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• see https://sites.google.com/site/mb3gustame/indirect-gradient-analysis/pca and https://
www.davidzeleny.net/anadat-r/doku.php/en:pca 

• in ecology, PCA is done by the eigen-decomposition of an distance matrix or association matrix 
• this yields a scaling and rigid rotation of axes in that the positions of points relative to one another 

(Euclidean distances) are maintained during rotation 
• the scaled and rotated axes are referred to as principle components (the PC axes) 
• the higher the degree of correlation between env. variables (or associations between species) is, the 

more strongly ‘focused’ the data cloud is, and therefore the more ‘successful’ the PCA is in terms of 
being able to represent many variables by only a few new variables (i.e. a few PC axes) 

• since the association matrix is a correlation matrix, the sum of the eigenvalues along the diagonal 
equals the number of ‘species’ (here env. vars.) 

• it maximises the ‘variance explained’

Principal Component Analysis (PCA)

https://sites.google.com/site/mb3gustame/indirect-gradient-analysis/pca
https://www.davidzeleny.net/anadat-r/doku.php/en:pca
https://www.davidzeleny.net/anadat-r/doku.php/en:pca


https://youtu.be/_UVHneBUBW0
https://youtu.be/FgakZw6K1QQ

https://youtu.be/_UVHneBUBW0


Principal Component Analysis (PCA)

…intermediate correlation matrix produced by `scale = TRUE`…



Principal Component Analysis (PCA)

continue…



Principal Component Analysis (PCA)

continue…
• eigenvalues are the amount of variation (inertia) explained by the new variables (PC axes), 

i.e. (6.0979/11)=0.5544 … if using a correlation matrix (the default)! 
• percentage and cumulative percentage 
• the first principal component explains 55.44% of the variation 
• the second adds an additional 19.70% 
• the total amount of explanation offered by PC1 + PC2 is 75.14% 
• all of the axes (here 11) account for 100% of the variation



Principal Component Analysis (PCA)

continue…

…continue

• species scores: the loadings (a.k.a. scores or scaled eigenvectors) indicate the ‘strength of contribution’ of the original 
variables to the new variables, the Principal Components (PC1, PC2, etc.) 

• they indicate how much each of the original variables contribute to PC1, PC2, etc. 
• larger (more +ve) and smaller (more -ve) values indicate a greater contribution (albeit in opposite directions) 

• here, PC1 is made up of uneven contributions from most of the original variables 
• largest value is nitrate (1.1432) and smallest is oxygen (-1.0089)… these contribute most towards the differences 

between sites… places with the most nitrate will have the least dissolved oxygen (which makes ecological sense too) 
• pH and slope are least important 

• given the strength of this principal component (it explains 55.44% of the inertia), one might hypothesise that its constituent 
variables influence many aspects of the community, but the vars oxygen and nitrate are most influential



Principal Component Analysis (PCA)
…continue

• site scores: the (scaled) coordinates of the objects (sites)



Principal Component Analysis (PCA)



Principal Component Analysis (PCA)



Principal Component Analysis (PCA)



Principal Component Analysis (PCA)

• the contours form a linear trend 
surface, i.e. they are perpendicular to 
the arrow 

• this is the main problem of PCA, as 
community data are nonlinear 

• in general, PCA should not be 
used for community data 

• PCA is useful for linear data 
• can be used to derive new combined 

variables for other analyses when PCA 
explains a large proportion of variance 

• often displays a ‘horseshoe’ effect, 
indicating a non-linear response

Read more at http:/#ww%.flutterbys.com.au/stats/tut/tut14.2.html



Self study of PCA

Replicate the analysis shown above on the 
1. The Doubs River data 
 * DoubsEnv.csv … the environmental data 
2. The Seaweed Data 
 * ordiStat_58_v2.0.RData … the environmental data 

Notes: 
• consult the book Numerical Ecology with R thoroughly 
• you will need the vegan package 
• the file cleanplot.pca.R is provided as it contains a function that you will use 
• background reading to Doubs River data in https://www.davidzeleny.net/anadat-r/doku.php/en:data:doubs 
• background reading to Seaweed data in Smit et al. (2017) 
• submit the annotated R script next week Monday, 17 August 2020, at 23:55; make sure to include an 

explanation of the findings for both the Doubs River and Seaweed environmental data 

https://www.davidzeleny.net/anadat-r/doku.php/en:data:doubs


FAQ

Question 1: 
- One of the graphs are in a circle and the other does not. Why is this? What does the circle represent? 
- What does the circle of equilibrium mean? 
Question 2: 
- Will the PCA plots always only have the two axis? 
- To calculate the proportion of variance, do you only use the values of the which ever axis are shown (e.g. PC1 or PC2)? 
Question 3: 
- How do we compare variables between different sites exactly? 
Question 4: 
- What does the length of the arrows mean, why are some of them short and others longer? 
Question 5: 
- Why do some of the principal components produce negative values in their eigenvalues? 
Question 6: 
- Why should you standardise variables first before running PCA? 
Question 7: 
- Should you leave some variables unstandardised if you want certain variables to have more weighting than others? 
Question 8: 
- Can PCAs be used for things like GIS or molecular work involving large Datasets? In order to summarise climate data for ecological niche modeling.? 
Question 9: 
- I do not understanding why and how PCAs are relevant for certain datasets and not for others. 
Question 10: 
- Explain what the distance between objects mean? 
Question 11: 
- How do you know if the variables are positively or negatively correlated with one another by looking at the graph?


