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Abstract:

The connectivity of ecological habitat networks is key for maintaining biodiversity and has therefore
been the objective of several conservation policies. In France, the Green and Blue Infrastructure
strategy “Trame Verte et Bleue” is dedicated to the protection and management of ecological net-
works. However, the application of this strategy reveals various spatial patterns considering the
diversity of environments and species. Our research aims to compare different forest networks map-
pings with regards to potential connectivity. This research is based on a generic modelling approach
using landscape graphs and develops a way to assess ecological connectivity in conservation plan-

ning.

Keywords: ecological connectivity, forest networks, landscape graphs, conservation planning

1. Introduction

Ecological connectivity is a key factor of population dynamics and is commonly
assessed to estimate the contribution of habitat networks to the protection of biodiversity.
Ecological connectivity is increasingly integrated in conservation planning [1-3], but a

significant gap is identified in practice [4-6].

In France, the “Trame Verte et Bleue” (TVB) strategy aims to constitute a coherent
ecological network, from national to local levels. It is based on the patch-corridor-matrix
conceptual model, related to species and their movements [7]. However, the practical
application of this strategy goes beyond the boundaries of conservation and planning,
combining scientific considerations related to ecology with territorial projects [8]. The
distinction between the conceptual ecological network and its operational representation

illustrates the difficulty of accounting for connectivity when it comes to action.

Studies on TVB planning showed that ecological connectivity is not properly considered
[9]. Indeed, the connectivity concept is misinterpreted and rarely applied at the local level
[10]. This study aims to compare different TVB planning maps to characterise their
contribution to ecological connectivity by using landscape graphs. These spatial models
are relevant tools to estimate the potential connectivity of habitat networks and support
decision-making [11,12]. We focused on forest habitat networks of different maps driving

from SCoT (French inter-municipal planning instruments).
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2. Area of study

Our analysis is based on four SCoT located in the Burgundy Franche-Comté
region: Belfort, Grand Autunois Morvan, Grand Nevers, and Grand Avallonnais (Figure 1).
The studied SCoT share similar forest cover proportions (between 37% and 44%) but differ

for other land cover categories.
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Figure 1. Study area and SCoT

3. Material and methods
3.1. Land cover mapping

We produced a land cover map by using the following databases: IGN 2018, BD
FORET® to map forests; IGN 2018, BD TOPO® to map rivers, wetlands, roads, railways,
and urban areas; RPG 2017 for meadows, crops and other open areas; and OSO raster layer
2018 as a base map. The obtained land cover raster map at a resolution of 5 m is composed

of 15 classes.
3.2. Species selection

We referred to the typology of Vos and al. [13] to define our forest species from several
ecological profiles. We distinguished three main profiles: short dispersal distance with
small area requirement, middle dispersal distance with middle area requirement and large

dispersal distance with high area requirement.
3.3. Landscape graph modelling

A graph is defined as a set of habitat patches (nodes) connected by potential dispersal
paths (links). Nodes represent suitable habitats patches [14]. Links represent potential
movement paths between habitat patches. From our land cover map, we selected the
forested habitat patches with a minimal area of 1 ha, 10 ha, and 100 ha for the first, second,

and third ecological profiles respectively. The inter-patch links were weighted by an

effective distance computed by assigning to each land cover type a specific resistance value.

The resistance value of forest patches was set to 1 and was the minimum.

We created planar graphs linking only neighboring habitats patches. Three graphs are
used in relation to the dispersal distances and habitat requirements of the three species

profiles. The modelled forest networks correspond to the potential habitats networks.
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Connectivity metrics used to characterize connectivity

There are different ways to identify how habitat patches contribute to population
dynamics [15,16]. We focused on three metrics defined from three main functions: (1)
recruitment, (2) dispersal flux and (3) traversability [17]. The first metric corresponds to
the potential recruitment R or demographic capacity A of the habitat i. It is intrinsic to

every habitat patch and independent of the graph.

The second metric estimates the dispersal flux. It is related to the patch ability to function
as a source or receptor independently of its potential recruitment. The metric F is an

indicator of the potential dispersal starting from the habitat i or towards the habitat i.

n
F = ZAjl.ge_“dij
=

Jj#Fi
n: number of habitat patches. A;: habitat capacity. —ady, : probability of dispersal between patches i and j.
a is a parameter representing the intensity of the distance effect, and B is a parameter allowing the capacity

weighting.

The third metric CF measures the traversability of habitat patches. Based on the electrical
circuit theory, it takes into account all possible alternative paths between habitat patch
pairs and not only the least cost path to quantify the strength of interaction between each

pair of habitats. It thereby makes it possible to estimate their role in relation to the flow.
3.4. Comparison between modelled forest networks and SCoT forest networks

We collected forest habitats delimitations from SCoT official institutions in order to
perform the comparison. The mapped forest habitats included in SCoT were crossed with
the modelled habitats for each ecological profile. Connectivity metrics calculated in
modelled habitats were assigned to SCoT habitats when included in the modelled habitats.

The metric values inside and outside SCoT habitats were then compared.

4. Results

The modelled habitat networks are in accordance with the habitat networks included
in the planning documents when considering the capacity and the CF metric, but
differences appeared between planning documents in terms of flux metric, as revealed by
the metric values inside and outside forest habitats. Some habitats patches with high flux

values are located outside the SCoT habitat patches.

In addition, scores metrics differ according to species ecological profiles. Some metrics
take higher values inside SCoT habitat patches for large dispersers. Conversely, they tend
to be higher outside the habitat patches for small dispersers. Overall, habitat patches

corresponding to this profile seem to be less included in SCoT zonings.

Our analysis also reveals critical connectivity areas located outside the SCoT forest
networks, although they are important for the dispersal flux of species according to

landscape graph models.
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5. Conclusion and perspectives

Our generic approach allowed us to compare different planning documents in terms
of ecological connectivity response using metrics focusing on area, dispersal and
traversability. Disparities were observed between SCoT regarding the dispersal criterion.
Connectivity is still widely applied in planning maps, especially when considering

different species profiles.

Our approach pointed out differences between SCoT in terms of conservation efforts. It
was applied on forest networks but could be reproduced for other TVB sub-frames

included in planning documents to analyse connectivity.
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