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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 in Hamden and Griswold. 
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Introduction 

Lakes Candlewood, Lillinonah and Zoar are large freshwater impoundments in western 

Connecticut. Not only do these lakes have tremendous ecological and recreational value, 

but they also produce “green” energy via down-flow hydroelectric power plants.  Invasive 

aquatic plants represent a severe threat to these and other lakes because they are not 

native and have few natural enemies to limit their growth (Wilcove et al. 1998, Pimintel et al. 

2000).  In addition, they can clog water intakes, decrease recreational opportunities, reduce 

local real estate values and alter native plant communities (Connecticut Aquatic Nuisance 

Species Working Group, 2006, Fishman et al. 1998).  Thirteen invasive aquatic plant 

species are found in approximately two-thirds of Connecticut’s lakes and ponds (Bugbee 

and Balfour, 2010, CAES IAPP, 2010).  In Lake Candlewood, invasive aquatic plants have 

been present since at least the early 1980’s (Siver et al. 1986) when they probably entered 

Lakes Lillinonah and Zoar as well. 

Previous Connecticut Agricultural Experiment Station Invasive Aquatic Plant Program 

(CAES IAPP) studies found Lakes Candlewood, Lillinonah and Zoar have similar plant 

communities (Bugbee and Balfour, 2010, Bugbee and Reeps, 2009, Bugbee et al. 2008).  

Fifteen to 18 plant species occur in these lakes with four being invasive species; 

Myriophyllum spicatum (Eurasian watermilfoil), Najas minor (minor naiad), Potamogeton 

crispus (curly leaf pondweed) and Marsilea quadrifolia (European waterclover).  Marsilea 

quadrifolia only occurs in Lake Zoar. M. spicatum covers the largest area in the lakes 

followed by N. minor and P. crispus. P. crispus may be underestimated because it dies back 

prior to the summer surveys (Catling and Dobson, 1985).  Winter drawdown and occasional 

harvesting is used in an attempt to manage M. spicatum in Candlewood Lake (Tarsi, 2006).  

In 2008 and 2010, milfoil weevils (Euhrychiopsis lecontei) were introduced into select 

locations in Candlewood Lake, to test their ability to survive, multiply and begin to control M. 
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spicatum.  Data is currently being collected by WCSU and CAES. Attempts to control M. 

spicatum in Lakes Lillinonah and Zoar are mainly by harvesting and localized herbicide 

applications.  Fluctuating water levels in Lake Lillinonah and Lake Zoar, associated with 

power generating discharges and weather events, may also act as a passive control. 

The Federal Energy Regulatory Commission (FERC) Article 409 requires annual 

invasive aquatic plant monitoring for Lakes Candlewood, Lillinonah and Zoar (Northeast 

Generating Company, 2005).  The following report represents the fourth year of CAES IAPP 

surveillance and mapping of the three lakes. 

Objectives: 

Survey and map invasive aquatic plants in Lakes Candlewood, Lillinonah and Zoar to 

fulfill the FERC nuisance plant monitoring requirement in Article 409.  Provide scientific 

information to assist in the management of invasive aquatic vegetation, enhancement of 

native species and overall protection of the water bodies. 

Materials and Methods: 

Using established methods (CAES IAPP, 2010), we conducted aquatic vegetation 

surveys from July through early September.  We recorded locations of all invasive plants 

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

Plants occurring in distinct patches were circumnavigated in order to form a polygon.  

Patches less than one square meter were recorded as a point and assigned an area of 

0.0002 acres (1 m2).  Depth was measured by rake handle, drop line or digital depth finder 

and sediment type was noted.  Plant samples were obtained in shallow water with a rake 

and in deeper water with a grapple.  Plant abundance was recorded using a scale of 1 – 5 (1 

= single stem; 2 = few stems; 3 = common; 4 = abundant; 5 = extremely abundant).  When 

field identification was questionable, samples were brought back to the lab for review using 

the taxonomy of Crow and Hellquist (2000a, 2000b).  After the fieldwork, we post-processed 

and imported the GPS data into ArcGIS® 9.3.1 (ESRI, Redlands, CA), where it was further 

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

National Agricultural Inventory Program (NAIP) aerial imagery with 1 meter resolution. 
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We collected occurrence and abundance information on invasive and native aquatic 

plants from ten transects per lake with points positioned 0, 5, 10, 20, 30, 40, 50, 60, 70 and 

80 m from shore.  In Candlewood Lake, these transects were a subset of the 105 we laid out 

in 2005 (Bugbee et al. 2008) and contained at least one occurrence of each native and 

invasive plant species.  For data analysis of the 2005 transects, we reduced the 105 

transects to the same 10 used in the following years. In Lake Zoar, previously established 

transects were used but not all species found in the earlier surveys were present.  In Lake 

Lillinonah, we decreased the number of transects from the 16 we surveyed in 2009 to 10 in 

order to make the data comparable to the other lakes.  We chose transects that represented 

the greatest species richness.  We ranked abundance as on a scale of 1 – 5 as described 

above.  Significant differences (p ≤ 0.05) in frequency of occurrence of plant species along 

transects were determined using Pearson’s Chi-square analysis (Madsen, 1999).  

Significant differences in species richness per transect point were determined by ± one 

standard error of the mean. 

The Candlewood Lake plant survey occurred from July 30th – August 26th and the 

transect data were obtained on September 2nd (see Appendix, page 49).  We surveyed Lake 

Zoar from July 30th – August 24th and we obtained transect data from July 21th – August 12th. 

Transect data from Lake Lillinonah were obtained on August 16th and 17th.  Detailed 

information regarding our “on-lake” time is located in the Appendix (page 49). 

We measured water temperature and dissolved oxygen, in deep areas of each lake, at a 

depth of 0.5 m and 1 m intervals thereafter.  We used an YSI® 58 meter (YSI Inc., Yellow 

Springs, Ohio).  Water samples were taken from Candlewood Lake on August 31th, from 

Lake Lillinonah on August 17th and from Lake Zoar on August 12th.  Using a Secchi disk, we 

measured transparency.  We collected water samples from 0.5 m below the surface and 0.5 

m from the bottom.  We stored water samples at 3 degrees Celsius until they were analyzed 

for pH, alkalinity, conductivity and total phosphorus.  We measured conductivity and pH with 

a Fisher-Accumet® AR20 meter (Fisher Scientific International Inc., Hampton, NH) and 

quantified alkalinity by titration with 0.16 N H2SO4 to a pH 4.5 end point.  Finally, we 

analyzed total phosphorus with spectroscopy using the ascorbic acid method with 

potassium persulfate digestion (American Public Health Association, 1995).  
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Results and Discussion 

Candlewood Lake 

In 2010, Candlewood Lake contained the invasive species; Myriophyllum spicatum, 

Najas minor and Potamogeton crispus (Table 1, Maps 1 – 9).  These invasive species are 

the same as found in previous years. M. spicatum continued to be the most prevalent 

invasive species covering 461 acres (Table 1).  This coverage was greater than found in any 

of our previous surveys and compares to 373 acres in 2009, 451 in 2008 and 221 in 2007. 

There were 324 patches of M. spicatum in 2010 (Table 2) which is considerably less than 

found in our 2007, 2008 and 2009 surveys (489, 469, and 489 respectively).  The larger 

acreage and fewer patches in 2010 were probably because patches from 2009 had 

coalesced. The largest patch of M. spicatum in 2010 occurred in Echo Bay (Map 8) and was 

35.6 acres.  In 2009, the largest patch was 39.6 acres in Danbury Cove (Map 9) but this 

patch was split in two, in 2010, apparently by some form of harvesting of the Danbury town 

beach.  We observed localized harvesting in other areas of the lake but cannot accurately 

estimate the reduction in milfoil coverage caused by this practice.  The minimum patch size 

Frequency of Occurrence Area 

 (percent **)             (acres) 

Scientific Name Common Name Abbrev. 2005 2008 2009 2010 2005-06 2007 2008 2009 2010

Callitriche sp. Water starwort CalSp 1.0 0.0 0.0 0.0    ND*** ND ND ND ND

Ceratophyllum demersum Coontail CerDem 3.1 33.3 11.3 22.9 ND ND ND ND ND

Elatine sp. Waterwort ElaSp 0.0 1.0 3.1 2.1 ND ND ND ND ND

Eleocharis sp. Spikerush EleSp 0.0 0.0 3.1 1.0 ND ND ND ND ND

Elodea nuttallii Waterweed EloNut 4.2 0.0 0.0 0.0 ND ND ND ND ND

Lemna minor Duckweed LemMin 2.1 6.3 1.0 4.2 ND ND ND ND ND

Myriophyllum spicatum Eurasian watermilfoil MyrSpi 51.0 79.2 64.9 70.8 275 221 451 373 461

Najas flexilis Nodding waternymph NajFle 7.3 1.0 1.0 0.0 ND ND ND ND ND

Najas minor Brittle waternymph NajMin 12.5 6.3 8.2 11.5 ND 11.8 10.5 26.1 21.0

Nymphaea odorata White water lily NymOdo 1.0 1.0 0.0 1.0 ND ND ND ND ND

Potamogeton bicupulatus Snailseed pondweed PotBic 0.0 1.0 0.0 0.0 ND ND ND ND ND

Potamogeton crispus Curly leaf pondweed PotCri 13.5 1.0 0.0 0.0 ND 0.1 0.1 0.7 1.0

Potamogeton foliosus Leafy pondweed PotFol 3.1 0.0 0.0 0.0 ND ND ND ND ND

Potamogeton gramineus Variable leaf pondweed PotGra 2.1 0.0 0.0 0.0 ND ND ND ND ND

Potamogeton pusillus Small Pondweed PotPus 3.1 1.0 0.0 0.0 ND ND ND ND ND

Potamogeton perfoliatus Clasping leaf pondweed PotPer 1.0 2.1 1.0 0.0 ND ND ND ND ND

Spirodela polyrhiza Great duckweed SpiPol 1.0 0.0 0.0 1.0 ND ND ND ND ND

Stuckinia pectinatus Sago pondweed StuPec 6.3 1.0 0.0 4.2 ND ND ND ND ND

Vallisneria americana Eel grass ValAme 2.1 2.1 4.1 4.2 ND ND ND ND ND

Zannichellia palustrus Horned pondweed ZanPal 11.5 3.1 0.0 0.0 ND ND ND ND ND

Invasive plant

** Percent occurrence on 96 points in 10 transects 

***Not determined

Table 1. Aquatic plants in Candlewood Lake. Frequency of occurrence and total area cov-
ered. 
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of M. spicatum in 2010 was 0.0002 acres which is equal to one square meter and typically 

assigned to solitary plants.  The average patch size in 2010 was 1.57 acres nearly double 

that found in previous years.  Average abundance of M. spicatum patches increased from 

2.1 in 2009, to 3.3 in 2010 (Table 3) and was the greatest we have observed to date. 

We found 21.0 acres of N. minor in 2010, a decline from 26.1 acres in 2009 (Table 1). 

This was the first yearly decline we have observed.  The decrease in area and abundance of 

N. minor may be caused by M. spicatum invading areas of N. minor or by low summer water 

levels.  N. minor was most prevalent in Allen’s Cove (Map 1), the coves east of Holiday 

Point (Map 1), west of Great Neck (Map 3) and in Lattin’s Cove (Map 8). In 2010, the 

frequency of occurrence of N. minor on transects was 11.5%, compared to 8.2%, 6.3% and 

12.5% in 2009, 2008 and 2005 respectively (Table 1).  N. minor data were too sparse along 

transects for us to statistically compare.  In 2010, there were a total of 47 patches of N. 

minor, which is similar to 2009 and almost double that observed in 2008 (Table 2).  Shelter 

Harbor (near Great Neck, Map 3) contained the largest patch of N. minor (6.6 acres).  This is 

the same area that had the largest patch in 2009 but the coverage was only 5.3 acres.  N. 

minor patches averaged 0.44 acres in 2010 compared to 0.52 acres (2009), 0.40 acres 

(2008) and 0.38 acres (2007).  In 2010, the mean patch abundance of N. minor increased to 

2.1 from 1.9 in 2009 and 1.5 in 2008 (Table 3).  This increase may not indicate a long term 

trend as the 2010 data was identical to 2007.  

Number (min) (max) (mean) Number (min) (max) (mean) Number (min) (max) (mean)

2007 489 0.0002 24.9 0.45 31 0.0003 4.99 0.38 1 0.07 0.07 0.07

2008 469 0.0002 28.1 0.96 26 0.0006 5.46 0.40 5 0.0002 0.1 0.03

2009 489 0.0002 39.6 0.76 50 0.0002 7.90 0.52 1 0.67 0.67 0.67

2010 324 0.0002 35.6 1.57 47 0.017 6.60 0.44 1 1.00 1.00 1.00

Patch Size (acres)
Myriophyllum spicatum Najas minor Potamogeton crispus

  
  
 Y

e
a
r

Table 2. Yearly comparisons of the number and size of invasive species patches in Candle-
wood Lake. 

(min) (max) (mean) (min) (max) (mean) (min) (max) (mean)

2007 1 5 2.9 1 4 2.1 2 2 2.0

2008 1 5 3.0 2 4 1.5 1 1 1.0

2009 1 5 2.1 1 4 1.9 1 1 1.0

2010 1 5 3.3 2 3 2.1 1 1 1.0  
  
Y

e
a
r

Patch Abundance (1 = sparse - 5 = dense)

Myriophyllum spicatum Najas minor Potamogeton crispus

Table 3. Yearly comparisons of the abundance of invasive plants in Candlewood Lake. 



   

FirstLight Hydro Generating Company, Nuisance Plant Monitoring Report 2010  Page 9 

P. crispus acreage continued an increasing trend with 1.0 acres found in 2010 compared 

to 0.7 acres in 2009, and 0.1 acres in 2008 and 2007 (Table 1).  The single patch of P. 

crispus found at Great Neck in 2010 was very sparse having an abundance rating of one 

(Map 3).  This follows the low abundance levels observed in 2007, 2008 and 2009 and is 

probably related to the low vigor this plant naturally exhibits in the summertime.  

Unconfirmed reports indicated considerable more P. crispus was found in the spring, 

particularly in the area of Holiday Point (Map 1). 

Depth preferences of the invasive species have changed from year to year probably due 

to drawdowns, summer water levels and natural variation in plant communities (Figure 1).  In 

2010, the greatest area of M. spicatum occurred in 1-4 meters of water (445 acres, 96.5% of 

the total) while in 2009 it was found in 1-5 meters of water (222 acres, 59.5% of total).  Low 

water levels due to dry conditions in the summer of 2010 may be the reason for the 

difference.  The greatest area of M. spicatum in 2010 occurred at a depth similar to 2008 (1-
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Figure 1. Yearly comparisons of depth preferences of invasive plants in Candlewood Lake. 
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4 meters, 375 acres, 83.0% of total).  Notably, both these years had shallow drawdowns. In 

2007, the greatest coverage of M. spicatum was in 3-5 meters of water (182 acres, 82.6% of 

the total). This likely relates to an effective deep drawdown the previous winter. 

In 2010, M. spicatum was very abundant at all depths where it occurred and often 

spread out on the surface and flowered (Figure 2).  Water clarity and the associated light 

restriction at depths of more than five meters is the likely cause for M. spicatum to be absent 

at greater depths.  N. minor and P. crispus generally were found at depths of less than three 

meters in all years.  The restriction of N. minor to shallow water is likely because it rarely 

grows more than 1 m in height and it becomes light-limited at deeper depths.  Moreover, N. 

minor is an annual that reproduces from seeds that seem to prefer the shallower, quiescent 

coves.  P. crispus senesces in the summer months (Catling and Dobson, 1985), thus a 

considerable amount is not observable during our surveys. 

Changes in milfoil coverage, patch number, size and abundance are likely related to 

differences in drawdown practices and corresponding weather conditions during the period 

when the sediment is exposed (Marsicano, 2009).  The shallower drawdowns apparently 

allow rapid reinfestation of M. spicatum into shallower depths.  In 2007 and 2009, the winter 

drawdown was approximately nine feet; however, the time the lake was maintained at the  

Figure 2. M. spicatum reaching the surface on the west side of Lattin's Cove. This was typical 
of heavily infested areas in 2010. 
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Figure 3. Depth and timing of winter drawdown in 2007, 2008, 2009, and 2010. 

Figure 4. Comparison of M. spicatum coverage in Allen's Cove 2007-2010. 
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the lowest depth was only about four weeks in 2009 compared to eight weeks in 2007 

(Figure 3).  The shorter drawdown time increases the chances for less than optimal 

conditions for controlling vegetation and may explain the differences in plant coverage, 

abundance etc.  Close-up comparisons of M. spicatum in Allen’s Cove (Figure 4) illustrate 

the year to year expansion and contraction of the plant in response to drawdown level and 

exposure time. 

The frequency of occurrence of M. spicatum on transects (Figure 5) was 70.8% in 2010 

compared to 65.0% in 2009 and 77.1% in 2008 (no statistical differences, p >0.05) but 

greater than the 51.0% found in 2005 (p= 0.02).  N. minor occurred with nearly the same 

frequency in 2010 as in all our previous survey years.  We did not find P. crispus on tran-

sects in 2010 but it was documented in other parts of the lake.  The average invasive spe-

cies richness (number of plant species) per transect point (Figure 6) was significantly greater 

in the shallow drawdown years of 2010 and 2008 (± 1 SEM) than in the deep drawdown 

years of 2005 and 2009. 

Robust populations of native species may decrease the invasibility of non-native species 

(Capers et al., 2007).  Native species richness found on the reference transects, were eight 

in 2010, seven in 2009, 11 in 2008, and 14 in 2005 (Table 1). Plant species not found in 

2010 that were present in 2005 were Callitriche sp., Elodea nuttallii, Najas flexilis, Potamo-

geton foliosus, Potamogeton gramineus, Potamogeton pusillus, Potamogeton perfoliatus, 

and Zannichellia palustris. We found Eleocharis sp. for the first time on Candlewood tran-

sects in 2009, and it was found again in 2010. The decline in recent years of species rich-

ness could be due to natural variability, management factors such as drawdown, competi-

tion from invasive species or low summer water levels in 2010 (see appendix page 48). 

Biodiversity is often considered optimal when both the species richness and the frequen-

cy of occurrence are high. The frequency of occurrence of any species on a transect point 

was 71.9% in 2010 (Figure 5), nearly the same as in 2009 (70.1%) and not significantly dif-

ferent (p=0.786) than in the other years.  The frequency of occurrence of native species on 

transect points was 29.2% in 2010, similar to 2009 (20.6%, p=0.17) and 2005 (30.2%, 

p=0.87) but significantly less than 2008 (45.8%, p=0.02).  The average native species rich-

ness per transect point in 2010 was 0.4 (Figure 6).  Although this was not statistically differ-

ent (± 1 SEM) than in 2009 (0.3) or 2005 (0.5) it was significantly smaller than in 2008 (0.6).  
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These data suggest a trend towards replacement of native species with invasive species on 

transects and therefore probably throughout the lake. 

The littoral zone is the area where depth does not limit plant growth.  The percentage of 

this zone covered by aquatic vegetation is sometimes used to infer whether optimum habitat 

is available for fish and other aquatic organisms.  From 20 to 40 percent vegetative 

coverage of the littoral zone is stated as optimal in Connecticut lakes (Jacobs and 

O’Donnell, 2002).  This range does not take into account whether the vegetation inhabits the 

entire water column, as is often the case with M. spicatum, or whether it hugs the bottom as 

is common with many native plants.  We used a depth of five meters (15 feet) as the littoral 

zone limit in Candlewood Lake because it corresponds to our field observations.  The littoral 

zone of Candlewood Lake is 810 acres or 16 percent of the total lake area1.  In 2010, M. 

spicatum occupied 56.9% of the littoral zone compared to 46.1% in 2009, 55.7% in 2008 

and 27.3% in 2007 (Table 4).  The area of the littoral zone containing N. minor in 2010 was 

2.6% compared to 3.2% in 2009 and 1.3% and 1.5% in 2008 and 2007 respectively.  P. 

crispus changed little during our surveys covering less than 0.1 % of the littoral zone.  Our 

surveys found that in years such as 2007, when a relatively effective deep drawdown 

reduced milfoil coverage to 27.3%, the optimal 20-40% littoral zone coverage is satisfied by 

M. spicatum alone. When combined with the area of the other native and invasive species 

the upper end or over of the optimal range is achieved. 

                                                      
1
 This differs from the littoral zone of 1,079 acres and 21.3% reported in our 2009 report because of a discrepancy in bathymetry interpreta-

tion.    

Scientific Name Common Name Year Area (%)

Myriophyllum spicatum Eurasian watermilfoil 2007 27.28

2008 55.68

2009 46.05

2010 56.91

Najas minor Brittle waternymph 2007 1.46

2008 1.30

2009 3.22

2010 2.59

Potamogeton crispus Curly leaf pondweed 2007 0.01

2008 0.01

2009 0.09

2010 0.12

Table 4. Yearly comparisons of the coverage of invasive aquatic plants in Candlewood Lake's 
littoral zone. 
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Lake Candlewood’s Drawdown: 

Using ArcGIS and CT DEP bathymetry data we were able to calculate the effects of 

drawdown depth on the area of sediment exposed and amount of water lost from 

Candlewood Lake.  This information could help in making decisions on the drawdown depth 

that is most beneficial for control of invasive aquatic plants and whether the use of certain 

drawdown depths will be too risky for the lake to refill by spring.  We hypothesized that after 

a certain depth the lake bottom would flatten out and only a small additional drawdown 

depth would be needed to expose a relatively large area of sediment.  This could allow 

considerably more M. spicatum control with little extra effort to refill the lake.  Because M. 

spicatum occurs in Candlewood Lake to a depth of 15 feet, the “flattening out” would have to 

occur prior to the 413 elevation (Figure 7) for any benefit to be attained.  Unfortunately, this 

is not the case in Candlewood Lake.  In fact, it isn’t until Candlewood Lake reaches a depth 

of approximately 30 feet (398 elevation) that the linear relationship between drawdown 

depth and water loss/sediment exposed flattens.  Until the drawdown is near 30 feet, 

approximately 50,000,000 m3 of water is lost and 500 acres of sediment is exposed for 

every 10 feet of drawdown.  Therefore, although a deeper drawdown (not allowed under 

current FERC agreement) could be beneficial in reducing M. spicatum, little benefits would 

be gained regarding decreased water needs for refilling the lake or additional sediment 

exposed per foot of drawdown. 
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Figure 7. Amount of water remaining and area of sediment exposed versus drawdown 
depth in Candlewood Lake. 
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Lake Lillinonah 

After conducting a whole lake and transect survey of Lake Lillinonah in 2009, we ob-

tained only transect data in 2010 (Table 5 and Figure 10).  Three invasive species were 

found along transects: Myriophyllum spicatum, Najas minor, and Potamogeton crispus. We 

found a frequency of occurrence of M. spicatum of 25.3% in 2010 which was not statistically 

different (p>0.05) than the 15 -16% we found in 2007 and 2009.  N. minor occurred with 

nearly the same frequency in 2010 and 2009 (5.1 and 6.0%) but was significantly less than 

the 14% found in 2007 (p=0.032).  P. crispus continued to be found only about one percent 

of the transect points.  The average species richness of invasive species per transect point 

(Figure 8) was 0.31 in 2010, compared to 0.21 in 2009 and 0.33 in 2007, but these changes 

were not statistically different (p>0.05). 

Eight native plant species occurred on Lake Lillinonah’s transects in 2010 compared to 

seven in 2009 and five in 2007 (Table 5).  The native aquatic plant population showed sub-

stantial yearly changes with only Eleocharis sp. being found in all three years.  The most 

Scientific Name Common Name Abbrev. 2007 2009 2010 2007 2009

Callitiche sp. Water starwort CalSp. 1.0 0.0 0.00 ND*** ND

Ceratophyllum demersum Coontail CerDem 0.0 1.0 3.03 ND ND

Elatine sp. Waterwort ElaSp 0.0 0.0 2.02 ND ND

Eleocharis sp. Spikerush EleSp 2.0 4.0 4.04 ND ND

Elodea nuttallii Waterweed EloNut 0.0 0.0 0.00 ND ND

Eriocaulon aquaticum Sevenangel pipewort EriAqu 0.0 1.0 2.02 ND ND

Isoetes species Quillwort IsoSp 0.0 0.0 0.00 ND ND

Gratiola aurea Golden hedge-hyssop GraAur 0.0 0.6 0.00 ND ND

Lemna minor Duckweed LemMin 0.0 1.0 0.00 ND ND

Myriophyllum spicatum Eurasian watermilfoil MyrSpi 16.0 15.0 25.25 21.3 18.8

Najas minor Brittle waternymph NajMin 14.0 6.0 5.05 7.6 0.7

Potamogeton bicupulatus Snailseed pondweed PotBic 0.0 3.0 0.00 ND ND

Potamogeton crispus Curly leaf pondweed PotCri 3.0 0.0 1.01 0.1 0.0002

Potamogeton foliosus Leafy pondweed PotFol 0.0 0.0 4.04 ND ND

Potamogeton illinoensis Illinois pondweed PotIll 2.0 2.0 0.00 ND ND

Potamogeton pusillus Small Pondweed PotPus 0.0 0.0 1.01 ND ND

Sagittaria sp. Arrowhead SagSp. 0.0 0.0 1.01 ND ND

Sparganium sp. Bur reed SpaSp 0.0 0.0 0.00 ND ND

Stuckinia pectinatus Sago pondweed StuPec 0.0 0.0 0.00 ND ND

Zannichellia palustrus Horned pondweed ZanPal 1.0 0.0 4.00 ND ND

Zosterella dubia Water stargrass ZosDub 4.0 0.0 0.00 ND ND

Invasive plant

** Percent occurrence on 99 points in 10 transects 

*** Not Determined

Frequency of Occurrence

(percent**)

Area 

(acres) 

Table 5. Yearly comparisons of frequency of occurrence and total area of aquatic 
vegetation in Lake Lillinonah. 
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frequently found native species in 2010, were Eleocharis sp., Potamogeton foliosus, and 

Zannichellia palustrus but even these were found on only 4% of the transect points.  Native 

plants found for the first time in 2010 were Elatine sp., Potamogeton foliosus, Potamogeton 

Lake Lillinonah
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Figure 9.Yearly comparisons of average number of species per point in Lake Lillinonah. 
Error bars equal +/- standard error of the mean. 
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Figure 8. Yearly comparisons of frequency of occurrence of aquatic vegetation on 
transects in Lake Lillinonah. Bars with the same letter within a species are not statis-
tically different. 

Lake Lillinonah

0

5

10

15

20

25

30

35

Native Species Any Spcies M. spicatum N. minor P. crispus

F
re

q
u

e
n

c
y

 o
f 

O
c

c
u

rr
e

n
c

e
 (

%
)

2007

2009

2010

   M. spicatum                   N. minor                    P. crispus Native Species            Any Species

a 

a 

a 

a 

a 

a 

a 
a 

a 

a 
a 

b 



   

FirstLight Hydro Generating Company, Nuisance Plant Monitoring Report 2010  Page 27 

pusillus and Sagitaria sp. Plants not found in 2010 that were present in 2009 were Gratiola 

aurea, Lemna minor, Potamogeton bicupulatus, and Potamogeton illinoensis.  The small 

yearly increases in frequency of occurrence of native species (Figure 8) were not statistically 

significant (p>0.05).  The average native species richness per transect point was 0.17 in 

2010 compared to 0.13 in 2009 and 0.10 in 2007 (Figure 9).  These changes were not sta-

tistically different (p>0.05).  Similarly, the average number of all species (invasive plus na-

tive) per transect point were not significantly different in 2010 from any year.  Plant popula-

tions in Lake Lillinonah appear considerably more stable than in Lake Candlewood probably 

because winter drawdown is being used to control invasive species.  Notably, the water level 

in late July 2009 fell to nearly four feet below normal (see appendix page 48) and this 

seemed to have little effect on plant populations. 

Figure 10.Locations of transects, plant collection points and water sampling sites in Lake Lil-
linonah. 
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Lake Zoar 

The CAES IAPP 2010 survey of Lake Zoar reconfirmed the presence of four invasive 

plant species: Myriophyllum spicatum, Najas minor, Potamogeton crispus, and Marsilea 

quadrifolia.  M. spicatum appears to be steadily increasing in area with 85 acres found in our 

2010 survey compared to 70.2 acres in 2008 and 62.6 acres in 2007 (Table 6, Maps 1-5).  

The coverage of N. minor remained nearly the same in 2010 as in 2008 (12.6 vs.12.8 acres) 

but was considerably less than the 32.5 acres we found in 2007. P. crispus covered 12.6 

acres in 2010 a nearly threefold increase over 2008.  Our yearly transect data showed an 

increase in the frequency of occurrence of M. spicatum from 35% in 2007 and 33% in 2009 

to 49% in 2010.  Although N. minor increased its frequency on transects points to 24% in 

2010 from 16%–18% in our previous surveys, the increase was not statistically different 

(p>0.05).  The occurrence of P. crispus on transects ranged between 6% and 10% percent 

throughout the years with no significant changes.  M. quadrifolia was not found along any 

transects. 

Frequency of Occurrence Area 

 (percent **)             (acres) 

Scientific Name Common Name Abbrev. 2007 2008 2009 2010 2007 2008 2010

Ceratophyllum demersum Coontail CerDem 3.0 4.0 23.0 15.0 ND*** ND ND

Elodea nuttallii Waterweed EloNut 6.0 7.0 7.0 23.0 ND ND ND

Isoetes species Quillwort IsoSp 0.0 0.0 0.0 0.0 ND ND ND

Marsilea quadrifolia European waterclover MarQua 0.0 0.0 0.0 0.0 <0.1 0.2 0.3

Myriophyllum spicatum Eurasian watermilfoil MyrSpi 35.0 37.0 33.0 49.0 62.6 70.2 85.0

Najas flexilis Nodding waternymph NajFle 2.0 1.0 4.0 2.0 ND ND ND

Najas minor Brittle waternymph NajMin 18.0 18.0 16.0 24.0 32.5 12.8 12.6

Potamogeton crispus Curly leaf pondweed PotCri 6.0 10.0 7.0 7.0 20.8 4.3 12.6

Potamogeton epihyrdus Ribbon leaf pondweed PotEpi 0.0 0.0 2.0 0.0 ND ND ND

Potamogeton foliosus Leafy pondweed PotFol 2.0 0.0 0.0 4.0 ND ND ND

Potamogeton natans Floating leaf pondweed PotNat 0.0 0.0 0.0 0.0 ND ND ND

Potamogeton nodosus Long leaf pondweed PotNod 0.0 0.0 0.0 0.0 ND ND ND

Potamogeton praelongus White stem pondweed PotPra 0.0 0.0 1.0 1.0 ND ND ND

Potamogeton perfoliatus Clasping leaf pondweed PotPer 0.0 0.0 0.0 0.0 ND ND ND

Potamogeton pusillus Small Pondweed PotPus 0.0 0.0 0.0 0.0 ND ND ND

Potamogeton zosteriformis Flatstem pondweed PotZos 0.0 0.0 0.0 3.0 ND ND ND

Sagittaria species Arrowhead SagSp 0.0 0.0 0.0 0.0 ND ND ND

Stuckinia pectinatus Sago pondweed StuPec 3.0 0.0 0.0 0.0 ND ND ND

Vallisneria americana Eel grass ValAme 8.0 6.0 15.0 6.0 ND ND ND

Zosterella dubia Water stargrass ZosDub 1.0 1.0 0.0 0.0 ND ND ND

Invasive plant

** Percent occurrence on 100 points in 10 transects 

*** Not Determined

Table 6. Yearly comparisons of frequency of occurrence and total area of aquatic vegetation 
in Lake Zoar. 
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There were more patches of M. spicatum in 2010 (399) than in 2008 (309) and 2007 

(252) (Table 7).  The mean patch size of M. spicatum decreased slightly to 0.21 acres in 

2010 from 0.23 acres in 2008 and 0.25 acres in 2007.  Mean patch abundance of M. spi-

catum increased from 1.7 in 2007 and 2008 to 2.0 in 2010 (Table 8).  The number of N. mi-

nor patches showed an increasing trend from 103 in 2007 and 130 in 2008 to 141 in 2010; 

however, the 2010 mean patch size of 0.1 acres was unchanged from 2008 and was con-

siderably smaller than the 0.3 acres in 2007.  Mean patch abundance of N. minor increased 

slightly to 2.4 in 2010 from 2.1 in 2008 but remained well below the 3.5 observed in 2007.  

The average patch size of P. crispus increased from 0.02 in 2008 to 0.11 in 2010; however, 

the number of patches decreased from 211 to 116.  P. crispus patch size, number and 

abundance has remained nearly the same throughout the survey years but this may be mis-

leading as P. crispus is not normally abundant during the summer months.  M. quadrifolia 

has spread southward to a second cove in the northwest portion of the lake and has steadily 

increased in area from less than 0.1 acres in 2007 to 0.2 acres in 2008 and 0.3 acres in 

2010 (Table 6). 

 

In 2010, we found 37.5 acres at the 0-1 meter depth, 35.0 acres at a depth of 1-3 me-

ters, 3.3 acres at depth of 3-5 meters and 1.6 acres at depths of greater than five meters 

(Figure 11).  We found more M. spicatum growing at a depth of 1-3 meters in 2010 com-

pared to previous years and found M. spicatum growing at depths of greater than three me-

ters for the first time.  The trend toward finding M. spicatum at deeper depths may be be-

cause of low water levels in July of 2009 (see appendix, page 48) that allowed M. spicatum 

Number (min) (max) (mean) Number (min) (max) (mean) Number (min) (max) (mean) Number (min) (max) (mean)

2007 252 0.0002 26.51 0.248 103 0.0002 11.35 0.315 49 0.0002 9.4 0.425 2 0.0002 0.0002 0.0002

2008 309 0.0002 19.83 0.227 130 0.0002 4.25 0.099 211 0.0002 1.37 0.02 23 0.0002 0.048 0.014

2010 399 0.0002 24.43 0.213 141 0.0002 4.05 0.09 116 0.0002 4.19 0.109 44 0.0002 0.087 0.006  
  

 Y
e
a
r

Marsilea quadrifolia

Patch Size (acres)

Myriophyllum spicatum Najas minor Potamogeton crispus

Table 7. Yearly comparisons of invasive patch number and size in Lake Zoar. 

(min) (max) (mean) (min) (max) (mean) (min) (max) (mean) (min) (max) (mean)

2007 1 4 1.75 1 5 3.5 1 4 2.2 3 4 3.5

2008 1 4 1.7 1 4 2.1 1 4 1.9 2 4 3.1

2010 1 5 2.0 1 5 2.4 1 4 2.1 2 5 4.0

Myriophyllum spicatum Najas minor Potamogeton crispus

  
  
  
Y

e
a
r

Marsilea quadrifolia

Patch Abundance (1 = sparse - 5 = dense)

Table 8. Yearly comparisons of invasive patch abundance in Lake Zoar. 
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establish at deeper depths.  Notably this pattern did not occur in Lake Lillinonah and N. mi-

nor and P. crispus did not show similar migration to deeper depths. We found M. quadrifolia 

exclusively in water 0-1 meters deep in all years.  Sometimes this plant took on wetland 

characteristics by growing out of the water in wet sediment.  This could result from fluctuat-

ing water levels in Lake Zoar. 

 

Seven native plant species were found on Lake Zoar’s transects in 2010 (Table 6). 

Among the most common were Elodea nuttallii (23%), Ceratophyllum demersum (15%) and 

Vallisneria americana (6%).  We found these plants along with Najas flexilis (2%) in all our 

previous surveys.  Plants found in 2010 that were present in at least one of our previous 

survey years included; Potamogeton foliosus and Potamogeton praelongus while Potamo-

geton zosteriformis was found for the first time.  Native species not found in 2010 that were  
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Figure 11. Yearly comparisons of the depth preferences of invasive plants in Lake Zoar. 
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Figure 13. Yearly comparison of the average number of species per transect point in Lake Zoar. Error bars  
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Scientific Name Common Name Year Area (%)

Myriophyllum spicatum Eurasian watermilfoil 2007 16.7

2008 18.7

2010 22.7

Najas minor Brittle waternymph 2007 8.7

2008 3.4

2010 3.4

Potamogeton crispus Curly leaf pondweed 2007 5.6

2008 1.1

2010 3.4

Marsilea quadrifolia European waterclover 2007 0.0

2008 0.1

2010 0.1

Table 9. Yearly comparisons of the coverage of Lake Zoar's littoral zone with invasive aquatic 
plants. 

Figure 14. Littoral zone in Lake Zoar. 



present in one or more of our previous surveys were Potamogeton epihydrus, Stuckinia pec-

tinatus and Zosterella dubia.  Other native species found in our 2007 whole lake survey but 

not found on a transect point are probably still in the lake. 

 

A statistically significant increase (p≤0.05) in the frequency of occurrence of native spe-

cies on transects (Figure 12) occurred in 2010 (36%) when compared to 2007 (15%) and 

2008 (11%).  The average native species richness per transect point in 2010 was the same 

as 2009 (0.5, ± 1 SEM) but significantly greater that in 2007 (0.3) and 2008 (0.2).  The fre-

quency of occurrence of any species (native or invasive) found along transects has grown 

steadily during our survey years; 2007 (40%), 2008 (49%), 2009 (54%) and 2010 (63%), as 

has the average species richness of these plants per transect point; 2007 (0.8), 2008 (0.8), 

2009 (1.1) and 2010 (1.4).  These results suggest that total vegetative cover in Lake Zoar is 

increasing. 

 

Lake Zoar’s littoral zone is 376 acres or 41 percent of the total lake area (Figure 14).  In 

2010, M. spicatum increased its littoral zone coverage to 22.7% from 18.7% in 2008 and 

16.7% in 2007 (Table 9).  The area of littoral zone containing N. minor was the same in 2010 

as it was in 2008 (3.4%) but considerably less than 2007 (8.7%).  P. crispus recovered from 

a littoral zone coverage low of 1.1% found in 2008 to 3.4% in 2010 but this coverage is still 

less than the 5.6% we reported in 2007.  M. quadrifolia coverage remains small and has 

changed little during our survey years. As with Lake Candlewood, invasive plant coverage 

alone in Lake Zoar will meet the 20-40% littoral zone coverage goal considered optimal for 

lakes.  Whereas winter drawdown likely plays the critical role in the plant communities in 

Lake Candlewood, low summer water levels and turbulence during flood events are likely to 

influence the more riverine environment of Lake Zoar.  This make makes predicting future 

trends difficult. 
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Table 10. Water chemistry of Lakes Candlewood, Lillinonah and Zoar. 

 Comparisons of Water Chemistry 

Water chemistry affects the type and abundance of plant species in lakes. For example, 

M. spicatum, P. crispus, and N. minor are more common where moderate to high alkalinity 

conditions are present (CAES IAPP, 2010).  Since water chemistry changes throughout the 

year and our data is only from one date, our results (Table 10) may not be representative of 

conditions at other times.  We found the average transparency of Candlewood Lake was 2.4 

meters in 2010 which is clearer than the average transparencies of 1.4 m in Lillinonah Lake 

and 1.2 m in Lake Zoar.  Transparencies in Connecticut’s lakes range from 0.3 to 10.2 m 

with an average of 2.3 m (CAES IAPP, 2010). 

Conductivity is an indicator of the dissolved ions which can come from natural and man-

made sources (fertilizers, septic systems, road salts etc.).  The conductivity of Candlewood 

Lake ranged from 210 - 259 µS/cm with little difference between surface and deep water. In 

the early 1990’s, the conductivity of Candlewood Lake ranged from 176-184 µS/cm 

(Canavan and Silver, 1995) suggesting that an increasing trend.  The conductivities of Lake 

Lillinonah (250-350 µS/cm) and Lake Zoar (255-315 µS/cm) were similar with the highest 

levels tending to be in deep water.  Compared to the statewide conductivity range of 19-375 

Lake Site Date Latitude Longitude

Sample Depth 

(m)

Transperency 

Secchi (m)

Conductivity 

(uS/cm) pH

Alkalinity 

CaCO3 (mg/L)

Total P 

(ug/L)

Candlewood W1 8/31/2010 41.53410 -73.44455 0.5 2.4 219 7.9 80 12

13.0 259 6.9 95 13

W2 8/31/2010 41.49375 -73.44836 0.5 2.5 214 8.1 79 15

12.0 249 6.8 90 27

W3 8/31/2010 41.55299 -73.47544 0.5 2.1 210 7.8 75 15

10.0 224 6.8 84 13

W4 8/31/2010 41.43555 -73.45569 0.5 2.6 214 8.2 74 20

10.0 223 6.8 78 27

W5 8/31/2010 41.45745 -73.43793 0.5 2.5 211 8.2 74 19

11.0 221 6.8 80 19

Lillinonah W1 8/17/2010 41.46965 -73.30807 0.5 1.5 251 8.1 90 16

14.0 314 7.2 105 15

W2 8/17/2010 41.54108 -73.40312 0.5 1.5 293 8.1 105 67

2.0 331 7.7 105 11

W3 8/17/2010 41.49645 -73.32666 0.5 1.3 250 8.2 83 21

6.0 350 7.8 83 24

Zoar W1 8/12/2010 41.42980 -73.22213 0.5 0.9 255 8.0 89 24

8.0 291 6.6 97 18

W2 8/12/2010 41.38769 -73.17897 0.5 0.9 262 8.3 88 26

14.0 298 6.6 102 30

W3 8/12/2010 41.45284 -73.27984 0.5 1.9 315 6.3 95 15

3.0 307 6.6 101 442
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with an average 121 (CAES IAPP, 2010), all three lakes would be classified as above 

average. 

Surface water pH fluctuates widely because of midday removal of carbon dioxide by 

active, photosynthesizing algae (Wetzel, 2001).  The surface water pH of Lake Candlewood 

averaged 8.0 and Lake Lillinonah averaged 8.1.  The bottom water of Lake Candlewood 

was considerably more acidic with an average pH of 6.8 while Lake Lillinonah was less 

acidic averaging 7.6. Lake Zoar’s surface water fell within a broader range of 6.3-8.3 while 

its bottom water had a pH of 6.6.  

The alkalinity of a lake is generally considered to be a better indicator than pH for 

determining a lake’s susceptibility to acidification.  Lake Candlewood had a lower average 

alkalinity (81 mg/L CaCO3) than Lake Lillinonah (96 mg/L) and Lake Zoar (95 mg/L).  

Surface waters generally had higher alkalinities than the bottom waters. Alkalinities in 

Connecticut’s lakes range from near 0 mg/L CaCO3 to greater than 172 mg/L CaCO3 with 

an average of 30 mg/L (CAES IAPP, 2010).  All three lakes, therefore, are considered quite 

alkaline.  With the recent discovery of zebra mussels (Dreissena polymorpha) in Lakes 

Lillinonah and Zoar, it is of consequence that alkalinity is thought to be a key indicator of lake 

susceptibility.  Lakes with alkalinities below a critical threshold are not likely to support the 

invasive mollusks. Hincks and Mackie (1997) suggest an alkalinity of 65 mg/L CaCO3 will 

support vibrant zebra mussel populations and therefore the alkalinities in Lakes 

Candlewood, Lillinonah and Zoar are more than adequate. 

A primary indicator of a lake’s ability to support algae and a key indicator of a lake’s 

trophic state is phosphorus (P) (Frink and Norvell, 1984, Wetzel, 2001).  Rooted 

macrophytes are considered to be less dependent on P from the water column as they 

obtain a majority of their nutrients from the sediment (Bristow and Whitcombe, 1971).  Lakes 

with P levels between 0 and 10 µg/L are considered to be nutrient-poor or oligotrophic while 

those with P concentrations of 15-25 µg/L are classified as moderately fertile or mesotrophic 

and lakes with P levels above 50 µg/L are characterized as fertile or eutrophic (Frink and 

Norvell, 1984).  In Connecticut, P concentrations range from 1– 334 µg/L with an average of 

32 µg/L (CAES IAPP, 2010).  Summer P concentrations in lakes can be highly depth-

dependent as anoxic conditions near the bottom release P from the sediment (Norvell, 
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1974) or P adheres to clay suspended near the bottom because of turbulence. Storm events 

or release of bottom water to generate electricity can cause mixing that limits this process.  

The P concentration in Candlewood Lake’s surface water ranged from 12-20 µg/L and 

bottom water ranged from 13-27 µg/L suggesting little depth differences on the date of 

sampling.  Similarly, the P concentration in Lake Lillinonah seemed little effected by depth.  

The surface water ranged from 13-67 µg/L and bottom water ranged from 11-24 µg/L.  In 

Lake Zoar the P concentrations in site one and two were similar in the surface (24-26 µg/L) 

and bottom water (18-30 µg/L) while site three’s surface P was 15 µg/L and bottom P 

jumped to 442 µg/L.  Possible reasons for this dramatic increase in P are described above. 

Midsummer temperature and dissolved oxygen profiles are a good indication of the ex-

tent of surface to bottom mixing (Figure 15).  Candlewood Lake showed a rapid temperature 

decline starting at about 6 meters while the temperature declines in Lake’s Lillinonah and 

Zoar were much less pronounced.  Highly oxygenated surface water began to become less 

oxygenated at a depth of about five meters in Lake Candlewood and two meters in Lakes 

Lillinonah and Zoar.  In all three lakes water near the bottom was anoxic and therefore con-

ditions were suitable the release of phosphorus from the sediment into the water column.  

The lack of consistency in the declines of temperature with dissolved oxygen in Lakes Lilli-

nonah and Zoar is unusual and not easily explained. 

  

Figure 15. Temperature and dissolved oxygen profiles in Lakes Candlewood, Lillinonah, 
and Zoar. 
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Utilization of Remote Sensing (USDA NAIP four band imagery) 

In our 2009 report, we showed that USDA National Agricultural Imagery Program (NAIP) 

aerial imagery showed promise in locating patches of M. spicatum in Candlewood Lake 

(Bugbee and Balfour, 2010).  We found the full color image provided the greatest detail 

when locating plants.  We successfully identified 356 acres of milfoil using the NAIP imagery 

compared to 451 acres located by our on-lake survey.  In many areas the full color imagery 

corresponded well with the areas of mapped plants. Where hillsides and trees shadow the 

shoreline, however, the patches of M. spicatum were not detectable.  Close examination of 

the 2009 NAIP imagery suggested that a few patches of M. spicatum were present that may 

have been missed by our previous surveys.  These patches were in central portions of the 

lake that were presumed to be too deep to support plant growth.  Closer examination of the 

bathymetry showed these were shallow areas and possibly the NAIP imagery was showing 

associated milfoil beds.  We did a field survey of these sites in 2010 and found two sites in 

Figure 16. Remote sensing imagery suggested area (left) was M. spicatum.  This was con-
firmed by our field survey and an invasive polygon was added to map (right). 
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the southwest arm (Figure 16) did contain M. spicatum while a suspected site in the 

northwest arm could not be confirmed.  These results bolstered our previous year’s 

conclusions that simple visual band aerial imagery can supplement in the surveillance of 

certain invasive aquatic plants. 

Conclusions: 

The aquatic plant communities of Lakes Candlewood, Lillinonah and Zoar continue to be 

dominated by invasive species, particularly M. spicatum.  Candlewood Lake had 461 acres 

of M. spicatum in 2010.  This represented the most we have found since starting our yearly 

surveys in 2005.  The acreage of N. minor in Candlewood Lake is not showing the same 

increase possibly because of competition from M. spicatum and low water levels related to 

the dry 2010 summer.  The amount of milfoil in Candlewood Lake is inversely related to the 

depth and duration of the previous winter’s drawdown.  These yearly reports can improve 

future drawdown strategies for Candlewood Lake particularly in regards to yearly versus 

biyearly deep drawdowns and drawdown timing.  Similarly, Lake Zoar is showing an 

increasing coverage of M. spicatum and a nearly stable coverage of N. minor.  A 

replacement of native species with invasive species is likely occurring in Candlewood Lake 

while in Lakes Lillinonah and Zoar the coverage of native species are either stable or 

increasing.  In Lake Candlewood and Lake Zoar, invasive plant coverage alone will meet the 

20-40% littoral zone coverage goal considered optimal for lakes.  Although a deeper 

drawdown could be beneficial in reducing M. spicatum, little benefits would be gained 

regarding decreased water needs for refilling the lake or additional sediment exposed per 

foot of drawdown.  Remote sensing, using NAIP imagery, allowed us to located several 

areas of M. spicatum not found by field surveys alone. 

  



   

FirstLight Hydro Generating Company, Nuisance Plant Monitoring Report 2010  Page 44 

Acknowledgments 

The assistance of the following individuals is gratefully acknowledged. 

Martha Balfour, Invasive Aquatic Plant Program, CAES 

Robert Capers, Invasive Aquatic Plant Program, CAES 

Michael Cavadini, Invasive Aquatic Plant Program, CAES 

Andrea Elision, Invasive Aquatic Plant Program, CAES 

Jennifer Fanzutti, Invasive Aquatic Plant Program, CAES 

Robert Gates, FirstLight Hydro Generating Company, New Milford, CT 

Jordan Gibbons, Invasive Aquatic Plant Program, CAES 

Brian Hart, Invasive Aquatic Plant Program, CAES 

Mark-June Wells, Invasive Aquatic Plant Program, CAES 

Chuck Lee, Bureau of Planning and Standards, CT DEP 

Larry Marsicano, Candlewood Lake Authority 

Julius Pasay, Invasive Aquatic Plant Program, CAES 

Roslyn Reeps, Invasive Aquatic Plant Program, CAES 

Mieke Schuyler, Invasive Aquatic Plant Program, CAES 

Robert Stira, FirstLight Hydro Generating Company, New Milford, CT 

Brian Wood, FirstLight Hydro Generating Company, New Milford, CT 



   

FirstLight Hydro Generating Company, Nuisance Plant Monitoring Report 2010  Page 45 

References: 

American Public Health Association. 1995. Standard methods for the examination of 
water and wastewater. 19th ed. American Public Health Association, 1015 
Fifteenth St., NW Washington, DC 2005. 4:108-116. 

Bristow, J.M. and M. Whitcombe. 1971. The role of roots in the nutrition of aquatic 
vascular plants. Amer. J. Bot. 58:8-13. 

Bugbee, G.J. and M. Balfour. 2010. Invasive aquatic plants in Lakes Candlewood and 
Zoar 2009. Conn. Agric. Exp. Sta. Bull. Retrieved March 31, 2011. 
http://www.ct.gov/caes/lib/caes/invasive_aquatic_plant_program/pdf_reports/first
lightbulletin2009_final_4_1_2010.pdf. 

Bugbee, G.J. and R. Reeps. 2009. Invasive aquatic plants in Lakes Candlewood and 
Zoar 2008. Conn. Agric. Exp. Sta. Bull.  Retrieved March 31, 2011. 
http://www.ct.gov/caes/lib/caes/invasive_aquatic_plant_program/pdf_reports/first
lightbulletin2008_042709.pdf. 

Bugbee, G.J., R. Selsky, and M. Marko. 2008. Invasive aquatic plants in Lakes 
Candlewood, Lillinonah and Zoar 2007. Conn. Agric. Exp. Sta. Bull. 1017. 

CAES IAPP. 2010. The Connecticut Agricultural Experiment Station Invasive Aquatic 
Plant Program (CAES IAPP). Retrieved February 3, 2010. 
http://www.ct.gov/caes/iapp. 

Canavan IV, R.W. and P.A. Siver. 1995. Connecticut Lakes: A study of the chemical 
and physical properties of fifty-six Connecticut Lakes. Connecticut College 
Arboretum. New London, CT. 

Capers, R.S., R. Selsky, G.J. Bugbee and J.C. White. 2007. Aquatic plant community 
invisibility and scale-dependent patterns in native and invasive species richness. 
Ecology. 88(12):3135-3143. 

Catling, P.M., and I. Dobson. 1985. The biology of Canadian weeds. Potamogeton 
crispus L. Canadian Journal of Plant Science 65:655-668. 

Connecticut Aquatic Nuisance Species Working Group. 2006. Connecticut aquatic 
nuisance species management plan. Retrieved December 17, 2007. 
http://www.ctiwr.uconn.edu/ProjANS/SubmittedMaterial2005/Material200601/AN
S%20Plan%20Final%20Draft121905.pdf 

Connecticut Department of Environmental Protection. 2009. GIS Data - Hydrography. 
Retrieved February 14, 2009. http://www.ct.gov/dep/cwp/view.asp?a=2698&q 
=322898. 

Crow, G.E., and Hellquist, C.B. 2000a. Aquatic and Wetland Plants of Northeastern 
North America. Vol. 1. Pteridophytes, Gymnosperms and Angiosperms: 
Dicotyledons. University of Wisconsin Press, Madison. 

Crow, G.E., and Hellquist, C.B. 2000b. Aquatic and Wetland Plants of Northeastern 
North America. Vol. 2. Angiosperms: Monocotyledons. University of Wisconsin 
Press, Madison. 



   

FirstLight Hydro Generating Company, Nuisance Plant Monitoring Report 2010  Page 46 

Frink, C.R. and W.A. Norvell.  1984. Chemical and physical properties of Connecticut lakes. 
Conn. Agric. Exp. Sta. Bull. 817. 

Fishman, K.J., R.L. Leonard and F.A. Shah. 1998. Economic evaluation of Connecticut 
lakes with alternative water quality levels. Connecticut Department of 
Environmental Protection. 79 Elm St. Hartford CT 

Hincks, S.S. and G.L. Mackie. 1997. Effects of pH, calcium, alkalinity, hardness, 
andchlorophyll on the survival, growth, and reproductive success of zebra 
mussel(Dreissena ploymorpha) in Ontario lakes. Can. J. Fish. Aquat. Sci. 54: 2049–
2057 

Jacobs, R.P and E.B. O’Donnell. 2002. A fisheries guide to lakes and ponds of Connecticut. 
Including the Connecticut River and its coves. CT DEP Bull. 35. 

Madsen, J.D. 1999. Point and line intercept methods for aquatic plant management. Aquat. 
Plant Control.  Technical Note M1-02. February. 1 – 16. 

Marsicano, L.J. 2009. Insights into Eurasian watermilfoil management by deep drawdown. 
Candlewood Lake Authority.  New Milford, CT. 13 pp. 

Northeast Generating Company. 2005. Nuisance plant monitoring plan. Lake Candlewood, 
and Lakes Lillinonah and Zoar. FERC License Article 409. 

Norvell, W.A. 1974. Insolubilization of inorganic phosphorus by anoxic lake sediment. Soil 
Sci. Soc. Amer. Proc. 38:441-445.  

Pimentel, D., L. Lach, R. Zuniga and D. Morrison. 2000. Environmental and economic costs 
of nonindigenous species in the United States. Bioscience 53:53-65. 

Siver, P.A., A.M. Coleman, G.A. Benson and J.T. Simpson. 1986. The effects of winter 
drawdown on macrophytes in Lake Candlewood, Connecticut. Lake and Reservoir 
Management. 2:69-73. 

Tarsi, M. 2006. Eurasian watermilfoil on Lake Candlewood: Management considerations 
and possible alternatives to the deep drawdown. 

Wetzel, R.G. 2001. Limnology: Lake and River Ecosystems 3rd ed. Academic Press, San 
Diego, CA. http://www.academicpress.com. 

Wilcove, D.S., D. Rothstien, J. Dubow, A. Phillips and E. Losos. 1998. Quantifying threats to 
imperiled species in the United States. BioScience 48:607-615. 

  

http://www.academicpress.com/


   

FirstLight Hydro Generating Company, Nuisance Plant Monitoring Report 2010  Page 47 

 
 
 
 

 
Appendix 

  



   

FirstLight Hydro Generating Company, Nuisance Plant Monitoring Report 2010  Page 48 

 
Surface Elevations 
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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 characteris-
tics 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 Lakes Candlewood and 

Lillinonah found during the 2010 aquatic plant survey.  The invasive aquatic plants found dur-
ing the survey were Potamogeton crispus (curly leaf pondweed), Najas minor (minor water 
naiad), Myriophyllum spicatum (Eurasian water milfoil).  Survey boats with Trimble GPS units 
traveled along the outside of each invasive patch to obtain the polygons.  In the event that in-
vasive aquatic plants species co-occurred, two separate polygons would be made or the oc-
currence 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 sin-
gle stem; 2= uncommon, few stems; 3= common; 4= abundant; 5= extremely abundant or 
dominant).   

 
Purpose To document and assess the invasive aquatic plant infestation on lakes Candlewood and Zoar 

during 2010.  This data will also be available to compare with future invasive aquatic plant sur-
vey data. 

Access 
Constraints This data is public access data and can be freely distributed.  The Connecticut Agricultural 

Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly cited as 
the author in any published works. The State of Connecticut shall not be held liable for improp-
er or incorrect use of the data described and/or contained within this web site. These data and 
related graphics are not legal documents and are not intended to be used as such. The infor-
mation 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 the-
se data. It is the responsibility of the data user to use the data appropriately and consistent 
within these limitations. 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 appro-

priate scale, and is not intended for maps printed at scales greater or more detailed 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 warranty, expressed or im-
plied, is made by the State of Connecticut, Connecticut Agricultural 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 assumed by the State of Connecticut, Connecticut Agri-
cultural 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, modifica-
tions 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 Con-
necticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) as the 
source for this information.  

 
Credit Gregory J. Bugbee and Jordan Gibbons, The Connecticut Agricultural Experiment Station In-

vasive Aquatic Plant Program (CAES IAPP) 
Accuracy 
Report All aquatic plants noted in this feature were confirmed in the lab using a dichotomous 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 metada-
ta. 
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GPS 
Accuracy Positions were acquired by using a Trimble GeoXT®  or a Trimble ProXT® with TerraSync 

2.40( WAAS enabled).  Data was post-processed in the lab with Pathfinder Office 3.1 with data 
from local base stations.  Therefore, the average accuracy 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 (WAAS enabled).  Data was post-processed in the lab with Pathfinder Office 
3.1 with data from local base stations and then imported into ESRI ArcMap 9.3.1 for display 
and analysis.    
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Metadata 
 

Transects 
 
Abstract Quantitative abundance information on native and invasive aquatic plants were obtained by 

using the CAES IAPP transect method. We positioned transects perpendicular to the shoreline 
and recorded GPS location and the abundance of each plant species found within a 2 m² area 
at 0, 5, 10, 20, 30, 40, 50, 60, 70 and 80 m from the shore (a total of 10 samples on each tran-
sect unless impaired by rocks, land etc.). Ten transects were established for each lake. Tran-
sects were positioned using a random-representative method to account for all bottom types 
and plant conditions in Lakes Lillinonah and Zoar. In Lake Candlewood, the random-
representative method was not used.  Instead, transects were chosen that included at least 
one occurrence of each native and invasive plant species found by a more thorough set of 
transects done by CAES IAPP in 2005. Candlewood Lake transects, T2, T22, T25, T57, T52, 
T58, T62, T74, T86, and T105, from the CAES IAPP 2005 survey were chosen and renamed 
T1 - T10 respectively. These transects do not represent the overall conditions of Candlewood 
Lake as the frequency of native species will be over-estimated. We ranked abundance of each 
species, 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 meas-
ured at each transect point. 

 
Purpose To document and assess the native and invasive aquatic plant community in Lakes Candle-

wood Lillinonah and Zoar during 2010.  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 Agricultural 

Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly cited as 
the author in any published works. The State of Connecticut shall not be held liable for improp-
er or incorrect use of the data described and/or contained within this web site. These data and 
related graphics are not legal documents and are not intended to be used as such. The infor-
mation 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 the-
se data. It is the responsibility of the data user to use the data appropriately and consistent 
within these limitations. 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 appro-

priate scale, and is not intended for maps printed at scales greater or more detailed 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 warranty, expressed or im-
plied, is made by the State of Connecticut, Connecticut Agricultural 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 assumed by the State of Connecticut, Connecticut Agri-
cultural 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, modifica-
tions 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 Con-
necticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) as the 
source for this information.  

 
Credit Gregory J. Bugbee and Jordan Gibbons, The Connecticut Agricultural Experiment Station In-

vasive Aquatic Plant Program (CAES IAPP) 
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Accuracy 
Report All aquatic plants noted in this feature were confirmed in the lab using a dichotomous 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 TerraSync 

2.40( WAAS enabled).  Data was post-processed in the lab with Pathfinder Office 3.1 with data 
from local base stations.  Therefore, the average accuracy 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 (WAAS enabled).  Data was post-processed in the lab with Pathfinder Office 
3.1 with data from local base stations and then imported into ESRI ArcMap 9.3.1 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 conditions of surveyed 
aquatic plants in Lakes Candlewood, Lillinonah and Zoar. Five sample locations were chosen 
in Candlewood Lake and three locations in Lakes Lillinonah and Zoar. At least one sample lo-
cation is chosen in the deepest part of the lake and the other are spread out to account for di-
verse conditions. 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 a 0.5-meter from the surface and near the water-body bottom. Water sam-
ples are assessed in the lab for conductivity (µs/cm), pH, alkalinity (expressed as mg/L Ca-
CO3) and phosphorous (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 conditions in Lakes 
Candlewood, Lillinonah and Zoar and correlate with surveyed aquatic plants.   

 

Access 

Constraints  This data is public access data and can be freely distributed.  The Connecticut Agricultural 

Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly cited as 
the author in any published works. The State of Connecticut shall not be held liable for improp-
er or incorrect use of the data described and/or contained within this web site. These data and 
related graphics are not legal documents and are not for use as such. The information con-
tained 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. Although 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 utili-
ty of the data on another system or for general or scientific purposes, nor shall the act of distri-
bution 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 appro-

priate scale, and is not intended for maps printed at scales greater or more detailed 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 warranty, expressed or im-
plied, is made by the State of Connecticut, Connecticut Agricultural 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 assumed by the State of Connecticut, Connecticut Agri-
cultural 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, modifica-
tions 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 Con-
necticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) as the 
source for this information.  

 
Credit Gregory J. Bugbee and Jordan Gibbons, The Connecticut Agricultural Experiment Station In-

vasive Aquatic Plant Program (CAES IAPP) 
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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 temperature were taken in 
the field with a YSI 58 meter (YSI Incorporated, Yellow Springs, Ohio, USA) that was calibrat-
ed 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 International 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 TerraSync 

2.40( WAAS enabled).  Data was post-processed in the lab with Pathfinder Office 3.1 with data 
from local base stations.  Therefore, the average accuracy 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 (WAAS enabled).  Data was post-processed in the lab with Pathfinder Office 
3.1 with data from local base stations and then imported into ESRI ArcMap 9.3.1 for display 
and analysis. 
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Invasive Aquatic Plant Location Data 
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