Contribution to the ecological quality of Aliakmon river (Macedonia, Greece): a multivariate approach
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Abstract

In the present study, an attempt was made to estimate the water quality of Aliakmon river using five biotic scores (based on benthic macroinvertebrates), physicochemical variables and multivariate data analyzes. Benthic and chemical samples were obtained from 20 sites, during the low flow season (September,1995). Benthic macroinver​tebrates were collected with the three minute kick-sweep method and several physicochemical parameters (D.O., pH, temperature, nutrients etc.) were measured. The multivariate techniques FUZZY and CANOCO were applied to the data. Aliakmon river appeared to have poorer water quality during the low flow season than during the high flow season as determined by comparison with a previous survey undertaken in April 1995. The upstream sites had better water quality than the downstream sites. The performance of the biotic scores was generally satisfactory; but in some cases they were deficient in distinguishing between running waters of good and excellent water quality. On the contrary, the multifactorial analyzes, which consider the abundance of the taxonomic groups, appeared to be more appropriate for the classification of the sites based on the structure of their biocommunities.

Introduction

Many of the streams and rivers suffer from the anthro​pogenic effects of abstraction and regulation. Accord​ing to the proposed EU directive (C 184/20/17.6.97), all Member States are obliged to establish national freshwater monitoring networks by the end of 1999. Many countries of the EU have specialized organisa​tions or institutions to undertake the regular monitor​ing of running waters (e.g. Environment Agency in U.K., Agence de Bassin in France, La Direccion Gen​eral de Calidad de las Aguas in Spain). Greece is one of the EU countries that does not have a national or regional network.

In this directive, one expression of the quality of running waters is the `ecological status', refering to the biological elements of this ecosystem as well. Pollution biomonitoring of freshwater is already wide​spread because it provides information on the water quality and ecology before and during sampling, while the chemical approaches characterize the water sys​tem only during sampling (Metcalfe, 1989; Carr & Chu, 1999). However, the ideal method of pollution monitoring combines both physicochemical and biotic aspects.

Biomonitoring includes both sublethal changes at the cellular or tissue level (Vukmirovic et al., 1994; Cajaraville et al., 1995), and changes in community structure (Prat et al., 1984; Lafont & Juget, 1988; Barmuta, 1988; Graca et al., 1989; Quinn & Hickey, 1990; Castella et al., 1995). The use of changes in community structure to monitor pollution, commonly involves benthic invertebrates since this group is con​sidered the most appropriate biotic indicator of water quality in EU countries (Metcalfe, 1989), including Greece (Anagnostopoulou,1992).

A study of the applicability of two biotic indices and three scores was carried out in the Aliakmon river during the high flow season in April 1995 (Yfantis et al., 1996). In this study, the low flow season (Septem​ber,1995) was chosen in order to compare the quality of the water during a period of the year when the dis​charge is low and agricultural, urban and industrial activities increase. This river was chosen because it has a typical mediterranean hydrological regime and it is one of the longest rivers in Greece exclusively within Greek territory. It receives urban effluents, in​dustrial discharges and surface runoff mainly from agricultural land. Twenty sites were sampled dur​ing the low flow season (September, 1995). For the classification of the 20 sites, both the benthic macroin​vertebrates and the physicochemical characteristics of the sites were taken into consideration.

Study area description

The springs of the Aliakmon river are situated in the Grammos and Vernon mountains, in north-western Greece. It discharges into the gulf of Thermaikos. Along the river course, a series of artificial lakes has been formed following the construction of three hy​droelectric dams. The catchment area is 8700 km2 and consists of alluvial deposits, a few ophiolites, gneisses, schists and amphibolites (Bornovas & Rondogianni​-Tsianbau,1983). The physicochemical characteristics of Aliakmon river have been studied by Kouimtzis et al. (1994). The maximum discharge varies according to the year (from 3.58 mils in July 1989 to 141.49 mils in April 1991) and nutrients and major ions fulfill the required standards for drinking water (Kouimtzis et al., 1994). Studies have also been carried out on zooplankton abundance and taxonomic composition. Zooplankton abundance was very low along the length of the river except for the lakes of the river. It cor​related with water temperature, suspended solids and NO3-N at the upstream stations and with NO2-N and PO4-P at the downstream stations (Zarfdjian et al., in prep.). Fish fauna was found to be richer in the downstream Aliakmon sites than in the upstream sites (Economidis et al.,1981).

Twenty sampling sites situated upstream and downstream of the lakes were chosen in relation to point - or non-point pollution sources in September 1995 (see Figure 1). Two of the upstream sites (Melas and Nestorio) are situated on two different tributaries from which Aliakmon river originates. Four of the upstream sites (Ammoudara, Neapoli, Grevena and Panagia) are located along the main course of the river. The rest of the upstream sites belong to different trib​utaries: Kostarazi is on the Gioli stream that receives water from the lake overflow and the treated wastes from the waste treatment plant of Kastoria, Gre​veniotis site is on the homonymous tributary, down​stream from the city of Grevena, and Trikomo and Eleftherohori are located on the Venetikos tributary. Trikomo is situated near the springs of the stream and Eleftherohori on its juction with Aliakmon river (see Figure 1). All the upstream sites do not receive sig​nificant amounts of pollutants apart from Kostarazi (sewage wastes) and Greveniotis (sewage and indus​trial wastes). The downstream sites are located on tributaries of the Aliakmon, the rivers Moglenitsas, Edesseos and the drainage channel, Canal 66 (see Figure 1). These tributaries are subject to agricul​tural (pesticides and fertilizers), urban (sewage and detergents) and industrial (mainly fruit and vegetable canneries) sources of pollution (Kouimtzis et al.,1992; Grammatikopoulou et al., 1992; Anagnostopoulou, 1992).

Materials and methods

Sampling of macroinvertebrates and water

Two samples of benthic macroinvertebrates were taken at each site with the 3-minute kick-sweep method (Ar​mitage et al.,1983), using a standard pond net (surface 575 cm2, mesh size 900 mm, depth 27.5 cm). During the three minute period, all the habitats at each site (submerged macrophytes, bankside macrophytes, bare substrate) were sampled. The samples were placed in plastic bottles and preserved in 4% formaldehyde. On return to the laboratory, the animals were sorted us​ing a 500 mm mesh sieve and a magnifying lens and preserved in 75% ethanol: Identification of the inver​tebrates was made to the lowest possible taxonomic level.

Surface water was sampled using 1 1 polypropyl​ene sampling bottles. The samples were transfered in a portable refrigerator to the laboratory and the determ​inations were carried out in filtered water (except for total-P). Results of nutrient analyzes were provided by Dr Bobori.

Biotic scores

Having no Greek biotic score or index, five European biotic scores were applied to the samples: the Bio​logical Monitoring Working Party (B.M.W.P ) score (Chesters, 1980), the Average Score Per Taxon (A.S.P.T.) (Armitage et al.,1983), the Lincoln Quality Index (LQI) (Extence et al., 1987), the Iberian Biological Monitoring Working Party (B.M.W.P.’) (Alba-Tercedor & Sanchez-Ortega, 1988) and the Iberian A.S.P.T. (A.S.P.T.’) (Rodriguez & Wright, 1987).
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Figure 1. Catchment of Aliakmon river and its tributaries. Sites are numbered and marked by a circle. The cities are given with a square. The

pies represent the percentage composition of the benthic fauna at each site (September, 1995).




Physicochemical parameters

Several physicochemical parameters (substrate, flow, pH, temperature, total suspend solids, total dissolved solids, conductivity, dissolved oxygen, Po4-P, total-P,NO3-N,NO2-N,NH3-N) were measured.

Substrate was estimated visually by percentage occurance of the follwing particle categories using the Wentworth scale: clay/silt (<0.0625 mm), sand (0.0625-2 mm), gravel (2-4 mm), pebbles(4-16 mm), cobbles (16-256 mm), boulders (>256 mm). In situ measurements of pH, disolved oxygen (D.O.), temperature, conductivity and total disolved solids (TDS) were measured using a digital meter (Ciba Corning M90) with the appropiate probes. Water velocity was measured using a flow meter. Water samples were filtered through a 0.45 mm ‘millipore’ mebrane and analyzed for PO4-P,NO3-N,NO2-N and ammonia-N according to APHA (1985). Total suspended solids (TSS) were measured as the weight of material retained by the fibre-glass filters. Total-P was carried out on unfiltered samples.

Statistical analyszs

The relationships between the macroinvertebrate taxa [transformed to ln(x+1)] and the physicochemical  parameters and sampling sites were analyzed by Canonical Correspondence Analysis (program CANOCO,Ter Braak,1988). This method escapes the assumption of linearity and is able to detect unimodal relationships between species and external variables. It is particularly suited for a forward selection of environmental variables in order to determine which variables best explain the species data. CANOCO, which is an extension of DECORANA (Hill, 1979a), selects a linear combination of environmental variables, while it maximizes the dispersion of the scores of the species.It does not assume linear relationships between species and environmental variables. Pro​gram CANOCO can analyze 1000 samples, 700 spe​cies, 75 environmental variables and 100 covariables (total data size < 80.000). The placement of the sites or species in the graphs is carried out by the program with regard to the physicochemical parameters.

A clustering technique known as FUZZY, (Equihua,1990) based on fuzzy sets, was used to ob​tain both ordination and classification. This technique is an extension of Twinspan (Hill, 1979b), and is par​ticularly well suited for ecological analyzes where no clear-cut transition from one class to another and many intermediate situations may occur. It does not assume the existance of discrete benthic populations between the various stretches of a river system, but identi​fies the continuum and gradual change in their faunal composition. The maximum FUZZY partition coeffi​cient is usually low (0.5-0.7) and it rarely exceeds the value of 0.9, which confirms the fact that communities are formed along gradients, without sharp boundaries. Two opposite requirements must coexist:

(a) the production of a discriminating partition en​abling unambiguous feature extraction and,

(b) the intentional introduction of fuzziness to rank data memberships (Equihua,1990).

The grouping of sampling sites is based on the as​semblages of benthic macroinvertebrates. The parti​cipation of each site to each cluster is expressed by its membership values. In order to obtain the best results, multiple fuzzy sets are run. The selected one possesses the higher partition coefficient and the lowest number of clusters. The sites' membership values from the chosen fuzzy set are the ones used for their clustering.

Results

Physicochemical parameters

The upper reaches of the Aliakmon river are character​ized by a substrate mainly if coarse material (cobbles, pebbles, gravel) except at Melas and Greveniotis where 50% was made of clay, (see Figure 2) whereas the majority of downstream sites were more depos​itional, consisting of finer particulates (gravel, sand, claylsilt). However, the sediment of Aridea, Xifiani, Saligar, Sh. Aristotelous and Ag. Varvara consisted of at least 50% coarse material (see Figure 2).

The results of the other physicochemical character​istics of the water are presented in Table 1. Discharge was low and varied from none (Vodas) to 11.3 m3/s (Niseli). Water temperature varied from 13.4 to 21.5 °C and pH from 7.11 to 8.58. Dissolved oxygen varied from 4.1 mg/1 (Ag. Georgios) to 12.1 mg/l (Panagia and Xfiani). Conductivity varied from 262 mS (Melas) to 780 mS (Greveniotis). The range of total dissolved solids was from 139 mg/l (Melas) to 389 mg/1 (Gre​veniotis). Total suspended solids were higher upstream (except for Melas and Nestorio) than downstream.

Total phosphorus ranged from 0.011 mg/l (Elefther​ohori) to 3.18 mg/1. (Greveniotis). Ammonia was low, as were nitrites (NO2-N) and nitrates (NO3-N), which were higher in Canal 66 (Kouloura). Among the upstream sites, NH3-N was 1.356 mg/l at Kostarazi and 1.159 mg/l at Greveniotis and was higher than the E.U. levels.
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Biotic scores

Using the five biotic scores, the same pattern of results was obtained for the different sites but the A.S.P.T. and the Lincoln index were the most informative (as shown in Table 2), although the interpretation of the latter stands totally only for English running waters. According to the number of high scoring taxa and the Lincoln index, the upstream stations had excellent wa​ter quality, except for Kostarazi and Greveniotis which had good quality, whereas the downstream stations had moderate to very poor quality apart from Aridea, Xifiani and Ag. Varvara which had excellent water quality.
Table 1. Values of physicochemical parameters at Aliakmon sites (September, 1995). The values which exceed the EU suggested levels for drinking water are indicated with underlined characters and the ones exceeding the permitted levels with bold characters

       


Sites
D.O.%    D.O.mg/l
pH
Temp. 0C
Cond.
TDS
TSS mg/l 







μS
mg/l


Melas
82
9.2
7.28
13.4
262
139
2

Nestorio
89
8.6
8.1b
18.85
276
143
7

Ammoudara
92
8.9
7.53
16.1
392
195
8.2

Neapoli
82
8.1
7.39
15.95
416
210
48.8

Kostarazi
75
7.1
7.57
16.6
628
316
5.3

Grevena
53
5.3
8.15
16.65
426
212
40.7

Trikomo
104
10
8.05
18.1
288
145
46.5

Greveniotis
75
7
7.79
19.2
80
389
10.1

Eleftherohori
105
9.2
8.57
23
348
176
51.1

Panagia
137
12.1
8.58
20.8
429
215
41.5

Arid.-Exapl.
101
9
7.76
18.7
437
217
2.2

Xifiani
139
12.1
8.33
19.8
392
196
6.4

Prof. Hlias
128
11
8.45
21.55
406
202
2.8

Bodas
111
10
7.11
18.8
501
205
1.1

Saligar
99
8.8
7.96
19.3
579
293
13.3

Ag. Georgios
45
4.1
7.46
20.7
523
262
1.8

Sch. Arist
94
9.3
7.95
14.2
506
249
15.2

Kouloura
65
5.6
7.4
20.2
510
255
4

Ag. Varvara
114
10.2
8.06
20.2
376
188
0.7

Niseli
75
6.8
7.67
20.8
471
236
4.9


Sites
Disch.
NO3-N mg/1
NO2-N mg/l
NO3-N mg/l
PO4-P mg/l
tp mg/1




m3/s


Melas
0.37
0.396
0.02
0.077
0.052
0.07



Nestorio
1.11
0.063
0.005
0.026
0.027
0.031



Ammoudara
4.31
0.968
0.034
0.177
0.095
0.3



Neapoli
8.5
1.177
0.012
0.041
0.035
0.102



Kostarasi
-
1.557
0.293
1.356
1.296
2.894



Grevena
2.1
1.112
0.006
0.039
0.090
0.096



Trikomo
1.43
0.032
0.005
0.024
0.028
0.047



Greveniotis
-
1.56
0.37
1.159
0.964
3.18



Eleftherohori
3.84
0.256
0.006
0.026
0.011
0.011



Panagia
8.6
0.471
0.011
0.028
0.047
0.06



Arid.-Exapl.
3.65
0.978
0.009
0.037
0.035
0



Xifiani
2.b
0.876
0.046
0.136
0.089
0.106



Prof. Hlias
3.5
0.827
0.033
0.065
0.074
0.078



Bolas
0
0.049
0.006
0.035
0.011
0.019



Saligar
0.83
1.862
0.046
0.061
0.128
0.135



Ag. Georgios
11.2
0.557
0.091
0.328
0.055
0.08



Sch. Arist
0.41
1.29
0.11
0.909
0.144
0.346



Kouloura
9.4
1.307
0.103
1
0.116
0.19



Ag. Varvara
-
0.535
0.011
0.051
0.019
0.044



Niseli
11.3
0.483
0.049
0.295
0.144
0.153

Table 2. Abundance of benthic macroinvertebrates, B.M.W.P. taxa and values of the biotic scores applied at Aliakmon sites (September 1995). The numbers in the parentheses show the abundance of benthic macroinvertebrates in April 1995. Wherever the abundance of macroinvertebrates is higher in September than in April, it is indicated with bold characters


Sites
Abundance of
Number of
Number of high-
BMWP
A.S.P.T.

L.Q.I.

B.M.W.P’
A.S.PT.’



benthic
BMWP taxa*
scoring BMWP taxa










macroßnvertebrates

(8 &10 score)








Melas
498 (4854)
12
5
80
6,66
5,5
A+
Excellent
77
6,42

Nestorio
378 (453)
12
7
83
6,9
6
A++
Excellent
102
6,8


Ammoudara
766 (4431 )
22
9
149
6,77
7
A++
Excellent
157
6,54

Kostarazi
5149 (4025)
14
3
71
5,07
4,5
A
Good
70
4,67

Neapoli
803 ( 1763)
15
7
96
6,4
6,0
A++
Excellent
93
6,2

Grevena
336 (3958)
13
4
77
5,92
5
A
Excellent
78
5,6

Trikomo
7l (617)
12
5
74
6,16
5,5
A+
Excellent
78
6


Greveniotis
444 (2320)
10
2
47
4,7
4,5
A
Good
62
4,77


Eleutherochori
97 (484)
14
7
97
6,93
6
A++
Excellent
95
6,33

Panagia
785 ( 142)
15
7
103
6,87
6,5
A++
Excellent
108
6,35


Arid.-Exaplat.
6449 (3916)
15
4
82
5,47
6,0
A++
Excellent
83
5,19

Xifiani
1267 (2840)
14
4
81
5,78
5
A
Excellent
77
5,13

Prof. Ilias
216 (561 )
17
2
76
4,47
4,0
C
Good
73
4,29

Vodas
27 (49)
7
0
19
2,71
2
G
Poor
22
2,75

Saligar
24 (2406)
1
0
2
2
1
I
Very poor
6
3


Ag. Georgios
95 (365)
3
0
9
3
1,5
H
Very poor
38
3


Sch. Aristot.
2610 (635)
10
1
38
3,8
3,0
E
Moderate
89
3,8

Kouloura
197 (3534)
5
0
17
3,4
2
G
Poor
17
2,8


Ag. Varvara
407 (396)
8
1
43
5,37
5
A
Excellent
44
4,89

Niseli
370 (1935)
6
0
23
3,83
3
E
Moderate
29
3,63

*The BMWP taxa do not represent the total number  of  taxa per site, since several  of  them are not included in the biotic indices or scores.

Benthic macroinvertebrates

Twenty thousand, nine hundred and eighty-nine indi​viduals were sampled and sixty-six benthic macroin​vertebrate taxa were identified during this study. Sev​eral of them were not included either in the biotic indices or scores, because they are not taken into con​sideration in the different European indices or scores. The dominant taxa were: Leuctra spp. (Plecoptera), Ecdyonurus spp., Ephemerella spp., Baetis spp. and Caenis spp. (and occasionally Ephemera spp. and Pot​amanthus luteus) (Ephemeroptera), Hydropsyche spp. and Psychomyia pusilla (Trichoptera), Gomphidae (Odonata), Ferrissia spp., Planorbis spp., Physa spp., valvata spp. (Gastropoda), Gammarus spp. (Amphi​poda), Elminthidae (Coleoptera), Chironomidae and Tabanidae (Diptera), Erpobdellidae (Hirudinea) and several taxa of Oligochaeta. The abundance of benthic macroinvertebrates varied and at Kostarazi, Panagia, Arid.-Exaplatanos, and Sh. Aristotelous it was higher in September than in April, while at Ag. Varvara it was almost the same (as shown in Table 2).

Regarding the high-scoring taxa, Plecoptera were recorded at upstream sites (see Figure 1) and at Aridea-Exaplatanos, which is located in the northern part of Moglenitsas river. Among the upstream sites, Plecoptera were most abundant (highest number of in​dividuals) at Panagia but accounted for only 7% of all macroinvertebrates found in that site. Trichoptera were recorded mainly at the upstream sites. The per​centage composition of this taxon ranged from 0.06% (Kostarazi) to 48% (Nestorio). Ephemeroptera were found at all upstream and downstream sites, except for Saligar, Ag. Georgios and Kouloura. Ephemeroptera constituted from 0.8% (Niseli) to 56% (Neapoli) of the total taxa founa per site. Odonata were recorded at eight upstream sites and at three downstream ones, but their percentage contribution was 1ow (see Figure 1).

Concerning the low-scoring taxa, Diptera were present at all sites apart from Ag. Georgios, and Chiro​nomidae were the dominant dipteran family. This order varied greatly in abundance and contributed between 0,003% (Kopanos) and 67% (Niseli) to the total taxa found per site. Amphipods (Gammarus spp.) were found at seven out of twenty sites and con​tributed between 0.7% (Ammoudara) and 90% (Arid. Exapl.) of the taxa found. Oligochaeta were recorded at all sites apart from Saligar, Ag. Georgios and Ag. Varvara; at Kostarazi they accounted for 45%. Gast​ropoda were collected at five upstream sites and at six downstream ones accounting for 68% at Ag. Georgios. The rest of the taxa (Coleoptera, Hirudinea, Bivalvia, Hemiptera and Lepidoptera) never constituded more than 8% of the macroinvertebrate fauna at any site.

CorE: Inter set correlations of environmental variables with axes

Name
Axis 1
Axis 2
Axis 3
Axis 4


Extracted
0.1407
0.0925
0.1014
0.0718


D.O. mg/l
-0.1242
-0.4849
-0.2553
0.0930

PH

-0.27840
-0.1980
-0.4781
0.3150


Temperature
-0.1499
0.1061
-0.7507
0.3054


TDS
0.2629
0.2257
-0.0830
-0.1619


TSS
-0.7833
0.2691
0.1385
-0.0232


Discharge
-0.3827
0.6020
-0.0654
0.2275


NO3-N
0.2212
0.1881
0.0167
-0.5011

NH3-N
0.4746
0.1331
0.1539
-0.2373


P04-P
0.2184
-0.0878
0.0273
-0.2437
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Statistical analyses

The successive eigenvalues of the four axes of CANOCO indicated a well-structured dataset (see Fig​ures 3 & 4). The first two axes explained 55% of the variance. TSS (-0.7833) was the variable best correl​ated with the first axis, whereas the second axis was best correlated with discharge (0.6020). Interpreting the results of CANOCO site analysis, Ag. Georgios and kouloura were set apart as outgroup sites because of their high discharge (see Figure 3). The upstream sites (except for Melas, Kostarazi and Greveniotis) were placed together in relation to TSS (see Figure 3). The downstream stations (including the three up​stream stations mentioned above) were put (see Figure 3) on the opposite side of the TSS variable, which is on the positive side of axis 1. The nutrient parameters (NO3-N, NH3-N and PO4-P) were the next variables best correlated to the first axis (see Figure 3). As to the macroinvertebrates, CANOCO placed the rare and unique taxa (e.g. Dytiscidae, Physa spp. etc.) at the edges of the diagram and the taxa characteristic of the upstream stations at the negative part of the first axis (see Figure 4) in relation to TSS.

With FUZZY analysis, the sampling sites were grouped into four clusters. (see Figure 5). The com​position of the benthic macroinvertebrate communities was so different in Koulouraand Ag. Georgios as to justify the separation of these sites from all others as

different clusters (C & D). Cluster A comprised the upstream sites of Aliakmon river apart from Melas and Kostarazi, whilst cluster B included the downstream stations (except for Ag.Georgios, Kouloura and Prof. Ilias and Vodas from which the first two were differ​entiated as seperate clusters and the third as outgroup) with Kostarazi and Melas.

[image: image5.png]Figure 5. Classification of the Aliakmon river sites with the FUZZY method based on the invertebrate fauna. The scale of the two axes has been
enlarged. The correct coordinates of clusters C anb D with their sites are given below and above their graphical representation. The membership
of each site to each cluster is given below. The membership values which are between 0.5
whereas the ones 0.75 and more with bold characters in the table below. The convergence criterium and other parameters about the analysis are
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Discussion

River management (e.g. damming), point sources of pollution and diffuse loads of agricultural runoff all af​fect macrobenthos communities. In the case of Aliak​mon, the human interference in the natural flow of the river is evident since three artificial lakes divide the river into two parts. The first one flows through a mountainous and woodland area with small towns, receiving little sewage (at Kostarazi and at Greveni​otis) and little industrial (at Greveniotis) wastes. The second part, after the lakes, flows through a plain area with cities, extended agricultural land and industrial activities (Kouimtzis et al., 1992; Grammatikopoulou et al., 1992). The upstream part of the river (except for the stations Melas, Kostarazi and Greveniotis) was rather homogeneous having more sensitive and thus high scoring taxa than the downstream stations (as shown in Table 2), whereas the low scoring taxonomic groups were almost equally present in all of the sites (Figure 1 ). Slight differences, among the rest upstream sites, as to their fauna composition, were probably due to hydrological or physicochemical differences (as shown in Table 1).

Melas, despite its physicochemical characteristics (as shown in Table 1) which indicated good water quality, appeared to have similarly poor fauna with dowstream sites in September. This was not in agree​ment with the results of the servey in the high flow season (April, 1995), where this site was very charac​teristic for the richness and the sensitivity of its fauna (Yfantis et al., in press). In this study, although the temperature was low enough to permit the presence of Plecoptera, the most sensitive taxon, (Hynes, 1970; Hellawell, 1986), only one specimen was captured. In contrast, at Kranionas, a site near Melas in the catch​ment area of Aliakmon, with similar physicochemical characteristics, Copeland et al. (1997) found a lot of Plecoptera in September 1995 (75 individuals were captured). Since there aren't any known intensive hu​man activities near Melas, the absence of Plecoptera at this site was probably due to: a) the erosion ef​fect which caused a change in Melas substrate (almost 50% clay/silt) inhabited by 1ïù-scoring taxa (whereas in April it had no clay/silt) and b) the decreased dis​charge in all of the sites (in April the mean discharge was 16.6+3.5 m3/s whereas in September (d)=4.3+1 m3/s) and especially in Melas station (2.19 m3/s in April and 0.37 m3/s in September). Additionally, in September 1995, at Kranionas, the substrate com​prised less silt/clay (38%) and the dicharge was higher than at Melas (0.59 m3/s) and so the Plecoptera were abundant.

The performance of the biotic scores (as shown in Table 2) also showed `excellent' water quality at the upstream sites with the exception of Kostarazi and Greveniotis. However, Melas, despite having `ex​cellent' water quality according to the indices, was placed with the downstream stations by CANOCO and FUZZY, too, for the reasons mentioned above. This proves that the European indices do not totally match to the Greek hydrological peculiarities, and that they have to be modified or new ones must be created. The deficiencies observed in their performance are prob​ably due to the fact that they do not include several taxa found in the samples (e.g. families of Diptera and Ephemeroptera). In addition, the biotic scores used are mainly based on the presence-absence of specific taxonomic groups and do not take their abund​ance into account, thus they are not quite as effective in distinguishing running waters of moderate, good and/or excellent quality. In April, all the biotic in​dices showed `excellent' water quality at Melas and its benthic fauna was rich and sensitive.As a result both statistical analyzes (CANOCO and FUZZY) regarded this site as an outgroup. Kostarazi and Greveniotis, be​ing located downstream of important point sources of pollution (Kastoria town and Grevena town) had their fauna composition affected by them. The performance of the biotic indices showed `good' quality of wa​ter and consenquently they were both placed with the downstream sites by both statistical methods, while in the April 1995 survey, only Kostarazi was placed with the downstream stations.

Concerning the physicochemical parameters, the fact that total suspended solids were higher in the upstream sites is probably due to the high gradient of upstream sites. During the high and the low flow season, at Aliakmon river conductivity was higher than the E.U. suggested levels (400 mS) (EU directive 80/778/15.07.80) for drinking water in most of the sta​tions. Eleftherohori had the highest suspended solids, because of erosion effect. Kouloura (Canal 66) from the downstream sites, and Kostarazi and Greveni​otis from the upstream ones, had the highest NH3-N, NO2-N and NO3-N (higher than E.U. levels) be​cause they receive sewage as well as industrial wastes, whereas Canal 66 (Ag. Georgios, Kouloura) also re​ceives a lot of agricultural wastes (Grammatikopoulou et al., 1992). The concentrations of the nutrients at the above mentioned three sites were higher during the low flow season than in the high flow season due to the lower discharge. Additionally, Kouloura site was more affected during the low flow season than in the high flow one because of the seasonal industrial activities in the cathment area of Canal 66 (Grammatikopoulou et al, 1992).

Comparing the results of this study with the survey undertaken at Aliakmon river in April 1995 (Yfantis et al., in press), the benthic fauna was less diverse in September (113 taxa found in April, while only 66 in September) and less abundant (20 989 individuals cap​tured in September and 39 684 individuals in April) (as shown in Table 2). At Kostarazi, Aridea-Exaplatanos and Sh. Aristotelous though, the total number of in​dividuals was higher in September than in April due to the great abundance of Ampipoda, while at Panagia the total abundance was higher in September because of the Ephemeroptera Baetis sp. and Ecdyonurus sp. Additionally, high-scoring taxa were less in Septem​ber than in the high flow season. Hence, the biotic indices and scores had lower values indicating that the water quality of Aliakmon was poorer during the low flow season than during the high. It seems that in the mediterranean ecosystems, the water quality be​comes worse during the low flow season, especially in the rivers where seasonal industrial activities coincide with the low discharge (Anagnostopoulou,1992).

According to the statistical analysis, CANOCO, the upstream sites (except for Melas, Kostarazi and Greveniotis) were placed at the negative part of axis 1, which was mainly correlated with TSS (see Figure 3). Melas, Kostarazi and Greveniotis were set together with the downstream sites at the positive part of axis 1, which was well correlated with the nutrient paramet​ers (NO3-N, NH3-N and P04-P). Melas was placed with the downstream sites because of the similarity of its benthic fauna with theirs, whereas Kostarazi and Greveniotis because of their similar fauna with the downstrean stations and their high values of ni​trates, ammonia and orthophosphates. Kostarazi was comprised mainly of Oligochaeta and Gammaridae and Greveniotis of Oligochaeta and Diptera. Their water quality was poorer since the levels of N02-N and NH3-N were much higher than the other up​stream sites and higher than the EU permitted levels as a result of the sewage wastes from Kastoria in the case of Kostarazi and sewage and industrial wastes at Greveniotis. Although Melas was the first site in the system and the chemical caracteristics of its wa​ter were almost similar to that of the other upstream sites, it was placed with the downstream stations be​cause of its lower TSS and discharge and the fact that it was mainly comprised of low-scoring taxa (Gast​ropoda 15%, Gammaridae 47% and Diptera 11%). Among the downstream sites, some were differen​tiated because of their fauna (Ag. Georgios) or/and water quality (Kouloura). Comparing with the res​ults of CANOCO analysis in April (Yfantis et al., in press), the downstream sites were differentiated from the upstream stations as did in this study, with two ex​ceptions: Kostarazi and Niseli. The former, Kostarazi, affected by the sewage of Kastoria, was placed with the downstream sites with poorer water quality for the same reasons as in September. The latter, although it was the last sampling site on the river body, it was placed with other upstream sites which had very good to excellent water quality according to the indices (the fauna) and the physicochemical parameters, showing the high purification capacity of the system. However, this was not possible to be detected chemically in the surface water of this station (Niseli) in April. The de​ficiency to detect chemically the purification capacity of a river was also observed in other Greek rivers as Aggitis (Tsiaousi, 1995) and Maurolakkas (Ford et al., 1998). On the contrary, in September when the discharge was very low, the purification capacity of the river was very low and Niseli was characterized by poor fauna and hence was placed with the downstream sites in CANOCO analysis.

FUZZY functioned satisfactorily. According to this analysis, four clusters with different characteristic assemblages of benthic invertebrates were formed. Most of the upstream sites were grouped together indicating that the upper part of the system is differen​tiated from most of the downstream stations because of the artificial lakes that divide the continuity of the river. The only exceptions were Melas and Kostarazi which were grouped with the downstream sites for the reasons mentioned above. Greveniotis was clustered with the upstream stations as in April 1995, although it was placed with the downstream sites according to CANOCO. The downstream sites though, seemed to be less similar among them than the upstream stations. Two downstream sites (Prof. Ilias and Vodas) were not grouped with any of the clusters and Ag. Georgios and Kouloura formed two different clusters by themselves. These two stations were differentiated because of their fauna (Ag. Georgios) or/and water quality (Kouloura) (as shown in Table 1 & Figure 1). The major discon​tinuity provoked by the presence of the artificial lakes, was accentuated , especially in the downstream sites, by the hydrological extremes which characterize the mediterranean and by the seasonal industrial activities. In the survey carried out in April though, three sites from the upstream stations having the best biological water quality formed a seperate group from the rest upstream stations. Additionally, in April, Kostarazi was clustered with the downstream sites as in Septem​ber and Niseli was grouped with the upstream ones (with very good water quality) indicating the purific​ation capacity of the system. Among the downstream stations, Kouloura formed a seperate cluster by itself as in September.

A FUZZY analysis using all the stations studied in the Aliakmon river in both April and Septem​ber also grouped the upstream stations together apart from Melas-September, Kostarazi-April & September, and Greveniotis-September. This clustering shows that Aliakmon river is divided in two parts in relation to the artificial lakes and the affect of the seasonal industrial activities which take place downstream of the lakes.

The above multifactorial analyzes that take into account the abundance of each taxonomic group, with or without the inclusion of physicochemical parameters, proved to be more appropriate than the European biotic indices or scores for the classifica​tion of sampling sites based on the structure of their biocommunities. The same conclusion was reached when a similar study was carried out in Maurolakkas river (Chalkidiki, Greece) where pollution was inor​ganic and not organic (Ford et al., in press). It seems that in our case, a creation of a Greek biotic index or score based on the abundance too, as Chandler's Score System (Cook,1976) does, would overcome the prob​lems and dangers appearing with the use of indices or scores developed elsewhere, particularly when they have labels attached (e.g. `excellent', `good' etc.). One of the best ways, though, for monitoring the ecological quality of running waters is the use of predictive mod​els like RIVPACS (Wright et al., 1989; Wright,1995) which use multifactorial methods.
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