WATCHIC LAKE
2017 WATER QUALITY REPORT

FEBRUARY 2018

WATCHIC LAKE
2017 WATER QUALITY REPORT
FEBRUARY 2018

PREPARED BY:
FB Environmental Associates
97A Exchange Street, Suite 305
Portland, Maine 04101

PREPARED FOR:
Watchic Lake Association
Contact: Paul McNulty, President

Special thanks to Dave Bradbury for volunteering his time and boat for the 2017 sampling season.

FB Environmental Associates

ii

WATCHIC LAKE | 2017 Water Quality Report

February 2018

TABLE OF CONTENTS
BACKGROUND AND METHODS ....................................................................................................................................... 1
WATER QUALITY MONITORING RESULTS ..................................................................................................................... 3
Weather .................................................................................................................................................... 3
Watchic Lake ............................................................................................................................................ 3

Trophic State Indicators ......................................................................................................................................... 3
Dissolved Oxygen & Temperature ......................................................................................................................... 6
Chemical Parameters ............................................................................................................................................ 10
Tributaries .............................................................................................................................................. 12

Paine Brook ............................................................................................................................................................. 12
Page Brook .............................................................................................................................................................. 12
SUMMARY .......................................................................................................................................................................... 13
Watchic Lake .......................................................................................................................................... 13
Tributaries .............................................................................................................................................. 14

RECOMMENDATIONS...................................................................................................................................................... 15
Future Monitoring ................................................................................................................................. 15
Recommendations for Lake Users ....................................................................................................... 15

REFERENCES .................................................................................................................................................................... 16
GLOSSARY OF KEY TERMS ............................................................................................................................................. 17
APPENDIX A: 2016 vs 2017 Logger Data ...................................................................................................................... 19

QUICK SUMMARY
While water quality is generally very good at Watchic Lake, persistent low dissolved oxygen in the summer
months is indicative of excess nutrient loading from human activities. Nutrients (nitrogen and phosphorus)
were also elevated in both Page and Paine Brooks, suggesting human-sourced pollution from septic
systems, fertilizers, surface runoff, etc. To protect the lake from algae blooms and excessive plant growth
that may impact recreational enjoyment and aquatic species habitat, property owners and other
stakeholders must work together to address these pollution inputs. Refer to Recommendations for specific
lake-user tips that you can start implementing now.
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BACKGROUND AND METHODS
This report documents the results of water quality monitoring conducted
by FB Environmental Associates (FBE) for the Watchic Lake Association
(WLA) in 2017. Sampling at the deep spot in Watchic Lake was completed
on seven dates in 2017, including one winter sampling event (2/22, 5/2,
6/14, 7/20, 8/15, 9/13, and 10/31). Samples were also collected from Page
Brook and Paine Brook, tributaries to the lake. Tributary sampling
stations are located far enough upstream from their outlet to the lake to
minimize the impact of any mixing with lake water (Figure 1). The dam at
Watchic Lake was opened to position one on 10/9/2017; the water level
was lowered slowly until the gate was opened fully during the logger
retrieval on 10/31/2017.
•

•

•

For deep spot lake monitoring at Watchic Lake, FBE, with
the help of WLA volunteers David Bradbury and Cathy Watson,
collected temperature and dissolved oxygen profiles, Secchi disk
transparency readings, and integrated epilimnetic cores (i.e.,
cores of water taken from the surface of the lake to the upper part
of the thermocline as a representative average of lake water
quality). Water samples were analyzed for trophic state indicators
(total phosphorus and chlorophyll-a) and chemical parameters
(total alkalinity, pH, color, total dissolved nitrogen, and dissolved
organic carbon). Trophic state indicators (water clarity, total
phosphorus, and chlorophyll-a) are indicators of biological
productivity and help determine the extent and effect of
eutrophication in lakes.
For tributary monitoring, two tributaries (Page and Paine
Brooks) were sampled for dissolved oxygen, temperature, total
phosphorus, pH, E.coli, and total dissolved nitrogen.
For continuous logger monitoring, FBE and WLA deployed a
buoy with Onset HOBO® continuous logging devices for
temperature and dissolved oxygen. The buoy-logger system was
deployed from early May to late October.

Sampling was conducted in accordance with standard methods and
procedures for lake monitoring established by the Maine Department of
Environmental Protection (Maine DEP), the US Environmental Protection
Agency (USEPA), and the Maine Volunteer Lake Monitoring Program
FB Environmental Associates
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(VLMP). Samples were analyzed for total phosphorus, chlorophyll-a, total alkalinity, pH, color, and E. coli
(tributaries only) at the Health and Environmental Testing Lab (HETL) in Augusta, ME. Lake and tributary
samples were also analyzed for total dissolved nitrogen (TDN) and dissolved organic carbon (DOC) (lake
only) at the University of New Hampshire Water Quality Analysis Laboratory in Durham, NH.
Three Onset HOBO® U-26 Dissolved Oxygen loggers were deployed at 2, 5, and 11 meters below the surface
at the deep spot of Watchic Lake, recording dissolved oxygen and temperature at 15-minute intervals
continuously from 5/2/2017 to 10/31/2017. These depths equate to critical layers in the water column,
which becomes thermally-stratified in summer. Onset HOBO® temperature pendants were also deployed
at 1, 3, 4, 5, 6, 7, 8, 9, and 10 meters at the deep spot, recording temperature at 15-minute intervals
continuously from 6/14/2017 onward (pendants were left over winter). The loggers were cleaned and
downloaded during each sampling event. Logger data presented in the report shows interpolated data for
the entire water column using R statistical program. These data will serve as a baseline for future
comparisons of water quality to assess long-term changes in temperature and dissolved oxygen. Until more
data are collected over the next few years to begin to account for interannual variability, no major
conclusions or analyses can be made on this limited dataset aside from general patterns.

FIGURE 1. Map of Watchic Lake, including the two tributary
sites (orange) and the deep spot sampling location (pink).
FB Environmental Associates
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WATER QUALITY MONITORING RESULTS
Weather

Precipitation (in)

Weather is one of the major factors influencing
12
interannual variability in lake water quality. Abnormally10
dry summer conditions reduce the amount of sediment
8
and nutrient-laden runoff to the lake, resulting in
6
improved water quality (e.g., deeper water clarity, lower
phosphorus, and lower chlorophyll-a or algae).
4
Conversely, wetter years transport more material from
2
the landscape to the lake, resulting in degraded water
0
2017
quality. Compared to the summer of 2016, precipitation
May
8.85
in 2017 was higher in all summer months (May-October)
June
4.99
with total precipitation of 19.29 inches in 2016 and 35.8
July
2.98
inches in 2017 (Figure 2). 2017 experienced a wet spring
August
4.24
(May-June) and fall (October). Cumulative October
September
4.13
precipitation was dominated by a series of storms with
October
10.61
2.37 inches on 10/25/2017, 1.30 inches on 10/26/2017,
3.39 inches on 10/27/2017, and another 2.84 inches on FIGURE 2. Summer (May-October) 2017 monthly
precipitation amounts. 2017 was a wetter year
10/30/2017.
compared to 2016. Data sourced from NOAA NCEI,
Portland International Jetport Station.
Watchic Lake
TROPHIC STATE INDICATORS
Water clarity, total phosphorus, and chlorophyll-a are trophic state indicators, or indicators of biological
productivity in lake ecosystems. The combination of these parameters helps determine the extent and
effect of eutrophication in lakes, such as Watchic Lake, and helps signal changes in lake water quality over
time. Watchic Lake is classified as a mesotrophic lake due to reduced water clarity between 4-8 meters,
moderate phosphorus (4.5-20 ppb), chlorophyll-a (1.5-7 ppb), and plant growth, and occasional to frequent
oxygen depletion in bottom waters.
Measuring water clarity is one of the most useful ways for determining if a lake is changing from year to
year. Changes in water clarity may be due to a change in the amount and composition of algae
communities or the amount of dissolved or particulate materials in a lake. Such changes are likely the result
of human disturbance or other impacts to the lake’s watershed. Water clarity varies widely in Maine lakes,
ranging from 0.5 to 15.5 meters, with an average of 4.8 meters (VLMP, 2013). Generally, water clarity of 2
meters or less indicates a water quality problem and a higher potential for severe algae blooms.
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In 2017, water clarity at Watchic Lake fell between the Maine DEP mesotrophic water clarity acceptable
range of 4-8 meters, except for the winter reading (2/22/2017) and the late season reading (10/31/2017)
(Figure 3). Water clarity (measured at 3.90 meters) on 2/22/2017 was measured through a drilled hole in the
ice. Significant ice and slush build-up on the surface caused natural light to be blocked from the viewing
scope. Therefore, this reading is not comparable to summer readings in the lake. Water clarity (measured
at 3.85 meters) on 10/31/2017 was likely impacted by the series of large preceding storm events and
beginning stages of fall turnover, both of which can impact material movement to or in the lake.
Historical water clarity data in the lake beginning in 1974 shows variability between 4 and 7 meters (Figure
5). Mann Kendall trend tests showed no significant changes in water clarity over time. However, it should
be noted that between 2006 and 2015 there was unusual stability in readings at about 4 meters. These data
were not checked for quality control by the Maine DEP and were not included in the trend analysis.

Several Secchi disk
transparency readings in 2017
were shallow (< 4 m),
indicating that materials in
the water (sediment, algae)
were reducing visibility in the
lake. This was likely the result
of excess nutrients in
uncontrolled stormwater
runoff and erosion from land.

FIGURE 3. Water clarity measured using Secchi disk and scope in 2017. Readings were collected by
FBE on 2/22, 5/2/, 6/14, 7/20, 8/15, 9/13, and 10/31. All other readings were taken by WLA/VLMP
volunteers Eileen and David Burnell. 2017 data were sent to the Maine DEP for quality control
review. While most readings fall within the DEP range for mesotrophic lakes like Watchic Lake, a
few readings are borderline on the lower (worse) end of the range.
Epicore total phosphorus and chlorophyll-a concentrations were 7.0 ppb and 2.4 ppb in 2016 and 8.5 ppb
and 3.6 ppb in 2017, respectively (Figures 4, 5; Table 1). Slightly worse water clarity, total phosphorus, and
chlorophyll-a in 2017 compared to 2016 was likely due to wetter conditions in 2017 that transported more
material from the landscape to the lake. Mann Kendall trend tests showed no significant changes in total
phosphorus or chlorophyll-a. Historical gaps in data make it difficult to discern trends, highlighting the
need to continue consistent monitoring at the deep spot.
Historical bottom grabs for total phosphorus were typically higher than epicore or surface grabs for total
FB Environmental Associates
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phosphorus and suggests that Watchic Lake experiences moderate to high internal phosphorus loading
(Figure 4). Phosphorus that settles on lake bottom sediments can be released back into the water column
during periods of low oxygen in summer. The released phosphorus can serve as fuel for algae blooms,
representing a significant risk to Watchic Lake.

Watchic Lake is at risk for
recycling of legacy
phosphorus in bottom
sediments from historical
land use activities. This
underscores that importance
of managing and reducing
current phosphorus loading
to the lake.

FIGURE 4. Historical median annual total phosphorus collected at the Watchic Lake deep spot. The
newly re-established baseline water quality monitoring program (since 2016) collects integrated
epilimnetic core (epicore) samples for total phosphorus. These epicore samples are collected from
the entire epilimnion from the surface to the top of the thermocline to better represent average
biological and chemical conditions in Watchic Lake. No statistically-significant trends were found.
Historical bottom grab phosphorus was consistently higher than epicore phosphorus, indicating
that internal loading of phosphorus at Watchic Lake is likely a significant source of phosphorus.

The water quality of
Watchic Lake in recent
years is generally very
good.

FIGURE 5. Watchic Lake mean annual water clarity and median annual total phosphorus and
chlorophyll-a for epicore samples only. No statistically-significant trends were found.
FB Environmental Associates
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DISSOLVED OXYGEN & TEMPERATURE
A common problem in Maine lakes is the
depletion of dissolved oxygen (DO) in the
deepest part of lakes throughout the
summer months. This occurs when thermal
stratification prevents warmer, oxygenated
surface waters from mixing with cooler,
oxygen-depleted (from chemical and
biological processes) bottom waters in the
lake. DO levels below 5 ppm (and water
temperature above 24 °C) can stress and
reduce habitat for cold-water fish and other
sensitive aquatic organisms. In addition,
anoxia (low DO) at lake bottom can result in
the release of sediment-bound phosphorus
(otherwise known as internal phosphorus
loading), which becomes a readily available food source for algae. While thermal stratification and
depletion of oxygen in bottom waters is a natural phenomenon, it is important to keep tracking these
parameters to make sure the extent and duration of low oxygen does not change drastically because of
human disturbance.
In 2017, a DO and temperature profile was taken at the deep spot monthly by FBE and ten additional times
by Eileen and David Brunell (VLMP-certified WLA volunteers) (Figure 6). DO and temperature were also
collected continuously from May-October using Onset HOBO ® loggers (Figures 7-8).
Watchic Lake has exhibited severe DO depletion at the deep spot over the last two years of monitoring. DO
at 11 meters below the surface (1 meter above the bottom) rapidly declined to zero by early July. Low
oxygen (<5 ppm) occurred entirely below 5-7 meters depth in August and September, impacting 14-32% of
lake volume. Low oxygen extended further up the water column for a brief period in early August 2017
compared to 2016. Due to abnormally-warm fall weather, loggers were retrieved before fall turnover
occurred, but fall turnover in 2017 was likely at least 2 weeks later than 2016. This allowed low oxygen in
bottom waters to occur for a longer period, possibly impacting sensitive aquatic species. High variability
in DO at 4 m (around the thermocline) in late August suggests mixing with surface water (because of
storm/wind events) and/or biological processes.
Temperature data showed that the onset of stratification occurred on 5/17/2017. The water column
continued to stratify with warm surface waters reaching a maximum of 29.15°C on 7/21/2017. The top of
the thermocline occurred between 5 and 7 meters depth. When compared to the interpolation for DO, there
were limited cold-water/high-DO refuges for sensitive aquatic species survival in August. Upon recovery of
the loggers on 10/31/2017, fall turnover was not quite complete, with relatively uniform temperatures until
10 meters and a concurrent drop in DO from >8 ppm to 0.7 ppm. Following a large storm event in early
FB Environmental Associates
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September that forced upper lake mixing, temperature of all depths at 9 meters and above began to
converge, completely mixing by retrieval on 10/31/2017. Only the 10 and 11-meter depths had not quite
mixed with the upper water column. Temperature pendants remained in place on a new winter buoy
configuration. Retrieval in the spring will show the date of fall turnover1.
The winter profile (2/22/2017) was approximately 1°C at the surface and reached 5.0°C at 10 meters. DO was
simultaneously high (>10 ppm) for much of the winter profile, dropping to 9.1 ppm at 9 meters, 6.4 ppm at
10 meters, and 6.1 ppm at 11 meters.
Comparing interpolated temperature plots using the 3 primary depths (2, 5, and 11 meters) and all depths
showed the relative accuracy of using only the 3 primary depths (Figure 8). However, the additional
temperature data from the pendants revealed some nuanced differences in interpretation, including a
more defined thermocline boundary at 4 meters (e.g., cooler higher up in the water column, but also
warmer further down the water column). At the time of retrieval (10/31/2017), the higher frequency dataset
showed that mixing occurred deeper in the lake, with uniform temperatures of approximately 15-17°C
extending down to 9 meters.

Lake profiles showed
thermal stratification of
the lake in early
summer and
subsequent oxygen
depletion in bottom
waters.

FIGURE 6. 2017 temperature (left) and dissolved oxygen (right) profiles for the deep spot of Watchic
Lake. Displayed profiles represent the average monthly readings at each depth from FBE and WLA
volunteers. Watchic Lake experiences low oxygen below 5 meters in summer from July to fall
turnover; this limits suitable habitat for sensitive aquatic species.

During the summer months, loggers are suspended using a buoy system that fluctuates with the surface of the lake.
Therefore, all depths are relative to the surface, accounting for changes in water level due to opening of the dam in October.
Because of logistical constraints due to ice, the winter buoy is tethered to the bottom of the lake. Therefore, winter data will be
relative to depths measured from the bottom of the lake.
1
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The 2-meter logger remains higher in oxygen because
of regular exchange with atmospheric oxygen.

The 11-meter
logger showed
rapid oxygen
depletion to
zero by early
July.

FIGURE 7. Daily maximum wind gust (top), as well as dissolved oxygen (middle)
and temperature (bottom) readings taken every 15-min during the summer at
various depths at the deep spot of Watchic Lake. Precipitation, air temperature,
and wind gust data were obtained from NOAA NCEI station at the Portland
International Airport (station WBAN# 14764). Gaps in logger data from 7/20/17 –
8/15/17 exist for the 3-meter and 10-meter temperature pendants. A failed
download on 7/20/17 did not properly re-program the sensors for the following
deployment period.

FB Environmental Associates

The 5-meter
logger showed
more gradual
oxygen depletion
until mid-August
when wind and
rain events caused
mixing with
surface waters.
This dynamic area
is also more
productive with
algae growth,
likely causing the
large daily swings
in oxygen.
A large storm in
early September
caused mixing of
upper surface
waters (down to 7
meters), seen by
the convergence
of water
temperature. The
cooler fall air
temperatures
caused gradual
mixing of each
successively-deep
meter until
retrieval when just
10-12 meters
down had not
turned over fully.
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Presence of low oxygen in
bottom waters during retrieval
in late October showed that
the lake had not fully turned
over yet. The area experienced
a warmer October compared
to 2016 when turnover
occurred on October 23.

The overlap of low oxygen
bottom waters and high
temperature surface waters in
August reduces habitat for
sensitive aquatic species that
require cooler, welloxygenated waters.

The addition of temperature
loggers at 1-meter depth
intervals increased the
interpolation accuracy of the
data, showing a more distinct
transition at the thermocline
where warmer surface waters
more abruptly change to
cooler bottom waters.

FIGURE 8. Daily maximum wind gust, average air temperature, and cumulative precipitation for
Portland, ME (first, top). Interpolation of dissolved oxygen (second) and temperature (third) using
the 2-meter, 5-meter, and 11-meter loggers, and temperature using each 1-meter depth in the
profile (fourth, bottom). Red coloring represents low oxygen or warm surface areas in the lake.
Precipitation, air temperature, and wind gust data were obtained from NOAA NCEI station at the
Portland International Airport (station WBAN# 14764).
FB Environmental Associates
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CHEMICAL PARAMETERS
Typical of granite-dominated landscapes in New Hampshire and Maine, alkalinity in Watchic Lake is
classified as highly sensitive, ranging from 5-9 ppm with an average of 7 ppm (Table 1; Figure 9). This means
that the lake is more susceptible to changes in pH. Historically, pH has ranged from 5.9 to 7.0 with an
average of 6.5. Some years showed pH below the optimal lower range of 6.5, including both 2016 and 2017,
which may adversely impact aquatic life in Watchic Lake.
Color in Watchic Lake has ranged from 10 to 31 PCU, with an average of 18 PCU. Most years showed color
below 25 PCU, indicating that Watchic Lake is a non-colored waterbody. Low precipitation in 2016 most
likely accounts for the low mean annual color value in 2016 (12.8 PCU) compared to mean annual color in
2017 (21.1 PCU). Low precipitation limits runoff and mobilization of materials from the watershed.
Mann-Kendall trend tests were performed on all parameters with more than 10 years of data. No
statistically-significant improving or degrading trends were found.
TABLE 1. 2017 water quality monitoring results for the deep spot of Watchic Lake.
Station

Date Sampled

Core
Depth
(m)
10
5
5
6
7
6

Bottom
(ft)

pH

Color
(PCU)

Chl-a
(ppb)

Alk.
(ppm)

TP
(ppb)

NPOC
(ppm)

WATC-5040-01
2/22/2017
37.7
5.9
17
1.80
8
8
-WATC-5040-01*
6/14/2017
42.4
6.6 26.5
4.05
6
9.5
5.00
WATC-5040-01
7/20/2017
40.1
6.5
24
6.20
7
9
4.65
WATC-5040-01
8/15/2017
40.1
6.4
21
3.20
7
6
4.69
WATC-5040-01
9/13/2017
39.5
6.4
17
3.10
7
8
4.38
Annual Mean/Median (Summer Only)
40.5
6.5
22
3.60
7
8.5
4.68
* Average of duplicate sample
Highlighted total phosphorus value on 8/15/2017 indicates estimated value due to failed laboratory blank

TDN
(ppm)
-0.29
0.20
0.22
0.20
0.23

One of the Onset HOBO ®
dissolved oxygen loggers
deployed at the deep
spot of Watchic Lake.
Some algae growth is
visible on the logger
housing. The buoy is
seen in the background.
Photo Credit: FBE.
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Typical of granite-dominated
landscapes in NH and ME,
alkalinity in Watchic Lake is
classified as highly sensitive.
This means that the lake is
more susceptible to changes
in pH. Since these levels are
natural, no action is needed
until there is a discernable
degrading trend.

Some years show pH below
the optimal range, which may
adversely impact aquatic life
in Watchic Lake.

Most years show color below
25 PCU, indicating that
Watchic Lake is a non-colored
waterbody.

FIGURE 9. Mean annual values for chemical parameters alkalinity (top), pH (middle), and color
(bottom) at the deep spot of Watchic Lake. With alkalinity in the highly-sensitive range, Watchic
Lake is at risk for chronic and/or episodically-low pH.
FB Environmental Associates
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Tributaries
PAINE BROOK
Temperature in Paine Brook was cool for the 2017 season, with a
maximum of 16.3°C on 7/20/2017, and a minimum of 11.9°C on
9/13/2017. Dissolved oxygen dropped below the 7.0 ppm Class B criterion
on 8/15/2017 and low again at the 9/13/2017 sampling. pH in Paine Brook
was consistently low, averaging 5.7 for the season and never reaching the
recommended 6.5-8 optimal range. No individual E. coli sample in Paine
Brook was above the 236 col/100mL single-sample threshold; however,
the geometric mean was elevated for the season (83 col/100mL). Both
total phosphorus and total dissolved nitrogen were elevated during all
sampling events (Table 2).
PAGE BROOK
Temperature in Page Brook was generally higher than Paine Brook, with
an average temperature of 17.0°C and a maximum temperature of 22.0°C
on 7/20/2017. DO dropped below the 7.0 ppm Class B criterion earlier
(7/20/2017) than Paine Brook and remained low for the season, with DO
saturation below 75% during all sampling events. pH at Page Brook was
lower than Paine Brook, with an average of 5.6 and low pH at the
beginning and end of the summer season (5.4 on 6/14/2017 and 5.5 on
9/13/2017). E. coli did not exceed the single-sample and geometric mean
criteria for Class B streams. Total phosphorus was elevated during all
sampling events, but total dissolved nitrogen remained low (Table 2).
Close-up photo of duckweed
collected off the surface of
Page Brook in August 2017.
The excessive duckweed
growth is likely stimulated by
elevated levels of phosphorus.
Photo Credit: FBE.

Paine (top) and Page (bottom) Brooks in
August 2017. Visible on the surface of Page
Brook is excessive growth of duckweed.
Photo Credit: FBE.

FB Environmental Associates
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TABLE 2. 2017 water quality monitoring results for Watchic Lake tributaries (Paine and Page
Brooks).
Date

Site Code

Temp (°C)

DO
(ppm)

DO Sat.
(%)

pH

E. coli
(per 100 ml)

TP (ppb)

TDN
(ppm)

Paine Brook
6/14/2017
PN-1
14.2
8.6
83
5.8
81
23
0.45
7/20/2017
PN-1
16.3
7.6
77
5.8
115
22
0.47
8/15/2017
PN-1
15.1
6.5
65
5.8
144
17
0.46
9/13/2017
PN-1
11.9
6.6
82
5.6
36
12
0.40
2017 Average
14.4
7.3
77
5.7
83
19
0.44
Page Brook
6/14/2017
PG-1
13.4
7.3
69
5.4
118
29
0.30
7/20/2017
PG-1
22.0
5.5
62
5.7
43
34
0.27
7/20/2017
PG-1-DUP
---5.7
84
33
0.28
8/15/2017
PG-1
19.0
5.6
61
5.7
12
30
0.29
9/13/2017
PG-1
13.4
5.6
52
5.5
23
24
0.32
2017 Average
17.0
6.0
61
5.6
41
30
0.29
State Criteria/EPA
< 64 (geo) /
Guidelines for Class B
< 8.0;
< 24
> 7.0
> 75
236 (single)
< 10
< 0.38
Freshwater Streams in
> 6.5
col/100mL
Ecoregion VIII
Red text indicates results below good water quality guidelines
DO = dissolved oxygen; DO Sat. = DO percent saturation; TP = total phosphorus; TDN = total dissolved nitrogen
Highlighted total phosphorus values on 8/15/2017 indicate estimated value due to failed laboratory blank

SUMMARY
Watchic Lake
 Trophic state indicators (total phosphorus, chlorophyll-a, and water clarity) showed that water
quality in Watchic Lake is overall very good.
 Low oxygen (< 5 ppm) in the summer months is making 14-32% of lake volume unsuitable habitat
for aquatic life that have historically been an important natural and recreational asset to the lake
(e.g., smelt). This oxygen depletion is caused by the decomposition of organic matter (i.e., dead
algae and plant matter) that has settled on the lake bottom. Low oxygen can cause a chemical
reaction that releases phosphorus back into the water column to fuel more algae growth (thus
generating a positive feedback to eutrophication). While it is difficult to remedy what has already
been done, the best way to combat future worsening of oxygen depletion in Watchic Lake is to limit
the amount of nutrient input to the lake and streams.
 pH in the lake is on the lower, acidic end of the acceptable range for aquatic life, and low alkalinity
means that the lake is not well-buffered against environmental factors that may cause significant
FB Environmental Associates
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changes in pH. Since these levels are natural, no action is needed until there is a discernable
degrading trend.

WATCHIC LAKE CURRENT CONDITION
ALL DATA (2017) MEDIAN

TP

CHL-A

SECCHI
POOR

20 ppb

7.0 ppb

4m

5.5 m
8.5 ppb
4.5 ppb

3.2 ppb
1.5 ppb

8m
EXCELLENT

Tributaries
 Both streams exhibited low fecal indicator bacteria (E. coli) counts (aside from an elevated all-data
geomean in Paine Brook, which could be from human and/or wildlife sources). Further monitoring
is needed.
 Both streams experienced low oxygen and low pH, which can negatively impact the growth and
reproductive health of aquatic life. (Note: Paine Brook was generally cooler and had higher oxygen
concentrations than Page Brook because cooler water can hold more oxygen.) Low oxygen and low
pH can be the result of natural or human sources, but are likely from human sources considering
the elevated nutrient levels measured in the streams.
 Nutrients (nitrogen and/or phosphorus) were elevated in both streams, indicating human pollution
from septic systems, fertilizers, surface runoff, etc. Paine Brook showed higher nitrogen, while Page
Brook showed higher phosphorus. An analysis of land use may help determine differences in
nutrient sources draining to each stream.
While water quality is good today, Watchic Lake remains at risk over the long term. Ever increasing human
activities within the watershed can increase the amount and transport of harmful pollutants and
dangerous foreign materials into the lake and its streams. Catastrophic events such as mega-storms put
roads, drainages, and septic systems at risk of introducing toxic runoff. Property owners and other
FB Environmental Associates
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stakeholders must continue to work to address these risks, to avoid algae blooms, excessive plant growth,
and uncontrolled shoreline erosion.

RECOMMENDATIONS
Future Monitoring
While the water quality of Watchic Lake and its tributaries is generally good, these waterbodies are sensitive
to change. Continuing to monitor Watchic Lake and the two tributaries will help WLA better understand
long and short-term variations in lake chemistry and take action to remediate any degrading trends in
water quality to ensure similar enjoyment of these water resources by future generations. The following
provides additional recommendations for future monitoring of Watchic Lake and streams that expand the
baseline monitoring program:
•
•
•

•
•
•

Expand in-lake monitoring to include spring and fall profiles during turnover when these systems
are most vulnerable to external and internal material loading.
Collect bottom grab samples of phosphorus in August and September to monitor and quantify the
impact of internal phosphorus loading because of low oxygen conditions.
Continue to collect winter DO-temperature profiles and epicore sampling of key parameters in
February (it has been shown that biological and chemical processes that occur over winter dictate
the productivity of lakes in summer).
Develop a watershed management plan for the lake that summarizes water quality conditions, sets
a water quality goal, and details next steps for improvements.
Consider deploying data loggers in the streams to capture continuous water quality information on
specific conductivity, dissolved oxygen, temperature, and flow.
Conduct stream macroinvertebrate analysis to determine macroinvertebrate richness and
abundance during stream baseflow periods (late August - late September). This monitoring will
provide baseline data for these streams, and can be replicated on a five-year (or more) cycle.

Recommendations for Lake Users
•
•
•

Avoid using fertilizers, herbicides, and pesticides within 150 feet of lake, ponds, and streams.
Leave duff and grass clippings; minimize lawn area and cut grass to 3 inches.
Pump septic system every 3-5 years and keep leachfield clear of trees. Inspect systems more than
20 years old.
• Reduce household chemical and P-based product use.
• Wash car and boat in area where runoff is absorbed into the ground.
• Become LakeSmart by controlling phosphorus-laden sediment in runoff with best management
practices (BMPs).
• Use oil-absorbing pillow or ‘bilge snakes’ to prevent pollutants from entering the lake via inboard
motors.
FB Environmental Associates
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Store gas and oil in approved secondary containers and dispose at local repair shops. Clean fluid
leaks with cat litter.
Remove fishing line from water and use lead-free lures.
Dispose of pet waste in trash or toilet.

In 2017, Watchic Lake again successfully had two baby loons born on the east end of the lake and during a
loon count in July by Audubon, seven loons were reported (five adults and two babies). Lake users should
continue to care for loons and enjoy their beauty, but be sure to respect their proper space. It is thought in
2017 that too much human activity interrupted the loon pair with an island nest, as no young were ever
produced. See the WLA webpage for more details.

REFERENCES
VLMP (2013). 2013 Maine Lakes Report. Retrieved January 6, 2015, from the Maine Volunteer Lake
Monitoring Program (Maine VLMP) Web site: http://www.mainevlmp.org/wpcontent/uploads/2015/01/2013-VLMP-Annual-Report-FINAL.pdf

For more information, please visit http://watchiclake.org
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GLOSSARY OF KEY TERMS
Chlorophyll-a (Chl-a): A measurement of the green pigment found in plants, including microscopic plants like algae.
It is used as an estimate of algae biomass; higher Chl-a equates to greater amount of algae in the lake.
Color: A measure of the influence of suspended and dissolved particles in water from weathered geologic material,
vegetation cover, and land use activity. Colored lakes (>25 PCU) can have reduced water clarity and
increased phosphorus concentrations.
Dissolved Oxygen: The concentration of oxygen dissolved in water. Adequate oxygen is critical to the healthy
metabolism of many creatures that reside in the water. DO levels in lake water are influenced by a number
of factors, including water temperature, amount of algae and other plants in the water, and the amount of
nutrients and organic matter that flow into the waterbody from the watershed. DO concentrations may
change dramatically with lake depth. Oxygen is produced in the top portion of a lake (where sunlight drives
photosynthesis), and oxygen is consumed near the bottom of a lake (where organic matter accumulates
and decomposes).
Epilimnion: The top layer of lake water that is directly affected by seasonal air temperature and wind. This layer is
well oxygenated by wind and wave action during summer. It extends to 5-7 meters below the surface in
Watchic Lake.
Escherichia coli (E. coli): An indicator of harmful pathogens from fecal contamination that can derive from a
number of mammalian sources, including human, canine, and wildlife.
Eutrophication: Process by which lakes become more productive over time. Lakes with high productivity have high
levels of phosphorus and chlorophyll-a, low water clarity, and abundant biomass with significant
accumulation of organic matter on lake bottom. Eutrophic lakes are susceptible to algae blooms and
severe oxygen depletion in the hypolimnion. Lakes naturally become more productive or “age” over
thousands of years. In recent geologic time, however, humans have enhanced the rate of enrichment and
lake productivity, speeding up this natural process to tens or hundreds of years.
Fall Turnover: the process of complete lake mixing when cooling surface waters become denser and sink, forcing
lighter, less-dense water to the surface. This process is critical for the natural exchange of oxygen and
nutrients between surface and bottom layers in the lake.
Hypolimnion: the bottom-most layer of the lake. It experiences periods of low oxygen during stratification and is
devoid of sunlight for photosynthesis. Watchic Lake experiences low oxygen in summer from 7 meters
to the bottom at 12 meters.
Integrated Epilimnetic Core: A water sample that is taken with a long tube to determine average nutrient
concentration from the lake surface to the top of the thermocline.
pH: The standard measure of the acidity or alkalinity of a solution on a scale of 0-14. Most aquatic species require a
pH between 6.5 and 8. As the pH of a lake declines, particularly below 6, the reproductive capacity of fish
populations can be greatly impacted as the availability of nutrients and metals changes. pH is influenced
by bedrock, acid rain or snow deposition, wastewater discharge, and natural carbon dioxide fluctuations.
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GLOSSARY OF KEY TERMS (CONTINUED)
Secchi Disk Transparency (SDT) or Water Clarity: A vertical measure of water transparency (ability of light to
penetrate water) obtained by lowering a black and white disk into the water until it is no longer visible.
Measuring water clarity is one of the most useful ways to show whether a lake is changing from year to year.
Changes in water clarity may be due to increased or decreased algae growth or the amount of dissolved or
particulate materials in a lake, resulting from human disturbance or other impacts.
Spring Turnover: the process of complete lake mixing following ice-out when surface waters are exposed to wind
action, bringing oxygen to the bottom and nutrients to the top of the water column.
Summer Stratification: the development of a thermal barrier that separates warm surface waters from dense, cool
bottom waters. Without oxygen replenishment from the surface, bottom-dwelling organisms rapidly
consume oxygen throughout the summer and early fall.
Thermocline: the markedly cooler, dynamic middle layer of rapidly changing water temperature. The top of this
layer is distinguished by at least a degree Celsius drop per meter of depth.
Total Alkalinity: A measure of the buffering capacity of a lake (i.e., the capacity of water to neutralize acids). The
buffering capacity or the concentration of bicarbonate, carbonate, and hydroxide ions in water, is largely
determined by the geology of soils and rocks surrounding the lake. Total alkalinity above 20 ppm buffers
against drastic changes in pH that could impact aquatic plants and animals.
Total Phosphorus (TP): The total concentration of phosphorus found in water, including organic and inorganic
forms. Phosphorus is one of the limiting nutrients needed for plant growth; as phosphorus increases, the
amount of algae generally increases. Humans can add excess phosphorus to a lake through stormwater
runoff, lawn or garden fertilizers, and leaky or poorly-maintained septic systems.
Trophic State Indicators: Are indicators of biological productivity in lake ecosystems, including water clarity, total
phosphorus, and chlorophyll-a. The combination of these parameters helps determine the extent and
effect of eutrophication in lakes, and helps signal changes in lake water quality over time.
Watershed: An area of land that drains water to the outlet of a stream, river, or lake.
Winter Stratification: the development of a physical ice barrier and snowpack layer that limit the exchange of
oxygen and nutrients between surface and bottom waters. A layer of ice forms at the lake surface,
protecting waters below from frigid temperatures and wind storms. Cold winters with significant snowpack
can block sunlight and limit photosynthesis that would otherwise replenish the lake with oxygen
throughout the winter.
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APPENDIX A: 2016 vs 2017 Logger Data
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