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Key challenges to predicting 
ecological responses to flow 

alteration:

• Specifying key component(s) of flow 

• “Scale” of flow characterization

• “Other” environmental drivers

• Appropriate and sensitive ecological 
response variables (indicators)



(1) Components of multi-dimensional 
flow regime:
- magnitude
- frequency
- duration
- timing (and predictability)
- rate of change



(2) “Scale” of flow characterization

Hydrology 
to 

Hydraulics



Hydroecology and Ecohydraulics

The flow scale debate: a cartoon view
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Flow Domain Range, Extremes
(Emphasis on non-
linear thresholds)

Wadeable flows
(Emphasis on linear,
“continuous” flows)

Hydroecology Ecohydraulics

Fundamental difference in how hydrograph 
is viewed and biological consequences
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Key challenges to predicting 
ecological responses to flow 

alteration:

• Specifying key component(s) of flow 

• “Scale” of flow characterization

• “Other” environmental drivers

• Appropriate and sensitive ecological 
response variables (indicators)



(3) “Other” environmental drivers
- multiple scales (hierarchy)
- interact with flow

(Frissell et al. 1986)

localvalleywatershed



(4) Appropriate and sensitive ecological 
response variables (indicators)

-Habitat Template: 
matching “mechanistic” species traits to 
environmental selective forces (“drivers” or 
“filters”) �

(Townsend & Hildrew 1994)



Case Study:
Explaining variation in functional composition of 

benthic communities across multi-scaled 
environmental gradients in the western United 

States
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(Eco)regional Pool of 
Species

Multi-scale Habitat 
Template

Watershed 
Controls

Valley / Process 
Domain Controls

Reach / Channel 
Unit Controls

Microhabitat

Biotic Composition

Hierarchical Filtering
Model (HFM) (Poff 

1997)

Species TRAITS

Hierarchical Filtering 
Model [Poff, 1997, JNABS 
16:391]

Species possess traits that allow 
them to “pass through” multi-
scale “filters”

Biologically-based approach to 
understanding local community 
composition by explicitly 
considering environmental 
constraints imposed at different 
scales

Habitats with similar sets of multi-
scale filters should have species 
with similar attributes (Assuming 
dispersal, minimal biotic 
interactions)



“Causative” Filters?

Hierarchy theory:  Larger scale 
processes constrain expression of 
local selective forces or biotic 
potential by regulating vital rates 

Can serve as statistical surrogates -
e.g., catchment hydrologic regime can 
dictate bed disturbance rates, a direct 
selective factor

Coarse scale filters average across 
finer scale heterogeneity, thus they 
cannot explain all variability in local-
scale biotic patterns (e.g., flood 
frequency can be mediated by local 
refugia)



(Eco)regional Pool of 
Species

Multi-scale Habitat 
Template

Watershed 
Controls

Valley / Process 
Domain Controls

Reach / 
Channel Unit 

Controls

Microhabitat

Biotic 
Composition

Hierarchical Filtering
Model (HFM) (Poff 

1997)

Species TRAITS

Approach for testing:

1) Identify 
“mechanistic” 
species traits.

2) Characterize 
meaningful 
environmental filters 
at different scales.

3) Use hierarchical 
modeling approach 
to evaluate
predictions of HFM.



Macroinvertebrate traits?



Rheophily (3)
Desiccation tolerance (2)
Armoring (3)
Habit (5)
Shape (2)
Size at maturity (3)
Feeding mode (5)
Thermal preference (3)

Voltinism (3)
Development (3)
Emergence
Synchronization (2)
Adult life span (3)

Adult female dispersal (2)
Adult flying strength (2)
Adult exiting ability (2)

Occurrence in drift (3)
Maximum crawling rate (3)
Swimming ability (3)
Attachment (2)

Traits for North American lotic insects
19 traits; 54 states, or ‘modalities’



197 Study Sites in 9 Ecoregions: 
pre-2000 (R)EMAP (snapshot data)

Colorado
59 sites

101 Genera

Oregon
69 sites

119 Genera

Washington
69 sites

96 Genera



1) Causal, i.e., reflect our ecological 
understanding of both habitat 
structure and dynamics

2) Multiscale
3) Capture important environmental 

gradients (spatial)
4) Use combination of empirical field 

data and modeled (GIS) data

Environmental Variables



3 Traits

Disturbance 
Tolerance

Thermal Tolerance

Silt Tolerance

Explain variation in trait composition across 197 sites 
in terms of multi-scale environmental filters

Species can “solve” environmental challenges with >1 trait 
(“multivariate”)!

Calculate 
proportion of 
total 
abundance at 
each site 
comprised by 
response trait 
of interest



Disturbance Tolerance
bi/multivoltine OR abundant drifter OR 

strong swimmer OR strong flyer

HFM Expectation: 
-> WS flow regime
-> Local bed stability (Eco)regional Pool of Species

Multi-scale Habitat 
Template

Watershed 
Controls

Valley / Process 
Domain Controls

Reach / 
Channel Unit 

Controls

Microhabitat

Trait Composition

Hierarchical Filtering
Model (HFM) (Poff 1997)

Disturbance Tolerance
bi/multivoltine OR high drift OR 
strong swimmer OR strong flyer
mean = 0.23
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• A non-linear statistical methodology used widely 
in the social and medical sciences

• Advantages:
1. Hierarchical
2. Captures non-linear behavior
3. Handles mixed data sources
4. Invariant to data transformations
5. Handles missing data
6. Easy to interpret

• Application:  Explain variation in trait 
composition among sites in terms of multi-scale 
environmental variables
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Evaluating the Model
Decision Trees (CART)
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Yes No
[1W, 1V, 3R]

0.22
= 152n

0.20
= 

110
n

0.26
=42n

0.14
= 15n

0.21
= 95n

0.24
= 36n

0.37
= 6n

[5W]
Yes No Yes No[1W, 1V, 3R]

Yes No
[1W, 2V, 2R]

0.23
= 197n

[4W, 1V]

0.27
= 45n

Yes

0.34
= 14n

0.43
= 5n

0.30
= 9n

[4W, 1R]
Yes No

0.24
= 31n

No

R - Riparian Canopy < 52.3%

V - % Agri < 1.0%

W - % Agri < 13.4%

R - Width/Depth < 5.1 V - Hillslope Connectivity < 8.4

W - Specific Stream Power (D84) < 2.44
Disturbance Tolerance
(Model R2 = 0.68) 
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= 13n
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= 94n
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= 5n

[4W, 1R]
0.60
= 78n

0.70
= 16n

W - MAR/DA < 0.88

R - Riparian Canopy < 25.6%

V - % Agri < 8.1

W - Winter Temp < 0.1C

R - Width/Depth < 16.1

Thermal Tolerance
(Model R2 = 0.61) 
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Silt Tolerance
(Model R2 = 0.63) 

Yes

0.25
= 35n

0.09
= 7n

NoYes No

0.26
= 7n

0.14
=148n

W_L - % Forest < 22.1%

0.16
= 197n

0.14
= 155n

Yes No

0.22
= 42n

R_G - %Fines < 43.1%

0.33
= 13n

0.20
= 22n

Yes No

V_G - Embedded < 11.2%

R_S - LWD < 0.003 m

Silt Tolerance
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CONCLUSIONS

• Promising (Interpretable) Results
• Make sense (!), largely consistent with 

expectations
- Disturbance -- WS + Local 
- Thermal -- Mostly WS
- Silt -- more difficult

• Regression Tree Analysis appealing
- Multi-scale predictors important
- “Filter” interactions revealed (context)

• Next Steps:
- Deeper analysis
- Effect of spatial scale on interpretation (e.g.    

among vs. within ecoregions



Classifying Physical Habitat in 
Ecoregions

- A way of characterizing the 
distribution of “link”-scale habitats in 
a stream network.

Hydrogeomorphic (HGM) Classification 

- Multi-scale processes operating 
upstream of any “link” influence 
habitat structure and dynamics.  

- Biological characteristics of local 
habitat (e.g., a riffle) should reflect 
physical processes that define the 
HGM unit.
- (e.g., pool-riffle reach within a low 

energy, sediment rich subbasin vs. high 
energy, sediment poor subbasin)



Steps in HGM Classification
• 1) Classify and Predict Channel Morphology 

Type
• 2) Predict Bed Sediment Size
• 3) Determine Flow Regime and Reach-scale 

Disturbance
• 4) Map Stream Networks to Identify Similar 

HGM Types
• 5) Test with biological data 

Reach Slope / Habitat Type

Sediment Size / Movement

Link-scale Habitat Structure 
and Dynamics (disturbance)

Flow Regime
Q(t)


