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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 laborato-

ries are in New Haven and Windsor, and research farms in Hamden and Griswold. 

 

 

 

 

 

 

 

 

 

 

 

 

 The Connecticut Agricultural Experiment Station prohibits discrimination on the basis of 

race, color, ancestry, national origin, sex, religious creed, age, political beliefs, sexual orienta-

tion, criminal conviction record, genetic information, learning disability, marital or family sta-

tus, or present or past history of mental disorder, mental retardation or physical disability, in-

cluding but not limited to blindness. To file a complaint of discrimination, write: Director, 

The Connecticut Agricultural Experiment Station, P.O. Box 1106, New Haven CT 06504, or 

call (203) 974-8440. The experiment station is an equal opportunity provider and employer. 

People with disabilities who require alternate means of communication should contact the 

Chief of Services at (203) 974-8442 (voice); (203) 974-8502 (fax); or Michael.Last@ct.gov.  
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Introduction 

Lakes Candlewood, Lillinonah, Zoar and Squantz Pond offer diverse freshwater 

ecosystems and exceptional opportunities for fishing, boating and other outdoor activities. 

These impoundments are also the source of Connecticutôs largest supply of renewable energy 

via hydroelectric generating facilities owned and operated by FirstLight Power Resources 

(FLPR).  Invasive aquatic plants have become established in the lakes and have few natural 

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

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

reduce home values (Connecticut Aquatic Nuisance Species Working Group 2006, Fishman 

et al. 1998). Once invasive plants are established, long term and costly management programs 

are often necessary. The Federal Energy Regulatory Commission (FERC) Article 409 

requires FLPR to provide invasive aquatic plant monitoring of Lakes Candlewood, Lillinonah 

and Zoar (Northeast Generating Company 2005). In 2015, FLP decide to also include the 

monitoring of nearby Squantz Pond. 

Figure 1. Locations of invasive aquatic plants found by CAES IAPP from 2004 to 2016. 
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Statewide surveys by The Connecticut Agricultural Experiment Stationôs (CAES) 

Invasive Aquatic Plant Program (IAPP) have found 14 invasive aquatic plant species inhabit 

nearly 60 percent of Connecticutôs lakes and ponds (Figure 1) (Bugbee et al. 2012, CAES 

IAPP 2017). In lakes Candlewood, Lillinonah, Zoar and Squantz Pond, Eurasian watermilfoil 

(Myriophyllum spicatum) has been the most common invasive plant and also creates the 

greatest nuisance. This plant has been present in Candlewood Lake since at least the early 

1980ôs (Siver et al. 1986) when it was probably in Lakes Lillinonah, Zoar and Squantz Pond 

as well. 

CAES IAPP has studied the aquatic plants in lakes Candlewood, Lillinonah and Zoar 

since 2005 and Squantz Pond since 2011. The plant communities in the waterbodies are 

generally similar probably because of their proximity to one another and their similar water 

chemistries (CAES IAPP 2017, Bugbee and Fanzutti 2016). A total of 18 plant species occur 

in the lakes with Eurasian watermilfoil, minor naiad (Najas minor), curlyleaf pondweed 

(Potamogeton crispus), European waterclover (Marsilea quadrifolia), and water chestnut 

(Trapa natans) being invasive. Water chestnut is found only in Lake Lillinonah and European 

waterclover is found only in Lake Zoar. Eurasian watermilfoil typically covers the largest area 

in the water bodies followed by minor naiad and curlyleaf pondweed. Curlyleaf pondweed 

may be underestimated prior to the commencement of spring 2012 surveys because it 

naturally dies back before the previous summer-only surveys (Catling and Dobson 1985). 

Differences in the way invasive plants are managed and differences in the closed 

impoundment nature of Candlewood Lake and Squantz Pond versus the riverine systems of 

Lakes Lillinonah and Zoar likely result in any dissimilarities in plant populations from year to 

year. Squantz Pond is connected to Candlewood Lake via flow under the Route 39 causeway 

and therefore would be likely to have a similar aquatic ecosystem. 

Winter drawdown and occasional harvesting are used to manage Eurasian watermilfoil in 

Candlewood Lake (Bugbee and Fanzutti 2016, Tarsi 2006) and Squantz Pond. Deep winter 

drawdowns (3 m) with early onset and long exposure times have proven most effective. In 

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

Lake to control Eurasian watermilfoil without success. 
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In 2015, nearly 4000 12 - 15 inch grass carp (Ctenopharyngodon idella) were introduced 

into Lake Candlewood (Figure 2, left).  As expected, their efficacy in 2015 was minimal 

because of their small size (Bugbee and Fanzutti 2016). As they begin to grow, however, their 

plant consumption will increase and their effects may be more noticeable. Based on a 15 fish 

per vegetated acre desired stocking rate (CTDEEP) and over 500 acres watermilfoil needed to 

be controlled, additional grass carp will likely be necessary.  Invasive vegetation is presently 

being managed in Lake Zoar herbicides (Figure 2, right). In Lake Lillinonah, hand harvesting 

of water chestnut is currently practiced and herbicide applications are being considered. 

Passive control, in both Lillinonah and Zoar, may be occurring from occasional low water 

levels, storm events that cause intense flow rates and increasing populations of zebra mussels 

(Dreissena polymorpha). 

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

invasive aquatic plants in Lakes Candlewood, Lillinonah, and Zoar and the third year in 

Squantz Pond. The report fulfill s the requirements of FERC Article 409. 

Objectives 

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

Squantz Pond to fulfill the FERC nuisance plant monitoring requirement in Article 

409. 

¶ Document yearly changes in the plant community and relate to management activities.  

¶ Provide the science necessary to better manage invasive aquatic vegetation, enhance 

native species, provide overall protection of the water bodies, and assure continuance 

of hydroelectric power generation.  

Figure 2. 2015 release of grass carp into Candlewood Lake (left). Herbicide treatment to Lake 

Zoar (right) (photo courtesy of Solitude Lake Management Inc.). 
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Materials and Methods 

Our 2016 aquatic vegetation surveys utilized methods established by CAES IAPP. These 

methods have provided a consistent record throughout the years. We recorded locations of all 

invasive plants with Trimble GeoXT
®
 or ProXT

®
 global positioning systems (GPS) with sub-

meter accuracy. In 2014, we added a Lowrance HDS
®
 sonar system, with structure scan 

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

consuming grapple tosses. We circumnavigated the plant patches to form georeferenced 

polygons. Patches covering less than one square meter were recorded as a point and assigned 

an area of 0.0002 acres (1 m
2
). We measured depth with a rake handle, drop line or digital 

depth finder and sediment type was estimated. Plant samples were obtained in shallow water 

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

scale of 1 to 5 (1 = single stem; 2 = few stems; 3 = common; 4 = abundant; 5 = extremely 

abundant). In Candlewood Lake, we recorded each area where Eurasian watermilfoil was at 

the surface and flowering with a point feature. When field identifications of plants were 

questionable, we brought samples back to the lab for review using the taxonomy of Crow and 

Hellquist (2000a, 2000b). We post-processed the GPS data in Pathfinder
®
 5.85 (Trimble 

Navigation Limited, Sunnyvale, CA) and then imported it into ArcGIS
®
 10.4.1 (ESRI, 

Redlands, CA), where it was geo-corrected. Data were then overlaid onto 2010 United States 

Department of Agriculture - National Agricultural Inventory Program aerial imagery with 1 m 

resolution. 

We collected occurrence and abundance plant information from ten transects in Lakes 

Candlewood, Lillinonah, and Zoar and five transects in Squantz Pond. Transect points were 

positioned 0.5, 5, 10, 20, 30, 40, 50, 60, 70 and 80 m perpendicular from the shore. In 

Candlewood Lake these transects were a subset of the 105 laid out in 2005 (Bugbee et al. 

2008) and contained at least one occurrence of each native and invasive plant species. In Lake 

Zoar, previously established transects were used, but not all species in the earlier surveys were 

present. In Lake Lillinonah, we decreased the number of transects from the 16 we surveyed in 

2009 (Bugbee and Balfour 2010) to 10. In Squantz Pond, we decreased the number of 

transects from the 14 laid out in 2011 (CAES IAPP 2017) to five and renamed them 1 ï 5. We 

selected transects formerly numbered 1, 5, 8, 9, and 11 because they best depicted the 

diversity in the lake.  
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Significant differences in the frequency of occurrence of plant species between years 

along transects were determined using analysis of variance (ANOVA) followed by Tukeyôs 

post-hoc test (p <0.05). Significant differences in species richness per transect point were 

determined by ± one standard error of the mean (SEM). We surveyed Candlewood Lake for 

curlyleaf pondweed from June 14 - 20 and all invasive plants from August 4 - 25. This was 

the third consecutive year we performed the spring curlyleaf pondweed survey to provide 

more thorough documentation of this plant prior to its summer senescence. When 

summertime curlyleaf patches overlapped spring patches, we only reported the spring data. 

The Candlewood Lake transect data were obtained on September 2 and 3 and the water 

samples were obtained on August 27 and 30. We surveyed Lake Zoar for curlyleaf pondweed 

from May 27 ï June 9 and all invasive plants from August 5 - 18. We obtained transect data 

on Lake Zoar on August 23 and 24 and obtained water samples on August 25. We surveyed 

Squantz Pond for curlyleaf pondweed on May 26 and for all invasive plant species from July 

27 ï August 2. We surveyed the Squantz Pond transects on August 2 and 4 and took water 

samples on August 4. Lake Lillinonah transects were surveyed on August 31 and September 2 

and water samples were taken on August 25. Detailed information regarding our ñon-lakeò 

time is located in the Appendix (Page 65). We used a Secchi disk to measure transparency. 

Because water clarity can affect our ability to see vegetation, we also performed Secchi 

measurements most days we performed surveillance. We used an YSI
®
 58 meter (YSI Inc. 

Yellow Springs, Ohio) to measure water temperature and dissolved oxygen. Measurements 

occurred in the same deep areas of each lake as previous surveys at 0.5 m and at 1 m depth 

intervals until we reached the bottom. We collected water samples from 0.5 m below the 

surface and 0.5 m from the bottom. 

Grass carp are known to feed from the top of aquatic vegetation downward (Pipalova 

2006). Their effects, therefore, are likely to be first noticed by a reduction in surface 

vegetation. We mapped the locations of Eurasian watermilfoil patches that reached the 

surface (abundance = 5), within patches of lesser abundance(abundance < 5), with separate 

point features (Figure 10). When combined with patches with an abundance of five, these data 

are expected to give quantitative year to year comparisons of the efficacy of the grass carp. 
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Results and Discussion 

Candlewood Lake 

Our 2016 invasive aquatic plant survey of Candlewood Lake found eight plant species 

(Table 1) comprised of six natives and two invasives. A total of only eight plant species in a 

large lake is very low for Connecticut with many lakes having over 30 species (CAES IAPP 

2017). Eurasian watermilfoil and minor naiad comprised the invasive species and these are 

the same as found in previous years. Eurasian watermilfoil continued to be the most prevalent 

invasive aquatic plant covering 506 acres (Table 1, Figure 3). This was the greatest coverage 

of any year but only surpassed the shallow drawdown year of 2012 by one acre. Minor naiad 

covered 54 acres and showed a reduction from the 72 acres found in 2015 where it was more 

than double any previous year. Curlyleaf pondweed continued to be scarce with only sporadic 

points with low abundance.  There were 526 patches of Eurasian watermilfoil in 2016 ranking 

the year second only to 2012 when 637 patches were present (Table 2). Patch number can de-

crease when small patches coalesce into large patches. The 2016 largest patches of Eurasian 

watermilfoil were 67 acres in and around Echo Bay and Brookfield Bay (Maps 6 and 8, pages 

25 and 27), 47 acres in Danbury Cove (Map 9, Page 28) and 20 acres in and around Great   

Table 1. Yearly frequency of occurrence of aquatic plants on transects and total area of inva-

sive species in Candlewood Lake. 
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Figure 3. Yearly changes in in the acreage of invasive aquatic plants in Lake Candlewood 

(deep drawdown years in bold). 

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

wood Lake.  

Table 3. Yearly comparisons of the abundance of invasive species in Candlewood Lake. 
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Neck (Map 3, page 22).  The mean abundance of Eurasian watermilfoil patches in Candle-

wood Lake (Table 3) was 3.0 in 2016 making the year similar to all previous years (range 2.3 

ï 2.9) except the deep drawdown years of 2009, 2011 and 2013 (range 2.1 ï 2.4). We found 

77 minor naiad patches in 2016 which was considerably less than the 125 in 2015 and the 137 

in 2014 but similar to the other survey years (range 26 - 83). Expansion the taller and more 

robust of Eurasian water milfoil patches in areas of minor naiad may be the cause of the re-

duction its reduction.  Mean minor naiad patch size, however, increased to 0.7 acres (largest 

of any year) with the largest patch west of Great Neck (Map 3, page 22) encompassing 6.5 

acres (largest found to date was 12.5 acres found here in 2015). The 2016 mean patch abun-

dance of minor naiad was 2.3 - down from the all-time high of 3.2 in 2015 (Table 3). Minor 

naiad is likely less affected by drawdown than Eurasian watermilfoil because it propagates 

from potentially drawdown resistant seeds. Curlyleaf pondweed was extremely sparse and 

found mainly on scattered points. 

Depth preferences of invasive species in Candlewood Lake may change from year to year 

because of drawdowns, fluctuating water levels, natural variation and grass carp feeding. In 

2016, we found most Eurasian watermilfoil in patches (405 acres) at the 1 - 4 m depth (Figure 

4). These are the depths least affected by shallow winter drawdowns.  At a depth of 0 - 2 m 

we found 68 acres of Eurasian watermilfoil indicating some regrowth into areas of sediment 

exposed to the drawdown. Eurasian watermilfoil was more abundant at depths of 1 - 4 m (area 

weighted mean = 3.9) than at 0 - 2 m (area weighted mean = 2.6).  This is likely due to the 

shallow 2015 winter drawdown and the cumulative effects of the past drawdowns. Water 

clarity and associated light restriction at depths of greater than 4 m is likely the cause for 

Eurasian watermilfoil to be absent at 5 m and beyond. As in past years, minor naiad and 

curlyleaf pondweed were primarily limited to depths of 0 - 2 m. 

In 2016, the frequency of occurrence (FO) of Eurasian watermilfoil on transects was 77% 

(Table 1, Figure 5). This was similar to all previous years except statistically greater (p Ò0.05) 

than the deep drawdown years of 2013 (42%) and 2005 (51%). The 2016 frequency of 

occurrence of minor naiad was 10% which was statistically similar (p Ò0.05) to all previous 

years (range 6% - 24%). We did not find curlyleaf pondweed on transects in 2016. The mean 

invasive species richness (number of plant species) per transect point was 0.9 in 2016 (Figure 

6) and was only statistically different (± one SEM) from 2013 (0.6).  
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Figure 4. Depth preferences of invasive aquatic plants in Candlewood Lake 2007 -2016. 
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Figure 6. Yearly comparisons of average number of plant species per transect point in Can-

dlewood Lake. Error bars equal +/- one standard error of the mean (SEM).  

 

Figure 5. Yearly frequency of occurrence of aquatic vegetation on transects in Candlewood 

Lake. Points with the same letter within a species are not statistically different. 
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Diverse and abundant native species are an indicator of a healthy aquatic ecosystem. In 

addition, they may decrease the establishment and spread of invasive species (Capers et al. 

2007). The overall 2016 native species richness on transects was 6, compared to a low of 5 in 

2013 and a high of 14 in 2005 (Table 1). Some species-rich Connecticut lakes contain over 30 

native plant species (CAES IAPP 2017). For a large lake like Candlewood to have such a 

small number of plant species is unusual and is probably because of harm to shoreline species 

when exposed during drawdowns. We found no new native species in 2016 (Table 1). 

Clasping leaf pondweed (Potamogeton perfoliatus) was present in 2015 but not 2016.  Many 

species that were present in 2005 have not been found in recent years, including water 

starwort (Callitriche sp.), waterweed (Elodea nuttallii), nodding waternymph (Najas flexilis), 

variable leaf pondweed (Potamogeton gramineus), small pondweed (Potamogeton pusillus), 

and horned pondweed (Zannichellia palustris). It is possible these plants have suffered 

because of the drawdown regime.  

Figure 7. Yearly comparison of the coverage of invasive aquatic plants in Candlewood 

Lakeôs littoral zone (0-5m). 
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When frequency of occurrence (FO) and species richness is high, many consider 

biodiversity optimal. The 2016 FO of any species (native + invasive) on transect points was 

88% and was statistically greater (p Ò0.05) than 2005 (66%) and 2013 (60%) (Figure 5). 

Native species FO in 2016 was 25%. Although this is among the lowest of any year it was 

only statistically different (p Ò0.05) from 2008 (46%). The average native species richness on 

transect points in 2016 was 0.5 (Figure 6) which is only statistically greater (± 1 SEM) from 

2009 (0.2).  

Littoral zone coverage by aquatic vegetation provides habitat for fish and other aquatic 

organisms. From 20% to 40% littoral zone coverage is considered optimal in Connecticut 

lakes (Jacobs and OôDonnell 2002). We used a depth of 5 m (16 feet) as the littoral zone 

limits in Candlewood Lake because it corresponds to the maximum depth where plants have 

been found. Candlewood Lake has a littoral zone of 810 acres or 16% of the total lake area 

(Bugbee 2011). 

Eurasian watermilfoil occupied 62% of the 2016 littoral zone (Figure 7). This was similar 

to other shallow drawdown years (range 56% - 62%). Minor naiad covered 7% of the littoral 

zone in 2016 which was down from the all-time high of 9% in 2015. Minor naiad showed 

little response to either a shallow (range = 1 - 7%) or deep drawdown (range = 2 - 9%). 

Curlyleaf pondweed coverage of the littoral zone was minimal in 2016 and all previous years 

(<0.01%).  The total coverage of Candlewood Lakeôs littoral zone cannot be inferred by 

adding the acreage of various species as they often occur together. Eurasian watermilfoil 

alone, however, has met and often exceeded the optimal littoral zone coverage. 
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2016 Drawdown 

The winter drawdown of 2016 featured a shallow drawdown.  Water levels were lowered 

relatively late (mid-January) and did not reach their lowest level until mid-February. After 

about three weeks the refill process began and the lake was full by late March (Figure 8).  

This was the shortest shallow drawdown of any of our survey years.  Shallow and deep 

drawdowns usually result in large differences in the coverage of Eurasian watermilfoil as 

shown in Allenôs Cove (Figure 9). The rapid regrowth in the shallow drawdown years is 

typical throughout Candlewood Lake and has become reasonably predictable (Bugbee and 

Fanzutti 2016). The large Eurasian watermilfoil acreage in 2016 was likely related to the 

relatively poor control achieved after the late short duration deep drawdown of 2015. 

Figure 8. Candlewood Lakeôs drawdown depths and duration from 2007 - 2016. Bars with 

years in bold are deep drawdown years. 
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` 

Figure 9. Comparison of the coverage and abundance of Eurasian watermilfoil in Allenôs Cove from 

2010 to 2015. Darker pink colors indicate greater abundance. 
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Grass Carp Introduction 

On June 26, 2015 approximately 4000 triploid (sterile) grass carp were introduced into 

Candlewood Lake. These fish consume aquatic plants and can control aquatic vegetation by 

their feeding activities (Pipalova 2006). Because grass carp tend to graze on the terminal 

shoots of vegetation, milfoil control would likely first be noticed by a reduction in the plants 

reaching the surface and flowering (Pipalova 2006). Since 2012, we have recorded the points 

where these surface milfoil patches have occurred (Figures 10, 11 and 12). If these surface 

flowering points and other surface patches could be substantially reduced, most of nuisance 

milfoil would be eliminated. The shallow drawdown years of 2012, 2014 and 2016 showed 

the highest number of surface flowering points with 1481, 640, and 1468 respectively. The 

deep drawdown years of 2013 and 2015 featured only 2 and 44 points, respectively. Thus, the 

effects of grass carp would be expected to be most noticeable in shallow drawdown years. 

Our data, however, suggests there are large natural variations within shallow drawdown years 

that could confound the assessments. Our finding of 1468 surface patches in 2016 suggests 

that the grass carp have not yet provided any Eurasian watermilfoil control. This is expected 

as the fish usually need several years to become big enough to consume large quantities of 

vegetation and often supplemental introductions are needed (Pipalova 2006). 

Figure 10. Points (* ) marking Eurasian watermilfoil reaching the surface of Candlewood 

Lake.  

*
*
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Figure 11. Number of points where Eurasian watermilfoil was flowering at the surface from 

2012 to 2015. 

Figure 12. Subpatches of Eurasian watermilfoil marked with abundances of five (* ) from 2012-

2016 near transect eight in Candlewood Lake. 

2012 2013 
2014 2015 2016 

Shallow               Deep                     Shallow                 Deep                      Shallow 
Drawdown          Drawdown            Drawdown             Drawdown            Drawdown 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2016  ̧ Page 20 

 

 

  



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2016  ̧ Page 21 

 

  



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2016  ̧ Page 22 

  



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2016  ̧ Page 23 

 
 
  



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2016  ̧ Page 24 

 
 

  



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2016  ̧ Page 25 

 
 
 

  


