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Science, Scale, 
and Ecology
MODULE: 02 SCIENCE, SCALE, AND ECOLOGY
UNIT: 01 CONCEPTUAL FOUNDATIONS

Module Objectives

At the end of this series of lectures, you should be able to: 
1. Define terms. 

2. Define and characterize the concept of scale in ecology.

3. Describe how scale influences ecological study and tools for dealing 
with scale.

4. Summarize basics of hierarchy theory. 

5. Explain the basic prescriptions for dealing with scale.

Science

 Scientific Method
 Establish relationship between dependent and independent variables. 

 Build a model about what influences the dependent variable.

 Does not prove things true.  It proves things false. 

 All science is wrong to varying degrees.
 The point is to be less wrong over time. 

 Be wrong in more interesting ways. 
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Defining Scale

 Scale – spatial of temporal dimension of an object or process
 Example (I am going to measure ____.  Do I bring ocular micrometer, 

calipers, ruler, yardstick, chain, wheel …

 Differs from the level of organization in the ecological hierarchy

 Scale is characterized by: 
 Grain – finest spatial resolution within a given data set. 

 Extent – The overall size of the data set. 
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Scale Is Important

 Issues of the environment are spread over large areas
 Ecologists typically work at and understand the relatively small 

scales
 How do we use the results from small scale studies to make 

predictions/management suggestions at large scales?

 The answer to a question depends on the scale it is investigated at.  
 Changing the size of the quadrat or study area yields different results. 

Defining Scale

 The spatial and temporal scales important to humans are not 
necessarily the scale that are relevant to other organisms or 
ecological processes. 
 Grain – The minimum area an organism responds to patch structure. 

 Extent – The coarsest scale of heterogeneity at which organisms react. 

 To be most informative the study scale and the organism scale 
should match. 

Types of Scale

 Absolute scale – actual distance, time, area, etc.
 Relative scale – includes mediating factors

 e.g. Two points may be physically close but be separated by imposing 
topography. 
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Hierarchy Theory

 Hierarchy – A system of interconnections wherein the higher levels 
constrain the lower levels. 

 Every level of a hierarchy is composed of elements (holons)
 These are both whole and part

Hierarchy Theory

 Hierarchy of observation
 A variable may change very slowly – such that an observer perceives 

the variable as a constant. 

 A variable may change at a scale in which an observer can measure 
assign importance to the changes. 

 A variable may change very quickly – such that an observer might also 
perceive this as a constant . 

Example 1

Biomes  Individuals  Sunlight

(Slow) (Moves, behaves, dies) (Quick)
(Constant) (Variable) (Constant) 
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Example 2

 What is the influence of insect herbivory on tree growth rate?
 Focus on Individual trees

 What is the effect of insect herbivory on the distribution of live and 
dead trees?
 Focus on the whole forest 

Admonition to Scale

 Investigate the scale or level you are interested in.
 Investigate the level above your focal level—this contains or 

controls the lower levels—provides context
 Investigate the level below your focal level—this provides the details 

needed to explain the behavior observed at the focal level.

Variables

 Variables that are important at explaining something at one scale 
may not be important at another scale.

 A shift in the relative importance of variables may occur with 
change in scale.

 The direction of the relationship may change with changes in scale.
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Example 3

 To predict decomposition rates at local scales you need
 Data on microclimate

 Data on environmental variability

 Characteristics of litter

 To predict decomposition at regional to global scales
 Data on precipitation and temperature

Example 4

 At the local scale in the western U.S.—mortality decreases as 
precipitation increases

 At regional scales mortality decreases with aridity

Scale of Time

 Changing the time frame of observation may lead to different 
results.

 Many examples of this in ecology when a short study shows one 
thing and a larger study shows a difference.

 Example: Vegetation at Portal LTER
 What does this mean for short term studies (MS theses)? 
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Deal With Scale – Practical

 We should focus on scale.
 There is no correct scale for all situations.
 Relevant processes and relationships change with our scale of 

observation.
 Your scale is determined by the phenomena of interest.

Identifying the Right Scale

 Tools to help identify the proper scale 
 Spatial statistics (geostatistics – semivariogram)

 Ecological neighborhoods—observation to identify proper scale 
frequency distributions for space and time

 Multiple regression

 Approaches
 Suite of scales or multiscale approach

Scaling Up and Down

 Why?
 So what?
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Scaling Up

 Issues
 Correctly defining the spatial and temporal heterogeneity of the fine-

scale information

 Correctly integrating or aggregating this heterogeneity to broader 
scales

Autocorrelation

 Spatial autocorrelation – measurement taken from areas that close 
to one another are more similar than areas that are farther apart. 

 Temporal autocorrelation – measurements taken at times close to 
one another are more similar than at time that are farther apart. 

 Example: Temperature

 Violates assumptions of most statistical tests – independence of 
samples

Number Systems

 Small number systems – Describe the behavior of a small number of 
items. 
 Amenable to simple equations 
 Basic physics – Ballistic trajectories

 Large number systems – Describe the behavior of a large number of 
items. 
 Amenable to statistical analyses
 Physics and chemistry – Ideal gas law

 Medium number systems – Describe the behavior of a moderate 
number of items. 
 No good tools
 Ecology


