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Executive summary  
This is the 2.0 version of the Report of Case Studies on the Effects of Barrier Removal, Mitigation and 
Installation. This document is a deliverable of the AMBER project. This project has received funding 
ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ ǳƴŘŜǊ ƎǊŀƴǘ ŀƎǊŜŜƳŜƴǘ 
No 689682. 
 
Within the AMBER project, a total of seven case-studies were included to provide a practical 
background for the methods tested and examples from the wide range of barriers found in European 
rivers and their management. The case studies represent different types of barriers covering a wide 
geographic range, from Andalusia inSpain to Northern Scotland.  
 
In each case, the AMBER research teams have spent considerable effort to investigate the relevant 
aspects of the specific barrier and the process involved in management, be it mitigation/modification, 
removal or construction. A range of research methods have been used, some of which have been 
developed through the AMBER project, and the methods used are described, and to some extent 
evaluated, in this report. Two case studies deal with installation of new barriers (Hydropower dams), 
three cases studies, modifications of already existing dams and two case studies review the effects of 
barrier removal. From the installation of new barriers case studies, one of the planned dams was 
cancelled after a long decision process, mainly due to pressure from NGOs and environmentalists, 
while the other was postponed, and a more environmentally friendly plan for the river agreed upon. 
Three large dams were undergoing modifications to mitigate adverse effects, and the AMBER studies 
provided important information to help design changes that will have substantial positive influence 
on connectivity. In the case study of barrier removals, the planned removal of a large dam in the 
Blackwater River in Ireland was unfortunately substantially delayed, so the evaluation of impacts could 
not be performed as planned. However, a range of relevant studies were carried out at this location. 
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In the case of barrier removals in small rivers, a substantial number of actual dam removals were 
described and before and after measurements of habitat and fauna were used to evaluate the effects 
of the removals. The studies of cases where both social- and natural science was used, provided the 
AMBER research team with a vast range of experience in terms of new methods, obtained results and 
insight into the processes involved in barrier management. Much of this experience has been 
transformed into scientific papers, but in this report, almost all of what has been learned in the seven 
case studies is compiled.  
 
The case studies demonstrate the wide range of issues associated with barriers in rivers and the loss 
of connectivity they can cause. Each case study is quite unique, with different biology, hydrology and 
society/culture, so it is clear that one general step-by-step solution will not solve all problems. The 
case studies show that a deep involvement from citizens, stakeholders, NGOs and researchers can 
really influence decisions on infrastructure that will impact our environment for decades to come. 
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1 INTRODUCTION 
Barriers ŀǊŜ ǳōƛǉǳƛǘƻǳǎ ƛƴ ǘƻŘŀȅΩǎ ǊƛǾŜǊǎΦ .Ŝ ƛǘ ǘƻ provide energy, flood control or recreation, barriers 
have altered the natural course of rivers over the past centuries (Nilsson et al. 2005). Following the 
realization of the effects of barriers, especially on migratory fish species, an era of engineered-solution 
surfaced to improve fish passage (Silva et al. 2018; Birnie-Gauvin et al. 2019). Thus far, these solutions 
have had underwhelming effects, and barriers continue to threaten the livelihood of freshwater 
ecosystems as a whole. Yet, in many countries, hydropower dams, water supply dams and flood 
control dams continue to be approved and constructed. In few nations are barriers slowly and 
painstakingly being removed. 

 
In WP4, more practical, empirical experiences with barrier management and the use of various 
methods are described. Here, we wanted to move away from the laboratories and the theoretical 
models and into the real world. While acknowledging that it is not easy to study an often very long 
process like dam removal, dam installation or dam mitigation in a short project like AMBER, we set 
out to implement some of the methods as well as have the opportunity to study actual (engineering) 
projects and the ecological effects of these.  
 
The case studies were not selected on the basis of criteria chosen by AMBER, but were mainly those 
available where partners had a chance to follow the process closely. Projects with modifications or 
removal of large dams are not common in the EU, and with the short duration of this project, the 
number of such potential cases was very limited. This is not the case in respect of the removal of small 
dams, where Denmark in particular is carrying out a significant number of barrier removals in lowland 
rivers every year, mainly to fulfil the requirements of the WFD. Thus, due to dam removal in lowland 
rivers in Denmark and in small rivers in the UK, it was possible to make analyses on a more generic 
basis regarding the applicability of methods, and on the outcome of the removal projects. However, 
It is clear from this work that experiences from one case cannot just be transferred to others; each 
dam project is unique, and so the applicability of methods varies, making it important to have a large 
toolbox and an open mind. 

 
Here, we report on the seven AMBER case studies to showcase the effects of barrier installation, 
barrier mitigation and barrier removal using a variety of tools (some of which were developed in WP2 
and WP3). We report on the process that took place from an adaptive management perspective. 
 
 
 
 

2 METHODS TO EVALUATE EFFECTS OF BARRIERS 

 

2.1 Remote sensing: using drones to map habitat and geomorphology 

The commercialisation of small drones, which can be purchased and operated by private citizens, has 
opened a broad range of applications. Relatively cheap, off-the-shelf drones were used to survey rivers 
and stream stretches in the UK, Scotland, Spain, Poland, Denmark and IrelandΦ CƻǳǊ ά5WL tƘŀƴǘƻƳέ 
drones were used to provide images of the areas surveyed and give information on local 
geomorphology (vegetation, substrate type, river morphology and hydrology). Remote sensing offers 
a cost-effective method to monitor rivers, especially in areas that are hard to access where bringing 
lots of equipment would be difficult, though drones remain constrained in their range, flight times, 
and by weather conditions. Ranges of drone surveys are often limited to the viewable area, because 
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it is difficult and risky to operate a drone out of sight. Weather conditions also limit drone use to clear 
days with little wind and no rain. Such conditions are relatively rare in locations like Denmark and 
Scotland. Many headwater streams have trees along both banks, or run in forested areas, where the 
use of drones is practically impossible. One serious limitation can be local rules and regulations 
prohibiting the use of drones in certain areas, as was the case in Case Study 2 (Guadalhorce), where it 
proved impossible to perform a planned drone survey because of restrictions and bureaucracy.  
 
Despite constraints, remote sensing using drones can be useful under certain specific conditions, 
generally in concert with other tools. Extensive surveys of habitats that include defining substrate type 
(sediments for example) require very clear water for detection by drones, something rarely the case 
in small, lowland rivers. In the Polish study of the large River Vistula, information obtained from drone 
surveys provided data that would have been very difficult or impossible to obtain from a boat or bank-
based surveys. Images from the drones were used to compare before and after removal and provide 
nice images that communicate a clear message. But in terms of use for habitat mapping, sites that fit 
very specific descriptions are needed ŦƻǊ ƛǘ ǘƻ ōŜ ǳǎŜŦǳƭΣ ŀƴŘ ƛǘ ǿŀǎ ƴŜǾŜǊ ǳǎŜŘ ŀǎ ŀ άǎǘŀƴŘ-ŀƭƻƴŜέ 
mapping tool in AMBER.  
 
Thus, when appropriate, a few hours of drone flying can replace multiple days of fieldwork and often 
provide better data, for example, for the analysis of macrophyte cover or counts of salmonid spawning 
redds. The general impression from the tests of drone surveys is that it is very useful in combination 
with ground measurements in stream surveys.  

 
 

2.2 eDNA tool kit 

The use of eDNA has gained much attention during the last decade and holds much promise for 
aquatic monitoring. The method requires less fieldwork compared to traditional sampling methods, 
thus saving resources. The AMBER eDNA tool was tested in Case Study 1, the River Nalón in Spain, 
where it proved more sensitive than the traditional macroinvertebrate sampling. A cost-benefit 
analysis shows that the metabarcoding approach is more expensive than conventional techniques for 
determining macroinvertebrate communities but requires fewer sampling and identification efforts. 
Our results suggest that metabarcoding is a useful tool for alternative assessment of freshwater 
quality. The method is generally most useful for species presence/absence studies, not just of fish but 
also of other aquatic taxa, including invertebrates and amphibians, but also plants. Careful 
interpretation of results is crucial, and it is important to note that failure to detect DNA from one 
species does not equal absence and that quantitative information cannot yet be expected from most 
analyses. In a situation where the relevant DNA sequences are well defined, the method can be used 
to give an overview of the distribution of aquatic species in relation to the location of barriers as well 
as of species richness. When species assemblages differ significantly up  and downstream from a given 
barrier, this can indicate loss of connectivity. The results from the River Garry (Case Study 3), where 
attempts were made to assess the presence of Atlantic salmon smolts in certain areas, were 
inconclusive and highlight the shortcomings of a method still under development.  
 
 

2.3 Electrofishing surveys 

Electrofishing surveys have been used for decades to assess riverine fish populations and are 
performed throughout the EU. The European Committee for Standardisation (CEN) standards EN 
14962 and EN 14011, specify the methods to be used for sampling fish according to the WFD. For 
wadable streams, it involves single pass electrofishing, with the optional use of block or stop nets. 
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These surveys are low-cost and take relatively little effort. In contrast to assessing species via eDNA 
approaches, electrofishing surveys can provide information not only on presence/absence of species, 
but also on the individuals (size and sex for example), age structure and density. Further, the 
information is obtained in real-time ς no further analysis in the laboratory is necessary. These surveys 
can be performed at multiple locations, both below and above barriers, and over various lengths of 
time to evaluate the effects of construction, mitigation or removal (BACI approach ς before-after-
control-impact approach).  
 
In larger rivers and reservoirs, electrofishing (from a boat) has significant limitations and will provide 
a much more qualitative assessment of fish populations, leaving out most bottom dwelling fish, as 
these are rarely caught. However, different variations of the method were used in the Irish Case Study, 
where the Clondulane and Fermoy impounded areas were sampled using boom boat electro fishing 
in the deep, impounded channel segments and conventional boat- based or wading- electric fishing in 
natural sections, depending on water depths. With the right equipment and valid estimations of 
efficiency, fish abundance and size distribution can be monitored even in deep, impounded areas.  
Also, in the River Vistula, electrofishing from a boat was used to obtain population estimates of fish. 
Here only small-scale equipment was used, but still provided a useful overview of the abundance and 
size distribution of most fish species. 

 
The method has been extensively used to evaluate the effects of dam removal in the case studies from 
Denmark and England and used to describe the fish population at the weirs in the Blackwater River in 
Ireland. In the small, species poor, lowland streams of Denmark, where brown trout is the dominant 
species, the density of YoY trout can be used as indicator of stream quality. In Denmark, a density of 
> 80 YoY trout or salmon/m2 is required to achieve good ecological status in accordance with the 
WFD. This level of density is hard to reach if connectivity is compromised reducing salmon, sea- or 
lake-trout access to spawning areas, so the density indicator does provide information on both habitat 
quality and connectivity.  
 
In brief, electrofishing is a well-tested tool which can provide good information about fish 
communities with relatively little effort/resource use in many situations, when appropriately used. 

 
 

2.4 Telemetry 

Telemetry is one of the best approaches to study the impacts of barriers on fish movement and 
survival. Telemetry has provided invaluable detailed information on behaviour and helped scientists 
to pinpoint bottlenecks or areas of particular interest surrounding a given barrier. Indeed, the 
evaluations of salmonid fish migrations up and downstream through hydropower dams in the River 
Columbia in the USA have been the main driver for development of modern telemetry systems. During 
the last three decades, aquatic telemetry has developed from being a novel, experimental method to 
become widespread as a standard tool to monitor fish movements, numbers and survival. Today, PIT-
technology, radiotelemetry and acoustic telemetry are used in most areas in fish investigations for a 
wide range of purposes.  
 
In the French case study in the River Allier, acoustic telemetry was used to provide detailed 
information on the downstream movement of salmon smolts through the Poutes dam and reservoir. 
Here wild and hatchery smolts were tagged and followed through three years under various 
management regimes and different environmental conditions. The results were analysed in-depth, 
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and the conclusions were rather easily translated into management recommendations, giving better 
survival and passage of the smolts, thus mitigating some of the negative effect of the barrier.  
 
In Ireland, acoustic telemetry should have been used to monitor sea lamprey migration through a 
dam, but it was not possible to carry out as only two were caught, so instead resident dace and trout 
were tagged and followed. The result from that study demonstrated how barriers to migration can 
induce artificially high residency or localised movement within the impounded habitat. The results 
indicate that the displacement patterns observed are primarily driven by foraging activity which in 
turn are influenced by seasonal changes and the onset of potential spawning periods and/or change 
to overwintering behaviour.  
 
Determining where fish are distributed across days and seasons is valuable for understanding their 
ecology, evolution and conservation. These data have given novel insight into the patterns effecting 
fish behaviour in a lowland riverine impounded habitat and has provided descriptive information on 
brown trout and dace spatial distribution. From a barrier management perspective, these data can 
feed into stock status monitoring in impounded habitats and also increase the understanding of how 
barriers influence fish populations. One of the assets of telemetry is that the results are often very 
clear and self-explanatory and thus very useful in adaptive management where laymen (NGOs) are 
involved in decisions affecting, for example, fish migration. Simple studies on fish survival and 
behaviour during up and downstream passage of obstacles and impoundments have and will play an 
important role in barrier management. In excess of 500 European eel were PIT tagged in the Munster 
Blackwater in one year and repeat annual surveys examined of growth rate and residency in an 
extended area of impounded river. 

 
The study of the River Vistula employed PIT- telemetry to monitor fish passage through a fish ladder 
at a major hydropower plant. The technology is used widely and well suited to monitor passage 
through narrow areas like fishways. PIT tags are small (enabling tagging of small individuals) and cheap 
(enabling tagging many individuals) making the method well suited for studies of a wide range of 
species and sizes of fish. The method is based on on Passive Integrated Transponders (PIT) with radio 
frequency identification (RFID) signals that are inserted into a fish and the fish is then detected when 
passing a loop antenna system in the fishway. A total of 880 fish of 12 species were tagged in the 
Vistula and the movement in the fishway and passage success was monitored.  

 
 

2.5 MesoHABSIM 

Habitat mapping and modelling has been a widely used tool in river studies for some decades and 
exploited for a variety of purposes.  Its main application has been for deciding minimal flow for 
regulated rivers, where models have predicted how the (fish) habitats are impacted by reductions in 
flow. A minimal threshold is then determined (expressed in the percentwise reduction of essential 
habitat) and the legal limits for water abstraction or hydropower-spill is set. For larger constructions 
or modifications, habitat modelling is important to simulate the effect of such engineering work.  
 
The Mesohabitat Simulation Model (MesoHABSIM) is an approach used to model instream habitats at 
the river and site-specific scale. It encompasses a computer model, Sim-Stream, which predicts the 
quantity of habitat for aquatic communities in rivers and streams for watershed management 
scenarios. MesoHABSIM enables research and forecasting in relation to river systems on the 
catchment scale. The system is based on a data resolution that reflects animal responses to changes 
in the external environment and its effective extrapolation to a scale that allows planning and 



D4.2 Report of Case Studies Demonstrating the Effects of Barrier Removal, Mitigation and Installation 

May 2020. 

AMBER Project - H2020 - Grant Agreement #689682 

 

 

11 
 

management. An appropriate extrapolation framework is based on a structured approach for 
selection of representative location and watershed area transformation of flow values. The basic steps 
in the development of this system are to define biological targets and appropriate scale to identify 
habitats that significantly differ in the composition of fish community (Aadland 1993, Lobb and Orth 
1991). 

 
Advanced habitat time series analysis applied in the model allows the establishment of common 
denominator metrics such as Habitat Stress Days or Community Habitat Structure Alterations that can 
be used in quantitative scenario comparisons within River Restoration Analysis framework 
(Parasiewicz et al.  2012). Because the model was created on the basis of GIS, it is characterized by 
flexibility in the simulation of morphological changes, allowing a set of reference conditions to be 
defined and the analysis of the effect of potential actions (such as dam removals) to compensate for 
habitat shortages in the river to be evaluated. The final elements of the methodology are indexes and 
tools enabling the transference of results to operational activities in the comparison of different 
planning scenarios; the latter is particularly useful in adaptive management. Like all habitat models, 
MesoHABSIM requires quite intensive data collection, which can be well supported by drone imagery 
and other rapid assessment techniques developed during the AMBER project, reducing effort to 
reasonable level.   

 
The biggest application of habitat models is for providing clear, quantitative assessment results from 
potential or actual mitigation actions, and so providing strong support in the decision-making 
processes.  

 
Habitat mapping and modelling was used in four of the seven case studies, and proved quite 
challenging due to the need for standardised data, collected under various flow regimes. The use of 
the model is demonstrated in detail in Case Study 5, the River Vistula. The model was also applied in 
three other Case Studies: The River Guadalhorce In Spain; the Munster Blackwater in Ireland and the 
Gear Garry in Scotland. In each case, the different aspects of the ōŀǊǊƛŜǊΩǎ impact on habitat have been 
described. On the River Vistula, the habitat structure up and downstream of the dam differed from 
the structure predicted by the Fish Community Macro Habitat Model (FCMacHT), and lowering the 
dam connected with restoration measures downstream was established as the ecologically most 
effective alternative. On the River Guadalhorce and the Gear Garry, the habitat structure downstream 
of the dam closely resembled the expected target, and most habitat improvements can be 
accomplished by more sophisticated flow regulations. On the River Guadalhorce, maintaining the 
appropriate flows in the channel downstream of the dam in a less erratic and more controlled fashion 
is a recommended action. On the Gear Garry, the disturbed water quality and sediment supply 
strongly affect salmonid spawning grounds, and more frequent channel-forming flows would offer an 
improvement. At the Munster Blackwater, where Fermoy  Dam is partially breached, the model 
documented that the most ecologically appropriate action is further dam demolition connected with 
habitat improvement actions in adjacent areas.  

 
 

2.6 Surveys of Ecosystems Services 

Surveys to identify and rank the benefits and adverse effects of a given barrier will be an important 
source of information in adaptive barrier management, particularly in the case of large, important 
dams/structures. Very often, these can be reduced to benefits of a continuous, naturally flowing river 
versus the benefits of a barrier with respect to a service such as hydropower or a reservoir as a source 
of water for agriculture or industry.  
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In several of the Case Studies, AMBER social surveys were carried out to understand societal attitudes 
toward dams and to estimate how much they mean to different people.  For example, in the case of 
the River Nalón, a dam was planned, but the project was not carried out because public opinion was 
against this, and because the ecosystem services of a free river were ranked higher than that of a 
dammed river with a large reservoir. Thus, Ecosystem Services Surveys (ESS) can be important for 
decision support. In the Guadalhorce Case study, analyses of ESS was also carried out and made a 
difference in the decision about the construction of the dam. In cases of smaller streams with smaller 
barriers, like the Case Studies in Denmark and the UK, making such surveys is not as relevant, because 
few stakeholders/interests are involved and because there are insufficient resources to do so.  
 
 
 

 

3 EFFECTS OF BARRIER INSTALLATION, MITIGATION AND REMOVAL 

Using the 7 case studies carried out as part of AMBER, we report on the general and overall impacts 
of barrier installation, mitigation and removal from an environmental and social perspective. Below 
are the main messages from the case studies. Detailed summaries on the case studies are provided in 
the Appendix section and an overview is provided in Table 1. 

 
 

3.1 Methods used 

Table 1. Overview of the main methods used in each of seven case studies. 
Case Drone eDNA E-fishing Telemetry ESS MesoHABSIM Social 

survey 

1 Nalón  X   X  X 

2 Guadalhorce (X) X   X X X 

3 Allier  X  X    

4 Garry X X   X X X 

5 Vistula X X X X  X  

6 Blackwater X  X X  X  

7 Small rivers 
UK and DK 

X  X   Habitat 
surveys 

 

 
 

3.2 Barrier installation 

Barrier installation clearly alters connectivity, by affecting the flow of water and sediment, but also by 
affecting the ease of access to habitats by the organisms that inhabit the river.  
 
The case study on barrier installation failed because the plan to build a major dam in a Spanish river 
was abandoned, mainly due to lack of public support. The most obvious reason to build new dams in 
the future will be the need to store water for human, urban and rural use. The need for stored water 
is only expected to increase as climate change intensifies and will be most pronounced in the 
Mediterranean area. The need for dams for excluding unwanted species (moving upstream) is 
discussed in-depth in another AMBER deliverable and can be a reason for establishing (or keeping) 
dams in very special cases. If a new dam is to be installed, be it for hydropower, flood control or water 
storage, it is imperative that an open and transparent decision process is used, where stakeholders 



D4.2 Report of Case Studies Demonstrating the Effects of Barrier Removal, Mitigation and Installation 

May 2020. 

AMBER Project - H2020 - Grant Agreement #689682 

 

 

13 
 

can get involved. The case of the dam on the River Nalón demonstrates that if the decision does not 
involve stakeholders (including the general public), it may end with conflicts and eventually 
cancellation. In the case of the Guadalhorce, the planned modifications to the lower river became the 
focus of much study/survey/discussion in the local community. Here, the citizens were involved and 
their feeling about the project and dams in general were expressed. Interestingly, there was a general 
positive perception of dams and the benefits they brought about. The use of decision-support tools is 
clearly very important in cases of dam planning and should always be used. Even in situations where 
a new dam is being build, mitigation measures for reducing the negative impact (loss of connectivity) 
are easier and cheaper to implement in the planning phase than after construction. There are a few 
examples in the world of hydropower stations, built in a way to minimally affect the connectivity of a 
river (i.e. The Falkenberg (Herting) station in Sweden) and these should be used as inspiration for new 
projects, where connectivity is crucial.  

 
 

3.3 Barrier mitigation 

Barrier mitigation, often regarded as restoring connectivity through installations such as fish ladders, 
can provide access to some fish, but is never as good as their removal. Mitigation can take different 
forms and measures include different forms of fish ladders and eel pass for upstream migration, 
bypass facilities for downstream migrating fish, spill of water to facilitate downstream migration, 
capture and transport of fish around barriers, compensatory stocking of hatchery fish, bypass streams, 
rock ramps, fish elevators and even fish canons.  
 
Most mitigation measures reflect the desire to keep some level of connectivity while at the same time 
retaining the main purpose of the dam, be it hydropower, water storage or flood control. To achieve 
both goals, high head dams often requires major modifications and/or may lead to loss of income for 
a power plant or other facility. Thus, it is very important that as much experience as possible is 
consulted before making such costly modifications. There are a vast number of very costly fish passage 
facilities around the world, not the least in Europe, of which very few (if any) really solved the 
problems of lost connectivity.  
 
In the AMBER Case Study of the large Poutes Dam in France, the choice of mitigation measure was 
based on detailed surveys on site and the solution to provide better passage for at least Atlantic 
salmon. In the case of the River Vistula in Poland, the upstream fish passage near the ²ƱƻŎƱŀǿŜƪ 5ŀƳ 
was studied, and it was clear that only very few of the upstream migrating fish managed to use the 
fishway and for downstream migrants there was no passage, except through the turbines.  

 
 

3.4 Barrier removal 

The AMBER Barrier Atlas, and the results from the AMBER Barrier Tracker show very clearly that there 
is a high density of barriers in most EU rivers. Of these, most are small, and most are obsolete. Thus, 
there is huge potential for barrier removal projects throughout the EU. Full barrier removal is always 
the best option for rivers and the organisms that live within them and unless there are important 
economic, cultural or security values associated with a dam, removal should be the number one 
option.  
 
The dams removed within the AMBER project have all been relatively small and none of them has 
been an active hydropower dam. The planned removal and mitigation at two large dams on the River 
Blackwater in Ireland did not happen and thus could not be studied by WP4 as planned. However, the 
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removal of 10 barriers in UK and 12 in Denmark provided a good opportunity to perform before and 
after surveys and evaluate some of the effects of removal. The assessments made on the (short-term) 
effect of barrier removal demonstrate that these effects vary widely from site to site, but that in the 
Danish lowland streams, a swift and significant response by the fish community is seen in respect of 
trout density. In the UK, in small streams with a higher gradient, the same response has not been seen. 
This lack of similar positive response may be attributed to the general connectivity of the streams and 
the differing fish populations in the stream. However, there were substantial improvements at nearly 
all sites with regard to the quality and variation of the habitats upstream of the removed dams. 
Interestingly, ǘƘŜǊŜ ǿŜǊŜ ǘǿƻ 5ŀƴƛǎƘ ǎƛǘŜǎ ǿƘŜǊŜ ŀ ŘŀƳ ǿŀǎ ǊŜǇƭŀŎŜŘ ōȅ ŀƴ άengiƴŜŜǊŜŘέΣ ǎǘŜŜǇ ǊƛŦŦƭŜ-
like stream stretch, designed to keep the stream in place, which did not show any improvement in fish 
abundance.  

4 LESSONS LEARNED  
- Take a holistic perspective. All the integrated effects of barriers influence the inputs to 

ecosystem services. Restoring natural river fuction will benefit biology, but all the pieces fit 
together. 

- River size influences the choice of methods and the process for mitigation. 
- Do not engineer too much. 
- Adaptive management; it is a benefit in most cases, but cost and time can limit use.  
- Bureaucracy, time, unpredictability; there is a general need for stronger 

enforcement/legislation. 
- Local interests in keeping the status quo is very often a hindrance to dam mitigation/removal. 
- Size matters. What works for small Danish rivers does not necessarily work for the River 

Vistula. One size does not fit all and there is no tool or method for everywhere. 
- Legacy: Overall message about time scales; how long do you expect for a river to recover, 

depending on size.  
- Despite opposition in the planning phase, the experience from most barrier removals show 

great satisfaction from most stakeholders and the public after restoration. 
 
Building barriers started many centuries ago in Europe,hence, the shifting baselines syndrome thrives 
in river management, with some of the negative effects lost through the generations since 
modifications were made, and as such, are unappreciated today. This is probably also why a large 
number of barriers that exist today have no use anymore,and just add to the threatened and 
deteriorating status of freshwater ecosystems. Barriers takemany forms, have many effects, with 
some obvious and some more complicated. Hence, a one-size fits all approach is bound to fail, and 
each case will likely have to be explored on its own. It is important to look at the integrated effects 
caused by the barrier because the biological systems in rivers are complex and collated inputs to 
ecosystem services must be appreciated. Failing to do so may result in missing important 
opportunities as well as waste of precious time and money. 
 
While biology is complicated, at the heart of all biology in rivers lies hydromorphology, the basics for 
creating the habitat necessary for river life to thrive. Hence, hydro-morphology is one of the obvious 
factors to measure when looking at barrier effects, and if choosing the right biological variables (so-
called indicator species), it is possible to integrate much of the effects over time without having to 
measure everything. However, these metrics will depend on the place itself in terms of climate, 
geography and biology. For example, there may very likely be different optimal ways to approach 
intermittent vs perennial rivers as well as smaller vs larger rivers. In addition, picking the right 
biological indicators may be a challenge, for example in cases where the best indicator(s) has gone 
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extinct (like often the case with salmonids), what methods to use will also depend on the situation at 
hand; in some places electrofishing may be the best option, sometimes telemetry, sometimes drones 
surveys and sometime e-DNA or a combination thereof.  
 
Restoring part of the natural river function will benefit biology, but all the pieces fit together and the 
classic way of approaching barriers by engineering a solution will in many cases not fix the challenges, 
but rather postpone a sufficient solution to further delay or detriment to the environment. Another 
important point is that most rivers hold several barriers generating a negative cumulative effect. This 
necessitates setting a priority for getting the optimal solutions at play from the beginning, or restoring 
river function is bound to fail. Many barriers have been modified (for example, fish passes and bypass 
channels) several times over several decades, but proper ecosystem function was not attained until 
the full removal of the barriers. It is the clear perception from the project that wherever possible, a 
return to the original condition (full removal) is the preferred solution. There is very convincing 
evidence suggesting this is by far the best solution in terms of restoring natural river function, not only 
to historical levels, but in fact superseding historical levels. In smaller rivers, the effect may be 
relatively fast (1+ generation time for indicator species if they are not extinct), but it should be 
acknowledged that in larger systems it may take longer. 
 
Where removal is not feasible, adaptive management may be a useful tool to generate an acceptable 
outcome. However, adaptive management is not a magic wand and it is quite expensive to apply in 
terms of both cost and time. Hence, adaptive management may be an appropriate tool in cases of 
larger barriers (or when many barriers in the same river are treated together, for example,on a whole 
river basis). Other unpredictable factors are bureaucracy, lack of local appreciation for the overall 
effects and general unpredictability in natural systems. Here surveys of ecosystem services may be a 
good tool to clarify and elaborate on the services rendered (or lacking) by the barrier(s). The 
experience from countries at the forefront of restoration is that very often local needs and wishes 
take precedence from the overall goal, often without proper knowledge of the potential solutions. An 
often-encountered challenge is local people claiming barriers are of high cultural-historical value and 
claiming a need to maintain everything as it is. This makes it difficult for authorities and stakeholders 
to collaborate on a solution. Very often, the experience is that these perceptions can be modified and 
most of the local needs and wishes can be accommodated while still being able to restore the full river 
function. It may also work the other way around, making local people aware of the ecosystem services 
actually provided by the river (as in the River Nalon). However, the experience is that to achieve these 
goals there may be a need for stronger enforcement/legislation to give the necessary motivation to 
attain the goal of restoring river function. It is also necessary to make sure other legislation does not 
prevent the goal of reaching free passage for both fish and invertebrates. It is also the experience that 
in most places where barriers have been removed (or mitigated), local opposition disappears 
afterwards, and even goes as far as the local stakeholder claiming it was their own idea to remove or 
mitigate the barriers. 
 
It is the authors hope that the experiences gained through these case studies may be of help and 
inspiration for people working with barriers, providing a diverse barrier background and the methods 
to address the challenges. With the right approach, it is in fact often possible to actually attain river 
ŜŎƻƭƻƎȅ άŀǎ ƎƻƻŘ ŀǎ ǘƘŜ ƻƭŘ Řŀȅǎέ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ŜǾŜƴ ōŜǘǘŜǊ ǘƘŀƴ in these old days. 
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5. CASE STUDIES 

A1. BARRIER INSTALLATION 

 

A1.1 CASE STUDY 1: Calaeo Dam, River Nalón  

The River Nalón has seven large dams and reservoirs built between 1960 and 1970, two of them (Tanes 
and Rioseco) within a protected area upstream - Redes Natural Park, that is a Natura 2000 site and 
Reserve of the Biosphere (Figures 1.1.1 to 1.1.3). A new dam (Caleao) was planned upstream within 
the protected area, for water and energy supply, including water supply for steel companies 
(specifically Arcelor-Mittal), and for compensatory flows to maintain biodiversity (enhancing water 
quality up to be suitable for salmonids downstream). The project was cancelled officially after a 
decision of Asturias Parliament in 2018, within the AMBER project lifetime.  

The societal implications and socio-economic impact of the stakeholders involved in the final 
resolution of the conflict created around the Caleao dam, including AMBER researchers, are 
enormous. The cancellation of the dam project has already mobilized 60 million euros that will be 
employed by the public water consortium of the Asturias region (CADASA) for alternative water supply 
to steel companies of a lower environmental impact. This action implies the safeguarding of the Redes 
Natural Park and represents a milestone for conservationists and naturalists, as well as for the general 
public conscious about the environment. The contribution of AMBER to the impacts already produced, 
and the positive impacts that will follow in the region of Asturias, is difficult to quantify because the 
participative approach undertaken implies the involvement of many factors, including stakeholders 
and the civil society. We believe that AMBER researchers have contributed, perhaps modestly, to 
create a state of opinion favourable for the cancellation of the Caleao dam project. It is likely the public 
pressure based on objective information -including AMBER results- helped the politicians and CADASA 
to find an alternative source of water supply for the Arcelor-Mittal steel company. 
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Figure 1.1.1. Map of the case study river with a zoom on the upstream area where Caleao is located. 
Sampling locations where eDNA was collected are indicated. 
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Figure 1.1.2. Obstacle in the River Nalón for industrial use (thermal powerstation). 

 
Figure 1.1.3. Rioseco reservoir within the Biosphere Reserve and Natural Park of Redes, Upper River 
Nalón. 
 
 

A1.1.1 The history of Caleao dam project: 1998-2015 conflict  

The Caleao dam was jointly promoted by the Regional Government of Asturias and CADASA (Asturias 
water consortium). Its construction was approved in the Spanish Royal Decree ς Law 9/1998. The 
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project was initially submitted in 2001 and was rejected for inclusion in the Spanish Hydrological Plan, 
Law 10-2001 of 5 of July, where it was not mentioned explicitly. In 2004 it was proposed again in the 
Spanish national Parliament and in the Asturias regional parliament. A public debate was opened that 
year.  

A civil platform was created in 2006 for defending the Natural Park of Redes (UNESCO Biosphere 
Reserve since 2001) and the valley of Caleao. Its website can be found at: http://defensa-
redes.blogspot.com/search/label/Plataforma (in Spanish only, as most online documents reported 
hereafter, the case study being located in Spain). They camped by the river from  24 to26 September 
2006 to hold a Conference of protest against the dam plans, and, the Platform stated, were boycotted 
by the Asturias government who sent Guardia Civil (a branch of Spanish police) to control the activities 
and prevent public demonstrations. Two NGOs of the platform submitted initial allegations against 
the project draft ςbefore its inclusion in FEDER operational program: ANA (Amigos de la Naturaleza 
de Asturias) and La Cirigüeña.  

The project was included in 2007 in the EU FEDER operational program for Asturias region 2007-2013. 
Programa Operativo del Feder para Asturias 2007/2013 http:/ /ec.europa.eu/ regional_policy/en/atlas
/programmes/2007-2013/spain/operational-programme-asturias.  On page 130 of this program it is 
ǎǘŀǘŜŘΥ ά[ƻǎ ŎǳŀǘǊƻ ǇǊƻȅŜŎǘƻǎ ƳŜƴŎƛƻƴŀŘƻǎ ǇƻǊ [ŀ /ƛǊƛƎǸŜƷŀ όŜƭ ŜƳōŀƭǎŜ ŘŜ /ŀƭƛŀƻΣ ΧΦΦ  ƴƻ recibirán 
financiación ni del FEDER ni del Fondo de Cohesión, por lo que las alegaciones contra estos proyectos 
no han sido consideradasΦέ ¢ƘŜ ǘǊŀƴǎƭŀǘƛƻƴ ǊŜŀŘǎΥ άThe four projects mentioned by La Cirigüeña 
ό/ŀƭŜŀƻ ǊŜǎŜǊǾƻƛǊΣ Χ ǿƛƭƭ ƴƻǘ ǊŜŎŜƛǾŜ ŦǳƴŘƛƴƎ ŦǊƻm FEDER nor the Cohesion Funds, so the allegations 
against these projects were refusedέΦ 

In 2007 and 2008, the Conferences against the plans and for protecting the Biosphere Reserve were 
held again, with no reports of interference from the regional government. In the revised hydrological 
plan of the Occidental Cantabric region where Asturias is included (Plan Hidrológico de la Demarcación 
Hidrográfica del Cantábrico Occidental), National Water Council 13 December 2012, the construction 
ƻŦ /ŀƭŜŀƻ ŘŀƳ ǿŀǎ ǎǳōǎǳƳŜŘ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜ ƴŀƳŜŘ άLƳǇǊƻǾŜƳŜƴǘ ƻŦ ǿŀǘŜǊ ǎǳǇǇƭȅ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭ 
ȊƻƴŜ ƻŦ !ǎǘǳǊƛŀǎέΦ ¢ƘŜ Ǉƭŀƴ Ŏƻƴǘƛƴǳed and was presented publicly and in writing. It remained deposited 
in the headquarters of the Regional Government for public consultation and allegations by any private 
party, public institution, NGO, or individual. On 30 June 2015, the period of allegations expired. The 
Spanish national 2015-2021 Hydrological Plan studied the allegations and refused them, thus the 
project passed to the next phase as Approved. The construction of the Caleao dam was foreseen any 

time within the next years, and by 2021.  

 

A1.1.2 The way to Caleao dam cancellation: citizen initiatives and political negotiations 

After its approval, the dam project continued to be much contested by ecological and conservationist 
associations (Figure 1.1.4). The reason being the projected dam would affect the Natural Park of Redes 
(Natura 2000, LIC, ZEPA, Biosphere Reserve) and several protected species within. A conflict between 
companies of ecological tourism and the new dam was also expected.  

  

http://defensa-redes.blogspot.com/search/label/Plataforma
http://defensa-redes.blogspot.com/search/label/Plataforma
http://ec.europa.eu/regional_policy/en/atlas/programmes/2007-2013/spain/operational-programme-asturias
http://ec.europa.eu/regional_policy/en/atlas/programmes/2007-2013/spain/operational-programme-asturias
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Figure 1.1.4. Caleao protest camp ς a banner against the project.   

 

On May 11, 2018, the Asturias Parliament (Junta General del Principado de Asturias) approved a 
Resolution for the Asturias Regional Government to officially announce to the Caleao dam project in 
the Plan of Water Supply. The discussion, arguments, and voting results can be found in the Record of 
Sessions of the Junta General del Principado de Asturias, X Legislatura, Series P, number 167, available 
athttp://anleo.jgpa.es:8080/documentos/Diarios/PDF/10J167.pdf. The proposition was presented by 
Izquierda Unida party, on the basis of a new Agreement between CADASA (water consortium) and the 
multinational steel and mining company Arcelor-Mittal which has investments and interests in 
Asturias. In that agreement, there is a plan of exploitation of the River Narcea (a branch of the Nalón-
Narcea basin) channel, that includes special costs of water for its factory in Veriña (Asturias). Since 
one of the reasons for building the dam was water supply for steel companies, the Caleao dam project 
was traded with CADASA for the new agreement.  

 
https://www.20minutos.es/noticia/3337826/0/junta-insta-al-principado-incluir-renuncia-expresa-al-
embalse-caleao-plan-abastecimiento/    

ά[ŀ Wǳƴǘŀ DŜƴŜǊŀƭ ŘŜƭ tǊƛƴŎƛǇŀŘƻ ŘŜ !ǎǘǳǊƛŀǎ Ƙŀ ŀǇǊƻōŀŘƻ ŜǎǘŜ ǾƛŜǊƴŜǎ ǳƴŀ ƳƻŎƛƽƴ ǇǊŜǎŜƴǘŀŘŀ ǇƻǊ 
Izquierda Unida para instar al Gobierno del Principado a presentar, antes de octubre, el Plan Director 
de Abastecimiento 2017-2037 con la renuncia "expresa" a la construcción del embalse de Caleao y de 
cualquier otra infraestructura hidráulica similar. Durante la defensa de la propuesta, el diputado de IU 
Ovidio Zapico ha incidido en la necesidad de cerrar, así, cualquier posibilidad de nuevas 
infraestructuras hidráulicas, al mostrarse "innecesarias" para garantizar el suministro de agua en 
Asturias. Izquierda Unida formula esta moción tras el reciente convenio suscrito entre el Consorcio de 
Aguas (Cadasa) y la multinacional siderúrgica ArcelorMittal para poder explotar el canal del río Narcea 
desde Quinzanas (Pravia) hasta la estación de tratamiento de agua potable de Ablaneda. A cambio, 
ArcelorMittal obtendrá unas tarifas de consumo de agua en "mejores condiciones" para su factoría de 
VŜǊƛƷŀέΦ ¢ƘŜ ǘǊŀƴǎƭŀǘƛƻƴ ǊŜŀŘǎΥ άThe Junta General del Principado de Asturias has approved this Friday 
a motion presented by Izquierda Unida to urge the Government of Asturias Principality to present, 
before October, the Supply Master Plan 2017-2037 with thŜ άŜȄǇǊŜǎǎέ ǊŜǎƛƎƴŀǘƛƻƴ ǘƻ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ 
of Caleao dam and any other similar hydraulic infrastructure. During the defense of the proposal, the 
IU Deputee Ovidio Zapico has emphasised the need of so closing any possibility of new hydraulic 
constructions ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ άǳƴƴŜŎŜǎǎŀǊȅέ ŦƻǊ ŜƴǎǳǊƛƴƎ ǿŀǘŜǊ ǎǳǇǇƭȅ ƛƴ !ǎǘǳǊƛŀǎΦ LȊǉǳƛŜǊŘŀ 
Unida formulates this motion after the recent agreement subscribed between the Water Consortium 

http://anleo.jgpa.es:8080/documentos/Diarios/PDF/10J167.pdf
https://www.20minutos.es/noticia/3337826/0/junta-insta-al-principado-incluir-renuncia-expresa-al-embalse-caleao-plan-abastecimiento/
https://www.20minutos.es/noticia/3337826/0/junta-insta-al-principado-incluir-renuncia-expresa-al-embalse-caleao-plan-abastecimiento/
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(CADASA) and the steel multinational ArcelorMittal for exploiting the channel of Narcea River from 
Quinzanas (Pravia) to the drinking water treatment plant of Ablaneda. In compensation, ArcelorMittal 
ǿƛƭƭ ƻōǘŀƛƴ ǿŀǘŜǊ ŎƻƴǎǳƳǇǘƛƻƴ ǊŀǘŜǎ ƛƴ ɅōŜǘǘŜǊ ŎƻƴŘƛǘƛƻƴǎέ ŦƻǊ ƛǘǎ ŦŀŎǘƻǊȅ ƛƴ ±ŜǊƛƷŀέΦ  

Following the political decision adopted in the Parliament, the budget project of Asturias Principality 
for 2019 presented by the Regional Government on   December 7 in 2018, and approved  November 
27  in 2018 in the Junta General del Principado, recognizes the so called Pacto del Narcea  (Narcea 
Agreement) between Arcelor-aƛǘǘŀƭ ŀƴŘ /!5!{!Σ ŀƴŘ ƭƛōŜǊŀǘŜǎ ŦƻǊ ŦǊŜŜ /!5!{!Ωǎ ǳǎŜ of the 60 million 
euros retained for the construction of Caleao dam. The document can be found at:  
https:/ /www.asturias.es/webasturias/GOBIERNO/ACTUALIDAD/pdfs/2018/2018_12_07_itv_
consejero_infraestructuras_presu_2019.pdf.    
 
With this final disposition the project of the Caleao dam can be considered definitively cancelled 
within AMBER lifetime.  

 

A1.1.3 AMBER contribution to the Caleao solution 

Several tools developed in AMBER were applied in the upper zone of the River Nalón, focused on the 
uppermost reservoirs and the area where Caleao dam was projected. Here we applied the molecular 
toolkit (D2.5), educational materials, estimated ecosystem services provided by the dams, carried out 
the AMBER social survey (D3.5) for understanding society attitudes towards dams, and networked 
with stakeholders for publicizing the results obtained with these tools, contributing to the conflict 
resolution. The World Fish Migration Days of 2016 and 2018 were chosen for organizing AMBER public 
activities to involve the local society in the issue of river barriers and connectivity. Next, we will explain 
the activities developed and some results obtained.  
 

A1.1.4 AMBER molecular toolkit in the River Nalón   

The molecular tools applied were Barcoding for individual species identification, Genotyping for 
lineage determination in brown trout, Specific markers for species detection and Quantification from 
environmental DNA (eDNA), and Metabarcoding for inventory of the community from eDNA. The 
results have been published and are fully accessible in open access journals. 
 
The first study objective was to use qPCR on eDNA to assess the presence of invasive north American 
native rainbow trout (Oncorhynchus mykiss Walbaum, 1792) in the upstream part of the River Nalón. 
This trout is one of the most widely farmed fish species in the world. It was first introduced in Spain in 
the late 19th century for sport fishing and nowadays is the main freshwater fish farmed in the country. 
On the other hand, the European native brown trout (Salmo trutta L.) is catalogued as vulnerable in 
Spain. We employed two eDNA based methods (qPCR and nested PCR-RFLP) to detect salmonid 
species from the Biosphere Reserve and Natural Park of Redes (Upper Nalón Basin, Asturias), where 
brown trout is the only native salmonid. The sampling area located upstream the impassable dams of 

Tanes and Rioseco contains one rainbow trout farm.  

Employing qPCR methodology, brown trout eDNA was detected from all nine sampling sites surveyed, 
while the nested PCR-RFLP method failed to detect it from two sampling points. Rainbow trout eDNA 
was detected from both techniques at three sites in the river branch where the rainbow trout farm is 
located, both upstream and downstream the farm (Figure 1.1.5). Salmonid habitat units and water 
quality were high from the area studied. Unreported escapes from the farm are a likely explanation 
of these results. Since salmonid habitat is abundant and the water quality high upstream of the dams, 
the establishment of rainbow trout populations would be favored if escapes are recurrent. 

https://‌/‌/‌www‌.‌asturias‌.‌es‌/‌webasturias‌/‌GOBIERNO‌/‌ACTUALIDAD‌/‌pdfs‌/‌2018‌/‌2018‌_‌12‌_‌07‌_‌itv‌_‌consejero‌‌_‌infraestructuras‌_‌presu‌_‌2019‌.‌pdf
https://‌/‌/‌www‌.‌asturias‌.‌es‌/‌webasturias‌/‌GOBIERNO‌/‌ACTUALIDAD‌/‌pdfs‌/‌2018‌/‌2018‌_‌12‌_‌07‌_‌itv‌_‌consejero‌‌_‌infraestructuras‌_‌presu‌_‌2019‌.‌pdf
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Environmental DNA has here proved to be a valuable tool for species detection in freshwater 
environments, and the probe-based qPCR highly sensitive technique for detection of scarce species. 
We would recommend this method for routine monitoring and early detection of introduced species 
within natural reserves. More importantly regarding the case study, this technique based on eDNA 
revealed that the River Caleao still contains only the native brown trout species and could be 
considered free of the exotic species.  

 

 

 

 

 

 

Figure 1.1.5. RFLP results of Salmo trutta and Oncorhynchus mykiss in the Upper Nalón. Fragments 
of both species are indicated (c1-c6: sampling points in Caleao River; n1-n3: sampling points in the 
River Nalón, [Υ [ŀŘŘŜǊ ǘƻ ƳŜŀǎǳǊŜ ŦǊŀƎƳŜƴǘǎ ΨǎƛȊŜΤ ¢ŀŀL ŀƴŘ ¢ǊǳмL wŜǎǘǊƛŎǘƛƻƴ ŜƴȊȅƳŜǎύΦ 

A second application of the eDNA AMBER tool was aimed at macroinvertebrate community study. To 
reduce human impact on water bodies, the EU has established an essential regulatory framework for 
protection and sustainable management (WFD; 2000/60/EC). In this strategy, reliable and economic 
bioindicators are a fundamental component. Benthic macroinvertebrates are the group most 
commonly used as bioindicators through all EU countries. However, their conventional assessment 
currently entails serious cost-efficiency limitations. In this study, we have tested the reliability of 
metabarcoding as a tool to record river macroinvertebrates using samples from a mock community 
(in vitro validation) and eDNA extracted for field validation from water from six sites within the case 
study area of the Upper River Nalón. Two markers (V4 region within the nuclear 18S rDNA and a 
fragment of the mitochondrial COI gene) were amplified and sequenced using an Illumina platform. 
The molecular technique has proven to be more sensitive than the visual one. A cost-benefit analysis 
shows that the metabarcoding approach is more expensive than conventional techniques for 
determining macroinvertebrate communities but requires fewer sampling and identification efforts. 
Our results suggest that metabarcoding is a useful tool for alternative assessment of freshwater 
quality. In the same study we have demonstrated a clear discontinuity in the whole community 
diversity due to the presence of dams, with a particular alteration in the river zone located between 
Tanes and Rioseco dams, named Anzó (Figure 1.1.6), where the biotic diversity is very poor.  
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Figure 1.1.6. Genus richness at the six sampling points analyzed in this study within the River Nalón 
using COI and 18S metabarcodes. From: Fernandez et al. (2018). 

 

The water quality was measured employing the molecular toolkit for inventorying macroinvertebrate 
families and calculate the index IBMWP, used in Spain for accomplishing the European Water 
Framework Directive monitoring water quality in the rivers. We validated the molecular method 
through a comparison with the index obtained conventionally (physical sampling of 
macroinvertebrates). The two approaches gave similar results that revealed a clear deterioration of 
water quality in the zones affected by dams (Figure 1.1.7).  
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Figure 1.1.7. bǳƳōŜǊ ƻŦ ƳŀŎǊƻƛƴǾŜǊǘŜōǊŀǘŜ ŦŀƳƛƭƛŜǎ ƛƴ ŜŀŎƘ ǎŀƳǇƭƛƴƎ Ǉƻƛƴǘ ǿƛǘƘƛƴ ǘƘŜ wƛǾŜǊ NalónΣ 
ǿƛǘƘ ǘƘŜƛǊ L.a²t ƛƴŘŜȄ ǎŎƻǊŜ όм ǘƻ млΣ ŦƻǊ Ƴƻǎǘ ǘƻ ƭŜŀǎǘ ǘƻƭŜǊŀƴǘ ŦŀƳƛƭƛŜǎ ǎƻ ǿƻǊǎǘ ǘƻ ōŜǎǘ ǿŀǘŜǊ ǉǳŀƭƛǘȅύ 
ƛƴ ŘƛŦŦŜǊŜƴǘ ŎƻƭƻǊǎΦ wŜǎǳƭǘǎ ŦǊƻƳ Ŝ5b! όI¢{ύ ŀƴŘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǘǊŀƛǘǎ ό±ƛǎǳŀƭύΦ ±ƛƭƭŀƎŜǎ ŘƛǎŎƘŀǊƎƛƴƎ 
ŀƭƻƴƎ ǘƘŜ ǎǳǊǾŜȅŜŘ ǊƛǾŜǊ ǎŜŎǘƻǊǎ ŀǘ ǊƛƎƘǘΦ ¢ƘŜ ŘŀƳǎ ŀǊŜ ƳŀǊƪŜŘ ǿƛǘƘ ǊŜŘ ŀǊǊƻǿǎΦ ¢ƘŜ ŘƛǎǘŀƴŎŜ όƪƳύ 
ōŜǘǿŜŜƴ ǘƘŜ ¦ǇǇŜǊ bŀƭƽƴ Ǉƻƛƴǘ ŀƴŘ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǎŀƳǇƭŜŘ Ǉƻƛƴǘǎ ƛǎ ǎƘƻǿƴ 
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It can be seen that the effects of the dams are enormous. The point located in Tanes reservoir had a 
very limited amount of macroinvertebrate families. Upstream communities exhibit a clearly better 
status of water quality, with more indicators of good environmental health (in blue and green in Figure 
1.1.7). This emphasizes the negative impact of river barriers, especially in short rivers like those of the 
regions within the Atlantic Arc like Asturias. The results obtained in Caleao, precisely in the point 
where the new dam was planned, were very good. If constructed, the dam would have impacted very 
negatively the environmental status within this Natura 2000 protected area.  
 
The eDNA results of this case study have been partially published in Fernandez et al. (2018a, 2018b). 
 
 

A1.1.5 AMBER tool for estimating ecosystem services in the River Nalón  

The ecosystem services provided by the River Nalón were estimated using the ESS tool proposed in 
the WP2 (Table 1.1.1).  
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Table 1.1.1. Ecosystem services and disservices provided by the River Nalón dams. In blue, provision; 
in green, regulation; in brown, cultural. 

  Ecosystem Service change  

  Categories of benefits 
Above the dam Below the dam 

P
 

Reared animals and their outputs -1 0 

Wild plants and animals -1 -1 

Aquaculture 0 0 

Surface water for drinking 1 0 

Ground water for drinking 0 0 

Materials / biomass from plants, algae and 
animals  -1 -1 

Surface water for non-drinking purposes 1 0 

Ground water for non-drinking purposes 0 0 

Energy 1 0 

re
g
u

la
ti
o

n 

C sequestration/ storage /accumulation by  
ecosystems 1 0 

Dilution by water 0 1 

Mediation of smell/noise/visual impacts -1 -1 

Erosion protection 0 -1 

Flood protection 0 1 

Hydrological cycle and water flow 
maintenance 0 1 

Drought prevention 1 0 

Soil formation - decomposition and fixing 
processes 1 0 

Micro and regional climate regulation 1 0 

Chemical condition of freshwaters -1 -1 

Maintaining nursery populations and habitats -1 -1 

 

Experiential use of plants, animals and 
landscapes in different environmental 
settings 0 0 

Physical use of landscapes in different 
environmental settings 1 1 

Scientific 0 0 

Educational 1 1 

Heritage, cultural -1 0 

Entertainment 1 0 

Aesthetic -1 0 

Symbolic 0 0 

Sacred and/or religious 0 0 
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In summary (Figure 1.1.8), the ecosystem services provided by the dams in this case study are negative 
regarding provision of goods, regulation and cultural services upstream. Of special importance is the 
impeded access to valued fish species such as European eel and Atlantic salmon. The regulation of 
river flow and others downstream are positive, especially for the prevention of floods in the river 
valley. Some cultural benefits would be the use of reservoirs for angling and leisure activities like 
kayaking and bathing.  

 

Figure 1.1.8. Average estimated values of provision, regulation and cultural services provided 
upstream and downstream by Upper River Nalón dams. 

From these results, that indicate clearly the negative impacts of dams on ecosystem services 
upstream, it could be inferred that the Caleao dam projected in the upper part of the River Nalón 
basin would have threatened the river ecosystem services inside the Biosphere Reserve and Natural 
Park of Redes.  
 
 

A1.1.6 Quantification of costs and benefits of dams in the River Nalón   

This task was done using the AMBER tool questionnaire ŘŜǎƛƎƴŜŘ ŦƻǊ ǘƘŜ ά{ƻŎƛŀƭ ǎǳǊǾŜȅ ƻƴ ŀǘǘƛǘǳŘŜǎ 
ǘƻǿŀǊŘ ŘŀƳǎ ŀƴŘ ǊŜǎŜǊǾƻƛǊǎέ ό5оΦрύΦ ¢ƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǿŀǎ ŀŘƳƛƴƛǎǘŜǊŜŘ ƛƴ ǘƘƛǎ ŎŀǎŜ ǎǘǳŘȅΦ 5ŀƳ 
acceptance was investigated through different questions (items) Likert-scaled, plus one multiple-
choice question and one item based on willingness to pay. In this report, we will give some results of 
ǘƘŜ ƭŀǘǘŜǊ ŀǎ ŀƴ ŜȄŀƳǇƭŜΦ Lƴ ǘƘƛǎ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǘƘŜ ƛǘŜƳ ƴǳƳōŜǊ vо ǿŀǎ ŦƻǊƳǳƭŀǘŜŘ ŀǎ ά²Ƙŀǘ ǘŀȄŜǎ 
percentage (%) you pay yearly would you allocate to: a) Building structures to facilitate fish migration; 
ōύ LƳǇǊƻǾƛƴƎ ǘƘŜ ŜŎƻƴƻƳƛŎ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ǊŜǎŜǊǾƻƛǊ όƭŜƛǎǳǊŜΣ ŦƛǎƘƛƴƎΣ ǿŀǘŜǊ ǊŜǎŜǊǾŜǎΧύΤ Ŏύ LƳǇǊƻǾƛƴƎ 
waters connectivity / rivers reconnection; d) Contributing to dam and reservoirs demolition; e) 
.ǳƛƭŘƛƴƎ ƴŜǿ ŘŀƳǎ ŀƴŘ ǊŜǎŜǊǾƻƛǊǎέΦ ¢ƘŜ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ Ǉŀȅ ƎƛǾŜǎ ŀƴ ŜǎǘƛƳŀǘŜ ƻŦ ǘƘŜ ǇǳōƭƛŎ ŜŎƻƴƻƳƛŎ 
valuation of ecosystem services. In the River Nalón case study (N = 299), more than 70% of the 
respondents were willing to increase their taxes by more than 0.5% to restore river connectivity, while 
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the percentage of respondents that choose the same increase for demolishing obsolete or unused 
dams was much lower: 46% (Figure 1.1.9). The results indicate that the general public in the region of 
the case study gives a real economic value to the actions aimed at improving river status and dam 
efficiency, and not so much to drastic actions on the dams such as demolitions or constructions of 
new ones. The proportion of respondents not willing to pay for these actions was higher than for the 
other, less drastic actions aimed at improving river environment and dam uses.  

 

Figure 1.1.9. Proportion of respondents willing to increase their taxes by a percentage for actions to 
improve River Nalón features. 

Regarding dam acceptance, the proportion of participants choosing each of the five options offered 
was: They should be eliminated, 1%; I would prefer them out of the area where I am living, 10.3%; 
Should be modified for having less ecological impact, 45.7%; Should be maintained as they are today, 
20.3%; More dams and reservoirs are needed to provide more services, 22.7%. These results show an 
acceptance of dams by 43% of the participants, and a rejection by 11.3% in this case study. 

 
 

A1.1.7 Trial of the AMBER BARRIER TRACKER app 

The AMBER Barrier Tracker app for smartphones was assayed in the River Nalón by AMBER 
researchers. In total there are seven dams and reservoirs officially inventoried in the River Nalón. In 
this trial, 20km of the river were surveyed for barriers and the results introduced in the website of 
AMBER, within the Citizen Science section.  

In total we found 63 barriers higher than 1m within the river sector surveyed (Figure 1.1.10). This 
shows the need for considering all the barriers in official inventories and highlights the importance of 
AMBER project.  
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Figure 1.1.10. View of the barriers inventoried in the River Nalón with the Barrier Tracker app. 
 
 

A1.1.8 Aid in conflict resolution.  

AMBER researchers approached stakeholders including local authorities, hydropower companies, 
fishermen associations, education sectors, local schools and the general public, and organized events 
within the World Fish Migration Days in 2016 and 2018. The general message transmitted from AMBER 
was the importance of river connectivity and environmental quality. The AMBER project, the work of 
the researchers and the results in the Upper River Nalón case study were publicized by media in the 
region and at a national level, and AMBER was one of the voices taken into account in the debate 
between 2016 and 2018. The public involvement is demonstrated in Table 1.1.2, where there are 
some links to Spanish national and Asturias regional and local news, including TV, where this AMBER 
case study is mentioned.  
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Table 1.1.2. Examples of news appeared in Spanish media where the AMBER project is mentioned in 
relation with the River Nalón case study. Links are provided (all accessed in August 2019). 

- https://docplayer.es/74718256-El-proyecto-amber-y-el-alto-nalon.html  
- http://www.lacuencadelnalon.es/periodicos/lcn151.pdf (page 24) 
- http://www.territoriopesca.com/dejalo-fluir/   
- http://www.rtpa.es/asturias:La-Universidad-de-Oviedo-presenta-el-proyecto-Amber-en-

Sobrescobio_111463837284.html   
- http://agencias-origin.abc.es/agencias/noticia.asp?noticia=2209909   
- https://www.iagua.es/noticias/espana/universidad-oviedo/16/05/25/amber-inventario-

pantanos-y-kit-molecular-evaluaran   
- https://www.lavozdeasturias.es/noticia/asturias/2016/05/25/impuesto-linaje-trucha-

exotica-autoctona-asturiana/00031464171435895420698.htm   
- http://www.ipacuicultura.com/noticias/en_portada/49012/la_universidad__de_oviedo_pa

rticipa_en_un_proyecto_europeo_para_analizar_los_ecosistemas_de_los_embalses.html   
- http://www.adecagua.es/nt-15-188/Un-inventario-de-pantanos-y-un-kit-molecular-

evaluaran-la-salud-de-los-embalses-europeos   
- https://www.catalunyavanguardista.com/chequeo-a-los-embalses-espanoles/   
- http://www.asturiasmundial.com/noticia/85513/uniovi-lidera-proyecto-europeo-

investigar-ecosistemas-embalses/   
- https://documentslides.org/the-philosophy-of-money.html?utm_source=el-proyecto-

amber-y-el-alto-nalon   

The work within Caleao dam project was logically focused on the Upper River Nalón, where the 
reservoirs of Rioseco and Tanes are located (Figure1.1.11) and the Caleao dam was projected.  

 

Figure 1.1.11. Photos of Rioseco (left) and Tanes (right) reservoirs. 
 
The World Fish Migration Day of 2016 was the opportunity for playing the AMBER education game 
άCƛǎƘ DȅƳƪƘŀƴŀέ ƛƴ ǘƘŜ ŀǊŜŀ ƻŦ ǘƘŜ case study. All the children of Rioseco village, and their parents, 
did participate in the activity (Figure 1.1.12 A, B, C). We ended in the tail of Rioseco reservoir and 
enjoyed some snacks, soft drinks and sweet treats offered by the City Council.  

 

 

https://docplayer.es/74718256-El-proyecto-amber-y-el-alto-nalon.html
http://www.lacuencadelnalon.es/periodicos/lcn151.pdf
http://www.territoriopesca.com/dejalo-fluir/
http://www.rtpa.es/asturias:La-Universidad-de-Oviedo-presenta-el-proyecto-Amber-en-Sobrescobio_111463837284.html
http://www.rtpa.es/asturias:La-Universidad-de-Oviedo-presenta-el-proyecto-Amber-en-Sobrescobio_111463837284.html
http://agencias-origin.abc.es/agencias/noticia.asp?noticia=2209909
https://www.iagua.es/noticias/espana/universidad-oviedo/16/05/25/amber-inventario-pantanos-y-kit-molecular-evaluaran
https://www.iagua.es/noticias/espana/universidad-oviedo/16/05/25/amber-inventario-pantanos-y-kit-molecular-evaluaran
https://www.lavozdeasturias.es/noticia/asturias/2016/05/25/impuesto-linaje-trucha-exotica-autoctona-asturiana/00031464171435895420698.htm
https://www.lavozdeasturias.es/noticia/asturias/2016/05/25/impuesto-linaje-trucha-exotica-autoctona-asturiana/00031464171435895420698.htm
http://www.ipacuicultura.com/noticias/en_portada/49012/la_universidad__de_oviedo_participa_en_un_proyecto_europeo_para_analizar_los_ecosistemas_de_los_embalses.html
http://www.ipacuicultura.com/noticias/en_portada/49012/la_universidad__de_oviedo_participa_en_un_proyecto_europeo_para_analizar_los_ecosistemas_de_los_embalses.html
http://www.adecagua.es/nt-15-188/Un-inventario-de-pantanos-y-un-kit-molecular-evaluaran-la-salud-de-los-embalses-europeos
http://www.adecagua.es/nt-15-188/Un-inventario-de-pantanos-y-un-kit-molecular-evaluaran-la-salud-de-los-embalses-europeos
https://www.catalunyavanguardista.com/chequeo-a-los-embalses-espanoles/
http://www.asturiasmundial.com/noticia/85513/uniovi-lidera-proyecto-europeo-investigar-ecosistemas-embalses/
http://www.asturiasmundial.com/noticia/85513/uniovi-lidera-proyecto-europeo-investigar-ecosistemas-embalses/
https://documentslides.org/the-philosophy-of-money.html?utm_source=el-proyecto-amber-y-el-alto-nalon
https://documentslides.org/the-philosophy-of-money.html?utm_source=el-proyecto-amber-y-el-alto-nalon
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Figure 1.1.12. Children of Rioseco village and their parents playing the AMBER educational game 
Fish Gymkhana in 2016 during the World Fish Migration Day. They were looking for clues and 
following a path near the reservoir while learning about the life and habitat of native brown trout. 

 

The World Fish Migration Day of 2018 was employed for presenting AMBER results to the local 
community, including the results obtained with the molecular tools that were appreciated by the 
audience, especially those referred to the water quality and the brown trout. The children of the zone 
engaged in an AMBER education game, which attracted a lot of attention from the young (Figure 
1.1.13). We also planned a gymkhana, but it was cancelled due to bad weather. The media were 
present and part of the activity with recorded after obtaining the ǇŀǊŜƴǘǎΩ permission.  

 

 

Figure 1.1.13. Rioseco children getting prepared for engaging in activities in the World Fish 
Migration Day. Above, AMBER researchers explaining the game; below, being interviewed by 
journalists of the regional TV. 
 
 
 

 

A.1.2 CASE STUDY 2. River Guadalhorce (Andalusia, Spain) 

The River Guadalhorce emerges and travels its first 4 kilometres through the province of Granada, 
then runs through the province of Malaga for 150km to its mouth. The basin covers an area of 
3,157km2.  

 
This river is the central fluvial basin of south Mediterranean Spain. It is the longest river in the 
Andalusian Mediterranean Basin, and the second largest, after the River Guadiaro. The irregular 
regime alternates between frequent droughts and occasional flash floods that cause extensive 
damage and threaten human lives. The climate of the Guadalhorce river basin is framed in the 
Mediterranean type, with hot summers and winters between mild and cold - in the low and high part 
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of the basin, respectively - and average temperatures between 15 and 17ºC; annual rainfall less than 
600mm, with irregularly distributed rains, although often concentrated in intense storms for a few 
days throughout the year, with prolonged droughts in summer. According to the Spanish 
Environmental Ministry, it belongs to the Mediterranean low-altitude axes.  

 
The main course of the Guadalhorce, along with its tributaries Guadalteba and Turón, forms the head 
of the basin. Downstream it receives numerous tributaries, the most important the right Rivers Grande 
and Campanillas, in addition to many strongly seasonal ravines. 
 
The river supplies water and electricity to the city of Malaga  via four hydropower stations on the same 
number of dams and reservoirs that also regulate water flow. Its channel has been diverted in Malaga 
city to prevent inundations and decrease flood risk. 

 
 

A.1.2.1 Hydrological and regulatory characteristics of the Basin 

The average flow of the Guadalhorce at the mouth is 8m3/s. However, it is a very torrential basin 
where the current flow can vary significantly throughout the year. In periods of heavy rains and heavy 
storms, the flow can reach incredible values. In the floods of 1989, they exceeded 2000m3/s at the 
mouth, more than 250 times the average flow.  

 
The river supplies electricity to the city of Malaga via four hydropower stations on the same number 
of dams and reservoirs that also regulate water flow. We must bear in mind that hydroelectric use is 
very abundant in Spain. Most of the approximately 1,300 large dams that exist in Spanish rivers have 
hydroelectric power among their primary uses. However, it is not the first use. 
 
The three main reservoirs of the basin, Conde de Guadalhorce (66,5hm³), Guadalhorce (126hm³), and 
Guadalteba (153hm³) are located at the confluence of the Guadalhorce with its tributaries Turón and 
Guadalteba (see Figures 1.2.2 to 1.2.4 below). The construction of these 3 reservoirs determined the 
agricultural development and industry of the whole valley and the water supply to the city of Malaga. 
All three have the same multiple uses with the following order of priority: Supply - Irrigation - Energy. 
For Hydrological Planning, the Guadalhorce is part of the SERRANIA DE RONDA, I-4 River Basin of the 
Guadalhorce and Guadalmedina rivers.  

 

 
Figure 1.2.2: ά/ƻƴŘŜ ŘŜƭ DǳŀŘŀƭƘƻǊŎŜέ 5ŀƳ.  
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Figure 1.2.3: άGuadaltevaέ 5ŀƳ.  

 

 

Figure 1.2.4: άDǳŀŘŀƭǘŜǾŀέ ǊŜǎŜǊǾƻƛǊΦ  
 
Apart from the impact on the river ecosystem associated with the barrier effect, these large reservoirs 
generate potentially high pressure on the ecological state of the water body by regulating the 
downstream flow. The Hydrological Plan (see Figure 1.2.6 for graphic information of the works 
included in the Guadalhorce Plan) shows that values of the regulation index of up to 650% are 
estimated against the total contribution in the natural regime. However, the degree of real alteration 
would depend on the operating regime of all the reservoirs. It should be noted that the artificial 
ŦƭǳŎǘǳŀǘƛƻƴ ƻŦ ǘƘŜ ƭŜǾŜƭ ƛƴ ǘƘŜ wŜǎŜǊǾƻƛǊ ά¢ŀƧƻ ŘŜ ƭŀ 9ƴŎŀƴǘŀŘŀέ (see Figure 1.2.5) due to the day-night 
hydroelectric exploitation cycle is cited among the most critical hydromorphological alterations in the 
water masses of the Andalusian Mediterranean basins and have motivated the designation of it as 
highly modified. 
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Figure 1.2.5: ά[ŀ 9ƴŎŀƴǘŀŘŀέ όά9ƭ /ƘƻǊǊƻέύ 5ŀƳ.  
 
In turn, regulation from these large reservoirs determines the classification of water bodies 
corresponding to the middle and lower Guadalhorce basin as highly modified masses: about 35km of 
ǊƛǾŜǊΣ ōŜǘǿŜŜƴ ǘƘŜ ά[ŀ 9ƴŎŀƴǘŀŘŀέ ŎƭƛŦŦ ŀƴŘ WŞǾŀǊ ŀƴŘ ǘƘŜƴ ōŜǘǿŜŜƴ WŞǾŀǊ ŀƴŘ ǘƘŜ wƛǾŜǊ DǊŀƴŘŜΣ ŀǎ 
well as the more than 15km of Lower Campanillas downstream of the Casasola dam. In a subsequent 
evaluation of the state, the mass between Jévar and the River Grande, although it is still considered 
affected by the regulation of the flow from reservoirs, has become considered Natural mass. Last but 
not least, the mouth of the River Guadalhorce is also considered a highly modified mass, although in 
this case due to pressures and impacts on transverse and vertical connectivity. 
 
The Hydrological Plan determines a regime of eŎƻƭƻƎƛŎŀƭ Ŧƭƻǿǎ ŦǊƻƳ ά[ŀ 9ƴŎŀƴǘŀŘŀέ 5ŀƳ όŀƭǎƻ ƪƴƻǿƴ 
ŀǎ ά9ƭ /ƘƻǊǊƻέύ to Jévar, for whose monitoring the Luciobarbus sclateri species is used as a 
bioindicator. The regime to be achieved in this section is equivalent to 13% of the average annual flow. 
However, temporarily and for drier periods, a stable regime was adopted with the lowest monthly 
modules in the series, between 0.35 and 0.30 m3/s, which represents 50% of HPU - Habitat maximum 
useful potential calculated, causing a serious problem of downstream resource deficit, which should 
be solved with different planned actions: correction of saline spills, reuse in agricultural irrigation, 
desalination of seawater as a support for urban supply, etc. In turn, the ecological flow regime 
determined in Bajo Guadalhorce from the Aljaima landfill represents 10% of the average annual flow 
and will continue with the bioindicator species Pseudochondrostoma willkommii. It also has a 
transition regime that represents around 7% of the interannual module, around the lowest monthly 
values of the seasonal series, between 0.55 and 0.70 m3/s. 
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Figure 1.2.6: Works included in the Guadalhorce Plan, Jábega Magazine No. 1 (1973) Edition Center 
of the Diputación de Málaga. 
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A.1.2.2 Notes on fluvial ecology and values  

In the Guadalhorce basin, several Sites of Community Importance are catalogued, including riparian 
and river habitats: SITE ES6170003 - Los Gaitanes Gorge and SITE ES6170033 ς River Guadalhorce, 
Fahalas and Pereilas (Figure 1.2.7).  
 

 
Figure 1.2.7: Los Gaitanes Gorge. Source: AEMS Ríos con Vida. 
 
To further elaborate this section, we include parts of the report elaborated by Oscar Gavira and AEMS 
Ríos con Vida for the study case of the River Guadalhorce (Gavira and Garrido, 2019):  
 
ά[ƛke any river, the Guadalhorce reflects the management of its territory, so that it suffers all the 
abuses committed so far: dams, weirs, pollution, hydraulic overexploitation, marine intrusion, 
deforestation, channelling, invasive alien species, etc. From the headwaters to the mouth, the river is 
losing naturalness and environmental value, collecting the impacts that are made on the land it 
crossesέΦ 

 
Structurally, the Guadalhorce basin shows the high complexity of a territory of great extension and is 
geographically diverse. Three large rivers in its medium-high area, and from three very different 
directions, the River Turón (southwest), the River Guadalteba (northwest) and the River Guadalhorce 
(northeast) confluence in a curious X-shape. This is not accidental, but because these three rivers are 
born on the northern slopes of the Betic Mountains (a mountain range that runs through the Iberian 
southeast from the Strait of Gibraltar to Alicante), and they have to cross it to flow into the 
Mediterranean Sea. In this way, these three rivers converge at a single point to cross the mountain in 
the Gaitanes Gorge, a large canyon that stands out for the height and verticality of its walls. It is in this 
place where the great dams are located, three for each river and a fourth downstream, after the exit 
of the Guadalhorce canyon. Another important sub-basin corresponds to that of the River Grande, 
which joins the Guadalhorce in its lower section. This river is the only one in the basin that is not 
regulated, so it retains important natural values compared to other similar sections of the main 
Guadalhorce riverbed. 

 
The great extension of its basin and the geological complexity of the territory cause great diversity of 
river ecosystems. Despite this, there are some common characteristics: almost all headwaters are 
born in limestone mountains, which gives all its waters a high hardness. There are also areas with high 
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salinity (gypsum) or heavy metals (peridotites). The three headwaters have a high environmental 
value, classified as pristine rivers, with an excellent ecological state, because they are born in 
mountainous areas and, therefore, away from the numerous human impacts. It is not uncommon to 
find threatened species as the native crayfish (Austropotamobius pallipes) along with many endemic 
and threatened invertebrates species. In these headwaters sections, in general, the riparian forest is 
well preserved; the domain of willow (Salix pedicellata or Salix eleagnos) in calcareous areas.  
 
In the middle sections of these rivers, impacts can be noticed. The vegetation is often replaced by 
communities of invasive exotic species such as eucalyptus (Eucalyptus camaldulensis) and cane 
(Arundo donax), especially in sections with a strong agricultural impact. However, in the upper-middle 
part of the Rivers Turón, Guadalteba and Guadalhorce, on deep clay soils and in areas with less 
agricultural pressure, the riverside forest shows a rich and diverse community of plant species such as 
white poplars (Populus alba), ash trees (Fraxinus angustifolia) and elms (Ulmus minor). These middle 
courses are also home for endangered species of dragonflies such as Oxygastra curtisii and Calopteryx 
xanthostoma. 

 
The cyprinids dominate the native fish community: Luciobarbus sclateri; Pseudochondrostoma 
willkommii and Squalius pyrenaicus, highlighting the presence of Squalius alburnoides, a hybrid 
genetic species consisting only of females that use the male of S. pyrenaicus to reproduce and that 
has in the River Guadalhorce the only Mediterranean population (Doadrio et al, 2011) ςmaybe by river 
capture of some tributary of the Guadalquivir basin. 
 
Historical studies carried out suggest that the Guadalhorce basin had the presence of the indigenous 
trout (Salmo trutta), which is currently considered extinct in the basin. The population of the 
Guadalhorce would be among the 11 or 12 native trout populations that would have disappeared in 
the Andalusian region in the last century, 73% of the total (Sáez Gómez, 2010). However, as explained 
in this report, the environmental DNA study carried out by UNIOVI in the Guadalhorce within the 
AMBER project, has detected the presence of the species in the headwaters of the basin, so it will be 
necessary to carry out new investigations that allow to confirm it and know its status. 
 
With the virtual disappearance of trout in the basin, the headwaters currently appear quite weak in 
fish populations, with the S. pyrenaicus chub as the sole representative. However, in the lower-middle 
courses, the community is enriched with other species, such as Cobitis paludica, benthic species, or 
the eel (Anguilla anguilla), relegated to these sections of the rivers due to the construction of large 
dams. It is noteworthy in the River Grande basin the apparent absence of exotic species of fish is 
possibly due to the absence of large dams in its channel. However, the basin is not free of invasive 
alien species such as Cyprinus carpio and Micropterus salmoides.  
 
Although it is not a fish, the the red swamp crawfish (Procambarus clarki)i should be added to this list; 
a transmitter of afanomycosis. This disease destroys populations of the native crab. 
 
Among the aquatic fauna and specifically among the fish, Table 1.2.1 compiles the most 
representative species of the basin. 
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Table 1.2.1. Native ichthyofauna in the Guadalhorce river basin 
 

Scientific name Spanish 
name 

Category Protection IUCN Proposed 

Anguilla anguilla Anguila Autoctonous  VU A1acde 

Barbus sclateri Barbo 
gitano 

Autoctonous Annex V Directive 
43/92 CEE 

NT 

Pseudochondrostoma 

willkommii 

Boga del 
Guadiana 

Autoctonous Annex II Directive 
43/92 CEE 

VU A2ce 

Squalius pyrenaicus Cacho Autoctonous  VU A2ce 

Squalius alburnoides Calandino Autoctonous  LC 

 

Mediterranean basins have particular characteristics that hinder the development of fish-based 
bioindicator indices: few native species; little knowledge of their ecological requirements; high 
number of endemisms with a wide range of tolerance to environmental variations and presence of 
exotic species (Benejam, Ll. 2008).  
 
The river mouth is where the river shows the most considerable degree of transformation and 
degradation, accumulating all the impacts of its route. The flow moves through a canalized and 
partially diverted river, without being able to prevent marine intrusion. The banks have been 
transformed into breakwaters, and all-natural habitats have disappeared. Between the two delta 
branches, there is a protected wetland, Special Protection Area (Paraje Natural Desembocadura del 
Guadalhorce), for its ornithological values due to the presence of artificial ponds (yet the natural 
processes have been totally annulled) which is the last shelter of migratory birds still left in the very 
touristic coast of Malaga province. 
 
In the lower part of the river, the flow is overexploited, very contaminated water due to lack of sewage 
water treatment and the effect of agriculture and livestock. In Malaga, there are two water treatment 
plants. An additional big water treatment plant was planned near the river mouth in Málaga city. 
Besides this, several modifications of the river course and riverbed including large channelizations and 
diversions, and a runway considered a barrier for river species by conservationists were also planned. 
These plans had created conflicts with environmentalist NGOs and other stakeholders like 
landowners. 

 
 

A.1.2.3 Socio-economic conditions 

In the Andalusian Mediterranean basins, a total of 1,575hm3 are extracted annually, of which 155hm3 
are for supply, 21hm3 for domestic use, 1,150hm3 for irrigation, 5hm3 for livestock, 176hm3 for 
industrial use, 38hm3 for hydroelectric use and 21hm3 for other uses. The consumption data in the 
System River Basin of the Rivers Guadalhorce and Guadalmedina projected to 2015, attribute 53.7hm3 
to the supply of the resident population; 5.5 a seasonal population supply; 4.9 to other tourist uses; 
154.6 to irrigation; 1.6 to livestock; and 10.3 to industry, adding a total consumption of 230.6 hm3 and 
a total of 363hm3 of water distributed for the set of activities. Therefore, the primary use in the 
Guadalhorce basin is irrigated agriculture, with almost 70% of total water consumption. 



D4.2 Report of Case Studies Demonstrating the Effects of Barrier Removal, Mitigation and Installation 

May 2020. 

AMBER Project - H2020 - Grant Agreement #689682 

 

 

39 
 

The power plants associated with the three large reservoirs of the Guadalhorce concentrate 85% of 
the total hydroelectric power installed in the Demarcation totalling 463MW. 
 
In the upper zone of the River Guadalhorce the cattle and the agri-food, as well as the tourist and 
residential uses in the lower zone stand out. 
 
In the supply network of the province of Malaga, almost 74% of the volume used in supply is 
distributed. Losses or uncontrolled extractions in the supply network account for about 20% of the 
volume distributed in cities such as Malaga, while in interior areas such as the Guadalhorce Valley the 
average is around 30%.  
 
A decade ago it was noted that in the province of Malaga, 34% more water was consumed than the 
Spanish average and the volume of drinking water collected in the province was of the order of 
157hm3 per year, increasing the average water expenditure up to around at 275 litres per person per 
day. In the last decade, consumption has been significantly reduced, to around 126 litres per 
inhabitant and day. Since the start-up of a desalination plant in 2005, the running water that is 
distributed in the city of Malaga is considered to have excellent quality. 

 
 

A.1.2.4 Changes in river management plans 

The river management plans affecting the lower part of the River Guadalhorce changed within the life 
of the AMBER project. In 2017, the plan of building a large water treatment plant changed to the 
construction of one smaller treatment facility to serve the villages of Alhaurín el Grande and Cártama. 
On the other hand, an alternative, softer, cheaper, project for modifying the river channel was 
presented in the City Council of Málaga City on March 1, 2019. As with the old plan, its purpose is 
solving the current problem of flooding of the lower part of the river that affects the delta primarily. 
The new project comprises several small to moderate intervention in the flood plain and has been 
prepared by IRTENE Consulting. The original document can be consulted online at https:/ /www.
promalaga.es/wp-content/uploads/2019/03/H-461-EI-00-MEMORIA-00-01-B050.pdf (accessed in 
August 2019). Six interventions are planned and were approved by Málaga City Council: regrowing the 
left margin of Prado de Jurado, de las Yeguas, Boticario y Pocapringue channels; reconditioning the 
channel of the main river near Málaga-Fuengirola railway; restoration of the riverbed near the M-21 
bridge; reduction of riverbed elevation in several parts of the river channel; regrowing some parts of 
the main river channel and cleaning up and restoration of several river zones. The plan approval by 
the Regional Government of Andalusia is still pending. Since modifications of the riverbed can also 
represent barriers for many species already affected by the four big dams upstream, AMBER is 
relevant for the new projects too.  
 
As in many other Mediterranean basins, the water management debate in the Guadalhorce basin is 
developed among those who argue the need to increase the supply of water with the construction of 
more regulation and storage reservoirs in intermediate valleys, and those who defend other softer 
alternatives that allow rationalization and reduction of consumption through sustainability and 
adaptation measures, mainly managing water demand. No significant milestones in this debate 
occurred in the mid-2000s, with the conflict surrounding the project of a new large dam on the River 
Grande. At the end of the decade, after a crucial social mobilization at the local and regional level, the 
project was dismissed, but the debate is still alive and active in society, and it is foreseeable that it will 
come to light at some point. 

 

https://www.promalaga.es/wp-content/uploads/2019/03/H-461-EI-00-MEMORIA-00-01-B050.pdf
https://www.promalaga.es/wp-content/uploads/2019/03/H-461-EI-00-MEMORIA-00-01-B050.pdf
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Using the AMBER approach to adaptive management, a multidisciplinary set of tools and actions were 
carried out. Molecular tools were applied to assess biota richness above and below the current dams 
and in the reservoirs. A trial of participatory approach, based on the results of a social survey on social 
acceptance of dams was conducted at this demonstration site. AMBER tools were also employed for 
estimating ecosystem services as well as for the identification and characterization of mesohabitats 
and evaluating the accuracy of official databases through field validation of the barriers that block the 
river. It is expected that the application of the AMBER tools will help with the consideration of 
different points of view and take these into account, especially river connectivity. This will reduce the 
potential impact of the new modifications planned in the river when they are constructed.  
 

 
 

 
Figure 1.2.8. Map of Spain with the location of the River Guadalhorce head and mouth (above). 
Below, maps of the areas affected by dams in the upper (left) and lower (right) reaches of the River 
Guadalhorce.  
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Figure 1.2.9: Guadalhorce reservoir.  
 
 

A.1.2.5 How did AMBER contribute to improving River Guadalhorce dam management 

Before starting to apply AMBER tools, local stakeholders were identified, and contacts established to 
initiate networking. The objective was to work together following a participatory approach with 
stakeholder involvement. The following stakeholders working on different aspects of the River 
Guadalhorce were contacted: Junta de Andalucia (Regional Government of Andalusia); EU H2020 
project SWOS -Satellite- based Wetland Observatioƴ {ȅǎǘŜƳΤ bDh Ψ9ŎƻƭƻƎƛǎǘŀǎ Ŝƴ !ŎŎƛƻƴΩΤ bDh {9h-
Birdlife; University of Malaga, Center of Hydrogeology and European Topic Center (Dr Dania Abdul 
Malak, researcher Christoph Schröder). In the Junta de Andalucia, the following Services and persons 
were contacted: Subdirección de Explotación, José Manuel Puerto Gisbert; Servicio DPH y Calidad De 
Aguas de la Delegación Territorial de Medio Ambiente, Oscar Alberto Lorente Castellano; Subdirección 
General de la Demarcación Hidrográfica del Sur, Fernando Ferragut.  

 
With the help of local stakeholders (amongst others), the following tasks were accomplished: 
environmental inventory, biological sampling (Figure 1.2.10) and social survey. Space, including 
laboratory use, was provided to UNIOVI researchers within the instances of the University of Malaga, 
as well as collaboration for field research, in the context of this networking.  
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Figure 1.2.10. AMBER researcher Dr. Sara Fernandez taking water samples from the River 
Guadalhorce. The choice of sampling sites was made with the valuable help of local stakeholders. 
Water turbidity can be appreciated in the photo.  

 

 

A.1.2.6 AMBER molecular toolkit in Guadalhorce River 

The molecular tool applied in this case study was Metabarcoding for the inventory of the community 
from eDNA. Samples of water were obtained from Two markers (a fragment of the chloroplast RBCL 
gene and a fragment of the mitochondrial COI gene) were amplified and sequenced using an Illumina 
platform, then bioinformatically analyzed with QIIME pipeline.  
 
Five points were sampled along the River Guadalhorce (Figure 1.2.11). One was upstream, out of the 
influence of the reservoirs, and the rest were located in running waters between dams and below the 
lowest dam. The results obtained for the two genes provided evidence of a diversity of plant and 
animal species that were clearly different upstream and downstream of the dams, associated with the 
environmental status of the sampling sites. The lack of community connectivity was also evidenced by 
molecular data.  
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Figure 1.2.11. Sampling points within the River Guadalhorce. Marked in red.  

Several nuisance species were found in environmentally disturbed sites only between or downstream 
of the dams. Some examples are: various harmful algae; the big-ear radix freshwater snail Radix 
auricularia that is a carrier of parasites able to infect humans like trematodes and leeches like 
Glossiphonia complanata (Figure 1.2.12). Another animal found in the area affected by dams was the 
very tolerant river shrimp Echinogammarus berilloni (Amphipoda), a species that is expanding to 
Centeral Europe. DNA of the exotic rainbow trout Oncorhynchus mykiss found upstream could be likely 
attributed to fish farms in the area. 
 
The results are being prepared for publication in a peer-reviewed journal to be presented to the 
stakeholders and general public inhabiting in the case study area.  
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A) 

 
 
B) 

 
 
Figure 1.2.12. Species potentially harmful detected in the River Guadalhorce waters affected by 
dams, using AMBER eDNA tools. A:  big-ear radix Radix auricularia; B: leech Glossiphonia 
complanata. Photo sources: Wikimedia Commons open-source (A), APHOTOFAUNA open source by 
David Fenwick (B).  

 
DNA of native species and bioindicators of good water quality such as the Ephemeroptera Rhithrogena 
sp. was also found (Figure 1.2.13). It is important to note that DNA of the genus Salmo sp., likely of 
the native brown trout Salmo trutta, was found only upstream. The brown trout is declared protected 
species in Andalusia territory, and only catch-and-release is permitted to prevent further fishing 
pressure on the species. It is catalogued as "In danger of extinction" in the Red Book of Threatened 
Vertebrates of Andalusia. Our data indicate that its habitat in the Guadalhorce basin is now restricted 
to the upper part of the river. Habitat alteration, including water detraction for human uses and 
construction of dams, is recognized as a main factor of brown trout decline in Andalusia. Between the 
river dams and downstream, DNA of this species could not be found, despite the molecular tools here 
employed are highly sensitive. These results would support the establishment of further measures to 
protect and enhance this species upstream in the River Guadalhorce. This area is not selected in the 
plan of restoration of the species, where the other five rivers of Andalusia have been chosen, and our 
data ςthat were communicated to the Junta de Andalusia- suggest that it could be one more site of 
choice for brown trout restoration and enhancement actions. The current restoration plan can be 
found (in Spanish) in the official website of Andalusia regional government at http:/ /www.
juntadeandalucia.es/medioambiente/site/portalweb/menuitem.7e1cf46ddf59bb227a9ebe205510e
1ca/?vgnextoid=915ac52c2c098510VgnVCM1000001325e50aRCRD&vgnextchannel=cd528c43b07d4

http://‌/‌/‌www‌.‌juntadeandalucia.es/medioambiente/site/portalweb/menuitem.7e1cf46ddf59bb227a9ebe205510e1ca/?vgnextoid=915ac52c2c098510VgnVCM1000001325e50aRCRD&vgnextchannel=cd528c43b07d4310VgnVCM1000001325e50aRCRD#apartadof09bf91cd5698510VgnVCM2000000624e50a
http://‌/‌/‌www‌.‌juntadeandalucia.es/medioambiente/site/portalweb/menuitem.7e1cf46ddf59bb227a9ebe205510e1ca/?vgnextoid=915ac52c2c098510VgnVCM1000001325e50aRCRD&vgnextchannel=cd528c43b07d4310VgnVCM1000001325e50aRCRD#apartadof09bf91cd5698510VgnVCM2000000624e50a
http://‌/‌/‌www‌.‌juntadeandalucia.es/medioambiente/site/portalweb/menuitem.7e1cf46ddf59bb227a9ebe205510e1ca/?vgnextoid=915ac52c2c098510VgnVCM1000001325e50aRCRD&vgnextchannel=cd528c43b07d4310VgnVCM1000001325e50aRCRD#apartadof09bf91cd5698510VgnVCM2000000624e50a
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310VgnVCM1000001325e50aRCRD#apartadof09bf91cd5698510VgnVCM2000000624e50a, accessed 
August 2019.  

 
A) 

 
B) 

 
 

Figure 1.2.13. Bioindicators of good environmental quality found only upstream dams (A, native 
salmonid Salmo trutta) and all along the Guadalhorce River (B, mayfly Rhithrogena sp.). Photo 
sources: Andalusia Government portal (A), Wikimedia Commons open-source (B).  
 
 
The NGS analysis of water samples using the RBCL marker allowed the retrieval of 60 operational 
taxonomic units (putative species) of freshwater phytoplankton. Metabarcoding using RBCL has been 
recently employed for evaluation of water quality (Rivera et al. 2018), and we followed this approach.  
 
In the results of the River Guadalhorce, the algae diversity was clearly different among sampling points 
(Figure 1.2.14), with an accusated decline in the locations between dams and downstream. Algae 
tolerant to water pollution, i.e. indicators of bad water quality (for example, Cimarelli et al. 2013) were 
also more abundant downstream and in areas strongly influenced by dams like Site 2 (Figure 1.2.11); 
especially the rate bad/good quality indicator species was maximum in Site 3, located below the dams. 
Although Site 5 was in Málaga city, thus expectedly very disturbed, the algae indicators were not the 
worst, emphasizing the value of this urban wetland whose protection should be maintained at least, 

http://‌/‌/‌www‌.‌juntadeandalucia.es/medioambiente/site/portalweb/menuitem.7e1cf46ddf59bb227a9ebe205510e1ca/?vgnextoid=915ac52c2c098510VgnVCM1000001325e50aRCRD&vgnextchannel=cd528c43b07d4310VgnVCM1000001325e50aRCRD#apartadof09bf91cd5698510VgnVCM2000000624e50a
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or upgraded to being a shelter of migratory birds. As in the case of the River Nalón, the negative effect 
of dams on water quality could be detected here using AMBER Metabarcoding tools.  

 

 
Figure 1.2.14. Diversity of bioindicator algae in the studied sampling sites within the River 
Guadalhorce. Species richness is relative to the maximum (36 species in Site 1). Reads refer to the 
number of NGS reads of indicators of bad or good/mediocre water quality.  
 
 

A.1.2.8 AMBER tool for estimating ecosystem services in the River Guadalhorce  

The ecosystem services provided by the River Guadalhorce were estimated using the Ecosystem 
Services Survey ESS tool developed in AMBER within WP2. The results are summarized in Table 1.2.2. 
It can be seen that many ecosystem services exhibit a positive change both above and below dams in 
this case study. In particular, the cultural benefits and regulation contain many services with positive 
changes.  
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Table 1.2.2. Ecosystem services and disservices provided by the River Guadalhorce dams. In blue, 
provision; in green, regulation; in brown, cultural. 

 

  Ecosystem Services change 

  Categories of benefits Above dams Below dams 

p
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P
P
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Reared animals and their outputs 0 0 

Wild plants and animals -1 -1 

Aquaculture 0 0 

Surface water for drinking 1 1 

Groundwater for drinking 0 1 

Materials / biomass from plants, algae and 
animals  

0 0 

Surface water for non-drinking purposes 1 1 

Groundwater for non-drinking purposes -1 1 

Energy 1 1 

re
g
u

la
tio

n 

C sequestration/ storage /accumulation by  
ecosystems 

1 0 

Dilution by water 1 1 

Mediation of smell/noise/visual impacts 1 1 

Erosion protection 0 -1 

Flood protection 0 -1 

Hydrological cycle and water flow 
maintenance 

1 1 

Drought prevention 1 1 

Soil formation - decomposition and fixing 
processes 

0 0 

Micro and regional climate regulation 1 1 

Chemical condition of freshwaters 0 1 

Maintaining nursery populations and 
habitats 

0 0 

 

Experiential use of plants, animals and 
landscapes in different environmental 
settings 

0 0 

Physical use of landscapes in different 
environmental settings 

1 1 

Scientific 1 1 

Educational 1 1 

Heritage, cultural 1 1 

Entertainment 1 1 

Aesthetic 1 1 

Symbolic 1 1 

Sacred and/or religious 0 0 

 

The catalogue of services scored higher in this estimation include drinking water and energy supply, 
entertainment and leisure activities (kayaking, bath), as well as historical sites and cultural patrimony. 
Examples are the Caminito del Rey (Prize Biosphere to Sustainable Tourism, Cultural Patrimony EU 
Prize Europa Nostra) in the upper zone and archaeological sites in lower reaches.  
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Figure 1.2.15. Average estimated values of provision, regulation and cultural services provided 
upstream and downstream by River Guadalhorce dams.  
 
 

A.1.2.9 Quantification of costs and benefits of dams in Guadalhorce River.  

The AMBER tool questionnaire designed for ǘƘŜ ά{ƻŎƛŀƭ ǎǳǊǾŜȅ ƻƴ ŀǘǘƛǘǳŘŜǎ ǘƻǿŀǊŘ ŘŀƳǎ ŀƴŘ 
ǊŜǎŜǊǾƻƛǊǎέ ό5оΦрύ Ƙŀǎ ōŜŜƴ ŜƳǇƭƻȅŜŘ ƛƴ Ŧǳƭƭ ƛƴ ǘƘƛǎ ŎŀǎŜ ǎǘǳŘȅΦ [ƻŎŀƭ ǊŜǎƛŘŜƴǘǎ ƛƴ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ȊƻƴŜ 
were contacted directly by the researchers near the sampling points (Figure 1.2.16) and in Málaga 
city. ¢ƘŜ ǊŜǎŜŀǊŎƘŜǊ ǿƻǊŜ ƴŜǳǘǊŀƭ ŎƭƻǘƘŜǎ ŦƻǊ ƴƻǘ ƛƴŦƭǳŜƴŎƛƴƎ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘΩǎ ƻǇƛƴƛƻƴ ŀƴŘ Ƨǳǎǘ 
explained briefly the project objectives. 
 
A total of N = 319 interviews were conducted. The results are prepared for publication in a peer-
reviewed journal.  

 

Figure 1.2.16. AMBER researcher Elena Arboleya, MSc, interviewing residents in the upper zone 
of the River Guadalhorce.  

We will next show the answers to question Q3, which is the willingness to pay more taxes for different 
actions on rivers and estimates the public valuation of the River Guadalhorce dams and reservoirs. In 
this case study, the only proposed action that was not economically supported by the majority of 
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respondents was the demolition of dams (Figure 1.2.17). For this action, 31% of respondents would 
not increase their taxes at all, and less than one half would give more than a 0.5% increase. In contrast, 
improving river connectivity and constructing new dams and reservoirs were options supported in the 
region. More than 70% of respondents would increase their taxes by more than 0.5% for them. This is 
highly coherent with the use of dams and reservoirs for water supply and the positive ecosystem 
services provided by them, also for cultural and regulation issues in this case study. It is coherent with 
the popularity of fishing in the reservoirs, since increased connectivity would increase the number of 
species if migratory fish are allowed to reach the reservoirs located in the upper river reaches. 
 

 
 

Figure 1.2.17. Proportion of respondents willing to increase their taxes by a percentage for actions 
to improve River Guadalhorce features.  
 
Regarding the dam cost and benefits in the case study (Figure 1.2.18), survey results showed that in 
general, the respondents perceived more benefits than costs in the River Guadalhorce  dams. In the 
question about the dam acceptance, five options were given: They should be eliminated, I would 
prefer them out of the area where I am living, Should be modified for having a less ecological impact, 
Should be maintained as they are today, More dams and reservoirs are needed to provide more 
services. The proportion of respondents choosing these options were 0.3%, 3.8%, 38.5%, 12.6% and 
44.8% respectively. This demonstrates a majority of participants accepting and supporting dams in the 
River Guadalhorce , as high as 57.4%, while the level of rejection was 4.1% of participants.  

 

 
Figure 1.2.18. Dam costs and benefits perceived by respondents in the Guadalhorce River.  
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A.1.2.10 Field validation of databases 

The field validation work report corresponds to the AMBER task T1.2.2: In situ field validation of 
barrier data in selected representative watersheds. The fieldwork in Spain was allocated during the 
AGM meeting in Milan to be performed in Spain by the two Spanish partners as following: field 
validation of one river to be carried out by Universidad de Oviedo (UNIOVI hereafter) and four rivers 
by AEMSς Rios con Vida (AEMS hereafter). The selection of basins, rivers and location of field 
validation sections corresponded to each partner; results compiled in one single report, elaborated 
by AEMS. 
 
Team and Schedule: The first stage of fieldwork was performed after summer 2017. The field 
validation of the the River Guadalhorce required four days in the last week of September 2017. It took 
an average of 6 hours per river for three people working team. 
 
Selection of rivers and general characteristics: For the field validation action, the selection of rivers 
not only had to follow homogenizing criteria but represent the wide Spanish variability yet be 
accessible and passable to perform the field validation. 
 
One of the criteria used for the selection of the rivers was it should belong to the Case Study basin. 
For that reason, both the Rivers Nalón and Guadalhorce were included in this task. However, the 
selection of the sections required a first analysis of the basin district. Following, an in-depth analysis 
of the different areas, in order to locate the four rivers in a way that represents variability required 
for the study (in type of river, altitude, slope, sinuosity and land use ςTable 1.2.3 compiles the 
information for both sections of all five rivers validated). Finally, the databases available (national and 
regional) were compared to ortophotographs to pinpoint the possible transversal obstacles on the 
field.  
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Table 1.2.3. Summary information about selected rivers in order to justify and validate field site 
selection. River sections: 1, upstream; 2, downstream. River type: ST, single-thread; MT, multi-
thread. Landuse (Corine Land Cover 2012): 1, Artificial surfaces; 2, Agricultural areas; 3, Forest and 
seminatural areas. Measurement units: Altitude: m; Slope: m.m-1; Sinuosity: sinuosity coefficient. 
 
 

Name Section Alberche Guadajoz Guadalhorce Nalón Tirón 

Altitude 
1 1349 228 113 283 809 

2 1230 214 75 221 691 

Slope 
1 0,019 0,002 0,004 0,007 0,012 

2 0,005 0,001 0,004 0,005 0,012 

River type 
1 MT ST MT ST ST 

2 ST ST MT ST MT 

Sinuosity 
1 1,39 1,59 1,53 1,02 1,07 

2 1,13 1,66 1,52 1,02 1,03 

Landuse 
1 3 2 2 1 3 

2 3 2 3 1 3 

 

This river is located in a river mouth area above 100m a.s.l.. It represents soft slopes, multi-thread 
pattern in both sections, and high sinuosity (Figure 1.2.19 to 21). The selected 20km of the river is 
located in the proximity of Álora municipality, yet it is surrounded by forestry areas (section 2) and 
agricultural areas (section 1). 
 
 

 
Figure 1.2.19: The River Guadalhorce . Location of the river basin within Spain.  
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Figure 1.2.20: Location of the 20 km river reach selected for field validation, location of Guadalhorce 
basin within the hydrographic demarcation of the Andalusian Mediterranean basins.  
 
A B 

 

 
Figure 1.2.21: A and B, overview of the upstream and downstream river sections, respectively.  
 
 

A.1.2.11 Results of the fieldwork Guadalhorce River 

Along the River Guadalhorce, the field team found six obstacles: three fords, one dam, one weir and 
one gauging station (Table 1.2.4 contains main data of the barriers, represented on Figure 1.2.22, 
Figure 1.2.24 compiles pictures of barriers found), all in use and registered in the national database. 
However, more obstacles are in this database, which it was not possible to identify during the field 
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validation. Regarding the height, the obstacles are distributed in all height classes smaller than 5 
meters. These obstacles have three main uses: gauging, water derivation and crossing, dominating the 
crossing structures. 
 
Regarding the passability of these obstacles, fords are considered not passable. From the perspective 
of fish migrations, no structure has a fish passage device at the River Guadalhorce. When looking at 
the barrier uses and purposes, most of the barriers at this river are in use. However, the River 
Guadalhorce registered one obstacle of which use was not possible to define. 

 
Table 1.2.4. Obstacles encountered in field validation work in Guadalhorce River. 
 

 Type Height Use Width Notes/Description 

Gh01 Dam 2 - 5 m Yes Yes Dam of sluices. Water derivation. 
Irrigation 

Gh02 Ford <0,5 m Yes Yes Ford. Crossing for vehicles. 

Gh03 Weir 0,5 - 1 m Yes Yes Derivation channel, with open sluices. 
Water derivation 

Gh04 Gauging 
station 

1 - 2 m Yes No Bridge with weir and gauging station. 
Bed stabilization. 

Gh05 Ford <0,5 m Yes Yes Crossing of vehicles 

Gh06 Ford <0,5 m Yes Yes Ford in use with culverts. Crossing of 
vehicles. 

 
A 

 

B 

 

Figure 1.2.22: Location of the river barriers for the Guadalhorce river along the 20 km river reach. A, 
barrier types and comparison with the regional database. B, barrier height.  
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A.1.2.12 Comparison to official databases 

In all the rivers and stretches studied in the field validation, more barriers have been found than those 
considered in the regional or national databases. The density of barriers in the regional databases is 
high in most cases, although it also varies vary significantly between the different river basins studied, 
in some cases also depending on the availability of information. In the case of the River Guadalhorce, 
for example, the inventory so far only reaches the middle and lower reaches of the river. 

 
In Spain, there are regional and national databases. The Guadalhorce basin, totally embedded in the 
Hydrographic Demarcation of the Andalusian Mediterranean basins, is managed by the regional 
administration; therefore, the database corresponds to a regional level. 

 
It is important to emphasize that there is a lack of homogeneity between different databases that 
limits the analysis in this sense. For example, the data represented in Figure 1.2.23 mainly referrs to 
ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ά{ǘǳŘȅ ƻŦ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ŜŜƭ Ŧƭƻǿ ƛƴ ǊƛǾŜǊ ōŜŘǎέ ŀ ǎǘǳŘȅ ŦƻŎǳǎŜŘ ƻƴ 
the eel, but not strictly on the barriers in the broader perspective.  

 
When comparing the barrier density between field survey results and the national database, it 
emerges that the national database is underestimating barrier presence. 
 
We must bear in mind that many of the transversal barriers inventoried in some of the Spanish basins, 
in this case especially those collected in the regional inventory in the River Guadalhorce, correspond 
with structures that suppose morphological alterations but not obstacles for fish connectivity, like 
bridges of footbridges or railways. 

 
In the River Guadalhorce, 43 obstacles were identified in a regional inventory, while, within the 
sampling section, a total of 13 structures were defined as obstacles from the hydromorphological 
point of view. In the regional inventory, 13 obstacles were considered along the River Guadalhorce 
section defined for the field validation, In the field visit, a total of 5 barriers to the passage of fish in 
the study section were located in the 20km selected.  

 

 
Figure 1.2.23: Obstacles registered in a Regional Database for the Guadalhorce basin.  
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The low visibility of the river conditioned the selection of the validation section as well as the track of 
the barriers. The low visibility is caused by the diverse plant colonization of the banks -mainly by an 
exotic species such as Arundo donax. The low visibility, along with the embedded and high depth of 
the channel at many points, caused difficulties during the field work, limiting the access to the channel.  
 

Table 1.2.5: Comparisons of barrier number and density (n/km) between the field survey and the 
national database. NF, number of barriers after the fieldwork; NNR, number of barriers in the 
national or regional database; DF, density of barriers after the fieldwork; DN, density of barriers in 
the national or regional database. DF and DN whole basin on average; Total Length in km. 

 

 NF NNR DF NN whole 
basin 

DN whole 
basin 

Total length 

Alberche 8 4 0,40 50 0,43 117,00 

Guadajoz 6 4 0,30 85 0,40 215,00 

Guadalhorce 6 6 0,30 43 0,16 262,40 

Nalón 62 3 3,10 16 0,11 140,80 

Tirón 18 5 0,90 12 0,18 64,95 

TOTAL 100 22 1,00 206 0,26 800,15 

 

 

 

Out of the five basins where the field validation was carried out in Spain, the Guadalhorce basin has 
the most extended fluvial length. It is also the only basin where the number of barriers found in the 
fieldwork match the inventories. It is also observed that the density of barriers found in the field 
validation is above the average density of barriers that inventories present in the entire basin. This 
may indicate, on the one hand, that perhaps one of the most accessible sections has been sampled, 
and on the other, that in the fieldwork it was not possible to locate and register all the existing barriers 
in it. 
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Figure 1.2.24: Pictures of barriers on the River Guadalhorce. 
 
 

A.1.2.13 Meso Habitats 

In cooperation to WP2, performed the fieldwork to compile the data related to the different meso-
habitats of a section of the River Guadalhorce. The AMBER partner {ǘŀƴƛǎƱŀǿ Sakowicz Inland Fisheries 
Institute (SSIFI) performed an analysis of the data collected.  

 
The rapid stream habitat mapping from high-resolution drone platforms was also formulated, yet was 
not possible to apply as the entire Guadalhorce basin is included in a controlled airspace area (Figure 
1.2.25), and required special permissions for the drone pilot as well as very complicated paperwork 
(impossible to finish in the time set for this task). However, the regional government; Cartography 
division of the Territorial Service of Information (Departamento de Cartografía del Servicio de 
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Información Territorial, Junta de Andalucía) provided high resolution (10cm resolution) orthophotos 
from 2012, that cover the section needed.  

 

 
Figure 1.2.25: controlled airspace area that covers the upper part of the River Guadalhorce and large 
dams (https://www.enaire.es/servicios/drones) 

 
The data for the MesoHABSIM simulations were gathered through intensive field surveys conducted 
over a section free of barriers, downstream of ά[ŀ 9ƴŎŀƴǘŀŘŀέ ŘŀƳΦ ¢ƘŜ ǎŜŎǘƛƻƴ ǎŜƭŜŎǘŜŘ ƛǎ ƭƻŎŀǘŜŘ 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ нΣоƪƳ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ά[ŀ 9ƴŎŀƴǘŀŘŀέ ŘŀƳΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ά9ƭ /ƘƻǊǊƻέΦ Figure 1.2.26 
shows the location of the section surveyed in relation to the infrastructures present in the area; the 
dam and the power plant installed in this reservoir. 

 

 
Figure 1.2.26: Location of the surveyed section for mMesoHABSIM.  

 

https://www.enaire.es/servicios/drones
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The selection of the section to survey was performed by the AMBER partners SSIFI ό¢ƘŜ {ǘŀƴƛǎƱŀǿ 
Sakowicz Inland Fisheries Institute) and ERCE (European Regional Centre for Ecohydrology Polish 
Academy of Sciences), who provided guidance throughout the process of surveying, compilation of 
information and logistics, as well as training for the AEMS team during the first survey in July 2019 
(Figure 1.2.27, 1.2.28). 
 
The length surveyed is related to the average width of the river. In this case, the team covered 
approximately 700-800m.  

 

 

 
Figure 1.2.27: Section for mMesoHABSIM survey starting point.  
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Figure 1.2.28: Data collection for hydro-points at the River Guadalhorce by Zbigniew Kaczkowski 
(ERCE) and César Rodriguez (AEMS). July 2019. 

 
Each survey required 2 to 3 days of fieldwork, depending on the conditions. The area was visited to 
control the flow conditions a total of three times, in July, August and October of 2019. This resulted in 
two surveys at different flow conditions. It is essential to have in mind that the River Guadalhorce is a 
regulated river from the very top. For this reason, the flow regime is constant (approximately 
0,400m3/s) and has minimal fluctuation. However, during the second visit to the area, the company 
that manages the dam was performing improvement works and left a sluice partially open which 
resulted in a flow of 0,663m3/s. In turn, the flow during the third visit to the area had returned to the 
usual level of 0,391m3/s. 
 
During the stream habitat mapping, the team delimited the different units or mesohabitats found and 
described hydraulics of every unit with at least 7 points (hydro-points) and annotated the data related 
to channel dimensions, slope gradient, water depth, velocity, vegetation, and grain sizes for both the 
dry and submerged beds. In Figure 1.2.29, the identified hydromorphologic units - are displayed for 
the August survey. Following, Figure 1.2.6 shows the type of units, the total number of each unit per 
survey and the total number of hydro-points per survey. Finally, Figure 1.2.30 shows an example of 
several units and the distribution of hydro-points.  
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Figure 1.2.29: mesohabitats at the River Guadalhorce ς August survey.  
 
 
Table 1.2.6: Type of units, the total number of each unit and the total number of hydro-points per 
survey. 
 

Type of unit 
July 
Survey 

% 
August 
survey 

% 
Variation July-
august 

BACKWATER 3 6,0 % 2 4,1 % -1 

FASTRUN 2 4,0 % 1 2,0 % -1 

GLIDE 4 8,0 % 7 14,3 % 3 

PLUNGEPOOL 1 2,0 % 0 0,0 % -1 

POOL 8 16,0 % 9 18,4 % 1 

RAPIDS 4 8,0 % 4 8,2 % 0 

RIFFLE 1 2,0 % 1 2,0 % 0 

RUFFLE 5 10,0 % 4 8,2 % -1 

RUN 13 26,0 % 12 24,5 % -1 

SHALLOWMARGIN 1 2,0 % 2 4,1 % 1 

SIDEARM 8 16,0 % 7 14,3 % -1 

nº units 50   49   -1 

nº hydro-point in total 364   359     

Nº points/unit 7,28 
 

7,33 
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Figure 1.2.30: hydropoints collected during the surveys for different units.  

 
All these data are complemented for the analysis with long-term flow time series, obtained from 
nearby gauging stations (see Figure 1.2.31, map of the gauging stations in the Guadalhorce basin). In 
the basin, there are a total of nine circulating flow measurement stations, four located in the three 
headwaters (Turón, Guadalteba, Guadalhorce), three along the Guadalhorce axis and two others in 
the main tributaries (Grande and Campanillas). Data from the existing gauging stations in the 
Guadalhorce basin are available from the Hidrosur information service, except for station No. 34, 
located between the large reservoirs in the upper part of the basin and Álora, which it was necessary 
to request from the managers of the river basin. 

 
 

 
Figure 1.2.31: Gauging stations Guadalhorce Basin. For more information see: 
http://www.redhidrosurmedioambiente.es/saih/mapa/tiempo/real/subsistema/i4i5/aforos) 

 
In the section where the MesoHABSIM survey was carried out, the flow is regulated by the large 
reservoirs located above. There is information related to data of inflows to the reservoir from the 
stations 126,127 and 128, as well as of the stations located in the waters downstream the reservoir, 

http://www.redhidrosurmedioambiente.es/saih/mapa/tiempo/real/subsistema/i4i5/aforos
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both in the main course - stations 38 and 46. There is data available as well from the main tributaries 
to the lower zone from the stations 104 and 106.  
 
 

 
Figure 1.2.32: Gauging station nº 34 Guadalhorce Basin.  

 

 
Figure 1.2.33: Gauging station nº 46 Guadalhorce Basin.  

 
 

The hydrological data series offered by these stations are partial and incomplete. Some of them offer 
data from the 1970s, but most of the data corresponds to recent periods, and in addition, these 
periods are different from one another. Furthermore, the surface flow data measured points out that 
gauging stations are highly influenced by various and very important factors: first of all, the large 
regulation dams that store and regulate the flow provided by the three main headwaters; the 
diversion channel on the right bank that starts from the El Chorro dam and reaches to practically the 
lower part of the river; and finally, the catchment of the Paredones weir that drives along the left bank 
to the city of Malaga.  
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Station 34, located in the Paredones weir, presents data that does not match the flow patterns 
measured in the rest of the gauging stations. In turn, the data seem to correspond to the flow derived 
in this intake better than to the flow that circulates through the river. For this reason, the data 
corresponding to this gauging station were not considered, despite being the closest to the 
MesoHABSIM sampling section (Figure 1.2.34).  
 
Furthermore, it seems likely the data from gauge 46 better reflects flow circumstances in the 
downstream river section and takes into account the irrigation withdrawals occuring downstream of 
the dam. Hence, focusing potential environmental flow management on this location as a compliance 
controll for environmental flow management would protect the aquatic fauna in the entire section 
from the dam to gauge 46. To reflect the concurent flow condtion in the section and still be able to 
refer to gauge 46, we standardised the the flows observed during the survey using area transfer 
method with a gauge 46 watershed area of 1860 km2. For easier interpretation, the flow was also 
recalculated to liters per second providing specific flow values of 0.26 liters per second per square 
kilometer (lskm) and 0.42 lskm for survey 1 and 2 respectively.  
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Figure 1.2.34: Series of average daily flows measured at all gauging stations installed in the basin.  
 
 
Considering this data, it was possible to calculate and contrast the drainage basin upstream of the 
survey section by using different tools. This area is displayed in the following map (Figure 1.2.35).  
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Figure 1.2.35: Guadalhorce basin. In dark blue highlighted the drainage basin upstream of the 
sampling point.  
 
 
Expected fish community of the River Guadalhorce 
According to the Hydrological Plan of the Andalusian Mediterranean basins, the section of the 
Guadalhorce between the El Chorro dam and Jévar -where the MesoHABSIM sampling station is 
registered - belongs to the ecotype "Low altitude Mediterranean mineralized rivers (107)", one of the 
eight habitat types of community interest defined in continental lotic ecosystems. The specific 
ŜŎƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜǎŜ Ƙŀōƛǘŀǘǎ ǿƻǳƭŘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǿƘŀǘ ǘƘŜ ²C5 Ŏŀƭƭǎ ά{ǇŜŎƛŦƛŎ 
wŜŦŜǊŜƴŎŜ /ƻƴŘƛǘƛƻƴǎέ ŦƻǊ ŜŀŎƘ ǘȅǇŜΦ The nine characteristic fish taxa are defined for this river 
ecotype: Anguilla anguilla (Linnaeus, 1758); Aphanius iberus (Valenciennes in Cuvier & Valenciennes, 
1846); Atherina boyeri (Risso, 1810); Barbus sclateri (Günther, 1868); Chondrostoma willkommii 
(Steindachner, 1866); Malaria cobitis (de Buen, 1929); Salaria fluviatilis (Asso, 1801); Squalius 
alburnoides (Steindachner, 1866); Squalius pyrenaicus (Günther, 1868); six of which are in the 
Guadalhorce basin (Toro et al, 2009). 
 
Expected fish community habitat distribution for the River Guadalhorce in the study area was 
estimated from Fish Community Macrohabitat Types (FCMacHT) map created in the AMBER project 
(Parasiewicz et al., in prep). It corresponded with the FCMacHT of Mediterranean Rivers. It entails four 
habitat use guilds of which Limnophylic phytophylic Moderate Tolerant species dominate the 
community (41%), followed by the Generalist (20%). Rheophylic Benthic sand and gravel species (14%) 
and Rheophilic water column sand gravel (10%) are rheophylic component of the community. Further 
are Bentic (8%) and Limnophylic lithophylic moderate tolerant (7%) species. 
 
Using the habitat suitability critera demonstrated in the Vistula Case study we calculated habitat 
suitability for both measured habitat distribution for reach guild.  Since only two flow values could be 
surveyed, we assumed that the habitat is equal 0 at no flows and such created a third survey point for 
building rating curves (Figure 1.2.27). Figure 1.2.25 and Figure 1.2.26 below represent calculated 
habitat suitability for both measured habitat distribution for each guild. 
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a)  d)  

b)  e)  

c)  f)  

 

Figure 1.2.25: River Guadalhorce, July 2019, Q= 0,390 m3/s: a) Benthic moderate tolerant, b) 
Generalist tolerant, c) Limnophilic litophilic moderate tolerant, d) Limnophilic phytophilic moderate 
tolerant,  e) Rheophilic benthic sand gravel, f) Rheophilic water column sand gravel. (Habitats: green 
ς optimal, yellow ς suitable, red ς unsuitable).  
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a) d)  

b) e)  

c) f)  

 

Figure 1.2.26: River Guadalhorce, August 2019, Q= 0,663 m3/s: a) Benthic moderate tolerant, b) 
Generalist tolerant, c) Limnophilic litophilic moderate tolerant, d) Limnophilic phytophilic moderate 
tolerant,  e) Rheophilic benthic sand gravel, f) Rheophilic water column sand gravel. (habitats: green 
ς optimal, yellow ς suitable, red ς unsuitable).  
 



D4.2 Report of Case Studies Demonstrating the Effects of Barrier Removal, Mitigation and Installation 

May 2020. 

AMBER Project - H2020 - Grant Agreement #689682 

 

 

68 
 

 
 

Figure 1.2.27: Rating curves for habitat use guilds.  

 
According to the model, the suitable habitat is increasing until about 0.3 lskm for all guilds where the 
curve flattens out. For the rheophylic species, which have the least habitat, the slope of the curves 
changes only minimally. The greatest decline is for Limnophylic phytophylic species guild. The 
distribution of observed habitat has been compared the distribution of expected habitat according to 
FCMacHT. Figure1.2.28 demonstrates that the habitat for this most dominanting guild is strongly 
underrepresented and for Benthic moderate tolerant overrepresented. Other guilds occur in 
proportions close to those expected. Nevertheless, the overall affinity of the observed and expected 
habitat distribution is between 75% and 76%, which is a high similarity (Figure 1.2.28).  
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Figure 1.2.28: Structure for habitat use guilds compared with FCMacHT.  
 
The community rating curve in Figure 1.2.27 also demonstrates a high level of affinity increasing with 
flows as well as overall habitat area availability.  Unfortunatley the curve is not too well fitted, and 
below 0.26 lskm demonstrates linear decline, which may be an artefact of the lack of data at lower 
flows. In reality, the critical point of the curve may be at lower flows and the initial incline steeper. On 
the other hand, the assumption of 0 habitat are at 0 flow is valid only for longer drought periods, 
where the river completely dries (Figure 1.2.29).  
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Figure 1.2.29: Community rating curve.  
 
The rating curve was used to calculate habitat time series for multiple scenarios. To compute 
reference habitat model reference conditions, we used the flow time series calculated with climate 
change models combination used in the River Vistula case study (for further explanation see chapter 
A2.3.6 Materials and Methods, Habitat time series analysis). To take into account potential impact of 
water withdrawals in the watershed, the flows were modelled for the area upstream of the reservoirs. 
This was to reduce the impact of potential water withdrawals included in the model as well as of 
flattening of the rating curve. Habitat time series were analysed with UCUT technique and the result 
is presented below (Figure 1.2.30).  
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Figure 1.2.30: UCUTs for reference conditions. The blue broken line connects the persistent duration 
thresholds.  

 
From the UCUT diagram for reference conditions, three habitat thresholds are selected rare, critical 
and common with 1%,3% and 37% of channel area as suitable habitat respectively.  The threshold to 
peristent duration days is annotated on Figure 1.2.30. Catastrophic durations and flows corresponding 
with the thresholds are presented in Table 1.2.6. 

 
 
 
 
 
 
 
 
  



D4.2 Report of Case Studies Demonstrating the Effects of Barrier Removal, Mitigation and Installation 

May 2020. 

AMBER Project - H2020 - Grant Agreement #689682 

 

 

72 
 

Table 1.2.6: represents flow management criteria for the River Guadalhorce at location of gauge 46. 
Elaborated by SSIFI.  
River                                Guadalhorce 
Rearing and growth VI-VIII 
Gaging station 46 
watershed area (km2) 1860 

Common habitat (%CA) 37 

Allowable duration under (days) 35 

Catastrophic duration (days) 65 

Habitat base flow (lskm) 0.247 

Habitat base flow (m3s-1) 0.459 

Critical habitat 3 

Allowable duration under (days) 14 

Catastrophic duration (days) 39 

Trigger flow (lskm) 0.016 

Trigger flow (m3s-1) 0.030 

Rare habitat (%CA) 1 

Allowable duration under (days) 11 

Catastrophic duration (days) 17 

Subsistence flow (lskm) 0.0046 

Subsistence flow (m3s-1) 0.009 

Abs. Minimum (lskm) 0.00 

 
 
Scenarios 
The results in Table 1.2.6 are applied for comparing the impact on fish habitat in varioius scenarios. 
Scenario 1 represents past conditions is uses the observations recorded at gauge 46, over 38km 
downstream of the reservoirs between the River Grande discharge and the final stretch of the river. 
Scenario 2 uses the same data but applies criteria developped in Table 1.2.6 to simulate releasing 
water from reservoir when allowable duration is exceeded. In such a situation, the flow is increased 
to the level of the next threshold (for example, from subsistence to trigger) for a duration of two days. 
For the schematic example see Figure 1.2.31. Scenario 3 simulates minimum flow policy where flows 
are never lower than 300 l/s. Scenario 4 is a climate change scenario for reference conditions based 
on the upstream (Archidona gauge 130) location and scenario 5 is a climate change scenario using 
historical flow time series from gauge 46. Scenarios 6 and 7 are combinations of scenarios 2 and 3 
with scenario 4 (i.e. introducing climate change).  
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Figure 1.2.31: Simulation of flow scenario 2 and 3 on the example of summer 2000.  

 
To create these two scenarios, the proportion of habitat stress days occurring on gauge 46 was 
increased by number of stress days occurring at the reference flows (i.e. scenario 4). For scenario 6 
(minimum flow of 300 l/s), only the change of the common level threshold was raised by the habitat 
stress days occurring at the climate change scenario for the reference.  
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Figure 1.2.32: Comparing UCUT curves for rare and common habitat thresholds for 4 scenarios.  

 
 
Figure 1.2.32 demonstrates the UCUT curves for rare and common habitat thresholds for each of the 
tested scenarios. The shift of corresponding curves to the right indicates an increase of frequency of 
events when habitat is lower than the threshold. The blue arrows in the Scenario 1 diagram indicate 
where the increase of stress days is measured (lowest persistent duration).  
 
The red lines represent an increase of stress days at a catastrophic duration. The sum of averages of 
these values is used as a metric for scenario comparison at an RAA diagram (Table 1.2.7). As visible on 
these figures, for scenario 1 there is sharp increase in frequency of habitat stress days for the rare 
conditions and for common level. Compared to the current situation in scenario 2, the augmentation 
sharply lowers the number of events of persistent and catastrophic durations at the cost of higher 
frequency of short lasting events. In scenario 3, introducing minimum flow removes stress days for 
rare conditions, but for common thresholds, frequencies remain as in scenario 1. At scenario 4, 
increases in stress days are observed, but mostly for catastrophic durations.  
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Table 1.2.7: Average increase in the number of stress days for each scenario at both levels of 
disturbance.  
 

 
 
 
To compare all the above scenarios demonstrates an RAA diagram for the River Guadalhorce (Figure 
1.2.33). It is clear that current flow management creates substantial stress to aquatic fauna, which 
will be further exacerbated by climate change. However, since habitat structure does not deviate 
strongly from expected conditions, this problem could be alleviated by an appropriate flow release 
strategy.  
 

Simulated scenariodescription persistent catastrophicsum

Scenario 1 present conditions 820% 1314% 2134%

Scenario 2

present conditions 

dynamic 

augmentation

3% 0% 3%

Scenario 3

present conditions 

+ minimum flows 

of 300l/s

120% 246% 367%

Scenario 4

climate change  

reference
290% 358% 647%

Scenario 5

climate change+  

present conditions
1110% 1672% 2782%

Scenario 6

climate change +  

dynamic 

augmentation

3% 0% 3%

Scenario 7

climate change + 

minimum flow
66% 192% 258%



D4.2 Report of Case Studies Demonstrating the Effects of Barrier Removal, Mitigation and Installation 

May 2020. 

AMBER Project - H2020 - Grant Agreement #689682 

 

 

76 
 

 

Figure 1.2.33: 7 point RAA diagram for analyzed scenarios including climate change estimates. The 
stress days values represent the sum of average stress days increase for each scenario.  

 
Currently, the flows in the river downstream of the El Chorro Dam are erratic and large parts of the 
river are diverted dry during the summer season. Introducing an ecological flow strategy that refers 
not only to dam releases, but requires specific flow in the river at it entire length, would be the most 
appropriate management. Out of the two presented environmental flow strategies, the dynamic flow 
augmentation as presented in Scenario 2 accomplishes best results with lower augmentation cost. 
This is because the flow augmentation needs to be offered only when flows are lower than selected 
duration thresholds.  
 
The results presented here demonstrate a relatively easy adaptive management strategy, which needs 
to be verified with more solid databases. This will also allow for better fine tuning of the proposed 
augmentation approach.  
 

 

A.1.2.14 Symposium on fluvial connectivity in Andalucia Mediterranean Basins. Conclusions 
on the case study 

On September 3 2019, AEMS  organized the workshop on River Connectivity in Mediterranean Basins 
in Malaga with the collaboration of the University of Malaga (UTC-UMA), the municipality of Málaga, 
and the regional government of Andalucía. The meeting brought together different experts in planning 
management, conservation, and restoration of inland aquatic ecosystems to research centres and 
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projects as well as members of the AMBER consortium and other stakeholders at a regional and local 
level.  
 
The in-depth program focused on the River Guadalhorce as a practical example, with a focus on 
ecological status, environmental issues and management, conservation and restoration initiatives, 
and plans in the Mediterranean river basins. 

 
The symposium included a guided morning tour, with stops at different points of interest along the 
Guadalhorce basin from its head to the mouth, as well as an afternoon workshop. The workshop was 
ƘŜƭŘ ŀǘ ά[ŀ ¢ŞǊƳƛŎŀέ ƻŦ ałƭŀƎŀΣ ŀƴŘ ǘƘŜ ǘƻǇƛŎǎ ŘƛǎŎǳǎǎŜŘ ƛƴŎƭǳŘŜŘ ŜŎƻƭƻƎƛŎŀƭ ǎǘŀǘŜΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
problems and management, conservation and restoration initiatives, and plans in the Mediterranean 
river basins.  

 
The symposium had the direct participation of the technicians responsible for the Guadalhorce 
management system. They accompanied the group to the visit of the Guadalteba Dam, where the 
group learned about the dam infrastructure and the main aspects of the basin and its natural 
environment. Moreover, the group could discuss the problems present in the basin with different 
stakeholders, from management technicians and managers to organizations for the defence of the 
natural environment and environmental associations. Finally, managers and participants of other 
projects related to water management shared their experience and results with the attendants. 
 

The participation of representatives of the Network of the New Culture of Water in Andalusia 
highlights the latent social conflict over the use of water in the Guadalhorce basin. Salvador Sánchez 
(Platform in Defense of the River Grande and the Jara Environmental Association) informed the 
participants about the social conflict that arose in the early 2000s as a result of the project for 
construction of a dam on the River Grande (Coín, Málaga) to divert water supply to the capital (Figure 
1.2.34). The project was considered to have a severe environmental impact on the River Grande 
ecosystem (currently not regulated by large dams). It would imply the alteration of the natural flow 
regime, the drastic decrease in water circulating through the channels, the physical-chemical 
alteration of the water quality and the morphology of the channel and the river bed, reduction of the 
flood plain, with significant alteration of river habitats and biological communities, etc. and various 
socio-economic impacts associated with the deterioration or loss of infrastructure or artefacts of the 
traditional hydraulic heritage, the degradation of landscapes and the loss of knowledge, traditions and 
practices associated with the natural river. 
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Figure 1.2.34: Location of projected barriers and associated infrastructures in the Grande River. 
Collaborative map of water conflicts in Andalusia. For more information see: 
https://redandaluzaagua.org/mapa/reports/view/13 

 
The project was promoted by the state and autonomous administrations. In the affected populations, 
Guaro, Coín, Pizarra and Cártama, there was a majority reaction against it, led by local and citizen 
entities. There were massive social mobilizations, dissemination in the media and social networks, 
information and awareness campaigns, citizen meetings and encounters. All these escalated into 
increasing social tension and resulted in fines and arrests. Among the forms of mobilization, 
independent studies and reports were prepared, letters, official petitions and complaints were sent 
to the authorities involved, there were artistic and recreational actions, occupation of public spaces 
or buildings, protests and street demonstrations and traffic cuts and strikes. The alternatives proposed 
by civil society and/or the social organizations involved mainly focused on the management and 
control of water demands through different systems. 

 
The response of the administrations to this conflict was finally the moratorium or temporary 
suspension of the project. However, currently, there are still sectors that ask it to be raised again. 

 
The symposium provided an arena to discuss the different situations that could be faced in the future, 
taking into account the importance and additional interest in the study of Mediterranean basins in the 
current climate change horizon. 

 

https://redandaluzaagua.org/mapa/reports/view/13
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Figure 1.2.35: Program of the Symposium.. 
 

 
Figure 1.2.36: First visit during the symposium to Guadalteba Dam, where the staff provided an in-
depth explanation of the characteristics of the basin and the water management system.  
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The results obtained in this case study were presented in a public workshop held in September 2019 
in Malaga, before the annual AMBER meeting. Attendants represented the main sectors involved in 
river management and use. Local stakeholders that have networked and collaborated with AMBER 
researchers helped in the organization of the workshop (Figure 1.2.37ς Christoph Schröder, 
collaborator for the study case presents SWOS work within the Guadalhorce basin).  

 

 

Figure 1.2.37: Christoph Schröder, collaborator for the study case, presents SWOS work within the 
Guadalhorce basin at La Térmica, Málaga (Spain).  
 
The Symposium included interventions on government plans that constitute the institutional 
framework where adaptive management should be developed; Rocío Navas, from the Office of 
Hydrological Planning - Environment and Water Agency of the Andalusian Government - spoke of the 
Hydrological Plans as an instrument for the achievement of the Environmental Goals of water bodies 
Hydrographic Demarcation. The current Spanish legislation is recognizing the dimension of the river 
fragmentation problem through establishing the restoration of fluvial ecological continuity as an 
essential objective. To do so requires government agencies to promote the longitudinal and lateral 
continuity of the river courses, making them compatible with current uses and existing infrastructures, 
the installation and maintenance of devices ensuring the passage of native ichthyofauna, the 
elimination of abandoned Hydraulic Public infrastructures without fulfilling any function linked to 
water use, and taking into account the possible conditions for the transport of sediments in the 
granting of new transversal works. 

 
The morphological alteration and ecological fragmentation due to transversal barriers are still not 
clear and contemplated explicitly among the direct causes of non-compliance with the environmental 
objectives of achieving the good condition of the water bodies of the Demarcation. However, the 
hydrological alteration caused by the regulation of the flow regime from the dams is recognized as a 
significant pressure (Figure 1.2.3a). 

 










































































































































































































































































































































































































































































































