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EXECUTIVE SUMMARY

One of the principle means of controlling Eurasian watermilfoil (Myriophyllum
spicatum L.) in Lake George has been the use of benthic barriers. At four sites:
Harris Bay, Congers Bay, Shadow Bay and the Bay South of Cannon Point; benthic
barrier was installed in 1990. Removal of the benthic barrier material one to two
years following installation allowed a systematic study of recolonization. After
removal of the benthic barrier material at each site, grids were installed in the
area where the benthic barrier had been located. The species present in each
grid and their relative abundance were recorded at approximately 30 day
intervals through two growing seasons, 1991 and 1992.

No plants were present in the grids at three of the four sites at the time of grid
installation, i.e. the areas previously beneath the barriers were essentially
barren. At the fourth site, Harris Bay, an open mesh type of benthic barrier
(Aquascreen'rll) had been used and two native plant species were present in
limited numbers (less than 1 plant per square meter) upon removal of the
barrier. At each site, fairly rapid colonization of the grid systems was observed,
with typically 9 to 12 species found 30 days after benthic barrier removal.
Density of plants at this time was low. Sixty days after benthic barrier removal
(August), the number of species and plant density had reached a peak. A
decline in the number of species per square meter and average percent cover
was observed in October, 120 days after barrier removal. This decline was
related to seasonal patterns of growth where annual species die back in the Fall
of the year. The number of species per grid and per square meter stabilized in
the second growing season (1992) while overall average percent cover (areal
coverage) continued to increase. By the end of the second growing season
following barrier removal, average percent cover per grid square was 74%. Space
still exists for additional growth and colonization.

Although recolonization varied from site to site, the first species to recolonize
were generally native plants which overwinter as seeds or turions (overwintering
buds), Eurasian watermilfoil colonized all sites with 71% of all grid squares
containing milfoil by the end of the second growing season. However, Eurasian
watermilfoil did not dominate the plant community by the end of either the first
or the second growing season following barrier removal. Average percent cover
for Eurasian watermilfoil by the end of the second growing season was 13.6%
while total community percent cover averaged 74%.

Proximity to milfoil infested areas had a major effect on the rate of colonization
of areas treated with benthic barrier. At sites where extensive populations of
Eurasian watermilfoil were present in close proximity to treatment areas, rapid
colonization and growth was observed. At sites where existing milfoil populations
were more remote, colonization by milfoil was limited.

Benthic barrier, as a management tool for controlling Eurasian watermilfoil, needs
to be incorporated with other control techniques. In order to maximize the
effectiveness of benthic barrier, it should either be used in areas remote from
other populations of milfoil, or perhaps more appropriately, peripheral areas
containing milfoil should be managed and maintained prior to and following
benthic barrier removal. Without continued maintenance, sites managed with
benthic barrier developed extensive milfoil populations within two growing
seasons following the removal of benthic barrier.
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INTRODUCTION

The US EPA Clean Lakes Phase II program for Lake George was initiated in 1989.
One of the goals of this program was development of an Integrated Aquatic Plant
Management Plan to address the unchecked growth of Eurasian watermilfoil in
Lake George. Intensive and extensive surveys to document the extent of
infestation and its impacts on native plant communities were conducted in 1987
and 1988. These efforts were designed to collect the information necessary to
design appropriate management programs. Support for these efforts was
provided by the NYS Department of Environmental Conservation, Rensselaer Fresh
Water Institute, Adirondack Park Agency, Lake George Association Fund, Warren
County and the Lake George Park Commission. Management efforts utilizing
physical control techniques which included hand harvesting, benthic barrier
installation and suction harvesting were initiated in 1989. Sites to be managed
with benthic barrier were limited to areas where Eurasian watermilfoil dominates
(greater than 50% of total cover) the aquatic plant community. This limitation
was based on environmental impacts and cost considerations relative to this
management technique. As part of an overall nuisance aquatic plant control
program targeted at Eurasian watermilfoil, 11 sites were proposed for benthic
barrier installation in 1990 and 1991. Nine of the eleven sites were managed with
benthic barrier material with alternate management options selected for the two
remaining sites.

Monitoring and assessment of benthic barrier for control of Eurasian watermilfoil
encompassed both documentation of the control techniques' effectiveness and
evaluation of the impact of these control measures on the ecosystem. To this
end, 4 sites were selected for monitoring the effects of benthic barrier on native
plant communities and the effectiveness of this technique for management of
Eurasian watermilfoil.

1



METHODS

Immediately following benthic barrier removal, a grid system of contiguous 1 m2
quadrats was established in each of the four study areas. Two grids of 3 m by
6 m were installed at sites with sufficient harvest area, while smaller sites
received a single grid. The species present in each grid and their relative
abundance were recorded at the time of grid installation and at thirty day
intervals post installation until Fall senescence (leaf fall). Percent cover was also
recorded the following year at sites where grids were installed in 1991. The
following abundance classes were used for this purpose:

Class Code Centroid% Cover Range

greater than 50% 75.0%Abundant A

Common c 25 to 50% cover 37.5%

Present p 15 to 25% cover 20.0%

Occasional 5 to 15% cover 10.0%0

less than 5% cover 2.5%Rare R

Frequency and percent cover data for all aquatic plant species within the grid
system were used to evaluate recolonization of areas following barrier removal,
and the impact of benthic barrier on native plant communities.

Study Sites

The four study sites and the extent of benthic barrier material installed at each
site are listed in Table 1. The location of the four sites is provided in Figures
1. Two types of benthic barrier material were installed in Lake George. A solid
PVC material (palcoTK) and an open mesh material (AquascreenTK). The amount of
the two types of barrier material installed at each site is listed in Table 1.

Recolonization study sites with the area and type of benthic barrier
installed.

Table 1.
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Figure 1. Location of benthic barrier recolonization study sites in Lake George.
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SITE DESCRIPTIONS

Shadow Bay is located on the west shore of Northwest Bay in the Town of Bolton.
Sediments in the bay are soft silts and clays and the bottom slope is gradual.
A dense bed of Eurasian watermilfoil, with limited numbers of scattered milfoil
plants was present prior to benthic barrier installation in 1990. Extensive hand
harvesting prior to retrieving the benthic barrier removed nearly all milfoil
plants from the bay. PalcoTM Pond Liner was removed from Shadow Bay in June
1991, ten months after installation. Two grids were placed in the treated area.
Grid one was centrally located in approximately one meter of water. Grid two was
positioned on the edge of the treated area in approximately 2.5 to 3 meters ofwater.

Congers Point is located on the west shore of Bolton Bay in the Town of Bolton.
Sediments in the bay are a mixture of fine sand and gravel near shore to soft
silt beyond a depth of 2 meters. In addition to the dense Eurasian watermilfoil
growth which was covered with benthic barrier material, a large area of moderate
and low density milfoil growth was present. Selective hand harvesting of milfoil
was conducted; however, a substantial number of milfoil plants remained at the
periphery of this location. palcoTM Pond Liner was removed from Congers Point
in July 1991, 10 months after installation. A single grid was placed in the
treated area in water depth of 1 to 1.5 meters.

The Bay south of Cannon Point is located on the west shore in the hamlet of
Diamond Point. Sediments in this bay are a mixture of sand near shore to a
depth of 1 meter. Beyond this depth, sediments are a sand silt mixture with
outcroppings of sandstone. A small tributary drains into the southern end of
this bay and finer silts and clays predominate in the outwash area. Suction
harvesting and selective hand harvesting of milfoil was conducted at this site,
however a substantial number of milfoil plants remained at the periphery of this
location. Both PalcoTM Pond Liner and AquascreenTM Bottom Liner were used at
the Bay South of Cannon Point. Portions of the PalcoTM were removed 10 months
after application in July 1991, and two grids (numbers 2 and 3) were placed in
the treated areas. Grid 2 was installed centrally, in the deeper section of the
area treated with benthic barrier at a depth of 3 to 4 meters. Grid 3 was
installed near the southern edge of the treatment zone at a depth of 1.5 meters.
The remaining grid was placed in an area treated with Aquascreen TM Bottom Liner

(grid 1) at a depth of 3 meters.

The Harris Bay site is located on the east shore in a large embayment in the
Town of Queensbury. Sediments in the bay are a mixture of fine silt, clay and
detrital materials (leaf litter, twigs, etc.). In addition to the dense Eurasian
watermilfoil growth which was covered with benthic barrier material, two areas
of moderate and high density milfoil growth are found within 200 meters of this
site. Aquascreen TM was removed from Harris Bay in July 1992, 23 months after

installation. A single grid was placed in the treated area in water depth of 2 to
3 meters.

4



RESULTS AND DISCUSSION

The recolonization study was conducted at four sites located in the south basin
of Lake George (Figure 1). Following removal of the benthic barrier material at
each site, grids were installed. Species present and their relative abundance
were recorded at approximately 30-day intervals until the onset of Fall
senescence in 1991 and again during the following Spring and Summer, 1992.

Recolonization of lake bottom areas following the removal of benthic barrier
material was evaluated in two ways: frequency, or the number of species
recolonizing the grid areas, and relative percent cover of each species within the
population of plants present. Percent cover is the areal extent of lake bottom
covered by each species of plant. Frequency provides information on the
diversity of the aquatic plant community while percent cover indicates the
dominance of species within the community.

Aquatic Plant Communities

No plants were present in the grids immediately following benthic barrier removal
when PalcoTM Pond Liner served as the benthic barrier material. At the sites
where an open mesh type of benthic barrier (AquascreenTM) was used, certain
species of plants were able to survive beneath or to root through the barrier.
At the Cannon Point site Heteranthera dubia, Elodea canadensis and Myriophyllum
spicatum were found growing through the Aquascreen TM bottom liner. All of these

species were removed with the removal of the benthic barrier material. At the
Harris Bay site, Potamogeton robbinsli and Sagittaria graminea were found
growing under the Aquascreen TM bottom barrier and remained following removal

of the barrier material. Percent cover and distribution of plants immediately
following AquascreenTM removal, however, was extremely limited; less than one
plant per grid square (1.0m2). Visual inspection of the rooting zone in the
sediments where palcoTM Pond Liner was used indicated that all root masses had
decomposed within 60 days of barrier installation. Thus plants present within
the treatment area after barrier removal were not growing from root masses
present prior to barrier installation.

Frequency

Data from the initial survey of the treated areas (30 to 90 days post barrier
removal) indicated primary recolonization by a large number of species. Six of
the seven grid areas had ten or more species established at the time of the first
survey, the seventh site had nine species (Figure 2). The number of species
within the grids reached a maximum within 30 days of barrier removal and
remained constant until Fall senescence started. This suggests rapid initial
colonization by a diverse assemblage of species. The most common species
present, occurring in at least 6 of the 7 grids were: Najas flexilis, Heteranthera
dubia, Potamogeton robbinsii, Elodea canadensis and Myriophyllum spicatum.
These species are common members of the littoral (shallow water) plant
community and occur in areas surrounding the treatment zones.

Najas flexilis is propagated primarily by seeds. A bank of seeds is present in
sediments where members of the genus Najas occur since seeds can survive for
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several years prior to germination. This bank of seeds may account for the
rapid return of Na.jas flexilis following barrier removal. The other four species
disperse primarily through fragmentation and/or turion formation. Eurasian
watermilfoil spreads primarily by fragmentation. Turions are vegetative,
overwintering buds which serve a function similar to seeds, i.e. dispersal and
propagation of a species. These methods of dispersal (i.e. seeds, turions and
fragments) allow the species to rapidly colonize new areas.

The average number of species per square meter (grid square) ranged from 3.3
to 5.8 within the first 90 days following benthic barrier removal. The average
number of species per square meter (4.7), peaked 60 days post barrier removal
(Figure 2). The sampling times 90 and 120 days post barrier removal were
generally in September and October when Fall senescence of annual species was
occurring. The Harris Bay site, which was managed with Aquascreen TM, had the
highest average number of species (5.8 :t 1.1) per square meter, within 90 days
following benthic barrier removal. This site also had the largest average number
of species per square meter at the time of barrier removal (0.9 :t 0.7) and
typically harbors a diverse assemblage of native aquatic plants (Madsen et al.;
1989). At the majority of other sites, the average number of species per square
meter increased to between 3 and 4 at 60 days post barrier removal, and then
declined until the Fall sampling (Figure 2). A decline in the average number of
species per square meter was observed in the fall of the year as a result of
senescence of a large number of species.

In the second year (1992), the average number of species per square meter
reached its maximum (4.5 species/m2) in the August sampling (day 390). The
average number of species per square meter (grid square) is representative of
the diversity of the plant community. Diversity in the test plots increased
rapidly in the first 30 days following barrier removal and then stabilized.

Percent Cover

Percent cover increased rapidly during the first 60 days following barrier
removal in 1991 (Figure 3). Average percent cover was near zero for all sites
immediately following benthic barrier removal. Within thirty days, average
percent cover had increased to approximately 10% at all sites (mean 13.8%) except
Harris Bay. At Harris Bay, average percent cover had risen to approximately
30% after the first month, coinciding with the largest increase in the number of
species present per square meter.

By the October sampling of the first year (day 120), average percent cover was
declining from the maximum (49%) observed in August (day 60). This is the time
for Fall senescence of annual species. At sites where the average percent cover
was still low (less than 20%) in August, continued increases in percent cover
were observed into the October sampling. By the first sampling date in 1992
(day 330, June) average percent cover (60.7%) exceeded the August maximum
(49%) observed in 1991. A portion of this increase, however, may be due to
extensive growth of Curly leaf Pondweed, Potamogeton crisp us, at one of the
Cannon Point grids (Figure 4). Average percent cover per square meter at this
site exceeded 110% for the June, 1992 sampling. Curly leaf Pondweed grows
rapidly in cold water and generally reaches peak biomass in June. It then
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declines rapidly and is only a small component of the aquatic plant population in
August. Curly leaf Pondweed reaches nuisance proportions in a number of
regional lakes, and has been the subject of plant management activities
(Tobiessen et al.; 1992). Percent cover continued to increase through the second
sampling in 1992 (August, day 390) indicating continuing growth and colonization.
Average percent cover per square meter in August 1992 was 74% for all grids
suggesting additional area for further growth and/or colonization exists.

Eurasian watermilfoil
Frequency

Eurasian watermilfoil rapidly colonized all areas treated with benthic barrier.
Immediately after barrier removal, Eurasian watermilfoil was not present in any
of the grids (Figure 5). Within 30 days, milfoil was found in 44% of grid
squares. The maximum number of grid squares containing milfoil was observed
90 days after benthic barrier removal (74%). This coincides with the month of
September, a time of maximum fragmentation of Eurasian watermilfoil in Lake
George (Madsen et al., 1988). Many of the grid squares may have contained
fragments of milfoil which did not survive since by 120 days after barrier
removal, the number of grid squares containing milfoil had declined to 56%. At
the conclusion of data collection in August of 1992, 71% of all grid squares
contained Eurasian watermilfoil. Proximity to milfoil infested areas had a major
effect on the rate of colonization of areas treated with benthic barrier.

Percent Cover

The Cannon Point site showed the most rapid colonization and growth of Eurasian
watermilfoil (Figure 6) with average percent cover approaching 50% in grid 2 and
milfoil present in all grid squares one year following barrier removal. As
discussed previously, large areas of low and moderate density growth of Eurasian
watermilfoil surround this site acting as a source for fragments, a principal
means for dispersal of Eurasian watermilfoil. In areas more remote from large
populations of Eurasian watermilfoil such as Shadow Bay (Figure 7), recolonization
was much less rapid. Two growing seasons following benthic barrier removal at
Shadow Bay, only 20% of grid squares contained milfoil with an average percent
cover of 1%. Thus, in order to maximize the effectiveness of benthic barrier,
it should either be used in areas remote from other populations of milfoil, or
perhaps more appropriately, peripheral areas containing milfoil should be managed
and maintained prior to and following benthic barrier removal.

Average percent cover for milfoil increased throughout the term of the present
study (Figure 3). Immediately after barrier removal, Eurasian watermilfoil was
not present in any of the grids. By 60 days following benthic barrier removal,
average percent cover for milfoil was 3.3%. Between 60 and 90 days following
barrier removal, average percent cover for Eurasian watermilfoil increased to
8.1%, while average percent cover for all species declined from 49% to 23.6%.
Eurasian watermilfoil, a perennial, contributes a greater portion of the overall
percent cover in the fall of the year since it does not die back to the extent
that annual species do. In Lake George, peak milfoil biomass is reported to occur
in October (Madsen et al., 1989). For year 2 (1992) average percent cover of
milfoil continued to increase reaching a maximum of 13.6% in August of 1992. At
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this time, average percent cover for all species was 74%. The slope of average
percent cover is much greater for the total community than for Eurasian
watermilfoil, suggesting that growth and colonization by all species, taken as a
group, is not impeded by milfoil at the density present at this time. At high
density levels, however, milfoil has been shown to cause a decline in native
vegetation (Madsen et al., 1991).

Summary

No plants were present in the grids at three of the four sites at the time of
installation. At the fourth site, Harris Bay, an open mesh type of benthic barrier
(AquascreenTM) was used and two native plant species were present upon removal
of the barrier. Fairly rapid colonization of the grid systems was observed, with
typically 9 to 12 species found 30 days after benthic barrier removal. Density
of plants at this time was low. Sixty days after benthic barrier removal
(August), the number of species and plant density had reached a peak. A
decline in the number of species per square meter and average percent cover
was observed in October, 120 after barrier removal. This decline was related to
seasonal patterns of growth where annual species die back in the fall of the
year. The number of species per grid and per square meter stabilized in the
second growing season (1992) while overall average percent cover continued to
increase. This finding suggests that maximum diversity (number of species) has
been reached while space for additional growth and/or colonization still remains.
By the end of the second growing season following barrier removal, average
percent cover per grid square was 74%, with space still existing for additional
expansion.

Although recolonization varied from site to site, the first species to recolonize
were generally native plants which overwinter as seeds or turions (overwintering
buds). Eurasian watermilfoil colonized all sites with 71% of all grid squares
containing milfoil by the end of the second growing season. However, Eurasian
watermilfoil did not dominate the plant community by the end of either the first
or the second growing season following barrier removal. Average percent cover
for Eurasian watermilfoil by the end of the second growing season was 13.6%
while total community percent cover averaged 74%. Proximity to milfoil infested
areas had a major effect on the rate of colonization of areas treated with benthic
barrier. At sites where extensive populations of Eurasian watermilfoil were
present in close proximity to treatment areas, rapid colonization and growth was
observed. At sites where existing milfoil populations were more remote,
colonization by milfoil was limited.

Benthic barrier, as a management tool for Eurasian watermilfoil, needs to be
incorporated with other control techniques. In order to maximize the
effectiveness of benthic barrier, it should either be used in areas remote from
other populations of milfoil, or perhaps more appropriately, peripheral areas
containing milfoil should be managed and maintained prior to and following
benthic barrier removal. Without continued maintenance, sites managed with
benthic barrier developed extensive milfoil populations within two growing
seasons following the removal of benthic barrier.
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Benthic barrier can be left on the lake bottom indefinitely, however there are a
number of serious drawbacks to leaving the barrier in place. These include:

1) environmental consequences to lake bottom communities,

2) impacts on the littoral zone vegetation, and

3) costs associated with the barrier material.

While it is not quite clear what the impact of benthic barrier is on the organisms
living in or on the sediments covered by the barrier, some impact can be
expected. Impacts can range from smothering at the time of barrier installation
to loss of a food source (the plants) to loss of refugia (places to hide from
predators). Since many of the organisms associated with the lake bottom act as
a source of food for other organisms within the food web, these types of impacts
can echo throughout the food web. As with bottom dwelling organisms, the
plants covered by the mat serve a number of uses within the lake system
including: a food source for a variety of organisms, a source of substrate for
attachment and growth of sessile organisms, and as a hiding place from
predators for juvenile and adult organisms (e.g. fish). Removal of the barrier
allows for the return of the plant community. Not least among the factors
encouraging benthic barrier removal is the cost of the material itself. At
approximately $8000 an acre for the barrier material, without considering
installation costs, reuse of this material is important to any plant management
effort. Benthic barrier materials (Palco Pond Linings, S. Plainfield, NJ) first
installed in Lake George in 1990 have been taken up and reused 2 to 3 times at
different locations. Indications are that this material can be reinstalled several
more times before replacement is necessary. The longevity of the barrier
material is important in evaluation of the cost effectiveness of this technique.
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Figure 2. Average numbers of species per grid and per square meter for all the
benthic barrier recolonization sites. Error bars are 1 standard
deviation of the mean (n=126).
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Figure 3.
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Figure 4. Average percent cover for all species and for Eurasian watermilfoil for
grid 3 at the Cannon Point benthic barrier recoloT'.ization site. Note:
the percent cover at day 330 was largely t~~ result of growth of P.
crispus at one site (3 grids).
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Figure 5.
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Figure 6. A" ~rage percent cover for all species and for Eurasian watermilfoil for
grid 2 at the Cannon Point benthic barrier recolonization site.
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Figure 7.
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