
HAL Id: hal-02738990
https://hal.inrae.fr/hal-02738990v1

Submitted on 2 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Habitat quality and the velocity of spatial population
expansion

Marjorie Haond, Ludovic Mailleret, Thibaut Morel Journel, Lionel Roques,
Elodie Vercken

To cite this version:
Marjorie Haond, Ludovic Mailleret, Thibaut Morel Journel, Lionel Roques, Elodie Vercken. Habitat
quality and the velocity of spatial population expansion. 10. Models in Population Dynamics and
Ecology (CMPDE 16), Aix Marseille Université (AMU). Marseille, FRA., Sep 2016, Marseille, France.
�hal-02738990�

https://hal.inrae.fr/hal-02738990v1
https://hal.archives-ouvertes.fr


Habitat quality and the velocity of spatial population expansion

M. Haond1,2, L. Mailleret1,3, T. Morel Journel1, L. Roques2, E. Vercken1.

1: INRA, Univ. Nice Sophia Antipolis, CNRS, UMR 1355-7254 Institut Sophia Agro-
biotech, 06900 Sophia Antipolis, France
2: INRA, 546 Biostatistiques et Processus Spatiaux, 84000 Avignon, France
3: Inria, Biocore, 06902 Sophia Antipolis, France

An important prediction of several spatio-temporal models of population dynamics is that
habitat quality, defined here as the carrying capacity (K) of the environment, should have
no influence on the velocity (v) of a population expansion. This is for instance the case
with the Fisher-KPP model, where the asymptotic speed of propagation, starting from a
compactly supported initial population, is entirely determined by the intrinsic population
growth rate and the diffusion coefficient. Using different modelling frameworks, ranging
from reaction-diffusion equations to stochastic individual based models (IBM), we show
that this prediction is far from being generic.
First, we review known results on theoretical diffusion models, regarding the dependence
between K and v for the most classical types of growth functions (logistic-like growth)
and we derive some additional results for other less standard growth functions (growth
affected by weak or strong Allee effects). We also report some results for other classes of
equations describing density-dependent dispersal. Second, using discrete space stochastic
(stepping-stone) models on a one-dimensional infinite grid, we investigate the dependence
between K and v under four different assumptions: no Allee effect, weak and strong Allee
effects, and positive density-dependent dispersal (with no Allee effect).
We show that both the theoretical diffusion models and the stochastic IBMs lead to an
increasing relationship between v and K in the presence of an Allee effect or of positive
density-dependent dispersal. This increasing relationship between v and K still holds
in the stochastic IBMs even when there is no Allee effect or positive density-dependant
dispersal. This effect of K on v is especially strong when K is small (or close to the Allee
threshold in the presence of a strong Allee effect), and tends to become less powerful or
negligible when K becomes large.
Experiments that we have conduced on minute size wasps Trichogramma chilonis in labo-
ratory microcosms confirm the existence of a positive relationship between habitat quality
and the speed at which populations spread.
To conclude, we discuss how the property of dependence of the expansion velocity with
respect to the habitat quality is related to the pulled/pushed nature of the expansion
process.


