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Synopsis

To address the lack of information on the distribution and habitat use of 0+ juvenile fishes in the Hungarian/
Slovak flood plain of the middle Danube River, we undertook the first cross-border ichthyological investiga-
tion, examining three levels of ecological perception (hydrosystem, macrohabitat, microhabitat) during Au-
gust 1992 using ‘Point Abundance Sampling’ by electrofishing. Being that the Gabéikovo hydroscheme was
about to begin diverting most of the river’s discharge away from the flood plain during the winter of 1992, the
present investigation represented the last chance to record the distribution and microhabitat use of O+ fishes
within the flood plain. At each sampling point, numerous environmental variables were measured quantita-
tively, or as percentages. At the hydrosystem level, 25 species of (+ fishes were captured in the 1170 point
samples collected from 52 sites (27 in Hungary, 25 in Slovakia), ranging from 10 to over 200 mm standard
length (i.e. pike Esox lucius). No significant differences were found between the Hungarian and Slovak speci-
mens with respect to standard length (ANOVA, p > 0.31), nor in the relative densities (ind.m?) of O+ fish
(Student’s t-test: df 24, t =0.601, p = 0.553). A typology of macrohabitats using principal components analysis
of the sites X species data matrix in absence/presence revealed three groupings of sites: (1) lotic channels,
weirs and wing-dams; (2) partially-abandoned channels; (3) abandoned channels; the results corroborated
our assumption that weirs of the anabranch systems represent a quasi-lotic refuge for rheophilous 0+ fishes of
the flood plain during late summer. At the microhabitat level, an empirical model of microhabitat use was
generated using canonical correspondence analysis and association analysis (based on chi-square probabil-
ities). Water velocity was the most influential variable, with the (+juveniles ordinated along the first canonical
axis according to their increasing rheophily. The second most influential microhabitat variable was water
transparency, followed by the percentage abundance of macrophytes and substrate composition.

Introduction River Danube was positively related to the extent
and intensity of flooding. Subsequent field studies
The importance of habitat heterogeneity and hy- further elaborated this relationship (e.g. Balon

drological regime to fish production in flood plain 1962a,b,1963,1964a, b, 1966a, 1967a, Holtik & Bastl
rivers was first described in Antipa (1928), who put 1976, 1977). Elsewhere, the study of ecological suc-
forward the postulate that fish production in the cession in flood plain ecosystems (Botnariuc 1967,
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Amoros et al. 1987) led to a greater understanding
of the relationship between the successional status
of flood plain ecosystems and their function as fish
spawning and nursery grounds (i.e. Copp 1989b).
Contrary to the linear perspective with which river
systems have been often viewed in the past (Van-
note et al. 1980), natural river flood plains represent
an ensemble of numerous ecosystems that co-exist
simultaneously at similar and different levels of ec-
ological succession (Amoros et al. 1987). The dis-
junct nature of flood plains is thus reflected in the
reproduction of fishes, with patches of similar
spawning and nursery habitat within the flood plain
representing a series of spatial-disjunct reproduc-
tive zones (Copp 1989b).

The middle section of the River Danube presents
anumber of flood plain hydrosystems (sensu Amo-
ros et al. 1987) renowned for their species richness
and fish productivity, despite having undergone ex-
tensive channel regulation during the end of the last
century. Of these, the greatest controversy sur-
rounds the flood plain between Bratislava (Slova-
kia) and Komdrom (Hungary), which has under-
gone drastic alteration during the last 15 years as a
result of deepening of the river bed. This deepening
is due principally to the effects of gravel extraction
in the main channel and the retention of alluvia by
upstream hydroelectric scheme; construction of the
Gabtikovo hydroelectric scheme has exacerbated
the situation (Boucher 1990). With the start of oper-
ations at the Gabtikovo power scheme threatening
the region’s environment (Balon 1967b, HolCik et
al. 1981, T6th 1983, Bethemont & Bravard 1986,
Holtik 1991, Bast] 1991, Vranovsky 1991), the gener-
al aim of the present investigation was to provide
the first cross-border study of young-of-the-year
fish in this international flood plain prior to oper-
ation of the Gabtikovo hydropower scheme.

Until recently, ichthyological investigations in
the Hungarian/Slovak flood plain have been under-
taken mostly in Slovakia (e.g. Balon 1963, 1966a, b,
1967b, Bastl et al. 1969, Chitravadivelu 1974, Hol¢ik
& Bast11976,1977, Cerny 1992). Although Téth (e.g.
1960, 1975,1979) examined some aspects of popula-
tion biology from specimens captured via commer-
cial fisheries, Guti (1992, 1993) initiated the first
field-based investigations on the Hungarian side.

As the Gabéikovo hydroscheme was about to begin
diverting most of the river’s discharge away from
the flood plain into an above-ground retention ca-
nal during the winter of 1992, the present investiga-
tion represents the last chance to record the distri-
bution and microhabitat use of young-of-the-year
fishes within the flood plain. Young-of-the-year
fishes (henceforth 0+) have proved a valuable de-
scriptive tool for defining the ecological function of
flood plain ecosystems (Copp 1989b), and an empir-
ical model of their microhabitat use can provide es-
sential information for any future attempts to con-
serve, enhance or restore the flood plain’s fisheries.
The specific aims of the present work were thus to
undertake a hierarchical analysis, not unlike that
described by Frissel et al. (1986), of 0+ fish distribu-
tion and microhabitat use in the Hungarian/Slovak
flood plain hydrosystem, taking into account three
levels of perception; flood plain, macrohabitat (bio-
tope or stretch or river), and microhabitat (individ-
ual point samples).

Firstly, the overall distribution of fishes within
the hydrosystem is examined in terms of relative
densities (individualssm?) and general population
parameters. As the first joint study of the flood
plain’s O+ fishes, the Hungarian and Slovak results
are compared to determine if any significant differ-
ences exist between the relative density, frequency
of occurrence, and size of the various species. Sec-
ondly, a typological investigation of 0+ fishes at the
macrohabitat (or biotope) level will be undertaken
to determine the function (see Copp 1989b) of the
various flood plain sub-units (side-channels, par-
tially-abandoned channels, abandoned channels)
and structures (weirs, wing-dams) as nursery areas
for O+ fishes in this sector of the Middle Danube
(Balon 1964a, c). As the Hungarian/Slovak flood
plain undergoes an annual low-water period during
late summer, with few if any channels in the ana-
branch systems offering lotic conditions, one of our
specific aims was to reveal which macrohabitat
components of the flood plain serve as lotic refuges
for the young progeny of rheophilous fish.

Thirdly, an empirical model of microhabitat use
(see Copp 1992b) is generated to provide a means of
predicting the microhabitat use of 0+ fishes during
the annual low-water period, when the amount of
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1  Szigetiarm 14 Burjanos 27  Szilfasi channel 40 Baka weir
2 Vérichannel 15  Gombdcosi weir 28  Bodickd brdna 41 Bakaam
3 Vorosfizesi weir 16  Ujszigeti weir 29 Bodiky 1 42  Baka lower mouth
4  Csékanyi upper mouth 17  Halrekesztd weir 30 Bodiky 2 43 Istragov
5  Csakanyi backwater 18 Halrekesztd backwater 31 Bodiky 3 44  Istragov weir
6  Muki oxbow 19  Morva arm 32 Bodiky 4 45  Ispanskf oxbow
7 man-made channel 20 Saziirke weir 33 Bodiky 17 46  Palkovilovo 22
8  Siszler oxbow 21 Sziirke arm 34 Bodlky 18 47  Palkoviliovo 21
9  Csékanyi arm 22  Po6kmacskdasi weir 35 Krélovskd lika 48  Palkovitovo 19
10  Disznés 23  P6kmacskasi oxbow 36 Baka oxbow 13 49  Palkovi¥ovo 20
11 Kerekesciglés 24  Asvanyi arm 37 Bakachannel 16 50 KiuBovec 23
12 FejBmadér 25 Béka-ér 38 Baka Orliak 14 51  Klufovec 24
13 Kd&hid weir 26  Sziltasi channel 39 Baka15 52  Kiulovec 25

Fig. 1. Map of the Hungarian/Slovak flood plain, middle Danube River between Bratislava and Komarom, with a list of site names and
code (see Table 2). Redrawn after Bethemont & Bravard (1986).

protective cover and suitable habitat can be drasti-
cally reduced due to the receding water level (Copp
1991). In the same way that the extensive study un-
dertaken by Balon et al. (1986) endeavoured to doc-
ument the fishes of the upper Danube prior to the
Rhein-Danube canal, the present investigation not
only fills a gap in our knowledge of habitat use by O+
fishes in the Middle Danube, but also will serve as a
data base against which the impact of the Gab¢iko-
vo scheme can be evaluated in the future.

Study area and sites

The hydrology and geomorphology of the Hungar-
ian/Slovak flood plain (Fig. 1) have been reported in
detail elsewhere (Holéik & Bastl 1976, Holcik et al.
1981, Bethemont & Bravard 1986, Boucher 1990).
Briefly, in the average year the Danube at Bratisla-
va carries a median discharge of 1810 m*s”, and an
average discharge of 2035 m*s”, with a mean daily
flow of 3300 exceeding this latter value 10% of an
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average year (OVIBER"). The lowest recorded dai-
ly flow is 570 m*s’, with a mean daily flow of
882 m*s” exceeding this value for 95% of an aver-
age year. With respect to flooding, a mean daily
flow of 8750 m>s” exceeds the average discharge
5% of the average year. The estimated 100—year re-
turn flow is 10 600 m*-s™ and the estimated 1000-year
return flow is 13 000 m*s™. The maximum peak dis-
charge on record is 10 400 (OVIBER!). In 1992,
spring inundations of the Hungarian-Slovak flood
plain continued well into May, followed by a pro-
gressive decline in discharge during subsequent
months. During the study period, the Danube had
an extremely low discharge (mean monthly dis-
charge at Bratislava in August: 1280 m*s?), and the
surface area of most channels was drastically re-
duced. As well, many of the abandoned channels
suffered from extreme desiccation, containing little
or no water.

The study sites (Fig. 1) consisted of the five types
of macrohabitat mentioned above. In lotic side-
channels, generally too large in surface area to per-
mit study of the complete biotope, a ‘representa-
tive’ stretch was selected for study; this consisted of
a concave/convex stretch, with the shallow aggrad-
ing bank faced opposite a deeper eroding bank.
Partially-abandoned side-channels, i.e. isolated
from upstream channels by an alluvial plug, were
sub-sampled in a similar manner, except where
their total surface area was small enough to permit
study of the entire biotope; these types of macro-
habitat are generally lotic during periods of elevat-
ed discharge but become partially abandoned when
river flows decrease. In general, abandoned chan-
nels were sampled in their entirety, though in some
cases their surface area was too great and a repre-
sentative stretch was selected as above; these loca-
tions were mostly former channels isolated from
other channels of the flood plain except during ele-
vated discharge, when they may be reconnected to
other channels at either or both of their extremities
(upstream and downstream).

The downstream vicinity of weirs was identified

'OVIBER. 1980. The Gabtikovo-Nagymaros River Barrage
System. Orszdgos Vizligyi Beruh4zasi Villalat, Nat. Inv. Ent. Hy-
draulic Project, Budapest (from Boucher 1990).

as a potential refuge for the progeny of rheophilous
fishes, with the seepage through and between the
boulder weirs providing localised flow. The investi-
gation of weir sites generally consisted of sampling
along the weir and downstream thereof for a dis-
tance of 50-100 m, depending upon the width of the
channel. Sampling in the main channel of the Da-
nube was both impossible and impractical with the
equipment available, therefore the area down-
stream of wing-dams was studied as the probable
refuge of any 0+ fish occurring in the main channel.
Only wing-dams on the Slovak side were investigat-
ed.

Material and methods

In each of 52 sites (Fig. 1), fish and environmental
variables were sampled at numerous small ‘sam-
pling points’ (usually 30, but less for sites with less
surface area) during the month of August 1992.
Rather than attempting to estimate the ‘absolute’
density of juvenile fishes (e.g. Cerny 1991), sampling
was undertaken according the Point Abundance
Sampling (Nelva et al. 1979, Copp & Peiidz 1988,
Persat & Copp 1989, Copp 1992b), a stratified ran-
dom strategy combined with electrofishing that
provides estimates of ‘relative density’. Sampling
points were selected within each site via a point of
the finger with eyes closed. We attempted to under-
take an approximately equal sampling effort at
each site (about 1 point per 100 m?), except in chan-
nels of extremely large surface area, where this in-
tensity of sampling effort was not always possible
due to time and manpower constraints. Similar frac-
tional sampling strategies have been used by others
(e.g. Mann 1971, Heggenes 1988), though the under-
lying statistical requirement to reduce bias is that
sampling is undertaken according to a predefined
strategy (Persat & Copp 1989, Bain & Finn 1991).
Sampling was undertaken from a dingy, though
some wing-dams sites were so shallow that sam-
pling was undertaken on foot, using a portable elec-
trofishing apparatus with an anode of 10 cm dia-
meter to capture the fish; the approximate area of
the anode’s effective field at each point sample has
been previously measured as ~ 0.071 m?, though this



area will vary according to water conductivity
(Copp 1989a). A crouched position in the dingy per-
mitted a discreet approach to most sampling points,
except those in shallow waters, where care was tak-
en to approach the point quietly on foot. At each
point, the anode was immersed (activated) to about
0.5 m depth in the water (less in shallower loca-
tions), followed immediately by a dip net immersed
0.5 m below the anode (less in shallower locations);
both were then lifted directly out of the water, and
fishes were sorted from any matter (vegetation,
twigs, etc.) also scooped up by the net. After cap-
ture, the fishes were preserved in 4% formalin, or
measured and returned to the water (i.e. fishes
21+).

Microhabitat character was then evaluated using
five quantitative and seven semi-quantitative envi-
ronmental variables: distance from bank, slope of
bank, percentage of clay (<0.06 cm), % silt
(< 0.06 cm), % sand (0.06-0.2 cm), % pebbles (0.2
2.0 cm) and % gravel (< 2.0 cm), water transparen-
cy, ligneous structures, macrophytes, water velocity
and water temperature. Distance from bank and
depth were measured with a graduated dip-net
pole, except for distances >3 cm, when visual esti-
mates were made; bank slope was calculated from
the depth divided by the distance from bank; depth
was not retained in further analyses as it describes
the depth of the channel and not the depth within
the water column at which fish occurred at the mo-
ment of sampling. Bottom substrate (clay, silt, sand,
pebbles, gravel) was evaluated as a percentage of
the sample area (i.e. 0.071 m?), with clay and silt dis-
tinguished by the greater between-particle adhe-
sion in clay than silt. Water transparency was mea-
sured in cm using a small Secci-type disk (a 6 cm-
diameter, weighted, white jar top attached to a cen-
timetre-graduated nylon rope). Ligneous structur-
es (branches, logs, trunks, roots) within the sample
area were counted in a manner similar to that de-
scribed by Kinsolving & Bain (1990) but on a scale
of 1-10, with all values over 10 attributed a value of
10. Submerged, floating and emergent macrophytes
were measured to the species level as a percentage
of the area sampled at the point (i.e. 0.071 m?). Wa-
ter velocity was measured semi-quantitatively using
a calibrated dip-net; no movement of the net indi-
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cated no flow, slow ballooning of net indicated weak
flow (< 5 cmS™), and moderate to fast ballooning of
the net indicated faster flow (> 5 cmS™).

Many of the environmental variables presented
distributions skewed to the right; two of these (dis-
tance from bank, slope of bank) were directly nat-
ural-log transformed in an attempt to achieve nor-
mal distribution, then converted into qualitative
categories for analysis (Ter Braak 1986). The vari-
ous sizes of substrate and various macrophyte taxa
often occur in very low frequencies (Copp 1992b),
so these were converted to semi-qualitative catego-
ries (absence, 1-33%, 34-66%, 67-100%).

In the laboratory, the specimens were measured
and counted. The preserved specimens have been
deposited at the Danube Research Station, Hun-
garian Academy of Sciences. From the material col-
lected, a data matrix of 1170 samples-by-25 fish spe-
cies (0+) was created, and the mean number of fish
per sample and the index of dispersion (variance di-
vided by mean) were calculated for each species.
From this data set, two other matrices were derived.

Firstly, in preparation for the typological analysis
of macrohabitat function, all point samples from a
site were summed and divided by the total surface
area sampled, i.e. the total individuals captured di-
vided by the number of samples, multiplied by the
surface area of the anode’s effective field (0.071 m?,
see Copp 1989a); this was undertaken to account for
differences in the number of samples taken at sites
of different surface area. The resulting matrix (52 x
25) contained the relative density of the 25 species
of 0+ fish at each of the 52 sites; from this, the rela-
tive density of each species was calculated as totals
for the Slovak and Hungarian sides, respectively,
then compared using the student’s t-test. Analysis
of variance (ANOVA) was used to identify signif-
icant differences in the relative density of species
between the five types of site.

In preparation for Principal Components Analy-
sis, species occurring at only one study site (1 spe-
cies) were eliminated; the resulting reduced matrix
(52 x 24) was converted to absence/presence (see
Copp 1989b) and then submitted to centred and
normalised Principal Components Analysis, which
reduces the influence of species variation (Dolédec
& Chessel 1991) and best reveals patterns in data
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Fig. 2. Size-distribution in 2 mm size classes of 0 + and 2 1 + fish collected in the Hungarian/Slovak flood plain of the River Danube.

sets characterised by a short gradient and low spe-
cies turnover (Gauch 1984). Chi-square analysis
was then employed to reveal significant deviations
from expected in the occurrence of species at the
five site types.

Secondly, in preparation for direct gradient anal-
ysis of microhabitat use (Ter Braak 1986, Chessel et
al. 1987), the original samples-by-species matrix
(1170 x 25) was reduced to non-null samples only
(567 samples-by-25 species), and rarer species (less
than 3% occurrence) were reluctantly eliminated to
produce the final reduced matrix (559 samples-
by-16 species); this was then Log, transformed to re-
duce the over-emphasis of extremely large samples.
The samples-by-environmental variables data ma-
trix (1170 x 12) was correspondingly reduced to 559
samples-by-12 variables to contain only the envi-
ronmental data (i.e. rows) corresponding to those

samples (i.e. non-null) retained in the reduced sam-
ples-by-species matrix. Each variable of the re-
duced samples-by-variables matrix was then tested
for normality (Lilliefors 1967). The two reduced da-
ta matrices were cross-tabulated (with the samples-
by-species matrix converted to absence/presence)
to determine the various frequencies of occurrence
and species-variables associations (chi square), and
to generate environmental profiles of microhabitat
use for each species. The environmental profiles
were calculated as the difference between the fre-
quency of that species in the group of samples hav-
ing that category of environmental variable and the
frequency of that species in all samples. Because the
association analysis was undertaken on the reduced
matrix (i.e. void samples eliminated), calculations
of the chi-square probabilities were conservative.
The two reduced matrices (559 x 12) were sub-



335

c 4°L index of dispersion
(o]
‘D mean number per sample
w307
Q
Q L
a |
T 20
5 |
o
x
)]
©
£
>,
S oaf
g .
o 03}
L% 0.2
0.1

Mf @’

Q
fl
w L)

N
Mean number

-t

deleted from microhabitat analysis Il

....................................

‘wwfwmf @;w

A

Q
-0

Fig. 3. a— Mean number of specimens collected per sampling point and the index of dispersion of each species in the 1170 point samples
collected in the Hungarian/Slovak flood plain of the River Danube. b — Frequency of occurrence (scale: 0-1.0) of 0 + juvenile fishes in
non-null samples, reduced matrix (567 x 25) in preparation for analysis. Elimination of species occurring in less than 3% of samples
(shaded) produced the 559 samples x 16 species data matrix used in the Canonical Correspondence Analyses presented in Fig. 5.

sequently subjected to the Chessel et al. (1987) ver-
sion of Canonical Correspondence Analysis, i.e. di-
rect gradient analysis, using programmes by Ches-
sel & Dolédec (1992). Direct gradient analysis was
developed so that species or species assemblages
could be related directly to a group of environmen-
tal variables (Ter Braak 1986). This approach iden-
tifies an environmental basis for assemblages ordi-
nation by revealing the patterns of variation in as-
semblage composition expressed by environmental
variables. In the analysis, a biplot is generated, a di-
agram that illustrates the main pattern of variation
in community composition as accounted for by the
environmental variables, as well as the species dis-
tribution along each environmental variable.

The biplot presents the linear combinations of
the variables from the unit variance table (from
Principal Components Analysis of the environmen-

tal variables) that maximise the variance of the co-
lumn means from the Correspondence Analysis ta-
ble for species (Chessel et al. 1987). ‘The measure of
goodness of fit, 100 x (11 + 12)/(sum of all eigen val-
ues), expresses the percentage variance of the
weighted averages accounted for by the two-dimen-
sional diagram. . . the length of an arrow represent-
ing an environmental variable is equal to the rate of
change in the weighted average as inferred from the
biplot, and is therefore a measure of how much the
species distribution differ along that environmental
variable’ (Ter Braak 1986).

Some authors suggest the use of detrending in
Corresponding Analysis (Hill & Gauch 1980, Peet
et al. 1988) and Canonical Correspondence Analy-
sis (Ter Braak 1986) to eliminate the ‘Guttman’ or
‘arch effect’. However, evidence suggests that de-
trending is arbitrary in unigradient situations (War-
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tenburg et al. 1987) and can give a wide variety of
results in multigradient situations, depending upon
the number of segments into which the first axis is
divided (Jackson & Somer 1991). We therefore opt-
ed for straight Canonical Correspondence Analy-
sis. The analyses were undertaken using the ADE
programme library (Chessel & Dolédec 1992), with
additional graphics generated using GraphMu
(Thioulouse 1989).

Results and discussion

In the Hungarian/Slovak flood plain (Fig. 1), a total
of 6888 0+ fish and 1552 > 1 + fish were collected
during August 1992, ranging from 10 to over 450 mm
in standard length (Fig. 2). Thirty species were en-
countered, though only 25 as 0 + juveniles (Fig. 3,

Table 1); the S species occurring as > 1 + only were
Gymnocephalus straetser, Lota lota, Cobitis taenia,
Misgurnus fossilis, and Carassius carassius. Some
species of 0 + fish (Table 1) were not encountered in
Slovakia (Leuciscus leuciscus, Gobio gobio, Scardi-
nius erythrophthalmus, Gymnocephalus baloni),
whereas others were not captured in Hungary
(Lepomis gibbosa, Cottus gobio, Stizostedion lucio-
perca). Some species of 0 + fish expected to be en-
countered (e.g. Tinca tinca, Cyprinius carpio) were
not observed during the study, though the former
was found to occur in very low abundance at site 30
during a subsequent investigation (B. Rovny un-
published) as was the latter at sites 2, 5 and 8 (G.
Guti unpublished).

No significant differences (ANOVA) were found
in standard length between the specimens captured
in Hungary and those in Slovakia (Table 1). Simi-

Table 1. Number (n), mean (x SL), standard error (SE) and variance (s°) for standard lengths of 0 + fishes captured in the Hungarian/
Slovak flood plain. Analysis of variance (ANOVA) F and probability (Prob.) values between the Hungarian and Slovak groups are also

given.
code species Hungary Slovakia ANOVA

n xSL SE ¢ n xSL SE & Fvalue Prob
Rr Rutilus rutilus 3253 329 0.08 199 634 312 0.26 439 0.765 1.000
Aa Alburnus alburnus 414 306 041 69.7 801 235 030 71.5 0.569 1.000
Pf Perca fluviatilis 146  51.7 0.70 72.4 81 523 135 1466 0.749 0.900
Rs Rhodeus sericeus 217 258 036 274 47 273 087 353 0.566 0.972
Bj Blicca bjoerkna 215 283 034 24.8 61 299 056 194 0.866 0.711
Pr Proterorhinus marmoratus 89 235 0.57 29.0 141 269 044 273 1.222 0.173
El Esox lucius 29 1880 7.55 16155 20 1712 1130 25555 0.744 0.738
Bb Barbus barbus 4 431 089 34.8 77 455 1.14 99.7 1.157 0.316
L1 Leuciscus leuciscus 127 456 049 30.0
Ca Carassius auratus 24 509 276 183.1 60 43 120 86.3 0.788 0.714
Lc Leuciscus cephalus 40 363 140 79.2 6 394 112 7.5 0.695 0.647
Ab Abramis brama 54 411 086 423 30 352 060 10.6 0.963 0.540
Li Leuciscus idus 50 527 074 277 1 50.5
Gg Gobio gobio 43 376 059 14.7
Ge Gymnocephalus cernuus 17 411 200 67.5 1 54.5
As Aspius aspius 21 61.7 2.07 89.8 713 125 3.1 1.371 0.362
Gp Gobio albipinnatus 11 372 196 43 15 357 151 342 0.995 0.499
Vv Vimba vimba 19 283 044 37 10 441 096 9.1 0.039 1.000
Lg Lepomis gibbosa 4 296  0.64 18.2
Se Scardinius erythrophthalmus 15 315 216 69.8
Cn Chondrostoma nasus 9 408 205 37.7 2 563 0.75 11 0.151 0.735
Al Abramis ballerus 9 556 191 329 1 71.0
Cg Cortus gobio 4 381 273 29.7
Gb Gymnocephalus baloni 2 485 650 84.5
S1 Stizostedion lucioperca 2 1345 3250 21125
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larly, no significant difference (Student’s t-test, df =
24, t = 0.601, p = 0.5533) was found in the relative
densities of fishes in the Hungarian and Slovak 0 +
fish assemblages (Table 2). The most important dif-
ference between the two sides of the flood plain was
the absence on one side or the other of particular
species of 0 + fish, as mentioned earlier. Although
0 + Alburnus alburnus were observed to have a four
times higher density on the Slovak side than the
Hungarian, this higher value results mainly from an
extremely high abundance at one site.

The number of 0 + fish captured per sample was
low, except for Rutilus rutilus and A. alburnus (Fig.
3a). As found elsewhere (Copp 1990, 1992a, 1992b),
R. rutilus was the most frequently encountered spe-
cies of 0+ fish (Fig. 3b), with the highest average
number of specimens per sample and the highest
propensity to aggregate (Fig. 3a). The index of dis-
persion was highest for A. alburnus,revealing a pro-
pensity to congregate similar to that observed in the
upper River Rhone (Copp 1993) but about 10 times
that observed for 0 + A. alburnus in the River Great
Ouse basin, UK (Copp 1992b). R. rutilus were also
very clumped, again similar to values on the upper
Rhéne but about twice as great as those observed in
the Great Ouse catchment (Copp 1992b). Whereas
for Perca fluviatilis, the index of dispersion resem-
bled that of the Great Ouse catchment but was
much lower than that observed on the upper River
Rhéne, where dense shoals O + P, fluviatilis were ob-
served to move about in some abandoned mean-
ders (Copp 1993). Of the other most frequent spe-
cies (Rhodeus sericeus, Blicca bjoerkna), the index
did not contrast to any remarkable degree those ob-
served elsewhere (Copp 1992, 1993).

At the macrohabitat level of perception, one of
the 25 species of 0 + fish encountered (Gymnoce-
phalus baloni) was present at one site only (no. 16)
and could not be considered in the Principal Com-
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ponents Analysis of macrohabitat function. The
first two components of the analysis accounted for
30% of the variation (Fig. 4a) and three major
groups of sites were based on biotope character: (1)
channels, weirs and wing-dams, (2) partially-aban-
doned channels, and (3) abandoned channels (Fig.
4b). Correspondingly, the correlation circle for spe-
cies along the same axes revealed three groups of
species (Fig. 4c); rheophils, semi-rheophils and lim-
nophils. The progeny of rheophilous fishes such as
C. gobio, Barbus barbus, Chondrostoma nasus, L.
leuciscus, L. cephalus and L. idus) were observed
more often than expected (chi-square, p < 0.05) at
weir, wing-dams and/or lotic channel sites (Fig. 4d,
Table 2); the frequency of occurrence of some other
rheophils such as Vimba vimba and Gobio albipin-
natus did not deviate from expected, but showed a
weak preference for such sites (Fig. 4d); this corrob-
orates our assumption that weirs of the flood plain’s
anabranch systems function as lotic refuges for the
progeny of rheophilous fishes in late summer, when
river flows through the anabranch systems are dras-
tically reduced. Indeed, many of these species oc-
curred in significantly higher relative densities
(ANOVA) than in the lentic side-channels, partial-
ly abandoned channels and/or abandoned chan-
nels, i.e. C. nasus (F = 2.90, p< 0.05), L. leuciscus
(F =3.57,p <0.05), and L. idus (F = 2.55, p = 0.05).
The wing dams appear to be important areas for the
progeny of some other rheophilous species, which
had significantly higher relative densities (ANO-
VA) at wing-dam sites than all other sites, i.e. 0 + C.
gobio (F =10.85,p =0.0001) and B. barbus (F =5.14,
p = < 0.005).

A number of species demonstrated higher-than-
expected frequencies in partially-abandoned chan-
nels (Fig. 4c, d), which are in transition between lot-
ic and lentic conditions, suggesting semi-rheophily
(e.g. Abramis ballerus, A. alburnus, R. sericeus,

Fig. 4. Centred and normalised principal components analysis (Chessel & Dolédec 1991) of the Sites-by-Species matrix (52 x 24): a —
eigen values, b — ordination of axes 1 and 2 for sites with sites grouped by type of macrohabitat. Weir sites are given in bold. Sites
ordinated amongst a different type of macrohabitat are circled with the style of line corresponding to their respective group (see also
Table 2). c—Circle of correlation of axes 1 and 2 for 0 +fishes. d — Preference/avoidance profiles for the 24 species with respect to type of
channel. Significant chi-square deviations from expected between species and variables are indicated with an asterisk (p <0.05), and the
profiles were calculated as the difference between the frequency of that species in the group of sites of a given type of channel and the
frequency of that species in all sites (significance is indicated by values approaching 10.51).
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Table 3. Total frequency (f, = 146) of each category (for each environmental variable) and frequency of each species of 0 + fish (£,) in the
559 samples from the Hungarian/Slovak flood plain. The fish abbreviations are given in Table 1.

Variable category
species: Bb As LI Lce Gg Li Pf Gc Aa Rr Rs Bj Ab Ca Pr El
f= 3 15 33 32 20 22 9 16 18 360 8 8 28 33 67 36

distance from bank

28 004 1 0 1 3 2 0 8 2 6 18 7 3 1 3 10 0
213 0.5-0.90 13 3 7 10 5 8 23 2 21 52 14 9 4 2 15 10
93  1.0-20 8 7 14 13 10 11 44 5 63 161 42 33 15 13 28 17
8 2140 3 3 6 2 2 2 10 4 35 65 10 17 4 7 6 4
56  4.1-90 1 1 4 3 1 1 0 1 37 41 9 14 1 7 4 4
56 >9.0m 9 1 1 1 0 0 1 2 26 23 4 10 3 1 4 1
slope of bank
54  0-0.04 9 1 5 3 1 1 3 1 18 27 4 13 3 3 4 2
69  0.05-0.08 0 1 3 3 1 2 4 1 19 47 13 12 2 1 4 3
79  0.09-0.13 7 3 10 3 4 3 10 3 29 43 12 10 2 4 5 4
113 0.14-022 2 4 7 8 7 32 3 47 715 17 19 7 4 13 4
88  0.23-0.36 8 2 3 6 4 1 12 4 3 62 15 17 6 4 12 6
94  0.37-0.60 5 2 4 6 3 7 20 2 27 73 18 8 8 4 15 11
43 0.61-1.0 2 2 1 2 0 4 20 1 8 26 6 7 0 2 7 5
19 >1.0 2 0 0 1 0 1 7 1 7 7 1 0 0 1 7 1
substratum—clay
318 0 34 11 32 24 9 16 65 6 108 178 30 29 14 9 4 19
178  1-33 1 3 0 7 1 5 24 6 33 129 32 39 10 19 21 14
50  34-66 0 0 1 1 0 1 5 3 22 42 15 14 3 4 3
13 67-100% 0 1 0 0 0 0 2 1 5 11 9 4 1 1 2 1
substratum—silt
181 0 31 8 26 13 6 13 36 4 66 8 4 8 7 1 2 1
129 133 4 4 7 10 4 6 25 6 49 92 36 16 8 3 25 7
74 34-66 0 0 0 3 1 1 13 2 25 61 18 15 4 6 5 3
175  67-100% 0 3 0 6 9 2 22 4 48 119 28 47 9 23 15 15
substratum—sand
292 0 23 9 10 14 8§ 11 47 4 8 182 42 59 15 24 32 23
180 1-33 10 4 18 10 10 7 31 9 70 120 24 16 11 7 17 9
56 34-66 1 5 5 4 1 2 22 34 13 7 2 1 2
31 67-100% 1 1 0 3 0 7 1 11 24 7 4 0 7 2
substratum—pebbles
370 0 14 6 3 15 11 1 72 13 116 241 63 77 18 30 40 33
95 133 15 6 11 5 5 4 14 1 34 60 13 5 5 2 16 1
86 34-66 3 18 12 4 6 7 2 366 53 8 3 5 1 10 1
8 67-100% 1 0 1 0 0 1 3 0 2 6 2 1 0 0 1 1
substratum—gravel
339 0 2 6 3 16 13 7 51 13 107 246 77 77 17 29 41 24
40 1-33 1 8 0 4 3 6 0 17 27 3 1 1 0 3 0
71 34-66 11 4 14 10 0 4 11 2 28 43 3 2 7 2 3 3
109  67-100% area 20 4 8 6 3 8 28 1 366 4 3 6 3 2 2 9
water transparency (cm)
27 011 0 1 0 0 0 0 2 0 11 13 6 3 0 18 0 6
50 12-20 0 1 0 2 7 0 0 2 1 4 9 22 4 2 2 2
81 21-33 0 1 1 5 3 1 9 3 34 63 24 21 4 2 1 2
132 34-54 5 4 4 9 6 10 19 6 52 95 25 20 9 7 12 4
160  55-90 18 4 17 12 3 4 32 1 4 91 16 15 5 3 22 15
84 91-148 11 3 10 2 1 6 30 4 27 43 6 2 3 1 10 5
25 >148cm 1 1 1 2 0 1 4 0 9 11 0 3 3 0 10 2
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Variable category

species: Bb As Ll Le Gg Li Pf Gc Aa Rr Rs Bj Ab Ca Pr El

f, f= 35 15 33 32 20 22 96 16 188 360 8 8 28 33 67 36

ligneous debris (count)

433 0 30 13 31 22 16 13 o4 12 155 265 58 60 17 27 43 24
61 1-3 3 1 1 4 4 6 14 2 17 42 1 13 5 3 7 1
30 4-6 1 1 0 1 0 3 8 2 7 23 10 5 3 2 8 7
35 >6 1 0 1 5 0 0 10 0 9 30 7 3 1 9 4

macrophytes

428 0 30 11 2729 18 20 67 14 163 267 53 71 26 28 38 25
48 1-33 3 2 1 2 1 1 8 1 15 34 15 4 1 1 10 2
34 34-66 2 0 2 0 0 0 8 0 6 22 7 5 0 1 8 2
49 67-100% 0 2 3 1 1 1 13 1 4 37 1 6 1 3 11 7

water velocity

499  null 10 13 21 25 17 18 77 15 166 342 8 8 28 32 60 36
37 weak (€5cms’) 13 0 3 4 0 1 15 1 15 12 1 0 0 1 6 0
23 faster (>5cms’) 12 2 9 3 3 4 0 7 6 0 1 0 0 1 0

water temperature
54 <21°C 2 0 2 3 0 1 7 1 26 33 7 14 1 2 7 4

130 21.1-23.0 11 7 14 6 7 1 29 7 45 81 15 14 9 5 10 9

174 23.1-250 14 7 7 10 8 6 30 7 63 113 22 33 12 10 25 14

135 25.1-27.0 6 1 7 9 5 2 24 1 36 87 20 21 6 11 15 8
66 =227°C 2 0 3 4 0 2 6 0 18 46 16 4 0 5 10 1

Abramis brama and Proterorhinus marmoratus).
However, only R. rutilus had significantly higher
relative densities (ANOVA, F = 1.817) in partially-
abandoned side-channels than another type of site,
in this case wing-dams (p = 0.05). Indeed, the low
discharge of the Danube left the normally lotic ana-
branches in a lentic state, favourable to the progeny
of some semi-rheophilous fishes; for example, A.
brama had significantly higher relative densities
(ANOVA, F =1.453) in side-channels than in aban-
doned channels (p =0.05). Relatively few limnophi-
lous species were encountered (Fig. 3, Table 2), with
only Carassius auratus occurring more often than
expected in abandoned channels (Fig. 4d) and hav-
ing significantly higher relative densities (ANOVA,
F = 1.778) in such sites than in side-channels and
weirs (p = 0.05).

At the microhabitat level of perception, only 16
of the 25 species of 0 + fish occurred in 2 3% of non-
null samples (Fig. 3b) and these were eliminated
prior to direct gradient analysis of microhabitat use.
Of the 12 environmental variables (Table 3), only
channel width, bank slope, percentage of silt sub-

strate and water temperature passed Lilliefors’
(1967) test of normality, which is known to be very
conservative (Connover 1971). Fortunately, Canon-
ical Correspondence Analysis is robust with respect
to violated assumptions (Ter Braak 1986), a fre-
quent occurrence in the study of natural systems
(Gauch 1984), as the removal of too many or the
wrong variables can result in statistically significant
decreases in the eigen values (Ter Braak 1986, Copp
1992).

The first two axes of the Canonical Correspond-
ence Analysis accounted for 65% of the variability
(inset Fig. 5), with the first axis accounting mainly
for water velocity; in the samples ordination, a gra-
dient of increasing water velocity can be perceived,
from left toright, in the three distinct groups of sam-
ples, with the corresponding ordination of species
from left to right (rheophilous to limnophilous).
And the second axis accounted mainly for water
transparency (Fig. 5). Note that the vector length
for a variable represents the relative importance of
that variable for predicting (in the sence of multiple
regression) fish habitat use (Chessel et al. 1991).



342

0.6
- correlation coeff. r
0.4 ; | eigen values ®
i 0.2 I
0- I ll-l.l La..
. = 12

Fig. 5. Canonical Correspondence Analysis (Chessel et al. 1987) biplot for the 16 juvenile fish species (0 +) and 12 environmental varia-
bles, axes one and two. The eigen values and correlation coefficients are illustrated graphically (inset) to facilitate evaluation. The dots
represent the ordination of individual samples, whereas the abbreviations for each fish species is placed at that species’ co-ordinates. The
length of arrow for each environmental variable is relative to that variable’s importance in the ordination of the samples and species. The
location of a species along a given environmental vector, which can be extended beyond the origin, represents that species’ ordination
along that environmental gradient relative to other species. The centre portion of the biplot is magnified to assist interpretation.



The vectors can be extended in either direction to
identify the position of a species relative to other
species along that environmental gradient (Ter
Braak 1986).

Some of the O +fishes (B. barbus, L. leuciscus and
G. gobio) demonstrated rheophily through a statis-
tically significant preference for weak or moderate/
fast water velocities (Figs 5, 6), with B. barbus, L.
leuciscus, L. cephalus and L. idus also occurring
more often than expected over the predominantly
pebbel and gravel substrates that are characteristic
of lotic microhabitats. Similar to results reported by
Schiemer & Spindler (1989), some rheophilous spe-
cies (B. barbus, L. idus, L. cephalus) were found
more often than expected close to weakly-sloped
banks with greater water transparency (B. barbus,
L. leuciscus, L. idus). It follows then that these two
species were found to co-occur more often than ex-
pected (Table 4). Only G. gobio occurred more of-
ten than expected in more turbid waters (Figs 5, 6),
and only L. idus was significantly associated with
ligneous structures. Although 0 + Aspius aspius was
originally considered to be rheophilous (Table 2),
its 0+ juveniles were observed almost entirely in
the absence of water current (Table 3, Fig. 6). How-
ever, the higher-than-expected co-occurrence of A.
aspius, L. leuciscus, G. gobio and L. idus in samples
suggests some overlap in their microhabitat use
(Table 4). Previous investigations of microhabitat
use by 0 + fish in the upper River Rhone (France),
which is of roughly similar geomorphological origin
(J.P. Bravard personal communication), have re-
vealed a similar pattern of refuge co-exploitation by
numerous species of 0 + fish during periods of low
discharge (Copp 1991, 1992a).

Amongst the progeny of semi-rheophilous fishes,
only P. fluviatilis demonstrated a preference for wa-
ter currents, but P marmoratus preferred a very
similar microhabitat, both occurring more often
than expected in high transparency waters close to
strongly-sloped banks with ligneous structures
(Figs 5, 6); although P. fluviatilis occurred frequent-
ly amongst macrophytes (Table 3), of the two only
P. marmoratus demonstrated a significant associ-
ation (Fig. 6). Despite the similarity in microhab-
itat, these species appear to avoid overlap, as the
frequency of their co-occurrence in samples did not
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deviate from expected (Table 4). In contrast, A. al-
burnus preferred greater distances from the bank,
and significantly avoided macrophytes.

The 0 + juveniles of other semi-rheophilous spe-
cies either significantly avoided water flow (R. ruti-
lus, Rhodeus sericeus amarus), or were almost nev-
er observed to occur in its presence ( Esox lucius, A.
brama, B. bjoerkna; Table 3). R. rutilus and R. ser-
iceus preferred very similar microhabitats (Figs 5,
6), occurring more often than expected amongst
macrophytes and ligneous structures in turbid wa-
ters about 2 m from clay and/or silty banks.

Previous investigations have demonstrated that
R. rutilus often occur amongst macrophytes (Light-
foot & Jones 1979, Copp 1992a), which provide pro-
tective cover against predation (Killgore et al.
1989). Although the occurrence of B. bjoerkna with
respect to macrophytes, ligneous structures or dis-
tance from bank did not deviate from expected
(Fig. 6), its frequencies (Table 3) were rather similar
to those of R. rutilus and R. sericeus, suggesting a
generally similar microhabitat; this assumption is
corroborated by the higher-than-expected co-oc-
currence in samples of the three species (Table 4)
and their close proximity in the canonical ordina-
tion biplot (Fig. 5). R. rutilus did not, however, co-
occur more than expected with P. fluviatilis, two
species that are known to interact in both riverine
(G.H. Copp unpublished) and lake systems (Pers-
son 1991).

The only limnophilous species to occur in suffi-
cient frequency to warrant inclusion in the analysis,
C. auratus, demonstrated preferences for the silty,
turbid waters characteristic of shallow, desiccating
abandoned channels (Figs 5, 6). The low frequency
or absence of limnophilous, plant spawning fishes
(e.g. T tinca, S. erythrophthalmus) is probably an ar-
tifact of the year’s climate, given that extreme des-
iccation limited the number of abandoned channels
available for study.

The fact that some species were not encountered
on the Hungarian side (G. gobio, S. lucioperca, L.
gibbosa) and others not on the Slovak side (Gobio
albipinnatus, G. gobio, L. leuciscus, S. erythroph-
thalmus) does not necessarily indicate their ab-
sence, but suggests a very sparse distribution if the
species did indeed exist. That this species were
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Fig. 6. Microhabitat profiles and chi-square associations (Chessel & Dolédec 1992) between 14 species 0 + fish and 12 environmental
variables in the Danube River flood plain. For G. cernuus, A. brama, there were no deviations from expected. Each histogram represents
the difference between the frequency of that species in the group of samples having that category of environmental variable and the
frequency of that species in all samples. Significant deviations from expected between species and variables are indicated with an asterisk
(*, p = 0.05; **, p < 0.01), and between species and individual categories by values approaching 10.51. Abbreviations: pebl = pebbles,
grav = gravel, trans = water transparency, lig = ligneous debris (e.g. branches, roots), veg = macrophytes, vel = water velocity. See Table 3

for categories.

found somewhere in the flood plain emphasises the
importance of maintaining the co-existence of nu-
merous aquatic biotopes (lotic, semi-lotic, stagnant
channels) at similar and at different phases of ec-
ological succession (Amoros et al. 1987, Copp
1989b). The resilience of flood plain systems, such
as those of Middle Danube, depends upon such a
variety of macro and microhabitats, which offer fish
populations a sufficient range and number of fa-
vourable spawning sites; this ensures reproductive
success somewhere in the system, even in the event
of a pollution incident or other major environmen-
tal perturbation such as the drought experienced
prior to and during the present study.

The initial impact of the Gabéikovo hydropower
scheme on the flood plain’s fisheries was already
been felt as the present article was being prepared,
realising the negative effects predicted prior to the
scheme’s operation (Balon 1967b, Hol¢ik 1991, Hol-
¢ik et al. 1982). In November 1992, the water flow
through the anabranch systems on the Hungarian

side was reduced to a trickle compared with the pre-
vious discharge, reducing the level of the main
channel to such an extent that one can traverse it on
foot in some locations and the more elevated side-
channels of the anabranch systems were completely
dry (personal observation). However, since that
time there has been some mitigation on the Slovak
side, with extra water diverted to the flood plain.
However, a political impasse between the Hungar-
ian and Slovak governments has impeded the reso-
lution of the question of how much water will be
diverted towards the Hungarian flood plain. In ar-
eas worst effected by the reduction in discharge, we
expect to see local extinction of fish populations as
the beds of former channels no longer contain water
except during extreme flooding. As fish production
is proportional to the area of land inundated (Anti-
pa 1928), the hydroscheme development is expect-
ed to result in a decrease in fish production. The
change in hydrological regime is expected to bring
on this decrease in two ways. Firstly, inundation of

Table 4. Chi-square significance of deviations from expected co-occurrence of 0 + fishes in the River Danube flood plain (Hungary/
Slovakia), calculated from the non-null sample matrix (559 x16): *, p = 0.05: **, p = 0.01; ***, p = 0.005; ****, p = 0.001; ***** p <0.001.
No significant deviations were observed between Ab, Ca, Pr and El. The frequency of each species in the 559 samples is given in Table 3,

the fish abbreviations in Table 1.

As LI Lc Gg Li Pf Gc Aa Rr Ra Bj Ab Ca Pr El
Bb % % sk k Kok ok sekokok ke ok ok ok ok * *
AS — s 3 o kok s kokokok * ok k.
LI J— koK *%k % o 3k sk ok
L¢ — *
Gg J— * * *
Li — %
Pf . s keok sk ok *k
Gc . * * *ok ok k
Aa e * FET T FTTTTY
Rr . FETTT] *okkok ok * *
Ra _ P T e kok Kok

EEET Y
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the flood plain will be limited to extreme flooding
events, which will be buffered to some extent by fill-
ing of the reservoir. Secondly, as the magnitude of
change in the water level has been increased by di-
version of the river to the reservoir, the period of
time flood plain channels hold water will be shorter,
leading to a more rapid desiccation of the various
flood plain biotopes (particularly the abandoned
braided channels that were already of temporary
character prior to the hydroscheme’s operation).
Unusually low river discharges during the period
prior to the investigation are probably the reason
for the low abundance of limnophilous, plant
spawning fishes (e.g. T tinca, S. erythrophthalmus);,
this pattern of species impoverishment is expected
to continue. The fate of rheophilous species is less
certain; although species richness may not decline,
the change in discharge rate will probably effect
production by inhibiting recruitment, such as ob-
served in Chondrostoma nasus in a by-passed sec-
tion of the upper Rhone River in France (Persat &
Chessel 1989). Should an environmentally accept-
able compromise be reached concerning the repar-
tition of the Danube’s flow between the hydroelec-
tric scheme and the adjacent flood plain, the empir-
ical model elaborated in the present study could as-
sist in the mitigation of the scheme’s impact on local
fish populations.
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