Sampling experiments of macroinvertebrates in the Hungarian section of the Danube

Introduction

Increasing stress is laid on the macroinvertebrates as one of the most important compounds of biomonitoring used in river water quality assessment. All over the world water management extensively uses biotic indices and biotic score systems based on macroinvertebrate communities. At the same time, a lot of fundamental and methodological questions concerning the applicability of the species and/or communities in question and the conditions in which the results of bioindication are valid and interpretable in large rivers have been under elaboration. The role of the macroinvertebrates in small or medium size river ecosystems is well known and fits to the continuum concept of VANNOTE et al. (1980). In the case of large rivers, such as the Danube, discontinuity comes to the front and some conceptual and methodological considerations of the continuum concept can only be used with reservations (SCHÖNBORN 1992). In the large rivers both the great dimensions and the significantly fluctuating water regime are primary factors of discontinuity. The human impacts, like regulation, canalisation or damming, having effects on the current situation or causing fragmentation, are superimposed on this discontinuity (DYNESIUS & NILSSON 1994).

The use of macroinvertebrates in water quality assessment has several advantages. These organisms occur in a great variety of species and in large quantities, they play significant role in energy cycling and mass balance, and represent the widest scale of taxonomic groups and functional feeding guilds. In this wide range of diversity sensitive indicator species can be found as well (UN/ECE 1995). The shortcoming of the water quality assessment based on hemihidrobiont aquatic organisms is that its applicability is season dependent. Heterogeneous distribution and the processes in the background of heterogeneity (drift, migration, invasion, colonization, adaptation) could also be disadvantageous. The routinely used quantitative samplings of most of the macroinvertebrate taxonomic groups are not sufficiently clarified. Collecting of native organisms in the profundal region of a large river is difficult, in the littoral zone is accidental because of the very changeable water level. The periods of sampling in the littoral zone are rather limited. In a normal hydrological year late spring or early summer and autumn could be advisable periods for yearly monitoring. Using appropriate references in time or space, semiquantitative methods and techniques based on the relative abundance and artificial substrates, a part of the shortcomings can be removed. In large rivers, the reliable application of macroinvertebrates for monitoring of water quality requires the preliminary knowledge of routinely usable field techniques, faunal database of species level, habitat typology and spatio-temporal patterns of the macroinvertebrate communities. 

Some of the results as examples of methodological investigations elaborated in the Hungarian Danube section are coming next.

Comparative analysis of qualitative, semiquantitative 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 quantities based on the figures of relative abundance (DE ZWART & TRIVERDI 1992, TITTIZER 1999). 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 meets with some difficulties and the treatment of samples is labour and time consuming. Efforts were taken in order to specify the applicability and effectiveness of the widely used quantitative and semi quantitative sampling methods for the collection of different macroinvertebrate taxa living in the littoral zone of the River Danube.

Samples were taken on two sections of the Danube Bend (Hungary), which are different in their hydrology and material cycling. At Kismaros (1688 river km) the river has a deposition zone with soft sediment rich in organic material, while the hard substrate at the erosion zone of Göd (1669 river km) has gravel (Fig. 1.). 
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Fig. 1. Sampling areas in The Danube Bend

Four quantitative sampling techniques – Surber sampler (S - 0,25x0,25 m), triangular shape dredge (D - 0,25 m), Ekman-Birge grab (G - 0,15x0,15 m) and Petersen grab (P - 0,3x0,3 m) – were compared in five repetitions. Because of the comparison, the kicking and sweeping water net (H - 0,4 m), which is routinely used in stream waters (EU ISO-7828 type), was also applied. The dimensions of each sampler are in the parentheses. The five repetitive samples taken by the different methods were randomly elaborated on a 100x10 metre area at both sections. The areas covered by the different samplers were different (Fig. 2.). In the case of the triangular shape dredge and the kicking and sweeping water net the sampled surface area is the product of the opening width of the sampler and the dragging length (5 metres). For the evaluation the individuum numbers provided by the different samplers were uniformly converted for square metre.
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Fig. 2. Comparison of sampled areas provided by the different equipments 

Number of taxonomic groups 

The following 16 taxonomic groups were found in the samples (the codes in parenthesis will be referred during the whole text): Bryozoa (BRY), Platyhelminthes (PLA), Gastropoda (GAS), Lamellibranchiata (LAM), Polychaeta (POL), Oligochaeta (OLI), Hirudinea (HIR), Mysidacea (MYS), Isopoda (ISO), Amphipoda (AMP), Ephemeroptera (EPH), Odonata (ODO), Heteroptera (HET), Trichoptera (TRI), Diptera (DIP) and Chironomidae (CHI). At Kismaros all of the 16 groups were present, while at Göd the water bugs were absent. The number of taxonomic groups collected by different samplers differed at 10 and 5 % level of significance at Kismaros and Göd, respectively. Considering the cumulative group numbers of the repetitions, dredge (D) proved to be the most powerful sampling device at Kismaros, which were followed by the kicking and sweeping net (H), Petersen garb (P), Eckman-Birge grab (G) and Surber sampler (S) in the appropriate place. At Göd the kicking and sweeping net was the most effective that were followed by the Petersen grab, dredge, Eckman-Birge grab and Surber sampler in the order of decreasing effectiveness. In every case, the figures of the effectiveness at Göd were smaller than at Kismaros (Fig. 3.).
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Fig. 3. Cumulative and mean group numbers provided by the different sampling techniques

The mean group number plotted against the sampled areas characteristic for the different sampling devices demonstrate a logarithmic curve (Fig. 4.), which corresponds to the well-known “species-area” relationship (KOBAYASHI 1979). At Kismaros, the curve could be fitted significantly at 0,1 % level of significance. At Göd the shape of curve was similar to that of Kismaros, but it does not fitted significantly (Göd – A). Omitting the figure of dredge sampling the curve fitted also significantly at 0,1 % level of significance at this place (Göd - B). 
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Fig. 4. Mean group numbers plotted against sampled area of different sampling devices (Surber sampler: S; dredge: D; Ekman-Birge grab: G; Petersen grab: P; kicking and sweeping water net: H)

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, as for example could be seen in the case of the dredge at Göd.

Total individuum number

Altogether, 53172 and 9683 specimens of the 16 and/or 15 taxonomic groups were collected by the different sampling techniques at Kismaros and Göd, representatively. Regarding the total individuum numbers per square metre (not taking into consideration the differences between the groups) Petersen (P) and Eckman-Birge (G) grab proved to be the most effective sampler, these were followed by the Surber sampler (S), the kicking and sweeping net (H) and the dredge (D). The sequence of the effectiveness was the same at both sections of the Danube (Kismaros and Göd) despite of the large difference in the total individual number, and the percentage values were also similar (Fig. 5.)
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Fig. 5. Total individuum number and percentage values according different sampling methods

Individuum numbers within taxonomic groups

According to the mean values of all five sampling methods the specimens of Gastropoda, Lamellibranchiata, Oligochaeta and Chironomidae groups were found in the order of thousand, while the specimens of Polychaeta, Isopoda and Amphipoda groups were found in the order of hundred per square metre at Kismaros. Hirudinea, Ephemeroptera, Odonata, Trichoptera and Diptera representatives were present by tens; meanwhile the specimens of Platyhelminthes, Mysidacea and Heteroptera groups were very rare. At the Danube section of Göd the mean individuum number per square metre was the highest (more than thousand) in the group of Amphipoda. The representatives of Isopoda, Gastropoda, Lamellibranchiata and Oligochaeta groups were found in the order of hundred. The other groups occurred in the order of ten or with a few specimens. At Kismaros there were significant difference between the sampling methods in the case of the groups of Gastropoda, Lamellibranchiata, Polychaeta, Oligochaeta and Chironomidae at 0,05 % level of significance, in the case of the groups of Hirudinea and Isopoda at 0,1 % level of significance. At Göd significant difference can be found in the case of the groups of Gastropoda, Oligochaeta, Hirudinea, Isopoda, Amphipoda and Chironomida at 0,05 % level of significance (Fig. 6.).
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Fig. 6. Individuum numbers within taxonomic groups and the significant differences between sampling techniques

Comparison of the sampling areas

The primary object of our investigations was to compare the sampling effectiveness of different methods under consideration. Because of the differences in their hydrology and material cycling, the sampled Danube sections could be compared according their different habitats, too. There was no significant difference between the numbers of taxonomic group found at both sections, but the sections considerably differed in the total individuum number and in the individuum numbers within taxonomic groups. The soft sediment in the deposition zone of Kismaros was favourable to the Lamellibranchiata, Polychaeta, Oligochaeta, Gastropoda, Diptera and Chironomidae groups, which density was multiple of the same groups living in the section of Göd. However, the groups of Amphipoda, Isopoda, Mysidacea and Trichoptera, which prefer the hard and coarse substrate, occurred in higher individuum numbers at the latter place (Fig. 7.).
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Fig. 7. Comparison of the sampling areas by sediment characteristics, taxa and individuum number, and taxon preference

Conclusions

The differences between the numbers of the taxonomic groups arose from the different surface areas provided by the different methods. The kicking and sweeping technique proved to be the most effective qualitative sampling treatment 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 specimens the Ekman-Birge grab, while in the case of the Oligochaeta and Polychaeta specimens the Petersen grab proved to be the most effective sampler. In the case of the Gastropoda group there was no notable difference between the efficiency of the two grab samplers. In coarse sediment, in the case of the Lamellibranchiata, Amphipoda, and Trichoptera specimens the Petersen grab, while in the case of the Isopoda crustaceans the Ekman-Birge grab proved to be the most effective sampler. In the case of the Gastropoda and Chironomidae group there was no notable difference between the efficiency of the two grab samplers (Fig. 8., 9.)
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Fig. 8. Qualitative and quantitative effectiveness of sampling techniques on different natural substrates
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Fig. 9. Effectiveness of grab samplers according taxonomic groups on different natural substrates

Sampling of macroinvertebrates by artificial substrates

Quantification of the macroinvertebrates should form an integral part either in the fundamental food web studies or in the scientifically sound water quality assessment. The representative quantitative sampling meets numerous difficulties and uncertainties in stream waters, especially in large rivers. The routine use of these laborious methods is primarily effective in the littoral zone of the rivers (DAVIES 2001). At the same time, this habitat is extremely exposed to the fluctuations caused by the water regime. Artificial substrate provides non-destructive quantitative sampling techniques in many habitats, where other methods are not effective (ROSENBERG & RESH 1982). Communities colonized on artificial substrates are useful indicators of water quality (DE PAUW et al. 1986, WATANABE et al. 1988, OERTEL 1993). However, they can be suitable for water quality assessment in the only case, if they appear as representatives of natural substrate. With the knowledge of the colonization and selectivity – as prerequisite of the proper data interpretability – the shortcomings in the use of artificial substrates can significantly be reduced (NOSEK 2002, OERTEL 2002). 

Two aspects of the artificial substrates were tested: their applicability, as quantitative sampling method and their selectivity compared to the natural substrate. In order to make this comparison, samples of the local macroinvertebrate communities were taken by the semi-quantitative “kick and sweep” water-net, which is a routinely used technique in biodiversity studies and in water quality assessment (DE ZWART & TRIVERDI 1992, HUMPRIES et al. 1998, MARCHANT & HEHIR 1999, TITTIZER 1999).  Investigations were carried out in the Danube at Göd (1669 rkm), where the Danube has an erosion zone with a natural hard gravel substrate.

Containers with a volume of 5 litres were used for sampling. The type, size and arrangement of the used artificial substrates, the experimental layout, sampling frequencies, methods and the elaboration of the samples are described in former papers (OERTEL 2002, OERTEL & NOSEK 2003). In the present field experiments two types of location in space (water surface: S; river bottom: B), two types of substrate (gravel: G; clay granules: C) and the long-period-colonization (LPC) were used in three combinations: clay-surface-long-period-colonization (C-S-LPC), clay-bottom-long-period-colonization (C-B-LPC), gravel-bottom-long-period-colonization (G-B-LPC). In 2000, between 9th of May and 14th of November during a 210-day long-period-colonization samples were taken every three weeks. To collect the local fauna, the semi-quantitative “kick and sweep” method (K&S) was used at every third week in a longer period than the colonization process, between 18th of April and 27th of December (Fig 10., 11, 12.). 
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Fig. 10. Artificial substrates: containers filled with natural gravel and clay granules
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Fig. 11. Installing floating and submerged artificial substrates in the Danube
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Fig. 12. The layout of the Long-Period-Colonization experiment with artificial substrates

The following calculation was used to compare the data of K&S samples (in individum m-2) referring to surface area and that of the artificial substrate samples (in individum l-1) referring to volume. A total area of 6 m2 (in three repetitions of 0.4 x 5 = 2 m2) was sampled by the K&S method (where 0.4 m was the opening width of the net and 5 m was the dragging length). Supposing that “kicked and swept” gravel layer of he bottom was not much deeper, than 2.5 cm, the sample volume is 150 litres (60000 cm2 x 2.5 cm = 150000 cm3). The volume is 30 times higher than the 5 litres volume of the artificial substrate containers. This minimum factor of 30 was used for the comparison of the different sampling methods, given the data in individum m-2, as unit. Of course, the factor could be higher, if the sampled layer was deeper (Fig 13.).
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Fig. 13. Comparison and conversion of the area and volume provided by kick and sweep method and the artificial substrates

Qualitative results

14 taxonomic groups characterized the studied Danube-section in 2000. Two of these groups (Platyhelminthes and Mysidacea) are frequent on the natural gravel substrate of the riverbed, except on artificial substrates. The cumulative group number was 14 in the case of K&S method and was 12 in the case of all artificial substrates, during the period of the colonization experiment. K&S provided also the highest mean group number (12.3), while it was lower in the case of artificial substrates (9.7, 8.6, 9.7 in the order of C-S-LPC, C-B-LPC and G-B-LPC, respectively). The mean group numbers which characterized the clay substrate on the surface and the gravel substrate on the bottom were higher than in the previous year, while at the bottom in the case of clay granules filled containers, they were almost the same. In an other experiment, considering its cumulative and mean group numbers, the semi-quantitative K&S method (14.0; 11.8) also proved to be more effective compared to the quantitative sampling of macroinvertebrates by Surber sampler (9.0; 7.2), dredge (10.0; 6.6) or Petersen and Ekman-Birge grabs (12.0; 9.0, 9.0; 6,7, respectively) at the hard gravel substrate of the Göd section (cf. Fig. 3.) (OERTEL & NOSEK 2004).

In 1999, during our long period colonization experiments, which were elaborated in the same way, we learnt that the colonization process was more rapid in the more balanced environment of the river bottom, mainly in the containers filled with clay granules. The time needed to achieve a steady-state community provided to be almost four months on the surface, about one week on clay and one and half months on gravel at the bottom (NOSEK 2002). In 2000, the colonization happened similarly to that one which characterised the clay substrate at the bottom in 1999, in all three combinations of artificial substrates. The communities colonized the artificial substrates within a week or two, and the maximum of the taxonomic group numbers appeared also earlier than in the previous year. It is most likely, that the yearly differences in the hydrological regime could also affect the course of the colonization. In 2000, compared to 1999, the colonization experiment was preceded by a three-month high water period, in which the water level was 150-200 cm higher than the average of the previous 40 years. Parallel with the increased water discharge, the increased drift speeded up the process of colonization. The effect of water regime on the natural substrate was also traceable (Fig. 14.).
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Fig. 14. Colonization process in different years and by different water regimes

Quantitative results

Considering the total individuum number of organisms a few orders of magnitude differences were found between the quantities collected by K&S method and by artificial substrates (Fig. 15.). At the bottom, clay substrate always provided the greatest number of organisms in the order of ten thousand (except in the 24-27 week period of the colonization), gravel substrate took the second place. Among artificial substrates, clay granules on the surface had the minimum number of organisms, except the last sampling in November. The total number of the organisms continuously increased on the natural substrate during the whole studied period, while it increased on the artificial substrates at the bottom and on the surface up to the beginning of September and October, respectively.

[image: image15.jpg]G-B-LPC, C-B-LPC, C-S-LPC

50000

40000

30000

20000

10000

09.05. 30.06.

Total individum number of macroinvertebrates (ind. m™3)

T

o

. 1007, 0108, 2208, 1200, 0210, 24.10. 14.11.

500

400

300
@
o3
£

200

100

0 year

2000





Fig. 15. Comparison of total individuum numbers collected by kick and sweep method and artificial substrates

Different taxonomic groups contributed different quantities to the total number of organisms in space and time. The effect of selectivity appeared in the composition and percentage of the taxonomic groups constituting the macroinvertebrate community, and also in the total number of organisms (Fig. 16.).
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Fig. 16. Selectivity of artificial substrates by taxonomic groups

Conclusions

The results proved the differences in the macroinvertebrate community composition, which were caused by the artificial substrate, as quantitative sampling method. In the experimental arrangement selectivity was found between the natural and artificial substrates and within these latter ones by the type of substrates and their spatial location (CASEY & KENDALL 1996). The yearly changing colonisation of the given macroinvertebrate community – being under the effect of abiotic and biotic processes – could also have an influence on selectivity.

The easy to use, semi-quantitative K&S method proved to be more suitable for qualitative sampling (e.g. for biodiversity studies) in the littoral zone of the River Danube, too, when the actual water regime made it possible. If quantitative and reproducible samples are needed to take during the circumstances of fluctuating water level or in deep waters of the river, one should favour the easily standardiseable artificial substrates, rather than K&S. Knowing the effects of selectivity and colonization 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 – due to the increased number of organisms caused by selectivity – are especially suitable for the mass collection of test organisms.
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