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Structural Connectivity

Taylor et al. 1993. Oikos

Overview Current Density Application 1 Application 2 Application 3 Dependencies

Current Density: What, Why, and How?

Application 1: Large scale connectivity mapping: What matters most?

Application 2: Current Density for Scenario Modelling exercises

Application 3: Combining Current Density with Network Analysis 

Dependences: Software choices and limitations 
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Where it all began!
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Why Circuit Theory? Dickson et al. 2019

Connectivity is not just about corridors!

• Need to think about it more diffusely, particularly in working or dynamic landscapes: The matrix matters

• Connectivity is a dynamic process: All possible pathways are important

• Redundancy is important - especially under changing land cover or climate

Circuit theory helps to:

➢ Quantify ecological and gene flow and redundancy over complex landscapes

➢ Prioritize pinch-points where connectivity might be lost sooner
➢ Identify restoration opportunities and explore change scenarios

➢ Provide theoretical justification for protecting and reconnecting landscapes.

What is Current Density?

Circuit theory ⇄ movement: random walkers take many pathways

Electrical analogy ⇄ resistance surface with multiple current pathways

Current density → increases in pinch-points 

pinch-point



High

Low

Resistance Current Density
McRae et al. 2008. Ecology

Based on Graph and Circuit theory

a b

Landscape Resistance 

Resistance values

2 2 2 2

1 2 10 1

1 2 2 1

2 2 2 2

a b

Landscape Resistance 

Least-cost path (LCP) All possible paths (current density)

M

H W H

Landscape

a b

Overview Current Density Application 1 Application 2 Application 3 Dependencies

How Current Density Maps Are Made?

Current Direction

P2POmnidirictional

Brennan et al. 2025. LSE



Large scale – Species Agnostic Connectivity mapping
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Current Density Maps Workflow?

Marrec & Abdel Moniem et al. 2020
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Large scale – Species Agnostic Connectivity mapping
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How to interpret Current Density Maps?

Marrec & Abdel Moniem et al. 2020
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Large scale – Species Agnostic Connectivity mapping What matters most? Sensitivity analysis



Current Density for Scenario Modelling: Grassland Study 
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To assess the impact of converting native grassland to cropland and other 
land-uses on connectivity in the prairie region of Alberta.

Objective
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Current Density for Scenario Modelling: Grassland Study 
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Mean current density decreased with the severity of conversion

Current Density for Scenario Modelling: Grassland Study 
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➢ Assess the divergent patterns of connectivity due to grassland conversion
➢ Quantify connectivity loss/gain at different scales

Current Density for Scenario Modelling: Grassland Study 
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Combining Current Density with Network Analysis: CVC Case Study
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Bowman & Cordes. 2015

Why does this map not work for CVC?

• Spatial resolution too coarse: 100 m

• Spatial extent too large: Map shows provincial-scale 
connectivity, not watershed-scale

• Color ramp: does not highlight variation among 
low-range values (within blue).

• Important habitat patches: not represented.

➢ Map ecological connectivity at an appropriate scale for CVC
➢ Prioritize important habitat to maintain the NHS connectivity

Objective
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Combining Current Density with Network Analysis: CVC Case Study
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Current Density Modelling: Ecological pathways



Combining Current Density with Network Analysis: CVC Case Study
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Network Analysis: Important habitat patches and links

“Prioritize natural elements and their linkages by their contribution to overall landscape connectivity”

dPC = dPCintra + dPCflux + dPCconnector

Fraction Definition

dPCintra Available area provided by each 
patch (intrapatch connectivity)

dPCflux Connections of each patch with 
other patches

dPCconnector Contribution to connectivity 
between other patches 
(steppingstone)

dPCintra > 0
dPCflux = 0
dPCconnector = 0

dPCintra > 0
dPCflux > 0
dPCconnector = 0

dPCintra > 0
dPCflux > 0
dPCconnector > 0

Saura & Rubio (2010). Ecography.= Movement
= Forest
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Combining Current Density with Network Analysis: CVC Case Study
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Network Analysis: Important habitat patches and links



Satellite image Current density CD & habitat network

Abdel Moniem et al. 2021
Report and manual - CVC

patch contribution to network

➢ Identify the focus landscapes (AOI, grain, etc.).
➢ Obtain the HVL data (e.g., important habitat patches in NHS, HVL).
➢ Decide on the distance measure for network analysis (e.g., Euclidian vs resistance).
➢ Which connectivity fractions are most meaningful? (e.g., dPC metrics).
➢ Preferred current density modelling.
➢ Overlay maps (modelling outputs) to identify important connectivity connections.
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Combining Current Density with Network Analysis: CVC Case Study
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Software Dependencies & Tradeoffs for in-house applications 
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