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Abstract: The pressure of human activity in river valley environments has always been high. Even
today, despite the increasing awareness of societies around the world regarding the need to protect
water and biodiversity, there are concerns that the current river valley management systems are
insufficient. Therefore, the aim of this study was to assess the state of knowledge about the soils and
forest ecosystems of river valleys in terms of the possibility of protecting river valley environments.
This study used data obtained from the Forest Data Bank (FDB) database, which focuses on forests
in Poland. After analyzing 17,820 forest sections where the soils were described as fluvisols, it
was found that forest areas associated with fluvisols (typical, fertile soils of river valleys) are quite
well recognized and protected in Poland. Most (55%) forested fluvisols are located in Natura
2000 sites (an important European network of biodiversity hotspots), 4% in nature reserves, and 1%
in national parks. Additionally, the main forest habitat type associated with fluvisols is riparian forest,
composed mainly of Quercus, Ulmus, and Fraxinus, which is protected as Natura 2000 habitat type 91F0.
Preserving the sustainability of the forest is also a form of soil protection. Despite the identification of
soils and forests in river valleys, as well as appropriate legal tools, their protection may be ineffective
due to the fragmentation of forms of protection and the lack of a coherent system for managing river
valleys. Because the conservation status of the river valleys is also influenced by the management
of areas located outside the river valleys, in order to protect river valley ecosystems, integrated
conservation plans for entire catchments should be implemented. Due to potential conflicts related to
the management of areas with diverse expectations of local communities, it would be advisable for
such plans to be created by local experts but under the supervision of a specialist/specialists from
outside the area covered by a given river basin.

Keywords: alluvial soils; management plans; protection river basins; Natura 2000 network

1. Introduction

Rivers are burdened by multiple stressors. According to the European Environment
Agency [1], only about 40% of the regularly monitored European river water bodies were
shown to have good ecological status in 2015. Intensive agriculture is one of the sources
of these river stressors [2-6]. In turn, forests are indicated as a kind of land use that helps
protect the quality of surface waters and the biota of river valleys.

Forests play an important role in the Earth’s water cycle [7] and in soil protection. One
of the important types of forest is riparian forest (RF) [8]. The importance of this forest
ecosystem is emphasized by the inclusion of this habitat type in the European Natura 2000
network (nature protection areas in the territory of the European Union). The Natura 2000
network defines riparian forest natural habitats such as oak—elm—ash RF, ash—alder RF, and
willow—poplar RF [9]. One of the main factors influencing the distribution and diversity of
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riparian vegetation is soil [10-12]. The key type of soil in riparian areas is alluvial soil. In
the World Reference Base for Soil Resources [13], these soils are classified as fluvisols (FLs),
which, together with the soils of coastal and lakeside zones, cover over 5% of the total land
area of the European Union [14].

The fertility of riverbeds depends on many factors, including the type of sediment,
which is, in turn, related to the soil material in the catchment area, hydrological conditions,
location along the river, distance from the river, or vegetation cover [15,16]. Generally,
however, these soils are very fertile and, therefore, they often remain in agricultural use [17],
which changes their structure and properties. Forest soils differ from agricultural soils in
general due to a long period of undisturbed soil-forming processes, which is associated
with the longevity of trees, including many generations of trees creating an uninterrupted
forest environment. Therefore, RFs are an important source of knowledge on FLs; in turn,
the knowledge about the transformation of alluvial soils has significant importance for
agriculture and forestry [18].

Protection of FLs—the main soils of floodplains—is almost absent in research studies.
According to El Hourani and Broll [19], only 44 published articles focus on soil protection in
floodplains and riparian zones in North America, 25 in Europe, 12 in Asia, 12 in Oceania, 4
in South America, and 1 in Africa; however, among these 98 articles, most refer to physical
and chemical properties of soil taxonomy, not of protection of these soils. These articles
mostly concentrated on single countries (mainly the USA, Australia, Brazil, and China), and
none of the articles reported data about soils in Poland. According to Schiirings et al. [3],
the territory of Poland, based on the background of other European countries, shows
significant agricultural pressure. Therefore, it can be assumed that agriculture in Poland
exerts equally significant pressure on river valleys.

The pressure of human activity in the river valley environment has always been
high [20]. Even today, despite the increasing awareness of societies around the world
regarding the need to protect water and biodiversity, there are concerns that the current
river valley management systems are insufficient. There are also concerns regarding the
protection of soil in river valleys [21]. The potential benefits arising from the soil-forest
relationship in river valleys are probably underestimated due to the difficulty in estimating
the natural function of the forest compared with its economic value. Therefore, the aim
of this study was to assess, using the example of Poland, the state of knowledge about
soils and forest ecosystems of river valleys in terms of the possibility of protecting the river
valley environments.

This study considers the following questions:

What is the share and distribution of forested fluvisols in Poland?

What is the share of forested fluvisols in protected areas in Poland?

What forms of protection are in place to protect forested fluvisols in Poland and is the
protection sufficient?

The protection of forests (and soils associated with these forests) in river valleys
varies from country to country and often depends on specific environmental regulations,
conservation initiatives, and land management practices. Some general principles and
methods of forest and river valley protection that are often applied in various countries
around the world are as follows:

Riparian buffer zones [22];

Legal designations [23];

Sustainable forest management [24];
Biodiversity conservation;

Community engagement [25];
Watershed management [26];
Conception of ecological corridors [27].

These strategies are further supported by some international conventions that allow
for the protection of ecosystems in river valleys, such as the Water Framework Directive,
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the Ramsar Convention, the Convention on Biological Diversity (CBD), the UN Framework
Convention on Climate Change (UNFCCC), and the World Heritage Convention. These
international agreements provide frameworks and mechanisms for countries to cooperate in
the protection of river valley forests and the ecosystems they support, but specific strategies
and regulations can vary widely depending on the ecological, cultural, and regulatory
contexts of individual countries [28,29]. Therefore, theoretically, forests, and thus the soil
under these forests, have a very strong legal base for their protection. In practice, these legal
regulations are compounded by various social expectations and economic factors, which
make the management of river valleys, and especially entire river catchments, one of the
significant challenges of natural sciences in combination with economic and social aspects.

References to river valley management are more often found in strategic plans pre-
pared for specific rivers, and less often in scientific publications.

Danci [30] showed the concept of alluvial forests with Alnus glutinosa and Fraxinus ex-
celsior management in Maramures Mountains Nature Park (Romania), but the management
tools presented in the study demonstrate the conservation value of this habitat rather than a
strategy of river basin management. An interesting topic of nature conservation, including
RFE was presented by Pechanec et al. [31]. The authors highlighted an important question
regarding conservation priorities: “conservation of species or natural processes?” This
problem seems especially relevant to the 91F0 habitat [9], where oaks, elms, and ash trees
are mentioned as the main forest tree species and where these species compete with each
other and with other plants for light during the seedling development stage. Therefore,
according to Palatova et al. [32], to achieve the success of oak regeneration on floodplains, it
is necessary to remove the overstory immediately after the acorns fall. As a result, the most
common method of Quercus robur regeneration on floodplains in the Czech Republic is
artificial oak regeneration [33]. On the other hand, Marie-Pierre et al. [34] showed that the
presence of Fraxinus excelsior in some mountain grasslands in the French Pyrenees depends
on the management method. Cutting and a high intensity of grazing act negatively on
natural ash regeneration, and a low grazing intensity acts positively.

Another important aspect of river valley management is the degree of fragmentation
of forest complexes and their distance from each other, which, in terms of biodiversity
protection, was pointed out by Filyushkina et al. [35] and Palmeirim [36]. The opinions
are also divided in this case with regard to the question of whether a small number of
large protected areas or a large number of smaller areas are more beneficial from the point
of view of biodiversity conservation. Therefore, there are many reasons to investigate
the environmental and economic aspects of conservation methods applied to riparian
ecosystems. This study attempts to answer some of the current conservation questions in
river valley management using the example of Poland.

2. Materials and Methods
2.1. The Distribution of Forested Fluvisols in Poland and Their Share in Various Forms of
Nature Protection

A graphical illustration of the basic methodological data related to the distribution
of forested fluvisols in Poland and their share in various forms of nature protection is
presented in Figure 1.
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Figure 1. Flowchart of methods: FDB—Forest Data Bank [37]; NDVI—normalized difference vegeta-
tion index; GUS (2021)—Ref. [38].

The results of this study are based on data obtained from the Forest Data Bank (FDB),
a database that collects data about forests in Poland. Every forest complex in Poland is
inventoried every 10 years, with an accuracy of up to 1 ha, providing a basis for assessing
changes taking place in nature and planning activities for the next decade. In our study, a
total of 17,820 forest sections, where the soils were described as fluvisols, were analyzed.
River valleys create an ecosystem with a high degree of complexity and relationships
between biotic and abiotic factors, including both aquatic and terrestrial environments.
In order to limit the number of variables taken into account in our study, the variables
were limited to three factors: the type of soil, i.e., fluvisols, forest complexes occurring on
fluvisols, and forms of protection in accordance with the Nature Protection Act in force in
Poland [39] imposed on river valleys. These three variables were considered sufficient to
demonstrate the degree of complexity of the river valley management problem.

However, the concept of fluvisol is not clear. In recent decades, the position of alluvial
soils in Polish classification schemes has changed [18]. To ensure the comparability of
results, soil research in all Polish forests has been carried out since 2000 in accordance with
the “Classification of forest soils in Poland” [40]. In this classification, all soils with fluvic
material were merged into the Fluvisols group, irrespective of the presence of other mineral
diagnostic horizons or properties. All forest soils in Poland have been analyzed according
to this classification, with an accuracy of one test point on at least 4 ha. The results of these
studies have been entered into the Forest Data Bank [37].

All data were recorded in the form of attribute tables saved in ArcGIS 10.1 version as
“.dbf file”, in the layout shown in Table 1. ArcGIS is geographic information system (GIS)
software that enables the storage, management, and retrieval of data.

Table 1. Part of the attribute table for fluvisol data.

FID Shape Forest Address Coordinates Area Soil Subtype
X Y [ha]
0 Polygon 02-11-3-12-240-0 341,502 426,735 0.20 Humic fluv.
1 Polygon 04-12-2-14-148-a 155,852 724,250 0.13 Humic fluv.

The attribute table presented in Table 1 contains the following columns:
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e  FID—a column automatically created by the program with the ordinal number of the
object (Object ID); in ArcGIS, the first number is zero.

e  Shape—a column contains information concerning the geometry type of the object, e.g.,
polygon, point, line, and others; this column is automatically created by the program.

e  Forest address—a column created by users, this column presents the location according
to the Polish system of administrative division of forests; the Polish system comprises
the General Directorate supervising 17 Regional Directorates, which are divided into
432 Forest Districts. Forest Districts are divided into one, two, or sometimes three
subdistricts. In each Forest District, the forest area in administrative and spatial terms
is divided into numbered sections, usually rectangular, unless the terrain configuration
requires a different division. In addition, the sections are divided into subsections
marked with letters, covering homogeneous fragments of the forest. Section number-
ing always starts with 1 and subsections start with “a”. According to this division, the
forest address contains information about each unit, where the first example listed in
Table 1 carries the following attribute definitions: 02—the Katowice Regional Directory;
11—the Kluczbork Forest District; 3—the Zameczek Subdistrict; 03—the Zawisé Forest
Range; 240—the forest section number; “o0”—the subsection. However, it should be
emphasized that the published data contain forest addresses according to 2021, which
may change in 10-year cycles based on the Polish system of forest state verification.
As a result, the current forest address is 02-11-3-12-240-0.

e Xand Y—the coordinates.

e  Area (given in hectares).

e  Soil subtype—this column contains soil data.
e  Forest habitat type.

Data Records

All data were processed using ArcGIS v. 10.1 software and comprise 6 files with the
following extensions:

e .shp—a mandatory Esri file that provides geometric feature data. Every shapefile has
its own .shp file that represents spatial vector data, e.g., points, lines, and polygons in
a map.
.shx—a mandatory file used to search forward and backward.
.dbf—a standard database file used to store attribute data and object IDs. A .dbf
file is mandatory for shapefiles and can be opened using Microsoft Access or Excel
[Microsoft®Excel®2021 MSO (Version 2403 Build 16.0.17425.20176) 64-bit was used).

e  .prj—this file contains the metadata associated with the shapefile coordinate and
projection system.

e .sbn and .sbx—these files optimize spatial queries and are saved together.

Finally, the table of attributes was exported to Excel, and the data informed the
statements presented in this study (Tables 1 and 2).

Table 2. Share of forested fluvisols in total and in protected areas.

Share of Forested Fluvisols

Type of Total In Natura 2000 Sites In National Parks In Nature Reserves
FLs % of Total % of Total % of Total % of Total
Area (ha) ° Area (ha) RF or MF Area (ha) RF or MF Area (ha) RF/MF
Area
Area Area Area
River FLs
(RF) 51,302.77 100.00 27,857.07 54.30 681.86 1.33 2206.21 4.30
Ma(rl\li‘lf) FL 1.36 0.00 1.36 100.00 0.00 0.00 0.00 0.00

Total 51,304.13 100.00 27,858.43 54.30 681.86 1.33 2206.21 4.30
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2.2. Issues in the Protection of Riparian Forests Related to Fluvisols

A key element of this work is the assessment of the conservation status of river valleys
and forest-covered fluvisols. This problem is presented in Section 3.2, using the example
of two key rivers in Poland, the Odra and the Warta. The conservation status assessment
example considers the methods of protecting selected parts of river valleys and adjacent
areas, as well as the threats affecting the functioning of rivers.

Data on the boundaries of protected areas in Poland (national parks, nature reserves,
Natura 2000 areas, and wildlife corridors) were downloaded from the public website
“https:/ /www.gov.pl/web/gdos/dostep-do-danych-geoprzestrzennych” (accessed on 17
April 2024) managed by the General Directorate for Environmental Protection, which is the
government agency (gov.) responsible for environmental protection in Poland.

The relationships between the NDVI index, vegetation cover, and the moisture of
forest habitats used to the data analysis methodology are described in more detail in the
article published by Miynarczyk et al. [41].

Data used to demonstrate the relationship between the condition of forest stands
and the water level in the Odra River were retrieved from https://danepubliczne.imgw.
pl/data/dane_pomiarowo_obserwacyjne/dane_hydrologiczne/dobowe/ (accessed on 17
April 2024). Daily data were used, but the folder structure did not allow for automatic
utilization. The daily data were loaded into RStudio and the Nietkéw hydrological station
was filtered out. In the next step, the data were merged into a single series and loaded into
Microsoft Excel (Version 2403 Build 16.0.17425.20176) 64-bit for visualization.

3. Results
3.1. The Distribution of Forested Fluvisols in Poland and Their Share in Various Forms of
Nature Protection

Forested fluvisols in Poland consist almost exclusively of soils composed of river
sediments (Table 1). Most (54.3%) fluvisols occur at the Natura 2000 sites. Of these soils,
1.33% are noted in national parks, and 4.30% are noted in nature reserves (Table 2). Their
distribution is shown in Figure 2.
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Figure 2. Distribution of forested FLs: (a) Natura 2000 sites; (b) national parks; (c) nature reserves.
Red—FLs in the given protected area type; yellow—FLs out of the given protected area type.

Types of natural habitats are an important element of the Natura 2000 network. Of the
many natural habitat types mentioned [9] in the river valleys of Central Europe, two play a
key role: the oak—elm-ash forest, code 91F0; the ash—alder forest, code 91EQ.

The share of RFs in various forms of nature protection and divided into 91F0 and 91EO
habitats is presented in Table 3.
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Table 3. Share of forested FLs related to 91F0 and 91EO Natura 2000 habitat types: in total and in
protected areas.

Share of Natura 2000 Habitat Type (%)

Natura 2000 Forest Habitat

In Natura In National In Nature
Type
P Total 2000 Areas Parks Reserves
91F0 (the oak—elm-ash forest) 75 78 94 86
91EQ (the ash—alder forest) 3 3 0 2
Other (non-Natura 2000)
habitat types 22 19 6 12
Total 100 100 100 100

It should be noted that the given “zero” (in fact 0.08%) share of habitat type 91E0 in
national parks shown in Table 3 does not mean that there is no habitat type 91E0Q in national
parks in Poland; rather, this means that this habitat type does not occur in FLs in national
parks. It can be assumed that this corresponds to the ecological role of FLs and their strong
correlation with habitat type 91F(0. Habitats of type 91E0 are generally found on other soil
types. Therefore, it can be assumed that fluvisols form actual or potential habitat type 91F0
and, vice versa, that a typical soil for habitat type 91F0 is FL.

Assuming that national parks in Poland have the best status in terms of identifying
abiotic and biotic components of nature, the relationship of FL-RF in national parks can be
taken as a model state of 91F0 habitat, with all natural processes that occur in this type of
forest. The same national parks play a special role in the protection of RF.

The conservation management strategy of FLs and RFs depends on their location
within or outside of existing conservation forms in Poland. Approximately 5% of forests in
FLs are protected in Polish national parks and nature reserves (Figures 2 and 3). The role
of national parks and nature reserves presented in Figure 3 is obvious; they must protect
the best-preserved components of nature and ensure the natural course of processes taking
place in nature. However, the primary areas of RF and FL protection are Natura 2000 sites,
where approx. 55% of all FLs associated with forests in Poland occur. As shown in Table 2,
the main type of natural habitat on FLs is 91F0, which is composed mainly of oaks, elms,
and ash trees. Forest management in Poland in relation to RFs includes activities similar to
the methods of active protection of habitats 91E0 and 91F0. Therefore, in Figure 3, they are
combined into one unit of benefits and losses, although, of course, an important difference
in the conditions of forest management is timber harvesting. The value of alluvial forest
habitats is estimated in Table 4.

Table 4. The monetary value of alluvial forest habitats in protected areas in Poland.

Forest Alluvial Habitats

Economic Data In Natura 2000 In Nature In National
Sites Reserves Parks
Area (ha) 27,858.43 2206.21 681.86

Average wood prices in Poland per
1 m? in EUR (in PLN by GUS 2021 [38],

calculated to EUR according to the 44.30
European Central Bank [42]).

Average resources of gross timber (in

m3 per 1 ha) of broadleaved tree 247

species managed by the State Forests
in Poland [38].

Economic forest value in EUR. 304,829,727 24,140,570 7,460,980
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Figure 3. Management scheme for the protection of river valleys.

The economic losses shown in Table 4, which are relatively easy to calculate on the
basis of the value of wood and the prices of different wood assortments, are difficult to
compare with the natural value of forests. Smith and Smith [43] list eight RF functions,
each of which are difficult to directly estimate economically:

Protecting water quality by trapping sediment;

Protecting water quality by reducing nutrient and pollutant inputs;
Reducing stream bank erosion;

Providing shade and modifying stream temperatures;

Providing organic matter for aquatic ecosystems;

Enhancing local biodiversity;

Providing wildlife corridors;

Enhancing aesthetic, recreational, educational, and scientific values.

PN L=

It is possible to indicate the share of FLs in ecological corridors (Figure 4), where they
occupy 31,078.91 ha (60.6% of the total forested FL area in Poland).

As seen from the map shown in Figure 4, a significant part of forested FLs is outside
wildlife corridors. It should also be emphasized that the wildlife corridors shown in
Figure 4 are not limited to only river valleys but also include forest complexes outside
floodplains; therefore, it is natural that FLs do not exist outside of terrains flooded by rivers.



Land 2024, 13, 584

9 of 20

.
-

>

Figure 4. Distribution of forested FLs on the background of wildlife corridors (green); red—FLs
out of wildlife corridors; yellow—FLs in wildlife corridors (source of map of wildlife corridors:
https:/ /www.gov.pl/web/gdos/dostep-do-danych-geoprzestrzennych) (accessed on 17 April 2024).
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3.2. Issues in the Protection of Riparian Forests Related to Fluvisols

The enhancement of local biodiversity as an important function of RFs as mentioned
by Smith and Smith [43] is beyond a doubt. However, a problem arises when we are dealing
with various forms of nature protection and various nature protection goals. Rivers and
their environments form ecosystems that are particularly difficult to manage. On the Polish
scale, an example may be the Warta River, along which there are national parks, nature
reserves, Natura 2000 habitat sites, and bird Natura 2000 sites (Figure 5). In addition, a
number of rivers are of a transboundary nature, such as the Odra River shown in Figure 5,
which requires additional regulations in the field of environmental protection, including
international ones. Near the mouth of the Warta River to the Odra River, the highest
forms of nature protection in Poland were created—the Ujscie Warty National Park and the
Natura 2000 PLC080001 site, which were designated to ensure the combined protection of
habitats and birds (Figure 5).

The fluctuating water level in rivers, which may depend on both natural and anthro-
pogenic causes, affects the condition of the stands, which is illustrated in Figure 6 using
the eastern part of the PLH080028 Natura 2000 site (also marked in Figure 5) located along
the Odra River as an example. In Figure 6, the condition of stands depending on the
fluctuating water level was assessed on the basis of the NDVI index (normalized difference
vegetation index).
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Figure 5. Potential conflict in the protection of riverside areas in the example area of the Warta
River—Natura 2000 site PLB10002 (box); red—forested fluvisols; blue—rivers; yellow—Natura 2000
PLH sites along the Warta River; orange—Natura 2000 site PLC080001; dark green—national parks;
light green—other PLH Natura 2000 sites. The Eastern part of the PLH080028 Natura 2000 site is
indicated by a black square (referred to in Figure 6).

Figure 6a (as of 3 July 2018) and Figure 6b (as of 3 June 2019) show the condition
of the stand at a water level of 200 cm. Figure 6¢ (as of 7 August 2018) and Figure 6d
(as of 29 August 2019) illustrate the condition of the stand at the water level of approx.
150 cm. Figure 6e (as of 3 September 2018) and Figure 6f (as of 1 September 2019) show
the condition of the stand at the river level within 110 cm. Any changes in the flow level
in rivers, which due to human activity may overlap with natural factors, may affect the
condition of stands. For stands along the Odra River, in the presented area, the critical
water level in the river can be assumed to be 100 cm.
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(e) 3 September 2018 (f) 1 September 2019

Figure 6. Changes in the condition of stands in riparian forests in the eastern part of the PLH080028
Natura 2000 site in 2018 and 2019 depending on the level of the Odra River. In the upper right corner
of each subfigure, the changes in the water level in the river are marked, and the vertical blue line is
the date for which each of the subfigures was performed. Figures (a—f): dark blue color—broadleaved
stands in good condition; yellow—broadleaved stands in bad condition.; orange—drier pine forests
or non-forest vegetation in overdried habitats.

Among the RF functions mentioned by Smith and Smith [43], one should also pay
attention to “reducing stream bank erosion”. In the case of riparian forests occurring in
Poland, this is of particular importance as most fluvisols covered with forests are located in
mountain areas, in the upper sections of rivers, or in hill regions of the lowland part of the
country (Figure 7), where the problem of erosion is extremely important.
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Figure 7. Forested fluvisols (red areas) on the background of a relief map of Poland in the system
of dynamic hypsometry: (a) general map of forested fluvisols in Poland; (b) Wysoczyzna Elblaska
region (A on (a)); (c) Sudety mountain region (B on (a)); and (d) Bieszczady mountain region (C on (a))
In the Figure A, white color indicates the highest elevation of the terrain, brown indicates height
elevation, and green indicates the lowest elevation; in Figures B and C brown color indicates the
highest elevation, green the lowest.

4. Discussion

Riparian forests in Poland in relation to the background of the worldwide RF and
fluvisol network. FLs occupy less than 350 million ha worldwide, mainly along great rivers,
such as the Amazon, Ganges, or Nile [13]. In Europe, this type of soil covers over 5% of the
total land area of the European Union [14]. Therefore, Poland is only a small part of the
world FL and RF network (51,304.13 ha; 0.55% of the total forest area in Poland), but the
management of forest habitats related to FLs is important in the European system of nature
protection. In particular, the environmental value of alluvial forests is much higher than
that of their area. Rivers and river valleys, apart from many other functions [43], play the
role of ecological corridors. They are also an important natural link between Natura 2000
sites and, as shown in the research results, the largest share of FLs in Poland is in Natura
2000 sites (55% of FLs in Poland). It is also worth paying attention to the disproportion
between the occurrence of FLs and RFs. As previously reported, FLs cover over 5% of
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the total land area of the European Union [14] (according to Clerici et al. [44], RF covers
approximately 2% of the European continental area; the same share is given to the Nordic
countries [45]). Therefore, the area of FLs is two and a half times higher than that of riparian
forests, which can be explained by the importance of FLs in agriculture. These soils are
generally fertile, and therefore, they often remain in agricultural use. This comparison
shows that the protection of forests in FLs is even more important because, among many
other functions, forests protect the features specific to FLs.

Additionally, the status of marine fluvisols should also be clarified. The forested form
of marine fluvisol, provided in Table 1, has been recorded in one place in Poland only, at
the mouth of Bladzikowski Creek (in Polish: Potok Biadzikowski) to Pucka Bay (in Polish:
Zatoka Pucka). The affiliation of this position with marine FLs is debatable. As reported by
Olszak and Jereczek-Korzeniewska [46], the mouth of the stream is an alluvial fan formed
as a trace of water outflow from the melting ice sheet. Therefore, one marine FL habitat in
Poland requires more detailed research.

The dominant share of forested fluvisols (and not the fluvisols themselves) in Natura
2000 areas results from the criteria for diagnosing habitat type 91F0 (riparian mixed forests
of Quercus robur, Ulmus laevis and U. minor, and Fraxinus excelsior or F. angustifolia along
the great rivers), which is one of the types mentioned in the Habitats Directive [47] and
is identified as one of the two pillars of the Natura 2000 network. According to the
characteristics contained in the Interpretation Manual of European Union Habitats [9],
habitat type 91F0 is “Forests of hardwood trees of the major part of the river bed, liable to
flooding during regular rising of water level or, of low areas liable to flooding following
the raising of the water table. These forests develop on recent alluvial deposits”. Therefore,
alluvial forests are naturally included in the area of interest related to the Natura 2000
network. In addition, river valleys create areas where a number of other valuable natural
habitats can be found, such as alluvial forests with Alnus glutinosa and Fraxinus excelsior
(code 91E0), or rivers with muddy banks with Chenopodion and Bidention vegetation (code
3270) [9]. Combined with the natural value of the river itself, this means that river valleys
are often protected under the Natura 2000 network by designating Natura 2000 areas along
them. Therefore, because habitat type 91F0 is associated with riverine forests and riverine
forests are associated with fluvisols, hence the significant share of habitat type 91F0 and
fluvisols in Natura 2000 areas presented in our study:.

Environmental and monetary value of alluvial forest habitats. There are very few
publications on the natural value of FLs. According to El Hourani and Broll [19], in a
review of the literature on these soils, most of the works refer to their physical and chemical
properties or systematics. However, the environmental value of RFs is much more clearly
reflected in the literature [35,48-52]. Summarizing the natural value of river valleys is
difficult because a number of studies are based mainly on single or several individual
rivers [35]. In Poland, authors described RFs in the Sudety Mountains, at the border
between Poland, the Czech Republic, and Germany. As our research shows, this is one of
the main RF regions in Poland (Figure 6¢). According to Perzanowska and Korzeniak [50],
this region is the most species-rich at both local and regional scales. In addition, our study
shows that forests in FLs are mainly associated with the natural habitat type 91F0 in Poland.
According to the Interpretation Manual of European Union Habitats [9], this type of forest
habitat occupies basins along the great rivers. Most FLs noted in the Polish Forest Data
Bank are connected with mountain creeks and small rivers. Our research has shown that
the second natural habitat type associated with FLs in Poland is 91E0. Both natural habitats
(type 91F0 and 91EQ) are listed in the Red List of Natura 2000 habitat types of Poland [50]
and designated in the “Vulnerable” group.

An interesting attempt to calculate the natural value of natural forest habitats in pro-
tected areas is presented in a scientific article published by Pechanec et al. [52]. The authors
estimated, among others, the monetary value of hardwood forests of lowland rivers. The
value of this habitat type, reported in Special Areas of Conservation in the Czech Republic
as occupying an area of 117.72 km?, was estimated at about EUR 4.5 billion. According to
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our research, assuming that the area of this type of forest in Poland is 278.58 km? (Table 3),
the monetary value would be almost EUR 11 billion. This value is over 35 times higher
than the value of wood estimated in Table 3 (EUR 304,829,727) that could be obtained from
Polish forests growing on fluvisols. Therefore, even if both calculations may be debatable,
they still show that the natural monetary value of forest habitats exceeds the value of wood.

Selection of regions and goals of nature protection in river basins. Because of limited
labor forces and funding, it is not possible to protect all land areas; therefore, the problem
of how to select essential regions and protect biodiversity is discussed [53]. One of the
important questions highlighted by Filyushkina et al. [35] is as follows: what is better, a
few large or many small conservation areas? There is no simple answer to this question
because river valleys are incomparable at the world scale. It is difficult to compare the
Yangtze River Basin (1.8 million km?) [53] with Poland as the entire area of the country is
just over 300,000 km?.

Pechanec et al. [31] focused on another important topic of nature protection: the
fragmentation of protected areas. According to their study, nearly all protected areas in the
Czech Republic are smaller than 10 km?Z. In our study, we identified 17,820 forested FLs.
This means that the average area of one riparian forest habitat is less than 3 ha (the total area
of all investigated forests is 51,304.13 ha). This is due to the natural arrangement of forests
in the narrow river valleys in Poland, but it is not conducive to effective protection of the
natural processes taking place in river valleys. Despite all the presented discrepancies, in
Poland and in other European countries, the selection of regions is more or less regulated
by a network of national parks, nature reserves, Natura 2000 sites, and other forms of
protection. However, it is more difficult to find a consensus on the purpose of protecting a
given protected area and protecting river basins along the entire river course. An example
may be the divergent goals in the Warta River valley, where along the same river there
is a dam reservoir constituting the Natura 2000 site designated for birds, national parks
protecting the broad natural values of the region, and other protected areas designated for
the protection of river valleys and their natural habitats (Figure 5). The Natura 2000 PLB
100002 site (the Jeziorsko Reservoir), created on an artificial water reservoir formed as a
result of damming the river, acts on the entire Warta River basin. The natural flow of the
river was disturbed by the damming of water in the retention reservoir, which affects the
floodplains located further down the river [54]. Such cases should require an integrated
management plan for natural assets along the entire river course and not separate plans
for each area. The impact of the Jeziorsko Reservoir is mentioned in the draft of the Ujscie
Warty National Park protection plan [55] as one of the existing external threats. In protective
tasks for the “Ujscie Warty” National Park [56], this threat has been removed for unknown
reasons, but it undoubtedly matters. However, there is no comprehensive assessment of
the impact of the Jeziorsko Reservoir on the RFs along the entire course of the river, along
which, as a result of the research, a total of 1338 RF complexes on the FLs were recorded.

Management of the river valleys. As stated earlier [14,44], the data on the share of
FLs in relation to riparian forests in Europe (5% vs. 2%) show that in river valleys, forests
are not the dominant form of landscape, generally giving way to agricultural land. Our
research shows that forested FL cover in Poland is only 0.55% of the total forest area, 60%
of which is already in the areas with the highest protection status (national parks, nature
reserves, and Natura 2000 sites) (Figure 3). In national parks and nature reserves, these
forests are excluded from use (Figure 3). However, it is debatable whether this is to be a
form of strict protection or a form of active protection in response to current threats. It is
well known that rivers are the highways to invasive species and, in many cases, the control
and removal of invasive plants are necessary [57]. An overview of invasive alien plants in
Poland’s national parks was presented by Bomanowska et al. [58]. Therefore, the question
of strict protection of RFs (and not only riparian forests) may be an extension of the question
of Pechanec et al. [31] on conservation priorities. It is worth adding that the term strict
protection is interpreted differently but generally means the exclusion of human activities.
According to [59], strict protection “means ensuring minimal human intervention in order
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to allow the natural forces and processes to predominate”. In Poland, strict protection
means the total and permanent abandonment of direct human intervention in the state
of ecosystems, in the formations and components of nature, and in the course of natural
processes in protected areas. Additionally, in the case of species, strict protection refers
to the year-round protection of individual species and their stages of development [39].
Therefore, in the case of ecosystems with disturbed ecological balance, the question can
be raised of whether strict protection, meaning long-lasting and undisturbed protection of
natural processes, is truly the best form of protection.

In view of the above threats to riparian forests, the scope of their forest management
seems to be one of the less important factors affecting the condition of forest ecosystems
along rivers, provided that the continuity of the forest is maintained and, if possible, the soil
cover is untouched. The rules of forest management in Poland in relation to riparian forests
generally maintain these conditions. However, the method of forest management in riparian
forests, which differs depending on the target species composition of the stand, may be
discussed. If the aim is to protect a spontaneously formed species composition, then such
forests can be excluded from forest management. If the aim is to focus on oak or ash, actions
supporting both tree species are required. In the case of spontaneous, natural processes
taking place in the forest, oak often loses competition with elms, ash, and other species at
the stage of natural regeneration [32]. Ash in habitat type 91EO dies due to the pressure of
animals, as well as due to the expansion of ash dieback [60]. Both oak and ash trees can be
maintained by carrying out an active form of conservation through protective measures,
including protection against herbivores and protection of natural regeneration against
competition from other plant species. If the 91F0 habitat were to be excluded from any
human interference, the share of pedunculate oak in 91F0 would be expected to decrease.
The presence of Quercus robur in the stand is not only a source of valuable wood material
but also, and perhaps above all, a habitat for species valuable from the natural point of view,
such as Osmoderma eremita (in Natura 2000 code 1084) or Lucanus cervus (code 1083) [61].
The sum of all these issues makes the protection of FLs and riparian forests a complex
decision-making process, encompassing environmental, social, and economic issues, which
basically fully corresponds to the preamble to the Habitats Directive [47], which states
“...the main aim (...) of this directive being to promote the maintenance of biodiversity,
taking account of economic, social, cultural and regional requirements”. Referring to all
the abovementioned issues, it can be concluded that riparian forests and related fluvisols
formally have a sufficient legal basis for their protection, although the effectiveness of this
protection may be debated. Considering the various protection objectives, active forms of
this protection should not be excluded from national parks and nature reserves. In Natura
2000 sites and forests that are not covered by any form of protection, forest management
should also be acceptable. However, forest management should consider the obligation to
maintain the continuity of the forest and care for the maintenance of intact soil cover. The
only exception to the obligation to maintain forest continuity could be natural factors, such
as hurricanes, fires, or extreme floods.

Considering the results of the research showing that the largest share of forested FLs
in Poland is in Natura 2000 sites, it seems that none of the forest ecosystems in Poland fit
into the idea of the Natura 2000 network as strongly as the riparian forests.

Challenges and barriers faced in implementing integrated conservation plans for
FLs in river basins. At least in Poland, there are no legal, administrative, or institutional
barriers that would limit the possibility of creating integrated protection plans for entire
catchments. Moreover, there are management plans for catchments of large rivers, but they
concern flood risk management plans, focusing less on the protection of the natural values
of the river and its catchment [62]. Attempts are being made to create protection plans for
entire catchments, but they concern small rivers [63]. Attempts are being made to develop
protection plans, but even in the case of short streams (44 km), they focus on the river itself
and, to a lesser extent, on its catchment area [63]. It seems that the limitations here are
the human resources necessary to describe large areas of the catchment, requiring a wide



Land 2024, 13, 584

16 of 20

team of specialists, as well as the necessary time and costs associated with this type of
study. These limitations may be gradually minimalized in the future owing to technological
progress and increasingly better nature databases. However, it seems that the basic problem
of managing large river catchments is the divergent interests of various social groups, which
are difficult to reconcile. As shown in the results (Section 3.2), even in the case of a relatively
small river such as the Warta (about 800 km long), there are natural conflicts between
various forms of nature protection, and these conflicts do not yet refer to various forms of
land use (mining industry, agriculture, urbanization, and a number of others). It would also
be necessary to take into account different social expectations toward different managers
supervising large areas, such as river catchments. Perhaps the solution to this problem
would be to develop river catchment management plans produced by local experts, but
under the supervision of specialists not associated with a given region or even a country.
However, in such plans, riparian forest-soil relationships must be taken into account, as
indicated by the results of Celentano’s research [64] confirming that the degradation of
riparian forests has a severe negative effect on soil properties and subsequent ecosystem
services. This also applies to the replacement of forests with agricultural use, which also
affects the soil macrofauna in fluvisols [65].

5. Conclusions

In this study, the issue of managing river catchments was investigated in the example
of Poland, a country with a relatively high level of knowledge about the environment, its
natural values, and its threats, where every forest complex is inventoried every 10 years,
with an accuracy of up to 1 ha, providing a basis for assessing changes taking place in nature
and planning activities for the next decade. The country also has an appropriate legal
system that theoretically protects the natural environment against degradation. Despite
these objectives, even the location of riparian forests in protected areas does not guarantee
their proper protection. Taking into account our results, the following conclusions can be
drawn from our study:

e  Riparian forests have high natural value, protecting both biodiversity and natural
processes occurring in the associated soils. Therefore, whenever possible, river valley
management plans should take into account the preference for this form of land use
over others, especially since, as shown in our study, the natural value of riparian forests
may significantly exceed their economic value. Moreover, in river valley management
plans, it would also be worth taking into account the value of riparian forests as natural
flood areas, which are intended to absorb water during periods of river flooding, and
including this value in the economic balance related to the management of river valleys.
It would also be worth taking into account the role of forests in protecting natural
processes occurring in soils.

e  Our study shows that riparian forests dominate in mountainous areas in Poland,
which is probably due to the poor availability of the mountain regions for agriculture.
However, this emphasizes the role of forests on fluvisols in counteracting erosion.

e  Theoretically, forest areas associated with fluvisols (typical, fertile soils of river valleys)
are quite well recognized and protected in Poland. Most (55%) forested fluvisols are
located in Natura 2000 sites (an important European network of biodiversity hotspots),
with 4% in nature reserves, and 1% in national parks. Additionally, the main forest
habitat type associated with fluvisols is riparian forest, which is composed mainly
of Quercus, Ulmus, and Fraxinus, and is protected as Natura 2000 habitat type 91F0.
Preserving the sustainability of the forest is also a form of soil protection.

e Despite the identification of soils and forests in river valleys, as well as appropriate
legal tools, their protection may be ineffective due to the fragmentation of forms of
protection and the lack of a coherent system for managing river valleys. The lack of
such plans results in a lack of control over the condition of rivers and divergent goals
of activities in the field of individual objects of protection occurring in river valleys
(fauna, flora, natural habitats, and soils).
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e  Because the conservation status of the river as well as forest and non-forest ecosystems
associated with river valleys is also influenced by the management of areas located
outside the river valleys, integrated conservation plans for entire catchments, not just
river valleys, should be implemented in order to protect river valley ecosystems. Due
to potential conflicts related to the management of areas with diverse expectations of
local communities, it would be advisable for such plans to be created by local experts,
but under the supervision of a specialist/specialists from outside the area covered by
a given river basin.

e In the case of large rivers, limited resources of expert staff, high development costs,
and limited time allocated for this type of development may be a barrier to developing
management plans for entire catchments. However, it is assumed that significant
technological progress facilitates the monitoring of land and water areas, as shown,
among others, in the example of using the NDVI index to assess the relationship
between the state of the river and the condition of riverside forests.

Author Contributions: M.K. and A.M. conceived the ideas and designed the methodology. All
authors conducted the work and prepared the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no funding.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Acknowledgments: The authors gratefully acknowledge the Office of Forest Management and
Geodesy (Biuro Urzadzania Lasu i Geodezji Lesnej) and the General Director of State Forests for
providing data from the Forest Data Bank (Bank Danych o Lasach).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  EEA [European Environment Agency]. European Waters—Assessment of Status and Pressures EEA Report No 7/2018. EEA,
Copenhagen. 2018. Available online: https:/ /www.eea.europa.eu/publications/state-of-water (accessed on 23 February 2024).

2. Moss, B. Water pollution by agriculture. Philos. Trans. R. Soc. B Biol. Sci. 2008, 363, 659-666. [CrossRef] [PubMed]

3.  Schirings, C.; Feld, C.K.; Kail, ].; Hering, D. Effects of agricultural land use on river biota: A meta-analysis. Environ. Sci. Eur.
2022, 34, 124. [CrossRef]

4.  Tang, FH.M.; Lenzen, M.; McBratney, A.; Maggi, F. Risk of pesticide pollution at the global scale. Nat. Geosci. 2021, 14, 206-210.
[CrossRef]

5. Tilman, D.; Fargione, J.; Wolff, B.; D’Antonio, C.; Dobson, A.; Howarth, R.; Schindler, D.; Schlesinger, W.H.; Simberloff, D.;
Swackhamer, D. Forecasting Agriculturally Driven Global Environmental Change. Science 2001, 292, 281-284. [CrossRef]

6.  Wolfram, J.; Stehle, S.; Bub, S.; Petschick, L.L.; Schulz, R. Water quality and ecological risks in European surface waters-Monitoring
improves while water quality decreases. Environ. Int. 2021, 152, 106479. [CrossRef]

7. European Environment Agency. Water Retention Potentials of Europe’s Forests. A European Overview Support to Natural Water
Retention Measures. 2015. Available online: https://op.europa.eu/en/publication-detail /- /publication/cd910b36-82be-11e5-b8
b7-01laa75ed71al/language-en (accessed on 14 December 2023).

8.  Tolkkinen, M.; Vaarala, S.; Aroviita, ]. The Importance of Riparian Forest Cover to the Ecological Status of Agricultural Streams in
a Nationwide Assessment. Water Resour. Manag. 2021, 35, 4009-4020. [CrossRef]

9. Interpretation Manual of European Union Habitats. 2013. Available online: https://ec.europa.eu/environment/nature/
legislation /habitatsdirective /docs/Int_Manual _EU28.pdf (accessed on 14 December 2023).

10. Arruda, D.M.; Ferreira-Janior, W.G.; Duque-Brasil, R.; Schaefer, C.E.R. Phytogeographical patterns of dry forests sensu stricto in
northern Minas Gerais State, Brazil. An. Acad. Bras. Ciénc. 2013, 85, 283-294. [CrossRef]

11. Lloyd, J.; Domingues, T.E,; Schrodt, F,; Ishida, EY.; Feldpausch, T.R; Saiz, G.; Quesada, C.A.; Schwarz, M.; Torello-Raventos, M.;
Gilpin, M,; et al. Edaphic, structural and physiological contrasts across Amazon Basin forest-savanna ecotones suggest a role for
potassium as a key modulator of tropical woody vegetation structure and function. Biogeosciences 2015, 12, 6529-6571. [CrossRef]

12.  Fagundes, N.C.A,; de Avila, M.A.; de Souza, S.R.; de Azevedo, LEP; Nunes, Y.R.F; Fernandes, G.W.; Fernandes, L.A.; dos Santos,
R.M.; Veloso, M.d.D.M. Riparian vegetation structure and soil variables in Pandeiros river, Brazil. Rodriguésia 2019, 70, e0182017.
[CrossRef]

13.  FAO. World Reference Base for Soil Resources 2014, Update 2015 International Soil Classification System for Naming Soils and Creating

Legends for Soil Maps; World Soil Resources Reports; FAO: Rome, Italy, 2015.


https://www.eea.europa.eu/publications/state-of-water
https://doi.org/10.1098/rstb.2007.2176
https://www.ncbi.nlm.nih.gov/pubmed/17666391
https://doi.org/10.1186/s12302-022-00706-z
https://doi.org/10.1038/s41561-021-00712-5
https://doi.org/10.1126/science.1057544
https://doi.org/10.1016/j.envint.2021.106479
https://op.europa.eu/en/publication-detail/-/publication/cd910b36-82be-11e5-b8b7-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/cd910b36-82be-11e5-b8b7-01aa75ed71a1/language-en
https://doi.org/10.1007/s11269-021-02923-2
https://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.pdf
https://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.pdf
https://doi.org/10.1590/S0001-37652013000200011
https://doi.org/10.5194/bg-12-6529-2015
https://doi.org/10.1590/2175-7860201970002

Land 2024, 13, 584 18 of 20

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Té6th, G.; Montanarella, L.; Stolbovoy, V.; Mate, F; Bodis, K.; Jones, A.; Panagos, P.; Van Liedekerke, M. Soils of the European Union;
23439 EUR EN; JRC: Luxemburg, 2008.

Ilinkin, V.; Dimitrov, D.; Zhelev, P. Characteristics of FL in sand and gravel deposit “Kriva Bara”, Sofia, Bulgaria. Ecol. Eng.
Environ. Prot. 2018, 1, 58-65.

Saint-Laurent, D.; Arsenault-Boucher, L. Properties of alluvial and non-alluvial soils in fragmented mixed deciduous forest
patches in southern Québec, Canada. Catena 2019, 184, 104254. [CrossRef]

Davies, B.; Biggs, J.; Williams, P.; Thompson, S. Making agricultural landscapes more sustainable for freshwater biodiversity: A
case study from southern England. Aquat. Conserv. Mar. Freshw. Ecosyst. 2008, 19, 439-447. [CrossRef]

Kabata, C. Origin, transformation and classification of alluvial soils (mady) in Poland—Soils of the year 2022. Soil Sci. Annu. 2022,
73,156043. [CrossRef]

El Hourani, M.; Broll, G. Soil Protection in Floodplains—A Review. Land 2021, 10, 149. [CrossRef]

Gregory, K. The human role in changing river channels. Geomorphology 2006, 79, 172-191. [CrossRef]

Tolimir, M.; Kresovi¢, B.; Zivoti¢, L.; Dragovi¢, S.; Dragovi¢, R.; Sredojevi¢, Z.; Gaji¢, B. The conversion of forestland into
agricultural land without appropriate measures to conserve SOM leads to the degradation of physical and rheological soil
properties. Sci. Rep. 2020, 10, 13668. [CrossRef] [PubMed]

Graziano, M.P,; Deguire, A.K.; Surasinghe, T.D. Riparian Buffers as a Critical Landscape Feature: Insights for Riverscape
Conservation and Policy Renovations. Diversity 2022, 14, 172. [CrossRef]

Schifer, T. Legal Protection Schemes for Free-Flowing Rivers in Europe: An Overview. Sustainability 2021, 13, 6423. [CrossRef]
Morissette, J.; Donnelly, M. Riparian Areas: Challenges and Opportunities for Conservation and Sustainable Forest Management;
Sustainable Forest Management Network: Edmonton, AB, Canada, 2010; 56p.

Mammadova, A.; Redkin, A.; Beketova, T.; Smith, C.D. Community Engagement in UNESCO Biosphere Reserves and Geoparks:
Case Studies from Mount Hakusan in Japan and Altai in Russia. Land 2022, 11, 227. [CrossRef]

Dibaba, W.T.; Demissie, T.A.; Miegel, K. Drivers and Implications of Land Use/Land Cover Dynamics in Finchaa Catchment,
Northwestern Ethiopia. Land 2020, 9, 113. [CrossRef]

Gregory, A.; Spence, E.; Beier, P.; Garding, E. Toward Best Management Practices for Ecological Corridors. Land 2021, 10, 140.
[CrossRef]

Yousry, L.; Cao, Y.; Marmiroli, B.; Guerri, O.; Delaunay, G.; Riquet, O.; Wantzen, K.M. A Socio-Ecological Approach to Conserve
and Manage Riverscapes in Designated Areas: Cases of the Loire River Valley and Dordogne Basin, France. Sustainability 2022,
14, 16677. [CrossRef]

Dunham, ].B.; Angermeier, P.L.; Crausbay, S.D.; Cravens, A.E.; Gosnell, H.; McEvoy, J.; Moritz, M.A.; Raheem, N.; Sanford, T.
Rivers are social-ecological systems: Time to integrate human dimensions into riverscape ecology and management. WIREs
Water 2018, 5, €1291. [CrossRef]

Danci, O. Management of Alluvial Forests Included in Natura 2000 91E0* Habitat Type in Maramures Mountains Nature Park.
Transylv. Rev. Syst. Ecol. Res. 2015, 17, 163-176. [CrossRef]

Pechanec, V.; Machar, I.; Pohanka, T.; Opr3al, Z.; Petrovig, E.; évajda, J.; Sélek, L.; Chobot, K.; Filippovov4, J.; Cudlin, P.; et al.
Effectiveness of Natura 2000 system for habitat types protection: A case study from the Czech Republic. Nat. Conserv. 2018, 24,
21-41. [CrossRef]

Palatova, E.; Mauer, O.; Houskova, K. Pfirozend Obnova Dubu Letniho (Quercus robur L.) na Luznich Stanovistich—Certifikovand
metodika; Mendelova Univerzita v Brné: Brno, Czech Republic, 2011.

Dobrovolny, L. Potential of natural regeneration of Quercus robur L. in floodplain forests in the southern part of the Czech
Republic. J. For. Sci. 2014, 60, 534-539. [CrossRef]

Marie-Pierre, J.; Didier, A.; Gérard, B. Patterns of ash (Fraxinus excelsior L.) colonization in mountain grasslands: The importance
of management practices. Plant Ecol. 2005, 183, 177-189. [CrossRef]

Filyushkina, A.; Widenfalk, L.A.; Nordstrom, E.-M.; Laudon, H.; Ranius, T. Expert assessment of landscape-level conservation
strategies in boreal forests for biodiversity, recreation and water quality. ]. Nat. Conserv. 2022, 67, 126180. [CrossRef]
Palmeirim, A.F.; Emer, C.; Benchimol, M.; Storck-Tonon, D.; Bueno, A.S.; Peres, C.A. Emergent properties of species-habitat
networks in an insular forest landscape. Sci. Adv. 2022, 8, eabm0397. [CrossRef]

Bank Danych o Lasach (Forest Data Bank). 2022. Available online: https://www.bdl.lasy.gov.pl/portal/ (accessed on 28 August
2022).

Statistical Yearbook of Forestry. (In Polish: Rocznik Statystyczny Lesnictwa). Gtéwny Urzad Statystyczny (Statistics Poland),
Warszawa, Poland. 2021. Available online: https://stat.gov.pl/obszary-tematyczne/roczniki-statystyczne/roczniki-statystyczne /
rocznik-statystyczny-lesnictwa-2021,13,4.html (accessed on 28 August 2022).

Nature Protection Act. Journal Laws of 2004, No. 92 Item 880. Act of April 16, 2004 on Nature Protection, as Amended
(In Polish: Ustawa o ochronie przyrody. Dz. U. 2004 Nr 92 poz. 880. z Pézniejszymi Zmianami. Available online: https:
/ /isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu20040920880 (accessed on 20 February 2024).

Classification of Forest Soils in Poland, CILP, 2000; Centrum Informacyjne Laséw Panstwowych: Warszawa, Poland, 2000.
Mtlynarczyk, A.; Konatowska, M.; Krélewicz, S.; Rutkowski, P; Piekarczyk, J.; Kowalewski, W. Spectral Indices as a Tool to Assess
the Moisture Status of Forest Habitats. Remote Sens. 2022, 14, 4267. [CrossRef]


https://doi.org/10.1016/j.catena.2019.104254
https://doi.org/10.1002/aqc.1007
https://doi.org/10.37501/soilsa/156043
https://doi.org/10.3390/land10020149
https://doi.org/10.1016/j.geomorph.2006.06.018
https://doi.org/10.1038/s41598-020-70464-6
https://www.ncbi.nlm.nih.gov/pubmed/32788686
https://doi.org/10.3390/d14030172
https://doi.org/10.3390/su13116423
https://doi.org/10.3390/land11020227
https://doi.org/10.3390/land9040113
https://doi.org/10.3390/land10020140
https://doi.org/10.3390/su142416677
https://doi.org/10.1002/wat2.1291
https://doi.org/10.1515/trser-2015-0057
https://doi.org/10.3897/natureconservation.24.21608
https://doi.org/10.17221/83/2014-jfs
https://doi.org/10.1007/s11258-005-9019-x
https://doi.org/10.1016/j.jnc.2022.126180
https://doi.org/10.1126/sciadv.abm0397
https://www.bdl.lasy.gov.pl/portal/
https://stat.gov.pl/obszary-tematyczne/roczniki-statystyczne/roczniki-statystyczne/rocznik-statystyczny-lesnictwa-2021,13,4.html
https://stat.gov.pl/obszary-tematyczne/roczniki-statystyczne/roczniki-statystyczne/rocznik-statystyczny-lesnictwa-2021,13,4.html
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu20040920880
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu20040920880
https://doi.org/10.3390/rs14174267

Land 2024, 13, 584 19 of 20

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

European Central Bank 01/01/2020-31/12/2020: 2022. Available online: https://www.ecb.europa.eu/stats/policy_and_
exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-pln.pl.html (accessed on 28 August 2022).

Smith, PJ.; Smith, J.E. Ecological Values, Role and Importance of Riparian Vegetation in the Blue Mountains (report to Res-
idents Against Improper Development). Technical Report, 2004. Downloaded from ResearchGate platform. Available on-
line: https:/ /www.researchgate.net/publication/341110191_Ecological_Values_Role_and_Importance_of_Riparian_Vegetation_
in_the_Blue_Mountains_report_to_Residents_Against_Improper_Development?channel (accessed on 23 February 2024).
Clerici, N.; Weissteiner, C.J.; Paracchini, M.L.; Strobl, P. Riparian zones: Where green and blue networks meet. Pan-European
zonation modelling based on remote sensing and GIS. In EUR—Scientifc and Technical Research Series; Publications Office of the
European Union: Luxembourg, 2011; p. 60.

Gundersen, P; Laurén, A.; Finér, L.; Ring, E.; Koivusalo, H.; Seetersdal, M.; Weslien, J.O.; Sigurdsson, B.D.; Hégbom, L.; Laine,
J.; et al. Environmental Services Provided from Riparian Forests in the Nordic Countries. Ambio 2010, 39, 555-566. [CrossRef]
[PubMed]

Olszak, 1].; Jereczek-Korzeniewska, K. Morfologia i geneza doliny Potoku Bladzikowskiego. In VII Zjazd Geomorfologéw
Polskich. Wspotczesna Ewolucja Rzezby Polski; Kotarba, A., Krzemien, K., Swiechowicz, J., Eds.; iGiGP UJ: Krakéw, Poland, 2005;
pp. 331-332. Available online: http://denali.geo.uj.edu.pl/publikacje,000083?&page=Geomorfologia (accessed on 23 February
2024). (In Polish)

Council Directive 92/43/EEC of 21 May 1992 on the Conservation of Natural Habitats and of Wild Fauna and Flora. Available
online: https://eur-lex.europa.eu/legal-content/EN/TXT /?uri=celex:31992L.0043 (accessed on 28 August 2022).

Natta, A.K.; Sinsin, B.; Maesen, L.J.G. Riparian forests, a unique but endangered ecosystem in Benin. Bot. Jahrb. Syst. 2002, 124,
55-69. [CrossRef]

Nagaraja, B.C.; Sunil, C.; Somashekar, R.K. Protection of Riparian Habitats to Conserve Keystone Species with Reference to
Terminalia arjuna—A Case Study from South India. In Biodiversity—The Dynamic Balance of the Planet; IntechOpen: London, UK,
2014. [CrossRef]

Perzanowska, J.; Korzeniak, J. Red list of Natura 2000 habitat types of Poland. J. Nat. Conserv. 2020, 56, 125834. [CrossRef]
Pielech, R. Plant species richness in riparian forests: Comparison to other forest ecosystems, longitudinal patterns, role of rare
species and topographic factors. For. Ecol. Manag. 2021, 496, 119400. [CrossRef]

Pechanec, V.; Machar, I.; Sterbova, L.; Prokopova, M.; Kilianova, H.; Chobot, K.; Cudlin, P. Monetary Valuation of Natural Forest
Habitats in Protected Areas. Forests 2017, 8, 427. [CrossRef]

Zhang, L.; Weihua, X.; Zhiyun, O.; Chunquan, Z. Determination of priority nature conservation areas and human disturbances in
the Yangtze River Basin, China. ]. Nat. Conserv. 2014, 22, 326-336. [CrossRef]

Katuza, T.; Poznaniu, U.P.W.,; Sroka, Z.; Lewandowska, J. Impact of Decreasing the Normal Damming Level of the Jeziorsko
Reservoir on Low Flows in The Warta River. Acta Sci. Pol. Form. Circumiectus 2017, 2, 107-122. [CrossRef]

Rozporzadzenie Ministra Srodowiska w Sprawie Ustanowienia Planu Ochrony dla Parku Narodowego “Ujécie Warty”. Projekt.
2015. Available online: https://www.pnujsciewarty.4bip.pl/upload/2017020809161012r37ti23gc3.pdf (accessed on 28 August
2022).

Order of the Minister of Climate and Environment of 23 December 2020 on Protective Tasks for the Warta Mouth
National Park for the Years 2021-2023 (In Polish:P Zarzadzenie Ministra Klimatu i Srodowiska z Dnia 23 Grudnia
2020 r. w Sprawie Zadari Ochronnych dla Parku Narodowego ,Ujscie Warty” na lata 2021-2023). Awvailable online:
https:/ /dziennikurzedowy.mos.gov.pl/skorowidz/parki-narodowe-zadania-ochronne/zarzadzenie / poz-29-zarzadzenie-
ministra-klimatu-i-srodowiska-z-dnia-23-grudnia-2020-r-w-sprawie-zadan-och/ (accessed on 28 August 2022).
Portela-Pereira, E.; Monteiro, P.; Rodriguez-Gonzélez, PM. Control of Invasive Plant Species in Wetland Forests (91E0*). Biol. Life
Sci. Forum 2022, 13, 84. [CrossRef]

Bomanowska, A.; Adamowski, W.; Kirpluk, L; Otreba, A.; Rewicz, A. Invasive alien plants in Polish national parks—Threats to
species diversity. Peer] 2019, 7, e8034. [CrossRef]

Guidelines on Wilderness in Natura 2000. Management of Terrestrial Wilderness and Wild Areas within the Natura 2000 Network.
European Commission. Technical Report—2013-069. Available online: http://ec.europa.eu/environment/nature/natura2000/
wilderness/pdf/WildernessGuidelines.pdf (accessed on 28 August 2022).

Migliorini, D.; Luchi, N.; Nigrone, E.; Pecori, F.; Pepori, A.L.; Santini, A. Expansion of Ash Dieback towards the scattered Fraxinus
excelsior range of the Italian peninsula. Biol. Invasions 2022, 24, 1359-1373. [CrossRef]

Kuzminski, R.; Chrzanowski, A.; Mazur, A.; Rutkowski, P.; Gwiazdowicz, D.J. Distribution and habitat preferences of the stag
beetle Lucanus cervus (L.) in forested areas of Poland. Sci. Rep. 2020, 10, 1043. [CrossRef] [PubMed]

Regulation of the Minister of Infrastructure of October 26, 2022 on the Adoption of the Flood Risk Management Plan for the Odra
River Basin Area. Journal of Laws, Pos. 2714 (In Polish: Rozporzadzenie Ministra Infrastruktury z Dnia 26 Pazdziernika 2022 r. w
Sprawie przyjecia Planu Zarzadzania Ryzykiem Powodziowym dla Obszaru Dorzecza Odry. Dz. U., Poz. 2714. Available online:
https:/ /isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20220002714/0/D20222714.pdf (accessed on 22 February 2024).
Pawlaczyk, P; Bednarek, P.; Dziadowiec, R.; Banaszak, K.; Grzesiak, K.; Jermaczek, A.; Krzyskow, T.; Les, E.; Naks, P.; Sierakowski,
M.; et al. Protection Program for the Bogacica River in Opole Voivodeship; Publishing House of Naturalists’ Club: Swiebodzin, Poland,
2022.


https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-pln.pl.html
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-pln.pl.html
https://www.researchgate.net/publication/341110191_Ecological_Values_Role_and_Importance_of_Riparian_Vegetation_in_the_Blue_Mountains_report_to_Residents_Against_Improper_Development?channel
https://www.researchgate.net/publication/341110191_Ecological_Values_Role_and_Importance_of_Riparian_Vegetation_in_the_Blue_Mountains_report_to_Residents_Against_Improper_Development?channel
https://doi.org/10.1007/s13280-010-0073-9
https://www.ncbi.nlm.nih.gov/pubmed/21141775
http://denali.geo.uj.edu.pl/publikacje,000083?&page=Geomorfologia
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:31992L0043
https://doi.org/10.1127/0006-8152/2002/0124-0055
https://doi.org/10.5772/58355
https://doi.org/10.1016/j.jnc.2020.125834
https://doi.org/10.1016/j.foreco.2021.119400
https://doi.org/10.3390/f8110427
https://doi.org/10.1016/j.jnc.2014.02.007
https://doi.org/10.15576/asp.fc/2017.16.2.107
https://www.pnujsciewarty.4bip.pl/upload/20170208091610l2r37ti23gc3.pdf
https://dziennikurzedowy.mos.gov.pl/skorowidz/parki-narodowe-zadania-ochronne/zarzadzenie/poz-29-zarzadzenie-ministra-klimatu-i-srodowiska-z-dnia-23-grudnia-2020-r-w-sprawie-zadan-och/
https://dziennikurzedowy.mos.gov.pl/skorowidz/parki-narodowe-zadania-ochronne/zarzadzenie/poz-29-zarzadzenie-ministra-klimatu-i-srodowiska-z-dnia-23-grudnia-2020-r-w-sprawie-zadan-och/
https://doi.org/10.3390/blsf2022013084
https://doi.org/10.7717/peerj.8034
http://ec.europa.eu/environment/nature/natura2000/wilderness/pdf/WildernessGuidelines.pdf
http://ec.europa.eu/environment/nature/natura2000/wilderness/pdf/WildernessGuidelines.pdf
https://doi.org/10.1007/s10530-021-02716-z
https://doi.org/10.1038/s41598-020-57738-9
https://www.ncbi.nlm.nih.gov/pubmed/31974425
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20220002714/O/D20222714.pdf

Land 2024, 13, 584 20 0f 20

64. Celentano, D.; Rousseau, G.X.; Engel, V.L.; Zelarayan, M.; Oliveira, E.C.; Araujo, A.C.M.; de Moura, E.G. Degradation of Riparian
Forest Affects Soil Properties and Ecosystem Services Provision in Eastern Amazon of Brazil. Land Degrad. Dev. 2016, 28, 482-493.
[CrossRef]

65. Emmerling, C. Long-term effects of inundation dynamics and agricultural land-use on the distribution of soil macrofauna in
fluvisols. Biol. Fertil. Soils 1995, 20, 130-136. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/ldr.2547
https://doi.org/10.1007/bf00336592

	Introduction 
	Materials and Methods 
	The Distribution of Forested Fluvisols in Poland and Their Share in Various Forms of Nature Protection 
	Issues in the Protection of Riparian Forests Related to Fluvisols 

	Results 
	The Distribution of Forested Fluvisols in Poland and Their Share in Various Forms of Nature Protection 
	Issues in the Protection of Riparian Forests Related to Fluvisols 

	Discussion 
	Conclusions 
	References

