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ABSTRACT 

Preliminary to development of a management plan for Candlewood Lake (Fair
field and Litchfield Counties, CT), phytoplankton populations were recorded at 
severa l sites from April , 1983 throug"h January, 1984. Vertical phytoplankton profiles 
were identified and counted to derive seasonal succession patterns and population 
concentrations. Vertical profiles of nitrate, phosphorus, chlorophyll a, phaeophytin 
a, temperature, conductivity, disso lved oxygen, and light were also recorded at the 
sampling sites. Distributions of phytoplankton were seasonal ; approximately 10' 
cells / ml occurred in the epi limnion during summer stratification. The lake was dom
inated (89%) by blue-green algae (Oscillatoriaceae and Nostocaceae). Diatoms and 
green algae were important during spring and winter, respectively. Horizontal phy
toplankton distributions throughout the lake were sim ilar and correlated well with 
chlorophyll a concentrations. Nitrate concentrations were generally low(< 0.3 mg 
NO3/ I) to non-delectable during the summer. Total phosphorus was found to be 
high, averaging 35 µg / I on the surface. Candlewood Lake is thus in an early eutro
phic state. 

Key Words: phytoplankton, eutrophication, seasonal succession, nitrate, phos
phate, western Connecticut 

INTRODUCTION 

Candlewood Lake (Fairfield and Litchfield Counties), the largest 
lake in Connecticut, covers 2194 hectares and has 105 km of shore
line. Over the past decade, this lake experienced accelerated eutro
phication. In the early I 970's, it was classified as early mesotrophic 
(Norvell and Frink, 1975). By the late I 970's , phosphorus levels had 
doubled and the lake was classified as mid to late mesotrophic 
(DEP, 1983). In 1983, phosphorus concentrations were sufficient to 
classify sections of the lake as eutrophic (Siver, 1984). 

In addition to increased phosphorus levels, major changes in 
aquatic vascular plant populations have occurred since 1979. Myri
ophyllum spicatum L. has become the major dominant aquatic vas
cular plant (Siver, 1984), and its heavy growth has greatly impeded 

1Present Address: Department of Botany and Plant Pathology, University of New 
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recreational activities on Candlewood Lake, a major economic and 
recreational resource in western Connecticut. 

In general, algal populations are not a major problem, although 
dense blooms have been reported in isolated bays. Lake manage
ment programs aimed at controlling weed growth such as aquatic 
plant population controls by herbicides and lake drawdowns are 
under consideration . Baseline information is relevant prior to the 
proposed management practices, to answer the question to what 
extent such management practices would affect lake phytoplankton. 
The present study was conducted in order to determine distribution 
of phytoplankton in Candlewood Lake in relation to its present 
physical and chemical parameters. 

MATERIALS AND METHODS 

Phytoplankton Enumerations 
Vertical quantifications of phytoplankton populations were made 

in Danbury Bay (Site 1) at 1.0 m intervals from April through 
November, 1983, and in January, 1984. During April, May and 
August, similar vertical profiles were taken from New Fairfield Bay 
(Site 2) and Lattin's Cove (Site 3) (Figure I) . In May and August, 
epilimnetic samples were taken from three additional sites for com
parative purposes: Pocono Point (Site 4) , Orchard Point (Site 5) 
and Chatterton Point (Site 6). 

All samples were collected using a horizontally positioned van 
Dorn bottle and were fixed with Lugol's Solution (Franson, 1980); 
phytoplankton were identified and counted at 600X with an 
inverted microscope using settling chambers constructed with the 
slight modifications of Coulon and Alexander ( 1972). Time periods 
required to settle all cells completely in the sample volume ranged 
from 24 to 48 hours (Furet and Benson-Evans, 1982). Counts were 
made along horizontal transects across the diameter of the settling 
chamber. Because the top ten taxa accounted for 95% to 99% of the 
total cell concentration in each sample,.they were used to calculate 
the composition of phytoplankton in each algal class. 

Chemical and Physical Parameter Enumerations 
Water samples for chlorophyll analysis were taken bimonthly 

during the summer and monthly during autumn and winter at verti
cal meter intervals from sites I to 3. Samples at sites 4 to 6 were 
taken at I m and from an equal mix of the top seven meters of 
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epilimnetic water. From 200 to 1000 ml of sample were passed 
through glass fibre filters buffered with 0.2 ml of saturated mag
nesium carbonate (MgCO1) suspension. Chlorophylls were extracted 
with 90% acetone using a power tissue grinder, the suspension was 



334 Rhodora (Vol. 88 

centrifuged at 2000 rpm for IO min, and concentrations of chloro
phylls a, b, and c were determined using the trichromatic method 
(Franson, 1980). Because chlorophyll a may be overestimated by 
breakdown products such as phaeophytin a, another method was 
used to estimate the chlorophyll a and phaeophytin a levels 
(Lorenzen, 1967). 

Nitrate concentrations were determined by reducing the nitrate to 
nitrite using cadmium reduction. The nitrite level was measured 
spectrophotometrically by diazotizing with sulfanilamide and cou
pling with N-(l-napthyl)-ethylenediamine (NED) to form a violet 
azo dye (Franson, 1980). Each 75 ml sample was first passed 
through a glass fibre filter, mixed with 25 ml of NH4Cl-EDT A, and 
allowed to flow through the cadmium reduction column (modified 
from Eppley, 1978). The first 50 ml were discarded and the re
mainder used for nitrate determinations; columns were rinsed 
between samples with 40 ml of dilute NH4Cl-EDT A. 

Total phosphorus was determined after acid persulfate digestion 
of non-filtered water samples using the stannous chloride method 
(Franson, 1980); pH was determined using a Fisher model 750 
pH / ion meter. 

At each site, vertical profiles of conductivity, dissolved oxygen, 
and light levels were determined; the Secchi disk depth was also 
recorded. Temperature and conductivity were measured using a YSI 
model 33 temperature / conductivity meter; light was measured with 
a Licor Li-185 B Quantum Sensor Photometer, and dissolved oxy
gen was measured using a YSI model 58 Dissolved Oxygen meter 
that was standardized by the Winkler titration method (Franson, 
1980). 

RESULTS 

Phytoplankton 
During the study, phytoplankton concentrations ranged from a 

low of 2.9 X 103 cells/ ml in January to a ~igh of 1.3 X 105 cells/ ml in 
August. In Danbury Bay, mean concentrations increased from 1.5 X 
l 04 cells/ ml in April to the seasonal maximum of 5.43 X l 04 cells/ ml 
in August, and then gradually decreased to a seasonal minimum of 
8.27 X 103 cells / ml during January (Figure 6). 

Vertical distributions of phytoplankton numbers in Danbury Bay 
were uniform from April through June, ranging from 0.5 to 3.0 X 
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104 cells/ ml (Figure 6). As the summer progressed, large epilimnetic 
populations developed , with a maximum of 8.5 X 104 cells/ ml at 6 
m on August 19. Vertical distributions were again uniform during 
October, November and Janaury. 

The phytoplankton taxa in Danbury Bay were similar throughout 
the study, but varied in concentration and, therefore, dominance. 
Overall, Cyanophyceae represented 89% of the total cells in the bay 
during the study. On a monthly basis, Cyanophyceae accounted for 
over 68% of the total flora each month, except during January, at 
which time they comprised 49% of the phytoplankton community 
(Figure 7). The Bacillariophyceae were most abundant in the spring 
(31 % in April), and decreased to insignificant levels by June. The 
Chlorophyceae and Cryptophyceae were most important during 
autumn and winter (Figure 7). 

Phytoplankton concentrations were similar at all sites (Figure 8). 
For example, in May the mean phytoplankton numbers were low at 
all sites, ranging from 5.28 X 103 to 1.43 X 104 cells/ml. During 
August, all sites had mean epilimnetic phytoplankton levels between 
3.86 X 104 to 1.18 X 105 cells/ ml. 

Phytoplankton community structure was similar at all six sites 
during May and August (Table I) . On May 21, at all but the Chat
terton Point site, the Cyanophyceae accounted for greater than 88% 
of the phytoplankton. The dominant taxa were Oscillatoria Agard
hii Gomont, 0 . amphigranulata van Goar, and Anabaena laxa 
Rabenhorst. During August, the blue-green algae accounted for 
over 80% of the flora at all six sites, with 0. amphigranulata and A . 
laxa being the most abundant taxa. 

Chemical and Physical Parameters 
Temperature profiles at the Candlewood Lake sites denoted a 

typical, dimictic, temperate lake with a temperature range of 
0.9- 25.6°C. Conductivity ranged from a winter minimum of 60 
µmhos / cm to a summer maximum of 133 µmhos/cm . During most 
of the study period, pH values were pet ween 7 and 8, except in the 
hypolimnion during summer anoxic conditions. Saturated levels of 
dissolved oxygen occurred throughout the lake, except in the hypo
limnion and portions of the metalimnion during summer stratifica
tion. The light extinction coefficient, 71, ranged from 0.67- 1.33, 
increasing as the summer progressed . Light did not penetrate below 
7 m on sunny days (when incident light levels were greater than 1500 
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Table I . Percentage of total cells belonging to each class found on the sampling 
dates May 21 and August 19, 1983 at I m for the six sampling sites, Candlewood 
Lake, CT. 

Percentage of Total Cells(%) 

Site Class 21 May 1983 19 August 1983 

Cyanophyceae 94 100 

2 Cyanophyceae 90.3 92.4 
Bacillariophyceae 5.9 
Chrysophyceae 4.3 

3 Cyanophyceae 97 79.7 
Chlorophyceae 18.7 

4 Cyanophyceae 88 97 
Bacillariophyceae 6.9 

5 Cyanophyceae 91.9 99.3 
Bacillariophyceae 3.9 

6 Cyanophyceae 65 89 
Bacillariophyceae 21 4.4 
Chrysophyceae 4.4 
Chlorophyceae 6.2 

µE / cm2), or below 4- 5 m on cloudy days (with incident light levels 
of 40- 400 µE / cm2) . The Secchi depth rarely extended below 3 m. 

Nitrate concentrations were low at all sites during the study 
period, ranging from non-detectable levels to 0.262 mg NO3/ I. In 
Danbury Bay, nitrate concentrations of 0.086 mg NO3/ I were 
detected during spring overturn (April); however, levels decreased 
to non-detectable by mid-summer (Figure 2). Nitrate concentrations 
increased during autumn overturn and reached a seasonal maxi
mum in January. 

Total phosphorus in Danbury Bay ranged from 10 to 125 µg/1 
during the study period (Figure 3). Phosphorus concentrations were 
often higher in surface waters (0.5 m), decreased slightly with depth 
to 8 m, and then increased substantially below 8 m. Mean phospho
rus levels of surface water and water between I and 8 m were 35 and 
25 µg/1, respectively. Below 8 m, the mean phosphorus concentra
tion was 55 µg / I. 

Chlorophyll a concentrations throughout Candlewood Lake 
ranged from O to 44 mg/ m3, with the greatest concentration of 
chlorophyll a in the epilimnion during the summer. Lower, more 
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uniform levels were recorded during spring and autumn overturns 
(e.g., Danbury Bay, Figure 4). The chlorophyll levels corresponded 
well with phytoplankton concentrations throughout the year (Fig
ure 5). Phaeophytin a levels were generally greatest on the lake 
bottom and were rarely detected in the epilimnion (Figure 4). Chlo
rophyll b and c concentrations were non-detectable throughout 
most of the year, especially in the summer. Peaks of 2. 74 and 0.54 
mg/m3 for chlorophyll c and b, respectively, occurred during Jan
uary. 

DISCUSSION 

Over the past five years, Candlewood Lake has experienced 
change, probably the result of cultural eutrophication. Phosphorus 
levels in Candlewood Lake during the early 1970's were indicative of 
an early mesotrophic condition (Frink, 1971; Norvell and Frink, 
1975). By 1980, average phosphorus concentrations had increased to 
the point where the lake was considered mid-mesotrophic (DEP, 
1983). During 1983, mean phosphorus levels in Danbury and New 
Fairfield Bays were 75% and 35% greater, respectively, than in 
1980- 81 (Siver, 1984). The rapid rise in the lake's phosphorus con
centration was probably du~ to a combination of factors associated 
with cultural eutrophication (e.g., failing septic systems, increased 
runoff, fertilizers) and with loading from the sediments. Further 
research will be necessary to determine the relative importance of 
each contributing factor. 

Major changes in both species and densities of aquatic vascular 
plants have occurred since 1979 within the lake (DEP, 1983; Siver, 
1984). Ceratophyllum sp., Vallisneria americana Michx., and 
Potamoge1on spp. were dominant forms in many areas of the lake 
during 1979 (DEP, 1983); however, by 1983 Myriophyllum spica
tum L.- was by far the most abundant aquatic macrophyte through
out the lake. 

Concurrent with enhanced nutrients and aquatic weeds has been a 
further shift toward domination of the phytoplankton community 
by the Cyanophyceae. Although blue-green algae dominated the 
lake's phytoplankton community during the late 1970's and early 
1980's, Chlorophyceae and Bacillariophyceae were also common 
(DEP, 1983). Phytoplankton analysis prior to the present study 
included only surface samples. In the present study, including verti
cal analyses of phytoplankton concentrations throughout the year, 
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the Cyanophyceae dominated the lake's phytoplankton community, 
accounting for 89% of all cells. Concentrations of phytoplankton in 
surface waters ranged between I 04 and 105 cells / ml, which was 
comparable to previous studies. However, we found that moderately 
high surface phytoplankton concentrations were present throughout 
the epilimnion (6-8 m) from June to September. Thus, following a 
calm period, the epilimnetic blue-green population could migrate to 
the surface after the formation of pseudovacuoles, to form an ex
tensive bloom. Such bloom formation was observed during the 
study in several bays following calm periods. However, because of 
its long fetch, surface waters in the lake are generally well mixed, 
preventing surface migrations of the blue-greens. 

In 1980 and 1981, the Connecticut Department of Environmental 
Protection reported mean ratios of total nitrogen to phosphorus 
greater than 15: I and concluded that phosphorus was the limiting 
nutrient (DEP, 1983). The higher phosphorus concentrations 
recorded in 1983 could have led to periods of nitrogen deficiency. If 
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so, a shift toward nitrogen-fixing taxa might be expected. In 
summer 1981, the phytoplankton were at least 61 % Oscillatoriaceae, 
non-nitrogen-fixing blue-green algae (DEP, 1983), but in 1983, 67% 
of the algae were Nostocaceae, a blue-green family characterized by 
heterocystic taxa and presumably nitrogen-fixing. Thus, while the 
lake remained primarily a blue-green-dominated Jake, a shift toward 
nitrogen-fixing taxa was evident, which enabled the blue-green 
algae present in 1983 to compensate for nitrogen-poor conditions. 
This finding could be an indication that nitrogen rather than phos
phorus was, at times, the limiting nutrient in the Jake. 

Death and decomposition of macrophytes result in the release of 
nutrients, especially phosphorus, into the water column (Nichols 
and Keeney, 1973; Strange, 1976). Based on tissue phosphorus levels 
and the determination of macrophyte population numbers, it was 
estimated that the phosphorus concentrations in Danbury Bay 
could double if all tissue phosphorus were released (Simpkins, Cas
sia, and Siver, 1984). If the macrophytes were killed with the chemi
cal herbicide 2,4-D as has been proposed , phosphorus could be 
released in large amounts . This death, in turn, could lead to an 
immediate increase in Nostocacean algae, especially Anabaenaflos
aquae and Aphanizomenon flos-aquae. 

Aquatic vascular plants may obtain their phosphorus in two 
ways, either by removing it from the sediments via root systems, or 
by absorbing it from the water column through the leaves (Wetzel, 
1983). The effect that control of these macrophytes would have on 
the phytoplankton would depend on which system the macrophytes 
are using to obtain phosphorus. If they are acting as pumps, remov
ing phosphorus from the sediments, their removal would negate a 
source of phosphorus to the phytoplankton and phytoplankton 
consentrations might decrease. Conversely, if the weeds are absorb-

,.--rihg phosphorus from the water column, they represent competition 
for phosphorus to the algae. Thus, their control would remove 
competitive pressure from the algae and phytoplankton concentra
tions might increase. 

Chlorophyll a concentrations have often been used as estimates of 
productivity and biomass (Kalff and Knoechel, 1978; Wetzel, 1983) 
as well as a parameter to indicate Jake trophic status (Vollenweider, 
1979; Wetzel, I 983). The range of chlorophyll a found in the present 
study (0-44 mg/ m3) is most closely associated with a eutrophic Jake 
(Vollenweider, 1979). The correlation between phytoplankton and 
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chlorophyll a concentrations indicated a seasonal succession pattern 
with a major summer peak (Figure 5). Thus, chlorophyll data could 
be used to estimate the phytoplankton concentrations in Candle
wood Lake which were not enumerated in the present study. Based 
on these data, large seasonal algal maxima were observed at all six 
sites in the lake during the summer, with concentrations between 104 

and 105 cells/ ml. These concentrations were similar to those found 
by the Connecticut DEP in 1979- 1981 (DEP, 1983). Since winter 
concentrations were also similar, it appears that the seasonality of 
phytoplankton cell concentrations has remained the same over the 
last 5 years, suggesting eutrophication of the lake (Wetzel, 19831 

The similar phytoplankton concentrations found at all six sites 
(Table I) was unexpected since the sites were spread over 6 miles , 
and because of the highly dissected morphological nature of the 
lake. The horizontal distributions of phytoplankton may, in fact, be 
similar throughout the lake. 

Based on data from this study, Candlewood Lake is a eutrophic 
lake. Because the change in trophic status of the Jake occurred over 
a relatively short period of time (IO years), it is probable that rever
sion to an early mesotrophic condition could also occur rapidly if 
the nutrient load into the Jake were reduced, much as it was in Lake 
Washington (Edmundson, 1970). 
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