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Executive Summary

Given the number of waters infested witlyuatic invasive speciesl in the Adirondacks, particularly
ones in close proximity to Upper Saranac Lahke within the same watershedhe large numbers of

boats moving between these waters, and the large numbers of boats moving into the region from other
places, it is inevitablthat Upper Saranac Lake will become infested with a number of AhBwia
comprehensive prevention and eradication pldihis report describes such a comprehensive plan that
has the one goal of preventing new AIS from becoming established in Uppea&asdw®. Achieving

this goal will require significant investments and actions, with some of the actions likely causing
inconveniences for boatersThiscomprehensive plan also requires actions at several scales, or lines of
defense, that collectively agf the highest level of protection

There arecurrentlyten invasive aquatic plant species and seven invasive aquatic animal species
identified as AIS species of concern for our regidhof these organisms are known to be transported

by boats, trailersand/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
Scaledo minimize the likelihood of new AIS entering Upper Sardake.

1 Regional Actionsenforcement of the NYS Prevention Law and prevention efforts coordinated
through the Adirondack Patkvasive Plant Program

fTWatershed Actionsactive prevention at the NYS DEC boat launch sitegran&c Inn and Fish
Creek Pondonsising of boat inspections and decontamination of boats not meeting@hean
DrainDrystandard, and passive preventionaher public access points

9 LakeActions- a multilevel early detection surveillance program that ranges from-iaikie
monitoring to more focused monitamg atpublic 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 includesnfirmingAlSand notifying authorities, determining theextent of

invasion, developing a response plan, obtaining necessary permits, performing control, and monitoring
the outcome.

With rapid action, lhere is a good chance that a newly detected population of AIS plants can be
eradicated Unfortunately, givenheir high reproductive ratesnethods of spreadand 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 thenary eradication method for all AIS planthe technique is
appropriate for all AlS plants listed, it is completely selective towards the target species, a permit can be
obtained rapidly, and Upper Saranac Lake already has an experience conffacg@ted 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 ugygnthem, 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 theyTw#.changes tthe ecology and
enjoyment of the lakevill be profound andvill compromise current efforts to manage water quality

Paul Smith's Collede
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Introduction

Nonindigenous aquatic plants, animals, and microorganisms are serious threats to the Adirondack Park.
Non-native organisms ardistributed outside of their indigenous range mostly througimanactivities

FYR Oty 0S02YS Ay@lFLaArgdsS Ay (GKSANI ySg SYy@ANRYYSyila
to introduced locations and causes detriment to the economy, environnartt/or human health

(Clinton, 1999) It is estimated that aquatic invasiggecies (AlS)ost economies over a billion dollars

per year(Pimentel, Zuniga, & Morrison, 2005; U. S. Congress,)1%gRlitionally nonindigenous species

can become pestiferous arhnhave irreversible effectsroaquatic ecosystems.

TheAdirondack Parkontains ove3,000 lakes and ponds and more than 1,200 miles of rivers fed by an
estimatedadditional30,000 miles ostreams. These waterwagseate a diversity of aquatic

environments that support a variety of high values uses (e.g. recreatiarism, shorelingroperty,

and drinking watey® 2 A0K adzOK KAIK @I fdsSa 2y (obhSawareéadl] Qa | |
current and encroachinglSto better understandtheir potential effects ando design appropriate

prevention andnanagemenstrategies Some of the top aquatic invasive species of concern in the

l RANBYRFO]l tIN] o0FaSR 2y andeflogyh@udeR SNR& OdzNNBy G RA

Animals/Microorganisms Asian clamorbicula fluminea Rock snot/didymafidymosphenia
geminatg, Quagga mussebfeissena bugengjsZebra musseDfeissena polymorpRaSgpny
water flea Bythotephes longimanys VHS (Viral hemdragic septicemia)

Plants Brazilian waterweedHgeria densgBrittle naiad Najas mino), Curly leaf pondweed
(Potamogeton crispysEurasian watermilfoilNyriophyllum spicaturyy European frogbit
(Hydrocharis morsusanaé), Hydrilla Hydrilla verticillatd, Fanwort Cabomba caroliniana
Variableleaf milfoil Myriophyllum heterophyllui Water chestnutTrapa natany Yellow
floating heart Nymphoides peltatp

Once invasive species become establisineaihaging theipopulationthrough active controis fiscally

and, potentially, environmentally costly. Spread prevention and early detection through monitareg
excellent invasive species managemeptions used to reduce the negative effects of invaders ttued
needfor control(Mackey & Swarbrick, 1997}t is widely accepted that many aquatic invaders are
transport by humans through boats and aquatic equipm@oatinson & Carlton, 199624 & Mehrhoff,
Introduction of nonindigenous aquatic vascular plants in southern New England: a historical perspective,
1999; Padilla, Chotkowski, & Buchan, 199prevention efforts like boat inspectiorand/or
decontaminationstationsare presemhat 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.,.2@&an 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 neatgvways can be greatly dinished. This then

subsequent reduces expensive population control efforts and the associated negative impacts of the
invaders and their required managemedhieung et al., 2002; Leung, Finnoff, Shogren, & Lodge, 2005;
Yarrow ¢ al., 2009)
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Aquatic invasive species were recognized as an environmental issue in the Adirondack region in the mid
1990s, and groups have since come together to combat these harmful organisms under the umbrella of
the Adirondack Park Invasive Plant Rexg (APIPPvww.adkinvasives.com This program is one of

several Partnerships for Regional Invasive Species Management (PRISM)dpitédo provide

regional coordination of AIS manageméhRigure 1) The work of APIPP and its partners is guidechby t
Adirondack Park Aguatic 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 governmamtsthe Adirondack Park Aggn The goals

of this plan ardo:

1) Prevent new introductions ofi@ into waters of the Adirondack Park.

2) Limit the spread of established populations t8 &to uninfested waters of the Adirondack Park.

3) Abate negati ecological, socioeconomic, and public health and safety impacts resulting from
infestations of AS 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 appliedpecifically to Upper Saranac Lake. Achieving this goal requires understanding the AIS
that may invade the lakehe potential entry points for these AIS irttte lake andthe options available

to prevent these AIS from becoming established his reporprovides a review of the above and

presents recommendations for amprehensive plan developed thérem to preventthe

establishment of new AIS pper Saranac Lake.

Partnerships for Regional
Invasive Species Management
2008

Capital-
Mohawk

Finger Lakes

Western NY

Figurel. Locations of eight Partnerships for Regional InvasSpecies Management
(PRISM) in New York State.
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Upper Saranac Lake 2D

Overview of Aquatic Invasive Species

There argen invasiveaquatic plantspeciesand seveninvasive aquatic animapecieddentified as

species of concern for our region (Table A)species of concern is a roative organism that has the
potential to cause significamtamage to the environment, economies, or human healif the ten

invasive aquatic plant species, only Brazilian elodea and Hydrilla are yet to be detected igiaur @f

the seven invasive aquatic animals, fishhook waterflea, Quagga mussel, and Round goby are yet to be
detected in our region

Tablel. Invasive aguatic plant and animal species of concefar the Adirondack region (APIPP 2011

Aquatic Plants Aquatic Animals

Common name

Scientific Name

Common name

Scientific Name

Braziliarelodea
Brittle naiad

Curly leaf
pondweed

Eurasian
watermilfoil

European frogbit

Fanwort

Hydrilla

Variableleaf
milfoil

Water chestnut

Yellow floating
heart

Egeria densa
Najas minor

Potamogeton crispus

Myriophyllum spicatum

Hydrocharis morsus
ranae

Cabomba caroliniana

Hydrilla verticillata

Myriophyllum
heterophyllum

Trapa natans

Nymphoides peltata

Alewife

Asian clam

Fishhook waterflea

Quagga mussel

Round goby

Spny water flea

Zebra mussel

Alosa pseudoharengus
Corbicula fluminea

Cercopagis pengoi

Dreissena bugensis

Apollonia
melanostomus

Bythotrephes
longimanus

Dreissena polymorpha

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 (Figureseventysix of these lakes and ponds only have
oneAlSreported, 15 have twd\ISreported,three have threeAlSreported, one has fourAlSreported

(Hadlock Pondpne has fiveAlSreported (Lake George), amahe has eightAlSreported (Lake

Champlain). The most comméwSdetected too date are all aquatic plants, with Eurasian watermilfoil

(57 lakespnd Variabldeaf milfoil (35 lakes) being most common, followed by Curlyleaf pondweed (14
lakes). The fourth most commowiSdetected too date is the smatiodied organism, Spiny waterflea,

which has been detected Blakes: three of these were new @etions reported in 2014 (Lake Pleasant,
Piseco Lake, and Lake Champlafgian clam is present in Lake George and Zebra mugsebkint in

Lake Champlain

Paul Smith's Collegkdirondack Watershed Institute|
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Figure2. Distribution of lakes and ponds infested with aquatiavasive species (AlS) in the Adirondack
Parkin 2013 Red water bodies indicate at least one AlS has been detected. Data sources, Adirondack
Park Invasive Plant Program and Adirondack Watershed Institute.
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Theten aquatic plantspeciesf concernare ordeedin Figure3 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) (8brdan
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 documeniote, only rankings foaquaticplants were availableEurasian
watermilfoil has the highest ranking, followed closely by Variddaé milfoil. As already mentioned,

these are the most common aquatic invasive plants found in the Adirondack Park. Hychilleeid

third, and also as already mentiondtis speciehias notyet been detected in the Adirondack Park.

Eurasian watermilfoil
Variable-leaf milfoil
Hydrilla

European frogbit
Water chestnut
Curlyleaf pondweed
Brazilian elodea
Yellow floating heart
Fanwort

Brittle naiad

| I ] I I

50 60 70 80 90 100
NYS Invasive Species Ranking

Figure3. New York State Invasive Species Rankings for invasive aquatic plant species of concern.

Detailed literaturereviews for each of thaquatic plantand animabkpeciegexcept the milfoilsBrittle
naiad the fishes, and Fishhook waterflagere conducted, with each review based on the primary
scientific literature versus secondary sources that are often lesblelifihesaletailedreviews 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 partsAll of the aquatic animals can also be moved by boaters, someterias 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 Collegkdirondack Watershed Institute| -
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Case Study

soenquane  Hydrilla (Hydrilla verticillata ) srop aquanc

HITCHHIKERS! HITCHHIKERS!

Hydrilla is probably the most well-known aguatic invader. Some even call it the
perfect aquatic plant because of its ability to adapt and aggressively compete in its
environment. 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). Since 2011 and 2012, it has been found as far north as Cayuga
Inlet and the Erie Canal of New York, respectively.

The biology of hydrilla makes it a perfect aquatic plant with the ability to
outcompete and displace other hydrophytes. 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. Hydrilla also displaces native aquatic plants
by its ability to utilize available nutrients for growth.

Axillary turions and tubers account for the majority of hydrilla’s reproductive
strategies and persistence. One single subterranean turion can grow into a plant that
can then produce in one summer over 6,000 new subterranean turions/m3. Turions
are extremely resilient, and they can remain viable for several days out of the water
and can successfully geminate after four years of dormancy in undisturbed sediments.
Turions have also been known to survive ingestion and regurgitation by water fowl,
and even some herbicidal applications have failed to kill the tubers .

Mechanical, biological, and chemical methods are used to control hydrilla.
Hydrilla is most commonly controlled using Fluridone, a systemic herbicide that is
translocated within the plant’s tissues and thus can be effective in controlling
regrowth from subterranean turions.

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.

Paul Smith's Collegkdirondack 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 divethbavesting, while Hydrilla

is oftencontrolled using aquatic herbicideSiven tha 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 watermilfolffaoch 2

4™ Lakes in the Fulton Chain of Lakes five years ago when only a few dozen plants were discovered
during a routine surveylhere are fewer practical options for controlling aquatic animals. For example,
eradicating a fish species would likedguire high dges of fish pesticides that may also be toxic to
native fish species, and there are no known methods to control Spiny waté¥flesz & Yan, 2010)

Most of the organismdisted in Table 1 coulthrive inUpper Saranac Lakand there are no limitations
to their growth beyondhe normal limitations to growth athe native aquatic plants and animalhe
two exceptions ar&ebraand Quagganusses, where low availability of dissolved calcium may limit
successful establishment tfese two invasive species. Minimum dissolved calcium thresholds for
establishment range from 8 to 12 mgfClaudi & Mackie, 1994ones & Ricciardi, 20p5The dissolved
calcium concentration in Upper Saranac Lake is currently less than 5 mg/L (Kwedtingxaon, 2014),
though this does not mean that these two species could not establish at isdtatations on calcium
rich substates (e.g. concrete foundations and piers).

Photo 1. Quagga mussels. Credit to 100thmeridian.org.

Paul Smith's Collegkdirondack Watershed Institute|
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Public Access to Upper Saranac Lake

Upper Saranac Lakes six public entry points where boats originating from outside of the lake can
access the lakérigured). Depending on the public entry point, boats may directly import AlS into

Upper Saranac Lakem populations established in upstream or downstream waters in the Saranac
River watershed, or boats may bring AlS into the lake from other places. Identifying the potential vectors
of AIS movement into Upper Saranac Lake is the first step in devekp&& prevention planThe

potential vectors for access points #1 and #6 are shown in Figuihe potential vectors for access

point #2 are shown in Figu& the potential vectors for access points #3 and #4 are shown in Fgure

and the potential ectors for access point #5 are shown in FigtirBetailsnarrativeson each follow.

© PublicBoatLaunch [ AIS Infested Lake

i
-
i
i
|
| | © Public Entry Point ~ mmmin Canoe/Kayak Carry
i
i
i
i
i
i
i
d

1
A { P
Q ! %% o5 O \‘. N 1 G J\‘\U
: > 2 \\'@F s s L AL L
Lk L_-_;___/b.. __________ .ﬁi__é_g_ F ’x ; o N2 4 Milgs
o ’ g

Figure4. Locations of public entry points to Upper Saranac Lake. Details on potential AlS vectors for
each public entry point are shown ioorresponding figures referenced in the insets.

Access point #1 is tHeYSDEC boat launch at the Saranac Inn located in Back BayJFigtaiered

boats can access this launch from points north or south via State Rout®i30ds generally considered

as the mairentry point for motor boats into Upper Saranac Lakecess point #6 is at the outlet of Fish
Creek (Figuré). Fish Creek drains a large network of ponds, most of which are infested with Eurasian
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watermilfoil and at least one of which is infed with both Eurasian watermilfoil and Variadeaf

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 drish Creelond and the other 3 are NYS DEC launches. The NYS DEC launch
at Fish Creek Campground provides ready motorboat acoddpper Saranac Lake throu§guare

Pond, Fish Creek Pond dridh Creek. This launch site is the likely source of the Vatedfleilfoil

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 prevsmtaneasures it is a near certainty that

motor boats will transport AIS into the laka lower unitsthrough Fish Creek. In addition, given that

Fish Creek flows into Upper Saranac Lake, AlS may be transferred into the lake hydrologically (previous
AWI stidy suggests low likelihood for AIS plants).
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Figure5. Potential AIS vectors for the NYS DEC Boat Launch (Public Entry Paoint #1) and Fish Creek
(Public Entry Point #6).
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Access point #2 ithe outlet of Mill Brook(Figure6). Mill Brook drains Lake Clear and Little Clear Outlet,
within which noAlShave been detecteast surveyed in 2013)hus risk of an AlS infestatioma
hydrologic transportirectly from these upstream waters is currently very low. The main risk of
infestation is from canoes and kayaks launghnto Hatchery Brook at SR 8tat may carry AlS from
other infested waters

4

Lake Clear
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Figure6. Potential AIS vectors for the canoe/kayak access point at the outlet of Mill Brook (Public
Entry Point #2).

Access point #3 the canoe carnat the eastern end of Saginaw B@jgure7). This canoe carry

provides an overland link to the remainder of the Saranac Chain of l&t@sss point #4 is the canoe
carry near the outlet of the lake &artlett Carry(Figure?). Like access point #3, this canoe carry also
provides an overland link to the remainder of the Saranac Chain of LAdke$the lakes in the Saranac
Chain of Lakes downstream of the®e access points are infested wiliirge anounts ofEurasian
watermilfoil and Variabldeaf milfoil. Curlyleaf pondweed is present in small amounts in Lower Saranac
Lake, Oseetah Lake, Lake Flaveerd in the river downstream of the Lake Flower dam
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Figure?. Potential AIS vectors for the canoe/kayak carries from the downstream waters in Saranac
Lakes Chain.

Access point #5 is the NYS [EC Bp Only Boat Launch Site located at the southern end of the lake
near Indian CarrgFigure8). This access point alserves ashe terminus for the canoe carry from

Stoney Creek Ponds, within which no AIS have been detected (last surveyed ir520i8).Creek

Ponds are hydrologically linked to the Raquette River, from which canoes and kayaks can paddle freely
between. The Raqtte River is connected upstream to Long Lake and downstream to Tupper Lake,
both of which are infested with large amounts of Varialdaf milfoil so there is some risk of AIS
transport via this pathwayHowever, a with access point #2, the main riskimfiestation islikely from
canoes and kayaks launching into the lake that may carry AIS from other infested \Bateigiven the
additional connectivity to infested waters (albeit some distance away) and the direct access from the
launch to the lake, theisk of AIS being introduced into the lake from access point #5 is likely greater
than from access point #2.
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Figure8. 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 accéss point
summarized irmmable 2. Thepublicaccess points are ranked from highest to lowest ri8kbrief

rationale based on type of access, ease of access;@mukctivity to infested waters is provided for

each rankingNote, the relative risk rankirsgpf Saranac Inn and Fish Cree& debatable The Variable

fSFT YAfF2Af RA&AZO2OSNBR Ay ! LIISNI {FNryFEO [F1S AY
possible that the Eurasian watermilfoil in Upper Saranac Lake came from Fish Cnegkaiif message

is that both access points are highest risk and thus will require a larger focus of efforts to mirligize A

entry into Upper Saranac Lake from these two ®aompared to the other four
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[PREVENTION AND PREEBNESS PLAN Upper Saranac Lake 2D

Table2. Relative risk of invasive species entering Upper Saranac Lake from each of the six public
access points.See Figurd for point locations.

Risk Point # Name Brief Rationale
Highest 1 Saranac Inn NYS DEC trailered boat launch directly into lake; high us
boats coming from IS infested waters
6 Fish Creek NYS DEC trailered boat launch indirectly into lake; mode
use; boats coming fromlI& infested waters; I8 infested
watersupstream
5 Indian Carry NYS DEC car top boat launch directly into lake; moderat

use;boats coming from ks infested waterssanoe carry
links to AS infested watergownstream

4 Bartlett Carry Short canoe carry links td®infested watersAlSinfested
waters downstream
3 Saginaw Bay Long canoe carry links tdAinfested watersAlS infested
waters downstream
Lowest 2 Mill Brook  NYS DEC car ttypat launch indirectly into lakeno AS in

waters upstream

Exposure to outside waters

Considering thalpper Saranac Lake hsig public access points, the lake ladsigh degree of exposure
to invasive species introductions from boats.plot ofboater census data collected by our stewards
stationed at the NYS DEC lauesht Fish Creekrad Saranac Inbetween 5/23 and 7/14 2014, clearly
illustrates this point (Figur@). Boats trailered from as far away as Lslkdeand Ontaricand the
Chesapeake Bdgtunched intathe Upper Saranac Lakeatershedduring this time periodOver 145
different species have invaded tli&reat Lakesince 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 chesamat Eurasian watermilfoil (Domske and
h Qb S A t Koteboats aigindting from Cayuga Lake wenaniehed intothe Upper Saranac Lake
watershedas well Cayuga Lake is known to harlbioe highly invasive aquatic plant, hydrilla.

From the NS DEC launch at Saranac Inn al&b@ poats launched inttJpper Saranac Laketween
5/23and9/13 2014.The good news is thahé majority oftheseboatslaunched(342) were only used in
Upper Saranac Lake. The remairitd§ boats originatedrom 46 other water bodies, 22 of which are
known to be infested with at least one species of ADBly22 boats originated from water bodies with
no invasive species, these waters were Hoel Pond, St Regis Lakes, Indian Lake, and Silmvérake.
Saranac Lakdgrbors Eurasian watermilfoivariableleaf milfoil curlyleaf pondweejlwas the most
commonoriginating lake followed by Lake Flower and Lake Placid (FijOye~ourteen boats
originatingfrom LakeChamplain launched into the lake (harbors Eurasian maitioil, variableleaf
milfoil, curlyleaf pondweed, zebra mussel, and most recently, spiny wateriledde Ontario is the
eighth most common origin of boats launching into Upper Saranac Lake.
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Figure9. Origins ofboats launching into Upper Saranac Lake at Saranac Inn between 5/24/14 and 7/14/14.
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FigurelO. Top ten lakes of origin for boats launched into Upper Saranac lfedta the NYSDEC launch
at Saranac Inetween 5/23/14 and 9/13/14. Y-axis is the number of boats launched.
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A case for mandatory inspection and regulations

The AWI Stewards worked at boat launch site8lataunches on 2kkes and ponds in 2@8XWSP

2014). These stewards inspectaeer 25,03doats and trailers and removed AIS fr@34 of these
boatsandtrailei = F2 NJ | Yy & A yperGettiMare hfoadiyl 8i3% of b@afs and Waders had
some type of aquatic organism on them, aiaehged froma low 0f0.5% br boats launching int&Vhite

to a high o#40.68% forboats launching int@sgood PondSeventytwo percent of boaters reported
taking spread prevention measures in 20and ranged from a low @f0% forWhite Lakeo a high of
85% forStillwater ReservoilThepercent of boatergeported totake 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 thiaktes area where AWI stewards
have been educating boaters on AlS since 1999.

While it is encouraging to see that the majority of boaters in the Adirondackspiot taking spread
prevention mesures, 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 etimcand prevention programs and

much higher AIS infection rateseg Figur®). Market research has further shown that the majority of

AYRAGARdDZ t& 6Aff y2G GF1S 10GA2y AT GKS [ OGA2y Aa
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[PREVENTION AND PREEBNESS PLAN Upper Saranac Lake 2D

immediate benefifMcKenzieMohr 2000). Thus, in order to maximize compliance with AlS prevention
measures educational programs must be complimented with boat inspection and cleaning, and
transport laws and fines.

Visual inspection and hand removal is generally effectivegdmoving aquatic plants but is not effective
for removing smaibodied organisms (e.g. Asian clam and Spiny waterfr@a)example, igual
inspection/hand removahnd high pressure washimngere equally effective at removing aquatic plants,
both removedabout 90%Rothlisberger et al. 2010l contrast visual inspection removed less than
70% of smalbodied organisms while high pressure washing removed over 90% of these organisms.
Note, low pressure washing was no more effective than visual inspeatidinand removalAlso, hot
water sprays have shown to be very effective at killing small bodied organisms (Johnson et al. 2014).
Thusin order toeffectivelyremovesmallbodied organisms like Asian clam and Spiny waterflbaat
decontamination withhigh pressurehot 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 daythésminimumrecommended byhe federally
supportedStop Aquatic Hitchhikeggrogram(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 intUpper Saranac Lake illustrates the need for considering the prevention

plan in a landscape context. Thusotectingthe lakefrom newAlSrequires a coordinated, three tiered
prevention program consisting &egioml, Watershed, and.ake leveliitiatives (Figure 1). For

example, preventing new AlS 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 Regiblevel through a combination onitiativesthat
collectivelyreduce the risk of AIS entering thipper Saranac Lake Watershekthe recently passedYS
Aquatic Invasive Species Spread PreventiofFgilire 2) is an important step at the state level to help
combat the spread of invasive speci@his 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 watercrafthe bill gives the DECtlaority to fine

individuals found guilty of not following the reasonable precautions. Based on the timing of enactment,
this law should be active starting in 201Begional prevention initiatives incluéarly detection rapid
response EDRIRand boat inpection programs working collaboigely under the umbrella oAPIPRo
prevent new AIS from entering the region and to limit the spread of established AIS to other waters in
the regionas per the Plan described in the Introductioh new report that repesented a significant
collaboration between organizations recommended the establishment of 13 boat inspection and
decontamination stations in the Adirondack region (Figu8e I'hese 13 locations represent major AlS
spread hubs, key linkage lakes, andtrations with smaibodied AIS. Establishing these stations along
with continuing prevention efforts at boat launches throughout the region will greaiyipliment
prevention efforts at Upper Saranac Lake. THhus,iimportant forthe Upper Saranac Lakommunity
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to stay engaged with regional initiatives mediated through APIPR@edcourage the adoption and
strengthening otheseinitiatives(e.g. transport lawsdecontamination stationjghrough engagement
and advocacy.

The second tier of prevention happens at the Watershed I#relugh initiatives at the public access
points. Watershed initiatives reduce the risk of AIS that make it into the Regiwhpast the regional
prevention initiativeswill enter Upper Sarandcake These initiatives include posting AIS signage at all
public entry points, boat inspectiofsee Photo 2)boat decontamination if deemed warranted by the
boat inspector and outreach and education.

The third tier of prevention happens at the Lakedethrough initiatives in the lake itself. This tier
represents the last line of defense in preventingw&lS from becoming established in Upper Saranac
Lake. The main focus of this tier is surveillance to detect new AIS early, before they becomieshethb
and impossible to eradicate. Newly detected AlS aaglieated usingapid response management
actions though this is not currently possible for all species (e.g. Spiny waterflea)

The Upper Saranac Lake commuihifg direct influence ovaatershed andLake Tierinitiatives, which
are the focus othe remaining narrative athis plan.

8 | Watershed Steward on Duty|

Courtesy Boat Inspections for
Aquatic Invasive Species

‘mm

Photo2d t I dzf {YAGKQa /2tfS8S3S I RANRBYRFO] 2F0SNAKSR LyadAaddzis
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Region
Transport Laws
Prevention
Outreach/Education

Watershed
Signage
Inspection
Decontamination
Outreach/Education

Lake
Early Detection
Rapid Response

Outreach/Education

Figurell Three tiered aquatic invasive species prevention program for Upper Saranac Lake.
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} New York State
| Aquatic Invasive Species
" Spread Prevention Bill

TITLE: An act to amend the environmental conservation law, in
relation to aquatic invasive species, spread prevention, and
penalties; and providing for the repeal of such provisions upon the
expiration thereof.

PURPOSE: To amend the Environmental Conservation Law (ECL) by
adding new sections that will ensure reasonable precautions are
taken to prevent the spread of aquatic invasive species.
Recreational boating is one of the primary ways in which invasive
species are inadvertently transported overland to new waterways.
Taking precautionary measures with watercraft and floating docks
at launch is a simple step that should be taken to prevent the
spread of invasive species and protect our waterways as well as
the industries that depend on them.

SUMMARY: Require, upon launch of a watercraft or floating dock
into a public waterbody the demonstration of reasonable
precautions such as removal of any visible plant or animal matter,
washing, draining or drying as defined by the Department of
Environmental Conservation. A civil penalty on individuals found
guilty of violating the provisions set forth in this legislation,
provided, however, that for any first violation in lieu of a penalty
there shall be issued a written warning. The legislation shall take
effect one year after it shall have become law, and shall expire and
be deemed repealed on June 1, 2019.

Figurel2. Summary of the New York State Aquatic Invasive Species Spread Prevention Bill.
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Boat Inspection and Decontamination
for Aquatic Invasive Species Prevention

At
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for boats decontamination stations
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SUMMARY: The primary outbound destinations for boaters were
determined using network analysis of regional boat launch steward data.
This data was combined with regional invasive species distribution data to
develop recommendations for a regional landscape-level prevention
program. This program recommends inspections and high-pressure, hot
water decontamination stations at 13 specific waterways. Focusing
inspection and decontamination efforts on these locations will help to
limit the spread of aquatic invasive small-bodied organisms and also limit
the spread of new AIS introductions to the region. Of the 13 waterways,
four serve as invasion spread hubs, two serve as linkage waterways, and
seven have aquatic invasive small-bodied organisms .
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Figurel3. Summary of boat inspection and decontamination report (Johnson et al. 2014).
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Watershed Initiatives
Sighage

Invasive species prevention signage should be placed at all nodes of access in the Saranac Lake
watershed and Stoney Creek area of the Raquette River watergtaddding private boat launches

These nodes should include all public access points shown as green dots and canoe carries shown as
pink hashed lines on Figuréshrough8.

Inspection

Theaccepted universal standard for boats launching into new waters is CleginDry (CDD{Figure
14), thus all boats launching into Upper Saranac Lake should meet this stafidasdstandard requires
that boaters (1xleanand remove all visible plantpanal, fish, and mud from their boat, trailer, and
other equipment; (2pdrain all water from their bilge, live well, ballast tanks, and other locations with
standing water; and, (3Jry their boat, trailer, and all equipment completely before launching int
another waterbody.

All boats arriving at the launch sigdouldbe evaluated againshe CDDstandard using a consistent
watercraft nspection process (Figur&)L This inspectioshould be conducted by a steward who would
follow a standard checklist timterview each boater and inspect thdioat, trailer, and equipment

(Figure B). If the boat was last used in Upper Saranac Lake and meets the CDD standard, then the
boaterwould beallowed to launch their boat. If the boat was last used in a diffeneater body, has

been out of the water for 5 days or more, and meets the CDD standard, then the lvaai&t be

allowed to launch their boat. All other boaters must have their boat, trailer, and equipment
decontaminated with high pressure hot water befdeeinching into Upper Saranac Lakdote, 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 Satakawatershed. For
convenience and efficiency these stations should be collocated with inspection stations (Figunek 1
Photo7). The unit cost for developing amspection and decontamination station was estimated at
$65,000 for Lake George @ISPP 20)3The decontamination station would have to be operated by
trained personnel.

Implementation

Inspection and decontamination stations should be installed at thi€ IWEC boat launch at Saranac Inn
(Photo3) and in Fish Creek Campground for boats launching from there (Bho®ince all boats

launched at the NYS DEC campground must pass through the entrance gate, a mandatotigiinspec
program could be enacted. &iNYS 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 proceduresand b
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 vibjurgarply with the
CDD standard, witthe signage passively reminding them of the need teetpkevention measureand
the necessary stepd.ikewise, shore owners launching boats directly from their property are also
expected to voluntarily comply with the CDD standardistiall members of the Upper Saranac Lake
community must be made aware and educated on the CDD standard.
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N SANTACLARR Lo
TOWN ORDINANCE

TRANSPORTING INVASIVE SPECIES
10 OR FROM THIS
WATER BODY IS PROHIBITED
$250 FINE FOR TRANSPORT
OF INVASIVE SPECIES

Photo4. NYS DEftailer launch located in the Fish Creek Pond campground. Note, boats launched
from here have access to Upper Saranac Lake through Fish CEee&sian watermilfoil and
variablelleaf milfoil are present in Fish Creek Porlso note Santa Clara Town Ordimee sign

posted for local law on invasive species transport.
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Photo5. 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 Stor@seek Ponds in the Raquette
River watershed. Variabkeaf milfoil is present in the Raquette River watershed.

Photo6. Spider Creek and the culvert under State Route 30 through which the creek flows from
Follensby Clear Pondto Fish Creek Pond. This is a havigable waterway through which small
motorboats can travel freely during high water. Eurasian watermilfoil is present in Follensby Clear
Pond.
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LROTECT | AKE GEORSE

PLEASE HELP PROTECT LAKE GEORGE
FROM AQUATIC INVASIVE SPECIES BY
FOLLOWING THESE GUIDELINES:

& CLEAN

Clean and remove all visible plants, animals, fish, and
mud from your boat, trailer, or other equipment and
dispose of in a suitable trash container or on dry land.

& DRAIN

Drain water from bilge, live wells, ballast tanks, and any
other locations with water before leaving the launch.

& DRY

Dry your boat, trailer, and all equipment completely.

Drying times vary depending on the weather and the
type of material. At least five days of drying time is

generally recommended during the summer.

Figurel4. Clean Drain Dry rack card for La&eorge.
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Watercraft Inspection Process
Boat Arrives at
Launch

[

Last Used in Interview and AlS Found or
Upper Saranac Inspection Suspected

Out of Water
5 or More Days"

[

Cleaned Drained Ve
Dried?

!

High Pressure

Proceed to
Launch

Watercraft inspection process adapted from the Lake George
Aquatic Invasive Species Prevention Plan (LGAISPP 2013)

Figurel5. Watercraft inspection process.
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Watercraft Inspection

Storage Anchor  Live Wells Bilge
Dock Lines

Prop

Gimbal

Yo Motor

Through-Hull ~ Hull Axle

ks Trailer Intakes
Fittings Rollers/Bunks

Interview/Inspection Checklist
* Boater Information (home state, name & date of last water
visited, how long boat out of water)
* Boat

* Exterior Surfaces (hull, transducer, fittings, trim tabs, water
intakes, centerboard, keel)

* Propulsion System (lower unit, cooling system intake, prop
and shaft, engine housing, jet intake)

* Interior Area (bait and live wells, storage areas, floorboards,
bilge, drain plug)

* Equipment (anchor and anchor line/chain, dockings lines,
fenders, recreational and fishing gear, PFDs)

* Trailer (rollers, bunks, cross and frame members, springs and
fenders, light and license plate brackets)

Standard is Clean Drain Dry

Figurel6. Watercraft interview and inspection checkilist.
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AL .

X cam | coae P

._@

Figurel?. Concept site plan for a boat inspection an@écontamination station (copied from
LGAISPP 2013oats arrive, are inspected and decontaminated (if necessary) following the
procedures outlined in Figures5land 16.

Photo 7. Portablehigh pressure hot wateboat washstation at Lake George (photo credit
LGPC 2013).
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Other Options

There are a range @IS prevention plamplementation options that can be consideréat Upper
Saranac Lakdrom self-certificationto comprehensive. Threeersions obptions areoutlined here:

1 Level 1- SelfCertification- Boater completes aquestionnaire and inspects all designated areas
on their watercraft, trailer, and equipment. Boater places completed formveticledash board
where it can be easily seen by enforcement personidiantage; lowest cost and least impact
on boater. Disadvantagereliance onselfreportslikely leads to lowest effectiveness.

1 Level 2¢ High Risk Screenignspector conducts a screening interview (wher@s yourboat
last? How londnas your boat beenut of water?Did you practice CDIpandaninspection. All
watercraft not CDD ardeemed high risk and thiexcluded fromlaunching Advantageg
intermediate cost and high effectiveness. Disadvantageghest impact on boater.

1 Level 3 Comprehensive Inspector conductscreening intervievandinspectionas in Level 2
Boats, trailersand equipment not meeting the CDD standard are decontaminated and allowed
to launch. Advantage mosteffective prevention measureDisadvantages highest
implementation cost andelativelyhigh impact on boater.

Additionally, the efficiency and convenience of the prevention program could be improved by
implementing a boat sticker prograrA. sticker could be placed omats 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
monitoringprogram in the Adirondack region. Thist  { NXd#faddsdn-i8 S @o#itbring program

that includes monthly measurements at fixed sites throughout the lake by AWI scientists and continuous
lake-wide surveillance by shore owners and Aquatic Invasivasadgement (AIM) under the

coordinationof professional lake manager, Guy Middletdrhis monitoring program should continue

and should beenhanced in the following ways:

1 Allparticipants should be trained to recognize the AIS listed in Table 1, and muadiypto
NEO23y ATl S & ardifelekh v A& & Wiey dareout on the water. Bothlaquatic invasive
animal and plant training are offered each summer through ARIRIPUpper Saranac Lake
monitoring program participants should attend thesainings if they are niofamiliar with these
organisms.Periodic refreshers are important too.

1 Monitoring should include new surveillance methods tailored to particular species. For example,
plankton tows for Spiny waterflea (pho®). Note AWI startedanducting plankton tows in Upper
Saranac Lak@& 2014.Volunteerbased Asian clam monitoringill begin in 2015 (Figure 18).

1 Monitoring should be most intensive in Back Bay (NYS DEC boat launch site at Saranac Inn) and the
westernportion of Fish CreeBay (where Fish Creek enters Upper Saranac Liak&cognition that
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these two locations are the highest likelihood entry points for new AlSihadake Monitoring
should be done via SCUBA for a better view of the substrate.

1 Monitoring should also cdimue at the transect sites in Fish Creek Pond, these artegnportant
for early warning of new invaders establishing in upstream connected waterd/@igbleleaf
milfoil was first discovered by AWI in 2007 and recently found in Fish Creek Bsyrtimeer, this
movementwas expected anthe lake communityvas prepared toespond toit).

1 More intensive monitoring should also occur at the other 4 access pdriven the lower likelihood
of new AIS entering the lake at these locations, monitoring cbaltéss intensiveut it should be
conducted at least once psummerand also via SCUBA

Photo 8. Sampling for Spiny waterflea using plankton tow net.
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Upper Saranac Lake
Volunteer Asian Clam Survey

Volunteerssieving for Asian clams in Lake George in 2014

Objective: Prevent the establishment of Asian clams in Upper Saranac Lake

Plan:

* 12 sites with ideal Asian clam habitat will be surveyed every summer

* Minimum of 2 volunteers will be assighed to each site

* Volunteers will use sieves to scoop up sediment from surface 2-3 inches
in water depths ranging from 2 to 5 feet

* Sediments will be removed from the sieve by gently shaking in the water
(see above photo) and the screen will be examined for Asian clams

* Sieving process will be repeated at multiple locations at each site

» Suspected Asian clams will be collected and delivered to the lake

manager for confirmation

Positive detections will be immediately followed by detailed surveys to

determine the extent of infestation and the appropriate rapid response

Figurel8. Volunteer Asian clam survey plateveloped 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 respondsitp ve

the identification and then tasks AIM for removal. This approach is consistent with general
recommendations for rapid response prograrearly detectionh @S NRA F A O lrasgogsy. It igs NI LJA R
proven effective at finding new AIS (e.g. Varigbkgf milfoil in Fish Creek Bagihd it should continue

and also extend to Fish Creek Pond, the likely source the Valéflmilfoil and establishment point

for new AIS entering the Upper Saranac watersfdu rapid response process is outlined in Table 3.

Table3. 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 |
a recognized expert. New AIS should be reporte
to APAAPIPP, and DEC. DEC serves as the le;
agency for rapid responsénvolving agencies righ
away also helps with the permitting process.
Assemble a team / task force to inform and

facilitate the remaining stepghis team should
include APA, DEC, APIBBFand consultants (e.g
AIM and PSCAWI).

2. Conduct ®etailed Qurvey The survey is to determine the text of
infestation. Survey results will determine if the
species can be eradicated or contained and the
options for controlMake survey robust enah to
obtain data needed for permitting.

3. Develop Eradicatioiontainment, or Easily permitted (and effective) control options
Prevention Plan should be selected when possible to avoid
prolonged delaysNote, the rapid responsaction
may bedeveloping a plan to prevent the AIS fron
infecting other water bodiege.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 permi
from APA and DECddntrol using aquatic
herbicides.

5. Perform Control Activities Biology of AIS necessitates myléar control
efforts regardless of the control methods

6. Monitor Control Effectiveness Control areas need to be monitored for reinvasig
and regrowth. Bylefinition, 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 lakeuralaer 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 cloneshaf 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 planthas 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 AlE® 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) omaturally 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
GoAYGSN) 0dzRaé¢ > GdzZNA2ya | NB 2 @ Saudndaycé 8 Nany sheciegioNHzO G dzN.
aguatic 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 adwitious 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 generalhardrycan 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 summariabikid

along with special considerations for each species. Adirsgpecies 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 al five non
seed spread meamnisms (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 earljhangeason, 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 chetnut 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 deltilize 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 rexcials

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 easilysaspended and subject to further dispersal when disturbed. Asian clam
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Table4. Soread mechanisms, special considerations, and control options for aquatic invasive species
summarized from their detailed narratives located in the Appendix.

. . . : : Control

Species Spread Mechanisms Special Considerations Options*
Brazilian elodea | § adventitiousroots | § easily confused with hydrilla and nativg  { HH
1 turions elodeas 1 BB
1 CH
Curly leaf 1 adventitious roots |  early season growth and turion 1 HH
pondweed 1 turions production 1 BB
1 early season control M CH
European frogbit| q turions 1 free-floating rosettes 1 HH
9 stolons 9 grows insheltered areas M1 CH

1 early season turion production
9 early season control

Fanwort 9 adventitious roots | § rhizomatouslike stem, thus small M HH
9 rhizomes fragment can produce new growth 9 BB
9 turions M1 CH
Hydrilla 9 adventitious roots | { turions formed along stem and rhizomg f HH
9 rhizomes 1 turion production unpredictable but 1 BB
1 stolons occurs throughout growing season 1 CH
9 tubers 1 turions very resilient and can survive
9 turions several years
Water chestnut | § clonal 9 multiple floating rosettes T HH
fragmentation 1 seed productiorthroughout growing 1 CH
9 seeds season
1 seeds viable in sediment for over 12
years

9 control prior to seed maturation and
clonal fragmentation

Yellow floating | 1 adventitious roots | 1 seeds are produced in late summer M HH
heart 9 rhizomes 1 seeds viable in sedimefur years 1 BB
9 seeds M1 CH
9 stolons
Asian clam 9 selffertilization 9 found in top 15¢cm of sediments i BB
1 juveniles dispersed|  also anchor to vegetation, hard surface § CH
in water column 9 can thrive in most Adirondack waters M SD
1 live 1-5 years with high reproduction
Quagga and 1 sexual reproductior| 1 growth and maturation slow in colder 1 BB
Zebra mussel 1 planktonic veligers | waters {1 BB/CH
dispersed in water | T high calcium requirement likely
column precludes establishment in most lakes

* HH = hand harvesting, BB = benthic barriers, @erbicides/pesticides, SD = suction dredging
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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 demading 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 similacispavith both undergoing sexual reproductidrable 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 larvaarta

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. Grow#nd 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
concen 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

Cortrol options for AIS plants and animals are also summarizédlae 4 Hand harvesting (HH),

benthic barriers (BB), and herbicides (CH) are all viable control options for thtoating AlS plants,

while HH and CH are viable control options for Eurodeagbit 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. fdsdhe same reasorgther
medhanical 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 theitur 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 populationA 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. Thuspfallomitoring

is a key part of eradication.

Benthic barriers, peides, and suction dredging (SD) are used to control Asian clam, and benthic
barriers without/with biocides are used to control Quagga and Zebra muSsahe(4. These control
techniques yield inconsistent and often unsatisfactory results. Disturbareaaesed 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 Al&uld be eradicated once discovered. This reality underscores the
importance of having an active prevention program for small bodied organisms.

! 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 establesth, 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 plgats.aAs fragmentation is a major spread
mechanism for most AlS plants, best management practices (BMPs) call for collecting fragments while
harvesting, and for policing work areas pbstrvest to collect stray fragments. Along with completely
removing albboveground 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 repkhsrvesting 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 membrariased 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 norselective 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 likelihoodehvasion, BMPs call for hand harvesting of any
scattered AIS in the vicinity of the barrier and for careful follgnmonitoring for reemergence of the

AIS from sedimentafter the barriers are removedespite 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 20§00 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 contaced 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 éffetso last longer. Aquatic

herbicides may produce some unwanted side effects and the-lemg impacts of herbicides on

humans and aquatic ecosystems are poorly studied, which partly explains the considerable controversy
over using chemicals to control®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 herbicidedesdhsise factors.

Aquatic herbicides are typically used to control large areas dominated by AlS with BMPs calling for
follow up monitoring and control of new growth using hand harvesting. Chemical concentrations in the
water column must also be monited 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 optidhg. cost fomquaic herbicides

generally falls between3®0 and 4,000 per acre per year depending on AlS plant density and number

of applicationsper year.
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For Upper Saranac Lake we assume that given the excellent surveillance program in place that new AIS
plants will bediscovered 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 towé#nd target species, a permit can be
obtained rapidly, and Upper Saranac Lake already has an experience contdactdharvestinghas

been usedsuccessfuly to eradicate Europearrdgbitand also Eurasian watermilfoil. The cost of rapid
response via hathharvesting is difficult to estimate, but presuming that the AlS 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 treatmergover time. Targeted use of berithbarriers 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 thegreater 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 sigant resources to contrbhgthese

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 AlS animals could easily eclipse the current
dollars invested in Alflant 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 hmyesd 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 Trable 4 This straight forward permit can be obtained in as few as 15

days. Since Upper Sarac Lake already has a permit to control Eurasian watermilfoil using these
G§SOKYAljdzSa | aAYLI S | YSYRYSydG Aa +Ffft GKFGQa NBIj dzA
for hand harvesting and benthic barrigssincluded as a supporting docuntien

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 besned since 2010 to control established populations

of Eurasian watermilfoil in Lake Luzerne, Eagle Lake, and LooThakeoon 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 Ad42Aed guidelines for appropriate use of aquatic
herbicides to control Eurasian watermilfoil in March, 2014. Key excerpts from the guidelines include:

1 Agquatic herbicides containing the active ingredient triclopyr can be used to manage EWM in
Adirondack weerbodies when the project is designed to avoid or minimize impacts to
freshwater wetlands, especially to nontarget native flora and fauna.
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1 In order to achieve the greatest level of success it is recommended that the herbicide
treatment belimited to areasvhere large, dense or moderately dens&VM bedghat need
to be reduced to levels which will allow nehemical control to continue in thieiture.

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

1 Itis recommended that the treatment area lpgeaterthan five acres in size and consist of
dense and moderately deng8WM 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 béand harvested

1 Sequestrationcurtainsmust be used to contain the herbicide to the treatment arleat the
APAwill consider other options guch curtains aréechnically impractical.

Note the guidelines emphasize that treatment should be limited to large areas with moderatelytdense

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 (unlikelyrsago in Upper Saranac Lake). The APA more recently

NBf SIFASR F {dzLJLJ SYSy G+t LYyTF2NXIGA2Yy wSljdzSad F2NY
Lljdz- GAO tflyliaéd ¢KAA TFT2NXY Ydzad o06S &dzoYAGGSR Ft2y
appling 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 detailedeptions specific to herbicides which would

need to be answered with the assistance of a licensed aquatic pesticide contractor.
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Appendix 1. Literature Reviews of Aquatic Invasive Species
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Asian clam (Corbicula fluminea )

Online Resources:

1 New York Invasive Species&laghouse(http://nyis.info/?action=invasive detail&id=52

1 USDA National Invasive Spedigsrmation Genter
(http://www.invasivespeciesinfo.gov/aquatics/asianclam.shtml
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Asian ClamCorhcula flumined is among the three worst neimdigenous invaders in the United States

(Pimental, Zuniga, & Morrison, 2005¥ his bivalve mollusk indigenous to Asia, Australia, and Africa now
currently inhabits freshwater habita in the Americas and Europe. Costs associated with its damages

and management are around $1 billion per yéaraujo, Moreno, & Ramos, 1993; Pimental et al., 2005).
LaAly OfFYaQ NI}LAR INRGGKS SIN¥Ie aSEdzt YlFddNAGes
capacities make this one of the most successful and threatening invasive aquatic $peaies,

Antunes, & Guilhermino, 2008 Asian clam has successfully established populations in the Adirondack

Park at Lake George since 2{lLake George Association, 2012Yith such a close proxy and its

biological characteristics, Asian clam could easiigbit 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 Antbocglig to

be due to transoceanic ballast water exchange and Chinese immigration for a food reqdotueson &
McMahon, 1998) With rapid, long distance colonization through ballast/bilge/engine water transport;
food resoure 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 Yof8ousa et al., 2008; USGS,201IThe 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 Québi8GS, 2012)As of 2010 Lake George, the exterior of the
Adirondack Park, has supported Asian clams with growing distributions throughout th@kker et

al., 2012; USGS, 2012).

LaAly OflvyaQ fAFS Oe0fsSa FyR LKeaAz2f23AO0Ft FRFLIWI
mollusks are hermaphroditic which can sfdftilize (McMahon, 2000Q) Fertilization occurs in the paleal

cavity, and larvae are incubated in the branchial water tubes where they are protected in a nutrient rich
environment. Wien the larvae mature, the juveniles are released into the water and bury into the

substratum sedimen{Sousa et al., 2008)Juveniles are relatively small, around 250um, completely

formed, and easily dispersed via water currents and anthropogenic aetivilihey 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 cansaspend and be subjected to further dispersal

(McMahon, 2000) Asian clams have high assimilation and filtrations rates which enable sexually

maturity 3-8 months after fertilizatior{fSousa et al., 2008).

The adult Asian clam livesSlyears and spawns3times per breeding season (dependomgbiotic and
abiotic factorsYMcMahon, 2000; Phelps, 1994; Sousa et al., 2068rmaphroditic adults have high
fecundity, and an average individual can produce around 35,000 larvae per breeding @dastahon,
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) L &ALy rpddapiofssandireprédbctive iraitsiaow
massive population densities to form when invading a new habitat or after subjection to environmental
stress(McMahon, 2002)

These characteristics also enable Asian clam teesehigh 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 bouldersoibr

silts of deep lake€Sousa et al., 2008)Typically they are found buried within the top-18cm of the
substrate in 2m to greater than 40m of water with highest densities occurring betwd@mdepths
(Wittman et al., 2008). It can tolerate @4 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 CafMcMahon, 2002; Sousa et al., 200#dditionally Asian clams can

survive wide temperature ranges betweer88°C(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 ZDin relatively high humidigMcMahon, 20@).

LaAly OflYaQ SO02y2YAO yR SO02t23A0f AYLI OG& I NB
year from clogging intake/water filtration pipes, damaging electric generating plants through biofouling,

in management, and tourism industrysisegPimental 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
GAGK 2SN bcnnInnn AY HAMMO® 2 KAt S (gealiesiang F NI & ( NIz
expensive but recoverable, the damage to the environment caused by this invader and its management

may be irreversible.

LaAly OfryYQa yS3ardiAdsS STFFSOGa | NB Y2aalih 2 IR 20& i
burrowing and biturbation 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 diammsdense populations, they may ingest

large amounts of unioid sperm, glochidia, and newly metamorphosed bivalve juvéilesa 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 lalsediment interface, leading to green algae blooms and dissolved
oxygen depletior{Phelps, 1994; Wittman et al., 2008Similarly, algae blooms and dissolved oxygen
exhaustion can transpire from an Asian clam masstfi€Johnson & McMahon, 1998)/Nater quality is
further impacted by the increased levels and bioconcentration of calciumaliense shell deposition
(up to 4.7cm deep has been observédhelps, 1994; Wittman et al., 2008)This calcium accretion may
lead to the invasion of other nonindigenous species with higher calcium requirements like zebra or
guagga musséWittman etal., 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 gwatory 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
understandy 3 2F (G KS &LISOASAaQ oAz2f23e G2 FdAte SoIft d:
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 ehlowest environmental and economic cost

3) The implementation of selected control actions

4) Longterm 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
reactivenes) established Asian clanmelude (Johnson & McMahon, 1998; Wittman et al., 2008)

9 Benthic Barriers

1 Suction Dredging

1 Chemicah Molluscicidesn the form of potassium

It is suggested that the integration of these methods could have the most effectivegesidivever all
management practices for controlling established Asian clam populations are fiscally expensive, require
tons of man hours, and come with environmental degradafdfittman et al., 2008)

The LGACRRTF has extensively managed Asiasiol 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 ka not met the LGASRRTF expectations because of the high numbers of
samplediiving clams after treatment (Bauer et al., 2012). It is important to keep in mind that Asian

clams are seffertilizing (hermaphroditic) and one clam can give rise to around®@bdfspring 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 woesjuatic invaders in the United States. It has cost the economy millions

of dollars each year in fouling, management, and touriBimental et al., 2005). The effects of Asian

clam range from outompeting native mollusk to bioconcentrating calcium vahéould enable other
AYOLFRSNEQ SaidlofAaKYSy(ds LI NIAOdzZ F NB T SO6NI FYyR Ijdz
of Asian clam make them etremely successful colonizers and difficult to manage because high frecundity

and multipledispersal meclyah & Ya o0{ 2dzal SiG Ff ®X wnnyov o 2 A0K ! &ALl
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 Adirasida(LGA, 2012; USGS,

2012)
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Brazilian elodea ( Egeria densa Planch)

Online Resources:

1 Washington Invasiv8pecie<ouncil
(http://www.invasivespecies.wa.gov/priorities/brazilian elodea.shxml

1 USDA National Invasive Spedigfermation Genter
(http://www.invasivespeciesinfo.gov/aquatics/brazwaterwd.shyml
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Egeria dens®lanch.also known a8razilian elodea, is freshwater invasive macrophyteative to

South AmericgYarrow et al., 2009) Through noxious vegetative growth, Brazilian elodea is known to
lower the economic and environmental quality of infested aré@@isampion, 2002; Roberts, Church, &
Cummins, 1999; Santos, Anderson, & Ustin, 2016 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, Butdrthern expansion into the Adirondack Park
may be currently limited by its susceptibility to freezing temperatures. Nonethdtedensd2 a
deleterious effects and adaptability make it an important priority to prevent, monitor, and manage the
establisiment 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 SoutBarolineaE. densdd o0 A2 Yl aad NBI OK@&étsingeb & LISI 1 & |
Dillon, 1984) From March to July primary, secondary, and tertiary branching occurs with biomass
peaking in July. With the increases in water temperatureulgh the season, the summbiomass peak

is followed by a late of summer senesceli@etsinger & Dillon, 1984)As water temperature falls,
recrudescence (revival of the plant) occurs through November and December with a-hiieass

peaking in DecembédfGetsinger & Dillon, 1984)Since Brazilian elodea is lacking tubers and turions
typical of other perennial aquatic macrophytasarch is cached at its nodes and root crowns during the
early winer growth periodGetsinger & Dillon, 1984; Haramoto & Ikusima, 1988; Yarrow et al.,.2009)
This starch storage enablg&s densdo survive quiescence (dormancy) through the winter (January
March)(Getsinger & Dillon, 1984aramoto & Ikusima, 1988)

This perennial is usually rooted to the sediments-Bni of water, but has been document in 7m
(Carrillo, Guarin, & Guillot, 2006Brazilian elodea grows vertical, irregularly branching stemthe

water column that are Bmm 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, respectif@yok& UrmiKonig, 1984; Yarrow, 2009). The small
leaves of Brazilian elodea are8tm long and 5mm across and occur in whorls of up to ten on fertile
nodes (every 45 internodes) or in whorls of 4 on sterile nod€ook &Jrmi-Konig, 1984) Additionally

E. densas dioecious, emergently displaying-2Bmm, white flowers with 3 petals (Yarrow et al., 2009).
Most populations, especially in its n@mdigenous regionare male, and therefore reproduction is
largely vegtative through fertile nodes, adventitious roots, and fragmentation.

Vegetative propagation helps the success and vigr.alens®a Sa G 6f AAKYSY (I T K25S@S
also assists in its dominating invasion. [Hierilla verticillata(L.f.) Roylek. dens@ metabolism

changes under different carbon dioxide EGoncentrationgCasati, Lara, & Andreo, 2000Bince C a

diffusion rate is slower in water than air, it often limits photosynthetic activitys restricting growth in

submersed aquatic macrophytes (Yarrow et al., 2009). Wher@®entrations are low a,dike
YSOKIyAaY A& Sy3ar3aSR Ay . NIXTAtAly St2RSIHQa OStfta
oxygenating andarboxylatingenzymé y LK 212388y i KSaAakLIK2(G2NBAaALANI GA2
oxygenating and photorespiration properties (Casati et al., 2000; Yarrow, 2009). Low CO

concentrations, high oxygen concentrations, and high temperature enable #ile@athway, and

carbon @n be assimilated for photosynthesis instead of oxygen for photorespiration (Casati et al.,

2000). Also at low G@oncentrations and in alkaline waters Brazilian elodea has a high affinity for
bicarbonates (HC{ and can utilize its carbon for photosyessis (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 &fOnditions than other aquatic plants lacking these
mechansms (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
28°C 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 lengtiaramoto & Ikusima, 1988)When overwintering in its dormant
state,E. densdnas survived periods under ice, but prolong temperatures near freezing kill the
vegetation(Cook & UrmKonig, 1984; Haramoto & Ikusima, 1988; reviewed in Yarrow et al.).2009
commonly colonizes acidic, humus rich waters but has been found thriving in calcareous, eutrophic
waters(Cook & UrmKonig, 1984) This invasive typically dominates clear waters with low light
attenuations, but growthand establishment has been documented in waters with low light availability
(Barko & Smart, 1981)The growth habit oE densavaries depending on light availability with prolific
branching in high light conditions and elotiga in low light conditiongBarko & Smart, 1981E.

densd) ersatile traits allow it to colonize an array of environments and climate regions.

Originally native to the Minas Gerais region of Brazil to the coastal afédisiguay and Argentin&,.

densais 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 (Yarrowta@l., 2009). Brazilian elodea has been collected outside of it native range since
1893 when it was found in Long Island, (N&s & Mehrhoff, 1999)It is now naturalized and invades

water bodies throughout the United Statexluding 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 reestablish in sedimentérarrow et al., 2009).

This highly undesirable invasive plant produces rapid biomass under ideal conditions and consequently
disrupts the aquatic environmergPistori, Camargo, & Henfjilva, 2004) Monospecific beds whiatan
f26SN) OA2RAOSNBAGE GKNRAAK O2YLISGAGAZ2Y YR SEOf dza
reproductive succesBarko & Smart, 1981; Santos et al., 2010ke other aquatic plants, Brazilian

St 2RSI Qa Sadl of A& K Yéphidistat® (frgm eutfophis tdblijokighic)cby rédBdp a
turbidity and nutrient suspensiofChampion, 2002; Urrutia et al., 200(lowever several years after a
trophic change, the dense bedsBf densean facilitate benthic anoxia causing the maityabf all

plants and associated species in the body of wédrampion, 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, caeing, and fishing (Roberts et,&999; Yarrow et al., 2009).

The negative impacts associated wiEhdensdnave resulted in varying management techniques and
include: physical removal, biological, chemical, and water level manipulation.

1 Physical remosd
o Small population or seriously impeded commercial waterways
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0o Remaining fragments are viable
1 Biologicah Triploid grass carpgCgenopharyngodon idela
0 Low densities of carp prefé&. densaver other submerged macrophytéstitchell,
1980)
0 Reduces biomass to tolerable levels while leaving enough aquatic vegetation so fish
populations are minimally affecte@litchell, 1980)
1 Chemica}, fluridone and coppe(Yarrow et al., 2009)
o Effectivenas varies and multiple treatments are required
1 Water level manipulatioA where available dravdowns
0 Success is dependent of several factors like degree of desiccation, substrate
composition, air temperature, and humidity (Marin et al., 2009; Yarrow g2@09)

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 indng 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 idssdiversity,

and alter aquatic nutrient cycld€hampion, 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 naturalizingn the Adirondacks (Yarrow et al., 2009). However with global climate change and
CNFTAEALY St2RSIFQa FRFELIWGFOAEAGE Ay GSYLISNIGS NB3IA
taken lightly(Haramoto & Ikusima, 1988)
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Curly leaf pondweed ( Potamogeton crispus L.)

rSourw: Roberta Hill, VLMP © 2007 ‘,
\

UGA5269050

Online Resources:

1 Minnesota Department of Natural Resources
(http://Iwww.dnr.state.mn.us/invasives/aquaticplants/curlyleaf pondweed.hjml

1 USDA National Invasive Spedigfermation Genter
(http://www.invasivespeciesinfo.gov/aquatics/ponaed.shtm)
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Biological invaders, likeotamogebn crispud.. are huge threats to biodiversity in the ecosystem and
associated aquatic industfala 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 turio€alting & Dolsn, 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 ecoih@nies,
important to understand the biology and ecologyRafcrispug¢Sala et al., 2000)

Native to Eurasia, curly leaf pondweed is how a cosmopolitan species with a worldwide distribution in
Africa, Australia, and North Ameri¢atucke, 1979) Exactly when it was first presented to the United
States is unknown, but the most agreed upon time is during thel@@Ds(Calting & Dobson, 1985;
Stuckey, 1979) The original means of introductionailso unidentified, but escapement from
horticultures seems to be the most plausible culprit. Since the 1840s, when the earliest verifiable wild
collection ofP. crispusvas found in waters around the Philadelphia, PA area, it has spread throughout
the Natheastern United States within a few decad&suckey, 1979) Curly leaf pondweed is now

found in nearly all 50 States and as far north as Calgary, Cé@altiimg & Dobson, 1985; USDA, 2012)

It infests waters throughout the Great Lakes basin and the state of New(WSA, 2012)In the
Adirondack Park curly leaf pondweed has been identified in Lower Saranac Lake, Lake Flower, and
Paradox Lake of FranklindaEssex 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 turig@slting & Dobson, 1985Depending on
the season, curly leaf pondweed displays two types of vegetative leaves. In the earlyssjpnimgr,

when its biomass is the greatest, leaves are green, oblong to obovat#&, 5% wide and 8cm long
(Calting & Dobson, 1985)he 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 (50
75mm) and flexuous with flat nngins and acute tip&Calting & Dobson, 1985)

This pondweed can tolerate diverse aquatic environmeh¥ater chemistry variables that have been

measured in curly leaf pondweed infestested waters include nitrate concentitianging from 2:0

24mg/L with a mean of 8.96mg/L; phosphate concentrations ranging frelrl Zmg/L with a mean of

.25mg/L; and pH ranging from 6978 with a mean of 7.6Calting & Dobson, 1985p. crispusias been

recogrized in aquatic systems were conductance is relatively high (400 microomfysindcan be

found in alkaline, calcareous, and brackish wafeggiewed inCalting & Dobson, 1985; McCombie &

Wile, 1971). Futhermore, curlyleaf pondweed can also estabdisimunities in polluted waters with

high metal concentrationgAli, Tripathi, Rai, Pal, & Singh, 1999) / dzNIX ¢t SI ¥ LR YR SSRQa
wide range of habitats has enabled its world wide distribution and colonization.

P. cispushas two possible reproductive and propagative pathways. The main strategy is through the
formation of dormant buds, while the other is seeds by wind pollinated flo®astroutomo, 1981)

Seed production is relativeligh inP. crispusand a single plant can produce 960 seeds if the seeds are
continually removedYeo, 1966) However the formation of dormant buds is just as lucrative as seed
productions. A 5.9fmonoculture ofP. crispuss able to produce 23,000 dormant apices, and a single
plant can yield over 900 dormant apices throughout a sed¥eo, 1966)

The dormant apices are the main propagation strategy. At the same time as flower bud initiagion,
apices begin to develop in early spring from axillary buds along the(§atting & Dobson, 1985Fach
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)Jsually apices development period begins in May and is completed
by June or later depending on water temperatut&astroutomo, 1981) The dormant buds take about
two weelks to mature on the plant before abscission occurs, and they sink to the sediments. After the
turion output period, the springearly summer foliage loses its buoyancy and dramatically dies backs
around early JulySastroutomo, 1981) The turions lie dormant in the sediment over the most

productive and competitive portion of the summgZalting & Dobson, 1985)/ith the onset of colder
water temperatures in the fathe dormant buds germinate in theediments and begin to grow winter
foliage that can persist under thick ice and snow cq@aiting & Dobson, 1985; Tobiessen & Snow,
1984) In winterearly spring or when the ice melts, winter foliage dies off améplaced by early

springd dzYYSNJ F2f Al 3S o ¢CKA& YyS6 &adzYYSNJ F2f A1 3S Ay i dz
seeds.

ThissummeR2 NXY | yO& 080t S YIFIEAYAT S&a (KS STFFSOUGAOS dzasS 2
to other aquatic speciesna reduces competition for nutrients and light during the most productive

period of the summe(Nicholas & Shaw, 1986; Tobiessen & Snow, 198H4gse strategies provide early

competitive advantages for curly leaf poméed, 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 theenomy and ecosystem. During the early spsogimer growths, the

plants can form dense monocultures which can cover large areas of the water s{@tiag &

Dobson, 1985; Cypert, 1967)These dense, perniciougths can impede water flow in irrigation

canals and restrict water based recreati@ypert, 1967) A lake in northern Tennessee had
SELISNASYOSR 4dzOK 3aANRSGKaA RdZNAYy3I &LR NI FandKAy3IQa LI
related economy(Cypert, 196 2p 5dz28 (G2 OdaNI e fSIF LRYRSSSRQa 2dzy
out other native aquatic plantdNicholas & Shaw, 1986Fven afteP.crispuf2 a8 & dz¥ WaSkiNtheR A

crowded native plants do not show signs of reco\geyiewed in Calting & Dobson, 1989)he dieback

also increases the nutrient load in the water column which subsequently can lead to harmful algae

blooms and oxygen depleted water (reviewiedCalting & Dobson, 1985).

However there have been beneficial trends noted wthcrispu@ & S a U | . oFfrsilya drly @af
pondweed is under review for the use in phytoremediation and biomonitering in polluted waters
because it has been shown toamulate considerable amounts of metals like Cr, Cu, Fe, Mn, Ni, Pb,
and Zn(Ali et al. 1999) Alsahe huge biomass created by curly leaf pond weed is consumed by other
aquatic species. Nainly do herbaceous zooplanktonensume the foliage, biit also provides areat
energy source for dabblingjving ducksand coots(Calting & Dobson, 1985; Cypert, 1967; Hunt & Lutz,
1959) Additionally this pondweed can produce over-8.5 million seeds in one aEmwhich can support
500-1000 mallard size ducks for one d#unt & Lutz, 1959)Finally, if curleaf pondweed does not
produceunfavorablegrowths, it can provide excellent cover for sport fish like {8ssvechio &
Bonvechio, 2006; Wiley, Gorden, Waite, & Powless, 198dpending of the severity ofsgrowth, P.
crispuscan be linked tdoth beneficial or insalubrious effects dhe ecosystem and related indusgtr

Since curly leaf pondweed can form pestiferous growths that distress the ecosystem and the economy,
management methods have been implemented and include:
1 Chemical herbicides most common management practice
0 Type of herbicide and time of treatment airaportant to consider for the greatest
effect on reducing biomass and turion format®mpplication during the lowest point
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of carbohydrate storage (January and Amillen the plant is most vulnerable to
management and turion development has yet occuri@toolf & Madsen, 2003)

A Endothol and diquat treatments in the early spring (May and March) have
resulted in effective biomass reduction and the inhibition of turion production
(Netherland, Skogboe, 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 yegdohnson, 2010)
o Early spring manageent practice could minimize the impact of herbicides on native
plants species, which are typically dormant during this pefiwdolf & Madsen, 2003)
1 BiologicalA Triploid grass carpgCgenopharyngodon idela
o Grass carp haveeen shown to have a preference for curly leaf pondweed above other
aquatic plant{Hame]| 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 Nibr America(Stuckey, 1979) As asubmersedaquatic perennial,

P. crispuslisplays two distinctive vegetative foliage in the summer and winter peliGdfing &

Dobson, 1985) It has dual reproduive strategies through the production of seeds and turions. When

P. crispusorms thick growths or monocultures in the water column it can diminish aquatic based
industry and alter sport fish populatiori€ypert, 1967) Itis 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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Online Resources:

1 Pennsylvania Fish & Boat Commission
(http://Iwww.fish.state.pa.us/water/habitat/ans/didymo/fag didymo.htin

1 USDA National Invasive Spedigsrmation Genter
(http://www.invasivespeciesinfo.gov/aquaticdidymao.shtml)
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Didymosphenia geminat@idymoor rock sno} isa 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 foming 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 conjugatedarge algal mats (>1km long and

>2cm thick(Whitton, Ellwood, & Kawecka, 2089) 5 A R&@Y2Qa KdzZaS o6f 22Ya dzidz f

nutrient conditions which are contradictory of archetypal bloom forming al@msdareshwaet al,

2011) These unique growths carpet benthic habitats and alter macroinvertebrate commu(@iits &
Chalifour, 2010; Larson, 208Y) ! RRAGA2Y I ff & RARE@Y2Q&a Yy 2EAZ2dz
industries millons of dollars a yegDeloitte, 2011) Ithas been suggested that this aggressive chamge
GKS RAFG2YaQ S02ft 2 @elimate/cRande Jadthrdgdgénidzactivities, &dévolvingzS
ecotypeg(Kilroy, 2004; LuZhongwei, Zunwei, Wang, & Yiming, 200Hyiller et al., 2005Whitton et

al., 2009)

D. geminatehas been first described from the Faroe Islands north of ScotlakdlzEisella geminatand
later has beemamed toGomphonema geminaturfL.yngbye) Agard{Patrick & Reimer, 1975; Round,
Crawford, & Mann, 1990)Thus the varying nomenclature makes it difficult to pinpoinéxact
indigenous regions. Theege early taxonomic descriptions of didymo noted by Cleve (1B%2I6) in
Norway, Scotland, Ireland, Sweden, Finlafdhnce, Spain, and Switzerland (reviewed in Whitton et al.,
2009) ThereforeD. geminatas consideredhativeto these countries as well as other Northern
Hemisphere boreal or montane regionslumtingparts of North America. Howevever the past 30
years in North America and Eurasia didymo has been gradually expanding rapigogegions and
increasing nuisance growth occurreng@ghitton et al.,2009) Since 2004, this diatom has been found
outside of its Northern Hemisphere regism the freshwaters of New Zealangilroy, 2004) Its hardy
cells are able to survive farmonthin cool, damp catchments like felt bottom wadensballast water
tanks which make diymoeasily transported over long distances by humgfitroy, Lagerstedt, Davey,
& Robinson, 2007)Currently itforms problematic bloom# waterssurrounding the Adirondack Pairk
Washington County, NY and the Connedtiiver, VI{Vermont Department of Environmental
ConservatiofVTDEC], 2031

All diatoms, Bacillariophyta, are predominately sincgdied, photosynthetic algae with distinguishable
silica (Sig) cell walls. They consist of two halves known as va@e® 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 anew valve that fits inside the original oKiilroy, 2004; Round et al., 1990Repeated cell
division results in a gradual average cell size reduction in the population, aredreepopulations
contain varyingizes of individual®ound et al., 1990)Following the phase of vegetative multiplication
and cell size reduction, meiosis and sexually reprodudtikes place Not only does sexually
reproduction occur because of genetic exchange,ibailso restores the size of the diatoni®aund et

al., 1990)

D. geminataarelarge, 100um long and >35 um wide and hawendulate frustuleswvhich areshaped

like a jelly baby or a curved bottlKilroy, 2004; Round et al., 1990)hey possess a raphe though which
they discharge mucilage that allows them to be somewhat motile and increases the taldglitgch to
preferred substrate¢Kilroy, 2004; Round et al., 19%paulding & Elwell, 20Q7[ach cell of idymo

also has angical porefieldhroughwhicha mucopolysaccharide stalk igeeted, and every time a cell
divides, the stalk dividesThe protein, polysaccharid#alksform a dense mass of branching and enable
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the attachment to rocks, plants, and other submerged stdiss(Kilroy, A new alien diatom,
Didymosphenia geminata (Lyngbye) Schmidt: its biology, distribution, effects and potential risks for New
Zealand fresh waters, 2004; Spaulding & Elwell, 200fgse stalks are respsible for the formations

of the thick encompassing btams which are associated with the negative impact® ofeminata

(Kilroy, 2004; Spaulding & Elwell, 2007; Whitton et al., 200B¢ stalks areesistant to degradation

and havebeen reported to ovewinter in thick mats with no living cells (Whitton et al., 2008)better
understanding of the secretion, formation, and biogeochemistry of the stalks could be crucial for
determining and controlling the negative ecological effatittymodisplays.

This periplytic diatom is typically found in cold, neutral to alkaline, clear oligotrophic streams, rivers,
and lakeqBhatt, Bhaskar, & Pandit, 2008; Kirkwood, Shea, Jackson, & McCauley, 2007; Spaulding &
Elwell, 2007; Whitton et al., 2009 In North Amdcait is known to inhabit a wider temperature range
from 4-27°C andmesotrophic watergBhatt et al., 2008; Kawecka & Sanecki, 208@ewed in

Spaulding & Elwell, 2007However, théroublesomeblooms that are of concern are most consistent
with the cold, low nutrient waters of oligotrophic streams and rivésindareshwaet al., 2011

Whitton et al., 2009) This leads to a puzzling paradox of large bloangsgrowthsforming in nutrient
deprived waters, which is completely atypical of algal blooms.

A recent study bysundareshwar et al. (2011) at Rapid Creek, South Dalasteaxaminedhis quandary
with the biogeachemistry that occursvithin the mats. At their study site they have found 2m mats
develope a redox gradienin which the surface isxidized (losses electrons) through photoautotrophy
and the inner, bottom regions are reduced (gain electrons). They propose that siob(E€) is
absorbed onto the surface stalksDf geminataand then oxidized to fon Feoxyhydroxide.
PhosphorougP) has a strong affinity foFeoxyhydroxideand Pfrom the surrounding water effectely
binds toFeoxyhydroxide on the stalksMeanwhile thedidymocellsdivide and form new stalks at the
surface, whilelder P and Fe saturated stalks are displacethé inner regions of thenat.

There are two possible pathways that P can undergo to become bioavdiabidareshwar et al.,

2011) Didymo mats provide an excellent substrate and habitat for other microscopic organism (i. e.
bacteria). The growths soon becomeaggregateof microbes and are referred to as a biofilMwhen
oxygen is not presesnt in the depths of the biofilm, marganisms use other molecules for cellular
respiration like F& or sulfides (S®) as the electron acceptors. The release of bioavaible P can occur
directly with the reduction of P hmd Feoxyhydroxide by Péreducing bacteria, wherbioavialableP

is abyproduct of the reaction. The other suggested pathway is by the production of sulffgefsof®
sulfate (SG) reducing bacteria. Sulfides have a greater affinity toxgydroxide than P, which
results in the release of P fromBgyhydroxide the binding ofS” to Feoxyhydroxideand P remaining
unbound andioavailable.D. geminatacan sequester bioavailable P so efficiently that areas within the
mat can contained ten times moretRan surface concentratios(Sundaeshwaret al., 2011)

Didymohas other mechanisms to acquire phosphatel contributeto its high productivity in low
nutrient watemways. Activity of phosphotagm the surface of the mats has éewell documented
(Sundareshwar, et al., 2011; reviewed in Whitton et al., 208®oshotase is an enzyme that cleves a
phosphate ion from its substrate, making it bioavailalttawever, phosphotase activity is reduced with
the with the increase of bioavailable F5ait less likely thathis process leads to the higloncentration

P pockes within the mats These findings suggest the importancewdilable organic P in the water.
Thisalso supporsR A R & afatkexhility to bind andamassPonthe surface which thers convertedto
bioavailableP deeper in the biofilm througimicrobial processe(Sundareshwaet al., 2011)
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Other abiotic factors have been know to effect nuisance bloom occurances and distribution. A study
has been done by Kirkwoaat 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 lowlensities and no bloom occurances of didyower

the two year study period. Whild¢ other consistetly flowing river had higér denisities oD.
geminataand a nuisance bloom during the study period. There are atb@parable findings in which
didymois found to be more abundant with greater potential of blooms below regulated ddtris
suggestd that nutrient loading could explain some variation adlvas the stablility of the flow regimen
(reviewed in Whitton et al., 2009). fetter understandi@ 2 ¥ RproRidity ® Gadnsand flow
regimens could result ioontrol measurs for its pestilentiatharacteristicgKirkwood et al., 2007;
Spaulding & Elwell, 2007; Whitton et al., 2009).

Since didgno possesses the ability to fodargealgae bloomsn sensitive aquatic ecosystems, it can

alter the benthic communities of the riveand streams.In New ZealandLarson, 2007Kilroy, Larned,

& Biggs (2009) have found the increase of periphyodinvertebrate densitiesissociated with

didymo. They havalsoobserved shifts in community composition, dominated by increased densities in
Oligochaeta (worms)Didymo afflicted sitesn RapidCreek South Dakotdnaveexperienced a decrease

in Ephemeroptera (mayfly), Plecopsefstonefly), and Trichoptera (caddisfly) and replacement of
midges and aquatic worn{arson, 2007)Gillis & Chalifour (2010) also found an increase in
Chironmoidae (ridges) higher censities of benthic macroinvereates but no differencein family
richnessat nuisance bloom sitesThese studies illustrate how didymo can alter stream ecolggtsb

direct effecs on the base of the aquatic food wéillis & Chalifour, 2010)

Didymo can cause myriad of negativémpactson stream qualitybut is also responsible for millions of

dollars lost due to its invasive characterisiiPeloitte, 2011)5 A R&@ Y2 Q& Y24aid O2YY2y RS
effects on industry include fishing ifd/ and fisheries); tourism (jedoating, kayaking, angling); boats and

shipping; and municipal, industrial, and agricultural water intakes. Over the next nine years (2011

2020) didymo is assessed to cost New Zealand $83 million annuadigriomic losand management.

Therefore control methods have been established and reviewaddace its adverse impacts. The
ANRgAYy3I O2yaSyadza Aa (2 YAGAIIGS RAREY2Qa STFSOGa
sites. There has been no successfutigaion 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

026 NR&a dzyRSNRGIFYRAY3 Ada tFNBAS INRglGKIAR (NARIISNE
applicable. Management on nuisance growths is scarce with poor results, but some control methods

include:

9 Algaecide (Whitton et al., 2009)
1 How regimen regulation by hydraulic dams (Kirkwood et2007)

Originally didymo is thought to heative to mountainous regions of the Northern Hemisphere, but
more recently this diatom has been expanding its geographic distribution and forming pestiferous
of22Ya o02KAGUG2Y SG It ®X HnndL D ¢ KS dzyAljidaten F2 N | {
of bioavailable phosphorous and results in large, productive blooms in low nutrient waters
(Sundareshwaet al., 2011) These blooms can alter benthic macroinvertebrate communitieshand
negative economic impacts, especially on touremd fisheriegDeloitte, 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 surroundingdhiendack Park and some

Adirondack waters have analogous water chemistry/quality of those waters with large blooms (VTDEC,
HAMMO @ ¢KS f1F01 2F STFFSOGAGBS O2y iNRBf mak&kit YI yI 3ISY
the upmost importance to keep. geminatad @nfavorable characteristics out of the Adirondack

waterways
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Fanwort (Cabomba caroliniana A. Gray)

Online Resources:

1 Massachusetts Department of Conservation and Recreation
(http://Iwww.mass.gov/eea/docs/dcr/watersupply/lakepond/factsheet/fanwort.gdf

1 University of Maine Cooperative Extensigiitp://umaine.edu/publications/2522¢)
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Cabomba carolinianA. 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 CdintyOutside of its native
NEIA2ya AlG Aa O2yaARSNBR Ayg@lFaigdS Ay oKAOK Tl yg2N
aquatic communities and hinder associated econorfiitsgysden, Sager, & Hbiiloson, 2007; Lyon &

Eastman, 2006; Sheldon, 1994; Wilson, Darbyshire, & Jones, A08iaging fanwort is costly and

difficult while having serious impacts on the environment (Wilson et al., 2007). The most effective

YSIya (2 St AY isghtelclaradtdrisfics andBsRidlishyiait is through monitoring and

spread preventior{Jacobs & Macisaac, 2009)

Cabomba caroliniang considered native to southeastern United States, southern Brazil, Paraguay,
Uruguay, and ndheastern Argentina (Orgaard, 1991). Since all other species of the Gabasnbaare

only found in Central and South America, it is thought hatarolinianas originally native to South

America and has been naturalized in the southeastern United States for hundreds of years (Mackey &
{6 NDNAO] =X mMdpdT T hNAEI I NR-Eettlentpup digiribution weSendtfeade® ¥ Tl y &
northward of Virginia (reiewed inLes & 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 Ore{@ohen, Mirotchnick, & Leung, Z0DMMills, Leach,

Carlton, & Secor, 1993; Wilson et al., 200A&jter 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 otbr aquatic equipment carrying fragments to surrounding water bo¢lasobs

& Macisaac, 2009; Les & Mehroff, 1999; Mills et al., 1983 cently, Fanwort has naturalized in its

northern distribution and is commonly found in the Catskills and Long IslaNdw 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 imests] but free

floating fragments can be present and viable. It has rhizomalikastems in which-10 adventitious

roots can sprout at its nodgdlackey & Swarbrick, 1997These stems can reach up to 10m in vertical
lerPdGK YR KI@S K2NAT 2y dlf NB2G AINRBGGK Ay GKS &dz
F2f{AF3SQa FLIISHENFYOSsS YR (Kdza Ad&a 3INBSy G2 az
leaves. The oppositely arranged leaves are usudélpdmby 1.56cm with 57 main blades that are
palmately divided (Wilson et al., 2007). Aocarolinianaan display dark green, floating leaves that

are -4mm by 530mm, alternatively arranged, and oval in shape (Wilson et al., 2007). Fanwort displays
smadl (1.75cm) white /cream, occasionally pink/purplish colored, solitary flowers blooming throughout
the summer(Schneider & Jeter, 1982)

o4&
YSi

Fanwort is considered a perennial and grows to the water surface at the beginninggrbtlimg

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 & SwarbricklT 20@Y & Sanders,

1977 Wilson et al., 2007). Later in theas®n 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 sueibimer

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 & 1Injd@68; Wilson et al., 2007YJmmediately following ice breakup

in the spring, healthy rooted plants and green stem fragments are already present, and these then give
NA&S G2 GKS ySEG aSrazyQa @S3SiGlGA@S INBSGK o602 Afa
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Ly CI y ¢® Nabi@s repfddiction by seed often occiBhneider & Jeter, 1982)hile in its
northern, nonindigenous regions there is little evidence of seed germin@tlogsden et al., 2007,

Riemer & lInicki, 1968; Wilson et al., 2007herefore, in its nonative distribution, fanwort reproduces
vegetatively though autdragmentation, rhizomes, and the turion like structu(@obinson, 2002;

Wilson et al., 2007) A stem fragment can be frdi®ating, form adventitious roots, remain viable, and

be capable ofe-establishment in sediments provided there is a least one node and intact leaf (Mackey
& Swarbrick, 199rgaard, 1991 Additionally a single root mass (rhizotile structure) can grow up

to 40 leafy stems (Mackey & Swarbrick, 1997; Ogaard, 1984getative reproduction has enabled this
aguatic plant to spread rapidly within a waterway and cause invasive growths in the northern United
States as well as Canada.

Like many invasive speci€s, carolinianaan inhabit a wide range of habitats. Thibmersed aquatic
plant favors slow moving lakes and rivers but can colonize in briskly flowing Wdenbs & Macisaac,
2009; Robinson, 2002) It commonly inhabits-Bm of water and has been found at depths exceeding
10m (Mackey & Swarbrick, 199Robnson, 2002Wilson et al., 2007). In oligotrophic to eutrophic
waters, optimal growing conditions for fanwort are slightly acidic (g),4nd growth has been shown

to be inhibited in waters with high calcium concentrations (>4ppm) and-BHr@viewedm Mackey &
Swarbrick, 1997; Robinson, 2002; Wilson et al., 2007). It can withstand colder temperalGeas(@
overwinters under ice in its northern maost regions, but prime growing temperatures are between 13 to
27°C Riemer & lInicki, 1968Nilson ¢ 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 sumpsuicttess of
FILYyog2NIQa Y2NIKSNY Ay@FaiAzy YR RAAGNAROdzOA2Y ®

Fanwort is considered an invasive species outside of its indigenous regions and can cause disruption to
aqguatic environments and economies (Mackey & Swarbrick, 1997; Wilson et al., 2007). Most of
FlLyg2NIQa yS3IAFIGABS AYLI Ola NB RdzS G2 AGa RSyasS 7
density can be reduced which has caused commercial fishing camps to close as a result of fanworts
infestation (reviewed in Wilson et al., 2007). Adutitlly recreational activities can be greatly hindered
GKAES NBFf SadrdsS ol fdzSa KIS 6SSy RAYAYAaKSR
1997; Robinson, 2002). The competitive, vegetative growth also reduces light for benthic rogani
native plants (Hogsden et al., 20Q%,0n & Eastman, 2006 As a result, monocultures Gf caroliniana

can form with more than 200 plants/ma reduction in aquatic macrophyte species richness can occur
with native species displacement (Mackeywa$brick, 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)

(@]}
(7

As a result of fanworts negative environmental and economic impacts, management has been

implemented. The modeling of propagule pressures to identify areas mostSWNt; 6t S G2 FI y 42 NJ
invasion is important for monitoring and resource allocat{dacobs & Macisaac, 2009pnce this

invasive species becomes established its management comes at high fiscal and ecological costs. Some
management practices include:

1 Chemical treatment
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o Fluridone and endotha), estimated to costs of $20600/ha (reviewed in Mackey &
Swarbrick, 1997)
1 Mechanical and manual harvesting
o Plants do not root deeply and are easily uprooted but viable fragmentseraain in
waterway (Mackey & Swarbrick, 1997)
i Benthic barriers
o Effective, low cost options for small scale management (reviewed in Mackey &
Swarbrick, 1997; reviewed in Wilson et al., 2007).

Fanwort,C. caroliniangis a submersed aquatic plant witlecorative 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
fragmentatian, 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 ret@tesaluegMackey & Swarbrick, 1997)

Fanwort has been naturalized in the southern United States for hundreds of years, but through the

I ljdzF NAdzY GNJ RS AG KFa 3INBIFGEfe& SELI y RS WithXadwort RA & (i NA
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.

Paul Smith's Collegkdirondack Watershed Institute| m



[PREVENTION AND PREBEBNESS PLAN Upper Saranac Lake 2B

Works Cited

Cohen, J., Mirotchnicl., & Leung, B. (2007). Thousands introduced annually: the aquarium pathway
for non-indigenous plants to the St. Lawrence Seavr@agntiers in Ecology and the Environment, 5
doi:10.1890/060137

Hogsden, K. L., Sager, E. P., & Hutchinson, T. C. (200imp&bts of the nomative macrophyte
Cabomba caroliniana on littoral biota of Kasshabog Lake, Ondarional of Great Lakes Research,
33, 497504.

Jacobs, M. J., & Macisaac, H. J. (2009). Modelling spread of the invasive macrophyte Cabomba
carolinianaFreshwater Biology, 54296305.

Les, D. H., & Mehroff, L. J. (1999). Introduction of nonindigenous aquatic vascular plants in southern
New England: a historical perspectiBiological Invasions, 281-300.

Lyon, J., & Eastman, T. (2006). Macrophyte sgeassemblages and distribution in a shallow, eutrophic
lake.Northeastern Naturalist, 1,443453.

Mackey, A. P., & Swarbrick, J. T. (1997). The biology of Australian Weeds. 32. Cabomba cdPtdimiana.
Protection Quarterly, 1,2154165.

Mills, E. L.,eéach, J. H., Carlton, J. T., & Secor, C. L. (1993). Exotic species in the Great Lakes: a history of
biotic crises and anthropogenic introductiaiournal of Great Lakes Research,1194.

Orgaard, M. (1991). The genus Cabomba (Cabomaeadakxonomic sidy. Nordic Journal of Botany,
11, 179203.

Riemer, D. N., & lInicki, R. D. (1968). Reproduction and overwintering of Cabomba in New\eesey.
Science, 16101102.

Robinson, M. (2002, NovembeBanwort: an invasive aquatic plarRetrieved October 2@ from
Massachusetts Department of Conservation of Resources:
http://www.mass.gov/dcr/watersupply/lakepond/factsheet/Fanwort.pdf

Schneider, E. L., & Jeter, J. M. (1982). Morphological studies of the Nympaeaceae. Xll. The floral biology
of Cabomba caroliaha.American Journal of Botany, 6841014109.

Sheldon, S. P. (1994). Invasions and declines of submersed macrophytes in New England, with particular
reference to Vermont lakes and herbivorous invertebrates in New Endlake. and Reservoir
Management, D, 1317.

Tarver, D. P., & Sanders, D. R. (1977). Selected life cycle feature of faywatic Plant Management,
15, 1822.

Wilson, C. E., Darbyshire, S. Jp&es, R. (2007). The biology of invasive alien plants in Canada. 7.
Cabomba caroliniana A. Gr&§anadian Journal of Plant Science, ®&5638.

Paul Smith's Collegkdirondack Watershed Institute| m



[PREVENTION AND PREEBNESS PLAN

Eurasian Water Chestnut (Trapa natans (Trapaceae))

Online Resources:

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

1 USDA National Invasive Spedigfermation Genter
(http://www.invasivespeciesinfo.gov/aquaticsfaterchestnutshtmi)
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Eurasian water chestnut (EWCjapa natansis a flating aquatic plant that has been established in the

United States for over a hundred yearS.natanQd LISNBA &GSy i a4SSR& yR SEGSyY
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 watéres§ Mehrhoff, 1999)

Since its originally introduction, it has spread throughout southern New England and is currently

established in southern LakChamplain and counties surrounding the Adirondack Eztdener, 2006;

USDS, 2012)

T.natansis 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 & Balonas, 1993) Generally it is found within a pH range of
6.7-8.2 and wide array of calcium carbonate concentrations frori282mg/L(Naylor, 2003)EWC has
floating rosettes of leaves which occur around a stem rootatirsent. As the plant produces new
foliage from the central terminal meristem in the rosette, the older leaves with developing fruit release
from the parent plan{Groth, LovettDoust, & LovetDoust, 1996) This in effect creates a clone of the
parent plant that is able to redistribute and-reot with maturing fruit(Groth et al., 1996) The

developing woody fruit has four sharply pointed horns, bearing a single, viabl€Nagdr, 2003)

Like most nonindigenous specids,natandgs 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 NYUSDS, 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 watershedéCountyman, 1970) After its first appearance on the Hudson River in

MyynI 92/ KIFa 0SSy RA&UGNR O dzi(WiBoe, 198Q) Ewzankytdzl b Sg | 2 N
invader persists in the Great Lakes basin in Lake Ontarioptithesn stretches of Lake Champlain, and

numerous countries surrounding the Adirondack Park, like St. Lawrence and S&tiSmfs, 2012)

There have been multiple vectors associated with assisting EWC in its spread ahdtidistr 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 atthed for prolonged flightd_es & Mehrhoff, 1999)Plus there is

growing evidences pointing to human mediated spread.afiatansFor example it has been suggested

GKFG 92/ Qa SaidlofAaKYSyl esphyrfuttatahing t&lopéd and netyfroh & | N.
the infested Hudson River and transporting them via the cé@alintryman, 1970)

T.natansis a successful invader, partly due to its annual reproductive methods. Around the wiiddle
ale Ay (KS y2NIKSFadSNYy !vyAGSR {GFrdSa 92/ Qa aSSRa
(Methe, Soracco, Madsen, & Boylen, 199B) early June a dense canopy of floating rosettes forms
0§KS g1 (S Gph etald2986) A this time clonal fragmentation of rosettes containing

maturing fruits occurs off the parent plaf&roth et al., 1996) These fragmented clones reestablish,
survive, and mature seeds during the rest of the growing season, whileatle@tgplants are maturing
another batch of seeds and possibly rearing another clone for fragmenté@omth 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)Seedproduction and maturation continues until senescence. In dense growths of
EWC, as many as 170 seedsmpé&have been documente(Methe et al., 1993)The seeds then

overwinter to the next growing season, or remain dormant and viable in the sedimro¢eding 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 growt{Groth et al., 1996} 2 KSYy GKSasS Ll ylta@kedofiaAl f RSy
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 se@Swoth et al., 1996)

While plots starting withlow8y a8 A 1A Sa adK2¢g y2 LI NLAOdzZ I NJ aAdya 27F
senescence. Most importantly, low densities of plants can produce more seed maturing clones than

high densities, which concomitantly allows for greater vegetative propagationeeigoduction

(Groth et al., 1996) These differences allow EWC to quickly build a seed bank and form nuisance

growths in newly established locatio(Groth et al., 1996)

Noxious growths often caused by EWC can result in changes within the aquatistesosFirstly, the
dense, floating foliage of EWC can outcompete native aquatic plants for light and(§rate et al.,
1996; Les & Mehrhoff, 1999; Naylor, 200&)over has been recorded to be 100% in a high density plots,
and a varied flora bed canrn into a monoculture of EWC within five years of establishni@nbth et
al., 1996) Additionally alterations in macroinvertebrates communities are consistent with EWC
colonization(Strayer, Lutz, Malcom, Munger, & Shaw, 200Bjere can be higher densities of
macroinvertebrates ifT. natanseds than nativé/allisneriaamericanawhich is due to the higher plant
biomass associated with. natangStrayer et al., 2003)The replacement of. americandy T. natans
may lead toan increase in systemvide biodiversity and food for sport fish, but this food may remain
unavailablgStrayer, Lutz, Malcom, Munger, & Shaw, 2003; Hummel & Findlay, Z#&e beds have
been linked to hypoxia or anaivith dissolved oxygen as low as 4.5mg/L, which is not suitable for
sensitive fish and invertebrat¢€araco & Cole, 2002)

Furthermore, the EWC can also have negative effects on water based industry. The thick grohhs of
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 economig¢€araco & Cole, 2002; Hummel & Findlay, 2006; Les & Mehrhoff,.1999)
lfaz2z 0KS aAKFNLX @ ALIA]ISRXE ¢22Re& a4SSR LR2R LINPBRdzOSR
tourists off popular beachegdNaybr, 2003)

¢tKSNBE KIFra oSSy tFNBS a0FtS YIylF3aSYSyd LI Iya AYLIA
detrimental impacts. In Lake Champlain and other Vermont waters management cost over $400,000 in
2009 and $8.3 million since 1983unt & Marangelo, 2009)If an infestation does occur, some control
efforts include(Hunt & Marangelo, 2009; Naylor, 2003)
1 Harvestingy, most usedNaylor, 2003)
0 Hand successful for small populations
0 Mechanicah to clear large clogged waterways for commercial transportations
o Important to harvest prior to seed maturation and abscisqidiethe et al., 1993)
0 Seeds lay dormant for many yeArsonsecutive harvest seass required for successful
control or possible eradicatiofHunt & Marangelo, 2009; Naylor, 2003)
o0 Remaining fragments are viable
1 Biological
1 Chemical control

Eurasian water chestnut is an aquatic macrophyte with flodtatigge. 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 digdved oxygen in its beds, shift macroinvertebrate communities, ruin
recreational activities and economies, and impede commercial trangplornmel & Findlay, 2006; Hunt
& Marangelo, 2009; Les & Mehrhoff, 1999; Naylor, 2003; Strayer et al., 2003; Wiblbg, V8i#h 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.)

Online Resources:

1 Ontario Invading Specidsvarenes$rogram
(http://Iwww.invadingspecies.com/invaders/planisquatic/europeanfrog-bit/)

i New York State Sea Grdghttp://www.seagrant.sunysb.edu/ais/pdfs/FrebitFactsheet.pdf
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European frogbitHydrocharismorsusranae, is an aquatic invader with floating leaves from, as its name
suggests, Europe. lIts attractive floating foliage and hardy characteristics has made this plant highly
sought after in the aquarium trade. Since it has been released from cidtiviat 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;l. morsusranae can form impenetrable plant bed€alting, 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, 2011Currently this invader is established in waters surrounding the
Adirondack Park and has been sightéithin the Blue LingSmith, 2012)

Apart of the Hydrocharitaceae family, European frogbit is an annuaflisaéng macrophytgCalting et
al., 2003; O'Neill, 2007)it is freefloating in the sense that its long roots) 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 frdnbmi across with
distinct rosettes or plantletsarying between 1 and 30cm (Calting et al., 2003). The rosettes contain
entire, heartshaped leaves, 1-@cm long and 1:8.3cm wide (Calting et al., 2003). Green marks the
topside of the leaves, while a purplised spongy underside is characteristidafropean frogbit

(O'Neill, 2007) Most but not all populations are considered dioecious, displaying emergent, small,
white solitary female and clustered male flowég&cribailo & Posluszny, 1984jowever, 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 inspe¢tiordberg, 1873)

Typically thepopulationsof European frogbit are usually dominated by a single sex flawdifew seeds
are producedO'Neill, 2007 Scrivailo & Posluszny, 1984Even in plots containing both sexes and seed
production is highaveraging 1,000 seed/mfew seedings areincorporated into the futurgpopulatiors
(Burnham, 1998Calting etl., 2003). Therefore most 08 dzNP LJS | yrepfoNRtBroidvegatitive
through the production oftolon buds and overwintering/dormant stolon buds, also known as turions
(Calting etal., 2003).

Late April through early May turions, the overwintering vegetative $upgtrminate in the sediments and

avylftf 2dz@SyAf S NEPEaSi( {Calng &PoeSI982; ook & 1Dund, 1982y ME & & dzNJF |
middle of May plants are usuallyelt developed and large clonal mats begin to form from stoldfvih

the rapid development a$tolon, new rosettes form which in turn sends out more stolons (Calting et al.,

2003). When the end ofide arrives a single spring turiosuallyhasgiven rig to six to ten rosettes

through stoloniferous growthand each rosetteandevelop and produce around ten turididermant

buds(Calting et al., 2003; Scribailo & Posluszny, 1984). As the plants begin senégmenadd/die)

turions completematuration 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 streamgCalting & Dore, 1982; + f G Ay 3 S&G | f ®H. morsusan@eishoRiarB A f € = H s
of varying trophic conditions from oligotrophic to hypereutrophic but is typically found in mesotrophic

to slightly eurtrophic waters with a pH of 6758 (Calting & Dore, 1982; Calting et al., 2003; Tosheva &

Traykov, 2012; Zhu, Eppers, & Rudstam, 20@)me populations occur over organic substrates, often

peaty sediments, suggesting that European frogbit tolerates calcium poor {2ediing & Dorel982;

Cook & Luond, 1982)However there are also records of it establishing famching 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 turbidifertilizer eutrophication, or soil erosion are less suitable for
European frogbitolonization(reviewed in Calting et al2003;Richards & Blakemore, 1975)

Its generalist habitat preferences as well as human intervention through intentional plaamtthg

aquatic plant hitchhiking has enablétl morsuganaeto successfully establish throughout the world

and invade the northeastern United States, Washington, and southeastern Céaltiag & Dore,

1982; Minshall, 1940; O'Neill, 2007; Rothlisbergealet2011) 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
15.6&km/year(Calting et al., 2003; Calting & Porebski, 1995; Minshall, 19Afis spread is largely due to
intentional or accidental planting, but within a waterway European frogbit can spread quickly because it
is freefloating. One plantlet can become @ehed 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 populations9idce 1
and 1993, respectivelfCalting et al., 2003; Marsden & Hauser, 200@)s how 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 Coy@yith, 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,

o2l GAy30 OFly 06S AYKAOAGSR o0& 9dz2NBLISIFY FTNRIoAGQa i
Hauser, 2009). As for the virtue of the environmethtmorsuganaecan 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 plda by limiting light and competitively occupy habitats (Calting & Dore, 1982;

Calting, Spicer, & Lefkovitch, 1988). Also native, aquatic plant beds support a dreatsity of

associated fauna like macroinvertebratian European frogbit, and consequity an invasive

establishment of European frogbit can reduce native flora and fauna biodiversity (Calting et al., 2003;

[ FEadGAYy3a SG P mMhpyyT YdzS6oAy3d SG FfdX wnmmT hQbS
Lake, NY have been observed witrer 500 plantlets/mand 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 amouninafski

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 condemststribution 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 anetérmining management goals and methad$u et al., 2008) Control
options includgKuebbing et al., 2011)
1 Chemical
91 Biological
{1 Harvesting
0 Most widely used and should be done prior to turion development
o Proven successful in eradication if populations@eaght early (Smith, 2012; Kuebbing
et al., 2011)
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o Provided temporary relief in established populations and subsequent years of
harvesting requiredKuebbing et al., 2011)

In Town Farm Bay and Kimball Brook of Charlotte, VT European frogbit has bedrahassted 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 compogtaaebbing et al., 2011)Successfully, most
YEYF3ISR FNBI AQ O zéll$oNd{Rusbbikgretial., 208 B\analydis Rdzaspiring to cut
back the majority of hantharvesting by 2015 while monitoring, public education, and prevention
outreach are permanent missioi€uebbing et al., 2011)

European frogbit is a decorative fréleating 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 stolonifeowih gr

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 equipnt, etc. has enableH. morsuganaeto expand its range

about 15.6km/year in North America (Calting et al., 2008Iting & Porebski, 1995; Rothlisberger et al.,
2017). Its negatives impacts and appearances in the Adirondack Park make it one of thenmasted

and recognized aquatic invaders.
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Hydrilla (Hydrilla verticillata (L. f.) Royle)

Online Resources:

1 New York Invasive Species Clearinghdhtp://www.nyis.info/?action=invasive detail&id=16

1 USDA National Invasive Spedig@srmation Genter
(http://www.invasivespeciesinfo.gov/aquatidsydrillashtml)
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Hydrilla is probably the most wethownaquatic invader. Some even call it the perfect aquatic plant

because of its ability to adapt and aggressively compete in its environfoengeland, 1996)As a

submersed macrophyte, it has multiple reproductive strategied 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 traff8ghmitz, 2007) Since 201 and 2012, it has

been found as far north as Cayuga lrdat the Erie Canal of New York, respectively (Cornell

Cooperative Extension[CCE], 2012; NYSDEC42012)2 A 1 K K& RNAf t  Qa Ot 245 LINRE
and its aggressive characteristics, ixsremely 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 polymorpthiaracteristic§reviewed inLangeland,

1996) Two different biotypes of hydrilla exi&teward & Van, 1987)The female dioecious biotype

populations only produce female flowers, while the monoecious biotype populatians both male

and female flowers upon the same plg@ook & Luond, 1982)it is generally rooted in sediments, but
fragments can break free, survive, andagtablish in a new locatiofbangeland &utton, 1980)

N} yOKAY3 2F KERNAREfIl Aa aALINAS dzyiAaft A4 NBIFOKSa
extremely profuse, forming thick, dense mats in the upper parts of the water co{uamgeland, 1996)

Hydrilla forms above and below ground stems called stolons and rhizomes, respectively, which gives

rises to new vegetative growitbangeland, 1996)The leaves of hydrilla are typicali@m wide by 6

20mm long and occun whorls of 38 (Langeland, 1996)There are serrations on the margins of the

f SIgSas YR (GKS RA2SOA2dza o6A2G@LIS YIeé KI@S akl NLJ
(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 rhizames

are known as axillary turions/twns and tubers/subterranean turions, respectiv@langeland, 1996)

The distribution of hydrilla is worldwide, occurring and dominating in aquatic communities in all
continents except Antarctica but is most likely to kaive to the warmer regions of Asf@ook & Luond,
1982) There are two different and distinct introductions that have occurred in the United States
(Langeland, 1996) { Ay O0S (i KsSlioaeiqup biclypekhasReé¢d found iranals near Miami

and the Crystal River of Florida. This first introduction into the wild is thought to be a result of releases
from aquarium traddreviewed in Langeland, 1996This dioecious biotype is typicallyuhd 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 StategStewad, Van, Carter, & Pieterse, 1984)his 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 hardieetoperate climates, and its distribution

usually expands north of South Carol{hangeland, 1996; Spencer & Anderson, 1986; Steward & Van,
1987; Van, 1989)Since its two separate introdiimns, hydrilla has rapidly spread throughout the

a2dz0i KSNY ! yAGSR {GFrdSaqQ f115az NAOGSNEI NBaSNID2ANA
(Langeland, 1996)More recently hydrilla has been expanding its disition 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 abiligutcompete 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 emabdsnt to
effectively capture sunlight and shade preexisting aquatic macroplfitegeland, 1996)Hydrilla also
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displaces native aquatic plants by its ability to utilize available nutrients for growth. It is mad®f of
water, and thus more plant material can be produced from fewer available nutrieatsgeland, 1996)

Hydrilla also tolerates a wide range of aquatic environments, light requirements, and carbon availability.
It hasbeen 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 photosyntli¥sis,

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 waten et al., 1976) Also

these low light requirements enableydrilla to colonize at deeper depths. In the Crystal River, FL, it has
been found in 15m of water but most commonly occurs in(3an et al., 1976)Hydrilla uses free

carbon dioxide when available, but when dissolved carbon dioxide is limited, sixgth to

bicarbonate utilization, usually under high pH conditions. This allows different forms of carbon to be
exploited for photosynthesis depending on environmental conditig@elvucci & Bowes, 1983)

Otherthanhydrl Q&4 3INRSGIK KIOoAG YR 0A20KSYAalGNRI AG& NB
advantage in aquatic ecosystems. Hydrilla has a few means of reproductions: seeds, fragmentation, and
turions (axillary turions and tuberg)angeland, 1996) Seed production accounts for the smallest

portion of reproduction, especially in the female dioecious populations where seeds cannot be
produced(reviewed in Langeland, 1996fragmentation 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 fielfLangeland & Sutton, 1980)

lEAfEINE (dNA2ya |yR (dzoSNBR | OO02dzyii F2NJ GKS YI 22N
One single subterranean turion from a monoecious biotype can grow into a plant that can then produce

in one sImmer over 6000 new subterranean turions3/|0$utton, Van, & Portier, 1992During the

winter months in southern Florida, monoecious plants have produced a minimum of 1784 tuber$ per m

(Sutton et al., 1992) Additionally, 10g of dry plant can produce over 46 turions which is equivalent to

2803 turions/nt (Thullen, 1990)

Turions are extremely resilient, especially subterranean. They can remain viable for several days out of
the waterand carsuccessfully geminate after four years of dormancy in undisturbed sediments
(Basiouny, Haller, & Garrard, 1978; Van & Steward, 1980)ions have also been known to survive
ingestion and regurgitation by water féyand 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 populationsSteward & Van, 1987)Their tuber production is greatest durring short
days, and overall they form more tubers than dioecious populati@@teward & Van, 1987)Also
germination in monoecious hydrilla occurrs at lowemperatures that are more associated with

temperate regiongSteward & Van, 198®) ¢ KA & adzlJJ2NIia KeRNAff I Qad RAAD
0A2081LISQa LINBGIfFyoOe Ay (KSGSpead AnBershn, 0GB VaR Y a 2F

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 redadtimm of

drainage canals which can lead to flooding and damage to shorelines and stryttamgeland, 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 oxXygeiewed in Richardson, 2008). It is
also known to disrupt utility cooling reserviaupy 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 vess@lsngeland, 1996)

¢tKSNBE INB RSolGSa 2y KeRNRffIl Qa AYLhguiicinvadive ( KS
plants can cause shifts in lake productivity, species composition, and food web dy(&eatig® Hawes,
2005) However one study has found that hydrilla had no statistical significant effect on all community
measures tested (biomass, richness, divergligyer, Jackson, Allen, & Canfield, 2008pyer 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 consenstisat moderate hydrilla coverage, 200%, provides excellent habitats for

most fish and wildlif§Bonvechio & Bonvechio, 2006)

However invasive aquatic plants, like hydrilla, often exceed that vegetation cover and create
monocutures (Richardson, 2008)Similarly largemouth bass populations are negatively impacted when
hydrilla coverage exceeds 3@#eviewed in Langeland, 1996). Another study has compared a native
aquatic plant to hydrilla while enining 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 biomasssmcrEaey
suggest that hydrilla can outcompete native, aquatic plants after a major environmental event such as a
flood (Sousa et al., 2012).

(V)]

O

5dz28 G2 KeRNAEEFQa yS3IGAdS AYLI OGa 2y GKS SySANRy

millions ofdollars spent in research, prevention, and contiRichardson, 2008; Schmitz, 200Bince
1980 Florida alone has spent more than $250 million for the control ofnative plants with hydrilla
contributing to a larg percentage of that surfBchmitz, 2007) Three main management techniques

KIS 0SSy NBaSINOKSR SEGSyairpgStesr RS@PSt2LISR: | yR

T Mechanical
1 Stocking of triploid grass carp
1 Systemic andontact herbicides

Mechanical technigues are limited by efficiency and logistical issues. It cost Florida approximately

bHnankKFE F2NJ YSOKFYAOlIf KINBSadAy3d FyR tf2y3 SNy

persistent tubergreviewed in Evan& Wilkie, 2010; Richardson, 2008vans & 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 beneficaaheatby
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. Howeverr #conomic 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 theyalread

A 2 4 A x

AYFSOGSR 6 GSNJ o2Re & [LanhfaddiOab) 2 F Ada FNIFIIAYSydaQ

Biological tools have been used as management practices for control of hydrilla. The most widely
implemented method is stocking triploid grasmp Ctenopharyngodon idellavhite 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 managemgéamel,n.d, Richardson, 2008).

Another effective management method foegulaing this invader is the use of herbicides. The most
commonly used chemical for hydrilla is fluridone, especially for large scale management. Fluridone is a
systemicherbici8 GKF G A& GNIyatz20FiSR 6A0GKAY GKS LXFyidQa
effective in controlling regrowth from subterranean turions for up to 1.5 to 2 years after a single
application(reviewed in Schmitz, 2007). Additiondilydrillais especially sensitive to fluridone, and

small concentrations of-250ppb have proven effectii@letherland, Honnell, Staddon, & Getsinger,

2002) As aresult of its sensitivity, fluridone can be selective which helps praveass die off of all

native and nomative aquatic macrophytedNetherland et al., 2002)Additionally, the application of

fluridone for hydrilla control is economically feasible and costs managers&8@%a (Netherland et

al., 2002; reviewed in Richdson, 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,. 2868)his

reasons other herbicides have been considered and studied for use. Some contact herbicides that have
been used are copper products, dif, 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 tlaa¢ not directly exposed to the chemical.
However, there are other systemic herbicides under review and include bispygtloliem, imazamox,
quinclorac, penoxsularfRichardson, 2008)

There are a few new management practice & 1 dzZRA SR (2 NBRdAzOS KeRNATtf I Q& vy
including leaf mining fliesKydrellia pakistana®eonierand Hydrellia balciunadBock) and weevils

(Bagous affini$lustache andBagous hydrillad Q. NA Sy o KI @S 6S8SSy SEaYAYSR | &
controls. Under controlled and field conditions the flies have been shown to cause significant injury to

hydrilla and suppress tuber formatigreviewed in Richardson, 2008). Another innovative

management practice under review is the restoration afive aquatic species to defend against hydrilla
establishment in a new sitg€hadwell & Engelhardt, 2008 he restoration of native aquatic species in
combination with targeted management could be the best defense agaiestpthead of aquatic

invasive species like hydril@hadwell & Engelhardt, 2008)

Native to Asia, hydrilla is one of the most well documented invasive aquatic plants. As a submerged
hydrophyte, hydrilla has two separate bypies (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 formlkyyéyetative

mats, hydrilla can leave conditions undesirable for commercial/recreational use and alter the native
aquatic communitfCCE, 2012; Langeland, 199R)is has been wreaking havoc on aquatic systems and
related industry in the United Statefse the 1960s, and as a result state and private agencies have
spent millions of dollars on research, management, and reglinsgeland, 1996; Richardson, 2008;
Schmitz, 2007) Once established hydrilia extremely costly to manage and nearly impossible to
eradicate because of its adaptability and resilient tu€@€E, 2012; Langeland, 1996; Langeland &
Sutton, 1980 C2NJ Iff GKSasS NBlFaz2ya |yR K&RNMtobe Qa NBOS
aware of this invader and to keep it out of the Adirondacks Park.
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Quagga Mussels(Dreissena bugensjgnd Zebra Mussel@reissena polymorphg

r m

| .
Online Resources:

1 US Geological Survésttp://nas.er.usgs.gov/queries/factsheet.aspx?speciesid=95

1 USDA National Invasive Spedigsrmation Genter
(http://www.invasivespeciesinfo.gov/aguaticgliaggashtml)
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Zebra and quagga mussdlyeissena polymorpha and Dreissena bugeesigectively, are two

infamous aquatic invaders. These bivalve, filter feeders negatively affect water relatecheiesrand

can wreak havoc oaquatic ecosystes Zebra mussels acairrently established on the edges of the

Adirondack Park in Lake Champlain and Lake G€OI$6S, 2012)Quagga mussels have yet to reach

the inner boundaries of the Park but thrive in waters closely surrounding (USGS, Bo12pbf these
aLISOASEaQ fATFS 0eodfSy KAIK FSOdzyRAGEZand YR YAONRA&AO?2
establishmenwithin and between water bodies. However their ecologreajuiremens, like calcium

concentration, could help keep zebra and qgagnussels from successfully establisting becoming a

nuisancen the some Adirondack waterwayidinks & Mackie, 1997)

Zebra and quagga mussels are very similar species that were once considesathd{®osenberg &
Ludyanskiy, 1994)However genetic analysis hdatermined them to be two distinct species.
Anatomically they share shell coloration (black, white, or both), striation, and siz8.6&®) but have
differing shell shapeA quagga muss@&ventral sideis convex with the ventral lateral margin lacking an
acute angle; whilal S o0 NI sYate#absifd itypically flattened with an acute latevahtral angle.
Simply if a quagga mussgplacel on their ventral side they wad topple over whereaa zebra mussel
would remain upright on its ventral side.

Additionally the life cycle of thB. polymorphandD.bugensisre analogous, varying with size and time

in the specific developmeatphases. Both species have two mdjfe stages: planktonic larval and
sessile, dioecious adulckerman, Sim, Nichols, & Claudi, 1994; Claudi & Mackie, 1994; Nichols, 1993)
During the winter mussels that are greater than 8mm in lengtthgough oogenesis and

spermogenesis (development and maturation of egg and sperms, respectively). In the spring when
water temperatures reachround12°C the spawning period begins. It peaks when temperatures
increase to 15L7°C and last & months. Thoughout 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 segdmumann, Borcherding, & Biite, 1993)

hyOS FSNIATATFGA2Yy (1 18a LXIFOS GKS I NBFSQa tATFS
several distinct larva stages: veliger, pustiger, and settlemen{Claudi & Mackie, 1994)Theveliger

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 in{f@kaludi & Mackie,

1994) Several days after fertilization the larvae then secreteshBped shell and later secrete a

second clardike shapedshell Organ system development and the settlement of the free swimming
clamshaped larvae (20@50um) preclude the posteliger and sitlement stages(Nichols, 1996) In

these phases maturation is continued with the growth of a foot (pediveliger larva) fosWweaming or
crawling along to bottom of the water body to encounter an appropriate surfacattachment. 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 veluand secretion of the adult shelDn 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 adeilbjpieent

as a juvenile.

Dreissenaexually mature relatively quickly. Larvae that are born in the spring and settle by mid
summer can reach sexually mature sig@10mm in shell length) by the end of the spawning season
and contribute to a fall recrtment of offspring(Claudi & Mackie, 1994However 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 temperatwwill slow the maturation and reproductive rates of zebra
and quagga musse(&arton & Haag, 1993)

Theycan survive a myriad of conditions, but likeli@ihgorganismsebra and quagga mussélave

their limits and thresholdsThemussels can tolerate starvation for extended periods, desiccation (10
days at 18C with high humidity, less than 150hrs af@5egardless of humidity), extremes of high and
low temperatures, and varying dissolved oxygen le(@kudi & Mackie, 1994)However calcium
concentration seems to be the most influential factor for establishment, growth, and reproduction
(Hinks & Mackie, 1997)Generatalcium requirements are 3mg Ca/L for survival, 7mg/L for growth,
12mg Cal/lfor reproduction,and25mg Ca/L for massive growt{Slaudi & Mackie, 1994)n the field
zebra mussels have displayed 100% mortality within tHixtg days at calcium levels below 8.5 mg Ca/L
with a pH of 8.4 or less. In waters with-28 mg Ca/L and pH of 823, zebra mussel adult survival was
52-100% in the cohortHinks & Mackie, 1997)Through a logistic regressifor calcium zebra mussels
have shown negative growth below 8.5 mg Ca/L and maximum growth at 32 m{HZ&& & Mackie,
1997) Anotherstudy 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(@ares & Ricciardi, 2005) hese

finding may suggest that quagga mussels may have higher calcium requirement than zebra mussels.

D. polymorphandD.bugensisor the most part occupy two different niches, which allow them to

initially coexist at depths from-810 metergBerkman, Garton, Haltuch, Kennedy, & Febo, 2000; Mills et
al., 1999) Zebra mussels are most notably associated afttm attachment to hard substrats

because their BBhape and byssal threa@lills et al., 1999; Mills et al., 1993However 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 origirteard 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 zond-&hin
years aftettheir establishmen{Berkman &al., 2000; Mills et al., 199%itchell, Bailey, & Knapton,
1996;Spidle et al., 195).

20K 27T O KiSperSal cdpigitiasSihdahigh fecundity have enabled their rapid establishment in
their nonindigenous regions. Native parts of Europetheyhave beertransportedto the Great Lakes

basin by ballast water discharge from transoceanic vegbielsert, Muncaster, & Mackie, 1989The

zebra mussel is native to waterways of southern Russia, and has been established in North America at
St. Clair Lake since 198%bert et al., 1989) As of 1991 the quagga mussel, native to@imeeper River
drainage of Ukraindhas been found in the Erie Canal and Lake On{day & Marsden, 1992)Within

a few years after initial colonization, the two have spread quickly throughout the Great Lalges, Fi

Lakes, StLawrence Rivethe Mohawk and Hudson River drainag®ills et al., 1996) Since the mid

1990s zebra mussels have been established on the borders of the Adirondack Park in Lake George and
Lake Champlai(USGS, 2012)

Ther primary dispersal capabilities occur in the pelagic state of the mussels with veligers and post
veligers. These microscopic, planktonic larvae can easily disperse by water currents. Additional spread
from one water body to another is mediated by humaingeligers enter bilges, live wells, ballast tanks,

and engine wate(Claudi & Mackie, 1994) Furthermore larvae can attach to floating logs, aquatic
vegetation, and other debris that could be transported within the watel 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 (GzuntieX

Mackie, 1994)
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5 NB A & a S yfededhyg e sildarid fa@epopulationsf up 750,000 individuals per square metan

have many impacts on an aquatic ecosystem. They directly displace indigenous bivalve communities by
outcompeting them for habitat and nutrien{®ills et al., 1999) Not only do they destroy native mussel
(Unionoida) populations, but they also eftagater quality and lower trophic leve(Ricciardi, Neves, &
Rasmussen, 1998)Through a metanalysis 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 halatasshown a dramatic
increase in algal and marcophyte biomass, sedir@ssbciatedacteria, andotal zoobenthic biomass
(includes dreissendid¢ptewart, Miner, & Lowe, 1998Both of these finding suggest a shift in energy
pathways from open water environments to a more productive benttioral zone with nutrients

being trapped in the sediments rather than suspended in the water coldinis.energy shifassociated

with 5 NB A & &sfallish@entanincreased water claritfHiggins & 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 nutcemts

easily resuspend in turbid/shallow aressand lead to phytoplanktofanobacteria bloomsn

increased trophic state, and decreased water qualtgrfroy et al., 2005)Additionally, zebra and

j dz 33+ YdzaaSt aQ Ay aSNY SRskpopuatiosiexcietd larde argounislofi S& N
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 ledidgolvedoxygen
depletion(Conroy et al., 2005; Pimental et al., 2005). The lower trophic levels directly and indirectly
affected by these invasigean ultimately alter higher trophicVels in the aquatic ecosystem.

&
Qx¢

Not only do these invaders change water chemistry and agbhatiitats, but they also cost industry

billions of dollars a year in lost production and managen{etiggins & Vander Zanden, 2010; Pimental

et al., 2005; Stewart et at., 1998). Since they can form thick denisities, the greatest economic damage is
causedby the fouling and clogging of pipes, pusnpoat 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 flewél control facilities; irrigation

systems; navigation equipment (buoys, locks); and lowered realestate values (Department of Santa
Barbara County Parks [DFBQR008; Pimental et al., 2005). Additionally the tourism industry may be
impaired by the mass of shells on beaekand swimming areathat can cut recreationalis{Claudi &

Mackie, 1994)

The impacts on the environment and industry caused by zebra and quagga mussels have resulted in
mitigation efforts. Once estaiBhed there are control options that can be implemented to manage and
potentially eradicate quagga and zebra mussel populations. In Lake Mead, Nevada/ArizD&BtE
(2008) reviews different methods for eradication/cont{@laudi & Mackie, 1994)
1 Water level manipulation
1 Isolate with barriers or coverings and then treat with effective biocide such as potassium
chloride, copper sulphate, and sodium hypochlorite.
I Benthic mats
1 Use of heat, chemical, and mechanical rerabon biofouled intake pipes or other equipment
9 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 prevey quagga and zebra mus$elm establishing
pestiferous growths ithe only way to eliminate the negative impacts on the environment and industry
(Claudi & Mackie, 1994)

These European invaders are extrentalyingin waters throughouthe United Stées. Since they are

well adapted for a variety of habitatilerable to extreme abiotic condition, highly fecundatedehave
effective dispersal methods, théyave beerable to naturalize throughout the Northeastern US. These
invaders are troublesometthe environment and economy, and millions of dollars a year are spent to

fix problems caused by biofouling. Zebra mussels have successfully established theatselkes

Georgeand Lake Champlainsidethe Adirondackwhile quagga mussels slovdyncroach 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 )

Online Resources:

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

1 USDA National Invasive Spedigfermation Genter
(http://www.invasivespeciesinfo.gov/aguaticsiaterfleashtmi)
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Bythotrephes longimanusgderstroemispiny water flea (SWH$ a cladoceran (Crustacea)

zooplankton, native tahe Palearctic (Eurasia) regi@@erg & Garton, 1994)This organisnis an aquatic
macroinvertebrate predatothat can alterzooplankton communitie@Drake, Drury, Lodg&lukacz, &

Yan, 2006; Yan & Pawson, 1997ike most aquatic invaders from Eurasia, 8WFas been

transported to North Americ@ & D NJ Vialballgst watBrdrom Baltic ports. longimanu$as been
obseaved in Lake Ontario since 1982 and soon dfidrakes Huron and EniBur, Klarer, & Krieger, 1986;
Lange & Cap, 1986%ince2008 it has been established in the Great Sacandaga Lake in New York and
has beerdiscoveedin other Adirondack water bodies including Peck Lake, Stewarts Bridge Reservoir,
and Sacandaga Lai®allinger, 2012 ¢CKA& adzYYSNJ 6HnMHO linKHgend LIA y &
confirmed further north in the Adirondack Park at Lake Geg¢lgwv York Bpartment of Environmental
Conservation [NYDEC], 2012)here is a growing consensus that humans are the primary transporters
of spiny water fleaand it is important to understand its role and effects on Hwuaticecosystem

(Webz & Yan, 2010)

SWHs most commonly found in large, deep, oligotrophic lakéh extensive surface areas and
drainage basinMaclsaac, Ketelaars, Grigorovoich, Ramcharan, & Yan,.2006%e lakes generally
have rdatively low chlorophyll concentration and phytoplankton production with comparatively cooler
bottom temperatures during the summekHowever it is quite plastic and caolérate a wide range of
salinities pH, temperaturs, and conductivities and can ocdn 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 isnly about one centimete dzii A dGa 2y 3 GFAf &LAYS o1 %>

it easilydistinguishable from other invertebrates and zooplankton. The spine has one to four pairs are
thorn-like barbg(Caceres & Lehman, 20). The barbs can be used to determine the age of the
crustacearfor offspring are lorn with one pair andjainmore barbsthroughout life(Caceres & Lehman,
2010)

This large predatory zooplankton is a generalist feesiwrcommonly preg upon snall bodied, slow
cladocerans. lhas a large, black compound eye, and therefasgon is thought to play a role B

f 2 y 3 A ¥prey dzteciion and encountgMuirhead & Sprules, 200®) {pEedatidba rates ad
success psitively correlatewith the increase in light intensity specifically witlaphnia mendota¢an
herbivorous, cladoceran zooplanktof@angle & Peacor, 2009Most rapacity and higést densities of
SWFoccur in the first ten madrs of the epilimnion which further supps vision mediated predation
(Muirhead & Sprules, 2003 hese findings suggest that water clarity and turbidity play an important
role inthe establishment of SW&s well as supports its distribution agtear,oligotrophic lakegPangle &
Peacor, 2009)

¢ KS aLAye gcyclefadrafidabd-utigue repkodiuStisteategies. Like other water fleas,
Bythotrephegartakes in seasonal parthenogene@isale et al., 2006; Wtman, Lewis, Young, & Yan,
2011;Caceres & Lehman, 2010). During late spring individuals emerge from restirig legggs
sediments. When temperatures are warm enough and food is abunBafdngimanusvill exhibit
parthenogenesis. his assexuallynode of reproductiorallows female spiny water fleas to produce one
to ten eggsndependent offertilization that successfully develop into genetic replicas of the mother
(Caceres & Lehman, 20104t optimum tenperatures 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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ecological qualityCaceres & Lehman, 20MVittmanet al., 2011). i the fall when food availability is

low and temperatures are descending, adult féesarespond by producing male offsprif@acees &

Lehman, 2010)Thesemales ardghen able to participate in sexual reproduction with themaining

females, which encouragegneticexchange Y R ISy SNI S ySE{Casefs & 2y Qa NBA
Lehman, 2010). These hardy eggs are eventually reldpstak female and fall to the sadents where

they survive a period of dormancy throughout the win{Brrakeet al.,2006 Wittman et al., 2011 In

late spring or early summer offspring from the resting eggs emerge from the lake btiitstart the

parthenogenesis to sexually reproduction cycle all over again (Caceres & Lehmgm)eike0et al.,

2006; Wittman, 2011).

The spiny water fléadense populationsrom constant reproductiomnd generalistic predation of
zooplanktonduring the summer resuih changes of zooplankton species richness and composition
following the estabihment of this invader (Drake et al., 206&lly, Yan, Walseng, & sten, 2012;
Strecker, Arnott, Yan, Girard, 2006; Yan & Pawson, 1997). A study that exaoopéhkton pecies
richness from MgSeptember in Canada h&mund significantly reduced cladoceran (SWF main prey)
species richness, diversity, and abundance as well as a loss in total zooplankton community richness,
diversity, and abundancgtrecker et al., 2006)Another lake in Canada with a-¥/&ar preSWF

invasion data set has experienced a reduction or loss of some small zooplankton species and an
increased abundance of large body cladocer@fen & Pawson, 1997)

Similar findilgs have been recorded by Jokela, Arnott, & Beisner (2011), buhthaalso documented

a shiftin zooplankton distribution thoughout the water columithey have recorded native,
YFEONRPAY@SNIFONI GS LINBRI G2 NJ I 0 dzyielatiye@dhindangeGnNieF & S g A (
epilimnion. Also zooplankton prey (e.g., Daphh&je beerfound lower in the epilimnion when

Bythotrephe abundance was high, which may be evidence of an avoidance behavior by ttidgkeds

et al.,2011).

Another study compares zooplankton communities in native (Norway) and invaded (Clakada)

(Kelly et al.2012). They have confirmed that zooplankton communities varied between lakes with and

without SWF in Canadian Lakes (fiodigenous). While iBythotrepheQad y I G A @S NI y3IS Ay b
zooplankton communities did not vary with the preseragel absences of SWIShortterm effects on

Canadian lakelsave beerdocumented by a decrease in zooplankton diversity, particularly cladocean

species, but longerm effectsof SWFon Norwegian lakebaveexhibited a greater diversity of

zooplankton, esecially copepod species (Kelly et 2012).

Kelly et al(2012) suggest that some species appear to adapt to the preser@glubtrephesover time.
They hypotheize that the longterm effects oBythotrephen 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 cotmswadapt similarly to
Norwegian zooplankton communities, then the leilggm effects ofBythotrephe<ould be less severe
than those first observed in the first few decades aftsinitial invasion (Kellgt al, 2012).

SWeFeffectson aquatic ecologgre 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 activitigstheimain inteswater
transport vector and its distribution advancing northward in the Adirondack Rankinating and
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[PREVENTION AND PREEBNESS PLAN

reducing the spread of spiny water flesaextremely importanbecause there are no widely used and
effective methods for control and amagement once SWF is establislféteisz & Yan, 2010)
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