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Abstract: The increasing number of visitors and conflicts resulting from shared use in valorising
sensitive wetlands make effective visitor and site management measures essential. In the course
of this research, the landscape pattern, the current spatial distribution of tourist activities and the
possible arrangement of expedient further development were examined. The study area, Lake Tisza,
is an artificial lowland reservoir established in the 1970s with an area of 127 km2 in Hungary. Among
its original functions, in addition to flood control, nature conservation and recreation have become
the main profiles. The diverse hydro-ecological features and mosaic landscape structure allow for
nature conservation and utilisation in tourism. This differentiated use is in line with the worldwide
trend of favouring locations with multiple leisure activities in close proximity to each other. Based on
the CORINE Land Cover (CLC) 2018 database, 12 different land use categories were identified in the
study area. The largest proportion is represented by water bodies (53.29%), while inland marshes
and broad-leaved forests cover 22.25% and 16.64%, respectively. The heterogeneity of the area is
considerably enhanced by the high patch sizes of the categories pastures, broad-leaved forests and
inland marshes. According to the Shannon diversity index, the most complex landscape diversity
can be found in the Tiszavalk (1.5) and Poroszló (1.4) basins, considered to be the most suitable for
ecotourism, while the lower values of the Sarud (1.1) and Abadszalók (1.1) basins provide suitable
conditions for water sport activities and recreational tourism. Continuous adaptation to social needs
and the joint protection of natural values is crucial for the sustainable development of Lake Tisza.

Keywords: landscape diversity; landscape mosaics; landscape pattern; Shannon index; landscape
zoning; land use preferences; site management; visitor management

1. Introduction
1.1. Historical Backround of Land Use Changes in the Middle Tisza Region

Land use planning always tries to follow the constantly changing needs of society [1].
Sometimes, a previous anthropogenic intervention should be partially reversed because
the old landscape type would be better for the new needs [2]. This happened in the central
plain of the Carpathian Basin, the Great Plain, which until the 18th century was a free
floodplain of the Tisza and its tributaries, where floods affected an area of several hundred
km2. In the 19th century, the rivers were dammed, and the exempted floodplains were
used for arable agriculture [3]. However, the fertility of the land obtained in this way is
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relatively poor, salinification appeared and production was not economical in many places
by the end of the 20th century. The economic development of the Tisza region has stalled
and the number of its inhabitants has started to decline. The remaining arable land requires
an increasing amount of irrigation water, cumulative use has increased and there is also
great interest in coastal recreation. In the meantime, social thinking has changed, and
nature-friendly use has gained ground, which encourages the partial rehabilitation of the
once-extensive wet habitats [4].

River regulation in the 19th century, dam construction and cutting river bends caused
many conflicts among land owners [5]. In contrast, at the turn of the 20th century, the
designation of nature reserves did not cause serious harm to interests, because in the
decades between 1960 and 1990, the middle Tisza region was a depopulated, economically
depressed region, and the lands were state-owned. The local population had no say in the
designation of nature reserves.

It was in such a social, economic and ownership situation that the most spectacular
water management intervention in the Great Plain, the establishment of Lake Tisza, took
place between 1967 and 1980. As we shall see later, efforts were made already in the
design phase to meet a variety of needs. Even today, it is necessary to find a land use
structure that allows space for new developments, recreation, nature conservation and
water management. Fortunately, due to its size (127 km2) and relatively diverse natural
conditions, Lake Tisza provides an opportunity to develop a diverse usage pattern across
the space and over time.

Landscape mosaics is a landscape structure that significantly influences the opera-
tion, use and aesthetic appearance of the landscape [6–10]. Therefore, analysing spatial
diversity is considered to be an important goal for landscape geography, landscape ecology,
landscape character and aesthetics research as well [11–16].

1.2. Natural and Land Use Diversity

Traditional landscape geography discusses the diversity of landscape patterns based
on natural differences in landscape factors (geology, topography, climate, hydrography,
soil, vegetation). The natural diversity of the Carpathian Basin is very high, due to the
boundaries between the climatic, soil and biogeographical conditions of the W, S and E
parts of the continent. The geographical zonality typical of an Eastern European plain
switches here to the mosaic landscape structure of Western Europe. Traditional European
land use adapted very precisely to minor microclimate, soil and hydrographic differences
before extended afforestation, the formation of plantations and the mechanisation and
chemisation of agriculture. For this reason, land use and landscape diversity in Europe
were probably greatest in the mid-19th century [17,18]. As a result of afforestation in the
20th century, increasing arable land plots and sometimes monocultural vineyards and fruit
plantations, the landscape diversity of the continent has decreased significantly [13,19]. The
mosaic character of landscapes, however, has started to grow again in the last few decades
as the proportion of arable cultivation has decreased significantly, nature reserves have
increased and cultural landscapes are rapidly urbanizing. Practically, a strong land use
polarization is going on; on the one hand, the proportion of built-up areas is almost 10% in
the W and S parts of the continent, and on the other hand, the share of semi-natural areas is
15–20% [20]. The size of the habitats (ecotops) is decisive in the landscape structure from an
ecological point of view; however, soil erosion is also influenced by the spatial distribution
of dense vegetation, reducing run-off.

The heterogeneity of landscapes is expressed in mosaics, the basic units of which are
patches, corridors and a matrix. The unique characteristics and indices of these landscape
elements are expressed in quantitative form in landscape metrics [21]. Landscape metrics
research usually makes patches the object of investigation, since their geometric properties
(area, perimeter, shape, etc.) and their relative spatial location (e.g., proximity of spots, con-
nectivity) can be calculated simply and mathematically [22]. If this pattern has developed
naturally, it is known as mosaics, but if the pattern is caused by human activities, it is called
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fragmentation [23]. The landscape pattern can be characterised based on geoinformatic
methods, mathematical models [10] or landscape metric data, such as mean patch size
(MPS), mean shape index (MSI), concavity (CNCV), mean nearest neighbour (MNN), the
Shannon diversity index (SHDI), etc. [24–26].

1.3. Visual Diversity and Landscape Aesthetics

The mosaics in the visual image of a landscape are determined mainly by the spatial
pattern of the relief, vegetation cover, built-up areas and water surfaces. The scenery is
generally characterised by the perception and harmony of different land use patches [27–29].
The aesthetic image of the landscape is strongly subjective; however, the average grade
of likeness of the scenery can be determined based on an adequately large number of
subjective opinions.

The attractiveness of landscape scenery and knowing the preferred landscape pat-
tern are important information for tourism. Numerous surveys indicate that after historical
places, scenic, well-kept, harmonic landscapes have the greatest attraction for visitors [30–32].
Most visitors would not like to see weedy fallow lands, eroded slopes and shaggy scrubs
but rather peaceful grazing cattle, freshly mown meadows, attractive tree avenues, wood-
lands with variable size and species compositions and flowing or standing waters [33–35].
Mosaics is a key factor in the emotional impact of landscapes [13,36]. Several European
surveys confirm that agricultural parcels, tree avenues, scattered groups of trees and mosaic
landscapes of various shapes, colours and sizes, with some water surfaces, are the most
popular [37,38]. Ref. [39] divided the structural elements of the landscape into three groups;
linear elements, point elements and patch surfaces. Of these, point-like and green landscape
patches evoke the most positive aesthetic effects; however, landscapes with hedgerows are
also highly popular [40]. Some analyses also showed that views with a moderate number of
patches that were not too diverse had the greatest effect on observers [41,42]. Authors often
point out that factors that are difficult to quantify and can be detected only occasionally,
e.g., seasonally, contribute to the favourable aesthetic assessment of a landscape, such as
the sounds of nature (rustling leaves, babbling water); the smell of a landscape; luminous
and shadow phenomena, meteorological and atmospheric effects, e.g., the Northern Lights;
etc. [43]. Several surveys have confirmed that the increase in homogeneity of European land-
scapes, i.e., regular squares of growing arable land plots, vineyards or dense afforestation
(e.g., energy forests), generally does not appeal to locals or tourists [44–46].

The open or closed nature of a landscape and the quality of visibility and view play
an important role in judging the scenery of the landscape [47,48]. In flat areas, the feeling
of spaciousness is significantly increased by the sky and water surfaces [49]. The shores
of lakes, rivers and seas are key elements of the attractiveness of the landscape. This is
one of the oldest landscape aesthetic statements that is still true today [50–53]. Along
shores, mosaic plant cover and built-up areas are considered optimal both ecologically and
aesthetically [54–57].

The increasing number of visitors and conflicts resulting from shared use in valorising
sensitive wetlands make effective visitor and site management measures essential. In the
course of this research, the landscape pattern, the current spatial distribution of tourist
activities and the possible arrangement of expedient further development were examined.
In recent years, rapid changes in societal needs accelerated by the effects of climate change
and urbanization have led to the increased importance of wetland areas for recreation,
which presents a constant challenge to landscape planning. One tool for managing recre-
ational activities and tourism is ecosystem-based zoning [58,59]. It is used not only in
terrestrial protected areas [60,61] but in marine systems as well [62,63].

The aim of this study is to evaluate the landscape mosaic character, the spatial patterns
of recreation and nature conservation in the context of tourism management on the example
of Lake Tisza. This integrated approach highlights how natural conditions can enhance
sustainable tourism development in the 21st century. The novelty of our research lies in the
fact that zonal visitor management of lake ecosystems has not been widely used in practice



Land 2023, 12, 2092 4 of 19

at present and is completely lacking in Hungary, so our study can be an important addition
to the literature and a useful tool for practitioners. Moreover, the results of this paper could
help decision-makers to justify the direction of future developments of wetland areas with
similar characteristics.

2. Study Area
2.1. Geographical Properties

Lake Tisza has the third largest water surface area in the Carpathian Basin. It is located
in the middle of the Great Plain (Figure 1). The central, deepest part of the basin was a
real “wildwater land”, mostly undisturbed before river regulations in the 19th century
(Figure 2).

The establishment of the lake started in 1967 and the following objectives were set at
that time in the order of importance:

- Providing a constant water level for a power plant nearby and for the hydroelectric
power plant at the southern edge of the lake,

- Irrigation of the surrounding agricultural areas,
- Providing flood protection and shipping,
- Recreation, easing the increasing crowdedness of Lake Balaton, the most popular even

at that time, by creating a new lake.
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Figure 1. Location and sub-basins of Lake Tisza. Source of base map: Esri, Maxar, Earthstar Geograph-
ics, and the GIS User Community.

Fifty years ago, Lake Tisza and its surroundings were considered the internal periph-
ery of Hungary with poor infrastructure and few industrial plants. Inhabitants lived on
agriculture; however, the productivity of the land here is only moderate due to climatic
reasons and soil properties. The region was characterized by high unemployment, emi-
gration and ageing. Under these circumstances, the idea of developing tourism in the late
1960s was a very progressive step. The area around the lake was declared a resort area in
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1975. According to tourism statistics [64], between 2016 and 2020, 350,000 guest nights were
registered annually in a region of less than 30,000 inhabitants. About 1000 accommodations
can be found around the lake, mostly pensions and guesthouses for five to eight people.
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(C): military survey, 1941, (D): 1st March 2023 (Source: (A–C): mapire.eu, (D): OpenStreetMap).

Among the originally planned functions, flood protection has become more important
due to climate change, combined with increasingly extreme water conditions. However,
there has been no demand for water freight transport since then, and between 2000 and 2020,
the amount of irrigated land in Hungary also decreased by 15% [65]. The mentioned thermal
power plant was shut down in 2013, but the hydroelectric power station is operating.
Overall, recreation came out on top among the former goals.

The lake is completely surrounded by an embankment, which rises 3–4 m above the
water level of the lake. At the top of the embankment, there is a single-lane concrete road.
Car travel is allowed on this, subject to a small fee.

The length of the cycling route, which skips the northern part, is 64 km running mainly
along the crown of the embankment. One advantageous feature of the lake is that only
about 15% of the outer side of the circular embankment is in contact with the settlement. A
total of two small towns and two villages are in contact with the embankment, and another
five villages are 2–3 km away from the embankment. Built-up areas along the direct shore
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(within the embankment) are minimal, only associated with the nine marinas, campsites
and beaches there are across some 100 m of covered shoreline.

2.2. Ecological Endowments

After the construction of the embankment and the hydroelectric power station at the
lower end, it took 5 years to fill the lake (1973–1978). Lake Tisza with an area of 127 km2

is a shallow lowland reservoir, which warms up to 25 ◦C in summer. The so-called flow-
through water mass, the so-called “living” Tisza, stretches slightly west from the axis line
of today’s lake (Figure 3).
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and mosaic character of the northern part and the increasing open water surfaces towards the south.
Source: Landsat-8 [66]. Earth Explorer, image courtesy of the U.S. Geological Survey.

The basin of the lake is dissected geomorphologically, and the topography of the
former floodplain, natural levees, islands, oxbow lakes and canals can be detected even
today; therefore, the lake can be divided into four distinct parts. From N to S, there are the
sub-basins (bays) of Tiszavalk, Poroszló, Sarud and Abádszalók (Figures 1 and 3).

In the bays furthest from the fresh water of the Tisza, the waterflow is very slow,
almost stagnant in some places. The water level in the lake is regulated seasonally with
the help of the locks of the hydropower plant. For nature conservation and recreation
purposes, high water levels are maintained in spring and summer, although this is not
always possible due to intensifying summer droughts. In August 2022, for example, 1/3 of
the tourist shipping waterway had to be closed due to the low water depth. In late autumn,
a planned water level decrease of 80–100 cm is carried out, when 43 km2 of the 127 km2 of
the lakebed becomes dry. During the rapid 1-week lowering of the water level in autumn,
a lot of accumulated sediment drifts out of the sub-basins; therefore, the water of the lake
will be cleaner during the recharge in the following spring. The average water depth in
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summer is slightly below 1 m in the N part of the lake and over 2 m in the S part of the
lake. However, in the strip of the original riverbed and former oxbow lakes, it exceeds
5–10 m (Table 1). Due to significant fluctuations in water depth and the area covered by
water, seasonal vegetation dynamics show a picture similar to the natural conditions before
river regulations [67].

Table 1. Data characterising the different parts of Lake Tisza. Source: Middle Tisza District Water
Directorate [68].

Area km2 Average Water
Depth cm

Proportion of Open
Water Surface %

Proportion of the Lake Temporarily
Covered by Aquatic Vegetation %

Tiszavalk part 26 50–60 44 56
Poroszló part 52 80 45 55

Sarud part 28 120 76 24
Abádszalók part 21 210 83 17

Maintaining the full potential for ecological diversity in the long term, especially
in the context of climate change, is difficult. Nature conservation is also forced to set
certain priorities [63,69,70]. This is why, e.g., bird protection areas have been designated,
while elsewhere, the conservation of bog vegetation is the primary conservation objective.
When the northern and central parts of Lake Tisza, about 65% of the area, became part
of the Hortobágy National Park in 1993, a zone system for the utilisation of the lake
was established in order to separate nature protection from other, primarily touristic and
recreational, use. Around the turn of the millennium, mosaic-based zoning was applied to
several similar European wetlands and artificial lakes as well [71–75].

2.3. Types of Recreation

Several types of tourism-related activities are present in the study area. Bathing
has been the most common touristic use of the lake since its inception. According to
surveys, about 10,000 bathers enjoy the water of the lake on a hot weekend. As a result of
developments, the number of cyclists is constantly increasing. In 2021, sensors installed
along the embankment reached a peak in measured data following the COVID-19 pandemic,
recording a total of about 88,000 cyclist crossings [76].

More and more people are coming for fishing and excursions on the lake. The number
of days of fishing in 2020 was 30% higher than in the previous year (130,000) [77]. The lake
is advertised as a “four-season fishing lake”; besides nature walks and cycling, this is also a
form of recreation in winter. Lake recreational fishing is a very popular recreational activity
worldwide, and the literature on this is very abundant. According to surveys, in addition
to successful fishing, a harmonious natural environment, silence and mental recreation are
increasingly important for recreational anglers [78–81]. Another important finding is that
anglers increasingly search for places with varied fish fauna, and catching mass species
provides less emotional pleasure [79,82].

Plenty of watercraft vehicles roam the lake during the peak summer season. Canoeing
and guided tours by speedboat are very popular, with the help of which the winding
canals and near-natural areas interspersed with islands among the reeds of the lake can
be explored. Due to the shallow water depth, only low-draft sailboats can be used; there-
fore, the number of sailboats in the available ports is relatively small. There is a serious
environmental risk and conflict associated with the use of fast excursion speedboats, jet
skis, wakeboards, etc. The lake is highly suitable for bird watching. Overall, the number of
guests participating in photo tourism is not large; however, it shows an upward trend.

The conditions of the settlements around Lake Tisza are utilized as an element of-
fering regional importance in health tourism, rural tourism, professional tourism and
cultural events.
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The importance of Lake Tisza in Hungary—even if it is the smallest tourist destination—is
proven by the fact that it was able to increase its number of guests in 2020, despite it being full
of restrictions. While the turnover of commercial accommodation establishments decreased
by 55% nationwide, Lake Tisza decreased by only 45%, but even then, 77,000 guests and a
total number of 216,000 guest nights were registered (this exceeds 350,000 guest nights in
“peacetime”) [64].

3. Methods

Our own research regarding Lake Tisza has a history of more than 10 years [83–85].
The focus of our investigations has always been on the relationship between tourism
and nature conservation, which we have tried to explore in an ever-expanding spectrum
over time.

Our research group started a complex primary research project regarding Lake Tisza
in 2022. In the first phase of the research, partly using GIS tools, a detailed analysis of the
mosaic character of land use, landscape diversity and typical landscape character types
was started. Highlighted from the complex research profile, in this study, we deal with the
natural mosaic condition of the landscapes and spatial patterns designed for recreation
and nature conservation. During field visits, infrastructural elements serving the different
tourism activities were compiled and photo-documented.

The landscape geometry analysis was based on details from the CORINE CLC 2018
Land Cover raster database (CLC 2018). In the case of Lake Tisza, the edge of the delineated
area is represented by the embankment surrounding the lake. The CORINE (Coordination
of Environment Information) program launched by the European Commission as the most
important part of the Copernicus Land Monitoring Service (CLMS) provides a land cover
dataset from 1990. CORINE Land Cover (CLC) provides spatiotemporal thematic land
cover and land use information with 44 thematic classes divided into three levels at a
pan-European level [86]. Despite the limitation of its spatial resolution, CLC has emerged
as the EEA’s (European Environment Agency) primary source of land data [87]. Land use
and land cover (LULC) datasets are widely used for land use planning and environmental
analysis [88]. The minimum 100 m wide mapping unit of CLC is a limiting factor of our
analysis; therefore, changes smaller than this range cannot be considered.

Landscape and patch-level landscape metrics were calculated using the QGIS LecoS
(Landscape Ecology Statistics) module [89]. The LecoS landscape ecology analysis tool was
first introduced by Jung (2016) [89] and subsequently used in numerous studies due to its
robustness [90]. LecoS provides a raster analysis of land use data and calculates landscape
metrics for all land use categories [91]. It makes extensive use of the scientific python
libraries SciPy and Numpy.

In order to measure the landscape diversity, the Shannon diversity index (ShI) was
used and calculated as follows [92]:

ShI =
m

∑
i=1

Pilog Pi,

where m is the number of the studied land use categories, Pi is a proportional representation
of the i-th category in the total area:

Pi =
Bi

∑m
i=1 Bi

,

and when Bi is the surface area of the i-th category. Higher ShI values indicate greater
landscape diversity.
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4. Results and Discussion
4.1. Mosaics

The results of the analysis of landscape mosaicism using GIS tools and the correlations
between the field studies and the literature’s data on tourism supply are presented below.

Based on the Corine Land Cover (CLC) 2018 database, 12 different land use categories
were identified in the study area, confirming the mosaic character of Lake Tisza (Figure 4).
The largest proportion is represented by water bodies (53.29%), while inland marshes and
broad-leaved forests cover 22.25% and 16.64%, respectively (Table 2). These three categories
cover more than 90% of the total area. The combined share of agricultural land and built-up
areas represents less than 1% of the total area (Table 2).
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When the number of patches in each land use category is compared with the area
covered by the respective category, it can be seen that the categories with the largest areas
consist of relatively small patches. In the case of water bodies, the 53.29% area ratio includes
only eight patches, resulting in exceptionally large patch sizes (Figure 5). In the case of
broad-leaved forests and inland marshes, the relatively large proportions of the area are
associated with large numbers of patches, thus contributing significantly to an increased
landscape complexity. The broad-leaved forest category provides the largest number of
patches (47), representing 36.7% of the total patches (Figure 5).

The heterogeneity of the area is considerably enhanced by the category pastures, which
has a small area ratio but a high number of patches (26), often wedged between contiguous
patches of forests (Table 2, Figure 5). These more open patches near the forests and/or
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surrounded by woodland are popular areas for wild camping. The category sport and
leisure facilities also plays an important role in terms of tourism, with a small proportion of
the total area (0.19%), but representing 8.6% of the total number of patches (Figure 5).

Table 2. Calculated landscape metric parameters based on the categories of the CORINE CLC2018
land cover database.

Landscape Metrics

Land Cover Categories

Sport and
Leisure

Facilities

Non-Irrigated
Arable Land Pastures Broad-Leaved

Forest
Natural

Grasslands

Transitional
Woodland

Shrub

Inland
Marshes

Water
Courses

Water
Bodies

Land cover (km2) 0.010 0.240 0.040 0.390 0.010 0.040 21.390 1.180 1.460
Landscape Proportion (%) 0.01% 0.19% 0.03% 0.30% 0.01% 0.03% 16.64% 0.92% 1.14%
Number of Patches 1 11 3 26 1 4 47 1 5
Greatest patch area (km2) 0.01 0.04 0.02 0.04 0.01 0.01 15.46 1.18 0.65
Smallest patch area (km2) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 1.18 0.01
Mean patch area (km2) 0.01 0.02 0.01 0.02 0.01 0.01 0.46 1.18 0.29
Median patch area (km2) 0.01 0.02 0.01 0.01 0.01 0.01 0.01 1.18 0.28
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Figure 5. Proportion of the land cover categories and the number of patches for Lake Tisza.

The largest patch sizes (max. 35.84 km2) occur along the open water areas, providing
favourable conditions for water sport activities such as jet skiing, motor boating and water
skiing. Since the largest water surface is located in the Abádszalók Basin, these activities
are concentrated there, and hence there are no restrictions on the tourism activities. In
addition, larger patch sizes are found in the categories broad-leaved forests (max 15.46 km2)
and inland marshes (max 14.32 km2), which are of high conservation and ecotouristic value
and are typical of basins under more stringent protection (Poroszló Basin, Tiszavalk Basin).
In these basins, tourism restrictions are already applied.

According to the Shannon diversity index, representing the landscape fragmenta-
tion and landscape structure, the most complex landscape diversity can be found in the
Tiszavalk (1.5) and Poroszló (1.4) Basins, considered to be the most suitable for ecotourism
(Figure 6). In contrast, lower Shannon indices in the Sarud (1.1) and Abadszalók (1.1)
Basins provide suitable conditions for sports and recreational tourism without further loss
of landscape diversity.
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Figure 6. Shannon diversity index values of the basins of Lake Tisza.

The lake is a very complex ecological system: in addition to open water surfaces,
wetlands overgrown with rich seaweed, bog and marsh vegetation, backwaters, oxbow
lakes, steps, islands and peninsulas make the area very diverse and mosaic [68]. Equally,
42% of the open water surface is covered with seaweed and marsh vegetation, the spread
of which is prevented by regular mowing of the most common aquatic plant, water caltrop
(Trapa natans) (Figure 7). These interventions, however, trigger the explosive proliferation
of some species (Ceratophyllum demersum, Najas marina, Urticularia vulgaris) [93]. In autumn
and spring, the lake is an important stop for migratory birds, which is why the Tiszavalk
sub-basin has been a Ramsar area since 1979. The reservoir is part of the National Ecological
Network as a core area and its entire area has been a Natura 2000 site since 2004.
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The high degree of diversity both across space and time described above has resulted
in markedly different habitats and landscape mosaics. The mosaic character of Lake Tisza
is enhanced by the fact that, in addition to natural differences, some conscious landscape
management interventions have increased the landscape diversity. The mosaic character
itself increases the landscape attractiveness of the lake, and different habitat types allow use
for different tourism purposes [30,75]. This diversity of values led to Lake Tisza being the
winner in the Aquatic Tourism category of the EDEN (European Destinations of Excellence)
initiative in 2010 [77].

The mosaic characteristics of Lake Tisza are also confirmed by the detectable differ-
ences in the water quality data of the basins, which become more significant during the
summer months. Variations in hydrochemical properties result from, among other things,
the different depths of the basins, the size of the open water surface area and diverse water
management practices.

The basins are filled with water from the Tisza River in April each year. Thus, the
water quality of the basins does not show any significant difference in the spring. However,
in the shallow basins (Table 1), significant warming of the water (26–32 ◦C) is observed,
causing continuous separation. The highest BOI5 and CODcr values and the highest total
anion content (>300 mg/L) were measured in the shallowest Tiszavalk Basin [94]. The
increased values are associated with the presence of higher amounts of biomass, which
decomposes faster in shallow water at high temperatures. The PO4-P content was also
found to be highest in the Tiszavalk Basin. The variation in N content of the basins is
related to the presence of reed beds and the aquatic plants, which can absorb significant
amounts of N from the water. Due to the largest water surface area of the Abádszalók
Basin, the filtering effect is less significant, causing higher N concentrations compared to
the other basins. Furthermore, this basin is the most visited by tourists, so the large number
of bathers may also contribute to the elevated NH4-N concentrations. However, there are
no existing investigations on the impact of bathing sites on water quality; therefore, more
detailed measurements should be carried out in the future.

Mosaic features could be exploited both functionally and thanks to their scenery from
a touristic point of view. The following division can be observed based on the size and
position of the components.

4.2. Horizontal Division

Based on the sub-basins, following the morphological and hydrological characteristics
of the reservoir, the so-called zonation land use system for lake utilization was developed
(Figure 8). Nature conservation regulations become softer downstream, in a NE–SW direc-
tion, determining the different touristic profile of each sub-basin and requiring different
site and visitor management activities (Figure 8):

• In the northern third of the lake (Tiszavalk Basin, category I. in Figure 8), nature
protection is the primary priority. Closed and strictly closed habitats have priority
over any other forms of use.

• In certain areas of the middle section of the lake (Poroszló Basin, category II. in
Figure 8), we see ecotourism, gentle water sports and fishing.

• In the middle part of the lake (Sarud Basin, category III. in Figure 8), recreation,
tourism and fishing are priority for regulation; however, nature protection also needs
to be considered.

• In the southern part of the lake (Abádszalók Basin, category IV. in Figure 8), tourism
and recreation are the primary priority. The lake is used to meet the needs of “loud
tourism”, water sports and entertainment, together with sport fishing. Motorised
water sports equipment and sailing are equally permitted.
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4.3. Vertical Division

Vertical division is rare in the case of a lowland destination; therefore, any natural or
artificial object justifying such division has an increasingly important role in tourism. Linear,
point-like or patch-like elements on different levels have visitor management functions in
addition to their visual value [95]:

• The level of the water is dedicated to bathers and those using watercraft (anglers,
rowers, power boaters, jet-skiers, sailors, etc.). They may approach wetland habitats in
permitted areas and along permitted routes but crossing vegetated areas is forbidden.

• Plank roads can be created over wetland and marshy habitats, and also over temporar-
ily waterlogged areas. The role of plank roads is to protect habitats, keep visitors on
the route, provide views and convenient accessibility and also provide the educational
function of nature trails (Figure 9).

• The embankment surrounding the lake provides a good view of the lake and of the
point-like green landscape patches in the lake. The road along the embankment crown
is a preferred destination for cyclists and it forms part of the cyclist route EuroVelo11
(Figure 10).

• The free water surface, providing a feeling of spaciousness, can be viewed best from
the artificial lookout towers and birdwatching towers. The 15–19 m high towers are
found in the floodplain, on some islands and on the lake as well. Therefore, some of
them can be accessed by bicycle, on foot or only across the water (Figure 9).
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Figure 9. (A) Plank road along the nature trail on the floodplain of the reservoir, (B) view of the
reservoir from a lookout tower on a former river levee, (C) view of Göbe (a lake formed on an island
on the floodplain), (D) view of Small Tisza at Poroszló from the 19 m high lookout tower at the port
of Kisköre. Source: Own photos (Benkhard).
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4.4. Micromosaics

Micromosaics make it possible to diversify visitor activities both across space and
time. Cycling tourism, independent of water as a medium but appreciating water as a
landscape element, can be observed everywhere around the lake. There are rest areas along
the cycle track. The view from the embankment is usually beautiful, but in areas with more
dense vegetation, lookout towers provide the view (e.g., the cycling centre in Tiszafüred)
(Figure 10).

The open coastal areas (lacustrine zone) of the lake (without woody plants, shrubs
and reeds) are best suited for swimming. At the same time, the shade provided by the
trees is becoming more and more appreciated. For bathers, suitability is usually more
important than visual attraction. The water surfaces suitable for recreation and fishing,
riparian and lacustric zones, are very diverse, making it possible to enjoy different fishing
methods together, almost throughout the entire year. Here again, the visual value is
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overridden by suitability, as has been reported in numerous publications [96–98]. The
deeper zones more distant from the coast and also free of vegetation are places for water
sports like canoeing, jet skiing, power boating and sailing. The use of the different means
of waterborne transport is influenced by their suitability, in addition to the previously
mentioned regulations. Vehicles powered by human power (kayaks, canoes, rowing boats)
can move the most freely, and their route and destinations are primarily determined by the
visual value. Blooming waterlilies (white Nymphaea alba and yellow Nuphar lutea) fields
are a great attraction, but it is forbidden to travel through them. Touring the labyrinth
of reed islands is the most popular activity here. There are countless opportunities for
birdwatching and photography thanks to protected birds nesting, feeding or resting during
migration. In this case, one might say, the sight and function (suitability) coincide.

Those who want to explore the wetlands with dry feet can also obtain information at
various showrooms, with the help of floodplain trails and plank routes connecting different
habitat mosaics.

5. Conclusions

Continuous adaptation to social needs and the joint protection of natural values,
especially the water base, pose a major challenge for the managers of the area. The results
of our research so far examining the features, outdoor recreational opportunities and
existing conflicts of Lake Tisza can be summarised as follows.

Mosaics of natural habitats need to be preserved, and ecological patches of appropriate
size and functional ecological corridors need to be created. At the same time, the spread of
floating vegetation needs to be limited and the settling of invasive species and silting have
to be impeded.

Supplying excellent water quality is important both for nature conservation goals and
all recreational forms. The mosaic and zonation pattern of the recreation area on Lake Tisza
contributes to this. This can also ensure that different tourism activities can coexist without
conflict. The area of Lake Tisza is large enough to provide the opportunity to enjoy its
original values of silence and a natural environment through differentiated use. However,
while developing services that take account of this mosaic, it is essential to ensure strict
compliance with the rules for the protection of natural values.

The justifiable direction of future development is to improve the infrastructure along
the lake, e.g., drinking fountains for anglers and cyclists, as well as comfortable rest areas for
hikers and cyclists that could be used even in winter. However, given the overcrowdedness
and competition for space in certain places, constant consultation between site managers,
local authorities and visitors is desirable.

Exploring the impact of various tourist activities on the environment is necessary for
further landscape ecology and environmental impact studies.

In subsequent research, we will assess the extent to which landscape characteristics
and mosaicism influence the choice of destinations and activities of different visitor groups
(e.g., anglers, paddlers, wild campers). We will also examine the acceptance of the necessary
visitor management measures, prior knowledge and environmental awareness, in order to
ensure that the required restrictions are properly communicated.
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68. Mariann, T.N.; Lőrinc, F. (Eds.) 40 Years of Lake Tisza. 40 éves a Tisza-Tó; Middle-Tisza District Water Directorate: Szolnok, Hungary,
2018; ISBN 978-615-00-1647-4.

69. Venohr, M.; Langhans, S.D.; Peters, O.; Hölker, F.; Arlinghaus, R.; Mitchell, L.; Wolter, C. The Underestimated Dynamics and
Impacts of Water-Based Recreational Activities on Freshwater Ecosystems. Environ. Rev. 2018, 26, 199–213. [CrossRef]

70. Grizzetti, B.; Liquete, C.; Pistocchi, A.; Vigiak, O.; Zulian, G.; Bouraoui, F.; De Roo, A.; Cardoso, A.C. Relationship between
Ecological Condition and Ecosystem Services in European Rivers, Lakes and Coastal Waters. Sci. Total Environ. 2019, 671, 452–465.
[CrossRef]

71. Serbov, M.H. Scientific Basis for the Development of Recreational Fishing in the Reservoirs of Ukraine. Vodn. Bioresursy Ta
Akvakult. 2012, 2, 49–64.

72. Pokki, H.; Pellikka, J.; Eskelinen, P.; Moilanen, P. Regional Fishing Site Preferences of Subgroups of Finnish Recreational Fishers.
Scand. J. Hosp. Tour. 2021, 21, 442–457. [CrossRef]

73. Nikolaus, R.; Matern, S.; Schafft, M.; Maday, A.; Wolter, C.; Klefoth, T.; Arlinghaus, R. Influence of Protected Riparian Areas
on Habitat Structure and Biodiversity in and at Small Lakes Managed by Recreational Fisheries. Fish. Res. 2022, 256, 106476.
[CrossRef]

74. Acreman, M.; Hughes, K.A.; Arthington, A.H.; Tickner, D.; Dueñas, M.-A. Protected Areas and Freshwater Biodiversity: A Novel
Systematic Review Distils Eight Lessons for Effective Conservation. Conserv. Lett. 2020, 13, e12684. [CrossRef]

75. Meyer, N.; Schafft, M.; Wegner, B.; Wolter, C.; Arlinghaus, R.; Venohr, M.; von Oheimb, G. A Day on the Shore: Ecological Impacts
of Non-Motorised Recreational Activities in and around Inland Water Bodies. J. Nat. Conserv. 2021, 64, 126073. [CrossRef]

76. Új Biciklis Forgalmi Csúcs Kiskörén. Available online: http://www.kotivizig.hu/kozep-tisza-videki/hireink/sajtohirek/uj-
biciklis-forgalmi-csucs-kiskoren (accessed on 13 November 2023).
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