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Summary 

The Revúca River is a typical hilly and mountain river. It is located in the northern part 

of Slovakia called Liptov. It is surrounded by and flows through national nature parks. 

The whole region is a well-known touristic area. There are parts of the river that are 

totally undisturbed, while some others are significantly modified.  

The aim of this work was to evaluate the proximity of this stream and its individual 

sections to nature and their suitability to maintain and develop life of already present 

water organisms, as well as their capacity to retain water in the area. This was done via 

two ecomorphological methods, named EcoRivHab and HEM, developed at the Charles 

University of Prague. 

The river with its 33, 43 km length and 265, 73 km2 catchment area represents a typical 

medium-sized stream of the Liptov region. For the purpose of evaluation, the stream was 

divided into seven homogeneous sections with different lengths. These sections were 

evaluated following the EcoRivHab and HEM ecomorphological methodologies. Overall, 

the Revúca River is rated as slightly modified (II. Ecomorphological Grade = EG) by both 

methods. Some stream section, however, were evaluated differently by EcoRivHab and 

HEM. This was due to different criteria used in the two methods. The EcoRivHab method 

was usually more generous and the resulting grades were close to nature (I. EG) along 

46%, slightly modified (II. EG) along 29% and medium modified (III. EG) along 25% of 

the stream length.  

The HEM methodology was harsher, evaluating only 27% of the stream length as close to 

nature (1. EG), 25% as slightly modified (2. EG), 43% as medium modified (3. EG) and 

5% as strongly modified (4. EG).  

The highest degree of man-made modifications of the stream was identified in the 

urbanized areas of Liptovské Revúce and Ružomberok towns. Some other minor 

modifications were found in Liptovská Osada and Biely Potok villages, but the biggest 
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issues are two fish migration obstacles and the highly urbanized area of Ružomberok. 

Therefore, there are two revitalization actions proposed in this work. The first one is to 

create a migration path for the biota and the second one is to revitalize the river in the 

Ružomberok area. 
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1. Introduction 

Rivers are an important part of the landscape and one of the essential conditions for life 

on Earth. The human kind has always been thought as the owner of the Earth. This could 

be true but only by listening to nature because it has been proved over history that 

nature is much stronger than mankind. Maybe therefore, there were many attempts to 

put nature under human subjection, which were also revealed in the relationship 

between people and water.  

Unfortunately over the years, usefulness and expediency were the main aim when 

treating water management. This led to many modifications in rivers and water bodies 

that were pushing its natural state to very low. Flood protection often resulted in river 

channelization, water gates and dam construction and overall stream modifications. This 

had unfortunate consequences in the elimination of biota or its total extinction. The best 

known example is the almost extinction of beluga (European Sturgeon, Husa Husa) in the 

Danube river caused by the construction of Iron Gate.  

The prevailing theory used to be that nature has to obey the mankind. This opinion is 

slowly decreasing when understanding the aftereffects of these actions. Nature can be 

much stronger and complex than what we sometimes think. Luckily, we have been 

realizing this everyday more and more and there are many scientists looking for the best 

solution and according to nature in different areas. As for the water bodies 

ecomorphology started to be one of the main heading indicative.  

One of the main things when applying ecomorphology is to identify all the parts of the 

problem in order to revitalize the river the best way possible. In this work two different 

ecomorphological methods were applied. EcoRivHab and HEM were both created in 

Czech Republic and applied on Revúca River in the Lower Liptov Area in Slovakia. 

Revúca River and its surroundings is an area that is strongly bounded to my memories 

as I have spent there many of my holiday times. Also, another reason why I chose this 
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river is because I believe that the golden age of the region is still about to come due to its 

natural treasures, beautiful views, national nature parks and unique ambient.   
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2. Scientific hypothesis and work objectives 

Hypothesis: 

In order to design and implement adequate and viable measures aiming at the 

restoration of small streams and surrounding terrains, one can successfully employ a 

river evaluation methodology based on the quantitative assessment of the river bed 

morphology and vegetation and of the near-stream terrain surface and vegetation, 

relying on the criteria of: 

1) Proximity to nature, 

2) Suitability and diversity of living conditions for water organisms, 

3) Capacity to retain water and retard its runoff. 

 To evaluate the actual state and previous history of a particular small stream and its 

catchment with special attention to their anthropogenic alterations. To propose, in 

general terms, the solutions of existing problems, taking into account the existing plans 

of the stakeholders involved. 
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3. Literature overview 

3.1.  Hydrologic cycle 

Water is one of the most important components of this world and makes the life on the 

Earth possible. The hydrologic cycle defines the whole movement of water on the Earth 

(Trimble, 2008). There are some main pathways along which water on the Earth moves, 

one of them being the river flow. 

Rivers are also important for the development of the human society. The first cultures 

that started to modify rivers arose in ancient Egypt, China, Mesopotamia, Greece and 

some other countries (Molle, 2009; Trimble, 2008). There are documents that prove 

their deep knowledge of the hydrologic cycle and its principles as well as 

recommendations for river modification so that benefits of freshwater could be 

extended to bigger territories (Molle, 2009). In Europe the golden age of rivers were the 

Middle Ages and the Early Modern Age, where scientist studied and drew maps of rivers 

and deepened their knowledge of the hydrologic cycle (Barrow, 1998; Molle, 2009). 

There are many reasons why the human kind intervenes in river channels. With the 

agricultural development, flood protection, land use, potable water and irrigation water 

needs, waste water treatment and other water demands, many rivers and water bodies 

were changed (Echeverria, 1989; Trimble, 2008). Another very important reason why 

many rivers were changed in the course of the history is the urbanization. Especially in 

the second half of 20th century, when the world population started to increase rapidly, 

many rivers were trained and modified so that cities and other inhabited areas could be 

safe from flooding or of simply in order to have more space for construction (Chin, 

2006). 

3.2. Nature conservation  

Some of these many changes and interventions were not really good in the end and, 

therefore, reconstructions in different forms have to be done (EUR 20875, 2003; 
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Šlezingr, 2010). Arias (2015) names the non-compliance with nature as one of the worst 

illegal acts in the world.   

Šlezingr (2010) in his book Revitalization of Streams defines the revitalization as a 

group of actions aiming to restore or to remedy natural functions of ecosystems, habitats 

or their groups that were harmed.  

Over the history land use has changed substantially. From forests and pastures to 

agricultural ploughed fields and from small villages to multi-million cities. These 

changes had obviously profound impact on rivers and the riparian zones surrounding 

them. This development lead to floods as the water retention capacity of the landscape 

decreased. Therefore, the river restoration urges more and more (Wang et al, 1997).  

In this context,  a very important topic of science is to elaborate the methods that would 

allow us to know if the river status is good, close to nature, or not. An important group of 

river status indicators is the appearance, health and growth of its ecosystem. There are 

many ways how to measure or assess these indicators. 

In highly urbanized areas it is very difficult to return the modified river channel to its 

original more natural state. One of the options to imitate the original flow regime of 

natural rivers with riffles and pools, even with artificial in-stream structures. Pretty et al 

(2003) confirmed that introducing these structures in the river channel is a very good 

practice for improving the pattern and diversity of the flow regime. It also has some 

positive impact on the fish habitat in the rivers.  

Another topic in relation to the river restoration is its perception by the public. It can be 

very well done in engineering terms, but people that actually live in those areas does not 

need to be automatically conformed to the new project in their living environment. 

There may be necessity of removing agricultural areas. Junker and Buchecker (2007) 

showed in their study that people perceive better when the restoration gives them also 

more opportunity for leisure and free time activities. Very similar results were received 
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also by McCormick and her team in their case study of the twin catchments in Auckland, 

New Zealand (McCormick et al., 2015). They arrived at the conclusion that public prefers 

natural state as it evokes health of the ecosystem. 

3.3. Ecohydrology in use 

As written above, well developed and healthy ecosystem is a very important quality 

marker of river restorations. This started to be one of the main topics after the UNESCO 

Vth International Hydrological Programme (IHP-V) saw the light of the world. Janauer 

(2002) makes it clear that with the help of ecohydrology it will be much easier for the 

authorities to make good decisions on changing, modelling or restoring the landscapes.  

Besides, it is always positive, when more points of view are present at the instant of 

decision making. Batelaan and Witte (2008) finds it enriching when during a study on 

the wetlands of Zwarte Beek Valley many different connections between vegetation, 

geochemistry and groundwater were found. So the results of their study could be more 

objective as they proclaim. 

3.4. Ecomorphology and ecohydromorphology 

One of the main ecohydrological branches is ecomorphology or ecohydromorphology. 

Ecomorphology is combining quality of the water and biodiversity of the land as of the 

river and finding the optimal ecomorphological level of the water body (Matoušková, 

2008). There are many methods all around the world that use ecohydromorphology as a 

tool and guideline for revitalization of different water bodies.  

In 2000 European Union provided its countries with a directive regarding the water 

policy, valid for all member countries and the countries wanting to be members 

(European Union, 2000). The aim of the directive was mostly to protect all water bodies 

in Europe and prevent the worsening of their state from the consumption viewpoint as 

well as from the environmental viewpoint. Another reason for this directive was also to 

unify all hydrological programs, as the water bodies do not respect political borders. It 
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was also intended to prevent any non-ecological use of any water body, emissions to 

them, floods and droughts (European Union, 2000). This led to a small revolution among 

hydrological and environmental scientists in the whole Europe. Many countries adopted 

this directive by their own legislation and added more points related to protection of 

land and water (Druga, 2014; Ilnicki et al., 2010b; Just, 2010; Šípek et al. 2009). Drawing 

on the framework directive, many new ecomorphological methods were developed or 

the older ones redesigned. Slovakia as a part of European Union since 1. 5. 2004 also has 

to follow the EU directives.  

3.5.  Legislation directives and ecomorphological methods 

3.5.1. European Water Framework Directive 2000/60/EC 

One of the main reasons of the Water Framework Directive is to unify and integrate the 

approach to water in the whole European Union (European Union, 2000). The member 

countries should maintain or develop a good state of all water bodies on their territory 

(European Union, 2000).  

3.5.2. EN 14614  

This Guidance standard for assessing the hydromorphological features of rivers was 

issued by the European Union in 2004 and was implemented individually by each 

member country. The main reason why this directive was created is to unify and put 

together all hydromorphological mapping methods, their evaluation and outlets 

(Langhammer, 2013; Matoušková, 2008) 

3.5.3. EN 15843 

Six years after the first Guidance EN 14614, the European Union published a new one. 

This guidance, in contrast to the previous one, is about determining degrees of river 

morphology modification (Langhammer, 2013).  
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3.5.4. LAWA 

This group of method has its origin in Germany. The methods had been put into use 

before the European Water Framework Directive was published but later on were 

updated to comply with the new directives. There are many parameters being put under 

surveillance in this method, such as the flow type, erosion, river-bottom structure, flow 

variability and depth variability in the longitudinal and transversal profiles. The 

parameters of the river and riparian zone together were divided into 6 main groups 

(Lawa, 1999). Similarly as in other methods, the values of the parameters in each group 

were found via the field survey and evaluated in order to make a final appraisal (Lawa, 

2000; Matoušková, 2008). Many elements of the LAWA methods served a base for 

preparation of the Water Framework Directive 2000/60/EC (Lawa, 1999).  

3.5.5. RHS 

River Habitat Survey (RHS) has been developed in the UK and Ireland. This method went 

through a lot of changes and updates since 1994, when it was introduced for the first 

time. One of the main goals of this methodology was to describe and determine the state 

of freshwater bodies (Environment Agency, 2003). The authors advice to look carefully 

for any channel modification that has occurred before the field study, as sometimes it is 

very hard to differentiate what is natural and what is modified. The method is based on 

pre-survey preparation, field survey and data analysis. This method is very complex and 

detailed. 500-meter channel sections are chosen, in which approximately 10 check spot-

checks are at approximately 50 meter distance. Each check spot is 10 meter long. Main 

focus is on the bank material, bank modification, channel substrate, type of flow, channel 

features, bank vegetation etc. This method is used in many European and non-European 

countries. It is appreciated for its flexibility and applicability to different types of rivers 

and streams.  
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3.5.6. HEM 

Hydroecological monitoring (HEM) method was developed by J. Langhammer in 2007. 

Till today the method went through two small actualizations, one in 2008 and the second 

one in 2013. They were not essential as the most thing that had changed were some 

comments from the Ministry of Environment of the Czech Republic and few other details 

(Langhammer, 2013). This method will be explained in a greater detail in the Materials 

and Methods section, as it was used in this thesis. This method was created after the 

European Water Framework with all the following normative acts were adopted by the 

Czech Republic. The HEM method looks for the hydromorphological quality of the 

stream by evaluating various parameters (Langhammer, 2008; Langhammer, 2013). One 

of the main aspects of the evaluation is to look at the modifications of the stream and its 

alluvial plain. There are seventeen main indicators that prove the stream bottom and 

stream banks quality together with the quality of the flow regime in the stream the way 

in which the stream and its surroundings manage flood flows.   

3.5.7. EcoRivHab 

This method will be also described in a greater detail in the section on Methods and 

Materials as this thesis is based on this method also. Basically, EcoRivHab is based on 

collecting all available information about the stream and the terrain mapping of the 

riverine area (Matoušková, 2008). The evaluation relates to the present state of the 

stream but also looks for a potential reference section which is also being mapped. The 

method as well as its outputs are consistent with the European Water Framework 

Directive.  

3.5.8. IFIM  

The instream flow incremental methodology (IFIM) was developed in the United States 

by various scientist on the request from the Government in the 80s of 20th century 

(Stalnaker et al. 1995). This methodology, although not fully aligned with the European 

Water Framework Directive for Water 2000/60/EC, is used in many European countries 



18 
 

and then, of course, worldwide. This is mostly because the biota is a very good river 

health indicator from many points of view. The main issue of this method is to measure 

the environmental impact (Stalnaker et al. 1995). The main topics that IFIM is studying 

are the river bottom and river-bed, the stream network, the macro, meso and micro-

scale patterns of climate, geology, land use and vegetation, runoff, floods, water 

temperature and composition, channel geometry and other factors. The output of this 

method is the habitat suitability curve (HSC), for which many of the above mentioned 

indicators need to be quantified, as they may have a large influence on the curve 

(Macura et al., 2012). There are some critics to this method as many scientist say that 

there is no proven correlation between the actual fish presence and their potential 

presence, especially in waters which have different temperatures (Mathur et al., 1985; 

Scott and Shirvell, 1987). 

3.5.9. MHR 

Methodology for hydromorphological river survey (MHR method) was developed in 

Poland by Piotr Ilnicki and his collaborators. The method is mostly applicable for 

artificial (modified) rivers but also for other water bodies (Ilnicki et al., 2011). This 

method uses five different classes to evaluate the status of the water body and four 

ecological potential classes where the most ecological status is defined as the status that 

had most probably occurred in the first half of the 20th century (Ilnicki et al., 2010a; 

Ilnicki et al. 2010b). These four ecological classes break down into nineteen subclasses 

and other thirty four branches (Ilnicki et al., 2011). The mean features that MHR 

methodology is focused on are the water flow and its characteristics, its connection to 

groundwater, the presence of dams, the longitudinal profile, the cross section, the river-

bottom structure, the riparian zone vegetation, the alluvial plain, the land use and flood 

control features (Ilnicki et al., 2010a). 
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3.6. River Revitalizations 

Once the river was already assessed and the main ecohydrological issues identified there 

should be created a health program for the water body. There are many attitudes on the 

river restorations topic, as well as many opinions about what and how is the best way to 

revitalize the river. This is understandable as each geographical region has its exact 

specifications and requirements. Macura and Halaj (2013) confirm that it is important 

for each country to have more or less its own way to approach the optimal river 

revitalization as each country depends on its own geographical and geomorphological 

properties. There are similar properties for many countries, but they are never entirely 

the same. Therefore there can be a common understanding, but the final reach is very 

specific. Additionally, Macura and Izakovičová (2000) set the example in which for 

Slovakian rivers it is good to take inspiration from the revitalization methods done in 

alpine region but it is essential to apply them correctly to Slovak real properties. Also, 

there are many issues complicating the process of river revitalization. One of them is the 

relative distance between ecology and hydrology and sometimes it is hard for scientists 

to find a common word (Macura and Izakovičová, 2000).  

In Slovakia region the main issue why the rivers needs revitalization is that in the past 

the rivers were well technically modified but the ecological aspects were highly omitted. 

Also, the practical realization was many times blurry and till nowadays there is still 

missing the ultimate goal on what we want to reach when modifying or revitalizing a 

water body (Macura and Halaj, 2013).  

Macura and Izakovičová (2000) defines the revitalization as escalating the quality of the 

stream by maintaining its function. This is a very long process as the revitalization takes 

years and the consolidation comes at least after one or two years (Macura and 

Izakovičová, 2000). Even though in Slovakia some revitalization processes started to be 

carried out, it used to happen that the physical properties were prioritized over the 

biological, obtaining results that were not always so optimal. As Macura and Halaj says 
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(2013), the ecological stability correlates with the biological species diversity of the 

environments but this one correlates with the abiotic factors as well. Another very 

important aim that should be followed is that a good and successful revitalization should 

achieve a higher total moisture regime of the soil during the flood season (Macura 

Izakovičová, 2000). In fact, there are many criterions that are very important to take in 

count for the stream to be in equilibrium with its surroundings (Neruda et al., 2012).  

The main topics when thinking about revitalizing a water body are the stream-bottom 

depth, the curved trajectory, rugged river-bottom, protection of the river-banks against 

erosion, lowering of water over-heat and increasing the riparian belt vegetation 

presence (Hughes and Rood, 2003; Just, 2010; Lusk et al., 2003; Neruda et al., 2012; 

Macura and Halaj, 2013; Macura and Izakovičová, 2000). One of the things that Just 

(2010) recommends is to make the stream more open and free from the previous purely 

technical flood protection adjustments.  
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4. Materials and Methods 

4.1. EcoRivHab 

This method was created by RNDr. Milada Matoušková PhD at the Faculty of Science, 

Charles University in Prague. The method follows the principles of the European Water 

Framework Directive 2000/60/EC-. It is applicable to a relatively broad selection of 

streams and relief types (Matoušková, 2008). The main purpose of this method is to 

ascertain to which extent a particular stream is in a “good ecological state” and also to 

find the best way for the stream to keep its natural state even in urbanized areas. The 

way of doing this is to define a “reference state” to which particular reaches of a stream 

could be compared and which could provide inspiration for restoration of these streams. 

The main features to be taken into consideration are hydromorphological 

characteristics, human modifications, diversity of flow, habitats and vegetation in the 

river bed zone, the riparian belt and the alluvial plain, the land use in the latter and other 

ecohydrological characteristics of the area (Matoušková, 2008).  

The stream evaluation procedure according to the EcoRivHab method is divided into 

particular stages- Each of these stages are equally important for obtaining optimal 

results of the survey. The first stage is preparatory, when all kinds of accessible 

documents about the area need to be collected and the area is described based on this 

documentation. The second stage is to survey the stream in the field. Next stage, the 

third one, aims to process all the information obtained and to carefully check the results 

of the mapping. The last phase is to synthesize the results and to present the outcomes in 

the form of texts, maps and geodatabases. 

4.1.1. Preparatory phase 

In this phase all the available documents needs to be collected, especially all kinds of 

maps of the command area and its surroundings. If possible, it is recommended to 

combine topographic maps, water management maps, geologic, pedologic, vegetational 

and cadastral maps together as GIS layers (Matoušková, 2008). The author of the method 
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also recommends to collect photos and all other documents regarding the modifications 

of the stream during the history, as well as the information regarding the climate, water 

quality, pollution of the area, industry and other factors.  

4.1.2. Mapping phase 

In the second part of the work, which is the field survey, there are many variables to be 

taken into consideration. The riverine landscape to be surveyed breaks down into the 

river-bed zone, both the part which lies under water and the other part which is 

normally above water, i.e. the river-bank, then the riparian belt, which is a belt about 10 

to 15 meter wide, and the alluvial plain zone that sometimes it is very difficult to identify 

but should reach to around 100 meter distance from the stream (Matoušková, 2008).  

The mapping itself should be done along the whole stream length, starting from the 

spring and proceeding towards the river mouth or confluence with another stream. The 

total stream length is to be divided into smaller, relative homogeneous sections, ideally 

about 200 to 1000 meter long. Each section must well described and marked on the 

supporting maps and in the mapping form in a clear and understandable way, to prevent 

mistakes and errors.  

The mapping form is crucial in this phase as it reminds the surveyor which information 

should be noted down. There are three main groups of parameters comprising 

seventeen different aspects and together thirty one parameters. The parameters are 

evaluated in two diverse ways, first verbally and then as a score from 1 to 5, numerically 

or symbolically.   

EcoRivHab: Ecomorphological monitoring of water streams sheet 

Data characteristics Data evaluation 

1. Streambed morphology and river path   

1.1 Valley type Verbal 

1.2 River curvature Verbally & score  
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1.3 River bed shape  Score 

1.4 River bed depth Score 

1.5 Erosion and accumulation features present Score 

2. Longitudinal profile   

2.1 Weir presence Score 

2.2 Pipes presence Score 

2.3 Flow characteristics Score 

2.4 Riffles and pools Score 

2.5 Runoff characteristics Score 

3. Transversal profile   

3.1 Profile type Score 

3.2 Average depth Numerical 

3.3 Width variability Score 

3.4 Technical adjustment of the profile Score 

4. River-bottom structures   

4.1 Substrate Verbal 

4.2 Technical adjustment of the bottom Score 

4.3 Microhabitats Score 

5. River-bank structures   

5.1 Vegetation Score 

5.2 Structure of vegetation Score 

5.3 Technical adjustment of the banks Score 

5.4 Bank stability Score 

6. Water quality   

6.1 Hydrochemical Score 

6.2 Hydrobiological Score 

6.3 Waste water outlets Numerical 
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7. Riparian belt   

7.1 Presence (within 10m width) Score 

7.2 Vegetation Score 

7.3 Land use  Score 

8. Alluvial plane 
 

8.1 Dominant land use type Score 

8.2 Presence of flood control measures Score 

8.3 Water retention potential Score 

Table 1. EcoRivHab: Ecomorphological monitoring of water streams sheet (Matoušková, 

personal communication; adapted by the author of the thesis) 

4.1.3. Processing phase 

The parameters are evaluated in two diverse ways, verbally and numerically. Some 

parameters are included for providing a background qualitative information. The 

scoring of some parameters is based on the worst situation found, in other case the 

dominant situation or the average level of the parameter decides.  

4.1.4. Evaluation phase 

All the information obtained needs to be interpreted in a correct and comprehensible 

way. A verbal evaluation of each section and each zone of the section has to be 

formulated. Another output is graphical, in the form of maps for each section and for the 

whole stream. Five ecomorphological grades (EG) are possible, namely: Ith EG – the 

natural state, IIth EG - slight anthropogenic modification, IIIth EG - medium anthropogenic 

modification, IVth EG - strong anthropogenic modification, and Vth EG - very strong 

anthropogenic modification (Matoušková, 2008).  

4.2. HEM 

The HEM method was created by Assoc. Prof. Jakub Langhammer, Ph.D., at the Faculty of 

Science, Charles University in Prague. This method is also based on the European Water 

Framework Directive ES 2000/60/ES. Its main objective is to evaluate the stream 
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according to its hydromorphological characteristics with due regard to the requirements 

of Czech legislative (Langhammer, 2013).  

The procedure is similar to that followed by EcoRivHab. It is based on scoring of 

different parameters of ecomorphological quality of the stream. There are seventeen 

different parameters divided into three main groups, namely, the river bed, the 

riverbanks and the flood zone.  

4.2.1. Preparatory phase 

For the preparatory phase it is essential to identify the water body, both the stream and 

its alluvial plain. The author recommends to collect all possible data from historical 

maps, army maps and cadaster maps but also the data on hydraulic properties of the 

stream, the land use and the existing structures in the alluvial plain, the river bank 

modifications and other circumstances (Langhammer, 2013). 

4.2.2. Mapping phase 

The stream is divided into smaller homogeneous sections. The main point of view on 

which one can base the division of the stream into sections are the horizontal projection 

of the stream (i.e., the plan view), the riparian belt and alluvial plain land use and the 

anthropogenic modifications of the stream. Regarding the lengths of the sections, the 

author of the method recommends to use common sense. A rough rule is that the 

sections of small streams not wider than 10 meters should be about 100 meter long, the 

sections of middle sized streams with the width up to 30 meters should be about 500 

meter long and the large streams, the width of which is more than 30 meters, have a 

recommended section length 1000 meters. This is, of course, only a recommendation. 

The decisive factors are the relief of the valley and human modifications of the alluvial 

plain. The actual sections can be longer or shorter, depending on the current situation. 

The mapping should be done when the stream discharge allows to see and describe all 

properties of the river-banks and river-bed and when the access to the stream is not 

obstructed by vegetation. All observations and measurements needs to be put in the 
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mapping sheet immediately together with the borders of the section. For the field 

mapping survey, it is recommended to use GPS, a range-finder and a camera to be able to 

document all properties of the stream sections properly.  

HEM - Hydromorphological monitoring - mapping sheet 

Name of the river       

ID       

Length (m)       

Geometrical characteristics of the 

section       

Section borders  river km coordinates X coordinates Y 

Valley type       

1. Stream path modification       

Stream type 

marks of 

straightening  

marks of 

revitalization  

historical 

state 

2. River-bed width variability       

2.1. River-bed width       

2.2. Water level width       

2.3. Alluvial plain width (L)       

2.4. Alluvial plain width (P)       

3. Depth variability along the 

longitudinal profile       

4. Depth variability in the 

transversal profile       

5. River-bottom substrate       

6. River-bottom modification       

7. Dead wood in the river-bed       

8. River-bottom structures       
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9. Flow character       

10. Hydrological regime 

modification       

11. River-bed longitudinal 

throughput        

12. River-bank modification       

13. River-bank vegetation       

14. Riparian belt use       

15. Alluvial plane use       

16. Flood plain throughput       

17. River-bank stability and lateral 

river-bed movement       

Table 2. HEM: Hydromorphological monitoring of water streams arch (Langhammer, 

2013; adjusted by the author of the thesis) 

4.2.3. Evaluation phase 

The evaluation is based on the score assessment of all the above mentioned parameters. 

First of all, each section is evaluated and then its score among other sections is 

calculated, from which the total score of the stream is obtained.  

HEM Scoring System weight 

River-bed and stream path 2.6 

1. Stream path modification 1 

2. River-bed width variability  (rate max/min) 0.1 

3. Depth variability along the longitudinal 

profile  0.1 

4. Depth variability in the transversal profile 0.1 

5. River-bed substrate 0.1 
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6. River-bed modification 0.25 

7. Dead wood in river-bed 0.1 

8. River-bed structures 0.15 

9. Flow character 0.1 

10. Hydrological regime modification 0.1 

11. River-bed longitudinal throughput  0.5 

River-bank and riparian belt 0.8 

12. River-bank modification 0.25 

13. River-bank vegetation 0.15 

14. Riparian belt use 0.4 

Alluvial plain and floodplain 0.6 

15. Alluvial plain use 0.3 

16. Flood plain throughput 0.15 

17. River-bank stability and lateral river-bed 

movement 0.15 

Table 3. HEM scoring weights for highland rivers (Langhammer, 2013; processed by the 

author) 

The total score allows to evaluate the stream as a whole, acquiring values from 1 (the 

best) to 5 (the worst). 
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4.3. The Revúca River characteristics 

Picture 1. Ružomberok and Revúca River within Slovakia (Open Street Map, processed 

by the author) 

The Revúca is a relatively small river located in the northern Slovakia in the Liptov 

region. It creates a natural border between two different natural parks. The catchment 

area of the Revúca River is 265, 73 km2. For this river it is very typical to carry gravel, 

which contributes to dynamic stability of its bed. Forest covers 60% of the catchment 

area. The official length of the river in the hydrological database is 32, 33 km. The total 

length of the river that has been used for the purpose of this work is 33, 34 km. There 

are some structures on the river which locally change its discharge and water 

temperature. These are three hydro-power stations and one fishery. There are also 

several waste water treatment plants that may deliver pollution into the river. The 

average annual precipitation in the catchment is 711mm but it strongly varies with 

altitude. The catchment area belongs to humid, slightly-cold to slightly warm climatic 

zone. Snowpack is present for 140 to 200 days in a year.  

Catchment area 265.73 km2 

Shape coefficients 

(area/length squared) 0.22 

Stream spring altitude 1590 m 
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Stream end altitude in the 

Váh River 472.9 m 

Average stream slope  7.60% 

Catchment order 4-21-02 

Qa (mean annual discharge)  5.5 m3/s 

Q5 (5-year peak discharge) 53 m3/s 

Q100 (100-year peak 

discharge) 110 m3/s 

Table 4. Basic hydrological characteristics of the Revúca River 

The discharges Qa, Q5 and Q100 relate to the whole catchment area of 265.73 km2.  

The average annual temperature of water in the last five years was 7, 1°C with the 

maximum of 15, 6 °C in July 2012 and minimum 0, 0°C in winter 2011/ 2012.These 

values were obtained at the hydrological station in Podsuchá, where the mean annual 

discharge in the last five years was 4, 02 m3/s. The minimal discharge in the last five 

years in Podsuchá was 1, 07 m3/s in winter months of 2012 (January and February) and 

the maximum discharge 22, 51 m3/s was measured in April 2013. 

4.3.1. Tributaries 

There are more than 40 tributaries of different size to the Revúca River. The main ones 

are listed in the table below. 

The Revúca river kilometer from the side Tributary name 

26.315 Left Zelený potok 

26.18 Right Šturec 

25.46 Left Pilná 

25.255 Right Koleso 

24.63 left Malá Turecká 

23.395 left Veľká Turecká 
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22.735 left Veľká Rakytová 

22.005 left Malá Rakytová 

21.43 right Veľký Hričkov 

20.51 right Malý Hričkov 

19.68 right Špatná Dolina 

19.155 left Teplá dolina 

18.19 left Skalné 

16.675 right Korytnica 

16.515 right Lužnianka 

15.615 left Hlinová 

14.49 left Šafárka 

14.3 right Hlaváčsky potok 

13.08 right Vyšné Tiché 

12.61 left Sojkovo 

11.8 left Zajačka 

11.35 left Matejkovo 

10.95 right Vyšný Brankov 

10.9 right Nižný Brankov 

6.85 left Trlenský 

Table 5. Main tributaries to the Revúca River 

The main 25 tributaries contributes with their different discharges that depend on the 

actual weather and hydrological conditions. The largest tributaries are mineral spring 

rich in Fe2+ Korytnica and Lužianka.  

4.3.2. Water quality 

The Revúca River, lying between two national nature parks which are highly protected is 

considered to be a very clean and well maintained water body. A recent water quality 

study investigated water samples taken from Revúca River close to the fishery at 
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Podsuchá. The samples were taken on 6th February 2017. The water quality class was I 

as for enterococcus and inorganic micro pollutants (arsenic, cadmium, lead and 

mercury). The water quality class was II as for coliform bacteria and thermotolerant 

coliform bacteria and class III as for psychrophilic bacteria. The quality obviously 

changes with the season and over the years. When a similar was done in 2016, the 

overall water quality class I.  

4.3.3. Historical approach 

The traces of first pre-historical settlements of the Homo sapiens neanderthalensis along 

the Revúca River date back to 130 000-90 000 B.C. Archaeologic excavations also 

discover later settlements of Homo sapiens sapiens from around 40 000B.C. (Struhár, 

2009). The area was densely populated as there was a lot of thermal water springs there 

and the average air temperature during the glacial periods was around 0°C to 3°C 

(Struhár, 2009). There are many archeological founds in the area, as it is rich in caves. 

There are many written documents witnessing about the settlement of the Ružomberok 

area starting around the twelfth and thirteenth century (Struhár, 2009). Revúca River 

was used to transport wood and different other goods. In historic maps we can see that 

there was an extensive construction activity along the downstream reaches of the 

Revúca River around 1946, right after the Second World War (Slezáková, 1989). As there 

had been many floods over the history. A new channel was built to conduct the river 

water close to its end into the River Váh. This big construction changed the river channel 

substantially. Before it used to be more branched and rugged. 

Another factor that changed the river flow and morphology over the history was the land 

use in the catchment. In the past, the most of the land was used as pastures or natural 

meadows for goats, cows and sheep. Recently, large areas have been turned to ploughed 

fields where different crops, including potatoes and corn (maize), are grown. Thereby 

the water retention capacity of the landscape has been reduced and the runoff during 

the high flow periods has become quicker, as the water is rapidly drained down to the 
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River Váh (Slezáková, 1989). This effect was further enhanced by deforestation. Old 

trees over 80 years have been cut down on a large scale, sometimes unfortunately also 

younger trees have been cut together with them. Hence, the root system of the forest is 

not yet well developed because of lack of time for growth.  Water retention of the forest 

is therefore reduced decreases as well. Some mountain slopes that used to be well 

covered by the forests are now turned to meadows or small forest nurseries for the fast 

growing forestry business. The long-term average runoff has decreased over the years of 

the twentieth and the twenty-first century (Slezáková, 1989). 

The ecosystem protection in the Revúca River catchment is also an important issue. The 

natural pattern of wild animal species that live in this area was and is being changed 

over the last two centuries. Disproportions are evident and increasing. For example, 

some of the animals are protected by law on the pretext that they are disappearing, but 

there is no evidence of their disappearance. Their real numbers in the area are not 

known and their actual influence on the whole nature and the biota composition is 

overlooked. Regarding the Revúca River, in particular, there is an overpopulation of 

otter which plunders the fish population in water bodies. The otter can be a good marker 

of a healthy ecosystem, but this does not apply in this case, as in the Revúca River the 

fish population is being replenished artificially. 

4.3.4. Fauna and Flora 

The fauna living in the stream are mostly salmonid species (Salmonidae) as Rainbow 

trout (Oncorhynchus mykiss), Brown trout (Salmo trutta) and Grayling (Thymallus 

thymallus). Another common fish species is Alpine Bullhead (Cottus poecilopus) from the 

sculpins group (Cottidae). From bird species, the most common are Ardea (Ardeinae), 

Lesser Spotted Eagle (Clanga pomarina), Black Stork (Ciconia nigra), Owl (Bubo bubo), 

Eurasian Jay (Garrulus glandarius) and Common Kingfisher (Alcedo atthis). From 

mammal species, there are the biggest European beast Brown Bear (Ursus arctos), Grey 

Wolf (Canis lupus), Lynx (Lynx lynx), Red Deer (Cervus elaphus), Otter (Lutra lutra), 
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European Hare (Lepus europaeus), Common Viper (Vipera berus), fire salamander 

(Salamandra salamandra), Carpathian Newt (Triturus montandoni) and many kinds of 

butterflies, spiders and other insects. 

Flora is also very rich. The main species are Daisy (Bellis), Cowslip (Primula Veris), 

Crocus (Crocus heuffelianus), Calamint (Calamintha Alpina), Slovak Pasque Flower 

(Pulsatilla slavica) and many others. The forests are mostly coniferous (65%), mixed 

(25%) and leafy (10%). As per species, the most occurring are spruce and pine, beech, 

oak, whitethorn, rowanberry, blueberry and blackthorn (Prunus spinosa).  

4.3.5. Geology and pedology 

Revúca River area is formed by central Carpathian Paleogene sediments that are covered 

by quaternary sediments (Novodomec, 2006). The composition is therefore by 

paleogeneous sandstones and flysch shales covered by mesozoic dolomites and 

limestones (Hók et al., 2001). The area is also neotectonic with some distinctive cracks 

with infiltration areas and mineral springs that are typical for crystalline complex 

(Novodomec, 2006). The whole area is underlain by limestone and sandstone geological 

group. There is a very rich composition in the kinds of lime stone that can be found in 

the area. The main groups of geological underlier as shown in the map are shale, 

different kinds of schists, dolomites, keuper limestone, binary granites, orthogneiss 

chemical-organogeneous sediments, guttenstein limestone, marlyslate, marlstone, 

piedmont deposits and deluvial sediments. A very interesting and beautiful part of the 

Revúcke Valley is approximately 10 km travertine area. This unique place is one of the 

biggest travertine area in Slovakia. Unfortunately this zone was highly destructed by 

human activities during the last century (Novodomec, 2006).  
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Picture 2. Geology of the Revúca River area (geology.sk, processed by the author) 

Among soils as showed on the picture below there are mostly cambisols (the H group), 

rendzic soils (group R), podzols (group P), luvisols (group I), chernozems (group C), 

fluvisols (group N), mollic fluvisols (group L) and luvisolic planosols (group G). These 

soils have a relative small production capacity of Tatra – Fatra zone (Slezaková, 1989). 

The average amount of hummus in medium quality is 100-200 t/ha.  
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Picture 3. Pedologic map of the Revúca River area (Geoportal SK, processed by the 

author) 

The National Agriculture and Food Centre with its Soil Science and Conservation 

Research Institute published on their web page the soil composition of agricultural soils. 

For Ružomberok area there is steep hill with 18, 32% that is not counted and then 38, 

13% cambisols, 31% rendzic soils, 9, 41% fluvisols, 1, 32% albic luvisols and less than 

1% per each planosols, histosols, leptosols, gley soils, arenosols and podzols (Soil 

Science and Conservation Research Institute, podnemapy.sk). 

4.4. AutoCAD and Infraworks 360 

The author of this thesis used the AutoCAD Civil 3D 2017 in a free student version. It has 

been used especially for modelling of the final revitalization project.  
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4.5. GIS 

The author used the QGIS 2.18.2 Las Palmas available free from the internet. It has been 

used for processing various maps as base documentation and for this work. 
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5. Results  

Picture 4. Water management map of the Revúca River with the location of the spring 

marked (Slovak Water Management Office, processed by the author) 

5.1. EcoRivHab 

The field survey of the Revúca River ecomorphology, based on the EcoRivHab method by 

Matoušková 2008), was done from August to December 2016 with the aim to assess the 

selected reaches of the Revúca River. The field survey period was relatively long, as the 

discharge was changing and the author of this thesis wanted to make a more 

comprehensive survey comprising both the high flow and low flow situations. The river 

was divided into seven relatively homogenous sections. The division of the stream into 
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sections was done before the field survey mapping and its correctness was confirmed 

during the actual mapping.  

Name of the 

stream 

Total length 

(km) 

Number of 

sections 

Average 

section 

length (m) 

Maximum 

section 

length (m) 

Minimum 

section 

length (m) 

Revúca 33.43 7 4775.71 7820 (RE06) 1780 (RE07) 

Table 6. Overview of the EcoRivHab sections 

The sections were labeled as advised by the author of the method. Each section’s name is 

composed of two parts. One is alphabetical, containing two capital letters taken from the 

name of the water body (in this case RE stands for Revúca), while the other part is 

numerical, representing the section location order, starting from the river spring and 

ending with the stream section joining the River Váh, so from 01 till 07. 

Section 

Downstream 

end (river 

km) 

Upstream 

end (river 

km) 

Sectio

n 

length 

(m) 

Cartographic coordinates 

X (DE) Y (DE) X (UE) Y (UB) 

RE01 27.1 33.43 6330 -415436 -1210276 -420894 -1210856 

RE02 20.6 27.1 6500 -410804 -1206892 -415436 -1210276 

RE03 17.73 20.6 2870 -408374 -1205629 -410804 -1206892 

RE04 15.84 17.73 1890 -407234 -1204381 -408374 -1205629 

RE05 9.6 15.84 6240 -405327 -1199365 -407234 -1204381 

RE06 1.78 9.6 7820 -403565 -1192551 -405327 -1199365 

RE07 0 1.78 1780 -403165 -1190843 -403565 -1192551 

Table 7. Positions of the REcoRivHab sections in terms of river kilometers and 

coordinates of their ends 
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The number of sections is not high, and therefore their length is relatively large, because 

the river morphology is little differentiated. The average section length is 4775, 71 m. 

Althought the sections are long, they were chosen based on the criterion of their 

homogeneity and risk of systematic error is minimal. 

Graph 1. The overall EcoRivHab ecomorphological score for the Revúca River 

The total EcoRivHab ecomorphological grade of the Revúca River is II. About one half of 

the river length is in very good ecomorphological conditions. This means that, although 

there are some parts where the river needs to be restored or revitalized, the overall 

condition is very good and the Revúca River can be called as being only slightly 

anthropogenically modified, in mostly natural conditions.  
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Graph 2. Ecomorphological EcoRivHab grades per zones 

Looking at particular zones of the landscape around the river gives somewhat different 

and more heterogeneous results. The riparian belt of Revúca River is the best valued 

one, followed by the river-bed zone. The worst rating has the alluvial plain. This was 

awaited as the river flows thru highly urbanized areas. 

section length (m) river-bed riparian belt alluvial plain total 

RE01 6240 I. I. I. I. 
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RE02 6500 II. II. IV. III. 

RE03 2870 I. I. I. I. 

RE04 1980 I. I. III. II. 

RE05 6240 I. I. II. I. 

RE06 7820 II. I. III. II. 

RE07 1780 III. III. IV. III. 

Table 8. Overview of the EcoRivHab ecomorphological grades per sections and zones 

In this table, it is clearly visible that the main cause of worse ecomorphological 

assessment of the river as a whole is the alluvial plain.  The river bed of the last section 

(RE07) with a two-meter high weir and two other smaller is assessed as not in good 

state. The riparian belt in this section is also receiving a worse grade. The land use 

around this section is highly urbanized, which affects the alluvial plain but also touches 

the riparian belt. The alluvial plain in the section RE02 receives IVth ecomorphological 

grade, as the situation there is the same as in RE07. Two sections, RE04 and RE06, also 

have poor graded alluvial plains (III. EG), because of their lower water retention 

potential (limited by flood control structures).  
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5.1.1. Reference section 

Picture 5. RE03 Reference section 

The section RE03 with an overall ecomorphological grade I was chosen as a reference 

section. This section finds itself in the area where the river discharge increases due to 
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some small creeks joining the Revúca. The river is passing here through a partially 

urbanized area along a major communication route. However, the river-bed zone is not 

modified by any structures. The stream-bed is natural with gravel, cobbles and stones. 

There is high variability of flow along the alternating riffles and pools. The riparian belt 

is composed of meadows, pastures and forest. Regarding the whole alluvial plain, even 

though there is a road, this never comes close to the river, so that the flow is not 

modified. The whole valley is very nature-friendly and idyllic for its scenic views.  

5.1.2. Ecomorphological evaluation per sections 

Picture 6. RE01 section where cobbles sustains river-banks underneath one of the 

bridges 
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The first section RE01 starts at the very beginning of the Revúca River at its spring on 

the south-east hillslope of Ostredok (1592 m) as a torrent creek made out of three small 

streams. It quickly comes to a valley surrounded by forest, composed mostly of spruce 

(Picea abies). Rock outcrops are present both in the forest and near the stream creating 

natural curves. The valley has very wide bottom overgrown with small trees, fern, 

burdock, wild grass and other vegetation for mountain streams. The river bed width is 

variable. There are places where the stream looks wilder, being very narrow, and places 

where the river bed is wider and creates small pools. In the valley there is a mountain 

trail and, therefore, there are several wooden bridges crossing the creek, where the river 

bank is stabilized by stones and concrete. This stone fortification is partly destroyed on 

some places because of the stream water impact. There is a side creek there joining the 

Revúca stream. The tributary creek is conducted through a tube underneath a culvert 

over which the trail is lead. In winter, this tube becomes partly blocked by accumulated 

ice, broken tree branches and leaves. What happens in this case is that their lateral creek 

overflows the banks next to the trial and creates a small pool. On both sides of the valley 

there is a compact forest with some rock formations. The overall ecomorphological 

grade is I and is the same value for the river-bed, the riparian belt and the alluvial plain.  

 

 

 

 

 

 

 



46 
 

Picture 7. A typical concrete river-bank fortification around a bridge in the E02 section 

The second section RE02 starts in Liptovské Revúce, a small but very long town 

alongside the still quite small Revúca River. The town layout is “Y”-shaped, where the 

long side lies next to the Revúca River and the other, branching part surrounds the 

Suchý Vrch Mountain (1550 m). The town has 3 parts called the Upper, Middle and 

Lower Revúce. The river, as well as the town, are located on the bottom of a valley. A 

part of the valley bottom is used as pastures and small fields. The Revúca River is mostly 

on the left side of the town. The other river bank is accompanied by forest that continues 

upslope in the south-east direction. The river has been partly modified by humans, 

mostly due to artificial river bank fortification and the stream narrowing. The river bank 

fortification is made of stones bound by cement mortar, so that the final look is as if it 

were made of concrete blocks. On some places, the water stream broke the concrete and 

the disintegrated stones fell inside the river, but otherwise the river-bed is not modified. 
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This river-bank fortification was done partly by public institutions and partly by people 

from the village. The fortification mostly affects the river-banks only and not the bottom 

of the river. Therefore the river-bed ecomorphological grade was taken as II, as well as 

the riparian belt. The alluvial plain consists of urbanized areas mixed with forest and 

meadows. Its ecomorphological grade is IV. The total ecomorphological grade for this 

section is therefore lower, compared to RE001, namely, grade III, as there are only small 

parts of the stream where the natural state is visible.  

Picture 8. Typical RE03 section area in winter 
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In the third section RE03, which is also the reference section, the Revúca River follows 

the valley that has relatively wide bottom (20 – 150 m). The river is surrounded from 

both sides by forest, in some parts there are tree alleys. The ecomorphological grade for 

the riparian belt as well as for the alluvial plain is I. There is a road connecting Liptovské 

Revúce and Liptovská Osada with some crossings of the river via bridges, but mostly the 

road is placed at higher elevation, compared with the river, which flows on the bottom of 

the valley. In the parts, where the river is surrounded by tree alleys, the riparian belt is 

used as pastures with solitary trees. The river-bed is in its natural unmodified state and 

is rated as the Ith EG. After reaching Liptovská Osada, the river changes its direction from 

north-west to north. Even though there are some small river bank modification in this 

section, the total ecomorphological grade is I.  

Picture 9. RE04 after Liptovská Osada 
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The fourth section RE04 lies near the Liptovská Osada village. The Revúca River does not 

flow through the village but along its left end. Right at the beginning of this section there 

is a small hydro-electric power plant. The river divides into two channels of which one 

conducts water to the hydro-electric station. The water flowing out of the station has a 

higher temperature than the rest of the river water. In here, many other small streams 

contribute to the river so that its discharge increases. The natural water balance of this 

area is disturbed as there is a ski area there with an official permission to take water 

directly from the river for the artificial snowing. Gladly to say, it never happened so far 

as the ski center is mostly closed because of the lack of visitors. At one point the river 

flows through a small defile where, after riffles, a small pool arose. Many people from the 

village enjoy jumping from the defile rocks to that pool. There is a cycling trail next to 

the stream as well. In the past, there used to be single-track railway leading from 

Ružomberok to Korytnica spas. Because of this railway, there are some parts where the 

river bank is created by the railway embankments, overgrown with grass. The river 

flows towards north now and leads straight to Ružomberok direction. There is a more 

frequented road next to the river. Both the road and the river follow the bottom of the 

Revúcke valley. This is one of the reasons why the alluvial plain ecomorphological grade 

was taken lower, namely III. Neither the river bed nor the river banks are much 

modified. Therefore, both were given the grading I. The riparian belt in this part is partly 

forested and partly tree alleys. There are many meadows around, pastures and small 

fields (where people mostly plant corn and potatoes). The overall ecomorphological 

grade of the section is II.  
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Picture 10. Section RE05 with bicycle road Cyklokorytnička 

In the section RE05, the Revúca River flows in a wavy way and creates a natural border 

between two nature reserves, Nízke Tatry (Ďumbier, 2043 m) on the left (east) side and 

Veľká Fatra (Ostredok, 1596 m) on the right (west) side.. As the valley is wide, the road 

is not always located directly next to the river. The stream bed is not modified and flows 

in small curves. Its ecomorphological grade is I. In the part of Podsuchá there is small 

fortification of the river bank done. There is also an inlet to the gauging station for 

measuring the river discharge and the physical and chemical properties of water. 

Further downstream there is a fish company having an inlet channel from the river. This 

company also provides the whole river with young fish for increasing the fish 

populations. Depending on the stream discharge and the month, they can take in up to 

1.5 m3/s of water. As for the riparian belt, the most frequent arrangement here are tree 

alleys that have gone a bit wild over the years and nowadays create an almost total 

protecting cover of the stream. The alluvial plain is composed of some urbanized areas 

and a motor-highway leading toward Ružomberok. The ecomorphological grades for the 

riparian belt is I and for alluvial plain it is I. The total ecomorphological grade is I.  
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Picture 11. Historical water gate (weir) viewed from the upstream side at the beginning 

of the RE06 section 

Next section, RE06 begins in a historical water gate (weir) with another hydro-electric 

power station. On the left side of the water gate, there is a water inlet for the power 

station. The water gate, when open, does not present a migration block. However, when 

the discharge is low, the gate has to be closed, so that the owner of the power station can 

take enough water through the turbines. There is a project in preparation for a regular 

fish migration path on the right side of the historical water gate. The construction should 

be realized in forthcoming years. Downstream of the water gate, the streambed is wider 

and shallower. After entering Biely Potok village, the stream becomes slightly modified, 

but the modified parts are not so many and the river mostly follows its natural the wavy 

path, the same as in previous sections. The riparian belt is typically grown over with 

trees or meadows, although there are parts where the river flows next to houses of Biely 

Potok village. Its ecomorphological rating is I. The river banks are partially fortified with 

stones. This fortification was done 30-40 years ago and is rarely recognizable today, as 
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the grass, small trees and water flow remodeled the area. The river-bed as a whole is 

given the Ith EG. The section ends with a recently modified riparian belt, where a new 

playground and bicycle path have been established. The alluvial plain has a worse grade 

(IIIth EG), as it is a mixture of urbanized areas, gardens, highways, alleys and other 

similar land use types. The total ecomorphological grade of the section is II. 

The last section of the Revúca River RE07 is fully modified by man, as it flows through a 

highly urbanized area. From historical maps it is clearly visible that the river used to be 

divided into more channels. Several meters after this section begins, there is another 

water gate (weir) with 2-meter high step. Next to the main river channel, there is a small 

hydrological center, where previously a hydro-electric power station was run by Slovak 

Water Management Office. At this point, there is also a lateral channel that ends about 

50m downstream on the right side of the Revúca River. There is no fish pass at this 

water gate. About 200 meters downstream of the big weir there are two smaller steps 

built in the early 1980’s. They are now naturally destroyed and flown through. No fish 

pass is present there, either. Streambanks are mostly fortified by big stones bound 

united with cement mortar, as in Liptovské Revúce. Although the river-bottom is not 

fortified, the stream-banks are and that is why the ecomorphological grade for this zone 

is III. The riparian belt quality varies; there are parts there with tree alleys and other 

parts fully urbanized. Its overall grade is also III. There are many small sediment bars in 

the river, some of them overgrown with grass and small bushes. The alluvial plain is 

occupied by highly urbanized areas, industrial zones and roads. This makes the grade of 

the alluvial pain one of the worst ones along the whole river (IV. EG). The river has 

stable stone-made banks but they are occasionally interrupted by staircases so that you 

can go to water. These were mainly made for sporting fisherman. The Revúca River joins 

the Váh River from the left side in a very smooth way. The overall ecomorphological 

grade for the section RE07 is III. 
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Picture 12. Two-meter high weir shortly after the beginning of RE07 section 
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5.2. HEM 

Similarly as the EcoRivHab survey, also the HEM field survey took place from August to 

December 2016. The HEM and EcoRivHab mapping was done at the same time, but of 

course using the proper mapping sheets. The sections are marked as the author of the 

HEM method recommends, using with three capital letters inducing the stream name 

and three numbers inducing the number of the section. The first section begins at the 

point where the river ends by joining the recipient, in this case the River Váh. The 

mapping field survey description progresses against the stream flow direction. Seven 

river sections were evaluated, starting with REV_001 and ending with REV_007. The 

section lengths and boundaries were identical for both methods used. The relatively 

homogeneous natural conditions of the Revúca River made it possible to choose the 

same, relatively long, physical reaches of the river without breaching the rules of the two 

ecomorphological methodologies. 

Name of the 

stream 

Total 

length 

(km) 

Number of 

sections 

Average 

section 

length (m) 

Maximum 

section 

length (m) 

Minimum 

section length 

(m) 

Revúca 33.43 7 4775.71 
7820 

(REV_002) 

1780 

(REV_001) 

Table 9. Overview of the HEM sections 

Section 

Downstream 

end (river 

km) 

Upstream 

end (river 

km) 

Section 

length 

(m) 

Cartographical coordinates 

X (DE) Y (DE) X (UE) Y (UE) 

REV_001 0 1.78 1780 -403165 -1190843 -403565 -1192551 

REV_002 1.78 9.6 7820 -403565 -1192551 -405327 -1199365 

REV_003 9.6 15.84 6240 -405327 -1199365 -407234 -1204381 

REV_004 15.84 17.73 1890 -407234 -1204381 -408374 -1205629 

REV_005 17.73 20.6 2870 -408374 -1205629 -410804 -1206892 
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REV_006 20.6 27.1 6500 -410804 -1206892 -415436 -1210276 

REV_007 27.1 33.43 6330 -415436 -1210276 -420894 -1210856 

Table 10. HEM section overview with river kilometers and coordinates  

Graph 3. Total score for the Revúca River using the HEM method 

The total ecomorphological score using the HEM methodology is 2. EG, which is 

interpreted as a slightly modified river. The evaluation shows that something more than 

a half (51, 84%) of the Revúca River is close to nature close or in slightly modified 

conditions, while the rest (48, 16%) is medium or largely modified. It is a positive 

outcome that the largely modified part makes only 5, 32% of the total river length and 

not more.  
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Graph 4. HEM Ecomorphological grading per zones 

As per particular zones the ecomorphological grades vary more. The best graded zone 

according to the HEM methodology is the alluvial plain. Its grading is obtained from the 

alluvial plain land use, the flood plain throughput and the river bank stability and its 

ability to move. The second best zone is the riverbed zone. Although there is some 

diversity in the grades of this zone, as the fourth ecomorphological grade also appears in 

this zone, the majority of the sections is evaluated as nature close or slightly modified 

grade. The riparian belt of the Revúca River is the more heterogeneous. This is also 

because HEM evaluates the river-bank modification as part of this zone and there are 

some forms of the river-bank fortification present in many sections of the Revúca River.  

Section Length (m) 
river-bed + 

basin-basin 

riparian 

belt 

alluvial 

plain 
total 
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REV_001 1780 4. EG 4. EG 3. EG 4. EG 

REV_002 7820 3. EG 3. EG 2. EG 3. EG 

REV_003 6240 2. EG 2. EG 2. EG 2. EG 

REV_004 1980 2. EG 2. EG 2. EG 2. EG 

REV_005 2870 1. EG 1. EG 1. EG 1. EG 

REV_006 6500 3. EG 4. EG 3. EG 3. EG 

REV_007 6240 1. EG 1. EG 1. EG 1. EG 

Table 11. Overview of the HEM ecomorphological grades per sections and zones 

The first section, REV_001, has an overall evaluation of 4th EG, which in verbal 

description means a largely modified stream. This could be expected as the Revúca River 

flows in this section through the city with residential houses and industrial buildings 

lying in high proximity to the stream. The river as a whole and especially the alluvial 

plain gets better in the following REV_002 section. In here all the three zones are one 

ecomorphological grade better than in REV_001. The river bed and river basin in 

REV_002, together with the riparian belt, were modified in the 1980’s, but nowadays the 

modifications are not that visible anymore, although they are still present. The alluvial 

plain has better ecomorphological grade also due to the end of the city. There is a village 

of Biely Potok and some scattered urbanized zones in this section, but the total degree of 

urbanization is not as high as in REV_001. The third section, REV_003, is one of the 

longest sections, stretching over six kilometers. This section has the same 

ecomorphological grade for all zones, being classified as slightly modified. The next 

section is REV_004 where the Revúca River flows next and through Liptovská Osada. 

There are some slight modifications of the natural conditions, but they do not interfere 

with the river so much. The total evaluation of the section is “slightly modified”, the same 

as in the previous section REV_003. After that, the section REV_005 follows, with its 

overall almost three kilometers of nature-close state and very beautiful scenic views. 

The section REV_006 is located in Liptovské Revúce and with its six and a half kilometer 
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is the second longest section. There is a small step, some river-bank fortification, 

urbanized and industrial zones in both the riparian belt and the alluvial plain. This all 

leads to the 3th EG, that is, medium modified. The last section, marked as REV_007, is 

more than six kilometers long. This section is very similar to REV_005 as the Revúca 

River flows there in its natural way. The ecomorphological grade for this last section is 

also “nature-close”. The water in the stream comes from the forests and meadows on the 

Ostredok hillslope.  

Picture 13. A typical view of the REV_007 section with 1th EG value according to the 

HEM methodology 
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5.3. Comparison between EcoRivHab and HEM methodologies 

Picture 14. Revúca River (flowing underneath the bridge) joining River Váh in 

Ružomberok 

The two methods come from the Czech Republic and have been used mostly for minor 

streams. There are many similarities between them, consisting especially in the fact that 

they are both based on the terrain mapping and field survey. However, they remain two 

different methodologies that differ from each other in many aspects. One of the basic 

differences is that the EcoRivHab progresses from the spring to the end of the stream 

that means walking along with its flow direction. The HEM methodology is exactly 

opposite in this respect as the mapping survey is done from the end of the stream up to 

its spring, against the water flow direction. Also the amount of parameters that are being 
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investigated and evaluated is different in the two methods, where EcoRivHab has thirty-

one and HEM seventeen parameters. Another big difference lies in the nature of the 

parameters chosen and the way of their evaluation. In EcoRivHab, there are three basic 

zones that are being evaluated. These, as already mentioned in the Methodology chapter, 

are the river-bed, the riparian belt and the alluvial plain. In the HEM methodology, as 

also already mentioned in the Methodology chapter, there are four basic zones to be 

evaluated, namely. The river-bed, the river-bank and the inundation zone, supplemented 

by the topic of water flow and hydraulic regime of the water body studied. For the 

grading purpose, the river-bed and the river-bottom are calculated together, so that in 

the end there are three zones separately evaluated. This difference makes the two 

methodologies to some extent incomparable, as they basically investigate similar or the 

same issues but from different viewpoints, evaluating different parameters and 

variables. The evaluation part is also specific to each of the methods. In EcoRivHab, there 

is a very simple calculation done based on the points that each variable has obtained 

during the field survey. From these points, an arithmetic mean is calculated from which 

it is easy to assess the final ecomorphological grades. In the HEM methodology the way 

of evaluation is based on the calculation per section, depending on each variable’s 

weight multiplied by special variables that are different for different types of the stream. 

Having arrived at a result for particular section, the final grade can be obtained from the 

arithmetic mean for all four parts.  
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6. Discussion 

6.1. Overall results 

The two methods, although they are different and use diverse approaches, aim at 

measuring the ecomorphological status of water bodies and may give similar results. 

This has confirmed in the case of the Revúca River. 

Graph 5. Comparison of results between the EcoRivHab and HEM methodologies 

On the above graph, it is very easy to see that the results of both methodologies are 

different to some extent. This is mostly caused by different approaches and also by 

different parameters recorded. However, the final summary result of the 

ecomorphological grading is the same for both methods, being IIth EG. 
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Šmerousová and Matoušková (2011), when evaluating the River Slubice in the Czech 

Republic, mentioned that different ways of stream division into sections could generate 

differences in the final ecomorphological grades. In this thesis, this factor was eliminated 

by choosing the same section lengths and locations in both evaluation methods. Despite 

this provision, the total ecomorphological grade obtained by two different 

methodologies was slightly different, namely, the total grade is the same, but the 

percentual division varies between the two methods. These total ecomorphological 

grades are quite favorable, which means that the Revúca River is only slightly modified 

and close to nature. However, there are some parts of the river which received worse 

grades. 

Šmerousová and Matoušková (2011) also mention other differences between the two 

methods. In particular, these authors say that HEM is focused on the actual state of the 

river and its parameters, while EcoRivHab sets forth a reference section as a model for 

the other sections and their future restoration. This is true, but it is very hard to follow 

the model of the reference section when one has to restore the sections that have been 

significantly modified. As for this thesis, the reference section is RE03/REV_005, which is 

very nature close and its ecomorphological grade is I (1). The sections RE02/REV_006 or 

RE07/REV_001 are impossible to revitalize to the extent that they would become like 

the reference RE03/REV_005 section. The alluvial plain is highly urbanized in both of the 

two sections and the reverse modification to its natural state is nearly or totally 

impossible. What could be improved in future are some riparian- zone and river-bank 

structures If we focus on the lower stream sections only, then we can find some parts of 

the section RE06/REV_002 that could be used as a good example for the RE07/REV_001 

restoration. This is for example the last part of the section RE06/REV_002, where a nice 

riparian zone revitalization project took place. The situation is showed on the picture 

below.  
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Picture 15. Example of a partly revitalized riparian zone in RE06/REV_002 section 

The difference between total HEM grade and the total EcoRivHab grade can also be due 

to different ways of counting and calculation of the results. The HEM methodology does 

not calculate the total grades as simple arithmetic means but as weighted means, 

depending on particular weights ascribed to particular zones and factors. Another factor 

that may have come into play is the internal heterogeneity of the long sections. However, 

the sections were quite homogenous and this effect does not seem to be relevant in our 

case. 

Having two similar but different methodologies at hand can be regarded as an 

advantage, because similar results obtained by both methods indicate objectivity of 

evaluation. The results per zone obtained by the two methods differed more, but this 

may be a consequence of looking at the same river from two different angles of view and 

it does not speak in favor of one of the method against the other one. It is like asking two 

experts about the same thing; they answers are never absolutely the same. EcoRivHab 

and HEM complement each other and, when used together, deliver a more 

comprehensive information about the water body studied.  
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The main issues influencing the ecomorphological status of Revúca River are the absence 

of fish migration paths and the modifications (fortifications) of river-banks by stone and 

concrete, which results in the lack of river-bank mobility. As for the riparian zone, it is its 

total absence in some section, caused by high level of urbanization of the area or the 

presence of motorways near the stream. The main problems in the alluvial plain zone 

are urbanization, as in riparian belt and industrial buildings.  

Graph 6. Comparison per zones of the two used methods 

As per zones, the results vary much more than per the summary evaluation. There is 

especially a huge difference in terms of the riverbed and the riparian belt evaluation. It is 
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probably due to different questions being raised by the evaluation forms and different 

definition of the ranks.  

The seven sections of the Revúca River were chosen depending on the homogeneity of 

the stream and reflect the reality of the stream. The fact that the sections were chosen 

equal in length and location for both methods made the comparison of the results easier. 

In spite of this, it is very unlikely to obtain the same grading for particular section, as the 

two methods look at the same water-body from different points of view, and the 

scientific meaning of their results is therefore diverse. However, we obtained very 

similar results summary grade of the Revúca River (2th EG). 

This is a very positive overall result that means that the Revúca River, although modified 

in some parts, is mostly in very good or excellent conditions and after Implementation of 

some revitalization projects could become an example of an ecomorphologically well 

maintained river. 

6.2. River-bottom and river-banks  

The river-bottom and the river-banks of the Revúca River are ranked differently by 

EcoRivHab and HEM. The main difference comes from the fact that the river bottom was 

not modified but the river-banks sometimes were. Moreover the evaluation of scores in 

HEM is based on special weights which can influence the rating. There is more weight 

given by HEM to the river-bottom modification (the weight is 0, 25 for the rivers of the 

Revúca kind) than for example for the presence of dead wood in the stream, where the 

weight is 0, 1 (Langhammer, 2014). EcoRivHab counts the river-bank vegetation 

(Matoušková, 2008), while HEM takes it as part of the riparian zone (Langhammer, 

2013). 

6.3. Riparian belt 

The riparian belt zone is the one where the differences between EcoRivHab and HEM are 

the most obvious. The two methodologies put different stress on the presence of 
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vegetation in this zone. Also, another contrast between the two methods is the land use 

in this zone. This difference can be reduced if more trees are planted during 

revitalization in the riparian belt, as recommended by Just (2010). This is applicable 

especially for the RE07/REV_001 section, where the riparian zone obtained worse 

qualification by both methods. In addition to this, in the chapter revitalization projects is 

more detailed proposal.  

6.4. Alluvial plain 

The alluvial plain is also being differently evaluated by the two methods used. For 

example, EcoRivHab evaluates the river-bank stability as part of the river bed zone, but 

HEM takes it as a parameter of the flood (alluvial) plain zone. EcoRivHab put the same 

weight on all factors are the same, which means that urbanized areas in the alluvial 

plane have a larger negative impact on the total grade than in HEM, which ascribes low 

weight to the alluvial plain. The effect of the small flood retention capacity of highly 

urbanized areas in the sections RE07/REV_001 and RE02/REV_006 is then probably 

understated by HEM.  

6.5. Revitalization projects 

Even though the overall ecomorphological grade from both methods is very good, there 

are always some things that can be improved. In specific the migration paths that are 

artificially disturbed by some steps or water gates.  

Slovakia as a member of the European Union needs to follow and accomplish its 

directives. With the Water Framework Directive 200/60/EC there are some obligatory 

implications that every member country needs to follow. Free migration path for the 

biota in the water body is one of them. There are two big crucial steps that make 

possible the migration of the biota through the whole Revúca River. One of them is in the 

section RE06/REV_002 in form of a water gate, were a small water hydraulic power 

station is also located. The other one is in the section RE07/REV_001 where a two meter 

high step is present. In this section there are another two small thirty-centimeter high 
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steps but they are being naturally destroyed by the erosion and water discharge 

strength. 

Slovak Water Management Office is preparing a project of a new migration path for the 

water gate in RE06/REV002 section. The project is now in engineering development 

process, as there are many complications. One of them, but a very crucial one, is the 

water discharge as there are two companies allowed to extract water from the stream. 

Therefore, the expected realization of the project is so far unknown.  

The other big obstacle on the Revúca River is the previously mentioned two-meter step 

in section RE07/REV_001. There is a very positive fact that in the past the river was 

much more channeled and luckily there is still a blind cutoff present. As a part of this 

work there is a proposal design for the revitalization and migration path.   

Picture 16. Migration path proposal using blind cutoff 

Also, as the section RE07/REV_001 river-bank modification has been dimensioned 

taking a Q100 discharge. However, this one hundred years discharge has never been 
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fulfilled as the already 70 years of presence have shown that the flood discharge has not 

been so high. Likewise, in a project created in 1988 for a possible reconstruction of the 

whole river, it is mentioned that this was over dimensioned. Therefore it could be a nice 

opportunity to bring this strongly modified section to a revitalized river that flows in the 

urbanized area closer to its natural state.  

Picture 17. Revitalization proposal for RE07/REV_001 section  

The design was done along with the nature close state idea. So that the river will be 

higher in natural quality without losing the function of technical adjustments done in the 

past. As Pretty et al (2003) recommends, there was put a high emphasis on the flow 

variability creation. There were put various representatives guaranteeing the flow 

variability in the revitalization design. The main ones are the whole stream direction 

change to more curves, differently sized stones and wooden particles inside of the 

stream that helps to increase the river-bottom broken relief. Also the river-bank 

structure is designed so it can retain more water and maintain the usual water 

temperature without giving it a chance to overheat as Just (2010) advises. Juncker and 
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Buchecker (2007) together with McCormick et al (2015) elaborate the topic of 

revitalization by its aesthetical and useful for recreation point. This was also put into 

consideration when designing the last section of Revúca River flowing through 

Ružomberok. There are paths for walking or bicycling, water plays for kids, rest areas 

etc. Another very important topic in revitalization as Macura and Izakovičová (2000) 

and Macura and Halaj (2013) mentions is the biota revival. In both cited publications 

they suggest to entry fish shelters so the biota can develop. This was also introduced in 

the design.  
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7. Conclusion 

There are three main topics in the hypothesis, which they have been all reviewed in this 

work. The overall ecomorphological grade for Revúca River using EcoRivHab method is 

II. EG. When applying HEM methodology the overall ecomorphological grade is also 2. 

EG. The river is in slightly modified condition. The grading differs in the different 

sections and also when applying the two different methods. Another big difference 

between the two methods comes from grading of the separate zones, which was also 

expected as the methods are not the same and they have a different approach to the 

river health.  

The worst graded sections in both methods were in the medium to highly urbanized 

areas of Liptovské Revúce and Ružomberok. Both of this sections have been evaluated 

by both methods as medium modified also with IIIth (3.) ecomorphological grade. In 

Ružomberok two revitalization projects were proposed in this work. One is to banish a 

migration obstacle in a part where two meter high step is present. This can be done by 

employing a blind cutoff that is already present and so making possible the fish 

migration. The second revitalization proposal is to insert some revitalization subjects in 

the very last part of Revúca River. This section RE07/REV_001 is just before the ending 

in River Váh inside the city of Ružomberok. This part has been strongly modified during 

the second half of last century with the construction of a new river-bank and 

straightening of the channel. As it has been shown over the years, this construction was 

designed for much higher discharges than the river reaches in reality. There is no 

possibility to change the river path and the river-bank construction, but there could be a 

place for another revitalization method. There is enough space to place fish shelters and 

some other small alternations to make the stream flow more diverse. In consequence, 

the suitability and diversity of the biota would be much easier to maintain as well as the 

capacity to retain water. As for the second worse section RE02/REV_006 in Liptovské 

Revúce, a very similar revitalization project could be implemented. The situation in this 

section is also particular as some of the river-bank modifications were done by the 
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inhabitants of this village. A complex project should be proposed for the whole section 

that could be the most nature close state possible in the same way as preventing high 

loses on the urbanized area. 

Another revitalization project is under construction by the Slovak Water Management 

Office. The aim of this project is to remove another migration obstacle in the 

RE02/REV_006 section. So far there is no time set when this project will be ready as 

there are some technical issues. Nevertheless, it should be done in the following years, as 

Slovakia needs to comply with the European Water Framework Directive 2000/60/EC. 

All the other sections are in nature close or slightly modified ecomorphological 

conditions when employing EcoRivHab and HEM methods.  

In conclusion, the objective of this work was fulfilled and the hypothesis has been 

confirmed. The two applied methods are very complex and if they are used together they 

can evaluate the studied water body very profoundly and objectively. 
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