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FOREWORD
TO THE PROCEEDINGS OF THE WORKSHOP:

METHODS FOR ASSESSING AND MONITORING WATER
QUALITY BASED ON BIOTIC COMMUNITIES IN ROMANIA
17"~ 19™ OCTOBER 2008
“Babes-Bolyai” University, Faculty of Biology and Geology
Department of Taxonomy and Ecology, Cluj-Napoca, Rmania

The present issue of STUDIA UNIVERSITATIS BABEBOLYAI, Series
BIOLOGIA, includes the papers presented duringitbikshopMethods for assessing
and monitoring water quality based on biotic commuities in Romania [Metode de
evaluaresi monitorizare a calititii apei pe baza comuniitilor biotice in Romania],
held in October 2008 at Bab®olyai University of Cluj-Napoca, Romania.

The main objective of the workshop was to bringetbgr specialists in the
assessment and monitoring of water quality, in orte discuss the adequate
methods that should be used at a national level.

The 2000/60/EC Water Framework Directive represdet&uropean law in the
field of water policy and establishes a framewankthe protection of inland surface
waters, transitional waters, coastal waters andrgtwater. Regarding the quality
elements for the classification of ecological ssatfisurface waters, the researchers
should focus on the following biological elementemposition and abundance of
aquatic flora (macrophytes and algae), compositod abundance of benthic
invertebrate fauna and composition, abundance gadtaucture of fish fauna.

Romania, as a Member State, must meet the Eurdpeim requirements
for both inland and marine water bodies. Howeueg, lack of national methods of
assessing and monitoring water quality based oticbh@ammmunities led to the
acute need to bring together the specialists witiénframework of the workshop.



FOREWORD

The discussions were, indeed, extremely fruitfull d4argeted to specific
subjects, namely planktonic and benthic algae, opdytes, macroinvertebrates
and ichthyofauna (from inland and marine habitdie valuable conclusions of the
workshop were included in a memo that was senh&sMinistry of Environment and
Sustainable Development and to The Romanian Wisgienal Administration. The
recommendations regarding the target biotic comtiasnare detailed below.

For monitoring the algal communitiesfrom running waters, the representative
community is the benthic one. According to the [peen regulations, the composition
and abundance of benthic algae must be considandddentifications must be made
to the species level. Different indices, like thprebity, diversity or biotic indices must
be calculated (e.g. The Diatom Biotic Index, elaleul in France). For planktonic algal
communities, representative for standing wateespibnitoring method should be based
on the qualitative structure, relative abundanophicity, saprobity, diversity and biotic
indices, together with biomass estimations (therrfal method) and chlorophyéd
determinationd-or aquatic macrophytesfrom inland lotic ecosystems, the specialists
recommend the use of the Kohler index, adaptedamaukr, which also includes
diversity, abundance and dominance estimations.nfemrophytes from inland lentic
ecosystems, different methods are recommendedhe. §chaumburg trophic index.

For monitoringthe aquatic macroinvertebrates a multi-parameter approach
is recommended, including diversity indices, fuotl groups and biotic indices.
It is very important to develop a Romanian biatidex for benthic macroinvertebrates,
or to adapt European indices to the particularthabonditions of our country. Data
accuracy depends on the sampling technique. Thettysa specific recommendation
of the specialists is the standardization of thmaimg methods on a national scale,
taking into consideration European standards (eegAQEM method).

For monitoringthe ichthyofauna from running waters, the specialists
recommended the implementation of the European Hslex (EFI+), which
represents the result of an ongoing European prdpecthe other hand, fish fauna
from large rivers or lakes is difficult to monitap the methods are not yet fully
developed and standardized.

For marine ecosystems the following indices are recommended in
monitoring the aquatic macroinvertebrates: AMBI &BHENTIX. They should be
tested in order to establish the tolerance limits Romanian species. Moreover,
not only the benthic communities should be congidein marine monitoring
programs, but also the planktonic and nektonic .ones

As a general recommendation, the workshop partitgp@dentified the
need to differentiate the basic monitoring studieme by the national authority in
the field — the Romanian Waters National Adminisdrg and the biodiversity
researches that should be done by renowned sp¢giali different taxonomical
groups, who could provide accurate and updatediepdsts, habitat preferences,
functional aspects etc.

4
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The papers presented at the workshop included @mmeral reviews
concerning the algal communities (L. Momeu, $.. Péterfi, Assessment of the
Ecological State of Rivers Based on Benthic Alg&specially Diatoms), the
macrophytes (E. Schneider, Aquatic MacrophytebenDanube Delta — Indicators for
Water Quality and Habitat Parameters), the aguaticroinvertebrates (C. Ciubuc,
The Water Framework Directive and the Research ddigtlogy for Macroinvertebrate
Communities) and the ichthyofauna (K. W. Battesnkwing the Ecological Status of
Running Waters Based on Fish Communities). Ther gitbpers deal with aquatic
biodiversity on algal communities (L. Momeu, R. 6nBreliminary Study on Autumn
Diatom Communities from the Gudl Alb River, Ineu Section) or on aquatic
invertebrate communities (A. Avram, K. P. Battes, Mimpean, R. Kasza, A
Preliminary Data on Zooplankton and Aquatic Inveré¢es from the Fimele Clujului
Nature Reserve (Transylvania, Romania)). Wateritgusgsessment studies were also
included in the workshop program, for inland ruignivaters (A. Avram, M. Cimpean,
A. Jur@, N. Timuw, Water Quality Assessment using Biotic IndicesdBlasn Benthic
Macroinvertebrates in the SognéMic Catchment Area) and for marine habitats (V.
Surugiu, An Overview of the Methods Used in the e&ssnent of the marine
Environmental Quality, Based on the Analysis ofZbebenthos).

The workshop was organized by the research teatheataboratory of
Aquatic Ecology, Faculty of Biology and Geology, i8a — Bolyai University
(Reader PhD Laura Momeu, Teaching Assistant PhDestuKarina Paula Battes,
PhD student Mirela Cimpean and PhD student Ancamyr

Karina P. Battes
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ASSESSMENT OF THE ECOLOGICAL STATE OF RIVERS BASED
ON BENTHIC ALGAE, ESPECIALLY DIATOMS

LAURA MOMEU * AND LEONTIN STEFAN PETERFI*

SUMMARY. The present paper presents the main aspects aogcaronitoring programs of
running waters for assessing their ecological statu is very important to know the
characteristics of lotic ecosystems, the role ghalas primary producers, as well as the legal
framework ruling monitoring programs. Since therespntative algal community for running
waters in the upper, middle and sometimes loweshe=sais the benthic one (periphyton), the
paper depicts the importance of choosing the prtyper of substratum and algal sampling,
together with the correct manner of sample handlimgoncordance with the literature but also
with personal data, the present paper shows thertamge of using biotic indices in assessing
the ecological status of running waters.

Keywords: running waters, benthic diatoms, biotic indices,derm concepts, truncated
normal curve

Introduction

The premises which stand on the base of this agipi@ncern three categories
of problems. On one hand, there are those refewitige characters of lotic ecosystems,
those of the algae as group with major importamd¢le running water biocoenoses, and
the existing legal framework. There is no intentiene to analyze exhaustively these, but
only to point out some of the essential element&lwhare absolutely necessary to
understand the complexity of issues involved inviager quality evaluation mechanism
in streams based on aquatic organisms, espegigdligae.

The characteristics of lotic ecosystems

With reference to the problems of the first catggdr should be
emphasized that after 1970 numberless investigaiiomiver ecology (in a broad
sense) have been finalized in defining and introdyof new theories like the
“river continuum” concept (Vannotet al, 1980) (Fig. 1), the “nutrient spiraling”
(Newboldet. al, 1982) (Fig. 2), and also the concept of “dr{iTanaka, 1960), that
of the “flash flood” and the “tributary hierarchgt “stream order” (Allan, 1995), as
well as some new aspects of accidental physicdrafthe hazard) or of those decisive
biotic ones (competition, predation, parasitism)siream community structuring
(Wetzel, 2001).

! Babg-Bolyai University, Faculty of Bioloy and Geologepartment of Taxonomy and Ecology,
5-7 Clinicilor Street, 400006/Cluj-Napoca, Romania
E-mail: Imomeu@hasdeu.ubbcluj.ro
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ASSESSMENT OF THE ECOLOGICAL STATE OF RIVERS BASEIN BENTHIC ALGAE

Fig. 2. Nutrient spiralling in two — compartment stream
(redrawn from Newbole@t al, 1982; Ramade, 2002)

In all these cases there have been emphasizedhffetance of physical
processes in the streams, the most important béweg hydrological and
geomorphologic ones and their interactions withibitactors, without neglecting
the chemical factors, essential when autotroplgamisms like algae are involved.

It is important to point out the diversity of rungi waters, starting with
torrents, springs, rivulets, rivers and finally gmgdwith large streams, some of
them with catchment areas extending on entire subwmnts. There should also be
mentioned the existence of great many microhabitagshighly mosaic pattern of
these and the outstanding dynamics of processashwdiie place in the river-bed.
This diversity concerns the physical-chemical aldibdfactors in both, the proper
river-bed and the catchment area as well, factodsiding and influencing the
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structural and functional patterns of the streane@ssystem. The input into the
river of matter and energy, the exchange of mattet energy with the riparian
zones, influences the biodiversity in the inte@tiprocesses between abiotic and
biotic factors. These processes are universalialtige fact that they take place in
all running water types, but they exhibit differepatterns according to each
particular system, becoming often unique for omerrbr for another.

Special attention should be paid to the unwantigtedf human activities
on the ecological health of running waters, beiaiglent many of the ecological
disasters due to the lack of medium- or long-raogecasts in this field.

Characteristics of algae

The second problem refers to the algae, as aubitr@muatic organisms,
belong to the so called Thallophytes, exhibitingstanding heterogeneity not only as
the organization of thalli, cell structure and pblggy, but concerning their ecology
too. To emphasize their structural heterogeneityagh mentioning that they belong
to two different kingdoms (Regnum) according to fhee kingdom concept of
Margulis and Schwartz (2000): Cyanobacteria (Cyeoi@ryota) — with prokaryotic
organization of cells, classified into the kingddionera (Bacteria) and eukaryotic
algae, the majority, belonging to the kingdom ajtBta. The pattern of heterogeneity
is equally valid for every particular algal groufpamy rank (phylum — class — order —
genus). The acceptance of such taxonomic appropoggsmes, first of all, to give up
some usual concepts and terms and to adopt nead@atate ones (Cyanobacteria or
Cyanoprokaryota instead of Cyanophyta; planktoigaeinstead of phytoplankton;
better to use benthic algae than phytobenthos).

The algae, generally, are known as photoautotrogitiotochemotrophic,
able of oxygenic photosynthesis, this capabilitihgehe common feature of both
prokaryotic cyanobacteria and eukaryotic algae., Bwny eukaryotic forms are
able of facultative or obligate heterotrophy. Sdmes, there is present either
phagotrophy or auxotrophy versus autotrophy, mypity being often mentioned
in some algal groups, which developed the adatanidritional strategy to switch
over to heterotrophic nutrition in some environraértonditions. In the field of
ecology, the various algal groups exhibit equaigihtheterogeneity. Most of them are
primarily aquatic organisms, but sometimes, duééo high ecologic plasticity, could
become adapted for terrestrial ecosystems toaquat® environment the algae grow
in the most diverse ecosystem types, marine ofinaoal, freshwater, brackish or
saline, with running or standing water, occurriogistimes even in the most extreme
conditions (on the surface of snow, glaciers dharmal springs).

The importance of algae inhabiting streams and atiatic ecosystems consists
in their role of primary producers, being organisagsable to use inorganic energy sources
in their photosynthetic processes producing organaitter (Fig. 3). Besides algae, the so
called “higher plants” or macrophytes includingigeand mosses (Fig. 3), as well as some
photoautotrophic and chemosynthetic bacteria,qarallg primary producers. On the other

10
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hand, the algae are important as food source fbiviaees. Especially in the context
of our discussion, should be highlighted that sofrthe algal species are particularly
important as indicators of water quality for theggstems they inhabit.

Trophic relationships
Light (1\11\?;'1??;5 DOM FPOM
\ L}
W\\ O\ \L\\ _,aOssS
Photosynthesis

Macroproducers ¥4
) /)&, ¥U. sloughed producers FPOM

/@§\\

)
Piercers -

Microproducers
Flocculation and
PERIPHYTON
V/ ( N microbial uptake
<
Q “5'& Scraper feces:

l“L*

—_—

Shredder and

Scrapers collector feces

Fig. 3. The role of algae as primary producers (redrawm fAdlan, 1995)

The algae occurring in rivers develop two main camity types: periphyton
(benthic community) and plankton (pelagic, driftiagmmunity). The periphyton is
defined as complex structured community, inhabitimg bottom substratum — rocks,
boulders, gravel, sand, silt, but also any subrdeabgects, including cables, walls,
pillars, submersed aquatic plants etc. Planktdgaeainhabit the water column.

The periphyton of the running waters consists prigaof diatoms
(Bacillariophyta), the dominant algal group in maiwers of the temperate zone,
especially in their upper and middle course (Fiy. Phe same is true for the
Romanian running waters, as concerns particulagylransylvanian ones (Momeu
and Péterfi, 2004; 2007; Floreat al., 2006, Voicincoet al., 2005). Besides
diatoms the other algal groups occurring in thermriperiphyton are cyanobacteria
(Cyanoprokaryota), green algae (Chlorophyta), golddgae (Crysophyta),
euglenoid flagellates (Euglenophyta) and red alBd@dophyta). Except rhodophytes
some members of the other groups are also preséme plankton community of the
rivers. According to Vannotet al. (1980) the periphyton is the community which
develops as a rule on the upper rivercourses,ftart mhabits their middle or even on
lower courses too. By the contrary, plankton comitgutevelops in big rivers only,

11
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especially in their lower courses. Otherwise, dnsaltfaces of stream substrata
iluminated in a proper degree, irrespective thaytare in the smallest rivulets or
in big rivers, sustain several types of benthi@abigssemblages (sub-communities)
according to the nature of substratum, namely tepifi, epipsammon, epipelon,
epiphyton, each with a diversity of organisms depilg special adaptation
mechanisms, necessary to attach and maintain onletred of substratum.
Therefore, assessing the ecological status of ngnniaters should be based on
periphytic communities, dominated by diatoms (Lanel Pan, 1996).

The main environmental factors that affect the tguaent of river
periphyton are: light, temperature, nutrient avaiiey, current velocity, and nature
of substratum, flash flood — among the abiotic desst competition, pressure of
herbivores (grazing) and parasitism — among bioties. The action of these
factors is simultaneous, their changes take pladhd same time, the importance
of a particular factor limiting the growth of pehigton is not easy to establish. The
adaptation degree of algae to environmental chagestural origin or caused by
human influences, is very different. Some algaédlsaixiwide range of ecological
plasticity, being of eurybiotic nature, (eurythecmieuryhalinic, euryionic etc.).
The others are more specialized, with narrow liroftadaptation, belonging to the
stenobiotic group of algae. The stenobiotic forme \aluable and fine indicators
in estimating water quality of aquatic ecosystems.

Trophic relationships

CPOM DOM FPOM Light

% Physical l l l
breakdown

Micr 0bes /

[ DOM [/

\ Diatoms
% FPOM Producers l

Shredders (0o / >
% : ‘%U%b
: \/’/ \ / Grazers
Cﬂ | e ‘@ AT

L @#U 414,
- Collectors ”m V\ E5

Predators r Predators

Fig. 4. Position of diatoms in the food web of the rivengstem (redrawn from Allan, 1995)
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The main characteristics of the algae which malamthio be used as
indicators for the estimation of the ecologicatetaf aquatic ecosystems are:

e Short life cycles, rapid multiplication in favorablconditions, prompt
answer to environmental changes, being “sentirgglrasms” which integrate
the effects produced,;

» Many and varied resting stages which survive hamsitonmental conditions;

» Several and varied distribution (dispersion) sgiate by water, air, animals,
human;

* Occurrence in all aquatic ecosystem types, lotid kmtic, freshwater,
saline or brackish, even in extreme environmeraatltions.

As far back as in the beginning of the last centtgnobiotic algae had
been included in the first system of estimatingervaguality based on bioindicators,
namely in the “saprobian system” (Kolkwitz and Msams, 1908) besides other
groups: bacteria, micromycetes, insect larvae Bie system has subsequently
been improved (Sladecek, 1973). Instead of estigatimply the affiliation of the
species to one of the saprobic categories (xenkgp-p beta-, alpha-), the
investigators proposed the calculation of variasrebic indices Pantle and Buck,
1955; Zelinka and Marvan, 1961). Such approachupnesl not only qualitative
observations, but quantitative investigations too.

Monitoring procedures, based on living organismargify the ecological
health state of a certain aquatic basin, integgaitinthe case of algae, that are
primary producers, the effects of the environmeiat reeflecting the typical conditions
of the environment comparatively with the actuahpwalues which can be measured
exactly by physical and chemical parameters. Eventimuous monitoring of
physical and chemical factors might miss some aspeith great impact upon key
organisms in the aquatic communities due to thgiemic interferences, life being
the basic monitoring mean of environmental quality.

The legal framework of running water monitoring

In accordance with the recent normative rules (Watamework Directive
2000/60/EC, Law No. 107/1996, Law No. 310/2004)emsfig at aquatic
environment, the quality of evaluation on the egalal state of rivers should be
improved, primary being the biological elementsthaiit forgetting, of course, the
hydro-morphological and physical and chemical fesst@as well as the human
impact factors which might affect both physicalcteal and biotical indicators.

In streams, the quality elements to be fulfilledestimating their ecological
state, according to the present laws, are the “ositipn and abundance of the aquatic
flora”, in the case of algae — to establish bothlitative and guantitative structures
(composition) of the communities, essential to cot@parious indices.

13
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Recommended types of substratum and algal sampling monitoring
programs
According to the investigations carried out in T8@manian rivers and
taking into consideration the statements of Vanreital. (1980), Kellyet al
(1995) and Wetzel (2001), the present authors densghat the really representative
biocoenoses in running waters (Fig. 5 and 6) ae#riphyton ones. Therefore, the
methods of sampling, preserving and laboratoryrtreats will be considered briefly
next, together with the most important indices, smnly used for the estimation of
river water quality. Finally, it should be statddt the ecological quality of rivers
is the result of corroboration of all quality dadatained, biological, physical-

chemical and hydro-morphological.

.
.
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" Stalked or ~ Filamentous
short . | with
Crustose ' Prostrate filamentous  Filamentous | epiphytes Gelatinous

Fig. 5. Features of periphyton growing on hard substratgréwn after Allan, 1995).

The establishing of locations, of the stands toshmpled for their algal
communities, the number and type of samples, the &nd periodicity of sampling
should be carried out according the aim of thestiyations in the monitoring processes
of various types (integrated, supervision, opanatior investigation monitoring).
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Fig. 6. Features of epipsammic periphyton (redrawn aft&anil1995).

Due to the fact that in streams the nature of satests highly heterogenic
it is particularly important to establish the righpe to be sampled for the algae.
Some of the investigators (Keligt al, 1995) recommended sampling the algal
communities growing on the same, standard substratell stands, or on a
substrate that best reflects the typology of therriDiatoms being the dominant
algal group, Kellyet al. (1995) suggest to collect the samples from harthses
(epilithon — rocks, boulders, cobbles) when they available and from the most
characteristic one in each stand. Winter and DU@2@®0) recommend especially
for biomonitoring the sampling of a single subsrgipe, the most frequent one,
and the selection of a second one, when the fitsti® not present in all stands.
The second substrate should preferably be submetaet$, but diatoms might be
sampled from the surface of silt (epipelon) or séemipsammon) when the first
ones are absent. The sampling techniques are tked ases (Patrick, 1977) by
scraping, and/or brushing the surface of hard safest or by sucking up from the
mobile ones, by washing and/or brushing the stemsubmerse plants etc.
Sometimes the periphyton might be removed fromipusly measured, standard
areas of the substrate surface.

15
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Another problem of major importance in obtainingrect and reliable results,
is the identification of diatoms, observed usingimimersion lenses, exclusively in
preserved, permanent mounts (preps) employing aiat standard methods (Barber
and Haworth, 1981). Among the criteria used indegermination of diatoms should
be mentioned the size, shape and structure olufessttheir ecological preferences
(except eurybiotic species), are very valuableaitin estimating the ecological state
of river and in water quality assessments. Thesearas the trophic and saprobic level
of the water, but also some physical and chemiaiufes (parameters), like water
temperature, pH, conductivity, salinity level, fhresence of some heavy metals in the
water or excess of calcium etc. (Patrick, 1977)

The quantitative data are useful to compute ditserisidices (Shannon-
Wiener, Simpson etc.) or equitability (Washingtt@84), as well as the saprobity
ones (Zelinka and Marvan, 1961). According to réctage of development new
ways of approach are necessary, either by reconside use neither of some
indices, nor by introducing new ones, in case wérs, indices based on diatoms.
The reliability and use of the saprobic indicesdteno be restricted, the major
shortcoming is that they reflect only momentaryaiions, therefore are useful
only together with other above mentioned indicesegently introduced and better
ones. In several European Union countries is fretiyesed the Biological Diatom
Index (Prygiel and Coste (eds.), 2000), considerssl of the essential indices for
the assessment of the ecological state of rivarthd elaboration of the computing
formula there have been involved a great many tigegors; over 1330 samples
were collected from over 940 stands, in France,emben 600 diatom species
being involved in calculating the BDI index. Paghlhere have been measured 14
physical and chemical parameters of the waters, femadly based on the BDI
values 5 water quality classes were establisheckllext, good, moderate, poor
and bad. Recent investigations carried out in thesARiver drainage area,
financially supported by the CNCSIS project, typ& 229, emphasize that the BDI
values (Prygiel and Coste (eds.), 2000), and tipeob#ty indices (Zelinka and
Marvan, 1961) calculated for the AyiRiver are in concordance with the other biotic
indices employed: macroinvertebrate and fish biatiices (Momeu and Péterfi, 2007;
Momeu, 2008). BDI and Sl have been applied in offreansylvanian rivers too:
Someul Rece, Somell Cald, Somgul Mic and Somgul Mare (Battest al., 2004;
Rasigeet al., 1996; Floreart al.,2006; Voicinco and Momeu, 2005) and they proved
to be equally useful in assessment of ecologiatd & the investigated rivers.

Less commonly used in Europe, as well as in Romahma model of
truncated normal curve proposed by Patetlal (1954). The results obtained by
employing the model for the study of epilithic diat communities of the Arge
Cheile Turului, Cheile Turzii and Ampoi watersheusll illustrated changes in the
gualitative and quantitative structures of the atimtcommunities due to pollution
stress (Péterfi and Momgeli984, 1985; Kozmat al, 2001; Momeu and Péterfi,
2004; Bir6-Halméagyiet al, 2004) (Fig. 7). The same method applied in naiher
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springs distributed in the Harghita and Covasnanties seemed to be equally
useful; there has been demonstrated that the stalcthanges in community
structure depend on the diversity and amount cotiied minerals in the spring

waters Péterfiet al, 1983;Péterfiet al., 1988).

20

No. of species

15

November 2000

10

5 ’%.

No. of individuals 1.2 24 48 816 16-32 32-64 64- 128- 256. 512.
128 256 512 1024

Intervals 1 2 3 4 § 6 7 8 9 10

Fig. 7. The truncated normal curve model for algal commesisampled downstream
Zlatna waste water treatment plant in two differggdrs (Momeu and Péterfi, 2004)

The results obtained based on the above mentiordides and methods,
should be supplemented by biomass estimations,unegghe bio-volumes or by
analyzing the chlorophyt content. In all cases the results should be etelwith
the hydro-morphological and physical and chemieghmeters of the watercourses.
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AQUATIC MACROPHYTES IN THE DANUBE DELTA — INDICATOR S
FOR WATER QUALITY AND HABITAT PARAMETERS

ERIKA SCHNEIDER *

SUMMARY. The diversified types of water bodies in the Daridéka, their hydrological regime and
trophic condition offer the basis for a large raofgguatic macro- and microhabitats. These atedset
by various macrophytes and their communities aadiatributed along ecological gradients. The aim
of our research has been to make out the diffatientibetween various types of water bodies
(standing and running waters) on the basis oftttiiesitor value of water macrophytes. This concerns
not only water quality i.e. the trophic conditidrihee water bodies, but also physical parameters.

Studies showed that only a few species are boundniing waters, other species occur in both
water types, i.e. in slowly running waters abunatastispended solids and in standing waters showing
different degrees of turbidity or with clear watemore isolated lakes. A large range of macrogtigte
only characteristic of lakes occupying differerdlegical niches in these water bodies.

After having studied the water macrophytes for sdwears in the Danube Delta/Romania
and after having been able to monitor some samplings in chosen areas (Babina, Cernovca,
Popina, Fortuna, Isac-Uzlina), the species’ indicahlues became much more precise in their
different evolution stages. They demonstrated yhamics of the sites in the studied areas and at
the same time showed the possibility to use watmrophytes as perfect indicators for water
quality and as indicators for water dynamics, iditlg the regime of suspended solids, the
filtering capacity of vegetation and sedimentapoocesses.

Keywords: types of water bodies, macro- and microhabitatéemmacrophytes, ecological
gradients, water quality indicators, habitat qudtitlicators, macrophyte communities

Introduction

The Danube Delta is characterized by a diversifiedvork of water bodies.
On the one hand there are different types of rgnmiaters startindrom the main
branches of the Danube (category I), large secgnuatural branches (category II),
large channels with the flow into secondary brasclategory Il1), small and narrow
channels connecting the lakes, smaller streamsl€“gand “jape”) (category V),
temporary water courses, flood channels, chanils dre characterized by the
intervention of man (dragging) and artificial candDn the other hand the Delta shows
different types of standing waters of various sigese.g. isolated lakes surrounded by
reeds, others connected to smaller and larger vemarses influenced by them,
temporary small standing waters and artificial diiagy waters such as basins for fish
culture. Numerous small waters, such as the fldaoheels, change their aspect with

! Karlsruhe University, Institute for Waters and &iBasin Management, Chair WWF-Institute for
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fluctuating water levels. In times of high waterdks they temporarily become running
waters and vice versa, at low water levels theyptearily become standing waters, the
water body being disconnectiedm the running water dynamics.

Hydrological regime, hydromorphological processed tiophic condition
of the water bodies constitute the basis for adatigersity of aquatic macro- and
microhabitats. These are colonized by various mpngtes and their communities,
distributed along ecological gradients. The habitat differentiated by their spatial
structure and the species composition of the magtepcommunities. Ecological
gradients exist between the various types of wabelies depending on their size,
water depth, hydraulic residence time, their sadstforganic or mineral). They do
also exist within individual water bodies, from ithieorder lines up to their centre.
This differentiation within a one and only watedipalepends on its width, depth, flow
velocity, turbidity / content of suspended solid¢ghen considering these factors, the
repartition of the water macrophyte communitietexd$ the habitat conditions.

From the abiotic habitat parameters the followiags very important as
evaluation elements: shore structure, sediment (yiite sand, organic or mineral
substrate), the connectivity type which is respolesifor nutrient input, flow
velocity class (low 0.3 m/s; medium 0.35-0.65 nigh >0.7 m/s), transparency
respectively lighting conditions as well as theetypf land use in the water's
surroundings (Janauet al.,2006). Of course, the aquatic vegetation is atsnadiately
affected by interventions such as rectificatiot® tonstruction of new channels,
dykes and further hydraulic measures. The latteuoe.g. in the form of bank
protections that may dramatically influence thealegment of plant communities
in shore-adjacent, dynamic areas.

The classification of the ecological condition lné waters depends on a number
of components as is noted in the WFD Water Frame®gective of EU. These are a
biological component, a hydromorphological componamviding the basis for the
biological one, a chemical and physical-chemicaimanent which is to be considered as
complementary to the biological one all the satrappplies to water temperature, oxygen
content, salinity, pH value and nutrient conteiiid substances have to be considered as
well given that they may considerably affect theitaés and their biodiversity.

The water’s ecological condition affects the abundaof the aquatic vegetation
and the respective composition of their communifié® species compaosition of aquatic
plant communities and the abundance-dominance emfiespin general is subject to
natural fluctuations that are determined by theadyios of the water levels and the
hydrological regime as a whole as well as by theadyics of sediments. Further
influences on the composition of species are duritoan intervention and have to be
considered when classifying the macrophyte comimsriilanauest al.,2006).

Given that the aquatic vegetation is very sensitivehanges and fluctuations
of environmental factors, it may act as indicatwrldoth water quality and changes in
physical parameters, habitat changes going alotig tve latter. This is not just a
matter of species, but rather a matter of the coatioin of species and how they do
occur in specific communities.
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The aquatic vegetation of the Danube Delta hasatedly been subject to
various studies. It is however only in recent tinteat macrophytes have been
increasingly used for the evaluation of the tropfoadition. Within the frame of a
comprehensive study (Oosterberg and Staras (&09)) mainly focussed on the
area of the Isac-Uzlina lake complex but also o#liern, an evaluation scale for the
Danube Delta lakes has been elaborated on thedfabis aquatic vegetation.

The objective of our study was to find out whetliggre is a difference
between macrophyte settlements in the Delta’s lakesompared to its water courses
and which could be the results with regard to tiduation of the ecological condition.

Material and Methods

To come up with this task we chose the Isac-UZlka area with varying
lakes and running water types of different categorit has been studied during the
2003 vegetation period, a follow-up of the studiesk place a year later. Studies
carried out in other areas of the Delta have beasidered as a reference as well, even
though these consisted in the long-term monitodhghe restoration areas Babina,
Cernovca and Popina situated in the north-easieoDelta as well as polder Fortuna
situated in the central Delta area (Marin and Sdenel997; Lagendijk and Schneider,
2000; Schneideet al, 2008). Further individual observations and itegas from other
parts of the Delta have been included all the sameloing so, physical-chemical
parameters have been measured and the sampliagveite determined in a way to
include all types of water bodies, in particulanmmg waters, small and large
channels, canals, temporary flood channel letc. a better recording of the aquatic
vegetation, transects of 10 to 10 m have been dmaveng straight waters, natural
channels and canals. Inventories were taken irthiege transects to record their
alignment along ecological gradients The data cidle of water macrophyte
communities has been conducted by means of thenflamquet 7-point scale
method for the evaluation of abundance-dominance.

In some waters the Kohler method (Kohler, 1978; 8ictan and Melzer,
2005; Schranz, 2005) has been applied as well cBgply it has been tested for a
number of studied waters. In these cases the wadsesbeen structured in sections
and the species occurring in a specific sectionevestimated according to a 5-
point scale: 1- very rare, 2 —rare, 3 — sporatie,frequent, 5 very frequent.

However, given that the majority of the waters ha&wen recorded
according to the above-mentioned method of Brawm@let (1964), we also
preferred to choose this method to allow a betvenparability of the waters as for
their mean abundance-dominance values. For thdigrapesentation of the plant
communities the mean abundance-dominance valuésdofidual species have
been calculated for samples of one site respegtive¢ water body and have been
compared to the values of communities from ano8itr. The studies realized
beyond the Isac-Uzlina lake complex provided corngparpossibilities allowing to
control the observations respectively the restdltenks to multiannual samplings
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taken at the same sampling spots it became pogsilpeove, within the frame of
the monitoring program and in individual areas, ralance-dominance value
fluctuations of individual species on various site®r several years (Schneidsr
al., 2008). Surveys made in various parts of the Daridelta and the comparison
of their sites allowed to establish site requiretsemd ecological amplitude of the
individual species for various aquatic plants drertcommunities.

Results and discussion

The results obtained in the Isac-Uzlina compleovallat least partly to
document the differences and similarities of thenphyte vegetation in lakes and
running waters. 10 aquatic plant vegetation typegehbeen recorded (Coops and
Hanganu, 2000) that may be considered as beingsemative of the Delta’s standing
waters (Tab. 1, column 1). These types have a0 tenfirmed by our surveys.

Table 1.
Water macrophyte community types in lakes and slowl running water courses of
different sizes in the Danube Delta, in particulaiin the area of Isac-Uzlina

Standing waters — lakes following Coops andSlowly running waters
Hanganu (2000) Schneider (mscr.)

Potamogeton crispus -

Potamogeton pectinatus Potamogeton pectinatus
Potamogeton pectinatus, P. cris@®. perfoliatus

- Potamogeton pectinatus, P. perfoliatus & Vallisaeri
spiralis
- Potamogeton nodosus

Myriophyllum spicatum -

Stratiotes aloides Stratiotes aloidegold Garlas)
Potamogeton lucens -

Trapa natans Trapa natans

Potamogeton trichoides -

Nuphar luteum Nuphar luteum
Ceratophyllum demersum Ceratophyllum demersum
Nitelopsis obtusa -

- Nymphoides peltata

As a result of our studies and evaluations, therophyte communities
studied in the water courses of the Isac-Uzlina anay be attributed to 9 different
types (Tab. 1, column 2), various species compositbecoming apparent. Besides a
pure community consisting d¢otamogeton pectinatushich occurs in the lakes as
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well (sometimes together witPotamogeton trichoideandPotamogeton berchtoldji
the channels show two more communities wheotgamogeton pectinatusccurs
together withPotamogeton crispuand Potamogeton perfoliatuand a further one
combiningPotamogeton pectinatugith Vallisneria spiralis Small settlements of the
latter together wittPotamogeton perfoliatusave been observed in the Litcov-Canal
(category I), it does however form broader standhe Sontea-Canal (north of polder
Fortuna). MoreoverPotamogeton pectinatusverlaps with thé*otamogeton nodosus
community, the latter being the only one thatalyebound to running waters (Fig. 1).

90%
80%
70% -
60% -
50%
40%
30% -
20% -
10%
0%

@ Water course

Potamogeton Potamogeton Potamogeton
nodosus pectinatus perfoliatus

Fig. 1. Potamogeton nodosuigpe vegetation characteristic for water couragbé Delta

Beyond the studied area and in this group of riealdsforming species of
running waters one may finotamogeton nodosuas well asPotamogeton
gramineusandRanunculus trichophyllug=urther communities observed in stretched
water courses respectively channels of categogethnd four such as community
of Stratiotes aloidesTrapa natans, Nuphar luteum, Ceratophyllum demersum
Nymphoides peltathave been found in the two studied water groupgy Tdtcur
on those sections of the waters where the waterdly flowing but is temporarily
characterized by undulations and water level flatans. It has to be noted
however that e.gNymphoides peltataven occurs in the shore area of sections
with slowly flowing water of the Chilia branch (dowtream Peripravaptratiotes
aloides together withHydrocharis morsus-ranaeare mainly characteristic of the
former water courses called ,Garla”, as has betabkshed in small lateral waters
of the Perivolovca-Canal such as Taranova cangada leeding to lake Gorgostel
and others (category Ill). The old Gérla in theaaref Babina, Cernovca and Popina
are mainly characterized by blanket-like coveragfeStratiotesstands (Lagendijk
and Schneider, 2001; Schneigeal, 2008).
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All types of plant communities recorded and speaigslysed in the Isac-
Uzlina area may be incorporated, as for their aats, in the category of what is
considered on a European level as nutrient-toléypes of communities respectively
species (Penningt al, 2008). They range from species indicating madrautrophic
waters to species of hypertrophic conditions (T3b.

Table 2.

The studied macrophytes indicators for water qualiy and habitat parameters.
Type of water st vsl  slr
Trophic degree m meu eu hy
Transparency cl med low
Species
Potamogeton pectinatus- + + + + + + o+ + +
Potamogeton crispus  + + + + + + + o+ + +
Ceratophyllum demersum + + + + + + o+ + +
Potamogeton perfoliatus- + + + + + + +
Potamogeton nodosus + + + + + o+ +
Ranunculus trichophyllus(+)  + + + + + +
Nymphoides peltata  + + + + + + + o+ +
Vallisneria spiralis + + + + + o+
Trapa natans + + + + + + + +
Nuphar luteum + + + + + + + +
Nymphaea alba + +) + + +
Stratiotes aloides + + + + + o+
Hydrocharis morsusranae + + + +
Utricularia vulgaris + + + +
Myriophyllum spicatum + + + + + o+
Potamogeton trichoides+ + + + +
Potamogeton berchtoldi + + +
Potamogeton lucens  + +) + + +
Elodea nutalii + +) + + +
Lemna trisulca + + + +

st = standing waterysl = very slowly running wateslr = slowly running waternn = mesotrophic
meu = moderate eutrophieu = eutrophichy = hypertrophiccl = clear,med = mediumtransparency
low = low transparencyl = very low to no transparency

The mean values for the Danube Delta’s eutrophHiedaange between
0.05-0.19 mg/l as for their total phosphorous caingad between 0.9-4.1 mg/l for
their total nitrate content (Oosterberg and Stéeds.), 2000, see also Mastsal.,
2003; Moss, 2008; Soliminet al., 2006). During the hot summer of 2003 the
values were very high as a result of high tempeeatand low water levels. In
August of that year a total phosphorous conten0.666 mg/l has thus been
measured in lake Cuibul cu Lebede, in Septembein&abke showed a total
phosphorous value of up to 0.412 mg/l and lake &a&alue of 0.536 mg/l). This
was an indication of increased eutrophication.ummer 2007 the total phosphorous
values did not exceed the characteristic value=suwbphic waters (Moss, 2008).The
monthly values of total nitrate exceeded the mealues for eutrophic waters
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during the vegetation period as from May to Octadrad reached their maximum
values in July in lake Cuibul cu Lebede with 12.264/1. This value dropped in
the following but was still very high in Octobertwi7.314 mg/l (measurements
and analysis realised by the staff of Danube Did#ional Institute). In general,
high total phosporous values are recorded rathgpiimg and are connected to the
floods (Oosterberg and Staras (eds.), 2000).

When comparing the specific plant communities ogogrboth in lakes
and in water courses one may observe that thersoasgnificant differences as for
their species composition and abundance-dominaadoes/(Fig. 2, 3, 4). Besides the
waters’ nutrient content other parameters sucloasvelocity, transparency (measured
by means of the Secci disc), shore structure abdtsate type play an important
role as for the composition and species abundahtteeacommunities. Depending
on flow velocity and connectivity towards the Darigomain branches implying a
higher sediment load and thus turbidity, the nunddespecies decreases given that
a lower number of species is in a position to cap# with these conditions and to
adapt to them (Tab. 2).

Our studies revealed that among all stands-fornsipgciesPotamogeton
pectinatusis the species with the broadest ecological angit It reaches from
moderately eutrophic to distinctly eutrophic watargl occurs both in lakes and in
running waters (Fig. 2). The species does also eagdewith wave dynamics and
water level fluctuations. Fennel-leaved pondwdgatgmogeton pectinatusccurs in
clear waters, in waters with a moderate suspenddinent load as well as in
waters with a high suspended sediment load anohatigurbidity. In combination
with Potamogeton crispusndCeratophyllum demersuitis an indicator of eutrophic
waters, the high abundance-dominance values othedle species pointing out
conditions of strongly eutrophic waters.

80%

70%

60%

50% +—

o Lake
40% +—f

@ Water course

30% +—

20% +—

10% +——

[

Potamogeton pectinatus Ceratophyllum Potamogeton crispus
demersum

0%

Fig. 2. Comparison of abundance-dominanceRaftamogeton pectinatigpe vegetation in
lakes and running waters
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Nymphoides peltatanay be considered as an indicator species fongijro
eutrophic to hypertrophic conditions in the studimvly flowing waters (0.3 m/s) with
low transparency and high abundance values. Ireeaespcombination witiHippuris
vulgaris(polder Popina) it does however indicate modsratatrophic site conditions.

Trapa natansoccurs both in moderately and in strongly eutrophaters.
Even though it does mainly occur in lakes, thegeusually connected with running
waters of the categories I, Il or lll and are watlapted to heavy water level
fluctuations and stronger currents (Fig. 3). Thig/hy in the running waters and lakes
studied it may be found in those places that anpdearily characterized by a stronger
current. Comparable conditions occurred as well édiately adjacent to the openings
of the restored polder Babina. High abundance-dandi@ values and an opulent
vegetation indicate strong eutrophication conditidn some cases the dense rosettes
with their stipes and aquatic roots operate as fi@psediments and filter for extremely
suspended sediment-abundant waters.

Stratiotes aloidesvhich occurs in smaller elongated water coursesller waters
type Géarla (categories lll and 1V) in combinatioithAJtricularia vulgaris and also with
Hydrocharis morsus-ranags well as.emna trisulcausually is an indicator for moderately
eutrophic waters with a low carbonate content. sdme spots, so as e.g. in Popina
(Lagendijk and Schneider, 2000), the combinatiaomplemented bydymphaea alha

Nuphar luteumusually indicates moderately eutrophic to strorgiyrophic
conditions. In combination witNymphaea albaas for instance in Garla Popina, it is a
characteristic indicator for moderately eutrophiatevs. The species occurs in lakes
and also on the borders of channels, with verywlater current (Fig. 4).

The plant communities and abundance-dominance sralugpecific species
are subject to dramatic yearly fluctuations thaytna documented in particular by
means of long-term monitoring on chosen samplir@iss(Fig. 5).
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Fig. 3. Comparison of abundance-dominancérajpa natanyegetation type in lakes
and running waters
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Fig. 4. Comparison of abundance-dominancé&laphar luteuntype vegetation in lakes
and water course (Perivolovca canal)
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Fig. 5.Changes of the covering degree represented oratieedd abundance-dominance
mean values following the monitoring programmeised in the restored area Babina,
North-East of the Danube Delta

In the case of restored areas they do for instdvamk up as well the
resettlement processes that may be evaluated &elguoaly in the course of the
years. The specific species and their charactestinbinations prove, by means
of their indicator value, to which extent their cheteristic biogeochemical and
ecological functions do redevelop subsequent tad¢htoration measures effected.
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In that case they serve the control of successaflo@ a forecast as for the future
development in the restored aredsicularia vulgaris for instance is an indicator
for a re-established filter function, as it occateng the borders of the channels in
those places where the clear waters that arediitéy the reeds enter the water
bodies. On those surfaces of the restored arebarthaubject to periodical shallow
indundations (e.g. Babina and Cernovca), water opdgtes such a#\zolla
filiculoides, Ranunculus circinatusr Zannichellia palustris ssp. pedicellasill
indicate a slight salinity. These areas were sulgesoil salinization at the time of
the polders, the process of washing-out has alreddyn place subsequent to their
reconnection to the flood regime of the Danube R{Behneideet al, 2008).

Conclusions

Water table dynamics, import of nutrients in conegdake systems, depth of
water bodies, transparency, silt or sandy deposithe bottom of the lakes and channels
etc. are of crucial importance for the repartibbmacrophytes and their communities.

In dependence of the hydrological regime from oaaryto the other, clearly
visible differences arise between the abundancerdoroe of species and their
distribution within the communities.

It becomes apparent from the comparison of plamtngonities in standing and
slowly running waters of the Isac-Uzlina area amdnebeyond i.e. of further areas
studied in the Danube Delta, that besides a fewptxms and regarding the vegetation
types determined, no major and significant diffee=n have been observed. It has
however to be stated that the stands of runningre/generally show lower species
numbers, especially with increasing flow velocitydahigh sediment load, given that
only few species cope with these conditions.

As resulted from the studies only few species, sashfor instance
Potamogeton nodosu®otamogeton gramineufanunculus trichophyllugthe latter
only partly), are bound to running waters.

Species such &@otamogeton pectinatuBotamogeton perfoliatuyPotamogeton
crispus Ceratophyllum demersuccur in both types of waters: in slowly running
waters and in lakes, more or less rich in suspesdids and with a higher turbidity
in running waters and connected lakes, less tuybidiclear waters in more isolated
lakes. A number of species find theirselves in angition situation as they
sometimes occur in very slowly running waters, &gb in lakes where they support
water table changes and dynamics caused by walygaphoides peltata, Nuphar
luteum, Stratiotes aloides, Trapa natans

Species showing a broad ecological amplitude (asdior exampléotamogeton
pectinatu¥y may only serve as water quality indicators ircgjgespecies combination. This
is the case when they occur together with speaiesiisg a tighter ecological amplitude.

In restoration areas the species may serve asatodicfor redeveloped,
characteristic ecological and biogeochemical fuomgi and thus be used in an
evaluation for the control of success.
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THE WATER FRAMEWORK DIRECTIVE AND THE RESEARCH
METHODOLOGY FOR MACROINVERTEBRATE COMMUNITIES

CONSTANTIN CluBUC?

SUMMARY. The Water Framework Directive represents the legsis for the assessment of
all types of water bodies in Europe. The presepgipgepresents a general overview concerning
the implementation of the Water Framework Direciiv&omania, with special attention on its
requirements, targets and special problems engednteMacroinvertebrate community
represents the focus of the second part of therp@he methods used in macroinvertebrate
monitoring studies are reviewed.

Keywords: macroinvertebrates, Management Plans, pressueesyater Framework Directive.

Introduction

The Water Framework Directive ensures the framewedkiired for water
resources management according to the sustainadlelopment principles,
represented by the quantitative and qualitativarobof aquatic basins. The main
target is to achieve “good status” of water bodietl 2015.

The Management Plan of the catchment area(s) egpisethe implementation
tool of the Water Framework Directive. It estabdishihe target-objectives for a six
year period and it proposes measures for achigh@ntgood status” of water bodies.

According to the 2000/60 Water Framework Directivevisos, the Danube
states, Romania included, must contribute to thbaehtion of the Danube River
catchment area Management Plan.

The signatory states of the International Commis$w the Protection of
the Danube River (I.C.P.D.R.) decided that the Nj@ngent Plan of the Danube
catchment area would have two parts.

Part A — the general plan, includes the important problainthe catchment
scale, with transboundary effects, and refershi®:nbain river courses with an area
that exceeds 4000 sg. km; the lakes with a sudager than 100 sq. km; transboundary
aquifers larger than 4000 sqg. km and the DanuleePtdmube Delta and coastline
water bodies.

Part B refers to the national Management Plans of theubarcountries.
According to the Romanian legislation 310/2004, Maional Management Plan
of Romanian Waters consists of eleven Basin Managemlans. Moreover, River

! Zoological Station Sinaia, Curifpi Street 5, Prahova County, Romania, 106100.
E-mail: ciubuc@dglobtel.ro
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Basin Committees were established for every catoh@ea, according to the law
no. 107/1996 and the Government Decision (HG) Bd2¥rom the 28 of November
2000. These River Basin Committees establish thealglement Schemes for every
catchment area in Romania.

General characterization of the Romanian catchmenareas

Surface waters — categories:

There are six categories of water bodies found amé&nia, as follows:
permanent rivers - 55535 km, representing 70% ftbentotal Romanian water
courses; not permanent rivers — 23370 km, repriegeB®% from the total Romanian
water courses; 117 natural lakes having a surfagged than 0.5sq. km (half of
which in the Danube Delta); 255 dam reservoirs &igurface exceeding 0.5 sq. km;
transboundary waters — 174 km and coastline watédt km (Fig. 1).

Ecoregions, types and reference conditions

Four ecoregions were identified in Romania: 10e-@arpathian Mountains;
11 — the Pannonian Plain; 12 — the Pontic area; tt& Russian Plain. Other two
ecoregions were proposed: the Transylvanian Plg#u ecoregion 10s) and the
Black Sea ecoregion.

The types of the Romanian water courses and lakes defined based on
unigue national methodssérban and Jula, 2002), taking into consideratian th
abiotic parameters of the systems A and B recomettbg the Water Framework
Directive. The analysis made by using these metlodse Romanian catchment
areas led to the definition of 32 water coursegype

Identification of pressures
Hydromorphological pressures (Fig. 2) affect mdsthe Romanian water
courses from the analyzed catchment areas. Howeber, most important
hydromorphological pressures are caused by:
— 255 dam reservoirs (the most important ones aegeirn Gates | and Il,
Stanca Cos##, 1zvorul Muntelui, Vidra and Vidraru)
— 7100 km of dykes and 6600 km of river regularizatigorks (the most
important are on the following rivers: the Raul Nedriver, representing
83.3% from its length; the Bega — 79%; the Olt -5%, the Jiu — 69%, the
Crasna — 63.5%; the Damb@vi— 61%, the Berheci - 60%; the Buz-
45%; the Bar&u 44%). The Danube River is dammed up to 80% of its
length in the Romanian sector.
— 175 water derivations, including canals (e.g. §iBega; Arge-Dambovia;
lalomita-Dambouvia; lalomia-Mostitea etc., and the canals: The Danube — the
Black Sea; Poarta Alb- Midia Navodari; Bega; Siret — Sitna; Siret arigan).
— 138 water abstraction sources, collecting importaater quantities; and
147 important water restitutions.
34
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The percent of significant pollution sources frane ttotal point sources
analyzed is 80%.

The Dobrogea - seacoast -
catchment areas Coastline
water bodies

Fig. 1. The Romanian catchment areas and coastline wadeso
(National Management Plans, 2004).
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Diffuse pollution sources include mostly: chemidetltilizers used in
agriculture, pesticides, livestock, human settldmetc. (Fig. 3). Chemical fertilizers
varied in the analyzed catchment areas betweenah@®.7 kg P/ha and between
6.91 and 23.6 kg N/ha, respectively, usually lothan the average values recorded
in the Danube catchment area (5.9 kg P/ha andkgiiNtha).

The pesticide quantities used for killing pestsgeth between 0.08 kg/ha
and 1.17 kg/ha in the analyzed catchments, thusdieg lower values compared
to the Danube catchment (1.39kg/ha representingatfezage value in seven
countries). Livestock located in the analyzed caehts had a density that varied
between 0.16 and 0.65 cows/ha, compared to thageerlue in the Danube basin

(0.45 and 0.55 animals/ha, depending on the cdionlanethod). )
In rural areas, the most important diffuse pollatEources are located in

the localities from the vulnerable regions. Humattlements, both rural and urban,
represent important pollution sources by meanshef goor connection to the

sewerage network (4.1% in rural areas and 47%haruones). _
However, there are several problems in identifgiggificant pressures. First,

there are not enough monitoring data, especiaéyctintent of priority substances,
priority/dangerous ones and heavy metals in thetewasoming from the point
pollution sources. Secondly, there are no datéhforcalculation of the pollutant loads
reaching surface waters from diffuse sources. @rother hand, there are not enough

data concerning the species biodiversit%/_ for mbatjoatic ecosystem types.
The Water Framework Directive (Directive 2000/60JE@presents the

legal basis for the assessment of all types of mmddies from Europe.
The implementation of the Water Framework Directioffers an

assessment system of ecological quality for rifiems the European Union based

on benthic macroinvertebrates, together with thea#q flora and ichthyofauna.
The ecological status of a water body must be ddfinomparing the

composition of the biological community of the niver lake with the natural

reference conditions.
The assessment guidelines of water quality led“teess” evaluation of the

systems that should meet all criteria.

Methods and criteria used for the macroinvertebratecommunities

Benthic invertebrates represent “organisms that dim the river substratum
(hard mineral sediments, logs, macrophytes, altaménts etc., in freshwater
habitats (AQEM, 2002). The organisms are considéneble large enough to be
caught with a net having the mesh size betweerah@®O00um.
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Macroinvertebrates represent good indicators oewgtiality. They can
reflect different impacts on the river, thus agdtaiassessment of the aquatic ecosystem
is obtained. Benthic macroinvertebrates can idgrdifidity, habitat degradation
and some changes of morphometrical parameter® afuér.

The following steps must be considered in macrotebeate community
analyses (AQEM, 2002):

1. First, it's necessary to distinguish between“tlepresentativesample’
and the Sampling ared. The first represents the sample that must becssmtative
from a biological point of view for the study riveiT he sampling area” can cover a
section of several hundreds meters along the rivee sampling area will be
considered for monitoring.

2. The length of a representative sample dependseoriver width and on
the variability of its habitats. As a general rutenust not be shorter than 20 meters
and it must cover all the river width. It also mbst representative for a minimum
analysis of 500m length or 100 multiplied by therage of the river width.

3. For the analysis of a lotic ecosystem the fallgicharacteristics must
be considered:

- the river morphology

- the habitat composition

- the sample must reflect the habitat compositiomfthe study area. For
example, if the sampling area includes wooden daampling must be avoided in
the regions with dead wood, because they are po¢sentative.

- the bank vegetation (the sample must includectiagacteristic structure
and density of the bank vegetation)

- the sample must reflect the presence of lenticlatic zones throughout the
study area. If both lentic and lotic zones areasgmtative, then both will be considered.

- human impacts — it's better to avoid the reginear bridges (upstream or
downstream human-made bridges) or wooden damssautiiey are typical for the
study region.

- pollution sources — if the point source of pathat affects only a small
section from the study area, the sample must nobbected from the region close
to the pollution source, but from the area wheeewthater is well mixed.

- the perturbation — if the macroinvertebrate comities from the study
area are included in other monitoring programs réiggon will not be selected

4. The procedure of field analyses

The AQEM method is based on the monitoring of magitats reported to
their percent in a sample unit. One sampling iresud0 samples collected from all
types of microhabitats representing more than S the area. The 20 locations must
be distributed according to microhabitat distribntiFor example, if the habitat from
the sampling region is represented by 50% sand ltheamples must be collected from
the sandy habitat. The structure and microhab#tdgories must be established in
sampling protocols. The total collection surfageesents 1.25 sq. m from the riverbed.
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5. The coverage of all microhabitats is considéeen of those less than
5%) based on the list of microhabitats identifiedthie field. Microhabitats with
mineral and organic substrata are considered t® Wwhole that should be 100%.
Based on the estimation of habitat coverage, tmsbien of samples is established
in the sampling protocol. For example, if a sampesists of 50% gravel, 25%
sand and 25% coarse particulate organic matter fQP®an 10 samples will be
collected from gravel habitats, 5 from sand antbsnfCPOM.

6. Sampling takes place from downstream on goirsgream.

7. The net goes vertically into the water, tilted/ards the upstream region
of the water current. The substratum (together withbenthic macroinvertebrate
fauna) must be dislocated at a depth of 10-15 com fa square surface (0.25 x
0.25m) upstream the net. Rocks are washed andibstratum is swept up for the
collection of sessile organisms. Pieces of woodrpaller rocks should be put in
plastic bags for later collection of attached oigans.

Different sampling tools can be used, dependinthermicrohabitat types.
For example, the Surber can be used in waters stiting currents. For slow —
flowing waters, the Surber tool can be used buts#@iments must be dislocated
by stirring up the water.

8. The sample taken from the river must be washedthe net, so that all
the material collected should be preserved.

9. If there are different regions in the samplimgaa both lotic and lentic,
than the macroinvertebrate fauna should show tffereinces between the two
types of habitats. If the study requires furthdolimation, the collected samples
could be treated separately for lotic and lentibitieédis. Usually the number of
samples differs from lotic (e.g.13) and lentic mew (e.9.7) — depending on their
relative importance. If there are problems diff¢isting between lotic and lentic,
then 10 samples will be taken from each habitat.

10. The collected material must be sorted. The wmiedes and the small
rocks must be removed after being analyzed anchetkaf sessile organisms.
Small debris can be analyzed in the field, to beentione-efficient. However, large
and fragile organisms (e.g. Ephemeroptera — thefliay or species that cannot be
preserved (belonging to e.g. Tricladia or Oligo¢hagoups) must be sorted in the
laboratory. These organisms must be collectedparage bottles, without sediments.
For the South European rivers, the samples cantékytsorted in the field, if there
are enough human resources and time.

11. The large organisms that can be easily identiéin the spot must be
released into the river after analyses.

12. The sample must be washed. The whole samgléevjassed through
a dense mesh (1000 pum for sand and 2000 um foy saddstratum). This procedure
can be made in the field or in the laboratory.

13. The storage of the sample must be made in glesibottle. The sample
is preserved with 4% formaldehyde or 95% alcohaimf@le preservation prevent
carnivorous organisms (like Adephaga, Rhyacoplli&ialidae, some Gammaridae
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etc.) to eat other macroinvertebrates before tkentamical and ecological analyses.
The final concentration of the alcohol must be 7@% the water from the sample
must be partially removed before the alcohol isealdd
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MONITORING THE ECOLOGICAL STATUS OF RUNNING
WATERS BASED ON FISH COMMUNITIES

KLAUS W. BATTES?!

SUMMARY. The present paper represents a review of the noosinon methods used in
assessing water quality of running waters basedfisin communities. Monitoring the
ichthyofauna offers valuable information on thelegisal status of aquatic ecosystems, because
most of the times changes occurring in fishes aeflee changes from lower trophic levels,
caused by human impacts but also by natural ecaldgictors. The newest trends in fish-based
methods for assessing European running watergesened, including the Index of Biological
Integrity and the European Fish Index.

Keywords: ichthyofauna, ecological status, running watersjitoang

Introduction

As a result of multiple human impacts (water pading river regularization
works, introduction of alien species, the preseateénvasive species etc.) the
structure and functions of native aquatic ecosystehanged, sometimes up to a
complete transformation. Thus, assessing the presmrogical status of aquatic
ecosystems allows us to understand the true ingfdoctman activities.

The EU 60/2000 Water Framework Directive stipuldbesintroduction of
the ,good ecological status” concept regarding whtalies. It also stipulates that
the focus of water quality monitoring should charfigem physical and chemical
parameters to the biological and ecological ones.

The aim of the Directive is to establish a framéwfar the protection of
surface, inland, transitional, coastal and grouatexg, together with the prevention of
future alteration considering the protection angrimmement of the ecological status
of aguatic ecosystems.

The following biotic communities represent the méwus of the Water
Framework Directive for determining the presentlagioal status of surface waters
(especially running waters) using ecological irsticgructure and abundance of aquatic
flora (macrophytes and algae), structure and almaedaf benthic macroinvertebrate
community and the structure and abundance ofdishé.

For fish fauna, the quality elements stipulatedtiy Water Framework
Directive include at least three quality classesry good and good statugthe
structure and abundance of fish associations aréasito the ones existing before

! The Bagu University, Faculty of Sciences, Department afi@&jy, 157 Calea bfisesti Street, 600115/
Baciu, Romania; E-mail: klaus_battes@yahoo.com
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major human impacts in a proportion of 80%) — duatiasses | and Il — codes
blue and greenmoderate ecological statugminor changes in the structure and
abundance of fish communities occurred) — classctitle yellow; angboor and
bad ecological statugichthyofauna structure and functions are stromdfigcted) -
classes IV and V, codes orange and red.

Aquatic ecosystem monitoring based on fish commuriés

Several parameters and indices characterizingafislociations are used in
determining the ecological status of ichthyofauna.

The accuracy of the results depend firstly on usitagndardized sampling
methods (European Standard CEN/TC/230) and on matanrect taxonomical
identifications (according to the updated fish $petist after Kottelat and Freyhof
(2008), accepted all over Europe).

Another important step is the calculation of selguantitative parameters
in order to assess correctly the fish communitidsese parameters include the
numerical abundance, the total biomass and thestmtk given in individuals per
100 sgm. or grams per 100 sgm.

In order to establish the ecological rank of eVsly species collected, the
following ecological indices must be estimated:abandanceA, the dominanceDb,
the constancy € and the index of ecological significancé\- According to the
values of these indices, fish species can be damiraeading, characteristic,
complementary, associated or accidental.

The red list of fish species is a major task ireasig the ecological status
of fish communities. It must be made accordingrecise methods of determining
the level of endangerment. Extinct specieEX; endangered species EN;
vulnerable speciesVU; rare species R; not evaluated NE and data deficient —
DD represent some of the categories used in estalgifiie level of endangerment
of fish species. It can be established very aceutst collecting a minimum
number of 1000-2000 individuals / catchment ared lay relating the number of
very rare individuals (lower than 10) to the tatapture (Tab. 1).

Table 1.
The score used in assessing the level of endangeninef fish communities
The level of Number of individuals / A* Stock** Ecological
endangerment  Number Percent (ind./100 sgm) significance (W)
Critical status 2 0.20 0.01 (0.02) W <0.05
Endangered <20 <2.00 0.05(0.1) W<0.1
Vulnerable <100 <10.00 0.50 (1.0) W<0.5
(15.00) (1.0)

* number of individuals / minimum 1000 individualaptured
** stock calculated at a minimum of 15 - 20 samgdin
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The Index of Biological Integrity (I1BI)

The biological integrity represents the abilityasf ecosystem to maintain
its balance as a whole, thus including all its comgnts (genes, species, higher
systems) and processes (mutations, demographygisal interactions, nutrient
dynamics, energy flow and population parametergcifip to a natural habitat.
Biological integrity can also be defined as theligbbf an ecosystem to sustain
integrated and adapted communities, with a stractdiversity and organization
characteristic to slightly affected habitéfsauschet al, 1984; Fauschkt al., 1990).
The Index of Biological Integrity was introducedthre late 28 century in order to
assess the ecological status of running waterbdannited States of America. It
was adopted and used extensively all over the wfidjheset al, 1998). A first
variant of the index elaborated by Karr (1981) &m=ir and Dudley (1981) was
adapted for some water courses in Romania (Ba869). This index uses 15 metrics,
included in 3 groups.

The first one is thespecies richnessincluding the following parameters:
the total number of species existing before theaichpthe total number of cyprinid
species; the total number of salmonid speciestafa¢é number of other species; the
total number of native species; the total numbentbduced species and the total
number of extinct species.

The second group refers to ttrephic structure of fish populations —
estimating the percent of benthivorous (insectiy@pecies, carnivore species,
together with euryphagous, herbivore and detrigvapecies.

The third group includeshe population abundance and its ecological
status — meaning the number of individuals / 100 sqre,itomass (g/100 sgm.),
the number of hybrids and the number of sick imfligls, with tumors or anomalies
(tumors, lesions, malformations etc.). Every part@mis scored with 1 point (low),

3 points (average) and 5 points (good).

The integrity classes used for assessing the eicalogtatus of fish
communities were nine at first, but they were reduto 5, in order to correspond to
the quality classes used for other biotic indidésis, former classes 1 and 2 (excellent
and excellent/good) becamery good former classes 3 and 4 (good and moderate/
good) becamgood former classes 5 and 6 (moderate and low/modebatame
moderate former classes 7 and 8 (low and low/very low)dmepoor, while the
9" class (very low) becantead. Tables 2 and 3 present the calculation method for
the score and the integrity classes for fish conitiasn
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Table 2.
Categories of metrics used for the calculation of8l, with the score
(5 — maximum score; 3 — average score; 1 — minimuseore)
Score
Metrics
5 3 1
Fish The total number of species existing  >90% 50 - 90% <50%
community  before the impact (abundant) (constant) (rare)
structure and Total number of cyprinid species >45% 20 - 45% %20
species Total number of salmonid species >5% 1-5% <1%
richness (300 ind./km) (100 - 300 (100 ind./km)
ind./km)
Total number of other species >20% 5-20% <5%
(6sp.) (3-5sp.) (2sp.)
Total number of native species >68% 35-67% <34%
Total number of introduced species <1% 10% >10%
Total number of extinct species 0 sp. 2sp >2 sp
Trophic Percent of benthivorous (insectivore) >45% 20 45% <20%
structure of  species
fish Percent of carnivore species >5% 1-5% <1%
populations  Percent of euryphagous species <20% 20 - 45% >45%
Percent of herbivore and detritivore <25% 25 - 50% >50%
species
Population  Total biomass (g/100 sgm) >1000 100 - 1000 <100
abundance  Total number of individuals (ind./100 sgm) >100 ex 10 - 100 ex <10ex
and its Number of hybrids 0% 0-1% 1%
ecological Number of sick individuals, with 0% 0-1% >1%
status tumors or anomalies
Table 3.

Integrity classes according to the score granted f@mall and average rivers

No Quality class Small rivers Average rivers  Integrity class
(w<5m) BGm<w>20m)

1 Verygood (code blue) > 37 >53 |

2 Good (code green) 30/37 45/52 1]

3 Moderate (code yellow) 23/29 36/44 1

4 Poor (code orange) 12/ 22 24 /35 \

5 Bad (code red) <12 <24 \%

w — river width
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Fish indices used in Europe

Table 4 presents different calculation methods dimerse fish indices at
national scale from several European countriesagsessing the ecological status of
aquatic ecosystems characteristic to running wélepsen and Pont (eds.), 2007).

Table 4.
Different indices based on fish communities from seral European countries
Country National Type Notes
method
Austria AT — FIA multi-parameter index; official method
9 metrics; score 1 —5;
fish zones
Germany DE - FIBS metrics: 6-9; score 1-5; official method
integrity classes: 1-5

Spain-Catalonia  SP — IBICAT metrics: 1-3; developing

river types: 5
Sweden SE - VIX metrics: 6; score: 0-1; developing

integrity classes: 5
The Netherlands NL — FI metrics: 8; score: 0-1 aidli method
France FR — FBI metrics: 7; score: 1-100 derivenhfthe American
1BI
Lithuania LT — LFI metrics: 12; score: 1-7 basedtoalogical guilds
and indicator species

Belgium — Valona BWLUX metrics: 12; score: 6-30 based on standard IBI
Luxemburg IBIP
Belgium — BF — IBI metrics: 8-9; official method, adapted
Flanders integrity classes: 5 after Karr's classic method
Finland FIN — FIFI metrics: 5; specific river typeg  unofficial method, based

national level on standard IBI
Czech Republic CZ-FlI metrics: 3; score: 0-1; developing

reference sites
ltaly IT — FITNESS decision-support system developing
Portugal PT — PoFlI metrics: 5-6; 3 types of rivers official method

The European Fish Index

The FAME project - Fish Based Assessment MethodEfmiogical Status
of European Rivers took place between 2002 and 28@4ncluded 25 institutions
from 12 countries. The main output of the projeaswhe European Fish Index — EFI
that assesses the ecological status of WesterNamiern European rivers.

This index uses two types of variables. The firsbug refers to fish
communities and includes 10 metrics belonging éofdflowing ecological functional
groups: trophic structure (density of insectivorepgcies; density of omnivorous
species), reproduction guilds (density of phytdptspecies; relative abundance of
lithophilic species), physical habitat (number ehthic species; number of rheophilic
species), migratory behavior (number of speciesratiigg over long distances;
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number of potamodromous species) and capacityiecate disturbance in general
(relative number of intolerant species; relativenber of tolerant species) (FAME
Consortium 2004).

The second group of variables characterizes thi¢gatalmnditions and the
human impacts (coordinates, altitude, slope, flgwiegime, distance to source,
riverbed geology etc.) together with details conoeg the sampling technique, the
sampled surface etc.

The ecological status of the rivers is expresseahnasdex ranging from 1
(high ecological status) to 0 (bad ecological $tatlihere are five ecological status
classes: high, good, moderate, poor and bad.

The index has been developed for sites located estévn and Northern
Europe and can not be applied or should be appligd caution in other areas,
characterized by different fish fauraaghmutzet al, 2007) That is why the ongoing
project“Improvement and spatial extension of the Europearfish Index — EFI+”
attempts to address these limitations of the Efluding in the project consortium
countries from Central and Eastern European reggonell as from Mediterranean
areas. A new fish species list was made based dtel&iband Freyhof (2008),
including endemic species from different ecoregioam Europe.

One main objective of the EFI+ project is to evédutdne applicability of
the existing European Fish Index and make the sacgsmprovements to the
existing EFl in Central and Eastern Europe ecoregidy identifying metrics
taking into account the higher species richnegshénDanube basin and integrating
ecological traits of endemic species of Central Badtern European catchments.
However, there were only few Central and Easterrofi@gan countries which had
sufficient and adequate data for a participatiothénEFI+ project. The improvement
and adaptation of the existing European Fish Irisl¢lerefore within the framework
of the EFI+ project mainly concentrated on Polidtingarian and Romanian rivers.

279 sampling sites were considered for data cadlech Romania, located
in nine catchment areas in the Siret basin the&ws the Moldova; the Bista,
the Troty; theSusita; the Putna; the Rimnicua@&t; the Buiu; the Birlad) (Fig. 1).

For data delivery, environmental data were consuiéor the prediction of
reference conditions, including: the altitude, ghesence of lakes upstream, the distance
from source, the natural flow regime, the wettedtlithe geology, the water source
type, the actual river slope, the valley slope, dize of catchment, the catchment
name, the presence of a former floodplain, theeyafbrm, the geomorphological
river type, the naturally dominant sediment. Valeabdescribing the location,
name of the sampling site and the fishing date \atye important (site code, date,
latitude, longitude, river name, site hame), togethith variables describing the
sampling methodéampling strategy, method, fished area).

Pressure categories and types were detailed fory es@mpling site,
considering the connectivity (the existence of iaiigm barriers at the catchment
and river segment scale), hydrological alterationpéundment, hydropeaking,
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water abstraction, water use, collinear conneasdrvoir, hydrograph modification,
temperature, flow velocity increase, reservoirHlng, sedimentation), morphological
alteration (channelization, floodprotection), watgrality (toxic priority substances,
acidification, national water quality indices, theistence of artificial eutrophication,
organic pollution, organic siltation) and the naatign intensity.

RO:SI
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RO:SI.04:311
RO.51.04530

~ Rosilosiy
RO 108"

©2008

Google’

Eye alt 759,99 km

Fig. 1. The location of the sampling sites considered &adlelivery used to develop
the new European Fish Index

Fish data collected for index modelling includediafles describing the
location of the sampling site, variables descritilmg sampling methods, catch data
and variables describing length data.

The new European Fish Index will be developed trear and it will
become a standardized method for assessing eal@g@tus of running waters in
Europe, according to the Water Framework Directive.

Conclusions
The standardization and unification of fish-baseshitoring methods for
running waters in Europe represents, by means efetaboration of the unique
index EFI a progress in assessing the ecologiatdsbf these aquatic ecosystems.
This index will help simplify the problems in mamriing, protection and reconstruction
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of aquatic ecosystems from the European rivers.ebhagr, it will contribute to the
development of monitoring programs for differentctenent areas, national or
transboundary.

Acknowledgments.Thanks are given to PhD student Karina Battes, BalBolyai

University, for the translation of the paper
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PRELIMINARY STUDY ON AUTUMN DIATOM COMMUNITIES
FROM THE CRISUL ALB RIVER, INEU SECTION

LAURA MOMEU! AND RAMONA CNAB!

SUMMARY. The present paper represents the first study coimgerbenthic diatom
communities from the Gl Alb River, Ineu section. Qualitative samples eveollected in
autumn 2007 from five sampling sites located neaullocality, on the main river course.
Most of the species identified in the study areeeve®smopolitan, but many were eutrophic
or hypertrophic, due to natural conditions but atsbuman impacts present in the region.

Keywor ds: diatom community, the Gl Alb river, ecological valences, substratum natur
saprobic values

I ntroduction

The Criul Alb River has its source from the Pietrele Aladcareous massif,
on the Western side of the Bihorului Mountains98® m a.s.l. (Oancea, 2002). The
catchment area covers all relief units: mountaiills and plains. The Bihorului and
Codru Moma Mountains borders the catchment ardzetbdlorth, while the Zarand and
Metaliferi Mountains to the South. The piedmontieadooks like an elongated golf,
bordered by the following hills: Codru Momaalkhagiul, Bradul, Rut, Cuied and
Almas (Cote, 1957). The plains are characterized by intensatepoary alluvial
processes, with gravel deposits alternating withl,nsands and clays that become
thicker and thicker on going Westwards (Pop, 2005).

The geological substratum consists of calcareatks rand cristaline dolomites
in the mountains, cristaline schists, marls, cleyodits and gravel in depressions, sands,
gravel, boulders and clays in piedmont areas aagkclsands, loess, pit deposits
formed on cristaline schists and marls in the pl@itutinac, 1990).

The climate is temperate-continental to subcontalemoderate with
oceanic influences. It records several topoclimdifferences due to Western and
South-Western air masses with high humidity, bsbalue to tropical warm air
masses and cold, polar ones (Mtest, 2005). This fact has influences on the
temperatures and rainfall regime. The last onerdscan annual average value of
450-650mm in the plains, 700-900mm in piedmontaegiand 1000-1200mm in
the mountains (Mustea, 2005).

! Babg-Bolyai University, Faculty of Bioloy and Geologpepartment of Taxonomy and Ecology,
5-7 Clinicilor Street, 400006/Cluj-Napoca, Romania
E-mail: Imomeu@hasdeu.ubbcluj.ro




L. MOMEU AND R. CNAB

The geological substratum nature, rock alteratiocgsses, temperature,
humidity and vegetation are the most importantdiacthat influence the types of
soil in the Crgul Alb catchment area. They form a true mosaiduigiog not only
zonal but also azonal ones (Anastasiu, 1988; Flerreh, 1968).

The mosaic structure of the vegetation is causddlynby the pedological
conditions, the climatic regime and the fact the Criul Alb catchment area is
oriented to the West (Pop, 1968; Ardelean, 1999)

The great variety of relief conditions, climateptpgical substratum, soils
and vegetation from the Gul Alb catchment area have important influences on
the algal community structure.

The present research was motivated by the lackeofqus studies concerning
diatoms from the Cgul Alb River. The present paper is included in fila@nework of
actual world-wide biological research trends, af tonservation, protection and
capitalization of biodiversity according to the tsusable development principles.
Moreover, the EU Water Framework Directive stipagathe assessment of river
ecological status based mainly on aquatic organigigae, as primary producers,
are frequently used in river monitoring prograngrsterm or not.

The main target of the present paper is the stéitlyeoqualitative structure
of the diatom community (Bacillariophyta), becadsgoms are the dominant algal
group living in rivers, especially in the upper amédle reaches, but sometimes
on the lower ones as well, depending on the suhbstranature (Foerstest al.,
2004). Human impacts affecting the qualitative cice of the diatom community
from the Crgul Alb, Ineu section, will be also considered.

Material and Methods

The samples were collected in October 2007 fromntigdle Criul Alb
River, from five sites (Fig. 1). The first samplisije () was located 5 km upstream
Ineu locality, while the last one (V) was situateshr the city limits of the city, on
going downstream. According to the literature (Winand Duthie, 2000), epilithic
samples were collected because hard substratuncheaacteristic to all sampling
sites, even if in different proportions.

Diatom samples were collected using classical rdstlike scraping, brushing
or washing the rocks and boulders. The samples prgerved in the field with
4% formaldehyde.

The biologic material was analyzed in the labosedémcording to standardized
methods (Barber and Haworth, 1981). Diatom taxonahidentifications were made
from permanent slides with a Nikon Eclipse E400rasicope (equipped with a 100X
immersion objective), according to usual diatormskey

Considering the qualitative structure of diatom ocmmity, the similarity
between the five sampling sites was calculatecgdas Jaccard similarity index
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Fig. 1. The location of the five sampling sites on thes@i\Ib River, Ineu section (I-V — the
sampling sites; 1- the waste dump of Ineu localty8 — fish ponds; 4 - waste water
treatment plant; 5 — water abstraction plant; Geep stables; 7 — croplands; 8 — pastures;
9 - forests (source: Office of Civil Defense anddEgencies, Ineu Townhall)

Results and discussion

A number of 121 diatom taxa was identified at thes fsampling sites
located on the Cgull Alb River, 118 species and 3 varieties, belogdm27 genera
(Tab. 1). GenusNavicula had the highest number of species (24), followgd b
Nitzschia(19), Cymbellaand Surirella (9), Gomphonemd8) andFragilaria (7),
while the other genera had fewer species (1 tad.(1).

The high number of diatoms identified in the 40fi Alb River, Ineu
section, showed an increased eutrophication ofvetter. This process was caused
not only by natural environmental factors (Mutihd®90, Anastasiu, 1988), but
also by human impacts. Many cropland areas, pastaune fish ponds were located
within the river catchment area, in Ineu sectiomhjlevthe city waste dump was
located on the bank of the river. Moreover, thé&latca sewage system in Ineu led
to discharges of domestic and industrial waste nsat¢o the Criul Alb River.
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Table 1.
List of diatom speciesidentified in the Crisul Alb River, Ineu section
No. Taxa/ Sampling sites [ I 11 I\ V
1. Achnanthes delicatula + - - - -
2. Achnanthes hungarica - + + + -
3. Achnanthes lanceolata - + + + +
4. Achnanthes minutissima + + + + +
5. Amphipleura pellucida - - - + -
6. Amphora libyca - + + + +
7. Amphora ovalis + + + + +
8. Amphora pediculus + + + + +
9. Amphora veneta + + + + +
10. Anomoeoneis sphaerophora + - - - -
11. Bacillaria paradoxa + + + + +
12. Caloneis silicula + + + + +
13. Cocconeis pediculus + + + + +
14. Cocconeis placentula + + + + +
15. Cyclotella meneghiniana + + + + +
16. Cyclotella pseudostelligera - + + - -
17. Cyclotella stelligera + - + - -
18. Cymatopleura elliptica + + + + +
19. Cymatopleura solea + + + + +
20. Cymbella caespitosa - + + + -
21. Cymbella cistula - + + + +
22. Cymbella lanceolata + + + + +
23. Cymbella minuta + + + + +
24. Cymbella prostrata + + + + +
25. Cymbella silesiaca + + + + +
26. Cymbella sinuata + + + + +
27. Cymbella tumida + + + + +
28. Cymbella uniseriata + - - - -
29. Diatoma ehrenbergii - - + + -
30. Diatoma moniliformis + + +
31. Diatoma vulgaris + + +
32. Epithemia adnata - + - - -
33. Epithemia sorex - + - - -
34. Fragilaria arcus - - - - +
35. Fragilaria capucinaet var vaucheriae + + + + +
36. Fragilaria dilatata + - - - -
37. Fragilaria parasitica + + + + +
38. Fragilaria pulchella + - - - -
39. Fragilaria ulna + + + + +
40. Frustulia saxonica + - - - -
41. Frustulia vulgaris + + + + +
42. Gomphonema acuminatum - - - + -
43. Gomphonema affine + + + + -
44. Gomphonema augur - + + + +
45, Gomphonema clavatum + + - - -
46. Gomphonema olivaceum + + + - +
47. Gomphonema parvulum + + + + +
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Table 1. (continued)

No. Taxa/ Sampling sites | I 11 [\ \%
48. Gomphonema pseudoaugur - - - - +
49, Gomphonema truncatum + + + + +
50. Gyrosigma acuminatum + + + + +
51. Gyrosigma attenuatum + + + + +
52. Gyrosigma nodiferum + - - - -
53. Gyrosigma scalproides + + + +
54. Hantzschia amphioxys + + + - +
55. Melosira distans - + - - -
56. Melosira granulata + + + + +
57. Melosira varians + + + + +
58. Navicula ambigua - + - -
59. Navicula bacillum + - - - +
60. Navicula capitata + - + + +
61. Navicula capitatoradiata + + + + +
62. Navicula cincta + + + + +
63. Navicula contenta - + - - -
64. Navicula cryptocephala + + + +
65. Navicula cryptotenella - + + + +
66. Navicula cuspidata - + + + +
67. Navicula decussis + + - -
68. Navicula goeppertiana + - - - -
69. Navicula lanceolata - + + - -
70. Navicula minima + - - - -
71. Navicula minuscula + - + - -
72. Navicula mutica + - - - -
73. Navicula pupula + + +
74. Navicula pygmaea - + - - -
75. Navicula radioasa - + - - -
76. Navicula rhyncocephala + + + + +
77. Navicula tripuncata + + + + +
78. Navicula trivialis - - - - +
79. Navicula veneta + - - - -
80. Navicula ventricosa + - - - -
81. Navicula viridula + + +
82. Neidium ampliatum + - - - -
83. Neidium bisulcatum - + - - -
84. Neidium dubium + + + - -
85. Nitzschia acicularis + + + + +
86. Nitzschia amphibia - + + + -
87. Nitzschia clausii + - - - -
88. Nitzschia constricta + + + + +
89. Nitzschia dissipata + + + + +
90. Nitzschia dubia + - - - -
91. Nitzschia flexa - - - - +
92. Nitzschia fruticosa - + + + -
93. Nitzschia heufleriana + - - - -
94. Nitzschia hungarica + + + + -
95. Nitzschia linearis + + + + +
96. Nitzschia palea + + + + +
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Table 1. (continued)

No. Taxa/ Sampling sites | I 11 I\ \Y
97. Nitzschia paleacea - - + + +
98. Nitzschia sigma - + + + +
99. Nitzschia sigmoidea - + - - -
100. Nitzschia sinuataar. tabellaria + + - +
101. Nitzschia subacicularis - + - - -
102. Nitzschia sublinearis - - + + -
103. Nitzschia umbonata + - - - -
104. Pinnularia borealis + - + + -
105. Pinnularia rupestris + + - - -
106. Rhoicosphenia abbreviata + + + + +
107.  Rhopalodia gibba - + - + +
108. Rhopalodia gibberula - - + -
109. Stauroneis anceps + - - - -
110.  Surirella angusta - + + + +
111. Surirella brebissonii + + + + +
112. Surirella crumena - + - - -
113. Surirella linearis + + + - +
114. Surirella minuta - - + + +
115. Surirella ovalis - + - - -
116. Surirella roba - - + + -
117.  Surirella robustaet var.splendida - - - - +
118. Thalassiosira baltica + - - - -

From a quantitative point of view, the dominant@pg were represented
by cosmopolitan elementdlifzschiasp., Fragilaria sp., Achnanthegninutissima
Diatoma vulgariy. Species indicating critical saprobic levels wedentified
downstream the sampling site Il (kBthia paleacea, N. sigma, N. constricta, N.
clausii). The number of diatom species ranged betweert 8t dirst two sampling
sites and 66 at site V (Fig. 2).
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Fig. 2. Number of diatom species identified in the five gling sites from the Cgul Alb
River, Ineu section.
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This decrease of species humber on going downstrgas caused by
changes in the substratum (larger mud and sand arepite of rock and boulders)
but also by human impacts. Nine indicator specie<ritical saprobic level
(Gomphonema augur, Gomphonema pseudoaugur, Nawviggfadata, N. ambigua,
N. trivialis, Nitzschia paleacea, N. sigma, Sutaehngustaand S. minuta were
identified only downstream from site Il, locatedanghe waste dump of Ineu
locality (Fig. 1). These nine species representstst one third of all indicator
species of critical saprobian levels identifiedhie study aregbfo. mesosaprobiay
mesosaprobiay-polisaprobic, polisaprobic).

Among the dominant species which were represenmteohdst cases by
cosmopolitan elements, several species indicatiitgcad saprobic levels were
identified downstream site Il (e.g. species belngdoNitzschiagenus).

From the point of view of the type of substratunaretteristic for the
study area, epilithic elements were well represefeg. species belonging to the
following generaAchnanthes, Cymbella, Gomphonema, Navjctiawever, epipelic
species were identified to&yrosigma nodifera, Navicula ambigua, N. cuspidata,
N. trivialis, Nitzschia sigmadue to the presence of some areas covered inimud
the riverbed. Epiphytic elements were also fo@mtconeis placentula, C. pediculus,
Epithemia adnata

A high number of diatoms were cosmopolitan eleméignbella minuta,
Cymbella sinuata, Hantzschia amphioxys, Fragilardaa, Nitzschia palea, Navicula
tripunctata, Gomphonema parvulum, Sururella bredmdisetc.). A large number of
diatoms known to be alkaliphilous (Patrick, 1977¢rev also found Amphora
ovalis, A. pediculus, A. veneta, Cymatopleura so@amphonema acuminatum,
Navicula lanceolata, Nitzschia acicularis, N. djss#ia, Rhoicosphaenia abbreviata
etc.). Elements known to be tolerant to heavy mefathanthes minutissima,
Fragilaria capucinavar. vaucheriag were also identified, even among the dominant
species, probably due to the pollution coming fsome tannery shops that existed
in the area before the 90's.

According to the river continuum concept (Vanneteal, 1980), because
the Criul Alb River entered its lower reaches downstreaieu) but also due to
numerous human impacts, many eutrophic and hygdritelements were found,
like: Gyrosigma acuminaturm, Navicula cincta, N. crypfitaa, N. veneta,
N. viridula, Nitzschia fruticosa, N. umbonata, Selta robusta Some halophilous
species were present tddyclotella meneghineana, Navicula cuspidata, N. igoén
N. pygmaea, Nitzschia constrictelowever, allochthonous species coming from
the river catchment area were also identified, tile following oligotrophic species:
Neidium dubium, N. ampliatum, Stauroneis ancepsl the following mesotrophic
speciesCymbella lanceolata, Nitzschia heufleriar@ther allochthonous elements
were aerophilous species likgavicula minusculaand Pinnularia borealis or
euplanktonic elements likéyclotella pseudostelligerandMelosira granulata
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The saprobic level of the water assessed basedadarator species usually
refers to isolated situations. However, there araesinteresting aspects regarding
saprobic values reflected by diatom species froenGhsul Alb River. Thus, over
30% species indicated a critical saprobic levet,aithe 89 species with indicator
value (Rott, 1997). On the other hand, more the 2pecies belonging to xeno,
oligo and oligoB mesosaprobic group were present only in one orgampling
sites, most of them allochthonous elements, corftomg the river catchment area
(Navicula contenta, Neidium ampliatum, N. dubium,bi$ulcatum, Pinnularia
borealis, Stauroneis anceps$Fig. 3). Thus, the presence of species indigatin
critical saprobic levels should be a clear alargnsishowing high quantities of
organic matter in excess. These results are inocdance with the papers published
by other authors on other rivers (Voicinetal., 2006; Momelet al, 2007).
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Fig. 3. The number of species with different saprobic iatiic values in the Gl Alb
River, Ineu section

Fig. 4 shows the similarity between the five samglstation, the five
diatom communities respectively, based on the Jdciralex. It recorded high
values, exceeding 0.5 in all cases, because ttienstavere situated close to each
other. The highest value, exceeding 0.8, was ctersiic to diatom communities
coming from sites Il and lll, located inside Ineacdlity. They differed not only
from the two algal communities located downstre&vnand V), but also from the
one upstream (1).
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Fig. 4. The similarity between the diatom communities chimastic to the five
sampling sites in the Gl Alb River, Ineu section

Conclusions

1. 121 taxa were identified from the biological matkefrom the Cgul Alb
River, Ineu section (118 species and 3 variettaayig a high species biodiversity.

2. Because of the hard nature of the substratum istthily area, epilithic species
were well represented, together with epipelic ¢fasnd at the surface of mud areas)

3. Considering the ecological valences of the speaiegst of the taxa
identified in the Cgul Alb River were cosmopolitan, many eutrophic and
hypertrophic, due to natural environmental conagibut also to human impacts (the
waste dump, cropland areas, pastures, waste vediteys

4. Numerous alkaliphilous species, together with haillops and halobiotic
species were identified at the five sampling sites.

5. Domestic and agriculture pollution led to the acalation of organic
matter, having as a direct consequence the develupof algal species indicating
critical saprobic level, which should be a clearil sign for the institutions that
monitor water quality from the Gul Alb River, Ineu section.

Acknowledgments. Thanks are given to PhD student Karina BattesgBBblyai
University, for translating the present paper.
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WATER QUALITY ASSESSMENT USING BIOTIC INDICES
BASED ON BENTHIC MACROINVERTEBRATES IN THE
SOMESUL MIC CATCHMENT AREA

ANCA AVRAM !, MIRELA CIMPEAN ! ALIN JURC A!
AND NATALIATIMU §*

SUMMARY. The present paper presents the results of using biwices in assessing
water quality based on benthic macroinvertebrates) f16 sampling sites located in the
upper and middle Sommal Mic catchment area. Four biotic indices were sidered:
B.M.W.P. (Biological Monitoring Working Party), A.B.T. (Average Score Per Taxon),
S.G.B.l. (Standardized Global Biotic Index) and E.BExtended Biotic Index), used in
different European countries. Qualitative macroitelerate samples were collected from 16
the sampling sites. Laboratory analyses includedrtamical identifications to the levels
required by the four biotic indices. The resultsvgdd good and very good water quality at
the sampling sites located in the upper Samblic catchment area (on the SamkeRece
and Somsgul Cald Rivers). The water quality changed on gaioginstream, reaching the
worst status downstream Cluj Napoca.

Keywords: water quality, biotic indices, macroinvertebratbs, Somgul Mic River

Introduction

In concordance with the Water Framework Directaag;h European country
must develop its own national system of monitoramgl water quality assessment
based on biotic communities. Numerous indices aegl in water quality assessment
studies, based on different aquatic communitiggtealmacroinvertebrates, macrophytes
and ichthyofauna.

The present paper represents a water quality aseessstudy of the
Someul Mic River on its upper and middle catchment arek6 stations were
selected for benthic macroinvertebrate sampling ol biotic indices were
calculated in order to show different assessmenthous for water quality:
B.M.W.P. - Biological Monitoring Working Party, A.B.T. -Average Score Per
Taxon, S.G.B.l. - Standardized Global Biotic Inderd E.B.l. - Extended
Biotic Index.

! Faculty of Biology and Geology, BapBolyai University, 5-7 Clinicilor Street, Cluj-Napa, Romania,
Email: avramancal05@yahoo.com
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Water quality assessment studies considering lemilicroinvertebrates
from the Somgul Mic catchment area were made byldganet al. (1999) and
Cimpean (2004). Details on geographical and hydicéd characteristics of the
Somaul Mic catchment area are included in Bagesal. (2000-2001) and Avram
et al. (2006).

Material and Methods

The 16 sampling sites, representative for the stmeba (considering the
altitude, substratum, shadowing degree, human itapeic.) were located not only
on the main river course, but also on its mainutdbies (Fig. 1, Tab. 1). Seven
stations were located on the SgmieRece, seven on the SagueCald and two on
the Someul Mic River.

Macroinvertebrate qualitative samples were colkktiyg means of a benthic
2501 mesh size net. The samples were preserved ifettenith 4% formaldehyde.
In the laboratory they were sorted and identifieddifferent taxonomical levels,
depending on the specific requirements of the fimalices considered for the
present paper.

The first index used for water quality assessmer.M.W.P. (Biological
Monitoring Working Party), developed in United Kohgm in the 90’s (Walley and
Hawkes, 1996, 1997) and subsequent adapted fon $el Poland. It requires
identifications up to family level for all taxonoaal groups. The second index,
A.S.P.T. (The Average Score Per Taxon) represéntydlue obtained by dividing
the B.M.W.P. score to the total number of famifresn the considered sample. The
third index calculated for the present paper, S.IG-BStandardized Global Biotic
Index (AFNOR, 2000), used in France, also requidesitification up to family
level for all taxonomical groups. The last indexBE, Extended Biotic Index
(Ghetti, 1997) is integrated in the Italian envimental legislation. It requires
identifications to the genus level for PlecopteEphemeroptera, Turbelaria and
Hirudinea; and to the family level for the resttioé macroinvertebrate groups.

These biotic indices have different calculation moels, but their values
indicate five water quality classes, from |, whickpresents very good water
quality, to V, the worst one.
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Table 1.
The 16 sampling sites located in the Soid Mic catchment area
Sampling site code and name Altitude Coordinates Maximum Riverbed
(mas.l.) water depth width
(m) (m)
SR 1 Junction — river 1467 N 4829'29” 0.20 2
sources E 2304'06"
SR 2 Upstream the 1139 N 4834'49” 0.30 20
derivation from the E 2306'31”
Aries River basin
SR 3 Derivation from the 1035 N 4836'53.7" 0.70 20
Aries River basin E 2307'25.8"
SR 4 Upstream 803 N 4837'45" 0.20 6
M aguri Racitau E 2309'52"
SR 5 Downstream Miguri 662 N 4839'56.6" 0.40 8
Racatiu E 2913'34”
SR 6 Upstream 528 N 4841'25" 0.20 7
Gura Ristii E 2317'48"
SR 7 Hydrological 445 N 4643'27.2" 0.25 15
point E 2321'38.7"
SC1 Bitrina 1213 N 4835'38.1" 0.40 4
E 224548”
SC 2 Bitrina — natural 1094 N 4836'40” 0.30 4
deforestation area E 2247'14"
SC 3 The Somgul Cald 1035 N 4838'18.4" 0.60 10
upstream junction E 2249'03.4"
with the Barina
SC4 Smida 994 N 4638'51.4" 0.70 30
E 2851'42.9”
SC5 Valea Firii 1065 N 4840'10.8” 0.30 8
E 2249'37.4"
SC 6 Russti 636 N 4842'06.6” 0.40 15
E 23 08’53
SC 7 Upstream Tarnita 550 N 4842'10.8" 0.50 8
E 2912'15.1"
SM 1 Grigorescu 354 N 4645'51.3" 0.60 35
E 2932 28.8”
SM 2 Waste water 310 N 4647'29.1" 0.70 25
treatment plant E 2341'7.9”
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Results and discussion
Several physical and chemical parameters were meghguthe field at the
16 sampling sites (Tab. 2).

Table 2.
Physical and chemical parameters measured in the Hampling sites
from the Someaul Mic catchment area

Site code Water Conductivity Salinity Dissolved  Dissolved pH
temperature (uS/cm) (mg/l) oxygen oxygen
C) (mgfl) (%)

SR1 6.8 12.62 6.67 8.68 71.1 6.76
SR 2 51 17.94 9.63 9.61 75.3 7.47
SR 3 4.7 22.6 12 10.8 84 7.47
SR 4 6.2 65.3 34.7 11.61 93.8 7.96
SR5 6.7 61.6 32.7 9.83 80.4 8.04
SR 6 1.7 93.3 49.6 11.01 92.2 7.89
SR7 7.6 92.5 49.2 9.17 76.6 8.05
SC1 5.9 145.9 77.5 7.19 57.4 8.65
SC2 5.7 99.2 52.7 3.62 28.7 8.36
SC3 7.2 86.9 46.1 7.8 64.5 8.62
SC4 7.8 84.3 44.8 8.51 71.1 8.16
SC5 6.5 131.7 70 8.96 72.8 8.42
SC6 6.3 46.3 24.5 11.31 91.6 7.5
SC7 6.7 59.9 31.9 11.07 90.6 7.59
SM1 - - - - - -
SM 2 - - - - - -

The decrease in temperature on the SohiRece River (SR3 sampling site)
was probably caused by the water derivation froen\thlea Dumitreasa. Conductivity
and salinity values were low at the sampling diteated upstream the SagukeRece
dam (SR1, SR2, SR3), but they increased downstoédine dam, where the river was
recomposed entirely from its tributaries. At a# stations located on the SauieCald
River, conductivity and salinity values were higbempared to the ones recorded on the
Somaul Rece, probably due to differences in the gecldgubstratum — the Sogué
Cald collected waters coming from calcareous ragiarile the Somel Rece from
cristaline schists. As concerns the pH values, Wexg neuter to alkaline, except for the
SR1 site, where they were slightly acid, due toitfieence of a near-by peat bog.
Dissolved oxygen values measured in the Sohigece catchment area indicated well
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oxygenated mountain streams. At the stations Idcatethe Somgil Cald River,
dissolved oxygen values recorded a sudden dropCa&, $robably due to the
natural deforestation occurred in 2007 as a resudt strong storm. Large areas of
woodland were destroyed, causing high quantitiesrgnic matter to be carried
into the river.

53 taxa were identified at the 16 sampling sitesnfrthe Somgul Mic
catchment area (Tab. 3). Order Diptera was reptegdry 9 families, out of which
Chironomidae and Limoniidae were present at alista. Order Ephemeroptera
included 10 genera, out of whi@aetis was found at all sites, except for SM2. 12
genera were identified belonging to Order Plecapteeucra and Nemoura were
present at all stations from the SgmieCald and Sonsell Rece catchment areas, but
not downstream the junction of the two rivekscynopteryx was identified only at the
SR1 sampling site, at the SayukeRece River source. 8 families belonging to Order
Trichoptera were found, the most frequent beingridyslychidae and Limnephilidae.

The highest number of taxa present at one sampiiegvas 38 (recorded at
SR2), and the lowest 6 (SM2). At SC2 the relatively number of taxa was probably
caused by low dissolved oxygen values due to ldegesits of organic matter coming
from the mountains as a direct result of deforestamduced by storm.

From all the biotic indices considered for the prasstudy, the Extended
Biotic Index (E.B.l.) was the least sensitive tallgmorphological impacts and to
natural environmental factors. For example, E.Bdicated very good quality at
SR7, located near a bottom sill (and thus having lev water velocities) and at
SC6, situated between several hydroelectric regenthe Fintinele - Bdli -
Tarnta “chain” of dam reservoirs). Moreover, sites clteazed by restrictive
natural conditions like SR1 (located in a peat begjon) and SC5 (located on a
tributary that collected waters with low temperaticoming from a karstic region)
were characterized also by very good water quatisording to E.B.I.

The other indices used (B.M.W.P. - Biological Moriitg Working Party,
A.S.P.T. - Average Score Per Taxon, S.G.B.l. - &ietized Global Biotic Index)
showed these natural pressures or human impacth fioe sampling sites (Tab. 4).

On the Somgul Mic River, at SM1, situated upstream Cluj Napottee
values of all biotic indices showed a sudden deseréa water quality with at least
one quality class compared to all the sampling dieated upstream (Tab. 4). This
might be due to the influences induced by the lbealsituated upstream from the
site, but also to hydromorphological impacts (thetiRele - Bel§ - Tarnta —
Somaul Cald — Giiu “chain” of dam reservoirs and the presence obdio
protection works built along the banks, leadingtcomplete extinction of riparian
vegetation). At SM2, located near the waste watsatinent plant of the city of
Cluj Napoca, all indices indicated the worst quyalifass, probably due to the
heavy impact caused by the city and its waste viegatment plant.
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Table 3.
List with benthic macroinvertebrate taxa identified in the Somagul Mic catchment
area at the 16 sampling sites

TAXA/
SAMPLING SITES

—
o
2]

SR5
SR6
SR7
SC1

SC2
SC3
SC4

SC5
SC6
SC7
SM1
SM2

Phy. Nematoda
Sphy. Turbellaria
Dugesia

Cls. Hirudinea
Erpobddla

Cls. Oligochaeta
Cls. Bivalvia

Cls. Gastropoda
Ancylus
Hydrachnidia
Sphy. Crustacea
Cls. Ostracoda
Ord. Amphipoda
Fam. Gammaridae
Scls. Copepoda
Ord. Coleoptera
Fam. Dytiscidae
Fam. Gyrinidae
Fam. Elmidae
Ord. Diptera
Fam. Athericidae
Fam. Empididae
Fam. Tabanidae

Fam. Ceratopogonidae

Fam. Chironomidae
Fam. Simuliidae
Fam. Psychodidae
Fam. Limoniidae
Fam. Tipulidae

Ord. Ephemeroptera

Baetis
Caenis
Ephemerdla
Torleya
Ephemera

+ o+ +

+ + + + o+
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Table 3 (continued)

TAXA/
SAMPLING SITES

© ~ o
O 0 = =
n o n n

Ecdyonurus
Epeorus
Rhithrogena
Habr ol eptoides
Habrophlebia
Ord. Megaloptera
Salis

Ord. Plecoptera
Capnia

Leuctra
Amphinemura
Protonemura
Nemoura
Rhabdiopteryx
Chloroperla
Dinocras

Perla

Isoperla
Arcynopteryx
Perlodes

Ord. Trichoptera

Fam. Hydropsychidae
Fam.Polycentropodidae

Fam.
Fam.
Fam.
Fam.
Fam.
Fam. Rhyacophilidae

Philopotamidae

Goeridae
Limnephilidae

Brachycentridae

Sericostomatidae

+1 SR1
+ + + +| SR2
+ + + +| SR3

+

+ + 4+

+ 4+ + + + o+

+ +

+ o+ o+ o+ +

+ o+ + o+

+ + + +| SR4

+ 4+ +

" + + + +| SR5

+ 4+ + +

+

+ o+

+ + + + +| SR6

+ + + o+

+ o+

+ + + + +| SRY

+ + + + +| SC1

+

+ o+

+ +

+| SC2
+| SC3

+ o+

+ o+

+ o+

+ + + + + + +

+ o+

L0

O

n
+

+
+ o+ + +
+ + + +
.
1

+ o+

+ o+
.
.
:
:

+ o+ - -

TOTAL TAXA

28 38 35 32 34 36 24 28 19 23 26 22 285214 6
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Table 4.
The quality classes calculated according to the fobiotic indices, for the sampling
sites considered in the Somel Mic catchment area (BMWP - Biological Monitoring
Working Party, ASPT - Average Score Per Taxon, SGB{ Standardized Global Biotic
Index and EBI - Extended Biotic Index)

SAMPLING SITES BMWP ASPT SGBI EBI
Quality Quality Quality Quality
classes classes classes classes

SR 1 Junction - river sources

SR 2  Upstream the derivation from
the Aries River basin

SR 3  Derivation from the Aries
River basin

SR 4  Upstream Maguri Racatiau

SR5 Downstream Miguri Racitiau

SR 6  Upstream Gura Rétii
SR 7 Hydrological point
SC1 Batrina

SC 2  Bitrfina— natural deforestation area
SC3 The Somgul Cald upstream
junction with the Barina

SC4 Smida
SC5 Valea Firii
SC6 Ruseti

SC7 Upstream Tarnta
SM1  Grigorescu
SM 2  Waste water treatment plant

Conclusions

53 benthic macroinvertebrate taxa were identifired8 sampling sites. They
represented the basis for water quality assessinuentthe Somgul Mic catchment
area. In the upper reaches of the river, watelityweds very good and good according
to most of the indices, except for two sites whitre values were lower due to
restrictive natural environmental factors (SR1 8@b); and two stations where water
guality decreased probably due to hydroelectrikar(@®R7 and SC6).

In the middle reaches of the river, water qualitgswery low, probably
due on the one hand to large hydroelectric worksamthe other hand to influences
coming from several important localities.

Acknowledgments.Thanks are given to PhD student Karina BattesgBBblyai
University, for the translation of the paper.
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PRELIMINARY DATA ON ZOOPLANKTON AND AQUATIC
INVERTEBRATES FROM THE FINA TELE CLUJULUI NATURE
RESERVE (TRANSYLVANIA, ROMANIA)

ANCA AVRAM ! KARINA PAULA BATTES, *
MIRELA CIMPEAN ! AND RAFAELA KASZA !

SUMMARY. The present study represents the first inventoryoaiplankton and aquatic
invertebrate taxa from three pools included in Ffregtele Clujului Nature Reserve, which
is a botanical protected area since 1932. The ssmptre collected in June 2008 and only
qualitative analyses were carried out. Zooplanktiaocerans and cyclopoid copepods,
together with benthic water mites and Mayflies wielentified up to genus or species level.
One water mite species is recorded for the finsetin the Romanian fauna.

Keywords: aquatic habitats, zooplankton community, aquanertebrates, Fipale Clujului
Nature Reserve, biodiversity

Introduction

Finaele Clujului Nature Reserve lies only 4 km NorthsE&tom the city
of Cluj Napoca and has been a protected area foe than 75 years. It is well-
known due to its special relief, dominated by thespnce of characteristic ridges
(glimee, copwaie) (Morariu and @linescu, 1965) and the steppe vegetation common
on the Southern slopes of these geomorphologide. Urine nature reserve shelters a
high variety of habitats, a specific fauna but naisdll a very rich vegetation, mostly
characteristic to dry areas — xerophilous, but aiesophilous and woody. Near the
water bodies present in the nature reserve tharengracteristic hygrophilous vegetation.

In time, many botanists and zoologists studiedi¢hestrial flora and fauna,
while the water bodies included within the protdcte#ea were ignored. Thus, the
present paper contributes to the knowledge of ithdiversity of these particular areas.

Material and Methods

The samples were collected on June tH2 A8 from three pools located
within the Fingele Clujului Nature Reserve (Tab. 1). Qualitatiee@ankton samples
were taken using a 55 um mesh zooplankton net.séhmples were preserved with
sucrose solution according to Haney and Hall me{h®@3) and in 4% formaldehyde.
Aquatic invertebrates were collected with a 250 qualitative hand-net and they were
also preserved in 4% formaldehyde.

! Faculty of Biology and Geology, BabBolyai University, 5-7 Clinicilor Street, Cluj-Napa, Romania,
E-mail: avramancal05@yahoo.com
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Zooplankton and major aquatic invertebrate taxeevigentified from pool
no. 1, while water mites and mayflies individuatsning from the three pools were
considered for taxonomical identifications.

Zooplankton crustaceans and cyclopoid copepodsgtheg with water
mites and Mayflies were identified to the speciegenus level using taxonomical
keys for each group.

Results and discussion

Physical and chemical parameters of the three vmtels were measured
in the field in Fingele Clujului Nature Reserve. Table 1 depicts tloation and
the altitude of the sampling sites, together wlih values of physical and chemical
parameters considered for this study.

Table 1.
The coordinates and the physical and chemical paragters measured in the three
pools from the Fingele Clujului Nature Reserve

Sampling sites: Pool 1 Pool 2 Pool 3
Coordinates N 46° 50’ 02,9” N 46°50' 02,8 E N 46° 50’ 04,2”
E 23° 38'15,5” 23° 38'10,6” E 23°37'44,1”
Altitude (m) 492 495 508
pH 7.97 9.72 9.28
Conductivity (uS/cm) 16.41 16.85 16.59
Salinity (mg/l) 8.6 8.98 9.06
Dissolved oxyger(mg/l) 7.37 6.93 10.6
Water temperature (°C) 21.1 21.8 21.6

pH values were neuter to alkaline in the three aquaabitats, while
conductivity and salinity recorded normal values foeshwater habitats. The
dissolved oxygen values were measured near thacsyrthus no hypoxia or
anoxia phenomena were recorded.

The most frequent cladoceran species Bagshnia curvirostris(Tab. 2). It is
known to live in shallow standing waters, with ditk@ pH and high organic matter
load (Fig. 1). Another well represented species @hagdorus sphaericu@ig. 2)a
cosmopolitan species identified in all types of ewabodies (Negrea, 1983).
Simocephalus exspinoswas also found in Fipale Clujului Nature Reserve, together
with species belonging Geriodaphnia Alona andScapholeberigenera (Fig. 1 and
2). Ovigerous and non-ovigerous parthenogeneticaltsnwere identified for all
cladoceran taxa, except fédona sp., where only non-ovigerous parthenogenetic
females were collecte&ucyclops proximusepresented the most common cyclopoid
copepod species idenfied in pool no. 1 from felieeClujului Nature Reserve (Fig. 3).
It is adapted to different environmental conditiofiging in waters with diverse
characteristics (Damian-Georgescu, 198Rgacyclops viridiswas the other copepod
species represented by adults, both males andden@dpepodites and nauplii, larvar
stages in copepod development, were also presaint ZJ.
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Most cladoceran and copepod species present impod! from the Finale
Clujului Nature Reserve recorded fhienesosaprobic indicator value (Negrea, 2002;
Plesa and Mdller, 2002).

Table 2.
List of zooplankton taxa from pool no. 1 and theirfrequency of occurence
TAXA The frequency
of occurrence

Subphylum Crustacea, Class Branchiopoda, Suborderl@docera
Daphnia curvirostrisEylmann, 1887 % %k Xk X
Chydorus sphaericud.F. Mdller, 1776 * X %k
Simocephalus exspinoskiech, 1841 *
Ceriodaphniasp. *
Alonasp. *
Scapholeberisp. *
Subphylum Crustacea, Subclass Copepoda, Order Cygloida, Family Cyclopidae
Eucyclops proximuBischer, 1851 * %
Megacyclops viridisJurine, 1820 *
Copepodites * %
Nauplii * %
Others
Calanoid copepods * %
Ostracods

True fly larvae (Diptera: Chironomidae)

True fly larvae (DipteraChaoborussp.)

True bugs (Heteroptera)

X - rare; * % - common; % % Xk - frequent; * % % % - very frequent

¥* H I *

Fig. 1. Three cladoceran species identified in EéfexClujului Nature Reserv@®aphnia
curvirostris (left); Scapholeberisp. (middle);Simocephalus exspinos(ight)
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Fig. 2.0Ovigerous or non-ovigerous cladoceran femalesiiilthin Finaele Clujului
Nature ReservéAlonasp. (left);Ceriodaphniasp. (middle)Chydorus sphaericugight)

Fig. 3. Two copepod species from the pools of EéeaClujului Nature Reserv&ucyclops
proximus— ovigerous female (left) arMegacyclops viridis non ovigerous female (right)

In case of macroinvertebrate community, 10 taxooahgjroups were identified
(Tab. 3). Ostracoda and Gastropoda recorded thestigbundance, exceeding together
77% from the total number of macroinvertebraterusgas. Insects (Heteroptera, Coleoptera,
Odonata, Chironomidae, Strationidae and Ephemeadpéeorded more than 22%.

Table 3.
List of macroinvertebrate groups collected from pobno. 1 in Fingele Clujului Nature Reserve
Taxa Percentage numerical abundance (%)
Cls.Hirudinea 0.1
Cls. Gastropoda 23.1
Hydrachnidia 0.3
Cls. Ostracoda 54.4
Ord. Heteroptera 11.1
Ord. Coleoptera 1.3
Ord. Odonata 0.4
Fam. Chironomidae 4
Fam. Stratiomidae 0.7
Ord. Ephemeroptera 4.6
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Water mites were also identified to species or gdenel. Hydrodromapilosa,
found in pool no. 3, is common to both standing ramding waters from 0 to 560 m a.s.l.
(Gerecke, 1991). This species is recorded foiiridifne in Romanian fauna (Fig. 4).

Piona genus (Fig. 5) was collected from pool no. 1.slalso typical to
standing waters, including 30 species in Europepbwhich 22 in Central Europe
(Gerecke, 1994)Arrenurus genus was found in all three pools, but only as
deutonimph, thus identifications to the specie&llevere impossible (Fig. 6). This
genus is characteristic to standing waters, inalgdi50 species all over Europe,
out of which 85 in Central Europe (Gerecke, 1994).

Cloeon dipterum(Ephemeroptera) was identified in pools 1 andtds |
known to be living in both standing and running evat in bank vegetation, being a
poor swimmer (Silina, 1994).

Fig. 4. Hydrodroma pilosa idiosoma — ventral view (left), gnathosoma (t)gh

Fig. 5. Pionasp — idiosoma — ventral view (left), palp (right)
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Fig. 6. Arrenurussp. (deutonimph idiosoma — ventral view)

Conclusions

Even if the present paper represents a first atteampgharacterize the
aquatic habitats included in Fieée Clujului Nature Reserve, considering only
gualitative samples on zooplankton and macroinbexte communities, it represents
the first research on this topic, thus a valuatdp & characterizing biotic diversity
from this special area of protection.

Acknowledgments.The authors would like to thank Green TransylvaN@zO for the
opportunity they created in researching biodiveifsiim the Fingele Clujului Nature Reserve.
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AN OVERVIEW OF THE METHODSUSED IN THE ASSESSMENT
OF THE MARINE ENVIRONMENTAL QUALITY, BASED
ON THE ANALYSISOF THE ZOOBENTHOS

VICTOR SURUGIU!

SUMMARY. The methods and techniques most often used in the assessment of the marine

environmental quality, based on the zoobenthos, are reviewed and re-evaluated. These methods,
grouped into four main categories (univariate methods, graphical methods, multivariate methods, and

biotic indices) are examined for their reliability and applicability for the marine pollution monitoring.

Keywords: ecological quality; benthic communities; marine environment; diversity indices;
biotic indices

Introduction

The implementation of the Water Framework Directive (2000/60/EC), the
Habitats Directive (92/43/EEC), the Integrated Coastal Zone Management proposal
(ICZN) and the Bathing Water Directive (76/160/EEC) by the Member States of the
European Community has emphasized the elaboration of methods for the assessment
of the Ecological Quality StatugEcoQ) of the marine and coastal environments.
The evaluation of the marine environmental quality is based on the analyses of the
structure and composition of different biotic components of the ecosystgm (
phytoplankton, zoobenthos, macroalgae and nekton etc.) and by their comparison
with a reference site/state.

For the evaluation of the health of the marine and coastal environments most
often are used estimates of thenthic macrofaunaondition (Pearson and Rosenberg,
1978; Billyard, 1987), because benthic organisms present a series of advantages:

- reflect environmental conditions not only for the moment of the sampling
but also for a longer period prior to sampling;

- are more or less sedentarg.(are unable to avoid the deterioration of the
water and sediment quality) and are thus useful for the study of the local effects of
pollutants;

- have relatively long life spans, indicating good integration to the water
and sediment quality conditions;

- belong to various systematic categories. (exhibit different levels of
tolerance to different levels of environmental stress) and can be classified accordingly
to their response to the disturbing factor;

! Alexandru loan Cuza” University of lasi, Faculty of Biology, Bd. Carol I, No. 20A, 700507 lasi, Romania
E-mail: vsurugiu@uaic.ro
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- are commercially important or represent an imgrurtfood source for
economically valuable species;

- play an important role in the cycling of the angamatter, nutrients and
other chemicals between the sediment and the \waki@mn.

Pearson and Rosenberg (1978) describe an empinmdé| of the effects
of organic enrichment upon macrozoobenthos. Thislehstates that the first
detectable change consists in the increase inuhmer of species, followed by an
increase in biomass and then an increase in nuahealmundance. Abundance
increases drastically at relatively high levelsoofanic load and is given by the
exponential development of the so-callegportunistic speciesAs the organic
load increases further, the biomass, the numbespeties and the number of
individuals decrease rapidly as anaerobiosis ilsstaig. 1).

400

300

200

Eh (mV)

100

Abundance (x107)
No. of species (x10); Biomass (x10)

-100

D 1 1 1 1
0 200 400 600 800

Distance from effluent outfall {m)

Fig. 1. Diagrammatic representation of changes in benthicrofauna in terms of species
diversity ), numerical abundanc@), and the total biomasB) (modified from Pearson
and Rosenberg, 1978)

Based on this model a bewildering variety of biddayy methods for the
evaluation of the ecological status of marine amaktal waters has been proposed.
Basically, all these methods can be grouped irgddahowing four main categories
(Washington, 1984; Elliott, 1994; Clarke and Wakyit994; Simboura and Zenetos,
2002; Diazet al, 2004; Borja and Dauer, 2008): univariate methaptaphical
representations, multivariate tools and biotic ¢edi
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Univariate methods

The univariate techniques quantify the pollutioress or other disturbance
through the information on the community structpatterns, based on the paradigm
that the more diverse a community is, the less itansidered to be affected by
environmental stress. However, the Intermediatatitiisnce Hypothesis (Connell,
1978) suggests that the highest diversity occur inostable systems, but in
communities having intermediate levels of distudEnin essence, univariate
methods reduce all the information on the commusiityicture to a single statistic
in the form of adiversity indexClarke and Warwick, 1994).

In the simplest case the diversity is expressati@asotal number of species
present in a sample or in a given area, usualliynddrasspecies richnes$S).
According to the Pearson-Rosenberg paradigm, giyetlae number of species
decreases with the increase of pollution levelg.(F2). Species richness is a
common measure used by marine biologists, providiagtisfactory estimate of the
diversity and having good discriminant ability.

14
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.|
.
i
|
1 2 3 C

Stations

Number of species ( S)

Fig. 2. Variation of the total number of polychaete spe¢® with the distance from a
waste-water effluent: 1 = 0 m, 2 = 50 m, 3 = 100, control (from Surugiu, 2008)

The main disadvantage of using the species richingbss simplified form
is that it does not take into account the speclmsdance Also, the species
richnessis strongly dependent on the sample size: the graatthe number of
individuals sampled, the more species there amdyliko be present. In order to
reduce this drawback, in the assessment of therdatces induced by organic
pollution upon benthic communities is employed rid#o between the total number
of species$ and the total number of individuals)(in a sample or in a given area
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(Sanders, 1968; Péres and Bellan, 1973). Howelvsr ratio is usually very small
(many individuals for by far few species). Thisaily in the marine ecology more
favoured is thélargalef's indexMargalef, 1958):

d= S-1
logN

The main disadvantage of all species richnessaadincluding Margalef's
index, is that the distribution of individuals angospecies is not taken into account.
Also, species richness is dependent on the haggia(Simboura and Zenetos, 2002).

Diversity indicesovercome the problem by including both the numtifer
species and the relative abundance (dominance)aci species. There are a
plethora of diversity indices, which can be dividedo two broad categories:
dominance indices and information-statistic indig&sshington, 1984).

Dominance indices include Berger-Parker diversitgeix (Berger and
Parker, 1970) and Simpson’s diversity index (Simpd®49). Both indices are easy
to calculate and to interpret and have low seityitio sample size. The major
disadvantage of all dominance indices, howevehas they are weighted toward the
most abundant or dominant species. Simpson’s indeg information from a broader
array of species in community than the Berger-Rairkdex do and therefore may
be regarded as more accurate.

Indices based on the information theory, such an&tn-Wiener (Shannon
and Weaver, 1949) or Brillouin (Brillouin, 1951kflect both the species richness
and the evenness and are biased toward rare spBaiemuin index is considered
as having better discriminant ability, but is malifficult to compute in practice
(but not in the computational era!).

By far the most commonly used diversity index i évaluation of the pollution
in marine benthic communities is tBhannon’or Shannon-Wiener diversity index

S
H'=-> p logp

i=1

wherep; is the relative abundance (or the relative bioakthe species

Over the time the Shannon-Wiener formula becomeesknu of ‘E = m¢”
in ecology. Sometimes this index is erroneousljedalhe Shannon-Weaver index
because Shannon published his paper in a bookhegetth Weaver (Shannon and
Weaver, 1949). Wiener and Shannon independentlgldeed the formula, so it
must bear both names (Washington, 1984).

The particular strength of the Shannon-Wiener féanmithat it incorporates
both the species richness and equitability compisndn the calculation of the
Shannon’s diversity the logarithm to the base 2igsally preferred because it
provides the results in “bits per individual” orit¥ per biomass” units (Clarke and
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Warwick, 1994; Borjeet al, 2000). Occasionally lggr logy is used. This is why the
comparison between different valuesHfis possible only when the same logarithm
base has been used.

Equitability, also termedvennessexpresses how evenly the total number
of individuals in a sample is distributed betweastespecies. The equitability is the
reciprocal of the dominance: the higher is thetabtlity, the lower is the dominance.
The equitability is most frequently expresse®i&tou’s evenness ind€Rielou, 1966):

H 1

whereH' is the calculated (actual) value of the Shannoesdi diversity index
andH . is the maximum possible diversity.

The maximum diversity is achieved when all speaiesequally abundant.
So the formula also can be rewritten as:
_ H

- logS

The levels of pollution stress, reflected by theatéon in any of univariate
metrics (species richness, diversity or evenneag)pe assessed only by comparisons
of spatial or temporal data sets (Fig. 2 and 3hddgthe use of the univariate methods
in assessing Ecological Quality Status requiresdtfanition of ranges of variation
of diversity indices for each ecological qualityags and for each habitat type
(Simboura and Zenetos, 2002).

25

1,5 1
1
N I
0
1 2 3 C

Stations

Shannon diversity (H')

Fig. 3. Variation of the Shannon diversity indext’] with the distance from an wastewater
effluent: 1 =0m, 2 =50 m, 3 =100 m, C = conffadbm Surugiu, 2008)
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For instance, for Mediterranean waters, Simbourh Zenetos (2002) have
established that the values tdf range (log base 2), depending on the habitat type,
between 0.57 for polluted areas and 6.68 for pestireas. They also provide, for
muddy-sandy habitats, the values of the Shannansiliy index corresponding to each
of the five WFD ecological quality classes (TabjeZettleret al (2007) indicates for
the southern Baltic Sea lower values, ranging 0cd6 to 4.81 (Table 1).

Tablel.
Classification scheme of the Ecological Quality status (EcoQ) based on the values of
the Shannon-Wiener diversity index

H' (after .
EcoQ Quality class Simboura and H (a;tlerzggt?t)ler et
Zenetos, 2002) o
| (high) Undisturbed/reference community H'>5 H'>4
Il (good) Slightly polluted 44'<5 3<H'<4
Il (moderate) Moderately polluted B4 2<H'<3
IV (poor) Highly polluted 1,56'<3 1<H'<2
V (bad) Azoic to very highly polluted H'<1,5 H'<1

The weakness of all diversity indices is that theyinfluenced by sample size,
by the sampling methodology and by the level obiaxic expertise. Also, these
indices are dependent on the habitat type beirlgsati(Simboura and Zenetos, 2002).

Graphical methods

Graphical techniques, also terndisitributional or curvilinear representations
are a class of methods which are also widely usedd assessment of the pollution
effects on the macrobenthic communities. Distrdnal methods summarise the
patterns of the relative abundance of speciesfanna of a curve or histogram (Gray,
1981; Clarke and Warwick, 1994). Graphical represt@ans are a more accurate
measure of diversity and incorporate more infororatbn community structure
than do simple diversity indices. This categorymathods is considered as being
intermediate between univariate techniques and fale multivariate analyses
(Clark and Warwick, 1994).

Rarefaction curve¢Sanders, 1968) are graphs of the number of thakils
(the x-axis) against the number of species gHais). In more diverse the community
the rarefaction curve is steeper and more eleyttedatioS/Nis greater).

x2 geometric abundance class@ray and Pearson, 1982) are histograms
of the number of species categorised into geonadiyiscaled abundance classes
(e.g class 1 is represented by a single individuakisample, class 2 by 2-3
individuals, class 3 by 4-7 individuals, class 4&¥%5 individuals etc.) falling in
each abundance range. In unpolluted situations ter many rare species and the
curve is very steep, extending across few abundelasses. In polluted situations
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there is a reduction in number of the rare spéttiedfirst one or two geometric classes)
and an increase in abundance of the opportuniites (the higher geometric classes)
so that the species abundance distribution is rflateer, extending over many
more abundance classes (Fig. 3). Gray and Pealt88&)(indicate that the species
of the intermediate abundance classes 3 to 5 arentst sensitive to pollution-
induced changes, thus suggesting an objective avagléct indicator species.
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136 79 1113 1 3 6 7 9 1113 1 3 6 7 9 1113 1 3 6§ 7 9 1113

Geometric abundance class

Fig. 3. Plots of x2 geometric abundance classes (from €larid Warwick, 1994)

Rank abundance (dominance) diagrai@say, 1981) are plots of proportional
abundance or biomass of each species againstnitsimaterms of abundance or
biomass. Basically, there are three typical shapdise rank abundance curves: the
geometric series, lognormal, and broken-stick (GE881). The distribution of
individuals among species is most equitable inbituken-stick and less equitable
in the geometric series. In more polluted statithves curve is more “J-shaped”,
showing high dominance of abundant species, whénelass polluted stations the
curve is much flatter, indicating high evennesg(B).
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Fig. 4. Rank dominance plots (the rank of each specielfted on a decimal logarithm
scale) for 4 stations situated at different distsnftom a sewage outlet: 1 =0m, 2 =50 m,
3 =100 m, C = control (from Surugiu and Feunte20Q8)

k-dominance curvegLambsheadet al, 1983) are cumulative ranked
abundances plotted against the species rank (@plegies rank). The communities
with higher diversity will have a less elevated theve (Fig. 5). The advantage of
k-curves against rank abundance curves lies indatitettat the differences between
polluted and unpolluted situations are better \isad.

100—

Curnulative % dominance

20—

0 | |
1 10 100
Species rank

Fig. 5. k-dominance curves (x-axis logged) for 4 stationsagitd at different distances from the
sewage outlet: 1 =0 m, 2 =50 m, 3 =100 m, Cntrob(from Surugiu and Feunteun, 2008)
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ABC (Abundance-Biomass Comparison) cuifWgarwick, 1986) are based
on the superimposition of tHedominance curves of the species abundance on the
analogouk-dominance curves of the species biomass on the péh(Fig. 6). In
undisturbed sites the biomass curve will lie abitveabundance curve for its entire
length because the biomass is dominated by onefew darge-bodied conservative
species, each represented by few individuals (heakedk-strategists). In strongly
polluted sites the biomass curve will drop beloe #bundance curve throughout its
length. This is explained by the loss of large bddionservative species and by the
rise of dominance of small-bodied opportunists @bealled -strategists).

a b c
100
R
[}
= K
% 501"
El B
£ 9
S "
o Moderately|| . Q Grossly
polluted ¢ polluted
0 . v = -
1 5§ 10 1 5 10 1 § 10

Species rank (log scale)

Fig. 6. Hypothetical ABC curves for unpolluted, moderatebtluted and grossly polluted
conditions (from Clarke and Warwick, 1994)

The ABC plots have proved a reliable tool in deterdisturbance effects
because changes in diversity can be assessed wittfevence to a temporal or
spatial series of data (Warwick, 1986).

Multivariate methods

Multivariate techniques take into account changetaka and “base their
comparisons on the extent to which different data share particular species, at
comparable levels of abundance” (Clarke and Warwid@94). All multivariate
techniques are based on #imilarity coefficientswhich calculate the proportion of
species common to the communities being comparechyMimilarity coefficients
have been proposed, the more commonly advocatdficoerts are the “simple
matching” coefficient, the Jaccard coefficient, tBerensen coefficient, and the
Bray-Curtis coefficient.

The “simple matching” coefficientrepresents the probability that a single
species picked at random will be present in bags sir will be absent in both sites:

a+d

=— — (100
a+b+c+d

ik
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wherea is the number of species common to both shiés,the number of species
present in sit¢ but absent in sitk; ¢ is the number of species present in kjtbut
absent in sit¢ andd is the number of species absent in both sites.

The weakness of the “simple matching” similarityefficient is that it is
affected by the number of species that are absent both of the sites being
compared (and which is usually difficult to knowgractice).

The Jaccard coefficient(Jaccard, 1908) is more sensible because it
depends only on the number of species presentarobtihe sites and represents the
probability of a single species picked at randorbag@resent in both sites:

a

. =—— 100
K (a+b+c)

The Sorensen coefficieriSorensen, 1948) is similar to Jaccard coeffigient
but is considered better than that because it igiglatches in species composition
between two samples more heavily than mismatches:

_ 2a
S = (2a+b+c) =00

All the similarity coefficients presented above édiie main drawback in
reducing the biological information to a simple ggrce or absence of each
species. Thus, to a rare species is given the sagight as to a very common one.

The Bray-Curtis coefficien{Bray and Curtis, 1957) is generally regarded as
the most suitable for ecological data which tendawe many zero values and where
abundances tend to be over-dispersed among reglidaashington, 1984; Clarke and
Warwick, 1994). It includes abundance (or biomasgsindividuals in each species.
Also, the Bray-Curtis measure is not dependenherspecies which are jointly absent
in both areas. This coefficient allow, by chooding severity of the transformation of
the original data (no transformatier \y — \\y / log(1+y)— +/-) to focus all the
attention either on the dominant species or omafreones. The Bray-Curtis similarity
coefficient is calculated using the following eqoiat

Py — i
1- Zi=1|y” yk| 100

>0 (i + y)

where p is the number of specieg,is the abundance or biomass value of the
species andj andk represent any of two sites.

When two sites are identical, the similarity meassirl00% (correspondingly
dissimilarity is 0%) and when they have no spe@iesommon, similarity is 0%
(and dissimilarity is 100%).

Sk =
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The calculation of coefficients permits either thestering(or classification
of the sites into groups which are mutually simitartheordination of the sites in
a two- or three-dimensional space.

The starting point of theluster analysiss a table or matrix giving the
similarity values between every pair of sites, aasured by one of the similarity
coefficients. The method dfierarchical agglomerative clusterinfuises the two
most similar sites in the matrix into a single tdus The analysis proceeds by
successively fusing similar sites or clusters itdoger groups until all are
combined. These groupings are displayed in a siimlee calledtree diagramor
dendrogram(Fig. 6). There are several techniques for joirsitgs into clusters
(e.g single-linkage, complete linkage), but f@up-average linkin@ppear to be
most favoured for marine pollution studies.
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) mEREEE
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Fig. 6. The dendrogram for hierarchical clustering of tamples taken at different
distances from a sewage effluent (1 =0 m, 2 = 58 m100 m, C = control), based on
Bray-Curtis similarities (from Surugiu, 2008)

The dendrogram is a particularly appropriate regigion of the community
structure in the case where the sites are exptectedn distinct groups.

Theordinationis a two- or three-dimensional plot which attergptmap”
the sites in such a way that the distances betwites reflect their corresponding
dissimilarities in community structure. The reprgagion by an ordination is
usually more appropriate where there is a moreimomtis gradation of the species
composition pattern across the sites in responsatdonmental gradients. There
is a bewildering array of ordination methods in coom use: Principal Co-ordinates
Analysis (PCoA), Correspondence Analysis (CA), atled Correspondence Analysis
(DECORANA) etc. However, two ordination technigues/e become particularly
common in ecological studies: the Principal Compon&nalysis and the Multi-
Dimensional Scaling.
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The Principal Component Analysi@PCA) is one of the earliest ordination
techniques and is still commonly employed. The R€An ordination plot, usually
in two or three dimensions, which transposes tlsitipas of sites on conventional
Cartesian coordinates. PCA is especially usefakgessing the physico-chemical status
of the environment. It also can provide an integti@n of the main axes of the plot.

The Multi-Dimensional Scaling(MDS) is considered as one of best
ordination techniques (Warwick and Clarke, 1994jisTordination plot attempts to
place all sites, usually in two- or three-dimensilospace, in such a way that the
rank order of the distances between sites on the eractly agrees with the rank
order of the matching dissimilarities, taken frone triangular similarity matrix.
Sites that plot closely together contain similasessblages and sites that plot
further apart contain more dissimilar assemblafas 8).

Stress: 0.04

Fig. 8. The MDS ordination plot illustrating similarity @fi. samples taken at different distances
from a sewage effluent (except the station 1 wbieessample contained no fauna), based on Bray-
Curtis similarities from root-transformed densities- 0 m, 2 = 50 m, 3 =100 m, C = control.
Note that points closer together on the plot areersinnilar and vice versa (from Surugiu, 2008)

Multivariate analyses have been used also at higixenomic levels, such
as genus, family or even phylum (Warwick, 1988).

Biotic indices

The recently proposed tools in detecting the edfeuft pollution stress
include varioushiotic indices The methods grouped in this category are based on
the proportions of the so-call@ticator speciegsensitive/opportunistic) in respect to
the total fauna. However, these methods requirgéfiaition of reference levels for
each habitat type and the definition of the rangfegariation for each quality class
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to use for classification purposes (Simboura ameites, 2002). Also, biotic indices
are limited in their application to the geographi@@eas in which the tolerance lists
were compiled or to a particular type of pollutiarsually organic (Washington,
1984). Like multivariate methods biotic indicesddkto account changes in taxa.

For the evaluation of the organic pollution wereplayed the ratios between
the total number of the representatives of gro@ipsganisms with different tolerances
to pollution such as, for instance, Nematode/Copdpaffaelli and Mason, 1981) or
Capitellidae/Spionidae from polychaetes (Losovska@B3). However, the use of
these ratios was much questioned because at hagtwromic levels there is greater
likelihood that they contain taxa with differenki@nces to stress (Surugiu, 2005).

For the assessment of the marine environmentalitgudellan (1980)
proposes anAnnelid Pollution Inde¥ which is based on the ratio of the summed
dominances of “polluted water sentinel speciédatynereis dumeriljiTheostoma
oerstedi Dorvillea rudolphii Cirratulus cf. cirratulus, etc.) to that of the “pure water
sentinel species” (the species of the geBulis or Amphiglena mediterrangaln
polluted environments this ratio provides alwaysues greater than 1, while in
pristine or slightly polluted waters this ratiamderior to 1 (Bellaret al, 1988).

The AMBI biotic index(Borja et al, 2000) is based upon the relative
distribution of sensitive/tolerant species grodpgroduces a continuous range of
values between 0 (reference site) and 6 (stronglited), the value of 7 being
characteristic for azoic sediments.

This biotic index derives from tHaotic coefficienwhich is calculated on the
basis of the percent abundances of the each divehecological groupdistributed
according to their sensitivity or tolerance to stulbance @l — species very sensitive
to organic enrichmentGll — species indifferent to pollutioGlll — tolerant species;
GIV — second-order opportunistic speci@¥, — first-order opportunistic species), and
which are weighted proportionately according toftdtiewing formula:

0x%Gl)+(15x %Gl )+ (3x %Gl ) + (45x %GIV )(6 x %GV )|
10C

The BENTIX biotic index(Simboura and Zenetos, 2002) resembles the
previous, but the number of ecological groupgestricted to only threeG{ —
sensitive speciesGll — tolerant species and second-order opportursgtecies;
Glll - first order opportunistic species):
6x %Gl +2x (%Gl +%Glll )]

10C

Thus, the BENTIX biotic index is simpler and eaderuse. Also, in the

BENTIX the classification scale is reversed to prosl a continuous series of

increasing values from 0 (azoic sediments) to &tjpe community), which are
distributed into five ecological quality classesda$ined by WFD (Table 2).

ac =1l

BENTIX = [
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Table 2.

Classfication scheme of the Ecological Quality status (EcoQ) based on variousbiotic indices

EcoQ AMBI BENTIX (Simboura BQI
(Borjaet al, 2000) and Zenetos, 2002) (Rosenberg et al,
2004)

| (High) AMBI <1.2 4.5< BENTIX < 6.0 BQI> 16
Il (Good) 1.2<AMBI< 3.3 3.5< BENTIX < 4.5 12<BQI <16
Il (Moderate) 3.3<AMBK 4.3 2.5< BENTIX < 3.5 8<BQI<12
IV (Poor) 4.3 <AMBI<5.5 2.0< BENTIX < 2.5 4<BQI< 8
V (Bad) 5.5 <AMBI< 7.0 BENTIX =0 BQl <4

The advantage of the BENTIX index is that it iggkly independent from
the sample size and the habitat type and is maagratfected by the degree of
taxonomic effort required to obtain the index, whiaenote the “robustness” of the
index. Also, it is characterised by good “effectiess”, reflected in a high
discriminating power between ecological classesf®Bura and Zenetos, 2002).

Especially for the assessment of the environmentalty status in accordance
with the European Water Framework Directive, Rosegbt al (2004) propose the
Benthic Quality IndexXBQI). This index is calculated by combining irdosingle
formula the tolerances of indicator organisms teirenmental disturbances, the
relative abundance or each species and the spiebiesss:

n

BQI = {Z (p, ES50,4 )} [og,,(S+1)

i=1

wherep; is the mean relative abundance of the spaciES5Q o5 is the tolerance
value of this species (calculated objectively aduuay to Hurlbert’s formula) an8
is the mean number of species.

According to Zettleet al (2007) the BQI values in the southern Baltic Sea
varied between 0 and 25. The ecological qualiteigrmined by taking the highest
value as reference value and by dividing the cootis scale between 0 (“bad”
EcoQ status) and this reference value (“high” Eigtus) into the five WFD
classes of equal size (Tab. 2). The particulangtteof the BQI is that it has better
discriminant ability in distinguishing impacted fnoun-impacted sites relative to
AMBI or BENTIX. However, in order to improve the @agacy of this index, are
required analyses of extensive data sets.

92



METHODS USED IN THE ASSESSMENT OF THE MARINE ECOLQEAL QUALITY

Conclusions

The univariate methods (the Margalef's speciesngsh index, the Shannon-
Wiener diversity index and the Pielou’s evennesgex) applied to the polychaete
populations influenced by a municipal sewage digghgrovided good results in
the evaluation of the marine environmental heaBhrfgiu and Feunteun, 2008;
Surugiu, 2008). Except the Pielou’'s evenness initexe was a gradual reduction of
the values of the various diversity indices witbréasing levels of organic load. The
high equitability at intermediate levels of distamice is explained by the fact that there
were few opportunistic species represented by ajppately equal number of species.
The graphical methods (ranked species abundaneescamdk-dominance curves) had
a better visual appeal as a means of detectingffibets of organic enrichment. These
indicated an increased dominance in areas inflaehgalomestic wastewaters and an
increased equitability in unpolluted sites. Besults in the assessment of the organic
pollution stress were achieved by the multivarigehniques (clustering, MDS and
PCA). The two latter were suitable especially i detecting pollution along a more or
less continuous organic enrichment gradient. Tagéchndices were not yet applied in
the determining the ecological status of the Roamalack Sea coast, because the
species encountered must be first assigned toctilegical groups outlined by each
method. However, we must expect an extensive ufeeofarious benthic indices in
the future because of their simplicity and reliapil
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