


Environmental Monitoring and Assessment Program 
Great River Ecosystems

Biological Indicators Workshop
October 24-26, 2006

Holiday Inn - Duluth, Minnesota

Presented at:



Zooplankton communities and Zooplankton communities and 
chemical properties of suspended chemical properties of suspended 
particulate matter as tools for river particulate matter as tools for river 

monitoring and assessment.monitoring and assessment.
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EMAPEMAP--GRE PlanktonGRE Plankton--Geochemical IndicatorsGeochemical Indicators

Zooplankton:Zooplankton:
•• Energetic link between Energetic link between 

autochthonous & allochthonous autochthonous & allochthonous 
inputs and higher trophic levels.inputs and higher trophic levels.

•• Diverse group with wellDiverse group with well--defined defined 
taxonomy.taxonomy.

•• Rapid response and sensitive to Rapid response and sensitive to 
water quality (e.g., nutrients, water quality (e.g., nutrients, 
metals, dissolved Ometals, dissolved O22).).

•• Widely used in lake and Widely used in lake and 
estuarine monitoring studies.estuarine monitoring studies.



Living and nonLiving and non--living particles of living particles of 
terrestrial and aquatic origin.terrestrial and aquatic origin.

Chemical composition offers a Chemical composition offers a 
wealth of information about wealth of information about 
sources and withinsources and within--river river 
processes. processes. 

•• Isotopes (Isotopes (1313C, C, 1414C, C, 1515N)N)
•• Stoichiometry (nutrient, protein, lipid Stoichiometry (nutrient, protein, lipid 

content)content)
•• Biomarkers (fatty acids)Biomarkers (fatty acids)

EMAPEMAP--GRE PlanktonGRE Plankton--Geochemical IndicatorsGeochemical Indicators

Suspended Particulate Matter:Suspended Particulate Matter:



EMAPEMAP--GRE PlanktonGRE Plankton--Geochemical Indicators:Geochemical Indicators:
Research Team and ResponsibilitiesResearch Team and Responsibilities
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EMAPEMAP--GRE PlanktonGRE Plankton--Geochemical Indicators:Geochemical Indicators:
Project StatusProject Status

IndicatorIndicator Sample AnalysesSample Analyses Data to EPAData to EPA

CHLaCHLa 20042004--2005 2005 
completedcompleted

YesYes

GeochemistryGeochemistry 2004 completed; 2004 completed; 
2005 in progress2005 in progress

NoNo

Zooplankton Zooplankton --
Upper MS RiverUpper MS River

20042004--2005 2005 
completedcompleted

YesYes

Zooplankton Zooplankton --
MO RiverMO River

20042004--2005 2005 
completedcompleted

YesYes

Zooplankton Zooplankton --
OH RiverOH River

2005 completed; 2005 completed; 
2004 in progress2004 in progress

NoNo



1.1. InterInter--river Variation:river Variation:
Are metrics sensitive to hydrogeomorphic Are metrics sensitive to hydrogeomorphic 
differences among the three rivers ?differences among the three rivers ?

2.2. Spatial and Temporal Variation:Spatial and Temporal Variation:
Are metrics sensitive to localized and seasonal Are metrics sensitive to localized and seasonal 
differences in river condition ?differences in river condition ?

3.3. CrossCross--system comparisons:system comparisons:
Do river metrics differ from those for other Do river metrics differ from those for other 
aquatic habitats ?aquatic habitats ?

Approach to Data Analyses:Approach to Data Analyses:
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CHLa concentrations in CHLa concentrations in 
the Mississippi, the Mississippi, 
Missouri and Ohio Missouri and Ohio 
Rivers during 2004 Rivers during 2004 
EMAP sampling.EMAP sampling.

InterInter--river river 
variation: CHLavariation: CHLa



*Light attenuation coefficient (*Light attenuation coefficient (KdKd) inferred from measured turbidity.) inferred from measured turbidity.
##Average water column irradiance calculated from Average water column irradiance calculated from KdKd and xand x--sec depth.sec depth.

OHOH MOMO MSMS

Depth Depth (m)(m) 6.16.1 2.72.7

5.395.39

490490

1.161.16

PARPAR (dose/m)(dose/m) 396396 558558 10131013

20.120.1

3.93.9

KdKd* * (m(m--11)) 2.072.07 3.403.40

PARPAR## ((µµmol mol 
photons/mphotons/m22))

200200 273273

Velocity Velocity 
((m/sm/s))

0.620.62 0.680.68

CHLa CHLa ((µµg/L)g/L) 8.78.7 34.934.9

Relating CHLa to interRelating CHLa to inter--river differences in river differences in 
hydrogeomorphology:hydrogeomorphology:

Data for 2004 Data for 2004 
EMAP sites.EMAP sites.
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IntraIntra--river variation: metric sensitivity to river variation: metric sensitivity to 
seasonal and longitudinal influences.seasonal and longitudinal influences.

Example: Example: 
spacespace--time time 
structure of structure of 
EMAP 2004 EMAP 2004 
MO River MO River 
data.data.

(reservoir zone)
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Metric Metric 
sensitive to sensitive to 
seasonal seasonal 
effects.effects.

Metric Metric 
sensitive to sensitive to 
longitudinal longitudinal 
effects.effects.



IntraIntra--river variation: spatial structuring river variation: spatial structuring 
of rotifer data for MO River.of rotifer data for MO River.
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‘‘LowLow’’ = <500 = <500 indind/L; /L; ‘‘MidMid’’ = 500= 500--1000 1000 indind/L; /L; ‘‘HighHigh’’ = >1000 = >1000 indind/L./L.



NMDS ordination: Global R=0.70; P=0.001

IntraIntra--river variation in zooplankton river variation in zooplankton 
community structure.community structure.

Stress: 0.12
Inter-reservoir 

zone

Channelized 
river zone

MO River MO River 
2004 and 2004 and 
2005 2005 
data.data.



CrossCross--system comparisons: River metrics system comparisons: River metrics 
vs. other aquatic systems. vs. other aquatic systems. 
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Example: Example: 
seston seston 
metrics metrics 
used in used in 
lake lake 
studies.studies.



Comparison  Comparison  
of EMAP River of EMAP River 
data vs. North data vs. North 
temperate temperate 
lakes.lakes.
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Lake data contributors: 
J. Elser (ELA), 

M. Pace (NDERC) 
& R. Moeller (PA).



Seston Stoichiometry & Isotopic SignatureSeston Stoichiometry & Isotopic Signature
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and altered C isotope and altered C isotope 
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data pooled for all riversdata pooled for all rivers).).
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Cladocerans Cyclopoid Calanoid Nauplii
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Lake Lake –– River Comparisons: ZooplanktonRiver Comparisons: Zooplankton

*Lake Erie data from Johnson et al. (2003) Great Lakes Fishery Commission Report.



Linking indicators to stressors:Linking indicators to stressors:

Which metrics Which metrics 
provide the most provide the most 
useful information useful information 
for monitoring and for monitoring and 
assessment assessment 
purposes ?purposes ?



Relating zooplankton Relating zooplankton 
and seston metrics to and seston metrics to 
landscape and landscape and physicophysico--
chemical features.chemical features.



Example: relating zooplankton metrics Example: relating zooplankton metrics 
to landscape features.to landscape features.

•• Hydrologic data used to delineate river Hydrologic data used to delineate river 
segments representing 5segments representing 5--d* transit d* transit 
time above each EMAP sampling time above each EMAP sampling 
location on the location on the UpMSUpMS River.River.

•• GIS analyses to estimate floodplain GIS analyses to estimate floodplain 
plain area in each segment.plain area in each segment.

*Transit-time reflects growth rates of common zooplankton. 
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Floodplain influences on zooplankton metrics:Floodplain influences on zooplankton metrics:

Upper MS River EMAP data



Conceptual model linking seston metrics Conceptual model linking seston metrics 
to anthropogenic stressors:to anthropogenic stressors:

Seston
Metrics

δ15N

δ13C

C:N:P

CHLa

TSS

WaterWater
RegulationRegulation

LandLand--useuse

FisheriesFisheries
ManagementManagement

WaterWater
AgeingAgeing

SedimentSediment
LoadsLoads

NutrientsNutrients

Food WebFood Web
StructureStructure

AllochthonousAllochthonous
fractionfraction

AutochthonousAutochthonous
fractionfraction



Thanks to:Thanks to:
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