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The plant functional group concept has been proven to be an excellent research framework for
investigating the linkages between ecosystem functions and plant biodiversity. The large number of
plant functional group classifications however makes it difficult to compare data from different studies
and draw general conclusions. In this article, we briefly review the major plant functional group
classifications, and then propose a generalized hierarchical framework that incorporates plant
functional traits ranging from the molecular to the biospherical level, and operating on varying
spatial/temporal/disturbance scales for in-depth studies of the relationship between plant biodiversity
and ecosystem characteristics. This framework may help policy makers formulate better ecological

conservation and restoration plans.

Key words: Plant functional traits, relationship, biodiversity, plant functional groups, ecosystem process.

INTRODUCTION

Many experiments have assessed the relationship between
biodiversity and ecosystem processes from the plant
functional group (PFG) perspective, trying to understand
the links between plant functional traits and ecosystem
functioning (Hooper and Dukes, 2004; Symstad et al.,
2000; Raunkiaer, 1934; Smith et al., 1996; Chapin et al.,
1996). Ecosystems are typically filled with large numbers
of plant species, making species-centered studies of
systemic processes and functions extremely difficult, if
not outright impossible, to carry out. The plant functional
group approach allows researchers to focus on a small
set of functional traits commonly shared by many plant
species instead of having to study every species in
minute detail, thus allowing macro-scale studies of eco-
system functions to be successfully conducted. The plant
functional group approach therefore plays critical roles in
furthering large-scale ecological studies in general, and
studies on ecological functioning in particular (Smith et al.,
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1996; Crowder et al., 2010; Kraft et al., 2008; Shipley et
al., 2006; Kelly, 1996). Indeed in many instances, it is not
only inadvisable but also unnecessary to study every
species involved in an ecological function.

The plant functional group perspective moreover, has
many real world applications in the field of ecological
conservation and restoration. For example, people work-
ing on an ecological rejuvenation project are well advised
to make plans based on the plant functional group
perspective, because a degraded ecosystem must regain
its former PFG diversity rather than just species richness
in order to recover its full range of ecological functions
(Smith et al., 1996; Crowder et al., 2010). Given the evident
and increasing importance of the plant functional group
concept, as well as the urgency to understand key
ecological functions in a rapidly changing global environ-
ment, it is imperative for us to assess three key questions
regarding the relationship between plant functional traits
and ecosystem functioning. The first question is whether
all of the myriad arrays of plant functional classifications
facilitate our understanding of the contribution of plant
biodiversity to ecosystem functioning, and if not, which
classifications are more useful than others. The second
question is whether we can merge the large set of often
dissimilar plant functional classifications into a general
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Table 1. The classification methods of plant functional groups.

Classification method

Author

Multivariate statistical method

Functional attributes

Strategy theory, C-S-R model

Cluster analysis

Statistical plant geography

Ecological characteristics

Subjective experience/personal knowledge

Niche complementarily effect
Structural functional characteristics
“Two-layer” and “pulse-reserve”
hypothesis

Dynamic classes/ theoretical ecosystem as networks
Triangular model (competitiveness, weediness, survival)

Sandra et al., 1998.
Walker et al., 1999.
Grime, 1974, 1988, and 2002.
Shao et al, 1999.
Raunkiaer, 1934.
Kelly, 1996.
Woodward et al. 1996.
Pahl, 1995.

Grime, 1979.

Loreau et al., 2000.
Chapin et al., 1996.
Reynolds et al., 2004;
Ogle et al., 2004

model that is universally applicable to ecosystem studies.
The third question is how the PFG concept can be
applied in real world scenarios to combat biodiversity loss
and manage degrading or degraded ecosystems.

A QUICK GLIMPSE OF PLANT FUNCTIONAL
CLASSIFICATIONS

Many researchers have discussed landscape dynamics
and ecosystem stability studies that apply the plant
functional group concept; great attention has also been
paid on identifying useful functional traits (for example,
structural, physiological, morphological, functional
characters, etc.) (Hooper et al., 2004; Symstad et al.,
2000; Raunkiaer, 1934; Smith et al., 1996; Chapin, 1996;
Kelly, 1996; von Humboldt, 1849; Schimper, 1903; Clausen
et al., 1948; Root, 1967; Box, 1981; Nobel et al., 1996;
Bai et al., 2004; Wang et al., 2005; Sandra et al., 1998;
Walker et al.,, 1999; Ratnam et al., 2008; Grime,1974,
1988, 2002; Shao et al., 1996; Woodward et al.,1996;
Pahl, 1995; Grime, 1979; Loreau, 2001; Reynolds, 1996;
Ogle and Reynolds, 2004). For example, von Humboldt
(1849) found that there are 16 species-based structural
classes having different physiognomies or plant growth
forms.

Schimper (1903) examined the linkages between the
geographical distributions of physiological functions, plant
growth forms, life history traits and environmental factors.
By using classification knowledge, Raunkiaer (1934)
reorganized life forms into plant growth forms. Clausen et
al. (1948) found the relationship between climatic and
genetic controls on the distribution of plant growth forms.
Root (1967) explained the linkages between ecological
groupings of species and environmental resources. In a
similar way, Box et al. (1981) identified 90 plant functional
groups in the Earth’s vegetations. Nobel et al. (1996)
proposed a functional classification based on life history

parameters that can be used to predict the dynamics of
landscapes and communities.

Studying a grassland ecosystem, Bai et al. (2004)
found that community level stability arose from compen-
satory interactions among major components at both
species and PFG levels, and ecosystem stability increased
progressively from the species level to the whole
community level. Wang et al. (2004) suggest that there
are no compensations between species and PFGs in the
Leymus chinesis community, and the relative mass of one
PFG or species in a community would inevitably rise (or
fall) if the relative mass of the other PFG or species fell
(or rose), irrespective of whether true compensation
exists between them.

Literature reviewed in this study shows that the PFG
concept groups plant species into distinct clusters accor-
ding to similarities in their functions and/or responses to
environmental conditions by using different classification
methods of plant functional traits, many of these
classification methods are based on well-established
statistical approaches [for example, multivariate statistical
method (Sandra et al.,1998), cluster analysis (Shao et
al.,1996) and triangular model (Grime,1979)] (Table 1)
(Raunkiaer,1934; Smith et al., 1996; Chapin,1996; Kelly,
1996; Walker et al., 1999; Ratnam et al., 2008; Grime, 1974,
1988, 2002; Woodward et al.,1996; Pahl, 1995; Loreau,
2001; Reynolds, 2004; Ogle and Reynolds, 2004).
Because plant functional groups link plant functional
traits, environmental variations and ecosystem processes
with great clarity, correctly identified plant functional traits
and plant functional groups can help understand and
predict how communities and ecosystem properties might
be affected by environmental change (for example, global
climatic change, dynamics of landscapes), variability, or
disturbance (for example, frequency and intensity)
(Chapin,1996; Smith et al., 1996; von Humboldt, 1849;
Schimper, 1903; Clausen et al., 1948; Root, 1967; Box,
1981; Nobel et al., 1996; Schadel et al., 2010; Knapp et
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al., 2008).

A GENERAL MODEL OF PLANT FUNCTIONAL
CLASSIFICATIONS

The plant functional group concept has been proven to
be an excellent research framework for investigating the
linkages between ecosystem functions and plant bio-
diversity, unfortunately, there are so many plant functional
group classifications that are difficult to compare with
data from different studies and draw general conclusions
(Smith et al., 1996; Keeling et al., 2008; Steinmann et al.,
2009; Tilman et al., 1997). It is therefore imperative that
we should strive to develop a general PFG model
universally applicable across the full range of terrestrial
ecosystems so that the relationship between plant
biodiversity and ecosystem processes can be better
understood. Here we propose the use of a hierarchical
PFG framework incorporating plant functional traits
ranging from the molecular to the biospherical level, and
operating on varying spatial/temporal/disturbance scales
(Figure 1) for in-depth studies of the relationship between
plant biodiversity and ecosystem characteristics (for
example, ecosystem processes, ecosystem services and
ecosystem stability) (Box, 1981; Nobel et al., 1996;
Crawley et al., 2001; Bai et al., 2004; Wang et al., 2005;
Smith et al., 1996; Esther et al., 2008; Kérner and Jeltsch,
2008; Hector and Bagchi, 2007; Timan et al., 2006;
Landsberg, 1999). Such a framework should facilitate
ecosystem studies that apply the plant functional group
concept, allowing the elucidation of emergent properties.
In studying a grassland ecosystem, Bai et al. (2004) found
that ecosystem stability was greater at higher ecological
organizational levels, and compensatory effects would
occur primarily among dominant components in grass-
land ecosystems.

We believe that our framework can help identify the
plant functional traits most relevant to tolerating environ-
mental fluctuations or recovering from disturbances
(Smith et al., 1996; Navarro et al., 2006; Kumaresan et
al., 2010; Haddad et al., 2009; Vazquez et al., 2009; Kraft
et al., 2008; Shipley et al., 2006). Examples of such plant
functional traits include responses to extreme climatic
events, directional climatic change, grazing or pathogens,
recruitment abilities, sensitivity to pollutants, and other
traits that contribute to the resistance and resilience of
the biodiversity at a given ecological organization level to
environmental stresses (Esther et al., 2008; Kérner and
Jeltsch, 2008; Mclntrye et al., 1995; Box, 1996, Navarro
et al., 2006; Mcintrye et al., 1995; Box et al.,, 1996;
Landsberg, 1999). Traits that are characteristic of a lower
ecological organizational level can affect functions at a
higher ecological organization level (for example, seed
size and shape are related to seed persistence in the soil
bank) (Funes et al., 1999; Thompson et al., 1994),
influencing higher level ecosystem processes.

APPLYING THE PLANT FUNCTIONAL GROUP
CONCEPT TO COMBAT CHALLENGES SUCH AS
BIODIVERSITY CONSERVATION AND ECOSYSTEM
MANAGEMENT

Our hierarchical framework of plant functional traits indi-
cates that it is possible to elucidate emergent properties
at multiple ecological organization levels and
spatial/temporal/disturbance scales. Because of the
effectiveness of the plant functional group approach for
studying the relationship between biodiversity and eco-
system functioning, policy makers have already extensively
applied this concept in formulating plans and regulations
aimed at conserving and restoring biodiversity and eco-
system functions (Smith et al., 1996; Sachs et al., 2009;
Heller and Zavaleta, 2009; Chazal et al., 2009; Gilbert
2010; James and Vorhies, 2010; Whiteman et al., 2010;
Marris, 2010; Dirzo et al., 2005). Currently, efforts are
however hampered by the confusion and misunder-
standing that inevitably results from the large array of
dissimilar plant functional group classifications. Our
hierarchical framework may help clear and ameliorate
this situation. It will nonetheless be a substantial chal-
lenge to apply our generalized conceptual framework to
specific real world policy problems.

CONCLUSION

Progress in the following three key areas will substantially
further efforts to gain a rigorous understanding of how
functional attributes of plant species, and their interac-
tions, influence the response of ecosystem properties to
changing biodiversity:

1. Better understanding of how patterns of plant
community assembly influence relationships between
plant species and plant functional diversity in
natural/artificial communities, and how this might differ in
different environments.

2. Better understanding of how plant functional response
and effect of plant traits are correlated independently,
particularly with respect to the predominant forces of
global change.

3. The research of plant functional groups within plant
biodiversity studies was significant in understanding the
effects of plant biodiversity on the ecosystem, and these
studies might be a model (Figure 1) that emerged to exp-
lain plant functional classifications as a hierarchical level
for understanding the contribution of plant biodiversity to
the ecosystem.

Therefore, knowledge of effects of plant species and
plant functional diversity on ecosystem services, particu-
larly in the context of abiotic/biotic drivers, individual plant
species effects and global change, will be critical where
management priorities seek to plant functional groups
composition directly. Intensive management often relies
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Figure 1. Our hierarchical PFG framework incorporating plant functional traits ranging from the molecular to the biospherical level, and operating on varying
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on the functional characteristics of plant functional groups
and substitution of human inputs for biotic processes.
However, the insurance hypothesis and the precautionary
principle emphasize that land managers and policy
makers also must be prepared for unpredictable events
and a changing world. Preserving plant functional groups
may better allow long-term, internal dynamic and evolu-
tion of managed systems as they face new environmental
conditions (unpredictability) (Hanski, 2005; Clark and
McLachlan, 2004; Smith et al., 1996).

FUTURE WORK

The relationship between plant biodiversity and eco-
system functioning has been keenly debated. A critical
question for the future is how to balance patterns of
human use and plant functional groups at the landscape
scale to maintain: (a) regional plant biodiversity and local
plant biodiversity within sites, (b) ecosystem services that
depend on small-scale functions (for example, crop
productivity in a field), and (c) ecosystem services that
depend on interactions among different landscape com-
ponents (Hanski, 2005; Smith et al., 1996) (for example,
nutrient transformations in riparian zones). We face the
future challenges of understanding the applications of
effects of plant functional groups to both ecosystem man-
agement and biodiversity loss. Answering this question
will require a rigorous synthesis across all scales of
ecological organization, from micro levels to macro levels
in conducting an in-depth study.
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