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In this module I consider an example where randomized experiments 

were used to study effects. Here I try to show how SEM permits 

additional understanding to be developed.

An appropriate citation for this material is

Whalen, M.A., Duffy, J.E. and Grace, J.B. 2013. Temporal shifts in 

top-down versus bottom-up control of epiphytic algae in a seagrass

ecosystem. Ecology 94:510-520.

Notes: IP-056512;  Support provided by the USGS Climate & Land 

Use R&D and Ecosystems Programs. I would like to acknowledge 

formal review of this material by Jesse Miller and Phil Hahn, 

University of Wisconsin. Many helpful informal comments have 

contributed to the final version of this presentation. The use of trade 

names is for descriptive purposes only and does not imply endorsement 

by the U.S. Government. 

Last revised 17.02.05.

Source: https://www.usgs.gov/centers/wetland-and-aquatic-research-

center/science/quantitative-analysis-using-structural-equation
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These data come from a global experiment being conducted on 

seagrasses.
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More specifically, these are from a study in Virginia.



4

It is all about microcrustaceans grazing on the epiphytes that live on 

eelgrasses, a particularly important seagrass.

If grazers don’t keep epiphytes grazed down, they lead to the death of 

the seagrasses, causing the base of the ecosystem to collapse.
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Part of the big deal is a question of what may be causing eelgrass 

declines worldwide and the broader implications of this issue.
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Here is the part of the experimental study discussed in this example.
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Anova results provide limited information.
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An anova, in its most basic form, is a very simple model. The 

simplicity is created by the physical control in combination with 

randomization.
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Here are the net-effect results. Note that the information extracted is 

similar to that obtained from an ANOVA. The main difference is that 

we are now treating treatment levels as points on a continuum 

(regression perspective) instead of simply testing for whether treatment 

means differ.
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And shown graphically.
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There are two covariates in this study, a macro alga and the density of 

eelgrass. We have not anticipation about what the macroalgae might 

do, but we expect greater eelgrass density to promote epiphytes by 

buffering water movement and physical damage to epiphytes.

In ANCOVA, the covariates are supposed to be uncorrelated with the 

treatment, which holds true in this case.
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A simple ANCOVA here.
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And the results
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Here we perform the test of mediation with one of the 

microcrustaceans, the Gammarids.
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Results suggest something missing from model.
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An important discovery is an effect of macroalgae on Gammarids.
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Model still missing another link, though the link added in model 2 

definitely improved model fit dramatically. Modification indices 

suggest a remaining direct path from pesticide to epiphytes.
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Now we bring in the second most abundant type of micrograzer.
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Finally, a fully-mediate model.
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Here we simple demonstrate setting exogenous correlations to zero. 

this permits more pure causal attribution (if it holds).
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Code in red shows how we set correlations to zero.
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Final model.
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Here are the details of the estimates. Shown are raw parameter 

estimates (Est.), their standard errors (Std.err), associated Z-values 

(which are like likelihood-based t-values, the probabilities associated 

with the Z-values (P(>\z\), and the standardized parameter estimates 

(Std.all). 
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So, behind the standard anova result (on the left), lies a network of 

relationships going on.

Note that there is an exercise tutorial in which you may work through 

the mechanics of this analysis is you like. Consult

"SEM_5_Ex1_Test_of_Mediation_Exercise.pdf" and the associated 

code and data.
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Just a few summary points.


