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Summary

1.

Climate change 1s expected to icrease the magnitude and the frequency of extreme
climatic events such as droughts. Better understanding how plant communities will
respond to these droughts is a major challenge. We expect the response to be a shift in
functional trait values resulting from both species turnover and intraspecific trait
variability, but little research has addressed the relative contribution of both
components.

We analysed the short-term functional response of subalpine grassland communities to
a simulated drought by focusing on four leaf traits (LDMC: leaf dry matter content,
SLA: specific leaf area, LNC: leaf nitrogen concentration, LCC: leaf carbon
concentration). After evaluating species turnover and intraspecific variability
separately, we determined their relative contribution in the community functional
response to drought, reflected by changes in community weighted mean traits.

We found significant species turnover and intraspecific variability, as well as
significant changes in community weighted mean for most of the traits. The relative
contribution of mtraspecific variability to the changes in community mean traits was
more important (42-99%) than the relative contribution of species turnover (1-58%).
Intraspecific variability either amplified (for LDMC, SLA and LCC) or dampened (for
LNC) the community functional response mediated by species turnover. We
demonstrated that the small contribution of species turnover to the changes in
community mean LDMC and LCC was explained by a lack of covariation between
species turnover and interspecific trait differences.

Synthesis. These results highlight the need for a better consideration of intraspecific
variability to understand and predict the effect of climate change on plant

communities. While both species turnover and intraspecific variability can be
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expected following an extreme drought, we report new evidence that intraspecific
variability can be a more important driver of the sort-term functional response of plant

communities.

Key-words: climate change experiments, community weighted mean traits, drought,

grasslands, mtraspecific variability, plant-climate interactions, plant functional traits
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Introduction

Extreme weather events are projected to increase in magnitude and in frequency due to
climate change (Easterling ef a/. 2000; IPCC 2007), calling for a shift from ‘trend-focused’ to
‘event-focused’ climate change experiments (Jentsch ez a/. 2007). Summer droughts and in
particular extreme drought events are expected to be among the main consequences of climate
change (Meehl & Tebaldi 2004). Understanding the mechanisms that underlie the response of
communities to such droughts is a major challenge for predicting climate change effects on
biodiversity (Smith 2011). Plants, as sessile organisms, are likely to be particularly exposed to
an increasing frequency of extreme droughts.

Drought represents a strong abiotic filter (Chase 2007) that restricts trait range within
communities to a limited set of values (e.g. Cornwell & Ackerly 2009). The regulation of
water loss through leaves can be expressed by several key leaf functional traits (Wright ef al.
2001; Ackerly 2004) and, for example, be reflected through higher leaf dry matter content
(LDMC) and/or lower specific leaf area (SLA) (Buckland ef al. 1997; Volaire 2008; Poorter
et al. 2009). Therefore, drought events are expected to shift community trait composition. A
change 1n trait composition within a community through time can be caused by a change in
species composition and/or relative abundance (‘ species turnover’ hereafter, used in a broad
sense including both qualitative and quantitative changes), by intraspecific trait variability
(“intraspecific variability’ hereafter) or by any combinations of these factors (Lep er al. 2011;
Violle et al. 2012; Albert et al. 2012). Community functional response to drought can be
evaluated through the analysis of community weighted mean traits (i.e., the mean of trait
values weighted by the relative abundance of each species in the community, Garnier e al.
2004; Violle et al. 2007, “‘community mean trait’ hereafter), the variation of which is able to
capture trait shifts due to both species turnover and intraspecific variability. Up to now, while

dealing with the response of plant communities to climate changes, most studies have mostly
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focused on species turnover (e.g. Evans ef al. 2011; Kreyling ef al. 2011) or on changes in
community mean traits driven by species turnover (e.g. Sandel er @/. 2010). Intraspecific
variability in response to climate changes was investigated for many species individually (e.g
Buckland ef a/. 1997; Hudson ef al. 2011; WeiBhuhn ez al. 2011; West ef al. 2012), but the
contribution of intraspecific variability in changes in community mean traits has been largely
overlooked. However, recent studies have started to shed some light on the importance of
intraspecific variability for community functional responses to environmental changes (Jung
et al. 2010; Andersen ef al. 2012; Violle er al. 2012; Albert et al. 2012).

The relative contribution of intraspecific variability vs. species turnover in driving
community response to environmental change is likely to vary with the timescale under
scrutiny (Smith ez al. 2009; Sandel ef al. 2010). For instance short-term events such as
extreme droughts are likely to induce community functional responses mainly via
intraspecific variability through plastic adjustment of the resident plants (Helmuth ez al.
2005), while long-term progressive changes are likely to impact communities mainly by
species turnover (Teurillat & Guisan 2001; Jump & Pefiuelas 2005; Helmuth ef al. 2005). For
the stability of plant communities in response to drought events, assessing the relative
contribution of intraspecific variability vs. species turnover to community functional
responses 1s thus a crucial question. However surprisingly few studies have explored this
question.

In this study, we address the question of the relative contribution of intraspecific
variability to community weighted mean traits by examining the short-term functional
response of subalpine grassland communities to a simulated drought. We focus on four key
functional leaf traits known to be related to species water use strategy (Wright ef a/. 2001;
Chaves et al. 2002; Ackerly 2004; Weih ef al. 2011): specific leaf area, leaf dry matter

content, leaf nitrogen concentration and leaf carbon concentration. We address two main
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questions: (1) how does drought modify species abundances and species trait values? (i1) what

[

1s the relative contribution of species turnover and intraspecific variability i driving the

3 short-term community functional response to drought?
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1 | Materials and methods

3 Study area
4 The study site (44°51 N, 5°28 E, 1500 m a.s.l.) is situated in the Hauts-Plateaux du Vercors
5 Nature Reserve which is part of the Long-Term Socio-Ecological Research (LTSER) platform
6  “Central French Alps”. The geologica substrate consists of highly permeable karstic
7  limestone. The vegetation is a mosaic of dry grasslands and woody patches of Juniperus
8  communis (L.), Picea abies (L.) and Pinus uncinata (Ramond ex DC.). Grassland
9  communities are species-rich and composed of perennial species, dominated by
10 hemicryptophyte life forms (90% of the total abundance) with either persistent or summer
11  green leaves (65% and 35% of the total abundance, respectively, Klotz et al. 2002). The
12 dominant species are Carex sempervirens (Vill.), Festuca laevigata (Gaudin) and Festuca
13 nigrescens (Lam.) (see Table S1 in Supporting Information). The studied subalpine grassland
14 has been grazed by sheep since the Middle Ages. Currently 1t 1s extensively grazed each year
15 by sheep during the plant growing season, from mid-June until the end of September. During
16  the experiment, the study area was protected from grazing by fencing. The study area is
17  covered by snow for approximately 5—6 months of the year (December—May).
18
19  Rainfall manipulation
20  An extreme drought event was simulated during peak vegetation growth in summer 2010 by
21  exclusion of ambient rainfall through four semi-cylindrical rainout shelters. The shelters
22 (length: 8 m; width: 4 m; height: 2.5 m, ¢. 30 m distant from each other) were covered with a
23 transparent polyethylene roof with open sides to allow air circulation. Air moisture and

24 temperature were not significantly altered by this system (EHT humidity/temperature sensor,
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Decagon Devices, Pullman, Washington, USA, data not shown). Shelters were fenced to
prevent access to sheep during the experiment.

Rain shelters covered both drought and control plots. Six 0.60 % 0.60 m plots (three
control plots / three drought plots) were randomly located under each shelter (total 24 plots),
by ensuring at least 1.20 m spacing between plots and at least 60 cm spacing from the edge of
the shelter. In order to prevent rain water from accumulating at the edge of the shelters, rain
falling on the roof of the shelters was collected thanks to gutters connected to 300-L tanks and
was used to water the control plots. Control plots were watered twice a week following the
local June-July average rainfall over the 1952-2009 period (data: meteorological station of
Meétéo-France, La Chapelle en Vercors, ¢c. 10km distant from the study area). Drought plots
were not watered from 7 June to 12 July 2010, corresponding to a rainfall deficit of 115 mm
(62%) from the June-July average rainfall (see Fig. S1). Drought with this intensity used to
correspond to a 30-years return period of the simulated drought based on the 1952-2009 data.
This return period is projected to decrease to 10 years for 2050-2100 under the B1 scenario
(IPCC 2007, climate projection simulations from the Hadley Centre model HADCM3, Fig.
S1). The average volumetric soil water content during the experiment was 6% (3% SD) in the
drought plots, against 17% (4% SD) in the control plots (ECH;O soil moisture sensor,

Decagon Devices, Pullman, Washington, USA).

Data collection

Plant species were recorded twice, immediately before (3-4 June) and after (15-16 July) the
drought event. All species were recorded within each plot and the relative abundance of each
species was obtained by the “ point-quadrat” sampling (Levy & Madden 1933), a suitable

method for the calculation of community-weighted mean traits (Lavorel ef al. 2008). For a
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given plot, the local abundance of each species was determined as the number of hits among
16 sampling points evenly distributed within the plot.

Leaf traits were measured in each plot for the most abundant species, 1.e. species for
which the cumulated relative abundance reached at least 80% of the plot total abundance
(Pakeman & Quested 2007). Leaves were collected at the end of the drought event (8-16 July)
on three individuals of each species per plot. The youngest fully expanded leaf was sampled
for each individual. Specific leaf area (SLA, the ratio of fresh leaf area to leaf dry mass,
m>kg™) and leaf dry matter content (LDMC, the ratio of leaf dry mass to leaf fresh mass,

o kg) were measured after complete rehydration of leaves (Garnier ef al. 2001a). Leaf
nitrogen concentration (LNC, the ratio of total nitrogen to leaf dry mass, g.kg*) and leaf
carbon concentration (LCC, the ratio of total carbon to leaf dry mass, g kg™') were analysed
with FlashEA 1112 elemental analyzer (Thermo Fisher Scientific Inc., Milan, Italy). For a
given species, data were averaged per plot, thus accounting for intraspecific variability

between plots.

Drought-induced species turnover and intraspecific variability

Bray-Curtis dissimilarity in species composition between drought and control plots was used
to evaluate the species turnover due to drought. Species abundances were aggregated across
drought or control plots and then converted in relative abundance or presence/absence. The
Bray-Curtis dissimilarity between drought and control plots was calculated before and after
the drought event, from relative abundance and presence-absence data. We used the ‘vegdist’
procedure in the vegan package of R version 2.11.1 (R Development Core Team 2010). To
1dentify which species contributed to species turnover we estimated the effect of drought on

each species by calculating the difference in relative abundance ( ap,) between drought and

control plots. Statistical significances for Bray-Curtis dissimilarity and A, were evaluated
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using a permutation test (10000 permutations) wherein treatments (control/drought) were
randomly reassigned to plots separately within each shelter.

In order to compare the different sources of variability in raw trait values, we used
nested linear models to decompose the total variance of each trait into hierarchical
components, as described in Messier ef al. (2010). For each trait, the total variance was
decomposed mto three variance components: ‘among species (1.e. interspecific trait
differences), ‘among treatments within species’ (i.e. intraspecific variability explained by the
drought treatment) and ‘among plots within treatments’ (i.e. unexplained intraspecific
variability). We assessed the effect of drought on each trait over all species and for each

species independently by using mixed GLM including ‘shelter’ as arandom effect.

Community functional response to drought

In order to capture the drought-induced community functional response, we calculated the
community mean for each trait and each plot, as the mean of trait values in the plot weighted
by the relative abundance of each species (Garnier ef al. 2004; Violle et al. 2007). As changes
in community mean traits account for both species turnover and intraspecific variability, we
disentangled their relative contributions. We calculated community mean traits within each
plot from species relative abundances and trait values recorded in their respective plot. We
recalculated community mean traits in drought plots from species abundances in drought plots
but the trait values measured in control plots and averaged by species, 1.e. under the
hypothesis of a lack of intraspecific variability. We quantified the contributions of species
turnover and intraspecific variability in the response of community mean traits to drought
(Crum and Cryy., respectively), as:

Crum = Tper — Tex eq. 1

and

10
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Crutra = Tpr = T eq. 2
where T¢; and Tp, are the observed community mean traits averaged by treatments
(Control/Drought), and Tp,= 1s the average of community mean traits recalculated in drought
plots by using species trait values in control plots. Cryy, and Cry., represent the isolated effects
of species turnover and intraspecific variability, respectively, in driving the response of
community mean traits to drought. We used mixed GLMs with ‘shelter’ as random effect to
test the significance of the drought-induced shift in the average community mean traits
between control and drought plots (i.e., Tp, vs. Te; and Tp,= vs. Tey), as well as the
significance of the effects of intraspecific variability in the drought plots (i.e., Tpe+ vs. Tpy).
Finally, we determined the extent to which we could have expected Cryy and Cryya to
be greater than we found, given the observed levels of species turnover and of intraspecific
variability. In order to explore the way traits interact with species abundances to determine
Crum and Cryra, We generated random distributions of Cryy, and Cryy, from a dataset
comprising, for each species and each trait, a pair of abundance values (i.e. the averages in the
control treatment and in the drought treatment) and the corresponding pair of trait values.
Pairs of trait values were randomly reallocated to pairs of abundance values, and each trait or
abundance value within a pair was randomly reallocated to treatments. This procedure
allowed us to randomize trait values with respect to abundance values while maintaining the
magnitude of the observed inter- and intraspecific differences. For each trait we generated a
random distribution of Cryy and of Cryy, from 10000 permutations. We used these
distributions to calculate the proportion of the simulated values of Cryy, or of Cryy, that 1s
higher, in magnitude, than the observed value, as:
Psimf=/obs| = N(|simC,| > [obsC,[) / 10000 eq. 3
where N(|simC,| > |obsCy|) 1s the number of time the magnitude of the simulated values of

Crum (or of Cryya) 1s higher than the observed value. For Cryp, Pjsimp=jobs| close to 0 indicates

11
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that species turnover covaries with interspecific trait differences, leading to the highest
magnitude that Cryyy, could potentially reach given the observed trait and abundance values.
For Ciytra, Pisim[=/obs) close to 0 indicates that intraspecific trait response covaries with species

abundances, leading to the highest magnitude that Cy,., could potentially reach.

12

http://cemadoc.irstea.fr/exl-php/util/documents/accede_document.php

06/02/2014 16:26



accede_document.php

13 sur 36

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Results

Species turnover

Before the drought event, we found no significant difference between drought and control
plots in terms of species composition (Bray-Curtis dissimilarity; Fig. 1a, b). Drought
significantly shifted species’ relative abundance (Fig. 1a), but not species presence-absence
(Fig. 1b). The relative abundance of Festuca laevigata and Hieracium pilosella (L.)
significantly increased due to drought, whereas the relative abundance of Ranunculus
montanus (Willd.), Trifolium pratense (L.), Agrostis capillaris (L.) and Festuca nigrescens

significantly decreased (Fig. 2).

Intraspecific variability

We performed a variance component analysis in order to examine the relative contribution of
species, treatment and plot 1dentity to the total variance in raw trait values. This analysis
revealed that, on average, mtraspecific variance accounted for 27% of the total trait variance
and that most of the trait variance (73%) was due to differences between species (Fig. 3).
Moreover, only 7% of the total trait variance was due to intraspecific variance between
treatments, while 20% was due to intraspecific variance within treatments.

We found a significant intraspecific trait response to drought among all species for all
traits except SLA (Fig. 4), as well as significant individual species responses in 12 species for
LDMC and in 4 species for SLA, LNC and LCC (Fig. 4). However, changes in individual
species responses did not show a unidirectional pattern. For example, five species showed a

significant decrease in LDMC, thus going against the prevailing trend.

Community mean traits

13

http://cemadoc.irstea.fr/exl-php/util/documents/accede_document.php

06/02/2014 16:26



accede_document.php http://cemadoc.irstea.fr/exl-php/util/documents/accede_document.php

1  Community mean traits significantly increased in response to drought for LDMC (Fig. 5a)
2 and LCC (Fig. 5d), and significantly decreased for SLA (Fig. 5b). Intraspecific variability
3 significantly contributed to the changes in community mean LDMC, SLA and LCC, and
4 accounted for 48% to 99% of these changes; species turnover only contributed significantly to
5 the community response for SLA (Fig. 5b). The direction of intraspecific variability effects on
6  community mean traits were in accordance with the prevailing trends in trait responses
7  observed in Fig. 4. Community mean LNC was unaffected by drought through a
8  compensatory effect of intraspecific variability on species turnover (Fig. 5c¢).
9 The comparison of observed vs. simulated contributions of species turnover and of
10  intraspecific variability revealed that in many cases, the magnitude of the simulated
11  contributions largely exceeded the observed magnitude (Fig. 6). The amount by which the
12 magnitude of the simulated contributions exceeded the observed magnitude (1.e. Pjsimi~(obs|)
13 differed between traits and between species turnover and intraspecific variability. In
14 particular, for LDMC and LCC Pjjp-(o0s Was higher for species turnover than for intraspecific
15 varability, whereas for SLA and LNC P\ -obs Was higher for intraspecific variability.
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Discussion

We have studied the immediate functional response of herbaceous communities to an extreme
drought event, in contrast to long-term experiments that addressed the impact of mean climate
change (e.g. Grime ef a/. 2008; Hudson ez al. 2011). We particularly addressed the
contribution of intraspecific variability in mediating trait shifts within communities.
Intraspecific variability can result from genetic variability and phenotypic plasticity. Here we
evaluated the overall intraspecific variability induced by drought regardless of its underlying
cause. Given the short-term period under scrutiny, intraspecific variability recorded here 1s

probably mainly due to plastic physiological adjustments.

Species turnover and intraspecific variability in response to drought

Although drought induced a significant species turnover, this was due to changes in the
relative abundance of species rather than in the identity of species. This result 1s obviously
related to the short period of our experiment during which drastic compositional changes due
to species replacements were not likely to occur. However, this may also reflect the existence
of stabilizing processes such as reduced adult mortality that minimize the short-term effect of
drought on plant species composition (Lloret ef al. 2012).

Whatever the trait under scrutiny, most of the variance in raw trait values was
explained by differences between species, in accordance with the general agreement that traits
vary more between than within species (Garnier ef al. 2001b). Though intraspecific variance
accounted for a smaller part of the total variance, interestingly most of it occurred among
plots within treatments rather than between treatments. This corroborates the findings of
Albert et al. (2010) that the most important proportion of the intraspecific variance of LDMC
occurred at a fine spatial scale rather than between different locations along strong abiotic

gradients. The high level of intraspecific variance within treatments can be related to the high

15
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fine-scale soil heterogeneity due to irregularities of the bedrock surface in the study area.
(Fridley et al. 2011). The low intraspecific variance between treatments suggests that the level
of mtraspecific variability involved in the response to drought did not exceed the level that is
usually expressed in response to spatial environmental micro-heterogeneity.

The drought treatment induced significant intraspecific trait responses over all species.
The directions of these responses are consistent with expectations regarding plant drought
tolerance. High LDMC and LCC and low SLA are related to high mnvestment in structural
tissues, which allows plants to maintain leaf turgor under drought stress (Niinemets 2001;
Chaves et al. 2002). However, the analysis of each species independently revealed that only
20% of the studied species showed significant intraspecific variability for SLA, LNC and
LCC in response to drought. This result is consistent with studies imn which few or no
significant species responses were found in leaf traits following a simulated drought
(WeiBhuhn ef al. 2011). Moreover, the intraspecific trait responses varied in direction among
species. This between-species idiosyncratic pattern corroborates previous studies exploring
trait-environment relationships (Albert ef al. 2010; Kichenin ez a/. 2013). It may arise from
two main different causes. First, this can be explained by the expression of different
functional trade-offs between traits. Indeed, species can combine trait responses in different
ways to cope with drought (Marks & Lechowicz 2006; West ef a/. 2012), which can result in
a lack of convergent responses of a given trait among species. Second, trait values, as
determinants of individual plant performances, may be used as a surrogate for species niche
(Violle & Jiang 2009; Kearney et al. 2010). According to this framework, trait values of a
given species are expected to follow a bell-shaped response curve along environmental
gradients (Violle er a/. 2007). Therefore the intraspecific trait response to drought can vary
depending on whether drought moves species closer or away from their ecological optimum

(Albert ef al. 2010).
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Community functional response to drought

The variation in community mean traits revealed significant responses for LDMC, LCC and
SLA. Despite the low magnitude of intraspecific variability compared to mterspecific trait
differences, intraspecific variability contributes significantly and sometimes much more than
species turnover to the community functional response to drought. For LDMC and SLA,
intraspecific variability amplified the community response mediated by species turnover, and
the response of community mean LDMC was significant only when accounting for
intraspecific variability. This result was even more marked for LCC, for which the increase in
community mean was entirely due to intraspecific variability.

Conversely, for LNC, the significant decrease in community mean trait mediated by
species turnover was dampened by the effect of intraspecific variability. Opposite
contributions of species turnover and intraspecific variability to community mean LNC have
been recently observed along an elevation gradient (Kichenin ef a/. 2013). In our study,
despite a significant intraspecific increase in LNC over all species, several low-LNC species
(e.g. Festuca laevigata or Cerastium arvense, L..) increased their relative abundance and high-
LNC species (e.g. Trifolium pratense, L.) decreased their relative abundance in response to
drought. The decrease in community mean LNC mediated by species turnover can be
interpreted as a filtering effect of drought that favours species with low resource acquisition
strategy (i.e. ‘conservative species, Reich er al. 1999). However, the intraspecific increase in
LNC suggests the existence of physiological mechanisms that allow plants to maintain
resource acquisition during drought (Weih ef al. 2011). This result is consistent with previous
findings that phenotypic plasticity tends to maximize resource acquisition in the short term
(Ryser & Eek 2000), and supports the idea that phenotypic plasticity can differ from
genetically determined interspecific trait differences (Ryser & Eek 2000; Valladares &

Sanchez-Goémez 2006).
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1 It is important to point out that the low and not significant contribution of species
2 turnover to the change m community mean LDMC and LCC cannot be explained by the fact
3 that the observed level of species turnover over the short time period of the experiment was
4 too low to make a more important contribution. Indeed, we demonstrated that given the
5 observed levels of species turnover and of interspecific trait differences, one might have
6  expected (with a probability of 0.60 and 0.90 for LDMC and LCC, respectively) a much
7  greater contribution of species turnover to the community functional response. The low
8  contribution of species turnover to the changes in community weighted mean 1s due to a lack
9  of covariation with interspecific trait differences (Lep ef al. 2011). For example, the
10  increasing abundance of high-LDMC species (e.g. Festuca laevigata) was counterbalanced by
11  the increasing abundance of low-LDMC species (e.g. Cerastium arvense), resulting in
12 antagonist effects on community mean LDMC. Thus, the relative contribution of inter- and
13  intraspecific variability in the community response to drought depends on the way they are
14  distributed with respect to species abundances and turnover. This finding provides strong
15  support for the emerging view that whether intraspecific variability matters in community
16  ecology does not only depend on its intensity (Albert ez a/. 2012).
17 Our results report a key role of intraspecific variability to a short-term drought event,
18  thus providing more evidence for the importance of intrapsecific variability in the functional
19  response of plant communities to spatial and temporal environmental heterogeneity. Such
20  strong effect of intraspecific variability has already been reported along a narrow spatial
21  gradient of flooding (Jung ef @/. 2010). On the other hand, several studies have shown that
22 trait shifts mediated by species turnover play a strong structuring role among communities
23 located along broad environmental gradients (Ackerly & Cornwell 2007; Kichenin et al.
24 2013). Intraspecific variability may thus play a dominant role at short spatial and temporal

25  scales. This would fit within a recent theoretical framework proposing a spatial scale-

18
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dependence of the importance of intra- vs. interspecific trait variability (Albert er al. 2012).
Intra- and mterspecific responses could thus play complementary roles through time and
space scales from the short-term changes to the long-term changes (Smith ef al. 2009; Sandel
et al. 2010), 1llustrating the necessity to examine both components of community trait
variability in order to better understand the response of trait averages to environmental
variability (Lep ef al. 2011). The high contribution of intraspecific variability in the temporal
changes in community mean traits suggests that itraspecific variability can provide the
potential for communities to respond rapidly and reversibly to drought events through plastic
adjustments. In this way, intraspecific variability can promote the short-term stability of plant
communities’ species composition (Lloret ef al. 2012) by leading to drought adjustment

without requiring a strong species turnover.

Implications

Increasing recurrence of extreme weather events is an important component of climate change
(Easterling er al. 2000; IPCC 2007). Most previous climate-changes studies using trait-based
approaches have ignored mtraspecific variability, relying on the assumption that intraspecific
variability 1s much lower than between-species trait differences that underlie trait shifts due to
species turnover. Analysing changes in community mean traits without accounting for
intraspecific variability (e.g. by using species trait values provided by trait databases, e.g.
Kattge ef al. 2011) can tremendously underestimate — or even wrongly estimate — the
response of communities to extreme drought events. We advocate for a better inclusion of
intraspecific variability into climate-change experiments that use functional traits to
understand the impact of extreme events on plant communities (Nicotra ef a/. 2011).
Modelling approaches making future projections (Scheiter & Higgins 2009; Kearney & Porter

2009; McMahon et al. 2011) could also benefit from more attention to intraspecific
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1  wvariability. Indeed, changes in species composition under climate change can be
2 overestimated if models do not allow for species adjustment through intraspecific variability.
3 Our study underlines the role of intraspecific variability as a potentially stabilizing
4 process of plant communities after drought events. However, such stability of community
S5 composition does not imply stability in ecosystem processes. Indeed, there is a growing
6  consensus that ecosystem processes are related to functional rather than species diversity
7  (Diaz & Cabido 2001). Therefore the effect of drought on ecosystem processes should be
8  more important than expected from the simple analyses of species turnover, as community
9 trait changes are mainly driven by intraspecific variability. Further studies are needed to
10  evaluate the extent to which drought would indirectly affect ecosystem processes through

11  community functional response mediated by intraspecific variability.
12
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(Ctum: dashed-line arrows) and of intraspecific variability (Crya; solid-line arrows) to the
changes in community mean traits. Cryy and Cry, are expressed as percentages of their
cumulative magnitude (Significance levels: * P<0.05, ** P<0.01, n.s. not significant).
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22 Fig 6 Observed vs. simulated contribution of species turnover (Cryy) and of intraspecific
23 variability (Cryy,) to the change in community mean LDMC, SLA, LNC and LCC in response
24  to drought. Each histogram represents the distribution of 10000 simulated values of Cryy, or of
25  Cpua, resulting from random reallocations of species traits to species abundances. Thick lines
26 1ndicate the observed contributions of turnover or of intraspecific variability. For each graph,
27  the shaded area (and the associated proportion Pigu-(obs) indicates the portion of the
28  distribution where the simulated contributions are higher, in magnitude, than the observed
29  contribution.
30
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Figure S1

Positioning of the simulated drought on the frequency distribution of the observed (1952-
2009) and projected (2050-2100) June-July cumulated precipitation in the study site.
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Figure S1 Frequency distribution of the observed June-July cumulated precipitation in the
study site observed over the 1952-2009 period (data: Météo-France, grey) and predicted for
the 2050-2100 period under the B1 scenario (Hadley Centre model HADCMS3, white). Curves
correspond to fitted normal distributions. Precipitations simulated in the control (Ctr.) and the
dry (Dr.) treatments are indicated on the x axis.
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Table S1
Relative abundances of the studied species recorded in control plots and in drought plots.

Table S1 Relative abundances of the species sampled for trait measurements, in control plots
and 1in drought plots during the second survey (15-16 July 2010, after the simulated drought
event).

Species Relative abundance (%)
Control Drought

Carex sempervirens 14,0 15,0
Festuca laevigata 12,9 19,9
Festuca nigrescens 121 6,1
Plantago atrata 9,3 7,0
Koeleria pyramidata 7.4 7.6
Veronica spicata 6,9 6,7
Agrostis capillaris 6,5 2,7
Galium verum 4,7 3,7
Cerastium arvense 4,0 6,1
Trifolium pratense 3,9 1,7
Potentilla crantzii 3,3 46
Poa alpina 3,2 4.5
Lotus corniculatus 2,6 2,0
Dianthus hyssopifolius 2,0 2.6
Phyteuma orbiculare 1,6 1,0
Thymus serpyllum 1,6 3,5
Globularia cordifolia 1,2 1,6
Globularia nudicaulis 1,2 1,3
Ranunculus montanus 1,1 0,0
Hieracium pilosella 0,5 2,4

36 sur 36 06/02/2014 16:26



