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Phytoplankton (microscopic algae & cyanobacteria) need 
nutrients to grow.

Two nutrients – phosphorus (P) and nitrogen (N) –
particularly important.



Excess inputs of nutrients leads to excessive growth of 
phytoplankton (eutrophication), with cloudy water and 
low-oxygen problems.  Too much of a “good thing.”

Experimental Lakes Area, Canada, lake 227

Low nutrients

Nutrients added



For most lakes, eutrophication is the result of too much 
phosphorus.

Eutrophication from too much 
nitrogen is common in coastal 
oceans & bays, but rare in 
freshwater lakes.

ELA lake 226, courtesy of D. Schindler



Phytoplankton growth in the most of Finger Lakes 
(including Owasco, Cayuga, Seneca, and Skaneateles)         
is clearly caused by phosphorus inputs:

• Phosphorus addition bioassays by Bruce Peterson (Ph.D. Cornell 
1971) and Brian Roberts (Ph.D. Cornell 2004) in Cayuga and 
Skaneateles Lakes.

• Correlation between total phosphorus and chlorophyll (a measure of 
amount of phytoplankton) 
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Inorganic N:P ratio (molar) Cayuga Owasco Skaneateles

• Maximum 1,120 3,290 2,740
• Mean 1,070 2,730 2,280
• Minimum 964 2,980 1,180
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Inorganic N:P ratio (molar) Cayuga Owasco Skaneateles

• Maximum 1,120 3,290 2,740
• Mean 1,070 2,730 2,280
• Minimum 964 2,980 1,180

Cyanobacteria & algae use nutrients in N:P ratio of 16:1

These lakes have huge surpluses of nitrogen, relative to  
available phosphorus.
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Most Finger Lakes are NOT eutrophic and phytoplankton 
growth is low to moderate

Surface Chlorophyll, 2005 to 2015



SkaneatelesOwascoCayugaSeneca

Total phosphorus in these eastern Finger Lakes have 
not changed markedly over time 



All lakes in New York state

Harmful algal blooms 
(HABs) are occurring more 
frequently across New York, 
including in Finger Lakes.

These HABs are actually not 
algal blooms, but blooms of 
cyanobacteria (“blue-green 
algae”).

S = suspicious;  C = confirmed;  HT = high toxins



2017 bloom in Skaneateles really caught my attention….

• Low phosphorus, low productivity lake
• And spring and early summer were cool and cloudy 

(not conditions thought to favor HABs)

S = suspicious;  C = confirmed;  HT = high toxins

Syracuse.com



HABs in Skaneateles clearly does not fit classic paradigm –
is not a result of eutrophication from excess phosphorus.

So what is going on?  

What changed in years leading up to 2017?



HABs in Skaneateles clearly does not fit classic paradigm –
is not a result of eutrophication from excess phosphorus.

So what is going on?  

What changed in years leading up to 2017?

Time to think 
outside of the 
box?



Prof. Kim Schultz will be addressing quagga mussels in next talk.

https://www.usbr.gov/lc/region/programs/quagga/parker.html



Does nitrogen play a role in recent HABs?  Classic view:

• Blooms of cyanobacteria (“blue-green algae) occur in eutrophic lakes 
only, and only when phosphorus is abundant and nitrogen is relatively 
scarce (compared to the Redfield ratio of 16:1 moles of 
nitrogen:phosphorus needed by algae and cyanobacteria).

• Under these conditions, cyanobacteria can “fix” molecular/atmospheric 
N2, giving them a competitive advantage over algae, leading to 
cyanobacteria blooms.



Howarth et al. 2018 ACSF proposal



Baker et al. 2018

Production of microcystin toxin by cyanobacteria in mesocosm
experiments in reservoirs in Arkansas depend on N:P ratio



Howarth et al. 2018 ACSF proposal

The high nitrogen allows cyanobacteria to produce nitrogen-
rich toxins which can help protect them from grazing by 
zooplankton and mussels. 

Even if they grow slowly (as in low-productivity lakes such as 
Skaneateles), they can bloom if they are not being grazed.



Population size of 
bloom-forming 
cyanobacteria

Growth Mortality

Phosphorus supply, 
light, temperature 

(wind & mixing)

Grazing by zooplankton (number and type 
of zooplankton, ability of cyanobacteria 

to protect themselves with toxins)

Slow growth can still lead to cyanobacteria 
blooms, if mortality is low (modified from 
Howarth et al. 1999)



Concentrations of the cyanbacterial toxic microcystin
in nearshore regions across the Finger Lakes in 2017.

Note log scale



Mean TN:TP     20      28       26       28      48      48       32      60       56       75      36
(July 2017)

Ratio of total nitrogen to total phosphorus (TN:TP) varies during the spring & summer.  

Nonetheless, tendency for TN:TP ratio to be higher in lakes with greater HAB toxins??

NYS DEC 2018



An observation:  these 6 lakes are also the ones 
reported by DEC to have quagga mussels.

Coincidence?



Trends over time in Owasco Lake – mean annual data

Cyanobacteria            Cyanobacterial toxins            



Trends over time in Owasco Lake – mean annual data

Cyanobacteria            Cyanobacterial toxins            

Trend of increasing toxin concentration per concentration of cyanobacteria 
cells?  

Disturbing, if trend holds:  cyanobacteria evolving to produce more toxins 
to reduce grazing on them (or to respond to zooplankton, which can evolve 
to better tolerate the toxins; ecologists call this an evolutionary arms race)?



Total nitrogen during summer across lakes is 
related to amount of crop land and forest land 
in the watershed.



• 2016 was an extremely dry year.

• Soluble, normally mobile form of 
nitrogen (nitrate) built up in the 
landscape in 2016 as a result.

• Wet spring and summer in 2017 
may have flushed this nitrogen 
into the lakes at unprecedented 
level.

Is there a climate connection to the unprecedented blooms 
in Skaneateles (and other lakes) in 2017?
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• 2016 was an extremely dry year.

• Soluble, normally mobile form of 
nitrogen (nitrate) built up in the 
landscape in 2016 as a result.

• Wet spring and summer in 2017 
may have flushed this nitrogen 
into the lakes at unprecedented 
level.

Is there a climate connection to the unprecedented blooms 
in Skaneateles (and other lakes) in 2017?

With further climate change, this 
may become common. 



Nitrogen tends to be more mobile in the environment, moving readily with 
drainage water.  Phosphorus moves largely bound to soil particles (erosion).

Consequently, the climate effect of storage in drought period followed by 
flushing in wetter periods is more important for nitrogen than phosphorus.

Re-drawn from https://www.sare.org/Learning-Center/Books/Building-Soils-for-Better-Crops-3rd-Edition/Text-Version/Management-of-Nitrogen-and-Phosphorus

Nitrogen Phosphorus

drainage

drainage

runoff and 
erosion

runoff and 
erosion

crop uptake

crop uptakeammonia volatilization
denitrification
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BUT if ability of soil to adsorb phosphorus starts to saturate (excessive inputs 
over years), phosphorus may start to behave more like nitrogen.



Re-drawn from https://www.sare.org/Learning-Center/Books/Building-Soils-for-Better-Crops-3rd-Edition/Text-Version/Management-of-Nitrogen-and-Phosphorus
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Important to keep in mind:  Strategies for controlling non-point 
pollution differ for phosphorus and nitrogen.

• For phosphorus, management strategies focus on reducing soil erosion or 
catching eroded soil.

• Nitrogen moves freely through groundwater in soluble form, and through 
the atmosphere.  The focus on soil erosion is not effective.



Effectiveness of management practices for Reducing N and P:

phosphorus* nitrogen

No-till agriculture very effective not effective
Winter cover crops effective very effective
Perennial cropping systems effective very effective
Buffer strips along streams effective variable

Howarth et al. 2005

* footnote:  this assessment is 
based on soil-bound phosphorus, 
where erosion is paramount.  If 
soil adsorption sites start to 
saturate, phosphorus can move 
more in dissolved form, behaving 
more like nitrogen.



Much of the agricultural area in Finger Lakes is tile-drained.  Innovative approaches now 
available to manage water and nutrient flows from tiles seasonally, likely reducing pollution.



Effectiveness of management practices for Reducing N and P:

phosphorus nitrogen

No-till agriculture very effective not effective
Winter cover crops effective very effective
Perennial cropping systems effective very effective
Buffer strips along streams effective variable

For nitrogen, atmospheric 
transport of ammonia gas 
becomes important, 
perhaps necessitating 
improved handling and use 
of manure? (manure smell is not 

simply an “unpleasantness,” but a 
real threat to water quality and public 
health).



Butler et al. 2015

Atmospheric ammonia gas at and near Harford Farm



For nitrogen, protecting just within the watershed boundaries is 
not enough.

Must protect the airshed, and consider movement of nitrogen as 
ammonia gas through the atmosphere across watershed 
boundaries.
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N excretion from livestock, kg N km-2 yr-1, 
Cayuga County

Dairy cattle Beef cattle Poultry Hogs Sheep Horses

Swaney, Howarth, Marino, & Walter unpublished

Increase in animal agriculture over last 20 years is contributing more 
nutrients (nitrogen shown) to the landscape



“Improvements in the water quality of many 
freshwater and most coastal marine ecosystems 
requires reduction in both nitrogen and 
phosphorus inputs.” 



Thanks for the invitation to participate today.

Thanks to the Atkinson Center for a Sustainable Future at 
Cornell for funding to evaluate this nitrogen hypothesis.

And thanks to my colleagues at Cornell:  Roxanne Marino, 
Dennis Swaney, and Todd Walter.
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Feb 23, 2019

Frozen soil

Weather forecast 
for later that day:
0.5 or more inches 
of rain.


