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Executive Summary
The Upper Saranac Lake water quality monitoring program has been in place since 1989. The purposes

of this program are to (1) assess the health of Upper Saranac Lake with respect to its designated uses,
(2) identify likely sources of impairments to these uses, and (3) provide reliable information to support
lake management. This report presents results from the 2015 monitoring season. The report highlights

are:

1. The phosphorus concentration of the surface water has exhibited a significant downward trend
since the early 1990’s in both the north and the south basins of the lake. Currently the total
phosphorus concentration is below the target range identified in the Upper Saranac Lake
Management Plan (12 pg/L). The phosphorus concentration in the bottom strata of the lake remains
elevated, particularly in the late summer, when hypoxic conditions positively influence internal

phosphorus loading to the lake.

2. Phosphorus loading rates are within the range we would expect for low to moderately developed
watersheds in the Adirondack Region. The tributary with the greatest phosphorus load in 2015 was
Mill Brook, followed by Fish Creek and Black Swamp. Approximately 22% of the phosphorus content
in Mill Brook can be attributed to the Little Clear Outlet, the location of the Adirondack Fish Culture

Station discharge. The Hatchery continues to operate well below its permitted discharge rate.

3. The algal biomass, as measured by chlorophyll-a concentration, has also been decreasing since the
early 1990’s. The downward trend in chlorophyll-a concentration is only statistically significant for

the north basin.

4. Although significant reductions in phosphorus and chlorophyll-a have been observed in the lake, the
water transparency continues to decline. On average, water transparency is a nearly a meter less
than it was in the early 1990’s. Evidence from published research as well as regional observations
suggest that decreases in transparency may be related to recovery from acid deposition as well as
shifts to our regional climate; both of these environmental changes can influence the amount of

dissolved organic carbon in the lake and result in changes in transparency.

5. Oxygen depletion in the hypolimnion of the lake has exhibited encouraging signs of recovery;
however, most of the improvement has occurred in the south basin. Oxygen depletion continues to
be an issue in the north basin. It is worth noting that the north basin did not go completely anoxic in

2015, this has only been observed one other time in 2004.
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6. The chemistry of Upper Saranac Lake is influenced by the 27 km of salted roads in the watershed.
The concentration of chloride in the lake (a surrogate for road salt impact) has significantly
increased since monitoring began, and is approximately 35 times higher than baseline levels for

unimpacted Adirondack Lakes.

7. Ingeneral, subwatersheds with greater road density export greater amounts of sodium and chloride
to the lake. The only sub watershed without salted state roads is Black Swamp, where the average
chloride export was 20 grams/day. Other watersheds around the lake exported 3 to 46 times more

chloride.

8. The greatest chloride contributing stream was Mill Brook, where approximately 964 kg of chloride is

moved to the lake per day during our 2015 study period.
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Introduction
This report represents the &th consecutive year of

limnological monitoring on Upper Saranac Lake. Longterm
data sets, such as this one for Upper Saranac Lake, are
invaluable in their ability to provide us with a much broader

view of lake ecology. Analyzing a lake and its watershed in

the context of time improves our capability to understand

slow and highly variable ecological processes. The overall
objectives of the monitoring program are to (1) assess the
health of Upper Saranac Lake with respect to its designated
uses, (2) identify likely sources of impairments within the
watershed, and (3) provide reliable information to support
lake management. This report presents results from the 2015

monitoring season and highlights long term trends in the key

trophic and water quality indicators of the lake as well as an
analysis of discharge and chemical loading from the primary  Sunset on Upper Saranac Lake. uncredited photo

) ) from the ULSA website.
tributaries.

Methods

Site Description
Upper Saranac Lake is a 2,167 hectare (4,843 acre) lake located in Franklin County, New York (Figure 1).

The lake is morphologically divided into two distinct basins referred to as the north and south basins.
The two basins are also distinct in their limnology. The north basin is relatively shallow with a maximum
depth of approximately 16 meters (53 ft.) and does not support a well-developed hypolimnion® during
stratification. The bottom waters of the north basin routinely experience anoxia during the summer
months (dissolved oxygen less than 0.5 mg/| as defined by the EPA). In contrast, the south basin reaches

a depth of 28 meters (92 ft.) and develops a well-defined hypolimnion that experiences only periodic

' The hypolimnion is the deep water strata of the lake that is uniformly cold. It is isolated from the warmer surface water due to
a sharp density gradient.
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hypoxia (dissolved oxygen less than 2.0 mg/L). The lake is located within a 20,042 hectare (49,504 acre)
watershed dominated by forest cover. Detailed characteristics of the lake and its watershed s can be

found in Kelting and Laxson (2014) and Martin et al. (1998).

Lake Data Collection
Field data for 2015 was collected from the R.V. Clearwater at the deepest sections of the north and

south basins seven times starting on May 18" and ending on October 14" 2015. Transparency was
observed using a 20 cm black and white Secchi disk from the shady side of the vessel. Temperature and
dissolved oxygen (DO) were determined every meter from the surface to the bottom with an HACH
Quanta DO/Temp data logger. Surface water samples were collected using a 2 meter integrated tube
sampler. The hypolimnetic water was collected with a 1 L Kemmerer bottle from approximately 1 meter
off the bottom. 250 mL of the surface water was immediately passed through a 0.45um cellulose
membrane filter. The filter was collected, wrapped in foil and put on ice for chlorophyll-a analysis. All
samples were kept on ice after collection and chemically preserved or stored at 4°C until analysis could
be completed. Samples were analyzed for pH, conductivity, alkalinity, total phosphorus, nitrate,
chlorophyll-a, chloride, sodium, and calcium at the Adirondack Watershed Institute Environmental

Research Lab following the analytical methods described in Table 1.

w

Upper Saranac Lake :

Adirondack Park

'NY3)

l lwatershed Boundary

— State and Federal Roads

0 25 5% 10 15 20 Kilometers

Figure 1. Upper Saranac Lake and its watershed, located in the northern Adirondacks if New York State.

Paul Smith’s College Adirondack Watershed Institute | Methods g



Upper Saranac Lake 2015 Report

Field and laboratory data from 2015 was combined with historical limnological data from Upper Saranac
Lake, which has been collected by various research groups in a similar manner since 1989 (reviewed by
Kelting 2013) The majority of data was collected by the Paul Smith’s College Adirondack Watershed
Institute (AWI, formerly AAI), followed by Cedar Eden Environmental (CE) and the NYS Citizen Science
Lake Assessment Program (CSLAP). Monitoring occurred at the deepest portion of both the north and

south basin, one to three times per month typically during the May to October interval.

Table 1. Analytical methods employed in the AWI Environmental Research Lab.

Analyte Method Description Reference

Lab pH Mettler Toledo standard pH electrode APHA
Conductivity Conductivity at 25° C via Mettler Toledo conductivity cell APHA 2510B
Apparent Color Single wavelength method with PtCO standards APHA 2120 C
Chlorophyll-a Trichromatic method uncorrected for phaeophyton APHA 10200 H
Total Phosphorus  Acid-persulfate digestion, automated ascorbic acid reduction ~ APHA 4500-P H
Nitrate + Nitrite Automated cadmium reduction APHA 4500-NO; |
Alkalinity Automated methyl arange method EPA 301.2
Sulfate & Chloride  Automated ion chromatography EPA 300.0
Metals Inductively coupled plasma optical emission spectroscopy EPA 200.7

Lake Data Analysis -trophic and water quality trends
Results for 2015 were tabulated and time series charts were constructed from the annual average value

for each indicator. Trend analysis on the data from 1993 to present was conducted using Kendall’s non-
parametric regression to test the hypothesis “there is no relationship between the indicator and time”.
Simple linear trend lines were fit to data with statistically significant (P<0.05) trends and displayed on
the corresponding chart. Thus, absence of a line means there was no statistically significant trend in the
indicator over time. Average annual values for secchi disk transparency, total phosphorus, and
chlorophyll-a in the lake were used to calculate Carlson’s Trophic Status Index, (TSI), a commonly used
guantitative index for classifying lakes based on trophic status (Carlson 1977). Typically TSI values are
between 0 and 100. Lakes with TSI values less than 40 are classified as oligotrophic, TSI values between
40 and 50 are classified as mesotrophic, and TSI values greater than 50 are classified as eutrophic. A

detailed description of TSI values and likely lake attributes is found in Table 2.

Lake Data Analysis - dissolved oxygen dynamics
The areal extent (km?) of hypoxia and anoxia were quantified and compared between years using the

dissolved oxygen (DO) profiles and lake bathymetry. Bathymetric analysis was performed using
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ArcMap’s “Topo to Raster” tool to interpolate a bathymetric raster of Upper Saranac Lake from 471
bathymetric points downloaded from the New York State GIS clearing house (https://gis.ny.gov/gisdata)
and 3815 appended points representing shorelines with depth of zero. Bathymetric contours at 1m
intervals were derived from the bathymetric raster using the “Contour” tool. Artifacts of interpolation
produced contour lines outside the lake boundary; these contours were edited to fit within the lake

boundary.

The rate of dissolved oxygen loss in the hypolimnion normalized for hypolimnion surface area, known as
areal hypolimnetic oxygen depletion rate (AHOD), was calculated for each summer using bathymetric
data and the historical DO profiles following the methods used by Matthews and Effler (2006). The
volume weighted DO concentration and total hypolimnetic DO mass were calculated from profile data
and the volumes of the corresponding 1-m layers. Rates of hypolimnetic oxygen depletion were
calculated from the slopes (g/day) of hypolimnetic DO mass versus time during the period of near
linearity, divided by the area of the upper boundary of the hypolimnion. The data range for DO profiles
was from 1990-2015, however there was insufficient DO profiles for this analysis in years 1993, 2000-
2001, 2006-2007, and 2012. Because the north basin is too shallow for a consistent hypolimnion to

develop, AHOD rates were only calculated for the south basin.

Table 2 Trophic classification of lakes based on Carlson's Trophic State Index (TSI).

TSI Trophic

Value Classification*® Likely Attributes
<30 Oligotrophic Clear water, high oxygen throughout hypolimnion during the entire
year
30-40 Oligotrophic Clear water, periods of hypolimnetic anoxia possible during the
summer in relatively shallow lakes
40-50 Mesotrophic Moderately clear, increasing probability of hypolimnetic anoxia during
the summer
50-60 Eutrophic Mildly eutrophic. Decreased transparency, hypolimnetic anoxia, and
warm water fishery only. Supports all recreational / aesthetic uses
but threatened.
60-70 Eutrophic Dominance of blue-green algae, algal blooms likely, extensive
macrophytes growth in shallow water
70-80 Eutrophic Heavy algal blooms possible throughout summer, hyper eutrophic
>80 Eutrophic Algal scum, summer fish kills, few macrophytes due to algal shading
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Tributary Data Collection
We began a monitoring program in 2007 to estimate stream discharge and nutrient loadings (primarily

phosphorus) in the Upper Saranac Lake Watershed. The streams monitored in this program represent
approximately 75% of the total watershed area and include: Black Swamp Brook, Brandy Brook, Fish
Creek, Indian Carry Brook, Mill Brook, and Cranberry Brook (Figure 2). Monitoring also occurs at the
Little Clear Pond Outlet?, a sub watershed of Mill Brook, because this is the discharge point for the
Adirondack Fish Culture Station (SPEDES NY0035335). Each of the study watersheds with the exception
of Cranberry Brook® was instrumented with a differential pressure transducer stage recorder to measure
the height of the stream at 30 minute intervals (Levelogger Gold, Solinist Canada Ltd). Periodically
stream discharge calculations were made by integrating stream cross sectional areas and velocities using
an acoustic doppler discharge meter (SonTek, Flow Tracker ADV). Water samples were taken from each
of the tributaries at roughly bi-weekly intervals, May through October of each year. Chemical analysis of

stream water followed the same methodology as lake water.

Tributary Data Analysis
Stage-discharge curves were developed by fitting mathematical models to plots of stage height (water

height in cm) on the x-axis and discharge (cubic meters/second) on the y-axis. The resulting stage-
discharge equations for each of the tributaries were then used to calculate stream discharge for each 30
minute interval. Stage-discharge data and chemical concentration were used to calculate loading rates.
Loading is the amount of a substance (chemical, nutrient, or soil) that is lost from the watershed and
imported to the lake expressed as weight/time (typically weight/day) Loading for each of the study
streams (grams/day) was calculated by converting the instantaneous discharge (m>/sec) to daily
discharge (m>/day), multiplied by that day’s analyte concentration (mg/L). For analytes that were below
laboratory detection, a zero was entered into the calculation. Areal loading (g/ha/day) was calculated by
dividing daily loading by the surface area of the sub-watersheds. Areal loading provides a better

comparison of nutrient loss between watersheds because the factor of watershed size is normalized.

? Little Clear Pond Outlet flows into Mill Brook approximately 2 km above its confluence with the lake.
3 Cranberry Brook is not equipped with a stage recording instrument, stage height is collected manually during site visits.
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Mill Brook
Little Clear
2/

Fish Creek Ponds

[ ] watershed Boundary
State Roads

Surface Water
— e Vliles USL Outlet A Monitoring Location

Figure 2. Major tributaries and monitoring stations of Upper Saranac Lake.
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Results - Lake

Trophic and Water Quality Trends - North Basin
Secchi disk transparency in the north basin ranged from 1.9 to 3.9 meters and averaged 2.9 meters

(Table 3). Since monitoring began annual average transparency has ranged from a low of 2.5 meters to
as high as 4.4 meters with a significant downward trend since 1993 at a rate of 5 cm/year (P =0.006,
Figure 3 and Table 4). Total phosphorus concentration in the surface water averaged 8.8 ug/L in 2015
(Table 3), with the highest concentration of 14.5 ug/L detected on May 18™. In the bottom water
average total phosphorus concentration was substantially higher, with the highest concentration of 64.3
pg/L occurring in late September. Historically, the highest concentration of total phosphorus in the
surface water occurred in 1990, with a summer average of 45 pg/L. Concentration was substantially
lower in all other years, with a slight yet significant downward trend in the surface water concentration
since 1993, decreasing at a rate of 0.2 pg/L/year (P=0.016, Figure 3 and Table 4). The bottom water total
phosphorus concentration has remained elevated throughout the monitoring period, and has not
exhibited a significant positive or negative trend (P=0.194, Figure 4 and Table 4). Chlorophyll-a
concentration in 2015 ranged from a low of 2.2 pug/L to a maximum of 9.0 pg/L observed on July 17",
The average concentration in 2015 was 5.5 pg/L and similar to average values over the last decade
(Figure 2). However, we did detected a significant downward trend in chlorophyll concentration since
1993 at a rate of 0.29 ug/L/year (P<0.001, Table 4). Carlson’s trophic status calculated from total
phosphorus (35) indicates an oligotrophic condition for the north basin, while the TSI value based on

transparency (47) and chlorophyll-a concentration (48) both indicate a mesotrophic condition (Figure 3).

The acidity of the north basin varies from slightly acidic to neutral throughout the sampling season. The
pH values in 2015 ranged from 6.1 to 7.3 pH units in the surface water and 6.2 to 7.0 units in the bottom
water (Table 3). The pH of the surface water has not exhibited a historical trend (P = 0.07). However, we
detected a slight, yet significant increase in the bottom water pH at a rate of approximately 0.01 pH
units/year (P = 0.01, Figure 3and 4). The 2015 average alkalinity (the acid neutralizing ability) was 12.3
mg/L in the surface water and 16.3 mg/L in the bottom water (Table 3). Alkalinity in the bottom water
has exhibited a significantly increased since 1993 (P=0.004), with no trend detected in the surface water

(P=0.06, Figures 3 and 4).

Specific conductance exhibited little variability around the seasonal average of 51.0 uS/cm in the surface
water, and 64.2 uS/cm in the bottom water in 2015. Surface water conductivity exhibited a significant

positive trend since 1993 in the surface (P =<0.001) and bottom waters (P = 0.004) of the North basin,
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increasing at a rate of at a rate of 0.61 and 0.68 uS/cm/year respectively (Figure 3). Chloride
concentration averaged 9.5 mg/L in the surface water and 9.9 mg/L in the bottom water. Chloride
exhibited a significant positive trend the surface water at a rate of 0.29 mg/L/year since it was first
analyzed in 1991 (P=0.01, Figure 3). Historical trend in bottom water chloride was not analyzed. Sodium
and calcium concentrations were similar between the surface and both water samples in 2015,
averaging 5.0 mg/L and 5.5 respectively for sodium and 4.1 mg/L and 4.7 mg/L respectively for calcium.

Insufficient data exist for trend analysis on sodium and calcium at this time.

Table 3. Water quality indicator values in the epilimnion (surface waters) and hypolimnion (bottom waters) of the north
basin of Upper Saranac Lake in 2015. BDL = below laboratory detection level, t indicates an estimated value.

Water Quality Indicator Sampling Date (2015)
North Basin 5/18 6/17 7/16 8/10 9/3 9/23 10/14 Average
Surface water (0-2 meter integrated sample)
Transparency (m) 2.4 3.2 2.5 2.9 3.3 3.9 1.9 2.9
Chlorophyll-a (ug/L) 5.5 6.9 9.0 2.2 4.1 4.4 6.3 5.5
Total Phosphorus (pug/L)  14.5 10.3 7.5 5.6 7.2 4.5 11.7 8.8
Nitrate/Nitrite (ug/L)  BDL 8.8 BDL BDL BDL BDL BDL BDL
Apparent Color (Pt-Co)  32.0 28.9 25.8 32.0 22.7 25.8 41.4 29.8
pH 7.2 6.9 6.9 6.1 7.3 6.8 7.0 6.9

Alkalinity (mg/L) 139 11.5 11.0 12.9 12.3 12.1 12.4 12.3
Sp. Conductance (uS/cm)  51.7 50.7 46.3 54.1 49.2 52.5 52.7 51.0

Chloride (mg/L) 7.6 13.6 8.8 8.3 9.8 9.2 9.2 9.5
Sodium (mg/L) 6.4 5.6 5.1 43 4.7 43 4.5 5.0
Calcium (mg/L) 4.8 4.0 3.9 3.5 4.1 4.0 4.3 4.1
Bottom water (~ 16 meters)
Dissolved Oxygen (mg/L) 8.8 3.0 0.9 1.0 0.9 0.7 1.3 2.2

Total Phosphorus (pg/L)  39.8 58.2 47.1 33.8 63.8 64.3 38.8 49.4

Nitrate/Nitrite (ug/L) 63.3 66.8 102.0 177.0 BDL BDL BDL 158.4

Apparent Color (Pt-Co)  66.3 106.9 138.0 103.7 125.6 97.5 116.2 107.7
pH 6.9 6.8 6.5 6.2 7.0 6.4 6.7 6.7

Alkalinity (mg/L) 13.7  13.8 141 149 209 180 189 16.3

Sp. Conductance (uS/cm)  55.2 62.3 56.8 56.8 711 77.0 70.2 64.2

Chloride (mg/L) 8.2 13.4 9.0 9.1 10.1 9.7 9.6 9.9
Sodium (mg/L) 6.5 6.2 6.0 4.9 5.5 4.7 4.8 5.5
Calcium (mg/L) 4.8 4.5 4.5 4.0 5.2 4.8 5.0 4.7
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Figure 3. Time series of the average annual trophic and water quality indicators for the surface water of the north basin of
Upper Saranac Lake. Significant trends (P<0.05) are indicated with a trend line. Vertical bars represent one standard
deviation of the mean.
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Figure 4. Time series of the average annual trophic and water quality indicators for the bottom water of the north basin of
Upper Saranac Lake. Significant trends (P<0.05) are indicated with a trend line. Vertical bars represent one standard
deviation of the mean.
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Table 4. Trend analysis of changes in trophic water quality indicators over time (1993 to 2015) in the surface water and
bottom water of Upper Saranac Lake.

Basin Strata Analyte Historical Trend  p-value Slope R?
Transparency Decreasing 0.006 -0.05 0.39
Total Phosphorus Decreasing 0.016 -0.23 0.23
Chlorophyll-a Decreasing <0.001 -0.29 0.70
,E Surface Water pH No Trend 0.071
o Alkalinity No Trend 0.052
(aa] Conductance Increasing <0.001 +0.61 0.46
f. Chloride Increasing 0.010 +0.29 0.90
S Total Phosphorus No Trend 0.194
2 pH Increasing 0.017 +0.01 0.18
Bottom Water Alkalinity Increasing 0.004 +0.47 0.45
Conductance increasing 0.004 +0.59 0.58
Basin Strata Analyte Historical Trend  p-value Slope R’
Transparency Decreasing 0.006 -0.06 0.47
Total Phosphorus Decreasing 0.005 -0.19 0.18
Chlorophyll-a No Trend 0.192
% Surface Water pH No Trend 0.151
C Alkalinity Increasing 0.012 +0.15 0.19
0 Conductance Increasing 0.002 +0.68 0.56
§ Chloride Increasing 0.01 +0.27 0.94
8 Total Phosphorus No Trend 0.528
Bottom Water pH Increasing 0.007 +0.02 0.40
Alkalinity Increasing 0.003 +0.36  00.40
Conductance No Trend 0.194

Trophic and Water Quality Trends - South Basin
Historically secchi disk transparencies are greater in the south basin than in the north basin. This was

also the case in 2015 when transparency in the south ranged from 2.5 to 4.2 meters and averaged 3.4
meters (Table 5). Since monitoring began annual average transparency has ranged from a low of 2.6
meters in 1990 to as high as 5.1 meters in 1993. A significant downward trend in transparency exists
since 1993, at a rate of 6cm/year (P = 0.006, Figure 5 and Table 4). Total phosphorus concentration in
the surface water was also lower than in the south basin, and averaged 7.7 pg/L in 2015 (Table 5), with
the highest concentration of 11.7 pg/L detected on May 18™. In the hypolimnion, average total
phosphorus concentration was elevated, with the highest concentration of 51.3 pg/L occurring on
August 18™. Similar to the north basin, the highest average phosphorus concentration observed over

the monitoring period occurred in 1990, with a summer average of 53 pg/L. Concentration was
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substantially lower in subsequent years, with a significant downward trend in the surface water
concentration since 1993, decreasing at a rate of 0.19 pg/L/year (P=0.005, Figure 5 and Table 4). Despite
the downward trend in surface water phosphorus, hypolimnetic phosphorus concentrations in the south
basin exhibited no significant positive or negative trend (Figure 6, Table 4), and has been elevated and
highly variable. Chlorophyll-a concentration in 2015 ranged from a low of 2.7 pg/L in May to as high as
7.2 ug/L in October (Table 5). Chlorophyll-a concentrations have been highly variable in the south basin
over the course of study and have exhibited no significant trend over time (P=0.192, Figure 5, Table 4)
Carlson’s trophic status calculated from total phosphorus (32) indicates an oligotrophic condition for the
south basin, while the TSI value based on transparency (43) and chlorophyll-a (47) both indicate a

mesotrophic condition (Figure 5).

Table 5. Water quality indicator values in the epilimnion (surface water) and hypolimnion (bottom water) of the south basin
of Upper Saranac Lake in 2015. BDL = below laboratory detection level,  indicates an estimated value.

Water Quality Indicator Sampling Date (2015)

South Basin 5/18 6/17 7/16 8/10 9/3 9/23 10/14 Average
Surface water (0-2 meter integrated sample)
Secchi depth (m) 3.3 3.5 2.5 3.0 4.1 4.2 3.0 3.4
Chlorophyll-a (ug/L) 2.7 4.2 6.6 2.8 4.3 6.0 7.2 4.8
Total Phosphorus (ug/L)  11.7 9.6 7.2 7.5 6.3 3.2 8.3 7.7
Nitrate/Nitrite (ug/L) BDL 1.5 BDL BDL BDL BDL BDL BDL
Apparent Color (Pt-Co) 32.0 22.7 19.6 22.7 32.0 22.7 22.7 24.9
pH 7.1 6.7 6.5 6.9 7.2 6.5 6.9 6.8
Alkalinity (mg/L)  12.0 11.5 11.8 13.2 12.4 11.7 11.8 12.1
Sp. Conductance (uS/cm)  49.1 51.5 51.0 48.9 49.5 56.6 51.1 51.1
Chloride (mg/L) 7.2 7.7 8.1 8.2 9.1 8.8 9.1 8.3
Sodium (mg/L) 6.3 5.7 5.3 4.8 5.0 4.2 4.4 5.1
Calcium (mg/L) 4.6 4.0 4.0 3.8 43 3.9 4.1 4.1
Bottom water (~ 26 meters)
Dissolved Oxygen (mg/L) 9.9 7.2 6.0 4.1 3.9 4.1 1.9 5.3
Total Phosphorus (pg/L) 8.9 9.3 16.1 51.3 43.1 33.1 6.8 24.1
Nitrate/Nitrite (ug/L) 14.6 57.9 95.4 166.0 219.0 220.0 0.6 110.5
Apparent Color (Pt-Co)  25.8 25.8 22.7 63.2 63.2 41.4 25.8 38.3
pH 7.7 6.8 6.5 6.3 7.1 6.4 7.0 6.8
Alkalinity (mg/L) 12.6 11.4 12.5 12.7 12.5 14.6 11.7 12.6
Sp. Conductance (uS/cm)  51.0 53.5 52.6 51.0 50.4 55.1 50.3 52.0
Chloride (mg/L) 7.1 15.7 8.5 8.5 9.6 9.1 9.1 9.7
Sodium (mg/L) 6.5 6.0 5.7 5.0 5.1 4.2 4.4 5.3
Calcium (mg/L) 4.7 4.3 4.1 3.9 4.4 4.0 4.1 4.2
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Figure 5. Time series of the average annual trophic and water quality indicators for the surface water of the south basin of

Upper Saranac Lake. Significant trends (P<0.05) are indicated with a trend line. Vertical bars represent one standard
deviation of the mean.
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Figure 6. Time series of the average annual trophic and water quality indicators for the bottom water of the south basin of
Upper Saranac Lake. Significant trends (P<0.05) are indicated with a trend line. Vertical bars represent one standard
deviation of the mean.

The acidity of the south basin was circumneutral throughout the sampling season. The pH values in 2015
averaged 6.8 pH units in the surface and bottom water (Table 5). The pH of the surface strata of the
south basin has not exhibited a significant trend, however, the bottom water has exhibited a slight, yet
significant increase in pH at a rate of 0.02 pH units/year since 1993 (P = 0.007 Figure 5 and 6). The
alkalinity in 2015 was similar to the north basin and averaged 12.1 mg/L in the surface water and 12.6
mg/L in the bottom water (Table 5). Alkalinity has also significantly increased since 1993 at a rate of
0.15mg/L/year in the surface water and 0.36 mg/L/year in the hypolimnion (P=0.012 and 0.003

respectively, Figures 5 and 6).

Specific conductance in the south basin surface water was similar to the north and averaged 52.2 uS/cm.
The conductivity in the hypolimnion did not substantially vary from the surface water (Table 5). Like the
north basin, surface water conductivity exhibited a significant positive trend since 1993 at a rate of 0.68
uS/cm/year (P=0.002, Figure 5), however no trend was detected in the conductivity of the bottom water

(P=0.19, Figure 6). Chloride concentration in the south basin was similar to the north and exhibited the
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same increasing trend (Tables 4, Figure 5). Sodium and calcium concentrations in the south basin were

nearly identical to the north basin (Table 5).

Hypolimnetic Dissolved Oxygen Dynamics
During the 2015 season Upper Saranac Lake exhibited its typical clinograde oxygen profile, where the

dissolved oxygen is elevated in the epilimnion (surface water of uniform temperature) and decreases
with depth. In the north basin the bottom meter of water became hypoxic (DO<2.0 mg/L) by mid-June.
By the middle of August the bottom 7 meters of water under the thermocline had a dissolved oxygen
concentration less than 2.0 mg/L. Typically, the bottom several meters of the north basin will go
completely anoxic in late summer, but this did not occur in 2015. The pattern in the south basin was
similar in 2015, but not nearly as extreme. The bottom two meters of the hypolimnion were hypoxic
from late September through October (Figure 7). Complete anoxia was not observed in 2015 in the

south basin in 2015.

Historically, the zone of oxygen depletion was greatest in the early 1990’s. In the summer of 1990 the
greatest extent of the hypoxic zone covered a region of approximately 6.6 km®. The size of this zone
increased in 1991 to an area of approximately 10 km®. After 1991 the hypoxic zone was substantially
reduced, and typically ranged between 2 and 4 km? (Figure 8). The vast majority of the reduction in
hypoxic area was observed in the south basin, with a particularly strong decrease in hypoxic region since
2002 (P = 0.005, r* = 0.75, Slope = 0.05 km?/year), while the hypoxic area in the north basin has
remained relatively unchanged since monitoring began (Figure 9). Hypolimnetic oxygen depletion rates
(the amount of oxygen utilized in the hypolimnion/day) in the south basin have decreased in a fairly
progressive fashion, with a significant decrease in oxygen depletion since 1993 (Figure 10, P = 0.01, r’=

0.40, Slope = -0.006).
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Figure 7. Time series isopleth graphs of temperature (upper panels) and dissolved oxygen (lower panels) for the north (right
column) and south left column) of Upper Saranac Lake for the 2015 field season.

Paul Smith’s College Adirondack Watershed Institute | Results - Lake



Upper Saranac Lake

2015 Report

2002

1990 P 1991 )
%}' b
) ke L P
. 2
o g
< 5 -—
_ -
1998 1999 )
' W
L L
. . .
-
. -
2008 2009

2010

<

|Kilometers
10

1992

1995 1996 1997
_ ” " -2 2015
\ wh wh wh
r ™ B B
‘ 2003 g 2004 ) 2005 .
i g 00 »
4 » ~
201 2013 2014
+

™

”

B

h

B Anoxic DO < 0.5 mgll Hypoxic DO < 2.0 mgil '; 1\—; ‘!‘Km

Figure 8. Time series maps of the areal extent of anoxic (DO < 0.5 mg/L)and hypoxic (DO < 2.0 mg/L) regions of Upper

Saranac Lake, 1990 - 2015.

1
8 7 South Basin: 2002-2016
@ ! == North Basin
7 5 .
% I ----- South Basin 0.5
S :
6
[ z
.; U||\|\\||\|\|‘._V_\
g > 2001 2006 2011 2016
=
I
B 1
-
c
]
£ 3
U
€
2 -
E :
= :
[s-]
2 14 :
. N oY OF |
4 | ‘. N N 8
o aaee m-a, st ettt N B e iiea.
0 S A1 ‘ = " : . : : : el g, M
1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
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zoomed in view of the south basin, 2002-2015.
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Figure 10. Average hypolimnetic oxygen depletion rate of the south basin of Upper Saranac Lake. Solid line denotes
significant trend (P = 0.01).

Results - Tributaries

Stream Discharge
The relationship between stage height and discharge for the study tributaries was generally very good,

with coefficient of determination values (r*) within the range of 0.84-0.96 (Table 6). The exception was
Little Clear Outlet, a sub watershed of Mill Brook. Very little flow variation exists at this location as the
discharge from the Adirondack Fish Culture Station is controlled. Low flow variation has resulted in an

underdeveloped stage discharge curve.

Over the course of the study, discharge from the Upper Saranac Lake watershed averaged 518,978 m? at
the lake outlet. Our study watersheds accounted for 57% of this water flux. As expected, the greatest
total discharge occurred at the largest watershed (Fish Creek, average daily Q = 120,558 m?), and lowest
discharged occurred at the smallest watershed (Indian Carry average daily Q = 531 m?, Figure 11).
However, when corrected for watershed size the greatest areal weighted discharge (m>/ha/day)
occurred at Mill Brook (29 m*/ha/day) followed by Black Swamp (21 m>/ha/day), Fish Creek (15
m?>/ha/day), Brandy Brook (10 m3/ha/day), and Indian Carry (3 m*/ha/day).
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Figure 11. Daily discharge from the study tributaries into Upper Saranac Lake between April and October of 2015. The figures
are ordered from greatest discharge to least, with the outlet of the lake on top. The inset graph is the contribution the Little
Clear Outlet makes to Mill Brook.
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Table 6. Daily discharge and select water quality concentrations for each of the study tributaries.

Daily Discharge  Acidity Total Phosphorus  Alkalinity Chloride Sodium

Location meter’/day pH units ug/L mg/L mg/L mg/L
4/22 82512 7.2 15.9 2.4 1.3 1.3
5/26 15552 6.5 31.5 11.9 1.2 1.8
o 6/22 143165 5.6 16.1 0.2 0.6 1.0
£ 7/16 27648 6.1 21.7 4.1 0.8 1.5
3 8/3 17280 6.3 26.8 12.3 1.5 1.9
fg 8/14 16330 6.7 26.6 6.6 1.2 1.6
@ g/31 11664 6.9 27.9 15.6 15 2.1
9/7 9763 6.8 26.7 19.1 1.7 2.3
9/28 7776 6.7 15.4 20.1 1.9 2.2
4/22 18982 6.1 13.4 0.6 14.9 9.6
5/19 21099 6.5 13.9 4.4 23.2 15.9
< 6/24 22205 6.1 13 0.6 13.5 10.3
g 7/16 1210 6.3 33.4 0.3 14.6 8.8
= 83 691 6.3 35.1 0.9 19.0 11.0
S 3g/14 1296 6.5 26.2 1.3 15.1 8.3
a  g/31 518 6.2 30.8 7.8 238 11.0
9/7 432 6.7 35 4.4 26.3 11.2
9/28 432 6.5 18.4 14.4 26.4 10.9
4/22 165197 6.7 8.1 9.6 5.1 3.5
5/19 85968 6.8 8.2 11.1 3.8 2.9
L 6/24 331690 6.3 9.6 8.1 3.0 2.5
8 7/16 143770 6.5 8.0 10.0 3.9 3.1
2 8/3 101261 6.4 5.6 8.8 3.5 2.9
2 8/14 91843 6.6 5.6 11.1 3.8 2.7
8/31 65837 6.4 5.8 9.8 3.6 2.5
9/7 56419 7.0 5.4 10.3 3.7 2.5
9/28 45187 6.8 +2.3 11 3.8 2.4
4/10 119 7.0 18.6 9.6 238.4 280.5
5/19 95 6.5 14 9.0 135.2 137.7
> 6/24 2627 6.4 8.6 5.2 17.0 14.6
5 7/21 97 6.4 32.1 14.4 117.5 74.2
e 873 61 6.3 27.8 17.2 177.0 86.5
T 8/14 70 6.4 37.1 19.0 157.4 96.4
= 3/31 44 6.2 27.1 33.0 284.8 163.5
9/7 37 6.2 26.3 38.0 257.0 151.3
9/28 35 6.4 20.5 35.3 239.7 131.3
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Daily Discharge Acidity Total Phosphorus Alkalinity Chloride Sodium

Location
meter’/day pH units ug/L mg/L mg/L mg/L
4/22 16986 6.6 15.0 154 6.3 5.8
- 5/19 18567 6.6 21.3 18 7.1 6.2
% 6/22 31026 6.6 16.1 15.7 22.2 16.3
8 7/16 20494 6.3 134 16.8 12.0 7.9
g 8/3 21228 6.3 12.1 18.5 104 7.4
ﬁ 8/14 21773 6.4 135 19.1 15.2 8.4
E 8/31 22118 6.2 18.1 18.4 13.3 7.6
9/7 21972 6.8 22.3 18.9 13.2 7.4
9/28 21531 6.7 19.0 17.4 154 8.4
4/22 180749 6.5 12.7 9.6 10.1 6.8
5/26 75393 6.7 17.8 17.0 13.3 8.1
6/22 272160 6.1 15.8 11.2 13.6 8.7
§ 7/16 157032 6.1 16.6 14.1 13.8 8.6
é 8/3 88897 6.1 12.6 16.9 12.8 8.3
E 8/14 116934 6.4 10.9 17.4 14.9 8.4
8/31 71790 6.1 12.1 16.6 139 7.8
9/7 66563 6.8 11.7 21.4 13.6 7.3
9/28 54268 6.7 8.0 20.2 15.8 6.7
4/22 5149 6.1 6.2 2.8 73.2 36.9
5/19 864 6.4 11.4 6.4 83.9 48.5
§ 6/24 5193 6.3 11.7 6.9 49.1 39.0
@ 7/16 700 6.2 139 9.7 61.2 37.8
g 8/3 458 6.3 114 10.2 68.0 39.2
e 8/14 562 6.3 12.7 11.9 70.7 34.2
g 8/31 295 6.2 12 11.2 77.3 39.5
9/7 426 6.7 12.7 13.3 79.0 39.1
9/28 271 6.6 5.9 nd 78.7 40.7

Analyte Concentration and Loading
Analyte concentration and daily discharge for each of the monitored tributaries is displayed in Table 6

Acidity

The laboratory pH of the water samples indicates that all of the study streams are on average slightly
acidic (pH 6.0-6.5) to circumneutral (pH 6.5-7.5). The lowest pH (5.6 pH units) was observed at Black
Swamp during the rain event of June 22", Alkalinity (acid neutralizing ability) was greatest at Mill Brook

(average alkalinity = 17.6 mg/L), and lowest at Black Swamp (average alkalinity = 5.1 mg/L).
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Total Phosphorus
Total phosphorus concentrations during the study period ranged from a high of 37.1 pug/L at Indian

Carry on August 14", to a low of +2.3 pg/L in Fish Creek on September 28"™. On average the greatest
concentration of total phosphorus was found in Brandy Brook, which averaged 24.4 ug/L during the
study period. The second highest average concentration was found in Indian Carry Brook (23.6 pg/L),
followed by Black Swamp (23.1 pg/L), Mill Brook (13.1 pg/L) Cranberry Brook (10.9 pg/L), and Fish Creek
(6.5 ug/L, Table 2). Little Clear Outlet, a sub watershed of Mill Brook had an average total phosphorus
concentration of 16.8 ug/L. (Table 6).

The average daily mass of phosphorus loaded to the lake was greatest at Mill Brook at 1.67 kilograms
per day, and lowest at Indian Carry and Cranberry Brooks, at 0.01 and 0.02 kilograms/day respectively.
(Figure 12). Based on our analysis, approximately 22% of the phosphorus in the Mill Brook load can be
partitioned to Little Clear Outlet (0.36 kilograms/day). When normalized for watershed area, Mill Brook
and Black Swamp contributed the most amount of phosphorus to the lake, and averaged 0.42 and 0.40
grams/ha/day respectively, followed by Brandy Brook, Cranberry Brook, Fish Creek and Indian Carry.
(Figure 12). Little Clear outlet discharges phosphorus to Mill Brook at a rate of 0.55 grams/ha/day.
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Figure 12.. Loading of total phosphorus to Upper Saranac Lake from the study tributaries, April through October of 2015.
Average daily loading (left graph), and average daily loading standardized for watershed area (right graph). Error Bars
represent standard error of the mean.

Road Salt Contaminants
Sodium and chloride concentrations during the study period were greatest at Indian Carry on August 31*

when concentrations reached 163.5 and 284.8 mg/L respectively. Lowest concentrations of sodium and
chloride were observed at Black Swamp on June 22™ when concentrations were 1.0 and 0.5 mg/L
respectively (Table 6) . The average daily mass of sodium and chloride loaded to the lake was greatest at
Mill Brook at 1,592 and 964 kilograms per day respectively, and lowest at Indian Carry and Black

Swamp, at 35 and 36 kilograms/day respectively (Figure 13). Based on our analysis, approximately 19%
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of the sodium and chloride in the Mill Brook load can be partitioned to Little Clear Outlet (192 and 293

kilograms/day). When normalized for watershed area, Cranberry Brook contributed the most amount
of sodium and chloride to the lake, and averaged 553 and 922 grams/ha/day respectively, followed by
Mill Brook, Brandy Brook Indian Carry, Fish Creek and Black Swamp. (Figure 13). Little Clear outlet

discharges sodium and chloride to Mill Brook at a rate of 61 and 85 grams/ha/day.
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Figure 13. Loading of road salt contaminants to Upper Saranac Lake from the study tributaries, April through October of 2015.
Average daily loading of sodium and chloride (left graphs), and average daily loading standardized for watershed area (right
graphs). Error bars represent standard error of the mean.
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Discussion
Evaluation of 26 years of limnological data reveals that Upper Saranac Lake is in a state of transition. The

changes that are occurring in the lake are the result of numerous factors, some of which are understood
(phosphorus reduction, road salt application), and some of which remain unclear (climate change, non-

indigenous species).

Overall, the trophic status of the lake 0

has improved from the degraded 300

state observed in the late 1980’s and ‘E 250
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certainly related to the 6-fold Figure 14. Annual total phosphorus discharge reported for the

L Adirondack Fish Culture Station.
reduction in annual phosphorus export from

the Adirondack Fish Hatchery (Figure 14), but other best management practices throughout the
watershed have likely played a role as well. Phosphorus concentration in the bottom strata of the lake
basins is elevated during late summer. Internal loading of phosphorus from lake sediments continues to
be an issue in the hypoxic bottom waters of Upper Saranac Lake, with no apparent change detected.
Concurrent with phosphorus reduction in the surface water, the algal biomass of the lake has also been
decreasing. For example, Chlorophyll-a concentration in the north basin averaged 11 pg/L in 1994 and

decreased to concentrations between 4 and 6 pg/L over the past several years.

Phosphorus export from the watershed to Upper Saranac Lake is within the range we would expect for
watersheds with low developed in the Adirondacks. Average phosphorus loading ranged from 0.05 to
0.27 grams/ha/day, with the exception of Mill Brook and Black Swamp which both loaded total
phosphorus at a greater rate of 0.4 grams/ha/day. Our analysis suggests that approximately 22% of the
phosphorus discharged from Mill Brook into the lake can be partitioned to the Little Clear Outlet, the
location of the Adirondack Fish Culture Station. The higher unit load of phosphorus at Black Swamp
may be related to the large wetland in the watershed. Martin et al (1998) observed similarly high loads

from Black Swamp and suggested it was related to elevated levels of humic and fluvic acids in the
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wetlands. Recent work by Gehrels and Mulamootil (2006) demonstrated that wetlands may increase
export of certain forms of phosphours. Itis important to recognize that nutrient export is low to
moderate from all the Upper Saranac Lake tributaries, even Mill Brook and Black Swamp. For
comparison purposes, phosphorus export from undeveloped watersheds in the St. Regis and Ausable
River watersheds ranged from 0.04 to 0.18 g/ha/day (AWI unpublished data), whereas streams
impacted by agriculture runoff in the Finger Lakes region of New York may export as much as 2.36

g/ha/day of phosphorus (Makarewicz et.al 2009).

With a statistical decrease in phosphorus and algal biomass in the lake surface, we would expect to see
an overall increase in water transparency; however, this has not been the case in Upper Saranac Lake.
Both lake basins have seen a significant reduction in water transparency since the early 1990’s, as a rate
of approximately 5 cm/year. Reductions in water transparency appear to be a regional phenomenon. A
recent analysis of historical transparency data from 125 Adirondack lakes reveals that 22% of the lakes
have exhibited a statistical reduction in secchi depth (Kelting and Laxson 2015). Current research
supports that decreasing transparencies in lakes is related to increase concentrations dissolved organic
carbon (Williamson et al 2014. Montieth et al 2007). DOC has a strong ability to absorb light, thus when
a lake becomes enriched with DOC, the transparency of the lake decreases. The primary source of DOC
is decomposition in the terrestrial landscape. Warmer and wetter climatic patterns may be increasing
the decomposition rate and flushing a greater pool of DOC to receiving lakes (Tranvik et al. 2009, Curtis
and Schindler 1997). Increased DOC may also be a signal of recovery from acid deposition, as lakes

acidify they tend to exhibit an increase in transparency due to a decrease in DOC (Rudd et al. 1990).

Oxygen depletion in the hypolimnion of the lake has shown encouraging signs of improvement. In 1991
the hypoxic region of the lake covered over 10km?, but has been reduced to between 2 and 4 km? in
most years. The vast majority of this improvement has occurred in the south basin, the area of hypoxia
in the shallow and more productive north basin has remained unchanged over the 26 years of
monitoring. Oxygen depletion in the lower strata of lakes results from bacterial decomposition of
organic matter that has settled to the bottom. Elevated oxygen depletion in the hypolimnion is often a
symptom of excessive nutrient loading and an indicator of cultural eutrophication. In the case of Upper
Saranac Lake, the observed progressive decrease in oxygen depletion rate should serve as an indicator

of recovery, at least for the south basin.

An emerging issue for aquatic habitats across the northeast, including Upper Saranac Lake, is the

influence wide spread use of road deicers has on lake chemistry. The New York State Department of

Paul Smith’s College Adirondack Watershed Institute | Discussion 32 ‘



Upper Saranac Lake 2015 Report

Transportation applies an average of 28 tons of road salt per kilometer of State and Federal roads
annually (NYSDOT, 2006). Given that there are 27 km of state roads within the Upper Saranac Lake
watershed, we can estimate an annual salt load to the watershed of approximately 756 tons of NaCl.
The influence deicers have had on the chemistry of Upper Saranac Lake is clear. Non-impacted lakes in
the Adirondacks have naturally low concentrations of sodium and chloride, with average background
concentrations of 0.5 mg/L and 0.24 mg/L respectively (Kelting et al. 2012). The concentration of
sodium and chloride in Upper Saranac Lake is currently around 5 mg/L for sodium and 8 mg/L for
chloride. The chloride concentration and the electrical conductivity of the water (a surrogate for ion
concentration) have both exhibited significant positive trends over time. For example, using the 2015
chloride concentration (8.3 mg/L) and the volume of the lake (84 million m?), we can estimate that there
was approximately 770 tons of chloride in the lake in 2015. In 1991, there was approximately 230 tons
of chloride in the lake. If Upper Saranac Lake was undeveloped, and had no maintained roads in its

watershed, we would predict the chloride content of the lake to be approximately 22 tons.

In general watersheds with greater road density (km of roads/km? of watershed) export more road salt
contaminants to the lake The only Upper Saranac Lake watershed without salted roads is Black Swamp,
where the average export of chloride was approximately 20 grams/ha/day. The other watersheds

around the lake exported 3 to 46 times more chloride. The greatest chloride contributing watershed is
Mill Brook, where we estimated approximately 964 kg of chloride is moved to the lake each day during

our 2015 study period.

Conclusion
Long term data sets are incredibly important in understanding lake ecology. We are limited in our ability

to understand what is occurring in a particular time and place without the capability of considering long
term dynamics. With 26 years limnological data, Upper Saranac Lake represents a unique long term
monitoring site for the Adirondacks. Decades worth of data are incredibly valuable for understanding
slow ecological processes, rare phenomena, and highly variable processes (Magnuson et al. 2006; Dodds
et al. 2012). Evaluation of the historical data reveals that Upper Saranac Lake is in a period of change.
Phosphorus content and algal biomass in the surface waters have decreasing, yet water transparency
continues to decline. Oxygen content in the hypolimnion has shown encouraging signs of improvement,

but is limited to the south basin. The water chemistry of the lake and its watershed has been
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significantly influenced by road salt; however, the impact this has on the lake ecosystem is not

understood.
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