








European Water Framework Directive in Hungary 357

cluster are mainly spread out over the upper half of the ordination diagram. Con-
centrations of major ions are intermediate and those of nutrients are low. Both
Secchi depth and mean depth of these sites are high. Nevertheless, there seem to be
many non-permanent sites in this cluster. Many of them are (straightened) channels
and current velocity is low. Most of the samples derive from (very) small streams
with a medium-fine substrate, but some are from very large rivers. The number of
species in the counts is low and the dominance percentage is high (low diversity).
The average IPS has its maximum in this cluster (good water quality). The good
water quality is also reflected by low values of most of the diatom indicator values.

Comparison between physiographic river types and diatom river
types

Generally, there was some correspondence between diatom and physiographic
river types, but the original diatom type is replaced by deviating types, according
to human impact (Table 6). As an example: in high altitude streams (types 4 and 5)
the original diatom cluster C10 is replaced by other clusters, including C7, due to
eutrophication. At the other hand: the clusters C5, C6 and C8 are nearly confined
to the lowlands and are only rarely found in mid-altitude streams.

Table 6. Correspondence between Hungarian physiographic river types (see Table 1 for
definitions) and river diatom clusters according to Table 4. Entries are numbers of
samples. U = type unknown.

Hungarian river type

1 2 3 4 5 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 u sum
C1 6 2 1 2 2 7 11 2 1 1 2 28
c2 1 1 6 1 2 6 2 2 1 4 11 28
Cc3 2 11 2 2 1 1 1 1 12
Cc4 3 11 3 1 6 1 1 4 1 7 5 3 1 3 2 5 48
Cc5 11 11 610 4 6 4 6 1 41
Cce 1 1 2 3 213112 6 23
Cc7 2 2 6 2 6 5 1 2 2 1 5 11 36
cs 1 4 1 1 2 47 7 1 1 29
Cc9 9 1 4 1 4 2 1 1 23
c10 2 3 1 2 1 11 11 13
c11 6 5 5 2 3 4 2 11 1 2 39
C12 2 1 1 2 1 2 3 2 2 2 1 19

sum 18 19 62221 10 33418 7 51012 5201910271915 4 3 3 9 214 4 339

Class boundaries and the present quality of Hungarian rivers

For Hungarian running waters, the IPS seems to be a suitable index to use, as the
major variation in diatom assemblages is due to hydromorphology and concentra-
tions of major ions. Naturally, as stream order increases, water courses get rich in
nutrients, and become more and more turbid. Such conditions favour shade-
adapted species with higher nutrient demand. Presence of these species must not
be understood as deterioration of the ecological status, without taking into account
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Table 7. IPS-class boundaries for high-, mid- and low-altitude streams. Symbols cor-
respond to those in Fig. 4.

Quality High altitude Mid altitude Low attitude Symbol
high 175iPSsZO 16 <IPS<20 15.5<IPS <20 O
good 13<IPS <17 12<IPS <16 11.5<iPS<165 ]
moderate 9<IPS<13 8.5<IPS<12 8<IPS<115 A
poor 5<IPS<9 5<IPS<85 5<IPS<5 v
bad IPS <5 IPS <5 IPS <5 r

the natural variation in expected conditions as stream size increases. Therefore
there is a decrease in average values of IPS in high attitude streams (14.96), via
13.98 in mid-altitude streams to 13.52 in low-altitude streams. The IPS has its
strongest correlation with total phosphorus (r = -0.40), Kjeldahl-nitrogen (-0.39)
and chloride (-0.38). These variables are also highly intercorrelated.

Class boundaries for the IPS were not set by the original authors, but generally
the classification of the related Indice Biologique des Diatomées (IBD) by Pry-
GIEL & COsTE (2000), as developed in north-western France, is used for distinction
of water quality classes. Starting from these class boundaries set (as kept for
Hungarian high-altitude streams) the adapted class boundaries for these different
stream types are presented in Table 7.

Nearly one quarter (23 %) of the sites has a very good (high) quality and
another 58 % has a good quality, so 81 % fulfil the criteria for phytobenthos for
the Water Framework Directive. About 15, 4 and 0.6 % of the sites have a mod-
erate, poor or bad quality, respectively and measures have to be taken at these sites
for improvement of water quality (Fig. 4).

Discussion
Data-set

The present study is fairly unique, because it is the first time that a nation-wide
survey of benthic river diatoms has been carried out in any European country. The
dataset is robust as the primary sources of uncertainty in diatom training sets
(choice of site and substrate for sampling, inter-operator differences in diatom
taxonomy and counting techniques; BESSE-LOTOTSKAYA et al. 2006) were elimi-
nated as much as possible. Moreover, parallel with the diatoms, investigations were
made on other biological quality elements, including macro-invertebrates and fish.

In total, nearly 500 taxa were found in the 400 valve counts from 339 sites. This
certainly does not include all diatom taxa in the inland waters of a country like
Hungary, which probably number between 1000 and 2000 ‘conservative’ taxa.
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Fig. 4. Diatom-inferred quality of Hungarian running waters. Symbol-types correspond to
those in Table 7. Heavily modified water bodies are marked with black symbols.

Many of the taxa which were not recorded in the present survey (probably some
hundreds) are naturally rare at the sampling stations, e.g. the larger ones, while
others are present in habitats that have not been included in this report, like lakes,
fens, bogs and springs.

The commonest genus is Navicula (sensu lato), which is present in many dif-
ferent kinds of water. The second important genus is Nifzschia, indicating that
many of the sites have a load of organic, biodegradable material. The genera
Achnanthes and Cymbella are not rare in the dataset and they have many species
which prefer clean water that is rich in oxygen.

Reference conditions and river typology

For a proper development of a system of ecological status classes within the
implementation process of the Water Framework Directive at first reference con-
ditions are to be set for each of the biological water quality elements, than relevant
stressors (human impact) are to be identified and finally metrics have to be con-
structed.

Reference conditions do not necessarily equate to totally undisturbed, pristine
conditions. They include very minor impacts which means that human pressures
are allowed as long as they are of no or only very minor ecological effects (CIS
Working Group 2.3 — REFCOND 2003). In this study, it has been assumed that all
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sites with IPS-values above the threshold values for high water quality in Table 7
are reference sites. Formally all sites in the dataset should be screened against the
criteria for the presence of diffuse and point source pollution, morphological
alterations, flow regulation, etc. as listed by the CIS Working Group.

During a pilot survey describing reference conditions, the main conclusion
(supported by more than only one indicator group of organisms) was that the
number of physiographic river types existing at that time was too high: some
(especially some lowland types, but also others) have to be pooled, otherwise it
is impossible to find more or less distinct assemblages of biota that characterize
types (SziLAGY1 2004). Unfortunately, the number of physiographic river types did
not change in the ECOSURV project and therefore we faced the same dilemma.
However, results of this study provide a much more solid basis for developing
practically the same conclusion.

Our ordinations have clearly shown that typological elements (stream order [size
of catchments], depth [temporary desiccation], altitude, current velocity, shading)
are master variables determining distribution and abundance of diatom taxa and they
rather clearly separate along such axes. Nutrients and organic content becomes
important only on the third or fourth axes. Locally they may affect the composition
of the diatom assemblages seriously, . g. at the sites in cluster C3. Acidification is
not important in these streams: with alkalinity values above 3 mmol 1! they are well
buffered (Table 5).This result is promising because it allows the conclusion that
description of reference conditions for well defined types is possible.

Cluster analysis of the samples resulted in twelve distinct groups. These groups
do not accord to the physiographic typology, especially since excellent and poor
conditions exist in each of them. For example, in cluster-10 samples from high/mid
altitudes with conditions close to reference are pooled, while cluster 7 contains
samples from similar types but far from reference conditions. Similar grouping can
be traced in the big cluster 3-9-1-4. Therefore, diatom assemblages allow differ-
entiation clearly only between some physiographic 5-7 types that cannot be
matched with the existing 26 types of rivers. Reduction in types needs considera-
tion of results from other indicator groups, especially macro-invertebrates.

Suitability of metrics

Recently an intercalibration exercise was performed on the phytobenthos scales in
running waters of twelve central and Baltic European countries (KELLY et al.
2007). In these countries as many as ten different metrics are used. Many of them
are based on the IPS (CosTE in CEMAGREF 1982) or on the Trophic Index (RoTT
et al. 2003). The latter one (TI) has been developed in the predominantly oligo-
trophic Austrian rivers.

TI and IPS have their largest discriminating power in the oligotrophic-meso-
trophic and mesotrophic-eutrophic range, respectively. The IPS seems to develop
more or less as a standard in the more eutrophic range, due to the inclusion of
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nearly all common European taxa and to its geographic flexibility; i.e. the possi-
bility to set different class limits in different regions. Therefore the IPS is becom-
ing a popular tool in many European countries (e.g. PRYGIEL et al. 1999; HLUBI-
kova et al. 2006; KAHLERT et al. 2006; PIicINSkKA-FALTYNOwICZ et al. 2006;
VILBASTE et al. 2006; WoirtaL 2006).

Comparison with other biological quality elements

The results from macro-invertebrates and fish from the same sites are entered in
Table 8. For fish only about half of the sites was sampled and for these sites the
total score was calculated, using the minimum scores of those for diatoms, macro-
invertebrates and fish, according to the ‘one out all out’ principle of the Water
Framework Directive.

Table 8. Percentage of sites in each water quality class, using different biological quality
elements (data from ARCADIS 2005).

Number Quality
Biological Quality Element of sites High Good Moderate  Poor Bad
Phytobenthos 339 23 58 15 4 0
Macroinvertebrates (organic load) 340 1 66 31 1 1
Macroinvertebrates (general degradation) 340 14 18 24 30 14
Fish 184 1 22 34 27 16
All (minimum) 183 0 14 30 31 25

It is clear that the phytobenthos gives the most positive impression of water
quality, as it is much less sensitive to hydromorphological changes than the macro-
invertebrates (general degradation) and fish. The phytobenthos results are more or
less comparable to those for the macro-invertebrates (organic load).

Concluding remarks

The present study provided a relatively homogeneous data set for a whole country,
and compared to diatoms and diatom studies in most other European countries.
The study shows that despite the intensive human use of over 90 % of the area of
the country, natural variation is still the predominant factor for the composition of
river diatom assemblages. The present survey is a snapshot of this variation at one
moment in time. A better understanding of the relationships between diatom
assemblages and environmental factors (including stressors) will be gained by a
more time-intensive monitoring of selected stations in the present network.
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