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Context, goals

Ecosystems and human well-being. Biodiversity synthesis.
Millenium Ecosystem Assessment. 2005. (Fig.3.3 P.44 / Fig.3.7 P.57)

I understanding ecosystems ⇒ management

I using formal methods ⇒ explanations

I exploring behaviour ⇒ interactive
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Example: a termites colony

inhabitants:
Rp+: reproductives
Wk-: workers
Sd-: soldiers
Te-: termitomyces (fungi)

structures:
Ec-: egg chambers
Fg-: fungal gardens

resources:
Wd-: wood

competitors:
Ac*: ant competitors

constraints:
Fg- >> Te- # C1

rules:
Rp+ >> Ec+ # R1
Rp+, Ec+ >> Wk+ # R2
Wk+ >> Wd+, Te+, Fg+, Ec+ # R3
Wk+, Wd+ >> Sd+, Rp+ # R4
Wk-, Te+ >> Wd- # R5
Wk+ >> Wd- # R6
Wd- >> Te- # R7
Wk- >> Fg-, Sd- # R8
Wk-, Rp- >> Ec- # R9
Ac+, Sd- >> Wk-, Rp- # R10
Sd+ >> Ac- # R11
Te- >> Rp-, Sd- # R12

Ac+, Sd- >> Wk-, Rp-

“in the absence of soldiers, ants may kill workers and reproductives”
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Building explanations
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1. Can the termite colony collapse?
split: AF AG ϕdead where: ϕdead

df= ¬(Rp ∨ Wk ∨ Sd)
#0 (all) Z⇒ #1 (dead) / #2 (alive)

2. Can the termite colony avoid to collapse?
3. Can the branching between the two fates be delayed forever?
4. What is the role of ants?
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1. Can the termite colony collapse?
2. Can the termite colony avoid to collapse?

split: EF ϕdead

#2 Z⇒ #3 (may die) / #4 (stayin’ alive)

3. Can the branching between the two fates be delayed forever?
4. What is the role of ants?
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1. Can the termite colony collapse?
2. Can the termite colony avoid to collapse?
3. Can the branching between the two fates be delayed forever?

split: SCC hull
#3 Z⇒ #5 (persistent) / #6 (transient)

4. What is the role of ants?
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1. Can the termite colony collapse?
2. Can the termite colony avoid to collapse?
3. Can the branching between the two fates be delayed forever?
4. What is the role of ants?

split: Ac
#6 Z⇒ #7 (with ants) / #8 (no ants)
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Use cases

I bush encroachment in Borona zone (south Ethiopia)
I biodiversity in Camargue (south France)
I risk assessment and recovery after a volcanic eruption (north Tanzania)
I …

Climate Change, Agriculture and Food Security. Ethiopian landscape.
https://www.flickr.com/photos/cgiarclimate/8547603361/
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Future works and open questions

� Gavotte & al. Environmental Research 2023

I more case studies (drive the development)
I Does the spillover exist? (spoiler: not really)

I meta-analysis of the concept
I model of the epidemic emergence mechanisms

⇒ spillover notion is inconsistent & incomplete
I …

I multivaluated variables
� extra combinatorial explosion
� keep language/interface simple

I Petri nets and unfolding-based analysis
? orthogonal approaches
(with Stefan Haar & Giann-Karlo Aguirre-Samboni)

I model synthesis using Boolean networks
? concurrent approaches
(with Loïc Paulevé)

https://doi.org/10.1016/j.envres.2023.116416

