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The most salient feature of life has been the stability of its bacterial mode 
from the beginning of the fossil record until today and, with little doubt, 
into all future time so long as the earth endures. This is truly the “age of 
bacteria”—as it was in the beginning is now and ever shall be. 

Stephen Jay Gould (1994)



Border conditions…..



Nitrogen coming from the sky!!!



Ocean Nitrogen deposition





The  Nitrogen cycle works different in polluted areas!!!



S@$%... coming from rivers





Glossary:

API = Active Pharmaceutical Ingredients



CEC= Critical Environmental Concentrations











“For those doing practical work with environmental
impacts, it is of crucial importance to understand that
short-term observations of environmental impacts that can 
be viewed as press perturbations are close to useless for
estimating probable long-term impacts. Moreover, as the
present study makes clear,  predicting those long-term
effects not only requires data on the strengths of many
interactions in the system,  it requires very accurate data 
on many interaction strengths. This is a daunting prospect
indeed.” (Yodzis 1988)



Niche complexity



Niche axis

Roughgarden theory of niche width

Van Valen’s Niche Variation Hypothesis





https://hankstevens.github.io/Primer-of-Ecology/meta.html
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Niche axis



Niche Colwell and Fuentes (1975)



Columbarium Colwell and Fuentes (1975)



Temperature



Growth rate of E. coli
Herendeen et al

K= ae -e/KT



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



Arroyo et al. (2022) PNAS



General patterns



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.

�̅� = 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
(�̅� − 𝑝) 𝑉𝑎𝑟(𝑝) = 𝐸(Δ𝑝)!=

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)
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This stationary distribution satisfies the Kolmogorov forward or Fokker-Planck equation:
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46
(𝑀(𝑝)𝜇) =0

Whose solution 𝜇(𝑝) is:

𝜇 𝑝 =
1

Β(4𝑘�̅�, 4𝑘 +𝑞)
𝑝!"$̅%&𝑞!" '(%&



Frequency or 
proportions

(Continuous)

Number
(Discrete)



Prof. Rolando Rebolledo



𝜌! 𝑥 =
Γ 𝛼 + 𝛽

Γ 𝛼 + Γ 𝛽 𝑥"#$ 1 − 𝑥 %#$



The Proportional Species Abundance Distribution (PSAD)

𝜌) 𝑥 =
Γ 𝛼 + 𝛽

Γ 𝛼 + Γ 𝛽
𝑥*%& 1 − 𝑥 +%&



Marine communities

Tropical Forest

Bird communities

Shrublands

𝜌) 𝑥 =
Γ 𝛼 + 𝛽

Γ 𝛼 + Γ 𝛽
𝑥*%& 1 − 𝑥 +%&

𝛼 ~ Dispersal

𝛽 ~ Speciation



“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

𝜌" 𝑥 =
Γ 𝛼 + 𝛽

Γ 𝛼 + Γ 𝛽
𝑥#$% 1 − 𝑥 &$%





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
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