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• Species:  
• sites sharing a similar species composition are ecologically similar 

• i.e. high similarity / low dissimilarity; 
• we will cover dissimilarities in Topic 5. 

• Environmental variables: 
• sites sharing similar environmental conditions have a low environmental distance between 

them; 
• how similar sites to each other depends on…  

• measurable environmental differences that influence species composition, 
• 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/distances between 
sites.

Similarity/dissimilarity and distance



• A distance matrix is produced from a data table (species table or environment table) by 
calculating one of several dissimilarity indices. 

• Also called association or resemblance matrices. 
• See vegdist() vegan for a list of dissimilarity indices. 
• The result is a matrix of pairwise differences in community composition (as synthesised by the 

chosen index) or ecological distance between all sites.

Distance matrices



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

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

• Conforms to our physical concept of distance 
• e.g. short geographic distances between points on a map, and 
• (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, and 
• this is not useful for species data.

Distance matrix for environmental data



• The matrices are square and symmetrical, and they will have as many rows and columns as the 
number of sites present in the original species or environment table. 

• The diagonals are zero (a site is the same as itself, so it has zero dissimilarity). 
• 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) of a site is lost, as this info is condensed 

into one metric.

Distance matrices



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



e.g. example with position (such as geographic) coordinates… 
use vegan’s vegdist() function

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) = 



(transformation)

e.g. example with higher dimension environmental data…

Raw data

Standarised data

Euclidian distances
ex.env.std


