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Background
Unknown comparability of biological 
indicators prevents us from integrating 
assessments.

Simulating biological impairment provides 
an objective way to assess comparability. 



Approaches for Assessing 
Comparability

Experiment Field Survey Simulation

Scale of Disturbance Constrained Not Constrained Not Constrained
Disturbance Gradient Designed Derived Designed
True Replicates Available Not Available Available
True Impairment Known Unknown Known
Control Yes No Yes

Realism Low-Medium High Low-Medium
Costs High High Low



Objectives
• Simulate the effect of stressors on 

macroinvertebrate assemblages.

• Quantify the biological impairment caused 
by the simulation.

• Assess the comparabilities of several 
different multimetric indices and O/E.



Upper Columbia River Basin
(1998-2002)

• 94 reference sites:
< 0.5 km road/km2, < 5% watershed logged, 
no grazing, no mining.

• 300 non-reference sites
• 8 Surber samples from riffles
• 188 OTUs (67% species/genus)
• 500 individual subsamples



Seven Multimetric Indices

MMI Index Calibration
Partitioning 
Method

Predictor 
Variables 

A Standard Procedure None None

B Residuals of MMI-A Linear Regression GIS

C Residuals of MMI-A Linear Regression Local + GIS

D Residuals of individual metrics Linear Regression GIS

E Residuals of individual metrics Linear Regression Local + GIS

F Residuals of individual metrics ANCOVA GIS

F Residuals of individual metrics ANCOVA Local + GIS



Variables used for predicting biotic metric in 
developing MMI-MLR

Biotic Metrics Predictors
Ephemeroptera Taxa Richness watershed area (+), volcanic (-), mean temp. (-)
Plecoptera Taxa Richness elevation (-), eco 17 (+), freeze free days (-)
Predator Taxa Richness watershed area (+), metamorphic (-), volcanic (-)
Collector-Filterer Taxa Richness eco 17 (+), metamorphic (-), temp. range (+)
Intolerant Taxa Richness watershed area (+), elevation (-), freeze free days (-)
Hilsenhoff’s Index eco 11 (+), sedimentary (+)
EPT/Chironimidae eco 15 (+)
% Ephemeroptera Individuals watershed area (+), granitic (+), metamorphic (+)
% Plecoptera Individuals watershed area (-), eco 11 (-), eco 41 (-), wet days (+)
% Oligocheata Individuals volcanic (-)
% Intolerant Individuals watershed area (+), sedimentary (-), mean temp (-)
% Predators Individuals mean temp (+)



Variables used for predicting biotic metric in 
developing MMI-ANOCOVA

Biotic Metrics Predictors

Ephemeroptera Richness latitude (+), watershed area (+), day of 
year (-), mean temp (-), eco 16 (+)

Intolerant Taxa Richness day of year (+), eco_16 (+)

Tolerant Taxa Richness none

% Shredders Individuals latitude (+), day of year  (+), eco 41 (-)

Hilsenhoff’s Index watershed area (+),  humidity (-)



The RIVPACS-type Model
• 11 groups defined by taxa composition
• All-Possible-Subsets DFA used to identify 6 predictors:

– Log Watershed Area (km2)
– Mean Monthly Air Temperature (C)
– Mean Monthly Temperature Range (C)
– Day of Year
– Metamorphic Geology (0/1)
– Volcanic Geology (0/1)

• O/E based on probabilities of capture > 0.5



Data Used in Simulations
• 13 well sampled reference sites 
• 1,117 – 2,308 individuals
• 38-57 OTUs
• 885 – 2,353 m
• 607- 1,360 mm precipitation
• 887-10,974 ha
• Four level III ecoregions
• Granitic, volcanic, and metamorphic geology



The Simulation Model
( )[ ]iiii TVCXY −−= 11

Xi = the initial number of individuals in taxon i, 

TVi = Hilsenhoff tolerance value of taxon i, 

C = a coefficient that controls the level of stress, 

Yi = the number of individuals in taxon i after stress

(Cao and Hawkins 2005. Journal of Applied Ecology 42:954-965)
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Slide 12

CPH1 Please fix MMI_COANOVA. The abbreviation for analysis of covariance is ANCOVA.

Also, I don't think the fitted lines add anything and just clutter the graph.

Is it necessary to show all 13 sites?
Charles Hawkins, 4/29/2006
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Response of O/E to known changes in assemblage structure (BC 
Index) and taxa loss associated with progressively increasing 

simulated stress at 13 model assemblages
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MMI-MLR

O/E

Responses of the best 
multimetric index 
(MMI-MLR) and O/E 
to known taxa loss 
associated with 
progressively 
increasing simulated 
stress (10 replicates of 
each of 10 stress 
levels for each of 13 
model assemblages).
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Summary
• How natural variability is partitioned affects 

the comparability of biological indicators.

• The comparability of O/E and the MMIs was 
dependent on the level of impairment.

• Sampling variability and among-site 
variation need to be considered.
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