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Reply to Feeley and Rehm: Land-use
intensification increases risk of species
losses from climate change
A growing body of evidence challenges the
view that species’ ranges are shifting unidi-
rectionally in response to anthropogenic cli-
mate change (1). As Feeley and Rehm (2)
point out, our resurvey of Chimborazo’s veg-
etation (3) presents yet another example of
the complex dynamics of ongoing range
shifts. Although we do find a strong aver-
age upslope trend, we also note that several
species are lagging behind. We agree with
Feeley and Rehm (2) that the observed
downward expansion of the grass-dominated
Pajonal vegetation into lower elevations is
likely the result of land-use changes, as illus-
trated in our updated version of Humboldt’s
Tableau Physique (3).
The idea that land-use activities may limit

climate-driven range shifts is not new (4).
The direct land-use effects mentioned by
Feeley and Rehm (2) promote the expansion
of Pajonal vegetation, which hinders tree es-
tablishment and thus the potential upward
range shift of cloud forests from lower eleva-
tions. Indeed, we can expect strong disequi-
librium dynamics in the leading edge of
cloud forests because of the barriers that hab-
itat loss and fragmentation of source popula-
tions pose to low-elevation species (1).
Water availability may also limit the up-

ward migration of cloud forests. The pollen
record provides examples in which reduced
precipitation—rather than human activities—
possibly hindered the expansion of cloud for-
ests to higher elevations in times of warming
(5). If the current climate is shifting toward
drier conditions in tropical mountain regions,

as suggested for Chimborazo (3) and pre-
dicted under most future climate-change
scenarios for the tropical Andes (6), more
research should be directed toward the
effects of this aspect of human-driven cli-
mate change on the ability of species to re-
spond to the warming climate.
It is clear that species’ range shift dynamics

in response to the ongoing climate changes
are not a simple matter (1), and we can only
encourage further research, in particular for
the understudied case of plants in the biodi-
verse tropics (1). The fact that increasing
land-use intensity may strongly modulate cli-
mate-change impacts on species’ distribu-
tions—often facilitating range adjustments
of human-dispersed plants (frequently inva-
sive exotics), but limiting expansions of many
other species—is worrisome. Although cli-
mate-change mitigation requires global-scale
efforts, the impacts of land use can be miti-
gated through local and regional conserva-
tion planning. Socioeconomic considerations
need to be integrated in such actions, but
ecological research toward quantifying and
understanding past changes and improving
predictive modeling of future ones is a first
step toward reducing the risks.
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