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Abstract: Our study examined the effects of four public access pathways on the surrounding
vegetation within the reed beds of Lake Balaton at a study site in Balatonfenyves. The vegeta-
tion was analyzed using 1x1 meter quadrats to determine species composition and abundance.
The research aimed to assess the extent of the pathways' influence on the vegetation, the spatial
scale of this impact, and how the disturbance zone changes with increasing distance from the
shore zone. The primary goal of this work was to develop a simple field method to support
future, more comprehensive investigations. Our findings suggest that the pathways' impact on
the vegetation is most significant in a wider zone near the land-water interface, decreases to-
wards the center of the reed bed, but intensifies again in close proximity to the open water.
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Osszefoglalas: Kutatasunk soran Balatonfenyvesen négy, a nadast atszeld kozosségi bejard
mentén vizsgaltuk ezeknek a vonalas 1étesitményeknek a hatdsat a kornyezé novényzetre. A
vegetacio vizsgalatdhoz 1x1 méteres kvadratokat hasznaltunk, amelyeken beliil meg tudtuk
hatarozni az egyes ndvényfajok aranyat. Azokra a kérdésekre kerestiik a valaszt, hogy a bejarok
mekkora mértékben hatnak a koriilottik 1éve vegetdcido Osszetételére, ez a hatds milyen
tavolsadgban érvényesiil a bejaroktol szamitva, valamint ez a hatasteriilet véaltozik-e a nyilt viz
felé haladva. Ezeknek a problémaknak a kutatasara egy egyszeriien hasznalhat6 terepi modszer
kifejlesztésére van sziikség. Ezzel az volt a célunk, hogy tovabbi részletesebb kutatdsokat ké-
szitslink eld. Eredményeink azt mutatjdk, hogy a szarazfold koézvetlen koézelében nagyobb
szélességben van hatdsa a ndvényzetre a bejaroknak, amely a nyilt viz felé haladva csokken,
azonban a nyilt viz kozelében ismét feler6sddik az épitmények zavard tulajdonsaga.

Kulcsszavak: antropogén hatas, Balaton, nadas, turizmus, partmenti novényzet

1 Introduction

Despite its nearly 600 km? surface area, Lake Balaton is an exceptionally shallow standing
water body, with an average depth of only 3.3 m (http1), and therefore responds rapidly even
to minor changes. Owing to its shallowness, an extensive littoral vegetation zone has developed,
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which functions as a buffer area. Reed beds filter pollutants arriving from the terrestrial environ-
ment and protect the shore zone from wave-induced erosion (Jakucs 1981). This well-functio-
ning ecosystem—often comprising zonation from open water through marsh meadows to
woody terminal communities—is subject to anthropogenic mechanical disturbances. Several
types of disturbance affect the littoral vegetation, including land reclamation and the const-
ruction of boat passages. According to a survey performed in 2012, along the entire shore zone
of Lake Balaton an interruption of some type in the vegetation of littoral zone could be observed
on average every 59 metres. The study indicates that the reed beds of Balatonmariafiird, Ba-
latonfenyves, and Balatonkenese are the most affected by human disturbance (Vidovenyecz
2012).

However, the most common disturbances are access paths, predominantly originating from
private properties in recreational areas (Gyurina 2025), which cut through reed beds and open
the formerly closed vegetation both toward open water and toward land. Under these conditions,
species indicative of human disturbance and invasive alien plants, such as Echinocytis lobata
are able to penetrate the reed beds from the terrestrial side (Pomogyi 2011). In the areas of
Balatonfenyves and Balatonmariafiirdd, these pathways also indirectly promote shrub spread
within reed beds (Gyurina & Boromisza 2025). In addition, wave action can enter the reed beds
from the open water side along these access paths, initiating internal erosion of the vegetation
(Pomogyi 2011).

Numerous studies have addressed disturbances affecting littoral vegetation in lakes; howe-
ver, relatively few have focused specifically on the issue of access paths, which cause substan-
tial fragmentation of shore zone vegetation along Lake Balaton (Vidovenyecz 2012). In 2011,
natural and developed shore zones of three lakes in northern Germany were compared. In the
three studied lakes, shore zone development affected 9%, 24%, and 65% of the total shore zone
length, respectively, resulting in reductions of macroinvertebrate biomass of 5%, 20%, and
36%.

An investigation of beaches established within the littoral vegetation of tourist-frequented
lakes in a nature conservation area in Germany revealed that plant cover in disturbed reed belts
was considerably lower than in control sites. Furthermore, the proportion of ruderal species was
slightly higher in areas close to the beaches, although the difference was modest. The study
ultimately concluded that, among the examined habitat types, reed beds exhibited the greatest
contrast between control and disturbed sites, although even in this case the differences were not
pronounced (Meyer et al. 2023).

Along lake shores with well-developed infrastructure, it is common for owners of waterfront
properties to consider littoral vegetation as aesthetically undesirable and therefore to cut or re-
move it. This practice reduces habitat diversity and reduces the capacity of vegetation to fulfill
its water-quality protection functions. A study of lake shore zones in The USA, Maine found
that, along access paths leading to docks, macrophyte species in the littoral zone presented sig-
nificantly lower shoot densities (Ness 2006). Similar phenomena can also be observed along
certain shoreline sections of Lake Balaton.

In 2009, potential damage caused by anglers was examined along the shores of Canadian
lakes and rivers. On shoreline sections that were rarely used by anglers, the area devoid of
vegetation was almost four times greater than on frequently used sections; however, this effect
was moderated to the immediate shoreline and reduced toward open water (O’ Toole et al. 2009).
Comparable effects can be expected in relation to access paths occurring within the reed beds
of Lake Balaton.

The protection of the reed beds of Lake Balaton is regulated by two legal instruments: the
provisions of Act CXXXIX of 2018 concerning the Lake Balaton Priority Resort Area, and
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Government Decree No. 22/1998 (11.13.). The first regulation stipulates that, with limited ex-
ceptions, all mechanical interventions are prohibited in class I-III reed beds and within a buffer
zone of at least 2 meters around them, as well as in reed beds located in protected natural areas
and their buffer zones. Prohibited activities include dredging, infilling, construction, and the
establishment of piers or access structures, where such actions may damage reed stands, deg-
rade their quality, or lead to their destruction. Exceptions are limited to environmental damage
prevention, interventions required for life and accident safety, specific maintenance of the lake-
bed, the removal of unauthorized structures or infill, and management measures defined in na-
ture conservation or Natura 2000 management plans.

The latter regulation further stipulates that the conservation of class IV and V reed beds must
be ensured and, where possible, their restoration should be undertaken. In addition, Government
Decree No. 283/2002 (XII. 21.) also addresses the protection of reed beds by requiring that,
during the preparation of shoreline regulation plan documentation, the areas of classified reed
beds be taken into account. This provision therefore offers a form of protection against the
designation of inappropriate land-use categories. Although these legal instruments could pro-
vide suitable protection for the reed beds of Lake Balaton, the vegetation of the lake’s littoral
region remains highly fragmented (Vidovenyecz 2012).

This review of the relevant literature also reveals that the effects of access paths crossing the
reed beds of Lake Balaton on the composition of riparian vegetation have not been investigated
in sufficient depth. The aim of the present study is to develop a simple, easily applicable, and
spatially replicable field methodology suitable for assessing the impact of access paths on ve-
getation.

2 Materials and Methods

The access paths selected as sampling sites for this study are located in Balatonfenyves, at the
boundary between the Nagyberek and Lake Balaton microregions (Csorba 2021). The entire
study area can be classified as the General Habitat Classification System (ANER) habitat type
Bla, Eu- and mesotrophic reed and Typha beds (B616ni et al. 2011). In the vicinity of the in-
vestigated access paths, in addition to the dominant Phragmites australis, Carex riparia, Salix
cinerea, and Typha angustifolia are also present as frequent species.

As shown in Figure 1, four access paths were selected for investigation. Vegetation was sur-
veyed at four sampling points along each access path, with the exception of the access path
located at the end of Daru Street, where the structure did not extend across the entire reed bed.
In this case, but the access path was included in the study because conducting the survey within
a single, ecologically coherent vegetation patch was considered essential in order to minimise
variability associated with differing shore zone characteristics along Lake Balaton. This crite-
rion was met during the selection of the access paths; however, the access path located on
Fogoly Street is situated farther from the other investigated structures. At the time of the field
surveys, this was the nearest access path that was not closed and could be accessed from the
terrestrial side.
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Figure 1 The location of the examined pathways and the sampling points

The primary criterion for selecting the study area was the presence of a reed bed along the
shoreline that is heavily fragmented by access paths. This allowed the research to be performed
in an area where the problem addressed by the study is particularly relevant.

The development of the field methodology was informed by a study published in 2023 that
examined the effects of beaches established within riparian vegetation on lakeshores in Ger-
many (Meyer et al. 2023). In that study, 2 x 8§ m quadrats were designated in each vegetation
zone. Adapting this approach, sampling points were established within the vegetation from the
terrestrial side towards open water, such that botanical surveys were conducted at the terrestrial
end of the access paths (land 1), at one third of their length (land 2), at two thirds of their length
(water 1), and at the border at the open water (water 2).

Field surveys were carried out in early June 2025. At each sampling point, vegetation was
recorded using the Braun—Blanquet method; however, the cover of each species was expressed
as a percentage (Braun-Blanquet 1964). In contrast to the German study (Meyer et al. 2023),
1 x 1 m quadrats were used, as these are easier to establish in the field than those applied in the
referenced study, in line with the objective of developing a simple and easily applicable meth-
odology. Furthermore, the use of larger field quadrats would not have provided a sufficiently
detailed representation of the vegetation at varying distances from the access pathways.

Unlike the German research, which also considered bathing areas arranged in continuous
strips, the linear extent of the access paths themselves was not included in the survey. This
decision was motivated by the aim of determining the distance from the structures at which
their effects on vegetation remain detectable. Quadrats were placed progressively farther away
from the access paths; at each sampling point, a minimum distance of two quadrats (i.e. 2 m)
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from the structures was applied. Where the proportion of disturbance-tolerant species exceeded
20%, the distance was increased to 4 m from the structures.

This approach subsequently allowed the distance over which disturbance-indicator plant spe-
cies can spread from the structures to be identified during data analysis. Based on these results,
an acceptable proportion of degradation-indicator species within reed bed habitats could also
be determined.

For the categorisation of the recorded plant species, Borhidi’s system of social behaviour
types was applied (Borhidi 1995). The species identified in the survey were assigned to seven
types, which were subsequently grouped into two main categories. The first category comprised
habitat stability indicator species, including specialists (S), generalists (G), and natural compet-
itors (C). The second category consisted of disturbance-indicator species, including weeds (W),
disturbance-tolerants (DT), adventive aliens (A), and alien competitors (AC). Open water and
bare mud surfaces observed during the field survey were also assigned to the latter category, as
these features generally indicate some form of disturbance within reed bed habitats.

For each quadrat, the proportional representation of the two species groups was calculated,
and the results were compared across distances from the access paths as well as among sampling
points. Field data were compiled in tabular form. Within the scope of the present study, priority
was given to testing the applicability of the methodology; therefore, the analysis focused pri-
marily on descriptive statistics, including mean species proportions and trends related to band
width.

3 Results/ Results and Discussion

A total of 26 species were recorded across 34 quadrats established along the surveyed transects.
Among the disturbance-tolerant species, Calystegia sepium exhibited the highest frequency of
occurrence, being recorded in 14 quadrats. Notably, Solanum dulcamara and Urtica dioica were
each present in 12 quadrats. Table 1 presents the mean proportions of habitat stability indicator
species and disturbance-indicator species at varying distances from the surveyed transects.

Table 1 Average proportions of two groups of species present at measured distances from the examined
pathways

Land 1 Land 2 Water 1 Water 2
1.me- 22me- 3. me- 4.me- 1.me- 2.me- 1l.me- 2.me- 3.me- 1l.me- 2.me-
ter ter ter ter ter ter ter ter ter ter ter

Habitat stability indicator
species
Disturbance-indicator
species

67.5% 73.75% 85% 100% 87.5%  95% 65%  755%  65%  43.3% 86.7%

32.5% 26.25% 15% 0% 12.5% 5% 35% 245% 35%  56.7% 13.3%

It is clearly evident that, at sampling points closest to the terrestrial zone, the access struc-
tures exert an influence on the surrounding vegetation across a wider spatial band. This effect
reduces at sampling points located one meter farther from the terrestrial zone along the access
routes; however, in those sections of the riparian vegetation where permanent water cover is
present, the influence of the access structures intensifies again. Table 1 presents only mean
values; therefore, these patterns are not equally pronounced at all access routes.

For example, at the Seregély Street access route, at the first sampling point the proportion of
disturbance-indicator species in the quadrat located within the first meter laterally from the
structure was slightly lower (20%) than in the second meter (25%). In contrast, at the Fogoly
Street access path, a more pronounced difference was detected: the proportion of disturbance-
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indicator species was 15% within the first meter from the structure, increased to 50% at the
second meter, and subsequently decreased again to 15% at the third meter.

At the remaining sampling points of the access routes, the proportion of disturbance-indica-
tor species in the quadrats generally decreased or remained stable with increasing distance from
the structures.

4 Discussion

The access paths fragmenting the reed beds of Lake Balaton, together with the associated veg-
etation degradation, have posed a threat to the maintenance of the lake’s favourable ecological
status for decades. In order to determine the extent to which these structures negatively affect
vegetation, a simple and easily applicable field methodology is required for vegetation assess-
ment.

At the sampling points which are closest to the terrestrial zone of the access paths, within
the first meter from the structures, disturbance-indicator species may occur in higher propor-
tions as a result of anthropogenic impacts originating from the shoreline. At the open-water end
of the access paths, directly adjacent to the structures, the proportion of habitat stability indica-
tor species is low despite the lower intensity of other forms of human disturbance. This can be
attributed to the penetration of wave action along the access paths into the vegetation of the
littoral zone, where it is able to cause erosion. At the boundary of open water, wave action is
less capable to degrade the reed bed at a lateral distance of two meters from the access path.

Based on field observations and the description of the ANER Bla habitat type, which states
that in reed beds classified within naturalness category 3 the proportion of alien species does
not exceed 20% (Boloni et al. 2011), we propose defining the acceptable proportion of disturb-
ance-indicator species at the same threshold, although the concepts of alien and disturbance-
indicator species do not fully overlap. Accordingly, we consider it optimal to apply this propor-
tion as a definition of vegetation of littoral zone in favourable condition in future studies.

Based on our experience to date, in order to reliably achieve this threshold during vegetation
surveys along access paths, it is necessary to move at least four meters away from the structures.
Only in a single case was it necessary to conduct sampling at this distance, as the proportion of
disturbance-indicator species exceeded 20% in quadrats located at distances of 1-3 meters from
the structures. Consequently, within individual quadrats the proportion of habitat stability indi-
cator species reaches 80%. Figure 2 illustrates, together with this threshold value, the propor-
tions of plant species belonging to the two examined groups within the quadrats.
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Figure 2 The ratios of the two target species groups per quadrat and the associated threshold for a desired
ecological state

In addition, further indicators may be required for the field assessment of the impacts of
access structures on reed beds in order to obtain more accurate results in future studies. Such
indicators may include, for example, measurements of reed shoot height or estimates of the
proportion of dead reed stems, which are also applied within the National Biodiversity Moni-
toring System (NBmR) to assess the condition of reed beds (Bata et al. 2010).

Long-term research may subsequently determine the density of access paths that can cause
reed dieback along a 100 m shoreline section. The removal of these structures would promote
more natural vegetation dynamics. This could also benefit species inhabiting the margins of
reed beds, as anthropogenic disturbance is more pronounced along artificially created edges
associated with built structures. Furthermore, the results of this research may support the reha-
bilitation of vegetation the littoral zone at sites where access paths have been removed.
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