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What controls, constrains, and 
organizes ecological diversity? 



Key questions 
§  How many species or traits or genotypes per area 

are there? That is, what is the diversity? 
§  What is the number of individuals (abundance) per 

species? 
§  What is the biomass per species or per area? 
§  What is the best way to maintain ecosystem 

services in terms of robustness and stability? 
Through diversity? Which measure of diversity? 

§  How does the environment drive all of this? 



Outline for Community Ecology 
1.  Neutral theory: species are interchangeable in 

terms of fitness and demographics with 
interactions and differences essentially ignored. 
(top down) 

2.  Metabolic Theory: species/individuals are defined 
by body mass and body temperature which affect 
many physiological and life history traits. Effects 
on consumer-resource interactions and scaling up 
to larger systems. (bottom up) 

3.  Food webs: species are defined by what eats what 
and thus by structural links. Dynamics and 
resilience are beginning to be included. (mixture) 

 



L-V Competition: 4 cases 

Stable Coexistence when 
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K1>α12K2 and K2>α21K1
i.e. when  
  competition within species   
        is greater than 
competition between species 

Other cases have unstable coexistence or one species winning 
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Competitive Exclusion Principle 
Complete competitors cannot stably 

coexist. 
 (‘complete competitors’ have interspecific 
competition > or = intraspecific competition) 

Niche Theory 

L-V Competition: 4 cases 



L-V Competition: 5th case 
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IfK1=K2,α12=α21=1
Neutral Equilibrium 

Individuals of sp1 and sp2 
are interchangeable 

Neutral Theory 



Hubbell’s book 



Neutral Theory 

We can understand process of evolution and/or 
abundance distributions by means of diffusion 
equation. Requires using analogies to mathematical 
physics to understand biological problems.   



Combined Effects 
 
Net Flow=Directional Flow + Nondirectional Flow 
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Diffusion Equation 
(Also known as Kolmogorov forward equation  

or Fokker-Planck equation or relates to Langevin equation 
or comes from master equation) 



Net Difference of Birth and Death is 
a Directional Force 

Population abundance will increase according to the 
population growth rate, which is just the difference 
between births and deaths 

 
 
 

Ln(Population Size) 

time 

Net growth rate, r 

Position space, x, is replaced by abundance space  
Or probability space for probability of having a certain 
abundance, n.  
 



time 

Abundance 

K 

Abundance should change  
with square root of time 

Replacement with chance of coming 
from either birth or immigration is non-

directional force 



Volkov et al. 
Nature 2003 (424), 1035-1037. 

Analytical solutions and approach 



Master equation for population size, n, of 
species k with birth (b) and death (d) 

  Gain from 
death in n+1  
  population 

  Gain from 
birth in n-1  
  population 

Loss from 
birth or death 
 in n population 



Steady state solution for metacommunity 

Expected number of species with population size n  
in the metacommunity 



Neutral Model: 
Local community connected to Metacommunity 

Local community at carrying capacity 
In each death and replacement event: 
§  a randomly chosen individual dies, and 

then… 

2 options: (zero-sum dynamics!) 
§  with probability m, it is replaced with the 

offspring of a random individual from the 
regional meta-community  

or 
§  with probabilty (1- m) it is replaced with 

an offspring of a random individual in the 
local community 

m     = immigration rate  
 

Assumes individuals of different species are  
demographically equivalent 

Regional community 



Algorithm for birth, death, and migration 
for local community connected to 

metacommunity 

Exact correspondence to diffusion equation terms 
given in Allen and Savage, Ecol. Lett., 2007 and  
accounting for incipient species abundances>1 and 
dependence on chronological time instead of per 
generation. 
  



Steady state for local community 
Using the same steady-state solution as before,  
we find 

With the definitions 



Distribution for the local community 

We find 

y=µ  /δθ, δθ=θ/(1-x),    = m(J-1)/(1-m) 
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Match of theory (green) and data with 
comparison to log normal (black) 

The analytical fit is better than lognormal 



Maximum Entropy is more neutral than 
neutral theory 

 
Book->  

Maximum Entropy and Ecology: A Theory of 
Abundance, Distribution, and Energetics, 2009, 

John Harte 



Statistics and Maximum Entropy 
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Statistics is exactly choosing the function that best satisfies constraints  
(e.g., empirical data). An example is maximum entropy calculation 
 
A measure of the order of a system is the entropy, defined as  

where pk are probabilities. Even without data, what is a constraint? 
 



Statistics and Maximum Entropy 
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Taking the derivatives  

Therefore, pk is independent of k so 
 

This is true for all k, so this is just the uniform distribution. This method finds 
the least constrained/most random/minimum entropy distribution, and as extra 
constraints (i.e., pieces of data) are added, the distribution becomes less and 
less uniform. 
 
 



Maximum Entropy reproduces 
predictions of neutral theory by 

specifying 
 

§  Total area of system 

§  Total number of species in system 

§  Total amount of resources/energy per time 
coming into system 

 



Problems with these tests 

 
§  Simulations of stochastic niche models produce similar 

range of patterns 

§  Structurally unstable because narrow range of parameters 
that corresponds to neutrality 

 
§  These neutral models ignore a great deal of demographic 

complexity that is not necessarily part of niche 
mechanisms, e.g. 
§  fitness-equalized life history variation 
§  size structure (O’Dwyer et al., PNAS, 2009). 
§  spatial structure 

 



Coexistence Mechanisms 

Average per capita growth rate at 
low abundance	


(r)	


0	


pure fitness-equalization 
(r = 0)	


stabilization 
(r > 0)	
 Niche theory 

Neutral Theory 



Neutral communities seem to be structurally 
unstable 

§  E.g. in the L-V model, very restricted range of parameter 
space corresponds to neutrality   

§  There has to be something tuning or driving the species to 
be so similar 

So why might neutral communities arise? 

→  When there is no niche space left, there is selection for 
similarity with a species already present 


