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

the General 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 on the ba-

sis of race, color, ancestry, national origin, sex, religious creed, age, political beliefs, sexual 

orientation, criminal conviction record, gender identity, learning disability, present or past his-

tory of mental disorder, intellectual or physical disability, including but not limited to blind-

ness, or marital or family status. To file a complaint of discrimination contact Dr. Jason White, 

Vice Director, The Connecticut Agricultural Experiment Station, P.O. Box 1106, New Haven CT 

06504, (203) 974-8523 (voice) or Jason.White@ct.gov (email). CAES is an affirmative ac-

tion/equal opportunity provider and employer. Persons with disabilities who require alternate 

means of communication of program information should contact the Chief of Services at (203) 

974-8442 (voice); (203) 974-8502 (FAX); or Michael.Last@ct.gov.  
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Introduction 

Lake Housatonic offers a diverse freshwater ecosystem and exceptional opportunities for 

fishing, boating, and other outdoor activities. The lake is an impoundment of the Housatonic 

River made possible by a dam in Derby, CT. The dam is equipped with a hydroelectric 

generating facility owned and operated by McCallum Enterprises of Stratford. Invasive aquatic 

plants have become established in the lake (CAES IAPP 2022) and have few natural enemies 

to control their growth (Wilcove et al. 1998). They degrade native aquatic ecosystems (Les 

and Mehrhoff 1999), impede recreation, and reduce home values (Connecticut Aquatic 

Nuisance Species Working Group 2006). Once invasive plants are established, long term and 

costly management programs are often necessary.  

Figure 1. Yale crew team practicing on Lake Housatonic on a beautiful September afternoon. 
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CAES IAPP surveys of Lake Housatonic in 2005 and 2017 found the invasive plant species 

Eurasian watermilfoil (Myriophyllum spicatum), minor naiad (Najas minor), and curlyleaf 

pondweed (Potamogeton crispus).  Fourteen native species were observed in 2005 and 18 

were documented in 2017. Eurasian watermilfoil was the most common invasive plant along 

with smaller populations of minor naiad and curlyleaf pondweed. Curlyleaf pondweed may 

have been underestimated in the 2005 survey because it naturally dies back in late spring 

(Catling and Dobson 1985) before the survey occurred. The most common native plants in 

Lake Housatonic in 2005 were coontail (Ceratophyllum demersum) and eelgrass (Vallisneria 

americana). Overall, however, the coverage of both invasive and native plants in 2005 was 

minimal with an increase in 2017. Eurasian watermilfoil coverage increased from 5 to 139 

acres and native eelgrass became a nuisance resulting in concern that it may need control.  

This information was used in part to target 110 acres of Eurasian watermilfoil with the 

herbicide diquat from 2018 – 2021. In 2021, 10 acres of eelgrass was treated with diquat as 

well (Jim Olsen personal communication). This report expands on or previous reports by 

Figure 2. CAES IAPP webpages where the 2005 and 2017 survey information can be found. 
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conducting pre and post treatment surveys to determine the effects on both target and non-

target plants.  

The following report represents the third CAES IAPP surveillance and mapping of invasive 

aquatic plants and native eelgrass in Lake Housatonic with emphasis on pre and 

posttreatment conditions. 

Objectives 

• Survey and map invasive aquatic plants and eelgrass in Lake Housatonic 

• Resurvey CAES IAPP transects established in 2005 for all plant species 

• Document changes from the 2005 and 2017 CAES IAPP surveys 

• Document changes before and after the 2022 herbicide treatment 

• Assess current aquatic plant management strategy  

Materials and Methods 

Our 2022 aquatic vegetation surveys utilized methods established by CAES IAPP. These 

methods have provided a consistent record throughout the years of nearly 300 Connecticut 

lakes and ponds (CAES IAPP 2022). We recorded locations of all invasive plants and eelgrass 

with Trimble R1® GNSS or ProXT® global positioning systems (GPS) with sub-meter accuracy. 

In 2022, we included native eelgrass based on the concern that it was becoming a nuisance 

and would need management. We used a Lowrance HDS® sonar system, with structure scan 

technology, to determine patches near the bottom and to eliminate the need for time-

consuming grapple tosses. We circumnavigated 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 m2). We measured depth with a rake handle, drop line, or digital 

depth finder, and sediment type was estimated. Comparing depths from our surveys to 

determine changes over time is inherently inaccurate because of the wide fluctuations in lake 

level caused by the release of water from Lake Zoar. Plant samples were obtained in shallow 

water with a rake and in deeper water with a grapple. We measured plant abundance using a 

visual scale of 1 to 5 (1 = single stem; 2 = few stems; 3 = common; 4 = abundant; 5 = extremely 
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abundant). 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). We post-

processed the GPS data using Pathfinder® 5.85 (Trimble Navigation Limited, Sunnyvale, CA) 

and then imported it into ArcGIS® Pro 2.9.0 (ESRI Inc., Redlands, CA). Data were then overlaid 

onto recent high-resolution (1m or better) aerial imagery for the continental United States 

made available by the USDA Farm Services Agency.  

We collected occurrence and abundance plant information from ten transects pre and 

posttreatment. Transect points were positioned 0.5, 5, 10, 20, 30, 40, 50, 60, 70 and 80 meters 

perpendicular from the shore. These transects were a subset of the 18 laid out in 2005 (CAES 

IAPP 2022) and contained at least one occurrence of each native and invasive plant species. 

We selected transects formerly numbered 3, 4, 5, 7, 10, 11, 14, 15, 16, and 17 and renamed 

them 1-10 respectively. Significant differences in the frequency of occurrence of plant species 

Table 1. Yearly comparisons of the frequency of occurrence on transects and total area of aquatic 
vegetation in Lake Housatonic (2022 data is pretreatment).  
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between the two years along 

transects were determined using 

chi-squared statistical calculations. 

Significant differences in species 

richness per transect point were 

determined by ± one standard error 

of the mean (SEM). 

We performed our 

pretreatment survey on Lake 

Housatonic from June 28 - 30 and 

our posttreatment survey from 

September 11 - 12. Pretreatment 

transect data was obtained on June 

28 and posttreatment transect data was 

gathered on September 10. 

We obtained water chemistry 

information on June 30th. We used a 

Secchi disk to measure transparency and 

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 

lake as previous surveys at 0.5 m and at 

1 m depth intervals until we reached the 

bottom. We collected water samples 

from 0.5 m below the surface and 0.5 m 

from the bottom. 

 

 

 

Figure 3. Changes in acreages of plants in Lake 
Housatonic from 2005 – 2022. 

Figure 6. Yearly comparison of the frequency of occur-
rence of native and invasive species on transects. in 
Lake Housatonic.  Points with the same letter are not 
significantly different. 

Figure 7. Yearly comparison of the average number of 
species per transect point in Lake Housatonic. 
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Results and Discussion 

Aquatic Plant Survey 

Our 2022 survey of Lake Housatonic confirmed the presence of the invasive species 

Eurasian watermilfoil and curlyleaf pondweed as also found in 2005 and 2017 (Table 1). 

Eurasian watermilfoil covered only 2.4 acres in 2022 compared to 139 acres in 2017 while 

curlyleaf pondweed coverage decreased from 50 to 19 acres over the same timeframe (Figure 

3).   Minor naiad was found in 2005 and 2017 but not in 2022.  Nine native plant species were 

documented in 2022 compared to 14 in 2017 and 4 in 2005.  Notable reductions in the 

frequency of occurrence of species on transects from 2017 to 2022 include Eurasian 

watermilfoil (52% to 12%), coontail (33% to 5%), small pondweed (37% to 19%), water 

stargrass (25% to 18%), flat-leaf pondweed (19% to 0%) and western waterweed (23% to 

15%). Little change occurred in the frequency of eelgrass (25% to 22%) and curlyleaf 

pondweed (17% to 19%). The combined frequency of all native species (Figure 6) and the 

number of species per transect point i.e. species richness (Figure 7) both increased 

substantially from 2005 to 2017 followed by a similar the decrease from 2017 to 2022.  

Patch size, number, and abundance of all species also decreased substantially from 2017 

to 2022 (Tables 2 and 3). This was likely the result of the post 2017 herbicide treatments but 

other factors such as water level changes and natural year to year variation could play a role. 

Table 2. Yearly comparisons of the number and size of invasive patches in Lake Housatonic. 

Table 3. Yearly comparisons of the abundance of invasive plants in patches in Lake Housatonic. 
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Aquatic plants are necessary to maintain a healthy ecosystem. They provide habitat for 

fish and other aquatic organisms, remove nutrients and pollutants from water, and stabilize 

the shoreline. Lake Housatonic has a littoral zone (area with suitable substrate where there is 

sufficient light) of 327 acres or 94.5% of its total area.  CT DEEP fisheries biologists suggest the 

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

Compared to 2017 when Eurasian watermilfoil alone covered 42% of Lake Housatonic’s litto-

ral zone, all invasives plus eelgrass covered 23% in 2022, and therefore the 20% – 40% thresh-

old was met (Figure 8).  When the acreage of the other native species not measured in this 

report are included the total littoral zone coverage could exceed 40%.  

 

  

Figure 8. Littoral zone coverage of invasive aquatic plants and native eelgrass in Lake 
Housatonic from 2005 to 20222. 
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Figure 9. Eurasian watermilfoil and eelgrass areas treated with diquat in 2022. 



 

 

 
 

  

Figure 10. CAES IAPP pretreatment survey of Lake Housatonic in 2022 (see appendix for close-ups). 
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Figure 11. CAES IAPP posttreatment survey of Lake Housatonic in 2022 (see appendix for close-ups). 



 

 

Pre and Posttreatment Comparisons  

A total of 150 acres of Eurasian watermilfoil 

and eelgrass  was treated with the herbicide 

diquat in 2022( Figure 9). Our pretreatment 

survey (Figure 10) and posttreatment survey 

(Figure 11) show the decline in Eurasian water-

milfoil and curlyleaf pondweed combined with 

the increase in eelgrass described previously. 

Plant growth is limited to depths of less than 12 

feet. This occurs along the shoreline with the 

exception of the coves near the State Boat 

Launch and Transect 1 as well as the east side 

of the lake near the dam where shallow condi-

tions prevail well into the lake. This area may 

adversely impact the activities of the Yale Crew 

teams. In July 2022 approximately 50 acres of 

Lake Housatonic were treated for nuisance veg-

etation. This and treatments since 2018 have 

nearly eliminated Eurasian watermilfoil. Indian 

Figure 12. Aquatic vegetation change at Indian Well State Park from 2017 (left) to 2022 (right). 

Figure 13. Acreage of aquatic vegetation in Lake 
Housatonic before and after the 2022 herbicide treat-
ment.  

Figure 14. Frequency of occurrence of native plants in 
Lake Housatonic before and after the 2022 herbicide 
treatment.  
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Well State Park beach is now free of the weed but some replacement with eelgrass and 

other native plants is likely occurring (Figure 12). Prior to treament we observed two acres of 

Eurasian watermilfoil while posttreatment there was virtually none (Figure 13). Curlyleaf 

pondweed declined from 19 acres to zero. This is likely not because of the herbicide 

treatment but rather the natural life cycle of the plant which results it senescing naturally by 

mid-summer (Catling and Dobson 1985).  Unlike the previous species, eelgrass acreage 

increased substantially posttreatment, probably because of its natural summertime growth, 

occurrence in untreated areas, and/or resistance to the herbicide (Figure 15).  

 Based on our frequency of occurrence data taken from transects (Figure 14), coontail, 

eelgrass, great duckweed, Illinois pondweed, and large-leaf pondweed exhibited substantial 

increases posttreatment. Long-leaf pondweed, small pondweed, water stargrass, and   

Figure 15. Native eelgrass and pondweeds reaching the surface and potentially becoming a 
nuisance in Lake Housatonic in 2022. 
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western waterweed showed notable declines and  arrowhead, clasping-leaf pondweed , flat-

stemmed pondweed, and ribbon-leaf pondweed remained nearly unchanged. As with the 

invasive species differences are likely caused by natural summertime growth patterns, 

occurrence in untreated areas, and/or resistance to the herbicide.  The changing plant 

community may require alterations in the type, timing, and/or applicationn technique for 

herbicides. 

Nutrients released when plants treated with herbicides decompose can create condi-

tions favoring algal blooms. Mats of filamentous algae were common during our posttreat-

ment survey and would likely be considered problematic if the areas were used for recrea-

tional activities or adjacent to real estate seeking sale (Figure 16). Identification of the spe-

cies of algae take microscopic analysis by a trained phycologists which was beyond the scope 

of this work. Based on visual keys the species was more than likely in the genus Lyngbia or 

Pithophora. Both are extremely tough stringy mats that are highly resistant to copper based 

algicides. They usually start growing on the bottom then come to the surface particularly in 

hot weather.   

  

Figure 16. Nuisance mats of filamentous algae often attached aquatic vegetation in Lake 
Housatonic in 2022. 
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 Water Chemistry 

CAES IAPP has found that the oc-

currence of invasive plants in lakes 

can be attributed to specific water 

chemistries (June-Wells et al. 2013). 

For instance, lakes with higher alka-

linities and conductivities are more 

likely to support Eurasian watermil-

foil, minor naiad and curlyleaf pond-

weed while lakes with lower values 

support fanwort and variable water-

milfoil. Lake Housatonic falls into the 

former category. Zebra mussels also prefer water in the former category. Water chemistry 

may be altered when nutrients are utilized by plants or when plants decay from herbicide 

damage. In addition, nutrients not used by plants can support the occurrence of nuisance algal 

blooms.  During each lake survey we perform chemical water testing to compare conditions 

between lakes. Because these water tests are performed only once a year, they may not be 

indicative of conditions at other times. Identification of sources and quantities of nutrient 

reaching Lake Housatonic from the watershed are beyond the scope of this report. 

 On June 30, 2022, the water clarity of Lake Housatonic was 13 ft. (Figure 17). This is con-

siderably greater that measurements in 1980 (Frink and Norvell 1984) and 2017 (Bugbee and 

Wiegand 2018). Water clarities in Connecticut’s lakes ranged from <1 to over 30 feet with an 

average of 7 ft. (CAES IAPP 2022). Thus, the water clarity of Lake Housatonic in 2022 ranks 

above the norm. Because the 2022 measurment was about a month earlier done previously, 

timeing could play a role in the increase.  

Temperature and dissolved oxygen profiles were relatively consistent from year to year 

and surface to bottom (Figure 18) indicating little stratification. The coolest water 

Figure 17. Water clarity in Lake Housatonic in 1980, 
2005, 2017, and 2022. 
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Figure 18. Water chemistry in Lake Housatonic in 2005, 2017, and 2022 (nitrogen tests are pending). 
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temperature was observed in 2022 likely because of the late June sampling date was nearly a 

month earlier than previous sampling dates. Dissolved oxygen remained high throughout the 

water column. 

The pH of Lake Housatonic was 7.6 at both the surface and near the bottom in 2022 indi-

cating a near neutral condition (Figure 18). This is likely due to mixing in the riverine environ-

ment. Previous pH tests found slightly lower pH’s in 2017 (7.2 surface, 7.3 bottom) and nearly 

the same pH’s in 2005 (7.2 surface, 7.3 bottom).  

Alkalinities in Connecticut’s lakes range from near 0 to over 170 mg/L CaCO3 (CAES IAPP 

2022, Canavan and Siver 1995, Frink and Norvell 1984). Increasing alkalinities reduce the risk 

of changes caused by acid rain and other natural and manmade influences. Lake Housatonic’s 

surface alkalinity in 2022 ranged from 70 mg/L at the surface to 83 mg/L near the bottom.  

This has changed little from 2005 and 2017 when surface alkalinities ranged from 72 mg/L to 

86 mg/L and bottom samples ranged from 77 mg/L to 86 mg/L.  

Conductivity is an indicator of dissolved ions that come from natural and man-made 

sources (rainfall, mineral weathering, organic matter decomposition, fertilizers, septic sys-

tems, road salts, etc.). The 2022 conductivity of Lake Housatonic ranged from 217 - 239 µS/cm 

with the higher level occurring in the surface water (Figure 18). This has remained consistent 

to the earlier surveys when the lake’s conductivity ranged from 229 µS/cm to 244 µS/cm. 

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 and N can lead to nuisance or toxic algal blooms 

(Frink and Norvell 1984, Wetzel 2001). Rooted macrophytes are considered to be less depend-

ent on P from the water column as they obtain a majority of their nutrients from the hydrosoil 

(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 moder-

ately 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. The P concentration in Lake Housatonic in summer 

2005 was 12 µg/L at both the surface and the bottom. The spring and summer 2017 tests 

yielded similar results in P concentration. At the surface both times the concentration was 15 
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µg/L and the bottom water concentrations increased similarly to 25 µg/L in the spring and 23 

µg/L in summer 2017. 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 temper-

ature stratification prevents vertical mixing. In 2022, P concentrations were very similar to 

2005 levels with 11 µg/L at the bottom and 10 µg/L at the surface. This suggests oligotrophic 

conditions, but with only one water data point from one day of the season, it is not certain. 

We tested total nitrogen (TN) for the first time in 2022 and found 1312 µg/L at the surface and 

1305 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. 

In order to get a more complete picture of the water chemistry of Lake Housatonic, more 

water data points could be established in the future. In particular, a sampling site near the 

Stevenson Dam would give information on the water (possibly high P, anaerobic bottom wa-

ter) being removed from Lake Zoar.  

 Conclusions 

Lake Housatonic was surveyed for aquatic vegetation by CAES IAPP for the third time in 

2022. Previous surveys were performed in 2005 and 2017. In 2018, herbicide applications 

began targeting Eurasian watermilfoil and other nuisance plants. The 2022 survey included 

both pre and posttreatment mapping. Our 2022 survey found the invasive species Eurasian 

watermilfoil and curlyleaf pondweed. Eurasian watermilfoil covered 2.4 acres in 2022 

compared to 139 acres in 2017 while curlyleaf pondweed coverage decreased from 50 to 19 

acres.  Nine native plant species occurred in 2022 compared to 14 in 2017 and 4 in 2005.  After 

the 2022 herbicide application virtually no Eurasian watermilfoil remained. Curlyleaf 

pondweed was not found as well but this was likely due to its natural mid-summer decline.  

Eelgrass acreage increased posttreatment indicating the herbicide application was less 

effective on this plant. The response of the other native species to the herbicides varied with 

some increasing, some decreasing and others remaining largely unchanged. Changes in 

herbicide stratagy may be needed to reflect the changing plant community. 
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2022 Survey Pretreatment Maps 
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2022 Survey Posttreatment Maps 
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Invasive Plant Descriptions 
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Invasive Aquatic Plant Location Data 
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