
BDC334Biogeography &Global Ecology

Topic 4
The Multivariate Nature of

Ecological Data



Diversity can consider either, 
• whether species are present or absent; this kind of data is called presence-absence data 

• this kind of data is binary (i.e. a species is there, or it is not there), or 
• it can include aspects of how much (biomass, abundance, % cover) of each of the species 

that is present 
• we will call this kind of data abundance data.

convert to presence-absence
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(n × q)

n = 7 sites 
p = 10 species 
q = 5 environmental variables
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• how similar sites (plot or quadrats or transects) are to each other is 
shown by distance matrices 

• they are calculated from data tables (species table or environment table) 
by applying dissimilarity or distance calculations of some indices: 
• e.g. Euclidian distances for environmental data 

• the result is a matrix of pairwise differences (or distances) or similarities 
in a metric that relates to the ecological distance between all sites, or 
the community composition (as synthesised by the chosen index)

Distance matrices



• sites sharing a similar species composition are ecologically similar 
• ‘composition’ a function of species richness and abundance 

• i.e. high similarity / low dissimilarity 
• how similar sites are depends on…  

• measurable environmental differences that influence species 
composition, or  

• it can be due to unmeasured influences, or  
• it can also simply be ‘noise’ 

• it is the ecologist’s role to figure out what influences the similarity /
dissimilarity among sites 

• they are grouped with a special class of matrix, i.e. the distance matrix

Similarity and dissimilarity



• Euclidian distance is “the ‘ordinary’ straight-line distance between two 
points in Euclidean space” (i.e. in its simplest form a planar area such as 
a graph with x- and y-axes) 

• in 2D and 3D, gives cartesian distance between points on a plane (x, y), 
in a volume (x, y, z), or higher dimensions 

• conforms to our physical concept of distance 
• e.g. short geographic distances between points on a map  
• (loses accuracy over large distances, as Earth’s surface is not on a 

plane but on a sphere… correct by using great circle distances, e.g. 
use the Haversine formula) 

• calculated using the Pythagorean theorem 
• differences are squared, so single large differences become very 

important 
• this is not useful for species data

Distance matrix for environmental 
data



• the matrices are square and symmetrical 
• as many rows and columns as the number of sites (i.e. rows) in the 

original species or environment table 
• the diagonals are zero (a site is the same as itself, so it has zero 

dissimilarity), or one if it is a similarity matrix 
• the table can be read directly, and each cell represents the species or 

ecological difference between a pair of sites 
• all information of the species ID (and maybe also abundance) at a site is 

lost, as this info is condensed into one metric, the dissimilarity metric (or 
similarity metric)

Distance matrices: properties



Distance matrices: 
Euclidian distance with the 
Pythagorean Theorem for 

environmental data



https://en.wikipedia.org/wiki/Euclidean_distance



e.g. example with position (such as geographic) coordinates…

Raw data

Euclidian distances

(ax - bx)2 + (ay - by)2d(a, b) = 



e.g. example with 3D position coordinates (a.k.a. dimensions)… 

Raw data

Euclidian distances

(ax - bx)2 + (ay - by)2 + (az - bz)2d(a, b) = 



e.g. example with environmental ‘dimensions’… 

Raw data

Euclidian distances

(atemp - btemp)2 + (adepth - bdepth)2 + (alight - blight)2d(a, b) = 

a dimensionless number



(transformation)

e.g. example with higher dimension environmental data…

Raw data

Standarised data

Euclidian distances



• instead of using the Pythagorean Theorem to calculate ‘distances’ between 
species, we use  
• Bray-Curtis or Jaccard index for the case where data are abundances 
• Jaccard for presence-absence data  — this is called the Sørensen 

dissimilarity index 
• instead of having columns with measurements of environmental variables 

we have species abundance or presence-absence data 
• Dissimilarity = 1 - Similarity 

• dissimilarity: the indices go from 0 (sites are identical) to 1 (sites are 
completely dissimilar) 

• similarity: the indices go from 0 (sites are completely dissimilar) to 1 
(sites are identical) 

• Qualitative indices (e.g. applied to presence-absence data) give more 
weight to rare species because the weights assigned to rare and common 
species are the same (1 in both instances). 

• Quantitative indices give more weight to common species, which have 
more numerical variation between plots and these ‘weights’ feature more 
strongly in the calculation of indices.

Distance matrix for species data



Distance matrices: 
example with real environmental 

data (Doubs River data)





Environmental table

Species table



(transformation)

Raw data

Standarised data

Euclidian distances



The full matrix



• use Bray-Curtis for the case where data are abundances 
• use Jaccard (with binary = TRUE) for presence/absence data 
• many more in vegan; see ?vegdist

Distance matrices: 
example with real species data 

(Doubs River data)



Raw data

Bray Curtis dissimilarities



Association matrices: 
example with species presence-

absence



Associations: species presence-
absence 

Species table
Transposed

Jaccard coefficient

Interpretation 
0—always associated with…

1—never associated with…


