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•     

"We have become, by the power of a glorious evolutionary accident called intelligence, 
the stewards of life's continuity on Earth. We did not ask for this role, but we cannot 
abjure it. We may not be suited to it, but here we are." 

— Stephen J. Gould
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In this section… 
What is ecology? 
Ecological questions: 

What kinds of questions have been asked by ecologists? 
What kinds of questions can be asked? 
What has caused the difference is kinds of questions being asked? 

What is QE? 
Why not use the biology and statistics knowledge you already have?



What is ecology?
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Community ecology vs. population ecology…



What kinds of questions?
Community ecology underpins the vast fields of biodiversity and biogeography, and concerns spatial scales from squares 
of meters to all of Earth. We can look at historical and contemporary processes that have been implicated in shaping the 
distribution of life on our planet. And the processes that will shape Earth in the Future.
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Kelp forest example: Premise 1

The world is changing…
The physical environment… 
How do we know this? 
How do we measure it? 
What is changing? 
Over which spatial scales? 
Over which temporal scales? 



Kelp forest example: Premise 2

Kelp forests have multiple ecological services…
The biological environment… 
How do we know this? 
How do we measure it? 
What is changing? 
Over which spatial scales? 
Over which temporal scales? 



The question 
What consequences stemming from the  
changing environment are there for kelp forests?

The biological environment… 
How do we know this? 
How do we measure it? 
What is changing? 
Over which spatial scales? 
Over which temporal scales? 

The physical environment… 
How do we know this? 
How do we measure it? 
What is changing? 
Over which spatial scales? 
Over which temporal scales? 

+

Consequences



Why we care
What does this mean for people?
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Example: Agulhas Current’s influence at multiple scales









Temperature 

● Geographic distribution 

● Survival, reproductive limits 

● Biochemical and physiological rates 

● Nutrient availability 

● Localised influences on morphology?

Effect 1: temperature gradient



Effect 2: marine heat waves







The Visible Infrared Imaging Radiometer Suite (VIIRS) on Suomi NPP acquired the image of 
southern Africa on January 4, 2017.

Effect 3: phytoplankton



Image of Cape Agulhas was acquired by the Operational Land Imager (OLI) on Landsat 8 on 
May 25, 2016.



Numerical wave model 
● Wave Watch III forced by NCEP 
winds at 3hr resolution, hindcast 
from 1994-2013 
● Wave parameters modelled using 
SWAN 
● 200m alongshore resolution

Effect 4: waves





• Community ecologists tend to analyse how multiple environmental factors act as drivers that influence the distribution of tens or 
hundreds of species. 

• These data are often be messy and statistical considerations need to be understood within the context of the data available to us.

What is Quantitative Ecology?



• This translates to errors of measurement and errors due to extreme values, the presence of a few very rare or 
very abundant species, autocorrelated residuals (due to repeated sampling, for example), collinearity, issues of 
scaling, etc. 

• These challenges make the application of 'basic' statistical approaches problematic, and a new branch of 
inferential and exploratory statistical needs to be followed.



• These approaches involve techniques that allow us to work with all the data at once, and because it can 
simultaneously analyse all the variables (multiple environmental drivers acting on multiple species at multiple 
places and across multiple times), this group of statistics is called 'multivariate statistics.' There are two main 
groups of multivariate statistics: 'classifications' and 'ordinations.'



• Classification generally concerns placing samples (species or environments) into groups or hierarchies of groups. 
• Ordination is best suited for analyses that involve arranging samples along gradients.  
• Often they complement each other, but we shall see later that each approach has its own strengths. Irrespective 

of the analysis, the data share a few characteristics.


