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Connectivity Overview



Global Attention to Connectivity
A Core of Conservation Science

• Island biogeography

• Habitat fragmentation via human 

land alteration
oLinear infrastructure

o Roads

o Dams

o Giant walls

o Railways

o Powerlines

o Impervious cover & unsuitable habitat
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Network of Major Roads



Effects of Habitat Fragmentation

• Fragmentation can reduce:
oDispersals

oGenetic diversity

oSpecies diversity

oFecundity

oAbundance

oNutrient cycles, etc.
•Wide variety of time scales

o Individual movement → a century of 
genetic flow

oClimate change range shifts
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Wildlife Conservation Society, 2020

Network of Major Roads



Global Connectivity 
Management

• Connectivity conservation 
projects around the world

• Migratory populations in 
Africa, Asia & North America

• Potential for difficult 
scenarios with increasing 
wildlife populations or 
invasive species

Steve Winter; Nat. Geo.

Studio-MLA, 2017



Connectivity and Conservation Policy

• EU Biodiversity Strategy goal to 

enlarge protected area (PA) network 

to 30% of land and ocean area. 

• Connected Trans-European Nature 
Network

• Connectivity a consideration in:
• Global Biodiversity Framework

• EU Forestry Strategy

• Green & Blue Infrastructure Strategy

• Water Framework Directive

• EU Pollinators Initiative

• EU Nature Restoration Law
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Co-develop knowledge, tools and 

capacity building to support Member 

States in implementing an ecologically 

representative, resilient and well-

connected trans-European nature 

network

22 partner institutions from 12 different countries





WP6: Multi-scale 
connectivity and corridors

1. Guidelines and primer for 

connectivity planning in Europe

• Survey of connectivity projects

• Connectivity webinar

2. Pan-European connectivity models

3. Future scenario connectivity

© Ante 

Gugić/WWF 



Guidelines and Primer for 
Connectivity in Europe

• Part 1: Connectivity in Europe: 

Concepts, policies, & projects

1. Connectivity concepts and 

approaches

2. Global & EU policy instruments 

addressing connectivity

• EU Biodiversity, Forest, and G&B 

Infrastructure Strategies, GBF, etc. 

3. Connectivity projects in Europe and 

information needs

• Results and repository of projects

• Priorities, gaps and challenges



Survey of European 
Connectivity Projects

• General information, location, duration

• Goals and scope

• Taxa and ecosystem types

• Policy context, target users, funding 

• Approaches and outputs

• Assessments of results

• Ability to add projects
80 projects

35 countries

www.naturaconnect.idiv.de/projects/



• Part 2: Tools and guidelines for 

implementation of projects

4. Tools for connectivity 

modelling

5. General framework for 

connectivity conservation and 

planning

Guidelines for Connectivity 
Conservation in Europe



Pan-European 
Connectivity 
Modelling
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• Produce European-level 
terrestrial and freshwater 
connectivity maps

• Combining structural and 
functional connectivity 
approaches.

• Prioritize corridors 
between protected areas



Pan-European Connectivity Models
Multiple use data products
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Functional models 
for terrestrial 
archetypes 

Structural and 
functional freshwater 
connectivity models

Multi-scale corridor 
prioritizations



Pan-European Connectivity Models

• Omnidirectional electrical circuit theory connectivity models

• Resistance and source raster

• Cumulative and normalized current densities

© Jeremy Dertien

Omniscape Modelling



Omniscape Modeling
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Climate

Landcover

Infrastructure

Ruggedness

Resistance Raster

Source Raster

• Species Dist. Models

• Inverted and neg. exp. 

transformation



Pan-European Connectivity Models

• Omnidirectional electrical circuit theory connectivity models

• Resistance and source raster

• Cumulative and normalized current densities

• Normalized = cumulative / potential flow

• Normalized layer a first step to identify priority areas

• Ability to divide areas (McRae et al. 2016):

• Blocked (0.0 – 0.8)

• Diffuse (0.8 – 1.2) 

• Intensified (1.2 – 1.7)

• Channelised (> 1.7)

Omniscape Modelling



Cumulative Current 
Density - Herbivores



Cumulative Current Density - Predators



Predator 
Normalized 
Current Density

Blocked

Diffuse

Intensified

Channelised
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Predator 
Normalized 
Current Density

Blocked

Diffuse

Intensified

Channelised



Predator 
Normalized 
Current Density

Blocked

Diffuse

Intensified

Channelised



Pan-European Connectivity Models
Multiple use data products
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Omniscape models 
for 26 terrestrial 
archetypes

Structural and 
functional freshwater 
connectivity models

Multi-scale corridor 
prioritizations

Other considerations

• Importance of the two 

protected areas

• Importance of the 

linkage to the system

• Additional valuations

• Define the corridor 

space



Prioritising Ecological Corridors
Change in Probability of Connectivity (dPC)
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• Graph-theorical connectivity 
metrics

• Measure of individual PA or 
linkage importance

• Assist with prioritisation

• Simpler measure of connectivity

Higher dPC

Lower dPC

- Valuation by PA area (km2)
- Dispersal Max. 50 km

© Jeremy Dertien



Prioritising Ecological Corridors

Randomized Shortest Paths to 
identify corridor space



Pan-European Connectivity Models
Multiple use data products
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Omniscape models 
for 26 terrestrial 
archetypes

Structural and 
functional freshwater 
connectivity models

Multi-scale corridor 
prioritizations

Species & habitats 

distributions and FRV

Protected areas

Climate 
change

Ecosystem 

services 

CO2 O2

Land use
change  
scenarios

Costs 

Connectivity

Burden 
sharing 



WP7: Finding priorities for conservation, 
restoration and sustainable management 
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Species & habitats 

distributions and FRV

Protected areas

Climate 
change

Ecosystem 

services 

CO2 O2

Land use
change  
scenarios

Costs 

Connectivity

Burden 
sharing 

30% protected areas 

10% strict protection

Top priority areas for: 

20% restoration

Green infrastructure

T7.3 Problem formulation and prioritization of PAs and GI



Preliminary Conservation Prioritization Scenarios

EU-wide planning

Uneven distribution 

of 30%

National-level planning

Still 30% PA

Lowest biodiversity 

gains

EU-wide planning 

Equal distribution of 

30% PA

© Louise O’Connor

IIASA; NaturaConnect



A Connected Multifunctional Nature Network

• Multi-faceted approach to 
conserve multifunctional 
connections

• Ideally used by conservation 
practitioners at local, regional, 
and multi-national scales

• Interactive maps of 
connectivity results will 
become available next year

• Beta testing interactive spatial 
planning application

• Learning Platform for spatial 
prioritization, connectivity 
modelling, etc.
• www.naturaconnect.eu

http://www.naturaconnect.eu/


Questions?



• SDM inverted to 
create resistance 
layer 

• With c-2 negative 
exponential 
transformation

• Added water  
bodies 

• Source raster 
derived from 
predicted suitable 
habitat. 

• Final predictions at 
1km2

Resistance & Source 
Layers

• Generalized 
Linear Mixed 
Models

• Random effects 
biogeographic 
region

• Connectivity 
models for the 
full project 
connectivity will 
use WP3 SDMs by 
archetypes

Species Distribution 
Modelling

Proportional land 
cover

•Human Developed

•Agriculture

• Forest

•Wetland

•Shrub

•Road Density

• Derived from OSM 
Data

•Max. Temp.

• Terrain Ruggedness 
Index

Covariate 
Estimation

• Presence points 
from Rewilding 
Atlas output

• Median dispersal 
buffers to estimate 
pseudo-absence 
points.

• Ten large mammal 

species

• Four predators & 

six herbivores

Presence Data

Resistance & Source Layers for Omnidirectional Modelling 



Metrics and Methods
Functional vs. Structural Connectivity

• A spectrum rather than binary difference

• Structural connectivity index and other measures of spatial congruency

• Effective mesh size

• Betweenness centrality 

• Distance to nearest neighbor 

• Functional connectivity incorporates aspects of habitat preference and/or 
animal movement
• Step selection functions from GPS data

• Species distribution models -> Resistance surface-based graph models



Deliverables To Date

• D1.2. NaturaConnect Learning Platform

• D1.3. Stakeholder Analysis 

• D2.1. Review of Best Practices in Governance and LC policies

• D4.1. Spatial Opportunities and Constraints for GI network design

• D5.1. Scenario Framework for TEN-N

• D6.1. Guidelines for Connectivity Conservation Planning in Europe

• D7.1. Formulations, Targets and Preferences for the TEN-N
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