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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 Gris-

wold. 
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Introduction 

Lake Housatonic offers a diverse freshwater ecosystems 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 2017) and have few 

natural enemies to control their growth (Wilcove et al. 1998, Pimintel et al. 2000). They 

degrade native aquatic ecosystems (Barrett 1989, Les and Mehrhoff 1999), impede 

recreation, and reduce home 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. 

The Connecticut Agricultural Experiment Station (CAES) Invasive Aquatic Plant program 

(IAPP), surveys Lakes Candlewood, Lillinonah, Zoar and Squantz Pond for aquatic vegetation 

Figure 1. Locations of invasive aquatic plants found by CAES IAPP from 2004 to 2016. 
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annually and issues a report.  Lake Housatonic may be impacted by these waterbodies as 

they are upstream in the Housatonic River system. This report provides the surveillance to 

compare the conditions, identify upstream threats and provide scientific data to improve 

aquatic plant management decisions. 

Statewide surveys by CAES IAPP have found 14 invasive aquatic plant species inhabit 

nearly 60 percent of Connecticut’s lakes and ponds (Figure 1) (CAES IAPP 2017).  CAES 

surveys of Lakes Candlewood, Lillinonah, Zoar and Squantz Pond over the last 11 years have 

found 18 plant species occur in the lakes with Eurasian watermilfoil (Myriophyllum 

spicatum), brittle waternymph (Najas minor), curlyleaf pondweed (Potamogeton crispus), 

European waterclover (Marsilea quadrifolia), and water chestnut (Trapa natans) being 

invasive. Water chestnut is found only in Lake Lillinonah and European waterclover is found 

only in Lake Zoar. Zebra mussels (Dreissena polymorpha) are now common in the Lakes Zoar 

and Lillinonah and can effect increase plant populations by improving water clarity or 

decrease populations by removal of nutrients or adhering to stems and foliage. 

Figure 2. CAES IAPP webpages where the 2005 survey information can be found. 
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CAES IAPP surveyed Lake Housatonic in 2005 (Figure 2)(CAES IAPP 2017) and found three 

invasive and 14 native plant species (Table 1). Eurasian watermilfoil was the most common 

invasive plant along with smaller populations of brittle waternymph 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 horned pondweed and eel 

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

minimal. Zebra mussels were not observed in Lake Housatonic in 2005. 

The following report represents the first year of CAES IAPP surveillance and mapping of 

invasive aquatic plants in Lake Housatonic using the same techniques that have been 

employed for Lakes Candlewood, Lillinonah, Zoar as well as Squantz Pond for the last 11 

years. 

Objectives 

• Survey and map invasive aquatic plants in Lake Housatonic. 

• Document changes from the 2005 CAES IAPP. 

• Provide aquatic plant management options.  

Materials and Methods 

Our 2017 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 ProXT® global positioning systems (GPS) with sub-

meter accuracy. 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. While in 2005 surveying was done primarily by sight and hand, we updated our 

practices to obtain more accurate acreages and coordinates of plant locations. 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 
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type was estimated. Comparing depths from our 2005 survey with our 2017 survey to 

determine changes, is inherently inaccurate because of the wide fluctuations in lake level 

caused by the release of water for power generation. 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 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 in Pathfinder® 5.85 (Trimble Navigation 

Limited, Sunnyvale, CA) and then imported it into ArcGIS® 10.5.1 (ESRI, Redlands, CA), where 

it was geo-corrected. Data were then overlaid onto 2010 United States Department of 

Agriculture - National Agricultural Inventory Program aerial imagery with 1 m resolution. 

We collected occurrence and abundance plant information from ten transects. Transect 

points were positioned 0.5, 5, 10, 20, 30, 40, 50, 60, 70 and 80 meters perpendicular from   

Figure 3. Curlyleaf pondweed (top left), mix species mainly Eurasian watermilfoil with filamentous al-
gae (top right), large leaf pondweed (bottom left), hybrid pondweed (bottom right). 
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the shore. These transects were a subset of the 18 laid out in 2005 (CAES IAPP 2017) 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 between 

the two years along transects were determined using chi-squared statistic calculations. Sig-

nificant differences in species richness per transect point were determined by ± one stand-

ard error of the mean (SEM). 

We surveyed Lake Housatonic for curlyleaf pondweed only on June 13 and all invasive 

plants from July 18 – 21. The spring curlyleaf pondweed survey was performed to provide 

more thorough documentation of curlyleaf pondweed prior to its normal summer 

senescence. Our transect data were obtained on July 20 and 21 and the water samples were 

Table 1. Yearly comparisons of the frequency of occurrence on transects and total area of 
aquatic vegetation in Lake Housatonic. 
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obtained on June 13 and July 21. Detailed information regarding our “on-lake” time is 

located in the Appendix (Page 27). 

We used a Secchi disk to measure transparency. Because water clarity can affect our 

ability to see vegetation, we also 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 

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. 

Results and Discussion 

Aquatic Plant Survey 

Our 2017 survey of Lake Housatonic confirmed the presence of three invasive species 

Eurasian watermilfoil, minor waternymph, and curlyleaf pondweed along with 18 native 

plant species (Table 1). This compares to two invasive and six native species in Lake 

Candlewood, eight native and three invasive in Lake Lillinonah and three invasive and 11 

native in Lake Zoar (Bugbee and Fanzutti, 2017). A trend toward increasing numbers of 

species in downstream lakes is evident. Of greatest concern to Lake Housatonic is Lake 

LiIllinonah’s water chestnut population moving downstream. Eurasian watermilfoil covered 

139 acres of Lake Housatonic in 2017 (Figure 3) which is a dramatic increase from the 4.6 

acres we found in 2005 (Figures 4, 5). Minor waternymph acreage increased tenfold from 

0.3 acres in 2005 to 3.0 acres in 2017 and summer curlyleaf pondweed acreage increased 

from 0.1 to 13. Curlyleaf pondweed is more prevalent in the spring. Our 2017 spring survey 

found 50 acres. Unfortunately, there is no data from previous years to which this can be 

compared. Native species found both survey years included coontail, western waterweed, 

southern waternymph, white water lily, clasping-leaf pondweed, small pondweed, Sago 

pondweed, tapegrass, and horned pondweed. Also found in both years was an unidentified 

species that is suspected to be a Potamogeton hybrid. New species found in Lake Housatonic 

as of 2017 include large-leaf pondweed (Figure 3), ribbon-leaf pondweed, long-leaf 

pondweed, flat-stemmed pondweed, arrowhead), bur-read, great duckweed, and water 

stargrass. Native  
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Figure 5. CAES IAPP summer 2017 survey of Lake Housatonic (see appendix for close-ups). 

Figure 4. CAES IAPP summer 2005 survey of Lake Housatonic (see appendix for close-ups). 
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species were prolific and either alone or mixed with invasive species created potential 

nuisances. We did not observe any state listed species. 
We found 179 patches of Eurasian watermilfoil in our 2017 survey (Table 2) with the 

largest patch covering 54 acres stretching from the middle of the lake north and along the 

eastern shore by transects 7, 8 and 9 (Figures 4 and 5) The average 2017 patch size of Eura-

sian watermilfoil was 0.8 acres, a sharp increase from the 0.03 acres found in 2005.  The 

mean patch abundance of Eurasian watermilfoil in 2017 was 2.7 (Table 3).  We found 14 

patches of minor waternymph at an average size of 0.2 acres in 2017, an increase from 6 

patches in 2005.  The largest patch found in 2017 was 0.7 acres located on the western 

shore (pages 47 - 48). The mean patch abundance of minor waternymph was 2.1 in 2017. 

We found 103 patches of curlyleaf pondweed in our spring 2017 survey with an average ar-

ea of 0.5 acres. By the summer that number had increased to 139, although on average they 

were smaller (0.09 acres). The largest patch of curlyleaf pondweed was found in the spring 

at 12 acres, which had shrunk by nearly half to 6.5 acres by summer. The average abundance 

of curlyleaf pondweed was consistent at 2.0 in the spring and 1.9 in the summer. The plant 

concentrates along the eastern shore of the southern end of the lake (especially in the cove), 

and along the majority of the western shore as well (Figures 3 and 4). 

The frequency of occurrence (FO) of all plants on transects (Figure 5) showed a marked  

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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Figure 6. Yearly comparison of the frequency of occurrence 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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and significant increase (p≤0.05) from 2005 to 2017; any species (native or invasive) 18% to 

68%, invasive species 7% to 58%, native species 13% to 68%, Eurasian watermilfoil 6% to 

52%, curlyleaf pondweed 0% to 17% and brittle waternymph 1% to 9%. Small pondweed 

had the highest FO of any native species in 2017 (37%) while coontail had the highest in 

2005 (9%) (Table 1). Species richness of all classes of aquatic plants also increased significant-

ly from 2005 to 2017 (Figure 6); any species 0.3 to 2.7, invasive species 0.1 to 0.8 and native 

species 0.2 to 1.9. These findings are consistent with the statistical growth of FO in all cate-

gories. 

Eurasian watermilfoil in 2017 grew at depth s of 0-5 m (Figure 7). As the depths increased 

to 5 m the acreages did as well (0 -1 m = 31, 1-3 m =39 and 3-5 m = 48). The acreage of mi-

nor waternymph was nearly equal at 0-1 m (1.5) and 1-3 m 1.4). Curlyleaf pondweed  oc-

curred at depths similar to Eurasian watermilfoil in both the spring (0-1 m = 11.5, 1-3 m =    

Figure 7. Comparisons of depth preferences of invasive plants in Lake Housatonic 
in 2017. 
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17.1, 3-5 = 3.0)and summer (0-1 m = 7.3, 1-3 m = 7.3, 3-5= 3.0).  

Aquatic plants are necessary to maintain a healthy ecosystem. The 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 not too deep to support plants) of 

327 acres or 94.5% of its total area.  CT DEEP fisheries biologists suggest the optimal cover-

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

milfoil covered 42.5% of Lake Housatonic’s littoral zone in 2017 (Figure 8) and compared to 

only 1.4% in 2005. Minor waternymph littoral zone coverage increased slightly to 0.9% in 

2017 from 0.1% in 2005 and curlyleaf pondweed (summer) increased from 0.1% in 2005 to 

3.4%. We found the spring 2017 littoral zone coverage of curlyleaf pondweed was 15.2%. 

The optimal range littoral plant zone coverage of 20 - 40% is exceeded currently by Eurasian 

watermilfoil alone. 

Figure 8. Littoral zone coverage of invasive aquatic plants in Lake Housatonic. 
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Water Chemistry 

CAES IAPP has found 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, minor waternymph and 

curlyleaf pondweed while lakes with lower values support fanwort and variable watermilfoil. 

Lake Housatonic falls into the former category. Zebra mussels also prefer water in the for-

mer category. Water chemistry may be altered when nutrients are utilized by plants. In addi-

tion, nutrients not used by plants can support the occurrence of nuisance algal blooms.  At 

the conclusion of each lake survey we perform chemical water testing to compare condi-

tions 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 nu-

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

Table 4. Dissolved oxygen levels, temperatures and transparencies of the water in Lake 
Housatonic during the 2005 and 2017 CAES IAPP surveys. 
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 On July 27, 2017 the water clarity of Lake Housatonic was 2.1 m (Figure 10). This is con-

sistent with the previous measurements of the lake in 1980 (Frink and Norvell, 1984) and 

2005. Water clarities in Connecticut’s lakes ranged from 0.3 - 10 m with an average of 2.3 m 

(CAES IAPP 2017). Thus, the average water clarity of Lake Housatonic ranks near the norm.  

Figure 10. Water transparency in Lake Housatonic during the 2005 and 2017 CAES IAPP 
surveys. 

Table 5. Conductivity, pH, alkalinity and phosphorus concentrations of the water in Lake 
Housatonic during the 2005 and 2017 CAES IAPP surveys. 
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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 2017 conductivity of Lake Housatonic ranged from 229-238 µS/cm with high-

er levels measured in the spring survey (Table 5). This has remained consistent to the earlier 

survey in 2005 when the lake’s conductivity ranged from 232 µS/cm at the surface to 244 

µS/cm at the bottom. 

The pH of Lake Housatonic ranged from 7.2 in the summer 2017 survey to 7.6 in the 

spring survey with the similar levels at the surface and the bottom waters (Table 5). This is 

likely due to greater mixing in its riverine environment. Higher surface water pH would be 

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

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

2017, Canavan and Siver 1995, Frink and Norvell 1984). Lake Housatonic’s surface alkalinity 

ranged from 72.0 – 82.3 mg/L spring to summer respectively, which was slightly lower than 

the surface alkalinity recorded in 2005 when it was 85.5 mg/L. Bottom water samples were 

85.5mg/L in 2005, 77.3 mg/L in spring 2017 and 76.5 mg/L in summer of that year. Again, 

the alkalinities were slightly lower in 2017. 

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

phorus (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 considered to be less de-

pendent 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 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 of hypereutrophic. The P concentration in Lake Housatonic 

in summer 2005 was 12 µg/L at both the surface and the bottom (Table 5). The spring and 

summer 2017 surveys yielded quite similar water test results in P concentration. At the sur-

face both times the concentration was 15 µg/L and the bottom water concentrations in-

creased similarly to 25 µg/L in 2005 and 23 µg/L in summer 2017. This partitioning of P be-
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tween 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. 

Summer temperature and dissolved oxygen profiles were relatively consistent from surface 

to bottom (Table 4) indicating little stratification. Dissolved oxygen remained high throughout 

the water column. 

Filamentous algal mats reached nuisance levels in a few protected coves in the lake. Of-

ten they overlaid patches of Eurasian watermilfoil. Unicellular algal blooms were also preva-

lent in all lakes. Although usually observed as a green tinge to the water, in certain areas the 

cells coalesced into unsightly clumps. The mass balance of nutrients between rooted aquatic 

plants and algae is complex and likely varies throughout the season. When rooted aquatic 

plants are controlled by drawdown, grass carp, herbicides, etc. nutrients are released and 

algal blooms may be favored. 

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

water data points may be established in future surveys – in a similar fashion as surveys of 

Lakes Candlewood, Lillinonah and Zoar. In particular, a sampling site near the Stevenson 

Dam would give information on the water (possibly high P, anaerobic bottom water) being 

removed from Lake Zoar.  

  

Figure 17. 2015 release of grass carp into Candlewood Lake (left). Herbicide treatment to Lake 
Zoar (right) (photo courtesy of Solitude Lake Management Inc.). 
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Aquatic plant management 

Managing nuisance aquatic vegetation in Lake Housatonic will be challenging because 

of the riverine conditions and extensive areas of desirable native vegetation. In addition, 

large numbers of residents utilize the lake for recreational activities, particularly fishing, 

boating and swimming. Options include: harvesting, herbicides, biological controls, bottom 

barriers and water level drawdown (Cooke et al., 2005).  Dry, wet or suction dredging may 

also be employed but is usually impractical for large lakes like Housatonic. In addition, 

dredged areas would disturb PCB’s and create dredge spoils with disposal issues. 

Hand, mechanical or suction harvesting has the benefit of providing immediate con-

trol but problems include rapid regrowth, finding suitable disposal sites and spreading of 

weeds by fragmentation. Weeds like milfoil (Madsen, et al, 1988) and fanwort spread by the 

rooting of broken pieces. Harvesting practices can therefore distribute the weed throughout 

a lake. Many weeds also have strong root systems that will cause regrowth. Usually, harvest-

ing has to be done every year. Some lakes have purchased mechanical harvesters. Suction 

harvesting is better for small areas but costs for divers and equipment can be expensive. 

Machine harvesting was observed during our survey appeared to be progressing smoothly. 

Water chestnut is relatively easy to harvest by hand. Yearly surveillance and removal of any 

pioneer infestations in Lake Housatonic is suggested. 

 Herbicides can be effective in controlling unwanted aquatic vegetation. Aquatic herb-

icide must meet safety criteria set forth by the United States Environmental Protection 

Agency (USEPA). In addition they require permits from the Connecticut Department of Ener-

gy and Environmental Protection (CTDEEP). The fee for a permit is currently $200. Some of 

the most widely used aquatic herbicides in Connecticut are fluridone (Sonar™, Avast™), di-

quat (Reward™), 2,4-D (Navigate™, AquaKlean™) and glyphosate (Rodeo™). In recent years, 

several new products have emerged such as Flumioxazin (Clipper™), imazamox (Clearcast™) 

and triclopyr (Renovate™). Fluridone, 2,4-D, glyphosate, imazamox and triclopyr are translo-

cated throughout the entire plant, causing dieback of the roots and shoots. Diquat, and 

flumioxazin destroys only foliage, and regrowth from the roots is likely. Fluridone and flumi-
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oxazin are the only herbicides that are currently considered effective against fanwort. Be-

cause whole lake herbicide treatments would cause damage to non-target organisms and be 

cost prohibitive, spot treatments would be needed. Fluridone requires many weeks of con-

tact time and therefore a granular formulation would likely be needed. Glyphosate is 

sprayed directly on plants and is effective only on weeds like water lily and water shield that 

have large areas of foliage above the surface.  Aquatic herbicides can be expensive and often 

have associated water use restrictions. Annual treatments are common.  Stoppage of water 

inflow and outflow, through coordination with the power companies, may be necessary to 

prevent rapid dilution of herbicide. In, addition short term beach closures may be needed. 

Lake Zoar is currently applying Reward to milfoil patches in selected cove (Figure 17, left).  

Specifics on the use of aquatic herbicides in Connecticut are found in the CTDEEP publication 

entitled “Nuisance Aquatic Vegetation Management: A Guidebook” (CTDEP, 2005).  

Although efforts are underway to find biological controls for nuisance aquatic vegetation, 

breakthroughs have been limited. Plant eating fish, called grass carp (Ctenopharyngodon 

idella), can effectively reduce the populations of certain aquatic weeds. Often it is an “all or 

nothing” procedure where too few are introduced to have much of an effect or too many 

are introduced and both nuisance and desirable vegetation is eliminated. 

Figure 18. Benthic barrier being installed in Lake Quonnipaug, Guilford, Connecticut. 
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The introduction of grass carp into Connecticut lakes requires approval by the CTDEEP. 

Often these fish are considered inappropriate because their feeding is not selective and de-

sirable plants can be eliminated. In Connecticut, only sterile grass carp (triploid) are permit-

ted. They are usually 10-12 inches in length when introduced (Figure 17, left) and can grow 

to over 30 inches. Typically 10-20 fish per vegetated acre are used at a cost of $10-$15 per 

fish. All lake inlets and outlets must be screened to prevent movement of the fish (Figure 12, 

middle). These screens must be CTDEEP approved and cannot interfere with the flow of wa-

ter or the integrity of the dam. The screen must be kept free of debris to prevent flooding. 

Introducing grass carp in Lake Housatonic could cause damage to non-target plants neces-

sary to maintain the current fishery (Pipalova. 2006). CAES has worked with officials from the 

United Sates Department of Agriculture to find new plant pathogens and insects that control 

nuisance aquatic plants with little success. Lake Candlewood has been stocked with nearly 

10,000 grass carp (Figure 17,right)and CAES IAPP is monitoring their effectiveness. 

Benthic barriers or “bottom blankets” are effective at eliminating nuisance vegetation in 

small areas such as swim zones and around docks. CAES IAPP tested installing the barriers in 

late April and removing them after 30 days at the Lake Quonnipaug town beach (Figure 18). 

Figure 19. Winter drawdown in Candlewood Lake, Connecticut. 
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Season long control for Eurasian watermilfoil and fanwort was achieved. Thus, benthic barri-

ers may be able to be moved from place to place during a season. 

Water level drawdown can be an effective and economical means of controlling nuisance 

vegetation in large shallow lakes like Housatonic. Fortunately the lake has a dam with an 

outlet suitable for the technique. If weeds are allowed to freeze or dry, but this has an ad-

verse effect on non-target aquatic organisms. Winter drawdown is preferable because of its 

lessened impact on ecosystems and recreation.  Some weeds, like water milfoil, have root 

systems and other plant parts that can survive substantial drying (Standifer and Madsen, 

1997) and temperatures near freezing.  CAES has been monitoring the yearly drawdowns in 

Candlewood Lake and has observed rapid regrowth of vegetation in drawn down areas (Fig-

ure 19). Thus the practice usually needs to be done regularly. This has a benefit of allowing 

lake management to optimize the aquatic plant community if regular surveys are employed 

to document changes.  

Funding for nuisance aquatic plant management usually comes from private sources. Oc-

casionally State grants are provided but we know of none at present. Other sources could be 

towns or the power company running the hydrogenerating facility. 

Conclusions 

Lake Housatonic was surveyed using the protocol as in use for Lake Candlewood, 

Lillinonah, Zoar and Squantz Pond for the first time in 2017. Twenty one plant species were 

documented of which Eurasian watermilfoil, curlyleaf pondweed and brittle waternymph 

are invasive (non-native). Eurasian watermilfoil and curlyleaf pondweed dominates the plant 

communities along with a number of native species. Populations of all invasive species and 

most native species have increased dramatically since the 2005 CAES IAPP survey. For 

instance, Eurasian watermilfoil covered 5 acres in 2005 compared to 139 acres in 2017.  And 

summer curlyleaf pondweed acreage increased from 0.1 to 12.9. Curlyleaf pondweed is 

more prevalent in the spring but this was not measured until our 2017 survey when 50 acres 

were present. Although not yet recorded in Lake Housatonic, there is a risk that water 
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chestnut could infest the waterbody due to its location upstream in Lake Lillinonah. Yearly 

surveillance and removal of any pioneer infestations in Lake Housatonic is suggested. 

Aquatic plant management options include a continuation of current harvesting practice, 

utilization of targeted herbicide applications such as being performed in Lake Zoar, using a 

winter drawdown, exploring grass carp introduction as underway in Lake Candlewood and 

localized use of benthic barriers. 
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2017 CAES IAPP On-Lake Time 
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2005 CAES IAPP Survey Maps 
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Spring 2017 CAES IAPP Survey Maps 
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Summer 2017 CAES IAPP Survey Maps 
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Invasive Plant Descriptions 
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Metadata 
 

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

Polygons and Points of Invasive Plants 
 
Abstract This polygon and point data is of the invasive aquatic plant locations in Lake 

Housatonic found during the 2017 aquatic plant survey.  The invasive aquatic plants 
found during the survey were Potamogeton crispus (curlyleaf pondweed), Najas mi-
nor (minor waternymph), and Myriophyllum spicatum (Eurasian watermilfoil). Survey 
boats with Trimble GPS units traveled along the outside of each invasive patch to ob-
tain the polygons.  In the event that 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 measurement 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 = abundant; 5 = extremely abun-
dant or dominant).   

 
Purpose To document and assess the invasive aquatic plant infestation on Lake Housatonic 

during 2017.  This data will also be available to compare with future invasive aquatic 
plant survey data. 

Access 
Constraints 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 clear-
ly 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 with-
in this web site. These data and related graphics are not legal documents and are not 
intended 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 limi-
tations. 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 
utility 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. 

Use 
Constraints 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 
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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.  

 
Credit Gregory J. Bugbee and Abigail C. Wiegand, The Connecticut Agricultural Experiment 

Station Invasive Aquatic Plant Program (CAES IAPP) 
Accuracy 
Report All aquatic plants noted in this feature were confirmed in the lab using a dichoto-

mous 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. 

GPS 
Accuracy Positions were acquired by using a Trimble GeoXT®  or a Trimble ProXT® with Ter-

raSync 2.40 or 5.02 ( WAAS enabled).  Data was post-processed in the lab with Path-
finder Office 5.85 with data from local base stations.  Therefore, the average accura-
cy of the data is less than 1m. 

 
Process Position data was obtained in the field using a Trimble GeoXT® or a Trimble ProXT®  

with TerraSync 2.40 or 5.02 (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 10.4.1 for display and analysis.    
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Metadata 
 

Transects 
 
Abstract 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 m² 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 Lake Housatonic. 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 dominant). Depth 
was measured at each transect point. 

 
Purpose To document and assess the native and invasive aquatic plant community in Lake 

Housatonic during 2017.  This data will also be available to compare with future 
aquatic plant survey data. 

Access 
Constraints 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 clear-
ly 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 with-
in this web site. These data and related graphics are not legal documents and are not 
intended 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 limi-
tations. 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 
utility 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. 

Use 
Constraints 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 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 
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Connecticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES 
IAPP) as the source for this information.  

 
Credit Gregory J. Bugbee and Abigail C. Wiegand, The Connecticut Agricultural Experiment 

Station Invasive Aquatic Plant Program (CAES IAPP) 
 
Accuracy 
Report All aquatic plants noted in this feature were confirmed in the lab using a dichoto-

mous 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. 

 
GPS 
Accuracy Positions were acquired by using a Trimble GeoXT® or a Trimble ProXT® with Ter-

raSync 2.40 or 5.02 (WAAS enabled).  Data was post-processed in the lab with Path-
finder Office 5.85 with data from local base stations.  Therefore, the average accura-
cy of the data is less than 1m. 

 
Process Position data was obtained in the field using a Trimble GeoXT®  or a Trimble ProXT®  

with TerraSync 2.40 or 5.02 (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 10.4.1 for display and analysis.    
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Metadata  
 

Water Testing 
 
Abstract 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 Lake Housatonic. At least one sample location is 
chosen in the deepest part of the lake. 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 (µs/cm), pH, alkalinity (expressed as mg/L CaCO3) and phos-
phorous (µg/L). 

 
Purpose 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 Lakes Candlewood, Lillinonah, Zoar and Squantz Pond and correlate with 
surveyed aquatic plants.   

Access 
Constraints  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 clear-
ly 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 with-
in 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. Alt-
hough these data have been processed successfully on a computer system used by 
the State of Connecticut, no warranty expressed or implied is made regarding the 
utility 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. 

Use  
Constraints 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 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 
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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.  

 
Credit Gregory J. Bugbee and Abigail C. Wiegand, The Connecticut Agricultural Experiment 

Station Invasive Aquatic Plant Program (CAES IAPP) 
Accuracy 
Report  Secchi measurements were taken in the field with a Secchi disk with measurement 

markers (meters), using the same method each time.  Dissolved oxygen and temper-
ature 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 Interna-
tional Incorporated, Hampton, New Hampshire, USA), which was calibrated each 
time it was used.  Alkalinity was quantified by titration and expressed as milligrams of 
CaCO3 per liter (titrant was 0.08 mol/L H2SO4 with an end point of pH 4.5).  The total 
phosphorus analysis was conducted on samples that were acidified with three drops 
of concentrated H2SO4, and consisted of the ascorbic acid method and potassium 
persulfate digestion outlined by the American Public Health Association (Standard 
Methods of the Examination of Water and Waste Water, 1995). 

GPS 
Accuracy Positions were acquired by using a Trimble GeoXT® or a Trimble ProXT® with Ter-

raSync 2.40 or 5.02 (WAAS enabled).  Data was post-processed in the lab with Path-
finder Office 5.85 with data from local base stations.  Therefore, the average accura-
cy of the data is less than 1m. 

Process 
Description Position data was obtained in the field using a Trimble GeoXT® or a Trimble ProXT®  

with TerraSync 2.40 or 5.02 (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 10.4.1 for display and analysis.
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Invasive Aquatic Plant Location Data 
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Transect Data 
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