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Incorporating plant functional diversity effects
In ecosystem service assessments
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Global environmental change affects the sustained provision of a
wide set of ecosystem services. Although the delivery of ecosystem
services is strongly affected by abiotic drivers and direct land use
effects, it is also modulated by the functional diversity of biological
communities (the value, range, and relative abundance of func-
tional traits in a given ecosystem). The focus of this article is on
integrating the different possible mechanisms by which functional
diversity affects ecosystem properties that are directly relevant to
ecosystem services. We propose a systematic way for progressing
in understanding how land cover change affects these ecosystem
properties through functional diversity modifications. Models on
links between ecosystem properties and the local mean, range, and
distribution of plant trait values are numerous, but they have been
scattered in the literature, with varying degrees of empirical
support and varying functional diversity components analyzed.
Here we articulate these different components in a single concep-
tual and methodological framework that allows testing them in
combination. We illustrate our approach with examples from the
literature and apply the proposed framework to a grassland
system in the central French Alps in which functional diversity, by
responding to land use change, alters the provision of ecosystem
services important to local stakeholders. We claim that our frame-
work contributes to opening a new area of research at the interface
of land change science and fundamental ecology.
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lobal environmental changes, including land use and land

cover changes, have considerable impacts on the ecological
properties of ecosystems and therefore on the ecosystem services
(ES) that societies derive from them (1). Although links between
ecosystem properties (EP) and ES are not always trivial, many
ES and their changes can be reasonably quantified by EP that are
routinely measured in ecological studies (2). Global change
effects on EP can be direct, through their effects on physical and
chemical processes and on the metabolism and behavior of
organisms. Global change drivers can also influence EP indi-
rectly through their impacts on biodiversity, either through their
effects on local biota or by altering the ability of organisms to
disperse through landscapes. Relevant changes in biodiversity
are manifested through changes in plant functional diversity
(FD), i.e., the value, range, and relative abundance of plant
functional traits in a given ecosystem (2). Although often subtler
than direct effects of global change drivers (3, 4), these indirect
biotic effects remain a major source of uncertainty in predicting
the impacts of global change on ES provision.

Conceptual models accounting for links between the func-
tional trait values of local plant communities and EP are
scattered in the literature, and the conceptual connections
between them are not always clear. We articulate the most
important of those models into a generic procedure and propose
a small number of logical steps to reduce uncertainty in the
prediction of EP and derived ES within the context of land cover
change (Fig. 1). Reducing this uncertainty has important theo-
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retical and applied implications. First, although there is increas-
ing consensus on the fact that plant functional traits strongly
affect EP and resulting ES (5, 6), very little is known about the
relative role of different components of FD, such as the mean
and frequency distribution of plant trait values (2, 7). Our
generic method allows identification of cases in which EP can be
satisfactorily predicted from different FD components and to
quantify their relative importance. Second, the reduction of
uncertainty will help identify the ES most vulnerable to biodi-
versity changes (1, 8, 9).

FD at the Interface Between Global Change and EP

FD can affect ES through its effect on EP, notably major
biogeochemical processes related to carbon, nutrient and water
cycling (2), and disturbance regimes (10). All of the main
candidate mechanisms by which diversity is expected to affect EP
(mass ratio, selection, niche complementarity, and insurance)
(6-8) strongly depend on the functional attributes of local
communities that are central to our procedure (11). FD can be
quantified by two main components. First, a community
weighted mean value (hereafter CWM) can be calculated for
each trait as the mean of trait values in the community, weighted
by the relative abundance of the species carrying each value (12).
This community-aggregated metric represents the expected
functional trait value of a random community sample, often
understood as the dominant trait value in a community. Second,
the distribution of trait values within the community can be
expressed through various metrics, among which functional
divergence (hereafter FDvg), representing the degree of overlap
in trait values within the community (13), is increasingly used.

The Mass Ratio Hypothesis: A Cornerstone
of FD-EP Relationships

The mass ratio hypothesis (3) states that ecosystem functioning,
at a given point in time, is chiefly determined by trait values of
the dominant contributors to plant biomass. According to this
hypothesis, EP should be predictable from the CWM of traits
with proven links with resource capture, usage, and release at the
individual and ecosystem levels.

The mass ratio hypothesis is well supported by both theory and
empirical evidence. There are conceptual models linking a
relatively small number of plant (and especially leaf) traits with
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