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Executive Summary
Given the number of waters infested with aquatic invasive species (AIS) in the Adirondacks, particularly
ones in close proximity to Upper Saranac Lake and within the same watershed, the large numbers of
boats moving between these waters, and the large numbers of boats moving into the region from other
places, it is inevitable that Upper Saranac Lake will become infested with a number of AIS without a
comprehensive prevention and eradication plan. This report describes such a comprehensive plan that
has the one goal of preventing new AIS from becoming established in Upper Saranac Lake. Achieving
this goal will require significant investments and actions, with some of the actions likely causing
inconveniences for boaters. This comprehensive plan also requires actions at several scales, or lines of
defense, that collectively offer the highest level of protection.
There are currently ten invasive aquatic plant species and seven invasive aquatic animal species
identified as AIS species of concern for our region. All of these organisms are known to be transported
by boats, trailers, and/or associated equipment and gear, and it is now widely recognized that boats are
a major vector for AIS movement. Prevention actions are required at the Regional, Watershed, and Lake
Scales to minimize the likelihood of new AIS entering Upper Saranac Lake.
 Regional Actions - enforcement of the NYS Prevention Law and prevention efforts coordinated
through the Adirondack Park Invasive Plant Program
 Watershed Actions - active prevention at the NYS DEC boat launch sites at Saranac Inn and Fish
Creek Pond consisting of boat inspections and decontamination of boats not meeting the CleanDrain-Dry standard, and passive prevention at other public access points
 Lake Actions - a multilevel early detection surveillance program that ranges from lake-wide
monitoring to more focused monitoring at public access points
Lake actions are coupled to a rapid response process that would be initiated in the event that a new AIS
is detected. This process includes: confirming AIS and notifying authorities, determining the extent of
invasion, developing a response plan, obtaining necessary permits, performing control, and monitoring
the outcome.
With rapid action, there is a good chance that a newly detected population of AIS plants can be
eradicated. Unfortunately, given their high reproductive rates, methods of spread, and limited means of
control, there is a poor chance of eradicating a new detection of AIS animals. This reality underscores
the need for a strong prevention program.
Hand harvesting is recommended as the primary eradication method for all AIS plants. The technique is
appropriate for all AIS plants listed, it is completely selective towards the target species, a permit can be
obtained rapidly, and Upper Saranac Lake already has an experience contractor. Targeted use of benthic
barriers should be considered as the second option to achieve rapid control of very small infestations.
Owing to more restrictions on their use, the slowness of receiving a permit, and the greater expertise
and logistics behind using them, aquatic herbicides should be considered as the last option.
Full implementation of this comprehensive plan does not guarantee that new AIS will not establish in
Upper Saranac Lake, but lack of implementation guarantees they will. The changes to the ecology and
enjoyment of the lake will be profound and will compromise current efforts to manage water quality.
Paul Smith's College |
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Introduction
Nonindigenous aquatic plants, animals, and microorganisms are serious threats to the Adirondack Park.
Non-native organisms are distributed outside of their indigenous range mostly through human activities
and can become invasive in their new environments. A species is considered “invasive” when it is alien
to introduced locations and causes detriment to the economy, environment, and/or human health
(Clinton, 1999). It is estimated that aquatic invasive species (AIS) cost economies over a billion dollars
per year (Pimentel, Zuniga, & Morrison, 2005; U. S. Congress, 1993). Additionally nonindigenous species
can become pestiferous and can have irreversible effects on aquatic ecosystems.
The Adirondack Park contains over 3,000 lakes and ponds and more than 1,200 miles of rivers fed by an
estimated additional 30,000 miles of streams. These waterways create a diversity of aquatic
environments that support a variety of high values uses (e.g. recreation, tourism, shoreline property,
and drinking water). With such high values on the Park’s aquatic resources it is essential to be aware of
current and encroaching AIS to better understand their potential effects and to design appropriate
prevention and management strategies. Some of the top aquatic invasive species of concern in the
Adirondack Park based on the invader’s current distribution and ecology include:
Animals/Microorganisms: Asian clam (Corbicula fluminea), Rock snot/didymo (Didymosphenia
geminata), Quagga mussel (Dreissena bugensis), Zebra mussel (Dreissena polymorpha), Spiny
water flea (Bythotrephes longimanus), VHS (Viral hemorrhagic septicemia)
Plants: Brazilian waterweed (Egeria densa), Brittle naiad (Najas minor), Curly leaf pondweed
(Potamogeton crispus), Eurasian watermilfoil (Myriophyllum spicatum), European frogbit
(Hydrocharis morsus-ranae), Hydrilla (Hydrilla verticillata), Fanwort (Cabomba caroliniana),
Variable-leaf milfoil (Myriophyllum heterophyllum), Water chestnut (Trapa natans), Yellow
floating heart (Nymphoides peltata)
Once invasive species become established, managing their population through active control is fiscally
and, potentially, environmentally costly. Spread prevention and early detection through monitoring are
excellent invasive species management options used to reduce the negative effects of invaders and the
need for control (Mackey & Swarbrick, 1997). It is widely accepted that many aquatic invaders are
transport by humans through boats and aquatic equipment (Johnson & Carlton, 1996; Les & Mehrhoff,
Introduction of nonindigenous aquatic vascular plants in southern New England: a historical perspective,
1999; Padilla, Chotkowski, & Buchan, 1996). If prevention efforts like boat inspections and/or
decontamination stations are present at launch sites, then fewer nonnative species can be introduced
into the watershed, and therefore even fewer, if any, can become established and invasive
(Rothlisberger, Chadderton, McNulty, & Lodge, 2011; Yarrow et al., 2009). Clean Waters/Clean Boats
initiatives exist countrywide and recommend all boats and aquatic equipment be inspected and properly
cleaned or dried upon entering and after leaving a waterway. If these initiatives are properly practiced
then the spread of invasive organisms into new waterways can be greatly diminished. This then
subsequently reduces expensive population control efforts and the associated negative impacts of the
invaders and their required management (Leung et al., 2002; Leung, Finnoff, Shogren, & Lodge, 2005;
Yarrow et al., 2009).
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Aquatic invasive species were recognized as an environmental issue in the Adirondack region in the mid1990s, and groups have since come together to combat these harmful organisms under the umbrella of
the Adirondack Park Invasive Plant Program (APIPP, www.adkinvasives.com). This program is one of
several Partnerships for Regional Invasive Species Management (PRISM) formed by NYS to provide
regional coordination of AIS management (Figure 1). The work of APIPP and its partners is guided by the
Adirondack Park Aquatic Nuisance Species Management Plan (Kelting et al. 2006). This plan was
developed over a two year period with input from multiple stakeholders and vetting at a stakeholder
conference, and it has been endorsed by local governments and the Adirondack Park Agency. The goals
of this plan are to:
1) Prevent new introductions of AIS into waters of the Adirondack Park.
2) Limit the spread of established populations of AIS into uninfested waters of the Adirondack Park.
3) Abate negative ecological, socioeconomic, and public health and safety impacts resulting from
infestations of AIS within the Adirondack Park.
The goal of this Prevention Plan for Upper Saranac Lake is the same as goal #1 above for the Adirondack
Park, just applied specifically to Upper Saranac Lake. Achieving this goal requires understanding the AIS
that may invade the lake, the potential entry points for these AIS into the lake, and the options available
to prevent these AIS from becoming established. This report provides a review of the above and
presents recommendations for a comprehensive plan developed therefrom to prevent the
establishment of new AIS in Upper Saranac Lake.

Figure 1. Locations of eight Partnerships for Regional Invasive Species Management
(PRISM) in New York State.
Paul Smith's College Adirondack Watershed Institute|
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Overview of Aquatic Invasive Species
There are ten invasive aquatic plant species and seven invasive aquatic animal species identified as
species of concern for our region (Table 1). A species of concern is a non-native organism that has the
potential to cause significant damage to the environment, economies, or human health. Of the ten
invasive aquatic plant species, only Brazilian elodea and Hydrilla are yet to be detected in our region. Of
the seven invasive aquatic animals, fishhook waterflea, Quagga mussel, and Round goby are yet to be
detected in our region.
Table 1. Invasive aquatic plant and animal species of concern for the Adirondack region (APIPP 2014).
Aquatic Plants
Common name

Aquatic Animals

Scientific Name

Common name

Scientific Name

Brazilian elodea

Egeria densa

Alewife

Alosa pseudoharengus

Brittle naiad

Najas minor

Asian clam

Corbicula fluminea

Curly leaf
pondweed

Potamogeton crispus

Fishhook waterflea

Cercopagis pengoi

Eurasian
watermilfoil

Myriophyllum spicatum

Quagga mussel

Dreissena bugensis

European frogbit

Hydrocharis morsusranae

Round goby

Apollonia
melanostomus

Fanwort

Cabomba caroliniana

Spiny water flea

Bythotrephes
longimanus

Hydrilla

Hydrilla verticillata

Zebra mussel

Dreissena polymorpha

Variable-leaf
milfoil

Myriophyllum
heterophyllum

Water chestnut

Trapa natans

Yellow floating
heart

Nymphoides peltata

Based on survey data collected by APIPP and PSCAWI, there are 97 lakes and ponds in the Adirondack
Park known to harbor aquatic invasive species (Figure 2). Seventy-six of these lakes and ponds only have
one AIS reported, 15 have two AIS reported, three have three AIS reported, one has four AIS reported
(Hadlock Pond), one has five AIS reported (Lake George), and one has eight AIS reported (Lake
Champlain). The most common AIS detected too date are all aquatic plants, with Eurasian watermilfoil
(57 lakes) and Variable-leaf milfoil (35 lakes) being most common, followed by Curlyleaf pondweed (14
lakes). The fourth most common AIS detected too date is the small-bodied organism, Spiny waterflea,
which has been detected in 8 lakes: three of these were new detections reported in 2014 (Lake Pleasant,
Piseco Lake, and Lake Champlain). Asian clam is present in Lake George and Zebra mussel is present in
Lake Champlain.
Paul Smith's College Adirondack Watershed Institute|
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Figure 2. Distribution of lakes and ponds infested with aquatic invasive species (AIS) in the Adirondack
Park in 2013. Red water bodies indicate at least one AIS has been detected. Data sources, Adirondack
Park Invasive Plant Program and Adirondack Watershed Institute.
Paul Smith's College Adirondack Watershed Institute|
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The ten aquatic plant species of concern are ordered in Figure 3 based on their NYS Invasive Species
Ranking. The NYS Invasive Species Ranking is a 0 to 100 numerical score derived from four broad
categories (ecological impacts, biological characteristics, distribution, and difficulty to control) (Jordan et
al. 2012). The purpose of this ranking system is to distill these complex categories into a single number
to compare the relative potential impacts of these organisms. A complete description of this system is
provided as a supporting document. Note, only rankings for aquatic plants were available. Eurasian
watermilfoil has the highest ranking, followed closely by Variable-leaf milfoil. As already mentioned,
these are the most common aquatic invasive plants found in the Adirondack Park. Hydrilla is ranked
third, and also as already mentioned, this species has not yet been detected in the Adirondack Park.

Figure 3. New York State Invasive Species Rankings for invasive aquatic plant species of concern.
Detailed literature reviews for each of the aquatic plant and animal species (except the milfoils, Brittle
naiad, the fishes, and Fishhook waterflea) were conducted, with each review based on the primary
scientific literature versus secondary sources that are often less reliable. These detailed reviews are
available in the Appendix.
All of the aquatic plants can be moved by boaters, principally as fragments attached to boat trailers and
exterior engine parts. All of the aquatic animals can also be moved by boaters, some on exteriors of
boats and trailers, but bilges, live wells, bait buckets, and fishing gear are additional modes of transport
for many. Boat inspection and decontamination programs must address all of these modes of transport.
Paul Smith's College Adirondack Watershed Institute|
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All of the aquatic plants can be controlled, though the recommended methods of control vary by
species. For example, Eurasian watermilfoil can be controlled using diver hand-harvesting, while Hydrilla
is often controlled using aquatic herbicides. Given that control methods exist it should be possible to
eradicate any of these organisms from a water body if they are detected early (before a viable
population becomes established). The AWI successfully eradicated Eurasian watermilfoil from 2nd and
4th Lakes in the Fulton Chain of Lakes five years ago when only a few dozen plants were discovered
during a routine survey. There are fewer practical options for controlling aquatic animals. For example,
eradicating a fish species would likely require high doses of fish pesticides that may also be toxic to
native fish species, and there are no known methods to control Spiny waterflea (Weisz & Yan, 2010).
Most of the organisms listed in Table 1 could thrive in Upper Saranac Lake, and there are no limitations
to their growth beyond the normal limitations to growth of the native aquatic plants and animals. The
two exceptions are Zebra and Quagga mussels, where low availability of dissolved calcium may limit
successful establishment of these two invasive species. Minimum dissolved calcium thresholds for
establishment range from 8 to 12 mg/L (Claudi & Mackie, 1994; Jones & Ricciardi, 2005). The dissolved
calcium concentration in Upper Saranac Lake is currently less than 5 mg/L (Kelting and Laxson, 2014),
though this does not mean that these two species could not establish at isolated locations on calcium
rich substrates (e.g. concrete foundations and piers).

Photo 1. Quagga mussels. Credit to 100thmeridian.org.
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Public Access to Upper Saranac Lake
Upper Saranac Lake has six public entry points where boats originating from outside of the lake can
access the lake (Figure 4). Depending on the public entry point, boats may directly import AIS into
Upper Saranac Lake from populations established in upstream or downstream waters in the Saranac
River watershed, or boats may bring AIS into the lake from other places. Identifying the potential vectors
of AIS movement into Upper Saranac Lake is the first step in developing an AIS prevention plan. The
potential vectors for access points #1 and #6 are shown in Figure 5, the potential vectors for access
point #2 are shown in Figure 6, the potential vectors for access points #3 and #4 are shown in Figure 7,
and the potential vectors for access point #5 are shown in Figure 8. Details narratives on each follow.

Figure 4. Locations of public entry points to Upper Saranac Lake. Details on potential AIS vectors for
each public entry point are shown in corresponding figures referenced in the insets.
Access point #1 is the NYSDEC boat launch at the Saranac Inn located in Back Bay (Figure 5). Trailered
boats can access this launch from points north or south via State Route 30. This is generally considered
as the main entry point for motor boats into Upper Saranac Lake. Access point #6 is at the outlet of Fish
Creek (Figure 5). Fish Creek drains a large network of ponds, most of which are infested with Eurasian
Paul Smith's College Adirondack Watershed Institute|
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watermilfoil and at least one of which is infested with both Eurasian watermilfoil and Variable-leaf
milfoil (Square Pond). Motor boats can move freely into the lake from these infested water bodies.
There are 8 public boat launch sites located upstream of the Fish Creek outlet. Motor boats can launch
at 5 of these launches and the remainders are canoe/kayak launches. Two of the motor boat launches
are private ones located on Fish Creek Pond and the other 3 are NYS DEC launches. The NYS DEC launch
at Fish Creek Campground provides ready motorboat access to Upper Saranac Lake through Square
Pond, Fish Creek Pond and Fish Creek. This launch site is the likely source of the Variable-leaf milfoil
infestation that is expanding throughout Square Pond and would also be doing same in Fish Creek Pond
if not for active management. Small motor boats can also access Upper Saranac Lake from the public
boat launch on Follensby Clear Pond via Spider Creek, though this is a challenging route for a motor boat
and probably not regularly done. In the absence of any preventative measures it is a near certainty that
motor boats will transport AIS into the lake on lower units through Fish Creek. In addition, given that
Fish Creek flows into Upper Saranac Lake, AIS may be transferred into the lake hydrologically (previous
AWI study suggests low likelihood for AIS plants).

Figure 5. Potential AIS vectors for the NYS DEC Boat Launch (Public Entry Point #1) and Fish Creek
(Public Entry Point #6).
Paul Smith's College Adirondack Watershed Institute|
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Access point #2 is the outlet of Mill Brook (Figure 6). Mill Brook drains Lake Clear and Little Clear Outlet,
within which no AIS have been detected (last surveyed in 2013), thus risk of an AIS infestation via
hydrologic transport directly from these upstream waters is currently very low. The main risk of
infestation is from canoes and kayaks launching into Hatchery Brook at SR 30 that may carry AIS from
other infested waters.

Figure 6. Potential AIS vectors for the canoe/kayak access point at the outlet of Mill Brook (Public
Entry Point #2).
Access point #3 is the canoe carry at the eastern end of Saginaw Bay (Figure 7). This canoe carry
provides an overland link to the remainder of the Saranac Chain of Lakes. Access point #4 is the canoe
carry near the outlet of the lake at Bartlett Carry (Figure 7). Like access point #3, this canoe carry also
provides an overland link to the remainder of the Saranac Chain of Lakes. All of the lakes in the Saranac
Chain of Lakes downstream of these two access points are infested with large amounts of Eurasian
watermilfoil and Variable-leaf milfoil. Curly-leaf pondweed is present in small amounts in Lower Saranac
Lake, Oseetah Lake, Lake Flower, and in the river downstream of the Lake Flower dam.
Paul Smith's College Adirondack Watershed Institute|
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Figure 7. Potential AIS vectors for the canoe/kayak carries from the downstream waters in Saranac
Lakes Chain.
Access point #5 is the NYS DEC Car Top Only Boat Launch Site located at the southern end of the lake
near Indian Carry (Figure 8). This access point also serves as the terminus for the canoe carry from
Stoney Creek Ponds, within which no AIS have been detected (last surveyed in 2013). Stoney Creek
Ponds are hydrologically linked to the Raquette River, from which canoes and kayaks can paddle freely
between. The Raquette River is connected upstream to Long Lake and downstream to Tupper Lake,
both of which are infested with large amounts of Variable-leaf milfoil, so there is some risk of AIS
transport via this pathway. However, as with access point #2, the main risk of infestation is likely from
canoes and kayaks launching into the lake that may carry AIS from other infested waters. But, given the
additional connectivity to infested waters (albeit some distance away) and the direct access from the
launch to the lake, the risk of AIS being introduced into the lake from access point #5 is likely greater
than from access point #2.

Paul Smith's College Adirondack Watershed Institute|
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Figure 8. Potential AIS vectors for the NYSDEC car top boat launch and the canoe/kayak carry from
Stony Creek Pond.
The relative risk of invasive species entering Upper Saranac Lake from each public access point is
summarized in Table 2. The public access points are ranked from highest to lowest risk. A brief
rationale based on type of access, ease of access, and connectivity to infested waters is provided for
each ranking. Note, the relative risk rankings of Saranac Inn and Fish Creek are debatable. The Variableleaf milfoil discovered in Upper Saranac Lake in 2014 likely came from Fish Creek, and it’s equally
possible that the Eurasian watermilfoil in Upper Saranac Lake came from Fish Creek. The main message
is that both access points are highest risk and thus will require a larger focus of efforts to minimize AIS
entry into Upper Saranac Lake from these two points compared to the other four.
Paul Smith's College Adirondack Watershed Institute|
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Table 2. Relative risk of invasive species entering Upper Saranac Lake from each of the six public
access points. See Figure 4 for point locations.
Risk

Point #

Name

Brief Rationale

Highest

1

Saranac Inn

6

Fish Creek

5

Indian Carry

4

Bartlett Carry

3

Saginaw Bay

2

Mill Brook

NYS DEC trailered boat launch directly into lake; high use;
boats coming from AIS infested waters
NYS DEC trailered boat launch indirectly into lake; moderate
use; boats coming from AIS infested waters; AIS infested
waters upstream
NYS DEC car top boat launch directly into lake; moderate
use; boats coming from AIS infested waters; canoe carry
links to AIS infested waters downstream
Short canoe carry links to AIS infested waters; AIS infested
waters downstream
Long canoe carry links to AIS infested waters; AIS infested
waters downstream
NYS DEC car top boat launch indirectly into lake; no AIS in
waters upstream

Lowest

Exposure to outside waters
Considering that Upper Saranac Lake has six public access points, the lake has a high degree of exposure
to invasive species introductions from boats. A plot of boater census data collected by our stewards
stationed at the NYS DEC launches at Fish Creek and Saranac Inn between 5/23 and 7/14 2014, clearly
illustrates this point (Figure 9). Boats trailered from as far away as Lakes Erie and Ontario and the
Chesapeake Bay launched into the Upper Saranac Lake watershed during this time period. Over 145
different species have invaded the Great Lakes since the 1800s, with the most notable current invaders
being Zebra mussel, Quagga mussel, Spiny waterflea, Fishhook waterflea, Sea lamprey, Alewife,
Common carp, Round goby, Purple loosestrife, Water chestnut, and Eurasian watermilfoil (Domske and
O’Neill 2003). Note boats originating from Cayuga Lake were launched into the Upper Saranac Lake
watershed as well; Cayuga Lake is known to harbor the highly invasive aquatic plant, hydrilla.
From the NYS DEC launch at Saranac Inn alone, 550 boats launched into Upper Saranac Lake between
5/23 and 9/13 2014. The good news is that the majority of these boats launched (342) were only used in
Upper Saranac Lake. The remaining 208 boats originated from 46 other water bodies, 22 of which are
known to be infested with at least one species of AIS. Only 22 boats originated from water bodies with
no invasive species, these waters were Hoel Pond, St Regis Lakes, Indian Lake, and Silver Lake. Lower
Saranac Lake (harbors Eurasian watermilfoil, variable-leaf milfoil, curlyleaf pondweed) was the most
common originating lake, followed by Lake Flower and Lake Placid (Figure 10). Fourteen boats
originating from Lake Champlain launched into the lake (harbors Eurasian watermilfoil, variable-leaf
milfoil, curlyleaf pondweed, zebra mussel, and most recently, spiny waterflea). Lake Ontario is the
eighth most common origin of boats launching into Upper Saranac Lake.
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Figure 9. Origins of boats launching into Upper Saranac Lake at Saranac Inn between 5/24/14 and 7/14/14.
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Figure 10. Top ten lakes of origin for boats launched into Upper Saranac Lake from the NYSDEC launch
at Saranac Inn between 5/23/14 and 9/13/14. Y-axis is the number of boats launched.
A case for mandatory inspection and regulations
The AWI Stewards worked at boat launch sites at 31 launches on 26 lakes and ponds in 2014 (WSP
2014). These stewards inspected over 25,033 boats and trailers and removed AIS from 834 of these
boats and trailers, for an “infection rate” of 3.3 percent. More broadly, 8.3% of boats and trailers had
some type of aquatic organism on them, and ranged from a low of 0.5% for boats launching into White
to a high of 40.6% for boats launching into Osgood Pond. Seventy-two percent of boaters reported
taking spread prevention measures in 2014, and ranged from a low of 40% for White Lake to a high of
85% for Stillwater Reservoir. The percent of boaters reported to take spread prevention measures in the
Adirondack region was much greater that boaters surveyed in the lake regions of Michigan and
Wisconsin, where only about 33% of boaters reported taking spread prevention measures (Rothlisberger
et al. 2010). In the Adirondacks, the highest percentages are in the tri-lakes area where AWI stewards
have been educating boaters on AIS since 1999.
While it is encouraging to see that the majority of boaters in the Adirondacks do report taking spread
prevention measures, we know that in many cases it only takes one viable organism (e.g. a fragment of
Eurasian watermilfoil) for new AIS to become established. We also know that boats are transported into
the Adirondacks from other regions with only fledgling AIS education and prevention programs and
much higher AIS infection rates (see Figure 9). Market research has further shown that the majority of
individuals will not take action if the action is inconvenient and/or the individual won’t receive an
Paul Smith's College Adirondack Watershed Institute|
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immediate benefit (McKenzie-Mohr 2000). Thus, in order to maximize compliance with AIS prevention
measures educational programs must be complimented with boat inspection and cleaning, and
transport laws and fines.
Visual inspection and hand removal is generally effective for removing aquatic plants but is not effective
for removing small-bodied organisms (e.g. Asian clam and Spiny waterflea). For example, visual
inspection/hand removal and high pressure washing were equally effective at removing aquatic plants,
both removed about 90% (Rothlisberger et al. 2010). In contrast visual inspection removed less than
70% of small-bodied organisms while high pressure washing removed over 90% of these organisms.
Note, low pressure washing was no more effective than visual inspection and hand removal. Also, hot
water sprays have shown to be very effective at killing small bodied organisms (Johnson et al. 2014).
Thus in order to effectively remove small-bodied organisms like Asian clam and Spiny waterflea, boat
decontamination with high pressure hot water is required. Allowing equipment to dry for a period of
time can also be an effective decontamination method for boats, trailers, and other equipment.
Recommended drying times vary, but five days is the minimum recommended by the federallysupported Stop Aquatic Hitchhikers program (http://www.protectyourwaters.net/).

Prevention Program
Overview
The numerous public access points for directly (e.g. Fish Creek) and indirectly (boat launches and canoe
carries) connected waters into Upper Saranac Lake illustrates the need for considering the prevention
plan in a landscape context. Thus, protecting the lake from new AIS requires a coordinated, three tiered
prevention program consisting of Regional, Watershed, and Lake level initiatives (Figure 11). For
example, preventing new AIS from establishing in Lake Flower through regional initiatives adds a level of
protection to Upper Saranac Lake.
The first tier of prevention happens at the Regional level through a combination of initiatives that
collectively reduce the risk of AIS entering the Upper Saranac Lake Watershed. The recently passed NYS
Aquatic Invasive Species Spread Prevention Bill (Figure 12) is an important step at the state level to help
combat the spread of invasive species. This bill formally recognizes that recreational boating is a major
vector for the movement of invasive species, and directs the DEC to establish reasonable precautions
that boaters must take prior to launching their watercraft. The bill gives the DEC authority to fine
individuals found guilty of not following the reasonable precautions. Based on the timing of enactment,
this law should be active starting in 2015. Regional prevention initiatives include early detection rapid
response (EDRR) and boat inspection programs working collaboratively under the umbrella of APIPP to
prevent new AIS from entering the region and to limit the spread of established AIS to other waters in
the region as per the Plan described in the Introduction. A new report that represented a significant
collaboration between organizations recommended the establishment of 13 boat inspection and
decontamination stations in the Adirondack region (Figure 13). These 13 locations represent major AIS
spread hubs, key linkage lakes, and/or locations with small-bodied AIS. Establishing these stations along
with continuing prevention efforts at boat launches throughout the region will greatly compliment
prevention efforts at Upper Saranac Lake. Thus, it is important for the Upper Saranac Lake community
Paul Smith's College Adirondack Watershed Institute|
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to stay engaged with regional initiatives mediated through APIPP and to encourage the adoption and
strengthening of these initiatives (e.g. transport laws, decontamination stations) through engagement
and advocacy.
The second tier of prevention happens at the Watershed level through initiatives at the public access
points. Watershed initiatives reduce the risk of AIS that make it into the Region, and past the regional
prevention initiatives, will enter Upper Saranac Lake. These initiatives include posting AIS signage at all
public entry points, boat inspection (see Photo 2), boat decontamination if deemed warranted by the
boat inspector, and outreach and education.
The third tier of prevention happens at the Lake level through initiatives in the lake itself. This tier
represents the last line of defense in preventing new AIS from becoming established in Upper Saranac
Lake. The main focus of this tier is surveillance to detect new AIS early, before they become established
and impossible to eradicate. Newly detected AIS are eradicated using rapid response management
actions, though this is not currently possible for all species (e.g. Spiny waterflea).
The Upper Saranac Lake community has direct influence over Watershed and Lake Tier initiatives, which
are the focus of the remaining narrative of this plan.

Photo 2. Paul Smith’s College Adirondack Watershed Institute steward inspecting boat prior to launching into Lake Flower.
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Figure 11. Three tiered aquatic invasive species prevention program for Upper Saranac Lake.
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Figure 12. Summary of the New York State Aquatic Invasive Species Spread Prevention Bill.
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Figure 13. Summary of boat inspection and decontamination report (Johnson et al. 2014).
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Watershed Initiatives
Signage
Invasive species prevention signage should be placed at all nodes of access in the Saranac Lakes
watershed and Stoney Creek area of the Raquette River watershed, including private boat launches.
These nodes should include all public access points shown as green dots and canoe carries shown as
pink hashed lines on Figures 4 through 8.
Inspection
The accepted universal standard for boats launching into new waters is Clean-Drain-Dry (CDD) (Figure
14), thus all boats launching into Upper Saranac Lake should meet this standard. This standard requires
that boaters (1) clean and remove all visible plant, animal, fish, and mud from their boat, trailer, and
other equipment; (2) drain all water from their bilge, live well, ballast tanks, and other locations with
standing water; and, (3) dry their boat, trailer, and all equipment completely before launching into
another waterbody.
All boats arriving at the launch site should be evaluated against the CDD standard using a consistent
watercraft inspection process (Figure 15). This inspection should be conducted by a steward who would
follow a standard checklist to interview each boater and inspect their boat, trailer, and equipment
(Figure 16). If the boat was last used in Upper Saranac Lake and meets the CDD standard, then the
boater would be allowed to launch their boat. If the boat was last used in a different water body, has
been out of the water for 5 days or more, and meets the CDD standard, then the boater would be
allowed to launch their boat. All other boaters must have their boat, trailer, and equipment
decontaminated with high pressure hot water before launching into Upper Saranac Lake. Note, this
process is consistent with the language of the new NYS aquatic invasive species spread prevention law,
though the DEC has yet to craft the detailed language and there are no funds dedicated to this effort.
Decontamination
Decontamination stations would have to be established in the Upper Saranac Lake watershed. For
convenience and efficiency these stations should be collocated with inspection stations (Figure 17 and
Photo 7). The unit cost for developing an inspection and decontamination station was estimated at
$65,000 for Lake George (LGSISPP 2013). The decontamination station would have to be operated by
trained personnel.
Implementation
Inspection and decontamination stations should be installed at the NYS DEC boat launch at Saranac Inn
(Photo 3) and in Fish Creek Campground for boats launching from there (Photo 4). Since all boats
launched at the NYS DEC campground must pass through the entrance gate, a mandatory inspection
program could be enacted. The NYS DEC plans to install a wash station at Saranac Inn, this should be a
high pressure hot water decontamination station of the type currently in use at Lake George.
Boats launching at the private marinas would also follow the inspection procedures and be
decontaminated, the marinas would have a Memorandum of Understanding that describes their
obligations in this regard (much like is done at Lake George).
Canoes and kayaks launching from carries and other points are expected to voluntarily comply with the
CDD standard, with the signage passively reminding them of the need to take prevention measures and
the necessary steps. Likewise, shore owners launching boats directly from their property are also
expected to voluntarily comply with the CDD standard, thus all members of the Upper Saranac Lake
community must be made aware and educated on the CDD standard.
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Photo 3. NYS DEC trailer boat launch located near the Saranac Inn in Back Bay.

Photo 4. NYS DEC trailer launch located in the Fish Creek Pond campground. Note, boats launched
from here have access to Upper Saranac Lake through Fish Creek. Eurasian watermilfoil and
variable-leaf milfoil are present in Fish Creek Pond. Also note Santa Clara Town Ordinance sign
posted for local law on invasive species transport.
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Photo 5. Car top boat launch located at the southern end of Upper Saranac Lake at Indian Carry.
Note, this location is also the put in for boats carried over from Stoney Creek Ponds in the Raquette
River watershed. Variable-leaf milfoil is present in the Raquette River watershed.

Photo 6. Spider Creek and the culvert under State Route 30 through which the creek flows from
Follensby Clear Pond into Fish Creek Pond. This is a navigable waterway through which small
motorboats can travel freely during high water. Eurasian watermilfoil is present in Follensby Clear
Pond.
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Figure 14. Clean Drain Dry rack card for Lake George.
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Figure 15. Watercraft inspection process.
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Figure 16. Watercraft interview and inspection checklist.
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Figure 17. Concept site plan for a boat inspection and decontamination station (copied from
LGAISPP 2013). Boats arrive, are inspected and decontaminated (if necessary) following the
procedures outlined in Figures 15 and 16.

Photo 7. Portable high pressure hot water boat wash station at Lake George (photo credit
LGPC 2013).
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Other Options
There are a range of AIS prevention plan implementation options that can be considered for Upper
Saranac Lake, from self-certification to comprehensive. Three versions of options are outlined here:


Level 1 - Self Certification - Boater completes a questionnaire and inspects all designated areas
on their watercraft, trailer, and equipment. Boater places completed form on vehicle dash board
where it can be easily seen by enforcement personnel. Advantage – lowest cost and least impact
on boater. Disadvantage – reliance on self-reports likely leads to lowest effectiveness.



Level 2 – High Risk Screening – Inspector conducts a screening interview (where was your boat
last? How long has your boat been out of water? Did you practice CDD?) and an inspection. All
watercraft not CDD are deemed high risk and thus excluded from launching. Advantage –
intermediate cost and high effectiveness. Disadvantage – highest impact on boater.



Level 3 – Comprehensive – Inspector conducts screening interview and inspection as in Level 2.
Boats, trailers, and equipment not meeting the CDD standard are decontaminated and allowed
to launch. Advantage – most effective prevention measure. Disadvantages – highest
implementation cost and relatively high impact on boater.

Additionally, the efficiency and convenience of the prevention program could be improved by
implementing a boat sticker program. A sticker could be placed on boats only used in Upper Saranac
Lake, and boats with this sticker could be allowed to proceed to launch without (or with minimal)
inspection.
Lake Initiatives
Early Detection
Upper Saranac Lake is fortunate to have what is likely the most sophisticated and comprehensive AIS
monitoring program in the Adirondack region. This is truly an “all-hands-on-deck” monitoring program
that includes monthly measurements at fixed sites throughout the lake by AWI scientists and continuous
lake-wide surveillance by shore owners and Aquatic Invasives Management (AIM) under the
coordination of professional lake manager, Guy Middleton. This monitoring program should continue
and should be enhanced in the following ways:


All participants should be trained to recognize the AIS listed in Table 1, and more broadly to
recognize something “new or different” whenever they are out on the water. Both aquatic invasive
animal and plant training are offered each summer through APIPP, and Upper Saranac Lake
monitoring program participants should attend these trainings if they are not familiar with these
organisms. Periodic refreshers are important too.



Monitoring should include new surveillance methods tailored to particular species. For example,
plankton tows for Spiny waterflea (photo 8). Note AWI started conducting plankton tows in Upper
Saranac Lake in 2014. Volunteer-based Asian clam monitoring will begin in 2015 (Figure 18).



Monitoring should be most intensive in Back Bay (NYS DEC boat launch site at Saranac Inn) and the
western portion of Fish Creek Bay (where Fish Creek enters Upper Saranac Lake), in recognition that
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these two locations are the highest likelihood entry points for new AIS into the lake. Monitoring
should be done via SCUBA for a better view of the substrate.


Monitoring should also continue at the transect sites in Fish Creek Pond, these sites are important
for early warning of new invaders establishing in upstream connected waters (e.g. Variable-leaf
milfoil was first discovered by AWI in 2007 and recently found in Fish Creek Bay this summer, this
movement was expected and the lake community was prepared to respond to it).



More intensive monitoring should also occur at the other 4 access points. Given the lower likelihood
of new AIS entering the lake at these locations, monitoring could be less intensive but it should be
conducted at least once per summer and also via SCUBA.

Photo 8. Sampling for Spiny waterflea using plankton tow net.
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Figure 18. Volunteer Asian clam survey plan developed by lake manager Guy Middleton.
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Rapid Response Process
Upper Saranac Lake already has a within lake rapid response protocol wherein shore owners are
instructed to contact Guy Middleton when they find Eurasian watermilfoil, who then responds to verify
the identification and then tasks AIM for removal. This approach is consistent with general
recommendations for rapid response programs: early detection → verification → rapid response. It has
proven effective at finding new AIS (e.g. Variable-leaf milfoil in Fish Creek Bay) and it should continue
and also extend to Fish Creek Pond, the likely source the Variable-leaf milfoil and establishment point
for new AIS entering the Upper Saranac watershed. The rapid response process is outlined in Table 3.
Table 3. Outline of rapid response process for Upper Saranac Lake.
Step

Narrative

1. Confirm AIS and Notify Authorities

The identity of new AIS must first be confirmed by
a recognized expert. New AIS should be reported
to APA, APIPP, and DEC. DEC serves as the lead
agency for rapid response. Involving agencies right
away also helps with the permitting process.
Assemble a team / task force to inform and
facilitate the remaining steps, this team should
include APA, DEC, APIPP, USF, and consultants (e.g.
AIM and PSCAWI).

2. Conduct a Detailed Survey

The survey is to determine the extent of
infestation. Survey results will determine if the
species can be eradicated or contained and the
options for control. Make survey robust enough to
obtain data needed for permitting.

3. Develop Eradication, Containment , or
Prevention Plan

Easily permitted (and effective) control options
should be selected when possible to avoid
prolonged delays. Note, the rapid response action
may be developing a plan to prevent the AIS from
infecting other water bodies (e.g. in the case of
Spiny waterflea).

4. Obtain Necessary Permits

Amendment to current permit if control via hand
harvesting or benthic matting. Obtain new permits
from APA and DEC if control using aquatic
herbicides.

5. Perform Control Activities

Biology of AIS necessitates multi-year control
efforts regardless of the control methods

6. Monitor Control Effectiveness

Control areas need to be monitored for reinvasion
and regrowth. By definition, a species is
considered eradicated if it does not reappear
within 5 years after control ends.
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AIS Eradication
Spread Mechanisms and Special Considerations
Aquatic invasive plants have the ability to reproduce and spread within a lake via a number of
mechanisms which must be addressed when choosing and implementing the eradication method. Many
AIS plants spread via rhizomes, which are underground structures of the plant that send out roots and
shoots from their nodes, producing many clones of the original plant connected by the rhizome
structure. Some AIS also produce stolons, which serve the same function as rhizomes but are located
aboveground (in the water column). Rhizomes and stolons can produce new plants even when the rest
of the plant has been killed or removed. Still other AIS produce tubers, which are thickened stolons or
rhizomes that store carbohydrates and nutrients (think potatoes); new plants emerge from these tubers
in the springtime after overwintering in the sediment. Many AIS also produce adventitious roots, which
are roots that grow from any other part of the plant but the root system, generally the stem. These
plants then spread through the lake via fragments which are produced mechanically (e.g. wave action,
propellers) or naturally via autofragmentation, which generally occurs towards the end of the growing
season. Perhaps the most challenging reproduction mechanism to manage is turions. Also known as
“winter buds”, turions are overwintering structures that are produced in abundance by many species of
aquatic plants (some milfoils too). Turions are rich in nutrients and carbohydrates, are frost hardy, and
some species can lay dormant in sediments for years, emerging as new plants when conditions are
optimal. Turions and adventitious roots can both be present on a single fragment. Turions also may be
resistant to herbicides. Though less common, some AIS plants are prolific seed producers and can thus
spread via this mechanism. Seeds produced by these plants are generally very hardy, can persist in
sediments for many years, and like turions may be resistant to herbicides.
The spread mechanisms for each of the AIS plants reviewed for this report are summarized in Table 4,
along with special considerations for each species. All seven species can spread via more than one
mechanism. Adventitious roots and turions are the most common spread mechanisms and only two
species (Water chestnut and Yellow floating heart) spread via seeds. Hydrilla can spread via all five nonseed spread mechanisms (adventitious roots, rhizomes, stolons, tubers, and turions). Brazilian elodea
and hydrilla are easily confused, so confirmation by an expert is essential for both of these species. Curly
leaf pondweed and European frogbit produce turions early in the season, so control should be
conducted early before turions are produced. Hydrilla is likely the most challenging of these AIS to
control given the unpredictability of turion production coupled with the resilience and longevity of its
turions. Water chestnut and Yellow floating heart are also difficult to control given their prolific seed
production and the persistence of their seeds, though early season control is recommended to
circumvent seed production.
Asian clam are hermaphroditic and can self-fertilize (Table 4). The average individual can produce about
35,000 larvae per year, which are incubated in the parent shell and released into the water as juveniles
after they are fully formed. These juveniles then burrow into the sediment where they reach sexual
maturity as adults in 3 to 8 months. Adults live 1 to 5 years and spawn 1 to 3 times per year. Juveniles
are very small and are easily re-suspended and subject to further dispersal when disturbed. Asian clam
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Table 4. Spread mechanisms, special considerations, and control options for aquatic invasive species
summarized from their detailed narratives located in the Appendix.
Species

Spread Mechanisms

Special Considerations

Control
Options*

Brazilian elodea

 adventitious roots
 turions

 easily confused with hydrilla and native
elodeas

 HH
 BB
 CH

Curly leaf
pondweed

 adventitious roots
 turions

 early season growth and turion
production
 early season control

 HH
 BB
 CH

European frogbit

 turions
 stolons






 HH
 CH

Fanwort

 adventitious roots
 rhizomes
 turions

 rhizomatous-like stem, thus small
fragment can produce new growth

 HH
 BB
 CH

Hydrilla







 turions formed along stem and rhizomes
 turion production unpredictable but
occurs throughout growing season
 turions very resilient and can survive
several years

 HH
 BB
 CH

Water chestnut

 clonal
fragmentation
 seeds

 multiple floating rosettes
 seed production throughout growing
season
 seeds viable in sediment for over 12
years
 control prior to seed maturation and
clonal fragmentation

 HH
 CH

Yellow floating
heart






 seeds are produced in late summer
 seeds viable in sediment for years

 HH
 BB
 CH

Asian clam

 self-fertilization
 juveniles dispersed
in water column






 BB
 CH
 SD

adventitious roots
rhizomes
stolons
tubers
turions

adventitious roots
rhizomes
seeds
stolons

free-floating rosettes
grows in sheltered areas
early season turion production
early season control

found in top 15cm of sediments
also anchor to vegetation, hard surfaces
can thrive in most Adirondack waters
live 1-5 years with high reproduction

 sexual reproduction  growth and maturation slow in colder
 BB
waters
 planktonic veligers
 BB/CH
dispersed in water  high calcium requirement likely
column
precludes establishment in most lakes
* HH = hand harvesting, BB = benthic barriers, CH = herbicides/pesticides, SD = suction dredging
Quagga and
Zebra mussel
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contribute directly to increased algae blooms and oxygen depletion by excreting large amounts of
nitrogen and phosphorus. Interestingly, they also may prepare the way for further invasion by higher
calcium demanding species like Quagga and Zebra mussel through enriching calcium levels in their shell
beds. Asian clam can survive under a wide range of environmental conditions and should thrive in most
Adirondack lakes.
Quagga and Zebra mussels are very similar species with both undergoing sexual reproduction (Table 4).
Single females of these species can excrete over 1 million eggs per breeding season. Fertilization occurs
in the water column, where the fertilized eggs transform into veligers, planktonic larvae that are
dispersed widely through the water body by currents. Veligers transform into free swimming larvae and
then into young adult mussels that attach to hard surfaces. Unlike Asian clam, these mussels have more
stringent environmental requirements. Growth and reproduction are slow in colder waters and both
require high calcium (>10mg/L) to support a viable population. Few Adirondack lakes (Upper Saranac
Lake included) have calcium levels above this threshold, so invasion by these mussels is not a high
concern at this time. This said, the calcium level in Upper Saranac Lake is increasing and eventually may
provide suitable habitat. Also, successful establishment of Asian clam may also result in suitable habitat.
Control Options, Costs, and Recommendations
Control options for AIS plants and animals are also summarized in Table 4. Hand harvesting (HH),
benthic barriers (BB), and herbicides (CH) are all viable control options for the non-floating AIS plants,
while HH and CH are viable control options for European frogbit and Water chestnut. Note, though
biological controls are also referenced in the literature (see detailed narratives in the Appendix), this
category of control options is not suitable if eradication is the goal. Also, for the same reason, other
mechanical options (e.g. harvesting machines) were also not considered. Regardless of the control
option (or options) selected, multiple years of control will be necessary to eradicate these plants, both
to remove residual root material and to exhaust the turion bank or seed bank. The longer the AIS plants
are allowed to grow, the more seeds or turions are produced, and the more years control will take.
Thus, comprehensive surveillance is critical for minimizing the number of years it will take to eradicate a
new AIS population1. A successful eradication is defined as five years without a new detection of the
species, though longer may be necessary to verify success for some species. Thus follow-up monitoring
is a key part of eradication.
Benthic barriers, pesticides, and suction dredging (SD) are used to control Asian clam, and benthic
barriers without/with biocides are used to control Quagga and Zebra mussels (Table 4). These control
techniques yield inconsistent and often unsatisfactory results. Disturbances caused by laying and
removing benthic barriers and suction dredging may encourage further dispersal. Given the high
reproduction rates of these organisms and great challenges to control that often encourage further
dispersal, it is unlikely that these AIS could be eradicated once discovered. This reality underscores the
importance of having an active prevention program for small bodied organisms.
1

The Hydrilla infestation in Cayuga Lake was discovered accidentally by students taking part in a floating
classroom. The Asian clam infestation in Lake George was also an accidental discovery. Accidentally discovered
populations are usually well established, thus reinforcing the need for comprehensive surveillance.
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Hand harvesting is the most selective control option currently available to manage AIS plants. Selective
techniques are preferable as they have minimal impacts on the native plant community, which allows
native plants to reoccupy invaded space after removal. Hand harvesting can produce a lot of fragments,
especially when using a hookah rig whose hoses tear plants apart. As fragmentation is a major spread
mechanism for most AIS plants, best management practices (BMPs) call for collecting fragments while
harvesting, and for policing work areas post-harvest to collect stray fragments. Along with completely
removing all aboveground portions of the plant, deliberate effort must be taken to remove as much root
mass as possible. The area must be harvested multiple times to remove residual biomass and plants
originating from seeds or turions, and it may take years of repeated harvesting to exhaust the
seed/turion pool. The cost for hand harvesting generally falls between $200 and $2,000 per acre per
year depending on AIS plant density and number of harvests per year.
Benthic barriers are impermeable to semipermeable membranes placed over the AIS to deny light and
gas exchange. This control option can be very effective for plants but it is less effective for animals, and
it is completely non-selective as any native organisms underneath the barrier will also be controlled. As
such, BMPs call for deploying benthic barriers only in areas dominated by the AIS. When benthic barriers
are removed the exposed substrate is fertile ground for reestablishment of AIS and must be watched
carefully for reinvasion. To reduce the likelihood of reinvasion, BMPs call for hand harvesting of any
scattered AIS in the vicinity of the barrier and for careful follow-up monitoring for reemergence of the
AIS from sediments after the barriers are removed. Despite the negatives, benthic barriers may be a
good option for controlling small infestations, as they can be deployed quickly and left in place for a long
period, thus not requiring any revisitation until they are removed. Benthic barriers are the most
expensive control option, ranging from $15,000 to $20,000 per acre of treated area.
Aquatic herbicides have long been used to successfully control AIS plants in lakes outside the Adirondack
Park. There are two classes of these chemicals, contact herbicides that affect only the portions of the
plant contacted by the herbicide and systemic herbicides which are adsorbed by the plant and spread
throughout thus affecting most to all of the plant. Contact herbicides work quickly but have less
longevity while systemic herbicides take longer to work but their effects also last longer. Aquatic
herbicides may produce some unwanted side effects and the long-term impacts of herbicides on
humans and aquatic ecosystems are poorly studied, which partly explains the considerable controversy
over using chemicals to control AIS in the Adirondack Park. Like benthic barriers, some herbicides are
non-selective, though some new products like Renovate are selective. Timing of application also has
significant bearing on efficacy and selectivity, and BMPs for aquatic herbicides consider these factors.
Aquatic herbicides are typically used to control large areas dominated by AIS with BMPs calling for
follow up monitoring and control of new growth using hand harvesting. Chemical concentrations in the
water column must also be monitored during the application and for a period after, with the specifics
dictated in the permit. Aquatic herbicides must be applied by a licensed commercial applicator and with
considerably more logistics involved compared to the other options. The cost for aquatic herbicides
generally falls between $900 and $1,000 per acre per year depending on AIS plant density and number
of applications per year.
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For Upper Saranac Lake we assume that given the excellent surveillance program in place that new AIS
plants will be discovered very early with a low population and confined to a small area. With this
scenario, hand harvesting is the logical choice for eradicating a new infestation. The technique is
appropriate for all AIS plants listed, it is completely selective towards the target species, a permit can be
obtained rapidly, and Upper Saranac Lake already has an experience contractor. Hand harvesting has
been used successfully to eradicate European frogbit and also Eurasian watermilfoil. The cost of rapid
response via hand harvesting is difficult to estimate, but presuming that the AIS is discovered at low
density the cost should be towards the low end of the range, but should be budgeted for several years
to account for multiple treatments over time. Targeted use of benthic barriers should be considered as
the second option to achieve rapid control of very small infestations of less than a few hundred square
feet of higher density plants. Owing to more restrictions on their use, the slowness of receiving a permit,
and the greater expertise and logistics behind using them, aquatic herbicides should be considered as
the last option or even not at all. Unfortunately, AIS animal eradication is likely not feasible and a
detailed survey should be undertaken before committing significant resources to controlling these
organisms. It is more likely that local control will be used for these organisms and benthic barriers and
chemicals are the options. Unfortunately, the cost to control AIS animals could easily eclipse the current
dollars invested in AIS plant management in Upper Saranac Lake and with less than desirable results, so
prevention is the smart option for controlling these small bodied organisms.
Permitting Process
Permits are required from the APA and DEC to use hand harvesting and benthic barriers in the
Adirondack Park. The APA has developed a general permit that approves the use of these control
methods for all of the AIS listed in Table 4. This straight forward permit can be obtained in as few as 15
days. Since Upper Saranac Lake already has a permit to control Eurasian watermilfoil using these
techniques a simple amendment is all that’s required to add a new AIS to the permit. The general permit
for hand harvesting and benthic barriers is included as a supporting document.
Permits are also required from the APA and DEC to use aquatic herbicides in the Adirondack Park, but
the process for obtaining such permits is considerably more involved and as such may not be conducive
for rapid response. Three such permits have been issued since 2010 to control established populations
of Eurasian watermilfoil in Lake Luzerne, Eagle Lake, and Loon Lake. The Loon Lake permit issued by the
APA is included as a supporting document along with the report. The basic justification for allowing
herbicide use is rooted in proving to these agencies that accepted control techniques (HH and BB) have
not been effective and herbicides are the only option to reduce the population to a level that can then
be managed using traditional techniques. The APA issued guidelines for appropriate use of aquatic
herbicides to control Eurasian watermilfoil in March, 2014. Key excerpts from the guidelines include:


Aquatic herbicides containing the active ingredient triclopyr can be used to manage EWM in
Adirondack waterbodies when the project is designed to avoid or minimize impacts to
freshwater wetlands, especially to nontarget native flora and fauna.
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In order to achieve the greatest level of success it is recommended that the herbicide
treatment be limited to areas where large, dense or moderately dense EWM beds that need
to be reduced to levels which will allow non-chemical control to continue in the future.



Areas with scattered to trace amounts of EWM should not be treated if dominated by
protected or susceptible native plants and a cost effective non-chemical control option is
available which will achieve the same management outcome for the applicant and provide
better protection to susceptible flora or fauna.



It is recommended that the treatment area be greater than five acres in size and consist of
dense and moderately dense EWM beds. Areas with scattered to trace amounts of EWM
adjacent to the dense beds should not be included as part of the treatment area, since these
areas can be hand harvested.



Sequestration curtains must be used to contain the herbicide to the treatment area, but the
APA will consider other options if such curtains are technically impractical.

Note the guidelines emphasize that treatment should be limited to large areas with moderately dense to
dense growth, and areas of scattered growth should be hand harvested. Given this, it is unlikely that a
rapid response permit for herbicide use would be issued unless a large AIS population was discovered
several years after establishment (unlikely scenario in Upper Saranac Lake). The APA more recently
released a Supplemental Information Request form entitled “Application for Use of Pesticides to Control
Aquatic Plants”. This form must be submitted along with a General Information Request form when
applying for an aquatic herbicide permit. These forms are included as supporting documents and include
all of the questions that an applicant must answer. Most of the questions are easily answered with
existing information, with the exception of the detailed questions specific to herbicides which would
need to be answered with the assistance of a licensed aquatic pesticide contractor.
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Asian clam (Corbicula fluminea)

On-line Resources:


New York Invasive Species Clearinghouse (http://nyis.info/?action=invasive_detail&id=52)



USDA National Invasive Species Information Center
(http://www.invasivespeciesinfo.gov/aquatics/asianclam.shtml)
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Asian Clam (Corbicula fluminea) is among the three worst non-indigenous invaders in the United States
(Pimental, Zuniga, & Morrison, 2005). This bivalve mollusk indigenous to Asia, Australia, and Africa now
currently inhabits freshwater habitats in the Americas and Europe. Costs associated with its damages
and management are around $1 billion per year (Araujo, Moreno, & Ramos, 1993; Pimental et al., 2005).
Asian clams’ rapid growth, early sexual maturity, short lifespan, high fecundity, and extensive dispersal
capacities make this one of the most successful and threatening invasive aquatic species (Sousa,
Antunes, & Guilhermino, 2008). Asian clam has successfully established populations in the Adirondack
Park at Lake George since 2010 (Lake George Association, 2012). With such a close proxy and its
biological characteristics, Asian clam could easily inhabit the interior waters of the Adirondacks.
Asian clam has been found outside of its original distribution (Asia, Africa, and Australia) since the 1920s
on the Pacific Coast in the United States. Initial Asian clam establishment in North America is thought to
be due to transoceanic ballast water exchange and Chinese immigration for a food resources (Johnson &
McMahon, 1998). With rapid, long distance colonization through ballast/bilge/engine water transport;
food resource trade; bait release; aquarium industry; and anthropogenic mediated hitchhiking, Asian
clam has quickly spread throughout the United States. Currently it inhabits water bodies in nearly all 50
States and throughout New York (Sousa et al., 2008; USGS, 2012). The Adirondack Park is surrounded by
successful Asian clam populations in the Erie Canal at Utica, Champlain Canal at Fort Edward, the Finger
Lakes, and St. Lawrence River in Quebec (USGS, 2012). As of 2010 Lake George, on the exterior of the
Adirondack Park, has supported Asian clams with growing distributions throughout the lake (Bauer et
al., 2012; USGS, 2012).
Asian clams’ life cycles and physiological adaptations make them very effective invaders. These bivalve
mollusks are hermaphroditic which can self-fertilize (McMahon, 2000). Fertilization occurs in the paleal
cavity, and larvae are incubated in the branchial water tubes where they are protected in a nutrient rich
environment. When the larvae mature, the juveniles are released into the water and bury into the
substratum sediment (Sousa et al., 2008). Juveniles are relatively small, around 250um, completely
formed, and easily dispersed via water currents and anthropogenic activities. They anchor to sediments,
vegetation, and other hard surfaces (i.e. boat hauls) with mucilaginous byssal thread. When there are
turbulent flows or other disturbances, they can re-suspend and be subjected to further dispersal
(McMahon, 2000). Asian clams have high assimilation and filtrations rates which enable sexually
maturity 3-8 months after fertilization (Sousa et al., 2008).
The adult Asian clam lives 1-5 years and spawns 1-3 times per breeding season (depending on biotic and
abiotic factors) (McMahon, 2000; Phelps, 1994; Sousa et al., 2008). Hermaphroditic adults have high
fecundity, and an average individual can produce around 35,000 larvae per breeding season (McMahon,
2002; Mouthon, 2001). However, Asian clams have a low juvenile survival and a high mortality rate
throughout its lifespan which lead to populations dominated by high proportions of juveniles
(McMahon, 2002; Sousa et al., 2008). Asian clam’s life history adaptions and reproductive traits allow
massive population densities to form when invading a new habitat or after subjection to environmental
stress (McMahon, 2002).
These characteristics also enable Asian clam to achieve high densities in varying aquatic habitats and
ones susceptible to environmental perturbations. They thrive in well oxygenated rivers and oligotrophic
lakes with sandy or gravel substrates but are also found in turbid waters, under large boulders, or in soft
silts of deep lakes (Sousa et al., 2008). Typically they are found buried within the top 10-15cm of the
substrate in 2m to greater than 40m of water with highest densities occurring between 3-10m depths
(Wittman et al., 2008). It can tolerate pH as low as 5.4, and if pH is greater than 6.5 it can inhabit waters
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with calcium levels of 6mg Ca/L (McMahon, 2002; Sousa et al., 2008). Additionally Asian clams can
survive wide temperature ranges between 2-36oC (McMahon, 2000; Johnson & McMahon, 1998).
Another characteristic that makes Asian clam an efficient invader is their emersion tolerance; they can
survive for 36 days out of water at 20oC in relatively high humidity (McMahon, 2002).
Asian clams’ economic and ecological impacts are large. They cost industry around a billion dollars a
year from clogging intake/water filtration pipes, damaging electric generating plants through biofouling,
in management, and tourism industry losses (Pimental et al., 2005). For example the Lake George Asian
Clam Rapid Response Task Force (LGACRRTF) has spent over a million dollars on management since 2010
with over $600,000 in 2011. While the infrastructures lost from Asian clam’s destructive qualities are
expensive but recoverable, the damage to the environment caused by this invader and its management
may be irreversible.
Asian clam’s negative effects are most noted on the native mollusk populations. Firstly Asian clam’s
burrowing and bioturbation activity in to the sediments may displace or reduce habitats of the native
bivalves (Araujo et al., 1993). They also directly compete and limit planktonic food availability to native
mussels (Araujo et al., 1993). Furthermore, when Asian clams form dense populations, they may ingest
large amounts of unioid sperm, glochidia, and newly metamorphosed bivalve juveniles (Sousa et al.,
2008).
This invasive not only directly impacts native species but also can indirectly affect flora and fauna by
altering the water chemistry. Due to its high filtration rates, Asian clams excrete elevated levels of
nitrogen and phosphorus in the lake-sediment interface, leading to green algae blooms and dissolved
oxygen depletion (Phelps, 1994; Wittman et al., 2008). Similarly, algae blooms and dissolved oxygen
exhaustion can transpire from an Asian clam mass die-off (Johnson & McMahon, 1998). Water quality is
further impacted by the increased levels and bioconcentration of calcium due to intense shell deposition
(up to 4.7cm deep has been observed) (Phelps, 1994; Wittman et al., 2008). This calcium accretion may
lead to the invasion of other nonindigenous species with higher calcium requirements like zebra or
quagga mussel (Wittman et al., 2008). Additionally, changes in water chemistry by Asian clams have
been associated with the decrease in aquatic submerged macrophyte populations. This can be followed
by modifications throughout the entire aquatic ecosystem, from zooplankton to migratory birds (Phelps,
1994).
Since Asian clam colonization has negative ecological effects and cost industry huge amounts of money,
it is important to develop a comprehensive management plan. The Asian Clam Work Group in Lake
Tahoe, NV, CA has developed a four phase management system for dealing with established Asian clam
populations which follows (Wittman et al., 2008):
1) The initial management response, urgent actions, and immediate science need for surveying and
understanding of the species’ biology to fully evaluate the invasion so attainable management
goals can be set/established and resources can be allocated properly
2) Selection of preferred management practices based on the above results to achieve
management goals at the lowest environmental and economic cost
3) The implementation of selected control actions
4) Long-term monitoring to evaluate success and adapt future management
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The three main methods used for controlling or eradicating (depending of invasion and
reactiveness) established Asian clams include (Johnson & McMahon, 1998; Wittman et al., 2008):
 Benthic Barriers
 Suction Dredging
 ChemicalMolluscicides in the form of potassium
It is suggested that the integration of these methods could have the most effective results. However all
management practices for controlling established Asian clam populations are fiscally expensive, require
tons of man hours, and come with environmental degradation (Wittman et al., 2008).
The LGACRRTF has extensively managed Asian clams in Lake George since they were first discovered in
2010 (Bauer et al., 2012). Their practices include the application of benthic barriers and suction
dredging. Some surveyed benthic mats have displayed a 99% mortality on Asian clams underneath
(Bauer, et al., 2012). However not all mats result in 99% mortality, make it through to treatment
season, and cover all Asian clams that occupy the lake (Bauer et al., 2012). Suction dredging has been
also employed, but results have not met the LGASRRTF expectations because of the high numbers of
sampled living clams after treatment (Bauer et al., 2012). It is important to keep in mind that Asian
clams are self-fertilizing (hermaphroditic) and one clam can give rise to around 35,000 offspring the next
season (Sousa et al., 2008). Furthermore, their life history and reproductive traits encourage them to
re-establish quickly after environmental catastrophe like suction dredging or benthic barriers.
Asian clams are one of the worst aquatic invaders in the United States. It has cost the economy millions
of dollars each year in fouling, management, and tourism (Pimental et al., 2005). The effects of Asian
clam range from out-competing native mollusk to bioconcentrating calcium which could enable other
invaders’ establishment, particulary zebra and quagga mussels. Like other invasive species, the ecology
of Asian clam make them etremely successful colonizers and difficult to manage because high frecundity
and multipledispersal mechanisms (Sousa et al., 2008). With Asian clam’s preexisting establishment in
water bodies surrounding and within Adirondack Park, biological knowledge and spread prevention are
imperative to reduce the its further colonization into the heart of the Adirondacks (LGA, 2012; USGS,
2012)
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Brazilian elodea (Egeria densa Planch)

On-line Resources:


Washington Invasive Species Council
(http://www.invasivespecies.wa.gov/priorities/brazilian_elodea.shtml)



USDA National Invasive Species Information Center
(http://www.invasivespeciesinfo.gov/aquatics/brazwaterwd.shtml)
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Egeria densa Planch., also known as Brazilian elodea, is a freshwater invasive macrophyte, native to
South America (Yarrow et al., 2009). Through noxious vegetative growth, Brazilian elodea is known to
lower the economic and environmental quality of infested areas (Champion, 2002; Roberts, Church, &
Cummins, 1999; Santos, Anderson, & Ustin, 2010). Its current distribution throughout the world is
mostly due to anthropogenic activities linked to the aquarium trade (Yarrow et al., 2009). It has
naturalized in southern New York and New England, but its northern expansion into the Adirondack Park
may be currently limited by its susceptibility to freezing temperatures. Nonetheless, E. densa’s
deleterious effects and adaptability make it an important priority to prevent, monitor, and manage the
establishment of this invader.
As a member of the Hydrocharitaceae family, Brazilian elodea is a flowering perennial and submerged
aquatic macrophyte (Yarrow et al., 2009). In subtropical and temperate climates it displays bimodal
growth patterns, and in South Carolina E. densa’s biomass reaches two peaks annually (Getsinger &
Dillon, 1984). From March to July primary, secondary, and tertiary branching occurs with biomass
peaking in July. With the increases in water temperature through the season, the summer-biomass peak
is followed by a late of summer senescence (Getsinger & Dillon, 1984). As water temperature falls,
recrudescence (revival of the plant) occurs through November and December with a winter-biomass
peaking in December (Getsinger & Dillon, 1984). Since Brazilian elodea is lacking tubers and turions
typical of other perennial aquatic macrophytes, starch is cached at its nodes and root crowns during the
early winter growth period (Getsinger & Dillon, 1984; Haramoto & Ikusima, 1988; Yarrow et al., 2009).
This starch storage enables E. densa to survive quiescence (dormancy) through the winter (JanuaryMarch) (Getsinger & Dillon, 1984; Haramoto & Ikusima, 1988).
This perennial is usually rooted to the sediments in 1-3m of water, but has been document in 7m
(Carrillo, Guarin, & Guillot, 2006). Brazilian elodea grows vertical, irregularly branching stems in the
water column that are 1-3mm wide and extend up to 3m long. The stems have nodes with internodes
between 2.5 and 24mm in length. The nodes can be either sterile or fertile, bearing just leaves or
leaves, buds, flowers, and branches, respectively (Cook& Urmi-Konig, 1984; Yarrow, 2009). The small
leaves of Brazilian elodea are 1-3cm long and 5mm across and occur in whorls of up to ten on fertile
nodes (every 0-15 internodes) or in whorls of 4 on sterile nodes (Cook & Urmi-Konig, 1984). Additionally
E. densa is dioecious, emergently displaying 18-25mm, white flowers with 3 petals (Yarrow et al., 2009).
Most populations, especially in its non-indigenous regions are male, and therefore reproduction is
largely vegetative through fertile nodes, adventitious roots, and fragmentation.
Vegetative propagation helps the success and vigor of E. densa’s establishment; however its metabolism
also assists in its dominating invasion. Like Hydrilla verticillata (L.f.) Royle, E. densa’s metabolism
changes under different carbon dioxide (CO2) concentrations (Casati, Lara, & Andreo, 2000). Since CO2’s
diffusion rate is slower in water than air, it often limits photosynthetic activity, thus restricting growth in
submersed aquatic macrophytes (Yarrow et al., 2009). When CO2 concentrations are low a C4-like
mechanism is engaged in Brazilian elodea’s cells to concentrate carbon around Rubisco (principle
oxygenating and carboxylating enzyme in photosynthesis/photorespiration) to reduce the enzymes’
oxygenating and photorespiration properties (Casati et al., 2000; Yarrow, 2009). Low CO2
concentrations, high oxygen concentrations, and high temperature enable this C4-like pathway, and
carbon can be assimilated for photosynthesis instead of oxygen for photorespiration (Casati et al.,
2000). Also at low CO2 concentrations and in alkaline waters Brazilian elodea has a high affinity for
bicarbonates (HCO3-) and can utilize its carbon for photosynthesis (Casati, et al., 2000). These adaptive
metabolic strategies, which favor photosynthesis over photorespiration, allow Brazilian elodea to grow
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better in high temperature and low dissolved CO2 conditions than other aquatic plants lacking these
mechanisms (Casati et al., 2000; Yarrow et al., 2009).
Brazilian elodea can tolerate a wide range of habitats, but temperature seems to be the most
influencing factor in its growth and distribution. Constant growth is usually displayed between 16 and
28oC with the rate of photosynthesis increasing over this range (Barko & Smart, 1981). However this
temperature range varies depending on climate and season because the plant displays adaptability to
seasonal temperatures and day length (Haramoto & Ikusima, 1988). When overwintering in its dormant
state, E. densa has survived periods under ice, but prolong temperatures near freezing kill the
vegetation (Cook & Urmi-Konig, 1984; Haramoto & Ikusima, 1988; reviewed in Yarrow et al., 2009). It
commonly colonizes acidic, humus rich waters but has been found thriving in calcareous, eutrophic
waters (Cook & Urmi-Konig, 1984). This invasive typically dominates clear waters with low light
attenuations, but growth and establishment has been documented in waters with low light availability
(Barko & Smart, 1981). The growth habit of E. densa varies depending on light availability with prolific
branching in high light conditions and elongation in low light conditions (Barko & Smart, 1981). E.
densa’s versatile traits allow it to colonize an array of environments and climate regions.
Originally native to the Minas Gerais region of Brazil to the coastal areas of Uruguay and Argentina, E.
densa is distributed in every continent except Antarctica (Yarrow et al., 2009). It has been sold around
the world as an aquarium plant because it is attractive and falsely thought to have oxygenating
characteristics (Yarrow et al., 2009). Brazilian elodea has been collected outside of it native range since
1893 when it was found in Long Island, NY (Les & Mehrhoff, 1999). It is now naturalized and invades
water bodies throughout the United States including parts of southern New York, Connecticut,
Massachusetts, Vermont, and New Hampshire. The local spread within the water body or neighboring
water bodies is mostly attributed to fragmentation and hitching hiking through anthropogenic activities.
The propagules or fragments are extremely procreant and can survive for up to 6 hours outside of water
(Marin et al., 2009). A piece containing at least one fertile node can be transported by humans, animals,
or water current and re-establish in sediments (Yarrow et al., 2009).
This highly undesirable invasive plant produces rapid biomass under ideal conditions and consequently
disrupts the aquatic environment (Pistori, Camargo, & Henry-Silva, 2004). Monospecific beds which can
lower biodiversity through competition and exclusion are a result of Brazilian elodea’s rapid growth and
reproductive success (Barko & Smart, 1981; Santos et al., 2010). Like other aquatic plants, Brazilian
elodea’s establishment can alter the water’s trophic state (from eutrophic to oligotriphic) by reducing
turbidity and nutrient suspension (Champion, 2002; Urrutia et al., 2000). However several years after a
trophic change, the dense beds of E. dense can facilitate benthic anoxia causing the mortality of all
plants and associated species in the body of water (Champion, 2002). This mass die off can lead to a
nutrient release from the sediments which can expedite the change back to turbid, eutrophic conditions
(Champion, 2002). As for the economy, these thick, vegetative mats cause problems with irrigations and
hydroelectric generation infrastructure (i.e. clogging intake pipe) and reduce or eliminate recreational
activities like swimming, canoeing, and fishing (Roberts et al., 1999; Yarrow et al., 2009).
The negative impacts associated with E. densa have resulted in varying management techniques and
include: physical removal, biological, chemical, and water level manipulation.


Physical removal
o Small population or seriously impeded commercial waterways
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o Remaining fragments are viable
BiologicalTriploid grass carp (Ctenopharyngodon idella)
o Low densities of carp prefer E. densa over other submerged macrophytes (Mitchell,
1980)
o Reduces biomass to tolerable levels while leaving enough aquatic vegetation so fish
populations are minimally affected (Mitchell, 1980)
Chemical fluridone and copper (Yarrow et al., 2009)
o Effectiveness varies and multiple treatments are required
Water level manipulationwhere available draw-downs
o Success is dependent of several factors like degree of desiccation, substrate
composition, air temperature, and humidity (Marin et al., 2009; Yarrow et al., 2009)

An integrated approach involving multiple methods may provide the most effective control and
management.
This aquatic macrophyte indigenous to South America has greatly increased its distribution over that last
100 years due to the aquarium industry. It is now naturalized in tropical to temperate water bodies
around the world and throughout the United States (Yarrow et al., 2009). Its caustic vegetative growths
impede commercial and recreational activities, degrade the environment through loss of biodiversity,
and alter aquatic nutrient cycles (Champion, 2002; Roberts et al., 1999; Santos et al., 2010; Yarrow et al.,
2009). It can survive in a multitude of habitats, but its susceptibility to freezing temperatures could keep
it from naturalizing in the Adirondacks (Yarrow et al., 2009). However with global climate change and
Brazilian elodea’s adaptability in temperate regions, establishment in the Adirondack Park cannot be
taken lightly (Haramoto & Ikusima, 1988).
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Curly leaf pondweed (Potamogeton crispus L.)

On-line Resources:


Minnesota Department of Natural Resources
(http://www.dnr.state.mn.us/invasives/aquaticplants/curlyleaf_pondweed.html)



USDA National Invasive Species Information Center
(http://www.invasivespeciesinfo.gov/aquatics/pondweed.shtml)

Paul Smith's College Adirondack Watershed Institute|

52

[PREVENTION AND PREPAREDNESS PLAN]

Upper Saranac Lake 2015

Biological invaders, like Potamogeton crispus L. are huge threats to biodiversity in the ecosystem and
associated aquatic industry (Sala et al., 2000). This invasive pond weed is indigenous to Eurasia and can
form thick monocultures. It is especially persistent because it has two reproductive methods by seeds
and dormant buds known as turions (Calting & Dobson, 1985). Curly leaf pondweed has been
established in the United States for over 100 years and successfully invades waters in the Adirondack
Park. Since invasive aquatic plants are known to affect both aquatic ecology and related economies, it is
important to understand the biology and ecology of P. crispus (Sala et al., 2000).
Native to Eurasia, curly leaf pondweed is now a cosmopolitan species with a worldwide distribution in
Africa, Australia, and North America (Stuckey, 1979). Exactly when it was first presented to the United
States is unknown, but the most agreed upon time is during the mid-1800s (Calting & Dobson, 1985;
Stuckey, 1979). The original means of introduction is also unidentified, but escapement from
horticultures seems to be the most plausible culprit. Since the 1840s, when the earliest verifiable wild
collection of P. crispus was found in waters around the Philadelphia, PA area, it has spread throughout
the Northeastern United States within a few decades (Stuckey, 1979). Curly leaf pondweed is now
found in nearly all 50 States and as far north as Calgary, Canada (Calting & Dobson, 1985; USDA, 2012).
It infests waters throughout the Great Lakes basin and the state of New York (USDA, 2012). In the
Adirondack Park curly leaf pondweed has been identified in Lower Saranac Lake, Lake Flower, and
Paradox Lake of Franklin and Essex counties as well as other water bodies (USDA, 2012).
Curly leaf pondweed is a submerged aquatic macrophyte. It is a perennial but behaves as a winter
annual through the production of dormant buds called turions (Calting & Dobson, 1985). Depending on
the season, curly leaf pondweed displays two types of vegetative leaves. In the early spring-summer,
when its biomass is the greatest, leaves are green, oblong to obovate, .75-1.5cm wide and 3-8cm long
(Calting & Dobson, 1985). The leaves commonly resemble lasagna noodles which are crisp and brittle
with serrated margins and round tips. The winter foliage leaves differs by being relatively narrow (5075mm) and flexuous with flat margins and acute tips (Calting & Dobson, 1985).
This pondweed can tolerate diverse aquatic environments. Water chemistry variables that have been
measured in curly leaf pondweed infestested waters include nitrate concentrations ranging from 2.024mg/L with a mean of 8.96mg/L; phosphate concentrations ranging from .2-1.12mg/L with a mean of
.25mg/L; and pH ranging from 6.7-9.8 with a mean of 7.6 (Calting & Dobson, 1985). P. crispus has been
recognized in aquatic systems were conductance is relatively high (400 micromhos/cm2) and can be
found in alkaline, calcareous, and brackish waters (reviewed in Calting & Dobson, 1985; McCombie &
Wile, 1971). Futhermore, curlyleaf pondweed can also establish communities in polluted waters with
high metal concentrations (Ali, Tripathi, Rai, Pal, & Singh, 1999). Curlyleaf pondweed’s tenacity to a
wide range of habitats has enabled its world wide distribution and colonization.
P. crispus has two possible reproductive and propagative pathways. The main strategy is through the
formation of dormant buds, while the other is seeds by wind pollinated flowers (Sastroutomo, 1981).
Seed production is relatively high in P. crispus, and a single plant can produce 960 seeds if the seeds are
continually removed (Yeo, 1966). However the formation of dormant buds is just as lucrative as seed
productions. A 5.9m2 monoculture of P. crispus is able to produce 23,000 dormant apices, and a single
plant can yield over 900 dormant apices throughout a season (Yeo, 1966).
The dormant apices are the main propagation strategy. At the same time as flower bud initiation, the
apices begin to develop in early spring from axillary buds along the stem (Calting & Dobson, 1985). Each
dormant apex often consists of five to seven dormant buds (turions) which any or all can give rise to a
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new plant (Calting & Dobson, 1985). Usually apices development period begins in May and is completed
by June or later depending on water temperatures (Sastroutomo, 1981). The dormant buds take about
two weeks to mature on the plant before abscission occurs, and they sink to the sediments. After the
turion output period, the spring-early summer foliage loses its buoyancy and dramatically dies backs
around early July (Sastroutomo, 1981). The turions lie dormant in the sediment over the most
productive and competitive portion of the summer (Calting & Dobson, 1985). With the onset of colder
water temperatures in the fall the dormant buds germinate in the sediments and begin to grow winter
foliage that can persist under thick ice and snow cover (Calting & Dobson, 1985; Tobiessen & Snow,
1984). In winter-early spring or when the ice melts, winter foliage dies off and is replaced by early
spring-summer foliage. This new summer foliage in turn gives rise to the next season’s turions and
seeds.
This summer-dormancy cycle maximizes the effective use of spring’s untapped available nutrients prior
to other aquatic species and reduces competition for nutrients and light during the most productive
period of the summer (Nicholas & Shaw, 1986; Tobiessen & Snow, 1984). These strategies provide early
competitive advantages for curly leaf pondweed, and a better understanding of its life cycle, bud
formation, and dormancy period could enable more effective management practices.
Depending on the growth and establishment, curly leaf pondweed can have deleterious or
advantageous effects on the economy and ecosystem. During the early spring-summer growths, the
plants can form dense monocultures which can cover large areas of the water surface (Calting &
Dobson, 1985; Cypert, 1967). These dense, pernicious growths can impede water flow in irrigation
canals and restrict water based recreation (Cypert, 1967). A lake in northern Tennessee had
experienced such growths during sport fishing’s peak time which severely hindered the season and
related economy (Cypert, 1967). Due to curly leaf pondweed’s jumpstart on the season, it can crowd
out other native aquatic plants (Nicholas & Shaw, 1986). Even after P. crispus’s summer die back, the
crowded native plants do not show signs of recovery (reviewed in Calting & Dobson, 1985). The dieback
also increases the nutrient load in the water column which subsequently can lead to harmful algae
blooms and oxygen depleted water (reviewed in Calting & Dobson, 1985).
However there have been beneficial trends noted with P. crispus’s establishment. Firstly, curly leaf
pondweed is under review for the use in phytoremediation and biomonitering in polluted waters
because it has been shown to accumulate considerable amounts of metals like Cr, Cu, Fe, Mn, Ni, Pb,
and Zn (Ali et al., 1999). Also the huge biomass created by curly leaf pond weed is consumed by other
aquatic species. Not only do herbaceous zooplanktons consume the foliage, but it also provides a great
energy source for dabbling, diving ducks and coots (Calting & Dobson, 1985; Cypert, 1967; Hunt & Lutz,
1959). Additionally this pondweed can produce over 4.5-5.5 million seeds in one acre which can support
500-1000 mallard size ducks for one day (Hunt & Lutz, 1959). Finally, if curly leaf pondweed does not
produce unfavorable growths, it can provide excellent cover for sport fish like bass (Bonvechio &
Bonvechio, 2006; Wiley, Gorden, Waite, & Powless, 1984). Depending of the severity of its growth, P.
crispus can be linked to both beneficial or insalubrious effects on the ecosystem and related industry.
Since curly leaf pondweed can form pestiferous growths that distress the ecosystem and the economy,
management methods have been implemented and include:
 Chemical herbicidesmost common management practice
o Type of herbicide and time of treatment are important to consider for the greatest
effect on reducing biomass and turion formationapplication during the lowest point
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of carbohydrate storage (January and April) when the plant is most vulnerable to
management and turion development has yet occurred (Woolf & Madsen, 2003)
 Endothol and diquat treatments in the early spring (May and March) have
resulted in effective biomass reduction and the inhibition of turion production
(Netherland, Skogerboe, Owens, & Madsen, 2000; Poovey, Skogerboe, &
Owens, 2002).
o If management is sought later in the year, turions can still form and remain viable for
the next season or even years (Johnson, 2010).
o Early spring management practice could minimize the impact of herbicides on native
plants species, which are typically dormant during this period (Woolf & Madsen, 2003)
Biological Triploid grass carp (Ctenopharyngodon idella)
o Grass carp have been shown to have a preference for curly leaf pondweed above other
aquatic plants (Hamel, n. d; Pauly et al., 1994)

Curly leaf pond weed is an aquatic macrophyte invader, indigenous to regions in Eurasia, and has now
colonized throughout the world and North America (Stuckey, 1979). As a submersed aquatic perennial,
P. crispus displays two distinctive vegetative foliage in the summer and winter periods (Calting &
Dobson, 1985). It has dual reproductive strategies through the production of seeds and turions. When
P. crispus forms thick growths or monocultures in the water column it can diminish aquatic based
industry and alter sport fish populations (Cypert, 1967). It is already established in waterways
throughout the Adirondack Park including Essex and Franklin counties, and therefore it is imperative to
be aware of its potential threats and eliminate its spread into nearby waters bodies.
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Didymo, “rock snot” (Didymosphenia geminate)

On-line Resources:


Pennsylvania Fish & Boat Commission
(http://www.fish.state.pa.us/water/habitat/ans/didymo/faq_didymo.htm)



USDA National Invasive Species Information Center
(http://www.invasivespeciesinfo.gov/aquatics/didymo.shtml)
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Didymosphenia geminata (didymo or rock snot) is a benthic, freshwater diatom. It is considered
indigenous to the Northern Hemisphere where cold oligotrophic streams and rivers dominate
watersheds. It is important to note that this diatom is commonly found as a single cell or in small
colonies (not forming dense growths) in waterways and is considered innocuous in these states. More
recently didymo has been making headlines for its expanding geographic distribution into the Southern
Hemisphere and its increasing formation of thick cellular conjugates and large algal mats (>1km long and
>2cm thick) (Whitton, Ellwood, & Kawecka, 2009). Didymo’s huge blooms usually form under low
nutrient conditions which are contradictory of archetypal bloom forming algae (Sundareshwar et al.,
2011). These unique growths carpet benthic habitats and alter macroinvertebrate communities (Gillis &
Chalifour, 2010; Larson, 2007). Additionally didymo’s noxious mats cost commercial and tourism
industries millions of dollars a year (Deloitte, 2011). It has been suggested that this aggressive change in
the diatoms’ ecology and distribution is due to climate change, anthropogenic activities, and/or evolving
ecotypes (Kilroy, 2004; Lui, Zhongwei, Zunwei, Wang, & Yiming, 2011; Thuiller et al., 2005; Whitton et
al., 2009).
D. geminata has been first described from the Faroe Islands north of Scotland as Echinella geminata and
later has been named to Gomphonema geminatum (Lyngbye) Agardh (Patrick & Reimer, 1975; Round,
Crawford, & Mann, 1990). Thus the varying nomenclature makes it difficult to pinpoint its exact
indigenous regions. There are early taxonomic descriptions of didymo noted by Cleve (1894-1896) in
Norway, Scotland, Ireland, Sweden, Finland, France, Spain, and Switzerland (reviewed in Whitton et al.,
2009). Therefore D. geminata is considered native to these countries as well as other Northern
Hemisphere boreal or montane regions including parts of North America. However over the past 30
years in North America and Eurasia didymo has been gradually expanding its geographic regions and
increasing nuisance growth occurrences (Whitton et al., 2009). Since 2004, this diatom has been found
outside of its Northern Hemisphere regions in the freshwaters of New Zealand, (Kilroy, 2004). Its hardy
cells are able to survive for a month in cool, damp catchments like felt bottom waders or ballast water
tanks which make didymo easily transported over long distances by humans (Kilroy, Lagerstedt, Davey,
& Robinson, 2007). Currently it forms problematic blooms in waters surrounding the Adirondack Park in
Washington County, NY and the Connecticut River, VT (Vermont Department of Environmental
Conservation [VTDEC], 2011).
All diatoms, Bacillariophyta, are predominately single-celled, photosynthetic algae with distinguishable
silica (SiO2) cell walls. They consist of two halves known as valves. One valve is slightly smaller than
other so it can fit together similarly to a petri dish; the whole structure is called a frustule. Like all
diatoms, vegetative reproduction is the predominate form of propagation. The two halves of the cell
each form a new valve that fits inside the original one (Kilroy, 2004; Round et al., 1990). Repeated cell
division results in a gradual average cell size reduction in the population, and therefore populations
contain varying sizes of individuals (Round et al., 1990). Following the phase of vegetative multiplication
and cell size reduction, meiosis and sexually reproduction takes place. Not only does sexually
reproduction occur because of genetic exchange, but it also restores the size of the diatoms (Round et
al., 1990).
D. geminata are large, 100um long and >35 um wide and have triundulate frustules which are shaped
like a jelly baby or a curved bottle (Kilroy, 2004; Round et al., 1990). They possess a raphe though which
they discharge mucilage that allows them to be somewhat motile and increases the ability to attach to
preferred substrates (Kilroy, 2004; Round et al., 1990; Spaulding & Elwell, 2007). Each cell of didymo
also has an apical porefield through which a mucopolysaccharide stalk is excreted, and every time a cell
divides, the stalk divides. The protein, polysaccharide stalks form a dense mass of branching and enable
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the attachment to rocks, plants, and other submerged substrates (Kilroy, A new alien diatom,
Didymosphenia geminata (Lyngbye) Schmidt: its biology, distribution, effects and potential risks for New
Zealand fresh waters, 2004; Spaulding & Elwell, 2007). These stalks are responsible for the formations
of the thick, encompassing blooms which are associated with the negative impacts of D. geminata
(Kilroy, 2004; Spaulding & Elwell, 2007; Whitton et al., 2009). The stalks are resistant to degradation
and have been reported to over winter in thick mats with no living cells (Whitton et al., 2009). A better
understanding of the secretion, formation, and biogeochemistry of the stalks could be crucial for
determining and controlling the negative ecological effects didymo displays.
This periphytic diatom is typically found in cold, neutral to alkaline, clear oligotrophic streams, rivers,
and lakes (Bhatt, Bhaskar, & Pandit, 2008; Kirkwood, Shea, Jackson, & McCauley, 2007; Spaulding &
Elwell, 2007; Whitton et al., 2009). In North America it is known to inhabit a wider temperature range
from 4-27oC and mesotrophic waters (Bhatt et al., 2008; Kawecka & Sanecki, 2003; reviewed in
Spaulding & Elwell, 2007). However, the troublesome blooms that are of concern are most consistent
with the cold, low nutrient waters of oligotrophic streams and rivers (Sundareshwar et al., 2011;
Whitton et al., 2009). This leads to a puzzling paradox of large blooms and growths forming in nutrient
deprived waters, which is completely atypical of algal blooms.
A recent study by Sundareshwar et al. (2011) at Rapid Creek, South Dakota has examined this quandary
with the biogeochemistry that occurs within the mats. At their study site they have found 2-4 cm mats
develope a redox gradient in which the surface is oxidized (losses electrons) through photoautotrophy
and the inner, bottom regions are reduced (gain electrons). They propose that soluble iron (Fe) is
absorbed onto the surface stalks of D. geminata and then oxidized to form Fe-oxyhydroxide.
Phosphorous (P) has a strong affinity for Fe-oxyhydroxide, and P from the surrounding water effectively
binds to Fe-oxyhydroxide on the stalks. Meanwhile the didymo cells divide and form new stalks at the
surface, while older P and Fe saturated stalks are displaced to the inner regions of the mat.
There are two possible pathways that P can undergo to become bioavailable (Sundareshwar et al.,
2011). Didymo mats provide an excellent substrate and habitat for other microscopic organism (i. e.
bacteria). The growths soon become an aggregate of microbes and are referred to as a biofilm. When
oxygen is not presesnt in the depths of the biofilm, microorganisms use other molecules for cellular
respiration like Fe3+ or sulfides (SO2-) as the electron acceptors. The release of bioavaible P can occur
directly with the reduction of P bound Fe-oxyhydroxide by Fe3+ reducing bacteria, where bioavialable P
is a byproduct of the reaction. The other suggested pathway is by the production of sulfides (S2-) from
sulfate (SO42-) reducing bacteria. Sulfides have a greater affinity to Fe-oxyhydroxide than P, which
results in the release of P from Fe-oxyhydroxide, the binding of S2- to Fe-oxyhydroxide, and P remaining
unbound and bioavailable. D. geminata can sequester bioavailable P so efficiently that areas within the
mat can contained ten times more P than surface concentrations (Sundareshwar et al., 2011).
Didymo has other mechanisms to acquire phosphate and contribute to its high productivity in low
nutrient waterways. Activity of phosphotase on the surface of the mats has been well documented
(Sundareshwar, et al., 2011; reviewed in Whitton et al., 2009). Phosphotase is an enzyme that cleves a
phosphate ion from its substrate, making it bioavailable. However, phosphotase activity is reduced with
the with the increase of bioavailable P. So it less likely that this process leads to the high concentration
P pockets within the mats. These findings suggest the importance of available organic P in the water.
This also supports didymo’s stalks ability to bind and amass P on the surface which then is converted to
bioavailable P deeper in the biofilm through microbial processes (Sundareshwar et al., 2011).
Paul Smith's College Adirondack Watershed Institute|

60

[PREVENTION AND PREPAREDNESS PLAN]

Upper Saranac Lake 2015

Other abiotic factors have been know to effect nuisance bloom occurances and distribution. A study
has been done by Kirkwood et al. (2007) comparing two southern Alberta, Canada headwater rivers with
similar chemistry and water quality but varying flow regimes controlled by dams. The two rivers have
comparable mean discharge values but differ in coefficent varitions in discharge values. The river with a
higher coefficent variation has experienced lower densities and no bloom occurances of didymo over
the two year study period. While the other consistently flowing river had higher denisities of D.
geminata and a nuisance bloom during the study period. There are other comparable findings in which
didymo is found to be more abundant with greater potential of blooms below regulated dams. It is
suggested that nutrient loading could explain some variation as well as the stablility of the flow regimen
(reviewed in Whitton et al., 2009). A better understanding of didymo’s proximity to dams and flow
regimens could result in control measures for its pestilential characteristics (Kirkwood et al., 2007;
Spaulding & Elwell, 2007; Whitton et al., 2009).
Since didymo possesses the ability to form large algae blooms in sensitive aquatic ecosystems, it can
alter the benthic communities of the rivers and streams. In New Zealand, (Larson, 2007) Kilroy, Larned,
& Biggs (2009) have found the increase of periphyton and invertebrate densities associated with
didymo. They have also observed shifts in community composition, dominated by increased densities in
Oligochaeta (worms). Didymo afflicted sites in Rapid Creek, South Dakota have experienced a decrease
in Ephemeroptera (mayfly), Plecoptera (stonefly), and Trichoptera (caddisfly) and replacement of
midges and aquatic worms (Larson, 2007). Gillis & Chalifour (2010) also found an increase in
Chironmoidae (midges), higher densities of benthic macroinvertebrates, but no differences in family
richness at nuisance bloom sites. These studies illustrate how didymo can alter stream ecology by its
direct effects on the base of the aquatic food web (Gillis & Chalifour, 2010).
Didymo can cause a myriad of negative impacts on stream quality, but is also responsible for millions of
dollars lost due to its invasive characteristics (Deloitte, 2011). Didymo’s most common detrimental
effects on industry include fishing (wild and fisheries); tourism (jet-boating, kayaking, angling); boats and
shipping; and municipal, industrial, and agricultural water intakes. Over the next nine years (20112020) didymo is assessed to cost New Zealand $83 million annually in economic loss and management.
Therefore control methods have been established and reviewed to reduce its adverse impacts. The
growing consensus is to mitigate didymo’s effects is prized locations and reduce its spread into new
sites. There has been no successful eradication of didymo once it is established in the waterway, but
nuisance growths are not always associated with its colonization. A lot of effort has been directed
towards understanding its large growths’ triggers and specifically managing those sites where it is
applicable. Management on nuisance growths is scarce with poor results, but some control methods
include:



Algaecide (Whitton et al., 2009)
Flow regimen regulation by hydraulic dams (Kirkwood et al., 2007)

Originally didymo is thought to be native to mountainous regions of the Northern Hemisphere, but
more recently this diatom has been expanding its geographic distribution and forming pestiferous
blooms (Whitton et al., 2009). The unique formation of didymo’s biofilms enables successful acquisition
of bioavailable phosphorous and results in large, productive blooms in low nutrient waters
(Sundareshwar et al., 2011). These blooms can alter benthic macroinvertebrate communities and have
negative economic impacts, especially on tourism and fisheries (Deloitte, 2011). The cells of didymo can
remain viable for weeks in cool damp catchments and be transported long distances via humans (Kilroy
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et al., 2007). Nuisance growths have been recorded surrounding the Adirondack Park and some
Adirondack waters have analogous water chemistry/quality of those waters with large blooms (VTDEC,
2011). The lack of effective control and management methods for didymo’s noxious growths make it
the upmost importance to keep D. geminata‘s unfavorable characteristics out of the Adirondack
waterways.
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Fanwort (Cabomba caroliniana A. Gray)

On-line Resources:


Massachusetts Department of Conservation and Recreation
(http://www.mass.gov/eea/docs/dcr/watersupply/lakepond/factsheet/fanwort.pdf)



University of Maine Cooperative Extension (http://umaine.edu/publications/2522e/)
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Cabomba caroliniana A. Gray, also known as fanwort, is a submersed aquatic plant that has greatly
expanded its distribution in the last 100 years. Its northern spread is largely due to anthropogenic
activities and has been found within the Adirondack Park in Saratoga County, NY. Outside of its native
regions it is considered invasive in which fanwort’s pestiferous, vegetative growth can alter native
aquatic communities and hinder associated economies (Hogsden, Sager, & Hutchinson, 2007; Lyon &
Eastman, 2006; Sheldon, 1994; Wilson, Darbyshire, & Jones, 2007). Managing fanwort is costly and
difficult while having serious impacts on the environment (Wilson et al., 2007). The most effective
means to eliminate fanwort’s nuisance characteristics and establishment is through monitoring and
spread prevention (Jacobs & Macisaac, 2009).
Cabomba caroliniana is considered native to southeastern United States, southern Brazil, Paraguay,
Uruguay, and northeastern Argentina (Orgaard, 1991). Since all other species of the genus Cabomba are
only found in Central and South America, it is thought that C. caroliniana is originally native to South
America and has been naturalized in the southeastern United States for hundreds of years (Mackey &
Swarbrick, 1997; Orgaard, 1991). Records of fanwort’s pre-settlement distribution have not extended
northward of Virginia (reviewed in Les & Mehroff, 1999), but since the 1930s its attractive foliage and
flowers have facilitated its primary, long distance spread through the aquarium trade in the
northeastern United States, Washington, and Oregon (Cohen, Mirotchnick, & Leung, 2007; Mills, Leach,
Carlton, & Secor, 1993; Wilson et al., 2007). After being first collected in New York in the Hudson Basin
in 1955, its local dispersal within the state and other parts of southern New England has been attributed
to boats, trailers and other aquatic equipment carrying fragments to surrounding water bodies (Jacobs
& Macisaac, 2009; Les & Mehroff, 1999; Mills et al., 1993). Recently, Fanwort has naturalized in its
northern distribution and is commonly found in the Catskills and Long Island of New York (Lyon &
Eastman, 2006). It has already been identified in the Adirondacks in Saratoga Country which has created
a concern for its spread further into the Park.
This submersed aquatic plant is generally considered sessile, attached to the sediments, but freefloating fragments can be present and viable. It has rhizomatous-like stems in which 1-10 adventitious
roots can sprout at its nodes (Mackey & Swarbrick, 1997). These stems can reach up to 10m in vertical
length and have horizontal root growth in the substrate. Fanwort’s name is largely derived from its
foliage’s appearance, and thus its green to sometimes reddish, submersed vegetation has fan shaped
leaves. The oppositely arranged leaves are usually 1-3.5cm by 1.5-6cm with 5-7 main blades that are
palmately divided (Wilson et al., 2007). Also C. caroliniana can display dark green, floating leaves that
are 1-4mm by 5-30mm, alternatively arranged, and oval in shape (Wilson et al., 2007). Fanwort displays
small (1.75cm) white /cream, occasionally pink/purplish colored, solitary flowers blooming throughout
the summer (Schneider & Jeter, 1982).
Fanwort is considered a perennial and grows to the water surface at the beginning of the growing
season (April). Soon after, it quickly occupies the water column, and the floating leaves and flowers
then emerged around late June or early July (reviewed in Mackey & Swarbrick, 2007 Tarver & Sanders,
1977; Wilson et al., 2007). Later in the season when biomass is the greatest the plant begins to form
turion like appendages at its shoot tips (Wilson et al., 2007). Around October the stems become brittle,
begin to fragment, and take on a prostrate habit on the sediments. At this time the turions either
remain attached or break free while fragments form adventitious roots (Wilson et al., 2007). In regions
as north as Canada these turion like buds and stem fragments can remain green and overwinter under
ice (Hodsgen et al., 2007; Riemer & Ilnicki, 1968; Wilson et al., 2007). Immediately following ice breakup
in the spring, healthy rooted plants and green stem fragments are already present, and these then give
rise to the next season’s vegetative growth (Wilson et al., 2007).
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In Fanwort’s native habitats reproduction by seed often occurs (Schneider & Jeter, 1982), while in its
northern, nonindigenous regions there is little evidence of seed germination (Hogsden et al., 2007;
Riemer & Ilnicki, 1968; Wilson et al., 2007). Therefore, in its non-native distribution, fanwort reproduces
vegetatively though auto-fragmentation, rhizomes, and the turion like structures (Robinson, 2002;
Wilson et al., 2007). A stem fragment can be free-floating, form adventitious roots, remain viable, and
be capable of re-establishment in sediments provided there is a least one node and intact leaf (Mackey
& Swarbrick, 1997; Orgaard, 1991). Additionally a single root mass (rhizome-like structure) can grow up
to 40 leafy stems (Mackey & Swarbrick, 1997; Ogaard, 1991). Vegetative reproduction has enabled this
aquatic plant to spread rapidly within a waterway and cause invasive growths in the northern United
States as well as Canada.
Like many invasive species, C. caroliniana can inhabit a wide range of habitats. This submersed aquatic
plant favors slow moving lakes and rivers but can colonize in briskly flowing waters (Jacobs & Macisaac,
2009; Robinson, 2002). It commonly inhabits 1-3m of water and has been found at depths exceeding
10m (Mackey & Swarbrick, 1997; Robinson, 2002; Wilson et al., 2007). In oligotrophic to eutrophic
waters, optimal growing conditions for fanwort are slightly acidic (pH 4-5), and growth has been shown
to be inhibited in waters with high calcium concentrations (>4ppm) and pH 7-8 (reviewed in Mackey &
Swarbrick, 1997; Robinson, 2002; Wilson et al., 2007). It can withstand colder temperatures (0oC) as it
overwinters under ice in its northern most regions, but prime growing temperatures are between 13 to
27oC (Riemer & Ilnicki, 1968; Wilson et al., 2007). Additional fanwort prefers loose silty substrates and
is not usually found growing vigorously on cobble, sand, or rock ledges (Mackey & Swarbrick, 1997;
Sheldon, 1994; Wilson et al., 2007). These varying habitat requirements help support the success of
fanwort’s northern invasion and distribution.
Fanwort is considered an invasive species outside of its indigenous regions and can cause disruption to
aquatic environments and economies (Mackey & Swarbrick, 1997; Wilson et al., 2007). Most of
fanwort’s negative impacts are due to its dense foliage. When the plant bed’s cover exceeds 40%, fish
density can be reduced which has caused commercial fishing camps to close as a result of fanworts
infestation (reviewed in Wilson et al., 2007). Additionally recreational activities can be greatly hindered
while real estate values have been diminished by fanwort’s noxious characteristics (Mackey & Swarbrick,
1997; Robinson, 2002). The competitive, vegetative growth also reduces light for benthic organisms and
native plants (Hogsden et al., 2007; Lyon & Eastman, 2006). As a result, monocultures of C. caroliniana
can form with more than 200 plants/m2; a reduction in aquatic macrophyte species richness can occur
with native species displacement (Mackey & Swarbrick, 1997; Lyon & Eastman, 2006; Sheldon, 1994;
Wilson et al., 2007); and increases in epiphytic algae and macroinvertebrate abundances have been
documented (Hogsden et al., 2007). Furthermore, when die back takes place in autumn alterations in
nutrient cycling and depleted dissolved oxygen in water can follow (Mackey & Swarbrick, 1997).
As a result of fanworts negative environmental and economic impacts, management has been
implemented. The modeling of propagule pressures to identify areas most vulnerable to fanwort’s
invasion is important for monitoring and resource allocation (Jacobs & Macisaac, 2009). Once this
invasive species becomes established its management comes at high fiscal and ecological costs. Some
management practices include:


Chemical treatment
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Fluridone and endothal estimated to costs of $200-600/ha (reviewed in Mackey &
Swarbrick, 1997)
Mechanical and manual harvesting
o Plants do not root deeply and are easily uprooted but viable fragments can remain in
waterway (Mackey & Swarbrick, 1997)
Benthic barriers
o Effective, low cost options for small scale management (reviewed in Mackey &
Swarbrick, 1997; reviewed in Wilson et al., 2007).
o





Fanwort, C. caroliniana, is a submersed aquatic plant with decorative leaves and attractive, emergent
flowers. It can withstand a wide range of habitats, but flourishes in slightly acidic, low calcium
concentration waters like those of the Adirondacks. Its high vegetative and propagule production by
fragmentation, adventitious roots, and turion like buds allows fanwort to form large, dense plant beds
throughout a waterway (Wilson et al., 2007). These growths can alter the aquatic ecology and decrease
economies by eliminating recreational use and lowering real estate values (Mackey & Swarbrick, 1997).
Fanwort has been naturalized in the southern United States for hundreds of years, but through the
aquarium trade it has greatly expanded its distribution since the 1930’s in North America. With fanwort
naturalizing closer and closer to the Adirondack Park and its high affinity for waters that have similar
chemistry to those within the Park, this aquatic invasive needs to be kept high on the radar.
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Eurasian Water Chestnut (Trapa natans (Trapaceae))

On-line Resources:


New York State Sea Grant
(http://www.seagrant.sunysb.edu/ais/pdfs/WaterChestnutFactsheet.pdf)



USDA National Invasive Species Information Center
(http://www.invasivespeciesinfo.gov/aquatics/ waterchestnut.shtml)
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Eurasian water chestnut (EWC), Trapa natans, is a floating aquatic plant that has been established in the
United States for over a hundred years. T. natans’s persistent seeds and extensive vegetative growths
make it an effective invader. It is known to form nuisance mats in lakes and rivers which can alter
aquatic ecosystems as well as hinder economies associated with the waterway (Les & Mehrhoff, 1999).
Since its originally introduction, it has spread throughout southern New England and is currently
established in southern Lake Champlain and counties surrounding the Adirondack Park (Sterner, 2006;
USDS, 2012).
T. natans is a submerged aquatic macrophyte with floating foliage and is best suited for shallow,
nutrient-rich lakes and slow flowing rivers. It can grow at depths between 1/10m to 5m, but prefers
3/10m to 2m of water (Papaestergiadou & Babalonas, 1993). Generally it is found within a pH range of
6.7-8.2 and wide array of calcium carbonate concentrations from 12-128mg/L (Naylor, 2003). EWC has
floating rosettes of leaves which occur around a stem rooted sediment. As the plant produces new
foliage from the central terminal meristem in the rosette, the older leaves with developing fruit release
from the parent plant (Groth, Lovett-Doust, & Lovett-Doust, 1996). This in effect creates a clone of the
parent plant that is able to redistribute and re-root with maturing fruit (Groth et al., 1996). The
developing woody fruit has four sharply pointed horns, bearing a single, viable seed (Naylor, 2003).
Like most nonindigenous species, T. natans is native to Eurasia. In North America it has been found as
far north as Quebec and throughout the Northeastern United States including NY, PA, MD, DE, MA, VY,
VT, and NY (USDS, 2012). Since 1875 anthropogenic practices through aquaculture and intentional
planting have enabled this plant to first colonize natural waters near Cambridge, MA and quickly spread
to a multitude of watersheds (Countryman, 1970). After its first appearance on the Hudson River in
1884, EWC has been distributed throughout New York’s waterways (Wibbe, 1886). Currently this
invader persists in the Great Lakes basin in Lake Ontario, the southern stretches of Lake Champlain, and
numerous countries surrounding the Adirondack Park, like St. Lawrence and Saratoga (USDS, 2012).
There have been multiple vectors associated with assisting EWC in its spread and distribution. It has
been proposed that the spiny seed pod of the invader can attach to the plumage of water fowl, and
therefore can be transported from one body of water to another. However the weight of the seed pod
(6g) makes it unlikely for it to stay attached for prolonged flights (Les & Mehrhoff, 1999). Plus there is
growing evidences pointing to human mediated spread of T. natans. For example it has been suggested
that EWC’s establishment in Lake Champlain is a result of the spiny nut attaching to ropes and nets from
the infested Hudson River and transporting them via the canal (Countryman, 1970)
T. natans is a successful invader, partly due to its annual reproductive methods. Around the middle of
May in the northeastern United States EWC’s seeds germinate in the sediments of river and lakes
(Methe, Soracco, Madsen, & Boylen, 1993). By early June a dense canopy of floating rosettes forms on
the water’s surface (Groth et al., 1996). At this time clonal fragmentation of rosettes containing
maturing fruits occurs off the parent plant (Groth et al., 1996). These fragmented clones reestablish,
survive, and mature seeds during the rest of the growing season, while the parent plants are maturing
another batch of seeds and possibly rearing another clone for fragmentation (Groth et al., 1996). By
August the first of the seeds complete maturation, and upon abscission they fall to the sediments below
(Methe et al., 1993). Seed production and maturation continues until senescence. In dense growths of
EWC, as many as 170 seeds per m2 have been documented (Methe et al., 1993). The seeds then
overwinter to the next growing season, or remain dormant and viable in the sediments exceeding 3
years (Kunii, 1988).
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The clonal propagative method allows EWC to quickly establish itself in new locations and exhibit signs
of explosive growth (Groth et al., 1996). When these plants’ initial densities start low, it takes on a
slightly different biology than plants in high density populations. Crowed sites with high densities have
smaller leaves and suffer from constant mortality throughout the growing season (Groth et al., 1996).
While plots starting with low densities show no particular signs of die off until the end of the season’s
senescence. Most importantly, low densities of plants can produce more seed maturing clones than
high densities, which concomitantly allows for greater vegetative propagation and seed production
(Groth et al., 1996). These differences allow EWC to quickly build a seed bank and form nuisance
growths in newly established locations (Groth et al., 1996).
Noxious growths often caused by EWC can result in changes within the aquatic ecosystem. Firstly, the
dense, floating foliage of EWC can outcompete native aquatic plants for light and space (Groth et al.,
1996; Les & Mehrhoff, 1999; Naylor, 2003). Cover has been recorded to be 100% in a high density plots,
and a varied flora bed can turn into a monoculture of EWC within five years of establishment (Groth et
al., 1996). Additionally alterations in macroinvertebrates communities are consistent with EWC
colonization (Strayer, Lutz, Malcom, Munger, & Shaw, 2003). There can be higher densities of
macroinvertebrates in T. natans beds than native Vallisneria americana which is due to the higher plant
biomass associated with T. natans (Strayer et al., 2003). The replacement of V. americana by T. natans
may lead to an increase in system-wide biodiversity and food for sport fish, but this food may remain
unavailable (Strayer, Lutz, Malcom, Munger, & Shaw, 2003; Hummel & Findlay, 2006) Dense beds have
been linked to hypoxia or anoxia with dissolved oxygen as low as 4.5mg/L, which is not suitable for
sensitive fish and invertebrates (Caraco & Cole, 2002).
Furthermore, the EWC can also have negative effects on water based industry. The thick growths of this
invader make recreational and commercial navigation nearly impossible. These beds are also poor
habitats for highly sought after sports fish and provide little food for waterfowl which can decimate both
hunting and fishing economies (Caraco & Cole, 2002; Hummel & Findlay, 2006; Les & Mehrhoff, 1999).
Also the sharply spiked, woody seed pod produced by EWC can puncture swimmers’ feet and keep many
tourists off popular beaches (Naylor, 2003).
There has been large scale management plans implicated because of EWC’s ecological and economical
detrimental impacts. In Lake Champlain and other Vermont waters management cost over $400,000 in
2009 and $8.3 million since 1982 (Hunt & Marangelo, 2009). If an infestation does occur, some control
efforts include (Hunt & Marangelo, 2009; Naylor, 2003):
 Harvestingmost used (Naylor, 2003)
o Handsuccessful for small populations
o Mechanicalto clear large clogged waterways for commercial transportations
o Important to harvest prior to seed maturation and abscission (Methe et al., 1993).
o Seeds lay dormant for many yearsconsecutive harvest seasons required for successful
control or possible eradication (Hunt & Marangelo, 2009; Naylor, 2003)
o Remaining fragments are viable
 Biological
 Chemical control
Eurasian water chestnut is an aquatic macrophyte with floating foliage. It can quickly colonize a
myriad of habitats dues to its high clonal fragmentation and seed production. Since its intentional
introductions in the late 1800s, EWC has been shown to outcompete and destroy native plant
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communities, alter the dissolved oxygen in its beds, shift macroinvertebrate communities, ruin
recreational activities and economies, and impede commercial transport (Hummel & Findlay, 2006; Hunt
& Marangelo, 2009; Les & Mehrhoff, 1999; Naylor, 2003; Strayer et al., 2003; Wibbe, 1886). With its
naturalization and distribution surrounding the Adirondack Park, it is important to eliminate its spread
into the inner waterways of the Park.
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European Frogbit (Hydrocharis morsus-ranae L.)

On-line Resources:


Ontario Invading Species Awareness Program
(http://www.invadingspecies.com/invaders/plants-aquatic/european-frog-bit/)



New York State Sea Grant (http://www.seagrant.sunysb.edu/ais/pdfs/Frog-bitFactsheet.pdf)
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European frogbit, Hydrocharis morsus-ranae, is an aquatic invader with floating leaves from, as its name
suggests, Europe. Its attractive floating foliage and hardy characteristics has made this plant highly
sought after in the aquarium trade. Since it has been released from cultivation in Canada European
frogbit has greatly expanded its naturalized distribution through human activities in North America
(Calting, Mitrow, Haber, Posluszny, & Charlton, 2003; Rothlisberger, Chadderton, McNulty, & Lodge,
2011). With its vegetative growth, H. morsus-ranae can form impenetrable plant beds (Calting, Spicer, &
Lefkovitch, 1988). These mats can compete with native plants and alter the aquatic community (Calting
et al., 1988). Additionally, recreational and commercial activities can be hindered by the dense growths
(Kuebbing, Smith, & Wills, 2011). Currently this invader is established in waters surrounding the
Adirondack Park and has been sighted within the Blue Line (Smith, 2012).
Apart of the Hydrocharitaceae family, European frogbit is an annual free-floating macrophyte (Calting et
al., 2003; O'Neill, 2007). It is free-floating in the sense that its long roots, up to 50cm, are typically
suspended in the water column rather than attaching to the sediment beds. As a stoloniferous plant
with steam like extensions producing new growth, an individual can range from .1-1.5m across with
distinct rosettes or plantlets varying between 1 and 30cm (Calting et al., 2003). The rosettes contain
entire, heart-shaped leaves, 1.2-6cm long and 1.3-6.3cm wide (Calting et al., 2003). Green marks the
topside of the leaves, while a purplish-red spongy underside is characteristic of European frogbit
(O'Neill, 2007). Most but not all populations are considered dioecious, displaying emergent, small,
white solitary female and clustered male flowers (Scribailo & Posluszny, 1984). However, some argue
European frogbit is actually monoecious. It is very difficult to examine the entire plant because the
stolons tangled with one another and commonly break upon inspection (Lindberg, 1873).
Typically the populations of European frogbit are usually dominated by a single sex flower and few seeds
are produced (O'Neill, 2007; Scrivailo & Posluszny, 1984). Even in plots containing both sexes and seed
production is high, averaging 1,000 seed/m2, few seedlings are incorporated into the future populations
(Burnham, 1998; Calting et al., 2003). Therefore most of European frogbit’s reproduction is vegetative
through the production of stolon buds and overwintering/dormant stolon buds, also known as turions
(Calting et al., 2003).
Late April through early May turions, the overwintering vegetative buds, germinate in the sediments and
small juvenile rosettes rise to the water’s surface (Calting & Dore, 1982; Cook & Lound, 1982). By the
middle of May plants are usually well developed and large clonal mats begin to form from stolons. With
the rapid development of stolon, new rosettes form which in turn sends out more stolons (Calting et al.,
2003). When the end of June arrives a single spring turion usually has given rise to six to ten rosettes
through stoloniferous growth, and each rosette can develop and produce around ten turions/dormant
buds (Calting et al., 2003; Scribailo & Posluszny, 1984). As the plants begin senescence (grow old/die),
turions complete maturation and settle to the sediments (Cook & Lound, 1982).
European frogbit can occupy and sometimes dominate a wide range of habitats. It prefers low wave
energy areas like swamps and marshes; backwaters; bays, sheltered, coves, and shorelines of lakes,
rivers, or streams (Calting & Dore, 1982; Calting et al., 2003; O’Neill, 2007). H. morsus-ranae is tolerant
of varying trophic conditions from oligotrophic to hypereutrophic but is typically found in mesotrophic
to slightly eurtrophic waters with a pH of 6.5-7.8 (Calting & Dore, 1982; Calting et al., 2003; Tosheva &
Traykov, 2012; Zhu, Eppers, & Rudstam, 2008). Some populations occur over organic substrates, often
peaty sediments, suggesting that European frogbit tolerates calcium poor water (Calting & Dore, 1982;
Cook & Luond, 1982). However there are also records of it establishing and forming nuisance growths in
calcium rich waters (Calting & Dore, 1982). Additionally, limited light inhibits the germination of
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dormant buds, and areas with high turbidity, fertilizer eutrophication, or soil erosion are less suitable for
European frogbit colonization (reviewed in Calting et al., 2003; Richards & Blakemore, 1975).
Its generalist habitat preferences as well as human intervention through intentional planting and
aquatic plant hitchhiking has enabled H. morsus-ranae to successfully establish throughout the world
and invade the northeastern United States, Washington, and southeastern Canada (Calting & Dore,
1982; Minshall, 1940; O'Neill, 2007; Rothlisberger et al., 2011). Since 1932, when it was intentionally
introduced for the aquarium trade from Arboretum of Central Experimental Farm in Ottawa, Canada and
found growing wild in Dows Lake, it has spread throughout the Great Lakes Basin and United States at
15.6km/year (Calting et al., 2003; Calting & Porebski, 1995; Minshall, 1940). This spread is largely due to
intentional or accidental planting, but within a waterway European frogbit can spread quickly because it
is free-floating. One plantlet can become detached from the parent and drift to another portion of the
waterway where it can continue growth and turion maturation. In New York the Oswegatchie River (the
first infested water body) and Lake Champlain have supported European frogbit populations since 1974
and 1993, respectively (Calting et al., 2003; Marsden & Hauser, 2009). It is now common in in counties
surrounding the Adirondack Park and has been sighted in the Grass River of the western Adirondacks
and a small private pond in Essex County (Smith, 2012).
The establishment of European frogbit comes with deleterious effects on human based activities and the
environment (Calting et al., 2003; O'Neill, 2007; Pimentel et al., 2005; Simberloff, 2005). Commercial
industry (i.e. clogging intake pumps, water traffic) and recreational activities (i.e. swimming, fishing,
boating) can be inhibited by European frogbit’s thick, vexitious growths (Calting et al., 2003; Marsden &
Hauser, 2009). As for the virtue of the environment, H. morsus-ranae can become dominant or
codominant in local aquatic ecosystems within 5 years of its establishment (Calting et al., 2003).
Through rapid vegetative propagation, dense plots can form monocultures and diminish growth of
native submersed plants by limiting light and competitively occupy habitats (Calting & Dore, 1982;
Calting, Spicer, & Lefkovitch, 1988). Also native, aquatic plant beds support a greater diversity of
associated fauna like macroinvertebrates than European frogbit, and consequently an invasive
establishment of European frogbit can reduce native flora and fauna biodiversity (Calting et al., 2003;
Calting et al., 1988; Kuebbing et al., 2011; O’Neill, 2007). Furthermore, nuisance growths in Oneida
Lake, NY have been observed with over 500 plantlets/m2 and dissolved oxygen levels as low as 1.9mg/L
underneath the plants (Zhu, unpublished data reviewed in Zhu et al., 2008). Other changes in oxygen
could occur in autumn when plants die and decomposition begins. The large amount of biomass
produced by European frogbit may largely increase the dissolved oxygen depletion which can be
stressful or fatal for fish and other aquatic organisms (Calting et at., 2003).
Management has been sought to control established populations and condense the distribution of
European frogbit because of its damaging impacts on the ecosystem and water based industry. Studies
predicting the success of invasions and propagule pressures of European frogbit are vital tools for
allocating limited resources and determining management goals and methods (Zhu et al., 2008). Control
options include (Kuebbing et al., 2011):
 Chemical
 Biological
 Harvesting
o Most widely used and should be done prior to turion development
o Proven successful in eradication if populations are caught early (Smith, 2012; Kuebbing
et al., 2011)
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Provided temporary relief in established populations and subsequent years of
harvesting required (Kuebbing et al., 2011)

In Town Farm Bay and Kimball Brook of Charlotte, VT European frogbit has been hand-harvested since
2009 (Kuebbing et al., 2010). After three harvest seasons, 5468 paid and volunteer man hours, 42.5 tons
of European frogbit has been collected and composted (Kuebbing et al., 2011). Successfully, most
managed areas’ coverage has been reduced to 6% (Kuebbing et al., 2011). Managers are aspiring to cut
back the majority of hand-harvesting by 2015 while monitoring, public education, and prevention
outreach are permanent missions (Kuebbing et al., 2011).
European frogbit is a decorative free-floating aquatic plant. It can tolerate a wide range of
environments but prefers low wave energy areas of lakes and rivers (Calting et al., 2003). In optimal
conditions European frogbit can form dense, pernicious vegetative mats through stoloniferous growth.
The plots can become impassable for commercial and recreational vessels plus crowd out native aquatic
plants (Calting et al, 1988; Kuebbing et al., 2011). Human mediation through the aquarium trade and
hitchhiking by boats, trailers, aquatic equipment, etc. has enabled H. morsus-ranae to expand its range
about 15.6km/year in North America (Calting et al., 2003; Calting & Porebski, 1995; Rothlisberger et al.,
2011). Its negatives impacts and appearances in the Adirondack Park make it one of the most unwanted
and recognized aquatic invaders.
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Hydrilla (Hydrilla verticillata (L. f.) Royle)

On-line Resources:


New York Invasive Species Clearinghouse (http://www.nyis.info/?action=invasive_detail&id=16)



USDA National Invasive Species Information Center
(http://www.invasivespeciesinfo.gov/aquatics/hydrilla.shtml)
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Hydrilla is probably the most well-known aquatic invader. Some even call it the perfect aquatic plant
because of its ability to adapt and aggressively compete in its environment (Langeland, 1996). As a
submersed macrophyte, it has multiple reproductive strategies and two distinct biotypes. Hydrilla is
most notable for the economic and environmental devastation it has caused in Florida (i.e. displaces
native plants, clogs water intakes, impedes boat traffic) (Schmitz, 2007). Since 2011 and 2012, it has
been found as far north as Cayuga Inlet and the Erie Canal of New York, respectively (Cornell
Cooperative Extension[CCE], 2012; NYSDEC; 2012). With hydrilla’s close proximity to the Adirondacks
and its aggressive characteristics, it is extremely important to be aware of this aquatic plant and the
consequences of its invasion.
Hydrilla, a member of the Hydrocharitaceae family, is a submersed, vascular hydrophyte. Depending
upon the conditions it grows under, it has highly polymorphic characteristics (reviewed in Langeland,
1996). Two different biotypes of hydrilla exist (Steward & Van, 1987). The female dioecious biotype
populations only produce female flowers, while the monoecious biotype populations have both male
and female flowers upon the same plant (Cook & Luond, 1982). It is generally rooted in sediments, but
fragments can break free, survive, and re-establish in a new location (Langeland & Sutton, 1980).
Branching of hydrilla is sparse until it reaches the water’s surface, and then bifurcation becomes
extremely profuse, forming thick, dense mats in the upper parts of the water column (Langeland, 1996).
Hydrilla forms above and below ground stems called stolons and rhizomes, respectively, which gives
rises to new vegetative growth (Langeland, 1996). The leaves of hydrilla are typically 2-4mm wide by 620mm long and occur in whorls of 3-8 (Langeland, 1996). There are serrations on the margins of the
leaves, and the dioecious biotype may have sharp spines along the underside of the leaves’ midrib
(Langeland, 1996). Hydrilla produces hibernacula in the form of turions (overwintering/dormant buds)
(Langeland, 1996). The dormant buds are formed either on the leaf axil or terminally on rhizomes and
are known as axillary turions/turions and tubers/subterranean turions, respectively (Langeland, 1996).
The distribution of hydrilla is worldwide, occurring and dominating in aquatic communities in all
continents except Antarctica but is most likely to be native to the warmer regions of Asia (Cook & Luond,
1982). There are two different and distinct introductions that have occurred in the United States
(Langeland, 1996). Since the 1950s hydrilla’s dioecious biotype has been found in canals near Miami
and the Crystal River of Florida. This first introduction into the wild is thought to be a result of releases
from aquarium trade (reviewed in Langeland, 1996). This dioecious biotype is typically found as far
north as South Carolina, and there are even some population further north. A monoecious biotype
discovered in the Potomac River, near Washington, D.C., in 1982, marks the second introduction in the
United States (Steward, Van, Carter, & Pieterse, 1984). This second invasion is conspicuously different
from the first because it is a different biotype, and therefore its source is from outside of the United
States. The monoecious biotype is thought to be hardier to temperate climates, and its distribution
usually expands north of South Carolina (Langeland, 1996; Spencer & Anderson, 1986; Steward & Van,
1987; Van, 1989). Since its two separate introductions, hydrilla has rapidly spread throughout the
southern United States’ lakes, rivers, reservoirs, ponds, and canals through anthropogenic activities
(Langeland, 1996). More recently hydrilla has been expanding its distribution northward, is currently
established in Cayuga Inlet, NY, and has been found in the Erie Canal at North Tonawanda, NY (near
Buffalo, NY) (NYSDEC, 2012; CCE, 2012).
The biology of hydrilla makes it a perfect aquatic plant with the ability to outcompete and displace other
hydrophytes (Langeland, 1996). The growth habit of hydrilla encourages competitiveness by growing up
to one inch per day, and then branching copiously near surface of the water. This enables the plant to
effectively capture sunlight and shade preexisting aquatic macrophytes (Langeland, 1996). Hydrilla also
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displaces native aquatic plants by its ability to utilize available nutrients for growth. It is made up of 90%
water, and thus more plant material can be produced from fewer available nutrients (Langeland, 1996).
Hydrilla also tolerates a wide range of aquatic environments, light requirements, and carbon availability.
It has been found in oligotrophic to eutrophic waterways with wide ranges acidity/alkalinity but favors a
pH of 7 (Steward, 1991). Additionally hydrilla is adapted to use low light levels for photosynthesis (Van,
Haller, & Bowes, 1976). It begins to photosynthesize first thing in the morning and successfully
competes with other aquatic plants for the limited dissolved carbon in the water (Van et al., 1976). Also
these low light requirements enable hydrilla to colonize at deeper depths. In the Crystal River, FL, it has
been found in 15m of water but most commonly occurs in 3m (Van et al., 1976). Hydrilla uses free
carbon dioxide when available, but when dissolved carbon dioxide is limited, it can switch to
bicarbonate utilization, usually under high pH conditions. This allows different forms of carbon to be
exploited for photosynthesis depending on environmental conditions (Salvucci & Bowes, 1983).
Other than hydrilla’s growth habit and biochemistry, its reproduction methods further its competitive
advantage in aquatic ecosystems. Hydrilla has a few means of reproductions: seeds, fragmentation, and
turions (axillary turions and tubers) (Langeland, 1996). Seed production accounts for the smallest
portion of reproduction, especially in the female dioecious populations where seeds cannot be
produced (reviewed in Langeland, 1996). Fragmentation is an important means of reproduction and
spread once hydrilla has been established in a waterway. One studied shows that 68% of fragments
with 3-5 nodes (whorls of leaves) display regrowth, and adventitious root formation happens every time
regrowth occurred in the field (Langeland & Sutton, 1980).
Axillary turions and tubers account for the majority of hydrilla’s reproductive strategies and persistence.
One single subterranean turion from a monoecious biotype can grow into a plant that can then produce
in one summer over 6000 new subterranean turions/m3 (Sutton, Van, & Portier, 1992). During the
winter months in southern Florida, monoecious plants have produced a minimum of 1784 tubers per m2
(Sutton et al., 1992). Additionally, 1.0g of dry plant can produce over 46 turions which is equivalent to
2803 turions/m3 (Thullen, 1990).
Turions are extremely resilient, especially subterranean. They can remain viable for several days out of
the water and can successfully geminate after four years of dormancy in undisturbed sediments
(Basiouny, Haller, & Garrard, 1978; Van & Steward, 1990). Turions have also been known to survive
ingestion and regurgitation by water fowl, and even some herbicidal applications have failed to kill the
tubers (reviewed in Langeland, 1996).
Tuber (subterranean turion) production as a means of reproduction seems to be more important in
monoecious plant populations (Steward & Van, 1987). Their tuber production is greatest durring short
days, and overall they form more tubers than dioecious populations (Steward & Van, 1987). Also
germination in monoecious hydrilla occurrs at lower temperatures that are more associated with
temperate regions (Steward & Van, 1987). This supports hydrilla’s distribution with the monoecious
biotype’s prevalancy in the northern regions of the United States (Spencer & Anderson, 1986; Van,
1989).
Since hydrilla is so successful in establishment, dominance, and reproduction, it is important to
understand its economic and environmental impacts. Hydrilla is associated with a reduction in flow of
drainage canals which can lead to flooding and damage to shorelines and structures (Langeland, 1996).
In irrigation canals it also impedes flow and cogs intake pumps. In one case clogged intake pipes due to
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hydrilla has cost a hydroelectric facility over $4 million in lost electrical production and $525,000 in
losses of game fish due to reduced water flow and dissolved oxygen (reviewed in Richardson, 2008). It is
also known to disrupt utility cooling reserviours by interupting flow patterns for adequate cooling
(Langeland, 1996). When hydrilla forms dense mats, which is often, it interferes with navigation of both
commercial and recreational vessels (Langeland, 1996).
There are debates on hydrilla’s impacts on the ecosystem. It is well documented that aquatic invasive
plants can cause shifts in lake productivity, species composition, and food web dynamics (Kelly & Hawes,
2005). However one study has found that hydrilla had no statistical significant effect on all community
measures tested (biomass, richness, diversity) (Hoyer, Jackson, Allen, & Canfield, 2008). Hoyer et al.
(2008) suggest that hydrilla occupies a mostly vacant niche in some Florida lakes and has no effects on
the occurrence or relative composition of native species of aquatic plants, birds, and fish. Additionally
there is a growing consensus that moderate hydrilla coverage, 20-40%, provides excellent habitats for
most fish and wildlife (Bonvechio & Bonvechio, 2006)
However invasive aquatic plants, like hydrilla, often exceed that vegetation cover and create
monocultures (Richardson, 2008). Similarly largemouth bass populations are negatively impacted when
hydrilla coverage exceeds 30% (reviewed in Langeland, 1996). Another study has compared a native
aquatic plant to hydrilla while examining regrowth and establishment after floods have uprooted and
scoured the two plants from the sediments. Sousa, Thomaz & Murphy (2012) have found that both
plants start regenation at the same time, but hydrilla has a much higher rate of biomass increase. They
suggest that hydrilla can outcompete native, aquatic plants after a major environmental event such as a
flood (Sousa et al., 2012).
Due to hydrilla’s negative impacts on the environment and specifically the economy, there has been
millions of dollars spent in research, prevention, and control (Richardson, 2008; Schmitz, 2007). Since
1980 Florida alone has spent more than $250 million for the control of non-native plants with hydrilla
contributing to a large percentage of that sum (Schmitz, 2007). Three main management techniques
have been researched extensively, developed, and used to curtail hydrilla’s negative impacts:
 Mechanical
 Stocking of triploid grass carp
 Systemic and contact herbicides
Mechanical techniques are limited by efficiency and logistical issues. It cost Florida approximately
$2400/ha for mechanical harvesting and long term effectiveness is low, probably due to hydrilla’s
persistent tubers (reviewed in Evans & Wilkie, 2010; Richardson, 2008). Evans & Wilkie (2010) have
looked into the logistical, economic, and productive uses of harvested hydrilla biomass. They have
suggested that the use of harvested hydrilla for biogas or compost could have beneficial outcomes by
avoiding fugitive methane emissions associated with aquatic plant over growth, limiting anoxic
conditions that develop in the aftermath of an herbicide treatment, and/or eliminating the disposal of
harvest plant biomass into landfills. However, the economic and energy outputs created by mechanical
harvesting are decoupled by the financial expenses and environmental degradation associated with the
practice. Additionally, mechanical harvesting could contribute to the spread of hydrilla in the already
infected water body as a result of its fragments’ viability (Langeland, 1996).
Biological tools have been used as management practices for control of hydrilla. The most widely
implemented method is stocking triploid grass carp (Ctenopharyngodon idella, white amur) (Richardson,
2008). A southern lake in the United States with stocked triploid grass carp has experienced a mass
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reduction of hydrilla from 17,000ha to less than 500ha in two years. Plus, there have been no
significantly negative effects on littoral fish populations because other forms of submersed cover have
remained. When properly stocked the use of grass carp can be an extremely effective and inexpensive
biological tool for invasive aquatic plant management (Hamel, n.d.; Richardson, 2008).
Another effective management method for regulating this invader is the use of herbicides. The most
commonly used chemical for hydrilla is fluridone, especially for large scale management. Fluridone is a
systemic herbicide that is translocated within the plant’s tissues. Unlike contact herbicides, fluridone is
effective in controlling regrowth from subterranean turions for up to 1.5 to 2 years after a single
application (reviewed in Schmitz, 2007). Additionally hydrilla is especially sensitive to fluridone, and
small concentrations of 5-150ppb have proven effective (Netherland, Honnell, Staddon, & Getsinger,
2002). As a result of its sensitivity, fluridone can be selective which helps prevent a mass die off of all
native and non-native aquatic macrophytes (Netherland et al., 2002). Additionally, the application of
fluridone for hydrilla control is economically feasible and costs managers $125-880/ha (Netherland et
al., 2002; reviewed in Richardson, 2008).
As a result of fluridone's wide use, fairly inexpensive application cost, relative selectivity, and
effectiveness, some hydrilla populations in Florida have now become desensitized or resistant to
fluridone treatments (Arias, Netherland, Scheffler, Puri, & Dayan, 2005; Richardson, 2008). For this
reasons other herbicides have been considered and studied for use. Some contact herbicides that have
been used are copper products, diquat, and endothal, but these products are inferior to fluridone
(Richardson, 2008). These contact herbicides are not translocated throughout the plant and result in
incomplete killing of the roots, tubers, and other parts that are not directly exposed to the chemical.
However, there are other systemic herbicides under review and include bispyribac-sodium, imazamox,
quinclorac, penoxsulam (Richardson, 2008).
There are a few new management practices studied to reduce hydrilla’s negative impacts. Insects,
including leaf mining flies (Hydrellia pakistanae Deonier and Hydrellia balciunasi Bock) and weevils
(Bagous affinis Hustache and Bagous hydrillae O’Brien) have been examined as additional biological
controls. Under controlled and field conditions the flies have been shown to cause significant injury to
hydrilla and suppress tuber formation (reviewed in Richardson, 2008). Another innovative
management practice under review is the restoration of native aquatic species to defend against hydrilla
establishment in a new site (Chadwell & Engelhardt, 2008). The restoration of native aquatic species in
combination with targeted management could be the best defense against the spread of aquatic
invasive species like hydrilla (Chadwell & Engelhardt, 2008).
Native to Asia, hydrilla is one of the most well documented invasive aquatic plants. As a submerged
hydrophyte, hydrilla has two separate biotypes (monoecious and dioecious) that seem to be suited for
different climatic regions. It effectively acquires nutrients, grows throughout the water column, and has
multiple propagation strategies which lead to its invasive success. Commonly forming thick, vegetative
mats, hydrilla can leave conditions undesirable for commercial/recreational use and alter the native
aquatic community (CCE, 2012; Langeland, 1996). It is has been wreaking havoc on aquatic systems and
related industry in the United States since the 1960s, and as a result state and private agencies have
spent millions of dollars on research, management, and repairs (Langeland, 1996; Richardson, 2008;
Schmitz, 2007). Once established hydrilla is extremely costly to manage and nearly impossible to
eradicate because of its adaptability and resilient tubers (CCE, 2012; Langeland, 1996; Langeland &
Sutton, 1980). For all these reasons and hydrilla’s recent northern expansion, it is extremely vital to be
aware of this invader and to keep it out of the Adirondacks Park.
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Quagga Mussels (Dreissena bugensis) and Zebra Mussels (Dreissena polymorpha)

On-line Resources:


US Geological Survey (http://nas.er.usgs.gov/queries/factsheet.aspx?speciesid=95)



USDA National Invasive Species Information Center
(http://www.invasivespeciesinfo.gov/aquatics/quagga.shtml)
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Zebra and quagga mussels, Dreissena polymorpha and Dreissena bugensis respectively, are two
infamous aquatic invaders. These bivalve, filter feeders negatively affect water related economies and
can wreak havoc on aquatic ecosystems. Zebra mussels are currently established on the edges of the
Adirondack Park in Lake Champlain and Lake George (USGS, 2012). Quagga mussels have yet to reach
the inner boundaries of the Park but thrive in waters closely surrounding (USGS, 2012). Both of these
species’ life cycle, high fecundity, and microscopic veliger stage allow for easy dispersal and
establishment within and between water bodies. However their ecological requirements, like calcium
concentration, could help keep zebra and quagga mussels from successfully establishing and becoming a
nuisance in the some Adirondack waterways (Hinks & Mackie, 1997).
Zebra and quagga mussels are very similar species that were once considered the same (Rosenberg &
Ludyanskiy, 1994). However genetic analysis has determined them to be two distinct species.
Anatomically they share shell coloration (black, white, or both), striation, and size (2.3-2.5cm) but have
differing shell shape. A quagga mussel’s ventral side is convex with the ventral lateral margin lacking an
acute angle; while a zebra mussel’s ventral side is typically flattened with an acute lateral-ventral angle.
Simply if a quagga mussel is placed on their ventral side they would topple over whereas a zebra mussel
would remain upright on its ventral side.
Additionally the life cycle of the D. polymorpha and D.bugensis are analogous, varying with size and time
in the specific developmental phases. Both species have two major life stages: planktonic larval and
sessile, dioecious adult (Ackerman, Sim, Nichols, & Claudi, 1994; Claudi & Mackie, 1994; Nichols, 1993).
During the winter mussels that are greater than 8mm in length go through oogenesis and
spermogenesis (development and maturation of egg and sperms, respectively). In the spring when
water temperatures reach around 12oC the spawning period begins. It peaks when temperatures
increase to 15-17oC and last 3-5 months. Throughout spawning mussels release their gametes directly
into the water column where external fertilization takes place. A single female is estimated to excrete
300,000 to 1,600,000 eggs per breeding season (Neumann, Borcherding, & Brigitte, 1993).
Once fertilization takes place the larvae’s life cycle take about four weeks to complete. There are
several distinct larva stages: veliger, post-veliger, and settlement (Claudi & Mackie, 1994). The veliger
stage occurs shortly after fertilization. Veligers are planktonic, microscopic, and easily dispersed during
this period by water currents or anthropogenic activities (i.e. ballast water intake) (Claudi & Mackie,
1994). Several days after fertilization the larvae then secrete a D-shaped shell and later secrete a
second clam-like shaped shell. Organ system development and the settlement of the free swimming
clam-shaped larvae (200-250um) preclude the post-veliger and settlement stages (Nichols, 1996). In
these phases maturation is continued with the growth of a foot (pediveliger larva) for free-swimming or
crawling along to bottom of the water body to encounter an appropriate surface for attachment. Upon
a proper substrate the pediveliger will secret a byssal thread and undergo metamorphosis to a
plantigrade larva. However, without an appropriate surface to settle on, metamorphosis is delayed
which includes growth of gills, loss of velum, and secretion of the adult shell. On a suitable substrate the
plantigrade can complete larva development by growing a foot and mouth which gives the mussel its
distinct triangular shape. Once metamorphosis is completed the plantigrade enters adult development
as a juvenile.
Dreissena sexually mature relatively quickly. Larvae that are born in the spring and settle by midsummer can reach sexually mature sizes (8-10mm in shell length) by the end of the spawning season
and contribute to a fall recruitment of offspring (Claudi & Mackie, 1994). However it is important to note
that water temperature has an inverse relationship with growth and development rates of larvae and
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adults. Therefore colder water temperatures will slow the maturation and reproductive rates of zebra
and quagga mussels (Garton & Haag, 1993).
They can survive a myriad of conditions, but like all living organisms zebra and quagga mussels have
their limits and thresholds. The mussels can tolerate starvation for extended periods, desiccation (10
days at 15oC with high humidity, less than 150hrs at 25oC regardless of humidity), extremes of high and
low temperatures, and varying dissolved oxygen levels (Claudi & Mackie, 1994). However calcium
concentration seems to be the most influential factor for establishment, growth, and reproduction
(Hinks & Mackie, 1997). General calcium requirements are 3mg Ca/L for survival, 7mg/L for growth,
12mg Ca/L for reproduction, and 25mg Ca/L for massive growths (Claudi & Mackie, 1994). In the field
zebra mussels have displayed 100% mortality within thirty-five days at calcium levels below 8.5 mg Ca/L
with a pH of 8.4 or less. In waters with 20-48 mg Ca/L and pH of 8.2-9.3, zebra mussel adult survival was
52-100% in the cohort (Hinks & Mackie, 1997). Through a logistic regression for calcium zebra mussels
have shown negative growth below 8.5 mg Ca/L and maximum growth at 32 mg Ca/L (Hinks & Mackie,
1997). Another study has found zebra mussel populations existing at 8 mg Ca/L in the St. Lawrence
River, while quagga mussels have been absent below 12 mg Ca/L (Jones & Ricciardi, 2005). These
finding may suggest that quagga mussels may have higher calcium requirement than zebra mussels.
D. polymorpha and D.bugensis for the most part occupy two different niches, which allow them to
initially coexist at depths from 8-110 meters (Berkman, Garton, Haltuch, Kennedy, & Febo, 2000; Mills et
al., 1999). Zebra mussels are most notably associated with a firm attachment to hard substrates
because their D-shape and byssal threads (Mills et al., 1999; Mills et al., 1993). However ten years after
the initial colonization of zebra mussels, Berkman et al. (2000) has found populations on softer strata
(sand, silt, mud) adjacent to the original hard strata colony. On the other hand quagga mussels are
more associated with soft substrates and deeper, cooler waters (found at depths of 130m), but more
frequently quagga mussels have been displacing zebra mussels from the rocky littoral zone within 4-12
years after their establishment (Berkman et al., 2000; Mills et al., 1999; Mitchell, Bailey, & Knapton,
1996; Spidle et al., 1995).
Both of these mussels’ dispersal capacities and high fecundity have enabled their rapid establishment in
their nonindigenous regions. Native to parts of Europe, they have been transported to the Great Lakes
basin by ballast water discharge from transoceanic vessels (Hebert, Muncaster, & Mackie, 1989). The
zebra mussel is native to waterways of southern Russia, and has been established in North America at
St. Clair Lake since 1989 (Hebert et al., 1989). As of 1991 the quagga mussel, native to the Dnieper River
drainage of Ukraine, has been found in the Erie Canal and Lake Ontario (May & Marsden, 1992). Within
a few years after initial colonization, the two have spread quickly throughout the Great Lakes, Finger
Lakes, St. Lawrence River, the Mohawk and Hudson River drainages (Mills et al., 1996). Since the mid1990s zebra mussels have been established on the borders of the Adirondack Park in Lake George and
Lake Champlain (USGS, 2012).
Their primary dispersal capabilities occur in the pelagic state of the mussels with veligers and postveligers. These microscopic, planktonic larvae can easily disperse by water currents. Additional spread
from one water body to another is mediated by humans if veligers enter bilges, live wells, ballast tanks,
and engine water (Claudi & Mackie, 1994). Furthermore larvae can attach to floating logs, aquatic
vegetation, and other debris that could be transported within the water way or to another water body
(Claudi & Mackie, 1994). Secondary spread usually occurs within an invaded water body by drifting post
larvae and young adults using byssal and/or mucous threads and is generally a small distance (Claudi &
Mackie, 1994).
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Dreissenids’ filter-feeding life style and large populations of up 750,000 individuals per square meter can
have many impacts on an aquatic ecosystem. They directly displace indigenous bivalve communities by
outcompeting them for habitat and nutrients (Mills et al., 1999). Not only do they destroy native mussel
(Unionoida) populations, but they also effect water quality and lower trophic levels (Ricciardi, Neves, &
Rasmussen, 1998). Through a meta-analysis large reductions in open water zooplankton and
phytoplankton have been identified where dreissenids are established, which can account for increased
water clarity. Furthermore quagga and zebra mussel colonized benthic habitats have shown a dramatic
increase in algal and marcophyte biomass, sediment-associated bacteria, and total zoobenthic biomass
(includes dreissendids) (Stewart, Miner, & Lowe, 1998). Both of these finding suggest a shift in energy
pathways from open water environments to a more productive benthic-littoral zone with nutrients
being trapped in the sediments rather than suspended in the water column. This energy shift associated
with Dreissena’s establishment can increased water clarity (Higgins & Vander Zanden, 2010).
The increased water clarity can be misleading because zebra and quagga mussels are essentially
concentrating the nutrients in the sediment or benthic regions. The sediment confined nutrients can
easily re-suspend in turbid/shallow areas and lead to phytoplankton/cyanobacteria blooms, an
increased trophic state, and decreased water quality (Conroy et al., 2005). Additionally, zebra and
quagga mussels’ intermediate filtration rates result in dense populations excreting large amounts of
dissolved nutrients, especially nitrogen in the form of ammonia (Conroy et al., 2005). This excess
defecation may supply limiting nutrients to benthic primary producers and can lead to dissolved oxygen
depletion (Conroy et al., 2005; Pimental et al., 2005). The lower trophic levels directly and indirectly
affected by these invasives can ultimately alter higher trophic levels in the aquatic ecosystem.
Not only do these invaders change water chemistry and aquatic habitats, but they also cost industry
billions of dollars a year in lost production and management (Higgins & Vander Zanden, 2010; Pimental
et al., 2005; Stewart et at., 1998). Since they can form thick denisities, the greatest economic damage is
caused by the fouling and clogging of pipes, pumps, boat hauls, or other components of municipal or
industrial water systems. Particularly, impacted facilities and economies have included municipal
drinking water systems; hydroelectric power plants; water flow/level control facilities; irrigation
systems; navigation equipment (buoys, locks); and lowered realestate values (Department of Santa
Barbara County Parks [DSBCP], 2008; Pimental et al., 2005). Additionally the tourism industry may be
impaired by the masses of shells on beaches and swimming areas that can cut recreationalists (Claudi &
Mackie, 1994).
The impacts on the environment and industry caused by zebra and quagga mussels have resulted in
mitigation efforts. Once established there are control options that can be implemented to manage and
potentially eradicate quagga and zebra mussel populations. In Lake Mead, Nevada/Arizona the DSBCP
(2008) reviews different methods for eradication/control (Claudi & Mackie, 1994):
 Water level manipulation
 Isolate with barriers or coverings and then treat with effective biocide such as potassium
chloride, copper sulphate, and sodium hypochlorite.
 Benthic mats
 Use of heat, chemical, and mechanical removal on biofouled intake pipes or other equipment
 Antifouling coating in the form of TBTO (tributyl tin oxide, an organotin oxide), copper, or
nontoxic silicone based coating
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All of these methods come with a huge cost, and preventing quagga and zebra mussel from establishing
pestiferous growths is the only way to eliminate the negative impacts on the environment and industry
(Claudi & Mackie, 1994).
These European invaders are extremely taxing in waters throughout the United States. Since they are
well adapted for a variety of habitats, tolerable to extreme abiotic condition, highly fecundate, and have
effective dispersal methods, they have been able to naturalize throughout the Northeastern US. These
invaders are troublesome to the environment and economy, and millions of dollars a year are spent to
fix problems caused by biofouling. Zebra mussels have successfully established themselves at Lake
George and Lake Champlain inside the Adirondacks while quagga mussels slowly encroach. Some
Adirondack water bodies have similar water chemistry to which zebra and quagga mussel inhabit; so it is
essential to keep zebra and quagga mussels high on the invasive aquatic radar.
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Spiny Water Flea (Bythotrephes longimanus, cederstroemi)

On-line Resources:


Minnesota Department of Natural Resources
(http://dnr.state.mn.us/invasives/aquaticanimals/spinywaterflea/index.html)



USDA National Invasive Species Information Center
(http://www.invasivespeciesinfo.gov/aquatics/waterflea.shtml)
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Bythotrephes longimanus, cederstroemi, spiny water flea (SWF), is a cladoceran (Crustacea)
zooplankton, native to the Palearctic (Eurasia) region (Berg & Garton, 1994). This organism is an aquatic
macroinvertebrate predator that can alter zooplankton communities (Drake, Drury, Lodge, Blukacz, &
Yan, 2006; Yan & Pawson, 1997). Like most aquatic invaders from Eurasia, the SWF has been
transported to North America’s Great Lakes via ballast water from Baltic ports. B. longimanus has been
observed in Lake Ontario since 1982 and soon after in Lakes Huron and Erie (Bur, Klarer, & Krieger, 1986;
Lange & Cap, 1986). Since 2008 it has been established in the Great Sacandaga Lake in New York and
has been discovered in other Adirondack water bodies including Peck Lake, Stewarts Bridge Reservoir,
and Sacandaga Lake (Ballinger, 2012). This summer (2012) the spiny water flea’s presence has been
confirmed further north in the Adirondack Park at Lake George (New York Department of Environmental
Conservation [NYDEC], 2012). There is a growing consensus that humans are the primary transporters
of spiny water flea, and it is important to understand its role and effects on the aquatic ecosystem
(Weisz & Yan, 2010).
SWF is most commonly found in large, deep, oligotrophic lakes with extensive surface areas and
drainage basins (Maclsaac, Ketelaars, Grigorovoich, Ramcharan, & Yan, 2000). These lakes generally
have relatively low chlorophyll concentration and phytoplankton production with comparatively cooler
bottom temperatures during the summer. However it is quite plastic and can tolerate a wide range of
salinities, pH, temperatures, and conductivities and can occur in very shallow, fishless ponds, pools, and
lakes (Grigorovich, Pashkova, Gromova, & van Overdijk, 1998).
The spiny water flea is a free swimming, cladoceran zooplankton with a unique body structure. Its
average length is only about one centimeter, but its long tail spine (70% of animal’s total length) makes
it easily distinguishable from other invertebrates and zooplankton. The spine has one to four pairs are
thorn-like barbs (Caceres & Lehman, 2010). The barbs can be used to determine the age of the
crustacean for offspring are born with one pair and gain more barbs throughout life (Caceres & Lehman,
2010).
This large predatory zooplankton is a generalist feeder and commonly preys upon small bodied, slow
cladocerans. It has a large, black compound eye, and therefore vision is thought to play a role in B.
longimanus’s prey detection and encounter (Muirhead & Sprules, 2003). SWF’s predation rates and
success positively correlate with the increase in light intensity specifically with Daphnia mendotae (an
herbivorous, cladoceran zooplankton) (Pangle & Peacor, 2009). Most rapacity and highest densities of
SWF occur in the first ten meters of the epilimnion which further supports vision mediated predation
(Muirhead & Sprules, 2003). These findings suggest that water clarity and turbidity play an important
role in the establishment of SWF as well as supports its distribution in clear, oligotrophic lakes (Pangle &
Peacor, 2009).
The spiny water flea’s life cycle has rapid and unique reproductive strategies. Like other water fleas,
Bythotrephes partakes in seasonal parthenogenesis (Drake et al., 2006; Wittman, Lewis, Young, & Yan,
2011; Caceres & Lehman, 2010). During late spring individuals emerge from resting eggs in lake
sediments. When temperatures are warm enough and food is abundant, B. longimanus will exhibit
parthenogenesis. This assexually mode of reproduction allows female spiny water fleas to produce one
to ten eggs independent of fertilization that successfully develop into genetic replicas of the mother
(Caceres & Lehman, 2010). At optimum temperatures parthenogenesis produces a new generation of
females in less than two weeks. Female clones are propagated throughout the summer or until
temperature and food availibility is unfavorable for SWF.
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B. longimanus’s offsprings sex is determined by environmental cues like the end of a summer’s declining
ecological quality (Caceres & Lehman, 2010; Wittman et al., 2011). In the fall when food availability is
low and temperatures are descending, adult females respond by producing male offspring (Caceres &
Lehman, 2010). These males are then able to participate in sexual reproduction with the remaining
females, which encourages genetic exchange and generate next season’s resting eggs (Caceres &
Lehman, 2010). These hardy eggs are eventually released by the female and fall to the sediments where
they survive a period of dormancy throughout the winter (Drake et al., 2006; Wittman et al., 2011). In
late spring or early summer offspring from the resting eggs emerge from the lake bottom to start the
parthenogenesis to sexually reproduction cycle all over again (Caceres & Lehman, 2010; Drake et al.,
2006; Wittman, 2011).
The spiny water flea's dense populations from constant reproduction and generalistic predation of
zooplankton during the summer result in changes of zooplankton species richness and composition
following the establishment of this invader (Drake et al., 2006; Kelly, Yan, Walseng, & Hessen, 2012;
Strecker, Arnott, Yan, Girard, 2006; Yan & Pawson, 1997). A study that examined zooplankton species
richness from May-September in Canada has found significantly reduced cladoceran (SWF main prey)
species richness, diversity, and abundance as well as a loss in total zooplankton community richness,
diversity, and abundance (Strecker et al., 2006). Another lake in Canada with a 15-year pre-SWF
invasion data set has experienced a reduction or loss of some small zooplankton species and an
increased abundance of large body cladocerans (Yan & Pawson, 1997).
Similar findings have been recorded by Jokela, Arnott, & Beisner (2011), but they have also documented
a shift in zooplankton distribution thoughout the water column. They have recorded a native,
macroinvertabrate predator abundance increase with the increase in SWF’s relative abundance in the
epilimnion. Also zooplankton prey (e.g., Daphnia) have been found lower in the epilimnion when
Bythotrephes abundance was high, which may be evidence of an avoidance behavior by the prey (Jokela
et al., 2011).
Another study compares zooplankton communities in native (Norway) and invaded (Canada) lakes
(Kelly et al., 2012). They have confirmed that zooplankton communities varied between lakes with and
without SWF in Canadian Lakes (non-indigenous). While in Bythotrephes’s native range in Norway,
zooplankton communities did not vary with the presence and absences of SWF. Short-term effects on
Canadian lakes have been documented by a decrease in zooplankton diversity, particularly cladocean
species, but long-term effects of SWF on Norwegian lakes have exhibited a greater diversity of
zooplankton, especially copepod species (Kelly et al., 2012).
Kelly et al. (2012) suggest that some species appear to adapt to the presence of Bythotrephes over time.
They hypothesize that the long-term effects of Bythotrephes on Norwegian lakes are a result of
interspecific community interactions and avoidance behavior by the prey, thus allowing species to
increase their populations in space and time. If Canadian zooplankton communities adapt similarly to
Norwegian zooplankton communities, then the long-term effects of Bythotrephes could be less severe
than those first observed in the first few decades after its initial invasion (Kelly et al., 2012).
SWF effects on aquatic ecology are hard to distinguished, but they certainly alter native zooplankton
community distribution and structure within the water column (Kelly et al., 2012; Jokela et al., 2011;
Strecker et al., 2006; Yan & Pawson, 1997). . With anthropogenic activities being the main inter-water
transport vector and its distribution advancing northward in the Adirondack Park, eliminating and
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reducing the spread of spiny water flea is extremely important because there are no widely used and
effective methods for control and management once SWF is established (Weisz & Yan, 2010).
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Yellow floating heart Nymphoides peltata

On-line Resources:


Indiana Department of Natural Resources
(http://www.in.gov/dnr/files/YELLOW_FLOATING_HEART.pdf)



Ontario Invading Species Awareness Program
(http://www.invadingspecies.com/invaders/plants-aquatic/yellow-floating-heart/)
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Yellow floating heart [Nymphoides peltata (S. G. Gmel.) Kuntze] is an aquatic macrophyte, native to
regions in Eurasia (Cook, 1985; Countryman, 1970; Darbyshire & Francis, 2008). Due its floating foliage
and eye-catching flowers, yellow floating heart has been widely distributed throughout the world for
aquacultures and aquariums (Countryman, 1970; Les & Mehrhoff, 1999). It has been known to escape
from cultivation and has become naturalized throughout the world and the United States (Countryman,
1970). Pestilential, vegetative mats can impede recreational and economic activities while disrupting
the natural environment (Countryman, 1970; Darbyshire & Francis, 2008; Josefsson & Andersson, 2001;
Simberloff, 2005). It is important to review N. peltata’s biology and ecological to access the risks and
impacts of an invasion in local aquatic environments.
Yellow floating heart is a perennial, aquatic macrophyte with floating foliage (Darbyshire & Francis,
2008). Its roots arise from stout, whitish rhizomes from the sediments or adventitiously at stem nodes
(Darbyshire & Francis, 2008). Green stolons are produced horizontally to the substratum and can grow
up to 3m in length. Each stem bears one leaf, has 4-5 adventitious roots per node, and gives rise to
branches or a vertical flowering stem (Darbyshire & Francis, 2008). The green, sometimes blotchy
purplish leaves are floating, peltate (petiole attached to underside of the leaf near the base of a deep
slit), cordate (heart-shaped), leathery, 3-5cm long, and 3-5cm wide with an entire or somewhat wavy
margin (Darbyshire & Francis, 2008). The golden yellow, 5 petalled flowers with wavy edges are
arranged in cymose clusters of 2-5 and are 2.5-4cm across (Darbyshire & Francis, 2008).
Commonly established in temperate climate zone, N. peltata can withstand and thrive in a multitude of
habitats. It is regularly found and flourishes in eutrophic, alkaline backwaters, ponds, lakes, and slow
flowing rivers with clay substrates, but yellow floating heart can colonize oligotrophic waters
(Darbyshire & Francis, 2008). It is tolerant of long, cold winters and has been reported in regions with
190 days of mean daily temperatures above 0oC (Darbyshire & Francis, 2008). Typically yellow floating
heart is rooted in 1-2m of water and occasionally up to 4m. Dissolved calcium is an important nutrient
for leaf growth; so this macrophyte prefers well buffered habitats and seldom grows in acidic or brackish
waters (Darbyshire & Francis, 2008). N. peltata can grow at varying water levels because of its flexible
stems and its ability to temporarily grow in damp terrestrial habitats. These adaptable traits enable
yellow-floating heart to persist in disruptive habitats with continuous flooding, periodic flooding, or
periodic draught conditions (Zhongqiang, Xu, Cao, Ni, & Xie, 2010).
Both vegetative and sexual reproduction has been observed in N. peltata (Larson, 2007). Vegetatively,
plants send out stolons with adventitious roots. If these runners break free from the parent they can
colonize a new location from a single plant (Brock, Arts, Goossen, & Rutenfrans, 1983; Ornduff, 1966;
Smits, van Ruremonde, & van der Velde, 1989). Additionally rhizomes give rise to seasonal vegetation
after a period of dormancy through winter (Darbyshire & Francis, 2008). As for sexual reproduction,
yellow floating heart is a distylous plant; two flower morphs exist within a population to encourage
genetic exchange. Unlike other Nymphoides species, N. peltata can mature seeds from self or intramorph -fertilization (Ornduff, 1966). In these cases fewer seeds are produced and the seedlings’ fitness
is greatly lowered for survival beyond germination is rare (Larson, 2007; Ornduff, 1966; van de Velde &
van der Heijden, 1981). Sexual reproduction is a prosperous and important means of propagation in
yellow floating heart. Dimorphic populations with cross fertilization can produce over 3000 seeds/m2
(Larson, 2007). Nonetheless, genetic analysis has determined that many introduced populations of N.
peltata are clonal and predominately reproduce vegetatively (Larson, 2007). Two successful
reproductive strategies increase the competitiveness and invasive characteristics of yellow floatingheart.
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During spring, seeds germinate, and rhizomes are released from quiescence which results in the
formation of new seasonal growth. Throughout the growing season vegetation is constantly being
produced. The average lifespan of a leaf is 28 days with new leaves developing over the older, decaying
ones (Tsuchiya, 1991). Temperate populations in North America begin to bloom in late June or early July,
peeking through August to mid-September (Darbyshire & Francis, 2008). Fertilized flower buds mature
over 14 days below the water surface, and seeds are mature 32-60 days after anthesis (mature flower
period) (van de Velde & van der Heijden, 1981). Mature seeds are then released from fruit capsules in
the fall, and both seeds and rhizomes remain dormant over winter (Darbyshire & Francis, 2008). The
germination of seeds the following spring is dependent upon a cold period, high dissolved oxygen, and
light availability. If conditions are incongruous for germination, seeds remain dormant and form a seed
bank in the sediment (Darbyshire & Francis, 2008; Smits, van Avesaath, & van der Velde, 1990; van de
Velde & van der Heijden, 1981).
Yellow floating heart’s biological traits and human mediation has eased colonization in new regions.
Since N. peltata is hardy and has attractive flowers, it has been widely distributed around the world for
the aquarium/aquaculture industry (Funnell, Heaton, MacDonald, & Brownson, 2009). Since 1882, this
non-indigenous specie has been cultivated and sold in the United States as an ornamental plant
(Countryman, 1970; Les & Mehrhoff, 1999). Escapement from cultivation has led to yellow floating
heart’s naturalization and pestiferous growths throughout the United States (Funnell et al., 2009).
Yellow floating heart has been naturalized in the Hudson River and Lake Champlain since 1929 and
1963, respectively. It continually expands its distribution through human facilitation, vegetative
propagation, and seed dispersal (Cook, 1985; Countryman, 1970; House, 1937; Smits et al., 1989). The
seeds’ dispersal may be the main mechanism for local spread because seeds of N. peltata float, have the
ability to attach to feathers, fur, or aquatic equipment and are able to survive long dessication periods
(Smits et al., 1990; Smits et al., 1989).
The spread and establishment of yellow floating heart comes with detrimental impacts on the
environment and related economies. Through vegetative growth N. peltata can form dense mats on the
water surface (House, 1937). Thick growths reduce water flow, light penetration, lower dissolved
oxygen levels, and alter nutrient cycles (reviewed in Darby & Francis, 2008; Stucky, 1974). Oxygen levels
can be further altered through the decomposition of the large end of season biomass (Darby & Francis,
2008). Yellow floating heart can outcompete native species for space and light which consequently
results in changes of plant community diversity and the formation of monocultures (Darbyshire &
Francis, 2008; Simberloff, 2005). The alteration in macrophyte communities as a result of a
nonindigenous establishment could have a bottom-up effect on the aquatic ecosystem because
bacterioplankton community composition is largely driven by macrophyte species composition (Zeng,
Bian, Xing, & Wu, 2011). As for the economy yellow floating heart can impede commercial and
recreational fishing, boating, and other aquatic activities (Countryman, 1970; Josefsson & Andersson,
2001). Additionally management to reduce growths and enable boat traffic is extremely costly
(Darbyshire & Francis, 2008).
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Management has been used to moderate yellow floating heart’s negative effects. No management
methods are 100% effective and eradication is rare in established populations. Control of naturalized N.
peltata is economically and environmentally costly. Some practices include:





Chemical herbicides
o 2,4-DSome success in Lake Champlain (Countryman, 1970)
o Dichlobenil (granular herbicide) effective on small localized populations with multiple
treatments throughout the season (Darbyshire & Francis, 2008).
Benthic barriers especially effective in preventing seed germination in the spring (Darbyshire
& Francis, 2008).
Hand pulling and ranking  temporary biomass reduction and seed production but remaining
plant fragments are viable (Darbyshire & Francis, 2008; Larson, 2007).

Yellow floating heart is an aquatic plant with attractive floating foliage and golden yellow flowers
(Darbyshire & Francis, 2008). It is native to parts of Eurasia but has been cultivated in the United States
for over a hundred years as a result of the aquarium industry (Countryman, 1970). Upon escaping from
cultivation, N. peltata has become naturalized throughout the world and can display invasive
characteristic in its nonindigenous regions (Darbyshire & Francis, 2008). It is now present in Lake
Champlain, the Great Lakes basin, New England, and other subtropical to temperate regions in North
America (Les & Mehrhoff, 1999). The ability of its seeds to attach to water fowl plumage and aquatic
equipment as well as remain viable after long term desiccation, makes this invasive susceptible to
establishment in the Adirondack Park (Smits et al., 1990; Smits et al., 1989). Though the Adirondack
climate is suitable for yellow floating heart, the plants calcium requirements may limit its colonization in
various waterways (Darbyshire & Francis, 2008). However with an ever changing environment it is
important to eliminate the establishment of yellow floating heart within the Adirondack Park.
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