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Ultimate question of community ecology: 
What causes variations in plant communities?

1. Describe community patterns (variations).
2. Relate (correlate) those patterns to environmental 
factors.

• Hypothesize causation from correlation of 
vegetation and environment (e.g., Agee and Kertis).
• Set context for a study (e.g., Miller and Halpern).

Two general multivariate approaches
Clustering
Ordination (DCA)
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Role of Multivariate Data Analyses
(many attributes (variables, characteristics) measured at each sample (observation))

2007

Step 1. Measure similarity (or difference) between 
samples (i.e., transects, plots)

CLUSTERING: hierarchical grouping of similar samples
GENERAL STEPS:

Example:

- just add up differences in cover for all 
species in pairs of transects

To calculate differences between plots h, i and j:

Transects
h i j

Species
1 4 5       10
2 6 7 4
K 2 3 2

∑hi = 3 ∑ij = 9 ∑jh = 8

“Cover” or “Density”…

CLUSTERING
Step 2. Create a dendrogram
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• Vertical axis represents degree of 
similarity/difference

??

??

• Chose a cut-off value for similar “communities,”
habitat types…

dendrogram

CLUSTERING
Step 3. Infer relationships between vegetation and 
environment (Agee and Kertis 1988)

different

similar

WENATCHEE DATA SET
(2003)

ORDINATION
Detrended Correspondence Analysis (DCA)
Correspondence Analysis (CCA)
Principal Components Analysis (PCA)
Empirical orthogonal function – principal component analysis (EOF/PC) 

Hint: Always a good exploratory technique

Axis 1

Axis 2

Samples ordered along 1 to n axes
Dissimilarity represented by distance between samples

Imagine a perfect variable! Imagine it explains the most variation in your data!
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ORDINATION
Floristic Similarity

Sørensen’s Index of similarity:  
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A: Species in plot A
B: Species in plot B
C: Species common to plots A and B

Example:
A1: PIPO, PSME, HODI
A2: PSME, ABGR, HODI
A3: ABGR, HODI
A4: ABGR

A1-A2: 66%
A2-A3: 80%
A3-A4: 66%
A4-A1: 0%

Note: Understory species often drive an ordination when overstory 
species have broad ecological amplitude 

PIPO PSME HODIPSME ABGRHODI ABGRHODI ABGR

Vegetative Associations of the GPNF

Topik et al. 1986

TSHE

BENE

Understory generally 
less ecological 
amplitude than 
overstory

But…
Consider overstory 
as buffering change 
in understory

Vegetative Associations of the GPNF

Brockway et al. 1983

Landscape conditions Site microclimate can 
alter “boundaries”

µ

Ordination Example
(Agee and Kertis 1987)

samplesspecies

TSHE

PIPO

ABLA
TSME

ABAM

PSME

The basis of inference
(guess about causes of 
vegetation patterns of 
variation).

Interpretation of Ordination Results

Axis 1 value

Soil
% Clay

Attempt to correlate measured values with ordination axes (CCA)

Example of interpreting the relationship of 
environmental variables to ordination axes

Halpern’s study of plant communities in the Three Sister’s Area of Oregon
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