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Aims of the course

Overview of principles of multidimensional data analysis

Choice of statistical tools 

Learn how to use these tools

Interpretation of the results

Efficient communication with other experts

Use 



Course structure

Wednesday 9:15 – ~13:00
~1h theoretical lecture

~1h introduction to practical (commented R script)
Doubs river fish dataset

1-2h hands-on practical work
oribatide mites datase

before you leave: briefly present your results to a teacher

(~2-3 minutes)

short paper discussions
read paper for discussion the following week

group work



Tentative schedule
11.09. session 1 Introduction to multivariate statistics using R 

18.09. session 2 Similarity and distance

25.09. group work – define research topic 

02.10. session 3 Cluster analysis

09.10. «modern R» with Martin (tidyverse)

16.10. group work – cluster analysis

23.10. break

30.10. session 4 Ordination

06.11. session 5 Constrained ordination

13.11. mid-term exam, group work – ordination techniques

20.11. session 6 Variance partitioning

27.11. session 7 Auxilliary multivariate tools

04.12./11.12. group work

18.12. hand in report

08.01. group presentations 1

15.01. group presentations 2



Evaluation

mid-term exam (40%) (individual)
ca. 5 multiple-choice questions

1-2 questions to develop

written report (30%) (group)
introduction, background, hypotheses

data source, types

results, figures, tables

discussion, interpretation, conclusions

8 pages maximum, 3 different multivariate analyses, ~5 Figures, deadline 

18.12.2024

oral presentation (30%) (group)

in January 2025, 10 + 5 minutes



Group projects

7 groups of 5 students

define a research question

collect/find data

present research idea (1 page)

perform multivariate analyses to address

research question

write report

present results to the class

> Check moodle
for data sources



material

http://www.numericaleco

logy.com/numecolR/index

.html

available as pdf

http://www.numericalecology.com/numecolR/index.html


Online resources

https://ordination.okstate.edu/

https://www.davidzeleny.net/anadat-

r/doku.php/en:start

https://environmentalcomputing.net/statistics/

mvabund/

https://sites.google.com/site/mb3gustame/



Multivariate statistics (in Ecology)

« Domain of quantitative ecology dealing with the 

numerical analysis of complex data » (Legendre & 

Legendre 1998)

Origin in the ecology of biological communities 

(synecology, community ecology)

Original numerical methods, often developed by 

ecologists (e.g. diversity/similarity measures) 



You will try to answer difficult

questions about the complex

world we live in.

Which test should I apply?

There is not a single «test», but rather a series of 

analyses - data exploration, model formulation, 

evaluation and interpretation is required.

Why is it important?



Practical Example

11

Indicator Species Analysis (ISA)



Indicator Species
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Indicator species:

1. reflect the environment 

(abiotic or biotic)

2. respond to environmental 

change

3. representative of other species 

(i.e. can be used to predict the 

diversity of other species, taxa or 

communities)

Lawton & Gaston, Encyclopedia of Biodiversity, 2001

Monitoring the occurrence (or abundance) of 

indicator species is often used in long-term 

environmental monitoring for conservation or 

ecological management.



Indicator Species Analysis (ISA)
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ISA requires classification of sample units into groups.

ISA involves calculating the specificity (Aij; relative abundance) and 

fidelity (Bij; relative frequency) of species i in group j. 

These values are then multiplied to yield the test statistic, the Indicator 

Value (IVij).
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Why R? • freely available

• constant development

• professional visualization

• documentation and help

• large community (support)

• reproducability (code 

sharing)

https://nceas.github.io/oss-lessons/



https://nceas.github.io/oss-lessons/



RStudio



Datasets used in this class

built-in
iris  - Edgar Anderson's Iris Data

mtcars - Motor Trend Car Road Tests

doubs – Verneaux doubs fish

dune - Vegetation and Environment in Dutch Dune Meadows.

mite - Oribatid Mite Data with Explanatory Variables

BCI  - Barro Colorado Island Tree Counts

varechem/varespec - Vegetation and environment in lichen 

pastures

own (group) datasets



R libraries used in this class

• vegan

• ade4

• adespatial

…



reference
manual

vignettes!

CRAN -The Comprehensive 

R Archive Network
https://cran.r-project.org/

Task views



https://cran.r-project.org/web/views/

CRAN Task Views



Possible approaches to 

problems in Ecology
1. Independent 
description of community 
and environment

Community structure, 
species composition, 
diversity, abundance 
distribution

Spatial structure

Temporal variation

 Observational and 
inductive approach, no 
hypotheses

 Qualitative or intuitive 
links e.g. bioindicator

community environment/

habitat



2. Simultaneous 

description of 

community and 

environment

Correlation between 

biological and 

environmental data

Quantitative empirical 

links 

 No explanatory model, 

no hypotheses

 Observational approach

community environment/

habitat

Possible approaches to 

problems in Ecology



3. Unilateral influence of 

the habitat (explanatory 

variables) on the community 

(biological response)

Regression: biological versus

environmental data

Empirical explanatory model 

Observational (implicit 

causality), static

Experimental, manipulative 

(treatments), predictive, 

(explicit causality), kinetic

 Deductive approach, 

hypotheses

community environment/

habitat

« Response variables » « Explanatory variables »

Possible approaches to 

problems in Ecology



4. Reciprocal 
interactions between 
habitat and community

Systemic approach

Predictive, theoretical 
model (explicit causality 
with feedback effects), 
dynamic

 Ecological simulations

community environment/

habitat

Possible approaches to 

problems in Ecology



• Univariate analysis - one variable

• Bivariate analysis - two variables

• Multivariate analysis - more than two variables
Every object (sample) is characterized by several 

descriptors
Direct graphical representation is impossible beyond 3 

dimensions

Multidimensional

ecological/environmental data 



Multidimensional data
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Types of scientific tasks 
most suited to the application of multivariate methods

• Data reduction and simplification
the summary of multiple variables via a small set of (synthetic) variables. High-

dimensional patterns are presented in a lower-dimensional space, aiding 

interpretation.

Principal Component Analysis 

• Sorting and grouping
Tasks concerned with the similarity of samples and their assignment to groups.

Cluster analysis

• Investigation of dependence among variables
Methods that detect dependence among variables are valuable in detecting 

influence or covariation.

Redundancy Analysis

• Hypothesis construction and testing
Exploratory techniques can reveal patterns in data from which hypotheses may be 

constructed. 

Mantel test, PERMANOVA



Accurate choice of methods…

Ramette 2007



Accurate choice of methods…
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Objects and descriptors

Objects = observations 
samples, field surveys, sites, experimental units

Descriptors = measured variables 

Biological variables

species, presence/absence, abundance (or their attributes)

traits

evolutionary/phylogenetic relationships

activity measurements

Environmental variables

temperature, pH, soil type, nutrients…

Spatial variables

Geographical coordinates (x, y), island size, latitude, …



Descriptor types

Binary (boolean, qualitative with two modalities)
• Ex. : presence (1) or absence (0) of a species, terrestrial vs aquatic

Multiple

Unsorted (nominal, qualitative multiclass, categorial)
• Ex. : soil type, group affiliation (for instance following cluster analysis)

Sorted
Semi-quantitative (ordinal, rank)

• Ex. : weak – medium – strong (coded  1 2 3)

• Ex. : dominance code of a species (r + 1 2 3 4 5)

Quantitative (cardinal)

Discreet (integer)
• Ex. : number of individuals of a species (abundance s.s.)

Continuous (numerical)
• Ex. : biomass, altitude, activity rate measurement

Synthetic (complex)
• Ex. : relative abundance of a species

• Ex. : C/N ratios of organic matter



Doubs 

+ spatial coordinates

abundance of 27 fish
species along 30 sites in 
the river Doubs

environmental parameter

traits 

Verneaux J. 1973. - Cours d'eau de Franche-Comté (Massif du Jura).
Recherches écologiques sur le réseau hydrographique du Doubs. Essai de biotypologie.

R> library(vegan)
Data(



+ spatial coordinates

abundance of 35 species of mites 
in mosses collected in 70 sites in 
Montreal, Canada

environmental parameter

Oribatide mites 

Borcard, D., Legendre, P. & Drapeau, P. (1992) Partialling out the spatial 

component of ecological variation. Ecology 73: 1045-1055.


