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Statistical ecology



What is ecology?



ECOLOGY IS THE STUDY OF 
HOW ORGANISMS 

INTERACT WITH ONE 
ANOTHER AND THEIR NON-

LIVING ENVIRONMENT



What is statistics?



STATISTICS IS THE 
SCIENCE OF COLLECTING, 

ORGANIZING, PRESENTING, 
ANALYZING AND DRAWING 
CONCLUSIONS FROM DATA
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42 POPULATIONS IN EUROPE



Agricultural abandonment

Ungulates comeback

Law on nature protection



Land sparing vs.   Land sharing

Large carnivore return in Europe is an overall successfull example of 
land sharing…. LAND SHARING



INTERACTIONS COME AT A COST



1. HOW MANY?

2. WHERE?









HIDDEN MARKOV MODELS







Ecological questions



1. HOW MANY?

2. WHERE?



COUNTING THINGS IS EASY… OR IS IT?



CAPTURE-RECAPTURE: 
‘POPULATION IN THE 
KINGDOM, INCLUDING 
CORSICA ISLAND (…) 
YEAR 1783.’

Laplace 1784
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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?
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• In wolves, there is a social hierarchy with dominant vs. 
subordinate individuals.


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

Markov model
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ESTIMATED ABUNDANCE

OBSERVED ABUNDANCE
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ESTIMATED ABUNDANCE

30% underestimation of 
abundance when heterogeneity in 

detection is ignored

OBSERVED COUNTS



Ecological questions



1. HOW MANY?

2. WHERE?



Proportion in % of France occupied by large carnivores



Proportion of area = occupancy
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True occupancy = 25%

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


Naive occupancy estimate = 6/40 = 15%
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Single-season occupancy model as a HMM
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Single-season occupancy model as a HMM
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ψ1 = prob. a site is occupied - occupancy

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


Static (single-season) occupancy models



ψ1 = prob. a site is occupied - occupancy

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


γ = prob. unoccupied site becomes occupied – colonisation

ε = prob. occupied site becomes unoccupied – extinction

Dynamic (multi-season) occupancy models



Dynamic occupancy model as a HMM
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TRENDS IN OCCUPANCY
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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?



Indicative bibliography

• Gimenez et al. (2014). Fitting occupancy models with E-SURGE: hidden Markov 
modelling of presence– absence data. Methods Ecol. Evol., 5, 592– 597. 


• Gimenez et al. (2012). Estimating demographic parameters using hidden process 
dynamic models. Theor. Popul. Biol., 82, 307– 316. 


• Gimenez (2024?). Bayesian Analysis of Capture-Recapture Data with Hidden 
Markov Models: Theory and Case Studies in R and Nimble. CRC Press.


• McClintock et al. (2020). Uncovering ecological state dynamics with hidden 
Markov models. Ecology Letters 23: 1878-1903.


• Pradel, R. (2005). Multievent: An extension of multistate capture-recapture 
models to uncertain states. Biometrics, 61, 442– 447. 


• Zucchini, W., MacDonald, I.L. & Langrock, R. (2016). Hidden Markov Models for 
Time Series: An Introduction Using R, 2nd edn. Boca Raton: CRC Press. 








