient

Water Concentration

Depth of (ppb)*
Treatment 5o I 1OO I 2oo I 500Site

(feet) Clearcast Rate (fl ozs) per
Treated Surface Acre

1 17 35 69 173
2 35 69 138 346
3 52 104 207 518
4 7O 138 277 691
5 87 173 346 864
6 104 207 415 1037
7 122 242 484 12t0
8 139 277 553 1382
9 157 311 622 1555
10 174 346 691 1728

*Clearcast contains 1.0 pound of active ingredient
per gallon. There are 128 fl ozs in one gallon.

AERIAL APPLICATION
Clearcast may be applied by both fixed wing air-
craft and helicopter. There is no minimum spray
volume when making applications directly to the
water. For applications targeting emergent and/or
floating vegetation, uniformly apply with properly
Calibrated equipment in 5 or more gallons of water
per surface acre. For best results, aerial applica-
tions should be ma~e using a minimum of 20
gallons per acre.
DRAWDOWN APPLICATION
Clearcast may be used in drawdown situations to
pr6vide postemergence and/or preemergence
control/suppression of aquatic vegetation. Apply
Clearcast as a broadcast spray at rates up to 64
ozs/A or as a spot spray treatment with up to 5%

Clearcast by volume. Applications should be
madewhen water has receded and exposed soil is
moist to dry. For postemergence (foliar) applica-
tions, wait at least two weeks after application
before reintroducing water. When treating irrigation
canals, the intial flush of recharge water after appli-
cation must not be used for irrigation purposes.

Restrictions and Limitations
General Limitations
DO NOT apply Clearcast to achieve a total active
ingredient concentration in the water greater than
5OO ppb.
DO NOT apply more than 2 quarts of Clearcast
per surface acre for the control of emergent and
floating vegetation.
Irrigation Restrictions
.̄DO NOT use treated water to irrigate green-
houses, nurseries or hydroponics.

¯DO NOT plant non-CLEARFIELD® canola,
onions, potatoes, or sugar beets in soils that have
been previously irrigated with Clearcast-treated
water until a soil bioassay successfully demon-
strates acceptable levels of crop tolerance.

¯DO NOT use any Clearcast-treated waters
from still or quiescent sources for irrigation pur-
poses less than 24 hours after Clearcast
application is completed.

¯Waters receiving Clearcast either as a water
treatment or as a foliar treatment on emergent/
floating plants may be used for irrigation as long
as concentrations are ~; 50 ppb. Treated waters
resulting in concentrations > 50 ppb may not be
used for irrigation until residue levels have been
shown to be ~ 50 ppb by an acceptable method,

¯Still and quiescent waters with an average depth
of four (4) or more feet receiving a foliar applica-
tion of Clearcaet (~ 2 quarts per acre) to
emergenVfloating vegetation may be used for
irrigation on allowable sites 24 hours after appli-
cation is completed.
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¯There are no irrigation restrictions on allowable
sites for the use of treated water from flowing
waters, such as irrigation canals with an average
depth of four (4) or more feet, receiving a foliar
application of Clearcaste herbicide (< 2 quarts
per acre) to emergent/floating vegetation.

¯ After application of Clearcast to dry irrigation
canals/ditches, the initial flush of water during
recharge must not be used for irrigation purposes.

Other Water Use Restrictions
There are no restrictions on livestock watering,
swimming, fishing, domestic use, or use of treated
water for agricultural sprays.
Potable Water, Clearcast may be applied to
potable water sources at concentrations up to 500

ppb to witNn a distance of 1/4 mile from an active
potable water intake. Within 1/4 mile of an active
potable water intake, Cleareast may be applied,
but water concentrations resulting from injection
and/or foliar applications may not exceed 50 ppb. If
water concentrations greater than 50 ppb are
required, the potable water intake must be shut and,
if necessary, an alternate water supply be made
available until the water concentration can be shown
to be less than 50 ppb by an acceptable method.
Endangered Plant Species
To prevent potential negative impacts to endan-
gered plant species, DO NOT apply Clearcast in
a way that adversely affects federally listed endan-
gered and threatened species.

Emergent, Floating, and Shoreline Species Controlled with Foiiar Applications

Common Scientific Name Rate Comments
Name (ozs/A)

Alligatorweed Alternanthera 64 Repeat applications may be necessary. Add 1 qt/A of
uhiloxeroides Rodeo® herbicide for quicker brownout.

American lotus Nelumbo lutea 64
Arrowhead Sag#~fiaspp. 32
Cattail Typha spp. 32 to 64 Apply after full green up through killing frost.
Chinese Sapium sebiferum 32 to 64
tallowtree
Common reed Phragmites spp. 64 Use 1 qt/A methylated seed oil (MSQ); apply in late

vegetative stage up to killing frost. May also be applied
as a spot treatment using 1% to 2% Clearcast per
spray volume. Older stands of phragmites and stands
growing in water may be more difficult to control and
will require follow-up applications.

Common Salvinia minima 32 to 64 Apply with MSO or MSO + silicone-based surfactant;
salvinia retreatment will be necessary.
Floating Hydrocotyle 32 to 64 Repeat applications may be necessary.
pennywort ranunculoides
Four-leaf clover Marsilea spp. 32
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Emergent, Floating, and Shoreline Species Controlled with Foliar Applications (continued)

Common Scientific Name Rate Comments
Name (ozs/A)

Frogbit Lymnobium 16 to 32 Water concentrations of 50 to 100 ppb will control
spongia frogbit.

Mexican lily Nymphaea 32 to 64
me~dcana

Parrot feather Myfiophyllum 64 Apply only to emergent vegetation.
aquaticum

Pickerelweed Pontedefia 32
cordata

Smartweed Polygonum spp. 16 to 32

Water hyacinth EJchhomia 16 to 32 Water concentrations of 50 to 100 ppb will control
crassipes water hyacinth.

Water primrose Ludwigia spp. 32 Add 1 qt/A of Rodeo for quicker brownout.

Watershield Brasenia 48 to 64 Water concentrations of 50 to 100 ppb will control
! schreberi watershield.

Water lily Nymphaea spp. 32 to 64

Spatterdock Nupharlutea 64

Submersed Species Controlled with Water-ir ected Applications

Common Scientific Name Rate Comments
Name (ppb)

Utficularia flofidana
Bladderwort 50to 100

U. inflata
Eurasian Myriophyllum 100to 200 See Special Weed Control for application directions.
watermilfoil2 sPicatum
Hydrilla~ Hydrilla verticillata 150to 200 See Special Weed Control for application directions.

Northern Myfiophyllum lOOto 200
watermilfoil exalbescens

(continueo
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Common
Name

Pondwe~’ed,
American
flat stemmed

Illinois
small
variableleaf

Submersed Species Controlled with Water-in iected Applications (continued)

Scientific Name Rate Comments
(ppb)

Potamogeton spp. 50 to 100
R nodosus
R zosteriformis
R foliosus
R illinoensis
R pusillus
R gramineus
R diversifolius

clasping P. perfoliatus
largeleaf R amplifolius

i Pondweed, Potamogeton 50
curlyleaf i crispus

! Pondweed, Potamogeton 100 See Special Weed Control for application directions.
sago3 ~ectinatus

’Stuckenia
3ectinatus)

Spikerush Eleocharis spp. 200 Apply as a submerged spot treatment, concentrating
the application in the area of the spikerush. If emerged,
then spot treat with 2% Clearcaste herbicide by
volume at 50 GPA, or 1% at 100 GPA.

Variableleaf Myriophyllum 100 to 200
milfoil heterophyllum
Water stargrass Heteranthera 100

dubia
Widgeon grass Ruppia maritima 200
Special Weed Control
IHydrilla. Apply Clearcast at 150 to 200 ppb to actively growing plants early in the growing season.
Applications made prior to topped-out hydrilla may require repeat application.
A single application of 50 to 75 ppb can be used to suppress and growth regulate hydrilla for up to 10
to 12 weeks. If desired an additional 50 to 75 ppb can be applied to extend the period of growth sup-
pression when normal hydrilla growth resumes.

2Eurasian watermilfoil. Apply Clearcast at 100 to 200 ppb to actively growing plants early in the grow-
ing season. Applications made to mature milfoil (vegetation topped out) may require multiple applications.

88ago pondweed. Sago pondweed may be controlled in nonflowing water with water-injected appli-
cations at 100 ppb. In dry ditches (drainage and irrigation), sago pondweed may be controlled or
growth suppressed with soil-applied Clearcast at 64 ozs/A. In irrigation canals, apply Clearcast after
drawdown and prior to water recharge.
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Terrestrial Use Directions
Clearcast® herbicide may be applied with
ground and aerial equipment including both fixed
wing aircraft and helicopter. Applications may be
made using foliar broadcast spray, foliar spot
spray, injection (hack and squirt), frill and girdle, cut
stump, or basal methods.
BROADCAST SPRAY APPLICATION. DO NOT
apply more than 64 fl ozs Ciearcast per acre.
FOLIAR SPOT APPLICATION. Apply Clearcast
as a percent solution, containing up to 5%
Clearcast by volume.
INJECTION (HACK AND SQUIRT), FRILL AND
GIRDLE, AND CUT STUMP APPLICATION.
Treatments may be m#de using up to 100%
Clearcast by volume.
BASAL APPLICATION. Treatments can be made
using up to 25% Clearcast by volume. Basal appli-
cations require the use of a good emulsion system
to maintain Clearcast in a stable emulsion with the
penetrating agent being used.
All foliar applications of Clearcast require the use of
a spraY adjuvant. Refer to SPRAY ADJUVANTS
section for additional information.
Managing Off-target Movement
The information that folbws is general guidance for
managing and minimizing off-target exposure of this
product. Specific use recommendations in this label
may vary from these general guidelines depending
on the application method and objectives and
should supersede the general information provided
below.
Avoiding spray drift at the application site is the
responsibility of the applicator. The interaction of
many equipment- and weather-related factors
determines the potential for spray drift. The applica-
tor and the grower are responsible for considering
all th~ decisions.

The following drift management requirements must
be followed to avoid off-target drift movement from
aerial applications:
1. The distance of the outermost nozzles on the

boom must not exceed 3/4 the length of the
wingspan or 90% of the rotor.

2. Nozzles must always point backward parallel
with the airstream and never be pointed down-
ward more than 45 degrees.

3. DO NOT apply if wind speed is greater than 10
mph, except when making injection or subsur-
face applications to water.

Where states have more stringent regulations, they
must be observed.
The applicator must be familiar with and take into
account the information covered in the aerial drift
reduction advisob, information presented below.
Information On Droplet Size
The most effective way to reduce drift potential is to
apply large droplets. The best drift management
strategy is to apply the largest droplets thatprovide
sufficient coverage and control Applying larger
droplets reduces ddft potential but will not prevent
drift if applications are made improperly or under
unfavorable environmental conditions (see Wind;
Temperature and Humidity; and Temperature
Inversions).
Controlling Droplet Size
¯Volume. Use high flow rate nozzles to apply the

highest practical spray volume. Nozzles with
higher rated flows produce larger droplets.

¯Pressure: DO NOT exceed the nozzle manufac-
turer’s recommended pressures. For many nozzle
types, lower pressure produces larger droplets.
When higher flow rates are needed, use higher
flow rate nozzles instead of increasing pressure.

¯Number of Nozzles. Use the minimum number
of nozzles that provides uniform coverage.

¯Nozzle Orientation. Orienting nozzles so "~hat
the spray is released parallel to the alrstream pro-
duces larger droplets than other orientations and
is recommended practice. Significant deflection
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from the horizontal will reduce droplet size and
increase drift potential.

¯ Nozzle Type, Use a nozzle type that is designed
for the intended application. With most nozzle
types, narrower spray angles produce larger
droplets. Consider using low-drift nozzles. Solid-
stream nozzles orient~d straight back produce
the largest droplets and the lowest drift.

Boom Length
For some use patterns, reducing the effective
boom length to less than 3/4 of the wingspan or
90% of rotor length may further reduce drift with-
out reducing swath width.
Application Height
Applications must not be made at a height greater
than 10 feet above the top of the largest plants
unless a greater height is required for aircraft
safety. Making applications at the lowest height
that is safe reduces exposure of droplets to evap-
oration and wind.
Swath Adjustment
When applications are made with a crosswind, the
swath will be displaced downwind. Therefore, on the
upwind and downwind edges of the field, the appli-
cator must compensate for this displacement by
adjusting the path of the aircraft upwind. Swath
adjustment distance should increase with increasing
drift potential (higher wind, smaller droplets, etc.).
Wind
Drift potential is lowest between wind speeds of 2
to 10 mph. However, many factors, including
droplet size and equipment type, determine ddft
potential at any given speed. Application should be
avoided below 2 mph due to variable wind direc-
tion and high inversion potential.
NOTE: Local terrain can influence wind patterns.
Every applicator should be familiar with local wind
patterns and how they affect spray ddft.

11

Temperature and Humidity
When making applications in low relative humidity,
set up equipment to produce larger droplets to
compensate for evaporation. Droplet evaporation is
most ~evere when conditions are both hot and dry.
Temperature Inversions
Applications must not occur during a temperature
inversion because drift potential is high.
Temperature inversions restrict vertical air. mixing,
which causes small suspended droplets to remain
in a concentrated cloud. This cloud can move in
unpredictable directions due to the light, variable
winds common during inversions. Temperature
inversions are characterized by increasing temper-
atures with altitude and are common on nights
with limited cloud cover and light-to-no wind. They
begin to form as the sun sets and often continue
into the morning. Their presence can be indicated
by ground fog; however, if fog is not present, inver-
sions can also be identified by the movement of
smoke from a ground source or an aircraft smoke
generator. Smoke that layers and moves laterally in
a concentrated cloud (under low wind conditions)
indicates an inversion, while smoke that moves
upward and rapidly dissipates indicates good ver-
tical air mixing.
Sensitive Areas
The pesticide must only be applied when the
potential for drift to adjacent sensitive areas (e.g.
residential areas, bodies of water, known habitat
for threatened or endangered specie.?, or crops) is
minimal (e.g. when wind is blowing away from the
sensitive areas).
Applicator is responsible for any loss or damage
which results from spraying Clearcaste herbicide
in a manner other than recommended in this label.
In addition, applicator must follow all applicable
state and local regulations and ordinances in
regard to spraying.
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Clearcast® herbicide may be used for the control of the following plant species. Clearcast may be effec-
tive for the control or suppression of additional plant species not listed below. The use of Clearcast for
the control or suppression of undesirable plants not listed below may be done at the discretion of the user.

To the extent consistent with applicable law, the user assumes responsibility for any
lack of control or suppression associated with application to weeds not listed on this label,

Weeds Controlled
Common Scientific Rate Comments
Name Name
Alligator weed Aiternanthera

64 fl ozs/A Foliar i Addition of glyphosate will improve
ohiloxeroides efficacy.

Annual Lolium 16 to 32 fl ozs/A Foliar
ryegrass multiflorum

Brazilian Schimus 2% v/v Foliar
pepper; terebinthifolius
Chfistmasberry
California Schoenoplectus 64 fl ozs/A Foliar
bullrush californicus
Camphor tree Cinnamomum 2% v/v Foliar

camphora
Cattail Typha spp. 32 to 64 fl ozs/A Foliar
Chinese Sapium 32 to 64 ft ozs/A Foliar See SPECIAL WEED CONTROL secl~.
taltowtree~; sebiferum
Popcorn tree
Giant ragweed* Ambrosia tfifida 32 to 64 fl ozs/A Foliar
Jamaican Solanum 2% vN Foliar
nightshade ]amaicense
Johnsongrass, Sorghum 16 fl ozs/A       Foliar

seedling’ halepense 32 to 64 fl ozs/A Foliar
rhizome

Old world Lygodium 5% v/v Foliar
climbing fern microphyllum

(continues
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Weeds Controlled (continued)
Common Scientific Rate Comments
Name Name
Phragmites Phragmites 64 fl ozs/A Foliar Use 1 qt/A methylated seed oil (MSO)

australis apply in late vegetative stage up to killin~
frost. May also be applied as a spot treat-
ment using 1% to 2% Clearcast~
herbicide per spray volume. Olde
stands of phragmites and stands growin!
in water may be more difficult to contro
and will require follow-up applications.

Purple Lythrum 32 to 64 fl ozs/A Foliar
Ioosestrife salicaria

Sedge*,
purple ~s rotundus 32 fl ozs/A Foliar
yellow Cyperus 32 fl ozs/A Foliar

esculentus
Smartweed Polygonumspp. 32 to 64 fl ozs/A Foliar
Spike rush Eleochafis spp. 64 fl ozsiA Foliar

Taro spp. 64 fl ozs/A Foliar
5% v/v Foliar

Tropical soda Solarium viarum 2% v/v Foliar
apple
Water primrose Ludwigia spp. 32 to 64 fl ozs/A Foliar Addition of glypbeeate will improve efficacy.
Wetland Solanum 2% v/v Foliar
nightshade tampicense
Whitetop; CardaHa draba 8 to 16 fl ozs/A Foliar
Hoary cress
*Suppression of larger, well-established plants

I In general, the use of methylated seed oil (MSO) at 1% v/v will provide the best control with foliar appli-
. cations.
Special Weed Control
~Chinese tallowtree. Cleamast at 32 to 64 f~ ozs/A or 0.5 to 2.0% v,~ may be applied as a foliar appli-
cation for selective control of Chinese tallowtree in and around talarant hardwood species. Chinese
tallowtree will be controlled with foliar applications using aedal, handgun, or backpack application methods.
When treating Chinese tallowtree in mixed stands of hardwoods, application method and spray volume
should ensure adequate coverage of targeted Chinese tallowtrea plants. Methylated seed oil should be
added at 32 fl ozs/A for broadcast applications, or at 1% vA, for spot backpack and handgun applications.
Tolerant hardwood species may exhibit varying degrees of leaf discoloration and temporary Injury.
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Conditions of Sale and Warranty
The Directions For Use of this product reflect
the opinion of experts based on field use and
tests. Th9 directions are believed to be reliable
and must be followecl carefully. However, it is
impossibl~ to eliminate all risks inherently associ-
ated with ’~he use of this product. Crop injury,
ineffectiveness or other unintended conse-
quences may result because of such factors as
weather conditions, presence of other materials,
or use of the product in a manner inconsistent
with its labeling, all of which are beyond the con-
trol of BASF CORPORATION ("BASF’) or the
Seller. To the extent consistent with applicable
law, all such risks shall be assumed by the Buyer.
BASF warrants that this product conforms to the
chemical description on the label and is reason-
ably fit for the purposes referred to in the
Directions For Use, subject to the inherent
dsks, referred to above.
To the extent consistent with applicable law,
BASF makes no other express or implied war-
ranty of fitness or merchantability or any other
express or implied warranty.
To the extent consistent with applicable law,
Buyer’s exclusive remedy and BASF’s exclusive
liability, whether in contract, tort, negligence,
strict liability, or otherwise, shall be limited to
repayment of the purchase price of the product.
To the extent consistent with applicable law,
BASF and the Seller disclaim any liability for con-
sequential, special or indirect damages resulting
from the use or handling of this product.
BASF and the Seller offer this product, and the
Buyer and User accept it, subject to the forego-
ing Conditions of Sale and Warranty which
may be varied only by agreement in writing
signed by a duly authorized representative of
BASE                     0408
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For the control of vegetation in
and around aquatic and

noncropland sites
Active Ingredient:
ammonium salt of imazamox 2-[4,5-
dihydro-4-methyf-4-(1 -methylethyl)-5-
oxo-lH-lmidazol-2-yl]-5-(met hoxymet hyl)o
3-pyddlnecarboxylic acid*. ........................... 12.1%
Other Ingredients: ....................................... 87,9%
Total: ............................................................. ~
*EquivaJent to 11.4% 2-H,5-dihydr~-4-methyl-4-(1-
methylet hyl)-5-oxo- 1H-imidazol-2-yi]-5-
(met hoxymethyO-3-pyddinecad~oxylic acid
(1 gallon contains 1.0 pound of active ingredient as
the free acid)
US Patent No. 5~334,576
EPA Reg, No, 241-,437 EPA Est. No, 241-PR-002
KEEP OUT OF REACH OF CHILDREN
CAUTION/PRECAUCI6N

ENVIRONMENTAL HAZARDS: ThLs pesticide may be
hazar~<~J~ to p~nts outside the treated area, DO NOT
SPI:~Y to water except as specified ~n ~s labd. DO NOT
contaminate water when disposing of equipment wash-
waters and rinsate. Dimcffons For Use: It is a vkJ, ation of
federal law to use tNs pr~luct in a manner incona~stent
with its labe~ng. "[his labe~ng must be in the pos,.~eek~ of
the ueer at the ltme of pestidde appr~caBon. DO NOT spt3y
tNs product in away that wi~ contact w~kars or other p~-
sons, either directly or through drift. Only protected han-
olars may be in the area dudng application. For any
requirements specific to your state or tribe, cons~ the
agency raspor~’ble for pesftdde regulatk~’]. Enau~e spray
drift to nontarget ,species does not occur.

STORAGE AND DISPOSAL
DO NOT contaminate food, feed or water by storage or
disposal. PESTICIDE STORAGE: KEEP FROM FREEZ-
ING. DO NOT store be~w 32° F. DO NOT contaminate
water, food or feed by storage or d~sposal. PESTICIDE
DISPOSAL Wastes resulting from the use of thi~ prod-
uct may be disposed of on-sIte ~" at an approved waste
disposal facility. CONTAINER DISPOSAL: Nonrefill-
able Container. DO NOT reuse or refill this con-
talner. THple dnse or pressure dnse container (or
equk, a]ent) prompt after emptying; then offer for recy-
cling, if available, or reconditioning, if appropriate, or
puncture and dispee~ of in a sanitary landfill, or by ~noin-
eration, or by other procedures approved by state and
local authorities. See attached b(~kJet for complete con-
talnor disposal directJona including tdpie dnslng ~ Wee-
sure dnsing instructions.

In case of an emergency endengedng life or
property InvoMng thls product, call day or night

1-~X)-~2-HELP (4,~57).
See attached booklet for complete Flret Aid,

Precautionary Statements, Directions For Use,
Cond~ons of Sale and Warranty, and state-specific

crop and/or use site restrk~tions.
Net Contents: 1 gallon
Product of U.S.A, 2081218

NVA 2008-05-299-0321
BASF Corporation
26 Davis Drive, Research Tdangle Park, NC 27709

!:1 - BASF
The Chemical Con~any



For the control of vegetation in and around aquatic and noncropland sites.
Active Ingredient:
ammonium salt of imazamox 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-
5-oxo-1H-imidazol-2-yl]-5-(methoxymethyl)-3-pyridinecarboxylic acid* . . . . . . . . . . . . . . . . . . . 12.1%
Other Ingredients: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87.9%
Total: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0%
*Equivalent to 11.4% 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-
(methoxymethyl)-3-pyridinecarboxylic acid
(1 gallon contains 1.0 pound of active ingredient as the free acid)
US Patent No. 5,334,576 EPA Est. No. is indicated by the fifth letter of the code
EPA Reg. No. 241-437 printed on this container: M=241-PR-002 RR=51036-GA-002

KEEP OUT OF REACH OF CHILDREN
CAUTION/PRECAUCION

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

In case of an emergency endangering life or property involving this product,
call day or night 1-800-832-HELP (4357).

See inside for complete First Aid, Precautionary Statements, Directions For Use,
Conditions of Sale and Warranty, and state-specific crop and/or use site restrictions.

Net Contents: 1 gallon
Product of U.S.A.

BASF Corporation
26 Davis Drive
Research Triangle Park, NC 27709

NVA 2008-05-299-0099



PRECAUTIONARY STATEMENTS
HAZARDS TO HUMANS

AND DOMESTIC ANIMALS
CAUTION

Harmful if absorbed through skin or inhaled. Avoid
breathing spray mist. Avoid contact with skin, eyes
or clothing.
PERSONAL PROTECTIVE EQUIPMENT (PPE)
Some materials that are chemical-resistant to this
product are listed below. If you want more options,
follow the instructions for Category A on an EPA
chemical-resistance category selection chart.

Applicators and other handlers must
wear:
• Long-sleeved shirt and long pants
• Chemical-resistant gloves, such as butyl rubber

≥14 mils, or natural rubber ≥ 14 mils, or neo-
prene rubber ≥14 mils, or nitrile rubber ≥ 14 mils

• Shoes plus socks

Follow manufacturer's instructions for cleaning
and maintaining PPE. If no such instructions for
washables exist, use detergent and hot water.
Keep and wash PPE separately from other laundry.

ENVIRONMENTAL HAZARDS
This pesticide may be hazardous to plants outside
the treated area. DO NOT apply to water except
as specified in this label. DO NOT contaminate
water when disposing of equipment washwaters
and rinsate.
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FIRST AID

If on skin or clothing
• Take off contaminated clothing.
• Rinse skin immediately with plenty of water for 15 to 20 minutes.
• Call a poison control center or doctor for treatment advice.

If in eyes

• Hold eye open and rinse slowly and gently with water for 15 to 20 minutes.
• Remove contact lenses, if present, after the first 5 minutes; then continue
rinsing eye.

• Call a poison control center or doctor for treatment advice.

If inhaled

• Move person to fresh air.
• If person is not breathing, call 911 or an ambulance; then give artificial res-
piration, preferably mouth-to-mouth if possible.

• Call a poison control center or doctor for further treatment advice.

HOT LINE NUMBER
Have the product container or label with you when calling a poison control center or doctor or going
for treatment. You may also contact BASF Corporation for emergency medical treatment information:
1-800-832-HELP (4357).

USER SAFETY
RECOMMENDATIONS

Users should:
• Wash hands before eating, drinking, chewing
gum, using tobacco or using the toilet.

• Remove clothing immediately if pesticide gets
inside. Then wash thoroughly and put on
clean clothing.



DIRECTIONS FOR USE
It is a violation of federal law to use this product in
a manner inconsistent with its labeling. This label-
ing must be in the possession of the user at the
time of pesticide application.
DO NOT apply this product in a way that will con-
tact workers or other persons, either directly or
through drift. Only protected handlers may be in
the area during application. For any requirements
specific to your state or tribe, consult the agency
responsible for pesticide regulation.
Ensure spray drift to nontarget species does not
occur.
DO NOT apply Clearcast™ herbicide in any
manner not specifically described in this label.
Observe all cautions and limitations on this label
and on the labels of products used in combination
with Clearcast. DO NOT use Clearcast other
than in accordance with the instructions set forth
on this label. Keep containers closed to avoid spills
and contamination.

STORAGE AND DISPOSAL
DO NOT contaminate food, feed or water by stor-
age or disposal.
PESTICIDE STORAGE
KEEP FROM FREEZING.
DO NOT store below 32° F.
DO NOT contaminate water, food or feed by stor-
age or disposal.
PESTICIDE DISPOSAL. Wastes resulting from
the use of this product may be disposed of on-site
or at an approved waste disposal facility.
CONTAINER DISPOSAL
Nonrefillable Container. DO NOT reuse or
refill this container. Triple rinse or pressure rinse
container (or equivalent) promptly after emptying;
then offer for recycling, if available, or recondition-
ing, if appropriate, or puncture and dispose of in a
sanitary landfill, or by incineration, or by other pro-
cedures approved by state and local authorities.

Triple rinse containers small enough to shake
(capacity < 5 gallons) as follows: Empty the
remaining contents into application equipment or a
mix tank and drain for 10 seconds after the flow
begins to drip. Fill the container 1/4 full with water
and recap. Shake for 10 seconds. Pour rinsate into
application equipment or a mix tank, or store rin-
sate for later use or disposal. Drain for 10 seconds
after the flow begins to drip. Repeat this procedure
two more times.
Triple rinse containers too large to shake
(capacity > 5 gallons) as follows: Empty the
remaining contents into application equipment or a
mix tank. Fill the container 1/4 full with water.
Replace and tighten closures. Tip container on its
side and roll it back and forth, ensuring at least one
complete revolution, for 30 seconds. Stand the
container on its end and tip it back and forth several
times. Empty the rinsate into application equipment
or a mix tank, or store rinsate for later use or dis-
posal. Repeat this procedure two more times.
Pressure rinse as follows: Empty the remaining
contents into application equipment or mix tank.
Hold container upside down over application
equipment or mix tank, or collect rinsate for later
use or disposal. Insert pressure rinsing nozzle in
the side of the container and rinse at about 40 PSI
for at least 30 seconds. Drain for 10 seconds after
the flow begins to drip.

GENERAL INFORMATION
Clearcast is an aqueous formulation that may be
diluted in water and either applied directly to water
for the control/suppression of certain submerged
aquatic vegetation or applied as a broadcast or
spot spray to floating and emergent vegetation.
Aquatic sites that may be treated include estuarine
and marine sites, ponds, lakes, reservoirs, wet-
lands, marshes, swamps, bayous, arroyos,
ditches, canals, streams, rivers, creeks and other
slow-moving or quiescent bodies of water.
Clearcast may also be used during drawdown
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conditions. Clearcast™ herbicide may also be
applied to noncropland sites for terrestrial and
riparian vegetation control.
Clearcast is quickly absorbed by foliage and/or
plant roots and rapidly translocated to the growing
points stopping growth. Susceptible plants may
develop a yellow appearance or general discol-
oration and will eventually die or be severely
growth inhibited.
Clearcast is herbicidally active on many sub-
merged, emergent and floating broadleaf and
monocot aquatic plants. The relative levels of con-
trol and selectivity can be manipulated by using a
choice of rates and herbicide placement (water
injected or floating/emergent foliar application).
To help maintain the utility of herbicide programs,
the use of herbicides with different modes of action
are effective in managing weed resistance.

SPRAY ADJUVANTS
Applications of Clearcast targeting emergent,
floating or shoreline species require the use of a
spray adjuvant. Always use a spray adjuvant that is
appropriate for aquatic sites.
Nonionic Surfactants. Use a nonionic surfactant
at the rate 0.25% v/v or higher (see manufacturer’s
label) of the spray solution (0.25% v/v is equivalent
to 1 quart in 100 gallons). For best results, select a
nonionic surfactant with an HLB (hydrophilic to
lipophilic balance) ratio between 12 and 17 with at
least 70% surfactant in the formulated product
(alcohols, fatty acids, oils, ethylene glycol or dieth-
ylene glycol should not be considered as
surfactants to meet the above requirements).
Methylated Seed Oils or Vegetable Oil
Concentrates. Instead of a surfactant, a methy-
lated seed oil or vegetable-based seed oil
concentrate may be used at the rate of 1.5 to 2
pints per acre. When using spray volumes greater
than 30 gallons per acre, methylated seed oil or
vegetable-based seed oil concentrates should be

mixed at a rate of 1% of the total spray volume, or
alternatively use a nonionic surfactant as
described above. Research indicates that these
oils may aid in Clearcast deposition and uptake
by plants under stress.
Silicone-based Surfactants. See manufacturer’s
label for specific rate recommendations. Silicone-
based surfactants may reduce the surface tension of
the spray droplet allowing greater spreading on the
leaf surface as compared to conventional nonionic
surfactants. However, some silicone-based surfac-
tants may dry too quickly, limiting herbicide uptake.
Invert Emulsions. Clearcast can be applied as
an invert emulsion. The spray solution results in an
invert (water-in-oil) spray emulsion designed to
minimize spray drift and spray runoff, resulting in
more herbicide on the target foliage. The spray
emulsion may be formed in a single tank (batch
mixing) or injected (in-line mixing). Consult the
invert chemical label for proper mixing directions.
Other. An antifoaming agent, spray pattern indica-
tor, sinking agent or drift-reducing agent may be
applied at the product labeled rate if necessary or
desired.

APPLICATION INFORMATION
Clearcast may be applied directly to the water for
the control of submerged aquatic plant species
and some emergent and floating species, or as a
foliar application specifically for emergent and
floating species.
DO NOT exceed maximum use rate per appli-
cation:
Water treatment - 500 ppb (173 fluid ozs of
Clearcast per acre foot)
Foliar broadcast application - 2 quarts per acre
(0.5 lb ae/A)
Foliar spot application - up to 5% Clearcast by
volume.

Clearcast may be applied via surface and aerial
equipment including both fixed wing and helicopter.
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SPRAY DRIFT REQUIREMENTS
Aerial Applications
• Applicators are required to use a coarse or
coarser droplet size (ASABE S572) or, if specifi-
cally using a spinning atomizer nozzle,
applicators are required to use a volume mean
diameter (VMD) of 385 microns or greater for
release heights below 10 feet. Applicators are
required to use a very coarse or coarser droplet
size or, if specifically using a spinning atomizer
nozzle, applicators are required to use a VMD of
475 microns or greater for release heights above
10 feet. Applicators must consider the effects of
nozzle orientation and flight speed when deter-
mining droplet size.

• Applicators are required to use upwind swath
displacement.

• The boom length must not exceed 60% of the
wingspan or 90% of the rotor blade diameter to
reduce spray drift.

• DO NOT apply when wind speed is greater than
10 mph.

• If applying at wind speeds less than 3 mph, the
applicator must determine if a) Conditions of
temperature inversion exist, or b) Stable atmos-
pheric conditions exist at or below nozzle height.

DO NOT make applications into areas of temper-
ature inversions or stable atmospheric conditions.
Ground Boom Applications
• Applicators are required to use a nozzle height
below 4 feet above the ground or plant canopy
and coarse or coarser droplet size (ASABE
S572) or, if specifically using a spinning atomizer
nozzle, applicators are required to use a volume
mean diameter (VMD) of 385 microns or greater.

• Applications with wind speeds greater than 10
mph are prohibited.

• Applications into temperature inversions are pro-
hibited.

DO NOT apply when wind conditions may result in
drift, when temperature inversion conditions exist,
or when spray may be carried to sensitive areas.
See MANAGING OFF-TARGET MOVEMENT
section for more drift reduction recommendations.

SURFACE APPLICATION
Application to targeted emergent and/or
floating vegetation. To make surface applica-
tions targeting emergent or floating vegetation,
uniformly apply with properly calibrated broadcast
or spot treatment equipment in 10 or more gallons
of water per acre. Spot treatments can be made
with up to 5% Clearcast™ herbicide by volume.
To ensure thorough spray coverage, higher spray
volumes may be required when treating areas with
large and/or dense vegetation. Use an appropriate
spray pressure to minimize the drift potential
depending upon spray equipment, conditions and
application objectives.
Application to water targeting submerged
and/or emergent/floating vegetation. Clearcast
may be broadcast applied to the water surface or
injected below the water surface. Clearcastmay be
applied as undiluted product or diluted with water
prior to application. Under surface-matted condi-
tions, Clearcast should be injected below the water
surface to achieve better product distribution.
Apply Clearcast to water to achieve a final con-
centration of the active ingredient of no more than
500 ppb. Multiple applications of Clearcast may
be made during the annual growth cycle to main-
tain the desired vegetation response.
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Clearcast™ herbicide Rates Per Treated
Surface Acre

*Clearcast contains 1.0 pound of active ingredient
per gallon. There are 128 fl ozs in one gallon.

AERIAL APPLICATIONS
Clearcast may be applied by both fixed wing and
helicopter aircraft. There is no minimum spray vol-
ume when making applications directly to the
water. For applications targeting emergent and/or
floating vegetation, uniformly apply with properly
calibrated equipment in 5 or more gallons of water
per surface acre.

DRAWDOWN APPLICATIONS
Clearcast may be used in drawdown situations to
provide postemergence and/or preemergence
control/suppression of aquatic vegetation. Apply
Clearcast as a broadcast spray at rates up to 64
ozs/A or as a spot spray treatment with up to 5%

Clearcast by volume. Applications should be
made when water has receded and exposed soil is
moist to dry. For postemergence (foliar) applica-
tions, wait at least two weeks after application
before reintroducing water. When treating irrigation
canals, the intial flush of recharge water after appli-
cation must not be used for irrigation purposes.

LIMITATIONS AND RESTRICTIONS
General Limitations
• DO NOT apply Clearcast to achieve a total
active ingredient concentration in the water
greater than 500 ppb.

• DO NOT apply more than 2 quarts of Clearcast
per surface acre for the control of emergent and
floating vegetation.

Irrigation Restrictions
1. DO NOT use treated water to irrigate green-
houses, nurseries or hydroponics.

2. DO NOT plant sugar beets, onions, potatoes or
non-CLEARFIELD® canola in soils that have
been previously irrigated with Clearcast-treated
water until a soil bioassay successfully demon-
strates acceptable levels of crop tolerance.

3. DO NOT use any Clearcast-treated waters
from still or quiescent sources for irrigation pur-
poses less than 24 hours after Clearcast
application is completed.

4. Waters receivingClearcast either as a water treat-
ment or as a foliar treatment on emergent/floating
plants may be used for irrigation as long as con-
centrations are ≤ 50 ppb. Treated waters resulting
in concentrations > 50 ppb may not be used for
irrigation until residue levels have been shown to be
≤ 50 ppb by an acceptable method.

5. Still and quiescent waters with an average
depth of four (4) or more feet receiving a foliar
application of Clearcast (≤ 2 quarts per acre) to
emergent/floating vegetation may be used for
irrigation on allowable sites 24 hours after appli-
cation is completed.
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Average
Water

Depth of
Treatment

Site
(feet)

Desired Active Ingredient
Concentration

(ppb)*

50 100 200 500

Clearcast Rate (fl ozs) per
Treated Surface Acre

1 17 35 69 173

2 35 69 138 346

3 52 104 207 518

4 70 138 277 691

5 87 173 346 864

6 104 207 415 1037

7 122 242 484 1210

8 139 277 553 1382

9 157 311 622 1555

10 174 346 691 1728



6. There are no irrigation restrictions on allowable
sites for the use of treated water from flowing
waters, such as irrigation canals with an aver-
age depth of four (4) or more feet, receiving a
foliar application of Clearcast™ herbicide (≤ 2
quarts per acre) to emergent/floating vegetation.

7. After application of Clearcast to dry irrigation
canals/ditches, the initial flush of water during
recharge must not be used for irrigation purposes.

Other Water Use Restrictions
There are no restrictions on livestock watering,
swimming, fishing, domestic use, or use of treated
water for agricultural sprays.
Potable Water. Clearcast may be applied to
potable water sources at concentrations up to 500
ppb to within a distance of 1/4 mile from an active
potable water intake. Within 1/4 mile of an active
potable water intake, Clearcast may be applied,
but water concentrations resulting from injection
and/or foliar applications may not exceed 50 ppb.
If water concentrations greater than 50 ppb are
required, then the potable water intake must be

shut and, if necessary, an alternate water supply
be made available until the water concentration
can be shown to be less than 50 ppb by an
acceptable method.
Endangered Plant Species
To prevent potential negative impacts to endan-
gered plant species, DO NOT apply Clearcast in
a way that adversely affects federally listed endan-
gered and threatened species.

VEGETATION CONTROL
RECOMMENDATIONS

Guidelines for Foliar Treatment of Emergent
and Floating Vegetation
• Always use a surfactant for foliar applications of
emergent and floating weeds.

• Foliar applications of Clearcastmay be made as
a broadcast spray or as a spot spray with a per-
cent spray solution ranging from 0.25% to 5%
Clearcast by volume.

• Control will be reduced if spray is washed off
foliage by wave action.
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Emergent, Floating, and Shoreline Species Controlled with Foliar Applications

Common
Name

Scientific Name Rate
(ozs/A)

Comments

Alligatorweed Alternanthera
philoxeroides

64 Repeat applications may be necessary. Add 1
qt/A of Rodeo® herbicide for quicker
brownout.

American lotus Nelumbo lutea 64

Arrowhead Sagittaria spp. 32

Cattail Typha spp. 32 to 64 Apply after full green up through killing frost.

Chinese
tallowtree

Sapium sebiferum 32 to 64

Common reed Phragmites spp. 64 Use 1 qt/A MSO; apply in late vegetative stage
up to killing frost.

Common
salvinia

Salvinia minima 32 to 64 Apply with MSO or MSO + silicone-based sur-
factant; retreatment will be necessary.

(continued)
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Common
Name

Scientific Name Rate
(ozs/A)

Comments

Floating
pennywort

Hydrocotyle
ranunculoides

32 to 64 Repeat applications may be necessary.

Four-leaf
clover

Marsilea spp. 32

Frogbit Lymnobium
spongia

16 to 32 Water concentrations of 50 to 100 ppb will
control frogbit.

Giant reed Arundo donax 64 Apply 1 qt/A MSO.

Mexican lily Nymphaea
mexicana

32 to 64

Parrotfeather Myriophyllum
aquaticum

64 Apply only to emergent vegetation.

Pickerelweed Pontederia cordata 32

Smartweed Polygonum spp. 16 to 32

Water hyacinth Eichhornia
crassipes

16 to 32 Water concentrations of 50 to 100 ppb will
control water hyacinth.

Water primrose Ludwigia spp. 32 Add 1 qt/A of Rodeo for quicker brownout.

Watershield Brasenia schreberi 48 to 64 Water concentrations of 50 to 100 ppb will
control watershield.

Water lily Nymphaea spp. 32 to 64

Spatterdock Nuphar lutea 64

Emergent, Floating, and Shoreline Species Controlled with Foliar Applications (continued)

Submersed Species Controlled with Water-injected Applications

Common Name Scientific Name Rate
(ppb)

Comments

Bladderwort Utricularia floridana
U. inflata

50 to
100

Hydrilla1 Hydrilla verticillata 150 to
200

See section on Special Weed Control for
application directions.

Eurasian
watermilfoil2

Myriophyllum
spicatum

100 to
200

See section on Special Weed Control for
application directions.

(continued)
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Special Weed Control
1 Hydrilla. Apply Clearcast™ herbicide at 150 to 200 ppb to actively growing plants early in the grow-
ing season. Applications made prior to topped-out hydrilla may require repeat application. Single
applications of <150 ppb or multiple sequential treatments with <150 ppb per application can be used to
suppress and growth regulate hydrilla to reduce the impact of hydrilla growth on recreation opportunities.

2 Eurasian watermilfoil. Apply Clearcast at 100 to 200 ppb to actively growing plants early in the grow-
ing season. Applications made to mature milfoil (vegetation topped out) may require multiple applications.

3 Sago pondweed. Sago pondweed may be controlled in nonflowing water with water-injected applica-
tions at 100 ppb. In dry ditches (drainage and irrigation), sago pondweed may be controlled or growth
suppressed with soil-applied Clearcast at 64 ozs/A. In irrigation canals, apply Clearcast after draw-
down and prior to water recharge.

Common Name Scientific Name Rate
(ppb)

Comments

Northern
watermilfoil

Myriophyllum
exalbescens

100 to
200

Variableleaf milfoil Myriophyllum
heterophyllum

100 to
200

Pondweed,
American
flat stemmed
leafy
Illinois
small
variableleaf

clasping
largeleaf

Potamogeton spp.
P. nodosus
P. zosteriformis
P. foliosus
P. illinoensis
P. pusillus
P. gramineus
P. diversifolius
P. perfoliatus
P. amplifolius

50 to
100

Pondweed,
curlyleaf

Potamogeton crispus 50

Pondweed,
sago3

Potamogeton
pectinatus
(Stuckenia pectinatus)

100 See section on Special Weed Control for
application directions.

Water stargrass Heteranthera dubia 100

Widgeon grass Ruppia maritima 200

Submersed Species Controlled with Water-injected Applications (continued)



MANAGING OFF-TARGET
MOVEMENT

The information that follows is general guidance for
managing and minimizing off-target exposure of
this product. Specific use recommendations in this
label may vary from these general guidelines
depending on the application method and objec-
tives and should supersede the general
information provided below.
Avoiding spray drift at the application site is the
responsibility of the applicator. The interaction of
many equipment- and weather-related factors
determines the potential for spray drift. The applica-
tor and the grower are responsible for considering
all these factors when making decisions.
The following drift management requirements must
be followed to avoid off-target drift movement from
aerial applications:
1. The distance of the outermost nozzles on the
boom must not exceed 3/4 the length of the
wingspan or 90% of the rotor.

2. Nozzles must always point backward parallel
with the airstream and never be pointed down-
ward more than 45 degrees.

3. DO NOT apply if wind speed is greater than 10
mph, except when making injection or subsur-
face applications to water.

Where states have more stringent regulations, they
must be observed.
The applicator must be familiar with and take into
account the information covered in the aerial drift
reduction advisory information presented below.

INFORMATION ON DROPLET SIZE
The most effective way to reduce drift potential is
to apply large droplets. The best drift management
strategy is to apply the largest droplets that pro-
vide sufficient coverage and control. Applying
larger droplets reduces drift potential but will not
prevent drift if applications are made improperly or
under unfavorable environmental conditions (see

WIND; TEMPERATURE AND HUMIDITY; and
TEMPERATURE INVERSIONS).
CONTROLLING DROPLET SIZE
• Volume. Use high flow rate nozzles to apply the
highest practical spray volume. Nozzles with
higher rated flows produce larger droplets.

• Pressure. DO NOT exceed the nozzle manufac-
turer’s recommended pressures. For many nozzle
types, lower pressure produces larger droplets.
When higher flow rates are needed, use higher
flow rate nozzles instead of increasing pressure.

• Number of Nozzles. Use the minimum number
of nozzles that provides uniform coverage.

• Nozzle Orientation. Orienting nozzles so that
the spray is released parallel to the airstream
produces larger droplets than other orientations
and is recommended practice. Significant deflec-
tion from the horizontal will reduce droplet size
and increase drift potential.

• Nozzle Type. Use a nozzle type that is designed
for the intended application. With most nozzle
types, narrower spray angles produce larger
droplets. Consider using low-drift nozzles. Solid-
stream nozzles oriented straight back produce
the largest droplets and the lowest drift.

BOOM LENGTH
For some use patterns, reducing the effective
boom length to less than 3/4 of the wingspan or
90% of rotor length may further reduce drift with-
out reducing swath width.

APPLICATION HEIGHT
Applications must not be made at a height greater
than 10 feet above the top of the largest plants
unless a greater height is required for aircraft
safety. Making applications at the lowest height
that is safe reduces exposure of droplets to evap-
oration and wind.

SWATH ADJUSTMENT
When applications are made with a crosswind, the
swath will be displaced downwind. Therefore, on
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the upwind and downwind edges of the field, the
applicator must compensate for this displacement
by adjusting the path of the aircraft upwind. Swath
adjustment distance should increase with increasing
drift potential (higher wind, smaller droplets, etc.).

WIND
Drift potential is lowest between wind speeds of 2
to 10 mph. However, many factors, including
droplet size and equipment type, determine drift
potential at any given speed. Application should be
avoided below 2 mph due to variable wind direc-
tion and high inversion potential. NOTE: Local
terrain can influence wind patterns. Every applica-
tor should be familiar with local wind patterns and
how they affect spray drift.

TEMPERATURE AND HUMIDITY
When making applications in low relative humidity,
set up equipment to produce larger droplets to
compensate for evaporation. Droplet evaporation is
most severe when conditions are both hot and dry.

TEMPERATURE INVERSIONS
Applications must not occur during a temperature
inversion because drift potential is high.
Temperature inversions restrict vertical air mixing,
which causes small suspended droplets to remain
in a concentrated cloud. This cloud can move in
unpredictable directions due to the light, variable

winds common during inversions. Temperature
inversions are characterized by increasing temper-
atures with altitude and are common on nights
with limited cloud cover and light-to-no wind. They
begin to form as the sun sets and often continue
into the morning. Their presence can be indicated
by ground fog; however, if fog is not present, inver-
sions can also be identified by the movement of
smoke from a ground source or an aircraft smoke
generator. Smoke that layers and moves laterally in
a concentrated cloud (under low wind conditions)
indicates an inversion, while smoke that moves
upward and rapidly dissipates indicates good ver-
tical air mixing.

SENSITIVE AREAS
The pesticide must only be applied when the
potential for drift to adjacent sensitive areas (e.g.
residential areas, bodies of water, known habitat
for threatened or endangered species, or crops) is
minimal (e.g. when wind is blowing away from the
sensitive areas).
Applicator is responsible for any loss or damage
which results from spraying Clearcast™ herbi-
cide in a manner other than recommended in this
label. In addition, applicator must follow all appli-
cable state and local regulations and ordinances in
regard to spraying.
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CLEARFIELD is a registered trademark of BASF.
Clearcast is a trademark of BASF.
Rodeo is a registered trademark of Dow
AgroSciences LLC.

© 2008 BASF Corporation
All rights reserved.
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BASF Corporation

26 Davis Drive
Research Triangle Park, NC 27709
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Conditions of Sale and Warranty
The Directions For Use of this product reflect
the opinion of experts based on field use and
tests. The directions are believed to be reliable
and must be followed carefully. However, it is
impossible to eliminate all risks inherently associ-
ated with the use of this product. Crop injury,
ineffectiveness or other unintended conse-
quences may result because of such factors as
weather conditions, presence of other materials,
or use of the product in a manner inconsistent
with its labeling, all of which are beyond the con-
trol of BASF CORPORATION (“BASF”) or the
Seller. To the extent consistent with applicable
law, all such risks shall be assumed by the Buyer.
BASF warrants that this product conforms to the
chemical description on the label and is reason-
ably fit for the purposes referred to in the
Directions For Use, subject to the inherent
risks, referred to above.
TO THE EXTENT CONSISTENT WITH APPLICA-
BLE LAW, BASF MAKES NO OTHER EXPRESS
OR IMPLIED WARRANTY OF FITNESS OR MER-
CHANTABILITY OR ANY OTHER EXPRESS OR
IMPLIEDWARRANTY. TO THE EXTENT CONSIS-
TENT WITH APPLICABLE LAW, BUYER'S
EXCLUSIVE REMEDY AND BASF'S EXCLUSIVE
LIABILITY, WHETHER IN CONTRACT, TORT,
NEGLIGENCE, STRICT LIABILITY, OR OTHER-
WISE, SHALL BE LIMITED TO REPAYMENT OF
THE PURCHASE PRICE OF THE PRODUCT. TO
THE EXTENT CONSISTENT WITH APPLICABLE
LAW, BASF AND THE SELLER DISCLAIM ANY
LIABILITY FOR CONSEQUENTIAL, SPECIAL OR
INDIRECT DAMAGES RESULTING FROM THE
USE OR HANDLING OF THIS PRODUCT. BASF
and the Seller offer this product, and the Buyer
and User accept it, subject to the foregoing
Conditions of Sale and Warranty which may
be varied only by agreement in writing signed by a
duly authorized representative of BASF. 1107



Active Ingredient:
ammonium salt of imazamox 2-[4,5-dihydro-4-
methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-
(methoxymethyl)-3-pyridinecarboxylic acid* ......................... 12.1%
Other Ingredients: ................................................................ 87.9%
Total: .................................................................................... 100.0%
*Equivalent to 11.4% 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-
oxo-1H-imidazol-2-yl]-5-(methoxymethyl)-3-pyridinecarboxylic acid
(1 gallon contains 1.0 pound of active ingredient as the free acid)
US Patent No. 5,334,576 EPA Reg. No. 241-437
EPA Est. No. is indicated by the fifth letter of the code printed
on this container: M=241-PR-002 RR=51036-GA-002

FIRST AID: If on skin or clothing: Take off contaminated clothing.
Rinse skin immediately with plenty of water for 15 to 20 minutes. Call a
poison control center or doctor for treatment advice. If in eyes: Hold
eye open and rinse slowly and gently with water for 15 to 20 minutes.
Remove contact lenses, if present, after the first 5 minutes; then con-
tinue rinsing eye. Call a poison control center or doctor for treatment
advice. If inhaled: Move person to fresh air. If person is not breathing,
call 911 or an ambulance; then give artificial respiration, preferably
mouth-to-mouth if possible. Call a poison control center or doctor for
further treatment advice. HOT LINE NUMBER: Have the product con-
tainer or label with you when calling a poison control center or doctor or
going for treatment. You may also contact BASF Corporation for emer-
gency medical treatment information: 1-800-832-HELP (4357). PRE-
CAUTIONARY STATEMENTS: HAZARDS TO HUMANS AND
DOMESTIC ANIMALS: CAUTION: Harmful if absorbed through skin
or inhaled. Avoid breathing spray mist. Avoid contact with skin, eyes or
clothing. PERSONAL PROTECTIVE EQUIPMENT (PPE): Some ma-
terials that are chemical-resistant to this product are listed below. If you
want more options, follow the instructions for Category A on an EPA
chemical-resistance category selection chart. ENVIRONMENTAL
HAZARDS: This pesticide may be hazardous to plants outside the
treated area. DO NOT apply to water except as specified in this label.
DO NOT contaminate water when disposing of equipment washwaters
and rinsate. DIRECTIONS FOR USE: It is a violation of federal law to
use this product in a manner inconsistent with its labeling. This labeling

KEEP OUT OF REACH OF CHILDREN
CAUTION/PRECAUCION

Si usted no entiende la etiqueta, busque a alguien para que se la
explique a usted en detalle. (If you do not understand this label,

find someone to explain it to you in detail.)

For the control of vegetation in
and around aquatic and

noncropland sites.

must be in the possession of the user at the time of pesticide applica-
tion. DO NOT apply this product in a way that will contact workers or
other persons, either directly or through drift. Only protected handlers
may be in the area during application. For any requirements specific to
your state or tribe, consult the agency responsible for pesticide regula-
tion. Ensure spray drift to nontarget species does not occur. STORAGE
AND DISPOSAL: DO NOT contaminate food, feed or water by storage
or disposal. PESTICIDE STORAGE: KEEP FROM FREEZING. DO
NOT store below 32° F. DO NOT contaminate water, food or feed by
storage or disposal. PESTICIDE DISPOSAL.Wastes resulting from the
use of this product may be disposed of on-site or at an approved waste
disposal facility. CONTAINER DISPOSAL: Nonrefillable Container.
DO NOT reuse or refill this container. Triple rinse or pressure rinse
container (or equivalent) promptly after emptying; then offer for recycling,
if available, or reconditioning, if appropriate, or puncture and dispose of
in a sanitary landfill, or by incineration, or by other procedures approved
by state and local authorities. Triple rinse containers small enough
to shake (capacity < 5 gallons) as follows: Empty the remaining con-
tents into application equipment or a mix tank and drain for 10 seconds
after the flow begins to drip. Fill the container 1/4 full with water and
recap. Shake for 10 seconds. Pour rinsate into application equipment or
a mix tank, or store rinsate for later use or disposal. Drain for 10 seconds
after the flow begins to drip. Repeat this procedure two more times.
Triple rinse containers too large to shake (capacity > 5 gallons) as
follows: Empty the remaining contents into application equipment or a
mix tank. Fill the container 1/4 full with water. Replace and tighten clo-
sures. Tip container on its side and roll it back and forth, ensuring at least
one complete revolution, for 30 seconds. Stand the container on its end
and tip it back and forth several times. Empty the rinsate into application
equipment or a mix tank, or store rinsate for later use or disposal. Repeat
this procedure two more times. Pressure rinse as follows: Empty the
remaining contents into application equipment or mix tank. Hold con-
tainer upside down over application equipment or mix tank, or collect rin-
sate for later use or disposal. Insert pressure rinsing nozzle in the side of
the container and rinse at about 40 PSI for at least 30 seconds. Drain for
10 seconds after the flow begins to drip.
In case of an emergency endangering life or property involving

this product, call day or night 1-800-832-HELP (4357).
See attached booklet for complete First Aid, Precautionary State-
ments, Directions For Use, Conditions of Sale and Warranty,

and state-specific crop and/or use site restrictions.

Net Contents: 1 gallon
Product of U.S.A. NVA 2008-05-299-0099

BASF Corporation
26 Davis Drive, Research Triangle Park, NC 27709

























AECOM Environment 
 

Clearcast SEIS Final Rpt Sept09.doc 

Appendix B 
 
New York Natural Heritage Program rare plant status list 
 

  September 2009 





































AECOM Environment 
 

Clearcast SEIS Final Rpt Sept09.doc 

Appendix C 
 
A primer on aquatic plant management in New York 
 

  September 2009 

































































































































AECOM Environment 
 

Clearcast SEIS Final Rpt Sept09.doc 
  September 2009 

Appendix D 
 
Responses to public comments 
 

 

 



AECOM Environment 
 

Clearcast SEIS Final Rpt Sept09.doc 
  September 2009 

 
 
 

 

No comments were received during the public comment period. 
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