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Abstract

In this article, a change in wetland coverage and the representation of different wetland categories
over the last 180 years was analysed for the middle part of the Elbe River basin. Historical maps of the
Stable Cadastre, the current orthophoto map, and GIS layers of the current location and classification
of different types of land cover were used as sources. Based on the study of the available documents,
the following three types of wetlands were classified: swamps and marshes, wet meadows, and wet
meadows with woody vegetation. The area of wetlands has dramatically decreased from 1,125.68 ha
in 1841-42 (9.55% of the researched area) to 51.04 ha in 2022 (0.43%). While the majority of the area
of historical wetlands was wet meadows (97.12%), at present, the largest area of wetlands is swamps
and marshes (85.56%). Almost 60% of the arca of the disappeared wetlands is now occupied by arable
land; therefore, the observed changes can be attributed mainly to an increase in agricultural production.
The obtained information can be used in landscape planning with regard to the protection and

management of wetlands, or in proposing measures to improve the ecological status of surface water

bodies.
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Introduction

Wetlands are of extraordinary importance for the
preservation of genetic biodiversity, they are among the
habitats with the greatest biological activity, and they
are also extremely important for the preservation of
valuable biocenoses [1]. Wetlands play a number of roles
in a landscape, mainly the non-production ones, such
as hydrological and ecological roles, e.g., they help to

*e-mail: pavel.richter@vuv.cz

retain water in the landscape and have an important role
in the flood protection system as they retain sediments,
nutrients and pollutants on their way to the river system
[2, 3]. This means that during the dry season, wetlands
are able to recharge the local hydrographic network by
gradual release of the water they accumulated during
the rainy season. And, conversely, during periods of
heavy rainfall, precipitation can accumulate in the
wetland area and thus mittigate the course of floods
and slow down their progress [4-6]. Wetlands are also
among the most efficient elements in the renewal of the
short water cycle in the landscape [7].
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Unfortunately, the favourable role of wetlands used
to be underestimated and wetland areas were mainly
drained for agricultural uses on a worldwide scale,
particularly during the 20™ century. An estimated 64-
71% of wetlands have been lost due to this draining,
resulting in a number of adverse environmental impacts.
This trend was present to a lesser extent before the
19th century and the first half of the 20" century, when
large-scale amelioration projects were implemented [8].
Of course, this trend has also taken place in the Czech
Republic. In the past, the population in the area of today’s
Czech Republic used wetland biotopes to its needs
without endangering the wetlands or inappropriately
affecting their functioning (regular wetland meadow
mowing and reed cutting), and also maintained the
optimum moisture of the natural wetlands by means of
amelioration ditches. This type of management is rare
today and, as a result, wetlands have almost disappeared
from the Czech landscape (except for ponds and some
sites in specifically protected areas) [9].

Information on the historical development of
wetlands at the landscape level is not only important
from the theoretical aspect in order to gain insight
into the forces and pressures acting on the changes
of the wetland biotopes, but also as an inspiration
for wetland restoration in the landscape. In fact,
historical ~understanding of wetland formation
and dynamics is the basic precondition for the
implementation of effective wetland management,
protection and renewal measures. In addition, the
past landscape structure was often better able to play
its environmental as well as economic roles than the
present landscape structure [10]. Nowadays, a number
of activities focuses on the rehabilitation and restoration
of wetlands, as the awareness to extent of hydrological
as well ecological values of wetlands in multifunctional
landscapes increases. Largely, the success of wetland
restoration depends on site selection. In this case, the
relevant knowledge of historical locations of wetlands
based on the mapping of former wetland sites in
the GIS can play an important role. But then more
detailed reconnaissance of the terrain must follow.
The local knowledge of natural and socio-economic
conditions can be an advantage in the selection of sites
for implementation of wetland restoration with the
aim to improve the state of the landscape affected by
climate change and more frequent hydrometeorological
extremes [11].

The main goal of the research presented in this
article is the analysis and evaluation of long-term
changes in wetland habitats at the landscape level.
The cadastral districts in the middle part of the Elbe
River basin, intensively used for agriculture, were
selected as pilot areas. The following main research
questions were addressed:

— What is the dynamics of changes (expressed by the
representation of continuous, disappeared, and new
wetlands) and the development trajectory of wetlands
in the middle part of the Elbe River basin?

— How has the structure of the representation of
different wetland categories changed over the course
of history?

Material and Methods

The basis for data processing was archival maps,
current maps, and a field survey conducted in 2022.
The actual processing of the obtained data took place
in 2021-2022.

A Brief Summary of the Methodology

— The areas of interest were delimited as a cadastral
district belonging to the middle part of the Elbe
River basin in the vicinity of Lysa nad Labem in
an area typical for growing vegetables, so that
both the landscape in the immediate vicinity of the
Elbe River and the landscape further away from it
were represented. As a result of this division, the
researched area is spread over an altitude range of
172-252 m above sea level.

— The cadastral districts were located to form a
continuous area around the Elbe River in a third-
order basin 1-04-07 (the Elbe River from the
Vyrovka River to the Jizera River). Since the borders
of the cadastral districts do not correspond to the
basin borders, a small part of the researched arca
is located in a third-order basin 1-05-03 (the Jizera
River up to its confluence with the Klenice River).

— Archival maps of the Stable Cadastre
(Franziszeischer ~ Kataster) and the current
orthophoto map of the Czech Republic were used
as the main sources. Archival maps of the Stable
Cadastre were georeferenced and then vectorized.

— Spatial changes were detected using analysis in
a GIS environment using the Symmetrical Difference
and Intersection tools. The result is a categorization
of wetlands into continuous, disappeared, and new
segments.

— Furthermore, the trajectories of wetland changes
were described for their individual categories.

Delimitation of the Area

The areca was delimited using the borders of the
current cadastral districts. A total of 12 cadastral
districts with a total area of 117,899 km? were selected
(Fig. 1). The delimited area lies almost entirely in the
Elbe River basin from the Vyrovka River to the River
(third-order basin 1-04-07); a small part is located in the
Jizera River basin up to its confluence with the Klenice
River (third-order basin 1-05-03) [12]. The area is
located in the agriculturally intensively used landscape
of the Polabska nizina (Labe Lowlands). In the northern
part it is a slightly undulating, partially wooded
landscape (Fig. 1), where part of the cadastral district
of Milovice nad Labem lies in the former military area
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Fig. 1. Location of the researched area within the current borders of the cadastral districts and within the Czech Republic and Europe.

of Mlada. According to the functional types of the
landscape, the majority of the research area is a field
landscape, and in the northern part a field landscape
with heterogeneous agricultural areas. According to the
framework type of natural landscape, the entire area is
a warm landscape of the lowlands [13]. The dominant
soil types are fluvisol, cambisol, pararendzina, and
phaeozem [14]. This part of the Polabskd nizina was
chosen for the fact that the landscape has undergone
intensive changes, where wetlands have mostly been
transformed into other types of landscape use. At the
same time, wetlands are largely absent in this landscape,
and their restoration would be significant due to the
improvement of the water regime in the landscape,
especially mitigating the effects of floods and prolonged
dry periods.

The researched area consists of the following
cadastral districts: Bendatecka Vrutice, Celakovice,
Jitice, Kozovazy, Litol, Lysa nad Labem, Milovice nad
Labem, Mochov, Pierov nad Labem, Sedl¢anky, Stara
Lysa, Zaluzi u Celakovic. During the monitored period,
the administrative division changed. While in the
middle of the 19th century the monitored area belonged
partly to the Koufim and Mlad4d Boleslav regions,
at present it belongs entirely to the Central Bohemia

region, partly to the Nymburk and Prague-East districts
[15].

The entire third-order basin 1-04-07, the Elbe from
the Vyrovka River to the Jizera River, has an area of
604,825 km? (the researched area therefore makes up
about a fifth of the area of the basin) and is adjacent
to the following third-order basin in the upper and
middle Elbe River basin: 1-04-05 the Elbe River
from the Mrlina River to the Vyrovka River; 1-04-
06 the Vyrovka River; 1-05-02 the Jizera River from
the Kamenice River to the Klenice River; 1-05-03
the Jizera River up to its confluence with the Klenice
River; 1-05-04 the Elbe River from the Jizera River to
the Vltava River. In the Lower Vltava River basin, the
neighbouring third-order basins are: 1-09-03 the Sazava
River up to its confluence with the Zelivka River; 1-12-
01 the Vltava River from the Berounka River to the
Rokytka River [12].

Materials for Data Processing
Historical Condition of the Landscape and Wetlands

For mapping the historical condition of the landscape
and wetlands in the middle of the 19" century,
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Mandatory Imperial copies (Kaiserpflichtexemplar)
of the Stable Cadastre (Franziszeischer Kataster)
were used; if these were not available, the original
Indication Sketches of the Stable Cadastre were used,
both in 1:2,880 scale. These documents are divided
according to the then borders of the cadastral districts.
They were mapped in 1841 (Koufim Region) and
1842 (Mlada Boleslav Region). They are available
on the website of the Central Archive of Surveying
and Cadastre [15]. The individual map sheets were
combined into units according to their affiliation
to the historical cadastral district in Adobe Photoshop
CS5v12. In the event that the boundaries of the
historical and new cadastral district were not identical
and part of the new cadastral district was missing, the
relevant part of the neighbouring historical areca was
also processed.

The documents were then georeferenced using the
Georeferencing tool in the GIS environment, specifically
in the ArcMAP 10.7.1 program. As reference layers for
georeferencing, layers of the Basic Map of the Czech
Republic at a scale of 1:10,000, the current borders of
cadastral districts, and the current orthophoto map were
used. All the mentioned documents were connected
using the WMS service, which is available on the
CUZK (Czech Office for Surveying, Mapping and
Cadastre) Geoportal [16].

The monitored wetland categories are based on the
legend of the Stable Cadastre maps and were defined

so that it was possible to follow the development of
identical categories both on the historical maps of the
Stable Cadastre and in the present. These are the basic
historical categories of wet meadows, wet meadows
with woody vegetation, and swamps and marshes.
As an alternative category of wetlands, ponds were
also included; however, from water management and
partially a landscape-ecological point of view, they
are also classified as water bodies. The other (non-
wetland) land use/cover categories were similarly
classified. These were arable land, forestland, non-
forest woody vegetation, grassland, orchards, urban
areas, transportation routes, other water bodies (without
ponds), and watercourses (Table 1).

Current Condition of the Landscape and Wetlands

Land use/cover types of the current landscape and
existing wetland types were identified by the method
of manual visual interpretation using a combination of
several different types of materials. The main source
of data was the current coordinate-connected (WMS)
orthophoto map, which is available on the CUZK
Geoportal [16]. The following additional documents
were used to verify the information obtained from the
orthophoto map:

— LPIS for determining the type of agricultural land.

A vector layer is available on the Public Land

Registry website [17].

Table 1. Monitored Land use/cover categories, including wetland categories

Land use/cover

Description

Urban areas

Town/village residential area except for major streets and roads and major green areas,

scattered buildings

Transportation routes

Any roads, lanes, cycle paths, railway tracks, sidings

Arable land Periodically managed arable land
Forest land Woody vegetation classified as forest land (UHUL)
No
wetlands Non\-}i(;reetztti\zr(:ody Woody vegetation not classified as forests (e.g. river bank vegetation, parks etc.) (UH['JL).
Grasslands Meadows, pastures, agriculturally unused grasslands (also linear grassland along roads)
Other water bodies Ponds, lakes, dams, water reservoirs and swimming pools
Watercourses Rivers, brooks, raceways, canals
Orchards Orchards and gardens
Sites permanently saturated with stagnant water or waterlogged for the predominant part of
Swamps and marshes | the year, with a reed or cattail stand or similar hygrophytes; scattered woody plants with reed
undergrowth or growing in a wetland biotope.
Periodically mowed meadows with various hygrophyte vegetation, swamped for the
Wetlands Wet meadows predominant part of the year; swamped meadows that are irregularly mowed/used; unused

wet or waterlogged meadows with no woody vegetation.

Wet meadows with
woody vegetation

Wet or waterlogged meadows with woody vegetation not categorised as forests, also with
broad-leaf; unused wet or waterlogged meadows with starting woody vegetation or with reed
undergrowth or growing in a wetland biotope.

Ponds

Typ of water bodies, especially for fish farming. They have a relatively small area and are no
longer deep. They are also classified as wetlands.
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— Boundaries of topsoil to differentiate forest stands
from non-forest woody vegetation. The WMS service
is available on the Forest Management Institute
(FMI) Geoportal [18]; the layer of topsoil boundaries
is taken from Regional Forest Development Plans.

— ZABAGED" for the initial identification of current
wetlands on the basis of the marshs and swamps
layer [19]. Available as a WMS service on the CUZK
Geoportal [16].

— DIBAVOD to check the location of watercourses and
water reservoirs, and to determine current ponds,
the layers of watercourses and water reservoirs
were used, which are available on the website of the
Digital Water Management Database [20].

Programs Used and Data Processing

Georeferencing of archival map sheets of the
Imperial compulsory imprints of the Stable Cadastre,
connection of current documents using the WMS
service, and subsequent creation of a polygon layer
in the .shp format took place in the GIS environment,
specifically in the ArcMAP 10.7.1 program in the
ETRS89/UTM zone 33N coordinate system. Each
polygon was defined by its identification number,
the type of wetland, and the year in which it occurred
in the area. All landscape segments were interpreted
as polygons, regardless of whether they are enclaves or
corridors in the landscape [21], due to the necessity of
creating exclusively the polygon layer for subsequent
GIS spatial analyses. Spatial analysis of wetland
changes at the landscape level was carried out in a
GIS environment using the Symmetrical Difference
tool for the creation of new feature classes and the
transfer of attributes based on combinations of two
overlapping feature classes and the Intersection tool.
The result of the analysis was the categorization of
wetlands according to their spatio-temporal dynamics,
into continuous, disappeared, and new segments.
The category of continuous wetlands means the
occurrence in the same location, both on Stable
Cadastre maps and at current documents (according
to DIBAVOD [20], ZABAGED® [16, 19], and the
orthophoto map [16]). When verifying the data
according to the field survey disappeared wetlands are
recorded only on Stable Cadastre maps, whereas the new
wetlands are recorded only on current documents. The

Table 2. Change in area of wetlands in the researched area.

initial data processing took place in a GIS environment;
it involved calculating the area of polygons. The
resulting values were exported and interpreted in the
form of tables in Microsoft Excel 2016. As part of the
processing of these map and tabular outputs, the results
showing the change in area and location of individual
types of wetlands are presented.

The Verification of Wetland Categories
Classification Accuracy

The accuracy check of wetland categories
classification was carried out in two steps: The first
step of data verification consisted of revision of the
available data on the computer. This was performed
by using the intersection of all available data recording
the current state of wetlands in comparison with the
current orthophoto map. This way,the areas with
potential contradictions of data vs. the actual state
were distinguished. In the second step, the current
state of the sites was verified based on a field survey.
Adjustments were made by using map records as well
as GPS measurement records. A similar procedure was
used, e.g., by COPASS et al [22].

Results
Area of Historical and Current Wetlands

Historical wetlands are formed by the sum of areas
of disappeared and continuous wetlands. In the first half
of the 19" century, the area of wetlands in the researched
arca was 1,125.68 ha, which represents 9.55% of the
researched area. On the other hand, in 2022, wetlands
occupy only 51.04 ha, i.e., only 0.43% of the researched
arca. The total wetland area has therefore decreased by
a factor of almost exactly twenty-two, i.e. the area of
current wetlands corresponds to 4.53% of the area of
historical wetlands (Table 2).

A substantial part of historical wetlands in the
researched areca was wet meadows, namely 1093.26 ha
(i.e., 97.12% of the area of historical wetlands), followed
by swamps and marshes with an area of 26.69 ha
(2.37%). The remaining area of historical wetlands,
43.67 ha (0.51%), was wet meadows with woody
vegetation (Table 2).

Area [ha] Area [%0] Situation against
Land use/cover "
1841/42 2022 1841/42 2022 1841/42 [%]
Wet meadows 1,093.26 2.87 97.12 5.62 0.26
Wet meadows with woody vegetation 5.73 4.50 0.51 8.82 78.50
Swamps and marshes 26.69 43.67 2.37 85.56 163.63
h3 1,125.68 51.04 100 100 4.53
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Current wetlands are formed by the sum of areas of
new and continuous wetlands. Currently, swamps and
marshes occupy the largest area among wetland types.
They cover 43.67 ha (85.56%). The rest of the area of
the current wetlands is wet meadows and wet meadows
with woody vegetation. They cover 2.87 ha (5.62%) and
4.50 ha (8.82%), respectively (Table 2).

In the entire researched area, covering a total
of 117,899 km?> (12 cadastral districts), disappeared
wetlands occupy an area of 1,094.64 ha, which is 97.25%
of the area of historical wetlands, and continuous
wetlands cover an area of 31.04 ha (2.75% of the area
of historical wetlands). New wetlands cover an area of
20 ha, which is approximately 55 times smaller than the

arca of the disappeared wetlands (Tables 3, 4 and 5).
It is clear from these data that the majority of historical
wetland area has disappeared from the researched area
and this loss has not been compensated by the creation
of new wetlands.

Wetland Change Trajectories

The vast majority of wetlands in the researched area
have disappeared (1,094.64 ha, i.e., 95.54% of all types
of wetlands according to temporal stability) (Table 3);
continuous and new wetlands make up only a tiny
fraction of the area of all types of wetlands according
to temporal stability (Fig. 2). This is 31.04 ha (2.71%)

Table 3. Trajectory of changes in the area of disappeared wetlands in the researched area.

Type of change - extinct wetlands area [ha] % typ % total

Wet meadows >> Arable land 621.49 58.41 56.78
Wet meadows >> Grasslands 114.73 10.78 10.48

Wet meadows >> Forest land 109.30 10.27 9.98

Wet meadows >> Non-forest woody vegetation 90.65 8.52 8.28
Wet meadows >> Urban areas 53.68 5.05 4.90

Wet meadows >> Transportation routes 25.18 2.37 2.30

Wet meadows >> Watercourses 18.87 1.77 1.72

Wet meadows >> Ponds 14.02 1.32 1.28

Wet meadows >> Orchards 8.10 0.76 0.74

Wet meadows >> Other water bodies 8.00 0.75 0.73
> 1,064.01 100 97.20

Wet meadows with woody vegetation >> Forest land 2.18 42.66 0.20
Wet meadows with woody vegetation >> Non-forest woody vegetation 1.71 33.58 0.16
Wet meadows with woody vegetation >> Arable land 0.87 17.09 0.08
Wet meadows with woody vegetation >> Grasslands 0.34 6.67 0.03
> 5.10 100 0.47

Swamps and marshes >> Arable land 7.32 28.66 0.67
Swamps and marshes >> Forest land 5.88 23.03 0.54
Swamps and marshes >> Grasslands 5.56 21.76 0.51
Swamps and marshes >> Non-forest woody vegetation 4.25 16.63 0.39
Swamps and marshes >> Urban areas 0.83 3.24 0.08
Swamps and marshes >> Ponds 0.61 2.37 0.06

Swamps and marshes >> Transportation routes 0.53 2.06 0.05
Swamps and marshes >> Watercourses 0.29 1.15 0.03
Swamps and marshes >> Other water bodies 0.21 0.82 0.02
Swamps and marshes >> Orchards 0.07 0.27 0.01

> 25.53 100 2.33

2 1,094.64 - 100
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for continuous ones and 20 ha (1.75%) for new ones
(Tables 4 and 5).

At the site of the disappeared wetlands, arable
land is currently the dominant land use, accounting
for 57.57% of their original area. A significant share
is also occupied by grassland (11.03%), forest land
(10.73%), and non-forest woody vegetation (8.84%).
Urban areas cover 4.99% of the area of original
wetlands. Transportation routes, ponds and other water
bodies, orchards and gardens are less represented, and
watercourses occupy only an insignificant share of the
area of disappeared wetlands.

Of wet meadows, 58.41% changed to arable land,
10.78% to grassland, and 10.27% to forest land. 28.86%
of swamps and marshes changed to arable land, 23%
to forest land, and 21.76% to grassland. In place of wet
meadows with woody vegetation, forest land (42.66%),
non-forest woody vegetation (33.58%), and arable land
(17.09%) are most common (Table 3).

Newly created wetlands consist mainly of swamps
and marshes (15.567 ha). Wet meadows with woody
vegetation and wet meadows as new wetlands cover
an area of 3.744 ha and 0.689 ha, respectively.
New wetlands occur mainly on the site of former

Table 4. Trajectory of changes in the area of new wetlands in the researched area.

Type of change - new wetlands Area [ha] % typ % total
Watercourses >> Swamps and marshes 5.94 38.17 29.71
Grasslands >> Swamps and marshes 4.53 29.13 22.67
Forest land >>Swamps and marshes 2.16 13.89 10.81
Non-forest woody vegetation >>Swamps and marshes 1.46 9.37 7.30
Ponds >> Swamps and marshes 0.81 5.21 4.06
Arable land >> Swamps and marshes 0.51 3.24 2.53
Transportation routes >> Swamps and marshes 0.15 0.99 0.77
> 15.57 100 77.84
Watercourses >> Wet meadows with woody vegetation 2.69 71.88 13.46
Ponds >> Wet meadows with woody vegetation 0.45 11.94 2.24
Non-forest woody vegetation->>Wet meadows with woody vegetation 0.23 6.01 1.13
Forest land->>Wet meadows with woody vegetation 0.19 5.07 0.95
Transportation routes >> Wet meadows with woody vegetation 0.08 2.11 0.40
Grasslands >> Wet meadows with woody vegetation 0.06 1.55 0.29
Arable land >> Wet meadows with woody vegetation 0.05 1.44 0.27
> 3.74 100 18.72
Watercourses >> Wet meadows 0.63 91.58 3.16
Ponds >> Wet meadows 0.06 8.42 0.29
> 0.69 100 3.45
> 20.00 - 100

Table 5. Trajectory of changes in the area of continuous wetlands in the researched area.

Type of change- continuous wetlands Area [ha] % typ % total

Wet meadows >> Swamps and marshes 26.31 89.14 84.76

Wet meadows >> Wet meadows 2.18 9.10 7.03

Wet meadows >> Wet meadows with woody vegetation 0.76 1.76 2.44
> 29.25 100 94.22

Swamps and marshes >> Swamps and marshes 1.16 100 3.74

Wet meadows with woody vegetation >> Swamps and marshes 0.63 100 2.04
> 31.04 - 100
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Fig. 2. The research area within the current borders of the third-order basins on the basis of current map of the Czech Republic at a scale
of 1:10,000 and the second Austrian military survey (mapped 1836-1852 at a scale of 1:28,800).

watercourses (46.32%) and grassland (22.96%). Forest
land (11.76%), non-forest woody vegetation (8.42%), and
ponds (6.58%) are also more significantly represented.
The representation of arable land and transportation
routes is minimal (Table 4).

In the case of continuous wetlands, swamps and
marshes currently make up the largest area (28.10 ha).
An area of 2.18 ha is occupied by wet meadows. Wet
meadows with woody vegetation make up an area of
0.76 ha. All types of continuous wetlands are found
mainly on the site of historical wet meadows (Table 5).

The Verification of Wetland Categories
Classification Accuracy

When verifying the available data, it was found that
the error rate of the data was in the units of percent
(except office validation accuracy for wet meadows
with woody vegetation) in the researched area. In
total, the wetlands were classified by office validation
and field validation with accuracy over 93% and 96%,
respectively (Table 6). Based on the evaluation of the
processed data from the orthophoto map along with
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Table 6. The verification of wetland categories classification accuracy when including ponds.

Land use/cover Sample number Office validation accuracy Field validation accuracy
Wet meadows 12 91.7 91.7
‘Wet meadows with woody vegetation 17 88.2 94.1
Swamps and marshes 27 92.6 96.3
Ponds 32 96.9 100
Total 88 932 96.6

background data compared to modified data from the
field survey, it was found that the available data largely
correspond to the actual state and the changes are
not so significant, therefore further field visits are not
necessary.

Discussion

A certain inaccuracy in the results is caused by the
fact that the documents used are partially incompatible,
especially in terms of the nature of the map type, scale,
and quality. In particular, it concerns the use of Stable
Cadastre maps and current orthophoto maps, which are
quite different sources. The results are refined by using
other current maps.

Comparing historical and current wetland categories
will always be imprecise because, even for the same
category, wet meadows in the past will never be the
same as wet meadows today, especially in terms of
the scale of their economic use in the past and almost
exclusive affiliation to specially protected areas at
present. To make it easier to compare the development
of wetlands, the individual categories of historical
and current wetlands were labelled with the same
terminology, even though they often differed both in
their management and appearance as well as integration
into the landscape. In the legend of the Stable Cadastre,
in addition to ponds, there are four basic representations
of wetlands: marshes, marshes with reeds, wet
meadows, and peat bogs. During the mapping of the
Stable Cadastre, there were various deviations from
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Fig. 3. Spatio-temporal changes of wetlands in the researched area.
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the prescribed legend; however, in almost all periods,
in addition to the basic depiction of wet meadows, wet
meadows with woody vegetation are abundant in the
researched areca. Mostly it is a symbol of deciduous
trees, the same as in the depiction of deciduous forests
[15, 23]. These were used to determine the types of
wetlands in the researched area; conversely, as part of
a clearer distribution of wetland categories, marshes
and marshes with reed vegetation were merged into
one category. Peat bogs do not occur in this part of the
middle Elbe River basin.

This article is written in the form of a case study;
it does not map the entire territory of the Czech Republic
comprehensively. As the researched area is large enough
(12 cadastral districts, area 117,899 km?), it is assumed
that the obtained results will be representative for this
type of landscape. Even with regard to the analysis of
spatial changes in wetlands (Table 3), where half of the
disappeared wetlands were occupied by arable land,
the observed changes can be attributed mainly to an
increase in agricultural production, which is in line with
the trends of land use development in Czechia [24-27].

The results demonstrate a fundamental loss of
wetlands in the landscape of the researched area, where
only 4.53% of wetlands were preserved from the original
area in 1841-42. The change in composition of wetlands
is also interesting; while wet meadows dominated in
the 19th century (97.12%, compared to 5.62% today),
in the current landscape the category of swamps and
marshes predominates (85.56%). The reason is clearly
the fact that the function of wetlands has changed
— in the past wet meadows fulfilled a production
function to a large extent and were used for harvesting
hay or reeds [9], not only in the Czech Republic, but
also in other European countries, such as Sweden [28§],
Switzerland [29], and Great Britain [30]; at present, wet
meadows are no longer being cultivated and have started
to overgrow due to succession [9]. However, especially
in the middle part of Elbe River basin, where the Elbe
River meandered in the past, the natural circulation of
surface water and groundwater has been disturbed by
human economic activity; as a result, wetlands are most
often found in places overgrown with “wild” vegetation,
which cannot be cultivated with modern technology
without drainage, and so they are overgrown with both
woody plants and reeds. The occurrence of swamps

and marshes in Polabska nizina was expected, as this is
indicated by the results of studies dealing with wetlands
in the landscape of the lowlands of the Czech Republic
[31-33]; however, such a dominance of this type of
current wetland was not expected.

From the point of view of the temporal stability
of wet meadows, the analysis of their trajectories
in the researched area shows that they historically
belonged to the most widespread wetland category
(281.06 ha in 1840). Simultaneously, their representation
in the current landscape of the researched area has
significantly decreased (12.3 ha). In the category of
disappeared wetlands, they are the most common type
(Table 4). This fact corresponds to the findings of
similar studies in the Czech Republic and abroad [26,
28-34].

An interesting phenomenon was found when
comparing the very significant decrease in areas of
wet meadows with the increase in areas of swamps and
marshes. The wetland type swamps and marshes shows
the highest detected dynamics of trajectories towards
area increase. Swamps and marshes, which cover
26.69 ha in the Stable Cadastre maps, have increased
their area to 43.67 ha by 2022. A possible explanation
lies in the historical abandonment of mowing wet
meadows and their subsequent overgrowth with reeds
or successional trees, but also in the afforestation of less
fertile sites, especially the expansion of historical forest
sites [24, 25, 35-38]. The change in the water regime of
the landscape due to shortening of the Elbe watercourse
and the isolation or infilling of remnants of its meanders
certainly had an impact as well.

Ponds as a type of wetlands were not considered
during the initial processing of the results. Only
a habitat with vegetation cover, not an open water
surface, was designated as a wetland. From a landscape-
ecological and water management point of view, ponds
are classified as water bodies. However, they also meet
the definition of wetlands [7, 23, 39]. On the maps of
the Stable Cadastre, all water bodies in the researched
arca arc also generally classified as ponds; in fact, no
other water body type existed at that time. At present,
according to maps and the field survey, the situation
in the researched area is similar; the ponds are also
often created from the former meanders and branches
of the Elbe River. However, we can find other types of

Tab. 7. Change in the area of wetlands in the researched area when including ponds.

Area [ha] Area [%0] Situation against
Land use/cover 1841/42 o
1841/42 2022 1841/42 2022 [%]

Wet meadows 1093.26 2.88 90.81 3.23 0.26

Wet meadows with woody vegetation 5.73 4.50 0.47 5.05 78.50

Swamps and marshes 26.69 43.67 2.22 49.00 163.63

Ponds 78.20 38.07 6.50 42.72 48.69
z 1.203.87 89.12 100 100 7.40
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water bodies here. If we were to include ponds with
wetlands, the area of historical wetlands would increase
from the original 1,125.68 ha (9.55% of the researched
area) to 1,203.87 ha (10.21%). The area of the current
wetlands would then be 89.12 ha (0.76%) instead of
51.04 ha (0.43%). Ponds would occupy 6.5% of the arca
of historical wetlands, and wet meadows would still be
the dominant type of historical wetlands, but instead
of the original 97.12%, they would only cover 90.81%.
Ponds would also be the absolutely dominant type of
new wetlands, along with swamps and marshes, making
up 42.72%, and swamps and marshes would have their
representation reduced from 85.56% to 49%. Also, the
inclusion of ponds among wetlands would cause an
increase in the proportion of the area of current wetlands
to the area of historical wetlands from 4.53% to 7.40%.
In the case of historical wetlands, the inclusion of ponds
would not cause significant changes in the results, while
in the case of the current ones, the difference would
be more significant (Table 7). This is due to the large
occurrence of wetlands in the past and their almost
complete disappearance. Compared to a similar study
in the upper part of the Vyrovka basin on the Elbe and
Sazava watershed, the results are partly different; here,
ponds form the absolutely dominant type of current
wetlands, while swamps and marshes are hardly present
in the current landscape. This area, however, is largely
hilly and is known for its pond farming tradition. In
both areas, however, the same result occurred; the
dominant type of historical wetlands — wet meadows
— had almost completely disappeared from the current
landscape [33]. Wet meadows were also the dominant
type of historical wetlands during the monitoring of
changes in wetlands on the edge of Brdy Mountains.
In contrast to the middle part of the Elbe river basin,
the ponds here form only a negligible area of wetland
habitats, both historical and current, and swamps and
marshes do not occur in this area at all [34].

Based on the study of archival maps, it is therefore
demonstrable that wetlands were historically a common
part of the landscape. This confirms the fact that Europe
is marked by a long history of human influence and use
of the landscape [40]. In Central Europe, a huge area
of wetlands has been converted into agricultural land
during the past few centuries [26, 29].

It would be appropriate to use the knowledge gained
in landscape planning with regard to the protection and
management of wetlands, especially in view of changing
climatic conditions. Evaporation in the Czech Republic
is growing rapidly; average evaporation between 2001
and 2018 was 18% (519 mm) higher than in 1971-2000
(440 mm), while simulations of future scenarios using
regional climate models predict growth of up to 54%.
Such an increase would have serious consequences
for the availability of surface water and agricultural
production in the dry season in the Czech Republic, as
was already proven in 2014-2018 [41].

Another possibility of how the results presented
here could be used is the development of a basic

document for river basin plans to improve the condition
of surface water bodies. It is particularly important to
improve the ecological status of surface water bodies
since, for the most recently evaluated and presented
period of 2016-2018, 94.6% of surface water bodies of
the “river” category and 86.3% of bodies of the “lake”
category in the Czech Republic are in unsatisfactory
ecological status/potential [42]. Some components of
the evaluation of the ecological status/potential, such as
the representation of phytoplankton, macrozoobenthos,
fish, macrophytes or phytobenthos, as well as water
saturation with oxygen, could be increased by bringing
the status of watercourses closer to the original one,
i.e. by restoring meanders and adjacent wet meadows
suitable for flooding instead of deepened manmade
straight ones, often paved channels. It would be
appropriate to start a kind of reverse process to that
which took place here in the second half of the 20th
century (straightening rivers, melioration, removal of
copses and wetlands, etc.). If so much effort and so
many funds could be devoted to the above-mentioned
transformation of our landscape, it would probably be
necessary to devote a lot of effort and many funds to
the transformation of our landscape closer to its original
state, where the landscape fulfilled non-production
functions much better, in particular being much more
capable of retaining water.

The situation can potentially improve in response
to ongoing climate change and associated sustainable
agriculture. At the beginning of March 2020, a list
of more than 3,600 signatories of a document was
published, calling for the EU’s Common Agricultural
Policy (CAP) to also address sustainability of
agriculture [43]. At the same time, an article describing
this call and related issues was published. In principle,
it was about starting to promote sustainability of
agriculture. In the EU, the CAP is failing, especially
in terms of biodiversity and land degradation. It calls
on the European Parliament, the Council, and the
Commission to adopt ten urgent measures to ensure
sustainable food production, biodiversity conservation,
and climate change mitigation in the CAP [44].

Conclusion

The main results are the description of the
development trajectories of wetland habitats in the middle
of Elbe river basin and verification of the methodology
for monitoring of the wetlands development for use in
the entire Elbe river basin. The area of wetlands before
the mid-19™ century was 1125.68 ha in the researched
area, while in 2022 it was only 51.04 ha (i.e. 4.53% of
their original area), which means a dramatic decrease
of wetlands in the landscape. While the majority of the
areca of historical wetlands was wet meadows (97.12%),
at present the largest area of wetlands is swamps and
marshes (85.56%). Disappeared wetlands in this area
occupied 1,094.64 ha (95.55% of the area of all wetland
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types according to stability), continuous wetlands
31.04 ha (2.71%), and new wetlands 20 ha (1.75%).
Arable land is currently the most dominant land
use/cover type at the site of disappeared wetlands,
amounting to 57.57% of their area. Grasslands and
forest land occupy a significant share of the area of
disappeared wetland habitats, 11.03% and 10.73%,
respectively. These facts confirm that wetlands that
have disappeared due to landscape management are the
most common category in the monitored area and that
more than half of the wetlands have been replaced by
arable land.

The results presented in this article should form a
practical, usable basis for the restoration of disappeared
wetlands and, simultaneously, for the viable
management of current wetlands. These landscape
elements are a solution for adapting to the issues
caused by climate change. A varied landscape with a
sufficient representation of wetland habitats contributes
significantly to retaining water in the landscape and
maintaining a stable climate. In the future, we are
planning to map the other locations in the Elbe River
basin in a similar way.
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