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ecology?




ECOLOGY IS THE STUDY OF
HOW ORGANISMS
INTERACT WITH ONE
ANOTHER AND THEIR NON-
LIVING ENVIRONMENT




-~ What is statistics?
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= 9 - 10 octobre 2023 : 9émes journées du GDR Ecologie Statistique, Villeurbanne - détails bient6t.

Le GDR EcoStat propose des actions visant a fédérer les scientifiques intéressés par le développement et 1’application de méthodes et d’outils statistiques
pour répondre aux questions de 1’écologie et de la biologie évolutive. Il facilite le transfert de connaissances et les échanges entre biologistes de 1’évolution,
écologues et statisticiens afin d’améliorer 1’analyse et le traitement des données biologiques.

Les principales missions du GDR EcoStat sont
i) d’évaluer les méthodes statistiques existantes,
ii) d’explorer ’application de méthodes récentes souvent inconnues des écologues et biologistes de 1’évolution,
iii) de développer de nouvelles approches statistiques et
iv) d’assurer le transfert de connaissances vers les utilisateurs potentiels de ces méthodes.

Cela passe par un effort sur la communication entre les différentes thématiques que nous abordons, a I’intérieur du GDR mais aussi a I’extérieur avec toutes
les structures ayant un lien avec ’écologie ou les statistiques.

Le GDR a été créé en janvier 2014 (renouvelé en janvier 2018 puis en 2023) et vise a fédérer les différentes forces présentes au niveau national en un réseau
structuré. Il soutient 1'organisation d'animations scientifiques (conférence, formations, ateliers, etc.) et les échanges entre laboratoires (bourses de mobilité,

annuaire, etc.).

Le pilotage du GDR est assuré par son bureau constitué de Stéphane Dray (co-animateur), Olivier Gimenez (co-animateur), Sakina-Dorothée Ayata, Sonia
Kéfi, Valentin Lauret, Marie-Pierre Etienne, Fran¢ois-Marie Martin, Vincent Miele, Wilfried Thuiller et Verena Trenkel.
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1. HOW MANY?
2. WHERE?













HIDDEN MARKOV MODELS
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COUNTING THINGS IS EASY... ORISIT?
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Single-state capture-recapture model as a HMM



Single-state capture-recapture model as a HMM

A = alive; D = dead



Single-state capture-recapture model as a HMM

A = alive; D = dead



Single-state capture-recapture model as a HMM

Markov model

A = alive; D = dead
¢ = survival



Single-state capture-recapture model as a HMM

Markov model hidden

A = alive; D = dead
¢ = survival, p = detection



What about individual heterogeneity?

* From a statistical point of view, heterogeneity can induce
bias In parameter estimates

* From an ecological point of view, heterogeneity is of
interest — individual quality/behavior



Sources of heterogeneity?



Sources of heterogeneity?

* In wolves, there is a social hlerarchy W|th dominant vs.
subordinate individuals.




Sources of heterogeneity?

* [n wolves, there is a social hlerarchy W|th dominant vs.
subordinate individuals. SR

* Dominant individuals are more mobile within pack territory
and more likely to mark territory with feces & urine.



Rewriting Pledger’s model for heterogeneity



Rewriting Pledger’s model for heterogeneity

Aj = alive in class J; D = dead

TT; = prop of individual in class j



Rewriting Pledger’s model for heterogeneity

Markov model

Aj = alive in class J; D = dead

TT; = prop of individual in class j



Moving between classes of heterogeneity

Al d(1 — ) P12 l—¢

t A Py ¢l —yr) 1-¢
D 0 0 1

Aj = alive in class J; D = dead
Wi transition prob between classes i and j of heterogeneity



Rewriting Pledger’s model for heterogeneity

Markov model

Aj = alive in class J; D = dead

TT; = prop of individual in class j; p;i= detection in class j
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Proportion in % of France occupied by large carnivores
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Proportion of area = occupancy
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True occupancy = 25%



Species detection is imperfect
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True occupancy = 25% Species detected in 6 occupied sites



We underestimate occupancy

0
0
0
0
1
0
0
0

- a2 O O O O O o©O

0
0
0
0
0
0
0
0

True occupancy = 25% Species detected in 6 occupied sites

Naive occupancy estimate = 6/40 = 15%



HIDDEN MARKOV MODELS




Single-season occupancy model as a HMM

O = occupied; U = unoccupied



Single-season occupancy model as a HMM

O = occupied; U = unoccupied
1, = occupancy



Single-season occupancy model as a HMM

Markov model

O = occupied; U = unoccupied
1, = occupancy



Single-season occupancy model as a HMM

Markov model hidden

O = occupied; U = unoccupied
1, = occupancy, p = detection



Static (single-season) occupancy models

p, = prob. a site is occupied - occupancy

p = prob. species is detected (given presence) — detection



Dynamic (multi-season) occupancy models

p, = prob. a site is occupied - occupancy

p = prob. species is detected (given presence) — detection

vy = prob. unoccupied site becomes occupied — colonisation

¢ = prob. occupied site becomes unoccupied — extinction



Dynamic occupancy model as a HMM

Markov model hidden
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Conclusions




Why HMMs?

Make natural distinction ecological process vs observation
Highly modular with complexity broken in smaller problems
Toolbox of useful methods for estimation and inference

HMMs as a versatile modelling framework??



A few perspectives for HMMs

* Model evaluation via goodness-of-fit testing
* Continuous time, with focus on citizen science data

 HMMs used a lot in trajectometry; A framework to merge
movement ecology and population dynamics?
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