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EXECUTIVE SUMMARY

Aquatic Ecosystem Research (AER) LLC was engaged by the Lake Wononscopomuc
Association (LWA) to perform an assessment of water quality in 2021. The biannual
monitoring program is one aspect of the LWA'’s lake management strategy with the
goal of developing a scientific database to detect changes — positive and/or negative
—within the lake. The following is an outline of findings from the 2021 water quality
monitoring program at Lake Wononscopomuc. Several recommendations are pro-
vided at the end of the report.

= The lake was thermally stratified by the May 18" sampling date and remained strat-
ified throughout the season, including on October 215t
o Resistance to mixing at the thermocline was strong at Site 1 starting on June
16", and strong at both sites from July 22" to September 20™.
o Oxygen concentrations of <1mg/L were first observed at the strata near the
bottom of the water column starting on June 16" at both sites.
= The strata of water with <1mg/L of oxygen expanded upward with
time through October 215 until the bottom 19m of the Site 1 water
column and the bottom 7m of the Site 2 water column were anoxic.

= The lake exhibited early-mesotrophic to mesotrophic characteristics.
o Season average and summer average Secchi disk transparency were indic-
ative of early mesotrophic productivity.
o Monthly epilimnetic total phosphorus measurements spanned oligotrophic
to eutrophic concentrations.
= The highest epilimnetic phosphorus concentrations were measured
between May 18" and July 22"%; however, from August 26" through
October 21%, concentrations were low or non-detectable.
= Season averages were indicative of early-mesotrophic to meso-
trophic trophic conditions.
= Average hypolimnetic total phosphorus concentrations were one to
two orders of magnitude higher than corresponding epilimnetic lev-
els.
- Hypolimnetic concentrations increased through August 26"
then decreased by September 20™; but, were again elevated
by October 215,
o Average epilimnetic total nitrogen concentrations were indicative of meso-
trophic conditions.
= Ammonia was not detected in epilimnetic samples. Nitrite and ni-
trate were only detected once each and at low concentrations.
= Average hypolimnetic total nitrogen was significantly higher
(p<0.05) and comprised largely of ammonia.
= Concentrations increased over time at both sites.
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= Algal cell concentrations were low in the integrated samples of the top three me-
ters of the water column.

o Relative abundances of cyanobacteria cells were high on October 21 at
Site 1; and, on September 20" through October 21 at Site 2.

o Relative concentrations of phycocyanin suggested that the highest bio-
mass of cyanobacteria existed between the 12 and 15m stratum at Site 1 and
the 11 and 14m strata at Site 2 on all sampling dates.

o The filamentous cyanobacteria, Planktothrix spp., was one of two dominant
genera; it is known for forming dense layers at or below the thermocline.

= A sample was collected from Site 1 between the depths of 13 and
14m on June 16™; it had ~30X more cells than the corresponding inte-
grated sample from the surface and was dominated by Planktothrix

spp.

= Specific conductance was high as it is for most lakes in the Marble Valley of Con-
necticut.
o Epilimnetic levels decreased with time from May 18" to August 26™ and re-
mained at the relatively low level for the balance of the monitoring season.
o Hypolimnetic levels increased through August 26™ at Site 1 and were
slightly lower for the balance of the season
= At Site 2, hypolimnetic levels gradually increased to the season max-
imum on October 215,

= Alkalinity was high as it is for most lakes in the Marble Valley of Connecticut.
o Epilimnetic levels were higher earlier in the season and decreased to lowest
levels by August 26™ before modestly increasing through October 21,
o Hypolimnetic levels were lowest on May 18" and increased for most of the
season. The maxima were reached on August 26" at Site 1 and on October
21% at Site 2.

* The lake water pH was high and not uncommon for lakes in the Marble Valley of
Connecticut.
o In most instances, other than on May 18", hypolimnetic pH was greater than
epilimnetic pH.
= This is not typical for lakes in the Northeast.
= We hypothesize that it is related to carbonate-based geology
of the Marble Valley of Connecticut.

« Oxidation-reduction potentials (ORP) exhibited different characteristics at the two
sampling sites.
o Site 1 exhibited a pattern more typical to lakes in Connecticut with high ORP
in surface waters and low ORP in strata near the bottom after protracted pe-
riods of anoxia.
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o Site 2 ORP levels were only high on May 18" and at the bottom strata. ORP
was atypically low with highest levels measured in mid-depth regions of the
water column.

= Statistical analyses of water quality trends from data collected in 2015, 2017, 2019,
and 2021 revealed that the lake has changed during that time.
o Changes were detected in the epilimnion, hypolimnion, and in the lake as a
whole.
= Significant negative (decreasing) trends were detected for nitrogen-
related variables (e.g., TKN, ammonia)
= Significant positive (increasing) trends were detected for hypolim-
netic total phosphorus.

= Contemporary Lake Wononscopomuc data was compared to that collected in the
1990s.
o The most conspicuous change was the increase in specific conductance.
= Many lakes in snowbelt regions of the country are experiencing this
type of change and it has been shown to be a result of increasing
use of deicing road salts.

= The high pH and high calcium concentrations in the lake water may result in the
coprecipitation of phosphorus.

o This can result in algal productivity that is lower than what the lake could
support if phosphorus was not constantly forming insoluble minerals in the
water column.

= Thisis afeature of lakes with carbonate rich bedrock geology.
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INTRODUCTION

Lake Wononscopomuc is a natural 348-acre water body located in Salisbury, Connect-
icut. It is one of the deepest lakes in Connecticut; it has a maximum depth of 31 meters
(m), a mean depth of 11m, and a volume of approximately 4.74x10° gallons of water fill-
ing two distinct basins. Lake Wononscopomuc is a marl-type lake, which is character-
ized by calcium rich water and high specific conductance, due to the location of the
lake and its watershed within the geological feature known as Connecticut's Marble
Valley (Fig. 1; Bell 1985, Canavan and Siver 1995). The type of water chemistry with this
geology results in unique features such as marl deposits and lake whitening events.
Finally, this type of water chemistry supports specialized algae and plant communities.
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Figure 1. Geological regions of Connecticut as illustrated in Bell (1985) with the approximate lo-
cation of Lake Wononscopomuc identified by a red star.

The lake’s watershed is 1,621 acres and mostly residential land with a small undevel-
oped wetland to the southeast (Jacobs and O’Donnell 2002). The resulting watershed
to lake ratio is 4.7:1. Sucker Brook and one other small stream drain into Lake Wo-
nonscopomuc; the lake drains out into Factory Brook, a tributary of Salmon Creek,
which ultimately feeds to the Housatonic River. Analyses of historical land use re-
vealed increases in residential/urban and woodlands at the expense of agricultural
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land from 1934 to 1990 (Table 1; Field et.al. 1996). Based on those estimations and
models that infer nutrient export, concentrations of in-lake total phosphorus and total
nitrogen levels were projected to have increased.

Table 1. Percent coverage of urban-residential (U-R), agricultural-open space (A-O), wooded,
and water in the Lake Wononscopomuc watershed (Field et.al. 1996). Also provided are esti-
mated total phosphorus (TP) and total nitrogen (TN) levels predicted from land cover (Norvell et
al. 1979, Frink 1991).

Estimate
Year U-R A-O Wooded Water
TP TN
(%) (%) (%) (%) (Mg/L)
1934 1 53 24 22 18 483
1970 16 22 41 22 22 481
1990 27 16 36 22 29 526

Lake Wononscopomuc has been included in several state-wide assessments of Con-
necticut lakes (Deevey 1940, Frink & Norvell 1984, Canavan and Siver 1994, 1995). Siver
et.al. (1996) summarized historical changes in those lakes using data from all three
surveys. That study revealed that average Secchi transparency at the Lake Wononsco-
pomuc decreased by 3.9 meters (m) between the 1930s and the early 1990’s with much
of that occurring between the 1970s and 1990s. Total phosphorus and alkalinity levels
increased by approximately 13ug/L and 11mg/L, respectively between 1930s and 1990s
with much of that also occurring between the 1970s and 1990s.

Canavan and Siver (1995) characterized Lake Wononscopomuc in the early 1990s as
mesotrophic based on total phosphorus and total nitrogen levels. They also noted low
chlorophyll-a concentrations and high Secchi transparency; they attributed those char-
acteristics to high magnesium and calcium concentrations and coprecipitation.

In 2015, Aquatic Ecosystem Research (AER) was engaged by the Lake Wononscopo-
muc Association (LWA) to examine the summer season water quality features of Lake
Wononscopomuc and to establish a high-quality contemporary database of water
quality information. The 2015 water quality assessment established a repeatable de-
sign and allowed for a general examination of current water quality for use in future
water quality comparisons. One of AER’s recommendations was to continue water
quality monitoring on an annual or biennial basis. This report is a continuation of the
process to develop a high quality, contemporary database.
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METHODS

Field data and water sample collections were performed by AER on May 18", June 16™,
July 22™ August 26", September 20", and October 21, Collections occurred at two
sites on the lake, with each located within the two major basins of the lake (Fig. 2).
Secchi disk transparency was measured at the sites by lowering a 22cm black and
white disk through the water column and determining the exact distance where it was
no longer visible.

Vertical profiles of water
quality characteristics were
obtained in the field by AER

Table 2. Analyses performed and depths of water sam-
ples collected.

using Eureka Manta Il multi- Analyses Depth

meter. Profile data were col- Total Phosoh 1m from surface: 0.5m from
lected at one-half meter (m) Otal Fhosphorus bottom

from the surface, and at Nitrite 1m from surface; 0.5m from
every meter down to 0.5m bottom

above the sediment-water in- Nitrate 1m from surface; 0.5m from
terface. The following varia- bottom

bles were meas.ured: Tem- Ammonia l1)nltfrom surface; 0.5m from
perature (°C), dissolved oxy- ottom

gen (mg/L), percent oxygen TKN 1m from surface; 0.5m from

saturation (% O2), conductiv- bottom

ity (uS/cm), specific conduct- Alkalinity 1m from surface; 0.5m from

ance (uS/cm), oxidation — re- bottom

duction potential (mV), rela- Algae Integration of top 3m
tive cyanobacteria biomass,

and pH.

Water samples were collected at both sites during each visit for analyses of select wa-
ter quality variables (Table 2) at HydroTechnologies, LLC — a CT State certified labora-
tory located in New Milford, CT. Samples were collected at 1m of depth (surface) using
a horizontal Van Dorn water sampler; samples were similarly collected at approxi-
mately 0.5m above the sediment water interface. Water samples for algae identifica-
tion and enumeration were collected by integrating the top 3m of the water column us-
ing a weighted vertical tube sampler at the two sites.

Algae samples were preserved with Lugol’s solution shortly after collection and later
treated with hydrostatic pressure to collapse the gas vesicles of the cyanobacteria
cells (Lawton et al. 1999). Known volumes of the preserved samples were concentrated
into smaller volumes with centrifugation and a vacuum pump / filtration flask system.
Portions of those concentrates were pipetted into a counting chamber. Then genus-
level algal cell enumerations were performed by counting cells in a subset of the
chamber’s fields using an inverted Nikon Diaphot research microscope. Count data
were then corrected to be reflective of the whole water samples.
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Figure 2. Water quality monitoring sites on Lake Wononscopomuc. Site 1 is located near the
center of lake in 30 meters of water. Site 2 is located in the northeastern basin and in 17 meters
of water. The lake’s bathymetry has been layered into the map.
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To obtain a qualitative view of the entire pelagic zone’s phytoplankton community,
AER utilized a 10um mesh plankton net to collect a concentrated algae sample in the
field from the photic zone of the water column during each visit. Portions of that con-
centrated sample were analyzed microscopically before preservation with Lugol’s solu-
tion, which allowed for the establishment of a qualitative genus list.

Resistance to mixing, which is an assessment of the ability of two different water vol-
umes — that differ in temperature and density — to mix, was calculated from tempera-
ture profile data using the Relative Thermal Resistance to Mixing (RTRM) formula: (D1 —
D2)/(D’ — D°), where D1 is the density of upper water volume, D2 is the density of the
lower water volume, D’ is the density of water at 5°C, and D° is the density of water at
4°C. The thermocline in the water column is where resistance to mix is greatest, where
the RTRM is >30. An RTRM value of 280 was used to indictate of strong resistance to
mixing (Siver et.al. 2018).

PROFILE DATA

Water quality data measured throughout the water column are provided in Appendix A.
We have displayed many of those data below as isopleths where a variable (e.g., tem-
perature) is displayed as shades of colors throughout the water column at each depth
and for all dates when data were collected. Values are then interpolated between
depth and dates. Variables of the same value (and color) are connected between
dates regardless of depth to create a theoretical representation of changes throughout
the water column over time.

Temperature and Oxygen

Water temperature data provides a view into the thermal characteristics of the lake
and patterns of stratification resulting from temperature/density differences between
depths. In shallow New England lakes, or shallow sites in a deep lake, stratification
can occur but it may be of short duration because wind energy can mix the water col-
umn. In deeper lakes or sites, stratification is not easily broken by wind energy.

When a lake is stratified, a middle transitional layer (aka metalimnion) separates the
upper warmer layer (aka epilimnion) from lower colder waters below (aka hypolimnion).
Within the boundaries of the metalimnion resides the thermocline, which is the stra-
tum where the temperature/density change and resistance to mixing are the greatest
with increasing depth. Stratified conditions will usually persist in deeper lakes or sites
for the entire summer and into the fall until turnover mixes the water column.

An oxygen concentration of 5mg/L is generally considered the threshold that deline-
ates favorable conditions for most aerobic organisms in freshwater systems. As con-
centrations decrease below that threshold, conditions become stressful for many
forms of life. Minimum oxygen requirements for fisheries in Connecticut’s lakes and
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ponds range from 4 to 5mg/L for cold-water fish (e.g., trout), 2mg/L for cool-water fish
(e.g., walleye), and 1 to 2mg/L for warm-water fish (e.g., bass and panfish; Jacobs and
O’Donnell 2002).

The loss or absence of oxygen at the bottom of the water column modifies the chemi-
cal environment as compared to conditions where oxygen is present. These modifica-
tion result in the dissolution of compounds (e.g., iron phosphate) in the sediments that
can then dissolve in the interstitial waters and then, by diffusion, into the waters above
the sediments.

The lake was thermally stratified by May 18". Surface water temperatures at Site 1 and
Site 2 were 17.8°C and 18.0°C, respectively. The small difference on this date and oth-
ers was likely due to the approximately 40 minutes that transpired between measure-
ments at the surface of the two sites. Above and below the Site 1 thermocline, located
between 7 and 8m of depth, temperatures decreased from 11.3 to 9.3°C. Temperatures
continued to slowly decrease with depth; between 17m and 30m of depth, tempera-
tures only decreased from 6°C to 5.5°C. Oxygen concentrations increased with depth
from 10.7mg/L at the surface to 12.2mg/L at the 9 to 10m strata. Below that, concentra-
tions slowly decreased to 8.0mg/L at the bottom stratum.

At Site 2, temperatures above and below the thermocline, also located between the 7
and 8m strata, were 11.2 and 9.6°C. Temperatures gradually decreased with depth from
6.9 to 6.2mg/L between 12 and 17m of depth. Oxygen concentrations also increased
with depth from 10.6 to 12.6mg/L from the surface to 9m of depth before decreasing to
4.2mg/L by the 17m stratum.

By June 16", surface water temperatures had increased to 21.9°C and 22.4°C at Sites 1
and 2, respectively. Temperatures at the bottom strata remained similar to those ob-
served on May 18". At Site 1, temperatures were >21°C down to the thermocline situ-
ated between the 3 and 4m strata; immediately below the thermocline temperatures
were 18.3°C. Temperatures continued to rapidly decrease within the metalimnion, and
then gradually decreased from the 9m stratum to the bottom (Fig. 3). Similarly at Site
2, temperatures in the epilimnetic strata were >22°C then rapidly decreased within the
metalimnion including a change from 16.0 to 13.0°C above and below the thermocline,
which was situated between the 6 and 7m strata. Temperatures decreased slowly be-
low the lower metalimnetic boundary from 10.6 to 6.4°C between 8 and 17m of depth.

June 16™ oxygen concentrations increased with depth to the 8m stratum where a maxi-
mum of 12.9mg/L was recorded at Site 1. Concentrations decreased afterwards and
were <1mg/L at and below 28m of depth. The oxygen maximum at Site 2 was also at
the 8m stratum and was 12.8mg/L. Concentrations of <1mg/L were recorded from 15m
of depth to the bottom of Site 2.

Surface water temperatures increased through August 26". July 22™ surface tempera-
tures were between 25 and 26°C. Temperatures decreased from 19.1 to 15.1°C above
and below the Site 1 thermocline, which was situated between 6 and 7m of depth. A
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similar temperature gradient was observed at the Site 2 thermocline, located between
7 and 8m of depth, when temperatures at those strata decreased from 16.2 to 12.8°C.

The highest surface water temperatures of the season occurred on August 26" and
were 25.5°C and 25.4°C at Sites 1 and 2, respectively. The temperatures continued to
remain stable at the bottom and were similar to those measured earlier in the season.
Oxygen concentrations at Site 1 were between 8 and 9mg/L down to the thermocline,
situated between 7 and 8m of depth. Highest concentrations — between 9.5 and
10mg/L — were measured within the metalimnion and just below it. Oxygen concen-
trations rapidly decreased from 5.8mg/L at 11m of depth to <img/L at 22m of depth
then remained <1mg/L to the bottom.

Similar conditions were observed at Site 2 on August 26™. Oxygen concentrations
were 9.2 from the surface to the 3m stratum and were between 8 and 9mg/L from the
4m stratum down below the thermocline, which was situated between 6 and 7m of
depth. Oxygen increased to 9.7mg/L by the 9m stratum before decreasing to <1mg/L
by the 13m stratum down to the bottom stratum.

On September 20", the Site 1 surface water temperatures of 22.1° C decreased with
depth to 20.9°C just above the upper metalimnetic boundary at 6m of depth. Temper-
atures decreased rapidly from 17.8 to 10.2°C within the metalimnion then slowly from
8.9 t0 5.6°C below the metalimnion to the bottom stratum. A similar thermal pattern
was observed at Site 2, except temperatures at the bottom were 7°C.

Oxygen concentrations of 8.9 to 9mg/L were measured in the top 5m of the Site 1 wa-
ter column on September 20", before slightly decreasing, and then increasing to
9.4mg/L by 9m of depth. Oxygen concentrations decreased below that and were
<1mg/L from 18 m stratum to the bottom. Oxygen levels decreased in the first few me-
ters then increased between the 7m and 8m stratum. The thermocline remained
around 10 meters of depth at Site 1 then climbed slightly to 9 meters at Site 2.

The Site 2 oxygen levels on September 20" were 9mg/L to the 4m strata, between 7.8
and 8.8mg/L within the metalimnion; and below the lower metalimnetic boundary
(10m), oxygen decreased from 5.5 to <1mg/L at 17m of depth.

On October 21%, temperatures from the surface to the 8m stratum decreased from ap-
proximately 16.8 to 16.1°C. Within the metalimnion, temperatures decreased from 13.6
to 9.4°C. Just below the lower metalimnetic boundary at 12m of depth, temperatures
decreased from 8.2 to 5.7°C at the bottom. The Site 2 temperature profile was similar;
but temperatures only decreased to 7.2°C at the bottom.

October 215, oxygen concentrations were >9mg/L down to the 8m stratum at both
sites, decreased rapidly within the metalimnion, and were <1mg/L throughout the hy-
polimnetic strata.
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Figure 3. Temperature (top) and dissolved oxygen (bottom) isopleth charts for Site 1 (left) and Site 2 (right) on Lake Wononscopomuc in 2021. The
black dashed lines represent the approximate location of the upper and lower metalimnetic boundaries; the solid black line represents the
approximate location of the thermocline.
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TROPHIC VARIABLES
Secchi Transparency

Secchi disk transparency is a measure of how much light is transmitted through the
water column. That transmission is influenced by several variables including the quan-
tity of inorganic and organic particulate material in the water column that absorbs, re-
fracts, or reflects light. In the open water environment, Secchi disk transparency is in-
versely related to algal productivity.

Lightin lakes is important for several reasons including its impact on open water pho-
tosynthesis and algal productivity. As light diminishes with depth, so too does maxi-
mum photosynthetic potential. As photosynthesis decreases with depth there is a
depth where oxygen produced from algal photosynthesis is equaled to the oxygen
consumed via cellular respiration. That is referred to as the Compensation Point or
Compensation Depth; it is estimated by multiplying the Secchi disk transparency by 2.
Compensation Depths are discussed in the Assessment section of this report.

il

Season Secchi transparency aver-
ages at Site 1 and Site 2 were 4.99
and 4.82m, respectively. Respec-
tive summer month (July — Sep-
tember) averages were 4.58 and
4.50m. Secchi transparencies of
>5m on May 18" and June 16" de-
creased to season minima of 3.81
and 3.90m at Site 1 and Site 2, re-

Secchi Transparency (m)
O N WMUIO N ®

spectively by July 22M Measure- 18-May 16-Jun 22-Jul 26-Aug20-Sep 21-Oct
ments increased to >5m by Sep- mSitel @Site 2

tember 20™ at both sites, before

decreasing to approximately Figure 4. Secchi disk transparencies measured at
4.60m by October 21, Site 1 and Site 2 at Lake Wononscopomuc in 2021.

Total Phosphorus

Algae and cyanobacteria require a variety of macro and micronutrients. The nutrient
that is least available in proportion to algal requirements is termed the limiting nutri-
ent; in freshwater systems, that nutrient is usually phosphorus. ltis the limiting nutri-
ent because the amount of available phosphorus will limit the amount of algal produc-
tivity in the system. In most Limnological studies, total phosphorus is measured; it is
the sum of particulate and dissolved forms of phosphorus.

Site 1 epilimnetic phosphorus exhibited a range from below detectable limits, which oc-
curred on both August 26th and September 20", to a maximum concentration of
40ug/L (June 16™M). The seasonal average for the Site 1 epilimnion was 15.7ug/L.
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The Site 2 epilimnetic concentrations were generally lower than Site 1 concentrations
(Fig. 5) but site averages were not significantly different (p>0.05). Concentration below
detectable limits were reported for Site 2 samples collected on September 20" and
October 21%t. The season maximum of 26ug/L occurred on June 16". The Site 2 sea-
sonal average was 11.2ug/L.

Average hypolimnetic concentra-
tions were one to two orders of 50 1
magnitude higher than epilim-
netic levels. The lake averages for
the two strata were significantly
different (p<0.05). Site 1 and Site
2 hypolimnetic averages were

167.5 and 396.3ug/L, respectively, 10 ﬂ ﬂ I
but not statistically different 0 1

40 ]
30 ]

20 ]

Epilimnetic TP (ug/L)

(p>0.05). I S R R
V‘\ N q:l, ,-Lb'?~ q/o,@ fi/\’

Hypolimnetic concentrations on ) )
mSite 1 @Site 2

May 18™ were similar to corre-
sponding epilimnetic levels (Fig.
5). Site 1 hypolimnetic concentra-
tions fluctuated between 16 and
95ug/L from May 18™ through July
22" before increasing to

400 1
300 1
200 1
300ug/L by August 26™". Con- . ]
centrations decreased to 140ug/L 100 ﬂ
by September 20" before attain- 0 1 =M , , ||
.
oc

ing their highest levels of &;\ R q;\o\ Vgg & ,
400pg/L by October 215, & Y L - S A
mSite | ESite 2

500 -
] 1300

Hypolimnetic TP (ug/L)
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Figure 6. Total nitrogen (TN) in the epilimnion (top) and hypolimnion (bottom) of Site 1 (left) and Site 2 (right) of Lake Wononscopomuc in 2021.
Total nitrogen is presented as the sum of its constituents: total Kjeldahl nitrogen that is not ammonia (Non NH4-TKN), TKN that is ammonia
(NH4-TKN), and nitrate/nitrite (NOx). Note the difference in scale between epilimnetic and hypolimnetic concentrations.
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Total Nitrogen

Total Kjeldahl nitrogen (TKN) is a measure of the reduced forms of nitrogen (including
ammonia) and proteins in the water column. Since TKN accounts for biologically de-
rived nitrogen-rich proteins in the water column, it is useful in assessing the productiv-
ity of the lentic system. Nitrate and nitrite are often below detectable levels in natural
systems because they are quickly cycled by bacteria and aquatic plants. Total nitro-
gen is the sum of TKN, nitrate, and nitrite; since the latter two are often below detecta-
ble limits, TKN levels are often similar or equal to total nitrogen (TN) levels.

Nitrogen constituents were analyzed in samples collected at one meter below the sur-
face and approximately 0.5m from the bottom during each sampling event. Due to a
change in laboratory analyst in October, a higher minimum detection limit was used
for TKN. The detection limit was higher than the concentrations found in the samples,
and sample concentrations were reported as <0.5mg/L. Those October 21% data are
being excluded from our assessment of total nitrogen below.

Epilimnetic total nitrogen levels were low to moderate with season averages of 319 and
307ug/L at Sites 1 and 2, respectively. Ammonia was not detected in epilimnetic sam-
ples collected at either site. A small concentration of nitrite was detected at Site 1 on
June 16™ and a small concentration of nitrate at Site 2 on August 26™ (Fig. 6). The high-
est total nitrogen concentrations at both sites occurred on September 20™.

Average total nitrogen concentrations in the hypolimnion were significantly higher
than epilimnetic averages (p<0.05). Most of the hypolimnetic total nitrogen after May
18" was in the form of ammonia (Fig. 6). A small amount of hypolimnetic nitrite was
also detected at Site 1 on June 16™. Hypolimnetic total nitrogen concentrations, partic-
ularly the ammonia faction, increased over the course of the season concurrent with
the length of time anoxic conditions persisted in the hypolimnion.

Trophic data and other chemical data discussed below are compiled in a tabular for-
mat in Appendix B.

Algal Community Dynamics

Algae have been used in water quality assessments for many years, for multiple rea-
sons, and in a variety of ways. Algae are essential to the aquatic food web, particularly
in the open water environment. They are responsive to changes in water quality and
chemistry; increasing nutrient levels often result in greater algae cell concentrations
and community composition shifts where populations of cyanobacteria become domi-
nant. The quantity of cells, algal biomass, and composition of the community can all
be used as diagnostic tools to assess water quality.

In recent years, there has been much attention focused on the cyanobacteria (aka Cy-

anophyta or blue-green algae). As noted, their dominance in the water column and for-
mation of blooms is a feature of eutrophication. More recently, the toxigenic nature of
some taxa of cyanobacteria has prompted state government environmental agencies
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to provide guidance to municipalities on appropriate actions at public beaches in re-
sponse to harmful cyanobacteria algae blooms (e.g., CT DPH & CT DEEP 2019).

Samples collected for algae identification and enumeration were an integration of the
top three meters of the water column. Some genera of cyanobacteria can regulate
their position in the water column by altering cellular buoyancy. High concentrations
of such organisms are often found layered near the thermocline. Those populations
residing below three meters of depth are not accounted for in integrated samples but
are assessed using relative phycocyanin concentrations, which are measured with a
multimeter during each visit. At the strata with the highest relative phycocyanin con-
centration, a sample was collected (13.5m) on June 16" (see below). It would be advan-
tageous add this sample to all future assessments.

Forty-five algal genera were identified and those were asymmetrically distributed
among eight taxonomic groups (Appendix C). The taxon with the greatest seasonal
richness (i.e., most individual genera) were the Chlorophyta (aka green algae); that
group was represented by 20 genera (44% of all genera observed). The Chrysophyta
(aka golden algae), Bacillariophyta (aka diatoms), and Cyanophyta were represented
by 7, 6, and 5 genera, respectively. Four genera from the Pyrrophyta (aka dinoflagel-
lates) and one in each of three other taxonomic groups were also observed in samples.
Observations were made from both concentrated plankton net samples and in sam-
ples used for counts.

Total algal cell concentrations were low in all samples from both sites. The season
maximum at Site 1 was 4,055 cells/mL (May 18"); cell concentration at Site 2 on that
date were also relatively high but the maximum of 4,356 cells/mL occurred on October
21% (Fig. 7). The May 18" Site 1 maxima was co-dominated by cyanobacteria and
golden algae, while the October 21°' Site 2 maxima was mostly cyanobacteria. For both
maxima, the dominant cyanobacterium was Planktothrix spp. (formerly Oscillatoria

spp. Fig. 8).

The high relative abundance of cyanobacteria at Site 2 on October 21 was also ob-
served on the same date at Site 1; this was also the case on September 20" at Site 2
(Fig. 7). Despite the high relative abundance, cyanobacteria cell concentrations were
only between 1,000 and 4,300 cells/mL in those samples. For comparison, the State
recommends a range of 0 to 20,000 cyanobacteria cells/mL to indicate Visual Rank
Category 1 conditions, which generally reflect no public health risk due to cyanobacte-
ria or cyanotoxins (CT DPH & CT DEEP 2019).

The golden algae genus that was co-dominant in the algae community on May 18"
was Dinobryon spp. (Fig. 8). Dinobryon spp. continued to be important through June
16" but not afterwards. The centric diatom Cyclotella spp. (Fig. 8) was the genus with
the greatest relative abundance on June 16". The green algae community was also
important on June 16" particularly at Site 2 where five genera collectively accounted for
22.5% of total cells in the sample.
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The Chlorophyta, and specifically Scenedesmus spp. (Fig. 2), was again important on
July 22" Scenedesmus spp. was a dominant genus on August 26" at both sites, and
on September 20" at Site 1. On July 22", a second filamentous cyanobacteria genus,
Dolichospermum spp. (Fig. 8), was secondarily important at both sites and continued to
be important at Site 1 through August 26™. The diatom Cyclotella spp. was also im-
portant at Site 1 on August 26™.

The two sites were most different from each other on September 20'". As noted ear-
lier, the Site 2 sample was dominated by the cyanobacteria Planktothrix spp. At Site 1,
however, green algae led by Scenedesmus spp. still comprised approximately 80% of
the algae community. By October 21%, Planktothrix spp. was dominant, constituting 83
and 93% of the cell concentrations at Site 1 and Site 2, respectively.

The two important cyanobacteria genus at Wononscopomuc in 2021 were Planktothrix
spp. and Dolichospermum spp.; they are both genera that can regulate buoyancy and
can be found concentrated in strata well below the surface. To assess the cyanobacte-
ria spatial and temporal distribution, the photosynthetic pigment unique to the cyano-
bacteria — phycocyanin — was measured throughout the water column with the fluo-
rimeter incorporated into the sensor array of the Eureka Manta Il multimeter. Fluorime-
ters work on the principal that a particular substance fluoresces at a specific wave-
length when light of another wavelength is directed on that substance. The fluorimeter
in AER’s instrumentation emits a wavelength that interacts with phycocyanin. This
sensor is not calibrated to known concentrations of phycocyanin so measurements
are not quantitative; instead, the measurements are relative to other measurements in
the water column or to other sites.

A persistent layer of high phycocyanin was detected at both sites below thermocline
(Fig. 9). Concentrations elsewhere in the water columns of both sites were low. The
highest deep water relative phycocyanin concentration was detected between 13 and
14m of depth at Site 1 on June 16". A successful effort was made to capture a sample
from that site on that date at approximately 13.5m of depth for analysis. Cell concen-
trations were 34,513 cells/mL (compared to 1,045 and 555 cells/mL near the surface of
Site 1 and Site 2, respectively). The composition of the deep-water sample was 99.5%
Planktothrix spp.
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Figure 7. Algae cell concentration by taxonomic group (top) and relative abundance for those groups (bottom) for Site 1 (left) and Site 2 (right)
during the 2021 season at Lake Wononscopomuc.
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Figure 8. Images of algae collected at Lake Wononscopomuc in 2021. A) the filamentous cyanobacteria Planktothrix spp., B) the colonial
golden algae Dinobryon spp., C) the filamentous cyanobacteria Dolichospermum spp., D) the centric diatom Cyclotella spp., and the colonial
green algae Scenedesmus spp. Total magnification is 400X.
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Figure 9. Isopleth charts of relative phycocyanin concentrations in the water columns at Site 1
(top) and Site 2 (bottom) of Lake Wononscopomuc during the 2012 season. The black dashed
lines represent the approximate location of the upper and lower metalimnetic boundaries; the
solid black line represents the approximate location of the thermocline.
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Figure 10. Isopleth charts of specific conductance in the water columns of Site 1 (top) and Site 2
(bottom) of Lake Wononscopomuc during the 2012 season. The black dashed lines represent
the approximate location of the upper and lower metalimnetic boundaries; the solid black line
represents the approximate location of the thermocline.
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CHEMICAL VARIABLES

Specific Conductance

Conductivity is a surrogate measurement for the sum of the ionized minerals, metals,
and salts in the water. As such, it is also a measure of water’s ability to conduct an
electrical current. Data collections included measures of both conductivity and spe-
cific conductance and were measured in microsiemens per cm (uS/cm). We report be-
low on specific conductance which is the same as conductivity but standardized to a
set water temperature (25°C). Temperature influences conductivity and — in the field —
temperature varies with depth and date.

Specific conductance is an im-
portant metric in Limnological
studies due to its ability to detect
pollutants and/or nutrient load-
ings. Specific conductance can
also have an influence on organ-
isms that inhabit a lake or pond;
particularly, algae. The composi-
tion of algal communities has
been shown to be related, in part,
to conductivity levels in lakes (e.g.,
Siver 1993, McMaster & Schindler
2005). As was done with temper-
ature and oxygen profile data,
specific conductance data have
been displayed as isopleth charts
(Fig. 10).

The Lake Wononscopomuc spe-
cific conductance was high rela-
tive to other lakes in Connecticut,
and due in part to local geology.
Levels were variable over time
and depth (Fig. 10, 11). Specific
conductance throughout the wa-
ter column was nearly homogene-
ous on May 18", with only slightly
higher levels near the surface.
Conditions were similar on June
16" but with a notable increase at
the bottom of both sites.
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Figure 11. Specific conductance at 1m of depth
and the bottom stratum at Site 1 (top) and Site 2
(bottom) of Lake Wononscopomuc in 2021.

Between June 16" and July 22", levels decreased in the epilimnetic strata, while contin-
uing to increase in the bottom strata. That trend continued through August 26" when

27

@ 203.794.4395 @ Imarsicano@aerlimnology.com @ www.aerlimnology.com



epilimnetic strata decreased to their lowest levels at both sites, and the Site 1 hypolim-
netic level increased to its season high. The hypolimnetic season maximum at Site 2
did not occur until October 21%t. Also on August 26", specific conductance in the strata
at, or just below, the lower metalimnetic boundary was elevated relative to strata above
and below it, particularly at Site 1 (Fig. 10).

Between August 26™ and October 21, epilimnetic specific conductance increased
slightly, but only to levels measured previously on July 22™. Hypolimnetic levels at Site
1 decreased slightly but were still high relative to epilimnetic levels.

Alkalinity and pH

Alkalinity is a measure of calcium
carbonate; and, it provides lake
water its ability to neutralize acid
(i.e., buffering capacity). Alkalinity
of surface waters is largely influ-
enced by local geology and other
watershed characteristics. Alka-
linity at the bottom of the water
column can also be generated in-
ternally from the biologically me-
diated reduction of iron, manga-
nese, and sulfate via cellular res-
piration in the anoxic lake sedi-
ments, and denitrification of ni-
trate to elemental nitrogen (Wet-
zel 2001).

On May 18", an alkalinity of
132mg/L was measured at both
sites and both strata. Levels in-
creased by June 16" but were still
similar across sites and depths
(Fig. 12). By July 22", epilimnetic
and hypolimnetic levels began to
become more discrete. Epilim-
netic concentrations at both sites
decreased and reached the sea-
son minimum of 116mg/L by Au-
gust 26", while hypolimnetic lev-
els increased and reached a sea-
son maximum of 158mg/L at Site

Site 1 AlRalinity (mg/L)

Site 2 AlRalinity (mg/L)
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Figure 12. Epilimnetic (Epi) and hypolimnetic (Hypo)
alkalinity at Site 1 (top) and Site 2 (bottom) of Lake
Wononscopomuc in 2021,
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1. The season hypolimnetic maximum for Site 2 would not occur until October 215
when it was measured at 160mg/L. Epilimnetic concentrations experienced a small in-
crease between August 26" and October 215,

The season epilimnetic averages were 129.7mg/L and 130.3mg/L at Site 1 and Site 2,
respectively. The respective hypolimnetic averages were significantly higher at
150mg/L and 148.7mg/L (p<0.05).

The pH of surface waters of lakes in the Northeast normally ranges from approxi-
mately 6 to 9 SU (standard units). Very low or very high pH levels will not support di-
verse fauna and flora in freshwater ecosystems.

Algal community composition is influenced by pH. For example, all algae require some
form of dissolved carbon for growth; the pH of the water will determine the type of dis-
solved carbon in the water column. At pH levels greater than 8.3 SU, bicarbonate is the
dominant form of carbon available to the pelagic algal community; the cyanobacteria
have adaptive advantages over other algal groups under those conditions because
they can efficiently utilize that form of carbon. Other algal groups are dependent upon
carbon dioxide, which is more readily available in water with a pH below 8.3 SU.

The difference in pH between the epilimnetic and hypolimnetic stratum is largely due
to the concentration of carbon dioxide in the two strata. Atmospheric carbon dioxide
diffuses into the water and forms carbonic acid, and although a weak acid, is one that
decreases pH. In the upper strata of the water column where photosynthesis is occur-
ring, carbon dioxide is used in photosynthesis, resulting in the production of energy
storage products (e.g., carbohydrates) and oxygen. Photosynthesis normally de-
creases with depth, so carbon dioxide levels increase with depth thus lowering pH.

Carbon dioxide is also a metabolic byproduct of cellular respiration. Cellular respiration
occurs in both the epilimnion by the aerobic organisms, and in the hypolimnion by aer-
obic organisms until oxygen is used up. Then anaerobic organisms become more
dominant and utilize other molecules for their cellular respiration needs. This combina-
tion of factors also mediates carbon dioxide levels and result in the pH in the hypolim-
nion being lower.

Epilimnetic pH of Lake Wononscopomuc was high. The season minima at Site 1 and
Site 2 were 8.6 and 8.7 SU, respectively; the respective maxima were 9.0 and 9.1 SU.
Season averages for Site 1 and Site 2 were 8.8 and 9.2 SU. Epilimnetic pH increased
over time; this trend was more conspicuous at Site 2 (Fig. 13).

Atypical for lakes of the Northeast, hypolimnetic pH was often higher than corre-
sponding epilimnetic pH (Fig. 13). The season minimum, maximum, and average for
Site 1 were 7.8, 10.0, and 9.2 SU. Those data for Site 2 were 8.0, 11.1, and 9.8 SU. At Site

29

@ 203.794.4395 @ Imarsicano@aerlimnology.com @ www.aerlimnology.com



1, the hypolimnetic levels on May
18" and June 16" were lower than
epilimnetic levels; those were the
lowest of the season. Similar con-
ditions were observed at Site 2 on
May 18™. On all other dates, hypo-
limnetic pH levels exceeded epi-
limnetic pH levels.
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Site 1 pH (SU)

After June 16" at Site 1, hypolim-
netic pH increased and was at or
near 10.0 SU between August 26™ o
and October 21%%, At Site 2, hypo- ®
limnetic pH was more variable.

Levels increased from 8.0 SU on 12
May 18" to 11.1 SU on July 22",
Levels decreased to 9.5 SU by Au-
gust 26" before returning to 11.1
SU by September 20". By Octo-
ber 21, hypolimnetic levels de-
creased again to 9.6 SU.
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Figure 13. Epilimnetic (Epi) and hypolimnetic
(Hypo) pH at Site 1 (top) and Site 2 (bottom) of
Lake Wononscopomuc in 2021

Oxidation-Reduction Potential

The oxidation-reduction potential (aka redox potential or ORP) in lakes refers to the
oxidative or reductive state in a particular stratum of the water column; it can provide
some insight as to whether phosphorus is changing from an insoluble particulate state
in the sediments to a soluble state that readily diffuses to overlying waters and availa-
ble to lentic algae if mixed into the photic zone (i.e., where algae can harvest it for
growth). When OPR is 2200 millivolts (mV) phosphate remains bound to iron; at ORP
values of <200mV, iron can be reduced and the phosphate that is chemically bound to
the iron can become soluble (Sendergaard 2009).
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Figure 14. Isopleth charts of oxidation-reduction potential in the water columns of Site 1 (top)
and Site 2 (bottom) of Lake Wononscopomuc during the 2012 season. The black dashed lines
represent the approximate location of the upper and lower metalimnetic boundaries; the solid
black line represents the approximate location of the thermocline.

At Site 1, oxidation-reduction potential was 2200mV throughout the water column
from May 18" through July 22", By August 26", ORP =200mV was measured from the
surface down to 17m of depth. Between the 18m and 24m strata, ORP measurements

decreased from 199mV to 187mV. From the 25m to 30m strata, ORP decreased from
31
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124mV to -9mV. Those strata of the water column with ORP <200mV increased by
September 20" and were measured at 147mV in the 14m stratum down to -52mV at
the 30m stratum. Strata with ORP >200mV increased by October 21% from the surface
down to the 22m stratum; below that ORP decreased from 153mV at the 23m stratum
to -32 at the 30m stratum.

Oxidation-reduction potential dynamics were considerably different at Site 2. Only the
Site 2 ORP measurements from the 14m to 17m strata on May 18" were >200mV. ORP
measurements the June 16" and July 22" water columns were between 60 and 159mV.
Levels increased with depth to the 10m strata before decreasing with depth to the bot-
tom on June 16" (Fig. 14). On July 22, the depth with maximum ORP was the 13m stra-
tum; afterwards ORP decreased with depth. Similar conditions persisted on August
26" but with a water column minimum of 1.4mV measured at 17m of depth. September
20" and October 21 ORP water column measurements were similar with minimum
and maximum measurements of -40 and 70mV, and -30 and 87mV, respectively.

2015 TO 2021 WATER QUALITY TRENDS

Since 2015, AER has been engaged in developing a water quality database on Lake
Wononscopomuc. A benefit of a historical database is the ability to detect statistically
significant trends in the lake that may be occurring. Below, two approaches were used
to assess whether the lake and specific variables were trending, i.e., significantly in-
creasing or decreasing, or not changing. The first approach pooled epilimnetic and hy-
polimnetic data into one dataset; the second approached leveraged the epilimnetic
and hypolimnetic datasets independently.

Two statistical methods were applied to the datasets derived from the two approaches.
The first method, Multiple Linear Regression (MLR), was employed to determine if the
epilimnion, hypolimnion, and/or the entire water column — based on a collective set of
variables — had changed significantly. A p-value was calculated to determine if the null
hypothesis (i.e., numbers are randomly distributed in multidimensional space) was ac-
cepted or rejected (i.e., there was a pattern in the data set that differed from random)
with p<0.05 indicating the latter. Rejecting the null hypothesis implied that a signifi-
cant trend was detected based on the collective dataset.

The second method, Analysis of Variance or ANOVA, was utilized to examine each
variable independently of others to determine whether a change had occurred in a sta-
tistically significant manner over time. The F-statistic was used to calculate the proba-
bility (i.e., p-value) that a dataset’s variable pattern differs from a random distribution of
values.
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Figure 15. Regressions of variables by year determined to have significantly changed based on
ANOVA analyses of data between 2015 and 2021. TKN = Total Kjeldahl Nitrogen.

Multiple Linear Regression

Significant change was detected in water quality of Lake Wononscopomuc based on
the pooled, epilimnetic, and hypolimnetic datasets. The variables that contributed
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most to the significance of the model from the pooled dataset were epilimnetic and
hypolimnetic ammonia, hypolimnetic nitrate, hypolimnetic total Kjeldahl nitrogen, and
hypolimnetic total phosphorus. The variable that contributed most to the significance
of the model from the epilimnetic dataset was total Kjeldahl nitrogen. The variables
that contributed most to the significance of the model from the hypolimnetic dataset
was ammonia, total Kjeldahl nitrogen, and total phosphorus. See Appendix D for re-
sults from analyses.

Analysis of Variance (ANOVA)

ANOVA indicated that multiple variables have significantly changed since 2015.
These included the epilimnetic variables of ammonia, nitrate, and total Kjeldahl nitro-
gen. From the hypolimnion dataset, alkalinity, ammonia, nitrate, total Kjeldahl nitro-
gen, and total phosphorus were shown to have significantly changed since 2015. See
Appendix D for results from analyses.

Variables that exhibited significant change were plotted to detect the direction of
change, i.e., increasing or decreasing, since 2015 (Fig. 15). All nitrogen related variables
(ammonia, TKN, nitrate) exhibited significant decrease in both the epilimnetic and hy-
polimnetic strata. A negative (decreasing) trend in hypolimnetic alkalinity was de-
tected, as well. The significant trend for hypolimnetic total phosphorus was positive
(increasing).

The same kinds of analyses were performed in 2019 with data collected from 2015 to
2019. Below we have compared the results of ANOVA from 2019 with those that in-
cluded the 2021 data (Table 3). Results from the two sets of analyses were similar for
several variables including epilimnetic variables of ammonia, and TKN, and hypolim-
netic variables of alkalinity, ammonia, TKN, and total phosphorus. Trends for some
variables were significant for the 2015 to 2019 dataset, but not for the 2015 to 2021 da-
taset. These included, epilimnetic total phosphorus, epilimnetic pH, and hypolimnetic
pH. Trends for epilimnetic and hypolimnetic nitrate were not significant based on the
smaller dataset (2015 — 2019), but were for the larger dataset (2015 — 2021).

ASSESSMENT AND MANAGEMENT CONSIDERATIONS

Much of those data collected were used to assess the trophic state of the lake. A
lake’s trophic state is a determination of the level of productivity the lake supports by
assessing the variables that limit or are related to algal productivity, e.g., phosphorus
concentration, Secchi transparency, chlorophyll-a concentrations, etc. Lakes support-
ing very little productivity are typically clear and are called oligotrophic lakes; lakes
supporting high levels of productivity are more turbid and are termed eutrophic or
highly eutrophic. Itis generally eutrophic or highly eutrophic lakes that experience al-
gal blooms. Table 4 lists the criteria used to categorize the trophic state of a lake.
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Table 3. Comparison of ANOVA results with data collected from 2015 and 2019, and 2015 and
2021. Level of significance is indicated (significant * to highly significant ***).

Whole Epilimnion [ Hypolimnion

Variables

2019 2021|2019 2021 | 2019 2021
Secchi
Epi Alkalinity
Epi Ammonia bl ok * o
Epi Nitrate *
Epi Nitrite
Epi TKN ok ok o .
Epi Total Phosphorus i **
Epi pH ok *
Hypo Alkalinity * * * %
Hypo Ammonia — -
Hypo Nitrate o —
Hypo Nitrite
Hypo TKN >k *kk *xk _—
Hypo Total Phosphorus * * ok -
Hypo pH

Table 4. Trophic classification criteria used by the Connecticut Experimental Agricultural Station (Frink
and Norvell, 1984) and the CT DEP (1991) to assess the trophic status of Connecticut lakes. The cate-
gories range from oligotrophic or least productive to highly eutrophic or most productive.

. Summer Summer Secchi

Trophic Category Total (Zgo/sl?)horus Tote(nglltrli))gen Chlorophyll-a Disk Transparency

(Mg /L) (m)
Oligotrophic 0-10 0-200 0-2 >6
Early Mesotrophic 10-15 200 - 300 2-5 4-6
Mesotrophic 15-25 300 - 500 5-10 3-4
Late Mesotrophic 25-30 500 - 600 10-15 2-3
Eutrophic 30-50 600 - 1000 15-30 1-2
Highly Eutrophic >50 >1000 >30 0-1
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Both season and summer average Secchi disk transparency indicated that the lake
supported early mesotrophic productivity (Table 4). Average total phosphorus at Site 2
was also characteristic of early mesotrophic waterbodies. The Site 1 average was char-
acteristic of mesotrophic productivity. Average total nitrogen levels were also charac-
teristic of lakes that supported mesotrophic productivity.

Chlorophyll-a is an important trophic variable that is not measured at Lake Wononsco-
pomuc. It is important because it is a direct measure of algal biomass since all algae
contain chlorophyll-a. Algae cell concentrations do not have adopted standards for
trophic levels like those use in Table 4, but there are guidelines for cyanobacteria cell
concentrations used to assess public risk due to cyanotoxins at public beaches (CT
DPH & CT DEEP 2019). The State of Connecticut recommends a threshold of 20,000
cyanobacteria cells/mL before warranting any intervention. The Lake Wononscopo-
muc total cell concentrations never exceeded 5,000 cells/mL, are generally consid-
ered low, and more consistent with oligotrophic to early mesotrophic productivity.

Scientists (e.g., Kortmann 2015)

utilize Tthe position of the Cqm- é\,?;\ R & v\)o, (I)@Q &

pensation Depth (see Secchi & & & & & &

Transparency section above) rela- 0 4 . . ' . .

tive to the metalimnion and ther- :m ______

mocline as a variable in cyano- 10 T T T __ :_"-'::.

bacteria positioning in the water = 1 -

column and as a stimulant of cya- a ]

nobacteria growth. Water quality 020

is likely to be good and unlikely to

stimulate cyanobacteria produc- 30

tivity if the Compensation Depth

extends below the thermocline. If x\\"3‘\\ & R &

the Compensation Depth is lo- o ® A ¥ A ® ®

cated within the metalimnion, a 1

layer of cyanobacteria could form 1

within those strata. Lastly, growth E 5

of cyanobacteria genera that can = ]

regulate buoyancy could be stim- 810 ]

ulated when the Compensation ]

Depth is within the mixed epilim- .

netic layer. This implies the ex- 1

tension of anoxic waters into the

bottom of the epilimnetic layer. Figure 16. Area of the water column above the
Compensation Depth (shaded in green). The

Throughout the 2021 season, the black dashed lines and black dots represent the

calculated Compensation Depth upper and/or lower metalimnetic boundaries.

(shaded green in Fig. 16) exceeded The solid black line represents the location of the

the depth of the thermocline, and thermocline.
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for much of the season, exceeded the lower metalimnetic boundary. This implied that
water quality was good, and conditions were not favorable to stimulation of cyanobac-
teria growth. It is noteworthy that the Compensation Depth was situated below the
thermocline but above the lower metalimnetic boundary on July 22" and August 26".
Those events were contemporaneous with a shift in the highest cyanobacteria biovol-
ume from meters below the lower metalimnetic boundary to that boundary (Fig. 9). It
was also on August 26™ when an increase in cyanobacteria biovolume was detected
near the surface (Fig. 9).

Coprecipitation of Phosphorus

The high pH levels measured at Lake Wononscopomuc favor dominance by cyanobac-
teria since dissolved carbon shifts at a pH of 8.3 from carbon dioxide to bicarbonate.
Cyanobacteria are capable of utilizing bicarbonate for their carbon requirement, while
other algal taxa cannot.

High pH is also a prerequisite of a chemical process referred to as coprecipitation of
phosphorus. A lake’s trophic dynamics can be influenced by calcium concentrations
in the water. High calcium concentration in lakes with high pH can result in limited
phosphorous availability to the algae via the process of coprecipitation (Wetzel 2001).
Simply stated, at high pH levels and calcium concentrations, phosphorus will bind with
calcium carbonate, precipitate out of the water column as calcite, and become unavail-
able to algae.

As noted, pH at Lake Wononscopomuc was high. Calcium concentrations were also
high based on alkalinity levels. Average total phosphorus concentrations at Site 1 and
Site 2 were characteristic of early mesotrophic to mesotrophic productivity. Algal con-
centrations were, nonetheless, low.

There was a strong relationship

between epilimnetic total phos- = 150 1 Junle e
phorus and alkalinity (Fig. 17). En 140 ]

High total phosphorus and alka- = ]

linity concentration measured in E 130 ]

the first half of the season, shifted £ ]

to lower total phosphorus and al- < 120 1 R*=075
kalinity concentrations in the lat- 3 1o ] ® Aug 26 p<0.05
ter. half of the sea.son. We hypoth- OI " 5 T ']'O ];5 2'0 2'5 3'0 3‘5 40
esize that ’Fhfa S!"Ilft resulted from Average Total Phosphorus (ug/L)

the coprecipitation and settle-

ment of phosphorus and calcium Figure 17. Regression of lake average total phos-
out of epilimnetic strata of the wa- phorus and alkalinity measured in the epilimnion
ter column. of Lake Wononscopomuc in 2021.
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Limiting Nutrients

Limnologists frequently use the Redfield ratio of 16 (16:1 nitrogen to phosphorus) to de-
termine whether nitrogen or phosphorus is limiting in a freshwater system (Redfield
1958). The ratio is molar-based and when converted to mass, 7.2ug/L is the threshold;
and, values lower than the aforementioned are indicative of nitrogen limitation while
ratios above 7.2ug/L indicate phosphorus limitations. Nitrogen limitation in a system
will favor dominance by cyanobacteria, particularly those genera capable of utilizing
nitrogen gas diffused into the water. Other taxa of algae (see below) are not capable
of using nitrogen gas, and rely on other nitrogen compounds, e.g., ammonia, nitrate.

When epilimnetic total phosphorus was below detectable limits (e.g., August 26" and
September 20" at Site 1, and September 20" and October 21 at Site 2), a concentra-
tion of 5ug/L was used to calculate the Redfield ratio resulting in August 26" and Sep-
tember 20" ratios of 240. October 215t ratios could not be determined due to the lack
of total nitrogen data on that date. Epilimnetic ratios from earlier in the season were
generally lower, and between 9 and 16 except for the May 18" Site 1 ratio of 26. All epi-
limnetic ratios were >7, but some were close to that threshold.

Ratios based on nutrient levels at the bottom of the water column are less diagnostic
since algal growth at those depths at Lake Wononscopomuc is light-limited. But they
can provide insight into ratios at mid-ranged depths. Hypolimnetic ratios were <7.2 at
Site 1 on August 26", and at Site 2 from June 16™ to September 20" (October 21! data
was omitted). Those were favorable to dominance by cyanobacteria. It is conceivable
that ratios at depths below the thermocline or lower metalimnetic boundary, where lay-
ers of cyanobacteria were detected, were between those calculated from data col-
lected at the surface and at the bottom. If they tended to be closer to hypolimnetic ra-
tios, it might provide some additional rational for the layers of cyanobacteria at those
depths.

Internal Loading of Phosphorus

We reported in 2019 that autochthonous phosphorus sources are important to the
overall phosphorus budget of the lake. Those sources originate from lake sediments
in precipitated forms, and are converted to a dissolved, aqueous form after protracted
periods of anoxia. The same lines of evidence observed in 2019 were also observed in
2021. Hypolimnetic total phosphorus greatly increased from May 18" to August 26™.
While decreasing by September 20", concentrations were still high relative to epilim-
netic levels, and increased again by October 21 (Fig. 5). These occurrences were con-
current with the increasing time of anoxic conditions in the lower strata of the water
column.

Other lines of evidence include increasing ammonia concentrations, alkalinity levels,
and specific conductance. These, too, are related to loss of oxygen, the shift in anoxic
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decomposers, and the alternative compounds used in cellular respiration (e.g., iron in
iron phosphate, nitrogen compounds, and sulfur compounds).

An important question that has not been addressed is how much of the water column
develops high phosphorus concentrations as strata of anoxic waters increases and oc-
cupies more of the water column (Fig. 5). Itis conceivable that the lens of concen-
trated cyanobacteria regularly encountered at Lake Wononscopomuc benefits from
higher phosphorus concentrations generated from the lake sediments.

Hypolimnetic pH

The high hypolimnetic pH levels, relative to epilimnetic levels, is unusual for most
Northeast lakes. Typically, hypolimnetic pH is lower due to greater carbon dioxide con-
centrations forming greater amounts of carbonic acid, relative to epilimnetic levels. We
believe the geology of the Lake Wononscopomuc basin may be one reason for the
higher pH levels in the hypolimnion.

We hypothesize that the carbonate rock that characterizes the Marble Valley bedrock
is providing a readily available source of carbonate ions. Those could bind free hydro-
gen ions, form bicarbonate, and increase pH. If there is a carbonate source directly on
the lake bottom, the pH there could be higher.

Specific Conductance Trends

In 2019, we provided a data table that displayed lake averages for a set of variables
and compared them to corresponding averages for the lake based on a state-wide sur-
vey of Connecticut lakes conducted in the early 1990s. The table also provided aver-
ages for those variables for the Marble Valley lakes in the 1990s study and for the en-
tire 60 lake set of lakes in that study (Canavan and Siver 1995). That table has been
recreated below but also includes the Lake Wononscopomuc averages for 2021.

Of the variables measured in the 1990s and in recent years, the one exhibiting the
greatest increase over time appears to be epilimnetic specific conductance. Average
specific conductance at Lake Wononscopomuc from the 1990s survey was 274uS/cm.
The 2019 average was 323uS/cm and that increased by 2021 to 347uS/cm. The 2021
average was significantly greater than the 2019 average (p<0.005).
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Table 4. Comparisons of the Lake Wononscopum averages for selected water quality variables from the early 1990s, 2019, and 2021 to
corresponding averages from lakes in the Connecticut Marble Valley geological region and from a statewide survey of 60 lakes (Canavan and
Siver 1995) conducted in the early 1990s. All measures with the exception of Secchi transparency were from samples collected at 1 meter
depth. Abbreviations: Wononsco. = Wononscopomuc, Nitro. = nitrogen, Phos. = phosphorus, Chloro-a = chlorophyll-a, Sp. Cond. = specific
conductance.

Wononscopomuc Marble Valley Lakes 60 CT Lake Set
Parameter Units
1990s 2019 2021 Min Max Mean Min Max Mean

Total Nitro. pg/L 334 249 313 334 547 449 119 3831 439
Total Phos. pg/L 21 10.8 13.4 21 42 31 9 334 33
Chloro-a pg/L 1.2 NA NA 1.2 7.1 43 0.2 71.6 6.5
Secchi Disk meters 4.9 4.87 4.91 2.0 4.9 3.3 0.9 7.6 3.3
pH pH units 8.5 8.8 9.0 7.8 8.3 8.2 4.6 8.8 7.1
Sp. Cond. pS/cm 274 323 347 180 317 258 24 317 102
Alkalinity mg/L 121 127 130 54.5 120.5 90 0] 120.5 14.5
Chloride mg/L 9.2 NA NA 3.2 42.2 213 0.7 42.2 10.3
Calcium mg/L 25.2 NA NA 16.6 28.8 22.8 1.2 28.8 7.6
Magnesium mg/L 15.4 NA NA 59 15.2 9.8 0.2 15.2 2.5
Sodium mg/L 6.7 NA NA 25 24.6 13.1 14 24.6 6.9
Potassium mg/L 1.6 NA NA 1.2 2.7 1.9 0.4 2.7 1.2
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Recommendations
Recommendation 1. Continue Water Quality Monitoring

The water quality monitoring program is an essential component to successful lake
management because it provides a basis of assessing change in the system, both
positive and negative change. Those changes can be natural, i.e., the natural lake ag-
ing process, due to perturbations in the watershed, or can be related to successful
management initiatives in the lake or watershed.

There are several variables we recommended adding to the program. First, chlorophyll-
a in samples collected near the surface is recommended. This variable is a direct as-
sessment of algal biovolume and will provide additional insight into the trophic dy-
namics, including coprecipitation of phosphorus, at the lake.

Base cations (sodium, potassium, calcium, and magnesium) and chloride in the epilim-
nion should also be considered for addition to the monitoring program to develop an
understanding of the increasing specific conductance levels. These variables would
not have to be measured monthly during a monitoring year, but they should be meas-
ured on some regular interval.

AER can intercede with the commercial laboratory to negotiate a favorable pricing for
the additional laboratory charges incurred through these proposed modifications.

Recommendation 2. Develop a strategy to better understand the impacts of internal
loading of phosphorus.

Total phosphorus levels in samples collected from the bottom of the water column, af-
ter a protracted period of anoxia at those strata, were one to two orders of magnitude
greater than corresponding levels in samples collected near the surface. The anoxic
conditions increased upward as the season progresses reaching the lower metalim-
netic boundary by October. Influences of phosphorus enrichment from the bottom at
mid-range depths where concentrated layers of cyanobacteria are observed are not
well understood.

We proposed developing a cost-effective approach to assessing influences on mid-
range depths by internal loading of phosphorus from the sediments.

Recommendation 3. We recommend a publication by the Cary Institute entitled Road
Salt: The Problem, The Solution, and How to Get There.

As noted, specific conductance has greatly increased since the early 1990s. As has
been documented at other waterbodies much of this is due to increased use of winter
deicing salts on roads. In the recommended publication, the authors provide insights
into the road salt issue, including impacts to lakes, and provide management recom-
mendations, e.g.,

= Anti-icing
* Pre-wetting
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» Calibration of equipment
- Variable application rates
« Proper salt storage.

A link to the online publication is provided in the References section of this report.
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APPENDIX A. FIELD DATA

Abbreviations (for both Appendix A and B)
Temp = temperature

DO = dissolved oxygen

BGs = Blue-green Algae (Cyanobacteria) measured as relative phycocyanin concentra-
tion

ORP = Oxidation Reduction Potential
Spec. C. = Specific Conductance

Alk = Alkalinity

NH4 = Ammonia

TKN = Total Kjeldahl Nitrogen

NO3 = Nitrate

NO2 = Nitrite

TP = Total Phosphorus
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18-May-2021
Depth Temp DO

Spec C ORP

Site 1 ") CO) (mguy DOt  BGs SR V) pH
0.5 17.83 10.7 114.9 044 3677 2145 8.62
1 1754  10.84 115.7 132 3664 2175 8.63
2 16.78 1,03 115.9 109  365.1 221 8.64
3 15.94 11.36 117.3 1.49 364 2237 8.64
4 14.87 11.61 17.1 136 3628  226.2 8.65
5 13.71 119 17.1 136 3617 2275 8.65
6 12.51 11.92 1142 194 3615 2304 8.64
7 11.26 12.01 111.8 163 3609 2347 8.58
8 9.33 12.14 108 244 3604 2375 8.56
9 8.53 1218 106.3 3.27 360  240.9 8.5
10 7.72 1219 104.2 375 3603 2441 8.46
11 7.14 1214 102.4 6.46  360.6 247.2 8.41
12 6.66 11.68 97.3 784 3608 2524 8.31
13 6.56 11.49 955 1041 3612 2548 8.27
14 6.31 11.18 92.3 1156 3611  257.2 8.23
15 6.16 11,04 90.8 1193 3611 2587 8.21
16 6.06 1,04 90.6  10.74 361 2597 8.19
17 596  10.53 86.1 951 3615 262.3 8.14
18 5.91 9.96 81.4 86 3615 2652 8.09
19 5.83 9.66 78.8 703 3615 2666 8.06
20 5.76 9.65 78.6 538 3618 2672 8.05
21 5.73 8.98 73.1 512 3618  269.8 8.01
22 5.69 8.76 71.2 4.92 362 2714 7.99
23 5.63 8.53 69.2 468 3619 2728 7.97
24 5.61 8.43 68.4 3.87 362 2736 7.96
25 5.61 8.34 67.6 4.45 362 2742 7.95
26 5.59 8.33 67.5 4.25 362 2746 7.94
27 5.59 8.32 67.4 438 3621 2747 7.94
28 5,57 8.31 67.4 389 3622 275 7.94
29 5.55 8.23 66.6 366 3623  275.3 7.93
30 5.54 7.95 64.4 372 3625 276.3 7.92
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18-May-2021
Depth Temp DO

Spec C ORP

Site 2 ) CO)  (mguy DOt  BGs SRS V) pH
0.5 17.95  10.63 114.5 196 3657  90.6 8.67
1 17.85  10.76 115.6 163 3655 925 8.66
2 1773 10.88  116.6 142 3654 954 8.64
3 15.96 1149 1186 093 3631 947 8.84
4 15.13 11.66 118.3 162 3624 9858 8.7
5 13.53 11.86 116.2 167 3615  103.1 8.69
6 12.74 11.96 115.1 203  360.6 1068 8.68
7 1123 12.09 112.4 181 3612  108.9 8.75
8 956 1226  109.7 194 3603 1113 8.64
9 833 1255  108.9 383 3606 1122 8.62
10 7.78 123 1054 478 3604 1149 8.53
11 7.24 11.23 94.9 781 3612 1591 8.34
12 6.94 1,08 92.9 987 3612 1677 8.28
13 6.69 9.04 75.3 1519 3622  189.6 8.09
14 6.39 6.76 55.9 878 3635 206! 7.99
15 6.28 5.39 44.5 737 3843 2127 7.92
16 6.22 4.51 37.2 589 3648 2175 8.02
17 6.22 4.23 34.8 6.85 3651 2202 8
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16-Jun-2021
Depth Temp DO

Spec C ORP

Site 1 ") CO) (mguy DOt  BGs  SREH V) pH
0.5 21.92 9.38  109.2 3.12 365  203.3 8.65
1 21.92 937 1092  -3.74 3649  203.3 8.67
2 21.89 941  109.6 076 3646  203.9 8.71
3 2153 9.51 110 338 3644 2053 8.72
4 1831  10.58 114.7 1.19 363 212 8.7
5 16.9 1,03 116.2 186  363.1 217 8.67
6 15.33 11.79 1201 227 3623 2202 8.67
7 13.06 1267  122.8 176 360.4 225 8.64
8 1113 12.9 119.7 186 3604  229.2 8.62
9 927 1278 1135 229 3606 233.3 8.55
10 837 1203 1045 2.24 361 240 8.43
11 7.6 11.66 99.4 34 3613 2437 8.45
12 7.15 11.65 98.2 701 3612 2444 8.42
13 6.68 11.55 96.3 2482 3616  246.2 8.34
14 6.48 9.91 822 2139 3618 2532 8.14
15 6.27 8.72 719 1859 3621 25858 8.07
16 6.14 7.92 65.1 12.83 3623  261.9 8.01
17 6.01 7.78 63.7 8.05 3623  263.1 7.99
18 5.93 7.33 60 585 3624  265.2 7.94
19 5.84 6.67 54.4 451 3629 2675 7.88
20 5.8 6.23 50.8 363 3632  268.9 7.85
21 5.73 6.23 50.7 221 3629  269.2 7.85
22 5.67 6.3 51.2 192 3628 2695 7.85
23 5.62 6.31 51.2 164 3629 2697 7.84
24 5.61 5.32 43.1 165 3635 2707 7.79
25 5.59 4.84 39.2 151 364 2711 7.76
26 558 3.35 27.1 17 3653  269.9 7.7
27 5.57 1.95 15.8 1.85 367 2614 7.65
28 5.56 0.9 7.3 15  369.2 254 7.62
29 5.54 0.15 12 185 3747 2435 7.71
30 5.52 0.1 0.8 219 3857  241.1 7.79
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16-Jun-2021

Site 2 Dfrf‘t)h T(‘i'g)p (n?gc/)L) DO(%)  BGs (ﬁg‘;grg) (cr)nRVP) pH
05 2237 949 1115 247 3641 7941 8.89
: 2237 95 1116 145 364 855 888
2 2228 952 17 21 364 882  8.88
3 1993 106 11838 21 3639 1014 888
4 18.47 107 1164 151 3633 1031  8.89
5 1785 1066 1145 169 3633 1048 879
6 1596 1152 119 178 3628 109 872
7 13.04 1253 1215 168 3606 1104 874
8 1062 1276 17 22 3607 M 867
9 97 1264 1134 234 3608 1116 893
10 879 1215  106.7 213 3614 1119 884
f 771 1056 903 625 3622 1094 861
12 7.31 882 747 1858 3632 1114 838
13 6.91 411 344 113 3653 1099  8.08
14 672 058 48 434 3677 1028 793
15 66 023 19 369 3705 844 896
16 653 015 12 284 3728 769 915
17 6.42 0.1 0.8 338 3834 506 943
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22-Jul-2021

Depth Temp DO Spec C ORP

Site 1 ") CO) (mgLy DO  BGs S V) pH
0.5 25.16 9.08 112.4 1.58 345  199.9 8.77
1 25.16 9.28 114.9 1.49 345  200.8 8.8
2 25.15 9.31 115.3 2.02 345  202.2 8.78
3 25.03 9.34 1155 081 3451 2027 8.78
4 24.54 9.27 1135 169 3487 206 8.72
5 224 923 1085 233 3496  210.9 8.63
6 19.13 10.31 113.7 242 3612 2151 8.63
7 1512 1207 1224 248 3613 2204 8.64
8 1255 1258  120.6 271 3626 2234 8.64
9 10.58 11.47 105 258 3622 233 8.43
10 922  10.04 89.1 374 3629 2417 8.22
1 8.48 9.96 86.8 373 3626 2433 8.22
12 7.59 9.46 80.6 1155 3632  247.3 8.13
13 7.19 8.44 712 10.83 3641 2511 8.03
14 6.75 5.02 419 6.26 3645 2584 7.83
15 6.45 4.82 39.9 4.06 3643 2506 7.8
16 6.23 4.72 38.9 22 3639 2602 7.8
17 6.09 4.74 38.9 152 364 261 7.79
18 6.02 4.33 35.5 181 3644  262.4 7.77
19 5.95 4.26 34.8 112 3642 2627 7.76
20 5.9 4.14 33.8 153 3643  263.2 7.69
21 5.73 3.62 29.4 124 3645 2622 7.65
22 5.72 2.78 22.6 093 3657  259.8 7.59
23 5.68 173 14 1,04 366 259.8 7.56
24 5.64 0.63 5.1 153  367.9 259.5 7.52
25 5.63 0.24 19 12 3716 2596 7.54
26 5.63 0.15 12 124 3737 2594 7.58
27 5.62 0.13 1 095 3765  250.6 7.68
28 5.59 0.09 07 {  386.4 257 8.45
29 558 0.05 0.4 144 3919 2378 9.25
30 5,57 0.05 0.4 128  396.8 2254 9.34
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22-Jul-2021
Depth Temp DO

Spec C ORP

Site 2 ) CO)  (mgu) DO  BGs  SREH V) pH
0.5 25.35 9.28 115.3 238 3442 722 9.28
1 25.29 9.51 118.1 193 3442 806 9.21
2 25.23 9.53 118.2 203 3443 100 8.86
3 25.18 9.49 117.6 217 3442 1026 9.26
4 23.78 9.26 111.8 22 3523 1105 9.18
5 22.21 9.31 109.1 26 3527 1148 9.13
6 18.86  10.49 115.1 27 3619 1181 9.21
7 16.19 11.95 124.1 261 3619 1208 9.26
8 12.81 12.44 120 276 3618 1204 9.3
9 10.74 1125 1035 31 3626 1271 9.26
10 944 1042 92.9 441 3631 1317 9.11
11 8.5 9.18 80.1 6.84 3639 136.8 9.2
12 8.04 6.32 54.5 412 3646 1463 9.05
13 7.68 3.31 28.3 2.42 366 159.3 8.9
14 7.16 0.26 2.2 35 3731 13658 10.2
15 6.91 0.2 17 268 3795 1318  10.55
16 6.79 0.13 f 211 3847  109.7 1,01
17 6.73 0.1 0.8 221 3864 907 1113
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26-Aug-2021
Depth Temp DO

Spec C ORP

Site 1 ") CO) (mguy DOt  BGs SR V) pH
0.5 25.51 8.89 110.8 054 3333 2188 8.71
1 25.51 8.89 10.8 162 3334 2199 8.73
2 25.47 8.91 111 154 3333 2208 8.73
3 25.09 8.98 11,1 174 3324 2209 8.76
4 24.78 9.04 11,1 222 3333 222 8.74
5 23.79 8.38 101.1 215 3445 2289 8.58
6 20.93 8.46 96.7 231 3619 2346 8.48
7 17.17 8.71 92.3 256 3679 2398 8.42
8 12.89 97 93.7 478 3644 248 8.31
9 1113 9.97 92.5 679 3638 2498 8.29
10 9.72 9.98 89.6 791 3648 2513 8.28
1 8.64 5.75 50.3 298 3703 2646 7.96
12 7.81 5.59 47.9 216  370.4 266 7.94
13 7.12 3.65 30.8 238 3712 2714 7.78
14 6.69 3.02 25.1 158 3686 2743 7.71
15 6.46 2.68 22.2 151 366.6 276 7.66
16 6.33 2.45 20.2 132 3656 2707 7.63
17 6.21 2.09 17.2 144 3652 208.5 7.58
18 6.07 1.79 14.6 143 3647 1989 7.56
19 5.97 1.68 13.7 14 3644 1968 7.55
20 5.88 1,65 135 099 3643  195.9 7.55
21 5.8 1.64 13.4 13 3646 1953 7.54
22 5.75 0.56 4.5 149 3656 1918 75
23 5.73 0.36 2.9 104 3681  190.7 75
24 5.69 0.3 2.4 169 3742  187.1 7.59
25 5.66 0.18 14 103 3813  124.2 8.79
26 5.65 0.15 12 103 386 92 9.18
27 5,62 0.12 0.9 119 3952  66.5 9.44
28 5.61 0.1 0.8 141 3995 458 9.6
29 5.6 0.08 0.6 162 4073 19.1 9.74
30 5.59 0.06 0.5 148 4225 -9 9.86
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26-Aug-2021
Depth Temp DO

Spec C ORP

Site 2 ) CO)  (mguy DOt  BGs SRS V) pH
0.5 25.4 9.2 114.4 795  332.3 46 9.11
1 25.4 9.19 1143 582 3327 484 9.11
2 25.36 9.19 114.2 564 3328 529 9.1
3 24.99 9.2 113.6 4.69 333 63.1 9.09
4 24.7 8.88 109 372 3338 755 9.06
5 24.02 8.36 101.3 3.03 3423 92 8.66
6 20.21 8.38 94.5 285 3628 1017 8.49
7 16.33 8.79 915 281 3662  104.9 8.99
8 13.52 9.31 91.2 366 3649  103.1 8.94
9 1.1 9.65 89.5 779 3634 1022 8.99
10 9.62 8.85 79.3 626 3657 1056 8.76
11 8.84 4.85 42.6 295 3727  109.1 8.4
12 8.24 1.59 13.8 192 3744 1152 8.13
13 7.76 0.46 3.9 413 3719 1174 8.01
14 7.39 0.31 2.6 402 3784  87.3 8.84
15 7.06 0.2 16 265 3861 428 9.36
16 6.92 0.15 12 199 3913 17.3 9.44
17 6.86 0.12 1 232 3943 14 9.47
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20-Sep-2021

Site 1 Dfnp]t)h T(?,'c':‘f (n?gcl)L) DO(%)  BGs (ﬁg‘,*gnf) (?nr‘;f) pH
05 2205 903 1054 012 3355 2181  8.89
1 2206 897 1047 296 3354 2197 884
2 2206 894 1045 108 3354 221 881
3 2206 894 1044 185 3355 2218  8.79
4 2206 893 1043 205 3355 2221 878
5 2205 892 1042 302 3355 2226 877
6 209 792 904 208 3418 2336 8.5
7 1784 788 846 205 3567 2404 837
8 1435 878 876 277 3652 2479 827
9 1230 939 897 559 366 2498  8.28
10 102 642 583 1458 3684  262.3 8.7
. 879 322 282 215 3726 2691 845
12 763 228 194 226 3747 2723 834
13 713 185 15.6 178 3726 2742 828
14 6.79 125 104 139 3704 1472 818
15 6.56 123 102 13 3686 1456 818
16 6.41 123 102 142 3676 1445 847
17 6.24 108 8.9 107 366 1403 8.5
18 602 084 6.8 123 3656 1387 813
19 593  0.34 27 112 3661 1354  8.09
20 583 023 19 118 366 1346  8.08
21 577 049 15 126 3689 1344 807
22 574 0413 1 09 3726 121 829
23 5.72 0.1 0.8 12 3755 934 866
24 57 007 0.6 111 3847 42 929
25 568  0.06 0.5 121 3878 115 961
26 567  0.05 0.4 123 392 -126 9.8
27 566  0.05 0.4 144 3959 256  9.88
28 565  0.05 0.4 14 3995 343 992
29 564  0.04 0.3 127 4014  -435 997
30 563  0.04 0.3 146 4054 522  100f
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20-Sep-2021
Depth Temp DO

Spec C ORP

Site 2 ) CO)  (mgu) DOt BGs SR mv) pH
0.5 22.06 914  106.8 334 3355 124 9.88
1 22.05 911  106.4 237 3354 188 9.85
2 22.05 91 1063 314 3355 224 9.86
3 22.04 9.09  106.1 326 3355 272 9.19
4 22 9.03 1053 31 3359 356 8.93
5 21.89 8.76 102 261 3367 48 9.94
6 20.64 8.45 96 263 3433  56.1 9.85
7 18.15 7.85 84.9 314 3551  69.6 9.77
8 13.95 8.8 87 405 3658  67.3  10.06
9 11.73 8.66 81.5 16.16  367.4 65  10.08
10 10.18 5.53 50.2 778 3695 617 9.91
11 9.24 2.55 22.6 245 3731 60.4 9.78
12 8.69 0.35 3 199 3756  57.2 9.76
13 7.81 0.21 18 425 3803  53.3 9.9
14 7.42 0.18 15 3.83 387 199  10.36
15 7.19 0.15 12 293 3927 87  10.76
16 711 0.13 11 2.81 395 246 1094
17 7 0.1 0.8 3.03 3986  -40.4 1.1
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21-Oct-2021
Depth Temp DO

Spec C ORP

Site 1 ") CO) (mgry DO BGs SRS oV) pH
0.5 16.63 962 1008 232 3412  246.9 9.15
1 16.62 96 1006 251 3413 2473 9.04
2 16.61 96 1005 2.80 3412 2485 8.9
3 16.59 96 1005 355 3412 2488 8.84
4 16.59 96 1005 278 3412 2493 8.78
5 16.57 961 1005 272 3412 2491 8.76
6 16.46 96  100.2 299 3412 2497 8.71
7 16.41 9.43 98.3 393 3418 2503 8.65
8 16.14 8.99 93.2 39 3453 2538 8.53
9 13.64 7.28 715 574 3654 2716 8.05
10 10.63 2.57 23.5 216 3717 2855 7.65
1 9.49 1.33 118 154 3727  288.9 7.53
12 8.2 0.76 6.6 122 3734 2912 7.45
13 7.27 0.27 2.3 124 3723 2934 7.38
14 6.85 0.19 16 1.49 370 2943 7.35
15 6.64 0.1 0.8 116 3692 295 7.35
16 6.39 0.07 0.6 101 3674 2953 7.36
17 6.23 0.06 0.5 126  367.4 296 7.35
18 6.12 0.05 0.4 1.04 367 296.1 7.36
19 6.08 0.04 0.4 107 3681  287.9 7.42
20 5.98 0.04 0.3 092 3693 280.8 7.52
21 5.86 0.04 0.3 0.81 371 266.3 7.73
22 5.83 0.04 0.3 136 3734 2233 7.96
23 5.79 0.04 0.3 116 378 152.6 8.5
24 5.76 0.03 0.3 106 3829 1028 9.05
25 5.74 0.04 0.3 109  386.8 535 9.48
26 5.72 0.03 0.3 13 391.1 30 9.66
27 5.71 0.04 0.3 145  392.8 4 9.8
28 5.7 0.04 0.3 14 3957 8.8 9.86
29 5.68 0.03 0.3 148 4012 211 9.91
30 5.67 0.03 0.3 138 4033  -31.9 9.96
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21-Oct-2021
Depth Temp DO

Spec C ORP

Site 2 ) CO)  (mgu) DOt  BGs SR V) pH
0.5 16.75 9.93 1043 333 3409 11 9.62
1 16.76 987 1036 387 3408 166 9.57
2 16.73 987 1036 364 3409 197 9.54
3 16.71 9.86 1034 398 3409 226 9.51
4 16.56 977 1022 372 3409 274 9.46
5 16.49 961  100.3 379  340.8 37.1 9.38
6 16.45 9.55 99.6 312 3413 40.9 9.35
7 16.33 9.41 97.9 34 3422 46 9.3
8 16.13 9.2 95.3 767 3437 519 9.24
9 14.09 6.77 67.1 5.47 364 776 8.71
10 1,08 2.9 26.9 3.22 371 87 8.42
11 9.64 0.32 2.8 235 3738 804 8.31
12 8.83 0.19 16 18 3761 804 8.32
13 8.52 0.15 13 2.92 379 797 8.34
14 7.95 0.1 0.9 408 3855  66.9 8.56
15 7.44 0.09 07 362 3963 185 9.23
16 7.31 0.07 0.6 379 3988  -16.1 9.54
17 7.18 0.06 0.5 324 4025  -30.1 9.62
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APPENDIX B. LABORATORY DATA

Site 1

18-May-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 132 0 0.307 0 0] 0.012 5.81
30 132 0 0.315 0 0] 0.016

16-Jun-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 148 0 0.29 0 0.055 0.04 5.80
30 150 0.537 0.73 0 0.067 0.095

22-Jul-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 130 0 0.295 0 0] 0.032 3.81
30 154 0.764 0.953 0 0] 0.054

26-Aug-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 116 0 0.263 0 0] 0 4.24
30 158 1.285 1.55 0 0] 0.3

20-Sep-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (ug/L) Secchi (m)
0.5 122 0 0.386 0 0] 0 5.69
30 156 0.99 1.587 0 0] 0.14

21-Oct-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 130 0 0 0 0] 0.01 4.57
30 150 1.3 0.66 0 0] 0.4
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Site 2

18-May-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (ug/L) Secchi (m)
0.5 134 0 0.285 0 0 0.018 5.33
17 134 0 0.407 0 0 0.029

16-Jun-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 146 0 0.284 0 0 0.026 5.50
17 148 0.243 0.685 0 0 0.137

22-Jul-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 132 0 0.222 0 0 0.015 3.90
17 148 0.792 0.944 0 0 0.324

26-Aug-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 116 0 0.266 0.05 0 0.008 4.21
17 152 1.368 1.533 0 0 1.3

20-Sep-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 124 0 0.428 0 0 0 5.40
17 150 0.849 1.336 0 0 0.198

21-Oct-21 Depth (m) Alk (mg/L) NH4 (mg/L) TKN (mg/L) NO3 (mg/L) NO2 (mg/L) TP (pg/L) Secchi (m)
0.5 130 0 0 0 0 0 4.60
17 160 1.6 15 0 0 0.39
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APPENDIX C. ALGAE DATA

Genera observed in samples collected from Lake Wononscopomuc in 2021.

Taxa Genus 18-May-21 16-Jun-21 22-Jul-21 26-Aug-21 20-Sep-21 21-Oct-21
Cyanophyta Aphanocapsa sp. X X X

Chroococcus sp. X X X

Dolichospermum sp. X X X X X

Microcystis sp. X

Planktothrix sp. X X X X X X
Chlorophyta Coelastrum sp. X X

Chodatella sp. X X X

Closterium sp. X

Crucigenia sp. X

Dictyosphaerium sp. X

Elakatothrix sp. X

Eudorina elegans X X

Gloeocystis sp. X X X

Lagerheimia sp. X X

Micractinium sp. X

Mougiotia sp. X

Oocystis sp. X X X X X

Pediastrum sp. X

Quadrigula sp. X

Scenedesmus sp. X X X X X X

Selenastrum sp. X X X X X X

Spondylosium sp. X X X
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Taxa Genus 18-May-21 16-Jun-21 22-Jul-21 26-Aug-21 20-Sep-21 21-Oct-21
Chlorophyta (con’t) Staurastrum sp. X
Tetraedron sp. X X X
Treubaria sp. X X
Chrysophyta Dinobryon sp. X X X X X X
Epipyxis sp. X
Kephyrion sp. X X
Mallomonas sp. X X X X X X
Spinifermonas sp. X
Synura sp. X X
Uroglenopsis sp. X X X X X X
Bacillariophyta Asterionella sp. X
Cyclotella sp. X X X X X X
Fragilaria sp. X X X X X
Rhizosolenia sp. X X X X X X
Synedra sp. X X X X X X
Tabellaria sp. X X
Pyrrophyta Ceratium sp. X X X X X
Glenodinium sp. X X X X X X
Gymnodinium sp. X X
Peridinium sp. X X X X X X
Cryptophyta Cryptomonas ovata X X
Euglenophyta Trachelomonas sp. X X X X X X
Ochrophyta Stichogloea sp. X
Total each month 21 23 24 27 26 21
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May 18, 2021 — Site 1

Algae Count Data

Taxa Genus / species C‘:TIIIE ! % Taxan::f lls / Taxa %
Cyanophyta Planktothrix sp. 1906 47.0 1906 47.0
Snowella sp. 0] 0.0
Woronichinia sp. 0] 0.0
Chlorophyta Anikistrodesmus sp. 0] 0.0 216 53
Lagerheimia sp. 9 0.2
Mougiotia sp. 19 0.5
Selenastrum sp. 188 4.6
Chrysophyta Chrysosphaerella sp. 0 0.0 1755 43.3
Dinobryon sp. 1690 41.7
Kephyrion sp. 66 1.6
Bacillariophyta Asterionella sp. 19 0.5 103 2.5
Cyclotella sp. 19 0.5
Fragilaria sp. 9 0.2
Rhizosolenia sp. 19 0.5
Synedra sp. 28 0.7
Tabellaria sp. 9 0.2
Pyrrophyta Ceratium sp. 0] 0.0 38 0.9
Peridinium sp. 38 0.9
Cryptophyceae Cryptomonas sp. 0] 0.0 0] 0.0
Euglenophyceae  Euglena sp. 0 0.0 0 0.0
Trachelomonas sp. 0 0.0
Unknown 38 0.9 38 0.9
Taxa identified
13 Totals 4055 100 4055 100
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May 18, 2021 — Site 2

Taxa Genus / species Cfrl‘li / % Taxar:f lls / Taxa %

Cyanophyta Aphanizomenon sp. 0 0.0 1254 39.2
Planktothrix sp. 1254 39.2

Chlorophyta Anikistrodesmus sp. 0 0.0 181 5.7
Pediastrum sp. 107 34
Scenedesmus sp. 13 0.4
Selenastrum sp. 60 1.9

Chrysophyta Chrysosphaerella sp. 0 0.0 1629 50.9
Dinobryon sp. 1576 49.3
Kephyrion sp. 40 1.3
Uroglenopsis sp. 13 04

Bacillariophyta Asterionella sp. 7 0.2 80 2.5
Cyclotella sp. 27 0.8
Synedra sp. 47 15

Pyrrophyta Ceratium sp. 0 0.0 27 0.8
Peridinium sp. 27 0.8

Cryptophyceae Cryptomonas sp. 13 0.4 13 0.4
Rhodomonas sp. 0 0.0

Euglenophyceae  Euglena sp. 0 0.0 0 0.0
Trachelomonas sp. 0 0.0
Unknown 13 0.4 13 0.4

Taxa identified

12 Totals 3198 100 3198 100
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June 16, 2021 — Site 1

Taxa Genus / species Cfrl‘li / % Taxan::f lls / Taxa %
Cyanophyta Aphanizomenon sp. 0 0.0 6 0.6
Dolichospermum sp. 3 0.3
Planktothrix sp. 3 0.3
Chlorophyta Anikistrodesmus sp. 0 0.0 129 124
Oocystis sp. 24 2.3
Pediastrum sp. 0 0.0
Scenedesmus sp. 72 6.9
Schroederia sp. 0 0.0
Selenastrum sp. 33 3.2
Chrysophyta Chrysosphaerella sp. 0 0.0 357 34.2
Dinobryon sp. 252 241
Epipyxis sp. 54 5.2
Kephyrion sp. 3 0.3
Mallomonas sp. 3 0.3
Uroglenopsis sp. 45 4.3
Bacillariophyta Asterionella sp. 0 0.0 490 46.8
Cyclotella sp. 354 33.9
Fragilaria sp. 96 9.2
Rhizosolenia sp. 33 3.2
Synedra sp. 3 0.3
Tabellaria sp. 3 0.3
Pyrrophyta Ceratium sp. 6 0.6 45 4.3
Glenodinium sp. 21 2.0
Peridinium sp. 18 1.7
Cryptophyceae Cryptomonas sp. 0 0.0 0 0.0
Euglenophyceae  Euglena sp. 0 0.0 0 0.0
Unknown 18 1.7 18 1.7
Taxa identified
18 Totals 1045 100 1045 100
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June 16, 2021 — Site 1 @ 13 meters

Taxa Genus / species Cfrl‘li / % Taxa:r::f lls | Taxa %

Cyanophyta Aphanizomenon sp. 0 0.0 34334 99.5
Planktothrix sp. 34334 99.5

Chlorophyta Anikistrodesmus sp. 0 0.0 0 0.0
Coelastrum sp. 0 0.0

Chrysophyta Chrysosphaerella sp. 0 0.0 0 0.0

Bacillariophyta Asterionella sp. 51 0.1 128 0.4
Cyclotella sp. 26 0.1
Fragilaria sp. 26 0.1
Synedra sp. 26 0.1

Pyrrophyta Ceratium sp. 0 0.0 51 0.1
Peridinium sp. 51 0.1

Cryptophyceae Cryptomonas sp. 0 0.0 0 0.0

Euglenophyceae  Euglena sp. 0 0.0 0 0.0
Trachelomonas sp. 0 0.0
Unknown 0 0.0 0 0.0

Taxa identified
6 Totals 34513 100 34513 100
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June 16, 2021 — Site 2

Taxa Genus / species Cfrl‘li / % Taxan::f lls / Taxa %
Cyanophyta Aphanizomenon sp. 0 0.0 50 9.0
Dolichospermum sp. 2 0.3
Planktothrix sp. 48 8.7
Chlorophyta Anikistrodesmus sp. 0 0.0 125 22.5
Coelastrum sp. 53 9.6
Lagerheimia sp. 3 0.6
Oocystis sp. 7 1.2
Scenedesmus sp. 27 4.8
Selenastrum sp. 35 6.3
Chrysophyta Chrysosphaerella sp. 0 0.0 78 14.1
Dinobryon sp. 32 5.7
Kephyrion sp. 5 0.9
Mallomonas sp. 5 0.9
Synura sp. 8 15
Uroglenopsis sp. 28 5.1
Bacillariophyta Asterionella sp. 0 0.0 246 444
Cyclotella sp. 233 42.0
Fragilaria sp. 2 0.3
Rhizosolenia sp. 12 2.1
Pyrrophyta Ceratium sp. 0 0.0 48 8.7
Glenodinium sp. 28 5.1
Peridinium sp. 20 3.6
Cryptophyceae Cryptomonas sp. 0 0.0 0 0.0
Euglenophyceae  Euglena sp. 0 0.0 2 0.3
Trachelomonas sp. 2 0.3
Unknown 5 0.9 5 0.9
Taxa identified
18 Totals 555 100 555 100
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July 22, 2021 — Site 1

Taxa Genus / species Cfrl‘li / % Taxan::f lls / Taxa %
Cyanophyta Aphanizomenon sp. 0 0.0 464 21.6
Dolichospermum sp. 464 21.6
Chlorophyta Anikistrodesmus sp. 0 0.0 1436 66.7
Chodatella sp. 10 0.4
Scenedesmus sp. 1398 64.9
Spondylosium sp. 10 0.4
Tetraedron minimum 10 0.4
Treubaria sp. 10 0.4
Chrysophyta Chrysosphaerella sp. 0 0.0 10 0.4
Mallomonas sp. 10 0.4
Synura sp. 0 0.0
Bacillariophyta Asterionella sp. 0 0.0 196 9.1
Cyclotella sp. 148 6.9
Fragilaria sp. 5 0.2
Rhizosolenia sp. 34 1.6
Synedra sp. 10 0.4
Pyrrophyta Ceratium sp. 0 0.0 43 2.0
Glenodinium sp. 19 0.9
Gymnodinium sp. 0 0.0
Peridinium sp. 24 1.1
Cryptophyceae Cryptomonas sp. 0 0.0 0 0.0
Euglenophyceae  Euglena sp. 0 0.0 5 0.2
Trachelomonas sp. 5 0.2
Unknown 0 0.0 0 0.0
Taxa identified
14 Totals 2154 100 2154 100
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July 22, 2021 — Site 2

Taxa Genus / species Cfrl‘li / % Taxan::lt_a lls / Taxa %
Cyanophyta Aphanizomenon sp. 0 0.0 518 22.2
Chroococcus sp 19 0.8
Dolichospermum sp. 499 214
Chlorophyta Anikistrodesmus sp. 0 0.0 1464 62.7
Chodatella sp. 14 0.6
Scenedesmus sp. 1373 58.9
Selenastrum sp. 52 2.2
Spondylosium sp. 14 0.6
Tetraedron minimum 5 0.2
Treubaria sp. 5 0.2
Chrysophyta Chrysosphaerella sp. 0 0.0 29 1.2
Dinobryon sp. 14 0.6
Mallomonas sp. 10 0.4
Uroglenopsis sp. 5 0.2
Bacillariophyta Asterionella sp. 0 0.0 266 1.4
Aulocoseria sp. 0 0.0
Cyclotella sp. 223 9.6
Rhizosolenia sp. 38 1.6
Synedra sp. 5 0.2
Pyrrophyta Ceratium sp. 0 0.0 38 1.6
Glenodinium sp. 24 1.0
Peridinium sp. 14 0.6
Cryptophyceae Cryptomonas sp. 10 0.4 10 0.4
Euglenophyceae  Euglena sp. 0 0.0 10 0.4
Trachelomonas sp. 10 0.4
Unknown 0 0.0 0] 0.0
Taxa identified
18 Totals 2334 100 2334 100
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August 26, 2021 — Site 1

Taxa Genus / species Cfrl‘li / % Taxan::f lls / Taxa %
Cyanophyta Aphanizomenon sp. 0 0.0 335 43.4
Dolichospermum sp. 335 434
Gomphosphaeria 0 0.0
Chlorophyta Anikistrodesmus sp. 0 0.0 314 40.7
Chodatella sp. 3 0.3
Cosmarium sp. 3 0.3
Dictyosphaerium sp. 0 0.0
Elakatothrix gelatinosa 3 0.3
Oocystis sp. 14 1.8
Scenedesmus sp. 256 33.2
Selenastrum sp. 13 1.6
Spondylosium sp. 16 2.1
Tetraedron minimum 6 0.8
Treubaria sp. 1 0.2
Chrysophyta Chrysosphaerella sp. 0 0.0 16 2.1
Dinobryon sp. 9 141
Mallomonas sp. 6 0.8
Uroglenopsis sp. 1 0.2
Bacillariophyta Asterionella sp. 0 0.0 71 9.2
Cyclotella sp. 64 8.3
Synedra sp. 8 1.0
Pyrrophyta Ceratium sp. 3 0.3 9 11
Glenodinium sp. 4 0.5
Peridinium sp. 3 0.3
Cryptophyceae Cryptomonas sp. 0 0.0 0] 0.0
Euglenophyceae  Euglena sp. 0 0.0 1 0.2
Trachelomonas sp. 1 0.2
Ochrophyta Stichogloea sp. 5 0.6 5 0.6
Unknown 20 2.6 20 2.6
Taxa identified
19 Totals 772 100 772 100
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August 26, 2021 — Site 2

Taxa Genus / species Cfrl‘li / % Taxan::Le lls / Taxa %
Cyanophyta Aphanizomenon sp. 0 0.0 33 3.6
Dolichospermum sp. 33 3.6
Chlorophyta Anikistrodesmus sp. 0 0.0 300 33.0
Chodatella sp. 2 0.2
Cruceginia sp. 2 0.2
Scenedesmus sp. 256 28.1
Selenastrum sp. 10 11
Spondylosium sp. 27 3.0
Tetraedron sp. 4 0.4
Chrysophyta Chrysosphaerella sp. 0 0.0 25 2.7
Dinobryon sp. 6 0.6
Epipyxis sp. 0 0.0
Kephyrion sp. 0 0.0
Mallomonas sp. 13 1.5
Synura sp. 0 0.0
Uroglenopsis sp. 6 0.6
Bacillariophyta Asterionella sp. 0 0.0 497 54.5
Cyclotella sp. 493 541
Synedra sp. 4 0.4
Pyrrophyta Ceratium sp. 0 0.0 8 0.8
Glenodinium sp. 6 0.6
Peridinium sp. 2 0.2
Cryptophyceae Cryptomonas sp. 8 0.8 8 0.8
Euglenophyceae  Euglena sp. 0 0.0 4 0.4
Trachelomonas sp. 4 0.4
Ochrophyta Stichogloea sp. 0 0.0 0 0.0
Unknown 37 4.0 37 4.0
Taxa identified
16 Totals 910 100 910 100
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September 20, 2021 — Site 1

Taxa Genus / species Cfrl‘li / % Taxa:nclf lls | Taxa %
Cyanophyta Aphanizomenon sp. 0 0.0 10 2.7
Chroococcus sp 9 2.4
Dolichospermum sp. 1 0.2
Chlorophyta Anikistrodesmus sp. 0 0.0 283 79.5
Chodatella sp. 2 0.5
Coelastrum sp. 40 11.2
Mougiotia sp. 1 0.2
Oocystis sp. 7 2.0
Scenedesmus sp. 179 50.4
Selenastrum sp. 23 6.6
Spondylosium sp. 2 0.5
Tetraedron minimum 29 8.1
Chrysophyta Chrysosphaerella sp. 0 0.0 10 2.9
Dinobryon sp. 1 0.2
Mallomonas sp. 5 15
Uroglenopsis sp. 4 1.2
Bacillariophyta Asterionella sp. 0 0.0 10 29
Cyclotella sp. 9 2.4
Synedra sp. 2 0.5
Pyrrophyta Ceratium sp. 2 0.5 21 59
Glenodinium sp. 15 4.2
Peridinium sp. 4 1.2
Cryptophyceae Cryptomonas sp. 0 0.0 0 0.0
Euglenophyceae  Euglena sp. 0 0.0 9 24
Trachelomonas sp. 9 24
Ochrophyta Stichogloea sp. 0 0.0 0 0.0
Unknown 13 3.7 13 3.7
Taxa identified
19 Totals 356 100 356 100
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September 20, 2021 — Site 2

Taxa Genus / species Cfrl‘li / % Taxan::f lls / Taxa %

Cyanophyta Aphanizomenon sp. 0 0.0 1031 85.6
Chroococcus sp 17 14
Dolichospermum sp. 35 29
Planktothrix sp. 979 81.3

Chlorophyta Anikistrodesmus sp. 0 0.0 117 9.7
Scenedesmus sp. 76 6.3
Selenastrum sp. 24 2.0
Tetraedron minimum 17 14
Treubaria sp. 0 0.0

Chrysophyta Chrysosphaerella sp. 0 0.0 13 1.1
Mallomonas sp. 4 0.4
Uroglenopsis sp. 9 0.7

Bacillariophyta Asterionella sp. 0 0.0 13 1.1
Cyclotella sp. 9 0.7
Synedra sp. 4 0.4

Pyrrophyta Ceratium sp. 6 0.5 15 1.3
Glenodinium sp. 6 0.5
Peridinium sp. 2 0.2

Cryptophyceae Cryptomonas sp. 0 0.0 0 0.0

Euglenophyceae  Euglena sp. 0 0.0 4 0.4
Trachelomonas sp. 4 0.4

Ochrophyta Stichogloea sp. 0 0.0 0 0.0
Unknown 11 0.9 11 0.9

Taxa identified
14 Totals 1204 100 1204 100
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October 21,2021 — Site 1

Taxa Genus / species Cfrl‘li / % Taxan::f lls / Taxa %
Cyanophyta Aphanizomenon sp. 0 0.0 2772 90.0
Dolichospermum sp. 215 7.0
Planktothrix sp. 2557 83.0
Chlorophyta Anikistrodesmus sp. 0 0.0 229 74
Closterium sp. 2 0.1
Oocystis sp. 5 0.2
Scenedesmus sp. 208 6.8
Selenastrum sp. 9 0.3
Tetraedron minimum 5 0.2
Chrysophyta Chrysosphaerella sp. 0 0.0 32 11
Dinobryon sp. 9 0.3
Mallomonas sp. 9 0.3
Synura sp. 5 0.2
Uroglenopsis sp. 9 0.3
Bacillariophyta Asterionella sp. 0 0.0 7 0.2
Fragilaria sp. 2 0.1
Synedra sp. 5 0.2
Pyrrophyta Ceratium sp. 2 0.1 9 0.3
Glenodinium sp. 2 0.1
Gymnodinium sp. 0 0.0
Peridinium sp. 5 0.2
Cryptophyceae Cryptomonas sp. 7 0.2 7 0.2
Euglenophyceae  Euglena sp. 0 0.0 9 0.3
Trachelomonas sp. 9 0.3
Ochrophyta Stichogloea sp. 0 0.0 0 0.0
Unknown 14 0.5 14 0.5
Taxa identified
18 Totals 3079 100 3079 100
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October 21,2021 — Site 2

Taxa Genus / species Cfrl‘li / % Taxan::f lls / Taxa %

Cyanophyta Aphanizomenon sp. 0 0.0 4241 974
Dolichospermum sp. 172 4.0
Planktothrix sp. 4069 93.4

Chlorophyta Anikistrodesmus sp. 0 0.0 74 1.7
Scenedesmus sp. 57 1.3
Selenastrum sp. 0.2

Chrysophyta Chrysosphaerella sp. 0 0.0 25 0.6
Dinobryon sp. 12 0.3
Mallomonas sp. 8 0.2
Uroglenopsis sp. 4 0.1

Bacillariophyta Asterionella sp. 0 0.0 4 0.1
Synedra sp. 4 0.1

Pyrrophyta Ceratium sp. 0 0.0 12 0.3
Glenodinium sp. 8 0.2
Peridinium sp. 4 0.1

Cryptophyceae Cryptomonas sp. 0 0.0 0] 0.0

Euglenophyceae  Euglena sp. 0 0.0 0 0.0
Trachelomonas sp. 0 0.0

Ochrophyta Stichogloea sp. 0 0.0 0 0.0
Unknown 0 0.0 0] 0.0

Taxa identified
11 Totals 4356 100 4356 100
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APPENDIX D. STATISTICAL ANALYSES

Key: Alk = alkalinity; Amm = ammonia; NO3 = nitrate; NO2 = nitrite; TKN = total
Kjeldahl nitrogen; TP = total phosphorus. The “.T” and “.B” following a variable indi-
cates whether the data was from the top of the water column (epilimnion) or bottom of
the water column (hypolimnion), respectively.

Whole Lake (Combined) Multiple Linear Regression

Estimate Std. Error t value Pr(>|t|) Significance
(Intercept) 2.04E+03 6.87E+00 296.194 <2e-16 o
pH.T -1.63E+00 8.53E-01 -1.913 0.0653
pH.B 4.03E-01 2.08E-01 1.939 0.0619
AlK.T -2.99E-02 2.01E-02 -1.485 0.148
Amm.T -7.98E-01 2.53E-01 -3.153 0.00365 **
NO3.T -1.73E+00 4 14E+00 -0.418 0.67881
NO2.T -1.84E+01 1.66E+02 -0.11 0.91277
TKN.T 2.08E-01 1.42E-01 1.461 0.15453
TP.T -1.94E-03 1.63E-02 -0.119 0.90585
Alk.B -9.57E-03 1.05E-02 -0.91 0.37005
Amm.B -1.11E+00 3.93E-01 -2.83 0.00822 **
NO3.B -3.93E+00 140E+00 -2.819 0.00845 **
NO2.B 4 25E+01 1.33E+02 0.318 0.75252
TKN.B -3.51E-01 9.85E-02 -3.564 0.00125 **
TP.B 2.23E-03 1.00E-03 2.226 0.03365 *
Secchi 2.02E-01 2.33E-01 0.869 0.39155
r2 0.6735
7.189
2.59E-06
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Epilimnetic Multiple Linear Regression

Estimate

(Intercept) 2027.08161
pH.T -0.76467
AlK.T -0.01481
Amm.T -0.29347
NO3.T -2.94565
NO2.T 45.40371
TKN.T -0.38499
TP.T -0.02495
Secchi 0.23326
r2 0.4352
5.334

0.0001734

Std. Error
7.70289
0.79348
0.02424
0.29017
4.98757

34.44027
0.10453
0.01872
0.27347

Hypolimnetic Multiple Linear Regression

Estimate

(Intercept) 2.02E+03
pH.B 7.70E-02
Alk.B -4.12E-03
Amm.B -9.44E-01
NO3.B -2.15E+00
NO2.B 2.72E+01
TKN.B -3.34E-01
TP.B 3.14E-03
r2 0.616
11.77

5.05E-08

Std. Error
1.74E+00
1.47E-01
1.05E-02
3.07E-01
113E+00
2.12E+01
6.81E-02
9.79E-04

t value Pr(>|t])
263.158 < 2e-16
-0.964 0.341458
-0.611 0.544904
-1.01 0.318408
-0.591 0.55838
1.318 0.195496
-3.683  0.000732
-1.333 0.190828
0.853 0.399173
t value Pr(>|t])
1162.739 < 2e-16
0.525 0.6026
-0.393 0.69613
-3.078 0.00375
-1.893 0.06565
1.281 0.20754
-4.905 1.60E-05
3.206 0.00265
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Significance

*k%k

*k%k

*kk

*%

*kk

*%
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Whole Lake ANOVA

Df Sum Sq
pH.T 1 2.98
pH.B 1 0.432
AlK.T 1 0.796
Amm.T 1 38.643
NO3.T 1 8.529
NO2.T 1 5.637
TKN.T 1 53.586
TP.T 1 5.905
Alk.B 1 10.675
Amm.B 1 0.334
NO3.B 1 12.823
NO2.B 1 0.064
TKN.B 1 21.721
TP.B 1 9.731
Secchi 1 1.213
Epilimnetic ANOVA

Df Sum Sq
pH.T 1 2.98
AlK.T 1 0.716
Amm.T 1 39.131
NO3.T 1 8.475
NO2.T 1 5.598
TKN.T 1 53.689
TP.T 1 5.873
Secchi 1 2.02
Hypolimnetic ANOVA

Df Sum Sq
pH.B 1 0.825
Alk.B 1 2.696
Amm.B 1 19.916
NO3.B 1 45.662
NO2.B 1 5.163
TKN.B 1 67.148
TP.B 1 20.153
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Mean Sq

2.98
0.432
0.796
38.643
8.529
5.637
53.586
5.905
10.675
0.334
12.823
0.064
21.721
9.731
1.213

Mean Sq

2.98

0.716
39.131
8.475
5.598
53.689
5.873

2.02

Mean Sq
0.825
2.696
19.916
45.662

5.163
67.148
20.153

F value
1.8568
0.269
0.4957
24.0766
5.3139
3.5119
33.3866
3.679
6.6509
0.2084
7.9893
0.04
13.5332
6.0629
0.7558

F value
1.0733
0.2579
14.0929
3.0522
2.0162
19.3363
2.1152
0.7275

F value

0.4208
1.3747
10.1567
23.2861
2.6329
34.243
10.2774
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Pr(>F)
0.1831326
0.6078161
0.486830!1

3.03E-05
0.0282518
0.0707
2.60E-06

0.0646629
0.0150583
0.6513426

0.0082957
0.8428577

0.0009156
0.0197688
0.3915465

Pr(>F)
0.3069185
0.6146133

0.0005971

0.0889266
0.1639958

8.91E-05
0.1542738
0.3991729

Pr(>F)
0.520239
0.247949

0.002789
2.06E-05
0.12525
7.64E-07
0.002648

Significance

*k%k

*k%k

*%

*k%k

*kk

*kk

*%

*kk

*kk

*%
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