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easily adhere to boats, trailers, 
motors and other amphibious 
vehicles and can be 
transported to new locations. 
Animals (livestock, turtles, 
wading birds and waterfowl) 
may also contribute to the 
spread and dispersal of 
salvinia. 
 
Problems associated with 
giant and common salvinia 
Both giant and common 
salvinia can alter aquatic 
ecosystems in many ways. 
Dense growths can form a 
physical barrier on the water 
surface and hinder recreational 
activities such as boating, 
swimming, fishing and water 
skiing. Vegetative mats of 
salvinia can also impede 
navigation, impair flood 
control, limit irrigation, clog 
water intakes, decrease 
waterfront property values and 
cause problems in rice, catfish 
and crawfish production 
systems. Occasionally, other 
plant species (including 

grasses and small trees) will colonize mats of giant salvinia and create massive floating islands that 
can trap sediments and cause waterbodies to fill in over time. 
 
Ecologically, extensive salvinia mats can restrict light penetration and impede gas exchange 
between the water and atmosphere. Limiting light availability reduces photosynthesis of submersed 
aquatic plant communities and reduces water temperature. Low dissolved oxygen levels in the 
water are detrimental to fishes and other aquatic organisms and promote the accumulation of 
organic matter as microbial degradation is reduced. Changes in water quality can significantly 
impact the health of aquatic habitats and often result in declines in number and diversity of plant, 
invertebrate and animal communities. The loss of open water habitat also reduces the use of these 
areas by migrating waterfowl and wading birds (Chapters 3 and 4). 
 
Public health issues are also of concern. Both species of salvinia provide breeding habitats for 
mosquitoes and associated mosquito-borne illnesses (e.g., West Nile virus, malaria, encephalitis— 
Chapter 5). In Sri Lanka, it was reported that giant salvinia served as an important host plant and 
breeding habitat for mosquitoes which transmit filariasis (elephantiasis). Increases in the occurrence 

Common��salvinia��

Giant��salvinia��
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of schistosomiasis have also been linked with large infestations of giant salvinia in developing 
countries. 
 
Management options 
Giant and common salvinia can be managed using herbicides, biocontrol agents, manual or 
mechanical harvesting, water level manipulation or a combination of these methods. Selecting the 
best management strategy depends on site-specific management goals and objectives, site 
characteristics, size and density of the infestation, proximity to sensitive plant or animal species, 
water body uses and budget constraints. The key to successfully managing giant and common 
salvinia is to recognize the problem early when infestations are small and can be easily contained. 
Once giant or common salvinia become well established and cover large areas, management 
becomes more difficult, time consuming and costly and may require multiple applications of a 
treatment method over a number of years to achieve maintenance control. 
 
Herbicides (Chapter 11) can provide effective short and/or long-term control of giant and common 
salvinia depending on the choice of product and method of application. Of the herbicides currently 
registered by the US Environmental Protection Agency for use in aquatic sites, eight provide 
excellent control (> 90%) of giant or common salvinia. The most widely used herbicides against 
these weed species include diquat, glyphosate, flumioxazin and carfentrazone-ethyl. Diquat, 
flumioxazin and carfentrazone-ethyl are non-selective contact herbicides that are typically applied 
as foliar sprays. Injury symptoms (severe leaf browning) are visible one day following application 
and plant death occurs within 3 to 4 days of treatment. Contact herbicides are fast-acting but have 
little or no movement inside plant tissues, so only plant tissues that come into contact with the 
herbicide are affected. Glyphosate is a non-selective, systemic herbicide that is applied to foliage, 
absorbed through the leaves and moves throughout the plant. Injury symptoms (leaf yellowing and 
browning) appear seven days after glyphosate application and plant death occurs by 28 days after 
treatment. 
 
Other systemic herbicides that are effective, but slower-acting and used to a lesser extent against 
these two salvinia species, include imazamox, fluridone, penoxsulam and bispyribac. Imazamox is 
effective on common salvinia but shows little or no activity on giant salvinia. Both species are 
susceptible to penoxsulam, bispyribac and fluridone. These herbicides require long contact times 
(60 to 90 days) to achieve control of salvinia, whereas imazamox has a shorter contact time 
requirement (7 days). Contact time refers to the length of time the target plant must be in contact 
with or exposed to a lethal dose of herbicide to achieve control. If contact time is not maintained 
because of water exchange or other factors that can cause dilution, plant control will be reduced. 
Imazamox and penoxsulam can be applied as a foliar spray or as a submersed application to the 
water column, whereas fluridone is effective only as an in-water treatment. Although in-water 
herbicide applications can be effective for treating these floating weed species, this method may 
not be feasible for sites where high water exchange or flow affect herbicide contact time and may 
be prohibitively expensive in larger systems. 
 
Giant and common salvinia can be difficult to manage using herbicides because they are small 
floating plants that produce dense stands with plants layered on top of one another. This layering 
of plants presents a challenge when applying herbicides because plants in lower layers of the mats 
are protected from herbicides by plants in the upper layers of the mats. If plants are dense and a 
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thick vegetative mat has formed, multiple applications will be required to achieve successful long-
term control. In addition, giant and common salvinia can survive short dewatering or drawdown 
events and can persist on moist soils; therefore, spraying shoreline areas in addition to plants on 
the water surface is important to prevent reinfestation via surviving plant material. Long-term 
management with herbicides requires follow-up monitoring to spot-spray any plant material that 
survived the initial application. As a good management practice, herbicides should be routinely 
rotated and/or combined with other control strategies to minimize the potential development of 
herbicide resistance. 
 
Several insects have been investigated as biological control agents (Chapters 8 and 9) against 
salvinia species, but the salvinia weevil (Cyrtobagous salviniae) is recognized throughout the world 
as the insect of choice for management of giant and common salvinia. This insect feeds and 
reproduces only on plants in the Salviniaceae family. The salvinia weevil is a small (less than 1/16” 
long) black weevil native to South America. Adults feed on floating fronds and rhizomes but prefer 

newly formed buds. The larvae of the salvinia weevil are white, 1/8” long and feed within the 
floating and submersed fronds, rhizomes and buds. Feeding by the larvae is often more destructive 
than that of adults. The combined feeding action of adults and larvae can be devastating and can 
impact field populations of giant and common salvinia in several months as opposed to the longer 
periods of time required by other insect biocontrol agents. Attacked plants turn brown in small 
patches that merge together until the whole colony loses structural integrity, becomes waterlogged 
and sinks. Although never intentionally released, the salvinia weevil was first detected in Florida in 
1960, where it is now widespread and feeds primarily on common salvinia. Initial attempts to 
release weevils collected from Florida to manage giant salvinia in Texas and Louisiana were 
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ineffective. This prompted researchers to seek permission from the Technical Advisory Group and 
the USDA-APHIS-PPQ (US Department of Agriculture, Animal and Plant Health Inspection Service, 
Plant Protection and Quarantine – see Chapter 8), to release a strain of the salvinia weevil from 
Australia which was highly effective in overseas applications. Permission was granted in 2001 and 
the Australian weevils were released in east Texas and western Louisiana only. The weevils have 
since become established and are beginning to impact giant salvinia in these localized release sites. 
 
Herbivorous fish such as triploid grass carp (Chapter 10) and tilapia (Oreochromis sp.) have been 
evaluated as possible biocontrol agents against salvinia with limited success. Laboratory feeding 
studies showed that while tilapia will consume giant salvinia, it is not their preferred food if other 
food sources are available. Other studies have shown that salvinia provides little nutritional benefit 
to herbivorous fishes. 
 
The effectiveness of mechanical methods (Chapter 7) or manual removal is limited but may be 
useful in the early stages of an infestation or when a localized population is found on a small water 
body. If mechanical harvesting methods are employed, plant material must be properly disposed of 
in upland areas where the potential for contamination of other water bodies is minimized. 
Mechanical removal is not economically feasible once giant or common salvinia is well established 
and covers large areas. However, combining mechanical removal with herbicide applications can be 
an effective integrated weed management strategy. For example, in 2003, the Hawaii Department of 
Agriculture was successful in controlling 300 acres of giant salvinia on Lake Wilson on Oahu using 
multiple applications of the herbicide glyphosate combined with mechanical removal techniques. 
Excavated plant material was safely disposed of in nearby pineapple fields. 
 
Other management options (Chapter 6). Floating booms have been used to contain and limit the 
spread of giant and common salvinia in some systems but are generally only utilized to confine 
plants to one location while other management strategies such as herbicides or weevils are 
deployed. Drawdowns can be a low-cost, effective management approach in some situations where 
water levels can be manipulated. However, dewatering must occur over a long period of time to 
allow plants to become stranded on dry land where they will desiccate and/or be exposed to 
freezing temperatures. Plant material can remain viable for several months if stranded shoreline 
mats are dense and underlying moisture is present. Decaying plant material along shorelines can be 
unsightly and plant fragments can easily be blown back into the system. 
 
Summary 
Giant and common salvinia are fast-growing, mat-forming aquatic ferns that can quickly cover the 
water surface of lakes, rivers and other wetland habitats. They are aggressive competitors that 
reproduce only by vegetative means. The plants can tolerate a wide range of growing conditions 
but prefer warm, nutrient-rich waters and full sunlight. Giant and common salvinia prefer freshwater 
environments and will not colonize saline or brackish waters. Once established, herbicides can be 
used to effectively manage these plants; however, multiple applications, follow-up monitoring and 
spot treatments may be required to maintain long-term control. Introducing insect biocontrol 
agents such as the salvinia weevil can be effective for maintenance control in some systems. The 
salvinia weevil has been especially successful in Florida for keeping common salvinia populations in 
check. Preventing the spread of this plant through citizen watch programs, boat launch surveillance 
and enforcement and compliance with laws to prevent the cultivation, sale and transport of these 
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species will be important for containing and minimizing further spread of giant and common 
salvinia in the US. 
 
For more information: 
•Holm LG, DL Plucknett, JV Pancho and JP Herberger. 1977. The world’s worst weeds: distribution and biology. 

University Press of Hawaii. 
•McFarland DG, LS Nelson, MJ Grodowitz, RM Smart and CS Owens. 2004. Salvinia molesta D.S. Mitchell (giant 

salvinia) in the United States: a review of species ecology and approaches to management. Aquatic Plant 
Control Research Program ERDC/EL SR-04-2. http://el.erdc.usace.army.mil/elpubs/pdf/srel04-2.pdf 

•McIntosh D, C King and K Fitzsimmons. 2003. Tilapia for biological control of giant salvinia. Journal of 
Aquatic Plant Management 41:28-31. http://www.apms.org/japm/vol41/v41p28.pdf 

•Oliver JD. 1993. A review of the biology of giant salvinia (Salvinia molesta Mitchell). Journal of Aquatic Plant 
Management 31:227-231. http://www.apms.org/japm/vol31/v31p227.pdf 

•Websites with information on giant and common salvinia: 
http://salvinia.er.usgs.gov/html/identification1.html http://salvinia.er.usgs.gov/index.html 

 
Photo and illustration credits: 
Page 157: Giant salvinia at Lake Wilson, Oahu; Linda Nelson, USACE ERDC 
Page 159: Line drawing; University of Florida Center for Aquatic and Invasive Plants 
Page 160 upper: Common salvinia; Ted Center, bugwood.org 
Page 160 lower: Giant salvinia; Mic Julien, bugwood.org 
Page 162: Cyrtobagous salviniae on giant salvinia frond; Scott Bauer, bugwood.org 
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Chapter 15.10: Duckweed and Watermeal – The World’s Smallest 
Flowering Plants 
Tyler Koschnick: SePRO Corporation, Carmel IN; tylerk@sepro.com 
Rob Richardson: North Carolina State University, Raleigh NC; rob.richardson@ncsu.edu 
Ben Willis: SePRO Research and Technology Campus, Whitakers NC; ben.willis@sepro.com 
 
Duckweed species can grow so densely on water surfaces that they appear as finely groomed turf. 
They are considered the world’s smallest flowering plants. To put their size and numbers in 
perspective, watermeal is approximately the size of a sugar crystal or a grain of salt, which translates 
to 5 to 10 billion plants per acre. 
 
Introduction and spread 
Duckweeds represent five genera of small floating aquatic plants in the Araceae subfamily 
Lemnoideae (although until recently duckweeds were considered members of the Lemnaceae or 
duckweed family). The duckweeds (Landoltia, Lemna and Spirodela), watermeal (Wolffia) and 
bogmat (Wolffiella) genera include more than 35 species worldwide; in this chapter, the term 
“duckweed” will refer to all members of these five genera. Multiple species are native to North 
America, such as Spirodela polyrrhiza (giant duckweed), Lemna minor (common duckweed), Lemna 
minuta (least duckweed) and Lemna gibba (swollen duckweed), but some species found in the US – 
including the Australian or Southeast Asian native dotted duckweed (Landoltia punctata) – are 
introduced. Duckweed is widespread in distribution and is found on every continent except 
Antarctica. Some species, like Lemna minor, are native to multiple continents. Growth rates are 
extremely high and populations can double in size in 1 to 3 days under optimal conditions. The 
diminutive size of duckweed allows plants to easily 
“hitchhike” on water currents, waterfowl and watercraft, 
which contributes to its spread. 
 
Although duckweeds are often a nuisance in backyard 
ponds, the plants are valued and used extensively for 
applied and basic plant science research. Duckweeds 
have many potential uses, including biofuel production 
and as a food source (duckweed reportedly tastes like 
spinach and is high in protein and vitamins). Duckweeds 
have also been used as bioremediation agents to clean 
up or remove waterborne nutrients and contaminants. 
These species can improve water quality in natural 
systems such as lakes and can reduce nitrogen, 
phosphorus and metal contamination in commercial 
waters such as swine-based effluent ponds before they 
are discharged to other waters, although this could 
accidentally introduce duckweeds to downstream 
systems. 
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Description of species 
Duckweeds are monocotyledons and can be distinguished from other floating plants by their small 
size, which ranges from around a 1/25 of an inch to less than an inch. Duckweeds have the 
distinction of being the world’s smallest flowering plants and some species, especially bogmat and 
watermeal, are commonly confused with algae. Another floating aquatic plant that could be 
confused with duckweed is the native mosquito fern (Azolla caroliniana). Mosquito ferns are 
diminutive like duckweeds but are branched instead of round and plants are often red, particularly 
when grown in full sun. 
 
Duckweed species can be separated based on: 1) frond size, number and shape, and 2) root 
structure or lack thereof. Fronds are leaf-like structures and may be modified stem or leaf systems 
that absorb nutrients from the water column. The function of the modified root structure is not well 
understood (although the roots may help the plant stay in an upright position), and roots are 
lacking in the genera Wolffiella and Wolffia. 
 
The largest duckweeds are up to one inch in diameter and belong to the genus Spirodela. Plants in 
this genus are also the most structurally complex of the duckweeds and have flowers and many 
roots per frond. Duckweeds in the genus Landoltia are similar to Spirodela duckweeds, but are 
smaller (around one third the size), have fewer roots (from several to one per frond) and usually lack 

the distinctive dot on the frond 
surface that is characteristic of 
Spirodela species. Duckweeds 
in the genus Lemna, which 
have one to several fronds and 
a single root per frond, are 
smaller than members of the 
genus Landoltia. Plants in the 
genera Wolffiella and Wolffia 
are the smallest of the 
duckweeds and have the least 

complex structure (no roots, simplified flowers). These genera can be identified by their fronds, 
which are long and spindly in Wolffiella and oval in Wolffia. Although it is fairly easy to distinguish 
among the duckweed genera, it is much more challenging to identify species within each genus, 
particularly in the Lemna duckweeds. 

Spirodela Landoltia Lemna 

Wolffiella Wolffia 
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Duckweeds are typically found in still, nutrient-rich waters, and populations or colonies of tens of 
thousands of individual plants can thrive in small pools of water or ditches. Some duckweed species 
can survive cold (but not freezing) temperatures and increases in salinity can stimulate growth, 
although excess salinity can inhibit growth or kill plants. Duckweeds can provide habitat for many 
aquatic organisms such as insects and frogs and can be an important food source for wildlife, 
including fish and birds (hence the name “duckweed.”) 
 
Reproduction 
Duckweeds are very productive and might very well be among the fastest growing plants. Despite 
being the smallest angiosperms, flowers are rarely seen due to size and blooming frequency. The 
small fruit produced is called a utricle. Duckweed primarily reproduces through asexual vegetative 
budding where each frond produces a new plant. This mode of growth can allow duckweed to 
quickly cover ponds and lakes with an extremely short doubling time. Multiple species can produce 
seeds and turions (or buds) for overwintering; one seed is produced per frond. Turions are modified 
structures that sink to the bottom of lakes where they overwinter, but not all duckweed species 
produce them. Seed production is a particularly important adaptation that allows survival of 
droughts. Seeds are reported to have extremely low survival (if any) after exposure to freezing 
conditions, which limits overwintering capabilities. However, duckweed seeds and turions are 
adapted to sink to the bottom of water bodies to escape freezing for insuring a viable propagule 
bank for growth in warmer conditions. 
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Problems associated with duckweed 
Similar to filamentous algae, duckweed can form dense surface mats that are several layers thick 
and may include mixtures of different species. However, duckweed’s ability to decrease light 
penetration and intensity and to consume nutrients can actually inhibit algal growth. Dissolved 
oxygen concentrations below duckweed mats are often low, which can influence the type and 
abundance of invertebrate and fish populations. Duckweed mats can also reduce aesthetics and 
recreational uses of water resources because their excessive growth covers the surface of the water. 
Duckweed usually causes problems in smaller bodies of water such as backyard ponds, canals, 
wetlands and other static sites. However, it has also created significant issues on some very large 
lakes, including Lake Maracaibo in Venezuela (South America’s largest lake). 
 
Management options 
Duckweeds can present an extreme challenge to resource managers. Control methods provide only 
temporary relief; unless every plant is successfully managed, colonies will rapidly re-form because 
duckweeds reproduce so quickly. In addition, duckweed can survive on mud flats and wet 
shorelines, which allows them to escape management efforts. These missed plants can quickly re-
infest a site once they are flushed back in to the water by wave action or rising water levels. In 
addition, upstream sources that host colonies of duckweed can also be a source of new 
introductions. 
 
Floating booms and suction devices can be used to remove duckweed, and rakes can be used when 
wind and currents cause colonies to accumulate near banks or in isolated small areas (Chapters 6 
and 7). However, mechanical harvesting is typically limited to smaller (< 1/2 acre) water bodies. 
Dyes do not provide control of duckweed and may actually promote growth of colonies by reducing 
algal competition. Aeration can relieve the low dissolved oxygen levels associated with large 
duckweed populations, thus improving fish habitat, but do not affect plant growth. Grass carp 
(Chapter 10) have been used to manage small infestations of duckweed, although high stocking 
rates (50 to 75 per acre) of small fish (4 to 6 inches) are needed to have an impact. It is important to 
remember that small grass carp are very susceptible to predation, so most stocking 
recommendations specify grass carp that are at least 10 to 12 inch long to reduce predation. 
However, grass carp that are this large have lost the ability to strain small plants from the water and 
have little utility for duckweed control. 
 
Chemical control (Chapter 11) is the predominant method used to manage duckweed, but different 
species of duckweeds have differing susceptibilities to herbicides. For example, Lemna duckweeds 
are generally considered easier to control and more susceptible to herbicides than Wolffia  
(watermeal), which are the most difficult species of duckweeds to control. Since these plants often 
co-exist, it is possible to successfully control one species (Lemna duckweed) without causing 
significant damage to the other (watermeal). Therefore, proper identification of the genera targeted 
for management is very important. General guidelines for managing Lemnoideae species with 
herbicides are outlined below; however, it is important to remember that effectiveness of control 
methods are species-dependent and can vary. 
 
There are multiple herbicides that may be used to control duckweed; these are generally separated 
into systemic and contact herbicides. Systemic herbicides can be divided into in-water systemic 
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herbicides (absorbed by the plant primarily from the water column) and foliar-applied systemic 
herbicides (applied directly to the surface of the plant). In-water systemic herbicides are used to 
manage duckweed when populations cover large areas (or the entire surface) of a water body. 
These products are relatively easy to apply and, when effective, usually result in long-term control. 
In-water systemic herbicides can be applied to the surface of the water or can be injected directly 
into the water column and need to maintain contact with the plant for an extended period of time. 
Contact with every individual plant during the application is not required because in-water systemic 
herbicides diffuse through the water column. These herbicides are slow-acting, so large infestations 
can be treated without negatively affecting dissolved oxygen levels because plant death occurs over 
an extended period. Fluridone has historically been the most commonly used in-water systemic 
herbicide for duckweed control, but penoxsulam and bispyribac-sodium are also labeled to control 
duckweed. The foliar-applied systemic herbicides glyphosate and imazapyr are unlikely to provide 
long-term control of duckweed because these products become ineffective once they enter the 
water column. 
 
Depending on conditions and the scale of application, contact herbicides such as diquat and 
flumioxazin may provide effective control of duckweed. (Note: Wolffia duckweeds are generally 
tolerant of diquat, so foliar applications of diquat alone are not recommended for control of Wolffia 
duckweeds. Foliar applications are also not recommended for Wolffiella, although this species is 
rarely targeted for control.) Other contact herbicides such as chelated coppers are labeled for 
duckweed control but are not commonly used unless local conditions or water-use restrictions limit 
other options. Contact herbicides are fast-acting with short half-lives in water, so they must be 
applied as a foliar application to the entire surface area of the duckweed population or as an in-
water application to the entire water body. Surfactants (Chapter 12) should not be used when 
applying contact herbicides as a foliar treatment to duckweed because these products can cause 
plants to “sink”, which washes the herbicide off the leaf surface and reduces efficacy. Foliar 
treatments that are applied by boat inevitably result in some wash-off as well. Care should be taken 
to avoid sinking or wash-off during the application process because good coverage is critical when 
using contact herbicides. Also, if duckweed colonies are extremely dense, mats might be several 
layers thick and a foliar application might kill only the plants on the surface of the mat. In this 
situation, plants in lower layers of the mat are unaffected and can quickly re-colonize the surface of 
the water. As a result, contact herbicide applications must often be repeated to control remaining 
plants that escaped direct exposure to the herbicide during the initial application. 
 
Because contact herbicides act quickly, these products are typically applied to only part of the water 
body at one time; this helps to avoid the major reduction in dissolved oxygen that can occur when 
large populations of plants are killed. Some contact herbicides prohibit treating more than one-
third to one-half of a water body if dense vegetation is present, but allow application of the product 
to untreated areas 10 to 14 days after the initial application. Contact herbicides should be used as 
early in the growing season as possible – before peak plant growth and while water temperatures 
are cooler – to help reduce oxygen depletion. 
 
The first documented case of herbicide resistance in floating plants occurred in Landoltia punctata; 
however, this species’ resistance to diquat was reduced when copper was applied in combination 
with diquat. Using a combination of systemic and contact herbicides (for example, fluridone plus 
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flumioxazin) could improve efficacy and provide longer-term control at lower rates than either 
product would when applied individually. 
 
Summary 
Members of the five duckweed genera are widespread and occur on almost every continent. Despite 
their diminutive size, these plants can form dense multi-species colonies on the surface of the 
water, which decreases water quality and impedes recreational and other water resource uses. 
Mechanical and biological methods are sometimes used for management, but their use is often 
limited. However, there are several options for chemical control that can be used to manage 
nuisance colonies of duckweed. 
 
For more information: 
•Armstrong WP. 2011. The Wayne’s Word. Retrieved November 19, 2013. 

http://waynesword.palomar.edu/1wayindx.htm 
•Koschnick TJ, WT Haller and L Glasgow. 2006. Documentation of Landoltia punctata resistance to diquat. 

Weed Science 54: 615-619. 
•Landolt E. 1992. Lemnaceae: Duckweed family. Journal of the Arizona-Nevada Academy of Science 26: 10-14. 
•Les DH, E Landolt and DJ Crawford. 1997. Systematics of the Lemnaceae (duckweeds): inferences from 

micromolecular and morphological data. Plant Systematics and Evolution 204:161-177. 
•Meijer LE and DL Sutton. 1987. Influence of plant position on growth of duckweed. Journal of Aquatic Plant 

Management 25: 28-30. 
•United States Department of Agriculture, Natural Resources Conservation Service. 2013. Retrieved October 

26, 2013. http://plants.usda.gov/ 
 
Photo and illustration credits: 
Page 165: Line drawing; University of Florida Center for Aquatic and Invasive Plants 
Page 166: Duckweed montage; Ben Willis, SePRO Corporation 
Page 167: Duckweed infestation; Tyler Koschnick, SePRO Corporation  
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Chapter 15.11: Phragmites – Common Reed 
Jack M. Whetstone: Clemson University, Georgetown SC; jwhtstn@clemson.edu 
 
 
 
 
Phragmites australis (Cav.) Trin. Ex Steud.; emergent plant in the Poaceae (grass) family 
Derived from phragma (Greek: fence) and australis (Latin: southern) "southern plant with fence-like 
growth" 
 
Invasive variety probably introduced from Europe to the Atlantic Coast in the late 1800s (non- 
invasive varieties are native) 
Present throughout all states in the continental US 
 
Introduction and spread 
Phragmites (also called common reed) is a wetland species that grows from a thick, white, hollow 
root (rhizome) system buried deep in the substrate in areas with fresh to brackish water. The species 
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is distributed in temperate zones throughout the world and can be found on every continent except 
Antarctica. Phragmites is widely distributed in North America, occurring in all US states except 
Alaska, and in all Canadian provinces and territories except Nunavut and Yukon. Phragmites has 
been widespread in the northeastern US for many years and is currently spreading west into the 
Great Plains. Nebraska has initiated a multi-million dollar control program on the Platte River, 
where growth of phragmites is totally altering the aquatic ecosystem and causing problems for 
endangered birds (Chapter 4). There are many distinct genotypes (varieties) of phragmites, 
including at least two native varieties and a nonnative variety from Europe that is much more 
invasive than native varieties. The European variety was probably introduced to the Atlantic Coast in 
the late 1800s and has expanded its range throughout North America, most notably along the 
Atlantic Coast and in the Great Lakes area. The European variety has replaced native plants in New 
England and has become established in the southeastern US, where native phragmites has 
historically not occurred or has been present only in small populations. European phragmites 
sprouts, survives and grows better in fresh and saline environments than native phragmites. The 
species has been called an "ecosystem engineer" because numerous changes can occur when 
phragmites invades an area and replaces other vegetation. Large monotypic (single-variety) stands 
of European phragmites are associated with decreased plant diversity. In addition, soil properties, 
sedimentation rates, bird and fish habitat use and food webs may be altered when marshes are 
converted from diverse plant communities to dense, monotypic stands of phragmites. 
 

Phragmites is most common in wet, muddy 
or flooded areas around ponds, marshes, 
lakes, springs, irrigation ditches and other 
waterways. The species persists during 
seasonal drought as well as frequent, 
prolonged flooding. Phragmites tolerates 
brackish and saline conditions, and the 
invasive European variety is better adapted 
to areas with higher salinity than are native 
varieties. The species grows best in sites with 
fresh to low brackish water (0 to 5,000 parts 
per million salinity), but can reportedly 
survive in areas with salinities equal to full 
strength ocean water (35,000 parts per 
million). Phragmites establishes and grows 
well on disturbed sites and is often 
considered a weedy or nuisance species. The 
species rapidly colonizes and forms 
monotypic populations in disturbed areas, 
but is slower to colonize and dominate in 
diverse vegetated wetlands. Phragmites 
grows best in full sun and is intolerant of 
shade. 
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Description of the species 
Phragmites is a robust perennial grass that may reach 20 feet tall, but generally reaches a height of 
10 to 12 feet. Maximum height is usually attained when plants are 5 to 8 years old. Phragmites 
spreads primarily by vegetative means via stolons and rhizomes and produces dense monotypic 
stands of clones, or plants that are genetically identical to one another. Clones are long-lived and 
can reportedly persist for over 1,000 years. Phragmites produces stout, erect, hollow above-ground 
stems from rhizomes that persist when stems and leaves die back during winter. Stems are usually 
unbranched and bear leaves that are arranged in an alternate manner along the top half of the 
stem. Leaf blades are blue-green to green in color and have margins that are somewhat rough. 
Leaves are flat at maturity and measure 4 to 20” long and 0.4 to 2” wide. 
 
Reproduction 
Phragmites reproduces sexually from seed, but most growth is from stolons (creeping aboveground 
stems) and rhizomes (underground stems). Stolons can grow to greater than 40 feet in length and 
are typically produced when water availability is low. Rhizome production and vegetative spread 
can be extensive and allow the species to spread into sites unsuitable for establishment from seeds. 
The species is often dispersed through the transport of rhizome fragments and the movement of 
soil or sod. Phragmites flowers are produced during mid-summer to fall and are borne in a large, 
feathery seed head that is 6 to 20” long. Seeds are dispersed by wind and water. 
 
Problems associated with phragmites 
Phragmites forms large monotypic stands that are virtually impenetrable. These stands replace 
diverse native plant communities and reduce plant, fish, bird and wildlife ecosystem productivity 
and diversity. However, phragmites does provide minor shade, nesting and cover habitat for 
mammals, waterfowl, song birds and fishes. Phragmites provides food as well as nesting, roosting 
and hunting habitats to a wide variety of bird species, including ducks (Chapter 3). In addition, 
waterfowl, pheasants and rabbits use the margins of stands of phragmites as cover to hide from 
predators. Some reports suggest that immature plants are readily eaten by goats, cattle and horses, 
but the species is not considered a high-value or highly palatable food for livestock or wildlife when 
plants are mature. 
 
Habitat use by fish, crustaceans and other aquatic invertebrates can be affected by dense growth of 
phragmites. For example, small fish and crustaceans prefer habitats with smooth cordgrass (a 
shorter and less dense native species) to those with infestations of phragmites, and populations of 
aquatic invertebrates are generally highest in areas with other native vegetation such as cattail. 
Also, several studies report that marshes dominated by phragmites provide less suitable habitat for 
larvae and small juvenile forms of mud minnow. 
 
Management options 
As with any invasive aquatic plant, preventing the establishment of phragmites is the best available 
option. This can be challenging because native and European phragmites are almost 
indistinguishable from one another and identification of the varieties of phragmites can only be 
done by experts. The range of the invasive European variety of phragmites appears to have been 
expanded by the movement of equipment used in ditching, drainage and dredging operations. 
Inspection and cleaning of equipment should be part of the operator’s general protocol before 
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moving equipment into new areas to prevent the dispersal of any aquatic invasive plants, but 
particularly invasive varieties of phragmites. 
 

The use of chemical, mechanical, 
physical and integrated control 
methods are acceptable tools for 
the control of phragmites. There 
are native populations of 
phragmites in some areas and 
managers may wish to go to the 
expense of determining whether 
their populations are native 
plants or the invasive European 
variety before treating the area. 
Positive identification of the 
invasive variety requires the use 
of genetic tools and DNA 
analyses, which are currently not 
readily available to the public. It 
may be desirable to maintain and 
encourage populations of native 
phragmites while discouraging 
populations of the invasive 
European variety. For example, 
phragmites can be useful for 
erosion prevention and bank 
stabilization and can actually 
increase the elevation of some 
areas by trapping sediments and 
building “land” from decomposed 
plant material and root mat 
formation each winter. Integrated 
management that employs 
multiple control methods may 
lead to the most efficient and 

economical control plan. Mechanical (Chapter 7) and physical (Chapter 6) controls (primarily 
mowing and burning) have been utilized for many years, but have provided varying degrees of 
success and usually result in temporary control at best. There are no biological control options 
available to control phragmites, although large herbivores such as goats have been used to control 
phragmites along the Platte River in Nebraska. In addition, herbicide control options are few and 
only recently have new herbicides that provide medium- to long-term control been identified and 
registered. 
 
Because phragmites is an emergent plant that does not grow in deep water, some control has been 
noted in areas that are dredged to deepen the body of water to a minimum of five to six feet. This 
deepening removes plants and their rhizome systems and offers long term control. However, 
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deepening is very expensive and eliminates desirable native plants as well. In addition, the 
permitting required to employ this control measure is tedious and difficult. 
 
Burning – either alone or in combination with deep flooding or herbicides – has provided some 
level of success in some areas. Burning alone offers only a short-term solution, especially in wet 
areas, because this method does not effectively control the rhizome system and can actually 
stimulate rhizome growth that benefits from nutrients released during burning. A multi-stage 
process of burning followed by deep flooding or herbicide application after plants begin to regrow 
has been more successful. However, parameters such as the optimum depth of flooding required 
and the best stage of plant growth before herbicides can be applied are unclear. Also, the use of fire 
to control phragmites has become impractical in many locations and permits are sometimes 
difficult to obtain. 
 
Managers of some impounded areas have flooded impoundments with high-salinity water and 
maintained flood conditions for an extended period of time. Partial control has been obtained using 
this method, but a minimum of half-strength seawater (18,000 parts per million) or higher is 
required. The use of high-salinity flooding is extremely site-specific. Also, the invasive European 
variety of phragmites is more tolerant of high salinity than are native phragmites. 
 
No purposeful introductions of insects, pathogens or diseases have been attempted to control 
European or native phragmites to date. Several nonnative insect species have been accidentally 
brought into the country with European phragmites when it was used as packing material in 
shipments, but these do not appear to be viable biocontrol candidates. Livestock grazing (e.g., 
goats, cattle and horses) on young plants of phragmites reportedly provides some control of the 
species. However, the nutritional value of phragmites is only fair and the logistical and health 
aspects associated with managing livestock in marshy, wetland situations is extremely site-specific 
and generally impractical. 
 
Herbicides currently labeled for control of phragmites in aquatic habitats are the systemic 
herbicides glyphosate, imazamox, imazapyr and triclopyr. Glyphosate and imazapyr are broad-
spectrum herbicides that control both grasses and broadleaf plants, whereas imazamox and 
triclopyr are selective and cause damage only to certain groups of plants. The criteria for herbicide 
selection are site-specific and dependent on environmental conditions, growth stage of the plant, 
presence of desirable nontarget plant species in the area and alternate uses of the water such as 
drinking and irrigation (Chapter 11). 
 
Several general application recommendations apply for any herbicide selected. The area to be 
treated should be drained if possible to allow the herbicide to contact as much of the plant as 
possible. Also, the maximum volume of water recommended on the label should be used for 
herbicide applications to ensure complete coverage of all leaves and stems. Deeply flooded areas 
should be treated at the highest herbicide rates allowed on the label. Because phragmites occurs in 
large, poorly accessible, expansive areas, aerial applications may offer the most efficient and 
economical method of application. Additional aerial application restrictions according to the 
specific herbicide labels must be followed. 
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Backpack sprayers can be used for small infestations and spot treatments. Plants should be carefully 
sprayed to wet, but runoff should be avoided. Herbicide labels list more specific instructions on 
herbicide mixing and use. 
 
Summary 
Phragmites is a widely distributed wetland species with both non-invasive native varieties and an 
invasive European variety in the US. The European variety has replaced native plants in New England 
and has become established in the southeastern US, where native phragmites has historically not 
occurred. The European variety of phragmites is more competitive than native varieties and sprouts, 
survives and grows better in fresh and saline environments than native phragmites. The invasive 
nature of European phragmites results in large monotypic populations of the species, which are 
associated with decreased plant diversity and changes to the ecosystem that include alterations of 
soil properties, sedimentation rates, bird and fish habitat use and food webs. A variety of methods 
can be used to provide varying levels of control of invasive phragmites and the greatest success is 
realized when a number of different methods are employed in an integrated program. However, 
control of the invasive European variety of phragmites is made more challenging by the presence of 
the native non-invasive varieties, which can be a desirable part of aquatic ecosystems. 
 
For more information: 
•Common reed management. Texas A & M University. Texas Agrilife Extension Service. 

http://aquaplant.tamu.edu/database/emergent_plants/common_reed_mgmt.htm 
•Common reed: Phragmites australis. University of Florida Center for Aquatic and Invasive Plants. 

http://plants.ifas.ufl.edu/node/323 
•Environmental assessment for control of Phragmites australis in South Carolina. US Army Corps of Engineers. 

http://www.sac.usace.army.mil/assets/pdf/environmental/Final_Phragmites_EA.pdf 
•Phragmites australis. United States Department of Agriculture – US Forest Service. 

http://www.fs.fed.us/database/feis/plants/graminoid/phraus/all.html 
 
Photo and illustration credits: 
Page 171: Common reed; Ann Murray, University of Florida Center for Aquatic and Invasive Plants 
Page 172: Line drawing; University of Florida Center for Aquatic and Invasive Plants 
Page 174: Common reed; Ann Murray, University of Florida Center for Aquatic and Invasive Plants 
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Chapter 15.12: Purple Loosestrife 
Robert L. Johnson: Cornell University, Ithaca NY; rlj5@cornell.edu 
 
 
 
 
Lythrum salicaria L.; erect, emergent perennial herb in the Lythraceae (loosestrife) family 
Derived from lythrum (Greek: blood) and salicaria (Latin: willow-like) “plant that stops blood and is 
willow-like” 
 
Introduced from Europe to the east coast of North America in the early 1800s 
Present in every state throughout the US except for Florida, and found in all Canadian provinces 
 
Introduction and spread 
Lythrum salicaria L. (purple loosestrife) is often 
referred to as “the purple plague” in North America 
and is native to Europe and Asia. Purple loosestrife 
is an aggressive invasive plant that was deliberately 
introduced to the eastern coast of North America 
in the early 1800s. Settlers of the region valued the 
plant as an ornamental for perennial gardens and 
used the species as a medicinal herb to treat 
dysentery, diarrhea, bleeding and ulcers. The honey 
trade also increased regional seed propagation of 
the plant because it was favored as bee forage. In 
addition, European ships contributed to the spread 
of purple loosestrife by releasing ballast water and 
delivering shipments of wool that contained seeds 
of the species. By the 1830s, purple loosestrife had 
become established along the New England 
seaboard and the range of the species further 
expanded throughout New York State and the St. 
Lawrence River Valley through inland canals 
constructed in the late 1880s. As road systems 
expanded and commercial distribution of the plant 
by the nursery trade increased, purple loosestrife 
spread westward and southward and can now be 
found in every state and province of the US and Canada, except for Florida. Purple loosestrife grows 
in most freshwater wetlands but also tolerates a wide range of environmental conditions and can 
spread to both tidal and non-tidal brackish waters. 
 
Description of the species 
Purple loosestrife is an erect, emergent perennial dicot herb with a dense, bushy appearance. The 
species tolerates a wide range of wetland environments and grows in habitats ranging from 
pastures with moist soil to sites with shallow water such as marshes and lakeshores. Established 
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plants can tolerate a variety of soil conditions, including soils that are dry or permanently flooded 
and soils that are low in nutrients and pH. In addition, plants can grow in rock crevasses, on gravel, 
sand, clay or organic soils. Purple loosestrife can grow from four to ten feet in height and has a 
dense canopy of stems that emerge from its wide-topped crown. Each plant produces as many as 
50 square, hard, red to purple stems that arise from a single root mass. Leaves are 1-1/2 to 4” long 
and 2/10 to 6/10” wide and are lance-shaped, stalk-less, heart-shaped or rounded at the base and 
borne in an opposite or whorled arrangement. Purple loosestrife produces flowers with magenta, 
purple, pink or white petals that are 4/10 to 8/10” long. The species blooms throughout most of the 
summer, which adds to its appeal as an ornamental plant and as a favorite of beekeepers. The 
reddish-brown seeds are very small (1/25” long) and are often produced during the first growing 
season. Purple loosestrife is often confused with a number of plants with spikes of purple flowers, 
including gayfeather (Liatris pycnostachya), blue vervain (Verbena hastata) and fireweed (Epilobium 
angustifolium). However, the species most closely resembles the native winged loosestrife (Lythrum 
alatum) and Lythrum virgatum L., a nonnative cultivated purple loosestrife. L. virgatum is very 
similar to purple loosestrife in appearance and was formerly classified as a separate species, but is 
now considered by some to be a subspecies or variant form of purple loosestrife. 
 
Reproduction 
The extended flowering season of purple loosestrife typically lasts from June to September and 
allows each plant to produce as many as 3 million seeds each year. Long-tongued insects, including 
bees and butterflies, serve as pollinators. Seeds are dispersed by water and can “hitchhike” in mud 
that adheres to wildlife, livestock and people. Seed survival can be as high as 60 to 70%, which 

produces a sizeable seedbank in only a few years. 
Germination occurs in open, wet soils as 
temperatures increase in the spring, but seeds can 
remain dormant and viable for many years in the 
soil. In addition, submersed seeds can survive for up 
to 20 months in flooded conditions. Purple 
loosestrife readily colonizes newly disturbed areas 
because of its high production of viable seeds with 
multiple modes of dispersal. Disturbed areas with 
exposed soil are most vulnerable to invasion and 
rapid colonization by purple loosestrife because 
these sites provide ideal conditions for seed 
germination and usually lack native plants that 
compete with the weed for resources. Purple 
loosestrife spreads predominately via seed dispersal, 
but can also spread vegetatively by producing new 
shoots and roots from clipped, trampled or buried 
plants. Purple loosestrife’s ability to reproduce via 
vegetative means is especially important when 
adopting management strategies because 
mechanical or physical control efforts can 
inadvertently spread harvested plant fragments and 
create new infestation sites. In addition, 
disturbances in the form of changes in water levels 
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from drought or a planned water drawdown provide ideal conditions for maximum seed 
germination and growth. 
 
Problems associated with purple loosestrife 
Purple loosestrife aggressively invades many types of wetlands, including freshwater wet meadows, 
tidal and non-tidal marshes, river and stream banks, pond edges, reservoirs and roadside ditches. 
The formation of dense, monotypic stands of purple loosestrife suppresses native plant species, 
decreases biodiversity and leads to a change in the wetland’s community structure and hydrological 
functioning, while eliminating open water habitat in many locations. Around 200,000 acres of 
wetlands are lost in the US every year due to invasions of purple loosestrife and as much as 45 to 
$50 million per year is spent on efforts to control the growth of this species. In addition to funds 
spent on control efforts, economic losses to agriculture can exceed millions of dollars annually 
when purple loosestrife invades irrigation systems. Also, entire crops of wild rice may be lost when 
this species invades shallow lakes and bays dominated by wild rice, which results in great economic 
loss to agricultural communities. 
 
Purple loosestrife alters the physical makeup of a wetland, but the species can change the chemical 
properties of the wetland as well. For example, leaves of purple loosestrife decompose rapidly after 
being shed in the fall and the nutrients released during decomposition are quickly flushed out of 
the wetland. In contrast, the vegetation of native species does not fully decompose until the 
following spring and nutrients are maintained in the wetland throughout the fall and winter. This 
difference in the timing of nutrient release means that wetland decomposers have fewer nutrients 
available to subsidize peak population growth in the spring, which alters the structure of the food 
web. The effects of altered water chemistry extend to many fauna in aquatic ecosystems as well. For 
example, chemicals released during the decomposition of purple loosestrife leaves can slow the 
development of certain frog tadpoles, which decreases the frog’s chance of surviving its first winter. 
Recent research at Cornell University suggests that threats to amphibians by nonnative plants may 
be underestimated. Their data indicate that organisms that breathe through gills (especially Bufo 
americanus, the American toad) are sensitive to the high concentration of tannins naturally 
produced during purple loosestrife decomposition. 
 
Purple loosestrife further affects the wildlife communities of wetlands through a variety of other 
means. The species is a very poor food source for herbivores and crowds out species that are more 
beneficial to the wetland food web. As a result, stands of purple loosestrife can jeopardize 
threatened and endangered plants and wildlife, especially in the northern US. For example, the bog 
turtle has lost extensive basking and breeding habitat due to the introduction of this aggressive 
plant. Purple loosestrife also displaces native plants such as cattail and bulrush, which provide high 
quality habitat to numerous nesting birds and aquatic furbearers. Wetland specialists such as the 
marsh wren or least bittern (Chapter 4) prefer sturdy nesting sites such as cattail-dominated 
wetlands and are unable to utilize purple loosestrife for their nests. Also, muskrat, beaver and 
waterfowl prefer cattail marshes and are more able to utilize these sites that are dominated by 
native plants as compared to dense, monotypic populations of purple loosestrife. 
 
A primary problem associated with purple loosestrife is its attractiveness. European immigrants to 
the US deliberately imported purple loosestrife as an ornamental plant in the 1800s and 
homeowners still actively plant the species today. Purple loosestrife may add a welcome burst of 
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color to an otherwise dull private garden or pond, but the adaptability and aggressiveness of this 
plant can quickly wreak havoc on the unsuspecting homeowner’s backyard. The sale or distribution 
of purple loosestrife is illegal in many states; however, nurseries and greenhouses sell the plant in 
many areas across the country and it continues to be included in some seed mixes. Consumers 
should always read seed package labels before purchasing in order to ensure that this aggressive 
nonnative plant is not included in the mix. 
 
Management options 
The best way to stop an invasion of purple loosestrife is to be aware of pioneering plants and small 
isolated colonies. In these cases, hand removal of small, isolated stands is an effective preventative 
control method. The use of physical (Chapter 6) and mechanical (Chapter 7) control methods may 
provide annual control of low-density invasions and can include water level manipulation, hand 
removal, cutting and burning. When using these methods, treatment must be completed before 
seeds are produced to avoid seed dispersal and contributions to the seed bank. It is also essential 
to remove roots from the soil since plants will regrow from broken roots or root fragments. 
Removal of flowering spikes will prevent seed formation and cutting or harvesting stems at the 
ground level will inhibit growth temporarily. While these methods temporarily halt growth, they 
should be used in conjunction with herbicides or biological control agents to provide longer-term 
management. 
 
Annual applications of herbicides (Chapter 11) can be effective and can provide relatively successful 
season-long control of purple loosestrife stands. Control rates of > 90% can be accomplished with 
applications of the herbicides 2,4–D, glyphosate, triclopyr, imazapyr and imazamox. Single 
applications of registered herbicides generally do not provide satisfactory control of loosestrife for 
more than one season. Multi- season control of purple loosestrife can be achieved using imazapyr; 
however, the rates required for this level of control often have a negative impact on desirable 
vegetation, which limits its use. Herbicides used to control purple loosestrife have very different 

selectivity spectrums for nontarget plants. In addition, 
application rate affects selectivity. When selecting a 
herbicide for management of purple loosestrife, it is 
important to consider the impact of the herbicide on the 
many important nontarget wetland species that may be 
affected by overspray or exposure to high concentrations of 
herbicides needed to effectively control purple loosestrife. In 
addition, readers should be aware that most states require 
application permits before herbicides can be used for 
management of purple loosestrife in wetlands or other 
aquatic locations. 
 
The vast seedbank in the soil of established stands of purple 
loosestrife facilitates regrowth of the species after herbicides 
dissipate and are no longer effective. Therefore, the most 
effective long-term option for suppressing and controlling 
the growth of this invasive weed may be the use of 
biological control (Chapters 8 and 9). Research and 
evaluation of potential biological control agents for the 
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North American purple loosestrife invasion identified a number of European insects that showed 
promise as biocontrol agents. The USDA-APHIS has now approved five European insect species for 
introduction as classical biocontrol agents. These include two leaf-feeding beetles [Galerucella 
calmariensis L. and G. pusilla Duftschmidt (Coleoptera: Chrysomelidae)], a root-mining weevil 
[Hylobius transversovittatus Goeze (Coleoptera: Curculionidae)] and a flower-feeding weevil 
[Nanophyes marmoratus Goeze (Coleoptera: Curculionidae)]. The fifth insect approved was the 
seed-feeding weevil Nanophyes brevis Boheman (Coleoptera: Curculionidae), but this insect was 
ultimately not introduced due to problems obtaining healthy, parasite-free insects from Europe. 
Initial releases of the leaf-feeding beetles Galerucella spp. and the root-mining weevil Hylobius sp. 
into natural areas from New York to Oregon were experimental and early observations suggested 
that the leaf-feeding beetles occasionally feed on native plant species; however, this now appears to 
be of little consequence. 
 
G. calmariensis and G. pusilla are leaf-feeding beetles easily confused with native North American 
Galerucella species. The European species, however, seriously affect purple loosestrife growth and 
seed production by feeding on the leaves and new shoot growth. The two introduced beetles are 
similar in appearance and share similar life history characteristics. Adults overwinter in leaf litter and 
emerge in the spring shortly after shoot growth begins. Peak dispersal of overwintered beetles 
occurs during the first few weeks of spring, when new-generation beetles make dispersal flights 
shortly after emergence and can locate host patches greater than a half mile away within only a few 
days. Adults feed on shoot tips and females lay 2 to 10 eggs on the leaves and stems of purple 
loosestrife from May to July. Young larvae feed on developing leaf buds, while older larvae feed on 
all aboveground plant parts. Pupation by mature larvae takes place in the litter below the plant. 
Reports from several locations describe complete defoliation of large multi-acre stands of purple 
loosestrife, with local biomass reductions of greater than 95%. These results are limited and 
localized, but have occurred in states ranging from Connecticut to Minnesota and into the provinces 
of Canada to date. 
 
Larvae of the introduced root-boring weevil H. transversovittatus hatch and feed on root tissue for 
one to two years depending on environmental conditions. Pupation occurs in the upper part of the 
root, with adults emerging 
between June and October. Adults 
then feed on foliage and stem 
tissue and can live for several 
years. The root-boring weevil can 
survive in all potential purple 
loosestrife habitats, except for 
permanently flooded sites. Adults 
and larvae can survive extended 
submergence, depending on the 
temperature, but excessive 
flooding prevents access to plants 
by adults and eventually kills developing larvae. Feeding by adults has little effect on the plants, but 
as is typical, feeding by larvae can be very destructive to the rootstock. 
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The flower-eating weevil N. marmoratus has been introduced to several states and is widespread in 
Europe and Asia, where it is able to tolerate a wide range of environmental conditions. The flower- 
eating weevil severely reduces seed production of purple loosestrife as larvae consume the flower 
and mature larvae form a pupation chamber at the bottom of the bud. Damaged buds do not 
flower and are later aborted, thus reducing purple loosestrife seed output. New-generation beetles 
appear mainly in August and feed on the remaining green leaves of purple loosestrife. Adults 
overwinter in leaf litter; development from egg to adult takes about 1 month and there is one 
generation per year. 
 
Summary 
The introduction of purple loosestrife into North America occurred in the early 1800s with the 
importation of wool containing seeds, as a favorite herb in flower gardens and from released ship 
ballast water. Unfortunately, this attractive plant has become one of North America’s most widely 
dispersed and dominant nonnatives in habitats ranging from dry soils to inundated marsh areas or 
lakes. Stems can grow as tall as 10 feet and can form densities of up to 50 stems per plant, creating 
a canopy that limits light and space to native plants. Purple loosestrife causes problems in wetland 
ecosystems by forming dense monocultures, outcompeting native plants, altering hydrology and 
changing water chemistry, which all in turn affect native plant and animal communities. Purple 
loosestrife is an easily identified emergent plant, which facilitates hand removal and selective 
herbicide applications. These methods can provide temporary control of small populations, but 
access to the species is often limited. Populations are most effectively controlled when multiple 
control methods are used in conjunction, but biocontrol seems to provide the best long-term 
suppression of dense stands of purple loosestrife. Fortunately, classical biocontrol agents appear to 
be able to successfully reduce populations of purple loosestrife throughout North America. 
 
For more information: 
•Brown CJ, B Blossey, JC Maerz and SJ Joule. 2006. Invasive plant and experimental venue affect tadpole performance. 

Biological Invasions 8:327-338. 
•Invasive plants of the eastern United States website. http://www.invasive.org/eastern/biocontrol/11PurpleLoosestrife.html 
•Invasive species: purple loosestrife (Lythrum salicaria). Wisconsin Department of Natural Resources website. 

http://dnr.wi.gov/invasiveS/fact/loosestrife.htm 
•Muenscher WC. 1967. Aquatic plants of the United States. Cornell University Press. 
•Purple loosestrife (Lythrum salicaria) in the Chesapeake Bay watershed: a regional management plan. 2004. 

http://www.anstaskforce.gov/Species%20plans/doc-Purple_Loosestrifel_Mgt_Plan_5-04.pdf 
•Purple loosestrife: what you should know, what you can do. Minnesota Sea Grant Program (aquatic species) website. 

http://www.seagrant.umn.edu/ais/purpleloosestrife_info 
 
Photo and illustration credits: 
Page 177: Purple loosestrife; Bernd Blossey 
Page 178: Line drawing; adapted from Muenscher (1967) 
Page 180: Mating pair of the leaf-feeding beetle Galerucella calmariensis; Bernd Blossey 
Page 181: Adult root-boring weevil Hylobius transversovittatus; Bernd Blossey 
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Chapter 15.13: Flowering Rush 
Marc D. Bellaud: Aquatic Control Technology, Inc., Sutton, MA; mbellaud@aquaticcontroltech.com 
 
 
 
 
Butomus umbellatus L; emergent shoreline plant in its own family, Butomaceae (flowering rush); 
originally placed in the Alismaceae (water-plantain) family 
Derived from bous (Greek: ox) and temno (Greek: “I cut”), referring to its sword-like leaves with 
sharp edges that cut the mouths of cattle feeding on the species 
 
First identified along the St. Lawrence River in Quebec in 1897; likely introduced from Europe as a 
garden plant 
Present in the northern US from Idaho to Maine and in the adjacent Canadian provinces 
 
Introduction and spread 
Flowering rush (Butomus umbellatus L.) is 
native to Europe and Asia. It is thought that 
the species was first introduced to the US 
for use in ornamental gardens, but 
flowering rush thrives along shallow 
shorelines and in wetlands. The first 
observation of the species in North 
America occurred along the St. Lawrence 
River in Quebec in 1897 and botanists 
believe that multiple introductions have 
occurred since that time. By the mid 1950s, 
flowering rush populations were 
documented throughout the Great Lakes 
Region. Populations of flowering rush in 
the Great Lakes and points west are 
believed to be of European origin, whereas 
populations in the St. Lawrence River area 
are thought to be from Asia. Since the 
1950s, flowering rush has spread to the 
west, north and east of the Great Lakes, 
with populations now found across the 
northern US and extending from 
Washington to Maine and nearly all of the 
adjacent Canadian provinces. Flowering 
rush tolerates a wide variety of shallow water and wetland settings and often forms dense stands 
that displace native riparian species, degrade fish and wildlife habitat, alter hydrologic patterns and 
interfere with recreational use of water bodies. 
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Description of the species 
Flowering rush is a perennial monocot herb that can 
reach up to 5 feet in height and tolerates a wide 
variety of riparian and wetland habitats. Plants have 
an extensive rhizome and root system and soil type 
or consistency and soil pH do not appear to affect 
growth. However, the species cannot grow in shade 
and is intolerant of saline or brackish waters. Plants 
become established in wet areas or along the 
shallow margins of lakes, ponds and streams and 
can grow into water up to 9 feet deep. Leaves of 
flowering rush are fleshy, thin and sword-like and 
resemble those of native bulrush (Sparganium spp.), 
but are triangular in cross-section. Submersed 
leaves remain limp or float on the surface of the 
water, whereas emergent leaves can reach to 3 feet 
in length and may have tips that are twisted in a 
spiral manner. Flowering rush is easiest to identify 
when it is flowering, which only occurs if plants are 
growing in very shallow water or along the 
shoreline. Plants flower between June and August, 

depending on temperature and latitude. The flowers are borne in an umbrella-shaped cluster 
(umbel). Individual flowers have three petals that are white to pink to purple in color. 
 
Reproduction 
Flowering rush is dispersed in four ways: seeds, vegetative bulblets produced on the inflorescence 
at the base of flower stalks, vegetative bulblets that form along the sides of rhizomes (underground 
stems with nodes that produce new shoots and roots), and rhizome fragments. Once established, 
the species expands its population size and spreads locally by rhizome elongation. Both seeds and 
bulblets can be transported by water currents and are long-lived, which facilitates their dispersal by 
wildlife, boaters and other human activities. 
 
Eastern US populations of flowering rush are reportedly fertile diploids (with 2 sets of 
chromosomes), whereas sterile triploid populations (with 3 sets of chromosomes) occur in western 
North America. Diploid populations flower prolifically and produce both seeds and bulblets and 
their spread is due to dispersal of seeds and bulblets. Triploid populations in the West rarely flower 
and produce low numbers of seeds and bulblets. As a result, the majority of the spread of western 
populations is due to rhizome fragmentation, which results in clonal (genetically identical) 
populations. 
 
Problems associated with flowering rush 
Flowering rush can form dense infestations that compete with native riparian species and displace 
more desirable plants. Dense growth of the species may also allow it to outcompete threatened or 
endangered plant species and likely alters wildlife habitats. There are varying levels of concern 
about the impact of flowering rush on wetlands and fresh water habitats. For example, reports from 
the St. Lawrence River suggest that even high densities of flowering rush have not significantly 
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reduced plant diversity. However, displacement of native plant species and the potential for wildlife 
habitat alteration make flowering rush a species of concern. 
 
The impacts of flowering rush to water use and access may be more significant. For example, 
flowering rush has developed extensive monotypic populations in reservoirs with widely varying 
water levels in western states. The species is also currently causing economic impacts in irrigation 
canals and drainage ditches in the western US and large populations of flowering rush impede 
access to shallow lakes by colonizing shoreline areas where aquatic plants have not grown in the 
past. Marshlands are becoming dominated by flowering rush because the species thrives in areas 
with fluctuating water levels and expansion throughout littoral zones interferes with shoreline 
access, boating and fishing. 
 
Management options 
Unlike many other invasive species, there is not a wealth of information regarding the management 
of flowering rush infestations in North America. However, the same management philosophies hold 
true – early detection of introductions and rapid response to new infestations provide the most 
effective control of flowering rush and limit further spread of the species. Flowering rush resembles 
many native species; therefore, accurate identification of the species is critical before initiating 
management efforts to avoid damaging nontarget desirable native plants. 
 
Manual control methods include cutting 
and hand digging (Chapter 6). Cutting 
will not kill flowering rush because the 
species will produce new growth from 
underground roots and rhizomes, but 
this method may decrease abundance 
and prevent seed and bulblet 
production by removing inflorescences. 
Plants should be cut below the water 
surface and care should be taken to 
remove all cut plant parts from the 
water. Multiple cuts may be required 
throughout the summer to provide 
adequate control and to prevent the 
formation of flowers, seeds and 
bulblets. Hand digging is useful only 
when managing individual plants or small infestations. The entire root structure must be carefully 
removed because fragments of roots, rhizomes or bulblets left in the sediment can rapidly regrow. 
All plant parts removed during cutting or hand digging must be taken out of the water and 
transported well away from water or wetland areas to prevent recolonization. 
 
The use of herbicides to control flowering rush is challenging due to the limited foliage available for 
herbicide coverage and uptake. Often only a small part of the plant emerges above the water and 
foliar herbicide coverage is so limited that herbicides are generally not very effective. The best time 
to apply foliar herbicides is likely during periods when water levels are low to improve herbicide 
coverage. There is no product that is selective for flowering rush and controls the species without 
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the potential for harming other plants, so care must be taken during herbicide application to avoid 
impacts to nontarget species. Research by the Minnesota Department of Natural Resources 
suggests that a mid-summer treatment with imazapyr may be effective and research on 
management of this invasive weed is ongoing. 
 
Summary 
Flowering rush is an invasive species that has steadily expanded its range across the northern US 
and the Canadian provinces. It closely resembles bulrush and other native species and is difficult to 
identify unless it is flowering. The species employs multiple reproductive strategies that have 
helped to expand its range over the past 50 years. All the potential impacts of this invasive species 
on aquatic systems are not yet known, but flowering rush is capable of abundant growth that can 
displace native species and alter habitats. Also, dense shoreline growth of the species can certainly 
interfere with access and recreational uses of infested water bodies. There is limited information 
available regarding the management of flowering rush, but as with other invasive species, early 
detection and rapid response are paramount to successfully controlling new infestations. Cutting 
below the water surface, careful hand-digging and selective treatment with herbicides are currently 
the most effective strategies to control infestations of flowering rush. The expansion of flowering 
rush has occurred primarily in the western US and it is difficult to predict how extensive the 
problem may become, but research is underway to investigate the biology of the species and to 
identify management options that may be useful to control the spread of flowering rush. 
 
For more information: 
•Crow GE and CB Hellquist. 2000. Aquatic and wetland plants of northeastern North America. University of 

Wisconsin Press. 
•Minnesota Sea Grant Aquatic Invasive Species website. http://www.seagrant.umn.edu/ais/floweringrush 
•Oregon Department of Agriculture, Plant Division, Noxious Weed Control website. 

http://www.oregon.gov/ODA/PLANT/WEEDS/profile_floweringrush.shtml 
•Rice P, V Dupuis and S Ball. Flowering rush: an invasive aquatic macrophyte infesting the flathead basin 

(PowerPoint). http://www.weedcenter.org/Newsletter/rice_floweringrush_sshow.pdf 
•University of Florida Center for Aquatic and Invasive Plants http://plants.ifas.ufl.edu/node/75 
•USDA NRCS. 2009. The PLANTS Database. National Plant Data Center, Baton Rouge, LA. 

http://www.plants.usda.gov/java/profile?symbol=BUUM 
•US Forest Service Invasive Plants website. http://www.na.fs.fed.us/fhp/invasive_plants/weeds/flowering-

rush.pdf 
 
Photo and illustration credits: 
Page 183: Flowering rush; Thomas Woolf, Idaho State Department of Agriculture 
Page 184: Line drawing; University of Florida Center for Aquatic and Invasive Plants 
Page 185: Flowering rush; Thomas Woolf, Idaho State Department of Agriculture 
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Appendix A: Requirements for Registration of Aquatic Herbicides 
Carlton Layne and Don Stubbs: US Environmental Protection Agency (retired) 
clayne@aquatics.org; donald271@verizon.net 
 
 
 
History of pesticide regulation 
A pesticide is defined as any product that claims to control, kill or change the behavior of a pest. 
The United States first started regulating pesticides in 1910. The 1910 Federal Insecticide Act was 
intended to protect farmers from adulterated products and false labeling claims. With the 
continuous increase in pesticide development and use after World War II, Congress passed the 
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) in 1947. This act, which would be 
amended through the years, required that all pesticides be registered with the Department of 
Agriculture before they could be shipped in interstate commerce. The same federal agency 
responsible for agricultural production in the United States was now responsible for the regulation 
of pesticides on agricultural crops. FIFRA established procedures for the registration and labeling of 
pesticides, but dealt mainly with the efficacy or effectiveness of pesticides and did not regulate 
pesticide use. Almost anyone could use a pesticide for any purpose and there was no legal recourse 
if a pesticide was not properly used. In addition, FIFRA did not allow for the denial of a pesticide 
registration request. 
 
In 1962 Rachel Carson published “Silent Spring,” which drew widespread public attention to the 
indiscriminate use of pesticides with unknown human health and environmental effects. Many of the 
pesticides were persistent in the environment and were transferred from one animal to the next 
upon being eaten (a phenomenon known as bioaccumulation). As a result, some pesticides were 
ultimately ingested by humans and other nontarget animals, including wildlife. Very little was 
known at the time about the fate of pesticides in the environment and the potential effects of their 
residues on man and wildlife. 
 
The Environmental Protection Agency (EPA) was created in 1970 and the responsibility for 
regulating pesticide use and labeling was transferred from the USDA to this new agency. This 
marked the beginning of a shift in the focus of federal policy from the control of pesticides for 
reasonably safe use in agricultural production to the control of pesticides for the reduction of 
unreasonable risks to man and the environment. In 1972 Congress passed the Federal 
Environmental Pesticide Control Act, which amended FIFRA and set up the basic American system of 
pesticide regulation to protect applicators, consumers and the environment that we have today. 
This Act gave the EPA greater authority over pesticide manufacturing, distribution, shipment, 
registration and use. EPA could now, among other things: 
 

1) require additional data as necessary; 
2) suspend or cancel the registration of existing pesticides; 
3) prohibit the use of any registered pesticide in a manner inconsistent with label 

instructions; 
4) require that pesticides be classified for specific uses; 
5) deny a registration request; 
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6) provide penalties (fines and jail terms) for violations of FIFRA; 
7) provide states with the authority to regulate the sale or use of any federally registered 

pesticides in that state as long as state rules were at least as strict as federal guidelines. 
 
In 1988 Congress once again amended FIFRA by requiring the EPA to reregister all pesticides 
registered before November 1984 and to ensure that the database was current and in accordance 
with modern science. The development of the Food Quality Protection Act (FQPA) in 1996 amended 
both the FIFRA and the Federal Food, Drug, and Cosmetic Act (FFDCA). This Act set a single health-
based standard for residues of pesticides in food and required the EPA to reevaluate all tolerances 
for pesticides and their inert ingredients. 
 
Registration 
Pesticide regulations are continuously under review and revision as scientific methods and 
knowledge increase. The following sections of this chapter will discuss pesticide registration and 
enforcement of pesticide laws, which are just a portion of the EPA’s overall responsibility to protect 
the environment. It costs 30 to $60 million or more, and 8 to 10 years, to introduce a new pesticide 
to the market. Pesticides that are destined for use in aquatic systems in the US must be registered 
by the federal government through the EPA and by the state in which the pesticide will be used. The 
product may only be used in accordance with the label accepted by the EPA and any other 
applicable state regulations as long as the state regulations are at least as restrictive as the federal 
label. A pesticide may occasionally be registered by a state based on a special local need. In such 
circumstances, the active ingredient of the pesticide must be registered by the EPA and the 
appropriate tolerances in fish, shellfish and irrigated crops must be established by the EPA. This 
federal agency has overall responsibility for pesticide regulation even in states with small but locally 
important pest control needs. 
 

The burden of proof to show that 
a pesticide will not cause 
unreasonable adverse effects on 
man and the environment rests 
with the registrant (the company 
that develops or labels the 
pesticide). The registrant is 
responsible for testing the active 
ingredient and the end use 
product (the final formulated 
product offered for sale) for 
potential harm to man and the 
environment. The EPA requires 
between 84 and 124 different 
studies to satisfy this requirement. 

These studies include toxicity and exposure tests on laboratory animals that measure the possible 
effects of the pesticide on human health – to applicators and to the general public – through direct 
exposure and through residues in food. These studies also determine the fate of the pesticide once 
it is introduced into the environment and the effect of the pesticide on nontarget organisms. The 
EPA reviews these studies and determines the appropriate labeling for the use of each pesticide. 
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Label precautions may include user safety information (protective clothing, reentry intervals or 
specific hazards), environmental safety warnings, container disposal and pesticide classification. In 
addition, all labels must provide appropriate directions for use (see “Pesticide Labeling” below). 
 
The EPA regulates pesticide use from occupational (applicator/worker), residential and dietary 
standpoints and determines the potential effects of acute (immediate), intermediate and chronic 
(long term) exposure to humans. If the use of a pesticide results in a residue of the pesticide in food 
or feed, it is necessary to establish a tolerance level for that pesticide under the FFDCA. The EPA 
also evaluates residues in drinking water and must determine whether pesticide residue levels 
found in drinking water, fish, shellfish and any other food or feedstock meet the safety standard of 
the FQPA. In short, the EPA verifies that there is a reasonable certainty that no harm will result from 
the residues of the pesticide in food or feed. The FQPA is a risk-based statute and does not provide 
for the analysis of risks vs. benefits. Examples of some of the studies required before a product can 
be used as a pesticide are listed below. More detailed information is available at: 
http://www.epa.gov/lawsregs/search/40cfr.html. Click on “Chapter I”; then under “Browse Parts” 
click “150 – 189”; and finally under “Table of Contents” click “158.1 to 158.2300.” 
 
Toxicity studies (how dangerous is the pesticide to humans?) 
•Acute toxicity: study the immediate effects of exposure to determine appropriate user precautions 
•Sub-chronic toxicity: examine intermediate toxicological effects to identify the risks of less than 
lifetime exposure 
•Chronic toxicity: evaluate long-term toxicity effects to determine possible problems associated 
with a lifetime of exposure 
•Oncogenicity: determine whether the product causes cancer 
•Developmental and reproductive toxicity: identify any effects on development and reproductive 
function 
 
Chemistry studies (what is the pesticide?) 
•Chemical identity, physical and chemical properties 
•Disclosure of manufacturing process and all inert ingredients 
•Determine chemicals of concern including the active pesticide and inert components 
•Develop analytical methods for determining concentrations of the pesticide in plants, soil, water 
and food 
•Determine the amount of pesticide left on plants, soil, water and food as a result of use 
 
Environmental fate (what happens to the pesticide after it has been applied?) 
•Hydrolysis: establish the significance of chemical breakdown in water 
•Photolysis: determine the interaction of the pesticide with light 
•Degradation: determine when the pesticide breaks down and what it breaks down to in water, soil 
and air 
•Metabolism: examine the breakdown of the pesticide by organisms in the soil and water 
•Mobility and bioaccumulation: determine how the pesticide moves in the environment and 
whether it accumulates up the food chain 
•Field dissipation: test and monitor how the pesticide behaves under realistic conditions 
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Ecological toxicity (how dangerous is the pesticide to fish, birds, mammals and plants?) 
•Acute toxicity: study the immediate effects on wildlife 
•Chronic dietary toxicity: examine the effects of a lifetime of exposure in birds 
•Reproduction studies 
•Toxicity to plants 
 
Because the EPA relies on data submitted by the registrant, it carries out a laboratory audit 
program. This program sends EPA scientists and enforcement personnel to laboratories that 
conduct studies on pesticides. These personnel are responsible for reviewing the testing procedures 
to ensure that they are carried out in accordance with EPA regulations for conducting good 
laboratory studies. In addition, the EPA requires the registrant to submit to them any data 
concerning adverse effects associated with the use or new testing of the chemical. These data are 
immediately reviewed by the EPA and any corrective action (label changes, use deletions or product 
cancellation) is taken as deemed necessary by the agency. 
 
Tolerances 
A tolerance is a residue level established by regulation which is considered a “safe level” of a 
pesticide and it is also an enforceable level. An “enforceable level” essentially means that when a 
pesticide is found in or on a food product and is either (1) not registered for use on that food 
product, or (2) present at a level higher than the tolerance established for that food crop, the food 
crop may be destroyed and investigations must be conducted to determine whether fines or other 
penalties are warranted. The tolerance is based on acute and chronic animal toxicity data. These 
data are multiplied by a 100-fold safety factor to determine an allowable residue level. The EPA 
does not set tolerances in drinking water as a result of pesticide use, but it does assess the safety of 
drinking water using the same safety standard for water as it does for food or feed before it will 
register the pesticide. Under the FFDCA as amended by the FQPA in 1996, a tolerance may only be 
established when the EPA determines that there is a reasonable certainty that no harm will result 
from the aggregate exposure (food, water and residential exposure) to the active ingredient and the 
inert ingredients in the pesticide. 
 
Pesticides that are registered for use in a way that results in residues of the pesticide or its 
metabolites of concern in or on food or feed require the establishment of a tolerance under the 
FFDCA. Tolerances for pesticides are established under the FFDCA by the EPA. Food or feed 
contaminated with residues of pesticides or their metabolites of concern that do not have an 
established tolerance or have residues above the established tolerance level are considered 
adulterated and may be seized and destroyed by the Food and Drug Administration (FDA). While 
the EPA sets these pesticide tolerances, the FDA is responsible for enforcing them. Pesticides to be 
used in aquatic systems must have established tolerance levels of that pesticide and its metabolites 
of concern in fish, shellfish and any crops that would be irrigated with treated water. 
 
Pesticide labeling 
Pesticides are classified as either “general use”, which can be purchased and used by anyone, or 
“restricted use”, which may only be sold to and used by persons under the direct supervision of a 
certified applicator. A certified applicator must complete the appropriate federal or state training 
and testing. Pesticides can be used to control nuisance aquatic weeds without causing 
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unreasonable adverse effects to man or the environment as long as label directions, precautions 
and warnings are followed. 
 
The EPA regulates pesticides through pesticide labeling and determines the appropriate minimal 
label information required for the safe and effective use of the pesticide based on data submitted 
by the registrant. All labels must also include certain information; for example, all labels must carry 
several specific statements including “Keep Out of Reach of Children” and a signal word (Caution, 
Warning or Danger). Directions for use – including application rates, number of applications 
allowed per season, user precautions, environmental precautions, container disposal instructions 
and other directions as determined by the EPA – are also required. In addition, every label must 
carry the statement “It is a violation of Federal law to use this product in a manner inconsistent with 
its labeling.” This means the pesticide can only be used in accordance with the label on the product 
container. The EPA stamps the label as accepted and this is the only label the registrant may place 
on its pesticide container before selling the product to the public. This label then becomes the 
principal communication between the registrant and the user. The directions for use, precautions 
and warnings tell the user how to use the pesticide and what precautions to take when the pesticide 
is used. Any changes to the labeling must be submitted to and approved by the EPA prior to 
marketing. For a full discussion on labeling requirements, please visit the EPA website on labeling at 
http://www.epa.gov/oppfead1/labeling/lrm/ 
 
Review of registered pesticides 
In 2008 the EPA completed its reregistration of all pesticides registered prior to November 1984 as 
required by the 1988 amendment to FIFRA. This effort took over 20 years as it required the 
reassessment of all products and their associated tolerances. In 2008 the EPA also initiated a 
Registration Review Program. This program, required by the 1996 amendments to FIFRA (FQPA), will 
review the registration of all registered pesticides on a continual 15-year cycle to ensure that 
pesticides remain in compliance with developing changes in science, public policy and pesticide use 
practices. For more information about the Registration Review Program go to http://www.epa.gov/ 
oppsrrd1/registration_review/highlights.htm 
 
Enforcement 
To ensure compliance with the requirements of FIFRA, federal agents and state inspectors monitor 
the marketplace and conduct inspections and investigations at establishments where pesticides are 
produced and distributed and at facilities of commercial and private applicators where pesticides 
are stored. While all enforcement efforts are important, use-related inspections and investigations 
provide ongoing feedback to the EPA regarding the effectiveness of label requirements and 
accepted directions for use. This information, coupled with the requirement that registrants report 
all unanticipated adverse effects encountered as part of the distribution, sale and use of a pesticide, 
provides an impetus for additional data requirements. Mandatory label modifications may also be 
ordered depending on the nature of the data received. 
 
It is a violation of federal law for any person to use any registered pesticide in a manner 
inconsistent with label directions. The directions can cover all aspects of the pesticide, including 
transportation, storage, mixing, loading, application rates, target pests, use sites or crops, methods 
of application, personal and worker protection, environmental warnings, disposal and anything else 
necessary to protect human health or the environment. Federal and state inspectors conduct both 
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routine facility inspections and “for cause” use investigations. Evidence of misuse (e.g., samples, 
photos, statements and records) may be used to prosecute violators in federal or state jurisdictions 
(or in both) depending on the circumstances of the case. Penalties can be substantial. For example, 
FIFRA provides for a $6500 civil/administrative fine for each violation or count. In addition, criminal 
prosecutions are not unusual. While classified as misdemeanors, criminal offenses under FIFRA are 
considered serious environmental crimes and carry a maximum penalty of one year in jail per count. 
Two unlicensed pest control operators in Mississippi were sentenced to 5.5 and 6.5 years in a 
federal penitentiary. Sentences of 2 to 3 years for misuse of pesticides are commonplace, along with 
substantial fines. However, pesticide violations have decreased over the last two decades as 
education and knowledge of pesticide laws and regulations have become better known. 
 
Good laboratory practices (GLP) 
Working closely with the Office of Pesticides Programs, teams of investigators and scientists 
regularly conduct Good Laboratory Practices inspections at facilities that generate the scientific 
studies used in support of pesticide registrations. In addition, specific studies are randomly audited 
to verify adherence to identified protocols and procedures. Everything from the credentials of the 
researchers to the calibration of the equipment is thoroughly examined. The raw data are compared 
to the reported results to ensure accurate reporting. “For cause” audits of data are conducted when 
EPA scientists observe inconsistencies or irregularities in the studies submitted by the registrants. 
 
A fair and vigorous enforcement program levels the playing field for the regulated community, 
removes any economic advantage of noncompliance (such as when using an unregistered pesticide 
on a site or crop not listed on the label) and exacts retribution as appropriate. As a result, 
enforcement is the exclamation point of the process that began with the registration of pesticides 
and the development of the labels and completes the mission of the EPA to provide a measure of 
consumer protection and to protect human health and the environment. 
 
Summary 
The US Environmental Protection Agency was formed in 1970 and became responsible for 
regulating the rapidly expanding development and use of pesticides. During the course of the next 
20 years, the use of some pesticides was cancelled and testing requirements were developed to 
study the effects of pesticides on human health and the environment. These requirements are 
regularly revised to include the most recent developments in science. EPA toxicologists, chemists 
and biologists review proposed pesticide labels and revise label instructions as needed to ensure 
that human health and environmental safety will not be compromised. States may also register or 
approve pesticide labels for use in their jurisdictions and are allowed to add additional restrictions 
or requirements to the pesticide label. However, state guidelines cannot be less restrictive than 
those outlined on the federally approved label. The EPA and state regulatory agencies enforce 
pesticide laws regarding the purchase, use and disposal of pesticides. Pesticide labels are developed 
after years of research and include specific information about the pesticide and its use. The label is 
a legal document and all directions must be followed by those who use the product. 
 
Photo and illustration credits: 
Page 188: Herbicide testing; William Haller, University of Florida Center for Aquatic and Invasive Plants 
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Appendix B: Aquatic Herbicide Application Methods 
William T. Haller: University of Florida, Gainesville FL; whaller@ufl.edu 
 
 
 
 
Introduction 
All pesticide labels contain very specific information regarding how they are to be stored, handled 
and used. It is illegal to use any herbicide in, on or over water unless it is registered for that purpose 
and has aquatic use directions on the label. States may have pesticide use regulations that are more 
strict than federal regulations; thus, several states require that aquatic pesticide applicators be 
certified and licensed before they may purchase, handle and apply pesticides and that permits are 
obtained before pesticides are applied. Potential users of pesticides should contact state agencies 
such as county cooperative extension offices, state game and fish agencies or state environmental 
authorities to ensure compliance with any additional state-specific use restrictions. 
 
A few herbicides may be applied directly from the container; for example, the labels of some copper 
sulfate herbicides suggest placing the dry granules in a cloth bag and towing the filled bag behind 
a boat to ensure uniform application throughout the water column. However, the majority of 
aquatic herbicides must be diluted or mixed with water before application. The purpose of the 
diluent (water) is to ensure consistent coverage of the target weeds so the herbicide can be 
absorbed into the plants. Most herbicide labels state that applicators should “use sufficient diluent 
to obtain uniform coverage of the target weed.” Some labels are more restrictive and specify the 
amount of diluent to be used during application of the herbicide. For example, a label may specify 
“apply in 50 to 150 gallons of water per acre for adequate coverage.” The public often believes that 
the mixture being applied to weeds is concentrated herbicide, but this is rarely—if ever—the case 
because herbicides are mixed with large volumes of water. Applicators are required by law to have 
the label at the application site and it is critical that they read the label carefully before aquatic 
herbicides are diluted, mixed and applied to ensure that the herbicide is applied in a legal, 
appropriate and effective manner. 
 
Foliar applications 
Foliar herbicides are mixed with water and sprayed on the foliage of floating or emergent plants in 
a given area. The goal during foliar application of an aquatic herbicide is to obtain good coverage 
and ensure that the maximum amount of herbicide is taken up by the target weed. Most floating 
and emergent plants have a waxy layer (cuticle) on their leaves and stems that must be penetrated 
in order for the herbicide to be taken up by the plant. The labels of some aquatic herbicides 
suggest or require the addition of surfactants (Chapter 12) that dissolve the cuticle and facilitate 
uptake of the herbicide by the plant. For example, a label may state that “a surfactant may be 
applied at a rate of 0.25 to 0.5% (1 to 2 quarts per 100 gallons) with the tank mix to get best 
results.” In this example, the addition of a surfactant is not required by the label so its use is 
optional; other labels require the use of surfactants. 
 
Just as carpenters and electricians have specialized equipment for their work, aquatic applicators 
often have tank- and pump-equipped boats and trucks for the application of herbicide treatments. 
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A typical boat may hold a pump (calibrated to 
apply from 4 to 10 gallons per minute of a 
herbicide mix) and a 50- to 100-gallon mix tank. 
This equipment is calibrated to apply the correct 
amount of herbicide over the area to be treated. 
Selectivity, or the ability to control weeds 
growing among native plants, is usually 
accomplished by choosing the appropriate 
herbicide or by using a handgun to apply the 
herbicide mix only to the weeds and not to the 
desired native species. This is not always 
possible but is practiced as much as equipment 
and herbicide selection allow. 
 
Most homeowners have small “pump-up” 
garden sprayers or backpack sprayers for lawn 
and garden use. Herbicide labels may include 
use directions for mixing the herbicide for small 
or localized spot treatments using small 

equipment. For example, if control of clumps of purple loosestrife along a shoreline is desired, the 
herbicide label may state “mix a 1 to 2% solution of herbicide in a backpack sprayer and spray 
weeds to wet.” A gallon of water contains 128 fluid ounces, so the applicator would add 1.28 fluid 
ounces of herbicide to 127 fluid ounces of water to get a 1% solution. A 2% herbicide solution 
would be 2 x 1.28 fluid ounces, or 2.5 fluid ounces of herbicide per gallon of total tank mix. Be 
careful; some herbicides cannot be used in sprayers that will also be used for garden or ornamental 
plants, as some leftover herbicides can be quite toxic to other plants. Where is this information? On 
the label that is attached to every herbicide container! 
 
The foliar application of herbicides to emergent and floating-leaved plants is generally well 
understood by homeowners because this is common practice on ornamental lawn and garden 
plants. The application of herbicides for submersed weed control, however, is often more 
complicated and thus more difficult to understand. 
 
Submersed aquatic applications 
The control of submersed aquatic weeds is much more difficult than control of emergent aquatic 
plants for the following reasons: 

• Fewer herbicides are registered for submersed treatments 
• The dilution effect of water depends on the depth of the water 
• Wind, waves and currents dilute herbicides 
• It takes more time to treat and cover submersed plants 
• Submersed weeds are generally much more expensive to treat 
• The growth stage and area covered by the plants are important 
• Use of treated water for irrigation and drinking may be restricted 

These general factors – and additional site-specific ones – determine which herbicides should be 
used to control submersed aquatic weeds. Water flow, dilution and water use are often the critical 
factors to consider when choosing a herbicide. Water flow and dilution may result in herbicide 



 

195 

concentration/exposure times (CET) that are insufficient for herbicides to be effective (Chapter 11). 
There are also water restrictions on many herbicides for use in and adjacent to potable water 
intakes and for water used for irrigation. There are two general types of submersed aquatic weed 
applications, depending upon the CET requirements for the herbicides. 
 
Contact herbicides 
Contact herbicides are applied at relatively high concentrations, have very short half-lives in water 
and require a contact time of hours to a few days to kill plants. They include copper products, 
diquat, endothall and carfentrazone which may be applied along strips of shoreline and in relatively 
small areas where dilution is high, provided contact of the herbicide with the target weed is 
maintained for an amount of time sufficient to achieve control. The decision to use a contact 
herbicide is site-specific and the greatest chance of success occurs when herbicide applications are 
done on calm days to optimize contact times. Contact herbicides in general provide 3 to 6 months 
of weed control, depending upon the weed, geographical area of application (northern US vs. 
southern US) and length of growing season (Chapter 11). 
 
Systemic or enzyme-inhibiting herbicides 
Systemic enzyme-inhibiting herbicides are generally applied at concentrations lower than contact 
herbicides, must remain in contact with target weeds for relatively long times (up to 45 days or 
more) and are very slow to control submersed aquatic weeds. These herbicides are often applied as 
low-dose whole-lake treatments to control weeds throughout the lake. Systemic enzyme-inhibiting 
herbicides include fluridone, penoxsulam and imazamox. The former two herbicides are applied at 
rates of 5 to 20 ppb (parts per billion); concentrations can be maintained with additional treatments 
over several weeks to control hydrilla (Chapter 15.1), Eurasian watermilfoil (Chapter 15.2) and other 
submersed species. Imazamox is applied at 50 to 75 ppb and requires a contact time of several 
days. Penoxsulam and imazamox were registered in 2007 and 2008, respectively, and use patterns 
are still being developed (Chapter 11). 
 
Systemic herbicides with short contact times 
There are always exceptions to the rule, and 2,4–D and triclopyr are the exceptions in this case. Both 
are systemic herbicides but are absorbed in lethal doses by the target weeds in a relatively short 
time (1 to 4 days), depending upon the concentration applied. These two herbicides are effective for 
selective control of Eurasian watermilfoil and other dicot (non-grass) weeds. Concentrations of 
these herbicides for submersed weed control generally range from 1 to 2 ppm (parts per million). 
2,4–D and triclopyr are applied at the highest labeled dose in areas where dilution is most likely to 
occur (such as small treatment areas and in strip treatments along shorelines) and on dense mature 
plants. Lower doses may be used in large treatment areas and in protected coves and bays with 
little water exchange. 
 
Application of formulations 
Herbicide formulation refers to how a herbicide is sold (as a liquid, granular or other form) and this 
determines the type of equipment needed for application of the herbicide. Many aquatic herbicides 
are sold as both liquid and granular formulations because many are used for both foliar and 
submersed aquatic weeds. For example, you would not apply 2,4–D as a granular formulation for 
foliar applications to purple loosestrife (Chapter 15.12); you would use a liquid formulation. The 
formulations of common aquatic herbicides are listed in Chapter 11. 
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Liquid formulations can be applied to 
submersed aquatic weeds in several 
ways, with the type of application 
determined by the specific location, 
size and depth of the treatment area. 
Surface applications are typically done 
along shorelines and under or around 
boathouses and docks where water 
depths average 3 to 6 feet deep. 
Granular and deep-hose applications 
are often used in deeper water, 
particularly in water where submersed 
weeds are growing in water from 6 to 

20 feet deep. The objective of these deep-water treatments is to ensure that the herbicide mixes in 
the water column and reaches the plant beds where they can be taken up by the target weeds. 
 
Effect of thermoclines 
Temperature-dependent thermoclines often develop in lakes and other non-flowing waters during 
summer, particularly in northern regions. A thermocline occurs when the upper and lower portions 
of the water separate into warm and cool layers. Swimmers are often familiar with this 
phenomenon; for example, water in the upper layer of a lake feels warm, but diving down to depths 
of 6, 8 or 12 feet can be shockingly cold. This thermal stratification is well-known to applicators of 
aquatic herbicides as well and can reduce the effectiveness of herbicide treatments because the 
warm upper and cool lower layers of the water do not mix. Herbicides applied to the surface of the 
water may control upper portions of weeds, but treatments do not penetrate into the deeper cool 
layers. As a result, root crowns, rhizomes and low-growing plants below the thermocline are not 

controlled by the herbicide. The depth of the thermocline is influenced by water clarity and varies 
among lakes, but water temperature typically drops 2 °F for each 3’ change in depth. If aquatic 
weeds are growing above and below the thermocline, deep-water injection of liquid herbicides or 
application of granular herbicides may be used to control weeds in both thermal zones. 
 
Foliar and submersed concentrations 
The labels of glyphosate, 2,4–D, carfentrazone, triclopyr, diquat, endothall, copper, imazamox, 
imazapyr and penoxsulam products allow foliar applications for specific weed problems. Foliar-
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applied herbicides are usually mixed with 50 to 200 gallons of water per acre treated according to 
label directions and a surfactant is usually added to the tank mix to facilitate herbicide absorption 
or to ensure even coverage of the target plants. These herbicides are typically applied in “pounds 
per acre” with one pound of the herbicide’s active ingredient in 100 gallons of water, resulting in a 
0.1% concentration (1000 ppm). This relatively high concentration is needed to ensure that the plant 
absorbs enough herbicide to kill the weed on contact or through translocation to the site where the 
herbicide kills the plant. 
 
Fortunately, application of herbicides for control 
of submersed aquatic weeds requires much 
lower concentrations of herbicides. This is 
because most submersed plants lack the waxy 
cuticles that slow herbicide uptake in many 
emergent plants and the leaves of many 
submersed plants are only a few cells thick. Tank 
mixes may still call for one pound of herbicide 
in 100 gallons of water, but in one acre-foot of 
water, the concentration of herbicide that 
contacts submersed plants is only 1/2.7 or 0.370 
ppm (370 ppb) due to the dilution effect of the 
water being treated. Eurasian watermilfoil can 
be controlled with as little as 10 ppb of 
fluridone, but control of this weed with triclopyr 
or 2,4–D may require up to 2 ppm (2000 ppb). 
The ability of herbicides to control submersed weeds at such low concentrations contrasts sharply 
with the concentrations required to control larger, more tolerant floating and emergent weeds. 
 
Although less herbicide is used per acre-foot of water for submersed weed control, submersed 
weeds often grow in water that is 8, 12 or 16 feet deep. Thus, submersed weed control often 
requires more herbicide per acre than foliar treatments due to increased water depth. 
 
Selectivity 
Weed control in an aquatic ecosystem is very different from weed control in an agricultural setting. 
For example, farmers want to control all the weeds in a cornfield without affecting the corn, whereas 
managers of natural and aquatic areas often wish to control a single weed species growing among 
50 to 100 desirable native species. Research regarding selectivity of aquatic herbicides is ongoing 
and depends upon the following factors: 
 
• Choice of herbicide: some herbicides control submersed weeds without affecting a number of 
other desirable nontarget plants, but the choice of herbicides that work in this manner is limited 
and complete selectivity is not always possible. As a result, herbicide selection is often dictated by 
the types of native species present in the proposed treatment area. In general, herbicides applied 
for submersed weed control have little effect on rooted emergent species due to the relatively low 
concentrations of herbicides used to control submersed weeds. 
• Dose or amount of herbicide: not all plants are equally susceptible to herbicides. Application rates 
needed to control different weeds are usually listed on the herbicide label. 
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• Stage of plant growth: some herbicides used for submersed weed control can be applied in very 
early spring when weeds are actively growing and native plants are still dormant. 
• Selective foliar application: handguns can be used to target and apply herbicides only to the 
weeds and minimize damage to nontarget species. However, this method is not feasible in most 
submersed treatments. 
 
Although selective treatment of submersed weeds is more difficult than treatment of floating and 
emergent weeds, the reduction in growth and coverage of submersed weeds generally results in 
less weed competition and quick recovery of native species in the treated area. This occurs because 
most submersed weeds reproduce using vegetative means and many nontarget native plants 
reproduce by seeds. Elimination of dense weed canopies and the reduction of competition from 
invasive weeds often results in germination and growth of desirable species during the season of 
the herbicide treatment or soon thereafter. 
 
Summary 
Small-scale foliar application of herbicides to emergent and floating weeds is easily within the 
capabilities of most riparian homeowners, provided the correct herbicide is chosen and label 
directions are followed. The application of herbicides to aquatic weeds in large areas or for 
submersed weed control is more expensive, complicated and often requires specialized equipment 
to obtain the most cost-effective control. Selectivity results from a combination of factors, including 
herbicide choice, time of year and nontarget desirable species in the proposed treatment area. The 
size or area of the treatment site also affects the concentration-exposure time requirements for 
herbicides. In addition to label requirements, all these factors that affect submersed weed control 
clearly indicate that experienced state agencies responsible for permitting and managing aquatic 
resources be contacted prior to undertaking weed control projects. 
 
For more information: 
•How to build weighted trailing hoses. http://plants.ifas.ufl.edu/guide/building_weighted_trailing_hoses.html 
•http://www.ecy.wa.gov/programs/wq/plants/management/aqua028.html 
•http://aquat1.ifas.ufl.edu/guide/herbcons.html 
•http://ohioline.osu.edu/a-fact/0015.html 
•http://aquatplant.tamu.edu/index.htm 
•University of Florida Center for Aquatic and Invasive Plants. http://plants.ifas.ufl.edu 
 
Photo and illustration credits: 
Page 194: Herbicide application; William Haller, University of Florida Center for Aquatic and Invasive Plants 
Page 196 upper: Submersed herbicide application with trailing hoses; Thomas McNabb, Clean Lakes Inc. 
Page 196 lower: Thermocline; Joshua Huey, University of Florida Center for Aquatic and Invasive Plants 
Page 197: Herbicide application; William Haller, University of Florida Center for Aquatic and Invasive Plants 
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Appendix C: A Discussion to Address Your Concerns: Will Herbicides Hurt 
Me or My Lake? 
Bernalyn D. McGaughey: Compliance Services International; bmcgaughey@complianceservices.com 
 
 
 
1. Our lake is pristine and we don’t want to put dangerous chemicals in it. Why should we use 
herbicides now? 
 
A pristine lake is balanced, stable… and very rare, especially when lakes are surrounded by homes or 
used for recreation. The lakes we live near and play in are often inundated by excess nutrients and 
foreign and invasive species. Most water bodies that require herbicide treatment have experienced 
explosive growth of invasive aquatic plants. While your lake may seem natural and pristine, there 
are sufficient nutrients in the water to allow exotic weeds – which don’t belong in the lake – to 
dominate the system. Control of these weeds will enhance plant diversity and water quality (both of 
which are degraded by dense weed growth) and will help restore the overall health of the lake. 
 
Your lake association or responsible public agency has evaluated all the options for aquatic plant 
management and has decided that the most effective means of controlling weeds at this point is to 
use herbicides. The herbicides that will be used are biodegradable and will not affect the pristine 
nature of the lake in the long term. When used by professionals according to label directions, 
herbicides are not “dangerous chemicals” but instead are curative products that have been 
extensively tested and can effectively control nuisance and invasive aquatic weeds. 
 
2. How dangerous are these chemicals? How do we know they’re safe? 
 
Interestingly, aquatic herbicides are one of the smallest niches of specialty weed control products 
(Chapter 11), yet they are also among the most extensively tested. Because these products are 
added directly to water, the EPA requires extensive data to assess the safety of a herbicide before it 
can be registered for use in aquatic systems (Appendix A). Many years of testing and use have 
shown that registered aquatic weed control products can be used safely in all areas of the US. In 
addition, many years of safety and monitoring tests in the laboratory and in the field have been 
conducted to determine exactly how a given product should be used in a particular situation. It is 
also important to remember that the treatment level (or concentration in water) of a herbicide is 
typically much lower (100- to 1000-fold more dilute) than the concentration that might be harmful 
to you, your pets or nontarget organisms that live in the lake. 
 
The data required by the EPA for registration of an aquatic herbicide are generated in studies that 
are conducted according to stringent protocols of conduct, design and evaluation. For example, a 
single study is conducted using a testing guideline that describes the number of organisms that 
must be tested, how they are housed and even the temperature and daylength under which the 
organisms must be maintained. The test is also governed by a series of “Standard Operating 
Procedures” that have additional parameters for testing and documentation. The guidelines for the 
test are further supported by a “Standard Evaluation Procedure”, which outlines the criteria that 
must be met in order for the study to be defined as “acceptable.” The EPA toxicologist produces a 
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“data evaluation record” for the study and ultimately classifies the study as acceptable or 
unacceptable for incorporation into the risk assessment process. In a parallel requirement, the 
Standard Operating Procedures mentioned above must be conducted following formal “Good 
Laboratory Practice” requirements as outlined by the EPA. Good Laboratory Practice Standards are 
validated through both internal and external audits. Once a study has conformed to all of the 
requirements for study acceptance, data generated by the study are combined with data from all 
other acceptable studies of the herbicide and a risk assessment profile is developed. 
 
The risk assessment process is complex and requires identifying which studies should be integrated 
into the hazard and exposure evaluation process. The 84 to 124 different studies required for 
registration of an aquatic herbicide take from 6 to 10 years to complete and are integrated in a 
robust scientific assessment that is evaluated by the EPA in a process that can take an additional 
one to three years before labels are approved. 
 
3. Do these herbicides break down in the environment? I realize the herbicides themselves have 
been evaluated by regulatory agencies but what about their breakdown products? 
 
Identification and evaluation of the components into which a herbicide breaks down is a critical and 
required part of the data that must be submitted as part of a product’s registration process. 
Degradation and metabolism pathways must be studied and the molecules that are produced along 
those pathways must be identified. If any molecules are believed to be “of toxicological concern” 
(and there is a definition for that), then those molecules must be tested as well, both alone and in 
combination with the original or “parent” molecule. 
 
Testing of breakdown products is not limited simply to toxicity; breakdown products must also be 
evaluated for their persistence in the environment. In addition, the mechanism (light, heat, microbial 
action) that produces them and acts to further break them down must also be understood. The final 
fate of the parent and breakdown products must be completely identified, reported and understood 
by chemists and toxicologists. Additionally, there are flagging criteria that are used to put “stop 
lights” on certain uses or environmental introductions of herbicides. These “stop lights” can be 
associated with direct toxicity, persistence, bioaccumulation or other important environmental and 
toxicological properties of the pesticide. If a product is flagged by one of these “stop lights” during 
testing, the company developing the product (especially one that will be used in water) may 
reconsider whether to proceed with the high cost of registration if there is a good chance the 
product will not successfully make it through the registration process. 
 
4. If the chemical companies do the research and submit their data to the EPA, isn’t this like the fox 
guarding the henhouse? Their data may be falsified! 
 
With the current regulatory standards and rigor of EPA review, it is virtually impossible to falsify the 
data supporting a product. Companies submitting studies must certify that they are conducted in 
accordance with EPA regulations for good laboratory practices and usually hire independent quality 
assurance scientists to conduct audits as the studies are performed. In addition, the EPA has 
established a random laboratory and study audit program. This program has the authority to audit 
laboratories that conduct studies in support of pesticide registration and companies that sponsor 
them and can randomly select submitted studies for auditing. It must be possible during this audit 
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process to confidently recreate the entire study from the “raw data” (laboratories are legally 
required to maintain all data for any submitted study on which registration relies). If a problem is 
found or the results cannot be reconstructed, not only is the study rejected for regulatory use, but 
the facility conducting it or the company sponsoring it is likely to undergo a more complete audit 
of all studies conducted during the same period, at the same facility or on the same product. 
Penalties for falsifying studies can be severe and include fines and/or imprisonment. 
 
5. If herbicides make up only part of the chemicals that are applied, how do we know whether any 
other part of the product or its inert ingredients are dangerous? 
 
First of all, let’s understand a little bit about herbicide formulations. The chemical that controls the 
weed, in its pure form, is called the “active ingredient.” The technical grade of the active ingredient 
is used in testing, and that technical grade must contain all those components that are found in the 
typical manufactured product that makes up the active ingredient. Technical grade chemicals are 
usually very pure (98%+), but may include additional compounds that are formed as the active 
ingredient is made. Components in the technical grade product, other than the pure active 
ingredient, are usually remnants of the manufacturing process, molecules that are impossible to 
separate from the parent compound, or other unintentionally added ingredients. All such impurities 
must be identified even if they are present in extremely low quantities. If any are of toxicological 
concern, they must be removed from the technical product or reduced to levels considered 
acceptable by the EPA. 
 
Testing with the technical grade of the herbicide will identify toxic and environmental effects that 
might be caused by the active ingredient itself or any chemical components formed by the active 
ingredient. The technical grade form of herbicides are too concentrated and are rarely useable as 
herbicides without some modification to allow proper measurement (dilution by water, clay 
granules or other solvents or carriers), tank mixing (conditioners, such as emulsifiers, anti-foaming 
agents or wetting agents), and stability and distribution to the target site (by use of surfactants, drift 
control agents, dyes or other similar agents) (Chapter 12). The proper addition of these materials to 
the technical grade product produces an end use formulation, which is what is then purchased and 
used in weed control. This end use formulation must also be tested, but in a limited way unless the 
initial tests show that there is a measurable difference in toxicity between the technical product and 
its end use formulation. If there is a difference, the typical remedy is to change the components of 
the formulation so that they do not affect the toxicity or environmental characteristics of the end-
use formulation. 
 
Collectively, the formulation products discussed above are often referred to as “inert ingredients” 
because they do not contribute to the activity of the active ingredient. Formulations are considered 
trade secrets because their components may provide a competitive advantage and will be 
associated with a brand trademark. As such, the “secrecy” surrounding inert ingredients is one of 
competition, not toxicological properties. Additionally, not just any compound can be used in a 
formulation. The EPA requires that all inert ingredients in pesticide products be cleared prior to use 
and maintains a list of products from which the formulation chemist can choose. If the formulation 
chemist chooses a product that is not on the cleared list of inert ingredients, then supporting data 
must also be submitted for that “inert” ingredient. A separate and thorough review process will 
determine whether the inert ingredient can be added to the EPA’s cleared list and safely used in the 
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subject formulation. Incidentally, these inert ingredients are not “secret” from the EPA. Each 
technical and end use product must be supported by a complete “confidential statement of 
formula” so that the EPA can evaluate the acceptability of the full product and its additives. The 
confidential statement of formula is also used by the EPA when random or purposeful samples of 
the product are pulled from chemical plant distributors or applicators and analyzed for their 
compliance to the stated formula. 
 
Inert ingredients in products to be used on food (and most aquatic uses are considered food uses 
due to the subsequent exposure to fish and shellfish, which in turn could be food items for people) 
or potable water must also have tolerances (allowable dietary levels of the product and any 
breakdown products of concern) set under the Federal Food, Drug and Cosmetic Act, which is 
administered by the Food and Drug Administration. Scrutiny of products that are used in, or may 
reach drinking water sources, is especially intense because the underlying assumption is that 
exposure could occur over a lifetime, from any and every drinking water source. In the case of 
aquatic herbicides, this assessment process greatly overstates exposure and thus results in a very 
conservative risk assessment. 
 
6. When will it be safe for my kids to swim in the water again? 
 
Each herbicide has a specific label statement regarding water use and swimming after weed 
treatment. Label statements are based on the results of various studies and the risk assessment 
process described above. Swimming restrictions listed on the label are most often related to the 
dissipation of the herbicide in water and added “safety factors” that build in at least a 100- to 1000-
fold margin between what is observed in studies as a “no effect level” and the potential exposure 
level when a lake is treated. Therefore, the restriction interval (if any) is related to all studies 
conducted on the degradation and dissipation of the product and its dermal, oral and dietary 
toxicity, as well as any potential to irritate the skin or eyes or penetrate the skin. Herbicides that lack 
swimming restrictions may dissipate very quickly and/or the toxicity of the product at treatment 
levels is far below the “no effect level” in studies supporting product registration. 
 
7. Will herbicide treatments kill the fish in our lake? 
 
Aquatic herbicides are extensively tested for their effects on fish and other nontarget aquatic 
organisms. For the most part, these products are relatively non-toxic to fish because their mode of 
action (the way they affect the target weed) is based on photosynthesis or other plant processes 
that differ from animal biochemistry. A few types of aquatic herbicides (usually algicides) are toxic 
to fish at or near treatment levels, but application techniques that provide fish with the opportunity 
to escape from treated waters can reduce or prevent the loss of fish populations. This information is 
on the herbicide label; applicators are required to read and follow all label directions and 
precautions. 
 
The applicator must consider the amount of plant cover and the manner in which it will be treated 
in his professional assessment of the needs of the lake. Decomposing vegetation can deplete 
oxygen levels in water, which can cause fish mortality if application precautions are not taken. 
Extreme infestations of weeds may require treatment of the lake in stages instead of using a single 
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whole-lake treatment. Partial treatment will allow fish to escape to untreated, oxygenated waters as 
target plants in the treated area decompose. 
 
8. The herbicide label says that the product is “toxic to fish and wildlife.” Does this mean the 
herbicide treatment will kill our fish? If not, why do these chemicals kill plants without harming 
people or fish? 
 
The statement referenced here historically has been required on a label when a pesticide intended 
for outdoor use contains an active ingredient with a fish LC50 (acute toxicity level) of less than 1 
ppm [equal to one part (or molecule) herbicide per one million parts (or molecules) of water]. 
“LC50” is an abbreviation for “lethal concentration 50%” and represents the calculated 
concentration of the substance that is expected to kill 50% of the organisms studied. The standard 
label statement required in this case is, “This pesticide is toxic to [fish] [fish and aquatic 
invertebrates] [oysters/shrimp] or [fish, aquatic invertebrates, oysters and shrimp].” Likewise, if the 
product “triggers” a toxicity level preset for birds or mammals, a similar statement is required. When 
a pesticide intended for outdoor use contains an active ingredient which has a mammalian acute 
oral toxicity of less than 100 mg material/kg bodyweight, an avian acute oral toxicity of less than 
100 mg/kg, or a subacute dietary toxicity of less than 500 ppm (500 parts of material per 1,000,000 
parts diet, by weight), the label must state “This pesticide is toxic to [birds] [mammals] or [birds and 
mammals].” It is important to note that pesticides with lower LC50 values are more toxic than those 
with higher values. For example, a product with a toxicity of 100 mg/kg is more toxic than one with 
a toxicity of 250 mg/kg. 
 
There are several circumstances that can make toxicity to organisms in the field less severe than 
suggested by the label statement when herbicides are used for weed treatment. Some of these are: 
Effective control levels: most aquatic herbicides are applied at rates well below those that would 
cause fish or wildlife toxicity. This is either because the target weed is particularly sensitive to the 
herbicide or because the herbicide interrupts a biochemical pathway that animals do not possess. 
Application techniques: your professional applicator or supervising state agency knows what 
precautions to take for products that have a treatment rate close to a wildlife effect level. These 
precautions can include partial lake treatments; optimal treatment timing at the lowest rate 
possible; the use of drift control agents; and other informed choices made by the professional 
applicator. 
Dissipation rate: Some aquatic herbicides essentially break down immediately or are rapidly 
absorbed by plants and vegetative matter. Studies to determine fish toxicity are conducted in pure- 
water systems (without plants) over a period of several days. Such studies provide comparable 
standards for judging toxicity and regulating products, but they are not necessarily equal to fish 
exposure and product toxicity in a natural, living system when a herbicide is used according to label 
directions. 
Sediment binding: Some aquatic herbicides ultimately bind to organic matter, algae and soil 
particles and partially end up in lake sediments, where they may be metabolized by microbes or 
made unavailable through the physical process of mineralization. A product that is bound in the soil 
this way rarely presents a toxicity concern. 
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9. Is it safe to eat fish from the lake after herbicides have been applied? 
 
No aquatic herbicides currently registered by the EPA have fish consumption restrictions. There are 
no restrictions because herbicides have established “tolerances” that are set by the EPA and the 
FDA. Tolerances are boundaries for acceptable levels of pesticide residues in food and are 
established after review of submitted data and in accordance with the Federal Food, Drug and 
Cosmetic Act. If an aquatic herbicide has tolerances set for fish, then the label will instruct whether 
the fish can be consumed immediately after treatment or if there is a waiting period. Where there is 
no established tolerance (either because the registrant has not sought it or due to the properties of 
the product), the label will prohibit the consumption of fish from a treated lake until enough time 
has passed for no residues of the product to be found in fish tissues. Professional applicators are 
well aware of the restrictions necessary for fishing and fish consumption, as these restrictions are 
clearly specified on the herbicide label. Applicators are required to post signs or otherwise clearly 
inform lake users of any water use restrictions. 
 
10. How long does it take for herbicides to break down? Do the chemicals become concentrated in 
the fish or the sediment of the lake? 
 
There are some specialized terms that will help you understand the metabolic processes that are at 
the root of this question. They are adsorption, depuration, bioaccumulation and bioconcentration. 
Adsorption is the manner and rate at which an organism assimilates a chemical into its system, 
whereas depuration is the manner and rate at which the organism rids itself of a chemical. 
Bioaccumulation occurs when the rate of adsorption (taking up the chemical) exceeds the rate of 
depuration (ridding of the chemical) during the period of exposure. When exposure is stopped, 
depuration continues and the organism will gradually clear itself of the chemical. Some scientists 
debate whether there is a difference between bioaccumulation and bioconcentration. However, 
bioconcentration is slightly different than bioaccumulation because the levels of a chemical that 
bioconcentrates build up and become more concentrated over time. This occurs because 
depuration is non-existent or very slow, so the organism never clears the chemical from its system 
and may build up higher and higher concentrations upon every exposure to that chemical. 
Bioconcentration does not occur in any currently registered aquatic herbicide. A herbicide may have 
a short bioaccumulation period in edible organisms like fish and in such a circumstance would be 
labeled with restrictions to prevent consumption until the depuration process has cleared the 
chemical from the organism’s system. 
 
Some aquatic herbicides may accumulate in sediments, but as discussed above, this is typically also 
associated with sediment binding that limits the biological availability of the product. The EPA takes 
into account potential accumulation of pesticides in fish and sediment prior to registering any 
product for use in water. In fact, pesticide accumulation in living systems or the environment is one 
of the “stop lights” discussed in Question 3 above. It is unlikely that any chemical that 
bioconcentrates would be registered for outdoor use in today’s regulatory environment. It is 
possible that a product that bioaccumulates might be registered, because in most instances this 
property can be managed by restricting application rates, treatment intervals and consumption of 
treated organisms. If risks to man or the environment are unacceptable or unmanageable, then the 
product simply will not be registered. 
 



 

205 

11. Are aquatic herbicides carcinogens? Will they give me cancer? 
 
There are currently no registered aquatic chemicals that are classified as carcinogens. The treatment 
of water systems with herbicides is considered a widespread use with high potential for human and 
nontarget organism exposure. Consequently, products registered for use in water must present a 
very low risk profile, even when – in the case of aquatic herbicides – potential exposure to humans 
is neither pervasive nor long term. Any legitimate evidence of carcinogenicity would immediately 
put the registration and use of an aquatic herbicide in jeopardy. 
 
This brings up an area that confuses many people – how to interpret different kinds of studies with 
respect to their validity for use in the “risk equation.” A number of factors contribute to the validity 
of a study, such as the purity and reliability of the test system (contaminants not found in the 
product or nature, or the use of unusual species or strains of test animals that could create false 
results), the statistical power of the experiment itself (inadequate numbers of test organisms or 
improper statistical analysis of results could yield false conclusions), or the route of exposure (an 
exposure route impossible in nature, such as intravenous injection of high concentrations of 
chemical). For these reasons, some studies are not used in the risk assessment process, provided 
there is a body of reliable information that contradicts their findings. In the event a new finding is of 
concern, the EPA has the means to restrict use, cancel use or put other protective measures in place 
until additional data are generated or assessed. 
 
12. Plants that have been treated with herbicides rot and sink to the bottom of the lake and cause a 
buildup of muck. We don’t want muck buildup so we shouldn’t use herbicides, right? 
 
The best time to treat with herbicides is usually in the spring when plants are very actively growing 
but still small. This practice results in very insignificant organic matter additions to the lake. 
Furthermore, research has shown that when the growth of plants is restricted or controlled with 
herbicides or other means, much less organic matter is produced than if plants are left untreated. 
Plants that are not managed in some way grow until they reach their full annual biomass and then 
naturally die back each winter; as a result, all the material produced by a plant over the course of 
the year is added to the lake annually. By reducing plant growth, herbicide use can actually reduce 
organic matter production and accumulation. Another factor contributing to “muck” is 
sedimentation. Dense stands of weeds tend to trap particles suspended in the water column and 
increase sedimentation or “muck” buildup. 
 
13. I’ve watched herbicide applications in other lakes and the applicators always wear “moon suits” 
and all sorts of protective gear even though the label says we can swim and fish immediately after 
application of the herbicide. This makes no sense – what gives? 
 
Pesticide labels are developed to take into consideration both the exposure to workers (handlers 
and applicators) and the exposure to the environment. Workers repeatedly handle concentrated 
herbicides before they are diluted for application. Therefore, applicators are required to wear 
personal protective equipment to minimize their exposure to high doses of chemical if the chemical 
properties of the concentrated herbicide pose a risk to them. Herbicides are diluted literally millions 
of times when they are applied to water and they are usually applied once per season. As a result, 
the same precautions are simply not necessary for any lake water users who are not repeatedly 
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exposed to high concentrations of herbicides. For comparison, a tablespoon of salt in a batch of 
yeast dough contributes to the flavor and perfection of the final loaves of bread – but a tablespoon 
of salt taken alone could be dangerous for you. 
 
14. People used to say that DDT, chlordane and all those other pesticides were safe and now they’re 
banned. Will this happen with more modern herbicides too? 
 
DDT was first registered as a pesticide in the 1940s; chlordane was first registered in 1948. Both of 
these compounds were insecticides and are in no way related to any currently registered aquatic 
herbicides. There is absolutely no comparison to the testing standards and regulatory requirements 
in place today with the meager parameters that were in place in the first half of the last century. 
Needless to say, our understanding of science, toxicology and the environment has increased 
tremendously in the last 50 years. 
 
The oldest registered aquatic herbicide appeared first in the late 1950s. Any products surviving 
since then have been subjected to additional reviews and many additional data requirements, 
culminating in updated and more rigorous risk assessments, including reregistration. It is a 
testimony to their safety that, as testing and registration requirements increase, older aquatic 
herbicides are still in use today. In fact, with the additional testing, many restrictions have actually 
been removed from older products. Products developed over the course of the last 30 years, during 
our cycle of increased understanding and advanced science, are designed to have a minimal impact 
on the environment and are simply not comparable to the “first generation” pesticides like DDT and 
chlordane. Today’s products are developed with the knowledge of their toxicity and impact and 
would not be registered or commercially developed if they carried a high “risk burden.” 
 
15. I agree that we have to use herbicides to get our weed problem under control, but how can we 
as residents reduce the risks associated with the use of these chemicals? 
 
First of all, by taking the time to read and understand this manual, you have already invested in 
reducing your own risks, because you now understand the importance of following label directions 
and the instructions provided to you by your professional applicator. 
 
Second, plan carefully and completely for a herbicide application in the early stages of an aquatic 
weed infestation so that your lake can be treated at the optimum time of the year with the lowest 
effective treatment rates, which can reduce the need for multiple treatments. This action will likely 
provide more effective weed control, reduce costs and lower the total amount of chemical that may 
be required for adequate weed control. 
 
Additionally, many states have regulatory agencies that conduct additional risk assessments to 
refine their understanding of product properties as specifically as possible for the conditions in their 
state. In some cases, specific permits or precautions are required on a treatment-by-treatment basis, 
thereby further ensuring that lake residents and users understand the restrictions, if any, on the use 
of the lake or its resources. For example, New York takes an additional precautionary step and adds 
another layer of protection by restricting swimming in any treated lake for 24 hours after any 
pesticide application to its waters – even though scientific data, the label and product properties do 
not call for this additional precaution. 
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The risk-reducing protections necessary for safe use of a registered product are already in place 
once the product is registered. All you have to do is follow the label, the instructions of the 
applicator and any additional local regulations. 
 
16. What exactly is risk? I don’t want any risk! 
 
We cannot live in a risk-free environment. Living near a lake is in itself a “risk.” Risk, as related to the 
science of risk assessment, is poorly understood by anyone other than risk-assessment scientists. 
Most people equate “risk” with “being exposed to a risk”, but these are not the same thing. Risk 
assessors deal with the likelihood (or probability) of an event happening at all, while being at risk is 
the likelihood of being affected by an event that is known to happen. Thus, the risk assessor will 
come to a conclusion (for example) that a given dose of a chemical has a one in a million chance of 
causing cancer, while the statistician following causes of death will report that an individual has 
approximately a one in four chance of dying from cancer. Two very different endpoints. 
 
When we put actual quantifiable risks in perspective, the risk of harm from an aquatic herbicide (or 
any pesticide, for that matter) is negligible. The National Safety Council (2005) reports the following: 
 

• The leading causes of death in the US are heart disease, cancer, stroke, respiratory disease 
and unintentional accidents, in that order. 
• Of unintentional accidents, the fourth ranked cause of death is drowning. The odds of 
drowning in natural water (as opposed to a swimming pool) are 1 in 2,378. 

 
No risk estimate for the effects that might result from exposure to a pesticide even begins to 
approach this number. 
 
In risk assessment, the end point sought is that the probability of a risk is so low that it is expected 
to not occur. In risk assessment, “risk” is defined as the relationship between hazard and the 
likelihood of exposure. When aquatic herbicides are used in a lake, most residents and lake users 
will have little or no exposure to the product used for weed treatment, based on the application 
methods, precautions taken and infrequency of treatment. Your risk of suffering from an event 
related to herbicide use and exposure is miniscule. 
 
17. Does the EPA guarantee that these herbicides are safe? 
 
The regulatory language of FIFRA (Appendix A) actually prohibits descriptive language that would 
imply any registered pesticide is “safe.” In part, this is because “safe” is a relative term that could 
easily be misleading. No agent, natural or man-made, is completely “safe.” Even water, which is 
essential for life, can be dangerous if too much is consumed because in excess it can disrupt the 
balance of electrolytes in a living system. Electrolyte imbalance can lead to shock and eventual 
death if not corrected. 
 
As discussed above, EPA registration requirements and the risk assessment process supporting a 
pesticide registration are intense and thorough. The directions for use that are listed on the product 
label take into account risk management measures that are necessary to reduce the risk of exposure 
to the point where there is no reasonable expectation of environmental or human health effects. 
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Furthermore, there is now a revolving and formal Registration Review process, assuring that new 
scientific procedures and risk assessment methods are applied through a revolving process to all 
EPA registered products over the life of their registration. 
 
18. Who else studies these chemicals besides the EPA? 
 
Chemical use and its effects on the environment are closely scrutinized by many groups, including 
independent university scientists, state regulatory agencies, environmental groups and even the 
chemical companies themselves. Additionally, as the world economic and regulatory systems 
become more global, there is a closer coordination between countries in their requirements for and 
review of data on chemicals. 
 
There are also protections written into FIFRA with respect to the discovery of previously unobserved 
effects. If a legitimate finding is made known to the company holding the registration for the 
chemical, that company must, within 15 days, report that finding and its significance to the EPA. If 
the EPA deems that the event is critical, it can immediately stop the sale or otherwise limit the use 
of the product. If the significance of the event is not major, but requires further understanding, the 
EPA may issue additional data requirements so that the initial finding can be studied and causes for 
it can be determined. Failure to follow these reporting requirements carries heavy penalties. 
 
19. Big corporations are only interested in making money – they don’t care whether their product is 
safe! 
 
The development, registration and marketing of a pesticide take place in a highly visible segment of 
business in which relatively few companies compete. Add to that the extra burden of registering 
products for use in water systems and the general business risk couldn’t get much higher. This is a 
mature industry with extremely high standards, a heavy regulatory obligation and a tremendous 
amount of exposure. Corporations employ scientists to conduct the research required for pesticide 
regulation, and these scientists eat the same food and use the same resources that we all enjoy. No 
company in such an environment would survive negligence, data falsification or poor business 
ethics. The mistakes of the early years that occurred in an emerging regulatory system and a 
budding scientific understanding of the environment that surrounds us are simply not inherent to 
the business today. They are of the past. Today’s aquatic herbicide registrants are heavily invested 
in the safe and beneficial use of their products, environmental stewardship and sustainable 
practices. They have to be, or they wouldn’t be here tomorrow. And being here tomorrow is how 
they survive, not simply by making money with no future in sight. 
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Appendix D: Developing a Lake Management Plan 
John D. Madsen: Mississippi State University, Mississippi State MS; jmadsen@gri.msstate.edu 
 
 
 
 
Introduction 
Invasive aquatic plants are a major problem for the management of water resources in the United 
States. Nonnative invasive species cause most of the nuisance problems in larger waterways and 
often produce widespread dense beds that obstruct navigation, recreation, fishing and swimming 
and interfere with hydropower generation. In addition, dense nuisance plants increase the 
likelihood of flooding and aid in the spread of insect-borne diseases. Invasive plants also reduce 
both water quality and property values for shoreline owners. 
 
Invasive species have a negative impact on the ecological properties of the water resource. They 
may degrade water quality and reduce species diversity while suppressing the growth of desirable 
native plants. Invasive species may alter the predator/prey relationship between game fish and their 
forage base, which results in higher populations of small game fish. Invasive species may also 
change ecosystem services of water resources by altering nutrient cycling patterns and 
sedimentation rates and by increasing internal loading of nutrients. 
 
The most troublesome invasive plants that cause problems in the United States are listed in the 
following table. These species and recommendations for managing them are discussed in Chapter 
15 of this manual. These exotic weeds are most likely to cause the greatest concerns, but many 
other native and nonnative species can cause problems as well, particularly in small areas or in 
ponds. 
 

Submersed 
Common name Scientific name Described in: 

Hydrilla Hydrilla verticillata Chapter 15.1 
Eurasian watermilfoil Myriophyllum spicatum Chapter 15.2 
Curlyleaf pondweed Potamogeton crispus Chapter 15.3 
Egeria Egeria densa Chapter 15.4 
Fanwort and cabomba Cabomba caroliniana Chapter 15.5 

 
Emergent 

Common name Scientific name Described in: 
Waterchestnut Trapa natans Chapter 15.6 
Phragmites Phragmites australis Chapter 15.11 
Purple loosestrife Lythrum salicaria Chapter 15.12 
Flowering rush Butomus umbellatus Chapter 15.13 

 
Floating 

Common name Scientific name Described in: 
Waterhyacinth Eichhornia crassipes Chapter 15.7 
Waterlettuce Pistia stratiotes Chapter 15.8 
Giant and common salvinia Salvinia molesta, S. minima Chapter 15.9 
Duckweed and watermeal Multiple Chapter 15.10 
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Development of a management plan 
Water resource managers need to have an aquatic plant management plan for long-term 
management, even in bodies of water that have not yet been invaded by these exotic species. An 
effective aquatic plant management plan should establish protocols to prevent the introduction of 
nuisance plants, provide an early detection and rapid response program for the waterbody so new 
introductions can be managed quickly at minimal cost and aid in identifying problems at an early 
stage. The plan should also assist in identifying resources and stakeholders so that coalitions can be 
built to aid in the management of problem species. The planning process should include 
information that is already available and identify gaps in knowledge where more information is 
needed. An effective management plan will help water resource managers communicate the need 
for management of invasive species and provide a rationale or approach for management. A 
comprehensive aquatic plant management plan should have eight components: prevention, 
problem assessment, project management, monitoring, education, management goals, site-specific 
management and evaluation. 
 
Prevention 
The focus of a prevention program is education and quarantine combined with proactive 
management of new infestations (early detection and rapid response). Most invasive aquatic plants 
are introduced to a water body as a result of human activity and introductions most often occur 
when invasive plants are transported on boats, watercraft and boat trailers. Prevention activities can 
include signage at boat launches and marinas and other educational programs. Successful 
prevention programs utilize federal and state legislation, enforcement, educational programs in 
broadcast and print media and volunteer monitoring programs. An early detection and rapid 
response program should be employed in conjunction with prevention efforts to control new 
infestations at an early stage. Proactively controlling new infestations before they develop into large 
populations of exotic plants is both technically easier and less expensive, which results in major cost 
savings in the long run. The eradication of small populations is much more likely than eradication of 
large established populations. Early detection and rapid response is a critical component of an 
exotic species prevention program and is emphasized by federal agencies involved in invasive 
species management. 
 
Problem assessment 
Problem assessment should focus on identifying a problem in a given waterbody and collecting 
information about the problem. This information can then be used to formulate specific problem 
statements that define the cause of the problem. Problem assessment is the process of both 
acquiring objective information about the problem, such as maps and data on plant distribution, 
and identifying groups or stakeholders that should have input into formulating the problem 
statement. Problem assessments should also identify the causes of the problem and should increase 
the understanding of the water resource by reviewing information that is already available and 
highlighting areas where additional information is needed. A specific problem statement should be 
developed using the resources identified during problem assessment to aid in refining the concerns 
of users and the nature of the nuisance problem. 
 
Project management 
Project management is often a neglected aspect of managing invasive plants, particularly when 
volunteers manage the project. Successful projects are the result of good planning and 
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management of assets, which include financial resources, partnerships, volunteers and other 
personnel. Detailed records of expenses must be maintained, particularly if the project is funded by 
government entities. In addition, a thorough evaluation of success of the program should include 
expenditures of both time and labor. 
 
Monitoring 
A monitoring program should include not only an assessment of the distribution of the target plant 
species, but also a program to monitor other biological communities (including desirable native 
plant communities) in the water body. Water quality parameters should be recorded on a regular 
basis to determine whether long-term changes have taken place in the water body and to assess 
whether management activities have had a positive or negative effect on other aspects of the water 
resource. Monitoring should also include baseline data collection (as outlined in the problem 
assessment section above), compliance monitoring involving a permit and assessments of 
management impacts to the environment at large. Successful monitoring programs often include a 
“citizen” monitoring component. For instance, citizen monitors have assessed water quality in many 
water bodies for several decades using techniques as simple as measuring water clarity using a 
Secchi disk (see page 3). The largest volunteer network in the US is The Secchi Dip-In 
(http://dipin.kent.edu/secchi.htm), though many states also have a statewide volunteer network 
(e.g., Florida, http://lakewatch.ifas.ufl.edu/; Maine, http://www.mainevolunteerlakemonitors.org; and 
others). 
 
Education and outreach 
Education and outreach should be initiated at the beginning of the program and should continue 
throughout the project. Education initially consists of familiarizing the project group with the 
problem and possible solutions, which helps to build a consensus regarding the solution. As the 
program progresses, education efforts should be extended to include the public (in addition to 
stakeholders in the lake association) and to inform them of the problem, possible solutions and 
what actions the program is taking to address the problem. It is important to provide as much 
information as possible to the public and to be forthright and open about management activities. A 
public web page devoted to the management program can be a very successful tool but the project 
group should utilize local media outlets, such as newspapers and radio, as well. Also, if your project 
is successful, share your success with others through homeowners associations or your local county 
cooperative extension service. 
 
Plant information and methods 
The development of a program to monitor invasive plants requires a list of invasive, nonnative, 
native, endangered and threatened plant species in the waterbody, maps marked with the locations 
of species of concern or species targeted for management, locations of nuisance growth and 
bathymetric maps. Quantitative plant data (sampling for plant distribution or abundance using a 
recognized sampling protocol) should be used for assessment, monitoring and evaluation as often 
as possible. Quantitative data is more desirable than qualitative data (subjective assessments such 
as “a big population” or “heavily infested”) because: 
 

• Quantitative data is objective and provides hard evidence regarding the distribution and 
abundance of plants, whereas subjective surveys are based on opinion rather than fact 
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• Quantitative data allows for rigorous statistical evaluation of plant trends in assessment, 
monitoring and evaluation 
• Quantitative data and surveys may eliminate costly but ineffective techniques in a given 
management approach 
• Quantitative data allows individuals other than the observer to evaluate the data and to 
develop their own conclusions based on assessment, monitoring and evaluation data 

 
Plant quantification techniques vary in their purpose, scale and intensity (see table below). Cover 
techniques include both point and line intercept methods. These techniques yield the most 
information regarding species diversity and distribution and can reveal small changes in plant 
community composition. The best method for measuring plant abundance remains biomass 
measurement but this is time-intensive and usually reserved to evaluate the effectiveness of 
management activities. Hydroacoustic surveys measure submersed plant canopies while the plants 
are still underwater and are excellent for assessing the underwater distribution and abundance of 
submersed plants; however, this technique is unable to discriminate among species. Visual remote 
sensing techniques, whether from aircraft or satellite, have also been widely used to map topped-
out submersed plants or floating and emergent plants. 
 

Aquatic Plant Quantification Techniques 
Technique Information produced 

Cover techniques: point intercept Species composition and distribution (whole-lake) 
Cover techniques: line intercept Species composition and distribution (study plot) 
Abundance techniques: biomass Species composition and abundance 
Hydroacoustic techniques: SAVEWS Distribution and abundance (no discrimination among species) 
Remote sensing: satellite, aircraft Distribution (plants near the surface only, no discrimination among 

species) 
 
Management goals 
Specific management goals that are reasonable and testable should be formulated as part of the 
management plan. This set of goals provides the milestones that can be used to determine whether 
the management program is successful. If specific management goals are not established, 
stakeholders may dispute whether management efforts have been successful since they may lack a 
clear understanding of the expectations of the management program. Goals should be as specific as 
possible, including indicating areas that have a higher management priority. 
 
Providing stakeholders with a specific set of goals will allow them to evaluate quantitative data to 
determine whether management goals have been met. For instance, if vegetation obstructs 
recreational use of the waterbody, a goal of “unobstructed navigation” is vague and may result in 
unending management. If, however, the goal is to maintain navigation channels in navigable 
condition 90% of the time, then the success of the management program can be measured, tested 
and compared to the specific goal. Once plant management goals are developed, methods to 
achieve the goals should be implemented using techniques that are acceptable to stakeholders and 
regulatory agencies based on environmental, economic and efficiency standards. Management 
techniques will vary based on conditions within the water body and frequently change over time; 
this is referred to as site-specific management. 
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Site-specific management 
Site-specific management utilizes management techniques that are selected based on their 
technical merits and are suited to the needs of a particular location at a particular point in time. 
Techniques should be selected based on the priority of the site, environmental and regulatory 
constraints of the site and the potential of the technique to control plants under the site’s particular 
conditions. 
 
Spatial selection criteria 
include the identity of the 
target weed species, the 
density of the weed, the 
size of the infested area, 
water flow characteristics, 
other uses of the area and 
potential conflicts between 
water use and restrictions 
associated with selected 
management techniques. 
For example, consider an 
area of nuisance growth 
that is close to a drinking or 
irrigation water intake. The primary use of the water (i.e., drinking or irrigation) may preclude the 
use of herbicides that cannot be applied to waters used for drinking or irrigation; therefore, the 
most appropriate control method for this area might be the use of a benthic barrier and suction 
harvesting. Consider another site that is more than a mile from the same intake. Weeds at this site 
could be controlled with herbicides without restrictions on other uses (provided the label specifies 
use of the herbicide in the area). Perhaps you have an area that is colonized mainly by scattered 
plants instead of dense stands. If the goal is to eradicate the plant from the water body and you 
have volunteers at your disposal, hand pulling may be the best method to prevent the formation of 
dense beds of the weeds. 
 
Management techniques may change over 
time based on the success (or failure) of 
the management program. For example, 
consider Long Lake in Washington State, a 
small body of water that was dominated 
by Eurasian watermilfoil (Chapter 15.2) 
throughout more than 90% of the littoral 
zone. A whole-lake treatment of fluridone 
was applied to Long Lake, which reduced 
the biomass of the weeds by more than 
90%. Small remaining beds in the second 
year were managed with diver-operated 
suction harvesting, benthic barriers or spot 
treatment with contact herbicides. By the third or fourth year, routine surveys found only sporadic 
Eurasian watermilfoil fragments, which were removed by hand harvesting. Similar treatment 




