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Quick Facts – Upper Saranac Lake 

Lake Characteristics  Watershed Characteristics 

Area (acres): 4,843  Area (acres): 49,504 

Perimeter (miles): 47  Surface Water (%): 22 

Max. Depth (feet): 103  Forest Cover (%): 72 

Volume (acre-feet): 70,952  Local Roads (miles): 19.2 

Flushing Rate (T/Y): 1.44  State Roads (miles): 17.0 

 

2013 Lake Water Quality Indicators and Long-Term Trends: 

Indicator Avg. Trend  Indicator Avg. Trend 

Transparency (m) 2.7   Laboratory pH 6.5  

Total P (µg/L) 8   Alkalinity (mg/L) 12  

Chlorophyll-a (µg/L) 6 

 

 Conductance (uS/cm) 55  

Trophic Status 42   Chloride (mg/L) 8  
 

2007 to 2013 Tributary Discharge and Phosphorus Loads and Trends: 

Tributary Discharge (ac-ft/yr) Load (lbs/yr) Trend 

Fish Creek 45,037 1,607 -22lbs/yr 

Mill Brook 18,039 788  

Black Swamp 7,309 568  

Little Clear Outlet 3,586 207 -7lbs/yr 

Brandy Brook 1,942 180  

Indian Carry 704 43  

Cranberry Brook 450 21  
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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 if any are identified, and (3) provide reliable 

information to support lake management. This report presents results from the 2013 monitoring season, 

long term trends in the key trophic and other water quality indicators, stream discharge and phosphorus 

loading estimates, and a comparison of the Upper Saranac Lake indicators to other large lakes in the 

Adirondack region.  The report highlights are: 

 The lake was classified as meso-oligotrophic in 2013, making Upper Saranac Lake one of the more 

productive1 of the larger Adirondack lakes 

 Despite its higher productivity, time series analysis of surface water data showed a significant 

downward trend in chlorophyll-a and stable (to downward trending) total phosphorus, indicating a 

gradual reduction in productivity (decreasing trophic state) over time 

 Time series analysis also showed a significant downward trend in Secchi transparency, which was 

opposite of the trend expected given the trends for the other trophic indicators:  transparency may 

be responding to changes in water quality related to declining acid deposition 

 The resistance in total phosphorus to a more rapid decline is likely from internal cycling of 

phosphorus that has accumulated over decades in the lake sediment:  anoxic conditions developed 

in the hypolimnion in the summer, which resulted in phosphorus release and mixing in the water 

column 

 The tributaries loaded about 3,400lbs of phosphorus into the lake each year, with Fish Creek 

contributing 47% of this load.  The total phosphorus loads from Fish Creek and Little Clear Outlet 

have declined significantly over time, by 22lbs per year for Fish Creek and by 7lbs per year for Little 

Clear Outlet 

 Fish Creek and Little Clear Outlet together represented 53% of the tributary phosphorus load, so 

given that the load from both tributaries has declined, the total load of phosphorus to Upper 

Saranac Lake from all its tributaries has likely declined 

 The lake is in the middle of the range for pH when compared to other large Adirondack lakes, and 

fluctuates around circumneutral.  The lake has a significant positive trend in pH that is consistent for 

lakes recovering from acid deposition 

 The lake is the upper half of the range for alkalinity, conductivity, and chloride when compared to 

other large Adirondack lakes.  The lake had significant positive trends for all three of these analytes, 

with these trends being consistent with effects of road salt on lake chemistry 

The long term data indicated that the total phosphorus load to Upper Saranac Lake has declined, and 

that part of this decline is likely related to improvements at the fish hatchery and at Fish Creek and 

Rollins Pond campgrounds.  The data also revealed that water quality trends may also be a function of 

external factors, such as the effect of acid deposition on acidity and transparency, which illustrates that 

not every potential source of reduced water quality comes from the watershed.

                                                           
1
 Refers to primary productivity (the amounts of algae and plant growth the lake can support), which is directly related to 

nutrient availability. Lake productivity is described by trophic state, with meso-oligotrophic bordering on moderately productive. 
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Introduction 

Upper Saranac Lake is one of the most intensively monitored of the large Adirondack lakes.  The first 

water quality data was collected in 1930, the second in 1971, and the lake has been monitored 

continuously since 1989.  Over 30,000 observations were collected on 30 separate water quality 

indicators by six organizations during this time period.  This historical data was merged into one 

database and used to design the current water quality monitoring program (Kelting 2013).  

The purposes of the water quality monitoring program are to (1) assess the health of Upper Saranac 

Lake with respect to its designated uses, (2) identify likely sources of impairments if any are identified, 

and (3) provide reliable information to support lake management.  Upper Saranac Lake is designated by 

the NYS DEC as a Class AA water body.  The uses of a Class AA water body are (1) a source of water 

supply for drinking, culinary or food processing purposes, and (2) primary and secondary contact 

recreation, and fishing.  The NYS DEC has standards for assessing water quality with respect to the above 

uses, which the monitoring program measures along with other indicators to both track and understand 

changes in water quality. 

This report presents results from the 2013 monitoring season, long term trends in the key trophic and 

other water quality indicators, stream discharge and phosphorus loading estimates, and a comparison of 

the Upper Saranac Lake indicators to other large lakes in the Adirondack region. 

Lake and Watershed Characteristics 

Upper Saranac Lake is 4,843 acres in surface area and has 47 miles of shoreline (Table 1).  The maximum 

depth is 103 feet, total volume is 70,952 acre-feet, and the lake flushes about 1.4 times per year.  The 

Upper Saranac Lake watershed is 49,504 acres, 22% of which is covered in surface water (lakes and 

ponds)(Fig. 1).  The watershed is dominated by forest cover, with 42% deciduous, 20% evergreen, and 

10% mixed forests.  Wetlands occupy about 4% of the watershed area.  The watershed contains 19.2 

miles of local roads (county, town, and local) and 17.0 miles of state roads (state and US highways). 

Table 1. Lake and watershed characteristics for Upper Saranac Lake. 

Location 
County: Franklin Latitude: 44.2926 

Town: Santa Clara/Harrietstown Longitude: -74.3254 

     

Lake 
Characteristics 

Lake Area (ac): 4,843 Z-max (ft): 103 
Lake Perimeter (mi): 47 Volume (acre-ft): 70,952 

  Flushing Rate (T/Y): 1.4 
     

Watershed 
Characteristics 

Watershed Area (ac): 49,504 Residential (%): 0 

Surface Water (%): 22 Agriculture (%): 1 

Deciduous Forest (%): 42 Commercial (%): 0 

Evergreen Forest (%): 20 Local Roads (mi): 19.2 

Mixed Forest (%): 10 State Roads (mi): 17.0 

Wetlands (%): 4   
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Figure 1. Land uses within the Upper Saranac Lake watershed.  
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Methodology 

Lake Monitoring 

Field data was collected from the R.V. Crosby at the deepest sections of the North (52ft) and South 

(85ft) Basin (Fig. 2) six times starting on May 25th and ending on October 3rd 2013.  Transparency was 

observed using an 8 inch black and white Secchi disk from the shady side of the vessel.  Temperature 

and dissolved oxygen were determined every meter from the surface to the bottom with a YSI 556a 

D.O./Temp meter.  Water samples were collected using a 1 liter Kemmerer bottle. The hypolimnetic 

water was collected from 1.5 feet off the bottom. The surface water sample was a 0-6.5 foot integrated 

sample that was collected by compositing 1 liter Kemmerer grabs from the depths of 6.5, 5.0, 3.3, 1.6, 

and 0 feet.  One liter of the integrated sample was brought to the lab for analysis and 200 – 250 mL of 

the water was immediately passed through a 0.7 µm cellulose membrane filter. The filter was collected, 

wrapped in foil and put on ice for Chlorophyll-a analysis. 

Samples were analyzed for pH, conductivity, alkalinity, total phosphorus, nitrate, chlorophyll-a, chloride, 

sulfate, aluminum, calcium, sodium, and iron at the AWI Environmental Research Lab following the 

analytical methods described in Table 2.  More detailed descriptions of these analytes and their 

relationship to water quality are found on pages 30 to 34 of this report. 

Table 2. Analytical methods performed 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 2510 B 

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-NO3 I 

Alkalinity Automated methyl orange 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 

Average annual values for secchi disk transparency, total phosphorus, and chlorophyll-a were used to 

calculate Carlson’s Trophic Status Index, (TSI), a commonly used quantitative index for classifying lakes 

based on trophic status (Carlson 1977).  TSI values were calculated as follows: 

 TSI (Secchi Disk) = 60 – 16.41xln[Secchi Disk (m)] 

 TSI (Chlorophyll) = 30.6 + 9.81xln[Chlorophyll a(µg/L)] 

 TSI (Total Phosphorus) = 4.15 + 14.42xln[Total Phosphorus (µg/L)] 
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Typically TSI values are between 0 and 100. Lakes with TSI values less 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 3. 

Table 3. Trophic classification of lakes based on Carlson’s Trophic State Index (TSI). 

TSI 
Value 

Trophic 
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 

*Definitions for trophic classes are provided in the Appendix 

Average values for 2013 were calculated from the field and lab data and reported along with the data by 

sampling date by basin and strata (see Tables 4 and 6).  Time series charts were constructed by basin 

and strata for water quality indicators with sufficient data to observe long-term trends, this dataset 

included the three trophic indicators (Secchi transparency, total phosphorus, chlorophyll-a) and four 

other indicators (pH, alkalinity, conductivity, and chloride).  Trend analysis was conducted for these 

seven water quality indicators using Kendall tau2 to test the hypothesis “there is no relationship 

between the indicator and time”, with the hypothesis rejected at alpha ≤ 0.05. Simple linear trend lines 

were fit to data with significant trends and displayed on the corresponding chart. The trend analysis was 

conducted using the data from 1993 to 2013, which reflects the period of time following improvements 

at the NYS DEC fish hatchery. 

Stream Monitoring 

We began a monitoring program in 2007 to estimate stream discharge and nutrient loadings (primarily 

phosphorus) in the Upper Saranac Lake watershed (Fig. 2).  The streams monitored in this program 

represent 75% of the watershed area.  The outlets of Black Swamp, Mill Brook, Little Lake Clear Brook, 

Brandy Brook, Fish Creek, Indian Carry, and Upper Saranac Lake were instrumented with remote stage 

recorders (Levelogger Edge, Solinst Canada Ltd.) in 2007.  The stage recorders were set to record stage 

                                                           
2
 Kendall tau is a widely used statistic for evaluating trends in water quality.  It is a non-parametric hypothesis test 

for dependence between two variables, in our case the dependence of a water quality indicator on time. 
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(stream water height) at one hour intervals, with the data downloaded annually.  The stage data was 

corrected for barometric pressure using additional data from a barometric pressure logger (Barologger 

Edge, Solinst Canada Ltd.) installed at the Upper Saranac Lake outlet.  Flow measurements were 

collected periodically in order to develop stage-discharge curves for the streams and outlet. 

Water samples were collected from each of the above streams plus Panther (Cranberry) Brook 6 to 10 

times per year beginning in late May and ending in October.  These samples were analyzed for total 

phosphorus, nitrate, sulfate, chloride, calcium, magnesium, potassium, sodium, pH, conductivity, 

alkalinity, and color in the AWI Environmental Research Laboratory using the methods described 

previously.  This report only presents and discusses the results for total phosphorus. 

Stage-discharge curves were developed by fitting exponential curves with discharge (cubic feet of water 

per second) on the y-axis and stage (stream height in inches) on the x-axis.  The equation from each 

curve was then used to estimate discharge based on the stage recorder data.  Precipitation data was 

obtained from the National Climate Data Center for Tupper Lake and Lake Clear, which together bracket 

Upper Saranac Lake.  This data was used to help check and interpret the hydrograph data.  

Annual phosphorus loads were estimated for the tributaries and outlet by multiplying average 

phosphorus concentrations by cumulative discharge determined from the hydrographs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dan Kelting programming a stage recorder installed under the bridge on Bartlett Carry Road, the 
outlet of Upper Saranac Lake. Stage recorder is installed inside a 4 inch PVC pipe mounted vertically 
against the bridge abutment. The PVC pipe protects the stage recorder and serves as a stilling well. 
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Figure 2. Locations of lake and stream monitoring stations in the 

Upper Saranac Lake watershed. 
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North Basin – Epilimnion Time Series Trophic Indicators 

Secchi transparency ranged from 7.5 to 10.5 feet and averaged 9.1 feet in 2013 (Table 4).  Over the 24 

years of monitoring, average annual Secchi transparency ranged from 8.4 to 14.6 feet (Fig. 3A).  There 

was a significant negative trend in Secchi transparency over time, with Secchi transparency declining an 

average of 0.154ft per year since 1993 (Table 5).  Total Phosphorus concentrations ranged from 5.8 to 

10.2µg/L and averaged 8.0µg/L in 2013 (Table 4).  Over the 24 years of monitoring, average annual total 

phosphorus concentration ranged from 8.0 to 43.9µg/L (Fig. 3B), and there was no significant trend in 

total phosphorus (Table 5).  Chlorophyll-a concentrations ranged from 1.9 to 10.9µg/L and averaged 

5.9µg/L in 2013 (Table 4). Over the 24 years of monitoring, average annual Chlorophyll-a concentration 

ranged from 2.1 to 11.5µg/L (Fig. 3C).  There was a significant negative trend in Chlorophyll-a over time, 

with Chlorophyll-a declining an average of 0.3µg/L per year since 1993 (Table 5). TSI has fluctuated 

around Mesotrophic-Oligotrophic in the last 10 years with all three indicators of trophic status in general 

agreement, but with total phosphorus TSI trending to Oligotrophic (Fig. 3D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 3. Annual average values for epilimnetic trophic indicators in the North Basin of Upper Saranac 
Lake, 1998-2013: (A) Secchi transparency, (B) total phosphorus, (C) chlorophyll-a, and (D) Carlson’s 
Trophic State Index.  Significant trends are indicated with a trend line. Vertical bars represent one 
standard deviation of the mean. 
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North Basin – Epilimnion Time Series Other Indicators 

Acidity (pH) ranged from 5.3 to 7.6 and averaged 6.5 in 2013 (Table 4).  Over the 24 years of monitoring, 

average annual pH ranged from 6.5 to 8.1 (Fig. 4A).  There was a significant positive trend in pH over 

time, with pH increasing an average of 0.03 pH units per year since 1993 (Table 5).  Alkalinity ranged 

from 10.1 to 13.0mg/L and averaged 11.4mg/L in 2013 (Table 4).  Over the 24 years of monitoring, 

average annual alkalinity ranged from 7.1 to 17.0mg/L (Fig. 4B).  There was a significant positive trend in 

alkalinity over time, with alkalinity increasing an average of 0.18mg/L per year since 1993 (Table 5).  

Specific conductance ranged from 50.6 to 57.8µS/cm and averaged 53.0µS/cm in 2013 (Table 4). Over 

the last 24 years of monitoring, average annual specific conductance ranged from 42.1 to 67.6µS/cm 

(Fig. 4C).  There was a significant positive trend in specific conductance over time, with specific 

conductance increasing an average of 0.79µS/cm per year since 1993 (Table 5). Chloride ranged from 7.9 

to 8.5mg/L and averaged 8.2mg/L in 2013 (Table 4). Over the last 24 years of monitoring, average 

annual chloride ranged from 2.6 to 10.3mg/L (Fig. 4D).  There was a significant positive trend in chloride 

over time, with chloride increasing an average of 0.3mg/L per year since 1991 (Table 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Annual average values for epilimnetic water quality indicators in the North Basin of Upper 
Saranac Lake, 1998-2013: (A) pH, (B) alkalinity, (C) specific conductance, and (D) chloride.  Significant 
trends are indicated with a trend line. Vertical bars represent one standard deviation of the mean. 
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North Basin – Hypolimnion Time Series 

Total Phosphorus concentrations ranged from 15.1 to 39.7µg/L and averaged 25.7µg/L in 2013 (Table 4).  

Over the 24 years of monitoring, average annual total phosphorus concentration ranged from 19.5 to 

75.5µg/L (Fig. 5A), and there was no significant trend in total phosphorus (Table 5).  Acidity (pH) ranged 

from 5.4 to 7.1 and averaged 6.3 in 2013 (Table 4).  Over the 24 years of monitoring, average annual pH 

ranged from 6.2 to 7.0 (Fig. 5B).  There was a significant positive trend in pH over time, with pH 

increasing an average of 0.02 pH units per year since 1993 (Table 5).  Alkalinity ranged from 10.4 to 

16.5mg/L and averaged 12.9mg/L in 2013 (Table 4).  Over the 24 years of monitoring, average annual 

alkalinity ranged from 4.1 to 19.3mg/L (Fig. 5C).  There was a significant positive trend in alkalinity over 

time, with alkalinity increasing an average of 0.59mg/L per year since 1993 (Table 5).  Specific 

conductance ranged from 50.0 to 64.3µS/cm and averaged 57.7µS/cm in 2013 (Table 4). Over the last 24 

years of monitoring, average annual specific conductance ranged from 46.5 to 66.1µS/cm (Fig. 5D).  

There was a significant positive trend in specific conductance over time, with specific conductance 

increasing an average of 0.47µS/cm per year since 1993 (Table 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Annual average values for hypolimnetic water quality indicators in the North Basin of Upper Saranac 
Lake, 1998-2013: (A) total phosphorus, (B) pH, (C) alkalinity, and (D) specific conductance.  Significant trends 
are indicated with a trend line. Vertical bars represent one standard deviation of the mean. 
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Table 4. Water quality indicator values in the epilimnion (surface waters) and hypolimnion 
(bottom waters) of the North Basin of Upper Saranac Lake in 2013. 

Water Quality Indicator 
Sampling Date 

Average 
5/25 6/20 7/22 8/26 9/4 10/3 

   
  Epilimnion 

Secchi Transparency (ft)  10.5 9.5 n.d.* 8.9 8.9 7.5 9.1 

Total Phosphorus (µg/L)  8.71 10.20 8.27 7.04 7.79 5.76 7.96 

Chlorophyll-a (µg/L)   7.12 10.86 6.77 2.98 1.90 5.93 

Laboratory pH  7.60 6.79 6.50 6.57 5.33 6.25 6.51 

Conductance (µS/cm)  53.20 51.30 54.00 50.60 57.80 51.20 53.02 

Color (Pt-Co)  46 38 38 37 48 27 39 

Alkalinity (mg/L)  11.30 10.80 10.10 11.90 11.50 13.00 11.43 

Nitrate-Nitrogen (µg/L)  12.70 3.11 8.62 3.67 1.29 0.22 4.94 

Chloride (mg/L)  8.51 8.25 8.06 7.91 7.90 8.35 8.16 

Sulfate (mg/L)  3.91 3.74 3.40 3.59 3.54 3.21 3.57 

Aluminum (mg/L)  0.11 0.12 0.12 0.12 0.07 0.09 0.11 

Calcium (mg/L)  4.44 4.17 4.08 4.13 4.39 4.29 4.25 

Sodium (mg/L)  5.00 4.26 4.79 4.45 4.73 4.82 4.67 

Iron (mg/L)  0.11 0.10 0.15 0.09 0.09 0.11 0.11 

   
  Hypolimnion 

Total Phosphorus (µg/L)  15.10 39.70 27.00 33.20 18.80 20.40 25.70 

Laboratory pH  7.12 6.58 6.53 5.43 5.99 6.29 6.32 

Conductance (µS/cm)  55.50 53.00 50.00 64.30 59.50 63.60 57.65 

Color (Pt-Co)  56 72 77 182 75 120 97 

Alkalinity (mg/L)  11.80 11.60 10.40 14.00 13.20 16.50 12.92 

Nitrate-Nitrogen (µg/L)  73.20 65.70 221.00 105.00 174.00 7.03 107.66 

Chloride (mg/L)  9.07 8.75 8.90 8.84 8.59 9.01 8.86 

Sulfate (mg/L)  4.10 3.91 3.81 3.48 3.75 2.96 3.67 

Aluminum (mg/L)  0.12 0.10 0.10 0.11 0.11 0.07 0.10 

Calcium (mg/L)  4.59 4.31 4.49 4.82 4.39 4.87 4.58 

Sodium (mg/L)  5.25 4.49 4.89 4.81 3.99 4.86 4.72 

Iron (mg/L)  0.28 0.91 1.12 2.01 0.62 2.69 1.27 

*n.d. is no data for sampling date  
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Table 5. Trend analysis statistics for changes in water quality indicators over time from 1993 to 2013 
in the epilimnion (surface waters) and hypolimnion (bottom waters) of the North Basin of Upper 
Saranac Lake. 

 

North Basin – Other Indicators 

 

Not enough historical data exists for the 7 additional water quality indicators reported for the epilimnion 

in 2013 (Table 4) to construct a meaningful times series.  Epilimnion color ranged from 27 to 48Pt-Co 

units and averaged 39Pt-Co units in 2013 (Table 4).  Epilimnion nitrate ranged from 0.2 to 12.7µg/L and 

averaged 4.9µg/L in 2013 (Table 4).  Epilimnion sulfate ranged from 3.2 to 3.9mg/L and averaged 

3.6mg/L in 2013 (Table 4).  Epilimnion aluminum ranged from 0.09 to 0.12mg/L and averaged 0.11mg/L 

in 2013 (Table 4).  Epilimnion calcium ranged from 4.1 to 4.4mg/L and averaged 4.3mg/L in 2013 (Table 

4).  Epilimnion sodium ranged from 4.3 to 5.0mg/L and averaged 4.7mg/L in 2013 (Table 4). Epilimnion 

iron ranged from 0.09 to 0.15mg/L and averaged 0.11mg/L in 2013 (Table 4). 

 

Not enough historical data exists for the 8 additional water quality indicators reported for the 

hypolimnion in 2013 (Table 4) to construct a meaningful times series.  Hypolimnion color ranged from 56 

to 182Pt-Co units and averaged 97Pt-Co units in 2013 (Table 4).  Hypolimnion nitrate ranged from 7.0 to 

221.0µg/L and averaged 107.7µg/L in 2013 (Table 4).  Hypolimnion chloride ranged from 8.6 to 9.1mg/L 

and averaged 8.9mg/L in 2013 (Table 4).  Hypolimnion sulfate ranged from 3.0 to 4.1mg/L and averaged 

3.7mg/L in 2013 (Table 4).  Hypolimnion aluminum ranged from 0.07 to 0.12mg/L and averaged 

0.10mg/L in 2013 (Table 4).  Hypolimnion calcium ranged from 4.3 to 4.9mg/L and averaged 4.6mg/L in 

2013 (Table 4).  Hypolimnion sodium ranged from 4.0 to 5.3mg/L and averaged 4.7mg/L in 2013 (Table 

4). Hypolimnion iron ranged from 0.28 to 2.69mg/L and averaged 1.27mg/L in 2013 (Table 4).  

Strata Indicator Slope R-square p-value 

Epilimnion Secchi Transparency (ft/yr) -0.154 0.136 0.025 

 Total Phosphorus (µg/L/yr) -0.218 0.081 0.086 

 Chlorophyll-a (µg/L/yr) -0.332 0.468 0.000 

 pH (/yr) 0.030 0.205 0.006 

 Alkalinity (mg/L/yr) 0.179 0.184 0.029 

 Conductance (µS/cm/yr) 0.789 0.386 0.000 

 Chloride (mg/L/yr) 0.313 0.444 0.016 

Hypolimnion Total Phosphorus (µg/L/yr) 0.616 0.033 0.294 

 pH (/yr) 0.018 0.211 0.020 

 Alkalinity (mg/L/yr) 0.591 0.295 0.006 

 Conductance (µS/cm/yr) 0.473 0.316 0.004 
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South Basin - Epilimnion Time Series Trophic Indicators 

Secchi transparency ranged from 3.3 to 11.5 feet and averaged 8.6 feet in 2013 (Table 6).  Over the 24 

years of monitoring, average annual Secchi transparency ranged from 8.4 to 14.6 feet (Fig. 6A).  There 

was a significant negative trend in Secchi transparency over time, with Secchi transparency declining an 

average of 0.223ft per year since 1993 (Table 7).  Total Phosphorus concentrations ranged from 5.7 to 

11.4µg/L and averaged 8.3µg/L in 2013 (Table 6).  Over the 24 years of monitoring, average annual total 

phosphorus concentration ranged from 8.3 to 53.0µg/L (Fig. 6B), and there was no significant trend in 

total phosphorus (Table 7).  Chlorophyll-a concentrations ranged from 1.2 to 8.9µg/L and averaged 

6.5µg/L in 2013 (Table 6). Over the 24 years of monitoring, average annual Chlorophyll-a ranged from 

2.7 to 9.0µg/L (Fig. 6C).  There was a significant negative trend in Chlorophyll-a over time, with 

Chlorophyll-a declining an average of 0.2µg/L per year since 1993 (Table 7). TSI has fluctuated around 

Mesotrophic-Oligotrophic in the last 10 years with all three indicators of trophic status in general 

agreement, but with total phosphorus TSI trending to Oligotrophic (Fig. 6D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 6. Annual average values for epilimnetic trophic indicators in the South Basin of Upper Saranac 
Lake, 1998-2013: (A) Secchi transparency, (B) total phosphorus, (C) chlorophyll-a, and (D) Carlson’s 
Trophic State Index.  Significant trends are indicated with a trend line. Vertical bars represent one 
standard deviation of the mean. 
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South Basin –Epilimnion Time Series Other Indicators 

Acidity (pH) ranged from 5.8 to 7.2 and averaged 6.5 in 2013 (Table 6).  Over the 24 years of monitoring, 

average annual pH ranged from 6.5 to 7.9 (Fig. 7A).  There was a significant positive trend in pH over 

time, with pH increasing an average of 0.03 pH units per year since 1993 (Table 7).  Alkalinity ranged 

from 10.5 to 16.4mg/L and averaged 12.2mg/L in 2013 (Table 6).  Over the 24 years of monitoring, 

average annual alkalinity ranged from 6.9 to 17.0mg/L (Fig. 7B).  There was a significant positive trend in 

alkalinity over time, with alkalinity increasing an average of 0.28mg/L per year since 1993 (Table 7).  

Specific conductance ranged from 53.3 to 61.3µS/cm and averaged 56.1µS/cm in 2013 (Table 6). Over 

the last 24 years of monitoring, average annual specific conductance ranged from 40.9 to 64.1µS/cm 

(Fig. 7C).  There was a significant positive trend in specific conductance over time, with specific 

conductance increasing an average of 0.84µS/cm per year since 1993 (Table 7). Chloride ranged from 7.7 

to 8.5mg/L and averaged 8.0mg/L in 2013 (Table 6). Over the last 24 years of monitoring, average 

annual chloride ranged from 2.5 to 8.7mg/L (Fig. 7D).  There was a significant positive trend in chloride 

over time, with chloride increasing an average of 0.3mg/L per year since 1991 (Table 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Annual average values for epilimnetic water quality indicators in the South Basin of Upper 
Saranac Lake, 1998-2013: (A) pH, (B) alkalinity, (C) specific conductance, and (D) chloride.  Significant 
trends are indicated with a trend line. Vertical bars represent one standard deviation of the mean. 
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South Basin – Hypolimnion Time Series 

Total Phosphorus concentrations ranged from 14.2 to 84.4µg/L and averaged 33.2µg/L in 2013 (Table 6).  

Over the 24 years of monitoring, average annual total phosphorus concentration ranged from 17.4 to 

95.2µg/L (Fig. 8A), and there was no significant trend in total phosphorus (Table 7).  Acidity (pH) ranged 

from 5.6 to 7.7 and averaged 6.5 in 2013 (Table 6).  Over the 24 years of monitoring, average annual pH 

ranged from 6.1 to 7.1 (Fig. 8B).  There was a significant positive trend in pH over time, with pH 

increasing an average of 0.02 pH units per year since 1993 (Table 7).  Alkalinity ranged from 11.5 to 

13.5mg/L and averaged 12.0mg/L in 2013 (Table 6).  Over the 24 years of monitoring, average annual 

alkalinity ranged from 3.3 to 17.3mg/L (Fig. 8C).  There was a significant positive trend in alkalinity over 

time, with alkalinity increasing an average of 0.50mg/L per year since 1993 (Table 7).  Specific 

conductance ranged from 52.0 to 63.6µS/cm and averaged 57.8µS/cm in 2013 (Table 6). Over the last 24 

years of monitoring, average annual specific conductance ranged from 44.4 to 58.0µS/cm (Fig. 8D).  

There was a significant positive trend in specific conductance over time, with specific conductance 

increasing an average of 0.58µS/cm per year since 1993 (Table 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Annual average values for hypolimnetic water quality indicators in the South Basin of Upper 
Saranac Lake, 1998-2013: (A) total phosphorus, (B) pH, (C) alkalinity, and (D) specific conductance.  
Significant trends are indicated with a trend line. Vertical bars represent one standard deviation of the mean. 
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Table 6. Water quality indicator values in the epilimnion (surface waters) and hypolimnion 
(bottom waters) of the South Basin of Upper Saranac Lake in 2013. 

Water Quality Indicator 
Sampling Date 

Average 
5/25 6/20 7/22 8/26 9/4 10/3 

   
  Epilimnion 

Secchi Transparency (ft)  3.3 11.5 n.d.* 9.2 10.2 8.9 8.6 

Total Phosphorus (µg/L)  7.99 9.56 11.40 6.73 8.35 5.70 8.29 

Chlorophyll-a (µg/L)   8.08 8.87 6.70 7.00 1.89 6.51 

Laboratory pH  7.20 6.82 6.42 5.77 6.29 6.26 6.46 

Conductance (µS/cm)  53.60 53.30 61.30 54.10 53.30 60.90 56.08 

Color (Pt-Co)  58 12 35 35 34 19 32 

Alkalinity (mg/L)  11.20 10.90 10.50 12.20 16.40 12.00 12.20 

Nitrate-Nitrogen (µg/L)  4.31 1.82 12.20 1.75 3.42 0.78 4.05 

Chloride (mg/L)  8.32 7.66 7.69 7.93 7.80 8.48 7.98 

Sulfate (mg/L)  3.83 3.71 3.56 3.59 3.61 3.32 3.60 

Aluminum (mg/L)  0.09 0.13 0.12 0.12 0.12 0.12 0.11 

Calcium (mg/L)  4.55 4.67 4.04 5.56 4.50 4.18 4.58 

Sodium (mg/L)  5.22 4.89 4.39 4.45 4.66 4.72 4.72 

Iron (mg/L)  0.08 0.09 0.09 0.05 0.06 0.06 0.07 

   
  Hypolimnion 

Total Phosphorus (µg/L)  14.20 16.70 21.80 35.20 84.40 26.70 33.17 

Laboratory pH  7.68 6.79 6.63 5.66 6.38 5.92 6.51 

Conductance (µS/cm)  53.70 52.00 54.50 61.50 63.60 61.50 57.80 

Color (Pt-Co)  36 18 31 46 71 62 44 

Alkalinity (mg/L)  11.50 11.60  13.50 11.60 11.70 11.98 

Nitrate-Nitrogen (µg/L)  44.00 64.40 156.00 156.00 147.00 187.00 125.73 

Chloride (mg/L)  8.68 8.29 8.50 8.41 8.40 8.41 8.45 

Sulfate (mg/L)  3.81 3.76 3.63 3.46 3.18 3.04 3.48 

Aluminum (mg/L)  0.12 0.17 0.10 0.09 0.10 0.10 0.11 

Calcium (mg/L)  4.46 4.86 4.15 4.10 4.79 4.64 4.50 

Sodium (mg/L)  5.01 5.15 4.63 4.41 4.77 4.69 4.78 

Iron (mg/L)  0.12 0.20 0.23 0.35 0.86 0.37 0.36 

*n.d. is no data for sampling date 
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Table 7. Trend analysis statistics for changes in water quality indicators over time from 1993 to 2013 
in the epilimnion (surface waters) and hypolimnion (bottom waters) of the South Basin of Upper 
Saranac Lake. 

Strata Indicator Slope R-square p-value 

Epilimnion Secchi Transparency (ft/yr) -0.223 0.215 0.005 

 Total Phosphorus (µg/L/yr) -0.141 0.044 0.206 

 Chlorophyll-a (µg/L/yr) -0.194 0.144 0.021 

 pH (/yr) 0.027 0.186 0.009 

 Alkalinity (mg/L/yr) 0.227 0.200 0.023 

 Conductance (µS/cm/yr) 0.836 0.454 0.000 

 Chloride (mg/L/yr) 0.295 0.413 0.035 

Hypolimnion Total Phosphorus (µg/L/yr) 0.738 0.021 0.401 

 pH (/yr) 0.024 0.184 0.029 

 Alkalinity (mg/L/yr) 0.499 0.274 0.008 

 Conductance (µS/cm/yr) 0.579 0.255 0.010 

 

South Basin - Other Indicators 

 

Not enough historical data exists for the 7 additional water quality indicators reported for the epilimnion 

in 2013 (Table 6) to construct a meaningful times series.  Epilimnion color ranged from 12 to 58Pt-Co 

units and averaged 32Pt-Co units in 2013 (Table 6).  Epilimnion nitrate ranged from 0.8 to 12.2µg/L and 

averaged 4.1µg/L in 2013 (Table 6).  Epilimnion sulfate ranged from 3.3 to 3.8mg/L and averaged 

3.6mg/L in 2013 (Table 6).  Epilimnion aluminum ranged from 0.09 to 0.13mg/L and averaged 0.11mg/L 

in 2013 (Table 6).  Epilimnion calcium ranged from 4.0 to 4.7mg/L and averaged 4.6mg/L in 2013 (Table 

6).  Epilimnion sodium ranged from 4.4 to 5.2mg/L and averaged 4.7mg/L in 2013 (Table 6). Epilimnion 

iron ranged from 0.05 to 0.09mg/L and averaged 0.07mg/L in 2013 (Table 6). 

 

Not enough historical data exists for the 8 additional water quality indicators reported for the 

hypolimnion in 2013 (Table 6) to construct a meaningful times series.  Hypolimnion color ranged from 18 

to 46Pt-Co units and averaged 44Pt-Co units in 2013 (Table 6).  Hypolimnion nitrate ranged from 44.0 to 

187.0µg/L and averaged 125.7µg/L in 2013 (Table 6).  Hypolimnion chloride ranged from 8.3 to 8.7mg/L 

and averaged 8.5mg/L in 2013 (Table 6).  Hypolimnion sulfate ranged from 3.0 to 3.8mg/L and averaged 

3.5mg/L in 2013 (Table 6).  Hypolimnion aluminum ranged from 0.09 to 0.17mg/L and averaged 

0.11mg/L in 2013 (Table 6).  Hypolimnion calcium ranged from 4.1 to 4.9mg/L and averaged 4.5mg/L in 

2013 (Table 6).  Hypolimnion sodium ranged from 4.4 to 5.2mg/L and averaged 4.8mg/L in 2013 (Table 

6). Hypolimnion iron ranged from 0.12 to 0.86mg/L and averaged 0.36mg/L in 2013 (Table 6).  
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Temperature and Dissolved Oxygen (Results & Discussion) 

 
The water of Upper Saranac Lake follows a thermal stratification pattern typical of temperate lakes.  As 

summer progresses the surface water is heated more rapidly than the heat can be distributed by mixing.  

As the surface water warms, its density decreases and its thermal resistance to mixing increases 

significantly.  From that point on the lake becomes thermally divided into three segregated regions.  The 

hypolimnion is the lowest strata comprised of uniformly cold water. The epilimnion is the upper strata, 

comprised of uniformly warm, turbulent water.  The stratum between the epilimnion and the 

hypolimnion is the metalimnion, a region that exhibits a steep thermal gradient.  When summer 

progresses to fall, declining air temperature and a decreased sun angle result in a negative heat income 

to the lake. The surface water cools, becomes denser, and sinks. These thermal changes result in a 

progressive erosion of the metalimnion, eventually resulting in uniform temperature and density 

through the water column, also known as fall turnover (Wetzel 2001). 

The epilimnion depth in Upper Saranac Lake ranged from less than 1 meter (3.3ft) deep in June to 4 

meters (13.1ft) deep in July through September. Maximum epilimnetic temperature occurred during late 

July and again in mid-September when temperature reached 25.5oC (77.9oF) and 24.7oC (76.5oF) in the 

South and North basin respectively (Fig. 9).  Loss of stratification was clearly initiated in both basins by 

late September and can be observed in Figure 9 as a cooling of the epilimnion and a deepening of the 

metalimnion.  

As with temperature, the dissolved oxygen concentration of Upper Saranac Lake is similar to the 

majority of lakes in our region.  Oxygen concentrations in the turbulent epilimnion are near saturation 

but decrease in the hypolimnion.  Loss of oxygen in the hypolimnion results from the biological oxidation 

of organic matter in the water as well as at the sediment water interface.  During stratification, the 

hypolimnion is segregated from the epilimnion so oxygen renewal through circulation or photosynthesis 

rarely occurs (Wetzel 2001). The intensity of oxygen consumption is proportional to the amount of 

organic material in the hypolimnion.  

The two basins of Upper Saranac Lake have distinct dissolved oxygen dynamics related to differences in 

nutrient loading and overall productivity.  The North Basin of Upper Saranac Lake developed an anoxic 

hypolimnion by late July.  By early September approximately half the water column had less than 

1.5mg/L of oxygen, with the bottom 2 meters having essentially no oxygen (< 0.5mg/L , Fig. 9).  The 

hypolimnetic waters of the South Basin retained oxygen through most of the field season, with the 

deepest layer approaching anoxia only in early October.   Interestingly, the lowest oxygen concentration 

of the summer in the South Basin occurred at a depth of 7 meters (23ft) (Fig. 9).  This condition is known 

as a metalimnetic oxygen minimum, and is associated with a number of limnological patterns. The 

decreases in oxygen may be caused by the respiration of large numbers of zooplankton that migrate to 

deeper water during the day.  Oxygen minima can also be caused by the sinking of organic material 

produced in the epilimnion or from outside the basin.  As the organic material sinks it encounters the 

denser water of the metalimnion causing the material to slow down and undergo microbial oxidation. 
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 Figure 9. Temperature (top 2 panels) and dissolved oxygen (bottom 2 panels) profiles for the 
North and South Basin of Upper Saranac Lake in 2013. 
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Stream Discharge 

 

We successfully developed usable stage-discharge curves for most of the tributaries (Table 8).  The 

stage-discharge curves for Black Swamp, Brandy Brook, Mill Brook, and the Upper Saranac Lake outlet 

were very good, with stage explaining 96 to 98% of discharge and with low standard errors for model 

terms.  We moved the stage recorder at Fish Creek to a more protected location after it was damaged 

by ice, so we lost some observations, which partly explains the poorer fit.  We also had to move the 

stage recorder at Indian Carry and installed the stage recorder at the Little Clear Outlet site later in the 

project, and do not have enough data yet to develop the curves for these two locations. 

Table 8. Stage-discharge curve models and goodness-of-fit statistics for the major tributaries and 
the outlet of Upper Saranac Lake. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Stage-discharge curve for the Upper Saranac Lake outlet.  Stream height above the gauge in 
inches was used to estimate discharge in cubic feet per second (cfs) using the equation on the figure. 
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The stage-discharge curve for the Upper Saranac Lake outlet is shown as an example (Fig. 10).  We 

measured discharge at the outlet 23 times from 2007 to 2013 to capture a broad range of stream flows, 

thus 23 points are shown on the figure.  The curve followed the exponential relationship expected for 

stage-discharge curves, though the slope of this curve is more linear than others owing to the box-like 

shape of the outlet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

The stage-discharge curve for the Upper Saranac Lake outlet (Fig. 10) brackets the entire range of 

discharge estimates for its hydrograph (Fig. 11).  This important as the curve should not be used to 

estimate discharge outside the range of data used to make the curve.  Notice the pattern in daily 

discharge showed discharge reached its lowest point each summer, which was in response to maximum 

water loss back to the atmosphere through evapotranspiration (evaporation plus transpiration by 

plants).  Discharge increased every fall as temperature cooled and the trees lost their leaves, both 

resulting in decreased evapotranspiration and fall rain recharging groundwater and also moving to 

streams.  A peak was generally noticed in March-April with snow melt and again later with spring rains.  

The pattern varied year to year in response to the weather.  The tributary hydrographs all followed the 

same general pattern as the outlet hydrograph (results not shown).  

Figure 11. Hydrograph of daily discharge in cubic feet per second (cfs) at the Upper Saranac Lake Outlet 
from July 17, 2007 to July 18, 2013. 
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Without stage-discharge curves for Little Clear Outlet and Indian Carry, and no stage recorder in the case 

of Cranberry Brook, we used average discharge per acre determined from the other locations to 

estimate discharge for these three based on their respective acreage.  The estimates for Little Clear 

Outlet and Indian Carry will be updated and replaced once stage-discharge curves are available. 

The tributaries collectively discharged an average of 77,067acre-ft of water into Upper Saranac Lake per 

year from 2007 to 2013 (note, 1acre-ft = 43,560ft3 of water).  Export of water from the Upper Saranac 

Lake watershed measured at the outlet averaged 102,345acre-ft per year during this period.  Since 

Upper Saranac Lake holds about 70,952acre-ft of water, its average turnover rate was 1.44 times per 

year.  Fish Creek contributed the most water at 45,037acre-ft (58.4% of the total), followed by Mill 

Brook at 18,039acre-ft (23.4% of the total), Black Swamp at 7,309acre-ft (9.5% of the total), Little Clear 

Outlet at 3,586acre-ft (4.7% of the total), Brandy Brook at 1,942acre-ft (2.5% of the total), Indian Carry 

at 704acre-ft (0.9% of the total), and lastly Cranberry Brook at 450acre-ft (0.6% of the total)(Fig. 12).  

This ranking follows the distribution of watershed size, that is, Fish Creek drains the largest watershed 

(20,598ac) while Cranberry Brook drains the smallest watershed (267ac).  There was considerable 

variation in discharge year-to-year, as illustrated by the wide standard deviations for each tributary, 

though despite this variation it was clearly shown that Fish Creek discharges significantly more water 

Figure 12. Average annual discharge of water from each measured tributary in acre-ft per year, 
determined from 2007 to 2013 hydrographs. Vertical bars are one standard deviation of the mean. 
Numbers in parentheses above each bar are the percent of total stream discharge attributed to 
the stream. 
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than the other tributaries.  The year-to-year variation in discharge was related to precipitation, which 

also varied greatly during the monitoring period (average = 942mm, std. dev. = 245mm). 

Stream Phosphorus 

 

The tributaries collectively loaded an average of 3,414lbs of total phosphorus into Upper Saranac Lake 

per year from 2007 to 2013.  This input would equate to an average total phosphorus concentration of 

11µg/L in Upper Saranac Lake if there were no internal cycling and if all of the phosphorus came from 

the monitored watersheds.  The rank order of tributary load of total phosphorus mirrors the tributary 

discharge of water (compare Fig. 12 to Fig. 13).  Fish Creek contributed 1,607lbs (47.1% of the total), 

followed by Mill Brook at 788lbs (23.1% of the total), Black Swamp at 568lbs (16.6% of the total), Little 

Clear Outlet at 207lbs (6.1% of the total), Brandy Brook at 180lbs (5.3% of the total), Indian Carry at 

43lbs (1.2% of the total), and lastly Cranberry Brook at 21lbs (0.6% of the total)(Fig. 13).  As with water 

discharge, there was considerable year-to-year variation in total phosphorus load.  Though, the variation 

in total phosphorus load was greater because we multiplied two variables (discharge times 

concentration) to obtain the load estimate.  Though the variation was greater, there was still 

significantly greater total phosphorus load from Fish Creek (p=0.001) compared to the other tributaries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Average annual total phosphorus load from each measured tributary in pounds per year 
for 2007 to 2013. Vertical bars are one standard deviation of the mean. Numbers in parentheses 
above each bar are the percent of total phosphorus load attributed to the stream. 
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As was stated previously the total phosphorus load was estimated by multiplying discharge times 

concentration, and discharge was largely a function of watershed size.  The effect of watershed size was 

removed by dividing the total phosphorus load by watershed area to arrive at the total phosphorus 

loading coefficient (lbs/ac/yr) for each tributary (Fig. 14).  The tributary rank order changed when 

expressed as a loading coefficient, with Brandy Brook, Black Swamp, and Little Clear Outlet having the 

highest loading coefficients and Fish Creek having one of the lowest loading coefficients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nearly complete time series of total phosphorus data was available for Fish Creek and Little Clear Outlet; 

the other tributaries did not have enough data available to plot meaningful time series.  Over the 24 

years of monitoring, average annual total phosphorus ranged from 8 to 42µg/L in Fish Creek (Fig. 15A) 

and from 16 to 94µg/L in Little Clear Outlet (Fig. 15B).  Both tributaries had a significant negative trend 

in total phosphorus over time (Fish Creek p-value=0.030 and Little Clear Outlet p-value=0.008).  Total 

phosphorus declined at an average rate of 0.18µg/L per year in Fish Creek and at an average rate of 

0.70µg/L per year in Little Clear Outlet since 1993.  Though the rate of decline in Fish Creek was less 

than in Little Clear Outlet, the impact on the total phosphorus load to Upper Saranac Lake was greater 

for Fish Creek.  The 0.18µg/L per year decline in Fish Creek equated to an annual decrease of 22lbs/yr in 

total phosphorus load, while the 0.70µg/L per year decline in Little Clear Outlet equated to an annual 

decrease of 7lbs/yr in total phosphorus load to Upper Saranac Lake.  

Figure 14. Average loading coefficients for total phosphorus for each tributary in pounds per acre per 
year based on total phosphorus and discharge data collected from 2007 to 2013. Vertical bars are one 
standard deviation of the mean. 
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Figure 15. Annual average total phosphorus concentration in Fish Creek (A) and Little Clear 
Outlet (B), 1989 to 2013. Significant trends are indicated with a trend line. Vertical bars 
represent one standard deviation of the mean. 
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Discussion 

Trophic Indicators 

 

The 2013 trophic indicators for Upper Saranac Lake were compared to 28 lakes from our regional 

dataset (Fig. 16).  The indicators were also summarized in tabular format (Table 9).  Transparency ranged 

from 4.4 to 33.8ft, with 60% of the lakes having higher transparency than the 8.9ft reported for Upper 

Saranac Lake (Fig. 16A).  Total phosphorus ranged from 3 to 28µg/L, with 40% of the lakes having higher 

phosphorus than the 8 µg/L reported for Upper Saranac Lake (Fig. 16B).  Chlorophyll-a ranged from 0 to 

11µg/L, with 10% of the lakes having higher chlorophyll than the 6 µg/L reported for Upper Saranac Lake 

(Fig. 16C).  About 60% of the lakes were oligotrophic and the remainder were mesotrophic (Fig. 16D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Cumulative frequency distributions for the trophic indicators in 2013 for 28 comparable Adirondack 
lakes with varying degrees of watershed development: (A) Secchi transparency, (B) total phosphorus, (C) 
chlorophyll-a, and (D) Carlson’s Trophic State Index. Circle is the position of Upper Saranac Lake. 
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The lake comparison data collectively showed that Upper Saranac Lake was more productive than the 

majority of comparable lakes in our dataset.  But, it was less productive than Middle and Lower Saranac 

Lake, Upper and Lower Chateaugay Lake, and Lower St Regis Lake, which were the lakes in our dataset 

most like Upper Saranac Lake.  Despite its comparably high productivity, the significant downward trend 

in chlorophyll-a and the stable (to downward trending) total phosphorus both indicate the trophic state 

is moving towards oligotrophic. 

The decline in Secchi transparency does not follow the trend we would expect if transparency was 

related to lake productivity: if lake productivity was driving transparency then we would have expected 

transparency to increase as chlorophyll-a decreased. However, the significant decline in Secchi 

transparency over time may not be related to lake productivity and nutrient inputs, but rather it may be 

a result of declining acid deposition, a regional stressor that impacts the Upper Saranac Lake watershed.  

Recent studies have reported regional increases in dissolved organic carbon (DOC) loads with decreased 

acid deposition (Monteith et al. 2007), and though the mechanism behind increased DOC loads is still 

unclear, we do know that DOC is a large part of transparency (transparency can be predicted based on 

DOC).  Over the last 15 years we have observed an average decline in Secchi transparency of 6.2ft in our 

regional lake monitoring dataset, which includes minimally developed lakes (e.g. Brandreth Lake).  This 

regional decline in Secchi transparency is consistent with the findings of Monteith and others (2007). 

The resistance in total phosphorus to a more rapid decline is likely from internal cycling of phosphorus 

that has accumulated over decades in the lake sediment.  Anoxia develops in the hypolimnion each 

summer (see Fig. 9), which releases iron-bound phosphorus from sediment and enriches the phosphorus 

concentration of the hypolimnion.  The enrichment of iron and total phosphorus in the hypolimnion is 

seen in Tables 4 and 6, and the seasonal pattern of phosphorus release in the hypolimnion is illustrated 

in Figure 17.  The slight elevation in epilimnion total phosphorus observed in the fall is a result of mixing 

when the lake turns over. 

Total phosphorus is also contributed to the lake by its tributaries, for which we estimated an average 

load of 3,414lbs per year.  Though Fish Creek contributed 47% of this load, its loading coefficient was 

among the lowest, and its load has declined by about 22lbs per year.  This declining load may reflect 

improvements to waste water treatment facilities at the DEC campgrounds at Fish Creek and Rollins 

Pond.  Little Clear Outlet contributed only 6% of the total phosphorus load, but its loading coefficient 

was among the highest.  Despite its high loading coefficient, the load from Little Clear Outlet has 

declined by about 7lbs per year, which is most likely the result of reduced phosphorus discharge 

reported for the fish hatchery (Fig. 18).  Note the more gradual downward trend in total phosphorus in 

the stream (Fig. 15) versus the steep decline from the hatchery is likely due to continued release of 

phosphorus that accumulated in the stream bed over decades.  Though we don’t yet have sufficient long 

term data for the other tributaries available to examine their trends, given that Fish Creek and Little 

Clear Outlet together represent 53% of the tributary phosphorus load and the load from both tributaries 

is declining, the total load of phosphorus to Upper Saranac Lake from its tributaries has likely declined.  

This decline may explain the gradual (though as yet not statistically significant) decline in epilimnion 

total phosphorus observed in the North and South Basin (see Fig. 3B & 6B). 
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Figure 17. Total phosphorus concentration by month in the epilimnion and hypolimnion of the 
North and South Basin of Upper Saranac Lake, averaged of samples collected from 1993 to 2013. 
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Other Indicators 

 

The 2013 results for the other four water quality indicators with time series data for Upper Saranac Lake 

were compared to 28 lakes from our regional dataset (Fig. 19).  The indicators were also summarized in 

tabular format (Table 9).  Acidity (pH) ranged from 5.4 to 8.0, with 50% of the lakes having higher pH 

than the 6.5 reported for Upper Saranac Lake (Fig. 19A).  Specific conductance ranged from 13 to 

100µS/cm, with 45% of the lakes having higher Specific conductance than the 55µS/cm reported for 

Upper Saranac Lake (Fig. 19B).  Alkalinity ranged from 2 to 31mg/L, with 32% of the lakes having higher 

alkalinity than the 12mg/L reported for Upper Saranac Lake (Fig. 19C).  Chloride ranged from 0 to 

50mg/L, with 46% of the lakes having higher chloride than the 8mg/L reported for Upper Saranac Lake 

(Fig. 19D). 

Upper Saranac Lake is in the middle of the pH range for the comparable lakes and is the upper half of 

the range for the other indicators.  A gradient of acidity and alkalinity exits in Adirondack lakes, with 

lakes in the southwestern Adirondacks having the highest acidity and lowest alkalinity.  This gradient is 

both a function of acid deposition and geology (Ito et al. 2002; Driscoll et al. 2003).  By virtue of its 

Figure 18. Annual total phosphorus discharge reported for the Adirondack Fish Culture Station. 
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location, the Upper Saranac Lake watershed receives less acid deposition compared to more 

southwesterly locations and thus is less impacted.  

Lakes in watersheds without paved roads in the Adirondacks have chloride concentrations less than 

1mg/L (Kelting et al. 2012).  Ninety percent of the lakes in the comparable dataset had chloride 

concentrations great than 1mg/L, which reflects the presence of paved roads (and road salting) in their 

watersheds.  Watersheds with higher density of paved roads have correspondingly higher chloride 

concentrations in their lakes (Kelting et al. 2012).  Since conductivity is a function of dissolved ion 

concentrations, the range in specific conductance is largely driven by road salt. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 19. Cumulative frequency distributions for (A) pH, (B) specific conductance, (C) alkalinity, and (D) 
chloride in 2013 for 28 comparable Adirondack lakes with varying degrees of watershed development.  
Circle is the position of Upper Saranac Lake. 
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The significant positive trend for pH in Upper Saranac Lake is consistent with reports of lake recovery 

with decreased acid deposition.  The significant positive trends in alkalinity, specific conductance, 

chloride, and still pH to some extent are all likely a function of the cumulative effects of road salting in 

the watershed.  The sodium in road salt displaces calcium (Ca) and magnesium (Mg) from soils, which 

increases the Ca and Mg concentration in lakes (Rosfjord et al. 2007).  These two ions are important 

constituents of alkalinity, as their concentration increases alkalinity also increases.  Specific conductance 

increases with road salting because of the increased concentration of dissolved ions.  The increased 

chloride over time supports these explanations for the other trends.   One benefit of this trend is that 

the acid buffering capacity of Upper Saranac Lake is increasing. 

 

Table 9. Summary statistics comparing 2013 water quality indicators for Upper Saranac Lake to 28 
comparable Adirondack Lakes with varying degrees of watershed development. 

Water Quality Indicator 
Upper 

Saranac 

Other Adirondack Lakes 

Minimum First* Median Third** Maximum 

Trophic Indicators       

Secchi Transparency (ft) 8.9 4.6 8.2 9.2 14.4 33.8 

Total Phosphorus (µg/L) 8.1 3.0 4.0 7.4 9.8 28.0 

Chlorophyll-a (µg/L) 6.2 0.2 2.3 3.3 5.7 11.3 

Trophic State Index 42 21 33 39 42 49 

Other Indicators       

pH 6.5 5.4 6.2 6.5 7.2 8.0 

Conductance (µS/cm) 54.6 12.9 30.9 47.7 60.2 223.2 

Alkalinity (mg/L) 11.8 1.8 6.3 10.1 13.2 31.3 

Chloride (mg/L) 8.1 0.2 3.4 6.1 10.6 50.0 

*First refers to the first quartile, 25% of lakes are below these values 
**Third refers to the third quartile, 25% of lakes are above these values 
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Overview of Water Quality Indicators 

Alkalinity - Alkalinity measures the buffering capacity of a lake, which is the ability of the lake to resist a 

change in pH.  High alkalinity lakes are well buffered against changes in pH, while low alkalinity lakes are 

poorly buffered against changes in pH.  Thus, a high alkalinity lake would have a more stable pH 

compared to a low alkalinity lake, and a more stable pH is less stressful to aquatic life.  Alkalinity largely 

depends on the concentration of calcium carbonate in the water, and lakes with less than 10mg/L 

calcium carbonate are highly sensitive to acidification, while lakes with greater than 20mg/L calcium 

carbonate are not sensitive to acidification (Godfrey et al. 1996). 

Calcium, Magnesium, Potassium, Sodium – all essential elements for plant growth, but generally not 

limiting in aquatic systems and thus do not contribute to algae blooms. Calcium, Magnesium, and 

Potassium are macronutrients, and Sodium is a micronutrient.  All are naturally occurring elements that 

are released through rock weathering plus smaller quantities from atmospheric deposition. Though, the 

rocks of the Upper Saranac Lake watershed have low concentrations of these elements, so they are 

found in low concentrations in lakes under natural conditions.  Road salting has elevated the sodium 

concentration in Adirondack lakes and perhaps the concentrations of the other elements through 

exchange processes occurring within the soil (Kelting et al. 2012).  High concentrations of sodium in 

drinking water may cause health problems for people with hypertension (Corsi et al. 2010), and thus the 

US EPA has set a drinking water standard of 20 mg/L for sodium, though there is debate over the validity 

of this standard (it may be too low). Lake calcium concentration also relates to habitat suitability for 

zebra mussels, as researchers have reported minimum calcium concentrations ranging for 8 to 20mg/L 

to support a viable population (Cohen 2004).  So, calcium is an important indicator to track to assess the 

risk for zebra mussel infestation.  Calcium may also be important to understand internal P loading, Ca-P 

(Pollman and James 2011). 

Carlsons Trophic Status Index (TSI) – a numerical trophic state index that incorporates most lakes into a 

scale of 0-100. Each major division (10, 20, 30 etc.) represents a doubling of algal biomass. The index can 

be calculated from Secchi disk transparency, chlorophyll-a, or total phosphorus concentrations. 

 

Chloride – an anion that can have negative effects on aquatic life when at high concentrations (Corsi et 

al. 2010), and can impart an undesirable taste to drinking water, also when at high concentrations.  The 

US EPA has a drinking water guideline of 250mg/L for salty taste, but this is not an enforceable standard.  

The principal source of chloride in lakes in our region is road salt (Kelting et al. 2012). 

Chlorophyll a – the primary photosynthetic pigment found in all species of algae that is used as an index 

of algal biomass (Wetzel 2001).  Chlorophyll a is not a direct measure of algal biomass as the 

concentration of chlorophyll varies somewhat by species and environmental conditions.  This said, 

increases in chlorophyll a are generally associated with increased algal production, and the 

concentration of chlorophyll a is widely considered as the most direct measure of the trophic state of 

lakes.  Algal biomass is affected by nutrient availability, water temperature, and light, so there can be 

considerable variation in chlorophyll a concentrations throughout the year depending on which of these 

three factors is limiting growth at a particular time.  Though, major changes in algal biomass (e.g. a 
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bloom) and thus chlorophyll a are usually related to changes in the availability of phosphorus, nitrogen, 

and silica (Wetzel 2001). 

Color – can limit light penetration and plant productivity and reduces water clarity.  Color is influenced 

by the types and concentrations of suspended and dissolved particles in the water.  Sources of these 

particles include dissolved organic carbon, algae, minerals and soils.  Tannins produced from 

decomposition of plant and animal matter give water a tea color, particularly when associated with 

wetlands.  Algae produce a variety of colors that range from red to green, depending on the type.  

Dissolved iron produces red to brown colors and dissolved manganese produces black, both of these 

metals are abundant in Adirondack waters. True Color, measured on filtered water samples, is used by 

the NYS DEC when interpreting total phosphorus concentrations in relation to eutrophication.  A greater 

percentage of the total phosphorus is bound to organic matter in darker colored waters, and thus is less 

available compared to the total phosphorus measured in lighter colored waters. 

Conductivity – pure water is a poor conductor of electricity.  The ability of water to conduct electricity 

increases as the concentration of dissolved ions in the water increases.  Thus, conductivity is measured 

as an indicator of dissolved ions and is a very useful surrogate when the relationships between ion 

concentrations and conductivity are known.  For example, conductivity can be used to estimate sodium 

and chloride concentrations (Daley et al. 2009). 

Dissolved Organic Carbon – a food source for aquatic biota, plays a significant role in lake chemistry, 

imparts color to the water (e.g. tea colored water is from humic substances), and affects water clarity.  

Dissolved organic carbon enters streams and lakes from uplands or is produced in lakes and streams.  

Forested watersheds in particular have been shown to export a significant amount of dissolved organic 

carbon to lakes (Dillon and Molot 1997).  Dissolved organic carbon concentrations in Adirondack lakes 

have increased over the last 20 years, and this increase may relate to changes in acid deposition 

(Monteith et al. 2007). 

Dissolved Oxygen – needed for survival and health of many forms of aquatic life, as well as affects the 

availability of phosphorus.  Dissolved oxygen is consumed during respiration and decomposition and 

replenished by photosynthesis and diffusion from the atmosphere.  The lack of cycling during summer 

stratification inhibits the replenishment of dissolved oxygen to bottom waters in the summer, resulting 

in depletion of dissolved oxygen as previously mentioned.  Depletion of dissolved oxygen in bottom 

waters may result in increased release of phosphorus from the dissolution of iron-phosphates contained 

in the sediment (Katsev et al. 2006). 

Eutrophic – From the Greek words Eu, meaning good and trophi, meaning nourishment; eutrophic lakes 

have abundant levels of nutrients. As a result of high nutrient availability eutrophic lakes are typified by 

high algal productivity, low transparency, high organic matter in the sediments, and periods of anoxia in 

the bottom of the water column (hypolimnion). Eutrophic lakes tend to support dense aquatic plant 

growth in the littoral zone.  Eutrophic lakes are unlikely to support a viable cold water fishery (Wetzel 

2001). 
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Mesotrophic - From the Greek words Meso, meaning the middle and trophi, meaning nourishment. 

Mesotrophic lakes and an intermediate trophic classification on the continuum between oligotrophy and 

eutrophy. 

 

Nitrogen – a macronutrient that can be the limiting nutrient for algae growth in lakes, but it is generally 

the second most limiting nutrient after phosphorus. Nitrogen enters our watersheds through biological 

fixation, atmospheric deposition, fertilizers, and human waste. Nitric acid, a component of acid rain 

produced by the combustion of fossil fuels, has contributed significantly to lake acidification (reduced 

pH) in our region (Driscoll et al. 2003).  The plant available forms of nitrogen are ammonium and nitrate, 

which are generally present in very small quantities as they are rapidly assimilated into biomass.  Most 

of the nitrogen is bound in organic matter and is released as ammonium by microbial activity and 

further converted to nitrate by microbes under aerobic conditions.  Total nitrogen is all of the 

organically bound nitrogen plus the ammonium and nitrate.  Under nitrogen limiting conditions, which 

may occur in lakes with high concentrations of phosphorus, nitrogen fixing cyanobacteria may 

proliferate (Wetzel 2001).  Cyanobacteria are the largest group of toxin producing algae, though not all 

cyanobacteria produce toxins, and those that do produce toxins don’t do so all of the time (Carmichael 

2008). 

Oligotrophic – From the Greek words oligo, meaning few and trophi, meaning nourishment; oligotrophic 

lakes have low levels of available nutrients.  As a result of low nutrients, oligotrophic lakes have high 

transparency, low algal abundance, low organic matter in the sediments, sparse aquatic plant growth, 

and abundant dissolved oxygen throughout the water column the entire year.  Oligotrophic lakes are 

most likely to support a cold water fishery (Wetzel 2001). 

 

pH– pH measures the concentration of hydrogen ions in solution, and is considered a master variable for 

its influence on chemical processes and aquatic life.  Neutral waters have a pH of 7, pH’s less than 7 are 

acidic and pHs greater than 7 are basic.  The optimum pH range for most aquatic life is between 6.5 and 

8.   

Phosphorus – a macronutrient that is often the limiting nutrient for algae growth in lakes and widely 

considered as the most important contributor to reduced water quality in lakes (Søndergaard et al. 

2003).  Natural weathering releases phosphorus from rocks and soils, and it also enters our watersheds 

in fertilizers, human waste, and atmospheric deposition. The plant available form is ortho-phosphate, 

which is generally present in very small quantities as it is rapidly assimilated into biomass.  High ortho-

phosphate concentrations are indicative of waste inputs (e.g. failing septic systems) or release of bound 

phosphorus from sediments (internal loading).  Soluble total phosphorus is the fraction of total 

phosphorus that passes through a 0.45 micron filter.  Total phosphorus is all of the inorganically and 

organically bound phosphorus combined, so it represents phosphorus in living tissues, detritus, and 

ortho-phosphate.  The total phosphorus concentration in the surface waters is used as an indicator of 

lake trophic or productivity status; lakes with less than 10µg/L are considered oligotrophic or low 

productivity, lakes with 10 to 20µg/L are considered mesotrophic or moderate productivity, and lakes 

with greater than 20µg/L are considered eutrophic or high productivity.  Total phosphorus near the lake 
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bottom (Hypolimnion) is monitored to understand the importance of internal loading, the release of 

phosphorus accumulated in sediments which replenishes surface water phosphorus when lakes turn 

over. 

Secchi Transparency – widely used measurement of water clarity used as an index of lake trophic state 

and is important to our perception of water quality.  Secchi transparency is influenced by several factors 

beyond algal productivity, including the eyesight of the reader, time of day of the reading, suspended 

sediments, and dissolved organic carbon. Increases in suspended sediments from watershed runoff, 

shoreline erosion, or mixing will reduce Secchi transparency, as will increases in dissolved organic 

carbon from these same processes.  Thus, the potential effects of suspended sediments and dissolved 

organic carbon should also be considered when interpreting Secchi transparency data. 

Trophic Indicators- Lakes are typically assigned into one of three trophic or productivity classes 

(oligotrophic, mesotrophic, eutrophic) based on total phosphorus, total nitrogen, chlorophyll a, and 

Secchi transparency (Table 7).  These four indicators are known as trophic indicators.  Under conditions 

when water clarity is largely a function of algae biomass, there should be good correlations between 

chlorophyll a, Secchi transparency, and total phosphorus and/or total nitrogen, depending on which of 

these two nutrients is limiting productivity. For example, Bachmann et al. (1996) reported strong 

positive correlations between chlorophyll a and both total phosphorus and total nitrogen, and strong 

negative correlations between Secchi transparency and chlorophyll a, total phosphorus, and total 

nitrogen in a study of 65 lakes in Florida.  But, if other factors, such as suspended sediments (Davies-

Colley and Smith 2001), dissolved organic carbon (Dillon and Molot 1997), or complex food web 

interactions (Carpenter et al. 1985) are affecting water clarity, then the correlations between trophic 

indicators can be diminished to non-existent.  Thus, it is important to measure all four trophic indicators 

to assess the trophic state of lakes and to interpret them with full consideration of other factors that can 

affect water clarity, otherwise the interpretations may be misleading.  The NYS DEC uses a true color 

threshold of 30 Ptu for interpreting total phosphorus and Secchi transparency.  The classification 

thresholds listed in Table 4 are only applied to lakes with true color less than 30 Ptu, in recognition of 

the relationship between true color and phosphorus availability and between true color and water 

clarity.  The NYS DEC uses chlorophyll a to classify lakes with greater than 30 Ptu true color. 

Total Suspended Solids (TSS) – Total Suspended Solids is measured as the amount of material retained 

on a glass fiber filter disk after a known volume of water is filtered. Because turbidity and TSS both 

measure particles in water, they are related and have been shown to be highly correlated (Bertrand-

Krajewski 2004).  These particles include silt, clay, organic matter, plankton, and other organisms.  

Sources of turbidity and TSS include soil erosion in the watershed, algae production, and decomposition 

of organic matter. 

Turbidity – turbidity is a measure of water clarity that is based on the scattering of light by particles in 

the water. 
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Table 10. General trophic classification of lakes (adapted from Wetzel 2001) and NYS DEC assessment 
criteria. 

Indicator Oligotrophic Mesotrophic Eutrophic 

Total phosphorus (ppb) 
Mean 
Range 
NYS DEC 

 
8.0 

3.0 - 17.7 
< 10 

 
26.7 

10.9 - 95.6 
10 - 20 

 
84.4 

16 – 386 
> 20 

Total nitrogen (ppb) 
Mean 
Range 

 
661 

307 - 1630 

 
753 

361 - 1387 

 
1875 

393 - 6100 

Chlorophyll a (ppb) 
Mean 
Range 
NYS DEC 

 
1.7 

0.3 - 4.5 
< 2 

 
4.7 

3 – 11 
2 - 8 

 
14.3 

3 – 78 
> 8 

Secchi transparency (m) 
Mean 
Range 
NYS DEC 

 
9.9 

5.4 - 28.3 
> 5 

 
4.2 

1.5 - 8.1 
2 - 5 

 
2.45 

0.8 - 7.0 
< 2 
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