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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 Connecticut’s largest supply of renewable energy via 

hydroelectric 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 

Figure 1. Locations of invasive aquatic plants found by CAES IAPP from 2004 to 2017. 
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Generating Company 2005). In 2015, FLPR decided to also include the monitoring of nearby 

Squantz Pond. 

Statewide surveys by The Connecticut Agricultural Experiment Station’s (CAES) Invasive 

Aquatic Plant Program (IAPP) have found 13 invasive aquatic plant species inhabiting nearly 60 

percent of Connecticut’s lakes and ponds (Figure 1) (Bugbee et al. 2012, CAES IAPP 2018). 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 1980’s (Siver et al. 

1986), when it probably became established 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 are similar because of the lakes 

close proximity to one another and their similar water chemistries (CAES IAPP 2018, Bugbee 

and Fanzutti 2017). A total of 22 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 followed by minor naiad and curlyleaf pondweed. 

Curlyleaf pondweed may be underestimated prior to the commencement of spring 2012 

surveys, because it naturally died back before the 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 result in 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 likely have a similar aquatic ecosystem. 

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

Candlewood Lake (Bugbee and Fanzutti 2017, Tarsi 2006) and Squantz Pond. Deep winter 

drawdowns (3 m) with early onset and long exposure times have proven most effective. In 
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2008 and 2010, milfoil weevils (Euhrychiopsis lecontei) were introduced into Candlewood Lake 

to control Eurasian watermilfoil without success. 

In 2015, 3868 12 - 15 inch grass carp (Ctenopharyngodon idella) were introduced into 

Candlewood Lake (Figure 2, left) and 5035 more were introduced in 2017 (Figure 2, middle). In 

2017, 585 grass carp were also stocked in Squantz Pond (Figure 2, right).  Because Candlewood 

Lake and Squantz Pond are connected via the conduit under Route 39, grass carp can move 

freely between the waterbodies. As expected, the efficacy of the grass carp in Candlewood 

Lake was minimal in 2016 probably because of their small size (Bugbee and Fanzutti 2017). As 

they 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 of watermilfoil in Candlewood Lake, approximately 7500 grass carp are necessary. The 

grass carp introduced in 2017 now brings the total in Candlewood Lake to 8903 and, barring 

unforeseen mortality or offsite movement, vegetation control should begin to manifest.  

Invasive vegetation is presently being managed in Lake Zoar using herbicides. In Lake Lillinonah, 

hand harvesting of water chestnut is currently practiced, and herbicide applications are being 

Figure 2. Locations and numbers of grass carp introduced into Candlewood Lake and 
Squantz Pond (maps courtesy of the Candlewood Lake Authority). 
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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 eleventh year of CAES IAPP surveillance and mapping of 

invasive aquatic plants in lakes Candlewood, Lillinonah, and Zoar and the fourth year in Squantz 

Pond. The report fulfills 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 waterbodies, and assure continuance of hydroelectric 
power generation. 

Materials and Methods 

Our 2017 aquatic vegetation surveys utilized methods established by CAES IAPP. These 

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

invasive plants with Trimble GeoXT®, ProXT® or R1® global positioning systems (GPS) with sub-

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

nology, 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. Patch-

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

0.0002 acres (1 m2). We measured depth with a rake handle, drop line or digital depth finder, 

and sediment type was estimated. 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 Can-

dlewood Lake, we recorded each area where Eurasian watermilfoil was flowering at the surface 

with a point feature. When field identifications of plants were questionable, we brought sam-

ples back to the lab for review using the taxonomy of Crow and Hellquist (2000a, 2000b). We 

generally use common plant names in this report when referring to plant in the frequency of 
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occurrence tables where the scientific names are listed. We post-processed the GPS data in 

Pathfinder® 5.85 (Trimble Navigation Limited, Sunnyvale, CA) and then imported it into ArcGIS® 

10.5.1 (ESRI, Redlands, CA), where it was geo-corrected. Data were then overlaid onto 2010 

United States Department of Agriculture - National Agricultural Inventory Program aerial im-

agery 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 2018) to five and renamed 

them 1 – 5. We selected transects formerly numbered 1, 5, 8, 9, and 11 because they best 

depicted the diversity in the lake. 

Significant differences in the frequency of occurrence of plant species between years 

along transects were determined using analysis of variance (ANOVA) followed by Tukey’s 

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 3 - 9 and all invasive plants from July 26 – August 25. This was 

the fourth 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 August 21, 22 and 25, and the water 

samples were obtained on August 25. We surveyed Lake Lillinonah for curlyleaf pondweed 

from May 31 – June 2 and all invasive plants from August 4 - 17. We obtained transect data 

on Lake Lillinonah on August 4, 8, 9 and 23, and obtained water samples on August 31. We 

surveyed Squantz Pond for curlyleaf pondweed from May 19 - 24 and for all invasive plant 
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species from July 26 – August 1. We took water samples on August 1. Lake Zoar transects 

were surveyed from August 29 – 30, and water samples were taken on August 30. Detailed 

information regarding our “on-lake” time is located in the Appendix (Page 66). 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 vegeta-

tion. 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. 

Table 1. Yearly frequency of occurrence of aquatic plants on transects in Candlewood Lake. 
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Results and Discussion 

Candlewood Lake 

Our 2017 invasive aquatic plant survey of Candlewood Lake found seven plant species 

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

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

2018). Eurasian watermilfoil and minor naiad comprised the invasive species and they are 

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

prevalent invasive aquatic plant in 2017 covering 498 acres, which was a slight decrease 

from the 506 acres found in 2016 (Figure 3). Minor naiad covered only five acres which was 

the lowest yet and showed a large reduction from the 54 acres found in 2016. This plant 

tends to occur in protected coves where grass carp populations and associated herbivory are 

greatest. Curlyleaf pondweed continued to be scarce with only sporadic points in low 

abundance. 

Figure 3. Yearly changes in in the acreage of invasive aquatic plants in Candlewood Lake 
(deep drawdown years in bold). 
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There were 686 patches of Eurasian watermilfoil in 2017, representing the highest 

number recorded to date (Table 2). Patch number can increase when large patches are 

separated into smaller ones by management such as grass carp, harvesting, and benthic 

barriers or random events.  The largest patch of Eurasian watermilfoil in 2017 was 53 acres 

located in Danbury Cove (Map 9, Page 29). Other large patches were found in Echo Bay (41 

acres, Map 8, Page 28), Brookfield Bay (26 acres, Map 6, Page 26), and along the eastern 

shore from transect five to transect six (20 acres, Map 3, Page 23). These are generally the 

same sites as in previous years.  

The mean abundance of Eurasian watermilfoil patches in Candlewood Lake (Table 3) was 

2.8 in 2017 making the year similar to all previous years (range 2.1 – 3.3). We found 9 minor 

naiad patches in 2017, which was considerably less than all previous years (range 26 - 137). 

Mean minor naiad patch size, however, only decreased slightly to 0.6 acres from 0.7 acres in 

2016, with the largest patch in the southern 

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. 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 12 

Figure 4. Depth preferences of invasive aquatic plants in Candlewood Lake 2007 -2017. 
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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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part of Danbury Cove (Map 9, Page 29) encompassing 2.5 acres. The largest minor naiad 

patch to date was 12.5 acres found west of Great Neck in 2015. Mean patch abundance of 

minor naiad was 2.3 in both 2016 and 2017 (Table 3, Page 11). Minor naiad is likely less af-

fected by drawdown than Eurasian watermilfoil because it propagates from potentially 

drawdown resistant seeds. Curlyleaf pondweed was extremely sparse and found mainly on 

scattered points in the spring survey. 

Drawdowns, fluctuating water levels, natural variation and grass carp feeding may 

change the depth preferences of invasive species from year to year. In 2017, we found most 

Eurasian watermilfoil (425 acres) at the 1 - 4 m depth (Figure 4, Page 12). These are the 

depths least affected by shallow winter drawdowns.  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), which is identical to 2016. This is likely due to the similar 2016 shallow winter 

drawdown. 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 2017, the frequency of occurrence (FO) of the invasive species on transects changed 

little from 2016. The FO of Eurasian watermilfoil on transects was 59%. Although this was 

considerable less than the 77% found in 2016, statistical analysis (p ≤0.05) showed no 

difference from any previous year (Figure 5, Page 13). The 2017 frequency of occurrence of 

minor naiad was 10% which was identical to 2016 and statistically similar (p ≤0.05) to all 

previous years. Curlyleaf pondweed disappeared from transects in 2009 and has not been 

found since. 

The mean invasive species richness (number of plant species) per transect point was 0.7 

in 2017 (Figure 6, Page 13) and showed statistically significant decline (± one SEM) from 

2014, 2015 and 2016 when it ranged from 0.9 – 1.0. This is mainly because of the decline of 

Eurasian watermilfoil which was found on only 55 transect points in 2017 compared to 75 

points in 2016, 65 points in 2015, and 74 in 2014. 

A healthy aquatic plant ecosystem generally has diverse and abundant native species. 

Native plant coverage may decrease the establishment and spread of invasive species 
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(Capers et al. 2007). The overall 2017 native species richness on transects was 5 which tied 

the year with 2013 for the all-time low and is in stark contrast to the all-time high of 14 in 

2005 (Table 1, Page 9). Some species-rich Connecticut lakes contain over 30 native plant 

species (CAES IAPP 2018) and for a large lake like Candlewood to have only five is unusual. 

This is probably because of harm to shoreline species when exposed during drawdowns. We 

found no new native species in 2017 (Table 1, Page 9). Waterwort and Sago pondweed were 

present in 2016 but not 2017.  Many species that were present in 2005 have not been found 

in recent years, including water starwort, waterweed, nodding waternymph, variable leaf 

pondweed, small pondweed, and horned pondweed. It is possible these plants have 

suffered because of the drawdown regime, and it is also possible they may be in the lake but 

no longer on transects. 

Biodiversity in considered optimal when frequency of occurrence (FO) and species 

richness is high. The 2017 FO of all species (native + invasive) on transect points was 80% and 

was statistically similar to all years (p ≤0.05) except 2013 when an all-time low of 60% 

Figure 7. Yearly comparison of the coverage of invasive aquatic plants in Candlewood 
Lake’s littoral zone (0-5m). 
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occurred (Figure 5, Page 13). Native species FO in 2017 was 45% and was only statistically 

different from the all-time low of 21% in 2009. The average native species richness on 

transect points in 2017 was 0.5 (Figure 6, Page 13) which is only statistically greater (± 1 

SEM) than the lows of 0.2 in 2009 and 0.4 in 2013. 

Many fish and other aquatic organisms need aquatic vegetation for habitat, food 

production and spawning. From 20% to 40% littoral zone coverage is considered optimal in 

Connecticut lakes (Jacobs and O’Donnell 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 2017 littoral 

zone (Figure 7, Page 15). This was similar to the other shallow drawdown years which ranged 

from 56% - 62% but considerably greater than all deep drawdown years where the greatest 

was 46%. Minor naiad covered 1% of the littoral zone in 2017 which was an all-time low and 

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 2017 and all previous 

years (<0.01%).  The total coverage of Candlewood Lake’s littoral zone cannot be inferred by 

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

alone, however, has exceeded the optimal littoral zone coverage in all years except the deep 

drawdown years of 2007 and 2013 when it fell within the optimal range. 
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2017 Drawdown 

The winter drawdown of 2017 featured a shallow drawdown for the second consecutive 

year.  Water levels were lowered relatively early (late-November) and raised relatively early 

(late-January) compared to other shallow drawdown years (Figure 8).  The 2017 drawdown 

was also about 0.5 m deeper than all shallow drawdowns except the deepest in 2014. 

Eurasian watermilfoil coverage ranges from 221 - 441 acres in deep drawdown years and 

from 451 – 506 acres in shallow drawdown years. These differences in the coverage are 

shown in Allen’s Cove (Figure 9, Page 18). The rapid regrowth in the shallow drawdown 

years is typical throughout Candlewood Lake and has become reasonably predictable 

(Bugbee and Fanzutti 2017). Interestingly, the Eurasian watermilfoil coverage did not 

increase in 2017 even though this was the second consecutive year of shallow drawdowns. 

This may indicate that the maximum milfoil coverage has been reached or that grass carp, 

harvesting or some other factor suppressed any increase. 

Figure 8. Candlewood Lake’s drawdown depths and duration and Eurasian watermilfoil 
coverage from 2007 - 2017. Bars with years in bold are deep drawdown years. 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 18 

  



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 19 

Grass Carp 

In 2015, 3868 12 - 15 inch grass carp (Ctenopharyngodon idella) were introduced into 

Candlewood Lake (Figure 2, left, Page 6).  In 2017, 5035 additional grass carp were intro-

duced into Candlewood Lake (Figure 2, middle, Page 6) and 585 were stocked in Squantz 

Pond (Figure 2, right, Page 6).  Because Candlewood Lake and Squantz Pond are connected 

via the conduit under Route 39, grass carp can move freely between the waterbodies. 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, mil-

foil control would likely be first noticed by a reduction in the plants reaching the surface and 

flowering (Pipalova 2006). Since 2012, we have recorded the points where these surface mil-

foil patches have occurred (Figure 10). If these surface flowering points and other surface 

patches could be substantially reduced, most of the nuisance milfoil would be eliminated. 

Figure 10. Number of points where Eurasian watermilfoil was flowering at the surface and 

area weighted abundance. Insert shows how surface points were marked (*). 
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 The shallow drawdown years of 2012, 2014, 2016 and 2017showed the highest number 

of surface flowering points with 1481, 640, 1468 and 724 respectively. The deep drawdown 

years of 2013 and 2015 featured only 2 and 44 points, respectively. Our finding of a reduc-

tion from 1468 surface patches in 2016 to 724 in 2017 could indicate a grass carp effect par-

ticularly since it was a second consecutive shallow drawdown year. Possible grass carp ef-

fects were evident in several shallow coves such as Allen’s Cove (Figure 11) and Danbury 

Cove (Figure 12, left). Interestingly, we saw schools of grass carp in these coves and ob-

served the apparent replacement of Eurasian watermilfoil with coontail (Figure 5, Page 13, 

Figure 12, right). Coontail is known to be less palatable to grass carp particularly in nearby 

Ball Pond (June-Wells et al. 2017).   

Figure 11. Comparison of Eurasian watermilfoil at the surface in Allen's Cove between 2016 
and 2017. 

Figure 12. Grass carp in Danbury Cove by inlet (left). Apparent replacement of Eurasian wa-
termilfoil with coontail (right). 
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Squantz Pond 

Our 2017 survey of Squantz Pond confirmed the presence of the invasive species Eura-

sian watermilfoil and minor naiad, along with seven native species (Table 4). Eurasian wa-

termilfoil covered 32 acres and grew throughout most areas less than 4 m deep. The cover-

age was slightly less than the 39 acres found in 2016 (Bugbee and Fanzutti 2017). We found 

only six acres of minor naiad in 2017 compared to 13 acres in 2016 and 15 acres in 2015.  

Curlyleaf pondweed was not found in 2017 and was extremely sparse in 2015 and 2016 

(>0.1 acres). Native species found on transects in all four survey years were waterwort, spik-

erush, and snailseed pondweed while primrose-willow was found for the first time in 2017. 

Coontail, western waterweed and bur-reed were present in 2017 but not all previous years. 

Slender naiad was found in all survey years except 2017 while pickerelweed was found only 

in 2017. 

Table 4. Yearly comparisons of the frequency of occurrence of all plants on transects and to-
tal area of invasive plants in Squantz Pond. 
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We found 39 patches of Eurasian watermilfoil in our 2017 survey (Table 5). The largest 

patch covered 5.5 acres of the northern portion of the lake along the eastern shoreline by 

transect 3 (Map 1, Page 35).  The average 2017 patch size of Eurasian watermilfoil was 0.8 

acres, an increase from the 0.4 acres found in 2016.  The mean patch abundance in 2017 

was 2.6, a slight decrease from the 2.7 found in 2016. Both the average patch size and mean 

patch abundance found in 2017 were identical to 2015 (0.8 acres and an abundance of 2.6).  

Despite only slight quantitative differences between 2016 and 2017 patch size and mean 

abundance, the lake looked much different between the two years (Figure 13). In 2016, Eur-

asian watermilfoil frequently reached the surface and was often coated with algal mats, In 

Figure 13. Yearly comparison of the northern portion of Squantz Pond in 2016 (left) and 
2017 (right). 

Table 5. Yearly comparisons of the number and size of invasive patches in Squantz Pond. 

Table 6. Yearly comparisons of the abundance of invasive plants in patches in Squantz Pond. 
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2017, however, there was little to no algae, and the Eurasian watermilfoil rarely surfaced. 

We found 16 patches of minor naiad in 2017, a decrease from 20 in 2016.  The largest patch 

found in 2017 was two acres located in the cove at the northernmost part of the lake (Map 

1, Page 35). Minor naiad had a mean patch size of 0.4 acres.  The mean patch abundance of 

minor naiad decreased from 2.9 in 2016 to 2.1 in 2017. We did not find any curlyleaf pond-

weed in 2017 and only a few plants were observed in 2016. 

There were no significant differences (p≤0.05) in the frequency of occurrence (FO) of 

Eurasian watermilfoil on transects in 2017 (68%) compared to 2016 (78%) or 2015 (62%). All 

years, however, were considerably greater than 2011 (8%) (Figure 14). The FO of minor nai-

ad in 2017 was 30% which fell in the range of the previous years (22% – 40%) and was not 

statistically different. No curlyleaf pondweed was found in any years on transects but a few 

plants were observed elsewhere. The FO of all species (native + invasive) was 82% in 2017, 

and was only statistically different from 2011 (48%). The FO of native species (24%) was not 

statistically different from any of the previous year’s thus most of the increase in all species 

from 2011 was caused by Eurasian watermilfoil.  

Figure 14. Yearly comparison of the frequency of occurrence of native and invasive species on 
transects in Squantz Pond.  Points with the same letter are not significantly different. 
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The species richness of all species and invasive species richness were similar in 2015, 

2016, and 2017 but significantly greater than 2011 (± 1.0 SEM, Figure 15). Native species 

richness, however, was similar in all years (range 0.4 – 0.6). These findings are consistent 

with the large increase in Eurasian watermilfoil quantified in the frequency of occurrence 

data. 

Figure 15. Yearly comparison of the average number of species per transect point in 
Squantz Pond. Error bars +/- one standard error of the mean. 

Figure 16. Comparisons of depth preferences of invasive plants in Squantz Pond. 
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Most Eurasian watermilfoil in Squantz Pond (30 acres) was located at a depth of 1 – 4 m 

with a small amount at a depth of 0 - 1 m (2.3 acres) (Figure 16). We found most minor naiad 

(5.9 acres) at a depth between 0 - 1 m in 2017, with the rest (0.04 acres) at 1 – 4 m. This 

showed little change from previous years. 

Squantz Pond has a littoral zone of 111 acres or 42% of its total area.  Eurasian watermil-

foil covered 29% of the littoral zone in 2017, a slight decrease from 35% coverage found in 

2016 (Figure 17). Minor naiad littoral zone coverage decreased to 5.3% in 2017 from 11.3% 

in 2016. Curlyleaf pondweed covered less than 0.1% in both 2016 and 2015 but was not 

found in 2017. The optimal littoral plant zone coverage of 20 - 40% (Jacobs and O’Donnell 

2002) is satisfied by Eurasian watermilfoil alone.  The grass carp introduction into Candle-

wood Lake may reduce the littoral zone plant coverage in Squantz Pond as the connection 

under the Route 39 causeway offers no barriers to migration of the fish between waterbod-

ies.  

Figure 17. Littoral zone coverage of invasive aquatic plants in Squantz Pond. 
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Lake Lillinonah 

Our 2017 aquatic plant survey of Lake Lillinonah confirmed the presence of invasive Eur-

asian watermilfoil, curlyleaf pondweed, minor naiad, and water chestnut as well as nine na-

tive species (Table 7, Figure 18, Page 39). The invasive species are the same as found in pre-

vious years and the nine native species observed in 2017 was the highest number yet. Float-

ing-leaf pondweed and watermeal were found for the first time. We found 154 acres of Eur-

asian watermilfoil in 2017 which eclipses the previous high of 90 acres in 2013 and is more 

than double the 72 acres that were found in our last survey in 2015 (Figure 18, Page 39).  

Minor naiad acreage increased from 15 acres in 2015 to 20 acres in 2017. This was the larg-

est coverage of any survey. Water chestnut acreage remained at less than one acre in 2017 

and was influenced by a hand harvesting program. 

Our 2017 transect data showed the frequency of occurrence (FO) of Eurasian watermil-

foil was 48% (Table 7, Figure 19, Page 39). Previous years ranged from 12 – 39% and the 

2017 data were statistically different from 2007 – 2011 and 2014 (p ≤0.05). The FO of minor 

naiad was 10% in 2017 and was not statistically different from any previous years. 

Table 7. The frequency of occurrence of aquatic plants on transects in Lake Lillinonah. 
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Figure 18. Yearly changes in the acreage of invasive aquatic plants in Lake Lillinonah. 

Figure 19. Yearly comparisons of the frequency of native and invasive plants on tran-
sects in Lake Lillinonah. Points with the same letters are not significantly different.  
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      Curlyleaf pondweed was not found since 2009. Because transects are only analyzed dur-

ing the summer after most curlyleaf pondweed has senesced, there is an inherent bias to-

ward underestimation of this species in our data. The FO of all species (native + invasive) was 

58% in 2017 and statistically greater (p ≤0.05) than 2007 – 2011 and 2015. Changes in FO of 

the plant community along transects in Lake Lillinonah were likely influenced by fluctuating 

water levels. 

The species richness of all species in 2017 was 1.3 (Figure 20) which was significantly 

greater (± 1 SEM) than all previous years except 2016. Invasive species richness in 2017 was 

0.6 which is similar to 2012 and 2016.  Native species richness was 0.7 in 2017. This was sig-

nificantly greater than all previous years (range of 0.1 - 0.4). Thus, conditions that are favor-

ing the Eurasian watermilfoil population may also be promoting an increase in native spe-

cies. 

   

Figure 20. Yearly comparisons of the average number of species per transect point in 
Lake Lillinonah. Error bars +/- one standard error of the mean.  
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We found 395 patches of Eurasian watermilfoil in Lake Lillinonah during our 2017 survey, 

which is a large increase from previous years when patch numbers ranged 109 – 249 (Table 

8). The largest patch, located near transect 3 (Map 1, Page 45), was 12.5 acres and was con-

siderably bigger than the any found to date (7.1 acres in 2013). Mean patch size of Eurasian 

watermilfoil in 2017 was 0.4 acres which was identical to our last three surveys. Eurasian wa-

termilfoil mean patch abundance in 2017 was 2.8 (Table 9). This was the highest we have 

recorded in any year (previous range 1.9 – 2.4). Our 2017 survey found 31 patches of minor 

naiad which is within the previous years’ highly variable range of 5 – 91. Minor naiad had a 

mean patch size of 0.6 acres in 2017. This is a slight increase from past years (0.1 - 0.4). The 

largest patch of minor naiad was 2.8 acres located around transect 2 (Map 1, Page 45).  

Mean minor naiad patch abundance in 2017 was 2.7 and was within the narrow range of 2.1 

- 3.6 observed in previous years.  

Table 8. Yearly comparison of the number and size of invasive patches and their sizes in Lake 
Lillinonah. 

Table 9. Yearly comparison of the abundance of invasive patches in Lake Lillinonah. 
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There were 13 patches of curlyleaf pondweed in 2017 (Table 8, Page 41) which was iden-

tical to 2015. We found the largest patch, covering 1.3 acres, during our spring surveillance. 

It was located in the southern end of the cove containing transect 10 (Map 2, Page 46).  Dur-

ing our summer survey the patch had senesced and was no longer visible and curlyleaf 

pondweed found in other areas consisted of sporadic plants. The mean patch size of 

curlyleaf pondweed in 2017 remained small at 0.1 acres. Mean patch abundance of curlyleaf 

pondweed in 2017 was 1.8 and fell within the range of previous years (1.0 – 3.4).  

We found 3 patches of water chestnut (Table 8, Page 41, Figure 21) in 2017. This is the 

lowest number of patches recorded since 2011, probably as a result of hand harvesting. The 

mean abundance of water chestnut was 2.0 in 2017 (Table 9, Page 41) and fell within its pre-

vious range (0 – 3.6). 

Figure 21. Water chestnut and filamentous algae in Lake Lillinonah in 2017. 
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Figure 22. Yearly comparison of the depth preferences of invasive species in Lake Lilli-
nonah. 

Figure 23. Yearly comparison of the coverage of the littoral zone by invasive species in Lake 
Lillinonah. 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 44 

The depth preference of Eurasian watermilfoil has been similar throughout all years with 

most occurring at depths of 1-3 m (Figure 22, Page 43).  For minor naiad, depth preferences 

remained similar to all previous years (0-1 m) except 2015 (1-3 m). Curlyleaf pondweed and 

water chestnut had depth preferences of 1-3 m in 2017, similar to previous years. 

 Lake Lillinonah’s littoral zone is 478 acres or 31% of the lake’s area.  Eurasian watermilfoil 

substantially increased its littoral zone coverage from a previous high of 19% in 2013 to 33% 

in 2017 (Figure 23, Page 43). Minor naiad increased its littoral zone coverage from 3.1% in 

2015 to 4.2% in 2017.  Curlyleaf pondweed’s littoral zone coverage in Lake Lillinonah totaled 

0.4% in 2017 and remained low. As in previous years, water chestnut covered less than 0.1% 

of the littoral zone in 2017 and is consistent will all years it has been recorded. In 2017, we 

found zebra mussels attached to plants in Lake Lillinonah (Figure 24) that could hinder plant 

growth. 

Figure 24. Zebra mussels growing on Eurasian watermilfoil in Lake Lillinonah in 2017. 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 45 

 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 46 

 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 47 

 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 48 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 49 

 
  



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 50 



   

FirstLight Power Resources Services LLC, Nuisance Plant Monitoring Report 2017  Page 51 

Lake Zoar 

Conforming to the FERC approved alternate year cycle of whole lake then transect only sur-

veys for lakes Lillinonah and Zoar, only transect data was obtained from Lake Zoar in 2017 Fig-

ure 27). The invasive species found on transects were the same as found in our previous sur-

veys; Eurasian watermilfoil, minor naiad, and curlyleaf pondweed (Table 10). The frequency of 

occurrence (FO) of Eurasian watermilfoil was 37% in 2017 (Table 10).  This is slightly larger than 

the 35% in 2016, and is significantly greater (p ≤0.05) than 2011 and 2012 (Figure 25, Page 52).  

Minor naiad was found on 30% of transect points in 2017 and statistically similar to all years 

except 2011 and 2014 when the all-time lows of near 10% occurred.  The 2017 frequency of 

occurrence of curlyleaf pondweed decreased to 8% from 17% in 2016.  We found ten native 

plant species on Lake Zoar’s transects in 2017, which is among the highest yet (only 2016 higher 

with 11). Coontail was the most commonly found native species on transects (55%) and was the 

most found in any year. New to transects in 2017 were the native species snailseed pondweed 

and bur-reed. 

Table 10. Yearly comparisons of the frequency of occurrence and total area of aquatic veg-
etation in Lake Zoar. 
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Figure 25. Yearly comparisons of the frequency of native and invasive plants on transects 
in Lake Zoar. Points with the same letters within species are not significantly different. 

Figure 26. Yearly comparisons of number of species per transect point in Lake Zoar. Error 
bars equal +/- one standard error of the mean. 
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Figure 27. Lake Zoar transects and water data obtained in 2017. 

Figure 28. Locations of herbicide treatments performed by 
Solitude Inc. in 2017. Map courtesy of Solitude Inc. 
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Our transect data showed the frequency of occurrence (FO) of all species (native + inva-

sive) was 74% in 2017 (Figure 25, Page 52). This was statistically greater (p ≤0.05) than 2007, 

2008, 2011, 2012, 2014, and 2015. All species richness in 2017 was 2.4 which was significant-

ly greater (+/- 1 SEM) than all years except 2016 when it was 2.2 (Figure 26, Page 52). Native 

species FO was 73% in 2017 making the year statistically similar only to 2016 (63%) and the 

greatest FO recorded so far.  Native species richness was 1.7 in 2017 and was statistically 

higher (+/-1 SEM) than any other year (Figure 25, Page 52).  The FO of Eurasian watermilfoil 

was 37% and statistically similar to all years except 2011 and 2012.  Minor naiad’s 2017 FO 

was 30%, making the year only statistically different from 2011 and 2014 (Table 10, Page 51, 

Figure 25, Page 52). Curlyleaf pondweed had a FO of 8% in 2017 and was not statistically dif-

ferent than any other year (range 1 - 17%). Since curlyleaf pondweed grows primarily in the 

spring and senesces in summer, it may be underrepresented because the data was not col-

lected of optimum growth. European waterclover was during its period not found along any 

transects but was spotted in known locations elsewhere in the lake (Bugbee et al. 2017). 

Changes in the native aquatic plant community in Lake Zoar are likely caused by high and 

low water levels associated with its riverine system and the generation of hydroelectric 

power. In addition, recent herbicide treatments targeting Eurasian watermilfoil are likely re-

ducing this species and allow may native species a competitive edge. On June 6, 2017, Soli-

tude Inc. treated 80 acres of Eurasian watermilfoil (Figure 28, Page 53) with of 120 gallons of 

Diquat. A follow-up survey was performed on July 21, 2017, and an additional treatment was 

deemed necessary. On August 23, 2017, 65 acres were treated with Diquat at the same rate. 

Most of these areas were locations treated in June where control was deemed inadequate. 

Our transect data was obtained on August 29, 2017 which likely did not allow enough time 

for the herbicide to substantially affect the plants found. Transects four, nine, and ten were 

within treatment zones (Figure 27, Page 53). 
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Figure 29. Water transparency in Candlewood Lake during our 2013, 2014, 2015, 2016, 
and 2017 CAES IAPP surveys. Deep drawdown years in bold. 

 

  

Table 11. Water chemistry of lakes Candlewood, Zoar, Lillinonah and Squantz Pond in 2017. 
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Comparisons of Water Chemistry 

Water chemistry affects the occurrence of invasive plants in lakes. CAES IAPP has found 

lakes with higher alkalinities and conductivities are more likely to support Eurasian water 

milfoil, minor naiad and curlyleaf pondweed while lakes with lower values support fanwort 

(Cabomba caroliniana) and variable watermilfoil (Myriophyllum heterophyllum) (June-Wells 

et al. 2013). All the lakes in this report fall into the former category. Zebra mussels also pre-

fer water with higher alkalinities and conductivities. Water chemistry may be altered when 

nutrients are utilized by plants, and nutrients not used by plants may promote harmful algal 

blooms.  At the conclusion of each lake’s survey we perform water testing to compare condi-

tions between lakes. Because these water tests are performed only once a year, they may 

not be indicative of conditions at other times. We obtain water clarity measurements most 

days we are surveying and thus can show changes over longer periods of time during the 

year (Figure 29, Page 55). 

On August 25, 2017 the water clarity of Candlewood Lake averaged 2.5 m (Table 11, Page 

54). Over the course of our survey water clarity varied between 2.1 and 2.6 m (Figure 29, 

Page 55). In our 2015 report we suggested that summer water clarity is nearly 1 m less in 

deep drawdown years than in the shallow drawdown years and this could be related to the 

filtering action of increased vegetation. This pattern still seems plausible yet not definitive 

from our data. The clearest water was during the shallow drawdown years of 2013 and 2017 

while the least clear water was during the deep drawdown year of 2015 and 2013. This data 

was not intended for statistical analysis and therefore significant differences cannot be de-

termined. In Lake Lillinonah and Lake Zoar we recorded mean water clarity of 1.8 m and 2.2 

m, respectively (Table 11, Page 54).  The highest water clarity in Lake Zoar (2.8 m) occurred 

at the northern part of the lake where Lake Lillinonah’s clear bottom water is entering. This 

same effect was noticed in our previous year’s water tests. Water clarities in Connecticut’s 

lakes ranged from 0.3 - 10 m with an average of 2.3 m (CAES IAPP, 2017). Thus, the water 

clarity of lakes Candlewood, Lillinonah and Zoar all rank below Connecticut’s average. 

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

sources (mineral weathering, organic matter decomposition, fertilizers, septic systems, road 
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salts, etc.). The 2017 conductivity of Candlewood Lake ranged from 164 - 199 µS/cm with 

the highest levels in the bottom water (Table 11, Page 54). This is lower than in our previous 

surveys and similar to the early 1990’s when the lake’s conductivity ranged from 176 - 184 

µS/cm (Canavan and Siver 1995). The conductivity of Lake Lillinonah ranged from 210 - 267 

µS/cm while Lake Zoar’s conductivity ranged from 245 - 252 µS/cm with little difference be-

tween the surface and bottom. Squantz Pond’s 2017 conductivity was 139 µS/cm at the sur-

face and 148 µS/cm at the bottom. A trend toward increasing conductivity from the head 

waters at Squantz Pond, through Candlewood Lake and downstream to Lakes Lillinonah and 

Zoar is evident. 

The pH of Candlewood Lake ranged from 6.1 - 8.2 with the highest levels at the surface 

(Table 11, Page 54). Higher surface water pH is consistent with daytime removal of carbon 

dioxide by algae and aquatic plants. Lake Lillinonah’s water pH fell within the range of 8.1 – 

8.7 while Lake Zoar’s ranged from 7.3 – 8.8. Both lakes had minimal pH differences between 

the surface and bottom water. This is likely due to greater mixing in their riverine environ-

ment. The pH of Squantz Pond was 7.5 at the surface and 6.5 near the bottom. 

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

2018, Canavan and Siver 1995, Frink and Norvell 1984). Candlewood Lake’s surface alkalinity 

ranged from 71 - 79 mg/L and bottom water ranged from 82 - 111 mg/L. Lake Lillinonah’s 

surface alkalinity ranged from 97 - 133 mg/L and bottom alkalinity ranged from 119 - 143 

mg/L. Lake Zoar’s surface and bottom water fell within a similar alkalinity range of 98 - 129 

mg/L. The alkalinity of Squantz Pond was 33 mg/L at the surface and 37 mg/L near the bot-

tom. As with conductivity, alkalinity increased downstream throughout the lake system. 

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

phorus (P) in the water column. High levels of P can lead to nuisance or toxic algal blooms 

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

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

hydrosoil (Bristow and Whitcombe 1971). Lakes with P levels from 0 - 10 µg/L are considered 

nutrient-poor or oligotrophic. When P concentrations reach 15 - 25 µg/L, lakes are classified 

as moderately fertile or mesotrophic and when P reaches 30 - 50 µg/L they are considered 
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fertile or eutrophic (Frink and Norvell, 1984). Lakes with P concentrations over 50 µg/L are 

categorized as extremely fertile of hypereutrophic. The P concentration in Candlewood Lake  

ranged from 11 - 16 µg/L at the surface to 99 - 326 µg/L at the bottom (Table 11, Page 54). 

This partitioning of P between the surface and bottom water is common in the summer as 

anoxic conditions release P from the sediment (Norvell, 1974) and temperature stratification 

prevents vertical mixing. We found the highest P levels in Candlewood Lake’s bottom water 

at the deepest sites W2 (Map 5, Page 25) and site W3 (Map 1, Page 21). Squantz Pond’s had 

a surface P of 8 µg/L and a bottom P of 48 µg/L. The P concentration in Lake Lillinonah’s sur-

face water ranged from 16 - 28 µg/L and bottom water ranged from 16 - 87 µg/L. Lake Zoar’s 

surface water had P concentration from 10 - 23 µg/L and bottom water had a P concentra-

tion from 13 - 28 µg/L. Lakes Lillinonah and Zoar’s smaller difference in P concentrations be-

tween surface and bottom water, compared to Candlewood Lake and Squantz Pond, is 

probably due to shallower depth and greater mixing. 

Summer temperature profiles showed similar conditions in Candlewood Lake and 

Squantz Pond with the surface six meters at approximately 25°C followed by a rapid decline 

to near 10°C at the bottom (Figure 30, left, Page 58). Lakes Lillinonah and Zoar showed very 

little temperature differences from surface to the bottom which usually indicates greater 

mixing. Dissolved oxygen profiles of the lakes showed similar trends with well oxygenated 

Figure 30. Temperature and dissolved oxygen profiles in lakes Candlewood, Lillinonah, Zoar 
and Squantz Pond in 2017. 
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conditions to a depth of approximately six meters in Candlewood Lake and Squantz Pond 

followed by a decline to near zero at the bottom (Figure 30, right, Page 58).  Lake Lillinonah 

was well oxygenated at all depths except at deepest point (7m) and Lake Zoar was well oxy-

genated until a depth of 13 meters. Greater anoxia in Candlewood Lake and Squantz Pond is 

probably due to less vertical mixing. 

In 2017, all the surveyed lakes had noticeable algal blooms. Filamentous algal mats 

reached nuisance levels in a few protected coves in each lake (Figure 31, left). Often they 

overlaid patches of Eurasian watermilfoil. Unicellular algal blooms were also prevalent in all 

lakes. Although usually observed as a green tinge to the water, in certain areas the cells coa-

lesced into unsightly clumps (Figure 31, right).  The mass balance of nutrients between root-

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

aquatic plants are controlled by drawdown, grass carp, herbicides, etc. nutrients are re-

leased and algal blooms may be favored. 

Conclusions/Executive Summary 

Invasive aquatic plants pose a threat to the ecological, recreational and possibly the 

hydrogenerating capacity of lakes Candlewood, Lillinonah, Zoar and Squantz Pond.  Eurasian 

watermilfoil dominates the plant communities in all lakes and is the most troublesome. The 

Eurasian watermilfoil acreage increases and decreases in Candlewood Lake and Squantz 

Figure 31. Filamentous (left) and unicellular (right) algal blooms in Lake Lillinonah in 2017. 
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Pond in response to deep and shallow winter drawdowns. Recent grass carp introductions 

may be reducing vegetation in certain coves but not in the main body of the lake. The 

shallow drawdown was performed in 2017 was the second in a row and Eurasian 

watermilfoil coverage was nearly 500 acres. This was similar to 2016 the most since our 

surveys began in 2007. Invasive minor naiad and curlyleaf pondweed are also present in 

Candlewood Lake but not at nuisance levels. Only five native plant species were present in 

Candlewood Lake in 2017 which is extremely low for such a large lake. Native plant 

populations are likely reduced by winter drawdowns and possibly by grass carp. 

Eurasian watermilfoil covered 32 acres of Squantz Pond in 2017 and was not nearly the 

nuisance it posed in 2016. Although the coverage was only down seven acres, it rarely 

reached the surface. Minor naiad coverage dropped to only six acres in 2017 and was the 

lowest of the three survey years. The direct connection with Candlewood Lake, under the 

Route 39 causeway, allows for invasive plant control via the Candlewood Lake drawdown 

and grass carp. We cannot rule out the possibility that some of the grass carp introduced in-

to Candlewood Lake in 2015 have migrated into Squantz Pond and caused our observed re-

duction in the nuisance plants. We found seven native plant species in 2017 and this was the 

same as 2016. 

Eurasian watermilfoil showed a dramatic increase in Lake Lillinonah from our previous 

surveys. We found 154 acres in 2017 compared to a previous high of 90 acres in 2013. Typi-

cally the milfoil was to the surface, covered with mats of filamentous algae, and an extreme 

nuisance. Reasons for this large increase may be associated with low flow rates during the 

recent droughts.  Small populations of minor naiad and curlyleaf pondweed were present in 

2017 and have changed little through our surveys. We observed isolated small patches of 

water chestnut in Lake Lillinonah and their population appears under control by hand har-

vesting. Nine native species were present on the Lake Lillinonah transects which eclipsed the 

previous high of eight found in multiple years.  Zebra mussels were attached to plants and 

they could begin to reduce plant growth. 
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Our 2017 survey of Lake Zoar’s transects found Eurasian watermilfoil, minor naiad and 

curlyleaf pondweed.  European water clover was present but not on transects.  Eurasian 

watermilfoil and minor naiad occurred on 37 and 30 percent of the points respectively and 

changed little from 2016. Curlyleaf pondweed was found on eight percent of the points 

compared to 17 percent of the points in 2016. Ten native species were found in Lake Zoar in 

2017. Although a low number for such a large lake, this number represents an increase from 

most past years and may be the result of the herbicide applications reducing the 

competition from Eurasian watermilfoil.  Fluctuating water levels and zebra mussels may 

also be factors. 
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2017 CAES IAPP On-Lake Time 
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Invasive Plant Descriptions 
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Metadata 
 

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

 

Polygons and Points of Invasive Plants 
 

Abstract This polygon and point data is of the invasive aquatic plant locations in lakes Candle-
wood, Lillinonah, and Squantz Pond found during the 2017 aquatic plant survey.  The 
invasive aquatic plants found during the survey were Potamogeton crispus (curlyleaf 
pondweed), Najas minor (minor naiad), Myriophyllum spicatum (Eurasian watermil-
foil), and Trapa natans (water chestnut). Survey boats with Trimble GPS units trav-
eled along the outside of each invasive patch to obtain the polygons.  In the event 
that invasive aquatic plants species co-occurred, two separate polygons would be 
made or the occurrence would be noted in the notes field.  If plants covered an area 
of less than 1 meter in diameter a point feature was recorded. Depth was at three 
different locations in patches and the average depth range was assigned.  For points 
one depth measurement was recorded. Abundance of each species in the patch or 
point was ranked on a scale of 1-5 (1 = rare, a single stem; 2 = uncommon, few 
stems; 3 = common; 4 = abundant; 5 = extremely abundant or dominant).   

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

Lillinonah, and Squantz Pond during 2017.  This data will also be available to compare 
with future invasive aquatic plant survey data. 

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

tural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clear-
ly cited as the author in any published works. The State of Connecticut shall not be 
held liable for improper or incorrect use of the data described and/or contained with-
in this web site. These data and related graphics are not legal documents and are not 
intended to be used as such. The information contained in these data is dynamic and 
will change over time. The State of Connecticut gives no warranty, expressed or im-
plied, as to the accuracy, reliability, or completeness of these data. It is the responsi-
bility of the data user to use the data appropriately and consistent within these limi-
tations. Although these data have been processed successfully on a computer system 
at the State of Connecticut, no warranty expressed or implied is made regarding the 
utility of the data on another system or for general or scientific purposes, nor shall 
the act of distribution constitute any such warranty. This disclaimer applies both to 
individual use of the data and aggregate use with other data. 

Use 
Constraints No restrictions or legal prerequisites for using the data. The data is suitable for use at 

appropriate scale, and is not intended for maps printed at scales greater or more de-
tailed than 1:24,000 scale (1 inch = 2,000 feet). Although this data set has been used 
by the State of Connecticut, The Connecticut Agricultural Experiment Station, no war-
ranty, expressed or implied, is made by the State of Connecticut, Connecticut Agricul-
tural Experiment Station as to the accuracy of the data and or related materials. The 
act of distribution shall not constitute any such warranty, and no responsibility is as-
sumed by the State of Connecticut, Connecticut Agricultural Experiment Station in 
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the use of these data or related materials. The user assumes the entire risk related to 
the use of these data. Once the data is distributed to the user, modifications made to 
the data by the user should be noted in the metadata. When printing this data on a 
map or using it in a software application, analysis, or report, please acknowledge the 
Connecticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES 
IAPP) as the source for this information.  

 
Credit Gregory J. Bugbee and Summer E. Stebbins, The Connecticut Agricultural Experiment 

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

mous key and, when possible, molecular techniques.  Collection specimens of each 
plant can be found at The Connecticut Agricultural Experiment Station herbarium.  
Abundance determinations were made by the surveyor based on the abundance 
guidelines listed in the abstract of this metadata. 

GPS 
Accuracy Positions were acquired by using a Trimble GeoXT®, Trimble ProXT®, Trimble R1 

GNSS®with TerraSync 2.40 or 5.02 ( WAAS enabled).  Data was post-processed in the 
lab with Pathfinder Office 5.85 with data from local base stations.  Therefore, the av-
erage accuracy of the data is less than 1m. 

 
Process Position data was obtained in the field using a Trimble GeoXT®, Trimble ProXT®, Trim-

ble R1 GNSS® with TerraSync 2.40 or 5.02 (WAAS enabled).  Data was post-processed 
in the lab with Pathfinder Office 5.85 with data from local base stations and then im-
ported into ESRI ArcMap 10.4.1 for display and analysis.    
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Metadata 
 

Transects 
 

Abstract Quantitative abundance information on native and invasive aquatic plants were ob-
tained by using the CAES IAPP transect method. We positioned transects perpendicu-
lar to the shoreline and recorded GPS location and the abundance of each plant spe-
cies found within a 2 m² area at 0.5, 5, 10, 20, 30, 40, 50, 60, 70 and 80 m from the 
shore (a total of 10 samples on each transect unless impaired by rocks, land etc.). Ten 
transects were established for lakes Candlewood, Lillinonah, and Zoar and five tran-
sects were established for Squantz Pond. Transects were positioned using a random-
representative method to account for all bottom types and plant conditions in lakes 
Lillinonah and Zoar. In Candlewood Lake, 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 Can-
dlewood Lake as the frequency of native species will be over-estimated. We used the 
same method when selecting transects on Squantz Pond by selecting 5 of the 14 
transects established in 2011. Squantz Pond transects, T1, T11, T9, T8, and T5 were 
chosen and renamed T1 – T5 respectively. 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 
measured at each transect point. 

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

Candlewood, Lillinonah, Zoar, and Squantz Pond during 2017.  This data will also be 
available to compare with future aquatic plant survey data. 

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

tural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clear-
ly cited as the author in any published works. The State of Connecticut shall not be 
held liable for improper or incorrect use of the data described and/or contained with-
in this web site. These data and related graphics are not legal documents and are not 
intended to be used as such. The information contained in these data is dynamic and 
will change over time. The State of Connecticut gives no warranty, expressed or im-
plied, as to the accuracy, reliability, or completeness of these data. It is the responsi-
bility of the data user to use the data appropriately and consistent within these limi-
tations. Although these data have been processed successfully on a computer system 
at the State of Connecticut, no warranty expressed or implied is made regarding the 
utility of the data on another system or for general or scientific purposes, nor shall 
the act of distribution constitute any such warranty. This disclaimer applies both to 
individual use of the data and aggregate use with other data. 

Use 
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Constraints No restrictions or legal prerequisites for using the data. The data is suitable for use at 
appropriate scale, and is not intended for maps printed at scales greater or more de-
tailed than 1:24,000 scale (1 inch = 2,000 feet). Although this data set has been used 
by the State of Connecticut, The Connecticut Agricultural Experiment Station, no war-
ranty, expressed or implied, is made by the State of Connecticut, Connecticut Agricul-
tural Experiment Station as to the accuracy of the data and or related materials. The 
act of distribution shall not constitute any such warranty, and no responsibility is as-
sumed by the State of Connecticut, Connecticut Agricultural Experiment Station in 
the use of these data or related materials. The user assumes the entire risk related to 
the use of these data. Once the data is distributed to the user, modifications made to 
the data by the user should be noted in the metadata. When printing this data on a 
map or using it in a software application, analysis, or report, please acknowledge the 
Connecticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES 
IAPP) as the source for this information.  

 
Credit Gregory J. Bugbee and Summer E. Stebbins, The Connecticut Agricultural Experiment 

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

mous key and, when possible, molecular techniques.  Abundance determinations 
were made by the surveyor based on the abundance guidelines listed in the abstract 
of this metadata. 

 
GPS 
Accuracy Positions were acquired by using a Trimble GeoXT®, Trimble ProXT®, Trimble R1 

GNSS®with TerraSync 2.40 or 5.02 (WAAS enabled).  Data was post-processed in the 
lab with Pathfinder Office 5.85 with data from local base stations.  Therefore, the av-
erage accuracy of the data is less than 1m. 

 
Process Position data was obtained in the field using a Trimble GeoXT®, Trimble ProXT®, Trim-

ble R1 GNSS®  with TerraSync 2.40 or 5.02 (WAAS enabled).  Data was post-processed 
in the lab with Pathfinder Office 5.85 with data from local base stations and then im-
ported into ESRI ArcMap 10.4.1 for display and analysis.    
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Metadata  
 

Water Testing 
 

Abstract Water data is taken by The Connecticut Agricultural Experiment Station Invasive 
Aquatic Plant Program (CAES IAPP) in order to document and analyze the water con-
ditions of surveyed aquatic plants in lakes Candlewood, Lillinonah, Zoar, and Squantz 
Pond. Five sample locations were chosen in Candlewood Lake, three locations in 
lakes Lillinonah and Zoar, and one location in Squantz Pond. At least one sample loca-
tion is chosen in the deepest part of the lake and the other are spread out to account 
for diverse conditions. The depth (meters) and Secchi measurement (transparency; 
meters) are taken at each location, along with dissolved oxygen (mg/L) and tempera-
ture (◦C) at 0.5 meters from the surface and one-meter intervals to the bottom. Wa-
ter samples are also taken at the sample location at 0.5-meter from the surface and 
near the water-body bottom. Water samples are assessed in the lab for conductivity 
(µs/cm), pH, alkalinity (expressed as mg/L CaCO3) and 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 con-
ditions in lakes Candlewood, Lillinonah, Zoar and Squantz Pond and correlate with 
surveyed aquatic plants.   

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

tural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) should be clear-
ly cited as the author in any published works. The State of Connecticut shall not be 
held liable for improper or incorrect use of the data described and/or contained with-
in this web site. These data and related graphics are not legal documents and are not 
for use as such. The information contained in these data is dynamic and will change 
over time. The State of Connecticut gives no warranty, expressed or implied, as to 
the accuracy, reliability, or completeness of these data. It is the responsibility of the 
data user to use the data appropriately and consistent within these limitations. Alt-
hough these data have been processed successfully on a computer system used by 
the State of Connecticut, no warranty expressed or implied is made regarding the 
utility of the data on another system or for general or scientific purposes, nor shall 
the act of distribution constitute any such warranty. This disclaimer applies both to 
individual use of the data and aggregate use with other data. 

Use  
Constraints No restrictions or legal prerequisites for using the data. The data is suitable for use at 

appropriate scale, and is not intended for maps printed at scales greater or more de-
tailed than 1:24,000 scale (1 inch = 2,000 feet). Although this data set has been used 
by the State of Connecticut, The Connecticut Agricultural Experiment Station, no war-
ranty, expressed or implied, is made by the State of Connecticut, Connecticut Agricul-
tural Experiment Station as to the accuracy of the data and or related materials. The 
act of distribution shall not constitute any such warranty, and no responsibility is as-
sumed by the State of Connecticut, Connecticut Agricultural Experiment Station in 
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the use of these data or related materials. The user assumes the entire risk related to 
the use of these data. Once the data is distributed to the user, modifications made to 
the data by the user should be noted in the metadata. When printing this data on a 
map or using it in a software application, analysis, or report, please acknowledge the 
Connecticut Agricultural Experiment Station Invasive Aquatic Plant Program (CAES 
IAPP) as the source for this information.  

 
Credit Gregory J. Bugbee and Summer E. Stebbins, The Connecticut Agricultural Experiment 

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

markers (meters), using the same method each time.  Dissolved oxygen and temper-
ature were taken in the field with a YSI 58 meter (YSI Incorporated, Yellow Springs, 
Ohio, USA) that was calibrated every time it was used.  Water samples were stored at 
3˚ C until analyzed for pH, alkalinity, conductivity and total phosphorus.  Conductivity 
and pH were measured with a Fisher-Accumet AR20 meter (Fisher Scientific Interna-
tional Incorporated, Hampton, New Hampshire, USA), which was calibrated each 
time it was used.  Alkalinity was quantified by titration and expressed as milligrams of 
CaCO3 per liter (titrant was 0.08 mol/L H2SO4 with an end point of pH 4.5).  The total 
phosphorus analysis was conducted on samples that were acidified with three drops 
of concentrated H2SO4, and consisted of the ascorbic acid method and potassium 
persulfate digestion outlined by the American Public Health Association (Standard 
Methods of the Examination of Water and Waste Water, 1995). 

GPS 
Accuracy Positions were acquired by using a Trimble GeoXT®, Trimble ProXT®, Trimble R1 

GNSS® with TerraSync 2.40 or 5.02 (WAAS enabled).  Data was post-processed in the 
lab with Pathfinder Office 5.85 with data from local base stations.  Therefore, the av-
erage accuracy of the data is less than 1m. 

Process 
Description Position data was obtained in the field using a Trimble GeoXT®, Trimble ProXT®, Trim-

ble R1 GNSS®with TerraSync 2.40 or 5.02 (WAAS enabled).  Data was post-processed 
in the lab with Pathfinder Office 5.85 with data from local base stations and then im-
ported into ESRI ArcMap 10.4.1 for display and analysis. 
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Invasive Aquatic Plant Location Data 
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Transect Data 
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