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Locations of Invasive Plants Found by CAES IAPP 2004-2022
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more invasive species
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Figure 1. Locations of invasive aquatic plants found by CAES IAPP from 2004 - 2022.

Introduction:

Since 2004, the Connecticut Agricultural Experiment Station (CAES) Invasive
Aquatic Plant Program (IAPP) has performed over 400 aquatic vegetation surveys in
Connecticut lakes, ponds, and rivers (Figure 1). Approximately 56% of the water-
bodies contain invasive plant species that can cause rapid deterioration of aquatic
ecosystems, recreational opportunities, and real estate values. The presence of in-
vasive species is related to water chemistry, public boat launches, climate change,
and random events (June-Wells et al., 2013, Capers et al. 2009, Rahel and Olden,
2008). CAES IAPP provides an online database where stakeholders can view digit-

ized vegetation maps, detailed transect data, temperature and dissolved oxygen
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profiles, and water test results for clarity, pH, alkalinity, conductivity, total phos-

phorus, and total nitrogen (portal.ct.gov/caes-iapp). This information allows citi-

zens, government officials, and scientists to view past conditions, compare them
with current conditions, and make educated management decisions. In 2022, CAES
IAPP performed the third survey of Lake Waubeeka and updated the CAES IAPP da-

tabase.

Lake Waubeeka is a 36-acre man-made lake located in Danbury, Connecticut. It
has a maximum depth of 21 feet with an often mucky and organic substrate. The
average depth is about nine feet. There is no public access to the waterbody; it is a
private lake managed by the Lake Waubeeka Association (LWA). Most of the shore-
line is developed and there are two private beaches with roped off swim areas. Mo-
torboats are not allowed on Lake Waubeeka. Previous CAES IAPP surveys of Lake
Waubeeka were performed in 2005 and 2019. A total of 450 triploid sterile grass
carp (Ctenopharyngodon idella) were introduced in 1998, and another 550 were
added in 2008 to control nuisance aquatic vegetation. These fish are herbivores ca-
pable of reducing most species of aquatic plants (Pipalova, 2006). A substantial de-
cline in all vegetation except for water lilies was documented in 2019 likely caused
by the fish (CAES IAPP, 2023). Insufficient vegetation can reduce habitat for fish
and other aquatic organisms. Guidance for Connecticut waterbodies suggests that

20 - 40% littoral zone coverage is optimal (Jacobs and O’Donnell. 2002).

Objectives:

o Perform a third survey of Lake Waubeeka for aquatic vegetation and quantify
water chemistry. Previously surveyed by CAES IAPP in 2005 and 2019.

o Compare with previous surveys and add vegetation maps and water chemis-
try information to the CAES IAPP website.

o Assess effects of grass carp as a plant management technique for Lake
Waubeeka.
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Materials and Methods:

Aquatic Plant Surveys and

Mapping:

We surveyed Lake Waubeeka
for aquatic vegetation on July 6,
2022. The survey utilized meth-
ods established by CAES IAPP.
Surveys were conducted from a

16-foot motorized boat travel-

ing over areas that supported

aquatic plants (Figure 2). LWA Figure 2. Performiljg vis_ual aquatic plant survey on
Lake Quonnipaug in Guilford, CT.
leadership approved the use of

a motorboat prior to the survey. Plant species were recorded using a meandering
survey method based on visual observation or collections with a long-handled rake
or grapple. A Lowrance® Hook 5 sonar system ground truthed with grapple tosses
was used to identify vegetated areas in deep water. Quantitative information on
plant abundance was obtained by resurveying four transects that were initially posi-
tioned perpendicular to the shoreline in 2005. Transect locations represented the
variety of habitats in the lake. Transects were located using a Trimble® R1T GNSS
global positioning system with sub-meter accuracy. Sampling data points were
taken along each transect at points 0, 5, 10, 20, 30, 40, 50, 60, 70, and 80 m from
the shore. We measured depth with a rake handle, drop line, or digital depth finder,
and sediment type was estimated. Abundances of species present at each point
were ranked on a scale of 1 - 5 (1 = very sparse, 2 = sparse, 3 = moderately abun-
dant, 4 = abundant, 5 = very abundant). When field identifications of plants were
guestionable, samples were brought back to the lab for review using the taxonomy
of Crow and Hellquist (20004, 2000b). One specimen of each species collected was
dried and mounted in the CAES IAPP aquatic plant herbarium. Digitized mounts can

be viewed online (portal.ct.qgov/caes-iapp).
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Plant species are referred to by common name in the text of this report. Scien-
tific names can be found in Table 1. We post-processed the GPS data in Pathfinder
5.85 (Trimble Navigation Limited, Sunnyvale, CA) and then imported it into ArcGIS®
Pro 3.0.3 (ESRI Inc., Redlands, CA). Data were
then overlaid onto recent high-resolution aerial
imagery for the continental United States made

available by the USDA Farm Services Agency.
Water Analysis:

Water was analyzed from a deep part of the
lake (approximately 7 feet) in the same place as
our previous surveys. Water temperature and dis-
solved oxygen were measured 1.5 feet beneath

the surface and at 3-foot intervals to the bottom.

Water was tested for temperature and dissolved

oxygen using an YSI 58° meter. Water clarity was &gﬁrgei.cﬁh;étl.ng water clarity

measured by lowering a six-inch diameter black
and white Secchi disk into the water and determining to what depth it could be

viewed (Figure 3).

Water samples for pH, alkalinity, conductivity, and total phosphorus testing
were obtained from 1.5 feet beneath the surface and 1.5 feet above the bottom.
The samples were stored at 38°F until testing. A Fisher AR20° meter was used to
determine pH and conductivity, and alkalinity (expressed as mg/L CaCO;) was
guantified by titration with 0.016 N H,SO,to an end point of pH 4.5. We determined
total phosphorus using the ascorbic acid method preceded by digestion with potas-
sium persulfate (APHA, 1995). Phosphorus was quantified using a Milton Roy Spec-
tronic 20D° spectrophotometer with a light path of 2 cm and a wavelength of 880

nm.
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Table 1. Plants present in Lake Waubeeka during CAES IAPP surveys in 2005, 2019, and
2022. Present indicates the species was found somewhere in the lake while frequency of
occurrence (FOQ) indicates presence of a species on transects.

Lake Waubeeka

Species (invasives in bold) 2005 2019 2022
o FOQ FOQ FOQ
Common Name Scientitic Name Present %/point) Present %/point) Present %/point)
Arrowhead Sagittaria species X 0.0% X 5.0%
Canadian waterweed Elodea canadensis X 0.0%
Common duckweed Lemna minor X 0.0%
Coontail Ceratophyllum demersum X 97.5%
Curlyleaf pondweed Potamogeton crispus X 17.5%
Eurasian watermilfoil Myriophyllum spicatum X 57.5%
Humped bladderwort Utricularia gibba X 7.5%
Largeleaf pondweed Potamogeton amplifolius X 0.0%
Leafy pondweed Potamogeton foliosus X 0.0%
Minor naiad Najas minor X 12.5%
Pickerelweed Pontederia cordata X 0.0% X 0.0%
Spikerush Eleocharis species X 0.0%
Swamp loosestrife Decodon verticillatus X 15.0% X 7.5%
Water stargrass Zosterella dubia X 7.5%
Watershield Brasenia schreberi X 7.5%
White water lily Nymphaea odorata X 10.0%
Yellow water lily Nuphar variegata X 2.5% X 12.5% X 25.0%
Total Species Richness 17 14 9 4 2 4 3
Total Native Species Richnesss 14 11 6 4 2 4 3
Total Invasive Species Richness 3 3 3 0 0 0 0

Results and Discussion:

Aquatic Plant Surveys and Transects:

In 2005, 14 species of aquatic plants were found in Lake Waubeeka including
the invasive species Eurasian watermilfoil, curlyleaf pondweed, and minor naiad
(Table 1). Combined with a robust population of native waterweed, nearly the entire
lake was choked with vegetation. In 2022, the number of plant species declined to
only 4 with no invasive species, resulting in most of the lake being devoid of vege-
tation (Figures 4 & 5). The aquatic plant species found in 2022 were arrowhead,
pickerelweed, swamp loosestrife, and yellow water lily. These are the same as

found in 2019. Information on all the native plants is beyond the scope of this re-

port but is available at “About PLANTS” (https://plants.usda.gov/about_plants.html).
Except for yellow water lily, all species were found on the shoreline in less than two
feet of water (Figure 4). Yellow water lily was the most abundant plant in the lake.

Cattail (Typha species), phragmites (Phragmites australis), and purple loosestrife
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Lake Waubeeka
Danbury, CT
36 Acres

Surveyed on July 6, 2022
| by Summer Stebbins and Eva Ramey
Invasive Aquatic Plant ProgramN

0 100 200 400
Feet

To view location of individual plant species or other features, open in Adobe Reader
DC and click on the "Layers" tab on the left. Turn features on or off by clicking the
"eye" icons.

A Collection Point M Cattail I Swamp loosestrife
® Transect Point Phragmites* Yellow water lily
Water Data I Pickerelweed
[ Arrowhead Purple loosestrife*

Figure 4. 2022 aquatic plant survey map of Lake Waubeeka in Guilford, CT.
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Figure 5. Comparisons of vegetative cover in Lake Waubeeka in 2005, 2019, and 2022 (left
to right). Full maps from 2005 and 2019 can be found in the appendix.

(Lythrum salicaria) were documented during our 2022 survey. These likely oc-
curred during the 2005 surveys but were not recorded as they are considered wet-
land plants and not aquatics. Phragmites and purple loosestrife are both invasive
wetland species. Lakes with a diverse plant community are desirable for aquatic or-
ganisms and water quality enhancement. Pachaug Pond and Moodus Reservoir are
among the most diverse lakes in the state and have over 30 aquatic plant species
(CAES IAPP, 2023). Lake Waubeeka’s current total of four species make it one of the
Connecticut’s least diverse lakes with grass carp herbivory the likely cause. In
2005, aquatic plant vegetation covered most of Lake Waubeeka (Figure 5). By 2019,
vegetation was limited to emergent vegetation and water lilies along the shoreline.
In 2022, vegetation was similar to 2019 with a slight increase in abundance of yel-
low water lily. The CAES IAPP website contains digitized survey maps where individ-

ual plant layers can be viewed separately (portal.ct.gov/caes-iapp). In 2022, plant

coverage of Lake Waubeeka’s littoral zone (essentially the entire lake) was well
below the 20-40% suggested for optimal habitat for fish and other aquatic or-
ganisms (Jacobs and O’Donnell, 2002).
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Figure 6. Frequency of occurrence (left) and species richness (right) of native and invasive
aquatic plants found on transects on Lake Waubeeka in 2005, 2019, and 2021. The black
bars represent the stocking of grass carp in 1998 and 2008.

Frequency of Occurrence (FOQ) refers to how frequently species are found on
transect points. Comparisons of our FOQ data from each survey year found a slight
increase in native species from 2019 to 2022 (23% to 30%); however, the FOQ of
native and invasive species from 2019 and 2022 are significantly lower (Tukey
p<0.05) than in 2005 (Figure 6, left). Native plants were found on 39 of the 40 tran-
sect points (98%) in Lake Waubeeka in 2005 and were found on only 12 points in
2022 (30%). While most species found in 2005 were not found in 2022, the FOQ of
yellow water lily has increased each year from only 2.5% in 2005 to 12.5% in 2019,
and then had the greatest FOQ of plants in 2022 at 25%.

Species richness refers to the average number of species per transect point. A
higher species richness indicates more species found. Species richness of native
species was 0.4 in 2022, slightly higher than 0.3 in 2019, but significantly lower
than 1.3 in 2005 (one standard error of the mean, Figure 6, right). Only three na-
tive species were found on transect points in 2022 whereas six were found in
2005. The three invasive species were only found in 2005 (curlyleaf pondweed, Eur-
asian watermilfoil, and minor naiad) which explains the species richness of invasive

species decreasing significantly from 0.9 in 2005 to 0.0 in 2010 and 2022. Overall,
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. 7.9
cant decrease in the number of spe- 8.0
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g 5.0 -
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S 4.0 - 36
Water Chemistry: g 3.0 -
|_
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CAES IAPP has found that the oc-
1.0
currence of invasive plants in lakes oo
can be attributed to specific water 2005 2019 2022

chemistries (June-Wells et al. 2013). Figure 7. Water clarity in Lake Waubeeka during
For instance, lakes with higher alka-  CAES IAPP surveys.

linities and conductivities are more likely to support Eurasian watermilfoil, minor
naiad, and curlyleaf pondweed while lakes with lower values support fanwort and
variable-leaf watermilfoil. Water clarity in Connecticut’s lakes ranges from 1-33 feet
with an average of 7 feet (CAES IAPP, 2023). Lake Waubeeka had a water clarity of
3.6 feet in 2022 compared to 5.2 ft in 2019, and 7.9 feet in 2005 (Figure 7). Differ-
ences among years may be attributed to natural variation and decrease in plant

abundance that can increase tannins and promote algae.

In all survey years, the temperature profile varied but was similar overall (Figure
8). In 2005, the survey was performed in September while the surveys in 2019 and
2022 were performed in early July. This timing difference could explain any varia-
tion. Because the lake is not very deep (average < 10 feet), there were small tem-
perature differences between the surface and the bottom. Dissolved oxygen in
2019 and 2022 was high at the surface and rapidly declined to near 0 mg/L at the
bottom. In 2005, dissolved oxygen was high throughout the water column likely
due to abundant plants creating oxygen by photosynthesis during the day. Lake
Waubeeka’s surface and bottom pH remained stable throughout the years ranging
between 7.1 and 8.0. Lake Waubeeka’s surface and bottom alkalinity have in-

creased since 2005 probably because of the reduced removal of ions by plant
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growth. The surface alkalinity was 74 mg/L CaCO; in 2022 and the bottom alkalin-
ity was 62 mg/L CaCO:;. This is roughly average for Connecticut lakes which can
range as high as >170 mg/L CaCO, (CAES IAPP, 2023). Low alkalinity waterbodies
are more prone to pH change due to outside influences such as watershed activi-
ties and acid rain. Conductivity is an indicator of dissolved ions that come from nat-
ural and man-made sources (mineral weathering, organic matter decomposition,
fertilizers, septic systems, road salts, etc.). Connecticut waterbodies have conduc-
tivities that range from 50 - 250 pS/cm. Lake Waubeeka’s conductivity of 224
uS/cm at the surface and 223 pS/cm at the bottom in 2022 was only slightly higher
than in 2005 and 2019. The 2022 higher alkalinity and conductivity suggests the
lake is most susceptible to the following invasive species Eurasian watermilfoil,
curlyleaf pondweed, minor naiad, and zebra mussels. If given the opportunity,

these species can colonize, or recolonize, the lake and cause problems.

A key parameter used to categorize a lake’s trophic state is phosphorus (P) in
the water column. High levels of P can lead to nuisance or toxic algal blooms (Frink
and Norvell 1984, Wetzel 2001). 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). Lakes with P levels from O - 10 ug/L are considered nutrient-
poor or oligotrophic. When P concentrations reach 15 - 25 pg/L, lakes are classified
as moderately fertile or mesotrophic and when P reaches 30 - 50 ug/L they are con-
sidered fertile or eutrophic (Frink and Norvell, 1984). Lakes with P concentrations
>50 pg/L are categorized as extremely fertile or hypereutrophic. Lake Waubeeka’s
surface P changed little between 2005, 2019 and 2022 (10, 13 10 respectively).
Bottom water P concentrations varied from 16 in 2005 to 48 in 2019. In 2022, the
lake’s P concentration was intermediate at 22 pg/L. The lowest level in 2005 might
be caused by plant uptake of P. Given the lack of plant coverage in 2019 and 2022,
it is fortunate that the P concentrations are not greater. Correlating water samples
taken once a year in infrequent years as in this report requires caution as condi-

tions are not static. We tested total nitrogen (TN) for the first time in 2022 and
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found 545 pg/L at the surface and 912 pg/L near the bottom. Although nitrogen is
likely less limiting to the growth of aquatic plants and algae compared to terrestrial
plants, it may play a role in lake productivity. Frink and Norvell (1984) found TN in

Connecticut lakes ranged from 193 - 1830 pg/L and averaged 554 ug/L.

Aquatic Plant Management

with Grass Carp:

Lake Waubeeka’s grass carp |
introductions in 1998 (450 fish) _L
and 2008 (550 fish) resulted in
an elimination of all invasive
plants and most native plants
sometime between 2005 and

2019. From 2019 to 2022 there

was little change except for an  Figure 9. CAES IAPP testing grass carp exclosure in
Grannis Lake, Fast Haven CT.

increase in yellow water lily.

Aquatic plants are consumed at a greater rate as grass carp age, so it is common
for impacts on plant coverage to become noticeable after several years (Pipalova,
2006). Grass carp prefer young, soft, submerged plants and filamentous algae
compared to fibrous emergent plants that are more difficult to digest (Pipalova,
2006). Given their diet, it is apparent grass carp are the cause of the dramatic de-

crease in all vegetation in Lake Waubeeka, leaving only fibrous, emergent plants.

With the last introduction in 2008, it is likely these grass carp should be reach-
ing the end of their approximately 15-year lifespan. It is possible native plants will
return to the waterbody after grass carp are no longer a limiting factor. The repop-
ulation of native/invasive plants to the system depends largely on propagules in
the lake bottom. It would be expected that after decades of grass carp herbivory,
the propagules would be depleted, however a sufficient number may still be pre-

sent to allow plant regrowth. Exactly which plants might regrow is unpredictable. It
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is possible invasive species such as Eurasian watermilfoil, curlyleaf pondweed, and
minor naiad could return. Reestablishing desirable native plants is often considered
as a means of improving the plant community. While grass carp are still present an
exclosure may be needed to protect the plants from herbivory (Figure 9). If re-es-
tablishment from existing propagules is insufficient introductions from nurseries
and other waterbodies are often considered. Unfortunately, stocks of native plants
from nurseries are virtually nonexistent and getting plants from other waterbodies
runs the risk of introducing undesirable invasive “hitchhikers.” Occasionally, lakes
that have nearly all their aquatic plants lost remain plant free for long periods and
become algae dominated resulting in green water that can contain toxins. An ex-
ample in Connecticut is Lake Pocotopaug which had abundant vegetation in the
early 1940’s but by the late 1950’s most vegetation was gone (State Board of Fish-
eries and Game Lake and Pond Survey Unit, 1942 and 1959). Algae has dominated

the lake since, resulting in restrictions on swimming (Regulski, 2020).

Conclusions:

The severe nuisance aquatic plant problem documented in the CAES IAPP 2005
survey of Lake Waubeeka has been eliminated by the 1998 and 2008 grass carp in-
troductions. Unfortunately, herbivory by the fish has nearly eliminated the lakes en-
tire plant community. In 2022, only four aquatic plant species were found com-
pared to 11 in 2005. The vegetation remaining in 2022 consisted mainly of yellow
water lily which has increased in abundance since 2019. The invasive species
curlyleaf pondweed, Eurasian watermilfoil, and minor naiad found in 2005 have
been eliminated. Plant coverage of Lake Waubeeka’s littoral zone (essentially
the entire lake) in 2022 was well below the 20-40% suggested for optimal habi-
tat for fish and other aquatic organisms. Water clarity has decreased from 7.9
feet in 2005 to 3.6 feet in 2022 likely due to the decrease in aquatic plants and in-

crease in algae and suspended solids. The grass carp should be nearing the end of
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their lifespan, and a lessening of their impacts may become apparent. Re-establish-
ment of native or invasive plants may begin to occur from propagules in the sedi-

ment with an unpredictable outcome.
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Invasive Plant Descriptions
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Myriophyllum spicatum

Common name:
Eurasian watermilfoil

Origin:
Europe and Asia

Key features:
Plants are submersed
Stems: Stem diameter below the inflorescence is greater with

reddish stem tips Mgyt sicom

Eurasian water milfoil

Leaves: Leaves are rectangular with > 12 pairs ofleaflets per leaf
and are dissected giving a feathery appearance, arranged in a
whorl, whorls are 1 inch (2.5 cm) apart

Flowers: Small pinkish male flowers that occur on reddish spikes,
female flowers lack petals and sepals and have 4 lobed pistil
Fruits/Seeds: Fruit are round 0.08-0.12 inches (2-3 mm) and
contain 4 seeds

Reproduction: Fragmentation and seeds

Easily confused species:

Variable-leaf watermilfoil: Myriophyllum heterophyllum
Low watermilfoil: Myriophyllum humile

Northern watermilfoil: Myriophyllum sibiricum
Whorled watermilfoil: Myriophyllum verticillatum

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

x CAES
WIPANE
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CAES IAPP

Najas minor

Common names:
Minor naiad

Brittle waternymph
Spiny leaf naiad
Eutrophic waternymph

Origin:
Europe

Key features:

Plants are submersed

Stems: Branched stems can grow up to 4-8 inches
(10-20 cm) long

Leaves: Opposite and lance shaped on branched stems
with easily visible toothed leaf edgesand leaves appear
curled under, basallobes of leaf are also serrated, 0.01-
0.02 inches (0.3-0.5 mm)

Flowers: Monoecious (male and female flowers on same
plant)

Fruits/Seeds: Fruits are purple-tinged and seeds meas- SRZVEREIZS
ure 0.03-0.06 inches (1.5-3 mm)

Reproduction: Seeds and fragmentation

Easily confused species:
Other naiads (native): Najas spp.

CAES IAPP

x CAES
WIPANE

=

Connecticut’s Invasive Aquatic Plant, Clam, and Mussel Identification Guide - Page 23
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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: Stemsare flattened, can form dense stands in
water up to 15 feet (5 m) deep

Leaves: Alternate leaves 0.3-1inches (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

Easily confused species:
None

Connecticut, Bugwood.org

* CAES
mIPANE

Copyright 2001 University of Florkda
oter for Aquatic and Imasive Plants
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Lake Waubeeka

Danbury, CT
36 Acres

Surveyed on July 3, 2019
by Summer Stebbins
and Deanna Rackie
Invasive Aquatic Plant Program

N
0 100 200 400
Feet

Legend *Invasive

To view location of individual plant species or other features, open in Adobe Reader
DC and click on the "Layers" tab on the left. Turn features on or off by clicking the
"eye" icons.

A Collection Point % Arrowhead [0 Pickerelweed
® Transect Point B Cattail B Sswamp loosestrife
Water Data Phragmites* Yellow water lily
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Lake Waubeeka
Danbury, CT
36 Acres

Surveyed on September 28, 2005
by Robert Capers and Roslyn Selsky
1 Invasive Aquatic Plant Program K

0 100 200 400
Feet

Legend

To view location of individual plant species or other features, open in Adobe Reader DC and click
on the "Layers" tab on the left. Turn features on or off by clicking the"eye" icons.

/o, Collection Point - Common duckweed - Largeleaf pondweed Watershield
® Transect Point [ coontail I Leafy pondweed I White water lily
Water Data Curlyleaf pondweed* - Minor naiad* Yellow water lily
- Canadian waterweed - Eurasian watermilfoil* - Needle spikerush
Charaphyte Humped bladderwort Water stargrass *Invasive
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Appendix Lake Waubeeka Transect Data (1 of 1)
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