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Macroecological laws on the seascape

What is the taxonomical and functional
impact of the seascape to the 

communities at macroecological level?



Taylor’s law for diatoms meta-
omics

metaG
(genes DNA)

metaT
(genes RNA)

metaB
(taxa)



AFD & MAD

Abundance 
Fluctuation 
Distribution 

Mean
Abundance
Distribution 



SAD & RAD

𝑥

𝑃(𝑥)

A power-law 
distribution? 
Not exactly…

Pareto IV distribution: 
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Properties:

• Two power-law regimes 
separated by a scale 𝑘;

• Simple power-law distribution 
(Pareto) in the limit 𝛾 = 1 and 
𝜇 =0.

• Analytical formula for the Rank Abundance 
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Open questions:

• Is there a relation between 
metaG and metaT?

• Why the Pareto IV? Is there a 
generative model? 

• What is the biological
meaning of the parameters?

• Does it work also for 
transcriptomics data? 

• Do we have to take it into 
account in the data 
normalization?

• Analytical formula for the Rank Abundance 

distribution: 𝑅𝐴𝐷 𝑟 = 𝜇 + 𝑘 !
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A relation between metaG and metaT?

Is a convolution 
possible?

It seems difficult…𝑃 𝑇 𝐺

𝑃 𝐺 𝑇



A relation between metaG and metaT?

metaT exponents display more heterogeneity and regionality

metaG exponents display higher and more homogenous exponents

𝑃(𝑥 ≫ 𝑘) ∼ 𝑥%'%
!
"



A relation between metaG and metaT?

metaT exponents display more heterogeneity and regionality

metaG exponents display higher and more homogenous exponents
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assuming burst 

and feedback 

(Hill function)

Removing bursts + slightly different

feedback: Pareto IV distribution!
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From the Master 

Equation

But… we impose the feedback to be  a 

negative function + the model is for proteins, 

not RNA… still working on it!

old

new

A biological explanation for the Pareto 

exponents…

An analytical framework for gene expression?
How to derive the Pareto distribution



”Universal” distribution 
for gene expression?

P. tricornutum

F. cylindrus C. elegans

M. musculus P. oceanica

Diatoms



”Universal” distribution 
for gene expression?
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Assessing the role of biology
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Assessing the role of biology

We can derive the mean 
activity per cell from the 
exponents of the Pareto IV!
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Assessing the role of biology
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SAD normalization?

Pareto IV distribution: 
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SAD & RAD

𝑥

𝑃(𝑥)

A power-law 
distribution? 
Not exactly…

Pareto IV distribution: 
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Open questions:

• Is there a relation between metaG
and metaT? Probably no

• Why the Pareto IV? Is there a 
generative model? Probably yes

• What is the biological meaning of 
the parameters? Yes, model

• Does it work also for transcriptomics
data? Yes

• Do we have to take it into account in 
the data normalization? Probably

• Analytical formula for the Rank Abundance 

distribution: 𝑅𝐴𝐷 𝑟 = 𝜇 + 𝑘 !
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Thank you!

Samir Suweis

Maurizio 
Ribera d’Alcalà

Daniele Iudicone

Sandro Azaele Lucia Campese

Collaborative 
LIPh Lab!

Emanuele Pigani

Time for the 
ring model?



The metagenomic similarity decay 
exponentially with travel time (Lagrangian 

distance)

Why?



The Ring model

Continuum limit of the deterministic part 
of the Langevin equation:

𝑏 𝑟 =
𝑏, |𝑟| <

𝑊
2

0, 𝑟 >
𝑊
2

1D lattice of length L 
with  periodic BC

𝜕𝑥
𝜕𝑡 = 𝐷

𝜕+𝑥
𝜕𝑟+ − 𝑣

𝜕𝑥
𝜕𝑟 + 𝜇 𝑟 𝑥

𝐷 = 𝑝, ; 𝑣 = 𝑝, − 𝑝! ; 𝜇(𝑟) = 𝑏 𝑟 − 𝑑

(~ particle in a 
potential well)

The steady state has an 
exponentially decay outside 
the well and we can derive 

the exponent
(+ stability analysis)

By means of the stochastic terms 
we want to analytically investigate 
the decay in similarity…
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That’s all!



BACKUP SLIDES
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Macroecological patterns

no pattern for the Evenness (?)



Macroecological patterns



Macroecological laws on the seascape


