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The Connecticu\gricultural Experiment Station was founded in 1875. It is chartered by the General
Assembly to make scientific inquiries and conduct experiments regarding plants and thein-pests, i
sects, soil and water, and to perform analyses for state agencies.|&tatatories are in New Haven

and Windsor, and research farms in Hamden and Griswold.

The Connecticut Agricultural Experiment Station prohibits discrimination on the basis of race, color,
ancestry, national origin, sex, religious cresgk, political beliefs, sexual orientation, criminal conavi

tion record, genetic information, learning disability, marital or family status, or present or past history
of mental disorder, mental retardation or physical disability, including but not litoitdshdness. To

file a complaint of discrimination, write: Director, The Connecticut Agricultural Experiment Station,
P.O. Box 1106, New Haven CT 06504, or call (203)-8440. The experiment station is an equal
opportunity provider and employer. Peopiéwdisabilities who require alternate means of conmimun
cation should contact the Chief of Services at (203)3/42 (voice); (203) 978502 (fax); or M-
chael.Last@ct.gov.
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Moodus Reservoir
East Haddam, CT
566 acres
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Figure 1. Upper and Lower Moodus Reserv(sitate listed species areas in red chagsh)

Lower and Upper Moodus Reserv(fiigure 1)are lakes thatave a unique combination of large
shallow areas with emergent vegetation and large areas of open water suitable for boating, fishing,
swimming and other recreational opportunitiesis is the seond Connecticut Agricultural Exger
ment Station (CAES) Invasive Aquatic Plant Program (IARPprton the aquatic vegetation in
Lower andUpperMoodus Reservoir. The first repoitsued in 2012reviewed the pasind present
aquatic vegetation in tHakesas well as their physical and chemical characterigiogbee and G-
bons 2013)The reportoncluded that the shallow nature of both Lower and Upper Moodus Reservoir
makethemprime habitat fodiverseand abundardquatic vegetatioandthe lakesareextremely sp-
cies rich by Connecticut standards (CAES IAPPG20Ihe report alsalescribed that after triraw-
down for dam repairgh 2010 and 201,1the aquatic plant ecosystamapidly recovered with few
changesOver thirty plant speciesccurredin both lakeswith Brazilian waterweedHgeria densg
fanwort Cabomba caroliniang curlyleaf pondweedptamogeton crisplisind variable watermilfoil
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Locations of Invasive Plants Found by CAES IAPP 2004-2016
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Figure 2. Locations of invasive aquatic plants in Connecticut lakes.

(Myriophyllumheterophyllu beinginvasive CAES IAPP has found that nearly 60 percent of the
Statés lakes contain invasive species but very few contain four or more (Figéye i2platedinfes-
tation of Brazilian waterweed wdsund in Lower Moodus Reservoir in 20A&hich threatenso

spreado adjacent sitesThis invasive plant is commonly usedfish tanks and is spread by the-di

posal of aquarium contents.

Of greatest conceiin the 2012 reportyvastheexpansive bottornoveragef fanwort. Fortunately
outside of the protected coyéise fanwort @l notreach the surfacandrecreational usesererarely
impaired.This may be becaus# limited light penetratiorthrough the browmrganicstainedwater.
In 2015, 25 aceof the northeast portion of UppBtoodus Reservowastreated with herbicides to

test their effectiveness on fanwort. The results from the following 2016 survéelpilletermingf a

carryovereffect occurred one year later
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Figure 3. CAESIAAP aquatic plansurveyrs. Jennifer Fanzutti (left) Summer Stebbins (right).
Bugbee not shown

Objectives:

1 SurveyLower andUpperMoodus Reservoir for aquatiegetatiorand compare with prev
0usS surveys.

1 Provide informatiornon aquatic plant species, locatioréd abundanctr improvedman-
agement.

1 Determine thearryovereffects of the 2015 herbicide treatment.

Materials and Methods:

Aquatic plant surveys arithnsects

We surveyed_ower Moodus Reservoir for aquatic vegetation from Julyi 21, 2016 and Upper
Moodus Reservoir from Juli51 21, 2016. Surveys were conducted from small boats traveling
over areashat suppored aquatic plantgFigure 3). Plant species were recorded basedisunal
observatios or collections with a londpandled rake ograpple.We used taxonomic features
found in Crow and Hellquist (2000 to identify plant specieQuantitativeabundancenfor-
mation was obtainefitom 80 mtransectgpositionedperpendiculato the shorelineNe surveyed

12 transects in Lower Moodus Reservoir and 18 transects in Upper Moodus ResEnmese
were set ouby CAES IAPPin Lower Moodus Reservoduring a 2009 surveyand in Upper
Moodus Reservoiduringthe 2012 surveyTransect points were plotted witiTaimble® global

positioring systems with suneter accuracyTransect locations represedthe variety of hab
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tat typesoccurring in all portions oboth lakes Sampling locations were established along each
transect apoints 0, 5, 10, 20, 30, 40, 50, 60, 70, and 80 m from the shore. Abuadaspecies
presentat each point wereanked on a scale of % (1=rare, a single stem;2uncommon, few
stems; 3= common; 4= abundant; 5 extremely abundant or dominanf)Ve obtainedransect
datafrom Lower Moodus Reservoir from Julpl i 18, 2016 andUpper Moodus Reservoir from
July127 21, 2016. Onespecimen okachspecies collected in each lakasdriedandmounted

in the CAES aquatic plant herbarum. Digitized mounts can be viesd online
(www.ct.gov/caes/iapp

Water sampling

Water was samplefiom Lower andUpper Madus Reservoir oduly 21, 2016. Sanpling sites
were in the deepest part of each lake werdocated at the same placeiagpast CAES IAPP su
veys (Figures 5 and9). Transparency (water clarity) was measured by lowering a six inch diameter
black and white Secchi disk into the water and determining to what depth it could be Wéated.
temperatee and dissolved oxygen were measundtth a YSI 58° meterat a depth of 0.5m and
1m intervals thereafter until 0.5m above the bottdve obtained water samples at 0.5m below
the surface an@.5mabove the bottomSample size was 258L and all samplewsere stored at
38°C until analyzed for pH, alkalinity, conductivity, and total phosphdkugisher AR26 meter
was used to determine pH and conductivity. Alkaliféypressed as mg/l Cag)Qvas quantifiecdby
titration with 0.016 N HSQOy to anend pointof pH 4.5.We determinedaotal phosphorus using the
ascorbic acid method preceded by digestion with potassium persulfate (APHA 1995). Phosphorus was
quantified using a Milton Roy Spectronic ZDBpectrometer with a light path of 2 cm and a wave

length of 80 nm.
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Figure 4. Common bladderwort (leftj-lowering fanwort mixed with variable watermilfoil (right).

Results and Discussion
Lower Moodus ReservailGeneral Aquatic Plant Surveys

Our 203 plant surveyof Lower Moodus Reservoir found®lant species (Figur®. This can-
paresto 27 in 2009 and 33 in 2012. The greatest change in 2016 wasefh@enderanceommon
bladderwort (tricularia macrorhizg (Figure 4, left) which surpassed the 2@b¥erage of fanwort
(Figure 4, right). Common bladderwort is native and rarely consideragance. As with the stands
of fanwortfound in past surveyshe bladderwort generally did not reach the surfRlmatingpieces
were commonhowever, and several residents compldiabouthem being a nuisanc®esidents
alsoexpressed concethat this was invasive swollen bladderwodtiicularia inflata) which they
thoughthad been found in the lakeftér seeking a second opinion from Dr. Don,lacgghe Univers

ty of Connecticutwe confirmedthe plantwvas indeechative common bladderwort.

The shallow protected coves in Lower Moodus Reservoir featured extensive stands whtehite
lily (Nymphaea odorajayellow water lily(Nuphar varigatd, water shieldBrasenia schrebe}i va-
iable watermilfoil, common bladderwort, fanwort, a variety of pondweRadgnogetorsp) and oh-
ers (Figure 5).In many cases these plants limited boating and other recreationdnasdgan wa-
terweed was atably absenin the covecontaining transedix in 2016 (where it was found in 2012)
and was not found in any other parts of the.ldkés does not mean it is not presentagifpearance

is similar to native waterweeds and it could easily be missed.
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Lower Moodus Reservoir
East Haddam, CT

126 acres
Surveyed July 11-21, 2016
By Greg Bugbee, Jennifer Fanzultti,
and Summer Stebbins
Invasive Aquatic Plant Program

L d To view locations of individual plant species or other features, download the .pdf file and click on "Layers" tab to the left. Turn
€gend teatures on or off by clicking the "Eye" icons.

A\ Collection Point g Gratiola aurea - Potamogeton amplifolius - Sparganium species
® Transect Point - Lemna minor - Potamogeton bicupulatus Utricularia gibba
Water Data - Ludwigia species Potamogeton crispus™ - Utricularia macrorhiza
Brasenia schreberi - Myriophyllum heterophyllum* Potamogeton epihydrus Utricularia minor
- Cabomba caroliniana* - Myriophyllum humile - Potamogeton foliosus Utricularia purpurea
- Ceratophyllym demersum - Najas flexilis Potamogeton pulcher - Vallisneria americana
Elatine species Nuphar variegata Potamogeton robbinsii
-En'ocaulon aquaticum - Nymphaea odorata Potamogeton pusillus

- Eleocharis species - Pontederia cordata - Sagittaria species *invasive

Figure 5. Aquatic plant survey of Lowevloodus Reservoir 2016.
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Lower Moodus Reservoir
East Haddam, CT

126 acres
Surveyed July 13-18, 2012
by Jordan Gibbons and Jennifer Fanzutti
Transect data obtained July 26-30, 2012
by Greg Bugbee and Robin Gent
Invasive Aquatic Plant Program

To view locations of individual plant species
or other features, click on "Layers" tab to left.
Turn features on or off by clicking the "Eye"
icons.
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A. Plant Collection
* Transect Point
Y& Water Data
Brasenia schreberi
- Callitriche species
- Cabomba caroliniana*
Ceratophyllum echinatum
Egeria densa*
-Eletine minima
- Eleocharis species
Bl ciodea nuttaliii
-Eriocaulon aquaticum
- Gratiola aurea
-Isoetes species
-Lemna minor
-Ludwigia species
-Myriophyllum humile

Figure 6. Aquatic plant survey of Lower Moodus Reservoit 20
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*Invasive
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Lower Moodus Reservoir, Moodus
120 Acres

Invasive Aquatic Plant Program
Surveyed July 9, 2009 by
Rachel Soufrine, Annette Russell,
and Martha Balfour

To view locations of individual plant species or other features, click on "Layers" tab to left and "+"
Legend next to "Layers File". Turn features on or off by clicking the "Eye" icons.

A Collection Point - Ceratophyllum demersum - Potamogeton bicupulatus Utricularia purpurea
@ Transect Point Potamogeton crispus** - Elodea nuttallii . Myriophyllum heterophyllum**
Water Data Potamogeton pulcher Eleocharis sp. - Cabomba caroliniana **
i Vallisneria americana - Stuckenia pectinata - Utricularia vulgaris - Nymphaea odorata
I calitriche sp. B Eriocauion aquaticum Gratiola aurea Nuphar variegata
- Myriophyllum humile Elatine sp. Utricularia gibba Brasenia schreberi
- Sparganium sp. Potamogeton epihydrus Utricularia radiata

. , : ** Invasive
Ceratophyllum echinatum [l Pontederia cordata B Potamogeton pusillus

Figure 7. Aquatic plant survey of Lower Moodus Reservoir 2009.
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As the coves shallowed to a more wetland environment, native species inghikingsh Eleo-
charis sp), Bur reed $parganium sp, arrowheadSagittaria sp.and pickerelweedontederia co
data) became common. Areas of less protected shoreline along the remainder of Lower Meedus Re
ervoir were generally vegetated to a depth of Z'hve mostifequently found species végecommon
bladderwort, variable watermilfoil, and fanwort. Less comimtmundwere white water lily, yellow
waterlily and watershield. Usually these plants were only a minor nuisarceas wherkess po-

tected shoreline tramioned to wetland many of the same spegiedoundin the coves were present.

Lower Moodus Reservoir

Aquatic Plant Surveys on Transects

In 2016, we found & aquatic plant species the P transectsompared to 25 in 2012 and 29
in 2009(Table 1) Themost common plants found on the Lower Moodus Reservoir transects in 2016
were common bladderwort (80.8 %), fanwort (75.8 %), watershield (27.5 %) and variable lwatermi
foil (27.5%). In 2012, the most common plants were fanwort (76.7%), white water IRy{¥4u-
ple bladderwortWtricularia purpureg (30.0%), watershield (28.3%), humped bladderdirti¢u-
laria gibba)(27.5%), yellow water lily (24.2%), and variable watermilfoil (22.5%). The dranmatic i
crease in common bladderwort mirrors the results ajeéheral survey.ower MoodusReservoihad
threeinvasive speciesn transects in 2016 and 20@&@nwort, variable milfoil, curlyleaf pondwegd
The nvasiveBrazilian waterweeébund in 2012 on transect six was not found in 20bé reason for
its lossis unknown but may indicatbatthis plant is not as hardy as other plamthe lake If this
plant is truly extirpated this would be a great rddigf the heavily vegetated nature of the site could
easily hide additional plants. The féatatBrazilian waterweetias shown to be able to survive in

Lower Mooduss reason to inform citizens not to disposé¢haf contents aiiquariunsin the laka.

Found in2009but not in eithen 2012 or2016werewater starwortQallitriche sp), Sevenangle
pipewort Eriocaulon aquaticury low milfoil (Myriophyllum humilg southern waternymptiN@ajas
guadalupensjs spiral pondweedptanogeton spirillu§, sago pondweedsuckenia pectinajand
eel grass\(allisreria americana. Plants found in 2016 but not in 200926112 were nodding wate

nymph (ajas flexilig, leafy pondweedRotamogeton foliosj)is, Ro b b i n ®#stampgetond we e d (

Moodus Reservoirs CAES IAPP 2016 Page 12



Table 1. Aguatic plants on transects in Upper and Lower Moodus Reservoir.

Lower Moodus Upper Moodus
(percent® (percent®)

Scientific Name Common Name 2009 | 2012 | 2016 | 2012 | 2016
Brasenia schreberi Watershield 25.0 283 | 27.5 22.8 206
Cabomba caroliniana Fanwort 70.0 | 76.7 | 75.8 | 711 59.4
Callitriche species Water starwort 1.7 0.0 0.0 0.6 1.7
Ceratophylium demersum Coontail 1.7 0.0 58 7.8 4.4
Ceratophylium echinatum Spiny coontail 4.2 6.7 0.8 28 0.6
Egeria densa Brazilian waterweed 0.0 1.7 0.0 0.0 0.0
Elatine minima Waterwort 2.5 3.3 1.7 3.3 5.6
Eleocharis species Spikerush 21.7 5.0 1.7 14.4 5.0
Elodea nuttallii Western waterweed 0.0 0.0 0.0 0.0 0.6
Eriocauton aquaticum Sevenangle pipewort 58 0.0 0.0 06 0.0
Gratiola aurea Golden hedge-hyssop 1.7 25 0.8 06 0.0
Isoetes species Quillwort 0.0 0.8 0.0 0.6 0.0
Lemna minor Duckweed 0.8 0.8 1.7 2.2 2.8
Ludwigia species Primrose willow 0.8 11.7 1.7 10.6 0.6
Myriophylium heterophyllum Variable watermilfoil 20.0 | 225 | 27.5 | 3141 37.8
Myriophylium humile Low watermilfoil 0.8 0.0 0.0 0.0 0.0
Najas guadalupensis Southern waternymph 0.8 0.0 0.0 0.0 0.0
Najas flexilis nodding waternymph 0.0 0.0 4.2 0.0 4.4
Nuphar variegata Yellow water lily 31.7 | 242 | 225 16.7 20.0
Nymphaea odorata White water lily 250 | 442 | 483 | 394 35.0
Pontederia cordata Pickerelweed 3.3 11.7 | 10.8 6.7 8.3
Potamogeton amplifolius Large leaved pondweed 0.0 0.0 0.0 4.4 1.1
Potamogeton bicupulatus Snailseed pondweed 3.3 19.2 | 10.0 16.7 4.4
Potamogeton crispus Curlyleaf pondweed 1.7 0.8 0.0 1.1 1.1
Potamogeton epihydrus Ribbonleaf pondweed 3.3 1.7 2.5 1.7 1.7
Potamogeton foliosis Leafy pondweeed 0.0 0.0 2.5 0.0 6.1
Potamogeton pusilius Small pondweed 8.3 0.8 1.7 0.6 1.7
Potamogeton pulcher Spotted pondweed 0.0 0.0 0.0 6.7 211
Potamogeton robbinisii Robbin's pondweed 0.0 0.0 2.5 8.3 49.4
Potamogeon spirillus Spiral pondweed 1.7 0.0 0.0 0.0 0.0
Sagittaria species Arrowhead 0.0 1.7 0.8 28 3.9
Sparganium species Bur reed 6.7 10.8 6.7 7.2 2086
Spirodela polyrhiza Greater Duckweed 0.0 0.0 0.0 0.0 1.7
Stuckenia pectinata Sago pondweed 0.8 0.0 0.0 0.0 0.0
Typha species Cat tail 0.0 0.8 0.0 0.0 0.0
Utricularia gibba Humped bladderwort 6.7 27.5 4.2 7.8 6.7
Utricularia macrorhiza Commeon bladderwort 10.8 5.8 80.8 11.1 79.4
Utricularia minor Lesser bladderwort 0.0 0.0 0.8 0.0 1.7
Utricularia purpurea Eastern purple bladderwort 10.8 | 30.0 | 11.7 | 244 244
Utricularia radiata Little floating bladderwort 25.0 4.2 1.7 06 0.0
Vallisneria americana Eel grass 0.8 0.0 0.0 1.1 1.1
Wolffia species Watermeal 0.0 0.0 0.0 4.4 1.7

Total Species Richness 29 25 26 31 32

Native Species Richness 26 21 24 28 29

Invasive Species Richness 3 4 2 3 3

Invasive Plant

* Percent occurrence on 120 points in 12 transects in Lower Moodus and 180 points in 18 transects in Upper Moodus

Moodus Reservoirs CAES IAPP 2016
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100

Lower Moodus Reservoir

B 2009 m2012 m 2016

Frequency (%)

Any Species Native Species  Brazilian Curly leaf Fanwort Variable
waterweed pondweed watermilfoil

5.0

Lower Moodus Reservoir

= 2009 m2012 = 2016
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Figure 8. Frequency of occurren¢®p) and species richness (bottom) in LoiMeodus Reservoir.
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robbinsii), and lesser bladderwotdificularia minor). The 2012011 drawdowrfor dam repairs

may be the cause of some of the chaagesll asnatural variations in the locations of species.

When native frequency of occurrence and species richness is high, biodiversity is often considered
optimal. The frequency of occurrence mditive specieon Lower Moodus Reservoirs transects
(Figure 8 top) in 2016, was89% compared t@8% in2012 and 7% in 2009. Our statistical analysis
(Tukey HSD, p >0.05¥ound no significant differences between yedilse mean native species
richness ir2016, 2012 and 2009 wass, 2.5 and 2.1 witho significant differencelsetween yearg:

1 SEM) (FigureB, botton). The frequency of fanwort ranged from 760%7% between the years with

no significant differences. A significant increase in the frequehegr@ble milfoil occurred in 2016

(36%) compared to 2012 (23%) and 2009 (20%). Correspondingly, overall invasive species riches
significantly increased in Lower Moodus Reservoir to 1.1 in 2016 from 0.9 in 2009.

Upper Moodus Reservoir

General Aquati®lant Surveys

Upper Moodus Reservoaontained37 aquatic plant species in 2016 compared to 36 species in
2012(Figure9) and thus showed little change. The shallow coves and shoreline transition zones were
populated with species very similar to those thimLower Moodus Reservoifhese areas featured
extensive stands of white water lily, yellow water lily, water shield, variable watermilfoil, common
bladderwort, fanwort, a variety of pondwee@®tamogetorsp.) and othersAlong the unprotected
shorelire and in portions of the lake up to 2m ddbpre was a considerable change in plant species
from 2012 to 2016. In 2012 these areas were primarily populated with invasive fanwort and variable
watermilfoil. In 2016 the fanwortcoverage was reducdobm 2012 and the variable watermilfolil
coveragestayed about the saméNative common bladderworand Rokhindg pondweedppears to
have expanded into the area vacated by fanvatuses for the species shiftsly be due to natural
phenomenon such as weathewunnaturalevents such ahe 2015herbicide application. Th2015
test of the herbicidto Upper Moodus Reservainay be a factor inthe changeand thiswill be dis-
cussed later in this reporSwamp like conditions in large areas of the northeast palppér Mm-
dus Reservoir limited our access and the plants shown on the maps in these areas were estimated from

similar areas that we could observe.
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UpperMoodus Reservoir

Aquatic Plant Surveys on Transects

In 2016 we found 32 aquatic plant species om 18 Upper MooduReservoir transects compared
to 31 in 2012(Table 1) There were five new plant species found on transects in 2016; western
waterweed Klodea nuttall), Nodding waternymph Najas flexiliy, leafy pondweed, greater
duckweed $pirodelapolyrhizg, and lesser bladderwottlificularia minor). Plant species found in
2012 but not in 2016 were sevenangle pipewgrtoaulon aquaticurnn golden hedgehyssop
(Gratiola aureg, quillwort (Isoetes sp, and little floating bladderwortJgricularia radiatg). With the
exception of leafy pondweed, greater duckweed and sevenangle pipewort all the plants not found on
the Lower Moodus Reservoir transects in 2016 were found during the general survey in other parts of

the lake. Thus they were still present not at the georeferenced transect points

The most common plants on the Upper Moodus Reservoir transects in 2016 (Tedre dgn-
mon bladderwort (79.4 %), fanwort (59.4 %), Rioids pondweed (49.4 %), variable watermilfoil
(37.8%), and white water lily (35.0%). In 2012, the most common plants were fanwort (71.1%), white
water lily (39.4%), and variable watermilfoil (31.1%). As with Lower Moodus Reservoir, there was a
dramatic increse in common bladderwort but unlike Lower Moo&eservoithere was a substantial
decline in fanwort (71.1% to 59.4%). The reason for the decline in fanwort may be the carfryover e

fect of the 2015 herbicide treatment and this will be discussed in I&tes report.

The frequency of occurrence of native speoreshe Upper Moodus Reservoir transect20i6
(Figure 11top)wassignificantly greate(Tukey HSD, p >0.05n 2016 (96%) compared to (82%) in
2012. Most of this increase can be accountedbfprthe presence of common bladderwort.
Correspondingly,ite mean native species richness (Fidureootton) was also significantly greater
(£ 1 SEM)in 2016 (3.4) compared to 2012 (2.&)verall invasive species riches showed no change
(1.0%) between 2012nd 2016.The frequency of fanwort decline significantly from 71% in 2012 to
59% in 2016 while variable watermilfoil changed little (32®l2 vs. 38%2016). Curlyleaf
pondweed was rarely encountered. This is expected as the plant senesces in latelspanlgl doe
largely missed by our summer survey. A mid spring survey for this plant is suggested in future

surveys.
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Legend
A\ Collection Point
® Transect Point
Water Data
Alisma species
Brasenia schreberi
B cabomba caroliniana* [ Najas flexilis
- Callitriche species Nuphar variegata

Upper Moodus Reservoir
East Haddam, CT

440 acres
Surveyed July 5 - 21, 2016
by Greg Bugbee, Jennifer Fanzutti,
and Summer Stebbins
Invasive Aquatic Plant Program

- Isoetes species
Gratiola aurea
- Lemna minor

- Ludwigia species

Elatine species
- Eleocharis species
B ciodea nuttaliii

0 150 300 600

Figure 9. Aquatic plant survey of Upp@&loodus Reservoir 2016.
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- Myriophyllum heterophyllum*

- Ceratophyllum demersum - Nymphaea odorata
Ceratophyllum echinatum - Pontederia cordata
- Potamogeton amplifolius
- Potamogeton bicupulatus

Potamogeton crispus*

Potamogeton epihydrus Utricularia purpurea

- Potamogeton foliosus Utricularia radiata
-Potamogeton gramineus| | Vallinseria americana
Potamogeton pulcher Wollfia species

Potamogeton pusillus ~~ / , 2015 Treatment
Potamogeton robbinsii  Clipper/Reward combination
- Sagittaria species
- Sparganium species
- Spirodela polyrhiza
Utricularia gibba
- Utricularia macrorhiza
Utricularia minor Invasive*
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To view locations of individual plant species or other features, click on "Layers" tab to left.

U pper MOOdus ReserV0|r Legend' Turn features on or off by clicking the "Eye" icons.

East Haddams CT A Plant Collection | Gratiola aurea B Potamogeton gramineus
440 acres e Transect Point Bl /soetes species Potamogeton pulcher
Surveyed July 6-12, 2012 Y Water Data I Lemna minor [ Potamogeton pusillus
by Jordan Gibbons and Jennifer Fanzutti Alisma species [ Ludwigia species Potamogeton robbinsii
Transect data obtained July 5-16, 2012 Brasenia schreberi B \iyriophylium heterophyllum* 0 Sagittaria species
by Greg Bughesiand RobiGent I cabomba caroliniana* [l Najas flexilis Sparganium species

Invasive Aquatic Plant Program

I Caliitriche species Nuphar variegata Utricularia gibba

I Ceratophylium demersum [l Nymphaea odorata [ Utricularia macrorhiza
Ceratophyllum echinatum 888 Pontederia cordata Utricularia minor
I =iatine minima Il Potamogeton ampilifolius Utricularia purpurea

| Eleocharis species B Potamogeton bicupulatus Utricularia radiata
I ciodea nuttallii Potamogeton crispus* " Vallisneria americana
I Eriocaulon aquaticum Potamogeton epihydrus Wollfia species

3"“

*Invasive
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Figure 10. Aquatic plant survey of Upper Moodus Reservoir 2012.
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Figure 11.Frequency of occurrenémp) and species richness (bottom) in Ugeodus Reservoir.
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Table 2. Water data collected f&wower Moodus Reservoir on JuBi, 2016

Dissolved Alkalinity o
Latitude | Longitude Depth Oxygen Templerature oH CaCO, Condljctlwty Phospgorus
(m) (mg/L) (°C) (mg/L) (Hs/cm) (ppb)
41.51442| -72.42201 0.5 7.2 26.1 6.1 10.5 73.4 34
1.0 7.5 25.7
2.0 6.5 25.1
3.0 0.0 23.3 5.8 19.5 82.3 50
Table 3. Water data collected fd&tpperMoodus Reservoir on Juid, 2016
. Longi- Depth Dissolved Temperature Alkalinity Conductivity | Phosphorus
Latitude tude (m) Oxygen °C) pH CaCO; (us/cm) (ppb)
(mg/L) (mg/L)
41.50405| -72.40690| 0.5 7.9 27.1 6.0 12.0 62.6 89
1.0 7.6 26.6
2.0 7.7 26.4
3.0 0.2 26.2 5.7 11.3 63.1 98
Water Chemistry

The transparency in Lower and Upper Moodus Reservoir on July 21, 2016 was 1.8m and 1.6 m
respectively. This comparés 2.0m and 1.5m in 201(Bugbee and Gibbons 2013hese values fall
within the historical ranges of 1m2.5m(Frink and Norvell 1984Deevey1940) Much of the linn
tation in transparency is because of the brown coloration of the water caused lyeugdaies and
not by algae. Temperature profilesioth lakegTables 1 and 2anged between 2& and27° C at
the surface. Lower Moodus Reservoir had a relatively small thermuagtima bottontemperaturef
23° C while little temperaturel@ngeoccurred with depth in Upper Moodus Reservdire shallow
natures of both reservoirs combined with wind mixed open water are natural limiters to thp-develo
ment of thermoclinedDissolved oxygerremained high (6.5 to 7.9 mg/L) in both reservairsall
depths except within 0.5m of the bottom where it dropped to near ke oxygen levels near the

bottom can release phosphorus from the sediment and enriched the lake.

Alkalinity in Lower and Upper Moodus Reservoir ranged from 20 mg/L CaCQin 2016.This
compares to 9 11 mg/L in 2012(Bugbee and Gibbons 2013)- 10 mg/L in 2002 (Bugbee and
White 2005), 511 mgLi n 1980 (Frink 1984),
1940). This suggesthe alkalinity of the lake has chged little over the last century. The pH of the

and Norvell

surface water ranged between 6.1 and 5.7 inlbk#swith the lower values occurring near the-bo
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Figure 12 Before (2012) and after (2016) aquatic vegetation maps of 2015 Uppeud/Begervo
herbicide treatment site. Herbicide treatment site is crosshatched in red. Fanwort is green and \
watermilfoil is blue.

tom. The conductivities of Lower and Upper Moodus Reservoir were similar at the bottonr-and su
face but with lower Moodus Reservoir being slightly higher{83 us/cm) than Upper (63 us/cm). In
2012 (Bugbee and Gibbons 2018)e conductivities ranged from 5358 us/cm. These ranges are
considerably below the state average (95 us/cm) (CAES IAPH.201

As in theCAES IAPP 2012 report, total phospho(B3 concentrationgn Upper Moodus Rese
voir wereconsiderably higher (89 ppsurface, 98 ppbottom) than in Lower Moodus Beavoir (34
ppl surface, 50 ppbottom). Small differences between the surface and bot®iikely because of
the shallow nature of the lakes and related wind driven vertical mixing. Surface water totabphosph
rus concentrationgver 30 ppb categorize the lake as eutro@mdgenerally promot@uisance algal
blooms This, however, is not thease in Lower and Upper Moodus Reservoirs for reasons beyond the
scope of this reportCauses for the difference in P between the basins are unclear but may be related
to bioaccumulatiorfuptake by plants etcdf P as it moves to the outlet. P levels were 12 ppb in the
1 9 3 (Déeseyl940) 22- 33 ppb in 198@Frink and Norvell 1984)14 - 39 ppbin 2012 (Bugbee
and Gibbons 2013and 3498 ppb in this studyA trend toward increased P enrichmisrapparent
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Aquatic vegetation management

A variety of aquatic plant management options, such as harvesting, dretigimdown, wate
shed nutrient reductiogtc, can be utilizedn Lower and Upper Moodus Reservoir.eBe wereov-
ered in detaiby previous CAESAPP reports and readers are enegad to consult these reports for
further information Bugbee and White 200Bugbee and Gibbons 2018 this report we will co-
centrate on the effects of the 2015 pilot herbicide treatment to Upper Moodus Rébmtbgast
Aquatic Research LLC, 2018nd the possiblearryovereffects in 2016.

In 2015, the town of Moodus hired Aquatic Control Technologies to perform a pilot study on the
control of fanwort in Upper Moodus Reservoir. On August 6, 20h&ture of the herbicides Clipper
(Flumioxazin) ad Reward (Diquat dibromide) were applied to a 25 acre treatment area in the Upper
MoodusReservoir (Figures,42). According toa report issued later that ydar Northeast Aquatic
Research LL(2015),the amount of fanwort decreased dramatically following the treatment
Afalling from 66% to 12% coverage. o0 The herb
shallow areas showing moderate regrowth five weeks after treatment. Regrowth is expected
since bdh herbicides are contact in natuaed are not moved to the root system where longer
term control is possible. It is possiblgwevert hat si mply Aburning back@
portions of the plant could suppress regrowth and preferentially favtairc species in future
years. These species could be other invasives such as variable watermdfsirablenatives
such as pondweeds and bladderwdftslense stands of desirable native species can ble- esta
lished these stand may provide resistandavasive species (Capers et al. 2007)

Our 2016 results suggest a carryover effect in the following year. Visual comparison oftthe trea
ment site and adjacent areas between 2012 and 2016 (Figure 9, 10, 12) show a marked decline in fa
wort and a correspaling increase inRb n6s pondweed, common obl adder
mapsas the plant layer is underneath Bom 6 s pondweed anyd Thsarendm bl e wa
tends well beyond the treatment area suggesting either control by offsite mbektherherbicide or
some kind of Acascadingo effect waffecteduntreniece b ac k
fanwort by an unknown biotical or chemical proces&liseaseallelopathy. This effect has beesb-
servedn other lakes whergartial herbicide treatments were performed. For insi&t@eard applied
to the southern half of Crystal Lake in Middletown, CT resulted in control of the curlyleaf pondweed

in the northern half as weglRobb et al. 2014Bugbee et al. 2015). In this caseater tes revealed
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thatdiquat rapidly noved throughout the lake and reached the furthest sections from the treatment site
in about one day at a concentration of about 20%e increase in variablgatemilfoil after treating
fanwort in a mixed stanid recognized by professionals (Marc Bellaud, Solitude Inc., persamal co
munication).Perplexingly, many of the same visual changes in plant composition in Upper Moodus
Reservoir also occurred in untreated Lower Moodus Reservoir (Figures Bécalisahese lakes
are interconnectethe herbicidesould haveffecedLower Moodus as well

Changes in species composition on transeets@ss noticeable possypbecause the frequency
of occurrence and species richness datetsndicative of abundancé&or instance, as long as the
species is present it will be recorded when in fact it n@ype noticeable to a casual observidre
transect information did shgwowever that fanwort significantly declirlein Upper Moodus Rese

voir while not significantly changing in Lower Moodus Reservoir.
Conclusions

The 2016 CAES IAPP survey of Lower and Upper Moodus Resdouridthatboth lakes have
high species richneds Lower Moodus Reservowe found 30 plant speciashile in Uppger Moodus
Reservoir 3Avere observedThis compares 27 in 2009 and 33 in 201Rower MoodusRkeservoir
and 36 in 2012 in Upper Moodus Resenanid indicate®nly a modest changd@he four invasive
species found ihower Moodus Reservoin 2012 (Brazilian waterweed, curlyleaf pondweednfa
wort, minor naiadyverereducedo threein 2016 because of oumability to find Brazilian waterweed.
The reason for the loss of Brazilian waterweed is unknown but may indicate this plant is not as hardy
as other plants the Moodus Reservoir§he visual decrease in fanwoit both lakesn 2016 caon-
bined with thequantitative decrease on the transects in Upper Moodus Reservoir suggest the 2015
herbicide treatment in Upper Moodus Reservoir had a carryover effect 0&olr2toncert with the
decrease in fanwort wasiincrease in native common bladderwortandliRob 6 s pondaveed an
sive variable watermilfoiR e s i dcencetns that invasive swollen bladderwort was now present in
the lakesand becoming a nuisanees not confirmedas allspecimenbtained by our surveyors
turned out to be common bladderwa@kithough most shallow coves have vegetation reaching the
surface and a large portion of the shoreline less than 1 m deep has vegetation reaching thessurface, th

majority of the lake is free from nuisance aquatic plant problems.
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CAES IAPP On-Lake Time

Upper Moodus Reservoir (Lead surveyor)

Lower Moodus Reservoir (Lead surveyor)

7/5/2016 (Fanzutti)
7/6/2016 (Fanzutti)
7/7/2016 (Fanzutti)

7/12/2016 (Fanzutti)

7/14/2016 (Fanzutti)

7/15/2016 (Fanzutti)

7/21/2016 (Bugbee)

7/11/2016 (Bugbee)
7/14/2016 (Bugbee)
7/18/2016 (Bugbee)
7/19/2016 (Fanzutti)
7/20/2016 (Fanzutti)
7/21/2016 (Fanzutti)

7 days

6 days
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Invasive PlantDescriptions
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Cabomba caroliniana

Common names:
Fanwort

Carolina fanwort

Origin:
Southeast United States
South America

Key features:

Plants are submersed

Stems: Can be 6 feet (2 m) long
Leaves: Dissected, opposite leaves 0.8-2 inches (2-5 BN b CAT UL
cm) are fan-like and made up of forked leaflets
attached to the stem by a petiole. Floating leaves 0.2-
0.8 inches (6-20 mm) wide are oblong and produced
on flower shoots

Flowers: Small, solitary flowers are usually white to
pinkish

Fruits/Seeds: Flask shaped

Reproduction: Seed and fragmentation

Easily confused species:

Watermilfoils: Myriophyllum spp.

White water crowfoot: Ranunculus longirostris
Water marigold: Megalodonta beckii

A. Copyright 1991 Univ. of Florida,
Center for Aquatic and Invasive
Plants

B. Copyright 2002 Univ. of Florida,
Photo by A. Murray

C. Photo by A. Smagula B IPANE
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Egeria densa

Common names:
Brazilian waterweed
Brazilian elodea

South American waterweed

Origin:

South America

Key features:

Plants are submersed

Stems: Plant stems green, soft and typically 1-2 ft (0.3-
0.6 m) long

Leaves: Leaves entire 0.4-1.2 inches (1-3 cm) long by
0.2 in (5 mm) wide, leaves toothed (need magnifica-
tion), leaves are whorled with typically 4 leaves per
whorl

Flowers: Small white flowers with three petals, only
staminate (male) flowers found in the US
Reproduction: Fragmentation

Easily confused species:
Waterweeds (Native): Elodea nuttallii and E. can
Hydrilla: Hydrilla verticillata

Photo by CAES IAPP

Four leaves per whorl * CAES

B [PANE

Photo by CAES IAPP
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Mpyriophyllum heterophyllum

Common names:
Variable-leaf watermilfoil
Variable watermilfoil
Two-leaf watermilfoil

Origin:
Southern United States

Key features:

Plants are submersed

Stems: Dark brown stems extend to the water’s surface
and spread to form large mats

Leaves: Triangular with < 11 pairs of leaflets. Leaves
are dissected and whorled (4-6 leaves/whorl) resulting
in a feathery appearance with leaf whorls < 1 inch apart
giving it a ropy appearance

Flowers: Inflorescence spike 2-14 inches (5-35 cm)
long extend beyond the water’s surface with flowers in
whorls of four with reddish petals

Fruits/Seeds: Fruits are almost round, with a rough
surface

Reproduction: Fragmentation and seeds

Easily confused species:
Eurasian watermilfoil: Myriophyllum spicatum
Low watermilfoil: Myriophyllum humile

/A

Photo by CAESIAPP

Leaves collapse out

* CAES
M IPANE

Photo by
CAES IAPP
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Potamogeton crispus

Common names:
Curly leaf pondweed
Crispy-leaved pondweed
Crisped pondweed

Origin:

Asia, Africa, and Europe

Key features:
Plants are submersed

Stems: Stems are flattened, can form dense stands in
water up to 15 feet (5 m) deep

Leaves: Alternate leaves 0.3-1 inches (3-8 cm) wide
with wavy edges (similar to lasagna) with a prominent
mid-vein

Flowers: Brown and inconspicuous

Fruits/Seeds: Fruit is oval 0.1 inches (3 mm) long
Reproduction: Turions (right) and seeds

Turion

Easily confused species:
None

B IPANE

L
Copaight 3001 Baversi ol Thosbde
Conter for Aqaste sed Irvaene Fonsty

o criypen
Cusly poosd wosd
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Detailed Aquatic Survey Mays
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Lower Moodus Reservoir - East Haddam, CT - 126 acres

Surveyed July 11-21, 2016 by Greg Bugbee, Jennifer Fanzutti, and Summer Stebbins

Invasive Aquatic Plant Program
To view locations of individual plant species or other features, download the .pdf file and click on "Layers" tab to the left. Turn features on or off by

Legen d clicking the "Eye" icons.

/A Collection Point - Gratiola aurea -Potamogeton amplifolius - Sparganium species
® TransectPoint -Lemna minor -Potamogeton bicupulatus Utricularia gibba
Water Data - Ludwigia species Potamogeton crispus* - Utricularia macrorhizal|
Brasenia schreberi - Myriophyllum heterophyllum* Potamogeton epihydrus Utricularia minor
-Cabomba caroliniana* - Myriophyllum humile - Potamogeton foliosus Utricularia purpurea
- Ceratophyllym demersum - Najas flexilis Potamogeton pulcher - Vallisneria americana

N *invasive

Elatine species Nuphar variegata Potamogeton robbinsii
3 . . w- E
-Enocaulon aquaticum - Nymphaea odorata Potamogeton pusillus | 5 i % 56
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-Eleocharls species -Pontederla cordata - Sagittaria species = T —

=2 T




Lower Moodus Reservoir - East Haddam, CT - 126 acres

Surveyed July 11-21, 2016 by Greg Bugbee, Jennifer Fanzutti, and Summer Stebbins

Invasive Aquatic Plant Program
To view locations of individual plant species or other features, download the .pdf file and click on "Layers" tab to the left. Turn features on or off by

Legend clicking the "Eye" icons.
/A Collection Point @ Gratiola aurea -Potamogeton amplifolius - Sparganium species
® TransectPoint -Lemna minor -Potamogeton bicupulatus Utricularia gibba
Water Data - Ludwigia species Potamogeton crispus™ - Utricularia macrorhiza|
Brasenia schreberi - Myriophyllum heterophyllum* Potamogeton epihydrus Utricularia minor
- Cabomba caroliniana™* - Myriophyllum humile - Potamogeton foliosus Utricularia purpurea
- Ceratophyllym demersum - Najas flexilis Potamogeton pulcher - Vallisneria americana

N *invasive

Elatine species Nuphar variegata Potamogeton robbinsii ]
W E
-Eriocaulon aquaticum - Nymphaea odorata Potamogeton pusillus P 5 G % o
. . . . . . S
-Eleocharls species - Pontederia cordata - Sagittaria species TS
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Lower Moodus Reservoir - East Haddam, CT - 126 acres

Surveyed July 11-21, 2016 by Greg Bugbee, Jennifer Fanzutti, and Summer Stebbins

Invasive Aquatic Plant Program
Legend To view locations of individual plant species or other features, download the .pdf file and click on "Layers" tab to the left. Turn features on or off by
clicking the "Eye" icons.

/A Collection Point I Gratiola aurea

- Potamogeton amplifolius - Sparganium species
® TransectPoint -Lemna minor -Potamogeton bicupulatus Utricularia gibba
Water Data - Ludwigia species Potamogeton crispus™ - Utricularia macrorhizal|
Brasenia schreberi - Myriophyllum heterophyllum* Potamogeton epihydrus Utricularia minor
- Cabomba caroliniana™ - Myriophyllum humile - Potamogeton foliosus Utricularia purpurea
- Ceratophyllym demersum - Najas flexilis Potamogeton pulcher - Vallisneria americana
Elatine species Nuphar variegata Potamogeton robbinsii ¥ Shske
-Eriocaulon aquaticum -Nymphaea odorata Potamogeton pusillus i W ;ﬁ?ﬂ i
-E/eocharis species - Pontederia cordata - Sagittaria species =S T
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Upper Moodus Reservoir '-ige"d
Collection Point
East Haddam, CT

® Transect Point
440 acres

Water Data

Surveyed July 5 - 21, 2016 g”smaépejesb ‘

by Greg Bugbee, Jennifer Fanzutti, FASEIR SCeseH
and Summer Stebbins

- Cabomba caroliniana*
Invasive Aquatic Plant Program

- Callitriche species
To view locations of individual plant species or other features, download

- Ceratophyllum demersum
the.pdf file and click on "Layers" tab to the left. Turn features on or off by Ceratophyllum echinatum
clicking the "Eye" icons.

I Eiodea nuttallii
Elatine species
[ | Eleocharis species
E | Gratiola aurea

- Isoetes species
s - Lemna minor

- Ludwigia species

0 85 170
Meters

(1:4,500; NAIP 2011 Imagery)

340 M Naijas flexilis

Nuphar variegata
- Nymphaea odorata

- Myriophyllum heterophyllum*
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[ Pontederia cordata
-Potamogeton amplifolius
-Potamogeton bicupulatus
Potamogeton crispus*®
Potamogeton epihydrus
- Potamogeton foliosus
- Potamogeton gramineus
Potamogeton pulcher
Potamogeton pusillus
Potamogeton robbinsii
- Sagittaria species
- Sparganium species
- Spirodela polyrhiza
Utricularia gibba
Utricularia macrorhiza
Utricularia minor
Utricularia purpurea
Utricularia radiata
VaIIinseria americana
Wollfia species
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