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Abstract: Type-specific biological reference conditions are the first step for the water quality assessment according to the EU 
Water Framework Directive 2000/60 E.C. (WFD). The purpose of this paper is the comparison of the efficiency of the 
main typological systems (based on benthic macroinvertebrates identified at a family level) in Europe in order to find 
out which is the most appropriate for the Greek rivers. The systems compared were System A and B of the WFD, the 
River Mediterranean typology (from the Intercalibration Exercise) and the hydro-ecoregions’ system of CEMAGREF 
Institute. The dataset included 98 reference sites from catchments located in Northern and Central Greece. Altitude 
was the most differentiating descriptor according to Canonical Correspondence Analysis (CCA) affecting the 
structure of benthic macroinvertebrates. A clear separation of river types, based on benthic macroinvertebrates 
identified at the family level, was not possible even for the River Mediterranean types. Types were better separated 
(high R-ANOSIM) based on the composition of benthic macroinvertabrates communities using System B’ (according 
to B) and the River Mediterranean types. System B' presented less overlap between its types and the River 
Mediterranean descriptors best explained the ordination of reference stations (CCA). It is proposed the use of System 
B’ in the process of the selection of sampling stations for monitoring, especially upstream and downstream point 
sources of pollution, and the River Mediterranean types for the estimation of ecological quality and additionally, 
intercalibrated National biotic indices (based on reference sites), since the European Polymetric index STAR_ICMi 
may be applied only for R-M1, R-M2 and R-M4 river types in Greece. 
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1. INTRODUCTION  

The European Member States, according to the Water Framework Directive (WFD) have to 
protect, enhance and restore all water bodies, so that natural water bodies have good ecological 
status and the artificial and the heavily modified ones have good ecological potential by the end of 
2015. Typology is widely used for the assessment of ecological status (Wright et al., 1999; Hering 
et al., 2004) although the descriptors taken into account depend on the approach (Sandin & 
Verdonschot, 2006). Typology is approached by a) a Top-down approach, where abiotic descriptors 
of rivers are used as differentiating parameters (Omernik, 1995; Wimmer et al., 2000), b) a Bottom-
up, where the grouping is based on river biocommunities (Moog et al., 2001; Verdonschot, 1995) or 
c) a combination of the above approaches (Moog et al., 2001; Verdonchot, 1995). However, the 
main aim is the determination of type specific reference conditions (Moog et al., 2004). Typology in 
the WFD is the keystone in its implementation trying to limit variations as to their abiotic 
parameters influencing the structure of the biocommunities (Lorenz et al., 2004) since the 
ecological quality is expressed as the deviation of the observed value to the reference one in the 
same type. 

The process of typology includes the following steps [in accordance with the Guidance 
Documents No 2 (Working Group on Water Bodies 2003), No 5 (Working Group 2.4 – COAST 
2003) and No 10 (Working Group 2.3 - REFCOND 2003) of the WFD]: (a) the delineation of the 
catchment area, according to Article 3 (paragraph 1), (b) the classification into one of the categories 
of surface water (rivers, lakes, transitional, coastal, artificial and heavily modified water bodies) 
according to ANNEX II, 1.1 (i), (c) type distinction based on System A (Bottom-up approach) or B 
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(Top-down approach) according to the ANNEX II 1.2 using hydro-morphological, climatic and/or 
geological descriptors and (d) the subdivision of each type in water bodies based on pressures and 
impacts. 

The reference conditions must be determined separately for each type based on System A or B in 
accordance with Annex II of the WFD. However, Member States have reference data chosen with 
various methods and different evaluation methods for assessing the biological/ecological quality of 
rivers. Consequently, the Common Implementation Strategy (Common Implementation Strategy) 
(Heiskanen et al., 2004) was followed by the European intercalibration exercise (Working Group 
2.5 Intercalibration 2003) to harmonize the limits of various biotic indices used (Buffagni & Furse, 
2006) and to classify the rivers of Europe in fewer types. During that exercise rivers of the 
Mediterranean Europe, were initially divided into 5 (R-M1, R-M2, R-M3, R-M4 and R-M5) and 
then to 4 types (Top-down approach) because for large and deep rivers (type R-M3) were only 
found reference conditions in one MS (Spain) (van de Bund, 2009). In Greece the intercalibration 
process has been applied to the Hellenic Evaluation System (HESY, Artemiadou & Lazaridou, 
2005) for R-M4 (Artemiadou et al., 2008) and R-M1, R-M2 (Ntislidou et al., 2013) types.  

Typology based on Hydro-ecoregions follows the System B of WFD. It is a top-down approach, 
since it takes into account only abiotic descriptors. Developed in the Institute of Cemagref (France), 
as the official method for rivers’ typology, was extended to a European level under the project 
REBECCA (Relationships between ecological and chemical status of surface waters) (Wasson et 
al., 2007).  

The purpose of this paper is the comparison of the efficiency of the main European typological 
systems, described above, in order to identify the most appropriate for the Greek rivers and to 
establish type-specific reference conditions based on benthic macroinvertebrates.  

2. MATERIAL AND METHODS 

2.1 Raw data source, samplings and reference conditions 

Seasonal biological benthic macroinvertebrate samplings were used, from sites of Northern and 
Central Greece [Dadia, Nestos, Olympiada & Skouries, Aliakmonas, Aoos, the rivers from Lake 
Plastira and Pinios] belonging to the same climatic type according to Köppen (Csa) (Figure 1). 
Benthic macroinvertebrates were collected with the same method by different researchers (Table 1). 
They were sampled using a 250 mm x 230 mm, D-shaped pond net (0.9 mm mesh size, ISO 
7828:1985; EN27828:1994) according to the semi-quantitative 3-min kick/sweep method (Armitage 
& Hogger, 1994) plus 1 minute search applied when bank vegetation existed (Wright, 2000; 
Kemitzoglou, 2004). During the 3 minutes, all microhabitats were covered proportionally according 
to a matrix of possible river habitats (Chatzinikolaou et al., 2006). Specimens were identified 
mainly to the family level. 

The reference sites were determined based on the overall European criteria of the intercalibration 
technical report (van de Bund, 2009) and the criteria proposed by Sánchez-Montoya et al. (2005) in 
Spain. Consequently, sites/samples were chosen based on hydromorphological characteristics (field 
assessment according to Habitat Modification Score (HMS) ≤8 (Raven et al., 1998) and the 
percentage cover of land use upstream each site (e.g. natural and semi-natural areas according to 
CORINE land cover 2000). Then, the high biological quality sites were checked by the Hellenic 
Evaluation System (HESY, Artemiadou & Lazaridou, 2005) and the limits of physico-chemical 
parameters were based on the criteria of Sànchez-Monotoya et al. (2005). In addition, the samples 
selected met all the criteria proposed by Bonada et al. (2002) and used in the Spanish Project 
Guadalmed (HID99-0323-C05 and REN2001-3438-C07) and the criteria used by the Geographical 
Intercalibration Group (Mediterranean Geographical Intercalibration Group) and applied to the 
rivers of Catalonia (Spain) (Munné et al., 2006). 
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Figure 1. Reference sites from Northern and Central Greece and the climatic types of Greece according to Köppen. 

Table 1. Source of literature data used in this study.  

River 
Number of 

Sites 
Year of 

samplings 
Reference 

Rivers of Plastira lake’s 5 2000 
Dakos et al., 2001 
Artemiadou et al., 2008 

Aoos 3 2001 Chatzinikolaou et al., 2008 

Pinios 8 2005 Katsikatsou 2006 

Aliakmonas 4 1995, 1997 
Copeland et al., 1997 
Yfantis et al., 1999 
Lazaridou-Dimitriadou et al., 2000 

Skouries & Olumpiada 6 1997 
Lazaridou-Dimitriadou et al., 2004 
Ford et al., 1998 

Nestos 2 2008 Patsia et al., 2008 

National park of Dadia 7 2007 Argyroudi et al., 2008 

2.2 Typology of river systems  

The system A of the WFD is based on 25 predefined ecoregions, proposed by Illies (1978), 
according to the distribution and ecology of animals inhabiting inland waters except of protozoa 
(Limnofauna Europaea). Greece belongs to the ecoregions 6 and 7. For each ecoregion the types are 
defined by established categorized descriptors, according to the WFD 2000/60/E.C., as the altitude 
(categories: high > 800 m, mid-altitude = 200 to 800 m, lowland < 200 m), the catchment area 
(categories: small = 10 to 100 Km2, medium > 100 to 1000 Km2, large = 1000 to 10000 Km2, very 
large > 10000 Km2) and the geology (three categories: calcareous, siliceous and organic).  

The system B uses a) the obligatory descriptors of system A, not categorized, and the ecoregions 
are replaced by the latitude and longitude, b) optional and other alternative descriptors, some of 
which determine the structure and composition of biological communities of rivers. In this study 
system B’ (based on B according to WFD) consists of the following categorized descriptors:  

a) Altitude was based on the classification of Dikau (1989) but with only three categories: 
lowland (< 150 m), hilly (150-600 m) and semi mountainous and mountainous area (> 600 m) 
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(Kemitzoglou, 2006).  
b) In geology two categories were only used calcareous and siliceous, based on the grounds of 

the main elements contributing to the biochemical cycle. The implementation of the above 
descriptors, resulted in the division of the geological background into the above two 
categories, since organic is only limited in three very small areas in Greece; these areas used 
to be fresh-water marshes in the past, but now have been reclaimed for cultivation, and 
artificial drainage network drains out the waters from the organic soils and all the crop 
residues. As calcareous geological background was considered the limestones, marbles and 
marls and as siliceous all granites, schists and all clastic sedimentary formations, including 
alluvium which is mainly consisted of aluminum-silicate minerals. There is no need for 
aluminum to be used as an individual descriptor, since its contribution to the biochemical 
cycle is limited. 

c) Latitude and longitude of System B indicates the geographical location of river systems and 
reflects both climatic and localized peculiarities of a region.  

d) Slope was based on the classification of Demek (1972) taking also into account the biology 
and ecology of reophylic and middle reophylic fish of Greece (Table 3) (Kemitzoglou, 2006). 

 
The River Mediterranean typology from the intercalibration exercise [Geographical 

Intercalibration Groups (GIGS) (van de Bund, 2009)] divides rivers into 5 types R-M1, R-M2, R-
M3, R-M4, R-M5) as it was mentioned above. It is following System B of the WFD which is based 
on the size of the catchment area, the geology, the altitude and the flow regime. Reference 
conditions for the four of the five types (R-M1, R-M2, R-M4, R-M5) are based on benthic 
macroinvertabrates and on phytobenthos as well (European Commission 2008/915/EC). 

 
Table 3. Slope categorization, for the application of typology in rivers of northern and central Greece from 

Kemitzoglou 2006 (modified from Demek, 1972). 

Slope (o) Slope (%) Slope type Demek (1972) 

0-5 0-8.74 Flat-inclined 

5-15 8.74-26.79 Strongly inclined 

>15 >26.79 Bluff-Vertical 

 
The Hydro-ecoregions’ typology (Institute of CEMAGREF), applied in France, is based on the 

integration of physical structures of a basin at the level of microhabitats, proposed by Frissel et al. 
(1986) and Naiman et al. (1992), recognizing the geology, topography and climate as primary 
determinants of ecosystem watercourses at a basin level.  

In all the above typological systems (except of the River Mediterranean types) the descriptor of 
the catchment area category 0-10 Km2 was added, since small but environmentally important rivers 
exist in Greece. The ArcGIS Desktop 9.2 software (the edition ArcInfo, including the three basic 
applications: ArcCatalog, ArcMap and ArcToolbox), was used to identify the types of all systems 
studied. Additionally, the Digital Elevation Model (DEM) of Greece, with spatial resolution 90x90 
m [Shuttle Radar Topography Mission (SRTM), data available from NASA (Farr et al., 2000; 
Radus et al., 2003)], was used for the descriptors altitude, catchment area and slope. Additionally, 
a) for the altitude, the results obtained from DEM were crossed with those provided by previous 
reports from which originated the biological raw data of reference stations, b) in each catchment 
area, the sub basin of each reference station, belonging to rivers equal or greater than 4th Strahler 
order, was digitized using the extension ArcHydro. Moreover, the geology of the area was digitized 
after geo-referencing the geological map of Greece (scale 1:500.000, IGME Athens 1983), while 
the composition of rocks (calcareous and siliceous) was determined. Satellite images from Google 
Earth were also used to correct the hydrological network.  

By developing the above methodology, 4 thematic maps emerged for System A (Ecoregion, 
Altitude, Geology and Catchment area) and System B’ (Altitude, Geology, Catchment area and 
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Slope). Each map constituted a distinct layer in ArcMap. Then, an Overlay Analysis followed based 
on the ArcToolbox Spatial Analyst and exported to a thematic map with common polygons. The 
descriptors longitude and latitude were also taken into account in the reference stations. The types 
of the System A and B’, were represented by a code with four or six numbers, respectively, as 
proposed by Chronis et al. (2008): for the System A the first number corresponds to the ecoregion 
(6,7), the second to altitude (1,2,3), the third to catchment area (0,1,2) and the fourth to geology 
(1,2) (Table 4). For the System B’, the first descriptor represents the altitude (1,2,3), the second the 
longitude (1,2,3), the third the latitude (1,2,3,4), the forth the geology (1,2), the fifth the catchment 
area (0,1,2) and the sixth the slope (1,2,3) (Table 4). The typology based on Hydro-ecoregions (7, 
35, 37 and 128) does not take into account the obligatory descriptor of the catchment area. However 
in this paper, the Hydro-ecoregions were combined with the catchment area categories (0,1,2) 
described in the System B’ (Table 4). The River Mediterranean types were applied to the reference 
sites, according to their River type (R-M1,R-M2,R-M4,R-M5) described by van de Bund (2009). 

2.3 Statistical analysis 

FUZZY classification is a non-hierarchical clustering method, which initially ordinates samples 
and then groups them according to their ordination scores, using the algorithm of c-means (Equihua, 
1990). This classification does not assume the existence of discrete benthic populations along the 
various stretches of a river system. In this paper, the FUZZY classification was applied in the 
benthic macroinvertabrates’ abundance data from the reference sites used in order to obtain groups 
of reference sites with similar biocommunity structure. The number of FUZZY groups was selected 
according to the highest partition coefficient, while the membership of each station in each group 
was the criterion of a station to belong to this group. Reference sites are considered to belong 
strongly in one group, if their membership is greater than 0.75 and loosely, if their membership is 
greater than 0.5. If the membership of a reference site is lower than 0.5, it does not belong to any 
specific group. 

Discriminant analysis, based on linear combinations of the predictor variables, provides the best 
discrimination between the groups. So, it was used in order to assess the adequacy of classification 
between the FUZZY groups. The SPSS version 15 software was used for the implementation of this 
method. Discriminant analysis distinguishes distinct sets of observations and allocates new 
observations to previously defined groups. The comparison between the priori and posterior 
classifications can be used to assess the quality of the discrimination. Discriminant analysis was 
also performed in order to assess the adequacy of classification between the types of each 
typological System (A, B’, River Meditteranean and Hydro-ecoregions’). As original values the 
macroinvertebrate families’ abundance of each type and of each typological System were used and 
as predicted ones the types from which they derived. 

In order to distinguish a relationship between the taxa and the studied environmental variables, 
the Canonical Correspondence Analysis (CCA, with the CANOCO version 4.5.1 software) (Ter 
Braak & Smilauer 1998) was performed which escapes the assumption of linearity and is able to 
detect unimodal relationships between species and environmental variables. CANOCO can perform 
a forward selection of environmental variables in order to determine which variables best explain 
the biological data. At each step, a Monte Carlo statistical test can be carried out to judge the 
significance of the selected environmental variable. The arrangement of the sampling stations is 
made in such a way that the stations with similar taxonomic groups are close to each other, while 
those with different composition are far apart in the ordination (Ter Braak & Smilauer 1998). In this 
paper, gradient analysis was implemented to ordinate the reference sampling stations according to 
descriptors of the three typology systems (System A, B’ and River Mediterranean types). Firstly, 
was performed the Detrended Correspondence Analysis (DCA), which is an indirect gradient 
analysis, in order to check if the biological data corresponded linearly or not to the environment 
variables. The gradient length was four times the standard deviation of species turnover, so species 
in the data have a clear unimodal response along the gradient and the most appropriate is the direct 
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gradient analysis, Canonical Correspondence Analysis (CCA) (Ter Braak & Smilauer 1998).  
ANOSIM (Analysis of Similarity), a non-parametric (randomization-based) method of 

multivariate analysis, was used to compare the variation in taxa abundance and composition among 
sampling units (= Beta diversity) in the types of System B’ and in the River Mediterranean types, in 
terms of some grouping factor. The coefficient R (-1 to 1) is a measure of distinctness (Clarck & 
Gorley, 2001). When the value R is 0, then there are no differences between the types, while when 
it is 1 there are greater dissimilarities between them. At a second level, the results of a pair-wise 
comparison between the types are given, based on the coefficient R and the significance level p. If 
the value of R is low, you can conclude that there is evidence that the samples within groups are 
more similar than would be expected by random chance (Clark 1988, 1993). According to Clark & 
Gorley (2001), the coefficient R is the absolute measure of the separation of groups and not the 
significance level p, distinguishing the values of the coefficient R in three categories (R>0.75: great 
differences between types, 0.75>R>0.5: slight differences but types are overlapping and R<0.25: 
minor differences).  

Finally, SIMPER analysis was performed in order to identify the contribution of the families (in 
this case) primarily providing the discrimination between two observed sample clusters. This 
analysis estimated the mean similarity/dissimilarity of two sites which belonged in different types 
and then contributed the mean similarity of each family to this type. For this purpose the Primer 
version 5 software was used, in order to extract the most significant taxonomic groups, which 
contributed in the System B’ and the River Mediterranean types. 

3. RESULTS 

3.1 Typology of river systems 

In Table 4 are shown  types of 35 reference sites (98 reference samples) from Northern and 
Central Greece, according to the four studied typological river systems (A, B’, River Mediterranean 
and Hydro-ecoregions’).  
 
Table 4. Reference sites and the type in which they belong (A, B’, River Meditteranean and Hydro-ecoregions’). For the 

numbers see Methods and Materials chapter 2.2, last paragraph. 

Stations System Α System Β' R-M 
Hydro-

ecoregions 
Stations System Α System Β' R-M 

Hydro-
ecoregions 

Dadia Aoos 
1 6222 235222 R-M5 7-2 20 7322 321222 R-M2 128-2 
2 6222 235222 R-M5 7-2 21 7322 321222 R-M2 128-2 
3 6222 235221 R-M5 7-2 22 7222 321221 R-M2 128-2 
4 6122 235222 R-M5 7-2 Pinios 
5 6222 235222 R-M5 7-2 23 7322 312222 R-M2 128-2 
6 6122 235222 R-M5 7-2 24 7321 312122 R-M4 128-2 
7 6222 235222 R-M5 7-2 25 7302 312203 R-M1 128-0 

Nestos 26 7212 312213 R-M1 128-1 
8 6222 234223 R-M2 7-2 27 7322 312223 R-M2 128-2 
9 6122 234223 R-M2 7-2 28 7321 312123 R-M4 35-2 

Chalkidiki 29 7321 312123 R-M4 35-2 
10 6112 123122 R-M1 37-1 30 7222 212222 R-M1 7-2 
11 6202 223203 R-M1 37-0 Plastira 
12 6102 223202 R-M1 37-0 31 6312 312213 R-M4 35-1 
13 6202 223202 R-M1 37-0 32 6312 312213 R-M4 35-1 
14 6202 323202 R-M1 37-0 33 6312 312213 R-M4 35-1 
15 6202 323202 R-M1 37-0 34 6302 312203 R-M4 35-0 

Aliakmonas 35 6302 312202 R-M4 35-2 
16 7322 322221 R-M2 7-2      
17 7322 322221 R-M2 128-2      
18 7221 322122 R-M4 128-2      
19 7222 222221 R-M2 7-2      
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3.2 FUZZY classification and Discriminant analysis 

From the FUZZY classification of the benthic macroinvertebrate taxa coming from the 98 
reference samples derived 4 (partition coefficient 0.53) and 5 groups (partition coefficient 0.57). To 
select which classification of FUZZY was better, discriminant analysis was applied. According to 
discriminant analysis, the percentage of the samples correctly grouped to the System B’, River 
Mediterranean and/or Hydro-ecoregions’, was higher with the 4 FUZZY groups than with the 5 
(Table 5). The accuracy of the groups belonging to system A was the same in both 4 and 5 FUZZY 
groups (Table 5). Consequently the FUZZY with four groups was chosen. These groups consisted 
of the following sites/samples (Figure 2):  

Group 1: One site from the river of Skouries (Chalkidiki) 
Group 2: Autumn samples from the rivers of Plastira lake and all sites of Pinios river (except of 

one which belongs to Group 4)  
Group 3: The rest samples of Chalkidiki, samples/sites from the river Nestos and Dadia area 

(except of one) 
Group 4: The rest samples from the rivers of Plastira lake, all samples from Aoos river, two 

samples from Aliakmonas river and one sample from Pinios river.  

3.3 Gradient analysis 

3.3.1 System A 

CCA is applied only to the three typological systems because the Hydro-ecoregions’ is 
composed only by two descriptors. The Monte Carlo test in CCA analysis showed that the altitude 
and the ecoregion are the most statistically significant descriptors (p<0.05). The first two axes 
explained the 90.5% of the variance of the taxonomic groups and the descriptors relationship 
(p<0.05 for all canonical axes). The first axis correlated negatively with the altitude so reference 
stations with low altitude descriptor (sites which belonged to groups a, b, c, d) were ordinated in the 
positive side of axis I (Figure 3), and sites e, f, and g with high and mid altitude are placed in the 
negative side of axis I (Figure 3). The second axis is correlated negatively with the ecoregion, 
ordinating together the reference sites from group c [Nestos and Dadia (ecoregion 7)], group d 
[Olympiada and Skouries (Ecoregion 7)] and e [Plastira (ecoregion 6)]. The sites a, b, f and g 
[Aoos, Aliakmonas and Pinios (ecoregion 6)] are ordinated in the positive side of axis II (Figure 3). 

3.3.2 System B 

In System B, Monte Carlo test showed that the altitude, the longitude and latitude are the most 
statistically significant descriptors (p<0.05 for all canonical axes). The two axes explained the 
69.6% of the variance of the relation of the taxonomic groups and the descriptors. The first axis is 
correlated negatively with altitude and the second with latitude. The reference sites with high 
altitude (except one station from Pinios and Aliakmonas and the stations from Plastira lake) are 
ordinated in the negative side of the first axis (groups h, i, j, k, l, m, n, o and p), while the reference 
sites with mid and low altitude in the positive side (groups a, b, c, d, e, f and g) (Figure 3). In the 
axis II, the reference sites from Dadia, Nestos, Chalkidiki and one of Aliakmonas (groups a, b and 
c) were ordinated apart from all the others (Figure 3).  

3.3.3 River Mediterranean types 

The altitude and the geology, were the most significant statistically descriptors according to the 
Monte Carlo test (p<0.05). The first two axes explained cumulatively 100% the variance of the 
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taxonomic groups and the descriptors’ relation. The first axis is positively correlated with the 
altitude descriptor, separating the sites with high and mid altitude (a, b) from those with low altitude 
as in the System B’ (Figure 3). The second axis is negatively correlated with geology, separating 
reference stations with calcareous substratum (group a) from those with siliceous (b and c) (Figure 
3).  
 
Table 5. Percentage of the original grouped cases that are correctly classified, according to Discriminant analysis, for 

the two FUZZY groups. 

4 Groups 5 Groups 
Types of System B’ 59.8% Types of System B’ 47.2% 
Types of System A 19.5% Types of System A 19.5% 
Mediterranean types 55.1% Mediterranean types 50.6% 
Types of Hydro-ecoregions 27% Types of Hydro-ecoregions 23.6% 

 

 

Figure 2. FUZZY classification. The discontinuous curves include the samples belonging to a group with 50-75% 
coefficient of participation. The continuous one represents the samples with 75-100% participation. The schemas of 

rhombus represent the samples. Group (GR) 1 consists of one site from the river of Skouries (Chalkidiki) (samples i-i4), 
GR2 of the autumn samples from the rivers of Plastira lake (η5, θ5, λ4) and all the sites of Pinios (j, k, k’, l, l’, m, m’, n, 

r, r’, s), GR3 of the rest samples of Chalkidiki (d, d3, d4, e-e3, f-f3, g-g4, h-h2), Nestos river samples (y, z) and Dadia area 
samples (α, γ, γ’, δ. ε’, στ, στ’) and GR4 of the rest samples of the rivers from Plastira lake (η, η1, η2, η3, η4, θ, θ1, θ2, θ3, 

θ4, ι, ι1, ι2, ι3, ι4, ι5, ι6, ι7,κ, κ1, κ2, κ3, κ4, κ5, κ6, λ, λ1, λ2, λ3, λ4), all samples from Aoos river (a, a1, b, b1, c, c1), two 
samples from Aliakmonas river (u, x), one sample from Pinios river (o) and one sample from Dadia area (ε). The 
samples of Olympiada (d1, d2), one sample of the rivers of Pinios (n1), three samples of Aliakmonas (t, w, q) and 6 

samples of Dadia (α, β, β1, δ1, ζ, ζ1) do not belong to any group. 
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Figure 3. CCA ordination diagram with sites and descriptors of System A, System B’ and River Mediterranean types. 

3.4 ANOSIM Analysis 

For all typological river systems, the coefficient R of ANOSIM analysis was greater than 0.38 
proving that the types are overlapping. The pair-wise ANOSIM test showed that in: a) System A 
overlapped 10 from the 78 types, b) System B’ overlapped the 27 from the 187 types, c) River 
Mediterranean types overlapped R-M2 and R-M4 types and d) hydro-ecoregions overlapped 23 
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from the 35 types. In order to check the possibility of combining types, ANOSIM was analyzed and 
showed that R-M2 and R-M4 types may be joined. 

3.5 SIMPER analysis 

SIMPER analysis was applied only to the typological systems with the better discriminated types 
which were the System B’ and the River Mediterranean (Table 5). In the case of System B’ an 
average similarity of 51.28% existed among the types while the average dissimilarity was 61.11%. 
In the River Mediterranean types, the average similarity was 40.38%, while the average 
dissimilarity was 63.02%. Based on SIMPER analysis the types R-M2 and R-M4 were similar 
40.53% and the families contributing in that were Ceratopogonidae, Caenidae and Capniidae. The 
intra similarity of the structure of benthic macroinvertebrates communities in each River 
Mediterranean type was 43% based on SIMPER analysis and the intra dissimilarity between types 
was around 65%.  

4. DISCUSSION 

According to Dodkins et al. (2005), the main difficulties in the process of typology are: a) the 
different biological elements (fish, benthic macroinvertebrates, macrophytes and phytobenthos) 
used to estimate the ecological quality, which may not have the same geographic boundaries in their 
communities resulting to respond differently to a specific environmental parameter, b) the number 
of types (the probability is greater to find reference conditions when the number is small) and c) the 
correlation between the environmental parameters. Besides, Nõges et al. (2007) argue that the 
reference conditions cannot be considered as something static but something affected by changes. 
For this reason, the recommended monitoring of water bodies every six years, proposed by the 
Directive, include a revaluation of reference conditions. Reference conditions should be reviewed 
since climatic changes affect fundamentally the life cycle of different aquatic fauna, the food web, 
and thus changes in the entire ecosystem (Winder & Schindler, 2004; Nõges et al., 2007). For 
example, during periods of intense drought, reduction of population abundance, habitats, and food 
sources affect the structure of biocommunities (Lake, 2003; Matthews & Marsh-Matthews, 2004). 

From the above, it becomes obvious that the process of typology is extremely multifaceted and 
''sensitive''. In this study, the organisms used as a ''biological element'' are the benthic 
macroinvertebrates (identified mainly at a family level) because they are known to be good 
indicators of environmental parameters (Hawkes, 1979; Rosenberg & Resh, 1993; Adriaenssens et 
al., 2004). According to the principle of continuity of rivers (River Continuum Concept, Vannote et 
al., 1980), each river system is a continuum of physical gradients and consequent biotic adjustments 
of benthic macroinvertabrates except in the case of point and diffuse sources of pollution which 
interrupt this continuum. The structure and function of macroinvertebrate communities are affected 
by geological, physical and biological changes resulting into the differentiation of river type 
systems (Verdonschot & Nijboer, 2004). However it is of great importance to identify the abiotic 
descriptors that affect the structure of benthic macroinvertebrate communities. For instance, 
descriptors such as longitude, latitude and altitude enclose the information of climate, while 
geology refers to permeability and hydrology (Skoulikidis et al., 2009), although the diversity, 
sensitivity and richness do not differ among reference sites of different altitude. On the other hand, 
slope is known to be a very important parameter for the structure of the biocommunities (e.g. fish) 
and thus for the typology (Skoulikidis et al., 2006).  

Verdonschot and Nijboer (2004) analyzed 889 river systems in eight European countries 
(Austria, Czech Republic, Germany, Greece, Italy, Netherlands, Portugal and Sweden) under the 
AQEM project, concluding that the ecoregion is a satisfactory descriptor correlating with the 
distribution of benthic macroinvertebrates. Similar results were presented for Germany (Feminella, 
2000; Gerritsen et al., 2000) and Austria (Moog et al., 2004). On the contrary, catchment size was 
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not found to be correlated with the faunal distribution (Moog et al., 2004; Lorenz et al., 2004). 
Sandin & Johnson (2000), in their study for Swedish river systems, concluded that descriptors such 
as the altitude, the size of the river and the basin characteristics are the parameters that most 
influence the structure of communities of benthic macroinvertebrates rather than ecoregions. 
According to other studies (Lorenz et al., 2004; Wright et al., 1984; Wasson 1989) altitude, geology 
and geography, are the key parameters determining the structure of the fauna of running waters. 
Besides biological/ecological differences, as to macrozoobenthos, between river bodies of siliceous 
or limestone geology have been stated well before typology (Braukmann, 1997). According to 
Sandin & Verdonschot (2006), the study of which was held at a European level within the STAR 
project, the descriptors influencing the structure of communities of benthic macroinvertebrates are 
the climate data, slope and catchment’s area, too. Rundle et al. (1993) and Brewin et al. (1995) 
indicated that the size of the catchment area is the most important parameter that affects the 
structure of biocommunities, followed by the altitude. In this study, altitude, ecoregion and latitude 
and longitude, as well as geology, were descriptors with the highest discriminating strength 
according to the typological system used (A, B’, River Mediterranean and Hydro-ecoregions’). 
CCA analysis demonstrated that altitude is the most important descriptor in Northern and Central 
Greece for both System B’ and the River Mediterranean types. Geographical coordinates comprised 
the second important parameter for System B’, while geology for the River Mediterranean RM 
types.  

In ecology, there is a controversy about whether biocommunities can be described as discrete 
integrated units (Adriaenssens et al., 2004), since levels of ecological organization and the issue of 
defining biocommunities is directly dependent on the scale used (Palmer and White, 1994; Palmer 
et al., 1997; Adriaenssens et al., 2004; Pinto et al., 2006). Consequently, in some studies, 
parameters such as the type of substrate (Rawer-Jost et al., 2004) or the characteristics of the 
channel or the distance from the source (Hawkins et al., 2000) were found as the most important. In 
the model RIVPAC, are included descriptors, more or less general and obvious and more complex 
than in the system A of the WFD (Artemiadou, 2007). According to Kokeš et al. (2006) and Sandin 
& Verdonschot (2006) models based on the philosophy of RIVPAC offer more valid resolution 
among river systems than typological systems based only on general abiotic descriptors. 

System A follows a bottom up approach since, apart from the geomorphological descriptors, it 
uses ecoregions. The 25 ecoregions, that Europe is divided, are based on the distribution of aquatic 
fauna except protozoa (Limnofauna Europaea) (Illies 1978), coming mainly from Northern Europe 
and less from the Mediterranean area (Wasson et al., 2007). However, using the System A is a 
problem when a river overlays in two ecoregions, as is the case of Vardar-Axios river 
(transboundary Balcan river) that belongs to ecoregions 6 and 7. Additionally, System A provides 
specific limits/categories for each descriptor and confines flexibility. The implementation of the 
System B’ according to the WFD, the River Mediterranean typology and the French and Italian 
Hydro-ecoregions’ typology (Cemagref Institute) implemented in this paper, follow a top-down 
approach, because they use only the hydromorphological/climatological descriptors. System A has 
been officially adopted by England, Wales and Ireland, while System B has been followed by 
Germany, Hungary, France, Italy and Cyprus. The approaches though to the typological system 
followed by each Member State are not similar (Sandin et al., 2000; Verdonschot & Nijboer, 2004; 
Skoulikidis et al., 2004).  

The condition imposed by the WFD, namely to apply the same degree of separation in the 
implementation of other typological systems than A (36 possible types) may not be applied in the 
case where it is found statistically that the types separation by another System is better or in the case 
that one of the descriptor hides a number of other descriptors (Wasson et al., 2007), as it is the 
Hydro-ecoregions’ typology in Greece. The latter typological System arrives at 19 types in Greece, 
whereas in the countries of France and Italy – having a much greater surface- arrives at 124 and 80 
types respectively. To the other hand, the categorization of abiotic descriptors is extremely 
important, as a slight change is likely to affect the final result of typological system (Aroviita et al., 
2008). Dodkins et al (2005) conclude that the System B typology gives better biota separation in the 



14 M. Lazaridou et al.  

 

reference sites than System A. In Germany, Austria and the Czech Republic, changes in the 
categorization of the altitude (following System B) also gave better typological biota separation 
than System A (Rolauffs et al., 2004; Aroviita et al., 2008). The same was found in Germany 
(Hering et al., 2004) and Belgium (Αdriaessens et al., 2007). In this study, benthic 
macroinvertabrates samples from the same site were separated as to the ecoregion (samples of sites 
from the rivers of the basin Plastira belonging to ecoregion 6) suggesting that, at least at the family 
level, benthic macroinvertabrates do not characterize an ecoregion, which is an obligatory 
descriptor of System A. Additionally, according to discriminant analysis of the present work, 
FUZZY groups, of macroinvertebrate communities of reference stations, from System B’, where the 
categorization of its abiotic descriptors are different than in System A, and the River Mediterranean 
types had a higher similarity than the other two systems (A and that of Hydro-ecoregions). The 
latter results show that the typological System B’ and that of River Mediterranean types better fit to 
the Greek rivers. Additionally, according to Munné & Prat (2004), many of the types encountered 
may be joined if they show similar structures in the communities of benthic macroinvertebrates. In 
order to check the possibility of combining types, ANOSIM was analyzed and showed that R-M2 
and R-M4 types may be joined. The latter result is consistent with the analysis of FUZZY since 
these types belong in the same group. SIMPER analysis between these types gave 40.53% 
similarity. The families contributing to this are the Ceratopogonidae, Caenidae and Capniidae. The 
similarity of the structure of benthic macroinvertebrates communities in the same River 
Mediterranean type was estimated 43% by SIMPER analysis and the dissimilarity between types 
was around 65%. The taxonomic groups that contributed significantly to all types were almost the 
same, not being able to find biological type-specific conditions at the family level. From the above, 
it is clear that it is not possible to separate clearly the benthic communities per River Mediterranean 
type.  

The conclusions of the technical report on the exercise of Intercalibration for the River 
Mediterranean (2007) are in agreement with these results. According to this, the base of reference 
stations of STAR_ICMi, being used for a comparison of existing national quality limits, is not 
divided to types. The comparison between families of benthic macroinvertabrates of the different 
Intercalibration types (R-M1, R-M2, R-M4, R-M5) indicated that there is a small variation at the 
family level which resulted in the combination of all data of types to a common base, regardless of 
the type they belonged to. This may be attributed to the low number of stations from the Member 
States participating in the exercise (WFD, Mediterranean GIG Intercalibration technical report, 
2007). In this study, ANOSIM analysis for types of System B’, resulted to R value equal to 0.587 
which means, according to Clarke & Gorley (2001), that there is an overlap between the System B’ 
types. Additionally, based on SIMPER analysis dissimilarity among types was 53% and similarity 
47%. Moreover, pair-wise ANOSIM test among all possible types of system B’ (R <0.25) showed 
that System B’ types overlap. In the case of River Mediterranean types the same taxa contribute in 
different types but with a different percentage. Consequently there were no clear specific biological 
reference conditions between the types, at least at the family level. 

5. CONCLUSIONS 

There are no clear specific biological conditions, at least at the family level of benthic 
macroinvertabrates for all the investigated types (Systems A and B’ according to WFD 2000/60 
E.C., the River Mediterranean types and hydro-ecoregions’ system applied by the Institute of 
CEMAGREF, France).  

The comparison of the efficiency of the above mentioned European typological systems, based 
on 98 reference sites from the catchment areas of Northern and Central Greece, showed that types, 
based on the composition of benthic macroinvertabrates communities, were better separated (R-
ANOSIM) using System B’ (according to the System B of the WFD) and the River Mediterranean 
types. System B' types presented less overlap between them (higher R-ANOSIM), whereas the 
River Mediterranean descriptors best explained the ordination of reference samples (CCA). 
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It is proposed the use of System B in the process of the selection of sampling stations for 
monitoring, especially upstream and downstream of point sources of pollution, and the River 
Mediterranean types for the estimation of ecological quality. Ιntercalibrated National biotic indices 
can also be used for the water quality assessment since the European Polymetric index STAR_ICMi 
may be applied only for R-M1, R-M2 and R-M4 river types in Greece. 
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