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The Connecticut Agricultural Experiment Station was founded in 1875. It is chartered by the Gen-

eral Assembly to make scientific inquiries and conduct experiments regarding plants and their pests, 

insects, soil and water, and to perform analyses for state agencies. Station laboratories are in New 

Haven and Windsor, and research farms are in Hamden and Griswold. 

 

 

 

 

The Connecticut Agricultural Experiment Station (CAES) prohibits discrimination in all of its pro-

grams and activities on the basis of race, color, religious creed, age, sex, marital status, veteran status, 

sexual orientation, gender identity, gender expression, national origin, ancestry, criminal conviction 

record, genetic information, learning disability, present or past history of mental disability, intellec-

tual or physical disability, including, but not limited to blindness, of an applicant for employment 

or an employee, unless the mental disability or physical disability prevents adequate performance. 

To file a complaint of discrimination, contact Dr. Jason White, Director, The Connecticut Agricul-

tural Experiment Station, P.O. Box 1106, New Haven, CT 06504, (203) 974-8440 (voice), or Ja-

son.White@ct.gov (e-mail). CAES is an affirmative action/equal opportunity provider and em-

ployer. Persons with disabilities who require alternate means of communication of program infor-

mation should contact the Chief of Services, Michael Last at (203) 974-8442 (voice), (203) 974-

8502 (FAX), or Michael.Last@ct.gov (e-mail).  
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Introduction 

 Since 2004, the Connecticut Agricultural Experiment Station (CAES) Invasive Aquatic Plant 

Program (IAPP) has surveyed or resurveyed aquatic vegetation and monitored water chemistry of 

nearly 400 Connecticut lakes, ponds, and rivers (Figure 1). Approximately 55% of the lakes and 

ponds contain invasive (non-native) plant species that can cause rapid deterioration of aquatic eco-

systems, recreational opportunities, real estate value, and tax revenues. The presence of invasive 

species is related to water chemistry, public boat launches, random events, and climate change (Ra-

hel and Olden, 2008). CAES IAPP provides an online database where stakeholders can view digit-

ized vegetation maps, detailed transect data, temperature and dissolved oxygen profiles, and water 

Figure 1. Locations of invasive aquatic plants found by CAES IAPP from 2004 – 2022. 
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test results for clarity, pH, alkalinity, conductivity, total phosphorus, and total nitrogen (por-

tal.ct.gov/caes-iapp). This information allows citizens, government officials, and scientists to view 

past conditions, compare them with current conditions, and make educated management decisions. 

Taunton Lake is a 124-acre private waterbody located in Newtown, CT. It has a maximum 

depth of about 9 meters (30 feet) and an average depth of about 6 meters (20 feet). The lake’s 

littoral zone extends approximately 25 – 75 meters (82 – 246 feet) from the shore. Access is avail-

able to the Newtown Fish and Game Club (NFGC), their guests, and shoreline residents. Taunton 

Lake is stocked with brown, rainbow, and brook trout by the NFGC. Large and smallmouth bass, 

white and yellow perch, crappie, sunfish, and other fish species are present. 

 In the 1950’s Taunton Lake had scarce vegetation, clear water, and a bottom of boulders, rub-

ble, and gravel (State Board of Fisheries and Game Lake and Pond Survey Unit, 1959). The Con-

necticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) began sur-

veys of Taunton Lake in 2009 and has found considerable changes including abundant invasive 

Eurasian watermilfoil, frequent algal blooms, and a bottom composed mainly of muck and silt 

(Bugbee and Stebbins, 2020). Reasons for the changes include natural aging, land development, 

and the arrival of Eurasian watermilfoil. Over the last decade considerable efforts have been em-

ployed to mitigate the Eurasian watermilfoil. Techniques include hand harvesting and treatment of 

four acres with the herbicide Renovate 3® in 2007, suction harvesting in 2010, application of the 

herbicide 2,4-D in 2011 and 2013, and introductions of Triploid grass carp (Ctenopharyngodon idella) 

in 2013, 2015, and 2016.  

Vegetation control with grass carp varies with plant species and abundance as well as the num-

ber and age of the carp. Usually, the effects of grass carp are not noticed until the fish have grown 

to the point of consuming large quantities of vegetation. In mixed populations of invasive and 

native vegetation, native species could be eliminated if they are preferred. Nutrients added through 

plant digestion combined with a reduction in plant nutrient uptake by a decreased plant biomass 

can lead to algal blooms (AERF, 2014). This 2022 survey explores the effects of the grass carp on 

both the invasive and native aquatic plant community over time. 

https://ctgovexec.sharepoint.com/sites/CAESIAPP/Shared%20Documents/Aquatic%20Weed%202022/Taunton%20Lake%202022/portal.ct.gov/caes-iapp
https://ctgovexec.sharepoint.com/sites/CAESIAPP/Shared%20Documents/Aquatic%20Weed%202022/Taunton%20Lake%202022/portal.ct.gov/caes-iapp
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This is the sixth CAES IAPP survey of Taunton Lake’s aquatic vegetation and water chemistry. 

Previous surveys that occurred in 2009, 2010, 2014, 2017, and 2019 found Taunton Lake’s plant 

community was dominated by invasive Eurasian watermilfoil (Myriophyllum spicatum) cohabitating 

with 6 - 12 native species. Invasive curlyleaf pondweed (Potamogeton crispus) grew sparsely in all sur-

vey years except 2019 when it was not found. In the initial 2009 survey, 17 geo-referenced transects 

were established. Each contained up to 10 points where plant species, abundance, depth, and sed-

iment type were recorded. These points were then revisited during each survey to quantify changes.  

CAES IAPP analyzed water chemistry each year to track changes that could influence plant 

populations. Tests included water clarity, dissolved oxygen, temperature, pH, alkalinity, conductiv-

ity, and total phosphorus. Taunton Lake was determined to be a mesotrophic/eutrophic alkaline 

waterbody that is highly suitable to plants that prefer this water chemistry, such as Eurasian water-

milfoil and curlyleaf pondweed. 

Objectives 

• Survey Taunton Lake for aquatic vegetation and compare with previous surveys to provide 

information for improved nuisance plant management. 

• Assess the effects of grass carp on invasive and native plant species. 

• Analyze water to quantify changes in water chemistry and relate to plant populations and 

grass carp. 

Materials and Methods 

Aquatic Plant Surveys and Mapping: 

We surveyed Taunton Lake for aquatic vegetation on July 12 and 14, 2022. The survey utilized 

methods established by CAES IAPP. Surveys were conducted from 16 and 18-foot motorized 

boats traveling over areas that supported aquatic plants. Plant species were recorded using a mean-

dering survey method based on visual observation or collections with a long-handled rake or grap-

ple. Lowrance® Hook 5 and HDS 5 sonar systems, ground truthed, with grapple tosses were used 
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to identify vegetated areas in deep water. Quantitative information on plant abundance was ob-

tained by resurveying 17 transects that were initially positioned perpendicular to the shoreline in 

2009. Transect locations represented the variety of habitats in the lake. Transects were located using 

either a Trimble ProXT or Trimble® R1 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. No points were sampled when depths were below the littoral zone of 4 m 

(12 feet). 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 abundant, 4 = abundant, 5 = very abundant). When field 

identifications of plants were questionable, samples were brought back to the lab for review using 

the taxonomy of Crow and Hellquist (2000a, 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.gov/caes-iapp).  

Plant species are referred to by common name in the text of this report. Scientific 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 in the same place as our previous surveys. 

Water temperature and dissolved 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 a YSI 

58® meter. 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 viewed. 

Water samples for pH, alkalinity, conductivity, total phosphorus, and total nitrogen 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 CaCO3) was quantified by titration with 0.016 N H2SO4 to an end 

https://portal.ct.gov/caes-iapp
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point of pH 4.5. We determined total phosphorus using the ascorbic acid method preceded by 

digestion with potassium persulfate (APHA, 1995). Phosphorus was quantified using a Milton Roy 

Spectronic 20D® spectrophotometer with a light path of 2 cm and a wavelength of 880 nm. Total 

Nitrogen was determined with an O-I Analytical 1080® Total Organic Carbon Analyzer. 

Results and Discussion 

Aquatic Plant Surveys and Transects:  

The CAES IAPP aquatic plant surveys of Taunton Lake from 2009 - 2022 found between 8 - 

14 aquatic plant species (Table 1). The fewest species (8) were found in 2009 and the greatest (14) 

in 2014. Three invasive aquatic plant species have been found in Taunton Lake over the years 

(Eurasian watermilfoil, curlyleaf pondweed, water chestnut). The 2022 survey found 11 different 

aquatic plant species, two of which are invasive (Eurasian watermilfoil and curlyleaf pondweed) 

(Table 1). All species were sparse in 2022 likely due to grass carp feeding. Aquatic plants were 

mainly found in very shallow areas less than two feet deep adjacent to the shoreline (Figure 3). 

These areas could be shallow enough to prevent grass carp feeding. The native plants included 

arrowhead, bur-reed, cattail, leafy pondweed, rush, snailseed pondweed, spikerush, water plantain, 

watermeal, waterwort, and yellow water lily. Changes in the aquatic plant community from 2009 to 

Table 1. Plants present in Taunton Lake from 2009, 2010, 2014, 2017, 2019, and 2022. Pre-
sent indicates the species presence in the lake while frequency of occurrence (FOQ) indi-
cates presence of a species recorded on transects. 
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2022 (Figure 3) are likely related to management practices, the grass carp introductions being most 

impactful. There was a robust population of both Eurasian watermilfoil and western waterweed in 

2009 and 2010. By 2017, native western waterweed was extremely sparse and by 2019 it had disap-

peared. Eurasian watermilfoil showed a slight expansion in 2017 followed by a sharp decline in 

2019 (Figure 3, see appendix for previous survey maps). 

Invasive curlyleaf pondweed was found in low abundance each survey year, except for 2019 

when it was not observed. In 2022, curlyleaf pondweed was found in small abundance near transect 

17. Three water chestnut plants were found during the 2019 survey and immediately pulled before 

Figure 2. Aquatic plant survey map for 2022. 
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Figure 3. Changes in the aquatic plant community in Taunton Lake from 2009 - 2022. 
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the seeds dropped. Water chestnut is a very de-

structive floating annual with spiked seed pods that 

can puncture a foot. Fortunately, it was not found 

in 2022.  

 Frequency of occurrence (FOQ) and species 

richness are important criteria for assessing an 

aquatic plant community. Our FOQ data refers to 

how frequently aquatic plant species are found on 

transects. Species richness refers to the average 

number of species found on transect points. Opti-

mal aquatic plant diversity occurs when large num-

bers of native plant species are abundant at non-

nuisance levels. Generally, a coverage of 20-40% 

of the lakes littoral zone is considered optimal for 

fish habitat (Jacobs and O’Donnell, 2002). Tran-

sect data revealed a slight decrease in the frequency 

of occurrence (FOQ) of native species and a sig-

nificant decrease in the FOQ of invasive species 

(Tukey p ≤ 0.05) from 2019 – 2022, which contin-

ued the downward trend beginning in 2014 (Figure 

Figure 5. Frequency of occurrence (top) and species 
richness (bottom) of invasive and native plants in 
Taunton Lake in 2009, 2010, 2014, 2017, 2019, and 
2022. 

Figure 4. Snailseed pondweed (left) growing in shallow area near transect 13 (right) in 2022. 
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5, top). In 2014, 65 percent of the transect points contained one or more invasive species while in 

2022 this declined to only two percent. While the FOQ of native species in 2022 (6%) was only a 

slight decrease from 2019 (10%), it demonstrates the continued decline in native species since 2009 

(54%). The 2022 survey had the lowest FOQ of both native and invasive species to date. Curlyleaf 

pondweed and water chestnut have only been found in very low abundance, so the FOQ of inva-

sive species is mainly influenced by Eurasian watermilfoil. The species richness on transects of 

native species was the lowest of all years in 2022 (0.09) (Figure 5, bottom). Only six plants were 

found on transects, and they were only found on seven of the 118 transect points. This significant 

decrease of both native and invasive species is likely due to grass carp feeding. Often grass carp 

have little effect until their population and size reach a critical mass when excessive vegetation may 

be consumed. When a rapid decline in the aquatic plant community occurs, harmful algal blooms 

can result, and the waterbody suffers from insufficient habitat for fish and other aquatic biota. 

Nearby Lake Waubeeka and Squantz Pond (Figure 6) and more recently Candlewood Lake have 

seen similar potentially harmful decreases in native plants after grass carp introductions (CAES 

IAPP, 2023). Returning aquatic vegetation to Taunton Lake will require  reducing the number of 

grass carp either through natural mortality or manual removal. Grass carp can live for well over 10 

years with the exact life expentency in Connecticut not well documented. Therefore, plant regrowth 

in Taunton Lake is not likely for many years without intervention. Manual grass carp removal using 

electro fishing and gill nets, led by CT DEEP,  has begun in Candlewood Lake. Although laborious, 

the procedure offers hope that the feeding pressure on vegetation can be reduced and regrowth 

from propagules in the sediment can begin.  Exactly what plants will regrow is unpredictable.  

Figure 6. Yearly frequency of occurrence of invasive and native plants in Lake Waubeeka and 
Squantz Pond. 
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Figure 7. Water chemistry in Taunton Lake in 2009, 2010, 2014, 2017, 2019, and 2022. 
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Water Chemistry:  

CAES IAPP has found that 

the occurrence of invasive plants 

in lakes can be attributed to spe-

cific water chemistries (June-

Wells et al. 2013). For instance, 

lakes with higher alkalinities and 

conductivities are more likely to 

support Eurasian watermilfoil, 

curlyleaf pondweed, and minor 

naiad while lakes with lower val-

ues support fanwort, and variable watermilfoil. Invasive zebra mussels (Dreissena polymorpha), a prob-

lem in nearby lakes, also prefer alkaline conditions. Nutrients are removed when utilized by aquatic 

plants, while nutrients not used by plants can support nuisance algal blooms. 

The water clarity in Taunton Lake ranged between 4.9 and 8.2 feet (1.5 and 2.5 m) in the survey 

years (Figure 8). Water clarity in 2022 was 6.6 feet (2.0 m), the same as in 2019. The poorest clarity 

measurement (4.9 ft or 1.5 m) occurred in 2009 suggesting more recent changes in the plant com-

munity and management practices may have caused an improvement. Because the measurements 

were taken when Connecticut lakes are often the clearest, this may not reflect conditions that occur 

later in the summer. Water clarities in Connecticut’s lakes range from 1 - 32.8 feet (0.3 - 10 m) with 

an average of 7.5 feet (2.3 m) (CAES IAPP, 2023). Thus, the clarity of Taunton Lake ranks near 

the average. 

 The water temperature in Taunton Lake was 81°F (27.3 °C) at the surface and 50 °F (9.8 °C) 

near the bottom during the 2022 survey (Figure 7, top left). The thermocline (depth where water 

temperature showed a rapid decline) was at approximately 10 feet (3 m). Similarly, dissolved oxy-

gen concentrations (Figure 7, top right) were high between 0 – 6.5 feet (2 m) and rapidly declined 

to anaerobic conditions at depths greater than 10 feet (3 m). Anaerobic conditions favor phos-

phorus release from the sediment and are unsuitable for most fish. 

Figure 8. Water clarity in Taunton Lake in 2009, 2010, 2014, 
2017, 2019, and 2022. 
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  The pH of Taunton Lake’s water ranged between 8.2 - 8.8 at the surface and between 6.2 - 

6.6 near the bottom in the survey years (Figure 7, middle, left). Higher pH (less acidic) near the 

surface is consistent with daytime removal of carbon dioxide by algae and aquatic plants. Taunton 

Lake alkalinity ranged between 20 - 32 mg/L CaCO3 at the surface with no trend throughout the 

survey years (Figure 7, middle, right). Bottom water alkalinity was slightly higher and ranged be-

tween 25 - 49 mg/L CaCO3. As with the surface alkalinity, there is no trend throughout the sur-

vey years.  

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.). The 

conductivity of Taunton Lake’s surface water ranged between 130 – 167 µs/cm and showed no 

distinct trend over time (Figure 7, bottom, left). At the bottom, however an increase in conductivity 

was observed from near 130 µs/cm in 2009 to 190 µs/cm in 2022. The average conductivity for 

Connecticut lakes is about 95 µs/cm (CAES IAPP, 2023), thus Taunton Lake would be considered 

above average. 

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

rus (P) in the water column. High levels of P can cause problematic algal blooms (Frink and Norvell 

1984) while rooted macrophytes are less affected as they obtain most nutrients from the substrate 

(Bristow and Whitcombe 1971). Lakes with P levels from 0 - 10 µg/L are considered nutrient-poor 

or oligotrophic. When P concentrations reach 15 - 25 µg/L, lakes are classified as moderately fertile 

or mesotrophic and when P reaches 30 - 50 µg/L they are considered fertile or eutrophic (Frink 

and Norvell, 1984). Lakes with P concentrations over 50 µg/L are categorized as extremely fertile 

or hypereutrophic. Surface total P concentrations in Taunton Lake decreased from 16 µg/L in 2019 

to 6 µg/L in 2022 (Figure 7, bottom right). Bottom total P concentrations decreased from 428 

µg/L in 2019 to 164 µg/L in 2022. The lowest total P concentrations at the bottom occurred in 

2009 and 2014 (43 and 41 µg/L respectively) while the highest concentrations occurred in 2010, 

2017, 2019, and 2022 (481, 125, 428, and 164 µg/L respectively). Increased P in the bottom water 

is common during the summer as anoxic conditions release P from the sediment (Norvell, 1974). 

Wide variations will occur due to mixing events such as high winds and heavy rains. We tested total 
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nitrogen (TN) for the first time in 2022 and found 627 µg/L at the surface and 2636 µg/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 µg/L and averaged 554 µg/L. 

Taunton Lake’s alkalinity, conductivity, and phosphorus levels categorize the lake as highly sus-

ceptible to invasion from curlyleaf pondweed, Eurasian watermilfoil, and minor naiad (June-Wells 

et al. 2013). Besides minor naiad, this has already occurred. Zebra mussels are currently present in 

the Housatonic River and associated lakes. Taunton Lake’s water chemistry makes it a prime can-

didate for zebra mussel invasion. 

Conclusions 

 Since the 1950’s, Taunton Lake has changed from a waterbody with a sandy/gravelly bottom 

with few plants to a silty/muck bottom with luxuriant plant growth. However, since the introduc-

tion of triploid grass carp in 2013, 2015, and 2016, aquatic vegetation in the lake has significantly 

declined. Invasive Eurasian watermilfoil was once the dominant plant species in the lake but is now 

sparse. Invasive water chestnut was found in 2019 and immediately pulled. Fortunately, it was not 

found in the 2022 survey. Nine native aquatic plant species were observed in 2022. They were 

extremely sparse and growing in very shallow areas (less than 2 feet deep) where grass carp would 

have difficulty reaching. The decline in aquatic plant abundance since the grass carp introductions 

has caused littoral zone coverage to fall below 20 - 40 percent, the range considered ideal for healthy 

populations of fish and other aquatic organisms. Returning aquatic vegetation to Taunton Lake will 

require  reducing the number of grass carp either through natural mortality or manual removal. 

Taunton Lake’s water has relatively stable water clarity and surface total phosphorus. Other water 

chemistry parameters showed the lake to have moderately high pH, alkalinity, and conductivity. 

This creates conditions favoring invasive curlyleaf pondweed, Eurasian watermilfoil, and minor 

naiad as well as invasive zebra mussels. Minor naiad and zebra mussels have yet to be observed in 

Taunton Lake. Continued surveillance at intervals of at least five years are suggested.  
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