
Frepcred for:
Shepoug Wqlershed Associqlion
c/o Woodridge Loke Propeily Owners
Associolion, Inc.
260 Eost Hyerdole Drive
P.O. Box | |
Goshen, CT 06756

Frepcred byr
Aquotic Control Technology, Inc.
Eleven John Roqd
Sutlon, MA 0I590

Fa$f Ai.;F tA{B A A!{A*tidRri{ $Pf{iAsr$r$



TABLE OF CONTENTS

TABLE OF CONTENTS....

INTRODUCTION AND BACKGROUND.............. I
tAKE CHARACTERtStCS........ ..........................1

SURVEY METHODS:.... ............................ I
SURVEY RESUTTS AND DISCUssION.. ........................2

MANAGEMENT OPTIONS.... 5

Hand-Pulling, Suction Harvesting and Benthic Barriers.......... ...............5

Summor ond Recommenda

IIST OF TABTES

Table 1: Frequency of Occurrence ...,.,,,.,.......,...... 2

Table 2: Temperature/ Dissolved Oxygen Profile and Secchi disk reading.......... .............,..... 4
Table 3: Comparison of Manual Eurasian Milfoil Control Techniques.. ............. 5

Table 4: Summary of Herbicides Used for Eurasian Milfoil in Northern Tier States..... .......,, 13



INTRODUCTION AN D BACKGROUND

ln 20LL Aquatic Control Technology, Inc. (ACT) was contracted to conduct Initial Water Body
Assessments of both Tyler Lake and West Side Pond as part of an effort to monitor nuisance aquatic
plant growth in the Shepaug Watershed. These assessments will provide baseline measurements which
can be used in the development of long-term management strategies and in the assessment of the
efficacy of those management efforts. Results of the survey at Tyler Lake are provided in the following
sections.

LAKE CHARACTERISICS

Tyler Lake is located in Goshen, Connecticut (73"15'3737"W 41'50'L0.61"N). The lake has a surface
area of approximately 204 acres as measured off the orthophoto coverage available from CT DEP. Tyler
Lake has a reported mean depth and maximum depth of 3.7 meters and 7.9 meters respectively. The
retention time and flushing rate have been calculated to be 99 days and 3.7 times/year, respectively.
Tyler Lake has four major tributaries located along the northern and western shoreline. Water exits the
Lake at the southeast corner. (Canavan and Siver, 19951)

SURVEY METHODS:

The survey completed on September L9, 201L was
conducted using methods derived from the point intercept
sampling procedure developed by the U.S. Army Corps of
Engineers (Madsen 1999). The point intercept method is

intended to document the spatial distribution, percent
cover and biomass of individual aquatic macrophyte
species at randomly generated data point locations. In the
case of Tyler Lake this methodology was used specifically
to monitor the lake wide distribution and cover of Eurasian
milfoil. This approach also yields a quantitative, historic
record of plant species presence and distribution
throughoutthe lake.

Using ArcView 9x software, point intercept data points
were created at the vertices of a 100 meter survey grid. A
total of 79 data points were established (Figure 1). Each

data point is navigated to by boat using a

Differential/WAAS GPS unit. Information recorded at
each data point included: water depth, plant species
present and estimates of biomass and percent cover.
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The cover/density and biomass of plant growth at each data point was estimated based on the results of
the rake toss and visual inspection. Cover was estimated as the percent of the areal bottom supporting

' Canavan, Richard W iV and Siver, Peter A Connecticut Lakes: A study ofthee Chemical and Physical Properties ofFifty-six Connecticut
Lakes 1995 Pp299 Connecticut College Arboretum, New London CT



plant growth. A biomass index was assigned based the average height of the plants in the vicinity of the
sample point.

0 no plants

1 growth along bottom
2 growth halfway through water column
3 growth within 1-2 feet of surface
4 growth to the surface

Separate cover and biomass estimates were recorded for all plants and for milfoil separately.

In addition to surveying aquatic plant densities and distributions throughout the Lake, water quality
samples, a Secchi disk measurement and a temperature and dissolved oxygen profile were collected
mid-lake.

SURVEY RESULTS AND DISCUSSION

Aquatic Plant Species Distribution
The presence or absence of aquatic plants at specific surveyed locations is a meaningful and unbiased
measure of the distributions of an aquatic plant assemblage. Table 3 shows the frequency of occurrence
values (percentages) for aquatic plant species encountered.

Table l: Aquatic Plant Species Frequency ofOccurrence:

Ce roto p hy I I u m d em e rs u m Coontail 228 3.8
Elodea conodensis Elodea or Waterweed 2r.5 2.5

Filamentous algae 38 25
Fontinalis Aquatic moss 25 13
Grotiola spp. Hedge hyssop 25 25
lsoetes sp. Quillwort 25 z)
Megalodonta beckii Water marigold 51 0

Myriophyl!um spicatum Ir.:rasien nrilfoiI .xo.z 38
Nojas flexilis Slender naiad 0
Nojos guodolupensis Common water nymph 89 56
Charo / Nitello Macro-algae 13 0
Nuphor variegotum Yellow waterlily f,f 0
Pota mog eto n a m pl ifo i I i u s Large-leaf Pondweed 342 !2.7
Potamogeton natans Floating-leaf pondweed I5 0

Polygonum sp. Smartweed r-5 0

Potomogeton pe rfoliotus Clasping-leaf pondweed t2.7 L.3

Potamogeton robbinsii Robbins pondweed 39.2 L2.t
Poto mog eton p r d el o ng u s White-stemmed pondweed 2r.5 0

Potomogeton zoste riformis Flat-stem oondweed 127 38
Sogittoria sp. Arrowhead 13 0

Sporganium sp. Bur-reed _t5 0

Utricularia vulgaris Bladderwort 2.J 0

Vollisnerio omericono Wild celery t9 53



Twenty-two native aquatic plant species were identified during the survey. The average species richness
and maximum species richness (number of species observed per data point) were 2.6 and 12
respectively. Robbin's pondweed (Potamogeton robbinsii) and Largeleaf pondweed (potamogeton
amplifolius) were the most widespread native species. Both species were observed throughout the
littoral zone.

Percent Cover

During the survey quantitative estimates of the areal bottom cover were recorded for the total olant
growth and for milfoil growth at each data point location. In general aquatic plant species occupied the
Lake bottom where depths were less than L5 feet. The average percent cover for all data points
measured was approximately 5t% (n=79). In the littoral zone (< 15 feet) the average percent cover at
the data points was approximately 84% (n=46). This high density of aquatic plant species in the littoral
zone is common for Eutrophic lakes such as Tyler Lake.

Eurasian milfoil was the second most widely distributed plant species observed in Tyler Lake. lt was
present at 36 percent of the data points measured, however it was only dominant at 4 percent of the
data points. Eurasian milfoil was observed throughout the majority of the littoral zone. Qualitatively
more scattered densities of Eurasian milfoil were observed in depths of less than 9 feet and moderate
densities were observed in depths of 9 to 12 feet. The highest density Eurasian milfoil was observed in
the southern end of the pond in depths of 9 to L2 feet, The area infested with Eurasian milfoil totals to
approximately 120 acres.
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Biomass
During the survey quantitative index values representing the biomass or height in the water column
were assigned for the total plant growth and for milfoil growth at each data point location. As previously
mentioned the index values utilized were 0: no plants; t = growth along the bottom; f = growth halfway
through the water column; I = growth within L-2 feet of the surface; 4 = growth to the surface.
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The average biomass index value for all species was 1.2 at all data points and 2.0 when only littoral zone
data points were included in the calculation. The average biomass index value for Eurasian milfoil alone
was much higher at 3.2 when only points containing milfoil were included in the calculation. This trend
in higher biomass for Eurasian milfoil than other species is indicative of milfoil's evolutionarily
advantageous canopy forming characteristic, by which milfoil shades out the other plant species.

Water Qualitv

Table 2: Temperature/Dissolved oxygen profile and Secchi disk reading for Tvler Lake on September 19tn 2011
Depth (meters) Temperature Dissolved Oxygen
SurJace 18.2 8.05
t 17.8 801
2 17.5 7.76
3 Lt-3

L7.1. 7.41,
5 17.0 738
6 1-6 8 733
7 164 7.29
Secchi Disk Reading = 6.67 feet



The results of the temperature and dissolved oxygen profile indicate that the water column in Tyler Lake
is uniformly well oxygenated. No stratification was observed. A Secchi disk reading of 6.67 is a typical
water clarity measurement for a Lake of this size in September.

MANAGEMENT OPTIONS

The following section discusses several aquatic plant management options. Each strategy is evaluated in
reference to the current conditions found at Tyler Lake, discussing both advantages and disadvantages
of the particular technique. Non-chemical controls are discussed first, followed by an evaluation of
mechanical harvesting and chemical treatment options.

Hand-Pullins, Suction Harvesting and Benthic Barriers
Hand-pulling, suction harvesting (or DASH - diver assisted suction harvesting) and benthic barrier
installations are generally used to control small localized patches of dense plant growth or widely
scattered aquatic growth. The efficiency and high per-acre unit cost of these control strategies often
limits their application to newly discovered, "pioneer" infestations or as follow-up to a larger scale
management strategy such as chemical treatment or drawdown. lt is usually ineffective, expensive and
sometimes counter-productive to utilize these strategies on large-scale control efforts.

All three of these approaches have been utilized as primary Eurasian milfoil management strategies at
other lakes in the Northeast with varied success, and while they can be effective they are often best
utilized as part of an integrated management plan that incorporates chemical and physical controls to
achieve desired milfoil control.

Table 3: Comparison of Manual Eurasian Milfoil Control Techniquesz

Approach Typical Application Advantages Limitations Approximote
Unit Cost

Ha nd-Pu lling Widely scattered
plants <500 stems per
acre

. Highly selective

. Can utilize trained
volunteers in some cases

lmpractical for large areas with
milfoil coverage greater than -1-5%.

Reduced visibility from poor water
clarity or suspended sediments from
a mucky bottom

5s00 -

>z5uulacre

Suction
Harvesting /
DASH

Small scattered to
moderate infestations
(< 1 acre in size)

o More efficient than hand
pulling for higher plant
densities

Equipment difficult to relocate
Additional staff required
Increased turbidity
Verv hish cost

Ssooo - 514,soo
/ acre

Benthic Barriers Small dense patches
(< 0.25 acres)

. Quick control for small
areas

. Prevents re-infestation

. Barriers can be reused

o Non-selective, kills all plants and
may impact macroinvertebrates and
other non-target organisms

. Barriers require routine
maintena nce

r High cost per acre

>s25,000 -

$so,00o /acre

Mechanical Removal
Several different approaches have been used to mechanically remove aquatic vegetation. The most
commonly employed strategies in the northeast include dredging, harvesting and hydro-raking. Other

2 Commonweolth of Mossqchusetts Executive Office of Environmenfol Affoirs.
Prqclicol Guide fo loke Monogement Mqssochuseffs (2004)r I 02-l 03.



mechanical techniques like rotovating/rototilling have been used on a limited basis elsewhere across the
country with anecdotal, if any, demonstrated project experience in New England.

Mechanical control of Eurasian milfoil is generally not recommended in water bodies like Tyler Lake

where Eurasian milfoil is not already densely distributed throughout a majority of the littoral area.
Unavoidable plant fragmentation resulting from mechanical harvesting or hydro-raking will likely lead to
increased milfoil distribution. There is also considerable qualitative evidence that suggests repetitive
mechanical harvesting stimulates increases in Eurasian milfoil abundance. Major limitations of
mechanical approaches at Tyler Lake are presented below.

c Dredoinq - Dredging involves the removal of bottom sediment to add water depth. lt
controls aquatic vegetation through physical removal of the plant and root structures and
nutrient-rich sediments, leaving nutrient-poor sediments less suitable for plant growth.
There can also be the added benefit of increasing water depth below the photic zone or
the depth that light can penetrate to support plant growth.

Dredging can be accomplished by various means. Dry-dredging involves draining the lake
and using conventional excavation equipment. Wet-dredging, performed without
lowering the water levels, uses drag-line equipment from shore or excavation equipment
on floating barges. Hydraulic or suction dredging involves the use of a floating barge
equipped with an auger cutting head that pumps a slurry of sediment and water to nearby
containment basins for dewatering. Dredging projects carry a high cost relative to other
management techniques, and seldom are they a cost-effective means of controlling
rooted aquatic plants. Detailed planning and complicated, local, state and federal permits
will also be required for most dredging projects. The permitting, data collection and
planning process prior to implementation can take several years and may cost 550,000-
51-00,000 or more on large lakes.

Dredging is not a recommended strategy
Currently, Eurasian milfoil is too widely
dredging to be cost-effective.

for aquatic vegetation control at Tyler Lake.

distributed for smaller-scale, area-selective

. Horvestinq - Cutting and collecting aquatic vegetation with specialized equipment is

termed mechanical harvesting. Mechanical harvesters are barges propelled by paddle
wheels and equipped with depth-adjustable cutting heads and conveyor-mesh storage
areas. Plants are typically cut near the sediment and water interface, usually to a

maximum depth of 7 feet. Once a full load is collected, the harvester travels to shore to
off-load. Complimentary shore-conveyors and trailer conveyors are available to transfer
the harvested material directly into dump trucks, or it can be stockpiled on shore to
dewater before being loaded and hauled to a permanent disposal location.

With the exception of true annual plants that only propagate from seed, harvesting
typically provides temporary control of aquatic plants. However, many aquatic plants re-
grow rapidly after being cut (much like cutting a lawn), necessitating two or more cuttings
per summer to maintain open-water conditions. Milfoil growth rates have been
documented at more than one inch per day and re-growth is usually fairly rapid following
harvesting programs. Harvesting also poses a significant risk of spreading highly invasive
species like Eurasian milfoil which propagate through vegetative fragmentation. As a



result, harvesting is not a recommended technique to control low density or partial lake

infestations of these plants and it is not recommended for Eurasian milfoil control at Tyler
Lake.

. Hvdro-Rokinq - Mechanical hydro-raking involves the removal of aquatic plants and their
attached root structures. Hydro-rakes are best described as floating backhoes. The barge
is powered by paddle wheels similar to a harvester, and it is equipped with a hydraulic
arm that is fitted with a York rake attachment. The rake tines dig through the bottom
sediments, dislodging the plants in water depths up to approximately 12 ft. Most hydro-
rakes do not have on-board storage, so each rake full needs to be deposited directly on-
shore or else onto a separate transport barge. Plants with large, well-defined root
structures like waterlilies and emergent species are most efficiently removed through
hydro-raking. In some cases, control of these and similar species can be attained for 2-3
years or longer. This approach is also sometimes favored for annual weed maintenance of
beach and swim areas but is not a recommended approach for Tyler Lake.

Hydro-raking is not well suited for wide-spread control of Eurasian milfoil growth
presently found in Tyler Lake. Removing the plant root structures may prcvide slightly
longer-term control of the submersed milfoil growth, but again there is a risk of creating
and spreading plant fragments that could worsen the infestation. Disturbance of the
bottom sediments may also stimulate re-vegetation by opportunistic plants like Eurasian

milfoil.

Drawdown
Lowering water levels during the winter months to expose aquatic plants to freezing and desiccation
(drying) is a commonly used management approach in northern climates. lt can be a relatively low or
no-cost management strategy, provided that several key conditions are met. First and foremost, the

target species must be susceptible to drawdown conditions. Eurasian milfoil is controlled by drawdown.
Second, the lake must have a suitable low-level outlet structure to facilitate gravity lowering. There are

often other complicating issues associated with winter drawdown. Some of the more common issues

raised include:

o Inability to sufficiently lower the water level due to limitations of outlet control structure
and insufficient capacity and gradient of outlet stream

. lmpacts to the recharge rate of the adjacent wells

. Exposure of adjacent wetlands to freezing and drying conditions during winter months
which could alter hydrology and the plant community

o Interference with recreational use of the lake during the winter months

Due to the distribution of milfoil in Tyler Lake a limited drawdown would not be capable of controlling

the majority of the milfoil growth. That said this technique may provide some control of milfoil plants in

shallow water and could therefore be utilized as part of an integrated management program.

Bioloeical Controls
The introduction of herbivorous insects and fish is often considered to be a natural and potentially long-

term management strategy to control excessive aquatic vegetation. Sterile or triploid grass carp

(Ctenophoryngidon idello)that consume aquatic plants are regularly used as a management strategy in

southern tier states. In the Northeast, they can only be used in New York and Connecticut waterbodies



under site specific permits and provided that certain conditions are met. While they reportedly will feed
on Eurasian milfoil, they do not show a feeding preference for Eurasian milfoil and are therefore not
recommended for use in a productive lake with a diverse native plant and fish community like Tyler
Lake. Non-selective vegetation removal on a large scale may have serious impacts on fish habitat and
the overall lake ecology.

The milfoil weevil (Euhrychiopsis lecontei) has shown promise as a potential long-term time Eurasian
milfoil management strategy but the results of weevil stockings have been mixed and maintaining
suitable weevil densities for sustained control has proven difficult. The weevil is a small native insect
that was discovered in Vermont to have a feeding preference for Eurasian milfoil over its native host
species northern milfoil (Myriophyllum sibiricum). Weevil stocking as a potential Eurasian milfoil
management strategy has generated a considerable amount of interest and study over the past two
decades.

The weevil does not eradicate Eurasian milfoil, but instead destroys apical meristems (or growth tips) on
the plant and reduces the buoyancy of the stems, causing the plants to collapse towards the bottom.
Adult weevils live submersed and lay eggs on milfoil meristems. The larvae eat the meristem and bore
down through the stem and pupate (metamorphose) lower on the stem. The consumption of meristem
and stem mining by larvae are the two main effects of weevils on the plant and this damage can
suppress plant growth, reduce root biomass and carbohydrate stores and cause the plant to sink from
the water column.3

Stocking and maintaining appropriate weevil densities would likely be difficult and costly in Tyler Lake.

Research suggests that weevil populations in ranging from 0.5-2.0 weevils per stem of milfoil are
necessary to obtain reductions of Eurasian milfoil.'a Based on the size of the infestation (approximately
120 acres) sustaining a minimum weevil population would likely be cost prohibitive. Due to predation
and unsuitable habitat, it is likely that a large percentage of weevils would not overwinter successfully,
requiring subsequent stockings to maintain appropriate weevil densities.

Weevil survival following stockings has been widely varied and the heath and proliferation of weevils
has been linked to a number of factors including: sediment types, flow rates, water chemistry, fish
predation, location of milfoil growth and availability of overwintering habitat.

Failure of most weevil stocking programs has been attributed to fish predation and lack of appropriate
overwintering habitat.s To successfully overwinter weevils need "natural" undeveloped shoreline where
they can spend the winter in loose soil, plants or leaf litter; lawns and managed shoreline are
inappropriate and limit the potential for overwintering survival.6 Weevil populations are also prone to
fish predation and large populations of predatory fish (particularly sunfish) can severely diminish weevil
populations. Loss of weevils to predation reportedly increases with the distance of the milfoil growth
from shore, so smaller lakes with milfoil beds near shore are more suitable for weevil stocking.T

3 Universify of Minnesolo, Deporlment of Fisheries, Wildlife qnd Conservotion Biology,

. 1 2 / 9 / 1 O <htt1 f f lw cb.ct ons.umn.edu/reseorch/milf oil/milf oilbc.html>
- Stote of Woshinglon Deportment of Ecology, Aquotic Plont Monogemenl - Milfoil Weevil, The Milfoit Weevil in Woshinglon

1 2 /9 / | O. < hftp://www.ecy.wo.gov/progroms/wq/plonrs/monogemenf/weevil.hfml>.
5 Stote of Woshington Deportment of Ecology. Aquotic Plont Monqgement - Milfoil Weevil, The Milfoil Weevil in Woshinglon

l2/9/lO. < hnp,f f www.ecy.wo.gov/progromsf wqf plontsf monogement/weevil.html>.
6 Cornell University Reseorch Ponds Focility, Depqrtmenl of Ecology ond Evolufionory Biology.

1 2 / I / 1 O. (http:www,eeb,cornell,edu/ponds/index.html>
7 Cornell University Reseorch Ponds Focility, Deportment of Ecology ond Evolutionory Biology.

1 2 / I / 1 O. (htlp:www.eeb.cornell.edu/ponds/index,html>



Robert Johnson of the Cornell University Research Ponds has concluded after years of ongoing study
that that while stocking E. lecontei at high densities can, in some cases, cause reductions of Eurasian
milfoil, the process has not been perfected enough to be considered a dependable control strategy.
"Although the milfoil weevil shows potential as a biological control for Eurasian milfoil more work is
needed to determine which factors limit weevil densities and what lakes are suitable candidates for
weevil treatments in orderto implement a cost and control effective program."s

Herbicide Treatment
The use of chemicals to control nuisance aquatic plant and algae growth is probably the most widely
used management strategy for lakes with submersed aquatic plant infestations that are beyond
effective control with non-chemical techniques like hand-pulling, suction harvesting or bottom barriers.
Herbicides that are registered for aquatic use must meet strict federal guidelines and demonstrate that
there is not an "unreasonable risk" to humans and the environment when applied in accordance with
their product label. According to Madsen (Madsen 2000), "currently no product can be labeled for
aquatic use if it poses more than a one in a million chance of causing significant damage to human
health, the environment, or wildlife resources. In addition, it may not show evidence of
biomagnification, bioavailability or persistence in the environment".

Performing chemical treatments in lakes and ponds is a highly regulated activity. Aquatic herbicides and
algaecides are subject to periodic re-registration with the U.S. Environmental Protection Agency (EPA)

where the latest technology and scientific studies are used to evaluate the potential impacts of these
products. Most of the commonly used products have recently completed EPA's more stringent re-
registration process. Aquatic treatments in Connecticut must obtain a site-specific Permit for the
Application of Pesticides in State Waters from the Department of Environmental Protection, Pesticide
Program. Applications must be performed under the direct supervision of an Aquatic Applicator that is

Commercially Certified and licensed in Connecticut. Additionally, in October 2011 new permit
requirements under the National Pollutant Discharge Elimination System (NPDES) general permit took
effect.

When properly used, aquatic herbicides are capable of providing area and, to some extent, species
selective plant control, often with less temporary disturbance than comparable mechanical or non-
chemical techniques. Herbicides are generally described as having either "contact action", meaning that
only the actively growing portions of the plants that the chemical comes into contact with are
controlled; or "systemic action", where the herbicide is internally translocated throughout the plant
effectively killing the stem, foliage and root structures. Systemic herbicides are usually preferred for
control of perennial nuisance weeds like Eurasian milfoil, since multiple-year plant control can be
achieved. This often helps in reducing the frequency of amount of chemicals that must be applied to
achieve the desired level of control.

Species-selective control is usually desired when targeting non-native and invasive species like Eurasian
milfoil. Treatment programs can be tailored to limit impacts to non-target native species through
treatment timing, treatment location, use of different herbicide formulations, and manipulation of the
herbicide concentration or dose rate. Achieving species-selectivity is often challenging considering the
limitations of the available herbicide formulations and the variabilitv of resoonse seen from lake to lake.

8 Sfqte of Woshington Deportment of Ecology, Aquotic Plon! Monqgemenl - Milf oil Weevil, The Milfoil Weevil in Woshinglon
1 2 /9 / 1 O. < http' f f www.ecy.wo.gov/progroms/wq/plonts/monogement/weevil.html),



Water chemistry, lake morphology, bottom sediment type and plant composition all potentially
influence herbicidal activity and the results are often not completely predictable.

Summaries of aquatic herbicides commonly used to control Eurasian milfoil are described in more detail
below. Only chemicals that are currently registered for aquatic use in Connecticut were discussed.

Contoct Herbicides

Presently in Massachusetts, the contact herbicides registered for Eurasian milfoil control have diquat,
endothall or copper as active ingredients. Copper based herbicides only provide partial control that
generally lasts for only a matter of weeks, so they are not usually recommended for use.

The principal contact-acting herbicides diquat (Reward), endothall (Aquathol) and flumioxazin (Clipper)
target and disrupt different pathways, but are similar in that they only control portions of the plant that
are directly contacted (above the sediment). Contact herbicides are relatively fast acting, with most
plant uptake usually occurring over a 1-3 day period. Susceptible plants generally die-back within 1-2
weeks of exposure. Contact-acting herbicides will usually provide summer-long control of target
species. Since the root structures are not controlled, re-growth usually occurs from the same root and
vegetative structures the following year. Reduced re-growth of Eurasian milfoil has been reported
following successive years of treatment with contact herbicides. However, there may be a greater risk
of impact to susceptible non-target aquatic plant species through repetitive treatment. Contact
herbicides, specifically diquat, may be an appropriate fit for management of milfoil in Tyler Lake.

Diquat - Diquat (trade name Reward) is a fast acting contact herbicide that would be applied
to the lake when the plants are vigorously growing, but not at full maturity (early to mid June).
Treatment at this time allows for maximum herbicide uptake by the plants, which promotes
effective summer long control, and reduces the amount of vegetative biomass decomposition
post-treatment. Unfortunately, since diquat is a contact herbicide annual or biannual (every
other year) maintenance treatments will likely be required. Successive annual treatments
generally cause a reduction in plant distribution and density over time; therefore, reducing
treatment reo uirements.

Diquat is a widely used herbicide and is applied to thousands of lakes and ponds throughout
North America to control nuisance submersed aquatic plants. Diquat is translocated to some
extent within the plant. lts rapid action tends to disrupt the leaf cuticle of plants and acts by
interfering with photosynthesis. Upon contact with the soil, it is absorbed immediately and
thereby biologically inactivated. The concentration of diquat in treated water after a Reward
application at the 2 gallon/surface acre use rate is approximately 0.37 ppm ion immediately
after application. However, diquat residues in water rapidly decline to typically between
0.064 and 0.144 ppm ion eight hours after application and to below 0,01 ppm ion during the
next five days. Diquat not adsorbed by the plants is tightly bound to soil, and rendered
biologica lly unavailable.

Endotholl - Endothall (trade name Aquathol and Hydrothol 191) is a "contact" type of
herbicide. lt reacts with the cell structure inhibiting protein synthesis. The chemical is taken-
up into the plant within L2-24 hours after application. Chemical that is not taken-up by the
plants is either broken down very quickly or chemically bound up in the sediment where it
undergoes further degradation. Endothall is biodegradable. lt normally disappears from
water in one to ten days after application and from the soil in one to three weeks. Micro-

l0



organisms are responsible for endothall degradation through Kreb Cycle acid metabolism and
use the breakdown fraction of the herbicide as nutrients. No endothall or toxic metabolite is

accumulated in water or hydrosoils. When shorelines, moving water, or small portions of a

water body are treated, disappearance of endothall is much more rapid. In unenclosed areas,
the half-life of endothall in water is 48-72 hours or less. Residues in the sediment are similarlv
transient.

A single treatment in late spring (late Mayf une) of the year should be sufficient to provide
nuisance level control of Eurasian milfoil forthe entire growing season. Endothall, however, is

a contact herbicide, killing only the vegetative portion of the plant; therefore, annual or
biannual (once every two years) treatment will likely be required.

Flumioxazin - Flumioxazin is a contact herbicide. lt acts by inhibiting the function of
protoporphyrinogen oxidase, an essential enzyme required by plants for chlorophyll
biosynthesis. Flumioxazin is quickly absorbed by plants on contact. Following treatment
remaining flumioxazin, not absorbed by plants quickly dissipates from the water column and is

broken down by hydrolysis. This herbicide does not accumulate in the sediment. Flumioxazin
breaks down quickly and loses herbicidal effectiveness in waters with pH above 8.5.

A single treatment in late spring (late May/June) of the year should be sufficient to provide
nuisance level control of Eurasian milfoil for the entire growing season. However, as with
other contact herbicides, only the vegetative portion of the plant is controlled with
flumioxazin; therefore, annual or biannual (once every two years) treatment will likely be
req u i red.

Svstemic Herbicides

Systemic herbicides known to control Eurasian milfoil that are currently available for use in Connecticut
include fluridone (Sonar), triclopyr (Renovate) and 2,4-D (Navigate). These products are generally
preferred for Eurasian milfoil control because they are often capable of controlling the entire plant and
providing multiple-years of nuisance-level control. This does not mean that there will not be regrowth
the year after treatment, but it will often require several years for the milfoil infestation to recover to
pre-treatment levels. Aggressive milfoil management programs that are attempting to achieve milfoil
"eradication" are relying on consecutive treatments with systemic herbicides until milfoil densities are
reduced to the point where non-chemical controls can be cost-effectively utilized.

Fluridone - Fluridone (trade name Sonar) is often the herbicide of choice for managing lake-
wide infestations Eurasian milfoil. lt has demonstrated the ability to provide fairly selective
control of Eurasian milfoil at low doses and its systemic action typically yields multiple years of
effective control. Fluridone works by inhibiting the synthesis of carotenoids (yellow pigments)
in plants, which in turn protect chlorophyll. Without carotenoids, the chlorophyll is broken
down by sunlight and susceptible plants in effect starve to death.

Fluridone has a favorable toxicology profile. lt is labeled for use directly in potable (drinking)
water reservoirs at low concentrations (<20 ppb) with no restrictions on using the treated lake
water for drinking or domestic purposes. The only water use restriction associated with
fluridone is a precaution on using treated water for irrigation purposes until in-lake
concentrations drop to safe reuse levels.
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Eurasian milfoil is susceptible to low dose (5-10 ppb) concentrations of fluridone, provided
that adequate contact time can be maintained for 90 days or longer. lt also offers fairly good
species selectivity with low dose (<1-0 ppb) applications and has a favorable toxicology profile.
The major disadvantage of fluridone is that its high solubility and long contact time
requirements makes it difficult to achieve effective control in "spot" or shoreline applications,
even when using the slow-release pellet formulations (pR, e, SRp and ONE).

2,4-D - Having been used for well over four decades 2,4-D is the oldest and most extensively
researched systemic herbicide in the aquatics industry. Granular formulations of 2,4-D BEE
ester (presently called Navigate) were exclusively used in the northeast until granular
formulations of 2,4-D amine (Sculpin) were introduced in 2010. The granules sink to the
bottom where the active ingredient is released over a period of hours to a few days. plant
uptake occurs atthe leaves, shoots and root structures. lt mimics plant auxins, promoting cell
growth; essentially plants grow themselves to death. Epinasty or the bending and twisting of
leavesandstemsarethevisiblesignsassociatedwith2,4-Dexposure.2,4-Dishighlyselective
since it is most effective on dicot, or broad-leafed, species. Commonly managed aquatic
dicots include milfoils, water chestnut and occasionally water lilies. Most monocot or narrow-
leafed aquatic species, are only marginally impacted ortolerant of 2,4-D applications, rending
it a highly selective herbicide. Treatment typically occurs when the plants are in their most
active phase of growth, but before peak biomass is reached. This usually falls between late
May and early July. Plants die-back completely within 2-4 weeks of treatment. The systemic
action of 2,4-D can sometimes provide 2-3 years of nuisance-level Eurasian milfoil control
from a single application. The current product label for 2,4-D granular restricts the use of
treated lake water for drinking and irrigation until in-lake concentrations drop below 70 ppb
and 100 ppb, respectively. This typically takes anywhere from 2-4 weeks depending on the
portion of the lake being treated and the total amount of product being applied.

Triclopyr - Triclopyr (trade name Renovate) is another auxin mimic systemic herbicide that
targets dicot or broad-leafed plants, with a mode of action similar to 2,4-D. lt is

translocated throughout the entire plant killing the stem, foliage and roots, lt only
requires a relative short contact time (days as opposed to months with fluridone) with
targeted plants, and is effective for partial lake treatments, Renovate is available in both
liquid (Renovate 3) and granular (Renovate OTF) formulations and can be used in a variety
of morphological settings to achieve optimal milfoil control. Treatments with Renovate in
the Northeast have proven very effective providing selective, multi-year control of milfoil
in a single application.



Table 4: summary of Herbicides used for Eurasian Milfoil in Northern Tier states

Diquat Endothall Flumioxazin Fluridone 2,4-D Triclopyr
Formulation Liquid

(Reward)
Liquid
(Aquathol K)

Granular
(Aquathol Super
K)

Water dispersible
Granule (Clipped

Liquid (Sonar AS)

Pellets (Sonar Q,
PR, SRP & One)

Granular BEE

(Navigate)

Granular
Amine (Sculpin)

Liquid
(Renovate 3)

Granular
(Renovate OTF)

Type Contact Contact Contact Systemic Systemic Systemic

Mode of
Action

I nterferes
with
photosynthesi
s

Interferes with
plant protein
synthesis, cell
membranes and
respi ration

Inhibits protopor-
phyrinogen
oxidase, an
essential enzyme
required by plants
for chlorophyll
biosynthesis

Inhibits carotenoid
synthesis allowing
chlorophyll to be

destroyed by
sunlight

Auxin mimic,
inhibits cell
division in new
tissue and

stimulates
growth of
existing tissue

Auxin mimic,
interferes with
plant growth
processes

Environmental
Fate

Sediment
absorption,
photolysis

Sediment
absorption,
microbial
degradation

Hydrolysis Photolysis Hydrolysis,

microbial
degradation,
photolysis

Photolysis

Benefits Rapid action
effective for
paftial lake

and shoreline
a pplicatio ns

Eu rasia n

milfoil is

highly
susceptible

Inexpensive -
compared to
otner
herbicides

Rapid action
effective for
partial lake and
shoreline
applications

Early season

treatment work
in Midwest is

documenting
selectivity for
Eurasian milfoil
control

Rapid action
effective for
partial lake and
shoreline
applications.

Systemic action
kills entire plant
including roots

Typically provides
multiple years of
nuisance-level
Eurasian milfoil
control

Favorable

toxicology profile

Widely used

Systemic action
kills entire
plant including
roots

Typically
provides
multiple years

of nuisance-

level Eurasian

milfoil control

Highly selective
for dicot
(broad-leaved)
spectes

Systemic action
kills entire plant
including roots

Typically
provides

multiple years

of nuisance-

level Eurasian
milfoil control

Highly selective
for dicot (broad-
leaved) species

Iimitations Seasonal

control
Contact-action
only provides
annual control at
best

Varying control
of Eurasian

milfoil seen from
lake to lake

Contact-action
only provides only
seasonal control

The rate of
Hydrolysis

increases with
increased pH.

Water pH must be
less than 8.5 for
an effective
treatment

Reduced efficacy
and/or high cost
for partial lake
treatments

Inability to control
outflow may raise
downstream
concerns

High cost

No approved
for use in Zone
ll areas in MA

Extended
water uie
restrictions for
drinking and
irrigation

Negative public
perception
over toxicity
concerns

Extended water
use restrictions
for irrigation

High cost



Summarv and Recommendations:
Tyler Lake contains a healthy and diverse aquatic plant community throughout much of its littoral zone.
Eurasian milfoil was observed throughout approximately 120 acres of the lake. Management of this
highly invasive species is recommended in orderto preserve water quality, to maintain a diverse native
plant community for fish and wildlife habitat, and to improve recreational utility of the waterbody.

Based on the results of our survey, we recommend the following approach:

r Formulate long-term management objectives and develop and integrated plan to be implemented
including but not limited to:

r A whole lake treatment with a systemic herbicide to reduce the infestation to a level
manageable by physical means for multiple years

o Estimated cost for a whole-lake fluridone or triclopyr
treatment program ......,,s65,000_s2s,000

' Physical management techniques for small patches of re-growth in the years between
treatments (Hand-pu lling, suction harvesting and/or bottom barrier)

' Spot-treatment with EPA approved herbicides for re-growth that is too extensive for
physical management techniques in the years between whole lake applications, if necessary

o Estimated per acre cost for a diquat spot treatment........,........... Sgso-S+so/acre
o Estimated per acre cost for a triclopyr spot treatment.............. S950-S1,250/acre

Limited winter drawdown (if permissible)

Annual water quality and vegetation monitoring

o Perform annual water quality and vegetation monitoring in order to evaluate the management
techniques employed and modify the management plan as necessary
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Field Data
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