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sons in one of the above protected classes. To file a complaint of discrimination, contact Dr. 
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Introduction 

Quonnipaug Lake is a 99-acre waterbody located in Guilford, Connecticut. There 

is a public boat launch in the north cove of the lake and a public beach on the western 

shore. The shoreline is moderately developed with private residences. Guilford High 

School and Choate Rosemary Hall use the lake for their crew teams. The Connecticut 

Agricultural Experiment Station (CAES) Invasive Aquatic Plant Program (IAPP) has pro-

vided detailed mapping of the aquatic vegetation in Lake Quonnipaug in 2004, 2010, 

2015, and 2020. These surveys document 44 plant species making Lake Quon-

nipaug one of the most species rich lakes in Connecticut. Unfortunately, the lake has 

extensive areas of the invasive aquatic plant species fanwort (Cabomba caroliniana), 

curlyleaf pondweed (Potamogeton crispus), Eurasian watermilfoil (Myriophyllum 

spicatum), and variable-leaf watermilfoil (Myriophyllum heterophyllum). Nuisance 

populations of native white water lily (Nymphaea odorata), yellow water lily (Nuphar 
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variegata), and large-leaf pondweed (Potamogeton amplifolius) are intermixed with 

the invasive species in the coves. In the central shoal areas abundant Eurasian water-

milfoil and large-leaf pondweed reach the surface and restrict recreational activities. 

Occurrences of state-listed water marigold (Bidens beckii) and capillary pondweed 

(Potamogeton gemmiparus) have also been documented in the lake (Figure 1). 

 Concern regarding the preponderance of invasive and native nuisance vegetation 

in the northern, central, and southern portions of the lake prompted the Town of 

Guilford to begin herbicide applications in 2016 when All Habitat Services Inc., Bran-

ford, CT treated the areas with a combination of diquat and flumioxazin. In 2017 

and 2019, follow-up treatments were performed on the same areas with the same 

herbicides, however, in 2017 a central boat lane in the south cove was treated with 

the herbicide glyphosate. This eliminated most of the emergent vegetation in the 

boat lane and allowed regrowth with a mix of invasive and native plant species. To 

reduce regrowth of water lilies and other emersed vegetation in the boat lane, the 

area was retreated with glyphosate in 2019. In August 2020, the south cove was 

again choked with fanwort and other submersed plants which impeded access 

(Figure 2). On August 12, 2020, All Habitat Services again treated the north end of 

Figure 2. Entrance to southern cove of Lake Quonnipaug in 2020. Note white flowers of in-
vasive fanwort. 
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the lake and the center shoal area with the diquat – flumioxazin combination and the 

south end’s boat lane with glyphosate.  

Objectives 

• Survey Lake Quonnipaug for aquatic vegetation and compare with previous 

surveys to provide information on aquatic plants for improved management. 

• Survey Lake Quonnipaug pre- and post-2020 treatment for state-listed plants 

water marigold and capillary pondweed 

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

populations. 

Materials and Methods 

CAES IAPP Aquatic Plant Surveys and Mapping in 2020 

We performed a full survey for aquatic vegetation of Lake Quonnipaug from June 

24th to July 6th, 2020. This was a repeat of surveys done in 2004, 2010, and 2015. 

The surveys were conducted from small boats traveling over areas shallow 

enough to support aquatic plants. Plant species were recorded based on visual 

observation or collections with a long-handled rake or grapple. Locations were 

recorded on a tablet using ArcMap 10.8.1. Quantitative information on plant 

abundance was obtained from 17 transects that were positioned perpendicular 

to the shoreline during our first survey in 2004 using GPS. Transect locations 

represented the variety of habitat occurring in the lake. We sampled along each 

transect at points 0, 5, 10, 20, 30, 40, 50, 60, 70, and 80 m from the shore or 

until depth exceeded the littoral zone with no plant growth. A total of 101 tran-

sect points were taken. Abundances of species present at each point were ranked 

on a scale of 1 – 5 (1 = very sparse/one plant, 2 = sparse, 3 = moderately abun-

dant, 4 = abundant, 5 = extremely abundant/to the surface). One specimen of 

each species collected in the lake was dried and mounted in the CAES aquatic 
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plant herbarium where digitized mounts can be viewed online                                

(portal.ct.gov/caes-iapp). 

We performed a pre-treatment survey for state-listed species on August 5th, 2020 

and a post-treatment survey on October 1st, 2020. Techniques were similar to the full 

survey; however, GPS was used to track the boat path as required by the NDDB De-

termination. Littoral zone areas likely to contain water marigold and capillary 

pondweed were examined visually and by sample collection with a rake or grap-

ple. Special attention was given to all areas where CAES IAPP found the plants in 

past years. Field identification of capillary pondweed is unreliable due to the cryp-

tic nature of the species, thus plants with the slightest resemblance to capillary 

pondweed were collected for laboratory examination and herbarium mounting. 

High-Resolution scans of the mounts were then sent to noted pondweed expert 

Dr. Barre Hellquist for species confirmation. 

Water Analysis 

Water was analyzed from the same point in the deepest part of the lake each year. 

Water temperature and dissolved oxygen were measured 0.5 m beneath the sur-

face and at depth intervals of 1 m to approximately 0.5 m above the bottom. 

Water samples for pH, alkalinity, conductivity, and total phosphorous concentra-

tion were obtained 0.5 m below the surface and 0.5 m about the bottom. Sample 

size was 250-mL, and all samples were stored at 3°C until analyzed. A Fisher AR20® 

meter was used to determine pH and conductivity. 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 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. Water was tested for temperature and dissolved oxygen using an 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. 

https://ctgovexec.sharepoint.com/sites/CAESIAPP/Shared%20Documents/Quonnipaug%20Lake%202020/portal.ct.gov/caes-iapp
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Table 1. List of aquatic plant species found on CAES IAPP surveys. Presence (X) indicates 
plants found in our general survey. FOQ is the frequency of occurrence of the species on 
101 transect points. Invasive species in bold. 
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Figure 3. 2020 survey map of Lake Quonnipaug. 
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Figure 4. 2015 survey map of Lake Quonnipaug.  
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Figure 5. 2010 survey map of Lake Quonnipaug. 
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Figure 6. 2004 survey map of Lake Quonnipaug. 
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Results and Discussion 

General Aquatic Plant Surveys and Transects 

Our general aquatic plant 

surveys of Lake Quon-

nipaug from 2004 - 2020 

found 25 - 34 plant species 

with 44 different aquatic 

plant species occurring 

over the four surveys (Table 

1). The fewest species 

found by our general sur-

vey was 25 in 2010 and the 

greatest was 34 in 2015. 

Except for fanwort, Eura-

sian watermilfoil, variable-

leaf watermilfoil, and 

curlyleaf pondweed, all 

were native. Robbins’ pond-

weed (Potamogeton rob-

binsii) and large-leaf pond-

weed were the native spe-

cies occupying the largest 

areas of the lake in all 

years. Robbins’ pondweed 

is a fern-like, low-growing 

plant that is rarely a nuisance and by forming a dense mat near the bottom may 

provide resistance to invasive species. Native large-leaf pondweed reached the        

surface in large areas in the northern and central portions creating a nuisance to 

boaters and swimmers.  

Figure 7. Species richness, the average number of species 
per transect point, and the frequency of occurrence of native 
species, invasive species, and all species in Lake               
Quonnipaug in 2004, 2010, 2015, and 2020. 
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Our transect data revealed a statistically significant (± SEM) decrease in the spe-

cies richness (number of plants species) of invasive species between 2004 and 2020; 

however, there was no significant change in native species (Figure 7, top). The fre-

quency of occurrence (FOQ) of any species and native species on transects showed 

no significant difference (Tukey p = 0.05) in any year from 2004 to 2020 (Figure 7, 

bottom). Invasive species FOQ; however, was significantly lower in 2020 from all 

previous years largely due to a decrease in Eurasian watermilfoil. The FOQ of native 

species and all species were nearly identical because there was not a single transect 

point that had only invasive species. The significant decrease in invasive species, but 

not in native species suggests the treatments are improving the plant community in 

the lake. Our transect data does not include the southern cove of the lake, which 

becomes nearly impassible in the summer from dense stands of invasive fanwort 

and curlyleaf pondweed and native white water lily (Figure 2). The southern cove also 

has floating muck islands impeding boat access to the area (Figure 8). Muck islands 

often occur when water lilies are treated as decaying root systems float to the sur-

face. Sometimes they will sink to the bottom, and other times they will form wetland-

like stands when mechanical removal may be necessary. 

Figure 8. Floating muck island in the southern cove of Lake Quonnipaug. 
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CAES IAPP State-Listed Species Survey 2020 

 We performed pre- and 

post-treatment surveys for 

the two state-listed plants, 

water marigold and capillary 

pondweed, as required by 

the NDDB Determination 

No.: 202000699 received by 

the Town of Guilford on May 

29, 2020 (see appendix). 

According to the determina-

tion, water marigold blooms 

from August to September, 

and capillary pondweed 

blooms from July to August. 

Our pre-treatment survey on 

August 5th was in the appro-

priate timeframe to search 

for these plants (Figure 9). 

Capillary pondweed has not 

been found in the lake since 

2004, and water marigold 

has not been found since 2015 (CAES IAPP, 2020). We have performed specific sur-

veys looking for these two plants since 2018 and have not found them. In 2020, all 

potential specimens collected in the field were identified as Berchtold’s pondweed 

(Potamogeton berchtoldii), small pondweed (Potamogeton pusillus), and leafy pond-

weed (Potamogeton foliosus).  

Figure 9. State-Listed species survey of Lake Quonnipaug 
on August 5, 2020. 
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Water Chemistry 

CAES IAPP has found that the occurrence of invasive plants in lakes can be at-

tributed to specific water chemistries (June-Wells et al., 2013). For instance, lakes 

with higher alkalinities and conductivities are more likely to support Eurasian water-

milfoil, curlyleaf pondweed, and minor naiad (Najas minor) while lakes with lower 

Table 2 Water chemistry preferences of invasive plants in Connecticut lakes (CAES 
IAPP 2020). 

Figure 10. Water clarity in Lake Quonnipaug in 2004, 2010, 2015, and 2020 measured 
with a Secchi disk. 
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values support fanwort and variable-leaf watermilfoil (Table 2). Invasive zebra mus-

sels (Dreissena polymorpha), a problem in nearby lakes, also prefer water in the for-

mer category. Water chemistry may be altered when nutrients are utilized by plants, 

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

clarity in Lake Quonnipaug (Figure 10) ranged between 3.0 and 3.9 m in the survey 

years. Poorest clarity (3.0 m) occurred in 2010 and 2015 suggesting more recent 

changes in the plant community and management practices may have caused an 

improvement. Because the measurements were made in June when Connecticut lakes 

Figure 11. Water chemistry of Lake Quonnipaug in 2004, 2010, 2015, and 2020. 
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are often the clearest, this may not reflect conditions later in the summer. Water 

clarities in Connecticut’s lakes ranged from 0.3 - 10 m with an average of 2.3 m 

(CAES IAPP, 2020). Thus, the clarity of Lake Quonnipaug ranks slightly above the 

average. 

Water temperature in Lake Quonnipaug ranged from 23 - 29 o C at the surface 

and from 4 – 8 o C near the bottom (Figure 11, top left). The thermocline (depth 

where water temperature showed a rapid decline) was between 3 and 7 m each 

year. Similarly, dissolved oxygen concentrations (Figure 11, top right) were high 

from 0 - 3 meters and rapidly declined to an anaerobic condition at depths greater 

than 6 m. Anaerobic bottom conditions favor phosphorus release from the sedi-

ment which can mix with surface water and promote algal growth. 

The pH of Lake Quonnipaug’s water ranged from 7.6 - 8.1 at the surface and from 

6.2 - 6.7 near the bottom (Figure 11, middle left). Higher pH (less acidic) near the 

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

plants. Lake Quonnipaug’s alkalinity ranged from 26 - 56 mg/L CaCO3 at the surface 

with no trends throughout the survey years (Figure 11, middle right). Bottom water 

alkalinity was slightly higher in 2004 and 2020 and ranged between 24 and 63 mg/L 

CaCO3. As with the surface alkalinity, there was no trend throughout the survey 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 conductivities of Lake Quonnipaug’s water generally 

showed an upward trend throughout the survey years (Figure 11, bottom left). The 

levels were similar at the surface and bottom but at the surface, rose from 92 µS/cm 

in 2004 to near 170 µS/cm in 2015 and then decreased to 133 µS/cm in 2020. Near 

the bottom, conductivity rose from 100 µS/cm in 2004 to 193 µS/cm in 2020. The 

conductivity for Connecticut lakes average near 95 µS/cm, and thus Lake              

Quonnipaug would be considered above average (CAES IAPP, 2020). 

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

total phosphorus (P) in the water column. High levels of P can cause problematic 
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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 mes-

otrophic 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 Lake Quon-

nipaug declined from 18 µg/L in 2004 to 9 µg/L in 2020 with a low of 3 µg/L in 

2010 (Figure 11, bottom right). This could be due to P uptake by the greater biomass 

of aquatic plants, changes in watershed inputs or random events. A decline in P, 

during the survey years, was not evident in the bottom water with total P varying 

from 20 µg/L in 2004, to 3 µg/L in 2010, to 45 µg/L in 2015 and 13 µg/L in 2020.  

Increased P in the bottom water is common during the summer as anoxic conditions 

release P from the sediment (Frink and Norvell 1984).  

Lake Quonnipaug’s alkalinity, conductivity, and phosphorus levels categorize the 

lake as highly susceptible to invasion from curlyleaf pondweed, Eurasian watermil-

foil, and minor naiad as well as some susceptibility to fanwort and variable-leaf wa-

termilfoil (June-Wells et al. 2013). With the possible exception of minor naiad, this 

has already occurred. Minor naiad is a seed-borne annual that begins growth in the 

early summer and can easily be missed in June surveys.  Zebra mussels are currently 

present in the Housatonic River and associated lakes. Lake Quonnipaug’s water 

chemistry makes it a prime candidate for zebra mussel invasion. 
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Aquatic Plant Management Options 

 Past treatments of the north cove and 

middle shoals of Lake Quonnipaug have 

successfully reduced plant growth in the 

treatment year. This will help prevent the 

spread of invasive species to other water-

bodies from boats and trailers leaving 

the lake (CAES IAPP, 2020). After treat-

ments, the area just outside of the north 

cove had no invasive species, but the 

large-leaf pondweed and Robbins’ pond-

weed showed leaf dieback and living 

stems (Figure 12, top). The central shoal 

area was similar with no invasive species 

but browned-out large-leaf pondweed 

and Robbins’ pondweed. The southern 

cove of the lake showed regrowth from a 

marginally effective treatment. Because 

the southern cove was only treated with 

glyphosate to control emersed vegeta-

tion (i.e., water lilies), abundant growth 

of fanwort and other submersed species 

was evident, and access to the southern cove by boat was nearly impossible (Figure 

12, bottom). Native species such as primrose-willow (Ludwigia species) and coontail 

(Ceratophyllum demersum) were unaffected by the treatment. Areas outside of the 

treatment areas were unaffected with clear water and an abundance of plant species. 

Water marigold has not been found since before the 2016 treatments and therefore 

may have been adversely affected. 
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Conclusion 

 Lake Quonnipaug is an extremely diverse lake with 44 different aquatic plant  

species recorded on surveys in 2004, 2010, 2015, and 2020. The invasive species, 

fanwort, Eurasian watermilfoil, curlyleaf pondweed, and variable-leaf watermilfoil, 

are present in the lake posing a risk to the diverse native plant community as well as 

impeding recreation including boating, swimming, and high school rowing. Native 

species richness and frequency have not changed significantly from 2004 to 2020, 

but the frequency of invasive species has significantly decreased suggesting the 

treatments are having the intended impact on the lake. State-listed species surveys 

over the past three years conclude the absence of water marigold and capillary pond-

weed in Lake Quonnipaug. The north cove and shoaling have seen a successful         

reduction in invasive plants; however, the southern cove is suffering from a domi-

nating stand of fanwort, other nuisance native and invasive species, and floating 

muck islands. 
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Natural Diversity Database Determination No.: 202000699 
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