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Abstract

The structure of mayfly (Ephemeroptera) and stonefly (Plecoptera) taxocenoses of the Danube
and its anabranches (running and intermittently running arms, backwaters) was investigated.
Twenty mayfly and three stonefly species were recorded. As compared with reports by previous
authors, there occurred a marked decrease in the number of species, especially of stoneflies
(of 8 known species, only a single autochthonous one, namely Leuctra fusca, was observed). In
mayflies, species prevailed whose index of saprobity varied from 2.0 to 2.2. The index of saprobi-
ty of the Danube parts examined was from 2.2 to 2.4. These findings indicate that the originally
beta-mesosaprobic Danube at present is changing to alpha-mesosaprobity.

The Czechoslovak section of the Danube (172 km) represents a large inland
delta forming a very complicated ecological system. Elements of limnic and
lotic environment come here together. It is inhabited by numerous interesting
animals (HOLCIK, 1981). At present, the Danube barrage system Gab¢ikovo
— Nagymaros is under construction there; it is aimed at using the river’s ener-
gy and improving navigation. The width of the river in the section from Hru-
$ov to Palkovi¢ovo will be reduced by 100 m; only one forth of the original
amount of water will pass through it. As a result, the level of ground water in
a 10 km wide zone along the main stream will drop by 1 — 5 m and the whole
inland delta will disappear. The consequences of these changes have been
stressed by ROTHSCHEIN (1973), HOLCIK (1981) and HOLCIK et al. (1981).
Numerous animals will presumably disappear and others will be endangered.
The abundance of fishes in the Danube will be endagered. The abundance of
fishes in the Danube will markedly decrease, the quality of surface waters will
be impaired, timber production will drop and agriculture will be negatively af-
fected. In the derivation canal, overreproduction of the mullusc Dreissena po-
lymorpha will take place, with a negative impact on the work of the barrage
system. On the other hand, the bottom of the latter will become stabilized,
which will lead to a mass increase of some macrozoobenthos groups.

The aim of the present study was to obtain information about the actual
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distribution of mayflies and stoneflies in the area of the future Gabé&ikovo
barrage.

In the main stream, macrozoobenthos concentrates itself mainly at the lit-
toral zone, artificially reinforced by stones, because the bottom of the medial
consists of gravel and sand which are continously moving. Quantitative studies
on the macrozoobenthos of the Danube were carried out by ERTLOVA (1967,
1968, 1970, 1973) and SPORKA (1979). The average biomass in the littoral zo-
ne of the Danube was found to amount to about 150 kg/ha, while in the me-
dial it reached only 50 kg/ha. Benthic fauna was concentrated to the anabran-
ches. In short swiftly running arms the biomass amounted to 65 kg/ha as com-
pared to up to 178 kg/ha in slowly running arms. At high levels of the water
in the Danube, part of the biomas is frequently washed out into the main
stream. Reports about the aquatic fauna of the Danube have been reviewed
by Ertl et al. (1961) and SPORKA (1979). Mayflies in the given area were stu-
died by BALTHASAR (1936, 1938), BRTEK (1951), LICHARDOVA (1958),
BRTEK and ROTHSCHEIN (1964), ROTHSCHEIN and HANZLIKOVA (1966),
ERTLOVA (1968), LANDA (1969) and SPORKA (1979) and stoneflies by BAL-
THASAR (1936, 1938), BRTEK (1951), WINKLER (1957), RAUSER (1957, 1960,
1965), BRTEK and ROTHSCHEIN (1964) and ERTLOVA (1968).

General characteristics of the stream

The Danube enters Czechoslovak territory at the river-kilometer 1880, at
an altitude of 130 m above the sea level. In a 70 km long section up to Palko-
vi¢ovo its width varies from 200 to 300 m. The littoral zone at both banks re-
presents about 8% of the total profile of the river’s bottom (HOLCIK et al.,
1981). In the area under investigation, the slope is 0.31 %; at high water le-
vels, the stream reaches a maximal speed of up to 3,5 ms™!. At an average flow
rate of 2000 m3s™! this value drops to 1,78 ms™!. The river shows a high-moun-
tain outflow pattern (MAZUR et al., 1980). The average monthly temperature
maxima of water in the Danube do not surpass 18 °C. In the course of the pre-
sent investigations, the highest water temperatures recorded were 22 °C in the
Danube and 27 °C in the anabranches. HOLCIK et al. (1981) reported that the
average oxygen and organic amnonia nitrogen concentrations reached respec-
tively 8.9 — 9.2 and 0.66 - 0.81 mgl™ in the Baka arm system. ROTHSCHEIN
and HANZLfKOVA (1966) characterized the Danube as beta-mesosaprobic. In
the last two decades, industrialization markedly increased as did the size of
town agglomerations. This was naturally reflected in the quality of Danube
water. TRZILOVA and MIKOSOVICOVA (1975) found that the river enters Cze-
choslovak territory heavily polluted. Only thanks to self-cleaning processes
and to the inland delta acting as a biological filter, the amount of microbes
decreases by 30 %, so that the Danube leaves Czechoslovak territory as beta-
-mesosaprobic. DVIHALLY (1982) reported that, after having passed the
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system of anabranches between Bratislava and Gab¢ikovo, the absolute pri-
mary productivity of the Danube waters increases. In this connection she con-
cluded that the anabranches pay an important role in reducing organic pollu-
tion. TOMAJKA (1980) found an oxygen deficiency of Danube water at Gab-
¢ikovo of 1.5 mg1™! as compared to 0.9 mgl-! reported by Rothschein (1976).
Especially in autumn, water saturation decreases below 75 % and oxygen de-
ficiency suprasses 3 mgl™'. Annual average values of BOD, (3.9 mgl™!) are by
1 mg1! higher than those reported from the same Danube section by MUCHA
et al. (1966) and LIEPOLT (1967). ARDO (1974) pointed out that the toxicity
of the Danube is increasing. ROTHSCHEIN (1974) reported that the amount of
mineral oil products in the Danube at Q,,; above Bratislava reached 0.36
mg ! as compared to 0.51 mg I below Bratislava. TOMAJKA (1980) found in
the Danube at Gabc¢ikovo an average concentration of petroleum hydrocar-
bons of 0.09 mgl-! (maximum 0.32 mgl'); the maximal allowed concentrati-
on (0.2 mgl! was exceeded in 18 % of cases during the 4-year period of obser-
vation. Petroleum hydrocarbons significantly lower primary productivity
and increase BOD; values.

Mayflies and stoneflies were studied at the localities given in Fig. 1 and Ta-
ble 1.

Table 1 )
Some characteristics of the localities examined
St;tfon (r. km) DFS Biotopes T Bottom Miiv);.tf%n:p.
1.  ArmatKarlova Ves (1873) 7868 1 G.C 22,0
2. Danube (1871) 7868 Ia St, G 21,0
3. Danube (1863) 7868 Ia St 19,8
4. Danube (1858) 7968 Ib G, Sa 21,5
5. Rusovce arm (1857) 7968 |- 11 C.G 25,7
6. Danube (1854) 7969 Ib ) - G, Sa 22,1
7.  Hamuliakovo arm (1851) 7969 v C,G 242
8.  Samorin arm (1843) 7969 11 G.C 25,7
9.  Danube (1843) 8070 la . St 20,2
10.  Bodiky arm (1830) 8070 v C.G 26,1
11.  Arm at Trstend (1825) 8070 v C 26,8
12.  Bakaarm (1824) 8070 it C,Sa 24,8
13.  Armat Dekan 8171 v C 27,0
14.  Irrigation channel at
Gabcikovo 8171 \%! G 17,5
15.  Danube (1818) 8171 Ia St 194
16. Danube (1810) 8171 Ia St 21.8
Ia - regulated Danube DFS - Datbank of the fauna of Slovakia
Ib - unregulated Danube ST - stones
II - swiftly running arms Sa - sand
111 - slowly running arms C - clay
IV - intermittent running arms G - gravel

V - backwaters
V1 - irrigation channels
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Fig. 1. Danube in the region from
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Materials and Methods

In the period from 1981 to 1984, macrozoobenthos was collected by a ring
net (mesh size 0.5 mm) from the littoral zone of the Danube and its anabran-
ches at 16 localities. The biotopes were regularly examined in February,
April, May, June, July, September and December. The materials were fixed
with 4 % formmalin and selected under a low power binocular microscope.
Water temperature was measured regularly. Dominance of individual species
was evaluated according to KRNO (1984). In the last year of observation, the
whole macrozoobenthos (with the exception of Oligochaeta and Chironomi-
dae) was identified so as to make possible the determination of the index of
saprobity.

Results

In the area under study, 20 mayfly species (Ephemeroptera) and 3 stonefly
species (Plecoptera) were detected (Fig. 2). A survey of mayfly and stonefly
species hitherto observed in the Danube, its anabranches and intermittent wa-
ter is presented in Table 2.

Ephemroptera

Siphlonuridae. 1. Siphlonurus aestivalis (EATON) — 9 larvae; most frequent
in the spring in a backwater among aquatic vegetation.

Baetidae. 2. Baetis fuscatus (LINNAEUS) — 624 larvae; from the spring to the
autumn the most frequent mayfly in the Danube and swiftly running arms.
3. Baetis niger (LINNAEUS) — 6 larvae; vary rare in the Danube and its ana-
branches. 4. Baetis vardarensis IKONOMOV - 9 larvae; new, previously unre-
ported species from the Czechoslovak section of the Danube; this rheophilic
species is bound exclusively to the main stream of the river. 5. Baetis vernus
(CURTIS) — 52 larvae; belongs to the dominant mayfly species in irrigation
channels of Zitny ostrov. 6. Centroptilum luteolum (MULLER) — 12 larvae;
a rather in frequent species in the Danube and slowly running arms. 7. Cloeon
dipterum (LINNAEUS) — 288 larvae; an eudominant stagnicolous species of
Danube anabranches all the year round.

Heptageniidae. 8. Ecdyonurus aurantiacus (BURMEISTER) — 22 larvae; in
the past, probably mixed up with E. fluminum PICT. (BRTEK,1951). E. auran-
tiacus prefers original gravel and sand benches of the Danube’s littoral zone to
the regulated banks. 9. Heptagenia coerulans ROSTOCK — 15 larvae; as distinct
from other species of the genus Heptagenia, H. coerulans prefers original gra-
vel and sand benches of the Danube’s littoral zone to the regulated banks.
10. Heptagenia flava ROSTOCK — 371 larvae; belongs to characteristic domi-
nant mayfly species of the main stream; it prefers especially regulated banks
(stones) where it is eudominant. 11. Heptagenia sulphurea (MULLER) — 28 lar-
vae; occurring regularly along with H. flava.

Ephemerellidae. 12. Ephemerella ignita (PODA) — 421 larvae; this euryoe-
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Table 2

Mayflies (Ephomeroptera) and stoneflics (Plecoptera) of the Czechoslovak section of Danube

(Bratislava-Palkovi¢ovo). its anabranches and intermittent waters

Ephemeroptera:

P b ~
Danube waters

Siphlonurus aestivalis (ETN.)
Siphlonurus lacustris (ETN.)
Siphlonurus lineatus (ETN.)
Baetis rhodani (P1cT.)

Baetis fuscatus (1.)
Centroptilum luteolum (MULL.)
Cloenon dipterum (1.)

Cloeon simile ETN.

Procloeon bifidum BGTsS.
Rhithrogena alpestris ETN.
Rhithrogena hiybrida ETN.
Heptagenia coerulana ROST.
Heptagenia flava RosT.
Heptagenia fuscogrisea (RETZ2.)
Heptagenia sulphurea (MULL.)
-Ecdyonurus aurantiacus (BURM.)
Ecdyonurus venosus (FABR.)
Ephemetella ignita (PODA.)
Ephemerella mucronata BGTSs.
Ephemerella notata ETN.
Caenis horaria (L.)

Caenis luctuosa (BURM.)
Caenis pseudorivulorum KEFF.
Caenis robusta ETN.
Paraleptophlebia submarginata (STEP.)
Habroleptoides modesta (HAG.)
Paligenia longicauda (OLIV.)
Ephemera vulgata L.
Potamanthus luteus (L.)
Plecoptera:

Nemoura cinerea (RETZ.)
Protonemura auberti ILL.
Leuctra fusca (L.)

Perlodes disper (RAMB.)
Perlodes microcephala (P1CT.)
Isoperla difformis (KLAP.)
Isoperla obscura (ZETT.)

3 4.6
[.4
6

6 4
3.6
69

3.6
13,69

3,59
5.6,9

RO S

4.6,10

(R TRE-NN

PN

1 — BALTHASAR (1936)

2 — BALTHASAR (1938)

3 — BRTEK. ROTHSCHEIN (1964)
4 — LICHARDOVA (1958)

6 — LANDA (1969)
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7 — RAUSER (1957)

8 — RAUSER (1965)

9 ~ ROTHSCHEIN, HANZLIKOVA (1966)
10 — Sporka (1979)

11 — WINKLER (1957)

Anabranches, intermittent




cous species lives in the Danube inundation area in most varied types of wa-
ter; it is most frequent on the original gravel and sand substrate of the Danu-
be, where it represents an eudominant summer mayfly species.

Caenidae. 13. Caenis horaria (LINNAEUS) — 21 larvae; rather infrequent in
Danube’s anabranches. 14. Caenis luctuosa (BURMEISTER) — 39 larvae; regu-
larly occurring with, though less frequrntly than, C. macrura. 15. Caenis mac-
rura STEPHENS — 96 larvae; an eudominant species of slowly running arms. 16.

~ Caenis pseudorivolurum KEFFERMULLER — 72 larvae; as distinct from the pre-
ceding Caenis species, this one prefers Danube’s main stream. 17. Caenis ro-
busta EATON — 19 larvae; a characteristic species of backwaters.

Ephemeridae. 18. Ephemera vulgata LINNAEUS — two larvae on clay sub-
strate of an intermittent arm.

Palingeniidae. 19. Palingenia longicauda (OLIVIER) — 4 larvae; in the 19th
century, this species was common in lowland rivers in Central Europe
(SOLDAN, 1978). LANDA (1969) reported that it disappeared from the wes-
tern part of the Czechoslovak section of the Danube and that it occurs in it on-
ly at Komarno. According to my observations, P. longicauda occurs rarely in
the Danube at Bratislava and adjacent swiftly running arms.

Potamanthidae. 20. Potamanthus luteus (LINNAEUS) — 4 larvae. Brrex and
ROTHSCHEIN (1964) reported this species as very freguent in the main stream
of the Danube. At present it became very rare both in the main stream and in
the adjacent anabranches.

Plecoptera

Nemouridae. 1. Nemurella picteti KLAPALEK. Only a single larva was col-
lected during high water-level of the Danube. Probably an alochthonous spe-

~ cies, washed down from Danube’s tributaries situated at higher altitudes.

Leuctridae. 2. Leuctra fusca (LINNAEUS) — 6 larvae; at present so far the
only autochthonous stonefly species in the Danube and its anabranches. 3.
Leuctra inermis KEMPNY — only a single larva was collected during high
water-level of the Danube. Probably an alochthonous species washed down
from alpine tributaries.

Discussion

Based onb the slope, temperature and ichthyological characteristics, HOL-
Ciket al. (1981) considered the Czechoslovak section of the Danube to repre-
sent a transition between the submountain and lowland zone. Accordfing to
mayfly taxocenosis, in which Heptagenia flava, Baetis fuscatus, Ephemerella
ignita and Caenis pseudorivolorum are the dominant species, the Czechoslo-
vak section of the Danube can be classified as epipotamal (SOWA, 1975,
1980).

Agcording to the mayfly taxocenoses in the area under study (Fig. 2), swif-
tly running and intermittent arms form a kind of transition between the Danu-
be and slowly running arms or else slowly running arms and backwaters.
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Fig. 2. Structure of mayfly (Ephemeroptera) and stonefly (Plecoptera) communities in the Danu-
be and its anabranches

Ia - regulated Danube river bed

Ib - original Danube river bed

IT ~ swiftly running arm
11T -~ slowly running arm
IV — intermittent arm

V ~ backwater
VI — irrigation channel

ROTHSCHEIN and HANZLIKOVA (1966) found that in the period from 1950
to 1962 the composition of benthic fauna of the Danube remained practically
unchanged. But, as shown in Table 2, a marked pauperization of the original
fauna took place in the last decades. In addition to other mayfly species I did
no more encounter such previously common species like Baetis rhodani and
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Ecdyonurus venosus which prefer purer water. As to the latter taxon, proba-
bly a species of the group E. venosus, namely Ecdyonurus macani THOMAS et
Sowa involved; this occurs regularly in the epipotamal of Central European
rivers (PUTHZ, 1978). The most marked is the almost total disappearance of
the species Potamanthus luteus, in the past one of the componest mayflies of
the Danube. At present, species with a saprobity index of 2.0 - 2.2 prevail in
the Danube (RUSSEV, 1979, SLADECEK et al., 1981). The degradation of the
original Danube’s stonefly taxocenose was even more marked. In spite of that
presumably neither in the past did stoneflies represent an important compo-
nent of macrozoobenthos, Isoperla obscura and Isogenus nubecula belonged
to common species of the benthic fauna of the whole Czechoslovak section of
the Danube (RAUSER, 1957; BRTEK, ROTHSCHEIN, 1964). Also other species
like Nemoura cinerea and Perlodes microcephala occurred in the Danube re-
gularly, though in lower numbers. KITTLEL (1976) observed that lowland sto-
nefly species occur regularly in the beta-mesosaprobic section of the river Pili-
ca, but that they rapidly disappeared after transition to alpha-mesosaprobity.
At present, in the Danube’s macrozoobenthos there prevail taxa with low re-
quirements for water purity like, e.g., Dugesia lugubris, Erpobdella octocula-
ta, Bithynia tentaculata, Lymnea peregra, Pisidium sp. div., Sphaerium rivico-
la, Asellus aquaticus, Dikerogammarus villosus, Jaera sarsi and Hydropsyche
contubernalis. The index of saprobity at individual Danube profiles was as fol-
lows (according to ZELINKA, 1978): Bratislava - PKO 2.2, Rusovce 2.2, Cu-
novo 2.2, VI¢ie Hrdlo 2.4, HruSov 2.3, Gabcikovo 2.3 and Palkovitovo 2.2.
All these facts indicate that the originally typically beta-mesosaprobic Danube
is at present at a transition to alpha-mesosaprobity. Similar conclusions were re-
ached by CHANTARAMONGOL (1983) based on an analysis of Trichoptera taxo-
cenoses in the Danube at Voréce. According to this author, an eudominant
incidence of Hydropsyche contubernalis is characteristic of Danube waters
that had reached such a degree of pollution. This trichopteran species belongs
to the most resistant taxa of large rivers in Central Europe, while other spe-
cies occur very rarely in such environment.

In connection with the construction of the Danube barrage system it can be
presumed that disapperance of the inland delta will be followed by a marked
decrease in the amount of organic detritus eluted from the river’s anabranches
at high water-levels. This will lead to a reduced incidence of filtrators (Bival-
via, Trichoptera), shredders of coarswe detritus (Isopoda, Amphipoda) and
collectors of fine detritus (Oligochaeta, Ephemeroptera, Chironomidae). On
the other hand, overreproduction of periphyton scrapers (Gastropoda, Ephe-
meroptera) can be anticipated. In the HruSov barrage this will apply to Oligo-
chaeta and Chironomidae.
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Vyskum podeniek (Ephemeroptera) a poivatiek (Plecoptera) Dunaja v oblasti vodného diela pri
Gab¢ikove

I. KRNO

Sthrn

V prici sa sledovala $truktira taxocendz podeniek (Ephemeroptera) a podvatiek (Plecoptera)
Dunaja a jeho prifahlych ramien (prieto¢nych, periodicky prieto¢nych a mftvych). Zaznamenalo
sa 20 druhov podeniek a 3 druhy posvatiek. V porovnani s pracami inych autorov sa zaznamena-
lo, najma u posvatiek (z 8 znamych druhov sa zaznamenal len jeden pdvodny autochténny druh
Leuctra fusca), vyrazny pokles druhov. U podeniek prevlddaju druhy, ktorych saprobny index je
od 2,0 do 2,2. Pri¢om saprébny index jednotlivych profilov Dunaja kolisal od 2,2 - 2,4. Tieto fak-
ty signalizuji, ze povodne beta-mezosaprébny Dunaj v siCasnosti postupne prechéddza do alfa-
-mezosaprobity.
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H3y4enue nonénok (Ephemeroptera) u secuanok (Plecoptera) [Iynas B 06aicTH NAOTHHBI
0k0a0 I'a6unxoBo

M. KPHO

PeszwomMme

B paboTe HaMy uceeoBaHa CTPYKTYpPa TaKCOLEHO30B NOASHOK (Ephemeroptera) u Bec-
HAHOK (Plecoptera) [lyHasi ¥ ero IpuJeralolIMX PYKABOB (IPOTOYHLIX, IEPHUOAMUECKH IIPO-
TOYHLIX ¥ MEPTBhIX). OOHapyxkeHo 20 BMAOB MOJAEHOK ¥ 3 BMAA BECHSHOK. B cpaBheHuy
€ MCCIIeOBAHUAMM APYTHX aBTOPOB HaM yHaJsock HabuogaTs, 0cO6eHHO Y BeCHAHOK (MeX-
ZIY 8 M3BeCTHLIMM BMAAMM MbI OGHAPYKMIIM TOJIBKO 1 ayTOXTOHHBI! BUA Leuctra fusca (BbI-
pasuTesbHOE IOHUIKEHME BUAOB). ¥ TOJEHOK IIpeobiafaloT BUABL, CaripobOHBIN MHAEKC OT-
IeJbHbIX pernmoHoB [yHas wosebimrus od 2,2 — 2,4. OTu baKThl CUTHANMIUPYIOT, YTO
OCHOBHOM 6eTa-MM3ocanipobHeni yHay B HacToslllee BpeMA IOCTEIEHHO IePeXOiuT
B ajbda-Me3ocanpobHbIL.
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