Workpackage 3:  The influence of hydrology and litter accumulation on floodplain species diversity

Participating partners: 

University of Cambridge (UK) (1) 

Umeå University (S) (6)

3.1 Objectives

The overall objective of this workpackage was to investigate plant community response to manipulated changes in hydrology and litter dynamics with particular reference to their impacts on biodiversity. For the third year, the objectives were (1) to monitor and record third season plant community and environmental data at the Swedish field site, (2) to do a follow-up study on the influence of hydrology and litter accumulation on plant colonisation at the English field site, (3) to compile, analyse and report the results (D 3.2 and 3.3).

3.2 Methodology and scientific achievement

The experiment on a floodplain meadow at the Vindel River, Sweden, was concluded in 2002 with a repeated litter addition after spring flood, continued monitoring of groundwater and soil moisture, final sampling of soil cores for chemical analyses, and a final recording of plant species frequency and biomass. In addition, litter decomposition rates at different floodplain elevations were determined in a litter bag experiment.

The results showed that vegetation changes following the hydrological manipulation (turf interchange) have been relatively rapid and large when flooding was increased, i.e. when turves were moved from high to low floodplain elevation. Flooding largely eliminated flood-intolerant species and allowed for invasion of resident species and both species richness and biomass decreased. However, during 2002, precipitation and water-levels were low during the growing season and low-elevation plots showed signs of recovery. When flooding was decreased, i.e. when turves were moved from low to high floodplain elevation, changes were slower and less predictable. Biomass generally decreased, whereas species richness increased. The turves both retained their original species and were readily colonised by surrounding species. In contrast to the first litter treatment, whose effects were generally weak and varied with elevation, the litter treatment in 2002 suppressed biomass production significantly. Some apparent patterns in the way that different plant traits responded to the different treatments were also found.

The experiment on plant colonisation at the English field site was re-examined in 2002. The results from 2001 were generally confirmed. All examined factors, i.e. hydrology, litter accumulation, vegetation cover and seed addition, had significant effects on plant colonisation and species richness in the examined plant community. About 50-70% of the total variation in species richness and seedlings was attributable to interactions between factors. Generally, seed addition increased, while vegetation canopy and litter accumulation decreased plant species richness and seedling emergence. More seedlings were found at low elevation where water table was relatively high. At the high elevation, litter seems to have protected seeds from drought since more seedlings emerged in the litter-covered than in non-litter-covered plots.

3.3 Socio-economic relevance and policy implication

Results from this workpackage will improve our ability to predict how and at what rates vegetation succession will occur on floodplains that may be subject to changes in hydrology and litter inputs. Results from the study on seedling emergence and establishment will also have direct application on floodplain restoration strategy when selecting methods and appropriate species for re-vegetating degraded floodplains. For example, particular seasonal conditions at a site in any particular year will have a major impact on restoration outcomes. Thus, water table, flooding, animal activity, vegetation, and seed dispersal agents will all interact differently each year and their influence on species recruitment will vary. The variables are so interdependent that any effort in managing one factor may produce an unnatural system or a skewed restoration direction. Therefore, there are significant decisions to be made in a restoration initiative, such as how much environmental manipulation can be allowed. If effects of interactions between factors are reversible as factors change, then it might be better to allow “natural conditions” to determine species outcomes. Over time, all species that can survive the wide range of conditions experienced will appear somewhere in the restoration area. Too much manipulation at the start in order to achieve particular outcomes might lead to abrupt failure a few years later.

3.4 Discussion and conclusion

Models on climate change predict that temperature will increase significantly in a near future. In northern parts of Europe, precipitation is also predicted to increase, most likely leading to an increased discharge and higher flooding propensity in rivers. Another likely consequence is a significantly increased plant biomass production, which together with an altered hydrology will greatly affect the carbon dynamics within rivers and adjacent floodplains. Moreover, the restoration of non-forested floodplains in Europe implies that riparian forests are reintroduced and that flooding regimes are adjusted. This will generate a tree-litter fall that also influences carbon dynamics along rivers. Litter accumulation generally suppresses ground-floor vegetation. In riparian systems this may be counterbalanced by regular flooding that disrupts the litter layer, dilutes litter impacts and creates bare ground, and by high groundwater levels that accelerates decomposition. The results from this workpackage have advanced the scientific basis to predict how litter accumulation interacts with flooding regimes and ground water dynamics, to what degree plant species richness is influenced by these interactions, and how and at what rates vegetation succession will occur on floodplains that may be subject to changes in hydrology and litter inputs. A key finding in the study on seedling emergence and establishment was that the effects from interactions between environmental factors may be more important than the effects from individual factors in plant communities. Furthermore, it was shown that although the availability of colonisable sites such as bare ground was very important, the plant diversity may be considerably limited by external seed input, i.e. the local species pool in this relatively species-rich wetland was far from being saturated.

3.5 Plan and objectives for the next period

The draft academic paper on the influence of hydrology and litter accumulation on floodplain plant species diversity will be finalised and submitted within a year.

