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Report on Aquatic Vegetation of Saratoga Lake, New York

Background

Quantitative aquatic plant surveys were undertaken for Saratoga Lake, New York as part of a
cooperative effort betweesolitudeand the Darrin Fresh Water Institute, and supported by the
Saratoga Lake Ptection and Improvement District (SLPID). The aquatic plant survey was
designed to be comparable to-preatment and posteatment data collected by the author in
2004, and 2007 thru 20 (Eichler 2020). The 202 plant managemermffort was based omke
drawdown, mechanical harvestjrgand pullingand application of the herbicid&ocella COR
(Renovate).Hand harvesting for Waterchestniitgdpa natanyand European Frogbit
(Hydrocharis morsus ranaeontrolhasoccurredannuallynear the moutbf the Kayadeross
Creek andatthe Fish Creek boat launcPrior management efforts includéte herbicide
fluridone (SONARM) in 2015 and the herbicide triclopyr (Renovate) in 2008 thru328nd

again in 2018supplemented with endothall (Aquathol iK)2014 2017 and 2018No herbicide
application occurred in 2018n 2011, hand harvesting of Eurasian watermilfoil by SCUBA
divers was also conducted by Adirondack Invasives Management (AIM) in an area south of
Mannings Cove Clearcast (imazimox) was gioyed in 20122014, 201&nd 203 for
Waterchestnut managemerithe Pointintercept Rake Tosaquatic plant survemethod

presently required by NYS DEC for Tier Il Lakes was employed.

The survey area encompassed the elitioeal zone of Saratogeake. The assessment was
designed to generate the information necessary to review effectiveness of aquatic plant
management efforts, meet all permit requirements and provide data for comparison of post
treatment conditions to prior survey information.eTgroject consisted of three components: 1)
collection of herbarium specimens throughout the lake for compilation of a species list, 2) point
intercept frequency and depth data for points distributed within the treatmes)ivdrea
warrantedand 3) pointintercept frequency and depth data for points distributed within an
untreated (control) area of the lake.

Introduction
Survey Site

Saratoga Lake is located in Saratoga County, New York in the towns of Saratoga, Stillwater,
Maltaand the City of Saratodgaprings The lake has a surface area of approximately 3765 acres
and a surface elevation of 203 ft amsl. Saratoga Lake has a single outlet, Fish Creek, draining to
the Hudson River. Average water depth is reported &blig with a maximum depth @5 ft

(Mikol and Polsinelli 1985). Hydraulic retention time is reported to be 0.4 years and lake

volume is 381,000,000 Transparency via secchi disk in 2003 was reported to be 4.1 m

(SLPID 2003. More recently the NYS DEC has reported secchi transparency values of 4.0 m
and 3.6 m in 2009 and 2010, respectively (CSLAP 20T0Og 2018CSLAP (CSLAP 2018)

reports longterm average secchi transparency of 3.2 meters.

An aquatic plant survey of Saratolgake in 1932 (NYS DEC 1932) indicated that the lake was
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Report on Aquatic Vegetation of Saratoga Lake, New York

guite free of fAweedsoO except in a few protect

Common species includéteratophyllum demersum, Elodea canadensis, Vallisneria americana
and the pondeeds;Potamogeton amplifolius, P. praelongus, P. nodpandP. friesii. One

exotic specie?otamogeton crispusas reported. In 1969, the NYS DEC pesticides unit did a
more extensive mapping of aquatic plants in Saratoga Lake. They reported wa et plant
community with 13 submersed species, 2 native rooted flolafgpecies, 3 native emergent
species and 3 free floating species (Dean 1968)iophyllum spicatunpopulations were first
confirmedinthemidl 9 7006 s and r eomioanttagudtic plant sgeaes in thelake by
theearlyl 9806s (Hardt et al. 1983) . Addi tional
Program reported 14 submersed species, 2 flodgaged species, 2 emergent species and 3 free
floating species in 1®81-82 (Hardt et al. 1983). BotWyriophyllum spicatunandPotamogeton
crispuswere reported as occurring as dense growth. By 1994, the Saratoga Lake aquatic plant
community included 23 submersed species, 3 native rooted fldatihgpecies, 2 native

emergent species and 1 free floating species (Eichler and Boylen 199&hphyllum spicatum

was the most common plant species, present in 68 percent of survey points. Two other exotic
aguatic plant species were reportedtamogeton crispusndTrapa naans

Nuisance aquatic plant growth has posed problems for Saratoga Lake for thevpeet

decades. Excessive aquatic plant growth is reported to impactivesest recreation, aesthetic
guality, environmental issues related to loss of habitat diversity, exclusion of native plant and
animal species, and hydrodynamics. Nuisance growth ofiagulants in Saratoga Lake is
mainly attributable to three namative species: Eurasian watermilfddyriophyllum spicatum),
Curly-leaf PondweedRotamogeton crispusandWaterchestnutTrapa natans)with the

majority of effort devoted to the managemehEurasian watermilfoil.

In 1994, an aquatic plant survey of Saratoga Lake was conducted by the Darrin Fresh Water
Institute to evaluate ongoing aquatic plant harvesting and lake level drawdown programs for the
control ofMyriophyllum spicatunandPotamogeton crispusVolunteer efforts were also

employed to hand harvest scattered growthrapa natans These aquatic plant management
efforts were instituted in 1984 and continue on an annual basis. Results of the 1994 survey
indicated a diverse pomtion of native aquatic plants dominated by the exotic invasive
Myriophyllum spicatum While mechanical harvesting provided access to the open waters of the
lake for recreational use, this technology was not having an appreciabfetongffect on the
density of growth oMyriophyllum spicatum Winter drawdown and the resultant ice scour in
shallow waters (depth less than 1 meter) was negatffelsting the growth oMyriophyllum
spicatum In 2000 and 2003, two additional aquatic plant managemelstwere evaluated on

an experimental basis, biological control agents (weevils) and herbicide (SONAR) application.
Biocontrol agents, while promising, continue to be experimental. Surveys conducted in 2004
(Eichler and Boylen 2004) indicated that natbpecies richness in the herbicide treated areas

had increased, however Eurasian watermilfoil was still dominanhree year herbicideycle

was initiated in 2007 with fluridone (Sonar) treatment of the southern margin of the lake in the
area of Brown8each. Triclopyr (Renovate) herbicide was applied in 2008 and 2009 on the
eastern and western margins of the Jagspectively.In 2010, four discrete areas were treated
with triclopyr; the sunken islands on the west side of the, ldearea just north of the
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Report on Aquatic Vegetation of Saratoga Lake, New York

Kayadeross Creek, and two plots at the southern end of thelfakegposttreatment surve\28
species were observed lakede in 2010(Eichler and Boylen 2010)Eurasian watermilfoil was
the seventh most widely distributpthnt (226 of survey points an increase from ninth in 2009.
Common native species includ€eratophyllum demersu(62% of survey points)\ajas
guadalupensi$48%),Elodea canadensig6%), Vallisneria americand43%),Zosterella dubia
(30%), Potamogetn zosteriformig23%), Potamogetomerfoliatus(16%) and\ajas flexilis

(8%). Average number of species per sample point was greater in 2010 (3.47 £ 0.12) than in
2009 (2.74 £ 0.12) or 2008 (2.47 £ 0.12). Exclusion of survey points outside the litiogal z
may haveaccounedfor this change.

In 2011, three areas were treated waith
combination otriclopyr and endothall,
W‘<>’E with the objective to control both
2 Myriophyllum spicatunand
Potamogeton crispusTwo of the sites
f werebays adjacent to Snake Hitine to
the northof about 10 acreandthe other
to thesouthincluding about 35 acres
ﬂ were treated. The remaining site
centered orthe shoal area off Franklins
Beach encompassing about 55 acrés
August of 2011, the aquatic plant
community of Saratoga Lake included 23
submersed species, 3 floatiggaved
species, 2 floating species and 3
emergent species for a total of 31
species. Native species were dominant
z] Jeosremaeormemen - in 2011, Common native specieglie

Legend
&7 Treatment History

2014 Clearcast Treatment (water chestnut)

2012 Renovate OTF & Clearcast treatment

[ - P & Aquathol tr

) 2010 Renovate OTF treatment
2009 Renovate OTF treatment

Ceratophyllum demersu(61% of

g untreated or control areas included
7
\'_/ A//

2008 Renovate OTF treatment
2007 Sonar pellet treatment
0 1,0002,000 4,000 6,000
—— e Feet

surveypoints),Najas guadalupensis
(50%), Vallisneriaamericana(46%),
Elodea canadensi@2%),Zosterella
dubia(31%), Potamogetorzosteriformis
(21%),Potamogetomperfoliatus(16%),

Chara/Nitella(13%),Najas flexilis(9%), Potamogetorillinoensis(6%) andPotamogeton
pusillus(6%). Eurasian watermilfoil showed some signs of decline in the previously treated
portions of the survey, reported for 18% of survey points a decrease IforofZurvey points

reported for 2010.

In 2012, a 100 acre area at the southeastern margin of theelat&rowns Beach was treated
with triclopyr (Renovate OTF) and imazamox (Clearcast 2.7G) was applied in a Subarea
to control bothMyriophyllum spicatunandPotamogeton crispusEurasian watermilfoil
declined to 26% of survey points lakéde and 7% of survey points in the treated areas.
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Report on Aquatic Vegetation of Saratoga Lake, New York

In 2013, a total of 172 acres at the northern margins of the lake were treat&tcioplyr
(Renovate OTF) The treatment areas were adjacent to Franklins Beach, the northern margin of
the Kayadeross Creek delta and along the northeastern shoreline

In 2014, 42 acres in Rileys Cove and at the south end of the lake were treated with Aquathol K
anda combination of Renovate OTF and Aquathol K. In addition, an area of 5 acres was treated
near the mouth of the Kayadeross Creek with Clearcast to control waterchestnut.

In 2015, fluridone (Sonar) was used to treat the area south from Snake Hill tosBBeach.

Native species continued to be dominant in 2015. Common native species in untreated or control
areas include¥allisneria americand45% of survey points)Ceratophyllum demersu(36%),
Potamogetomichardsonii(33%),Najas guadalupensi83%),Myriophyllum spicatuni28%),

Zosterella dubig26%),Elodea canadensid 3%),Chara/Nitella(12%),Najas flexilis(9%), and
Potamogetoiilinoensis(5%). Eurasian watermilfoitleclined to 27% of survey points from

2014 levels (36%f survey pointy butrelativelyunchanged fronthe 29% of survey points

reported in”011and 2012

In 2016, lake level drawdown, mechanical harvesting and hand harveslirgpafnatansvere
the exclusive management efforts. No herbicide application was condiNzitde species
continued to be dominant. Common native species incMdégneria americang41% of
survey points)Ceratophyllum demersu(B3%), Potamogetomichardsonii(31%),Najas
guadalupensi$24%),Zosterella dubig29%),Elodea canadensid0%), and\Najas flexilis
(8%). Eurasian watermilfoil frequency of occurrence declined to 26% of survey points.

In 2017, hand harvesting for Wateesinut and European Frogloiontrol was implemented.
Waterchestnut control was instituted at the northern margin of the delta of the Kayadeross Creek.
European frogbit management was conducted at the northern margin of the Fish Creek Boat
Launch areaAt the south end of the lak67 acres were treat with Aquathol K and 28 acres

were treated with Navigate (2[). Eurasian watermilfoil was the fourth most widely

distributed plant (29% of survey points). Native plant species distribution was similar to prior
years. Common nige species includedallisneria americang41%),Ceratophyllum demersum
(46%),Potamogetomichardsonii(21%),Najas guadalupensi6%),Zosterella dubig31%),

Elodea canadensid 1%), and\ajas flexilis(9%).

In 2018, hand harvesting faVaterclestnut and European Frogbit control veasitinued.

European frogbit managemesttcurredat the northern margin of the Fish Creek Boat Launch
area. Waterchestnut control was instituted at the northern margin of the delta of the Kayadeross
Creekwith Aquathol K (3.9 eres) and 7.5 acres were treated with Navigate[2,4At the
Frankl|l i ns ofthBlake,ddl aares evare treated with Renovate fOfTEurasian
watermilfoil control.

Hand harvesting for Waterestnut and European Frogbit ¢osl wascontinutedin 2019as were
lake level drawdowmandmechanical harvestingeuropean frogbit managemetcurredat the
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northern margin of

2021 EWM Treatment Area SSLITUDE the Fish Creek Boat
LAKE MANAGEMENT Launch area-

Waterchestnut at the
soutkern margin of
the delta of the
Kayadeross Creek
was treated with
Clearcast
(imazimox).

The 2020 effort was
based on lake
drawdown,
mechanical
harvesting and
application of the
herbicidedProcella
COR (Renovate) and
endothall (Aquathol
K). ProcellaCOR
was applied for
Eurasian watermilfoil
control on the
Franklins Beach area
while endothall was
employed at the
southern margin on
the lake to Browns

Beach.
:::::gg: ;:r'i(:gs. NY Saratoga Lake Map Date: 03/03/21
Saratoga County 0 3,500 7.000 Prepared by: KS I n 202 1 Procel | a
43.02115°,-73.74193° lxe Office: Shrewsbury, MA 1 A
1138108 COR was applied to

an area on the east
side of the lake north of Snake Hitlomplementing the annual lake level drawdown, hand and
mechanical harvesting effort.
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Report on Aquatic Vegetation of Saratoga Lake, New York

Methods

Species List and Herbarium SpecimensAs the lake was surveyed, the occurrence of each
aguatic plant species was recorded and adequate herlsg@eimens collected. The herbarium
specimens were pressed, dried, and mounted (Hellquist 1993) at the Darrin Fresh Water Institute
Laboratory in Bolton Landing, NY, where they became part of the permanent collection.

Figure 1. Distribution of point irtercept survey points for Saratoga Lake aquatic plant survey.

Microsoft Bing © 2011 Microsoft Corporation
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Report on Aquatic Vegetation of Saratoga Lake, New York

Point Intercept Survey. The frequency and diversity of aquatic plant species were evaluated
using a point intercept method (Madsen 1999). At each grid point intersection, all species
located at that point were recorded, as well as water depth. Species were located by a visual
inspection of the point and by deploying a rake to the bottom, and examining the plants retrieved.
A differential global positioning system (Garmin GPSmap 168)uwsasl to navigate to each

point for the survey observatiofoint intercept plant frequencies were surveyed on August 26
and 27 of 2021, at the time of maximum aquatic plant abundance. Based on an 80 m grid and
excluding the majority of points outsideethttoral zone, we surveyed a total of 308 points on
Saratoga Lake (FigurB. The point intercept method allows a large number of discrete
observations in a short period of time facilitating statistical analysis and comparisons. Point
intercept methodalso allow for production of distribution maps for all species listed (Figure 1).
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Report on Aquatic Vegetation of Saratoga Lake, New York

Results and Discussion

In August of 2@1, the aquatic plant community of Saratoga Lake inclitfesubmersed

species4 floating-leaved species floating species an8 emergent species for a total3%
speciegTable 1) Five exotic speciedylyriophyllum spicatumiNajas minor Potamogeton

Table 1. Aquatic plant species present in Saratoga Lake in recent surveys.

Species

Ceratophyllum demersum
Chara/Nitellasp.

Elodea canadensidlichx.
Hydrocharis morsusanae
LemnaminorL.

Lemna trisulca..

Megalodonta beckiiTorr.
Myriophyllum spicatunt..

Najas flexilis(Willd.) Rostk. & Schmidit.
Najasminor All.

Najas guadalupensiSpreng.) Magnus
Nuphar variegaté&Engelm. ex Durand
Nymphaea odoratait.

Pontederia cordata..

Potamogeton amplifoliuSuckerm.
Potamogeton crispus.

Potamogeton gramineus
Potamogeton illinoensis.
Potamogeton nataris

Potamogeton perfoliatus
Potamogeton praelongWulfen
Potamogeton pusillus.

Potamogeton richardsonfAr. Benn.) Rydb.

Potamogeton robbinsDakes
Potamogeton vaseliobbins
Potamogeton zosteriformisern.
Ranunculugongirostris Godron
Sagittaria graminealichx.
Sparganiumnsp.

Spirodela polyrhizgL.) Schlieden
Stuckenia pectinath.

Trapa natand..

Typha

Utricularia vulgarisL.
Vallisneria americand..
Wolffia sp.

Zosterella dubialacq.

Common Name

coontail

muskgrass, chara

elodea

European frogbit
duckweed

duckweed

water marigold

Eurasian watermilfoil
bushy pondweed

Minor Naiad

Southern naiad

yellow pondlily

white pondlily
pickerelweed

largeleaf pondweed
curlyleaf pondweed
variableleaf pondweed
lllinois pondweed
floating-leaf pondweed
claspingleaved Pondweed
white-stem pondweed
small pondweed

Ri chardsons®o
Robbinsé pond
Vaseybdbs pondw
flat-stem pondweed

white watercrowfoot
arrowhead

burreed

giant duckweed

sago pondweed
waterchestnut

cattail

great bladderwort

wild celery

Water meal

water stargrass

2017 2018 2019 2020 2021

X X X X X X X X X X X X X X X X X

X X

x

xX X

X X X X X X X X X

XXX XXX XXX XX XXXXXXXXXX XXX

X X X X X X X X X X X X

X X X X X X X X X X X X X X X X

X X X X X X X X X X X X

X X X X X X X

X X X X X X X X X X X X X X X X

X X X X X X X

xX X

X X X X X X X X X

xX X X

X X X X X X X X X X X X X X X X X X X X

X X X X X X X X

X X
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Report on Aquatic Vegetation of Saratoga Lake, New York

crispus, Trapa natansandHydrocharis morsusanaewere reported. Species richness was quite
high, with a large number of specm®scurring in more than 10% of survey points (Table 2).
Eurasian watermilfoil was theighth most widely distributed plan7$o of survey pointsin

2021, down fromseventh in 202Gsixth in 2019 andinchanged from 201&declinng from

fourth in 2017 and fifth in 2016

Maximum Depth of Colonization

Maximum depth of colonization by rooted aquatic plant growth extended to a depth of 6 meters.
Calculated maximum depth of colonization (MDOC) by macrophytes ranged from 4.3 to 4.9
meters in 2004 (Eichler and Boylen 2004), and was comparable to 1994 records (Eichler and
Boylen 1995). Specimens Gkratophyllum demersum, Najas guadalupeasMyriophyllum
spicatumwere found between 5 and 6 meters deptihast years Thus, 6 meters is the

maximum extent of the littoral zone, representing an increase of approximately 1 meter in depth
from 1994 estimates (Eichler and Boylen 1995) and comparabkptb records for 2004

(Eichler and Boylen 2004) and 2007 (Eichler and Boylen 2008). Depth distribution of sampling
points (Figure 2) was equitable throughout the littoral zone i7 200 2021.

Figure 2. Depth Distribution of Saratoga Lake sampling points in 1 meter depth classes.

100%

80%

60% T

40% +

20% T

Percent of Survey Points

0%

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Depth (m)

Species Richness and Distribution

A total of 26 species were collected in the point intercept portion of the surve§ssspkcies
were observed in Saratoga Lake2021 (Table 1). These results amomparable to previous
surveys, wher84 species were observed2tl9 and2017,30 species irR014and 201529
species ir2013 and2009 28 species 2020 and2018,25 species i2007and2008 24 species
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in 2012,22 species in 1995 and 2010, 21 species in 1982@0v{Hardt et al., 198) and20
species ir969 (Dean 1969)The limited occurrence ¢fotamogeton crispusan be attributed

to the timing of the current survey (August), rather thammactual decline in the abundance of

this speciesPotamogeton crispugenerally reaches peak abundance in June and July, and then
undergoes senescencEtapa hatansvasobservedo cover large areasear the delta of the
Kayadeross Creek 2013 Folowing herbicide treatments in 2014, a reduced area of coverage
remainedwvhich persisted in 201&nd 2016 Hand harvesting effogupplemented with
herbicidesn 2017thru 2021 reduced thdrapa natango scattered plantSBrittle Naiad (Najas
minor) was reported for the first time in 2011, absent in 2012, but presémb@ations in 2018,

3 locations in 201@&nd 2017andup from2 locations in 2013and 201%nd 1 location in 2014
and2019through2021. Brittle naiad is an annual speciesesaing primarily by seeds, and has
been expanding its range northward over the last decade, particularly in the Upper Hudson
Valley. Species absent from theZA0survey but present in prior surveys were generally either
present in only a single surveyayeor relatively uncommon in prior surveys (<1% of survey
points).

Maps of the distribution of aquatic plant species and groups of species (i.e:l&bad
Pondweeds) for Saratoga Lake are included in Appendix A. Eurasian watemwwaléqiresent

in 7% d survey points in 221, a decline from th&0%,13%,20%, 29%,26% and27% of

survey points ir2020 through2015 respectivelyand continuing a decline froBv% of survey
points in 201423% of survey pointg 2013, 26% of survey pointsn 2012 29% in2011, and
22%of survey points i010 Common native species includedllisneria americangd47%),
Ceratophyllum demersu(7%),Zosterella dubig30%),Najas guadalupensid 9%),
Potamogetomichardsonii(17%),Elodea canadensid 1%),Charasp.(9%), andNajas flexilis
(6%). A list of frequency of occurrenaesultsfor all species observed is provided in Table 2.
While the frequency of occurrence of most native species has remained stable since the pre
treatment survey of 2004, there were some exceptions. Two exceptiorsajsse
guadalupensiandElodea canadensjspecies present in limited numbers in 2004 prior to
treatment but much more abundant in gosatment surveys in 20@Aru 2010. Frequency of
occurrence foElodea canadensisas declined since 201@ related specied\ajas flexilis,
declined in 200 but returned to preatment levels in 2008creased in abundance2009

and stabilized at 2008 levedce that time Getsinger et al. (2002) reported declineNlajas
flexilis andElodea canadensis the year following fluridone treatmeint two Vermont lakes,
however these species returned to levels comparable to pretreatment in the following year.
Eichler and Boylen (2008) reported similar increases in frequency of occurredagsfflexilis
andElodea canadensis two Vermont lakes followng triclopyr treatmentsPotamogeton
crispusincreased in abundance between thetatment survey in 2004 and subsequent-post
treatment surveys in 2007 and 2008, but still remained a minor component of the overall
population. Frequency of occurrenad Potamogeton crispuscreased in 2d1to the highest
levels recorded in recent surveydany of the survey points reportifiptamogeton crispus
2010 were in areas treated in 2011.2011through2021, Potamogeton crispugmained in
limited abundancehowever the late summer surveys tend to underestimate this species.
Potamogeton richardsoniiasgreatlyexpanded itScoverage in a number of regional lakes,
however the reason for this expansion is unknown as the currentAlhaher differences were

December 202 PagelO




Report on Aquatic Vegetation of Saratoga Lake, New York

in the less common species.

Table 2. Percent frequency of occurrence of aquatic plant species in Saratoga Lake.
Species in bold are known to be invasive.

Species Common Name 2017 2018 2019 2020 2021
Ceratophyllundemersum | coontalil 45.6%| 51.3%| 43.2%| 43.4%| 47.1%
Chara/Nitella muskgrass, chara 8.1% 9.4% 6.8% 7.1% 8.8%
Elodea canadensis elodea 11.3% 7.7%| 10.3%| 12.6%| 11.0%
Hydrocharis morsusranae | European frogbit 0.3% 0.3% 0.3%

Lemna minor duckweed 1.3% 0.3% 0.3%
Lemna trisulca duckweed 0.6% 0.6% 0.6% 0.3% 0.6%
Megalodonta beckii water marigold 1.6% 0.3% 1.9% 1.0% 1.0%
Myriophyllum spicatum Eurasian watermilfoil 29.4% | 20.3% | 12.6% | 10.0% 6.8%
Najas flexilis bushy pondweed 8.7% 9.0% 8.4% 8.4% 5.8%
Najas guadalupensis Southern naiad 25.6%| 28.7%| 26.8%| 24.9%| 19.2%
Najas minor brittle naiad 1.0% 1.3% 0.3% 0.3% 0.6%
Nuphar variegata yellow pondlily 1.0% 1.3% 1.3% 0.6% 1.0%
Nymphaea odorata white pondlily 0.3% 0.3% 1.6% 1.3% 0.6%
Potamogeton amplifolius | largeleaf pondweed 1.6% 1.3% 1.6% 0.3% 1.6%
Potamogeton crispus curlyleaf pondweed 1.6% 1.6% 1.0% 1.0% 1.0%
Potamogeton illinoensis Illinois pondweed 6.5% 7.4% 7.1% 6.5% 6.5%
Potamogeton perfoliatus ClaspingleavedPondweed 2.3% 1.3% 0.6% 0.6%
Potamogeton praelongus | white-stem pondweed 1.9% 3.2% 2.3% 2.3% 0.6%
Potamogeton pusillus small pondweed 0.6% 2.6% 0.6% 1.0%
Potamogeton richardsonii | Richardsons' Pondweed 214% | 29.4%| 28.7%| 18.4%| 16.9%
Potamogeton robbinsii Robbinsdé pon 5.5%
Potamogeton zosteriformeg flat-stem pondweed 1.9% 1.9% 3.5% 0.6% 1.0%
Ranunculus longirostris white watercrowfoot 0.3% 0.3% 1.0% 1.6% 1.0%
Spirodela polyrhiza Giant duckweed 0.3%

Stuckenigectinata sago pondweed 1.3% 1.9% 2.3% 1.9% 1.6%
Trapa natans waterchestnut 1.0% 1.0% 1.6% 0.6% 0.3%
Utricularia vulgaris giant bladderwort 0.6% 0.3% 0.3% 0.3%
Vallisneria americana wild celery 41.4%| 41.3%| 41.9%| 46.6%| 47.4%
Wolffia sp. Water meal 1.0% 0.6%
Zosterella dubia water stargrass 31.1%| 28.7%| 26.5%| 33.7%| 28.9%
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Figure 3. Distribution of Eurasian watermilfoil (Myriophyllum spicatun) in
surveyed areas of Saratoga Lake in 2.

Saratoga Lake

Distribution of Eurasian watermilfoil
Myriophyllum spicatum

Legend

® [ense
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Eighty-nine percent of whole lake points weregetated by native plant species in 2010, 80% in
2011, 79% in 2012, 72% in 2013, 79% in 207@% in 201571% in 20%6 and 76% irboth

2017and 2018and 73% in 2018B0% in 2020and 75% in 202{Figure 4). In depths less than

6 m,representing the littoral zone4® of survey points contained native species@i¥d of

survey points less than 2 meters depth yielded native aquatic plan&linE@rasian

watermilfoil was present ii#% of whole lake survey points, aBél of survey pmts within the

littoral zone or zone of aquatic plant growtBxotic species, dominated by Eurasian

watermilfoil, were more abundant lakade in 2004, 2007 & 2008 (56%, 53% and 18% of

survey points, respectively) than in 2009 (10% of survey points). Wi onl y o&6spot o tr e
conducted in 2010 and 2011, Eurasian watermilfoil recovery to 29% and 33% of survey points
was reported. With a larger treatment area in 2012 and 2013, Eurasian watermilfoil declined to
26% and 23% of survey points, respectivdly.2014, Eurasian watermilfoil increased to 37% of
survey points, declined to 27% of survey points in 2015 and remained at that level thr2016
2018 at26% 29% and 20%f survey pointsrespectively A steady decline in Eurasian

watermilfoil frequemy of occurrence has occurred since 2018, with 19%, 10% and 7% reported
in 2019, 2020 and 2021, respectively.
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Figure 4. Saratoga Lake frequency of occurrence summaries for all sampling points.
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For survey points within the littoral zone, water depth less than 6 m (Figure 5), results are similar
to whole lake surveys. The impact of the herbicide treatment for 2009 was less apparent on the
relative abundance of exotic species when comparing drébhié6 of survey points) and control

sites (12%), most likely due to the fact 2009 is the final year of a 3 year program to treat the
whole lake. Eurasian watermilfoil declined from 31% of littoral zone survey points within the
treatment area in 2008 td% of comparable survey points pastatment in 2009. In 2010, an
increase in the frequency of occurrence of Eurasian watermilfoil, to levels comparable to 2008,
was observed. Eurasian watermilfoil declined from 40% of survey points in 2010 to 33% of

100%
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2018 m=2019

80%
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20%
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Figure 5. Saratoga Lake frequency of occurrence summaries for sampling points
less than 6 meters water depth.
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survey points in 2011 as areas supporting the heaviest growth of Eurasian watermilfoil were
treated. The decline continued in 2012 26d3, with 31% and 26% of littoral survey points
supporting Eurasian watermilfoil. In 2014, an increase to 40% of littoral zone survey points was
observed, followed by a decline to 34% in 2015, 31% in 2016, 33% in 26%in 201817%

in 2019 11% in 2@0and 8% in 2021 The expected relationship of greater frequency of
occurrence of aquatic plants with shallower water depth is consistent with that reported by
Eichler and Boylen (1995) where frequency of occurrence values in the littoral zone ranged fro
78 to 90% of survey points.

In 2009, relative abundance of each species was incorporated into the survey effort. All species
recorded for each sample point were ranked by relative abundance on a 4 pqinhisgeilg

from presentsa trace amounbtentirely dominating the sampl&laps of relative abundance

for each species are provided in &pgdix A. Relative abundance provides a different picture of
the abundance of Eurasian watermilfoil (Figéye Lakewide Eurasian watermilfoil was present

as dense growth in 2009, but declined to moderate levels in 20Xd»atidued with gradual
declinesn 2011thru2015. A slight increase was observed in 2016, perhaps diee tack of

an herbicide treatmenResults for 201thru 2021 remained very siitar to 2016. While

frequency of occurrence provides a statistically reliable measure of the aquatic plant population
of a lake, combining frequency with relative abundance may provide a clearer picture of the
impact of an individual species on the ovepalpulation.

Relative Abundance of Eurasian
watermilfoil

Axis Values
1= Sparse 2= Moderate
3 3= Dense 4= Dominant

20102011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 6. Lake-wide relative abundance of Eurasian watermilfoil in Saratoga Lake.

Species richness results for the point intercept survey are presented i dathlEigurer/. In

2004 whole lake species richness was 2.00 £ 0.10 species per survey point. Whole lake species
richness increasesteadily from2.31 £ 0.17 in 20070 3.47+ 0.12in 201Q In 2011, species

richness lakevide was comparable to 2009 a82+ 0.11 species per samgaad slightly greater
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than the 2.6% 0.12and 2.61+ 0.13 reported in 203. Species richness in 2014 once again
stabilized at 2.89 + 0.12 specjgsr sample.Species richness declined in 2G4t 20160 2.46

+ 0.11and 2.35 0.11species per sampleespectivelyand recovered slightly in 2017 (2.48 +
0.10)where it remained in 2018 (2.50 + 0.18pecies richness in 2019 (2.38 £ 0,22020

(2.27 £ 0.10)and 202 (2.17 + 0.10)remain similar to prior years and within the relative error of
the mean.Depthsless than 2 meters yielded’3+ 0.21 and 3.69 £ 0.25pecies per sample
pointin 2011 and 2012increased to greater than 4 speciesperple point in 2013 and 2014

but declined to 3.41 + 0.28hd 3.28 + 0.23pecies per sample in 20a6d 2016, respectively

In comparison, littoral (<6m depth) species richness in 20852.74 + 0.20peaked aB.31 +

0.12 species per sample pam2014 and declined back to 2.63 + 0.11 species per sample point
in 2016and 2.76 £ 0.10 in 2017Species richness in both the littoral and shallow depths
remained in this range between 2017 an2il20n 2011 littoral zone species richness was
slightly lower at 311+ 0.11 and this decline continued into 2012 (2480.12). A slight

recovery occurred in 2013 (3.@00.14). Total species richness appears to be closely linked to
the relative abundance of Eurasian watermilfoil.

Table 3. Saratoga Lake specirichness for the point intercept survey.

Plant Grouping Water Depth Class |Statistic 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Native plant  |[Whole Lake Mean 205 | 214 | 225 | 222 | 234 | 208
species (all depths) N 308 309 310 310 310 310
Std. Error | 0.10 | 0.10 | 0.10 | 0.11 | 0.10 | 0.10

Points with Mean 229 | 239 | 222 | 246 | 259 | 232

depths <6m N 275 276 276 280 276 277

Std. Error | 0.11 | 0.10 | 0.112 | 0.11 | 0.10 | 0.10

Points with Mean 3.08 | 230 | 3.30 | 353 | 3.33 | 3.23

depths <2m N 75 91 91 74 91 70

Std. Error 0.20 | 0.15 | 0.20 | 0.23 | 0.18 | 0.23

All plant Whole Lake Mean 235 | 248 | 250 | 238 | 2.27 | 217
Species (all depths) N 308 309 310 310 310 310
Std. Error | 0.11 | 0.10 | 0.11 | 0.11 | 0.10 | 0.10

Points with Mean 263 | 276 | 279 | 263 | 2.61 | 242

depths <6m N 275 276 276 280 276 277

Std. Error 011 | 010 | 0.112 | 0.21 | 0.11 | 0.11

Points with Mean 328 | 334 | 348 | 366 | 3.29 | 3.41

depths <2m N 75 91 91 74 91 70

Std. Error | 0.23 | 0.16 | 0.20 | 0.23 | 0.18 | 0.5

Native species richness was 2.07 + 0.18 species per survey point in 2007 for the entire littoral
zone (depths less than 6 meters), exceeding the 2004 littoral, native species richness of 1.65 +
0.09 species per survey point, but still less than the 2662tspecies per survey point in 2008

and 3.05 + 0.12 species per survey point in 2009. Native species richness stabilized in 2010 and

2011 at 2.77+ 0.13 and 2.78+ 0.11 species per survey point, respectively. A slight decline in
native species richnessawobserved in 2012 (2.57+ 0.11) with recovery in 2013 (2.68% 0.13)

and 2014 (2.83+£ 0.11). A decline to 2.47 £ 0.11 species per sample was reported in 2015 which
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continued in 2016 to a low of 2.29 £+ 0.11 species per sample. A slight recovery was oinserved
2017 (2.39 £ 0.1Q)ut declined back to 2.22 + 0.11 in 20Mhole lake native species richness
ranged from was 3.15 £ 0.11 species per sample in 2010 to 2.05 + 0.10 species per sample in
2016. The increase in 2010 may have been a sampling astifaetthe majority of sampling

points outside the littoral zone were eliminated from the 2010 sampling. In the shallow portion
of the littoral zone, depths less than 2 meters, species richness was 2.47 + 0.18 native species per
sample in 2004and rose stadily to peak at 4.22 + 0.24 native species per sample in 2009. A
slight decline to 3.72 + 0.24 native species per sample was observed in 2010 and continued in
2011 (3.57 £0.21) and 2012 (3.46 = 0.23). Species richness in 2013 and 2014 was greater than
prior years (4.02 £ 0.31 and 3.75 £ 0.22, respectively), but within the range of values for
Saratoga Lake. Species richness in 2016 and 2017 declined to 3.08 + 0.20 and 2.30 + 0.15
species per samplrit recovered to previous levels in 2018 (3.30 + 020)9 (3.53 £ 0.23)

2020 (3.33 £ 0.18and 2021 (3.23 + 0.21)As expected, species richness in the littoral zone and

its shallow fringe was higher than whdédce species richness. Lagka Eurasianvatermilfoil

Figure 7. Saratoga Lake species richness.
Error bars are standard error of the mean.

m 2016 m2017 I I

2018 2019
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Species Richness
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canopy in water depths less than 2 meters may also allow for greater species richness. The
negative impact of a canopy of Eurasian watermilfoil on species richness ofplatit®has

been well documented (Madsen et al. 1989; 1991). Convespelgies richness increases in
areas where Eurasian watermilfoil growth is reduced (Boylen et al. 1996). Species richness in
the control area exceeded that in the treated area, hertadjg by less than 1 species per survey
point. The elimination of Eurasian watermilfoil from many of the survey points in the treated
area accounts for the majority of the difference. A sharp decline in exotic species richness was
observed following hiicide treatments in 2007, 2008 and 2009 while total and native species
richness increased. A slight increase in the-lakie abundance of exotic species in 2@hd
2014-20150ccurred in conjunction with a slighicrease followed by a decreasdotd and

native species richnes®Vhile native pecies richnesgaried over the pagtsurvey years, results
have remainedwithin relative errobetween yearswvith the exception of 2014
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Summary

Quantitative aquatic plant surveys were undertaken 24 £y Saratoga Lake, New York as part

of a cooperative effort betwe&olitudeLLC and the Darrin Fresh Water Institute, supported by
the Saratoga Lake Protection and Improvement District (SLPID). The project was designed to
obtain data to evaluate aqugtlant management efforts and review potential new strategies.

In Saratoga Lake, Eurasian watermilfddyriophyllum spicatumexpanded rapidly after an
initial I n v a MyriophyllumrspidatinpopulaBorsOm@rs first confirmed in the

mdl197006s and reported to be the domi-hbda806aquart

(Hardt et al. 1983). In 1994, the Saratoga Lake aquatic plant community contained 23
submersed species, 3 native embtloatingleaf species, 2 native emergent species and 1 free
floating species (Eichler and Boylen 1998)yriophyllum spicatumvas the most common plant
species, present in 88of survey points. Two other exotic aquatic plant species were eeport
Potamogeton crispusnd Trapa natans Potamogeton crispus seasonally abundant, forming a
dense band at the deep margins of Eurasian watermilfoil growth in the spring and early summer.
Trapa natanshas been reported as scattered individuals oddha of Kayadeross Creek and in
Mannings Cove Waterchestnuvas absent from the 20@8d 200%5urveys, but returnecnd
expanded its coverage 2011 and 2012A number ofTrapa natangplantshavealsobeen

observed in the area of the Fish Creek boat lavatipannually snce2010. Herbicide

treatments were incorporated into the aquatic plant management program in 2007 to supplement
previously employed lake level drawdown and mechanical harvesiitigree year herbicide
treatment effort was initiated witfluridone (Sonar) treatment of the southern margin of the lake

in the area of Browns Beaam2007. Triclopyr (Renovate) herbicide was applied in 2008 and

2009 on the eastern and western margins of the lake, respectiv@@10, three small area
treaments with triclopyr were conducted, two at the south end of the lake and one around the
sunken islands in the mouth of Mannings Cove. In 2011, three areas were treated with triclopyr.
Two of the sites were bays adjacent to Snake Hill, one to theemrtmpassing about 10 acres

and the other to the south including about 35 acres were treated. The remaining site centered on

the shoal area off Franklins Beae@mcompassing about 55 acr&s.2012, triclopyr was applied

to a 100 acre area at the soaslteorner of the lake, and imazimaasapplied to a 50 acre sub
area.In 2013, triclopyr was applied to 172 acres at the north end of the lake, with the majority in
the Franklins Beach area and two smaller areas, one at the northern margin of theokayader
Creek delta and the other along the northeast shorghrig014, 42 acres in Rileys Cove and at

the south end of the lake were treated with a combination of endothall and triclopyr. In addition,
an area of 5 acres was treated near the mouth ofayade€ross Creek with imazimox to control
waterchestnutin 2015, fluridone (Sonar) was applied to an area from Snake Hill south to
Browns Beach.There were no herbicide applications in 2016, howaweualmechanical

harvesting and lake level drawdowmtaued as in past seasornn.2017, a total of 67 acres at

the south end of the lake were treated with Aquathol K and 28 acres were treated with Navigate
(2,4-D). In 2018,the rorthern margin of the delta &fayadeross Creekas treated with

Aquathol K (3.9 acres) and Navigate (BQ47.5acres)Addi ti onal |l 'y, in the
area, 43.1 acres were treated with Renovate OTR2019, the southern margin of the
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Kayadeross Creek delta was treated with imazimox forralaéstnut control.The 2020 effort
was based on lake drawdown, mechanical harvesting and application of the heRyotidia
COR (Renovate) and endothall (Aquathol K). Procella COR was applied to 54 acres for
Eurasian watermilfoil control in the Fraims Beach area while endothall was employed for
management of 147 acres at the southern margin of the lake extending to BrownsliBeach.
2021, Procella COR was applied to an area on the east side of the lake north of Snake Hill,
complementing the annulalke level drawdownhandand mechanical harvesting effort.

In August of 2@1, the aquatic plant community of Saratoga Lake inclitfesibmersed

species4 floating-leaved species floating species an8 emergent species for a total & 3
species Twenty-six of these species were found in the point intercept survVbgse results are
comparable to previous surveysZ@12 2018and 2@0 (28 species2015and 201927

specie} 2009 2017and 201626 species 2007and 200825 species), 2004 (21 species), 1994
(22 species), 1982 (21 species) and 1969 (20 species

Exotic species, dominated by Eurasian watermilfoil, were clearly more abundamtidksin
2004(56% of survey points), prior to the herbicide treatmentsGif22through 200953% 18%
and 10%of survey points, respectivelyA slight increase in exotics species abundance (22%
and 29%of survey points) was observed in 2t 2011, respectivelyhich stabilized in
2012(26% of survey poin)sand 2013 (23% ddurvey points) An increase in frequency of
occurrence was observed in 2014 (37% of survey points) while relative abundance declined
slightly. In 2015, Eurasian watermilfoil frequency of occurrence declined to 27% of survey
pointswith similar levels rported in 2016 (26% of survey point&P17 (29% of survey points)
and2018 (20% of survey points)nvasive speciesequency of occurrence declined1t8% of
survey pointsn 2019 10% of survey points in 2028hd 7% of survey points in 202Eurasian
watermilfoil remains a common member of the plant community, but at greatly reduced numbers
when compared to previous survey=urasian watermilfoil declined from first tenth most
abundant species by frequency of occurrence between 2007 éhdhad@veranincreasevas
reportedo seventhn 201Q fifth most abundant specigs2011 thru 2013 third most abundant
species in 2014ourthin 2015 fifth in 2016, fourth in 2017 sixth in 2018and 2019seventh in
2020and eighth in 2021

Native speciexontinued to belominant in 2@1 and comparable to prior surveySommon
native species includédallisneria americangd47%),Ceratophyllum demersu(d7%),
Zosterella dubig30%),Najas guadalupensid9%), Potamogetomichardsonii(17%),Elodea
canadensi$11%),Charasp. (9%), andNajas flexilis(6%). These results closely resembl&@0
when @mmon native speciescludedVallisneria americangd47%),Ceratophyllum demersum
(43%),Zosterella dubig34%),Najas guadalupensi25%),Potamogtonrichardsonii(18%),
Elodea canadensid3%), and\ajas flexilis(8%).

Estimates of relative abundance for each species surveyed were incorporated into the sampling
protocol in 2009. A four point scale, ranging from one which indicated a tracenbofau

particular species to four indicating clear dominance of the species in a particular sample was
employed.On a lakewide basis, dense growth of Eurasian watermilfoil was reported for 2009,
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declinng to moderate levels in 20Hhd remaining at ordbow moderate levels in 2011 thru

2021. While frequency of occurrence results provide a statistically reliable way to represent
plant populations, combining relative abundance with frequency of occurrence may provide a
better way to characterize the impatan invasive species on native plant population

In 2004 whole lake species richness was 2.00 £ 0.10 species per survey point. Whole lake
species richnesacreased steadilhrough 2010, reaching 347 + 0.12 The increase in 2010

may have been a sampling artifact since the majority of sampling points outside the littoral zone
were eliminated from the 2010 sampling. 2011, whole lake species richness was 2.81 + 0.11
species per survey pojrg decline assodiad with an increase in the relative abundance of
invasive speciesSpecies richness in 2014 once again stabilized at 2.89 + 0.12 species per
sample. Species richness declined in 2015 and 2016 to 2.46 + 0.11 and 2.35 = 0.11 species per
sample, respectilye and recovered slightly in 2017 (2.48 + 0.10) where it remained in.2018
Slight declines were observed2019thru 2021 2.17 = 0.10) In the shallow portion of the

littoral zone, depths less than 2 meters, species richness was 2.47 + 0.18 neitgepgpe

sample in 2004and rose steadily to peak at 4.22 + 0.24 native species per sample in 2009. A
slight decline to &7 + 0.21 and 3.46 + 0.2Bative species per sample was observed ii 20

2012 however 2013 results were once againvabbspeies per survey point (4.02 £ 0.31)

Species richness in 2015 (3.23 £ 0.22 native species per sample) was at the low end of the range
of values observed in prior surveystrend which continued into 2046d 2017, but rebounded

in 2018through2020. As expected, species richness in the littoral zone and its shallow fringe
was higher than whole lake species richness. Lack of a Eurasian watermilfoil canopy in water
depths less than 2 meters may also allow for greater species ricNiais® species richess

lake-wide and in the treatment zone was higher{@sttment in 200,22008and 200%han

during 2004 (prareatment).A slight increase in the lak@ide abundance of exotic species in
2010and 201loccurred in conjunction with a slight decline inaichnd native species richness.

In 2012thru 2021, total species richnessagnearly unchanged from 201dvels

Principal areas of Eurasian watermilfoil expansion in 2004 were reported in the northeast at
Franklins Beach and the southwest in the area of Rileys Cove. Franklins Beach was selected as
the control (untreated) area for 2007 while the south end of teeatak Browns Beaclrea were
treated with herbicideln 2008, the Franklins Beach area was selected for treatment, the west
shore including Mannings Cove served as the control, and Browns Beach west across the south
end of the lake was assessed 1 yeatfpeatment. In 2009, the west shore and Mannings Cove
areas were treatethe Franklins Beach area was assessed 1 yeatrpashent and Browns

Beach west across the south end of the lake was assessed 2 yeaesimosnt. In 2010, spot
treatments wee conducted at the southern end of the lake and north of the mouth of the
Kayadeross Creek. In 2011, spot treatments were conducted to the north and south of Snake Hill
and adjacent to Franklins Beach. Substantial reduction in Eurasian watermilfodrfogcpf
occurrence was observed in the treated area between 20@&&tneent) and 2009 (pest

treatment) while the previously treated control areas increased from 2% to 5%. Eurasian
watermilfoil declined from 26% of littoral zone survey points wittia treatment area in 2008

to 9% of comparable survey points pasatment in 2009. Eurasian watermilfoil increased in
frequency of occurrence lak@de in 2010 (22% of survey points), with principal areas of
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growth in Mannings Cove and the shoal areataife from Franklins Beach. In 20BEyrasian
watermilfoil continued to increase in lakade occurrence (29% of survey points), with

persistent growth in the mouth of Mannings Cove and the Franklins Beach area. Eurasian
watermilfoil growth was also obseed at the deep margin of the littoral zone along the western
shoreline and south end of the lake. In 2012 and 2013, larger areas were treated and Eurasian
watermilfoil declined to 26% and 23% of survey points. In 2014, Eurasian watermilfoil was
treatedat the south end of the lake and while frequency of occurrence remained high, relative
abundance was reported as primarily scattered plants.-vidkerelative abundance of Eurasian
watermilfoil declined in 2015 and 201bigure 8) however Eurasian wateilfoil remained as
persistent growth in the mouth of Mannings Cove, and along the shoal area off Franklins Beach.
A slight increase in abundance of Eurasian watermilfoil was observed in 2017, with dense
growth areas similar to 2016. In 2018, the hedadreatment in the Franklins Beach area

greatly reduced the Eurasian watermilfoil growth, from 41% of survey points in 2017 to 19% of
survey points in 2018. In 2019, Eurasian watermitfoiitinued to declineith scatteredyrowth
present lakewideThedecline continued into 2028nd 2021with Eurasian watermilfoil present
primariy along the eastern share2020and sparsely scattered in thetlet area and west shore

in 2021

Lake-wide aquatic plants were found to occur #@of survey points in thigtoral zone,

comparable to prior surveys (range of 85 to 91%), and not indicative of any major change in the
aguatic plant population. Eurasian watermilfoil abundance declined from 66% of littoral zone
survey points in 2004 to 59% of survey points@®2, 21% in 2008 and 8% in 2009. With
selective treatments in 2010, Eurasian watermilfoil increased to 22% of whole lake survey
points, and 29% of survey points less than 6 m water depth, representing the littoral zone or zone
of aquatic plant growth. Howing additional small area treatments in 2011, Eurasian

watermilfoil abundance increased to 29% of lakde survey points. The distribution of exotic
species, dominated by Eurasian watermilfoil, in the previously treated areas (29% of survey
points) was less than the treated area (40%). A larger treatment area (100 acres) in 2012
produced a decline in Eurasian watermilfoil to 26% of survey ptakeswide, and 7% of

survey points within the treatment area. In 2013, a total of 172 acres were arehtearasian
watermilfoil declined to 23% of survey poineke-wide, and 9% of survey points within the
treatment area. In 2014, a total of 42 acres were treated and Eurasian watermilfoil increased to
37% of survey pointake-wide, and 53% of survey pas within the treatment area. In 2015,
Eurasian watermilfoil decreased to 27% of survey pdakswide, and 10% of survey points

within the treatment area. Herbicide treatments were suspended in 2016, and Eurasian
watermilfoil abundance remained stadit 26% of survey points. In 2017, 95 acres at the south
end of the lake were treated, however Eurasian watermilfoil frequency increased slightly to 29%
of survey points. Eurasian watermilfoil abundance in 2018 (20% of survey points) was lower
than thethree prior years, a trend that continued into 2019 (13% of survey p@o2$) (10% of
survey pointspnd 2021 (7% of survey pointsThe fact that Eurasian watermilfoil only slowly
recovers after treatment suggests the durability of treatment regimes from 20072thr’ B8
difficulty of treating certain areas, particularly small isolated plots such as the sunken islands in
the mouh of Mannings Cove, is demonstrated by rslience of Eurasian watermilfoil at these
sites even after repeated treatments.
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Figure 8. A comparison of the distribution of Eurasian watermilfoil (Myriophyllum
spicatun) growth in selected areas of Saragm Lake in 2018 through 2021.

Saratoga Lake 2018

Distribution of Eurasian watermilfail
Myriophyllum spicatum

Legend
® Dense
® Moderate
® Scattered
® Trace

&

Saratoga Lake 2019

Distribution of Eurasian watermilfail
Myriophyllum spicatum

¥ Legend
® [Dense
® Moderate
® Scattered
® Trace

| Saratoga Lake 2020

Distribution of Eurasian watermilfoil
Myriophyllum spicatum

8| Legend
® Dense
® Moderate
©® Scattered
® Trace

Godile Earth

Eurasian watermilfoil abundance declined from 58% of littoral zone survey points within the
treatment area in 2004 to 25% of comparable survey pointdérpaginent in 2007. In 2008,

Eurasian watermilfoil abundance continued to decline to 3% of littorad survey points within

the treatment area. In the control area, Eurasian watermilfoil abundance increased from 74% of
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survey points in 2004 to 80% of comparable survey points in 2007. In 2008, Eurasian
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watermilfoil abundance declined to 26% of surveyngs in untreated areasn 2009, the decline

in Eurasian watermilfoil abundance continued, with fakée frequency of occurrence at 7% of
survey points.This decline coupled with what appeared to belsthal effects of the herbicide

in the untreatedreas, suggest efficacy of the herbicide over a much greater area than
anticipatedAn increase in Eurasian watermilfoil abundance was observed ina2@lfgain in

2011, primarily in areas not treated for 2 yearsl certain problem site€ven with thencrease
Eurasian watermilfoil abundanae2011thru 2017 remains at less than half of preatment

levels. Lake-wide relative abundance values for Eurasian watermilfoil also declined from dense
to moderate levels between 2009 and 2010, and remainsabarate to low levels through

2021. While frequency of occurrence provides a statistically reliable measure of the aquatic
plant population of a lake, combining frequency with relative abundance may provide a clearer
picture of the impact of an indivighl species on the overall population.

The littoral zoneor maximum depth of colonization (MDOC) by aquatic plants was calculated to
extend to a depth of 4.9 meters based on transparencyGitophyllum demersuandNajas
guadalupensishowever wereommonly found between 5 and 6 meters depth, with occasional
Myriophyllum spicatunspecimens also encountered, suggesting a littoral zone maximum depth
of approximately 6 meters, 1.0 meter greater than reported in 1994. Suppression of canopy
formation though mechanical harvesting may allow for light penetration and thus the survival of
native plant species in areas of dense Eurasian watermilfoil growth. Changing water clarity may
also be a byroduct of the invasion of Saratoga Lake by zebra mud3edsséena polymorpha
inthemidl 99006 s . | mproved water clarity is freque
invasions due to their ability to filter large volumes of phytoplankton from the water column.
Reduced Eurasian watermilfoil density in shallowevatas a result of winter drasown and ice
scouring has also provided areas for colonization of native species resistant to wintéowwraw
Evidence continues to suggest that a native species, Water Stargstese(la dubigiis

replacing Eurasian waitmilfoil at the shallow end of its range. The frequency of occurrence of
Zosterella dubidhas increased substantially, reported in 19% of samples in 1994, 47% of
samples in 2004 and 44% of samples in 2007 in the control area. th200§h2021, while

still quite abundant, the frequency of occurrence of this speamsabilizedbetweer25%and

34% of survey points The operators of the mechanical harvesters continue to report that
Zosterella dubicdhas become a prevalent species in theirdsied materials. Survey results

indicate that this species is found growing densely in waters of 1 to 1.5 meters depth at the inner
margins of dense Eurasian watermilfoil growRichardsons PondweeBd¢tamogeton

richardsoni) has been present in Saraadgake for many years, but always as a minor

component of the aquatic plant population. Traive pondweed species dramatically expanded
its frequency of occurrence from less than 1% of survey points in 2011 to 22% of survey points
in 2012and34% in 2014. Ri ¢ h ar d s o n thén stebdized avap@rakimately 30% of

survey pointghrough 2019, but has declined in the past 2 years to 17% of survey goints

similar rapid growth of Richardsons Pondweed was observed in other regiosainekeling

Hadock Pond in Washington Coun&nd Loon Lake in Warren Countyl he extremely mild
wintersof 20117 2013 may be responsible for the expansion of this species.
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Appendix A. Saratoga Lake aquatic pldrtribution maps

Appendix A. Saratoga Lake Plant Distribution Maps A-1
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