

















REPORTS

A. Hudson, S. Hunter-Smith, S. Kearney, L. Kimball,

K. Rozofsky, ]. Smith, and P. Tester provided assistance

in the lab. Sequence accession numbers in GenBank are
EU737149 to EU740386, EF521416 to EF521576, and

EU302706 to EU302748.

Supporting Online Material
www.sciencemag.org/cgi/content/full/320/5884/1763/DC1
Materials and Methods

SOM Text

Figs. S1 to S3

Tables S1 to S3
References

12 March 2008; accepted 29 May 2008
10.1126/science.1157704

A Significant Upward Shift in
Plant Species Optimum Elevation
During the 20th Century

]. Lenoir,** J. C. Gégout,* P. A. Marquet,>>* P. de Ruffray,® H. Brisse®

Spatial fingerprints of climate change on biotic communities are usually associated with changes in
the distribution of species at their latitudinal or altitudinal extremes. By comparing the altitudinal
distribution of 171 forest plant species between 1905 and 1985 and 1986 and 2005 along the
entire elevation range (0 to 2600 meters above sea level) in west Europe, we show that climate
warming has resulted in a significant upward shift in species optimum elevation averaging

29 meters per decade. The shift is larger for species restricted to mountain habitats and for
grassy species, which are characterized by faster population turnover. Our study shows that
climate change affects the spatial core of the distributional range of plant species, in addition

to their distributional margins, as previously reported.

ecent warming has induced biological
R and ecological responses from animals

and plants throughout the world (/-3).
Consistent responses to global warming or “finger-
prints” are apparent in the phenology and distri-
bution of species (/-3). For plants, invertebrates,
and vertebrates, climate change has strongly in-
fluenced distribution and abundance at range mar-
gins both in latitude (polar margins) (5—8) and in
elevation (upper margins) (5, 9—11), and even in
depth for marine fishes (8). Shifts at the upper
edge of altitudinal range agree with the hypoth-
esis of an upward trend to escape rising temper-
atures (/2—14). Changes in range limits, however,
are just one, albeit important, expression of the
likely consequences of climate change. More sub-
tle changes within the ranges of species are also
likely and, although poorly explored as yet, might
have important ecological and evolutionary con-
sequences. Assuming niche conservatism over
evolutionary time (/5), we tested for large-scale
(across temperate and Mediterranean mountain
forests in west Europe), long-term (over the 20th
century), and multispecies (through an assem-
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blage of 171 species) climate-related responses in
forest plant altitudinal distributions. We analyzed
species responses by measuring shifts in the al-
titudinal position of species” maximum probabil-
ity of presence within their distribution, instead
of focusing on distributional extremes. Addition-
ally, we tested for the effect of ecological and life
history traits on the magnitude of the response to
climate warming (/6). In particular, we tested
whether species restricted to mountain areas

Fig. 1. Climatic trends from 1965 to 2006.
(A) Yearly mean surface temperature anom-
alies (using overall mean temperature as
baseline) and (B) annual precipitation anom-
alies (using overall mean annual precipita-
tion as baseline) averaged for 73 elevation
sites in the French mountains ranging in
altitude from 10 to 2010 m above sea level.
Solid gray bars refer to positive anomalies,
whereas open bars refer to negative ones.
The solid curve is the smoothed average
with use of a 10-year filter. The vertical

Mean annual temperature anomaly (°C)

dotted lines mark the split between the two 2

studied periods. Data have been gathered
from the French National Climatic Network
(Météo-France).

Annual precipitation anomaly (mm)

(10-12, 17, 18) and/or fast generation times (/9)
are particularly sensitive to temperature changes.

We studied species in forest communities
found between lowland to the upper subalpine
vegetation belt (0 to 2600 m above sea level) over
six mountain ranges in west Europe (the Western
Alps, the Northern Pyrenees, the Massif Central,
the Western Jura, the Vosges, and the Corsican
range). Climatic change in France has been char-
acterized by increases in average temperature of
far greater magnitude than increases in the world
mean annual temperature, of about 0.6°C over
the 20th century (20), reaching up to 0.9°C (21)
and even close to 1°C in the alpine region since
the early 1980s (22). From two large-scale flo-
ristic inventories (about 28,000 surveys) (23), we
extracted two well-balanced subsamples, includ-
ing 3991 surveys each, carried out across the
studied mountain ranges (see fig. S1 for surveys
location). The first subsample included surveys
carried out before the mid-1980s (1905-1985),
and the other one, after 1985 (1986-2005) (see
fig. S2 for altitudinal distribution of surveys). We
chose this temporal threshold because the anal-
ysis of yearly mean surface temperature anom-
alies between 1965 and 2005 shows that in 1986
the studied mountain ranges experienced a tem-
perature regime shift (Fig. 1A), staying above the
average baseline conditions. In contrast, analysis
of annual precipitation anomalies between 1965
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