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The Connecticut Agricultural Experiment Station was founded in 1i8i85chartered by
the General Assembly to make scientific inquiries and conduct experiments regarding plants
and their pests, insects, soil and water, and to perform analyses for state agencies. Station
laboratories are in New Haven and Windsor, and aede farmsare in Hamden and Gg#

wold.

The Connecticut Agricultural Experiment Station

Putting Science to Work for Society since 1875

The Connecticut Agricultural Experiment Statf@AESprohibits discrimination on the
basis of race, color, ancestry, national origin, sex, religious creed, age, political beliefs, sexual
orientation, criminalconviction record, gester identity, learning disability, present or past
history of mental disorderintellectual or physical disability, including but not limited to
blindness or marital or family statusTo file a complaint of discriminatia@ontact Dr Jason
White, ViceDirector, The Connecticut Agricultural Experiment Station, P.O. Box 1106, New
Haven CT 06504, (203) 93923 (voice) odason.White@ct.gofemail) CAES anaffirma-

tive actionfequalopportunity provider and employer. Psonswith disabilities who require

alternate means of communicatiasf program informatiorshould contact the Chief of Be
vices at (203) 978442 (voice); (203) 978502 EAX; or Michael.Last@.gov.

Lake Housatonic, Nuisance Plant Monitoring Report 2016, Page 2


mailto:Jason.White@ct.gov

Table of Conterg
1. IntroductionX X X X X X X X X X X X X XXX XXX XUX X DD
2. ObjectiveX X X X X X X X X X X X X X X X X X X XBX X X X X X

3. Materials and MethodE X X X X X X X X X X. X .X. X.K

4. Results and DisCUSSIHMX X X X X X X X X X X X X X B X X X X X
A)Aquatic Plant SU'VEFX X X X X X X X X X X X B X X X ® P

B) WaterChemistrf X X X X X X X X X X X X X X A5X X X X X
O Aquatic Plant ManagemeRtX X X X X X X X X XX X ® ®
5.Conclusion X X X X X X X X X X X X X X X X X EX X X ®
6. AcknowledgementX X X X X X X X X X X X X X X X BX X X X X ®
7. ReferencegE X X X X X X X X X X X X X X X X X X X2Z8 X X X X X X
8. AppendiX X X X X X X X X X X X X X X X X X X X KX X X X X X .
A)OnLake TIME X X X X X X X X X X X X X X X26X X X X X

B)2005 Survey Maps X X X X X X X X X X X X2X X ©®

C) 2017 Spring Survey MapE X X X X P X X X X BX X X ®

D) 2017 Summer Survey M¥pE X X X P X X X X XX X X @

E) Invasive Plant Descriptigh X X X @ X X X X X499 X X ®
C)Metadata&kK X X X X X X X X X X X X X X X X XBX X X X X X
D) Invasive Aquatic Plant Location Datg X X X X X6& ®

E) Transect Dala X X X X X X X X X X X X X X XZBEX X X X X

Lake Housatonic, Nuisance Plant Monitoring Report 2016, Page 3



“
o * v e * v
m o
v
¥ * 'y v Nt
v * oy ‘ [
v A A
* v o
* *) =)
® ¥ r g
® 5 * . @ v |
43 @, \ v
+ # ” A & 7|
* i o n &
2 1, o kP BT = 5 m
* ® v * g v ¥
® ©° ¢ % * v
@ & 7 . e - 9 . . my ™
o® ¢ v Y YA ,mA
X 2! . J¥ea - Cl
v Wk S v Yy w
+ +_” i+ v - 230 Surveyed Lakes
v v - 56 Resurveyed Lakes
i [@ - 59% of lakes contained one
v Legend or more invasive species
v ;v v~ No Invasive Plants © Parrotfeather (4 lakes) Lake
® N % Eurasian watermilfoil (54 lakes) W European waterclover (3 lakes) Counties
CAES < Minor naiad (42 lakes) [l Hydrilla (3 lakes)
‘1) ) @ Curly-leaved pondweed (45 lakes) Common water-hyacinth (2 lakes)
M Variable-leaf milfoil (41 lakes) % American water lotus (1 lake)
0 5 10 20 Miles A..Fenwort (27 lakes) ’ Pond water-starwort (1 lake)
- - | ] ’ Water chestnut (8 lakes)

X Brazilian waterweed (4 lake)

Figurel. Locations of invasive aquatic plants found by CAESi&fRR2004 to 2016

Introduction

Lake Housatonioffers a diverse freshwater ecosystems and exceptional opportunities
for fishing, boating andbther outdoor activities. Thdake is animpoundment of the
Housatonic River made possible by a dam in Derby, CT. The dam is equipped with
hydroelectricgeneratingfacility owned and operated biicCallum Enterprises of Stratford.
Invasive aquatic plantsavebecome established in the lakEABIAPP2017)and have few
natural enemies to control their growtfWilcove et al. 1998, Pimintel et al. 2000hey
degrace native aquatic ecosystesn(Barrett 1989, Les and Mehrhoff 1999impede
recreation,and reduce homevalues(Connecticut Aquatic Nuisance Species Working Group
2006, Fishman et al. 1998pnce invasivelants are establishedjong term and costly

managemenprogramsare oftennecessary

The Connecticut Agricultural Experiment Station (CAES) Invasive Aqudatiprédgam
(IAPP), surveysakes Candlewood, Lillinonatoarand Squantz Pond for aquatic vegetation
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Lak Housatonic, Derby, Monroe, [ ¢
Oxford, Seymour and Shelton
347 Acres

Legend

Invasvie Aquatic Plant Program
Surveyed July 6-12, 2005 To view locations of indivi aun
by Roslyn Selsky, Phil Nista, "'l’"' "’E““ :.‘”
Robert Capers and Brandon Russell

2005 Aquatic Plan( Sur\c\ Map of La.ke Housatonic
1B, pdf format*)

Transect Dats (36 KB, pdf format™) | Water Data

eatures on
or o"by cncnng the "eye" icons.

KX Water Sample Site
Housatonic Lake is 2 326 acre body of water thatis an impoundment ofthe Housatoric River. The maxizum Taheact Fobt
depth i 26 foet and the mean depth s 10 feet. The lak is bounded by Route 34 and Osbomedale State Park on
the eastern shore and by Indian Well State Park on the westem shore. A boat launch owned by the state is located . -

within Indian Well State Park. Between the cities of Shelton and Derby there is 2 20 foot high hydroelectric dam [ O AL — Bathymetry
Due to the production of hydroelectricity the water levels may fluctuate. On the souther section of the lake there R S Charaphyte
is heavy development within the cities of Derby and Shelton. On the northern end there is less residential

& Plant Colection Site

Near the and middle section of the lake there are several retaining walls I viyrophyium spicatum®
The majority of the vegetation found in the lake during our July 2005 survey was observed near the shoreline in i'e Najas guadalupensis
depths less than 6 feet. Pink House Cove, on the southeastern side of the lake in Derby, bad large areas of homed B rymohaea odorata
fweed ( hellia paiustris), coontail (Ceratopiylium demersum), and tapegrass (Vallisneria Americana). ) * ;
- Potamogeton bicupulatus
The invasive Ngjas minor was found in small areas along the westem shore of the lake. Eurasian water milfoil 7 )
( Mriophylium spicatum) was observed equally on both the eastem md western sides of the lake with 2 large s A 2y Potamogeton crispus e
gccurence i ik House Cove. Culyeaf podeed (Potamogeoncrisac) was o sl puches e “ o €7, I Fotamogeton gramineus [
Pink House Cove and also in small amounts along the wester shore o 4 » e
Find ommor. Phn Names (o A 4 N . Potamogeton hybnd
(6355, pal Soomat?) Potamogeton perfoliatus |34

Species recorded in our 2005 - : 2 I Fotamogeton pusilss
survey of Lake Housatonic ‘ . o ‘g
Ciick on plant 1o view : B B siucvenia pectinata

herbarium mount. (invasive | valisneria amencana

species in bold) 4
|—Speclesinbold) |
= demersom o Bl cocea nuttani
Do i iy S I oo o ,
3 ¢ q 31 ? o v
Myriophylium spicatum \ P 3 T - Ceratophyllum demersum [
Nga: ¢ i A

Najas minor.
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[ Potamogeton bicupuiatus _|

crispus.
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pusilly

ve [8

B zannichetia palustris
Hvas

kenia pectin:

Vallisnens americana
Zannichellia palustns

Figure 2CAES IARiRbpages wheréhe 2005survey information can be found.

annually and issues a report.ake Housatonimay be impacted by these waterbodies as
they are upstream in the Housatonic River system. This report prothdesurveillanceto
compae the conditions identify upstream threatsand provide scientific data toimprove

aguatic plant management decisions.

Statewide survey®y CAES IAPRave found l4invasive aquatic plant speci@shabit
nearly 60 percent off 2 Yy SOG A Odzii Q& (Figure | LRGAESIIAPR Z0LIZAER &
surveys otakesCandlewood, Lillinonah, Zoar and Squantz Rumat the lastl1 years have
found 18 plant species occur in the lakes with Eurasian watermiffdiriophyllum
spicatun), brittle waternymph (Najas minoy, curlyleaf pondweedRotamogetoncrispus,
European watercloverMarsilea quadrifoliy and water chestnutTrapa natany being
invasive. Water chestnut is found only in Lake Lillinonah and European waterclover is found
only in Lake ZoaZebra musselffeissena polymorphare now comran in the Lakes Zoar
and Lillinonahand can effect increase plant populations by improving water clarity or

decrease populations by removal of nutrients or adhering to stems and foliage.
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CAES IARRIrveyed_ake Housatonim 200 (Figure 2 CAE$APP2017)and found thee
invasive and 4 native plant specieéTable 1) Eurasiarwatermilfoil wasthe most common
invasive plantalong with smaller populations obrittle waternymph and curlyleaf
pondweed Curlyleaf pondweedhay have been underestimated in the@Dsurvey because
it naturally dies back in late sprirfGatling and Dobson 198bgfore the survey occurred.

The most common native plants in Lake Housatonic in 2005 were horned pondweed and eel
grass. Overall, however, the coverage of both invasive and nplaugs in 2005 was

minimal.Zebra mussels were not observed in Lake Housatonic in 2005.

The following reort represents thdirst year of CAES IAPP surveillance and mapping of
invasive aquatic plantthn LakeHousatonic using the same techniques that have been
employed for Lake€andlewood, LillinonatZoar as well as Squantz Pdied the last 11

years.
Objedives

1 Survey and map invasive aquaiiants in Lakélousatonic
1 Document changesom the 20% CAES IAPP.

1 Provide agatic plant management options

Materials and Methods

Our 2017 aquatic vegetatiorsurve)s utilized methodsestablishedoy CAES IAPFPhese
methods have provided a consistent record throughout the yaafsrecorded locations of
allinvasive plants with Trimbl&eoX for ProXTglobalpositioning system(GPS) with sub
meter accuracyWe useda Lowrance HD'Sonar systenmwith structure scan technologyo
determine patches near the bottomndto eliminate the need for timeonsuming grapple
tosses.While in 2005 surveying was done primarily by sight and hand, we updated our
practices to obtain more accurate acreages arwbrdinates of plant locationsWe
circumnavigatedhe plant patchesto form georeferencedpolygors. Patchescoveringless
than one square metewere recordedas a pointand assigne@n area of 0.0002 acres (1

m?). We measured epth with arake handle, drogine or digital depth findeand sediment

Lake Housatonic, Nuisance Plant Monitoring Report 2016, Page 6



Figure3. Curlyleaf pondweedtop left), mix species mainly Eurasian watermilfoil with filamentdt
gae (top right), large leaf pondweed (bottom left), hybrid pondweed (bottom right).

type wasestimated Comparing depths from our 2005 survey with our 2017 survey to
determine changes, is inherently inaccurate because of the wide fluctuations in lake level
caused by the release of water for powgeneration. PFant sampleswere obtained in
shallow waterwith a rake and n deeper waterwith a grapple. We measured lant
abundance using wisualscale of 1to 5 (1 = single stem; 2 = few stems; 3 = common; 4 =
abundant; 5 = extremely abundant)/henfield identificatiors of plantswere questionable,

we broughtsamples back to the lab for review using the taxonomy of Crow and Hellquist
(20008, 200). We postprocessedthe GPS data in Pathfinde5.85 (Trimble Navigation
Limited, Sunnyvale, CAd then imported it into ArcG18105.1 (ESRI, Redlands, CA), where

it was geecorrected. Data were then overlaidonto 2010 United States Department of

Agriculture- National Agricultural Inventory Programerialimagerywith 1 m resolution

We collected occurrence and abundance plant information from ten transécassect
pointswere positioned 05, 5, 10, 20, 30, 40, 50, 60, 70 andh&&tersperpendiculafrom

Lake Housatonic, Nuisance Plant Monitoring Report 2016, Page 7



Table 1. Yearly comparisons of the frequency of occurrence on transects and total ¢
aguatic vegetation in Lake Housatonic.

Frequency of Occurrence (percent*) Area (acres)
Scientific Name Common Name 2005 2017 2005 | Spring 2017 | Summer 2017
Ceratophyffum demersum coontail 9 35 ND** ND ND
Eleocharis species spikerush 0 0 ND ND ND
Elodea nuttallii western waterweed 4 23 ND ND ND
Myriophyllum spicatum Eurasian watermilfoil 6 52 4.6 ND 139.0
Najas guadalupensis southern waternymph 0 4 ND ND ND
Najas minor brittle waternymph 1 9 03 ND 3.0
Nymphaea odorata white water lily 0 0 ND ND ND
Potamogeton amplifolius large-leaf pondweed 0 3 ND ND ND
Potamogeton bicupulatus snailseed pondweed 0 0 ND ND ND
Potamogeton crispus curly leaf pondweed 0 17 0.1 49.7 12.9
Potamogeton epihydrus ribbon-leaf pondweed 0 0 ND ND ND
Potamogeton gramineus variable pondweed 1 0 ND ND ND
Potamogeton iflinoensis hybrid |lllinois pondweed hybrid 0 4 ND ND ND
Potamogeton nodosus long-leaf pondweed 0 3 ND ND ND
Potamogeton perfoliatus clasping-leaf pondweed 0 3 ND ND ND
Potamogeton pusilius small pondweed 0 B7 ND ND ND
Potamogeton spirillus spiral pondweed 0 0 ND ND ND
Potamogeton zosterformis flat-stemmed pondweed 0 17 ND ND ND
Sagittaria species arrowhead 0 1 ND ND ND
Sparganium species bur-reed 0 2 ND ND ND
Spirodela polyrhiza great duckweed 0 7 ND ND ND
Stuckenia pectinata Sago pondweed 0 0 ND ND ND
Vallisneria americana tapegrass 8 25 ND ND ND
Zannichellia palustris horned pondweed 0 0 ND ND ND
Zosterella dubia water stargrass 0 25 ND ND ND
Total Invasive Species Richness 3 3
Total Native Species Richness 14 18
Total Species Richness 17 21
Invasive plant {(in bold)
*Percent occurrence on 100 points in 10 transects
** No data

the shore.Thesdransects were a subset of tH& laid out in 206 (CAES IAPP 20Q1ahd
contained at least one occurrence of each native and invasive plant spéeieelected
transects formerly numbere8g, 4,5,7, 10,11, 14, 15, 16, and Jahd renamed them-10
respectivelySignificant differences ithe frequencyof occurrence of plant speciégtween
the two yearsalong transects @re determinedusingchisquaredstatisticcalculationsSg-
nificant differencesn species richnegser transect point wereletermned by * one stash
ard error of the mean (SEM).

We surveyed LakElousatonicfor curlyleaf pondweednly on Junel3 and all invasive
plants fromJuly18 ¢ 21. The springcurlyleaf pondweed surveyas performed tgprovide
more thorough documentation ofcurlyleaf pondweedprior to its normal summer

senescencelurtransect data were obtained oduly 20 and 2&nd the water samples were
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obtained on June 13 and Jud® 5SGF Af SR AYyF2N¥YtERA8Yy HBEEEN
located in the Appendix (Pag&).

We used a Secchi disk to measure transparency. Because water clarity can affect our
ability to see vegetation, we also performed Secchi measurements most days we performed
surveillance. We used an Y58 meter (YSI Inc. Yellow Springs, Ohio) to measuter wa
temperature and dissolved oxygen. Measurements occurred in the same deep areas of each
lake as previous surveys at 0.5 m and at 1 m depth intervals until we reached the bottom.

We collected water samples from 0.5 m below the surface and 0.5 m frotvottam.

Results and Discussion

Aquatic Plant Survey

Our 2017 survey of Lake Housatonic confirmed the presencered thvasive species
Eurasian watermilfoilminor waternymph, and curlyleaf pondweed along with 18 native
plant species (Table 1)'his compees to two invasive and six native species in Lake
Candlewood, eight native and three invasive in Lake Lillinonah and three invasive and 11
native in Lake Zoar (Bugbee and Fanzutti, 2047end toward increasing numbers of
species in downstream lakes asident. Of greatest concern to Lake Housatonic is Lake
[ALEEAY2Y ] KQa ¢ G4SN OKS a (iBudaian watkinddiil toucked y Y 2
139 acresf Lake Housatonim 2017 (Figure 3) which isdaamaticincrease from the 4.6
acres we found in ZIb (Figures 45). Minor waternymphacreage increased tenfold from
0.3 acres in 2005 t8.0 acres in 201@nd summer arlyleaf pondweedacreage increased
from 0.1 to13. Curlyleaf pondweed is more prevalent in the spring. Our 2pting survey
found 50 acres.Unfortunately, there is no data from previous years to which this can be
compared.Native species found both survey years included coontail, western waterweed
southern waternymph, white water lily, claspieaf pondweed,small pondweed, Sago
pondweed, tapegras and horned pondweedAlso found in both years was an unidentified
species that is suspected to b&atamogetorhybrid. New species found in Lake Housatonic
as of 2017 include largeaf pondweed (Figure 3, ribbortleaf pondweed, londeaf
pondweed, flatstemmed pondweed, arrowhead), buead, great duckweed, and water

stargrassNative

Lake Housatonic, Nuisance Plant Monitoring Report 2016, Page 9
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Figureb. CAES IAPP summer 2017 survey of Lake Housatonic (see appendix-tgrsjlos
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Table 2. Yearly comparisons of the number sird of invasive patches in Lake Housatoni

Eurasian watermilfoil Minor waternymph Curlyleaf pondweed
Number of [ Minimum | Maximum | Mean Size | Number of | Minimum | Maximum | Mean Size | Number of | Minimum | Maximum | Mean Size
Survey Features |Size (acres)| Size (acres| (acres) | Features |Size (acres)| Size (acres| (acres) | Features |Size (acres)| Size (acres| (acres)

2005 152 0.0013 0.4346 0.0300 6 0.0028 0.1365 0.0555 12 0.0009 0.0168 0.0070
Spring 2017 0 ND ND ND 0 ND ND ND 103 0.0002 12.1395 | 04827
Summer 2017 179 0.0002 544610 | 0.7765 14 0.0002 0.6931 0.2168 139 0.0002 6.5482 0.0925

Table 3. Yearly comparisons of the abundance of invasive plants in patches in Lake Hou:

Eurasian watermilfoil Minor waternymph Curlyleaf pondweed
Survey minimum | maximum| mean |minimum|maximum| mean |minimum|maximum| mean
2005 ND ND ND ND ND ND ND ND ND
Spring 2017 ND ND ND ND ND ND 1 4 2.0
Summer 2017 1 4 2.7 2 3 2.1 1 5 1.9
Patch abundance: 1=sparse - 5=dense

species were prolific and either alone or mixed with invasive species created potential
nuisancesWe did not observe any state listed species.

We found T9 patches of Eurasian waterrail in our 2017survey(Table2) with the
largest patch covering4 acresstretching from the middle of the lake north and along the
eastern shore by transects 7, 8 an@gures 4 and 5)he average 2017 patch size ofd=ur
sian watermilfoil was 8.acres,a sharp increase from the 0.03 acres found in 2005. The
mean pattr abundance of Eurasian watermilfoil in 2017 was(Zable 3) We found 14
patches of minor waternymph at an average size of 0.2 acres in 2017, an increase from 6
patches in 2005. The largest patch found in 2017 wasadcres located on the western
shore (pages 47 48). The mean patch abundance of minor waternymph was 2.1 in 2017.
We found 103 patches of curlyleaf powded in our spring 2017 surveyth an average ia
ea of 05 acres. By the summer that number had increased to 139, although on average they
were smaller (0.09 acres). The largest patch of curlyleaf pondweed was found in the spring
at 12 acres, which had shrunk by nearly half to 6.5 acres by summer. The avenagenaieu
of curlyleaf pondweed was consistent at 2.0 in the spring and 1.9 in the summer. The plant
concentrates along the eastern shore of the southern end of the lake (especially in the cove),

and along the majority of the western shore as wieig(res &nd 4)

Thefrequency of occurrence (FOMall plants on transects (Figure 5) showed a marked
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Figure7. Comparisons of depth preferences of invasive plants in Lake Hous:
in 2017.

and significant increasgé LMK nfidm 005 to 2017; any species (native or invasive) 18% to

68%, invasive species 7% to 58%, native species 13% to 68%, Eurasian watermilfoil 6% to

52%, curlylegbondweed 0% to 17% arwlittle waternymph1% t09% Smallpondweed

had the highesEOof anynative species in 2043 7%)while coontail had thdiighest in

2005(9%) (Tabld). Soecies richess of all classes of aquatic plants also increased sigtifican

ly from 2005 to 2017 (Figure 6); any species 0.3 to 2.7, invasive species 0.1 to 0.8 and native
species 0.2 to 1.9. These findings are consistent with the statistical growth of FO ie-all cat

gories.

Eurasian watermilfoil in 2017 grew at depth s €F 6 (Figure 7). As the depths increased
to 5 m the acreages did as well-{Om = 31, 3 m =39 and -5 m = 48). The acreage oi-m
nor waternymph was nearly equal atlom (1.5) and-B m 1.4). Curlyleaf pondweeat-

curredat depths similar to Eurasian waterfuil in both the spring @ m =11.5, 3 m=

Lake Housatonic, Nuisance Plant Monitoring Report 2016 , Page 13



45
42.49

40

35

301 Optimal Littoral Zone Plant Coverage

25 +

20

15.20
15

M Eurasian watermilfoil
= Minor waternymph

10 - Curlyleaf pondweed

5 3.93
i 0.10 0.03 0.00 G
5 4 0.00 .
o | NN | | -
Summer 2005 Spring 2017 Summer 2017

Figure8. Littoral zone coverage of invasive aquatic plants in Lake Housatonic.

17.1,3-5=3.0)and summdf-1 m=7.3, 83 m = 7.3, $= 3.0).

Aquatic plants are necessary to maintain a healthy ecosystem. The provide habitat for
fish and other aquatic organisms, remove nutrients and pollutants from water and stabilize
the shoreline.Lake Housatonic has a littoral zof@ea nottoo deep to suppar plants)of
327 acres or 94.5% of its total are@T DEEP fisheries biologists sugtpesbptimal cove-
age of thelittoral zonewith plants is20-n /&2 6 WI O 2 0 él 2003f Rurasiaf &adey Y
milfoil covered 45% of[ I { S | 2 difotalizéhe ih ZDO{&igure 8and compared to
only 1.4% in 2005Minor waternymph littoral zone coverage increased slightly to 0.9% in
2017 from 0.1% in 200&nd awrlyleaf pondweedsummer) increased frof.1% in 200%0
3.4%.We found the spring 2017 littoral zone coveragfecurlyleaf pondweed was 15.2%.
The optimal range littoral plant zone coverage of-20% is2xceeded currentlyby Eurasian

watemilfoil alone.
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Dissolved Temperature Secchi
Survey Depth (m)
oxygen pg/L (°C) measurement

-0.5 8.6 24.1

il 7.9 24
2005 =2 7.3 23.6 )

-3 7.2 23
-4 6.5 22.6
-5 5.4 22.6

-0.5 8.7 211
-1 8.9 19.2
-2 8.5 18.1

Spring 2017 = L Wi 2.5

-4 7.7 17.6
-5 7.8 17.4
-6 7.8 17.4
-7 7.6 17.4

-0.5 75 25.5
-1 7.5 25.2

Summer 2017 -2 6.8 24.8 il

-3 6.2 24.4
-4 5.4 24.2

Table 4 Dis®lved oxygen levels, temperatures and transparencies of the watéake
Housatonic duringhe 2005 and 2017 CAES IAPP surveys.

Water Chemistry

CAES IAPP has found the occurrence of invasive plants in lakes can be attribuéed to sp
cific water chemistriegJuneWells et al. 2013). For instance, lakes with higher alkalinities
and conductivities are more likely to support Eurasian watermilfoil, minor waternymph and
curlyleaf pondweed while lakes with lower values support fanwort and variable watermilfoil.
Lale Housatonic falls into the former category. Zebra mussels also prefer water inrthe fo
mer category. Water chemistry may be altered when nutrients are utilized by plants.iin add
tion, nutrients not used by plants can support the occurrence of nuisanceldtgans. At
the conclusion of each lake survey we perform chemical water testing to compare cond
tions between lakes. Because these water tests are performed only once a year, they may
not be indicative of conditions at other timdslentification of souces and quantities ofur

trient reaching Lake Housatonic from the watershed are beyond the scope of this report.
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Figure10. Water transparency in Lake Housatonic durihg 2005 and 2017 CAES IA
surveys.

Conductivity Alkalinity

Survey Depth (m) uSicm pH (mEq/L) [P] pg/L
2005 -0.5 229 7.6 72.0 12
-6.5 230 7.5 77.3 12
Spring 2017 -0.5 238 7.2 80.3 15
-4.5 238 2.2 76.5 23
Summer 2017 (0.5 232 L2 85.5 15
-5.0 244 7.3 85.5 25

Table 5. Conductivity, pH, alkalinity and phosphorus concentrations of the waterke
Housatonic duringhe 2005 and 2017 CAES IAPP surveys.

OnJuly 27, 2017he water clarityof LakeHousatonicwas2.1 m (Figure 1Q)This is co-
sistent with the previousneasurementf the lake in1980 (Frink and Norvell, 1984) and
2005.Water claritiesn ConnectD dziil Q& f I 1 S & - 18dn yith SnRaverade® 2@ 1 ® o

(CAES IARR17). Thus, theaveragewater clarityof Lake Housatoni@anksnear the norm.
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Conductivity is an indicator afissolved ions that come from natural and maade
sources Ifnineral weathering, organic matter decompositidertilizers septicsystemsyoad
salts etc.). The2017 conductivity of LaigHousatoniadanged from229-238uS/cm withhigh-
er levelsmeasured in thespring surveyTable5). Thishasremained consistent tthe earlier
survey in 2005vhenthe lake® conductivityrangedfrom 232 uS/cmat the surface ta244
puS/cmat the bottom.

The pH of Lakélousatonicranged from7.2 in the summer 2017 survey %6 in the
spring survewvith the similarlevelsat the surfaceand the bottom watergTable5). This is
likely due to greater mixing in itaverine enviroment. Higher surface water pH would be

consistent withdaytime removal of carbon dioxide by algae and aquatic plants.

lE1FEAYAOGASEAE AYy [/ 2yySOGAOdzi Qa (CAESIAPANI y IS
2017, Canavan and Siver 1995, Frink and Norvell 11084.Housatoned & dzZNF I OS | £
ranged from72.0¢ 82.3mg/L spring to summer respectivelywhich was slightly lower than
the surface alkalinity recorded in 2005 when it was 85.5 mgittoB) water sampleswere
85.5mg/L in 2005, 77.3 mg/L in spring 2017 and 76.5 mg/L in summer of that year. Again,

the alkalinities were slightly lower in 2017.

I 1S@ LI NIFYSGSNI dzaSR (G2 OFGSI2NRT Sst 1 ¢
phorus (P) in the water column. High levels of P can lead to nuisance or toxic algal blooms
(Frink and Norvell 1984, Wetzed@1). Rooted macrophytes are considered to be tess
pendent on P from the water column as they obtain a majority of their nutrients fizen
hydrosoil (Bristow and Whitcombe 1971). Lakes with P levels frat® Qg/L are considered
nutrient-poor or oligarophic. When P concentrations reach 485 ug/L, lakes are classified
as moderately fertile or mesotrophend when P reache30 - 50 pg/Lthey areconsidered
fertile or eutrophic (Frink and Norvell, 1984akes with P concentrations over 50 ugfe
categorized as extremely fertile of hypereutrophitie P concentratiom Lake Housatonic
in summer 2005vas 12ug/L at both the surfaceandthe bottom (Table §. Thespringand
summer 2017 surveys yielded quite similar water test results in P ctvaten. At the su-
face both times the concentration was 1g/L andthe bottom water concentrations n-
creased similarly to 2fag/Lin 2005 and 23i1g/Lin summer 2017This partitioning of Pdy
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Figurel7. 2015 release of grass carp into Candlewood Lake (left). Herbicide treatment
Zoar (right) (photo courtesy of Solitude Lake Management Inc.).

tween the surface and bottom water is common in the summerrex@conditions release

P from the sedimenfNorvell, 1974and temperature stratification prevents vertical mixing
Summertemperature and dissolved oxygen profiles were relatively consistent from surface
to bottom (Table 4)ndicating little stratification. Dissolved oxygen remained hiigbughout

the water column.

Filamentous algal mats reached nuisance levelsf@waprotected coves in the lakéexf-
ten they overlaid patches of Eurasian watermilfoil. Unicellular algal blooms were also prev
lent in all lakes. Although usually observed as a green tinge to the watartain areas the
cells codesced into unsightly clumphe mass balance of nutrients between rooted aquatic
plants and algae is complex and likely varies throughout the season. When rooted aquatic
plants are controlled by drawdowmgrass carp, herbides etc. nutrients are release@nd

algal bloomsnay befavored

In order to get a more complete picture of theter chemistryof Lake Housatonic, more
water data points may be established in future surveys a similar fashion as surveys of
Lakes Candlewood, Lillinonah and Zdarparticular, a sampling site near tl&tevenson
Damwould give information orthe water (possiblyhigh P, anaerobic bottom watebeing
removed from Lake Zoar.
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Aquaticplant management

Managing nuisance aquatic vegetation in Lake Housatonic will be challenging because
of the riverine conditions and extensive areas of desirable native vegetation. In addition,
large numbers of residents utilize the lake for recreational activities, p&tlgufishing,
boating and swimming. Options include: harvesting, herbicides, biological controls, bottom
barriers and water level drawdown (Cooke et al., 2003)y, wet or suction ekdging may
also be employed but is usually impractical for large ldikes Housatonicln addition,
RNBR3ISR INBla ¢2dZd R RAAGAIND t/ . Q& | yR ONBI
Hand, nechanical or suction harvesting has the benefit of providing immediate co
trol but problems include rapid regrowth, finding suitable displosites and spreading of
weeds by fragmentation. Weeds like milfoil (Madsen, et al, 1988) and fanwort spread by the
rooting of broken pieces. Harvesting practices tterefore distribute the weed throughout
a lake Manyweeds also have strong root syste that will cause regrowth. Usually, hartves
ing has to be done every year. Some lakes have purchased mechanical harvesters. Suction
harvesting is better for small areas but costs for divers and equipment can be expensive.
Machine harvesting was observedrohg our survey appeared to be progressing smoothly.
Water chestnut is relatively easy to harvest by hand. Yearly surveillance and removal of any
pioneer infestations in Lake Housatonic is suggested.
Herbicides can be effective in controlling unwantediair vegetation. Aquatic hbr
icide must meet safety criteria set forth by the United States Environmental Protection
Agency (USEPA). In addition theguire permits from the Connecticut Department of Ene
gy and Environmental Protection (CTDEEP). Thimfeepermit is currently $200. Some of
0KS Y2ad ¢ARSt& dzaSR Il ljdzaz GAO KSNDAOAIRSA AY
jdzl & 6wS &bl NFoUWOBA IS > ! ljdzhr YESEYu0 FyR 3t el
several new products have emerged slich Cf dzZYA2EIF T Ay 6/ f A LILISNU O 3
YR GNXOf 2Lk N 0w SDh gypHosats, imazamoR andaNdopyeaye$rans! H > n
cated throughout the entire plant, causing dieback of the roots and shoots. Diquat, and

flumioxazin destroys only liage, and regrowth from the roots is likely. Fluridone and Hum
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Figure 8. Benthic barrier being installed in Lake Quonnip&ggjiford, Connecticut

oxazin are the only herbicides that are currently considered effective against fanwert. B
cause whole lake herbicide treatments would cause damage tegarget organisms and be

cost prohibitve, spot treatments would be needed. Fluridone requires many weeksnef co

tact time and therefore a granular formulation would likely be needed. Glyphosate is
sprayed directly on plants and is effective only on weeds like water lily and water shield that
have large areas of foliage above the surface. Aquatic herbicides can be expensive and often
have associated water use restrictions. Annual treatments are comi8twppage of water

inflow and outflow, through coordination with the power companies, maynbeessary to
prevent rapid dilution of herbicide. In, addition short term beach closures may be needed.
Lake Zoar is currently applying Reward to milfoil patches in selected cove (Figure .17, left)
Specifics on the use of aquatic herbicides in Conneareutound in theCTDEEP publication
SYdAldf SR adabdzial yOS !ljdza 6AO +£S3SGFdA2y al ylI =

Although efforts are underway to find biologicaintrols for nuisance aquatic vegetation,
breakthroughs have been limited. Plant eating fish, called grass Caepgpharyngodon
idellad > OFy STFFSOGAGSt e NBRdAzZOS (GKS LRLMzZ IFGAZ2Y
Y2U0KAY 3¢ LINE O&RadzNiBoduadd $oM&E/e mugh2of an effect or too many

are introduced and both nuisance and desirable vegetation is eliminated
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Figure ®. Winter drawdavn in Candlewood Lake, Connecticut

The introduction of grass carp into Connecticut lakes requires approval by the CTDEEP.
Often these fish are considered inappr@te because their feeding is not selective ard d
sirable plants can be eliminated. In Connecticut, only sterile grass carp (triploid) aré-permi
ted. They are usually 112 inches in length when introduced (Figui& teft) and can grow
to over 30 inchesTypically 1€20 fish per vegetated acre are used at a cost of$ID per
fish. All lake inlets and outlets must be screened to prevent movement of the fish (Figure 12,
middle). These screens must be CTDEEP approved and cannot interfere with thenflow of
ter or the integrity of the dam. The screen must be kept free of debris to prevent flooding.
Introducing grass carp ioake Housatonicould cause damage to ndarget plants nece-
sary to maintain the current fishefPipalova. 2006 CAES has worked libfficials from the
United Sates Department of Agriculture to find new plant pathogens and insects that control
nuisance aquatic plants with little succekake Candlewood has been stocked with nearly
10,000 grass carp (Figure 17,right)and CAES IARRitenng their effectiveness.

. SYUGKAO OFNNASNE 2NJ aoz2did2yY oflyl1Sdase | NB
small areas such as swim zones and around docks. CAES IAPP tested installing the barriers in

late April andemoving them after 30 days at the Lake Quonnipaug town beach (Fi§ure 1
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Season long control for Eurasian watermilfoil and fanwort was achieved. Thus, benthic barr

ers may be able to be moved from place to place duaisgason.

Water level drawdown can be an effective and economical means of controlling nuisance
vegetation in large shallow lakes likeusatonic Fortunately the lake has a dam with an
outlet suitable for the technique. If weeds are allowed to freezelryr but this has andx
verse effect on nottiarget aquatic organisms. Winter drawdown is preferable because of its
lessened impact on ecosystems and recreation. Some weeds, like water milfoil, have root
systems and other plant parts that can survive suliish drying (Standifer and Madsen,
1997) and temperatures near freezing. CAES has been monitoring the yearly drawdowns in
Candlewood Lake and has observed rapid regrowth of vegetation in drawn down ageas (Fi
ure 19). Thus the practice usually needs todmne regularlyThis has a benefit of allowing
lake management to optimize the aquatic plant community if regular surveys are employed

to document changes.

Funding for nuisance aquatic plant management usually comes from private souwees. O
casionally Sta grants are provided but we know of none at present. Other sources could be

towns or the power company running the hydrogenerating facility.

Conclusion

Lake Housatonic was surveyed usthg protocol as in use for Lake Candlewood,
Lillinonah, Zoar andgBantz Pondor the first time in 2017 Twenty one plant species were
documented of which Eurasian watermilfoil, curlyleaf pondweed and brittle waternymph
are invasive (nomative).Eurasian watermilfolnd curlyleaf pondweedominates the plant
communitiesalong with a number of native speci¢¥pulations of all invasive species and
most native species have increased dramatically since the 2005 CAES IAPP survey. For
instance Eurasian watermilfoil covereslacres in 2005 congped to139 acresn 2017. And
summer arlyleaf pondweedacreage increased from 0.1 to 12.9. Curlyleaf pondweed is
more prevalent in the spring but this was not measured until our 2017 survey whatr&f

were present Although not yet recorded in Lakeotsatonic, there is a risk that water
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chestnut could infest the waterbody due to its locatiopstreamin L&e Lillinonah. Yearly

surveillance and removal of any pioneer infestations in Lake Housatonic is suggested.

Aquatic plant management options includeontinuation of current harvesting practice,
utilization of targeted herbicide applications such as being performed in Lake Zoar, using a
winter drawdown, exploring grass carp introduction as underway in Lake Candlewood and
localized use of benthic baers.
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2017 CAES IAPP @make Time

Lake Housatonic (Lead surveyors)

Boat 1

Boat 2

6/13/2017 (Bugbee)
7/18/2017 (Bugbee)
7/19/2017 (Bugbee)
7/20/2017 (Bugbee)
7/21/2017 (Bugbee)

6/13/2017 (Stebbins/Wiegand)
7/18/2017 (Stebbins/Wiegand)
7/19/2017( Stebbins/Wiegand)
7/20/2017 (Stebbins/Wiegand)
7/21/2017 (Stebbins/Wiegand)

5 days

5 days
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