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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 ñgreenò 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 Connecticutôs lakes and ponds (Bugbee 

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

been present since at least the early 1980ôs (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 ï 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. 



   

FirstLight Hydro Generating Company, Nuisance Plant Monitoring Report 2010  ̧ Page 6 

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 ï 5 as described 

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

transects were determined using Pearsonôs 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 ï August 26th and the 

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

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

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

information regarding our ñon-lakeò 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 ï 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 Allenôs Cove (Map 1), the coves east of Holiday 

Point (Map 1), west of Great Neck (Map 3) and in Lattinôs 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. 
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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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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 Allenôs 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 

OôDonnell, 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 Candlewoodôs 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 ñflattening outò 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 isnôt 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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