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A complex multi-scale ecosystem

Imagine a single blade of glass.

Beneath it, the rhizosphere - a living
foundation where roots weave …

… through a dark cathedral of
carbon where microbes dance.

Above it, Atlantic winds whisper
climate secrets from centuries past.

Between them, our models bridge scales no human eyes can see.
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Rodríguez et al. (under revision)

Key area Focus and objectives Ecological question Contribution of model development

Integrating plant 

diversity

Represent species 

composition, traits, and 

interactions

What demographic 

traits determine the 

resilience of 

populations to 

disturbance?

Improves predictions of how plant traits 

drive ecosystem stability

Incorporating 

microbial 

diversity

Represent microbial 

roles in nutrient cycling 

and stress responses

How does below-

ground biodiversity 

affect above-ground 

biodiversity?

Enables quantification of soil–microbe–

plant interactions

Accounting for 

temporal and 

spatial variability

Integrate short- and 

long-term dynamics; 

scale from rhizosphere 

to landscapes

How do spatial and 

temporal heterogeneity 

influence diversity at 

different scales?

Improves accuracy of biodiversity and 

ecosystem service predictions

Ensuring model 

accuracy and 

reproducibility

Clarify equations, test 

feedback, reassess 

assumptions

Can biodiversity be 

effectively represented 

in models of ecosystem 

services to guide the 

design future 

agroecosystems?

Test whether trait-based simplifications 

explain stability

Leveraging 

technological

advances

Use sensors, 

computational tools, and 

ML for real-time 

calibration

How can relationships 

between management 

practices and 

ecosystem services in 

agroecosystems be 

better investigated?

Enables real-time tracking of management 

impacts on biodiversity

Promoting

interdisciplinary

collaboration

Foster cross-disciplinary 

integration and align 

terminology

What can we learn from 

model communities of 

microorganisms about 

communities of 

macroorganisms?

Bridges microbial and macroorganism

ecology for ecosystem assessment



Nematode group
Mechanism and main 

impact

Link to existing 

modelling
Integration level

Phytophagous 

nematodes 

(NemaPhy)

Root biomass 

consumption: a stress 

factor (sPhy) reduces the 

plant’s efficiency in 

acquiring N and C.

Decreases the N 

acquisition rate and the 

C supplied to 

storers/mineralisers

Plant dynamics 

(stress)

Bacteriophagous

nematodes 

(NemaBac)

Population regulation 

(top-down mortality) of 

storers/mineralisers: the 

N mineralisation flux 

reduced by grazing 

(rapid excretion of 

excess N).

Accelerates the 

conversion of microbial N 

intro mineral N (fast N 

loop)

Microbial and N 

dynamics (key)

Trophic health 

index ()

Use the nematode 

population ratio (e.g. 

NemaBac/NemaPhy) as a 

factor modulating the 

efficiency of existing 

functions (e.g. 

mineralisation rate).

Infuences mineralisation 

efficiency -

MineralisationRate·(1+k·

) - or plant C-N 

allocation.

Modulation factor 

(emergent)
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