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Dans le monde : 

 1/3 des espèces de vertébrés 
en fort danger d’extinction 
 d’ici 2040 

7% des mollusques du monde 
déjà disparus 

En France ou en Europe : 

Baisse moyenne des populations  
d’oiseaux en France : 1/3 en 30 ans  

Baisse moyenne de +70% des populations 
d’insectes en Europe en 10 ans 

42% des 454 espèces d’arbres 
en danger d’extinction en Europe

Le déclin : Quelques chiffres

Un million d’espèces en risque d’extinction en quelques décennies

Séminaire P. Grandcolas,  
directeur adjoint INEE



The times we are living in

[Trisos et al., Nature 2020]

Devictor et al, PNAS 2023



JST IRAP 2023

Astronomy and HPC carbon footprint

• Astronomy’s astronomical emissions  ~40 tCO2eq / yr / 
astronomer 
• Biggest share = observational infrastructure 

• Sustainable future (1.5-2o) ~ 2 tCO2 / yr / human max [IPCC reports] 
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Knödlseder et al., Nature Astron. 2021, 2024

Martin et al., arXiv:2204.12362, 2022

A lot of emissions for a luxury  
research activity with no         

    particular urgency  



Can (astro)physicists actually 
be useful to anything ?

Prospective CS INSU 2023  [section IV.D]

“Certains chercheurs pourraient s’engager dans des changements thématiques avec ce type de 
motivation. Les projets de reconversion thématiques depuis des secteurs à forte empreinte 
environnementale vers des secteurs où elle est plus faible doivent être accompagnés. De telles 
reconversions pourraient bénéficier à certains domaines couverts par l’INSU (climat, environnement) 
tout en étant possiblement problématiques pour d’autres (astrophysique, planétologie).”

https://rapports-du-comite-national.cnrs.fr/wp-content/uploads/Rapport_prospective_CSI_INSU.pdf


From astro to ecological complexity
Understanding key aspects of ecosystemic dynamics and response to anthropogenic 

pressures is critical & urgent to help mitigate the biodiversity crisis 

• Ecosystems are complex dynamical systems 

• Nonlinear, multiscale biotic and abiotic (species-environment) interactions 

• Large number of degrees of freedom (spatio-temporal, multispecies & multitrophic, eco-evolutionary)  

• Fundamental questions & problems 

• Stability: what is the nature of upcoming transitions ? Tipping points or gradual, disordered, gradual transition ?  

• Spatio-temporal dynamics: spatial-fragmentation and dispersion effects in the context of climate change 

• “Theory-conservation” gap: should inform biological conservation policies & schemes 

• Collaboration with the SETE (CNRS, Ariège) initiated in 2023                                                                                                  

• Interdisciplinary lab (from biology to social sciences & maths) 

• Big interest for theoretical activities and expanding in numerical modelling
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arXiv:2404.14383 submitted

• Fluid dynamics for ecosystems

Fluid dynamics to the rescue ?



Fluid dynamics to the rescue ?
• Fluid dynamics of  ecosystems 

• Lotka-Volterra equations of population dynamics  

• Simple spatio-temporal extension

dni

dt
= rini − Din2

i − Aijninj

∂ {T, N, C}
∂t

+ v ⋅ ∇ {T, N, C} = NL ({ni}) + λ{T,N,C} Δ {T, N, C} + S{T,N,C}

∂ni

∂t
+ v ⋅ ∇ ni = ri[T, N, C(x, t)] ni − Din2

i − Aij(x, t) ninj + λiΔni + Si

A massive “multifluid” with many time & spatial scales !



Does any of this make sense ? Well, possibly…
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Siteur et al., PNAS 2022

Galiana et al., Nature EE 2018,22



Why am I here ? DE
• HPC, code versatility & parallelism much needed 

in this context — ecologists use R/matlab 

• Geo & I started some work last year to make IDEFIX a 
cool tool for this kind of problems



What we need
• Start with spatial version of Lotka-Volterra
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∂ni

∂t
+ v ⋅ ∇ ni = ri[T, N, C(x, t)] ni − Din2

i − Aij(x, t) ninj + λiΔni + Si

Time-integrator Advection Space-dependent growth-rate &  
autotrophic saturation matrices  (4D)

(Nspecies,Nx,Ny,Nz) 4D Idefix array field Species-dependent 
spatial diffusion

Source/sink  
terms

Trickiest bit: 5D heterotrophic interaction matrix

• Abiotic/environmental fields incorporated as species 



• A simple test-problem for the code

Kelp, lobsters and urchins

Parmesan et al., Ecol. Lett. 2013

∂K
∂t

= rKK − DKK2 − AKUKU

∂U
∂t

= rU(T )U − DUU2 − AUKUK − AULUL

∂L
∂t

= − DLL2 − ALKLK − ALULU + SL

∂T
∂t

= ST Ocean warming

Fishing / 
Reintroduction  

Predation 
by lobsters

Lobsters

Temperature

Urchins
T-dependent growth

Kelp

Predation  
by urchins

Feeding on kelp 

Lobsters benefit from kelp &  
feed on urchins



Kelp, lobsters and urchins

Parmesan et al., Ecol. Lett. 2013

Fishing Lobster reintro

Urchins grow

🦞

🌱



Low T T ↗ 
No fishing

T ↗  
🦞Fishing

T ↗  
🦞Fish+Reintro

🦞

🌱

🚗🚕🚓🚙



From network to PDE (& vice-versa)
• Use network inference tool python package graph-tool [T. Peixoto] to  

• generate (non-dynamic) networks  
• Visualise & analyse effective community assembly in postproc

Random normal

2D community assembly for  
random network of 128 species

Use idefix’s csvnpy function to read network

http://graph-tool.skewed.de/


Fluid mixing effects in marine ecology
• How is marine biodiversity & function affected by mixing ?  

• Plankton community dynamics 

• Chaotic fluid mixing  

• Indirect competition for nutrients 

• Effects of currents on (Eulerian) eco measurements 

• Synthetic data can guide sampling and analysis strategies 

• Work with J. Montoya, B. Vidella & Alex Geninnant phytoplanktonic types in this region as well as in other con-
fluence regions of the world ocean (Figs. S3–S6, S9, and S10).
Besides locating fronts induced by horizontal transport, the value
of the FSLE yields the exponential rate at which a water mass is
stretched along a front (17), or equivalently the timescale of fila-
ment formation. By considering the stretching process as a pre-
condition of mixing, we estimate the lifetime of a fluid dynamical

niche as the time necessary for shrinking mesoscale patches
(∼100 km) down to a width of ∼1 km, where small-scale turbu-
lent processes dominate and mixing occurs. This calculation*
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Fig. 2. Identification and history of the fluid dynamical niches. (A) PHYSAT-detected dominant types at the beginning of the bloom season (August, 20, 2001).
(B) Initial distribution of numerical tracers (August 20, 2001). (C) Distribution of the numerical tracers advected by the altimetry-derived large-scale
circulation (altimetry filtered in space and time by 200 km and 3 mo) after 3 mo (November 28, 2001). (D) Distribution of the numerical tracers advected
by altimetry-derived geostrophic currents after 3 mo (November 28, 2001). (E) Stirring rates (altimetry-derived finite-size Lyapunov exponents) in the region
of interest. (F) Observed dominant phytoplankton types; yellow here is an aggregation of picoplankton (Prochlorococcus and Synecococcus) and nanoeukar-
iotes, other colors as in Fig. 1. Superimposed in gray, physical fronts of panel E.

*Given a Lyapunov exponent λ, the thinning of a patch of initial size δ0 due to horizontal
stirring is δ ¼ δ0 expð−λtÞ. Setting δ0 ∼ 100 km, δ ∼ 1 km, and solving for the time t, one
finds t ¼ 1∕λ logðδ∕δ0Þ ∼ 4.6∕λ.

18368 ∣ www.pnas.org/cgi/doi/10.1073/pnas.1004620107 d’Ovidio et al.

d’Ovidio et al./UPMC/CNRS

Horizon project



Nonlinear, multiscale spatio-
temporal community dynamics

• Understand spatial scaling laws in ecosystems (Species-Area relationships)  

• Adopt a dynamical perspective rather than empirical species distribution models  

• Project has both a modelling and data analysis component 

1. What nonlinear interaction terms and spatial dependences of interactions ?) 

2. Explore and calibrate numerical models to data to make them meaningful 

3. Use model to study impacts of spatial fragmentation and explore possible 
spatial biodiversity conservation strategies 

• ECOSCALES INSU/INEE, MITI 80|Prime funding [w. J. Montoya (SETE)] 

• 1 PhD (starting now) + Server (3x Nvidia A30 GPU + 2x 24 core Xeon)



Nonlinear stability: from the MRI dynamo to 
ecological tipping points ?

Applying for funding / Jeff Arnoldi (SETE)…



Conclusions
• A lot that can be done to improve modelling in ecology 

• “Fluid-like” approach can be useful to model ecological communities 

• But connection to empirical data key to design meaningful models 

• Astro codes & methods can help a lot in this kind of fields 
• There’s nothing like IDEFIX/ATHENA/PLUTO/RAMSES in ecology 

• Is it possible to compute ecosystems ? 
• Take inspiration from climate modelling  

• Codes like IDEFIX can serve as a “dynamical engine”
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https://lookingup.francois-rincon.org/

https://lookingup.francois-rincon.org/

