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Abstract The Corncrake is a strictly protected species in Hungary and a qualifying species of
many Natura 2000 sites. Despite its Least concern global conservation status, it receives much attention and was
elected as “Bird of the Year” by MME BirdLife Hungary in 2016. In this paper, we estimate its population trends
and analyse the suitability of the protected area system and agri-environment schemes for the species. We com-
piled information on major threatening factors and conservation measures applied for the species. We reviewed
international publications on the ecology and conservation management of the species to extract information for
practical conservation. We estimated that 500-2000 pairs of Corncrakes breed in Hungary. Although their breed-
ing sites are well covered by protected areas, Natura 2000 sites (42%) and High Nature Value Areas (67%), their
population has declined by 55% over the last 20 years. We found that most of the major threatening factors are add-
ressed by conservation management, and appropriate measures are applied in most cases. Recent research find-
ings and recommendations by the BirdLife International Corncrake Conservation Team suggest that mowing of
grasslands around nesting places should be delayed until 1-15 August either in the entire field or at least on 2 hec-
tares around nests. Prescriptions of agri-environment schemes should also be adjusted to the above requirements
and more farmers should be encouraged to enrol in Corncrake conservation programmes. We strongly suggest that
more emphasis should be devoted to combat important threats for the most important breeding sites such as aridi-
fication and flooding.

Keywords: population trend, agri-environment scheme, conservation measures, delayed mowing, refuge stripe

Osszefoglalas A haris fokozottan védett faj, és jelol6faja szamos Natura 2000 teriiletnek Magyarorszagon. Annak
ellenére, hogy globalisan nem veszélyeztetett, hazankban mégis jelentds figyelmet kap, és a Magyar Madartani és
Természetvédelmi Egyesiilet programjaban is elnyerte a 2016-o0s ,,év madara” cimet. Jelen tanulmanyban megbe-
csiiltiik jelenlegi allomanynagysagat, és elemeztiik annak valtozasait, valamint vizsgaltuk, hogy mennyire megfele-
16 a védett és Natura 2000 teriiletek, valamint a Magas Természeti Ertékii Teriiletek (MTET) elhelyezkedése a ha-
ris szamara. Osszegyiijtottiik a faj szdmara legjelentdsebb veszélyeztetd tényezéket, és az érdekében alkalmazott
természetvédelmi intézkedéseket. Felkutattuk a nemzetkdzi szakirodalmat, és kigytijtottikk azokat az 6kologiai és
természetvédelmi biologiai informdaciokat, melyek segithetik a faj gyakorlati védelmét. Eredményeink szerint ha-
zankban 500-2000 pér haris kolt évente. Bar a védett, Natura 2000 (42%) és MTET (67%) teriiletek nagy ardnyban
fedik le a haris koltohelyeit, allomanya mégis 55%-kal csokkent az elmult 20 év soran. A természetvédelmi intéz-
kedések reagalnak a faj legfobb veszélyeztetd tényezdire, és az alkalmazott kezelések tobbsége is megfelelo. A leg-
frissebb kutatasok és a BirdLife International Harisvédelmi Csoportjanak ajanlasa szerint a fészkek kortili kaszalast
augusztus 1-15-ig sziikséges elhalasztani, vagy az egész gyepteriileten, vagy legalabb 2 hektaron. Az agrar-kornye-
zetgazdalkodasi programok eldirasait is a fentiekhez kell igazitani, és kivanatos volna minél tobb gazdat 6sztonoz-
ni a programokban valo részvételre. Kiemelten sziikséges, hogy a természetvédelem olyan veszélyeztet$ ténye-
zOkkel is foglalkozzon, mint példaul a legfontosabb élohelyeket érintd szarazodas és az elontések 4ltali karokozas.

Kulcsszavak: populacios trend, agrar-kdrnyezetgazdalkodas, természetvédelmi intézkedés, késoi kaszalas, buvosav
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Introduction

The Corncrake (Crex crex) deserves special attention from ornithologists and conservation-
ists for several reasons. It was elected as “Bird of The Year” in 2016 in the programme of the
MME BirdLife Hungary, as it received more votes than the Quail (Coturnix coturnix) or the
Eurasian Stone-curlew (Burhinus oedicnemus). In addition, Corncrake has a controversial
conservation status, being a strictly protected species in Hungary (Ministry of Environment
Decree No. 13/2001) and a Least Concern species in the Red List of [IUCN (BirdLife Inter-
national 2015). Furthermore, a decade has passed since the last comprehensive summary on
the conservation biology of the Corncrake was published (Koffijberg & Schaffer 2006), and
a considerable amount of experience in practical conservation has been accumulated by now
(see for example the special issue of Vogelwelt 136).

On the one hand, Corncrake is a priority species in Hungarian nature conservation,
being strictly protected by law and a qualifying species of several Special Protection Are-
as (SPA) of the Natura 2000 network. On the other hand, IUCN has recently downgraded
the Corncrake to the Least Concern category on its Red List, mainly due to emerging in-
formation on large (1.515-2.740 million pairs) and stable Eastern European and Russian
populations (BirdLife International 2015). Although this assessment was mainly based on
expert opinion, a recent study, using species distribution modelling supported its outcome
(Fourcade et al. 2013). These results may undermine the importance of conservation ac-
tions in Western and Central Europe from a global perspective. In spite of the IUCN as-
sessment, some authors argue that our European populations still deserve attention and
conservation efforts. Koffijberg et al. (2016) points out that Western and Southern Euro-
pean populations are still declining. In addition, agricultural intensification in the west-
ern part and land abandonment in the eastern part of the species’ range is still ongoing and
both processes may cause further habitat loss in the future. Authors also point to the uncer-
tainties of population estimates from large populations (e.g. Russia), which make trends
and future prospects difficult to assess. Another aspect of global Corncrake protection is
the relationships and connections between distinct populations. A recent study found very
low genetic structure and high genetic diversity across European populations, indicating
that there may be intensive gene flow between populations (Fourcade et al. 2016). The au-
thors argue that dispersion from eastern populations may be an important means of main-
taining the declining populations in the West. Therefore, we believe that the Hungarian
Corncrake population is worth the efforts of nature conservation and that its management
should be further developed.
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Current knowledge on the biology and threatening factors of Corncrake were summarised
by researchers by the early 2000s (Green et al. 1997, Schiffer & Koffijberg 2004), and a
European conservation action plan was released in 2006 (Koffijberg & Schéffer 2006). Al-
though these documents provided a solid basis for practical conservation, several studies
have been published on the species and a large amount of experience has been gathered in
conservation management since the time of their publication (see papers in the special is-
sue of Vogelwelt 136).

Opportunities for Corncrake conservation have changed considerably in Hungary over
the last decade. The Natura 2000 network of the European Union was designated and in-
corporated into national legislation, including several SPAs declared for the protection of
the species (Government Decree No. 275/2004). Within the framework of agri-environment
schemes, High Nature Value Areas (HNVA) were also established and some programmes
targeted the Corncrake as well (Rural Development Programme 2015-2020). From 2003
onwards, the number and total area of HNVA have been gradually increasing and their pre-
scriptions improving.

In this paper, we attempt to evaluate the conservation status and future prospects of Corn-
crakes after two decades of extensive conservation efforts in Hungary by (i) estimating po-
pulation trends, (ii) analysing the suitability of the protected area system and agri-environ-
ment schemes for the species and (iii) compiling information on major threatening factors.
We collected and evaluated conservation measures applied for the species by conservation
managers. We reviewed international research papers published on the ecology and conser-
vation management of the species over the last 10 years to extract information that can help
improving our practices in Hungary.

Materials and methods

Population trends

The Corncrake was a common bird in Hungary previously (Chernel 1899), but it became
rare by the 1970s and 1980s (Szép 1991, Horvath 1998). Based on data from the Common
Bird Monitoring (MMM) of Hungary during 1999-2012 (Szép et al. 2012), the Corncrake is
a rare breeding species in Hungary with a mean frequency of 2.6% (SE: 0.6). Between 167
and 1020 Corncrakes were recorded annually during 2007-2015, thus the size of the breed-
ing population may currently be estimated at 500-2000 breeding pairs (MME BirdLife Hun-
gary 2016). The majority of the population breeds in the northern and north-eastern part of
the country, where the four most important regions are (i) Aggtelek National Park and its
surroundings, (ii) small river valleys in the Zemplén Mountains, (iii) the floodplain of Tisza
and Bodrog Rivers and (iv) Szatmar-Bereg (Wettstein 1999, Boldogh & Szentgyorgyi 2003,
Wettstein & Szép 2003, Boldogh et al. 2009) (Figure 1).

For proper monitoring of population trends, specific schemes such as the Monitoring of
Rare and Colonial Birds (RTM) (Szép & Waliczky 1993) can provide data from populations
that breed in specific regions. During the field surveys, international guidelines and methods



4 ORNIS HUNGARICA 2016. 24(2)

Number of
individuals
(maximum)

1-5

B 5o

0 50 100 200 300 I - 0
[ =S I |

Figure 1. Distribution of Corncrakes in Hungary in 1997-2016
1.dbra A haris elterjedése Magyarorszagon 1997-2016

were followed (Schiffer & Mammen 2003). The study areas are described elsewhere (see
Boldogh et al. 2016a for details). To estimate long term population trends, we used data
from Szatmar-Bereg and Aggtelek, two of the most important breeding sites in Hungary, be-
tween 1997 and 2016.

Annual population trends were calculated using TRIM software (Pannekoek & van Strien
2001), which allows for missing counts in the time series and produces unbiased yearly in-
dices and standard errors using Poisson regression (log-linear models; McCullagh & Nelder,
1989). TRIM is used frequently in the case of national common bird monitoring schemes in
Europe (Gregory et al. 2008). In the two studied populations, we used annual counts within
the 2.5%2.5 km UTM squares for trend analysis. In the case of the population of “Szar-
mar-Bereg”, 141 idividual 2.5%2.5 km UTM squares were surveyed, of which 12 did not
have any positive observation of Corncrake. For the population of “Aggtelek”, 167 UTM
were surveyed, of which 21 did not have any positive observation.

For the trend modelling, we used the basic “Time Effect” model of the TRIM (expect-
ing effects for each site and year) (Pannekoek & van Strien 2001). Wald-test implemented
in the TRIM was used to test similarity in the annual changes of the population indices of
the two studied populations. Missing counts of particular sites were estimated (‘imputed”’)
from changes in all other sites (Pannekoek & van Strien 2001). The TRIM produced imput-
ed yearly indices with its 95% confidence intervals. The first year of the survey (breeding
season: 1997) was the base year with a value of 100% and all other indices were calculated
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relative to this reference point. In addition, serial correlation was taken into account. The es-
timated slopes of the population trend (mean annual change based on multiplicative slope
of imputed data with 95% confidence intervals, TRIM) reflect average percentage change
per year. The overall slope estimate in TRIM software is converted into discrete catego-
ries (trend classification, van Strien et al. 2001). The category depends on the overall slope
as well as on its 95% confidence interval. When the trend was not significant and the con-
fidence intervals were sufficiently small, the species was classified as a stable population.

Conservation status

We used the database of MME BirdLife Hungary to investigate the coverage of Corncrake
breeding sites by nationally protected areas and Natura 2000 sites. Since the distribution
data of Corncrake is stored on a 2.5%2.5 km grid basis, we overlapped squares occupied by
Corncrakes with the area of protected areas and Natura 2000 sites and then calculated the
percentage of area where they intersect. Then we calculated the percentage of the breeding
populations that is recorded from UTM squares overlapping with protected or Natura 2000
areas. We used ArcMap 10.2.1 GIS software for all spatial analyses. We studied agri-envi-
ronment schemes and analysed whether they have relevant prescriptions for Corncrakes.
Then we calculated the overlap between areas involved in agri-environment schemes with
relevant prescriptions and the distribution area of the Corncrake the same way as described
above for protected areas.

Questionnaire survey

To collect data on threatening factors to Corncrake and conservation measures that are ap-
plied for the species, we conducted a questionnaire survey among the experts of national
park directorates. Corncrake experts were asked to list the most important current threats by
regional breeding sites. They were asked to provide information on the importance and ex-
tent of each threat within each breeding site. Importance was categorised as high, medium
and low, depending on the supposed severity on the performance of the population. Extent
was defined as the percentage of area affected by the threat within the breeding site. In ad-
dition, experts were also asked to list those conservation measures that are applied to secure
the persistence of Corncrake populations for each breeding site and indicate the percentage
of the breeding population to which the measure is applied.

Altogether, we received data from 10 national park directorates, from 34 breeding sites.
These breeding sites represented the Hungarian Corncrake population well enough, because
only some minor populations were missed out due to the lack of regular monitoring and con-
servation management. From questionnaires, we calculated the number and percentage of
breeding sites for each threatening factor, where it was found to be of either high, medium or
low importance. Similarly, we calculated the number and percentage of breeding sites for each
conservation measure, where it was applied, and the mean of the percentage of populations
per breeding site to which it was applied. Note that more than one threatening factor may be
in effect and more than one conservation measure can be applied within a single breeding site.
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Results

Population trends

The trend analysis showed that the size of the two studied breeding populations was similar
and varied in a similar range during the studied period of 1997-2016 (“Aggtelek’: 15-260
pairs, “Szatmar-Bereg”: 53—286 pairs, TRIM). The population indices of the two breeding
populations showed large annual fluctuation, but varied significantly differently (Wald-test:
342.33, df=19, P<0.001, TRIM) (Figure 2). The breeding population of “Szatmar-Bereg”
showed a steep population decline (mean annual change: -9.9% (minimum: -11.3%, maxi-
mum: -8.5%, P<0.01, TRIM), whereas the population of “Aggtelek” had a large annual
fluctuation with a stable trend over the studied period (mean annual change: -0.7%, mini-
mum: -1.7%, maximum: 0.3%, P<0.01, TRIM). The “Szatmar-Bereg” population declined
by 86% (819%—-90%) during the studied 20 years, whereas this value was not significant for
the population of “Aggtelek” (mean: -12%, minimum: -27%, maximum 5%).

The overall population trend of the Corncrake, based on these two populations, showed
significant moderate decline (mean annual change: -4.1% (minimum: -4.9%, maximum:
-3.4%, P<0.01, TRIM). The population in these two regions declined by 55% (48%—61%)
during the studied 20 years.
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Figure 2. Population indices of the two studied breeding populations (Aggtelek, Szatmér-Bereg)
during 1997-2016. Annual population index with 95% confidence intervals, estimated with
TRIM, are given for both populations

2.dbra A kétvizsgalt fészkel6 populacio (Aggtelek, Szatmar-Bereg) populacios indexe azok 95%-o0s
konfidencia intervallumaival, TRIM altal becsilve 1997-2016 kdzott
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Conservation status

Forty-one percent of the breeding area of Corncrakes was covered by Natura 2000 sites,
including both Special Protection Areas (SPA) and Special Areas of Conservation (SAC).
UTM quadrats overlapping with Natura 2000 sites harboured 20% of the breeding popu-
lation. Eighteen percent of the breeding area was covered by nationally protected areas,
including national parks, landscape protection areas and protected areas, and 13% of the
population bred within UTM quadrats overlapping with protected areas. UTM quadrats
overlapping with protected areas or Natura 2000 sites together covered 42% of the distri-
bution area and harboured 22% of the breeding population.

There are three agri-environment packages in the 2016-2020 programme with relevant
prescriptions to Corncrakes (Rural Development Programme 2015-2020). The “Horizontal
Grassland Package” is available for farmers of any grassland in the country. Although the
Corncrake is not a target species of this package, the following optional measures are benefi-
cial to the species: “bird-friendly mowing” and leaving 5-10% or 10-15% unmown as a re-
fuge area during each cut. The “Lowland Bird Conservation Package” and the “Upland Bird
Conservation Package” are available within certain HNVA, and Corncrake is a target spe-
cies of these packages. According to the prescriptions of the “Lowland Bird Conservation
Package”, 50% of grasslands have to be mown or grazed after 1 July, “bird-friendly mow-
ing” has to be applied, 10-15% unmown area should be left during each cut, and at least 1
ha protective zone should be left unmown around the nests of protected birds in the case if
they are discovered either by the farmer or national park directorate staff. The “Upland Bird
Conservation Package” contains the same Corncrake-related prescriptions, except that 50%
of grasslands have to be mown or grazed after 31 July.

Forty percent of Corncrake breeding areas overlapped with HNVA with relevant packages
for the species. While 23% of the breeding area was within eligible areas for the “Upland Bird
Conservation Package”, only 18% was eligible for “Lowland Bird Conservation Package”.
Consequently, 67% of the total population bred within areas where any relevant agri-environ-
ment package is available, 47% within areas eligible for the “Upland Bird Conservation Pa-
ckage” and 20% within eligible areas for “Lowland Bird Conservation Package”.

Current threats

Nine major threatening factors to Corncrakes were identified by the experts of national park
directorates (Table 1). By far the most common threat was mechanised mowing during the
breeding season, occurring in 83% of breeding sites. Less widespread threats were grazing
during the breeding season (13%), encroachment of grassland by bushes and aridification
of grassland habitats (10%), which lead to inadequate cover for Corncrakes. The rest of the
threats were restricted to only a few breeding sites, although they can be important there.
Mowing and grazing during the breeding season were also experienced as threats of high
importance in the majority of breeding sites, whereas low importance is attributed to encroach-
ment and medium importance to aridification in most breeding sites (7able 2). In addition,
these four threats acted over a high proportion (19-50%) of the area within breeding sites.
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It is also important to note that some of the less widespread threats may be of high impor-
tance if they affect large numbers of Corncrakes. Flooding, for example, is a serious prob-
lem in the Bodrogzug, the most important breeding site in Hungary. Similarly, man-made
fires during the spring happen more and more frequently in the northern part of the breeding
range, where a significant part of the population breeds.

Applied conservation measures

Based on the information provided by national park directorates, there were three main
groups of conservation measures that are currently applied for Corncrakes. The most im-
portant one was the restriction of mowing during the breeding season, which has several
variants (Table 2). This measure varied both in the area of the restriction and the date until
when mowing was delayed. In most breeding sites (49%), the restriction was often applied
to the entire field in which calling males were detected, whereas the second most widespread
measure was when restriction was applied often to more than 2 ha around the calling place
(43%). In most breeding sites (74%), mowing was often delayed until 15 August, or until 1
August, which was applied much less frequently (23%). In the most important breeding sites
of Aggtelek, Bodrogzug and Szatmar-Bereg, mowing was delayed until 1 or 15 August in
at least 2 hectares. In most breeding sites, several different measures were applied depend-
ing on protection status and ownership of grasslands. Very often it was impossible to apply
a measure to every one of the known nesting places.

Table 1. Major threatening factors to Corncrakes in Hungary based on expert opinion of national
park managers. Values of impact indicate the number of breeding sites from where the
respective threat was reported as of high, medium or low importance. Values of extent
indicate the mean percentage of area within breeding sites where the respective threat
was detected

1. tdbldzat A harist veszélyezteté legfébb tényezék a nemzeti park igazgatésagok szakembereinek
véleménye alapjan. A megadott értékek azoknak a kolt6terlleteknek a szamat mutatjak,
ahonnan az adott tényez6ket jelentds, kdzepes vagy alacsony jelentéségiliként jelezték,
valamint annak a teriiletnek az aranyat, ahol a tényezé kifejti a hatasat

Impact/extent
Threat number of sites/percentage of area
high medium low sum/mean
mowing 18/34 6/42 6/6 30/30
grazing 6/30 3/13 4/8 13/19
encroachment 2/35 1/40 9/16 12/21
aridification 3/63 6/51 1/5 10/50
grassland conversion 0 1/10 2/2 3/5
spring burning 0 3/6 1Al 4/5
flooding 1/100 3/30 0 4/48
nest predation 1/100 0 2/18 3/45
intensification 0 0 1/15 1/15
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Restricted grazing was applied in the territory of Kiskunsag National Park, where graz-
ing was the most typical management of grasslands. Since grazing is usually carried out
on large areas at the same time, restrictions were also applied to entire fields or grazing
districts. Grazing was most often delayed until 15 July, but sometimes also until 1 or 15
August.

Habitat reconstruction or improvement was conducted only in three breeding sites. In
Aggtelek National Park, formerly important habitats were reconstructed by removing
bushes and degraded reed beds from 40 hectares. In parallel, 4 km of fire lines were con-
structed to protect managed areas and maintain an appropriate vegetation structure for arriv-
ing Corncrakes in spring. In the Lower-Tisza Valley, an extra water supply was provided to
grasslands, and arable fields were converted to grasslands to increase the area of potential
habitats. In Orség National Park, large old fields and sown grasslands were improved via the
creation of permanent refuge strips, increasing the variety of vegetation by variable mowing
times and creating shrub edges within Corncrake habitats.

Table2.  Conservation measures applied to secure breeding success of Corncrakes in Hungary.
The number of breeding sites where it is in use and the mean percentage of nesting sites
affected by it within each site is shown for each measure

2. tdbldzat A haris sikeres koltése érdekében alkalmazott természetvédelmi intézkedések Magyaror-
szagon. A tablazatban azoknak a kéltéhelyeknek a szamat, illetve a koltéhelyeken beliil
annak a teriiletnek az aranyét adjuk meg, ahol az adott intézkedést alkalmazzak

Conservation measures Earliest date o'f mowing or | Number of sites/percentage
grazing of area
Restricted mowing
entire field 15 Aug 13/49
entire field 1 Aug 2/38
entire field 15 July 4/33
>2ha next year 1/30
>2 ha 15 Aug 11/61
>2ha 1 Aug 3/82
2 ha 15 Aug 4/85
2 ha 1 Aug 3/22
2 ha 15 July 1/10
1ha 15 Aug 6/33
1ha 1 Aug 2/40
1ha 20 July 1/100
Restricted grazing
entire field 15 Aug 1/50
entire field 1 Aug 1/70
entire field 15 July 2/20
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New insights from scientific literature

Several works have been published on Corncrake ecology and conservation biology in the
last 10 years. Here, we review those studies that have important implications for the practi-
cal conservation of the species.

Monitoring

The methodology of surveying Corncrakes is well established among experts (see papers
published in the special issue of Vogelwelt 136), but minor differences may cause consider-
able discrepancies in population estimates. Budka and Kokocinski (2015) compared three
census methods by using them in parallel within 1x1 km study plots: (i) territory map-
ping, when the location of each calling male is recorded by GPS, (ii) point-based census-
ing, when the distance and direction to calling males from five points (corners and cent-
roid) was estimated in each study plot, and (iii) middle-point counting, when calling males
were counted from the same five points within four distance categories (0-50 m, 50-200
m, 200-500 m, 500—1000 m). Not surprisingly, territory mapping turned out to be the most
accurate census technique. The middle-point counting method consistently underestima-
ted population size, while the point-based census method overestimated population size
when a small number of males were present within a study plot, but underestimated it when
males were numerous.

Individual discrimination by male song was proposed as a potential way of population
surveys (Kenyeres et al. 2000, Mikkelsen ez al. 2013). Although it seemed to be an attrac-
tive and cost-effective method, a recent study, based on the recordings of 120 males, point-
ed out that it has severe limitations (Budka et al. 2015). The results of discrimination ana-
lyses, the statistical method used to assign song recordings to distinct individuals, are only
reliable if the number of males is known prior to the analysis. This is, however, usually not
the case when monitoring populations. It was shown that the method tends to underestimate
populations if they consist of numerous individuals.

Habitat requirements

Understanding habitat requirements has always been a key issue in Corncrake conserva-
tion. Although the fundamentals of Corncrake’s ecology were laid down long time ago (re-
viewed by Schiffer & Koffijberg 2004, Koffijberg & Schéffer 2006), several interesting
findings have emerged in the last decade. A study in Scotland documented that Corncrakes
were attracted in highest numbers by so-called cover areas that were specifically mana-
ged to provide vegetation tall enough throughout the breeding season (Corbett & Hudson
2010). Fewer Corncrakes could be found in silage and hay fields and none in long-term
set-asides without any management. These results are straightforward with regard to cover
areas and managed fields based on previous studies (see references in Koffijberg & Schéffer
2006), but are somewhat surprising in the case of set-asides. The authors of the study pro-
posed that the sward of abandoned grasslands becomes too dense to allow the movements
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of Corncrakes and are therefore avoided by them (see also Tyler 1996, Green et al. 1997).
In line with this latter argument, Grishchenko and Prins (2016) found in Russia that calling
males were present in the highest density in old fields abandoned 5-15 years ago, whereas
their density steeply declined after this period.

Several studies showed a shift in habitat preference of calling males between their first and
second breeding attempt within the same season (Brambilla & Pedrini 2011, Budka & Osie-
juk 2013). Males in the Italian Alps were more numerous at lower elevation sites (< 1000 m)
during the first half of the breeding season, and at higher elevation sites (> 1000 m) during
the second half (Brambilla & Pedrini 2011). The shift is most likely explained by changes in
habitat suitability, i.e., earlier-mown lower sites become unsuitable, whereas a slower-grow-
ing vegetation in higher meadows reach the required height by the middle of the breed-
ing season (see also Delov & lankov 1997). Males in Eastern Poland preferred abandoned
meadows at the beginning of the breeding season, and the proximity of bushes increased the
chance of site occupancy (Budka & Osiejuk 2013). In the second part of the breeding sea-
son, however, extensively mown meadows were the most common habitat in the territory
of male Corncrakes. This phenomenon is also attributed to the fact that vegetation of mown
meadows provides enough cover by the second part of the season.

The broader landscape also matters for Corncrakes as shown by a recent study in Tran-
sylvania, Romania (Dorresteijn et al. 2015). Here, breeding Corncrakes preferentially occu-
pied areas where landscape heterogeneity was high at the 100 ha scale. A simulation model
indicated that a loss of only 35% of this landscape diversity may result in a 66% decrease
in the availability of suitable habitats. An observation in the Italian Alps also supported the
predictions of this model, because the Corncrake population declined in parallel with the in-
troduction of agricultural subsidies that promoted mowing in all fields within the same peri-
od. This, therefore, reduced the diversity of vegetation structure available in the area (Bram-
billa & Pedrini 2013).

Dispersion

It is well known that male Corncrakes may travel large distances within a breeding season,
which has important implications for conservation (summarised by Koffijberg et al. 2016).
However, it is still unclear how frequent these dispersal events are and what factors drive
males to leave their territory. The main reason for the lack of data on dispersal is the diffi-
culty of catching and ringing Corncrakes in large enough quantities for traditional mark-re-
capture/recover studies. Although radio tracking offered an attractive alternative (e.g., Hoff-
mann 1997), there are some uncertainties in localising individuals beyond larger distances,
since the area to be searched increases steeply with dispersal distance. Two alternative me-
thods have recently been used to follow the movements of Corncrakes: satellite tracking and
individual identification based on call discrimination.

Eight male Corncrakes were attached with satellite transmitters along the Czech-German
border in 2012-2014. Satellite tracking allowed them to be followed throughout the breed-
ing season and even during migration (Peske et al. 2015). All but one of these males re-
mained in the same field until the autumn migration. One male left the breeding area after
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the field in which it was calling had been mowed, and after several stopovers it ended up in
Hungary, 580 km away from its origin.

Song recognition may be a promising way of tracking the movement of individual males
both within and between populations, as it requires much less resources than radio tracking,
ringing or satellite tracking (Peake et al. 1998, Kenyeres et al. 2000, Peake & McGregor
2001). Detailed analyses of recordings, however, revealed that there is a relatively high like-
lihood of chance similarities between the songs of distinct males, especially in large popula-
tions (Mikkelsen et al. 2013, Budka ef al. 2015). Therefore, results of song analyses should
be used with caution to study dispersal behaviour in Corncrakes.

Another important aspect of dispersal is to understand its driving factors. Much evidence
revealed that males were more likely to leave their breeding sites if mowing happened near
their calling places (Van den Bergh 1991, Hoffmann 1997, Mikkelsen et al. 2013, Peske et
al. 2015). Consequently, disturbance and habitat loss might be two of the main reasons for
long-distance dispersal in this species.

Conservation management

In spite of the long history of Corncrake conservation, there is a shortage of well-docu-
mented management programmes, especially on the effectiveness of different conservation
measures. One of the main reasons for the scarcity of evidence is the obscure life of this
species, which makes the estimation of its breeding success almost impossible (Schaffer
& Koffijberg 2004). Fortunately, the International Corncrake Conference in Pilsen, 2015,
provided an excellent opportunity to share experiences from practical conservation pro-
grammes (BirdLife International Corncrake Conservation Team 2016).

One of the most thoroughly documented conservation programmes was conducted in
Scotland, and resulted in the tripling of the Corncrake population in 30 years (Beaumont &
England 2016). The basis of the programme was the establishment of so-called cover areas
within protected areas, which provided vegetation tall enough throughout the breeding sea-
son. These were fields of 0.1-4 ha near hay or silage that were mown or grazed once a year
after 1 August. Some of these cover areas were created artificially by fertilising the soil and
then sowing or planting one or a combination of the following plants: cow parsley (Anth-
riscus sylvestris), stinging nettle (Urtica dioica) and yellow iris (Iris pseudochorus). The
protected areas where these measures were applied supported 10-15% of Corncrake popu-
lation in the UK. Outside the protected areas, agri-environment schemes were introduced.
Farmers enrolled into these programmes were subsidised to mow their meadows after 1 Au-
gust or 15 August or 1 September and to create special cover areas. Since 1998, the majori-
ty of the UK Corncrake population has been covered by these agri-environment schemes.

After the collapse of the Corncrake population in Switzerland by 1970, a conservation
programme was started by SVS/BirdLife Switzerland in 1996. The programme was based
on the determination of exact calling places of males and then delayed mowing after 15 Au-
gust on 1 ha around the calling place (Inderwildi 2016). After launching the programme,
the breeding population increased considerably and 48% of all calling males were recorded
from grasslands with conservation measures.
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Refuge stripes have become an important instrument in the management of Corncrake
habitats and have proven to be efficient in reducing mortality during mowing operations
(Tyler et al. 1998). A recent study in Germany added further details to this measure by the
radio tracking of adult and juvenile Corncrakes (Arbeiter et al. 2015). The results of this
study suggested that refuge stripes should be at least 10 m wide, since the majority of Corn-
crakes (25-66%) stayed in the unmown area until its width went below this threshold. Re-
fuge areas could provide not only temporal cover but also suitable habitat until the fledging
of young birds, provided their width was between 10-30 metres.

Conclusions and recommendations for future conservation efforts

Based on the analyses of 2.5%2.5 km UTM grid distribution data, we found that 22% of the
Hungarian Corncrake population breeds within either nationally protected areas or NaTu-
RrA 2000 sites, where legal means are available to secure their breeding success. Even more,
67% breeds in HNVA, where relevant management prescriptions are applied to grasslands.
These results should be interpreted by caution, because they do not take into account the
exact location of breeding sites, so the number of pairs nesting in protected, Natura 2000 or
HNVA could be higher or lower. Our calculations are a rather rough estimation of the over-
lap between these areas and the distribution of Corncrakes.

In spite of the relatively good coverage of the population by areas with a good potential
for Corncrake conservation, the Corncrake population seems to be steeply declining. One
potential explanation for this contradiction might be that the decline is due the decline of
subpopulations outside of protected areas. This is, however, unlikely, since the decline was
detected exactly in the protected area of Szatmar-Bereg. Other reasons for the decline may
be that either the conservation measures are not always applied, or the measures applied are
not adequate. The first scenario may happen in HNVA, where farmers can participate in the
agri-environment scheme on a voluntary basis, and therefore only a smaller portion of the
eligible areas may be really managed for Corncrakes. In addition, prescriptions in the “Low-
land Bird Conservation Package” are not entirely suitable for the species, since mowing is
only delayed until 1 July. We know, however, that mowing before 1 August may still cause
breeding failure, especially in the second broods (Green et al. 1997, Green 2010). It should
also be considered that the Hungarian population is not independent from other populations,
and influxes from eastern breeding areas may cause large fluctuations in Hungary (Fourcade
et al. 2016, Koffijberg et al. 2016).

Conservation measures applied by national park managers both within and outside protec-
ted areas seem to address major threatening factors. In most breeding sites, including the most
important ones in North-Eastern Hungary, mowing is delayed until 1 or 15 August on at least
2 hectares around calling places of males. This is in line with the most recent recommenda-
tions of the BirdLife International Corncrake Conservation Team (2016). In other cases, mow-
ing or grazing is only delayed until 15 July and only 1 ha is left unmown around calling pla-
ces of males, which both are insufficient to secure successful breeding (Green et al. 1997).
Any conservation measure is, however, applied to only to 48% of all nesting pairs on average
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within breeding sites, which may further reduce their overall effectiveness (Table 2). To en-
hance positive effects of conservation measures, two main steps could be recommended. First,
more efforts should be allocated to surveys to discover most of the calling males and thereby
determine nesting places, so that a larger fraction of the population can be subjected to mea-
sures. Second, mowing or grazing on occupied grasslands should be delayed until 15 August
by when both the first and second broods reach independence (Green et al. 1997, BirdLife In-
ternational Corncrake Conservation Team 2016). If the entire field cannot be left unmown, at
least 2 ha around the calling sites should be left unmown or excluded from grazing.

Well-documented conservation programmes can also help us to refine our conservation
measures and make them more efficient. From the results of the Scottish conservation prog-
ramme and landscape-scale studies (Dorrestijn e al. 2015, Beaumont & England 2016), we
conclude that a network of high-quality cover areas should be maintained at least in core
breeding areas. These grasslands should be managed primarily for Corncrakes, independent
of the current presence or absence of breeding pairs. They should be mown no more than
once a year and not earlier than 15 August. Cover areas may promote landscape-scale habi-
tat heterogeneity and thereby keep the area attractive for Corncrakes (Brambilla & Pedrini
2013, Dorrestijn et al. 2015). Furthermore, they may provide an opportunity to produce a
second clutch by some individuals in the population, which is an important condition for a
stable population (Green et al. 1997, Green 2010).

Besides high-quality habitats, agri-environment measures can also be important means of
Corncrake-friendly grassland management outside protected areas (Boldogh et al. 2016b).
Among the currently applied measures, inside-outward mowing, refuge stripes and de-
layed mowing until 1-15 August are well established by previous studies (see Koffijberg &
Schiffer 2006, BirdLife International Corncrake Conservation Team 2016). Thanks to a re-
cent study, we also learned that refuge stripes should be at least 10-30 metres wide to pro-
vide suitable cover and habitat for young Corncrakes until fledging (Arbeiter ez al. 2015). It
would be also important to involve more farmers in agri-environment programmes at least
in the most important breeding areas, and thereby increase the proportion of breeding pairs
affected by conservation measures. The spatial extension of High Nature Value Areas with
Corncrake-friendly prescriptions would also be desirable.

There are important threats, such as aridification or flooding, which are much more diffi-
cult to tackle. Unfortunately, these problems affect the most important breeding populations
in North-East Hungary, and could not yet be addressed by conservation managers. The se-
vere decline in the “Szatmar-Bereg” population could also be attributed to warmer weather
during the breeding season (Bartholy et al. 2014), which could have reduced the number and
size of the suitable breeding habitats for Corncrakes (Wettstein et al. 2001). Although wa-
ter supply to drying Corncrake habitats was provided in the Kiskunsag National Park, more
reconstruction projects would be necessary to halt the deterioration of important habitats.

Monitoring the effect of conservation measures is also necessary to be able to develop
them further. For monitoring populations, territory mapping is recommended, which pro-
vides the most accurate estimates from the available methods (Budka & Kokocinski 2015).
However, surveys should be extended to larger areas, because Corncrakes may shift between
habitats over the breeding season (Brambilla & Pedrini 2011, Budka & Osiejuk 2013).
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As grasslands are habitats for a number of other plant and animal species of conserva-
tion relevance, the influence of Corncrake-friendly management on other species should be
considered as well. A previous study revealed that both butterfly and bird species richness
was higher in those grasslands that were occupied by Corncrakes than in control sites with-
out Corncrakes (Wettstein & Szép 2003). The density of Corn Bunting (Emberiza caland-
ra) and Tree Pipit (Anthus trivialis) was also higher in Corncrake habitats. Other species,
e.g. Skylark (4lauda arvensis) and Yellow Wagtail (Motacilla flava), however, prefer shor-
ter swards than Corncrake. A recent study also found that the highest plant diversity of mesic
hay meadows can be achieved by mowing them twice a year (Szépligeti et al. 2016), which
is unsuitable for Corncrakes. Therefore, conservation management of grasslands should
choose its targets for each field and treat them accordingly.
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Abstract The Corncrake is a threatened umbrella species for wet meadows, which mostly depends on managed
grasslands. Therefore, effective conservation requires bird-friendly land management schemes and subsidies. Al-
though the most important populations in Hungary usually breed in protected areas, some of these are regularly
flooded, which forces Corncrakes to find breeding sites elsewhere. Such movements from protected/subsidised
areas to suboptimal sites have risks for Corncrake populations and their conservation. Here, we describe a large-
scale dynamic system of interlinked populations based on data from 4194 Corncrake territories found at four dif-
ferent sites (Aggtelek, Bodrogzug, Szatmar-Bereg and Zemplén regions) across eight years between 1997 and
2006 in NE Hungary (c. 1500 km?). The results showed that the total population fluctuated between 407 and 631
pairs and that the populations were more-or-less stable in the first four years (1997-2000). However, extended
floods caused the disappearance of the species from the Bodrogzug region in 20052006, while in the other sites,
the number of territories increased five-fold (Zemplén), three-fold (Aggtelek) and two-fold (Szatmar-Bereg). The
correlation between the number of territories and maximum water level of river Tisza in April-May was negative
in the Bodrogzug site and positive in the three other sites, indicating that interlinkages of the populations were as-
sociated with water levels. Our data thus support the hypothesis that many of the birds driven out by inundation
of floodplain meadows moved to other sites in NE Hungary in flood years. These results suggest that even large,
centrally located populations of Corncrake can be greatly exposed to risks of flooding and that it is highly impor-
tant to maintain suitable alternative breeding sites for the species. The High Natural Value Areas programme may
allow administrative and funding support to provide or extend protection and/or subsidies to maintain this large-
scale dynamic system. To this end, the area managed in bird-friendly ways and subsidised under agri-environmen-
tal schemes was extended by 35,000 hectares in NE Hungary in 2009.

Keywords: Corncrake, High Nature Value Areas, grassland protection, agri-environment schemes, landscape scale

Osszefoglalas A haris a nedves gyepek kitiintetett ernyfaja. A faj napjainkban leginkabb mezégazdasagi haszno-
sitasu gyepteriiletekhez kotddik, ezért hatékony védelme madarbarat gazdalkodasi gyakorlatot és agrar-tamogata-
sokat igényel. Habar a legjelentdsebb hazai allomanyok védett teriileteken koltenek, ezen teriileteket rendszeresen
érik aradasok, melyek mas koltohelyek keresésére kényszerithetik a harisokat. A védett/tamogatott teriiletekrol
szuboptimalis koltdhelyekre torténé mozgasok kockazatosak lehetnek a haris-allomanyokra, és kihivast jelente-
nek a védelem szamara. Dolgozatunkban négy allomany nagy térbeli léptékii, dinamikus kapcsoltsagi rendszerét
ismertetjiik négy északkelet-magyarorszagi helyszinen (Aggtelek, Bodrogzug, Szatmar-Bereg, Zemplén) nyolc
éven at (1997-2006) gyiijttt 4194 haris-territérium adata alapjan. Az dsszesitett dllomany 407 és 631 par kozott
valtozott, és az els6 négy vizsgalati évben (1997-2000) viszonylag stabil volt az egyes helyszineken. A masodik
négyéves periodus végére (2005-2006) azonban a bodrogzugi allomany szinte eltiint a hosszu arvizek hatasara,
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mig a tobbi helyszinen a territoriumok szama megduplazodott (Szatmar-Bereg), illetve a haromszorosara (Agg-
telek) vagy Otszorosére nétt (Zemplén). A territoriumok szama ¢€s a Tisza aprilis-majusi maximum vizallasa ko-
zotti korrelacio negativ volt a Bodrogzug esetén, és pozitiv a tobbi helyszin esetén, mely arra utalt, hogy az allo-
manyok kozotti kapcsolatok 6sszefliggésben voltak a vizallassal. Adataink ezért alatamasztjak azt az elképzelést,
miszerint a nyilt artéri rétek elarasztasa révén kolt6helyiikrol eliildozott madarak mas északkelet-magyarorszagi
helyszinekre kényszeriilnek az arvizes években. Ezek az eredmények azt mutatjak, hogy még nagy, kozépponti
helyzetben levé haris-allomanyok (pl. Bodrogzug) szamara is kockazatokat jelenthet az arviz, és ezért megfeleld
alternativ koltohelyeket kell fenntartani a fajnak. A Magas Természeti Ertékii Teriiletek program adminisztra-
tiv és anyagi segitséget nyujthat a védelem és a tamogatasok biztositasara és kiterjesztésére e nagy térbeli 1épté-
ken miik6do dinamikus rendszer fenntartasa érdekében. E célbol tortént meg a madarbarat miivelési gyakorlat és
az agrar-kornyezetvédelmi tamogatasi rendszerek attervezése és bovitése ujabb, dsszesen 35 000 hektar teriiletre
Eszakkelet-Magyarorszigon 2009-ben.

Kulcsszavak: haris, Magas Természeti Ertékii Teriiletek, fiives él6helyek védelme, agrar-kornyezetgazdalkoda-
si rendszer, tajlépték
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Introduction

Grasslands cover approximately 40% of the terrestrial area of the world, and about 20% of
Europe (Suttie et al. 2005). Grasslands are important habitats for wildlife, but at the same
time, they are also significant for agricultural production (Hopkins & Holz 2006). The area
of grasslands in Europe has decreased during the past decades, whereas the management of
the remaining areas has intensified (European Environment Agency 2007, Pe’er et al. 2014).
The decline in biodiversity in grasslands due to agricultural intensification is well-known all
over Europe (Chamberlain ef al. 2000, Donald et al. 2001, Benton et al. 2002, Donald et al.
2006, Henle ez al. 2008, Kleijn et al. 2009, Pe’er et al. 2014).

The Corncrake is known to depend on managed grasslands (Green et al. 1997, Schéffer
& Koffijberg 2004), but the increased intensity of grassland management has a negative im-
pact on this species (Green & Rayment 1996, Berg & Gustavson 2007). Consequently, the
population size of this formerly abundant bird has decreased in major parts of its Eurasian
breeding range (Green et al. 1997, Keiss 2005, Keiss et al. 2007). The northern and west-
ern European populations in particular are scattered and are now endangered (Green 1995,
Crockford et al. 1996, Schiffer & Koffijberg 2004). In contrast, populations in Central and
Eastern Europe (CEE) were reported to increase (Koffijberg e al. 2016), which may be re-
lated to the disappearance of the collective farming systems and general temporary exten-
sification of agriculture due to the collapse of the socialist economy (e.g. Elts 1997, Keiss
1997, Schiffer & Green 2001, Keiss 2005, Koffijberg & Schiffer, 2006, Koffijberg et al.
2016). In addition, comprehensive conservation schemes have been established in several



20 ORNIS HUNGARICA 2016. 24(2)

countries (Stowe & Green 1997, O’Brien et al. 2006, Schoppers & Koffijberg 2006, Beau-
mont & England 2016). Otherwise, abandonment of management of grasslands, which has
been occurring in many CEE areas, enhances vegetation succession and eventually drives
out Corncrakes as the vegetation becomes too dense (Schéffer & Koffijberg 2004, Koffij-
berg et al. 2016).

Today, agricultural subsidies increasingly result in the expansion of arable lands and
in a simultaneous reduction and even more intensive use of grasslands, especially in the
new CEE member states of the EU (e.g. Pe’er ef al. 2014), which is unfavourable for
Corncrakes (Keiss 2005, Koffijberg & Schiffer 2006, Bird et al. 2013). However, there
are different kinds of subsidies within agri-environment measures, and some, such as the
High Nature Value Area programmes, were introduced to maintain Corncrake-friendly ma-
nagement regimes in grasslands (European Commission 2005, Sztahura & Rezneki 2015).
However, finding measures that are both beneficial for the Corncrake and other grassland
birds and profitable to farmers in agricultural areas is complicated and difficult (Kleijn et
al. 2004, Berg & Gustavson 2007, Beaumont & England 2016). The administrative sys-
tems of subsidies are rigid and limited to defined areas and periods, however, the habi-
tat use of Corncrakes is not. The long-distance movements of Corncrakes within a breed-
ing season have been known for a long time (Biirger et al. 1998, Koffijberg & van Dijk
2001, Schiffer & Koffijberg 2004, Koffijberg et al. 2016), and this knowledge can be used
for the designation of subsidised areas. These movements can also be triggered by floods,
which have particular importance in the Carpathian Basin. If Corncrakes move from pro-
tected and/or subsidised areas threatened by floods to unfavourable breeding sites, such
movements will have an important implication for Corncrake conservation. The Corncrake
is an umbrella species as its protection covers other species of wet meadows (e.g. Wett-
stein & Szép 2003, Boldogh et al. 2016). In Hungary, three agri-environmental packages
have measures that are relevant to Corncrakes within the Rural Development Programme
(2015-2020) (Boldogh et al. 2016). These include the “bird-friendly mowing”, the “de-
layed mowing” and the “keeping unmown area” measures, which can be beneficial to the
Corncrake, and obviously for other protected species (Green et al. 1997, Stowe & Green
1997, Beaumont & England 2016).

The main aims of this study were to (i) identify interlinkages among major Corncrake
breeding sites in north-east Hungary, (ii) improve our interpretation of monitoring data on a
national and regional scale, and (iii) to draw attention to the vulnerability of the most impor-
tant breeding sites of Corncrakes in Hungary. Our general aim was to provide input for na-
ture conservation authorities for the adequate designation of High Nature Value Grassland
Areas and other protected sites.

Material and Methods

We surveyed populations of Corncrakes between 1997-2000 and 2003-2006 at four sites
in NE Hungary (total 1475.3 km?) (Figure 1), following international guidelines and me-
thods (Sheppard & Green 1994, Schiffer & Mammen 2003). Previous results suggested that
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the most important breeding sites of the species were in this part of the country (Szép 1991,
Boldogh 1999, Boldogh & Szentgyorgyi 2003).

Censuses of singing Corncrakes in the potential breeding habitats were conducted at night
(23:00-03:30) throughout the breeding season (15 May—30 June). Data from surveys con-
ducted before 15" May were excluded from the analyses to avoid overlap with the migration
of birds. Most of the surveys were completed by mid-June, thus, the subsequent increase
in the number of displaced males did not influence our results. We aimed to survey all suit-
able breeding sites regardless of their management regime or protection status and strived
for similar sampling effort in all sites and years. In a single survey, c. 70-80% of the sing-
ing males can be recorded, hence 2-3 visits per site are recommended (Schéffer & Mammen
2003). Accordingly, we surveyed 75% of the study area at least twice and 15% of the area
at least three (or more, up to six) times. Generally, at least five days passed between subse-
quent surveys. If a singing male was found less than 200 m apart at the same site during a
subsequent survey, it was treated as the same individual. We inferred one territory when the
same individual was heard at the same site subsequently on at least two (but often more, up
to six) survey occasions. The location of calling males was determined by GPS or recorded
on 1:25 000 and 1:10 000 topographic maps.

The first site, the Aggtelek National Park and its surroundings (Aggtelek NP in Figure
1), is 1160 km? Dominant natural and semi natural habitats in the area are deciduous fo-
rests (e.g. Quercetum petraeae-cerris, Querco petraeae-Carpinetum) and different grass-
lands (55% and 13%, respectively). Arable lands cover 30%. The most important breed-
ing habitats are wet meadows (e.g. Caricetum acutiformis-ripariae, Cirsio cani-Festucetum

Aggtelek NP site o Zemplén PL site I
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¥ | X g;
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. ‘ ) ~ f(, Szatmar-Bereg site
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Figure 1. The distribution of the study sites in NE Hungary
1.dbra A vizsgalati helyszinek Eszakkelet-Magyarorszagon
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pratensis) and abandoned pastures (Boldogh & Szentgydrgyi 2003) in the small river val-
leys (e.g. Szuha, Bodva valley). Most meadows are abandoned and overgrown with high
vegetation, and less than 20% of the grasslands are managed. Flooding of the breeding habi-
tats is infrequent and is restricted to small areas (Marosi & Somogyi 1990). Parts of the site
are protected as Aggtelek NP (200 km?) (Homepage of the Hungarian State Nature Conser-
vancy 2016).

The second site covers 125 km? in the Zemplén Mountains (Zemplén PL in Figure 1) and
involves wet meadows mainly along small streams (e.g. Bozsva, Bényei). A large portion
of the site is covered by wet meadows (e.g. Agrostio-Deschampsietum caespitosae, Ange-
lico-Cirsietum olerace) and arable lands (60% and 15%, respectively). The majority of the
meadows are unmanaged (not grazed or mowed). Floods are very rare here. Parts of the site
are included in the Zemplén Landscape Protection Area (Homepage of the Hungarian State
Nature Conservancy 2016).

The third site, the Bodrogzug and Bodrogmente, consists of 90.5 km? in the flood-plain of
rivers Bodrog and Tisza (Bodrogzug PL in Figure 1). Riparian meadows (e.g. Alopecuretum
pratensis, Agrostetum albae) and marshes are the dominant habitat types (70% and 15%,
respectively). The intensity of management is moderate as less than 30% of the grasslands
are managed, mainly used for mowing and grazing (80% and 20%, respectively). The threat
of flooding is high (Marosi & Somogyi 1990). In years with high water level, 20-100% of
the site is flooded mainly from April to June. This site is of great conservation interest be-
cause of breeding and migrating birds, therefore, it is protected and included in the Ramsar
Convention of Wetlands (Tardy 2007) (Homepage of the Hungarian State Nature Conser-
vancy 2016).

The fourth site, the Szatmar-Bereg lowland, is in the easternmost part of Hungary between
rivers Tisza and Szamos, and consists of 99.8 km? (Szatmar-Bereg in Figure I). Different
grasslands (e.g. Agrostetum albae, Alopecuri-Festucetum pseudovinae) cover the whole ter-
ritory (Wettstein et al. 2001, Wettstein & Szép 2003). Many are abandoned due to the de-
creasing number of livestock. A considerable part of the site is a floodplain of river Tisza
and its tributaries. Parts of the site are protected as the Szatmar-Bereg Landscape Protection
Area (Homepage of the Hungarian State Nature Conservancy 2016).

We studied the observed fluctuations of Corncrake populations at the four sites between
1997 and 2006, with the exception of 2001 and 2002, when surveys were not carried out at
the Zemplén PL and Bodrogzug PL. We analysed the changes in the number of territories at
the four sites in eight years and as a function of water level, using generalised least squares
regression (function ‘gls’ in R package ‘nlme’). This allows the specification of an autocor-
relation structure, which, in our case, involved temporal (between-year) autocorrelation in
the number of territories within sites (grouping factor). We characterised water levels by the
maximum water level reading of river Tisza, measured at the checkpoint of Tokaj, during the
settlement and breeding period of Corncrakes (April-May). We used the ArcMap 9.2 GIS
software for determining the High Nature Value Programme status of the breeding sites and
visualizing the results of the evaluation. All statistical analyses were performed in the R sta-
tistical environment (version 3.2.2, R Core Team 2015).
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Results

In total, 4194 (100%) territories with singing Corncrakes were recorded at the study sites
during 8 years. One thousand two hundred and fifty-seven (30%) Corncrake territories were
at the Aggtelek NP site, 777 (18.5%) at the Zemplén PL site, 1281 (30.5%) at Bodrogzug
PL site and 879 (21%) in the Szatmar-Bereg site (Table 1). The total number of territories
on the four sites fluctuated between 407 and 631 territories between 1997 and 2000, and be-
tween 427 and 580 territories between 2003 and 2006 (Table 1), and did not differ between
the two time periods (mean=S.D., period 1: 544.5+96.35, period 2: 504.0+68.86; t.=0.684,
p=0.520).

The number of territories was relatively stable between 1997 and 2000 in the Bodrogzug,
Szatmar-Bereg and Zemplén sites and decreased in the Aggtelek site (Figure 2). In contrast
with the last four years (2003—2006), Corncrakes have almost completely disappeared from
the Bodrogzug site, while the number of territories increased five-fold in the Zemplén PL
site, three-fold in Aggtelek NP, and two-fold in the Szatmar-Bereg site (Figure 2). The gene-
ralised least squares regression showed a significant interaction between site and maximum
water level of river Tisza in April-May (F',,=4.846, p=0.009), indicating that the relation-
ship between Tisza water level and number of territories differed among the sites. This was
because the relationship was negative for the Bodrogzug site and generally positive for the
three other sites (Figure 3).

The number of territories in the Bodrogzug PL site strongly depended on maximum wa-
ter level of river Tisza in April-May. If the water level of river Tisza at Tokaj exceeds 550
mm (c. 95 m above sea level), more than 80% of the Bodrogzug area is inundated, whereas
the entire Bodrogzug area is inundated if water level on river Tisza exceeds 600 mm (Figure
4) (Vass 2014, Szabo et al. 2016). In flood years, the water levels were much higher than
these values. For example, the maximum water level at Tokaj was 847 cm in 2001. When

Table 1. The number of territories estimated based on the presence of singing Corncrakes in the
four study sites in NE Hungary in 1997-2006 (surveys were incomplete in 2001 and 2002).
For details of different sites, please see Materials and methods

1. tdbldzat A haris territériumok szama a harsogé himek szama alapjan az egyes mintaterileteken
Eszakkelet-Magyarorszagon 1997-2006 k&zétt (2001-ben és 2002-ben a felmérések nem
minden mintaterileten torténtek meg). Az egyes terliletek leirasa az Anyag és médszerek
részben szerepel

Year Aggtelek NP Bodrogzug PL Szatmar-Bereg Zemplén PL
1997 134 232 125 88
1998 216 238 96 81
1999 143 215 133 70
2000 47 199 81 80
2003 84 228 78 37
2004 140 158 70 101
2005 233 10 162 135
2006 260 1 134 185
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Figure 2. Number of Corncrake territories at the four study sites in the eight study years
2.dbra A haris-territériumok szama a négy vizsgalati teriileten a nyolc felmért évben

Figure 3. Number of Corncrake territories as a function of maximum water level of river Tisza at Tokaj
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Figure 4. Area (in blue) inundated in the Bodrogzug PL site when the water level of river Tisza at Tokaj
is at 94.0 m (a), 94.5 m (b) and 95 m (c) above sea level. Source (a-c): G. Molnar after the
EKOVIZIG (Miskolc) database

4.dbra. A Tisza altal elontott terdilet (kékkel) a Bodrogzugi TK teriiletén, amikor a Tisza vizszintje
eléri a 94 m-es (a), a 94,5 m-es (b) és a 95 m-es (c) tengerszint feletti szintet. Forras (a-c):
Molnér G. az EKOVIZIG (Miskolc) adatai alapjan
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Figure 5. Distribution of Corncrake territories based on singing males observed during 1997-2006
in the previously designated subsidised territories (ESAs) and the enlargement of areas
included under the High Nature Value Areas programme with consideration to the large-
scale redistribution patterns of Corncrakes in NE Hungary

5.dbra A haris-territériumok eloszlasa az éneklé himek alapjan 1997 és 2006 kdzott a korabbi ag-
rartdmogatasi rendszer (ESA) teriiletén, és a timogatasi rendszerbe a Magas Természeti Er-
zékenységl Terlletek programon at Ujonnan, a haris Ujraeloszlasi mintazatanak figyelem-
bevételével bevont teriileteken Eszakkelet-Magyarorszagon
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the maximum April-May water level was above 660 m in 2005 and 2006, Corncrakes al-
most disappeared from the site (Figure 2). In addition, in 2006, a long and intense flood in
April (maximum level: 892 cm) was followed by a “green” flood in late May and early June.
These years also showed large increases of the nesting population in the Aggtelek, Szat-
mar-Bereg and Zemplén sites, and the increase was greatest at the Zemplén site (Figure 2),
which is closest to the Bodrogzug site (Figure 1).

Finally, none of the most abundant breeding sites was covered by any agri-environment
subsidy schemes (e.g. ESA) until 2009 (Figure 5). However, the extension of HNVAs effi-
ciently covered Corncrake breeding sites at three of the sites studied (Figure 5).

Discussion

The studied areas in NE Hungary hold the most important local Corncrake populations in
the country (Boldogh et al. 2009, 2016), which are also remarkable even in an internatio-
nal context (Koffijberg et al. 2016). The sizes of the local populations fluctuate conside-
rably, which was also reported for other populations of the breeding range (e.g. Keiss 2003,
Sukhanova & Mischenko 2003, Schiffer & Koffijberg 2004, Schoppers & Koffijberg 2006,
Koffijberg et al. 2016). However, our study is the first to report both concerted changes
(period between 1997-2000) and negative correlations (period between 2003-2006) in the
sizes of the local populations. In time period 2, population declines in the Bodrogzug PL
site were in concert with population increases in the other local populations. Our results
suggest that the different inter-population relationships between time period 1 (when only
small floods occurred) and time period 2 (when extended floods occurred) may be explained
by the flood characteristics of river Tisza. The negative correlation between local popula-
tion size at Bodrogzug PL site and maximum water level of Tisza River indicates that the
higher the flood level, the less area is available for birds to nest in this site. The contrasting
patterns between Bodrogzug PL site (population decline) and the other three local popula-
tions (population increases) suggest that many of the birds that had been driven out from the
floodplain meadows at Bodrogzug PL site appeared in the other parts of the studied area in
the years with inundation (time period 2). Unfortunately, there are no bird ringing results to
confirm the movement of individuals between sites.

Factors triggering long-distance movements and distribution of Corncrakes within one
breeding season are poorly revealed (Koffijberg et al. 2016), although searching for suitable
breeding sites for a second brood and/or after disturbance by mowing might initiate such
movements (Green et al. 1997, Schiffer & Koffijberg 2004). Our study provides a good ex-
ample of the direct effect of flood on Corncrake distribution in Hungary, a phenomenon that
has been suggested to operate on a much larger scale in some other parts of Europe (Mis-
chenko & Sukhanova 1999, Koffijberg & van Dijk 2001). Due to the large mobility of Corn-
crakes within and between breeding seasons (e.g. van den Bergh 1991, Biirger ef al. 1998,
Koffijberg et al. 2016), floods may have an impact on geographically distant Corncrake
populations, especially when they affect large numbers of Corncrakes, e.g. in the core breed-
ing areas in Russia. For instance, Koffijberg and van Dijk (2001) assumed in their study
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that the influx of Corncrakes in the Netherlands in 1998 was due to immigration from Be-
lorussian and Russian populations, where the high water tables and floods hindered breed-
ing in the floodplains. Similar effects of distant floods could also not be excluded in Hun-
gary (Boldogh et al. 2009). Our results confirm that local populations need to be monitored
simultaneously (all sites in all years), and they also suggest that the data from monitoring
of the local populations have to be evaluated with consideration to their interrelationships.

Our study also shows that floods can have contrasting effects on Corncrake populations.
On one hand, floods often have important positive effects on maintaining suitable vegeta-
tion at the breeding sites (Schiffer & Koffijberg 2004), and can delay the start of mowing
that may threaten nests in floodplain meadows. On the other hand, a delayed retreat of flood-
waters may be disadvantageous for Corncrakes, because this species prefers and tolerates
much drier habitats than other Rallidae (Schéffer 1999). Our results show that this can hap-
pen in different years at the most important breeding site in Hungary (Bodrogzug PL site,
time period 2). Long periods of flooding at this site are partly a result of human activities
(Figure 3). Due to the impact of a hydroelectric dam at Tiszalok, the retreat of floods is 2-2.5
times slower in this section of the river than in upper or lower reaches. Our data show that
the dense, concentrated local populations of Corncrakes, as well as the populations of other
grassland birds, are highly vulnerable to floods and other threats in this part of the flood-
plain. In fact, in years of flooding, the birds can not find breeding places here at all, or they
have to move elsewhere, presumably leaving behind their nests.

This pattern of redistribution should be considered in designing Corncrake conservation
measures in the region. Our data suggests that in order to reduce the negative impact of
floods and improve protection of Corncrakes, it is highly important to maintain suitable al-
ternative breeding places outside floodplains. Because the intensity and the methods of land
use are key issues in the conservation of Corncrake populations (Green & Rayment 1996,
Schiffer & Green 2001, Schiffer & Koffijberg 2004), the extension of favourable grassland
management (e.g. Schiffer & Weisser 1996, Green et al. 1997) to the unprotected and un-
supported areas is justified by our results. According to recent studies (e.g. O’Brien et al.
2006, Beaumont & England 2016), the conservation management schemes have clear bene-
fits to Corncrakes. The implementation of allowance guidelines and measures (c.f. Sztahu-
ra & Rezneki 2015) that enable Corncrake-friendly management on HNVAs (e.g. supervis-
ing by national park directorates, delayed mowing, obligatory use of game-repellent chains
when mowing, adequate mowing directions, leaving unmown areas) would likely lead to a
more favourable conservation status of Corncrakes (Faragd & Szentirmai 2014, Boldogh
et al. 2016). Our results also implicitly suggest that an extension of the areas managed in
bird-friendly ways and subsidised under the HNVA programme was necessary in NE Hun-
gary for the effective protection of Corncrakes. Previously, less than 25% of known Corn-
crakes were in ESAs in different years (Boldogh ez al. 2009), whereas this number increased
to about 70% after the redesign and enlargement of this area by 35 000 ha in the HNVA
programme (Figure 4). We believe that the extension will be a significant step forward in
Corncrake conservation in NE Hungary.

Our results also suggest that further direct human impacts (e.g. building of a new dam
on river Bodrog) and climate change may have serious negative impacts on Corncrakes
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in the studied region and in Hungary. Climate change projections suggest a complete re-
structuring of the annual distribution of precipitation, as well as an increase in heavy pre-
cipitation events and severely increased peak river discharges and floods (Christensen &
Christensen 2004, Bartholy et al. 2007, Kysely & Beranova 2008, Bartholy et al. 2009,
Rakonczai 2011). Therefore, the breeding possibilities of Corncrakes may become more
limited in riparian meadows in the future. Hence, the importance of suitable breeding habi-
tats outside flood-affected areas will probably grow in the near future and these habitats thus
deserve an adequate conservation strategy. This is also because there is a risk that many of
these grasslands will be converted to arable lands or will be abandoned and exposed to suc-
cession and invasive plants, which will generate conditions that are suitable neither for di-
verse wildlife nor for Corncrakes.
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Abstract In the present study we aimed to identify factors influencing the spatial distribution of
Great Bustard (Otis t. tarda) nests found between 1998 and 2015 in Dévavanya-Ecseg area in
Kords-Maros National Park.

During the study period covering 17 years, we obtained information on 536 nests, which shows that Great Bustards
used the following grassland crop types for breeding: wheat (43.07%), grassland (23.3%), fallow land (14.45%) and
alfalfa (7.67%). These nests were found during the following activities: chemical weed control (33.63%), hay-cut-
ting (25.37%), disking (8.55%) and harvesting (7.08%) and other 18 types of activities.

To identify the effects of disturbance and environmental factors on the spatial distribution of nests, such as distances
to lek sites, roads, settlements and altitude, we formulated generalized linear models. As a result, we found that nest
sites were significantly closer to lek sites and farther from human settlements than expected by random sampling.
Our results may contribute to the understanding of Great Bustard nest distributions, which can be helpful in nest de-
tection prior to the initiation of disturbing agricultural activities, which is a key issue in the conservation of this bird.
This study opens the way to analyse the effects of other environmental factors such as anthropogenic linear objects.

Keywords: R, QGIS, agricultural activities, Great Bustard conservation, nest site selection

Osszefoglalas Aktualis kutatasunkban a K6ros-Maros Nemzeti Park Dévavanyai-Ecsegi pusztak részteriiletén 1998
és 2015 kozott elokertilt tazok (Otis t. tarda L.) fészkek elhelyezkedését befolyasolo kiilsd tényezoket és a fészkek
eldkeriiléseinek részleteit vizsgaltuk.

A vizsgalt 17 évben 536 fészekrol van informacionk, ami az eddigi tanulmanyokhoz hasonloan azt mutatja, hogy a
buza (43,07%), a gyep (23,3%), az ugar (14,45%) és a lucerna (7,67%) az elsddlegesen tuzok fészkeket rejtd kul-
turak. Ehhez kapcsolodoan pedig a fészkek vegyszerezés (33,63%), kaszalas (25,37%), tarcsazas (8,55%), aratas
(7,08%) és tovabbi 18 tevékenység kdzben kertiltek el6.

A statisztikai modellekkel a diirgdhelyek, utak, telepiilések és szintvonalak esetleges hatasat figyeltiik, melyekbdl
fészekesészek helyzete és a diirgdhelyek kapcsolata kozott, valamint a fészekcsészek és a telepiilések tavolsaga ko-
z0tt szignifikans Osszefliggést kaptunk. E16bbi pozitiv, utobbi negativ iranyban tért el. Ezek alapjan megallapithato,
hogy ez a két kiils6 tényezd biztosan hatassal van a tizokok fészkelShely valasztasaban.

Eredményeinkkel kozelebb keriilhetiink a fészkek elhelyezkedésének megértéséhez, ami segiti a fészkek felderité-
sét, még a zavarast okozo mezégazdasagi vagy egyéb munkak megkezdése el6tt, ami a faj védelmének egyik zaloga.
Jovobeli kutatasi iranyokként a kornyezeti tényezok hatasanak tovabbi tanulmanyozasa és az egyéb ember altal 1¢é-
tesitett vonalas épitmények vizsgalata javasolt.

Kulesszavak: R, QGIS, mezdgazdasag, tizok védelem, eléfordulasi gyakorisag
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Introduction

The Great Bustard (Otis tarda) is a bird of key conservation concern distributed in the Eura-
sian steppe zone, which is also considered as an endangered flagship species, and as an um-
brella species in its primary habitats (IUCN 2016). Majority of the Central-European popu-
lation of this bird is located in Hungary (Sterbetz 1984, Alonso & Palacin 2010, Alonso
2014), where the primary role of Great Bustard conservation is represented by Kords-Maros
National Park, as 40% of the national population is harboured in this region (I1). Therefore,
the only Great Bustard Conservation Station in Hungary has been established here in 1978
(Czifrak 2014), followed by the operation of the largest Great Bustard conservation sample
area in Central-Europe since covering 400 hectares (Sz¢ll 2005).

Research of this Great Bustard population has been initiated by Sterbetz and Faragé (Ster-
betz 1975, 1976a, 1976b, 1984, 1986, Faragd 1983a, 1984, 1989, 1990a, 1990b, 1992a)
during the 1980s and 1990s, showing the preference of Great Bustards for agricultural areas
providing hypotheses to understand these processes (Sterbetz 1976a, 1980, Faragd 1983b,
1985a, 1985b, 1988).

Great Bustards breed in this region between late April to early August (Németh et al.
2009). During this period, a major and a supplementary nesting period can be distinguished
(Farag6 2004). Nest site choice of the Great Bustard is primarily driven by a number of en-
vironmental factors (Alonso et al. 1998, 2004) such as distance to the nearest lek site (Os-
born et al. 2001). Further, females show site fidelity to nest sites (Alonso et al. 2000), while
another investigation showed that individually marked birds use all available potential nest
sites independent of distance to the lek (Magafia et al. 2010).

Based on historical data, Great Bustards breed in native steppes (Stegman 1955). How-
ever, following the appearance of human agriculture, croplands rich in insects and pro-
viding optimal microclimatic conditions attracted Great Bustards for nesting (Bél 1737).
Among natural and seminatural habitats, Great Bustards prefer to breed in alkali grass-
lands (Achilleo-Festucetum pseudovinae), loess grasslands (Salvio-Festucetum rupicolae),
and Foxtail-grasslands (4grostio-Alopecuretum pratensis) (Sterbetz 1976a). However, these
habitats are often suboptimal due to to extremely wet or to extremely dry soil conditions.
Thus, relatively high wheat and alfalfa plantations are more preferable during summer heat
waves. Among available crops, females choose between fields based on the developmental
state of crops during late April and early May (Fodor 1974a, 1974b, Farag6 1983c). Further-
more, Magafia et al. (2010) concluded that the most optimal nest sites of Great Bustards are
characterised by vegetation cover high enough to provide a clear view on the surrounding
areas or the nesting female which at the same time hide the bird, decreasing the probability
of predation (Martin 2008). Besides, a number of previous studies have shown that habitat
heterogeneity contributes to increased predation pressures driven by edge effects, whereas
nest predation decreases with edge distance in homogenous habitats (Koivula et al. 1993,
Chalfoun et al. 2002). Based on these conditions, wheat fields provide the most optimal
nesting conditions combining visibility and decreased predation pressures. Further, mic-
roclimatic studies have indicated that alkali wet grasslands exhibit the largest amounts of
variance in climatic parameters, due to large temperature and humidity extremities. Again,
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microclimatic conditions measured in wheat and alfalfa fields are significantly more stable
(Farag6 1983c).

Our study aims to analyse the spatial distribution of Great Bustard nests in relation to vari-
ous environmental and disturbance parameters, in order to inform conservation manage-
ment in Dévavanya-Ecseg area.

To do so, in our investigation we applied spatial statistics for the identification of (1) po-
tential nest sites which would inform conservation on the location of areas where nests
would easier be found without disturbing incubating females, which might contribute to
increased nest survival and (2) social (distance to lek site), environmental (altitude) as well
as disturbance (distance to roads and settlements) parameters predicting the location of
nest sites.

Materials and Methods

Our study is based on the database of Great Bustard nest records collected since 1998 in
Dévavanya-Ecseg area of Koros-Maros National Park. This database were collected by
members of the Ranger Service of Kords-Maros National Park Directorate, who collected
these data from field workers such as hunters, agricultural tractor drivers, and other field
workers, who called them to inform on Great Bustard’s nest. Until 2004, only the year and
coordinates of the nests were recorded. From 2005 onwards, these data are supplemented
by area ID, settlement name, date, habitat and agricultural activity type. Additionally, since
2015, the size of the agricultural field, distance to field boundary, number of eggs, applied
buffer zone, nest reoccupation event (yes or no), defecation event, located in outside or in-
side of the national park or SPA area.

To analyse relationships between the distribution of Great Bustards, we used the official
spatial layers lek sites, public roads, settlements and altitude, provided by Koros-Maros Na-
tional Park Directorate.

During the first step, we generated 5, 25, 50 and 95% occurrence probabilities of Great
Bustard’s nests, applying kernel density estimations fitted on nest coordinates. Kernel den-
sity estimation provides a contour plot of the two-dimensional histograms, which has been
successfully applied in calculating animal breeding ranges.

During the second step, to compare the distances of random and actual nests from lek
sites, settlements, roads and altitude, we formulated autologistic generalized linear models
(GLM).

All statistical analyses were conducted in the R statistical programming environment (R
Development Core Team 2016). Random point generation and spatial distance calculations
were done using the ,,spatstat” specific package (Baddeley 2010). Breeding ranges were cal-
culated and transformed into shape file format using the ,,maptools” (Lewin-Koh 2011) and
»adehabitat” (Calenge 2006) packages. The resulting spatial datasets were visualised using
the QGIS software (Quantum GIS Development Team 2016).

Kernel density estimates were used only to assess potential breeding areas and formed no
part of the model formulation process. During the second step, to compare the distances of
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random and actual nests from lek sites, settlements, roads and altitude, we formulated auto-
logistic generalized linear models (GLM). During the second step, to compare the distan-
ces of random and actual nests from lek sites, settlements, roads and altitude, we formulated
autologistic generalized linear effects models, applying the ,,glm” function and entering the
point type (random or real) as dependent variable, considering binomial family and logit-
link (GLM).

Results

Between 1998 and 2015, we found a total of 536 nests in the study area (Figure 1).

The majority of nests were found between 2011 and 2012, the number of which amount-
ed to: mean n=33.1, sd=+10.45. Nests were discovered in municipality areas of 16 settle-
ments: most of these were found in the district of Dévavanya, followed by those of Szegha-
lom, Ecsegfalva and Korosladany (Figure 2).

Nest locations found between 1998 and 2015 are indicated in Map I, which includes 509
nest locations.

Map 2 shows the 5, 25, 50 and 95% occurrence probabilites of Great Bustard nests. The
application of 50% occurrence probabilities is especially useful in conservation practice as
it is expected to increase the nest location probabilities of approximately 50% of nests dur-
ing future nest searches, which allows the effective establishment of nest protection buffer
zones, providing undisturbed habitats for rearing the chicks and thus contributing to the in-
creased survival of the birds.

As a result of kernel density calculations, 5% breeding ranges size amounted to 1071 hec-
tares, 25% range convered 7941 hectares, 50% range covered 23 326 hectares, while the
95%-o0s range covered 110 169 hectares.

Annual distribution of nest detections shows that major nest regions have shifted since the
1990s: whereas the area east of the settlement provided in several nests 17 years ago, most
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Figure 1. Annual numbers of the Great Bustard nest between 1998 and 2015
1.dbra 1998 és 2015 kozott elSkerilt tuzokfészkek (db) évenkénti bontasban
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Figure 2. Settlements where Great Bustard nests were found during the last 17 years (nests/settle-
ment)
2.dbra Telepulések, melyekrdl tuzok fészkek kertltek el6 a 17 év alatt (db/telepiilés)

Legend +
Settlements
+ Great Bustard's nests o +
Protected area of Dévavanya-Ecseg plains P ;
T

++
<3 +
"'
N

1:300 000

=
0 5 10 15 20 km < 5
I I ] N

Map 1. Spatial distribution of Great Bustard nests in Dévavanya-Ecseg Plains area
1. térkép A tuzok fészkek el6forduldsa a Dévavanyai-Ecsegi pusztakon
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Legend

) 95% nest occurrence probability
-] 50% nest occurrence probability
1 25% nest occurrence probability
[ 5% nest occurrence probability
Settlements
+ Great Bustard's nests
Protected area of Dévavanya-Ecseg plains

Map 2. 5, 25,50 and 95% occurrence probabilities of Great Bustard nest
2. térkép A tuzok fészkek el6forduldsi gyakorisaganak 5%-os, 25%-0s, 50%-0s és 95%-0s korzetei

of the eggs were found north-west of the town since the beginning of the 2000s. Based on
nest frequencies, most of nests have been found in the central region of the study area and
north of it. The 25% breeding range of nests includes an isolated patch, where caution is thus
needed on female movements, when carrying out agricultural activities.

However, the intersection of annual 50% breeding ranges show a different pattern, exhibi-
ting an area closer to Dévavanya and a clearly separated patch.

Considering the detection dates of nests, the earliest clutch was on 6 April 2014, while the
latest clutch was discovered on 7 August 2006.

We possess information on 339 since 2004. During this period, we found 61 nests in April,
152 nests in May, 85 nests in June 40 nests in July and a single nest in August (Figure 3).

Since 2004, nests have been found in the following habitat types, as ordered by decreas-
ing importance: wheat (43.07%), native grassland (23.3%), follow land (14.45%) and alfalfa
(7.67%), with a cumulative frequency of 88.49% (Table 1). These 339 nests were found dur-
ing 22 agricultural activities and other antropogenic disturbance processes. Majority of nests
were discovered during chemical weed control (33.63%), followed by hay-cutting (25.37%)
disking (8.55%) and harvesting (7.08%). During these operations, 74.63% of nests were dis-
covered (Table 2).

In 2015, 28 nests were found in total, 11 of which were located in the vicinity of Dévava-
nya, 6 near Szeghalom and 4 in Ecsegfalva (Map 3).
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Figure 3. Monthly distribution of the Great Bustard nests’locations between 2004 and 2015
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Map 3. Spatial distribution of Great Bustard nest in 2015
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In 2015, majority of nests were found in native grasslands (28.6%), followed by fallow
land (17.8%), wheat (14.3%) sunflower (14.3%). Agricultural operations inducing distur-
bance are ranked in descending order of frequency as following: hay-cutting (39.3%), che-
mical pest control (17.9%) and cultivation (10.7%). Among these nests, 35.7% were found
in fields of 5-20 hectares, 28.6% were located in a range of 50—100 hectares and 17.9% of
nests were discovered in fields with size of less than 5 hectares. 14 (50%) of discovered
nests were located within less than 100 metres from field boundaries, 13 (46.4%) were found
in a range of 100-300 metres from field boundaries and a single nest was discovered (3.6%)
farther than 300 metres from field boundaries. All nests included one or two eggs, 9 out of
which (32%) included a single egg, while the remaining 19 nests contained two eggs (68%).
Thus, average nest site amounted to 1.68 in 2015. Out of all discovered nests, 4 (14.3%)
were not reoccupied by females, while 24 were reoccupied (85.7%).

In four cases, protective buffer zones were not established (14.3%), while the size of the
buffer zone was 10-50m? in a single case (3.57%), ranging between 50-200 m? in four ca-
ses (14.3%), between 200-700 m?* in 12 cases, (42.9%), while this size exceeded 700 m? in
seven cases (25%). Defecation into nest was observed in a single case (3.6%), while in the
other 27 (96.4%) cases no such behaviour was detected.

Actual nest positions were significantly closer to lek sites than those of random loca-
tions (Kruskal-Wallis test ¥2=8.6039; df=1, p=0.0033). Results of the autologistic model

Legend &
P Annual 50% nest occurrence probability classes . /’/

[ 95% nest occurrence probability
-] 50% nest occurrence probability

] 25% nest occurrence probability

[ 5% nest occurrence probability

[ Settlements

[T Protected area of Dévavanya-Ecseg plains

Map 4. Spatial distribution of the Great Bustard nests with occurence probabilities and annual 50%
probability classes

4. térkép A fészkek elhelyezkedése az eléfordulasi gyakorisagokkal és az évenkénti 50%-os gyakori-
sdgok metszetével
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Map 5. Spatial distribution of Great Bustard nests with breeding probability, annual 50% occurence
probability cut between 1998 and 2015 and 50% occurence probability cut between 2001
and 2014, which recommended as Great Bustard nesting test area

5.térkép Az 1998 és 2015 kozott elékerilt fészkek elhelyezkedése a fészkelési gyakorisdgokkal, az
évenkénti 50%-os gyakorisdgok metszetével és 2001 és 2014 kozott a fészkek eléfordulasi
gyakorisagdnak 50%-0s metszetével, ami ajanlott tuzokfészkelési vizsgalati terilet is egyben

show that real nests were located significantly farther from settlements than random nests
(p=0.0007). Contrary to our expectations, road distance and altitude exerted no effects on
nest positions (p=0.5639 and p=0.8608, respectively).

Map 4. shows the intersection of annual 50% breeding range layers, which covers 1729
hectares.

Between 2001 and 2014, non-protected agricultural areas north and northeast of Dévava-
nya shows also a prefered territory by females. The intersection of these areas amounts to
6787 hectares (Map 5).

Discussion

As compared to the past 30 years, agricultural habitats used for nesting include fallow lands
in a large number of cases, besides wheat, grassland and alfalfa (Faragé 1985a, Morgado
& Moreira 2000). Fallow lands are usually established in arable lands severely affected by
rainy periods, resulting in temporary wetlands, especially in former oxbows and marshes of
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the region which makes agricultural operations impossible. Additionally, fields are increas-
ingly set aside as a result of agricultural environmental schemes, the Great Bustard-friendly
specific programme of which is also available in the study region (12).

Agricultural operations causing disturbance represent the seasonal management of agri-
cultural activities: majority of nests have been found in wheat fileds, during chemical wheat
control which is a characteristic activity during the breeding period.

Considering the annual distribution of nest detections, the importance of distrubance types
might vary substantially.

Based on literature resources, the clutch size of Great Bustards range between 1 and 3
(Fodor 1974b, Faragé 1983b, 1992b, Morgado & Moreira 2000). However, the average
number of eggs was less than 2.0, which indicates the intensified conservation of Great Bus-
tards, considering the low mean breeding success of females (Morales et al. 2002). In con-
trast, the frequency of nest desertion was rather low in our study, contrasting with an earlier
study in Hungary (Demeter et al. 1994). However, we possess no data on breeding success,
which would allow to test the effects of predation pressure in wild populations (Morales et
al. 2002, Farag6 et al. 2014). Nest location data from 2015 indicate that majority of nests
were found close to field boundaries, which is probably a result of traffic disturbance and do
not necessarily reflect real nest distribution patterns (Lane et al. 2001) However, if this pat-
tern is a real element of Great Bustard nesting behaviour, then it might be beneficial for fe-
males by easier reaching various habitats from field edges, allowing an increased availabi-
lity of wider diet spectra for females and the young, which might induce positive effects in
population dynamics.

In contrast to our prior expectations, nest positions were not related to roads and alti-
tude, while leks but not nests were found closer to lek sites (Burnside et al. 2013, Lorant
& Vadasz 2014). Similar results were found by Osborne ef al. (2001), which were not con-
firmed by further investigations carried out in Spain, elsewhere (Magaiia et al. 2010). There-
fore, this nest localisation study calls for future investigations carried out on satellite or ra-
dio-tagged birds.

The missing effects of roads on nest distributions might have been driven by sampling
bias, as the real number of nests in various distances from roads are not sufficiently known.

However, if roads do not really affect nest positions, nest surveys need to include fields
connected to public and dirt roads. Considering nest locations and frequencies found in 17
years, the focal nesting area of Great Bustards is situated north of Dévavanya.

The results of kernel density estimates show that nests have been detected during agricul-
tural operations in areas necessarily far from settlements, but close to lek sites.

As most of the nests were found within the municipality area of Dévavanya, mostly in
wheat, grassland, fallow land and alfalfa habitats, these habitat classes need to be primarily
searched for Great Bustard nests. Additionally, the results of spatial statistics show that ma-
jority of nests might be found within a five kilometres range of lek sites and farther than four
kilmoteres from settlements (Moreira ef al. 2004). As females do not seem to avoid neither
public nor dirt roads, fields adjoining linear objects are also recommended to be surveyed.
These works are suggested to be started in April and to be continued in May, in order to ob-
tain reliable data on Great Bustard movements prior to agricultural operations.
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One of the key objectives of our study was to outline areas where the probability of find-
ing Great Bustard nests is significantly higher than predicted by random search which thus
allows the detection and protection of nests before agricultural disturbance.

To do so, further studies are required within possible hotspots. For nest surveys, we re-
commend to apply 50% breeding ranges, which by definition omit large areas with proba-
ble nest occurrence. Additionally, 50% breeding ranges indicate areas where no nests were
detected during the past 17 years, which are close to settlements and predicted to be avoi-
ded by Great Bustards (Map 4). This contradiction is a result of computing breeding ranges
based on nest location only and not controlling for environmental and disturbance models
in the same sets.

Based on our results, the isolated habitat patch needs to be surveyed which is indicated by
both 25 and 50% breeding range intersections, located in non-protected agricultural areas
north and northeast of Dévavanya. However, the intersection of these areas amounts to 6787
hectares, which is still too large for nest surveys.

Our study calls on further investigations on the effects of the spatial distribution of pre-
dation pressure and on spatial aggregation patterns of females during breeding (Fodor et al.
1971, Demeter 1995).

Such an integrated study would allow the formulation of complex models which would re-
sult in more precise maps of habitat use, resulting in more reliable approaches for nest sur-
veys, which facilitates Great Bustard conservation.
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Abstract During the 2016 field season, we investigated the influence of intense nest digging
predation at a Sand Martin colony that is situated in natural habitat along the Tisza river. Over
this season, foxes dug a large number of holes which either partly or fully destroyed 39% of burrows in a large co-
lony, comprising over 1,500 pairs. This high level of predation caused death and/or injury to between 7% and 44%
of breeding individuals and lowered the reproductive success of the colony as on average 20% (between 5% and
43%) less nestlings were fledged. The level of digging showed a negative exponential growth with burrow densi-
ty. Our observations show that the burrows were most at threat between 0 m and 0.4 m from the top and between
0 m and 1.4 m from the bottom of the wall. These observations show that it is critically important to decrease the
number of foxes and other potential nest predators, whose numbers have increased well above ‘natural’ levels
over the last decade, in regions where Sand Martins are nesting as this species is in drastic decline.

Keywords: predation, Riparia riparia, colony, Tisza

Osszefoglalas Munkankban megvizsgaltuk a partifecske természetes ¢l6helyén, a Tisza mentén 1év6 jelentds
nagysagu telepen 2016-ban tapasztalt nagymértékii kiasasos fészekragadozas jellemzdit és hatasat. A rokak altal
kiasott nagyszamu iireg az 1500 paros nagysagot meghaladd nagy telepen a fészkeld tiregek 39%-nak részleges/
teljes pusztulasat eredményezte. E jelentés ragadozas egyrészt a kolté egyedek 7-44%-nak pusztulasat/sériilését
okozta, masrészt a kirepiilt fiokak szamanak atlagosan 20%-al valo csokkenését (5-43%) eredményezte. A rokak
altal kiasott iiregek szama novekedett, de egyre lassul6 ilitemben a partfalon 1év6 partifecske tiregek stiriiségével.
A kiasasos ragadozas altal legfenyegetettebb iiregek a partfal felsd 0,4 m savjaban, illetve a fiiggoleges partfal al-
jatol szamitott 0—1,4 m savjaban helyezkedtek el. A korabbi évtizedekhez képest jelentdsen megnovekedett sza-
mu roka és mas fészekragadozo szamanak csokkentése a partifecske telepek korzetében nagyon fontos e faj drasz-
tikus csokkenést mutatd hazai allomanyanak védelme szamara.

Kulcsszavak: ragadozas, Riparia riparia, telep, Tisza
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Introduction

Populations of Sand Martin (Riparia riparia) breeding along the Tisza river in Hungary have
experienced sharp declines over recent decades (mean annual population growth rates: -2.7%
over the period between 1986 and 2014, T. Szép unpublished data), a pattern that is also seen in
the case of other Hungarian long distance migratory bird species (Szép et al. 2012). A variety of
processes are thought to underlie the declines of Afro-Palaearctic migrant species in distant are-
as (Vickery et al. 2014). Sand Martin, for example, breeds in large colonies in eastern Hungary



T. Szép, J. Fiir & E. Molnar 47

(Szép 1991) and an increasing subsection of this population has formed a massive breeding co-
lony exceeding 1,000 pairs over the last decade (T. Szép, unpublished data). In 2016, however,
our field teams encountered large numbers of holes dug by predators within the largest colony,
ariver area where ca. 55% of the entire population of the river was breeding.

In the case of Sand Martin, a number of detailed studies are available that have addressed
degree of aerial predation (Szép & Barta 1992, Probst et al. 2011), with emphasis on Hob-
by (Falco subbuteo), the most important aerial predator (Mead & Pepler 1975). In terms of
ground-based predators (Mead & Pepler 1975), Fox (Vulpes vulpes) and Badger (Meles me-
les) are the main candidates responsible for ‘digging predation’ of Sand Martin burrows; in-
deed, Persson (1987) recorded high levels of nest predation by badger in Sweden with 25%
of nests destroyed.

In this report, we discuss the number of Sand Martin burrows that were destroyed either
partly or fully by this kind of nest predation in the Tisza river colony during 2016, how the
level of this predation depend on the density of the burrows in the walls, which kind of bur-
rows and which where the most threatened, and what could be the influence of predation on
breeding individuals and their reproductive success.

Material and methods

The Sand Martin is an aerial insectivorous bird, which usually digs new burrows after its
arrival back to breeding areas in the spring in perpendicular walls of soil formed naturally
(e.g. rivers) or artificially by humans (e.g. sand pits) (Cramp 1988). Each burrow comprises
a 3070 cm long tunnel with a nest chamber at the end.

In this study, we investigated the largest Sand Martin colony along the river Tisza at Sza-
bolcs (48.188° N, 21.488°) during the breeding season (between middle April — beginning
of August), 2016. This colony was situated along a 540 m long river bank, formed natural-
ly by the flood of the river during the preceding winter. We followed the formation of the
colony by taking digital pictures (Panasonic FZ1000) from the front of the colony at 6 m
long sections along the river (90 sections in all, marked with numbered peg on the top of the
bank), twice a week, and we counted Sand Martin burrows and measured the height of the
perpendicular part of the river bank along the 6 m sections from these pictures using ImagelJ
software (Schneider et al. 2012). In this way, we used the daily counts of Sand Martin bur-
rows in the studied sections to identify the number of destroyed burrows resulting from na-
tural falls of river banks following heavy rain.

In terms of predators that operate on the ground, we identified Badger, Fox, Weasel (Mus-
tela nivalis), Stoat (Mustela ermine), Brown Rat (Rattus norvegicus) and Domestic Cat (Fe-
lis silvestris catus) (Mead & Pepler 1975, Persson 1987) as potential Sand Martin preda-
tors. Indeed, in the context of our integrated monitoring of the Tisza river colony (Szép et
al. 2003), we also encountered additional predators including Beech Marten (Martes foina)
and Wildcat (Felis silvestris) (Szép T. unpublished). However, at this colony, on the basis
of footprints and smells, it is clear that foxes carried out predominant digging into nesting
holes, although we were unable to estimate the number of predators.
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We were able to identify and count the number of holes dug by nest predators in our
studied sections in the river bank front using pictures because the size and shape of holes
and burrow entrances affected by predation are very different from normal Sand Martin
burrows. Indeed, nest predators also dig into chambers from the top of the bank, an angle
which was invisible from our pictures. We surveyed these holes along the top of the colony
surveying 6 m long sections on 11" of July 2016 (subsequent to fledging of the first Sand
Martin clutches). As a pilot experiment to protect burrows, we covered the top of one 6 m
long section of the colony with a 1 m wide metal net before the colonization of this sec-
tion in April and found that no Sand Martin burrows were dug by predators from the top
in this section.

We then randomly selected eight subcolonies along the Szabolcs colony situated in 1-6
m wide parts of the banks (1 m: 1 piece, 2 m: 5 pieces, 6 m: 2 pieces), where every burrows
were numbered (551 burrows) and investigated weekly with a digital endoscope (Olympus
IPLEX LX videoscope) to follow breeding history of the first and additional/second clutches
in the burrows (i.e. start of egg laying, clutch size, hatching, number of nestlings before
fledging at the age of 15-18 days, evidence of nest predation). We measured the distance of
these burrows from the top and bottom of the perpendicular part of river bank from pictures.
In the case of these intensively studied sections, we directly investigated the holes dug by
predators in the front and top of the subcolonies.

We used parametric and non-parametric statistical tests depending on the distribution of
the data using SPSS 18.0 (Norris et al. 2012). We modeled the of digging predation and bur-
row density with negative exponential growth models (Bates & Watts 1988), using the nls ()
function of the R statistical software (R Core Team 2015).

Results

Sand Martin burrows and holes dug by predators in the colony

Across the studied colony, 2,776 burrows were made by Sand Martins in 2016. The birds
started digging on the 23" of April and the first 10% of burrows were complete by the
1*t of May, the first 50% by the 16" of May, and the first 90% by the 3™ of June (Figure
1). Burrows were dug into 50 separate 6 m long sections (mean number of burrow/sec-
tion=55.32, SD=49.044, median=30, minimum=2, maximum=206, n=50). The density of
Sand Martin burrows varied between 0.81-17.04 burrows/m? (mean=5.591, SD=4.267,
median=4.3, n=45).

Following days with heavy rain and partial predator digging activities, 1,603 burrows had
collapsed by falling down the river banks by August; by the beginning of July (the end of the
first clutch fledging period), 991 burrows had disappeared (36% of all burrows).

We identified 280 holes that were dug by predators in front of the colony during the breed-
ing season. This digging started on the 25™ of April, with the most intense periods between
116" of May, 20"-30" of May and 6% of June — 11 of July (Figure I). This kind of nest
predation occurred at 35 pieces of 6 m long sections from the 45 sections where incubation/
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Figure 1. Number of Sand Martin burrows in the colony and number of holes dug from the front of
the colony by nest predators during the 2016 breeding season. The number of burrows,
nests with eggs, nests with hatched nestlings, and nests with fledged nestlings in the eight
intensively studied subcolonies are shown

1.dbra Partifecske fészkel6 Uregek és a ragadozok altal a partfal oldalarol kidsott Gregek szama
a 2016-os koltési idészakban a szabolcsi telepen. Az intenziven vizsgélt 8 teleprészlet
esetében a fészkeld liregek szama, a tojasos, kikelt fiokas és kirepult fiokds fészkek szama
megadva a teljes koltési idészakra

nestling rearing digging were possible (5 sections there were only burrow digging) and
our analysis demonstrates a significant positive correlation between the number of holes
dug at the front of the colony and the density of the burrows in the section (r=0.698, n=45,
P<0.001, Spearman rank correlation).

We identified 128 holes dug from the top of the colony by predators during the breeding
season up until the end of the fledging of the first clutches. This kind of predation occurred
in 23 distinct 6 m long sections, and there was a significant positive correlation between the
holes dug from the top and the density of burrows in the section (r=0.671, n=45, P<0.001,
Spearman rank correlation).

Considering both kind of nest predation (dug from front and top direction), the number
of dug holes increased with the density of burrows (Figure 2). The fitted negative exponen-
tial model: (the standard errors and the p-values of the estimated parameters are: SE=3.49
(p=0.1088), SE=3.09 (p < 0.0001), SE=0.09 (p=0.0394), respectively. The estimated maxi-
mum number of holes is about 21/section.

Breeding and predation in intensively studied subcolonies

The number of burrows in the eight subcolonies we studied comprised 18.4% of the entire
colony. In these subcolonies, digging started on the 23 of April, and the first 10% of all bur-
rows were completed by the 25" of April, the first 50% by the 9" of May, and the first 90%
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by the 20" of June (Figure 1). The ar-
rival of birds to these subcolonies was
about one week earlier than the rest of
the colony.

We investigated all burrows in these
eight subcolonies with an endoscope
and determine that eggs were laid in
311 burrows, 60.9% of the total (95%
CIL: 56.6%—65.1%) 511 burrows. The
level of burrow occupancy was similar
to previously reported, at 60% (Szép
1990), while the level of burrow dis-

Number of holes dug by predators (from top directions) in the section

5 10 15
appearance by river ban_k collapse Density of the burrows in the section (burrow/square meter)

(34.6%, 177 burrows) was similar as

. . . Fii 2. Number of holes dug b dators (from front
in the colony during the rearing of the ‘gure 2. Number of holes dug by predators (from fron

and top of the colony) in the 6 m long sections

first clutches. of the colony as well as the density of burrows
Egg laying started on the 9" of May (burrow/m?) in these sections and the fitted
(median: 19™ of May) and by the 25® negative exponential growth model

of May eggs had been laid in 90% of 2.3bra A 6 m hosszu lakott szakaszokon a ragadozék

nests (1-208) (Figure 1). OF those, A et ek sima o part] ol
66.9% hatched, starting on the 27" of (ireg/m?) és az illesztett negativ exponencialis
May (median: 4" of June), and by the novekedési gorbe

24" of June hatching has commenced

in 90% of all nests (n = 208). Nestlings reached 15-18 days old in 50.5% (n=157) of nests
that contained eggs; fledging started on the 16" of June (median: 24" of June), and by the
11" of July young in 90% of nests had fledged.

In the eight subcolonies, 26 holes were dug by predators from the front of the colony.
These 26 holes destroyed partly/fully 76 Sand Martin burrows (mean value: 2.923 burrows/
dug holes from front; 95% CI: 2.228-4.247). In these cases, predation started on the 30™ of
May, and 50% of the partly/fully destroyed burrows were dug until the 13" of June while
by the 5" of July 90% had been dug by predators. This kind of predation occurred mainly
during the pairing, incubation and hatching periods. Breeding adults were potentially influ-
enced (killed/injured and/or breeding were abandoned) in 43.4% of these nests, incubating
adults and eggs were killed/destroyed in 7.9% and nestlings were killed 21.1% of the nests.
There were successful breeding only in 10.5% of these nests (in 17.1% of these nests the in-
fluence was not identifiable).

In two subcolonies, we were able to examine the number of holes dug in total by preda-
tors from the top of the colony (15 holes) as well as the number of Sand Martin burrows de-
stroyed either partly or fully by this predation (31 burrows) and found that the mean value
was 2.067 burrows/dug holes from top (95% CI: 1.516-3.247). Across the eight subcolo-
nies, 38 nests in total were dug from the top of the colony. This predation started on 9 of
May, and by the 20™ of June 50% of the partly/fully destroyed burrows had been dug, while
by the 10" of July 90% had been dug by the predators. This kind of predation occurred
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mainly during the periods of nestling rearing; nestlings were killed in 42.1% of nests, breed-
ing adults were potentially influenced (killed/injured and/or breeding were abandoned) in
15.8% of these nests, and in none of these nests the nestlings were able to reach fledging
age (0%) during the first clutch period (in 26.3% of nests predation occurred during the pe-
riod of additional/second clutches and the influence was not identifiable in a further 15.8%
of nests).

Distance of burrows from the top and bottom of the perpendicular part of the river bank
was significantly different among burrows predated from front or top of the colony and bur-
rows that lacked nest predation (i.e. distance from the top of the bank: F=119.329, df=2,
105.425, P<0.001; distance from the bottom of the bank: F=24.072, df=2, 92.829, P<0.001,
Welch robust test of equality of means) (7able ). Burrows predated from the top of the wall
were mainly situated in the top 0.4 m wide layer (90%) (7able 1), while those predated from
the front of the colony were situated in the lower layer but across a wider range from the bot-
tom of the wall with 90% between 0—1.4 m (Table 1).

Of the 551 burrows we investigated, 140 (25.4%) contained nestlings, and the mean
number of nestlings before the fledging (at 15-18 days old) was 1.02 nestlings/burrow
(SD=1.741, n=551). The number of burrows dug partly/fully by predators was 114, 20.7%
of all studied burrows, and in these there was a significantly lower number of fledged nest-
lings (mean=0.605, SD=1.520, n = 114) than in burrows that did not experience this kind of
predations (mean=1.124, SD=1.780, n=437) (mean difference=-0.518, SD=0.166, 95% CI:
-0.193-0.843, t=3.124, df=201.561, P=0.002, Welch test).

Estimated influence of nest predators on the colony

The estimated mean number of burrows dug by predators was 1,083 (minimum=818, maxi-
mum=1,605) based of the mean number of burrows influenced by holes dug from the front
and top of the colony (95% CI). In the colony, 39% (minimum=29.5%, maximum=57.8%)
of the 2,776 burrows suffered because of digging predation, and the number of fledged

Table 1. Distance from the top and bottom of the wall of predated (dug from the front of the

colony and from the top of the colony) and unpredated burrows in the eight intensively

studied Sand Martin subcolonies at Szabolcs in 2016

1. tdbldzat A kidsasos ragadozas dltal érintett és nem érintett partifecske tiregek tdvolsdga a partfal
tetejétdl és aljatol az intenziven vizsgalt 8 teleprészleten, a Szabolcs térségében 1évé
telepen 2016-ban (Atlag, median, sz6rés és mintaszam megadva a nem kisott, a partfal
oldalérdl és a partfal tetejérdl kidsott tiregek esetében)

Distance from the top of the bank (m) | Distance from the bottom of the bank (m)
No predation Predation Predation No predation Predation Predation
from the front | from the top from the front | from the top
Mean 0.695 0.813 0.337 1.040 0.832 1.195
Median 0.800 0.800 0.400 1.000 0.800 1.200
SD 0.294 0.274 0.132 0.317 0.399 0.177
n 437 76 38 437 76 38
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nestlings was lower at an average of 561 individuals (minimum=158, maximum=1,354),
taking into account mean differences between predated and not predated burrows. Thus, the
estimated number of lost nestlings is around 20% (minimum=5%, maximum=43%) of the
potential total number of fledged nestlings in the colony (ca. 3,100 nestlings) estimated to
be present if nest predation had not occurred.

Our results show that this kind of predation causes death or serious injury to breeding
birds in 15-43% of burrows dug by predators. The estimated number of adult individu-
als affected by predation of this kind was between 245 and 1,380 birds, 7-44% of the total
number of individuals out of an estimated 1,691 (minimum=1,571, maximum=1,807) total
breeding pairs in the colony.

Discussion

Nest predation by foxes digging into Sand Martin burrows reached a very high level in 2016,
affecting 39% of burrows in a colony with 1,500 breeding pairs of birds. This high level of pre-
dation caused death or injury to 7-44% of the breeding individuals and led to a lower level of
reproduction in the colony as an average of 20% (5-43%) less nestlings fledged.

The threat of digging predation from the top of colony is higher because it affects nests con-
taining nestlings; no fledging was possible from nests predated in this way. However, in the
case of burrows dug from the front of the colony, we did find found nests containing fledged
nestlings as this kind of predation mostly threatens breeding adults during the pairing and in-
cubation periods.

The level of digging predation increased with density of the burrows, but when higher than
a specific density level (ca. 8 burrows/m?) the number of holes dug by predators did not in-
crease in accordance with the dilution effect (Foster & Treherne 1981). However in the case
of large density of burrows, one hole dug by predators could harm more burrows, which needs
to be considered as well when potential of dilution effect expected to reduce predation threat.

Distance of burrows from both the top and bottom of the perpendicular part of the wall is an
important factor determining threat from digging predation. Our results show that the positions
most at threat are the 0-0.4 m layer from the top of the wall, because of the predation from the
top of the colony and — the 0—1.4 m layer from the bottom of the wall, because of the predation
from the front of the colony. Breeding walls with the minimum 2 m perpendicular height could
provide more safe position for burrows against digging predation, however the chance of fall-
ing the breeding wall after heavy rains increase with the height of the wall, depending on the
type of soil (Szép T. pers. obs.), which need to consider when breeding habitats prepared arti-
ficially for Sand Martin colonies.

Reducing the threat of nest predation is very important in the case of this species which
population shows drastic decline. To decrease the numbers of Foxes and other potential nest
predators (e.g. Beech Marten, Badger) which numbers increased above the former “natu-
ral” level during the last decade in the area of Sand Martin colonies, especially around large
colonies is very important. The use and development of mechanical protection for Sand
Martin burrows against digging (e.g. covering the top and front part of the colony with metal
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net with proper mesh size) and developing chemical protection with natural compounds
(e.g. capsaicin) (Baylis et al. 2012) for deterring predators are necessary as well for the pro-
tection of large colonies.
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Abstract The subject of this study focuses on the cranial morphology of 24 native European
passerine bird families. In addition to the discussion of taxonomical questions regarding to the
examination of beak, orbit, cranium and mandible, the author aims to provide guidance to the determination of
raptors’ prey remains. Most of the studied bird families are well-distinguishable using the knowledge on the men-
tioned osteological traits except some less-specialised families.
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Osszefoglalas A dolgozat az Europaban honos 24 énekesmadar-csalad koponyamorfolégiai jellemzésével fog-
lalkozik. A csor, a szemgodor, az agykoponya és az allkapocs vizsgalataval a szerz6 egyes taxonomiai kérdések
megvitatasa mellett a ragadozomadarak zsakmanymaradvanyainak meghatarozasahoz kivan segitséget nyujtani.
A vizsgalt madarcsaladok tobbsége a felsorolt csonttani bélyegek ismeretében jol elkiilonithetd, csupan néhany
kevéssé specializalt csalad meghatarozasa jelenthet gondot.
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Introduction

Studying of avian osteo-morphology has a tradition dated back to the middle of the 19"
century. Initially, the skeletal system was examined particularly in systematic perspectives:
the structure of the palate (Huxley 1867, Hofer 1945, Witmer & Martin 1987, Zusi 1993),
the sternum and humerus (Fiirbringer 1888), the cranium, sternum, shoulder, pelvis and
hindlimb (Suschkin 1905), number of the vertebra (Boas 1929, Zweers et al. 1987), and
the morphology of carpometacarpus (Steiner 1922, Lambrecht 1933, Hinchliffe 1985) was
considered in distinguishing the larger bird orders. In the past century, mainly palaeonto-
logist used comparative osteo-morphological methods and studied less vulnerable skele-
tal compartments from excavations. Although, the examination of postcranial parts of the
skeleton is dominant in paleontological researches, in some cases, the determination of
cranial remains may also be necessary (Janossy 1992). Whereas, fossils can confidently be
classified among recent species, only with deep knowledge on bones (Lambrecht 1933),
thus classical morphological researches — simultaneously with the emergence of molecular
taxonomy — should be preserve their roles in systematics (Judin 1978). Several detailed
osteological collections of different bird groups, which could also facilitate paleontologi-
cal studies, have been made to date: Podicipediformes (Bochenski 1994), Ardeidae (Boev
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1988), Anseriformes (Bacher 1964, Woelfle 1967), Galliformes (Ebersdobler 1968, Kraft
1972), Charadriiformes (Barbosa 1991), Columbidae (Fick 1974), Falconiformes (Otto
1981, Schmidt-Burger 1982, Solti 1980, 1981a, 1981b, 1994), Strigiformes (Winde 1970,
Langer 1980), Picidae (Kessler 2016).

Despite passerines constitute most probably the prey of owls (Mérz 1987), finches (Fin-
ckenstein 1937, Moreno 1985, Ujhelyi 1992) and corvids (Tomek & Bochenski 2000) are
the most intensively studied groups within this order. The only detailed studies including
more bird families are Janossy’s (1983) guide for humerus and the works of Moreno (1985,
1986, 1987), and Cuisin (1989) about the Spanish and French fauna. Numerous parts of the
skeleton are also presented in Kessler (2015).

I assembled the craniomorphological characterization of 24 native European passerine
families in this study. Besides the premaxilla and the cranium, I paid special attention to
the morphology of mandible, because bone remains can be identified significantly easier
with the knowledge on the structure of the pars caudalis mandibulae. Other authors did
not attribute sufficient importance to it, however the complete pars caudalis mandibu-
lae can often be found among food remains. Furthermore, my work contains the anato-
my of the vomer since previous researches entirely omitted this. This study is based on
the comparative osteological collection of the Hungarian Natural History Museum. Some
specimens of a few groups were studied in the Paleontological Institute of the Russian
Academy of Science (Moscow) and in the Museum of Natural History, Vienna (Naturhis-
torisches Museum, Vienna). I asked G. Csorba from the zoological collection of the Ber-
lin’s Museum of Natural History (Museum fiir Naturkunde, Berlin) to carry out some
comparative examinations, particularly for this study. I would like to emphasize with the
list of genera of each family that I mainly considered the European members of these
families in the compilation of cranial morphology for this study. The original illustrations
completed this text were also made in the above-mentioned collections. The delimitation
of each bird families follows Voous (1977), however their order differs, because here I
present sequentially the osteologically more related groups. Although, the linear listing
could never perfectly reflect the complex system of songbirds, but it is remarkable that the
osteological characteristics could be comparable with the biochemistry based systematics
of Sibley and Ahlquist (1990) in many instances. Newertheless, the nomenclature of this
study can partially be followed using the work of Baumel ez al. (1979), I explain the terms
on explanatory figures.

Corvidae
(Perisoreus Bonaparte, 1831; Garrulus Brisson, 1760; Cyanopica Bonaparte, 1850; Pica
Brisson, 1760; Corvus Linnaeus, 1758; Nucifraga Brisson, 1760; Pyrrhocorax Tunstall, 1771)

Corvids are large songbirds which can already be distinguished by body size from other
members of their order. Their upper beak is robust, the length of the pars praenarialis is of-
ten larger than the diameter of the nostril. The nostril is completely open in most of the spe-
cies, but for example in Pyrrhocorax pyrrhocorax it is splitted by a horizontal bone plate.
In some specimens of Corvus corax a well-developed septum nasi is located in the nasal
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cavity, however this bone membrane is vestigial or absent in most of the species. In plan
view the brachium processi maxillopalatini is visible through the nostril and the foramen
basale forms its base. The corpus processi maxillopalatini is also well-developed and it is
partialy hollow in some genera. The edges of the vomer are dorsally retracted on both sides,
the processus corniculatus vomeris is well-developed. The incisura interpalatina is usual-
ly narrow and there is a bone crest on the ventral surface of the lamella caudolateralis. The
foramen orbitonasale is a long gap in most of the cases but it can be devided by bone plates
into more parts. The septum interorbitale is well-developed and thick. The fenestra olfac-
toria can be found in numerous genera (Perisoreus, Garrulus, Pyrrhocorax, Pica, Cyano-
pica), but this aperture is bony in Nucifraga and Corvus species. The rostrum sphenoidale
is thickened in most of the species. The processus orbitosphenoidalis lateralis is particular-
ly developed in Nucifraga caryocatactes. The processus postorbitalis and the processus zy-
gomaticus ossis squamosi are moderately developed. The symphysis mandibulae is weak in
the case of Perisoreus infaustus but in the species of other genera (Nucifraga, Pyrrhocorax)
it is remarkably long. The foramina postsymphysialia are opened on the caudal edge of the
symphysis, except for the Nucifraga genus, where these apertures are located on the ventral
surface of the symphysis. Behind the foramen laterale the impressio mandibularis is mode-
rately pronounced and the oval fenestra mandibulae is relatively small. On the ventral sur-
face of the pars caudalis mandibulae between the peaks of the processus externus and the
processus internus a V-shaped bone ridge streches.

Oriolidae
(Oriolus Linnaeus, 1766)

The upper beak is massive and the length of the bony palate approaches the half of the beak.
The pars praenarialis is larger than the diameter of the nostril. The remnant of the septum
nasi is located on the rostral end of the naval cavity. The wide brachium processi maxillo-
palatini and the foramen basale near its base are visible in plan view. At the end of its ex-
tension the lengtheneed corpus is hardly separated. The simply structured vomer is little
pneumatized and the processus corniculatus vomeris is short. The incisura interpalatina
ends at the base of the processus spiniformis. The remarkably spacious, single (not split) fo-
ramen orbitonasale opens close to the axis of the skull. The fenestra olfactoria is strongly
lengthened in rostral direction, the fenestra septi interorbitalis is always located. The pro-
cessus postorbitalis and the processus zygomaticus ossis squamosi is moderately developed,
where extensions could not be found on the caudal bony wall near the eye socket. The fo-
ramina venae occipitalis externae opens far from each other and behind the foramen mag-
num. The slim mandible is slightly hooked in lateral view and there is no significant nook
(impressio mandibularis) on the lateral surface of the mandible. The foramen laterale is al-
so absent. The symphysis is well-developed, but the fenestra mandibulae is small. The bone
ridge is vestigial on the ventral surface of the pars caudalis mandibulae. The fossa cauda-
lis mandibulae 1is basically absent between the peak of the processus externus and the pro-
cessus internus.
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Laniidae
(Lanius Linnaeus, 1758)

The upper beak of Lanius species is relatively short and strength. The septum nasi is always
located between the nostrils. The foramen basale opens at the base of the wide brachium
processi maxillopalatini which is visible in plan view. The corpus processi maxillopalati-
ni is barely separated from the brachium in their morphology. The structure of the pneu-
matized vomer is complex, the paired processus corniculatus vomeris is dorsally strong-
ly curved. The incisura interpalatina is relatively wide, the lamella caudolateralis forms a
long extension. In Lanius species the rostral part of the pterygoideum fusions to the pala-
tinum differently to the majority of songbirds. The foramen orbitonasale is split: the fora-
men orbitonasale laterale is larger than the . 0. mediale. The fenestra septi interorbitalis is
never completely bony. The processus postorbitalis is vestigial and the processus zygomati-
cus ossis squamosi is moderately developed. The foramina venae occipitalis externae open
close to each other and these apertures are connected to the edge of the foramen magnum via
the paired sulcus occipitalis. The symphysis mandibulae is moderately thick, the impressio
mandibularis is varied by species. The foramen laterale is absent. The wide-based tubercu-
lum pseudotemporale is moderately developed. A sharp bone ridges is located on the vent-
ral surface of the processus internus. The fossa caudalis mandibulae is barely expressed.

Hirundinidae
(Hirundo Linnaeus, 1758; Delichon Horsfield et Moore, 1854; Riparia Forster, 1817;
Ptyonoprogne Reichenbach, 1850)

The typically prolate beak of swallows and martins makes the members of this family to
easily recognizable. The brachium processi maxillopalatini is not visible over the nostril,
but it is located behind the processus postnarialis. The foramen basale exists. The vomer is
flat, the contour of the processus corniculatus is angular. The basically wide incisura inter-
palatina ends at the peak of the processus spiniformis. The pars interorbitalis is narrow, the
septum interorbitale is thin. The foramen orbitonasale is split: the f. o. laterale is smaller
then the f. 0. mediale. The fenestra olfactoria and the fenestra septi interorbitalis are spa-
cious. The processus postorbitalis and the processus zygomaticus ossis squamosi weakly
developed. A paired groove (sulcus occipitalis) extends between the foramen magnum and
the foramina venae occipitalis externae. The symphysis mandibulae is weak, the forami-
na postsymphysialia open far from each other on its dorsal surface. The mandible branches
are widely expanded. The angulus mandibulae is typical of the mandible with a peak in its
middle. The processus internus is not visible in lateral view and bone ridge is never located
on its ventral surface. The fossa caudalis mandibulae is deeply curved.

Comment: The swallows form a very special group of songbirds. Their anatomical speciali-
zations regarding to their lifestyle make it difficult to identify which families are closely re-
lated to them. Whereas the Corvidae-Oriolidae-Laniidae triplet is farther related to all other
passerines than the swallows, thus I have listed them here right after the Laniidae.
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It needs to be considered in the practice of the determination of families that the skull of
the swallows remind to the skull of the swifts (Apodiformes: Apodidae), however these two
groups differ in many morphological traits. The nook (impressio supraorbitalis) behind the
pars interorbitalis, and the lateral position of the foramina venae occipitalis externae sepa-
rate swifts from any other songbirds.

Bombycillidae
(Bombycilla Vieillot, 1808)

The upper beak with a significant widening at its base is relatively short. The bony palate is
also shortened. The nostril is spacious and the septum nasi is always absent. The corpus pro-
cessi maxillopalatini is short, wide and partially pneumatized. The vomer is flat and the con-
tour of the processus corniculatus is angular. The wide incisura interpalatina is protractedly
wedged forward. The orbital surface of the weakly pneumatized ala mesethmoidei is con-
cave. The split-like foramen orbitonasale is single (not split). The fenestra septi interorbi-
talis is bony and absent in adults, whilst the fenestra olfactoria is remarkably spacious. The
processus postorbitalis is almost melded into the cranium and the processus zygomaticus os-
sis squamosi is also vestigial. The ala tympanica hardly covers the cavum tympani in late-
ral view. The foramina venae occipitalis externae open at the end of one-one paired groove
(sulcus occipitalis) behind the foramen magnum. The symphysis mandibulae is short, the
mandible branches are widely expanded. The impressio mandibularis is always located and
the foramen laterale opens in front of it. The ventral surface of the pars caudalis mandibu-
lae is smooth, the fossa caudalis mandibulae is moderately notched. The axis of the lengthe-
ned processus internus mandibulae 1s approximately right angles to the mandible branch.

Sturnidae
(Sturnus Linnaeus, 1758; Pastor Temminck, 1815)

The upper beak is slim and pointed. The nostrils are spacious. The septum nasi is always ab-
sent. The brachium processi maxillopalatini is visible through the nostrils in plan view and
the foramen basale is absent at the bottom of it. The strongly lengthened corpus processi
maxillopalatini is partially pneumatized. A weak bone ridge is located at the midline of the
vomer, the processus corniculatus vomeris is vestigial. The incisura interpalatina ends at
the middle of the lengthened collum vomeris. The foramen orbitonasale is split: the larger
. 0. mediale is in the interior eye cavity while the small £ 0. laterale opens at the edge of
the eye cavity. The fenestra septi interorbitalis can be found in both young and adult birds.
The processus postorbitalis is barely appreciable, the processus zygomaticus ossis squamo-
si is also vestigial. A typical hump is located on the ventral surface of the rostrum sphenoi-
dale. The foramina venae occipitalis externae open directly at the edge of the foramen mag-
num. In some species (Sturnus spp.), a sharp bone ridge (crista nuchae) extends at the edged
of the regio occipitalis. A typical characteristic of the mandible is the mid-peaked angulus
mandibulae in lateral view. The foramen laterale is absent near the impressio mandibularis.
The canalis mandibulae opens just before the fenestra mandibulae at the lateral surface of
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the mandible. The two European starling genera (Sturnus, Pastor) significantly differ in the
structure of the pars caudalis mandibulae: the processus externus is already well-developed
in the young of the Sturnus species, however in Pastor roseus this has standard size. A more
or less developed hump is located at the rostral edge of the processus internus.

Comment: The differences in the morphology of the pars caudalis mandibulae absolutely
justify the split of Sturnus and Pastor genera.

Cinclidae
(Cinclus Borkhausen, 1797)

The upper beak is slim and sharp and at its ridge, a weak concavity can be found before the
processus dorsonarialis. The septum nasi is absent in the spacious and lengthened naval
cavity. The brachium processi maxillopalatini is invisible in plan view. A sharp bone ridge
extends at the midline of the lengthened vomer, which continues in a long bone mandrel
at the front of the vomer. The lamella caudolateralis is significantly shortened. The pars
interorbitalis is relatively narrow. The ala mesethmoidei is strongly pneumatized and it is
markedly protuberant on its orbital surface. The foramen orbitonasale is split, the f. o. late-
rale opens at the edge of the eye cavity and it is also visible in plan view. The fenestra ol-
factoria and the fenestra septi interorbitalis are both spacious. The processus postorbitalis
is small and rounded, the processus zygomaticus ossis squamosi is vestigial. The fenestra
mandibulae is a relatively small aperture on the rearer part of the mandible and the cana-
lis mandibulae opens just before this at the lateral surface of the mandible. A sharp bone
ridge is located on the ventral surface of the pars caudalis mandibulae which is split into
two branches and extends to the rear extension of the mandible (processus externus et pro-
cessus internus).

Troglodytidae
(Troglodytes Vieillot, 1807)

The upper beak is slim, the diameter of the nostrils and the length of the pars praenaria-
lis are equal. The septum nasi is absent in the naval cavity. The thin and hooked brachium
processi maxillopalatini is invisible through the nostril in plan view. At the base of this ex-
tension, the foramen basale is absent and the corpus processi maxillopalatini is not pneu-
matized. The vomer is flat and the processus corniculatus vomeris is small. The incisura in-
terpalatina is wide and the processus spiniformis is lengthened. The foramen orbitonasale
is single (not split). The fenestra olfactoria and the fenestra septi interorbitalis are both spa-
cious. The processus zygomaticus ossis squamosi is vestigial and a relatively sharp bone
ridge extends behind it, between the small processus postorbitalis and the tympanic cavi-
ty (cavum tympani). The mandible is slim and slightly curved in lateral view. The impres-
sio mandibularis is absent on its lateral surface. The lateral surface of the processus exter-
nus mandibulae is convex.
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Certhiidae
(Certhia Linnaeus, 1758)

The upper beak is thin and slim and strongly curved in lateral view. The septum nasi is ab-
sent in the naval cavity. The foramen basale is absent, the hooked brachium processi maxil-
lopalatini is behind the processus postnarialis in plan view. The corpus processi maxillopa-
latini is pneumatized. A tiny bone ridge is visible at the midline of the vomer, the processus
corniculatus vomeris is vestigial. The wide incisura interpalatina is wedged in front of the
short processus spiniformis. The foramen orbitonasale is single (not split). The septum in-
terorbitale is relatively well-developed, the fenestra olfactoria and the fenestra septi inter-
orbitalis is smaller than on the skull of the Troglodytidae and Regulidae families. The pro-
cessus postorbitalis and the prosessus zygomaticus ossis squamosi are both vestigial. The
moderately sharp crista nuchae separates well the occiput area (regio occipitalis). The man-
dible is strongly curved in lateral view. The foramina postsymphysialia open at the end of
the symphysis in a ventral groove. The little deviated, slim processus externus mandibulae is
typical for the pars caudalis mandibulae which lateral surface is slightly concave.

Tichodromadidae
(Tichodroma Illiger, 1811)

The upper beak is long and thin, the length of the pars praenarialis and the nostril are
equal. The septum nasi is absent in the naval cavity. The brachium processi maxillopa-
latini is invisible through the nostril in plan view. The lamella caudolateralis is short and
rounded. The foramen orbitonasale is split. The septum interorbitalis is strongly perforated,
the fenestra olfactoria is larger than the fenestra septi interorbitalis. The mandible is thin and
curved and the symphysis mandibulae is well-developed. The fenestra mandibulae is vesti-
gial and almost completely bony.

Sittidae
(Sitta Linnaeus, 1758)

The upper beak is long and slim, the diameter of the spacious nostril is slightly smaller than
the length of the pars praenarialis. The septum nasi is absent in the naval cavity. The brachi-
um processi maxillopalatini is invisible through the nostril in plan view. The very wide incisu-
ra interpalatina extends in front of the processus spiniformis. The foramen orbitonasale is a
single (not split) aperture. The septum interorbitalis is highly developed, the fenestra septi in-
terorbitalis is completely bony and the fenestra olfactoria is also significantly narrowed. The
processus zygomaticus 0ssis squamosi and the processus postorbitalis are both developed.
The hardly curved mandible is powerful and chisel-like. The foramina postsymphysialia open
close to each other at the caudal edge of the symphysis. The foramen laterale is located in front
of the impressio mandibularis. The processus coronoideus forms a sharp bone ridge above the
relatively narrow fenestra mandibulae. Typical characteristics of the lateral edge of the pars
caudalis mandibulae are the twin bone peaks and the rounded processus externus.
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Paridae (s. str.)
(Parus Linnaeus, 1758)

The upper beak is short and massive, the diameter of the oval nostril is much smaller than
the length of the regio praenasalis. The remnant of the bony bracing membrane (septum
nasi) is always located at the caudal part of the naval cavity. The processus dorsonaria-
lis is remarkably wide, the upper beak and the forehead is sharply separated by the sulcus
frontonasalis rectus behind it. The brachium processi maxillopalatini is invisible through
the nostril in plan view. The corpus processi maxillopalatini is short and partially pneuma-
tized. The shape of the lengthened vomer differs by species. The incisura interpalatina is
more wedged in front of the vestigial processus spiniformis often forwards to the collum
vomeris. The lamella caudolateralis is barely developed, however the lamella caudomedi-
alis is significantly wide. The foramen orbitonasale is split. The septum interorbitale is ro-
bust, the fenestra olfactoria is relatively narrow and the fenestra septi interorbitalis is of-
then completely bony. The processus postorbitalis is absent and the processus zygomaticus
ossis squamosi is weakly developed. The mandible is relatively short and the symphysis is
well-devleoped. The foramina postsymphysialia open close to each other in the groove on
the dorsal surface of the symphysis. The foramen laterale is always located at the base of
the sharply separated impressio mandibularis. The fenestra mandibulae is large and remark-
ably spacious in some species (e.g. Parus caeruleus). The ventral surface of the pars cauda-
lis mandibulae is smooth and the processus externus is moderately developed and its con-
tour is angular.

Remizidae
(Remiz Jarocki, 1819)

The upper beak is relatively short and triangular, the diameter of the nostril is much smaller
than the length of the pars praenarialis. The septum nasi is well-developed in the naval cavi-
ty. The processus dorsonarialis is remarkably wide as in Parus species. The slightly curved
vomer has multiple peaks and behind it, the collum vomeris significantly narrows. The incisu-
ra interpalatina is bony on a significant part, a slight notch can only be found on a short cau-
dal part of the palatinum. The processus spiniformis is vestigial, but the lamella caudolateralis
is spikwise lengthened. The septum interorbitale is relatively perforated: the fenestra olfac-
toria and the fenestra septi interorbitalis are both well-developed and behind the single (not
split) foramen orbitonasale, an extra aperture breaks through the bone membrane. The pro-
cessus postorbitalis is absent and the processus zygomaticus ossis squamosi is vestigial. The
sharp edge of the margo postorbitalis merges into the cranium above the processus zygoma-
ticus.The structure of the curved mandible is special and can be distinguished from any other
songbirds: the lengthened processus externus is much longer than the processus internus. The
latter extension contains a sharp bone peak at its rostral edge. The relatively narrow fenestra
mandibulae is located on approximately equal distance between the caudal end of the symphy-
sis and the peak of the processus externus. The position of the foramina postsymphysialia and
the foramen laterale does not differ from the drescition in the Paridae family.
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Comment: The Remizidae family is highly separated in the structure of the pars caudalis
mandibulae from the Paridae and any other European passerine families.

Aegithalidae
(Aegithalos Hermann, 1804)

The typically shaped upper beak is short, the diameter of the spacious nostril sometimes ex-
ceeds the length of the pars praenarialis. Opposite to the Paridae and the Remizidae fami-
lies, the septum nasi still could not be found in vestigial form too, the processus dorsonari-
alis 1s even narrower. The thin brachium processi maxillopalatini is invisible through the
nostril in plan view. The two well-developed processus corniculatus vomeris at the begin-
ning of the vomer contact to each other along the symmetry axis of the skull. The incisu-
ra interpalatina is wide and long, the lamella caudolateralis is short and rounded. The fo-
ramen orbitonasale is single (not split). The septum interorbitale is strongly perforated, the
fenestra olfactoria and the fenestra septi interorbitalis are both well-developed. The pro-
cessus postorbitalis is absent. The peak of the moderately developed processus zygomati-
cus ossis squamosi is widely rounded and the margo postorbitalis arches uninterruptedly to
this peak. The foramina postsymphysialia open at the caudal edge of the moderately deve-
loped symphysis. The fenestra mandibulae is moderately spacious. The morphology of the
pars caudalis mandibulae is mainly equal to Parus species, however the processus externus
is slightly shifted outwards.

Paradoxornithidae
(Panurus Koch, 1816)

The upper beak is slim, the length of the pars praenarialis and the diameter of the nostril are
equal. The septum nasi is always absent in the naval cavity and the processus dorsonaria-
lis is relatively narrow. The brachium processi maxillopalatini is invisible in plan view and
the foramen basale is absent at the base of this extension. The corpus processi maxillopa-
latini is lengthened and pneumatized. The vomer has multiple peaks. The wide incisura in-
terpalatina extends in front of the short processus spiniformis. The foramen orbitonasale is
single (not split). The fenestra olfactoria and the fenestra septi interorbitalis are both well-
developed. The tiny processus postorbitalis is melted in full length to the dorsal edge of the
processus zygomaticus 0ssis squamosi in a specific way, but a negligible gap can be found
between these two extensions in some young specimens. The mandible is slightly curved
and the symphysis is weakly developed. The foramen laterale is located in front of the im-
pressio mandibularis. A weak bone ridge extends at the ventral surface of the pars caudalis
mandibulae and the processus externus is vestigial and widely rounded.

Comment: The Panurus biarmicus can be separated from any other European songbirds
based on the rounded shape of the processus externus mandibulae.
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Regulidae
(Regulus Cuvier, 1800)

The upper beak is slim and sharp, the processus postnarialis is particularly thin. A speci-
fic trait of Regulus species is the vestigial septum nasi in the caudal part of the nasal cavi-
ty. The brachium processi maxillopalatini is visible through the nostril in plan view too, at
its end the corpus is relatively wide, lengthened and not pneumatized. The midline of the
vomer is little peaked and the processus corniculatus vomeris is well-developed. The wide
incisura interpalatina is wedged to the peak of the lengthened processus spiniformis. The
foramen orbitonasale is single (not split). The fenestra olfactoria and the fenestra septi in-
terorbitalis are both remarkably spacious. The processus postorbitalis is vestigial and the
processus zygomaticus ossis squamosi is moderately developed. The mandible is lengthened
and thin and the fenestra mandibulae is relatively spacious. The protuberantia caudolatera-
lis is ridge-like developed at the lateral surface of the pars caudalis mandibulae, a tiny aper-
ture (foramen pneumaticum) can be found behind it. The peak of the processus internus is
remarkably sharp.

Comment: Based on their measurement the Regulus species are recognizable and can easi-
ly be separated from the members of the Sylviidae family according to the existence of the
septum nasi and the developmental level of the protuberantia caudolateralis.

Sylviidae

(Sylvia Scopoli, 1769; Acrocephalus J. A. et F. Naumann, 1811; Lusciniola Gray, 1841;
Locustella Kaup, 1829; Hippolais Baldenstein, 1827; Phylloscopus Boie, 1826; Cisticola
Kaup, 1829; Cettia Bonaparte, 1834)

The slightly curved upper beak is slim, aharp and the nostril is spacious. The septum nasi
is always absent in the naval cavity. The brachium processi maxillopalatini is invisible
through the nostirls in plan view and the spacious foramen basale is always located at its
base. The structure of the corpus processi maxillopalatini and the vomer differ by genera.
The incisura interpalatina is particularly wide in Sylvia species. In Cettia and Sylvia spe-
cies, the lamella caudolateralis is rounded, but in the species of other genera, this bone plate
is sword-like lengthened and sharp. The single (not split) foramen orbitonasale is usually
spacious and little lengthened aperture. The septum interorbitale is strongly perforated, the
fenestra olfactoria and the fenestra septi interorbitalis are equally spacious. The proces-
sus postorbitalis and the processus zygomaticus ossis squamosi are vestigial. The foramina
venae occipitalis externae are a little far from each other and from the edge of the foramen
magnum. The mandible is thin, lengthened, the impressio mandibularis is weakly expressed
and the fenestra mandibulae is moderately spacious. The ventral surface of the pars cauda-
lis mandibulae is smooth and the fossa caudalis mandibulae is barely notched.

Comment: This family contains osteo-morphologically little differentiated genera, thus the
determination of species in practice is usually not feasible based on their cranial morphology.
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However, the whole Sylviidae family can be well separated from the similar Muscicapidae
family based on the structure of the foramen orbitonasale, the position of the brachium pro-
cessi maxillopalatini and the foramina venae occipitalis externae and the notched fossa cau-
dalis mandibulae.

Muscicapidae (s. 1.)

(Muscicapa Brisson, 1760; Ficedula Brisson, 1760; Cercotrichas Boie, 1831; Saxicola
Bechstein, 1803; Phoenicurus T. Forster, 1817; Oenanthe Vieillot, 1816; Monticola Boie,
1822; Luscinia T. Forster, 1817; Turdus Linnaeus, 1758; Erithacus Cuvier, 1800)

The upper beak is usually thin, lengthened, and in some genera (in the Muscicapinae sub-
family), it is broadened at the base of the beak. The nostril is spacious and the lack of the
septum nasi is typical in most of the genera. The brachium processi maxillopalatini is usu-
ally visible in plan view (through the nostrils) and the foramen basale opens at its base. The
structure of the vomer is varied by genera and the processus corniculatus vomeris is usually
vestigial. The foramen orbitonasale is split and the two apertures are sometimes located re-
latively far from each other. The fenestra olfactoria is flattened and the fenestra septi inter-
orbitalis is a little more spacious. The processus postorbitalis and the processus zygomati-
cus ossis squamosi are both vestigial. The foramina venae occipitalis externae usually open
close to each other at the end of the paired sulcus occipitalis. The mandible is slim, the im-
pressio mandibularis is weakly expressed and the fenestra mandibulae is relatively narrow.
The tuberculum pseudotemporale is relatively absent and the processus coronoideus is ves-
tigial. The fossa caudalis mandibulae — opposite to the members of the Sylviidae family —
is deeply notched.

Comment: Some genera within this family are distinguishable from other members based
on some certain osteological traits. The concavity on the ridge of the upper beak is typical
for the Phoenicurus and Oenanthe genera. The foramen orbitonasale laterale is remarkably
shifted outwards in Luscinia species and it is also visible in plan view. The strongly protu-
berant ala tympanica is typical for Turdus. Furthermore, the brachium processi maxillopa-
latini and the position of the foramina venae occipitalis externae can be modified in these
species. Among the European members of this family, the well-developed septum nasi can
only be found in the nasal cavity of Erithacus rubecula.

Motacillidae
(Motacilla Linnaeus, 1758; Anthus Bechstein, 1805)

The upper beak is slim and sharp, the nostril is spacious and the septum nasi is always
absent. A weak concavity can be found on the dorsal beak of Anthus species before the
nostril. The brachium processi maxillopalatini is visible through the nostril in plan view
and the foramen basale is absent at its base. The incisura interpalatina is wide, rostral-
ly strongly lengthened and the processus spiniformis is particularly long and slim in
Motacilla species. The foramen orbitonasale is usually single (Motacilla spp., Anthus
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pratensis, A. spinoletta, A. cervinus), but in some Anthus species it is split (4. trivialis, A.
campestris). The fenestra olfactoria and the fenestra septi interorbitalis are both spacious.
The processus postorbitalis is vestigial, the larger processus zygomaticus ossis squamo-
si is sharply peaked. The foramina venae occipitalis externae open just behind the edge
of the foramen magnum. The mandible is slim, the fenestra mandibulae is moderately
spacious. The processus externus is short and angular, a weak bone ridge extends at the
ventral surface of the processus internus.

Prunellidae
(Prunella Vieillot, 1816)

The upper beak is slim and sharp, a weak concavity can be found on its dorsal part. The
nostril is spacious and the septum nasi is absent. The brachium processi maxillopalatini is
invisible in plan view, the foramen basale is absent at its base. The lamella caudolateralis
palatina is short and typically rounded. The foramen orbitonasale is a single (not split) aper-
ture. The fenestra olfactoria and the fenestra septi interorbitalis are both spacious. The pro-
cessus postorbitalis is vestigial, but the processus zygomaticus ossis squamosi is well-de-
veloped and its peak is widely rounded. The peak of the lamina basiparasphenoidalis is
shortened. The mandible is slim, the fenestra mandibulae is moderately spacious. A weak
bone ridge is located at the ventral surface of the pars caudalis mandibulae.

Comment: The developmental level of the processus zygomaticus ossis squamosi and the
shape of the lamella caudolateralis palatina help in separating Prunella species from any
other small, insectivorous songbirds.

Passeridae
(Passer Brisson, 1760; Petronia Kaup, 1829; Montifringilla C. L. Brehm, 1828)

The upper beak is relatively short and conical, the nostril is moderately spacious. The sep-
tum nasi is always located in the naval cavity. The split on the palate (fenestra palatina)
wedges forward to approximately the half of the bony palate. The contour of the short and
partially pneumatized corpus processi maxillopalatini is angular. The paired processus cor-
niculatus vomeris at the peak of the vomer is particularly wide and dorsally hooked. The
relatively wide incisura interpalatina is wedged toward the collum vomeris. The foramen
orbitonasale is single (not split). The membrane which separates the eye sockets (septum
interorbitale) is significantly bony and the fenestra septi interorbitalis is absent. The pro-
cessus postorbitalis and the processus zygomaticus ossis squamosi are both well-developed
and on the latter an extra lateral extension can be found. The foramina venae occipitalis ex-
ternae are far from each other. The mandible is relatively short, the symphysis is moderately
developed and the foramina postsymphysialia opens at the base of the mandible branches.
The tuberculum pseudotemporale and the processus coronoideus are both well-developed.
The foramen laterale opens at the beginning of the deep impressio mandibularis. The ven-
tral surface of the pars caudalis mandibulae is smooth and its lateral edge is peaked. The
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peak of the processus externus mandibulae points to the symmetry axis of the mandible and
the fossa caudalis is deeply notched.

Comment: The developmental level of the septum nasi is typical for the whole Passeridae
family among all European conical beaked passerine birds. Some similar bone membrane
can exceptionally be found in some species of the Fringillidae, but never in the European
members of the Emberizidae families.

Fringillidae (s. str.)

(Fringilla Linnaeus, 1758; Serinus Koch, 1816; Chloris Cuvier, 1800; Carduelis Brisson,
1760; Acanthis Borkhausen, 1797; Carpodacus Kaup, 1829; Pinicola Vieillot, 1807; Pyrrhu-
la Brisson, 1760; Loxia Linnacus, 1758; Coccothraustes Brisson, 1760)

The upper conical beak and the mandible are remarkably shortened and the nostril is rela-
tively small. The septum nasi in well-development state can only be found in C. cocco-
thraustes and it is vestigial in Pinicola enucleator, while it is absent in most of the species.
The bony palate is particularly developed, the fenestra palatina is shifted backwards. The
corpus processi maxillopalatini is lengthened, the vomer is partially pneumatized. The in-
cisura interpalatina is completely bony in the Carduelinae subfamily, but it is narrow and
forms a lengthened gap in Fringilla species (Fringillinae subfamily). A well-developed bone
ridge usually extends at the ventral surface of the lamella caudolateralis. The foramen or-
bitonasale is a single (not split) aperture. The septum interorbitale which separates the eye
sockets, is robust, the fenestra septi interorbitalis can only be found in Fringilla species but
this aperture is bony in the member of the Carduelinae subfamily. The fenestra olfactoria is
also reduced in proportion to specialization. The processus postorbitalis is usually small but
the processus zygomaticus ossis squamosi is highly developed in specialized species. The
foramina venae occipitalis externae open at the edge of the foramen magnum. The thicken-
ing of the symphysis and the existence of the crista anterioventralis at the ventral surface
of the pars caudalis mandibulae are typical for the mandible. The processus coronoideus is
markedly peaked and behind it, the well-developed tuberculum pseudotemporale is also vi-
sible in lateral view. The foramen laterale open at the beginning of the deep impressio man-
dibularis.

Comment: The existence of the crista anterioventralis is only typical in the Fringillidae
family which distinguishes all members of this family from any other songbirds.

Emberizidae
(Emberiza Linnaeus, 1758; Calcarius Bechstein, 1803; Plectrophenax Stejneger, 1882)

The upper beak is thinner and slimmer than in the Passeridae and Fringillidae families and
the contour line has a typical fracture at the midpoint in lateral view. The nostril is relative-
ly spacious, the processus postnarialis is thin and the septum nasi is always absent in the
naval cavity. The corpus processi maxillopalatini is lengthened and partially pneumatized.
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The developed lateral extension of the twin peaked processus corniculatus vomeris is slim.
The wide incisura interpalatina is rostrally lengthened towards the collum vomeris. The
pars interorbitalis is markedly narrow. Differently to the seed-eater songbirds, the septum
interorbitale which separates the eye sockets is strongly perforated. The fenestra septi in-
terorbitalis is more spacious in Emberiza species than the fenestra olfactoria; in the Cal-
carius and the Plectrophenax this aperture is smaller or could be exceptionally bony. The
processus postorbitalis is vestigial, however the processus zygomaticus ossis squamosi is
wide and forms a rounded bone plate. The ala tympanica is some species (Emberiza cia, E.
citrinella) is particularly developed. The angulus mandibulae is typically peaked and the
curve of the mandible is refracted near the deep impressio mandibularis in lateral view. The
symphysis is moderately thick and the foramina postsymphysialia are visible at the base of
the mandible branches in bottom view. The fenestra mandibulae is spacious, the proces-
sus coronoideus and the tuberculum pseudotemporale are both well-developed. The ven-
tral surface of the pars caudalis mandibulae is smooth and the fossa caudalis mandibulae
is deeply notched.

Comment: The members of the Emberizidae family can easily be distinguished from the
members of other bird families based on the refracted curve of the mandible.

Alaudidae
(Galerida Boie,1828; Calandrella Kaup, 1829; Melanocorypha Boie, 1828; Eremophila
Boie, 1828; Lullula Kaup, 1829; Alauda Linnaeus, 1758)

The peak of the beak is relatively blunt, a lengthwise groove extends on the midline of the
bony palate. A tiny aperture is located next to the rostral connection point of the lamella
craniolateralis (this is absent in species of other families). The bone membrane (septum
nasi) between the spaciour nostrils is vestigial but it can be found in all species. The fora-
men basale and the brachium processi maxillopalatini are both visible through the nostrils
in plan view. The corpus processi maxillopalatini is lengthened and pneumatized. Particu-
larly well-developed, paired processus corniculatus vomeris is located at the beginning of
the relatively short vomer. The exceptionally wide incisura interpalatina is singnificant-
ly lengthened to the front of the processus spiniformis. The pars interorbitalis is narrow.
The septum interorbitale is robust and the foramen septi interorbitalis becomes complete-
ly bony by the age of the indicidual (usually at very young). The fenestra olfactoria can be
found in every species. The single (not split) foramen orbitonasale opens close to the axis
of the skull in the eye cavity. The processus orbitosphenoidalis lateralis is well-developed
in some members of the family (Eremophila, Melanocorypha, Calandrella) but it is absent
in others. The well-developed processus postorbitalis and the processus zygomaticus 0ssis
squamosi are melted into a single extension on their peaked ends and a spacious aperture
(fenestra postorbitalis) is located between the bases of the two extensions. The rostrum
sphenoidale is remarkably thicker in comparison to the insectivorous passerine birds. The
foramina venae occipitalis externae is located close next to the edge of the foramen mag-
num. The symphysis mandibulae is relatively short and a weak concavity can be found on
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its dorsal surface. The foramen postsymphysiale which opens at the symmetry axis is typi-
cal at the caudal edge of the symphysis. The mandible is slim in most of the members of
this family, however the mandible of the specialized Melanocorypha species is robust. The
fenestra mandibulae is moderately spacious and the short processus coronoideus forms a
sharp bone ridge above it. The processus internus mandibulae is also visible in lateral view
and its peak bends in dorsorostrally.

Comment: The fusion of the peak of the processus postorbitalis and the processus zygoma-
ticus ossis squamosi which typical for the larks is absent in any other European songbird
families. These two extension could be ended very close to each other in some woodpecker
species (Piciformes: Picidae), but this analogous trait similar to larks can only be found
among the members of Tetraonidae, Phasianidae (Galliformes) and Pteroclidae (Columbi-
formes) of the European avifauna.

Many characteristics of the upper beak, the position of the foramen postsymphysiale and the
shape of the processus internus may be helpful in the determination of the larks in practice.
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Plate 1. Skulls
1. tdblakép Koponyak
1. Alauda, 2. Hirundo, 3. Parus, 4. Remiz, 5. Aegithalos, 6. Panurus, 7. Sitta
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Plate 2. Skulls
2. tdblakép Koponyak
8. Regulus, 9. Troglodytes, 10. Certhia, 11. Cinclus, 12. Sylvia, 13. Muscicapa, 14. Prunella, 15. Motacilla



Plate 3. Skulls
3. tdblakép Koponydk
16. Bombycilla, 17. Lanius, 18. Oriolus, 19. Sturnus



Plate 4. Lower jaws

4. tablakép Allkapcsok

20. Galerida, 21. Melanocorypha, 22. Hirundo, 23. Parus major, 24. P. caeruleus, 25. Remiz, 26. Cinclus,
27. Prunella, 28. Aegithalos, 29. Panurus, 30. Certhia, 31. Sitta, 32. Troglodytes, 33. Regulus, 34. Motacilla,
35. Muscicapa, 36. Sylvia, 37. Luscinia, 38. Turdus
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Plate 5. Lower jaws
5. tdblakép Allkapcsok
39. Oriolus, 40. Lanius, 41. Bombycilla, 42. Sturnus, 43. Pastor, 44. Passer, 45. Emberiza, 46. Fringilla, 47. Chloris



Plate 6. Caudal part of the lower jaws

6. tdblakép Az allkapocs caudalis része

48. Alauda, 49. Melanocorypha, 50. Hirundo, 51. Parus, 52. Remiz, 53. Aegithalos, 54. Panurus, 55. Sitta,
56. Certhia, 57. Regulus, 58. Troglodytes, 59. Cinclus, 60. Prunella, 61. Motacilla, 62. Sylvia, 63. Muscicapa



Plate 7. Caudal part of the lower jaws
7. tdblakép Az allkapocs caudalis része
64. Sturnus, 65. Pastor, 66. Turdus, 67. Bombycilla, 68. Lanius, 69. Oriolus, 70. Passer, 71. Chloris, 72. Emberiza
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Abstract This paper is a report on the appearance of the Naumann’s Thrush (Turdus naumanni)
in 2015 which can be considered as a new species of the Hungarian avifauna.

The bird was seen and photographed in Népliget, Budapest on the 31% of December. With this observation, the
number of bird species detected in Hungary has risen to 412.

Keywords: official bird checklist, Hungarian Checklist and Rarities Committee, Naumann’s Thrush, Turdus nau-
manni

Osszefoglalas 2015-ben egy faundra 4j madarfaj bukkant fel Magyarorszagon: a Naumann-rigo. A madarat 2015.
december 31-én figyelték meg és fényképezték le a budapesti Népligetben. E faj eldkeriilésével a Magyarorsza-
gon valaha bizonyitottan el6fordult madarfajok szama 412-re emelkedett.

Kulesszavak: Magyarorszag madarainak névjegyzéke, MME Nomenclator Bizottsag, Naumann-rigo, Turdus nau-
manni

Tibor Hadarics, 9400 Sopron, Wilder Jozsef utca 4. D/2., Hungary, e-mail: sitke@upcmail.hu

In 2015, the Naumann’s Thrush was accepted by the Hungarian Checklist and Rarities Com-
mittee as new to the Hungarian fauna. By this, number of bird species observed in Hunga-
ry to date, has risen to 412.

Turdus naumanni Temminck, 1820 — Naumann’s Thrush
31%December 2015, Budapest, Népliget, 1 ad. exemplar (D. Laposa and others)

The Naumann’s Thrush (7. naumanni) was formerly considered as conspecific with the
Dusky Thrush (7. eunomus). The taxonomic separation of the two species is based on their
distinctly different plumages. The Dusky Thrush breeds in the northern parts of Central and
Eastern Siberia, while the breeding area of Naumann’s Thrush is located south of the Dusky
Thrush’s range with wide overlapping regions in the western (naumanni) and southwestern
(eunomus) parts of their ranges (Clement 1999). Naumann’s Thrush breeds in the southern
parts of Central and Eastern Siberia, from the central Yenisey region east to the middle and
upper Lena Basin. The southern boundary of the distribution is uncertain, perhaps disconti-
nuous east of Lake Baikal, but embracing Angara basin in the west along with the southern
part of Lake Baikal. Small numbers also breed north of the main range, near the Lena and
Olenek deltas (Clement & Hathway 2000, del Hoyo et al. 2005). It winters mainly in China,
ranging from extreme Southeast Russia and Korean Peninsula south to Eastern China (Yang-
tze basin) but some birds reach also Japanese islands and Taiwan (del Hoyo et al. 2005).
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Preferred habitats of Naumann’s Thrush are fringes of lowland tundra in thinning taiga
and wooded steppe, dense riverine forests of willow and poplar, scrubby lowland areas with
birch and alder. Less often it occurs in sparse larch or mixed larch and pine forest extending
into open country or even in gardens (del Hoyo et al. 2005).

Of the two species, Dusky Thrush occurs in Europe more frequently than Neumann's
Thrush for several possible reasons. On one hand, as the distribution area of the Dusky
Thrush is larger, it also has a larger population size, and the western part of its distribution
is nearer to Europe than that of the Naumann's Thrush with a smaller distribution range. On
the other hand, as the Dusky Thrush has more northerly breeding area, it makes longer jour-
neys during migration; long-distance migrants get to Europe more frequently due to reverse
migration, compared to short-distance migrants (Gilroy & Lees 2003, Lees & Gilroy 2009,
Pfeifer et al. 2007).

Based on historic data, it is often difficult to conclude whether the observed speciments
represent occurrences of Naumann's Thrush (sensu stricto) or Dusky Thrush, because were
regarded to belong to one species; Turdus naumanni eunomus. Naumann's Thrush has five
records in Finland, Norway and Italy, seven in Poland, four in the Czech Republic, Ger-
many and France, two in Great Britain and one in Belgium (Lewington et al. 1991, Slack
2009). Most of the data are from the late autumn and winter period (November—January),
but there are occurrences also from October to spring. For example, there is an interesting
observation from Bulgaria: six skeletal elements of Naumann’s Thrush (sensu lato) were
identified in food remains of an Eagle Owl in May 2003 in Southeastern Bulgaria (Milchev
& Boev 2014).

Of the countries neighbouring Hungary, it was only recorded in Austria, with two records
(Glutz von Blotzheim & Bauer 1988). Between 1853 and 1874 one male was acquired at
the Vienna bird (food) market, most probably originating from the Wechsel mountains on
the border between Styria and Lower Austria (this specimen is currently in the collection of
Natural History Museum, Vienna). A second male was observed by R. Zach at Wolfsgraben
(Lower Austria) on the 8" of April in 1984.

There is only one record from the Carpathian Basin from the nineteenth century. In the
1820s, Pal Jany, the first official animal preparator of the Chamber of Naturalia of Hunga-
rian National Museum purchased an adult male at a market in Pest for the museum collec-
tion. The bird was found at the game market together with Fieldfares (or other thrushes)
caught with limesticks but the exact date and location of the capture remained unknown.
However, it should not have been caught too far from Pest, because birds were not typical-
ly brought to the market from hundreds of kilometres (Magyar 2006, 2016). Johann Fried-
rich Naumann was in Hungary in the autumn of 1835 and made a visit at the bird collection
of the Hungarian National Museum (Schnell 1835) where, among others, viewed the Nau-
mann's Thrush specimen and painted it for his upcoming book. Although he did not men-
tion it in the report of his Hungarian trip (Naumann 1837), he reported on it in a later article
(Naumann 1851). In the appendix of his book, J. A. Naumann'’s Naturgeschichte der Vigel
Deutschlands (Naumann 1845-1854), he refers to it as a specimen from the Carpathians,
providing a description along with his painting on plate 358. Afterwards, based on this data
the species was regularly mentioned in Hungarian checklists. In the checklists of Kornhuber



80 ORNIS HUNGARICA 2016. 24(2)

(1856), Madarasz (1881) and Chernel (1888), it appeared without any further informations.
Frivaldszky (1891) gave Hungary as the location of origin. The bird was displayed in an ex-
hibition at the Second International Ornithological Congress, the catalogue of which also
mentions Hungary as location of origin (Madarasz 1891). In the two most important Hun-
garian ornithological books of the end of the nineteenth century (Chernel 1899, Madarasz
1899-1903), as well as in Istvan Chernel's Brehm-translation (Chernel 1902), it appeared as
having been collected in Hungary, without further specification. In the official checklists of
the Ornithological Institute (Magyar Ornitoldgiai Kozpont 1898, Chernel 1918), the species
appeared without date and location. In Schenk's (1917) work, the location was given as the
Carpathians (specimen unicum in montibus Carpathicis captum). Up to this date, the exact
location of origin was of little importance, as whether it had been caught around Pest, in the
Northern Uplands or the Upperlands, it was surely within the boundaries of the former Hun-
gary. The Trianon Treaty (1920) changed the boundaries of Hungary, which also meant that
the location of observations of several species has been moved outside the boundaries of the
broken up country. Although the exact location of the Naumann's Thrush was unknown, of
the possible locations, the Upperlands and the Carpathians became parts of Czechoslovakia
(presently Slovakia). This made it questionable if the specimen purchased in the 1820s at a
market in Pest had been caught within the new boundaries of Hungary. Chernel (1922) in a
passionate article regarded Naumann's Thrush as a species from outside the new bounda-
ries, as he listed it as a ,,loss” to the Hungarian species list. Lovassy (1927) mentioned it as
a specimen originating from Hungary, with a note in the introduction of his book that he re-
gards Hungary as the area of the Carpathian basin, i.e., not the slayed country after the Tria-
non Treaty. Schenk (1939), in his checklist, mentions the species as one from outside our
boundaries, using different typography, thus, he regarded it as one from the Carpathians.
By the 1950s, the species was not even mentioned in the bird volume of the ‘Magyarorszag
allatvilaga’ series (Farkas 1958), or in a later checklist (Farkas 1967). However, it re-ap-
peared in the official checklist in 1960 (Keve 1960). It is unknown why Keve put it in the
list, but it was surely a deliberate act, because his checklist had an appendix with those spe-
cies that were in the previous fauna list but whose locations were outside the current boun-
daries of Hungary. However, Naumann's Thrush is not in this list, but in the main one (Keve
1960). The proof specimen was destroyed during the 1956 Revolution (Keve 1960). The
data and the species were then mentioned in two separate bird lists afterwards: Keve (1984)
did not give location of origin (he only detailed the circumstances of the specimen getting
into the collection), and Magyar (1998) gave the origin of location as the vicinity of Buda-
pest. The species also appeared in the ‘Magyarorszag madarvendégei’ (Schmidt 1988) and
in the ‘Magyarorszag madarai’ (Schmidt 1998) monographs, the latter suggesting that the
bird had been collected in the mountains near Pest. As the location of the specimen collec-
tion is still uncharacterised, and as it cannot be concluded with certainty whether the collec-
tion was done within or outside of the current boundaries of Hungary, such as in present-day
Slovakia, the Hungarian Rarities and Checklist Committee deleted both the data and the spe-
cies from the official checklist of birds of Hungary (MME Nomenclator Bizottsag 2010). As
a consequence, the species only appears in the appendix of the latest checklist of the MME
Nomenclator Bizottsag (2008), which lists species with uncertain locations.
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The recent observation guarantees that the species can be now unquestionably listed in the
official bird checklist, because its appearance was apparently proven in our country in 2015.

Acknowledgements

I would like to express my gratitude to referees and Jend Nagy and Zoltan Németh who
made the English translation of the manuscript.

References

Chernel, I. 1888. A Magyarorszagban eldfordulé madarak névjegyzéke [Checklist of the birds occurring in Hun-
gary]. — Vadaszok Zsebnaptara 2: 57-79. (in Hungarian)

Chernel, 1. 1899. Magyarorszag madarai kiilonos tekintettel gazdasagi jelentdségokre. Masodik konyv. Tiizetes
rész. Magyarorszag madarainak leirasa, elterjedése és életrajza [Birds of Hungary with special respect of their
economic significance. Second book. Detailed part. Description, distribution and life history of the birds of
Hungary]. — Magyar Ornithologiai K6zpont, Budapest, pp. 745-746. (in Hungarian)

Chernel, 1. 1902. Az allatok vilaga. Brehm Alfréd ,,Tierleben” cimii nagy miivének magyarba atiiltetett kiadasa.
Madarak. Els¢ kotet. Varjuszeri madarak [Life of animals. Hungarian edition of the great work ,, Tierleben”
of Alfred Brehm. Birds. First volume. Corvid birds]. — Légrady Testvérek, Budapest, pp. 86—87. (in Hunga-
rian)

Chernel, 1. (ed.) 1918. Nomenclator avium Regni Hungariae. A Magyar Birodalom madarainak névjegyzéke
[Checklist of the birds of the Hungarian Empire]. — Magyar Kiralyi Ornithologiai K6zpont, Budapest, p. 58.
(in Hungarian and German)

Chernel, I. 1922. A trianoni béke és Magyarorszag madarvilaga [The Trianon Treatment and the avifauna of Hun-
gary|. — Aquila 28: 41-47. (in Hungarian and German)

Clement, P. 1999. Kennzeichen und Taxonomie von Bechsteindrossel Turdus ruficollis und Naumanndrossel 7.
naumanni [Identification and taxonomy of Dark-throated Turdus ruficollis and Dusky Thrush 7. naumanni].
— Limicola 13(5): 217-250. (in German with English Summary)

Clement, P. & Hathway, R. 2000. Thrushes. — Christopher Helm — A & C Black, London, pp. 381-386.

Farkas, T. 1958. Turdidae — Rigofélék [Turdidae — Thrushes]. — In: Székessy, V. (ed.) Aves — Madarak. — Akadé-
miai Kiado, Budapest, pp. 1041-1059. (in Hungarian)

Farkas, T. 1967. Nomenclator der Végel Ungarns [Checklist of the birds of Hungary]. — In: Farkas, T. (ed.) Orni-
thogeographie Ungarns. — Duncker & Humblot, Berlin, pp. 166—196. (in German)

Frivaldszky, J. 1891. Aves Hungariae. Enumeratio systematica avium Hungariae cum notis brevibus biologicis,
locis inventionis virorumque a quibus oriuntur [Birds of Hungary. Systematic specification of the birds of
Hungary with short notes of their biology and finding places]. — Franklin Tarsulat, Budapest, p. 52. (in Latin)

Gilroy, J. J. & Lees, A. C. 2003. Vagrancy theories: are autumn vagrants really reverse migrants? — British Birds
96(9): 427-438.

Glutz von Blotzheim, U. N. & Bauer, K. M. (Hrsg.) 1988. Handbuch der Vogel Mitteleuropas. Band 11/11. Passe-
riformes (2. Teil). Turdidae [Handbook of the birds of Central Europe. Vol. 11/11. Passeriformes (Part 2). Tur-
didae]. — Aula-Verlag, Wiesbaden, pp. 948-967. (in German)

del Hoyo, J., Elliott, A. & Christie, D. (eds.) 2005. Handbook of the birds of the World. Vol. 10. Cockoo-shrikes
to thrushes. — Lynx Edicions, Barcelona, pp. 640-641.

Keve, A. 1960. Magyarorszag madarainak névjegyzéke. Nomenclator avium Hungariae [Checklist of the birds of
Hungary]. — Madartani Intézet, Budapest, p. 64. (in Hungarian and German)

Keve, A. 1984. Magyarorszag madarainak névjegyzéke. Nomenclator avium Hungariae [Checklist of the birds of
Hungary]. — Akadémiai Kiad6, Budapest, p. 69. (in Hungarian and German)

Kornhuber, G. A. 1856. Systematische Uebersicht der Vogel Ungerns, nebst einer kurzen Angabe ihrer unter-
scheidenden Charaktere [Systematical review of the birds of Hungary with short statements of their distinc-
tive characteristics]. — Jahresprogramm der 6ffentl. Ober-Realschule der kon. Freistadt Presburg 6: 37-72.
(in German)



82 ORNIS HUNGARICA 2016. 24(2)

Lees, A. C. & Gilroy, J. J. 2009. Vagrancy mechanisms in Passerines and near-Passerines. — In: Slack, R. (ed.)
Rare birds, where and when. An analysis of status & distribution in Britain and Ireland. Vol. 1. Sandgrouse to
New World orioles. — Rare Bird Books, York, pp. 1-23.

Lewington, I., Alstrom, P. & Colston, P. 1991. A field guide to the rare birds of Britain and Europe. — Domino
Books, St. Helier, p. 348.

Lovassy, S. 1927. Magyarorszag gerinces allatai [ Vertebrate animals of Hungary]. — Kiralyi Magyar Természettu-
domanyi Tarsulat, Budapest, pp. 300-301. (in Hungarian)

Madarasz, Gy. 1881. Rendszeres névsora a magyarorszagi madaraknak és az ezekre vonatkozo irodalom. Sys-
tematische Auszéhlung der Vogel Ungarn’s nebst Angabe der Literatur [Systematical checklist of the Hun-
garian birds and the references relevant for them]. — Buschmann Ferencz, Budapest, p. 16. (in Hungarian and
German)

Madarész, Gy. 1891. Magyaraz6 a masodik Nemzetk6zi Ornithologiai Congressus alkalmaval Budapesten rende-
zett magyarorszagi madarak kiallitdsahoz [Guide to the exhibition of the birds of Hungary organized at time
of the second International Ornithological Congress in Budapest]. — Franklin Tarsulat, Budapest, p. 71. (in
Hungarian)

Madarasz, Gy. 1899-1903. Magyarorszag madarai. A hazai madarvilag megismerésének vezérfonala [Birds of
Hungary. Guideline to the knowing of the inland birds]. — Budapest, pp. 108-109. (in Hungarian)

Magyar, G. 2006. Megjegyzések néhany vitatott fajrol Magyarorszag madarainak névjegyzékén [Notes on some
disputed species with old records on the list of the birds of Hungary]. — Aquila 113: 53-72. (in Hungarian
with English Summary)

Magyar, G. 2016. Naumann ¢és a rigoja [Naumann and his thrush]. — Madartavlat 23(1): 15-16. (in Hungarian)

Magyar, G., Hadarics, T., Waliczky, Z., Schmidt, A., Nagy, T. & Bankovics, A. 1998. Magyarorszag madarainak
névjegyzéke. Nomenclator avium Hungariae [An annotated list of the birds of Hungary]. — KTM Természet-
védelmi Hivatal Madartani Intézete — Magyar Madartani és Természetvédelmi Egyesiilet — Winter Fair, Bu-
dapest — Szeged, p. 106. (in Hungarian and English)

Magyar Ornitologiai Kozpont 1898. Nomenclator avium Regni Hungariae. Magyarorszag madarfajainak
elnevezései [Denomination of the bird species of Hungary]. — Franklin Tarsulat, Budapest, p. 76. (in Hun-
garian)

Milchev, B. P. & Boev, Z. N. 2014. First record of the Naumann’s Thrush (7Turdus naumanni Temminck, 1820,
sensu lato) in Bulgaria. — Acta Zoologica Bulgarica 66(4): 559-561.

MME Nomenclator Bizottsag 2008. Magyarorszag madarainak névjegyzéke. Nomenclator avium Hungariae [An
annotated checklist of the birds of Hungary]. — Magyar Madartani és Természetvédelmi Egyesiilet, Budapest,
p. 236. (in Hungarian and English)

MME Nomenclator Bizottsag 2010. Az MME Nomenclator Bizottsag 2007. évi jelentése a Magyarorszagon rit-
ka madarfajok eléfordulasarol [The 2007 report of the Hungarian Checklist and Rarities Committee on rare
birds in Hungary]. — Aquila 116-117: 115-128. (in Hungarian with English Summary)

Naumann, J. F. 1837. Ornithologische Reise nach und durch Ungarn [Ornithological journey to and through Hun-
gary|. — Archiv fiir Naturgeschichte 3(1): 69-110. (in German)

Naumann, J. F. (Hrsg.) 1845-1854. J. A. Naumann’s Naturgeschichte der Vogel Deutschlands. Dreizehnter Theil.
Nachtrige, Zusitze und Verbesserungen [J. A. Naumann’s Natural history of the birds of Germany. 13™ part.
Additions, supplements and corrections]. — Hoffmann’sche Verlags-Buchhandlung, Stuttgart, pp. 296-306.
(in German)

Naumann, J. F. 1851. Vorlaufige Anzeige der seit c. 30 und einigen Jahren in Deutschland vorgekommenen, frii-
her hier nicht bemerkten oder iibersehenen fremden Drossel-Arten, welche in naturgetreuen Abbildungen und
Beschreibungen fiir die nachsten Supplement-Hefte zu meiner Naturgesch. d. Vogel Deutschlands ausfiihr-
licher dargestellt werden sollen [Preliminary notice of formerly not detected or overlooked strange thrush
species occured in Germany in last cca. 30 and few years, which will be published in detail with naturalistic
images and descriptions in the next supplementary issue to my Naturgesch. d. Vogel Deutschlands]. — Nau-
mannia 1(4): 1-9. (in German)

Pfeifer, R., Stadler, J. & Brandl, R. 2007. Birds from the Far East in Central Europe: a test of the reverse migra-
tion hypothesis. — Journal of Ornithology 148(3): 379-385.

Schenk, J. 1917. A magyar birodalom allatvilaga. A Magyar Birodalombdl eddig ismert allatok rendszeres lajstro-
ma. Madarak. Fauna Regni Hungariae. Animalium Hungariae hucusque cognitorum enumeratio systematica.
Aves [The fauna of the Hungarian empire. Systematic list of animals known up to now from the Hungarian
Empire. Birds]. — K. M. Természettudomanyi Tarsulat, Budapest, p. 76. (in Hungarian and Latin)



T. Hadarics 83

Schenk, J. 1939. A torténelmi Magyarorszag madarainak névjegyzéke. Namenverzeichnis der Vogel des histo-
rischen Ungarns [Checklist of the birds of the historic Hungary]. — Aquila 42—45: 9-79. (in Hungarian and
German)

Schmidt, E. 1988. Roétfarka rigd. Turdus naumanni [Naumann’s Thrush. Turdus naumanni]. — In: Haraszthy, L.
(ed.) Magyarorszag madarvendégei. — Natura, Budapest, pp. 132—133. (in Hungarian)

Schmidt, E. 1998. Naumann-rigd. Turdus naumanni [Naumann’s Thrush. Turdus naumanni]. — In: Haraszthy, L.
(ed.) Magyarorszag madarai. — Mez6gazda Kiado, Budapest, p. 290. (in Hungarian)

Schnell, K. 1835. Naumann hires természetbivar Pesten létele [Stay of famous naturalist Naumann in Pest]. —
Hasznos Mulatsagok 1835(29): 230-231. (in Hungarian)

Slack, R. 2009. Rare birds, where and when. An analysis of status and distribution in Britain and Ireland. Vol. 1.
Sandgrouse to New World orioles. — Rare Bird Books, York, p. 221.



Ornis Hungarica 2016. 24(2): 84-90. LIl DECRUYTER
DOI: 10.1515/0rhu-2016-0017

Attempts to increase a scarce peripheral
population of the Red-breasted Flycatcher
(Ficedula parva) using a new type of nestbox

Tamas DEME
Received: August 14, 2016 — Accepted: December 10, 2016

Tamas Deme 2016. Attempts to increase a scarce peripheral population of the Red-breasted
Flycatcher (Ficedula parva) using a new type of nestbox. — Ornis Hungarica 24(2): 84-90.

Abstract The Red-breasted Flycatcher has a large and stable global population widespread
through much of the Western Palearctic. Contrarily, however, it is a very scarce breeding bird
in the forested montane habitats of Hungary. The few pairs breeding here represent a peripheral population on
the very edge of the species’ geographic area. This peripheral population declined considerably (from 3-500 to
100 pairs) during the past decades likely due to the degradation of suitable habitat patches including the loss of
appropriate nesting sites. To reverse this trend, we applied a new type of artificial nestbox developed specifical-
ly for this species. Occupancy rate was very low and breeding success was also low unless applying a protective
wire mesh to reduce predation pressure.

Keywords: Red-breasted Flycatcher, nestbox, breeding success

Osszefoglalas A kis légykapo a Nyugat-Palearktiszban elterjedt, stabil allomanyu faj. Ezzel szemben hazankban
a hegyvidéki erdds él6helyek igen ritka fészkeld madara. A Magyarorszagon koltd néhany par a faj foldrajzi are-
ajanak peremén €16, periférikus allomanyt alkot. E szegélypopulacio mérete az elmult évtizedek soran jelent-
sen csokkent (kb. 3—500 parrél kb. 100 parra), vélhetéen az alkalmas él6helyfoltok degradécioja, és ezen beliil a
megfeleld fészkeldiiregek hianya miatt is. E folyamat megforditasa céljabol egy kifejezetten e faj igényeihez ter-
vezett, 0j fészekodu tipust alkalmaztunk. Az oduk elfoglalasi aranya igen alacsony volt, és a koltési siker is ala-
csony, hacsak nem alkalmazunk ragadozok elleni drothalot.

Kulcsszavak: kis 1égykapo, fészekodu, koltési siker

Duna-Drava National Park Directorate, 7625 Pécs, Tettye tér 9., Hungary, e-mail: ficedula@freemail hu

Introduction

The Red-breasted Flycatcher (Ficedula parva) is a small, insectivorous passerine in the
family Muscicapidae. It breeds in forested areas from Germany to the Ural Mountains (also
in the Caucasus) and overwinters in India. What was formerly regarded as its Eastern sub-
species, the Taiga Flycatcher, is now elevated to the rank of a full species, Ficedula albicilla.
While the global population size of the Red-breasted Flycatcher is relatively large (estima-
ted to cca. 3.5 million pairs), the species is represented by only a few thousand of breeding
pairs scattered scarcely across suitable habitat patches along the Western edge of its geo-
graphic area, in Sweden, Germany, Austria and Hungary (Cramp & Perrins 1993, Flade
1997, Taylor 2006, BirdLife International 2013).
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In the Carpathian Basin the Red-breasted Flycatcher typically breeds in forested moun-
tainous habitat patches at elevations between 400-800 m (Michael et al. 1993, Németh
2000). The population size was estimated at 300-500 pairs at the end of the past century
(Magyar et al. 1998), then it shrank to cca. 100-300 pairs in the following decade (Hadarics
& Zalai 2008), and currently estimated to about 100 pairs.

There were 5-6 breeding pairs in the Sopron Mountains that disappeared by 2013 (8.
Mogyorosi personal communication). About 8—10 pairs have been breeding in the Kdészeg
Mountains through the past decade (Németh 1999, 2009, 2013). Furthermore, 17 territories
were known in the Bakony Mountains through 2009—2013. The yearly number of breeding
pairs fluctuated here within the range of 2—10, however, no singing male was found in 2014
(T. Deme unpublished data). It has been only a casual breeder in the Pilis Mountains. Appro-
ximately 30 pairs breed in the Borzsony Mountains (A. Selmeczi Kovacs personal commu-
nication). The number of breeding pairs was estimated to 10 pairs in the Mecsek Mountains
through 1989-2009, however, none has been found here in recent years (T. Deme unpub-
lished data). At least 30 pairs bred in the Biikk Mountains at the end of the last century, while
only 10—12 pairs have been found here in recent years, disappearing from cca. three-quarters
of its formerly known breeding sites (Fitala 2010). The last known record from the Zemp-
1én Mountains is from 2012 (ANP biotic database). Overall, the number of pairs breeding in
Hungary is currently estimated to be about 100 pairs.

Since the global population appears to be relatively stable (BirdLife International 2016),
and also because the Red-breasted Flycatcher exhibits high fidelity to its breeding areas
through several years (as demonstrated by ringing data, Torok 2009), we presume that rea-
sons of this remarkable decline are probably local. Motivated by this idea, I have imple-
mented artificial nestboxes specifically designed for this species by Mészaros and Szalai
(1987). The purpose of the present paper is to review results of Red-breasted Flycatcher
nestbox projects published by former authors in Hungarian, and also to describe results of
my own efforts.

Nestbox design

The Red-breasted Flycatcher is not a typical hole-nesting species, thus it has been extreme-
ly rarely recorded to breed in classical nestboxes (see e.g. Mauks 1913, I. E. B6hm personal
communication). A study carried out in the Bialowiezai National Park, Poland, examined the
nest site of 117 natural nests (Mitrus & Socko 2004). Three types of nest sites were identified:

— about half of the nests were built in half holes on tree trunks, these are partially open, shal-
low cavities with big entrances,

— about a quarter of nests were built on ‘shelves’ located outside the main trunk, often cove-
red by bark,

— about a quarter of nests were built in chimneys-shaped holes, usually in broken and rotten
top of thin trees.
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The nestbox design proposed by Mészaros
and Szalai (1987) roughly mimics the first
two types of natural sites (Figure ). Nest
boxes are optimally made of hardwood,
and their colour should approximately
match the colour of the tree trunk it is po-
sitioned on.

1: 9%x5%10 cm

Optimal positioning of 2:9x5x10 cm
3:5x18 cm
nestboxes 4:10x18 cm
5:9%x5cm
6:5%30 cm

Through much of its geographic distribu-
tion, the Red-breasted Flycatcher most-
ly breeds in mixed and coniferous forests
(Cramp & Perrins 1993). In the Biatowie-
zai National Park, however, 79% of nests
were built on hornbeam (Carpinus betu-
lus) or small leaved lime (Tilia cordata). Figure 1. The structure of nestbox designed for
About 40% of nests were located between Eec’:‘br?agzt;fd Flycatcher by Mészaros and
2 and 4 méters height above ground, the 1. dbra Aziig IIe(Sgyka)pc') szdmara Mészdros és Sza-
average height was 4.9 m above ground, lai (1987) altal kifejlesztett odutipus

and >70% were located lower than 6.0 m.

Their entrances preferentially faced to South or East (Mitrus & Socko 2004).

In Hungary, the Red-breasted Flycatcher primarily breeds natural or semi-natural, hu-
mid, montane mixed forests dominated by beech (Fagus sylvatica). These forests are also
characterized by a lower canopy of secondary tree species (such as European hornbeam),
by a proximity of small streams, and the presence of old trees (Schmidt 1998, Németh
2000). The presence of small sunny glades (such as 150-200 m? open patches created by
fallen trees) is also preferred at least until the overall canopy cover remains relatively high.
Weber (1958) showed that Red-breasted Flycatchers tend to leave those parts of a forest
where the canopy closure falls below 70%. Thus small patches of trees scattered across
large, logged areas do not provide suitable habitat for this species. In 2013, previously oc-
cupied territories became abandoned in the Harmaspatak Valley as a result of logging ac-
tivity (Németh 2013).

Intensive forestry practices including the elimination of standing deadwood, and a de-
crease, or even the disappearance of water from former permanent streams likely contri-
butes to the decline of this bird population (Z6dllei & Selmeczi Kovacs 2016). Implementing
artificial nestboxes may perhaps reduce the negative effects of moderate forestry practices
in potential breeding habitats.

Apparently, birds prefer nestboxes facing to the stream valley by their entrances.
Since this species nests in relatively open cavities, predation pressure on broods can be
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considerably high. Therefore, artificial nestboxes are optimally positioned under appro-
priate coverage of small branches. Well-covered positions are more available on horn-
beam trees than on the smooth and poorly branched trunks of beech. Moreover, mounting
a protective wire mesh around the nestbox is also advisable to reduce predation pressure.
Mészaros and Szalai (1987) used this method in the Matra Mountains to reduce the high
(75%) brood mortality due to predation by Eurasian Jays (Garrulus glandarius). Their de-
sign (cca. 40x40 cm) consisted of side panels made of fine wire mesh (so-called “chicken
wire”) and a front panel made of wire mesh with a 6x4 cm mesh size enabling flycatchers
to easily move through.

Nestbox occupancy and breeding success

The first nestbox installation project was carried out by Mészaros and Szalai (1987) in
the Matra Mountains during 1986—1988. Out of their 62 nestboxes, 8 were occupied by
Red-breasted Flycatchers. Unfortunately, 6 of these broods were lost due to predation.

Twenty nestboxes were installed in the Kdszeg Mountains in 1996, where only one box
was occupied 13 years later. This single pair bred successfully. Subsequently, further 15
nestboxes were added here and 35 more implemented in the Orség region in 2009. One of
these newer boxes was occupied in the Kdszeg Mountains and this breeding attempt was al-
so successful (Németh 2010).

Urban (2006) installed 15 boxes in the Biikk Mountains, but the fate of them was not con-
trolled subsequently. Fitala (2010) implemented further 25 nestboxes in 2007, and record-
ed a single successful breeding attempt in 2010. Subsequently, he added 20 more boxes in
2011, but no more breeding birds were recorded.

Eleven nestboxes were put into operation in the Borzsony Mountains, 2008. Unfortunate-
ly, subsequent control of these boxes was only partial, and no breeding birds were recorded
(R. Kazi personal communication).

Finally, I have implemented a total of 103 nestboxes at three different locations (Obanya
valley, Réka valley, Pafranyos) of the Mecsek Mountains between 1989 and 2007. First,
30+20+20 nestboxes were implemented in 1989, 1990, and 1991, respectively. Further
14+17 boxes were added in 2002 and 2007. A total 6 boxes were occupied during the pe-
riod of 1991-96. All boxes were protected by antipredator wire mesh cover, thus nestlings
fledged from all of these nests successfully. Clutch size was known for five broods (6, 6, 6,
5 and 5), breeding success was 96%, and fledging rate was 89%. In comparison, fledging
success from natural cavities was 51% in Poland (Mitrus & Socko 2008), 34% in Germany
(Miiller 1970, cited in Cramp & Perrins 1993) and 54% in Belarus (Dorofeev 1969, cited in
Cramp & Perrins 1993).

In 1994, 1 also put 34 nestboxes into operation in Zselic, where this species is a rare occa-
sional breeder. Unfortunately, no box was occupied here.

I have also explored territories of 13 singing males in the Bakony Mountains, then in-
stalled 51 nestboxes at most promising sites in 2010. No breeding attempts were record-
ed in these boxes up to the present; all breeding pairs preferred to breed in natural cavities.
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These occupancy rates fall far below the usual occupancy rates of typical cavity-nesting
bird species. The likely reason for this low rate is the typically low density of birds at suit-
able breeding sites. On a 213 hectare area in Germany, 21 singing males were found, but on-
ly part of them had a breeding pair (Weber 1958). The breeding density was 0.6—1.7 pairs/10
ha (average: 0.28 pair/10 ha) in Germany (Flade 1994 in Flade1997). In the Bialowieza Na-
tional Park, Poland, the density of breeding density varied between 0.6-2.0 pairs/ha (ave-
rage: 1.2 pair/10 ha) (Tomiatoj¢ et al. 1984), and were 2 pairs/10 ha even in the best habitats
(Wesotowski 2002). The density of breeding density varied between 0.61—1.2 pairs/10 ha in
Belarus and 0.08—0.25 pair/10 ha in Russia (Taylor 2006). Densities are even lower in Hun-
gary; 0.012 pair/10 ha in the Biikk Mountains (Bankovics ef al. 1996) and 0.09 pair/10 ha in
the Kdszeg Mountains — considering only the suitable habitats (Németh 2000). These values
are much lower than densities of typical hole-nesting small passerines breeding in Hunga-
rian beech forests, like Great Tit (Parus major), 6.87 pairs/10 ha, Nuthatch (Sitta europaea)
1.14 pairs/10 ha, and Collared Flycatcher (Ficedula albicollis) 9.16 pairs/10 ha (Moskat
1985), Blue Tit (Parus caeruleus) 1.11 pais/10ha, Great Tit 4.01pairs/10 ha, Nuthatch 2.49
pairs/10 ha, Collared Flycatcer 4.43 pairs/10 ha (Moskat & Székely 1986), Collared Fly-
catcher 21 to 93 pairs/10ha (Torok & Toth 1988).

To summarize, the nestbox type specifically designed for the Red-breasted Flycatcher and
illustrated in Figure 1 were very scarcely occupied by this species in Hungary. Not only the
occupancy rate was low, but predation pressure exerted upon broods were also high unless
applying a protective wire mesh.
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