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Figure 1. Locations of invasive aquatic plants found by CAES IAPP from 2004 to 2020.

Introduction

In 2005 the Connecticut Agricultural Experiment Station Invasive Aquatic Plant Program
(CAES IAPP) performed its first aquatic plant survey of Candlewood Lake, and since 2008 the
surveys have been performed each year. Annual surveys of Squantz Pond by CAES IAPP began in
2015. The goal is to protect the waterbodies from invasive plant species through detailed
monitoring and well-informed management. Both lakes provide great benefits to the local and
state economy by providing a vibrant aquatic ecosystem that promotes exceptional recreation
activities, high-value real estate, and business opportunities for large marinas. Associated
endeavors bolster local businesses and provide tax revenues. In addition, these impoundments
are source of Connecticut’s largest supply of renewable energy via hydroelectric facilities owned
and operated by FirstLight Power Resources. Invasive aquatic plants have become established in
Candlewood Lake and Squantz Pond. Being non-native, they have few natural enemies to limit

their growth (Wilcove et al. 1998, Pimentel et al. 2000). They degrade native aquatic ecosystems
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(Barrett 1989, Les and Mehrhoff 1999), discourage recreation, and reduce real estate values
(Connecticut Aquatic Nuisance Species Working Group 2006, Fishman et al. 1998). Once invasive

plants are established, long-term and costly management programs are often necessary.

Statewide surveys by CAES IAPP have found 13 invasive aquatic plant species inhabiting
nearly 60 percent of Connecticut’s lakes and ponds (Figure 1) (CAES IAPP 2020). In Candlewood
Lake and Squantz Pond, Eurasian watermilfoil (Myriophyllum spicatum) has been the most
common invasive plant and creates the greatest nuisance. This plant has been present in
Candlewood Lake since at least the early 1980’s (Siver et al. 1986), when it likely became
established in Squantz Pond as well. The plant communities in both waterbodies are similar
because they are attached via a culvert under Route 39, are subjected to similar winter water
drawdown levels, and have comparable water chemistries (Bugbee and Stebbins 2018). A total
of 24 plant species occur in the waterbodies with Eurasian watermilfoil, minor naiad (Najas
minor), and curlyleaf pondweed (Potamogeton crispus) being invasive. Eurasian watermilfoil
typically covers the largest area followed by minor naiad and curlyleaf pondweed. Curlyleaf
pondweed may be underestimated prior to the commencement of spring 2012 surveys, because
it naturally died back before the summer-only surveys (Catling and Dobson 1985). Prior to 2015,
invasive aquatic plant management in Candlewood Lake and Squantz Pond was accomplished
primarily by winter drawdown (Bugbee and Stebbins 2018, Tarsi 2006). Deep winter drawdowns
with early onset and long exposure times have proven most effective. In 2008 and 2010, milfoil
weevils (Euhrychiopsis lecontei) were introduced into Candlewood Lake to control Eurasian

watermilfoil without success.

In 2015, 3868 12 - 15-inch grass carp (Ctenopharyngodon idella) were introduced into
Candlewood Lake, and 5035 more were introduced in 2017. In 2017, 585 grass carp were also
stocked in Squantz Pond. Because Candlewood Lake and Squantz Pond are connected via the
culvert under Route 39, grass carp can move freely between the waterbodies. As expected, the
efficacy of the grass carp in Candlewood Lake remained minimal through 2019, likely because of

their small size (Bugbee and Stebbins 2020). As they grow, however, their plant consumption
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increases, and their feeding activities should become more noticeable. Based on a 15 fish per
vegetated acre desired stocking rate determined by the Connecticut Department of Energy and
Environmental Protection (DEEP) and over 500 acres of watermilfoil in Candlewood Lake,
approximately 7500 grass carp are necessary. The grass carp introduced in 2017 brought the
total in Candlewood Lake to 8903, and barring mortality or offsite movement, vegetation control

should be noticeable.

The following report describes the 14" year of CAES IAPP monitoring and mapping of invasive

aquatic plants in Candlewood Lake and the seventh year in Squantz Pond.

Objectives

e Survey and map invasive aquatic plants in Candlewood Lake and Squantz Pond in 2020 using
methods consistent with past CAES IAPP methodology.

e Document yearly changes in the plant community and relate to management activities.

e Provide the data necessary to manage invasive aquatic vegetation, enhance native species,
provide overall protection of the waterbodies, and enhance The Candlewood Lake
Authority’s mission.

Materials and Methods

Our 2020 aquatic vegetation surveys utilized methods established by CAES IAPP. These
methods have provided a consistent record throughout the years. We recorded locations of all
invasive plants with Trimble GeoXT" or R1° global positioning systems (GPS) with sub-meter ac-
curacy. Since 2014 we have used Lowrance® HDS 5 and Hook 5 sonar systems to determine
patches near the bottom and to eliminate the need for most time-consuming grapple tosses.
We circumnavigate the plant patches to form georeferenced polygons. Patches covering less
than one square meter were recorded as a point and assigned an area of 0.0002 acres (1 m?).
We measured depth with a rake, drop line, or digital depth finder, and sediment type was esti-
mated. Plant samples were obtained in shallow water with a rake and with a grapple in deeper
water. We measured plant abundance using a visual scale of 1 to 5 (1 = single stem; 2 = few
stems; 3 = common; 4 = abundant; 5 = extremely abundant and present at the surface). In Can-

dlewood Lake we recorded each area where Eurasian watermilfoil was flowering at the surface
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Table 1. List of aquatic plants considered invasive in Connecticut according to Connecticut General
Statutes (Sec. 22a-381d).

with a polygon or point feature. We only considered invasive plant species listed in Connecticut
Statute Sec 22.-33d (Table 1) or discovered in the state after the statute was put forth. When
field identifications of plants were questionable, we brought samples back to the lab for review
using the taxonomy of Crow and Hellquist (2000a, 2000b). If we were still unsure of the plant
species, we personally met with Dr. Barre Hellquist and reviewed the plants with him. A speci-
men of each plant species was cataloged in the CAES IAPP aquatic plant herbarium for future

refence (https://portal.ct.gov/CAES/Invasive-Aquatic-Plant-Program/Herbarium/Herbarium-by-

Species). We generally use common plant names in this report when referring to plant species;
scientific names are listed in the frequency of occurrence tables. We post-processed the GPS
data in Pathfinder”® 5.85 (Trimble Navigation Limited, Sunnyvale, CA) and then imported it into
ArcGIS® 10.8.1(ESRI, Redlands, CA) where it was geo-corrected. Data were then overlaid onto
United States Department of Agriculture National Agriculture Imagery Program aerial imagery

with 1 m resolution.
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We collected occurrence and abundance plant information from ten transects in
Candlewood Lake and five transects in Squantz Pond. Transect points were positioned 0.5, 5,
10, 20, 30, 40, 50, 60, 70 and 80 m perpendicular from the shore. In Candlewood Lake, these
transects were a subset of the 105 laid out in 2005 and contained at least one occurrence of
each native and invasive plant species in that year (Bugbee et al. 2007). In Squantz Pond, we

decreased the number of transects from the 14 laid out in 2011 to five (CAES IAPP 2020).

Significant differences in the frequency of occurrence of plant species between years along
transects were determined using analysis of variance (ANOVA) followed by Tukey’s post-hoc
test (p <0.05). Significant differences in species richness per transect point were determined
by + one standard error of the mean (SEM). We surveyed Candlewood Lake for curlyleaf
pondweed on June 23™and 26™ in 2020. This was the seventh consecutive year we performed
the spring curlyleaf pondweed surveys to provide more thorough documentation of this plant
prior to its summer senescence. The Candlewood Lake transect data were obtained on
September 8™, 11%, 14", and 17, and the water samples were obtained on September 8.
We surveyed Squantz Pond for curlyleaf pondweed on June 23™ and for all invasive plants on
August 18" and September 4™". The Squantz Pond transect data were obtained on August 18"
and water data were obtained on September 4. We used a Secchi disk to measure
transparency. Because water clarity can affect our ability to see vegetation, we performed
Secchi measurements most days we performed surveillance. We used an YSI° 58 meter (YSI
Inc. Yellow Springs, Ohio) to measure water temperature and dissolved oxygen.
Measurements occurred in the same deep areas of each waterbody as previous surveys at 0.5
m and at 1 m depth intervals until 0.5 meters from the bottom. We collected water samples
from 0.5 m below the surface and 0.5 m from the bottom. Water temperature and dissolved
oxygen were measured 0.5 m beneath the surface and at 1 m intervals to the bottom. Water
samples (250 mL) for pH, alkalinity, conductivity, and total phosphorus testing were obtained
from 0.5 m beneath the surface and 0.5 m above the bottom. All samples were stored at 38°C
until testing. A Fisher AR20® meter was used to determine pH and conductivity, and alkalinity
(expressed as mg/l CaCO3) was quantified by titration with 0.016 N H2SO4 to an end point of
pH 4.5. We determined total phosphorus using the ascorbic acid method preceded by
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Table 2. Yearly frequency of occurrence of aquatic plants on transects in Candlewood Lake.

Frequency of Occurrence
(percent®)

Common Name Scientific Name 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Bur-Reed Sporganium species 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
Clasping-Leaf pondweed |Potamogeton perfoliatus 1.0 21 1.0 0.0 0.0 21 00 10 1.0 0.0 0.0 0.0 0.0 0.0
Common duckweed Lermna minor 21 6.3 1.0 4.1 7.2 4.1 0.0 3.0 0.0 0.0 10 31 10 1.0
Coontail Ceratophyllum demersum 3.1 33.3 11.3 22.7 29.9 22.7 217 22.0 27.0 34.0 39.0 24.7 24.7 15.6
Curlyleaf pondweed Potamogeton crispus 135 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eelgrass Vallisneria americana 21 2.1 4.1 4.1 31 4.0 4.1 6.0 4.0 3.0 5.0 2.1 1.0 0.0
Eurasian watermilfoil Myriophyllum spicatum 51.0 79.2 64.9 70.1 78.4 79.4 423 76.0 68.0 77.0 57.0 75.3 68.0 79.2
Great duckweed Spirodela polyrhiza 1.0 0.0 0.0 1.0 5.2 0.0 0.0 0.0 1.0 0.0 0.0 2.1 1.0 0.0
Hormed pondweed Zannichellio palistris 115 31 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Leafy pondweed Potamogeton foliosus 3.1 0.0 0.0 0.0 21 1.0 5.2 1.0 0.0 0.0 0.0 2.1 0.0 0.0
Minor naiad Najas minor 125 6.3 82 113 15.5 124 156 240 16.0 10.0 10.0 0.0 21 31
Sago pondweed Stuckenia pectinata 6.3 1.0 0.0 4.1 0.0 3.1 21 2.0 1.0 11.0 0.0 0.0 0.0 0.0
Slender naiad Najas flexilis 73 10 1.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
small pondweed Potamogeton pusillus 3.1 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Snailseed pondweed Potamogeton bitupulatus 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Spikerush Eleocharis species 0.0 0.0 3.1 1.0 1.0 3.1 0.0 1.0 3.0 3.0 3.0 4.1 13.4 4.2
Variable pondweed Potamogeton gramineus 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Water starwort Callitriche species 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Watermeal Wolffio species 0.0 0.0 0.0 0.0 0.0 31 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Waterwort Elatine species 0.0 10 3.1 21 0.0 4.1 0.0 1.0 2.0 10 0.0 0.0 41 31
Western waterweed Elodea nuttallii 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
White water lily Nymphaea odorata 1.0 1.0 0.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 2.1 2.1
Total Invasive Species Richness 3 3 2 2 2 2 2 2 2 2 2 1 2 2
Total Native Species Richness 14 11 7 8 8 10 5 9 8 6 5 7 8 5
Total Species Richness 17 14 9 10 10 12 7 11 10 8 7 8 10 7
Invasive Species in Bold
*Percent occurrence on 97 points in 10 transects
Shaded columns indicate deep drawdown years

digestion with potassium persulfate (APHA, 1995). Phosphorus was quantified using a Milton
Roy Spectronic 20D® spectrometer with a light path of 2 cm and a wavelength of 880 nm.
Total Nitrogen was determined with a O-I Analytical 1080° Total Organic Carbon Analyzer.

Grass carp feed from the top of aquatic vegetation downward (Pipalova 2006). Their
effects, therefore, are first noticed by a reduction in surface vegetation. We mapped the
locations of Eurasian watermilfoil patches that reached the surface (abundance = 5) within
patches of lesser abundance (abundance < 5) with separate point features. When combined
with patches with an abundance of five, these data are expected to give quantitative year to
year comparisons of the efficacy of the grass carp. In Candlewood Lake, the location (via GPS)
and approximate number of grass carp were recorded when observed in 2018, 2019, and

2020.
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Figure 2. Yearly changes in in the acreage of invasive aquatic plants in Candlewood Lake (*in-
dicates deep drawdown year).

Results and Discussion

Candlewood Lake

Our 2020 invasive aquatic plant survey of Candlewood Lake found seven plant species
comprised of five natives and two invasives (Table 2). Because these surveys are designed to
monitor the invasive species and native species are only recorded on the reference transects,
additional native species may be present elsewhere. The number unreported, however, is
likely small based on the surveyor’s observations. The invasive species found in 2020 were
Eurasian watermilfoil and minor naiad. Curlyleaf pondweed has not been found since a trace
was reported in 2017. The last substantial population of curlyleaf pondweed was four acres

found in 2014. Eurasian watermilfoil continued to be the most prevalent invasive aquatic plant
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Figure 3. Locations of Candlewood Lake’s invasive aquatic plant patches and points, transects, and
water test sites in 2020 (see appendix the nine close-up maps shown in the legend).
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Table 3. Yearly comparisons of the number and size of invasive species patches in Candlewood Lake.

Patch Size (acres)
Eurasian watermilfoil Minor naiad Curlyleaf pondweed

Year Number | (min) (max) (mean) | Number | (min) (max) (mean) | Number | (min) (max) (mean)
2020 521 0.0002 73.6 1.0 14 0.0002 0.1256 0.0092 0 0 0 0
2019 361 0.0002 41.2 1.2 1 0.0002 0.0322 0.0322 0 0 0 0
2018 456 0.0002 83.5 1.1 3 0.0002  0.5352 0.3815 0 0 0 0
2017 686 0.0002 52.5 0.7 9 0.0002 2.5 0.6 4 0.0002 0.0002 0.0002
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 0 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

*Shaded rows indicate deep drawdown years

Table 4. Yearly comparisons of the abundance of invasive species in Candlewood Lake.

Patch Abundance (1 = sparse - 5 = dense)
Eurasian watermilfoil Minor naiad Curlyleaf pondweed
Year (min) (max) (mean) (min) (max) (mean) (min) (max) (mean)
2020 1 5 2.9 2 2 2.0 0 0 0.0
2019 1 5 1.9 2 2 2.0 0 0 0.0
2018 1 5 3.1 2 2 2.0 0 0 0.0
2017 1 5 2.8 2 3 2.3 1 1 1.0
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 0 0 0.0
2012 1 5 3.1 2 5 2.6 0 0 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 2.9 1 4 2.1 2 2 2.0

*Shaded rows indicate deep drawdown years

covering 525 acres in 2020 (Figure 2). This represents the highest acreage of Eurasian water-
milfoil found to date and compares to the 477 — 515 acres found in the previous shallow draw-
down years. Minor naiad covered only 0.13 acres in 2020 which reflects a continuation of the
substantial decrease from the 72 acre high in 2015. This plant tends to occur in shallow pro-
tected coves where drawdown efficacy and grass carp herbivory are likely greatest. The Can-
dlewood Lake map (Figure 3) shows the locations and extents on the invasive aquatic plant
species in 2020. For close-up views of individual portions of the lake refer to the subset maps

found in the appendix of this report.
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There were 521 patches of
Eurasian watermilfoil in 2020
(Table 3). The largest patch was
76 acres running from Pocono
Point, northward along Echo Bay
and Brookfield Bay, ending at the
Candlewood Lake Club (Figure 3,
Map 6 and 8 in Appendix). This is
among the largest patches each
year. The mean abundance of
Eurasian watermilfoil patches in
Candlewood Lake was 2.9 in
2020, which was similar to all
shallow drawdown years (range
2.8 —3.3) (Table 4). We found 14
minor naiad patchesin 2020. This
represents a slight reversal of the
major decrease begun in 2017
where minor naiad patches
reached a low of one in 2019.
Mean minor naiad patch size,
however, reached an all-time
low of 0.01 acres in 2020. Mean
patch abundance of minor naiad
was 2.0 in 2020 which is the
same as in 2018 - 2019 and
slightly less than found from
2010-2017 (range 2.1 - 3.2) (Ta-

ble 4). Minor naiad is likely less

Figure 4. Depth preferences (meters) of invasive aquatic
plants in Candlewood Lake 2007 - 2020.
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Figure 5. Yearly frequency of occurrence of aquatic vegetation on transects in Candlewood Lake.
Points with the same letter within a species are not statistically different.

Figure 6. Yearly comparisons of average number of plant species per transect point in Candle-
wood Lake. Error bars equal +/- one standard error of the mean (SEM).
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affected by drawdown than Eurasian watermilfoil because it propagates from potentially

drawdown resistant seeds.

Drawdowns, fluctuating water levels, natural variation, and grass carp feeding may
change the depth preferences of invasive species from year to year. In 2020, we found most
Eurasian watermilfoil at the 1 - 5 m depth (Figure 4). Except for 2009, little Eurasian water-
milfoil was found at depths greater than 4 m. Improvements in water clarity and increased
light transmission is likely the cause (Figure 18). As in past years, minor naiad was limited to
depths from0-2 m.

The frequency of occurrence (FO) of Eurasian watermilfoil on transects was 79% in 2020
(Figure 5). Although among the highest of all years, 2020 was only statistically (p < 0.05)
greater than 2005 and 2013. Yearly variability caused by the winter drawdowns will decrease
the sensitivity of this measure when looking for the effects of grass carp. In addition, FO only
determines if a species is present or absent and therefore will be a lagging indicator of grass
carp efficacy. The FO of minor naiad increased from near zero in 2018 and 2019 to 3% in 2020
which although small reverses the decline started in 2015. Given that the first grass carp
introduction occurred in 2015 and minor naiad had not seemed sensitive to the previous
drawdown regimes, grass carp could be a factor in its decline. Curlyleaf pondweed
disappeared from transects in 2009 and has not been found since. Declines in both minor
naiad and curlyleaf pondweed could be related to a preference by grass carp to the ubiquitous
Eurasian watermilfoil. Coontail is a plant thought to be least preferred by grass carp
particularly in nearby Ball Pond (June-Wells et al. 2017). An increase in this plant on transects
from 2014 — 2017, although not statistically significant, yielded concern that Eurasian
watermilfoil was being replaced with coontail which could become a similar nuisance. Our
2020 survey showed a continuation of the reversal in this trend started in 2018. The mean
invasive species richness (number of plant species) per transect point was 0.8% in 2020. Unlike
2017 and 2018, 2020 this was no longer statically lower than 2016 — 2018 but still lower than
the all-time high of 1.0 found in 2014 (Figure 6). Native species richness per transect point in

2020 remained lower that invasive species richness at 0.7%.
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Figure 7. Yearly comparison of the coverage of invasive aquatic plants in Candlewood Lake’s
littoral zone (0-5m).

A healthy aquatic plant ecosystem generally has diverse and abundant native species.
Native plant coverage may decrease the establishment and spread of invasive species (Capers
et al. 2007). Overall native species richness on transects decreased from eight in 2019 to five
in 2020 which is considerably lower than the all-time high of 14 found in 2005 (Table 2). We
found no new native species in 2020. Present in 2019 but not in 2020 were bur-reed and great
duckweed. Many species that were present in 2005 have not been found in recent years,
including water starwort, waterweed, slender naiad, variable pondweed, clasping-leaf
pondweed, small pondweed, sago pondweed, and horned pondweed. It is possible these
plants have suffered because of the drawdowns and grass carp. It is also possible the plants
may be in the lake and no longer on transects, but none have been observed by the surveyor.
Clasping-leaf pondweed and sago pondweed are particularly notable as they were present on

transects and commonly viewed in other parts of the lake in most years until 2016 and 2017,
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respectively. This may be a result of grass carp herbivory. Some species-rich Connecticut lakes
contain over 30 native plant species (CAES IAPP 2020) and for a large lake like Candlewood to
have so few is unusual. This is probably because of Candlewood Lake being relatively young,

winter drawdowns, and possibly grass carp.

Many fish and other aquatic organisms need aquatic vegetation for habitat, food
production and spawning. Optimal littoral zone coverage ranges from 20% to 40% in
Connecticut lakes (Jacobs and O’Donnell 2002). We used a depth of 5 m (16 feet) as the littoral
zone limit in Candlewood Lake because it corresponds to the maximum depth where plants
have been found. Candlewood Lake has a littoral zone of 810 acres or 16% of the total lake
area (Bugbee 2011). Eurasian watermilfoil occupied 65% of the littoral zone in 2020 which was
similar to the other shallow drawdown years since 2015 which ranged from 62% - 64%. Minor
naiad covered <0.1% of the littoral zone and curlyleaf pondweed was not present. The total
coverage of Candlewood Lake’s littoral zone cannot be inferred by adding the acreage of
various species as they often occur together. Eurasian watermilfoil alone, however, has
continued to exceed the optimal littoral zone coverage since the deep drawdown year of

2013.
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Figure 8. The extent and abundance of Eurasian watermilfoil (pink=sparse — red=dense) and minor
naiad (light green =sparse — dark green=dense) in Allen’s Cove from 2013 - 2019.
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Figure 9. Candlewood Lake’s drawdown depths and duration and Eurasian watermilfoil coverage from
2007 — 2020. *Indicates deep drawdown years.
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2020 Drawdown

Candlewood Lake’s winter drawdowns are performed by FirstLight Power Resources to
control nuisance aquatic vegetation and protect shoreline structures from ice damage.
Typically, deep drawdowns of about 11 feet occur in odd numbered years and shallow
drawdowns of approximately six feet occur in even numbered years (Figure 9). This schedule
was disrupted in 2017 when a shallow drawdown occurred and in 2018 when the deep
drawdown target depth was nearly met for a short period. Thus the 2018 drawdown could be
considered a hybrid between deep and shallow. The winter drawdown of 2019 featured the
first true deep drawdown in four years and a typical shallow drawdown resumed in 2020.
Candlewood Lake’s 2020 drawdown began in mid-December 2019 and by late December the
level had dropped about two feet. By mid-January, the lakes level rose to within one foot of
full and gradually decline to near its shallow drawdown target level of just under six feet. This
level remained until early March when the lake was refilled to its normal full level by early
April. Since 2007 Candlewood Lake’s shallow drawdowns have varied in timing and duration;
however, except for the “hybrid” deeper drawdown of 2018, all shallow drawdowns reach

near the target level.

Eurasian watermilfoil coverage ranged in deep drawdown years from 221 acres in 2007 to
441 acres in 2015. In shallow drawdown years it ranged from 451 acres in 2008 to 525 acres
in 2020. These differences in the coverage are shown in Allen’s Cove (Figure 8). Rapid
regrowth in the shallow drawdown years is typical throughout Candlewood Lake and has

become reasonably predictable (Bugbee and Stebbins 2018).
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Table 5. Yearly comparisons of the frequency of occurrence of native and invasive plants on tran-

sects in Squantz Pond.

Frequency of Occurrence

(percent®
Common Name Scientific Name 2011 2015 2016 2017 2018 2019 2020
Bur-Reed Sparganium species 1 0 0 8 0 0 0
Coontail Ceratophyllum demersum 8 0 4 8 6 0 0
Curlyleaf pondweed |Potamogeton crispus 0 0 0 0 0 0 0
Eurasian watermilfoil| Myriophyllum spicatum 8 62 78 68 54 0 2
Leafy pondweed Potamogeton foliosus 0 0 2 0 0 0 18
Minor naiad Najas minor 22 40 22 30 2 0 0
Pickerelweed Pontederia cordata 0 4 0 0 0 0 18
Primrose-Willow Ludwigia species 0 0 0 2 0 0 0
Slender naiad Najas flexilis 14 12 4 0 0 0 0
Small pondweed Potamogeton pusillus 0 4 0 0 0 0 0
Snailseed pondweed |Potamogeton bicupulatus 9 20 12 14 0 0 0
Spikerush Eleocharis species 3 6 2 2 4 0 4
Waterwort Elatine species 3 8 8 8 4 4 24
Western waterweed |Elodea nuttallii 2 0 4 2 0 0 0
Total Invasive Species Richness 2 2 2 2 2 0 1
Total Native Species Richness 7 6 7 7 3 1 4
Total Species Richness 9 8 9 9 5 1 5

Invasive Species in Bold

Shaded columns are deep drawdown years
*Percent occurrence on 50 points in 5 transects

Figure 10. Yearly changes in in the acreage of invasive aquatic plants in Squantz Pond from 2015

—2020.
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Table 6. Yearly comparisons of the number and size of invasive patches in Squantz Pond.

Eurasian watermilfoil Minor naiad Curlyleaf pondweed
Year Number | (min) (max) (mean) | Number (min) (max) (mean) | Number (min) (max) (mean)
2020 2 0.0002 0.0002 0.0002 0 0 0 0 0 0 0 0
2019 0 0 0 0 0 0 0 0 0 0 0 0
2018 47 0.0002 3.5 0.4 3 0.0002 0.2 0.1 0 0 0 0
2017 39 0.0002 5.5 0.8 16 0.0002 1.4 0.4 0 0 0 0
2016 100 0.0002 11.9 0.4 20 0.0589 2.0 0.6 3 0.0002 0.0002 0.0002
2015 46 0.0002 10.2 0.8 13 0.2 4.1 1.2 1 0.004 0.004 0.004

Shaded rows indicate deep drawdown years

Table 7. Yearly comparisons of the abundance of invasive plants in patches
in Squantz Pond.

Patch Abundance (1 =sparse - 5 = dense)

Eurasian watermilfoil Minor naiad Curlyleaf pondweed
Year {min) ({max) {mean) (min) {max) {mean) {min) ({max) {mean)
2020 1 1 1.0 0 o o 0 0 0
2019 o] 0 0 o] o o 0 0 0
2018 1 4 2.6 2 2 2.0 ] 0 4]
2017 1 5 2.6 2 3 2.1 0 0 0
2016 1 5 2.7 1 5 2.9 1 2 1.7
2015 1 4 2.6 2 5 3.5 3 3 3.0

Shaded rows indicate deep drawdown years

Squantz Pond

Our 2020 survey of Squantz Pond confirmed the presence of the invasive species Eurasian
watermilfoil, along with the native species leafy pondweed, pickerelweed, spikerush, and wa-
terwort (Table 5). These plants all occurred in areas that were extremely shallow which likely
restricted feeding by grass carp. Compared to 2019 when only waterwort was observed, 2020
represented a slight increase the aquatic plant species present. Eurasian watermilfoil cover-
age has shown a marked decline since the 39 acres found in 2016. In 2020, we mapped only
0.0004 acres (Figure 10). Minor naiad coverage has also shown a steady decline since the 13
acres found in 2016. Only 0.3 acres in was found in 2018 and none as recorded in 2019 and
2020. Curlyleaf pondweed coverage was negligible in Squantz Pond prior to 2016 and has not
been found since. Our 2020 survey of Squantz Pond continues show an apparent unnatural
decline aquatic plants that seem best explained by the grass carp herbivory. For close-up views

of portions of the lake refer to the subset maps found in the appendix of this report.

We found 2 points of Eurasian watermilfoil in our 2020 survey that totaled 0.0004 acres
(Table 6). These points were located just east of the state boat launch, in a very rocky, shallow

area. This represented an extremely minor increase from the none that was found in 2019 but
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Figure 11. Locations of Squantz Pond’s invasive aquatic plant patches and points, transects, and water
test sites in 2018 (See appendix the three close-up maps shown in the legend).
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Figure 12. Yearly comparison of the frequency of occurrence of native and invasive species (left) and spe-
cies richness (right) on transects in Squantz Pond from 2011 to 2020. Points with the same letter are not
significantly different. Error bars +/- one standard error of the mean.

a decrease from the 39 — 100 patches or points found from 2015 -2018. The mean patch
abundance of Eurasian watermilfoil in 2020 was 1.0 which illustrates the extremely sparse
population (Table 7). Substantial declines in the abundance of Eurasian watermilfoil are evi-
dent starting in 2019 with prior years having values from 2.6 — 2.7. The last observations of
minor naiad and curlyleaf pondweed were in 2018 and 2016. The drastic reduction in both
invasive and native vegetation in 2019 has not been observed during our previous surveys and
the presence of grass carp is the only apparent difference. This will be discussed further in the

“Grass Carp” section of this report.

The 2020 frequency of occurrence (FO) of Eurasian watermilfoil, minor naiad and curlyleaf
pondweed in Squantz Pond remained at or near zero while a non-statistically significant in-
crease in native species (leafy pondweed, pickerelweed, spikerush, and waterwort) from 4%
in 2019 to 24% was found in 2020 (Figure 12, left). Species richness on transects followed a
pattern similar to FO (Figure 12, right) but the increase in native species from a mean per point
of 0.1in 2019 to 0.6 in 2020 was statistically significant (+/- 1 SEM). Although the native spe-
cies richness was similar to 2011 and 2015, the levels are currently very low. This is likely

because in 2011 and 2015 native species were inhibited by Eurasian watermilfoil. Prior to 2019
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Figure 13. Depth preferences (meters) of invasive plants in Squantz Pond from 2015 - 2020.

most Eurasian watermilfoil in Squantz Pond resided at a depth of 1 — 4 m while minor naiad

and curlyleaf pondweed grew at the 0—1 m depth (Figure 13). Negligible Eurasian watermilfoil

was found at a depth of less than 0.2 m in 2020 which may have restricted grass carp feeding.

Neither minor naiad nor curlyleaf pondweed has been found at any depth since 2018.

Squantz Pond has a littoral zone of 111 acres or 42% of its total area. Since 2019, invasive

and native plants have been nearly nonexistent (Figure 14) resulting in the littoral zone plant

coverage falling well below optimum (Jacobs and O’Donnell 2002).

Grass Carp

In 2015, 3868 12 - 15-
inch grass carp were intro-
duced into Candlewood
Lake. In 2017, 5035 addi-
tional grass carp were in-
troduced into Candlewood
Lake and 585 were stocked
in Squantz Pond. Because
Candlewood Lake and

Squantz Pond are

Figure 14. Littoral Zone Coverage of invasive plants from 2015 -
2020.
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Figure 15. Surface Eurasian watermilfoil in 2020 (left). Possible “holes” in Eurasian watermilfoil
patches caused by grass carp feeding (right).

connected via the conduit under Route 39, grass carp can move freely between the water-
bodies. Grass carp tend to graze on the terminal shoots of vegetation, and vegetation con-
trol would likely be first noticed by a reduction in the plants reaching the surface and flower-
ing (Pipalova 2006). Since 2012, we have recorded the points and patches where surface wa-
termilfoil has occurred in Candlewood Lake (Figure 15). A reduction in surface flowering
points may be the first

indication of the grass

carp effect.

The shallow draw-
down vyears of 2012,
2014, 2016, 2018, and
2020 showed the highest
acreage  of  surface
patches and points with
110, 22, 31, 34, and 4
acres respectively (Figure

16). The deep drawdown

years of 2013, 2015, and Figure 16. Acreage of surface Eurasian watermilfoil from 2012—2020
2019 featured only 0.4, 0.4 and area weighted abundance from 2007-2020 in Candlewood Lake.
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Figure 17. Locations of grass carp sightings and approximate numbers in 2018, 2019, and 2020.
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and 0.04 acres, respectively. The 2020 season had the lowest acreage of surface patches and

points for any shallow drawdown year. Attributing this to grass carp efficacy is plausible.

We routinely see individual or schools of grass carp during our survey and record the loca-
tion and approximate number of fish. Generally, grass carp were seen in coves 1 - 2 m deep
when boat traffic was minimal. Certain coves seemed preferred. Coves such as the eastern
section of Allen’s, Atchison, Deer Run Shores, Shelter Harbor, and Knollcrest almost always
contained viewable grass carp (Figure 17). In 2020 we recorded 14 sightings in schools up to
about 18 fish. Thirteen of the sightings occurred during the short June curlyleaf pondweed
survey while only one sighting was recorded during the longer summer survey. In 2019 we
recorded 20 sightings with schools containing up to 20 fish while in 2018 we had 59 sightings
with schools as large as 75 fish. Whether this downward trend is an indication of a decrease
in the number of grass carp in Candlewood Lake cannot be determined but is noteworthy.
Our surveys suggest grass carp may be having the greatest effects in coves and less along the
main body of the lake. We observed atypical “holes” in vegetation in Allen’s Cove and Atchison
Cove (Figure 15, right) that could be grass carp feeding sites. Our overall area weighted abun-
dance of Eurasian watermilfoil in Candlewood Lake measurement (Figure 16) when related to
winter drawdown protocol could be an indication of grass carp efficacy in the main body of
the lake. The 2020 value of 3.7 is nearly identical to the shallow drawdown years since 2015

and therefore indicates minimal change has occurred.

The near elimination of aquatic vegetation in Squantz Pond is both interesting and a con-
cern. Because the connection to Candlewood Lake under the Route 39 causeway offers no
barriers to migration of the fish between waterbodies, Squantz Pond could be accumulating
grass carp from Candlewood Lake. This could be a result of the quieter conditions in the pond.
It would be expected that as vegetation becomes scare in Squantz Pond the grass carp will

have to move back into Candlewood Lake. Currently it appears that Squantz Pond may be
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experiencing a condition like nearby Waubeeka and Taunton Lakes where grass carp may have

reduced vegetation to less than optimal levels.

Table 8. Water chemistry of Candlewood Lake and Squantz Pond in 2020.

Water Chemistry

Water chemistry af-
fects the occurrence of in-
vasive plants in lakes.
CAES IAPP has found lakes
with higher alkalinities
and conductivities are
more likely to support
Eurasian watermilfoil, mi-
nor naiad, and curlyleaf
pondweed while lakes
with lower values support

fanwort and variable wa-

Figure 18. Water transparency in Candlewood Lake during our 2013-
2020 CAES IAPP surveys.

termilfoil (June-Wells et al. 2013). Candlewood Lake and Squantz Pond fall into the former

category. Zebra mussels also prefer water with higher alkalinities and conductivities. Water

chemistry may be altered when nutrients are utilized by plants, and nutrients not used by

plants may promote harmful algal blooms. At the conclusion of each waterbody’s survey, we

perform water testing on each lake. Because these water tests are performed only once a
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year, they may not be indicative of conditions at other times. In Candlewood Lake we obtain
water clarity measurements most days we are surveying and thus can show changes over the
course of our surveys (Figure 18). During 2020 water clarity varied between 2.8 and 5.0 with
only one reading below 4 m. This represented the clearest water we have recorded to date.
Squantz Pond had a water clarity of 2.5 m during our water sampling on September 4" (Table
8). Water clarities in Connecticut’s lakes ranged from 0.3 - 10 m with an average of 2.3 m
(CAES IAPP 2020). Thus, the water clarities of Candlewood Lake and Squantz Pond are near
Connecticut’s average.

Conductivity is an indicator of dissolved ions that come from natural and man-made
sources (mineral weathering, organic matter decomposition, fertilizers, septic systems, road
salts, etc.). In 2020 the conductivities of Candlewood Lake ranged from 195 - 212 uS/cm with
the highest levels in the bottom water (Table 8). This is higher than in the early 1990’s when
the lake’s conductivity ranged from 176 - 184 uS/cm (Canavan and Siver 1995). Squantz Pond’s
2020 conductivity was 130 uS/cm at the surface and 137 uS/cm at the bottom. A trend toward
increasing conductivity from the head waters at Squantz Pond through Candlewood Lake is
evident.

The pH of Candlewood Lake ranged from 6.9 — 7.7 in 2020 with the levels generally slightly
higher near the surface (Table 8). Higher surface water pH is consistent with removal of carbon
dioxide by algae and aquatic plants during the daytime particularly in bright sun. The pH of
Squantz Pond in 2020 was 7.5 at the surface and 6.8 near the bottom. Alkalinities in Connect-
icut’s lakes range from near 0 to over 170 mg/L CaCOs (CAES IAPP 2020, Canavan and Siver
1995, Frink and Norvell 1984). In 2020, Candlewood Lake’s surface water alkalinity ranged
from 63 - 74 mg/L and bottom water alkalinity ranged from bottom water ranged from 67 —
81 mg/L while Squantz Pond’s alkalinity was 38 mg/L at the surface and 60 mg/L near the
bottom. As with conductivity, alkalinity tended to increase downstream throughout the lake

system.

A key parameter used to categorize a lake’s trophic state is the concentration of phospho-

rus (P) in the water column. High levels of P can lead to nuisance or toxic algal blooms (Frink
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Figure 19. Temperature and dissolved oxygen profiles in lakes Candlewood and Squantz Pond in 2020.

and Norvell 1984, Wetzel 2001). Lakes with P levels from 0 - 10 pg/L are considered nutrient-
poor or oligotrophic. When P concentrations reach 15 - 25 pg/L, lakes are classified as moder-
ately fertile or mesotrophic and when P reaches 30 - 50 pg/L they are considered fertile or
eutrophic (Frink and Norvell 1984). Lakes with P concentrations over 50 pg/L are categorized
as extremely fertile of hypereutrophic. The P concentration in Candlewood Lake ranged from
8 - 17 pg/L at the surface. Near the bottom P varied widely from 6 - 354 pg/L (Table 8). This
partitioning of P between the surface and bottom water is common in the summer as anoxic
conditions release P from the sediment (Norvell 1974) and temperature stratification prevents
vertical mixing. Localized mixing events can cause wide variations from place to place. Squantz
Pond had a surface P of 15 pg/L and a bottom P of 54 pg/L in 2020. Rooted macrophytes are
less dependent on P from the water column as they obtain most of their nutrients from the
hydrosoil (Bristow and Whitcombe 1971).

We measured total nitrogen (TN) in the water samples for the first time in 2020. Nitrogen
is the most limiting nutrient in terrestrial plants. Although nitrogen is likely less limiting to the
growth of aquatic plants and algae, it may play a role in a lake’s productivity. Frink and Norvell
(1984) found TN in Connecticut Lakes ranged from 193 - 1830 pg/L and averaged 554 pg/L.
Candlewood Lake’s surface water TN ranged from 133 - 181 pg/L and bottom TN water ranged
from 252 — 852 pg/L. Squantz Pond’s surface water TN was 184 pg/L and bottom TN water
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was 852 pg/L. TN in both lakes followed the same pattern as total phosphorus with the nutri-

ent showing accumulation in the bottom water.

Water temperature and dissolved oxygen (DO) profiles were similar in Candlewood Lake
and Squantz Pond. Surface temperatures of near 24 °C occurred to a depth of approximately
6 m and then rapidly declined to near 13 °C near the bottom (Figure 19, left). DO profiles also
were similar between the lakes with a highly aerobic surface DO’s of near 8 mg/L. At about 6

m DO rapidly declined the anoxic state of near zero near the bottom (Figure 19, right).

Conclusions/Executive Summary

CAES IAPP monitoring since 2005 has provided a consistent assessment on the plant
communities to enhance aquatic plant management. Decades of deep and shallow winter
drawdowns have been the primary method of plant management. Since 2015, these have
been supplemented with grass carp introductions. Because Candlewood Lake and Squantz
Pond are attached via a deep-water culvert, drawdowns effect both waterbodies in the same
manner while grass carp migration could create differences. Typically, the deep and shallow
drawdowns are alternated yearly; however, from 2016 — 2020 only 2019 had a deep
drawdown. Eurasian watermilfoil acreage increases after most shallow drawdowns and
decreases after deep drawdowns. The shallow drawdown performed in 2020 resulted in an
increase in Eurasian watermilfoil coverage in Candlewood Lake to an all-time high of 525
acres. Some of this may be caused by expansion of the beds into deeper water facilitated by
increased clarity. In Squantz Pond Eurasian watermilfoil acreage dropped from a high of 39
acres in 2016 to zero acres in 2019 and 2020. The acreage of minor naiad and curlyleaf
pondweed was at or near zero in both lakes and continues the trend begun in 2020 continuing
the trend begun in 2018. Our transect data continues to show a low level of native species
richness compared to the start of our monitoring. Reductions since the grass carp
introductions may be related to the fish, particularly in Squantz Pond. Our results suggest that
some of the grass carp introduced into Candlewood Lake may have migrated into Squantz
Pond and accentuated the paucity of aquatic plant reduction. Reduction in aquatic plant

biomass in Candlewood Lake still seems better related to the winter drawdown than grass
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carp, however, some atypical unvegetated “holes” in Eurasian watermilfoil patches in certain
coves may be indicative of grass carp herbivory. Reductions in surveyor grass carp sightings

59in 2018 to 12 in 2020 could be a sign of a reduced population.
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Subset Maps
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Subset Maps

Squantz Pond
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Invasive Plant Descriptions
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Metadata

Metadata is data about data. This metadata gives background information on the con-
tent, quality, condition, legal liability, and other appropriate characteristics of the data.

Candlewood Lake Authority Invasive Aquatic Plant Monitoring Report 2020 | Page 58



Abstract

Purpose

Access
Constraints

Use
Constraints

Metadata

Polygons and Points of Invasive Plants

This polygon and point data is of the invasive aquatic plant locations in Candlewood
Lake and Squantz Pond found during the 2020 aquatic plant surveys. The invasive
aquatic plants found during the survey were Najas minor (minor naiad) and Myriophyl-
lum spicatum (Eurasian watermilfoil). Survey boats with Trimble GPS units traveled
along the outside of each invasive patch to obtain the polygons. If invasive aquatic
plants species co-occurred, two separate polygons would be made, or the occurrence
would be noted in the notes field. If plants covered an area of less than 1 meter in
diameter a point feature was recorded. Depth was at three different locations in
patches and the average depth range was assigned. For points, one depth measure-
ment was recorded. Abundance of each species in the patch or point was ranked on a
scale of 1-5 (1 =rare, a single stem; 2 = uncommon, few stems; 3 = common; 4 = abun-
dant; 5 = extremely abundant or present at the surface).

To document and assess the invasive aquatic plant infestation on Candlewood Lake
and Squantz Pond during 2020. This data will also be available to compare with future
invasive aquatic plant survey data.

This data is public access data and can be freely distributed. The Connecticut Agricul-
tural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly
cited as the author in any published works. The State of Connecticut shall not be held
liable for improper or incorrect use of the data described and/or contained within this
web site. These data and related graphics are not legal documents and are not in-
tended to be used as such. The information contained in these data is dynamic and
will change over time. The State of Connecticut gives no warranty, expressed or im-
plied, as to the accuracy, reliability, or completeness of these data. It is the responsi-
bility of the data user to use the data appropriately and consistent within these limita-
tions. Although these data have been processed successfully on a computer system at
the State of Connecticut, no warranty expressed or implied is made regarding the util-
ity of the data on another system or for general or scientific purposes, nor shall the act
of distribution constitute any such warranty. This disclaimer applies both to individual
use of the data and aggregate use with other data.

No restrictions or legal prerequisites for using the data. The data is suitable for use at
appropriate scale and is not intended for maps printed at scales greater or more de-
tailed than 1:24,000 scale (1 inch = 2,000 feet). Although this data set has been used
by the State of Connecticut, The Connecticut Agricultural Experiment Station, no war-
ranty, expressed or implied, is made by the State of Connecticut, Connecticut Agricul-
tural Experiment Station as to the accuracy of the data and or related materials. The
act of distribution shall not constitute any such warranty, and no responsibility is as-
sumed by the State of Connecticut, Connecticut Agricultural Experiment Station in the
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use of these data or related materials. The user assumes the entire risk related to the
use of these data. Once the data is distributed to the user, modifications made to the
data by the user should be noted in the metadata. When printing this data on a map
or using it in a software application, analysis, or report, please acknowledge the Con-
necticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP)
as the source for this information.

Gregory J. Bugbee and Summer E. Stebbins, The Connecticut Agricultural Experiment
Station Invasive Aquatic Plant Program (CAES IAPP)

All aquatic plants noted in this feature were confirmed in the lab using a dichotomous
key and, when possible, molecular techniques. Collection specimens of each plant can
be found at The Connecticut Agricultural Experiment Station herbarium. Abundance
determinations were made by the surveyor based on the abundance guidelines listed
in the abstract of this metadata.

Positions were acquired by using a Trimble GeoXT" or Trimble R1 GNSS® with TerraSync
5.86(WAAS enabled). Data was post-processed in the lab with Pathfinder Office 5.85
with data from local base stations. Therefore, the average accuracy of the data is less
than 1m.

®

Position data was obtained in the field using a Trimble GeoXT® or Trimble R1 GNSS
with TerraSync 5.86 (WAAS enabled). Data was post-processed in the lab with Path-
finder Office 5.85 with data from local base stations and then imported into ESRI
ArcMap 10.8.1 for display and analysis.
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Transects

Quantitative abundance information on native and invasive aquatic plants were ob-
tained by using the CAES IAPP transect method. We positioned transects perpendicu-
lar to the shoreline and recorded GPS location and the abundance of each plant spe-
cies found within a 2 m? area at 0.5, 5, 10, 20, 30, 40, 50, 60, 70 and 80 m from the
shore (a total of 10 samples on each transect unless impaired by rocks, land etc.). Ten
transects were established for Candlewood Lake and five transects were established
for Squantz Pond. In Candlewood Lake, transects were chosen that included at least
one occurrence of each native and invasive plant species found by a more thorough
set of transects done by CAES IAPP in 2005. Candlewood Lake transects T2, T22, T25,
T57,T52, T58, T62, T74, T86, and T105 from the CAES IAPP 2005 survey were chosen
and renamed T1 - T10, respectively. These transects do not represent the overall con-
ditions of Candlewood Lake as the frequency of native species will be over-estimated.
We used the same method when selecting transects on Squantz Pond by selecting 5
of the 14 transects established in 2011. Squantz Pond transects, T1, T11, T9, T8, and
T5 were chosen and renamed T1 —T5 respectively. We ranked abundance of each spe-
cies, at each transect point, on a scale of 1-5 (1 = rare, a single stem; 2 = uncommon,
few stems; 3 = common; 4 = abundant; 5 = extremely abundant or present at the sur-
face). Depth was measured at each transect point.

To document and assess the native and invasive aquatic plant community in Candle-
wood Lake and Squantz Pond during 2020. This data will also be available to compare
with future aquatic plant survey data.

This data is public access data and can be freely distributed. The Connecticut Agricul-
tural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly
cited as the author in any published works. The State of Connecticut shall not be held
liable for improper or incorrect use of the data described and/or contained within this
web site. These data and related graphics are not legal documents and are not in-
tended to be used as such. The information contained in these data is dynamic and
will change over time. The State of Connecticut gives no warranty, expressed or im-
plied, as to the accuracy, reliability, or completeness of these data. It is the responsi-
bility of the data user to use the data appropriately and consistent within these limita-
tions. Although these data have been processed successfully on a computer system at
the State of Connecticut, no warranty expressed or implied is made regarding the util-
ity of the data on another system or for general or scientific purposes, nor shall the act
of distribution constitute any such warranty. This disclaimer applies both to individual
use of the data and aggregate use with other data.

No restrictions or legal prerequisites for using the data. The data is suitable for use at
appropriate scale and is not intended for maps printed at scales greater or more
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detailed than 1:24,000 scale (1 inch = 2,000 feet). Although this data set has been used
by the State of Connecticut, The Connecticut Agricultural Experiment Station, no war-
ranty, expressed or implied, is made by the State of Connecticut, Connecticut Agricul-
tural Experiment Station as to the accuracy of the data and or related materials. The
act of distribution shall not constitute any such warranty, and no responsibility is as-
sumed by the State of Connecticut, Connecticut Agricultural Experiment Station in the
use of these data or related materials. The user assumes the entire risk related to the
use of these data. Once the data is distributed to the user, modifications made to the
data by the user should be noted in the metadata. When printing this data on a map
or using it in a software application, analysis, or report, please acknowledge the Con-
necticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP)
as the source for this information.

Gregory J. Bugbee and Summer E. Stebbins, The Connecticut Agricultural Experiment
Station Invasive Aquatic Plant Program (CAES IAPP)

All agquatic plants noted in this feature were confirmed in the lab using a dichotomous
key and, when possible, molecular techniques. Abundance determinations were
made by the surveyor based on the abundance guidelines listed in the abstract of this
metadata.

Positions were acquired by using a Trimble GeoXT* or Trimble R1 GNSS® with TerraSync
5.86 (WAAS enabled). Data was post-processed in the lab with Pathfinder Office 5.85
with data from local base stations. Therefore, the average accuracy of the data is less
than 1m.

®

Position data was obtained in the field using a Trimble GeoXT" or Trimble R1 GNSS
with TerraSync 5.86 (WAAS enabled). Data was post-processed in the lab with Path-
finder Office 5.85 with data from local base stations and then imported into ESRI
ArcMap 10.8.1 for display and analysis.

Candlewood Lake Authority Invasive Aquatic Plant Monitoring Report 2020 | Page 62



Abstract

Purpose

Access
Constraints

Use
Constraints

Metadata

Water Testing

Water data is taken by The Connecticut Agricultural Experiment Station Invasive
Aquatic Plant Program (CAES IAPP) in order to document and analyze the water con-
ditions of surveyed aquatic plants in Candlewood Lake and Squantz Pond. Five sample
locations were chosen in Candlewood Lake and one location in Squantz Pond. At least
one sample location is chosen in the deepest part of the lake and the other are spread
out to account for diverse conditions. The depth (meters) and Secchi measurement
(transparency; meters) are taken at each location, along with dissolved oxygen (mg/L)
and temperature (°C) at 0.5 meters from the surface and one-meter intervals to the
bottom. Water samples are also taken at the sample location at 0.5-meter from the
surface and near the water-body bottom. Water samples are assessed in the lab for
conductivity (us/cm), pH, alkalinity (expressed as mg/L CaCOs), phosphorous (ug/L),
and total Nitrogen (ug/L).

Water data was taken by The Connecticut Agricultural Experiment Station Invasive
Aquatic Plant Program (CAES IAPP) in order to document and analyze the water con-
ditions in Candlewood Lake and Squantz Pond and correlate with surveyed aquatic
plants.

This data is public access data and can be freely distributed. The Connecticut Agricul-
tural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly
cited as the author in any published works. The State of Connecticut shall not be held
liable for improper or incorrect use of the data described and/or contained within this
web site. These data and related graphics are not legal documents and are not for use
as such. The information contained in these data is dynamic and will change over time.
The State of Connecticut gives no warranty, expressed or implied, as to the accuracy,
reliability, or completeness of these data. It is the responsibility of the data user to use
the data appropriately and consistent within these limitations. Although these data
have been processed successfully on a computer system used by the State of Connect-
icut, no warranty expressed or implied is made regarding the utility of the data on an-
other system or for general or scientific purposes, nor shall the act of distribution con-
stitute any such warranty. This disclaimer applies both to individual use of the data and
aggregate use with other data.

No restrictions or legal prerequisites for using the data. The data is suitable for use at
appropriate scale and is not intended for maps printed at scales greater or more de-
tailed than 1:24,000 scale (1 inch = 2,000 feet). Although this data set has been used
by the State of Connecticut, The Connecticut Agricultural Experiment Station, no war-
ranty, expressed or implied, is made by the State of Connecticut, Connecticut Agricul-
tural Experiment Station as to the accuracy of the data and or related materials. The
act of distribution shall not constitute any such warranty, and no responsibility is
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assumed by the State of Connecticut, Connecticut Agricultural Experiment Station in
the use of these data or related materials. The user assumes the entire risk related to
the use of these data. Once the data is distributed to the user, modifications made to
the data by the user should be noted in the metadata. When printing this data on a
map or using it in a software application, analysis, or report, please acknowledge the
Connecticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES
IAPP) as the source for this information.

Gregory J. Bugbee and Summer E. Stebbins, The Connecticut Agricultural Experiment
Station Invasive Aquatic Plant Program (CAES IAPP)

Secchi measurements were taken in the field with a Secchi disk with measurement
markers (meters), using the same method each time. Dissolved oxygen and tempera-
ture were taken in the field with a YSI 58 meter (YSI Incorporated, Yellow Springs, Ohio,
USA) that was calibrated every time it was used. Water samples were stored at 3° C
until analyzed for pH, alkalinity, conductivity, and total phosphorus. Conductivity and
pH were measured with a Fisher-Accumet AR20 meter (Fisher Scientific International
Incorporated, Hampton, New Hampshire, USA), which was calibrated each time it was
used. Alkalinity was quantified by titration and expressed as milligrams of CaCOs per
liter (titrant was 0.08 mol/L H,SO4 with an end point of pH 4.5). The total phosphorus
analysis was conducted on samples that were acidified with three drops of concen-
trated H2SO4 and consisted of the ascorbic acid method and potassium persulfate di-
gestion outlined by the American Public Health Association (Standard Methods of the
Examination of Water and Wastewater,1995). Phosphorus was quantified using a Mil-
ton Roy Spectronic 20D® spectrometer with a light path of 2 cm and a wavelength of
880 nm. Total Nitrogen was determined with an O-1 Analytical, Model 1080 Total Or-
ganic Carbon Analyzer.

Positions were acquired by using a Trimble GeoXT’ or Trimble R1 GNSS® with TerraSync
2.40 or 5.86 (WAAS enabled). Data was post-processed in the lab with Pathfinder Of-
fice 5.85 with data from local base stations. Therefore, the average accuracy of the
data is less than 1m.

Position data was obtained in the field using a Trimble GeoXT" or Trimble R1 GNSS’
with TerraSync 2.40 or 5.86 (WAAS enabled). Data was post-processed in the lab with
Pathfinder Office 5.85 with data from local base stations and then imported into ESRI
ArcMap 10.8.1for display and analysis.
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Invasive Aquatic Plant Location Data
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Candlewood Lake
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Squantz Pond
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Candlewood Lake Eurasian Watermilfoil Surface Location Data
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Transect Data
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Squantz Pond
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