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as the most direct measure of the trophic state of 

lakes.  Algal biomass is affected by the interaction 

of nutrient availability, light, water temperature, 

and grazing so there can be considerable 

variation in chlorophyll concentrations 

throughout the year depending on which of these 

factors is limiting growth at a particular time.  

Typically, major changes in algal biomass (e.g. an 

algae bloom), and thus chlorophyll, are usually 

related to changes in the availability of 

phosphorus, nitrogen, silica or inorganic carbon 

(Wetzel 2001; Klemer 1990). 

 

Image 4. A chlorophyll filter clogged with algae. The sample 
was taken during a cyanobacteria bloom on Spitfire Lake in 
August, 2014. 

Chlorophyll-a is analyzed by filtering a known 

volume of lake water through a fine (0.45µm) 

cellulose-acetate filter, which captures the small 

photosynthetic organisms (Image 4). In the 

laboratory the filter is macerated and the 

chlorophyll- is extracted into acetone and is then 

analyzed with a spectrophotometer. 

In 2015 average chlorophyll-a concentrations 

ranged from less than 0.5 µg/L to as high as 18 

µg/L.  The majority of lakes (83%) had values 

between 1.5 and 6.5 µg/L (Figure 2). Analysis of 

the historical data reveals that 81% of 

participating lakes showed no statistical change 

in algal productivity over time and that 18% had a 

decreasing trend in chlorophyll-a concentration. 

Phosphorus 
Phosphorus is of major importance to structure 

and metabolism of all organisms. However, it 

exists in relatively small amounts in freshwater 

systems compared to other essential nutrients 

such as carbon, hydrogen, oxygen, and sulfur. 

The addition of extra phosphorus to an aquatic 

system allows production to increase greatly 

because all other essential elements are typically 

available in excess. Thus phosphorus is typically 

the limiting nutrient in aquatic systems, and 

widely considered as the most important 

contributor to reduced water quality in lakes 

(Schindler 1977; Søndergaard et al. 2003). 

Natural weathering releases phosphorus from 

rocks and soils, and it also enters our watersheds 

in fertilizers, human and animal waste, and 

atmospheric deposition. Phosphorus exists in a 

number of forms in aquatic systems, including 

readily available dissolved phosphorus, and 

organically and inorganically bound phosphorus. 

Total phosphorus is a measurement of all of the 

forms of phosphorus combined and serves as an 

important indicator of overall trophic status of a 

lake. Generally speaking, lakes of low productivity 

(oligotrophic) have total phosphorus 

concentrations less than 10 µg/L, while highly 

productive lakes (eutrophic) have total 

phosphorus concentrations greater than 20µg/L 

(NYSDEC Clean Lakes Assessment).  

Total phosphorus is analyzed by digesting the 

lake water sample with a strong acid (sulfuric 

acid) and an oxidizing agent (ammonia 

persulfate). All of the numerous forms of 

phosphorus are converted to phosphate, which is 

then quantified with an automated 

spectrophotometer (Image 5) 
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Image 5. Preparing the Lachat QC 8500 for chemical 
analysis of ALAP samples in the Environmental Research 
Lab of the AWI. 

In 2015 the average total phosphorus 

concentrations ranged from below detection 

levels to as high as 30 µg/L.  The majority of lakes 

(72%) had average values less than 12 µg/L 

(Figure 2). Analysis of the historical data reveals 

that 66% of participating lakes showed no 

statistical change in phosphorus concentration 

over time and that 33% exhibited a decreasing 

trend. Significant improvements were made to 

our phosphorus methodology in 2010. The 

method change may be partially responsible for 

the decreasing trend exhibited by some lakes.  

Trophic State 
Trophic status is a term derived from the Greek 

word trophi, meaning food or nourishment, and 

is used by limnologists to explain the overall 

productivity of a lake.  Lake productivity is 

naturally influenced by the rate of nutrient supply 

from the watershed, climatic condition, and lake 

and watershed morphology. Human activities and 

development within a watershed have the 

potential to increase the rate of nutrient supply 

into the lake and thereby accelerate lake 

productivity, a process known as cultural 

eutrophication.  

Most Lakes in the Adirondacks can be assigned 

into one of three trophic classes; oligotrophic, 

mesotrophic, or eutrophic based on their overall 

level of biological productivity. 

Oligotrophic - From the Greek words oligo, 

meaning few and trophi, meaning nourishment; 

oligotrophic lakes have low biological productivity 

due to relatively low nutrient content.  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 (trout and salmon). 

Eutrophic - From the Greek words Eu, meaning 

good. Eutrophic lakes have high biological 

productivity due to 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 (the 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  

Mesotrophic - from the Greek words Meso, is an 

intermediate trophic classification on the 

continuum between oligotrophy and eutrophy. 

Trophic status is typically determined by 

analyzing lake data on transparency, chlorophyll 

and total phosphorus and employing one of the 

two most commonly used classification 

approaches, the fixed boundary method or the 

trophic index method.  The fixed boundary 

method uses predetermined ranges of 

transparency, total phosphorus, and chlorophyll 

to classify the lakes trophic status. A good 

example of a fixed boundary is the traditional 
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method employed by the NYS DEC that appears 

in Table 2 (NYSDEC Clean Lakes Assessment). 

Table 2. Fixed boundary trophic status determination 

employed by the NYSDEC.  

 

The most commonly used tropic state index is 

Carlson’s TSI (Carlson 1977).  This index uses algal 

biomass as determined by the three variables of 

transparency, total phosphorus, and chlorophyll 

as the basis for the trophic state classification.  

The range of the index is from approximately zero 

to 100, although technically there are no upper or 

lower bounds. Each major TSI division (10, 20, 30, 

etc.) represents a doubling in algal biomass.  The 

Traditional trophic classification scheme can be 

overlaid on the index as follows: 

TSI < 40 = oligotrophic, TSI 40-50 = mesotrophic, 

TSI > 50 = Eutrophic.  

Regardless of the lakes trophic state, or the 

method used to classify it, it’s important to 

remember that “trophic state” is just an 

organizing concept limnologists use to locate a 

particular waterbody on a continuum of 

productivity, thereby connecting the lake to 

previous information and knowledge from other 

lakes. An oligotrophic lake and its biota do not 

possess a distinct identity or wholeness that 

separates it from a mesotrophic lake.  The 

physical variables of a lake system are dynamic 

and exist across a wide gradient and the 

biological components of a lake change 

continuously as well (Carlson and Simpson 1996).   

Of the 76 lakes participating in 2015 we classified 

58% as oligotrophic, 39% as mesotrophic, and 3% 

as eutrophic using Carlson’s TSI value for 

chlorophyll-a (Figure 3).  

  

Parameter Oligotrophic Mesotrophic Eutrophic 

Transparency >5 2-5 <2 

Total Phosphorus <10 10-20 >20 

Chlorophyll-a <2 2-8 >8 

Image 6. Paddling on Blue Mountain Lake, a classic oligotrophic lake (photo courtesy of Brendan Wiltse). 
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Color 
The observed color of a lake is an optical property 

that results from light being scattered upwards 

after selective absorption by water molecules as 

well as dissolved (metallic ions, organic acids) and 

suspended materials (silt, plant pigments). For 

example, alkaline lakes with high concentrations 

of calcium carbonate scatter light in the green 

and blue wavelength and thus appear turquoise 

in color. Lakes rich in dissolved organic matter 

and humic compounds absorb shorter 

wavelengths of light such as green and blue and 

scatter the longer wavelengths of red and yellow, 

thus these lakes appear to be brown in color 

(Image 7; Wetzel 2001). Analysis of color can 

provide us with information about the quantity of 

dissolved organic matter (DOM) in the water. 

However, caution should be taken when using 

color as a surrogate for DOM as color has been 

shown to behave differently than the total DOM 

pool in a lake, making it a crude predictor of DOM 

(Dillon and Molot 1997; Thurman 1985).  

 

Image 7. Dissolved organic matter can make a lake appear 
different shades of brown due to its selective light 
absorption. 

For objective quantification of apparent color 

water samples are compared to standards of 

platinum-cobalt solution (PtCo units) via 

spectrophotometry. “True color” is the color 

transmitted by a solution after the removal of 

suspended material, “apparent color” is the color 

transmitted without any filtration. 

In 2015 the average color values ranged from less 

than 10 to nearly 200 PtCo, with   the majority of 

lakes (80%) falling between 10 and 50 PtCo units.  

(Figure 2). Analysis of the historical data reveals 

that 90% of participating lakes showed no 

statistical change in color over time and that 9% 

have exhibited an increasing trend. 

pH 
In chemistry, pH is used to communicate the 

acidity or alkalinity of a solution. Technically pH is 

a surrogate measure of the concentration of 

hydrogen ions in water (acidity). Hydrogen ions 

are very active, and their interaction with other 

molecules determines the solubility and 

biological activity of gasses, nutrients, and heavy 

metals; thus pH is considered a master variable 

for its influence on chemical processes and 

aquatic life. pH exists on a logarithmic scale from 

0-14, with 7 being neutral. pH values less than 7 

indicate increasing acidity, whereas pH values 

greater than 7 indicate increasingly alkaline 

conditions. Because pH exists on a logarithmic 

scale a decrease in 1 pH unit represents a 10 fold 

increase in hydrogen ion activity.  

Table 3. Assessment of lake acidification based on pH 

Lake acidity Status 

pH less than 5 Acidic: Critically Impaired 
pH 5.0 – 6.0 Acidic: Threatened 
pH 6 – 6.5  Acidic: Acceptable 
pH 6.5 – 7.5 Circumneutral: non-impacted 
pH >7.5  Alkaline: non-impacted 

 

Lakes can become acidified when they are 

influenced by organic acids from wetlands and 

bogs or when acidic precipitation falls on a poorly 

buffered watershed (Driscoll et al. 2003, Wetzel 

2001). In the Adirondacks acidification status can 
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be assed from pH values based on the guidelines 

outlined in Table 3. 

In 2015 the average pH values ranged from 5.6 to 

8.0. The majority of lakes (94%) fell in the 

circumneutral range between 6.5 and 7.5 (Figures 

3 and 4). Analysis of the historical data reveals 

that 90% of participating lakes showed no 

statistical change in pH over time and that 10% 

have exhibited a increasing trend (less acidic). 

Alkalinity 
Alkalinity (or acid neutralizing ability) is the 

capacity of water body to neutralize acids and 

thereby resist changes in pH.  The alkalinity of a 

lake plays a major role in whether or not a lake is 

impacted by acid deposition.  

 

Alkalinity is a function of the amount of calcium 

carbonate in the water which is derived mainly 

from the watershed.  

Most Adirondack lakes exist on slowly weathering 

granitic bedrock that has a slow rate of calcium 

carbonate generation, and therefore lower acid 

neutralizing ability. The opposite is true for lakes 

that exist on bedrock derived from ancient ocean 

deposits, such as limestone or dolomite. Soil 

depth also plays a role in acid neutralizing 

capacity, with deeper soils offering more 

buffering ability than shallower soils.  Alkalinity is 

quantified by  analyzing them amount of dilute 

acid is required to lower the pH of a lake sample 

to 4.3 pH units, the point at which all of the 

carbonate and bicarbonate alkalinity is 

consumed. The acid neutralizing ability of a lake 

can be generally assessed following the 

parameters presented in Table 4. 

Figure 2. Frequency histograms of average 2015 ALAP values for transparency, total phosphorus, chlorophyll, and color. 
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Figure 4. Frequency histograms of average 2015 ALAP values for pH, alkalinity, chloride, sodium, calcium and conductivity.  


