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Introduction
In this concise mid-term report, Martijn Antheunisse (Utrecht University; supervised by Jos Verhoeven), Marzia Miletto (NIOO-KNAW, Nieuwersluis; supervised by Riks Laanbroek & Paul Bodelier) and Roos Loeb (Radboud University Nijmegen; supervised by Jan Roelofs & Leon Lamers) present their initial aims and adaptations to the original programme as given in the Programme Proposal. After the introduction of their hypotheses and the methods used to address the scientific questions, the three researchers summarize their promising results of the first term of their NWO-TRIAS research programme on “Biogeochemical constraints for sustainable development of floodplains in riverine areas’. The studies comprise field research in the Netherlands and abroad, mesocosm studies in climate control chambers and outside, and ecophysiological single-species studies. For a large part of this research there was a close cooperation between the three institutes involved. For the complete overview of the realization of the programme and the results (correlations and causal relationships) of the first two years, they refer to the Progress Reports 2003 and 2004. Next, the three scientists present the planning for the second half of their research programme, and give an overview of their presentations in the past two years and the scientific manuscripts in preparation. The mid-term report is concluded with an outline of the spin-off of this fundamental-strategic research: applications for policy makers, nature managers, water managers, technicians and consultants.

Initial aims, and adaptations

The Dutch policy for river management during peak discharge periods is currently changing from exclusion strategies (reinforcement of dikes and dams) to allowing a more natural situation by the creation of water retention zones. The development of areas for water retention and conservation, thereby widening the actual river bed, is generally being coupled to nature development strategies. Up till now, however, ecological goals like sedge wetlands, species-rich floodplain forests, riparian grasslands and other biodiverse riverine ecosystems have hardly or not developed in these areas. The majority of the studies on the conditions needed for sustainable ecological development of floodplains have focused on hydrological rather than biogeochemical issues. There are, however, strong differences in the composition of river water and groundwater, and in sediment quality between Dutch rivers and more pristine riverine areas abroad. It is very likely that these factors, in combination with heavily altered hydrological regimes, form an important constraint for sustainable ecological development of riverine areas. 

The scientific objective of this project is to assess whether the above-mentioned changes in river water quality, groundwater quality and sediment characteristics, in combination with strongly altered flooding regimes, form a constraint for the ecological development of the riverine wetland types mentioned. As active sulphate reduction, as a result of sulfur pollution, is known to interfere with many biogeochemical processes (including the internal P mobilization), the microbial part of the programme focused on Sulphate Reducing Prokaryotes (SRP). Given the limited information on SRP in freshwater ecosystems, their response to hydrological and hydrochemical changes in these riverine wetlands is still unpredictable.

Answers to the scientific questions are being achieved by solid system-ecological research, coupling field analyses (in the Netherlands and abroad), experimental research in controlled climate chambers, and microbial ecological research. By linking up biogeochemical, ecological and microbial research, it will be possible to clearly define the biogeochemical problems and solutions for the sustainable development of riverine wetlands. In other words, answers will be given to the question whether there will be sufficient space for the achievement of the desired ecological targets when the river gets more space (TRIAS objective).

To answer the main question of the project, relevant biogeochemical processes have been studied for different water qualities, sediment characteristics and flooding regimes (especially winter and summer flooding), and for different vegetation types. Roos Loeb (RU) focussed in particular on the question how biogeochemical processes influence toxicity and eutrophication (especially by phosphorus) in riverine floodplains. Martijn Antheunisse studied in particular the relation between nutrient availability (with special attention to nitrogen cycling) and vegetation response. Marzia Miletto focused on the description of the SRP microbial guild structure (i.e. taxa inventory) and the elucidation of its response (in terms of community composition and activity).

In general the following approach has been taken: the first year the emphasis of the project was on conducting correlative field analyses, halfway 2003 there was a shift to more causal research, and several experiments were started. There have been some adaptations to the initial set of aims as described in the project proposal. Three main deviations can be identified:

Field analysis; in situ measurements and assessment of gaseous emissions

Most of the available time in 2002 was invested in conducting a field survey in several Dutch river systems (see progress reports 2003). Within the available time, we have adopted an approach of visiting a relatively large number of sites and carrying out a thorough basic sampling program in one or two site visits. As recent experience in other projects had shown a strong spatial variability of gaseous emissions related to the nitrogen cycle, we have decided to limit studies of these processes to the mesocosm experiment in Nijmegen, where conditions are more controlled and spatial variability will probably not impair these measurements. Moreover, in these experiments, denitrification processes can be directly coupled to other biogeochemical processes. Hence, we have not studied gaseous emissions in the field. 

Field analysis:  study of macrofauna assemblage 

In the proposal it was indicated that UU and KUN would pay some limited attention to macrofauna communities. An adaptation to the original project proposal was made in the decision not to study the influences on the macrofauna of floodplains, because more useful results for nature conservation might be obtained by the quantification of the complex biogeochemical processes rather than by a qualitative extension of the research.

Experiments: additional research questions 
One of the main assumptions of this project is that lack of success of nature development in floodplains is due to biogeochemical constraints. Another possible major cause is the absence of target species as seed or vegetative propagules at the sites. For a number of key sites, studies of seed and propagule banks are being carried out, with special attention to the nature of connections of the floodplain sites with the river channel. In greenhouse experiments simulating various regimes of water level fluctuations, the ability of characteristic floodplains species to cope with the changing hydrological regime has been studied. An additional question for the microbiological part of the programme is: what is the effect of Fe groundwater on the SRP community in sulphate-enriched ecosystems? The hypothesis is that Fe inputs can potentially affect equilibriums established between different microbial populations in the soil. In organic matter-rich environments polluted by sulphate SRP find their growth optimum, but the presence of Fe-rich groundwater on one hand might reduce the phytotoxic effects of the sulphide production and influence the growth of the Iron-Reducing Prokaryotic (IRP) population in competition with SRP for the organic substrates available. Experiments in controlled microcosm enclosures (planned) will help in elucidating this problem.

Hypotheses and scientific approach

The research carried out in the first part of the programme is partly question-driven and partly hypothesis-driven. The field studies and a substantial part of the (pilot) experiments were conducted to understand the relations between biogeochemistry and vegetation composition in the floodplain. With this information it was possible to shift from merely question-based research to hypothesis-based experiments. The most important questions and the way to answer them and to determine to accept or reject the main hypotheses are briefly stated below:

Question-based: 

(1) How do “pristine’ lowland river floodplains differ in biogeochemistry (including SRP communities) from the Dutch, strongly modified situation and what are the causes of these differences? These questions were investigated through field surveys in the Netherlands, Poland and Ireland, and mesocosm experiments.

(2) How do ‘pristine’ tidal river systems differ in biogeochemistry from those still remaining in the Netherlands?   This question was studied through field surveys in the Netherlands and Ireland. 
(3) How would the rehabilitation of more estuarine conditions in the Netherlands affect biogeochemistry and present vegetation? Do sulphate-reducing prokaryotes represent a potential impeding factor for the rehabilitation of an estuary? These questions are being studied through a mesocosm experiment with Haringvliet soils. 
(4) Do SRP microbial communities differ in terms of community composition in relation to hydrochemical and hydrological characteristics and between different vegetation types of Dutch river floodplains?

(5) How do SRP communities inhabiting river floodplains respond to changes in environmental parameters such as salinity and tidal regime? 

Hypothesis-based: 

(1) The main hypothesis to be tested in the project is that the development of target vegetations in the Dutch floodplains is hampered by the present state of soil and water quality, including high nutrient concentrations in the sediment, river water and groundwater, and accumulation of toxicants. 

(2) SRP communities are expected become active and easily adapt to short term shifts between soil oxidized and reduced conditions conditions, influencing nutrient availability and sulphide accumulation.
(3) Fe-rich groundwater will reduce the phytotoxic effects of the sulphide production and influence the growth of the Iron-Reducing Prokaryotic (IRP) population in competition with SRP for the organic substrates available.

(4) Flooding has a very large effect on nutrient availability (on short and long term). This hypothesis is being tested in several short-term lab experiments, small-scale field experiments, mesocosm experiments, and field experiments (planned). Nitrogen cycling is expected to be strongly influenced by water table fluctuation. Increased nitrogen losses might occur as a result of stimulated denitrification. For phosphorus, it is hypothesised that phosphate will be mobilised by depletion of oxygen, by competition with sulphide for binding with iron, and in exceptional cases by competition with chloride and sulphate. This mobilised phosphate would cause eutrophication. In addition to eutrophication, it is assumed that reduced, potentially toxic compounds, like sulphide and ammonium might form an important constraint for the sustainable development of floodplains. 
(5) There are large differences in biogeochemical and vegetation responses between flooding in the growing season and flooding during winter.
(6) Target species cannot cope with changing hydrology due to floodplain rehabilitation. This is being studied by means of several short-term lab experiments.

(7) Changes from freshwater to real estuaries with freshwater-brackish water gradients (like in the plans for the Haringvliet estuary), will have a eutrophicating effect in the freshwater environment (nutrient controlled) reducing biodiversity, but high biodiversity will establish at higher concentrations in brackish water (salinity controlled; see project proposal). Increased water table fluctuation will lead to biogeochemical changes (mineralization, nutrient binding, sulphate reduction, denitrification), affecting vegetation composition and production.
Answers to the scientific questions, and falsification/verification of the hypotheses, have been and will be achieved by coupling field analyses (in the Netherlands and abroad), experimental research in controlled climate chambers, and controlled microbial ecological research. This approach guarantees a system-ecological approach ranging from microbial communities to plant and macrofauna communities, providing insight into the mechanisms, factors and interactions (related to eutrophication and toxicity) controlling ecological development in polluted river ecosystems. As already indicated, the project integrates field research and experimental research in climate control chambers, in which the three PhD researchers cooperate: one biogeochemist (Roos Loeb), one landscape ecologist (Martijn Antheunisse) and one microbial ecologist (Marzia Miletto). A short overview of the methods used is given below.

Field sampling: correlation analyses:


· Installation of transects along major elevation gradients in a number of floodplains representative for different freshwater and saline regimes. 

· Analyses of all (possibly) important biogeochemical variables (collection of pore water with Rhizon SMS moisture samplers, and anoxic sediment extractions), including S-compounds, at different water tables and temperatures during the year. 

· Measurement of N- and P-availability for vegetation (anoxic lactate/acetate extraction);

· Studies of in situ emissions of carbon dioxide, methane and nitrous oxide (IRGA method); denitrification measurements with acetylene blockage technique.
· Quantitative and qualitative vegetation analyses of selected field locations. Studies of vegetation relevés; studies of vegetation change in permanent quadrats established in the study areas, Analysis of the share of plant species with adaptations to anoxic conditions to the vegetation cover. Analysis of N:P ratios of the plant material to detect N-limited or P-limited conditions.

· Soils are analyzed for organic matter concentration, plant available phosphorus, available iron, nutrient concentrations (extractions and destruction)

· The structure of the sulphate-reducing communities is being determined along the flooding gradients by applying molecular techniques, such as DGGE and T-RFLP of PCR products obtained with specific primers from naturally occurring DNA. 
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Mesocosm experiments in climate control chambers or outside basins:

· Effects of experimental variation of water level fluctuations and water chemistry (including salinity) on the biogeochemistry and vegetation of different soil types, collected at the gradient sites (mesocosms, basins).

· Analyses of all important biogeochemical variables.

· Analysis of structure and function of sulphate-reducing community.

· Analysis of the toxicity of sulphide and ammonium to selected representative plant and macrofauna species and vegetation types (anoxic cuvettes, mesocosms).
· Short-term sulphate reduction rates are being used to determine the presence of active sulphate-reducing bacteria at the onset of flooding with sulphate-rich freshwater. The rates are determined by measuring the oxidation rate of 13C-labelled volatile fatty acids in the presence of sulphate, both in the absence and presence of molybdate, an effective inhibitor of microbial sulphate reduction. Simultaneously with measuring the dynamics of volatile fatty acids, their incorporation in specific phospholipid-associated fatty acids can be followed. Measuring the incorporation of 13C in specific biomarkers will identify the active part of the sulphate-reducing community established by the molecular techniques.

· Long-term sulphate reduction rates are being determined to establish the consequences of sulphate reduction for the accumulation of phosphate, sulphide and / or volatile fatty acids. The measurements is done with anoxic slurries of soils in the presence and absence of sulphate and / or molybdate.

The combination of correlative field research and mesocosm experiments will provide insight into the key mechanisms and causal relationships of flooding regime, water quality and sediment characteristics for riparian wetlands and moist grasslands. Hypotheses extracted from field research are tested under controlled conditions. Data from controlled experiments are validated under field conditions. The combination of biogeochemical, macro- and micro-ecological research ensures a firm system approach to the problem. In combination with historic data on water table fluctuations and (summer) flooding events, it will be possible to extrapolate the results to riverine locations at different elevations and to make predictions for the ecological development at different policies. All results will be published in international peer-reviewed biogeochemical, ecological and microbial ecological journals. In addition, applications will be presented to policy makers and nature managers (see ‘Spin-off” section).
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Realization so far: main results

This section only summarizes the main results for the first part of the programme. For a more detailed description of the results so far, we refer to the Progress Reports of June 2003, December 2003 and June 2004. 

In the first half of the research carried out by Martijn Antheunisse, field sampling, data collection, laboratory analysis and data analysis have been the major activities. In addition, greenhouse and growth chamber experiments were carried out. Currently, a mesocosm experiment is being carried out in Nijmegen, together with the other two Ph.D. students in the programme. A field survey in 11 research areas in Dutch floodplains, in which about 75 sites were sampled and 65 vegetation, soil and water variables were collected, was analyzed with multivariate statistics. A Principle Component Analysis reduced soil and water variables to four Factors: nutrient richness, redox status, salinity and acid/base status. Vegetation parameters turned out to be significantly correlated with redox and with salinity, and not with nutrient richness. In a field survey in reference floodplain sites in Poland carried out with the same approach showed that vegetation parameters did correlate significantly with N and K availability there. It was hypothesized that floodplain primary production and related species density is primarily controlled by nitrogen availability, just like the majority of terrestrial plant communities. In floodplains in The Netherlands, the very high phosphate loading through the river water in the last 50 years will have further diminished any controlling role for phosphorus. Further studies were carried out to investigate the possible role of nitrogen in controlling species composition and characterize the nitrogen dynamics of Dutch and Polish floodplains. Nitrogen mineralization and denitrification were studied to measure nitrogen availability to the vegetation. N:P ratios in plant material were analyzed as an indicator of N- or P-limited plant growth. Ammonium availability in the soil adsorption complex and in soil pore water was measured to test for possible toxic effects of high ammonium concentrations. Greenhouse and growth chamber experiments with a number of characteristic floodplain species were carried out to investigate nitrogen availability in various regimes of wet-dry cycles. In contrast to common winter floods, inundation in the summer turned out to have a large effect on short term and long term nutrient availability and through that possibly also on vegetation development. A summer flood may even lead to flushing of nitrates from the sediment and to very high nitrate levels in the river water. A comparison of floodplain sites in the former estuarine area in The Netherlands with floodplains in a still intact estuarine area in the mouth of the river Shannon, Ireland, showed that the almost absent tidal regime and brackish zone in the Dutch situation has lead to totally different controlling factors for plants. Salinity, elevation and frequency of flooding play a much more dominant role in the Irish sites than the sites in the Dutch Haringvliet. A mesocosm experiment is currently testing the effects of a tidal regime and increased salinity on nutrient dynamics of soil and vegetation of Haringvliet monoliths. First measurements indicate that there is no short-term effect of increasing salinity on soil nutrients, but the tidal regime on the other hand does affect nitrogen processes, resulting in higher mineralization rates and lower denitrification rates. 

The microbiological studies of Marzia Miletto showed that SRP are generally present in all soil samples collected during the field survey, including oxic grassland soils. Some genera appear to be characteristic of these floodplains as already described for other freshwater environments (Desulfotomaculum, Desulfobacterium, Desulfosarcina, Desulfovirga, etc), while a typically marine genus like Desulfovibrio is scarcely detected. Some of the screening methods used suggested that the SRP occurrence is depending on the hydrological regime (non-flooded vs. flooded soils at the time of sampling). Most likely the species richness is relevant in all samples collected (as appeared from a more detailed description of the SRP community composition in a selected soil), but the oxidation state of the soil influences their abundance/detection. Polar Lipid-derived Fatty Acids (PLFA) analyses support this observation showing that SRP abundance increases within dry to wet soil gradients. SRP distribution seems to be genera-dependent: in fact 1) salinity seems to determine the distribution of genera commonly found in marine/brackish habitats and 2) soil/nutrient-related parameters influence the distribution of genera commonly occurring in freshwater environments. The vegetation type does not directly affect SRP diversity. Preliminary data regarding the potential sulphate reduction rates (PSRR) indicate that both soils analyzed (agricultural grassland vs. nature reserve) appear to have the potential to perform sulphate reduction when put in the optimal conditions to do so (i.e. availability of electron acceptor - sulphate, and electron donor - organic matter). However, differences developed in the course of the experiment between the two different soils: a long lag in activity was observed in the agricultural grassland soil, indicating very low or no sulphate reduction in the mesocosm, whereas sulphate reduction in the nature reserve soil responded quickly indicating active sulphate reduction.
Within the project part of Roos Loeb, great emphasis has been placed on the effects of inorganic potentially toxic compounds formed under anaerobic conditions (sulphide, ammonium and iron II), and chloride. Concentrations of sulphide measured in the field surveys were generally below values considered to be toxic for plants (<10μmol L-1). As sulphide is formed only under anaerobic condition, which weren’t always present in our field sites at moment of sample taking, the formation of free sulphide in different floodplain soils was studied in the laboratory. In a mesocosm study with soils from different sites in the Netherlands and Poland, sulphide formation was studied under stagnant conditions, in which sulphate was added in field concentrations. However, no free sulphide was formed due to binding to iron. At least for mineral soils, high iron concentrations as a result of hydrogeological processes in the past (discharge of iron-rich groundwater) seem to prevent sulphide toxicity in river floodplains. The Frittilaria experiment revealed that high iron concentrations in the water lead to higher concentrations of N-rich amino-acids in the plant tissue, which could be an indication for ammonium toxicity. As the majority of the floodplain soils in the Netherlands are rich in iron, the concentrations of Fe2+ can grow very high under flooded conditions. From the results of a short-term greenhouse experiment it appeared that field concentrations of iron already had a negative effect on the photosynthetic capacity of Glyceria maxima. In the joint mesocosm experiment studying the effects of the increased influence of tide and salt in the Haringvliet, chloride toxicity seems to play an important role. Already after a few months the vegetation in the brackish treatments was smaller on average than the vegetation in the fresh water treatments. Chloride toxicity is also being studied for two single species. From all the inundation experiments it appears that the induced anaerobic conditions during inundation have an important mobilising effect on phosphate by the reduction of iron. This process is strongly regulated by temperature (summer or winter flooding, a fact that is generally not included in the assessment of flooding effects) and the soil type. A well predicting variable for the mobilization of phosphate was found in the ratio between iron bound phosphorus and the amount of iron available for binding. This provides an important practical tool for the prediction of the effects of combined water storage/retention and nature development in former agricultural areas. Effects of additional mobilization of phosphorus by sulphide production in floodplain soils were not found yet in experiments in which extra sulphate was added. An additional experiment with water circulation in an iron-poor and more organic soil, is being set up. Effects of high sulphate and chloride concentration on the mobilization of phosphorus are being tested in the Haringvliet experiment. In the Haringvliet experiment, mobilization of phosphate was shown for both the semi-natural and (especially) the agricultural sods. From none of the causal experiments up till now the effects of nutrients on the vegetation have become clear. Emphasis of the new experiments in the remaining period will therefore be on the effects of nutrients, supplied either by the river water or by internal eutrophication.
Activities planned for the remaining period

Martijn Antheunisse, Marzia Miletto and Roos Loeb will continue their joint Haringvliet mesocosm experiment till June 2005; special emphasis will be placed on the development of vegetation, and on the response of SRP communities to changes in water quality and tidal regime (continuation till June 2005). The latter will be investigated using activity measurements, DGGE and micro-array analyses. Another joint study planned is the field experiment on summer flooding in 2005 and possibly also an experiment on winter flooding (winter 2005). Due to differences in their starting dates and the number of working days per week, the delivery dates of the theses of the three researchers differ. Martijn Antheunisse will finish his work by the end of January 2006, Marzia Miletto by the end of September 2006, and Roos Loeb by the end of December 2006 (including the time to compensate for her sick leave).
For the next 6 months, Martijn Antheunisse will continue his seed bank experiment, prepare the field experiment on summer flooding, and he will be analyzing the available data (4 field measurement campaigns, 2 mesocosm experiments, 1 seedbank experiment, several small scale experiments). He has planned to write and submit 2 manuscripts during this period; one on the present biogeochemical state Dutch lower river floodplains and comparison with reference area (Poland), and the other on the effects of summer inundation on vegetation and biogeochemistry (experimental studies). The remaining period will be used to write the thesis and to submit additional manuscripts.

Marzia Miletto will use the next 6 months for the finalization of the field survey-related pending analyses, and the finalization of the ‘Haringvliet’ experiment (‘in situ’/‘potential’ sulphate reduction rates measurement and  progress with the molecular community analysis). Next, a laboratory microcosm experiment will be set up (see ‘Hypotheses and scientific approach’), and field survey-related manuscripts will be written and submitted. In the remaining period, she will finalize microcosm and field experiments, write and submit other manuscripts and complete her thesis.

During the next 6 months, Roos Loeb will set up a mesocosm experiment focusing on the effects of water storage and of water quality on formation of sulphide and mobilization of phosphate on different soil types (clayey, organic and calcareous), and a fertilization experiment determining the limiting nutrient(s) in a species rich floodplain hayland. Like the other two scientists, she will also be busy writing and submitting publications on the results achieved. During the remaining period she will continue the above mentioned experiments, write and submit additional manuscripts, and complete her thesis.

Publications and presentations

No manuscripts for peer-reviewed journals have been submitted yet. Abstracts of presentations have been published in several congress and symposia proceedings.

Oral presentations: 

Antheunisse, A.M. (2003) Vegetation of floodplains in relation to water and soil chemistry. BodemDiep Zeist, the Netherlands.

Antheunisse, A.M. (2004) The effect of summer flooding on soil geochemistry and vegetation: Experimental comparison between a disturbed and a more pristine floodplain system. Oral Presentation, 7th INTECOL International Wetlands Conference, Utrecht, 25-30 July 2004.

Loeb, R. & L.P.M. Lamers (2003) The effects of river water quality on the development of wet floodplain vegetations in the Netherlands. Ecoflood – Towards Natural Flood Reduction Strategies, Warsaw, Poland.

Loeb, R., L.P.M. Lamers, E. van Boxsel, D. Buyk, J.G.M. Roelofs (2004). Assessing the eutrophication risks of water retention and water storage Soil and Water, Zeist 2004

Poster presentations: 

Antheunisse, A. M., R.Loeb, J.T.A. Verhoeven & L.Lamers (2002) The effect of biogeochemical processes on development of nature in floodplain areas: a field survey, interactions between soil, river water and vegetation. Poster abstract. In (R.Leuven, ed.): Proceedings NCR-days 2002.

Antheunisse, M., R. Loeb, J. Verhoeven, L.P.M. Lamers, J.G.M. Roelofs, R. Laanbroek & P. Bodelier (2002). Biogeochemical constraints for sustainable development in floodplains in riverine regions - Interactions between soil, river water quality, bacterial communities and vegetation. Bodemdiep, Zeist, the Netherlands.

Antheunisse, A. M. (2003) Nutrient availability and biogeochemical mechanisms affecting the development of characteristic and species-rich plant communities in floodplain areas. Poster, Verwey dagen, Texel. 

Antheunisse, A.M. (2003) Biogeochemical variables controlling the establishment and development of biodiverse riverine vegetation types. Poster, Eighth International Symposium on Biogeochemistry of Wetlands, Gent, 14-17 September 2003.

Antheunisse, A.M., R. Loeb & M. Miletto (2003) Nutrients, water chemistry and sulphate reducers in floodplain areas. Poster abstract, Proceedings of the 2nd National Scientific Soil Symposium, BodemDiep.

Antheunisse, A.M. (2004) The effect of summer flooding on soil nutrients and vegetation. Soil & Water. Zeist, the Netherlands.

Loeb, R., M. Antheunisse, M. Miletto, L.P.M. Lamers (2003). The effects of river water quality on the development of wet floodplain vegetations in the Netherlands. International Congress on Lowland River Rehabilitation, Wageningen, the Netherlands.

Loeb, R., L. P.M. Lamers, E.van Boxsel, D. Buyk, K. Kobes, J.G.M. Roelofs (2004). Assessing the eutrophication risks of water retention and water storage in riverine floodplains. Intecol International Wetlands Conference, Utrecht 2004, the Netherlands.

Miletto, M. (2003). Verweij- meeting. Texel, the Netherlands.

Miletto, M. (2003). Congress Dutch Society for Microbiology. Papendal, the Netherlands.

Miletto, M. (2003). BodemDiep symposium. Zeist, the Netherlands.

Miletto, M. (2003). International Symposium ‘Structure and Function of Soil Microbiota’. Marburg, Germany.
Miletto, M. (2004). Congress Dutch Society for Microbiology. Papendal, the Netherlands.

Miletto, M. (2004). Soil & Water symposium. Zeist,the Netherlands.

Miletto, M. (2004). International Symposium on Microbial Ecology ISME-10 ‘Microbial planet: sub-surface to space’, Cancun, Mexico.
Planned publications in peer reviewed, international  journals, and theses (provisional titles):

Antheunisse, M. Thesis. Utrecht University.

Antheunisse, M. , et al. Comparison of vegetation and soil and water variables in Dutch and Polish floodplains (Field survey NL and Poland). 

Antheunisse, M. , et al. Vegetation of floodplain areas in relation to nitrogen dynamics and inundation regime. (field studies, experiments)

Antheunisse, M., et al. Re-opening the Haringvliet: consequences for present biogeochemical state and species composition: comparative study of floodplains in the Haringvliet and in the Shannon estuary.

Antheunisse, M. et al. Effects of tidal water level fluctuations and salinity on nitrogen dynamics and vegetation of floodplain soils (mesocsm experiments)
Antheunisse, M., et al. Seedbank and seed dispersal in rehabilitated floodplains.
Loeb, R. On biogeochemical processes influencing toxicity and eutrophication in riverine floodplains. Thesis. Radboud University Nijmegen.

Loeb, R., et al. Assessing the eutrophication risks of flooding, water retention and water storage - with special attention to flooding season and sulphate pollution (in prep.)

Loeb, R., et al.Effects of flooding season on the mobilization of nutrients and on the vegetation development - a field study (and comparison with laboratory experiments)

Loeb, R., et al.Ecotoxicological stress of sulphate and ammonium induced toxins on a mesotrophic floodplain vegetation (in prep)

Loeb, R., et al.Rehabilitation of a mesotrophic floodplain vegetation – analyses of biogeochemical processes influencing eutrophication

Loeb, R., et al.Effects of increasing salinity and tide on biogeochemical processes at the re-opening of the closed Haringvliet estuary in the Netherlands

Loeb, R., et al.Comparison of environmental factors controlling vegetation development in Dutch floodplains and in reference areas in Poland and Ireland

Miletto, M. Thesis. NIOO-KNAW.

Miletto, M., et al. Diversity of Sulphate-Reducing Prokaryotes along an elevation gradient assessed by 16S rRNA-based phylo-chip analysis and dsrAB genes clone libraries.

Miletto, M., et al. Biogeography of Sulphate-Reducing Prokaryotes in riverine floodplains.

Miletto, et al. PCR-DGGE profiling of the Sulphate-Reducing Prokaryotes community of two grassland soils: the effect of salinity and tidal regime on the community composition.

Miletto, et al. Response of Sulphate-Reducing Prokaryotes inhabiting the bulk soil and the rhizosphere of Glyceria maxima to flooding and groundwater iron input.

In addition to the above-mentioned articles, one or two joint articles for publication in Dutch nature management and/or water management journals are planned to be written.

Planned oral and/or poster presentations

Antheunisse, A.M. Soil & Water, Zeist, June 2005.

Antheunisse, A.M. WETPOL Ghent September 2005, Dunes & Estuaries Koksijde September 2005 or another international symposium on river ecology, biogeochemistry or estuarine science.

Loeb, R. Congress Soil&Water, Zeist, June 2005.

Loeb, R. Congress on Wetland Pollution (WETPOL), Ghent, September 2005.

Loeb, R. Other international symposia on (wetland) biogeochemistry and/or ecology.

Miletto, M. Soil & Water symposium - Zeist, June 2005.

Miletto, M. Verweij-Ph.D. meeting - Texel, January 2006.

Miletto, M. International Symposium on Microbial Ecology ISME-11 - Vienna (Austria), August 2006.
Miletto, M. Other (inter)national meetings on microbial ecology, to be selected.
Spinn-off: results translated into applications
Many of the results of this fundamental-strategic, application-oriented research will be directly useful to improve the management of riverine systems in general, with respect to flooding regimes, salinity gradients and ecological development. The system approach contributes to development and restoration methods based on the understanding of controlling factors and mechanisms. In this way, the outcome of the project will contribute to a better prediction of the chances for restoration and development of riverine wetlands, and can directly be used in nature management, water management, policy, and consultancy. A number of these applications have already been indicated in the “Realization so far: main results’ section.

The applications include:

- the definition of guidelines for the evaluation and prediction of nutrient mobilization in projects combining water conservation/retention and nature development;

-
the evaluation and prediction of the development of nature (target) types and biodiversity;

- 
the evaluation and prediction of the effects of different hydrological scenarios;

-
the definition of necessary additional measures, like the removal of the nutrient-rich top layer;

- 
the definition of a minimum set of variables and methods, necessary for the assessment of measures;

- 
the opportunity to make strategic choices for the (re)organization of river floodplains, based on scientific results, rather than on a trial and error approach.
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