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The need for biodiversity models and scenarios

Data and knowledge
(scientific, indigenous, local)

Models Scenarios

Climate models Land/ocean use 
models

Biodiversity models

Services models Prioritization Representative Concentration Pathways

Shared Socioeconomic Pathways

Pollution / Biotic exchanges



Biodiversity models
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Case study 1 

Predicting soil diversity in space 
across the French Alps

Case study 2 

Predicting habitat in space 
across Europe
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Predicting soil diversity in space across the French Alps

Major issues in predicting and conserving soil biodiversity: 
§ Soil biodiversity is a complex system comprising thousand of 

species in a given sample
§ Soil biodiversity is multi-trophic

§ Strong knowledge gaps: 
§ Taxonomy -> Linean shortfall
§ Distribution -> Wallacean shortfall
§ Abundance -> Prestonian shortfall
§ Species traits -> Raunkiæran shortfall
§ Species interactions -> Eltonian shortfall



Predicting soil diversity in space across the French Alps
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physico-chemistry, pedology, 
usage

35 gradients
5-8 plots
3 sub-plots
-> 500 soil samples



Predicting soil diversity in space across the French Alps

Camera-traps

https://www.deepfaune.cnrs.fr
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Metacommunity 
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plots

Trophic group 
assignment
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Unstructured (textual) 
data

Structured (tabular) data
WIP

https://github.com/nleguillarme/taxonerd

Predicting soil diversity in space across the French Alps



DATA 
INTEGRATION 

TOOLS
Trait and trophic 
web database 

(FungalTrait, FunGuild, 
Protax, NemaGuild)

Mangal

Expert 
knowledge

- How to represent and map the knowledge  

Predicting soil diversity in space across the French Alps



Trophic knowledge graph creation

Trophic information from 
heterogeneous data sources

Different formats, 
vocabularies, taxonomies, 
levels of structuredness…

A library of components for 
ontology-based biodiversity 

data integration

GRATIN : a GRAph of 
Trophic INformation

Single format, vocabulary, 
taxonomy, contains both 
stated and inferred facts

Le Guillarme et al. (2021). Building a Trophic Knowledge Graph to 
Support Soil Food Web Reconstruction. In S4BioDiv 2021: 3rd 
International Workshop on Semantics for Biodiversity

Le Guillarme et al. (2021) STWO: an Ontology for Soil Food Web 
Reconstruction. In S4BioDiv 2021: 3rd International Workshop on 
Semantics for Biodiversity

https://github.com/nleguillarme/inteGraph

agroportal.lirmm.fr/ontologies/SFWO

Predicting soil diversity in space across the French Alps
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500 x 300,000
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Multi-species distribution models

Model
 interpretability Response / Turnover 

functions

Variable importance

Model comparison

Distribution maps

Diversity maps

Uncertainty maps
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Decomposer Plant 
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Predicting soil diversity in space across the French Alps

Ensemble forecasting framework



Very good predictions for microbes

Good predictions for micro-to macro 
organisms

Moderate predictions for macro-
organisms

Predicting soil diversity in space across the French Alps



Variable importance and ALE

Bacteria

Predicting soil diversity in space across the French Alps



Trophic group distributions

Ectomycorrhizal fungi

Bacterivorous protists

Fungal protists

Predicting soil diversity in space across the French Alps
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Case study 1 

Predicting soil diversity in space 
across the French Alps

Case study 2 

Predicting habitat in space 
across Europe
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European & regional habitat modelling
Context:

- Strong decline in biodiversity partly due to the degradation of the ecosystems and 

habitats that support it (27% with unfavorable conservation status).

- EU’s biodiversity strategy for 2030 and the new Nature Restoration law aims to protect 

nature and reverse the degradation of ecosystems (restore > 15%).

-> WANTED! Information about distribution and extent of habitats and ecosystems to 

inform policy makers.

-> Remote-sensing offers a unique opportunity to monitor the extend and state of 

habitats.



Code 
2021 Name 2021

MA Marine habitats (#11)

N Coastal habitats (#25)

P Freshwater habitats(#10)

Q Wetlands (#20)

R Grasslands and lands dominated by forbs, 
mosses or lichens (#54)

S Heathland, scrub and tundra (#43)

T Forest and other wooded land (#46)

U Inland habitats with no or little soil and mostly
with sparse vegetation(#26)

V Vegetated man-made habitats (#12)

EUNIS habitat classification system

European & regional habitat modelling



MA2 N P

Q R S

T U V

T34

Temperate subalpine Larix, Pinus 
cembra and Pinus uncinata forest

N32 Mediterranean and Black Sea rocky 
sea cliff and shore

Palsa mire
Q31

EUNIS level 1 EUNIS level 2 EUNIS level 3 

Hierarchy

European & regional habitat modelling



DATA

Training:
Eur. Vegetation Archive (EVA)
2M+ plots, only part used
2000-todate
Location uncertainty<100m

Evaluation with local EUNIS maps:
§ Netherlands
§ Austria
§ South Portugal

European & regional habitat modelling



• Large-scale assessment of habitat modelling approaches

• Use of advanced RS products such as HR-VPP

• Evaluation of a broad range of algorithmic approaches and 

classification strategies

• Production of high resolution maps of EUNIS habitats

European & regional habitat modelling



Question: What is the best way to model all EUNIS habitats at level 3 ?

HierEUNIS

StackEUNIS

McEUNIS

European & regional habitat modelling

No 
constraint

Stacked
EUNIS

200+ models

Stacked
EUNIS
Stacked
EUNIS

Mild 
constraint HierEUNIS

9 models

HierEUNISHierEUNIS
• By dividing the problem into less ambiguous 

sub-problems ?

Strong 
constraint

Multi-class
EUNIS

1 global model

How to resolve the ambiguities of the multi-class model?

• By incorporating landscape (landcover composition and 
spatial layout) information ?

Landscape composition

Landscape structure

McEUNIS

DeepEUNIS



General modelling framework – training phase on point data

European & regional habitat modelling



General modelling framework – predicting phase on raster data

European & regional habitat modelling



Landscape representation

European & regional habitat modelling



Learning landscape features using a deep learning model trained on MSI patches

Ensemble machine learning model

European & regional habitat modelling



McEUNIS vs DeepEUNIS: does incorporating multi-spectral information and its 
spatial layout improve habitat discrimination ?

European & regional habitat modelling

Yes! In general, accounting for habitat 
structure through MSI information and 
DL model work better



McEUNIS vs DeepEUNIS: does incorporating multi-spectral information and its 
spatial layout improve habitat discrimination ?

Recall Precision

x

x

x x

Wilcoxon 
ranking test:

« deepEUNIS > 
mcEUNIS »

α = 0.01

European & regional habitat modelling



European & regional habitat modelling
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