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THE USE OF BIOLOGICAL INDICES FOR THE ASSESSMENT
OF THE RIVER QUALITY (RUDA RIVER, POLAND)

WYKORZYSTANIE INDEKSOW BIOLOGICZNYCH
W OCENIE JAKO $CI WOD RZECZNYCH (RZEKA RUDA, POLSKA)

Abstract: Recognition of the deteriorating conditions ofery worldwide has called for increased efforts to
improve the ecological quality of impacted rivestgms.This is particularly important in areas that haufesed
from a significant impact of human pressure ongb@logical status of water. Field studies were cotetl in the
Ruda River in an area that had undergone anthropogeésturbances. The objectives of our survey wertest
the biological metrics based on benthic macroimkeetes at four study sites. Spring and autumnegarof
benthic invertebrates indicated that based on VB and BMWP(PL) indices, water quality was higler
comparison with the value of Multimetric index ditaf the sites that were studied. Our results adee that the
water quality was higher at the study sites thati@cated above the dam reservoir based on botthtraical and
biological parameters. This study also indicateat thoth spring and autumn constitute appropriateogs for
carrying out monitoring studies. The values of mudtric index indicated the same water quality (@xder site

1) in both sampling periodénthropogenic transformations of a riverbed infloerthe flora and fauna and affect
the ecological status of rivers.
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Introduction

Significant deterioration in the quality of riverater and a dramatic decline in
biological diversity currently constitute a serioilseat to the hydrologic and biocenotic
sustainability of freshwater ecosystems [1]. A geatlogical and chemical surface water
status should be achieved in the countries of tiefean Union by 2015 according to the
European Water Framework Directive (WFD) [2]. TheFBV recognises benthic
communities as one of the best biological indicatof the ecological status of rivers as
well as for the evaluation of the integrity of atjogaecosystems and the diagnosis of
environmental risk [1, 3, 4]. As a group, macroirgbrates are sensitive and respond to
both natural and human changes in their environni{em.: organic pollution, the
anthropogenic perturbation, or different typesieér degradation}5, 6]. Because of their
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sensitivity or tolerance to environmental changeygen availability [7], food availability
[8], and changes in habitat structure [9], benthacroinvertebrates are the most frequently
used organisms in ecological assessment of qualitgifferent water environments
[5, 10-12]. Changes in the water quality and plgisitructure of rivers have caused
changes in the composition of the biotic commurnitigabiting the river, usually with
a reduction in the taxon richness and biologicegdiity of the aquatic ecosystem [13, 14].

A variety of biological methods are currently appliin Europe to evaluate the
biological assessment of water quality, most ofclvhare modules based on studies of
benthic macroinvertebrates [4, 11, 15-17]. The W&t@mework Directive imposes the
necessity for a comprehensive analysis of all absl ecological data that characterise
rivers in regards to specific structural environtaéparameters. This is necessary in order
to define the scope and types of responses of iagoianisms to environmental stress.
Biological indices (multi-metrics system) are wiglelecommended and appear to be
a valuable tool in monitoring macroinvertebratepmsse to both reference conditions and
anthropogenic disturbances in rivers throughouoper[18-24]. This technique describes
the state of an ecosystem by means of a combinatidifferent individual metrics [25-29].
They are highly recommended to demonstrate therdift aspects of water quality [2, 30,
31] and represent the structural and functionaketspof the community as well as the
pollution tolerances of benthic macroinvertebrg8%. According to Resh et al. [33], the
combination of multiple metrics may also minimike tveaknesses of individual metrics.

Lotic environments are one of the most vulneralbid aost exploited ecological
systems on our planet [34]. For many years rivessldwide have experienced intense
pressures that are related to human activity [85,8hich have had a detrimental effect on
the condition of their ecosystems. Degradation @ftew quality that results from an
increased inflow of pollutants and nutrients fromrieultural, domestic and industrial
sources was the first problem to be recognisechamportant cause of the declining river
conditions, taxonomic richness, biological diversitnd they are a serious threat to river
integrity [34, 37]. A good ecological status imgli¢ghat all of the biological quality
elements show low levels of distortion by humarnvitgt and deviate only slightly from
those normally associated with this type of surfaeger under undisturbed conditions [2].
Anthropogenic transformation of a river bed andfeddnt disturbances likeg.g. river
channelisation, disruption of river continuity byards and weirs and flow regulation by
dams affect the flora and fauna and have an infle@eon the ecological status of rivers.
Over the last few decades efforts have been madetext, quantify and counteract these
effects [38].

In the areas of selected significant impact of hurpeessure in the countries of the
European Union, there is a need to protect theremvients in accordance with EU
directives [39]. The Silesian Upland remains unslrious threats to surface water quality
due to its significant industrialisation and urlsation. Pollution in the form of
inadequately purified urban waste water and indhlstpollution from rural areas,
agricultural and recreational activities, as wallfeom the fish ponds, landfills and water
runoff are the largest threats [40]. Despite tivisthe area that was surveyed, we can
distinguish sites with undeniable natural valuke the catchment area of the Ruda River.
For this reason, it is important to draw attentiorthe status of the quality of its waters.
The aims of this study were: 1) to use benthic wiagertebrates in the assessment of the
ecological status of the Ruda River based on themenended biotic indices and 2) to
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determine the optimal period for carrying out th@dmgical monitoring of surface waters as
exemplified by the Ruda River.

Material and methods

Study area

Study was carried out in the Ruda River (Southestai®l) (Fig. 1). The Ruda River
catchment area has been strongly transformed asudt rof human activity, which is
located next to regions that have a high naturdalevd-orests constitute the dominant use of
the Ruda River catchment area. To the structusgntultural area belong arable land and
pastures. In 1972, the Rybnik Dam Reservoir wasteteto dam the Ruda River. Its
primary role is to cool the turbines at the Rybpdwer plant. The river bed has also been
transformed in some sections of the river.

Table 1
The main characteristics of the study sites inRhda River
Site 1 Site 2 Site 3 Site 4
Glyceria mexima Glyceria maxima
Glyceria maxima Iris pseudoacorus Y
. . e Iris pseudoacorus
Flora: macrophytes, Iris pseudoacorus Typha latifolia . :
H . : Solidago canadensis
other aquatic and Glyceria Lemna minor Solanum dulcamara Impatiens
riparian species, maxima Solidago canadensis Lemna minor I an%luli fera
trees Robinia pseudoaccacja| Myriophyllum spicatum R granaull )
; . eynoutria japonica
Padus serotina Potamogeton crispus Echinocvstis lobata
Chara sp. Y
mud 75% o
Sand-mud, stones 15% sug;?ggésdagl(;r?tos/go% sand-mud 90%
. . S o o
Bottom sediments | in the spring sand 10% emerged plants 15% stones 10%
mud branches and roots branches < 5%
algae 15%
< 5%
6 samples - gravel
20 samples - 6 samples - sand
18 samples -
Samples of bottom | sandy-muddy| 15 samples - mud | 4 samples - submerged sandy-mudd
sediments sediments 3 samples - stones plants Y y
) ) sediments
(20 sub-samples) | (in spring - 20 2 samples - sand | 2 samples - emerged 2
samples - stoneg
samples - mud plants
2 - algae
Depth of samples | 15 29 0.95-1.20 0.35-0.60 1.70-1.85
collecting [m]
Water velocity [m 3] 0.10-0.22 0.18-0.290 0.45-1.0 0.31-04
Temperature [°C] 18.3-15.9 15-16 16-19.8 14.3-16
pH [-] 6.5-7.0 6.1-7.2 6.7-7.6 7.3-76
Conductivity 1S cm?] 590-650 680-710 2580- 4850 2140-2580
TDS [mg dm?] 290-300 330-350 1290-2430 1070-1250
NO; [mg dni?] 14.8-21.3 2.70-8.86 7.1-11.1 6.13-12.40
NO, [mg dm?] 0.5-1.0 0.40-0.46 0.63-1.0 0.33-0.26
N-NH,[mg dn17] 2.29-6.49 0.49-0.69 0.32-0.75 0.09-0.51
PQ,* [mg dn?] 1.19-2.74 0.14-0.39 0.38-1.97 0.63-0.96
P [mg dm? 0.34-0.39 0.05-0.13 0.45-0.64 0.21-0.31
Fe [mg dn] 0.04-0.34 0.87-1.69 0.41-0.59 0.59-0.60
Total hardness
[mg CaCQ dni 158-165 138-140 310-398 120-178
Ca [mg dm’] 50-58 45-50 80-110 19-65
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Site 1 Site 2 Site 3 Site 4
Mg [mg dm?| 3.32-9.75 3.32-6.71 26.78-29.78 3.81-17.63
Alcalinity
[mg CaCQ dn 62.5-115 65-75 160-175 60-225
Cl [mg dm?| 40-81 60-80 580-1180 350-430
agricultural 709 artificially planted
mixed forests o grasslands 80%, agricultural 70%
Land use 5% E)rraessélggd/; natural mixed forests pastures
urban area 5%
Source Baranowicze near Zory
Catchement area [Ki] 504.06
River length [km] 51.5
Ecoregion 9
Size typology .
(Catchement area) medium
Code of stream typ¢g 10
Elevation [m a.s.l] 274.75

Four sampling sites were selected in the Ruda Rarer 1 - located in the source of
the river, site 2 - located above the reservoir dsita 3 - below the reservoir dam and 4 - in
the river estuary (Fig. 1, Table 1).

Ruda River

100 km

Fig. 1. Location of the study sites and the RudaeRin Poland. 1-4: sampling sites

Sampling

Selection of the sampling sites was performed goatance with the methodology of
a Multi-Habitat Sampling (MHS) with preservation sfandard analytical procedures
according to the requirements of the Water Framkv@irective - in both the laboratory
and field studies as well as in the final assessmérthe ecological status [41]. The
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selection of sampling sites was related to the tkergf the river section and to the
heterogeneity of river habitats. In medium-sizegers with a catchment area of
100-1000 ki, samples should be taken in the transect from@DKmn. It was possible to

move across the width of the river at the selesitxb (with the exception of site 4 where
the average water depth exceeded 1.70 m).

Sampling to assess the ecological status of RuderRias conducted in spring and
autumn 2009 in order to confirm the optimal sangplieriod for biomonitoring.

The samples of benthic macroinvertebrates wereeateltl in a 100 m transect
at each of the sampling sites using a bottom scrapih a square frame
(0.18 x 0.18 m = a sampling surface of 625)cBach sample consisted of 20 sub-samples
(replicates, a total area of 1.25)mAt the same time, the percentage of mineralamgdnic
substrate in the bottom of river bed were estimateghch sampling site and the location of
the sub-sample was selected and limited to sitesrdpresented not less than 5% of the
bottom (Table 1). During the sampling, the scrapas placed frontally to the direction of
water flow. The percentage of mineral and organibstrates was estimated at 25 m
sections in order to perform a more accurate etialuaf the various types. The sampling
process took into account the correct locationashgles in the gradient of typical river
habitats: the bottom and the shore of the rivdit land lentic habitats and the presence of
macrophytes on various types of mineral substrateshe laboratory, the samples were
sieved with a 0.23 mm mesh net and then sortedrundreoscopic microscope.

Samples of water were collected from each samptitg immediately before the
sampling of macroinvertebrates. Analyses of thespay and chemical parameters of the
water, e.g. temperature, conductivity and pH were measurethénfield using a Hanna
Instruments portable meter. Analyses exd. ammonium, nitrate, nitrite and phosphate
concentrations in the water were carried out ugiaprimetric and titrimetric methods.
According to the EU WFD size typology based on théchment area, the Ruda River
belongs to a medium river. The characteristic mompétric features of the river and its
typology adopted to the Polish conditions [42] adlwas the physico-chemical parameters
of the water are shown in Table 1.

Biotic metrics and indices

The following indices, which are based on benthiacroinvertebrate fauna, were

calculated for the assessment of the ecologicalst the river Ruda [18]:

1. BMW®P - Biological Monitoring Working Party index

2. The diversity indexl (a modified version of the Margalef index)= Slog N, where,
Sis thr(% number of taxa (familied), is the density of macroinvertebrates (individuals
per 1 m).

3. The BMWP(PL) - Biological Monitoring Working Rgrindex adapted to the Polish
conditions. The benthic macroinvertebrates weratified to the family or genus level
in accordance with the requirements of the BMWP(Rkjhodology.

As the components of MMI index in the assessmenhefecological status of River

Ruda we took into account the following metrics [1]

1. The ASPT (Average Score per Taxon). The ASPT isvllee of BMWP divided by
the number of BMWP families that are present intthe list

2. The Logl10 (sel EPTD+1) indegselected Ephemeroptera, Plecoptera, Trichopteta an
Diptera)

3. 1-GOLD (% of individuals from Gastropoda + Oligoelea + Diptera)
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The total number of macroinvertebrate families (S)
The number of EPT families
The H’ Shannon diversity index
ICMI (Intercalibration Common Metrics index)
Density of benthic macroinvertebrates - was esthais the number of individuals per
square metre
Biotic index values were calculated for benthic m@wsertebrates during spring and
autumn at each study site.

The Spearman rank correlation coefficienf | < 0.05) was applied for the evaluation
of the relationships between the physico-chemicatiables and biotic indices. All
statistical analyses were performed using the SBATCA package (version 9).

©No oA

Results

During this study, 43 benthic macroinvertebrateatakat were represented by
41 families and two higher taxonomic ranks wereréded at the river sites studied (in total
13,888 macroinvertebrate specimens were collectdd).benthic fauna was dominated by
gastropods, which contributed 57% and insects 5%?2.0of the total number of
macroinvertebrates collection. Among the insectdrdgsychidae were the most abundant
taxa (11% of the total collection of macroinveregis).

Some of the macroinvertebrates that are most tai¢oawater pollutions: Oligochaeta,
Erpobdellidae, Asellidae, Chironomidae, Simuliida8phaeriidae, Hydrobiidae and
Planorbidae were found at the sampling sites. Thatgr degree of taxonomic richness and
diversity during autumn (except for site 3) was faomed in the values of BMWP index
(Table 2). This is most likely related to the lowuadance of taxa that are sensitive to
pollution in the springeg. Limnephilidae, Polycentropodidae, Leptoceridae and
Cordulegastridae.

Table 2
The values of the BMWP index, the BMWP-PL index #mel Margalef's biodiversity index at the samplsitges
in the Ruda River

) Study ~ Margalef 's The value of BMWP The value of '
Site : biodiversity index index BMWP-PL Quiality class
period [ 0 0
1 > 2.41 17 19 v
2 S 6.57 63 89 i
3 S 4.32 59 64 I
A 3.05 39 51 M
4 S 3.79 41 50 I
A 4.05 57 64 M

S - spring, A - autumn

The number of collected specimens was higher irathemn than in the spring at each
of sites that were studied and varied from 31% (§)tto 4980 (site 4). The number of taxa
varied in both study periods. In the autumn we plesta higher number of taxa than in the
spring at all of the study sites except for sif¢&ig. 2).
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Fig. 2. Number of benthic invertebrate taxa andispens recorded during the surveys the in RudarRive
in the spring (grey columns) and autumn (black cwis)

Number of specimens [-]

An analysis of multimeric index (MMI) in the Rudaivier showed that its values
indicated poor water quality at site 1 during sgr{quality class V). Along the course of
the river the values of MMI indicated a moderatealidy (site 2) (Table 3). At the study
sites that are located below the Dam Reservoeqstand 4) the water was classified into
the IV quality class. In autumn we observed an owpment of the water quality (site 1).
The value of some indices at study site 2 indicatedjood state of water quality
(e.g. Shannon diversity index, Table 3), which affectbgd value of the MMI, which
indicate a moderate state of water quality (cléi3sr spring. At site 3 the value of MMI
allowed the water to be classified into the IV dgyatlass.
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Table 3
The values of the metrics MMI and its componeritat tvere calculated for the sites studied in theaRRiver
Site 1 Site 2 Site 3 Site 4
Metrics S A S A S A S A
ASPT [-] 3.17 4.24 4.94 4.76 4.92 4.7 4.55 4.73
Logl0 (Sel EPTD+1) [[]| 0.00 0.00 1.07 1.7¢ 0.3% 004 0.00 0.00
1-GOLD [-] 0.04 0.36 0.25 0.53 0.06 0.3 0.29 0.18
S[] 6 17 18 18 13 11 11 15
EPT [] 0 2 2 3 2 1 1 1
H' Shannon [-] 0.79 2.08 1.57 1.92 0.6 1.07 1.18 .640
ICMi [-] 0.138 0.395 0.544 0.644 0.373 0.33b 0.322 0.336
Density [ind./n] 373 470 655 1825 1240 4933 924 5976
MMl index [-] 0.138 0.395 0.544 0.644 0.37 0.335 .322 0.336
MMI - Quality class [-] \Y \% 1l 11l \% \Y \Y [\

S - spring, A - autumn

The BMWP(PL) index varied from 19 to 89 scores whi@according to Polish
classification, corresponded with the range ofdlasses 1V-II of water qualitye.g. from
heavily polluted to slightly polluted. A comparatianalysis of the BMWP-PL and MMI
indices indicated that the BMWP-PL indicated a dretvater quality in both periods of
study in comparison with the MMI at all of the syusites.According to BMWP-PL and
Margalef index, the lowest water quality (IV quglilass) in the spring was found at site 1.
Along the course of the Ruda River, the valueshefihdices indicated a water of quality
class Il (site 2) and class Il (sites 3 and 4)wiéts probably connected with the polluted
tributary of the Nacyna River as well as with thalytion originating from other sources
(Table 2).

The results that were obtained show that both gmid autumn represent appropriate
periods to conduct monitoring studies; however, dhersity (expressed by H' Shannon
index) of invertebrates in the case of sites 24més higher in spring. It is also confirmed
by the identical quality class (MMI) on sites 2ald 4 in both periods of study. Changes in
taxonomic richness and biodiversity have an impeicthe biotic indices that are used for
river quality assessment.

Site 1 was characterised by a soft water with lawductivity and a high content of
nutrients. The nutrient content was lower at sitegpecially during the autumn. At the
sites that are located below the Dam Reservoiroued high values of conductivity (up to
4850 uS/cm), a high content of dissolved solids, calciumagnesium as well as a high
content of chloride (up to 1180 mg/&mThe values of total hardness that were obtained
allowed it to be classified into the hard wateegaty (Table 1).

Statistical analysis showed no significant relagltip between the values of MMI,
BMWP, BMWP(PL), 1-GOLD, and the physico-chemicabjperties of water. The number
of EPT families was positively correlated with watelocity s = 0.61,p < 0.05), log 10
with the Fe contentr{= 0.72,p < 0.05). The Shannon’ index values decreasgd {0.80,

p < 0.05) with an increasing content of chloride§SPY values increased with increasing
values of conductivity and total dissolved solids<0.73 and 0.7 < 0.05, respectively)
and decreaseds(= —0.71,p < 0.05) with an increasing content of Ni@ the water.
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Discussion

The intensity of anthropogenic activities leaddifferent degrees of degradation of
the water environment which is, according to theDME], described by one of the five
ecological quality classes ranging from high to Is¢atus. The Ruda River is exposed to
human activity and the effects of human impactwsible in some of its parts in the form
of, e.g., riverbed regulation and hydrotechnical faciliti®#&e negative effects of regulation
affect aquatic fauna because reduction in the sdlityerof river microhabitats leads to
a decline in the taxonomic richness and the ditsecdimacroinvertebrates.

The practice of evaluating ecological river quality very different in individual
European countries [43-47]. In most cases, assesswhevater quality and calculation of
biotic indices includes different analysis of inedratese.g.: exact or relative abundance
of species or higher taxa, diversity, dominancgptamic composition, family tolerance
score and other significant biotic parameters @B®51]. The BMWP scoring system and
its national variants were commonly believed tovjte consistent information on water
quality [52] and the same applied to the Polish BRNRL index [38, 53, 54] which was
developed in Poland in order to standardise Pdlishonitoring methods for assessing the
quality of water with those that are used in thedpaan Union [55]In a study conducted
by Wyzga et al. [56], the highly variable BMWP-Phdiex scores were unrelated to the
physico-chemical properties of the river water, abhtonsistently indicated a high water
quality. This was confirmed in our study in whicle &lso found no statistically significant
correlations between BMWP, BMWP (PL) and the physibemical properties of water.
Such findings confirm that the composition of méievertebrate communities is sensitive
to hydromorphological degradation [57]. In our stuthe BMWP values indicated a better
water quality in comparison with the MMI, while axding to the value of the BMWP-PL
index and Margalef's index, the water can be cfisbias Il (sites 1 and 2) and Il class
(sites 3 and 4).

The biological metrics that were analysed in ogeegch are known to be some of the
key indicators. They vary significantly with theegjific type of stressor and its intensity,
which means that they describe the changing enwviemtal conditions very well [41].
These metrics provide information on three majepomse areas and fulfil the criteria for
the Water Framework Directive: toleraneqy. ASPT [58]; abundance/habitatg. Log 10
(Sel_EPTD +1); 1-GOLD; the total number of macr@rnebrate taxa; the number of EPT
Families [59-62] and diversitye.g. the Shannon-Wiener diversity index. A multimetric
index integrates different individual measures iatsingle value that can potentially reflect
multiple effects of human impact on the structurel dunction of aquatic ecosystems
[3, 63]. The most effective use of such tools osonhen there is a clear understanding of
the mechanisms that lead to the presence or absércepecies in the environment [53].
The investigation of Camargo [64] and Lucke andn3oin [24] has clearly shown that the
multimetric approach, which is based on benthic nmagertebrates, may also be a useful
technique for the biological assessment of nutgéemichment in fluvial ecosystems.

An increase of nutrient content in lotic ecosystesna more widespread phenomenon
than that in lentic waters [60, 65]. The major aopiovgenic sources that cause freshwater
nutrient enrichment are industrial wastes, aniraahfng, agricultural and urban runoff and
sewage effluents. In this research we have shosigréficant nutrient content in the water
of the Ruda River. Reservoirs, especially largesoare generally accepted to be sinks of
nutrients (and other materials) due to a redudtiomater velocity and an increase in water
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depth [65]. In light of that, our research showethb differences in nutrient content at the
sites that are located above and below the DamriR@seThe values of other physico-
chemical parameters were different among the sapmites. Therefore, a significant
increase ofe.g., conductivity, total dissolved solids and chloriwncentrations was found
at sampling sites that are located below the R¥biRReservoir (sites 3 and 4). This may be
related to the inflow of pollutantg,g., with the water of Nacyna River, and it seemsdo b
the primary cause of the changes in the abunddrmenthic macroinvertebrates at the sites
that are located below the Rybnicki Reservoir. Gmtigtity can be regarded as one of the
major variables that play a crucial role in explagnthe gradient in the distribution of
benthic macroinvertebrates in rivers [6].

It was concluded from our research that the watitity was higher at the study sites
that are located above the Rybnicki reservoir basedboth chemical and biological
parameters. In our researches, we observed therenca of taxa that are characteristic for
habitats with a fine-grained substrate that is grs@mn with aquatic plantse.g.
Hydrobiidae and Planorbidae as well as widely totértaxa mainly Oligochaeta,
Erpobdellidae, Asellidae and Chironomidae. The asiter treatment affected the quality
of the water and caused a strong decrease in thedahce of taxa such asg.
Limnephilidae, Polycentropodidae, Leptoceridae &uatdulegastridae where the Ruda
River passed the reservoirhis is not surprising since these aquatic invedtds usually
exhibit a high sensitivity to freshwater pollutiff) 64, 66, 67].

The recommended sample collection of macrobenthiodifferent types of biological
monitoring should be carried out once a year insgiwéng [1]. The best growing season for
benthic macroinvertebrates is spring or autumn fanghermore, it is recommended that
macroinvertebrate sampling in rivers be carried dwtng spring or autumn in order to
avoid the more extreme hydrological regime and tnapire conditions [31, 68]. Our
research showed that the river was characterisatiebgreatest diversity (expressed in the
Shannon diversity index) on three of the four samgpkites in the autumn, which may
suggest that autumn is probably a better perioddarying out monitoring study. However,
the values of multimeric index indicated the sanaew quality (except for site 1) in both
sampling periods.

Multimetric indices are increasingly applied foetpurpose of conservation actions,
since they allow water resources monitoring agentaeget insight in complex biological
data [25]. Therefore, they have become a populatemdor regional assessment of aquatic
resources in many European countries including &stand. The results of this study
showed that the degree of water pollution has #@leisnfluence on the occurrence of
macroinvertebrates. At site 2, which was charaseerby better water quality, we observed
a greater degree of diversity of benthic inverttdsan comparison to the sites that are
located in the further parts of the Ruda River ihiaki the number of zoobenthos
individuals was higher but the number of taxa wasalker. This relation was confirmed in
the results that were obtained because in spitikeo$trong human pressure the Ruda River
creates the habitat conditions for the occurrerfcbemthic invertebrate fauna. Research
concerned with the use of the biological indicesatthare applied to benthic
macroinvertebrates for river quality assessmeneatemely relevant as long as the WFD
requires an assessment system for all types afstil@kes, transitional and coastal waters
based on a number of biological quality elememtsluding benthic macroinvertebrates to
be developed. There is still a need for more intenstudy and further testing of the
effectiveness of the multimeric index in differérgshwater environments.
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Conclusions

The research which was conducted in the Ruda Riverder to test the biological

metrics based on benthic macroinvertebrates allowedformulate the following
conclusions from the data analysis:

Both spring and autumn constitute appropriate perifor conducting monitoring
studies. The values of multimetric index indicatkd same water quality (except for
site 1) in both sampling periods.

Irrespective of sampling period, it can be conctutteat based on the values of BMWP
and BMWP(PL) indices water quality was higher imngarison with the value of
Multimetric index at sampling sites of this study.

Anthropogenic transformations of a riverbed afféa ecological status of rivers, the
water quality was higher at the study sites locatkdve the dam reservoir based on
both the chemical and biological parameters.
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