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Abstract — In spring 2004 and 2005, an online monitoring by horizontal
split-beam hydroacoustics complemented by trap net catches and electro
fishing was conducted to investigate the spawning migration of nase
Chondrostoma nasus (L.) into the Fischa River, a tributary of the Danube
River east of Vienna, Austria. Upstream-moving adult nase could be
counted hydroacoustically based on their dominance (93%) of fish in the
range 45-55 cm total length. Significant correlations were observed
between the number of migrants and three environmental factors (water
temperature, water level and turbidity), with special focus on their
fluctuations. Thresholds of water temperature, water level and turbidity
were revealed as general environmental cues on a seasonal scale. On a fine
temporal scale, the fluctuations of the environmental factors over days,
especially in the main river, represent relevant stimuli; they initiate and
control the fine-scaled temporal pattern as well as the intensity of the
spawning migration. In addition, a combination of increasing water
temperatures and decreasing water levels, corresponding to the period after
a flood peak, offers high predictability of favourable spawning conditions
at the spawning place and acts as a stimulus for the right timing for
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upstream migration in Danube nase.

Introduction

One of the most obvious changes in behaviour is that
related to spawning activity, which has a marked
impact on the migratory behaviour of many fish
species (Lucas & Baras 2001). The initiation of
spawning in fish is controlled by an endogenous cycle
of gonadal development and by an internal mechanism
that synchronises this cycle with environmental cues
(Vlaming 1974; Munro et al. 1990; Wootton 1990).
Northcote (1969, 1998) and Westin (1977) proposed
that temperature acts as a directional orientation cue or
as a threshold stimulus for initiating migratory move-
ment prior to spawning (Raymond 1979), particularly
in combination with other environmental stimuli such
as discharge and photoperiod, although distinguishing,
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which are direct and which are indirect effects is
difficult. Increased water temperature and increased
water level are among the main factors effecting
upstream spawning migration, especially in salmonids
(Banks 1969; Northcote 1984; Jonsson 1991; Erkinaro
et al. 1999). In some species, small changes in
temperature may strongly affect the behaviour of
spawners, i.e., river lamprey Lampetra fluviatilis
(Linnaeus) (Sjoberg 1977), especially when responses
occur at precise temperature thresholds as, for exam-
ple, in barbel Barbus barbus (Linnaeus) (Baras &
Philippart 1999).

Recently, more research has been carried out on the
movements of cyprinids (Mills 1991; Baras 1995;
Slavik 1996; Clough et al. 1998; Lucas 2000), whereby
migratory patterns clearly associated with spawning
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(Rodriguez-Ruiz & Granado-Lorencio 1992; Penaz
1996; Winter & Fredrich 2003) have been demon-
strated. Several native cyprinids of the Danube under-
take spawning migrations into tributaries (Schiemer &
Waidbacher 1992), among which nase Chondrostoma
nasus (L.) is an indicator species of good river
ecosystem health over the breadth of its distribution
in Europe (Lelek 1987; Winfield & Townsend 1991;
Schiemer et al. 2004). In many large rivers its abun-
dance and distribution has dramatically declined
(Penaz  1996) because of habitat fragmentation
(Welcomme 1994; Ward & Tockner 2001). Studies
about spawning behaviour (Zbinden & Maier 1996;
Huber & Kirchhofer 1998), spawning sites composi-
tion (Lusk et al. 1995; Keckeis 2001) and large-scaled
migrations (Steinmann et al. 1937; Povz 1988) have
been carried out, but very little is known about the fine-
scaled patterns and environmental triggers and cues for
short-term variability of its spawning migration.

In the present study, we used horizontal echo
sounding for online monitoring of the spawning
migration of nase into an Austrian tributary of the
Danube River and related the observed pattern to a
range of abiotic parameters (i.e., water temperature,
water level and turbidity) on a fine temporal scale.
Beyond a general seasonal component, these factors
fluctuate considerably in natural systems. We provide
evidence that the fluctuations of these environmental
cues — short-term increases or decreases within the
spawning season — are relevant stimuli for describing
the magnitude and timing of the spawning migration
in Danube nase.
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Fig. 1. The Danube River in Austria and its
tributary, the Fischa River, showing spawn-
ing areas of nase, locations of the echo
sounder and traps and where environmental
variables were recorded.
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Study area

The Fischa River is a tributary of the Danube River
east of Vienna, originating at an altitude of 240 m in
southern Lower Austria (Haschendorf/Ebenfurth) and
flowing northeast for 35 km before joining the Danube
(Fig. 1). Together with its main tributary, the Piesting
River, which originates at an altitude of 1200 m, the
total catchment area is 549.4 km?, with a pluvio-nival
drain-regime (Mader et al. 1996) and a mean annual
discharge of 7.5 m>s™'. Spring (March/April) and
winter (November/December) floods are common
(Kresser 1989). The water temperature does not
exceed 16.0 °C during summer. Its hyporithral char-
acter changes into epi- and metapotamal within
a transition area approximately 4.0 km upstream of
the confluence with the Danube, where discharge
is mainly influenced by the Danube water level.
In spring, the river is characterised by a sequence
of single-species spawning events starting with pike
Esox lucius Linnaeus and dace Leuciscus leuciscus
(Linnaeus), followed by nase, barbel and ide Leuciscus
idus (Linnaeus) (Keckeis & Rakowitz 2005). Two
nase spawning sites are located 4.5 km upstream the
mouth, where the Fischa splits into several smaller
branches, creating a local floodplain area (Fig. 1). Two
of these branches contain riffles with high current
velocity and are regularly frequented by the same nase
individuals from year to year (Keckeis 1999; Keckeis
& Rakowitz 2006). Adults are present in this
river system only during spawning season, from
March to early June (Keckeis 1999).
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Materials and methods

Hydroacoustic recording

The hydroacoustic investigation of the spawning
migration of nase into the Fischa River was conducted
in the transition area at a site 4.0 km upstream of the
river mouth (Fig. 1). The cross-sectional riverbed
topography here is well suited for fixed location
horizontal beaming: a triangular cross-section with a
gently sloping right shore and steeply sloping left
shore. At average discharge the river cross-section at
the sampling site is 15.0 m wide with a maximum
depth of 2.15 m near the left shore. The bottom
consists of gravel and has an even gradient with small
obtrusions. The site is located about 500 m down-
stream of the spawning areas and about 4 km from the
confluence, a sufficient distance to minimise hydroa-
coustic recording of other Danubian fish species
migrating in the lower part of the tributary. Also,
water level fluctuations during spring floods are less
extensive than in the area of the confluence without
needing to dismantle the hydroacoustic setup because
of high water levels.

From 30 March to 27 May 2004 and from 12 March
to 3 May 2005, hydroacoustic data were collected near-
continuously with a portable 120 kHz digital echo
sounder (Simrad, EK 60, Horten, Norway) and an
elliptical (4.4° x 8.3°) splitbeam transducer. The trans-
ducer was mounted on a tetrapod-scaffold and aimed
horizontally across the river from the right shore
towards the left shore using a dual-axis remote
controlled rotator (Sub-Atlantic, 1128-MAS, Aber-
deen, Scotland). A panel fence was placed downstream
of the transducer to guide upstream migrating fish out
of the transducer’s nearfield. The panel fence was
manufactured from solid plastic tubes with a lattice
spacing of 1.5 cm, fixed on the ground and equipped
with floating bodies on the top. Prior to continuous
echo-sounding, beam mapping was conducted to
adjust the horizontal beam as close to the bottom as
possible in order to detect bottom-oriented upstream
migrating fish. The beam was tilted downwards by 7.6°
degrees and panned downstream with 13.0° degrees.
Once properly oriented, the echo sounder system was
calibrated in situ using the tungsten-carbide standard
calibration sphere (@ = 23.00 mm) with a nominal
target strength (TS) value of TS = —40.40 dB and kept
stationary for the whole sampling period. Basic
information about the sound propagation in the
horizontal bottom-aligned beam is given by Rakowitz
& Kubecka (2006). During monitoring, sound pulses
were transmitted in average with the duration of
0.10 ms, the power of 63 W, the pulse width of
0.064 ms, the bandwidth of 11.80 kHz and the pulse
repetition rate of 10 pings-s~". The sensitivity threshold
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value of the detected echoes was set to —50.00 dB
because of the level of the background noise.
To increase the detectability in the horizontal bottom-
aligned beam, the echo length detector was set to 0.8—
1.5 times the transmitted pulse, the maximum phase
deviation was set to 1.2° and the maximum gain
compensation was enhanced to 6 dB (one-way).
Signals were automatically compensated for off-axis
distance. The echo sounder was in operation for an
average 23.5 h a day for 59 days in 2004 and 53 days
in 2005. Changing environmental conditions (water
level, turbidity) did not alter the efficiency of the
hydroacoustic system. Analog data from the transducer
were digitalised in the echo sounder’s GPT unit
(General Purpose Transceiver), recorded on a laptop
and stored on an external hard disk.

Hydroacoustic analysis

For this study, a total of 66 days — 33 days each year —
were analysed with SONARS-PRO version 5.9.1 post-
processing software (Balk & Lindem 2000, 2002;
Lindem Data Acquisition, Oslo, Norway), which was
updated regularly  (http://www.fys.uio.no/~hbalk).
Data recorded in 2005 was additionally corrected for
biased TS-values because of inhomogeneous sound
propagation in the horizontal bottom-aligned beam
(Rakowitz & Kubecka 2006). To obtain the total
number of upstream migrating nase (Fig. 2e,f), the
remaining 26 and 23 days, respectively, were interpo-
lated using the mean of upstream migrants of the day
before and the day after. Linear regression analysis
between daily counts and interpolated data from a
continuous series of 11 days in 2005 revealed a highly
significant relationship (R? = 0.91, P < 0.001). After
conversion of raw data, the acoustic analysis was
carried out by single echo detection (SED). For SED,
we did not apply a traditional detector based on echo
length (Soule et al. 1997), but the alternative Cross-
filter detector (Balk 2001) found in Sonar5. This
detector has been developed to improve track quality
and to reduce erroneous detections in data with low
signal-to-noise ratio (SNR). The detector contains a
suggestor obtaining trace candidates, an evaluator
sorting out unwanted candidates, a SED former which
defines the individual echo detections within a trace
and an echo quality estimator. The suggestor works
with filters identifying the targets frequency response
while the evaluator operates with a set of min and max
trace feature tests. In 2004 and 2005, the cross-filter
settings which provided best results for tracking fish in
the Fischa were for the suggestor: foreground filter:
height = 1 and 1, width = 1 and 1; background filter:
height = 23 and 11, width = 7 and 13; offset = +6 and
+6 dB. For the evaluator, trace length and trace area
were used. Minimum and maximum values for the
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Fig. 2. Water temperature (a, b), water level
and turbidity (c, d) at different sections of
the Fischa River and the Danube River and
number of daily upstream migrating nase
estimated from hydroacoustic records (e, f)
in spring 2004 and 2005.
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track length were 1-250 pings and for the area 8232
number of samples in a detected region. The settings
rejected unwanted single echoes from drifting
debris, stones and from fluctuations in the back-
ground reverberation level to be included in the fish
tracks. They remained fairly consistent over the study
periods. Automatic tracking caused severe bias of
counts and sizing, we therefore applied manual
tracking.

Identifying acoustic nase targets using supplementary
sampling

To obtain qualitative information about migrating fish
species, trap net catches and electro fishing were
conducted, and sex, length (total length, cm) and
weight (fresh weight, g) of the captured individuals
were measured. In 2004, the traps were placed in the
left (in terms of flow direction) spawning arm 80 m
downstream of the spawning place and 380 m
upstream from the echo-sounding site and hence
sampled only a part of the river. In 2005, the traps
were put closer to the site of the echosounder and
sampled the whole width (Fig. 1). They were built
from iron bars with 4 m in length, 1.3 m wide and
1.2 m high and the mesh size of the flute was 10 mm.

T

T T T T T T T T

(e)

T

They were set to catch upstream as well as down-
stream migrating fish. Detailed information on the
construction of the traps is described in Miihlbauer
et al. (2003). The traps were emptied once a day in the
morning from 8 March to 28 May 2004 and from 25
February to 6 May 2005, excluding 25 days when the
traps were flooded. Electro fishing was conducted four
times in 2004 (21, 22, 26 April and 21 May) and three
times in 2005 (7, 8 April and 3 May). We used a
portable generator FEG 1000 (200 V, 3 A). Both
spawning branches were sampled from the confluence
of the two branches to the end of the spawning places
(Fig. 1) within 1 day.

From the species which undertake spawning migra-
tions from the Danube into the tributary, 80% of the
total catch of migrants was comprised by nase, 9% by
barbel, 5% by ide, 3% by white bream Abramis
bjoerkna (Linnaeus) and the remaining 3% by pike,
bream Abramis brama (Linnaeus), vimba Vimba
vimba (Linnaeus) and burbot Lota lota (Linnacus).
Nase were separated from nontarget species based on
the length distribution of captured individuals
(Romakkaniemi et al. 2000; Lilja & Romakkaniemi
2003). Although nase is breeding at a size above
20 cm, 80% of the total catch of nase was comprised
by nase between 45 and 55 cm. Furthermore, 93% of
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all migrants in the size range of 45-55 cm were
represented by nase. Thus a size range between 45 and
55 cm was applied to the hydroacoustically recorded
fish to separate nase from non-target fish.

The relationship between TS and fish TL,
TS = 24.71 x (logyp X TL) — 89.63, from Frouzova
et al. (2005) was applied to convert the size of
captured individuals into TS values. Accordingly, the
total length of 45-55 cm corresponds to TS values of
-21.91 to —24.07 dB.

Environmental parameters

During the sampling period, water temperature (°C),
water level (cm) and turbidity (ntu) were measured in
daily intervals. Water temperature was measured at
four and water level at three different sites, respec-
tively along a longitudinal profile (spawning area,
transition area, confluence and Danube River), turbid-
ity at one site (Fig. 1). The water level in the Fischa
was read off at a water level in the left spawning arm
and at a water level near the echo-sounding site every
day in the morning. Daily water level data and mean
daily water temperature data of the Danube were
provided from the nearest installed water level Orth by
the Austria Water Authority Via-Donau. Turbidity was
measured once a day using a portable turbidimeter
(Turbiquant 1000 IR; Merck, Darmstadt, Germany) at
the traps.

Statistical analyses

The Kolmogorov—Smirnov-test (K-S-test) was used to
test the biotic and abiotic data set (fish passage rate,
temperature, water level and turbidity) for normal
distribution. Between year differences water temper-
ature and average upstream passage rate were tested
with the Mann—Whitney U-test. Between year differ-
ences of water temperature at the spawning site was
tested with a t-test, as these data revealed a normal
distribution. Between site differences of water
temperature and water level were tested with a
Kruskal-Wallis Test. Spearman rank correlations
between daily passage rate and time series of
environmental variables were estimated with time
lags of up to £7 days at intervals of 1 day for all
variables. The time series were calculated according to
Y = X, — X1y, where X is the measured value at the
point of time ¢, to render them stationary (Lilja &
Romakkaniemi 2003). For each time lag, the differ-
ences (1-7 days) were summed up. The significant
correlation of each variable and the highest significant
correlation of the time lags were used for further
statistical analyses. Regression models (peak, expo-
nential) were used to analyse the mode of triggering.
Finally, a multiple linear regression analysis (SPSS
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15.0.1) was employed to analyse the pattern of the
fluctuations in the spawning runs.

Results

In 2004 and 2005, water temperatures were very
similar and did not differ significantly between the
spawning and the transition area (Mann—Whitney
U-Test, P> 0.05). At the spawning area, values
ranged from 6.3 to 13.8 °C in 2004 and from 3.9 to
14.5 °C in 2005. At this site highly significant
differences (#-test, P < 0.001) were observed between
the two investigation periods, the corresponding
average (£SD) temperatures were 10.9 +£2.0 and
8.9 + 2.7, respectively. During both years, temperature
increased in an oscillating pattern with amplitudes of
+3.0-4.0 °C within a 5-10-day period (Fig. 2a,b). In
general, the oscillation amplitudes in the Danube River
were damped compared with the Fischa River. At the
start of the sampling period, the Danube was
1.0-2.0 °C colder than the Fischa, followed by a
period of nearly same temperature levels in both
rivers. In late May, the Danube River was approxi-
mately 2.0 °C warmer than the Fischa. The average
temperatures between the two rivers within each
investigation period were not significantly different
(Kruskal-Wallis test, P > 0.05), but a significant linear
relationship is evident between the water temperature
of the Danube and that at the spawning site (Fig. 3a).
The linear regression (R2 =0.87,a= 327, b= 0.70,
P < 0.001) indicated significantly higher Fischa water
temperatures at times of low temperatures in the
Danube, i.e., 3.00 °C in the Danube correspond with
an average of 5.3 °C in the Fischa, and 6.0 °C in the
Danube correspond with 7.5 °C in the tributary.

Two of the three recorded water levels revealed a
similar pattern of water level fluctuations, resulting in
a strong synchronisation (Spearman coefficient,
r= 0.88, P <0.001) of water level in the transition
area of the Fischa with water level in the Danube. This
was not the case at the spawning site (Fig. 3b), except
during several peak floods in 2005 when the hydro-
logical situation of the spawning area was impacted.
In 2004 no peak flood occurred in Danube, but 2005
was characterised by water level fluctuations over
several meters (Fig. 2¢,d). Average water levels at the
three sites, as well as range and variations, are given in
Table 1.

Water level at all sites differed significantly between
the 2 years (Kruskal-Wallis test, P < 0.001). In 2005,
the variation of the Danube water level was signifi-
cantly higher compared with 2004. Mean turbidity in
the Fischa was twice as high in 2005 (turgs = 28.53
ntu) than in 2004 (turgy = 12.59 ntu), which corre-
sponds well with the observed water level differences
between years. The higher turbidity in 2005 mainly
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Table 1. Average water level (cm) at three sites, as well as range and
variation in 2004 and 2005.

2004 2005

Spawning Transition Danube Spawning Transition Danube

area area River area area River

(cm) (cm) (cm) (cm) (cm) (cm)
Mean  35.9 64.0 230.7 35.9 100.6 255.0
SD 3.7 18.3 30.5 19.6 53.8 1104
Median 35.0 55.0 228.0 31.0 80.0 274.0
Min 25.0 40.0 179.0 27.1 48.0 79.0
Max 48.0 118.0 298.0 1594 312.0 506.0
n 70.0 70.0 70.0 65.0 65.0 65.0

mean = average; SD = standard deviation, Min = minimum; Max =
maximum, n = number of observations.

reflected peak floods during that year. The main flood
peak led to a steep increase in turbidity (to approx-
imately 10 times the average value) (Fig. 2d).

Environmental cues in nase spawning migration

In both years there was a continuous daily spawning
migration in nase characterised by an oscillating
pattern with several distinct peaks. In 2004, the first
individuals were caught in the traps on 17 March, in
2005 recorded on 12 March. The average passage rate
(xSD) between the 2 years differed significantly
(Mann—Whitney U-test, P < 0.05), being 22 (+22)
individuals-day™' in 2004 and 31 (£16) individ-
ual-day™" in 2005. In 2004, the highest peak of
migrants was observed on 1 and 2 April (125 and 110
nase, respectively), the second highest on 13 April
(56) and the third highest on 25 April (25) (Fig. 2e).
The spawning migration took place to a lesser extent
during the remaining sampling period. In 2005, we
also observed three main migration peaks. The first
immigration peak was on 16 March (48 nase), the
second on 26 March (60) and the third on 7 April (81)
(Fig. 21).

Highly significant correlations between daily
upstream passage rate and environmental parameters
like water temperature, water level and turbidity were
detected (Fig. 4). In the Fischa spawning area, low
water temperature (r = —0.266, P < 0.05), but espe-
cially increasing water temperature after 5 days
(r =+0.430, P <0.01), correlated significantly with
the number of migrants (Fig. 4a). In 2004, a temper-
ature increase from 5.1 to 7.0 °C in Danube and from
7.3 t0 9.8 °C in the Fischa within 5 days corresponded
with the trap net catch of the first four mature nase
individuals.

Also in the confluence (r = —0.399, P < 0.01) and
in the Danube (r= -0.395, P <0.01) low water
temperatures were most significantly correlated with
the migration rate. Additionally, increasing water
temperature after 1 day in the confluence (r = 0.273,
P < 0.05) and after 3 days in the Danube (» = 0.270,
P < 0.05) showed significant correlation with the
number of upstream migrants at the echosounder
(Fig. 4b,c).

At the transition area, an increased water level
(r = 0.424, P < 0.01) and a decreasing water level after
6 days (r = —0.299, P < 0.05) showed the highest
correlations with upstream-migrating nase (Fig. 4d). In
the Danube, a significant correlation was observed
between an increased water level and upstream-migrat-
ing spawners (»r = 0.277, P < 0.05), but decreasing
water level after 6 days was even more highly corre-
lated (= —-0.312, P <0.05) (Fig. 4e). Decreasing
turbidity in the Fischa with a time lag of —6 days
(r = —0.448, P < 0.01), mainly caused by decreasing
water level, showed the most significant correlation
with the number of upstream migrants (Fig. 4f). The
water level at the spawning place and number of
migrating nase were not significantly correlated.

The correlation of each variable and the highest
correlation of the time lags of each variable (white
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bars in Fig. 4) were used to analyse the relationship
between number of upstream migrating nase and
environmental cues. A peak model [Gaussian,
y=axexp (-0.5x((x- xo)’b)*]  best explained
the correlations of the discrete variables, whereas
the best fit for the relationship of the time lags was
achieved by exponential models [y = a X exp (b X x)
for exponential growth and y = a X exp ( - b X x) for
exponential decay]. At the spawning area (R> = 0.22,
P <0.001), highest nase abundance occurred at
9.5°C, in the confluence (R*=0.29, P <0.001)
at 8.1 °C and in the Danube (R* = 0.27, P < 0.001)
at 7.5 °C (Fig. Sa—). Furthermore, a significant
relationship between number of migrants and water
temperature fluctuations was observed. Pooled data
of water temperature of both years at the spawning
area (R*>=0.24, P<0.001) showed that a steep
increase in water temperature of 2.5 °C with a time
lag of —5 days was accompanied by the most
upstream migrating nase (Fig. 5d). Less steep water
temperature increases of 0.5 °C with a time lag of
1 day at the confluence (R* = 0.10, P < 0.01) and of
1.3 °C with a time lag of 3 days in the Danube
(R*=0.12, P<0.01) corresponded with highest
upstream passage rates of nase at the echo sounder

(Fig. 5e.9).
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White bars indicate variables, which were
used for further analyses.

Migration was also significantly related to absolute
water levels and changes of the water level. The
optimum water level in the transition area (R* = 0.16,
P < 0.01) with respect to number of migrants was
113 cm (Fig. 6a). In the Danube River, nase showed
no significant relationship for a preferred water level
(Fig. 6b). On the other hand, a decrease of water level
with a time lag of —6 days, both in the Danube
(R*=0.17, P<0.001) and in the transition area
(R* =0.10, P < 0.05) was correlated with the highest
nase migration rate (Fig. 6¢,d).

Higher turbidity (28.15 ntu) corresponded with
more migrants (R? = 0.13, P < 0.05). At the same
time, a significant relationship (R* = 0.07, P < 0.05)
was observed between decreasing turbidity, closely
linked with the water level, with a time lag of —6 days
in the Fischa, and an increasing number upstream
migrating nase (Fig. 6e,f).

A multiple linear regression analysis with the square
root number of migrants per day as the dependent
variable and the environmental variables [(a) water
temperature at the spawning site, (b) at the confluence
and (c¢) in the Danube River, (d) water level in the
transition area and (e) in the Danube River and (f)
turbidity in the transition area] as well as their highest
correlated time lags [(g) water temperature change at
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in the Danube (f) (R*>=0.12, P <0.01).
Pooled data of two spawning seasons. For
further explanation see text.

the spawning site with a time lag of —5 days, (h) in the
confluence with a time lag of 1 day and (i) in the
Danube River with a time lag of 3 days, (j) water level
change in the transition area with a time lag of
—6 days, (k) of the Danube River with a time lag of
—6 days and (1) turbidity change in the transition area
with a time lag of —6 days] as independent variables
was applied. Stepwise backward selection provided a
highly significant relationship (R* = 0.51, P < 0.001)
and revealed the following set of six significant
variables for the model Y=a+bX X +cX
XotdxXs+tex X+ fxXstgXxXg (a= 6518,
b= -0.594, c¢=0489, d=1.887, e= —0.042,
f=0.030, g = —0.007), where X; = water tempera-
ture at the spawning site (P < 0.001), X, = water
temperature change at the spawning site with a time
lag of =5 days (P <0.001), X5 = water tempera-
ture change in the confluence with a time lag of
1 day (P = 0.009), X, = water level in the transition
area (P = 0.003), X5 = water level of the Danube
(P <0.001) and X4 = water level change of the
Danube with a time lag of —6 days (P = 0.015).
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Based on this set of environmental variables, a good
concordance between observed and expected migra-
tion rates was observed (Fig. 7).

Discussion

Fluctuations of water temperature, water level and
turbidity over several days were the main environ-
mental stimuli triggering the onset, maintenance and
temporal pattern of the spawning migration of Danube
nase in the Fischa River. The significant relationships
between spawning migration of nase, an early spring
spawner, and thresholds of water temperature and
water level were determined by season, but did not
explain fine-scaled temporal patterns of the spawning
migration. The spawning runs were characterised by
an undulating pattern with several migration peaks. In
early spring in the Danube, a slight increase of water
temperature, which coincides with a steep increase in
water temperature at the Fischa spawning site, initiated
massive upstream spawning migration of nase, irre-
spective of absolute temperature. By way of contrast
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rapidly falling water temperatures stopped the spawn-
ing migration. Our results showed that a slight but
quick increase of water temperature in the confluence
and in the Danube corresponded with remarkably
warmer temperatures over a longer period at the
spawning site. Spawning migrations into tributaries
may therefore not only ensure that eggs are deposited
in areas with improved oxygen supply compared with
the main river (Wootton 1990) and decrease the
predation pressure on the embryos (Kedney et al.
1987), but also provide an optimal temperature for
spawning and development at times when tempera-
tures in the main river, i.e., the main residence habitat
(Lucas & Baras 2001), are still below the optimum.
The undulating pattern of the nase spawning migration
was characterised by migration peaks coinciding with
the 5th day of continuous temperature increase at the
spawning site, irrespective of an immediate or delayed
temperature decrease afterwards. In the early 1990s,
Keckeis (2001) documented mass occurrence of nase
within the spawning area when water temperature in
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number of migrants and turbidity change
(® (R*=0.07, P<0.05). Pooled data of
two spawning seasons. For further explana-
tion see text.

100 200 300

the Fischa River rose from 7.5 °C to 11.5 °C, 9.0 °C
to 13.0 °C and 10.0 °C to 14.0 °C within approxi-
mately 4-5 days. Penaz et al. (1984) reported a
preferred thermal optimum for spawning nase between
8.0 and 12.0 °C. Hladik & Kubecka (2003) presented
similar results in their study on fish migration in the
tributary zone of the Rimov Reservoir (CZ): a
temperature increase most significantly affected cyp-
rinid spawning runs. Fish activity dropped after 2 days
from the maximal number to nearly zero due to cold
weather (Hladik & Kubecka 2004). During investiga-
tion of upstream migration of cyprinids and percids in
the Aijildnsalmi channel, Lilja et al. (2003) observed
that a +4.5 °C increase of water temperature was
associated with the largest catch per unit effort
(CPUE). Rodriguez-Ruiz &  Granado-Lorencio
(1992) identified water temperature as the dominant
environmental factor influencing upstream migration
and migration speed of cyprinids in the Guadalete
River in Spain. Steinmann et al. (1937) concluded
from mark-recapture experiments in the Danube River,
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Fig. 7. Observed and expected number of migrants per day by the
multiple regression analyses of six environmental abiotic variables
(R2=051, P<0.00l; Y=a+bxX +tcxXo+dxXs+ex
Xo+fxXstgxXs, a=6518, b=-0.59, c=0.489,
d= 1887, e=-0.042, f=0.030, g= —-0.007) for the two
investigated spawning seasons. (a) 2004 and (b) 2005. X; = water
temperature at the spawning site (P < 0.001), X, = water temper-
ature change at the spawning site with a time lag of —5 days
(P <0.001), X3 = water temperature change in the confluence with
a time lag of 1 day (P = 0.009), X; = water level in the transition
area (P = 0.003), X5 = water level of the Danube (P < 0.001) and
X = water level change of the Danube with a time lag of —6 days
(P =0.015).

the Rhine River and its tributaries in Austria, Germany
and Switzerland from 1923 to 1934 that cyprinid
migration was mainly influenced by increasing water
temperature, with migration dropping considerably
during cold spells. The triggering effect of changing
thermal conditions was also shown by Baril &
Magnan (2002) for lacustrine brook charr Salvelinus
fontinalis (Mitchill): migration peaked when water
temperature suddenly fell from 11.0 to 7.0 °C.
Although spawning migrations of cyprinids are stim-
ulated by increasing water temperature, the opposite
effect also exists. A drop in water temperature is a
stimulus for certain salmonid species, although in all

Environmental cues in nase spawning migration

cases the fluctuation within a certain period seems to
be the prevailing factor.

In our study, water level fluctuations significantly
affected the spawning migration in Danube nase.
A progressing decrease in water level over a 6-day
period in the Danube prompted nase to migrate to their
distinct spawning areas in the Fischa. Nase preferred
flow conditions corresponding to the hydrological
situation shortly after a flood peak; this seemed to
guarantee an appropriate water level in the tributary in
terms of reachability and spawning conditions. Several
authors (Northcote 1984; Jonsson 1991) concluded
that many temperate fish, especially salmonids, are
stimulated to move upstream on their spawning
migrations during or following periods of high flow.
In Table 2, we integrated the available published
literature on the relationship between water level and
spawning migration. It gives evidence that in nine of
the overall 13 cases (69%), fish of five different
families undertook their spawning migration after
floods and/or during falling water level. In three
studies (23%), fish moved during increasing water
level and only in one study (8%) migration during
high flow is mentioned.

In line with these reports, our detailed analyses
based on daily water level fluctuations indicate that the
period after a flood peak offers favourable conditions
for upstream movement. One explanation is that the
water level is still high enough to overcome obstacles
and to reach appropriate spawning habitats, and it
might be less energy-demanding to get there.

Hence, appropriate timing of the spawning migra-
tion, with respect to day-to-day fluctuations in flow
and turbidity, may reduce predation risk, enhance
access to spawning grounds in suitable conditions and
minimize energy wastage for spawning in areas of
strong water current over several weeks (Keckeis
2001). During the spawning season, turbidity fluctu-
ations, which were closely correlated with the water
level, showed a weaker relationship with the spawning
migration of nase than the other investigated variables.
Correlation between decreasing turbidity within
6 days and increasing passage rates was mainly caused
by the synchronous decreasing water level. Nase
seemed to prefer neither very highly turbid conditions,
as usual during flood events, nor very clear water
conditions for their spawning migration; perhaps they
take advantage of slightly increased turbidity, which
decreases predation pressure, such as from herons
Ardea cinerea (Linnaeus).

Environmental unpredictability stimulates fish to
trade off reproduction against refuge, feeding and
growth. Reliance on combined stimuli is apparently a
more efficient strategy than responding to a single
cue. Such single cues can occur on several occasions
outside the breeding season, potentially reducing the
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Table 2. Summary of published literature on the relationship between water level and spawning migration of different fish species in northern temperate regions.

Water level
Species Taxa Family Increasing Peak Decreasing
Razorback sucker 2 Xyrauchen texanus (Abbott) Catostomidae X
American shad 3 Alosa sapidissima (Wilson) Clupeidae X
Allis shad * Alosa alosa (Linnaeus) Clupeidae X
Whitefish ° Coregonus lavaretus (Linnaeus) Coregonidae X
Colorado pikeminnow 8 Ptychocheilus lucius (Girard) Cyprinidae X
White bream ’ Blicca bjoerkna (Linnaeus) Cyprinidae X
Roach ® Rutilus rutilus (Linnaeus) Cyprinidae X
Salmonids 101112 Salmonidae Salmonidae X X
Brown trout '® Salmo trutta Linnaeus Salmonidae X
Atlantic salmon ™ Salmo salar Linnagus Salmonidae X
Atlantic salmon ' Salmo salar Linnaeus Salmonidae X
Atlantic salmon 1® Salmo salar Linnagus Salmonidae X X
Sum 5 3 1 9
Percent 23 8 69

"Tyus & Karp (1990); 2Modde & Irving (1998); ®Leggett & Whitney (1972); “Bellariva & Belaud (1998); ®Laineetal. (1998); STyus (1990); "Molls (1999); 8Vollestad

& L’Abee-Lund (1987); ®Banks (1969); '°Northcote (1984); ""Jonsson (1991)

"STrepanier et al. (1996); 'Erkinaro etal. (1999).

fishes’ fitness (Ovidio et al. 1998). Our results
demonstrate that an optimal stimulus for the spawn-
ing migration in nase is a combination of variables,
namely a slight increase of water temperature in the
main habitat (the Danube River) synchronized with a
steep increase of water temperature at the spawning
site in the tributary, in combination with a falling
water level after flood peaks. During spawning
season the warmer water of the tributary causes a
small, constant temperature difference between the
confluence and the Danube, and might also act as a
stimulus to maintain spawning migration into the
tributary. Our results therefore also demonstrate that
fluctuations of the environmental conditions within
the main river itself represent relevant cues which
initiate and control the temporal pattern as well as the
intensity of nase spawning migrations. For nase, the
predictability of favourable spawning conditions at
the spawning place is high when a combination of
increasing water temperatures and decreasing water
levels (with certain time lags) acts as a stimulus for
the right timing. During periods of high environ-
mental unpredictability, as occur in spring in northern
and temperate latitudes, fish have to take advantage
of short periods of high environmental predictability,
especially in terms of spawning migrations. This no
doubt enables them to achieve high reproductive
success and to increase their fitness.

To grasp the functional role of the environmental
factors, discrete thresholds have impact on the migra-
tory behaviour on a seasonal scale, but fail to explain
short-term initiation of migration and migration pat-
terns within spawning seasons. Our results revealed the
important functional role of the fluctuations of variables
within the season. They serve as a time- (in reference
to season) and threshold-independent environmental
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stimulus for migratory behaviour in general and for the
spawning migration of nase specifically.
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