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Global change effects on vegetation 
Global change is a major concern to nature policy and management as it has been shown 
to change the speed and intensity of biogeochemical cycling, most notably the carbon, 
water and nutrient cycle (Trenberth et al., 2007 and references herein). It is predicted and 
(partly) supported by empirical studies that these changes will have major consequences 
for plant diversity, plant functioning and plant species distributions (Parmesan and Yohe, 
2003, Thuiller et al., 2005, Menzel et al., 2006, Beck et al., 2011), which in turn may feed 
back on biogeochemical cycles. 

To predict changes in vegetation distribution due to global change, several models 
have been developed, each with different approaches, scales and timelines, and thus also 
each with its own strengths and limitations (Prentice et al., 1992, Shugart and Smith, 1996, 
Sitch et al., 2003, Thomas et al., 2004 among others). Although most model outcomes 
predict that the effects of climate change will be large, they all share large uncertainties in 
their predicted effects (Sala et al., 2000, Meynard and Quinn, 2007, Sitch et al., 2008, 
Morin and Thuiller, 2009). Uncertainties arise partly due to uncertainty in climate 
projections that serve at inputs to these models (Randall et al., 2007 and references herein, 
Beaumont et al., 2008), but certainly also a large part of the uncertainties can be attributed 
to the intrinsic limitations of these models due to the limited representations of ecological 
processes in vegetation models (Guisan and Thuiller, 2005, Austin, 2007, van Bodegom et 
al., 2011). The poor representation of ecological processes in those vegetation models 
questions their reliability and applicability in a changing environment. At the same time, 
there is an urgent need for reliable vegetation models to support environmental decision 
systems. In the next paragraph the feasibility of different types of models that can be used 
to predict vegetation distribution are discussed.  

The limitations of current approaches in vegetation modelling  
Vegetation distribution models that predict effects of global change can be divided into 
two categories: 1) Static models represented by habitat distribution models (HDMs) and 
2) dynamic vegetation models.  

All HDMs have in common that they assume an equilibrium or pseudo-equilibrium 
between plant species and their environment (see Guisan and Thuiller, 2005 for an 
overview of HDMs). The bioclimatic models (also called envelope models, for an 
example see Pearson et al., 2002) are characteristic for this approach, because they assume 
the distribution of plant species and the environmental envelope they are observed to live 
in to be fixed. So, if a temperature gradient shifts northwards due to temperature rise, 
species will also shift northwards, following their climate envelopes. Most models use 
empirically derived relationships (correlations) between species presence/absence and 
environmental conditions. The correlative nature of those relationships and as a result the 
lack of a mechanistic understanding of these relationships, is a reason to question the 
reliability of HDMs once applied outside their calibrated range (Guisan and 
Zimmermann, 2000; Guisan and Thuiller, 2005, Austin, 2007, Buckley et al., 2010). 
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Another major cause of the correlative character of HDMs is the lack of explanatory 
variables that directly impact on plant functioning (so called direct drivers Austin, 2002). 
Additionally, these models do not take biotic interactions, evolutionary change and 
dispersal into account (Pearson and Dawson, 2003) and they are not designed for 
including plant-soil feedbacks (e.g. succession). More recently, mechanistic HMDs have 
been developed (Helmuth et al., 2005, Kearney and Porter, 2006, Kearney and Porter, 
2009) that are based on physical laws of heat and mass transfer to determine the effect of 
environmental conditions on the fitness of species. However, their applicability is so far 
limited to a few species groups, particularly within the animal kingdom (Kearney and 
Porter, 2009).  

The second category of models (the dynamic models) includes the succession and 
competition models. A lot of empirical work has been done on inter- and intra-specific 
competition (e.g. Rydin and Borgegard, 1991, Aerts, 1995, Prach et al., 1997, Navas et al., 
2003, Zhang et al., 2005,) resulting in several mechanistic competition-succession models 
(e.g. Heil and Bobbink, 1993, van Oene et al., 1999). The high number of parameters 
needed is both the reason why the succession and competition models only have been 
applied to a limited number of well-studied species (Morin and Lechowicz, 2008) and 
application to a regional flora is not feasible. Also models evaluating the performance of 
individuals, such as forest-gap models suffer from this limitation if used for multi-species 
purposes although they differ somewhat in their approach from model succession and 
competition. These individual-based gap replacement models (Pacala et al., 1993 and 
Shugart and Smith, 1996 for an overview) simulate the fitness of trees individually and 
contain rules on how different species interact and how they respond to different 
environmental constraints. From this they predict succession and competition effects on 
the individual species. 

The dilemma between correlative relationships and the parameterization of many 
species is currently solved by using a few representative ‘species’, so called plant 
functional types (PFTs; Sitch et al., 2003, Jeltsch et al., 2008). Plant functional types are 
sets of plant species which respond to and influence their environment more or less 
similarly (Diaz and Cabido, 1997) and are frequently used in dynamic global vegetation 
models (DGVM; Kittel et al., 2000, Bachelet et al., 2001, Sitch et al., 2003). Although 
plant functional types were a major step forward and very helpful at the time they were 
introduced, now the limitations of this approach become more and more clear. First, it is 
possible to categorize species into several groups (Eviner and Chapin, 2003), depending 
on the function of interest (Lavorel et al., 1997). Second, species may respond differently 
to the environment, in spite of the fact that they belong to the same functional group 
(Lavorel and Garnier, 2002). For instance, Epstein et al. (2001) showed that the level of 
species aggregation into functional groups affected the predicted community biomass and 
net primary production. These two drawbacks are a consequence of the a priori and 
discontinuous character of the plant functional type concept.  



 

 C
ha

pt
er

 1
 

4 

As becomes clear from the previous paragraph also PFTs cannot satisfactorily bridge 
the gap between the two categories of models that range from models based on simple 
correlative relationships that cannot with confidence be extrapolated outside the 
measured range of variables (HDMs) to models that contain complex process based 
relationships that are realistic, but need a high level of parameterization. From a scientific 
viewpoint the mechanistic modelling approach is preferred, since in this way we can learn 
about the processes that take place in nature. Moreover, mechanistic modelling may be 
the only solution to long-term predictions, since in such predictions one needs to take 
into account ecosystem’s history and feedback mechanisms. On the other hand, since 
mechanistic modelling tends to reductionism and an increasing demand of input data, the 
practical value of mechanistic models is often limited. The side effect of the increased 
generality and reality of mechanistic models is that the high number of parameters also 
leads to decreased precision (Levins, 1966, Guisan and Zimmermann, 2000). Therefore, 
an ideal model would combine the strength of both approaches while minimizing the 
limitations. This entails a trade-off between the degree of mechanistic explanation and 
empiricism. A framework for this trade-off is provided by Whisler et al. (1986) among 
others (Levins, 1966, Guisan and Zimmermann, 2000). They postulated that each model 
has its own capabilities and limitations (Figure 1.1) ranging from purely empirical 
(correlative relationships with reference to a biological or physical structure) to fully 
mechanistic (explicit representation of causality between variables) and that the optimal 
model is determined by the requirements of the modeller. In the context of developing a 
vegetation model that can be used under changing environmental conditions we need a 
model that may contain empirical relationships, but that has sufficient mechanistic detail 
to realize climate versatile simulations (EP in Figure 1.1). 

Type of models Empiricism

Capabilities

Comprehensiveness

Mechanism

SM IP RM EP IN  
Figure 1.1: Redrawn from Whisler et al., 1986. SM: summarizing data; IP: interpolative prediction; 
RM: Research management; EP: extrapolative power; IN: interpretation of experimental results. 
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Thus, the model that will be presented in this thesis takes an intermediate position in the 
range of mechanism and empiricism to be able to make predictions of vegetation 
distribution in a changing climate. The model does not aim to gain understanding in 
succession processes or soil-plant interactions itself, but rather aims to provide insight in 
the effects of climate change on the vegetation distribution.  

A new perspective: Plant traits as a tool to bridge the gap 
between empiricism and mechanism 
Recent advances in community ecology strongly suggest that plant traits can probably 
bridge the gap between empiricism and mechanism and as such move HDMs to an 
intermediate position in the model of Whisler et al. (1986) (Figure  1.1), since plant traits 
have several characteristics that make them attractive for providing mechanism into 
vegetation distribution models. Plant traits are morphological, physiological or 
phenological features measurable at the individual level, from the cell to the whole-
organism level (modified after Violle et al., 2007) and describe the relative fitness of an 
individual within a particular environment by affecting its dispersal, establishment and 
persistence (Weiher et al., 1999). The use of (soft) plant traits in community ecology has 
flourished in the past decade because they are relatively easy to measure but at the same 
time give insight in the functional response of a species to its environment (both biotic 
and abiotic). Additionally, plant traits can provide a continuous link between the 
environmental conditions in its broadest sense. Moreover, the response of traits to the 
environment is hypothesized to be causal and general. As a result, the relationships are 
likely to hold in a changing environment.   

This thesis explores to what extent plant traits can be used in a predictive framework 
for vegetation distribution. In order to successfully predict shifts in vegetation with traits, 
two criteria need to be fulfilled. First, plant traits are filtered by the prevailing 
environmental conditions, i.e. a link can be made between the environment and the value 
of a trait (limited trait variation). Secondly, species must have a limited possibility in 
adapting their traits given a change in environmental conditions (limited trait plasticity). If 
both conditions are fulfilled - and evidence points to this, as shown below - then it is 
theoretically possible to predict vegetation distribution by the environmental conditions 
through traits.  

The hypothesis that the environment acts as a filter, retaining over time those species 
that have a suite of traits that is able to cope with the local conditions, is known as the 
assembly theory (Diamond, 1975, Keddy, 1992a). In general, three main filters are 
distinguished. Firstly, a dispersal filter, i.e. whether a species is able to disperse to a new 
site, secondly an establishment filter, i.e. whether the species is able to germinate, and 
finally a biotic filter, i.e. whether a species is able to persist in the presence of others that 
have passed the filter. It is thought that each of the different filters select for a specific set 
of traits (Weiher et al., 1999). A lot of research has been done on the outcome of these 
three filters by linking species traits to environmental factors, both on a global scale 
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(Wright et al., 2005b, Moles et al., 2007, Moles et al., 2009, Ordoñez et al., 2009) and on a 
regional scale (Wright and Westoby, 2002, Ozinga et al., 2004, Pausas et al., 2004, 
Cornwell and Ackerly, 2009 among others). On a global scale the response of traits to the 
environment has been investigated by selecting climatic drivers, such as temperature, 
rainfall and radiation, while on a regional scale more process-based drivers were studied. 
The applicability of the relationships for extrapolations outside the measurement range 
can be improved by using environmental drivers that impact on plant life in a more direct 
manner. Examples of such process based drivers are water and oxygen stress 
(Bartholomeus et al., 2008a, Bartholomeus, 2009), as climate versatile alternatives of the 
indirect characteristic groundwater levels such as average spring groundwater level 
(Runhaar et al., 1997). However, even by using process-based measures, variability across 
sites remains largely unexplained. Independent of the environmental drivers used, these 
studies provide evidence that the habitat indeed acts as a filter as traits can be successfully 
linked to climatic factors, water regime and soil fertility. As a result, species within a 
habitat are functionally more similar than expected based on the species pool. These 
studies also show that several environmental drivers simultaneously act upon traits, for 
example both water and soil fertility determine leaf nitrogen content (Wright et al., 2002, 
Ordoñez et al., 2010b).  

Despite the role of environmental drivers in constraining trait values, still a large 
degree of trait variability is found within sites. This remaining variability has been 
attributed to: i) micro-site heterogeneity, ii) historical effects iii) biotic interactions and 
frequency dependent- or game theoretic processes and iv) multiple alternative trait 
configurations (Marks and Lechowicz, 2006). So far, our understanding of the relative 
role of each of the causes of within-site variability is limited also because soil abiotic 
characteristics are usually measured at community level. Therefore predicting plant trait 
response seems most promising at the level of plant communities.  

The second requirement to successfully model vegetation distribution via traits is the 
limited trait plasticity of species. The relative role of trait changes along an environmental 
gradient due to species plasticity is shown to be much smaller than that of species 
turnover (about 5-6 times smaller; Cornwell and Ackerly, 2009, Albert et al., 2010). The 
limited plasticity of traits is probably a consequence of the fact that a trait is connected 
within the plant to other traits (Westoby et al., 2002, Reich et al., 2003). Since most traits 
are constrained by multiple environmental drivers and equally importantly by other traits 
(as part of a trade-off) a trait cannot vary freely. As a consequence, the limited plasticity 
puts a species in a selected position in the trait-space (Albert et al., 2010). Analysis of the 
distribution of species within this trait-space have identified – using large trait-databases - 
a number of trade-offs which as such represent axes of specialisation (trade-offs) on 
which each species has a specific position on these axes. These analyses have shown a 
trade-off between for example i) quick return on investments in carbon and nutrients vs. 
short lifespan (low LNC and SLA to high LNC and SLA (Wright et al., 2004, ii) seed 
mass vs. seed output (Westoby et al., 2002) and iii) stem growth rate vs. maximum height 
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(Falster, 2006). More research is needed to analyse how the different strategy-axes are 
related to environmental drivers. 

In the previous two sections I have shown two properties of traits that may help to 
solve some of the problems of the current modelling approaches because i) species traits 
instead of species identity can be used to derive a functional relationship between species 
traits and the environmental drivers and ii) the position of a species along different trait 
axes may give insight how a species responds to environmental factors. As a result, if 
vegetation distribution is predicted via traits then one makes explicit that i) the 
environment selects for a particular suite of traits, and ii) the probability of a species to 
occur is dependent on its traits and the set of traits that is required by the environment 
(Shipley et al., 2006, Sonnier et al., 2010). While conventional HDMs predict species 
occurrence directly from environmental drivers, another advantage of a trait-based 
approach is that one can make the uncertainty in vegetation distribution predictions 
explicit (advocated by Guisan et al., 2006) by quantifying the uncertainty in the trait 
environment relationships and by the probability that is due to the extent to which a suite 
of traits of a species fits the environment. Additionally, a trait-based model can potentially 
be made dynamic since traits determine the nutrient and carbon fluxes to the 
environment (Aerts et al., 1992, among others). While conventional dynamic models need 
to parameterize many species, a trait-based approach can be parameterized using 
environment trait relationships (and the variation around this relationship; van Bodegom 
et al., 2011).  

Given these advantages, the ‘plant traits approach’ seems a solid and convincing 
approach for vegetation modelling, most importantly because this method comprises 
sufficient detail of process-derived characteristics of species with the feasibility of 
obtaining them. Whether a trait-based approach indeed can be used to predict vegetation 
distribution is what will be explored in this thesis. 

Aims and outline of this thesis 
The ultimate aim of this thesis is to develop a trait-based vegetation model that predicts 
vegetation distribution based on functional relationships between the environment and 
the vegetation. The model that will be developed in this thesis is limited to explore and 
model the effect of environmental drivers on the floristic composition of plant 
communities via traits, and is applied to the Netherlands, a country with a high 
information density on environmental drivers and species composition. This work is part 
of the project ‘Biodiversity in a changing climate: predicting spatio-temporal dynamics of 
vegetation’ within the larger BSIK programme ‘Klimaat voor Ruimte’ and uses the results 
of two other projects that aimed to derive climate versatile relationships between traits 
and environmental drivers (Bartholomeus, 2009, Ordonez, 2010). 

Because this thesis aims to explore the effect of environmental drivers on vegetation 
distribution, the community trait mean of the vegetation is taken central in this thesis. 
Taking the community trait mean has the advantage that it decreases the impact of species 
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specific responses, growth form effects, lag times upon environmental changes and 
divergence of trait values through competition. Additionally, soil abiotic measurements 
are mostly available at the plot level via piezometers or mixed soil samples and not at the 
level of individuals within the plot. Therefore, trait means are used both to derive 
relationships between traits and environmental drivers and also to link plant communities 
to traits. Although differences in long distance (wind) dispersal might affect the 
occurrence of the plant communities, their effect is not incorporated in the vegetation 
model, because for the Netherlands it has been shown to explain only a minor part of the 
regional survival of plant species, in contrast abiotic drivers such as soil nutrient 
availability (Soons and Ozinga, 2005).   

Currently, no trait-based vegetation model exists. Therefore, the approach has many 
unknowns. For example it is not known if and to what extent plant communities from 
different habitats can be distinguished by their traits and which traits are needed to 
optimally describe this variation. Additionally, there is limited knowledge to what extent 
these traits can be predicted from environmental drivers and what the role of trait-trait 
constraints is in determining trait values. To solve these unknowns, Chapter 2 analyzes 
which combination of traits has to be taken to optimally describe the floristic variation 
between plant communities and how these traits are related to the different strategy axes 
of species. To this end a large database is used containing species information for many 
species assemblages in the Netherlands across large gradients of environmental 
conditions. As suggested by Ordonez (Ordonez, 2010), a vegetation model is most likely 
to succeed if predictions are made on the community level.  

Chapter 3 tests to what extent the traits that have been found to describe the 
functional variation between plant communities (Chapter 2) can be predicted by a 
combination of two of the most important drivers; disturbance and nutrient availability 
and to what extent they are constrained by other traits. This is done with help of 
structural equation modelling (SEM) that allows the statistical modelling of cause-effect 
relationships and to quantify the relative importance of environmental drivers versus trait-
trait constraints.  

Chapter 4 combines the insights obtained in Chapters 2 and 3 and presents a first trait-
based model as a proof of concept. The maximum predictive power of this model is 
explored using four environmental drivers and four plant traits. 

The plant traits approach potentially allows to be used for temporally explicit 
vegetation modelling, for plant traits can be continuously linked to environmental drivers. 
But the relationship between some traits and environmental drivers is reciprocal since 
traits feed back on the environment (response traits; Lavorel and Garnier, 2002), most 
notably via leaf properties (transpiration and litter decomposability; Cornwell et al., 2008) 
but also via root properties (Engelhardt, 2006). Unfortunately, there is hardly anything 
known on how the functional characteristics of plant communities change with 
succession and how these changes can be related to the abiotic conditions. The limited 
knowledge of the consistency of trait shifts during succession hampers the use of plant 
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traits for dynamic modelling and its validation. In Chapter 5 of this thesis we explore if 
and how the functional characteristics change consistently upon succession across a wide 
range of ecosystems using chronosequences as a first step towards the development of a 
dynamic trait-based model.  

Finally, in Chapter 6 the main findings of this thesis and their implications are 
discussed. A section is devoted on how to further improve vegetation modelling with a 
trait-based approach.  

  

 


