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09:05 Gang Wang 

Trophic interactions induce spatial self-organization of motile microbial consortia on hydrated rough 
surfaces 

Spatial association and pattern formation in microbial communities are ubiquitous in nature; yet key 
mechanisms that shape the functional patterns remain unclear. Progress towards untangling such 
complex associations requires quantitative modeling of multispecies interactions at appropriate 
spatial and temporal scales. We report a mechanistic modeling study of multispecies microbial cell-
level interactions on hydrated surfaces showing how trophic dependencies and diffusion fields lead to 
niche partitioning and induce spatial self-organization aided by microbial self-motion. The resulting 
spatial patterns of segregated yet coexisting species were robust to spatial and temporal 
environmental variations and responded primarily to the type of trophic dynamics and boundary 
conditions, consistent with limited available observations. Such self-organized consortia may 
represent ecological templates that optimize nutrient utilization and provide a basis for subsequent 
establishment of sessile extracellular polymeric substances (EPS) embedded microbial colonies on 
newly inhabited surfaces common in nature. In addition, we defined the extents of trophic 
interactions induced and hydration-dependent characteristic spatial and temporal lengths and 
threshold nutrient concentration for onset of spatial self-assembly. Applications to various natural 
biodegradation and biogeochemical processes in soils will be illustrated. The study provides new 
mechanistic insights into how cross-feeding and differences in nutrient yields among microorganisms 
give rise to spatial order in a heterogeneous and complex microbial world. The integrative and systems 
approach proposed here paves the way for placing pure culture microbial ecology back in its natural 
concourse that is essential for advancing environmental microbiology basis, and offers a quantitative 
framework for engineering functional microbial consortia.  

09:20 Ma Huifang 

Crop Zn uptake related to root growth in heterogeneous P-patched soil 

Plant nutrients, such as nitrogen (N) and phosphorus (P), are usually distributed heterogeneously in 
soil. In response to such heterogeneity many plants have been found to allocate roots preferentially to 
patches enriched in nutrients. Here we were interested in the question of how this might impact the 
uptake of the essential micronutrient zinc (Zn). Thus, we performed a pot experiment in which the two 
crop plants, Lupinus albus (lupin) and Triticum aestivum (wheat), with different types of root systems 
were grown on soil with constructed P and Zn heterogeneities. We investigated root distribution and 
plant Zn uptake in response to these treatments.  
Heterogeneous P application had no effect on total root growth (length, biomass, fine root and 
diameter, etc) and Zn accumulation in lupin. For wheat, it resulted in the decrease of total root length 
and in the slight increase of wheat root biomass compared to the homogeneous (control) treatment. 
Wheat shoot Zn accumulation, was increased when P and Zn were patched to the same compartment, 
while when P and Zn were applied to different compartments, Zn accumulation was reduced, 
compared to the homogeneous P treatment. Comparing the root development between P-enriched 
and P unfertilized compartment, we found that wheat allocated more fine roots and produced longer 
roots into P-enriched compartments.  
In summary, in our experiment root allocation response to spatial soil P heterogeneity was stronger in 
wheat than in lupin. This is in line with the enhanced wheat shoot Zn concentration in the 
heterogeneous-P treatment when Zn and P were applied to the same compartment. 
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09:35 Patrick Waeber 

AlaReLa: Alaotra Resilience Landscape, Madagascar 

A growing challenge in tropical terrestrial resource management is the reconciliation of a continuously 
increasing demand for agricultural products while balancing a growing number of values and interests 
such as environmental values for conserving biodiversity, maintaining ecological functions and 
providing critical ecosystem services for supporting rural livelihoods. The socio-ecological landscape of 
the Alaotra-Mangoro, Madagascar will serve this research to deliver important data and information on 
drivers and barriers of livelihood opportunities and threats and juxtaposition these factors with 
biodiversity conservation values to inform policy and decision-makers for the sustainable use and 
management of the landscape’s natural and agricultural resources. This is especially important in times 
of rapid changes such as climate or economic change. Therefore, an increased understanding of the 
linkages and dynamics of livelihood needs and ecosystem services and functions will allow the 
development of a socially accepted management and policy framework. Sustainability in resource 
management and planning of an Alaotra-Mangoro socio-ecological landscape can be achieved if the 
main resource users see an ownership in the framework that reflects their needs. Resilience 
management or the assessment of a socio-ecological system’s ability to absorb shocks and 
perturbations is important for the long-term and sustainable functioning of a system. The AlaReLa 
project consists of three portions or working packages: In a first part, the social and ecological system 
will be explored through participatory approaches, and a conceptual model will be created. In the 
second part, the model will be transformed into participatory modeling platforms for the stakeholders 
to validate our understanding of the model and to explore alternative futures of natural resources 
management. The last component, which will last as long as the project itself will ensure that the 
knowledge generated is embedded in the decision making processes, fostering resilience in the Alaotra 
social and ecological system. 

09:50 Nicolas Bircher 

Accurate modeling of tree mortality is key for simulating forest dynamics under climate change 

Forest succession models hold promise for predicting future forest dynamics under climate change as 
they are applicable over a wide range of sites and species under different climatic conditions. However, 
to date rather simple parameterizations for fundamental ecological processes like tree mortality are 
implemented in most models, probably due to scarce or missing data. A better modeling of tree 
mortality using ecologically sound, mechanistic approaches would be crucial for making reliable 
projections of future forest development. 
We evaluate several tree ring- and inventory-based mortality functions by implementing them in the 
forest succession model ForClim. We applied these model versions at sites in the Swiss Alps, a region 
that is expected to be particularly sensitive to climatic change. Simulation results show that ForClim is 
highly sensitive to the exact formulation of the mortality submodel. Regarding simulated tree species 
composition and basal area, tree-ring based mortality functions appear to be better suited for forest 
succession models than the currently available inventory-based functions. However, tree-ring based 
models are available for a few tree species only, thus limiting the application of succession models. 
Thus, a key challenge is to derive reliable mortality models based on tree-ring data for a broader suite 
of species, e.g. by employing the concept of plant functional types.  
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10:05 Zuzana Burivalova 

Biodiversity responses to logging in tropical forests 
 
Every year, an increasing area of tropical rainforest is logged. Parcels of forest are completely cleared, 
and then converted to plantations, pastures, or agricultural fields. However, when tropical forests are 
managed for timber, not all trees are extracted – the forest is only selectively logged. Many ecologists 
have studied how animals and plants react to selectively logged forests. The results of these studies 
are overall inconclusive, as approximately half of the studies show a decrease and half an increase in 
biodiversity in logged forests. I have conducted a meta-analysis in order to understand this seemingly 
random pattern and will present the results in the rDay talk. 

10:45 Maxime Cailleret 

How to assess temporal changes in heterogeneity of forest structure at the landscape scale? 
 
At the stand scale, forest functions and associated ecosystem services are strongly impacted by tree 
species richness and by the diversity of tree sizes, while the diversity of forest types and their spatial 
heterogeneity are pivotal when focusing at the landscape scale. During the last decades, a wide range 
of indices was developed to quantify these different types of diversity. The heterogeneity in forest 
types was often assessed using beta diversity indices that quantify the (dis-)similarity and singularity 
of the stands. However, they can only be used for one single variable (e.g., species presence/absence or 
abundance) and cannot directly integrate several variables that have different units (e.g., index of tree 
size diversity, species composition in basal area, number of seedlings). I developed a new approach 
based on a multi-dimensional analysis of biodiversity to detect (1) the richness and diversity in stand 
structural characteristics of the Bavarian Forest National Park at the landscape scale, and (2) the 
impacts of a large bark beetle outbreak on these diversity components. The different indices revealed 
an increase in the richness and diversity of stand structure and in singularity of the stands over time, 
due to the emergence of new forest types (e.g. stands with deadwood and high regeneration rates), 
while no forest types that were present prior to the disturbance became extinct (i.e., stands with high 
basal area of spruce are still present). I conclude by discussing the potential advantages and 
applications of these multi-dimensional indices. 

11:00 Cen Nan 

Toward the development of a federated modeling approach for complex systems 
 
The essential characteristics of complex systems include large number of dimensions, 
dynamic/nonlinear behaviors, strong internal and external interactions, etc. Infrastructure systems 
our daily life rely on, e.g., electricity transmission supply systems, telecommunication systems, 
transportation systems, can be considered as examples of complex systems. Besides inherent 
complexities of these systems, one important aspect is their interconnections, which made them grow 
into a so-called “system-of-systems” (SOS).  It is vital to get a clear understanding of their behaviors 
and tackle them through advanced modeling and simulation techniques. 
In recent years, a number of modeling approaches have been widely developed and applied, e.g., 
Complex Network Theory (CNT), Agent-based Modeling (ABM), etc. Each of these approaches can be 
used to deal with a specific topic and has the ability to represent characteristics of a type of complex 
systems. In practice, there is still no “one fits all” approach. Therefore, integrating different types of 
modeling approaches into one simulation platform seems very promising. Motivated by these 
challenges, we have developed a federated modeling approach by adopting the High Level 
Architecture (HLA) simulation standard and applied this approach to identify hidden vulnerabilities of 
a complex system. 
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11:15 Franziska Möbius 

Displacement dynamics in porous media – pore scale view 
 
The dynamics of fluid fronts in porous media shape subsequent phase distribution and the transport 
properties of the partially saturated region with implications ranging from gaseous transport to plant 
roots to extraction or injection of fluids to petroleum reservoirs. What macroscopically seems as a 
smooth and continuous motion of a displacement fluid front involves numerous rapid pore-scale 
interfacial jumps and reconfigurations associated with abrupt pressure fluctuations and rapid energy 
release. Those pore-scale processes are known to be sensitive to boundary conditions and affect 
residual phase distribution thus hydraulic properties behind the passage of a displacement front. 
Systematic measurements using AE technique, pressure measurements, and high-speed imaging have 
shown differences in the characteristics of the acoustic emission signature, pressure information and 
local velocities related to changes in pore size, liquid properties, or flow rate. The results provide 
valuable information for modeling pore scale dynamics. We further present a 2D front-model for 
simulating interfacial front displacement that was developed to study details of invasion dynamics at 
the front and to systematically study effects of boundary conditions on the resulting macroscopic 
properties after passage of a front. Results show that the additional inertial force (not considered in 
previous studies) does significantly affect invasion pathways and invasion sequences as well as 
menisci jump velocities show a strong relation to geometrical throat dimensions that reflect local 
capillary gradients. The results highlight factors controlling pore invasion events that exert strong 
influence on macroscopic phenomena such as front morphology and residual phase entrapment 
shaping hydraulic properties after the passage of a front. 

11:30 Johannes Schneider 

Transport of water, tracer and sediment in a steep mountain stream 
 
Sediment transport in steep mountain streams is only poorly understood due to complex bed 
topographies and flow conditions. The typical rough channel bed, characterized by step-pool 
sequences, immobile boulders and bedrock constrictions, reduces the flow energy available for 
sediment transport. Within this study, we investigate how channel bed morphology, the water flow 
and sediment transport rates change with increasing bed slopes. The mountain stream Riedbach (Ct. 
Valais) is a glacial fed stream, peak flows reach about 4 m3/s in summer. The channel gradient of the 
one km long study reach ranges from 3 % to 42 %, the characteristic grain size D50 is in between 0.07 
m and 0.26 m. At the Riedbach, flow velocity was investigated by fluorescent dye tracer experiments. 
We injected the dye tracer at the upstream end of the study reach and observe the tracer 
concentration profiles at ten sub-reaches using in-situ fluorometers. Derived flow velocities are 
compared with channel bed characteristics and measured sediment transport rates. 

11:45 Claire Tito de Morais 

Genetic relatedness, gene flow and competition in co-occurring tropical trees in Borneo: implications 
for species coexistence 
 
The spatial distribution of genetic diversity in forest trees has considerable relevance for the viability of 
tropical forest tree species and community structure. Dipterocarp trees are the dominant family of 
lowland tropical forests in Southeast Asia. Individual species occur at low densities at the landscape 
level, but may possess clumped distributions at the stand level, largely due to poor seed dispersal. 
Limited seed dispersal may lead to aggregation of closely related progeny. We explore the fine scale 
spatial genetic structure (FSGS) in three co-occurring dipterocarp species in a tropical rain forest in 
Borneo. Our study is located in a 160ha plot in Sepilok Forest Reserve on the east cost of Sabah, 
Malaysia. All mature dipterocarp trees (N = 850) were mapped, and all individuals from three species 
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were genotyped (N = 668) at 8-10 microsatellite loci. The aim of this study is to investigate the 
implications of FSGS and relatedness among conspecifics for species coexistence. We hypothesize that 
species with limited seed dispersal have greater pollen dispersal distances, and consequently reduced 
competition among more distantly related progeny. Shorea gibbosa, Shorea argentifolia and Shorea 
smithiana share limited seed dispersal but differ in flower size, pollinator size and pollen dispersal. 
Using genotype data from these species we explore pattern of FSGS. We relate adult tree spatial 
distribution of genetic diversity patterns to pollen and seed dispersal potentials based on flower size, 
fruit size and pollinator size associations. In addition, we present initial results on the implications 
genetic relatedness for competitive interactions among seedlings. Understand the drivers of FSGS and 
its relevance for species coexistence is important to manage such highly diverse and productive plant 
communities. The disruption of gene flow by forest fragmentation and land-use changes will affect 
the tree species viability and consequently the community structure of tropical forests. Our results are 
therefore relevance to forest conservation and restoration in Southeast Asia. 

13:30 Hans Rudolf Heinimann 

Resilent Systems 
 
Abstract  

13:45 Robin Tecon 

Visualizing the monoclonal nature of bacterial aggregates on plant leaves 
 
Bacteria that colonize the leaves of terrestrial plants often occur in aggregates that vary in size from a 
few to thousands of cells. For the formation of such clusters, two mechanisms may be proposed, i.e. 
accumulation of multiple cells from different locations or clonal reproduction from one cell in a single 
location. We assessed the occurrence of both mechanisms on the leaves of bean plants that were 
colonized by the bacterium Pantoea agglomerans. We used a mixture of green and red fluorescent 
Pantoea agglomerans cells to populate bean leaves; this resulted in clusters with cells of only one color 
as well as clusters with both red and green cells, suggesting that both mechanisms occur. These 
findings support a dynamic model of leaf surface colonization, where both aggregative and 
reproductive mechanisms of cluster formation take place. Overall, the deployment of bioreporter 
techniques together with a new analysis outlook offers utility as a tool for a deeper understanding of 
the colonization of surfaces by bacteria. 

14:00 Browyn Price 

Land-use change in Switzerland: spatially explicit modelling of scenarios for the future 
 
Using three time steps of the high-resolution Swiss Land-Use/Land-Cover Statistics (1985, 1997 and 
2009), we map and measure past land-use and land-use type transitions. We model the suitability for 
a given land-use and the probability of land-use transitions for the whole of Switzerland with respect 
to a suite of biophysical explanatory variables, comparing the predictive ability of various 
(geo)statistical and data-mining techniques such as random forests and logistic regression. The 
models of land-use suitability are a key input to land-use change models for Switzerland. 
Socio-economic processes are strong drivers of land-use change across European landscapes. Land 
abandonment, relating to a decline of agricultural significance, has been a dominant process affecting 
European landscapes, and in particular mountainous regions such as in Switzerland since the mid 20th 
century. Urbanisation in Switzerland is increasing at a rapid rate as population increases and, in 
particular, with increasing demand in living-space per capita. Decrease in public support for nuclear 
power stations is driving a push towards increased production of renewable energy within 
Switzerland. These inter-related and sometimes competing processes have significant implications for 
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land-use and patterns of land-use change within Switzerland, yet the extent and location of 
anticipated land-use changes remain unknown, as does the impact on landscape services.  
This project defines 5 scenarios of future land-use demands for Switzerland under different 
projections for urban-sprawl, land abandonment and land use for renewable energy production. Using 
the Dyna-CLUE land-use change modelling framework (Verburg and Overmars, 2009) we applied the 5 
future scenarios to determine and visualize (map) future land-use patterns in a spatially explicit 
manner. Under a ‘business-as-usual’ scenario we evaluate the ability of the model to produce the 
‘current’ land-use pattern (Swiss land-use statistics 2009), from the 1997 initial state. 
These scenarios will provide key base information for future work including assessing conflicts and 
synergies in land-use planning or assessing impacts of land-use change on landscape services. 

16:10 Andreas Papritz 

Spatial modelling and mapping of soil properties at regional and national scales in Switzerland 
 
For a long time soil was mostly seen as resource for food production and as support for housing and 
infrastructure. Other soil functions were only recently recognised as equally important. Soil functions 
are not directly measurable, but are derived by pedotransfer functions from soil properties. To assess 
soil functions in spatial planning and environmental management one needs therefore spatial soil 
information and a validated system of pedotransfer functions. Neither prerequisite is currently met in 
Switzerland: Spatial information on soil properties is available only for less than 30 % of the 
agricultural land in Switzerland and no validated system of pedotransfer functions for digital soil 
function assessment( DSA) exists. Methods of digital soil mapping (DSM) have the potential to create 
the required spatial soil information at affordable costs but were hardly used in Switzerland so far. A 
notable exception is the study by Nussbaum et al. (2012) who  recently mapped at the national scale of 
Switzerland carbon stocks of forest soils.  
With colleagues from WSL, ART and University of Zurich, we currently explore in the frame of the 
NRP68 project PMSoil the potential of DSM/DSA methods to create spatial soil information at regional 
scale from legacy soil data and comprehensive covariate information on pedogenetic conditions and 
land management. In this project we shall map basic soil properties and the potentials for selected soil 
functions in three study regions in the Cantons of Zurich and Berne. Forest soil acidification and the 
loss of the most productive soils by sealing will be the focus of our work in PMSoil. In the second 
project, BOWA-CH, jointly carried out with colleagues of WSL, we currently use legacy soil data and 
environmental covariates to spatially map soil properties that are relevant for modelling the soil water 
regime of forest stands across Switzerland. This information will be used as input for process-based 
modelling of the soil water balance on 6000 sites of the National Forest Inventory for past climate and 
climate change scenarios. The generated spatial information on drought risks for different regions of 
Switzerland under future climate will help to design and implement silvicultural strategies to 
minimise the negative effects of climate induced forest changes. 

16:25 Swati Negi 

Social Capital, REDD+ and Rural Communities in Nepal 
 
There is a growing debate on the potential social and economic impacts of REDD+ (Reduced Emissions 
from Deforestation and Degradation) mechanism, especially on the marginalized and poor forests 
dependent communities.  
Currently REDD+ pilot projects running in developing countries are principally based on the concept 
and design of community forestry. Those projects are mostly focused on assessing the opportunity 
costs associated with REDD+ projects leaving aside the significant possible causal links between the 
effectiveness of REDD+ projects and community participation.  
The literature review suggests that this particular research gap may be linked to the fact that often 
community management of collective resources is assumed to be a form of enhanced local 
participation. However, some ‘community resource-management projects’ are more successful than 
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the others. As a result, the role of ‘social capital’ has become a topic of widespread interest in 
development policy debates on the governance of collective resources such as forests.  
In our research, we explore if enhanced ‘social capital’, i.e. the informal and often tacit features of social 
organization that allow communities to work together towards common goals, can play a significant 
role in making REDD+ projects more effective and inclusive for forest-dependent communities.   
Nepal demonstrates an effective community engagement in forest resource management and is 
currently involved in designing and implementing REDD+ strategies. It offers a good case study for our 
research question. 
Through this study, we will explore the empirical relationship of ‘social capital’ and ‘community 
participation’ with ongoing REDD+ projects. In so doing, we will be gaining a new and relevant 
perspective on the potential effectiveness of first generation REDD+ projects and their outcomes on 
livelihoods of the forest dependent communities in the developing world. 

16:40 Michael Scheifele 

Biochar decomposition in agricultural soils of temperate climate 
 
Biochar has a great potential to ameliorate agricultural soils, especially those that are low in organic 
matter. Photosynthetically fixed atmospheric CO2 stabilized in biochar may thus act as a direct carbon 
sink and help to mitigate climate change, as it is supposed to remain for hundreds of years in soil 
(Verheijen, 2010). But biochar turnover times seem to depend not only on biochar itself, but also on soil 
and climatic conditions (Czimczik & Masiello, 2007). Thus predictions of effects on soil micro-biota and 
how biochar decomposition is affected need to consider biochar and soil properties case by case. 
In this study, biochar-derived carbon fluxes to the atmosphere, the soil organic carbon pool (Corg) and 
the active microbial biomass carbon pool (Cmic) were investigated in the course of an aerobic 
incubation experiment at room temperature in the dark. The investigation was performed using two 
loess soils from the DOK long-term system comparison experiment located in Therwil, Switzerland 
(Mäder et al., 2002). The two soils received composted manure or mineral fertilizers in the past 28 
years. Both soils were amended with two distinct biochars, produced by pyrolysis (pyrochar) and 
hydrothermal carbonization (HTC; hydrochar). The maize feedstock (Zea mays, L.) used to produce 
biochar was highly enriched in 13C (Marx et al., 2007). Soil C mineralization was monitored 
continuously; Cmic and Corg were measured at two distinct time points, after the initial peak in 
mineralization (14 days) and after return to a constant CO2 evolution rate in all treatments (205 days). 
The fluxes were assessed by stable isotope techniques, measuring 13CO2, 13Cmic and 13Corg in bulk 
soil to enable the calculation of biochar turnover times in soil. Details on how differences in 
decomposition of the two biochar soil amendments are overlaid by soil characteristics will be 
presented. 
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