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Outline

i. Introduction of measures of biotic 
integrity

ii. Application to a highly stressed river

iii. Regional analyses of clustering of biotic 
integrity ïSelf organizing maps (SOM)

iv. Predictive models of biotic integrity

v. Application to reservoirs and blue greens

vi. New models for blue green algae 
(cyanobacteria)



ECOLOGIC POTENTIAL 
WATERBODY INTEGRITY

Â Maintaining and 
improving water body 
integrity is the goal of the 
Clean  Water Act
ïHabitat (physical)
ïChemical
ïBiological

Â Integrity: ñA balanced, 
adaptive community of 
organisms having a 
species composition and 
diversity comparable to or 
approaching that of 
natural biota of the 
regionò  (Karr et al.)
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Measures of Water body 
Integrity

ÂPhysical Habitat index

ÂChemical Water Quality Standards

ÂBiological Indices of Biotic Integrity
ïFish 

ïMacroinvertebrates

Â ICI 

Â Hilsenhoff/, Saprobien

ÂPeriphyton (?)



IBI Metric Behavior Along the 
Stressor Gradient
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Index of Biotic Integrity (Karr 1981)

Species richness¶

#Darter species¶

#Sunfish species¶

#Sucker species¶

%Intolerant species¶

%Green sunfish¶

%Omnivores¶

%Insectivores¶

%Top Carnivores¶

%Hybrids¶

%Diseased individuals¶
Number of Fish¶

12 Metrics

Community
Composition

Environmental
Tolerance

Community
Function

Community
Condition

Å5,3,1 metric scoring 

categories.

Å12 to 60 scoring 

range.

ÅCalibrated on a

regional basis.

ÅScoring adjust-

ments needed for 

very low numbers.



Invertebrate Community Index

(Ohio EPA 1987; DeShon 1995)

Taxa Richness¶

#Mayfly taxa¶

#Caddisfly taxa¶

#Dipteran taxa¶

%Mayflies¶

%Caddisflies¶

%Tanytarsini Midges¶

%Other Diptera/Non-Insects¶

%Tolerant taxa¶

Qualitative EPT taxa¶

Å6,4,2,0 metric scoring 

categories.

Å0 to 60 scoring range.

ÅCalibrated on regional 

basis.

ÅScoring adjustments 

needed for very low 

numbers of specific 

taxa.



The Qualitative Habitat Evaluation 

Index (QHEI)

Substrate - types, origin, quality, embeddedness¶

Instream Cover - types and amounts¶

Channel Quality - sinuosity, development, stability¶

Riparian/Bank Stability - width, quality, bank erosion¶

Pool/Riffle/Run - max. depth, current types, 

morphology, substrate embeddedness

¶

Gradient - local gradient (varies by drainage area) 

Channelization

¶

QHEI Includes Six Major Categories of Macrohabitat

Source:  The Qualitative Habitat Evaluation Index (Rankin 1989)



Stream morphology
(slope, width, depth,
order)

Fish IBI and its
metrics

Macroinvertebrate 
IBI and its metrics

LAYER 1

HABITAT WATER
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CONTAMINATION

FRAGMENTATION

STRESSOR 1STRESSOR 2STRESSOR 3STRESSOR 4STRESSOR 5STRESSOR 6

LAYER 2

LAYER 3

Landscape morpho-
logical/ riparian
factors and stresses 

ECOREGION

Land use change
factors and stresses,
imperviousness

Pollutant loads from
land, point sources
and atmosphere 

Hydrologic/hydraulic
stresses

LAYER 4

  Periphyton and its    
  metrics

BIOTIC
ENDPOINTS

RISKS

IN-STREAM STRESSES 

LANDSCAPE/ATMOSPHERIC STRESSES  

HIERARCHICAL MODEL CONCEPT OF RISK PROPAGATION 

FROM STRESSORS TO BIOTIC ENDPOINTS

Novotny  et al, Water Research, 2005



STREAMS AND RESERVOIRS

Â Free flowing streams
Â Deep and stratified reservoirs  
Â Shallow unstratified reservoirs
ïNavigation
ïWater supply
ïPower generation
ïIrrigation
ïPowered numerous mills before 1900ôs but have 

no purpose now  
ïSome flood control



Brandon Road pool in Joliet with 

Bicentennial park

Dresden Island Pool 

downstream of  the 

Brandon Road Dam

Lower Des Plaines River ïan 
effluent dominated impounded 
water body



Dresden Island Pool 

Near Empress Casino

I-55 bridge

Industrial zone

Better Habitat

Thermal pollution by two large power plants

Enriched by nutrients

Navigation ïminimal water level fluctuations

Limited recreation



Ohio IBI Scores Calculated for Selected 
Impounded Illinois Waterways

Illinois Comparison Sites
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Simplistic Linking of 
Stresses to Integrity

% IMPERVIOUSNESS
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ÅA watershed is 

impaired  if % 

imperviousness is 

more than X 

percent

ÅReversible vs. 

irreversible 

stresses

ÅImperviousness 

is a surrogate for 

many ñbadò things 

that lead to 

impairment 

Schueller (1994) 



Systems Being Modeled
Â The Northeastern University team has retrieved 

from large data bases relationships between the 
fish and macro-invertebrate IBIs and their metrics 
(Level  1 of the risk propagation  pyramid) and level 
3 and 4 stressors for rivers 
ïBenthic Macroinvetebrate IBI serves two purposes

Â It is a biotic endpoint
Â It is a surrogate for sediment contamination 

Â The models are statewide. The state date bases 
have 1000 to 2000 sites with often multiple 
observations
ïOhio 
ïMaryland
ïWisconsin
ïMinnesota  
ïMassachusetts



Sample MSRLs - Ohio 
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Dealing with Multiple 
Stressors and multiple 
endpoints
Â Many current approaches are incapable of 

dealing with multiple stressors directly.

Â Most single stressor risk assessments 
assume stressors are additive.

Â Artificial neural networks (ANN) are capable 
of considering multiple inputs and outputs 
and evaluating their relative impact.

Â Many stressors are cross-correlated



MODELING APPROACHES

Â Artificial Neural Networks (ANN)

ïLearning

ÂUnsupervised: Pattern detection
ïSelf-organized Mapping

ÂSupervised: Output tracking and predictions
ïFeed forward ANN

ïBack propagation ANN

Â Advanced Multi-regression Analysis 
ïCanonical Correspondence Analysis

ÂUsed for post analysis of impact and determining of 
cluster dominating parameters 

ïPrincipal Component Analysis



Clustering of IBIs and their 
metrics

Self Organizing Map

knowledge data mining by 
unsupervised learning with 
Artificial Neural Nets 

SOM clustering of Fish IBI  

metrics for the State of Ohio
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Distribution of Metrics - OH



Water Chemistry I - OH



Physical Habitat and Land 
Use - OH

EFFECT OF
IMPOUNDMENTS



Correlation matrix over the SOM

Water Quality Habitat Quality Land Cover



Distribution of clusters and cluster 
dominating parameters (CDP)

Agriculture in northwest Ohio

Canonical Correspondence Analysis of 
the impact of environmental variables 
within clusters determined Cluster 
Dominating Parameters



Visualizations of ICI and                   
QHIE SOM visualization and Clustered Boxplots for ICI

SOM visualization and Clustered Boxplots for QHEI

ICI    macroinvertebrate index

QHIE   habitat quality index 



Relative Rankings of 
environmental variables

Â Length of the 
environmental 
variables in Canonical 
Correspondence 
Analysis  indicates 
their importance in 
explaining the 
variation in species 
distribution

Â Habitat parameters 
dominate the top 10.



Quick Introduction to 
Supervised ANN Models

A model of  a layered network (Demuth and Beale 1992)



Supervised Learning ANN 

Â Supervised learning techniques used to 
develop prediction of Fish IBIs.

Â Several feed-forward backpropagation 
networks developed and tested to assess 
what kind of structures could work with the 
given dataset

Â Input included chemical and habitat quality 
measurements (and also ICI in some 
models).

Â Targets for prediction: Fish IBI & metrics.
Â Modeled: Ohio, Maryland, Wisconsin, 

Minnesota  



Fish IBI Prediction Models (Ohio)
Model 

Identification
Model structure r-train r-valid r-test

Clipped_10* 33v, 35 in, 
50hn, 1on

0.703 0.635 0.615

Clipped Multiple 
Regression_1*

33v 0.617 0.568 0.389

C2_2 33v, 35, 35, 1 0.756 0.715 0.691

C2_6** 10v, 10, 20, 1 0.658 0.65 0.643

C2_14 33v, 35, 50, 1 0.857 0.707 0.662

V = number of parameters ; in= # of input neurons, hn= # hidden layer neurons, on = # of output 
neurons 

Out of 1149 data set  60% were used for training, 20% for validation and 20% for testing 

*    Values with IBI<15 or > 57 not included (F ull range of IBI is 12 to 60) 

**Top 10 variables based on CCA ranking (Embeddedness, riffle, substrate, channel, riparian, pool, 
cover, iron, hardness, sulphate ) 


