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Abstract Lake Neusiedl/Fert6 has Europe’s second-largest reed area (180 km?), and it is home to some of the
largest populations of reed birds on the continent. In recent years, reed die-back and the extensive formation of a
thick litter layer of broken reed have led to a dramatic decline in some reed bird species. Management measures to
renew reedbeds and conserve their avifauna include reed burning, but this practice faces legal challenges in Austria.
To get a first assessment of the feasibility of fire management, we compared reedbeds that had been burnt one year
before with old reedbed sites and regularly harvested sites based on abundance indices of a set of characteristic
reed bird species. This was achieved by conducting point counts in burnt and old reedbeds, and by comparing our
results with counts in harvested areas, which involved a total of 88 point count locations. Our results show that the
abundance patterns of the focal species in the burnt area are similar to those in the cut areas. However, there were
differences as well, for example, the Water Rail (Rallus aquaticus) was significantly more abundant at the burnt site.
As expected, we found fewer “old reed specialists” in the burnt area compared to the old reed sites. Although this
study provides only a snapshot of the spatio-temporal processes in the reed belt, our findings suggest that burning
does not have a negative impact on the bird assemblage compared to reed harvesting.
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Osszefoglalas A Fert3-to/Neusiedler See Eurdpa méasodik legnagyobb egybefiiggé nadasaval (180 km?) rendel-
kezik, ¢és a kontinens legjelentdsebb nadi madarpopulacioinak ad otthont. Az elmult években a nadpusztulas és az
avas nad vastag rétegben valo felhalmozdodasa bizonyos nadi madarfajok jelentés allomany-csékkenéséhez veze-
tett. A nadas megfiatalitdsara ¢s madarvilaganak megérzésére iranyul kezelési intézkedések kozé tartozik a na-
dégetés, de ez a gyakorlat Ausztridban jelenleg jogi korlatokba iitkdzik. Ezen élohely-kezelési gyakorlat megva-
16sithatosaganak felmérése céljabol osszehasonlitottunk egy eléz6 évben leégett nadteriiletet rendszeresen aratott
¢és id6sebb nadas teriiletekkel, kivalasztott madarfajok abundanciaja alapjan. Az adatfelvételezést 88 mintavéte-
1i helyszinen pontszamlalassal végeztiik, beleértve a leégett, idds és aratott nddasokat. Eredményeink azt mutat-
jék, hogy a leégett teriileteken megfigyelt madarfajok abundanciaja hasonlo az aratott teriiletekéhez. Voltak azon-
ban kiilonbségek is, példaul a guvat (Rallus aquaticus) szignifikansan gyakoribb volt a korabban leégett teriileten.
A varakozasoknak megfelel6en kevesebb ,,6regnad-specialistat” talaltunk az égetett teriileten, mint az idésebb na-
dasokban. Bar ez a tanulmany csak egy pillanatfelvételt nytjt a nadasban lejatszodo tér- és idébeli folyamatok-
rol, eredményeink arra utalnak, hogy a nadégetésnek nincs negativ hatasa a madarvilagra a nadaratashoz képest.

Kulcsszavak: tizmenedzsment, nadpusztulas, nadas kora, Phragmites australis, kontrollalt égetés
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Introduction

Europe has lost 80% of its wetlands in the past millennium (Verhoeven 2014). Thus, it is
crucial to protect such remaining habitats and to restore lost ones (Cizkové et al. 2013, Hu
et al. 2017). Common reed (Phragmites australis) is a characteristic colonizer of numerous
wetland habitats, and reedbeds are also known to have shrunk Europe-wide (Graveland
1998), posing a threat to numerous species that are evolutionarily adapted to, and thus,
dependent on them. The Lake Neusiedl/Fert6 is the westernmost steppe lake in Europe,
located in Austria and Hungary (Dinka et al. 2010, Tolotti ef al. 2021) with an average water
depth of 1.2 meters (Soja et al. 2013). Tt is surrounded by an extensive reed belt (180 km?),
the second-largest contiguous reed area in Europe, following the Danube Delta (Csaplovics
2019), and it is home to numerous species of conservation concern (Dvorak et al. 2024). This
unique ecosystem at the western edge of the Pannonian Ecoregion is especially vulnerable
to the impacts of climate change (Soja et al. 2013, Dokulil et al. 2021). Considering its
size and the bird populations it sustains, it is evident that the reed belt of Lake Neusiedl/
Fert6 requires protection and management in an ecologically reasonable way. Management
measures should be designed carefully based on a scientific basis, taking into account the
characteristics of this fragile lake ecosystem (Nemeth et al. 2022).

After the last dry-up in 1865-1870, the reed belt around Lake Neusiedl/Fert6 has expanded
dramatically, mainly due to the lowering and stabilization of formerly highly variable water
levels. A major influence on the extension of the reed areas resulted from the construction
of a drainage channel called Hansagi-focsatorna (Einserkanal) in 1909, and later from the
weir system at Mekszikopuszta in 1965. In the last century, reed growth had been influenced
by increased nutrient input from unmanaged sewage from nearby municipalities, and it is
still impacted by agricultural activities around the lake (Wolfram et al. 2014, Csaplovics
2019, Nemeth et al. 2022). Consequently, the water regime of Lake Neusiedl/Fert6 has been
dramatically altered by technical interventions.

Currently, the lake is facing the issue of reed die-back and a massive accumulation of
biomass. Reed die-back can be seen as a natural succession state that offers, at least for some
time, niches for different fungal, insect, and bird species, such as the old-reed specialist
Moustached Warbler (Acrocephalus melanopogon). However, the recent breakdown of
reed stands has an overall devastating effect on reed birds (Nemeth & Dvorak 2022). Reed
stands have collapsed in one direction, forming a thick litter layer (hereinafter: mats) up
to one meter high (Figure 1). According to Perlinger (2022), the area covered by mats
of broken reed reached 17 km? on the Austrian side in 2019. However, based on aerial
images taken between 2020 and 2024, the extent may well have increased since then (E.
Nemeth pers. obs.).

Reed die-back is a phenomenon that has been reported from various locations across Europe
(Armstrong & Armstrong 2001, Engloner 2009, Dinka et al. 2010, T6th 2016). At Lake
Neusiedl/Fert6, die-back processes of reed have been reported since the 1970s (Csaplovics
1985, Dinka & Szeglet 1999, Dinka ez al. 2010). Armstrong et al. (1996) describe the process
and causes of reed die-back, which includes an environment flooded by stagnant water,
the accumulation and microbial decomposition of organic matter (fallen leaves, decaying
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Figure 1. Aerial photo of mats of broken reed ©Erwin Nemeth 2024
1.dbra Légifelvétel a felhalmozddott avas nadrétegekrdl ©Erwin Nemeth 2024

stems, dead rhizomes), and subsequent oxygen depletion. This is followed by anaerobic
decomposition, which leads to the production of phytotoxins (sulfides, ammonia, and organic
acids) that damage rhizomes and prevent aeration through the aerenchyma, resulting in
reduced growth and die-back. It has been reported that mechanical damage to reed rhizomes
causes and exacerbates the effect of reed die-back (Armstrong & Armstrong 2001).

Several strategies exist for managing reed habitats, including cutting, prescribed burning,
and grazing (Ostendorp 1987, Baldi & Moskat 1995, Vadasz & Csorgd 2009, Bird et al.
2020). Reed harvesting, once widespread around the lake, traditionally took place on frozen
surfaces, which prevented mud compaction and rhizome damage (Dvorak et al. 2024).
However, global warming has reduced suitable ice conditions, limiting this practice (Fiithrer
2010). Additionally, prescribed burning, which was formerly used to prepare areas for
cutting, is now prohibited. As stated in the Austrian Air Pollution Control Act (BGBI. I Nr.
137/2002), the burning of materials is only permitted in incineration plants (Bundeskanzleramt
Osterreich 2025). Therefore, climate change combined with socioeconomic changes over
the past centuries has altered the harvesting practices.

Today, reed cutting is performed using heavy machinery. At previously unused sites, the
process involves flattening reed vegetation in winter to prepare it for mowing the following
year (Nemeth ef al. 2022). Flattening and mowing can cause ground compaction and
damage to reed buds in more deeply flooded reedbeds. This results in diminished regrowth
and ultimately leads to reed die-back. By examining satellite imagery, it is evident how the
harvesting machines damage the reedbed (Figure 2), and how certain parts of the contiguous
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Figure 2. Marks of reed harvesting machines (left) and patchy vegetation due to reed die-back (right)
near Morbisch (Fertémeggyes) Source: ESRI Satellite Imagery

2.dbra A nddarat6 gépek nyoma (balra) és a nddpusztulds altal gyérré valt névényzet (jobbra) Mor-
bisch (Fertémeggyes) kdzelében Forras: ESRI Satellite Imagery

reed area have transformed into a habitat with patchy reed growth surrounded by open water.
Conversely, in older uncut areas of the reedbelt, the formation of mats of broken reed creates
unfavorable conditions. To address both issues, the reintroduction of fire management has
been proposed (Nemeth et al. 2022).

Several studies have investigated the ecological impacts of reed cutting and reed burning
on birds (Baldi & Moskat 1995, Ostendorp 1995, Goc et al. 1997, Graveland 1999, Valkama
et al. 2008, Vadasz & Csorgd 2009, Moga et al. 2010, Mér6 et al. 2015, Antoniazza et
al. 2018). The meta-analytical review by Valkama et al. (2008) concluded that long-term
management leads to a reduction of avifauna by approximately 60%, mainly due to the
decline of invertebrates and the absence of certain structural elements. Nonetheless, there
is a fundamental difference between long-term and short-term management: while long-
term management (i.e. yearly recurring management practices over many years) reduces
bird densities, short-term management (1-2 years) enhances habitat quality (Valkama et al.
2008, Vadasz & Csorgé 2009).

Several studies have focused on the ecological effects of burning in older reedbeds (Baldi
& Moskat 1995, Valkama et al. 2008, Mester et al. 2015). Although the necessity for such
a project has been emphasized (Nemeth er al. 2022, Nemeth & Dvorak 2022), no study has
yet been conducted on this topic at Lake Neusiedl/Fertd. To address this gap, we compared
burnt, cut, and old reedbeds based on their bird assemblage within the framework of a project
initiated by the Federal State of Burgenland (Land Burgenland) to evaluate the effects of
prescribed burning (Land Burgenland 2024). Since the area of the initial test burning in Jois
(Nyulas) was considerably smaller than anticipated (Berner et al. 2025), we used a larger,
accidentally burnt area in Breitenbrunn (Fertdszéleskut) in our assessment (Figure 3).

We focus on eight passerine species and two non-passerine species that breed in the reed
belt of Lake Neusiedl/Fertd. The objective of our study is to examine differences in this set
of characteristic bird species between previously burnt reed areas, cut reed of similar age,
and older reedbeds similar to the reed stands that existed before the fire.
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' § Burnt Area in Breitenbrunn

< Point Count Locations
Breitenbrunn
[ Extent of the Burnt Area
(appr. 200 ha)
Basemap: Google Satellite

Figure 3. Extentofthe burntareasand locations of the point counts near Breitenbrunn (Fert&széleskut)
3.dbra A leégett teriiletek kiterjedése és a mintavételi pontok helyszinei Breitenbrunn (Fertdszé-
leskut) kozelében

Material and Methods

Study area

The study area encompasses the Austrian part of the reed belt surrounding Lake Neusiedl/
Fertd. During the fieldwork in 2024, two sites were surveyed: a one-year-old reedbed that
had previously burnt in Breitenbrunn and an old reedbed (over 15 years old) in [llmitz. In
2019, counting points were distributed throughout the entire Austrian portion of the reed
belt, excluding the national park area.

Number of points and their selection

Observation data from a total of 88 points were used in our analysis. The locations in 2024
(Breitenbrunn and Illmitz) included 19 and 10 point count locations, respectively. Data
from 2019 consisted of 30 points from old reed sites, 16 points from cut reedbeds aged
one to four years, and 13 points from a cut reedbed less than one year old. In the two
survey years, we chose different sites with no overlap of the counted areas (see Figure 4).
A minimum distance of 150 meters was kept between neighboring points to prevent spatial
overlap and to guarantee independent sampling. The point count locations in Breitenbrunn
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Study Area

Point Count Locations
Points 2019

© Cut Reed (< 1 year)

® Cut Reed (1-4 years)

e Old Reed (> 15 years)
Points 2024

@ Burnt Reed (1 year)

@ Old Reed (< 15 years)
Background: Sentinel-2

Figure 4. Study area and point count locations (2019-2024)
4.dbra A kutatasi teriilet és a pontszamlalas helyszinei (2019-2024)
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were preferentially selected using GIS software, with the aid of Sentinel-2 satellite imagery
(European Space Agency 2023), to ensure they were situated in areas where reed had not
been cut since the fire event.

Bird species

The Water Rail (Rallus aquaticus) is a short-distance migrant found in its breeding ground
between mid-March and the beginning of October, although overwintering has also been
reported (Csorgd et al. 2009, Dvorak et al. 2024). It prefers reedbeds, fens, and marshes
with shallow water and dense vegetation (Dvorak et al. 2024).

The Little Crake (Zapornia parva) is a long-distance migrant, and it can be found between
the end of March and the end of September at Lake Neusiedl/Ferté (Csorgd et al. 2009,
Dvorak et al. 2024). It prefers old reedbeds with a mosaic of reed patches, open water, and
channels (Nemeth et al. 2022).

The Bluethroat (Luscinia svecica) is a long-distance migrant that can be observed between
the end of March and October in Central Europe (Csorgé ef al. 2009, Dvorak et al. 2024). At
Lake Neusiedl/Fertd, it is now bound to anthropogenically altered habitats, such as channels
and dams, or to dried-up open water areas within the reed belt in years with low water levels
(Grill 2001, Dvorak et al. 2024).

The Savi’s Warbler (Locustella luscinioides) is a long-distance migrant found in Europe
between April and October (Csorgd 1995b, Csorgd et al. 2009). It prefers extensive,
unmanaged reedbeds occasionally with Typha (Csorgd 1995b, Haraszthy 2019b), and it is
known to use higher reed stands along channels as singing posts (Dvorak et al. 2024).

The Moustached Warbler is a short-distance migrant that returns from its wintering ground
in March and can be observed until October, occasionally even in November (Csorgd 1995b,
Csorgd et al. 2009, Dvorak et al. 2024). It breeds in extensive reedbeds with dense, old reed
(Nemeth et al. 2022).

The Sedge Warbler (Acrocephalus schoenobaenus) is a sub-Saharan migrant found in
its breeding grounds between April and October (Csoérg6 et al. 2009, Dvorak et al. 2024).
It breeds in the transition zone of reedbeds with sedges and low shrubs (Csorgd 1995b,
Haraszthy 2019b, Dvorak et al 2024).

The Common Reed Warbler (Acrocephalus scirpaceus) is a long-distance migrant
present in its breeding grounds between April and October (Csorgd et al. 2009). It prefers
homogenous reedbeds (Csorgd 1995b), and its distribution was found to be relatively equal
among reed age classes at Lake Neusiedl/Fert6 (Nemeth & Dvorak 2022).

The Great Reed Warbler (Acrocephalus arundinaceus) is a long-distance migrant found
in European reedbeds from April until September (Csorgd et al. 2009). It prefers tall, dense,
young reed stands with thick reed stems near open water (Leisler 1981, Leisler & Schulze-
Hagen 2011, Dvorak et al. 2024). Nests are mostly found near the waterside edge of reed
stands, typically within 2 m from open water (Csdrgd 1995b).

The Bearded Reedling (Panurus biarmicus) is mainly non-migratory (Csorgd et al. 2009,
Dvorak et al. 2024). It favors medium-height reed stands and a bent layer of broken stems,
and old reed patches that have not been cut or burnt for years (Haraszthy 2019b).
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The Reed Bunting (Emberiza schoeniclus) is sedentary in the southern edge of its range,
while the northern individuals are migratory; the Central European population is partly
migratory (Csorgé et al. 2009). It requires dry ground for breeding and is typically found
in the dry edge zones rather than in the inner parts of extensive reedbeds (Haraszthy 2019b,
Dvorak et al. 2024).

Bird counts

The point count methodology, which utilizes distance estimation for each bird, follows the
approach described by Buckland et al. (2001), also employed in the study by Nemeth and
Dvorak (2022). The surveys were conducted by two individuals proficient in identifying
bird vocalizations. Prior to the start of the project, a joint mapping session was organized
with other field experts to assess and ensure consistency between counters.

All counting points were surveyed three times over a two-month period, from the 30"
of April till the 30" of June. The mapping was conducted between 4:50 and 11:00 a.m.
from a 3.5 m tall ladder, which provided an elevated vantage point for observation. A laser
rangefinder (Nikon Laser 550/550) was used to estimate the distance to the locations
around each counting point where birds were seen or heard. The counting interval lasted
five minutes to maximize the likelihood of registering birds and to minimize the chance
of double-counting. During this interval, birds were identified acoustically and, when
possible, visually. When birds moved within the counting interval, we measured the
distance to the first sighting. Apart from the Bearded Reedling, all species were counted
based on territorial song or calls. Since Bearded Reedlings have no conspicuous territorial
song, they were recorded at the first location seen. For Water Rail and Little Crake, a
I-minute playback of their territorial calls was played from a speaker after the counting
interval to elicit a response from them. The distance to the first response was recorded,
and the playback was stopped if a response was heard before the end of the recording.
Each observation was recorded in a field notebook, along with the corresponding distance
estimate, and later digitized.

For each species, we used the data with the highest number of observations from the three
mapping dates for each point. Next, we categorized the observations into three classes: 0-50
meters, 0—100 meters, and all distances within 150 m. Histograms were generated to identify
the most appropriate distance class based on the distribution of the observation distances of
each species for further statistical analysis. While observation data of the Little Crake and
the Common Reed Warbler were analyzed within 0—50 m, the 0—100 m distance class was
chosen for the rest of the species.

Statistical analyses

Due to the small sample size (e.g. n = 10 for old reed from 2024), the non-parametric
Kruskal-Wallis test was used to assess differences in abundance among the reedbed types
(burnt, cut, and old). If significant results or at least a trend (p < 0.1) were observed, Dunn’s
post-hoc test with Bonferroni correction was conducted to identify pairwise differences.
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Since the data came from two different years with varying water levels in the lake, the
mean water depth at each point was calculated using a digital lakebed model (Bacsatyai et al.
1997). We utilized mean water level data for Lake Neusiedl/Ferté (Wasserportal Burgenland
2024) from May to June of the respective years to compare the water levels (see Figure 5).
As we were primarily interested in the relative differences between the water levels from
the study years, we derived data from the lakebed model that includes the mud layer. The
Kruskal-Wallis and Dunn’s post hoc tests were used to identify differences between the
mean water levels. We applied a generalized linear model (GLM) with a Poisson distribution
to assess the effect of water depth on bird species abundance. In this model, the number of
individuals served as the predicted values, and water level as the predictor. We checked
the models for overdispersion. If the dispersion parameter exceeded the value of 1.2, we
addressed it by refitting the model using quasi-Poisson errors.

Data analyses were conducted using R v. 4.3.3 (R Core Team 2024) and R Studio (RStudio
Team 2024). We used QGIS (QGIS.org 2009) to calculate water depth at various points and
to create maps.

Results

Water levels

The analysis revealed significant differences in water depth among several reedbed types
(Kruskal-Wallis, ¥*= 58.47, p < 0.001). The burnt site (B1) had the greatest mean water
depth, followed by the old reed site from 2019 (019), with a non-significant difference.
This was followed by the cut reed sites younger than a year (C0), old reed from 2024
(024), and 1-4-year-old cut reed (C1-4). 024 and the cut sites (CO and C1-4) did not differ
significantly from each other (Table 1, Figure 5). The results of the Poisson regressions
to test the influence of water levels on different bird species showed no significant effect
of water level on any species except the Sedge Warbler. Here, the species were found
significantly more often at sites with lower water levels (Poisson regression, n = 88, coeff.
=-1.19, p=0.0013).

Comparison of burnt and cut reedbeds

The comparison of bird abundances from B1, C0, and C1-4 showed that five of the ten
species had significant differences in abundance based on the results of the Kruskal-Wallis
test (Table 2, Figure 6).

Species that showed the highest abundance in B1, with significant differences, include
Water Rail and Bluethroat. The Water Rail was nearly twice as abundant in B1 as in C1-4,
and more than five times more abundant than in CO. The number of Bluethroats was more
than twice as high in B1 compared to CO and over ten times higher than in C1-4.

The species with the lowest abundance in B1 were Savi’s Warbler, Moustached Warbler,
and Common Reed Warbler. Savi’s Warbler exhibited the same abundance in C1-4 and CO,
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Table 1. Comparison of Water Depths Across Survey Sites using the Kruskal-Wallis test and the
post-hoc Dunn’s test with Bonferroni correction. Significant differences are indicated in
bold. B1 = 1-year-old burnt reed, CO = cut reed (< 1 year), C1-4 = 1-4-year-old cut reed,
019 =old reed from 2019, 024 = old reed from 2024 (Kruskal-Wallis, x*= 58.47, p < 0.001)

1. tdbldzat A vizmélységek Gsszehasonlitasa a megfigyelési teriileteken a Kruskal-Wallis-proba és
a post hoc Dunn-proba eredményei alapjan, Bonferroni-korrekcidval. A szignifikans ki-
I6nbségek félkovér betlivel jeldlve. BT = egyéves leégett nad, CO = vagott nad (< 1 év),
C1-4=1-4 évesvagott ndd, 019 = 6reg ndd 2019-bdl, 024 = 6reg nad 2024-bél (Kruskal-
Wallis, x2 = 58.47, p < 0.001)

Reedbed type Mean Depth+SD (cm) Comparison Dunn’s p
B1 129.25+5.51 CovsCl1-4 1.00
Co 79.73+£28.15 COvs 019 <0.001
C1-4 66.59+26.71 C1-4vs 019 <0.001
019 124.84+25.36 COvs B1 <0.001
024 73.73£18.53 C1-4 vs B1 <0.001
019 vs B1 1.00
COvs 024 1.00
C1-4vs 024 1.00
019vs 024 <0.001
B1vs 024 <0.001
200 - +
¢}
T 150 -
L
i —
0 100- 2
50 -
o
(0]
"o 1 a0 vt 3 3
Age Class

Figure 5. Distribution of water depths at survey points of different reed age classes
5.dbra A vizmélységek eloszldsa a kiilonbozé korosztalyd nddasok mintavételi pontjainal

significantly higher than in B1. The Moustached Warbler could not be observed in B1 and
CO0, but it was present in C1—4, albeit in very low numbers. For this species, Dunn’s test
indicated a significant difference between C1-4 and CO and between C1-4 and B1. The
Common Reed Warbler had the highest abundance in C1-4 compared to all other species
and habitat classes, but the difference was significant only between B1 and C1-4.
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Table2.  Comparison of the number of individuals of the respective species (means+standard
deviation) counted at the one-year-old burnt reedbed (B1, n = 19), the less-than-one-
year-old cut reed areas (CO, n = 13), and the 1-4-year-old cut reed areas (C1-4, n =
16) using Kruskal-Wallis tests and post-hoc Dunn’s tests with Bonferroni correction.
Significant differences are indicated in bold

2. tdbldzat Az egyéves leégett nddas (B1, n = 19), a kevesebb mint egyéves vagott nadas (CO, n =
13) és az 1-4 éves véagott nadas teriiletek (C1-4, n = 16) pontjaindl regisztralt egyed-
szamok fajonkénti 6sszehasonlitasa (atlag+szoras) a Kruskal-Wallis-préba és a post hoc
Dunn-préba eredményei alapjan, Bonferroni-korrekcidval. A szignifikans kiilonbségek
félkovér bettivel jelolve

o 1 a o s": o § o ?
= < S wn w5 ) » =
g = 5 S | % |85 |Ee|E2|E"
o i = g == S | 32
v < 6z |Bm |88
Rallus aquaticus 2.3741.26 | 1.31+1.20 | 0.46+0.78 | 16.73 | <0.001 | 0.04 0.001 | 0.10
Zapornia parva 0.47+0.84 | 0.38+0.72 | 0.31+0.48 | 0.15 0.93 1.00 1.00 1.00
Luscinia svecica 1.42+0.61 | 0.13+0.34 | 0.69+0.85 | 22.84 | <0.001 | <0.001 | 0.02 0.09
Locustella luscinioides 0.63+0.68 | 1.69+0.79 | 1.69+1.18 | 13.48 | 0.001 | 0.001 | 0.08 1.00

Acrocephalus melanopogon | 0.00+0.00 | 0.25+0.58 | 0.00+0.00 | 6.26 | 0.04 0.04 1.00 0.06
Acrocephalus schoenobaenus | 0.47+0.70 | 0.81£1.22 | 0.77+0.93 | 0.70 | 0.70 0.86 0.63 1.00

Acrocephalus scirpaceus 2.26+1.24 | 3.63+0.81 | 2.77+1.09 | 11.77 | 0.003 | 0.001 0.42 0.06
Acrocephalus arundinaceus 1.84+0.96 | 1.56£1.55 [ 1.69+1.25 | 1.77 | 041 0.28 0.68 0.96
Panurus biarmicus 0.32+0.48 | 0.63+0.72 | 0.69+0.63 | 3.32 | 0.19 0.28 0.13 0.98
Emberiza schoeniclus 247+1.22 | 1.81+£0.83 | 1.62+0.87 | 522 | 0.07 0.17 0.05 0.77

Species that displayed no significant differences across habitat classes include Little
Crake, Great Reed Warbler, Sedge Warbler, Bearded Reedling, and Reed Bunting. However,
the Little Crake and Great Reed Warbler had their highest abundance in B1, while the Sedge
Warbler and Bearded Reedling were most abundant in C1-4. The Bearded Reedling was
nearly half as abundant in B1 compared to the other cut areas, a pattern that was similar for
the Sedge Warbler. While the Great Reed Warbler had higher numbers in CO than in C1-4,
the Little Crake showed the opposite. The Reed Bunting was most abundant in B1, followed
by approximately one-third lower values in C1—4 and CO.

Comparison of burnt and old reedbeds

Data from B1 was also compared to the two old reed habitats (O19 and 024). The results
revealed that nine of the ten species showed significant differences in abundance (7able 3,
Figure 7).

Species such as the Water Rail, Bluethroat, Great Reed Warbler, and Reed Bunting had
the highest counts in B1. The Water Rail exhibited a pronounced difference between the
survey years rather than between reedbed types. For instance, B1 had nearly four times
higher abundance than O19. The Bluethroat exhibited the lowest abundance in O19, which
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Figure 6. Distribution of the number of observations in burnt and cut reed areas by species using a
box plot. Common Reed Warbler and Little Crake within a 50 m radius

6.dbra A leégett és vagott nadteriileteken észlelt megfigyelésszdmok eloszlasa fajonként, doboz-
diagramm segitségével. A cserregé nadposzata és a kis vizicsibe 50 m sugaru koron beldl



B. G. Balog, M. Dvorak, B. Schmid & E. Nemeth 201

Table3.  Comparison of the number of individuals counted for each species (meantstandard
deviation) among the points of the burnt reedbed (B1, n = 19), the old reedbed from
2024 (024, n = 10), and the old reedbed from 2019 (019, n = 30), using the Kruskal-
Wallis tests and post-hoc Dunn’s tests with Bonferroni correction. Significant differences
are indicated in bold

3.tdbldzat Az egyével leégett nddas (B1, n = 19), a 2024-es 6reg nadas (024, n = 10) és a 2019-es
Oreg nadas teriletek (019, n = 30) pontjainal regisztralt egyedszamok fajonkénti dssze-
hasonlitasa (dtlag+szo6ras) a Kruskal-Wallis-préba és a post hoc Dunn-préba eredményei
alapjan, Bonferroni-korrekciéval. A szignifikans kilonbségek félkovér bettvel jeldlve

- — >

o - o Q g Q 2 Q. =

s | & | 2 |«|%z|8S|83 ¢

- o o 2 S S>|5>| 54

0 - 8 8w |8y

Rallus aquaticus 2.37+1.26 | 2.20+1.62 | 0.63+0.81 | 23.84 | <0.001 0.92 |<0.001| 0.003
Zapornia parva 0.47+0.84 | 1.20+1.03 | 0.50+0.57 | 5,54 0.063 0.03 0.79 0.08
Luscinia svecica 1.42+0.61 | 1.30+1.06 | 0.03+0.18 | 39.08 | <0.001 0.68 | <0.001 | <0.001
Locustella luscinioides 0.63+0.68 | 1.90+0.74 | 2.77+1.38 | 28.14 | <0.0001 | 0.009 |<0.001 | 0.29

Acrocephalus melanopogon | 0.00+0.00 | 1.30+0.82 | 1.00+£1.08 | 20.44 | <0.001 |<0.001 | <0.001 | 0.27
Acrocephalus schoenobaenus | 0.47+0.7 | 1.40+1.07 | 0.50£0.94 | 8,61 0.01 0.02 1.00 | 0.006
Acrocephalus scirpaceus 2.26+1.24 | 2.20+1.32 | 3.53£1.33 | 12,86 | 0.002 1.00 | 0.002 | 0.01
Acrocephalus arundinaceus | 1.84+0.96 | 0.40+0.52 | 0.50+0.78 | 23.61 | <0.001 | <0.001 | <0.001 | 1.00
Panurus biarmicus 0.32+0.48 | 2.10+1.10 | 1.13+0.78 | 23.61 | <0.001 | <0.001 | 0.001 | 0.04
Emberiza schoeniclus 247+1.22 | 2.10+0.57 | 0.63+0.93 | 27.87 | <0.001 1.00 |<0.001 | <0.001

significantly differs from 024 and B1, with B1 showing a slightly higher abundance than
B24. The abundance of the Great Reed Warbler in O19 and 024 did not differ significantly;
there was a negligible difference between the reedbed types. However, B1 differed highly
significantly from both old reed classes. The Reed Bunting was present in much higher
numbers in 2024, with no significant difference between B1 and 024, the former being the
highest. O19 showed values more than three times lower compared to 024 and was nearly
four times lower compared to B1.

The Moustached Warbler, Sedge Warbler, and Bearded Reedling exhibit the highest
populations in 024, with all three species ranking second in abundance in O19, followed by
B1. The Moustached Warbler was not observed in B1, and the difference between O19 and
024 was not significant. The Sedge Warbler was almost three times less abundant in B1 and
019 compared to O24. The Bearded Reedling was nearly twice as abundant in 024 as in
019 and more than six times more abundant in 024 than in B1.

Savi’s Warbler and Common Reed Warbler exhibit the highest counts in O19. No
significant difference could be detected between the two old reed sites for Savi’s Warbler;
however, B1 had nearly 4.4 times and three times lower abundances compared to 024 and
019, respectively. Conversely, the abundance of the Common Reed Warbler in B1 and 024
did not differ significantly, while a significant difference was observed between O19 and the
other two categories, with O19 showing about 1.5 times lower values.
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Figure 7. Distribution of the number of observations in burnt and old reed areas by species using a
box plot. Common Reed Warbler and Little Crake within a 50 m radius
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The Little Crake was the only species without significant differences based on the Kruskal—
Wallis test. Still, the species showed the highest abundance in 024, followed by O19 and
then B1. 024 had a slightly more than 2.5 times higher abundance compared to B1, whereas
the difference between B1 and O19 was negligible.

Presence-absence data and additional observations

Presence-absence data for the target species are shown in 7able 4. The Water Rail, the
Bluethroat, the Savi’s Warbler, the Great Reed Warbler, the Sedge Warbler, the Common
Reed Warbler, the Bearded Reedling and the Reed Bunting were detected at all survey
sites. The Moustached Warbler was not detected in the burnt reedbed and the young cut
reedbed.

Table4.  Presence-absence of species across survey sites
4. tdbldzat A fajok jelenléte vagy hidnya a megfigyelési helyszineken

Target species Burntreed | Cutreed Cut reed Old reed Old reed
(B1) (C0) (C1-4) (019) (024)

Rallus aquaticus + + + +

Zapornia parva + 4L 4 +
Luscinia svecica + + + + +
Acrocephalus schoenobaenus + + + + 4
Acrocephalus melanopogon - - + + +
Locustella luscinioides 4 4 + 4 1
Acrocephalus scirpaceus + + + + +
Acrocephalus arundinaceus + + + + +
Panurus biarmicus + + + + +
Emberiza schoeniclus + + + ne +
Discussion

The results of the point counts partially corroborate the already known preference of
particular reed bird species towards reed age, as described in Nemeth and Dvorak (2022).
Our results demonstrate that the differences between the burnt and old reedbeds are more
pronounced than those between the cut and burnt ones. This is evident in the number of
significant differences observed in the Kruskal-Wallis tests. While nine out of ten species
showed significantly different abundances in the burnt and old reedbeds, only five species
differed significantly in the burnt-cut comparison. The species composition of the burnt
reedbed resembles that of very young reed areas and shows substantial differences from old
ones. The results are interpreted separately for each species.
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Water Rail

The Water Rail is less likely to occur in reedbeds younger than five years or older than
15 years (Nemeth ef al. 2022, Nemeth & Dvorak 2022), while Antoniazza et al. (2018)
found the higher number of territories in 3-year-old reedbeds. In the reed belt of Lake
Neusiedl/Fertd, it tends to colonize the shallowly flooded, dense, older reedbeds with or
without sedge undergrowth (Nemeth et al. 2022). The results of the counts from 2024
are similar to the occurrence probability indicated in Nemeth and Dvorak (2022), as
no significant difference was detected between the burnt and the old reed site. In 2019,
however, significantly lower numbers were observed compared to 2024, which may have
been caused by higher water levels in previous years, as the species requires shallowly
inundated reedbeds (Nemeth et al. 2022). Burnt reed showed significantly higher numbers
than cut reed, and it also exhibited greater abundance compared to the old reed data from
2024. Additionally, a nest with eight eggs was found at the previously burnt site. This
evidence of breeding further supports the conclusion that previously burnt reed can
provide suitable conditions for breeding; however, additional monitoring is necessary to
study the habitat use of the Water Rail in this reedbed.

Little Crake

The Little Crake is known to inhabit old, inundated reed habitats with a dense layer of
broken, old reed stems (Dvorak 1985, Haraszthy 2019a, Dvorak et al. 2024). Our comparison
between burnt and cut sites, where the species is very rare, did not reveal any significant
differences. In the comparison of burnt reed to old reed, the Little Crake was the only species
that exhibited no significant difference but only a trend in the Kruskal-Wallis test; however,
as expected, the burnt reedbed had substantially lower abundance compared to old reed
from 2024. Our results suggest that the one-year-old, previously burnt area provided slightly
higher suitability than cut reed sites for this species, while old reed is potentially the most
suitable, even if the 2019 abundance data was close to the level of the burnt site. In the burnt
area, some old reed patches may have been unaffected by the fire, which may have led to the
prevalence of some suitable habitat elements.

Bluethroat

The Bluethroat was more abundant in both the burnt and old reedbeds in 2024 compared to
2019. The Bluethroat requires habitats that combine open water surfaces, dry ground, and
reed (Nemeth et al. 2022, Dvorak et al. 2024). The high numbers in 2024 are hypothesized
to be a legacy effect of very low water levels present in previous years, especially in 2022.
The Bluethroat typically inhabits anthropogenically modified habitats at Lake Neusiedl/
Fertd, such as channels and dams (Griill 2001, Haraszthy 2019a, Dvorak et al. 2024).
During the breeding season of 2024, several locations along the dams and channels were not
inundated, which, combined with the legacy effect mentioned above, may have facilitated
breeding. The findings of Baldi and Moskat (1995) are in contrast with ours, as they found



B. G. Balog, M. Dvorak, B. Schmid & E. Nemeth 205

no Bluethroats in the control and burnt areas, while densities in mowed and homogeneous
areas (i.e. transition zones with reed and shrubs) were higher.

Savi’s Warbler

The Savi’s Warbler is known to exhibit an even distribution across various reed age classes,
with the exception of the rather unsuitable one-year-old reed (Nemeth & Dvorak 2022).
The results from the old-burnt comparison indicate that the species prefers older reed over
recently burnt reed, a pattern also noted by Zwicker and Griill (1985). We found significant
differences between burnt and cut sites, with higher abundance in cut sites. This pattern aligns
with the findings of Baldi and Moskat (1995) and is likely due to the more effective removal
of the litter layer (including bent stems) by the fire. The Savi’s Warbler is the only species
that displayed a positive correlation with the presence of mats of broken reed; the abundance
of the Savi’s Warbler only declines when mats of broken reed cover more than half of the
reed area (Nemeth et al. 2022). The significance of a layer of horizontal stems is reported by
Griill and Zwicker (1993). Furthermore, high densities are also observed in tall, strong, and
healthy stands located in the outer lake margin zone and along channels (Dvorak ez al. 1997).
Our results suggest that even a very young cut reedbed supports higher abundance than one-
year-old burnt reed, and the lower numbers at the burnt site can be interpreted as a result of
effective removal of the bent layer/litter through prescribed burning.

Moustached Warbler

There was no record of the species in the burnt area, nor in the very young cut site, but the
1-4-year-old previously cut reedbed did have a low number of sightings. The Moustached
Warbler requires a bent layer of old reed stems, small open water surfaces, but also reed
stems with leaves that serve as cover over the bent layer are essential (Haraszthy 2019D,
Nemeth et al. 2022). Reedbeds less than 5 years old are known to be rather unsuitable for
the species, followed by an optimum in the 5-9-year age class, and then a slowly declining
suitability in reedbeds older than 15 years (Nemeth & Dvorak 2022). Zwicker and Griill
(1985) reported maximum densities at an eight-year-old, previously burnt site characterized
by the presence of the lesser reedmace (Typha angustifolia). When comparing the burnt
reed and the old reed sites, a significant preference is evident towards the old reed sites,
supporting previous findings (Leisler 1981, Nemeth et al. 2001), and indicating that even
old reedbeds beyond their optimum age are more suitable than young reeds. These results
are also in line with the findings of Baldi and Moskat (1995), which showed that burning led
to the absence of species, while unmanaged sites supported the highest densities.

Sedge Warbler

The Sedge Warbler is a characteristic species of the transition zone between wet reedbeds and
lower herbaceous vegetation with reed patches (Cramp et al. 1992, Nemeth et al. 2022). Our
findings did not reveal any significant difference between burnt and cut reed sites; however,
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cut reedbeds exhibited higher abundances. The old reed area from 2024 was seemingly more
suitable than the burnt area, although it did not differ significantly from it. Because parts
of the landward side of the reed area are more accessible for cutting machines, the slightly
higher abundance in cut areas may have resulted from a greater overlap of the regularly cut
zones with the Sedge Warbler’s range. According to the results of the Poisson regression,
this was the only species in our analysis that is significantly affected by water levels, as
Sedge Warblers generally avoid reedbeds with standing water and require periodically dry
ground (Dyrcz 2020). It is plausible that the time-lagged effects of the dry years in 2022
and 2023 contributed to the increased numbers in the old reedbed in 2024. Our results are
consistent with the findings of Baldi and Moskat (1995), who reported the highest numbers
in a heterogeneous habitat, followed by old and cut reed, while noting the lowest counts at
a burnt site.

Common Reed Warbler

The Common Reed Warbler is regarded as a reed generalist species and is known to be
the most common reed warbler in the reed belt around Lake Neusiedl/Ferté (Nemeth et
al. 2022). Our results indicate that the burnt area is less suitable for the species than cut
areas. Compared to the old reed habitats, the burnt reedbed differed significantly only
from the 2019 old reed site. After cutting or burning, this species reoccupies these areas
immediately after the regrowth of young reed in early summer, making it impossible to
show any statistical differences between reed age classes after the first year (Nemeth et al.
2022). Our findings show that the Common Reed Warbler was present in the 1-4-year-old
age reed (C1-4) in higher abundance than at the cut site (C0), which aligns with the results
reported by Nemeth and Dvorak (2022). The burnt and old reed site from 2024 exhibited
the lowest abundances, differing from the findings presented by Baldi and Moskat (1995),
who reported the highest numbers in unmanaged areas and the lowest in cut reedbeds (see
also Griill & Zwicker 1993). The greater abundance in the very young cut area compared to
the one-year-old burnt area may suggest a negative impact of burning. However, the non-
significant difference between the burnt area and the old reed site from 2024 implies that
differences in environmental conditions between the two survey years are likely to have
played a more decisive role.

Great Reed Warbler

The Great Reed Warbler is one of the species that did not show any significant differences
between burnt and cut sites; however, the burnt area was characterized by a slightly higher
abundance of this species. The presence of well-spaced, tall and healthy reed stems in the
edge zone between the reedbed and the water surface complies with the habitat requirement
of this species reported by numerous studies (Leisler 1981, Griill & Zwicker 1993,
Graveland 1998, Baldi 2004, Kennerley & Pearson 2010, Méré & Zuljevié 2014, Haraszthy
2019b, Nemeth et al. 2022). 1t is likely that suitable habitat patches either remained intact
or could quickly recover after the fire event. Additionally, inundation is also a crucial factor
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(Leisler 1981, Leisler & Schulze-Hagen 2011, Mér6 ef al. 2014). At Lake Neusiedl/Fertd,
such conditions are often found at the waterside edge of the reed belt and along dams and
channels (Dvorak ef al. 1997). The species does not favor old reedbeds (Nemeth et al.
2022), which aligns with our findings that indicate significantly lower numbers in the older
reed sites compared to the others. Nemeth and Dvorak (2022) described 1-4-year-old reed
as the most suitable breeding habitat, which is also consistent with our results. The higher
abundance in the burnt area may have resulted from the positive effects of burning compared
to cutting with heavy machinery. However, in the study by Baldi and Moskat (1995), the
Great Reed Warbler was recorded in lower numbers in a burnt habitat than in a cut and an
unmanaged site, which contradicts our findings.

Bearded Reedling

The Bearded Reedling is reported to show preference towards reed age classes of 5-9 and
10—14 years, with a slight decline in stands older than 15 years (Nemeth & Dvorak 2022).
This species is more frequently found in areas with medium reed height and deeper water
(Cramp et al. 1994, Nemeth & Dvorak 2022). In response to burning, the species was absent
from burnt sites and occurred at higher densities in mowed sites, with the highest densities
recorded in unmanaged sites in the study by Baldi and Moskat (1995). Our analysis did not
reveal any significant differences across burnt and cut sites, but in old reed, significantly
higher numbers of individuals were recorded (both in 2019 and 2024). Despite the fact that
reed growth is denser at previously burnt sites (Valkama et al. 2008), which is described as
an important habitat requirement (Cramp et al. 1994, Haraszthy 2019b), it did not affect the
abundance of the Bearded Reedling positively in the burnt site we surveyed.

Reed Bunting

The Reed Bunting was found to be the most abundant in the burnt area. While Dunn’s test
showed a significant difference between the old reed site from 2019 and the burnt one, no
significant differences were detected between cut and burnt sites, and between burnt and
old reed from 2024. Nemeth and Dvorak (2022) reported higher suitability of young reed
age classes for the species than old reed. In the study by Baldi and Moskat (1995), the burnt
areas exhibited the lowest mean number of individuals, while mowed areas had slightly
higher values; the highest numbers were found in the control areas with older reed. Our
results differ from the findings of Baldi and Moskat (1995), as we observed the highest
numbers in the burnt area. The old reed site from 2024 had the second highest mean overall
and did not differ significantly from the burnt site. Consequently, Reed Buntings had a
higher overall abundance in 2024 compared to 2019. This was likely to be influenced by
differences in water levels, with lower levels in 2024 than in 2019 (Wasserportal Burgenland
2024), resulting in more suitable conditions, as the species requires dry ground for breeding
(Cramp et al. 1994, Copete & Christie 2021). Burnt reed still had the highest mean number of
observations in both the burnt-cut and burnt-old comparisons, indicating the high suitability
of previously burnt one-year-old reed.
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Conclusion

Although water level differences and varying environmental conditions between the two
survey years pose a limitation to the interpretation of the results of our study, the core
findings demonstrate that differences between burnt and cut reed sites were less pronounced
than those between burnt and old reed sites; five species differed significantly in the former
comparison, while nine did so in the latter. It is essential to focus on the long-term effects
of burning and cutting, as these effects become relevant for certain bird species only in
subsequent years following a fire. To achieve a more comprehensive understanding of
this matter, it is necessary to conduct monitoring over a longer period and to include more
sites with varying ecological conditions. Nonetheless, as an initial step toward this, our
findings clearly indicate that prescribed burning is a possible alternative to reed cutting as a
management tool for reed bird conservation.

Acknowledgements

This study was funded by the Landschaftspflegefonds of Land Burgenland, and we sincerely
thank Kathrin Niklos for her administrative support. We also express our gratitude to the
Esterhazy Betriebe for granting us access to their property for conducting point counts.
Special thanks to Philipp Koch from Esterhazy Betriebe for facilitating communication
and providing a boat for our fieldwork. Arno Cimadom, Nikolaus Filek, Johannes Friihauf,
Benjamin Knes, Christina Nagl, Erwin Nemeth, Christoph Roland and Péter Villanyi
participated in the point counts in 2019. We also thank Gilbert Hafner for his initial
assistance, as well as the Biologische Station Neusiedler See, led by Thomas Zechmeister,
for their logistical support. We are also indebted to the National Park Neusiedler See —
Seewinkel, particularly Arno Cimadom and Harald Grabenhofer, for their logistical support
and for allowing us to enter the national park.

References

Antoniazza, M., Clerc, C., Le Nédic, C., Sattler, T. & Lavanchy, G. 2018. Long-term effects of rotational wetland
mowing on breeding birds: evidence from a 30-year experiment. — Biodiversity and Conservation 27(3): 749—
763. DOI: 10.1007/s10531-017-1462-1

Armstrong, J. & Armstrong, W. 2001. An overview of the effects of phytotoxins on Phragmites australis in relation
to die-back. — Aquatic Botany 69(2—4): 251-268. DOI: 10.1016/S0304-3770(01)00142-5

Armstrong, J., Armstrong, W. & van der Putten, W. H. 1996. Phragmites die-back: bud and root death, blockages
within the aeration and vascular systems and the possible role of phytotoxins. — New Phytologist 133(3): 399—
414.DOL: 10.1111/7.1469-8137.1996.tb01907.x

Bécsatyai, L., Csaplovics, E., Markus, I. & Sindhuber, A. 1997. Digitale Gelandemodelle des Neusiedler See-Beckens
[Digital terrain models of the Lake Neusied! basin]. — Burgenléndisches Landesmuseum, Eisenstadt (in German)

Baldi, A. 2004. Area requirements of passerine birds in the reed archipelago of Lake Velence, Hungary. — Acta
Zoologica Academiae Scientiarum Hungaricae 50(1): 1-8.

Baldi, A. & Moskat, Cs. 1995. Effect of reed burning and cutting on breeding birds. — In: Bissonette, J. A. & Krausman,
P. R. (eds.) Integrating People and Wildlife for a Sustainable Future. — Proceedings of the First International
Wildlife Management Congress, Bethesda, Maryland, USA.



B. G. Balog, M. Dvorak, B. Schmid & E. Nemeth 209

Berner, R., Neumann, M., Miiller, M., Hollaus, M., Maier, A., Zechmeister, T. & Glatzel, S. 2025. Prescribed burning
as a potential regeneration technique for reed stands — a pilot study at Lake Neusiedl, Austria. — Wetlands Ecology
and Management 33(4): 1-16. DOI: 10.1007/s11273-025-10063-2.

Bir6, M., Molnar, Z., Ollerer, K., Lengyel, A., Ulicsni, V., Szabados, K., Kis, A., Peri¢, R., Demeter, L. & Babai, D.
2020. Conservation and herding co-benefit from traditional extensive wetland grazing. — Agriculture, Ecosystems
& Environment 300: 1-10. DOI: 10.1016/j.agee.2020.106983

Buckland, S. T., Anderson, D. R., Burnham, K. P., Laake, J. L., Borchers, D. L. & Thomas, L. 2001. Introduction to
Distance sampling. Estimating abundance of Biological Populations. — Oxford University Press, Oxford

Cizkova, H., Kvé&t, J., Comin, F. A., Laiho, R., Pokorny, J. & Pithart, D. 2013. Actual state of European wetlands
and their possible future in the context of global climate change. — Aquatic Sciences 75(1): 3-26. DOI: 10.1007/
$00027-011-0233-4

Copete, J. L. & Christie, D. 2021. Reed Bunting (Emberiza schoeniclus), version 1.1. — In: del Hoyo, J., Elliott, A.,
Sargatal, J., Christie, D. & de Juana, E. (eds.) 2020. Birds of the World. — Ithaca, NY, USA. DOI: 10.2173/bow.
reebun.01.1species_shared.bow.project name

Cramp, S., Brooks, J. D., Dunn, E., Gillmor, R., Hall-Craggs, J., Hollom, P. A. D., Nicholson, E. M., Ogilvie, M.
A., Roselaar, C. S., Sellar, P. J., Simmons, K. E. L., Snow, D. W., Vincent, D., Voous, K. H., Wallace, D. I. M.
& Wilson, M. G. 1992. Handbook of the Birds of Europe the Middle East and North Africa. The Birds of the
Western Palearctic. — Oxford University Press. New York

Csaplovics, E. 1985. Die land- und seeseitige Ausdehnung des Schilfgiirtels am Neusiedler See [ The extension of the
reed belt on the land and lake sides of Lake Neusiedl]. — Wissenschaftliche Arbeiten Burgenland 72: 631-632.
(in German)

Csaplovics, E. 2019. Der Schilfgiirtel des Neusiedler Sees [The reed belt of Lake Neusiedl]. — Osterreichische Wasser-
und Abfallwirtschaft 71(11-12): 494-507. DOI: 10.1007/s00506-019-00622-2 (in German)

Csorg6, T. 1995a A nadas zonaciok és szegélyvegetaciok énekesmadarai [Niche segregation and microhabitat
preference of warblers within a reed stand]. — In: Vésarhelyi, T. (ed.) A nadasok allatvilaga [The Animals of Reed
Beds in Hungary]. — Magyar Természettudomanyi Muzeum, Budapest, pp. 138—144. (in Hungarian with English
Summary)

Csorg6, T. 1995b Madarak (Aves) [Birds (Aves)]. — In: Vasarhelyi, T. (ed.) A nadasok allatvilaga [The Animals of
Reed Beds in Hungary]. — Magyar Természettudomanyi Muzeum, Budapest, pp. 98-105. (in Hungarian with
English Summary)

Csorg6, T., Karcza, Zs., Halmos, G., Magyar, G., Gyuracz, J., Szép, T., Bankovics, A., Schmidt, A. & Schmidt, E.
(eds.) 2009. Magyar Madarvonulasi Atlasz [Hungarian Bird Migration Atlas]. — Kossuth Kiado Zrt., Budapest
(in Hungarian with English Summary)

Dinka, M., Agoston-Szab(’), E. & Szeglet, P. 2010. Comparison between biomass and C, N, P, S contents of vigorous
and die-back reed stands of Lake Fertd/Neusiedler See. — Biologia 65(2): 237-247. DOI: 10.2478/s11756-010-
0006-x

Dinka, M. & Szeglet, P. 1999. Carbohydrate and nutrient content in rhizomes of Phragmites australis from different
habitats of Lake Fert6/Neusiedlersee. — Limnologica 29: 47-55.

Dokulil, M. T., Eyto, E. de, Maberly, S. C., May, L., Weyhenmeyer, G. A. & Woolway, R. . 2021. Increasing
maximum lake surface temperature under climate change. — Climatic Change 165(3—4): 1-17. DOI: 10.1007/
$10584-021-03085-1

Dvorak, M. 1985. Siedlungsdichte und Biotopwahl von Kleinem Sumpthuhn (Porzana parva) und Wasserralle
(Rallus aquaticus) im Schilfgiirtel des Neusiedler Sees [Population density and habitat selection of Little Crake
(Porzana parva) and Water Rail (Rallus aquaticus) in the reed belt of Lake Neusiedl]. — Wissenschaftliche
Arbeiten Burgenland 72: 3-35. (in German)

Dvorak, M., Griill, A., Ranner, A., Laber, J., Berg, H.-M., Pellinger, A., Hadarics, T. & Kohler, B. 2024. Die Vogelwelt
des Neusiedler See-Gebietes [The Avifauna of the Lake Neusiedl Area 1% ed.]. — Verlag Naturhistorisches
Museum Wien, Wien (in German)

Dvorak, M., Nemeth, E., Tebbich, S., Rossler, M. & Busse, K. 1997. Verbreitung, Bestand und Habitatwahl
schilfbewohnender Vogelarten in der Naturzone des Nationalparks Neusiedler See — Seewinkel [Distribution,
population and habitat selection of reed bird species in the protected area of the Lake Neusiedl — Seewinkel
National Park]. — Biologisches Forschungsinstitut fiir Burgenland 86(1): 1-69. Illmitz (in German with English
Summary)

Dyrcz, A. 2020. Sedge Warbler (Acrocephalus schoenobaenus). version 1.0. — In: del Hoyo, J., Elliott, A., Sargatal, J.,
Christie, D. & de Juana, E. (eds.) 2020. Birds of the World. — Ithaca, NY, USA



210 ORNIS HUNGARICA 2025. 33(2)

Engloner, A. L. 2009. Structure, growth dynamics and biomass of reed (Phragmites australis). — A review. — Flora —
Morphology, Distribution, Functional Ecology of Plants 204(5): 331-346. DOI: 10.1016/j.flora.2008.05.001
European Space Agency 2023. Sentinel-2 Satellite Imagery https://dataspace.copernicus.eu/explore-data/data-

collections/sentinel-data/sentinel-2. Accessed: 21.02.2025.

Fiihrer, E. 2010. Schnittpunkte der Schilfwirtschaft und des Naturschutzes am Neusiedler See [Intersections of Reed
Management and Nature Conservation at Lake Neusiedl]. — Master Thesis. Supervised by Brandenburg, C.
Universitdt fiir Bodenkultur Wien (in German)

Goc, M., Iliszko, L. & Kopiec, K. 1997. The effect of reed harvesting on reedbed birds community. — The Ring 19(1—
2): 135-148.

Graveland, J. 1999. Effects of reed cutting on density and breeding success of Reed Warbler Acrocephalus scirpacaeus
and Sedge Warbler 4. schoenobaenus. — Journal of Avian Biology 30(4): 469-482. DOL: 10.2307/3677019

Graveland, J. 1998. Reed die-back, water level management and the decline of the Great Reed Warbler Acrocephalus
arundinaceus in The Netherlands. — Ardea 86(2): 187-201.

Griill, A. 2001. Populationsuntersuchungen am Weif3sternigen Blaukehlchen (Luscinia svecica cyanecula) im Neusiedler
See-Gebiet [Investigations on the population of the White-spotted Bluethroat (Luscinia svecica cyanecula) in the
area of Lake Neusiedl (Burgenland, Austria)]. — Egretta 44: 1-44. (in German with English Summary)

Griill, A. & Zwicker, E. 1993. Zur Siedlungsdichte von Schilfsingvogeln am Neusiedlersee [On the population density
of Reed Warblers at Lake Neusiedl]. — Verdffentlichungen fiir Naturschutz und Landschaftspflege in Baden-
Wiirttemberg 68: 159-171. (in German)

Haraszthy, L. 2019a Magyarorszag fészkel¢ madarainak koltésbiologidja. Facanfelektdl a solyomfélekig (Non-
Passeriformes) [Breeding Biology of the Nesting Birds of Hungary. From Pheasants to Falcons (Non-
Passeriformes) 1% ed.]. — Pro Vértes Nonprofit Zrt., Csakvar (in Hungarian)

Haraszthy, L. 2019b Magyarorszdg fészkel¢ madarainak koltésbiologidja. SargarigdfélektSl a sarmanyfélékig
(Passeriformes) [Breeding Biology of the Nesting Birds of Hungary. From Orioles to Buntings (Passeriformes) 1*
ed.]. — Pro Vértes Nonprofit Zrt. Csakvar (in Hungarian)

Hu, S., Niu, Z., Chen, Y., Li, L. & Zhang, H. 2017. Global wetlands: Potential distribution, wetland loss, and status. —
Science of the Total Environment 586: 319-327. DOL: 10.1016/j.scitotenv.2017.02.001

Kennerley, P. & Pearson, D. 2010. Reed and Bush Warblers. — Christopher Helm, London

Land Burgenland 2024. Brandschutziibung im Schilfgiirtel des Neusiedler Sees bei Jois mit wissenschaftlichem
Monitoring [Fire exercise in the reed belt of Lake Neusiedl near Jois with scientific monitoring]. — https://
www.burgenland.at/news-detail/brandschutzuebung-im-schilfguertel-des-neusiedler-sees-bei-jois-mit-
wissenschaftlichem-monitoring/ Accessed: 27.01.2025. (in German)

Leisler, B. 1981. Die okologische Einnischung der mitteleuropdischen Rohrsdnger (4crocephalus, Sylviinae). 1.
Habitattrennung [The niche occupation ecology of Central European Reed Warblers (Acrocephalus, Sylviinae). 1.
habitat separation]. — Die Vogelwarte — Zeitschrift fiir Vogelkunde 31: 45-74. (in German)

Leisler, B. & Schulze-Hagen, K. 2011. The Reed Warblers. Diversity in a Uniform Bird Family. - KNNV Publishing.
Zeist, Netherlands, Seewiesen, Germany DOI: 10.1163/9789004278028

Meéro, T. O., Lontay, L. & Lengyel, S. 2015. Habitat management varying in space and time: the effects of grazing
and fire management on marshland birds. — Journal of Ornithology 156(3): 579-590. DOI: 10.1007/s10336-015-
1202-9

Mérd, T. O. & Zuljevié, A. 2014. Effect of reed quality on the breeding success of the Great Reed Warbler Acrocephalus
arundinaceus (Passeriformes, Sylviidae). — Acta Zoologica Bulgarica 4(66): 511-516.

Méro, T. O., Zuljevié, A., Varga, K., Bocz, R. & Lengyel, S. 2014. Effect of reed burning and precipitation on the
breeding success of Great Reed Warbler, Acrocephalus arundinaceus, on a mining pond. — Turkish Journal of
Zoology 38(5): 622-630. DOL: 10.3906/z00-1311-54

Mester, B., Szalai, M., Mér6, T. O., Puky, M. & Lengyel, S. 2015. Spatiotemporally variable management by grazing
and burning increases marsh diversity and benefits amphibians: A field experiment. — Biological Conservation
192: 237-246. DOI: 10.1016/j.biocon.2015.09.030

Moga, C. I, Ollerer, K. & Hartel, T. 2010. The effect of reed burning on the habitat occupancy of passerine species. —
North-Western Journal of Zoology 6(1): 90-94.

Nemeth, E. & Dvorak, M. 2022. Reed die-back and conservation of small reed birds at Lake Neusiedl, Austria. —
Journal of Ornithology 163(3): 683-693. DOI: 10.1007/s10336-022-01961-w

Nemeth, E., Dvorak, M., Busse, K. & Réssler, M. 2001. Estimating distribution and density of reed birds by aerial
infrared photography. — In: Field, R., Warren, R. J., Okarma, H. & Siewert, P. R. (eds.) 2001. Wildlife, Land, and
People: Priorities for the 21% Century. — Bethesda, Maryland, USA, pp. 379-399.



B. G. Balog, M. Dvorak, B. Schmid & E. Nemeth 211

Nemeth, E., Dvorak, M., Glaser, F., Kohler, B. & Schwienbacher, M. 2022. Entwicklung nachhaltiger
Schilferntetechniken und Monitoring Schilfgiirtel Neusiedler See. Projektbericht an das Amt der
Burgenléndischen Landesregierung Abt. 4. Hauptreferat Naturschutz und Landschaftspflege [Development
of sustainable reed harvesting techniques and monitoring of the reed belt of Lake Neusiedl. Project report
to the Office of the Burgenland Provincial Government, Department 4, Nature Conservation and Landscape
Management]. — Wien (in German)

Ostendorp, W. 1987. Die Auswirkungen von Mahd und Brand auf die Ufer-Schilfbestinde des Bodensee-Untersees
[The effects of mowing and burning on the reedbeds on the shores of the lower Lake Constance]. — Natur und
Landschaft 62(3): 92—102. (in German)

Ostendorp, W. 1995. Impact of winter reed harvesting and burning on the nutrient economy of reed beds. — Wetland
Ecology Management 3: 233-248. DOI: 10.1007/BF00179839

Perlinger, H. 2022. Klassifikation heterogener Vegetationsstrukturen mittels Airborne Laserscan-Daten und Machine
Learning am Beispiel der Schilfbestinde des Neusiedler Sees [Classification of Heterogeneous Vegetation
Structures with the Aid of Airborne Laser Scan Data and Machine Learning Using the Example of the Reed
Beds of Lake Neusiedl]. — Master Thesis. Supervised by Riedl, A. Universitdt Wien (in German)

QGIS.org 2009. QGIS Geographic Information System. Maidenhead. Version: 3.36.1. — Open Source Geospatial
Foundation Project

R Core Team 2024. R: A Language and Environment for Statistical Computing. — R Foundation for Statistical
Computing, Vienna. Version 4.3.3. — https://www.R-project.org/

RStudio Team 2024. RStudio: Integrated Development for R. — RStudio, PBC, Boston. Version 4.3.3. — http://www.
rstudio.com/

Soja, G., Ziiger, J., Knoflacher, M., Kinner, P. & Soja, A.-M. 2013. Climate impacts on water balance of a shallow
steppe lake in Eastern Austria (Lake Neusiedl). — Journal of Hydrology 480: 115-124. DOI: 10.1016/.
jhydrol.2012.12.013

Tolotti, M., Guella, G., Herzig, A., Rodeghiero, M., Rose, N. L., Soja, G., Zechmeister, T., Yang, H. & Teubner, K.
2021. Assessing the ecological vulnerability of the shallow steppe Lake Neusied! (Austria-Hungary) to climate-
driven hydrological changes using a palacolimnological approach. — Journal of Great Lakes Research 47(5):
1327-1344. DOLI: 10.1016/j.jg1r.2021.06.004

Toth, V. R. 2016. Reed stands during different water level periods: physico-chemical properties of the sediment and
growth of Phragmites australis of Lake Balaton. — Hydrobiologia 778(1): 193-207. DOI: 10.1007/s10750-016-
2684-z

Vadasz, Cs. & Csorgo, T. 2009. Az agrar-kornyezetgazdalkodas nadgazdalkodasi célprogramjaban szerepld el6irasok
értékelése a nadban koltd énekesmadar fajokra gyakorolt hatasuk alapjan [Evaluation of the specifications of the
agri-environmental target programme for reed management in relation to their impact on reed-breeding songbird
species]. — Természetvédelmi Kozlemények (15): 235-245. (in Hungarian)

Valkama, E., Lyytinen, S. & Koricheva, J. 2008. The impact of reed management on wildlife: A meta-analytical
review of European studies. — Biological Conservation 141(2): 364-374. DOI: 10.1016/j.biocon.2007.11.006

Verhoeven, J. T. A. 2014. Wetlands in Europe: Perspectives for restoration of a lost paradise. — Ecological Engineering
66: 6-9. DOI: 10.1016/j.ecoleng.2013.03.006

Wasserportal Burgenland 2024. Mittlerer Wasserstand Neusiedler See [Mean water level Lake Neusiedl]. —
https://wasser.bgld.gv.at/hydrographie/die-seen/mittler-wasserstand-neusiedler-see. Accessed: 21.02.2025. (in
German)

Wolfram, G., Déri, L., Zech, S., Ambrus, A., Bér, F., Brasch, A., Csaplovics, E., Dokulil, M. T., Donabaum, K.,
Dvorak, M., Eitzinger, J., Herzig, A., Homorddi, K., Horvath, H., Hutflesz, M., Istvanovics, V., Janak, E., Jozsa,
J., Kiraly, G., Kirschner, A., Kiss, M., Kohler, B., Kramer, T., Kreuzinger, N., Korner, 1., Kubu, G., Kutrucz, G.,
Lang, A., Markus, 1., Mikschi, E., Mohacsiné Simon, G., Nemeth, E., Méra, A., Paliné Keller, C., Pallfy, K.,
Pannonhalmi, M., Pellinger, A., Présing, M., Riedler, P., Rojacz, H., Somogyi, B., Siithed, L., Székely, 1., Szilagyi,
J., Takacs, G., Takacs, P., Toth, A., Toth, I. G., Toth, L., Toth, V. R., Trauner, A. & Voros, L. 2014. Strategiestudie
Neusiedler See — Phase 1. Studie im Auftrag der Osterreichisch-Ungarischen Gewisserkommission [Strategy
Study Lake Neusiedl — Phase 1. Study commissioned by the Hungarian-Austrian Water Commission]. — Wien
— Szombathely (in German)

Zwicker, E. & Griill, A. 1985. Uber die jahreszeitliche Verteilung, Brutphinologie und nachbrutzeitliche
Wanderungen bei Schilfsingvogeln am Neusiedler See [On the seasonal distribution, breeding phenology and
post-breeding migrations of reed songbirds at Lake Neusiedl]. — Wissenschaftliche Arbeiten Burgenland 72:
413-445. (in German)



