
Unraveling the temporal dependence of ecological interaction measures



Interactions in ecology:

Predator - prey

+
_

“Effect that a pair of organisms living together in a community have on each other.” 

Mutualism

+
Mediated

_

Ecological interactions are both diverse and ever-present
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Piccardia, Vessmana, and Mitri, 2019

Interactions are contextual: Stress-gradient hypothesis
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Measures of interactions: Perturbation experiments
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Measures of interactions: Perturbation experiments
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Measures of interactions: Perturbation experiments

M. femur-rubrum

S. collare 

P. nebrascensis
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Ritchie and Tilman, 1993



Questions:

How do changes in the sign of interactions emerge? 

How can we differentiate between direct and indirect interactions? 

?



Synthetic datasets:

Generative model → ·xi = xi gi ( ⃗x) Test datasets



Synthetic datasets:

Generative model → ·xi = xi gi ( ⃗x) Test datasets

Analytical evaluation

ℳ(E)
i,j ≈ ⃗Gi ⋅ ⃗E j Δx

⃗Gi ( ⃗x) = ∇gi ( ⃗x)

⃗E j = ∂x(0)
j

⃗x (t | ⃗x(0))

Gradient vector:

Evolution vector:

⃗G
⃗E

_

⃗G

⃗E
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The consumer-resource model

Species within the same trophic level



The consumer-resource model
d
dt Ci = εi ∑

nR
ℓ=1 αiℓ Ci Rℓ − di Ci,

d
dt Rℓ = −∑nC

j=1 αjℓ Cj Rℓ + hℓ .

MacArthur 1970

αij > 0 : Consumer-Resource coupling (uptake rate)

Species within the same trophic level
No direct coupling  
between species

εi > 0 : uptake efficiency

di > 0 : death rate

hℓ > 0 : Renewal function

nR : number of resources

nC : number of "consumers"



The consumer-resource model
d
dt Ci = εi ∑

nR
ℓ=1 αiℓ Ci Rℓ − di Ci,

d
dt Rℓ = −∑nC

j=1 αjℓ Cj Rℓ + hℓ .

MacArthur 1970

d
dt Rℓ (t) ≈ 0,

d
dt

Ci (t) ≈ εi Ci (t)(K̃i +
m

∑
ℓ=1

α̃iℓCj (t)),

αij > 0 : Consumer-Resource coupling (uptake rate)

α̃ij < 0

Species within the same trophic level
No direct coupling  
between species

Competitive system

εi > 0 : uptake efficiency

di > 0 : death rate

hℓ > 0 : Renewal function

nR : number of resources

nC : number of "consumers"

Effective Lotka-Volterra model



Interactions in stationary regime

ℳ(E)
Ci,Cj

≈ ϵi ∑
ℓ

(e ̂Jt)j,ℓ
ai,ℓ Δx .

Changes of sign may arise in purely competitive systems!



Interactions in stationary regime

ℳ(E)
Ci,Cj

≈ ϵi ∑
ℓ

(e ̂Jt)j,ℓ
ai,ℓ Δx .

Changes of sign may arise in purely competitive systems!

Measures of interactions have its own non-trivial dynamics!



Interactions depend on the experimental protocol

Abiotic resources

Biotic resources hℓ = r Rℓ (1 −
Rℓ

K
)

Picot, Shibasaki, Meacock, Mitri  2023
Kiørboe, 2008
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Interactions close to the perturbation
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As the experiment duration goes on, more indirect effects come into play
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Disentangle direct and indirect interactions
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Inferring model from interactions

̂aij =
1

Δx
ℳi,j( ⃗x, t, Δx, Δt)Measures:

Inference

·xi = xi ∑
j

∫
xj

0
̂aij (x1, …, xj−1, s, xj+1, …) dsj + xici .

Approximation
̂aij ( ⃗x) ≈ ̂aij constant

·xi = xi ∑
j

̂aijxj + xici .

Lotka-Volterra as a first-order approximation of any inference!



Conclusions

Sign of interactions depends on the experiment duration 

Scaling with experiment duration determine nature of interactions 

Measured interactions depend on the experimental setup 

Interaction measures provides a method to infer models 



Thank you for your attention!

Amos Maritan Sandro Azaele Samir Suweis

bioRxiv, 2025.08. 29.673018



Interaction measures

Monoculture CO2 production
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Measures of interactions: Parametric inference

Picot, Shibasaki, Meacock, Mitri  2023



How to deal with complex interactions?

Approach I : Neglect them

Grilli 2020
Ser-Giacomi et al. 2018



Interactions in a changing environment:



How to deal with complex interactions?

Approach I : Neglect them Approach II : Treat as random

Grilli 2020
Ser-Giacomi et al. 2018 Akjouj et al. 2024









Synthetic datasets:

Generative model → ·xi = xi gi ( ⃗x) Test datasets

Analytical evaluation

ℳ(E)
i,j ≈ ⃗Gi ⋅ ⃗E j Δx

⃗Gi ( ⃗x) = ∇gi ( ⃗x)

⃗E j = ∂x(0)
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⃗x (t | ⃗x(0))

Gradient vector:
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