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Hutchinson, 1957. Concluding Remarks



Fundamental niche:

all the theoretical environmental conditions where a species can live

Realized niche:

all the environmental conditions where a species is observed to live

Fundamental Niche Realized Niche

Where the organism lives No Yes

Size Large Small

Competition for resources, 
predators are present

No Yes

Other terminology Precompetitive niche Postcompetitive niche

 In real life, when sampling an organism, we look at the realized niche



Presence
Absence

How does supervised learning works?
A model is fitted on a learning set:
𝒀: Presence/absence of a species in each Tara Oceans stations
𝑿: Associated physicochemical parameters (predictors)

 The model defines the environmental parameters in which the species lives i.e. it
reflects the combination of parameters in which a species was found

𝑌 = 𝑓(𝑋)
We are looking for 𝒇



Neural Networks

Activation function 
(e.g Softmax)
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Back propagation
(calculate derivative of error 
with respect to weights)

gradient descent

Error function E e.g.
squared residuals, cross-
entropy



Set of B trees built 
based on bagging: 
each decision tree is 
built based on a subset 
of the set X, Y 
+ 
Feature bagging: each 
tree is built on a 
random subset of the 
predictors 

Final prediction is the 
average of the decision 
trees



Example of a single decision tree 

A boosted regression tree is the sum of weighted trees:

𝑦 = 𝑓 𝑥 = 

𝑚

𝑓𝑚 𝑥 = 

𝑚

β𝑚𝑏(𝑥; γ𝑚)

𝑦 is the variable to be predicted
𝑥 are the predictors
𝑏(𝑥; γ𝑚) represent a tree : γ𝑚 are the split variables, 𝑥 their values at each node
β𝑚 is the ‘learning rate’: weight given at each tree (ranges  from 1 to 0,001)

- Single trees are poor classifiers and large  
trees are hard to interpret => idea of 
combining several trees = Boosting

- Each tree is optimized by a least square 
method => Regression

De’ath 2006

Boosted Regression Trees

Generalized Additive 
Models

MAXENT,
Support Vector 
Machine 
Regression,
Lasso regression,
Linear regression
etc



Most of the times, models overfit data => how can we deal with this?
Cross validation
Hyperparameter optimization and model performance assessment

Other possibilities: Monte Carlo cross validation (random subsamples), exhaustive 
cross validation (leave-p-out cross validation), nested cross validation

For a given set of 
hyperparamters:

Mean model 
performance over the 
k-fold (RMSE, AUC 
etc)

Choose set of hyperparameter that has the best performance for the 
final model training



Problem: Flat cross validation uses some points on which it has been trained to estimate 
model performance => positive bias on the model performance assessment





Richter et al. 2022
Metagenomic Biogeography of size fraction 0.8-5 μm
definition of genomic provinces 

Hypothesis of associated environmental niches

Metagenome 2Metagenome 1

DNA k-mers

Shared k-
mers= beta 
diversity



“The IPSL Climate Model (IPSL-CM) is developed since 1995.”

Earth System Science

Steffen et al. 2020 



Present day 
Sea Surface Temperature

Bopp et al. 2013

Projections of ocean warming

These models allow exploring the possible hypothetic futures depending on different greenhouse gas emission scenarios
We focus on the ‘business as usual’ scenario RCP8.5 

-6.3

6.3

∆NO3 RCP8.5 Future -Present (µmol.L-1)

Model Observations

 Complex climate models reproducing present day climatologies  



Project SDMs on new physicochemical datasets and evaluate climate change effects

Present day 

End of the century

Temperature

Nitrate

Salinity

Phosphate





Tara oceans
Metagenomic

Provinces

World Ocean Atlas 2013
8 physico-chemical 

variables**
in situ data

invalid models

Environmental 
niche modeling

4 machine learning
methods*

Environmental 
niches

Earth System Models***
8 physico-chemical 

variables 
model data

CDFt
Bias correction

Bias corrected 
biogeochemical

data

Present and future 
projections of

global plankton 
biogeography

Predictions

*Random Forest, Gradient 
boosted trees, Neural networks 
and Generalized Additive 
Models
** Temperature, Salinity, NO3, 
PO4, Si, Fe, SI_NO3

***CESM1-BGC, GFDL-
ESM2G, 
GFDL-ESM2M, HadGEM2-ES , 
IPSL-CM5A-LR , IPSL-CM5A-
MR,
MPI-ESM-LR, MPI-ESM-MR, 
NorESM1-ME 

Richter et al. 2022



Multiclass classifier divided in multiple single class classifiers 
 Simple biogeography for metazoans (separation of temperate, 
equatorial + tropical and polar) 

Presence Absence

Province F5, 180-2000 µm

Province F8, 180-2000µm Projection of two 
provinces on WOA13 
dataset

Global biogeography of size fraction 
180-2000 µm (metazoans enriched) 

on WOA13 climatology



27 valid models
Neural network performs better





20

180-2000 µm 20-180 µm 5-20 µm

0.8-5 µm 0.22-3 µm 0-0.2 µm

 Simple latitudinal biogeography of large plankton organisms

Small metazoans

Unicellular algae Bacteria Viruses

Small metazoans

More complex and patchy biogeography of small plankton organisms



Signature genomes of climato-genomic provinces: highlights species and genomes that structure 
plankton biogeography at the global scale 
 Climato-genomic provinces structure plankton biogeography at a higher level than individual 
genomes

Delmont et al. 2021 BioRxiv
Genomes



Most important reorganization in temperate regions (25° to 60°): mean 
dissimilarity of 0.29 (north) and 0.24 (south)

 45 % to 57 %  of considered ocean area with an important change

Present versus end 
of the century





 Based on the provinces’ assemblages model: decrease of 4% on 
average of POC export fluxes (based on three extrapolated models 
of POC export: Eppley et al. 1979, Laws et al. 2000 and Henson et al. 
2012)
 Feedback on climate change: reinforcement



Physico-Chemical Drivers of reorganizations 
around 2090 Temperature changes explains 

only 50% of changes in dominant 
communities followed by 
phosphate (11.0%) and salinity 
(10.3%)

 Nutrients  changes are more 
important in driving small 
organisms’ changes (consistent 
with their trophic modes)



Codes for SDMs: https://github.com/institut-
de-genomique/NCLIM-20102618B



http://end.mio.osupytheas.fr/Ecological_Niche_database/

Select a genome and visualize its biogeography and 
projected impacts of climate change

Visualize theoretical niches (convex hulls)



• Spatial species distribution models are powerful tools to project species 
distributions or organism or whole community distribution

• Evaluate model performances and optimize hyperparameters using cross 
validation

• Don’t model species for which there is not enough data (presence points): 
equilibrium in presence/absence data is preferrable though rarely achievable 

• Be careful in the choice of predictors and extrapolate in predictability zones 
OR/AND acknowledge uncertainties/biases:

• choose predictors based on knowledge
• use z-scores (for better performance of neural networks)
• spatio-temporal sampling and extrapolation

•Other types of SDM exists pseudo-absence models, presence only models, 
models informed by biotic interactions, quantitative models (very uncertain, 
strong errors) 



• 0/1 SDMs are Statistical species distribution models => they remain 
correlative models, they are not causal (and don’t account for currents, 
adaptation, acclimation…)

• Mechanistic species distribution models exists => predict the fundamental 
niche of a species based on its physiology and project it on the seascape 
(competition can be added too) 

• Purely statistical models can’t predict beyond extremes and training datasets 
values (can physics do it?)

Bad practice! extrapolation beyond 
training, no acknowledgement

Warns on the dangers/limits of 
(quantitative) statistical models
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