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The living at all levels of organization is characterized by 
being composed of networks that carry out four basic 
functions.
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Transformation 
Storage
Transmission
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Strogatz (2001)

Alberts & Barabasi (2002)



G=(V,E)



MacArthur (1955) “a large number of paths through 
each species is necessary to reduce the effects of 
overpopulation of one species.” 

“stability increases as the number of links increases” 
and that stability is easier to achieve in more diverse 
assemblages of species, thus linking community 
stability with both increased trophic links and 
increased numbers of species.

Diversity begets stability



𝕏 = 𝑥! , … 𝑥"

Is a vector and each 𝑥! is a time dependent
Variable, with dynamics given by

𝕏 = Α𝕏

Where Α is a random matrix of interactions, whose values are
Taken from a uniform distribution between -1 and 1, and with Connectance (C) or percentage of connection C. 



𝛼 𝑆𝐶 < 1

Interacting networks would be stable if

𝛼= average magnitude of interaction strength

S= Number of species (nodes)
C= Connectance

𝛼

C



𝛼 𝑆𝐶 < 1

Interacting networks would be stable if

Or they are sparse such that:

S∝ 𝐶!"

Busiello et al. (2017)



East River Valley Foodweb Caribbean Reef Foodweb

Image produced with FoodWeb3D, written by R.J. Williams and provided by the Pacific 
Ecoinformatics and Computational Ecology Lab (www.foodwebs.org, Yoon et al. 2004)



Foodwebs
Nodes: Species

Links: Who eats whom

R.J. Williams, N.D. Martinez Nature (2000)
Montoya and Sole (2002)
J. Theor. Biol. (2002) 214, 405-412



Montoya and Sole (2002)

Ecological networks are more clustered
than expected by chance.



But Camacho et al. (2002) arrive to a 
different conclusion.

Degree distributions decrease 
exponentially

This lack of robustness soon made 
Apparent that is was composed by 
uncertainty in linkages.



Power-law distribution

Scale-free Network

Aerial traffic



Nodes: authors

Links: co-authorships

(Newman, 2000, H. Jeong et al 2001)

Co-authorships



Sex-web
Nodes: people
Links: Sexual interacion

Liljeros et al. Nature 2001

4781 Swedes; 18-74; 
59% response rate.



Metabolic Networks

Metabolic 
netwroks in 
three domains 
of lifes are 
scale-free!

H. Jeong, B. Tombor, R. Albert, Z.N. Oltvai, and A.L. Barabasi, Nature, 407 651 (2000)

Archaea Bacteria Eukaryotes



Mutualistic networks

Thompson (2006)

Bascompte et al (2006)

Fruit dispersal



Pollination networks

Asimetría: Generalistas interactuan con especialistas. Esto se asocia a 
robustez o capacidad para resistir cambios (adiciones o extinciones) sin 
mayores consecuencias dinámicas (extinciones secundarias).



#$!
#%

= 𝑓! 𝑁 𝑖 = 1,2,…s

The stability of the equilibrium is determined by the eigenvalues of the ”community matrix”

𝐴!& =
𝜕𝑓!
𝜕𝑁& 𝑁'



PRESS PERTURBATION EXPERIMENTS 

Suppose we continually add members of species j to the community, at a rate I, members 
per unit area per unit time. How will this affect the equilibrium densities Ne? Equation (1) is 
now

#$"
#%

= 𝑓& 𝑁 + 𝐼&

𝑑𝑁!
𝑑𝑡

= 𝑓! 𝑁 ,… . 𝑖 ≠ 𝑗

#$#!
#("

= - (𝐴)*)!&



Two source of uncertainty

1. Uncertainty due to variation in interaction strengths and signs of the interction
2. Uncertainties in network topology (who affects  whom)



Stochastic Approaches



Rebolledo et al. (2019) SIAM



TROPHIC and non-trophic interactions in the
intertidal of central Chile. 

Kéfi et al 2015 Ecology





(2014)



MacArthur & Wilson (1963)

� 

S = bAk



“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



Fisher’s Log-series distribution

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



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



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


