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Basic StepsBasic Steps

Reference/Degraded CriteriaReference/Degraded Criteria
ClassificationClassification

Reducing variabilityReducing variability

Metric ExplorationMetric Exploration
Incorporating broad ecological informationIncorporating broad ecological information
Identifying discriminatory metrics Identifying discriminatory metrics 
Avoiding redundancyAvoiding redundancy

Developing the “multi”Developing the “multi”--metricmetric
Testing combinations of metricsTesting combinations of metrics



A medical metaphorA medical metaphor

Have you ever taken a “wellness” test?Have you ever taken a “wellness” test?

They ask a lot of questions based on They ask a lot of questions based on 
common “indicators” = “metrics”common “indicators” = “metrics”
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Reference/Degraded CriteriaReference/Degraded Criteria

What is healthy?What is healthy?
Need two groups for building modelsNeed two groups for building models

HEALTHY
REFERENCE

Non-smoker
Low Stress

Exercise 5d/week
Healthy Diet

UNHEALTHY
DEGRADED

2 packs/day
High Stress
No exercise
High Fat Diet



March 31 – April 4, 2003 National Biological Assessment and Criteria Workshop, INDEX 101_03 6

ClassificationClassification

The first few questions always deal with The first few questions always deal with 
age, gender, etc.age, gender, etc.
Expectations differ for different groups.Expectations differ for different groups.
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Metric ExplorationMetric Exploration

One indicator doesn’t get it One indicator doesn’t get it 
done…done…
Likely explored a lot of Likely explored a lot of 
indicatorsindicators
Explored relationship of Explored relationship of 
indicators to illness indicators to illness ––
developed those that were developed those that were 
good at discriminating good at discriminating 
healthy from unhealthy folks.healthy from unhealthy folks.
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Developing a ‘multi’Developing a ‘multi’--metricmetric

Finally identified those indicators that consistently Finally identified those indicators that consistently 
discriminated healthy individuals from unhealthy.discriminated healthy individuals from unhealthy.
Doctors now use an array of these to measure Doctors now use an array of these to measure 
your “wellness”your “wellness”
Individual indicators used for diagnosing particular Individual indicators used for diagnosing particular 
problem areasproblem areas
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How it works How it works ––
reference criteriareference criteria

Reference/Degraded CriteriaReference/Degraded Criteria
Reference sites are used to build Reference sites are used to build 
classificationsclassifications
Reference and Degraded used to select Reference and Degraded used to select 
metrics and test final indexmetrics and test final index
AbioticAbiotic variables are usedvariables are used
Likely need to test a few approachesLikely need to test a few approaches
May need to stratify laterMay need to stratify later
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Reference SitesReference Sites

The primary function of reference conditions The primary function of reference conditions 
is as a measurement standardis as a measurement standard
To be useful, a measurement standard must To be useful, a measurement standard must 
account for natural variabilityaccount for natural variability

undisturbed, naturalundisturbed, natural
best of availablebest of available
representative of classrepresentative of class
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Reference and Degraded CriteriaReference and Degraded Criteria

Reference sites (must meet all)Reference sites (must meet all)
No discharges within prescribed distanceNo discharges within prescribed distance
Better than state water quality standardsBetter than state water quality standards
Land use: no direct disturbancesLand use: no direct disturbances
Habitat typical for region; good riparian zoneHabitat typical for region; good riparian zone

Stressed sites (meets one or more)Stressed sites (meets one or more)
Fails water quality or sediment standardsFails water quality or sediment standards
Severe habitat impairmentSevere habitat impairment
Severe Severe nonpoint nonpoint sources; erosionsources; erosion



March 31 – April 4, 2003 National Biological Assessment and Criteria Workshop, INDEX 101_03 12

Maryland Reference Criteria Maryland Reference Criteria 
(must meet all)(must meet all)

pH pH $$ 6.06.0
ANC ANC $$ 5050FFeqeq/l/l
dissolved oxygen dissolved oxygen $$ 4.0 4.0 
ppmppm
NitrateNitrate--N N ## 4.2 mg/l4.2 mg/l
Urban land use Urban land use ## 20% of 20% of 
catchmentcatchment
Forested land cover Forested land cover 
$$25% of 25% of catchment

Remoteness rating “optimal” Remoteness rating “optimal” 
or suboptimal”or suboptimal”
Aesthetics rating “optimal” Aesthetics rating “optimal” 
or “suboptimal”or “suboptimal”
Instream habitat rating Instream habitat rating 
“optimal” or “suboptimal”“optimal” or “suboptimal”
Riparian buffer width Riparian buffer width $$ 15m15m
No channelizationNo channelization
No point source dischargescatchment No point source discharges
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Maryland Stressed Criteria Maryland Stressed Criteria 
(meets any one)(meets any one)

pH pH ## 5.0 5.0 andand ANC ANC ## 0 0 FFeqeq/l/l
dissolved oxygen dissolved oxygen ## 2.02.0 ppmppm
NitrateNitrate--N N $$ 7.0 mg/l and DO 7.0 mg/l and DO ## 2.02.0 ppmppm
Urban land use > 50% ofUrban land use > 50% of catchmentcatchment area and instream area and instream 
habitat rating habitat rating ““poorpoor””
Instream habitat rating Instream habitat rating ““poorpoor”” and bank stability rating and bank stability rating 
““poorpoor””
Channel alteration rating Channel alteration rating ““poorpoor”” and instream habitat and instream habitat 
rating rating ““poorpoor””
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ClassificationClassification

ClassificationClassification
Comparing like to likeComparing like to like
Way of apportioning variabilityWay of apportioning variability
Models calibrated to each “class”Models calibrated to each “class”

A prioriA priori -- existingexisting
A posterioriA posteriori –– derive from your dataderive from your data
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A prioriA priori classificationclassification

EcoregionsEcoregions

Physiographic provincesPhysiographic provinces
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A posterioriA posteriori classificationclassification

Physical and Physical and 
Chemical DataChemical Data

OrdinationOrdination
Cluster AnalysisCluster Analysis

Etc.

Classes or Classes or 
Groups

STRM_IDALTDANC ANSUMCA CATSUMCL
MD507S 10 154 478.73 272 456.54 79
MD510S 5 153 531.45 237.5 521.98 102
MD511S 8 286 1037.49 367.3 1071.28 429
MD512S 6 391 830.06 409.2 842.59 54
MD751S 30 412 1439.38 588.8 1487.97 663
MD755S 12 246 654.72 327.3 665.57 166
MD756S 19 895 1275.91 728.5 1377.81 242
MDR02S 8 789 1310.7 903.2 1248.12 84
MDR03S 3 149 570.95 252 556.72 60
MDT02S 30 968 1477.49 658.7 1398.36 290
PA003S 3 353.4 703.05 356.8 686.86 149
PA018S 28 2370.6 2880.08 1801.4 2858.34 325
PA505S 9 1740 2340.86 1791.4 2384.73 150
PA508S 10 195 412.99 242.5 397.07 21
PA509S 151 16.4 163.11 107.3 191.17 19
PA510S 12 194 849.48 323.4 885.29 363
PA516S 5 96.8 410.48 190.1 417.4 151
PA517S 8 315 635.79 265 643.16 50
PA518S 22 66.2 249.29 128.7 255.86 32
PA519S 6 531 1214.6 493.5 1306.03 563
PA523S 9 773 1101.8 568.9 1104.61 116
PA528S 21 118 569.78 176.6 602.58 274
PA531S 14 240 614.21 405.2 594.08 91

Groups
Etc.

HighlandsHighlands

PiedmontPiedmont

PlainsPlains
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ConfirmationConfirmation

UnivariateUnivariate teststests
MANOVAMANOVA
Other OrdinationOther Ordination
Similarity analysisSimilarity analysis
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Metric ExplorationMetric Exploration

Incorporating broad ecological informationIncorporating broad ecological information
Identifying discriminatory metricsIdentifying discriminatory metrics
Avoiding redundancyAvoiding redundancy



Metric ExplorationMetric Exploration

IDENTITY

TOLERANCE

RARE OR 
ENDANGERED 

KEY TAXA 

TAXONOMIC
COMPOSITION

TROPHIC
DYNAMICS

PRODUCTIVITY

MATERIAL:
CYCLES

PREDATION

RECRUITMENT

TAXA
RICHNESS

RELATIVE 
ABUNDANCE

DOMINANCE

COMMUNITY
STRUCTURE

FEEDING
GROUPS

HABIT

VOLTINISM

INDIVIDUAL
CONDITION

DISEASE

ANOMALIES

CONTAMINANT
LEVELS

DEATH

METABOLIC
RATE

TOXICITY 
TESTS RIVPACS

INVERTEBRATE IBI

INTEGRATED
BIOASSESSMENT

LIFE HISTORY
ATTRIBUTES

SYSTEM
PROCESSES

FISH IBI



March 31 – April 4, 2003 National Biological Assessment and Criteria Workshop, INDEX 101_03 20

Ideal Multimetric CompositeIdeal Multimetric Composite

Multiple organizational levelsMultiple organizational levels
Addresses structure and functionAddresses structure and function
Broad sensitivityBroad sensitivity
Broad range of habitats, nichesBroad range of habitats, niches
Metric characteristicsMetric characteristics

Responsive to stressorsResponsive to stressors
Low natural variabilityLow natural variability
Interpretable (understanding of ecology)Interpretable (understanding of ecology)
CostCost--effective to measureeffective to measure



Different responsivenessDifferent responsiveness
Total taxa

Stonefly taxa

Caddisfly taxa

Mayfly taxa

Intolerant taxa

% tolerants

% midges

% clingers

% EPT
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Total abundance
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Biological Condition



Testing metrics – reference vs 
degraded approach

Metric Responses
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Testing metrics Testing metrics ––
gradient approachgradient approach

Stressor Gradient
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Avoid redundancyAvoid redundancy

Avoid metrics that are components of Avoid metrics that are components of 
othersothers

E.g. % EPT and % EphemeropteraE.g. % EPT and % Ephemeroptera

Correlation analysis Correlation analysis –– avoid highly avoid highly 
correlated metrics in same multimetriccorrelated metrics in same multimetric

r>0.7 is a good startr>0.7 is a good start
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Delete MetricsDelete Metrics

Obscure ecological meaningObscure ecological meaning

Weak response to stressorsWeak response to stressors

Limited ecosystem relevanceLimited ecosystem relevance

Redundancy to other metricsRedundancy to other metrics
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Metric StandardizationMetric Standardization

Scoring Methods

All
Sites
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Metric StandardizationMetric Standardization
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Assembling MetricsAssembling Metrics

Use sum or average of standard scores Use sum or average of standard scores 
of metrics to get final multimetric scoreof metrics to get final multimetric score
Test several combinations for overall Test several combinations for overall 
discrimination efficiencydiscrimination efficiency
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Assembling Assembling multimetricsmultimetrics

XX% 5 dominant

XXHBI

XXBCI CTQA

XXX% scrapers

X%Oligochaeta

XX% Trichoptera Less Hydropsyche

X% Ephemeroptera less Baetid

X% Ephemeroptera

XNon-insect taxa

XInsect taxa

XXTrichoptera Taxa

XXPlecoptera Taxa

XXXEphemeroptera taxa

Model 3Model 2Model 1Metric
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Compare Discrimination Compare Discrimination 
EfficienciesEfficiencies

RefRef DegDeg
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RefRef DegDeg RefRef DegDeg

Model 1Model 1 Model 2Model 2 Model 3Model 3

DE =DE = 80%80% 74%74% 98%98%
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Different classes may have Different classes may have 
different indexesdifferent indexes

NonNon--Coastal Plain metricsCoastal Plain metrics
Total taxaTotal taxa

EPT taxaEPT taxa

% mayflies% mayflies

% Tanytarsini% Tanytarsini

Ephemeroptera taxaEphemeroptera taxa

Diptera taxaDiptera taxa

Intolerant taxaIntolerant taxa

% tolerant individuals% tolerant individuals

% collectors

Coastal Plain metricsCoastal Plain metrics
Total taxaTotal taxa

EPT taxaEPT taxa

% mayflies% mayflies

% Tanytarsini % Tanytarsini 

Beck’s Biotic IndexBeck’s Biotic Index

Scraper taxaScraper taxa

% clingers% clingers

% collectors
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Or may be the same, but use different Or may be the same, but use different 
standardized scores or threshold valuesstandardized scores or threshold values

9595thth Percentile of Reference Site ValuesPercentile of Reference Site Values
ClassClass

MetricMetric II IIII IIIIII IVIV
Total TaxaTotal Taxa 2020 3434 3232 3636
EPT TaxaEPT Taxa 66 1010 1212 1515
Diptera TaxaDiptera Taxa 88 1212 1212 1515
% Tolerant% Tolerant 1919 99 88 66
% Scrapers% Scrapers 1212 2020 2323 2020
% Clingers% Clingers 5555 6060 6363 6565
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Always test any modelAlways test any model

Use an independent dataset with Use an independent dataset with 
reference and degraded sitesreference and degraded sites

Same year set asideSame year set aside
Newly collected dataNewly collected data
Test discrimination efficiencyTest discrimination efficiency
Should match model building DEShould match model building DE
No strict ruleNo strict rule
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