Preprocessing algorithm for optimizing the ecological
connectivity of landscapes
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The landscape connectivity has been defined as the degree to which a land-
scape facilitates the movement of individuals between habitat areas (Taylor
et al, 1993). Beyond the capacity of moving around to access vital resources,
landscape connectivity increases gene flow among populations and improves
their adaptability to climate change.

An ecological landscape can be viewed as a directed graph G = (V, A) in
which vertices represent habitat areas and arcs represent ecological corridors
to travel between them. The equivalent connected area EC'A(G) is computed
from all pair shortest path distances in this weighted graph and is used
by ecologists to assess the ecological connectivity (Saura & Pascual-Hortal,
2007). Each arc @ = (u,v) has a length [} that represents how difficult it
is to travel from u to v and a cost ¢, for reducing this length to [ . In [7],
we have proposed a mixed integer program for the problem of computing a
subset S C A of cost at most B that maximizes FCA(G') where G’ is the
graph obtained from G by reducing the length of each arc a € S from [ to
[ . For landscapes with few hundred nodes the MIP size exceeds the capacity
of standard MIP solvers.

This motivates the study of the following algorithmic problem that could
be of independent interest. Let £ be the set of length functions [ such that
lo € {l;,1} for every arc a € A. Let d;(s,t) be the length of the shortest st-
path with respect to the length function [. An arc (u,v) is said to be t-strong
(resp. t-useless) if dj(u,t) = l(u,v) +d;(v,t) (vesp. di(u,t) < l(u,v)+d;(v,t))
for every 214/ length functions [ € £. Given an oriented graph G, an arc (u, v)
and two length functions (™ and [~, we provide a O(|A| + |V|log |V]) algo-
rithm that computes the set of vertices ¢ such that (u,v) is t-strong (resp.
t-useless). Our experiments show that decreasing the size of the network
by contracting strong arcs and removing useless arcs allows to compute op-
timal connectivity improvement for significantly larger ecological landscapes.
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