
Towards temporal trends in plants 
based on massive opportunistic data

Combining occupancy models and deep learning algorithms

Rencontre CiSStats-RESSTE - February 2026
Raphaël BENERRADI PhD student at Inria-LIRMM (Montpellier, France)

Supervision: Alexis Joly, Christophe Botella, Maximilien Servajean

1



Species Distributions

Distribution map of Fagus sylvatica - 
European Beech

Caudullo, G., Welk, E., San-Miguel-Ayanz, J., 
2017. Chorological maps for the main 

European woody species. Data in Brief 12, 
662-666. DOI: doi.org/10.1016/j.dib.2017.05.007 
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Icons by Umeicon, Pixelmeetup, Freepik, and Nualnoi Kinkaeo from www.flaticon.com 

IPBES (2019): Global assessment report on 
biodiversity and ecosystem services - ipbes.net

http://doi.org/10.1016/j.dib.2017.05.007
https://inpn.mnhn.fr/espece/cd_nom/97947
http://www.flaticon.com
https://www.ipbes.net/global-assessment
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How do we get data?

Vigie-flore bilan 2023

© Vanessa Lainé
Vigie-flore bilan 2024

500ENI VigieFlore

Réseau 500 ENI - Biovigilance

https://www.vigienature.fr/fr/bilans-journees-annuelles-3476
https://www.vigienature.fr/fr/bilans-journees-annuelles-3476
https://ecophytopic.fr/pic/exposition-et-impacts/reseau-500-eni-biovigilance


Citizen Science Programs - Opportunistic data
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“Hey, today I found this plant species here!”



In opportunistic data, people observe
➜ wherever they want
➜ whenever they want
➜ whatever they want
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Trend estimation methods on PO data
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Method
Poisson 

regression with 
TGB

Frescalo Occupancy

Sampling bias ✅ ✅ ✅
Detection & reporting bias ❌ ❌ ✅

Example of Poisson with TGB: 

Frescalo: corrects sampling bias using information from “neighborhoods”

TGB: Phillips et al. 2009, Botella et al. 2020, Lasgorceux et al. 2024 [1-3] ; Frescalo: Hill 2012, Eichenberg et al. 2021, Goury et al. 2025 [4-6] ; 
Occupancy: MacKenzie et al. 2002, van Strien et al. 2013 [7-8]



Visit v 
in site s(v)

Occupancy models
(single species)

Presence
in site s(v)

Detection
visit v in site s(v)

Icons by Nikita Golubev and Freepik from www.flaticon.com 
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● Explicit likelihood to maximize
(only depending on ψs, dv and yv) 

● Models for ψs and dv could be 
anything,
 

e.g. for spatio-temporal sites: 

MacKenzie et al. 2002 [7]

or

http://www.flaticon.com


Issues with Pl@ntNet data
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Paris (2023 or 2024)

Paris, Montpellier, 
Nantes…

Scalability and reliability of the estimates

In metropolitan France:
● 2.6 Million observations
● 1.4 Million annotated

Occupancy: 
● unmarked: memory issues
● Bayesian: computational time

Frescalo: 
Inefficient implementation…



New implementations

Frescalo: Fast implementation in R… 
But still quadratic ➞ heavy for small resolutions

Occupancy: 
● Sparse implementation in scipy

○ Gradient based optimization
○ MLE and penalized versions

● Stochastic Gradient Descent in torch
○ Suitable for large datasets
○ Possible extensions to neural networks

9

1 0 0 … 1

… … … … …

1 NA NA … NA

visits

sites



Tests on realistic simulated data
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Are occupancy MLE estimates reliable? 

Fitting:
● MLE grid search
● MLE gradient based

Dataset: 

● Similar to 50 km cell size and ∼100 detections out of 1 million visits



Trend estimation reliability
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Realistic for 
50 km cell size



Real data - trend estimation (Pearson correlations)

12



Real data - trend estimation (Pearson correlations)
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Pl@ntNet

iNaturalist

Survey protocols
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https://inpn.mnhn.fr/espece/cd_nom/94247
https://inpn.mnhn.fr/docs/LR_FCE/Liste_rouge_Flore_vasculaire_Metropole_2018.pdf
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