
Introduction

Plant functional trait approaches have revealed that the
ecological performance of plants is determined by general in-
tegrated adaptive patterns linking trait correlations and trade-
offs and physiology (Violle et al. 2007). To date, three gen-
eral “spectra” have been described, relating to leaf economy
and seed fecundity, seed mass and potential plant height, and
resource use (Westoby 1998, Westoby et al. 2002, Westoby
and Wright 2006, Diaz et al. 2009). The leaf economy spec-
trum ranges from plants with high specific leaf area (SLA)
and short life-span, with a high capacity of nitrogen uptake
and carbon assimilation, to plants with low SLA, low leaf ni-
trogen content and long life-span of organs corresponding to
plants with lower capacity of nitrogen uptake and carbon
capture. This trade-off influences particularly the perform-
ance of grasses and shrubs. Plants with high SLA have a
competitive advantage on rich soils, while plants occupying
poor sites have usually low SLA (Grime 1977, Chapin 1980,

Field and Mooney 1986, Grime et al. 1997, Poorter and
Garnier 1999). Other spectra with lower levels of generality
have been identified (Westoby and Wright 2006). The N
stress sensitivity/N uptake capacity trade-off refers pecu-
liarly to the view that low resource-tolerant grasses and
shrubs of temperate areas (low SLA) compensate for their
lesser nitrogen intake ability and low relative growth rate by
a better capacity to store resources and use them when faced
with incipient nutrient deficiency (Shipley and Keddy 1988,
Chapin 1991).

Approaches based on the use of functional traits referring
to the spectra have been implemented to predict the response
of species to environmental factors such as soil fertility and
disturbance (Kühner and Kleyer 2008), to identify the traits
driving the ecosystem (Diaz et al. 2009), and to assess the
effects of changes in land use on ecosystem behaviour in
grasslands (Ansquer et al. 2009). 
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Abstract: The functional-trait approach to communities focuses on the distribution of traits and on their variations in commu-
nities along environmental gradients. We devised a pattern-oriented demarche to predict specific leaf area (SLA) distribution
in three plant communities located along an environmental gradient governed by soil fertility and nutrient stress in subalpine
gypsic dolines. An individual-based model incorporating physiological mechanisms simulated the growth of thirty functional
groups varying in leaf traits (SLA and correlated leaf life-span) and nitrogen (N) stress tolerance which competed with their
neighbours for access to light and nitrogen. The SLAs of these groups encompassed the range of SLAs measured in the sites.
Leaf traits governed the daily temperature-dependent processes involved in capturing resources (N and light), biomass synthesis
and loss, and the value of the parameter Nc governed the decrease in growth rate of organisms according to a decline in N
supply. Biomass drove the competitive ability of each plant in its neighbourhood. A soil sub-model described the amount of
available nitrogen in the soil. Simulations yielded performances of functional groups according to the availability of nitrogen
in the soil. An integration function, which simulated the effects of the dominance process according to the performances of the
groups, yielded the frequency distribution of the groups at the community scale. The SLAs patterns were deduced from this
distribution. Comparison of simulated and measured distribution of SLA frequency (Kendall tests) showed the model’s ability
to reproduce realistically SLA distributions along a nutrient gradient; measured SLA community patterns at lower, medium and
higher fertility levels matched simulated SLA distribution with respectively 5 to 30, 82, and 154 kg N ha-1 year-1. These results
demonstrate the efficacy of a strategy based on a pattern-oriented approach and the use of functional traits and trade-offs to
predict the distributions of traits and their variations in communities along an environmental gradient. 
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At the scale of site, the functional-trait view is used par-
ticularly in plant community ecology to examine the distri-
bution of trait values among interacting plants and their vari-
ations across environmental gradients (McGill et al. 2006).
This approach covers important issues such as the structure
of functional diversity (Ackerly and Cornwell 2007), the role
of intra-specific trait variation on niche complementarity and
adaptive evolution (Bolnick et al. 2011). However, this pre-
dictive potential remains largely unexplored. By comparison
with the approaches centred on the species, the idea comes
that the sets of functional traits in the spectra could be fruit-
fully used to predict traits distributions in the communities.

It has been shown in an Alpine environment that the dis-
tribution of plants over short distances resulted from an eco-
logical gradient in which soil fertility and environmental
stress are the main driving factors (Choler 2005). A similar
case study is the vegetation covering gypsic dolines (dolines
resulted from the dissolution of gypsum) located in the subal-
pine area of the French North Alps (Gensac 1968). These
plant communities are mainly composed of perennial grasses
and forbs in the bottom of the dolines. They change gradually
all along the slopes to become a community mixed of grasses,
woody forbs and prostrate shrubs on the ridges. The plant
communities within the dolines are moderately disturbed and
weakly connected to the other communities in the landscape.
Hence, this pattern of vegetation offers an excellent opportu-
nity to compare functional ecological predictions relating to
environmental gradients with reality. 

The aim of this paper is thus to investigate whether an
approach incorporating traits trade-offs can be used to pre-
dict SLA distribution along a soil resource gradient in plant
communities located in those gypsic dolines. 

Pattern-oriented modelling approaches use individual
based ecological models designed to predict specific patterns
observed in nature from theoretical assumptions: the as-
sumptions are implemented in simulations. Their predictive
capacity is evaluated by comparing patterns simulated and
natural (Grimm 1999, Wiegand et al. 2003, Wu and Marceau
2002, Grimm and Railsback 2005). We tested the predictive
power of such an approach to predict the SLA distributions
in communities of gypsic dolines from the following hy-
pothesis: 1) the SLA/leaf life-span and N stress sensitivity /
N uptake capacity trade-offs govern the access of plants to
resources, and 2) the SLA distribution results from the effects
of asymmetric competition (dominance) between plants dif-
fering in their competitive performance with their neigh-
bours. 

Materials and method

The rationale of our approach is based on the following
work assumptions:

a) given that SLA is a good surrogate of leaf economy, we
assume that differences in SLA distribution amongst com-
munities will reflect the effect of the gradient, determined
mainly by soil resources; 

b) an assemblage of thirty functional groups of plants varying
in two leaf traits (SLA and the corresponding leaf life-span)
and in their sensitivity to N stress was designed in such a way
that the SLAs in the assemblage cover the distribution range
measured in the field; 

c) simulations were conducted with an individual-based
model incorporating physiological rules simulating the
growth performances of organisms competing with their
neighbours to the access to light at soil nitrogen and yielding
distributions of competitive performance of functional
groups according to nitrogen availability in the environment;

d) an integration function simulating the asymmetric compe-
tition involved in the dominance process will enable the SLA
distributions in the assemblage to be deduced from the distri-
bution of competitive performance; 

e) the predictive capacity of the assumptions on which the
model is based are evaluated by comparing simulated and ac-
tual SLA distributions. 

Field measurements

The plant communities within the gypsic dolines are lo-
cated at an altitude of 2200 m, in the French North Alps (‘La
Plagne’ ski resort). Three zones were investigated in three
neighbouring dolines: the upper zone close to the ridges, the
middle part of the slopes, and the bottom of the slopes. The
abundance-dominance indices of species were collected on
an area of four square meters in each zone of each doline. For
the species providing 75% of the cover in each zone (see Ta-
ble 1), SLA was measured on ten plants chosen at random
according to a standardized method (Garnier et al. 2001).

Calibration of the set of functional groups in the
simulations

To compare the field data and the simulation outcomes
we composed a set of 30 functional groups constituting a rep-
resentative sample of the global pool. The SLAs of these
groups are distributed across the segment ranging from 59.8
cm2.g-1 to 600.8 cm2.g-1 (Fig. 1). The corresponding leaf life-
spans were estimated using Reich’s function (Reich et al.
1992, 1999, 2003). Two other leaf life-span series (called
short and long) were constructed for the sensitivity analysis
of the model.

The model

The model comprised a grid of 50*50 square cells of 10
dm2 in which the plants belonging to one of the functional
groups were randomly distributed at the beginning of the
process. 

The assemblage is considered as a set of randomly con-
stituted neighbourhoods (the eight cells surrounding the cell
of interest) in which plants compete for light and nitrogen
(Tilman 1994). These neighbours were materialized by
means of a window of 3*3 cells centred on the cell of interest.
This window scanned the grid at each iteration. For the cells
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on the edges of the grid, the neighbourhoods were reconsti-
tuted by duplicating the individuals in the existing cells. In
each simulation, the set of the individuals experienced
thereby the effect of 2500 specific neighbourhoods with an
average of 83 neighbourhoods per functional group.

Individual growth rules 

We used a slightly modified version of Schippers and
Kroppf’s eco-physiological model (2001) which simulates
daily plant growth and dry biomass driven by light availabil-
ity and organ turnover, and regulated by the nitrogen concen-
tration in the leaves and the mean daily temperature (col-
lected in a meteorological station close to the studied sites).
A function regulates the uptake of nitrogen from the daily
nitrogen flux in the soil. 

The equations are given in Appendix 1. 

Schippers and Kroppf’s growth equation 

The first part of the growth equation (eq. 1 in Appendix)
describes the daily variation of dry mass (dW/dt) resulting
from the synthesis of absorbed light radiation (E) into sugars
minus the part of the biomass used in the process of respira-
tion (W*M). These processes are dependent on the daily tem-
perature (respectively Fp and Fm), and on the product
(Fn)*(Fc) which quantifies the negative effect of the inten-
sity of nitrogen stress on growth. 

The second part of eq. 1 expresses the effects of organ
turnover on daily biomass loss. It depends on the biomasses
of leaves (Wphoto) and roots (Wsus) and of the daily mortal-
ity factors of leaves and roots (respectively Olr and Orr).

Eq. 2 (see Appendix) describes how the nitrogen stress
factor (Fn) is calculated; it is the ratio of the leaf’s actual ni-
trogen concentration (Na) minus a minimal nitrogen concen-
tration (Nm) to the difference between a critical leaf nitrogen
concentration (Nc) below which plant growth is reduced and
the minimal concentration (Nm). 

Nitrogen uptake 

Eq. 3 (see Appendix) represents the potential daily
amount of nitrogen that the plant can absorb (Up). It is the
product of the difference between the maximal and the actual
nitrogen concentration in the leaves (Nx–Na) and the dry
mass of leaves (Wphoto), with a coefficient F = 0.5 repre-
senting the fact that a plant can restore half its N level every
day.

In the model, the plant absorbs the total amount of nitro-
gen available in the soil when it is lower than Up. 

Soil nitrogen mineralisation

Eq. 4 (see Appendix) is a simple soil model which simu-
lates the amount of daily available nitrogen (Nt) which de-
pends on the carbon content in the soil corresponding to a
surface of 1 dm2 (C), the C/N ratio (C/N fixed at 20 in all the
simulations), the daily temperature (Ta), and the nitrogen de-
composition rate (°C–1.day–1).

Biomass allocation 

Plants have the same height and shape. Plant biomass is
allocated to four compartments. The first represents the pho-
tosynthetic organs, the second the stem, the third the roots,
and the fourth compartment is made up of the reserves. When
the stored reserves are less than 10% of the biomass, the plant
allocates 10% of the assimilates to the reserves. When they
exceed 10% of the total biomass, the difference is evenly re-
allocated amongst the other three compartments.

Equations governing access to nitrogen flux and light in
the neighbourhoods

Each plant competes with eight neighbours to absorb the
available photosynthetically active radiation. The plant can-
opy is evenly distributed and the total leaf area (LA) of a plant
equals the total mass of the photosynthetic organs multiplied
by the SLA. 

LA = Wphoto * SLA (eq. 5)

The amount of light captured by the central plant (A(i)) in the
neighbourhood is thus:

  (eq. 6)

where At = 2 MJ PAR day–1.dcm–1 and LA(k) = total Leaf
Area of the plant (k).

Figure 1. Distribution of SLA measured in the three plant com-
munities located at the bottom, on the middle of the slope and
on the ridge of the gypsum dolines in La Plagne. Range of SLA
in the global pool, SLA of the 30 virtual functional groups used
in simulations. 
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In eq. 7 it is assumed that Ni(j), i.e., the amount of nitro-
gen available for the central plant j, depends on the daily ni-
trogen flux intensity Nt delivered by the soil sub-model (eq.
4 in Appendix) and on the relative LA value of that plant in
the neighbourhood.

  (eq. 7)

The parameter governing N stress sensitivity

N stress sensitivity is defined as a decrease in the relative
growth rate of a species relative to a decline in N supply
(Shipley and Keddy 1988). The growth equation 2 (Seligman
and Van Keulen, 1981) implies that if the actual N concen-
tration in leaves is lower than the threshold value Nc, growth
is reduced. Consequently we used Nc as a parameter govern-
ing the N stress sensitivity of the functional groups.

Competition process and competitive performance

In the simulations, the plants experience numerous com-
petitive configurations, and the competitive behaviour of a
functional group in the assemblage can be summarized as the
mean of the dry mass of plants belonging to that group. In the
simulations, mean dry mass varies yearly because it depends
on yearly variations in mean daily temperature. The periodic
pattern becomes stable at the beginning of the third annual
cycle (Fig. 2). 

Because resource demand is greatest when plant growth
is maximum, we constructed the distributions of the competi-
tive performance of the groups from information drawn from
the time interval corresponding to the third summer (Fig. 2).

Simulations show that the distribution shape is strongly
dependent on nitrogen availability (Fig. 3 a).

The integration function 

At the community scale and over the long term, the com-
munity patterns are governed by dominance, that is to say the
mechanism whereby the most competitive populations re-
duce the growth of the others over time by asymmetric com-
petitive effects (Keddy 1990, Grime 2001).

The integration function simulates the effect of domi-
nance on the distribution of competitive performances of the
functional groups.

It can be formalized as follows:

(eq. 8)

Figure 2.  Pattern of variations in the mean dry mass of the
functional groups throughout five annual cycles. In the box: in-
formation used to define competitive hierarchy amongst groups.

Figure  3. Simulation results of the thirty functional groups for two N soil flux values (30 and 250 kg ha-1 year-1) with ten simula-
tions per N value. a) summer mean dry mass of the groups. b)  SLA distribution resulting from application of the integration func-
tion  to the distribution of dry mass.
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where m(i) = the mean individual dry mass of the populations
k resulting from simulations. Let M be the mean individual
biomass value of all the populations. 

The dominance process within the functional groups was
modelled using the following equation:

(eq. 9)

Thus when f(m(i)) is negative, we consider that the functional
group will disappear in the long term. When f(m(i)) is posi-
tive (i = 1 to n), the distribution of the contributions of the
groups will be:

Distribution =

 (eq. 10)

Dividing each group contribution by the sum of all the con-
tributions gives the predicted SLA distribution. Some results
relating to the application of the integration function to the
distribution of performance are depicted in Fig. 3b.

Sensitivity analysis

As the sensitivity of the model in response to eco-physi-
ological parameters had previously been analysed by Schip-
per and Kroppf (2001), we focused on parameters related to
the critical characteristics of the virtual populations in the
functional groups. We used a variance-based sensitivity
analysis. Simulations were conducted to test an N flux gradi-
ent (6 flux levels ranging from 5.3 kg N ha-1 .year-1 to 380 kg
N ha-1.year-1): variations in leaf life-span range, proportion
of photosynthetic organs (60%, 50% and 20% of the plant),
reserve capacity (60%, 30% and 10%), and critical N values.

 We tested the following values of the Nc parameter: Nc=
0.65, Nc=0.75, and a functional group depending on Nc fol-
lowing the formula Nc(i) = 0.3+ nc(i)*0.15 (eq. 11), i varying
from 1 = functional group with the lowest SLA to 30 = func-
tional group with the highest SLA. 

Ten simulations per parameter value were conducted. A
simple ANOVA was conducted (aov function in R) in order
to compute the first order sensitivity indices (SI). Results
show that the model is very sensitive to the parameters rep-
resenting variations in N soil flux (SI = 0.74), the range of
leaf life-span (SI = 0.15), and to the parameter related to the
critical value of nitrogen in leaves (SI = 0.08). Variations in
the parameters relating to the proportion of photosynthetic
organs and reserve capacities had little effect on the model
behaviour (SI = 0.02 and 0.01, respectively).

Estimation of the level of similarity between the
distributions (simulated versus measured)

This estimation has been performed by the mean of the
Kendall test (R. package “Kendall”). 

Results

Simulating SLA distributions in response to nutrient
availability 

Simulations were conducted at seven intensities of N flux
in the soil corresponding to 5, 30, 82, 133, 154 and 308 kg N
ha-1.year-1. Twenty simulations were processed at each N
level, with the following parameters: percentage of leaves =
30%, stems = 30%, roots = 30%, reserves = 10%. 

Case a): there is a trade-off between N stress sensitivity
and nitrogen uptake capacity.

In this case, the nitrogen uptake capacity is correlated
with the SLA and negatively correlated with Nc. This case is
simulated by allocating an Nc value to each group depending
on the SLA of the group, based on eq. 11. 

Table  1.  Species measured in three communities of the gypsic dolines (Lauber and Wagner 2007). 
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Case b): plants with different nitrogen capture capacities
(in relation to the different SLAs) but similar N stress sensi-
tivity. This case was simulated by allocating the same Nc
value (0.65) to all the plants, whatever their functional group.

From the results of the ten simulations at each N level we
calculated the mean values and standard errors of the relative
abundance relating to the following six SLA classes: 30-99
g.cm-2, 100-199 g.cm-2, 200-299 g.cm-2, 300-399 g.cm-2,
400-499 g.cm-2, and 500-600.8 g.cm-2. To compare calcu-
lated and observed distributions, we established the distribu-
tion of the abundances of the measured SLAs in the six SLA
classes described above (Fig. 4). 

Comparison of distributions

Kendall Tau and two-sided p values under the hypothesis
of no association between distributions are shown in Table 2.
Significant associations appear when simulating the N stress
sensitivity/ N uptake capacity trade-off (case a). The distri-
bution of SLA measures in the communities located on the
ridge of the dolines are significantly associated with the dis-

tributions simulated at low levels of soil N availability (for 5
and 30 kg N.ha-1.year-1). 

SLA distributions corresponding to communities located
on the middle-part of the slopes are statistically associated
with the distribution corresponding to a N soil flux of 82
kg.ha-1.year-1, meanwhile those resulting of simulations con-
ducted with a N soil flux of 154 kg.ha-1.year-1 fit with the
SLA distribution drawn from measures in the communities
located at the bottom of the dolines (p = 0.02). In the situ-
ations where the N stress sensitivity/ N uptake capacity was
not simulated, (case b) the similarities are rare. The one very
significant relationship corresponds to the middle-slope
measured distribution with the one resulting from the simu-
lations conducted for 82 kg N .ha-1.year-1.

Discussion 

This paper examined the predictive potential of a func-
tional trait approach in plant community ecology. To over-
come the inherent complexity of communities, we devised a
parsimonious strategy using a pattern-oriented model aimed
at reproducing the distribution of SLA in three herbaceous
communities in which plants are of equal height and located
along a soil fertility gradient. The model used simulations
based on the following assumptions: 1) the SLA/leaf life-
span and N stress sensitivity / N uptake capacity trade-offs
govern the access of plants to resources, and 2) the SLA dis-
tribution in the community results from the effects of an
asymmetric competition (dominance) amongst plants differ-
ing in their performance. 

Traits trade-offs consistency 

The results show that leaf trait trade-off alone is insuffi-
cient to produce patterns similar to SLA distributions meas-
ured in the field. However, adding the nitrogen stress sensi-
tivity/ uptake capacity trade-off yields distributions which
match reality which supports the first hypothesis. This find-
ing can be explained by the distinction made between the no-
tions of competition intensity and competition importance

Table 2.   Estimations of the similarity between the simulated
and the measured SLA distributions. Two-sided p value under
the hypothesis of no association between distributions a) with,
and b) without the stress-resistance/nitrogen uptake capacity
trade-off.

Figure 4. Simulated and measured SLA distribution classes.
Simulations for seven N flux levels. 20 simulations per N level.
a) Distributions resulting from simulations  carried out with the
use of the N stress sensitivity/ nitrogen uptake capacity trade-
off. b) Distributions resulting from simulation carried out with-
out  the trade-off. c) Distributions resulting from the field
measurements on the ridge, the middle of the slope and the bot-
tom of the gypsic dolines. 
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(Kikvidze and Brooker 2010). Competition intensity refers
to the way competition decreases the performance of an or-
ganism, whereas competition importance looks at the role of
competition amongst other processes. The trade–off in leaf
trait yields SLA distributions resulting from the effect of
competition intensity, whereas the nitrogen stress sensitivity/
uptake trade-off leads low resource-tolerant plants (low
SLA) to compensate for their lesser N intake ability and low
relative growth rate by a better capacity to maintain their
growth in the face of nutrient deficiency. As this process in-
creases the performance of plants which tolerate a low re-
source level when soil resource availability diminishes, it
prevents them from being outcompeted by plants with higher
relative growth rates (higher SLA) in poorer habitats. This
mechanism leads to a decrease in competition importance
with decreasing fertility, whereas competition intensity does
not change along the fertility gradient. Adding this trade-off
in the model simulates this assertion which is consistent with
the results obtained in mountain communities along a fertility
gradient (Gaucherand et al. 2009). This consistency also sug-
gests that the environmental gradient in the gypsic dolines is
shaped by a fertility gradient which correlates inversely with
a stress gradient. Indeed, the stress gradient theory (Bertness
and Callaway1994, Bruno et al. 2003) postulates that under
high stress conditions, competition could be counterbalanced
by facilitative interactions. Simulating this process in a future
version of the model could increase the predictive ability for
communities located at high altitude (Choler et al. 2001).

Model realism

The relevance of soil free nitrogen values in simulations
is of critical importance for predictive purposes. The soil ni-
trogen flux in our model corresponds closely to reality. The
range of simulated mineralized nitrogen (from 5 to 308 kg N
ha-1.year-1 ) is of the same order of magnitude as the vari-
ations in N mineralization (from 30 to 200 kg N ha-1.year-1 )
observed by Wedin and Tilman (1996) in a nitrogen loading
experiment conducted in a Minnesota grassland. Moreover,
we observed that the addition of 10 kg N ha-1.year-1 in the
simulations yielded significant variations in SLA distribu-
tion. This is in line with the results of Bowman et al. (2006)
who found that changes in the vegetation composition of an
alpine meadow in Colorado occurred for the same value of
added N.

Comparisons can also be made with values published for
other communities with similar physiognomy. Vegetation
covering ridges is composed of patches of chalk grassland
and moor in which Vaccinium sp. predominates. Simulated
nutrient flux (ranging from 5 to 30 kg N .ha-1 year-1) corre-
sponding to SLA measured in this vegetation is roughly com-
parable to that reported for central European chalk grasslands
(20–30 kg N.ha-1) and heaths (11–30 kg N ha-1) (Ellenberg
1977, Lavorel and Garnier 2002). Mesophilic vegetation lies
at the bottom of the dolines (Gensac 1968). Accordingly, the
corresponding simulated nitrogen flux of 154 kg N ha-1 .year-
1 is comparable with values reported for fertilized meadows

in central Europe (130–160 kg N ha-1 ; Ellenberg 1977) and
for Himalayan Alpine grasslands (150 kg N ha-1; Sundriyal
and Joshi 1992). All the results here and particularly the good
matches between simulations and real plant communities
validate our work assumptions (especially a, b and c).

However, as shown in the sensitivity analysis, a better
knowledge of empirical relationships between SLA and leaf
life-span ranges, and a better understanding of the N stress
effect on plant growth will improve the accuracy of the
model. 

The integration function

Integration functions are usually used to transfer infor-
mation relating to traits at higher organisational levels. The
choice of such a function is often tricky (Violle et al. 2007)
because it needs to combine simplicity with realism. The
competitive performance of a functional group has been de-
fined as the performance (expressed in dry mass) of the mean
individual in the neighbourhoods. Simulations provide thus
hierarchies in competitive performance of functional groups.
To scale up from the functional group to the community
level, we devised an integration approach from those hierar-
chies. Our approach is based first on the idea that competitive
hierarchies amongst species which vary in response to nutri-
ent content play a central role in population and community
dynamics (Mitchley and Grubb 1986, Wilson and Keddy
1986, Keddy and Shipley 1989, Keddy 1990, Keddy et al.
1994, Isselin-Nondedeu and Bédécarrats 2009), and sec-
ondly on the notion that knowledge of competitive hierar-
chies is not enough to predict community composition (Sud-
ing et al. 2003) because they refer to the population scale.
That is why we assumed that the competitive asymmetry of
the dominance effect (Keddy 1990) was the main structuring
process in the community. We designed an integration func-
tion (eq. 10) which expresses in a mathematical form the ef-
fects of this competitive asymmetry amongst the distribution
of competitive performances of functional groups. The SLA
distribution at the assemblage scale is thus given by the final
distributions resulting from the effects of the integration
function on the distribution of competitive performances of
the functional groups. 

The trait-centred perspective of community

Real plant communities are complex entities combining
changes of species across space (and time) with changes of
environmental gradients constituted by temperature, soil fer-
tility, soil water availability, physical stresses. In this frame,
the quest for general rules aimed at overcoming the ecologi-
cal contingency and complexity of plant communities in-
volves seeking the causes of patterns of trait variations re-
lated to environmental changes. 

In the comparative view, trade-offs amongst traits across
species resulting from adaptive evolutionary history are
likely to explain the distribution of species within and be-
tween sites. Elsewhere, approaches centred on populations
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focus on the intra-specific traits variations resulting from ge-
netic variations and phenotypic plasticity to explain the eco-
logical performances of species in communities (Bilton et al.
2010, Bolnick et al. 2011). 

The fact that the amount of within-species variation is
comparable with inter-specific variation at the scale of the
site (Messier et al. 2010) supports the idea that the ap-
proaches focusing on trait-based ecology can overcome the
inconsistencies of the species-based and population-based
views in accounting for trait variations in communities. 

The trait-centred approach looks beyond the questions
‘how many species and why?’ or ‘how much intraspecific
variability and why?’ to ask ‘how much variation in traits and
why?’ (McGill et al. 2006).

The results of our work highlight how this approach can
provide a mechanistic understanding of communities, when
coupled with the use of the trade-offs involved in the general
strategies of plants. Moreover, the close match between
simulated and actual patterns corroborates the suggestion of
Messier et al. (2010) that the distribution of traits associated
with the leaf economic spectrum is regulated at the site scale.
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Appendix

The Schippers and Kroppf equations (2001) used in this
study. The file may be downloaded from the web site of the
publisher at www.akademiai.com.

Leaf area distribution along a soil resource gradient 63


