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Abstract

An Unmanned Aerial Vehicle (UAVs) was used to monitor spawning activities of Euro-
pean grayling (Thymallus thymallus) and Danube salmon (Hucho hucho) in the Lower
Ybbs river in Austria. Spawning sites were actively looked for using the live imagery of
the UAV, water temperature was monitored throughout the spawning period. In the sec-
ond part of this study, a UAV-based screenig method for the mapping of key habitats of
these species was developed. Habitat availability was compared between a regulated and
a restored section of the Lower Ybbs for an evaluation of the restoration site. We found
UAVs to be a useful tool for both the monitoring of spawning behaviour and sites and
for providing high resolution aerial imagery as a basis for remote habitat mapping. Al-
though a clear differentiation between only few decimeters of difference in water depth or
flow velocity was not possible, a mapping on mesohabitat scale was feasible and provided
both qualitative and quantitative information on availability of shallows, riffles, pools and
runs. We therefore argue that this modern technology can provide a powerful tool for river
research, but should not be seen as a substitution but rather a contribution to traditional
fieldwork.
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1 Introduction

Freshwater biodiversity is declining worldwide (Bernhardt & Palmer, 2011) and rivers are
therefore listed among the most endangered ecosystems (Vörösmarty et al., 2010). The
loss and fragmentation of habitats is considered to be the greatest threat to biodiversity
(Brooks et al., 2002). In the northern hemisphere, aquatic habitat loss is the result of ex-
tensive degradation of rivers, starting in the 19th and peaking in the 20th century (Muhar
et al., 2007). Flood protection, navigation, energy production and irrigation were and
still are the driving forces for the enormous efforts needed to systematically channelize,
impound and hence domesticate those formerly wild and dynamic ecosystems (Gore &
Shields, 1995; Kondolf, 1998).
River restoration is used to counteract this trend (Bernhardt & Palmer, 2011; O’Neal et
al., 2016), aiming at the improvement of the natural functioning of the riverine ecosystem
as a diverse and complex network of habitats (Pedroli et al., 2002). At European river
reaches, many restoration projects have been carried out within the last 30 years (Muhar
et al., 2007; Lorenz et al., 2013; Szałkiewicz et al., 2018). Especially the launch of the
EU Water Framework Directive (WFD, (Parliament, 2000)) has marked the beginning of
a new era of collaborative restoration efforts (Haase et al., 2013; Smith et al., 2014).
Nevertheless, restoration is a relatively new discipline (Ormerod, 2004; Roni et al., 2012),
requiring a lot of personal and financial resources (Szałkiewicz et al., 2018). Because of
the young nature of this part of aquatic research, most of the conducted restoration mea-
sures still have a rather experimental character (Gore & Shields, 1995). Hence, it is
important to evaluate the outcomes of such projects (Kondolf, 1998; Bash & Ryan, 2002)
in order to enhance the effectiveness of future attempts (Ormerod, 2004; Sternecker et al.,
2013; Geist & Hawkins, 2016).
Besides the evaluations which are conducted within the scope of the operational moni-
toring network of the WFD, that is focusing on changes on a rather large spatial scale
(Hering et al., 2010), several different approaches were developed to evaluate restoration
success on smaller spatial scales. These include the use of hydromorphological indices
(Förster et al., 2017; Belletti et al., 2018), hydraulic modelling (Gard, 2006; Hauer et
al., 2008; Koljonen et al., 2013), functional traits (Noble et al., 2007; Höckendorff et
al., 2017) or detailed indicator matrices (Woolsey et al., 2007). Besides, the majority of
European studies focused on the effects of restoration on a reduced set of investigated
parameters, specifically on fish and hydromorphology (Muhar et al., 2007), on hydromor-
phology solely (Kristensen et al., 2011) or only on fish (Schmutz et al., 2016).

Fish are frequently used as indicators to assess hydromorphological changes (Lepori et
al., 2005). It is agreed that the fish-ecological response highly depends on the type of the
implemented measure (Pander & Geist, 2018), whilst there are different results concern-
ing the size of the measure. Schmutz et al. (2014) found that at a large river such as the
Danube, the size of the restoration did matter concerning its effect on the fish-community.
When investigating several restoration projects on small to medium-sized rivers in Eu-
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rope, Muhar et al. (2016) concluded that the type of restoration had a greater effect than
its size. There is common agreement that the re-connection and rehabilitation of key habi-
tats of the target community is necessary for long-term improvement (Lepori et al., 2005;
Lyon et al., 2019). Within this study, the term key habitat is used to describe habitats that
are few in numbers or extent, either naturally or due to human degradation, and there-
fore constitute bottlenecks within the life cycle of a species (Rosenfeld & Hatfield, 2006;
Richardson et al., 2010; Camaclang et al., 2015). Improving the quantity and quality of
such deficient habitats might therefore be the key to foster the populations of major/key
species sustainably (Schiemer et al., 2003; Van Looy et al., 2019).
Identifying such critical key habitats is therefore considered to be of utmost importance
for any kind of species conservation (Levin & Stunz, 2005; Rosenfeld & Hatfield, 2006;
Richardson et al., 2010; Hitchman et al., 2018; Smialek et al., 2019). Enhanced re-
cruitment following the creation of formerly missing spawning and juvenile habitat has
been documented for several threatened rheophilic species in Europe (Hauer et al., 2008;
Lorenz et al., 2013; Schmutz et al., 2014, 2016; Stoffers et al., 2020). On the other
hand, the implementation of in-stream structures at a heavily altered river has led to a
higher diversity and availability of adult habitat, but did not induce a demographic change
within the fish assemblage and was therefore considered as unsustainable (Pander & Geist,
2016).
Therefore, both spawning and juvenile habitats are considered to be key habitats for
many rheophilic fish species in Europe. For reproduction, many species depend on rather
fast overflown gravel bars with clean interstitial for a successful incubation of the eggs
(Bardonnet, 2001). Such gravel bars are usually found in riffle sections, and are often
heavily reduced in channelized and/or impounded river sections due to impaired sedi-
ment transport and reduced flow velocities (Sukhodolov et al., 2009). Typical nursery
habitat for rheophilic fishes is characterized by shallow water depth, slow flow velocities
and gentle bank slopes (Sukhodolov et al., 2009; Stoffers et al., 2021). Such areas are
also heavily reduced during the process of channelizing rivers, where shallow shore areas
are changed to rip rap with steep slopes and thereby increasing depth and flow veloci-
ties. Therefore, it is reasonable to assume that restoration actions that restore these key
habitats are more likely to have a positive effect on the fish community than those that do
not. Consequently, the extent and distribution of key habitats can be used as a potential
indicator of restoration success with respect to fish fauna. Although habitat enhancement
through hydromorphological alterations may/does not always achieve the desired effect
(Jähnig et al., 2011), screening of newly created key habitats could be a useful first step
in the assessment process.

Traditionally, river habitat assessment is carried out in the field. On-the-spot mapping is
now a standard approach for the quantification of physical mesohabitats in general (Preis
et al., 2008; Rinaldi et al., 2015) but also with a focus on habitats that are relevant for
selected indicator fish species (Becker & Ortlepp, 2020).
This approach is more and more supplemented by methods of aerial image interpretation
and other remote sensing (RS) techniques (Bizzi et al., 2016). Recent technological im-
provements have moved modern RS technologies in the focus of river research (Woodget
et al., 2017). Especially the advantages of consumer-grade Unmanned Aerial Vehicles
(UAVs) have been increasingly recognized: data collection is relatively cheap, easily
applied even in challenging terrain, highly accurate, reproducible and of unparalleled
spatio-temporal coverage (Carrivick & Smith, 2019). In combination with the Structure-
from-Motion (SfM) algorithm, which uses multiple overlapping images to generate high
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resolution, 3D spatial data (Westoby et al., 2012), UAVs provide an easy, cost-effective
and yet sophisticated alternative to traditional habitat mapping (Woodget et al., 2016).
In river research, UAVs have been used for grain size analysis (Carbonneau et al., 2004;
Woodget & Austrums, 2017), geomorphic change detection (Rusnák et al., 2019; Wood-
get et al., 2019), bathymetric modelling (Lejot et al., 2007), fish habitat mapping (Kalacska
et al., 2019; Tamminga et al., 2015; Ventura et al., 2016) and restoration monitoring
(Langhammer, 2019; Marteau et al., 2017). All authors attested to the usefulness of
UAVs and SfM for many limnological applications. So far, water turbidity, flow turbu-
lence and water depth are considered the main limitations of this approach since these
factors hinder the generation of accurate (elevation) data from RGB imagery (Woodget
et al., 2017). Whilst these and other challenges, such as light refraction or ultra-precise
georeferencing, need to be addressed in certain applications such as detailed hydraulic
modelling, they might not be a serious obstacle in other cases (Carbonneau & Dietrich,
2017; Kalacska et al., 2019).

In this study, UAVs were used to pursue two objectives. Firstly, the spawning sites and
activities of Danube salmon (Hucho hucho) and grayling (Thymallus thymallus) on the
Ybbs near Amstetten, Lower Austria, were monitored using live UAV imagery. Secondly,
high-resolution orthomosaics of a restored and channelized section of the Ybbs were cre-
ated at several flows. These orthomosaics were used as a basis for mapping the habitats
of the two fish species. By comparing the mapped habitat availability between the re-
stored and the channelized section, the restoration measure was finally evaluated. The
framework of this study provided the possibility to test the capability of a modern tech-
nology for fish monitoring, fish habitat mapping and restoration evaluation. As already
mentioned, evaluation is urgently needed to learn from past and therefore improve future
attempts. The aim of this study was to explore the limits of a new habitat mapping ap-
proach and to examine its full time-and cost-saving potential. This could pave the way for
a new standard field method of applied limnology. Screening of available habitats with a
spatio-temporal data coverage that is unprecedented in river habitat assessment might not
only become a useful first step in an all-encompassing evaluation of restoration projects
but also in many any other limnological applications, for example restoration planning
or fish conservation. Further, the results could be beneficial to both the ecosystem of the
Ybbs river but also other alpine rivers that have a similar history of degradation and loss
of key habitats.

The following research questions have been addressed:

Q1: To what level of detail can different habitats be identified and clearly distinguished
to conduct a valid mapping based on high resolution orhtomosaics?

Q2: Are there differences in habitat availability between restored and channelized sec-
tions of the river Ybbs?

Q3: Where and when are grayling and Danube salmon spawning in the investigated sec-
tion of the Lower Ybbs?

Q4: How are identified spawning sites characterized by hydromorphological parameters?
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Q5: How does water temperature trigger spawning activity?

Based on these research questions, the following hypotheses have been formulated:

H1: Fish habitat availability is higher in the restored than in the channelized site.

H2: This difference manifests itself particularly in the availability of spawning and juve-
nile habitat.

H3: Spawning activity of grayling is triggered by daily peaks in temperature.
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2 Study Area

2.1 The River Ybbs

The river Ybbs originates from the Northern Lower Austrian Alps, with its source being
located at approximately 1300 m of elevation in the region of Großer Zellerhut. The river’s
total length is 135 km with a total catchment size of approximately 1.300 km² (Guttmann,
2019). Flow regime is nivo-pluvial, with a discharge peak in April/May, a secondary peak
in July and a third peak in December (Unfer et al., 2011). Figure 2.1 shows the monthly
mean discharges at the gauging station Greimpersdorf (HZB-Nr. 207688) for the period
of January 1st 2002 to December 31st 2018. During that period, discharge peaks seem to
have shifted, as the first peak is located in March/April, the secondary peak in June and
the third peak in January.

In its upper corse, the Ybbs is oscillating in its valley until it reaches the town Waid-
hofen, where it is entering a deep gorge section with steep conglomerate walls to its side
(Guttmann, 2019). Leaving the gorge, the Ybbs crosses the flysch zone until it reaches
the investigated area of this study, where it is mostly situated in the sediments of the
Molasse Sea (Muhar et al., 1996). As the valley broadens, the character of the river also
changes. Accumulated ice age gravel lead to a braided river type until the confluence with
the Danube (Muhar et al., 1996). This formerly highly dynamic section of the Ybbs has
been regulated and channelized since the middle of the 20th century (Guttmann, 2019).

As it is the case with many alpine rivers, grayling stocks have heavily declined in the
Ybbs in the last decades (Uiblein et al., 2001; Mitterlehner et al., 2002). Habitat frag-
mentation and degradation due to hydropower use are the main reasons, with the presence
of predators, such as great cormorant (Phalacrocorax carbo), common merganser (Mer-
gus merganser) and fish otter (Lutra lutra), acting as additional pressure to the already
weakened populations (Mitterlehner et al., 2002). And yet, the grayling stocks seem to
be rehabilitating within the last years, as it has been documented during yearly stock as-
sessements (Kirchgäßner & Grohmann, 2020, 2021) that are conducted by the fishing
club "Die Bewirtschafter", which is managing the fishery at the Ybbs between Haus-
mening and Amstetten. However, precise location and extent of grayling spawning sites
are yet to be identified.

2.2 The Fish Fauna of the River Ybbs

In most of its course, the Ybbs is a typical river of the grayling zone (hyporhithral large).
After the entering of its largest tributary, the river Url, the biocoenotic region changes
to the barbel zone (epipotamal). According to Haunschmid et al., the prevalent fish-
bioregion is the Bavarian-Austrian Alpine foreland. The reference fish assemblage for
the investigated reach lists a total of 18 species. Dominant species consist of European
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Figure 2.1: Monthly mean discharges at the gauging stating Greimpersdorf for the period of 01.01.2002 -
31.12.2018.

Table 2.1: Hydrological key values for the gauging station in Greimpersdorf (HZB-Nr. 207688)

hydrological parameter discharge [m³/s]

MJNQT 8.88
MQ 31.5

HQ1 345
HQ2 460
HQ5 630
HQ10 750
HQ30 920
HQ100 1140

grayling, alongside with Danube salmon (Hucho hucho), brown trout (Salmo trutta), bull-
head (Cottus gobio), burbot (Lota lota), minnow (Phoxinus phoxinus) and stone loach
(Barbatula barbatula).

2.3 Study Stretches

This study focused on the fishing beat "Ybbs BII/3" between Hausmening and Amstetten.
This 9.6 km long fishing beat is managed by the fishing club "Die Bewirtschafter" which
is focusing on a sustainable and ecologically oriented approach to fisheries management.
Besides that, the fishing beat "Ybbs BI/3" which is located just upstream has also been
intensively monitored. The fishing beat "Ybbs BI/1", following in downstream direction,
has also received attention since the channelized reference section is located here.

2.3.1 Restoration Winklarn

The investigated restoration site is located between river km 26.9 and 26.3 near the set-
tlement Winklarn, upstream of Amstetten. The restoration measure was built in 2012 and
consists of a widened river channel and the construction of an initial sidechannel (oro-
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Figure 2.2: Study area at the Lower Ybbs river. The section where the spawner search flights were con-
ducted is indicated by the black rectangle. The location of the restoration site near Winklarn and the
channelization near Greimpersdorf is highlighted in red. Background: Open Street Map 2021.

graphic right handed) of about 500 m in length (Eberstaller et al., 2014). Additionally,
groins and chevrons have been placed in the main channel to initiate dynamic processes.
Since the desired dynamic processes did not occur until 2014, the new sidechannel re-
ceived some additional alterations. These consisted of a lowering of the channel intake,
resulting in more water intake and, consequently, higher sediment load (Eberstaller et
al., 2014). The first flood event following this alteration during summer 2014 initiated
dynamic processes and led to hydromorphological changes of the site. These consisted
mainly of the formation of riffle-pool-sequences in the sidechannel, which are typical for
the original river type.

2.3.2 Channelization Greimpersdorf

For the evaluation of the restoration, a channelized section downstream of Amstetten
near the settlement of Greimpersdorf was chosen, following a space-for-time substitution
in the overall monitoring design. Here, the original highly dynamic, braided section of
the Lower Ybbs has been channelized in the 1950s. Forced into its narrow corsett, the
Ybbs is now following a homogenous, straight channel with its flow characteristics only
interrupted by regularly placed rock ramps, which have been constructed as prevention
from river bed incision. The chosen section has a overall lenght of 550 m and comprises
two rock ramps.
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3 Materials and Methods

3.1 Habitat Requirements of Indicator Fish Species

This study focuses on two rheophilic fish species, the grayling and the Danube salmon,
which are considered to be dominant within the fish assemblage of the investigated stretch
of the Ybbs river and of high interest for both conservation and recreational fishing. In
the following chapters, habitat requirements of these indicator species will be presented
since these build the basis for the habitat classes which were mapped within this study.

3.1.1 Grayling Thymallus thymallus

The grayling belongs to the family of Salmonidae and is the dominant species of hy-
porhitralous rivers (Jungwirth et al., 2003) and hence one of the most abundant salmonid
species in Europe. It depends on cold, clear and clean waters with a high heterogeneity in
occurring habitats (Uiblein et al., 2001) to fulfill its life cycle and is therefore regarded as
a good indicator for intact river systems.
The grayling is a spring spawning species and deposits its eggs at shallow but rather fast
overflown gravel bars. Gönczi (1989) described mean water depths around 0.4 m and
flow velocities between 0.33 and 0.62 m/s, whereas Sempeski and Gaudin (1995) men-
tioned depths between 0.1 to 0.4 m and a mean velocity of 0.49 m/s. Nykänen (2004)
described broader ranges of both parameters, with observed depths between 0.1 and 1.1
m and velocities between 0.4 to 0.7 m/s. In the river Aare in Switzerland, spawning has
been documented in slightly deeper water (1.9 to 2.3 m) with slower velocities between
0.27 to 0.43 m/s (Mouton et al., 2008). In general, suitable spawning habitat is usually
found either in the transition zone between pool to riffle or in pure riffle sections.
After emergence from the interstices, grayling larvae immediately seek shelter in very
shallow and nearly stagnant areas close to the bank, with often - but not always - fine sed-
iment. Riley et al. (2006) observed depths between 0.3 to 0.5 m and velocities between
0.1 to 0.2 m/s in grayling juvenile habitats. Nykänen (2004) found that the slow flow
velocity, usually < 0.1 m/s, was the best criterion for nursery habitat characterisation.
Water depth appeared to be less relevant and increased with larval growth ranges between
0.1 and 0.3 m to 0.5 and 1.1 m. This is in line with the observations of Auer et al. (2011),
who documented the gradual habitat shift of grayling larvae between May and September
towards increasingly deeper and faster flowing habitats.
Adult grayling prefer deeper river stretches with medium to fast flow velocities, as they
are typically found in pool and run sections (Greenberg & Svendsen, 1996; Mallet et al.,
2000; Vehanen et al., 2003; Jungwirth et al., 2003). In Austria, grayling populations have
been declining in the last couple of decades due to multiple factors, leading to habitat
degradation and fragmentation (Uiblein et al., 2001). Within the process of channelizing
alpine rivers, shallow and slow-flowing areas as well as fast flowing gravel bars have been
drastically reduced in both size and numbers. Hence, spawning and juvenile habitats can
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be seen as crucial key-habitats for grayling since suitable adult habitat is usually available
even in regulated river stretches.

3.1.2 Danube salmon Hucho hucho

The Danube salmon is the biggest salmonid species in Central Europe (Hanfland et al.,
2015) and is the top-predator in rivers of the grayling and barbel region within the Danube
catchment, to which it is endemic (Jungwirth et al., 2003). It heavily depends on an in-
tact linkage of different habitats throughout the river continuum (Jungwirth et al., 2003),
and hence habitat fragmentation and degradation is the most serious threat to European
populations of Danube salmon (Witkowski et al., 2013). Disruption of the continuum,
combined with severe morphological alterations of almost all alpine rivers led to a se-
vere decline of Danube salmon stocks (Ratschan, 2014). Nowadays, only 10 percent of
its original distribution area still hold self-sustaining populations (Jungwirth et al., 2003)
which is why this species is considered to be strongly endangered (Hanfland et al., 2015).
Like the grayling, the Danube salmon spawns in spring (Hanfland et al., 2015). The fe-
male digs its redd into fast overflown gravel bars (Holzer, 2011; Esteve et al., 2013). At
the redds, water depths between 0.4 to 1.0 m and flow velocities between 0.3 to 1.0 m/s
have been documented (Holzer, 2011; Esteve et al., 2013; Hanfland et al., 2015). Sub-
strate size varied between 20 to 200 mm (Holzer, 2011). The redds are often located at
the beginning of a riffle section (Holzer, 2011) in both the main channel or in tributaries
(Hanfland et al., 2015).
As nursery habitats, Danube salmon larvae depend on areas that are well structured and
rather slow flowing, such as bays with coarser substrate, deadwood, submersed vegetation
and similar structures that provide both shelter and enough food (Hanfland et al., 2015).
Since it is a piscivorous species, juvenile Danube salmon can survive in about any juve-
nile habitat of other species, such as grayling or nase, as long as shelter is provided as
well. Besides the problem of the river´s continuum, the availability of juvenile habitat
is considered to be the bottleneck for many Danube salmon populations (Hanfland et al.,
2015).
Sub-adult and adult Danube salmon prefer deep and slow flowing places that are usually
found in pools (Jungwirth et al., 2003; Hanfland et al., 2015). The shift from juvenile to
adult habitat is often linked with a downstream migration (Jungwirth et al., 2003).

3.1.3 Definition of Habitat Classes

Fine Scale Classes

Based on the above habitat requirements of grayling and Danube Salmon, a total of eight
mesohabitat classes were distinguished. These can be further subdivided into five classes
of juvenile habitats and three classes of spawning habitats. These fine-scale classes are
listed in the table below.
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Table 3.1: Fine Scale Classes for the key habitats of grayling and Danube salmon, based on depths and
velocities found in literature.

life stage short depth [m] velocity [m/s]

juvenile x_shallow_x_slow 0.1 <0.1
juvenile shallow_x_slow 0.1 - 0.35 <0.1
juvenile medium_slow 0.35 - 0.6 <0.3
juvenile medium_medium 0.35 - 0.6 <0.5
juvenile med_deep_medium 0.6 - 1.0 <0.5

spawning shallow_swift 0.1 - 0.35 0.4 - 0.7
spawning medium_swift 0.35 - 0.6 0.3 - 0.7
spawning med_deep_swift 0.6 - 1.0 0.3 - 0.7

Large Scale Classes

In case the fine scale habitat classes were not differentiable in the aerial imagery, an up-
scaling approach was chosen to facilitate the mapping process. The upscaled mapping
units were composed of the habitat classes ’shallows’, ’riffle’, ’run’ and ’pool’, whereas
they are to be seen as potential juvenile, spawning and adult habitats, respectively. Hence,
’shallows’ and ’riffle’ cover key habitats for crucial life stages of grayling and Danube
salmon, as do the fine scale habitat classes, whilst ’run’ and ’pool’ are solely added as
completion to show adult fish habitat availability as well.

shallows
This habitat class comprises all areas that appear comparatively shallow, with water depths
ranging from about 0.05 to 0.6 m. This is generally indicated by a slightly lighter colour
of the substrate, hinting at lower water depths. Flow velocity is low as well, which is
either indicated by a smooth water surface or finer substrate sizes. Besides, the location
of this habitat is also taken into consideration during the mapping process, e.g. sheltered
areas, such as small bays or pointbars, are likely to be of lesser flow velocity than their
surroundings.

riffle
This habitat class comprises typical riffle sections which are characterized by rather low
water depths, ranging from about 0.1 to 1.0 m, and swift flow velocities (Hawkins et al.,
1993), ranging from about 0.3 m/s to 0.7 m/s. In the aerial imagery, riffles can be iden-
tified by a rippled water surface, though this is not always the case, and a lighter colour
of gravel. The latter hints to fast flow that prevents algal growth and/or a rather fresh
substrate turnover.

run
In general, runs are defined as areas with medium water depths and medium fast flow
velocities (Hawkins et al., 1993). As mentioned in section 3.1.1, runs are a typical habi-
tat for (sub-) adult graylings. In the areal imagery, runs appear darker than e.g. nearby
located riffle sections due to deeper water, the water surface can be wavy, rippled or glassy.

16



pool
The mesohabitat pool is characterized by high water depth and slow flow velocity (Hawkins
et al., 1993) and is used as primary adult habitat for adult Danube salmon, but also
grayling (see section 3.1). Pools are easily identified because of their comparatively dark
appearance due to the high depth, the water surface usually appears glassy due to the slow
flow velocities.

Areas that cannot be assigned to any of the above habitat types were classified as ’other’
habitats.

3.2 Habitat Mapping

For a valid investigation of i) the availability of potential key habitats and ii) the feasibility
of identifying and mapping these habitats remotely, UAV surveys have been carried out
at multiple flow scenarios. These surveys have been complemented with several in-field
measurements and observations, which were used as ’ground truth data’ to facilitate and
validate the habitat mapping. Table 3.2 gives an overview of all survey dates and prevalent
discharges.

Figure 3.1: Discharge of the Ybbs river during the project period. Gauging Station: Greimpersdorf. Light
blue line indicates the investigated low flow scenario (12 m³/s), green line the flow during observed spawn-
ing activity (40 m³/s) and the grey line the investigated high flow scenario (70 m³/s).
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Table 3.2: Survey dates and discharges. (W = Winklarn; G = Greimpersdorf)

nr. date Q [m³/s] site activity

1 01.03.2021 19 W fine scale habitat class marking; UAV survey
2 20.03.2021 17 W UAV survey
3 21.03.2021 24 W spawner search flight
4 27.03.2021 56 W spawner search flight
5 28.03.2021 50 W spawner search on foot
6 29.03.2021 45 W spawner search flight
7 30.03.2021 46 W spawner search flight
8 31.03.2021 50 W spawner search flight
3 11.04.2021 40 W / G UAV survey; spawner search flight
4 09.05.2021 19 W juvenile habitat validation
5 19.05.2021 70 W / G UAV survey
6 02.06.2021 12 W / G UAV survey

3.2.1 Ground Truth Data

Water Depth Transects
As a rapid reference for the appearance of different water depths, brightly coloured metal
discs have been placed on the riverbed along transects, just before the start of the drone
survey. At each metal plate, water depth was measured. These transects were located at
the cutbank of a riffle section at Winklarn. Here, water depth increased continuously from
shore to mid-river. The transects were then digitized in the GIS environment.

Figure 3.2: Transect in the orthomosaic, original (left) and digitized with water depths [cm] (right).
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Fine Scale Habitat Class Markers
On 1st of March 2021, the previously defined habitat classes were marked in the river-
widening of Winklarn. Up to three ’training habitats’ per habitat class were identified and
validated with measurements of water depth and flow velocity and then marked. Each
habitat class was assigned an individual colour, balloons matching that colour were fixed
to an iron pole which was driven into the substrate (see Figure 3.3. The idea behind this
procedure was the generation of training habitats with known depth and flow velocity -
ground truth data - which should be detectable in the orthomosaic due to the marking
with the coloured balloons. During post processing, areas that appear similar in regard of
water surface and substrate colour will then be assigned the same habitat classes as their
lookalike training habitats. The purpose of this experiment was to find out if these fine
scaled habitat classes are actually distinguishable in the orthomosaic, or if a coarser scale
is necessary for a valid mapping of the sites.

Figure 3.3: Balloons on metal poles were used to mark different habitat classes.
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However, the survey on March 1st revealed that there is no clear differentiation possible
between the marked fine-scale habitat classes. Especially the medium deep river sections
with medium to fast flow velocities appeared very similar in the orthomosaic.

Figure 3.4: This example illustrates the difficulty in mapping of fine-scale habitat classes. Where to draw
the line between shallow_swift (yellow) and medium_swift (orange)?

The general appearance of these mesohabitats highly depended on substrate color and the
structure of the water surface. Fast flow velocities can be identified through a rippled
water surface, but smoother and glassy surfaces had no optical difference between e.g.
0.3 m/s and 0.6 m/s. Also the depth transects (see Figure 3.2) underlined the difficulty in
distinguishing between only few decimeters of water depth. Hence, mapping of fine-scale
habitat classes was not feasible. Since this became clear already during the first survey, the
fine-scale mapping was not repeated. For the following surveys, a more feasible approach
was chosen: the mapping was conducted using the coarser scale classes, since shallow
and slow flowing sections, riffles, pools and runs were relatively easily identified without
additional measurements.

Qualitative Mapping of Grayling Larvae
In order to find out if juvenile grayling are actually using the areas that have been remotely
assessed as potential juvenile habitat, grayling larvae have been mapped at 20 sampling
points. These have been distributed evenly within the previously mapped potential habi-
tats. The mapping was conducted visually, using five abundance classes (Figure 3.3).

Table 3.3: Abundance classes for qualitative mapping of grayling larvae.

class observed Ind.

’none’ 0
’few’ < 10
’some’ 10 - 50
’many’ 50 - 100
’numerous’ > 100
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Besides, larvae were also mapped before the survey at higher discharge in May. Here,
the aim was to figure out which habitats the larvae occupied during higher flows, and
then mark those habitats with the coloured metal discs. Since only a small part of the
restoration measure could be accessed at this flow, these discs would again function as a
optical reference for the mapping of potential habitats for the entire site.

Videomonitoring of Spawning Grayling and Danube Salmon
The first spawning activity of grayling has been reported by local fishermen. Following
this, spawner search flights were conducted on a daily basis. Used UAV was the DJI
Mavic Air. Potential spawning sites were selected based on both local knowledge and
pre-screening using Google Earth. These stretches were then monitored with the UAV,
aiming at covering the whole site using different flight altitudes and camera angles. Live
imagery provided by the camera was analyzed in real-time, and in case of fish activity
recorded using the HD video setting. Recorded videos were re-watched and screened for
true spawning activity. Hereby, definite spawning sites were identified. This approach
was simultanously used as ground truth validation for mapped spawning areas within the
UAV based habitat mapping, see section 3.2.
The UAVs were used as a tool for actively looking for signs of potential spawning sites.
These were either indicated by the presence of spawning redds, which usually appear
lighter in colour than the surrounding substrate due to the turnover and therefore ’clean-
ing’ of the sediment. The best validation for a potential spawning site was an encounter
of spawning fish.

3.2.2 Hard- and Software

The aerial imagery was acquired using two quadrocopters: a DJI Phantom 4 RTK (P4
RTK) and a DJI Mavic Air (DJI, China). The former has been specifically designed for
surveying and carries a Real-Time-Kinematic (RTK) GPS which allows for a relatively
precise georeferencing of the imagery, therefore reducing the amount of GCPs for post-
correcting the geomatic products. Specifications of both UAVs are shown in Table xy
below. For generation of the geomatic products (point clouds and orthomosaics) and
post processing, a conventional laptop with an Intel(R) Core(TM) i7-7500U CPU 2.70
GHz processor and 7.85 Gb RAM was used. Geomatic products were obtained using the
software Agisoft Metashape Professional (version 1.7.1 build 11797, Agisoft, Russia).
These were then further processed in the open source Geographic Information System
(GIS) Quantum-GIS (QGIS).

Table 3.4: Specs of the used UAV models (source: dji.com).

P4 RTK Mavic Air

weight 1391 g 430 g
positioning GPS + Galileo + GLONASS GPS + GLONASS
sensor 1” CMOS; 20 MP 1/2.3” CMOS; 12 MP
lens 84°; 8.8 mm/ 24 mm; F2.8-F11 85°; 35 mm/ 24 mm; F2.8
max. image size’ 4864x3648 (4:3); 5472x3648 (3:2) 4056×3040 (4:3); 4056×2280 (16:9)
range of ISO 100 - 12800 100 - 3200
shutter speed (electric) 8 s – 1/8000 s 8 s - 1/8000 s
shutter speed (mechanic) 8 s – 1/2000 s /
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3.2.3 SfM and Digital Photogrammetry

The generation of 3D spatial data from multiple overlapping images using the SfM algo-
rithm is known since the 1990’s but is still relatively new within the field of geosciences
(Westoby et al., 2012). The process of ’digital photogrammetry’ consists of several steps:
first, after loading the overlapping images into the software environment, the images are
aligned - according to their geografic location and recognizable features in the images.
Second, a sparse point cloud is computed from the spectral information of the aligned im-
ages. The sparse point cloud is the basis for the computation of i) a dense point cloud ii) a
mesh iii) a tiled model or iv) a DEM. In most of the studys that focused on river research,
the dense cloud was computed as well (Kalacska et al., 2019; Watanabe & Kawahara,
2016; Langhammer, 2019; Woodget et al., 2016, 2017; Carrivick & Smith, 2019). How-
ever, this step is computationally very intensive and takes up by far the largest share of
processing time (Casado et al., 2015). For this study, this step was therefore left out and
the final geomatic product, the orthomosaic, was computed from a mesh based on the
sparse-cloud. This was found to be entirely sufficient for the purposes of this study. A
comparison to an orthomosaic generated from a dense cloud revealed no visibly better
results.

The orthomosaics used within this study were computed with two different kinds of im-
ages. Images for restoration evaluation were taken according to a pre-programmed flight
plan with the P4 RTK. Using the survey type ’2D-Photogrammetry’, the survey areas of
Winklarn and Greimpersdorf were identified as a first step in the program. Depending
on the desired survey height, the software of the P4 RTK automatically calculates the
flight path and amount of pictures needed for a high-quality coverage of the survey area.
The programmed survey can be saved and easily reproduced. In the field, the survey is
uploaded and then automatically completed by the P4 RTK. In case of low battery, the
P4 RTK automatically stops the survey and returns to its point of take off for a change
of batteries and continues the survey right were it has stopped. Total amount of pictures
taken for each survey varied between 251 to 253 at Winklarn and 204 to 205 at Greim-
persdorf. Overall processing time for the generation of the orthomosaics was about 55
min at Winklarn and 45 min at Greimpersdorf. Flight altitude was 60 m and the resulting
orthomosaics had a spatial resolution of 1.9 cm/pixel. Additionally, screenshots from the
monitoring flights with both UAVs were also used for the computation of orthomosaics.
Compared to the 2D-Photogrammetry survey, resolution of the resulting orthomosaics
was lower but still sufficient for identifying all important habitat features within the map-
ping process. Since the screenshots lack any geographic information, these orthomosaics
need to be georeferenced manually in the GIS.

3.2.4 Visual Mapping

Habitat mapping was done in the GIS using manual interpretation of the orthomosaics.
First, the total wetted surface area was digitized. Second, fish habitats were identified
visually based on their optical appearance (pixel coloration) and expert judgment of the
surveyor. For the former, the marked training habitats and water depth transects were used
as optical reference. Areas that appear similar in the orthomosaic were assigned the same
habitat class. The latter refers to knowledge about the habitat preferences of grayling and
Danube salmon, added to general limnological background that automatically contributes
to the interpretation of aerial imagery; e.g. fine substrates indicates low flow velocities.
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As a general rule, habitats were only mapped where they were clearly visible. If areas
were not visible due to shadow or overhanging vegetation, they were not assigned to any
habitat class to reduce uncertainties. For the presentation and discussion of the mapping
results, the term habitat availability is used for the distribution of the mapped mesohabi-
tats, which are assumed to have an ecological function as habitat for different life stages
(see subsection 3.1.3).

3.2.5 Restoration Evaluation

For the evaluation of the restoration measure, habitat availability was compared between
Winklarn and Greimpersdorf. The comparison has been drawn both qualitatively (pres-
ence/absence of habitats) and quantitatively (total area and share of habitats). Results are
presented using descriptive statistics.

3.3 Water Temperature Monitoring

The water temperature was measured at the restoration site near Winklarn every 15 min-
utes between the 21 March and the 3 May using a Blattfisch TEMP temperature sensor.
To ensure the device was not lost during potentially occurring flooding events, it was
placed between the boulders of a groyne at a water depth corresponding to approximately
50 centimeters during the average yearly discharge of 31.5 m³/s (Land Niederösterreich).
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4 Results

4.1 Spawner Search Flights

In total, four grayling spawning sites and one Danube salmon spawning site were iden-
tified. Two sites are located in the fishing beat “Ybbs BI/3” – one in the pool outlet
downstream of the power plant "Dorfmühle" near Niederhausleiten, the second one being
located between the railway bridge and the restoration measure upstream of Hausmening.
At the former, spawning has been documented for both species. The other two remaining
spawning sites of grayling were located at the Meerwiese and in the left sidearm of the
restoration in Winklarn, both being part of the fishing beat Ybbs BII/3. Locations of all
spawning sites are displayed in Figure 4.1.

Figure 4.1: Documented spawning sites of grayling, indicated as red-white dots. Details from generated
orthomosaics are displayed for the spawning sites at hydro power plant Dorfmühle (left), Meerwiese (right)
and restoration Winklarn (middle).
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4.2 Water Temperature Monitoring

The water temperature measured during the period of the study ranged between 2.5 °C
on the 21st of March and 13.5 °C on the 30st of April, with daily amplitudes of less
than 1 °C to 3.5 °C. Furthermore three distinctive peaks of the water temperature were
observed. One at the end of March, one during the middle- and one during the end of
April. The daily amplitude of the water temperature was moderately correlated (Pearsons
R=0.567) with the mean daily water temperature. Hence the amplitude of the former
showed three similar peaks compared to the actual water temperature which however
were not as distinctive. Four out of five observed spawning events took place during the
first period when water temperatures were increased relative to the season. Here, two
spawning events of grayling were followed by two spawning event of Danube salmon.
While no spawning activity was observed during the second peak, one more spawning
event of Danube salmon during the third peak at the end of April was observed. However,
it should be taken into consideration, that the monitoring of the spawning activity was
restricted to the dates (table 3.2) indicated by the vertical lines in Figure 4.2.
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Figure 4.2: Daily amplitude of the water temperature (left) and the water temperature (right) with spawning
activity of grayling (Thymallus thymallus) and Danube salmon (Hucho hucho) indicated by blue and green
vertical lines respectively. Days were a monitoring was conducted but no spawning activity of either species
was observed are marked with a red vertical line.

4.3 Habitat Mapping

4.3.1 Habitat Availability

As a general overview of the respective results, mapped habitat availability is displayed in
area-classes [%] for both study sites and at the three investigated flow scenarios in Table
4.1 below. The exact extend of the mapped habitats and their share are presented in the
following sub chapters.
Overall, shallow and riffle habitats were more abundant in Winklarn than in Greimpers-
dorf at all flows. Whilst shallows had the highest share (10 - 15 %) at 40 m³/s, riffle
habitats had the highest share (40 - 45 %) during the low flow. Pools were to be found in

25



equal area classes at both sites, whilst runs were more abundant in Greimpersdorf than in
Winklarn. At both sites, area-classes of runs increased with increasing discharge.

Table 4.1: Habitat availability displayed in area-classes [%] at Winklarn and Greimpersdorf at the investi-
gated flow scenarios.

Winklarn Greimpersdorf

habitat 12 m³/s 17 m³/s 40 m³/s 70 m³/s 12 m³/s 40 m³/s 70 m³/s

shallows 5 - 10 5 - 10 10 - 15 5 - 10 1 - 5 < 1 0
riffle 40 - 45 40 - 45 30 - 35 1 - 5 0
pool 10 - 15 10 - 15 10 - 15 10 - 15 10 - 15
run 5 - 10 5 - 10 10 - 15 20 - 25 30 - 35
other 25 - 30 25 - 30 30 - 35 90 - 95 60 - 65 50 - 55 100

Figure 4.3: Areas of the habitats shallows and riffle at Winklarn (W) and Greimpersdorf (G) at the investi-
gated flow scenarios. Note that no survey was undertaken at Greimpersdorf at the flow of 17 m³/s.
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Low Flow 17 m³/s

The first low flow situation in March is only shown for Winklarn since heavy wind pre-
vented the UAV from take-off at Greimpersdorf. Hence, this situation is not used for
comparison of habitat availability between the sites. Since the validation of mapped juve-
nile habitat was based on this flow situation, it is presented nevertheless.

Figure 4.4: Mapped habitat availability during a low flow situation in March at Winklarn. This situation
was the basis for the the juvenile habitat validation.

Riffles takes up the largest share of habitats, followed by ’other’ habitat and then pools.
Shallows and runs are both present in similar but rather low extents.

Table 4.2: Habitat availability at Winklarn at a discharge of 17 m³/s (gauge Greimpersdorf).

Winklarn

habitat area[m²] area[%] area-class[%]

shallows 2485 10 5 - 10
riffle 10284 41 40 - 45
pool 3092 12 10 - 15
run 2132 8 5 - 10
other 7289 29 25 - 30
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Spawning Flow 40 m³/s

Figure 4.5: Mapped habitat availability during spawning flow at Winklarn and Greimpersdorf. Pink areas
represent the habitats ’shallows’, light green areas ’riffle’, dark green areas ’run’ and dark blue areas ’pool’,
respectively. Red stars mark areas where pre-spawning activity of grayling has been observed.

Graylings spawned from 29th of March to 1st of April at a flow of about 40 m³/s. In
Winklarn, shallows, pool and run habitats were present in same shares (10 - 15 %) whilst
riffles dominated (30 - 35 %). In Greimpersdorf, riffles were absent and shallows only
present in very low amounts (< 1 %). Pools had the same share as in Winklarn and runs
dominated (30 - 35 %). In Winklarn, ’other’ habitat has the same dominating extent as
riffles, whereas it is the dominant habitat class at Greimpersdorf.

Table 4.3: Habitat availability at Winklarn and Greimpersdorf at a discharge of 40 m³/s (gauge Greimpers-
dorf).

Winklarn Greimpersdorf

habitat area[m²] area[%] area-class[%] area[m²] area[%] area-class[%]

shallows 3335 12 10 - 15 34 < 1 <1
riffle 9026 32 30 - 35 0 0 0
pool 3706 13 10 - 15 3299 13 10 - 15
run 2992 11 10 - 15 8362 33 30 - 35
other 9298 33 30 - 35 13694 54 50 - 55
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High Flow 70 m³/s

Figure 4.6: Mapped habitat availability during high flow at Winklarn and Greimpersdorf. Yellow areas
represent the potential juvenile habitat without cover and pink areas potential juvenile habitat with cover,
respectively. Red points indicate the locations of the visual mapping of grayling larvae for habitat validation.

During the high flow situation, both juvenile habitat categories (’cover’/ ’no cover’) were
available at Winklarn. At places where the river extended laterally, shallow riparian grass-
lands were flooded and provided ideal habitat for fish larvae due to reduced flow veloci-
ties. Besides those shallow habitats, none of the other mesohabitats could be identified,
hence ’other’ habitat is dominating with a share of over 90 %. No shallow or other habi-
tats were found in Greimpersdorf, and hence the whole section was classified as ’other’
habitat.

Table 4.4: Habitat availability at Winklarn and Greimpersdorf at a discharge of 70 m³/s (gauge Greimpers-
dorf).

Winklarn Greimpersdorf

habitat area[m²] area[%] area-class[%] area[m²] area[%] area-class[%]

shallows_cover 2117 7 5 - 10 0 0 0
shallows_nocover 191 1 1 - 5 0 0 0
other 28054 92 90 - 95 25449 100 100
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Low Flow 12 m³/s

Figure 4.7: Mapped habitat availability during low flow at Winklarn and Greimpersdorf. Pink areas rep-
resent the habitats ’shallows’, light green areas ’riffle’, dark green areas ’run’ and dark blue areas ’pool’,
respectively.

In Winklarn, the share of riffles has increased (40 - 45 %), shallows and runs have de-
creased (5 - 10 %) and pools had the same share as at the spawning flow situation. In
Greimpersdorf, the low flow has led to the development of both shallow and riffle habi-
tats, though in low extents (1 - 5 %). As in Winklarn, pools had roughly the same extent as
at the spawning flow whereas runs have decreased about two area-classes. ’Other’ habitat
had the same share as during the flow of 17 m³/s in Winklarn, whilst it is dominating in
Greimpersdorf with a share of over 60 %.

Table 4.5: Habitat availability at Winklarn and Greimpersdorf at a discharge of 12 m³/s (gauge Greimpers-
dorf).

Winklarn Greimpersdorf

habitat area[m²] area[%] area-class[%] area[m²] area[%] area-class[%]

shallows 1938 8 5 - 10 137 1 1 - 5
riffle 11623 45 40 - 45 545 2 1 - 5
pool 3127 12 10 - 15 3196 13 10 - 15
run 2182 8 5 - 10 5919 24 20 - 25
other 6902 27 25 - 30 15051 61 60 - 65
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Wetted Surface Area

Analysis of the wetted surface area show clearly the difference between the restorated site
in Winklarn and the channelized section in Greimpersdorf. During a discharge of 12 m³/s
the wetted area in both sites is app. 25000 m². At an increased discharge of 40 m³/s the
wetted area in the channelized section only increases by app. 2 % (541 m²) to 25389 m².
In contrast to that, the wetted surface area in Winklarn increased by app. 10 % (2585 m²)
to 28375 m². A further increase of discharge to 70 m³/s leads to an even more diverging
result. In the channelized section a minimal increase of wetted surface area to 25449 m²
can be detected. This is an total increase of only 2.5 % wetted surface area compared to a
discharge of 12 m³/s. In Winklarn a total increase of 18 % (4590 m²) can be observed.

Figure 4.8: Comparison of wetted area during the different flow scenarios. Only parts of the study area are
shown. For Greimpersdorf the part with the biggest changes is shown.

Table 4.6: Wetted surface area for both study sites at the three flow scenarios.

wetted surface area [m²]
Q [m³/s] Winklarn Greimpersdorf

12 25772 24848
40 28357 25389
70 30362 25449
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4.3.2 Validation of Juvenile Habitat

Grayling larvae were visually mapped on 9th of April at a discharge of 19 m³/s at Win-
klarn. Juvenile grayling were found at 15 of the 20 sample points in abundance classes
ranging from ’few’ to ’many’. Location of the sampling points and mapping results are
shown in the map below.

Figure 4.9: Results of visual mapping of grayling larvae. Abundance class of mapped larvae is indicated by
colour and size of the sample point.

Figure 4.10: Documented grayling larvae at sample point 1.
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5 Discussion

5.1 Water Temperature Monitoring

Since all four observed spawning events took place at the end of periods where the water
temperature had substantially increased, this may have been one of the factors to trigger
spawning activity. This assumption is in line with Darchambeau and Poncin (1997) who
found that grayling only spawned during a certain range of water temperatures which
were similar to those observed in this study. Furthermore, Hauer and Unfer (2021) found
that spawning activity increased significantly when water temperatures rose during a day.
However, the small sample size of two to three observed spawning events for each of
two species in the same river is not sufficient to provide proof for such a causal relation-
ship. Furthermore, because the absolute water temperature and its daily amplitude were
correlated, it is not possible to make a statement which aspect of the water temperature
acted as a trigger for spawning behaviour. For future studies a more frequent observa-
tion of spawning grounds is recommended. Also a simultaneous observation of spawning
grounds would be very important as this gives more information regarding the possible
trigger factors for spawning of grayling and Danube salmon.

5.2 Spawner Search Flights

The obtained results show that a UAV can be successfully used to locate spawning fish
and spawning sites. As every UAV has only a limited radius of action, knowledge about
requirements to spawning habitats of the target species is necessary to pre-select poten-
tial spawning areas. During the search flights a few limitations emerged, which will be
discussed hereafter. Although polarized filters were used, it was not always possible to
locate/see fish in the water when the sun was standing low and shining bright as this leads
to strong reflections on the water surface. Same implies for conditions with heavy cloud
cover. Windy conditions are also a challenge, as the wind creates waves and a rippled
water surface which makes it hard to see any fish or spawning activity underwater. If fish
were found using a UAV, it depended on the species and on the degree of spawning activ-
ity, on how sensitive fish were reacting on the operating UAV above them. When using
this method, the UAV operator needs to make sure not to spook and scare spawning fish.
It can be said that ideal weather conditions are either a slight cover of clouds which leads
to a good light distribution and a low level of reflections on the water, or a sunny day with
the sun standing high. Depending on the conditions different polarized filters should be
equipped on the UAV. As polarized filters use up some light, the exposure needs to be
adjusted to the different filters. In general, using a UAV to locate spawning fish is highly
effective if used in the right way. Compared to the "classic" method, walking along the
river and looking out for spawning fish, a UAV can save a lot of time and eventually
costs as well. As already mentioned, a knowledge of possible spawning sites shortens the
process and makes search-flights more effective.
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5.3 Habitat Mapping

5.3.1 Practicability of the Method

General Limitations
Although the advantages of UAVs, such as the fast, low-cost generation of high resolu-
tion, spatial data in challenging terrain (Woodget et al., 2017; Carrivick & Smith, 2019),
can be overwhelming at first, this method has its flaws and limitations, too, and is not
to be seen as the "silver bullet" for future tasks within ecological research (Buters et al.,
2019).
The first limitation that is to be mentioned might seem obvious but is of great impor-
tance nevertheless: if the mapping is based on aerial imagery alone, only those areas can
mapped that are seen by the camera. If parts of the river were not visible due to overhang-
ing vegetation or shadow, the identification of potential habitats was nearly impossible.
Hence, orthomosaics that were generated on overcast winter days with still little or no
vegetation are to be preferred since these conditions lead to an even lighting and the best
possible view of the study site. These mosaics can be of great help in interpreting future
images with less favorable conditions, when certain features e.g. course of the shore-
line, are hidden by lush summer vegetation. The same holds true for water turbidity - the
clearer the water, the more submerse details can be seen. Imagery taken during a low flow
winter conditions with clear water can be useful when interpreting situations of higher
flows and hence often higher turbidity. Besides these factors, wind acts as another exter-
nal condition that can hinder both the survey itself or the interpretation of the generated
imagery, by either hampering the UAV during its flight or aggravating the identification
of submersed details due to a heavily rippled water surface, respectively. All these find-
ings are in line with the observations of other researchers (Woodget, 2015; Carbonneau
& Dietrich, 2017; Rivas Casado et al., 2017; Carrivick & Smith, 2019; Kalacska et al.,
2019) and are inherent to the method. It further was also to be found that the type and
composition of the substrate has a great influence on the appearance of the water depth.
If e.g. gravel had a darker colour due to benthic algae, these areas appeared a lot deeper
than areas of similar depth but with freshly turned and therefore ’clean’ gravel. The same
applies for areas with rather dark fine sediment, or - contrastingly - where the majority
of the substrate is of a similar looking, lighter colour, as it has been the case during the
summerly low flow situation in Winklarn. Using the few depth transects (see Figure 3.2 as
rapid ground-truth reference for depth interpretation proved to be a slight facilitation but
yet no solution to this problem, since in some situations, many more transects would be
needed to fully cover every substrate-depth-combination at the site. This would increase
the amount of time spent in the field and hence contradict the original aim of a fast map-
ping method. And yet, this argument builds an ideal bridge to the role of expert judgment
on the one hand and the trade off between fast, safe and cost-effective mapping and loss
of detailed information on the other hand.

Expert Judgment and Subjectivity of Surveyor
As with any other manually conducted mapping methods, the results of this hereby pro-
posed screening method will be influenced by expert judgment and/or the subjectivity of
the surveyor, at least to some degree. The surveyor’s knowledge about the ecology of the
selected indicator species and the study site, combined with the attention to detail given
during the post-processing will affect the results of the mapping.
Within the scope of modelling hydraulic habitat suitability of European minnow (Phoxi-
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nus phoxinus), Radinger et al. (2017) found that experts had a high degree of agreement
about either very well suitable or fully unsuitable habitats, whilst higher disagreement was
to be found concerning habitat suitability in between the two extremes. Therefore it can
be useful, depending on the research question, that fine scaled classes should be summed
up, respectively classes of high uncertainty should be left out from analyses. Besides this,
the interpretation of aerial imagery is known to underlie a high degree of subjectivity as
well (Van Coillie et al., 2014). To reduce differences and uncertainties in image interpre-
tation and therefore keep the mapping as standardized as possible, post-processing was
always conducted by the same person. As a side-effect, this also proved to be very time
efficient since once the eye of the surveyor was trained to detect certain habitat features,
the mapping itself took comparatively little time.
Furthermore, presenting the mapped habitats in area-classes rather than absolute m² seemed
to be a reasonable way for achieving similar and reproducible results even between differ-
ent surveyors. As the relative shares of habitats are sufficient as outcome of this screening
method and as basis for a first evaluation of the restoration site, this concept is satisfying.

A similar approach has been chosen by Thompson et al. (2021), where critical fish habitat
- in that case refuge-pools during dry-season - was mapped over 19 km of stream length.
They also found that the relative shares of available pools were entirely sufficient for an-
swering their research questions and have therefore renounced any ground truthing.
Another possibility to reduce expert judgment would be the use of automatic classifica-
tion. This means, that each pixel in the orthomasaic is getting assigned to a class based
on its spectral information alone. This proved to be a successful approach in previous
studies (Casado et al., 2015; Ventura et al., 2016; Kuhn et al., 2021). Although the study
area of these studies was admittedly much larger than in the present assessment. Further-
more, automatic classifications - especially supervised classification approaches - need
a rather high amount of ’training data’, that needs to be generated before running the
classification. E.g., Kuhn et al. (2021) used on average 142 training polygons per survey
section. Whilst this seemed useful for their research, it also requires a fair amount of time
to collect that many training data. This was considered to be not necessary for this study
and of no greater benefit concerning invested time, as Kuhn et al. (2021) still checked
for the correctness of the classification manually. Nevertheless, with greater technolog-
ical improvements, automated classification might indeed pose an ideal possibility for a
time-saving post-processing method whilst simultaneously erasing expert judgment and
should therefore be kept in focus for UAV applications in river research.

Possible Detail of Information
This study showed that by interpreting the orthomosaics alone, a differentiation between
and hence a mapping of the previously defined, literature-based habitat classes that rep-
resent key habitats for the two indicator fish species was not possible. As a consequence,
the mapped habitat units were upscaled from eight fine scale habitat classes, differing in
only few centimeters of water depth and flow velocity, to four large scale mesohabitat
classes, and therefore shifting from literature-based data to the assumption that ’shallows’
and ’riffle’ somehow constitute potential larval and spawning habitat. An approach too
simplistic? And yet, these two habitat classes do cover (micro)habitats that are crucial for
the critical life stages of grayling and Danube salmon. Although the upscaling of mapped
habitats entails a loss of detailed information on water depth and flow velocity, the as-
sumption is made that the required combination of those parameters and hence suitable
key habitats will be available somewhere within the mapped areas. Since depth and ve-
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locity are changing with discharge (Hauer et al., 2013), the exact location of key habitats
will most likely shift as well with changing flow conditions. The same holds true for the
life stage of the fish larvae, since they, too, shift towards deeper and faster flowing mi-
crohabitats with increasing age/size (Auer et al., 2011; Wolter et al., 2016; Stoffers et al.,
2021). The explicit position of a key habitat on micro-scale can therefore be described
as a function of both discharge and larval condition. As the UAV-surveys only document
snapshots of a dynamically changing environment, the concept of large-scale mapping of
areas that have a high likelihood of encompassing those ever shifting key-habitats seems
appropriate.

Validation of Mapped Habitats
Since grayling larvae have been found in 75 % of the sampling points, mapped juvenile
habitat was indeed to be identified correctly. The absence of larvae at the remaining five
sampling sites does not mean that these areas are classified as unsuitable habitat, as they
could be used by older larval stages or at other discharges. As the visual mapping of
grayling larvae was only carried out in shallow habitats, no comparison can be made with
other habitats. This naturally leads to a certain bias in juvenile mapping, as no zero sam-
ple is available. However, visual mapping of tiny grayling larvae in other habitats, such
as fast-flowing riffles or deeper runs or pools, is hardly possible.

The same applies to riffle as a potential spawning habitat, as a group of grayling was ob-
served during the spawning season in one of the mapped riffle sections in Winklarn (see
Figure 4.5).

Thus, the applied mapping method has not only been the most reasonable but also proved
to be successful in qualitatively and quantitatively displaying the availability of (key)
habitats, but also other parameters that are of interest to river research, e.g. wetted surface
area.

5.3.2 Restoration Evaluation

Initial concept
The evaluation of the restoration site is based on the assumption that if the restoration
measure were to be successful in the long term (from a fish-ecological perspective), key
habitats aim at re-inducing a demographic change within the fish community (Gore &
Shields, 1995; Keeley & Slaney, 1996; Lepori et al., 2005; Lyon et al., 2019). As it is
the case with many other regulated rivers in Europe (Hauer et al., 2008; Lorenz et al.,
2013; Schmutz et al., 2014; Stoffers et al., 2020), key habitats for salmonid species of the
Lower Ybbs are likely to be both spawning and juvenile habitats. As it has been outlined
in the previous section, the mapped habitat classes ’riffle’ and ’shallows’ are considered
to entail potential spawning and juvenile habitats, respectively.

Habitat Availability at the Study Sites
When drawing the comparison of the availability of those habitat classes between the
restoration in Winklarn and the channelization in Greimpersdorf (see Table 4.1), it be-
comes clear that the relative share of both habitat classes is higher at the restored site at
all investigated flow situations. In Greimpersdorf, potential spawning habitat is absent
except for few square meters during the low flow situation. The same applies to potential
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juvenile habitat, which was only present in very low shares during the low flow situation
and even lower shares during the spawning flow. And yet, the biggest difference is re-
flected during the high flow scenario. High flows constitute an especially critical situation
for fish larvae, and areas where they can find shelter are of utmost importance for their
survival. Such areas were still available in Winklarn, but not in Greimpersdorf. When
taking a look at Figure 4.3 it becomes clear that the potential habitat for juvenile fish in
the restored section in Winklarn was the same at both low and high flow. Since the wetted
surface area increased only about 2.4 % from 12 m³/s to 70 m³/s - as opposed to 17.8 %
in Winklarn (see Figure 4.8 and Table 4.6) - it can be assumed that overall flow velocities
increased drastically in the channelization, which leads to a highly stressful situation for
any fish larvae (Harvey, 1987; Bischoff & Wolter, 2001; Lojkásek et al., 2005).
In general, mapped shares of habitat classes are as expected and in line with literature.
Hauer et al. (2013) also observed an increase of shallow and riffle habitats with decreas-
ing flow, whilst pools remained relatively constant. These findings speak for the general
performance of the method.

Based on the results, both hypotheses can be accepted since i) the restored section in
Winklarn differs in habitat availability from the channelization in Greimpersdorf and ii)
this difference is based on higher shares of both juvenile and spawning habitat. At the
restoration site in Winklarn, formerly missing key habitats have been successfully recre-
ated by the restoration process, which has been proofed with in-field observations. It can
therefore be said that at least for the fish fauna, this restoration project had the desired
effect and can hence be considered as successful.
As it is unclear how success and failure of river restoration are actually defined (Palmer
et al., 2005; Jähnig et al., 2011), an all encompassing evaluation of restoration projects
is still difficult (Roni et al., 2018). Therefore, it must be said that the hereby conducted
evaluation is only focusing on the fish fauna, and that the success of the restoration is
based on the assumption that it has recreated formerly missing key habitats. However,
these findings are based on the herein developed screening method and are therefore to
be seen as a first step of many that need to be taken to perform a truly holistic evalua-
tion. There are many more biotic and abiotic indicators that need to be addressed for such
a task, and extensive fieldwork will quite likely persist in constituting the lion´s share
in river research, even in times of modern technology. That´s why the usage of UAVs
for limnological applications and especially the herein developed method are rather to be
seen as an addition and not a replacement of traditional fieldwork.
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6 Conclusion

With the help of UAVs, four spawning sites of grayling and one spawning site of Danube
salmon have been documented on the Ybbs between the power plant Dorfmühle and the
restoration in Winklarn. UAVs were found to be a useful and highly mobile tool for mon-
itoring fish activity, especially in river stretches that are difficult to access. The short
operating range of the Mavic Air and (sometimes) difficult weather conditions proved to
be the biggest limitations of this method. However, when used properly, UAVs are a so-
phisticated monitoring tool that does not harm spawning fish or their spawning grounds.
In terms of water temperature data, it can be said that all observed spawning events oc-
curred at the end of periods when water temperature had increased significantly, which
is consistent with the literature. However, the quantity and quality of the data collected
(monitoring of spawning and water temperature) is not sufficient to prove whether either
the daily amplitude or the absolute increase in water temperature served as a trigger for
spawning activity. This would have required more frequent and even simultaneous obser-
vations of all possible spawning sites, which would exponentially increase the fieldwork
effort.

The second aim of this study was the development of a UAV-based screening method for
fish habitat mapping, aiming at a quick and cost-effective way to provide an overview of
occurring habitats which can easily be reproduced. With this method, differences in habi-
tat availability between multiple river stretches but also flow situations are easily outlined
both qualitatively and quantitatively.
It was shown that manual interpretation of high resolution orthomosaics produced satis-
fying results, time-consuming fieldwork, e.g. multiple measurements of depth and flow-
velocity, additional GCPs or the generation of DEMs, could be renounced. However,
some additional ground-truthing turned out to be of great help in the overall mapping pro-
cess without overly extending the time spent in the field. Especially the use of coloured
metal plates as optical reference for the appearance of different water depths proved as an
effective way to facilitate post-processing and is therefore highly recommended. Further-
more, at least one on-site inspection of the study site to get a good impression of present
habitat features is of great help for image interpretation. Although the generated ortho-
mosaics are of unparalleled spatial resolution (1.9 cm/pixel) and therefore reveal more
details than any other aerial imagery, knowing what the photographed areas look like in
reality is still a crucial requirement for adequately ’training’ the eye of the surveyor. As
a series of external factors (sunlight, wind, turbidity, vegetation) have a direct influence
on the quality of the mapping, carrying out at least one survey during optimal conditions
(overcast sky, low and clear water, no vegetation) as basis for further surveys turned out
to be highly recommendable. Then, important information such as the delineation of the
shoreline or substrate composition, can be seen and consequently digitized best.
With the herein developed screening method, the habitat classes ’shallows’, ’riffle’, ’run’
and ’pool’ were found to be distinguishable in the aerial imagery and hence a mapping of
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these classes satisfyingly feasible. Mapped areas pertaining to the former two classes were
then assumed to constitute potential juvenile and spawning habitat, respectively. Mapped
juvenile habitat could then be validated with traditional on-site mapping of grayling lar-
vae. Using such a validation as additional ground-truthing is therefore recommended and
underlined the practicability of the method.
To keep the results as standardized as possible, the mapping was always performed by the
same person. Mapped habitats were presented in area-classes using 5 % intervals, rather
than focusing on absolute numbers of mapped square meters. This approach seemed rea-
sonable as it prevents minor errors in habitat identification or digitization from weighing
excessively heavily in the overall assessment. Since the developed method should enable
a fast screening of different fish habitat, concentrating on the relative shares of available
habitats using this system was considered to be more than sufficient. Nevertheless, ab-
solute square meters of mapped habitats still presents itself as a nice variable for a true
quantitative comparison of habitat availability between river sections and flow scenarios.
By comparing habitat availability at three flow scenarios, ranging from low flow to high
flow, between a channelized and a restored section of the river Ybbs, the developed
method was applied for a evaluation of the restoration project. Potential juvenile and
spawning habitats were documented in high shares at all flow situations at the restoration
whilst being nearly absent at the channelization. Since these habitats are crucial for a sus-
tainable improvement of the populations of the two target species, grayling and Danube
salmon, the restoration project was considered successful as it has recreated those key
habitats.
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