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In the light of the development of ecosystem- based management for riverine ecosystems, we present a novel 

concept that (1) considers environmental and human impacts comprehensively to describe ecosystem changes 

and (2) links simulated distributions of different combinations of aquatic biota along the riverine trophic chain. 

The new set of predictors will be incorporated into species distribution models (SDMs): besides most common 

spatial predictors, we propose 1) water quality, 2) hydrology, and 3) the use of calibrated output of the SDM as 

new biological predictors in order to develop an indicator of ecosystem health based on 3 levels of the riverine 

trophic chain: macrophytes, macroinvertebrates, and fish. The novelty of this approach lies in the combination of  

these 3 biotic groups through the SDM and the use of hydrology and land use scenarios as predictors. 

 

1 INTRODUCTION 

Aquatic biodiversity has been declining at an alarming rate over the past decades as a result of anthropogenic 

pressures on freshwater ecosystems. Most important pressures include change in land use, flow regime 

alteration, loss of river connectivity as a result of river regulation, dam building for hydropower generation, 

increase in nutrient loads, spread of invasive species, and climate change [1]. Degradation has occurred at 

different spatial scales and rehabilitation measures are thus required both in stream sections and at the catchment 

level, in order to systematically improve habitat conditions for the aquatic biota [2]. Furthermore, it is now 

recognized that multiple stressors act simultaneously and may partially amplify or cancel each other’s effect. 

There is thus a critical need to incorporate the effect of multiple stressors into studies and management plans for 

freshwater ecosystems [3].  

 

Ecosystem Based Management (EBM) provides a new, holistic approach to ecosystem conservation and 

management. EBM can be seen as an integrated approach that considers the entire ecosystem including humans. 

It aims at maintaining an ecosystem in a healthy, productive and resilient condition to ultimately provide the 

services humans need [4]. So far, EBM has been mostly applied to marine ecosystems [4] and examples of EBM 

applied to freshwater ecosystems remain to be seen. 

 

 Riverine ecosystems have unique characteristics, which make the transfer of EBM principles from other 

types of ecosystems challenging: high spatial and temporal heterogeneity and a complex abiotic-biotic cause-

effect chain that links anthropogenic impacts to ecosystem changes. These characteristics need to be properly 

addressed for a successful implementation of EBM in riverine environments. This is possible through using 

models which, on the one hand, can overcome spatial and temporal data constraints and, on the other hand, can 



be linked in order to depict complex cause-effect chains [5]. These models consider causalities from the 

catchment scale to the reach scale and aquatic biota [6] [1] [7].  

 

The concept we propose is to apply a combination of hydrological models, GIS-based spatial data, and 

SDMs. To develop this new approach, we will incorporate important drivers of environmental change into the 

model system, and also test and enable model linkages for different aquatic biota. This approach enables to select 

indicators of ecosystem health that can help identify specific areas/species/habitats most affected by stressors for 

conservation purposes over different scales.  

 

2 CONCEPT (FIGURE 1) 

Species distribution models predict presence/absence of species based on species requirements in terms of 

habitat/environment parameters [8]. The predictors usually considered in SDMs include temperature, elevation, 

and catchment area. SDMs have seldom been used specifically for the conservation of aquatic ecosystems [9]. In 

that context, hydrology and land use scenarios have not been used as predictors. In particular, barriers to fish 

migration (e.g. length of reach with and without barriers) and substrate condition remain to be used. Moreover, 

water quality degradation, through eutrophication, is a key contributor to the decline in aquatic biodiversity. 

Thus some water quality descriptors, such as nitrate and phosphorus loads seem promising as predictors of 

SDMs. We aim to incorporate them via the use of the model MONERIS (MOdelling Nutrient Emissions in RIver 

Systems) [10] that allows the simulation of nutrient pathways and concentrations on the catchment scale under 

different scenarios of land use and/or climate. 

 

The outputs of SDMs are maps, which can help to identify those parts of a catchment most impacted by a 

certain type of stressor, and also the ones that are in best condition.  SDMs have recently been successfully used 

in freshwater systems for macroinvertebrates [6] and fish [11] but so far have not been applied for macrophytes. 

A critical phase of the fish life cycle is the spawning period. Many species of fish are in decline as a result of 

spawning habitat degradation, and due to barriers to fish movement which prevent access to spawning areas. 

Applying a SDM to simulate spawning substrate, macrophytes and macroinvertebrates would allow linking these 

three components.  

 

The first step in our approach will be to investigate and characterize the relationships between the 3 

components of the SDM (macrophytes, macroinvertebrates and fish spawning substrate) using literature review 

and real-world data, so that the output of SDM components will feed into each other.  Statistical relationships 

between environmental data and the components (macrophytes, macroinvertebrates, fish spawning substrate) 

will be characterized by the SDM. The SDM is then applied in a three-fold hierarchical chain through the 

connection of these 3 components, i.e. using the calibrated output of one component as an input. Ecosystem 

health is defined through an assessment of the 3 simulated components: fish spawning substrate, macrophytes 

and macroinvertebrates presence. Hence, the model acts as the unifying framework, allowing the investigation of 

linkages between ecological components and aquatic ecosystem health. 

 

Macrophytes are at the interface between the sediment and the water column and are important as spawning 

habitat and nursery to some fish species. Similarly, correlations between macrophytes and macroinvertebrate 

taxa occurrence have been demonstrated in freshwater ecosystems [12]. The resulting output of the 3 SDMs can 

be converted to a score and standardized, in the same way as a suitability function and thus serves as an 

integrative indicator of ecosystem health. An area of the studied catchment in pristine condition will be used as a 

reference. The occurrence of selected indicator species, such as umbrella species, will be evaluated to define 

ecosystem health through the use of simulated probability thresholds. By combining these probabilities for the 3 

components, we can thus characterize a custom-made indicator of ecosystem health. This indicator can then be 

linked to indicators of ecosystem services in order to complete the EBM framework.  Applicability of the 

method will be tested using data from the Danube catchment.  

 

 

 

 



 

 

Figure 1: Conceptual model of the approach proposed in order to characterize, define and forecast the effect of 

different predictors on aquatic ecosystem health.  

 

3 DISCUSSION 

 

Although in its early stages, the present methodology is highly relevant to the concept of Ecosystem Based 

Management. Traditionally, approaches to conservation and management of freshwater ecosystems tend to focus 

on a single species or group of organisms (e.g. macroinvertebrates, fish). However, environmental stressors 

influence different taxa in different ways. Our approach considers several biotic components of the riverine 

ecosystem and the linkages that exist between them, thus building a more comprehensive “picture” of the impact 

of multiple stressors on riverine ecosystem health. The ‘three-fold hierarchical SDM approach’ can potentially 

improve the knowledge about dependencies between the three components. It presents a novel approach towards 

the advancement of SDM modelling of riverine systems, as an SDM is applied simultaneously to several taxa, 

and also to the prediction of suitable spawning habitat for fish. Macroinvertebrates, macrophytes and fish 

represent key indicators for riverine ecosystem health that are used in EU Water Framework Directive - related 

river ecosystem assessment frameworks, and data for these organisms are therefore widely available. The use of 

macroinvertebrates and macrophytes to predict the quality of spawning habitat for fish will allow the 

identification of river stretches where spawning of particular fish species is impaired or, on the contrary, 

favorable. From there, application of dispersal models such as FIDIMO [13] would allow the identification of 

those areas and fish populations most likely to recover upon restoration. Depending on the research question and 

conservation goal, the presence of particular species of macrophytes can be interpreted as an indicator of suitable 

or unsuitable conditions for macroinvertebrates and fish: while their presence indicates nutrient enrichment and 

hence poor habitat conditions for some freshwater bivalves (e.g. Margaritifera margaritifera), they also indicate 

suitable spawning and nursery habitat for some species of fish. As such, the proposed approach is quite versatile 

and will contribute to the understanding of the complex cause-effect chain from anthropogenic pressures on 

ecosystem functioning in freshwater ecosystems.  



 

REFERENCES 

 

[1] Kail J., Guse B., Radinger J., Schröder M., Kiesel J., Kleinhans M., Schuurman F., Fohrer N., Hering D. 

and Wolter C. (2015) “From hydrology to species assemblages - a modelling framework to assess the 

effect of pressures on river habitat conditions and biota”. PLOS ONE 

DOI:10.1371/journal.pone.0130228. 

 

[2] Palmer, M.A., Hondula, K.L., Koch, B.J. (2014) “Ecological restoration of streams and rivers: Shifting 

strategies and shifting goals.” Annual Review of Ecology, Evolution and Systematics” 45: 247-269. 

 

[3] Feld C. K., Birk S., Bradley D.C., Hering D., Kail J., Marzin A., Melcher A., Nemitz D., Pedersen M. 

L., Pletterbauer F., Pont D., Verdonschot P. F. M., Fridberg N. (2011) “From natural to degraded rivers 

and back again: a test of restoration ecology theory and practice”. Advances in Ecological Research 44: 

DOI: 10.1016/B978-0-12-374794-5.00003-1. 

 

[4] Long, R. D., Charles, A., Stephenson, R. L. (2015) “Key principles of marine ecosystem-based 

management.” Marine Policy 57: 53-60.  

 

[5] Kiesel J., Hering D., Schmalz B., Fohrer N. (2009) “A transdisciplinary approach for modelling 

macroinvertebrate habitats in lowland streams” IAHS Publication 328: 24-33.   

 

[6] Jähnig, S. C., Kuemmerlen, M., Kiesel, J., Domisch, S., Cai, Q., Schmalz, B., Fohrer, N. (2012) 

Modelling of riverine ecosystems by integrating models: conceptual approach, a case study and research 

agenda. Journal of Biogeography 39 (12): 2253-2263. 

 

[7] Guse B., Kail J., Radinger K., Schröder M., Kiesel J., Hering D., Wolter C., Fohrer N. (2015) “Eco-

hydrologic model cascades: Simulating land use and climate change impacts on hydrology, hydraulics 

and habitats for fish and macroinvertebrates”. Science of the Total Environment 533: 542-556. 

 

[8] Elith, J., Leathwick, J. R. (2009) Species Distribution Models: ecological explanation and prediction 

across space and time. Annual Review of Ecology, Evolution and Systematics 40: 677-697. 

 

[9] Guisan, A., Tingley, R., Baumgartner, J B., Naijokaitis-Lewis, L., Sutcliff, P. R., Tulloch, A. I. T., 

Regan, T. J., Brotons, L., McDonalds-Madden, E., Mantyka-Prinkle, C., Martin, T. G., Rhodes, J. R., 

Maggini, R., Setterfields, S. A., Eltih, J., Schwartz, M. W., Wintle, B. A., Broennimann, O., Austin, M., 

Ferrier, S., Kearney, M. R., Possingham, H. P., Buckley Y. M. (2013) Predicting species distribution for 

conservation decisions. Ecology Letters 16 (12): 1424-1435. 

 

[10] Venohr, M., Hirt, U., Hofmann, J., Opitz, D., Gericke, A., Wetzig, A., Natho, S., Neumann, F., Hürdler, 

J., Matranga, M., Mahnkopf, J., Gadegast, M., Behrent, H. (2011) Modelling of nutrient emissions in 

river systems-MONERIS-Methods and Background. International Review of Hydrobiology 96 (5): 435-

483.  

 

[11] Bond,  N., Thompson, J., Reich, P., Stein, J. (2011) Using species distribution models to infer potential 

climate change-induced range shifts of freshwater fish in south-eastern Australia. Marine and 

Freshwater Research 62(9) 1043-1061.  

 

[12] Traversetti, L., Ceschin, S., Manfrin, A., Scalici, M. (2015) Co-occurrence between macrophytes and 

macroinvertebrates: towards a new approach for the running waters quality evaluation? Journal of 

Limnology 74 (1): 133-142. 

 

[13] Radinger, J., Kail, J., Wolter, K. (2013) FIDIMO- a free and open source GIS based dispersal model for 

riverine fish. Ecological Informatics 24: 238-247. 

 


