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bstract

When investigating complex ecological dynamics at the population or community level, we necessarily need to abstract and

ggregate ecological information. The way in which information is aggregated may be crucial for the outcome of the study.
n this paper, we suggest that in addition to the traditional spatial, temporal and organizational levels, we need a more flexible
ramework linking ecological processes, study objects and types of aggregation. We develop such a framework and exemplify

he most commonly used types of aggregation and their potential influence on identifiable drivers of community dynamics. We
lso illustrate strategies to narrow down the range of possible aggregation types for a particular study. With this approach, we
ope (i) to clarify the function of aggregation types as related to traditional ecological levels and (ii) to raise the awareness of
ow important a deliberate way of aggregating ecological information is for a sound and reliable outcome of any empirical or
heoretical ecological study.
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usammenfassung

Um komplexe ökologische Dynamiken auf der Ebene von Populationen oder Lebensgemeinschaften untersuchen zu kön-
en, müssen wir ökologische Informationen abstrahieren und aggregieren. Die Art und Weise, in der wir die Information
ggregieren, kann bestimmend für die Untersuchungsergebnisse sein. In diesem Artikel schlagen wir vor, dass zusätzlich zu
en traditionellen Skalenebenen, die sich auf Raum, Zeit und Organisation beziehen, ein flexibleres System benötigt wird, das
kologische Prozesse, Studienobjekte und Aggregationstypen in Beziehung zueinander setzt. Wir entwickeln ein solches System
nd erläutern exemplarisch die häufigsten Aggregationstypen und ihren potenziellen Effekt auf zentrale Einflussfaktoren der
ynamik von Lebensgemeinschaften. Auch zeigen wir Strategien auf, mit denen die Bandbreite möglicher Aggregationstypen

ür eine Untersuchung eingegrenzt werden kann. Wir hoffen, dass wir mit diesem Ansatz (i) die Funktion von Aggregationstypen
m Vergleich zu den traditionellen ökologischen Skalenebenen verdeutlichen können und (ii) dafür sensibilisieren können, wie
ichtig ein bewusster Umgang mit der Aggregation ökologischer Information für die Stichhaltigkeit und Zuverlässigkeit der
rgebnisse jeder empirischen und theoretischen ökologischen Untersuchungen ist.
2010 Gesellschaft für Ökologie. Published by Elsevier GmbH. All rights reserved.
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ntroduction

A major aim of ecological research is to understand and
redict spatio-temporal patterns of population and com-
unity dynamics, such as the geographic distribution of

lant and animal species and the stability of communities.
uch patterns represent highly aggregated information whose
xplanation may sometimes require only basic ecological
rocesses and little detail. For example, the productivity
f a grassland may just be explained by aggregated infor-
ation such as the diversity of the community (Tilman

t al. 2001). However, population- and community-level
atterns typically arise from processes that can only be
aptured by considering much greater levels of ecological
etail. For example, explaining grassland productivity may
ot only require information on community diversity, but
lso depend on the abundance of functional types, such as
egumes. Disaggregating further, we may find that some
egume species rely more on symbiotic nitrogen fixation than
thers do and that suitable species combinations between
egumes and rhizobia are crucial for the functioning of the
ymbiosis (Sprent & Sprent 1990). Finally, the amount of
xed nitrogen can vary depending on specific combina-

ions of genotypes of both legumes and rhizobia (Bourion
t al. 2007) and genotypic traits of legumes can impor-
antly affect interactions with further associated organisms
Kempel, Brandl, & Schädler 2009). The crucial task for the
esearcher is to decide how much aggregation is possible
iven the desired spatio-temporal resolution of the phenom-
na to be explained.

The grassland productivity example suggests that the deci-
ion to focus on functional types, species or genotypes can
ualitatively alter the outcome of a study. Observed dif-

erences in ecosystem productivity may be explained by
unctional type identity, species identity or even genotype
ifferences. However, there is no rigorous methodological
pproach or general rule for identifying the degree of aggre-

t
t
a
p

phic guild; Functional type; Species; Phenotype; Genotype; Body

ation providing an optimal balance between the remaining
ncertainty in the results and the invested effort.

Clearly, the topic of how to choose an optimal degree of
ggregation is too complex and general to be fully treated
n a single paper: first, the optimum degree of aggregation
trongly depends on the specific question asked in a study;
econd, our ecological knowledge on the processes affecting
opulation- and community-level dynamics is far from being
omplete. Nonetheless, in each study, we explicitly or implic-
tly base our analysis on a particular degree of aggregation.
herefore, the aim of this paper is to give an overview of
ggregation categories in ecology, organize them into a clas-
ification framework and synthesize current knowledge on
ow to approach the choice of the type of aggregation during
he design of ecological studies. These considerations, we
ope, will help to increase the awareness of the importance
f aggregation types in ecological research.

In the following, we will first present a classification frame-
ork that reflects the relationships between study objects (e.g.
roups of individuals), their properties (e.g. trophic prefer-
nces) and associated aggregation types (e.g. trophic guild),
nd ecological processes (e.g. food consumption). Second,
or a few aggregation types commonly used in ecological
esearch, we exemplify how the decision for a particular
ype of aggregation can influence the outcome of a study.
inally, we develop first strategies for approaching the ques-

ion of how to choose an aggregation type for a particular
nvestigation of population and community dynamics.

classification framework

In ecology, the aggregation of ecological information has

raditionally been described with three types of characteris-
ics (sensu Levin 1992): the spatial scale, the temporal scale
nd the hierarchical levels of organization, i.e. individuals,
opulations and communities (see also Reuter et al. 2010).
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Fig. 1. A classification framework defining aggregation types commonly used when predicting population- and community-level patterns in
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tity (Fig. 2). However, most of the aggregation types do not
form clear hierarchical levels of aggregation, hence the des-
ignation ‘aggregation type’ as opposed to ‘aggregation level’.
For instance, the body size of an individual is often cor-
elation to categories of study objects, their properties and ecologi
eft), animal or mixed communities.

n parallel, the classification into further categories, such as
unctional types, trophic guilds, body size classes, genotypes,
nd phenotypes has become common practice, adding a new
acet to the concept of aggregation and thus complicating
he choice of an adequate degree of aggregation. In the first
nstance, the development of additional classification types
as motivated by the insight that population and community
ynamics can often be better understood and predicted when
bandoning the traditional focus on species. However, a gen-
ral framework for the new aggregation types is lacking so far.
n the following, we propose a concept for such a framework
y breaking down organizational levels into study objects
n the one hand and types of aggregation on the other hand.

With the term study object we refer to the investigated
gents of a study, such as genes, individuals or groups of
ndividuals (Fig. 1). Derived from scientific practice, this is
basic operational definition requiring as little structural or

unctional information as possible: The study object carries
n identity (e.g. ‘individual 17’). This identity, however, does
ot provide any ecological information. Study objects are the
mallest units we can focus on in a study. For example, if
he study object is a group of individuals, there is no point in
ifferentiating between single individuals in the group. In an
mpirical approach, the study objects are the units on which
e collect data: if we record the height of single plants, the

tudy objects would be individuals; if we measure the area
overed by a population, the study object would be a group
f individuals. In an agent-based modelling approach (cf.
rimm & Railsback 2005), the study objects are typically
epresented by the agents of the model.
Study objects can be characterized by their properties, such

s species affiliation or body size (Fig. 1). Those properties
hat are regarded as relevant for the study question should

F
t
h

cesses. The framework can be applied to plant (illustrated on the

e used as aggregation criteria. If used as an aggregation
riterion, each property is linked to an aggregation type, e.g.
function in the community’ is linked with ‘functional type’.
nformation about the study objects that is not captured by
he selected properties and thus by the aggregation type is
gnored, resulting in the aggregation process.

The aggregation types that we define here differ from lev-
ls of spatial and temporal aggregation, because they do not
ecessarily have to follow a hierarchical structure. They can
e nested as in the case of species and genotypes, where a
enotype is always associated with exactly one species iden-
ig. 2. Different types of aggregation can be nested such as pheno-
ypes in species, body size and trophic status or may have no unique
ierarchical structure such as in most other cases.
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or animals (Wichmann, Groeneveld, Jeltsch, & Grimm 2005).
So far, most of these models use new theoretical approaches
66 K.M. Meyer et al. / Basic and

elated with its trophic status (large overlap in Fig. 2), but
he correlation is not perfect. Similarly, species identity may
ot be a good predictor of body size class or trophic guild,
ecause body sizes and trophic preferences may depend on
ge, life-stage, individual or population history, as well as on
nvironmental conditions.

Different ecological processes are relevant for different
tudy objects and aggregation types, covering a great range
f spatial and temporal scales (Fig. 1; see also Reuter et
l., 2010). The chosen aggregation type determines the pro-
esses that can be investigated. Processes at greater levels of
ggregation than the chosen one can be addressed by scaling-
p procedures such as agent-based modelling (e.g. Meyer,
iegand, Ward, & Moustakas 2007) or moment approxima-

ions (e.g. Calabrese, Vazquez, López, San Miguel, & Grimm
010; see Reuter et al., 2010 for a more comprehensive treat-
ent of scaling-up approaches).

pplying types of aggregation

In the following paragraphs, we characterize a few of
he types of aggregation more commonly used in ecology,
valuate advantages and disadvantages when using them for
redictions of community-level patterns, and present exam-
le applications. Some of the examples highlight the strong
ffects a decision on a particular type of aggregation can have
or the outcome of a study.

enotypes

Genetic diversity is a basal component of biodiversity. The
enetic composition of populations influences the ability of
pecies to persist under environmental change, to interact
ith other species and consequently to maintain the structure

nd dynamics of communities (Hughes, Inouye, Johnson,
nderwood, & Vellend 2008). Evolutionary responses to

nvironmental change are predicated on selection pressures
hat act on intraspecific genetic variability (Hoffmann &

illi 2008). Such responses are reflected in changes of the
enetic make-up of populations on ecologically relevant time
cales with consequences for communities and ecosystem
rocesses (Hughes et al. 2008). There are numerous examples
f effects of genetic composition and diversity on popula-
ions, communities (both within and across trophic levels) and
cosystems (reviewed in Hughes et al. 2008). For instance,
growing body of literature demonstrates bottom-up effects
f plant genotype on the performance and community struc-
ure of associated consumers (e.g. Underwood & Rausher
000; Johnson 2008) and genotype-by-genotype interac-
ions involving plants and insects (e.g. Tetard-Jones, Kertesz,

allois, & Preziosi 2007). These effects have also been

hown to extend to key organisms of ecosystem processes
ike soil microflora (Schweitzer et al. 2008) and decom-
osers (e.g. Madritch & Hunter 2005) and may also create

t
w
b
a
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patial mosaics of genetically mediated ecosystem processes
Madritch, Greene, & Lindroth 2009). However, genotypic
nfluences are most likely to have important community- or
cosystem-level consequences if occurring in dominant and
oundation species (Whitham et al. 2006). The considera-
ion of genotypes is essential in studies where evolutionary
hanges and genetic differentiations may provide explanatory
alue for the investigated processes (e.g. invasions). Studies
t the genotype level are further suitable for any situation
here there is genotypic variation in ecologically important

raits, especially if the resulting phenotypic variation within
pecies equals or exceeds that among species (see Bangert et
l. 2005; Shuster, Lonsdorf, Wimp, Baily, & Whitham 2006;
chweitzer et al. 2008 for examples). However, using the

evel of genotype for ecological studies is often hampered by
he unavailability of information on the genetic identity of
ndividuals.

henotypes

Some organisms exhibit large degrees of phenotypic plas-
icity, e.g. in morphology, life-history traits or behaviour.
his plasticity can buffer the effects of biotic interactions,
uch as competition or predation, and ultimately affect com-
unity structure. In these cases, a study should distinguish

etween different phenotypes, instead of aggregating to
pecies identity. For example, fennel pondweed Potamogeton
ectinatus may show a high degree of phenotypic plastic-
ty in the burial depth of wintering tubers in response to
razing pressure by swans in shallow lakes (Hidding, Nolet,
an Eerden, Guillemain, & Klaassen 2009). Here, herbi-
ore avoidance is traded off against competitive strength, as
eeper buried tubers escape swan herbivory but face higher
nergy demands during sprouting (Santamaría & Rodríguez-
ironés 2002). As a consequence of deeper burial, survival
f tubers in locations with high swan densities may increase,
ontributing to the persistence of aquatic vegetation and
o the interaction between herbivore and plant. Although
henotypic plasticity can evidently affect population and
ommunity dynamics, it has long been neglected in mod-
lling approaches. However, ignoring phenotypic plasticity
ay lead to qualitatively misleading results. For example, the

erceived balance between competitive and facilitative inter-
ctions could be shifted (Callaway, Pennings, & Richards
003). Consequently, a few recent models incorporate phe-
otypic variability and assess its effects, e.g. on intraspecific
ompetition among herbaceous plants (Brison & Reynolds
997), trees (Hauhs, Kastner-Maresch, & Rost-Siebert 1995),
hat still have to be validated with empirical data. Therefore,
e consider it an important next step to strengthen the link
etween experimental data on plastic responses and models
ddressing variability among phenotypes.
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pecies

Species identity is probably the most commonly used
ggregation criterion in ecological studies (for a review of
he species concept see Claridge, Dawah, & Wilson 1997).
or instance, the great majority of approaches assessing
iotic interaction strength are based on the species con-
ept (see Wootton and Emmerson (2005) for a review).
nother example where ‘species’ is the focal aggregation

ype is coexistence theory. Theoretical work on coexistence
f competing species has suggested two opposing theories:
oexistence through stabilizing mechanisms or through fit-
ess equivalence. With fitness equivalence, individuals do
ot necessarily differ (Chesson 2000), so that a correspond-
ng coexistence model only needs to account for different
pecies identities. In contrast, when stabilizing mechanisms
re assumed, individuals differ in a number of properties at
he species level (Chesson 2000). When the function in the
ommunity is important, functional types should be used,
ecause species richness is not a good surrogate for func-
ional richness (Díaz & Cabido 2001). However, the species
evel should be used when species are not redundant. A field
tudy on facilitation networks showed that, far from being
edundant, single species belonging to the group of benefac-
ors may act synergistically, resulting in a cascade of positive
nteractions (Altieri, Silliman, & Bertness 2007). In general,
hen considering a range of dependent variables instead of

estricting investigations to a single variable, the detected
edundancy is often much lower (Gamfeldt, Hillebrand, &
onsson 2008). Therefore, when investigating a number of
haracteristics of natural communities without focusing on a
pecific aspect, the species level may be superior to a func-
ional type approach.

unctional types

The concept of functional types is probably the most flex-
ble aggregation, because it may be defined with respect to
ny function of the study objects. The functional type con-
ept has been discussed as a convenient method for grouping
pecies and reducing complexity (Wilson 1999; Solomon

Shugart 1993). This functional approach is based on the
oncept that species within groups might fulfill the same func-
ion in a given system and thus would be redundant (Walker
992) or ecologically equivalent (Solomon & Shugart 1993).
educing complexity is not the only advantage of the func-

ional type approach. With a functional type approach, trait
onvergence and divergence can be determined in local
ommunities and the importance of different community
ssembly rules such as habitat filtering and limiting similarity
an be assessed (Grime 2006). Both experiments (Fukami,

ezemer, Mortimer, & van der Putten 2005) and observa-

ional studies (De Bello, Lepš, & Sebastia 2006) aiming at a
etter understanding of community assembly have shown that
unctional diversity can vary independently of species diver-

d
s
b
n
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ity. Fukami et al. (2005) showed that community assembly
as simultaneously driven by trait-based assembly rules (trait

onvergence) and species-level priority effects (species diver-
ence). Another advantage of a functional type approach is its
bility to integrate those functional traits that determine the
esponse of a community to environmental change (response
raits) and those functional traits that influence the effect of
nvironmental change on ecosystem processes (effect traits)
nto a common framework (Suding et al. 2008). This is impor-
ant as there is a growing consensus that functional diversity
ather than taxonomic diversity strongly determines ecosys-
em functioning (Díaz & Cabido 2001). Functional type
pproaches have the disadvantages, that it is not always clear
hich traits are most relevant for assembling the functional
roups and that they require large amounts of data.

rophic guilds

Aggregating individuals according to similar trophic sta-
us has been used extensively to describe faunal community
tructure, particularly in arthropod and aquatic ecology (e.g.
ander Zanden & Rasmussen 1996). The trophic guild con-
ept is similar to the functional type concept but restricted to
nimals. Examples for systems where trophic guilds are rele-
ant are relationships between trophic guild identity of forest
itter fauna and community management status (Moreno,
uevara, Sanchez-Rojas, Tellez, & Verdu 2008) and interac-

ions between trophic guild identity of fish and invertebrates
Flecker 1992). In contrast to trophic guilds, trophic lev-
ls do not represent aggregation types in themselves, but
an be represented by different aggregation types such as
pecies or body size class. Trophic guilds may react dif-
erently to environmental conditions, which may feed back
n individual-level interactions such as competition (Fritz,
uncan, Gordon, & Illius 2002). This illustrates potentially

onfounding effects of the classification into trophic guilds
n conclusions at the community level. Nevertheless, aggre-
ation into trophic guilds can provide a first indication of
elevant community processes (Moreno et al. 2008) and guide
he prioritisation of subsequent less aggregated studies.

ody size classes

Body size is a phenotypic trait of plant and animal indi-
iduals and a main driver of energy flow at the individual
evel, affecting individual metabolism and resource uptake
ccording to well defined quantitative laws on the one hand
Brown, Gillooly, Allen, Savage, & West 2004) and individ-
al resource perception and spatial behaviour on the other
and (Haskell, Ritchie, & Olff 2002). In spite of the doubts
aised by Kozlowski and Konarzewski (2004), body size

istribution, i.e. the partitioning of individuals into body
ize classes at both the population and community level, is
ecoming a common way to describe population and commu-
ity structure (Enquist et al. 2007). Body size distributions,
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eing directly linked to resource availability and energy flow,
ere observed to be relatively invariant when compared to

axonomic composition and vary more consistently along
nvironmental gradients (Sabetta, Basset, & Spezie 2008).
ody size distributions are also used to describe distributional
atterns, including patterns of matter and energy allocation
ithin networks (Woodward et al. 2005). Using data from nat-
ral food communities, Otto, Rall, & Brose (2007) showed
hat body size relationships are related to the stability of
ood webs. Breaking down community-level distributional
atterns into body size-dependent processes at the individual
evel requires knowledge on how interactions among individ-
als mediate the simple up-scaling of metabolic laws from the
ndividual to the community level. In line with this, body size
as been found to play an important role in coexistence and
ommunity organization (Basset & DeAngelis 2007). The
evelopment of a metabolic theory of coexistence is a major
hallenge to the scaling process of body size-based data in
ommunity ecology (Ings et al. 2009).

hoosing a type of aggregation

In his seminal paper, Levin (1992) states: ‘We must learn
ow to aggregate and simplify, retaining essential informa-
ion without getting bogged down in unnecessary detail’. Not
ore, not less is the task when choosing a type of aggregation

or a study. As a first approach to solve this task and iden-
ify appropriate aggregation types, we propose a three-step
rocedure (Fig. 3):

. Decide, which processes may be relevant for the
population- or community-level patterns to be explained.

. Select properties that describe the processes adequately
and use them as aggregation criteria to determine the
corresponding aggregation types.

. Derive appropriate study objects from the set of properties.

The first two steps are the two most crucial ones, since they
onstitute the actual process of aggregation from natural com-
lexity to essential information. Starting with the selection of
rocesses accounts for the fact that the ecological processes
hemselves drive all dynamics and generate all patterns that
e observe at the community level (sensu Levin 1992). Fol-

owing the principle of parsimony, the aim is to include all
rocesses that show variability significantly influencing the
arget patterns and dynamics but ignore those that appear to
e of minor importance. However, whenever predicting target
atterns and dynamics under future conditions or in different
egions, we need to be careful because processes of minor
mportance under current conditions may contribute to sig-
ificant trends in patterns under new conditions. One possible
olution is to test our chosen set of properties and processes

t different points in time or space (Graf, Bollmann, Suter, &
ugmann 2005; Garzon, de Dios, & Ollero 2007). Whenever

hese test data are not available it should at least be discussed
hy stability of processes over time and space is assumed.
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In principle, it is not possible to know whether a particular
rocess is relevant for the outcome of our study or not, unless
e explicitly investigate the process in question. However, in
ost cases, it is not possible to do that. Nevertheless, we

mplicitly or explicitly make decisions on which processes
o include in every study. Therefore, we should explicitly
xplain the choice. One option is to transfer knowledge
rom other study systems; another option is to use ecological
xpert knowledge and our trained intuition to narrow down
he potential range of ecological processes. In practice, that

eans building up knowledge and collecting information on
elated studies and study systems. For instance, to identify
mportant processes in the grassland productivity example
rom the introduction of this paper, we could first apply
extbook knowledge and assume that resource uptake and
nter-individual interactions are important processes, because
hey drive growth, reproduction and mortality of the plants
Fig. 3). Additionally, we know from recent case studies that
itrogen fixation by symbioses between legume species and
hizobia may affect the outcome of the study (van der Heijden
t al. 2006; Kempel et al. 2009). In a few cases, we may have
he resources to explicitly check a priori whether processes
ave an effect on the outcome of the study. This emphasizes
he importance of pilot studies, which have been used in ecol-
gy for a long time to determine appropriate sample sizes
nd influential experimental factors. The selection of the pro-
esses does not necessarily mean that we have to study them
xplicitly in our target study. Instead, we can often capture the
rocess by including the relevant properties and their effects
n the outcome of the study but treat the process itself as a
lack box.

Once we have decided which processes to consider, the
ext step is the selection of the properties that drive the iden-
ified key processes. Properties can be selected from the set of
roperties associated with the processes selected in the pre-
ious step (Fig. 1). Again, as in the step of selecting relevant
rocesses, we need to come back to our ecological knowl-
dge and intuition. We first need to decide how accurate our
esults should be, i.e. which minimum effect size we want
o be able to detect. By comparing these minima with avail-
ble data on effect sizes of aggregation type properties from
pilot) studies at different levels of aggregation, we can iden-
ify the relevant properties for our study. For example, in
he case study on grassland productivity, it is clear that pro-
uctivity depends on nitrogen fixation (Fig. 3) which in turn
epends on the presence of legumes. Hence, we need at least
distinction between leguminous and non-leguminous indi-
iduals. We further know that different legume species build
ymbioses of different strength and differentially contribute
o grassland productivity (Sprent & Sprent 1990). Therefore,
onsidering the property ‘species identity’ may be crucial.
e know that the ability to form a symbiosis can also vary
etween genotypes of both legumes and rhizobia (Bourion et
l. 2007). However, when considering the effect size of the
nfluence of different genotypes and comparing the potential
mpact on the overall productivity of the grassland with the
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n example application to the investigation of grassland productivi
olumn of the figure).

esired accuracy of the result, we may decide to omit this
dditional detail (Step 2 in Fig. 3).

We obtain the type of aggregation using the selected prop-
rties as aggregation criteria. For example, if we want to
ccount for the species-specific ability of individual plants
o form symbioses then the type of aggregation should be the
pecies. If genetic variability matters – as it is likely in dom-
nant and foundation species (see Section ‘Genotypes’) – the
enotype is the appropriate aggregation type. To assess the
anagement status of a forest, it can be sufficient to consider

rophic guilds in the litter (see Section ‘Trophic guilds’). The
tability of food webs may be assessed by investigating body
ize class hierarchies (see Section ‘Body size classes’). Com-
ng back to the grassland productivity example, the majority
f studies have used species as aggregation type, while spo-
adically, when the focus was on interactions or nitrogen

xation, functional types, trophic guilds, or genotypes have
een used.

The decision on the study objects is a more methodological
nd practical decision but arises similar to the type of aggre-

t
t
W
p

rocesses, properties, aggregation types, and study objects including
mple-specific decisions highlighted in bold fonts in the right-hand

ation from the relevant set of processes. Defining the study
bjects limits the possibilities of how detailed the system can
e described. For example, working on the level of groups of
ndividuals does not allow an explicit study of inter-individual
nteractions. However, in the procedure that we suggest, this
ecision is already made in the first step, where the relevant
rocesses (including interactions) are identified.

onclusions

When predicting population and community dynamics,
ggregation is crucial to make efficient use of the available
esources. However, the type of aggregation such as species,
enotype, or functional type is not given a priori. Rather,
he aggregation type should be chosen carefully according

o the aims of the study and existing knowledge on impor-
ant ecological processes and properties of the study objects.

e have proposed a framework linking study objects, their
roperties and associated ecological processes to derive the
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orresponding aggregation types and have presented a first
euristic strategy to choose aggregation types. In most cases,
his choice is neither easy, nor straightforward due to the lack
f relevant data. This is even more apparent when predicting
opulation and community dynamics under changing envi-
onmental conditions. Moreover, in some cases, it may be
ecessary to address more than one aggregation type at once
o explain a particular phenomenon. For instance, investigat-
ng succession at the species level has shown divergence over
ime while using the functional type level resulted in conver-
ence (Fukami et al. 2005). Hence, the collection and synthe-
is of data on the relationship between aggregation types and
opulation and community dynamics is pivotal and should
e intensified. Enhanced collaboration between modelers and
mpiricists may contribute to this aim. For example, the com-
ination of simplified empirical pilot studies and more com-
lex model predictions may provide a priori insights into the
elative importance of ecological processes (Meyer, Mooij,
os, Hol, & van der Putten 2009). A more specific approach
ould be to apply pattern-oriented modelling approaches that

ely on the comparison of simulated and empirical patterns to
alibrate model parameters (Grimm et al. 2005). The result-
ng models may then be used to assess the importance of
ifferent ecological processes or properties. In any case, we
all for a clear statement explaining the choice of the aggrega-
ion type in each study of population or community dynamics.
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