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Abstract: Maintenance and restoration activities alter the river morphology and hydrology, and in
consequence, alter fish habitats. The aim of this research was to investigate the change of habitat
availability for fish guilds after carrying out maintenance works, commonly used river restoration
measures and a restoration derived from fish habitat requirements. The selected study site is located
at a close to natural condition section of Swider River in central Poland. The MesoHABSIM model
was used to assess the area of suitable habitats in this site and predict habitat distribution at all
planning scenarios. The affinity index which is a measure of similarity of two distributions showed
that the likely distribution of habitats for fish resulting from simulated maintenance is 76.5% similar
to that under measured conditions. The distribution of habitats caused by river restoration is also
similar to that of the baseline in 73.2%. The resemblance between the restoration scenario focusing
on fish habitat requirements and the reference conditions is 93.1%. It is beneficial to define the river
restoration measures based on habitat availability for fish community. Modelling is a useful tool to
simulate the changes and predict which guilds there is abundance of suitable habitats, and for which
there are too few. It allows for more effective use of resources according to quantitative target states.

Keywords: MesoHABSIM,; fish; river restoration; restoration; maintenance works; simulations;
hydromorphology; habitat; Poland

1. Introduction

All Member States of the EU must comply with the requirements of the Council Directive
concerning the protection of waters against pollution, caused by nitrates from agricultural sources [1]
and Water Framework Directive [2]. Despite the legislative tools introduced, in the second River
Basin Management Plans 60% of the surface water bodies in EU did not achieve good ecological
status and 46% did not achieve good chemical status (the status of 16% is unknown). The main
stressors are hydromorphological pressures (40%), diffuse pollution sources (38%) from agriculture
and atmospheric deposition, followed by point source pollution (18%) and water abstraction (7%) [3].
Hydromorphological modifications are caused by the construction of dams, embankments, carrying out
channelization and flow regulation [3].

In Poland in 2018, 87% of rivers and dammed reservoirs did not achieve good ecological status.
On the other hand, assessment of the hydromorphological status carried out in 2018 for 998 out of
4586 river water bodies showed that 31% of the evaluated waters have high status [4]. In comparison
to western EU countries Poland is experienced a delay in the occurrence of the “channelization trend”,
which is a consequence of limited resources available for this purpose in the past. As a result the
hydromorphological condition of rivers is relatively good [5]. Still, rivers in Poland have to cope with
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human induced changes, degradation of hydromorphology and mismanagement. The disappearance
of multi-thread channels of Polish Carpathian rivers and a 42% reduction in total anabranch length
of the Narew lowland river in the twentieth century is one of many examples that this problem
exists [6,7]. An example of inadequate management is the current practice of carrying out of inadequate
maintenance works, which does not always meet the standards of the Water Framework Directive
(WFD) [2]. Many hydrotechnical investments are carried out under the name of “reconstruction”,
“upkeep” or “renovation”, while in fact, having character of a regulation and channelization of a
river [8]. A report prepared by WWEF (World Wide Fund for Nature) analyzed river maintenance cases
in Poland and concluded that all of them did not foster the achievement of the objectives of the WFD;
their implementation was not justified, their results might be counterproductive (flood protection) [9].
Maintenance works were carried out with outdated methods, incompatible with good practices and
often excessively expensive technical solutions and some of the actions should be classified as river
regulation. Many of these investments led to the destruction of valuable Natura 2000 habitats and/or
protected species causing environmental damage. Moreover, maintenance works are usually carried
out without the knowledge and control of the authorities directly responsible for the environment,
as well as without public participation [9,10]. Therefore, the degradation of river ecosystems has
rapidly accelerated, directly influencing fish fauna.

The Polish Water Law Act states that the aim of the regulation of natural watercourses is to
improve the conditions of water use; it consists of actions that shape the longitudinal and transverse
profile, as well as the horizontal layout of the river [11]. According to the law, the regulation of rivers
is not a water maintenance activity. Regulation works can be carried out only after obtaining a number
of approvals, and the administrative process is very long.

According to the definition given in the Water Law Act [11], the maintenance of inland surface
waters should consist of preserving the state of the river bottom or shores and carrying out maintenance
of the existing hydro technical structures. These include, cutting of plants from the river bed and
shores; removal of floating plants and plants establishing a root system in the river bottom; cutting of
trees and bushes growing on the bottom and shores; removal of natural and man-made obstacles;
backfilling of shore and bottom erosion; removing blockages, demolition or modification of beaver
dams. At the same time, it is forbidden to destroy or damage the shores of inland surface waters.
The document states that river maintenance must not violate environmental objectives, existing good
water status and conditions resulting from water protection. The maintenance works do not required to
obtain a permission from other authorities. Yet, regular dredging and removal of macrophytes strongly
disagrees with the global need to preserve river biodiversity. It affects the cover places, which exists in
a natural or near a natural river, offering a shelter for various species, which help keep water bodies
intact for the benefit of society [12].

River restoration is a tool for repairing damage to the water environment [13]. It includes a variety
of modifications of river channels and adjacent riparian zones and floodplains. The goal of these
modifications is to improve the hydrologic, geomorphic, and/or ecological processes within a degraded
catchment and replace lost, damaged, or compromised components of the natural system [14,15]. It was
documented that, in the USA, common river restoration goals, include esthetics/recreation/education;
bank stabilization; channel reconfiguration (includes meander restoration and in-channel structures
that alter the thalweg); dam removal/retrofit; fish passage; floodplain reconnection; flow modification
(releases from impoundments and constructed flow regulators); instream habitat improvement
(alter structural complexity); instream species management (addition or translocation of animal and
plant native species and/or removal of exotic species); land acquisition (obtain streamside land for the
purpose of preservation or removal of impacting agents and/or to facilitate future restoration projects).

Restoration measures can improve the morphological quality of the reach, but the degree of
improvement depends on many features, such as the initial morphological conditions, the length of the
restored section in relation to the river length, and on the type of intervention [16]. River restoration
actions need clearly defined, realistic, multiple-scaled and evaluable goals [17,18]. Often it is carried
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out with the use of standard solutions and without verification of the final result [9,14]. According to
Palmer et al. [19] almost half of the river restoration projects were not controlled for effectiveness.
Numerous studies have drawn attention to the need to assess the ecological effectiveness of restoration
measures [16,19-22].

The number of aquatic ecosystems damaged by regulation and maintenance is increasing
every year. Institutions carrying out river maintenance assure of the neutrality of their activities,
while environmental organizations and scientists do not share the same opinion [9]. The discussion
focuses on the negative impact on the aquatic ecosystems of river regulation, often omitting maintenance
works, which due to legal circumstances, have similar consequences. In response to the emerging
situation, guidebooks were created [23], including rules for the execution of maintenance works with
respect for the environment and proposals for possible legislative changes. Theses catalogues are
based on practical experience and expert judgement.

There is no clear determination on how much the maintenance works degrade river habitats
and biodiversity. We assume that restoration improves habitat, but the question how much closer
it bring the habitat to target remains open. Lack of clearly defined benchmarks and ecologically
focused planning tools causes undesired effects. Hence, there is a need to develop and use appropriate
tools [24].

One of the undesirable, long-lasting, form of intervention in river ecosystems is changing the
structure of the habitat of fish community. Therefore, it is necessary to use planning tools that take
into account the biology of aquatic community. Supporting different life stage requirements of fish
species such as reproduction, juvenile growth or feeding habitats requires a combination of different
habitat restoration measures, which are appropriately placed and interconnected with each other [25].
Sophisticated management of fish habitats is also important under projected conditions of climate
change [26,27].

Habitat simulation techniques offer a good option for river restoration and maintenance planning.
They give the possibility to assess the condition of habitats for fish and predict their distribution
at various scenarios. One of the advanced tools for this purpose is the Mesohabitat Simulation
System (MesoHABSIM) method [28]. It is an effective technique for quantitative estimation of potential
changes in the habitats of fish community in rivers, resulting from hydromorphological transformations.
It uses on-the-ground habitat mapping and a computer model (Sim-Stream software), that predicts
the quantity of habitat for aquatic communities. MesoHABSIM model is used for planning and
evaluation restoration works because it can quantitatively assess impacts of such works and their
effectiveness. The technique is applied this study to answered the above mentioned questions by
simulating maintenance and river restoration works on the example of the Swider River.

2. Materials and Methods

2.1. Swider River

The Swider River is an orographic right shore tributary of the Vistula River and discharges into it
near the town of Otwock (85.5 m above sea level). It is located in the central part of Poland, south-east
of Warsaw (the capital of Poland). The length of the river is 99.7 km (according to the Institute of
Meteorology and Water Management) and the watershed area is 1161 km? (Figure 1). The average
slope is 115 cm/km. The river velocity ranges from 0.3 to 0.5 m/s. Average annual flow is approximately
5.4 m3/s. The Swider River has nine tributaries [29].
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Figure 1. Location of the Swider River in Poland.

The catchment area is dominated by glacial sands and till clay. Fragments of the river,
are straightened and regulated. In the upper reaches, the width of the river varies between 2
and 4 m, and the depth between 0.7-1.5 m. A little lower it has a width between 7 and 10 m and
a maximum depth of 1.3-1.5 m. The width of the Swider River in the middle and lower section is
10-25 m, while the maximum depth is 1.5-2.0 m. The areas at the mouth of the river are extensive
waterlogged meadows. Here, the width of the river significantly exceeds 25 m and the depths are
small (about 1 m), only occasionally reaching 1.5-2.0 m. The land cover in the catchment constitutes of
meadows and fields (76%), forests (23%), and urban areas cover only 1% of the surface. The Swider
Nature Reserve includes 41 km of the river [29]. The central and lower section of Swider is mostly
unregulated and almost natural [30].

Currently on the Swider River there are flap weirs, weirs and bridge-weirs. Some of these weirs
significantly limit the migration of fish upstream of the river. Moreover, most probably numerous
water barriers and obstacles are not included in the census. This is especially true for small tributaries,
which play an important role in connection with the restitution programme of salmonids [30].

2.2. Hydromorphological and Habitat Assessment

In order to assess the impact of maintenance and river restoration works on fish communities,
hydromorphological maps and criteria for habitat selection by endemic fish species were developed.
This allowed the quality and quantity to be calculated for suitable habitats of these species MesoHABSIM
model [28,31,32].

In order to examine the physical parameters of the riverbed, cartography was carried out on an
approximately 1000 m representative section of the river (from km 83.4 to km 84.4; not subjected to
maintenance work, classified as close to nature). The section was divided into hydromorphological
units (HMUs). During the field campaign, the HMUs were classified as: glide (a section of the
river relatively wide, shallow with a slower current and an even bottom); run (most common for
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lowland rivers, usually occurs along the shore, carrying the main current of the river, thus, being most
often the deepest hydromorphological unit); riffle (a section with small depths, fast current and
with characteristic, dense “wrinkles” on the water surface); backwater (a place not belonging to the
mainstream, located on the side of the riverbed, the movement of water here is unnoticeable, such a
place can be created by woody debris jam); plunge pool (a place where the water whirls due to a
fall); ruffle (a unit very similar to riffle, but here the velocities are lower and the “wrinkles” are bigger
and rarer) [28]. Data on reference conditions was obtained in September 2014 during a flow rate of
1.3 m?¥/s (qualified as low) [33]. HMU areas were drawn as polygons in the ArcPad program onto
digital orthophotomaps. The polygons were divided into hydraulic zones and described with seven
representative measurement points per HMU. The next steps included measuring the depth and water
velocity and flow for each of the points and collecting information about the bottom substrate (Figure 2).
Each HMU was also characterized in terms of potential shelters for fish community (underwater
and overhanging vegetation, shading, stones, shoreline cuttings, shore shallows, woody debris,
shore reinforcement estimated as present/abundant/absent).

Hydromeorphological

0 50 100 200 [m)
umts

Figure 2. Specified hydromorphological units and measurement points obtained after field studies on

the analyzed section of the Swider River (reference conditions).

Unpublished research carried out by the S. Sakowicz Institute of Inland Fisheries branch in Olsztyn
allowed to prepare a data base of the most common fish in the studied river section (SSIFI unpub.).
On the basis of the preferred living conditions, the fish species were classified into ecological groups
(habitat use guilds) [34]. Information on habitat conditions required for these guilds is presented in
Table 1.

The criteria in Table 1 outline the habitat suitability of each mapped HMU. Some of the attributes
are considered critical and if they were not met, the habitat is estimated as unsuitable.

Where less than four out of five above conditions are met, the habitat was defined as unsuitable.
In practice, this means that the guild occurs there rarely or not at all. If four or more conditions are
met, the habitat is classified as suitable, which means that the guild is probably there. If the maximum
number of conditions (five) is met, the habitat is considered optimal and all conditions are favorable
for the guild to occur in the analyzed area. The sums of unsuitable, suitable and optimal HMU areas
define habitat usability structure for the site at measured flow. The calculations were conducted using
Excel spreadsheet.
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Table 1. Fish guilds and habitat requirements.

6 of 14

. . . Water Water Velocity - Hydromorphological .
Fish Guild Species Depth [m] * [m/s] * Type of Substrate Unit *** Cover
. Lota Lota, Barbqtula small (2-6 cm) and medium shallows near the shore,
rheophile sand and barbatula, Leuciscus . . .
. . . 0.2-2.5 0.1-0.7 (620 cm) stones, sand, fine  glide, run, backwater ~ submerged vegetation, woody
gravel leuciscus, Gobio gobio, -
L. ¢ gravel debris, eroded banks
Cobitis taenia
Pungitius pungitius,
associated with Gasterosteus aculeatus, . . . submerged vegetation, woody
vegetation Leuciscus idus, Esox 0.2-2 0-0.5 sand, silt, plant residues glide, run, backwater debris, eroded banks
lucius
sand and silt bottom Abramis brama, Blicca . submerged vegetation, woody
feeders bioerkna 0.24 0-0.5 sand, silt run, pool, backwater debris, eroded banks
. Perca fluviatilis, sand, silt, fine gravel, plant run, pool, glide, submerged vegetation, woody
generalists Rutilus rutilus 0.2-2 0-0.5 residues backwater debris, eroded banks
midwater Alburnus alburnus 0.5-4 0.1-0.7 sand, mud, fine gravel run, pool, backwater none
lamprey larvae Lampetra planeri, 0.1-0.5 0.1-0.3 sand, sludge, organic run, pool, glide, shallows near the shore

Eudontomyzon mariae

residues

backwater

* more than 50% of the measurement points within the estimated range. ** more than 50% of the measurement points. *** used by the guild. **** present or abundant.
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2.3. Simulations

2.3.1. Maintanance Works

In order to analyze the impact of typical maintenance works, carried out on Polish rivers [8],
the following actions were simulated:

- deepening of the riverbed and removal of the bottom substrate (alluvia from the bottom of the
river) to a depth of 0.3-0.5 m;

- deploying only sand (bottom substrate) along the entire section undergoing maintenance works;

- increasing the capacity of the riverbed—removing all obstacles such as stones, branches,
fallen trunks, islands;

- increasing the width of the riverbed;

- clearing and mowing the banks at a distance of 2 m from the riverbed (in order to widen
the riverbed);

- armoring the pool slope on eroded banks with riprap. Stone banks are used for the purpose
of creating a sunken or partially exposed channel base or the bottom of the riverbed. It is then
necessary to align the stone to the designed profile and fill the free spaces [35].

To simulate the above mentioned works, the analyzed river section was divided into HMUs
consisting of runs (on relatively straight sections) and pools (where the riverbed bends). Consequently
the variability of depth and velocity was reduced and river bottom substrate limited to sand and stones.
Woody debris and other cover was removed from the model (Table 2, Figure 3).

Table 2. Assumed parameter ranges for simulated maintenance works on the Swider River.

Hydromorphological Unit Run Pool
depth [m] 0.5-1 0.7-1.3
width [m] 15-18
velocity (mean) [m/s] 0.3-0.4 0.25-0.35
benthic substrate sand
cover - stones

N Hydromorphological
0 50100 200 [m]  umits
e [ pool

run

Figure 3. Hydromorphological units obtained after simulating maintenance works on the analyzed
section of the Swider River.

2.3.2. River Restoration

The main assumption of the river restoration simulation was that these activities were carried
out by a contractor who did not know what the examined section of the river looked like before the
maintenance works. The simulated river restoration was not conducted on the basis of historical
maps, because in practice, such maps are often unavailable. It was presumed that the contractor
considered the “maintained” river to be the initial state. River restoration was carried out following a
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good practice manual [13]. The assumptions for the river restoration works are presented in Table 3.
In order to avoid hydraulic errors, the values of water depth and velocity have been compared with
the data obtained during measurements on the river. Changes in the riverbed (rocks at the bottom of
the riffle, tree seedlings on the river banks, riprap replaced with wicker, deflectors as stone prisms) of
the examined section concerning the distribution of HMUs are shown on the map (Figure 4.).

Table 3. Assumed parameter ranges for the simulated river restoration of the Swider River.

Characteristics Parameters
Hydromorphological Unit Run Fast Run Pool Riffle Backwater
depth [m] 0.6-0.9 0.5-1.1 0.5-1.5 0.2-0.5 0.05-0.5
width [m] 15-18
velocity (mean) [m/s] 0.25-0.35 0.3-0.7 0.1-0.2 0.15-0.4 0
benthic substrate sand medium stones silt
cover Shading

Hydromorphological
0 50100 200([m] units

[ siffle
pool

run

P fast run

B backowater

Figure 4. Hydromorphological units obtained after simulating river restoration of the analyzed section
of the Swider River.

2.3.3. Ask the Fish (ATF) Scenario

On the basis of a comparison of the analyzed fish guilds habitats structure in the reference
conditions and after maintenance works, habitats that appeared in deficit or surplus and the guilds
belonging to them were identified. From the analysis of conditional habitat selection criteria for guilds
(Table 1), the attributes of habitats responsible for these changes were extracted, e.g., area of backwaters
being too small or a lack of woody debris. The selected attributes were adjusted by decreasing or
increasing their number in the maintenance model. Corrections were made incrementally using affinity
index [36] as a metric of structure similarity (see below). The purpose was to create a scenario with
HMUs most suitable for the fish guilds.

In order to restore the lost habitats, backwaters and shallows near the shore (supporting lamprey
larvae) were created. To increase the amount of habitat for rheophilic sand and gravel species and
reduce the amount of habitat for sand and silt bottom feeders, the bottom surface with rock substrate
was increased (medium stones) and small stones and gravel were added. In addition, to improve the
habitat quality for rheophilic sandy and gravel, places with wood debris were added.

2.3.4. Metrics Used

An effective habitat of river channel area was calculated for each guild, for each conditions.
It is calculated as sum of suitable and optimal habitats weighted by 0.25 and 0.75 respectively using
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Excel spreadsheet. The weighting factors are introduced to assure high contribution of the optimal
habitat [28].

In order to compare changes in fish habitats after maintenance works, river restoration and for the
ATF scenario affinity index [36] was used, which is calculated according to the formula below,

I,=1-05 Z|P1 — Py )

where: [,—affinity index [%], Pi—relative area of effective habitat for a given fish community species
under reference conditions [%], P,—relative area of effective habitat for a given fish community species
under conditions after maintenance/river restoration works/ATF scenario [%].

3. Results

The analyzed Swider river section was divided into eighteen HMUs for reference conditions,
five HMUs for maintenance works simulation and fifteen HMUs for river restoration simulation.
Figure 5 shows the number of unsuitable, suitable and optimal habitats for the analyzed guilds before
and after maintenance works and after a standard river restoration.

Under reference conditions in the analyzed section of the river, the four guilds had suitable
habitats (approximately 85% of the area of these habitats belonged to generalists and rheophile sandy
and gravel guild), while the midwater guild most probably did not exist under these hydrological
conditions (100% of the area of the habitat is unsuitable).

The results for the river after simulated maintenance works show that none of the fish guilds have
optimal habitats available. For sand and silt bottom feeders and generalists guilds all the habitats were
suitable, while for lamprey larvae, midwater and associated with vegetation guilds all the habitats
were unsuitable.

Under the conditions of simulated river restoration none of the fish guilds have available optimal
habitats, three guilds (lamprey larvae, midwater, associated with vegetation) will have only unsuitable
habitats. The remaining three guilds (sand and silt bottom feeders, generalists, rheophile sandy and
gravel) will have suitable and unsuitable habitats.

The size of the effective habitat for each of the guilds in the analyzed river section for reference
conditions and three scenarios are shown in Figure 6. After the maintenance works, the effective habitat
area increased almost 2.5 times for the sand and silt bottom feeders and significantly decreased for
rheophile sandy and gravel (by 11.6%). River restoration (compared to conditions after maintenance
works) led to a slight increase in the number of habitats for sand and silt bottom feeders and generalists
(each by 1.7%), while it decreased the number of habitats for rheophilic sandy and gravel (by 3.3%).
In the ATF scenario (compared to conditions after maintenance works) the amount of bottom-sand-silty
habitat decreased almost twofold (by 16.9%), it remained almost the same for generalists, and slightly
increased for rheophilic sandy and gravel (by 6.6%).

The affinity index between the structure of habitats under reference conditions and those after
simulated maintenance work is 76.5%. The distribution of habitats caused by river restoration is similar
to that under reference conditions in 73.2%. The similarity between the ATF scenario and the reference
conditions is 93.1% (Figure 6).
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Reference
100,0
80,0
60,0
100,0
40,0
20,0
0,0
Maintenance
100,0
80,0
67,1
'ﬂ\_n' 60,0
g 100,0 100,0 100,0 100,0 100,0
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I}
=
2
©
£ 200
32,9
0,0
Restoration
100,0
80,0
60,0
100,0 100,0 100,0
40,0
20,0
O'O . . .
bottom generalists lamprey rheophile midwater associated
sand-silt larvae  sand and with
gravel vegetation
fish guilds

® unsuitable & suitable 1 optimal

Figure 5. Habitat usability for fish guilds for the reference conditions, after simulated maintenance and
restoration works on the Swider river section.
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Figure 6. Effective habitat area and affinity index for fish guilds on the Swider river section for reference
conditions and simulated maintenance works, river restoration and ATF scenario.

4. Discussion

This study suggests that alterations in the hydromorphology of the river lead to changes in the
distribution of habitats what is also confirmed by the results of other research [14,19,37]. The presence
of an adequate proportion of habitats is necessary for stable development of species and their lack
creates conditions limiting the survival of organisms. Maintenance works can lead to changes in
habitat structure, creating deficits or excesses of habitats for individual guilds. The structure of the
fish community changes, such that may upset the balance and ecological dependencies. Therefore,
it is important that the restoration activities are carefully planned and adapted to the requirements of
existing fish species.

The MesoHABSIM model offers a useful planning tool as it allows to define the specific habitat
needs of the species present and to select a catalog of appropriate actions. Such a planning method has
already been used in global research allowing for more effective use of resources [32,38]. With the help
of the MesoHABSIM habitat model it is possible to define more precisely the goals of river restoration,
by analyzing for which guilds there is an abundance of available habitats and for which there are too
few. Prior to a planned river restoration is carried out, it is beneficial to simulate the changes and
determine whether a suitable amount of optimal and suitable habitats can be restored. Although these
simulations are approximations, it enables the assessment of the impacts of applied actions on fish
communities and thus plan better solutions. It is a significant saving of work time and costs, but most
importantly, it gives possibility to obtain and verify the expected results [24,39].

Swider river has an unregulated and almost natural character and serves as a good testing
ground for simulations of changes in the river hydromorphology. The results of the simulations
that were carried out show that the maintenance works on the examined section of the Swider River
could devastate the water ecosystem, in terms of living conditions for two guilds (lamprey larvae
and associated with vegetation) (Figure 5.). It should be noted that the species Lampetra planeri and
Eudontomyzon mariae, belonging to the Lamprey larvae guild, are under protection. Furthermore,
entire optimal habitats for all guilds have disappeared. Apart from the habitat for the midwater guild,
which remains the same as in the reference conditions (unsuitable), the habitat status for all guilds has
deteriorated dramatically due to simulated maintenance works. These results correspond well with
literature information. Baczyk et al. [12] carried out a literature review and meta-analysis of 203 papers
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written by authors from 33 countries (first authors), dealing with the impact of dredging works on
water ecosystems. The results show that 96% of the analyzed papers indicated negative responses of
aquatic ecosystems (including fish community) to river maintenance works.

In the second experiment, despite the introduction of standard river restoration works,
the condition of habitats for three guilds has further deteriorated. In comparison to maintenance works
simulation the proportion of unsuitable habitats for sand and silt bottom feeders, generalists and
rheophile sandy and gravel bottom guilds has significantly increased. Nothing has changed for the
other three guilds for which the unsuitable habitats still constitute 100% of the wetted area. Comparing
the effect of river restoration works with reference conditions, the most important observation is the
total disappearance of optimal habitats. Hence, the applied river restoration measures not only did not
restore these habitats, but there was a general increase in the number of unsuitable habitats. This is due
to the fact that river restoration would be planned and performed, according to accepted templates,
without considering the habitat requirements of occurring fish. The affinity index is 3.3% lower for
river restoration than it is for maintenance works, which makes for a surprising conclusion that the
results of both types of actions are similar.

The maintenance of habitat target fish communities as a restoration target is an important part in
the design and evaluation of river restoration [40]. The ATF method takes into consideration fish guilds
needs and is a simulation of an advanced river restoration. Our example facilitated the restoration
of habitats for two guilds (lamprey larvae and fish associated with vegetation). The habitats for the
other guilds assumed proportions very close to those in the reference conditions. The improvement
of habitat availability achieved in this scenario, in comparison to reference conditions is significantly
better than in other two scenarios.

In this study, the standard “by-the-book” river restoration did not achieve the habitat structure
closer to the reference conditions. These differences emphasize that it is not advised to use normative
measures but each river should be approached type specific also taking into account the expected
structure of native fish community.
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