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Multivariate analysis 

• Community level data is important for interpretation of 

ecological effects from properly constructed field 

studies (see unit 4), though can be used for a variety 

of lab-derived multivariate datasets 

• Community level data is multivariate (many variables) 

as each sample site is described by the abundances 

of a number of species or environmental factors 

• What is Multivariate Analysis? 

• Why use it for analysing environmental data? 

• What are the main techniques of MVA? 
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There are three main advantages of using 

MVA 

1. user appreciates the problem and 

foresees data type, sampling design and 

analysis method 

2. there is a consistency of implementation 

3. detects smaller differences and more 

subtle changes in community structure 

Multivariate analysis 
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• Classification 

• Ordination 

 

• Data input 

Multivariate analysis – main types 
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Multivariate analysis – data input 
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Data matrix (two way table): 

Species 

Stations 



• for MVA is primarily used to weight the data in 

order to even out the contribution made by all 

variables, e.g. species, environmental factors 

• Commonly used transforms: 

• square root (sq rt) 

• log transform (lg) 

• fourth root (4rt) 

• binary or presence/absence 

• Strength:  sq rt    <   lg   <   4rt   <   +/- 

Multivariate analysis - transformations 
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• log transformation 

• downweights 

abundant species 

• increases importance 

of rare species 

• log(x + 1) 

• 1000 ind > 3.0004 

• 100 ind > 2.0043 

• 10 ind > 1.0413 

• 1 ind > 0.3010 

Multivariate analysis - transformations 
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• Classification 

• Ordination 

Multivariate analysis – main types 
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• Groups similar entities together in 

clusters or groups 

 

• Two basic kinds: 

• Non-hierarchical classification, e.g. 

twoway table 

• Hierarchical classification, e.g. cluster 

analysis 

Multivariate analysis - classification 

Introduction to multivariate analysis 



• simple ordering or 

species and stations 

so their occurrences 

give a patterned 

structure along the 

gradient 

• good for large data 

sets 

• done “by eye” or by 

computer 

Multivariate analysis - classification 
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• groups similar entities together into classes in a 
hierarchical manner 

• single analysis may be viewed on several levels, e.g. 
general / detailed 

• relationships are expressed among the entities 
classified 

• poor for large datasets, good for smaller datasets 

• two types: 
 

• Monothetic divisive (all samples in a single cluster then 
progressively divide into smaller ones) 

• Polythetic agglomerative (each sample in a single 
cluster then agglomerate these into larger and larger 
clusters) 

Multivariate analysis - classification 
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• comparison of 

sample pairs or 

species pairs 

 

• many different 

techniques, e.g. 

percentage similarity 

Multivariate analysis – assoc. matrix 
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• Agglomeration procedures 

 

• e.g. 

 Nearest neighbour 

 (lowest similarity measure) 

 Furthest neighbour 

 (highest similarity measure) 

 UPGMA 

 (average similarity measure) 

Multivariate analysis – sorting methods 
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Multivariate analysis – dendrogram 

 

Percent Similarity - Data log(10) transformed
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Environmental impacts of sealice

chemicals – Telfer et al (2006)
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• Classification 

• Ordination 

Multivariate analysis – main types 
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• represents samples and 

species relationships in a 

low dimensional space 

• plot where similar 

samples/species situated 

near to each other 

• arrangement of samples 

or species related to 

environmental factors 

• graphically 

• statistically 
Environmental impacts of sealice chemicals – 

Telfer et al (2006) 

Multivariate analysis - ordination 
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Regression analysis 

Multivariate analysis - ordination 

Graph - Regression analysis 
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Spearman 

Rank 
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Variable  Axis 1  Axis 2  n 

______________________________________________________ 

  

Carbon  0.513*  0.428  20 

 

Total S  0.847**  0.288  20 

   

Free S  0.764**  0.185  19 

______________________________________________________ 

 

  * correlation at p<0.05 

  ** correlation at p<0.01 

 

  n represents the number of stations  

   used for the correlation as the 

   chemical parameters were not done  

   at all stations 

 

* 

Multivariate analysis - ordination 
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• The real 

relationship 

between the 

environmental 

factors and the 

positions of the 

sampling stations 

would be: 

Free Sulphide 

Total Sulphide 

Total Carbon 

Multivariate analysis - ordination 

Introduction to multivariate analysis 



• Canonical Correspondence 

Analysis 

• ordinates both species data 

and environmental variables 

• based on DECORANA 

• gives the actual axis 

     directions 

Fish exclusion 

experiments – Felsing et 

al (2005) 

Multivariate analysis - ordination 
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Multivariate analysis – useful refs 
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