Ecological Clustering of
integrity and Nonlinear Impact
of Environmental Variables on
Cyanobacteria

VIadimir Novotny, Elias Manolakos and
Ferdinand Hellweger

Northeastern University

Expanded Keynote Presentation at the 5" International
Conference on Reservoir Limnology and Water Quality

Brno, August 2006

© V. Novotny



Outline

1,

V.

Vi.

Introduction of measures of biotic
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Integrity 1T Self organizing maps (SOM)
Predictive models of biotic integrity
Application to reservoirs and blue greens

New models for blue green algae
(cyanobacteria)
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Measures of Water body
Integrity
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METRIC VALUE‘

IBl Metric Behavior Along the
Stressor Gradient
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Index of Biotic Integrity (Karr 1981)
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Invertebrate Community Index
(Ohio EPA 1987; DeShon 1995)
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The Qualitative Habitat Evaluation
Index (QHEI)

QHEI Includes Six Major Categories of Macrohabita

1 Substrate types, origin, quality, embeddedness

1 Instream Cover types and amounts

1 Channel Quality sinuosity, development, stability

1 Riparian/Bank Stability width, quality, bank erosion

1 Pool/Riffle/Run- max. depth, current types,
morphology, substrate embeddedness

1 Gradient- local gradient (varies by drainage area)

Channelization

Source: The Qualitative Habitat Evaluation Index (Rankin 1989)




HIERARCHICAL MODEL CONCEPT OF RISK PROPAGATION
FROM STRESSORS TO BIOTIC ENDPOINTS
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STREAMS AND RESERVOIRS
T L~

A Free flowing streams
A Deep and stratified reservoirs (-~
A Shallow unstratified reservoirs (.~
I Navigation
I Water supply
I Power generation
I lrrigation
I

T Powered numerous mill s b
No purpose now

T Some flood control
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Dresden Island Pool

Near Empress Casino

Better Habitat
Thermal pollution by two large power plants
Enriched by nutrients

Navigation i minimal water level fluctuations

Limited recreation Industrial zone



Ohio IBI Scores Calculated for Selected

Impounded lllinois Waterways
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Simplistic Linking of
Stresses to Inteqrit

AA watershed is
impaired if %
Imperviousness Is
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Systems Being Modeled

+A The Northeastern University team has retrieved
from large data bases relationships between the
fish and macro-invertebrate IBls and their metrics
(Level 1 of the risk propagation pyramid) and level
3 and 4 stressors for rivers
I Benthic Macroinvetebrate IBI serves two purposes
A It is a biotic endpoint
A Itis a surrogate for sediment contamination
A The models are statewide. The state date bases
have 1000 to 2000 sites with often multiple
observations
T Ohio
i Maryland
T Wisconsin
I Minnesota
i  Massachusetts



Sample MSRLs - Ohio

Total Pb ug/l Field pH

MSR = Maximum Species Richness
- defined by 95 percentile



Dealing with Multiple
Stressors and multiple
jLendpoints

A Many current approaches are incapable of
dealing with multiple stressors directly.

A Most single stressor risk assessments
assume stressors are additive.

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

A Many stressors are crosscorrelated



MODELING APPROACHES

A+Artificial Neural Networks (ANN)
I Learning
A Unsupervised. Pattern detection
I Selforganized Mapping
A Supervised. Output tracking and predictions

I Feed forward ANN
I Back propagation ANN

A Aadvanced Multrregression Analysis

I Canonical Correspondence Analysis

A Used for post analysis of impact and determining of
cluster dominating parameters

I Principal Component Analysis



Clustering of IBls and their

metrics
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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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Water Chemistry | - OH
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Correlation matrix over the SOM
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Distribution of clusters and cluster

dominating parameters (CDP)

Lake Erie
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Agriculture in northwest Ohio
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Visualizations of ICl and
SOM visualization and Clusterd Boplots or ICI I Q H I E

Distribution of the Ecoregions in Ohio
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Relative Rankings of
environmental variables

Environmental Variables explaning the maximum variation in fish distribution in Ohio

CHBEDDED A Length of the
s environmental
variables in Canonical
Correspondence
Analysis Indicates
their importance in
- explaining the
BCD variation in Species
R distribution
TKN
o A Habitat parameters

dominate the top 10.

AMMONIA




Quick Introduction to
Supervised ANN Models

Input Hidden Layer Output Layer

al = tansig (IWuip1 +hi) az =purelin {LWziat +hz)

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



Supervised Learning ANN

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

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

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

A Targets for prediction: Fish IBl & metrics.

A Modeled: Ohio, Maryland, Wisconsin,
Minnesota




Fish IBl Prediction

Models (Ohio)

Model Model structure r-train r-valid r-test
|dentification
Cliphe_d_lo* 33v, 351n, 0.703 0.635 0.615
| 50hn, 1on

Clipped Multiple 33v 0.617 0.568 0.389
Regression_1*
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 IBl is 12 to 60)

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




