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Sudden changes in flow, downstream of plants managed by hydropeaking, modify the living conditions of 
biological communities and may alter their biological functions (reproduction, survival, growth, displacement). 
To assess the global ecological impact of hydropeaking, the high interannual variability of the biological 
communities has to be taken into account. For that, we achieved a comprehensive monitoring of relevant 
physical and biological parameters over 3 to 16 years (mean: 8.4 years) on 13 French rivers, downstream 19 
hydropower plants (24 monitoring sites). The majority of these environmental monitoring was conducted before 
and after the implementation of mitigation measures. The change in spatial-temporal structure of the biological 
assemblages (fish and macroinvertebrates) at the 24 sites was analyzed. The nature and the degree of the 
ecological impact varied according to the site.  
 

1 INTRODUCTION  

The hydropower facilities, managed by hydropeaking, use the available water reserves at the most opportune 
moment for the generation of electricity and release water stored in dam reservoirs by intermittence. Sudden 
changes in flow variations within the day or the week are induced in river sections below plants. These releases 
cause variations in water depth, velocity and wetted area, which may also generate alterations of morphology [1] 
and water quality [2]; [3]; [4]. Many studies characterized the different types of impact of hydropeaking on 
biological communities. The modification of living conditions may alter biotic parameters [5]: reproduction 
alteration due to dewatered redds and the perturbation of spawning activity, survival alteration due to drifting 
and stranding of organisms, growth alteration due to the perturbation of feeding activity. Nevertheless, all these 
alterations do not occur systematically on all sites and the degree of perturbation depends on the hydropeaking 
intensity, the season and the morphological and hydrographical context of stream. On the other hand, assessing 
the success of restoration projects remains a highly debated issue in the literature [6], [7] [8]. Many restoration 
projects were implemented but few were monitored to assess their effectiveness [9]. The objective of our study 



was to assess the efficiency of mitigation measures by taking into account the high interannual variability of 
biological communities.  
 

2 MATERIALS & METHODS 

2.1 Location of sites 

A comprehensive monitoring of relevant physical and biological parameters was conducted over 3 to 16 
years (mean: 8.4 years) on 13 French rivers, downstream 19 hydropower plants (24 monitoring sites). The study 
sites are located in different mountain contexts of France (Alps, Massif Central and Jura). Their range of 
elevation varies between 100 and 900 m. Their geology is limestone or granite dominant. Their hydrological 
regimes vary from nival to pluvial types with different local specificities (nivo-pluvial, pluvial Mediterranean). 
Their mean annual flow (MAF) are varied: three study sites have a MAF lower than 10 m3/s, 14 a MAF between 
10 and 30 m3.s-1 and 2 a MAF higher than 100 m3.s-1. Consequently widths, slopes and morphologies of sections 
are quite variable between sites and also within the same stream. The length of impacted linear are quite 
different: 3-10 km (8 sites), from 11 to 50 km (8 sites), over 50 km (3 sites).  
Fish were sampled annually, at the end of summer, on all the sites and spawning redds were monitored on the 
majority of sites. On 9 rivers over 13, the benthic macroinvertebrate were sampled and the normalized French 
biotic index (IBGN) was calculated. 

 
Figure 1. Location of sampled hydropeaking sites 

 
 

2.2 Implementation of mitigation measures 

The majority of environmental monitoring was conducted before and after the implementation of mitigation 
measures. The implemented management changes essentially concern an increase of the minimum instream 
flow, a decrease of gradients, and / or of amplitudes at certain times of the year. 

The hydrological disturbance indicator [10] allowed to monitor the improvement on a number of sites where 
it was possible to apply over several years. Finally, these experiments allowed us i) to assess the effect of 
hydropeaking on biological communities (in terms of abundance, species richness, structure, status) and ii) to 
test the obtained biological benefit according to the implementation of mitigation measures. The change in 
spatial-temporal structure of the biological assemblages (fish and macroinvertebrates) at the 24 sites was 
analyzed.  
The main results will then be presented by seeking to answer the following questions: 

- What impact does hydropeaking induce on physical characteristics? 



- What impacts of hydropeaking could be detected on biological communities? 
- What lessons learned from the mitigation measures implemented? 

 

2.3 Results 

 
The nature and the degree of the ecological impact varied according to the site. The alteration of hydrology, 
temperature and water quality depended on the characteristics of hydropower facilities. The perturbation of 
habitat conditions was more or less accentuated in function of the morphology of the site. The phenomena of 
stranding occurred only on sites with alluvial benches or secondary channels. The structure and abundance of 
macroinvertebrate assemblages seemed to be less impacted than those of fish assemblages. Bulhead populations 
(Cottus gobio) seemed to be less impacted than others species by the hydropeaking and the pavement of reaches 
due to dams. Regarding the efficiency of mitigation measures, the higher macroinvertebrate drift rate at the 
beginning of the hydropeaking should be mitigated, by the introduction of a “warning wave” for example. A 
sufficient minimum discharge and a limitation of high and fast hydropeakings during sensitive periods of 
spawning and recruitment were two key mitigation measures. Punctual actions on the morphology were 
complementary for some sites.  
 

2.4 Conclusion  

To better assess the efficiency of mitigation measures and their adaptation according to the different types of 
reaches, tests of several mitigation measures have to be pursued and associated to environmental multiannual 
monitoring. The variability of biological communities’ responses observed in this study highlighted the difficulty 
to develop general biological descriptors able to quantify the impacts of hydropeaking. However, additional 
analyzes (statistical analyzes on the relationships between biotic and abiotic parameters) would strengthen our 
assessment of the effect of hydropeaking management on the structure of populations for example. A multi-year 
approach with more quantitative analysis would ultimately allow to define general thresholds on key physical 
parameters regulating communities (dewatered spawning area, percentage of dewatered nests, usable area 
favorable for young stages at the minimum instream flow…). On the other hand, the representativeness of the 
study sites over all French hydropeaking's sections (about 150 sections) needs to be better evaluated. A large-
scale identification of the types of reaches subject to hydropeaking is ongoing and will determine the potential 
impact types by considering the morphological and hydrographical context of rivers and the management of 
hydropower plants. 
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