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Optimal foraging theory, Patch Choice model
MacArthur & Pianka 1966, Wilmshurst & Fryxell 
1995, Kelly 1995

Food is important!

They like gaps in the forest canopy!
Kuijper et al. 2009

Ungulates spatial distribution - food 
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Human pressure 

Direct & indirect effects of predators

Ungulates spatial distribution - fear



  



  



Context-dependence of tree logs: Do deer experience more fear close to wolves? 

C 

*

Kuijper et al. 2015



Deer fear tree logs more when far from humans but close to wolves

Distance to built-up areas (m)
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Aim of the study

testing importance of 

multi-scale habitat structure, 

human & natural predators,

seasonality,

inter-specific relations

in shaping ungulates spatial distribution and 
habitat selection
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Species Distribution Models (SDM)

  

+ remote sensing



    Fine-scale habitat structure 

Multi-scale remote sensing

  Landscape-scale habitat structure 

Re-sampling algorithms

Multi-resolution 
segmentations

Moving windows 
e.g. 10x10, 100x100 pixels



Canopy Height (LIDAR)



Canopy Openness (LIDAR)

Simple rule:

Canopy Height < 2m



% Coniferous Trees

RAPID EYE & LIDAR



Support Vector Machine (SVM)
classifier

Pred C Pred NC

Valid C 6622 1339 7961

Valid NC 933 6961 7894

7555 8300

based on Rapid Eye 
Tasseled Cup Greenness
vegetation index & 

State Forest inventory db
(training & validation)

Coniferous vs Non-Coniferous pixels





WOLF (and HUMANS) part



Autumn 2015





px=500m

Spatial random effect 
Restricted Spatial Regression (Johnson et al. 2013)

Bayesian Spatial GLMM

coded and fitted with python & pymc2

Trapping (detection) rate

















RED DEER (female) part



> 1000 locations

7562 videos
 

(> 120h)

8036 pictures

> 400 GB

2012-2014







px=500m

px=500m

px=100m

Spatial random effect (Johnson et al. 2013)

Bayesian Hierarchical Spatial GLMM

coded and fitted with python & pymc2

Detection rate

Abundance

Occupancy probability





Occupancy probability



% coniferous

Canopy openness

Abundance



Canopy openness Day of year Temperature

Detection rate





One more idea ...



Take home message

Camera trapping

+

Multi-resolution remote sensing 

+

Hierarchical Bayesian modeling

=

Powerful combination for advanced ecological research
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