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Reply to Harwood et al.: Thermophilization
estimation is robust to the scale of species
distribution data
We recently assessed plant community re-
sponses to macroclimate warming across
European and North American temperate
forests (1). To do so, we inferred the temper-
ature preferences of understory species from
distribution data by means of ecological
niche, or species distribution models (SDMs).
Harwood et al. (2) propose that subcanopy
temperatures, instead of gridded climate
data, should have been used in our analyses.
Despite exciting ongoing advances in the
downscaling of microclimates from macro-
climatic data, Harwood et al.’s suggestion is,
at present, simply not possible at the scale of
our study: One would need to match the
occurrence of every individual of each of
1,032 species with the microclimate in each
location across two continents. More funda-
mentally, such downscaling is not neces-
sary for our purpose: when applied correctly
(3), SDMs can infer species’ climatic toler-
ances without the need of those detailed
field data, based on mean field approxima-
tion (4). Nonetheless, as SDMs only approx-
imate thermal tolerances, we went beyond
common practice to propagate their uncer-
tainties into thermophilization rates (1). Even
if microclimates might bias the niche models
of some species (2), no bias at the level of
among-region comparisons is expected given
that we quantified thermophilization as the
relative temporal difference in floristic tem-
peratures per unit time. Thus, presence of
bias in species’ temperature preferences, as
hypothesized by Harwood et al. (2), is not
enough to cause bias in thermophilization
rates. Our sensitivity analyses removing ran-
dom subsets of species from the total pool
(1) confirm that the reported thermophiliza-
tion rates are robust.
We also invested substantial efforts in

using the best distribution data available to
fit SDMs to our species. Large unsuitable
areas within the range boundary are actually
excluded from our models as illustrated by

the exclusion of, for instance, highlands in
central Norway from the geographic range
of the most frequent European understory
plant Anemone nemorosa (ref. 1, figure 1A).
Of course, range maps are only a coarse
representation of actual distributions. Al-
ternatively, using sets of species occurrences
such as those provided by the Global Bio-
diversity Information Facility (www.gbif.
org) was clearly less desirable in this case:
although invaluable in many instances, such
data have been shown to be still incomplete
and often geographically biased (e.g., by po-
litical boundaries) (5).
We concur with the opinion expressed

by Harwood et al. (2) that “the combined
effects of terrain and the biota on the mi-
croclimate experienced by species may come
to be viewed as an integral part of biodiver-
sity analysis rather than an inconvenience
that may be dismissed”; this is exactly what
we conveyed with our study (1). Indeed, we
specifically showed that microclimatic effects
should be taken into account (and not dis-
missed) to accurately interpret biotic re-
sponses to climate change. Hence, we be-
lieve that the issues raised by Harwood
et al. (2) represent important future
directions for SDMs, but they do not cast
any doubt on our findings that under-
story plant responses to rising air temper-
atures were buffered by forest canopy clo-
sure across European and North American
temperate forests.
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