
FRAGMENTATION AND CONNECTIVITY 

TWO KEY CONCEPTS

Marine Le Louarn & Sandra Luque



The Challenge: A World in Crisis?



 2 billion hectares of degraded 

land can be restored.

 500 million hectares are 

abandoned agriculture.

 LDN has the potential to cut up to 

35% of global GHG emissions by 

sustainably storing carbon in soils 

and to enhance resilience to 

climate change.

 LDN is an efficient way to halt on-

going biodiversity collapse 

through re-building sustainable 

landscapes.

Land degradation worldwide

LDN initiative: 15.3 Goal – United Nations

UNCCD 2016

Land Degradation Neutral World 



Deforestation –
land degradation



7.3 million hectares of 
forest, which is roughly 
the size of the country of 
Panama, are lost each 
year” (FAO, 2015).

Forest loss ...

http://www.globalforestwatch.org/#

Cattle

Palm oil

20.000 ha/day

14 ha/minute

about 36 football [soccer] fields 
worth of trees lost every minute 
(World Wildlife Fund (WWF, 2015)

http://www.globalforestwatch.org/
http://www.worldwildlife.org/threats/deforestation






Biodiversity Conservation more difficult that one
may think…

Bauer et al 2012



FRAGMENTATION & CONNECTIVITY LOSS
A major threat for biodiversity conservation and landscape ecological functions

MAINTENANCE AND RESTORATION OF LANDSCAPE CONNECTIVITY

A major concern in conservation biology and land planning
(Pascual-Hortal and Saura 2008, 2018)

MOVEMEMT ACROSS THE LANDSCAPE MATRIX: 
A KEY PROCESS FOR PLANT AND ANIMAL SURVIVAL

(Wiens et al. 1993)
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Landscape connectivity

Integrating
ecological

connectivity in 
territorial 

management

Stakeholders

Needs and 
requirements

Operational
methodology

and tools

Free and open 
are better!



Landscape connectivity

Structural 
connectivity

Stakeholders
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Landscape connectivity: a dynamic process 
(Taylor et al. 1993, Fahrig 2003,2017, Wiens 2003)

functional connectivity
refers to how the behavior of a

dispersing organism is affected by

landscape structure and elements

structural connectivity
depends on the spatial configuration of habitat

patches in the landscape like physical

contiguity, vicinity or presence of barriers

+

CONNECTIVITY DIAGNOSTIC

RETRIEVE information on:

 spatial organisation at the habitat level of species 

 contribution of each of the needed properties & elements within the network 



Simple 
metrics

Graphs

SEPMs°

Balancing data requirements with 
detail in the outcomes

Data requirements
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°Spatially explicit population models (SEPMs) (After Saura pers. Com.)



Methodological framework: 
Morphological Spatial Pattern Analysis (MSPA)

GUIDOS Toolbox 2.7 (Vogt et al. 2007)

Structural Connectivity



Methodological framework: 
Morphological Spatial Pattern Analysis (MSPA)

How does it work?

The results are mutually exclusive feature
classes describing the geometry and the 

connectivity of the spatial arrangement of 
the image object

A binary map is analysed with a 
customised sequence of 
mathematical operators

GUIDOS 
Toolbox

2.7



Selection of Land Cover map

Methodological framework: 
Input data from Remote Sensing

European Settlement Map
2.5m resolution

12 thematic classes

Large diversity of choice – Depend on the objectives
Free and open

Global Human Settlement Layer
38m ; 250m and 1km resolution

Decimals values from 0 to 1

SPOT 5 & SPOT 6

Sentinel 1



Methodological framework: 
Morphological Spatial Pattern Analysis (MSPA)

MSPA Applications

Analysis of forest map of the Val Grande 
National Park in North Italy

Indicators of forest fragmentation

GUIDOS 
Toolbox

2.7



Methodological framework: 
Morphological Spatial Pattern Analysis (MSPA)

MSPA Applications

Corridor mapping in northern Slovakia

GUIDOS 
Toolbox

2.7



Methodological framework: 
Morphological Spatial Pattern Analysis (MSPA)

MSPA Applications

Evaluate the effect of land-cover changes in the 
US on the Green Infrastructures network

GUIDOS 
Toolbox

2.7



Methodological framework: 
Input data from Remote Sensing

Based on European
Settlement Map
2.5m resolution

12 thematic classes



RESULTS: 
Where and how large are the GI patches? Accounting feature



Landscape connectivity

Functional
connectivity

Stakeholders

Needs and 
requirements

Operational
methodology

and tools

Free and open 
are better!



Species Distribution Models

Adapted from Briscoe Runquist
et al. 2019

Required to study the relationship between species and their
environment



Required to study the relationship between species and their
environment

Species Distribution Models



Species Distribution Models



From Pan et al. 2015

Species Distribution Models



To assess habitat suitability for birds, a combination of remote sensing and climatic layers
resulted in the best model performance

MODIS 8-day Leaf Area Index product derived from
atmospherically corrected MODIS surface reflectances.

Species Distribution Models



Models without LiDAR‐derived vegetation height and canopy cover estimates = lower model 
weight (ΔAICc > 50) than those models with LiDAR‐derived metrics for canopy cover and 

height

High‐resolution LiDAR‐derived metrics for 
vegetation height and canopy cover

Species Distribution Models



Response variable can also be acquired with remote sensing

Large mammals detected from very 
high-resolution GeoEye-1 satellite 

images

Species Distribution Models



Response variable can also be acquired with remote sensing

WorldView-2 satellite, ∼0.5 m 
resolution at nadir; Quickbird, 
0.65 m resolution

Species Distribution Models



 Locate species,

 know their ecology,
 manage their habitats

Biodiversity conservation 

&

Species habitat management

Le Roux et al. 2017

© Le Roux M.
© Le Roux M.

© Redon M.

Species habitat suitability models combined with connectivity 

analyses for forest bats dwelling species



Required to study the relationship between species and their environment

Adapted from Briscoe Runquist
et al. 2019

Species Distribution Models



From Le Roux et al. 
2017

Combining species distribution models and Connectivity analysis 

Nodes = suitable areas (from SDM) + occupied sites 

Species Distribution Models Feat. Connectivity analysis



From Le Roux et al. 
2017

The links between nodes are evaluated by least-cost corridor analysis
(CircuitScape, McRae et al. 2008)

Species Distribution Models Feat. Connectivity analysis

Combining species distribution models and Connectivity analysis 



From Le Roux et al. 
2017

Least-cost corridor analysis 
Habitat suitability values  Resistance map 
Resistance map Weighted Distance map (real distance multiplied by resistance score) from 
each pixel on the map to the nearest node. 

= Least-cost corridor identified between any pair of nodes

Species Distribution Models Feat. Connectivity analysis

Combining species distribution models and Connectivity analysis 



Node importance analysis (Conefor Sensinode)

Species Distribution Models Feat. Connectivity analysis

Combining species distribution models and Connectivity analysis 



From Le Roux et al. 
2017

Node importance analysis

Species Distribution Models Feat. Connectivity analysis

Combining species distribution models and Connectivity analysis 

Node importance analysis (Conefor Sensinode)



Take Home Message

From a remote sensing point of view From a sociological point of view

In Ecology, why promoting a single species with the rank of ambassodor for the entire
biodiversity of a geographical area?....



Take Home Message

From a remote sensing point of view From a sociological point of view

In Ecology, why promoting a single species with the rank of ambassodor for the entire
biodiversity of a geographical area?....

HYBRID MULTI-SPECIES DISTRIBUTION 
MODELS



40

…Learning 

to think ecologically

the relations, the landscape, the planning
R. Steiner


