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Properties of multivariate data

a. Pre-treatment options, including transformation, standardization, normalization &

dispersion weighting

b. Distance/dissimilarity/similarity measures for a variety of data types
Cluster analysis (CLUSTER), including tests for significant structure within clusters (SIMPROF) to
permit non-arbitrary classifications of samples or variables (species)
Ordination via projection:

a. Principal component analysis (PCA); and

b. Principal coordinate analysis (PCO)
Ordination to preserve inter-sample relationships via non-metric, metric or threshold metric multi-
dimensional scaling (hMDS, mMDS, tmMDS)
Relating biotic to abiotic data, including tests of association between resemblance matrices
(RELATE); tests of seriation and cyclicity.
Finding optimal subsets of environmental (or other) variables that generate a ‘best’ match to
patterns among samples based on species variables (BEST - BIOENV)
Non-parametric permutation tests for differences among a priori groups of samples:

a. Analysis of Similarities (ANOSIM);

b. Ordination of Bootstrap averages; and

c. Findingimportant variables (SIMPER and BEST - BVSTEP)
Diversity measures; Taxonomic distinctness; Taxonomic resemblance
Partitioning variation for high-dimensional data on the basis of a resemblance measure of choice
and tests for differences in centroids (location) for a priori groups (PERMANOVA), including:

a. One-way and two-way cases & constructing a priori contrasts;

b. Tests forinteractions and pairwise tests
Tests for homogeneity of multivariate dispersions and comparisons of beta diversity (PERMDISP);
PERMANOVA tests for centroid differences in the presence of heterogeneity.

. Complex multi-factor experimental designs (PERMANOVA), including:

a. Fixed/random factors; Crossed/nested relationships; Expectations of mean squares;
Components of variation; Types of SS; Covariates; Pooling; Unbalanced designs

b. Centroid plots for Main Effects and Interactions; Residual plots.
Finite factors and asymmetrical designs (PERMANOVA)
Fitting multivariate response data (e.g., species) to continuous predictor variables (e.g.,
environmental), including:

a. model selection (DISTLM); and

b. dissimilarity-based redundancy analysis (dbRDA) to visualise fitted variation
Identifying when an observation is ‘unusual’, given previous observations (e.g., in a time-series /
monitoring program) using multivariate dissimilarity-based Control Charts.
Wrap-up and Overview of the week / Open Q&A Session / Own-data Session.



PRIMER/PERMANOVA Essentials

Provisional Time-Table

The time-table below should be taken as a rough guide. Breaks will be taken at the specified times each day, but individual topics may
flow over or under allotted time-slots, depending on the depth of coverage, questions asked and ensuing discussions. Participants will be
given real data sets to analyse during practical sessions. Participants are encouraged to ask questions and discuss their own data with the
presenter throughout the week.

Monday Tuesday Wednesday Thursday Friday
Session 1 1. Pre-treatment 4. Ordination with 7. SIMPER; BVSTEP 10. Test centroids 13. DISTLM / dbRDA
8:30-10:30 options; nMDS, mMDS, (continued) when dispersions

resemblance tmMDS (cont’d) differ PERMANOVA)

measures
Coffee Break
10:30-11:00
Session 2 2. CLUSTER; 5. RELATE; seriation | 8. Diversity 11. Complex designs = 14. Multivariate
11:00-12:30 SIMPROF or cyclical models (PERMANQOVA) Control Charts
Lunch
12:30-13:30
Session 3 3. Ordination with 6. BEST; BIOENV; 9. PERMANOVA: 11. Centroid plots 15. Wrap up /
13:30-15:30 PCA/PCO global test (one-way; two-way; | (PERMANOVA, Overview / Q&A

interactions; cont’d)
contrasts)
Coffee Break
15:30-16:00
Session 4 4. Ordination with 7. ANOSIM & 10. PERMDISP; beta | 12. Finite factors; 15. Q&A/ ‘Own-
16:00-17:30 nMDS Bootstrap averages | diversity asymm. designs data’ Session
(PERMANOVA,

cont’d)



Analysis Pathways in PRIMER

Identify sampling units:
+ Do replicates need to be pooled?

+ Do data need standardisation? Identify associations/groups

of samples or species.

* CLUSTER — hierarchical agglomerative

* UNCTREE — binary divisive

* LINKTREE — constrain binary splits by env vars.
* kRCLUSTER — maximise ANOSIM R for given k

Variable weighting (optional) l

* Downweight less reliable variables. Dispersion weighting (optional)
l * Downweight highly variable species.

Visualise patterns of relationships/
Reduce dimensionality

* mMDS — metric MDS

* tmMDS — threshold-metric MDS
Individual transformations: i + nMDS — non-metric MDS

+ to achieve approx. normality. Overall transformation:

+ to achieve comparable numerical values;
l * to decrease dominance by abundant species.
Normalise data: {Optional) Incorporate taxonomic,
* to put variables in sd units; phylogenetic or functional
* to give varrab!es equal we:ght relationships among species
Bray-Curtis, Robust, non-parametric
Jaccard, etc. permutation-based p-values.
* ANOSIM — compare groups (ordered or unordered), R
E * RELATE — relate two resemblance matrices (rho).
i :— * BIOENV — find subsets of vars that maximise rho.
Euclidean or
* Preserves Euclidean distance; Manhattan
* PC axes are a linear function of
original {normalised) variables. 1-1




Overview of Tools and Methods in PERMANOVA+

PERMDISP

(compositional variation)
Levene’s test

Generate Groups

or Clusters

DATA No a priori groups
Test of l
homogg ne.lty Distance/
of multivariate Dissimilarit
dispersions y Visualise Patterns

<&

Beta-diversity i Euclideﬁ (Unconstrained
disfancers Ordination)

Matrix

PCO or MDS

Partition Variability in
the Dissimilarity Matrix
According to...

7N

Factors, Groups or
Treatments in an
Experimental
Design

Predictor Variables
that are Continuous
(X)

Draftsman Plots,

/

~

Group(s) + Covariates

Check for Multicollinearity,

l\ Model Selection and
W Parsimony

PERMANOVA

(M)ANCOVA

1 variable
= ANOVA

l(\' Visualise Fitted Model

dbRDA

Multivariate
DISTLM Multiple Regression

CLUSTER/SIMPROF

Exploratory Options:
Superimpose group labels,
bubbles or vectors

Use Multivariate Data
to Discriminate or

Predict...
' N

GROUPS GRADIENTS

How distinct Continuous or
are the groups? Ordered Variables
(Allocation success) l
CAP CAP

Discriminant Canonical

Analysis Correlation

CDA (MANOVA)
Pillai’s Trace,

Roy’s largest root
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