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Tributaries play a vital role in fish spawning and recruitment, significantly
influencing mainstem river fish populations. However, in the Anthropocene
era, tributaries within river networks suffered ecological degradation due to
fragmentation and channelization. This has led to reduced distribution ranges
and declining populations of various riverine species, underscoring the urgency
of conservation and rehabilitation efforts. Our study explores the potential for
reintroducing fish from the mainstem Danube River into the Wien River, an urban
tributary that has undergone partial rehabilitation. We assessed habitat use and
movement patterns of 20 adult barbel (Barbus barbus), a species classified as
‘near threatened’ in Austria, collected from the Danube River during the spawning
season. These barbel were tagged with radio telemetry tags and relocated into
the upper reaches of the Wien River, surmounting several artificial barriers in the
lower sections. Although spawning activity was not observed among the barbel,
possibly due to prevailing water temperatures, our data suggest that the Wien
River could function as a viable temporary habitat. Barbel were notably inclined to
inhabit deeper pool and run habitats. Their daily movements and home ranges
were relatively limited, ranging from 0.0 to 1.1 km and 100 m to 2.9 km,
respectively. One contributing factor to restricted movement was the
presence of beaver and knotweed dams, which created temporary migration
obstacles. On average, the barbel remained within the system for more than a
month. Most of these fishmigrated downstream at the onset of a significant high-
flow event. Our assessment suggests that while the Wien River may not serve as a
permanent habitat, it could function as a temporary habitat for migratory fish.
However, to ensure accurate assessments of the restored Wien River as a
spawning habitat, it is imperative to reevaluate the findings under stable
spawning conditions and gather comprehensive data on relevant abiotic
factors. This study advocates for the restoration of longitudinal connectivity
between tributaries and mainstem rivers as a means to counteract biodiversity
loss in Anthropocene river ecosystems.
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1 Introduction

Despite their relatively small size, tributaries can exert a
disproportionately large influence on mainstem fish populations
by providing critical habitats for spawning and recruitment, which
are vital for the sustainability of the overall fish population (Schmutz
and Jungwirth, 1999; Hitt and Angermeier, 2008). Previously
widespread cyprinid species like the common barbel (Barbus
barbus), nase (Chondrostoma nasus), or vimba bream (Vimba
vimba) are known to migrate long distances upstream, even into
tributaries, to spawn (Schiemer and Waidbacher, 1992; Panchan
et al., 2022). After spawning, tributaries can serve as key nursery
habitats for juvenile fish (Pollux et al., 2006) before they drift
downstream into the mainstem (Pavlov and Mikheev, 2017).
During the Anthropocene era, however, the ecological
functioning of such river networks has often been limited due to
diverse human stressors (Gosset et al., 2006; Dudgeon, 2019). River
fragmentation, for example, can block the movements of aquatic
biota, inhibiting fish from reaching their spawning grounds (Gosset
et al., 2006; Mattocks et al., 2017). Channelization can degrade
habitats needed for reproduction and recruitment (Brooker, 1985;
Jurajda, 1995). Consequently, these anthropogenic disturbances
have led to drastic declines in the distribution and population
viability of some fish species (Hayes et al., 2022b).

River restoration by means of hydro-morphological
improvements, fish passage installment, and weir removal can
revitalize fluvial ecology (Kail et al., 2015) and increase ecosystem
services provision (Kaiser et al., 2020). In the last decades, the
rehabilitation of rivers has been gaining momentum, in Europe,
largely motivated by the requirements of the EU Water Framework
Directive (2000/60/EC). In large rivers, contrasting objectives of
various stakeholders, such as flood protection, energy production,
and nature conservation can stall management decisions. Notably,
the rehabilitation of tributaries can constitute opportunities to
enhance fish populations in the mainstem by providing a
connected system (Bouska et al., 2023). Moreover, restoration
efforts predominantly target urban systems due to their larger
community benefits despite the higher associated costs (Findlay
and Taylor, 2006; Guimarães et al., 2021; Hayes et al., 2022a).

The Wien River, a tributary to the Austrian Danube River, is an
example of such a partly rehabilitated urban stream. Since the 1990s,
the Wien River’s upper reaches boast freshwater habitats of high
ecological value due to the creation of a flood protection zone with a
37 ha large wetland with self-forming river dynamics. Since 2014, an
additional 1.8 km of near-natural riverbed, featuring sediment
dynamics and diverse mesohabitats, has been re-established
(Hohensinner, 2019). Despite these areas with corresponding fish
ecological importance, many species belonging to the Danube River
fish fauna, including the barbel, are absent (Keckeis et al., 2000;
Holzer, 2014). According to the national reference standard
(Leitbild), these species should, however, inhabit this section at
least occasionally (BAW, 2007). The heavily channelized and
partially culverted lower section, including several migration
obstacles in the form of small weirs and riverbed sills in the
Wien River near the mouth of the Danube River, are the reasons
why typical Danube fish species cannot be found in the Wien River
today. However, the climate-induced shift in fish regions would
favor their spread (Melcher et al., 2013). These migration barriers

are also the reason why the Wien River is at risk of failing European
environmental objectives (Köck et al., 2008). If Danube fish species
such as the barbel could overcome these obstacles and traverse the
channelized section of the lower Wien River, this red-listed species
could potentially re-colonize suitable areas, including habitats for
spawning and juvenile rearing (Melcher and Schmutz, 2010; Britton
and Pegg, 2011; Gruber et al., 2022). Considering the barbel’s
preference for spawning in tributaries, restoring river network
connectivity is likely to impact the resilience of mainstem
populations positively (Nislow et al., 2011; Sun et al., 2022). Re-
establishing the longitudinal connectivity can, therefore, expand the
tributaries’ ability to contribute to the growth and expansion of
mainstem fish populations, thereby reducing the harmful effects of
river regulation (Sun et al., 2022).

In some cases, such as the Wien River, still-existing barriers
prevent upstream fish migration to restored tributary stretches,
effectively hindering recolonization efforts. In such
circumstances, the translocation of adult fish can be a valuable
method to support the natural dispersal of populations (Newhard
et al., 2021). Indeed, a study on nase demonstrated that the
relocation of adult fish over non-passable barriers can lead to
successful spawning in reaches that feature suitable habitat
(Ovidio et al., 2016). Also, the Wien River’s contribution to the
rearing of 0+ nase, a rheophilic cyprinid with habitat preferences
similar to the barbel, has been demonstrated through a stocking
study in the rehabilitated flood protection basin, showing growth
rates and abundance similar to other near-natural areas (Bartl and
Keckeis, 2004). However, the evaluation of the success rate of such
translocation experiments remains limited. Understanding the
short-term behavioral responses of translocated fish in their new
habitats is crucial for assessing the method’s feasibility on a larger
scale (Ovidio et al., 2016). Unfortunately, this preliminary
behavioral analysis has been largely neglected, leaving a
significant knowledge gap regarding immediate translocation
success mechanisms.

This study aims to evaluate the possibility of reintroducing
barbel from the mainstem river to the upstream reaches of a
restored urban tributary to encourage spawning (Ovidio et al.,
2016) as well as to assess the potential of the Wien River as a
summer residence habitat. To this aim, we tracked movement
patterns and monitored habitat preferences of adult barbel
translocated from the Danube River to the Wien River during
the spawning season using radio telemetry and habitat mapping.
The results of this study contribute to the management of
threatened species by restoring fragmented, urban river-
tributary networks.

2 Materials and methods

2.1 Target species

The common barbel is an example of a migratory species that
has been significantly affected by hydro-morphological degradation
(Britton and Pegg, 2011; Hayes et al., 2022b). Therefore, the barbel is
classified as ‘near threatened’ in Austria (Wolfram and Mikschi,
2007) and is locally protected, for example, in the Federal State of
Vienna according to the Vienna Nature Conservation Act (45/1998).
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At the European level, the barbel is included in Annex V of the
Habitats Directive (92/43/EEC).

Adult barbel are primarily found in larger rivers, with water
depths ranging from 2 to 6 m and flow velocities between 1.0 and
1.5 m/s (Banarescu and Bogutskaya, 2003; Vilizzi and Copp, 2005;
Britton and Pegg, 2011; Panchan et al., 2022; Mawer et al., 2023).
During the spawning season from May to July, when water
temperatures exceed 10°C, barbel move upstream, often into
tributaries, to spawn over gravel in fast-flowing areas (Ovidio
et al., 2007; Melcher and Schmutz, 2010; Pelz, 2022). Flood
events often prompt the upstream migration to suitable spawning
sites. During the active spawning phase, at water temperatures of
14°C–16°C (Melcher and Schmutz, 2010; Meulenbroek et al., 2018),
females occupy spawning sites, followed by the male barbel.
Spawning sites are often used multiple times for spawning.
During spawning pauses, the fish gather in deeper areas or under
structures (Pelz, 2022). Spawning activity ceases when water
temperatures exceed 16°C (Kottelat and Freyhof, 2007; Melcher
and Schmutz, 2010; Pelz, 2022).

Young-of-the-year fish are known to drift downstream from the
spawning grounds (Copp et al., 2002; Zitek et al., 2004) to
overwintering habitats, predominantly found in the mainstem rivers

(Banarescu and Bogutskaya, 2003; Britton and Pegg, 2011; Panchan
et al., 2022). Given the ecology and habitat requirements of the barbel,
conservation and restoration of large rivers and their tributaries
(Pracheil et al., 2013) could improve the population status of this
species, as well as others, as the barbel is a suitable indicator species for
a river’s hydro-morphological state (Britton and Pegg, 2011).

2.2 Study area

TheWien River is the biggest tributary to the Danube River in
the city of Vienna, Austria (Figure 1A). It originates in the
western Wienerwald (Vienna Woods) at 520 m above sea
level, flowing for 34 km to the Danube River confluence. With
a watershed area of 230 km2, the Wien River basin extends from
protected woodlands west of Vienna to urban areas. The
catchment’s flysch geology leads to a highly variable and
flashy flow regime. The mean discharge of the Wien River is
around 2 m³/s. However, during short periods, such as after
intense rainfall events, the discharge can be > 2,000 times
higher compared to the regular flow conditions (Stadt
Wien, 2023).

FIGURE 1
Location of the (A) city of Vienna within Austria, (B) theWien River, and (C) the core study area between the bicycle bridge at Hütteldorf and gate one
of the flood retention basins. The blue triangle marks the site where tagged fish were released. G1-G6 indicate the retention basins’ gate location.
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The 12.6 km long river stretch relevant for this study extends
from the bicycle bridge near Hütteldorf (48°11′44.9″N,
16°15′43.1″E) to the artificially constructed Vienna Woods Lake
(Wienerwaldsee) (48°10′59.9″N, 16°07′24.0″E) (Figure 1B), and
features a diverse array of mesohabitats. Downstream from
Hütteldorf, the Wien River presents unsuitable fish habitat as the
riverbed is heavily channelized.

Based on telemetry data, we designated a core study area where
mesohabitat mapping was performed (Figures 1B, C). This 3.0 km
long core study area stretches from the Hütteldorf bridge to the first
gate of the Auhof flood retention basins (48°20′40.3″N,
16°23′26.3″E) as none of our study organisms was detected
upstream of this point. The flood retention basin consists of six
gates, referred to as gates 1-6 hereafter, which are only closed for
flood protection (but this did not happen during our study); each
gate has a width between 5 and 13 m. In between these gates, the
Wien River has sufficient space for dynamic processes such as bank
erosion and processes of in-river erosion and sediment transport.
The substrate composition in the study area, as outlined by Gruber
et al. (2022), consists mainly of fine and medium-sized gravel
(2–63 mm), with cobbles (63–200 mm) and blocks (200–400 mm)
also present (Schopf, 2009).

Throughout the study period, several beaver dams appeared
intermittently between gates 3 and 5, posing a potential obstacle to
movement. After passing through gate six of the retention basin, the
Wien River is joined by the Mauerbach, a small creek also
originating in the Wienerwald. Downstream of the basins, several
restorationmeasures, including the removal of artificial riverbed and
bank structures accompanied by bioengineering measures, were
implemented along a 1.8 km long river stretch (Hohensinner,
2019), providing potentially suitable barbel habitats (Schopf,
2009; Gruber et al., 2022).

2.3 Telemetry

Radio telemetry is an internationally practiced standard
method for investigating fish migratory behavior and habitat
preferences (Huber and Kirchhofer, 1998; Boavida et al., 2015;
Ovidio et al., 2016; Panchan et al., 2022). According to our study
aims, barbel from the Danube River were captured during the
spawning season in 2021, equipped with transmitters, and released
into the Wien River.

We conducted electrofishing by boat to catch the target species
at the Wien River mouth and nearby Danube River stretches. The
barbel spawns between May and July at water temperatures of
14°C–16°C (Melcher and Schmutz, 2010; Meulenbroek et al.,
2018). In 2021, low Danube River water temperatures delayed
fish collections until June. We did not catch enough specimens at
the first fishing date (8 June 2021); therefore, we conducted another
campaign the following week (14 June 2021). The water temperature
during the collection in the Danube was 17.7°C and 17.6°C on 8 and
14 June, respectively (Figure 2). Barbel did not initiate spawning
movements or indicate typical spawning behavior before these dates.

Each barbel was measured to total length [mm] and weighed [g].
We only considered individuals for tagging if their body weight
exceeded 300 g, as the radio telemetry tag should not weigh more
than 2% of the fish’s body weight so as not to affect the swimming
ability (Jepsen et al., 2002). Smaller specimens were released back
into the Danube River. The maturity of the female barbel was
assessed by gently palpating the abdomen. In mature females, the
abdomen is bulging and very soft. For males, the presence of sperm
emission from the vent was checked by applying the stripping
method. In total, the sex of five females and two males could be
identified, as the other fish showed no clear sign of
ripeness (Table 1).

FIGURE 2
Water temperature in the Wien River and the Danube River, and discharge in the Wien River, before and during the study period. Dates of fish
collection and relocation are marked with arrows.
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Tag implementation was done on the same day the fish were
caught, in accordance with the Austrian animal welfare law (BGBI. I
Nr. 114/2012). Barbel were anesthetized using clove oil. Following, a
Lotek radio telemetry transmitter (1.5 g in air, 15 mm long and
8.2 mmwide) was inserted into the abdominal cavity through a 1 cm
incision, with the antenna extending laterally outside. The surgical
incision was closed via sutures. These Nano Tags of the NTF-5-
2 type operate between 147 and 168 MHz with a burst interval set at
5 s. The tags were expected to last for 203 days. The antenna was led
out laterally to the wound, while the opening was then sewn up with
surgical thread. The fish were then placed into an oxygen-enriched
tank to recover from the surgery. Following an approximately 3-h
recovery period, the fish were driven to theWien River in an oxygen-
enriched water tank built for fish transportation. Barbel equipped
with tags were released at the study site at the second gate (G2 in
Figure 1C) of the retention basin (48°12′14.35″N, 16°13′57.53″E).
Fifteen individuals (B01-B13, B21-B22) were released on the first
day, and an additional seven fish (B14-B20) were released on the
second day (Table 1). On 8 June, when the first fifteen barbel were
released, the Wien River’s water temperature measured 17.6°C. On
14 June, the second release day, the water temperature was
16.5°C (Figure 2).

Following their translocation on 8 June and 14 June 2021, the
tagged barbel were monitored with one mobile and three stationary
antennas. Fixed antennas of the type Yagi were positioned at gate 1
(48°12′20.55″N, 16°13′52.48″E) and gate 6 (48°12′4.23″N,
16°14′47.48″E) of the retention basins, and the confluence of the
Wien River with the Danube Canal (48°12′41.83″N, 16°23′3.37″E), a
side arm of the Danube River, in order to observe movements
beyond the retention basins and back into the Danube River (see
Figures 1B, C). Mobile tracking using a hand-held antenna (Lotek
SRX 800) was done daily between 7:00 and 8:00 a.m. for two to
3 hours to record the position of the tagged fish. Each individual was
located and positioned with a GPS (positioning accuracy: 1–2 m in
the longitudinal). Furthermore, verification of spawning activity was
conducted through daily visual observations to ascertain the
aggregation of barbel in potential spawning habitats (Pelz, 2022).
Water temperature data measured at gate one of the retention basin
was available for the entire study period. The telemetry monitoring
continued until all tagged barbel had exited the study area by
migrating downstream to the Danube River. The exit from the
study area was determined by identifying the final day of detection
within the study area before the individual’s detection at
the confluence.

Telemetry data from the release day and the detections of two
fish presumed deceased after release were excluded from the
following analyses, as no tag movement or fish could be observed.

2.4 Habitat assessment

To determine the target species’ preferred habitat types, we
performed a mesohabitat survey of the core study area (see Section
2.1). We mapped the following mesohabitat types based on expert
judgment in the field, following the description of Fisher et al.
(2012): (i) riffle, (ii) run, and (iii) pool.

For each mesohabitat unit, we recorded the depth, flow
velocity, and vegetation overhang. The depth was assessed in
multiple transects per mesohabitat using a measuring stick. The
number of cross-sections and respective measurements varied
between 2 and 8, contingent upon its size. We used the mean
maximum depth measurements to describe water depth in
the mesohabitats. Flow velocity was assigned to one of three
classes – (1) stagnant, (2) slow, and (3) fast – according to expert
judgment. Vegetation overhang was recorded as a binary variable
(yes/no) per mesohabitat unit.

To assess barbel habitat use in theWien River, we combined fish
locations with mesohabitat mapping. We visualized concentration
hotspots within the study area using a Kernel Density analysis in
ArcGIS Pro with a 4 × 4 m raster size and a search radius of 100 m
(Esri Inc, 2023). Additionally, we calculated a Habitat Use Index for
eachmesohabitat type (Ih) to assess habitat use on a scale from 0 to 1.
This was done by calculating the number of detections relative to the
total area of the respective mesohabitats (Eq. 1):

Ih � nh
nP + nRF + nRN( ) (1)

Where nh = the sum of detections in mesohabitat type h divided
by the total area of the respective mesohabitat type; h = pool (P),
riffle (RF), or run (RN).

TABLE 1 Details on barbel monitored using radio-telemetry, including
tag ID.

ID Length [mm] Weight [g] Sex

B01 570 1,440

B02 660 1,350 female

B03 455 690

B04 490 1,040 female

B05 440 725 female

B06 590 1,520

B07 435 760 female

B08 425 605

B09 380 545

B10 370 300

B11 365 430

B12 405 570

B13 665 870

B14 313 332 male

B15 805 435 male

B16 289 305

B17 469 380

B18 278 325

B19 334 330

B20 381 338

B21 630 1710 female

B22 370 490
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3 Results

3.1 Mesohabitats

We mapped 2.08 ha of aquatic mesohabitats from gate one of
the flood retention basins to the downstream end of the core
study area (Figure 3). Riffles constitute the dominant habitat
type, covering 55% of the mapped area. Pool habitats comprise
33% of the mapped area, while runs account for 12%
percent (Table 2).

Pool habitats reach a mean maximum depth of 0.27–1.05 m
(mean = 0.55 m ± 0.15 SD). Riffles and runs exhibit a mean
maximum depth of 0.10–0.40 m (mean = 0.24 m ± 0.60 SD) and
0.24–0.61 m (mean = 0.40 m ± 0.11 SD), respectively (Table 2).

Regarding vegetation overhang, pool habitats have the highest
share, with 50% of all mesohabitat units shaded by overhanging
vegetation. This is followed by run and riffle habitats with 44% and
24%, respectively (Table 2).

The velocity was variable across individual mesohabitat types
(Table 2). Flow velocities in pool mesohabitats ranged from
stagnant (36.1%) to slow (63.9%). Run habitats consisted of
fast (16.7%), slow (72.2%), and stagnant (11.1%) flow
velocities. Riffle habitats were mainly comprised of fast
(67.6%) and slow (29.7%) flow velocities.

3.2 Fish mesohabitat use

The 22 tagged barbel weighed 300–1,710 g (mean:
704.1 g, ±427.0 SD), with a total length ranging from 278 to
805 mm (mean: 460 mm ± 135.4 SD) (Table 1). All fish that
were translocated from the Danube River to the Wien River
could be detected in the study area. Two individuals (B21 and

B22) were excluded from further analysis due to indications in the
telemetry data suggesting their demise.

Of the remaining 20 fish, a total of 573 detections were recorded.
The daily count of detected barbel ranged from seven to
18 individuals, with a mean of 16.2 ± 4.2 SD fish detected per
day (Figure 4). The tagged fish were detected on 4–37 days (mean:
29 days ± 11.2 SD). The mean detection rate per specimen,
considering the days detected in relation to the maximum
number of days fish spent in the study area, was 98.5% ± 1.8 SD.
The highest mean detection rate per fish was 100% (for fish B02,
B05-B10, B12, B16-B18), while the lowest was recorded at 93.8%
(for fish B20).

The mean residence time of barbel in the study area, including
days when a fish was not detected, was 31.3 days ± 11.6 SD, with a
minimum of four and a maximum of 39 days spent in the Wien
River before migrating downstream into the Danube
River (Figure 4).

Regarding preferred mesohabitats, barbel occupied pools 81.9%
of the time, according to detected signals. In contrast, run and riffle
habitats exhibited a lower use of 9.6% and 8.5% (Table 3). This
preference for pool habitats was also displayed by a habitat use index
of 0.72. With regards to the other two mesohabitat types, barbel
prefer run over riffle habitats (Table 3).

Barbel were found in habitats with a mean maximum depth
ranging from 0.15 to 1.10 m (mean: 0.60 m ± 0.18 SD). These
habitats were characterized by a slow flow velocity. Regarding
vegetation overhang, no preference could be detected, as 52% of
all detections occurred in habitats with overhang, while 48% were in
habitats without overhang.

The highest density of detected fish was located near gate 2 and
in the upstream and downstream area of gate 6, including the
confluence with the Mauerbach River downstream of gate
6 (Figure 5).

FIGURE 3
Distribution of mesohabitats in the core study area (see Figure 1). G1-G6 indicate the retention basins’ gate locations.
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3.3 Fish movements

Tagged barbel exhibited differences in daily movements
(Figure 6A). The mean daily movement distance was 0.11 km ±
0.07 SD, with daily variations ranging from 0.0 to 1.1 km.

The home range of tagged fish along the river corridor varied
between 0.1 km and 2.9 km, with a mean of 1.5 km ± 0.9 SD. Fish
B13 remained at the release spot for the entire time it was in the
study area. Fish B10 was the most active, occupying a stretch of
2.91 km (Figure 6B).

Movement patterns of tagged barbel were variable (Figure 7),
showing single (e.g., B16) and stepwise downstream movements
(e.g., B03). Larger upstreammigrations, as demonstrated by B09 and
B10, were relatively infrequent. Certain individuals, such as B13-
B14, underwent only minimal downstream and upstream
movement before departing the river system in a coherent, single
migration event.

In summary, 72.4% of all daily movements occurred in a
downstream direction, whereas 27.6% occurred in an
upstream direction.

The tagged fish migrated out of the study area 4–39 days after
translocation (Figure 4; Figure 8). Eighteen of the 20 tagged fish
were detected at the permanent station located at the river mouth
11.1 km downstream from the core study area. This antenna
detected the first returning fish (B06) on 16 June and the last fish
(B20) on 20 July. An overview of the first detection of barbel at
the confluence is depicted in Figure 8. The data suggests a mean
migration time from the study area to the Danube confluence of
1.7 days ± 1.1 SD, with a minimum of one and a maximum
of 5 days.

In the early morning of 14 July, a high flow event occurred,
reaching a peak discharge of 16.6 m³/s. One fish (B05) left the study
area on this day (Figures 7, 8). Three days later, on 16–17 July, a
flood with a maximum discharge of 83.0 m³/s was recorded; none of
the 15 remaining fish were detected in the study area anymore
during the daily tracking routing in the morning of 17 July. Eleven
fish were first detected at the confluence within 24 h, on 17–18 July
(Figure 8). The average time difference of the initial detection at the
confluence station among these eleven individuals was 1.2 h
(±0.9 SD), displaying a close temporal proximity in the
downstream migration.

4 Discussion

This study aimed to assess the feasibility of reintroducing a
wild fish species from the mainstem to the upstream reaches of a
restored urban tributary to encourage spawning. Additionally, it
sought to evaluate the Wien River’s potential as a summer
residence habitat for the barbel. A habitat modeling study
indicated the presence of potentially suitable spawning and
juvenile habitats in the Wien River (Gruber et al., 2022).
Therefore, we hypothesized that barbel translocated to the
Wien River during the spawning season would utilize the
tributary for spawning. To test this hypothesis, we assessed
habitat use and movement patterns of 20 adult barbel caught
in the Danube River during the spawning season and relocated
into the upper reaches of the Wien River.T
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The tagged barbel remained in theWien River for about a month,
with a maximum stay of 39 days. The question of why the fish were
not detected further upstream from gate one of the retention basin still
needs to be answered, as to the expert judgement, sediment and water
depth were suitable and no barriers to migration were present. It is
noticeable that 75% of tagged fish emigrated in a single day. This
collective downstreammovementmust be related to a flood pulse with
water levels rising in the early morning of 17 July (Figure 8). At the
time of tracking (ca. 07:00 a.m.), all remaining fish had apparently
already left the core study area. Therefore, we hypothesize that the
onset of the flood event facilitated the outmigration of all 15 fish
remaining in the study area at that time, as barbel prefer moving with
the flow (Mawer et al., 2023). Eleven of these fish that departed the
system with the flood pulse on 17 July displayed a remarkably swift
outmigration, likely reaching the Danube River in less than 24 h. This
contrasts with the mean migration time of 2.6 days observed among
fish that left the system before this flood pulse. Considering that the
initial flood pulse on 17 July occurred before the daily mobile tracking,
it is likely that certain fishmigrated downstream in less than 24 h. Pelz
(2022) also observed similar downstream migration behavior of
barbel, noting that the fish left the spawning sites during high
flood events to migrate into the mainstem river.

Our results suggest that the rather small Wien River is likely
unsuitable as a permanent habitat. These findings are supported by
literature which states that barbel’s permanent habitat is mostly
found in the mainstem and larger tributaries with high flow
velocities and greater water depths (Banarescu and Bogutskaya,
2003; Vilizzi and Copp, 2005; Britton and Pegg, 2011; Panchan
et al., 2022; Mawer et al., 2023). Nonetheless, the results indicate that
potential spawning habitats exist in the Wien River, particularly in
runs. The hydraulic characteristics of the mesohabitat type run
indicate an alignment with the barbel’s spawning habitat preferences
observed in other rivers (Melcher and Schmutz, 2010; Panchan et al.,
2022; Pelz, 2022). A study at the Traisen River, a Danube River
tributary upstream of the city of Vienna, found that barbel spawned
in areas with flow velocities between 0.4 and 1.0 m/s in water depths
of 0.3–0.5 m (Pelz, 2022). A similar preference regarding flow
velocity (0.65 m/s ± 0.18 SD) and water depth (0.37 m ±
0.16 SD) was found in the Pielach River, another Danube
tributary (Melcher and Schmutz, 2010). The run mesohabitats,
with a mean maximum depth of 0.40 m ± 0.11 SD and moderate
flow velocity, representing around one-tenth of the total core study
area (Table 2), fit those observations fairly well. However, these
findings need validation through fieldwork involving the assessment

FIGURE 4
Daily detections of barbel in the Wien River core study area. Grey boxes indicate at least one detection per day; white boxes indicate no detection
(excluding two dead fish: B21 and B22). No tracking was conducted on 14 June (the second release date) and on 15 July.

TABLE 3 Barbel mesohabitat use in the core study area of the Wien River (see Figures 1, 3).

Mesohabitat type Sum of area [ha] Detections

n Share [%] Habitat use index (Ih)

Pool 0.69 453 81.9 0.72

Riffle 1.15 47 8.5 0.04

Run 0.24 53 9.6 0.24

Total 2.08 553 100.0 1.0
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of quantitative data at a high resolution, particularly regarding
bottom flow velocity and substrate composition. Additionally, the
hypothesis is supported by the findings of Gruber et al. (2022), who
evaluated the ecological benefits of the Wien River through hydro-
dynamic habitat modeling to assess the habitat suitability of
different barbel life stages for typical flow magnitudes. The
results of this modeling study showed that, at a discharge of
1.5 m³/s, around 15%–30% of the study site area offers valuable

temporary habitats for key life stages of barbel, including spawning
and juvenile rearing.

In our study, barbel occupied pool habitats most frequently,
followed by runs. The observed home range of the barbel was
comparatively smaller than in other studies. For instance,
Ovidio et al. (2007) reported a maximum home range of
12.8 km. In our study, conducted in a study area approximately
half the length of the one from Ovidio et al. (2007), the maximum

FIGURE 5
Fish detection density in the core study area (see Figure 1). G1-G6 indicate the retention basins’ gate locations.

FIGURE 6
(A) Daily movement distances and (B) home range of the tagged barbel in the core study area (see Figure 1).
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observed home range was 2.9 km. The mean daily movement of
barbel in theWien River ranged from zero to 1 km, with a maximum
recorded movement of around 3 km per day. Similarly, the tagged
fish’ home range varied, ranging from 0.1 km to 2.9 km. Overall, the
daily movement and home range variability and extent are less
pronounced than described in other studies (Lucas and Batley,
1996), for example, with home ranges of 18–47 km in a 58 km
long river system (Panchan et al., 2022) or 340 m to around 13 km in
a 27 km long river stretch (Ovidio et al., 2007). The reason for the
relatively small home range and daily movement distances could be
the short observation period, the preference for certain habitats, or
the presence of multiple beaver dams, regularly changing locations
between gates 3 and 5 of the flood retention basins, effectively
blocking fish movements. The basins also boast a high density of the
invasive Japanese knotweed (Fallopia japonica), which was
frequently observed to become washed up and stuck in the river
corridor, forming temporal migration barriers.

We could not detect any spawning activity of the tagged
barbel in the Wien River. This could be attributed to a highly
irregular spawning season in 2021, with water temperatures in
the Danube River below the barbel’s preference for reproduction

(Melcher and Schmutz, 2010; Pelz, 2022). This circumstance
could have resulted in delayed or even interrupted spawning
activities of barbel in the region, particularly considering that
none of the tagged fish showed significant egg development.
Other studies from Austria observed reproduction beginning
at a water temperature of 14°C (Melcher and Schmutz, 2010;
Pelz, 2022), a threshold not reached in the Danube River until the
start of June, in contrast to preceding years when it was reached a
month earlier. Moreover, the water temperature in the Wien
River had exceeded 17°C prior to the translocation of barbel
(Figure 2), surpassing the maximum temperature range outlined
in the literature (Kottelat and Freyhof, 2007; Melcher and
Schmutz, 2010; Pelz, 2022). Additionally, shortly after the
release, water temperatures rose to 21.9°C (Figure 2), a value
which lies substantially outside of the spawning temperature
range. Still, with the barbel remaining in the system for
several weeks, the study’s findings suggest that the Wien River
should not be ruled out as a suitable temporary habitat.

In conclusion, this study indicates that the Wien River is
unlikely to be suitable as a permanent habitat. However, given
the fact that the barbel stayed in the relocation area for some

FIGURE 7
Fish movements in the core study area (see Figure 1). The x-axis corresponds to the date of detection, while the y-axis represents the river
kilometers.
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weeks andmoved actively in the system, theWien River may serve as
a temporary fluvial habitat for fish that undergo migrations to
smaller tributaries. However, there is a need to reevaluate the
results during times of stable spawning conditions while
providing in-detail information on the biological prerequisites.
Even though the Wien River’s function as a barbel spawning
habitat remains to be confirmed, our hydro-morphological
assessment suggests that this restored urban tributary could
benefit Danube River fishes if instream connectivity were re-
established, thereby reducing the harmful effects of river
regulation (Sun et al., 2022). Therefore, this study supports the
notion of restoring the longitudinal tributary-mainstem river
connectivity as a means to reverse biodiversity loss in
Anthropocene river systems (Tickner et al., 2020).
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