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Abstract In recent years, the breeding populations of many migratory songbird species have declined in the
Carpathian Basin. However, there may be significant differences between different geographical regions, as
most species have a much higher chance of successful breeding in protected areas. This is also the case for
the Moustached Warbler, one of the most habitat-specialist passerine. It colonises only perennial, unharvested
reedbeds, therefore its conservation management is essential. We studied the population changes of this species
between 2001 and 2022 at Lake Kolon in Izsak, based on bird ringing data from 10-24 July. Data of 12,817
ringed and 5,075 recaptured birds were used in the analyses. The annual capture rate decreased significantly
during the study period. The proportion of juveniles was higher at higher water levels during the whole breeding
season. In contrast, when looking at winter and first and second broods separately, water level had no effect
on the juvenile/adult ratio. This is because the birds compensate for unsuccessful first broods by increasing
the proportion of second and replacement broods. If the first broods are successful, the ratio of second and
replacement broods will be lower. As reed management is practically non-existent in this area, the perennial
reedbeds provide suitable nesting conditions for the species. Changes in the wintering sites may be responsible
for the declining trend. Protection of the area is of particular importance for the conservation of the species.

Keywords: reed management, precipitation, Passerine migration, bird ringing

Osszefoglalas Az utobbi években szamos vonulé énekesmadér-faj fészkeld allomanya csokkent a Karpat-meden-
cében. Jelent6s eltérések lehetnek azonban kiilonbozo f6ldrajzi régiok kozott, mivel a védett teriileteken a legtobb
faj esélyei joval magasabbak a sikeres koltésre. Ez jellemz0 a fiillemiilesitkére is, amely egyike a legspecialisabb
¢lohelyigényti énekesmadaraknak. Csak tobbéves, aratatlan nadas-gyékényesekben telepszik meg, igy ezek ter-
mészetvédelmi kezelése elengedhetetlen a faj szamara. Munkank soran 2001 és 2022 koz6tt az izsaki Kolon-to-
nal vizsgaltuk meg a faj allomanyvaltozasat a julius 10-24. kozott gytirtizési adatok alapjan. Az elemzések soran
12 817 gytirtizott és 5075 visszafogott madar adatat hasznaltuk fel. A vizsgalt id6szakban az éves fogasszam szig-
nifikansan csokkent. A teljes koltési szezon alatti magasabb vizszint esetén a fiatalok aranya magasabb volt, mint
ellenkez6 esetben. Ezzel szemben a téli, valamint az elsd és masodik koltések idészakat kiilon vizsgalva, a viz-
szint nem volt befolyassal a fiatal/6reg aranyra. Ennek az az oka, hogy a madarak a masod- és potkoltések aranya-
nak ndvelésével kompenzaljak a sikertelen elsé koltéseket. Ha az els6 koltések sikeresek, akkor a masod- és pot-
koltések aranya alacsonyabb lesz. Mivel nadgazdalkodas ezen a teriileten gyakorlatilag nincs, igy a sokéves nadas
megfeleld fészkelési feltételeket biztosit a faj szamara. A trendszerti allomanycsokkenés hatterében a telel6helye-
ken tortént valtozasok allhatnak. A teriilet védelme kiemelten fontos a faj megovasa érdekében.

Kulcsszavak: nadgazdalkodas, csapadék, énekesmadar vonulas, madargytirizés
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Introduction

The Moustached Warbler (Acrocephalus melanopogon) is a member of the striped reed
warbler group (Leisler et al. 1997). It has three subspecies. One of the two distribution
areas of the nominate race (4. m. melanopogon) is contiguous from the Danube Delta to
the Don River. Breeding birds winter on the western and southern coast of Asia Minor and
the southern Balkan Peninsula. The other population has a patchy distribution in northern
Morocco and Tunisia, on the Mediterranean coast and inland areas of the Iberian Peninsula,
in patches on the Balearic Islands and Sardinia, Corsica, Sicily, the Rhone, the Appennine
Peninsula along the Po and Arno rivers, the Carpathian Basin, the Balkan Peninsula, and
the interior of Asia Minor (Dyrcz 2006). Occasional breeding occurs in the Czech Republic
(Hudec et al. 1995). In Switzerland, an isolated small population has developed in the last
decade (Volet & Burkhardt 2006). The European population size is estimated to be between
76,100 and 124,000 pairs, but this still needs validation (Birdlife International 2016). The
largest European populations are found in the Danube Delta, southern Azerbaijan, the lower
Don River, Hungary and Austria (Keller & Sokolov 2020).

The subspecies A. m. albiventris is found along the coast of the Sea of Azov, the lower
Don river and adjacent areas of southeastern Ukraine and southern Russia, while 4. m.
mimicus nests in southern and eastern Turkey, Iraq, southern Russia along the lower Volga
River, northern Iran and as far east as eastern Kazakhstan (Dyrcz 20006).

It is a species with special habitat requirements, as it colonises only perennial, unharvested
reedbeds (Csorgd 1995, Vadasz et al. 2008a), which is the main reason for its patchy
distribution (Keller & Sokolov 2020).

Western populations are resident or short-distance migrants and typically spend the winter
in the Mediterranean. Eastern populations winter in the Levant, Mesopotamia, southeastern
Afghanistan, Pakistan (Indus Valley) and northwestern India (Dyrcz 2006).

The first individuals return from wintering grounds in late February, with a migration peak
only in mid-March. The earliest nesting species among reed warblers. In the Carpathian
Basin, the first clutches are laid between April and May, the second between late May and
early July (Haraszthy 2019). After the breeding period, the dispersal movements of the birds
starts late July and the migration finishes as late as early November (Kovéacs & Konyhds
2004, Németh & Krall 2009).

In several Mediterranean countries (Spain, France, Italy, Turkey), the population is in
decline (Birdlife International 2016). The Tuscan population has declined by about 40%
since 1990 (Keller & Sokolov 2020), but in Europe is classified as a species with stable
population by the IUCN (International Union for Conservation of Nature), as there are
no specific surveys or population change data from the eastern part of its range (Birdlife
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International 2016). In Russia, a slight northern expansion of the population has been
observed (Keller & Sokolov 2020).

A significant part of the European population is found in the Carpathian Basin, with about
10% in Hungary (Keller & Sokolov 2020). Its distribution is patchy. The most important
nesting sites are Lake Fert6 with 10,000-20,000 pairs (Vadasz et al. 2011) and Lake Kolon
in Izsak with 800—1,000 pairs (Bird & Morvai 2016). Other important nesting sites are Lake
Velencei (BirdLife Hungary 2018a), Kis-Balaton (BirdLife Hungary 2018b), Kunké&polnasi-
mocsér (Kovacs & Konyhas 2004) and Ocsai-turjanvidék (Csorgd et al. 2016). It also occurs
in lowland saline lakes, in the Slovakian Parizsi-mocsar (Trnka 2003) and sporadically in
backwaters and fishponds (Haraszthy 2019).

In Hungary, it was still considered a common species in the 1980s (Keve 1984). Its
population was estimated at 1,000—1,200 pairs between 1979 and 1993 and in 1998 (Magyar
et al. 1998, Kovacs & Konyhds 2004), and at 3,000-5,000 pairs between 2005 and 2007
(Hadarics & Zalai 2008). Recent estimates suggest that this number may be around 2,500—
3,500 pairs, but the trend at the national level is unknown (Csorgé & Gyuracz 2021).

During our work, we estimated the local population change of the species based on
data from Lake Kolon in Izsdk between 2001 and 2022. We aimed to know whether the
population change was related to the current water level of Lake Kolon as one of the most
important environmental conditions that could affect the population of the species. Given
that it is possible to determine the age of the birds (Svensson 1992, Demongin 2016), we
also examined the difference in the number of annual captures between the different age
groups as well as the ratio of juveniles and adults.

Material and Methods

The data was collected at Lake Kolon, located in the Kiskunsag National Park. It declared
protected in 1975, and its current extent is 3,057.9 hectares. Lake Kolon is one of the
country’s most extensive freshwater wetlands and marshes. Usually, during the spring high
water level, water depths can reach 1.5 m in some places, especially in the north, but during
the year, water level fluctuations can reach 1 m. Bird ringing were carried out here between
2001 and 2022, in the period of 10-24 July each year, using standard methods. The survey
was carried out on the Lower Matyo embankment, which crosses the lake in an east-west
direction, using 133 Japanese type mist-nets (each 2.5 m high and 12 m long) divided into
4 blocks. The study area covers the entire cross-section of the lake. On both sides of the
embankment, a narrow band of reedbeds, while on the embankment, grey willows (Salix
cinerea) can be found. Shrub encroachment has been prevalent on the western side of the
study area in recent times. Here, this process has also occurred in small areas of the reedbeds.
The quality of the reed is not uniform across the study area. The east side of the lake has a
lower thinner dense reed, while the west side has a thinner thicker reed.

A total of 12,817 birds were ringed during the study period. Of these, 5,075 different
individuals were recaptured 6,763 times at the ringing site during the same period. Age
determination was possible for 12,746 ringed birds (4,142 adults and 8,604 juveniles).
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Chi-square test was used to compare the number of annual captures, while linear regression
was used to establish the trend. Multiple regression analyses were used to examine the
relationship between water level data and annual captures in winter (January—March), during
the first brood (April-May), during the second brood (June—July) and between January
and July. Each breeding period was defined based on published data (Haraszthy 2019). For
investigating the association between the number of juvenile per pair and average water level,
we used Spearman’s correlation. Provided that trapping efficiency was constant (including
numbers, types and location of nets) in each year, the proportion of juveniles captured should
constitute a valid index of annual changes in breeding productivity (Peach et al. 1996, Dunn &
Ralph 2004). Given that the species is monogamous (Dyrcz 2006) and the fact that dispersal
movements have not yet started, it was possible to estimate the number of juveniles per pair.
Capture probability was also similar for the two sexes as both males and females are involved
in the incubation (Haraszthy 2019). For this reason, the number of adult birds caught in a given
year was divided by two, and the number of juvenile birds caught in that year was then divided
by this value. For statistical analyses, the program Past 3.14 was used (Hammer ez al. 2001).

Results

The number of annual captures was significantly different (3> = 1079.6, P <0.001), with the
fewest birds caught in 2009 and in the period 2020-2022, while the most birds caught in
2001. Both the number of birds caught (R? =0.251, P=0.017) and recaptured (R?> = 0.377,
P =0.002) significantly decreased over the study period (Figure 1, 2).

On average, adults accounted for 32.9% of total catches and juveniles for 67.1%, but there
were significant differences between years (3> = 606.4, P < 0.001). The proportion of adults
was lowest in 2006, while at one point, in 2020, it exceeded that of juveniles (Figure 3).

The average number of juveniles per two adults (pairs) was 4.75 (SD = 2.44), with the
lowest value (1.85) in 2020 and the highest (10.33) in 2006 (Figure 4). No significant trend
over time was detected (P > 0.05).

Water levels of Lake Kolon during the winter, first and second broods did not affect the
annual numbers of either adults (F = 0.275, P=0.89) or juveniles (F =2.08, P=0.13) (Table 1).

There was a significant positive correlation between the annual average water level and the
juvenile/adult ratio: when the water level decreased, the juvenile/adult ratio also decreased
and vice versa (R?>=0.321, P=0.005) (Figure 5).

Discussion

The populations of most migratory bird species have been declining in Hungary in recent
years (Szép et al. 2021), but the decline we have showed for Moustached Warbler in
Lake Kolon is much more severe than even that of long-distance migratory reed warbler
species (Szép et al. 2012, 2021). In just over two decades, the number of birds captured
has declined by 90%.
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Figure 1. Changes in the number of ringed birds between 2001 and 2022
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Figure 2. Changes in the number of recaptured birds between 2001 and 2022
2.dbra A visszafogott madarak szamanak valtozasa 2001 és 2022 kozott
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Figure 3. The number of adults (green bar) and juveniles (red bar) captured during the study period
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Figure 4. Distribution over time of the number of young per two birds (pairs) (green line) and the
annual average water level of Lake Kolon (red line)

4.dbra A két madarra (par) juté fiatalok szamanak id6beli eloszlasa (z6ld vonal) és a Kolon-t6 atla-
gos éves vizszintje (piros vonal)

Due toits special habitat requirements, the species may be threatened by several factors. The
fragmentation and removal of old, perennial reedbeds with a small area of old reedbeds used
by the species is still ongoing in both breeding and wintering areas. Burning and intensive
management of these habitats (industrial reed cutting) negatively affect the presence of the
species, as freshly emerged annual reedbeds are unsuitable for it (Baldi & Moskat 1995,
Poulin ez al. 2002, Trnka & Prokop 2006). Climate change-induced extreme weather events,
such as cooling during the first brood or high temperatures during the second brood can
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Table 1. The relationship between water level of Lake Kolon and captures of adult and juvenile
birds

1. tdbldzat A Kolon-t6 vizszintje és a fogasszam kozti 0sszefliggés vizsgalatanak eredményei az 6reg
és fiatal madarak esetében

Variable Coefficient S.E. t p R?
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‘_3 1. brood 11.12 21.911 0.507 0.618 0.014
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Figure 5. Correlation between the number of young per two birds (pairs) and the annual average
water level of Lake Kolon

5.dbra A két madarra (par) juto fiatalok szama és a Kolon-t6 atlagos éves vizszintje kozotti 6ssze-
fliggés (korrelacio)

also reduce breeding success and survival of individuals. These threats are common, but not
uniform throughout the species’ range.

In the Carpathian Basin, the larger breeding sites of Moustached Warblers are protected.
The managers of the most important nesting sites pay special attention to the conservation
of the species. Reed management activities are minimal in the approximately 1,000 hectares
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of Lake Kolon. Between 20 and 60 hectares are cut each year, which should not significantly
affect the number of individuals of the species in the area.

Males return to the area and usually occupy territory in or near the same place where
they successfully bred the previous year. The second year birds also show a high site
fidelity. Males are more territorial than females (Vadasz et al. 2008b). They breed twice a
year, with additional breeding occassions. The first breeding occurs very early. This may
be compromised by recurrent cold or rising water levels. In a study in southern Spain, an
increase in water level during the breeding period negatively affected the population of the
species, as higher water levels destroyed nests (Alambiaga et al. 2021). For our own data,
a significant positive correlation between water level and juvenile/adult ratio was found
when the water level of the whole breeding season and the average annual water level was
considered. In contrast, water level had no influence when considering the winter and the
first and second breeding seasons separately. The reason for this is that birds compensate for
unsuccessful first broods by increasing the proportion of second and subsequent broods, if
the conditions changes for the better (Haraszthy 2019).

During the breeding season, it is important to ensure adequate water cover in the habitat.
At Lake Kolon, water level control is carried out according to the possibilities offered by
precipitation conditions. During high water levels, it is possible to drain excess water, but
unfortunately, as the area has no surface water recharge, there is no way to supply water
in drought years. The Moustached Warblers feed at the lowest part of the reedbed or from
the water surface (Dyrcz 2006). The water level measured in the channel, which is the data
available, does not accurately reflect the water cover conditions within the marsh. Due to
the specific micro-relief of the marsh, a drop of a few centimetres in the water level in
the channel can cause drying out of a significant part of the inner marsh, and therefore
the annual fluctuation of the water level can cause significant fluctuations in the annual
breeding success in addition to other reasons not studied yet (e. g. nest predators, parasitic
insects) (Haraszthy 2019). The presence or absence of water in the area mainly determines
the number of pairs starting to breed (Németh A. pers. obs.).

In conclusion, among the factors affecting the area, reed management certainly does not
influence the local decline of the species, and weather factors can only affect it through
drought. As similar fluctuations in the population of this species have been observed in
a wetland in southern Spain, changes in migration routes and wintering sites may be the
underlying causes, as is the case for so many long- and short-distance migratory bird species
(Alambiaga et al. 2021, Petras & Vrezec 2022).
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