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	Policy brief - April 2014



	Study area

Modelling the effect of large-scale pressures like climate and environmental change on reach-scale river biota and restoration success 

	Objectives / Theme of the supporting activity

· Develop and test an integrated modelling framework to predict the habitat conditions and to identify the main limiting pressures for biota of rivers.
· Assess the effect of large scale pressures (climate and land use change) on river biota and on the effects of reach-scale restoration measures.

· Consider for the first time interacting effects of (i) abiotic habitat conditions, (ii) dispersal abilities of species, and (iii) the species pool available for (re-) colonization. 

	Contribution to…

· …Article 11 Programme of Measures by assessing the effect of large scale pressures on river restoration success including climate change.

	Policy relevance and focus

· At the operational level, the project provides an approach to more realistically assess the effect of reach-scale restoration measures given the anthropogenic pressures at larger spatial scales and to identify effective measures at the river network and catchment scale. For the first time, this assessment includes missing source populations and impacts of migration barriers.
· At the strategic level, the project’s modelling framework provides empirical evidence that neither predicted climate change nor land use changes will impact on river discharge and water quality to an extent that principally hampers river rehabilitation and that could not be mitigated.

	Key outputs 
· Modelling framework: The modelling framework developed integrates: (i) an ecohydrological model describing catchment scale pressures and processes (e.g. discharge, nutrient loads), (ii) a 2D hydrodynamic model predicting the hydraulic habitat conditions at the reach-scale for discharges modelled by the ecohydrological model for different scenarios, (iii) habitat models assessing the suitability of the hydraulic habitat conditions for biota, (iv) morphological models assessing if the predicted discharge changes significantly affect river morphology, habitat conditions, and in turn biota, (v) species distribution and dispersal models predicting the species pool available for (re-) colonizing the habitats, (vi) interaction models considering the feedback of biota on the abiotic habitat conditions. Finally, information on physical habitat conditions, water quality, and the species pool are combined to assess the effect of the different pressures on biota.
· Novel models: The first GIS based fish dispersal model (FIDIMO) was developed to predict species-specific dispersal probabilities of fishes, while considering adverse effects of migration barriers and missing source populations (Radinger et al. 2013). Moreover, a novel habitat model for invertebrates (Habitat Evaluation Tool) was developed that is able to predict species abundance besides species presence (Kiesel et al. 2014).
· Case-study application: In two case-study catchments, a near-natural study reach was selected as analogue for the habitat conditions of a typical restored reach. The effect of different climate change and land use change scenarios was modelled on discharge, river morphology, hydraulic habitat conditions, habitat suitability, and biota to (i) compare the potential effect of different pressures, and (ii) investigate if large scale pressures constrain the effect of reach-scale restoration measures.
· Importance of habitat conditions vs. species pool: Habitat suitability for fish differed less between species than their dispersal ability indicating that fish species have a similar probability to establish in a restored reach with comparable habitat conditions but strongly differ in respect to the time needed for reaching and colonizing it.
· Effect of discharge changes on fish: In both case-study catchments, the climate change scenarios predicted a substantial decrease in discharge, which resulted in modified hydraulic habitat conditions that caused small to moderate, species-specific changes in the habitat suitability for fish. The habitat model predicted non-linear effects of discharge changes on habitat suitability, both negative and positive. This might constrain the effect of river restoration for some fish species but does not limit restoration success in general. 
· Effect of changes in nutrient concentrations on invertebrates: In the land use and climate change scenarios, the moderate changes in invertebrate abundance reflect the predicted moderate changes in nutrient concentrations. Most species occurring in the modelled lowland catchment are nutrient tolerant and are predicted to decrease in abundance with decreasing nutrient concentrations.
· Modelling framework applications: The application of the integrated modelling framework in IMPACT has focused on hydraulic habitat conditions for fish and nutrient loads for invertebrates. However, other environmental variables can be easily included and hence, the integrated modelling framework applied for various research questions in river ecology. 

	Experiences gained – Recommendations to policy makers – Next steps

· Experiences gained and research needs: The application of the modelling framework showed that abiotic and biotic models can be successfully linked to predict river biota. The following main research needs were identified: (i) The precision of the output of the abiotic models is higher than what presently can be used for the biotic models, and hence the overall output of the modelling framework could be enhanced by refining the biotic models. (ii) Moreover, model predictions could be enhanced if abiotic models focus more on habitat parameters relevant for biota, especially on sediment sorting and resulting sediment sizes, and organic substrates including macrophytes and their feedback on abiotic habitat conditions (“ecosystem engineers”). (iii) The knowledge on habitat preferences and suitability is still limited, often based to expert judgement, and hence, empirical studies are needed for fish and invertebrates.
· Recommendations to policy makers: 
· The relationship between abiotic habitat conditions and their effect on biota is non-linear, i.e. predictions cannot be solely based on abiotic habitat variables, but also on biotic interactions. 

· Uncertainty of the modelling results is still considerably high and hence, river restoration and the Programmes of Measures should follow an adaptive management approach, i.e. the effect of the measures should be monitored.
· Large-scale pressures potentially constrain the effect of restoration measures and should be adequately considered in the Programme of Measures. In the case-study applications, results indicated that discharge changes due to climate change are of minor importance, and restoration success more strongly depends on large-scale pressures like nutrient loads and missing source populations. However, this might be different in other catchments. 

	Related projects / activities

· REFORM: „REstoring rivers FOR effective catchment Management - REFORM“, EU FP7 project grant number 282656. Results of the IMPACT project are used to identify the main bottlenecks, pressures, and spatial scales which are considered in the investigations on the effect of river restoration on biota. 

· FISHCON: “Biodiversity scenarios for fragmented landscapes; freshwater connectivity and the future of fish diversity”, BiodivERsA project, grant number 01LC1205. Application of the fish dispersal model FIDIMO which was developed in the IMPACT project.
· GLANCE: Project to combine empirical biological data and modelled hydrodynamic data to describe the hydraulic habitat preferences of invertebrates for the use in the Habitat Evaluation Tool, which was developed in the IMPACT project. 

	Outlook - Accessibility of results

Fish dispersal model FIDIMO: http://grasswiki.osgeo.org/wiki/AddOns/GRASS_6#r.fidimo

FISHMOVE tool to quantify fish migration distances: http://cran.r-project.org/web/packages/fishmove/index.html
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