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Soapbox moment: false dichotomy between what
researchers and managers want

Introduce structural equation models (SEMs) as a tool
for hypothesis testing and prediction

Highlight example SEMs for fish-habitat relationships in
the Grande Ronde basin

Next steps




Information generated by CHaMP
2,218 metrics and growing...
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Fish-Habitat Relationships are Complex
Job security for a fish habitat scientist?
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Providing useful management tools
Scenarios predicting invasive cattail cover
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Grace et al. 2012. Guidelines for a Graph-Theoretic Implementation of Structural Equation Modeling. Ecosphere 3 (8)



Structural Equation Modeling

% Path analysis developed by Sewall Wright (1918, 1921) to
understand multiple causes and multiple responses

** Modern SEM involves analysis of covariance matrix to reveal
causal relationships

» Model building and evaluation best represented graphically



Structural equation modeling

Grace, J.B. 2006. Structural Equation Modeling and Natural Systems.
Cambridge, NY: Cambridge University Press.
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Language for causal models
Kathi Irvine, USGS; Wu & Zumbo 2008; Grace 2010; MacKinnon et al. 2012

Road density Fines Egg survival

Mediator —how one
independent variable effects a ’ Q

dependent variable

Q Slope
Moderator —contextual Road density
variable that modifies Fines
direction or strength of effect o |

. Pool
Confounder —variable associated ~ Dré'nagearea frequency
with both independent and Q—
dependent variables "\ Fish density

. , _ Road density
Covariate —variable associated

dependent variable ’ | Grazing

Fines ( )



Mongoose & Lynx in
SW Spain
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Multiple linear
regression reveals
that lynx reduce
mongoose
populations

SEM reveals a more
informative story...
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Estimation and Evaluation
“Model-based framework” (Courtesy Jim Grace)

Hypothesized Model Observed Covariance Matrix
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One advantage of local estimation
Flexibility in shape of relationships
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Grace et al. 2015. Structural Equation Modeling: Building and Evaluating Causal Models. In Ecological Statistics:
Contemporary Theory and Application, edited by Fox et al., Oxford University Press.
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Hypothesized land use-bug relationships in PIBO
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Conceptual framework for modeling fish productivity & capacity

Examples
Cllm?te - Examples
Soil Intrinsic T e Roads
Geolo.gy watershed POg Grazing
Elevation ¢ factors Irrigation
Valley form actors i
Agriculture

Solar radiation
Natural hydrograph
Potential vegetation
Natural disturbance regime

Timber harvest
Climate change
RESTORATION

S Examples
Key I'm'tmg Streamflow

factors Vegetation
Fine sediment
Water temperature

Examples
No. female spawners
No. early summer juveniles
No. late summer juveniles
No. smolts
Fish abundance

& productivity



Upper Grande Ronde & Catherine Creek - Current Habitat Condition

+¢ Spring Chinook salmon and
steelhead are ESA-listed species

+* Upper Grande Ronde and Catherine
Creek listed as “Critical Habitat”

+»* Heavily degraded habitat from
timber harvest, agriculture and
irrigation, and cattle grazing




Upper Grande Ronde River,
Catherine Creek, and Minam River
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Snorkel & benthic
macroinvertebrate surveys
at CHaMP sites

Abundance & density of salmonids by
species & size class (Thurow 1994,
O’Neal 2007), relative abundance non-
salmonids

Coupled with benthic
macroinvertebrate sampling



An example:
Restoration via wood placement & recruitment
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SEM Hypotheses for Fish
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SEM Results for Fish

(using R packages lavaan & semPlot)
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SEM Next Steps

Can we tease out effect of water temperature?
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Multi-group SEM example: fish-habitat relationships differ by river type
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Multi-group SEM example: fish-habitat relationships differ by river type
NMDS ordination of CHaMP habitat metrics

AXxis 3

Simple channel type

A Mountain
AXis 1 Floodplain/Cnstr




Multi-group SEM example: fish-habitat relationships differ by river type
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Latent variable example:
Using ODFW Aquatic Inventories data to test landscape-fish habitat hypotheses (n = 104
stream reaches)
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Three useful software packages
AMOS (SPSS)

Proprietary (free student version exists)
- User-friendly: models constructed via diagram building
- Handles most common SEM applications
- Modification indices ONLY if no missing data

lavaan & semPlot packages in R

- Free, open-source

- Good documentation, plenty of features

- Learning curve: model building via writing code

- Modification indices, even if missing data

- Additional packages include complex survey designs, learning
modules, other...

MINE package in R (Reshef et al. 2011. Science 334)
- Free, open-source

- Finds best bivariate relationships, linear or non-linear
- USE WITH CAUTION!!!



Next steps

Get Matt Nahorniak’s cell number (incorporate design
weights)

Move from hypothesis testing to prediction

o Develop & evaluate scenarios, such as reference levels of
LWD or climate change predictions of water temperature

o Working with unstandardized path coefficients
Incorporate new variables

o Predictors: stream temperature, restoration intensity,
riparian condition, GCD as indicator of dynamic habitat

o Responses: HSI, NREI, food web metrics derived from benthic
macroinvertebrate data
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Take home message

Useful products for managers-policy makers are not
mutually exclusive with research on complex fish-habitat
relationships.

This....

Scenario 1

T T T T
1.5 20 25 3.0

1.0 3.5
Observed Conductivity
Scenario 2
r T T T T 1
10 15 20 25 30 35
Predicted Conductivity
Scenario 3
r T T T T 1
1.0 15 20 25 30 35

Predicted Conductivity

Frequency

Frequency

Frequency

40 80

150 0

50

150

50

Depends upon.... This.

Scenario 1

I

T T T
0.5 1.0 1.5

0.0 2.0
Observed Typha Cover
Scenario 2
r T T T 1
0.0 0.5 1.0 1.5 2.0
Predicted Typha Cover
Scenario 3
r T T T 1
0.0 0.5 1.0 1.5 2.0

Predicted Typha Cover

Continental
Land Masses
& Movements

Climate
Change
Orogeny,
Vulcanism
River Basin
Formation
Geological '
Strata .
ocal Lake &

Macroecology

Ocean
Levels &
Inland Seas

Evolution of
Orders & Families
of Fishes

tream Structure,
Riffle-Pool

ASSEMBLAGE
Behavioral Interactions,
Competition, Foraging,
Mutualisms, Patch
Choice, Predator-Prey,
Population Variation,
Random Variance in
Structure of

Assemblage
Terrestrial
Invertebrates,
Aquatic ‘
Invertebrates .

A
)
=

Temperature,
Chemical

Physiology &
Physiological
Tolerance

Invasion of
Marine Taxa

Flood or
Drought




