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Organisation of the thesis 
 
The present thesis is based on a set of 16 peer-reviewed publications originating from 
ecological research work aimed at understanding how ecosystem processes may influence 
plant diversity patterns at different spatial scales. The first chapter of the text provides an 
overall introduction to the topic. Each of the following four chapters sets the framework for 
the relevant publications by linking their contents and summarising methodological 
approaches.  

In each of the Chapters 2–5, the focus is exemplarily set on specific spatial scales in order to 
shed light on different aspects of plant diversity and on the scale-related types of underlying 
ecological and/or biogeographical processes. Research was carried out in diverse types of 
ecosystems. Chapters 2 and 3 focus on tropical mountain rain forests of Sulawesi 
(Indonesia), and continental and cross-continental comparisons are made with other tropical 
rain forest ecosystems. Chapter 4 focuses on temperate forests of northwest Germany and 
Chapter 5 on agricultural ecosystems (grasslands and arable fields) of north and central 
Germany.  

The publications themselves, which form the main part of the thesis, are listed below and can 
be found in their original format in the Appendix B. The German translation of the abstracts is 
given in Chapter 6.  

 
List of publications relevant for the thesis 
 
(Notes in brackets indicate which part of the work was done by me) 
 
Chapter 2 – Climatic gradients and biogeographical processes across Malesian mountain 
rain forests 
 
Berg, C.C., Culmsee, H., 2011. Ficus schwarzii redefined and two new species of Ficus 

(Moraceae) from Sulawesi (Indonesia) described. Blumea, 56: 265-269.  
(Field collections, illustrations of species, part of writing and editing the paper) 

Brambach, F., Nooteboom, H.P., Culmsee, H., 2013. Magnolia sulawesiana described, and a 
key to the species of Magnolia (Magnoliaceae) occurring in Sulawesi. Blumea, 58: 271-
276.  
(Part of field collections and identification of specimens, illustrations, part of writing and 
editing the paper) 

Culmsee, H., 2008. Dysoxylum quadrangulatum, and notes on Meliaceae in Sulawesi. 
Blumea, 53: 602-606.  
(Field collection, identification as a new species, illustration, writing and editing the paper) 

Culmsee, H., Leuschner, C., 2013. Consistent patterns of elevational change in tree 
taxonomic and phylogenetic diversity across Malesian mountain forests. Journal of 
Biogeography, 40: 1997-2010.  
(Idea, tree inventories and identification of tree specimens of the Sulawesi plots, 
methodological approach and data analysis, larger part of writing and editing the paper) 
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Culmsee, H., Pitopang, R., 2009. Tree diversity in sub-montane and lower montane primary 
rain forests in Central Sulawesi. Blumea, 54: 119-123.  
(Idea, field work in cooperation with Indonesian partner, identification of tree species, all 
part of data analysis, writing and editing the paper) 

Culmsee, H., Pitopang, R., Mangopo, H., Sabir, S., 2011. Tree diversity and 
phytogeographical patterns of tropical high mountain rain forests in Central Sulawesi, 
Indonesia. Biodiversity and Conservation, 20: 1103-1123.  
(Idea, field work in cooperation with Indonesian partners, identification of tree species, all 
part of data analysis, writing and editing the paper) 

Gradstein, S., Culmsee, H., 2010. Bryophyte diversity on tree trunks in montane forests of 
Central Sulawesi, Indonesia. Tropical Bryology, 31: 95-105.  
(Tree inventories and identification of tree species, data analysis, part of editing the paper) 

 
Chapter 3 – Carbon pools and biomass of tropical forests from local to global scales 
 
Culmsee, H., Leuschner, C., Moser, G., Pitopang, R., 2010. Forest aboveground biomass 

along an elevational transect in Sulawesi, Indonesia, and the role of Fagaceae in tropical 
montane rain forests. Journal of Biogeography, 37: 960-974.  
(Idea, field work in cooperation with Indonesian partner, identification of tree species and 
data analysis, main part of writing and editing the paper) 

Hertel, D., Moser, G., Culmsee, H., Erasmi, S., Horna, V., Schuldt, B., Leuschner, C., 2009. 
Below- and above-ground biomass and net primary production in a paleotropical natural 
forest (Sulawesi, Indonesia) as compared to neotropical forests. Forest Ecology and 
Management, 258: 1904-1912.  
(Tree inventory part of field work, tree species identification, AGB data analysis, part of 
editing the paper) 

Leuschner, C., Moser, G., Hertel, D., Erasmi, S., Leitner, D., Culmsee, H., Schuldt, B., 
Schwendenmann, L., 2013. Conversion of tropical moist forest into cacao agroforest: 
Consequences for carbon pools and annual C sequestration. Agroforestry Systems, 87: 
1173-1187.  
(Tree inventory part of field work and AGB data analysis for natural forest plots) 

 
Chapter 4 – Regional plant diversity patterns in temperate forests of northwest Germany 
 
Culmsee, H., Schmidt, M., Schmiedel, I., Schacherer, A., Meyer, P., Leuschner, C., 2014. 

Predicting the distribution of forest habitat types using indicator species to facilitate 
systematic conservation planning. Ecological Indicators, 37: 131-144. 
(Idea, data analysis, main part of writing and editing the paper) 

Schmidt, M., Mölder, A., Schönfelder, E., Engel, F., Schmiedel, I., Culmsee, H., 2014. 
Determining ancient woodland indicator plants for practical use: A new approach 
developed in northwest Germany. Forest Ecology and Management, 330: 228-239.  
(Part of writing and editing the paper) 
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Chapter 5 – The implications of land use change for the diversity of ecologically valuable 
grasslands and arable plant communities of annual crop fields in north and central Germany 
 
Krause, B., Culmsee, H., 2013. The significance of habitat continuity and current 

management on the compositional and functional diversity of grasslands in the uplands of 
Lower Saxony, Germany. Flora, 208: 299-311.  
(Idea, main parts of data analysis, writing and editing the paper) 

Krause, B., Culmsee, H., Wesche, K., Bergmeier, E., Leuschner, C., 2011. Habitat loss of 
floodplain meadows in north Germany since the 1950s. Biodiversity and Conservation, 20: 
2347-2364.  
(Idea on the analysis approach, large part of writing and editing the paper) 

Seifert, C., Leuschner, C., Meyer, S., Culmsee, H., 2014. Inter-relationships between crop 
type, management intensity and light transmissivity in annual crop systems and their 
effect on farmland plant diversity. Agriculture, Ecosystems and Environment, 195: 173-
182. 
(Large part of writing and editing the paper) 

Wesche, K., Krause, B., Culmsee, H., Leuschner, C., 2012. Fifty years of change in Central 
European grassland vegetation: large losses in species richness and animal-pollinated 
plants. Biological Conservation, 150: 76-85.  
(Part of idea on sampling design and of editing the paper)  
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1. Introduction 
 

1.1. The definition of meaningful spatial scales 
The definition of meaningful spatial scales to explain processes that influence plant diversity 
is crucial for the development of general predictions on ecosystem trends (Levin, 1992; 
Whittaker et al., 2001; Chave, 2013). However, it raises a number of difficulties in that the 
scale of sampling must relate to the phenomena to be measured and, to date, this is poorly 
understood (Webb et al., 2008). There is no particular natural scale at which ecological 
phenomena should be studied (Levin, 1992). Different ecosystems have different levels of 
organisational complexity, and processes occur over varying time periods and at varying 
ranges of spatial scale (Wiens, 1989). It is therefore important to acknowledge that patterns 
may be created at scales that differ from that at which the corresponding processes act 
(Chave, 2013). Sampling is stochastic if the scale of observation is too small, and observed 
variability is dependent on the scale being described. As such, it is crucial to distinguish 
between the grain of the data (i.e. the size of the individual units of observation, such as 1-ha 
plots or latitude-longitude grid cells, which defines the lower limit of resolution in a study), 
and the extent of a study system (often used synonymously with scale, i.e. the overall area 
over which observations are made, which defines the upper limit of resolution in a study) 
(Wiens, 1989; Whittaker et al., 2005).  

In addition, scales of ecological and evolutionary processes can merge continuously (Webb 
et al., 2002, 2008; Ackerly, 2003; Cavender-Bares et al., 2009). Plant communities assemble 
from a (regional) pool of species that is influenced by biogeographical history (Carstensen et 
al., 2013), but the actual composition of the (local) sample is influenced by contemporary 
ecological interactions and environmental constraints (Ackerly, 2003; Webb et al., 2008). 
Natural breaks that correspond to different environmental and biogeographical transitions, 
so-called ‘particular scales of interest’, can however be selected (Levin, 1992). Webb et al. 
(2008) defined six potential levels of the extent of study systems that are hereafter referred to 
as explicit spatial scales: (1) Global (the total extent of an ecosystem); (2) continental (1000–
10,000 km, within which climatic and biogeographical gradients may occur); (3) regional (10–
1000 km, fairly homogeneous in climate and biogeographical history); (4) local (1–10 km, 
genetic exchange is usually possible in one or a few generations); (5) habitat (10–1000 m, a 
lithologically or topographically defined patch); and (6) neighbourhood (0–10 m, the scale of 
direct inter-plant interactions).  

 

1.2. Biological diversity and the description of plant diversity 
patterns 

In accordance with the CBD (1992), ‘biological diversity’ refers to the degree of variability 
among living organisms; this includes diversity both within and between species, as well as 
that of ecosystems. In this study, I focus on diversity among vascular plants of terrestrial 
ecosystems in the context of the ecological complexes of which they form part. The first step 
in the examination of plant diversity is to establish suitable measures that can be used to 
describe patterns or trends in diversity, so that criteria can be established for relating such 
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patterns to the underlying processes. ‘Pattern’ implies variation, as in the definition of 
biological diversity, and, in addition, a degree of repetition. The quantification of variation 
requires the identification of scales, and repetition implies that prediction is possible 
(MacArthur, 1984; Levin, 1992; Chave, 2013).  

 

1.3. The plant community 
The basic unit referred to in vegetation ecology is the plant community, which is defined as a 
set of different species co-occurring at a specified location in space and time (e.g. McGill et 
al., 2006; Ricklefs, 2008). The species composition of a plant community is classically 
sampled at the habitat scale, i.e. each sample covers a defined area of a vegetation stand on 
a more or less lithologically and topographically homogeneous patch (Braun-Blanquet, 1964; 
Chytrý & Otýpková, 2003). Following the Braun-Blanquet approach, a sample is selected on 
the basis of uniformity and discreteness of the vegetation stand, and plant communities are 
considered integrated units that can be studied as such and classified according to their 
composition and community structure (determination of diagnostic species, see overview by 
Chytrý et al., 2002a). It is therefore necessary to distinguish between concrete stands 
(observations of species assemblages found in local sites, i.e. samples of a plant community) 
and the abstract concept of the plant community (van der Maarel, 2005). A worked example 
of Central European spruce forests by Chytrý et al. (2002b) reveals that the delimitation of 
diagnostic species is highly dependent on the ranges of species available for classification. 
Hence, the composition of local plant assemblages is dependent on the spatial extent of their 
component populations. Populations have a geographic structure defined by dispersal 
limitations, but they exhibit integration over spatial scales that greatly exceed the usual 
extent of local communities (Ricklefs, 2008).  

 

1.4. The conceptual framework for partitioning diversity at different 
spatial scales 

Whittaker (1960, 1972) offered a conceptual framework for partitioning species diversity at 
different spatial scales of organisational complexity. He introduced hierarchical terms: alpha 
diversity refers to within-habitat diversity, beta diversity to among-habitat differentiation (the 
extent or rate of change in community composition in relation to a more or less complex 
gradient of the environment), and gamma diversity to the total species diversity at the 
regional or landscape scale. The different components of alpha, beta and gamma diversity 
are functionally related to each other (Jost, 2007; Tuomisto, 2010a).  

There has been a plethora of discussion and research on statistical approaches aimed at 
measuring species diversity (see overviews in Magurran, 2004; Chao & Shen, 2010; Colwell, 
2013). Much effort has been put into resolving the problem of species-area-relationships and 
making sample units comparable, which have been addressed respectively by assuming an 
underlying abundance distribution and by adopting rarefaction methods (e.g. Condit et al., 
1996; Gotelli & Colwell, 2001; Dengler & Oldeland, 2010). There are a number of alpha and 
beta diversity indices that produce conflicting results and which incorporate different 
sensitivities to species frequencies. Recent works have highlighted the use of true diversity 
measures. Jost (2006, 2007) introduced transformations of indices to effective numbers of 
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species in order to produce stable and easily interpretable similarity measures. The concept 
of true beta diversity as a function of alpha and gamma diversity was reviewed by Tuomisto 
(2010a, 2010b).  

 

1.5. Taxonomic, functional and phylogenetic diversity of plant 
communities 

The majority of studies on the diversity and compositional structure of plant communities 
have taken taxonomic entities as focal units (mostly species, in studies of tropical 
ecosystems, often genera or families). However, species assemblages can also be 
characterised by traits and the phylogeny of the taxa (Webb et al., 2002). Accordingly, 
species assemblages, traits and phylogenetic histories are mechanistically related to each 
other (Fig. 1a).  

 

 
Fig. 1: The relationship of the varying aspects of plant diversity (taxonomic, functional and 
phylogenetic characteristics of plant communities) and ecosystem processes (ecological and 
biogeographical processes) in time and space: (a) Traits arise as innovations along the tree of life 
(evolution) and tend to be shared by species that have common ancestry (phylogenetic history). Traits 
play, in turn, a central role in ecosystem processes that influence the assemblage of species in plant 
communities. Hence, plant functional traits are a mechanistic link by which phylogenetic history 
influences ecosystem processes, and ecosystem processes within communities can again cause a 
feedback loop with evolutionary processes. (b) The ecosystem processes that drive the assemblage of 
species in plant communities operate over varying temporal and spatial scales. At the broadest spatial 
scale, species distributions are mainly determined by biogeographical processes that include 
speciation, extinction and dispersal; these processes occur over long temporal scales. Dispersal 
varies with the mobility of the organisms and can alter patterns of species distributions established 
through ecological sorting processes. At decreasing spatial scales, the environment (abiotic and biotic 
factors) filters out species lacking the (physiological) tolerances that permit persistence. Density-
dependent interactions operate most intensively at neighbourhood scales. At a given spatial scale, the 
different ecological (grey-shaded) and biogeographical (white background) processes may act more or 
less strongly. This figure, including caption, was adapted from figures in Cavender-Bares et al. (2009).  
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A biological trait is a well-defined, measurable property of any organism(s) that is usually 
measured at the individual level and used comparatively across species (McGill et al., 2006). 
Functional traits strongly influence the performance of organisms and cover fundamental 
biological trade-offs that determine a species’ ecological role (Cornelissen et al., 2003; 
Westoby & Wright, 2006) and provide insights into the associated community niche structure 
(Webb et al., 2002). Regenerative traits (dispersal mode, seed mass, seed shape and size) 
can provide information on the relative dispersal and competitive ability of different plant 
species. Other vegetative traits can offer insights into plant species’ climate and CO2 
responses (e.g. specific leaf area, leaf nutrient concentrations), disturbance response and 
pest defence (e.g. growth form, clonality, wood density, bark thickness). Secondary 
ecological traits include information on the properties of the ecosystems in which the species 
occur (realized habitat, e.g. by Ellenberg Indicator Values, Ellenberg et al., 2001), plant 
strategy types (e.g. CRS system, Grime, 2001) and sensitivity to human impact (e.g. 
sensitivity to mowing or grazing, Dierschke & Briemle, 2002; hemeroby, Klotz et al., 2002).  

Studies in community ecology can be further informed by knowledge on the evolutionary 
relationship among co-existing species (Webb et al., 2002). Phylogenetic data, which are 
becoming increasingly available (Stevens, 2001 onwards; Davies et al., 2004), help in the 
interpretation of ecological patterns within and among communities. They can be used to 
assign conservation values to species assemblages (Faith, 1992), and to investigate whether 
ecologically relevant traits are phylogenetically conserved or convergent and over what 
temporal scales they have developed (Cavender-Bares & Wilczek, 2003; Wiens & 
Donoghue, 2004; Silvertown et al., 2006; Johnson & Stinchcombe, 2007; Vamosi et al., 
2008; Cavender-Bares et al., 2009; Cadotte et al., 2010, 2013; Srivastava et al., 2012).  

 

1.6. Ecosystem processes 
The second step in the examination of plant diversity is to elucidate the mechanisms that 
underlie the observed spatial patterns. There are three main perspectives on the factors that 
influence community assembly, diversity and composition (reviewed by Cavender-Bares et 
al., 2009). The first perspective is that communities assemble according to niche-related 
processes (Tilman, 1994), in which spatial or temporal heterogeneity cause local 
environmental filters and lead to competitive exclusion (spatial competition hypothesis; see 
also review by Silvertown, 2004). The most radical alternative theory is Hubbel’s Unified 
Neutral Theory (Hubbel, 2001) which proposes that species are competitively equivalent, 
niche differences are irrelevant, and the presence, absence and relative abundance of 
species in assemblages are governed by random speciation and extinction, dispersal 
limitation and ecological drift. The third view emphasises the historical perspective in that it is 
a community concept based on interactions between populations over a continuum of spatial 
and temporal scales within entire regions, which includes populations beyond the habitat 
scale and considers evolutionary processes that produce new species (Ricklefs, 2008). In 
the latter perspective, the starting conditions and historical patterns of speciation and 
dispersal matter more than local processes.  

For the present study, I follow-up on a fourth (unifying) perspective of Cavender-Bares et al. 
(2009), who addressed the relative role of the historical perspective as well as the neutral 
versus niche-related processes (Fig. 1b). They found that different processes of community 
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assembly act most strongly at different spatial scales. There have been four ecological and 
evolutionary key processes identified: Density dependent interactions, environmental 
filtering, dispersal, and biogeographical processes (Webb et al., 2002, 2008; Ackerly, 2003; 
Chave, 2008; Cavender-Bares et al., 2009).  

Density dependent interactions operate most intensively at neighbourhood and habitat scales 
under limiting coexistence conditions (Ricklefs, 2008). For plants, in particular, this includes 
processes of competition (Tilman, 1994; Chesson, 2000; Coomes & Grubb, 2003; 
Silvertown, 2004), facilitation (Callaway & Walker, 1997; Bruno et al., 2003; Sargent & 
Ackerly, 2008) and herbivory (Milchunas & Noy-Meir, 2002; Boege & Marquis, 2005). 
Specifically, tropical plant ecology has historically focused almost exclusively on the 
mechanisms of local species coexistence (Chave, 2008), while less importance has been 
placed on intermediate- or large-scale patterns of diversity, hence the focus of the present 
thesis.  

Environmental filtering refers to the differing success of populations or species resulting from 
their various functional characteristics in contrasting environments (Ackerly, 2003). The 
environment can include both abiotic factors (e.g. temperature, soil moisture, pH, soil nutrient 
content) and biotic factors (e.g. pollinators, herbivores, anthropogenic pressure). These 
processes of environmental filtering converge with density dependent interactions at the 
habitat and local scales and mainly act on the local to continental scales. Vegetation 
ecologists have a long track record of predicting plant species and community occurrence 
from environmental characteristics, and a wealth of gradient analysis methods have been 
developed for detecting environmental correlations (see overviews by Legendre & Legendre, 
1998; Lepš & Šmilauer, 2003; Oksanen, 2013).  

Dispersal refers to the movement of individuals from their source location to another location 
where they may establish and reproduce (Nathan et al., 2008). In plants, adults are sessile 
and dispersal typically occurs as transport of seeds mediated by a biotic (animals) or abiotic 
(wind, water) vector. The majority of seeds are dispersed relatively short distances 
(neighbourhood to local scales) and long-distance dispersal is relatively rare (Nathan et al., 
2008; Corlett, 2009a). Thus, dispersal varies with the mobility of the organisms and can alter 
patterns of species distribution established through ecological sorting processes (Vamosi et 
al., 2008). Highly mobile species are less likely to show a signature of their biogeographical 
history, whereas clades that contain species with more limited dispersal ability are likely to be 
clustered spatially (Cavender-Bares et al., 2009).  

Biogeography should be understood as an “integrative discipline that combines phylogeny 
and ecology to address important questions about the distribution of lineages and global 
patterns of diversity” (Wiens & Donoghue, 2004). Biogeographical processes include the 
evolutionary mechanisms of speciation and extinction (Johnson & Stinchcombe, 2007), and 
the ecological mechanisms of dispersal (Vamosi et al., 2008). These usually occur over long 
temporal scales (macro-evolutionary timescales) and determine species distributions at the 
broadest, supra-regional spatial scales (Cavender-Bares et al., 2009). The analysis of plant 
community phylogenetic patterns can identify which species and traits evolved in-situ 
(leading to phylogenetic clustering, i.e. closely related species occur within the same habitat 
more often than by chance) versus those that evolved elsewhere and moved into the 
community (leading to phylogenetic overdispersion, i.e. closely related species occur within 
the same habitat less often than by chance; Wiens & Donoghue, 2004; Johnson & 
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Stinchcombe, 2007). Genetic variation and evolution can shape the ecological properties of 
an entire community, and, in turn, ecological processes within a community can cause 
evolutionary processes and patterns (Fig. 1a). Such ecological–evolutionary feedback loops 
have been proposed to specifically occur in changing environments whereby a mismatch 
between a species’ environmental tolerances and the environment it occupies is created, 
thereby creating opportunities for adaptive evolution (Ackerly, 2003).  

 

1.7. Examining the relationship of plant diversity and ecosystem 
processes at different spatial scales 

The following document is arranged in four main sections. Each section focuses on specific 
spatial scales at which varying aspects of plant diversity – including taxonomic, phylogenetic 
and functional characteristics of plant communities – are exemplarily investigated with a view 
to shedding light on the underlying processes that influence plant diversity patterns at each 
scale.  

Chapter 2 presents an analysis of the biogeographical processes (speciation, dispersal 
limitation) along environmental climatic gradients across tropical mountain rain forests in the 
biogeographical region of Malesia. The spatial focus is centred on comparing tropical tree 
communities at the regional to continental scales. Intensive field studies were conducted in 
old-growth mountain rain forests of Sulawesi (Indonesia), which, despite being one of the 
most poorly known eco-regions of Southeast Asia, counts among the major biodiversity 
hotspots of the Palaeotropics. As such, a prerequisite for biogeographical studies in the 
region is the identification of plant collections to the species level, the description of new 
species and the mapping of species distributions. The major environmental filter investigated 
in our mountain forest transect study was the elevational gradient along which changes in the 
taxonomic and phylogenetic diversity occur compared to that of other mountain forests 
across Malesia (Borneo, Java and the Philippines). The unique biogeographical and 
phylogenetic structure of Malesian high-elevation forests was therefore explored and it was 
demonstrated that the origins of high mountain tree communities of Sulawesi can be 
ascertained from analysis of species distributions across the neighbouring islands of the 
Malesian archipelago.  

Chapter 3 highlights the (often underestimated) importance of carbon stocks in tropical 
mountain rainforests, which were examined in relation to structural characteristics of the 
forests, functional traits and the biogeographical history of the tree species. The initial focus 
of our study was on the plot-based tree inventories of old-growth forests at the local and 
regional scales. At the regional scale, elevational changes of aboveground biomass were 
estimated for the aforementioned mountain forest transect study sites on Sulawesi island 
(Indonesia). One of the forest stands, a submontane forest (at 1050 m a.s.l.), was an 
experimental site of the Sulawesi Throughfall Experiment of the University of Göttingen, 
which provided additional, local-scale data on total above- and belowground biomass and 
stand productivity for an old-growth forest. The results of both old-growth mountain forest 
studies were then compared at the global scale to other plot-based transect and single-plot 
studies from the Palaeo- and Neotropics. An additional aspect was then added in that 
conclusions could be drawn on carbon releases associated with forest conversion by 
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comparing total carbon pools and annual C sequestration of the experimental old-growth 
forest with that of a further experimental agro-forest site.  

Chapter 4 sets out in detail the methodological approaches adopted for predicting 
distribution patterns of ecologically valuable temperate forest communities by means of 
indicator species occurrences based on latitude-longitude grid-cells of c. 30 km² in the area 
of northwest Germany. At the regional scale and under fairly homogeneous macro-climatic 
conditions and biogeographical history, environmental factors mainly influence community 
incidences, i.e. ecological barriers that limit the establishment and dispersal of characteristic 
species. For a first study, the presence of Natura 2000 forest habitats was modelled from 
plant distribution data. The predictive power of the indicator species assemblages selected 
was high, because the number of indicator species derived from classification using fidelity 
measures was narrowed down to species with a high forest affinity, which was used as an 
ecological trait of the species’ realized habitats. For a second study, a new approach for the 
identification of supra-regionally implementable ancient woodland indicator plants was 
presented. A list of 67 ‘ancient woodland indicator plants’ as a subset of the larger group of 
ancient woodland plants was compiled by systematically evaluating plant distribution data of 
floristic surveys in relation to ancient woodland cover data from state-wide inventories. Both 
approaches should contribute to a more systematic forest conservation planning, highlighting 
the importance of effective conservation management of ancient and near-natural forests in 
the landscapes of northwest Germany.  

Chapter 5 presents a series of studies that investigated the influence of land use change on 
the taxonomic and functional diversity of agricultural ecosystems (grasslands and arable 
fields) in north and central Germany, with a focus on temporal changes at the local and 
regional scales. At the local scale, a case study from the rural district of Göttingen 
investigated present-day patterns in the diversity of dry and mesic grasslands and identified 
variations in plant community composition, species richness, biological traits (pollination) and 
ecological traits (Ellenberg Indicator Values). The diversity patterns were related to current 
management practices with the continuity of grassland habitats (history of the grassland sites 
with management dating back >100 years) being set as environmental factors and 
interpreted with respect to their spatial arrangement. Another regional-scale case study 
covered seven study areas of the northern German lowlands and compared current and 
historical vegetation surveys (samples and maps) of wet and mesic floodplain grasslands, 
spanning a time period of >50 years. General trends on landscape-related measures (e.g. 
habitat loss and fragmentation of ecologically-valuable target grasslands) and plot-related 
measures (e.g. changes in grassland species richness, species and functional trait 
composition) were derived from comparisons between study areas and interpreted in relation 
to management changes. Against the background of the recent intensification of agriculture 
due to energy cropping, another study on annual crop fields investigated the inter-
relationships between crop type, management intensity and light transmissivity 
(transmissivity for photosynthetically active radiation, TPAR) and their effects on farmland 
plant diversity at the habitat to regional scales.  

 



13 

2. Climatic gradients and biogeographical processes 
across Malesian mountain rain forests 

 

2.1. Overview 
• Ecosystems explored: Tree communities of tropical old-growth mountain rain forests 

• Study area: Lore Lindu National Park, Sulawesi (Indonesia); Malesia (SE Asia and SW 
Pacific) 

• Spatial scales in focus: Regional, continental 

• Grain of the individual unit of observation: 0.2 ha to 1.44 ha plots 

• Diversity patterns investigated: (a) Community composition (tree species); (b) 
Bryophyte communities occurring on tree trunks with relation to tree species traits; (c) 
Effective taxonomic and phylogenetic diversities of tree communities (exponential of 
Shannon entropy; Whittaker’s effective species turnover; community phylogenetic 
structure: NRI, NTI; phylogenetic beta diversity: beta-NTI); (d) Continental-scale tree 
species distribution patterns (distributions across the subdivisions of Malesia) 

• Ecosystem processes examined: Environmental filtering (elevational = 
climatic/temperature gradient); biogeographical processes (speciation, dispersal 
limitation) 

• Methodological advances: (a) Randomisation techniques for a standardised 
comparison of forest plots with different sampling sizes (area, individuals) developed;  
(b) Phylogeny of 204 tree genera occurring in tropical mountain forests across Malesia 
resolved; (c) Worked example of consistent and combined use of effective taxonomic 
and phylogenetic alpha and beta diversity measures given; (d) Biogeographical 
patterns along the elevational gradient analysed using geographical family distribution 
patterns and richness centres; (e) Phytogeographical pattern analysed by occurrence 
probabilities based on nearest neighbour distances using the subdivisions of the 
phytogeographical region of Malesia 

• Key results and conclusions:  

I. New tree species were described and new tree species distribution records were 
mapped for Sulawesi.  

II. At the regional scale, an elevational transect study on tropical montane forests (from 
submontane to upper montane elevations) of Sulawesi showed distinct elevational 
distribution patterns of tree taxa (at the species, genus and family levels).  

III. Bark traits of tree species play an important role in the formation of their colonizing 
bryophyte communities; tree species with a rough bark generally had a higher number 
of moss species and possessed some moss species that did not occur on trees with 
smooth bark.  

IV. At the continental scale, the investigation of the relative importance of ecological 
(habitat specialization) and biogeographical (speciation, geographical dispersal 
limitation processes) factors revealed that:  
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i. The primary factor determining diversity patterns of tree assemblages across Malesian 
mountain forests was elevation (gradient of decreasing temperature), whereas the 
influence of region (considering western and central Malesia) was surprisingly low; as 
such, the major clades of the contemporary mountain forest trees must have evolved 
before the formation of the Malay Archipelago (sympatric speciation).  

ii. Taxonomic richness and phylogenetic alpha diversity exhibited opposite trends with 
elevation; while generic richness decreased with elevation, high-elevation forests 
showed a phylogenetic overdispersion, indicating convergent trait evolution.  

iii. The upper montane forests of Sulawesi and Borneo were characterised by the 
dominance of Southern Hemisphere conifers that are capable of long-distance 
dispersal.  

iv. The high-mountain flora of Sulawesi comprised both eastern and western Malesian 
elements, with the nearest neighbouring islands of Borneo and Maluku both sharing 
species with Sulawesi, which reflects the complex palaeogeography of the island. 
However, the unique upper montane forests of Sulawesi harboured a number of typical 
elements of Papuasia/eastern Malesia and the Philippines that did not occur at lower 
elevations, which may be a result of historical patterns of land connection and the 
emergence of mountain ranges.  

 

2.2. The study area Sulawesi and the Malesian context 
The island of Sulawesi is located in the centre of the phytogeographical region of Malesia, 
which includes nine subdivisions from Malaya to Papuasia (Fig. 2; Brummitt, 2001). The 
central part of Malesia, with the archipelago of Sulawesi, Maluku and the Lesser Sunda 
Islands, is also called Wallacea. It is positioned at the biogeographical crossroads between 
East Asia and Australasia (Wallace, 1869), and between the Laurasian and Gondwanan 
continents (Primack & Corlett, 2005). Sulawesi has a long history of being a large oceanic 
island. Extremely high rates of plate convergence resulted in the island’s current 
configuration of being partly Southeast Asian and partly Southwest Pacific in origin (Hall, 
2009).  

I conducted field studies in old-growth mountain rain forests of Lore Lindu National Park, 
Central Sulawesi, Indonesia. Tree inventories [all trees with a diameter at breast height (dbh) 
≥ 10 cm] were carried out on plots of 40 x 60 m (0.24 ha). In addition, small trees (with a dbh 
of 2.0–9.9 cm) were surveyed on subplots (0.06 ha per plot). Supplementary studies used in 
Culmsee & Leuschner (2013, Fig. 2) were based on similar methods and met comparable 
climatic conditions, with all plots (sites) being located within the humid or perhumid tropics 
(0–2 months per year with < 100 mm rainfall). The plots were distributed along a gradient of 
increasing elevation associated with a monotonic decline in air temperature of about 5.2 K 
per 1000 m elevation.  

A number of differing elevational zonation concepts have been discussed for tropical 
mountains (e.g. van Steenis, 1972, 1984; Frahm & Gradstein, 1991; Ashton, 2003; Körner et 
al., 2011). My study used four main elevational zones (colline: 400–850 m a.s.l.; 
submontane: 850–1500 m a.s.l.; montane: 1500–2500 m a.s.l.; and subalpine: > 2500 m 
a.s.l.) that accorded primarily with the classification system of van Steenis (1972). The 
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delimitation of the colline forest zone was adopted from Cannon et al. (2007), who found a 
major transition in species assemblages between lowland and colline forests – which they 
called hill forests – at 400 m a.s.l. The submontane and montane zones can be further 
subdivided into submontane, lower montane, mid-montane and upper montane subzones (as 
used in Culmsee & Pitopang, 2009; Culmsee et al., 2010, 2011).  

 

 
Fig. 2: The main study area in Sulawesi (circle), Indonesia, in the centre of the phytogeographical 
region Malesia which includes nine subdivisions from Malaya to Papuasia (after Brummitt, 2001). For 
diversity analyses across Malesia, supplementary published studies on mountain forests of Borneo 
(diamond), Java (triangle) and the Philippines (square) were used. Biogeographical boundaries are 
adopted from van Welzen et al. (2011) and mapped on Universal Transverse Mercator (UTM) 
projection 51 south (WGS 1984). This figure was taken from Culmsee & Leuschner (2013).  

 

2.3. Linnean and Wallacean shortfalls 
Sulawesi counts among the major biodiversity hotspots of the Palaeotropics (Myers et al., 
2000; Sodhi et al., 2004), but it is one of the most poorly known eco-regions of Southeast 
Asia (Cannon et al., 2007). As such, a prerequisite for biogeographical studies in this region 
are efforts to identify plant collections to the species level, the description of new species and 
the mapping of species distributions. 

Although attempts have been made to further our knowledge on the occurrence of woody 
plants on Sulawesi (Keßler et al., 2002), the island remains seriously under-surveyed with 
regard to the highly diverse group of tropical trees. Before our surveys were initiated, a 
Dutch-Indonesian expedition to Mt. Rorekautimbu in 1979 (van Balgooy & Tantra, 1986) was 
the only survey to have yielded a sizable collection of tree species from a high mountain 
peak of Central Sulawesi, which is now based at the National Herbarium of the Netherlands 
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at Leiden (L) and includes several species new to science. Indeed, many tree species have 
not yet been formally described or catalogued – a problem called the Linnean shortfall 
(Whittaker et al., 2005) – and among the >3000 specimens that we collected during our tree 
inventory survey in Lore Lindu National Park, Central Sulawesi (Culmsee et al., 2010), were 
several species that could neither be identified from available literature (floras, published and 
unpublished identification keys, primary descriptions, expert consultation), nor by comparison 
with herbarium material from Leiden. Some could be identified as new species of families 
that had already been systematically treated within Flora Malesiana (van Steenis, 1948–
2010) or related studies. This resulted in the description of new species in Meliaceae 
(Culmsee, 2008), Moraceae (Berg & Culmsee, 2011) and Magnoliaceae (Brambach et al., 
2013). Others were identified as new species, such as a Reinwardtiodendron Koord. sp. nov. 
(Meliaceae), but a proper formal description was not feasible as flowers and fruit were 
lacking. Within the large group of Syzygium Gaertn. (Myrtaceae), only morpho-species were 
distinguished, as the detailed systematics of the group remain unsolved. However, of the 
3,408 tree individuals that we surveyed during several field campaigns from 2006 to 2008, 
3,197 trees were identified to the species level (including 12 morpho-species of the 
Myrtaceae), 165 trees to the genus and 20 trees to family level, with less than 1% remaining 
unidentified (Culmsee et al., 2010).  

With regard to species that are known, a second problem that applies to Sulawesi in that 
there is inadequate knowledge on the distribution of many taxa at various spatial scales – the 
so-called Wallacean shortfall (Whittaker et al., 2005). At the local scale, collections from 
mountain forest plots along elevational transects can lend insight into elevational distribution 
patterns of certain tree taxa (Culmsee et al., 2010; Culmsee & Leuschner, 2013). At the 
regional and continental scales, through comparison with the ‘Checklist of Woody Plants of 
Sulawesi’ (Keßler et al., 2002), we revealed a large number of new records for Sulawesi or 
the Central Sulawesi province (see figures in Culmsee & Pitopang, 2009; Culmsee et al., 
2011). With new records for Central Sulawesi, it would be possible to close regional 
distribution gaps at the administrative level of provinces. One good example highlighting the 
implications of effective interpretation of the biogeographical history of taxonomic groups at 
the continental scale is an initial record developed for Dysoxylum acutangulum Miq. 
(Meliaceae) for Sulawesi (Culmsee, 2008). This record facilitated the completion of the 
species’ distribution map based on the phytogeographical subdivisions of Malesia (cp. Fig. 2) 
and closed the distribution gap between the two subspecies in favour of Dysoxylum 
acutangulum Miq. subsp. foveolatum (Radlk.) Mabb. that occurs in the eastern parts of 
Malesia and Sulawesi.  

 

2.4. Tree inventories as a basis for the analysis of regional patterns in 
tree diversity along an elevational transect in Sulawesi 

Elevational gradients provide a natural experimental background for assessing the extent to 
which tree communities respond to gradual environmental change (Körner, 2007). In the 
humid tropics, the most ecologically important factor associated with increasing elevation is 
the monotonic decline in air temperature, which not only influences growth and respiratory 
processes in trees but also other components of the ecosystem, such as organic matter 
storage and decomposition (Letts et al., 2010). Assuming that declining temperature with 
elevation is a major driver of directional ecological sorting (sensu Ackerly, 2003), two 
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complementary trends have been identified with regard to taxonomic diversity patterns in tree 
assemblages of tropical mountain forests (Culmsee & Leuschner, 2013). First, the number of 
species, genera and families in tree assemblages decreases with increasing elevation (e.g. 
Gentry, 1988; Aiba & Kitayama, 1999). Second, the rapid change in environmental conditions 
with elevation is associated with high taxonomic turnover along the slope. The marked shift 
in tree species composition is the basis for concepts of elevational floristic zonation of tree 
communities on wet tropical mountains (van Steenis, 1984; Ashton, 2003).  

A set of papers reporting on our elevational transect study in Lore Lindu National Park, 
Sulawesi, covering an elevational range of approximately 1400 m from the submontane to 
the upper montane belt provide an overview of elevational changes in the abundance of tree 
taxa and the composition of tree assemblages occurring across 13 0.24-ha plots in four old-
growth forest stands (Culmsee & Pitopang, 2009; Culmsee et al., 2010, 2011). The forests 
were highly species-rich, with 236 tree species from 62 families (Culmsee et al., 2010), and 
included a high number of unexpected distribution records and a number of new species 
(see Chapter 2.3). The submontane forest contained the largest number of families (42), with 
family numbers decreasing progressively with increasing elevation to a minimum of 26 in the 
upper montane forest. The elevational zones were characterised by distinct family 
distribution patterns. While magnoliids were most important at submontane elevations, 
eurosids I (including Fagaceae) were important at all elevations, but with the highest number 
of individuals occurring at mid-montane elevations and in co-dominance with tree ferns, 
Podocarpaceae, Trimeniaceae and asterids/euasterids II at upper montane elevations 
(Culmsee et al., 2010).  

Because vegetation surveys and vegetation analysis approaches in temperate compared to 
tropical regions of the world meet fundamentally different conditions, a brief outline of the 
rarely documented differences is provided as follows:  

First, plot-sizes are usually much larger in tropical than in temperate forest inventories. 
Phytosociological approaches use plots sizes of 100–400 m² for sampling European forest 
vegetation (Chytrý & Otýpková, 2003), which primarily covers a minimum area of the forest 
ground vegetation rather than the (relatively species-poor) tree layer. In comparison, the 
German National Forest Inventory uses angel-count sampling for tree inventories of larger 
forest stands with four systematic samples being taken on a squared track with an edge 
length of 150 m (BMELV, 2011).  

In contrast, a standard size of 1 ha per plot is used most often for tropical lowland forest tree 
inventories (Corlett, 2009b). However, the CTFS permanent plots are sized at 16–52 ha 
(Condit, 1998), but the scope of these plots extends to the investigation of forest dynamics, 
which needs a larger area than that required for diversity studies. In tropical mountain forest 
tree inventories, using the appropriate plot size is crucial. On the one hand, high stem 
densities at upper elevations make surveying a 1 ha-plot unfeasible. On the other hand, the 
local tree species pool that is characteristic for the forest community should be sufficiently 
represented in the sample. Forest stand structure usually changes along elevational 
gradients, with a decline in mean tree diameter at breast height (d.b.h., at 1.3 m) and mean 
tree height occurring with increasing elevation along with an increase in stem density (e.g. 
Liebermann et al., 1996; Aiba & Kitayama, 1999; Moser et al., 2008). Such patterns were 
also observed along the elevational transect in Sulawesi (Culmsee et al., 2010). In 
elevational transect studies, species numbers are consequently not directly comparable 
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when they are based on the same plot size, and the minimum area that is needed to 
represent the local tree species pool of a community is larger at lower than at higher 
elevations. This problem was solved by using a descending number of replicated plots 
(clusters of plots) in each of the four forest stands with increasing elevation (6, 3, 2 and 2 
plots of 0.24 ha, i.e. a total area of 1.44–0.48 ha, from 1050–2400 m a.s.l.). Rarefaction 
analysis (Gotelli & Colwell, 2001) was used to confirm that the sampled area at each 
elevational zone was sufficiently large to represent the tree species pool of the forest 
community (see Fig. 1 in Culmsee & Pitopang, 2009; Fig. 2 in Culmsee et al., 2010). In 
addition, species richness can be projected to the standard size of a 1 ha-plot, which is used 
for lowland forest tree inventories as a fundamental measure of community richness. Based 
on a sample-based rarefaction analysis, the estimated number of tree species ha-1 (with ≥ 2 
cm d.b.h.) in our Sulawesi mountain forest plots was highest in the submontane forest (114 
tree species ha-1, Culmsee & Pitopang, 2009) and steadily declined with increasing elevation 
(Culmsee et al., 2010, 2011).  

Second, surveys may differ greatly in terms of the objectivity of species abundance 
measurements. In temperate forests, the relatively low number of tree species and the nature 
of the plant species assemblage of the forest floor usually allowed to be rapidly identified, 
and species abundances can be measured by more or less objective methods (Kent & 
Coker, 1992). This may range from the most commonly used, but relatively subjective, 
estimation of percentage cover by eye (e.g. by using the Braun-Blanquet cover scale; Braun-
Blanquet, 1964) to more precise measures such as individual counts, as in the angle-count 
sampling method adopted for trees of the German National Forest Inventory (BMELV, 2011).  

In contrast, tropical tree assemblages are inventoried to the individual based on the complete 
plot area, which is much more time consuming. This is necessary because species in the 
seemingly impenetrable forests are numerous and often not easily distinguishable. Usually, 
all tree individuals ≥ 10 cm d.b.h. in a plot are surveyed (see protocols in Condit, 1998) and, 
specifically in mountain forests, a subset of smaller trees is added (≥ 2–5 cm d.b.h.; e.g. 
Culmsee et al, 2010; Aiba et al., 2002). Each individual is visited and pre-identified (taking 
notes of characteristic bark, wood and leaf features and collection of reference material), with 
its position on the plot (XY coordinates) and structural parameters (at least d.b.h. and tree 
height) being recorded. The individuals are usually permanently tagged in the first inventory, 
thus, individuals can be visited repeatedly (e.g. for the collection of flowering material) and 
plot dynamics can be monitored by re-census. In Germany, such an approach of tree 
individual-based permanent plots is only applied to total reserves and is then generally based 
on a systematic grid of circle-shaped plots of 0.05–0.10 ha plot sizes (Meyer et al., 2001, 
2007). However, such individual-based surveys offer the opportunity of applying 
randomisation techniques for a standardised comparison of forest plots with different plot 
sizes, as demonstrated by Culmsee & Leuschner (2013).  

Third, the number of forest vegetation data sets available differs tremendously, which leads 
to differences in the availability of opportunities to analyse data. Large databases have been 
created based on the rapid assessment techniques undertaken in temperate forest 
vegetation surveys. These provide opportunities for a consistent classification to be 
established (see Euroveg.org for examples of ongoing classification projects). For instance, a 
classification of temperate forests of Lower Saxony may review a set of 5,338 relevés 
available from literature (Culmsee et al., 2014). Although mostly at the species-level and 
considering all plant life-forms (but with the exception of mushrooms and epiphytic 
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cryptogams), diagnostic taxa can be identified that delimit plant associations from the 
regional to the continental scales (Chytrý et al., 2002b). Phytosociologists have almost 
entirely catalogued Central European plant communities (e.g. Rennwald, 2000). Multivariate 
analyses on plant community–environmental relationships (recorded in parallel) are possible 
by using additional environmental data (e.g. soil values, management data) or existing trait 
databases (see Chapter 1.5).  

In contrast, relatively few data sets on tropical forests are available as inventories are time 
consuming and expensive to establish in the field and they demand particular expertise in 
species identification. In addition, considering the overwhelming species richness of tropical 
forests, inventories are usually limited to one life form (e.g. trees) or even to a single large 
taxonomic group (e.g. palms; see Chapter 2.5). In our case, given the remoteness of the 
study area, access issues and tree density, it took a team of 7–10 botanists, technicians and 
tree climbers one to two weeks to sample trees across a single 0.24 ha plot. Thereafter, tree 
species identification took up to several months in some cases. However, the result is an 
analysis of well-elaborated mountain forest plots across 12 tropical mountain forests from 
western and central Malesia (Culmsee & Leuschner, 2013), and the study can count toward 
more comprehensive tropical forest plot studies, such as a classification study of tropical 
lowland forests on Sundaland undertaken by Slik et al. (2011), which was based on survey 
results from 111 plots.  

It is widely believed that Malesian rain forests are distinguished from other rain forests by the 
presence of plant genera with numerous coexisting species (Primack & Corlett, 2005). The 
species-rich tree assemblages of our study also contained many speciose genera, with a 
high number of species found on only one plot (Culmsee & Pitopang, 2009; Culmsee et al., 
2011). Accordingly, species based beta-diversity analysis indicated a high dissimilarity 
between plots. There are several alternative means for describing the turnover of higher 
taxonomic levels along environmental gradients. The family importance value (FIV, Mori et 
al., 1983) can be used to assess the contribution of each family to a forest stand. FIV 
combines relative richness (number of species), relative density (number of individuals) and 
relative dominance (basal area) into one value. We described similarities between our plots 
using FIV (Culmsee & Pitopang, 2009; Culmsee et al., 2011). The importance of families can 
alternatively be expressed by their aboveground biomass in a forest stand (Culmsee et al., 
2010). It has been shown that floristic patterns of genera closely resemble those among 
species (Higgins & Ruokolainen, 2004). We could therefore perform the analysis of the 12 
mountain forest plots at the genus level (Culmsee & Leuschner, 2013). Furthermore, 
phylogenetic diversity can be used instead of taxonomic diversity to reveal similarities 
between tree communities containing many closely related taxa (Webb et al., 2002, 2008; 
Culmsee et al., 2010; Culmsee & Leuschner, 2013).  
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2.5. Studying diversity patterns of coexisting groups: The example of 
bryophyte communities occurring on tree trunks in relation to 
tree species traits 

Plant alpha diversity reaches extremely high levels in tropical forests, with species richness 
of trees ≥ 10 cm d.b.h. surpassing 200 species ha-1 in Malaysia, Sarawak, Ecuador and Peru 
(Medina, 2007). Other plant life forms augment alpha diversity in tropical rain forests, where 
trees comprise just 25% of the plant species (Wright, 2002). Because of such overwhelming 
richness, plant communities of tropical rain forests are usually investigated separately for 
different life forms (trees, herbs and ferns of the forest floor, ephiphytic bryophytes etc.), 
while other studies even focus on single large taxonomic groups (e.g. Palmaceae, 
Bromeliaceae). As such, diversity patterns of coexisting groups and their interactions are 
rarely studied comparatively in the same forest stand.  

Bryophytes are an important component of moist tropical montane forests and, much like 
tree communities, bryophyte communities show distinct elevational zonation patterns (Frahm 
& Gradstein, 1991). Within the area of our intensively studied tree inventory plots (in a lower 
montane forest at 1400 m a.s.l. in Lore Lindu National Park, near Bariri village; Culmsee & 
Pitopang, 2009), Prof. Dr. S.R. Gradstein sampled bryophyte assemblages occurring on tree 
trunks of randomly selected trees (18 trees > 20 d.b.h., following Ariyanti et al., 2008). We 
combined the tree inventory and bryophyte survey data sets in a joint study (Gradstein & 
Culmsee, 2010) in order to analyse the environmental influence of tree features on the 
assemblage of epiphytic bryophytes, an approach that had rarely been undertaken for 
tropical forests (e.g. Frahm, 1990). We found that bark traits of tree species played an 
important role in the formation of their colonizing bryophyte communities; tree species with a 
rough bark generally had a higher number of moss species and possessed some moss 
species that did not occur on trees with smooth bark.  

 

2.6. Analysing biogeographical processes across Malesian mountain 
forests 

Biogeographical processes occur over broad spatial and long temporal scales, and they 
involve dispersal, speciation and extinction (see Fig. 1 and Chapter 1.6; Cavender-Bares et 
al., 2009). In mountainous areas, another influential factor is land area, which gradually 
decreases towards mountain-tops, resulting in a relative geographical isolation of high-
elevation ecosystems that may be considered climatic or habitat islands (Körner, 2000). 
However, Ackerly (2003) argues that in contrast to isolated oceanic islands, such island-like 
montane or upper montane habitats can be continuous in environmental space, as colonizers 
can arrive from nearby habitats at lower elevations. In response to changing environmental 
conditions in the course of evolutionary history, populations may have experienced local 
shifts in their elevational distribution, large-scale changes in geographical distribution, 
adaptive evolution in response to new environments, or extinction (Ackerly, 2003).  

Present-day patterns found in tree communities of tropical mountains should therefore reflect 
the prevailing biogeographical processes when analysed in a larger spatial context. Based 
on plot-based tree inventories conducted in Sulawesi, such large scale analyses have been 
performed using different methodological approaches. In an initial approach, ecological 
patterns within and among tree communities were interpreted in comparison to phylogenetic 
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diversity patterns for a regional mountain forest transect in Sulawesi (Culmsee et al., 2010). 
In addition, an in-depth study at the continental scale was undertaken for 12 old-growth 
mountain forests of western and central Malesia, which included supplementary plot data 
from Borneo, Java and the Philippines (Culmsee & Leuschner, 2013).  

In order to measure phylogenetic diversity, the phylogeny of 204 genera occurring in tropical 
mountain forests across Malesia was resolved based on the angiosperm consensus tree 
(Davies et al., 2004), the APG3 megatree (Stevens, 2001 onwards) and a number of other 
published phylogenies (see detailed description in Culmsee & Leuschner, 2013, with the 
Appendices S1 and S2 in the Supporting Information). The resulting Newick phylogeny was 
scaled to the estimated time of evolutionary origin using known family ages (Wikström et al., 
2011). In an earlier study comprising transect plots in Sulawesi (Culmsee et al., 2010), Rao’s 
quadratic entropy (PDQ; Rao, 1982) was used to describe the phylogenetic alpha diversity of 
forests stands. However, as discussed for taxonomic diversity measures (see Chapter 1.4), 
in the case of the analysis of phylogenetic communities, it is also imperative to use effective 
diversity measures in order to produce stable and easily interpretable results, especially if 
phylogenetic and taxonomic diversity measures are to be jointly interpretable. Therefore, in 
the later continental-scale study (Culmsee & Leuschner, 2013), measures of standardized 
effect size were employed, which related the phylogenetic distances of taxa in a sample 
(where phylogenetic alpha diversity was measured) and among samples (where 
phylogenetic beta diversity was measured) relative to the phylogeny of the species pool (i.e. 
randomly generated null communities).  

Phylogenetic community analyses revealed strong elevational changes in the patterns of tree 
assemblages both at the regional and continental scales (Culmsee et al., 2010; Culmsee & 
Leuschner, 2013). In Sulawesi, larger phylogenetic clades showed distinct distributions, with 
the highest phylogenetic diversity occurring in upper montane elevations where basal clades 
(conifers, tree ferns, Austrobaileyales) met young clades (asterids/euasterids II). Effective 
taxonomic richness and effective phylogenetic alpha diversity exhibited opposite trends with 
elevation (see Fig. 2 in Culmsee & Leuschner, 2013). While generic richness decreased with 
elevation, high-elevation forests showed a phylogenetic overdispersion, indicating a 
convergent trait evolution. Effective phylogenetic beta diversity analysis showed that the 
influence of region (considering western and central Malesia) was surprisingly low. We could 
therefore conclude that the major clades of the contemporary mountain forest trees must 
have evolved before the formation of the Malay Archipelago (sympatric speciation).  

In a second approach, ecological patterns within and among tree communities were 
interpreted in the context of the distribution patterns of their component taxa. Using 
geographical family distribution patterns and richness centres (as described by Heywood et 
al., 2007), we found a progression from dominant tropical families at submontane elevations, 
to tropical Fagaceae at lower/mid-montane elevations, to conifers and Australasian endemics 
at upper montane elevations of the Sulawesi transect (see Fig. 5 in Culmsee et al., 2010). 
The unique biogeographical structure of the Sulawesi high-elevation forests was specifically 
explored by a new phytogeographical analysis approach (Culmsee et al., 2011). Using 
distribution records of the species across the phytogeographical regions of Malesia (Fig. 2) 
collated from published Floras and by checking herbarium collections, occurrence 
probabilities were calculated based on nearest neighbour distances of the Sulawesi 
mountain top forests to the other islands of the Malesian archipelago. It was shown that the 
high-mountain flora of Sulawesi comprised both eastern and western Malesian elements, 
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with the nearest neighbouring islands of Borneo and Maluku both sharing species with 
Sulawesi, which reflects the complex palaeogeography of the island (Hall, 2009; see Chapter 
2.2). However, the unique upper montane forests of Sulawesi had a number of typical 
elements of Papuasia/eastern Malesia and the Philippines. These may be interpreted as a 
result of historical patterns of land connection to the East and the relatively late emergence 
of mountain ranges (Spakman & Hall, 2010; Stelbrink et al, 2012). In conclusion, these 
results strongly support Ackerly’s (2003) biogeographical hypothesis of mountain-top 
communities being subject to continued colonization by taxa from lower elevations.  

 

2.7. Abstracts of original publications 
Berg, C.C., Culmsee, H., 2011. Ficus schwarzii redefined and two new species of Ficus 

(Moraceae) from Sulawesi (Indonesia) described. Blumea, 56: 265-269.  

Ficus sulawesiana and F. gorontaloensis are described as new species and the 
description of F. schwarzii is emended. A modified key is included. 

Brambach, F., Nooteboom, H.P., Culmsee, H., 2013. Magnolia sulawesiana described, 
and a key to the species of Magnolia (Magnoliaceae) occurring in Sulawesi. Blumea, 58: 
271-276.  

Magnolia sulawesiana is described as new species and a modified key of Magnolia 
subsect. Elmerrillia is included. In addition, a new key of the ten Magnolia species 
occurring in Sulawesi is provided based on vegetative characters for easy identification in 
the field. 

Culmsee, H., 2008. Dysoxylum quadrangulatum, and notes on Meliaceae in Sulawesi. 
Blumea, 53: 602-606.  

Dysoxylum quadrangulatum Culmsee (Meliaceae) is described as a new species from 
Sulawesi. Dysoxylum acutangulum Miq. subsp. foveolatum (Radlk.) Mabb. is reported as 
a new record for Sulawesi, closing the distribution gap between the two Western and 
Eastern Malesian distributed subspecies. 

Culmsee, H., Leuschner, C., 2013. Consistent patterns of elevational change in tree 
taxonomic and phylogenetic diversity across Malesian mountain forests. Journal of 
Biogeography, 40: 1997-2010.  

Aim: In order to investigate the relative importance of ecological (habitat specialization) 
and biogeographical (speciation, geographical dispersal limitation) processes as causes 
of non-random spatial distribution of tree species in the mountain forests of Malesia, we 
analysed the elevational change in the taxonomic and phylogenetic diversity of tree 
assemblages in different biogeographical subregions. 

Location: Malesia (Borneo, Java, Sulawesi and the Philippines). 

Methods: Tree inventory data of 12 old-growth forests from a wide elevational range (650–
3080 m a.s.l.) were taxonomically harmonized and standardized (50 random draws of 245 
individuals each per plot), and the phylogeny of 204 genera was resolved and scaled to its 
evolutionary origin. The taxonomic and phylogenetic diversities were calculated using 
effective generic measures, and the diversity patterns analysed by regression, ordination 
and classification.  
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Results: The primary factor determining the diversity patterns of the tree assemblages 
was elevation, whereas the influence of region was surprisingly low. This results in 
common elevational patterns in taxonomic and phylogenetic community structure across 
western and central Malesia. The major clades of the contemporary mountain forest trees 
must therefore have evolved before the formation of the Malay Archipelago in its present 
form (sympatric speciation). Taxonomic richness and phylogenetic diversity exhibited 
opposite trends with elevation. Generic richness decreased linearly with elevation; the 
phylogenetic structure of high-elevation forests revealed overdispersion, indicating 
convergent trait evolution towards higher elevations, whereas the submontane and colline 
assemblages showed clustering with a considerable number of confamilials. The upper 
montane forests of Borneo and Sulawesi were characterized by the dominance of 
Southern Hemisphere conifers, which differentiated them from lower-elevation 
communities. 

Main conclusions: Our results indicate that ecological, evolutionary and biogeographical 
processes (environmental filtering, sympatry and long-distance dispersal) have shaped 
the contemporary community structure of Malesian mountain forests. Wallace’s Line may 
represent a significant barrier between the lowland tree floras of Borneo and Sulawesi, but 
this is not true for those at higher elevations. The uniqueness of high-elevation forests in 
terms of their high phylogenetic diversity and of their unusual structure calls for a high 
priority in conservation programmes. 

Culmsee, H., Leuschner, C., Moser, G., Pitopang, R., 2010. Forest aboveground biomass 
along an elevational transect in Sulawesi, Indonesia, and the role of Fagaceae in tropical 
montane forests. Journal of Biogeography, 37: 960-974.  

Aim: This study investigates how estimated tree aboveground biomass (AGB) of tropical 
montane rain forests varies with elevation, and how this variation is related to elevational 
change in floristic composition, phylogenetic community structure and the biogeography of 
the dominant tree taxa. 

Location: Lore Lindu National Park, Sulawesi, Indonesia. 

Methods: Floristic inventories and stand structural analyses were conducted on 13 plots 
(each 0.24 ha) in four old-growth forest stands at 1050, 1400, 1800 and 2400 m a.s.l. 
(submontane to upper montane elevations). Tree AGB estimates were based on d.b.h., 
height and wood specific gravity. Phylogenetic diversity and biogeographical patterns 
were analysed based on tree family composition weighted by AGB. Elevational trends in 
AGB were compared with other Southeast Asian and Neotropical transect studies (n = 7). 

Results: AGB was invariant from sub- to mid-montane elevation (309–301 Mg ha)1) and 
increased slightly to 323 Mg ha)1 at upper montane elevation. While tree and canopy 
height decreased, wood specific gravity increased. Magnoliids accounted for most of the 
AGB at submontane elevations, while eurosids I (including Fagaceae) contributed 
substantially to AGB at all elevations. Phylogenetic diversity was highest at upper 
montane elevations, with co-dominance of tree ferns, Podocarpaceae, Trimeniaceae and 
asterids/euasterids II, and was lowest at lower/mid-montane elevations, where Fagaceae 
contributed > 50% of AGB. Biogeographical patterns showed a progression from dominant 
tropical families at submontane to tropical Fagaceae (Castanopsis, Lithocarpus) at 
lower/mid-montane, and to conifers and Australasian endemics at upper montane 
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elevations. Cross-continental comparisons revealed an elevational AGB decrease in 
transects with low/no presence of Fagaceae, but relatively high AGB in montane forests 
with moderate to high abundance of this family.  

Main conclusions: AGB is determined by both changes in forest structure and shifts in 
species composition. In our study, these two factors traded off so that there was no net 
change in AGB, even though there were large changes in forest structure and composition 
along the elevational gradient. Southeast Asian montane rain forests dominated by 
Fagaceae constitute important carbon stocks. The importance of biogeography and 
species traits for biomass estimation should be considered by initiatives to reduce 
emissions from deforestation and forest degradation (REDD) and in taxon choice in 
reforestation for carbon offsetting. 

Culmsee, H., Pitopang, R., 2009. Tree diversity in sub-montane and lower montane primary 
rain forests in Central Sulawesi. Blumea, 54: 119-123.  

The tree diversity of sub-montane and lower montane primary forests is studied in plot-
based inventories on two sites in Lore Lindu National Park, Central Sulawesi. Out of 166 
species in total, 50 % are new records for Sulawesi (19 %) or the Central Sulawesi 
province (31 %). Species richness decreases with altitude. In the submontane forest, the 
highest Family Importance Values (FIV) are reached by the Lauraceae, Fagaceae, 
Sapotaceae, Moraceae and Euphorbiaceae. In the lower montane forest, the Fagaceae 
are of major importance (FIV 71.9), followed at some distance by the Myrtaceae, 
Elaeocarpaceae and Lauraceae. For each site, a group of important families is identified 
that is of minor importance or absent on the other site. The comparison of basal area 
(BA), number of species and FIV with published plot-based studies in sub-montane and 
lower montane primary forests in Malesia (Borneo, Sulawesi, Papua New Guinea) 
reveals: 1) with 35.4 and 37.1 m² ha-1, the BA is comparable to that measured in Borneo 
and Papua New Guinea, but does not support previous findings of extremely high BA in 
Sulawesi forests; 2) species richness is comparable to that in Borneo and other Sulawesi 
forests, but lower than in Papua New Guinea; 3) decrease in diversity with altitude is in 
accordance with findings in Borneo; 4) in sub-montane forests, the Lauraceae are 
generally important; the Sulawesi studies are closely related to those from Papua New 
Guinea; 5) the lower montane forests have the Fagaceae and Myrtaceae as most 
important families in common.  

Culmsee, H., Pitopang, R., Mangopo, H., Sabir, S., 2011. Tree diversity and 
phytogeographical patterns of tropical high mountain rain forests in Central Sulawesi, 
Indonesia. Biodiversity and Conservation, 20: 1103-1123.  

Tropical high mountain forests in Lore Lindu National Park, Sulawesi, Indonesia, were 
described by their floristic composition and the importance of tree families (Family 
importance values, FIV), based on tree inventories conducted on 4 plots (each 0.24 ha) in 
old-growth forest stands at c. 1800 and 2400 m a.s.l. (mid- and upper montane 
elevations). To identify general patterns and regional peculiarities of the forests in the SE 
Asian and SW Pacific context, the biogeography of the tree species was analysed using 
distribution records. Out of the total of 87 tree species, only 18 species were found at both 
elevational zones. The discovery of new species and new distribution records (28% of the 
data set) highlights the deficiencies in the taxonomic and distribution data for Sulawesi. 
Sulawesi endemism rate was 20%. In the mid-montane Fagaceae–Myrtaceae forests, 
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Lithocarpus spp. (Fagaceae) were overall important (4 spp. occupying around half of the 
total basal area) and the Myrtaceae the most species rich (8 spp.), thus showing typical 
features of Malesian montane forests. The upper montane conifer-Myrtaceae forest 
contained several high mountain tree taxa and showed affinity to the forests of New 
Guinea. The mountain flora comprised both eastern and western Malesian elements, with 
the nearest neighbouring islands Borneo and Maluku both sharing species with Sulawesi, 
reflecting the complex palaeogeography of the island. A separate analysis showed the 
midmontane forest to possess greatest biogeographical affinity to Borneo/western 
Malesia, and the upper montane forest had a number of typical elements of 
Papuasia/eastern Malesia and the Phillipines, which may be a result of historical patterns 
in land connection and the emergence of mountain ranges. 

Gradstein, S., Culmsee, H., 2010. Bryophyte diversity on tree trunks in montane forests of 
Central Sulawesi, Indonesia. Tropical Bryology, 31: 95-105.  

Previous studies have shown that submontane forests of Sulawesi harbor a very rich 
bryophyte flora, with more than 150 species occurring on eight canopy trees. We explore 
the relationships of trunk base bryophyte communities with elevation and tree 
characteristics (tree diameter, bark roughness) in montane forests of Sulawesi. The study 
showed that submontane, lower montane and upper montane forests of Sulawesi are 
characterized by very different bryophyte taxa. Calymperaceae, Fissidentaceae, 
Hypopterygiaceae, Lejeuneaceae, Leucobryaceae, Lophocoleaceae, Meteoriaceae, 
Neckeraceae, Porellaceae, Pterobryaceae, Radulaceae and Thuidiaceae are mainly 
found at low elevations, while Herbertaceae, Lepidoziaceae, Mastigophoraceae, 
Scapaniaceae, Schistochilaceae and Trichocoleaceae predominate at high elevations. 
Lejeuneaceae are the most important family in submontane and lower montane forests in 
terms of number of species, and Lepidoziaceae in upper montane forest. Plagiochilaceae 
are prevalent in lower montane forest. In general, species richness of liverworts increases 
towards higher elevation whereas moss richness decreases. Similar trends are observed 
elsewhere in the Tropics. Trunk community similarity decreases with distance and is about 
25% between Sulawesi and Borneo, and virtually nil across continents. A few species 
showed a significant preference for rough bark but none for smooth bark. In general, trees 
with rough bark had more species than those with smooth bark. Trunk diameter correlated 
with the distribution of a few species but not with community composition or species 
richness. Our data are first statistically-supported evidence for bark roughness and trunk 
diameter specificity of bryophyte diversity in tree-species rich tropical forest. 
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3. Carbon pools of tropical montane forests from the local 
to global scales 

 

3.1. Overview 
• Ecosystems explored: Tropical montane old-growth rain forests; cacao agroforests 

• Study area: Lore Lindu National Park, Sulawesi, Indonesia (own field data); cross-
continental comparisons of tropical montane forests (literature data) 

• Spatial scales in focus: Local, regional, global 

• Grain of the individual unit of observation: 0.24-ha to 1.44-ha plots 

• Diversity patterns investigated: (a) Regional patterns in tree aboveground biomass 
(AGB) of tropical montane rain forests in relation to forest structure, functional traits 
(wood density), floristic composition and phylogenetic community structure; (b) 
Elevational patterns of AGB in tropical montane forests in relation to the distribution of 
lineages in the Palaeo- and Neotropics; (c) Patterns in AGB, aboveground and 
belowground production of palaeotropical and neotropical (colline-)submontane forests; 
(d) Local patterns in below- and aboveground biomass and net primary productivity in a 
tropical submontane old-growth forest in comparison to a cacao agroforest 

• Ecosystem processes examined: Environmental filtering, including (a) the elevational 
(= climatic/temperature) gradient, and (b) anthropogenic pressure (= forest conversion 
to agroforest); Biogeographical processes (by interpretation of global distribution 
patterns of the lineages) 

• Methodological advances: Specific calculation procedures for estimating AGB of 
some taxa as a result of their distinct growth patterns and allometry developed for 
multi-stemmed Castanopsis acuminatissima Blume (Fagaceae) and for stranglers of 
the genus Ficus L. (Moraceae)  

• Key results and conclusions:  

I. At the regional scale of the Sulawesi transect, AGB was invariant from sub- to mid-
montane elevations (309–301 Mg ha-1) and increased slightly to 323 Mg ha-1 at upper 
montane elevations. While tree and canopy height decreased, wood specific gravity 
increased.  

II. Cross-continental comparisons of palaeo- and neotropical montane forest studies 
revealed a decline in AGB with elevation in transects with a low/no presence of 
Fagaceae, but along transects with a moderate to high abundance of the family, a 
relatively high level of AGB prevailed. Southeast Asian montane rain forests dominated 
by Fagaceae constitute important carbon stocks. The importance of biogeography and 
species traits for biomass estimation should be considered by initiatives to reduce 
emissions from deforestation and forest degradation (REDD) and in taxon choice in 
reforestation for carbon offsetting.  

III. The detailed local-scale study of the submontane forest of Sulawesi (divided into 6 
subplots) showed that the mean total above- and belowground biomass was 303 Mg 
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ha-1 (or 128 Mg C ha-1). The total above- and belowground production was estimated at 
15.2 Mg ha-1 yr-1 (or 6.7 Mg C ha-1 yr-1) with 14% of the stand total being invested 
belowground and 86% representing aboveground net primary production. The 
estimated aboveground biomass and production of this Fagaceae-rich forest stand was 
high in relation to the mean calculated for submontane forests at the global scale and 
much higher than for neotropical forests, but it was markedly lower than recorded for 
dipterocarp forests in Southeast Asia.  

IV. The comparison of the total biomass and productivity of the submontane forest and a 
cacao agroforest on Sulawesi leads to the conclusion that the replacement of tropical 
moist forest by cacao agroforest reduces the biomass carbon (C) pool by 
approximately 130 Mg C ha-1; another 50 Mg C ha-1 may be released from the soil. 
Further, the replacement results in a 70–80% decline in the annual C sequestration 
potential due to a significantly smaller stem increment.  

 

3.2. Estimating the aboveground biomass of tropical forests 
Guidelines have been published for setting up tropical forest inventory plots and for 
censusing trees (see Chapter 2.4; Condit, 1998). The conversion of plot census data into 
accurate estimates of aboveground biomass (AGB) stocks and productivity from these data 
sets includes several uncertainties in the estimation procedure, such as the choice of the 
best fitting regression model and the availability of measures for biomass calculation (Clark 
et al., 2001a, 2001b; Chave et al., 2004, 2005, 2006; Feldpausch et al., 2011).  

The choice of the allometric regression model for converting tree structural data into AGB 
estimates is one of the most important sources of uncertainty in estimates of carbon stocks in 
tropical forests (Araújo et al., 1999; Chave et al., 2005). In a pantropical analysis of Chave et 
al. (2005), which included a large data set of 2,410 harvested trees from 27 study sites, 
wood-specific gravity, trunk diameter and forest type were identified as being the variables 
with the highest predictive power. The consideration of tree height further increased the 
accuracy of the models. A recent study of Feldpausch et al. (2011) stressed the importance 
of tree height. They found that the mean relative error in biomass estimates of destructively 
harvested trees when including tree height was half that when excluding tree height.  

One of the most important components is wood-specific gravity ρ (oven-dry weight, in g cm-

3). Usually, instead of wood-specific gravity, a density value based on the mass of a sample 
at 12 or 15% moisture is given (Chave et al., 2006). Wood density has traditionally been 
regarded as a key functional trait. Bounded by 0.1 and 1.5 g cm-3, it describes the carbon 
investment or carbon storage per unit volume of a stem (Chave et al., 2009). Wood density is 
a taxonomically conserved trait (Baker et al., 2004; Slik, 2006; Swenson & Enquist, 2007). 
Regional-scale patterns of tree species composition and associated wood density therefore 
define the variation of carbon content across environmental gradients (Baker et al., 2004; 
Malhi et al., 2006; Chave et al., 2009).  

The AGB calculations of old-growth montane forests of Sulawesi used in Culmsee et al. 
(2010), Hertel et al. (2009) and Leuschner et al. (2013) adopted the most widely recognized 
equation used by Chave et al. (2005) for AGB estimation of wet forest stands. The analysis 
considered the bioclimatic conditions in the study area of Sulawesi (see Chapter 2.2) and 
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included the available parameters of trunk diameter, total tree height and wood-specific 
gravity. Potential errors in AGB estimation were reduced by using specific calculation 
procedures for certain taxa with respect to their distinct growth patterns, including the multi-
stemmed Castanopsis acuminatissima Blume (Fagaceae) and stranglers of the genus Ficus 
L. (Moraceae) (see details in Culmsee et al., 2010).  

 

3.3. The role of tropical montane forests as global carbon stores  
Tropical forests represent a substantial terrestrial carbon sink and play a key role in the 
global carbon cycle (Grace & Meir, 2009). However, the magnitude of carbon stored and any 
regional variation is not well understood (Dixon et al., 1994; Clark et al., 2001b; Clark, 2004; 
Malhi & Phillips, 2004; Chave et al., 2005). Syntheses on aboveground biomass (AGB) in 
Amazonian forests (Baker et al., 2004; Malhi et al., 2006; Saatchi et al., 2007; Baraloto et al., 
2011; Quesada et al., 2012), African forests (Lewis et al., 2013) and Asian forests on Borneo 
(Paoli et al., 2008; Slik et al., 2010; Budiharta et al., 2014) have greatly increased our 
understanding of intact old-growth forest AGB variation across environmental gradients in the 
lowlands.  

The amounts of AGB in tropical montane rain forests and changes in tree biomass carbon 
pools along elevational gradients have seldom been studied. While forest stand structure 
usually changes along elevational gradients, with a decline in mean tree diameter and mean 
tree height and an increase in stem density with increasing elevation (see Chapter 2.4), 
existing studies indicate that the pattern in AGB varies significantly along elevational 
gradients and between different tropical mountain ranges (Weaver & Murphy, 1990; 
Lieberman et al., 1996; Raich et al., 1997; Kitayama & Aiba, 2002; Wang et al., 2003; Moser 
et al., 2008; Culmsee et al., 2010).  

In our regional-scale elevational transect study of tropical montane forests of Sulawesi 
(Culmsee et al., 2010), we found that AGB was invariant from sub- to mid-montane 
elevations (309–301 Mg ha-1), while it increased slightly to 323 Mg ha-1 at upper montane 
elevations. These results demonstrate a relatively large, but more or less invariant, carbon 
pool of intact old-growth montane forests on the mountains of Sulawesi. However, the AGB 
across different tree families showed significant elevational variation. For the first time, we 
related plot-level AGB estimates to phylogenetic (see Chapter 2.6) and biogeographical 
distribution patterns of tree families. Biogeographical patterns showed a progression from 
dominant tropical families at submontane elevations, through to tropical Fagaceae 
(Castanopsis, Lithocarpus) at lower/mid-montane elevations and to conifers and Australasian 
endemics at upper montane elevations (see Culmsee et al., 2010, Fig. 5). A cross-
continental comparison revealed declining AGB with elevation in transects with low/no 
presence of Fagaceae but relatively high AGB in montane forests with a moderate to high 
abundance of the family. Present-day genus-level diversity within Fagaceae is concentrated 
in the montane forests of Southeast Asia (Manos & Stanford, 2001; Manos et al., 2008). In 
the Tropics outside Southeast Asia, Fagaceae play a similar ecological role in terms of AGB 
only in upper montane neotropical Quercus forests of Central America (see Culmsee et al., 
2010, Fig. 6). Thus, the results of Spracklen & Righelato (2014), who generally found 
relatively high AGB in tropical mountain forests without considering regional trends along 



29 

elevational or edaphic gradients and large continental-scale variations due to 
biogeographical patterns, have to be interpreted with care.  

The study of Hertel et al. (2009) compared above- and belowground biomass and net 
primary productivity of the submontane forest of Sulawesi (i.e. the same submontane old-
growth forest as in Culmsee et al., 2010) to other palaeotropical and neotropical natural 
forests. The AGB of the Sulawesi forest was found to be, on average, much higher than that 
of submontane forests in the Neotropics but lower compared to that of other submontane 
forests in the Palaeotropics, in particular when compared to dipterocarp forests in Malesia. 
This discrepancy may, on the one hand, be explained by the absence of Fagaceae in the 
Neotropics. On the other hand, Southeast Asian lowland to submontane forests of western 
Malesia dominated by ectomycorrhizal Dipterocarpaceae are generally taller than rain forests 
elsewhere (de Gouvenain & Silander, 2003) and can achieve substantially higher AGB 
values (Paoli et al., 2008; Slik et al., 2010).  

These exemplary personal field studies (Hertel et al., 2009; Culmsee et al., 2010) 
demonstrate that the AGB of tropical forests may be largely determined by the biogeography 
of the component clades of tree communities. The importance of biogeography and species 
traits for biomass estimates should therefore be considered by initiatives to reduce emissions 
from deforestation in developing countries (REDD) and in a suitable taxon choice in 
reforestation for carbon offsetting.  

Tropical forests are exposed to large scale deforestation and degradation. In (sub)tropical 
Southeast Asia, more than 170.000 km² of land was deforested for the period 2000–2010 
(Kissinger et al., 2012). The main driver of deforestation was the conversion of forests for 
commercial and local/subsistence agriculture. Forest degradation was mainly (>80%) driven 
by timber logging. Shearman et al. (2009) differentiated between deforestation of mountain 
forests in Papua New Guinea mainly related to subsistence agriculture, and deforestation of 
lowland forests that are commercially logged on a large scale. In particular, in remote frontier 
areas such as the mountainous regions of Central Sulawesi, expanding small-scale 
agriculture accounts for a large proportion of forest conversion (de Sherbinin et al., 2007). 
Conversion of natural or near-natural forests to agroforests, including cacao, is a key driver 
of forest conversion in this region (Koch, 2009).  

Carbon storage in tree AGB is directly affected by deforestation and degradation. However, 
the magnitude of carbon released with the conversion of forests into various types of 
agriculture is poorly quantified (e.g. McGrath et al., 2000; Schroth et al., 2002). The local 
detailed study of Leuschner et al. (2013) investigated the implications of the conversion of 
submontane forests to cacao agroforests. The exemplary comparison of the total biomass 
and productivity of a submontane forest (as in Hertel et al., 2009 and Culmsee et al., 2010) 
and a cacao agroforest lead to the conclusion that the replacement of tropical moist forest by 
cacao agroforest reduces the extent of the biomass carbon (C) pool by approximately 130 
Mg C ha-1, while another 50 Mg C ha-1 may be released from the soil. Further, the 
replacement results in a 70–80% reduction in annual C sequestration potential, due to the 
resultant significantly smaller stem increment. Our results on carbon losses with forest 
conversion to agroforest are higher than that typically reported in the literature where the 
subsoil is often ignored. This is further evidence for the outstanding role of natural forests for 
carbon sequestration in comparison to land use forms that replace them.  
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3.4. Abstracts of original publications 
Culmsee, H., Leuschner, C., Moser, G., Pitopang, R., 2010. Forest aboveground biomass 

along an elevational transect in Sulawesi, Indonesia, and the role of Fagaceae in tropical 
montane forests. Journal of Biogeography, 37: 960-974.  

Please see Chapter 2.7.  

Hertel, D., Moser, G., Culmsee, H., Erasmi, S., Horna, V., Schuldt, B., Leuschner, C., 
2009. Below- and above-ground biomass and net primary production in a palaeotropical 
natural forest (Sulawesi, Indonesia) as compared to neotropical forests. Forest Ecology 
and Management, 258: 1904-1912.  

Data on the biomass and productivity of southeast Asian tropical forests are rare, making 
it difficult to evaluate the role of these forest ecosystems in the global carbon cycle and 
the effects of increasing deforestation rates in this region. In particular, more precise 
information on size and dynamics of the root system is needed.  

In six natural forest stands at pre-montane elevation (c. 1000 m a.s.l.) on Sulawesi 
(Indonesia), we determined above-ground biomass and the distribution of fine (d < 2 mm) 
and coarse roots (d > 2 mm), estimated above- and below-ground net production, and 
compared the results to literature data from other pre-montane palaeo- and neotropical 
forests.  

The mean total biomass of the stands was 303 Mg ha-1 (or 128 Mg C ha-1), with the 
largest biomass fraction being recorded for the above-ground components (286 Mg ha-1) 
and 11.2 and 5.6 Mg ha-1 of coarse and fine root biomass (down to 300 cm in the soil 
profile), resulting in a remarkably high shoot:root ratio of c. 17. Fine root density in the soil 
profile showed an exponential decrease with soil depth that was closely related to the 
concentrations of base cations, soil pH and in particular of total P and N. The above-
ground biomass of these stands was found to be much higher than that of pre-montane 
forests in the Neotropics, on average, but lower compared to other pre-montane forests in 
the Palaeotropics, in particular when compared with dipterocarp forests in Malesia. The 
total above- and below-ground net primary production was estimated at 15.2 Mg ha-1 yr-1 
(or 6.7 Mg C ha-1 yr-1) with 14% of this stand total being invested below-ground and 86% 
representing above-ground net primary production. Leaf production was found to exceed 
net primary production of stem wood. The estimated above-ground production was high in 
relation to the mean calculated for pre-montane forests on a global scale, but it was 
markedly lower compared to data on dipterocarp forests in South-east Asia.  

We conclude that the studied forest plots on Sulawesi follow the general trend of higher 
biomasses and productivity found for palaeotropical pre-montane forest compared to 
neotropical ones. However, biomass stocks and productivity appear to be lower in these 
Fagaceae-rich forests on Sulawesi than in dipterocarp forests of Malesia.  

Leuschner, C., Moser, G., Hertel, D., Erasmi, S., Leitner, D., Culmsee, H., Schuldt, B., 
Schwendenmann, L., 2013. Conversion of tropical moist forest into cacao agroforest: 
Consequences for carbon pools and annual C sequestration. Agroforestry Systems, 87: 
1173-1187.  

Tropical forests store a large part of the terrestrial carbon and play a key role in the global 
carbon (C) cycle. In parts of Southeast Asia, conversion of natural forest to cacao 
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agroforestry systems is an important driver of deforestation, resulting in C losses from 
biomass and soil to the atmosphere.  

This case study from Sulawesi, Indonesia, compares natural forest with nearby shaded 
cacao agroforests for all major above and belowground biomass C pools (n = 6 plots) and 
net primary production (n = 3 plots). Total biomass (above- and belowground to 250 cm 
soil depth) in the forest (approx. 150 Mg C ha-1) was more than eight times higher than in 
the agroforest (19 Mg C ha-1). Total net primary production (NPP, above- and 
belowground) was larger in the forest than in the agroforest (approx. 29 vs. 20 Mg dry 
matter (DM) ha-1 year-1), while wood increment was twice as high in the forest (approx. 6 
vs. 3 Mg DM ha-1 year-1). The SOC pools to 250 cm depth amounted to 134 and 78 Mg C 
ha-1 in the forest and agroforest stands, respectively.  

Replacement of tropical moist forest by cacao agroforest reduces the biomass C pool by 
approximately 130 Mg C ha-1; another 50 Mg C ha-1 may be released from the soil. 
Further, the replacement of forest by cacao agroforest also results in a 70–80 % decrease 
of the annual C sequestration potential due to a significantly smaller stem increment.  
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4. Regional plant diversity patterns in temperate forests of 
northwest Germany 

 

4.1. Overview 
• Ecosystems explored: Temperate forests 

• Study areas: The states of Lower Saxony, Bremen and Schleswig-Holstein, Germany 

• Spatial scales in focus: Regional 

• Grain of the individual unit of observation: Latitude-longitude grid-cells of ~30 km² 

• Diversity patterns investigated: (a) The composition of forest communities and 
associated diagnostic species across a spatial extent encompassing Lower Saxony 
(synopsis); (b) The predicted occurrence of Natura 2000 forest habitat types derived 
from cumulative distributions of forest community indicator species assemblages 
(richness per grid-cell) and proven forest habitat occurrences; (c) Distribution patterns 
of forest communities across natural landscapes (coast, lowlands, uplands) and their 
spatial configuration (Moran’s I); (d) The distribution of ‘ancient woodland indicator 
plants’ as a subset of the larger group of ‘ancient woodland vascular plants’ and in 
relation to ancient woodland cover data on the lowlands of northwest Germany  

• Ecosystem processes examined: Environmental filtering (a broad range of habitats 
mainly created by gradients in soil conditions and current and former land use 
practices, with fairly homogeneous macro-climatic conditions and biogeographical 
history); dispersal limitation (the low mobility of particular plant species that are not able 
to overcome barriers created by the spatial configuration of certain habitats, such as 
ecologically valuable forests and ancient woodlands in landscapes) 

• Methodological advances: (a) A consistent classification of forest communities based 
on a large data set of 5,338 relevés from forests in Lower Saxony. This resulted in 
assemblages of indicator species derived using fidelity measures narrowed to species 
with high forest affinity, which was used as an ecological trait of the species’ realized 
habitats; (b) The prediction of the distribution of Natura 2000 forest habitat types using 
large-scale, grid-based data sets on indicator species. These data are readily available 
from plant species monitoring programs, thereby providing a new approach for 
systematic conservation planning; (c) The identification of ‘ancient woodland indicator 
species’ that are valid at the regional scale, based on a systematic evaluation of plant 
distribution data of floristic surveys relating to ancient woodland cover using consistent 
and repeatable statistical methods  

• Key results and conclusions:  

I. Based on a state-wide review of vegetation survey data, 26 distinct forest communities 
were identified for Lower Saxony at the association level (including basal communities) 
according to the German vegetation classification system. Of these, 17 were assigned 
to 12 different ecologically valuable forest habitat types, as defined in the Natura 2000 
habitat classification.  
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II. The majority of the 17 ecologically valuable forest habitat types were well characterised 
by three or more indicator species with close affinities to forest habitats.  

III. At the regional scale, the distribution of Natura 2000 forest habitats could be predicted 
from large-scale raster data on plant species distributions, for which only indicator 
species with close associations to forest habitats and high fidelity to single communities 
were selected.  

IV. The success of the approach for localising Natura 2000 forest habitats was evidenced 
by ground-truth appraisals conducted in test areas with predicted, and thus far 
unknown, habitat occurrences.  

V. The method of predicting the distribution of forest habitat types using indicator species 
distributions is easily applicable to other European countries. This is because vascular 
plant monitoring programs are available in most regions, and it is possible to use large 
vegetation databases for qualitative information on community composition. The 
approach may facilitate a review of the existing Natura 2000 forest conservation 
network, be used to identify additional conservation areas or to monitor the success of 
forest conservation management measures.  

VI. A list of 67 ‘ancient woodland indicator plants’ was developed that is valid for the entire 
lowland area of northwest Germany.  

VII. The widely applicable ‘ancient woodland indicator plants’ list may be a useful tool for 
future forest nature conservation. Potential applications include: (a) the identification of 
ancient woodlands in areas for which no historical maps are available, (b) the 
identification of biodiversity hotspots of ancient woodland indicator plants, and (c) 
locating ancient semi-natural woodlands. Ancient woodland habitats frequently contain 
a typical and rich forest biodiversity, and can often be regarded as biodiversity 
hotspots. Conservation management should therefore strongly focus on the 
preservation of remaining ancient woodlands and should inhibit the conversion of 
ancient woodlands to coniferous or mixed forests.  

 

4.2. Forest conditions and nature conservation value of forests in 
northwest Germany 

The complex landscape patterns of Central Europe have largely been formed by humans 
over thousands of years (Culmsee, 2013). While forests are the potential natural vegetation 
of more than 90% of the area of temperate Europe (Bohn et al., 2003), forest cover in 
Germany is approximately 11.1 million ha (31% of the terrestrial area), which represents an 
increase in area by c. 1 million ha over the last four decades (BMELV, 2009). In spite of such 
gains, the conservation value of forests is continuously declining, because harvesting rates 
are high (40–60% net harvesting rate in Germany for the year 2005) and the proportion of 
old-growth stands is critically low (EEA, 2010). In response, the ‘National Strategy on 
Biological Diversity’ (BMU, 2007) of the German Federal Government sets out a number of 
goals including: to protect 14% of the terrestrial area of Germany within the European Natura 
2000 network by 2010; to allow 2% of the territory to naturally develop in large areas 
(wilderness areas), and to prevent commercial exploitation of 5% of the forests, allowing 
natural processes occurring largely undisturbed by 2020.  
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Among the German states, Lower Saxony and Schleswig-Holstein have the lowest forest 
cover. Only 11% of Schleswig-Holstein is covered by forest (BMEL, 2014). In Lower-Saxony, 
about 22% of the total area is forested; this ranges from 1% in coastal areas and 22% in the 
lowlands to a substantial 32% in the uplands (Culmsee et al., 2014). Of the upland forests of 
Lower Saxony, 90% are regarded as ‘historically old’ or ‘ancient’, i.e. current woodland has 
been continuously wooded since as early as the year 1800 (Glaser & Hauke, 2004). In the 
Pleistocene lowlands of northwest Germany, the majority of woodlands (74%) are conifer 
plantations, which are mostly established on infertile heathland, i.e. recent woodlands 
younger than c. 200 years. However, even deciduous stands on ancient woodland sites have 
been converted to conifer plantations or mixed forests, leaving only 7% of deciduous ancient 
woodland (Schmidt et al., 2014). Such ancient woodland habitats are mostly of high nature 
conservation value. In closely resembling the potential natural vegetation, they are often 
classified as Natura 2000 forest habitat types or other protected habitat types in accordance 
with national conservation law. Furthermore, they frequently contain a typical and rich forest 
biodiversity and can often be regarded as biodiversity hotspots. There are a number of 
vascular plant species that are closely linked to ancient woodlands (Hermy et al., 1999). 
Specifically, ancient woodlands provide sanctuaries for slowly colonising species that are 
typically characterised by low dispersal ability (Verheyen et al., 2003; Kimberley et al., 2013).  

The European Union Habitats Directive (Council Directive 92/43/EEC) has played a large 
role in promoting nature conservation across Europe for the last 20 years. The goal to protect 
14% of the terrestrial area of Germany within the European Natura 2000 network by 2010 is 
approaching completion. Despite these efforts, the 2010 target to efficiently protect habitats 
and species in Europe has not been reached (European Commission, 2011). The German 
National Habitats Directive Report (BfN, 2014) indicates that most of the forest habitats of the 
Atlantic region, which largely overlaps with the study area of northwest Germany, have 
remained in ‘unfavourable-inadequate’ or ‘unfavourable-bad’ condition since 2007, whereas 
the conservation status of oak forest types (habitat codes 9160 and 9190) and lichen-pine 
forests (habitat code 91T0) had deteriorated even further. Beech forests (habitat codes 9110 
and 9130) have maintained an ‘unfavourable-inadequate’ conservation status in the Atlantic 
region but a ‘favourable’ conservation status in the larger Continental region of Germany 
(BfN, 2014). However, Germany bears responsibility for safeguarding beech forest 
ecosystems at the global level. The country is the biogeographical centre of Fagus sylvatica 
L. and covers about a quarter of the global distribution area of natural beech forest (BfN, 
2008).  

One of the reasons for such failure is that the selection of Natura 2000 areas has mostly not 
been based on systematic conservation planning; a conclusion drawn for the situation in 
Germany by Jedicke (2012). Reviewing the planning and implementation processes in 
European protected areas, Gaston et al. (2008) also came to the conclusion that although 
the Natura 2000 process has undoubtedly been the most important attempt to select 
additional protected areas across Europe, the program failed to properly exploit the full 
potential that a more systematic conservation planning approach could otherwise provide. A 
systematic approach would adopt strategic development options and consider locations of 
ecologically valuable habitats within the distribution ranges of the species and habitats 
beyond the existing Natura 2000 network of protected areas (as proposed by European 
Commission, 2006). With a view to addressing the shortfall, the EU Biodiversity Strategy to 
2020 formulated the goal of integrating species and habitat protection into key land use 
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policies both within and outside the existing Natura 2000 areas (European Commission, 
2011). This target will likely result in the need to identify additional areas outside the 
protected areas where valuable habitats are present with reference to Annex I of the Habitats 
Directive.  

 

4.3. Advancing methodological approaches of identifying indicator 
species to facilitate systematic forest conservation planning 

Localising additional habitats with high ecological value can often be problematic, because 
adequate information is rarely available. In Germany, state-wide habitat mapping campaigns 
had already started in the 1980s before the establishment of the Natura 2000 protected 
areas network, but have not been updated. A deficit with respect to the identification of 
ecologically valuable areas beyond the actual Natura 2000 network has been identified, 
specifically for the states of Schleswig-Holstein and Lower Saxony (Kaiser et al., 2013). A 
possible option to address this deficit is high resolution remote sensing techniques, which 
can be employed for habitat mapping and for distinguishing habitat types even with relatively 
low levels of contrast (Nagendra et al., 2013). Remote sensing has been used for mapping 
the extent of forest cover and tree communities by identifying canopy trees to the species or 
genus levels (e.g. Bunting et al., 2010; Dickinson et al., 2013). The extent and degradation 
state of semi-natural habitats can be precisely mapped and monitored using satellite data, as 
shown for Wales, UK (Lucas et al., 2011). Remote sensing may however be less useful in 
the case of broad-leaved forests of temperate Europe, such as those considered in the 
Habitats Directive. These are characterised by only a few tree species and primarily by the 
herb layer, which cannot be identified by remote sensing techniques. Therefore, in addition to 
updating the state-wide habitat mapping, which is time consuming and costly, a possible 
practical solution to fill the information gap on potential forest conservation areas is to 
facilitate systematic conservation planning offered by models that predict habitat occurrences 
by means of indicator plant species distributions.  

Systematic conservation planning requires clear decisions to be made on the features used 
as indicators of overall biodiversity (Margules & Pressey, 2000). Two papers of this thesis 
provide detailed insight into such methodological approaches that aim to systematically 
predict distribution patterns of ecologically valuable forest communities across the large test 
region of northwest Germany. The first paper (Culmsee et al., 2014) presents new methods 
for modelling the distribution of Natura 2000 forest habitat types in relation to associated 
narrowly delimited forest community indicator species. The second paper (Schmidt et al., 
2014) presents new methods for identifying ancient woodlands and forest biodiversity 
hotspots using ancient woodland indicator plants.  

Both approaches use vascular plant species occurrences readily available on latitude-
longitude grid-cells of c. 30 km² covering the complete area of northwest Germany. Of the 
large vascular plant distribution databases, a selection of indicator species for ecologically 
valuable forest habitats was identified that corresponds to the objectives of the habitats of 
interest, i.e. Natura 2000 habitat types or hotspots of ancient woodlands.  

Indicator species of Natura 2000 forest habitat types were derived from vegetation 
classification using fidelity measures, narrowed to species with high forest affinity (Culmsee 
et al., 2014). The EU approach of defining Natura 2000 habitat types largely adopts the 
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methods of vegetation classification (Evans, 2010), but the interpretation of habitat types by 
diagnostic species is constrained by the spatial extent of the underlying data set (see also 
Chapter 1.3). It may range from the local scale to larger areas, and, correspondingly, the 
ranges of species available for classification can vary. Furthermore, the definition of indicator 
species is dependent on the scope of the planned comparison of habitats and communities. 
This either leads to the selection of characteristic species within a narrowly delimited forest 
community or within a synopsis of forest habitat types, or in the definition of species suitable 
for differentiating a forest community from other non-forest habitats. Criteria for defining 
indicator species should therefore be adapted to the specific context at the national or 
regional scales. As a benchmark approach, a regional classification of forest communities 
based on 5,338 phytosociological relevés recorded within the area of Lower Saxony and 
covering all naturally occurring forest communities was performed. First, characteristic 
species of each plant community were defined by means of fidelity measures in a synoptic 
table (Chytrý et al., 2002a; Tichy & Chytrý, 2006; Tsiripidis et al., 2009). In order to eliminate 
those species with wide ecological ranges and frequent occurrence in non-forest habitats, 
the set of characteristic species was then narrowed to species that are closely bound to 
forest habitats according to the German Forest Vascular Plant Species List (Schmidt et al., 
2011). Thus, the indicator species for specific communities were characteristic species in the 
sense of Braun-Blanquet (1964) with more or less exclusive occurrence in that association, 
while differential species used for separating related communities from each other were 
mostly excluded (see Fig. 1 in Culmsee et al., 2014). The majority of the 17 ecologically 
valuable forest habitat types, assignable to 12 Natura 2000 forest habitat types, was well 
characterised by three or more indicator species with close affinity to forest habitats. 
Threshold values required to ensure a high probability of occurrence in terms of cumulative 
numbers of indicator species necessary for each grid-cell were checked against habitat 
records derived from recent habitat surveys available for some selected areas and with that 
indicated in the literature (‘ground-truth data’). Finally, the success of the approach for 
localising Natura 2000 forest habitats was evidenced by further ground-truth appraisals 
conducted in test areas with thus far unknown habitat occurrences.  

Forest affinity was again one of the main criteria for the selection of ‘ancient woodland 
indicator species’ (Schmidt et al., 2014). According to Hermy et al. (1999), due to the distinct 
local variation in the ecological behaviour of forest plant species, regional lists of ancient 
woodland indicator plants are more appropriate than one Pan-European list. This point of 
view has been supported by numerous other authors (e.g., Rose, 1999; Wulf, 2004; Glaves 
et al., 2009; Perrin & Daly, 2010). However, for the application of ancient woodland indicator 
lists (e.g. by nature conservation authorities or woodland surveyors), it is more convenient to 
cover larger areas at the regional scale in order to achieve enhanced validity and 
comparability. Of the group of forest plants, ‘ancient woodland indicator species’ valid for the 
region of northwest Germany were identified based on a systematic evaluation of plant 
distribution data from the available grid-based floristic surveys in relation to ancient woodland 
cover data using consistent and repeatable statistical methods. Whilst indicator species for 
Natura 2000 habitat types were identified based on phytosociological relevé data, ancient 
woodland indicator plants were identified based on their response to layers of ancient 
woodland cover data as indicative parameters. A consistent classification of all forest species 
considered for the study area (n = 390) resulted in seven groups, of which three were closely 
related to ancient woodlands of varying soil conditions. The necessary cross-validation for 
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setting a threshold between ‘ancient woodland indicator plants’ (i.e. species with a high 
reliability of ancient woodland occurrences) and the larger group of ‘ancient woodland plants’ 
was performed by using ground-truth data of ancient woodland inventories available for 
some selected areas. The final list of 67 ‘ancient woodland indicator plants’ is valid for the 
entire lowland area of northwest Germany.  

Such data of vascular plant monitoring programs are available in most regions of temperate 
Europe (see Table 6 in Culmsee et al., 2014). It is possible to use large databases such as 
SynBioSys (Schaminée et al., 2007) or to find further data through the GIVD catalogue of 
vegetation databases (Dengler et al., 2011) for qualitative information on community 
composition. Furthermore, high-resolution data on historical and recent land cover are 
becoming increasingly available. Therefore, both approaches of identifying indicator species 
should be widely applicable to other large areas or countries, and should thereby contribute 
to a more systematic approach to forest conservation planning.  

 

4.4. Abstracts of original publications 
Culmsee, H., Schmidt, M., Schmiedel, I., Schacherer, A., Meyer, P., Leuschner, C., 

2014. Predicting the distribution of forest habitat types using indicator species to facilitate 
systematic conservation planning. Ecological Indicators, 37: 131-144.  

Recent assessments have identified significant shortfalls in the current Natura 2000 
network approach for identifying protected areas throughout the European Union. A more 
systematic conservation network planning approach that adopts strategic development 
options and considers the occurrences of species and habitats within the distribution 
ranges of species across larger areas is needed in order to support decision making 
processes on the potential expansion, establishment and/or maintenance of conservation 
areas.  

Using high-nature-value forest habitats across a large test region, i.e. the state of Lower 
Saxony in Germany, we developed a method aimed at systematically locating and 
appraising temperate forest habitats using indicator species distribution maps. Forest 
community indicator species were determined using forest habitat affinity criteria (derived 
from an existing database) and community fidelity (based on a review of 5338 vegetation 
relevés). Known habitat occurrences were derived from habitat surveys and relevant 
literature and were related to model data on indicator species distribution on a grid of 
1739 raster cells (each 30 km²) using logistic regression.  

The predictive power of the distribution models increased with the number of indicator 
species. However, tight correlations between indicator species distribution and habitat 
occurrence were only found when indicator species with a high affinity to forests were 
used exclusively. Field inspection of grid cells with outlying occurrences of five upland 
forest communities revealed several new forest habitat locations and led to greatly 
improved distribution models.  

We conclude that the distribution of high-nature-value forest habitats can be predicted 
from large-scale raster data on plant species distributions when only indicator species with 
close association to forest habitats and a high fidelity to a single community are selected. 
Our approach may therefore facilitate a review of the existing Natura 2000 forest 
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conservation network, be used to identify additional conservation areas or to monitor the 
success of forest conservation management measures. 

Schmidt, M., Mölder, A., Schönfelder, E., Engel, F., Schmiedel, I., Culmsee, H., 2014. 
Determining ancient woodland indicator species for practical use: A new approach 
developed in northwest Germany. Forest Ecology and Management, 330: 228-239.  

Ancient woodlands that have been in continuous existence for hundreds of years have a 
floristic composition which greatly differs from younger afforestations. The occurrence of 
certain associated vascular plant species, termed “ancient woodland indicator plants”, can 
be used to recognise the continuity of woodland cover. Ancient woodland habitats 
frequently contain a typical and rich forest biodiversity and can often be regarded as 
“biodiversity hotspots”. To pinpoint these habitats for nature conservation, there is a need 
to compile ancient woodland indicator lists with a widespread validity.  

In this study, we introduce a new methodical approach that enables the compilation of 
such lists from the readily available resources of plant species monitoring programs, 
archive records, and land cover data. Using northwest Germany as a model region, we 
have developed an ecologically grounded list of 67 ancient woodland indicator plants for 
this area. In this context, we consider the “ancient woodland indicator plants” as a subset 
of the larger group of “ancient woodland plants”. 

The widely applicable ancient woodland indicator plants list presented here may be a 
useful tool for future forest nature conservation. Potential applications include: (a) the 
identification of ancient woodlands in areas where historical maps are lacking, (b) the 
identification of biodiversity hotspots of ancient woodland indicator plants, and (c) locating 
ancient semi-natural woodlands. 

Finally, we highlight the importance of effective conservation management, which should 
seek to promote the typical plant diversity of ancient semi-natural woodlands. In doing so, 
conservation management should promote the preservation of remaining ancient 
deciduous woodlands and inhibit the conversion of ancient woodlands to coniferous or 
mixed forests. 

Additionally, conservation management should strengthen the connections between 
recent and ancient woodlands through habitat corridors. Furthermore, careful forest 
management of deciduous ancient woodland sites with high typical woodland plant 
diversity has to be ensured to avoid soil damage. 
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5. The implications of land use change for the diversity of 
ecologically valuable grasslands and arable plant 
communities of annual crop fields in north and central 
Germany 

 

5.1. Overview 
• Ecosystems explored: Managed temperate grasslands and arable plant communities 

of annual crop fields 

• Study areas: The north German Pleistocene lowlands, the Lower Saxon hills and the 
Thuringian basin in the central German uplands  

• Spatial scales in focus: Habitat, local, regional 

• Time periods in focus: The present-day situation as compared to significant turning 
points that occurred over time in land use policy, including (a) the beginning of land use 
intensification in the end of the 19th century; (b) the advent of the European Union’s 
Common Agricultural Policy in the former West Germany and, in parallel, the beginning 
of intensification campaigns in the former East Germany in the 1950/60s; (c) the recent 
rise in energy cropping since 2000  

• Grain of the individual unit of observation: 16 m² to 25 m² grassland plots; varying 
sizes of grassland habitat patches within the landscape matrix of defined study areas; 
two plots of 100 m² at the field margin and in the field interior of annual crop fields 

• Diversity patterns investigated: (a) Grassland community composition, species 
richness and pollination types in relation to habitat continuity and current management; 
(b) The spatial extent and fragmentation of current and historical floodplain meadows, 
and the replacement of historical floodplain meadows by other land use types; (c) 
Temporal changes in floodplain grassland community composition, species diversity 
and functional trait composition based on historical and current vegetation samples; (d) 
Arable plant diversity (weed cover, species richness and species composition) within 
field, between fields, between crops and between regions in relation to light 
transmissivity and management intensity 

• Ecosystem processes examined: Environmental filtering (habitat conditions created 
by former and current land use practices but with fairly homogeneous macro-climatic 
conditions and biogeographical history) 

• Methodological advances: (a) An analysis of taxonomic and functional plant diversity 
patterns in grassland communities, resulting in spatially explicit quantitative data on 
grasslands with different ecological quality at the local scale. This is based on a 
stratified random sample of plots within a defined landscape in combination with 
historical land cover data, which are used for deducing the temporal perspective; (b) 
The quantification of changes in the area (total class area and percentage of the 
landscape) and spatial configuration (patch density, area-weighted mean of patch size 
and effective mesh size) at the level of grassland communities. This is based on 
historical and current high-resolution vegetation maps (scale c. 1:10,000) and by using 



40 

repeatable geo-statistical methods; (c) A stratified random sampling approach for 
resampling historical phytosociological relevés, for which the exact location is unknown; 
(d) Linking light measurements in modern high-yield regular annual crop stands (not 
experimental stands) to the weed vegetation at local to regional scales using a 
systematic, replicated sampling design.  

• Key results and conclusions:  

I. At the local scale in the Lower Saxon hills, six grassland types ranging from species-
poor (<15 plant spp.) to extremely species-rich (>27 spp.) occurred under dry to mesic 
site conditions. Natura 2000 habitat types comprised only 1% of the surveyed 
grasslands and medium-rich, high-nature-value grasslands a further 5%. Grassland 
community composition was best explained by soil factors and species richness and 
pollination type composition by combined effects of current management and habitat 
continuity. The few ecologically valuable species-rich grasslands were all grassland 
remnants with >100 years of management continuity, i.e. dating back to the beginning 
of land use intensification in the end of the 19th century. Medium-rich Arrhenatherion 
grasslands were established primarily on less productive former arable fields (<30 
years). While the number of wind-pollinated plant species was equal among all 
grassland types, there was a parallel decline in insect-pollinated plants and overall 
median species richness in the grassland communities along a gradient of increasing 
land use intensity (mowing, nutrient supply).  

II. From the local-scale case study on the distribution and ecological quality of grasslands 
can be concluded that conservation efforts in such grassland-rich upland areas should 
focus on extant species-rich grassland types and should aim to implement traditional 
land use practices such as sheep grazing. Additional restoration efforts should focus on 
establishing new grasslands on less productive sites in the surroundings of species-
rich grasslands to facilitate seed dispersal, but nitrogen deposition should be buffered 
where appropriate. These measures would enhance the interaction between nature 
reserves and agricultural grasslands and thus improve the ecological quality of 
grasslands at the landscape scale.  

III. At the regional scale in north and central Germany, unprotected floodplain meadows 
were investigated in 2008 in comparison to their past situation in the 1950/60s, i.e. the 
advent of the European Union’s Common Agricultural Policy in the former West 
Germany and, in parallel, the beginning of intensification campaigns in the former East 
Germany. These floodplain landscapes showed alarming losses in the area of wet and 
species-rich mesic meadows in the past 50 years (>80%). Wet meadows were largely 
fragmented, whilst changes in landscape structure were less consistent in mesic 
meadows. Wet meadows were mainly substituted by species-poor, intensively 
managed grasslands (26–60%), and species-rich mesic meadows were mainly 
transformed to arable fields (42–72%).  

IV. The wet and mesic grasslands in unprotected floodplain areas surveyed at the plot-
level in the 1950/60s and resampled in 2008, showed tremendous changes in plant 
community composition, which was related to increasing Ellenberg Indicator Values for 
nutrient availability. The regional species pool was similarly large in the 1950/60s (299 
spp.) and in 2008 (289 spp.), but species turnover was high with only 189 species 
observed in both censuses. Species richness at the plot-level decreased from a 
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median of 27 species in the 1950/60s to a median of 19 in 2008, equivalent to losses 
by 30–50% over the period. Losses in functional diversity were equally large. The 
results indicate a consistent trend towards much more species-poor communities 
dominated by mowing-tolerant and N-demanding competitive grasses. In contrast, 
species with more ruderal strategies, species flowering early in the season and, in 
particular, insect-pollinated herbs have all decreased.  

V. Both studies on floodplain grasslands of north Germany document for the first time 
consistent trends in the loss and change of habitats and diversity of such ecosystems 
for a large region in the past 50 years. This urgently calls for high-priority conservation 
measures.  

VI. Investigations of the arable plant diversity of conventionally managed annual crop 
fields, including maize and oilseed rape fields (mainly used as energy crops) and winter 
cereal fields (mainly used as food/fodder crops), in the uplands of central Germany 
clearly showed the extreme impoverishment of the field interior. This supported an 
average of five species per plot, with only very small differences in species richness 
between fields, and neither light availability nor crop type nor region explained this 
small variation. At the habitat scale, the soil surface of field margins experienced higher 
light levels than in field centres, and light availability was lowest in maize stands 
compared to other crop types. Maize fields contained fewer species than other crops at 
the field margin, which was probably related to higher levels of shading. Highest light 
transmissivity was measured on fields managed under an agri-environmental scheme 
(57%), which was associated with elevated plant diversity (mean of 33 spp. 100 m-2).  

VII. Regardless of crop type, the conventionally managed weed flora was generally 
impoverished. It was concluded that, on the landscape scale, the main effect of the 
recent expansion of energy cropping on farmland habitat diversity is the loss of 
extensively managed farmland where light availability is higher. Reduced fertilizer use 
on conventional field margins will increase light availability and thus improve habitat 
conditions for arable plant species.  

 

5.2. A brief historical outline of land use change in Central European 
rural landscapes   

Agricultural intensification has driven large-scale changes in the composition and structure of 
European landscapes (e.g. Gustavsson et al., 2007; Krauss et al., 2010; Flohre et al., 2011; 
Culmsee, 2013; Hötker & Leuschner, 2014). This chapter discusses some of the issues 
surrounding the implications of land use change for plant diversity of agricultural ecosystems 
in Central Europe. It covers significant historical turning points in land use intensification, 
ranging from the time of traditional cultural landscapes (Plieninger et al., 2006) to that of the 
agro-industrial landscapes at present (Vos & Meekes, 1999; BfN, 2010; Nitsch et al., 2012).  

Rural landscapes today are the result of the variety of land uses that have overlaid, refined or 
replaced each other throughout history (Plieninger et al., 2006). The traditional agricultural 
landscape, in Europe widespread from Renaissance until the 19th century (Vos & Meekes, 
1999), remains only locally. Traditional land uses include all “practices which have been out 
of fashion for many years and techniques which are not generally part of modern agriculture” 
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(Bignal et al., 1995, cited in Plieninger et al., 2006). Most forms of traditional land use 
systems are characterised by relatively low nutrient input and relatively low output per ha. 
These are related to multiple low-intensity and rotational uses of common and private land, 
which often has created high spatial and temporal heterogeneity. They have mostly persisted 
in uplands or marginal areas where physical constraints have prevented a modernisation of 
agriculture. Because such remnants present species-rich, rare and endangered habitat types 
(e.g. heathlands, grasslands and low-input arable fields), most of them are extremely 
important for biodiversity conservation according to national law (BNatschG, 2009) and the 
European Union Habitats Directive (Council Directive 92/43/EEC).  

During the period of industrialisation at the end of the 19th century, land use practices 
became more intensive. Sheep farming declined, because the urban population developed a 
greater demand for cow milk, and wool of Australian origin and cotton conquered the 
German textiles market. The emergence of mineral fertilizers made agriculture more 
productive. While grasslands that were created by traditional pasturing and mowing over 
many centuries were dominated by grasses intermingled with herbs, this initial land use 
intensification exponentially accelerated the change in grassland community composition 
(Dierschke & Briemle, 2002). Extensive grasslands changed to species-rich semi-intensive 
grasslands. In a local-scale study in the uplands of Lower Saxony (Krause & Culmsee, 
2013), we showed that the few semi-natural and species-rich meadows and pastures in the 
study area were all remnants of such grassland types that had persisted locally for more than 
100 years.  

Land use intensification further accelerated with the advent of the Common Agricultural 
Policy (CAP) in Western Europe in the late 1950s. Intensification campaigns followed in East 
Germany with a delay of about one decade (Bauerkämper, 2004). Despite the differences 
caused by the contrasting political systems, landscape composition and structure changed 
tremendously in both former German states as a result of intensification (Weiger, 1990). As a 
consequence thereof, intensively managed, species-poor grasslands, dominated by few 
productive grass species largely expanded over the following decades. In the local scale 
study in the Lower Saxon hills (Krause & Culmsee, 2013), which have experienced an 
increase in grassland area since the late 1950s, specifically the extant mesic grasslands 
created between 1956/1962 and the early 1990s were mostly species-poor. However, in 
marginal areas, newly established grasslands had an intermediate species-richness. At the 
regional scale, wet and species-rich mesic floodplain meadows experienced dramatic losses 
in habitat area, species-richness of characteristic species and functional diversity since the 
1950/1960s (Krause et al., 2011; Wesche et al., 2012).  

Land use intensification since the 1950s was identified as being responsible for increasing 
habitat degradation and biodiversity loss (Stoate et al., 2001). Dramatic losses were 
evidenced for north and central Germany for grasslands (Krause et al., 2011; Wesche et al., 
2012) as well as for arable weed communities (Meyer et al., 2013). The CAP was reformed 
in several stages from the late 1980s until the European Union Agenda 2000 (Henle et al., 
2008), and has now resulted in an additional CAP reform with a 2014–2020 perspective (EU, 
2013). However, it is unlikely that ‘greening’ as the present form of agricultural subsidies will 
be sufficient to stop the ongoing tremendous losses of biodiversity in Germany’s agricultural 
landscapes (Hötker & Leuschner, 2014). Meanwhile, the recent rise in energy cropping since 
2000 has again increased pressure on farmland biodiversity. Germany, currently the largest 
producer of energy crops in the EU (Don et al., 2012), has declared an ambitious agenda for 
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the transition from fossil to renewable energies, the so-called ‘Energiewende’ (BMU & 
BMELV, 2010), and the government is pushing the transition with strong financial support 
(Britz & Delzeit, 2013). As a consequence, the area cultivated with energy crops in Germany 
tripled from less than 0.7 million ha in 2000 to c. 2.1 million ha in 2012, equalling about 18% 
of the arable land (FNR, 2013a). This rapid expansion is currently mostly related to annual 
(‘first-generation’) energy crops (>90% of all energy crops grown on farmland) as these can 
be cultivated and handled with well-established, widely available machinery (FNR, 2013a, b). 
The two major energy crops in Germany are maize (Zea mays L.) and oilseed rape (Brassica 
napus L.) (FNR, 2013a, b). In 2012, maize for biogas production (representing 32% of the 
total maize acreage) was grown on approximately 7% of the arable land, and oilseed rape for 
biofuel and vegetable oil (representing 70% of the total rapeseed acreage) was grown on 8% 
of the arable land (Destatis, 2013; FNR, 2013a,b). Political strategies project that the 
proportion of land used for energy crop cultivation might increase up to 34% by 2020 (BMU & 
BMELV, 2010). It is assumed that this fundamental change in crop frequencies and land use 
intensity will also alter the environmental conditions determining the biodiversity in bioenergy 
landscapes. Therefore, in a regional study in the central German uplands (Seifert et al., 
2014) we investigated the inter-relationships between crop type, management intensity and 
light transmissivity and their effects on arable plant diversity from the habitat to regional 
scales. We found a generally impoverished conventionally managed weed flora, regardless 
of energy or food/fodder crop types. We concluded that the main detrimental effect of the 
recent expansion of energy cropping on farmland habitat diversity is, on the landscape scale, 
the loss of extensively managed farmland where light availability is higher. Reduced fertilizer 
use on conventional field margins will increase light availability and thus improve habitat 
conditions for arable plant species.  

 

5.3. Analysing temporal changes in plant diversity patterns at 
different spatial scales 

Temporal changes in plant diversity can be detected by a monitoring scheme, which is 
defined as the repeated survey of vegetation patterns and processes and the comparative 
evaluation of the recorded data sets (Hellawell, 1991). Such a temporal comparison of 
vegetation can be based on land cover data (e.g. vegetation maps), plant species lists for a 
defined area or vegetation plots. Detailed and spatial referenced vegetation data have been 
becoming increasingly available over the last two or three decades due to the emergence of 
remote sensing techniques (e.g. Ihse, 1995; Weiers et al., 2004; Wozniak et al., 2009), 
systematic state-wide habitat mapping campaigns (see an overview for Germany in Kaiser et 
al., 2013), plant species monitoring programs (see chapter 4.3; Table 6 in Culmsee et al., 
2014) and the installation of regional (e.g. the ecological area sampling of 170 randomly 
selected sites in North Rhine-Westphalia, established in 1997) or even supra-regional 
permanent plot networks (e.g. The Long Term Ecological Research Network, established in 
1980). However, long-term studies based on detailed ground-truth vegetation data that refer 
to the time before agricultural intensification (>50 years ago) have rarely been conducted, 
mainly because historical spatially explicit vegetation data are rare (Prach, 2008). Especially 
the lack of replicated studies at multiple locations, which include detailed spatial information, 
is a major shortcoming.  
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For analysing temporal changes in plant diversity related to land use change from the time 
period before agricultural intensification until today, we applied two approaches.  

In a first approach, for the regional-scale study of changes in wet and species-rich mesic 
floodplain meadows since the 1950/60s, we used historical and recent vegetation maps 
(Krause et al., 2011) and vegetation plots (Wesche et al., 2012). Chytrý et al. (2014) tested 
different approaches for assessing vegetation change using vegetation plot databases, and 
concluded that re-visitation studies of historical phytosociological plots may be the best 
strategy to assess past vegetation change, while new networks of carefully stratified 
permanent plots are preferable for monitoring future change. We used seven original studies 
conducted according to the phytosociological approach of Braun-Blanquet (1964), but by 
different authors and based on different classifications as mapping units and varying plot 
sizes. Furthermore, the exact spatial location of the historical plots was not permanently 
marked. Therefore, it was necessary to apply data standardisation and harmonisation 
procedures and to develop standardised resurveying procedures. The phytosociological 
system has experienced major changes over the past decades and different underlying 
classification schemes had been applied in the seven areas. Therefore, we decided to 
standardise the habitat categories identified in the historical vegetation maps using a widely 
applied key for habitat surveys developed by nature protection agencies in Germany (von 
Drachenfels, 2004). The habitat key was used in the historical maps and was also applied in 
the resurvey. The historical and recent vegetation maps were then digitised using the 
standard map resolution (scale c. 1:10,000) and were analysed by using repeatable geo-
statistical methods (McGarigal et al., 2002). Since the exact location of the historical 
vegetation relevés was not known, we applied a stratified random sampling approach for 
resampling. In addition, particularly species-rich meadow stands were selected in a similar 
manner as had been practised in historical surveys (Chytrý, 2001). Our relevés thus included 
both average and particularly well-developed (species-richer) grassland stands, ensuring that 
observed effects were not solely caused by artefacts introduced by concentrating on extreme 
samples alone (Palmer, 1993). The two data sets showed qualitatively similar trends, and we 
thus reported results from both randomly and deliberately positioned relevés together.  

In a second approach, for the local-scale study on mesic and dry grasslands in the Lower 
Saxon uplands (Krause & Culmsee, 2013), we applied a space-for-time substitution 
procedure. At the landscape scale, quantitative conclusions on ecologically valuable habitats 
could be drawn from stratified random sampling of plots within a defined landscape using the 
geo-statistical approach of mass point triangulation. Furthermore, in combination with 
spatially explicit historical land cover data (historical maps), conclusions could be drawn on 
the temporal perspective. As spatial autocorrelation can be problematic in the interpretation 
of results especially in studies at the local scale, the spatial structure of the vegetation data 
was decomposed using advanced variation partitioning techniques (Borcard & Legendre, 
2002). This made it possible to interpret present-day vegetation data in relation to land use 
change over the last >100 years. A similar approach was also applied to the analysis of 
arable plant diversity in relation to light transmissivity and management intensity in bioenergy 
landscapes (Seifert et al., 2014). Within the relatively recent bioenergy landscapes, crops for 
biofuel versus food/fodder production were investigated in parallel, and predications of 
changes were made based on probable future developments.  
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5.4. Abstracts of original publications 
Krause, B., Culmsee, H., 2013. The significance of habitat continuity and current 

management on the compositional and functional diversity of grasslands in the uplands of 
Lower Saxony, Germany. Flora, 208: 299-311.  

There is a growing concern that land use intensification is having negative effects on 
semi-natural grass-lands and that it leads to a general loss of biodiversity among all types 
of formerly extensively managed grasslands of poor to medium nutrient richness. Since 
the 1950s, many Central European uplands have been subject to an increase in grassland 
cover as a result of changes in land use practices. Using such a landscape in Lower 
Saxony, Germany, as a model region, we assessed environmental factors that control 
grassland diversity, including plant community composition, species richness and 
pollination trait com-position. In 2007, 189 vegetation sampling sites were randomly 
distributed among grasslands covering some 394 ha within a 2500 ha study area. Plant 
communities were classified using TWINSPAN and the effects of environmental factors 
(soil, topography, current management and habitat continuity) were analysed by canonical 
correspondence analysis and regression analysis reducing for the effects of spatial 
autocorrelation by using principal coordinates of neighbour matrices.  

We found a wide range of six species-poor (<15 plant spp.) to extremely species-rich (>27 
spp.) grassland types under mesic to dry site conditions, including sown, Cynosurion, 
Arrhenatherion and semi-natural grasslands. Grassland community composition was best 
explained by soil factors and species richness and pollination type composition by 
combined effects of current management and habitat continuity. During the 1950/60s, the 
extent of grassland area within the studied landscape rapidly increased to more than 
double its previous extent, and in 2007, grasslands comprised 16%. Natura 2000 grass-
land types comprised 1% of the surveyed site and medium-rich, high-nature-value 
grasslands a further5%. While the number of wind-pollinated plant species was equal 
among all grassland types, there was a parallel decline in insect-pollinated plants and 
overall median species richness in the grassland communities along a gradient of 
increasing land use intensity (mowing, nutrient supply). Moreover, insect-pollinated plants 
occurring in intensively managed grasslands were found to additionally have the ability for 
self-pollination. Species-rich grasslands – including semi-natural grasslands and a semi-
improved, species-rich Arrhenatherion community – occurred exclusively on old sites (with 
>100 years of habitat continuity) that had been used for traditional sheep grazing 
(environmental contracting).Medium-rich Arrhenatherion grasslands were established 
primarily on less productive, formerly arable fields (<30 years). We conclude that 
conservation efforts should focus on extant species-rich grassland types and should aim 
to implement traditional land use practices such as sheep grazing. Additional restoration 
efforts should focus on establishing new grasslands on less productive sites in the 
proximate surroundings of species-rich grasslands to facilitate seed dispersal, but nitrogen 
deposition should be buffered where appropriate. These measures would enhance the 
interaction between nature reserves and agricultural grasslands and thus improve the 
ecological quality of grasslands at the landscape scale. 
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Krause, B., Culmsee, H., Wesche, K., Bergmeier, E., Leuschner, C., 2011. Habitat loss of 
floodplain meadows in north Germany since the 1950s. Biodiversity and Conservation, 20: 
2347-2364.  

Floodplain meadows are severely threatened by land use change and intensification in 
Central Europe. This study investigates quantitative and qualitative changes in the 
vegetation of wet and species-rich mesic meadows in the floodplains of north Germany 
since the 1950s, considering their spatial extent, fragmentation, and replacement by other 
land use types. Historical high-resolution vegetation maps were compared with recent 
vegetation surveys in seven study regions (six unprotected areas, one protected reference 
area) in the former West and East Germany.  

The unprotected sites showed alarming losses in wet and species-rich mesic meadows in 
the past 50 years (>80%). Wet meadows were substituted by species-poor, intensively 
managed grasslands (26–60% of the former area), arable fields (0–47%) or set-asides (2–
33%). Species-rich mesic meadows were transformed to arable fields (42–72%) or 
species-poor, intensively managed meadows (14–72%). Decreases in effective mesh size 
and patch size indicated increasing fragmentation of wet meadows, whilst changes in 
landscape structure were less consistent in mesic meadows. Only slight changes in the 
protected floodplain study area indicate that landscape change is mostly caused by local 
effects such as fertilisation and drainage, but not by general trends such as atmospheric N 
deposition or climate warming. Despite the contrasting political systems in West and East 
Germany with different agroeconomic frames, all unprotected study areas showed similar 
losses and increasing fragmentation of floodplain meadows, which may negatively 
influence the natural dynamics of, and the gene flow between, meadow plant populations. 
We conclude that floodplain meadows in north Germany urgently call for high-priority 
conservation measures. 

Seifert, C., Leuschner, C., Meyer, S., Culmsee, H., 2014. Inter-relationships between crop 
type, management intensity and light transmissivity in annual crop systems and their 
effect on farmland plant diversity. Agriculture, Ecosystems and Environment, 195: 173-
182. 

The recent boost of energy cropping in Central and Western Europe has greatly increased 
the demand for farmland leading to rapid land use change in many cultural landscapes. 
First-generation energy crops are now cultivated at more than 15% of Germany’s arable 
land, but the consequences of this change in crop frequencies for agro-biodiversity are 
largely unknown. Concerns have been raised that this development might accelerate 
biodiversity loss due to high crop cover and reduced light availability in energy crop 
stands, which could further deteriorate the growing conditions for declining arable plant 
species.  

We analysed the transmissivity for photosynthetically active radiation (TPAR) in 
conventionally managed maize and oilseed rape fields (energy crops) and winter cereal 
fields (food/fodder crops) in Central Germany and contrasted it with TPAR measured in 
wheat fields managed according to agri-environmental schemes (AES). Secondly, we 
analysed the relation between light intensity and arable plant diversity metrics with respect 
to effects of field management and geographical differences.  
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Light availability was lowest in maize stands (6% TPAR), followed by winter cereals and 
oilseed rape (10–13%). Field margins were brighter than field centres (17% vs.10%). 
Highest light transmissivity was measured on AES fields (57%), which was associated 
with elevated plant diversity. Light availability explained a significant fraction of the 
variation in species richness also on conventionally managed field margins (r2 = 8%). 
Effects of light availability on community composition were found only when the least 
intensive systems (margins of conventional and AES wheat fields) were analysed.  

The main detrimental effect of the expansion of energy cropping on farmland habitat 
diversity is the loss of extensively managed farmland where light availability is higher. 
Reduced fertilizer use on conventional field margins will increase light availability and thus 
improve habitat conditions for arable plant species.  

Wesche, K., Krause, B., Culmsee, H., Leuschner, C., 2012. Fifty years of change in 
Central European grassland vegetation: large losses in species richness and animal-
pollinated plants. Biological Conservation, 150: 76-85.  

There is growing concern that biodiversity loss in European agricultural landscapes is 
having negative effects on functional trait diversity. Long-term studies examining 
vegetation changes from the period before agricultural industrialisation are however rare. 
Here, we ask how management intensification and increased nutrient input initiated in the 
1950/1960s have altered grassland plant community composition, species diversity and 
functional trait composition using comprehensive data sets from five floodplain regions 
(plus one protected reference region) in northern Germany. Sites with available historical 
relevés and vegetation maps (1950/1960s, 1990s) were resampled in 2008 to facilitate the 
analysis of a period spanning four to five decades.  

Plant community composition changed tremendously in all study regions during the 50 
year period, which was related to increasing Ellenberg indicator values for nutrient 
availability. Species richness at the plot-level fell by 30–50% over the period, and losses 
in functional diversity were equally large. A non-formal comparison with the results from 
the protected reference study region indicates that the changes may mostly be attributable 
to local nutrient input rather than to supra-regional climate change. Our results indicate a 
consistent trend towards much more species-poor communities dominated by mow-
tolerant, N-demanding competitive grasses, whereas species with more ruderal strategies, 
species flowering early in the season and, in particular, insect-pollinated herbs have all 
decreased. The substantial loss of nectar-producing grassland herbs is likely to have 
negative effects on the abundance of pollinating insects, with consequences for the 
grassland animal communities. This highlights the growing need for adequate grassland 
management schemes with low N input to preserve high-nature-value grassland.  
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6. Zusammenfassung der Veröffentlichungen 
 

Die Habilitationsschrift besteht aus 16 Veröffentlichungen, die in der folgenden 
deutschsprachigen Übersicht zusammengefasst werden.  

Literaturhinweise werden an dieser Stelle nur gegeben, wenn es zur Einordnung in den 
wissenschaftlichen Zusammenhang der Arbeit oder für das methodische Verständnis 
erforderlich ist. Die Gesamtliste der berücksichtigten Referenzen ist den jeweiligen 
Originalpublikationen zu entnehmen.  

 

Berg, C.C., Culmsee, H., 2011. Ficus schwarzii redefined and two new species of Ficus 
(Moraceae) from Sulawesi (Indonesia) described. Blumea, 56: 265-269.  

Korrektur der Beschreibung von Ficus schwarzii und Beschreibung zweier neuer Ficus-Arten 
(Moraceae) aus Sulawesi (Indonesien) 

Auf Grundlage von neuen Aufsammlungen von Ficus subg. Sycomorus (Moraceae), die von 
Culmsee in tropischen Bergregenwäldern Sulawesis (Indonesien) in den Jahren 2006–2007 
getätigt wurden, war eine Revision des Subgenus notwendig. Hier werden zwei neue Arten, 
Ficus sulawesiana und Ficus gorontaloensis, beschrieben und die bisherige Beschreibung 
von Ficus schwarzii Koord. korrigiert. Ein modifizierter Schlüssel für die auf Sulawesi 
vorkommenden Arten des Subgenus Sycomorus wird bereitgestellt (vgl. Berg & Corner, 
2005: 328–330).  

 

Brambach, F., Nooteboom, H.P., Culmsee, H., 2013. Magnolia sulawesiana described, 
and a key to the species of Magnolia (Magnoliaceae) occurring in Sulawesi. Blumea, 
58: 271-276.  

Beschreibung von Magnolia sulawesiana mit einem Bestimmungsschlüssel der auf Sulawesi 
vorkommenden Magnolia-Arten (Magnoliaceae) 

Die Familie der Magnoliaceae ist in Malesia gründlich untersucht. Aus der Region waren 
bisher 36 Arten der Gattung Magnolia bekannt, von denen 25 endemisch sind. Hier wird nun 
eine neue Art, Magnolia sulawesiana, beschrieben, die in den Jahren 2007 und 2011 von 
Culmsee und Brambach in Bergregenwäldern Sulawesis gesammelt wurde. Bisher sind nur 
Belege der Art aus der zentralen Gebirgsregion Sulawesis bekannt. Dort kann sie in 
Primärregenwäldern der montanen Stufe (1600 bzw. 1900 m ü. NN) die Baumkronenschicht 
(co-)dominieren. Der Bestimmungsschlüssel für Magnolia subsect. Elmerrillia (Section 
Michelia) wird erweitert (vgl. Nooteboom, 1988; Figlar & Nooteboom, 2004). Es wird 
außerdem ein neuer, auf vegetativen Merkmalen basierender Bestimmungsschlüssel für die 
auf Sulawesi vorkommenden Arten der Gattung Magnolia vorgestellt, mit dem die 
Feldansprache erleichtert werden soll.  
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Culmsee, H., 2008. Dysoxylum quadrangulatum, and notes on Meliaceae in Sulawesi. 
Blumea, 53: 602-606.  

Dysoxylum quadrangulatum und Bemerkungen zu Meliaceae auf Sulawesi 

Die Gattung Aglaia Lour. ist die artenreichste Gattung der Familie der Meliaceae und besitzt 
einen deutlichen Diversitätsschwerpunkt in Malesia. Die meisten übrigen malesischen 
Vertreter der Familie gehören den nah verwandten Gattungen Dysoxylum Blume und 
Chisocheton Blume an. Bisher wurden 21 Aglaia-, neun Dysoxylum- und sieben 
Chisocheton-Arten für Sulawesi nachgewiesen (davon zwei Endemiten in Chisocheton). Hier 
wird nun eine neue Art, Dysoxylum quadrangulatum, beschrieben und in den bestehenden 
Bestimmungsschlüssel eingeordnet (Mabberley et al., 1995: 63–66). Die Art kommt im 
Unterstand eines ungestörten Bergregenwalds der submontanen Stufe (1050 m ü. NN) im 
Lore Lindu Nationalpark (Sulawesi, Indonesien) vor. Bisher sind keine weiteren Belege 
anderer Fundorte bekannt.  

Bei umfassenden Bauminventuren in diesem Primärregenwald, bei denen Bäume mit einem 
Brusthöhendurchmesser ≥ 2 cm berücksichtigt wurden, waren die Meliaceae mit elf Arten die 
zweit-artenreichste Familie. Durch den Erstnachweis von Dysoxylum acutangulum Miq. auf 
Sulawesi konnte die Verbreitungslücke zwischen den beiden im westlichen und östlichen Teil 
Malesias vorkommenden Unterarten zugunsten des östlich verbreiteten Dysoxylum 
acutangulum Miq. subsp. foveolatum (Radlk.) Mabb. geschlossen werden.  

 

Culmsee, H., Leuschner, C., 2013. Consistent patterns of elevational change in tree 
taxonomic and phylogenetic diversity across Malesian mountain forests. Journal of 
Biogeography, 40: 1997-2010.  

Einheitliche Muster in den Veränderungen der taxonomischen und phylogenetischen 
Diversität von Baumgemeinschaften entlang des Höhengradienten in Bergregenwäldern 
verschiedener Malesischer Subregionen 

Um aufzuklären, welche relative Bedeutung ökologische Prozesse (Spezialisierung für 
bestimmte Habitate) und biogeographische Prozesse (Artbildung, geographische 
Ausbreitungsgrenzen) für eine nicht-zufällige räumliche Verteilung von Baumarten in 
Malesischen Bergregenwäldern besitzen, wurden Veränderungen in der taxonomischen und 
phylogenetischen Diversität von Baumgemeinschaften entlang des Höhengradienten und in 
verschiedenen biogeographischen Subregionen analysiert.  

Untersuchungsgrundlage waren Baumbestandsinventuren von 12 Primärregenwäldern 
Malesias (eigene Inventuren aus Sulawesi und vergleichbare Aufnahmen aus Borneo, Java 
und den Philippinen, d.h. Inventuren mit Angaben zu Individuenzahlen aller Bäume mit 
Brusthöhendurchmesser ≥ 10 cm und Bestimmung von > 95% der Individuen mindestens bis 
zur Gattung). Die Waldbestände decken einen weiten Höhengradienten von 650–3080 m ü. 
NN ab (colline, submontane, montane und subalpine Stufen). Die 12 Datensätze wurden 
zunächst hinsichtlich der verwendeten systematischen Nomenklatur harmonisiert (Analysen 
auf Genus-Ebene wegen hoher Anzahl von Morphospecies in bisher noch nicht systematisch 
aufgearbeiteten Gruppen; Abgleich von Synonymen nach van Steenis, 1948–2010 und 
Verwendung der gültigen Nomenklatur von Stevens, 2001 ff.). Da die Größe der 
Untersuchungsflächen und die Anzahl der aufgenommenen Individuen stark variierten, 
wurden die Datensätze standardisiert (alle Analyseergebnisse beruhen auf Mittelwerten von 



50 

je 50 randomisierten Ziehungen von 245 Baumindividuen pro Aufnahmefläche). Für die 
phylogenetische Diversitätsanalyse wurde eine Phylogenie der 204 vorkommenden Genera 
erstellt, die auf den evolutionären Ursprungs skaliert wurde (vgl. Supporting Information der 
Publikation, Appendix S1). Es wurden ausschließlich effektive Diversitätsmaße angewendet. 
Bei der Berechnung der taxonomische alpha-Diversität kam der Exponent der Shannon-
Entropie [exp(H), Chao & Shen, 2003; Jost, 2006] und als beta-Diversitätsmaß Whittakers 
effektiver Artenumsatz (βMt-1, Tuomisto, 2010b) zur Anwendung. Als phylogenetische 
Diversitätsmaße wurden standardisierte Größen für die Gesellschaftsstruktur (NRI, Net 
Relatedness Index bzw. NTI, Nearest Taxon Index; Webb et al., 2009) und phylogenetische 
Distanz (βNTI, inter-sample phylogenetic distance; Webb et al., 2009) verwendet. 
Diversitätsmuster wurden mit Hilfe von Regressionsanalysen, Ordinations- und 
Klassifikationsverfahren untersucht.  

Der Höhengradient war der Hauptfaktor, der die Muster in der Diversität der untersuchten 
Baumgemeinschaften bestimmte, während der Einfluss der Subregion überraschend gering 
ausfiel. Entlang des Höhengradienten waren Muster in der taxonomischen und 
phylogenetischen Gesellschaftsstruktur (auf Genus-Ebene) in den West- und Zentral-
Malesischen Untersuchungsräumen also einheitlich ausgebildet. Die großen 
Abstammungslinien der zeitgenössischen Baum-Gattungen der Bergregenwälder müssen 
also vor der Ausbildung des Malaiischen Archipels entstanden sein (Sympatrie).  

Taxonomische und phylogenetische alpha-Diversität zeigten entlang des Höhengradienten 
gegensätzliche Tendenzen. Die effektive Anzahl der Gattungen nahm mit aufsteigender 
Höhe linear ab. Die phylogenetische Struktur von höher gelegenen Bergregenwäldern wies 
eine Überdispersion (eine höhere Variabilität als erwartet) auf, was eine konvergente 
Evolution von Merkmalen anzeigt. Die Zusammensetzung der in den tieferen submontanen 
und collinen Stufen gelegenen Bergregenwälder zeigte dagegen einen phylogenetischen 
Klumpungseffekt mit einer beachtlichen Menge an Gattungen, die derselben Familie 
angehören.  

Die hochmontanen Wälder von Borneo und Sulawesi unterschieden sich von den tiefer 
gelegenen Bergregenwäldern hauptsächlich durch die Dominanz von Koniferen der 
südlichen Hemisphäre (Podocarpaceae, Phyllocladaceae).  

Die Ergebnisse zeigen, dass ökologische, evolutionäre und biogeographische Prozesse 
(umweltbedingte Filterung, Sympatrie und Ausbreitungsfähigkeit über weite Distanzen) die 
heutige Zusammensetzung der Waldgesellschaften malesischer Bergregenwälder geprägt 
haben. Die Wallace-Linie mag eine maßgebliche Barriere hinsichtlich der floristischen 
Zusammensetzung der Tieflandregenwälder sein. Für die Flora der Bergregenwälder gilt dies 
jedoch nicht. Die Einzigartigkeit der hochmontanen Regenwälder in Hinsicht auf ihre 
außerordentliche phylogenetische Diversität und ihre ungewöhnliche Struktur macht eine 
hohe Priorität dieser Wälder für Naturschutzprogramme unbedingt erforderlich.  

 

Culmsee, H., Leuschner, C., Moser, G., Pitopang, R., 2010. Forest aboveground 
biomass along an elevational transect in Sulawesi, Indonesia, and the role of 
Fagaceae in tropical montane rain forests. Journal of Biogeography, 37: 960-974.  

Die oberirdische Biomasse von Wäldern entlang eines Höhengradienten auf Sulawesi, 
Indonesien, und die Rolle der Fagaceae in tropischen Bergregenwäldern 
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Es wurde der Frage nachgegangen, wie sich die oberirdische Biomasse der Bäume 
tropischer Bergregenwälder entlang eines Höhengradienten ändert und wie diese Änderung 
in Beziehung zur Veränderungen in der floristischen Zusammensetzung, der 
phylogenetischen Gesellschaftsstruktur und der Biogeographie der dominanten Baumarten 
steht.  

Die Felduntersuchungen fanden im Lore Lindu Nationalpark, Sulawesi, Indonesien, statt. Auf 
13 Probeflächen (à 0,24 ha) wurden in vier alten Waldbeständen baumindividuenbasiert 
floristische und strukturelle Aufnahmen durchgeführt. Die Bestände lagen auf 1050, 1400, 
1800 und 2400 m ü. NN und bildeten somit ein Transekt von der submontanen bis zur 
hochmontanen Höhenstufe. Die oberirdische Biomasse der Einzelbäume wurde auf 
Grundlage des Brusthöhendurchmessers, der Baumhöhe und der (art- bzw. 
gattungsspezifischen) Holzdichte nach der Formel für die humiden Tropen von Chave et al. 
(2005) berechnet. Phylogenetische Diversität und biogeographische Muster wurden auf 
Familien-Ebene, gewichtet mit den berechneten Werten der oberirdischen Biomasse, 
analysiert. Darüber hinaus wurde der generelle Trend von Veränderungen in den 
oberirdischen Biomassewerten entlang des Höhengradienten analysiert, indem das in dieser 
Studie untersuchte Transekt aus Sulawesi mit sieben weiteren Transekten aus Südost-Asien 
und den Neotropen verglichen wurde.  

Die untersuchten Bestände des Transekts auf Sulawesi zeigten eine mehr oder weniger 
gleichbleibende oberirdische Biomasse von der submontanen bis zur mittleren montanen 
Stufe (309–301 Mg ha-1); erst in der hochmontanen Stufe stieg die oberirdische Biomasse 
leicht auf 323 Mg ha-1 an. Während mittlere Stamm- und Kronenhöhe mit aufsteigender 
Höhenstufe abnahmen, nahm die Holzdichte zu. Baumarten, die den Magnoliids zugehören 
(vgl. Angiosperm Phylogeny Group, Stevens, 2001 ff.), bildeten den überwiegenden Teil der 
oberirdischen Biomasse in der submontanen Stufe, während Eurosids I (inkl. Fagaceae) auf 
allen Höhenstufen ganz erhebliche oberirdische Biomasse bildeten.  

Die phylogenetische Diversität (Rao’s quadratic entropy, PDQ) war in der oberen montanen 
Stufe am höchsten; dort co-dominierten Baumfarne, Podocarpaceae, Trimeniaceae und 
Asterids/Euasterids II. Am niedrigsten war PDQ in den unteren und mittleren montanen 
Stufen; dort bildeten die Fagaceae > 50 % der oberirdischen Biomasse.  

Die Analyse der biogeographischen Muster zeigte eine Progression von dominanten 
tropischen Familien in der submontanen Stufe, zu tropischen Fagaceae (Castanopsis, 
Lithocarpus) in der unteren und mittleren montanen Stufe, und zu Koniferen und 
australasischen Endemiten in der hochmontanen Stufe.  

Der Vergleich von unterschiedlichen Transektstudien verschiedener Kontinente zeigte eine 
Abnahme der oberirdischen Biomasse mit steigender Höhenstufe, wenn nur ein geringer 
Anteil oder keine Fagaceae vertreten waren, aber eine relativ hohe Biomasse in den 
Bergregenwäldern, in denen Vertreter der Fagaceae in mäßiger bis hoher Menge vorhanden 
waren.  

Es wird geschlussfolgert, dass die Höhe der oberirdischen Biomasse in tropischen 
Bergregenwäldern zum einen durch Unterschiede in der Waldstruktur, zum anderen in 
Veränderungen in der Baumartenzusammensetzung bestimmt wird. Obwohl in dem 
untersuchten Höhentransekt auf Sulawesi große Veränderungen in der Waldstruktur und in 
der Artenzusammensetzung festgestellt werden konnten, glichen sich die beiden Faktoren 
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soweit aus, dass netto keine Veränderung in der oberirdischen Biomasse ersichtlich war. 
Südostasiatische Bergregenwälder, die von Fagaceae dominiert werden, bilden wichtige 
Kohlenstoffspeicher. Die Bedeutung der Biogeographie und von funktionellen Merkmalen 
(Holzdichte) der bestandsbildenden Baumarten sollten stärker von REDD-Initiativen 
(Reducing the Emissions from Deforestation and Forest Degradation) und bei der Auswahl 
von Baumarten, die für Aufforstungsmaßnahmen als Kohlenstoffausgleich verwendet 
werden, berücksichtigt werden.  

 

Culmsee, H., Pitopang, R., 2009. Tree diversity in sub-montane and lower montane 
primary rain forests in Central Sulawesi. Blumea, 54: 119-123.  

Die Baumdiversität submontaner und unterer montaner Bergregenwälder in Zentral-Sulawesi 

Die Baumdiversität submontaner und unterer montaner primärer Bergregenwälder wurde in 
zwei Waldbeständen im Lore Lindu Nationalpark, Zentral-Sulawesi, untersucht. Diese Studie 
war eine der ersten, in der für Sulawesi Diversitätsmuster von Bergregenwäldern 
verschiedener Höhenstufen miteinander verglichen wurden.  

Inventuren in einem submontanen Wald (1050 m ü. NN) umfassten 1,44 ha (6 Probeflächen 
à 0,24 h). In einem unteren montanen Wald (1400 m ü. NN) fanden Inventuren auf einer 
geringeren Fläche von 0,72 ha statt (3 Probeflächen à 0,24 ha). Es wurden alle 
Baumindividuen mit einem Brusthöhendurchmesser (BHD) ≥ 10 cm aufgenommen. Auf je 
einem Viertel der Fläche wurden zusätzlich alle Bäume mit BHD = 2,0–9,9 cm verzeichnet. 
Die Artenzahlen wurden mit Hilfe einer Rarefaction-Analyse (Gotelli & Colwell, 2001) 
vergleichbar gemacht. Anhand des Family Importance Values (FIV, Mori et al., 1983) wurde 
der Beitrag jeder Familie zum Gesamtbestand berechnet.  

Insgesamt wurden 166 Baumarten bestimmt. Davon waren die Hälfte Neunachweise 
entweder für die Insel Sulawesi (19 %) oder für die Provinz Zentral-Sulawesi (31 %) (vgl. 
Keßler et al., 2002). Die (rarifizierte) Artenzahl war in der unteren montanen Stufe kleiner als 
in der submontanen Stufe. Im submontanen Wald waren die wichtigsten Familien (FIV) die 
Lauraceae, Fagaceae, Sapotaceae, Moraceae und Euphorbiaceae. Im unteren montanen 
Wald erreichten die Fagaceae den höchsten FIV-Wert (FIV = 71,9); es folgten in einigem 
Abstand Myrtaceae, Elaeocarpaceae und Lauraceae. Für jeden der beiden Wälder konnte 
eine Gruppe von Familien identifiziert werden, die in dem anderen jeweils nicht oder nur in 
geringem Maße von Bedeutung waren.  

Aus dem Vergleich der eigenen Ergebnisse zur Basalfläche, Artenzahl und FIV mit anderen 
publizierten aufnahmeflächenbasierten Bauminventuren von submontanen und unteren 
montanen Primärregenwäldern Malesias (Borneo, Sulawesi und Papua-Neuguinea) konnte 
gefolgert werden: (1) Die Basalfläche der beiden untersuchten Wälder (35,4 bzw. 37,1 m² ha-

1) war vergleichbar mit der von Wäldern auf Borneo und Papua-Neuguinea, konnte dagegen 
die früher aus Sulawesi beschriebene ungewöhnlich hohe Basalfläche von Wäldern nicht 
unterstützen; (2) die Artenzahl war vergleichbar mit der von Wäldern auf Borneo und 
anderen Wäldern auf Sulawesi, aber geringer als die von Wäldern Papua-Neuguineas; (3) 
die beobachtete abnehmende Baumartenzahl mit der Höhenstufe korrespondierte zu 
anderen Studien auf Borneo; (4) die Lauraceae waren eine wichtige Baumfamilie der 
submontanen Stufe; die Baumartenzusammensetzung der Wälder auf Sulawesi war der von 
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Wäldern auf Papua-Neuguinea sehr ähnlich; (5) untere montane Wälder hatten die 
Fagaceae und Myrtaceae als wichtige Familien gemein.  

 

Culmsee, H., Pitopang, R., Mangopo, H., Sabir, S., 2011. Tree diversity and 
phytogeographical patterns of tropical high mountain rain forests in Central Sulawesi, 
Indonesia. Biodiversity and Conservation, 20: 1103-1123. 

Baumdiversität und phytogeographische Muster tropischer Hochgebirgswälder Zentral-
Sulawesis, Indonesien 

Die Baumartenzusammensetzung und die Bedeutung der vorkommenden Baumfamilien von 
tropischen Hochgebirgswäldern im Lore Lindu Nationalpark, Sulawesi, Indonesien, wurde auf 
Grundlage von Bauminventuren (vier Probeflächen à 0,24 ha) in der mittleren montanen und 
hochmontanen Höhenstufe (1800 und 2400 m ü. NN) beschrieben. Um allgemeingültige 
Muster und regionale Besonderheiten dieser Wälder im südostasiatischen und 
südwestpazifischen Kontext zu identifizieren, wurde die Biogeographie der Baumarten 
anhand von Verbreitungsmustern in Malesia analysiert. Für die biogeographische Analyse 
wurde die Verbreitung der untersuchten Baumarten in den neun Hauptregionen Malesias 
(vgl. phytogeographisches Konzept nach Brummitt, 2001) anhand umfangreicher Revisionen 
der Flora Malesiana und der im Nationalherbarium der Niederlande (Universität Leiden) 
vorhandenen Herbarbelege der Baumarten recherchiert.  

Von den insgesamt 87 Baumarten wurden nur 18 Arten in beiden Höhenstufen vorgefunden. 
Die Entdeckung von neuen Arten und neuen Verbreitungsnachweisen (28 % der Baumarten 
in diesem Datensatz) zeigte das hohe Defizit in der taxonomischen Bearbeitung und der 
Kenntnis der Verbreitung der Arten auf Sulawesi auf. Die Endemismusrate unter den 
bearbeiteten Baumarten betrug 20 % (Vorkommen begrenzt auf Sulawesi). Die Fagaceae-
Myrtaceae-Wälder der mittleren montanen Stufe wiesen typische Merkmale der montanen 
Wälder Malesias auf; Lithocarpus sp. (Fagaceae) war die absolut dominierende Gattung (4 
Arten, die etwa die Hälfte der Basalfläche des Bestandes abdeckten) und die Myrtaceae 
waren die artenreichste Familie (8 Arten). Die hochmontanen Koniferen-Myrtaceae-Wälder 
enthielten zahlreiche hochmontane Baumtaxa und wiesen eine hohe Affinität zu Wäldern von 
Neu-Guinea auf. Die Gebirgsflora von Sulawesi umfasste sowohl ost- als auch west-
malesische Elemente, wobei Sulawesi die meisten Baumarten mit den beiden 
nächstgelegenen Inselgruppen, Borneo und Molukken, gemeinsam hatte. Dies spiegelt die 
komplexe Paläogeographie der Insel Sulawesi wider. Eine separate Analyse der mittleren 
montanen und hochmontanen Wälder zeigte, dass der mittlere montane Wald eine größere 
biogeographische Affinität zu Borneo/dem west-malesischen Raum besaß. Der 
hochmontane Wald besaß dagegen eine Vielzahl von typischen Elementen von 
Papuasia/dem ost-malesischen Raum und den Philippinen, was vermutlich auf historische 
Landverbindungen und Gebirgsbildungsprozesse zurückzuführen ist.  

 

Culmsee, H., Schmidt, M., Schmiedel, I., Schacherer, A., Meyer, P., Leuschner, C., 
2014. Predicting the distribution of forest habitat types using indicator species to 
facilitate systematic conservation planning. Ecological Indicators, 37: 131-144. 

Die Prognose der Verbreitung von Waldhabitaten anhand von Indikatorarten zur 
Erleichterung einer systematischen Naturschutzplanung 
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Kürzlich vorgelegte Evaluationsberichte haben ein bedeutendes Defizit im bestehenden 
Ansatz zur Identifizierung von Natura 2000-Schutzgebieten in ganz Europa festgestellt. Ein 
systematisch ausgerichteter Ansatz zur Planung des Schutzgebietsnetzes, bei dem 
strategische Weiterentwicklungsmöglichkeiten sowie räumliche Verteilungsmuster und das 
Areal von Arten und Habitaten berücksichtigt werden, ist unbedingt notwendig, um 
Entscheidungsprozesse zur potentiellen Ausweitung, der Umsetzung und/oder der Erhaltung 
von Schutzgebieten zu unterstützen.  

In dieser Studie wurde eine Methode entwickelt, mit der in einer großen Modellregion, dem 
Land Niedersachsen, Waldlebensräume der gemäßigten Zone, die einen hohen 
Naturschutzwert besitzen, anhand von Verbreitungskarten von Indikatorarten systematisch 
lokalisiert und bewertet werden können. Indikatorarten der Waldgesellschaften wurden 
aufgrund ihrer Waldbindung (Waldartenliste, Schmidt et al., 2011) und ihrer 
Gesellschaftstreue (basierend auf einer Übersicht von 5.338 Vegetationsaufnahmen) 
ermittelt. Bekannte Vorkommen von Beständen dieser Waldgesellschaften (Habitate) wurden 
aus Biotopkartierungen und Fundortangaben in der Literatur abgeleitet. Basierend auf einem 
Raster von 1.739 räumlichen Einheiten von ca. 30 km² (Rasterzellen) wurde der 
Zusammenhang von Habitatvorkommen und Indikatorartenverteilungen mit logistischen 
Regressionen analysiert.  

Die Vorhersagekraft der aus räumlichen Indikatorartenverteilungen abgeleiteten 
Verbreitungsmodelle der Waldlebensraumtypen stieg mit der Anzahl der Indikatorarten an. 
Eine enge Korrelation von Indikatorartenverteilung und Habitatvorkommen konnte jedoch nur 
nachgewiesen werden, wenn ausschließlich Indikatorarten verwendet wurden, die eine enge 
Waldbindung aufzeigten. Feldüberprüfungen von Rasterzellen, in denen die Modelle eine 
hohe Vorkommenswahrscheinlichkeit von Waldgesellschaften vorhersagten, führten zu 
zahlreichen Neunachweisen von Waldbeständen wertvoller Waldgesellschaften des 
Hügellandes. Durch die Einbeziehung dieser Neufunde konnten wiederum die 
Verbreitungsmodelle erheblich verbessert werden.  

Es wurde geschlussfolgert, dass die Verbreitung von für den Naturschutz wertvollen 
Waldhabitaten aus Artenverbreitungskarten, die auf relativ großräumigen Rasterdatensätzen 
beruhen, abgeleitet werden kann, wenn ausschließlich Indikatorarten mit hoher Waldbindung 
und einer hohen Bindung an eine einzige Gesellschaft für die Verbreitungsmodelle 
ausgewählt werden. Der hier vorgestellte methodische Ansatz kann eine Nachbearbeitung 
des bestehenden Natura 2000-Waldschutzgebietsnetzes erleichtern und bietet die 
Grundlage für ein Monitoring zur Erfolgskontrolle von Maßnahmen des Waldnaturschutzes.  

 

Gradstein, S., Culmsee, H., 2010. Bryophyte diversity on tree trunks in montane 
forests of Central Sulawesi, Indonesia. Tropical Bryology, 31: 95-105.  

Moosdiversität an Baumstämmen in Bergregenwäldern Zentral-Sulawesis, Indonesien 

Frühere Untersuchungen haben gezeigt, dass submontane Wälder Sulawesis eine äußerst 
reiche Moosflora beherbergen, wobei schon mehr als 150 Arten an nur acht Bäumen, die 
das Kronendach erreichen, nachgewiesen werden konnten. Hier wurde nun die Beziehung 
von Moosgesellschaften an der Stammbasis von Bäumen mit der Höhenstufe und mit 
Merkmalen der Bäume (Stammdurchmesser, Rauhigkeit der Rinde) in montanen Wäldern 
Sulawesis untersucht.  
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Die Untersuchungen zeigten, dass submontane, untere montane und hochmontane Wälder 
in Sulawesi durch sehr unterschiedliche Moos-Taxa charakterisiert werden. In den tieferen 
Höhenlagen wurden hauptsächlich Calymperaceae, Fissidentaceae, Hypopterygiaceae, 
Lejeuneaceae, Leucobryaceae, Lophocoleaceae, Meteoriaceae, Neckeraceae, Porellaceae, 
Pterobryaceae, Radulaceae und Thuidiaceae gefunden. In höheren Lagen herrschten 
dagegen Herbertaceae, Lepidoziaceae, Mastigophoraceae, Scapaniaceae, Schistochilaceae 
und Trichocoleaceae vor. Lejeuneaceae waren in submontanen und unteren montanen 
Wäldern, Lepidoziaceae im hochmontanen Wald die wichtigsten Familien in Hinsicht auf ihre 
Artenzahl. Plagiochilaceae waren im unteren montanen Wald verbreitet.  

Die Artenzahl der Lebermoose stieg mit der Höhenstufe des Gebirges an, während die der 
Laubmoose sank. Ähnliche Trends konnten auch in anderen Gebieten der Tropen aufgezeigt 
werden. Die Ähnlichkeit der die Basis von Baumstämmen besiedelnden tropischen 
Moosgemeinschaften sank mit der räumlichen Distanz. Im Vergleich von Borneo und 
Sulawesi beträgt sie nur noch 25 % und ist im inter-kontinentalen Vergleich nicht mehr 
nachweisbar. Einige Arten bevorzugten deutlich eine raue Baumrinde, aber es gab keine 
Arten mit einer Präferenz für eine glatte Rinde. Bäume mit rauer Rinde beherbergten 
generell mehr Moosarten als solche mit glatter Rinde. Der Stammdurchmesser korrelierte mit 
der Verteilung einiger Moosarten, aber nicht mit der Zusammensetzung oder der Artenzahl 
der Moosgesellschaften. Die hier vorgestellten Daten sind die ersten, die einen statistisch 
überprüften Zusammenhang der Rauhigkeit der Baumrinde bzw. des Stammdurchmessers 
mit der Moosdiversität in baumartenreichen tropischen Wäldern belegen.  

 

Hertel, D., Moser, G., Culmsee, H., Erasmi, S., Horna, V., Schuldt, B., Leuschner, C., 
2009. Below- and above-ground biomass and net primary production in a paleotropical 
natural forest (Sulawesi, Indonesia) as compared to neotropical forests. Forest 
Ecology and Management, 258: 1904-1912.  

Unter- und oberirdische Biomasse und Netto-Primärproduktion in einem paläotropischen 
Naturwald (Sulawesi, Indonesien) im Vergleich zu neotropischen Wäldern 

Daten zur Biomasse und Produktivität tropischer Wälder Südost-Asiens sind selten. Dies 
erschwert die Bewertung der Rolle, die diese Waldökosysteme für den globalen 
Kohlenstoffkreislauf besitzen, und der Auswirkungen, die die zunehmende Abholzung in der 
Region hat. Genauere Informationen werden insbesondere über das Ausmaß und die 
Dynamik von Wurzelsystemen benötigt.  

Oberirdische Biomasse, Verteilung von Feinwurzeln (< 2 mm Durchmesser) und 
Grobwurzeln (> 2 mm Durchmesser) sowie geschätzte ober- und unterirdische Netto-
Primärproduktion wurden in sechs submontanen Naturwaldbeständen (ca. 1000 m ü. NN) in 
Sulawesi (Indonesien) bestimmt. Die Ergebnisse wurden mit Literaturdaten anderer 
submontaner Wälder der Paläo- und Neotropen verglichen.  

Die mittlere Gesamtbiomasse der Bestände auf Sulawesi betrug 303 Mg ha-1 (oder 128 Mg C 
ha-1). Den größten Biomasseanteil hatte das oberirdische Kompartiment (286 Mg ha-1). Grob- 
und Feinwurzeln bildeten eine Biomasse von 11,2 und 5,6 Mg ha-1 (bis 300 cm 
Bodenprofiltiefe). Dies führte zu einem bemerkenswert hohen Spross-Wurzelverhältnis von 
ca. 17. Die Feinwurzeldichte im Bodenprofil wies eine exponentielle Abnahme mit der 
Bodentiefe auf; dies stand in enger Beziehung zu basischen Kationenkonzentrationen, pH-
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Wert des Bodens und besonders zum Gesamt-Phosphor und Gesamt-Stickstoff. Die 
oberirdische Biomasse der untersuchten Bestände war wesentlich höher als der 
durchschnittliche Wert für neotropische Wälder, aber niedriger als in anderen submontanen 
Wäldern der Paläotropen, insbesondere den Dipterocarpaceae-Wäldern Malesias.  

Die gesamte ober- und unterirdische Netto-Primärproduktion wurde auf 15,2 Mg ha-1 yr-1 
(oder 6,7 Mg C ha-1 yr-1) geschätzt. Davon waren 14 % unterirdische und 86 % oberirdische 
Netto-Primärproduktion. Die Blattproduktion war größer als die Stammproduktion. Im 
globalen Mittel der submontanen Tropenwälder war die geschätzte oberirdische Produktion 
hoch, sie war aber wesentlich niedriger als in Dipterocarpaceae-Wäldern Südost-Asiens.  

Es wurde geschlussfolgert, dass die auf Sulawesi untersuchten submontanen Wälder dem 
generellen Trend einer höheren Biomasse und Produktivität von paläotropischen im 
Vergleich zu neotropischen Wäldern folgen. Biomassevorräte und Produktivität sind jedoch 
in den Wäldern Sulawesis, die besonders reich an Fagaceae sind, niedriger als in den 
Dipterocarpaceae-Wäldern West-Malesias.  

 

Krause, B., Culmsee, H., 2013. The significance of habitat continuity and current 
management on the compositional and functional diversity of grasslands in the 
uplands of Lower Saxony, Germany. Flora, 208: 299-311.  

Die Bedeutung von Habitatkontinuität und aktueller Nutzung für die kompositorische und 
funktionale Diversität von Grasländern im Niedersächsischen Hügelland 

Es herrscht eine zunehmende Besorgnis darüber, dass die Intensivierung der Landnutzung 
in Mitteleuropa nicht nur einen negativen Einfluss auf halbnatürliches Grasland hat, sondern 
auch zu einem generellen Biodiversitätsverlust aller ehemals extensiv genutzten 
nährstoffarmen und mäßig nährstoffreichen Grünlandtypen führt.  

Seit den 1950er Jahren ist im mitteleuropäischen Hügelland die als Grünland genutzte 
landwirtschaftliche Fläche infolge des Landnutzungswandels gestiegen. In dieser Studie 
wurde eine solche Landschaft in Niedersachsen als Modellregion genutzt. Dabei wurden die 
Umweltfaktoren, die die Diversität des Grünlandes hinsichtlich Artenzusammensetzung, 
Artenzahl und Bestäubungsmerkmalen beeinflussen, untersucht. In einem 2500 ha großen 
Untersuchungsgebiet wurde die Vegetation auf 189 Probeflächen, die zufällig auf 394 ha 
Grünlandfläche verteilt waren, aufgenommen. Pflanzengesellschaften wurden mit der 
TWINSPAN-Methode (Hill & Šmilauer, 2005) klassifiziert. Der Einfluss von Umweltfaktoren 
(Boden, Topographie, aktuelle Nutzung und Habitatskontinuität) wurde mit Kanonischen 
Korrespondenzanalysen und Regressionsanalysen ausgewertet, wobei der Einfluss der 
räumlichen Autokorrelation anhand einer Hauptkoordinatenanalyse von 
Nachbarschaftsmatrizen reduziert wurde (PCNM-Analyse nach Borcard et al., 1992; Borcard 
& Legendre, 2002).  

Es wurden sechs artenarme (< 15 Gefäßpflanzenarten) bis sehr artenreiche (> 27 Arten) 
Grünlandtypen mittlerer bis trockener Standorte unterschieden. Diese umfassten 
Grünlandeinsaaten, Grünlandgesellschaften der Verbände Cynosurion und Arrhenatherion 
und halbnatürliches Grasland (Magerrasen). Die Artenzusammensetzung der 
Grünlandgesellschaften wurde am besten durch Bodeneigenschaften, Artenzahl und 
Bestäubungsmerkmale der Gesellschaften dagegen durch den kombinierten Effekt der 
aktuellen Nutzung und der Habitatkontinuität erklärt. In den 1950/60er Jahren stieg die 
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Grünlandfläche im Untersuchungsgebiet sprunghaft auf mehr als das Doppelte der früheren 
Ausdehnung an. Im Jahr 2007 bedeckte Grünland 16 % der Landschaft. Natura 2000-
Lebensraumtypen waren nur in 1 % der untersuchten Grünlandflächen vorhanden und 
Wirtschaftsgrünland mit hohem ökologischem Wert umfasste weitere 5 % der 
Gründlandfläche.  

Während die Zahl der windbestäubten Pflanzenarten in allen Grünlandtypen gleich hoch war, 
war eine parallele Abnahme von insektenbestäubten Pflanzenarten und mittlerer 
Pflanzenartenzahl in den Grünlandgesellschaften entlang eines Gradienten zunehmender 
Landnutzungsintensität (Mahdfrequenz, Nährstoffversorgung) festzustellen. Die 
insektenbestäubten Arten, die im Intensivgrünland vorkamen, hatten zusätzlich die Fähigkeit 
zur Selbstbestäubung.  

Artenreiches Grasland (Magerrasen und wenig melioriertes, artenreiches Grünland des 
Arrhenatherion) kam ausschließlich auf historisch alten Gründlandstandorten vor (> 100 
Jahre Habitatkontinuität), das aktuell als traditionelle Schafweide genutzt wurde 
(Maßnahmen des Vertragsnaturschutzes). Mittelartenreiches Grünland des Arrhenatherion 
war hauptsächlich auf weniger produktiven früheren Ackerstandorten etabliert (< 30 Jahre 
Habitatkontinuität).  

Es wurde geschlussfolgert, dass sich Naturschutzmaßnahmen auf noch vorhandene 
artenreiche Gründlandtypen konzentrieren und traditionelle Landnutzungsformen zur 
Anwendung gebracht werden sollten. Zusätzlich sollte mit Renaturierungsmaßnahmen neues 
Grünland auf wenig produktiven Standorten in der unmittelbaren Nähe von artenreichen 
Grünlandstandorten etabliert werden, wodurch der Sameneintrag erleichtert wird und 
gleichzeitig Stickstoffeinträge abgepuffert werden können. Diese Maßnahmen würden die 
Interaktionen zwischen ökologisch wertvollem Grasland in Schutzgebieten und 
landwirtschaftlicher Grünlandfläche und damit die ökologische Qualität des Gründlands auf 
Landschaftsebene verbessern.  

 

Krause, B., Culmsee, H., Wesche, K., Bergmeier, E., Leuschner, C., 2011. Habitat loss 
of floodplain meadows in north Germany since the 1950s. Biodiversity and 
Conservation, 20: 2347-2364.  

Habitatverluste des Auengrünlands in Norddeutschland seit den 1950er Jahren 

Auengrünland ist in Mitteleuropa besonders stark durch Landnutzungswandel und 
Intensivierung der Landwirtschaft gefährdet. In dieser Studie werden qualitative und 
quantitative Veränderungen in der Vegetation des Feuchtgrünlands und des artenreichen 
Frischgrünlands in Auengebieten Norddeutschlands seit den 1950er Jahren untersucht. 
Dabei werden die räumliche Ausdehnung, die Fragmentierung und die Ersetzung durch 
andere Landnutzungstypen betrachtet.  

Historische, hochauflösende Vegetationskarten wurden mit aktuellen 
Vegetationskartierungen in sieben Untersuchungsgebieten (Auenlandschaften, davon sechs 
Normallandschaften, ein Schutzgebiet) des Nordwest- und Nordostdeutschen Tieflands 
verglichen (geostatistische Analysen mit FRAGSTATS 3.0, McGarigal et al., 2002).  

Die Auengebiete in der Normallandschaft wiesen alarmierend hohe Verluste (> 80 % der 
ursprünglichen Fläche) des Feuchtgrünlands und des artenreichen Frischgrünlands in den 



58 

letzten 50 Jahren auf. Feuchtgrünland war durch artenarmes Intensivgrünland (26–60 % der 
früheren Fläche), Ackerland (0–47%) oder Brachen (2–33 %) ersetzt worden. Artenreiches 
Frischgrünland war in Ackerland (42–72 %) oder artenarmes Intensivgrünland (14–72 %) 
überführt worden. Die effektive Maschenweite und die Größe der einzelnen Flächen (Patch-
Größe) des Feuchtgrünlands nahmen ab, was eine zunehmende Fragmentierung des 
feuchten Auengrünlands anzeigte. Solch einheitliche Veränderungen in der 
Landschaftsstruktur waren für das Frischgrünland weniger deutlich nachzuweisen. In der 
untersuchten geschützten Auenlandschaft hatten dagegen nur geringe Veränderungen 
stattgefunden. Dies deutet darauf hin, dass die Habitatverluste des Auengrünlands auf lokale 
Einflusse wie Düngung und Entwässerung zurückzuführen sind, nicht jedoch auf generelle 
Trends wie Luftstickstoffeinträge oder den Klimawandel.  

Trotz der verschiedenen politischen Systeme und den damit einhergehenden 
unterschiedlichen agrarökonomischen Rahmenbedingungen in West- und Ostdeutschland 
bis zur Wende 1989 wiesen alle Auengebiete der Normallandschaft vergleichbare Trends im 
Verlust und der Fragmentierung des Auengrünlands auf. Dies dürfte die natürliche Dynamik 
dieser Ökosysteme und auch den Genfluss zwischen den Populationen von Pflanzenarten 
des Feuchtgrünlands in verschiedenen Auengebieten erheblich negativ beeinflusst haben. 
Naturschutzmaßnahmen für die Erhaltung und Wiederherstellung des Auengrünlands 
Norddeutschlands sollten daher hohe Priorität besitzen.  

 

Leuschner, C., Moser, G., Hertel, D., Erasmi, S., Leitner, D., Culmsee, H., Schuldt, B., 
Schwendenmann, L., 2013. Conversion of tropical moist forest into cacao agroforest: 
Consequences for carbon pools and annual C sequestration. Agroforestry Systems, 
87: 1173-1187.  

Umwandlung von tropischem Regenwald in Kakao-Agroforst: Folgen für Kohlenstoffvorräte 
und jährliche Kohlenstoffbindung 

Tropenwälder speichern einen großen Teil des terrestrischen Kohlenstoffs und spielen eine 
Schlüsselrolle im globalen Kohlenstoffkreislauf. In einigen Gebieten Südost-Asiens trägt die 
Umwandlung von tropischem Regenwald in Kakao-Agroforst wesentlich zur Abholzung von 
Regenwäldern bei. Dies führt zur Kohlenstofffreisetzung aus Biomasse und Boden in die 
Atmosphäre. In der vorliegenden Fallstudie aus Sulawesi, Indonesien, wird ein Naturwald mit 
in der Nähe gelegenen, unter Schattenbäumen gepflanzten Agro-Forstsystemen verglichen. 
Dabei werden alle wesentlichen oberirdischen und unterirdischen Kohlenstoffspeicher 
(Biomasse; jeweils n = 6 Flächen) und die Netto-Primärproduktion (jeweils n = 3 Flächen) 
untersucht.  

Die Gesamt-Biomasse (oberirdisch und unterirdisch bis 250 cm Bodentiefe [Feinwurzeln, 
Grobwurzeln inkl. Wurzelstock]) des Naturwaldes (c. 150 Mg C ha-1) war achtmal so hoch 
wie im Agroforst (19 Mg C ha-1). Die Netto-Primärproduktion (NPP, oberirdisch und 
unterirdisch) war im Naturwald größer als im Agroforst (c. 29 vs. 20 Mg Trockengewicht ha-1 
y-1), während der Holzzuwachs im Naturwald doppelt so hoch war (ca. 6 vs. 3 Mg 
Trockengewicht ha-1 y-1). Die Bodenkohlenstoffvorräte betrugen im Naturwald 134 und im 
Agroforst 78 Mg C ha-1. Die Umwandlung von Regenwald in Kakao-Agroforst verringert den 
Kohlenstoffvorrat um etwa 130 Mg C ha-1. Weitere 50 Mg C ha-1 können aus dem Boden 
freigesetzt werden. Darüber hinaus verringert sich dadurch, dass Naturwald durch Kakao-
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Agroforst ersetzt wird, die jährliche Kohlenstoffbindung wegen wesentlich geringeren 
Stammzuwachsraten um 70–80 %.  

 

Schmidt, M., Mölder, A., Schönfelder, E., Engel, F., Schmiedel, I., Culmsee, H., 2014. 
Determining ancient woodland indicator species for practical use: A new approach 
developed in northwest Germany. Forest Ecology and Management, 330: 228-239.  

Die Bestimmung von Indikatorarten historisch alter Waldstandorte für die praktische 
Anwendung: Ein neuer, in Nordwest-Deutschland entwickelter Ansatz 

Historisch alte Waldstandorte, die seit mehreren hundert Jahren kontinuierlich als Waldfläche 
bestanden haben, unterscheiden sich deutlich von jüngeren Aufforstungen. Anhand des 
Vorkommens bestimmter assoziierter Gefäßpflanzenarten, die als ‚Indikatorarten historisch 
alter Waldstandorte’ bezeichnet werden, kann man die Kontinuität der Waldbedeckung 
erkennen. Die Lebensräume historisch alter Wälder beherbergen eine typische und reiche 
Waldbiodiversität und können oft als ‚Biodiversitätshotspots’ bezeichnet werden. Um solche 
für den Naturschutz wertvollen Lebensräume identifizieren zu können, ist es notwendig, 
Listen von Indikatorarten historisch alter Waldstandorte mit überregionaler Gültigkeit 
zusammenzustellen.  

In dieser Studie führen wir einen neuen methodischen Ansatz ein, der die Erstellung solcher 
Listen auf Grundlage von bereits vorhandenen Datensätzen aus 
Pflanzenartenerfassungsprogrammen, Archivdaten und Landnutzungsdaten ermöglicht. Für 
die Modellregion Nordwest-Deutschlands wurde eine ökologisch interpretierbare Liste von 67 
Indikatorarten historisch alter Waldstandorte erarbeitet. Diese Indikatorarten historisch alter 
Waldstandorte stellen dabei eine Teilmenge einer größeren Gruppe von Arten historisch alter 
Wälder dar.  

Die großräumig gültige Indikatorartenliste kann in Zukunft als nützliches Werkzeug für den 
Waldnaturschutz dienen. Mögliche Anwendungen sind: (a) die Identifizierung von historisch 
alten Wäldern in Gebieten, in denen keine historischen Karten vorhanden sind, (b) die 
Identifizierung von Biodiversitätshotspots von Indikatorarten historisch alter Waldstandorte 
und (c) die Lokalisierung von alten, halbnatürlichen Wäldern.  

Schließlich stellen wir heraus, wie wichtig effektive Naturschutzmaßnahmen für die Erhaltung 
und Förderung der typischen Pflanzenartenvielfalt historisch alter, halbnatürlicher Wälder 
sind. Das Naturschutzmanagement sollte darauf abzielen, insbesondere die letzen alten 
Laubwälder zu erhalten und die Umwandlung von alten Wäldern in Nadel- oder 
Laubmischwälder zu verhindern.  

Außerdem sollten solche Naturschutzmaßnahmen ergriffen werden, durch die Verbindungen 
zwischen neunen und alten Waldbeständen über Habitatkorridore hergestellt werden. Dabei 
sollte besonders in alten Laubwäldern mit einer hohen Artenvielfalt nur eine extensive 
Bewirtschaftung stattfinden, um Bodenstörungen zu verhindern und damit die Biodiversität 
zu erhalten.  
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Seifert, C., Leuschner, C., Meyer, S., Culmsee, H., 2014. Inter-relationships between 
crop type, management intensity and light transmissivity in annual crop systems and 
their effect on farmland plant diversity. Agriculture, Ecosystems and Environment, 
195: 173-182. 

Wechselwirkungen von Fruchtart, Bewirtschaftungsintensität und Lichtgenuss am Boden von 
einjährigen Kulturen und deren Effekte auf die Pflanzenvielfalt auf Äckern 

Der kürzlich erfolgte starke Anstieg in der Nutzung landwirtschaftlicher Flächen für den 
Energiepflanzenanbau hat in Mittel- und West-Europa zu einer verstärkten Nachfrage nach 
Ackerflächen und damit zu einem schnellen Landnutzungswandel in vielen 
Kulturlandschaften geführt. Anbaukulturen zur Gewinnung von Bioenergie der ersten 
Generation werden nun auf mehr als 15% der Ackerfläche Deutschlands kultiviert. Die 
Folgen dieses Wandels in der Fruchtfolge für die Agrarbiodiversität sind jedoch 
weitestgehend unbekannt. Bedenken wurden vorgebracht, dass durch diese Entwicklung der 
Biodiversitätverlust durch die hohe Deckung der Kulturpflanzen und des damit verbundenen 
geringeren Lichtgenusses am Boden von Energiepflanzenkulturen beschleunigt werden 
könnte, da sich damit die Wachstumsbedingungen für die ohnehin schon zurückgehenden 
Ackerwildkräuter noch verschlechterten.  

Wir untersuchten die Bestandesdurchlässigkeit für photosynthetisch wirksames Licht (TPAR) 
von konventionell bewirtschafteten Mais- und Rapsfeldern (Energiepflanzenanbau) und von 
Wintergetreidefeldern (Nahrungs- und Futtermittelproduktion) und verglichen diese mit der in 
Getreidefeldern, die nach den Vorgaben von Agrarumweltmaßnahmen bewirtschaftet 
wurden. Zweitens analysierten wir die Beziehung zwischen Beleuchtungsstärke am Boden 
und Ackerwildkraut-Diversität, wobei der Einfluss der Bewirtschaftungsweise und von 
geographisch bedingten Unterschieden berücksichtigt wurden.  

Die Beleuchtungsstärke am Boden von Maisbeständen war am geringsten (6% TPAR), 
gefolgt von Wintergetreide- und Rapsbeständen (10–13% TPAR). Feldränder waren heller 
als das Feldinnere (17% vs.10% TPAR). Der höchste Lichtgenuss wurde am Boden von 
Feldern, die nach den Vorgaben von Agrarumweltmaßnahmen bewirtschaftet wurden, 
gemessen (57% TPAR); hier wiesen auch die Ackerwildkraut-Gemeinschaften eine größere 
Diversität auf. Durch die Beleuchtungsstärke am Boden konnte auch ein signifikanter Anteil 
der Streuung in der Ackerwildkraut-Artenzahl auf konventionell bewirtschafteten Feldrändern 
erklärt werden (r2 = 8%). Auswirkungen der Beleuchtungsstärke auf die Zusammensetzung 
der Ackerwildkraut-Gemeinschaften konnte jedoch nur für die am wenigsten intensiv 
bewirtschafteten Anbausysteme (die Feldränder von konventionellen und nach den 
Vorgaben von Agrarumweltmaßnahmen bewirtschafteten Weizenfeldern) nachgewiesen 
werden.  

Der starke Anstieg der Nutzung landwirtschaftlicher Flächen für den Energiepflanzenanbau 
wirkt sich auf die Agrarbiodiversität nachteilig aus, da insbesondere der Anteil extensiv 
bewirtschafteter Felder, in denen der Lichtgenuss am Boden relativ hoch ist, zurückgeht. 
Eine reduzierte Düngung würde die Beleuchtungsstärke konventionell bewirtschafteter 
Feldränder erhöhen und damit die Lebensbedingungen für Ackerwildkräuter verbessern.  
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Wesche, K., Krause, B., Culmsee, H., Leuschner, C., 2012. Fifty years of change in 
Central European grassland vegetation: large losses in species richness and animal-
pollinated plants. Biological Conservation, 150: 76-85.  

Wandel in der mitteleuropäischen Grasland-Vegetation in den vergangenen 50 Jahren: 
große Verluste in der Artenzahl und in tierbestäubten Pflanzenarten  

Der Biodiversitätsverlust in der europäischen Agrarlandschaft hat einen besorgniserregend 
negativen Einfluss auf die funktionelle Diversität. Langzeitstudien, die den 
Vegetationswandel seit der Industrialisierung der Agrarlandschaft untersuchen, sind jedoch 
selten. Hier wird der Frage nachgegangen, wie Nutzungsintensivierung und gestiegener 
Nährstoffeintrag, die in den 1950/60er Jahren begannen, Pflanzengesellschaften des 
Graslands hinsichtlich ihrer Artenzusammensetzung, Diversität und funktionellen Merkmale 
verändert haben. Hierfür wurde ein umfangreicher Datensatz aus fünf Auenlandschaften 
(plus eine Referenzfläche in einem Schutzgebiet) in Norddeutschland ausgewertet. Für die 
Gebiete waren historische Vegetationsaufnahmen (Plot-Ebene) und Vegetationskarten 
(Landschafts-Ebene) aus den 1950er, 1960er und 1990er Jahren verfügbar, die im Jahr 
2008 wiederholt aufgenommen wurden, sodass für die Analyse Daten über eine Zeitperiode 
von vier bis fünf Dekaden zur Verfügung standen.  

Die Zusammensetzung der Pflanzengesellschaften veränderte sich in allen 
Untersuchungsgebieten über den Zeitraum von 50 Jahren sehr stark und stand in Beziehung 
zu steigenden Stickstoffzahlen (Ellenberg-Zeigerwerte, Ellenberg et al., 2001). Auf Plot-
Ebene sank in diesem Zeitraum die Artenzahl um 30–50 %; Verluste in der funktionellen 
Diversität waren ähnlich hoch. Ein Vergleich der Ergebnisse mit der Referenzfläche in einem 
Schutzgebiet zeigte, dass die Veränderungen hauptsächlich auf lokale Stickstoffeinträge 
zurückzuführen sind, weniger jedoch auf einen überregionalen Klimawandel. Es ließ sich ein 
einheitlicher Trend zu sehr viel artenärmeren Grünlandgesellschaften, in denen 
mahdtolerante, Stickstoff verlangende, konkurrenzstarke Gräser dominierten, beobachten. 
Rückläufig waren dagegen Ruderalstrategen, frühblühende Arten und insbesondere 
insektenbestäubte Kräuter. Der erhebliche Verlust von Nektar produzierenden Kräutern 
dürfte einen negativen Einfluss auf die Verbreitung von Bestäubern, und dies wiederum 
Konsequenzen für die Diversität von Tiergemeinschaften in Grasländern haben. 
Hervorzuheben ist daher die Notwendigkeit von adäquaten Programmen für ein Grasland-
Management mit geringen Nährstoffgaben, durch das ökologisch wertvolles Grasland 
erhalten wird.  
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