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A Global ResourceA Global Resource

•• Largest system of fresh, surface water on earth; Largest system of fresh, surface water on earth; 
20% of the world supply 20% of the world supply 

•• Over 10,000 miles of shoreline Over 10,000 miles of shoreline 

•• 5,000 cubic miles of water, or enough to cover 5,000 cubic miles of water, or enough to cover 
the US 6 feet the US 6 feet deepdeep

•• 25 million US residents and 8 million Canadian 25 million US residents and 8 million Canadian 
residentsresidents

•• Over 100 species of globally rare plants and Over 100 species of globally rare plants and 
animalsanimals



GLNPO’s MultiGLNPO’s Multi--media media 
Monitoring ProgramsMonitoring Programs
•• Integrated Atmospheric Deposition Network Integrated Atmospheric Deposition Network 

(IADN) Air Monitoring Program(IADN) Air Monitoring Program
•• Fish Monitoring ProgramFish Monitoring Program
•• Limnology ProgramLimnology Program
•• Organics Monitoring ProgramOrganics Monitoring Program
•• Biological Indicators (phytoplankton, zooplankton Biological Indicators (phytoplankton, zooplankton 

and benthic invertebrates) Programand benthic invertebrates) Program
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Limnology ProgramLimnology Program

Design:Design:
•• 7272 sampling stations throughout the Great Lakessampling stations throughout the Great Lakes
•• Annual springAnnual spring and summer monitoringand summer monitoring
•• Monitored analytesMonitored analytes::

–– SilicaSilica
–– PhosphorusPhosphorus
–– NitrogenNitrogen
–– AlkalinityAlkalinity
–– Dissolved OxygenDissolved Oxygen
–– ChlorideChloride
–– pHpH
–– Secchi depthSecchi depth



BiologicalBiological Indicators Indicators ProgramProgram

Design:Design:
•• OrganismsOrganisms monitoredmonitored

–– PhytoplanktonPhytoplankton
–– ZooplanktonZooplankton
–– Benthic Benthic InvertebratesInvertebrates

•• High degree of taxonomic resolutionHigh degree of taxonomic resolution



Limnology/BiologyLimnology/Biology ProgramProgram

Two Major Objectives:Two Major Objectives:

•• Detect and evaluate water quality trends Detect and evaluate water quality trends 
over timeover time

–– Assess recovery from nutrient enrichment Assess recovery from nutrient enrichment 
(eutrophication) (eutrophication) 

•• Identify impacts of invasive speciesIdentify impacts of invasive species



EutrophicationEutrophication

•• Inputs of nutrients to the Great Lakes increased Inputs of nutrients to the Great Lakes increased 
dramatically in the 20dramatically in the 20thth centurycentury

•• Great Lakes Water Quality Agreement (1972):Great Lakes Water Quality Agreement (1972):
–– Legislation to reduce P loadingLegislation to reduce P loading

•• Removal of P from detergents; advanced wastewater Removal of P from detergents; advanced wastewater 
treatmenttreatment

–– Required monitoring of P load reductionsRequired monitoring of P load reductions

•• Great Lakes National Program Office Great Lakes National Program Office 
–– Began monitoring lakes in 1983Began monitoring lakes in 1983



EutrophicationEutrophication

•• InIn--Lake P has declined in Lakes Erie and Lake P has declined in Lakes Erie and 
OntarioOntario

•• Harder to discern change in Lake MichiganHarder to discern change in Lake Michigan
–– Concentrations much lowerConcentrations much lower
–– Interannual variability very highInterannual variability very high
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Can We Use an Alternate Signal?Can We Use an Alternate Signal?

•• Main phytoplankton group in the lake is the Main phytoplankton group in the lake is the 
diatomsdiatoms

•• Diatoms require silica for growthDiatoms require silica for growth
•• Concentrations of silica are orders of Concentrations of silica are orders of 

magnitude higher than phosphorus, so easier magnitude higher than phosphorus, so easier 
to measureto measure

•• Also less natural variabilityAlso less natural variability



Silica Depletion SequenceSilica Depletion Sequence

Increased Phosphorus LoadingIncreased Phosphorus Loading

Increased Diatom ProductionIncreased Diatom Production

Increased Silica SedimentationIncreased Silica Sedimentation

Increased Permanent Sedimentation Loss of SiIncreased Permanent Sedimentation Loss of Si

LongLong--Term Decrease in Si Reservoir in LakeTerm Decrease in Si Reservoir in Lake

On An Annual Basis:On An Annual Basis:

Schelske and Stoermer 1971



Silica Depletion SequenceSilica Depletion Sequence

Increased Phosphorus LoadingIncreased Phosphorus Loading

Increased Diatom ProductionIncreased Diatom Production

Increased Uptake of Silica in SpringIncreased Uptake of Silica in Spring

Decreased [Si] at StratificationDecreased [Si] at Stratification

Development of Summer Silica LimitationDevelopment of Summer Silica Limitation

Decrease in Summer Diatom PopulationsDecrease in Summer Diatom Populations

On A Seasonal Basis:On A Seasonal Basis:

Schelske and Stoermer 1971



So With Increases in Phosphorus LoadsSo With Increases in Phosphorus Loads

Silica Concentrations DecreasedSilica Concentrations Decreased

AndAnd

Summer Diatom Populations Summer Diatom Populations 
DecreasedDecreased



As P Levels Decline, We’d ExpectAs P Levels Decline, We’d Expect

Silica Concentrations Should IncreaseSilica Concentrations Should Increase

AndAnd

Summer Diatom Populations Summer Diatom Populations 
Should IncreaseShould Increase
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rrss = 0.745= 0.745

p < 0.001p < 0.001

R.P. Barbiero, M.L. Tuchman, G.J. Warren and D.C. Rockwell. 2002. Evidence of Recovery 
From Phosphorus Enrichment in Lake Michigan. Canadian Journal of Fisheries and 
Aquatic Sciences 59(10):1639-1647.



Summer Diatom CommunitySummer Diatom Community
19831983--19991999
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SummarySummary

•• Both silica content and summer diatom Both silica content and summer diatom 
populations have increased since the populations have increased since the 
institution of P controlsinstitution of P controls

•• SilicaSilica and and diatomdiatom populationspopulations have been have been 
more sensitive indicators of decreases in  more sensitive indicators of decreases in  
phosphorus loading than in inphosphorus loading than in in--lake lake 
phosphorus concentrationsphosphorus concentrations



SummarySummary

•• It is not always possible to know which It is not always possible to know which 
variables will turn out to be useful variables will turn out to be useful 
indicators of what you’re trying to trackindicators of what you’re trying to track

•• Where economically feasible, cast as broad Where economically feasible, cast as broad 
a net as possiblea net as possible

•• InIn--depth, scientific knowledge of the system depth, scientific knowledge of the system 
you’re monitoring is crucialyou’re monitoring is crucial



Invasive SpeciesInvasive Species

•• Over 160 species have been introduced into Over 160 species have been introduced into 
the Great Lakes basin since the 1800s. the Great Lakes basin since the 1800s. 

•• More than 1/3 of the species have been More than 1/3 of the species have been 
introduced into the Great Lakes in the last introduced into the Great Lakes in the last 
half of the 20half of the 20thth century century 



BythotrephesBythotrephes

NonNon--indigenous Predatory Cladoceranindigenous Predatory Cladoceran



Distribution ofDistribution of Bythotrephes in Bythotrephes in 19991999
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CladoceransCladocerans
Daphnia retrocurvaDaphnia retrocurva

Photo: Dr. Paul Hebert

Bosmina longirostrisBosmina longirostris

Photo: SMSU

CopepodsCopepods

Diaptomus silicoidesDiaptomus silicoidesMesocyclops edaxMesocyclops edax

Photo: SMSU

Photo: SMSU

CyclopoidsCyclopoids CalanoidsCalanoids
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Changes in SpeciesChanges in Species RichnessRichness
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SummarySummary

•• BythotrephesBythotrephes has had a clear impact on has had a clear impact on 
crustacean communities crustacean communities 
–– Several species dramatically reducedSeveral species dramatically reduced

•• However, changes not apparent at level of However, changes not apparent at level of 
major groupsmajor groups

•• Necessary to incorporate a high level of Necessary to incorporate a high level of 
taxonomic detail in monitoring program to taxonomic detail in monitoring program to 
discern impactsdiscern impacts



ConclusionsConclusions

•• LongLong--Term Monitoring EssentialTerm Monitoring Essential
–– Provides information research cannotProvides information research cannot
–– Provides ‘before’ data for emerging issuesProvides ‘before’ data for emerging issues

•• Interpretation of Chemical and Biological DataInterpretation of Chemical and Biological Data
LinkedLinked

•• InIn--Depth Analysis of Monitoring Data NeededDepth Analysis of Monitoring Data Needed
–– Trends not always apparent in ‘obvious’ variablesTrends not always apparent in ‘obvious’ variables
–– Understanding of underlying mechanisms importantUnderstanding of underlying mechanisms important



Additional InformationAdditional Information

R.P. Barbiero, M.L. Tuchman, G.J. Warren and D.C. R.P. Barbiero, M.L. Tuchman, G.J. Warren and D.C. 
Rockwell. 2002. Evidence of Recovery From Rockwell. 2002. Evidence of Recovery From 
Phosphorus Enrichment in Lake Michigan. Phosphorus Enrichment in Lake Michigan. 
Canadian Journal of Fisheries and Aquatic Canadian Journal of Fisheries and Aquatic 
SciencesSciences 59(10):163959(10):1639--1647.1647.

R.P. Barbiero and M.L. Tuchman. 2004. Effects of R.P. Barbiero and M.L. Tuchman. 2004. Effects of 
BythotrephesBythotrephes on the crustacean communities of on the crustacean communities of 
Lakes Michigan, Huron and Erie. Lakes Michigan, Huron and Erie. Canadian Canadian 
Journal of Fisheries and Aquatic Sciences Journal of Fisheries and Aquatic Sciences (in (in 
press)press)



Questions?Questions?


