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Serial transferChemostat Long-term

The emergence and maintenance of 
biodiversity

Modified from Stams, A. and Plugge, C. (2009) Electron transfer in syntrophic communities of anaerobic bacteria and archaea. Nature Reviews Microbiology 



E. coli Long-term starvation experiment

(Finkel, Kolter 1999)



E. coli Long-term starvation experiment

(Finkel, Kolter 1999)



Finkel, S.E. & R. Kolter (1999) PNAS

Niche construction



Finkel, S.E. y R. Kolter (1999) Evolution of microbial diversity during prolonged starvation. PNAS

Finkel, S.E. (2006) Long-term survival during stationary phase: evolution and the GASP phenotype. Nature Rev. Microbiol.

Keymer et al.( accepted) Diversity emerging: From competitive exclusion to neutral coexistence in ecosystems.
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Older mutants exclude younger ones but older ones coexist.



𝑑𝜙

𝑑𝑡
= 𝑟𝜙 1 − 𝜙 𝜙 = 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛

𝑟 = 𝐺𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒
𝑟 𝜔 = 𝑓𝜔 −𝑚

𝑚 = 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦
𝑑𝜔

𝑑𝑡
= 𝑆 − 𝐶

𝜔 = 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝑆 = 𝜆(1 − 𝜔) 𝑓 = 𝐹𝑒𝑐𝑢𝑛𝑑𝑖𝑡𝑦

𝐶 = 𝜖𝜙𝜔𝑓 𝜆 = 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑖𝑛𝑔 𝑟𝑎𝑡𝑒

𝜖 = 𝐶𝑜𝑛𝑣𝑒𝑟𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

Keymer, Fuentes & Marquet (2012)
Theoretical Ecology 5(3), 457-463

A simple model



𝑑𝜙

𝑑𝑡
= 𝑟𝜙 1 − 𝜙

𝑑𝜔

𝑑𝑡
= 𝜆(1 − 𝜔) − 𝜖𝜙𝜔𝑓

𝜔∗ =
𝑚

𝑓 Normalizing time 𝜏 =
1

𝑓

𝑑𝜙

𝑑𝜏
= 𝜔 − 𝜔∗ 𝜙 1 − 𝜙

𝑑𝜔

𝑑𝜏
=
𝜆

𝑓
1 − 𝜔 − 𝜖𝜙𝜔

(1)

(2)

(3)

(4)







Neutral theory of Ecology and Biogeography



Fisher’s Log-series distribution

Master equation for the probability of observing k species with n individuals



“In principle one could solve eq. 3-4….for our purpose is more useful to 
find the mean M(t)  and the variance, var(t), of the number of species at time t. 
These can be estimated in nature  by measuring the mean and variance in 
number of species of a series of islands of about the same distance and are and 
hence of the same 𝜆 and 𝜇."  pp.33-34



ME for the number of species within communities (islands)

ME for the number of individuals within species

They cannot be true at the same time!





Diffusion processes

Andrey Kolmogorov

Ronald Fisher
Sewall Wright



x = Frequency of a given allele in a local population

N= Effective population size

m = Proportion of migrating individuals among population each 
generation. 

p= Frequency of a given allele in the total population

x, N

p
m

• The frequency of genes  in a structured 
population

𝜇 = Mutation rate



Kolmogorov (1935) Dokl. Akad. Nauk SSSR 3 (1935), 129-132.

Large population of N individuals  consisting of s partial populations with n individuals each (N=sn)

Each generation k individuals disperse randomly across the partial populations.

ҧ𝑝 = gene frequency in the large population

𝑝 = gen frequency in a local population

Δ𝑝 =change in the frequency of 𝑝 over one generation

𝑞 = 1 − 𝑝



Following Wright and Fisher:

𝑀 𝑝 = 𝐸 Δ𝑝 =
𝑘

𝑛
( ҧ𝑝 − 𝑝) 𝑉𝑎𝑟(𝑝) = 𝐸(Δ𝑝)2=

𝑝𝑞

2𝑛

“Since s is large, the variation of the total concentration      will proceed much more slowly than 

those of the partial concentrations p. Therefore,    can temporarily be taken constant. The 

concentrations p in partial populations deviate from    in either direction. After sufficiently long 

time the fluctuations of p around     result in a certain stationary probability distribution

for the concentrations p.” (Kolmogorov 1935)

ҧ𝑝
ҧ𝑝

ҧ𝑝
ҧ𝑝

This stationary distribution satisfies the Kolmogorov forward or Fokker-Planck equation:

1

2

𝜕2

𝜕𝑝2
(Var p μ) −

𝜕

𝜕𝑥
(𝑀(𝑝)𝜇) =0

Whose solution 𝜇(𝑝) is:

𝜇 𝑝 =
1

Β(4𝑘 ҧ𝑝, 4𝑘ത𝑞)
𝑝4𝑘 ҧ𝑝−1𝑞4𝑘 ത𝑞−1



Frequency or 
proportions
(Continuous)

Number
(Discrete)



Prof. Rolando Rebolledo



𝜌∞ 𝑥 =
Γ 𝛼 + 𝛽

Γ 𝛼 + Γ 𝛽
𝑥𝛼−1 1 − 𝑥 𝛽−1



The Proportional Species Abundance Distribution (PSAD)

𝜌∞ 𝑥 =
Γ 𝛼 + 𝛽

Γ 𝛼 + Γ 𝛽
𝑥𝛼−1 1 − 𝑥 𝛽−1



Marine communities

Tropical Forest

Bird communities

Shrublands

𝜌∞ 𝑥 =
Γ 𝛼 + 𝛽

Γ 𝛼 + Γ 𝛽
𝑥𝛼−1 1 − 𝑥 𝛽−1

𝛼 ~ Dispersal

𝛽 ~ Speciation



Some Sources of Stochasticity at Different Levels of Organization

Frequency of Gene families
within Genomes

• Mutation
• Lateral gene transfer
• Gene duplication

Frequency of genes within 
and among population

• Mutation
• Drift
• Migration
• Loss

Frequency of individuals
among species 

Frequency of species
Among communities

• Birth
• Death
• Migration

• Speciation
• Extinction
• Migration





Abundance of gene families within genomes

• Birth-death processes are applicable to understand genome evolution

• Driving processes are similar

Duplication

Mutation

Lateral gene transfer and retroviral infection

Plasmids

Gene extinction







Empirical data



123 soecies, 21 years

· 123 species; 21 years

Wide changes in area, 

heterogeneity, productivity, 

connectivity, diversity…

From: Matías Arim 



The BeTa distribution provide a good fit to the relative abundance 

within each community
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(0.26 < R2 < 0.82) 

OK Beta

Arim et al. (ms) 
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𝛼 Reflects:
Performance of resident species. Favors 
dominance

𝛽 Reflects:
·  Dispersal of non residents. Favors 
coexistence.

The parameters 𝛼 𝑦 𝛽

Arim et al. (ms) 

𝜌∞ 𝑥 =
Γ 𝛼 + 𝛽

Γ 𝛼 + Γ 𝛽
𝑥𝛼−1 1 − 𝑥 𝛽−1



Expected Richness 𝑆 = 1 +
𝛽

𝛼

The Beta distribution breaks down observed species richness into 
the ratio of the intensity of processes that promote (𝛽) and limit (𝛼) 
diversity.

The same applies to the expected frequency, which is a function of 
the ratio between the intensity of the processes that promote (𝛼) or 
limit (𝛽) species dominance in communities.

Arim et al. (ms) 



𝛼 :
Reflects performance of 
resident species.

Determines low colonization

𝛽 :
Performance of non-residents
Increase colonization

Arim et al. (ms) 



Degrees of neutrality….
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Integration

Across disciplines and levels of organization



The Eyring–Evans–Polanyi (EEP) transition state theory (TST)



Arroyo et al. (2022) PNAS



• Integration among theories is a first step towards a more logically consistent 
ecological theory

• The theory of island biogeography, given its quantitative character 
provided a foundational model to foster integration in ecology (although the
was wrong!)

• Genes, individuals and species seem to obey the same probability law.


