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Outline: Theoretical concepts in community ecology 

Å From populations to communities 

 

Understanding community assembly 

 

Å Island Biogeography Theory 

 

Å Unified Neutral Theory of Biodiversity and Biogeography 

 

Å Niche theory 

 

Å Phylogenetic community assembly 
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From population to community ecology: multi-species systems 

Antagonistic & Mutualistic interactions 

http://denalibiomeproject.wikispaces.co
m/Predator -Prey+Relationships  

Bascompte. 2009  FEE 7 : 429 ï
436  
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Stability vs. Complexity 

ÅMultiple definitions for stability and 
complexity 

 

 

 

Variability  
Resilience  
Resistance  

Species richness  
Connectance  

Interaction strength  
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Multi-species systems 

 ñLarge complex ecosystems 

assembled at random are 

expected to be stable only 

up to a certain level of 

connectance and then 

suddenly become unstableò 
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Diversity of Intercation Types and Ecological Community Stability 

A. Mougi and M. Kondoh 

Science 337, 349 (2012) 
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Conclusions: 

ñAdditional empirical study 

of the structure and 

dynamics of hybrid 

communities composed 

of various types of 

interactions must be 

pursuedò. 



Difficulties collecting data in the field 
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What is a community? 

Å A community is an assemblage of species 

that occur together in space and time. 

 

Å Sum of properties of individuals and species 

plus their interactions. 

 

Å Can be defined at any spatial or temporal 

scale. 
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Community data 

ÅSpecies richness 

 

ÅSpecies abundances 

 

ÅSpecies identity 
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Community assembly: Predicting the number of species 

present in a community 

ÅSpecies richness 

 

ÅSpecies abundances 

 

ÅSpecies identity 
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Species richness and the species-area curve (Arrhenius 1920s ) 

S= cA z 

log(S) = log(c) + z log(A)  
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Theory of Island Biogeography - MacArthur & Wilson 1967 

Figure from Brown and Gibson -Biogeography  

S= cA z 
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Island biogeography as a neutral theory 

 

Å  Species differences are not considered to be important 

Å  All species obey same rules and affected in the same way 

Å  Communities are dispersal assembled (immigration) 

Å  Communities are not stable but in constant turnover through 

repeated immigrations and local extinctions 
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Community assembly: Predicting relative species-abundance in 

a community 

ÅSpecies richness 

 

ÅSpecies abundances 

 

ÅSpecies identity 
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The Unified Neutral Theory of Biodiversity and Biogeography 

II Southern-Summer School on Mathematical Biology 



What does neutral  mean? 

Per capita ecological equivalence 

ÅBirth 

ÅDeath 

ÅMigration 

ÅSpeciation 

 

All individuals of all species obey exactly the same rules 

but 

individuals and species are NOT the same 
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Assumptions of neutral theory: saturation and zero-sum dynamics 

Finite community size (J) 

 

All resources are used 

 

No new individuals can be 

added (reproduction or 

immigration) until some 

have been removed 

(mortality) 

 

Sum of all abundance 

changes is zero 
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Neutral theory 

Ecological communities are structured by: 

 

1.Ecological drift 

 

2.Random migration 

 

3.Random speciation 
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Ecological drift 

J = 25 individuals  

S = 7 species  
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Ecological drift 

J = 25 individuals  

S = 7 species  

 

Random death  Ĭ 
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Ecological drift and random migration 

J = 25 individuals  

S = 7 species  

 

Random death  

 

Replacement  

 

Random migration  

? 
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Ecological drift 

J = 25 individuals  

S = 7 species  

 

Replacement  
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Ecological drift 
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Ecological drift 

Ecological drift leads to local 

extinction(s) 

 

Community collapses to a 

single species 
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Time to fixation 

Two possible stable states for any given species 

ÅLocal extinction 

ÅLocal monodominance 

Time to fixation  

Community 
size  

Initial 
abundance  
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Metacommunity 

1. Local community 

Å Relatively small spatial scale 

Å Relatively rapid dynamics 

 

2.    Metacommunity 

Å Relatively large spatial scale 

Å Relatively slow dynamics 

 

Assumption: constant metacommunity 
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Random speciation and the fundamental biodiversity number 

Fundamental 
biodiversity 

number  

Size of the 
metacommunity  

Speciation 
rate  
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Fundamental biodiversity number 

Fundamental biodiversity 

number (ɗ) 

ÅControls the SAD 

ÅEquivalent to Fisherôs Ŭ (and 

Simpsonôs diversity index) 
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Fundamental biodiversity number 

ȅ ~ 0.22  

ȅ ~ 6  

ȅ ~ 24  
ȅ ~ 180  
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Community assembly: Predicting which species will be present in a 

community 

ÅSpecies richness 

 

ÅSpecies abundances 

 

ÅSpecies identity 
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Conopophaga melanops 

Conopophaga lineata  

Species differences and similarities 
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