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Abstract:

Juvenile fish assemblages were surveyed by electrofishing once in each season along five sections at the
lower reaches of the Ipoly River from Ipolytolgyes to the mouth, and five sections along both banks of the
Danube River downstream of the mouth of the Ipoly River, in 2012 and 2013. A total of 6235 individuals
of'41 fish species were caught, with 6023 individuals of 37 species being juveniles. Ten of the species were
non-native. Bleak (4/burnus alburnus) and other juvenile cyprinid species (e.g. Abramis brama, Aspius
aspius, Barbus barbus and Chondrostoma nasus), which are present in large populations in the Hungarian
Danube stretch, are the most abundant and frequent in the lower reaches of the Ipoly River contributing to
61% of the total catch. In the mouth section of the Ipoly River, the invasive Ponto-Caspian goby species
are the most abundant fishes (47%). Large woody debris and flooded terrestrial vegetation were identified
as the most important habitat structures to the riverine cyprinids, while ripraps were preferred by gobies.
These results demonstrate that not only the different habitats in a river estuary, but also the distant spawning
and nursing zones of the tributaries are especially important for the fish community of the Danube River.
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Introduction

River regulation has influenced the hydrological con-
ditions and morphological dynamics of the Danube
River as well as its tributaries and floodplain areas
since the end of the 19" century. Owing to the con-
finement of the inundated area, the closure of side
arms and tributary entrances, the degradation of the
main channel of the Danube River and other interven-
tions, ecological conditions have changed consider-
ably in the 20" century (Gutr 1998, 2002, PRACHEIL
et al. 2009, 2013, ScumuTz, JUNGWIRTH 1999). In
recent decades, there has been a growing demand
for the versatile utilisation of the Danube River and
some tributaries, which affects the ecological status
of the rivers in a negative way. The ecological status
and protection of natural values is an expectation of
the EU outlined in different guidelines and the Water

Framework Directive, but in many cases it is not
clear what interventions can be effective in realising
these aims. Fishes are very good indicators for river
habitat diversity (SCHIEMER, RECKERENDORFER 2004)
because their habitat demand changes significantly
during their ontogeny (BaLon 1975, 1981, ErOs
2005). In many cases, the lack of certain habitats
utilised by juvenile fishes, which have a narrower
tolerance range in comparison with adults, is a lim-
iting factor for certain fauna elements (LECLERE et
al. 2011, WoOLTER, ARLINGHAUS 2003). The research
of spatial distribution and structure, composition
and seasonal dynamics of juvenile fish communi-
ties deliver information about the nursery potential
of a river section and the limiting factors of natu-
ral aftergrowth (Copp 1989, SINDILARIU et al. 2000).
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The importance of habitat structures of estuary and
riparian habitats of tributaries were demonstrated by
previous studies on the Danube River (e.g. ScHmuUTZ,
JunGwirTH 1999). The authors proved that juvenile
fish assemblages living along shallow banks, eroded
steep walls and ripraps are well separated from the
community of vegetation bordered sand and gravel-
bed river sections. The knowledge of habitat use and
dynamics of juvenile fish assemblages is incomplete
in the Hungarian section of the Danube River and its
tributaries. Our study, carried out in the upper reach-
es of the Ipoly River and the Danube River at Szob,
aimed to compare the seasonal dynamics of fish as-
semblages and the influence of different habitat vari-
ables on them, as well as to describe the relationship
between the inshore habitat patterns, which change
with the water level fluctuation, and the spatial dis-
tribution of juvenile fish population.

Material and Methods

The Ipoly River is a medium size river regulated
along the border of Hungary and Slovakia. Its source
is at 1020 m a.s.l. in Slovakia and its mouth is at
Szob, at the 1708 river km of the Danube River. The
length of the river is 257.4 km, its catchment area is
5108 km? and its mean discharge is 20.6 m® s-'. The
first efforts of river regulation dated back to the 17"
and 18" centuries. In the 1980s, one modern dam
was constructed between Ipolytolgyes and the river
mouth, at the lower stretch of the river (KaBay 2007).
The interventions resulted in channel incision and a
decrease in the mean and low water levels. The lower
section of the river is protected in the Danube-Ipoly
National Park since 1997, the adjacent floodplain be-
ing designated as a NATURA 2000 site in 2004, and
an increasing effort has been made to restore its eco-
system in the recent years (WEIPERTH ef al. 2010). In
the study area, the river beds of the River Ipoly and
the Danube River are quite stable and the interven-
tions mentioned above resulted in the development
of diverse microhabitats; natural (sand and gravel)
and artificial banks (ripraps, barriers, etc.).

A total of 15 sampling sections with a length
of 120-150 m were selected: in the Ipoly River from
Ipolytdlgyes to Szob between rkm 18 and 2 (sampling
sites 1-5), along the left side of the Danube River
downstream of the mouth of the Ipoly River between
rkm 1708 and 1705 (sampling sites 6-10), and along
the right side of the Danube River between river km

46

Ipolytélgyes

HUNGARY

SLOVAKIA

Fig. 1. Sampling sites in the Ipoly River from Ipolytdlgyes to
Szob and in the Danube River along both banks

1709 and 1706 (sampling sites 11-15) (Fig. 1).

The sampling sites were characterised by 11 en-
vironmental variables: distance from the bank, cur-
rent velocity, aquatic and terrestrial plant cover (0%,
<10%, 10-50%, >50%), woody debris, coverage of
shading trees (0%, <10%, 10-50%, >50%), water
depth, and sediment composition (rocks, boulders
>10 cm, pebbles 10-0.2 cm, sand-mud 2 — 0.004 mm,
clay 0.004 — 0.00024 mm) (BoGArDI 1971, GAEBELE,
Gutt 2009, 2010, GAEBELE et al. 2013). Two-day
surveys were carried out once a season (April —
December) in 2012 and 2013. The juvenile fish as-
semblages were sampled by electrofishing using the
“point abundant” sampling method (Copp 1989) with
a portable electrofishing equipment (DEKA 3000)
collecting 30-30 point-samples. The fish determined
on the site were released immediately after the nec-
essary measurements were made. The fish too small
to be determined properly on the site were preserved
in 4% formaldehyde and taken to the laboratory for
microscopic examination and measurements (PINDER
2001). A statistical analysis was made using the
SYN-TAX 2000 software (Pobant 2001). Principal
component analyses (PCA) were used to carry out
spatial and temporal dynamics, while redundancy
analyses (RDA) were used to identify habitat char-
acteristics explaining the distribution of fish species
(Popant 1997). Series of daily water level data in
the period of study and local water level fluctuation
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calculations were gathered from the Internet (www.
hydroinfo.hu/Html/archivum/archiv_tabla.html).

Results

A total of 6235 individuals of 41 fish species were
caught, with 6023 individuals of 37 species being
juveniles, and ten of them were non-native. In 2012
five adults of Ballerus sapa, two adults of Rutilus vir-
go and six adults of Sander volgensis, while in 2013
four adults of Ameiurus melas were collected without
any juveniles from the respective species. Altogether
ten non-native fish species were detected and in 2013
a new fish species (Gasterosteus gymnurus Cuvier,

1829) was reported for the Hungarian section of the
Ipoly River and the Danube River at sampling sites
5, 6 and 7. The list and individual number of juvenile
fish species are presented in Table 1.

The waterlevel ofthe Ipoly Riverat Ipolytolgyes
fluctuated from 66 to 177 cm in 2012, and from 90
to 510 cm in 2013; the water level of the Danube
River at Nagymaros was in the range from 12 to
362 cm in 2012 and from 9 to 750 cm in 2013. The
data on catches indicate that juvenile cyprinids, such
as Alburnus alburnus and Leuciscus idus, have ap-
peared first already in spring in both rivers (Table 1).
During summer, autumn and winter samplings of the
year with a lower water level (2012), the reophil spe-

Table 1. The number of individuals of juvenile fish species recorded along the lower stretch of the Ipoly River and the adjacent
Danube section in 2012-2013 (the first value indicates the number of individuals sampled in 2012/ the second value is the number

of individuals sampled in 2013

. Ipoly 2012/2013 Danube 2012/2013
Species Code - - - -
Spring  Summer Autumn  Winter  Spring  Summer Autumn Winter
Abramis brama abbr  12/5 45/46 100/73  72/36  28/81 5/60 7/3 1/-
Alburnoides bipunctatus albi 0/20 2/ - 12/4 8/1 -/- -/- 3/5 -/-
Alburnus alburnus alal  45/26 161/45 161/187 138/86 66/109 65/118 49/52 11/19
Aspius aspius asas 7/1 42/13 19/26 11/15 -/- 3/- 14/6 2/4
Babka gymnotrachelus bagy -/- 1/- 5/1 4/ - -/- 2/ - 16/3 2/ -
Barbus barbus baba -/- 17/3 15/11 7/6 -/- -/- 3/2 1/-
Blicca bjoerkna blbj 5/13 54/46 56/104  69/50  20/83 12/63 13/5 6/2
Carassius gibelio cagi -/- 4/82 4/24 15/19 -/1 - /142 -/- 1/-
Chondrostoma nasus chna 3/- 39/9 54/10 25/8 -/- 8/1 373 2/ -
Cobitis elongatoides coel -/- 12/1 9/4 3/1 -/- -/- 2/1 -/-
Cyprinus carpio cyca -/- 2/717 1/3 -/- -/- - /98 -/- -/-
Esox lucius eslu -/- 4/2 7/2 1/- -/- -/3 -/- -/-
Gasterosteus gymnurus gagy -/- -/6 -/1 -/- -/- -/6 -/- -/-
Gobio gobio komplex £g0go -/- 10/1 16/2 5/ - -/- 1/- -/- -/-
Gymnocephalus cernua gyce -/- 3/- 2/1 -/- -/- 6/ - 3/- -/-
Gymnocephalus schraetser gysc -/- -/- -/- -/- -/- -/- 2/ - 1/-
Lepomis gibbosus legi -/- 3/1 7/3 1/- -/- -/- -/- -/1
Leuciscus idus leid 20/6 33/50 68/16 25/6 12/16 10/19 21/1 8/2
Leuciscus leuciscus lele 8/11 44/4 16/12 14/2 -/- -3 2/1 -/-
Lota lota lolo 3/- 1/- -/- -/- -/1 2/ - 3/- -/-
Neogobius fluviatilis nefl -/- 23/2 43/7 22/2 -/- 16/ - 27/5 6/ -
Neogobius melanostomus neme  -/- 22/ - 59/9 33/8 -/- 23/ - 39/14 5/ -
Perca fluviatilis pefl 5/- 12/1 4/1 7/ - 1/- 12 1/- -/-
Ponticola kessleri poke -/- 5/- 14/ - 19/ - -/- 12/ - 27/3 3/-
Proterorhinus semilunaris prse -/- 6/- 1972 1/- -/- -/1 2/1 -/-
Pseudorasbora parva pspa -/- -/- -/3 170/34 -/- -/1 -/- 118/46
Rhodeus amarus rham -/- 35/5 64/11 62/3 -/- -/- 7/ - 1/-
Romanogobio viadykovi rovl -/- 16/ - 8/6 6/ - -/- 3/- 3/- 1/-
Rutilus rutilus ruru  41/19  73/47 45/72 79/22 9/37 7/8 32 2
Sabanejewia balcanica saba -/- 4/ - 1/1 -/- -/- -/- -/- -/-
Sander lucioperca salu -/- 7/ - 1/1 -/- -/- 2/ - -/1 -/-
Scardinius erythrophthalmus scer -/- 15/5 25/2 372 -/- -/- -/1 -/-
Silurus glanis sigl -/- 172 -/- -/- -/- -/- 5/ - -/-
Squalius cephalus sqce 5/- 12/5 54/29 61/24 -/- 13/- 9/11 5/ -
Vimba vimba vivi -/1 14/7 25/15 4/3 -/- 2/ - 7/4 /-
Zingel streber zist -/- 512 7/1 5/- -/~ -/- -/- -/-
Zingel zingel zizi -/ - 4/1 5/ - 2/ - -/- -/- -/- -/-
Total number of species 11/9 35/25 32/32 29/19 136/328 193/526 271/128 178/75
Total number of individuals 154/84 731/461 926/646 872/328  6/7 19/13 25/20 19/6
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cies (e.g. Barbus barbus and Chondrostoma nasus),
and non-native species (e.g. the Ponto-Caspian go-
bies) dominated in the fish communities, while in the
following year with a higher water level juveniles of
common Danube cyprinids became more abundant
in the juvenile fish community of the Danube River,
as well as in the lower reaches of the Ipoly River
(Fig. 2). In the year with lower water level, the ju-
veniles of Ponto-Caspian gobies made up 10% and
23% of the whole catch in the Ipoly River and the
Danube River, respectively. This rate decreased to
2% and 3% in the following year with a higher water
level. Comparing the two years, a similar decrease
can be observed in reophilic and semi-reophilic fish
species: the rate of fish species breeding on gravel
banks was reduced from 23% to 10% in the Ipoly
River and from 12% to 4% in the Danube River.
The proportion of eurytopic fish species (e.g. Blicca
bjoerkna, Carassius gibelio and Cyprinus carpio)
changed from 53% to 73% in the Ipoly River and
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from 46% to 88% in the Danube River during the
same period (Table 1). As an important aspect of the
water level increase, the shoreline moved with the
rising water level towards the edge of the riparian
forest along the sampling sites by 2013. As a conse-
quence, the sediment composition, the frequency of
woody debris, as well as the presence of terrestrial
vegetation and shading trees were becoming more
significant by the end of 2013 (Fig 3).

The analysis of the effect of environmental
variables on fish species separated two groups in
the two years, but the fish species of the two groups
were divided by different environmental variables
in 2012 and 2013. Reophilic fish species preferred
rocky habitats with high velocity in the year with the
low water level (2012), while in the year with the
higher water level, they were also found in medium
or fast flowing gravel habitats with a higher water
depth. Juvenile semi-reophilic, eurytopic and lim-
notic fish species belonging to the other group were
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Fig. 2. PCA analysis of spatial (A) and temporal (B) samples in the Ipoly River (marked by dotted line) and Danube River (marked
by dashed line). 2012(A): 55 and 25, 2012(B): 52 and 19, 2013(A): 32 and 19, 2013(B): 38 and 25 percent of the total variance can
be explained by the first and second axis. Fish codes are given in Table 1. Codes of sampling sites are given in Fig. 1. Codes of water
bodies: I: Ipoly River, D: Danube River. Codes of seasons: Sp: spring, Su: summer, A: autumn, W: winter
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Fig. 3. Effect of environmental variables on the habitat use of juvenile fish species in the Ipoly River and the Danube River in
2012 and 2013 (RDA). 2012: 46 and 12 and 2013: 39 and 17 percent of the total variance can be explained by the first and second
axis, respectively. Fish codes are given in Table 1. Legend: 1= distance from the bank (m), 2= water depth (m), 3= current velocity
(zero, slow, medium, fast), 4= mud-sand, 5= pebbles, 6= rocks, boulders, 7= clay, 8= woody debris, 9= aquatic macrophytes, 10=

terrestrial plants, 11= shading trees

found on muddy-sand river banks with high cover of
different plants in 2012, while in the high water lev-
el year (2013) they preferred clay and sand bottom
river banks with a considerable amount of terrestrial
plants, woody debris and standing trees (Fig. 3).

Discussion

Some recent works have demonstrated that tribu-
tary inputs are important community reorganisa-
tion points for river biota. This fact is also proved
by high environmental pollution and disasters, e.g.
the cyanide spill in the Tisza River in 2000 (ANTAL
et al. 2013). The analysis of the distribution and
abundance of fish species and ecological guilds
in regulated rivers allows us to determine the fish
community conservation targets in river-tributary
complexes (Hrapik, KuBecka 2003, ZALEWSKI et al.
1998,). However, only a few studies have examined
the long-term effects of tributary inputs on fish pop-
ulations in large rivers so far (Guti 2002, PRACHEIL et
al. 2009, 2013). Our research in 2012-2013 showed
that the riparian ecotones along the lower section of
the Ipoly River and the natural banks of the Danube
River downstream the Ipoly estuary played an im-
portant role in the reproduction of several Danubian
fish species. The structure of the juvenile fish com-
munities in the two rivers considerably changed
spatially and temporarily under different water level
conditions. In autumn and winter, the juveniles and
adults of native (e.g. Sander lucioperca) and non-
native (Pseudorasbora parva) fish species drifted

naturally from the upper section of the Ipoly River
and adjacent water bodies (side arms and tributaries)
to the lower reaches influencing the composition and
structure of the fish assemblages within the over-the-
estuary section of the Ipoly River (sampling sites 4
and 5) and the section downstream of the mouth in
the Danube River (sampling sites 6-8) (Table 1).
Juveniles of several fish species are known to
respond differently to changes in current velocity and
sediment composition caused by water level fluctua-
tions (Jackson et al. 2001, WOLTER, ARLINGHAUS 2003).
The current velocity, sediment structure of habitats
and the presence of different types of vegetation also
played an important role for the scale patterns of ju-
venile fish communities in a river tributary system in
our study. The spreading of non-native species in the
Middle Danube River Basin and some connected wa-
ters has been presented in several reviews (e.g. Bobis
et al. 2012, WEIPERTH et al. 2013), but the driving
forces of these changes, biotic and abiotic processes
that promote the spreading of non-native fish spe-
cies in a river-tributary system are still unclear. The
analysis of the juvenile fish community composition
at the sampling sites revealed that the fish community
of sampling site 5 on the Ipoly River is similar to
those of the Danube sampling sites in low-water pe-
riods inasmuch as they are both dominated by three
Ponto-Caspian goby species (Neogobius fluviatilis,
Neogobius melanostomus and Ponticola kessleri). At
the same time, the communities of the upper sam-
pling sites along the Ipoly River significantly differed
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from those from the Danube, except in spring. During
the summer flood in 2013 the Danube dammed the
Ipoly River as far as Ipolydamasd (sampling site 3),
thus providing optimal spawning conditions for sev-
eral litophilic and phyto-litophilic fish species (e.g.
Abramis brama, Carassius gibelio and Cyprinus
carpio), and the ecotone zone between the two rivers
largely increased.
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