
 

 
 

 

 
Hydrology 2021, 8, 55. https://doi.org/10.3390/hydrology8010055 www.mdpi.com/journal/hydrology 

Article 

Pressures and Status of the Riparian Vegetation in Greek  

Rivers: Overview and Preliminary Assessment 

Anna Latsiou *, Theodora Kouvarda, Konstantinos Stefanidis, George Papaioannou,  

Konstantinos Gritzalis and Elias Dimitriou 

Hellenic Centre for Marine Research, Institute of Marine Biological Resources and Inland Waters, 46.7 km of 

Athens—Sounio Ave., 19013 Anavyssos, Attiki, Greece; dorak@hcmr.gr (T.K.); kstefanidis@hcmr.gr (K.S.); 

gpapaioan@hcmr.gr (G.P.); kgritz@hcmr.gr (K.G.); elias@hcmr.gr (E.D.) 

* Correspondence: alatsiou@hcmr.gr, Tel.: 0030 2291076397 

Abstract: Riparian zones play an important role in the ecological stability of rivers. In particular, the 

quality of the riparian vegetation is a significant component of the hydromorphological status. In 

Europe, the QBR index (Qualitat del Bosc de Ribera) and the River Habitat Survey (RHS) are com-

monly used for the qualitative assessment of the riparian vegetation. In this study, we estimated the 

QBR index and the Riparian Quality index, which is derived from the RHS method, for 123 river 

reaches of the National Monitoring Network of Greece. Our field work included the completion of 

RHS and QBR protocols, as well as the use of Unmanned Aerial Vehicles (UAVs). The aim of this 

study is to assess the riparian vegetation status and to identify linkages with the dominant land uses 

within the catchment. Correlation analysis was used to identify the relationships between hydro-

morphological alterations and the degradation of the riparian vegetation, as well as their connection 

to land uses in the catchment area. Our results highlighted severe modifications of the riparian veg-

etation for the majority of the studied reaches. We also showed a differentiation of the QBR with 

respect to changes in the altitude and the land uses in the catchment area. Overall QBR reflects the 

variation in the riparian vegetation quality better than RQI. Our findings constitute an assessment 

of the status of the riparian zones in Greek rivers and set the basis for further research for the de-

velopment of new and effective tools for a rapid quality assessment of the riparian zones. 

Keywords: QBR index; ecological quality; riparian zone; water framework directive; river habitat 

survey; rivers; Greece; UAVs 

 

1. Introduction 

1.1. Riparian Zones and WFD 

Riparian areas in Europe are undoubtedly threatened by many stressors, with hy-

dromorphological alterations and expansion of agricultural land uses being the most com-

mon and serious causes for their ecological degradation [1,2]. The importance of riparian 

zones in the ecological functioning of river systems has been widely recognized in recent 

European policies. Thus, the Water Framework Directive [3] includes the structure of the 

riparian zone in the morphological conditions that, together with the hydrological regime 

and river continuity, represent the main hydromorphological elements supporting the bi-

ological communities. The Directive recommends that the structure of riparian zones 

should be analyzed systematically and that their restoration and conservation should be 

included within the programmes of measures that form part of the Integrated Basin Man-

agement Plans [4]. As the Directive (WFD) requires from member states to monitor hy-

dromorphological features of rivers in order to assess their ecological quality, numerous 

hydromorphological assessment methods have been developed with most of them focus-
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ing on the dynamics of hydrology, geomorphology, and riparian zone extent [5]. The ri-

parian zones consist of a wide variety of structures. They are of great value to humans, as 

they are complex and extremely sensitive areas that connect the aquatic and the terrestrial 

ecosystems [6]. Through their functions, they strongly influence the biodiversity as well 

as the landscape of an area. However, the assessment of riparian zones, and specifically 

the assessment of riparian vegetation, is not often included in research concerning the 

evaluation of the ecological status of rivers, despite their importance [7]. This is evident 

in various Mediterranean countries, including Greece [8]. Riparian vegetation is known 

to provide numerous functions to lotic ecosystems. The production of food and nutrients 

in rivers is one of them. As trees and plants absorb soil nutrients, they produce organic 

matter that ends up in rivers, making up most of the nutrient availability to aquatic or-

ganisms [9,10]. Furthermore, plant assemblages within the channel and along the banks 

form buffer zones that mediate nutrient and sediment transport from the land into the 

watercourse. In addition, riparian vegetation prevents erosion by stabilizing the channel 

bed and the banks [11]. At the same time, riparian plant communities provide many hab-

itats for fish, amphibia, birds, and invertebrates [11–13]. Plants on the banks also provide 

shade and influence the light availability in the water column and the thermal regime 

[14,15]. This function is of particular importance for the stream productivity and the over-

all ecosystem metabolism [16,17]. 

1.2. Riparian Vegetation and Hydromorphological Alterations  

 Hydromorphological changes are considered responsible for the degradation of the 

riparian vegetation which in turn impacts the ecological integrity of the riparian ecosys-

tems [18–20]. Hence, hydromorphological assessments incorporate the evaluation of the 

riparian vegetation status placing emphasis on various features such as the total cover, 

the cover structure and the continuity along the riparian corridor. These assessments of 

riparian zone that are using various protocols and indices are in global practice [7,8,16,21–

25]. According to historical sources [26], from the beginning of the Middle Ages, various 

interventions took place in the riparian zones of the Mediterranean rivers, aiming to pro-

tect crops, livestock, and humans, living in areas susceptible of flooding. The construction 

of large dams over the years has reduced the amount of water in downstream areas, sub-

jecting others to long-term or permanent inundation [27]. Furthermore, the transport and 

deposition of sediments changed the hydrology of the riparian areas, leading to an in-

crease in groundwater depth [28]. As a result, valuable habitats and high biological diver-

sity areas, such as the riparian zones, have been affected by water scarcity [29]. Nowadays, 

typical riparian vegetation is found in a small number of river ecosystems in most Medi-

terranean countries [30]. Crop expansion, uncontrolled grazing, increased timber de-

mand, illegal logging, and deforestation have reduced rivers' natural vegetation areas to 

narrow linear strips along their banks [31,32]. Furthermore, agriculture, urbanization, hy-

dropower, and flood protection are the most common and important drivers of hydro-

morphological modifications in the rivers of Europe [18]. As a result, dams, bridges, weirs, 

channelization, embankments, deepening, resectioning, and many others are some exam-

ples of the modifications that threaten the river connectivity, the riparian corridor's natu-

ralness, and the overall ecosystem health. Identifying these pressures at reach scale is of-

ten accomplished through monitoring activities in accordance with the implementation of 

the WFD [5]. 

Regarding Greece, the Institute of Marine Biological Resources and Inland Waters 

(IMBRIW) of Hellenic Centre for Marine research (HCMR) has been assigned by the spe-

cial Water Secretariat, of the Greek Ministry of the Environment, Energy and Climate 

Change to implement the WFD in Greek rivers, at a national level. Reference conditions 

were defined for each Mediterranean River Type according to the available information 

for the Biological Quality Elements (BQEs), the physicochemical, and hydromorphologi-

cal conditions. Mediterranean river types are described as follows [33,34]: R-M1: Small–

medium altitude Mediterranean streams (<100 km2 catchment area) with strong seasonal 
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flow, R-M2: Small–medium lowland Mediterranean streams (100–1000 km2 catchment 

area), R–M3:Large Mediterranean streams (1.000–10,000 km2 catchment area) with strong 

seasonal flow, R-M4: Small–medium Mediterranean mountain streams with strong sea-

sonal flow, R-M5: Small lowland temporary streams with temporary flow, VL: Very Large 

Rivers: (>10,000 km2 catchment area) . Mediterranean River Types refer to the river typol-

ogy used by each geographic intercalibration group to identify river systems with com-

mon characteristics.  

With this study, we evaluated the riparian vegetation status of 123 reaches in Greece 

by applying two discrete methodological approaches. The QBR index (“Qualitat del Bosc 

de Ribera” or riparian forest quality) [35] and the River Habitat Survey (RHS) [36]. We 

also enabled the use of Unmanned Aerial Vehicles (UAVs) aiming to an accurate and de-

tailed depiction of riparian vegetation and hydromorphological alterations at every site 

where the flights were allowed. The main objective is to present an overview of the ripar-

ian vegetation status in rivers and streams of Greece and provide a first assessment based 

on preliminary results. In addition, this work explores significant variations of the ripar-

ian vegetation quality among water districts and river intercalibration types, as well as 

their relationships with the dominant land uses in the catchments. In contrast to other 

works that attempt to assess riparian vegetation status in limited ecoregions or water dis-

tricts, our study is set on a national scale and utilizes a large data set that will continuously 

expand in the next three years during standardized sampling methods under the scope of 

the WFD national monitoring program. In addition, our methodological approach ensures 

homogenous results that cover all areas of national territory and can be utilized to assess 

and extract useful conclusions for future river management practices. However, it re-

quires a careful examination of the riparian cover in relation to topography and drainage, 

river channel morphology, watershed land use and the ecosystems in the adjacent water 

body, as often times assessments are carried out too quickly. 

2. Materials and Methods 

2.1. Description of the Study Area 

Our study was carried out through the implementation of the Greek National Moni-

toring Program in compliance with the Water Framework Directive (WFD). Distributed 

among 11 Water Districts (Northern and Western Peloponnese (GR 01,02), Eastern Pelo-

ponnese (GR03), Western Central Greece (GR04), Epirus (GR05), Attica (GR06), Eastern 

Central Greece (GR07), Thessaly (GR08), Western Macedonia (GR09), Central Macedonia 

(GR10) and Eastern Macedonia (GR11)) and 42 river basins, 123 river reaches were visited 

in total during summer of 2018, 2019 and 2020 when there is a low flow condition [37] and 

therefore the access is easier (Figure 1). 

The climate of the studied areas is characterized by hot summers and wet but mild 

winters. However, sudden weather changes are often occurred with torrential rains and 

strong winds that have a significant effect on vegetation [38]. According to data from the 

river basin management plans elaborated by the Greek Ministry of Environment and En-

ergy and the Special Secretariat for Water [39], GR06 is the most populated water district 

characterized by intense urban development and the lowest rainfalls in Greece. On the 

contrary, GR05 and GR09 located on altitudes above 500 meters from the sea level in the 

north part of the country are the less developed ones. They host large undisturbed forest 

areas and exhibit high levels of rain and snow, while the average annual temperatures 

range from 10 to 14 °C. However, GR01 is the water district with the highest precipitation 

level. There are also large forests and rural areas there characterized by a semi-mountain-

ous climate with mean temperatures ranging from 14 to 18 °C. In GR08, the presence of 

vast agricultural areas and low rainfalls are typical, with July and August being extremely 

hot and dry months in terms of hydrology. Generally, the rivers in which our research 

was carried out present intense natural relief, with their altitude ranging from sea level to 



Hydrology 2021, 8, 55 4 of 18 
 

 

936 m. Most river catchments are characterized by intensive agricultural activities (me-

dian of agricultural land use 39.7%). Water abstractions for irrigation combined with lim-

ited water availability during summer influence the structure of the riparian vegetation 

and the overall hydromorphological status [40].  

 

Figure 1. Distribution of the sampling sites (n = 123) among water districts: GR01: Western Pelo-

ponnese, GR02: Northern Peloponnese, GR03: Eastern Peloponnese, GR04: Western Central 

Greece, GR05: Epirus, GR06: Attica, GR07: Eastern Central Greece, GR08: Thessaly, GR09: Western 

Macedonia, GR10: Central Macedonia, GR11: Eastern Macedonia, GR12: Thrace, GR13: Crete, 

GR14: North Aegean Islands. 

2.2. Methods and Tools for the Evaluation of Riparian Vegetation Quality and 

Hydromorphological Assessment 

The QBR index (Qualitat del Bosc de Ribera) is an easy-to-use field method for as-

sessing riparian forests' habitat quality. It was designed and developed for use in Medi-

terranean streams in Spain [22]. There are no strictly defined research sections when ap-

plying QBR. Instead, there is only a recommendation that an optimal section length 

should be 100 m. QBR is easy to apply, as it is based on visual estimates of the total cov-

erage of the riparian vegetation. It takes into consideration the characteristics of the hori-

zontal cohesion of the river and riparian vegetation in relation to the surrounding ecosys-
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tems [22]. Taxonomical knowledge is not necessary, the knowledge of local plants is suf-

ficient, as well as the ability to distinguish between native and introduced species [23,35]. 

Therefore, the chances of error or differences in the overall assessment by different groups 

is extremely small. After determining the flood zone, it is necessary to divide the river into 

two parts, the main channel and the riparian area. The analysis does not focus on the 

physical assessment of the channel and the surrounding area, but on the bank vegetation, 

assumed to be all the vegetation growing on the flooded areas [41]. The bank vegetation 

mainly consists of trees (riparian forest), but also includes bushes and shrubs and lower 

plants, excluding annual plants. The classification is based in a score-based index which 

includes four categories, representing:1) overall bank vegetation cover, 2) structure of 

cover, 3) quality of cover, and 4) changes in the river bed. According to methodological 

criteria, each of these categories can be assigned 0 to 25 points (with a five-point interval); 

hence, the overall score can range from 0 to 100 points. The QBR method uses a classifica-

tion which is in line with the Water Framework Directive (WFD), with five quality classes 

(Table 1).  

Table 1. Quality classes according to the QBR index [35]. 

Riparian Habitat Quality Level QBR 

Riparian habitat in natural condition ≥ 95 

Some disturbance, good quality 75–90 

Disturbance important, fair quality 55–70 

Strong alteration, bad quality 30–50 

Extreme degradation, very bad quality ≤ 25 

The River Habitat Survey (RHS) is a systematic framework for collecting and analyz-

ing data associated with the physical structure of water courses. Data collection is based 

on a standard 500 m length of river channel. It includes observations of substrate, flow, 

erosion, and deposition features in the channel, morphological and vegetation structure 

on the banks, and land use in the adjacent river corridor. During the field survey, features 

of the channel (both in-stream and banks), and adjacent river corridor are recorded in 

accordance with the relevant protocol [42]. Channel substrate, habitat features, aquatic 

vegetation types, the complexity of bank vegetation structure and the type of artificial 

modification to the channel and banks are recorded at each of 10 spot-checks located at 50 

m intervals. A sweep-up checklist is also completed to ensure that features and modifica-

tions not occurring at the spot-checks are recorded. Cross- section measurements of water 

and bankfull width, bank height, and water depth are made at one representative transect, 

to provide information about the channel's geomorphological processes. The number of 

riffles, pools, and point bars found in the site is also recorded. In the case of RHS, the 

experience and familiarity of the evaluators regarding the physical structure of water 

courses as well as the monitoring of hydrological alterations and habitat modifications 

seem to be more substantial issues in order to avoid different assessments due to subjec-

tivity.  

Habitat Modification Score (HMS) is a metric derived from the RHS method and con-

sists of an indication of artificial modification to river channel morphology. Its calculation 

incorporates the presence and extent of artificial features such as culverts and weirs, as 

well as modifications caused by the re-profiling and reinforcement of banks. The 

cumulative points provide the Habitat Modification Score (HMS). High HMS scores (>500) 

reflect more artificial intervention and modification of the river channel within a site (Ta-

ble 2). 
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Table 2. Habitat Modification Classes according to HMS and their correspondence with ecological 

quality classes according to WFD. 

Habitat  

Modification Score 
Ecological Quality Classes Description 

0–16 High Pristine/Semi natural 

17–199 Good Predominantly unmodified 

200–499 Moderate Obviously modified 

500–1399 Poor Significantly modified 

>1400 Bad Severely modified 

The Riparian Quality Index (RQI) is another metric derived from the RHS method 

and represents the complexity, naturalness, and continuity of the riparian zone. It features 

three sub-scores for the aforementioned riparian zone factors, calculated separately for 

each bank and added to yield a final site score between 0 and 120. It can be a useful tool 

for monitoring and evaluating riparian zones' structure, an element of the river morpho-

logical conditions which is considered as important by the Water Framework Directive. 

The RQI scores are classified into six quality categories to represent increasing riparian 

quality from ‘Very Bad’ to ‘Very good’ quality status (Table 3). In addition, RQI provides 

helpful criteria for evaluating the present status of riparian systems and formulating di-

agnosis and rehabilitation options. It represents a checklist of riparian natural character-

istics and possible human-impacted riparian features. 

QBR and RHS methods were conducted covering stretches of 100 m and 500 m re-

spectively and filling in the relevant protocols. Additionally, there was an aerial depiction 

of these sections by Unmanned Aerial Vehicles’ (UAVs) flights. 

For the evaluation of the riparian vegetation status, the QBR score, as well as the RQI 

(Riparian Quality Index) sub-scores for complexity, naturalness, and continuity, were as-

sessed initially. Then, the two indices (QBR and RQI) were compared, in order to examine 

whether they present common assessment results, as well as to identify possible relation-

ships with the dominant land uses in the catchment.  

Table 3. Riparian Status according to RQI. 

RQI 

Scores 

Riparian  

Status 
Description 

150–130 Very good 
Attributes in natural conditions without threats  

in their functioning 

129–100 Good 
Attributes in good or very good conditions and one or two can 

be altered 

99–70 Moderate Several attributes are moderately altered 

69–40 Poor Most attributes are moderately altered 

39–10 Bad Several attributes are poorly altered 

<10 Very bad Most of the attributes are poorly altered 

2.3. Drone Flights 

Complementary to field surveys, we used Unmanned Aerial Vehicles (UAVs) to pro-

duce aerial orthophoto maps of the examined reaches. The high spatial resolution ortho-

photo maps offered the advantage of assessing riparian and geomorphological features 

that were not easily distinct in the field. As the technological advances in unmanned aerial 

vehicles and systems have offered new possibilities in monitoring stream morphology 

and riparian vegetation through photos at a high level of accuracy [43,44], we tried to 

exploit the high-quality output offered by UAV in this study. The flight campaign was 

conducted in every site where it was allowed according to the legislation regulations, with 

a DJI Mavic Pro Professional UAV (https://www.dji.com/gr/mavic/info) equipped with a 
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12 megapixel camera. The Pix4Dcapture software was used for flight planning using the 

single grid mission. Specifically, a 500 m stretch of the surveyed length of the river was 

captured with a width of 120 m to ensure that both the channel and the whole extent of 

the riparian zone was recorded along with the completion of QBR and HMS indices. The 

flight altitude was 50 m according to the legislation regulations. Due to dense vegetation 

and man-made constructions, an 80% overlap rate of the images was selected. The col-

lected image (approximately 70 to 90 photos per site) was then processed with the 

Pix4Dmapper software, using photogrammetric algorithms to produce an orthophoto 

map of the site. In some cases, the completion of the RHS and QBR protocols was done in 

office by the careful observations of such maps in various photo viewers (Figure 2), when 

this was not possible to be achieved in situ, due to the difficulties in accessing the river 

reaches. 

Figure 2. High spatial resolution’s orthophotomaps of 3 different sites: (a) Matesi, (b) Ladon, and (c) Sarantaporos by DJI 

Mavic Pro. 

The images of Figure 2 depict three visited river reaches with different riparian veg-

etation status. (a) Matesi (R-M2) in Western Peloponnese water district, (b) Ladon (R-M2) 

in Northern Peloponnese water district, and (c) Sarantaporos (R-M2) in Epirus water dis-

trict. Apparently, the differences between the extent and the continuity of the riparian 

vegetation, the type of flow and substrate of the river, as well as information on anthro-

pogenic activities can be clearly distinguished, facilitating in more ways the better moni-

toring of these areas.  

2.4. Watershed Delineation and Definition of Main Land Uses 

The watersheds’ delineation was based on the location of the 96 sites. The methodo-

logical process involved the following steps: (1) watershed automatic delineation using 

GIS routines, (2) Manual delineation and/or correction of the automated watersheds. In-

tegrated use of contours with 20 m interval, Google earth satellite images, aerial photo-

graphs from National Surface Cadastre and Mapping Agency S.A., and a Digital Elevation 

Model (25m pixel size) were utilized for the evaluation of the watershed polygon. Except 

for the optical inspection using the sources mentioned above, each watershed was exam-

ined based on literature review if any modifications altered the water course. After the 

final evaluation, the delineated watersheds were used to extract the land uses based on 

the CORINE 2018 maps [45]. Land uses were aggregated at the 1st level of CORINE clas-

sification. Three main classes of land uses were defined (artificial, agriculture and near 

natural) that correspond to the CORINE classes: 1. Artificial surfaces, 2. Agricultural ar-

eas, 3. Forests and semi-natural areas. 

  

   

(a) (b) (c) 
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2.5. Statistical Analysis 

Descriptive statistics were calculated for each Mediterranean River Type for the total 

of 123 sites in order to identify river systems with common characteristics, as well as to 

show the variations between QBR and HMS in different water districts. A Kruskal–Wallis 

non-parametrical test was implemented to determine if there are statistically significant 

differences for the QBR, RQI, and HMS between Mediterranean River Types and Water 

Districts. Additionally, post hoc comparisons were implemented with the use of a Mann–

Whitney test. Spearman correlations were conducted between the indices and the land 

uses in the catchment to identify possible significant relationships. 

3. Results and Discussion 

A synoptic version of the data set we used in order to extract our results is shown in 

Table 4. For each Water District, the number of sites, the type of RMs, the range of the 

values of selected land use categories, as well as the range of HMS, RQI, and QBR scores 

are presented.  

Table 4. Main parameters of the examined data set for each Water District (GR01: Western Pelo-

ponnese, GR02: Northern Peloponnese, GR03: Eastern Peloponnese, GR04: Western Central 

Greece, GR05: Epirus, GR06: Attica, GR07: Eastern Central Greece, GR08: Thessaly, GR09: Western 

Macedonia, GR10: Central Macedonia, GR11: Eastern Macedonia) and each Mediterranean River 

Type according to Van de Bund [33] and Lazaridou et al. [34] (R-M1: Small–mid altitude Mediter-

ranean streams (<100 km2 catchment area) with strong seasonal flow, R-M2: Small mid-lowland 

Mediterranean streams (100–1000 km2 catchment area), R-M3: Large Mediterranean streams 

(1.000–10,000 km2 catchment area) with strong seasonal flow, R-M4: Small–mid Mediterranean 

mountain streams with strong seasonal flow, R-M5: Small lowland temporary streams with tem-

porary flow, VL: Very Large Rivers: (>10,000 km2 catchment area). 

Water 

Districts 

Si-

tes 

Mediterranean 

River Types 

RHS\

HMS 
RQI QBR 

Near Nat-

ural (%) 

Artifi-

cial (%) 

Urban 

(%) 

Agricul-

ture (%) 

GR(01) 5 RM1:2 RM2:2 RM3:1 120–598 88–117 0–70 48.38–68.43 1.42–5.05 0–1.03 27.02–47.1 

GR(02) 4 RM1:1 RM2:2 RM5:1 
1380–

4810 
20–81 0–50 19.61–78.14 0–1.55 0–1.55 21.02–78.84 

GR(03) 9 
RM2:2 RM3:1 RM4:1 

RM5:5  
0–530 42–110 25–95 55.39–88.09 0–2.05 0–1.3 3.54–44.03 

GR(04) 13 
RM1:1 RM2:2 RM3:2 

RM4:7 RM5:1 
0–1120 32–100 30–100 66.77–96.65 0–5.7 0–5.31 2.81–21.04 

GR(05) 17 
RM1:5 RM2:7 RM3:2 

RM4:2 RM5:1 
0–7450 16–116 5–100 10.2–100 0–10.25 0–7.65 0–87.3 

GR(06) 5 RM1:4 RM5:1 60–740 39–80 30–100 39.07–71.85 
10.36–

46.23 

9.5–

38.2 
3.02–17.84 

GR(07) 8 RM1:1 RM2:4 RM5:3 60–3660 54–100 20–90 27.32–83.69 0–6.48 0–5.77 15.97–69.82 

GR(08) 15 
RM1:1 RM2:3 RM3:4 

RM4:3 RM5:2 VL:2 
0–3700 8–114 10–95 17.61–98.06 0–5.07 0–5.07 1.93–77.33 

GR(09) 20 
RM1:1 RM2:7 RM3:5 

RM4:2 RM5:3 VL:2 
0–2105 0–119 10–95 27.23–82.47 

0.63–

12.43 

0.63–

3.46 
15.17–71.09 

GR(10) 17 
RM1:3 RM2:7 RM3:1 

RM5:1 VL:5 
0–855 0–93 15–90 3.56–98.63 0–5.51 0–5.3 0.7–94.16 

GR(11) 10 RM2:4 RM3:2 VL:4 
120–

1570 
0–104 10–70 31.5–78.76 1.08–4.74 0–4.23 17.81–61.49 

The minimum, maximum, and median values of the dominant land uses, altitudes, 

HMS, QBR, and RQI are presented in Table 5. With the exception of urban land uses, we 

found considerable differences between minimum and maximum values for all of the 

above-mentioned parameters.  
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Table 5. Min, 25th percentile, median, 75th percentile and max of Land Uses (LUs), altitude, QBR, 

RQI, and HMS. 

 HMS Altitude 

% Near 

Natural 

LUs 

% 

Artificial 

LUs 

% 

Agriculture 

LUs 

RQI QBR Urban 

Min 0 0 0 0 0 0 0 0 

25th 

Percentile 
200 39.37 42.49 0.813 15.35 40 35 0.465 

Median 730.18 166.7 56.20 3.54 39.69 69.30 52.86 4.18 

75th 

Percentile 
755 366 79.04 3.62 51.08 92 80 2.52 

Max 7450 936.03 100 87.74 100 120 100 4.43 

With regard to the classification of the sites to quality classes according to the QBR 

index, 67% of the sites were classified as of less than Good quality (Very Bad n = 26, Bad 

n = 29 and Fair n = 29, Figure 3). Conversely, 26 sites belonged to Good quality class and 

only 13 sites were in a very good natural condition. Most of these sites belong to R-M2 

river type, while 15 sites (12%) belong to R-M4, which corresponds to water districts with 

higher altitude.  

Figure 3. Number of sites per class according to QBR Index. 

Figure 4 shows the distribution of sites among the six quality classes of RQI Index. 

Again, most of the sites presented Moderate (n = 42), Poor (n = 30), Bad (n = 12) and Very 

Bad (n = 17) qualities, overall a not good status. Only 22 sites were characterized of Good 

quality, while none of the sites presented Very Good quality. These findings agree with 

the latest report from the European Environmental Agency (EEA) [46], which reported 

that 82% of all surface water bodies did not achieve good ecological status, while at the 

same time it listed hydromorphological modification as one of the most common pres-

sures for the reduction of riparian vegetation. 

13

26

29

29

26

0 5 10 15 20 25 30 35

Natural Condition

Good Quality

Fair Quality

Bad Quality

Very Bad Quality

No of sites according to QBR
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Figure 4. Number of sites per class according to River Quality Index (RQI). 

Αccording to HMS, the majority of sites were characterized as Obviously (n = 40), 

Significantly (n = 37) and Severely (n = 17) modified in terms of hydromorphological al-

terations (Figure 5). Conversely, only 29 out of 123 sites achieved predominantly unmod-

ified and pristine scores (HMS <199). The fact that at least 70% of the studied sites pre-

sented severe hydromorphological modifications is in line with the general trend for all 

Europe [46]. The construction of dams and barriers are among the most important factors 

for the decrease of the riparian vegetation, due to the hydrological regime's alterations. 

Recently, a study by Stefanidis et al. [5] showed that bank and channel modifications (ie., 

resectioning, reinforcement) were a common hydromorphologic modification in Greek 

rivers. These modifications are used as a flood defense management practice. However, 

these changes inevitably cause significant alterations in the riparian zone affecting the 

vegetation's structure and cover [4]. Other pressure that contributes to the gradual reduc-

tion of riparian vegetation, especially at lower altitude sites, is the large expansion of ag-

ricultural activity. According to the implementation of RQI, 82% belongs to moderate, 

poor bad and very bad quality, while for fair, bad, and very bad quality classes QBR gives 

a smaller percentage (69%).   
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Figure 5. Number of sites per class according to hydromorphological modification (HMS). 

According to the results of the Kruskal–Wallis test, QBR and RQI were statistically 

different (p < 0.005 and p = 0.040, respectively) among the Water Districts. Specifically, 

post hoc comparisons showed several significant differences (p ≤ 0.002) for QBR such as 

between water districts GR04 (Western Central Greece) and GR01, 08, 10, and 11. Similarly 

for RQI, post hoc comparisons showed significant differences (p ≤ 0.004) between GR 01 

(Western Peloponnese) as well as most of the other Water Districts and GR04, 03, 05, and 

07. However, QBR was also statistically different among River types (p = 0.004), while RQI 

was not. Indicatively, QBR medians were statistically different between R-M2 and R-M4 

river types. This could be explained by the fact that River Types are defined by specific 

typological criteria such as altitude, size of the catchment, etc., that can affect the type and 

structure of riparian vegetation. On the contrary, Water Districts are defined only by ge-

ographical criteria without taking into account the differences in their geomorphological 

characteristics. The only factor that could differentiate the riparian vegetation on Water 

District level is the climate (climatic zones).  

In addition, RQI is a component of RHS which evaluates mostly the structure of veg-

etation on bank level, face and top, by characterizing it as complex, simple, uniform and 

bare, based on the number of different types of vegetation. In contrast, QBR is an inte-

grated method of riparian vegetation assessment applied throughout the riparian area, 

aiming for the quantification of hydromorphological alterations, through the evaluation 

of vegetation cover, continuity, and structure disturbances.  

The variations of QBR and RQI among Water districts and Mediterranean river types, 

as they result from the calibration of the typocharacteristic conditions of rivers [33,34], 

were visually assessed with strip charts and boxplots (Figures 6, 7, and 8).  

From Figure 6, we can see some obvious variations of QBR and RQI in relation to 

Water districts. Specifically, both indices present the highest value in GR05 which includes 

sites of higher altitude in the water district of Epirus with extended vegetation (QBR av-

erage on these sites is up to 55%). According to [12,21,47], this happens also because these 

areas have a highly diverse relief and less human disturbance. At the same time, we can 

see a serious decrease of indices values in GR02 which represents sites of lower altitudes 

in Southern Greece (WD of Northern Peloponnese), as these sites are located mainly in 

agricultural plains. However, on GR01 sites, which again are reaches of lower altitudes in 

Western Peloponnese, the indices scored fair and good values. This probably occurs as 
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there are climatic differences between these water districts. Specifically, Western Pelopon-

nese exhibits higher rainfall rates than the Northern Peloponnese, which contributes to a 

higher quality vegetation status of the region. Furthermore, there are differences in rela-

tion to the land uses in each of them. In GR01, large rural areas are dominant with urban 

communities being greatly reduced, while, in GR02, anthropogenic pressures are more 

intense mainly due to the presence of large urban centers as well as the construction of 

major highways. Nevertheless, this contradiction needs further investigation. Finally, 

QBR and RQI do not present large variations in the majority of water districts of lowland 

Greece.  

 

Figure 6. Strip charts (1D scatter plots) of QBR, RQI and HMS per Water District. Mean values and 

standard deviations are also shown. 

Figure 7 presents the spatial variation of QBR, RQI, and HMS in relation to Mediter-

ranean River Types. There are high QBR values in the R-M4, which represents small–mid 

Mediterranean mountain streams. The strong seasonal flow combined with the high alti-

tude of these sites result to an extended vegetation (QBR average on these sites is up to 

56%) (Figure 7). On the contrary, for the same R-M, HMS values decrease. R-M3 river 

types also have relatively high QBR and RQI values which represents Large Mediterra-

nean streams (1.000–10,000 km2 catchment area) with strong seasonal flow. In general, in 

the Mediterranean River Types where the hydromorphological alteration is low (HMS 

<199), mainly due to the increased altitude or the presence of forest areas, the QBR scores 

high levels. 
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Figure 7. Strip charts (1D scatter plots) of QBR, RQI, and HMS per Mediterranean River Types. 

Mean values and standard deviations are also shown. 

This is apparent in Figure 8 where we can note that sites with less hydromorpholog-

ical degradation score higher QBR values. We assume that the riparian vegetation is of 

higher quality because of the lack of permanent structures (dams, etc.), or changes in river 

banks and channel. On the contrary, in areas of intense hydrological degradation, it is 

observed that QBR decreases, reinforcing the hypothesis that the hydromorphological 

degradation leads to the reduction of riparian vegetation [6]. 
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Figure 8. Box plots of QBR score per class of hydromorphological modification (HMS). 

Class differences per site are presented in the histogram of Figure 9 for the combina-

tions of HMS-QBR and RQI-QBR indices. Generally, it seems that the classifications of the 

sites based on HMS and QBR are in concordance. Regarding the first combination, ap-

proximately one-third (35%) of the sites are characterized by the same class for HMS and 

QBR, while the 70% present zero or one class difference. This is a valuable result indicating 

that these two indices can produce similar results. RQI shows greater differences in rela-

tion to QBR. Consequently, for the second combination, about 23% of the sites show same 

classes while approximately 60% of the sites present zero or one class difference. Concern-

ing the relationships between the indices and the land uses, the results of the Spearman’s 

correlation analysis are listed in Table 6. 

 

Figure 9. HMS and RQI versus QBR Classes per site. 
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Τable 6. Spearman’s correlations between HMS, scores of QBR, RQI, altitude, and land uses. 

 HMS Altitude 
% Near Natural 

LUs 

% Artificial 

LUs 

% Agriculture 

LUs 
RQI 

Altitude −0.073 1     

% Near Natural 

LUs 
−0.116 0.439** 1    

%Artificial LUs 0.109 −0.109 −0.575 ** 1   

% Agriculture 

LUs 
0.103 −0.515** −0.934 ** 0.392** 1  

RQI 
−0.196 

** 
0.129 0.219* −0.165 −0.179 1 

QBR  −0.507** 0.491** 0.369** −0.164 −0.422** 0.274** 

* means that correlation is significant at the 0.05 level and ** means significance at the 0.01 level. 

The Spearman’s Correlation analysis was conducted in 96 out of 123 sites between 

the HMS, the scores of QBR and RQI, altitude, and the land uses according to CORINE 

land cover inventory by estimating the Spearman’s coefficient. Our aim was to identify 

the significant relationships between the scores and the dominant land uses and highlight 

further exploration issues. As shown in Τable 6, both QBR and RQI are positively corre-

lated with altitude, which implies that at low altitude sites, where extended agricultural 

activities exist the riparian zone and thus the riparian vegetation is impacted. This is also 

shown by the significant negative correlation between agricultural land use and altitude. 

In contrast, natural land use is positively correlated with both indices (p ≤ 0.01 for QBR 

and p ≤ 0.05 for RQI). Finally, QBR correlates positively with RQI (p ≤ 0.01) which implies 

that both indices show similar results concerning the riparian quality status. A stronger 

correlation between QBR and HMS can be noted (p < 0.005), which confirms our hypoth-

esis that riparian quality is affected by the hydromorphological modification. Overall, the 

correlations suggest that agriculture in the catchment and hydromorphological modifica-

tion at reach scale are strongly correlated with the quality of the riparian vegetation. 

4. Conclusions 

This work presents the first results derived from the application of QBR and RHS 

indices in Greek rivers in line with the WFD. According to our findings, hydromorpho-

logical alterations impact the riparian vegetation and result in its gradual reduction. 

Changes in the structure and continuity of the riparian vegetation can also be observed in 

areas of lower altitudes, where a large expansion of agricultural activity exists. These two 

are the main factors which contribute mostly to the degradation of the riparian vegetation 

in the Mediterranean riparian ecosystems. In addition, we showed that agricultural land 

use was highly correlated with the QBR score, which implies a possible causal relation-

ship. 

Agricultural activity in particular is considered a major driver of hydromorphologi-

cal modifications in Mediterranean rivers [4,21,47]. For instance, bank and channel 

resectioning is used as a practice of flood defense management to protect neighboring 

agricultural land from flood events. In addtion, bank reinforcement that uses hard 

materials (concrete, bricks, rip−rap, etc.) aims to mitigate bank erosion [5]. These changes 

inevitably are associated with significant alterations in the riparian zone affecting the 

structure and cover of the vegetation. 

Concerning the use of the Riparian Quality Index, the RQI score correlates signifi-

cantly with the QBR. However, Kruskal–Wallis analysis showed that QBR was statistically 

significant among water districts and River Types, while RQI was statistically different 

only among water districts. Therefore, it appears that QBR is better suited for distinguish-

ing variations in the riparian quality status among different river typologies. It is also 
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more effective on distinguishing sites with moderate impacts from sites with good quality 

status.   

The use of UAVs in the field proved to be a valuable tool since it enabled the assess-

ment of substrates, riparian cover, human alterations, and others, especially for sites 

where there was difficulty in access, in a cost-effective manner [43,44]. The filling in of the 

protocols improved positively, after the detailed investigation of the sampling areas 

through orthophoto maps and High Definition photography. The present work combines 

the traditional with a modern way of data collection enabling a more systematic applica-

tion of automated photogrammetry in the monitoring of river riparian quality, which can 

provide greater accuracy in research on the conservation and management of river eco-

systems.  

As a concluding remark, constant monitoring of the riparian zones through the im-

plementation of WFD is essential, since we need to achieve a better understanding on the 

impacts of hydromorphological changes in relation to riparian vegetation status. Rivers 

of poor and bad riparian vegetation quality must be identified and measures for their 

long-term restoration must be undertaken. Finally, we propose the need for further study, 

particularly on the effects of dams and other stable structures located mainly in higher 

altitudes of river basins, as well as the hydrological disturbances they cause, which have 

negative effects on riparian vegetation status. 
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