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Summary

The role of biodiversity on ecosystem functioning and the mechanisms leading to observed
relationships have been well established for temperate grassland ecosystems, but so far they
are poorly understood in forest ecosystems. Forests are characterized by a complex structure,
in particular by a variety of species organized in different structural strata as well as by
changes in species composition and environmental factors in the course of succession. The
interplay of structural strata, understorey herb layer and overstorey tree layer, might be driven
by different mechanisms which likely vary during succession.

In this PhD thesis I analysed one aspect of biodiversity-ecosystem functioning relationships in
a species-rich forest with a main focus on the species richness of the herb layer, its
productivity and community invasibility in a subtropical forest in China. The interactions
between tree and herb layer diversity and productivity and invasibility of the herb layer as key
processes were studied with regard to their temporal dynamics.

The present investigations are based on the assumption that bottom-up effects from the herb
to the tree layer prevail in early successional communities, while top-down effects become the
dominant mechanism in mature forest stands. These temporal dynamics of structural
complexity were addressed by extensive species monitoring in natural forests as well as by
experiments which focus on plant-plant interactions that in the field are obscured by extrinsic
environmental factors.

An inventory of understorey species in mature forest stands revealed that the herb layer
species richness was high, ranging between 25 to 71 vascular plant species per 100 m?, but
was unrelated to the tree layer diversity. Environmental variables had only minor effects on
the diversity and the relationship between tree and herb layer richness.

In a second study, a common garden experiment that mimicked a simplified early-
successional forest ecosystem with herb layer and tree saplings, I could show that the success
of invading herbaceous species across structural strata was controlled by tree species identity
only to a small degree, while within-stratum effects in the herb layer were more important to
repress exotic species. The mechanisms behind such plant-plant interactions within the herb
layer were analysed in a third study, a glasshouse experiment with herb species communities
of different diversity levels. Different diversity level resulted in altered species performances
as observed in a change of relative yield of some species, with a decrease in competitive

ability with increasing diversity. This points out the importance of particular species identity
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effects, and thus, a prevalent significance of community composition instead of a universal
diversity-induced increase of community productivity.

This PhD thesis shed light on the complexity of structural and temporal interdependencies of
a species-rich forest ecosystem. In contrast to the majority of comparable investigations, I
analysed these relationships from the herb layer perspective. Contrary to prior expectations,
diversity-diversity and diversity-ecosystem function relationships were not coupled across
structural strata in general. Rather, species identity effects caused correlations and gave
evidence for the interplay of structural strata. The results of the three different studies
highlighted the appropriateness of the approach of experimental simplification. Nevertheless,
the outstanding species diversity and complexity in this subtropical forest needs further

investigations to evaluate the interplay of structural strata.



Zusammenfassung

Die Bedeutung von Biodiversitiit fiir Okosystem-Funktionen und die Mechanismen, welche
die beobachteten Beziehungen hervorrufen, sind in temperaten Graslandsystemen gut
untersucht, in Waldokosystemen allerdings bisher weniger verstanden. Wélder sind durch
eine komplexe Struktur charakterisiert und vor allem weisen sie eine Vielzahl von Arten auf,
die in strukturellen Schichten angeordnet sind. Wéhrend der Sukzession sind sowohl die
Artzusammensetzung als auch verschiedene Umweltfaktoren gewissen Anderungen
unterworfen. Das Zusammenspiel der strukturellen Schichten, die unten wachsende
Krautschicht und dariiber wachsende Baumschicht, konnte durch verschiedene Mechanismen
gesteuert sein, welche sich wihrend der Sukzession dndern konnten.

In der vorliegenden Doktorarbeit habe ich einen Aspekt der Beziehung zwischen Biodiversitét
und Okosystemfunktionen in artenreichen Wildern im subtropischen China untersucht, wobei
der Schwerpunkt auf dem Artenreichtum in der Krautschicht, ihrer Produktivitdt und ihrer
Empféanglichkeit gegeniiber exotischen Arten lag. Die Interaktionen zwischen der Baum- und
Krautschichtdiversitit sowie den Prozessen der Produktivitdt und der Invasibilitdt wurden im
Hinblick auf ihre zeitliche Dynamik untersucht.

Die vorliegenden Untersuchungen basieren auf der Annahme, dass sogenannte ,,bottom-up*
Effekte (etwa ,von unten nach oben®) in friith-sukzessionalen Pflanzengesellschaften
vorherrschend sind, wéhrend ,top-down* Effekte (etwa ,von oben nach unten) die
dominierenden Mechanismen in alten Wéldern sind. Die zeitliche Dynamik der strukturellen
Schichten wurde sowohl mithilfe ausgedehnter Artenmonitorings in natiirlichen Waildern
untersucht, als auch durch Experimente, die Pflanzeninteraktionen hervorheben, die im
Gelande durch extrinsische Umweltfaktoren verdeckt werden konnten.

Eine Artenaufnahme in vollentwickelten Waldbestidnden zeigte einen hohen Artenreichtum in
der Krautschicht (25 bis 71 GefiBpflanzen pro 100 m?®), der jedoch nicht mit der
Baumschichtdiversitit  korrelierte. Umweltvariablen hatten dagegen nur geringe
Auswirkungen auf die Krautschichtdiversitit und die Beziehung zwischen Baum- und
Krautschicht.

In einem zweiten Untersuchungsansatz, einem sogenannten ,,common garden experiment
welches ein vereinfachtes frith-sukzessionales System mit krautigen Arten und jungen
Biumen simulierte, konnte ich zeigen, dass nur die Baumartenidentitit den Erfolg von
eindringenden krautigen Arten zu einem gewissen Anteil liber die strukturellen Schichten

hinweg kontrollierte. Allerdings waren die Effekte innerhalb der Krautschicht bedeutender fiir
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Zusammenfassung

die Unterdriickung exotischer Arten als Effekte zwischen den Schichten. Die Mechanismen,
die zu derartigen Pflanzeninteraktionen fithren, wurden in einer dritten Studie untersucht,
einem Gewdchshausexperiment mit Gemeinschaften krautiger Pflanzen in unterschiedlichen
Diversitatsstufen.

Unterschiedliche Diversititsstufen riefen verdnderte Leistungen bezogen auf die relative
Produktivitdt einiger Arten und eine Verminderung ihrer Konkurrenzstirke mit steigender
Diversitdt hervor. Dies zeigt die Bedeutung von bestimmten Artidentititseffekten und dem
daraus resultierendem vorherrschenden Einfluss von Artzusammensetzung anstelle einer
generell erhohten Produktivitit mit steigender Diversitét.

Die vorliegende Doktorarbeit gibt Aufschluss liber die Komplexitit von strukturellen und
zeitlichen Wechselwirkungen in artenreichen Wildern. Im Gegensatz zu vielen anderen
vergleichbaren Untersuchungen, habe ich diesen Zusammenhang aus der Perspektive der
Krautschicht analysiert. Entgegen der Erwartung, konnte ich keine generelle Verkniipfung
zwischen den Diversititen der Baum- wund Krautschicht bzw. Diversitit und
Okosystemfunktionen feststellen. Stattdessen verursachten Artidentitéitseffekte Korrelationen
zwischen den strukturellen Schichten und wiesen auf die Wechselbeziehung dieser hin. Die
Ergebnisse der drei angewendeten Methoden zeigten, dass die experimentelle Vereinfachung
angemessen ist. Nichtsdestotrotz erfordern der hohe Artenreichtum und die Komplexitit
dieses subtropischen Waldes weitere Untersuchungen um den Umfang der Wechselbeziehung

der strukturellen Schichten beurteilen zu konnen.



Chapter 1 - Introduction

1.1 General introduction

During the last decades studies about the impact of biodiversity on ecosystem functioning
became a fundamental topic in ecological research and many highly sophisticated
investigations contributed to the growing body of knowledge (Hooper et al. 2005; Balvanera
et al. 2006; Quijas et al. 2010). The value of biodiversity and its protection have provoked
observational and experimental studies worldwide and have boosted the activities for the
‘International Year of Biodiversity’ in 2010 (proclaimed by the United Nations).

Biodiversity, defined as the number of entities with regard to species, functional and trophic
groups as well as genotypes, has been shown to be intrinsically linked to ecosystem
functioning (Hodgson et al. 2002; Hooper et al. 2005; Hughes et al. 2008; Reiss et al. 2009)
where ecosystem functioning is a surrogate for ecosystem goods, services and properties
(Christensen et al. 1996; Hooper et al. 2005). In very general terms, ecosystem functioning,
thus, describes the performance of an ecosystem (Fig. 1.1). Against this background, the
interest in biodiversity research has derived from the current threat of species loss and the
anticipated irreversible depletion in ecosystem functioning with open consequences for
human life and well-being (Tilman 1999; Chapin et al. 2000; Hector et al. 2001; Srivastava &
Vellend 2005; Naeem et al. 2009).

The relationship between biodiversity and ecosystem functioning has been found to be
predominantly positive (Schlidpfer & Schmid 1999; Hooper et al. 2005; van Ruijven &
Berendse 2009). In the context of plant community research, many investigations have
focused on the effects of species richness on community biomass (Tilman et al. 1997; Hector
et al. 1999; Dukes 2001; Fridley 2001; Spehn et al. 2005; Roscher et al. 2005; Lanta & Leps
2007; Marquard et al. 2009) and invasion resistance (Moore et al. 2001; Prieur-Richard et al.
2002; Fargione & Tilman 2005; Pokorny et al. 2005). Resistance of a plant community
against exotic species invasions can be considered a crucial characteristic of ecosystems since
exotic species have been found to alter ecosystem properties and, thus, functioning. (Vitousek
& Walker 1989; D’ Antonio & Vitousek 1992; D’ Antonio et al. 1998; Mack et al. 2000; Flory
& Clay 2010a; Flory & Clay 2010b; Simao et al. 2010; Vila et al. 2010).
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Global changes
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Figure 1.1: Components of biodiversity, effects of global changes and the impacts on ecosystem functions and
services. In the present studies, mainly species number as the unit of diversity was emphasized, hence, in the
following I refer to biodiversity as a synonym for species richness. Variables relevant in the following

investigations are given in green colour (modified after the Millennium Ecosystem Assessment 2005).

Ecosystem functions like productivity and susceptibility to exotic invaders are dynamic in
time, the strength of correlation with species richness was shown to be variable as well
(Cleland et al. 2004; van Ruijven & Berendse 2005; Roscher et al. 2008). Besides that,
diversity-ecosystem functioning relationships have been altered with regard to the
environmental context of the ecosystem (Pfisterer & Schmid 2002; Tylianakis et al. 2008,
Wacker et al. 2008; Wardle et al. 2008).

Consensus has emerged that the complexity of real world ecosystem functioning can be
understood only by focusing on the biotic and abiotic components of the ecosystem at the
same time (Gamfeldt et al. 2008; Hillebrand & Matthiessen 2009; OIff et al. 2009). With
regard to biotic components, ecosystem attributes depend not only on species richness but

also on species identity (Symstad et al. 1998; Temperton et al. 2007; Lorentzen et al. 2008;
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Bell et al. 2009). The interplay of species is dynamic and complex since species form various
trophic and functional groups acting in concert with abiotic characteristics of the respective
habitat, and thus, species effects might differ at spatial scales, but also in response to temporal
changes (Weis et al. 2007; Hillebrand et al. 2008; Roscher et al. 2008; Reiss et al. 2009;
Scherber et al. 2010).

The challenge of incorporating several orders of complexity involving temporal, spatial and
multidimensional species linkages in biodiversity research without causing obscured

diversity-ecosystem functioning relationships needs to be faced.

Forest ecosystems

Research on diversity-ecosystem functioning relationships has been preferentially conducted
in temperate grasslands (Tilman 1997a; Hector et al. 1999; Roscher et al. 2004) as well as in
aquatic microcosms (McGrady-Steed et al. 1997; Cardinale et al. 2002; Cardinale et al. 2006;
Weis et al. 2007). This preference might have been derived from both, the global importance
of these ecosystems and the comparatively simple feasibility of experimental manipulations.
However, the outstanding hotspots of biodiversity are forest ecosystems where species
richness was found to be remarkably high (Fig. 1.2), especially in forests of the tropical zones
(Whitmore et al. 1985; Gentry & Dodson 1987; Gentry 1988; Duivenvoorden 1994; Galeano
et al. 1998; Langenberger et al. 2006).

The high species richness of forest ecosystems is promoted by the structural complexity of
forest strata, also termed structural layers, which features a three-dimensional mosaic
comprising a variety of species and life forms. The herb layer, by definition, including all
vascular plants below 1 meter height (Siccama et al. 1970; Rogers 1981; Gilliam &
Christensen 1986), contributes significantly to overall species diversity, comprising life forms
differing phenologically, morphologically and ontogenetically. Although tree species
composition and diversity are the most striking features of forest ecosystems and, thus,
studies predominantly focused on woody species inventory and attributes, the impact of non-
woody species is non-negligible. Investigations in temperate forests (Ingerpuu et al. 2003;
Gilliam 2007) as well as in tropical forests (Gentry & Dodson 1987; Linares-Palomino et al.
2009) demonstrated that high species richness is mainly attributable to non-tree species such
as herbs, climbers and epiphytes. In particular, the results of species monitoring in lowland
tropical rain forests of Ecuador (Gentry & Dodson 1987) have demonstrated that tree species

richness can contribute surprisingly little to overall plant diversity.
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Although subtropical regions of Southeast Asia do not lag behind in terms of vascular plant
species richness (Barthlott et al. 2005; Barthlott et al. 2007; Legendre et al. 2009; Fig. 1.2)
information about these ecosystems is scarce. This circumstance is unfortunate since
particularly China as a country with aspiring economy and an immense population of more
than 1.3 billion citizens still has a nature conservation system that lags behind China's
increasing environmental problems (Lopez-Pujol et al. 2006; Wang et al. 2007a; Ma et al.
2009; Fu et al. 2010). Negative impact of human activities on natural ecosystems also are
critical for the process of plant invasions and have led to an increasing number of naturalized
exotic species within China (Liu et al. 2005; Weber & Li 2008; Weber et al. 2008; Feng &
Zhu 2010), thus bearing the risk of accelerating the loss of native species (Mack et al. 2000;
Meiners et al. 2001; Hejda et al. 2009). Especially in afforested areas, diversity loss by habitat
degradation and detrimental human disturbance urge a further understanding of the effects of
biodiversity on ecosystem functioning in subtropical forests (Wang et al. 2007b; Lu et al.
2010).

Literature research revealed that subtropical forests are underrepresented with regard to
species inventories or experimental investigations and only few insights into ecosystem
functioning of these forests exist (Barik et al. 1992; Cornelissen et al. 1994; Legendre et al.
2009; Wang et al. 2009). Furthermore, most of these studies preferentially focus on tree
species and, thus, gives only minor information about the significance of the herb layer or
rather herbaceous species. To my knowledge the present study is the first which shifts the
focus to herb layer species, regardless of life form, and highlight their impact on forest

ecosystem functioning in the subtropics.
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Figure 1.2: Distribution of global biodiversity in vascular plant species and the location of the BEF-China project (modified after http://www.biologie.uni-hamburg.de/b-online/)
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Diversity-ecosystem functioning relationships in forest ecosystems

Tree layer-herb layer interactions

Information concerning the functioning of forests has been mainly derived from the tree layer
perspective so far (Augusto et al. 2002; Scherer-Lorenzen et al. 2007; GeiBler et al. 2010;
Lang et al. 2010; Bruelheide et al. 2011 but see Barbier et al. 2008). The importance of the
herb layer to overall ecosystem functions such as net primary productivity and nutrient
cycling, has been demonstrated in investigations of temperate forests (Muller 2003; Gilliam
2007) as well as tropical ones (Chandrashekara & Ramakrishnan 1994). The contributions of
herb and tree layer to ecosystem functions are not mutually exclusive, instead, linkage of the
forests’ structural layers is realized via various multidimensional interdependencies. Tree
layer characteristics such as tree species richness, species composition and forest stand age
have the potential to affect herb layer vegetation.

Although being more prominent, the link between tree and herb layer is not only a ‘top-down’
effect (in the sense of the hierarchical order of structural layers rather than in a tropic
meaning). The significance of the herb layer is particularly evident when considering that
every recruiting tree individual has to pass through and compete with plants of the herb layer
(George & Bazzaz 1999; George & Bazzaz 2003; Taverna et al. 2005; Denslow et al. 2006;
Marshall et al. 2009). Mechanisms of interference between resident herb layer species and
recruiting tree individuals determine the extent of ‘bottom-up’ effects on tree layer
composition and include competition for resources, allelopathy or mechanical interference
(Royo & Carson 2006). Such bottom-up effects depend on the species composition and
further characteristics of the herb layer (George & Bazzaz 1999; Coomes et al. 2005; Benitez-
Malvido 2006; Marshall et al. 2009). Most relevant herb layer properties for implementing
bottom-up effects might be its productivity, which potentially illustrate competition intensity
(Fraser & Keddy 2005; Dormann 2007; Engel & Weltzin 2008; Lamb et al. 2009), but also
resistance against exotic species. The presence of exotics intensifies the impact of the herb
layer on regenerating tree individuals in a detrimental way (Flory & Clay 2010a) and was
demonstrated to change environmental conditions (Ehrenfeld 2003; Niu et al. 2007), and,
consequently, might alter strata interactions. So far, only a few attempts have been made to
experimentally disentangle the factors driving the invasibility of forest ecosystem with respect

to structural layer (Knight et al. 2008).
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Course of succession

Tree layer as well as herb layer properties are both variable in space and time (Christensen &
Gilliam 2003; Jules et al. 2008) and, thus, the strength of the relationship between tree and
herb layer might be variable as well. Accordingly, linkages observed between strata in mature
forest stands might be absent in young forests (Gilliam et al. 1995). It is unclear how and to
which extent the linkage between strata and the strength of this correlation is altered in the
course of succession. It can be assumed that young, and, thus, less complex forests with a
prominent herb layer are predominantly driven by bottom-up effects (Benitez-Malvido 2006;
Royo & Carson 2008), while in older forests the tree layer and, consequently, top-down
effects dominate (Gilliam & Roberts 2003; Barbier et al. 2008) as illustrated in Figure 1.3.
The predominant direction of influence, bottom-up effects from herb layer to tree layer versus
top-down effects from tree to herb layer with regard to time, i.e. forest succession, are not yet
understood comprehensively.

Successional development results in alteration of environmental conditions and usually
involves changes in species composition (Jules et al. 2008). Success of introducing exotic
species is often associated with species turn-over, e.g. due to disturbances or changes in
environmental conditions. Studies of old-field succession revealed that the abundance and
impact of exotic species decreased in the course of succession (Robertson et al. 1994; Meiners
et al. 2002), thus, early-successional forests are more susceptible to exotic species. As a
consequence, invading species are able to alter recruitment patterns of native tree species
(Woods 1993), change strata characteristics and, hence, influence the interplay between
structural layers (Wyckoff & Webb 1996; Luken 2003; Flory & Clay 2010a). In this regard, I
assume that susceptibility to species invasion might be most pronounced in early successional
forest systems (Eschtruth & Battles 2009; Flory & Clay 2006; Thiele & Otte 2006) and might
then be associated with intensified strength of bottom-up effects on the tree layer (Fig. 1.3).

In summary, the forest structural layers interact in various ways which defies investigating a
particular stratum separately from other strata within biodiversity-ecosystem functioning

research.
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Tree layer

Top-down effect

Bottom-up effect

species

Invasive _ Herb layer
—

Young forest stages Old forest stages

Figure 1.3: Scheme of interdependencies of hierarchical layers during forest succession with a prominent herb
layer in early successional stages and an assumed predominant bottom-up effect on the tree layer. The decreasing
impact of the herb layer in the course of succession leads to a shift to top-down effects of the overstorey tree
layer. Dominant effects are visualised by dark arrows, unclear relationships are shown by dashed lines. Modified

after Alexandra Erfmeier.

Mechanisms of diversity-ecosystem functioning relationships

Plant species richness does not inevitably enhance ecosystem processes (Mulder et al. 2001)
which can be explained by the type of mechanistic link between species richness and
ecosystem functioning (Loreau 1998a; Aarssen 2001; Loreau & Hector 2001). Therefore,
information about the underlying mechanisms is essential to predict species richness effects.
The mechanistic link has been primarily analysed for grassland ecosystems where three focal
mechanisms have become apparent to drive positive diversity-ecosystem functioning
correlations, which I will summarize briefly in the following: complementarity, facilitation
and sampling effect.

Based on the niche concept of community assembly, investigations revealed niche
complementarity in species-rich communities as the mechanism enhancing ecosystem
processes (Hooper et al. 2005). Several forms of differentiation between species can lead to
complementarity, like rooting pattern (Dimitrakopoulos & Schmid 2004; Fargione & Tilman
2005; von Felten & Schmid 2008), plant height (Gross et al. 2007; Lorentzen et al. 2008) or
nutrient use (Spehn et al. 2002; Palmborg et al. 2005; Kahmen et al. 2006; Ashton et al.
2010). In addition, diversity effects emerge when species not only tolerate but facilitate

neighbouring species via specific characteristics. Facilitation frequently occurs when nitrogen
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fixing species provide enriched nitrogen conditions also for adjacent heterospecific
individuals. These positive interactions among species have been demonstrated to promote
ecosystem processes (Hooper & Vitousek 1997; Cardinale et al. 2002; Prieur-Richard et al.
2002; Temperton et al. 2007).

Finally, ecosystem functioning might be enhanced by the sampling effect, which describes the
stochastic phenomenon of increasing probability with increasing species richness to include
species with particular characteristics. Although some scientists consider the sampling effect
simply a statistical artefact (Aarssen 1997, Huston 1997), others tend to comprehend it a real-
world effect of biodiversity (Tilman et al. 1997; Tilman 1997b; Loreau 1998a; Loreau &
Hector 2001).

Negative relationships between species richness and ecosystem processes emerge when
effects of interspecific competition exceed effects of positive species interactions (Stoll &
Prati 2001; Weigelt et al. 2007). As the balance between these interactions determines
ecosystem processes, a current presumption includes that it might be not only species richness
per se but species identities which determine the ecosystem functioning (Symstad et al. 1998;
Crawley et al. 1999; Hillebrand et al. 2008).

Observational studies that assess near-natural community composition reflect the result of
natural processes but impede conclusions on causal relationships (Schmid & Hector 2004).
Thus, experiments at the community scale provide the opportunity to reveal biotic interaction
because the link between species diversity and ecosystem functioning is less confounded by
changes in abiotic conditions (Loreau 1998b; Pfisterer & Schmid 2002; Tylianakis et al. 2008;
Wacker et al. 2008; Wardle et al. 2008). The interaction between species was demonstrated to
change with environment (Mulder et al. 2001, Partzsch & Bachmann 2011) which emphasizes
the consideration of the abiotic environment.

In most systems we have only limited knowledge about the exact contributions of individual
species to ecosystem functioning (Schmid & Hector 2004) for that reason I further zoomed
into the level of organisation from near-natural forests with a variety of life forms and species
to small patches of two distinct types of species to plant communities comprised of species
classified as one functional group. Species- or rather individual-based experiments in
controlled environment are required to disentangle the impact of specific species and

mechanisms to diversity-ecosystem functioning relationships.
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Brief summary
The preceding introduction identified certain gaps of knowledge in current biodiversity-
ecosystem functioning research in forest ecosystems:
- The contribution of the herb layer to species richness in subtropical forest ecosystems
and its interaction with the overstorey tree layer attributes.
- The relevance of strata-overarching effects of species richness on ecosystem
functions and the strength of relationship with regard to forest succession.
- The importance of covarying environmental factors relative to biotic interactions and
their effects on tree layer-herb layer relationships.
- Underlying mechanisms leading to observed species richness-ecosystem functioning

relationships.

1.2 Objectives and aims of this thesis

The present PhD thesis focuses on biodiversity-ecosystem functioning relationships in
subtropical forest ecosystems in southeast China and highlights those relationships from
different point of views and with several approaches. Within the framework of the BEF-
China project (DFG Forschergruppe 891) “The role of tree and shrub diversity for
production, erosion control, element cycling, and species conservation in Chinese
subtropical forest ecosystems” and in the context of subproject 11 “Invasion-diversity
interactions in subtropical forests: the interplay of herbaceous and woody species richness” I
conducted a downscaling of ecosystem functioning in a near-natural forest to an experimental
early-successional forest system to within-stratum experimental plant communities.

The mutual support of a several different projects within the BEF-China, both European and

Chinese enabled this thesis to benefit from logistics which were achieved jointly.

Diversity-diversity and diversity-productivity relationships across structural strata

In the framework of this thesis, an observational approach was conducted in near-natural
subtropical forest stands that differ with regard to their successional stage and investigate
whether a species-rich overstorey promotes a species-rich understorey, i.e. whether species

richness is positively correlated across strata.
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In chapter 2, I present the mutual relationships between tree and herb layer, taking species
richness, species composition and herb layer productivity into account while also considering
abiotic environmental conditions. I hypothesized that the species richness of the herb layer is
positively related to species richness in the tree layer. In line with this, I assumed that herb
layer productivity is positively correlated with tree layer species richness. Both hypotheses
point at a positive diversity-ecosystem functioning relationship not only within but also
across structural strata. In addition, this study aimed at quantifying the temporal course of
tree layer-herb layer interactions by observing forest stands in relation to successional age. I
tested the hypothesis that the strength of top-down effects of tree layer species richness on
herb layer properties increases in the course of succession. Accordingly, I expected a
decreasing impact of herb layer species and, thus, a decreasing strength of bottom-up effects.

This study attempts to fill the gap of knowledge regarding the interactions of species richness

across structural strata and their importance relative to succession and environment.

Diversity-invasibility and diversity-productivity relationships across and within
structural strata

Contrary to grasslands, forest ecosystems are rarely mimicked in experiments that focus on
herb layer properties. In the context of a joint effort to establish a common garden
experiment within the BEF-China research group, I established a controlled environment
study simulating a simplified early-successional forest ecosystem to disentangle the influence
of species richness and abiotic environment on herb layer attributes. Experimental plant
communities were established consisting of tree saplings presenting a tree layer that varied in
species richness and composition. The analyses focused on the dynamics of the herb layer
community consisting of spontaneously appearing native herbs and introduced exotic herbs.
Soil nutrients were manipulated as additional treatment factor, while further abiotic
conditions were held constant.

Chapter 3 presents the result of this common garden experiment and addresses the impact of
tree layer attributes on the herb layer. I assessed the influence of the tree layer on the self-
assembled native herb layer species as well as herb layer invasibility caused by exotic seed
addition. In addition, I determined the role of soil nutrient enrichment on native and exotic
herbaceous species.

This investigation elucidates the relevance of strata-overarching effects of tree richness on

herb layer productivity and invasibility with respect to covarying environmental factors.
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Diversity-productivity relationships under controlled conditions

Covarying environmental factors might mask biodiversity-ecosystem functioning
relationships if not appropriately disentangled experimentally, thus, controlled abiotic
conditions can be essential for detecting mechanisms that may underlie positive biodiversity
effects.

With regard to community productivity, niche differences were considered to lead to
overyielding and thus positive relationship between species richness and species biomass.
Overyielding is assumed to happen in functionally divergent species, however, the extent of
variance between species was not estimated so far. I suggest that down-scaling to species
specific interactions may lead to detailed resolution for analysing the mechanisms that bring
about positive diversity-ecosystem functioning relationships.

Chapter 4 focuses on species richness effects on community productivity at a fine scale,
while in addition analysing individual species responses to community diversity. The
experiment was carried out in a glasshouse, allowing to keep abiotic factors constant to the
largest possible degree. I hypothesized that not only species with highly contrasting traits
lead to niche complementarity and accordingly overyielding but that even in communities
comprised of similar species with regard to life form and life cycle there are positive small-
scale diversity-productivity relationships.

This experiment accounts for the species specific contribution to community productivity and
seeks to detect the underlying mechanisms leading to observed species richness-ecosystem

functioning relationships.
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Figure 1.4: Experimental communities of the glasshouse experiment. Monoculture of Pterocypsela formosana

(A) and Siegesbeckia glaberescens (B) and the 8-species mixture (C) at the beginning of the experiment and

impression of one glasshouse chamber at the end of the experiment (D).
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1.3 Study area

Gutianshan National Nature Reserve

History of Gutianshan Reserve

The observational study (Chapter 2) was conducted in the Gutianshan National Nature
Reserve (GNNR) in Zhejiang Province, southeast China (29°8'18"-29°17"29" N, 118°2'14"—
118°11'12" E). The Reserve was initially established as a National Forest Reserve in 1975 and
became a National Nature Reserve in 2001. The GNNR consists of broad-leaved forests of
advanced successional stages as well as early-successional stages. The younger forest stands
indicate that within and adjacent to the reserve extensive deforestation occurred in the 1950s.
As a consequence, the majority of stands are secondary forests with maximum tree ages of
about 180 years. Under natural conditions, maximum tree ages can be assumed to be
exceeded by several decades and even centuries (Teng Fang, personal communication). The
GNNR and its surrounding are influenced by tree plantations, or rather their remnants, of the
economically important conifer species Cunninghamia lanceolata and Pinus massoniana.
Although Gutianshan is a nationally protected nature reserve, there still occur a few human
activities, even some detrimental ones. Because of the steep terrain of the entire reserve, the
GNNR area was only marginally usable for agricultural activities, and thus, an exceptionally

intact forest cover has been preserved especially on the steep slopes.

Topography and climate

The GNNR covers an area of about 81 km?, with elevations ranging from 300 to 1260 meters.
The topography is characterized by high steepness with slopes frequently exceeding 30°. The
climate at GNNR is warm-temperate with an annual average temperature of 15.1 °C. The
mean minimum and maximum temperatures are -6.8 °C (January) and 38.1 °C (July),
respectively. The mean annual precipitation sums up to approximately 2000 mm with most
rainfall occurring from March to September and a short dry season in November and

December.
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Gutianshan (350 m)
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Figure 1.5: Climate of GNNR illustrated as a Walter and Lieth climate diagram. Blue
solid line shows monthly precipitation, red solid line indicates average temperature at

GNNR. Vertical area specifies moist season, dotted area indicates dry season (from
Geiller et al. 2010).

Vegetation

The vegetation is characterized by broad-leaved mixed forest, a total of 1426 seed-plants
species of 648 genera and 149 families occur naturally in the GNNR (Lou & Jin 2000).
Within the tree layer, evergreen species dominate in abundance of individuals (Yu et al. 2001)
but in species numbers the ratio of evergreen and deciduous tree species is well-balanced
(Lou & Jin 2000). In the course of succession the proportion of deciduous trees decreases
significantly with regard to both species and individuals (Bruelheide et al. 2011).

The type of forest in GNNR is characteristic of this subtropical region (Wu 1980; Hu & Yu
2008; Legendre et al. 2009).
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Introduction

Figure 1.6: Comparative study plots
(CSP) in the Gutianshan National
Nature Reserve arranged according
to increasing successional stages.
(A) CSP 22 (stage 1: 22 years
according to the age of the fifth
largest tree, see Bruelheide et al.
2011 for details),

(B) CSP 25 (stage 2: 45 years),

(C) CSP 7 (stage 3; 78 years),

(D) CSP 9 (stage 4; 84years) and
(E) CSP 14 (stage 5; 116 years).
CSPs were established in May to
June 2008.
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Pilot Experiment

Study site

The experimental study site for the common garden experiment is situated near
Xingangshan, Jiangxi Province, southeast China in approximately 25 km linear distance
to GNNR (N29° 06.293 E117° 55.286, Fig. 1.8 C). The common garden experiment has
been established in a former agricultural field, used for the cultivation of rice, wheat and

other crops. The location is in the flood plain of a river, i.e. a flat area.

Figure 1.7: Common garden experiment in Xingangshan, Jiangxi Province. Experimental plots at the
beginning of the experiment in May 2009 (A) and at the end before the harvest in September 2009 (B). The
impression of the experimental site (C) with shading houses belonging to additional experimental

approaches of other projects.
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Figure 1.8: Location of the study sites in southeast China (A, B) and position of the common garden
experiment (“BEF-China Pilot experiment”) in relation to the Gutianshan National Nature Reserve (maps

by Erik Welk).
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Chapter 2 - Lack of tree layer control on herb layer
characteristics in a subtropical forest, China

Sabine Both, Teng Fang, Martin Bohnke, Helge Bruelheide, Christian Gei3ler, Peter Kiihn,
Thomas Scholten, Stefan Trogisch, & Alexandra Erfmeier

Journal of Vegetation Science (in press)

2.1 Abstract

Question: Knowledge of the interaction between understorey herb and overstorey tree layer
diversity is mostly restricted to temperate forests. How do tree layer diversity and
environmental variables affect herb layer attributes in subtropical forests and do these
relationships change in the course of succession? Do abundance and diversity of woody
saplings within the herb layer shift during succession?

Location: Subtropical broad-leaved forests in southeast China (29°8'18"-29°1729" N,
118°2'14"-118°11'12" E).

Methods: A full inventory of the herb layer including all plants below 1-m height was done
in 27 plots (10 x 10 m) from five successional stages (< 20, < 40, < 60, < 80 and > 80 yr).We
quantified the contribution of different life forms (herbaceous, woody and climber species) to
herb layer diversity and productivity and analysed effects of environmental variables and tree
layer diversity on these attributes.

Results: Herb layer composition followed a successional gradient, as revealed by non-metric
multidimensional scaling (NMDS), but diversity was not correlated to the successional
gradient. There was no correlation of diversity across layers. Herb layer productivity was
neither affected by tree layer diversity nor by herb layer diversity. Although abundance of
woody species in the herb layer decreased significantly during succession, woody species
contributed extraordinarily to herb layer species diversity in all successional stages. All
environmental factors considered had little impact on herb layer attributes.

Conclusions: The subtropical forest investigated displays an immense richness of woody
species in the herb layer while herbaceous species are less prominent. Species composition of
the herb layer shows a clear successional pattern, however, the presence or absence of certain

species appears to be random.
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Chapter 2 Monitoring approach

Keywords: BEF-China; Chronosequence; Comparative study plot (CSP); Forest understorey;
Gutianshan National Nature Reserve (GNNR); Indicator species analysis; Non-metric

multidimensional scaling (NMDS); Secondary forest succession; Zhejiang Province

Nomenclature: Flora of China (http://flora.huh.harvard.edu/china)
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Chapter 3 - Impact of tree diversity on herb layer invasibility in

young experimental communities of subtropical species

Sabine Both, Teng Fang, Martin Baruffol, Bernhard Schmid, Helge Bruelheide & Alexandra

Erfmeier

Ecological Research (under review)

3.1 Abstract

Knowledge about diversity-invasibility relationships is mainly based on experiences in
grasslands. Little is known about these relationships in forests, where tree species interact
with herbaceous species especially in the early phases of succession. We addressed this issue
experimentally by quantifying the impact of trees on herb layer attributes and invasibility. We
established a common garden experiment in southeast China using four broad-leaved tree
species (Elaeocarpus decipiens, Schima superba, Castanea henryi and Quercus serrata) to
study effects of tree diversity on herb layer productivity and invasibility.

Tree saplings were planted in monocultures, 2- and 4-species mixtures. A full-factorial design
was applied in which the species compositions were crossed with fertilizer- and seed-addition
treatments. For the latter, mixtures of seeds from eight exotic herb species were used. Herb
community attributes were assessed after 4-month growing season. Tree layer diversity had
only small effects on herb layer invasibility. However, presence of Elaeocarpus decipiens
negatively affected native herb layer species but also negatively influenced abundance and
species richness of invading exotic species. Significant tree diversity x fertilizer interactions
emphasized the impact of nutrient supply. The exotics were more strongly controlled by a
high productivity of native herbs than by tree layer attributes. These results show that there
was only a low impact of tree diversity on herb layer invasibility with effects being most
evident under nutrient addition. However, the effects from one particular tree species
supported strata-overarching effects. We suggest that during the earliest phases of forest
succession, herb layer invasibility depends more on resource supply than on tree layer

attributes.

Keywords: BEF-China; early-successional forest ecosystem; exotic seed addition; fertilizer

application; structural strata
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Chapter 4 - Productivity and species interactions in plant

communities composed of one functional group

Sabine Both, Helge Bruelheide & Alexandra Erfmeier

Acta Oecologica (under review)

4.1 Abstract

Biodiversity experiments have detected positive effects of diversity on ecosystem functioning,
these positive effects are thought to be caused mainly by complementarity and facilitation of
coexisting species. Coexistence driven by complementary resource use or by mutual
beneficial effects of different species requires functional differences among the species
present. Such functional differences are commonly assumed to be higher among than within
functional groups and, thus, accordingly niche differences are supposed to be more
pronounced among but not within groups. However, several studies found that species
diversity within functional groups also affects ecosystem functioning, suggesting that species
of one functional group are not functionally redundant. The present study focused on
diversity-productivity relationships in experimental communities composed of plant species
representing one functional group only.

We established a glasshouse experiment by choosing frequently occurring species from
subtropical southeast China, all comprising fast growing tall annuals of different plant
families, and established a total of 160 communities, representing 25 different species
compositions, with diversity levels of 1, 2, 4 and 8 species. We measured individual growth
and biomass as well as community productivity after a growing period of 12
weeks. While some of the species displayed significant overyielding, others showed no such
trend. We found a prevalent importance of community composition confirmed by particular
species identity effects. Our investigation demonstrated that small-scale species differences
are capable to increase ecosystem functioning to a certain extent via species identity effects.
In mixed communities, the relative performance of species was increased for species
performing weakly in monoculture and was mitigated for strong performers in monoculture.
These findings let us assume that altered species performances were derived from shifts in
competitive ability as a function of diversity level. As a conclusion, there is some evidence

that small-scale complementarity occurs even within a single functional group.
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Keywords: annual species; BEF-China; functional group; glasshouse experiment;

overyielding; relative yield total
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Chapter 5 - Synthesis

5.1 Main results

The present study provides insights into forest diversity-ecosystem functioning relationships
by downscaling approaches from the whole-ecosystem level of a near-natural subtropical
forest to simplified experimental systems of early-successional tree-herb communities to fine
scale mechanisms that induce diversity-ecosystem functioning relationships in particular plant
communities. The studies presented in the preceding chapters provided the following main

results:

Monitoring approach: The monitoring approach in the GNNR revealed a high species
richness along the succession series. [ found a high contribution of herb layer species richness
to overall diversity. However, herb layer diversity was independent of overstorey species
richness, in addition herb layer productivity was not affected significantly by overstorey tree
layer richness in the investigated forest stands Herb species richness, as well as herbaceous
and woody species abundance, decreased significantly as a function of forest successional
age. | could not investigate objectives regarding exotic herb species due to insignificant

numbers.

Common garden experiment: The experimental early-successional forest system revealed few
strata-overarching links of tree layer attributes and herb layer properties. But tree layer effects
were exclusively reflected in species identity and not in ubiquitous species richness effects. |
could show that effects of the tree layer increased when interaction effects with the
environmental context were taken into account since the impact of tree diversity on herb layer
invasibility was most evident under nutrient addition. Invasibility of the herb layer was

predominantly controlled by within-stratum attributes as well as by nutrient supply.

Glasshouse experiment: Within herb layer communities which were comprised of only one
functional group, no positive diversity-productivity relationship was found. While several
species revealed a shift in competition ability as a function of community diversity and
displayed higher biomass gain in diverse mixtures, competitively strong species were
inhibited in species-rich communities. These effects compensated each other and, thus, did

not generate overall increased community productivity with increasing species richness.
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5.2 Overall discussion

My study reveals new insights into the interaction of overstorey tree layer and understorey
herb layer and I gained baseline information about herb layer composition from species
inventories in a subtropical forest. The conceptual framework presented in the introduction of
this thesis (Fig. 1.3) is based on the assumption that structural strata are linked by the
interplay of bottom-up and top-down effects, which are dynamic in the course of succession. I
expected to disclose relationships between strata in GNNR like those described from
observations of temperate forests (Gilliam 2007; Jules et al. 2007; Molder et al. 2008).
Following Hooper et al. (2005), I further expected positive effects of species richness on
ecosystem functioning within and across structural strata. By implementing three different
approaches I confirmed some of my assumptions while others were not supported.

In the following overall discussion I pay attention to the most important findings with regard

to the main outline of species richness effects across structural strata.

Strata-overarching effects of diversity

Species numbers were high in both tree and herb layer, similar to forests in the tropics
(Whitmore et al. 1985; Gentry & Dodson 1987; Gentry 1988; Duivenvoorden 1994; Galeano
et al. 1998; Langenberger et al. 2006), but species richness was uncorrelated across the two
strata which is in contrast to investigations from temperate forests (Auclair & Goff 1971;
Gilliam 2007). No relationship was found between diversity of the tree layer and species
richness or productivity of the herb layer in the forest stands investigated in the GNNR. The
temporal dynamics, as reflected in the successional stages, did not result in altered
correlations or correlation strengths (Chapter 2). Herb layer species richness was strongly
controlled by structural variables of the forest stands, such as cover of the shrub layer and
height of the first tree layer as well as by extrinsic environmental factors, i.e. soil pH, CN
ratio and litter, rather than by the diversity of the tree layer. Productivity of the herb layer was
not related to species richness, neither within, nor across structural strata, environmental
conditions only slightly influenced herb layer biomass.

The observations in the GNNR were not appropriate to investigate tree layer effects on herb
layer invasibility, since only one exotic species (Crassocephalum crepidioides) was
encountered in the study plots and only with very low abundances. The absence of other
exotic species may depend on the lack of shade-tolerant exotics (Von Holle et al. 2003;

Martin et al. 2009). Although it is likely that forests like GNNR will be troubled by exotics in
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the future (Liu et al. 2005; Niu et al. 2007; Weber & Li 2008; Weber et al. 2008; Feng & Zhu
2010).

Information about the influence of the overstorey tree layer on potential invasion in the herb
layer could be investigated in the common garden experiment (Chapter 3). The results of the
experiment gave valuable insights into species effects across strata due to controlled extrinsic
factors. By including different levels of tree diversity and simulated exotic species invasion,
the study design allowed the analyses of herb layer-tree layer interactions and native-exotic
relationships at the same time. I could show that one keystone tree species was able to
compete, and thus, negatively affect certain herb species across structural strata (Chapter 3).
However, this inhibiting effect was rather widespread and not strong enough to provoke a
general negative species richness effect from the tree to the herb layer. I conclude that in these
very young successional forest communities the strata-overarching effects are induced only
by species identity effects of keystone species in the tree layer. Elaeocarpus decipiens acted
as such a keystone species in the experiment and had a measurable impact on abundance of
herb layer species and the number of exotic species that could establish.

Follow the assumptions given in Figure 5.1, ongoing investigations might detect increased
influence of the tree layer which could lead to competition-induces declines of herb layer
species performance with proceeding succession. Alteration in herb layer attributes might
later on result from negative shading effects and light competition of the overstorey
(Kabakoff & Chazdon 1996; Kochy & Wilson 2000; Knight et al. 2008) and intensified
competition for soil resources (Coomes & Grubb 2000). In addition, litter quality or
accumulation (Schimpf & Danz 1999; Sariyildiz et al. 2005) and allelopathic effects (Gilliam
& Roberts 2003; Hérdtle et al. 2003) caused by tree species have been found to affect herb
layer species.

The current data does not proof that species richness of the tree layer negatively affects
invasibility of the herb layer per se, instead, species identity effects demonstrate a strata-
overarching impact. This simplified experiment with only a very small species pool and
controlled environmental conditions provided evidence for interactions between species
across the structural strata.

In accordance with the hypothesis illustrated in Figure 1.3, bottom-up effects from the herb
layer affected tree individuals, negative feedback mechanisms were particularly driven from
exotic herbs. In the common garden experiment, the bottom-up effect was evident in

significantly decreased tree individual height in the presence of exotic herbs. However, it can
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be assume that a longer study time will promote effects on other characteristics of the tree
layer (Woods 1993; Wyckoff & Webb 1996; Marshall et al. 2009).

The results are summarized in Figure 5.1 and underline that exotic species in the herb layer
might not only have effects within the same stratum (Woods 1993; Verheyen et al. 2007) but
also negatively affect the tree layer (Fagan & Peart 2004; Flory & Clay 2010a).

In the system investigated, exotic herbaceous species did not negatively affect native herb

species, instead, a suppressing control from native herb productivity could be detected.
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Figure 5.1: Interrelationship of herb and tree layer in subtropical forest systems. Red arrows indicate a negative
relationship, dashed arrows specify the absence of correlation. The results are attributed to the respective

investigations.

My results support that bottom-up effects predominantly occur in early successional forest
ecosystems, in contrast, the expected reverse top-down control in mature forest stands was not
confirmed by the observational study (Chapter 2). The lack of measurable top-down effects
might be explained by obscured relationships in the species-rich forest stands in the GNNR
due to environmental factors. Comparable studies often detected interactions with extrinsic
factors, and diversity patterns are correlated with such factors (Nacem et al. 2000; Foster et al.
2002). In the context of invasion ecology, there is fundamental evidence that diversity-
ecosystem functioning relationships depend on the scale of the study (Shea & Chesson 2002;
Davis et al. 2005) with the prevalent importance of environmental variables (at large scale) or

species interactions (at small scale). Moreover, such scale-shaped mechanisms might
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similarly apply to community productivity since no effect from tree diversity to herb layer
productivity could be revealed in the GNNR study plots.

The high number of species in the tree layer, ranging from 25 to 69 species per 900 m” in the
study plots in GNNR, might lead to compensations with regard to species specific identity
effects. While positive correlations between tree and herb layer diversity were observed in
subalpine forests (Bradfield & Scagel 1984), in temperate (Ingerpuu et al. 2003; Gilliam
2007) and boreal forests (Benayas 1995) those forest stands display lower tree species
richness. Top-down impact depending on tree species was shown in relatively species poor
systems (Hardtle et al. 2003; Knight et al. 2008; Molder et al. 2008), however, the species
identity effects detected in the common garden experiment might not be directly transferable
to near-natural forest stands. The effect of Elaeocarpus decipiens on herb layer species
(Chapter 3) can be different in natural forests, with regard to its local neighbourhood where
species identity effects might be compensated by contrasting effects of adjacent species.

There was a remarkable dominance of woody species in the herb layer which is in contrast to
findings from some tropical forests (Gentry & Dodson 1987; Linares-Palomino et al. 2009)
but was revealed in China before (Lu et al. 2010). Their predominant occurrence might have
caused shifts in competitive ability of species within the herb layer, and thus, alter the
interplay with the overstorey. The dominance of woody saplings implies that recruitment of
trees is not hampered by properties of the herb layer (George & Bazzaz 1999; George &
Bazzaz 2003; Harms et al. 2004; Royo & Carson 2008). Drawing conclusions about forest
regeneration was beyond the scope of this study and would require repeated monitoring of
tree saplings (e.g. Bustamante-Sanchez et al. 2011). However, the present data support the
assumption that constant numbers of tree saplings during the course of succession reflect
continuous random immigration (Bruelheide et al. 2011). Hill & Hill (2001) discussed that
tropical rain forests provide pronounced mosaics of recruitment conditions which leads to
higher species richness than in temperate forests. The present study complements this feature
for subtropical forests by its frequent occurrence of tree species that dominate the understorey
herb layer.

Those woody saplings will undergo strong shifts in ontogeny, manifested in size plasticity and
age-related changes in responses to environmental conditions (Clark & Clark 1992;
Cavender-Bares & Bazzaz 2000; Lusk 2004) while growing from herb layer to the overstorey
tree layer. Experimental approaches, like the common garden experiment presented in
Chapter 3, are suitable to give insights into the developments of individuals and communities

over time.
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Experiments at the community scale provide the opportunity to reveal biotic interactions
which are likely obscured in observational studies. The outcomes of diversity-ecosystem
functioning relationships strongly depend on the underlying mechanisms, which are
extensively investigated for grassland species (Hector et al. 2010, Marquard et al. 2009, van
Ruijven & Berendse 2005). However, there is a paucity of studies using species as contrasting
as tree and herb species in one community while focusing on the patterns of species richness
effects.

The correlation between keystone species and particular ecosystem properties, invasibility in
the common garden experiment, gave evidence that biodiversity affects ecosystems because
certain organisms interact (Schldpfer & Schmid 1999), also across hierarchical structures. In
most systems, we have limited knowledge about the exact contributions of individual species
to ecosystem functioning (Schmid & Hector 2004). The experiments conducted in the present
PhD thesis give insight into the individual contribution of particular species. I demonstrated
that the very fine scale resolution of species-specific interactions can lead to compensation of
effects on the community level. The glasshouse experiment (Chapter 4) detected species that
responded positively to community diversity, thus, highlighting the importance of facilitation
among species (Tilman et al. 1996; Hooper & Vitousek 1997; Prieur-Richard et al. 2002;
Temperton et al. 2007). In contrast, other species showed decreased performance with
increasing diversity level, which pointed at prevailing mechanism of competition (Hooper
1998 Ecol; Leger & Espeland 2010). Overall, the compensation of these contrasting species-
specific correlations resulted in equalized relationships on the community level. Likewise,
Compagnoni & Halpern (2009) demonstrated that competitive interactions between certain
exotic and native species can be compensated by positive relationships among other pairs of
species within the stratum.

The experiment revealed that, at community scale, diversity induced fitness differences of
species and thus, ‘diversity winners’ and ‘diversity losers’. The relevance of these findings for
‘real-world’ ecosystems is not easy to assess regarding the simplicity and environmental
homogeneity of the experiment (Chapter 4). The common garden experiment emphasized the
importance of the environmental context (Fig. 3.1), likewise, interactions of tree layer
richness and stand age with soil pH significantly influence ecosystem functions of the herb
layer (Chapter 2). Nonetheless, the glasshouse experiment demonstrated that mechanisms of
species interactions depend not only on the abiotic context (Mulder et al. 2001; Partzsch &

Bachmann 2011) but might also change as a function of community diversity. Regarding the
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absence of correlations in the observational study, compensating species effects as a function
of environmental conditions are conceivable.

Both experimental approaches emphasized the relevance of species identity effects and
community composition on ecosystem functioning, a result complementing other

investigations (Symstad et al. 1998; Emery & Gross 2006; Roscher et al. 2009).

Possible reasons for the lack of interplay

The absence of strata-relationships in the GNNR might have been provoked by hidden or
rather unmeasured conditions. Management practices have been shown to strongly influence
herb layer composition in temperate forests (Brunet et al. 1996; Van Calster et al. 2007; Van
Calster et al. 2008; Baeten et al. 2009; Takafumi & Hiura 2009; Plue et al. 2010). Several
forest stands in the GNNR might have been shaped by agricultural impacts, evidenced by
relicts of agricultural terraces as well as charcoal in the soil profiles in some plots
(Bruelheide et al. 2011, Christian Geiller personal communication). The GNNR exclusively
contains secondary forest that might still reflect former management practices. Consequently,
species assembly have been influenced anthropogenically, which could have led to factors
other than overstorey tree composition to influence herb layer species richness and

performance.

Summary

Concluding the results of the presented investigations, no strong relationships between
structural layers could be revealed (Chapter 2). However, by scaling down to experimental
systems strata-overarching effects became evident (Chapter 3). Moreover biotic interactions
within strata could compensate each other without leading to diversity-induced correlations at
the community level (Chapter 4). While early successional forest communities were strongly
influenced by bottom-up effects, the expected top-down influences in mature forest stands
were not confirmed. In the mixed broad-leaved subtropical forest, species richness and
productivity of the herb layer was only poorly governed by tree layer diversity.

My results indicate that small-scale mechanisms decouple relationships between hierarchical
layers in the GNNR, either because of species interactions or due to environmental

heterogeneity, which might have obscured correlations between structural strata.
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5.3 Outlook

The present PhD thesis illustrated that the complexity of species and structural richness
provoke difficulties to detect clear patterns in the interplay of herbaceous and woody species
richness. Instead, relationships between diversity and ecosystem functioning across structural
strata could be demonstrated through manipulation of biotic and abiotic variables.

I suggest to record additional variables in the near-natural forest stands of the GNNR.
Synthesis on functional diversity of tree and herb layers as a continuous measure of diversity
and fine scale information of soil conditions with consideration of microbial communities
should be conducted to give a realistic understanding of the relationship between the different
components of this highly diverse subtropical forest ecosystem. Complexity will increase, but
also become more realistic, if structural strata will be considered in detail. The investigations
in the GNNR revealed several effects of shrub layer cover and height, emphasizing that
further analyses should unravel the components of the overstorey.

The absence of invasive species does not guarantee that the GNNR will remain free of them,
since many exotic species (e.g. Crassocephalum crepidioides, Conyza Canadensis, Erigeron
annuus, Phytolacca americana) are already established in its close proximity (personal
observation, Fig. 5.2) and might evolve to become a serious threat of the rare near-natural
forest stands of the GNNR.

Experimental approaches were demonstrated to be an adequate simplification of the study
system. However, it will be appropriate to conduct the experiments for longer time periods
and analyse the development of impacts induced by individual trees. Attention should be paid
to detect asymmetric effects of species specific size, especially apparent when studying tree
and herb species simultaneously.

Future experiments need to extend the species pool and analyse all possible species
combinations to reveal keystone species, as well as species identity effects as a function of
community diversity. Additional focus must be placed on the relative importance of tree
identity effects in the course of forest succession which will be possible in the ongoing BEF-

China experiments.
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Figure 5.2: (A) Erigeron annuus population in farm land near CSP 11, (B) local expert Teng Fang in a Conyza

canadensis population which is an omnipresent invader in farm and waste land near villages and tea plantations.

The ‘Year of Biodiversity 2010’ has strengthened biodiversity-ecosystem functioning
research and ongoing research should follow the plea for complex, and consequently highly
sophisticated studies to give further insights into the prevalence and importance of
biodiversity effects on ecosystem processes (Hillebrand & Matthiessen 2009; Harvey et al.
2010). The ongoing BEF-China project will further aim to fill the gaps after establishing a
large scale and long term biodiversity experiment which will offer the opportunity to further

disentangle the impact of species richness on ecosystem functioning (www.bef-china.de).
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