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Introduction 

Sustainable management and rehabilitation of the large European rivers – such as the Danube 
– needs deep fundamental and applied knowledge in biodiversity and ecological status. 
Macroinvertebrate communities are widely accepted in small rivers for water quality 
assessment, due to the indicative power of their species, which represent the widest scale of 
taxonomic groups and functional feeding guilds. In large rivers, the assessment based on 
macroinvertebrates, in some cases needs only adaptation of procedures, but in most cases 
preparatory approach is necessary both in theory and methodology (Oertel 2000). The species 
identification and the quantifiable evaluation of the communities should take priority of the 
questions to be cleared up. 

In the past decades the biodiversity of the Danube has significantly changed, affecting all of 
the river biota, the populations and communities of the profundal and littoral regions. Due to 
the direct connection between the two main watershed areas, after opening and operation of 
Rhine-Main-Danube Canal, neozoa species widely distribute by passive dispersion, by active 
migration or are introduced by man.  

The poster presentation is to briefly demonstrate some of the results of the structural and 
functional macroinvertebrate studies which have been carried out during the last years on the 
field of biodiversity, sampling and assessment processes at the Hungarian Danube Research 
Station. Parts of our results were published in details in previous IAD proceedings, others are 
presented now at the jubilee conference (cf. References). 

Studies on structure of macroinvertabrate communities 

Biodiversity of the Hungarian Danube reach and the adjacent wetlands 

Our knowledge about the macroinvertebrate fauna of the Hungarian Danube reach and the 
adjacent wetlands is very heterogeneous. In regard of certain taxa the checklists were 
incomplete until quite recently in comparison to other section of the river. For example water 
bugs and aquatic beetles have been practically unknown. In addition, the Hungarian Danube 
section has also been affected by hydrological and subsequent ecological changes. In the last 
decade intensive studies have been started for recovering biodiversity and recording spatial 
and temporal references to elucidate scientifically the fundamental and applied aspects of 
ecological river state assessment prior the implementation of the EU WFD. 

The first survey carried out in 1998-1999 resulted in 301 macroinvertebrate taxa of 22 higher 
systematic groups (order and class) from 62 sampling places (Oertel et al. 2005). The final 
evaluation of the material collected during a more detailed sampling program (years 2002-
2005, 268 places) has not been finished yet, but the preliminary results promise a significant 
increase in the number of taxa (e.g 11 and 70 Coleoptera taxa were found in the Szigetköz, 5 
and 77 in the Gemenc Landscape Protection Area while 13 and 33 Odonata taxa were found 
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in the Szigetköz in the periods of 1998-1999 and 2002-2005, respectively) (Andrikovics et al. 
2006, Csabai & Nosek 2006a, 2006b).  

In the large historical rivers of Europe the lack of spatial and temporal references could be 
overcome by the use of the so-called “sliding references” provided by the surveillances of 
shorter or longer consecutive periods. In the near future we intend to finalize and arrange the 
millenary checklists (Oertel et al. 2005) into a faunal database, which will properly represent 
the Hungarian section of the river, and similarly to the Austrian and Slovakian ones, will 
contribute to the scientifically sound base of an ecological state assessment of the Danube. 

Water body types validation by macroinvertebrate communities  

Before the nineties of the last century the hydrological regime of the water bodies in the 
Szigetköz was governed by the Danube. In 1992, after the diversion of the Danube to the 
operation channel of the Bős/Gabčikovo hydroelectric power plant, a radical alteration 
occurred, e.g. in the abandoned main arm (Old Danube) the former water discharge (2000 
m3sec-1 on average) decreased to 50-400 m3sec-1. From 1993 several technical measures have 
been implemented to form a water recharging system in order to reduce the scarcity of water.   

The radical alteration, which took place in the hydro-morphology of the Szigetköz, was 
succeeded by the changes in the macroinvertebrate communities too. The diversion was 
followed by a drastic decrease in the number of taxa and taxonomic groups. From 1994-95 a 
slow increase has been started but a process to uniformity could be detected. Lenitic species 
(such as Lymnaea stagnalis) appeared in the Old-Danube, while lotic species (e.g. Ancylus 
fluviatilis) populated the water bodies of the protected area. The percentages of those species, 
which occurred previously in only one water body, have decreased, while the taxa in common 
have increased. Due to the water recharging system, the former physical barriers of the 
distribution practically disappeared and the macroinvertebrates can spread the whole water 
system of the Szigetköz. This kind of “inner” migration was the cause of the increase in the 
number of taxa and taxonomic groups. The percentage of the real invasive species (such as 
Hypania invalida, Corbicula fluminea/fluminalis) was not significant. Recently, the spatial 
pattern and diversity of the aquatic macroinvertebrates is primarily determined by the local 
habitat features (flow pattern, sediment and substrate quality, and quantity of macrophytes) 
(Nosek & Oertel 2004). 

On the basis of a coherent data series coming from 62 localities of the main channel and the 
adjacent wetlands (Szigetköz and Gemenc) from 1998-99 an attempt was made to establish 
whether there are any differences among the separate water bodies of the Hungarian Danube, 
regarding the size and composition of macroinvertebrate communities, with special emphasis 
for the EU WFD. The inland waters of the Gemenc Landscape Protection Area separated 
significantly from all of the other water bodies. In the Szigetköz there were no significant 
differences among the main arm, active alluvial flood plain and protected area. In the main 
channel of the Danube three sections could be detected. The section above Gönyű is the only 
one, which is identical with the first section determined by the EU WFD Report of Hungary 
(KvVM 2005), predominantly based on hydrological and pollution stress. The section 
between Gönyű and Mohács could be divided in two parts, one lasting from Gönyű to 
Budapest and another from Budapest to Mohács (cf. more details in Nosek & Oertel 2006).  

Studies on functions of macroinvertebrate communities 

Comparison of qualitative and quantitative sampling methods 

The routine water quality assessments based on the analysis of macroinvertebrate 
communities use qualitative and/or semi quantitative techniques for sampling and estimate 
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quantities based on the relative abundances. To calculate the saprobic and biotic indices and 
to determine the percentage of the functional feeding groups in the material and energy 
balances, quantitative data are needed. The quantitative sampling in large rivers encounters 
some difficulties and the treatment of samples is labour-intensive and time-consuming. 
Efforts were taken in order to specify the applicability and effectiveness of the widely used 
qualitative and (semi)quantitative samplers (kick & sweep net, Surber-sampler, dredge, 
Ekman-Birge and Petersen grabs) in the deposition and erosion littoral zones of the River 
Danube, which are different in their hydrology and material cycling. 

The differences between the numbers of the taxonomic groups arose from the different 
surface areas provided by the different methods. Kick & sweep technique proved to be the 
most effective qualitative sampling on coarse texture substrate, while the dredging offered 
similar or better results on soft sediment. The Surber sampler was the less effective method, 
irrespective of the substrate consistency.  

For quantitative sampling the grab samplers proved to be most efficient in the case of almost 
all taxonomic groups independently from the texture of sediment. Dredging was the less 
powerful method in quantitative sampling. In soft sediment in the case of the 
Lamellibranchiata, Isopoda, Amphipoda, Ephemeroptera, Odonata, Trichoptera and 
Chironomidae the Ekman-Birge grab, while in the case of the Oligochaeta and Polychaeta the 
Petersen grab proved to be the most effective sampler. In coarse sediment, in the case of the 
Lamellibranchiata, Amphipoda, and Trichoptera species the Petersen grab, while in the case 
of the Isopoda the Ekman-Birge grab proved to be the most effective sampler (Oertel & 
Nosek 2004).  

The different quantitative sampling methods referring to the surface area are comparable only 
in the case of substrates with identical or similar texture. The grab or dredge samplers 
penetrate into different depths of the sediment, depending on the substrate texture and 
consistency, and the volume of the samples still differ in spite of the same surface area. The 
effectiveness – the “catching strategy” – of the individual methods could even more modify 
the results. In the case of soft sediments the values provided by the different sampling 
methods are significantly fitted on the mean group number vs. sampled area logarithmic 
curve, which corresponds to the well-known “species-area” relationship (Kobayashi 1979). 
On hard substrate the results of dredging are far from this logarithmic correspondence (Oertel 
& Nosek 2004).  

Artificial substrates as quantitative sampling techniques 

In large rivers, such as the Danube, the frequency and time scheduling of sampling is 
significantly influenced by the water regime fluctuations. The use of artificial substrates as 
quantitative sampling method can overcome a lot of difficulties if the colonization process 
and the selectivity (the relative abundance of macroinvertebrates compared to the natural 
substrate) have previously been known. The types, size and arrangement of the artificial 
substrates, the experimental layout, sampling frequency and the elaboration of the samples 
were described in former papers (Oertel 2002). Colonization was more rapid in the more 
balanced environment of the river bottom, mainly on clay substrate. The time needed to 
achieve a steady-state community proved to be almost four months on clay at the surface, 
about one week on clay and one and half months on gravel substrate at the bottom (Nosek 
2002). Artificial substrates showed selectivity of different degree depending on the substrate 
type and vertical location. The annual changes in the course of colonization – affected by 
abiotic and biotic processes – could also have an influence on selectivity (Oertel & Nosek 
2006a). 
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If quantitative and reproducible samples are needed at fluctuating water level or in deep 
waters of the river, one should favour the easily standardizable artificial substrates. When the 
effects of selectivity and colonization are known, the appropriate method should be chosen to 
sample the subset of the macroinvertebrate community in question. In the case of water 
quality assessment (e.g. accumulation monitoring of pollutants) artificial substrates – 
resulting from the increased number of organisms caused by selectivity – are especially 
suitable for the mass collection of test organisms. 

Applicability of biotic indices based on macroinvertebrate communities 

Between 1999 and 2001, during 30-week periods, macroinvertebrate communities were 
sampled once in three weeks at the Hungarian Danube section of Göd (1669 river km) 
concurrently using the method of kick & sweep and that of the artificial substrates. These 
frequent sample series, which produced 125000 macroinvertebrates identified to species level, 
provided the best choice to compare the saprobic (SI) and the water quality (QI) index and to 
evaluate the conditions of their applicability. The QI values calculated from the cumulative 
scores and the average score per taxon are more variable than the SI, and significantly 
fluctuate within short periods, changing 2 or 3 classes of water quality. No correlation was 
found between the two indices. During the whole period relatively wide ranges of the QI 
belonged to each SI value, which remained within the β-mesosaprobic class, characteristic for 
the given Danube section. The significant temporal fluctuation of the biotic indices (mainly 
that of QI) challenges the applicability for distinguishing between sites (cf. more details in 
Oertel & Nosek 2006b). 

Organic matter cycling in detritus food web 

Present investigation focuses on the structural and functional aspects of the detritus food web 
which is driven by the organic matter, and which may fill more important part in the material 
cycling of the littoral zone of high productivity, than the primary production. Our project is 
elaborated on the sedimentation and erosion sections of the Hungarian Danube, which are 
different in terms of their local hydrology and material cycling, and focus on the benthic and 
the hyporheic zone, as well as their macro- and meioinvertebrate communities, which are all 
parts of the functionally integrated system. 
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