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The Connecticut Agricultural Experiment Station was founded in 1875. It is chartered by the
GeneralAssembly to make scientific inquiries and conduct experiments regarding plants and
their pests, insects, soil and water, and to perform analyses for state agencies. Station laborat
ries are in New Haven and Windsor, and research farms in Hamden anddsriswo

The Connecticut Agricultural Experiment Station prohibits discrimination on the basis of
race, color, ancestry, national origin, sex, religious creed, age, political beliefs, sexual orient
tion, criminal conviction record, genetic infortizan, learning disability, marital or familyast
tus, or present or past history of mental disorder, mental retardation or physical disability, i
cluding but not limited to blindness. To file a complaint of discrimination, write: Director,
The Connecticut fricultural Experiment Station, P.O. Box 1106, New Haven CT 06504, or
call (203) 9748440. The experiment station is an equal opportunity provider and employer.
People with disabilities who require alternate means of communication should contact the
Chiefof Services at (203) 978442 (voice); (203) 978502 (fax); or Michael.Last@.gov.
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Figurel. Locations of invasive aquatic plants found by CAES IAPP from &9Pa16.

Introduction

Lakes Candlewood, LillinonahZoar and Squantz Pondffer diverse freshwater
ecosystems andxceptional opportunities for fishingoating and other outdoor activities.
These impoundmentsealsot he sour ce of Qupplgal renewableeandrgy s
via hydroelectricgeneratingfacilities owned and operated by FirstLight Power Resources
(FLPR). Invasive aquatic plantsave become established in takesandhave few natural
enemiesto control theirgrowth (Wilcove et al. 1998, Pimintel et al. 2000}hey degrae
native aquatic ecosystenBarrett 1989, Les and Mehrhoff 1998npede recreatiorand
reduce homealues(Connecticut Aquatic Nuisance &pes Working Group 2006, Fishman
et al. 1998)Once invasiv@lantsare establishedpng term and costlgnanagemerpprograms
are oftennecessary The Federal Energy Regulato§ommission (FERC) Article 409
requiresFLPR to provide invasive aquatic plamonitoringof Lakes Candlewood, Lillinonah
and Zoar (Northeast Generating Company 20062015 FLP decide to also includiae

monitoringof nearbySquantz Pond.
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Statewide surveyd y The Connecticut Agricul tur al
Invasive Aqudat Plant Program (IAPP) have found itasive aquatic plant speciedabit
nearly60 percentoConnect i cut 6 s(Fidura k)@Bsgbea et @dl. 2p1aAKESS
IAPP 207T). In lakes Candlewood, Lillinonaloarand Squantz Pon&urasian watermilfoil
(Myriophyllum spicatumhas beerthe most commoiinvasive plantand also createsthe
greatesnuisance This planthas been present in Candlewood Lakee at least the early
19800s ( D86wmbanit wadprokalblyin LakesLillinonah, Zoarand Sgantz Pond

as well

CAES IAPP has studied thaquaticplans in lakes Candlewoqd.illinonah and Zoar
since 2005 andquantz Pond since 201TIhe plant communitiegh the waterbodiesire
generallysimilar probably because of their proximity to one anothret their similar water
chemistres (CAES IAPP 20Z, BugbeeandFanzutti2016. A total of 18 plantspecies occur
in the lakeswith Eurasian watermilfojl minor naiad(Najas minoj, curlyleaf pondweed
(Potamogeton crispiis Europeanwaterclover(Marsilea quadrifolia), and water chestnut
(Trapa natangbeing invasiveWater chestnut ioundonly in Lake LillinonahandEuropean
watercloveiis foundonly in Lake ZoarEurasian watermilfoitypically covesthe largest area
in the water bodiedollowed by minor naiadand curlyleaf pondweedCurlyleaf pondweed
may be underestimatedrior to the commencement ddpring 2012 surveysbecause it
naturally dies backbeforethe previoussummeronly surveys(Catling and Dobson 1985)
Differences in theway invasive plans are managedand differences in theclosed
impoundment nature of Candlewood Lak®l Squantz Porneersus the riverine systems of
Lakes Lillinonah and Zodikely result inanydissimilaritiesin plant populations from year to
year.Squantz Pond is connedtto Candlewood Lake via flow under the Route 39 causeway

and therefore would diely to have a similar aquatic ecosystem

Winter drawdown and occasional harvesting are used to manage Eurasian watermilfoil
Candlewood LakeBugbeeand FanzuttR016, Tarsi 2006)and Squantz Pon@®eepwinter
drawdowns (3 m) witlearly onset antbng exposure times have proven most effective.
2008 and 2010, #ioil weevils (Euhrychiopsis lecontemwereintroduced into Candlewood

Lake to controEurasianvatermilfoil without success
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Figure 2. 2015 release of grass carp intodleamood Lake (left). Herbicide treatment to L
Zoar (right) (photo courtesy of Solitude Lake Management Inc.).

In 2015, nearly 4000 1215 inchgrass cargCtenopharyngodon idelJavere introduced
into Lake Candlewood (Figure 2ft). As expectedtheir efficacyin 2015 was minimal
because of their small sigBugbeeand Fanzutt?016). Asthey begin to gronwhowevey their
plant consumption will increase atitkir effects may benorenoticeable. Based on a 15 fish
per vegetated acre desired stocking rate (CTDEEP)\w1db00 acrewatermilfoil needed to
be controlled additional grass carp willikely be necessary Invasivevegetations presently
being managed ibake Zoarherbicides (Figure 2, right)In Lake Lillinonah,hand harvesting
of water chestnuis currently practiced and herbicide applicat®oare being considered.
Passive contrglin both Lillinonah and Zoar, ay be occurringrom occasional low water
levels storm eventshat cause intense flow ratasd increasing populations of zebra mussels
(Dreissena polymorpha

The following report represents ttenthyear of CAES IAPP surveillance and mapping of
invasive aquatic plantsm Lakes Candlewood, Lillinonaland Zoarand the third yearin
Squantz Pondlhe reportfulfill sthe requirements of FERC Article 409.

Objectives

1 Survey and map invasive aquatic plants in Lakes Candlevidtonah, Zoar and
Squantz Pondo fulfill the FERC nuisance plant monitoring requiremenfnticle
400.

1 Document yearly changestimeplant community and relate to management activities

1 Providethe scien@ necessary tbettermanagenvasive aquativegetation enhance
native specieprovideoverall protection of the water bodiesd ass@r continuance
of hydroelectric power generation
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Materials and Methods

Our 2016 aquatic vegetatiosurves utilized methodsestablishedy CAES IAPP.These
methods have provided a consistent record throughout the Wéarscoraedlocations of all
invasive plants with Trimbl&seoXT® or ProXT® globalpositioning systes(GPS) with sub
meteraccuracy.ln 2014, we added a Lowrance HDSonar systermwith structure scan
technology to determine patches near the bottamd to eliminate the need for time
consunng grapple tossedVe circumnavigatedhe plant patchedo form georeferenced
polygors. Patchescoveringless than one square metare recordeds a poinand assigned
an area of 0.0002 acres KY). We measuredepthwith arake handle, drop line orgital
depth finderand sediment type wastimatedPlant samplesvere obtainedin shallow water
with arakeand n deeper waterith a grapple We measuredlagnt abundance usingvasual
scale of 1to 5 (1 = single stem; 2 = few stems; 3 = common; 4 =ndant; 5 = extremely
abundant)ln Candlewood_ake, we recorded each area where Eurasian watermilfoilaivas
the surface and flowg with a point featureWhen field identificatios of plantswere
guestionableywe broughsamples back to the lab for remi using the taxonomy of Crow and
Hellquist (200@, 200®). We postprocessedhe GPS data in Pathfindeb.85 (Trimble
Navigation Limited, Sunnyvale, CAand thenimported it into ArcGIS® 104.1 (ESRI,
Redlands, CA), where it was georrectedDatawerethen overlaicorto 2010 United States
Department of AgricultureNational Agricultural Inventory Prograaerialimagerywith 1 m
resolution

We collected occurrence and abundance plant information from ten transeetses
Candlewood, Lillinonah, and 4o and five transects fquantz PondTransecpointswere
positioned (&, 5, 10, 20, 30, 40, 50, 60, 70 and ®0Operpendiculafrom the shore. In
Candlewood_ake these transects were a subset of the 105 laid out in 2005 (Bugbee et al.
2008) and containedt least one occurrence of each native and invasive plant spetiake
Zoar, previously established transects were used, but not all species in the earlier surveys were
present. In Lake Lillinonglwe decreased the number of trans&ots the 16 we grveyed in
2009 (Bugbee and Balfour 20@) to 1Q In Squantz Pond, we decreased thanber of
transectsrbm thel4 laid out in 201ICAES IAPP 207) to five and renamed themi15. We
selected transects formerly numbered 1, ,59,8and 1lbecause they beslepicted the
diversity in the lake
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Significant differences irthe frequencyof occurrence of plant speciégtween years
along transects &vedeterminecusinganal ysi s of variance (ANOVA
posthoc test(p <0.05) Significant differeces in species richnegser transect point were
determined by * one standard error of the mean (SEM). We surveyed Candlewood Lake for
curlyleaf pondweedrom Junel4 - 20 and all invasive plants frorAugust4 - 25. This was
the third consecutive year weepformed thespring curlyleaf pondweed survey to provide
more thorough documentation of this plant prior to its summer senescence. When
summertime curlyleaf patches overlapped spring pateleenly reported thespring data.
The CandlewoodLake transect dta were obtainedn September Zand 3and the water
samples were obtained on Augusta2id 30 We surveyed Lak&oarfor curlyleaf pondweed
from May 277 June %and all invasive plants from August 18. We obtained transect data
on LakeZoaron August B and 24 and obtained water samples on AugusivVessurveyed
Squantz Pond for curlyleaf pondweedMay 26and for all invasive plant species frauly
277 August 2 We surveyed the Squantz Pond transects on August 2 and 4 and took water
samples on Augtig. LakeLillinonah transectsvere surveyed oAugust 31 andébeptembe
and water samples were taken on Au@istDet ai | ed i nf or ma-t akaodoreg
time is located in the Appendix (Pag8). We used a Secchi disk measure transparency.
Becaise water clarity can affectur ability to see vegetation, we also performed Secchi
measurements most days we performautesllance We used an YS! 58 meter (YS! Inc
Yellow Springs, Ohio) to measure water temperature and dissolved oXjgasurements
occurred inthe samealeep areas of each la&e previous surveyat 0.5 m andit 1 mdepth
intervalsuntil we reached the bottoriVe collected water samples from 0.5 m below the
surface and 0.5 m from the bottom.

Grass carp are known to feed from the tb@aguatic vegetationlownward (Pipalova
2006) Their effects, therefore, are likely to be first noticed by a reduction in surface
vegetation. We mapped the locations of Eurasian watermilfoil patbléseached the
surface(abundance %), within patches of lesser abumt&abundance< 5), with separate
point featuregFigure 10) When combined with patches with an abundance aftfiese data
are expected tgive quantitative year to year comparisafsheefficacyof thegrass carp
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Tablel. Yearly frequency of occurrencaf aquatic plant®n transects and total area ofar
sive species in Candlewdh.ake

Frequency of Occurrence Area
(percent *) (acres)
Scientific Name Common Name 2005 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2007 | 2008 | 2009 | 2010 [ 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Callitriche sp. Water starwort 10| 00 [ 00| 00 | 00| 00 | 0.0 | 0.0 | 0.0 | 0.0 |[ND**| ND | ND | ND | ND | ND [ ND | ND | ND | ND
Ceratophyllum demersum |Coontail 31 (333|113 (227|299 (227|217 |220|27.0(340| ND | ND | ND | ND [ ND | ND | ND [ ND | ND | ND
Elatine sp. Waterwort 00| 1031|2100 |41|00| 10|20 (10| ND | ND | ND | ND [ ND | ND | ND [ ND | ND | ND
Eleocharis sp. Spikerush 00| 00|31 10|10 | 31|00 10| 30 (30| ND | ND|ND | ND|[ND |ND|ND|ND|ND|ND
Elodea nuttallii Waterweed 42 | 00| 00|00 | 00|00 00 00| 00| 00| ND|ND|ND| ND|ND|ND|ND|ND/|ND|ND
Lemna minor Duckweed 21|63 |10 |41 | 72| 41|00 | 30|00 (00| ND | ND|ND | ND|ND|ND|ND|[ND]|ND|ND
Myriophyllum spicatum |Eurasian watermilfoil | 51.0 | 79.2 | 64.9 | 70.1 | 78.4 | 79.4 | 42.3 | 76.0 | 68.0 | 77.0 | 221 | 451 | 373 | 461 | 331 | 505 | 259 | 477 | 441 | 506
Najas flexilis Nodding waternymph 73|10 |10 | 00| 20| 00| 00| 00| 00|00 |ND| ND|ND| ND|ND | ND|ND|ND]|ND]|ND
Najas minor Minor naiad 125| 6.3 | 8.2 | 11.3 | 155|124 | 19.6 | 24.0|16.0 {100 | 12 | 11 | 26 | 21 | 19 | 32 | 24 | 19 | 72 | 54
Nymphaea odorata White water lily 10| 10| 00| 10 [ 10|10 | 10| 20| 10| 1.0 | ND | ND | ND | ND | ND | ND [ ND | ND | ND | ND

Potamogeton bicupulatus |Snailseed pondweed 00| 10| 00| 00|00 |00|00|00| 00|00 |ND| ND|ND|ND|ND|ND|ND|ND|ND|ND
Potamogeton crispus  |Curlyleaf pondweed 135/ 10| 0.0 | 00 | 0.0 | 00 | 0.0 | 0.0 | 0.0 | 0.0 | <1 | <1 1 1 <1 0 0 4 <1 <1
Potamogeton foliosus Leafy pondweed 3100|0000} 21 (10|52 | 10| 00| 00| ND | ND|ND | ND|ND|ND|ND|ND]|ND/|ND
Potamogeton gramineus |Variable leaf pondweed | 21 | 0.0 | 0.0 | 00 | 00 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | ND | ND | ND | ND | ND [ ND | ND | ND | ND | ND
Potamogeton perfoliatus |Clasping leaf pondweed | 10 | 21 | 1.0 | 00 | 00 | 21 | 00 | 1.0 | 1.0 | 0.0 | ND | ND | ND | ND | ND [ ND | ND | ND | ND | ND

Potamogeton pusillus Small Pondweed 31|10| 00| 00| 00|00|00|00| 00|00 |ND| ND|ND|ND|ND|ND|ND|ND|ND|ND
Spirodela polyrhiza Great duckweed 10 | 00| 00| 10|52 | 00| 00|00 10| 00| ND| ND|ND | ND|ND | ND|ND|ND|ND|ND
Stuckenia pectinata Sago pondweed 63| 1000|4100 |31|21| 20| 1.0 110 ND | ND | ND | ND | ND [ ND [ ND | ND | ND | ND
Vallisneria americana Eel grass 21| 21|41 | 41| 31| 40| 41| 60| 40| 30| ND | ND | ND | ND | ND [ ND [ ND | ND | ND | ND
Wolffia sp. Spotless watermeal 00|00 (00|00 |00|31|00|00|00|00|ND|ND|ND|ND|ND|ND|ND|ND]|ND|ND
Zannichellia palustrus Horned pondweed 115/ 3100 | 00 | 00 | 00| 00|00, 00 (00| ND| ND|ND | ND|ND | ND|[ND|ND|ND | ND
Total Invasive Species Richness 3 3 2 2 2 2 2 2 2 2
Total Native Species Richness 140 110 70 80 80 100 50 90 80 60
Total Species Richness 17.0 140 90 10.0 10.0 120 7.0 11.0 100 80

Invasive plant
* Percent occurrence on 97 points in 10 transects
**Not determined

Shaded columns indicate deep drawdown years

Results and Discussion

Candlewood Lake

Our 2016 invasive aquatic plant surveyf Candlewood Lakdound eight plant species
(Table 1)comprised of six natives and two invasivadotal of only eight plant species in a
large lake is very low for Connecticut with many lakes having over 30 species (G&ES |
2017).Eurasian watermilfoil and minor naiad comprised the invasive species and these are
thesame as found in previous yedfsrasian watermilfoil continued to be the most prevalent
iInvasive aquatic plant coveriri6 acres(Table 1,Figure 3). hiswas the greatesbverage
of anyyearbut only surpassed the shallow drawdown year of 2012 by ondvaoce.naiad
coveredb4 acres and showed a reduction from the 72 acres found in 2015 wherenbr&as
than double any previous ye&urlyleaf pondweedontinued tde scarcavith only sporadic
points with low abundancelhere weré26 patches of Eurasian watermilfoil in ZDdanking
the year second only to 2012 when 637 patches were pf€abld 2).Patch number cared
crease when small patches coatesito large patche3he 2016largest patches of Eurasian
watermilfoil were67 acresn and around Echo Band Brookfield BayMayps 6 and8, pages
25 and 27)47 acresn Danbury Cove (Map 9, Page)2$hd20acresn and around Great
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Figure 3. Yearly changes in in the acreage of invasive aquatic ipldsatse Candlewoo
(deep drawdown years in bold).

Table 2. Yearly comparisons of the number and size of invasive species patcheser
wood Lake.

Patch Size (acres)

Eurasian watermilfoil Minor naiad Curlyleaf pondweed
Year Number (min) (max) (mean) | Number (min) (max) (mean) | Number (min) (max) {mean)
2016 526 0.0002 67.4 1.0 77 0.0002 6.5 0.7 36 0.0002 0.4 0.03
2015 413 0.0002 21.3 1.1 125 0.0002 12.3 0.6 1 0.04 0.04 0.04
2014 485 0.0002 46.5 1.0 137 0.0002 1.9 0.1 41 0.0002 3.4 0.1
2013 432 0.0002 14.9 0.6 79 0.0002 2.7 0.3 0 0 0 0
2012 637 0.0002 29.8 0.8 83 0.0002 4.0 0.4 0 0 o 0
2011 485 0.0002 13.5 0.7 46 0.0002 4.4 0.4 1 0.0002 0.0002 0.0002
2010 324 0.0002 35.6 1.6 47 0.0170 6.6 0.4 1 1.0 1.0 1.0
2009 489 0.0002 39.6 0.8 50 0.0002 7.9 0.5 1 0.7 0.7 0.7
2008 469 0.0002 28.1 1.0 26 0.0006 5.5 0.4 5 0.0002 0.1 0.0
2007 489 0.0002 24.9 0.4 31 0.0003 5.0 0.4 1 0.1 0.1 0.1

Table3. Yearly comparisas of the abundance of invasive species in Candlewood Lak

Patch Abundance (1 = sparse - 5 = dense)
Eurasian watermilfoil Minor naiad Curlyleaf pondweed
Year (min) (max) (mean) (min) (max) (mean) {min) (max) {mean)
2016 2 5 3.0 2 4 2.3 1 5 3.0
2015 1 5 3.2 1 4 3.2 2 2 2.0
2014 1 5 3.1 1 4 2.1 1 5 2.9
2013 1 5 2.4 1 4 2.4 o 0 0.0
2012 1 5 3.1 2 5 2.6 ] o 0.0
2011 1 5 2.3 1 4 2.1 2 2 2.0
2010 1 5 3.3 2 3 2.1 1 1 1.0
2009 1 5 2.1 1 4 1.9 1 1 1.0
2008 1 5 3.0 2 4 1.5 1 1 1.0
2007 1 5 20 1 4 2.1 2 2 2.0

*5Shaded rows indicate deep drawdown years
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Neck (Map3, page 22). The mean abundance of Eurasieaiermilfoil patchesn Cande-
wood Lake(Table 3)was3.0 in 2016 making the year similar to all previous years (range 2.
T 29) except the deep drawdown years of 2009, 2011 and 2013 (rarig&.2)1We found
77 minor naiadpatchesn 2016 which was considerapless tharthe 125 ir2015 andhe 137
in 2014 but similar tothe other survey yeargange26 - 83). Expansiorthe taller andnore
robustof Eurasian water milfoil patchedn areas of minor nail may be the cause of the-r
duction its reduction Mean minor naad patchsize, however, increased to @.acres (lagest
of any year) with the largest patalest of Great Neck (MaB, page22) encompasing 6.5
acres(largestfound to date was 12.5 acres found here in R0l 2016 mean patch al
dance of minor naiadias 2.3- down from the altime high of 3.2 i2015(Table 3). Minor
naiadis likely less &fected by drevdown than Erasian vetermilfoil becauseit propegates
from potentially dravdown esistant seed<Curlyleaf pordweedwas extremely sparse and
foundmainly on scdtered points.

Depth preferences of invasive species in Candlewood Lake may chamggefir to year
because of drawdownBuctuatingwater levelsnatural variatiorand grass carp feedinm
2016, we found mosEurasian watermilfoiin patche405 acresat the 1- 4 m depth(Figure
4). These are the depths least affected by shallotentirawdowa At a depth of @ 2 m
we found 68 acres of Eurasian watermilfoil iraiieg some regrowth into areas of sediment
exposed to the drawdowBurasian watermilfoil wasiore abundant at depthslof4 m (area
weighted mean = 9) than at 0 2 m (area weighted mean =6®. This is likely due tahe
shallow 2015 winter drawdown and the cumulative effectdhefpastdrawdowns Water
clarity and associated light restriction at depthgrefater than 4n is likely the cause for
Eurasian watermitfil to be absent @& m and beyondAs in past years, imor naiadand
curlyleaf pondwed wereprimarily limited to depths of 92 m

In 2036, the frequency of occurren¢EO) of Eurasian watermilfoil on transects wé&%6
(Table 1,Figure5). This was sirlar to all previous years excesititistically greatefp  OP . 0 5
than he deep drawdown yeaof 2013 (42%) and 2005(51%) The 2016 frequency of
occurrence of minonaiad wasl0% which was statisticallysimilar (p O Pto @l Brevious
years (range 6%24%). We did not find curlyleaf pondweed on transects irc20he mean
invasive species richness (number of plant species) per transeera®idi® in 201§Figure
6) and was only statistically different pneSEM)from 2013 (0.6)
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Figure5. Yearly frequency obccurrence of aquatic vegetation on transects in Candle
Lake Pointswith the same letter within a species are not statistically different.
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Figure6. Yearly comparisons of average number of plant species per transect point
dlewoodLake Error bars equal +bne standard error of the mean (SEM).
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Figure 7 Yearly comparison of the coverage of invasive aquatic plants in Cand
L a k lgtérad zone (B5m).

Diverse and abundanitive species are an indicator of a healthy aquatic ecosystem. In
addition, they may decrease thstablishment and spreaflinvasivespecies (Capers et al
2007).The overall2016native species richness on transees6, compared to a low of 5 in
2013 and a high of 14 in 20@5able 1). Some specigsh Connecticut lakes contain over 30
native plant species (CAES IAPP 201For a large lake like Candlewddo havesuch a
small number of plargpeciess unusuabnd isprobably because dfarm toshoreline species
when exposed during drawdownal/e found nonew native species in 281(Table 1)
Clasping leaf pondweed¢tamogeton perfoliatyisvas present i2015 but not 2016.Many
speciesthat were present in 2006ave not been found in recent yearludng water
starwort(Callitriche sp.) waterweedElodea nuttalli), nodding waternympfNajas flexilig,
variable leaf pondweelPotamogeton graminelysmall pondweedPotamogeton pusill)s
and horned pondweedZannichellia palustris It is possible these plants have suffered
because of the drawdown regime.
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When frequency of occurrenog-O) and species richness is higmany consider
biodiversity optima The 2016 FO of any species (native + invasive) tvansect points was
88% and was statisticallygreater(p O P thad Z05 (66%) and 2013 (60%figure 5).
Native specie$O in 2016 was25%. Although this isamong the lowest of any ye#rwas
only staistically different o O Pfrord ZD08(46%). The averageative species richness
transecpoints in 206 was 05 (Figure6) which isonly statisticallygreater(z 1 SEM)from
2009 (0.2)

Littoral zonecoverage by aquatic vegetatiprovideshabitatfor fish and other aquatic
organisms. From 20% to 40%ttoral zonecoverage is considered optimal in Connecticut
| akes (Jacobs and OG6DonbBmllb fee?) @dtizk)littoral Wme u s e d
limits in Candlewood Lake because it correspondhdaniaximum deptivhereplants have
been foundCandlewood Lake has a littoral zone of 810 acres or 16% of thdateahrea
(Bugbee2011).

Eurasian watermilfoil occupie®l?% of the2016littoral zone(Figure 3. Thiswas similar
to other shallow drawdavyears (range 56%62%).Minor naiad covered% of the littoral
zone in 206 which was down from the diime high of 9% in 2015. Minor naiad showed
little response to either a shallow (range = 71%) or deep drawdown (range = 2%).
Curlyleaf pondweed coverage of the littoral zone wasnimalin 2016 and all previous years
(<0.01%) . The total coverage of Candl ewoc
adding the acreage of various species as they often occur togefresiai watermilfoil
alone, however, hawmetand often exceeded the optimal littoral zone coverage.
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2016 Drawdown

The winter drawdown of 2@lfeatured a shallow drawdowhVater levelsverelowered
relatively late(mid-January)anddid not reach theitowest leveluntil mid-February After
about three weeks the refill process began and the lake wdny fialte March(Figure 8).
This was the shortest shallow drawdownaofy of our surveyears Shallow and deep
drawdownsusually result indrge differencesn the coverage oEurasian watermilfoilas
shown inAl | ends C9.vlbke rapi& regrawttirethe shallow drawdown years is
typical througlout Candlewood Lake and has become reasonably predi¢Binpeeand
Fanzutti2016). The largeEurasian watermilfoilacreage in 2016 was likelylaged to the

relativelypoorcontrolachieved after thateshort durion deep drawdownof 2015.
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Figure 10. Points {) marking Eurasian watermilfoil reaching the surface of Candle
Lake.

Grass Carp Introduction

On June 26, 201&pproximately4000triploid (sterile) grass carpvere introducednto
Candlewood LakeThese fisttonsume aquatic plangsd can control aquatic vegetatioy
their feedingacivities (Pipalova 2006)Because grass carp tend to graze on the terminal
shoos of vegetation, milfoil control would likely first be noticed by a reduction in the plants
reaching the surfaand flowering(Pipalova 2006)Since 2012we have recorded the points
wherethese surface milfoil patches havecurred (Figure10, 11 and P). If these surface
flowering pointsandothersurface patches could Babstantially reduced, most of nuisance
milfoil would be eliminatedThe shallow drawdown years of 202914 and 2016 showed
the highest number of surface flowering points vii#81, 640, and1468respectively The
deep drawdown yesaof 2013 and 201featuredonly 2 and 44points,respectivelyThus the
effect of grass carpvould be expected tbe most noticeable in shallow drawdown years
Our datg howeversuggests therarelargenatural variations within shallow drawdown years
that could confound the assessme®isr finding of 1468 surface patches in 2016 suggests
thatthe grasxarphave not yet provided any Eurasian watermilfoil conffbiis is expected
as the fish usually mel several years to becorig enough to consume large quantities of
vegettion and often supplemental introductions are ne@eipdlova 2006)
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Figure 11. Number of points where Eurasian watermilfoil was flowering at the surface
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Figure12 Subpatches of Eurasian watermilfoil marked with abundances difj\feom 2012
2016 near transect eight in Candlewood Lake.
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