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The Connecticut Agricultural Experiment Station was founded in 1875. It is chartered by the General Assembly to make 

scientific inquiries and conduct experiments regarding plants and their pests, insects, soil and water, and to perform analyses 

for state agencies. Station laboratories are in New Haven and Windsor, and research farms in Hamden and Griswold.

The Connecticut Agricultural Experiment Station (CAES) prohibits discrimination in all of its programs and activities on the 
basis of race, color, ancestry, national origin, sex, religious creed, age, political beliefs, sexual orientation, criminal conviction 
record, genetic information, learning disability, present or past history of mental disorder, mental retardation or physical disa-
bility including but not limited to blindness, or marital or family status. 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. CAES is 
an affirmative action/equal opportunity provider and employer. Persons with disabilities who require alternate means of com-
munication of program information should contact the Chief of Services at (203) 974-8442 (voice); (203) 974-8502 (FAX); 
or Michael.Last@ct.gov (E-mail).
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Introduction:

Lakes Candlewood and Zoar are impoundments managed by FirstLight Power Resources Services, LLC for hydroelectric 

generation. In addition to providing electricity, these water bodies are among the State’s premier recreational lakes. 

Candlewood is the state’s largest lake (5086 acres) and Zoar is the sixth largest (919 acres) (CT DEP, 2009). Invasive 

species represent severe ecological and economic threats (Wilcove et al. 1998, Pimintel et al. 2000). Because invasive 

species are not native, they have few natural enemies. Their dramatic growth rates can clog water intakes, decrease 

recreational opportunities, reduce local real estate values and alter native plant communities (Connecticut Aquatic Nuisance 

Species Working Group, 2006, Fishman et al. 1998). Currently, invasive aquatic plants are found in approximately two-

thirds of Connecticut’s lakes and ponds (CAES IAPP, 2009). This report represents the second year of the Connecticut 

Agricultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) surveillance of Lakes Candlewood and 

Zoar. Background information on these lakes was detailed in the CAES IAPP 2007 report (Bugbee et al. 2008). It is 

suggested readers not familiar with previous work on these lakes refer to this publication.

CAES IAPP studies from 2005 - 2007 found lakes Candlewood and Zoar had similar plant communities with 16 and 18 

species respectively (Bugbee et al. 2008). Ten of the plant species occurred in both lakes. Species richness (number of 

species in a lake) is one indicator of the overall health of a plant community. Capers et al. (2007) suggest that lakes with high

native species richness, combined with high density, may provide resistance to colonization by invasive species. When the 

native species density is low, this effect diminishes. Lakes Candlewood and Zoar fell in the middle for species richness when

compared to other Connecticut lakes and ponds (CAES IAPP, 2009). Three aquatic plant species in Candlewood were 

invasive: Myriophyllum spicatum (Eurasian water milfoil), Najas minor (Minor naiad) and Potamogeton crispus (curly leaf 

pondweed). Lake Zoar contained the same three invasive species with the addition of a small area of a fourth: Marsilea 

quadrifolia (European water clover). M. spicatum covered the largest area in both lakes in 2007 followed by N. minor and 

P. crispus. P. crispus may be underestimated because it dies back during our summer survey period. Native plant resistance 

will limit further spread of invasive plants, as well as areas of unoccupied habitat, nutrients and management practices. M. 

spicatum is managed in Lake Candlewood by drawdown and occasional hand-harvesting (Tarsi, 2006) while in  Lake Zoar 

M. spicatum is controlled solely by mechanical removal.

The following report fulfills the Federal Energy Regulatory Commission (FERC) Article 409 requirement for annual 

invasive aquatic plant monitoring for Lakes Candlewood and Zoar (Northeast Generating Company, 2005). This report 

includes modifications based on FERC review of the CAES IAPP 2007 monitoring report (FERC, 2008). The modifications 

include greater year-to-year consistency, data on mean stand size and determination of the total area of each lake covered by 

each invasive plant.
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Objectives:

Survey and map the invasive aquatic plants in Lakes Candlewood and Zoar to fulfill the FERC nuisance plant monitoring 

requirement in Article 409. Follow CAES IAPP lake survey protocol with the addition of georeferenced points or polygons 

for all invasive plant locations.

Materials and Methods:

We conducted surveys according to established methods (CAES IAPP, 2009) from motorized boats, from late June through 

September.  We moved slowly through the littoral zone, recording invasive plants with a Trimble® global positioning 

system (GPS; accuracy <1 meters). If plants were in distinct patches, they were circumnavigated forming a polygon (Selsky 

et al. 2006). These areas are called a “patch” in this report. We recorded patches less than one square meter using a “point” 

feature and assigned the point an area of 0.0002 acres (1m2). For final area, abundance, data analysis, etc. all points were 

considered patches.  We then measured depth within these areas by rake handle, drop line or digital depth finder. To 

positively identify plants, we obtained samples from water less than three meters deep by hand or with a long-handled rake. 

In deeper water, we obtained plants with a grapple attached to a rope. When field identification was questionable, we 

brought samples back to the lab for review using the taxonomy of Crow and Hellquist (2000a, 2000b). In 2005, CAES 

IAPP obtained polygons around the Eurasian milfoil, in the New Milford arm of Lake Candlewood while the remainder of 

the lake was completed in 2006. We obtained polygons for the entire lake again in 2007 to fulfill the Federal Energy 

Regulatory Commission (FERC) requirement for annual invasive aquatic plant monitoring (Bugbee et al. 2008). The 2005-

2006 and 2007 data are compared with information in this report. Polygons are located with latitude and longitude 

coordinates (see appendix) that are the calculated center (centroid). Because polygons are irregular and sometimes cover 

long distances, the centroid is sometimes located outside the patch.  After the field season, we post-processed and imported 

the GPS data obtained by Trimble® GPS into ArcGIS® 9.2 (ESRI, Redlands, CA), where it was further geo-corrected.  We 

calculated the areas of the patches with the XTools Pro tool and overlaid the data on 2006 United States Department of 

Agriculture (USDA) National Agriculture Imagery Program (NAIP) Connecticut aerial photos in order to show invasive 

species locations in relation to actual shoreline conditions.

We collected quantitative abundance information on invasive aquatic plants by using our established transect protocol 

(CAES IAPP, 2009). We positioned transects perpendicular to the shoreline and recorded the abundance of each species 

found within a 2 m² area at 0, 5, 10, 20, 30, 40, 50, 60, 70 and 80 m from the shore (a total of 10 points on each transect 

unless impaired by rocks, land etc.). A minimum of one transect (10 sampling points) was established for every 100 acres of 

surface area for Lake Candlewood in 2005 (105 transects) and Lake Zoar in 2007 (10 transects). We positioned these 

transects using a random-representative method to account for all bottom types and plant conditions. In 2008, we reduced 

the transect number to 10 in Lake Candlewood to keep the workload within the scope of this study. We did not use a 

random-representative method but rather chose transects that included at least one occurrence of each native and invasive 

plant species found by CAES IAPP in 2005. We felt this would give the best year-to-year information on changes in 

native/invasive plant populations particularly when added to our annual survey of Lake Candlewood for invasive species. 
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Lake Candlewood transects, T2, T22, T25, T52, T57, T58, T62, T74, T86, and T105, from the CAES IAPP 2005 survey 

(Bugbee et al. 2008), were chosen and renamed T1 - T10 respectively (See Lake Candlewood Maps 1- 9 in this report.) We 

must stress that these transects do not represent the overall conditions of Lake Candlewood as the frequency of native 

species will be over-estimated (see Table 1, 2005 frequency of occurrence in parenthesis). We ranked abundance of each 

species on a scale of 1–5 (1 = single stem; 2 = few stems; 3 = common; 4 = abundant; 5 = extremely abundant). The Lake 

Candlewood invasive aquatic plant survey occurred from July 18 - August 20, the transect data were obtained from 

September 4 – 12 (appendix). Lake Zoar was surveyed for invasive plant from August 20 - October 8 and transects were 

quantified on August 20 and 21. A total of 18 “on-water” days were needed for Lake Candlewood and 26 days were 

necessary for Lake Zoar.

Using a YSI® 58 meter (YSI Inc., Yellow Springs, Ohio), we measured water temperature and dissolved oxygen at a depth 

of 0.5 m and at 1 m intervals to the bottom of the deepest areas of each lake as determined by CT Department of 

Environmental Protection lake bathymetry maps (CT DEP, 2009). Samples were taken from Lake Candlewood on 

September 4 and Lake Zoar on September 19. We took water samples from 0.5 m below the surface and near the bottom. 

Using a Secchi disk, we measured transparency. We stored water samples at 3 degrees Celsius until they were analyzed for 

pH, alkalinity, conductivity and total phosphorus. We measured conductivity and pH with a Fisher-Accumet® AR20 meter 

(Fisher Scientific International Inc., Hampton, NH) and quantified alkalinity by titration with 0.16N H2SO4 to a pH 4.5 end 

point (expressed as mg/l CaCO3). Finally, we analyzed total phosphorus by the ascorbic acid method with 

potassiumpersulfate digestion (American Public Health Association, 1995).

Frequency of Occurrence Area 
 (percent **)             (acres) 

Scientific Name Common Name Abbrev. 2005 2008 2005/2006 2007 2008
Callitriche sp. Water starwort CalSp 1.0 0.0    ND*** ND ND
Ceratophyllum demersum Coontail CerDem 3.1 33.3 ND ND ND
Elatine sp. Waterwort ElaSp 0.0 1.0 ND ND ND
Elodea nuttallii Waterweed EloNut 4.2 0.0 ND ND ND
Lemna minor Duckweed LemMin 2.1 6.3 ND ND ND
Myriophyllum spicatum* Eurasian watermilfoil MyrSpi 51.0 79.2 275 221 451
Najas flexilis Nodding waternymph NajFle 7.3 1.0 ND ND ND
Najas minor* Brittle waternymph NajMin 12.5 6.3 ND 11.8 10.5
Nymphaea odorata White water lily NymOdo 1.0 1.0 ND ND ND
Potamogeton bicupulatus Snailseed pondweed PotBic 0.0 1.0 ND ND ND
Potamogeton crispus* Curly leaf pondweed PotCri 13.5 1.0 ND 0.1 0.1
Potamogeton foliosus Leafy pondweed PotFol 3.1 0.0 ND ND ND
Potamogeton gramineus Variable leaf pondweed PotGra 2.1 0.0 ND ND ND
Potamogeton pusillus Small Pondweed PotPus 3.1 1.0 ND ND ND
Potamogeton perfoliatus Clasping leaf pondweed PotPer 1.0 2.1 ND ND ND
Spirodela polyrhiza Great duckweed SpiPol 1.0 0.0 ND ND ND
Stuckinia pectinatus Sago pondweed StuPec 6.3 1.0 ND ND ND
Vallisneria americana Eel grass ValAme 2.1 2.1 ND ND ND
Zannichellia palustrus Horned pondweed ZanPal 11.5 3.1 ND ND ND

*Invasive plant
** Percent occurrence on  96 points in 10 transects 
***Not determined

Table 1. Comparison of frequency of occurrence of native and invasive plants on ten reference 
transects and total area of invasive species in Candlewood Lake.
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Results and Discussion:

Lake Candlewood:

We found the same three invasive species in 2008 as in 2005 and 2007: Myriophyllum spicatum, Najas minor and 

Potamogeton crispus. Myriophyllum spicatum occurred far more frequently on the ten reference transects and covered 

considerably more area than any other plant in Lake Candlewood (Table 1). Its frequency of occurrence, on the transects, 

increased from 51% in 2005 to 79.2% in 2008 and its coverage increased from 275 acres (5.4% of the lake) in 2005/2006 

and 221 acres (4.3%) in 2007 to 451 acres (8.9%) in 2008.   Najas minor on transects declined from 12. 5% in 2005 to 

6.3% in 2008 while Potamogeton crispus declined from 13.5% in 2005 to 1.0% in 2008. The coverage of these species

remained nearly the same, from 2007 to 2008, with N. minor covering 11.8 acres (0.23% of the lake) in 2007 and 10.5 acres 

(0.21%) in 2008. P. crispus covered 0.1 acres (0.002%) in both years. Species richness of the native plant community, as 

found on the reference transects, was reduced from 17 in 2005 to 13 in 2008. Native species not found on transects were 

Callitriche sp., Elodea nuttallii, Potamogeton foliosus, Potamogeton gramineus, and Spirodela polyrhiza. Found on 

transects in 2008 but not in 2005 was Potamogeton bicupulatus. Discrepancies in species richness can be the result of 

natural variability and management factors such as drawdown or imperfections in survey technique. There were differences 

between 2007 and 2008 in the number and size of invasive plant patches (Table 2) as well as their mean abundance (Table 

3). We found more patches of milfoil in 2007 compared to 2008 (489 vs. 469), however, the mean patch size in 2007 was 

only 0.45 acres compared to 0.96 acres in 2008. This suggests that the coalescence of patches was greater than the number 

of new patches. Maximum patch size showed a modest increase from 24.9 acres in 2007 to 28.1 acres in 2008. Minimum 

patch size of M. spicatum did not change as the 0.0002 areas equal the smallest area recorded for a single plant (a point). 

Mean patch number for Najas minor decreased from 31 in 2007 to 26 in 2008 while its mean patch size increased slightly 

from 0.38 to 0.40 acres. In 2008, P. crispus was found in five sites compared to only one site in 2007. The 2008 patches of 

Table 2. Comparisons of invasive plant patch number and size between 2007 
and 2008 in Candlewood Lake.  Patch Size (acres)

2007 2008
Scientific Name Common Name Number* (min) (max) (mean) Number (min) (max) (mean) 
Myriophyllum spicatum Eurasian watermilfoil 489 0.0002 24.9 0.45 469 0.0002 28.1 0.96
Najas minor Brittle waternymph 31 0.0003 4.99 0.38 26 0.0006 5.46 0.40
Potamogeton crispus Curly leaf pondweed 1 0.07 0.07 0.07 5 0.0002 0.10 0.03

*Total number of patches of each species in lake. 

Table 3. Comparison of invasive patch abundance between 2007 and 2008 in 
Candlewood Lake.     Patch Abundance (1=sparse - 5=dense)

2007 2008
Scientific Name Common Name (min) (max) (mean) (min) (max) (mean) 
Myriophyllum spicatum Eurasian watermilfoil 1 5 2.9 1 5 3.0
Najas minor Brittle waternymph 1 4 2.1 2 4 1.5
Potamogeton crispus Curly leaf pondweed 2 2 2.0 1 1 1.0
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P. crispus tended to be smaller than in 2007 (0.03 vs. 0.07 acres). The mean, minimum and maximum abundance of all 

three invasive species changed little from 2007 to 2008 (Table 3).

We found the depth preferences of invasive species changed from 2007 to 2008 (Figure 1). Because the milfoil often 

occurred with no clear demarcations from shallow to deep water in 2008, the depth categories had to be expanded from four 

to nine. This makes comparing the years less precise, but it was necessary to accurately reflect actual lake conditions. In 

2007 we found the greatest area of M. spicatum (182 acres, 82.6% of the total) in 3-5 meters of water, while in 2008 this 

shifted to 375 acres (83.0%) in 1- 4 meters of water. Changes in drawdown practices from 2007 to 2008 are the likely cause 

of these differences and will be discussed later in this report.

Figure 1. Depth preferences of invasive plants in Lake Candlewood in 2007 and 
2008.

Figure 2. Typical line of M. spicatum in found at a 3 - 5 meters depth in 2007
(left) compared to a more general patch found at a depth of 1 - 4 meters in 2008 
(right).
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In 2007, distinct lines of M. spicatum followed the three-meter depth contour and rapidly decreased at a depth of five-meters 

(Figure 2, left), while in 2008, the milfoil encroached in the shallower depths (Figure 2, right). Water clarity and the 

associated light restriction at depths of greater than 5 meters is the likely cause for M. spicatum to be absent at greater 

depths. Water clarity as measured with a Secchi disk ranged between 2 and 3 meters throughout the summer (Table 7 and 

data that are not shown). N. minor and P. crispus generally were found at depths of less than 2 meters in both years. The 

restriction of N. minor to shallow water is likely because it rarely grows more than 1 m in height and becomes light-limited 

at deeper depths. Also, it is an annual that reproduces from seed each year that may prefer the shallower, quiescent coves. P.

crispus senesces in the summer months (Catling and Dobson, 1985), thus a considerable amount of this plant may no have 

been observed during our summer surveys.

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

weather conditions during the drawdown. Effective drawdowns must expose the plant roots to drying or freezing conditions 

for a sufficient length of time. The exact length of time is poorly understood. In 2007, the winter drawdown was 

approximately nine feet and the bottom was exposed for a relatively long period from mid-January to mid February (Figure 

3) (Marsicano, 2009). Weather conditions must have been favorable as this apparently caused the near elimination of M. 

spicatum at the 0 – 3 meter depths. In 2008, a shallower drawdown of 3 feet started in mid-December and lasted until mid-

February. This shallower drawdown was not effective in preventing large-scale reinfestation of M. spicatum into the 

shallower depths. Some of the drawdown differences could result from unfavorable weather conditions as well.  Locations 

of the three invasive plant species are shown on Lake Candlewood maps 1-9.  Some of the largest areas of M. spicatum 

occurred in the shoal area south of Holiday Point (map 1), the southeast side of Deer Island (map 3), in Shelter Harbor (map 

3), Echo Bay (Lake Candlewood, map 8), Lattins Cove (map 8), and southern Danbury Bay (map 9). We found N. minor

mainly in the shallow areas of Allen’s Cove (map 1), Shelter Harbor (map 3), and Lattins Cove (map 8). Close-up 2007 and 

2008 comparisons of Allen’s Cove (Figure 4) and Echo Bay (Figure 5) clearly illustrate the expansion in shallow areas that 

accounts for much of the increase of M. spicatum.

Figure 3. Depth and duration of drawdown from 2004 -2008 in Lake Candlewood.

Marsicano, 2009
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Lake Zoar:

The 2008 CAES IAPP survey of Lake Zoar re-confirmed the presence of the four invasive plant species we found in 2007; 

Myriophyllum spicatum, Marsilea quadrifolia, Najas minor and Potamogeton crispus. The most prevalent invasive aquatic 

plant was M. spicatum: covering 70.2 acres (Table 4) or 7.6 percent of the lake’s surface area. This is up slightly from the 

62.6 acres (6.8%) found in 2007. M. spicatum occurred in 37 percent of the transect points in 2008 compared to 35 percent 

in 2007. By contrast, the most prevalent native species, Vallisneria americana, occurred at only 6 percent of the transect 

point locations in 2008 compared to 8 percent in 2007. Although M. spicatum could be found in most sections of the lake, it 

Table 4. Comparison of frequency of occurrence of invasive plants on transects 
and the total area of invasive plants in Lake Zoar.

Frequency of Occurrence                   Area 
 (percent **)                             (acres) 

Scientific Name Common Name Abbrev. 2007 2008 2007 2008
Ceratophyllum demersum Coontail CerDem 3.0 4.0     ND*** ND
Elodea nuttallii Waterweed EloNut 6.0 7.0 ND ND
Isoetes species Quillwort IsoSp 0.0 0.0 ND ND
Marsilea quadrifolia* European waterclover MarQua 0.0 0.0 <0.1 0.2
Myriophyllum spicatum* Eurasian watermilfoil MyrSpi 35.0 37.0 62.6 70.2
Najas flexilis Nodding waternymph NajFle 2.0 1.0 ND ND
Najas minor* Brittle waternymph NajMin 18.0 18.0 32.5 12.8
Potamogeton crispus* Curly leaf pondweed PotCri 6.0 10.0 20.8 4.3
Potamogeton epihydrus Ribbon leaf pondweed PotEpi 0.0 0.0 ND ND
Potamogeton foliosus Leafy pondweed PotFol 2.0 0.0 ND ND
Potamogeton natans Floating leaf pondweed PotNat 0.0 0.0 ND ND
Potamogeton nodosus Long leaf pondweed PotNod 0.0 0.0 ND ND
Potamogeton perfoliatus Clasping leaf pondweed PotPer 0.0 0.0 ND ND
Potamogeton pusillus Small Pondweed PotPus 0.0 0.0 ND ND
Sagitaria species Arrowhead SagSp 0.0 0.0 ND ND
Stuckinia pectinatus Sago pondweed StuPec 3.0 0.0 ND ND
Vallisneria americana Eel grass ValAme 8.0 6.0 ND ND
Zosterella dubia Water stargrass ZosDub 1.0 1.0 ND ND

*Invasive plant
** Percent occurrence on  100 points in 10 transects 
***Not determined

Figure 5. Depth preferences of invasive plants in Lake Zoar in 2007 and 2008.
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was most prevalent in the northern end and just south of the Route 84 Bridge (Lake Zoar maps 1 and 2). Najas minor

covered 12.8 acres (1.4% of the lake) in 2008, which is a decrease from 32.5 acres (3.5%) in 2007. N. minor occupied 18 

percent of the transect points in 2008 which was identical to 2007.  It was most prevalent north of transect three (T3, Lake 

Zoar map 1) and just southeast of the Route 84 bridge. The coverage of P. crispus in 2008 was only 4.3 acres (0.5%) 

compared to 20.8 acres (2.3%) in 2007. This reduction was not reflected in the frequency of occurrence on the transects,

which increased from 6 percent in 2007 to 10 percent in 2008. The most extensive areas of P. crispus were located in two 

coves just north of transect three (T3, map 1). M. quadrifolia was found in only one shallow cove, on the northwest side of 

the lake (Lake Zoar, map 1). More effort was exerted in mapping this plant in 2008 as the surveyors left the boat and walked 

through the mucky shallows to determine its area. The area increased from less than 0.1 acres in 2007 to 0.2 acres in 2008 

probably because of this more thorough survey. M. quadrifolia did not occur at any transect points. 

The depth preference of M. spicatum changed little between 2007 and 2008. In 2008, we found 45 acres in 0-1 meters of 

water and the remainder (25.2 acres) in 1-3 meters of water (Figure 5). N. minor was often found in the same areas as M. 

spicatum particularly at depths of 1-3 meters. In 2008, 12.3 acres (96.1 %) of the N. minor occurred at a depth of 0-1 meters 

and only 0.5 acres (3.9%) occurring at a depth of 1-3 meters. This compares to 2007 when 16.3 acres (50.3 %) occurred at 

a depth of 0-1 meters and 16.1 acres (49.7 %) occurring at a depth of 1-3 meters. The reduction of N. minor at 1-3 meter 

depth in 2008 accounts for most of its decrease and could be related to greater water flow. We found P. crispus preferred 

both the 0-1 and 1-3 meter depths in 2007 and 2008 although the acreage in 2008 was much-reduced. We found M. 

quadrifolia exclusively in water 0-1 meters deep in both years and sometimes this plant took on wetland characteristics by 

growing out of the water in wet sediment. This could result from fluctuating water levels in Lake Zoar.

We found more patches of M. spicatum in 2008 compared to 2007 (309 vs. 252), however, the mean patch size declined 

slightly from 0.23 to 0.25 acres (Table 5). Maximum patch size of M. spicatum declined in 2008 to 19.8 acres from 26.5 

acres in 2007. Minimum patch size of M. spicatum did not change as the 0.0002 areas equal the smallest area recorded for a 

single plant (a point). Mean patch number for Najas minor increased in 2008 to 130 from 103 in 2007. The coverage of 

Najas minor increased from 0.32 acres in 2007 to 0.99 acres in 2008. The number of P. crispus patches increased 

dramatically from 49 in 2007 to 211 in 2008, however, the patches were much smaller with a mean acreage of 0.42 in 2007 

versus 0.2 acres in 2008.  Marsilea quadrifolia patch number and size increased because of a more thorough survey as 

discussed previously in this report. The mean, minimum and maximum abundance of all invasive species changed little from 

2007 to 2008 with the exception of N. minor that dropped from a mean abundance of 3.5 in 2007 to 2.1 in 2008 (Table 6).
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Changes in the abundance of native plants were not dramatic from 2007 to 2008. Figure 6 shows the percent of transect 

points where the abundance of the native plants, Ceratophyllum demersum, Elodea nuttallii, Najas flexilis and Vallisneria 

americana, declined, increased or stayed the same in 2008 compared to 2007. At least 78 percent of the transect points had 

no change in species abundance. Increases and decreases in abundance were similar in all species except for Elodea nuttallii

where 16 percent of the transect points had declines compared to only 6 percent with increases. Even this change in 

abundance can be considered minimal given natural variability in plant ecosystems from year to year. 

Table 6. Comparisons of the abundance of invasive species between 2007 and 2008 in 
Lake Zoar.     Patch Abundance (1=sparse - 5=dense)

2007 2008
Scientific Name Common Name (min) (max) (mean) (min) (max) (mean) 
Marsilea quadrifolia European waterclover 3 4 3.5 2 4 3.1
Myriophyllum spicatum Eurasian watermilfoil 1 4 1.8 1 4 2.3
Najas minor Brittle waternymph 1 5 3.5 1 4 2.1
Potamogeton crispus Curly leaf pondweed 1 4 1.8 1 4 1.9

Table 5. Comparisons of invasive patch number and size (includes points) between 2007 
and 2008 in Lake Zoar.

 Patch Size (acres)
2007 2008

Scientific Name Common Name Number* (min) (max) (mean) Number (min) (max) (mean) 
Marsilea quadrifolia European waterclover 2 0.0002 0.0002 0.0002 14 0.0002 0.05 0.01
Myriophyllum spicatum Eurasian watermilfoil 252 0.0002 26.5 0.25 309 0.0002 19.8 0.23
Najas minor Brittle waternymph 103 0.0002 11.4 0.32 130 0.0002 4.2 0.99
Potamogeton crispus Curly leaf pondweed 49 0.0002 9.4 0.42 211 0.0002 1.40 0.02

*Total number of points and patches of each species in lake. 
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Mechanical harvesting of M. spicatum may have influenced our findings for both native and invasive plants. Mechanical 

harvesting was able to effectively shorten aquatic plants in Lake Zoar, but seemed to be unable to operate in less than four 

feet of water where the invasive plants, especially N. minor, were most prevalent. In addition, increased water velocity, 

caused by dam releases and natural flow, forced plants to lie flat on the sediment where they were sometimes difficult to see 

from the surface. Surveyors also reported algal blooms in Lake Zoar, which affected their ability to locate invasive aquatic 

plants. Lake Zoar had some very shallow areas that were inaccessible by boat where invasive aquatic plants may have 

occurred.

Documentation of the effectiveness of the harvesting program could help in future decisions on where and when to utilize 

this invasive plant management technique. Officials from Lake Zoar supplied us with GPS data on the “weed cutter paths” 

but these data were not usable at the time of this writing.

Figure 6. Changes in the abundance of four native species on transect points in 
Lake Zoar from 2007 to 2008.

= No Change
= Increase

= Decline
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Comparison of Native and Invasive Plant Communities:

The number of plant species found (species richness) in Lakes Candlewood and Zoar are quite similar. Our surveys from 

2005 – 2008 have documented 19 species in Lake Candlewood (Table 1) and 18 species in Lake Zoar (Table 4). These 

species richness values are average for CT lakes and ponds, which range from a low of 2 species to a high of 28 (Capers et 

al. 2007). Species richness and density of native species (loosely related to frequency), are an indicator of the overall health 

of a plant community. Lakes with high native species richness combined with high density may provide resistance to coloni-

zation by invasive species (Capers et al., 2007). We found the invasive species Myriophyllum spicatum and Najas minor the 

most frequently occurring species in both lakes. A small population of the invasive Marsilea quadrifolia was located in 

Lake Zoar. The make-up of the invasive species population differs between the two lakes (Figure 7). In Candlewood Lake,

Figure 7. Make-up of invasive plant populations in Lakes Candlewood and Zoar 
in 2008.

Table 7. Water chemistry in Lakes Candlewood and Zoar in 2008.

Depth Transparency Conductivity Alkalinity Total P
Lake Site Date Latitude Longitude (m) Secchi(m) uS/L pH CaCO3(mg/L) (ug/L)

Candlewood W1 9/4/2008 41.53393 -73.44444 0.5 2.5 132 7.6 53.3 < 2
12.0 144 6.3 59.3 21.0

W2 9/4/2008 41.49314 -73.44727 0.5 2.3 127 7.8 48.0 8.0
9.00 128 6.6 53.3 28.0

W3 9/4/2008 41.5533 -73.47377 0.5 2.3 143 7.4 49.5 < 2
9.00 163 6.8 59.3 22.0

W4 9/4/2008 41.43564 -73.45605 0.50 2 141 8.0 43.3 2.0
10.0 162 6.9 55.5 88.0

W5 9/4/2008 41.45838 -73.43743 0.5 2.1 145 7.3 46.5 2.0
11.0 169 6.9 57.0 79.0

Zoar W1 9/19/2008 41.42969 -73.22094 0.5 1.9 187 7.6 69.0 12.0
8.0 184 7.3 66.0 11.0

W2 9/19/2008 41.38765 -73.17906 0.5 2 181 7.7 69.8 11.0
15.0 183 7.4 67.5 20.0

W3 9/19/2008 41.45286 -73.27981 0.5 2.5 194 7.7 72.0 9.0
3.0 195 7.6 73.5 20.0
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98 percent of the total invasive species area is composed of M. spicatum while in Lake Zoar this drops to 80 percent. N.

minor makes up only 2 percent of the acreage of invasive plants in Lake Candlewood compared to 15 percent in Lake Zoar. 

This is probably caused by the drawdowns in Lake Candlewood controlling some of the N. minor, however, N. minor 

spreads seeds that are somewhat drawdown resistant (Siver et al. 1986). Potamogeton crispus occurs in both lakes but its 

make-up was probably not completely accounted for as it senesced during our survey period.
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Historical data from 1979 -1982 (CT DEP, 1983) show 13 plant species present in Lake Candlewood, however, only Cera-

tophyllum demersum, Elatine sp.(found in 2008), Myriophyllum spicatum, Najas flexiliis, Potamogeton gramineus, and 

Vallisneria americana are found today. Plant species found by the CT DEP (1983) study but not found in this study were 

Myriophyllum brasiliense (parrot feather, species now called aquaticum), Myriophyllum exalbesens (northern water-milfoil, 

possibly misidentified, species now called sibiricum), Potamogeton robbinsii (Robins pondweed), and Potamogeton rich-

ardsonii (Richardson's pondweed).

Comparisons of Water Chemistry:

Water chemistry can affect the type and abundance of plant species in lakes. For instance, M. spicatum, P. crispus and N. 

minor are most common in water bodies in western Connecticut that have moderate to high alkalinity (CAES IAPP, 2009, 

Capers et al. 2005). Less is known about the water chemistry preferences of M. quadrifolia, as it has been found in only a 

few water bodies statewide. Because water chemistry changes during the year and our samples came from only one day, our 

results (Table 7) may not be representative of conditions at other times. The transparency of Lake Candlewood on 9/4/2009 

ranged from 2 -2.5 meters with a mean of 2.2 meters. We tested the same locations on August 16, 2007 and obtained a range 

from 2.8 to 3.3 meters with a mean of 3.1 meters. Lake Zoar’s transparency was similar to Candlewood’s in 2008 with a 

range from 1.9 to 2.5 meters and a mean of 2.1 meters. Transparency in Connecticut’s lakes ranges from 0.4 to 10 meters 

with a mean of 2.4 meters (CAES IAPP, 2009). The mean conductivity of the Lake Candlewood at the surface was 138 

us/cm compared 153 us/cm at the bottom.  Lake Zoar had slightly higher conductivities of 187 us/cm at both the surface and 

the bottom. Conductivity is an indicator of overall dissolved ions that can come from natural sources, man-made nutrients 

(fertilizers, septic systems etc.), aerial deposition and road salt. There was little difference in conductivity between surface

and bottom samples. In the early 1990’s, the conductivity of Lake Candlewood ranged between 176 and 187 us/cm 

(Canavan and Siver, 1995) indicating that little change had occurred. Differences between surface and bottom water in Lake 

Candlewood result from the stratification shown in the temperature and dissolved oxygen profiles (Figure 8). Lake Zoar 

exhibited no stratification probably due to mixing caused by the rapid flow rate we observed. 
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The surface water pH of both lakes was slightly alkaline (pH <7 acidic, pH >7 alkaline) falling within a narrow range of 7.3 

to 8.0. The stratified bottom water in Lake Candlewood was more acidic ranging from 6.3 to 6.9. A higher pH in the surface 

is often caused by mid-day removal of carbonic acid by actively photosynthesizing algae (Wetzel, 2001). Alkalinity is 

generally considered a better indicator than pH for determining the potential for a lake to acidify because it is a measure of

the water’s buffering capacity. The lower the alkalinity, the more susceptible water is to acidification. Lake Candlewood had 

lower alkalinity (mean surface = 48.1 mg/L CaCO3, mean bottom = 56.9) than Lake Zoar (mean surface = 70.3 mg/L 

CaCO3, mean bottom = 69.0). The small difference in the surface and bottom water in Zoar is likely because of the lack of 

stratification caused by mixing. Alkalinities in Connecticut lakes range from near 0 to greater than 100 mg/L CaCO3 (CAES 

IAPP, 2009, Canavan and Siver, 1995, Frink and Norvell, 1984). The alkalinities found in Candlewood, and Zoar would be 

considered in the medium to medium-high portion of this range and capable of supporting healthy populations of M. 

spicatum and P. crispus.

A prime indicator of a lake’s ability to support algae and a key indicator of a lake’s trophic state is phosphorus (P) (Frink 

and Norvell, 1984, Wetzel, 2001). Rooted macrophytes are considered less dependent 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 between 0 and 

10 ug/L are considered nutrient-poor or oligotrophic. When P concentrations reach 15-25 ug/L lakes are classified as 

moderately fertile or mesotrophic, and when P levels reach 30-50 ug/L, they are deemed fertile or eutrophic (Frink and 

Norvell, 1984).  P concentrations in Lake Candlewood and Zoar were both depth-dependent. The P concentration in Lake 

Candlewood’s surface water was extremely low, ranging from <2 (detection limit) to 8 ug/L with a mean of <2 ug/L. 

Bottom P in Candlewood was considerably higher, ranging from 21 – 88 ug/L with a mean of 48 ug/L. This partitioning of 

P between the epilimnion (surface) and hypolimnion (bottom) is common in the summer as anoxic conditions near the 

bottom (Figure 8) release P from the sediment (Norvell, 1974). The water soluble P has difficulty mixing upwards because 

of temperature related differences (Figure 8) and higher water density. Lake Zoar’s surface water had a considerably higher 

P concentration than Candlewood, ranging from 9 - 12 ug/L with a mean of 11 ug/L. The bottom water P in Lake Zoar was 

also higher than the surface water (11 – 20 ug/L, mean of 17 ug/L). A possible reason for P being higher in Zoar’s bottom 

Figure 8. Water temperature and dissolved oxygen profiles of Lake Candlewood 
(site W1) and Lake Zoar (site W2).
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water is, even though the water is well mixed, P is to adhering to clay that suspends near the bottom because of turbulence. 

Conclusions:

Lakes Candlewood and Zoar have similar plant communities with 19 and 18 total plant species respectively. Invasive 

species dominate the plant communities in both lakes. Myriophyllum spicatum represents 98 percent of the coverage of all 

invasive species in Lake Candlewood and 80 percent of the invasive coverage in Lake Zoar. Najas minor covers the next 

greatest area in both lakes followed by Potamogeton crispus. A small population of Marselia quadrifolia occurs only in 

Lake Zoar. Myriophyllum spicatum coverage, in Lake Candlewood, increased from 221 acres in 2007 to 451 acres in 2008. 

An effective deep drawdown during the winter of 2007 and an ineffective shallow drawdown in 2008 is the likely reason. 

This report, combined with efforts of The Lake Candlewood Authority and others is providing better documentation of the 

current drawdown regime and its effects on the plant community.  Because no large-scale invasive plant control, such as a 

drawdown is used in Lake Zoar, the plant community did not vary greatly from 2007 to 2008. Harvesting of M. spicatum in 

Lake Zoar is the current control measure but is limited to select locations. 
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Appendix:
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Time line:

Candlewood (Lead surveyor) Zoar (Lead surveyor)
6/24/2008(Bugbee) 8/20/2008(Reeps)
7/18/2008(Bugbee) 8/21/2008(Reeps)
7/25/2008(Bugbee) 9/16/2008(Reeps)
7/26/2008(Bugbee) 9/15/2008(Reeps)
7/28/2008(Bugbee) 9/3/2008(Reeps)
7/31/2008(Bugbee) 9/8/2008(Reeps)
8/8/2008 (Bugbee) 8/25/2008(Reeps)
8/9/2008(Bugbee) 8/26/2008(Reeps)
8/13/2008(Bugbee) 8/27/2008(Reeps)
8/14/2008(Bugbee) 8/28/2008(Reeps)
8/15/2008(Bugbee) 9/2/2008(Reeps)
8/16/2008(Bugbee) 9/4/2008(Reeps)
8/18/2008(Bugbee) 9/8/2008(Reeps)
8/19/2008(Bugbee) 9/9/2008(Reeps)
8/20/2008(Bugbee) 9/10/2008(Reeps)
9/4/2008(Bugbee) 9/15/2008(Soufrine)
9/5/2008(Bugbee) 9/16/2008(Soufrine)
9/12/2008(Bugbee) 9/17/2008(Soufrine)

9/19/2008(Bugbee)
9/22/2008(Bugbee)
9/24/2008(Bugbee)
9/29/2008(Reeps)
10/2/2008(Reeps)
10/6/2008(Reeps)
10/7/2008(Reeps)
10/8/2008(Reeps)

18 days 26 days

2008 CAES IAPP On-Lake Time for Lakes Candlewood and Zoar
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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 Candlewood and Zoar 
found during the 2008 aquatic plant survey.  The invasive aquatic plants found during the survey were 
Potamogeton crispus (curly leaf pondweed), Najas minor (minor water naiad), Myriophyllum spicatum
(Eurasian water milfoil) and Marsilea quadrifolia (European water shamrock).  Survey boats with Trim-
ble GPS units traveled 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 fea-
ture was recorded. Depth was at three different locations in patches and the average depth range was as-
signed.  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 and Zoar during
2008.  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 Agricultural Experiment 

Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly cited as the author in any pub-
lished works. The State of Connecticut shall not be held liable for improper or incorrect use of the data 
described and/or contained within this web site. These data and related graphics are not legal documents 
and are not intended to be used as such. The 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 appropri-
ately and consistent within these limitations. Although these data have been processed successfully on a 
computer system at the State of Connecticut, no warranty expressed or implied is made regarding the util-
ity 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 detailed than 1:24,000 scale (1 inch = 
2,000 feet). Although this data set has been used by the State of Connecticut, The Connecticut Agricul-
tural Experiment Station, no warranty, expressed or implied, is made by the State of Connecticut, Con-
necticut Agricultural Experiment Station as to the accuracy of the data and or related materials. The act 
of distribution shall not constitute any such warranty, and no responsibility is assumed by the State of 
Connecticut, Connecticut 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 Agri-
cultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) as the source for this infor-
mation. 

Credit Gregory J. Bugbee and Roslyn Reeps, The Connecticut Agricultural Experiment Station Invasive Aquat-
ic Plant Program (CAES IAPP)

Accuracy
Report All aquatic plants noted in this feature were confirmed in the lab using a dichotomous key and, when 

possible, molecular techniques.  Collection specimens of each plant can be found at The Connecticut Ag-
ricultural 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 2003 with TerraSync 2.40 and WAAS enabled. Data 

was post-processed in the lab with Pathfinder Office 3.1 with data from the Coast Guard reference sta-
tions.  Therefore, the average accuracy of the data is less than 1m.
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Process Data was obtained in the field using a Trimble GeoXT 2003 with TerraSync 2.40 (WAAS enabled).  
Data was post-processed in the lab with Pathfinder Office 3.1 with data from the Coast Guard reference 
stations and then imported into ESRI ArcMap 9.2 for display and analysis.
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Metadata: Transects

Abstract Quantitative abundance information on native and invasive aquatic plants were obtained by using the 
CAES IAPP transect method. We positioned transects perpendicular to the shoreline and recorded GPS 
location and the abundance of each plant species found within a 2 m² area at 0, 5, 10, 20, 30, 40, 50, 60, 
70 and 80 m from the shore (a total of 10 samples on each transect unless impaired by rocks, land etc.). 
Ten transects were established for each lake. Transects were positioned using a random-representative 
method to account for all bottom types and plant conditions in Lake Zoar. In Lake Candlewood, the ran-
dom-representative method was not used.  Instead, transects were chosen that included at least one occur-
rence of each native and invasive plant species found by a more thorough set of transects done by CAES 
IAPP in 2005. Lake Candlewood 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 Lake Candlewood as the frequency of native species will be over-
estimated. We ranked abundance of each species, at each transect point, on a scale of 1–5 (1 = rare, a 
single stem; 2 = uncommon, few stems; 3 = common; 4 = abundant; 5 = extremely abundant or domi-
nant). Depth was measured at each transect point.

Purpose To document and assess the native and invasive aquatic plant community in Lakes Candlewood and Zoar 
during 2008.  This data will also be available to compare with future aquatic plant survey data.

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

Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly cited as the author in any pub-
lished works. The State of Connecticut shall not be held liable for improper or incorrect use of the data 
described and/or contained within this web site. These data and related graphics are not legal documents 
and are not intended to be used as such. The 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 appropri-
ately and consistent within these limitations. Although these data have been processed successfully on a 
computer system at the State of Connecticut, no warranty expressed or implied is made regarding the util-
ity 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 detailed than 1:24,000 scale (1 inch = 
2,000 feet). Although this data set has been used by the State of Connecticut, The Connecticut Agricul-
tural Experiment Station, no warranty, expressed or implied, is made by the State of Connecticut, Con-
necticut Agricultural Experiment Station as to the accuracy of the data and or related materials. The act 
of distribution shall not constitute any such warranty, and no responsibility is assumed by the State of 
Connecticut, Connecticut 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 Agri-
cultural Experiment Station Invasive Aquatic Plant Program (CAES IAPP) as the source for this infor-
mation. 

Credit Gregory J. Bugbee and Roslyn Reeps, The Connecticut Agricultural Experiment Station Invasive Aquat-
ic Plant Program (CAES IAPP)

Accuracy
Report All aquatic plants noted in this feature were confirmed in the lab using a dichotomous key and, when 

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

GPS
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Accuracy Positions were acquired by using a Trimble GeoXT 2003 with TerraSync 2.40 and WAAS enabled. Data 
was post-processed in the lab with Pathfinder Office 3.1 with data from the Coast Guard reference sta-
tions.  Therefore, the average accuracy of the data is less than 1m.

Process Data was obtained in the field using a Trimble GeoXT 2003 with TerraSync 2.40 (WAAS enabled).  
Data was post-processed in the lab with Pathfinder Office 3.1 with data from the Coast Guard reference 
stations and then imported into ESRI ArcMap 9.2 for display and analysis.
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Metadata: Water Testing

Abstract Water data is taken by The Connecticut Agricultural Experiment Station Invasive Aquatic Plant 
Program (CAES IAPP) in order to document and analyze the water conditions of surveyed aquatic 
plants in Lakes Candlewood and Zoar. Five sample locations were chosen in Lake Candlewood 
and three locations in Lake Zoar. At least one sample location 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 

-meter intervals to the bottom. 
Water samples are also taken at the sample location at a 0.5-meter from the surface and near the 
water-body bottom. Water samples are assessed in the lab for conductivity (μs/ms), 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 conditions in Lakes Candle-
wood and Zoar and correlate with surveyed aquatic plants.  

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

iment Station Invasive Aquatic Plant Program (CAES IAPP) should be clearly cited as the author 
in any published works. The State of Connecticut shall not be held liable for improper or incorrect 
use of the data described and/or contained within this web site. These data and related graphics are 
not legal documents and are not for use as such. The information contained in these data is dynam-
ic and will change over time. The State of Connecticut gives no warranty, expressed or implied, as 
to the accuracy, reliability, or completeness of these data. It is the responsibility of the data user to 
use the data appropriately and consistent within these limitations. Although these data have been 
processed successfully on a computer system used by the State of Connecticut, no warranty ex-
pressed or implied is made regarding the utility of the data on another system or for general or sci-
entific purposes, nor shall the act of distribution constitute any such warranty. This disclaimer ap-
plies 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 detailed than 1:24,000 scale (1 
inch = 2,000 feet). Although this data set has been used by the State of Connecticut, The Connecti-
cut Agricultural Experiment Station, no warranty, expressed or implied, is made by the State of 
Connecticut, Connecticut Agricultural Experiment Station as to the accuracy of the data and or re-
lated materials. The act of distribution shall not constitute any such warranty, and no responsibility 
is assumed 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 Roslyn Reeps, The Connecticut Agricultural Experiment Station Invasive 
Aquatic Plant Program (CAES IAPP)

Report
Accuracy Secchi measurements were taken in the field with a Secchi disk with measurement markers (me-

ters), using the same method each time.  Dissolved oxygen and temperature were taken in the field 
with a YSI 58 meter (YSI Incorporated, Yellow Springs, Ohio, USA) that was calibrated every 

linity, conductivity 
and total phosphorus.  Conductivity and pH were measured with a Fisher-Accumet AR20 meter 
(Fisher Scientific International Incorporated, Hampton, New Hampshire, USA), which was cali-
brated 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 
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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 2003 with TerraSync 2.40 and WAAS ena-

bled.  Data was post-processed in the lab with Pathfinder Office 3.1 with data from the Coast 
Guard reference stations.  Therefore, the average accuracy of the data is less than 1m.

Process
Description Position data was obtained in the field using a Trimble GeoXT 2003 with TerraSync 2.40 (WAAS 

enabled).  Data was post-processed in the lab with Pathfinder Office 3.1 with data from the Coast 
Guard reference stations and then imported into ESRI ArcMap 9.2 for display and analysis.
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Water Level Data:

(courtesy of FirstLight Power Resources, Hartford, CT)
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Invasive Aquatic Plant Location Data:
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Transect Data:
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The Connecticut Agricultural Experiment Station (CAES) prohibits discrimination in all of its programs and 
activities on the basis of race, color, ancestry, national origin, sex, religious creed, age, political beliefs, sexual 
orientation, criminal conviction record, genetic information, learning disability, present or past history of mental 
disorder, mental retardation or physical disability including but not limited to blindness, or marital or family status. 
To fi le a complaint of discrimination, write Director, The Connecticut Agricultural Experiment Station, P.O. Box 
1106, New Haven, CT 06504, or call (203) 974-8440.  CAES is an equal opportunity provider and employer. 
Persons with disabilities who require alternate means of communication of program information should contact the 
Chief of Services at (203) 974-8442 (voice); (203) 974-8502 (FAX); or Michael.Last@ct.gov (E-mail).


