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Outline

● Control of Eutrophication by nutrients
- Are Phosphorus, Nitrogen or Both important?

Lewis, W.M. Jr. and W.A. Wurtsbaugh.  2008.  Control of LacustriLewis, W.M. Jr. and W.A. Wurtsbaugh.  2008.  Control of Lacustrine ne 
Phytoplankton by Nutrients: Erosion of the Phosphorus Paradigm. Phytoplankton by Nutrients: Erosion of the Phosphorus Paradigm. 
Internat. Rev. Hydrobiol. 93 2008 4Internat. Rev. Hydrobiol. 93 2008 4––5 4465 446––465465

● Is nutrient loading effecting Cutler Reservoir?
-- Analyses from 2007 and 2008  Aquatic Ecology Practicum Analyses from 2007 and 2008  Aquatic Ecology Practicum 

Course (WATS 4510)Course (WATS 4510)



Problems with Eutrophication

Algal Blooms

Farmington Bay, Utah

Taste & Odor in 
Drinking Water

Oxygen loss 
when algae 
decomposes

Fish Kills



Problems with Eutrophication

Algal Blooms

Farmington Bay, Utah

Cyanobacteria & 
other phytoplankton 
produce toxins to 
humans & wildlife

Skin rashes in 
some individuals

Mortalities in wildlife & occasionally humans



Problems with Eutrophication

Algal Blooms

Esthetics
Lake Winnipeg shoreline



Sources of Nutrients Causing Eutrophication

www.oznet.ksu.edu/conservation/livestock.htm www.ia.nrcs.usda.gov/news/images/Pics/nitrogen1.jpg

www.winnsystems.com/ www.topnews.in/health/files/

Feedlots

Atmospheric 
Deposition

Wastewater 
Treatment 
Plants

Agriculture 
fertilization



What Nutrient(s) Control Eutrophication?What Nutrient(s) Control Eutrophication?

• The one in shortest supply 
relative to algal needs

• How do we figure out which 
nutrient is limiting?

N?  P?

Liebig’s Law of the 
Minimum



Correlation AnalysesCorrelation Analyses

Relationship between total nitrogen and total 
phosphorus and algal biomass (Chlorophyll a) in 
Florida Lakes  (Bachman et al. 1996)
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Bioassay  Experiments

Lab Large mesocosm assay

In situ nutrient-diffusing
arrays in streams

Add different 
nutrients and see 
which one(s) 
stimulate algal 
growth



Chlorophyll a Response in Oligotrophic
Bear Lake, Utah



Bottle & Small-Scale Mesocosm Experiments 
Criticized Because they Do Not Allow 

Full Range of Biotic Responses

David Schindler (1974, 1977, 2008) promoted 
whole-lake experiments

P, N, C

N, C
Divided Lake 226

Concluded:
• Only phosphorus is important

• If nitrogen is in short supply, 
nitrogen fixation by cyanobacteria 
will make up the nitrogen deficit:

Schindler (1977)  Evolution of phosphorus
limitation in lakes, Science

N2 ———> NH3

Cyanobacteria

North

South
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No nitrogen fixation in water 
column, but some in periphyton



Similar Response in ELA Lakes as in Similar Response in ELA Lakes as in 
SmallSmall--Scale BioassaysScale Bioassays
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Elser et al. 2007.  Global analysis of nitrogen and phosphorus limitation 
of primary producers in freshwater, marine and terrestrial ecosystems.  
Ecology Letters 10: 1-8
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Can nitrogen fixing cyanobacteria make Can nitrogen fixing cyanobacteria make 
up the Nup the N--deficiency?deficiency?

Limited by some other nutrient Limited by some other nutrient 
(e.g. Fe, Wurtsbaugh and Horne 1983)(e.g. Fe, Wurtsbaugh and Horne 1983)

Light limitation (energetic constraints)Light limitation (energetic constraints)

TurbulenceTurbulence

Grazing lossesGrazing losses

For eutrophic lakes showing N fixation in the plankton, the median
contribution to total load that could be attributed to N fixation is near 
22%, and the median fixation as a proportion of the total N necessary 
to support primary production is less than 5%, according to the data 
compiled by HOWARTH et al. (1988).  -- Lewis & Wurtsbaugh (2008)



37 Whole37 Whole--Lake Bioassay ExperimentLake Bioassay Experiment
(Schindler et al. 2008)(Schindler et al. 2008)

NP      NP      NNP             P onlyP             P only
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Regional Differences in N vs P limitationRegional Differences in N vs P limitation

Mean 36%

Stoddard, J. L. 1994. Long-term changes in watershed retention of nitrogen. Environmental 
Chemistry of Lakes and Reservoirs. American Chemical Society: 223-284.

Mean 18%



Vitousek 1994Vitousek 1994



Why are Some Waters Limited by N, others Why are Some Waters Limited by N, others 
by P, and Still Others Need Both Nutrients?by P, and Still Others Need Both Nutrients?
• Geological Differences in Edaphic Factors (mineralogy,  

soil development, fires)

• Atmospheric pollution with N?

From Galloway et al. 2004
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Herald Journal,   October 5, 2008

Think Globally, Act Locally
Aquatic Ecology Aquatic Ecology 

Practicum (WATS 4510)Practicum (WATS 4510)

Capstone course with Capstone course with 
students doing students doing 
individual research individual research 
projects focused projects focused 
around a common around a common 
limnological problemlimnological problem



4510 Students4510 Students

Stoller, Jacob

TA Ryan Lockwood          TA  Dave Epstein

Reilly, Robert
Low, Chad
Jensen, Kirt
Dees, Travis

2007

Baillie, Marshall

Randall,Jared
Mason,Paul
Elsner, Justin
Braithwaite,Nic

2008

Abbott,Ben



Cutler Reservoir EutrophicationCutler Reservoir Eutrophication
Total Maximum Daily Load (TMDL) ProcessTotal Maximum Daily Load (TMDL) Process



2007 Work2007 Work
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Nutrient Addition Bioassay ResultsNutrient Addition Bioassay Results

Logan River 
Area

WWTP Area

Day 4 Results

Logan River WWTP Area

Day 20 Results



Bioassay Results:  Algal CountsBioassay Results:  Algal Counts

Logan River 
Area

Wastewater Treatment 
Plant AreaDay 20Day 20

Cyanobacteria Cyanobacteria 
associated with associated with 

““benthicbenthic”” walls of flaskswalls of flasks



2008 Class Project2008 Class Project
Comparison of Cutler and Comparison of Cutler and 
Dingle Marsh (Control)Dingle Marsh (Control)

CutlerCutler

DingleDingle



Phosphorus & Chlorophyll much Phosphorus & Chlorophyll much 
higher in Cutler than in Dinglehigher in Cutler than in Dingle

(Nic Braithwaite)(Nic Braithwaite)

Cutler Reservoir                                                            Mud Lake
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Biochemical Oxygen Demand Much Higher Biochemical Oxygen Demand Much Higher 
In Cutler than in Dingle MarshIn Cutler than in Dingle Marsh

(Paul Mason)(Paul Mason)
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Phosphorus Release from Sediment Phosphorus Release from Sediment 
Cores Far Higher in CutlerCores Far Higher in Cutler

(Justin (Justin ElsnerElsner))
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Trophic Interactions in Cutler Driven not only by Phytoplankton Trophic Interactions in Cutler Driven not only by Phytoplankton 
(seston), but also by Periphyton and Macrophytes(seston), but also by Periphyton and Macrophytes

(Jared Randall)(Jared Randall)

Trophic Interactions found in Cutler Reservoir 
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Nitrogen Isotopes in Flora & Fauna of Cutler Nitrogen Isotopes in Flora & Fauna of Cutler 
Reservoir & Wastewater Treatment Plant Reservoir & Wastewater Treatment Plant 

Indicative of Anthropogenic Sources Indicative of Anthropogenic Sources 
(Jared Randall)(Jared Randall)



ShortShort--Term Bioassays showed N or N+P Limitation Term Bioassays showed N or N+P Limitation 
of Phytoplankton (Ben Abbott)of Phytoplankton (Ben Abbott)
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LongLong--Term (untended) results Term (untended) results 
indicate P more important in Dingleindicate P more important in Dingle

Day 73Day 73



ConclusionsConclusions

• Capstone Practicum is very effective in 
teaching prospective graduate students 
real-life research skills

• Beneficial to managers in Utah



ConclusionsConclusions
• Both N and P can be important in controlling 

eutrophication
• P may be more effective in promoting N-fixation 

in eutrophic situations (eutrophic lakes, 
“eutrophic” benthic areas of lakes or flasks)

• If so, eutrophication and oligotrophication may 
not be symmetrical:

N and P
Oligotrophic Oligotrophic -------------------- EutrophicEutrophic

Remove Remove onlyonly P?P?
Oligotrophic Oligotrophic <<------------------------ EutrophicEutrophic



ConclusionsConclusions

• Management of eutrophication must 
consider:
• Current limiting nutrient in system
• Cost-effectiveness of removing P, N
• May be most efficient to make a nutrient 

limiting by removing it from effluents, even 
though it might not initially be limiting



ThanksThanks


