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Abstract The diet composition of breeding Eastern Imperial Eagles (Aquila heliaca) was ana-
lysed in Hungary between 2005 and 2017, and compared with two previously published datasets from the periods
of 1982-1991 and 1992-2004. Altogether the distribution of 8543 prey items of 126 different species and 29 other
taxa were analysed within a 36-years period. We found that the previously abundant Common Hamster (Crice-
tus cricetus) became marginal (7.42%), while European Sousliks (Spermophilus citellus) practically disappeared
(0.03%) from the diet of Imperial Eagles. Small game species, like the Common Pheasant (Phasianus colchicus)
and the Brown Hare (Lepus europaeus) composed a remarkable part of the diet (11.22% and 28.11% respective-
ly), which raised some conflicts with hunters regionally and probably also contributed to the high prevalence of
persecution incidents against the eagles. In parallel with the loss of traditional prey species, corvids (13.10%),
pigeons (8.90%), waterbirds (6.83%), other rodents (6.71%), Roe Deers (Capreolus capreolus) (5.59%), raptors
and owls (4.88%) became regularly detected prey species. The temporal changes of the main prey categories were
analysed between 1998 and 2017, when the ratio of Hamster and Pheasant showed significant decrease (-27.29%
and -6.38%, respectively). The ratio of Brown Hare also showed slight decrease (-3.98%), but the change was
not significant. On the other hand, the ratio of corvids, waterbirds and Roe Deers within the diet showed signifi-
cant increase (+18.20%, +6.25% and +5.39%, respectively). The observed flexibility in the foraging behaviour of
Imperial Eagles greatly facilitate conservation efforts, as they seems to be able to utilize the most abundant prey
sources, i.e. they were not depending solely from the status of any single specific prey source. However, eagles
could only shift and survive in those regions, where their traditional preys decreased, if alternative species were
available for them.

Keywords: raptor, prey, Cricetus, Spermophilus, Lepus, Phasianus

Osszefoglalas A parlagi sasok (Aquila heliaca) taplalék-Gsszetételét vizsgaltuk Magyarorszagon 2005-2017 ko-
z0ott és Osszehasonlitottuk két korabban publikalt idészak (1982-1991, 1992-2004) adatsoraival. A 36 éves id6-
szak alatt 6sszesen 126 kiilonboz6 fajhoz és tovabbi 29 taxonhoz tartozo 8543 zsakmanyallatot sikeriilt beazono-
sitanunk. Korabban a mezei horcsdg (Cricetus cricetus) a leggyakoribb, mig a kozonséges lirge (Spermophilus
citellus) rendszeres zsakmanynak szamitott, azonban ritka zsakmannya valtak a 2005-2017 kozotti id6északra
(7,42% ¢s 0,03%). Az aprovad-fajok kozil a facan (Phasianus colchicus) és a mezei nytl (Lepus europaeus)
jelentds részét tették ki a taplaléknak (11,22% és 28,11%), amely egyes teriileteken ellenérzést keltett a vada-
szokban, ¢és valoszintileg szerepet jatszott a sasok ellen elkovetett biincselekmények magas gyakorisagaban is.
A hagyomanyos zsakmany-fajok visszaszorulasaval parhuzamosan a varji- (13,10%) és galambfélék (8,90%), a
vizimadarak (6,83%), az egy¢b ragesalok (6,71%), az 6z (Capreolus capreolus) (5,59%), valamint a ragadozoéma-
darak és baglyok (4,88%) is rendszeres taplalékka valtak. A fo taplalék-kategoriak idobeli valtozasai 1998-2017
kozott kertiltek elemzésre, ami alapjan a horcsog és a facan aranya szignifikans csokkenést mutatott az utolsé 20
év soran (-27,29% és -6,38%). A mezei nyul aranya is enyhe csokkenést mutatott (-3,98%), de a valtozas nem
volt statisztikailag szignifikans. Ezzel szemben a varjufélék, vizimadarak és az 6z aranya szignifikdns névekedést
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mutatott a taplalékban (+18,20%, +6,25% és +5,39%). A megfigyelt flexibilitas a parlagi sasok zsakmanyszerzd
viselkedésében nagyban elésegiti a fajvédelmi torekvéseket, mivel Ggy tiinik képesek mindig a legkénnyebben
elérhetd zsakmany-fajt fogyasztani, igy nem fliggnek kizarolagosan egyik specifikus zsakmany-faj allomanyval-
tozasaitol sem. Ugyanakkor a hagyomanyos zsakmany-fajok visszaszorulasakor a parlagi sasok csak azokon a te-
riileteken tudtak valtani és talélni, ahol alternativ zsakmany-fajok elérhetéek voltak.

Kulcsszavak: ragadozomadar, zsakmany, Cricetus, Spermophilus, Lepus, Phasianus
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Introduction

The availability and relative frequency of main prey species are among the most important
factors affecting the distribution and breeding success of large raptors (e.g. Newton 1979,
Steenhof et al. 1997, Katzner et al. 2006, Penteriani et al. 2006, Schweiger et al. 2015).
Therefore, the analyses of diet composition and specific actions for the key prey species are
usually inevitable components in the conservation strategy of threatened raptor species (On-
tiveros & Pleguezuelos 2000, Palma et al. 2006, Bedrosian et al. 2017).

Although direct observations or remote camera systems can provide the most accurate
datasets for studying the diet of raptors during the breeding season (Takeuchi et al. 2006,
Sanchez et al. 2008), such investigations are expensive and they can only gather data from
a very limited number of territories. Therefore, usually indirect methods are used for diet
analyses, such as the collection and analysis of pellets is the most widespread method for the
diet analyses of owls (Halliez et al. 2015, Hamori et al. 2017, Szép et al. 2017). In case of di-
urnal raptors, the data derived from pellets can be significantly completed with the analyses
of other prey remains, such as bones, hairs and feathers found around nest sites and roosting
trees (Watson et al. 1993, Balogh 1998, Preston et al. 2017).

The diet of the globally threatened Eastern Imperial Eagle (Aquila heliaca) predominant-
ly consists of medium sized mammals, birds and reptiles in most parts of its range, although
their relative frequencies vary considerably among regions (del Hoyo ef al. 1995). In most
of the range Sciuridae (especially Sousliks and Marmots) and Cricetinae (mostly Hamsters)
were considered the main prey species of the Imperial Eagle (del Hoyo et al. 1995). Sous-
liks (Spermophilus sp.) are still the most important food items for the largest eastern pop-
ulations of Russia and Kazakhstan (Belik et al. 2002, Karyakin et al. 2008). However, the
severe decline of Souslik populations and available alternative food sources resulted re-
markable changes of the diet composition of the species in the western part of the distri-
bution area. Rook (Corvus frugilegus) was reported to be the main prey in Serbia (Vasic &
Misirlic 2002), and in some regions of western Russia (Belik et al. 2002). The Brown Hare
(Lepus europaeus) and Chicken (Gallus gallus f. domestica) were the main prey species in
South Bulgaria (Marin et al. 2004), while Northern White-breasted Hedgehogs (Erinaceus
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roumanicus) and Yellow-legged Gulls (Larus michahellis) composed the largest part of the
eagles’ diet in the European part of Turkey (Demerdzhiev et al. 2014).

The westernmost isolated population of the species can be found in the Pannonian Basin
of Central Europe, where most of the pairs breed in Hungary (Demerdzhiev et al. 2011).
Early literature mentioned the European Souslik (Spermophilus citellus) as the main prey of
Imperial Eagles in Hungary (Chernel 1899), but Common Hamster (Cricetus cricetus) and
occasionally Brown Hare and poultry species were also noted (Szemere 1912, Vasvari 1938,
Nagy 1943, Patkay 1947). The first comprehensive survey on the diet of Imperial Eagles in
Hungary was conducted between 1982 and 1991 (Haraszthy et al. 1996) and revealed that
four species comprised more than 80% of the diet including the Common Hamster (51%),
Brown Hare (12%), Common Pheasant (Phasianus colchicus) (12%) and European Souslik
(7%). Chavko et al. (2007) studied the diet composition of the species in the Slovakian part
of the Carpathian Basin between 1970 and 2005, where Brown Hare (35%) was the most
frequent prey, followed by Common Hamsters (19%) and Common Pheasants (13%), and
European Souslik reached only 4% of the identified prey items. The latest and largest dataset
from Hungary from the period 1995-2004 revealed similar patterns for the most common
species (Brown Hare 30%, Common Hamster, 21% Common Pheasant 15%), although the
frequency of European Sousliks became less than 1% among the identified prey items (Hor-
vath et al. 2010). Population surveys of the main prey species from the same period showed
that Sousliks and Hamsters were present in the sampled eagle territories, but their relative
frequencies were remarkably lower than of Hares and Pheasants (Kovacs et al. 2008). All
the four, previously mentioned main prey species of Imperial Eagles showed a severe de-
cline in Hungary in the last 50 years (Bihari 2004, Baldi & Farago 2007, Bihari ez al. 2007).
On the contrary, the Hungarian population of Imperial Eagles showed a significant increase
and southern expansion towards the lowland plain areas in the same period (Horvath et al.
2011, Horvath ez al. 2014).

In the present study we investigated if the diet composition of the expanding Imperial Ea-
gle population had changed in long-term and large-scale. We hypothesized that the decrease
of the traditional prey species (Common Hamster and European Souslik) continued in par-
allel to the retraction of their populations. Our aim was to investigate, which species and to
what extent could substitute the traditional prey species and if those changes had any effect
for future conservation strategies.

Materials and methods

Study area

The diet composition of breeding Imperial Eagles was analysed in the total distribution area
of the species in Hungary. The regions covered by the study were categorized into ten geo-
graphical units (Figure 2a) in order to facilitate investigations of the regional differences
in the diet composition (7able 1). The units were defined in order to represent (1) coherent
and similar-sized (2700-5700 km?) parts of the distribution area, (2) similar foraging habitat
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structure, and (3) similar number of breeding territories (15-30 pairs, except the Kisalfold,
Kiskunsag and Duna-Ipoly areas, where less than 10 territories could be found over large
areas). The units were named after the most representative part or National Park of the giv-
en area. Besides the Hungarian samples further 37 prey items were identified in neighbor-
ing countries within territories next to the Hungarian border, and they were joined to the
nearest units of Zemplén (Southeast-Slovakia), Duna-Ipoly (Southwest-Slovakia), Kisalfold
(East-Austria) and Kords-Maros (West-Romania).

Study period

A 36-years dataset (1982-2017) was used in the study, of which two subsets were partial-
ly published before. The first 10-years dataset from 1982 to 1991 was derived from Harasz-
thy et al. (1996), which included 627 prey specimens. The authors generously provided their
raw data for this study, which enabled us to use them for regional comparisons as well. The
next 13-years dataset from 1992 to 2004 was derived from Horvath et al. (2010), which in-
cluded 1297 prey specimens, but it was completed with further 178 unpublished specimens
from the same period (1475 specimens in total). The last 13-years part of the dataset from
2005 to 2017 comprised the majority of the data (6441 specimens), which have not yet been
published before.

Sample collection

The breeding territories of Eastern Imperial Eagles were monitored and the active nests
were searched by the members of the Hungarian Imperial Eagle Working Group in each
year during the whole study period (Haraszthy et al. 1996, Horvath et al. 2010, Horvath et
al. 2014). Data on prey remains were gathered unregularly between 1982 and 1997. From
1998 onwards the sampling became regular and the same protocol was applied for collect-
ing data on food composition. The nesting sites were approached usually once or twice per
year, when the ground below the nests and nearby roosting sites were checked thorough-
ly for food remains. The most comprehensive surveys were carried out in June, when most
of the known nesting sites in Hungary were visited each year. This time the accessible nests
were also climbed in the frame of the annual ringing of the chicks within the national Im-
perial Eagle monitoring protocol (Horvath et al. 2018a), when remains were collected di-
rectly from the nests as well. Those fresh preys, which included eatable parts for the chicks,
were photographed and were not removed from the nests. The second visit to the nesting
sites usually took place after fledging between July and October, when only the ground was
checked for food remains. Besides these nest controls sporadic data on prey items (202 spe-
cimens) were also gathered in other months of the year.

The prey remains found around a nest site were collected together in the field and photo-
graphed with a scale and an ID label, including data on location, date and collector. Items,
which could be identified unambiguously in the field were noted down on field datasheets.
Food remains, which included significant amount of soft tissues and/or could be identi-
fied unambiguously in the field, were not collected in order to avoid contamination and
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putrefaction till the analyses. For the same reason, wet or fresh remains were dried out and
treated with insecticides before long-term storage.

The following type of remains were not included in the data in order to reduce the bias of
indirect sampling, even if they were found under the nest sites or roosting trees: (1) single
feathers, which could be shed by alive birds; (2) full carcasses of large animals, which could
not be brought there by the eagles; (3) old or deteriorated samples, which could derive from
previous years.

Pellets, bones, feathers, hairs and dry skins of prey animals were collected and stored in
plastic bags until further analyses. ID labels were placed in another plastic bag outside the
original bag in order to keep them clean and readable.

Prey identification

The collected samples were identified by comparing them with museum reference materi-
als from 0.5 to 3 years after the collection. The remains originated from the same nest site
from the same year were ordered by species, sex (in case of species with clear sexual di-
morphism), body size and body part. A remain was handled as a different prey specimen, if
it (1) belonged to different species or sex, or (2) had a clearly different body size than the
already listed specimens, or (3) included the same part of the body as another remain. The
same minimal estimation methodology was applied when the field data (including both da-
tasheets and photographs) and the laboratory data were merged together. Therefore, in some
cases remains of different prey specimens could be handled as one, but the multiple count-
ing of the same specimen was ruled out.

Data analyses

In order to investigate and visualize the main changes in the diet composition, the prey items
were grouped into the following four main categories: (1) Traditional prey species (Com-
mon Hamster, European Souslik); (2) Small game species (Brown Hare, Common Pheas-
ant); (3) Other bird species; (4) Other non-avian species. These groups were divided into 16
sub-categories according to Table 1.

As a first step we have compared the frequency of the four main prey categories among
the geographical units in the three periods in order to investigate if there were any evident
alteration in the diet composition in long-term. In the second part of the analyses we used
the dataset of the last 20 years (1998-2017), when the annual number and coverage of sam-
ples enabled more detailed analyses.

Here we used linear regression model to detect linear trends of changes in the proportion
of the prey sub-categories. The linear regression models were not carried out for the data on
Souslik and ‘Other animals’ categories, as their frequency was under 1% and ‘0’ annual val-
ues appeared in at least 50% of the study years. The statistical analyses were done in R 3.4.4
(R Development Core Team 2018). We are aware that the used design cannot take into con-
sideration that samples collected under the same or nearby nesting trees could be predated
by the same individuals. On the other hand, it was not possible to distinguish the origin of
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samples and include this factor in the model due to three inevitable reasons. Firstly, the re-
mains under a nest in a year include items predated by the male or the female of the given
pair in an unknown proportion, therefore the data of two individuals are mixed in each sam-
ple. Secondly, the individuals breeding at a given nesting site could change from one year to
another, therefore remains collected at the same nesting sites could derive from independent
individuals. And finally, the grouping of nearby nesting locations in different years into “ter-
ritories” is not evident and requires a more detailed analyses, which was out of the scope of
this study. Anyway our aim was to detect robust and long-term changes in the diet compo-
sition, for which we believe that using the pooled data of the population is applicable if the
sampling was representative.

Results

Coverage and distribution of the collected data

In the frame of the study altogether 6619 prey items were newly identified, which data was
unified in the same database with the already published datasets of Haraszthy et al. (1996)
and Horvath et al. (2010). This comprehensive 36-years dataset comprises 8543 prey items,
which belongs to 126 different species and 29 other taxa, therefore it is the largest diet da-
tabase of Eastern Imperial Eagles according to our knowledge. The distribution of different
prey species in the three main study periods are summarized according to the defined cate-
gories and sub-categories in Table 1, while the total list of identified species and taxa is in-
cluded in Appendix 1.

The sampling became regular and continuous between 1998 and 2017, when 7734 prey
items (90.5% of all data) were gathered from 276 different breeding territories in the frame
of 1517 field controls. The data covered an annually variable, but significant proportion
(55% in average) of the national population (Figure la). All together during this 20-years
period 2872 (36.3%) items were identified only in the field, 4038 items (51.0%) were col-
lected and identified later, and further 1006 (12.7%) items were detected by both methods
(Figure 1b). Unfortunately, the remains collected in 2009, 2010 and 2012 had been partially
lost, therefore the items identified in the field composed largely the dataset for these years.

Data from the nest controls in June represented 70.4% of the last 20 years’ dataset, and
further 27.0% of the items were collected during the second nest controls between July and
October. The sporadically collected items from November to May represented only 2.6% of
the samples. Therefore, the presented dataset represents well the diet composition of territo-
rial Imperial Eagles in the breeding season, but cannot be interpreted for the non-breeding
period, neither for non-territorial, immature birds, whose diet can be considerably different
(Sanchez et al. 2009, Bedrosian et al. 2017).
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Table 1.

1. tdbldzat

& Sz. Pasztory-Kovdcs

Distribution of the main prey categories of Eastern Imperial Eagles in Hungary in the
three study periods. The ‘Waterbirds’ sub-category included the families Anatidae, Po-
dicipedidae, Rallidae, Gruidae, Ciconiidae, Threskiornithidae, Ardeidae, Recurvirostri-
dae, Charadriidae, Scolopacidae and Laridae. The‘Poultry’ sub-category included the Do-
mestic Duck (Anas platyrhynchos f. domestica), Domestic Goose (Anser anser f. domestica),
Chicken, Domestic Turkey (Meleagris gallopavo f. domestica) and Domestic Guineafowl
(Gallus gallus f. domestica). The ‘Raptors and owls’ sub-category included the families Ty-
tonidae, Strigidae, Accipitridae and Falconidae

Parlagi sasok foébb taplalék-kategdridinak eloszlasa a harom vizsgalati idészakban.
A 'Waterbirds' alkategdria az Anatidae, Podicipedidae, Rallidae, Gruidae, Ciconiidae,
Threskiornithidae, Ardeidae, Recurvirostridae, Charadriidae, Scolopacidae és Laridae
csalddokat fogalja magaba. A ‘Poultry’ alkategoria a hazi kacsat (Anas platyrhynchos
f. domestica), hazi ludat (Anser anser f. domestica), hazi tyukot, hazi pulykat (Meleagris
gallopavo f. domestica) és a gyongytyukot (Gallus gallus f. domestica) foglalja magaba.
A ‘Raptors and owls’ alkategéria a Tytonidae, Strigidae, Accipitridae és Falconidae
csaladokat fogalja magéaba

Main prey categories

1982-1991 1992-2004 2005-2017 Total (1982-2017)
Number %N | Number %N |Number| %N |Number| %N

Cricetus cricetus 312 49.76% 296 20.07% 478 7.42% 1086 12.71%

Spermophilus citellus 44 7.02% 13 0.88% 2 0.03% 59 0.69%

Traditional prey spe-
cies subtotal

356 56.78% 309 20.95% 480 7.45% 1145 | 13.40%

cies subtotal

Lepus europaeus 77 12.28% | 455 | 30.85% | 1810 | 28.10% | 2342 | 27.41%
Phasianus colchicus 75 11.96% 226 15.32% 723 11.22% 1024 11.99%
:’:Eggl'me species 152 | 24.24% | 681 | 46.17% | 2533 | 39.33% | 3366 | 39.40%
Corvidae 8 1.28% 73 495% | 844 | 13.10% | 925 | 10.83%
Columbidae 2 351% | 127 | 861% | 573 | 890% | 722 | 845%
Waterbirds 1 0.16% 56 3.80% | 440 | 683% | 497 | 582%
Raptors and owls 8 1.28% 53 3.59% 314 4.88% 375 4.39%
Poultry 22 3.51% 27 1.83% | 120 1.86% | 169 1.98%
Eis‘rf/?;';zgmes (excl. 6 0.96% 19 1.29% 87 1.35% 112 1.31%
Other birds 2 0.32% 12 0.81% 50 0.78% 64 0.75%
?:L‘te;t:'lrd specles 69 | 11.00% | 367 | 24.88% | 2428 | 37.70% | 2864 | 33.52%
Sﬁj‘es;te'fn(,eo’;:'iﬂs’)cetus 17 2.71% 38 258% | 432 | 671% | 487 | 5.70%
Capreolus capreolus 12 1.91% 38 2.58% 360 5.59% 410 4.80%
Carnivora 6 0.96% 18 1.22% 76 1.18% | 100 1.17%
Other mammals 14 2.23% 23 1.56% 101 1.57% 138 1.62%
Other animals 1 0.16% 1 0.07% 31 0.48% 33 0.39%
Other non-avian spe- 50 7.97% | 118 | 8.00% | 1000 | 15.53% | 1168 | 13.67%

Total

627 100.00%| 1475 |100.00%| 6441 |100.00%| 8543 |100.00%
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Comparison of the three study periods

The four main prey-categories are summarized regionally according to the three main study
periods in Figure 2. The ratio and the expansion of the sampling area of small game species
(Brown Hare, Pheasant) showed a clear increase for the second period (24.24% vs. 46.17%),
but slightly decreased for the last period (39.33%). Anyway Brown Hares still compose the
largest part of the diet of Imperial Eagles in Hungary.

The ratio of the traditional prey species (Souslik, Hamster) decreased since the beginning
of data collection (56.78% vs. 7.45%). The decrease was also evident in the Zemplén and
Biikk regions, where sufficient data were available from all periods. The Souslik practically
disappeared from the diet during the study period, while the Hamster was still important re-
gionally, but its role became marginal in a national scale.

On the other hand, the ratio of other bird and mammal species showed a clear increase,
therefore most probably they compensated the loss of traditional prey species.

Trend analyses of the main prey categories

The 20-years trend of the main Table2.  Resultsofthelinear regression models carried out
prey categories and sub-catego- to analyse the trgnd of the main prey categories
ries are summarized in Figure 3. of Eastern Imperial Eagles in Hu.ngary betyveen
Th Its of the Ii . 1998 and 2017. (Change: change in proportion of
e results of the lr'lear r.egressmn the main prey categories during 20 years)
models are summarized in Table 2 3 tdbldzat A parlagi sasok fébb magyarorszagi taplalék-ka-
and Figure 4. tegoridinak trendjét vizsgald linearis regresszio
a fébb taplalék-kategoridk aranyaiban tortént

rea g th 11
decrease during the study period, véltozas a 20 év alatt), p-value: p-érték

but the decrease of the Pheasant

was also significant. The Brown Prey categories Change | p-value
Hare also showed an almost 4% |Corvidae +18.20% | <0.0001
decrease, but its trend was not |Waterbirds +6.25% | 0.007
significant according to the line- | Capreolus capreolus +5.39% | <0.001
ar regression model. A significant Rodentia (excluding Cricetus and +2.97% 0.479
: Spermophilus)
increase was found among the Cor- Columbid 5 | 0160
. +2. .
vidae, mostly Hooded Crow (Cor-  [—am>ida® >

rnix) and Magpic (Pi . Raptors and owls +2.26% 0.270
s Codnlxt bird gp. lfia ‘lm Passeriformes (excluding Corvidae) | +0.47% 0.440
ca) and waterbird species, and also Poultry e o

in case of the Roe Deer (Capreolus  [50—5o S +013% | 0778

capreolus). The ratio of Common [ 272 2013% 0.864
Voles (Microtus arvalis) was fluc- [ ivora 0.14% | 0809
tuating and showing clear peaks [} epyseuropaeus -3.98% | 0.293
in 2008, 2011 and 2014 according | phasianus colchicus -6.38% | 0.004
to their regional population cycles | Cricetus cricetus -27.79% | <0.001
(Figure 3d). Other prey categories | Spermophilus citellus n.a. n.a.

did not show any significant trend. | Other animals n.a. n.a.
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Figure 1. a) Annual coverage of collected prey samples of Eastern Imperial Eagles in relation to the
total Hungarian nesting population between 1998 and 2017. Dark grey: number of sampled
territories; Light grey: number of known Hungarian nesting territories. b) Annual number of
identified prey items of Eastern Imperial Eagles in Hungary between 1998 and 2017. Dark
grey: collected and later identified items; Light grey: items identified in the field; Medium
grey: items detected by both methods

1.dbra a) A parlagi sas taplalékmaradvanyok lefedettsége a teljes magyarorszagi dllomannyal 6sz-
szehasonlitva évenként 1998 és 2017 kozott. Sotétszirke: mintazott territériumok szama;
Vilagosszirke: ismert magyarorszagi fészkel6 parok szama. b) A meghatarozott parlagi sas
taplalékmaradvanyok szama évenként 1998 és 2017 kozott. Sotétsziirke: begyjtott és ké-
s6bb meghatéarozott mintak; Vildgossziirke: terepen meghatarozott mintak; Kézépszurke:
mindkét médszerrel kimutatott mintak
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Figure 2. Proportion of the main prey categories of Eastern Imperial Eagles in the Hungarian study
areas in the three study periods. a) Legend showing the location of the regions used in the
study and the color codes of the main prey categories (see definitions at Table 1). b) Data
for the period 1982-1991 are taken from Haraszthy et al. (1996) (n = 627). c) Data for the
period 1992-2004 are taken from Horvath et al. (2010) and completed with unpublished
data (n=1475). d) Data for the period 2005-2017 (n = 6441). Black: traditional prey species;
Dark Grey: other animals; Light grey: other birds; White: small game species. Large circle:
national proportion of the main prey categories for the given period; Medium circle:
regional proportion based on more than 100 items; Small circle: regional proportion based
on less than 100 items
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O 1992-2004

2.dbra A parlagi sasok fébb taplalék-kategoridinak eloszlasa a magyarorszagi régidkban a harom vizs-
galati idészakban. a) Az egyes régiok elhelyezkedését és a fébb taplalék-kategoriak szin jelolé-
sét mutaté jelmagyarazat (definicidkat Id. az 1. tdbldzatban). b) Az 1982-1991 kozotti idészakra
vonatkozé adatok Haraszthy et al. (1996) publikacidjabdl szarmaznak (n=627). c) Az 1992-2004
kozotti idészakra vonatkozé adatok Horvath et al. (2010) publikécidjabdl szarmaznak, kiegészit-
ve publikalatlan adatokkal (n = 1475). d) A 2005-2017 kozétti idészakra vonatkozo adatok (n =
6441). Fekete: hagyomanyos zsakmanyfajok; Sotétsziirke: egyéb allatok; Vilagos sziirke: egyéb
madarak; Fehér: aprovad-fajok. Nagy kor: a fébb taplalék-kategoridk orszagos aranya az adott
idészakban; Kozepes kor: regiondlis arany, amely tébb mint 100 meghatarozott egyeden alapul;
Kis kor: regiondlis arany, amely kevesebb, mint 100 meghatarozott egyeden alapul
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Figure 3. Annual proportion of the prey categories of Eastern Imperial Eagles in Hungary between
1998 and 2017 (see definitions at Table 7). a) Traditional prey species, b) Small game species.
¢) Other birds, d) Other animals
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3.dbra A parlagi sasok téplalék-kategoridinak évenkénti eloszlasa 1998 és 2017 kdzott Magyaror-
szagon (definiciokat Id. az 1. tdbldzatban). a) Hagyomanyos zsakmanyfajok, b) Aprévad-fa-
jok, c) Egyéb madarak, d) Egyéb allatok
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Figure 4. Results of the linear regression models carried out to analyse the trend of the main prey
categories of Eastern Imperial Eagles in Hungary between 1998 and 2017. Black lines
represent significant trends, while grey line represents non-significant trend. See detailed
stati
A parlagi sasok fébb magyarorszagi taplalék-kategdridinak trendjét vizsgald linearis reg-
resszié modell eredménye 1998 és 2017 kozott. A fekete vonalak szignifikdns trendet, mig a

4. dbra

stics at Table 2.

sziirke vonal nem szignifikdns trendet jelez. A részletes statisztikat Id. a 2. tdbldzatban
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Discussion

Foraging behavior and origin of prey items

Imperial Eagles are agile hunters, therefore a large proportion of the detected prey items
were most probably actively hunted by the breeding pairs. However, based on the remains it
was usually not possible to identify the source of the prey and it should be noted that some
items were most probably not actively hunted by Imperial Eagles, but could be derived from
three other sources as well.

First, eagles, like many other predators (e.g. Milchev & Spassov 2017), regularly bring
carcasses to the nest, which died due to diseases, other predators or human activities. Agri-
cultural activities — especially ploughing, harvesting or mowing machines — kill or wound
a large amount of animals, especially Hares, Roe Deers and Pheasants. This extensive food
source is largely utilized by eagles, as they are regularly seen to follow and forage after trac-
tors in agricultural fields. Similarly, large mammal species were most probably exclusive-
ly taken from carcasses to the nest (i.e. Wild Boar Sus scrofa, Red Deer Cervus elaphus and
Bovidae species).

Second, kleptoparasitism from other raptors and carnivores is also a common behaviour
of Imperial Eagles (Danko & Mihok 2007). A part or all species of Pisces and small Passeri-
formes were probably taken this way, but a remarkable proportion of more common species
could be also stolen from other predators.

Finally, some small species could also derive from the intestinal system of larger ani-
mals, which primarily predated those and later themselves became the prey of eagles. Prob-
ably a proportion of Insecta and Gastropoda species could be detected this way, although
some observations were also reported on eagles, which were actively hunting on insects
(T6th 20006).

Interpretation of prey data

An inevitable limitation of our study is that the analysis of prey remains and/or pellets
might estimate inaccurately the relative proportion of larger (e.g. Hare) and smaller (e.g.
Vole) sized prey species in comparison to each other, caused by their different detectabili-
ty (Redpath ef al. 2001, Sanchez et al. 2008). Therefore, the exact frequency data of differ-
ent taxa in the diet cannot be compared precisely to each other and the presented frequency
data should be handled with caution. Anyway such large datasets well indicate the overall
importance of key prey species within a region, as common preys must be detected regu-
larly, while rare ones will be found only occasionally (Katzner et al. 2005, Bedrosian et al.
2017). Moreover, the frequency of a species or taxa can be analysed in a temporal scale, as
their detectability do not change in time, therefore their detected frequency trends reflect re-
al trends within the diet.
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Flexibility in foraging behaviour

The presented results strengthened the notion that Imperial Eagles are able to change their
diet and utilize the most available mammalian or avian prey sources within the preferred
size range (250-2500 g). Katzner et al. (2005) found that dietary diversity of Eastern Im-
perial Eagles varied between regions in Kazakhstan, as eagles nesting near a high-densi-
ty prey resource used that resource almost exclusively, while their diet was more diverse
in locations with no single high-density prey species (Katzner et al. 2006). The closely re-
lated Spanish Imperial Eagle (Aquila adalberti) is highly dependent on its main prey spe-
cies, the Rabbit (Oryctolagus cuniculus) (Ferrer & Negro 2004). However, Sanchez et al.
(2009) also found variability in the diet of Spanish Imperial Eagles between different re-
gions, and suggested that eagles were able to adapt to the habitat by utilizing alternative
prey species, such as Pigeons (Columba spp.) or Hooded Crows, where their main prey
was scarce.

Decrease of traditional rodent species

The observed flexibility in the foraging behaviour of Imperial Eagles greatly facilitate con-
servation efforts, as they proved to be able to utilize the most abundant prey sources, there-
fore they were not depending solely from the status of any single specific prey source. How-
ever, presumably eagles could only shift and survive in those regions, where their primary
prey decreased, if alternative species were available for them. The enormous decrease of
the Souslik in the eagles’ diet was obviously caused by the remarkable retraction and isola-
tion of their national populations, which raised serious conservational consequences even
for Imperial Eagles regionally. In parallel with the decrease of Souslik populations, eagles
also disappeared or decreased considerably at some parts of their former Hungarian breed-
ing range (Bakony, Vértes, Gerecse, Borzsony and Aggtelek mountains), where most prob-
ably other alternative prey species were not as abundant as in other parts of the distribution
area (Horvath et al. 2011).

Similarly, the remarkable decrease of the Hamster populations was obviously visible
from the prey analyses of eagles, but also caused decrease in the breeding density in some
particular regions. E.g. the formerly abundant Hamster populations at the Northern section
of the Hernad-valley provided foraging areas for six Imperial Eagle breeding pairs in the
early 2000°s (Bihari et al. 2008), but in parallel with the decrease of the Hamster popula-
tion, three of these territories became vacant by the end the study period (Horvath et al.,
unpubl. data).

The worrying decline of the Hamster and Souslik populations of Hungary urge specif-
ic and more efficient conservation actions in order to secure their presence in the Pannoni-
an Basin, which holds the westernmost significant populations of both species. Moreover,
these species are regionally still inevitable food sources for the Imperial Eagles and other
specialised threatened predators, such as the Saker Falcon (Falco cherrug) or the Steppe
Polecat (Mustella eversmanni) (Bihari et al. 2007, Horvath et al. 2010).
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Possible effects on other species and conflicts with stakeholders

The high ratio of small game species (Hares, Pheasants), and the increasing frequency of
Roe Deers among the prey remains found under eagle nests, raised a significant negative at-
titude among hunters towards the eagles (Kovéacs et al. 2016). This negative attitude in par-
allel with widespread illegal predator poisoning activities resulted in an enormously high
mortality of Imperial Eagles in Hungary due to persecution (Horvéth ez al. 2018). In one
hand it is crucial to communicate actively with and raise the conservational awareness of
hunters. E.g. positive changes in the attitudes can be reached by emphasizing the importance
of top predators in controlling mesopredators (e.g. Newsome et al. 2017), like the eagles
predate on Corvids, raptors and carnivores, therefore indirectly they can also decrease the
pressure on small games. The enhanced communication between conservationists and hunt-
ers was proved to be efficient in both decreasing persecution incidents, but also to recognize
mutual interest in lobbying for nature-friendly agricultural land use practices (Fabok et al.
2015, Horvath et al. 2018).

The eagles’ predation on Feral Pigeon (Columba livia f- domestica) and poultry species
can also raise conflicts with pigeon fanciers and poultry keepers, which could also result on
persecution incidents. Besides, the expanding eagle population and the occasional preda-
tion and disturbance on Great Bustards (Otis tarda) and Common Cranes (Grus grus) could
also raise internal conflicts even within the conservation community. These kind of possi-
ble conflicts between predator and prey species are usually not proved by any scientific evi-
dence on population-level effects, but based on single observations or beliefs. The clarifica-
tion of these possible predator-prey interactions and the conflict management with the main
stakeholder groups will be one of the most important future challenges for effective eagle
conservation.

The recent study proved that the diet composition of Eastern Imperial Eagles had changed
significantly during the last decades. We observed severe decrease of traditional prey spe-
cies, like the Common Hamster and the European Souslik, which almost disappeared from
the diet, while Corvids, waterbirds and Roe Deers increased. Brown Hare and Common
Pheasant composed constantly the remarkable part of the diet, which emphasize that the
conservation of this globally threatened raptor species is highly linked with small game
management and agricultural land-use practices in Hungary.

Acknowledgements

National population survey and sample collection was undertaken by the members of the
Hungarian Imperial Eagle Working Group, which is operated by MME BirdLife Hunga-
ry and the relevant national park directorates. We are especially grateful to Attila Bereczky,
Istvan Béres, Gabor Deak, Gabor Firmanszky, Andras Kleszo, Jozsef Serf6z6 and Nora Vi-
li for their great help in the sample collection. Data from the period 1982-1991 was provid-
ed by Laszlo Haraszthy, Janos Bagyura, Zoltan Petrovics, Tamas Szitta and Levente Visz-
16. We thank Anna Szab¢ for assisting in the identification of collected samples. We thank



18 ORNIS HUNGARICA 2018. 26(1)

Tibor Csorgd and two anonymous referees for their constructive comments and sugges-
tions, which greatly helped to improve the manuscript. The Hungarian Imperial Eagle con-
servation program and prey sample collection was funded by several projects of the Euro-
pean Commission’s LIFE-Nature program between 2002 and 2017 (LIFEO02NAT/H/8627,
LIFE10NAT/HU/019, LIFE15NAT/HU/902). We are grateful to Jozsef Fidloczky, the man-
ager of the RaptorsPreyLife project (LIFE13NAT/HU/183), which project partially fund-
ed the hereby presented prey analyses. The silhouettes used in the figures were download-
ed from silhouettegarden.com.

References

Baldi, A. & Farago, S. 2007. Long-term changes of farmland game populations in a post-socialist country
(Hungary). — Agriculture, Ecosystems & Environment 118: 307-311. DOI: 10.1016/j.agee.2006.05.021

Balogh, J. 1998. Adatok a szirti sas (Aquila chrysaetos) eldfordulasahoz és taplalkozasahoz a Zempléni-hegy-
ségben [On the occurence and foraging of the Golden Eagle (Aquila chrysaetos) in the Zemplén-Moun-
tains]. — Ornis Hungarica 8(Suppl. 1): 211-214. (in Hungarian with English Summary)

Bedrosian, G., Watson, J. W., Steenhof, K., Kochert, M. N., Preston, C. R., Woodbridge, B., Williams, G. E.,
Keller, K. R. & Crandall, R. H. 2017. Spatial and temporal patterns in Golden Eagle diets in the Western
United States, with implications for conservation Planning. — Journal of Raptor Research 51(3): 347-367.
DOI: 10.3356/JRR-16-38.1

Belik, V., Galushin, V. & Bogomolov, D. 2002. Results of the Imperial Eagle (4quila heliaca) project in Rus-
sia during 1996 and 1997. — Aquila 107-108: 177-181.

Bihari, Z. 2004. A horcsdg (Cricetus cricetus) magyarorszagi elterjedésének valtozasa az elmult 50 év alatt
[Changes in the distribution of Hamster (Cricetus cricetus) in Hungary during the past fifty years]. — Ter-
mészetvédelmi Kozlemények 11: 559-566. (in Hungarian with English Summary)

Bihari, Z., Csorba, G. & Heltai, M. (eds.) 2007. Magyarorszag emléseinek atlasza [Atlas of mammals of Hun-
gary]. — Kossuth Kiad6 Zrt., Budapest (in Hungarian)

Bihari, Z., Horvath, M., Lanszky, J. & Heltai, M. 2008. Role of the Common Hamster (Cricetus cricetus) in
the diet of natural predators in Hungary. — In: Millesi, E., Winkler, H. & Hengsberger, R. (eds.) The Com-
mon Hamster (Cricetus cricetus): Perspectives on an endangered species. — Biosystematics and Ecology
Series No. 25., Austrian Academy of Sciences, Wien, pp. 61-68.

Chavko, J., Danko, S., Obuch, J. & Mihok, J. 2007. The Food of the Imperial Eagle (Aquila heliaca) in Slo-
vakia. — Slovak Raptor Journal 1: 1-18. DOI: 10.2478/v10262-012-0001-y

Chernel, 1. 1899. Magyarorszag madarai — Kiilonos tekintettel gazdasagi jelentéségokre [Birds of Hunga-
ry — Considering their economical significance]. — Franklin-Tarsulat nyomdéja, Budapest (in Hungarian)

Danko, S. & Mihok, J. 2007. Kleptoparasitism by raptors, focusing on the Imperial Eagle (Aquila heliaca). —
Slovak Raptor Journal 1: 29-33. DOI: 10.2478/v10262-012-0004-8

del Hoyo, J., Elliot, A. & Sargatal, J. (eds.) 1995. Handbook of the Birds of the World, Vol. 2. Falconiformes
to Galliformes. — Lynx Edicions, Barcelona

Demerdzhiev, D., Horvath, M., Kovacs, A., Stoychev, S. & Karyakin, I. 2011. Status and population trend of
the Eastern Imperial Eagle (Aquila heliaca) in Europe in the period 2000-2010. — Acta Zoologica Bul-
garica Suppl. 3: 5-14.

Demerdzhiev, D., Dobrev, D., Isfendiyaroglu, S., Boev, Z., Stoychev, S., Terziev, N. & Spasov, S. 2014. Dis-
tribution, abundance, breeding parameters, threats and prey preferences of the eastern Imperial Eagle
(Aquila heliaca) in European Turkey. — Slovak Raptor Journal 8(1): 17-25. DOIL: 10.2478/s1j-2014-0004

Dévényi, Z. (ed.) 2010. Magyarorszag kistajainak katasztere [Inventory of microregions in Hungary] (2™ edi-
tion). — MTA Féldrajztudomanyi Kutatdintézet, Budapest (in Hungarian)

Fabok, V., Kovacs, E. & Kaloczkai, A. 2015. Erintettek percepcidinak feltarasa egy védett ragadozomadarak-
kal kapcsolatos konfliktusban a Jaszsag SPA részvételi tervezési folyamata soran [Revealing stakeholder
perceptions in a human — wildlife conflict during a public participation process in the Jaszsag SPA]. — Ter-
meészetvédelmi Kozlemények 21: 64—75. (in Hungarian with English Summary)



M. Horvath, B. Solti, I. Fatér, T. Juhdsz, L. Haraszthy, T. Szitta, Zs. Ballok 19
& Sz. Pasztory-Kovdcs

Ferrer, M. & Negro, J. J. 2004. The near extinction of two large European predators: super specialists pay a
price. — Conservation Biology 18: 344-349. DOI: 10.1111/j.1523-1739.2004.00096.x

Gonzalez, L. M., Margalida, A., Sanchez, R. & Oria, J. 2006. Supplementary feeding as an effective tool for
improving breeding success in the Spanish Imperial Eagle (Aquila adalberti). — Biological Conservation
129: 477-486. DOL: 10.1016/j.biocon.2005.11.014

Halliez, G., Lucie Becel, C. M. & Canella, V. 2015. Eco-geographical variation in the diet of the Barn Owl (7y-
to alba) in mountainous areas of France. — Ornis Hungarica 23(2): 39-48. DOI: 10.1515/0rhu-2015-0013

Hamori, D., Sz¢l, Gy. & Winkler, D. 2017. Food composition of the Little Owl (Athene noctua) in a farmland
area of Central Hungary, with particular attention to arthropod diversity. — Ornis Hungarica 25(2): 34-50.
DOI: 10.1515/orhu-2017-0014

Haraszthy, L., Bagyura, J., Szitta, T., Petrovics, Z. & Viszlo, L. 1996. Biology, status and conservation of the
Imperial Eagle Aquila heliaca in Hungary. — In: Meyburg, B-U. & Chancellor, R. D. (eds.) Eagle Studies.
— World Working Group on Birds of Prey (WWGBP), Berlin, London & Paris, pp. 425-427.

Horvath, M., Szitta, T., Firmanszky, G., Solti, B., Kovacs, A. & Moskat, C. 2010. Spatial variation in prey
composition and its possible effect on reproductive success in an expanding eastern Imperial Eagle (4qui-
la heliaca) population. — Acta Zoologica Academiae Scientiarum Hungaricae 56: 187-200.

Horvath, M., Szitta, T., Fatér, L., Kovacs, A., Demeter, 1., Firmanszky, G. & Bagyura, J. 2011. Population dy-
namics of the Eastern Imperial Eagle (Aquila heliaca) in Hungary between 2001 and 2009. — Acta Zoo-
logica Bulgarica Suppl. 3: 61-70.

Horvath, M., Szitta, T., Bagyura, J., Fatér, L., Firmanszky, G. & Moskat, C. 2014. Simultaneous effect of hab-
itat and age on reproductive success of Imperial Eagles (4quila heliaca) in Hungary. — Ornis Hungarica
22(1): 57-68. DOTI: 10.2478/0orhu-2014-0011

Horvath, M., Fatér, 1., Juhasz, T., Dedk, G., Bereczky, A. & Pasztory-Kovacs, S. 2018a A Parlagisas-védel-
mi Munkacsoport 2016. évi beszamoldja [Annual Report of Hungarian Imperial Eagle Working Groups
2016]. — Heliaca 14: 35-38. (in Hungarian with English Summary)

Horvath, M., Deak, G., Fatér, L, Juhasz, T., Banfi, P., Horvath, A., Kiss, A., Kovacs, G., Pongracz, A. & Sos,
E. 2018b A HELICON LIFE projekt eredményei a mérgezésmegel6zés és a parlagisas-védelem teriiletén
2012 ¢és 2016 kozott [The results of the HELICON LIFE project in the prevention of poisoning and in the
conservation of eastern imperial eagles between 2012 and 2016]. — Heliaca 14: 100-105. (in Hungarian
with English Summary)

Karyakin, I. V., Nikolenko, E. N., Levin, A. S. & Kovalenko, A. V. 2008. Imperial Eagle in Russia and Ka-
zakhstan: population status and trends. — Raptors Conservation 14: 18-27.

Katzner, T. E., Bragin, E. A., Knick, S. T. & Smith, A. T. 2005. Relationship between demographics and
dietary specificity of Imperial Eagles in Kazakhstan. — Ibis 147: 576-586. DOI: 10.1111/j.1474-
919X.2005.00443.x

Katzner, T. E., Bragin, E. A., Knick, S. T. & Smith, A. T. 2006. Spatial structure in the diet of Imperial Eagles
Aquila heliaca in Kazakhstan. — Journal of Avian Biology 37: 594-600. DOI: 10.1111/.2006.0908-
8857.03617.x

Kovacs, A., Demeter, 1., Fatér, 1., Bagyura, J., Nagy, K., Szitta, T., Firmanszky, G. & Horvath, M. 2008. Cur-
rent efforts to monitor and conserve the Eastern Imperial Eagle Aquila heliaca in Hungary. — Ambio 37(6):
457-459. DOI: 10.1579/0044-7447(2008)37[460: CETMAC]2.0.CO;2

Kovacs, E., Fabok, V., Kaloczkai, A. & Hansend, H. P. 2016. Towards understanding and resolving the con-
flict related to the Eastern Imperial Eagle (Aquila heliaca) conservation with participatory management
planning. — Land Use Policy 54: 158-168. DOI: 10.1016/j.landusepol.2016.02.011

Marin, S. A., Ivanov, L. L., Georgiev, D. G. & Boev, Z. N. 2004. On the food of the Imperial Eagle Aquila he-
liaca on Sakar Mountain and Dervent Heights, Bulgaria. — In: Chancellor, R. D. & Meyburg, B-U. (eds.)
Raptors worldwide: Proceedings of the VI. Word Conference on Birds of Prey and Owls. — WWGBP/
MME BirdLife Hungary, Budapest, pp. 589-592.

Milchev, B. & Spassov, N. 2017. First evidence for carrion—feeding of Eurasian Eagle-owl (Bubo bubo) in
Bulgaria. — Ornis Hungarica 25(1): 58-69. DOI: 10.1515/0rhu-2017-0005

Nagy, J. 1943. Europa ragadozomadarai [Raptors of Europe]. — Tiszai Madartani Egyesiilet (in Hungarian)

Newsome, T. M., Greenville, A. C., Cirovic, D., Dickman, C. R., Johnson, C. N., Krofel, M., Letnic, M.,
Ripple, W. J., Ritchie, E. G., Stoyanov, S. & Wirsing, A. J. 2017. Top predators constrain mesopredator
distributions. — Nature Communications 8: 15469. DOI: 10.1038/ncomms15469

Newton, 1. 1979 Population ecology of raptors. — T & AD Poyser, Berkhamsted



20 ORNIS HUNGARICA 2018. 26(1)

Ontiveros, D. & Pleguezuelos, J. M. 2000. Influence of prey densities in the distribution and breeding success
of Bonelli’s Eagle (Hieraaetus fasciatus): management implications. — Biological Conservation 93(1):
19-25. DOI: 10.1016/S0006-3207(99)00117-2

Palma, L., Beja, P., Pais, M. & Da Fonseca, L. C. 2006. Why do raptors take domestic prey? The case of
Bonelli’s Eagles and Pigeons. — Journal of Applied Ecology 43: 1075-1086. DOI: 10.1111/j.1365-
2664.2006.01213.x

Patkai, 1. 1947. Ragadoz6 madaraink [Our birds of prey]. — Nimrod Kis Konyvtar, Budapest (in Hungarian)

Penteriani, V., Fortuna, M. A., Melian, C. J., Otalora, F. & Ferrer, M. 2006. Can prey behaviour induce spatially
synchronic aggregation of solitary predators? — Oikos 113: 497-505. DOI: 10.1111/j.0030-1299.2006.14547.x

Preston, C. R., Jones, R. E. & Horton, N. S. 2017. Golden Eagle diet breadth and reproduction in relation to
fluctuations in primary prey abundance in Wyoming’s Bighorn Basin. — Journal of Raptor Research 51(3):
334-346. DOI: 10.3356/JRR-16-39.1

R Development Core Team 2018. R: a language and environment for statistical computing. — R Foundation for
Statistical Computing, Vienna, http://www.r-project.org/

Redpath, S. M., Clarke, R., Madders, M. & Thirgood, S. J. 2001. Assessing raptor diet: comparing pel-
lets, prey remains, and observational data at Hen Harrier nests. — The Condor 103: 184-188. DOI:
10.1650/0010-5422(2001)103[0184:ARDCPP]2.0.CO;2

Sanchez, R., Margalida, A., Gonzalez, L. M. & Oria, J. 2008. Biases in diet sampling methods in the Spanish
Imperial Eagle Aquila adalberti. — Ornis Fennica 85: 82-89.

Sanchez, R., Margalida, A., Gonzélez, L. M. & Oria, J. 2009. Temporal and spatial differences in the feed-
ing ecology of the Spanish Imperial Eagle Aquila adalberti during the non-breeding season: effects of the
Rabbit population crash. — Acta Ornithologica 44: 53-58. DOI: 10.3161/000164509X464885

Schweiger, A., Fiinfstiick, H. J. & Beierkuhnlein, C. 2015. Availability of optimal-sized prey affects global
distribution patterns of the Golden Eagle Aquila chrysaetos. — Journal of Avian Biology 46: 81-88. DOI:
10.1111/jav.00396

Steenhof, K., Kochert, M. N. & McDonald, T. L. 1997. Interactive effects of prey and weather on Golden
Eagle reproduction. — Journal of Animal Ecology 66: 350-362. DOI: 10.2307/5981

Szemere, L. 1912. A parlagi sas és kigyaszolyv fészkénél. — Am horste von Aquila melanaetus Gm. und Cir-
caetus gallicus Gm. [Beside the nest of Imperial Eagle and Short Toed Eagle]. — Aquila 19: 441-451. (in
Hungarian and German)

Szép, A., Klein, A. & Purger, J. 2017. The prey composition of the Barn Owl (Tyto alba) with respect to
landscape structure of its hunting area (Zala County, Hungary). — Ornis Hungarica 25(2): 51-64. DOI:
10.1515/0rhu-2017-0015

Takeuchi, T., Shiraki, S., Nashimoto, M., Matsuki, R., Abe, S. & Yatake, H. 2006. Regional and temporal vari-
ations in prey selected by Golden Eagles Aquila chrysaetos during the nestling period in Japan. — Ibis 148:
79-87. DOI: 10.1111/5.1474-919X.2006.00495..x

Toth 1. 2006. A parlagi sas (Aquila heliaca) allomany helyzete és védelme Békés megyében 1989-2005 [The
population status and conservation of Eastern Imperial Eagles (4Aquila heliaca) in Békés County 1989—
2005]. — Manuscript (in Hungarian)

Vasic, V. & Misirlic, R. 2002. The Eastern Imperial Eagle (Aquila heliaca) in Yugoslavia, with preference to
F.Y.R. Macedonia. — Aquila 107-108: 145-168.

Vasvari, M. 1938. Der Verbreitung und Oekologie des Kaiseradlers (Aquila heliaca Sav.) [The distribution and
ecology of Eastern Imperial Eagles (Aquila heliacal Sav.)]. — In: Festschrift zum 60. Geburtstage von Pro-
fessor Dr. Embrik Strand. Riga, Vol. 5., pp. 290-317. (in German)

Watson, J., Leitch, A. F. & Rae, S. R. 1993. The diet of Golden Eagles Aquila chrysaetos in Scotland. — Ibis
135(4): 387-393. DOIL: 10.1111/j.1474-919X.1993.tb02110.x



M. Horvath, B. Solti, I. Fatér, T. Juhdsz, L. Haraszthy, T. Szitta, Zs. Ballok 21
& Sz. Pasztory-Kovdcs

Appendix

Appendix Proportion of all identified prey taxa of Eastern Imperial Eagles in Hungary in the three
study periods

Melléklet Valamennyi meghatarozott taxon eloszlasa a parlagi sasok magyarorszagi taplalékaban a
harom vizsgalati id6szakban

1982-1991 1992-2004 2005-2017 Total (1982-2017)
Taxa
Number % N Number % N Number % N Number % N

Acridoidea indet. - - - - 1 0.02% 1 0.01%
Cooereun |~ | - | - | - | v Joom | 1 [omm
Carabus cancellatus - - - - 1 0.02% 1 0.01%
Coleoptera indet. - - - - 5 0.08% 5 0.06%
gf’ 5/7352/55 - - - - 2 0.03% 2 0.02%
ot | - | - | - | - | v [eew | 1 [eom
Lucanus cervus - - - - 1 0.02% 1 0.01%
Silpha carinata - - - - 1 0.02% 1 0.01%
Silpha obscura - - - - 1 0.02% 1 0.01%
Zabrus tenebrionides - - - - 1 0.02% 1 0.01%
Insecta indet. - - - - 5 0.08% 5 0.06%
INSECTA total - - - - 20 0.63% 20 0.23%
Cepaea sp. - - - - 1 0.02% 1 0.01%
Helix pomatia - - - - 1 0.02% 1 0.01%
GASTROPODA total - - - - 2 0.06% 2 0.02%
Carassius auratus - - - - 1 0.02% 1 0.01%
Cyprinus carpio - - - - 2 0.03% 2 0.02%
Pisces indet. - - - - 3 0.05% 3 0.04%
PISCES total - - - - 6 0.19% 6 0.07%
Elaphe longissima - - - - 1 0.02% 1 0.01%
Natrix natrix - - - - 1 0.02% 1 0.01%
Colubridae indet. 1 0.16% 1 0.07% 1 0.02% 3 0.04%
REPTILIA total 1 0.16% 1 0.07% 3 0.10% 5 0.06%
Coturnix coturnix 1 0.16% - - 23 0.36% 24 0.28%
gg,’”q“essgggus f 20 3.19% 19 1.29% 87 135% | 126 | 1.47%
yjr'::f;; gallopavof.| 0.16% - - 5 0.08% 6 0.07%
Perdix perdix 1 0.16% 11 0.75% 13 0.20% 25 0.29%
Phasianus colchicus 75 11.96% 226 15.32% 723 11.22% 1024 11.99%
::;:::I'dae 98 | 15.63% | 256 |17.36% | 851 |13.21% | 1205 | 14.11%
Numida meleagris - - 1 0.07% 11 0.17% 12 0.14%
Numididae subtotal - - 1 0.07% 11 0.17% 12 0.14%
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1982-1991 1992-2004 2005-2017 Total (1982-2017)
Taxa
Number % N Number % N Number % N Number % N
Anas acuta - - - - 1 0.02% 1 0.01%
Anas crecca - - 2 0.14% 1 0.02% 3 0.04%
Anas platyrhynchos 1 0.16% 22 1.49% 139 2.16% 162 1.90%
3;’,‘;56‘5’;?3 rhynchos f - - 3 0.20% 4 0.06% 7 0.08%
Anas querquedula - - 2 0.14% 4 0.06% 0.07%
Anas sp. - - 1 0.07% 7 0.11% 8 0.09%
Anser albifrons - - - - 0.11% 7 0.08%
Anser anser - - - - 16 0.25% 16 0.19%
3;’::;‘;25:’ f 1 0.16% 4 0.27% 13 0.20% 18 0.21%
Anser fabalis - - - - 2 0.03% 2 0.02%
Anser sp. - - 1 0.07% 6 0.09% 7 0.08%
Aythya nyroca - - - - 1 0.02% 1 0.01%
Cygnus olor - - - - 1 0.02% 1 0.01%
Anatidae indet. - - - - 8 0.12% 8 0.09%
Anatidae subtotal 2 0.32% 35 2.37% 210 3.26% 247 2.89%
Tachybaptus ruficollis - - - - 1 0.02% 1 0.01%
:::t';'t';fd'dae - - - - 1 0.02% 1 0.01%
ZE#ZZ‘Z ;""“f 10 1.59% 90 6.10% | 311 483% | 4n 4.81%
Columba oenas - - 2 0.14% 6 0.09% 8 0.09%
Columba palumbus 9 1.44% 22 1.49% 108 1.68% 139 1.63%
Columba sp. 2 0.32% 12 0.81% 135 2.10% 149 1.74%
Streptopelia decaocto 1 0.16% - - 9 0.14% 10 0.12%
Streptopelia turtur - - 1 0.07% 4 0.06% 5 0.06%
::L‘::;::dae 22 | 351% | 127 | 861% | 573 | 890% | 722 | 8.45%
Cuculus canorus - - 1 0.07% 2 0.03% 0.04%
Cuculidae subtotal - - 1 0.07% 2 0.03% 0.04%
Crex crex - - - - 1 0.02% 0.01%
Fulica atra - - 5 0.34% 24 0.37% 29 0.34%
Gallinula chloropus - - - - 4 0.06% 4 0.05%
Rallidae subtotal - - 5 0.34% 29 0.45% 34 0.40%
Grus grus - - - - 6 0.09% 6 0.07%
Gruidae subtotal - - - - 6 0.09% 6 0.07%
Otis tarda - - - - 3 0.05% 3 0.04%
Otidae subtotal - - - - 3 0.05% 3 0.04%
Ciconia ciconia - - 1 0.07% 1 0.02% 2 0.02%
Ciconia nigra - - - - 2 0.03% 2 0.02%
g:;‘r’g)’a s (ciconia/ - - - - 1 0.02% 1 0.01%
Ciconiidae subtotal - - 1 0.07% 4 0.06% 5 0.06%
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1982-1991 1992-2004 2005-2017 Total (1982-2017)
Taxa
Number % N Number % N Number % N Number % N

Platalea leucorodia - - 1 0.07% 1 0.02% 2 0.02%
::L::'t‘:l""'th'dae - - 1 0.07% 1 0.02% 2 0.02%
Ardea alba - - 0.14% 27 0.42% 29 0.34%
Ardea cinerea - - 5 0.34% 33 0.51% 38 0.44%
Egretta garzetta - - - - 2 0.03% 2 0.02%
Ixobrychus minutus - - - - 1 0.02% 1 0.01%
Nycticorax nycticorax - - - - 11 0.17% 11 0.13%
Ardeidae subtotal - - 7 0.47% 74 1.15% 81 0.95%
Zl’r’:;’,’:ttg;’:’j - - - - 1 0.02% 1 0.01%
?:;‘t‘;;’:;“t"dae - - - - 1 0.02% 1 0.01%
Vanellus vanellus - - 8 0.54% 94 1.46% 102 1.19%
:::::fa’l"dae - - 8 054% | 94 | 1.46% | 102 | 1.19%
Limosa limosa - - 1 0.07% 2 0.03% 3 0.04%
Philomachus pugnax - - 1 0.07% 1 0.02% 2 0.02%
Scolopacidae indet. - - - - 1 0.02% 1 0.01%
Scolopax rusticola - - 2 0.14% 1 0.02% 3 0.04%
Tringa totanus - - - - 2 0.03% 2 0.02%
f:g't‘;’t’:f'dae - - 4 0.27% 7 0.11% 1 0.13%
Chlidonias sp. - - - - 1 0.02% 1 0.01%
SZI'EL Cr:’;sf halus - - 2 0.14% 16 0.25% 18 0.21%
Laridae indet. - - - - 3 0.05% 3 0.04%
f:’l.'c‘;fashpe' Iifs‘;Ch’””a”S/ - - - - 10 0.16% 10 0.12%
Laridae subtotal - - 2 0.14% 30 0.47% 32 0.37%
Tyto alba - - - - 2 0.03% 2 0.02%
Tytonidae subtotal - - - - 2 0.03% 2 0.02%
Asio flammeus - - 2 0.14% 13 0.20% 15 0.18%
Asio otus 1 0.16% 24 1.63% 142 2.20% 167 1.95%
o o (flammeus/ - - - - 4 0.06% 4 0.05%
Strigidae indet. - - 1 0.07% 2 0.03% 0.04%
Strix aluco 1 0.16% 2 0.14% 0.11% 10 0.12%
Strix uralensis - - - - 1 0.02% 1 0.01%
Strigidae subtotal 2 0.32% 29 1.97% 169 2.62% 200 2.34%
Accipiter nisus - - - - 2 0.03% 2 0.02%
Buteo buteo 4 0.64% 12 0.81% 67 1.04% 83 0.97%
Circus aeruginosus - - 1 0.07% 8 0.12% 0.11%
Pernis apivorus 1 0.16% 2 0.14% - - 0.04%
:\:;'t"’)':;:dae 5 080% | 15 | 1.02% | 77 | 1.20% | 97 | 1.14%
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1982-1991 1992-2004 2005-2017 Total (1982-2017)
Taxa
Number % N Number % N Number % N Number % N
Upupa epops - - - - 1 0.02% 1 0.01%
Upupidae subtotal - - - - 1 0.02% 1 0.01%
Coracias garrulus - - - - 6 0.09% 6 0.07%
Coraciidae subtotal - - - - 6 0.09% 6 0.07%
Dendrocopos major - - - - 1 0.02% 1 0.01%
Dendrocopos sp. - - - - 1 0.02% 1 0.01%
Picus viridis - - 1 0.07% 2 0.03% 3 0.04%
Picidae subtotal - - 1 0.07% 4 0.06% 5 0.06%
Falco cherrug - - - - 2 0.03% 2 0.02%
Falco peregrinus - - - - 1 0.02% 1 0.01%
Falco subbuteo - - - - 1 0.02% 1 0.01%
Falco tinnunculus 1 0.16% 9 0.61% 60 0.93% 70 0.82%
Falco vespertinus - - - - 2 0.03% 2 0.02%
Falconidae subtotal 1 0.16% 9 0.61% 66 1.02% 76 0.89%
Corvus corax - - 10 0.68% 59 0.92% 69 0.81%
Corvus cornix - - 12 0.81% 216 3.35% 228 2.67%
Corvus frugilegus 5 0.80% 10 0.68% 67 1.04% 82 0.96%
Corvus monedula - - 2 0.14% 1 0.02% 3 0.04%
g‘;; ‘;;’esg Su‘;')(“”””‘/ 2 0.32% 13 088% | 257 | 399% | 272 | 3.18%
Garrulus glandarius - - 2 0.14% 7 0.11% 9 0.11%
Pica pica 1 0.16% 24 1.63% 237 3.68% 262 3.07%
Corvidae subtotal 8 1.28% 73 4.95% 844 13.10% 925 10.83%
Alauda arvensis - - 4 0.27% 18 0.28% 22 0.26%
Alaudidae indet.
(Alauda arvensis/ - - - - 2 0.03% 2 0.02%
Galerida cristata)
Galerida cristata - - 4 0.27% - - 4 0.05%
Alaudidae subtotal - - 8 0.54% 20 0.31% 28 0.33%
s | - 1 - 1 - - [ e | v [
:\::t’::;ha"dae - - - - 1 0.02% 1 0.01%
Sturnus vulgaris - - 5 0.34% 49 0.76% 54 0.63%
Sturnidae subtotal - - 0.34% 49 0.76% 54 0.63%
Turdus merula 1 0.16% 1 0.07% 2 0.03% 4 0.05%
Turdus philomelos - - - - 3 0.05% 3 0.04%
Turdus pilaris - - - - 1 0.02% 1 0.01%
Turdus sp. 2 0.32% - - 1 0.02% 3 0.04%
Turdidae subtotal 3 0.48% 1 0.07% 7 0.11% 11 0.13%
Passer domesticus - - - - 1 0.02% 1 0.01%
Passer montanus - - - - 1 0.02% 1 0.01%
Passer sp.
(domesticus/ - - - - 2 0.03% 2 0.02%
montanus)
Passeridae subtotal - - - - 4 0.06% 4 0.05%
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1982-1991 1992-2004 2005-2017 Total (1982-2017)
Taxa
Number % N Number % N Number % N Number % N

Motacilla flava - - - - 1 0.02% 1 0.01%
'sv":’bt:::t':l'dae - - - - 1 0.02% 1 0.01%
Emberiza calandra - - 1 0.07% - - 1 0.01%
f:;;::::'dae - - 1 0.07% - - 1 0.01%
Passeriformes indet. 3 0.48% 3 0.20% 3 0.05% 9 0.11%
:f'j::’;:’;:‘)‘:l 3 0.48% 3 0.20% 3 0.05% 9 0.11%
AVES total 144 22.97% 593 40.20% 3151 100.00% 3888 45.51%
Erinaceus roumanicus 11 1.75% 18 1.22% 67 1.04% 96 1.12%
f;r:‘;‘:'fae 1 1.75% 18 122% | 67 1.04% | 96 1.12%
Sorex araneus - - - - 1 0.02% 1 0.01%
Soricidae subtotal - - - - 1 0.02% 1 0.01%
Talpa europaea - - - - 15 0.23% 15 0.18%
Talpidae subtotal - - - - 15 0.23% 15 0.18%
Lepus europaeus 77 12.28% 455 30.85% 1810 28.10% 2342 27.41%
Oryctolagus cuniculus 1 0.16% - - 1 0.02% 2 0.02%
Leporidae subtotal 78 12.44% 455 30.85% 1811 28.12% 2344 27.44%
Sciurus vulgaris - - 1 0.07% - - 1 0.01%
Spermophilus citellus 44 7.02% 13 0.88% 2 0.03% 59 0.69%
Sciuridae subtotal 44 7.02% 14 0.95% 2 0.03% 60 0.70%
Glis glis 1 0.16% - - - - 1 0.01%
Gliridae subtotal 1 0.16% - - - - 1 0.01%
Arvicola amphibius - - - - 24 0.37% 24 0.28%
Arvicolinae indet. 2 0.32% 3 0.20% 6 0.09% 11 0.13%
Cricetus cricetus 312 49.76% 296 20.07% 478 7.42% 1086 12.71%
Microtus arvalis 4 0.64% 27 1.83% 363 5.64% 394 4.61%
Ondatra zibethicus 9 1.44% 1 0.07% 4 0.06% 14 0.16%
Cricetidae subtotal 327 52.15% 327 22.17% 875 13.58% 1529 17.90%
Apodemus agrarius - - - - 3 0.05% 3 0.04%
Apodemus sp. - - - - 1 0.02% 1 0.01%
Micromys minutus - - - - 1 0.02% 1 0.01%
Mus musculus - - - - 2 0.03% 2 0.02%
?Z‘I.‘Csifezgg““”’”” - - - - 2 0.03% 2 0.02%
Rattus norvegicus 1 0.16% 6 0.41% 26 0.40% 33 0.39%
Muridae subtotal 1 0.16% 0.41% 35 0.54% 42 0.49%
Z;’;Z ss)p' (silvestris/ 1 0.16% 3 0.20% 3 0.05% 7 0.08%
Felis catus 2 0.32% 3 0.20% 26 0.40% 31 0.36%
Felis silvestris - - - - 1 0.02% 1 0.01%
Felidae subtotal 3 0.48% 6 0.41% 30 0.47% 39 0.46%
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1982-1991 1992-2004 2005-2017 Total (1982-2017)
Taxa
Number % N Number % N Number % N Number % N

Canis aureus - - - - 1 0.02% 1 0.01%
Canis familiaris 1 0.16% 1 0.07% 5 0.08% 7 0.08%
Vulpes vulpes 2 0.32% 9 0.61% 33 0.51% 44 0.52%
Canidae subtotal 3 0.48% 10 0.68% 39 0.61% 52 0.61%
Lutra lutra - - 1 0.07% - - 1 0.01%
Martes foina - - - - 1 0.02% 1 0.01%
Meles meles - - - - 1 0.02% 1 0.01%
Mustela eversmanii - - - - 1 0.02% 1 0.01%
Mustela nivalis - - - - 2 0.03% 2 0.02%
Mustela putorius - - 1 0.07% - - 1 0.01%
’r‘;’ﬁ;i’f p.(erminea/ | - _ - - - 1 0.02% 1 0.01%
Mustelasp. - - - - 1 0.02% 1 0.01%
(eversmanii/putorius)
Mustelidae subtotal - - 2 0.14% 7 0.11% 9 0.11%
Sus scrofa 1 0.16% 0.27% 7 0.11% 12 0.14%
Sus domesticus - - - 1 0.02% 1 0.01%
Suidae subtotal 1 0.16% 4 0.27% 8 0.12% 13 0.15%
Capreolus capreolus 12 1.91% 38 2.58% 360 5.59% 410 4.80%
Cervus elaphus - - - - 1 0.02% 1 0.01%
Cervidae subtotal 12 1.91% 38 2.58% 361 5.60% 411 4.81%
Bos taurus - - - - 1 0.02% 1 0.01%
Capra hircus - - - - 1 0.02% 1 0.01%
oor‘,/:n StZ'“(S‘;”eS/ 1 0.16% 1 0.07% 6 0.09% 8 0.09%
Bovidae subtotal 1 0.16% 1 0.07% 8 0.12% 10 0.12%
MAMMALIA total 482 76.87% 881 59.73% 3259 50.60% 4622 54.10%
TOTAL 627 100.00% | 1475 |100.00% | 6441 100.00% | 8543 | 100.00%




$ sciendo DO 101515 20150007
Food-niche pattern of the Barn Owl (Tyto
alba) in intensively cultivated agricultural
landscape™

Adrienn HorvATH, Anita Morval & Gydz6 F. HorvATH*
Received: February 28, 2018 — Revised: June 13, 2018 — Accepted: June 15, 2018
Horvath, A., Morvai, A. & Horvath, G. F. 2018. Food-niche pattern of the Barn Owl (Tyto alba)

in intensively cultivated agricultural landscape. — Ornis Hungarica 26(1): 27-40. DOI: 10.1515/
orhu-2018-0002

*Presented at 1% Hungarian Owl Research Conference held in Pécs on 8 September 2017

Abstract This study investigated the dietary niche of the Barn Owl (Tyto alba) in an intensively farmed landscape,
based on pellet samples from 12 nesting pairs containing 25 animal taxa and 1,994 prey items after the breeding sea-
son in 2016. Based on land use categories of the buffer area around each nest, three landscape types (agricultural, mo-
saic, urban) were considered, to analyse the diet composition and food-niche parameters. Niche breadth was calculat-
ed at the local and landscape level. Small mammals were the most frequent in the diet than other prey in each of the
landscape types. The Common Vole (Microtus arvalis), considered to be an important agricultural pest was the most
numerous prey in all landscape groups. The trophic niche of Barn Owl varied between 0.69 — 0.86 at the local level,
and the overall value of niche breadth was significantly higher in the urban than in the other two landscape types. Our
results showed that the increase of Common Vole frequency lead to a decrease in niche breadth; significantly negative
relationship was detected between these parameters. Despite differences in niche breadth, similarly high niche over-
laps were detected by the randomisation test in the three landscapes. Our results suggest that the diet composition of
Barn Owls, mainly their food-niche pattern, reflected prey availability in the comparison of the studied landscapes,
which pointed out that it is necessary to examine the dietary difference of Barn Owls at the finer scale of land use.

Keywords: feeding ecology, niche breadth, pellet analysis, land use

Osszefoglalas Jelen tanulmanyban a gydngybagoly (Tyto alba) taplalék-Gsszetételét intenziven miivelt mezégaz-
dasagi teriileten vizsgaltuk. A 2016-ban gyijtott, 12 kolt6partol szarmazo kopetminta 6sszesen 25 zsakmany taxon
1994 egyedét tartalmazta. Az egyes fészkelhelyek koriili pufferteriilet tijhasznalati kategoriai alapjan harom tajti-
pust (mezdgazdasagi, mozaikos, urban) kiilonitettiink el, hogy vizsgaljuk a gyongybagoly taplalék-osszetételét és ni-
che paramétereit. A niche szélességet a telepiilések alapjan lokalis és tajszinten elemeztikk. Minden egyes tajtipusban
a kiseml6sok dominaltak a baglyok taplalék-osszetételében, mig egyéb prédafajok alacsony gyakorisagban jelentek
meg. Mindharom telepiiléscsoport esetében a mezei pocok (Microtus arvalis), mint jelentés mezdgazdasagi kartevo
volt a leggyakoribb zsdkmany. A niche-szélesség lokalis szinten 0,69 — 0,86 kozott valtozott, az dsszesitett adatok
alapjan a niche-szélesség szignifikansan nagyobb volt az agrardominanciji, mint a masik két telepiiléscsoport vo-
natkozasaban. Eredményeink alapjan a mezei pocok gyakorisaganak novekedése a niche-szélesség csokkenésé¢hez
vezetett, a két paraméter kozott szignifikans negativ regressziot mutattunk ki. A niche-szélesség eltérésének ellené-
re, a randomizacios teszt alapjan hasonloan magas niche-atfedést mutattuk ki a harom tajtipus dsszehasonlitasaban.
Eredményeink azt sugalljak, hogy a gyongybaglyok taplalék-osszetétele, foként a taplalék niche mintazat a vizsgalt
tajegységek Osszehasonlitasaban visszatiikrozte a zsakmany-elérhetéséget, amely ramutatott arra, hogy a gyongyba-
goly taplalék-Osszetétel kiilonbségét a tajhasznalat finomabb skalajan sziikséges vizsgalni.
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Introduction

Barn Owl (Tyto alba) as cosmopolitan nocturnal predator occurs worldwide in most open
lands and farmlands (de Bruijn 1994, Taylor 1994, Charter et al. 2009, Frey et al. 2011) and
its diet composition is influenced by the fluctuation of prey populations (Campbell et al.
1987, Taylor 1994, Bernard et al. 2010, Paspali et al. 2013), climatic factors (Clark & Bunck
1991, Avery 1999, Heisler et al. 2014), and change of land use and landscape composition
(Rodriguez & Peris 2007, Milchev 2015, Veselovsky et al. 2017).

Since the classical trophic niche studies of owls (Marti 1974, Herrera 1974, Herrera &
Hiraldo 1976) the food-niche difference of Barn Owls has been investigated in several ap-
proaches such as through comparative intra- and interspecific feeding ecology (Herrera &
Jaksi¢ 1980, Capizzi & Luiselli 1998, Leader et al. 2010, Petrovici et al. 2013, Milchev
2016), trophic guild structure (Jaksi¢ & Delibes 1987, Jaksi¢ et al. 1993), long-term study of
food composition (Marti 1988, 2010, Love et al. 2000), along different geographical regions
(Jaksi¢ et al. 1982, Gonzalez-Fischer et al. 2011, Milana et al. 2016), and gradients (Leveau
et al. 2006, Trejo & Lambertucci 2007, Hindmarch & Elliott 2015), as well as the impact of
disturbances (Jaksi¢ et al. 1997, Sahores & Trejo 2004) particularly dependence on grow-
ing agricultural activity and changes in farming practice (Love et al. 2000, de la Pefia et al.
2003, Bontzorlos et al. 2005, Marti 2010).

Different results of Barn Owls’ food-niche analyses have been demonstrated in agricul-
tural ecosystems, and these depended on geographical regions and seasons. Niche breadth
was different between seasons in Mediterranean areas (Pezzo & Morimando 1995, Bon-
tzorlos et al. 2005), while the niche overlap was high in comparison between seasons (Pez-
zo & Morimando 1995), and between nest sites (Bosé & Guidali 2001). The food-niche
breadth of Barn Owls varied significantly among the years but was not statistically differ-
ent among seasons in a North American agricultural landscape (Marti 2010), although the
seasonal difference of niche breadth was more detectable in temperate regions (Campbell
et al. 1987, Taylor 1994, Gonzalez-Fischer et al. 2011). Despite this seasonal variation,
no correlation was observed between food niche breadth and latitude or longitude, but the
prey selection of Barn Owls was associated with the rodent assemblages and responded to
the abundance fluctuation of rodents along the gradients in South-America (Leveau et al.
2006, Trejo & Lambertucci 2007, Gonzalez-Fischer et al. 2011). The relationship between
density fluctuation of small mammals and diet composition was investigated in the Nearc-
tic (Campbell et al. 1987, Marti 1988, 2010) and Palearctic range of the Barn Owl (Taylor
1994, Bernard et al. 2010). According to these studies, the variation of the Barn Owl’s prey
consumption was basically determined by high density open-field and agricultural pest ro-
dents, such as species of Microtus in both distribution ranges of the Northern Hemisphere.
The negative correlation between vole (Microtus spp.) frequency and food-niche breadth
of the Barn Owl was demonstrated by long-term (Marti 1988, 2010) and other case studies
(Milchev 2015, Hindmarch & Elliott 2015). Furthermore, the food-niche breadth of Barn
Owl decreased significantly with the increase of mean prey weight (Marti 1988, Milchev
2015), and a significant positive regression was found between the sample size and niche
breadth values (Milana et al. 2016).
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Several studies suggested that the yearly and seasonal variations in the diet composition
and thus the plasticity of the food-niche breadth of the Barn Owl reflected local resource
conditions, especially the density fluctuation of small mammal preys and changes in the
composition of the small mammal assemblages (Milana et al. 2016). The population and
community attributes of this main prey groups of Barn Owls were determined by changes in
the vegetation cover (Lovari et al. 1976, Marti 1988, Pezzo & Morimando 1995, Bontzorlos
et al. 2005), land use and agricultural activity (crop rotation, frequency of mowing or har-
vesting) (Cooke et al. 1996, Askew et al. 2007).

In the present study we investigate the hypothesis that habitat variation at the local spatial
scale influences the diet composition of Barn Owls, while according to alternative hypothe-
sis, the prey consumption and niche breadth do not depend on the local environmental het-
erogeneity due to the dominance of intensively cultivated agricultural areas at the regional
scale. Our objectives were: 1) to evaluate the diet composition of Barn Owls and the rela-
tive abundance of small mammals, and ii) to investigate difference of food-niche breadth at
the local and landscape scale and niche overlap between three distinguished landscape types
within the intensively cultivated agricultural area.

Material and methods

Study area and sample collection

The study was conducted in the intensively cultivated south-eastern part of Transdanubian
region in South Hungary (572.3 km?) in Baranya county (45°53' N, 18°20" E) (Figure 1).
The climate of this region is characterising by the Mediterranean influence with the high
number of sunny hours, the relative low fluctuations of temperatures and mild winters. In
the present study pellets and prey remains were collected from 12 Barn Owl pairs from the
sampling sites at the end of the breeding season in 2016. As a result of a successful artificial
nest box program in this county the collection of pellet samples was implemented from ac-
tive next boxes in each locality. Landscape compositions were assessed using Google Earth
(2013) and landscape elements were analysed within a 1 km radius around each nest site be-
cause this corresponds to an area that approximates the home range (3 km?) of a Barn Owl
during the breeding season (e.g. Taylor 1994, Hindmarch et al. 2012, Kross et al. 2016).
Three groups of the nesting sites (4 sampling localities/group) were distinguished based on
landscape composition: 1) agricultural landscape (AL), 2) mosaic landscape (ML), and 3)
urban landscape (UL). The following land-use types were identified and digitized, then the
percentage of these categories were calculated: 1) agricultural field (annual and perennial
crops); 2) extensive land use (grassland, pasture, orchards, vineyards); 3) wetland (includ-
ing river banks, streams, artificial lakes, fishponds); 4) forest (all forest habitats), and 5) ur-
ban (all built-up surfaces) areas (Table 1).

Pellets were processed by the dry technique when the individual pellets were broken down
by hand and prey items were identified to the lowest possible taxonomical level. Small mam-
mals were identified based on skeletal parameters (features of skull, mandible and teeth),
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Figure 1. Study area in the South-Transdanubian region, Hungary, showing the location of Baranya
county and 12 nesting pairs within the examined landscape. Code numbers (Loc1-12)
besides settlement names correspond to those in Table 3.
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1.dbra

following published literature (Mérz 1972, Yalden 1977, Yalden & Morris 1990). Three dif-
ferent Apodemus species as the Wood Mouse (Apodemus sylvaticus), the Yellow-necked
Wood Mouse (4. flavicollis) and the Pygmy Field Mouse (4. uralensis) were categorized
commonly as Apodemus spp. When the Striped Field Mouse (4. agrarius) was not separa-
ble from the Sylvaemus group (Apodemus spp.) the individuals were determined as ‘uniden-
tified Apodemus’. The sibling species of the genus Mus were determined according to Ma-
cholan (1996) and Krystufek and Macholan (1998). In addition, birds were identified by
their skulls, bills, feet, pelvises and feathers, and frog (Anura) by their skulls and bones of
the postcranial skeleton. If major skeletal elements were missing, prey items were identified
to genus (small mammals, birds), to order (frogs), and to class (birds) level.

Table 1. Mean proportions and value ranges (%) of land use categories in three distinct landscape

types

1. tdbldzat A tajhaszndlati kategoridk atlagos aranya és érték-intervalluma (%) a harom elkilonitett
tajtipusban

Landscape Agricultural Mosaic Urban
Land use Mean £SE | Range% | Mean#£SE | Range% | Mean+SE | Range %
agricultural field 72.20£1.27 | 69.04-75.19 | 58.35 +5.26 | 46.45-70.19 | 31.48 £6.16 | 16.86-45.35
extensive land use 7.08 £3.12 | 0.43-13.53 | 16.85£8.02 | 5.07-39.47 | 19.15+6.97 | 10.96-39.99
wetland 1.13+0.55 | 0.42-2.75 | 1.71£1.10 0-4.59 0.47 £0.40 0-1.66
forest 7.85%3.84 | 1.67-18.95 | 13.99£3.15 | 4.91-18.77 | 13.20+2.97 | 4.33-16.87
urban areas 11.7443.69 | 431-21.96 | 9.10+0.63 | 7.33-10.18 | 35.70 +8.67 | 18.86-56.1
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Prey numbers were estimated as the minimum number of individuals (MNI) which we
determined according to the same anatomical parts of bones for small mammals (Klein &
Cruz-Uribe 1984, McDowell & Medlin 2009, Torre et al. 2015, Tulis et al. 2015) and skulls,
mandibles and long bones for birds. The percent frequency of occurrence (MNI%) was cal-
culated for the total number of prey found in all the pellets at the three different landscape
categories.

Statistical methods

First, we evaluated the difference of the relative abundance (MNI%) of small mammals
among the separated landscape types. The arithmetic mean MNI1% is presented with stand-
ard error. To test the hypothetic relationship between niche breadth and Common Vole (Mic-
rotus arvalis) frequency, linear regression method was used. These statistical analyses were
performed using Statistica 8.0 software (StatSoft, Bedford, UK).

The food-niche breadth of Barn Owls was calculated by the Freeman-Tukey index (FT)
from data of each nesting pair at the local scale and from the overall data of three different
landscapes using the relative frequency of occurrence of food items which were identified
in the pellets:

R
FT = Z,/Piai
i=1

where FT is Smith’s measure of niche breadth (Smith 1982), p. is the proportion of individ-
uals found using resource 7, and a, is the proportion of resource i of the total resources (R)
found in a given summarized pellet sample. Smith’s niche breadth is a standardized meas-
ure, as it takes resource availability into account (Devictor et al. 2010). The value of this
index varies from 0 (minimal) to 1.0 (maximal) and it is relatively insensitive to selectiv-
ity for rare resources and to evaluate the significant difference of niche breadth, 95% con-
fidence interval of F'T values was calculated which measures the uncertainty of estimates
(Krebs 1999).

To evaluate the food niche overlap of the Barn Owl among different landscapes, the Pian-
ka overlap index (O,, Pianka 1974, Krebs 1999) was calculated:

Z?: 1 P2i P1i
T 03 T, (1)

01, =0y =

where p, is the frequency of the i item in the diet. This index ranges between 0 (no overlap)
and 1 (complete overlap). The significance of the overlap was tested using randomization
procedures in R v. 3.3.2 (R Development Core Team 2016), using the “EcoSimR” packages
(Gotelli et al. 2015). The statistical tests were considered significant at the level P <0.05 as
standard in all analyses (Sokal & Rohlf 1995).
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Results

The diet composition and feeding range was analysed from a total of 890 pellets from which
258 whole pellets were collected in agricultural, 424 in mosaic and 208 in urban land-
scape. Based on all samples of 12 nesting Barn Owl pairs, 25 animal taxa and 1,994 prey
items were identified from the pellets examined during the nesting period in 2016 (Table 2).
Small mammals were more frequent among Barn Owl food types (AL: 98.30% +1.04, ML:
99.93% + 0.07, UL: 99.40% = 0.40) while the proportion of other prey categories was very
low in each landscape type (AL: 1.70% + 1.04, ML: 0.07% = 0.04, UL: 0.60% =+ 0.39). Ro-
dents (AL: 90.98% £2.73, ML: 88.27% +1.88, UL: 91.76% =£1.43) were more represented
within the small mammals than shrews (AL: 7.31% + 3.04, ML: 11.66% + 1.82, UL: 7.36%
+ 1.73) in the case of each landscape. The proportion of rodents was quite the same in the
landscapes while this value of shrews was higher in mosaic than in the other two landscapes
(Table 2).

The Common Vole (M. arvalis) was the most abundant prey in each of the localities of the
three landscape types (AL: 55.95% + 9.49, ML: 45.72% + 4.67, UL: 43.30% = 6.09). De-
spite the predominance of the Common Vole which basically determined the percent fre-
quency of voles (Arvicolinae), the amount of mice (Murinae) as an important alternative
prey group was higher in the case of some sampling localities within rodents. At the spe-
cies level, the percent distribution of the Striped Field Mouse was higher in the area dom-
inated by built-up surfaces (8.63% + 0.81) than in the agricultural land (3.75% + 1.71) but
the abundance of this species was similar between the urban and mosaic landscapes (7.53%
+0.77) (Table 2).

The calculated Freeman-Tukey index (F7) indicated that the niche breadth of the Barn
Owl varied in different intervals within each separated landscape (7able 3). The range of
niche breadth of nesting pairs (localities) was greater in the agricultural land while narrower
in the mosaic and urban landscapes which were confirmed by the 95% confidence interval
of minimum and maximum values of F7 index. The lack of overlap indicated a significant
difference between the minimal and maximal values of niche breadth in the case of the agri-
cultural landscape. In contrast, the same narrower range of food-niche breadth was showed
by the overlap of 95% confidence interval of terminal values in the case of other two land-
scapes (Table 3). Based on results of each nesting pair, a significant negative linear regres-
sion was detected between the local abundance of common vole and food-niche breadth (R’
=0.659, F=19.39, P<0.01) (Figure 2).

The value of overall niche breadth at the landscape level was significantly higher in the
urban than in the agricultural and mosaic landscapes while there was no significant differ-
ence between agricultural and mosaic landscapes due to an overlap of 95% confidence in-
terval (Figure 3).

Despite the difference of overall niche breadth values which was observed between urban
and another two landscapes, significantly higher food-niche overlap indices were presented
by the randomization procedure in the comparison of all the considered landscapes than the
obtained mean values from simulations (7able 4).
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Table 2. Diet composition of the Barn Owl in the three considered landscapes (MNI: minimum
number of individuals, MNI%: percentage frequency of occurrence)

2. tabldzat A gyongybagoly taplalék-Osszetétele a harom figyelembe vett tdjegységben (MNI: mini-
mum ismert egyedszam, MNI%: az el6fordulasi frekvencia szézalékos értéke)

Landscape Agricultural Mosaic Urban Total

Taxa MNI | MNI% | MNI | MNI% | MNI | MNI% [ MNI | MNI%
Soricidae 40 8.03 118 | 12.25 52 9.76 210 | 10.53
Sorex araneus 1 0.20 11 1.14 6 1.13 18 0.90
Sorex minutus 1 0.20 2 0.21 2 0.38 5 0.25
Neomys fodiens 2 0.40 14 1.45 4 0.75 20 1.00
Neomys anomalus 3 0.60 13 1.35 8 1.50 24 1.20
Neomys sp. 3 0.60 2 0.21 3 0.56 8 0.40
Crocidura suaveolens 14 2.81 47 4.88 14 2.63 75 3.76
Crocidura leucodon 16 3.21 29 3.01 15 2.81 60 3.01
Arvicolinae 314 | 63.05 476 | 49.43 233 | 43.71 1023 | 51.30
Mpyodes glareolus 0 0.00 6 0.62 3 0.56 9 0.45
Microtus agrestis 2 0.40 1 0.10 0 0.00 3 0.15
Microtus arvalis 301 | 60.44 456 | 47.35 216 | 40.53 973 | 48.80
Microtus subterraneus 6 1.20 3 0.31 8 1.50 17 0.85
Arvicola amphibius 5 1.00 10 1.04 6 1.13 21 1.05
Murinae 142 | 28.51 364 | 37.80 236 | 44.28 742 | 37.21
Rattus norvegicus 0 0.00 0 0.00 3 0.56 3 0.15
Rattus sp. 4 0.80 12 1.25 22 413 38 1.91
Apodemus agrarius 16 3.21 74 7.68 48 9.01 138 6.92
Apodemus spp. 65 | 13.05 150 | 15.58 109 | 20.45 324 | 16.25
Apodemus indet 26 5.22 59 6.13 20 3.75 105 5.27
Micromys minutus 6 1.20 18 1.87 1 0.19 25 1.25
Mus spicilegus 10 2.01 20 2.08 13 244 43 2.16
Mus musculus 2 0.40 13 1.35 10 1.88 25 1.25
Mus sp. 13 2.61 18 1.87 10 1.88 41 2.06
Gliridae 0 0.00 3 0.31 4 0.75 7 0.35
Muscardinus avellanarius 0 0.00 3 0.31 4 0.75 7 0.35
Other prey 2 0.40 2 0.21 8 1.50 12 0.60
Birds 2 0.40 0 0.00 7 1.31 9 0.45
Amphibians 0 0.00 1 0.10 1 0.19 2 0.10
Insects 0 0.00 1 0.10 0 0.00 1 0.05
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Table 3. Freeman-Tukey index of niche breadth of Barn Owls at a local scale (for each considered
nesting pair)
3.tdbldzat A gydngybagoly niche szélességének Freeman-Tukey index értékeilokalis skalan (minden

figyelembe vett koltépar esetén)

Landscape Agricultural Mosaic Urban

Code/nest FT 95% Cl Code | FT 95% Cl Code | FT 95% Cl
Loc1 0.789 | 0.730-0.841 | Loc5 | 0.777 | 0.744 -0.808 | Loc9 | 0.837 | 0.797 - 0.872
Loc2 0.687 | 0.621-0.749 | Loc6 | 0.712 | 0.672 - 0.750 | Loc10| 0.794 | 0.733 - 0.848
Loc3 0.855(0.782-0.914 | Loc7 | 0.773 | 0.720-0.822 | Loc11 | 0.825 | 0.766 - 0.877
Loc4 0.770 | 0.724-0.812 | Loc8 | 0.789 | 0.735-0.838 | Loc12| 0.799 | 0.742 - 0.850

Cl: Confidence Interval

Table 4. Pianka's food niche overlap (O) (below the diagonal) of Barn Owls among landscapes.

Above the diagonal are the type | errors of each comparison, obtained by 1000 random

permutations in EcoSim R

4. tdbldzat A gyongybaglyok tajegységek kozotti Pianka-féle niche atfedés (O) értékei (az atlo alatt).
Az atlo felett az EcoSim R-ben 1000 random permutacié alapjan kapott I. tipusu hiba
értékei minden 6sszehasonlitdsban

Landscape Agricultural Mosaic Urban
Agricultural 1.000 <0.001 < 0.001
Mosaic 0.987 1.000 < 0.001
Urban 0.954 0.983 1.000
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Figure 2. Linear regression between common

vole frequency and niche breadth
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3.dbra

A Smith-féle niche szélesség érté-

ke (£95% konfidencia intervallum) t3j

szinten



A. Horvath, A. Morvai & Gy. F. Horvath 35

Discussion

The feeding habit analysis of Barn Owls from regurgitated pellets is an appropriate meth-
od to understand the impact of land use and agricultural practice on the diet composition
(Love et al. 2000, Burel et al. 2004), especially on the change of small mammal assem-
blages in areas dominated by different human activity and land use (de la Pefa et al. 2003,
Gonzalez-Fischer ef al. 2011, Massa et al. 2014, Torre et al. 2015). The results of the present
study demonstrated that the prey consumption of the Barn Owl showed less variation with-
in the boundaries of the larger and intensively cultivated agricultural area. Similar low vari-
ability of Barn Owls’ diet was reported by some studies in different habitats (Gonzélez-Fis-
cher et al. 2011) or during long-term study periods (Marti 2010) in agro-ecosystems, as
opposing the greater seasonal variability of food compositions (Bontzorolos et al. 2005,
Gonzalez-Fischer et al. 2011, Paspali et al. 2013). Similar to other studies, our result con-
firmed that small mammals are the dominant prey group in the diet of the Barn Owl, and
this owl species is characterized as a typical small mammal specialist (Bosé & Guidali 2001,
Trejo & Lambertucci 2007, Milchev 2015, Torre et al. 2015). The percent frequency of
Striped Field Mouse as a generalist species was significantly higher in the urban landscape.
With respect to the relative proportion of this species, our results are consistent with oth-
er studies which described the Striped Field Mouse as a permanent but non-dominant prey
in the Barn Owl’s food composition in the southern part of the Transdanubian region (Hor-
vath et al. 2005, Purger 2014, Szép et al. 2017). Some studies have also pointed out that this
rodent species is rather a supplementary component than a crucial or important alternative
prey in the diet of Barn Owls (Ruprecht 1979, Milchev 2015). Moreover it is known that
Striped Field Mouse is a well spreading species due to its mobility (Spitzenberger & Engel-
berger 2014), thus its distribution range has expanded north in the Transdanubian region of
Hungary over the last forty years (Bihari 2007) and it was detected in some parts of Aust-
ria and Slovakia (Herzig-Straschil 2004, Obuch et al. 2016, Tulis et al. 2016). Despite the
distribution of this species in Slovakia, it did not occur in the diet of the Barn Owl in an in-
tensively used farmland (Veselovsky et al. 2017). The Striped Field Mouse prefers fields,
meadows, wastelands and it is also found in different forests, woodlots patches, in urban
and suburban mosaic habitats (Andrzejewski ef al. 1978, Gliwicz 1980, Liro & Szacki 1987,
Kozakiewicz et al. 1999, Lopucki et al. 2013, Pienigzek et al. 2017) and it is well adapted
to heterogeneous agricultural landscapes (Gentili ef al. 2014). Its frequency of occurrence
is associated with landscape complexity (Fischer et al. 2011). According to our results the
greatest proportion of Striped Field Mouse in pellet samples of urban land reflected the re-
latedness of this species with urban and suburban habitat patches.

We found that the Common Vole was the most abundant prey in each of the landscape
types considered, the same predominance having been reported by other studies in central
Europe (Goszczynski 1977, Horvath et al. 2005, Kitowski 2013, Petrovici et al. 2013, Pur-
ger 2014, Veselovsky et al. 2017). Despite this general predominance, the significant het-
erogeneity of overall proportion values proved that the consumption frequency of common
voles was higher in the agricultural than in the urban landscape. As shown by the hetero-
geneous percent frequency distribution of common voles and total Microtus genus among
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different landscapes, and the higher relative frequency of both prey categories in agricul-
tural lands, our results agree with those reported in other studies conducted in different
geographical regions of Europe (Taylor 1994, de la Pefia et al. 2003, Milchev et al. 2006,
Milchev 2015, Obuch et al. 2016), and in North-America (Smith et al. 1972, Colvin & Mac-
Lean 1986, Marti 1998, 2010, Hindmarch & Elliott 2015). In contrast, the higher frequency
of mice (Apodemus or Mus) as an alternative prey type was detected principally in Europe-
an Mediterranean regions (Pezzo & Morimando 1995, Bontzorolos et al. 2005, Rodrigez &
Peris 2007) while in other studies, the predominance was detected in case of either mice or
Microtus voles which was the consequence of different prey availability depending on land-
scape composition and farming practice (Love et al. 2000, Bos¢ & Guidali 2001, Bontzoro-
los et al. 2005). In North-America, Lyman (2012) reported that mice (Peromyscus) dominat-
ed the agricultural prey fauna, whilst voles (Microtus spp.) were the dominant prey group in
the pellet samples of non-agricultural lands which was related with the conversion of land
use. In addition, Kross et al. (2016) found that mice (Mus, Reithrodontomys) were the most
frequently consumed prey item in the Barn Owl’s diet, although voles were consumed by the
greatest proportion of nesting pairs. This study pointed out the importance of land use gra-
dient both for pest control and for the breeding success of Barn Owls.

The analysis of the Barn Owl’s niche breadth showed that its value at the landscape lev-
el was significantly higher in the urban than in the agricultural and mosaic landscapes. Our
results are in accordance with other studies conducted in Europe (e.g. Milchev 2015, Ve-
selovsky et al. 2017), in South-America (Leveau et al. 2006, Gonzalez-Fischer et al. 2011,
Teta et al. 2012), and in North-America (Marti et al. 1988, 2010) which reported that the
dominance of small mammals, particularly the high frequency of an available and profitable
prey in the diet, explained the low values of niche breadth. Our results confirmed that the
food niche breadth of Barn Owls was significantly higher in an urban landscape, caused by
the decrease of predominant Microtus voles as main prey items (Hindmarch & Elliott 2015)
and by the increase of commensal rodents (rats, house mice) as alternative prey which are
associated with human activities (Salvati et al. 2002, Teta et al. 2012, Hindmarch & Elliott
2015). Hindmarch and Elliott (2015) found that the consumption of predominantly smaller
rats increased significantly with increased urbanization within the hunting area of the Barn
Owl. Clark and Bunck (1991) pointed out that the increase of these commensal or exotic
species’ frequency over time indicate the impact of human landscape transformation on the
environment of Barn Owls. Despite the different overall niche breadth, based on randomi-
zation procedure we detected larger niche overlap between the landscapes considered. This
result is consistent with other studies which described very high niche overlap in a compar-
ison of seasons (Pezzo & Morimando 1995), nest sites (Marti 1988, Bosé & Guidali 2001),
and subsequent years at the same site (Marti 1988, 2010).

According to our results, the regression analysis between percent frequency of Common
Voles and niche breadth proved a significant negative relationship. This result is consistent
with other studies according to which the higher frequency of voles (Microtus spp.) in the
diet affects the evenness component of food-niche, that is, the increase in the frequency of
voles leads to a reduction of prey evenness hence to a narrowing of the niche breadth (Mar-
ti 1988, 2010, Hindmarch & Elliott 2015, Milchev 2015).
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Our findings suggest that the diet composition of Barn Owls, mainly their food-niche pat-
tern, reflected prey availability in the comparison of the studied landscapes, which point-
ed out that it is necessary to examine the dietary difference of Barn Owls at the finer scale
of land use.
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Abstract Owls (Strigiformes) are small to large birds, mostly solitary and nocturnal predators.
They can be found all around the Earth except Antarctica and some remote islands. The species
differ in size, diet and habitat, which led to different morphological adaptations of the skull. The main differenc-
es are in the orbital and the ofical region, which are connected to the visual and hearing capabilities. The aim of
the recent study is to increase our knowledge of the relationship between skull shape and foraging habits and tried
to find those characters that are related to diet. A geometric morphometric approach was used to analyse two-di-
mensional cranial landmarks. We used principal component (PC) analyses on measurements that may be related
to visual and hearing abilities. The PCs are resulted in the robusticity of the skull and the asymmetry of the oti-
cal region. There are differences in position and shape of postorbital processes (POP) and tympanic wings (TW).
Species with symmetrical skull shape are basically crepuscular or diurnal predators and species with more asym-
metrical skulls are mostly nocturnal hunters and have better hearing capabilities.

Keywords: cranial morphology, morphometrics, anatomy, nocturnal predator, prey preference

Osszefoglalas A baglyok kozé (Strigiformes) kis- és nagytestii fajok egyarant tartoznak. Tobbnyire maganyos éj-
szakai ragadozok. Vilagszerte megtalalhatoak az Antarktisz ¢s néhany tavoli sziget kivételével. A fajok kiilonboz-
nek méretiiket, taplalékbazisukat és taplalékszerzésiiket tekintve, mindezek a koponyan is morfologiai adaptaciot
mutatnak. A legf6bb kiilonbségek az orbitalis és oticalis régidhoz kothetdk, amelyek elsésorban latassal és hal-
lassal kapcsolatos képességekkel mutatnak osszefiiggést. Jelen cikkben a baglyok cranialis jegyeinek elemzésé-
vel a taplalékpreferencia, a taplalékszerzés és a morfologiai jellemzok kozotti lehetséges kapesolatokat kerestiik.
A craniomorfometriai vizsgalat soran kétdimenzios landmarkok hasznalataval fokomponens-analiziseket végez-
kapcsolatba. Kiilonbségek vannak a processus postorbitalisok (POP) és halantékcsont tympanicus nyalvanyainak
(TW) helyzetében és alakjaban. Azok a fajok, amelyek szimmetrikus koponyaval rendelkeznek, tobbnyire nappa-
li vagy alkonyati ragadozok, szemben az aszimmetrikus koponyaji fajokkal, amelyek leginkabb éjszaka aktivak
¢s jobb hallasi képességekkel rendelkeznek.
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Introduction

Owls are small to large predators; mostly solitary and nocturnal or crepuscular. The group
is globally distributed, except the Antarctica and some remote islands. The order Strigi-
formes is divided into 2 families, Tytonidae (barn owls and allies) and Strigidae (true owls)
(Cramp 1978). Owls are sharing similar anatomical characteristics with the diurnal raptors
like sharp hooked beak and talons. Due to these similarities owls were closely related to fal-
cons (Cracraft 1981), but some authors supported the view, that these birds are closer rela-
tives of nightjars (Caprimulgiformes) (Mayr & Amadon 1951, Sibley & Ahlquist 1990). Re-
cent studies have provided good evidence, that diurnal raptors are closer relatives of owls
than nightjars (Ericson et al. 2006, Hackett et al. 2008, Wink et al. 2009, Brusatte et al.
2015). The anatomical similarities between owls and nightjars are probably influenced by
convergence (Feduccia 1996).

The barn owls (Tytonidae) comprise 2 extant genera around 20 species (Aliabadian et al.
2016, Uva et al. 2018), the true owls (Strigidae) comprise around 190 species in 25 genera
(Wink et al. 2008).

Features are common to both families. Eyes directed forwards. Bills hooked as in Falco-
niformes, but directed more downwards. Base of bill with soft cere is similar to Falconi-
formes, but covered by bristles projecting laterally from base of bill. Outer toe is reversible,
but directed laterally at rest. In some species, erectile ear-like tufts of feathers are visible
on forehead (Cramp 1978). Owls are generally active at night and have a highly developed
auditory system. The ears are covered by the feathers of the facial disc. Some species have
asymmetrically set ear openings and a very pronounced facial disc, guiding sounds into the
ear openings. The shape of the disc can be modulated with special facial muscles. The bill is
pointed downward, increasing the surface area over which the soundwaves are collected by
the facial disc (Nishikawa 2002). The translation of left, right, up and down signals are com-
bined in the brain, and create an image of the space where the sound source is located. Stud-
ies of owl brains have revealed that the medulla is more complex than in other birds (Dyson
et al. 1998). These factors have strong effect on the skeletal structure of the head.

In most avian lineages, male-male competition for females has led to an increase in male
size due to sexual selection, therefore the males are larger than females (Andersson 1994,
Colwell 2000). However, in some groups like raptors and owls, reversed size dimorphism
exists, which means that females are the larger sex (Mueller 1990, Owens & Hartley 1998).
In owls, the results showed clear parallels. Reversed sexual dimorphism (RSD) increases
with prey size, consistent with the small-male hypothesis. Evolutionary pathway analysis
suggests that RSD in owls has most likely evolved before specialisation on large prey, so a
small and more agile male might be advantageous even when hunting small prey. These re-
sults suggest that RSD in owls evolved due to natural-selection pressures rather than sexu-
al-selection pressures (Kriiger 2005). The intrasexual dimorphism is visible in the case of
number of vertebrate taxa. However, morphological differences in shape between males and
females are undetectable (Verwaijen et al. 2002).

In the recent study, our objective was to increase our knowledge on the relationship be-
tween skull shape and foraging habits, and to find those characters that are related to diet.
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Materials and methods

Specimens

This study is based on 42 skulls of 25 species (Table 1). All skulls are from adult specimens
and belonging to the collection of E6tvos Lorand University (Budapest, Hungary), the col-
lection of the Hungarian Natural History Museum and the digital archive of Wageningen
University (Wageningen, Netherlands). No birds has been killed to get its skull, all birds
died of natural causes or accidental or died in captivity.

Table 1. List of owl species examined in this study

1. tdbldzat A vizsgalatban szereplé bagolyfajok

Scientific name Common hame n Abbrevation
Aegolius funereus Tengmalm’s Owl 1 aegfun
Asio capensis African Marsh Owl 1 asicap
Asio flammeus Short-eared Owl 3 asifla
Asio otus Long-eared Owl 3 asiotu
Athene brama Spotted Owlet 1 athbra
Athene cunicularia Burrowing Owl 1 athcun
Athene noctua Little Owl 4 athnoc
Bubo africanus Spotted Eagle Owl 1 bubafr
Bubo bubo Eagle Owl 3 bubbub
Bubo virginianus Great Horned Owl 1 bubvir
Glaucidium brasilianum Ferruginous Pygmy Owl 1 glabra
Glaucidium passerinum Eurasian Pygmy Owl 1 glapas
Glaucidium perlatum Pearl-spotted Owlet 1 glaper
Bubo scandiaca Snowy Owl 2 bubsca
Otus asio Eastern Screech Owl 1 otuasi
Otus brucei Striated Scops Owl 1 otubru
Otus kennikottii Western Screech Owl 1 otuken
Otus leucotis White-faced Scops Owl 1 otuleu
Otus scops Eurasian Scops Owl 3 otusco
Strix aluco Tawny Owl 4 stralu
Strix nebulosa Great Grey Owl 1 strneb
Strix uralensis Ural Owl 3 strura
Strix varia Barred Owl 1 strvar
Surnia ulula Northern Hawk Owl 1 surulu
Tyto alba Barn Owl 2 tytalb
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Groups and diet

Before the analyses, we created three groups, which represent the following diet categories
(Earhart & Johnson 1970). The present study seeks to test also that the different prey prefer-
ence may have effect on skull morphology.

— A: feeds primarily on arthropods, for example Eurasian Scops Owl (Otus scops) (Kadoch-
nikov 1963, Galeotti & Sacchi 2001, Lee & Severinghaus 2004)

— B: species feed on arthropods and vertebrates, for example Little Owl (Athene noctua)
(Glue & Scott 1980, Laursen 1981, Hounsome et al. 2004, Sélek ez al. 2013, Hamori et al.
2017), Northern Hawk Owl (Surnia ulula) (Nybo & Sonerud 1990, Sonerud 1986, 1992).

— C: feeds exclusively on vertebrates, for example Great Eagle Owl (Bubo bubo) (Papageor-
giou et al. 1993, Penteriani et al. 2002, Milchev & Spassov 2017), Barn Owl (Tyto alba)
(Milchev 2015, Horvath et al. 2018)

Landmarks and procedures

The variation of strigiform cranial morphology is analysed using landmark-based geomet-
ric morphometry. In our former study, we used conventional morphometric variables which
were selected a priori (Pecsics et al. 2017), however in this case (although the landmarks) the
meaningful variables are discovered by the analysis. We do not need to decide among them
before the analysis. We tried to

choose the landmarks for this Table 2. Numbera.nd description of landmarks. Terminolo-
gy according to (Baumel et al. 1993)

analysis to cover the geometric 2. tdbldzat Az egyes landmarkok szdma és leirdsa. Terminolo-
fOI‘m Ofthe Skull. The landmarks g|a Baumel et al. (‘] 993) a|apja'n

should provide a comprehensive

sampling of morphology that Number of Description of landmark
. . . landmark
the features of biological signif- - -
. . 1 tip of the maxilla
icance can be discovered. The 5 PR -
discrete and obvious anatomical upper p?mt ofthe .e ! nostn.
characters are ideal landmarks, 3 upper point of the right nostril
do not alter their topological po- 4 connection of maxilla and frontale
sitions relative to other land- 5 upper point of the right orbital margin
marks, provide adequate cover- 6 upper point of the left orbital margin
age of the morphology and can 7 tip of the right postorbital process
be found repeatedly and reliably 8 tip of the left postorbital process
(Zelditch et al. 2004). The land- 9 inner point of the right postorbital process
marks were taken fI‘OII.l high res- 10 inner point of the left postorbital process
olution (1200%1600 pixels) pho- 1 tip of right tympanic wing
tos. We took 2 photographs from . —
. 12 tip of left tympanic wing

each specimen (lateral and dor- - - —

. . 13 basal point of the right tympanic wing
sal) with closed jaws. Images oot of the lef e
were standardised for the fora- 14 asa pomt'o thele ttyr'np?amc wing
men magnum occipitale and the 15 lowest point of the occipital bone
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Figure 1. Position and number of landmarks. A: whole skull shape in lateral view, B: fixed landmarks in
dorsal view (numbers correspond to Table 2), C: the shape of the neurocranium behind the
lacrimal bones in lateral view

1.dbra A vizsgélatban hasznalt landmarkok szdma és pozicidja. A: a teljes koponya oldalnézetbdl,
B: fix landmarkok fellilnézetbdl (a szamok megnevezését lasd a 2. tdbldzatban), C: az
agykoponya konnycsontok mogotti része fellilnézetbdl

tip of the beak. We investigated the repeatability of the measurements by Speraman’s corre-
lation. The test was between two separate digital measures performed on skull photos (n =
20). For each specimen 15 fixed landmarks (7able 2) were recorded in dorsal view and we
used 1000 sliding landmarks to examine the shape of the neurocranium in dorsal view and
the shape of the whole skull in lateral view (Figure 1). These landmarks were allowed to
slide along their corresponding curve, which is necessary in the case of the minimalisation
of the bending energy. The coordinates of the landmarks were digitised using TpsDig 2.16
software (Rohlf 2010). The coordinates were transformed using the Procrustes superimpo-
sition method. The consensus configurations and relative warps were conducted. Variability
in shape was assessed using the scores obtained for each individual on the first two relative
warps. We conducted principal component analyses (PCA) on these morphological varia-
bles. The relative warps are corresponding to the principal components (PCs) and define the
shape space in which individuals are replaced. We used PAST v.1.7 software (Hammer et al.
2001) for principal component analysis and to extract deformation grids. We only consid-
ered those PCs which are explaining individually >10% of the variance.

Results

Our measures were highly significant irrespective of measuring mode (all » > 0.98, all P <
0.00001).

The first analysis focused on the whole skull from lateral view (Figure 2). We used sliding
landmarks (1000) to describe the shape. The first two PCs explained 49% and 15% of the
variance in skull shape. The first PC axis described the relative height of the skull and the
roundness of the frontal bone (PC1). The second PC axis described the relative highness of
the beak (PC2). The shape of the skull of Barn Owl was found different from that species.

During the second analysis we used 15 fixed landmarks recorded in dorsal view. The first
three PCs explained 44%, 15%, and 10% of the variance in shape (Figure 3). The first and
second PC axes described variation in the relative distances of the temporal wing (PC1), and
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Figure 2. Graphical output of PCA performed on the two-dimensional landmark data (lateral view). PC1-
PC2 biplot. The first PC axis described the relative height of the skull and the roundness of the
frontal bone (PC1). The second PC axis described the relative highness of the beak (PC2). Thick
black areas are showing the differences compared to the computer generated mean shape

2.dbra A PCA grafikus megjelenitése kétdimenziés landmark adatok alapjan (oldalnézet). Az elsé
fétengely a koponya relativ magassagat és a homlokcsont domborusagat magyarazza (PC1).
Amasodik fétengely a csér relativ magassagaval hozhato kapcsolatba (PC2). A fekete vastagitott
terllet a komputergeneralt atlagformatdl valé eltérést mutatja

the relative orientation at the tip (PC2) compared to the postorbital processes. The third PC
axis described differences in the distance of the tip of the beak (results not shown). In dor-
sal view, the Little Owl and the Northern Hawk-Owl showed symmetrical shape. Species
like Short-eared Owl and Tawny Owl have moderate, the Boreal Owl has extremely asym-
metrical shape (Figure 3, 4).

The third analysis tried to describe the shape of the neurocranium in dorsal view. The
first three PCs explained 49%, 24% and 12% of the variance in shape. The first PC axis
described variation in the relative size and position (PC1) and the second reflected to the
asymmetry of the otical region (PC2). The third PC axis described differences in the curva-
ture of the occipital region (results not shown) (Figure 4). The analysis showed that Strix
species differ considerably in their degree of asymmetry (Figure 6).

We tried to identify the differences between the diet categories (Figure 5). Larger spe-
cies (Bubo bubo, Strix uralensis) are usually feeding primarily on vertebrates and having
bigger beaks, lesser species (Athene noctua, Otus kennikotti) with smaller beaks feed more
on smaller prey.
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Figure 3. Graphical output of PCA performed on the two-dimensional landmark data (dorsal view). PC1-
PC2 biplot. PC axes described variation in the relative distances of the temporal wing (PC1), and

3.dbra

the relative orientation at the tip (PC2) compared to the postorbital processes

A PCA grafikus megjelenitése kétdimenziés landmark adatok alapjan (fellilnézet). Az elsé
fétengely (PC1) a haldntékcsont tympanicus nyulvanyainak (TW) relativ tavolsdgat, a masodik
fétengely a processus postorbitalisok (POP) végeinek relativ helyzetét magyarazza
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Figure 4. Graphical output of PCA performed on the two-dimensional landmark data (dorsal view). PC1-
PC2 biplot. This analysis tried to describe the shape of the neurocranium in dorsal view. PC axes
described the variation in the relative size and position (PC1) and reflected to the asymmetry of
the otical region (PC2). Thick black areas are showing the differences compared to the computer
generated mean shape
A PCA grafikus megjelenitése kétdimenzids landmark adatok alapjan (fellilnézet). A PC tengelyek
az oticalis régid relativ nagysagat és helyzetét (PC1) valamint annak aszimmetridja mértékét (PC2)
mutatjak. A fekete vastagitott teriilet a komputergeneralt dtlagformatél valé eltérést mutatja

4. dbra
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Figure 5. The species of different diet categories combined with the cranial shape in lateral view. X:
feeds primarily on arthropods, A: species feed on arthropods and vertebrates, *: feeds exc-
lusively on vertebrates
5.dbra Kombindlt dbra az egyes fajok oldalnézeti koponyaalakja és a taplalékbazisa alapjan. X: el-

sédlegesen izeltldbuakat fogyasztok, A: izeltldblakat és gerinceseket is fogyasztok, *: gerin-
ceseket fogyasztok

Figure 6.

6. dbra

Various Strix species differ considerably in their degree of asymmetry. A: Tawny Owl (Strix
aluco), B: Ural Owl (Strix uralensis), C: Great Grey Owl (Strix nebulosa)

Az egyes Strix fajok kiilonb6znek az aszimmetria mértékében. A: Macskabagoly (Strix aluco),
B: Uradli bagoly (Strix uralensis), C: Szakéllas bagoly (Strix nebulosa)
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Discussion

We found that in the lateral view there are differences in the shape of the frontal and the oc-
cipital bone. The shape of the skull of Barn Owl was found to be markedly different from that
other owl species, probably due to the phylogenetic distance. The main differences are in the
relative height of the skull and the curvature of the frontal bone and the relative height and
length of the beak. Owls swallow the prey animal whole but larger prey size demands strong-
er beaks and use their feet to tear apart their prey, then they swallow the pieces bit by bit.
Larger species have longer beaks compared to the neurocranium. The allometric head growth
reflected in variation in head length can explain some of the observed differences between
various species because the smaller species usually have more paedomorphic attributes. Al-
lometric patterns within populations do not necessarily parallel interspecific allometry (Grant
et al. 1985). The skull of the owls is desmognathous and holorhinal, which means that the
maxilla-palatine bones united and the anterior border of the nasal bones not deeply cleft. The
occipital condyle is sessile and the plane of the occipital foramen looks directly downwards,
forming a very oblique angle with the basicranial axis. In some species of eagle owls (Bu-
bo) the crest folded back upon itself into a narrow loop. The lambdoidal ridge well presented
in eared owls (4sio), and the roof of the skull in most of the owls differs from the eared owls
due to the excessive development of spongy pneumatic tissue (Pycraft 1902). The species of
Asio have a very distinctive cranial morphology owing primarily to the large, semi-vertical,
flattened surfaces of the cranium above and behind the orbits (Olson 1995). Possibly the di-
mensions of the lower jaw are showing that there are differences in bite performance between
the species. Owls with symmetric skull structure may have stronger adductor muscles. Larger
species are usually feeding exclusively or primarily on vertebrates, lesser species with small-
er beaks feed more or only on arthropods. We found exceptions like the Boreal Owl (4ego-
lius funereus) and the Eurasian Pygmy Owl (Gaucidium passerinum).

The owls have generally good eyesight, which allows detecting the prey in low light and
poor sighting conditions but these creatures are the most specialized birds for hearing. Many
species are remarkable for the bilateral asymmetry of the ears. These attributes are linked to
a highly developed sense of directional hearing (Coles ef al. 1989). However, the differences
are represented by different tissues of the head (feathers, earflaps, ear holes, etc.), ear asym-
metry basically caused by cranial structures only, confined here the entirely to the different
positions and orientations of the squamoso-occipital wing on both sides. Ear morphology is
rather uniform among species but different in structure and geometry between groups. It is
possible that the ear asymmetry has evolved independently at few times among owls (Nor-
berg 1977). The symmetrical ears are representing a most basal form and cranial structure
(Nishikawa 2002). Owls with asymmetrical ears can determine the horizontal and vertical
direction of a sound, separately, since the time of arrival of the sound differ compare to the
ears. This attribute allows localising the sound without head tilting (Newton 2002). A com-
parative study of location abilities between species with asymmetrical ears (4sio otus, Tyto
alba) and symmetrical ears (Athene cunicularia, Bubo virginianus) has shown that the lat-
ter species accurate locate sources of sound in the horizontal plane only, while species with
asymmetrical ears also localise sound vertically (Volman & Konishi 1990). Symmetrical
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and relatively narrow earholes are present in Otus scops, Surnia ulula and Athene noc-
tua (Voous 1988) and the asymmetry well presented by the species Tyto alba and Aegolis
funereus (Norberg 1978, Nishikawa 2002). The great hearing abilities led the birds to be
acoustic hunters. The birds with less sensitive hearing are using usually their eyes as visual
hunters (Mikkola 2014).

Species with northern distribution should spend more time in darkness both daily and
yearly, e.g. the Tawny Owl (Strix aluco), Ural Owl (Strix uralensis) (Goffette et al. 2016)
and the Great Gray Owl (Strix nebulosa) (Del Hoyo et al. 1999, Mysterud 2016). Various
Strix species differ considerably in their degree of asymmetry (Derlink ef al. 2018). This
suggests that selection pressure may differ among species, or may target different aspects of
the hearing system. Modification of the tympanic wing affects the configuration of the tem-
poral portion of the adductor muscles. The morphological change in the external ear and ad-
ductor muscle of owls are lesser known. Changes in the adductor muscle may be non-adap-
tive, and explainable mainly as side effects of evolutionary experimentation in the external
ear (Holland 1993).

Species with large distribution, such as Barn Owl, have similar diet composition and sim-
ilar preference in prey size in different regions. It was investigated in the Nearctic (Marti
1988, 2010) and Palearctic range (Bernard et al. 2010). Due to the similar prey consump-
tion, differences in cranial morphology are not presented.

Future studies should further examine which proximate factors determine intraspecific
and intersexual differences on skull (Tornberg et al. 2016). We can have the question, why
species and subspecies differ in the degree of sexual dimorphism in different environments
(McGillivray 1989). Due to the RSD, the females are usually larger than males, therefore
their head is larger. Head size alone does not explain the sexual dimorphism in possibly dif-
ferent prey preference, assuming that other factors may be involved. Results suggest once
more that foraging habits deserves closer attention. The dietary data also suggest strong im-
plications for different prey preference in males. Male owls possibly eat smaller, softer, and
less evasive prey than do females, and the electivity analyses implicate that they achieve
this by actively selecting such prey types, and may thus potentially avoid competition of the
males and females (Pérez-Camacho et al. 2015). In some cases, the similarities in the skull
shape reflect the phylogenetic connection. In this study, we did not investigate the effect of
phylogeny and the similarities due to phylogeny. The phylogenetic control would be neces-
sary in further analyses.
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Abstract Population of the Eagle Owl (Bubo bubo) has been increasing in Europe including
Hungary. The species occupy new habitats beside its ancient territories including quarries and buildings. This
may result in conflicting conservation and economic interests in active quarries. Because eagle owls are strictly
protected in Hungary, human activities around known nest sites require environmental permits. We aimed to ob-
tain information on Eagle Owl behaviour in an operating quarry by tracking an adult female to base a future spe-
cies-specific guideline to issue environmental permits for mining in quarries. We used a combined GPS-GSM and
VHF telemetry. We found that the tracked female did not breed in the study year but remained in her home range
during the study period. By studying her seasonal and daily patterns of movements, we found that she was not
disturbed by regular human activities under the nesting cliff, but she was more sensitive to unexpected non-reg-
ular disturbance. Based on the satellite-tracking data, this specimen used an approximately 18 km? home range
during the study period.

Keywords: telemetry, tracking, human activity, environmental permit, species-specific guideline

Osszefoglalas Az uhu (Bubo bubo) allomanya emelkedSben van Européban, ahogy Magyarorszagon is. A faj egy-
kori ¢él6helyei visszafoglalasa mellett uj élhelyeket is birtokba vesz, beleértve kdbanyakat és épiileteket is. Ennek
eredményeképpen a miikodo kébanyakban konfliktusok alakulhatnak ki a természetvédelmi és gazdasagi érdekek
kozott. Mivel a faj Magyarorszagon védett, a revirben torténé emberi tevékenységekhez kornyezetvédelmi enge-
dély sziikséges. Célunk az volt, hogy nyomkovetés segitségével informaciokat gyijtsiink egy 6reg toj6 uhu visel-
kedésérol egy miikodo kébanyaban, hogy megalapozzunk egy, a késébbiekben elkészitendd, fajspecifikus utmu-
tatot a kobanyak milkodésére vonatkozo kornyezetvédelmi engedélyek kiadasahoz. Egy kombinalt GPS-GSM és
VHF alapt eszkozt hasznaltunk. Utobbi jeleit egy automata vevoegység rogzitette folyamatosan, a nap 24 oraja-
ban. A VHF ado jeleit kézi veviegységgel is lehetett fogni. A par nem koltott a vizsgalt évben, de a vizsgalt ido-
szakban folyamatosan a revirben volt. A szezonalis és a napi mozgasmintazatok elemzése azt mutatta, hogy a fé-
szek alatt végzett rendszeres emberi tevékenység nem zavarta, azonban sokkal érzékenyebben reagalt a nem vart,
nem rendszeres zavarasra. A mitholdas nyomkdvetés adatai alapjan az uhu egy megkozelitéleg 18 km? kiterjedé-
st tertiletet hasznalt a vizsgalt id6szakban.

Kulesszavak: telemetria, emberi tevékenység, kornyezetvédelmi engedély, fajspecifikus utmutato
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Introduction

Although global population of Eagle Owl (Bubo bubo Linnacus, 1758) appears to be de-
clining, the European population has undergone a continuous increase in the last decades
(BirdLife 2018). Accordingly, population of Eagle Owl has increased in Hungary (Figure 1)
gradually re-occupying the former habitats of the species (Firmanszky et al. 2004, 2005,
Petrovics 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015). The increase of the
European population is not without conflicts. As an apex avian predator, almost all bird and
mammal species are on the diet of Eagle Owls including rare and protected ones (Lourengo
et al. 2011). Accordingly, Eagle Owls regulate also population sizes and distribution pat-
terns of other birds of prey species through intraguild predation (Mikkola 1976, Gainzarain
et al. 2000, Sergio et al. 2004, 2007, 2008, Brambilla et al. 2006, 2010, Martinez et al. 2008,
Lourenco et al. 2011).

Eagle Owls generally prefers habitats at lower altitude with open space in proximity of
nest. They do not build nest, they usually lay eggs on cliff ledges or in stick nests of other
bird species. Therefore, their most favoured nests sites are natural rock formations and quar-
ries, but they may also breed in riparian forests, as well as on loess ledges (Firmanszky et
al. 2004, Petrovics 2007). The Eagle Owl is known to tolerate human presence and nests not
only near human settlements (Marchesi et al. 2002, Martinez et al. 2003, Cochet 2006, Pet-
rovics 2007), but also started to colonize buildings in cities (Harms 2016). Quarries play an
important role in this respect. For example, in Germany, quarries — both actively mined as
well as inactive quarries used for leisure activities — are the most important breeding sites
for Eagle Owls (Lindner 2005).

Human — Eagle Owl conflicts arises especially in active quarries, where conservation and
economic interests meet, and disturbance resulted from human activities may jeopardize
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Figure 1. Population trend of the Eagle Owl in Hungary
1.dbra Az uhu dllomanyéanak alakuldsa Magyarorszagon
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breeding success. Disturbance caused by human activities can be manifold from econom-
ic activities (e.g. mining operations like extraction and crushing), through road or air traffic,
hiking, rock climbing, walking dog, as well as targeted disturbance like birdwatching. It is
desirable therefore to take preventive measures to support breeding success of this protect-
ed bird of prey species.

The international conservation status of the Eagle Owl is “Least concern” (BirdLife
2018). It is listed in CITES Appendix II., Bern Convention Appendix II and European Un-
ion’s Birds Directive Annex 1. and protected also by national legislation in most countries
within its range (BirdLife 2018). In Hungary, Eagle Owl falls in the “strictly protected” cat-
egory as defined in general by the Law 1996. LIIL. “on the conservation of nature” and spec-
ified in the annex 3. of the decree 13/2001 (V.9.) listing the species under legal protection. It
is necessary therefore, to obtain environmental permits for any activity including econom-
ic ones that can have potentially negative effect on the life activities of Eagle Owls. As for
mining in quarries, permits usually define seasonal restrictions to prevent disturbance of
breeding pairs. There is however, no guidelines for regional authorities, on how to set the re-
strictions to reach a mutually beneficial compromise between successful breeding and eco-
nomic activities. As a result, different regional authorities in Hungary prescribe different re-
strictions ranging from fairly weak to unnecessary strict ones. None of those extremes will
be beneficial for the owls on long term. Well-designed restrictions however, will result in
conservation benefit for the species.

The main goal of the study was to evaluate the response of Eagle Owls to human distur-
bance in an active quarry in Hungary by radiotracking an adult female Eagle Owl with a
combined GPS-GSM and VHF device. We also aimed to map her home range. The hypothe-
sis was that the tracked Eagle Owl nesting in the quarry would tolerate disturbance resulted
from everyday mining activities, also remaining in their nest or cliff perch in the quarry even
during the day. However, she will respond negatively to unusual or targeted disturbances.
We also assumed that the bird will be in the home range throughout the year and her move-
ments likely remain within a few kilometres.

Material and methods

The first phase of the study was carried out near Esztergom, Hungary in a limestone quar-
ry owned and managed by COLAS Eszakkd Ltd. The quarry has been used by Eagle Owls
since 2004. The quarry is about 3.8 ha and an approximately 50 m high cliff closes the north-
east side of the yard. The border of Pilis-Visegradi Mountains Natura 2000 site runs on the
top of the quarry. The cliff itself has not been permitted to be mined in the last two decades
partly due to conservation considerations. The main cliff of the quarry faces to southwest
offering a good view on an open landscape with a mosaic of grasslands, arable lands, vine-
yards, gardens and patches of bushes and wood. Extensive forests from northeast reach the
top of the cliff and cover the top of the range to which the quarry belongs. The village of
Kesztolc is located southeast of the quarry within only a kilometre. A major road, a lake and
a covered landfill site can be found west — southwest of the quarry within only 3 kilometres.
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The ownership of the quarry changed several times through the years and mining activi-
ties were ceased in some years. In 2016, when the field work was done, the quarry was ac-
tive. Limestone extraction was done in the yard under the cliff but crushing and classifying
was done further away, outside of the yard. The equipment and the yard were guarded per-
manently. Outside of working hours, guards on duty had to walk around the yard and check
the equipment once in every hour also in the night. All work activities or extraordinary
events occurred in the mine was registered in a book, which was our source of background
information to compare against data from the owl’s VHF transmitter.

In 2016, we trapped the adult female of the pair before the start of the breeding season to
mount her with tracking devices. We used bow net for trapping as described in other studies
(Leditznig 1992, Hull & Bloom 2001, Barclay 2008). After successful trapping, we mount-
ed the Eagle Owl with a combined GPS-GSM and VHF device by using Teflon ribbon har-
ness similarly to other studies (Delgado et al. 2009). The tracking equipment formed a ruck-
sack on the bird, not preventing her from activities like hunting or mating.

The devices consisted of two attached, but otherwise separately functioning units. The
GPS-GSM unit was a 45 gram, solar powered “Crane” type logger manufactured by Eco-
tone Telemetry. Crane loggers were designed with large backup batteries for birds mostly
active in poor light conditions or with extreme large feathers (covering the solar panel). The
unit can be programmed via an online panel and capable to locate the bird in every half an
hour in good light conditions. Data is transmitted to the online panel via GSM network af-
ter every fourth successful GPS localization. Supplementary data as battery status, temper-
ature, activity, and GSM network level are also recorded and transmitted. The accuracy of
built-in GPS is a few metres in open areas, but worse in covered places. In our study, we set
the localization frequency to one GPS record per night to save battery.

We attached a 10-gram VHF unit to the logger to complement a low frequency data service
with a high frequency data provider unit, thus the combined device with the harness weighted
approximately 60 grams, which was about 2.7% of the Eagle Owl’s weight (2230 gram). The
proportion was lower than the internationally accepted 3% rule. The VHF transmitter emitted a
signal in every ten second and the estimated lifetime was four years. We deployed a full auto-
matic receiver station in the guards’ container in the mine yard that worked 24/7 and we recorded
signal strength with a laptop. Data recorded by the automatic receiver station did not give infor-
mation about the exact location of the bird, as it is not possible to detect direction of the transmit-
ter with a single, fixed receiver. Signal strength however, indicated very accurately the presence/
absence of the bird on the nesting cliff. According to previous tests, when the signal was strong,
reaching the maximum value on the scale, we could be sure that the bird was on the cliff. As soon
as the bird left the cliff, signal strength dropped significantly. There was not any radio signal
emitting device in the area that could have distorted the signals of our VHF transmitter deployed
on the bird. In addition to the automatic receiver station, VHF signals could be received also
with a regular hand-held VHF receiver and a Yagi-antenna, thus Eagle Owl’s roost sites during
the day could be located. The VHF system including the transmitter and the receiver units and
software was manufactured by Richard Wohlfart. Combining data received through the automat-
ic receiver station and the hand-held receiver with the GPS-GSM data and visual observations
(also with night-vision binoculars), we could make a good assessment of the bird’s movements.



58 ORNIS HUNGARICA 2018. 26(1)

For technical reasons, we received comparable data between late February and early No-
vember, thus we evaluated data and present results from the period between 1 March and
31 October 2016.

GPS data showed the approximate range within the bird was moving during night that we
put on a map (Minimum Convex Polygon) to visualize the home range of the Eagle Owl.
The map was informative about the territory used by the bird, however information resulted
from high-frequency VHF data were more important considering the aim of the study. We
did not consider exact time of sunset and sunrise to keep processing simple. As a result, we
received a very good visualization of owl’s movements against circadian periods indicat-
ing the presence or absence of the bird on the nesting cliff. In addition, based on the quarry
activity results, we showed (with a hypothetical value) every relevant human activity (dis-
turbance) on the chart referring them to the date and time they happened. As a result, visual
identification of disturbance events was straightforward.

All activities in the study was licensed by the environmental authority and requirements
prescribed in the permit were strictly followed.

Results

We found that the Eagle Owl used intensively the nesting cliff throughout the year from the
beginning of the year until early December, when she perished for unknown reason with-
in the city limits of Kesztdlc, the nearest settlement (the carcass was recovered with help of
the tracking device). The female (and probably also the male) used the nesting cliff inten-
sively especially during nights. The main resting area during daytime was not on the cliff,
but over the top on the other side of the hill. The female perched on 15-20 metres tall, old-
er trees covered with common ivy (Hedera helix).

Although the pair did not start breeding, Eagle Owls’ presence was gradually becom-
ing more explicit towards May and June, spending more days on the cliff and being pres-
ent every night. In July and August, the Eagle Owl avoided the cliff even in night, while in
September, her presence was more explicit again, followed by a lower presence in October.

Circadian activities of owls usually followed the seasonally changing timing of sunset and
sunrise. In many cases, the male and the tracked female (as visual observations confirmed)
left the day roost and appeared on the cliff already at dusk. Usually the male arrived first and
perched on his favourite rock or tree branch. The female usually showed up shortly after the
male and she was less conspicuous, often we learnt about her approach only through the in-
tensifying VHF signals. In some cases, she appeared much later than the male. In the night,
she was away from the cliff mostly in the beginning or middle of the night period, when we
suppose she was out hunting. In March, for example, she frequently left about two hours af-
ter sunset — around 8:00 pm CET — and returned only after midnight. However, we have re-
cords for earlier or later absence from the cliff and occasionally she left the cliff for hours
twice a night. Oppositely, a few times she spent most of the night on the cliff. She always
left the cliff only shortly before dawn every time, when she did not spend the daytime there.
Vocalization was more intensive during the breeding period, but it occurred in every season.
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We identified fifty days during the 245 days of the study period, when the tracked owl
spent the entire daytime on the nesting cliff in the quarry. For forty nights the owl did not
visit the cliff at all (Figure 2). There were two occasions, when the owl spent the day in the
quarry and the crusher was operating — the owl did not leave the cliff (Figure 3). Human
presence was continuous in the quarry, as the guards were always walking around regularly
in the quarry in every hour according to their protocol.
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Figure 2. Number of days of diurnal presence and nocturnal absence on and from the nesting cliff
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Figure 3. Diurnal and nocturnal presence of the tagged Eagle Owl on the nesting cliff in the period
14.03.2016 - 20.03.2016 indicated by VHF signal strength. On 18.03.2016 diurnal presence
can be observed; the crusher was in operation on the same day

3.dbra A jeladds uhu nappali és éjszakai jelenlétének alakuldsa a fészkel6falon 2016.03.14. és
2016.03.20. kozott, aVHF jelek er6ssége alapjan. Nappalijelenlét figyelheté meg 2016.03.18-
an, amikor a téré6gép lzemelt a banyaudvarban
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Figure 4. Diurnal and nocturnal presence of the tagged Eagle Owl on the nesting cliff in the period
11.04.2016 - 17.04.2016 indicated by VHF signal strength. The signal pattern indicates a
disturbance event in the morning on 12.04.2016.

4.dbra. A jeladds uhu nappali és éjszakai jelenlétének alakuldsa a fészkel6falon 2016.04.11. és
2016.04.17. kozott, a VHF jelek erdssége alapjan. A jelek mintdzata 2016.04.12-én zavarast
jelez

When spending the daytime on the cliff, we found that she did not leave the roosting ledge
during the day except for two cases (in April and June) that we identified as possible distur-
bance events (Figure 4). According to the register book, on one of those days a heavy ma-
chine was doing earthwork on an upper terrace of the quarry close to the daytime roost of
the owl.

Data from that device showed first the regular day roost area roughly 300 metres north-
east from the cliff in straight line, where we found the Eagle Owl with the hand-held VHF
receiver. The logger also confirmed our hypothesis that the adult female Eagle Owl re-
mained within a few kilometres from the nesting site and regular roosting area. We found
that the home range of the owl was about 18 km? including open and semi-open habi-
tats with arable land bordered with patches of wood and abandoned vineyards. She visit-
ed two different manors of farmers’ cooperatives, three and six kilometres from the cliff,
to south and northwest, respectively (Figure 5). The female Eagle Owl crossed linear in-
frastructures and even industrial zone on her revealed routes. It is likely that she flew over
the village of Kesztolc regularly, as she hunted in its immediate vicinity. According GPS-
GSM and VHF data, longer distance flights occurred in July and August, when she spent
less time in the nesting cliff. The owl did not visit the closed forest areas in the mountains
northeast of the cliff.
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Figure 5. Area (minimum convex polygon) used by the tagged Eagle Owl based on GPS-GSM data
5.dbra A jeldlt uhu éltal haszndlt teriilet (minimum konvex poligon) a GPS-GSM adatok alapjan

Discussion

The tracked female Eagle Owl spent considerable time — mostly at night, but also in daytime
— on the cliff, even so that the pair did not breed in 2016.

Our study showed that the Eagle Owl tolerated repeated, non-targeted activities that oc-
curred regularly and that was outside of a certain safety zone regardless if they were result-
ed from machines or men. Irregular operations, on an irregular place, closer than usual to
the day roost of the owl however, can be classified as disturbance that may endanger breed-
ing, if they often occur.

Studies focussed on owls’ response to human disturbance (Delaney et al. 1999, Dalbeck
& Breuer 2001) seem to be contradictory, but different types of disturbance must be evalu-
ated separately. Regular “non-human” disturbance like quarry operations (Petrovics 2007),
military helicopter practicing at low altitude (Delaney et al. 1999) has less impact on owls’
behaviour, than seasonal direct human activities like rock climbing on the breeding cliff
(Dalbeck & Breuer 2001). While owls can breed successfully in first case, in case of latter
even breeding pairs can disappear, if the activity is not banned totally. Disturbance after all
thus effects habitat quality. Quality of available habitats and individual choices has an im-
pact on population density and breeding success (Penteriani et al. 2004). High tolerance of
non-targeted disturbance had been reported from Germany, adding that Eagle Owls were
even protected from targeted disturbance in actively used quarries (Harms 2015). The most
important consideration is that no work or other human activity should be carried out in the
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immediate vicinity of the breeding site (Lindner 2005). In East-Westphalia-Lippe, in Ger-
many high percentage of breeding pairs were found in industrial areas including quarries
(Lodige et al. 2008). Apparently, owls can get use to repeated, non-targeted, intense human
disturbance (e.g. mechanical noise, traffic, mining activities etc.), while they are sensitive to
targeted disturbance (e.g. rock climbing, dog walking, bird watching etc.) even if it happens
on a significantly smaller scale compared to previous activities.

The avoidance of the cliff in the summer was not related to any human activity in the
quarry. Apart from the fact that no nestlings bonded her to the cliff, one possible explana-
tion is that in the summer period the cool forest roosts offer better microclimate than the
sun-heated bare rock, which stores the heat also for the night. Additionally, also in oth-
er parts of the territory fully developed foliage provides good cover during the day. As an
opportunistic predator, she hunted not only in natural and agricultural areas, but also very
close to settlements and even in the immediate vicinity of buildings (manors). Other au-
thors also found that Eagle Owls regularly spent daytime further away from the nesting
cliff (Dalbeck et al. 1998).

In summary, the tracked Eagle Owl tolerated “business-as-usual” activities in the quar-
ry, but she was sensitive to activities she had not been used to. This result is in accordance
with the literature describing co-existence of Eagle Owl breeding and industrial activities in
quarries. Findings suggest that full ban on mining activities in quarries, where Eagle Owls
breed is not always necessary. Activities (e.g. explosion, opening new yards or terraces, do-
ing occasional earthworks close to nest etc.) however, that go beyond normal operation in
the breeding season must be carefully evaluated and restricted if they endanger breeding.

It is important to note that sensitivity to disturbance varies among individuals, as well as
breeding season may shift within years depending on weather conditions, and there are dif-
ferences also in geographical features of quarries. Thus, spatial-temporal restrictions of min-
ing must be adjusted to the individual quarries and owls annually.

Our study did not detail possible schedules for restrictions, as the tracked female and her
mate did not start breeding in 2016. Another weakness of the study is the limited number of
tracked individuals. For that we plan to continue the research in the coming years to com-
plete the study and have a broader base for conclusions.
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Abstract The breeding strategies of the White Stork changed drastically during the past dec-
ades: a decreasing number of individuals nest on traditional nest sites — trees, roofs, chimneys,
whereas electricity poles are increasingly selected. Here we analysed long-term breeding data of White Storks
breeding in six Hungarian counties to detect patterns in nest site preferences in Hungary. According to our re-
sults, the shift to preference for electricity poles was shown at the same rate in every county, independently from
the proportion of original nest sites. After 2000, although electricity poles dominated everywhere, the proportion
of nest on poles without platform increased, despite the abundance of available empty platforms. To explain this
pattern, we propose that White Storks show a preference for viewpoints, thus choosing to breed as near as possi-
ble to optimal habitats, regardless of nest site types. Therefore, conservation measures concerning the nest sites of
this species should include preliminary habitat analysis.

Keywords: nest site selection, population dynamics, species conservation, rural area, habitat selection, Hungary

Osszefoglalas A fehér golya fészkelési szokésai latvanyosan megvaltoztak az elmult évtizedekben: egyre keve-
sebb egyed kolt hagyomanyos fészkelohelyeken — fakon, haztet6kon, kéményeken — és egyre tobb villanyosz-
lopokon. Hat megye hosszt tavi fészkelési adatsorait elemeztiink annak megvalaszolasara, hogy Magyarorszag
kiilonboz6 tajain hogyan zajlott le a fészkelShely-valtas. Eredményeink alapjan mindegyik megyében azonos id6-
ben és litemben kezdddott meg az attelepiilés a villanyoszlopokra, fliggetleniil a fészekhely-tipusok eredeti 6sz-
szetételétol. A 2000-es években mar a villanyoszlopok dominaltak mindenhol, azonban a tartd nélkiili villany-
oszlopon fészkeld golyak aranya nétt annak ellenére, hogy nagy szamban voltak elérhetéek tires fészektartok. Ez
azzal magyarazhato, hogy a golyak szamadra a fészek térbeli elhelyezkedése az elsddleges: a jo taplalkozoteriile-
tekhez kozelieket preferaljak a fészekalap tipusatol fiiggetleniil. A fehér golya fészkelésével kapcsolatos termé-
szetvédelmi intézkedésekhez, miifészkek helyének optimalis kivalasztasahoz elengedhetetlen az él6helyek mind-
ségének eldzetes felmérése.
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Introduction

The White Stork (Ciconia ciconia) originally built nest on trees, but since the extent of natu-
ral habitats (wetlands, floodplains, steppes with scattered trees) decreased because of human
activities and in parallel, extensive agriculture created alternative habitats, White Storks
started to show a preference for nest sites in human settlements. Buildings, as artificial nest
sites, facilitated the urbanisation of Storks (Cramp & Simmons 1977).

The most drastic change of the past decades is represented by a process including White
Storks starting to use electricity poles as nest sites as a dominant strategy. Since environ-
mental and sociological changes occurred at different rates in Europe, this transition in nest
sites was also spatially uneven. For instance, in Wielkopolska region of Poland, preference
for nesting on electricity poles started and predominantly increased in the western areas, in
accordance with the direction of rural electrification (Boguczki & Ozgo 1999). In the for-
mer area of Yugoslavia, the dominant nest sites — haystacks — disappeared in a few years
due to economical changes. This sudden and compulsory transition impacted the population
negatively as breeding success dropped by 50% during the following decade (Pelle 1999).
Further, in Vojvodina region, Serbia, the most abundant nest sites are located on electricity
poles (Tucakov 2006). In Estonia, significant amounts of nesting events on electricity poles
were registered in 1984, and became dominant in 20 years (Ots 2009). The contribution of
electricity poles in nest sites grew sixfold in Bulgaria between 1979 and 1994, in paralleel,
the contribution of trees dropped by 50%, possibly because suitable trees disappeared (Pet-
rov et al. 1999). In Turkey, electricity pole was also the most abundant type in the latest cen-
sus, whereas nest site types were distributed unevenly in regions (Omnus et al. 2016). For
example, in the Kizilirmak delta, tree remained the dominant nest site, attributed to the natu-
ral stand of the forests (Yavuz et al. 2012). In Slovenia, nesting on electricity poles appeared
in 1965, the proportion of this type is 40% in 1979 and 80% since 1999 (Denac 2010). In
Portugal, the proportion of nesting on electricity poles increased from 1% to 25% between
1984 and 2014, out of this 60% is the proportion of high voltage poles, which can hold mul-
tiple nests (Moreira et al. 2017). In Latvia, the proportion of nesting on electricity poles in-
creased from 1% to 60% between 1974 and 2004, mostly without support (Janaus & Stip-
niece 2013). In Belarus, Storks nested exclusively on trees and building in 1967, however,
nesting on electricity poles increased to 25% to 2004, but water towers have the same pro-
portion, which is unusual compared to those of other countries (Samusenko 2013).

The breeding population of Hungary was estimated to 15000—16000 pairs, based on the
first census in 1941, which was calculated considering a larger historical country size (Ho-
monnay 1964). This estimate can be relatively correct as the areas excluded after the peace
treaties of WW-II included mainly mountain habitats, unsuitable for Storks. However, ac-
cording to the partial censuses, only half of this estimated number was likely to be realis-
tic between 1948 and 1951 (Keve 1957). The population decreased further during the 1970s
(4900 pairs), since which period it can be considered stable with 4800-5600 pairs (Magyar
et al. 1998, Hadarics & Zalai 2008). According to the Common Bird Monitoring scheme,
the population trend is uncertain between 1999 and 2012 (Szép et al. 2012). A likely rea-
son of mortality for half of the known cases can be related to electrocution or collision with
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power lines or electricity poles, with 80% of the victims being juveniles (Lovészi & Réka-
si2009).

Electricity pole as new nest site indicates both economical and conservation problems:
the incidental shortcuts caused by the nest hinders electricity service, and birds — special-
ly fledglings — are threatened by electrocution (Jakab 1991, Jakubiec 1991, Infante & Peris
2003, Lovaszi & Rékasi 2009). At local levels, collision with power lines and poles can con-
tribute significantly to mortality rates (Goriup & Schulz 1991, Garrido & Fernandez-Cruz
2003, Galarza & Garcia 2012), and electromagnetic field can decrease breeding success
(Vaitkuviené & Dagys 2014). Prevention or at least mitigation of these threats is an impor-
tant task. Possible solutions: lifting up nests with nest supports, establishing nest supports on
electricity poles (Goriup & Schulz 1991, Muzini¢ & Cvitan 2001) or setting up independent
poles specifically for Storks in potencial habitats (Santopaolo et al. 2013).

Conservation measures aimed at nest sites can bring spectacular results, for example, the
Calabrian reintroduction succeeded using artificial platforms (Santopaolo 2013). The White
Stork population in Europe is stable again, even increasing in a number of regions (BirdLife
2016). The protection of the species can only be efficient by regarding both the nest site and
the habitat needs. There could be areas where habitats would be optimal but inhabitation is
impossible due the lack of nest sites, or the other way around.

In this paper, we aimed to answer the following questions:

1.How the proportion of nest sites changed in six Hungarian counties during the last fifty

years?

2.What are the primary drivers of shifting to electricity poles?

3.How successful were the conservation actions of the past decades?

Materials and Methods

The data were retrieved from two resources. First, between 1958-1989, paper forms of
White Stork censuses conducted in every five years, published in the archives of Mora Fer-
enc Muzeum, Szeged. This information includes two types of protocols: postal forms (po)
sent out by post offices, filled out by post workers; and more detailed questionnaires (qu)
sent out to forestries, hunting companies, schools, filled out by foresters, hunters, teachers,
students etc. Second, between 1994-2013, volunteers of BirdLife Hungary provided the da-
ta, and this database is now fully available in electronic format, provided by the Hungari-
an Monitoring Centre. There was only one observation by every method, so the number of
White Stork pairs is probably underestimated and there could be also differences in produc-
tivity, but these estimates do not differ significantly from real values, as this study states
(Aguirre & Vergara 2009). Nest site types are considered as reliable data, because most of
the time nest site can be easily identified and can be surveyed at any time of the breeding
season (Boguczki & Ozgo 1999).

For this study, we chose six out of the 19 Hungarian counties (namely Gydr-Moson-So-
pron, Somogy, Bacs-Kiskun, Békés, Hajdu-Bihar és Szabolcs-Szatmar-Bereg County). We
considered the following criteria: 1. data are available from every year 2. there should be
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enough breeding pairs for the analysis 3. they should represent different geographical and

socio-economical regions of Hungary. Water permeability of soil types affects the amount

of water covered areas which is in relation to the distribution of White Storks, therefore we
present the soil types of the counties along with the main water bodies, the typical agricul-
tural use and the human population density (Mezdsi 2011, https://www.ksh.hu/).

— Gyo6r-Moson-Sopron (GYMS): soil types: fluviosols, gleysols, phacozems, chernozems
(near rivers), luvisols (Transdanubian Mountains). Main waters: Danube, Raba, Rabca.
Agricultural usage: 4.8% grassland, 53.5% arable land, 19.2% forest. Density: 107/km?.

— Somogy: soil types: fluviosols, gleysols, phacozems (near rivers and lakes), luvisols,
arenosols, cambiosols. Main waters: Drava, lake Balaton. Agricultural usage: 5.2% grass-
land, 42.2% arable land, 29.5% forest. Density: 52/km?>.

— Bacs-Kiskun (BK): soil types: regosols, solonchaks, fluviosols (along Danube), cher-
nozems (Bacska region). Main waters: Danube, alkaline, saline lakes. Agricultural usage:
12.3% grassland, 41.3% arable land, 20.9% forest. Density: 61/km>.

— Békés: soil types: chernozems, rendzinas, phacozems, vertisoils. Main waters: Koros, Be-
retty6. Agricultural usage: 5.5% grassland, 67.7% arable land, 4.6% forest. Density: 63/
km?.

— Hajdu-Bihar (HB): soil types: chernozems, solonetzes (Kozép-Tisza region). Main wa-
ters: Tisza, Berettyo, alkaline-saline lakes. Agricultural usage: 17.7% grassland, 53.1% ar-
able land, 11.1% forest. Density: 86/km?.

— Szabolcs-Szatmar-Bereg (SZSZB): soil types: regosols, arenosols; phacozems, fluvios-
ols (along rivers). Main waters: Tisza. Agricultural usage: 10.8% grassland, 44.4% arable
land, 21.1% forest. Density: 94/km? (Map 1.).

Map 1. Location of the examined counties
1. térkép A vizsgalt megyék elhelyezkedése
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We categorised nest sites as follows:

— tree (tr): any species of woody plant, either dead or alive

— building (bu): any type of building, including those of economical usage (barns, pens etc.)
— roof (ro): the covering structure of a building of any material

— chimney (ch): the structure of a building used for ventillation

— electricity pole (ep): pole connected to the power line network

without support (ep_ns): electricity pole without nest support

with support (ep_s): electricity pole with nest support

— other (ot): independent poles, haystacks, water towers, ruins etc.
Data were filtered and processed with the R statistical computing software (R Core Team
2015). We summarized the number of nests (both occupied and unoccupied) in every year
from the postal forms and the online database to see the overall population changes. We
chose the postal forms for the 1958—1989 period because it gives a better estimation, espe-
cially for the early years. We applied linear regression to the changes of proportion of nest
sites by counties in each data series (namely: the postal forms, the questionnaires and the on-
line data). To investigate overall changes, we used linear mixed model (LMM) implement-
ed in the Ime4 R package (Bates ef al. 2015). One model contained previous data, where
the census type was added as a fixed predictor and the county identity provided the random
variable, whereas another model contained the new data, including county identity as ran-
dom effect term.

Since the new database contains the empty nest supports, the role of equipped nest sup-
ports, and hereby the success of nature conservation actions can be measured. We compared
the proportion of empty nest supports to electricity poles and the proportion of unoccupied
nests to electricity poles (where 100% was all of the possible nest sites, so all nests + empty
nest supports). We applied linear regression for estimating the proportions by counties. For
electricity poles with nest supports, we investigated seperately the proportion of empty nest
supports and the unoccupied nests.

Results

Overall population changes based on numbers of nests

During the span of 10 years of the first three census, the number of Stork nests decreased in
every county. The values remained more or less at these values between 1968 and 1984. Be-
tween 19942013, fluctuations due to insufficient data in the first years affected most coun-
ties, but if we take the highest numbers as a basis from this period, we can assume that pop-
ulation increased in every county after 1989 (Table 1).

Changes of nest sites

Here we show the main characteristics of nest site changes; strengths and direction of trends
is indicated more in depth in the tables (Table 2, 3, 4).
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Between 1958-89
The most profound change was in all counties, in both data sources, the significant increase
on nests on electricity poles.

In the beginning, most common nest sites were trees and buildings in Somogy county. De-
crease was more drastic and earlier at trees (in both data sources). Questionnaires show that
roofs decreased more affected within the building category. Chimneys remained important
even in 1989.

Similar to the previous, tree and building nests dominated in Béacs-Kiskun in the early
years. Despite the decrease, contribution of trees was still high in 1989 (postal forms). With-
in the building category, roofs decreased more (questionnaires).

Questionnaires show that greatest proportion of nests originally were on chimneys in
Békés. In contrast to other counties, of contribution of roofs and trees remained always low.

In Hajdu-Bihar county, the other category emerged as the most important type, which was
driven mainly by the contribution of haystacks (based on the notes of postal forms). The pro-
portion of building nests was also high, especially on chimneys.

The majority of nests was found on buildings in Szabolcs-Szatmar-Bereg counties. The
contribution of roofs was a bit higher than in other counties. In case of tree nests, fluctua-
tion was strong in postal forms.

Based on the linear mixed model, the trends of the two data sources differed significant-
ly in the case of other category: the postal forms showed a greater decrease. The difference
between the six counties was the lowest at the electricity poles: 4.5% of variance was ex-
plained by the county as random variable. This contribution of variance was 47.6% at the
trees, 45.9% at the buildings and 17.4% at the other category (Table 5).

Between 1994-2013

The most striking change was the increase of the proportion of nests on electricity poles
without supports in all counties and was significant in 5 out of 6 cases. In parallel, the pro-
portion of nests on electricity poles with support decreased in 5 out of 6 cases. Altogether,
this nest site still remained dominant in every county (7able 6, 7).

In Gyér-Moson-Sopron, the contribution of chimney and other category was 10-15%.
Significant decrease was observed in case of the trees.

The overall proportion of nests on electricity poles significantly decreased in Somogy.
The proportion of nests on chimneys and other sites amounted to 5-10%. No nest on roof
was reported.

The only significant change in Bacs-Kiskun was detected in the decrease of nests on roofs.
The proportion of chimney nests was around 10-20%. The contribution of other category
was 5-10%. No nest on trees was reported.

The overall proportion of nests on electricity poles significantly increased in Békés. There
was a significant decrease in case of chimneys, although their contribution is still high (20—
25%). There was a significant increase in case of roofs.

The contribution of chimney nests was around 5-10% in Hajdu-Bihar. There was a signif-
icant increase in case of tree nests.
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The overall proportion of nests on electricity poles significantly decreased in Sza-
bolcs-Szatmar-Bereg. The proportion of other category was higher due to the independent
poles (20-10%), but also significantly decreased.

Based on the linear mixed model, the proportion of nests on electricity poles with support
decreased significantly overall and 18.9% of the variance is explained by the differences be-
tween counties. There was a significant increase in case of electricity poles without support,
9-14.9% of variance provided by county identity as random factor. There was a significant
decrease in case of the roofs (variance contribution of countries: 51.8%). A positive trend
was observed in case of the chimney and tree category (variance contribution of counties
respectively: 41.6% and 17.6%). A negative trend was observed at the other category (vari-
ance contribution of counties: 26.7%) (Table 8).

The proportion of empty nest supports on electricity poles significantly increased in Bacs-
Kiskun, Hajdu-Bihar, Somogy ¢és Szabolcs-Szatmar-Bereg. The proportion of unoccupied
nests on electricity poles with support significantly increased in Somogy (7able 9).

Discussion

The White Stork population in Europe drastically decreased between 1970 and 1990, which
is hypothesised to be the result of decreasing of suitable habitats and nest sites, increasing
mortality resultes by power lines, drought in the wintering areas, chemical crop control and
the interactions among these effects (Goriup & Schulz 1991, Jakubiec 1991, Kanyamibwa et
al. 1993, Schulz 1994). The population size reached its lowest number in 1984 with 135000
pairs and started to increase in the following decades (Thomsen & Hétker 2006). The pop-
ulation in Europe is now estimated to 224000247000 pairs (BirdLife International 2016).
The reasons of increase — between conservation actions — is attributed to the expansion of
area to the north (Ots 2009), the occupation of habitats at higher altitudes (Tryjanowski et
al. 2005b), the reoccupation to original breeding areas (Santopaolo 2013) and locally the ad-
vantageous changes in agriculture (Forgach 1997, Vaitkuviene & Dagys 2015). During the
past decades, Storks fed also in rubbish dumps, which allows their permanent colonization
in suboptimal habitats (Kruszyk & Ciach 2010), or even allowing wintering in the region
(Tortosa et al. 2002, Gilbert et al. 2016).

The original proportion of the nest sites depended on traditional agricultural technology
of the given county. While specialty of Somogy was represented by the woodland pastures,
in Bacs-Kiskun it was exemplified by loosely connected network of farms. In Gydr-Mo-
son-Sopron, Hajdu-Bihar és Szabolcs-Szatmar-Bereg, storks mainly nested on agricultur-
al buildings inside villages. In Hajdu-Bihar county, the high proportion of nest on haystacks
shows the significant use of meadows for mowing: 22-26% of nest was built on haystacks
in 1941 (Homonnay 1964), but even in 1963, this category dominated over all the others. In
Békés, extended arable lands was typical, which Storks avoid, since these habitats are sub-
optimal for them (Denac 2006a), that is why the amount of nest was relatively low. These
nests were mainly built on chimneys, inside villages.
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The changes connected with building practices have been reported worldwide (Goriup
& Schulz 1991) and are also well-documented in written resources of Hungarian White
Stork conservation (Jakab 1991). The proportion of nests on roofs decreased in a White
Stork population in Poland, because the agricultural buildings with thatched roofs preferred
by Storks disappeared with the modernisation of agriculture (Daniluk et al. 2006, Kosicki
2006). These types of buildings were often classified into the ,,other” categories in the postal
forms, so the proportion of nests on roofs could be underestimated. Thatched roofs are more
suitable for Storks than harder roof types from where the nest may easily fall down. How-
ever, human preferences are directed towards ceramic tiles and slate roofs, as these require
less maintenance and are also more fireproof.

The proportion of nests on chimneys also decreased in almost every county. Based on the
notes, the main reason of this is the modified shape of chimneys: the newer types are more
slender and opened on the top in contrast with the sturdier ones, with holes on the sides.
Sometimes the top is cone-shaped, especially aiming to deter storks.

According to the 1941 census, a certain proportion of the population — in all counties —
nested outside the villages, near to small farms, almost exclusively on trees (Homonnay
1964). The possible reason is that the vicinity of these farms was especially rich in optimal
habitats, to which storks tried to nest as close as possible (Ozgo & Boguczki 1999). We as-
sume they preferred trees because suitable old trees were more abundant and also — based
on the additional notes — because people did not tolerate the Storks on the buildings. This
stable pattern was not present in our analysis because of the settlement pattern and agricul-
tural changes. Where the changes occurred later — Bacs-Kiskun in our case — the proportion
of nests remained high.

In contrast to previous nest sites, it is improbable that the availability of trees drastically
decreased for nesting. We did not find records of mass tree logging, although it is true that
in primarily open areas, disappearance of even small number of trees can have a substantial
impact on Storks. Grasslands without trees, even if considered as optimal habitats, are not
occupied by Storks if travel costs from nearest possible nest site are larger than the energy
gain of the habitat (Jakab 1989, Olsson & Arvid 2014).

The examined counties showed great differences in the availability and usage of tradi-
tional nest sites, in contrast, the shift to nesting on electricity poles happened almost syn-
chronously everywhere. Thus, it is improbable that the disappearance of other nest site was
the primary reason of this change. Since the population was already decreasing in the an-
alysed period, it was not caused by the changes in nest sites. The structure of population
has changed.

In Hungary, electricity was introduced to the last village in 1963 (http://mtva.hu/hu/saj-
to-es-fotoarchivum/5654-50-eve-fejezodoett-be-magyarorszagon-a-falvak-villamositasa),
but electricity poles were used by Storks only occupied in larger amounts from 1968. At
that time, the distribution of electricity poles was already equal everywhere, so the swift
indeed happened independently from rural electrification. In certain regions of Poland,
Storks also started to nest on electricity poles much later after they became abundant (Try-
janowski et al. 2009, Janiszewski et al. 2015). But in Wielkopolska region, differences in
nest site choice remained between the earlier and later electrified western and eastern parts
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(Boguczki & Ozgo 1999). Regional differences were also observed in the population of Olt
river basin: the proportion of nests on electricity poles is still the highest in the N-NW part
where electrification started and the first nest on this nest site was reported in the 1960s
(Koésa et al. 2002).

The time of electrification explains the differences in patterns of nest site usage, but not
the cause of why did electricity poles became attractive for Storks. A possible assumption is
that Storks that nest on electricity poles have a higher productivity. In a study in Poland, no
differences were found between nest site types neither in the number of fledged young nor in
the proportion of occupied nests. However, in the case of electricity poles, productivity was
affected by nest support: mean number of chicks was lower as the mean of all nest sites after
the year the support was equipped, but significantly higher in the second year. Disturbance
of the nest is unfavourable for the chicks for short terms, but in the long run, chicks are saf-
er in nest with supports (Tryjanowski 2009). Based on a study in northern Hungary, produc-
tivity was significantly lower in nests on unsupported electricity poles. This could stem pri-
marily from the fact that young and unexperienced individuals nest on these poles (Boldogh
2009). However, this could indicate preference indirectly, because earlier individuals occu-
py other nest sites sooner. In a former study on the same area, earliest, most experienced in-
dividuals occupy nests on chimneys first (Boldogh 1998), so higher productivity on this type
is more affected by the age of Storks, not directly the nest site type.

Another assumption for the advantage of electricity poles is lower predation rates as well
as human disturbance. The productivity of Storks on trees presumably decreased because of
predators in Poland (Tryjanowski 2009). The role of the conflicts between Storks and hu-
mans in nest site selection was not examined as far as we know, possibly due to difficulties
in sampling data.

Realising the increasing role of electricity poles, Hungarian Birdlife started to put on nest
supports in cooperation with the electricity companies in the 1970s. From 1980, 3000 nest
supports were equipped either under existing nests or to empty electricity poles or independ-
ent poles (Lovaszi 2004). Further 650 nest supports were placed in the 1990s, 2000 between
2001-2002 and at least 1000 after that (Horvath et al. 2010).

In the 1990s, when the population was increasing, Storks started to occupy the empty
nest supports, available in great abundance. At the turn of the millenium, most new nest
were built on electricity poles with nest support. Out of the traditional nest sites, only the
proportion of nest on chimneys remained significant, although to a different degree be-
tween counties.

As the density of population increased, it proved to be a general trend that out of nests on
electricity poles, the proportion of nests with supports decreased and the ones without sup-
port increased, although empty nest supports were still available in high numbers. The pro-
portion of empty nest supports (on electricity poles) increased in every county. This can be
explained the same was as experienced in a study in Middle Poland, where it was found that
nesting on electricity poles expanded fastest in the best habitats.

It becomes harder for the newcoming individuals to fit in the high density population, be-
cause they have to choose a nest site that is close to the feeding areas but not too close to
the other pairs. The number of chicks is positively correlated with the distance of neighbors
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in optimal habitats (Nowakowski & Wasilewka 2006) and negatively correlated with the
number of neighbors in suboptimal habitats, which is caused by strong intraspecific compe-
tition (Denac 2006b). The spatial situation of the nest has priority: the Storks began to use
the electricity poles in large amounts because they easily found suitable ones due to the big
coverage (Janiszewski et al. 2015). In an analogous way, an electricity poles with good sit-
uation but without nest support is a better choice than one in a bad place with nest support.
The expanding White Stork population in western France started to nest mainly on trees, de-
spite the mass presence of artificial nest platforms (Gadenne et al. 2014). The same was ex-
perienced in western Poland: first breeders built their nest more often to trees and unusual
places, near to feeding areas (Tobolka et al. 2013).

The possible substitute for electricity pole is the independent pole erected specifically for
Storks. The distraction of Storks from electricity poles with setting of independent poles was
successful in Slovakia, where 25.1% and 37% was the respective proportion of these types
in 1995, whereas contribution of electricity poles was 38% at the 1984 census (Fulin 1999).
In Karkov region, Ukraine, the proportion of electicity pole nests was relatively high (18%)
even in 1974 and increasing, possibly due the lack of alternative nest sites in the steppe, but
now half of the population breeds on poles made specifically for them (Atemasova et al.
2016). However, they are not necessarily suitable for substitution of existing nests: in a Ger-
man population, after nests from electricity poles were removed, independent poles were
offered next to them directly, yet Storks rejected the new poles, so nest supports solved the
problem (Ko6hler 1999). These pole types began to set up in larger numbers from 1989 in
Hungary: in the 1994-2013 database, independent poles constitute almost exclusively the
,»other” nest site category, so it is easy to follow the trend. After the initial upturn, the pro-
portion of nests on independent poles decreased like at the electricity poles. This is especial-
ly apparent in Szabolcs-Szatmar-Bereg, where there is a big amount of these poles. We can
assume the same as with the electricity poles: after the nest sites with the best location were
occupied, the remaining ones did not become more attractive compared to another possi-
ble nest sites. In Calabria, Italy, recolonization of White Stork was successfully facilitated
with independent poles, the population grew threefold from 2007 to 2012. But the study un-
derlined that it is important to keep distance between the poles, because competition arises
within neighbor pairs too close (<600 m) to each other (Santopaolo 2013). This distance is
not standard, however, since the quality of habitat affects the size of the territory (Ozgo &
Boguczki 1999) and so the density of pairs. Storks still breed colonially in areas with high
carrying capacity, for example in Spain (Vergara & Aguirre 2006), in Poland (Tryjanowski
et al. 2005a) or in Nagyivan next to Hortobagy National Park, Hungary (golya.mme.hu).

Therefore, placement of nest supports and/or indepentent poles can truly be efficient on-
ly with the consideration of the habitat needs: it worth setting these tools up where reliable
models confirm that the expected number of fledglings is high enough to sustain or even in-
crease the population (Olsson & Arvid 2014). Beside that it is also important to protect and/
or maintain the old, big nests, because those are occupied more often (Tryjanowski 2005b)
and productivity is higher at those nests (Vergara 2010). White Stork is a good indicator of
biodiversity, so by protection of this species, we also help the case of biodiversity of habitats
(Latus et al. 2000) and farmland birds (Kosicki 2007, Tobolka et al. 2012).
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Table 1. Number of nest by counties in every year
1. tdbldzat A fészkek szama megyénként és évenként
1958 | 1963 | 1968 | 1974 | 1979 | 1984 | 1989 | 1994 | 1999 | 2000 | 2001 | 2002
GYMS 277 202 148 139 130 146 107 109 141 4 157 1
Somogy| 586 | 515 | 306 | 263 | 225 | 235 | 177 84 | 106 9 7
BK 530 | 409 | 271 | 262 | 179 | 256 | 150 16 38 6 66
Békés 319 | 202 | 218 | 182 | 196 | 199 | 154 0 0 0 2 | 253
HB 1010 | 795 | 466 | 481 495 | 402 | 350 0| 261 0 2| 243
SZSZB | 1026 | 723 | 461 | 424 | 447 | 421 | 349 | 301 | 353 | 218 | 263 | 405
2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
GYMS 21 256 | 181 177 33 22| 183 | 183 181 182 | 171
Somogy | 154 | 307 | 283 | 298 | 302 | 121 | 139 | 106 | 103 | 119 75
BK 57 | 241 92 46 127 51 131 92 202 194 149
Békés 32| 119 81 278 | 370 | 375 | 387 | 403 | 403 | 423 | 417
HB 195 | 225 | 251 610 | 471 134 | 722 | 581 434 | 286 | 140
SZSZB 485 | 625 | 535 | 571 535 | 578 | 588 | 529 | 385 | 535 | 610
Table 2. Proportions of nest sites by counties in the 1958-1989 period, based on postal forms

2.tdbldzat A fészekalapok ardnyai megyénként az 1958-1989-es periddusban, a postai adatlapok alapjan

GYMS 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.01 0.02 0.08 0.28 0.45 0.60
tr 0.13 0.11 0.05 0.11 0.07 0.04 0.00
bu 0.79 0.83 0.87 0.76 0.62 0.49 0.36
ot 0.08 0.06 0.05 0.04 0.04 0.02 0.04
Somogy 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.00 0.03 0.09 0.23 0.53 0.64
tr 0.48 0.45 0.44 0.30 0.21 0.11 0.02
bu 0.49 0.54 0.50 0.56 0.48 0.35 0.33
ot 0.03 0.00 0.02 0.05 0.08 0.00 0.01
BK 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.00 0.01 0.09 0.28 0.48 0.60
tr 0.50 0.52 0.47 0.43 0.33 0.19 0.14
bu 0.45 0.46 0.50 0.42 0.33 0.31 0.25
ot 0.04 0.02 0.02 0.06 0.05 0.02 0.02
Békés 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.00 0.01 0.07 0.36 0.52 0.49
tr 0.05 0.10 0.07 0.06 0.07 0.02 0.01
bu 0.90 0.88 0.86 0.84 0.56 0.45 0.48
ot 0.05 0.02 0.07 0.03 0.01 0.00 0.02
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HB 1958 1963 1968 1974 1979 1984 1989

ep 0.00 0.00 0.02 0.10 0.30 0.56 0.69
tr 0.12 0.14 0.18 0.19 0.16 0.11 0.04
bu 0.58 0.65 0.64 0.56 0.44 0.30 0.25

ot 0.30 0.21 0.16 0.15 0.09 0.03 0.01
SZSZB 1958 1963 1968 1974 1979 1984 1989

ep 0.00 0.00 0.00 0.08 0.25 0.48 0.64
tr 0.09 0.12 0.14 0.24 0.19 0.12 0.07
bu 0.84 0.76 0.79 0.57 0.47 0.33 0.26
ot 0.07 0.11 0.06 0.11 0.09 0.06 0.03

Table 3. Proportion of nest sites by counties in the 1958-1989 period, based on questionnaires

3.tdbldzat A fészekalapok ardnyai megyénként az 1958-1989-es peridodusban, a kérddivek alapjan

GYMS 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.01 0.05 0.12 0.27 0.49 0.73
ot 0.03 0.01 0.02 0.03 0.01 0.00 0.04
ro 0.29 0.21 0.32 0.18 0.07 0.02 0.00
ch 0.59 0.63 0.52 0.62 0.61 0.44 0.23
tr 0.09 0.15 0.09 0.04 0.04 0.04 0.00
Somogy 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.00 0.05 0.21 0.28 0.58 0.68
ot 0.06 0.06 0.03 0.02 0.00 0.03 0.01
ro 0.11 0.22 0.13 0.09 0.01 0.04 0.03
ch 0.23 0.32 0.61 0.45 0.57 0.29 0.21
tr 0.60 0.40 0.18 0.24 0.14 0.06 0.07
BK 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.00 0.05 0.12 0.35 0.44 0.52
ot 0.00 0.02 0.05 0.07 0.05 0.00 0.02
ro 0.00 0.00 0.09 0.09 0.01 0.01 0.11
ch 0.00 0.14 0.27 0.36 0.25 0.32 0.32
tr 1.00 0.84 0.55 0.35 0.34 0.22 0.03
Békés 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.00 0.00 0.07 0.29 0.55 0.57
ot 0.00 0.03 0.03 0.07 0.03 0.01 0.05
ro 0.00 0.00 0.03 0.01 0.01 0.02 0.00
ch 1.00 0.90 0.93 0.82 0.64 0.37 0.34
tr 0.00 0.06 0.03 0.03 0.03 0.05 0.03
HB 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.00 0.04 0.38 0.50 0.71 0.91
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Békés 1958 1963 1968 1974 1979 1984 1989
ot 0.00 0.00 0.05 0.11 0.02 0.03 0.01
ro 0.17 0.00 0.55 0.1 0.09 0.03 0.00
ch 0.75 0.00 0.19 0.28 0.27 0.16 0.06
tr 0.08 1.00 0.17 0.11 0.13 0.06 0.02
SZSZB 1958 1963 1968 1974 1979 1984 1989
ep 0.00 0.00 0.01 0.05 0.44 0.60 0.70
ot 0.00 0.01 0.01 0.01 0.04 0.02 0.16
ro 0.28 0.55 0.68 0.24 0.22 0.14 0.06
ch 0.51 0.32 0.12 0.53 0.17 0.14 0.06
tr 0.21 0.12 0.19 0.16 0.13 0.10 0.03
Table 4. Linear regression of nest sites by counties in the 1958-1989 period. The first abbrevation

indicates the nest site, the second the data source in the upper left corners
4. tdbldzat A fészekalapok lineéris regresszioi megyénként az 1958-1989-es periédusban. Az elsé
rovidités a fészekalapot, a masodik a felmérés tipusat jelzi minden bal felsé sarokban

GYMS

ep (qu) estimate std.error tvalue pvalue |[ep (po) estimate std.error tvalue  pvalue
(intercept) -44.45 8.463 -5.252 0.003 | (intercept) -39.433 6.696 -5.889 0.002
year 0.023 0.004 5.28 0.003 | year 0.02 0.003 5.919 0.002
tr (qu) estimate std.error tvalue pvalue |tr(po) estimate std. error tvalue p value
(intercept) 7.091 1.996 3.553 0.016 | (intercept) 6.769 2.069 3.272 0.022
year -0.004 0.001 -3.522 0.017 | year -0.003 0.001 -3.237 0.023
ro (qu) estimate std.error tvalue pvalue |bu(po) estimate std.error tvalue  pvalue
(intercept) 19.274 3.679 5.239 0.003 | (intercept) 30.683 6.612 4.64 0.006
year -0.01 0.002 -5.199 0.003 | year -0.015 0.003 -4.538 0.006
ch (qu) estimate std.error tvalue pvalue |bu(qu) estimate std. error tvalue p value
(intercept) 17.711 7.228 245 0.058 | (intercept) 36.985 7.148 5.174 0.004
year -0.009 0.004 -2.382 0.063 | year -0.018 0.004 -5.085 0.004
ot (qu) estimate std.error tvalue pvalue |ot(po) estimate std.error tvalue  pvalue
(intercept) -0.124 1.08 -0.115 0.913 | (intercept) 2.981 0.747 3.992 0.01
year 0 0.001 0.133 0.9 | year -0.001 0 -3.931 0.011
Somogy

ep (qu) estimate std.error tvalue pvalue |ep (po) estimate std.error tvalue  pvalue
(intercept) -43.384 6.158 -7.045 0.001 | (intercept) -42.891 8.095 -5.298 0.003
year 0.022 0.003 7.084 0.001 | year 0.022 0.004 5.326 0.003
tr (qu) estimate std.error tvalue pvalue |tr(po) estimate std.error tvalue  pvalue
(intercept) 28.104 5.95 4.723 0.005 | (intercept) 31.224 2918 10.7 1.23E-04
year -0.014 0.003 -4.686 0.005 | year -0.016 0.001 -10.6 1.29E-04
ro (qu) estimate std.error tvalue p value |bu (po) estimate std. error tvalue p value
(intercept) 9.117 3.355 2.718 0.042 | (intercept) 12.521 4.617 2.712 0.042
year -0.005 0.002 -2.693 0.043 | year -0.006 0.002 -2.611 0.048
ch (qu) estimate std.error tvalue pvalue |bu(qu) estimate std.error tvalue pvalue
(intercept) 0.835 11.027 0.076 0.943 | (intercept) 9.952 10.872 0.915 0.402
year 0 0.006 -0.044 0.967 | year -0.005 0.006 -0.876 0.421
ot (qu) estimate std.error tvalue p value | ot (po) estimate std. error tvalue p value
(intercept) 2.827 1.047 2.701 0.043 | (intercept) 0.147 2.2 0.067 0.949
year -0.001 0.001 -2.677 0.044 | year 0 0.001 -0.054 0.959
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BK
ep (qu) estimate std.error tvalue pvalue |ep (po) estimate std.error tvalue  pvalue
(intercept) -33.344 4436 -7.517 0.001 | (intercept) -40.575 6.877 -5.9 0.002
year 0.017 0.002 7.56 0.001 | year 0.021 0.003 5.931 0.002
tr (Qu) estimate std.error tvalue pvalue |tr(po) estimate std. error tvalue p value
(intercept) 60.072 5.441 11.04 1.06E-04 | (intercept) 25914 3.772 6.869 0.001
year -0.03 0.003 -10.96 1.10E-04 | year -0.013 0.002 -6.772 0.001
ro (qu) estimate std.error tvalue p value |bu (po) estimate std. error tvalue p value
(intercept) -3.317 3.528 -0.94 0.39 | (intercept) 14.846 3.109 4.775 0.005
year 0.002 0.002 0.953 0.385 | year -0.007 0.002 -4.65 0.006
ch (qu) estimate std.error tvalue pvalue |bu(qu) estimate std.error tvalue pvalue
(intercept) | -14.988 6.22 -2.41 0.061 | (intercept) -18.305 9.027 -2.028 0.098
year 0.008 0.003 2.446 0.058 | year 0.009 0.005 2.057 0.095
ot (qu) estimate std.error tvalue p value | ot (po) estimate std.error tvalue p value
(intercept) -0.362 1.96 -0.185 0.861 | (intercept) 0.815 1.374 0.593 0.579
year 0 0.001 0.199 0.85 | year 0 0.001 -0.568 0.594
Békés
ep (qu) estimate std.error tvalue  pvalue |ep (po) estimate std.error tvalue  pvalue
(intercept) -39.41 7.463 -5.28 0.003 | (intercept) -38.636 7.441 -5.192 0.003
year 0.02 0.004 5.307 0.003 | year 0.02 0.004 522 0.003
tr (qu) estimate std.error tvalue pvalue |tr(po) estimate std.error tvalue pvalue
(intercept) -0.644 1.527 -0.422 0.691 | (intercept) 3.847 1.721 2.235 0.076
| year 0 0.001 0.442 0.677 | year -0.002 0.001 -2.204 0.079
ro (qu) estimate std.error tvalue p value |bu (po) estimate std. error tvalue p value
(intercept) -0.498 0.731 -0.681 0.526 | (intercept) 33.224 6.257 5.31 0.003
year 0 0 0.695 0.518 | year -0.016 0.003 -5.196 0.003
ch (qu) estimate std.error tvalue pvalue |bu(qu) estimate std.error tvalue pvalue
(intercept) 47.095 5.98 7.875 0.001 | (intercept) 46.598 6.322 7.371 0.001
year -0.024 0.003 -7.759 0.001 | year -0.023 0.003 -7.259 0.001
ot (qu) estimate std.error tvalue p value |ot(po) estimate std.error tvalue p value
(intercept) -1.403 1.666 -0.842 0.438 | (intercept) 2.565 1.489 1.722 0.146
year 0.001 0.001 0.86 0.429 | year -0.001 0.001 -1.704 0.149
HB
ep (qu) estimate std.error tvalue pvalue |[ep (po) estimate std.error tvalue  pvalue
(intercept) -59.628 6.427 -9.278 2.45E-04 | (intercept) -46.585 8.099 -5.752 0.002
year 0.03 0.003 9.332 2.38E-04 | year 0.024 0.004 5.781 0.002
tr (qu) estimate std.error tvalue pvalue |tr(po) estimate std.error tvalue pvalue
(intercept) 2891 23.822 1.214 0.279 | (intercept) 4.186 3.434 1.219 0.277
| year -0.015 0.012 -1.204 0.282 | year -0.002 0.002 -1.179 0.291
ro (qu) estimate std.error tvalue p value |bu (po) estimate std. error tvalue p value
(intercept) 12439  13.526 0.92 0.4 | (intercept) 25.841 5.439 4.751 0.005
year -0.006 0.007 -0.91 0.405 | year -0.013 0.003 -4.661 0.006
ch (qu) estimate std. error tvalue pvalue |bu(qu) estimate std. error tvalue p value
(intercept) 22.642 16.464 1.375 0.227 | (intercept) 35.081 21.522 1.63 0.164
year -0.011 0.008 -1.361 0.232 | year -0.018 0.011 -1.613 0.168
ot (qu) estimate std.error tvalue pvalue |ot(po) estimate std.error tvalue  pvalue
(intercept) -0.933 3.097 -0.301 0.775 | (intercept) 17.559 1.757 9.994 1.71E-04
| year 0 0.002 0.311 0.768 | year -0.009 0.001 -9.916 1.78E-04
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SZSZB
ep (qu) estimate std.error tvalue pvalue |ep (po) estimate std.error tvalue pvalue
(intercept) -48.538 9.287 -5.226 0.003 | (intercept) -41.858 7.804 -5.364 0.003
year 0.025 0.005 5.253 0.003 | year 0.021 0.004 5.391 0.003
tr (qu) estimate std. error tvalue pvalue |tr(po) estimate std. error tvalue p value
(intercept) 7.78 2518 3.09 0.027 | (intercept) 0.42 4.567 0.092 0.93
year -0.004 0.001 -3.041 0.029 | year 0 0.002 -0.061 0.953
ro (qu) estimate std.error tvalue p value |bu (po) estimate std. error tvalue p value
(intercept) 24.5 13.074 1.874 0.12 | (intercept) 40.044 3.951 10.135 1.60E-04
year -0.012 0.007 -1.852 0.123 | year -0.02 0.002 -9.989 1.72E-04
ch (qu) estimate std.error tvalue pvalue |bu(qu) estimate std.error tvalue  pvalue
(intercept) 18423  10.187 1.809 0.13 | (intercept) 42923  10.148 4.23 0.008
year -0.009 0.005 -1.785 0.134 | year -0.021 0.005 -4.177 0.009
ot (qu) estimate std.error tvalue p value | ot (po) estimate std. error tvalue p value
(intercept) -6.792 2.854 -2.38 0.063 | (intercept) 2.394 2.037 1.175 0.293
year 0.003 0.001 2.393 0.062 | year -0.001 0.001 -1.137 0.307

Table 5.

LMM of nest sites for the 1958-1989 period. First part indicates the nest site, second part
the type of variable in the upper left corners. The model compares the postal form to the

questionnaires

5. tabldzat A fészekalapok linearis vegyes modellje az 1958-1989-es periddusra. Az elsé sz6 a fé-
szekalapot, a masodik a valtozo tipusat jelzi minden bal felsé sarokban. A modell a postai
adatlapot hasonlitja a kérdéivekhez

bu, random: variance std. dev. ep, random: variance std. dev.

county (intercept) 0.01957 0.1399 | county (intercept) 0.000475 0.0218
residual 0.02307 0.1519 | residual 0.010079 0.1004
bu, fixed: estimate std. error t value ep, fixed: estimate std. error t value

(intercept) 25.8368 3.136143 8.238 | (intercept) -43.2131 2.0725 -20.851
year -0.01284 0.001589 -8.083 | year 0.02202 0.00105 20.969
source (po) 0.058383 0.033146 1.761 | source (po) -0.02919 0.02191 -1.332
tr, random: variance std. dev. eg, random: variance std. dev.

county (intercept) 0.0175 0.1323 | county (intercept) 0.000387 0.01967
residual 0.01926 0.1388 | residual 0.001837 0.04286
tr, fixed: estimate std. error tvalue eqg, fixed: estimate std. error t value

(intercept) 16.97768 2.865058 5.926 | (intercept) 1.62465 0.88471 1.836
year -0.00851 0.001451 -5.862 | year -0.00081 0.000448 -1.804
source (po) -0.01018 0.030281 -0.336 | source (po) 0.029663 0.009352 3.172
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Table 7. Linear regression of nest sites by counties in the 1994-2013 period. The abbrevation
indicates the nest site in the upper left corners
7.tdbldzat Afészekalapok lineéris regresszidi megyénkéntaz 1994-2013-as periddusban. A rovidités
a fészekalapot jelzi minden bal felsé sarokban
GYMS Békés
ep estimate std.error tvalue p value |ep estimate std.error tvalue pvalue
(intercept) 12.055 23.511 0.513 0.616|(intercept) -27.214 8.605 -3.163 0.009
year -0.006 0.012 -0.48 0.638|year 0.014 0.004 3.245 0.008
ep_s estimate std.error tvalue pvalue [ep_s estimate std.error tvalue pvalue
(intercept) 25.291 21.79 1.161 0.265|(intercept) 6.802 6.998 0.972 0.352
year -0.012 0.011 -1.129 0.278|year -0.003 0.003  -0.891 0.392
ep_ns estimate std. error tvalue p value |ep_ns estimate std.error tvalue pvalue
(intercept) -13.236 3.459 -3.827 0.002|(intercept) -34.016 3434 9907 8.12E-07
year 0.007 0.002 3.847 0.002|year 0.017 0.002 9.948 7.79E-07
ro estimate std. error tvalue p value |[ro estimate std.error tvalue pvalue
(intercept) 1.153 1.226 0.941 0.363|(intercept) -0.684 0.146  -4.692 0.001
year -0.001 0.001 -0.936 0.365 |year 0 0 4.704 0.001
ch estimate std.error tvalue p value |[ch estimate std.error tvalue pvalue
(intercept) -15.258 13.921 -1.096 0.292|(intercept) 31.495 9.817 3.208 0.008
year 0.008 0.007 1.106 0.287 |year -0.016 0.005 -3.182 0.009
tr estimate std.error tvalue p value |[tr estimate std.error tvalue pvalue
(intercept) 0.632 0.293 2014.02.16 0.049|(intercept) 0.089 0.487 0.183 0.858
year 0 0 -2.15 0.05 [year 0 0 -0.178 0.862
ot estimate std.error tvalue p value |ot estimate std.error tvalue pvalue
(intercept) 2418 12.595 0.192 0.851|(intercept) -2.686 1.157 -2.321 0.041
year -0.001 0.006 -0.185 0.856|year 0.001 0.001 2.346 0.039
Somogy HB
ep estimate std.error tvalue pvalue [ep estimate std.error tvalue pvalue
(intercept) 6.401 2.523 2.537 0.024|(intercept) -8.79 14.672  -0.599 0.56
year -0.003 0.001 -2.202 0.045 |year 0.005 0.007 0.658 0.523
ep_s estimate std. error tvalue pvalue |ep_s estimate std.error tvalue pvalue
(intercept) 27.541 4.871 5.654 5.95E-05|((intercept) 32.357 4.362 7417 2.27E-05
year -0.013 0.002 -5.502 7.80E-05|year -0.016 0.002 -7.242 2.79E-05
ep_ns estimate std.error tvalue p value |ep_ns estimate std.error tvalue pvalue
(intercept) -21.141 4.162 -5.08 1.68E-04((intercept) -18.344 3.896 -4.709 0.001
year 0.011 0.002 5.105 1.60E-04|year 0.009 0.002 4.741 0.001
ro estimate std.error tvalue p value |ro estimate std.error tvalue pvalue
(intercept) 0 0 NA NA (intercept) -0.286 0.641 -0.447 0.665
year 0 0 NA NA year 0 3.20E-04 0.453 0.661
ch estimate std.error tvalue p value |ch estimate std.error tvalue pvalue
(intercept) -7.547 3.642 -2.072 0.057|(intercept) -5.164 3.566 -1.448 0.178
year 0.004 0.002 2.094 0.055 |year 0.003 0.002 1.466 0.173
tr estimate std.error tvalue p value |[tr estimate std.error tvalue pvalue
(intercept) -0.756 0.355 -2.128 0.052|(intercept) -2.041 0.841 -2.427 0.036
year 0 1.77E-04 2.14 0.051 |year 0.001 4.19E-04 243 0.035
ot estimate std.error tvalue p value |ot estimate std.error tvalue pvalue
(intercept) 2.902 3.549 0.818 0.427|(intercept) -5.522 3.706 -1.49 0.167
year -0.001 0.002 -0.797 0.439|year 0.003 0.002 1.501 0.164
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BK SZSZB
ep estimate std. error tvalue pvalue [ep estimate std.error tvalue pvalue
(intercept) -5.68 11.229 -0.506 0.621|(intercept) 6.401 2.523 2.537 0.024
year 0.003 0.006 0.575 0.575|year -0.003 0.001 -2.202 0.045
ep_s estimate std.error tvalue pvalue [ep_s estimate std.error tvalue pvalue
(intercept) -2.008 11.434 -0.176 0.863|(intercept) 3.434 3.251 1.056 0.309
year 0.001 0.006 0.236 0.817 |year -0.001 0.002 -0.834 0.419
ep_ns estimate std.error tvalue p value |ep_ns estimate std.error tvalue pvalue
(intercept) -3.671 5.195 -0.707 0.491|(intercept) | -15.267 1949  -7.833 1.75E-06
year 0.002 0.003 0.723 0.482|year 0.008 0.001 7.88 1.63E-06
ro estimate std. error tvalue p value |[ro estimate std.error tvalue pvalue
(intercept) 43 1.492 2.883 0.012((intercept) 1.476 0.376 3.932 0.002
year -0.002 0.001 -2.876 0.012|year -0.001 1.87E-04 -3.918 0.002
ch estimate std.error tvalue pvalue [ch estimate std.error tvalue pvalue
(intercept) -2.404 6.362 -0.378 0.711|(intercept) 1.541 0.582 2.647 0.019
year 0.001 0.003 0.399 0.696|year -0.001 2.90E-04  -2.603 0.021
tr estimate std.error tvalue p value |[tr estimate std.error tvalue pvalue
(intercept) 0 0 NA NA (intercept) 0.422 0.241 1.748 0.102
year 0 0 NA NA year 0 1.20E-04 -1.726 0.106
ot estimate std.error tvalue p value |ot estimate std.error tvalue pvalue
(intercept) 4.784 7.264 0.659 0.521|(intercept) 9.394 2.364 3.974 0.001
year -0.002 0.004 -0.647 0.528|year -0.005 0.001  -3.911 0.002
Table 8. LMM of nest sites for the 1994-2013 period. First part indicates the nest site, the second

the type of variable in the upper left corners
8.tdbldzat A fészekalapok linearis vegyes modellje az 1994-2013-es periddusra. Az elsé szé a
fészekalapot, a masodik a véltozé tipusat jelzi minden bal felsé sarokban

ep, random variance std. dev. ch, random variance std. dev.
megye (intercept) 0.002 0.047 | megye (intercept) 0.006 0.075
residual 0.015 0.122 | residual 0.008 0.089
ep, fixed std. error t value ch, fixed estimate std. error t value
(intercept) -2.879 5.361 -0.537 | (intercept) -0.293 3.904 -0.075
year 0.002 0.003 0.685 | year 2.06E-04 0.002 0.106
ep_s, random variance std. dev. tr, random variance std. dev.
megye (intercept) 0.003 0.056 | megye (intercept) 2.62E-06 0.002
residual 0.013 0.116 | residual 1.23E-05 0.004
ep_s, fixed estimate std. error tvalue tr, fixed estimate std. error tvalue
(intercept) 13.034 5.081 2.565 | (intercept) -0.073 0.154 -0.474
year -0.006 0.003 -2.429 | year 3.77E-05 7.65E-05 0.493
ep_ns, random variance std. dev. ot, random variance std. dev.
megye (intercept) 2.90E-04 0.017 | megye (intercept) 0.002 0.039
residual 0.002 0.041 | residual 0.004 0.064
ep_ns, fixed estimate std. error tvalue ot, fixed estimate std. error tvalue
(intercept) -16.1 1.78 -9.036 | (intercept) 3.298 2.825 1.168
year 0.008 0.001 9.093 | year -0.002 0.001 -1.14
ro, random variance std. dev.

megye (intercept) 4.47E-06 0,002

residual 8.54E-05 0.009

ro, fixed estimate std. error tvalue

(intercept) 1.331 0.404 3.298

year -0.001 2.01E-04 -3.287
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Table 9. Linear regressions of the unoccupied nests on electricity poles with support (left column)
and the empty electricity poles with support (right column) by counties

9.tdbldzat Lineéris regresszio a lakatlan fészkekre fészektartos villanyoszlopon (bal oszlop) és az
Ures fészektartdkra villanyoszlopon (jobb oszlop)

ep_t, unoccupied ep_t, empty

GYMS estimate std.error tvalue p value | GYMS estimate std.error tvalue pvalue
(intercept) 12.743 23.652 0.539  0.599 | (intercept) -5.012 7136  -0.702 0.494
year -0.006 0.012 -0.532 0.603 | year 0.003 0.004 0.709 0.49

Somogy estimate std.error tvalue p value | Somogy estimate std.error tvalue pvalue
(intercept) -23.561 8.829 -2.669  0.018 | (intercept) -42.858 8.704  -4.924 2.24E-04

year 0.012 0.004 2.689 0.018 | year 0.021 0.004 4938 2.18E-04
BK estimate std.error tvalue p value | BK estimate std.error tvalue pvalue
(intercept) -10.625 5.191 -2.047 0.06 | (intercept) -14.806 3.804 -3.892 0.002
year 0.005 0.003 2.063 0.058 | year 0.007 0.002 3.909 0.002
Békés estimate std.error tvalue  pvalue |Békés estimate std.error tvalue pvalue
(intercept) -5.923 7.007 -0.845 0.415 | (intercept) 0.234 3.146 0.074 0.942
year 0.003 0.003 0.86  0.407 | year 0 0.002  -0.069 0.946
HB estimate std.error tvalue  pvalue [HB estimate std.error tvalue pvalue
(intercept) 15.972 14.53 1.099 0.293 | (intercept) -44.326 7.456 -5.945 6.76E-05
year -0.008 0.007 -1.088  0.298 | year 0.022 0.004 5.967 6.54E-05
SZSZB estimate std.error tvalue p value | SZSZB estimate std.error tvalue pvalue

(intercept) -0.528 4419 -0.119 0.907 | (intercept) -31.262 4187 -7.466 3.03E-06
year 3.19E-04 0.002 0.145  0.887 | year 0.016 0.002 7.514 2.82E-06
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Abstract We investigated relationships among bustard presence data as response as well as
properties of habitat patches such as shape, size, type of land use and landscape connectivi-
ty in 2015, employing bustard occurrence data in Korgs-Maros National Park (KMNP hereafter). Additionally,
we aimed to present a geometrical approach of habitat choice in animals, focusing on geometric properties rather
than vegetation structure. Here we applied landscape metrics approach, providing landscape classification by ana-
lysing spatial patterns in potentially important landscape objects, disregarding linear constructions. Our findings
show insignificant differences between shape metrics of selected and non-selected habitat patches, in line with
previous studies concluding that bustards choose habitats based on habitat type classes rather than on geometric
properties. Further, our results indicate that the original habitats of the study species, adapted to extensive, open
steppes, became strongly fragmented, resulting in the absence of large contiguous areas. Within the study area,
landscape connectivity values represent optimal habitat conditions, probably as a result of highly patchy structure
of the landscape and relatively small nearest neighbour distances of habitat patches. Thus, our findings also indi-
cate that Great Bustards adapted to modified landscape structures. Our landscape analytical approach provides a
methodological framework which can be applied on habitat selection tactics in a number of species of key con-
servation importance.

Keywords: Great Bustard, landscape metrics, habitat patch, land cover, CORINE

Osszefoglalas A tuzok (Otis t. tarda L.) éléhelyvalasztasa és az él6helyfoltok alakja, mérete, miivelési agankénti
Osszetétele €s taji szerkezete kozotti osszefliggéseket vizsgaltuk 2015-6s el6fordulasi adatok alapjan a Koros-Ma-
ros Nemzeti Park tertiletén. A vizsgalat célja egy olyan modszer bemutatasa, mely a fajok él6helyeinek nem n6-
vényzeti jellegli 0sszetételére koncentral, hanem annak geometriai sajatossagai kozotti osszefiiggéseit vizsgalja.
A vizsgalatokat a tajmetria eszkoztaraval végeztiik, amely a tajat alkoto elemek teriileti mintazatanak elemzésével
okologiai alapu tajleirast tesz lehetdvé. A tajban vizualisan elkiilonithetd egységek szamszeri vizsgalataval fog-
lalkozik, amely minden esetben egy adott felszinboritasi kategoria dsszefiiggé teriiletrészleteit tartalmazza, zava-
16 vonalas létesitmények nélkiil, 1étrehozva igy a legrészletesebb folttérképet. Az eredmények azt mutatjak, hogy
a vizsgalati teriileten nincs szignifikans kiilonbség az él6helyiil valasztott teriiletegységek alaki tényezdjében.
A térségben a tiizok teriiletvalasztasa nem az alaki mutato fliggvénye. A vizsgalat eredményei alatdmasztjak, hogy
az eredetileg nagy, nyilt sztyeppei teriileteket kedvel6 faj él6helyei feldarabolodtak, a nagy 6sszefiiggé felszinbo-
ritasi formak megsziintek. A megfigyelések 90%-a 10 és 300 hektar kozotti éléhelyfoltokra esik, annak ellenére,
hogy 300 hektarnal nagyobb, dsszefiiggd tajfoltok is rendelkezésre allnak. A vizsgalati teriileten az 6sszefliggo-
ségi értéke kivalo létfeltételeket szamszertisit, melyet a t4j rendkiviil mozaikos jellege és a tajfoltok egymashoz
viszonyitott kis tavolsaga okozhat. Ezek alapjan kijelenthet, hogy a vizsgalt populaciéo nem egy maradvanyterii-
leten, hanem a faj szamadra kivalo létfeltételeket biztositd kulturtajban él. A tizok tehat viszonylag jol alkalmaz-
kodott a megvaltozott természeti koriilményekhez, amely fennmaradasanak alapjat jelentheti. A kutatas kiterjesz-
tésével mas ¢lohelyekre, tobb évre visszamend adatsorok vizsgalataval lehetéség adodik kiilonbozo adottsagh
¢letterek egymassal vald dsszehasonlitasara, mellyel tovabbi értékes, a faj nemzetk6zi megmentését célzo intéz-
kedések meghozatalara nyilhat lehet6ség.

Kulcsszavak: tazok, tajmetria, ¢l6helyfoltok, felszinboritas, CORINE
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Introduction

Human landscape modification activities are known to cover several milennia, showing high
variance in different historical periods. These processes also substantially modified the land-
scape composition of the current area of Hungary. One of the most influential projects was
represented by water regulation programmes aiming at converting natural habitats into agri-
cultural areas, supposed to significantly influence habitat availability for the Great Bustard
(Otis tarda), recognised as an emblematic bird of Hungarian conservation.

The Great Bustard (Otis tarda) is a bird of key conservation concern distributed in the Eur-
asian steppe zone, and classified as an endangered flagship and umbrella species of steppe
habitats (IUCN 2016). Significant part of the Central-European population of the Great Bus-
tard is found in Hungary (Sterbetz 1979, Alonso & Palacin 2010, Alonso 2014), where the
primary role of Great Bustard conservation is represented by Koros-Maros National Park,
where 40% of the Hungarian population aggregates. Similarly to other regions within its dis-
tribution, bustards prefer agricultural areas providing food and potential nest sites in larger
quantities than in seminatural habitats: from the 1960s onwards, formerly extensive agricul-
tural areas turned into industrialised farmlands with increased use of pesticides, fertilisers
and soil chemicals (Fatér & Nagy 1992, Farago et al. 2014). Amplified by the country-wide
ploughing and forestation of grasslands, this process led to significant changes in landscape
structures which presumably forced bustards to occupy intensively cultivated areas, consid-
ered as suboptimal habitats. This led to the formation of smaller, closed and isolated popu-
lations, many of which have disappeared during the past few decades. This pattern was also
amplified by the effects of high voltage electricity lines (Lérant & Vadasz 2014). During the
late 1970s, agricultural intensification accelerated, including regions in East-Hungary har-
bouring the largest bustard populations. Additionally, the Hungarian population was further
affected by harsh winters during the mid-1980s. Thus, agricultural areas functioned proba-
bly as ecological traps, whilst bustards were attracted to microclimatic conditions and im-
proved food availability of these habitats during reproduction. However, the timing of first
and second alfalfa harvests, hay-cutting, and autumn wheat harvest coincide with primary
and supplementary broods of the Great Bustard. Further, the prescriptions of bustard-friend-
ly agricultural programmes do not fully comply with the ecological characteristics of bus-
tard breeding (Németh ez al. 2009).

Here we apply landscape geometrical approach to identify key area and shape properties
of habitats important in driving habitat selection tactics of the Great Bustard. We aim to find
landscape properties to inform conservation management focusing on bustard-friendly ag-
ricultural schemes.
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Materials and Methods

Our study was conducted in Dévavanya-Ecseg area of KMNP between January and Octo-
ber in 2015. Our dataset includes EOV coordinates (D72/EOV EPSG:23700) of observed
bustards as well as date and time of the observation, recorded by the staff of KMNP Direc-
torate, using handheld GPS. As the birds were not individually identifiable, the same lo-
cation might refer to multiple observations. All locations were assigned to digitized poly-
gons of habitat patches. As a base map, we used the 1:50,000 scaled habitat map available
by the Institute of Geodesy, Cartography and Remote Sensing (http:/www.nyme.hu/22677.
html?&L=4), which identifies 80 land use types. In addition to bustard location points and
the CLC50 shape files, we included shape files of dykes, roads, unpaved roads, landscape
protection areas, nature reserves and railways as potential environmental predictors in fur-
ther analyses. In total, the 967 polygons were cropped into 2816 polygons by artificial line-
ar structures (Map 1). In 2015, 224 observation points were recorded, 10 out of which were
located outside of the boundary of the selected settlements. Thus, we obtained 77 polygons
identified by 214 observation points (Map 1) and using their attribute tables, we calculat-
ed the following spatial metric of each polygon: (1) area, (2) perimeter, (3) ratio of perime-
ter and area (SI = shape index hereafter), (4) includes or excludes bustard observation point,
(5) habitat type. Only for polygons with bustard observations, we included season. Next, we
calculated landscape connectivity index, which aims at assessing the relationship between

Legend (line

facilities):
(poligons): |Cha—$l
O Great bustard occurrence data %
%
. Natural grasslands without trees and shrubs ] ] i
. Large-scaled arable land %

. Other area

Map 1. Detailed area coverage of the study area with bustard occurrence data
1. térkép A vizsgalati terllet részletes felszinboritasa a tuzok eléforduldsi adatokkal
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landscape structure and ecological needs of

a particular species. To do so, we employed z Py .

the patch cohesion index (PCI hereafter) COHESION =|1- " [1—%} %100
(Figure 1) (Opdam et al. 2003, Szabo 2009, > pylay A
Patru-Stupariu e al. 2017). By definition,

PCI is not significantly different from zero

. . . Figure 1. Determination of Cohesion Index (Sza-
in areas where ecological processes impor-

bo 2009), where pij: circumference of ij

tant for the study species are limited, where- spot, aij: area of ij spot, A: total area
as undisturbed landscape ecology provides 1.dbra A kohéziés index meghatarozésa (Sza-
PCI = 100 values. In other words, this metric bd 2009), ahol pij: ij folt kerllete, aij: ij

approaches 0 as the proportion of the land- folt tertlete, A: Ossztertilet

scape comprised of the focal class decreases and becomes increasingly subdivided and less
physically connected (Patru-Stupariu et al. 2017). Spatial statistics were computed using
ArcGis 9.2 (ESRI, Redlands, CA, 2006).

Results

Shape indices

Large-scale arable fields covered 63.5% of the total of the study area. Considering poly-
gons including bustard observation points, bustards were detected in 52 large-scale arable
fields out of the 77 polygons (67.5%). Bustard presence is strongly related to the total area
of large-scale arable fields (y*approximation of Kruskal-Wallis-test, df=1, y*> = 35.46, p <
0.0001). Out of this, 19 polygons are classified as natural grasslands without trees and bush-
es (24.7%), contrasting the 10% cover of this habitat type within the total study area. Bus-
tards selected these two habitat types in 92.2% of the observations.

The shape index of polygons including bustard points amounted to SI = 0.006, whereas
for those without bustards SI = 0.004. Considering seasonality, SIwinter = 0.006, SIspring
= 0.005, SIsummer = 0.006, SIautumn = 0.004. We found a significant relationship between
polygon selection (yes or no) and shape index: shape index of polygons selected by bustards
were significantly lower, showing a preference for more compact polygons with relatively
small boundaries (y*approximation of Kruskal-Wallis, 3> = 71.523, p < 0.0001).

Habitat selection

In total, polygons covered 46 hectares in average (N = 2816), owing to the high density of
abandoned dykes. Out of this set, polygons including bustard observations had an average
area of 157.1 hectares (N = 77), 10.4% of which had areas exceeding 300 hectares (N = 8).
Further, areas of 1.35% of the total polygon set was less than 300 hectares and the areas of
41 polygons exceeded this limit.

Considering land use types, bustards tend to prefer large-scale arable fields (N = 77, rep-
resenting 67.5%) over natural grasslands without trees and bushes (y >-test, x> = 0.676, df
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= 1, p = 0.418). Interestingly, majority of 900
polygons including arable fields were locat- 800

ed in the close proximity of grassland areas, | § 700
Q

which warrants further analyses considering | £ 600
. . . . <

this spatial relationship. g 00
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Landscape connectivity £ 200

Considering all N = 77 polygons, we calcu-
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Discussion

A number of studies reported that the Great Bustard has successfully adapted to cultural
landscapes created by human-induced changes in land use (Alonso & Palacin 2010, Alonso
2014, Jand & Végvari 2016). However, bustards experience dramatic population declines
at longer temporal scales, as a result of habitat loss due to intensification and industrialisa-
tion of agricultural technologies. In contrast, the ratio of the cover of agricultural areas and
grasslands selected by bustards is close to 1:1 (Fatér & Nagy 1992).

Based on the results of the first and second Hungarian Great Bustards surveys carried out
in 1985 and 1986, the ratio of bustards breeding in autumn wheat, legumes and grasslands
were found to be approximately equal (Farago 1990). However, based on the habitat type of
saved broods, 49.44% of eggs were found in alfalfa, which is probably related to the inten-
sity of agricultural management.

Our findings thus imply that bustards show no preference for contiguous areas exceed-
ing 300 hectares, not considering artificial linear objects (paved and dirt roads, railway lines
and dykes). Although large, contiguous habitat patches of the study species — formerly typ-
ical bird of extensive open steppes — became highly fragmented, it would find suitable hab-
itat patches larger than 300 hectares.

As the Great Bustard is highly mobile and classified as partial migrant in Central Europe
irregularly migrating to the Mediterranean region in harsh winters, it would be able to find
larger contiguous habitat patches. This suggests that majority of the Hungarian population
does not need habitats of this size.

The Great Bustard has adapted to the relatively high cover of arable lands within the study
region, by preferring agricultural areas over grasslands even if grassland is available in its
vicinity. Such habitat structures are available within the framework of agri-environmental
schemes. This allows agricultural activities supported by the state which involves priori-
ties for the ecological needs of bustards, by providing subsidies for farmers with decreased
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incomes as a result of bustard-friendly agricultural management. This framework thus sup-
ports bustard-specific agricultural management in key bustard regions, which might be ex-
tended to other key bustard regions, including Kiskunsag region and North-West Hunga-
ry, where this system is not yet implemented, preferably during the next legal extension of
agri-environmentaly schemes focusing on bustard conservation.
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Abstract Based on data available so far, it seems that Common Moorhens (Gallinula chloro-
pus) rarely, but regularly lay one or more eggs in the nests of Common Little Bittern (Ixobry-
chus minutus). Three such incidents from Hungary are hereby added to the cases known to date. However, Com-
mon Moorhens do not only lay eggs in other species’ nests, but also in the nests of conspecifics, while other
species may also parasitise the nest of Common Moorhens. The present study summarises these aspects.
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Osszefoglalas A vizityuk (Gallinula chloropus) az eddig rendelkezésre allo adatok alapjan ugy tiinik, hogy rit-
kan, de rendszeresen rakja egy vagy tobb tojasat torpegém (Ixobrychus minutus) fészkébe. Az eddigi esetszamot
tovabbi harom magyarorszagival sikeriilt kiegésziteni. A vizityik azonban nem csak mas fajok, hanem fajtar-
sai fészkeibe is rakhat tojasokat, illetve mas fajok az 6 fészkeit parazitalhatjak. Ezeket az eseteket foglalja 6sz-
sze a tanulmany.

Kulesszavak: fajon beliili és fajok kozotti fészekparazitizmus, vizitytk, torpegém

1174 Budapest, Damjanich utca 58., Hungary, e-mail: haraszthyl@gmail.com

Introduction

Giving birth to young or incubating eggs and eventually caring for the offspring till their in-
dependence are general forms of reproductive behaviour in mammals and birds. However,
in other classes, mainly partial parental care is known. For birds, caring for their offspring
may take weeks or months, and especially among mammals even longer periods of paren-
tal care are typical. This is a rather energy-consuming process with many hazardous com-
ponents. It is common in the bird order Cuculiformes that certain species use other species
to raise their offspring. Within the order, all 53 species in the subfamily Cuculinae follow
this strategy (del Hoyo et al. 1997). However, this classic brood-parasitism is also typical
for several other species, e.g. for the Black-headed Duck (Heteronetta atricapilla), but some
examples where nestlings are raised by other species can also be found among weavers (Plo-
ceidae). The number of truly brood-parasitic species is approximately 80 (Payne 1977).

In addition, numerous species are known to lay occasionally some or all of their eggs in
the nests of other species (interspecific nest parasitism). Some females attempt to increase
their breeding success with this strategy, but there can also be a number of other reasons for
placing some or all of their eggs in other species’ nests.
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It was only in the 1970s, when researchers turned their attention to another interesting
phenomenon, i.e. nest parasitism between conspecifics (intraspecific nest parasitism). Yom-
Tov (1980) mentioned 53 species in which this fact has been proved. After this impressive
publication, activities to better explore nest parasitism have increased, and hence the pub-
lished lists of taxa in 1989 contained more than twice as many species (MacWrither 1989,
Rohwer & Freeman 1989).

The probability of intraspecific nest parasitism is higher if suitable nesting sites are insuf-
ficient, and if the breeding season is long. These factors increase the probability that nidifu-
gous species lay their eggs in host nests (Yom-Tov 2001). A reason for this can be that nid-
ifugous species have larger clutches than those of nidicolous species of the same size (Ar
& Yom-Tov 1978). These birds usually begin incubation after laying the last or the second
last egg, and their incomplete clutches are unattended in the period preceding incubation.
Furthermore, caring for an increased number of offspring, i.e. for their own and for the off-
spring of the nest parasites, does not require much additional effort on behalf of the hosts in
the case of nidifugous species (Sorensen 1992).

It is widely known that if the nests of certain species are condensed in a small area, e.g.
in large bird colonies, or in sites with a high nest density, or where available nesting sites
are insufficient, the rate of intraspecific nest parasitism can be significantly higher (Yom-
Tov 1980).

Due to the increasing research in the field of breeding biology, the number of species
known to employ intraspecific nest parasitism continuously grows. The updated list by
Yom-Tov (2001) contains 234 species in 18 orders, in which multiple evidence has been
found for intraspecific nest parasitism. The most numerous among them are the species be-
longing to the orders Anseriformes (74), Galliformes (32) and Chradriiformes (19). How-
ever, there are several species, in which the occurrence of intraspecific nest parasitism has
been revealed since then, such as the Eurasian Thick-knee (Burchinus oedicnemus) or the
Mediterranean Gull (Larus melanocephalus), and the Whiskered Tern (Chlidonias hybri-
dus) (Haraszthy 2018 in print).

Significantly less information is available on interspecific nest parasitism. It may even
happen that a parasitic species that has nidifugous chicks lays eggs in the nests of species
whose nestlings are nidicolous. Many questions are unresolved in interspecific nest parasit-
ism. It is still not known whether individual females parasitise always the same host spe-
cies or if they vary them. Nor is it known what proportion of females within each parasitic
species apply this strategy or how successful they are. Hotker (2000) concluded that in Pied
Avocets (Recurvirostra avosetta) significantly more chicks hatch from the usual four-egg
clutches than from parasitised clutches with an increased number of eggs.

Another interesting point about interspecific nest parasitism is that a species can be a para-
site and a host at the same time. The Common Moorhen (Gallinula chloropus) is a good ex-
ample. Moreover, it may lay its eggs in the nests of nidifugous as well as nidicolous species,
while so far only nidifugous species are known to lay their eggs in the nests of this species.

The Common Moorhen is a widespread species, inhabiting three continents. The species
is native in large parts of North, West and Southern Africa. It is also widespread all over Eu-
rope, except for most of Scandinavia. The breeding range extends east in Asia nearly to the
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Baikal region, and the species is resident in South and Southeast Asia to the western parts of
the Indonesian archipelago (Taylor 1996).

The Common Moorhen is a considerably adaptable species, breeding in a variety of habi-
tats. Originally, it inhabited both smaller and larger standing waters that had large reedbeds
and at least patches of open water, but later it also occupied slowly flowing canals with reed
belts. Today, Common Moorhens can be found at city ponds as well as in smaller or larger
wetlands created by the most diverse industrial activities (Cempulik 1993). Nests were orig-
inally built on reed or reedmace, sometimes in small bushes in such vegetation, but almost
always directly above water. Among those Common Moorhens breeding in cities, it is not
uncommon to build the nest several metres high on trees (Engler 1983).

Originally, the Common Moorhen was a territorial species, but its adaptation to smaller
wetlands resulted in partially abandoning this behaviour. Colonial breeding of several pairs
is increasingly more common, and polyandry and polygyny also occur more and more often
in this formerly primarily monogamous species, while there are also several records of inter-
specific brood parasitism (e.g. Gibbons 1986, Post & Seals 2000, Forman 2003).

So far, relatively little attention has been paid to the breeding biology of the Common
Moorhen. What is known best that intraspecific nest parasitism can be significant in popu-
lations with higher densities. However, egg pattern does not allow distinction of eggs from
stranger females. Proving that two or more females lay eggs in an observed nest is only pos-
sible if several new eggs are laid in the nest on a single day, or if new eggs are laid in a nest
several days after the clutch is complete. Proving the identity of eggs from stranger females
is thus only possible in constantly monitored nests.

Common Moorhen eggs in the nests of different species

In several cases, Common Moorhens laid their eggs in the nests of the closely related Common
Coot (Fulica atra) that shared the same habitat. However, the first observations of such inci-
dents occurred in bird parks where the two species bred in large numbers in each others’ imme-
diate vicinity. In these English bird parks goose, duck and swan species are kept in captivity,
in pairs or smaller groups. Each pair or group has a small pond surrounded by some lawn. The
smaller ponds also have patches of reed or reedmace, offering ideal nesting sites to the wild
Common Moorhens. Density is particularly high in such places, since the wildfowl fodder
available in abundance is also favoured by Common Moorhens (Gibson 1986, Forman 2003).

Cases are also known when Common Moorhens laid an egg in a Grey Partridge (Perdix
perdix) and in a Little Grebe (Tachybaptus ruficollis) nest (Engler 1983). In Great Britain,
a Black-headed Gull (Larus ridibundus) successfully hatched two Common Moorhen eggs
laid next to its own egg. The nestlings later joined a pair of Common Moorhens that were
leading their own chicks (Jones 1988). Meniaia et al. (2014) found a Common Moorhen
egg in a Ferruginous Duck (4ythya nyroca) nest during their research at Lake Tonga in Al-
geria. This nest also contained a White-headed Duck (Oxyura leucocephala) egg. The same
researchers found 7 Common Moorhen eggs in an abandoned Purple Swamphen (Porphyrio
porhyrio) nest, too.
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The author found three Common Moorhen eggs next to eight duck eggs in a Mallard
(Anas platyrhynchos) nest at Dinnyés on 23 May 2004. In the above cases, with the excep-
tion of the Black-headed Gull, the Common Moorhen eggs were laid into the nests of nidi-
fugous species. The egg laid in the Grey Partridge nest is of particular interest, as that spe-
cies has a different habitat from that of the Common Moorhen.

In addition to the above observations made in Europe and North Africa, only one occa-
sion, an egg of the closely related Common Gallinule (Gallinula galeata) was found in the
nest of the North American Boat-tailed Grackle (Quiscalus major) that nests colonially in
reedbeds, which is particularly interesting as this species is extremely far from the genus
Gallinula in taxonomy, ecology, and especially in breeding behaviour (Post & Seals 1989).

Common Moorhen eggs in nests of [xobrychus bitterns

By 2010, only seven cases have been revealed when Common Moorhens laid their eggs
in the nest of an Ixobrychus bittern species. Common Little Bittern (Ixobrychus minutus),
which is also native in Hungary, was parasitised in only three of these cases (David et al.
2005, Pardo-Cervera et al. 2010, Samraoui et al. 2012), while in four instances the eggs
were laid in Yellow Bittern (Ixobrychus sinensis) nests (Ueda 1993, Ueda & Narui 2004).
This is also interesting because Common Moorhens laid their conspicuously marked eggs in
the nests of species that share the same habitat but have snow white clutches. The nestlings
of Ixobrychus bitterns are nidicolous, fed by their parents in the nest.

In addition to the three cases published so far where Common Moorhens parasitised the
nests of Common Little Bitterns, similar cases are known from Hungary that have not been
published until recently or not at all, while one of them was published only in Hungarian and
in a place where it could not become widely known.

Description of the Hungarian cases

1. — On 3 June 1962, Jendé Radetzky found a three-egg clutch of Common Little Bittern in
Soponya, with a Common Moorhen egg in the nest (Solti 2012).

2. —On 10 June 1979, Rékasi (1980) found Common Little Bittern nests under three Pur-
ple Heron nests in a colony of the latter species at Madaras, and one of them contained
three typically patterned Common Moorhen eggs alongside three white Common Little
Bittern eggs. Ten days later, this clutch had been robbed by a European Water Vole (4r-
vicola amphibius), while the other two nests that only contained eggs of Common Little
Bittern were unharmed. The question arises whether the parasitised nest had been desert-
ed by the Common Little Bittern which thus opened the way to nest robbery?

3. — On 29 May 2005, the author found a nest in the reed belt of the Hortobagyi-Halasto
(Hortobagyi Fishponds) with five Common Little Bittern eggs and a Common Moorhen
egg next to them. The nest was built on reed stems in the vicinity of a mixed heron colony
with nests of Glossy Ibis (Plegadis falcinellus), Black-crowned Night-heron (Nycticorax
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nycticorax), Great White Egret (Ardea alba), Little Egret (Egretta garzetta), Squacco
Heron (Ardeola ralloides), and Pygmy Cormorant (Microcarbo pygmeus).
From the above records it can be concluded that the first two event took place much earli-
er than the other cases published so far (David et al. 2005, Pardo-Cervera ef al. 2010, Sam-
raoui et al. 2012), and one of them is the first known case when more than one (3) Common
Moorhen eggs were found in a Common Little Bittern nest.

The three records from Hungary indicate that in all likelihood Common Moorhens signif-
icantly more often lay one or more eggs in the nests of Common Little Bitterns or possibly
of other species than so far supposed.

Numerous examples are known for intraspecific nest parasitism in Common Moorhens, as
well as in other species. Even when nests are thoroughly monitored, it is not easy to reveal
this phenomenon due to the great similarity of eggs. Based on the growing number of prov-
en cases, numerous authors assume that intraspecific nest parasitism is significantly more
frequent than previously supposed (Macwhirter 1989, Lyon 1993). It is widely accepted that
a nest can be considered to be parasitised if two eggs are laid in it on the same day, or if a
new egg or eggs are laid in the nest at least two days after the clutch became complete (Lyon
1993). In the last decades, research has shown that in the various Coot and Moorhen spe-
cies intraspecific nest parasitism occurs frequently. In the American Coot (Fulica america-
na), Lyon (1993) found at least one egg from stranger females in 41% out of 417 nests. In
Namibia, Jamiesoni ez al. (2000) found stranger eggs in 43% of the nests of Red-knobbed
Coot (Fulica cristata), and in 21-36% of the nests of Lesser Moorhen (Gallinula angulata).
Meniaia et al. (2014) found eggs from stranger females in 10 nests (7.6%) among those dis-
covered at Lake Tonga in Algeria.

On 9 June 1974, the author found 15 eggs and three hatchlings in a Common Moorhen
nest built under a Purple Heron nest in the Kunkapolnasi Marsh (Csukas Marsh), Horto-
bagy, Hungary. On 8 May 1977, Laszlo Vilmos Szabo found a 21-egg clutch of Common
Moorhen in a nest built on european ash (Fraxinus excelsior) sprouts in the flooded Vajda-
laposi Forest Hortobagy (based on his diary and photo).

Common Little Bitterns breed in reedbeds and nests are thus found during targeted re-
search, therefore, parasitism on them by Common Moorhen is only underpinned by occa-
sional records. However, based on the cases observed abroad and in Hungary, it can be as-
sumed that Common Moorhens lay eggs in Common Little Bittern nests more often than
previously supposed.

Parasitised nests of Common Moorhen

Common Moorhens do not only parasitise the nests of other species, but can also become
victims of brood parasitism. Fredrickson (1971) found two Ruddy Duck (Oxyura jamai-
censis) eggs in the nest of the closely related Common Gallinule in lowa, USA. In Algeria,
Meniaia et al. (2014) studied 60 and 71 Common Moorhen nests in 2011 and in 2012 re-
spectively, and found an egg each from Ferruginous Duck, White-headed Duck and Purple
Swamphen.
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Recommendations

The above data indicates that the breeding behaviour of the Common Moorhen is rather
complex. There are several open questions to be answered to get closer to understanding this
complex and interesting breeding system. Questions to clarify include what happens to the
Common Moorhen eggs laid in the nests of other species? Will they reach maturity, and if
so, does its likelihood depend on the parasitised species, or is it a matter of chance? Beyond
these life history traits, there are some important evolutionary biology questions as well. Are
the females more inclined to parasitism more successful than those that only lay eggs in their
own nests? Whether females inclined to parasitism lay more eggs or not. Is the presence of
parasitism in a female’s life contextual or permanent?

There are some questions that can be answered by methods tested in other host-parasit-
ic systems (e.g. Moskat et al. 2003, Hauber et al. 2006, Honza & Moskat 2008). The white
eggs of the Common Little Bittern and the spotted eggs of the Common Moorhen are so dif-
ferent from each other that deception of the host species can be ruled out. How do Common
Little Bitterns react to Common Moorhen eggs? Do they desert the parasitised nest, remove
the stranger egg, or perhaps ignore it?

To sum up, it is to be clarified whether these cases occur from time to time by mere ac-
cident, or we are witnessing a change in the species’ breeding strategy that has evolution-
ary advantages?
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Abstract The author describes the presence of the oldest extinct diurnal birds of prey species in
the world and fossilized representatives of different families, as well as the presence of recent species in the Car-
pathian Basin among fossilized remains. In case of ospreys, one of the oldest known materials is classified as a
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Osszefoglalas A szerz3 bemutatja a nappali ragadozok kihalt fajait és a kiilonbézd csalddok fosszilis képviseld-
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Introduction

Accipitridae is the most populous family in terms of species (eagles, goshawks, kites, harri-
ers and vultures belong in the group). Their oldest representatives are known from the Eo-
cene of England (Palaeocircus cuvieri Milne-Edwards, 1871) and Germany (Messelastur
granulator Peters, 1994), while the other extinct genera and species are known from the Ol-
igocene (Aquila hypogaea Milne-Edwards, 1892; Milvus deperditus Milne-Edwards, 1871,
France, Buteo grangeri Wetmore and Case, 1934, USA) and the Miocene (Halliaetus pis-
cator Milne-Edwards, 1871; Aquila depredator Milne-Edwards, 1871; A. pennatoides Gail-
lard, 1939; A. prisca Milne-Edwards, 1863; Milvus incertus Gaillard, 1939, France). From
the Eocene and Oligocene of France Plesiocathartes europaeus Gaillard, 1908; P. kelleri
Mayr, 2002; Paleohierax gervaisii (Milne-Edwards, 1863); from the Miocene of Spain Ple-
siocathartes gaillardi Crusafont and Villalta, 1955 and Neophrontops ricardionsis Rich,
1980 species from the Miocene of the USA are regarded to be the earliest reports of Old
World vultures. Recent species are known since the Quaternary.

Ospreys (Pandionidae) are only presented with one cosmopolitan extant species. A typi-
cal feature is the special shape of their distal phalanges, which are unlike any other. Their
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earliest forms are reported from the Oligocene of Egypt and Hungary (Méariahalom) (Pandi-
on sp. and Pandion pannonicus n.sp.). Two fossil species were identified from the Miocene
of the USA (Pandion homalopterus Warter, 1976; P. lovensis Becker, 1985). The recent spe-
cies is known since the Quaternary.

The only recent species of the Sagittaridae lives in the Savannahs of Africa. They have es-
pecially long legs and prey on smaller vertebrates, mainly snakes. They nest on the crowns of
trees. Their fossilized finds are thought to be the species Pelargopappus magnus (Milne-Ed-
wards, 1868) and Amphiserpentarius schlosseri (Gaillard, 1908) from the Oligocene and
Miocene of France. Recent species are known since the Quaternary.

New World vultures (Cathartidae) live in America. Their earliest extinct species have been
reported from the Oligocene of the USA (Phasmagyps patritus Wetmore, 1927), the Oligo-
cene of Brasil (Brasilogyps faustoi Alvarenga, 1985) and the Miocene of the USA (Hadro-
gyps aigiloeus Emslie, 1988), apart from numerous other extinct species from the Neogene
and Pleistocene. Recent species are known since the Quaternary.

Members of the Falconidae are the swiftest diurnal predators, with typical narrow wings
and a toothlike formation on the upper edge of their beaks. They are also capable of “smash-
ing” flight. Their fossilized finds are rare, the earliest one is known from the late Miocene
of Ukraine (Falco medius Umans’ka, 1981), the Miocene of the USA (Falco ramenta Wet-
more, 1936), and the Miocene of Argentina (Badiostes patagonicus Ameghino, 1895 and
Thegornis musculosus Ameghino, 1895).

Members of the extinct Teratornithidae family were birds of prey of enormous sizes. Their
wingspan may have reached 7-7.5 meters, with a weight of about 70 kilograms. Their ear-
lies known species is the Argentavis magnificans (Campbell and Tonni, 1980) from the
Miocene of Argentina, which may have been the largest as well. Species of the eponymous
Teratornis genus (T. merriami Miller and Loye, 1909; T incredibilis (Howard, 1952); T.
woodburnensis (Campbell and Allison, 2002)) are known from the Pleistocene of the USA
(Brodkorb 1964, Olson 1985, Bochenski 1997, Mlikovsky 2002).

Systematics

Finds of the fossil and subfossil diurnal predators of the Carpathian Basin are the following:

Abbreviations: MN 13 (6.8-5.3 MY) — Upper Miocene; MN 15 (4.5-3.2MY) — Mid-
dle Pliocene; MN 16-17 (3.2-1.8MY) MY) — Upper Pliocene; Q1-Q2(1.8-0.5 MY) — Low-
er Pleistocene; Q3 (Q3/1-Q3/11, 500.000-120.000 Y) — Middle Pleistocene; Q4/1 (120.000
—12.000Y) — Upper Pleistocene; Q4/I1 (12.000 Y — recent age) — T — extinct/fossil species
or subspecies.

Ord. Accipitriformes (Vieillot, 1816)
Fam. Accipitridae (Vieillot, 1816)

Vultures are typical scavengers of open areas (rocky cliffs and plains). Apart from the rela-
tively small Egyptian Vulture (Neophron percnopterus), they are quite large, hence they do
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not really have any natural enemies. Their skeletal remains thus come from deaths of natu-
ral causes. They typically remained in crevices of rocks and caves they used for nesting and
as feeding/resting places.

— Aegypius Savigny, 1809

— Aegypius monachus (Linnaeus, 1766)

Known from the Carpathian Basin Q3/I: Hundsheim (Austria) (Mlikovsky 1998, 2002);
Q4/1: Cserépfalu — Subalyuk Cave (Hungary) (Jdnossy 1962a, 1977); Nandori Cave (Nan-
dru, Romania) (Janossy 1965, Fischer & Stephan 1977, Kessler 1985, Jurcsak & Kessler
1988, Gal 2002a, 2003); Q4/11: Teufelslucken (Austria) (Soergel 1966); Balatonlelle hemp
fields (Gal 2005); Visegrad Castle (Hungary) (Bokonyi & Janossy 1965, Janossy 1977).
Finds from Europe outside the Carpathian Basin: Q1-2: Spain; Q3: France; Q4: Bulgaria,
Croatia, France, Georgia, Germany, Greece, Italy, Russia, Spain (Tyrberg 1998).

— Gyps Savigny, 1809

— Gyps T melitensis Lydekker, 1890

Known from the middle Pleistocene of Austria (Hundsheim (Janossy 1974) and Re-
polusthdhle (Janossy 1989) (Q3/II) and Hungary (Vértessz6l0s 2 (Q3/I)). The extinct spe-
cies was identified according to its dimensions.

Apart from the typical site (Zebbug Cave, Malta) it is also known from the site of Ta
Kandija in Malta, Corsica, Crete, Mosbach (Germany), late Pleistocene sites of France
(Soulabé and Harrpons), as well as from Monaco (Tyrberg 1998).

— Gyps fulvus (Hablizl, 1873)

Known from the Carpathian Basin Q3/I: Hundsheim (Austria) (Mlikovsky 1998, 2002);
Q4/1: Krapina (Croatia) (Lambrecht 1915, V. Malez 1973, 1984); Varb6 — Lambrecht
Kalman Cave (Hungary) (Janossy 1977, 1986); Olahszaszka — Néravolgyi Cave (Sasca
Romana — Valea Nerei) (Jurcsak & Kessler 1988); Torda Gorge — Binder Cave (Turda, Ro-
mania) (Jurcsak & Kessler 1988), Q4/II: Dunaujvaros — Intrecisa (Janossy 1985); Pilis-
maroét-Malompatak (Hungary) (Janossy 1985); Korosgyéres (Girisul de Cris) (Jurcsak &
Kessler 1986); Peterd — Torda Gorge-Magyar Cave (Petresti — Turda Romania) (Kessler &
Gal 1998, Gal 2004); Varsonkolyos — Kismagyar Cave (Suncuius — Pestera Napisteleu, Ro-
mania) (Jurcsak 1974, Kessler 1977, Gal 2002a). Finds from Europe outside the Carpathian
Basin: Q3: Azerbaijan; Q4: Croatia, France, Georgia, Greece, Italy, Romania, Spain (Tyr-
berg 1998);

— Gypaetus Storr, 1784

— Gyapaetus barbatus Linnaeus, 1758

Known from the Carpathian Basin Q4/I: Cserépfalu — Subalyuk Cave (Janossy 1960,
1962a, 1977, 1986); Hamor — Szeleta Cave (Lambrecht 1915, 1933); Olyveskéér (Hun-
gary) (Janossy 1960); Ohabaponor — Bordu Mare Cave (Ohaba Ponor, Romania) (Kessler
1985, Jurcsak & Kessler 1988, Gal 2002a, 2003); Q4/11: Kazanszoros — Toroklik Cave (Ca-
zanele Mari — Cuina Turcului, Romania) (Kessler 1974c¢, Fischer & Stephan 1977); Padina
as Gypaetus/Aegypius/Gyps sp (Serbia) (Classon 1980, Gal 2004). Finds from Europe out-
side the Carpathian Basin: Q3: France; Q4: Belgium, France, Georgia, Greece, Italy, Spain
(Tyrberg 1998);

— 1 Gypaetus asiaticus (Burchak-Abramovich, 1971)
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An extinct species reported from the Middle Pleistocene of Georgia (Tyrberg, 1998).

— Neophron percnopterus (Linnaeus, 1758)

Finds from Europe outside the Carpathian Basin: Q3: Azerbaijan; Q4: Bulgaria, Croatia,
France, Greece, Spain (Tyrberg 1998);

— Circus (Lacépéde, 1799)

— Circus macrourus (Gmelin, 1771)

Known from the Carpathian Basin Q4/I: Pilisszant6 1. Shelter Cave (Hungary) (Lambre-
cht 1915, 1933, Janossy 1977, 1986); Nandori Cave (Nandru, Romania) (Janossy 1965, Fi-
scher & Stephan 1977, Kessler 1985, Jurcsak & Kessler 1988, Gal 2002a, 2003). Finds from
Europe outside the Carpathian Basin: Q3: Azerbaijan, France; Q4: Czech Republic, France,
Italy, Russia (Tyrberg 1998);

— Circus cyaneus (Linnaeus, 1758)

Known from the Carpathian Basin Q2: Osztramos 2 (Janossy 1972, 1977, 1986); Q4/1:
Bajot — Jankovich Cave (Lambrecht 1933, Janossy 1977, 1986); Budapest — Remetehegy
Shelter Cave (Kormos 1914; Lambrecht 1933, Janossy 1977, 1986); Hamor — Puskaporos
(Lambrecht 1912a, 1916, 1933, Janossy 1977, 1986); Pilisszanto I — Shelter Cave (Hungary)
(Lambrecht 1915, 1933, Janossy 1977, 1986); Detrekészentmiklos — Palffy Cave (Dzera-
va Skala — Plavecky Mikulas, Slovakia) (Lambrecht 1913, 1933). Finds from Europe out-
side the Carpathian Basin: Q3: Azerbaijan, France; Q4: Austria, Croatia, Czech Republic,
France, Italy, Russia, Spain, Ukraine (Tyrberg 1998);

— Circus aeruginosus (Linnaeus, 1758)

Known from the Carpathian Basin Q3/II: Vindija (Croatia) (M. Malez 1961, V. Malez
1973, 1988, 1991, M. Malez & Rukavina 1979); Q4/I1: Roszke — Ludvar (Janossy 1985,
Gal 2004, 2007b); Tac-Gorsium (Hungary) (Bokonyi 1984, Janossy 1985). Finds from Eu-
rope outside the Carpathian Basin: Q3: Azerbaijan; Q4: Bulgaria, Croatia, Czech Republic,
Georgia, Germany, Italy, Netherlands, Russia (Tyrberg 1998);

— Circus pygargus (Linnaeus, 1758)

Finds from Europe outside the Carpathian Basin: Q3: France; Q4: Czech Republic, Ita-
ly, Ukraine (Tyrberg 1998);

— Circus sp.

Known from the Carpathian Basin Q1: Osztramos 2 (Hungary) (Janossy 1972, 1986);
Betfia 2 (Romania) (Kormos 1913, Capek 1917, Lambrecht 1933, Janossy 1977, 1986, Kes-
sler 1975, Gal 2002a); Q4/I1: Ecsegfalva 23. (Hungary) (Pike-Tay et al. 2004, Gal 2007b);
Révi Caves (Pesteri din Vadu Crisului) (Kessler 1977b, 1982); Révtizfalusi Cave (Pestera
din Zece Hotare, Romania) (Kessler 1985). Finds from Europe outside the Carpathian Ba-
sin: Q4: France, Spain (Tyrberg 1998);

— Circaetus (Viellot, 1816)

— Circaetus gallicus (Gmelin, 1788)

Known from the Carpathian Basin Q4/11: Részke — Ludvar (Hungary) (Janossy 1985, Gal
2004, 2007b). Finds from Europe outside the Carpathian Basin: Q4: France, Italy, Spain
(Tyrberg 1998);

— Accipiter (Brisson, 1760)

— Accipiter gentilis (Linnaeus, 1758)
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Known from the Carpathian Basin Q3/I: Betfia 7/4 (Romania) (Kessler 1975, Janossy
1977, Gal 2002a; Q3/1I1: Vindija (Croatia) (M. Malez 1961, V. Malez 1973, 1988, 1991, M.
Malez & Rukavina 1979); Q4/1: Budapest — Remetehegy Shelter Cave (Lambrecht 1933,
Janossy 1977, 1986); Varb6é — Lambrecht Kalméan Cave (Hungary) (Janossy 1977, 1986);
Q4/11: Bajcsa (Gal 2002b); Dunaujvaros — Intrecisa (Janossy 1985); Ecsegfalva 23. (Pike-
Tay et al., 2004, Gal 2007a, 2007b); Mezézombor cemetery (Janossy 1985, Gal 2007b);
Téac-Gorsium (Bokonyi 1984, Janossy 1985); Tac — Fovény-puszta (Hungary) (Janossy
1977); Berettyoszéplak (Suplacu de Barcau) (Jurcsak & Kessler 1986, Gal, 2004); Koros-
banlaki Cave (Pestera din Balnaca) (Kessler 1982); Pilispokfiirdé Lake (Lacul din Baile 1
Mai) (Kessler 1974b, 1985); Révi Caves (Pesteri din Vadu Crisului) (Kessler 1977, 1982);
Szegyestel — Dracoaia Cave, Caves in the Szegyestel valley (Pestera Dracoaia, Pesteri din
Valea Sighistelului, Romania) (Kessler 1982). Finds from Europe outside the Carpathian
Basin: Q3: Azerbaijan; Q4: Croatia, Czech Republic, France, Italy, Turkey (Tyrberg 1998);

— Accipiter gentilis + brachydactylus (Mourer-Chauviré, 1975)

Extinct subspecies. Finds from Europe outside the Carpathian Basin: Q3: France (Tyr-
berg 1998);

— Accipiter nisus (Linnaeus, 1758)

Known from the Carpathian Basin Q1: Beremend 17 (Hungary) (Janossy 1987, Kess-
ler 2009); Betfia 9 (Gal 2002a); Q3/I: Hundsheim (Austria) (Mlikovsky 2009); Q3/II:
Tark6 (Hungary) (Janossy 1962b, 1976, 1977, 1986); Q4/I: Budapest — Remetehegy Shelter
Cave (Hungary) (Kormos 1914, Lambrecht 1933, Janossy 1977, 1986); Q4/11: Bajcsa (Gal
2002b); Josvafé — Musztang Cave (Kessler 2009); Legény Cave (Hungary) (Lambrecht
1933); Eskiillo — Kis Cave (Astileu — Pestera Mica) (Kessler 1985); Kazanszoros — Torok-
lik Cave (Cazanele Mari — Cuina Turcului, Romania) (Kessler 1974c¢, Fischer & Stephan
1977). Finds from Europe outside the Carpathian Basin: Q3: Czech Republic, France, Italy,
Spain; Q4: Austria, Bulgaria, Croatia, Czech Republic, France, Georgia, Germany, Grece,
Italy, Spain, Ukraine, United Kingdom (Tyrberg 1998);

— Accipiter sp.

Finds from Europe outside the Carpathian Basin: Q4: Germany, Portugal, Russia, Spain
(Tyrberg 1998);

— Milvus Lacépéde, 1799

— % Milvus brachypterus (Janossy, 1977)

Described from the early Pleistocene of Nagyharsany Hill 1-4. (Bihar level, Q1) (Janossy
1977). The skeletal remain indicates a type with shorter, but more stout wing structure than
that of the recent kite species according to Janossy. Its morphological characteristics also
match its genus.

Known only from the typical sites, still described by Lambrecht (1916) as “Archibuteo la-
gopus”.

— Milvus migrans (Boddaeert, 1783)

Q4/11: Vlassac (Serbia) (Janossy 1977);

Finds from Europe outside the Carpathian Basin: Q3: France; Q4: Czech Republic,
France, Italy (Tyrberg 1998);

— Milvus milvus (Linnaeus, 1758)
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Finds from Europe outside the Carpathian Basin: Q4: France, Italy, Spain, United King-
dom (Tyrberg 1998);

— Milvus sp.

Q4/1I: Starcevo (Serbia) (Classon 1980, Gal 2004);

Finds from Europe outside the Carpathian Basin: Q3: Azerbaijan (Tyrberg 1998);

— Pernis (Cuvier, 1817)

— Pernis apivorus (Linnaeus, 1758)

Known from the Carpathian Basin Q4/I: Varb6 — Lambrecht Kalman Cave (Hungary)
(Janossy 1964, 1977); Nandori Cave (Curata Nandru, Romania) (Janossy 1965, Fischer &
Stephan 1977, Kessler 1985, Jurcsak & Kessler 1988, Gal 2002a, 2003). Finds from Europe
outside the Carpathian Basin: Q3: Czech Republic; Q4: Germany (Tyrberg 1998);

— Buteo (Lacepede, 1799)

— Buteo buteo (Linnaeus, 1758)

Known from the Carpathian Basin Q1: Betfia 2 (Romania) (Kormos 1913, Capek 1917,
Lambrecht 1933, Janossy 1977, Kessler 1975, Gal 2002a); Q3: Vindija (Croatia) (M. Malez
1961, V. Malez 1973, 1988, 1991); Q4/1: Cserépfalu — Subalyuk Cave (Janossy 1960,
1962a, 1977, 1986); Didsgyor — Tapolca Cave (Janossy 1977, 1978, 1986); Varb6é — Lam-
brecht Kalman Cave (Hungary) (Janossy 1964, 1977, 1986); Q4/11: Budapest — Gellért Hill
(Janossy 1977); Ecsegfalva (Pike-Tay et al. 2004, Gal 2007a, 2007b); Gyula Castle (Hunga-
ry) (Janossy 1977, 1985); Révi Caves (Pesteri din Vadu Crisului, Romania) (Kessler 1982).
Finds from Europe outside the Carpathian Basin: Q1-2: Ukraine; Q3: France, Georgia, Tur-
key; Q4: Croatia, France, Georgia, Germany, Greece, Italy, Luxemburg, Poland, Portugal,
Spain, United Kingdom (Tyrberg 1998);

— Buteo lagopus (Pontoppidan, 1763)

Known from the Carpathian Basin Q1: Nagyharsany Hill (Hungary) (Lambrecht 1916);
Q2: Nagyharsany Hill 1-4 (Hungary) (Janossy 1977, 1986); Q4/I: Budapest — Remetehegy
Shelter Cave (Kormos 1914, Lambrecht 1933, Janossy 1977, 1986); Kesztolc — Bivak Cave
(Hungary) (Janossy 1977, 1986); Nandori Cave (Curata Nandru, Romania) (Janossy 1965,
Fischer & Stephan 1977, Kessler 1985, Jurcsak & Kessler 1988, Gal 2002a, 2003); Det-
rekészentmiklos — Palffy Cave (Dzerava Skala-Plavecky Mikulas, Slovakia) (Lambrecht
1913, 1933, Mottl 1938, 1941); Q4/I1: Caves of Varsonkolyos (Pesteri din Suncuius, Roma-
nia) (Kessler 1982). Finds from Europe outside the Carpathian Basin: Q4: Czech Republic,
France, Germany, Italy, Moldova, Ukrajne, United Kingdom (Tyrberg 1998);

— Buteo rufinus (Cretzschmar, 1827)

Known from the Carpathian Basin Q4/I: Pilisszant6 1. — Shelter Cave (Hungary) (Lam-
brecht 1915, 1933, Janossy 1986). Finds from Europe outside the Carpathian Basin: Q3:
Azerbaijan, France; Q4: France, Luxemburg, Spain (Tyrberg 1998);

— Buteo sp. foss. indet.

Known from the Carpathian Basin MN 13: Polgardi 4 (Hungary) (Janossy 1995, Kess-
ler 2009);

— Buteo sp. indet.

Known from the Carpathian Basin Q3/I: Vindija (Croatia) (M. Malez 1961, V. Malez
1973, 1988, 1991). Finds from Europe outside the Carpathian Basin: Q1-2: Spain; Q3:
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Russia; Q4: Croatia, France, Germany, Poland, Russia (Tyrberg 1998);

— Aquila (Brisson, 1760)

— Aquila chrysaetus (Linnaeus, 1758)

Known from the Carpathian Basin MN 16: Villany 3 (Hungary) (Janossy 1977, 1983,
1986); Q4/I: Krapina (Lambrecht 1915, V. Malez 1973, 1984, 1988); Veternica (Croatia)
(V. Malez 1973, 1988); Cserépfalu — Subalyuk Cave (Janossy 1960, 1962a, 1977, 1986);
Pilisszant6 (Lambrecht 1915, 1933, Janossy 1977, 1986); Mérk (Hungary) (Lambrecht
1912); Korosmart (Rapa, Romania) (Janossy in Hamar & Csak 1969, Kessler 1974a, Gal
2002a); Q4/11: Dunatjvaros — Intrecisa (Janossy 1985); Csakvar — Esterhazy Cave (Kretzoi
1954); Mezéfény (Gal 2004); Tapidszele — Tiizkoves (Janossy 1977); Tiszalic-Sarkad
(Janossy 1985, Gal 2007b); Visegrad Castle (Hungary) (Gal 2005); Kazanszoros-Torok-
lik (Cazanele Mari — Cuina Turcului, Romania) (Kessler 1974c, Fischer & Stephan 1977).
Finds from Europe outside the Carpathian Basin: Q3: Azerbaijan, Czech Republic, France,
Georgia, Italy; Q4: Austria, Croatia, Czech Republic, France, Georgia, Germany, Greece,
Italy, Moldova, Spain, Ukraine, United Kingdom (Tyrberg 1998);

— Aquila heliaca (Savigny, 1809)

Known from the Carpathian Basin Q2: Somssich Hill 2 (Hungary) (Janossy 1983, 1986);
Q3/I: Hundsheim (Austria) (Janossy 1974, 1977); Betfia 7/4 (Romania) (Kessler 1975,
Janossy 1977, Gal 2002a); Q4/I: Varbé — Lambrecht Kalman Cave (Hungary) (Janossy
1964, 1977); Q4/11: Teufelslucken (Austria) (Soergel 1966); Vlassac (Serbia) (Janossy
1977). Finds from Europe outside the Carpathian Basin: Q3: Azerbaijan; Q4: Austria, Geor-
gia, Italy, Switzerland (Tyrberg 1998);

— Aquila clanga (Pallas, 1811)

Known from the Carpathian Basin Q1: Betfia 9 (Romania) (Kessler 1985, Gal 2002a);
Q4/I: Nandori Cave (Curata Nandru, Romania) (Janossy 1965, Fischer & Stephan 1977,
Kessler 1985, Jurcsak & Kessler 1988, Gal 2002a, 2003). Finds from Europe outside the
Carpathian Basin: Q3: Azerbaijan, France; Q4: France, Germany, Italy (Tyrberg 1998);

— Aquila clanga/pomarina

Known from the Carpathian Basin Q4/II: Ludas-Budzsak (Hungary) (Bokonyi 1984, Gal
2004);

— Aquila pomarina (C.L.Brehm, 1831)

Known from the Carpathian Basin Q4/II: Tiszasz0lés — Gomahaza-Puszta (Hungary)
(Gal 2007b). Finds from Europe outside the Carpathian Basin: Q3: Azerbaijan; Q4: Bulga-
ria, Romania (Tyrberg 1998);

— Aquila rapax (Cabanis, 1854)

Known from the Carpathian Basin Q4/II: Bajcsa — Castle (Hungary) (Gal 2002b). Finds
from Europe outside the Carpathian Basin: Q3: Azerbaijan, Czech Republic; Q4: Germa-
ny, Moldova (Tyrberg 1998);

— Aquila adalberti (Brehm, 1861)

Finds from Europe outside the Carpathian Basin: Q4: Spain (Tyrberg 1998);

— 1 Aquila chrysaetos bonifacti (Mourer-Chauviré, 1975)

Finds from Europe outside the Carpathian Basin: Q3: France (Tyrberg 1998);

— + Aquila chrysaetos simurg (Weeseie, 1987)
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Extinct subspecies. Finds from Europe outside the Carpathian Basin: Q4: Greece (Tyr-
berg 1998);

— Aquila sp.

Known from the Carpathian Basin Q3/I: Hundsheim (Austria) (Mlikovsky 2009); Q4/
II: Starcevo (Serbia) (Classon 1980, Gal 2004). Finds from Europe outside the Carpathian
Basin: Q1-2: Bulgaria; Q3: Italy, Ukraine; Q4: Austria, Belgium, Czech Republic, France,
Georgia, Germany, Italy, Russia, Spain, United Kingdom (Tyrberg 1998);

— Haliaeetus (Savigny, 1809)

— 1 Haliaeetus aff. angustipes (Janossy, 1983)

A metacarpus (I1I.) was described based on a fragment from the Lower Pleistocene of Bet-
fia 5 (Janossy 1983, Gal 2002a).

The only defining characteristic is the slimness of the fossilized tarsometatarsus com-
pared to the recent specimens, which can be shown on the fossil found on the typical site in
the Czech Republic. Based on finds from the early Pleistocene Betfia and Bugiulest (Roma-
nia, the southern slope of the Carpathian Basin), Erika Gal (Gal 2002a) described the same
characteristic, which we experienced firsthand. Gracility also meant an adaptation to the en-
vironment, which can also be seen for example on the typically narrow tarsometatarsus of
harriers. The two types of predators may have lived in similar environments and may have
nested in reed beds and underbushes during the Pliocene and the lower Pleistocene. The re-
cent white-tailed eagles, however, live in floodplain forests and nests on trees. This may ex-
plain the size difference of the skeletal remains of their legs. Erika Gal describes it from the
early Pleistocene finds of Bugiulesti (Romania) (Gal 2002a), while Mlikovsky (1998, 2002)
describes it as belonging to the recent species.

— Haliaeetus albicilla (Linnaeus, 1758)

Known from the Carpathian Basin Q4/I: Krapina (Croatia) (Lambrecht 1915, V. Malez
1973, 1984, 1988); Eskiilld — Igric Cave (Astileu-Pestera Igrita) (Kormos 1914, 1916); Nan-
dori Cave (Curata Nandru) (Janossy 1965, Fischer & Stephan 1977, Kessler 1985, Jurcsak
& Kessler 1988, Gal 2002a, 2003); Ohabaponor (Pestera Ohaba Ponor, Romania) (Kess-
ler 1985, Jurcsak & Kessler 1988, Gal 2002a, 2003); Q4/11: Balatonlele hemp fields (Gal
2005); Berettydszentmarton (Janossy 1977, 1985, Gal 2007a, 2007b); Dunatijvaros-Intreci-
sa (Janossy 1985); Gyula — Castle (Janossy 1977, 1985); Kiskore-Szingegat (Janossy 1985,
Gal 2004, 2007a, 2007b); Ludas — Budzsak (Bokonyi 1984, Gal 2004); Roszke — Ludvar,
Szegvar — Tiizkoves, Szerencs — Taktafoldvar, Szolnok — Szanda (Janossy 1985, Gal 2004,
2007a, 2007b); Tac — Gorsium (Bokonyi 1984, Janossy 1985); Tiszalok — Razom (Janossy
1977); Tiszaluc — Sarkad (Hungary) (Janossy 1985, Gal 2007a, 2007b); Peterd — Torda
Gorge-Magyar Cave (Petresti — Turda, Pestera Ungureasca, Romania) (Kessler & Gal 1998,
Gal 2004); Padina (Classon 1980, Gal 2004); Vlassac (Serbia) (Janossy 1977). Finds from
Europe outside the Carpathian Basin: Q1.2: Netherlands; Q3: Azerbaijan, Czech Repub-
lic, France, Germany, Greece, Italy; Q4: Austria, Croatia, Czech Republic, France, Georgia,
Germany, Greece, Italy, Poland, Russia, Spain, United Kingdom (Tyrberg 1998);

— ?Haliaeetus sp. foss. indet.

Known from the Carpathian Basin MN 1-4: Erdsd (Lambrecht 1929).
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(Note: the Lambrecht paper quoted in the literature numerous times does not contain the de-
scription from Erésd. There is no such material either in the collection of NHMUS (Natural
History Museum of Hungary) or GGIH (Geological and Geophysical Institute of Hungary))

— Hieraetus (Kaup, 1844)

— Hieraetus pennatus (Gmelin, 1788)

Known from the Carpathian Basin Q4/I1: Ecsegfalva (Hungary) (Pike-Tay et al. 2004,
Gal 2007a, 2007b). Finds from Europe outside the Carpathian Basin: Q3: Azerbaijan; Q4:
Spain, Russia, United Kingdom (Tyrberg 1998);

— Hieraetus fasciatus (Viellot, 1822)

Finds from Europe outside the Carpathian Basin: Q3: France; Q4: Italy, Malta, Spain
(Tyrberg 1998);

— t+ Buthierax pouliani (Kretzoi, 1977)

Finds from Europe outside the Carpathian Basin: Q3: Greece (Tyrberg 1998).

Fam. Pandionidae Savigny, 1809

— Pandion Savigny, 1809

— 1 Pandion pannonicus sp. n.

Holotype — material: distal phalanx (phalanx 3., digiti I1.)

Site and age: Mariahalom (Hungary), Upper Oligocene (MP 25). ,, The village of Maria-
halom is located in the northeastern boarder of the Many-Zsambék basin, 47 km north-west
from Budapest. The sand pit is situated on the south-western side of the road between the
townships of Uny and Mariahalom.” (Rabi & Botfalvi 2008). The fossil remains — collected
among other by Zoltan Evanics — contains fish, reptiles, birds and mamals. The fossil ma-
terial of birds is very fragmented, containing elements from the aquatic environment. This
material is in the collection of the Department of Paleontology at E6tvos Lorand Universi-
ty, Budapest, Hungary.

Diagnosis: Smaller than fossil and recent known osprey species, but it should be a much
earlier species described according to a typical osprey skeletal part. The tuberculum exten-
sorium (a) is oblique with a blunt end; the cotyla articularis (b) has an assymmetrical curve;
the neck of the tuberculum flexorium (c) is short, the lower part is convex in the middle;
the corpus phalangis (d) is wide and curved; (the apex phalangis is damaged) (Figure 1.1).

Etymology: After the name of Pannonia province.

Dimensions: Total measurable length is A = 20.50 mm (it might have been 22-24 mm),
length of the joint surface (from the tub. extens. to the end of the tub. flex.) B =9.76 mm,
the middle width of the tuberculum flexorium is (C) = 3.51 mm; the biggest width of the 7u-
berculum flexorium is (D) = 5.23 mm, the biggest width of the claw shaft is (E) = 4.94 mm.
(Figure 1.2).

Comparative material: Pandion haliaetus recent ph.3.dig.II. distal phalanges (NHMUS
n = 4, male and female: C.58.11.1; 69.9.17; 791000; 830.621 = A: 23.92-27.13 mm; B:
9.64-12.12 mm; D=5.17-5.83 mm) and ph.2.dig.1.; ph.4.dig.I1I.; ph.5.dig.IV.distal phalan-
ges (Figure 1.5).

Abrevations: NHMUS — Natural History Museum of Hungary, Budapest.

Method: For the discussed skeletal part, the anatomical terminology (after: Lambrecht
1933, Baumel et al. 1979, Solti 1996, Kessler 2013a) and method of measurement (Solti
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1996, Kessler 2013) of the bone in question is given, illustrated by the appropriate bone of
the fossil specimens and recent species.

Description: The typical osprey claw, the tuberculum flexiorum major (all of its skeletal
parts differ from other diurnal predators!), can easily be identified due to its elongated form.
The shape of the end of the projection decides which finger the claw may have belonged to (on
the first finger it is asymmetrical, on the second it is flattened and protuberant in the middle,
on the third it is semi-circularly protruberand, on the fourth it is cone shaped, see Plate, Figure
4—7. The issue is caused by the difference of the bottom part of the fossil’s tuberculum flexori-
um compared to both the four claws of the recent species, as well as in the case of known fos-
silized claws which partially come from different fingers and earlier layers.

Discussion: The two known fossil species are either larger than the recent species, or
match it in size. The first fossilized species was described by S. L. Warter (1976) from the
middle Miocene (14.5-13 million years) layers of Sharkstooth Hill, California (USA), with
the name Pandion homalopteron Warter, 1976 (Warter 1976), based on the humerus and ul-
na. The size is similar to that of the recent species, or slightly bigger.

The second known fossil species was also reported from North America by Becker (1985)
from the upper Miocene river sediments of Love Bone Bed, Florida (9 million years) (Ala-
chua Formation). The find consists of a distal femur, a complete and a distal tibiotarsus, a
complete and a somewhat partial tarsometatarsus and 3 claws, and is named Pandion loven-
sis Becker, 1985 (Becker 1985). Sadly, only one of the claws (Ph 2. dig. 1.) is presented as
picture (https://www.floridamuseum.ufl.edu/florida-vertebrate-fossils/species/pandion-lo-
vensis/) (Figure 1.8), with no description available. We did not receive the requested infor-
mation of the other two, thus they cannot serve as basis for comparison. The dimensions of
the other three skeletal parts, however, confirm that the sizes match those of the recent Pan-
dion haliaetus.

The third find is known from the early Pliocene (Yorktown Formation) of Lee Crek Mine
(North Carolina, USA) (Olson & Rassmusen 2001). They also reported a claw (p. 298) of
which they only gave the B and D dimensions (B = 12.6 mm; D=5 mm) and identified it as
Pandion sp. The tuberculum flexorium differs from that of the find from Mariahalom, and
according to its characteristics, it is a phalanx 5. digiti IV (Figure 1.9). Also from Florida,
but the middle Pliocene (Bone Valley Formation) comes another Pandion claw, which is
mentioned without details (Brodkorb 1972).

The earlist find (Olson 1985, Rasmussen et al. 1987) comes from the lower Oligocene
of Fayum, Egypt (Jebel Quatrami Formation); from there the distal epiphisys of a humerus
(width F = 16.9 mm, in case of the recent species 22-24.8 mm) and a damaged carpometa-
tarsus was described (its length was A = 83 mm, in case of the recent species 80-87.5 mm),
reported as Pandionidae, gen et species indet.

The dimensions of the two fossil species match those of the recent subspecies found in
America and Europe (including sexual dimorphism), but the tarsometatarsus of the fossil-
ized species from Florida is longer and its trochlea more robust than those of recent rep-
resentatives (see Table I with measurements). This, of course indicates that the phalan-
ges connected to them must also be larger, so as the claws. The material from Mariahalom,
however, is somewhat smaller than the appropriate recent claws. Since the morphological
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Figure 1.

1. Pandion pannonicus n. sp. Phalanx 3, Digiti Il. a - tuberculum extensorium; b - cotyla articularis;

¢ - tuberculum flexorium; d — corpus phalangis

2. Method of measurement: A - total length; B - length of the joint surface; C — middle width of the
tuberculum flexorium; D — biggest width of the tuberculum flexorium; E - biggest width of the claw
shaft

3. Pandion pannonicus n. sp. proximal view of the claw

4. Pandion haliaetus rec. Phalanx 2, Digiti I.

5. Pandion haliaetus rec. Phalanx 3, Digiti Il.

6. Pandion haliaetus rec. Phalanx 4, Digiti Ill.

7. Pandion haliaetus rec. Phalanx 5, Digiti IV.

8. Pandion lovensis Becker, 1985 foss. Phalanx 2, Digiti I.

9. Pandionidae sp. foss. from Lee Crek Mine, Phalanx 5, Digiti IV.

1.dbra

1. Pandion pannonicus n. sp. Phalanx 3, Digiti Il. a - tuberculum extensorium; b - cotyla articularis;
¢ - tuberculum flexorium; d — corpus phalangis

2. A mérési modell: A - teljes hossz; B — izesiilési fellilet hossza; C - tuberculum flexorium kozepének
szélessége; D - tuberculum flexorium legnagyobb szélessége; E — karomcsont test legnagyobb
szélessége

3. Pandion pannonicus n. sp. karomcsont proximalis nézetbdl

4. Pandion haliaetus rec. Phalanx 2, Digiti I.

5. Pandion haliaetus rec. Phalanx 3, Digiti Il.

6. Pandion haliaetus rec. Phalanx 4, Digiti Ill.

7. Pandion haliaetus rec. Phalanx 5, Digiti IV.

8. Pandion lovensis Becker, 1985 foss. Phalanx 2, Digiti I.

9. Pandionidae sp. foss. from Lee Crek Mine, Phalanx 5, Digiti IV.

characteristics are impossible to mistake for the skeletal part of any other bird of prey, due
to its age, it is evident that it can not be identical to the recent species. Also, since it is one
of the oldest such finds in the world, it can be responsibly described as a new taxon, despite
not being able to tell exactly which finger the claw belonged to!

Spread: ospreys are exceptionally rare around the world among fossilized finds (as a cos-
mopolitan species). The recent species is known from the Upper Pliocene of Villany (Villany
3) and a few finds from the Quaternary, for example the Upper Pleistocene sediments of the
Cioraei Cave in Romania (Kessler & Gal 2001, Kessler 2009). The latter was identified from
a claw (phalanx 4. digiti I1I). It probably belongs to a male specimen.

Ospreys have typical lifestyles, feeding on fish. Thus, their presence indicates such an en-
vironment (large, open waters: rivers, lakes, seas). Currently, it is a rare species in the Car-
pathian Basin, as a migrant or summer vagrant. Its presence in the upper Oligocene also in-
dicates a seashore environment.

— Pandion haliaetus (Linnaeus, 1758)

Known from the Carpathian Basin MN 16-17: Villany 3 (Hungary) (Kessler 2009). Finds
from Europe outside the Carpathian Basin: Q3: Italy, United Kingdom; Q4: Georgia, Ger-
many, Italy, Spain, Switzerland, Ukraine, United Kingdom (Tyrberg 1998); Romania (Gal
& Kessler 2001).
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Table 1.  Osprey bones measurement
1. tdbldzat Halaszsas csontok mérettablazata
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Humerus
A (total lenght) 151.00 135.00-154.00
C (width of proximal epiphysis 27.50 25.00-28.50
E (width of shaft) 12.00 11.00-12.00
F (width of distal epiphysis) 24.50 16.90 22.00-24.80
Ulna
A (total lenght) 120.00 166.00
Carpometacarpus
A (total lenght) 83.00 80.00-87.50
Femur
E (thichness of diaphysis) 7.20 7.00-8.30
F (thickness of distal epiphysis) 15.20 14.00-17.40
G (width of dsital epiphysis) 12.80 12.70-14.20
Tibiotarsus
A (total lenght) 124.80 115.00-130.80
e s el prosiie] 17.00 15.90-18.50
epiphysis)
D (width of proximal epiphysis) 13.10 12.30-14.20
Tarsometatarsus
A (total lenght) 59.50 49.00-54.90
F (thickness of distal epiphysis) 16.40 14.00-15.90
Phalanx 2. Digiti I.
A (total lenght) cca 24.04-27.77
9 27.0 el
. . cca.
B (thickness of proximal end) 12.0 10.81-11.85
. . cca.
C (middle width of tub.flexor.) 46 4.51-4.90
. . cca.
D (biggest width of tub. flexor.) 55 5.23-5.79
. . cca.
E (biggest width of the corpus) 6.0 4.76-6.67
Phalanx 3. Digiti Il.
A (total lenght) cea. 23.92-27.13
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B (thickness of proximal end) 9.76 9.64-12.12
C (middle width of tub.flexor.) 3.51 3.58-5.15
D (biggest width of tub. flexor.) 5.23 5.17-5.83
E (biggest width of the corpus) 4.94 5.06-5.42
Phalanx 4. Digiti Ill.
A (total lenght) 3540 | 24.13-26.78
B (thickness of proximal end) 11.20 | 10.26-12.23
C (middle width of tub.flexor.) 3.65-5.15
D (biggest width of tub. flexor.) 5.10 4.76-5.79
E (biggest width of the corpus) 4.89-5.72
Phalanx 5. Digiti IV.
A (total lenght) 23.57-26.16
B (thickness of proximal end) 12.60 9.99-11.12
C (middle width of tub.flexor.) 4.00-4.74
D (biggest width of tub. flexor.) 5.00 4.83-5.27
E (biggest width of the corpus) 5.12-5.60

Ord. Falconiformes (Leach, 1820)
Fam. Falconidae (Vigors, 1824)

Falcons and kestrels are diurnal predators of open areas. They are especially swift flyers, al-
so indicated by their physique and wings. Their preys fit their sizes, which indicates their en-
vironments, as do their mating habits. Their sexual dimorphism is indicated by their differ-
ence in size; the females are significantly larger than the males. Specimens capable of flight
but not yet sexually mature (subadultus) are richly represented even in large groups among
fossilized material (for example in cave 4 of Calvary Hill in Tatabanya). Falcons — especial-
ly before maturing — are wanderers, while kestrels mostly migrate.

— Falco (Linnaeus, 1758)

— 1 Falco aff. antiquus (Mourer-Chauviré, 1975)

It was identified from the middle Pleistocene sediments of the Cserépfalu-Horvolgy Cave
(Hungary) (Janossy 1977, 1986, Kessler 2009). Finds from Europe outside the Carpathian
Basin: Q3: France (Tyrberg 1998). It belongs to bigger falcons and is a transition between
the Saker Falcon and the Gyrfalcon. The fossilized species was described from the La Fage
site in France (Q3) (Mourer-Chauviré 1975), but according to Mlikovsky (2002) there are
no morphological differences when compared to the recent Saker Falcon (Falco cherrug).
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—t Falco tinnunculus atavus (Janossy, 1972)

Known from the Carpathian Basin MN 13: Polgardi 5 (Hungary) (Janossy 1995, Kessler
2009); MN 15: Beremend 26 (Hungary) (Kessler 2009); Csarnota 2 (Janossy 1977, Kess-
ler 2009); MN 16: Beremend 15 (Hungary) (Janossy 1987, Kessler 2009); Q1: Németovar
(Deutsch-Altenburg, Austria) (Janossy 1981); Beremend 16, 17 (Hungary) (Janossy 1992);
Betfia 2, 9, (Romania) (Janossy 1977, Kessler 1975, Gal 2002a); Q2: Nagyharsany Hill
1-4, Somssich Hill 2 (Janossy 1977, 1981, 1982, 1983, 1986); Villany 5 (Hungary) (Kessler
2009); Betfia 7, ,,Aven” (Kessler 1975, Janossy 1977, Gal 2002a); Betfia 5, 7/2-3 (Romania)
(Kessler 1975, Janossy 1977, Gal 2002a); Méhész (4E) (Vcelare, Slovakia) (Janossy 1977);
Q3/I: Hundsheim (Austria) (Janossy 1974, 1977); Tarkd 1-16 (Hungary) (Janossy1977)
Betfia 7/4 (Romania) (Kessler 1975, Janossy 1977, Gal 2002a); Gombaszdg (Gombasek,
Slovakia) (Kessler 2009). Finds from Europe outside the Carpathian Basin: Q1-2: France;
Q3: Czech Republic, France, Netherlands, Poland (Tyrberg 1998).

The diagnosis of fossil subspecies is based on the proportions of the dimensions, accord-
ing to which it is more solid than the recent species. It has been reported from several lower
and middle Pleistocene sites from all across Europe. Despite the fact that Mlikovsky (2002)
classifies it as belonging to the recent species, in our opinion, the distinction of the fossil
subspecies is justified due to the age of the finds and the size differences mentioned above.

— Falco tinnunculus (Linnaeus, 1758)

Known from the Carpathian Basin Q3/I1: Cserépfalti — Horvolgy Cave (Janossy 1962a,
1977, 1986); Siitté 1-4 (Hungary) (Janossy 1977, 1986); Q4/1: Merkestein (Austria) (Wett-
stein & Miihlhofer 1938); Budapest — Remete Cave (Janossy 1977, 1986); Budapest —
Remetehegy Cave (Kormos 1914, Lambrecht 1933, Janossy 1977, 1986); Cserépfalu —
Subalyuk Cave (Janossy 1962a, 1977, 1986); Csobanka — Kiskevély Cave (Janossy1977);
Erd (Janossy 1977, 1986); Felsoétarkany — Peskd Cave (Lambrecht 1912, 1933, Janossy
1977, 1986); Hamor — Puskaporos Shelter Cave (Lambrecht 1912, 1916, 1933, Janossy
1977, 1986); Hamor — Herman Ott6 Cave (Lambrecht 1915, 1933); Pilisszant6 1. — Shel-
ter cave (Lambrecht 1915, 1933, Janossy 1977, 1986); Répashuta — Balla Cave (Lambre-
cht 1912, 1933); Szilvasvarad-Istalloské Cave (Lambrecht 1912, 1933, Janossy 1952, 1977,
1986); Tatabanya — Calvary Cave n. 4. (Gal 2004, 2005); Tatabanya — Szelim Cave (Janossy
1977, 1986); Vaskapu Cave (Hungary) (Mottl 1941, Valoczi 1999); Hidegszamos — Csont
Cave (Somesul Rece — Pestera cu Oase) (Lambrecht 1915); Korosmart (Répa) (Janossy
in Hamar & Csak 1969, Kessler 1974a, Gal 2002a); Nandori Cave (Curata-Nandru, Ro-
mania) (Janossy 1965, Fischer & Stephan 1977, Kessler 1985, Jurcsdk & Kessler 1988,
Gal 2002a, 2003); Detrekdszentmiklos — Palffy Cave (Dzerava Skala-Plavecky Mikulas,
Slovakia) (Lambrecht 1913, 1933); Q4/I1: Teufelslucken (Soergel 1966); Tropfsteinhohle
(Austria) (Fladerer 1993). Felsényék — Varhegy (Gal 2007a); Fels6tarkany — Petényi Cave
(Hungary) (Janossy 1977, 1986); Herkulesfiirdé — Rabl6é Cave (Baile Herculane — Pestera
Hotilor) (Kessler 1980-81, Gal 2002a); Remetelorév — Bolyikéi Cave (Lorau-Pestera Piatra
Boiului) (Kessler 1982); Révtizfalusi Cave (Pestera din Zece Hotare) (Kessler 1985); Sz-
egyestel — Dracoaia-Cave (Pestera Dracoaia — Valea Sighistelului) (Kessler 1982); Széke-
lykeresztur (Cristuru Sacuiesc, Romania) (Gal 2008); Finds from Europe outside the Car-
pathian Basin: Q1-2: Czech Republic, Greece; Q3: Azerbaijan, Czech Republic, France,
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Georgia, Italy, Spain, Ukraine; Q4: Austria, Belgium, Bosnia-Herzegovina, Croatia, Czech
Republic, France, Georgia, Germany, Greece, Ireland, Italy, Moldova, Montenegro, Poland,
Portugal, Russia, Spain, Switzerland, Ukraine, United Kingdom (Tyrberg 1998);

— Falco vespertinus (Linnaeus, 1766)

Known from the Carpathian Basin MN 16: Betfia 13 (Romania) (Kessler 1975, Gal
2002a); Q1: Betfia 2, 7, 9 (Romania) (Kormos 1913, Capek 1917, Lambrecht 1933, Janossy
1977, Kessler 1975, Gal 2002a); Q1-2: Betfia ,,Aven” (Romania) (Kessler 1975, Janossy
1977, Gal 2002a); Q2: Somssich Hill 2 (Hungary) (Janossy 1983); Q3/I: Hundsheim (Aust-
ria) (Mlikovsky 2009); Betfia 7/4 (Hungary) (Kessler 1975, Janossy 1977, Gal 2002a);
Q4/1: Budapest — Remetehegy Shelter Cave (Kormos 1914, Lambrecht 1933, Janossy 1977,
1986); Cserépfalu — Subalyuk Cave (Janossy 1962a, 1977, 1986); Hamor — Puskaporos
Shelter Cave (Lambrecht 1912a, 1916, 1933, Janossy 1977, 1986); Pilisszanto 1. Shelter
Cave (Lambrecht 1915, 1933, Janossy 1977, 1986); Szilvasvarad-Istalloskéi Cave (Hun-
gary) (Lambrecht 1912b, 1933, Janossy 1952, 1955, 1977, 1986); Ohabaponor — Bordu
Mare Cave (Ohaba Ponor — Pestera Bordu Mare, Romania) (Kessler 1985, Jurcsak & Kess-
ler 1988, Gal 2002a, 2003). Finds from Europe outside the Carpathian Basin: Q3: Czech
Republic, France; Q4: Bulgaria, France, Georgia, Germany Italy, Moldova, Spain, Ukraine
(Tyrberg 1998);

— Falco subbuteo (Linnaeus, 1758)

Known from the Carpathian Basin Q1: Betfia 9 (Romania) (Kessler 1975, Gal 2002a);
Q1-2: Betfia ,,Aven” (Romania) (Kessler 1975, Janossy 1977, Gal 2002a); Q3/II: Vindi-
ja (Croatia) (M. Malez 1961, V. Malez 1973, 1988, 1991, Malez & Rukavina 1979); Q4/1:
Kesztolc-Bivak Cave (Janossy 1977); Tatabanya — Szelim (Hungary) Cave (Janossy 1977,
1986); Segyestel — Tibocoaia Cave (Valea Sighistelului-Pestera Tibocoaia) (Kessler 1982,
1985, Gal 2002a); Detrekdszentmiklos — Palffy Cave (Dzerdva Skéla-Plavecky Mikulas,
Slovakia) (Lambrecht 1913, 1933); Q4/I1: Korosbanlaki Cave (Pestera din Balnaca) (Kess-
ler 1982); Peterd — Turda Gorge-Magyar Cave (Petresti — Turda, Pestera Ungureasca) (Kess-
ler & Gal 1998, Gal 2004); Révi Caves (Pesteri din Vadu Crisului) (Kessler 1982); Szegyes-
tel — Dracoaia Cave (Valea Sighistelului, Pestera Dracoaia, Romania) (Kessler 1982). Finds
from Europe outside the Carpathian Basin: Q3: Czech Republic, France, Georgia, Germany,
Italy; Q4: Austria, Croatia, France, Georgia, Germany, Greece, Italy, Spain, Ukraine, Uni-
ted Kingdom (Tyrberg 1998);

— Falco cherrug (Gray, 1844)

Known from the Carpathian Basin Q1: Betfia 9 (Hungary) (Kessler 1985, Gal 2002a);
Q3/1; Betfia 7/4 (Hungary) (Kessler 1975, Janossy 1977, Gal 2002a); Q4/I: Pilisszantd
I. — Shelter Cave (Hungary) (Lambrecht 1915, 1933, Janossy 1977, 1986); Q4/11: Reme-
telorév — Bolyiké Cave (Lordu — Pestera Piatra Boiului) (Kessler 1982); Szegyestel — Dra-
coaia Cave (Valea Sighistelului — Pestera Dracoaia, Romania) (Kessler 1982). Finds from
Europe outside the Carpathian Basin: Q3: Czech Republic; Q4: Croatia, Slovenia, Ukraine
(Tyrberg 1998);

— Falco peregrinus (Tunstall, 1771)

Known from the Carpathian Basin Q4/I: Bajot — Homan Cave (Janossy 1977, 1986);
Bajot — Jankovich Cave (Lambrecht 1933, Janossy 1977, 1986); Cserépfalu — Subalyuk
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(Janossy 1962a, 1977, 1986); Hamor — Puskaporos Shelter Cave (Lambrecht 1912a, 1916,
1933, Janossy 1977, 1986); Kesztdlc — Bivak Cave (Hungary) (Janossy 1977, 1986). Finds
from Europe outside the Carpathian Basin: Q3: Azerbaijan, Czech Republic, France; Q4:
Austria, Croatia, Czech Republic, France, Georgia, Germany, Greece, Italy, Moldova, Po-
land, Russia, Spain, United Kingdom (Tyrberg 1998);

— Falco rusticolus (Linnaeus, 1758)

Known from the Carpathian Basin Q3/II: Vindija (Croatia) (M. Malez 1961, V. Malez
1973, 1988, 1991, Malez & Rukavina 1979); Q4/I: Bajot — Homan Cave (Janossy 1977,
1986); Tatabanya — Szelim Cave (Hungary) (Janossy 1977, 1986); Detrekészentmiklos —
Palffy Cave (Dzerava Skala — Plavecky Mikulas, Slovakia) (Lambrecht 1913, 1933). Finds
from Europe outside the Carpathian Basin: Q3: Czech Republic; Q4: Czech Republic,
France, Germany, Italy, Spain (Tyrberg 1998);

— Falco columbarius (Linnaeus, 1758)

Known from the Carpathian Basin Q1: Betfia 9 (Kessler 1985, Gal 2002a); Q1-2: Betfia
7, ,Aven” (Kessler 1975, Janossy 1977, Gal 2002a); Q3/1: Betfia 7/4 (Kessler 1975, Janossy
1977, Gal 2002a); Q3/II: Siitté 1-4. (Janossy 1977, 1986); Q4/1: Budapest-Remetehegy
Shelter Cave (Kormos 1914, Lambrecht 1933, Janossy 1977, 1986); Fels6tarkany — Peskd
Cave (Lambrecht 1912b, 1933, Janossy 1977, 1986); Hamor — Puskaporos Shelter Cave
(Lambrecht 1912a, 1916, 1933, Janossy 1977, 1986); Szilvasvarad — Istalloskéi Cave (Lam-
brecht 1912b, 1933, Janossy 1952, 1955, 1977, 1986); Tatabanya — Szelim Cave (Janossy
1977, 1986, Varbd — Lambrecht Kalman Cave (Hungary) (Janossy 1977, 1986); Magura —
Valea Coacdzei (Magura-Pestera din Valea Coacazei, Romania) (Gal 2002a); Detrekdszent-
miklos — Palffy Cave (Dzerava Skéla — Plavecky Mikulas) (Lambrecht 1913, 1933); Oruzsin
— Antal Cave (Oruzer, Slovakia) (Nehring 1880, Roth 1881, Lambrecht 1912, 1933); Q4/
II: Korosbanlaki Cave (Pestera din Balnaca, Romania) (Kessler 1982). Finds from Europe
outside the Carpathian Basin: Q3: Czech Republic, France, Germany, Italy, Ukraine; Q4:
Croatia, Czech Republic, France, Georgia, Germany, Italy, Poland, Spain, Ukraine, United
Kingdom (Tyrberg 1998);

— Falco naumanni (Fleischer, 1818)

Finds from Europe outside the Carpathian Basin: Q3: France, Spain; Q4: Austria, France,
Georgia, Greece, Italy, Russia, Spain, Ukraine (Tyrberg 1998);

— Falco eleonarea (Géné, 1839)

Finds from Europe outside the Carpathian Basin: Q3: France, Italy; Q4: France, Greece,
Italy, Spain; (Tyrberg 1998);

— Falco sp. foss. indet.

Known from the Carpathian Basin MN 13: Polgardi 4 (Hungary) (£ cf. cherrug size)
(Kessler 2009); MN 15: Beremend 26 (Hungary) (F. cf. peregrinus size) (Kessler 2009);

— Falco sp.

Known from the Carpathian Basin Q1: Betfia 9 (Romania) (Kessler 1985, Gal 2002a);
Q1-2: Betfia 7 (Romania) (Kessler 1975, Janossy 1977a, Gal 2002a); Q2: Kiskéh — Bear’s
Cave (Chiscau — Pestera Ursilor, Romania) (Kessler 1982, Jurcsak & Kessler 1988, Gal
2002a); Q3/1; Berfia 7/4 (Romania) (Kessler 1975, Janossy 1977, Gal 2002a); Q4/I: Veter-
nica (Croatia) (V. Malez 1973, 1988, Malez-Baci¢ 1975); Ohabaponor — Bordu Mare Cave
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(Ohaba Ponor — Pestera Bordu Mare, Romania) (Kessler 1985, Jurcsak & Kessler 1988,
Gal 2002a, 2003); Q4/I1: Legény Cave (Hungary) (Lambrecht 1933); Kisderzsida (Dersida
Micd) (Bindea 2008); Korosbanlaki Cave (Pestera din Balnaca, Romania) (Kessler 1982).
Finds from Europe outside the Carpathian Basin: Q4: Belgium, Bosnia — Hrzegovina, Bul-
garia, France, Germany, Italy, Moldova, Montenegro, Poland, Russia, Spain, United King-
dom (Tyrberg 1998).

Conclusions

The family of eagles, vultures, buzzards and kites (Accipetridae) is well-represented in fos-
silized and subfossilized remains in the Carpathian Basin, as well as in the whole of Eu-
rope. Practically, every recent species is represented. Four extinct species, as well as two
subspecies, were identified from the Quaternary (Gyps melitensis Lydekker, 1890; Gypae-
tus asiaticus Burchak-Abramovich, 1971; Aquila chrysaetos simurg Weeseie, 1987; Accipi-
ter gentilis brachydactylus Mourer-Chauviré, 1975; Milvus brachypterus Janossy, 1977 and
Haliaeetus aff. angustipes Janossy, 1983).

The family of falcons (Falconidae) is present with numerous species and rich fossilized
and subfossilized material in the Carpathian Basin. They have a few problematic extinct
species (Falco antiquus Mourer-Chauvireé, 1975) and subspecies (Falco tinnunculus ata-
vus Janossy, 1972).

Regarding fossilized species from the family of ospreys (Pandionidae), apart from the
one found in Mariahalom, only two have been described previously: Pandion homalopte-
ron (Warter 1976), Pandion lovensis (Becker 1985). Pandion bones were also found in the
lower Oligocene material of the Fayum site in Egypt (Eocene-Oligocene boundary, Priabo-
nian-Rupelian, approx. 30 million years) Thus, the find from Mariahalom is the fourth of its
kind, as well as one of the earliest ones in the world.
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Abstract Ornithological studies often rely on long-term bird ringing data sets as sources of information.
However, basic descriptive statistics of raw data are rarely provided. In order to fill this gap, here we
present the sixth item of a series of exploratory analyses of migration timing and body size measurements
of the most frequent passerine species at a ringing station located in Central Hungary (1984-2017). First,
we give a concise description of foreign ring recoveries of the European Robin in relation to Hungary. We
then shift focus to data of 40,128 ringed and 11,231 recaptured individuals with 24,056 recaptures (several
years recaptures in 313 individuals) derived from the ringing station, where birds have been trapped,
handled and ringed with standardized methodology since 1984. Timing is described through annual and
daily capture and recapture frequencies and their descriptive statistics. We show annual mean arrival dates
within the study period and present the cumulative distributions of first captures with stopover durations.
We present the distributions of wing, third primary, tail length and body mass, and the annual means
of these variables. Furthermore, we show the distributions of individual fat and muscle scores, and the
distributions of body mass within each fat score category. We distinguish the spring and autumn migratory
periods and age groups (i.e. juveniles and adults). Our aim is to provide a comprehensive overview of the
analysed variables. However, we do not aim to interpret the obtained results, merely to draw attention to
interesting patterns that may be worth exploring in detail. Data used here are available upon request for
further analyses.

Keywords: Ocsa Bird Ringing Station, wing, third primary, tail length, body mass, fat, muscle, bird
banding, capture-recapture, long term data, meta-analyses, Robin Redbreast

Osszefoglalas Madértani tanulmanyokban gyakran elemeznek hossziitavii madargyfirtizési adatsorokat,
de az alapvetd leird statisztikdk és explorativ elemzések dltaldban nem hozzéaférhetSek. E hidnyt poto-
landd, cikksorozatot inditottunk, melyben egy k6zép-magyarorszagi gy(irizé dllomason leggyakrabban
el6fordul6 énekesmaddr fajok vonulds id6zitésének €s testméreteinek explorativ elemzéseit kozoljik
(1984-2017). A sorozat hatodik tagjaként szolgdl6 jelen cikkben el6szor ttekintjiik a vorosbegy magyar
gylirds kiilfoldi és kiilfoldi gyiirlis magyarorszdgi megkeriiléseit, majd ratériink a faj egy magyarorszagi,
1984 6ta standard médszerekkel dolgozo gyf(irtizéallomasrdl szarmazoé 40 128 gyfirtizott és 11231 vissza-
fogott egyedétdl (6sszesen 24 056 visszafogasi esemény, 313 esetben tobb évbol) szarmazé adatainak
elemzésére. Az id6zités és a fogdsszam jellemzésére a napi és évi fogas €s visszafogds gyakorisdgokat
hasznaltuk. Abrazoltuk az évenkénti 4tlagos érkezési idSket és azok véltozasat. Az éven beliili id6zitést
az els6 megfogdsok kumulativ eloszldsaval dbrazoljuk feltiintetve a tartézkodasi idéket is. Kozoljik
a szdrnyhossz, a harmadik evezd hossz, a farokhossz és testtémeg leiré statisztikéit. Abrdzoljuk ezen
valtozok éves atlagait, a zsir- €s izomkategdridk gyakorisagi eloszlasat, valamint a testtomegek eloszla-
sat zsirkategdridk szerinti bontasban. Az elemzésben elkiilonitjiik a vonuldsi (tavasz, 6sz) id6szakokat
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és a korcsoportokat (fiatal, oreg). Célunk a vizsgélt valtozok atfogd bemutatdsa és a benniik taldlhatod
mintdzatok feltdrasa volt az eredmények interpretdldsa nélkiil. Kérésre a cikkhez felhasznalt adatsort
rendelkezésre bocsatjuk.

Kulcsszavak: Ocsai Maddrvdrta, szdrnyhossz, harmadik evez8 hossza, farokhossz, testtomeg, zsir, izom,
madargy(iriizés, hosszitavu adatsor, meta-analizis
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Introduction

Bird ringing or banding is one of the principal and oldest methods in use to study various
aspects of avian populations (Robinson et al. 2009). Overwhelming amount of data has
been collected by professional research entities and within citizen science projects Cooper
et al. 2014) in over a century of bird ringing, and has been used excessively in a diverse
array of disciplines. However, compared to the amount of data available throughout the
world, concise descriptive information on measured parameters suitable for meta- or
comparative analyses is sporadically available (Gienapp et al. 2007, Harnos et al. 2015).
Though purely descriptive studies are often hard to publish within the framework of current
hypothesis-focused science, we feel that such studies may well play an outstanding role
in generating new hypotheses. Therefore, it is essential that descriptive studies apply the
most appropriate statistical methodologies (Harnos et al. 2015, 2016, 2017). The bulk of
currently available data is often collected at permanent, long-term ringing stations where
large amount of individuals of various species are trapped simultaneously (Csorgé et al.
2016). These projects generally apply standardized methodologies in trapping, handling
and data collection, thus information derived from these sites is suitable for location-wise
comparisons (Schaub & Jenni 2000, Marra et al. 2004, Schaub et al. 2008, Tgttrup et al.
2010).

The civil interest towards nature can be well matched with serious, scientific work.
Many scientific research is based on the important work of volunteers, “civilians” in data
collection (citizen science, Miller-Rushing et al. 2008, Cooper et al. 2014).

Here we present exploratory and descriptive statistics on the migration timing and
morphometrics of the European Robin (Erithacus rubecula) between 1984-2017 from a
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Central European ringing station (Ocsa Bird Ringing Station, Hungary, see Csorgd et al.
2016 in English and Csorgd & Harnos 2018 in Hungarian for details).

The Robin is a small-sized omnivorous passerine of the Muscicapidae family (Collar
2018). The plumage of the nominate race is lined with grey, olive-brown upperparts and
whitish belly, the chest, throat and face are red-brown to orange. Juveniles are markedly
different, having spotted brown and white cryptic colouration, with gradually appearing
patches of orange (Svensson 1992, Cramp 1988, Demongin 2016). The species shows
little sexual dimorphism in plumage colour and body size (Pettersson & Lindholm 1983,
Cuadrado 1991, Madsen 1997, Pérez-Tris et al. 2000, Rosinska 2007, Rosinska & Adamska
2007, Jovani et al. 2012, McCollin et al. 2015).

The Robin is polytypical with 9 described subspecies, namely Erithacus rubecula
rubecula, E. r. melophilus, E. r. witherbyi, E. r. tataricus, E. r. valens, E. r. caucasicus,
E. r. hyrcanus, E. r. superbus and E. r. marionae (Gill & Donsker 2017). The subspecies
are quite similar in their appearance, with minor variations in plumage colouration and
biometrics (Cramp 1988, Svensson 1992, Demongin 2016). The breeding distribution
ranges across much of the boreal, temperate and Mediterranean zones of the Western
Palaearctic and in Mediterranean North Africa (Cramp 1988). The nominate subspecies
occupies the majority of the breeding range. Migration strategies of subspecies may be
markedly different (see below) (Cramp 1988, Adriaensen & Dhondt 1990, Fennessy &
Harper 2002).

Its habitat varies from deciduous and coniferous forest. It requires light or medium cover
moist habitats, farmland hedges, gardens and parks but avoid the densest woodland (Cramp
1988, Mead 1997).

The Robin is classified as Least Concern in the [IUCN Red List, the European population
trends is increasing (BirdLife International 2017). Many individuals are poached for
food in the Mediterranean Basin in winter (Collar 2018). Severe, hard winters may drive
population fluctuations among residents in Britain (Marchant et al. 1990, Mead 1997). In
Italy, large part of the recoveries are related to human activities, predominantly hunting
(Spina & Volponi 2009). The wintering range of the bird is compressing in the western
Mediterranean Basin (Fandos & Telleria 2017).

Their mating system is typically monogamous, however some studies found low frequ-
ency bigamy (Cramp 1988). The species is single-brooded in northern regions of its range,
elsewhere it is double or rarely triple brooded (Cramp 1988). The Robin is territorial in
the breeding area and also during wintering (Cramp 1988, Cuadrado 1997, Tobias 1997,
Tobias & Seddon 2000). Breeding occurs from February to early July in general, from
the end of April to late July in Central Europe, from mid-May in the northern and from
mid-April in the southern part of Russia (Cramp 1988, Collar 2018).

Robins are nocturnal migrants and typically travel in short bursts and rest for several
days between migration flights (Cramp 1988, Collar 2018).

Migration strategies may be markedly different among subspecies, within subspecies’
breeding populations and between individuals of the same population (Cramp 1988,
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Adriaensen & Dhondt 1990, Fennessy & Harper 2002). Korner-Nievergelt et al. (2014)
divided Europe into four regions: (1) Scandinavia, the Baltic countries, Belarus and North
East Russia, where the Robin is a breeding or migratory bird, but it does not overwinter; (2)
the central part of Europe including the British Isles, and the band from the Low Countries
to Romania, Moldavia and Ukraine, which is both a breeding and a wintering area; (3)
southern Europe; and (4) edge of northern Africa. The last two parts are also breeding
areas and important wintering sites for the birds originating from northern and central
Europe.

Sedentary individuals typically occur in urban breeding habitats and on temperate islands,
while other populations may range from obligate short/medium range migrants to various
degree of partial migration. In general, populations east of line connecting Norway and
Central Europe are obligatory migrants, moving southward to the Mediterranean Basin,
Black Sea hinterland, South Caspian, Mesopotamia and Gulf region. Birds west of line
from Germany to Balkans are partially migratory or largely resident (Collar 2018). The
migration strategy is probably genetically determined (Biebach 1983).

Robins from Fennoscaninavia and the Baltic countries migrate mainly through Denmark
during autumn and continue south-west towards Western Europe and North-West Africa
(Begnlgkke et al. 2006, Fransson & Hall-Karlsson 2008, Valkama er al. 2014). Main
migratory pathway of the Finnish birds follows both coasts of the Baltic Sea, crosses
Central Europe in a rather wide belt ending as far as Morocco and Algeria. Adult birds are
slightly ahead than the young (Valkama et al. 2014). Danish birds have been recovered in
a rather narrow zone through the Netherlands, Belgium, western Germany, France, Spain
and Portugal (Bgnlgkke et al. 2006). The recovery pattern suggest that nearly all Robins
migrating through the south coast of the Baltic see are moving west-southwest and are
originated from Scandinavia and western Russia (Ehnbom et al. 1993, Remisiewicz et al.
1997, Fransson & Hall-Karlsson 2008, Valkama et al. 2014). Minor proportion of the
Fennoscandian birds migrate to the south-southest (Remisiewicz et al. 1997, Valkama
et al. 2014). Based on orientation tests using Busse’s method (Busse 1995) in Poland,
over 30% of tested birds use the eastern way. Probably due to the lack of ringing activity,
recaptures are missing from this area (Busse et al. 2001, Sciborska & Busse 2004, Rosiriska
& Adamska 2007). Robins were studied with the same method for directional preferences
during autumn migration in southern Poland. More than 60% of the tested birds showed
reversed (northern) headings, probably because the Carpathian mountains are potential
barriers for this species (Adamska & Filar 2005). Most German breeders are migratory,
and most of the birds passing through Germany originate from North, North-East and lot
of northern birds winter in Germany (Bairlein ez al. 2014). In central Europe including the
Czech Republic, Slovakia and Hungary and Croatia the Robin is a common breeder and
there are a lot of migrants coming from Fennoscandinavia, Poland and the western part
of Russia (Klvana 2008, Gyurdcz & Cso6rgd 2009, Budinski 2013). Birds from Bohemia
prefer the south-western direction, most recoveries were made in Switzerland, France and
the Iberian Peninsula. The majority of the birds from Moravia and Slovakia head more to
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the south (Appenine Peninsula) and to south-east (Balkan Peninsula) (Klvaria 2008). Birds
passing through Croatia were recaptured in Italy and Tunisia (Budinski 2013). Italy is a
crossroad for this species. They come from Fennosscandinavia, the Baltic areas, Central
and Eastern Europe. The majority of the autumn recoveries are in the Alpine area, in
Emilia Romanque, Tuscany and Sardinia. Robins ringed in Italy are concentrated in the
south-western Mediterranean and some in North Africa (Spina & Volponi 2009). Robins
prefer the south-south-eastern direction (34%) in northern Italy towards the Apennine
Peninsula based on orientation studies (Adamska & Rosiniska 20006).

The dynamics of the migration depends on the place of origin and the target area. Most
birds leave Sweden in September, adults and juveniles in the same time. Their mean
position is in September is South Denmark, and they reach their wintering quarters in West
and South-West Europe in November (Bgnlgkke et al. 2006, Fransson & Hall-Karlsson
2008). Autumn migration in Finland starts in September-October, the median is at the end
of September, beginning of October. Adults’ median date is in September in the latitude
of South Sweden and the Baltic states, in October in South-West Germany, in November
in South France. Adult birds are slightly ahead than the young. Juveniles are only in
Denmark in October (Valkama et al. 2014). Local Belgian populations start their migration
in the second half of August, the trans-migrant northern birds pass through the country
from mid-September until mid-November, in high numbers in the first half of October
(Adriaensen 1987). Autumn passage on the Polish Baltic coast lasts from mid-August to
early November peaking late September and October. Passage in south appears to occur
slightly later than in north, and also slight tendency for adults to pass later than juveniles.
Adult females arrive later than adult males (Polakowski & Jankowiak 2012). In Germany
autumn migration lasts from late August to mid-November, peak in late September, early
October (Bairlein et al. 2014). The passage between September and November with a
peak in October is observed in the Italian Alps. On the Apennine Peninsula, the earliest
foreign birds can be detected in late August, the most intensive period is in October and the
migration ends in November (Schubert et al. 1986, Bottoni ef al. 1991, Spina & Volponi
2009). In Iberia the autumn migration period lasts from September to November with
a main peak in October, and the birds reach North Africa from late September (Cramp
1988, Remisiewicz 2001). Birds migrating to the Balkan Peninsula travel later than those
migrating to other parts of the wintering range (Remisiewicz 2002). Birds migrating later
in the season stay for winter in the more northern regions (Remisiewicz 2001).

The species shows a typical leap-frog migration strategy. 48% of the Scandinavian birds
winter in North Africa, and only 18% appears in Central Europe. However the proportion
of Central European individuals in North Africa is only 31%, 34% of the birds are resident
(Korner-Nievergelt et al. 2014). Birds breeding on the Apennine Peninsula winter in
Marocco and Algeria (Adamska & Rosifiska 2006, Spina & Volponi 2009).

The species has a week population level migratory connectivity. The wintering sites of
Finnish, Swedish, Danish birds can be found from Great-Britain, South Finland, South
Sweden through south-western Europe and North-Africa to the Balkan Peninsula (Remisi-
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ewicz et al. 1997, Bgnlgkke et al. 2006, Fransson & Hall-Karlsson 2008, Klvana 2008,
Spina & Volponi 2009, Gyuridcz & Csorgd 2009, Bairlein et al. 2014, Valkama et al. 2014).
Like in the northern European populations the main wintering grounds of Robins ringed
in Poland, Germany and Czech Republic are the Iberian Peninsula, southern and western
France, the Baleari Islands, Algeria and Morocco, northern Italy, Sardinia, Corsica and
also the Balkans (Remisiewicz et al. 1997, Klvana 2008, Bairlein ef al. 2014).

Although, the migratory connectivity is very week, exceptions may exist on specific parts
of the migratory route. Robins ringed at Ottenby Bird Observatory were recovered east of
Robins ringed at Fasterbo, indicating parallel migrations to wintering area (Fransson &
Hall-Karlsson 2008). From biometric measurements it has turned out, that Robins from
the two sites (Falsterbo, Ottenby) use different migration strategies, Falsterbo Robins are
”short-stage migrants”, travelling over land, while the Ottenby Robins are ”long-stage
migrants” (Pettersson & Hasselquist 1985, Karlsson et al. 1988, Sandberg ef al. 1988,
Akesson et al. 1992).

The resident males’ survival was higher (50%) than the survival of migrants (17%)
in Belgium. Resident and migratory birds were habitat separated (migratory males in
woodland, resident males in gardens and parks, all females were migratory, Adriaensen &
Dhondt 1990).

The Iberian Peninsula is an important wintering site for the Robins arriving from a
very large area (Campos et al. 2011b). Biometry of birds arriving from north and local
individuals is different (Dominguez et al. 2007). Sexes show strong latitudinal segregation
(there are more females in south, Catry et al. 2004). The males are dominant over the
females (Campos et al. 2011a). Maintenance of winter territories has not only feeding, but
even more anti-predation benefits (Cuadrado 1997).

Strong site attachment and site fidelity were proved experimentally in Italian studies.
Adult Robins have a stronger site attachment and homing success than juveniles. Adult
birds were better homers than sub-adults, but no significant differences were observed
between males and females. Subadults become site-attached during autumn and early
winter at their first season on the wintering ground (Benvenuti & Ioale 1980, 1983, loale &
Benvenuti 1983).

First signs of return passage are in early February with increasing numbers along coasts
of Algeria and Morocco (Cramp 1988). The spring migration could start in early January,
but mostly in midd-February, first the breeding population of Apennine Peninsula arrives
in this time (Spina & Volponi 2009). The passage through this area begins in mid-March
and ends at the beginning of May peaking between the last week of March and the third
week of April. Spring migration lasts from March to April in northern Spain (Arizaga et al.
2010). The obligatory migrant individuals originated from the British Isles arrive back at
the end of March. This population migrates along the coast of the Atlantic Ocean, in the
case of the other populations the general bearing is north-east (Fennessy & Harper 2002).

The first individuals arrive to their breeding site in Central Europe in early March and the
migration peaks mainly in April (Hubélek 2005, Klvania 2008, Gyurdcz & Csorgd 2009,
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Bairlein et al. 2014). The Robins arrive to the northern breeding areas from the end of
March to the end of May, the yearly peaks are between mid-April and mid-May (Sokolov
et al. 1998, Biadun et al. 2011, Valkama et al. 2014). The Belgian and the Danish birds
depart from mid-March to early May with a peak in the first half of April (Adriaensen
1987, Bgnlgkke et al. 2006). Robins depart in March from the wintering quarters and reach
the North Sea in April, the average is in mid-April in Germany (Hiippop & Hiippop 2003).
The first Robins arrive in Sweden in mid-March, the mean arrival time in South Sweden is
in the second half of April (Stervander et al. 2005) and the birds reach their breeding sites
in May (Fransson & Hall-Karlsson 2008). Finnish birds have similar phenology (Valkama
et al. 2014). Birds do not reach the Urals until early May (Cramp 1988).

The average stopover time in spring was shorter than that in autumn in the central
pre-Alps of Italy (Bottoni et al. 1991). In spring, European Robins selected optimal
wind condition to start a new flight, while in autumn they departed under moderately
unfavourable winds on the Courish Spit (Eastern Baltic; Bulyuk & Tsvey 2006). The wind
condition may effect the timing, accordingly the stopover duration may vary in a broader
interval, between 1 and 19 days (Bulyuk & Tsvey 2013). In spring, Robins presumably use
the same routes as in autumn with no detected indication of loop migration (Cramp 1988,
Remisiewicz et al. 1997, Bgnlgkke et al. 2006, Fransson & Hall-Karlsson 2008, Bairlein
etal 2014).

The migration timing of Robins did not change markedly in the last decades in autumn
in Poland (Nowakowski et al. 2005). The mean spring passage time has become earlier
in North Europe (Sokolov et al. 1998, Hiippop & Hiippop 2003, 2011, Stervander et al.
2005, Teattrup et al. 2006, Valkama et al. 2014). The NAO index had no significant effect
on arrival time, however the mean temperature had (Hiippop & Hiippop 2003), the decline
of the mean temperature in February shifted later the spring arrival (Biadun et al. 2011).

The migratory distance of north-eastern birds decreased during the past decades due
to the north-eastwards shift in the wintering grounds, while the proportion of residents
increased (Remisiewicz 2001, 2002, Tgttrup et al. 2006, Telleria 2015). This distance is
more or less independent of the yearly weather. Partial and short distance migrants only
slightly shifted their wintering grounds, but their migration distance changes with the
winter temperature (Ambrosini et al. 2016).

In Hungary all of the breeding and trans-migrant individuals belong to the nominate
subspecies (Gyurdcz & Csorg6 2009). The Hungarian breeding population is estimated
to 306,000-409,000 pairs showing a moderate increase recently (Szép et al. 2012). The
species is protected in Hungary (BirdLife Hungary 2018). Robin is one of the most
common migrants from March to mid-April in spring and from September until mid-
November in autumn (Antli & Németh 1998, Hadarics & Zalai 2008, Gyuricz & Csorgd
2009, Gyiméthy et al. 2011b). The autumn migration has one wave, the breeding population
depart until the middle of September and use south-western and south-eastern ways to
the wintering areas (BirdLife Hungary 2018). Autumn passage migrants in Hungary
originate mainly from Slovakia, Poland, Ukraine, southern Scandinavia, Baltic States and
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north-western Russia. Compared to the high number of ringed birds from north of Hungary,
there were only a few northern recoveries (Figure ). For example, there were 691,134
captures (more than 20,000 per year) with 2438 recaptures within Sweden up to 2003,
373,258 captures (6-8000 per year) with 1147 foreign recoveries in Finland. The species
uses a south-western fly-way west to the Carpathian basin (Fransson & Hall-Karlsson
2008, Valkama et al. 2014). More than 60% of the birds showed northern headings that
we called "reversed directions" in Poland, meaning that the Carpathians are potential
barriers for this species (Adamska & Filar 2005). On the other hand, birds originating
from eastern breeding sites use eastern routes. Recoveries are mainly from Italy, but
Hungarian ringed birds have also been recaptured in Spain, France and Algeria (Gyuracz
& Csorgé 2009, BirdLife Hungary 2018). Probably they also winter in Morocco (Hornok
et al. 2012). The majority of the Hungarian breeding birds leave the Carpathian Basin
and use south-western (and winters in the Apennine Peninsula and on the surrounding
islands) and south-eastern ways to the wintering area by mid-September (BirdLife Hungary
2018). Autumn passage migration peaks in late September to early October in Hungary
(Gyuracz et al. 2008, Gyiméthy et al. 2011b). The stopover duration is 4-9 days on
average (Gyimothy et al. 2011b). The habitat quality influences the the dynamics and the
age distribution on different ringing stations of Hungary (Gyiméthy ef al. 2011b). Northern
individuals arrive at the end of autumn migration according to studies of wing-length, body
mass and fat reserves (Gyimothy et al. 2011a). The spring migration in Hungary lasts from
the beginning of March to the end of April, and the passage is faster than in autumn. The
peak of the migration is between late March and early April (Gyurdcz & Csorgd 2009,
BirdLife Hungary 2018).

The Robin is an abundant passage migrant and may sporadically breed and overwinter
at the Ocsa Bird Ringing Station, the source of data analysed in this paper.

Our aim is to provide a comprehensive overview of migration timing, body size measure-
ments and inter-annual changes in these variables. Hopefully, these patterns will help
formulate research questions and provide information for further higher level analyses.
However, we do not aim to interpret the obtained results, merely draw attention to interest-
ing patterns, that may be worth exploring in detail.

Materials and methods

Bird ringing data

The Ocsa Bird Ringing Station is situated in Central Hungary (N47.2970, E19.2104) in
the Duna-Ipoly National Park in the immediate vicinity of Ocsa town. The study site is
characterized by a post-glacial peat bog with a mosaic of habitats including open water
surfaces, reedbeds, bushy vegetation and forests. It is situated in a humid continental
transitional climate zone (for further details see Csorgé et al. 2016, ocsabirdringing.org).
Birds were trapped with standard mistnets placed at standard locations throughout the
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study period. Trapping effort is seasonal and changed over the years (see Csorgo et al.
2016 for details).

The day of the year of first capture in spring and in autumn were considered as arrival
(migration) timing of individual birds. Stopover duration was calculated as the difference
of within season last and first captures excluding within day recaptures. Biometric mea-
surements were taken following strictly standardized methods (Szentendrey et al. 1979,
EURING 2015). Only data of the first captures were used in the analysis. We distinguished
first calendar year birds (juveniles) from adults upon plumage characteristics (Cramp 1988,
Svensson 1992, Demongin 2016), and we present all results according to these groups. We
present data for spring and autumn migratory seasons separately; birds caught after the
70" and before the 110" day of the year were considered to be spring migrants and birds
caught after the 230" and before the 310" day of the year were considered to be autumn
migrants. A total of 40,128 were captured and ringed between March and November;
14,162 in spring and 3,330 adults and 19,378 juveniles in autumn (the rest of the birds was
not aged) in the study period of 1984-2017. This total value constitutes cca. 17.8% of the
224,393 European Robins ringed in Hungary in this period.

Statistical methods

To describe daily and yearly capture frequencies and the cumulative distribution of the date
of first captures with recaptures, we used the functions of the r i ngR package (Harnos et al.
2015). Descriptive tables (mean, median, standard deviation (SD), minimum (min), maxi-
mum (max) values and sample size (N)) on the timing of migration, stopover duration, the
length of wing, third primary and tail, and body mass were created by the data.table
package (Dowle et al. 2013). The annual mean values of timing, body mass, wing-, third
primary and tail lengths are plotted against time (year) on scatterplots. Loess smooth
lines were fitted to highlight trends (Cleveland et al. 1992). The distribution of the same
variables were represented with histograms and overlaid smoothed histograms. Boxplots
were used to show the body mass distributions by fat score categories. Fat and muscle
score frequencies are shown using barplots. We distinguished seasons and age groups
throughout the analyses. For more details on the analysis, please visit ocsabirdringing.org.
All analyses were carried out in R 3.4.0 (R Core Team 2017).

Results

A total of 153 foreign recaptures were recorded between 1951 and 2017 in relation to
Hungary (Figure ). Annual capture and recapture frequencies at the study site are shown
in Figure 2. Within-year capture and recapture frequencies, together with cumulative
distribution of individual first and last captures are depicted in Figure 3, while their
respective descriptive statistics are presented in Table /-2. Changes in annual mean arrival
dates throughout the study period and the distribution of within-year migration timing
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Figure 1. Foreign ring recoveries of European Robins. The data of birds ringed in Hungary and
recovered abroad and the birds ringed abroad and recovered in Hungary are depicted

1. abra Magyarorszagon jel6lt és kulfélddon megkerdlt, illetve kilféldon jeldlt és Magyaror-
szagon megfogott vorésbegyek

according to season and age are presented in Figure 4. The trend of annual mean wing
lengths and the distribution of wing length measurements according to season and age are
shown in Figure 5, while their respective descriptive statistics are presented in Table 3.

Third primary length (Figure 6, Table 4), tail length (Figure 7, Table 5) and body mass
(Figure 8, Table 6) are presented in a similar fashion. Body mass in relation to season
and age and fat scores are visualized with boxplots in Figure 9. Finally, the distribution
of fat and muscle scores grouped by season and age can be found in Figure 9 b,d,f and
Figure 10.
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Figure 2. Annual capture (white bars) and recapture (grey bars) frequencies in spring (a), and

2. abra

Table 1.

in autumn (b)

Eves fogas (fehér oszlopok) és visszafogas (szlrke oszlopok) gyakorisagok tavasszal

Descriptive statistics of migration timing (day of the year)

(a) és bsszel (b)

1. tablazat A vonulas idézités (év napja) leird statisztikai

Season Age Mean Median SD Min Max N
spring adult 89.0 89 8.5 70 110 14162
autumn adult 277.6 278 12.5 231 310 3330
autumn juvenile 272.5 273 16.3 230 310 19378
Table 2. Descriptive statistics of stopover duration (day)
2. tablazat A tartézkodasi idd (nap) leird statisztikai
Season Age Mean Median SD Min Max N
spring adult 5.6 4 5.1 1 35 3582
autumn adult 4.9 3 5.0 1 40 537
autumn juvenile 59 4 57 1 75 3800
Table 3. Descriptive statistics of wing length (mm)
3. tablazat A szarnyhossz (mm) leird statisztikai
Season Age Mean Median SD Min Max N
spring adult 72.5 72 2.1 65 80 13493
autumn adult 72.8 73 2.1 66 79 3214
autumn juvenile 72.3 72 2.0 65 79 18744
Table 4. Descriptive statistics of third primary length (mm)
4. tablazat A harmadik evezd hosszanak (mm) leiré statisztikai
Season Age Mean Median SD Min Max N
spring adult 54.3 54 1.8 46 62 12633
autumn adult 54.2 54 1.8 48 60 3100
autumn juvenile 54.1 54 1.8 48 62 17795
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Figure 3. Within-year capture (black bars) and recapture (grey bars) frequencies (a, ¢) and
cumulative distributions of individual first capture dates (b, d) according to age groups

3. dbra

Table 5.

(horizontal lines: stopover durations)

Even belllli fogas (fekete oszlopok) és visszafogas (sziirke oszlopok) gyakorisagok
(a, c) és az egyedek els6 megfogasi idejének kumulativ eloszlasa (b, d) kor-
csoportonként (vizszintes vonalak: tartézkodasi idok)

Descriptive statistics of tail length (mm)
5. tablazat A farokhossz (mm) leiré statisztikai

Season Age Mean Median SD Min Max N
spring adult 60.2 60 25 51 68 13356
autumn adult 60.3 60 2.6 52 69 3169
autumn juvenile 60.0 60 2.6 51 69 18469
Table 6. Descriptive statistics of body mass (g)
6. tablazat A testtdmeg (g) leir6 statisztikai
Season Age Mean Median SD Min Max N
spring adult 15.9 15.9 1.2 11.7 22.7 13947
autumn adult 16.3 16.2 1.4 11.9 223 3297
autumn juvenile 16.1 15.9 1.3 11.6 23.7 19155
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Figure 4. Annual mean migration timing (day of the year) throughout the study period and

histograms/smoothed histograms of timing in spring (a—b) and in autumn (c—f)

4. dabra Az éves atlagos vonulas iddzités (év napja) a vizsgalati idészakban és az idézités
hisztogramja/simitott hisztogramja tavasszal (a—b) és ésszel (c—f)
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Figure 5. Annual mean wing length (mm) throughout the study period and histograms/smoothed
histograms of wing length in spring (a—b) and in autumn (c—f)

5. dbra Az éves atlagos szarnyhossz (mm) a vizsgélati id6szakban és a szarnyhossz hisztog-
ramja/simitott hisztogramja tavasszal (a—b) és 6sszel (c—f)
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6. abra

Az éves atlagos harmadik evezd hossz (mm) a vizsgalati idészakban és a harmadik
evez6 hosszanak hisztogramja/simitott hisztogramja tavasszal (a—b) és 6sszel (c—f)
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Figure 7.Annual mean tail length (mm) throughout the study period and histograms/
smoothed histograms of third primary length in spring (a-b) and in
autumn (c—f)

7. abra Az éves atlagos farokhossz (mm) a vizsgalati id6szakban és a farokhossz hisztogram-
ja/simitott hisztogramja tavasszal (a—b) és ésszel (c—f)
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Figure 8. Annual mean body mass (g) throughout the study period and histograms/smoothed
histograms of body mass in spring (a—b) and in autumn (c—f)

8. dbra Az éves atlagos testtdbmeg (g) a vizsgalati idészakban és a testtdtmeg hisztog-
ramja/simitott hisztogramja tavasszal (a—b) és 6sszel (c—f)
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Figure 9. Boxplots of body mass according to fat score, and fat score frequencies in spring

9. dbra

(a—b) and in autumn (c—f)

A testtdmeg boxplot-ja zsirkategoérianként és a zsirkategéridk gyakorisagai tavasszal

(a—b) és 6sszel (c—f)
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Figure 10. Muscle score frequencies in spring (a) and in autumn (b—c)
10. dbra 1zom kategéria gyakorisagok tavasszal (a) és 6sszel (b—c)

Discussion

The exploratory analyses of timing and morphometrics of the Robin revealed several
patterns of interest. Apparently, there is considerable variation in inter-annual capture and
recapture frequencies (Figure 2 a,b) with an growing trend (Figure 2 a) in both seasons
probably due to the increased capture effort end extended working seasons after 2001
(Csorgd et al. 2016). Beyond this increase, the number of captured birds is highly variable,
probably due to the variability in the number of trans-migrants in different years. The
stopover durations are similar in all cases, only the juveniles stay 1 day longer than the
adults in autumn (Figure 3 b,d, Table 2).

The birds appear in greater numbers in both seasons, but the amount of juveniles greatly
exceeds the amount of the adults in autumn, and there are four times more adults in spring
than in autumn, which can be a result of potential local loop migration. The existence of a
few captures of all age groups during the breeding season corroborates that there is a small
local breeding population at the study site (Figure 3 a,b).

The spring migration timing appears to be more or less constant before 2000 and slightly
decreasing after (Figure 4 a), the autumn timing hits a bottom in the middle of the 1990’s,
than it slightly increasing. Both trends after 2001 are probably due to the extended working
seasons (Csorgd et al. 2016). Timing of the adults is a bit delayed compared to that of the
juveniles in the autumn (Figure 4 c,e). The distribution of arrival timing in spring has two
peaks and the distributions are broadened at larger values in case of autumn timings. Both
cases are probably the result of the previously mentioned changed working seasons (Figure
4 b,d,f). There are apparent increasing trends over the years both in the wing length and
in the third primary length of the birds, which can be the result of the extended working
seasons, since usually larger birds arrive earlier in spring and leave later in autumn (Figures
5-6 a,ce).

Tail length seems to peak around the late 1990’s, although with a considerable inter-
annual variation (Figure 7 a,c,e). The mean body mass is more or less constant over the
years (Figure 8 a), however a slight decreasing trend can be observed during the autumn
season in case of the adult birds (Figure 8 c,d).
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The biometric variables except the slight bimodality of the tail length have unimodal
distribution indicating that there is no considerable size difference between the sexes
(Figure 5-8 a,c,e).

The fat score distributions suggest that the birds can accumulate fat reserves, and it is
more pronounced in spring than in autumn (Figure 9). Muscle score distributions suggest
that the birds also build their muscles in both seasons (Figure 10).

Our results show that comprehensive exploratory analyses may reveal intriguing patterns,
which may be investigated in more detail in the future. However, we emphasize that
although the temporal extent of the data reported here is considerably large, all information
presented here derives from a single location and thus has to be interpreted accordingly.
Nonetheless, we hope that our results will help researchers conducting comparative or
meta-analyses with baseline data and may also encourage others to report their data in a
similar fashion. We also seek cooperation with interested parties and are willing to share
all data reported here. Please contact the corresponding author for details.
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Abstract Ornithological studies often rely on long-term bird ringing data sets as sources
of information. However, basic descriptive statistics of raw data are rarely provided. In order to fill this
gap, here we present the seventh item of a series of exploratory analyses of migration timing and body
size measurements of the most frequent Passerine species at a ringing station located in Central Hungary
(1984-2017). First, we give a concise description of foreign ring recoveries of the Thrush Nightingale in
relation to Hungary. We then shift focus to data of 1138 ringed and 547 recaptured individuals with 1557
recaptures (several years recaptures in 76 individuals) derived from the ringing station, where birds have
been trapped, handled and ringed with standardized methodology since 1984. Timing is described through
annual and daily capture and recapture frequencies and their descriptive statistics. We show annual mean
arrival dates within the study period and present the cumulative distributions of first captures with stopover
durations. We present the distributions of wing, third primary, tail length and body mass, and the annual
means of these variables. Furthermore, we show the distributions of individual fat and muscle scores,
and the distributions of body mass within each fat score category. We present data only for the autumn
migratory period since there were only 27 spring captures in the study period. We distinguish the age
groups (i.e. juveniles and adults) in the analyses. Our aim is to provide a comprehensive overview of the
analysed variables. However, we do not aim to interpret the obtained results, merely to draw attention to
interesting patterns that may be worth exploring in detail. Data used here are available upon request for
further analyses.

Keywords: Ocsa Bird Ringing Station, wing, third primary, tail length, body mass, fat, muscle, bird
banding, capture-recapture, long term data, meta-analyses, migratory connectivity, Sprosser

Osszefoglalds Madartani tanulmanyokban gyakran elemeznek hosszitdvd madargyfirtizési adatsorokat,
de az alapvetd leird statisztikdk és explorativ elemzések dltaldban nem hozzéaférhetéek. E hidnyt poto-
landd, cikksorozatot inditottunk, melyben egy k6zép-magyarorszagi gytirtizé dllomason leggyakrabban
el6fordul6 énekesmadar fajok vonulds id6zitésének €s testméreteinek explorativ elemzéseit kozoljik
(1984-2017). A sorozat hetedik tagjaként szolgdlé jelen cikkben el8szor attekintjiik a nagy fiilemiile
magyar gy(r(s kiilfoldi és kiilfoldi gyirds magyarorszdgi megkeriiléseit, majd ratériink a faj egy magyar-
orszagi, 1984 6ta standard médszerekkel dolgozé gytrtizéallomasrol szarmazd 1138 gy(riizott és 547
visszafogott egyedétdl (6sszesen 1557 visszafogdsi esemény, 76 esetben tobb éves) szarmazé adatainak
elemzésére. Az id6zités és a fogdsszam jellemzésére a napi és évi fogds €s visszafogds gyakorisdgokat
hasznéltuk. Abrazoltuk az évenkénti atlagos érkezési idSket és azok véltozdsét. Az éven beliili id6zitést
az els6 megfogdsok kumulativ eloszldsdval dbrazoljuk feltiintetve a tartézkoddsi idéket is. Kozoljiik
a szdrnyhossz, a harmadik evezd hossz, a farokhossz és testtomeg leir statisztikdit. Abrdzoljuk ezen

véltozok éves atlagait, a zsir- €s izomkategoridk gyakorisagi eloszlasat, valamint a testtomegek eloszldsét
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zsirkategdridk szerinti bontdsban. Csak az 6szi fogasokra kozliink elemzéseket, mivel 6sszesen 27 tavaszi
fogds volt a vizsgalati id6szakban. A korcsoportokat (fiatal, oreg) megkiilonboztetjilk. Célunk a vizsgalt
véltozok atfogd bemutatdsa és a benniik taldlhaté mintazatok feltdrdsa volt az eredmények interpretdldsa
nélkiil. Kérésre a cikkhez felhasznalt adatsort rendelkezésre bocsatjuk.

Kulcsszavak: Ocsai Maddrvarta, szdrnyhossz, harmadik evezd hossza, farokhossz, testtomeg, zsir, izom,
madargy(iriizés, hosszitavu adatsor, meta-analizis, vonuldsi kapcsoltsidg
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Introduction

Bird ringing or banding is one of the principal and oldest methods in use to study various
aspects of avian populations (Robinson et al. 2009). Overwhelming amount of data has
been collected by professional research entities and within citizen science projects Cooper
et al. 2014) in over a century of bird ringing, and has been used excessively in a diverse
array of disciplines. However, compared to the amount of data available throughout the
world, concise descriptive information on measured parameters suitable for meta- or
comparative analyses is sporadically available (Gienapp et al. 2007, Harnos et al. 2015).
Though purely descriptive studies are often hard to publish within the framework of current
hypothesis-focused science, we feel that such studies may well play an outstanding role
in generating new hypotheses. Therefore, it is essential that descriptive studies apply the
most appropriate statistical methodologies (Harnos et al. 2015, 2016, 2017). The bulk of
currently available data is often collected at permanent, long-term ringing stations where
large amount of individuals of various species are trapped simultaneously (Csorgé et al.
2016). These projects generally apply standardized methodologies in trapping, handling
and data collection, thus information derived from these sites is suitable for location-wise
comparisons (Schaub & Jenni 2000, Marra et al. 2004, Schaub et al. 2008, Tattrup et al.
2010).

The civil interest towards nature can be well matched with serious, scientific work.
Many scientific research is based on the important work of volunteers, “civilians” in data
collection (citizen science, Miller-Rushing et al. 2008, Cooper et al. 2014).

Here we present exploratory and descriptive statistics on the migration timing and
morphometrics of the Thrush Nightingale (Luscinia luscinia) between 1984-2017 from a
Central European ringing station (Ocsa Bird Ringing Station, Hungary, see Csorgé et al.
2016 in English and Csorgd & Harnos 2018 in Hungarian for details).
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The Thrush Nightingale is a sexually monomorphic, omnivorous, medium-sized species
of the Muscicapidae family (Collar 2018). The upper parts are typically dark olivaceous
grey-brown, the tail is dull rufus-brown, the breast is brown, almost invariably mottled
grey. The great-covers and tertials of adults are uniform brown. The juveniles’ feathers
are spotted until the postjuvenile moult. Thrush Nightingales are typically darker than
Nightingales (L. megarhynchos). Post-moult juveniles are similar to adults, but tips of
tertials and greater covers retain pale spots (Cramp 1988, Svensson 1992, Demongin 2016).
The plumage of sexes are similar, but the males are slightly darker and larger than females,
and have more prominent grey mottling on breast. The exact sexing is only possible in hand,
using the incubation patch of breeding adults (Dittberner & Dittberner 1989, Svensson
1992, Demongin 2016).

The Thrush Nightingale is a monotypical species with an extensive breeding range from
Norway, Denmark, Germany, Poland, to central Asia, covering the temperate and conti-
nental climate zones, complementing the more southerly and westerly distribution of the
Nightingale (Cramp 1988, Tucker & Heath 1994, Bogucki & Sorjonen 1997, Collar 2018).
The Thrush Nightingale and the Nightingale are two ecologically and morphologically
similar, closely related sister species (Sorjonen 1986, Reifova et al. 2011a). In a narrow zo-
ne from Denmark to the Balkans the Thrush Nightingale is sympatric with the Nightingale
(Storchova et al. 2010). Both species have similar ecological requirements but partial
habitat segregation has been observed in sympatry (Ranoszek 2001). The divergence in
bill size most likely reflects segregation of feeding niches between the species in sympatry
(Reifova et al. 2011b). The two species diverged approximately during the Pleistocene
(1.8 Mya) (Storchovd et al. 2010). Despite the close relationship and similarities of the
sister species, their migratory strategies are remarkably different (Hahn et al. 2016, Csorgd
et al. 2017). The hybridisation of the two species is relatively common in the overlapping
breeding areas (Reifova et al. 2011b). The hybrid males are fertile and can reproduce with
either of the parental species (Becker 1995, Reifova et al. 2011a). The two species are
isolated by incomplete prezygotic isolation and female hybrid sterility (Kverek et al. 2008,
Reifova et al. 2011a). The F1 birds have intermediate wing formula (Becker 2007, Kovats
et al. 2013, Demongin 2016).

The Thrush Nightingale is classified as Least Concern in the [IUCN Red List (BirdLife
International 2018). After a largely stable population between 1970-1990, it has increased
in Denmark, Poland, Norway, Finland and Estonia, and some range expansion has occurred
in Sweden. The species has occupied urban areas, parks and cemeteries. Warmer springs
have allowed new breeders to increase density and range (Bogucki & Sorjonen 1997).
These increases proved a longer-term spread to the west and north (Tucker & Heath 1994,
Valkama et al. 2014). The Swedish population changed from cca. 15,000 breeding pairs
in the 1970’s to cca. 20,000-50,000 pairs in the 1980’s (Bogucki & Sorjonen 1997). The
Finnish population size was about 200 pairs during the early 1950’s (Merikallio 1958) and
increased to around 8000 pairs during the early 1980’s (Hildén & Koskimies 1984), and
to 15,000-20,000 pairs for the late 1990’s (Bogucki & Sorjonen 1997). The number of
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breeding occurrences also increased in eastern Germany in the early 1990’s (Becker 1995).
The long-term Pan-European trend showed a 9% population increase between 1980-2009,
which means a 0.3% mean annual rate of change (Vickery et al. 2014). Number of vagrants
greatly increased in Britain during the twentieth century in association with changes in
population size or distribution (Newton 2008). In the meantime, number of birds decreased
in Sweden based on point count and ringing data between 1980 and 1999 (Karlsson et al.
2005) and in Denmark (point-count census data) between 1976 and 2005 (Heldbjerg &
Fox 2008).

The species is protected on the breeding area, but the situation is different on its migratory
route. For example, beyond the 3.3 million Quails (Coturnix coturnix), 0.5 million other
birds were captured and killed in North Sinai during the 45 days of peak migration in 2012
in autumn and near 50,000 of them were Thrush Nightingales (Eason et al. 2016). The
ratio of killed birds among the recoveries is decreasing (Fransson & Hall-Karlsson 2008).

The Thrush Nightingale inhabits more continental areas complementing the distribution
of the Nightingale. Its preferred habitat is dense, damp thickets, often riverine or swampy,
forest-edges with good ground cover (nettles and bramble). They occupy variable, densely
vegetated habitats from lowland riverine woodland, edges of broad-leaved woodlands
to bushland, managed open woodlands (young deciduous trees), suburban habitats and
gardens (Cramp 1988, Tucker & Heath 1994, Bogucki & Sorjonen 1997).

Their mating system is social monogamy. Only the females incubate, but both parents
feed the offspring. The pair-bond breaks down at the end of breeding season (Cramp 1988).

The Thrush Nightingale — mainly males — has a high breeding site fidelity (Cramp 1988,
Becker 2007). In Czech Republic only 2% out of 351 adults have been found more than
10 km away, and 91.2% of juveniles settled less than 10 km from the natal site (Kverek
et al. 2008). The median dispersal distance for birds ringed as nestlings is 2 km (0-220)
and for breeding adults 0 km (0-51) in Finland (Valkama et al. 2014).

After breeding the complete moult of adults takes around 30-35 days, which is faster
than in case of Nightingales (cca. 45 days) (Ginn & Melville 1983, Svensson 1992, Jenni
& Winkler 1994).

The Thrush Nightingale is a long distance migratory bird with a typical funnel-shaped
migratory pattern. Birds from the whole breeding distribution converge to a relatively
narrow wintering zone in East-Africa (Cramp 1988).

Despite the large European population (3,7000,000-6,900,000 breeding pairs) (BirdLife
International 2004), the number of ringed birds is relatively small, and thus the number
of recoveries is also small (3831 ringed birds with 15 foreign recoveries up to 2002 in
Denmark, 14,245 ringed birds up to 2003 with a mean of cca. 400 in the recent years and
14 foreign recoveries in Sweden, 11,608 ringed birds with 14 foreign recoveries up to 2012
in Finland) (Bgnlgkke et al. 2006, Fransson & Hall-Karlsson 2008, Valkama et al. 2014).
Ringing work is intense only in the western edge of its distribution, most birds breed east
to this area (BirdLife International 2018). Even though the Thrush Nightingale is one of
the most common Palaearctic passerine on the north-eastern side of the Ngulia ridge, in
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the West Tsavo National Park in south-east Kenya during November and December on the
narrowest part of the funnel, where several hundreds of birds are ringed daily (Pearson &
Backhurst 1976), there were only one Swedish and one Finnish recoveries (Fransson &
Hall-Karlsson 2008, Valkama et al. 2014).

From the western breeding areas the species migrates to south-east direction in autumn.
It is very common in the Eastern Mediterranean in during the postbreeding migration
(Cramp 1988, Alerstam 2006), also the Appenine Peninsula can be a refuelling site for
them (Stach et al. 2012), but the more eastern sites (Balkan area) are probably more
important, since there are a relatively small number of ringed birds in Italy during autumn
migration (Spina & Volponi 2009).

Recoveries in Denmark indicate that migrants from Sweden and Finland pass Denmark
(Bgnlgkke et al. 2006), and the Swedish birds pass Germany. Birds ringed in Germany
were recovered in Hungary and in north Italy (Bairlein et al. 2014). The Thrush Nightingale
migrates with a strong concentration of recoveries in Egypt (Fransson et al. 2005, Bgnlgkke
et al. 2006, Fransson & Hall-Karlsson 2008, Bairlein et al. 2014).

The species leaves the breeding areas from early August to mid- or late September
(Cramp 1988). The migration interval is quite wide, meanwhile the migration of individuals
may be quick. For example, there were recoveries in Finland at the beginning of August,
and in the meantime a bird with Finnish ring was found in on the 12" of August in Egypt
(Valkama et al. 2014). While one Danish bird was recovered in Hungary in August, two
others were recovered in Austria and in Egypt in September (Bgnlgkke et al. 2006).

The small set of ringing data has a peak in the second decade of August in Italy (Spina
& Volponi 2009). Thrush Nightingales pass through Cyprus from mid-August to October
with a peak in late August and September, through Egypt from mid-August to mid-October
with a peak in late August to mid-September, through Ethiopia from the second week of
September to early November and through central Sudan around the Nile system in August
— November with a peak from late September. Movement into Kenya begins at the end of
October peaking from 10" of November to 10" of December (Pearson & Backhurst 1976,
Hogg et al. 1984, Cramp 1988, Yohannes et al. 2009b).

The Thrush Nightingale tracks vegetation greenness and the peaks of insect abundance
occurring after rains throughout their annual cycle, adjusting the timing and direction
of migratory movements with seasonal changes in resource availability over Europe and
Africa. The species stops several times for longer time periods during autumn migration.
The birds probably spend three-four weeks in southern Europe (Appenine and Balkan
Peninsulas), then they spend up to 2 months (or a few of them even may stay for the whole
winter) in green areas of eastern Sudan and western Ethiopia, then they break their journey
in the east Kenyan bushland from late November to late December. They move between
consecutive staging areas even within the wintering region in Africa to match seasonal
variation in regional climate (Pearson & Lack 1992, Stach et al. 2012, Thorup et al. 2017).



154 ORNIS HUNGARICA 2018. 26(1)

The migration speed is cca. 120 km/day in Europe, and 140 km/day while the birds cross
the desert, only cca. 20 km/day in north-east and east Africa in autumn (Yohannes ef al.
2009a).

Some of the individuals winter in southern Ethiopia, but most of them winter south of the
Equator (Kenya, Tanzania, Malawi, Zimbabwe, Mozambique, Namibia, Botswana, South
Africa (Cramp 1988). Main arrival in southern Africa starts at late November (Cramp
1988, Bonlgkke er al. 2006).

The body mass of the species decreases continuously in autumn from Europe (cca. 28 g)
to the Equator (cca. 22 g) (Yohannes ef al. 2009a,b). The body mass of Thrush Nightingales
killed at Bahig on the Egyptian coast in autumn was 24.4 g with 5.2 g fat mass on average
(Moreau & Dolp 1970). The deposited tissue consisted of 82% fat and 18% wet protein
(Klaassen et al. 1997).

The species leaves the winter quarter in March, early April. Passage through Kenya
lasts from late March until the 3™ week of April. They are present in Jordan, Israel, Syria,
Lebanon from mid-April to early May. The birds arrive to the breeding site from mid-April
in Romania and in early May in Germany and Sweden (Cramp 1988). The migration period
is quite wide, and individual birds move quite fast similarly to the autumn migration. For
example, there were Finnish birds at the end of April in Egypt, and there were migrating
birds in Finland at the beginning of May (Valkama et al. 2014).

The species has an anti-clockwise loop migration (Klvana et al. 2018). The autumn
migration route leads on the eastern side of the Nile and the Victoria-lake in Kenya, but
the spring migration follows an even more eastern route in Africa, associated with the
more humid conditions on the eastern coast (Pearson & Lack 1992, Tattrup et al. 2012). A
bird ringed in Sweden was recovered in Yemen (Fransson & Hall-Karlsson 2008), other
two birds ringed in Finland were recovered in Lebanon (Valkama et al. 2014), and one
Hungarian bird was recovered in Israel in spring (BirdLife Hungary 2018). The species is
very rare in spring in Italy indicating also the more eastern route back to the breeding area
(Spina & Volponi 2009).

During spring, their speed is cca. 80 km/day in East Africa, 230 km/day above the desert,
and 80 km/day in Europe (Yohannes et al. 2009a).

Probably due to climate change, the whole migration wave advanced on the island
of Christiansg, in the Baltic Sea in spring from 1976 to 1997 (Tgttrup et al. 2006) and
the first-arrival days advanced during 1950 to 2012 at Ottenby, Sweden (Tgttrup et al.
2012). The actual weather situation also influences the migration, for example the arrival
time at Ottenby of the species was delayed in an exceptionally drought year in north-east
Africa in 2011 (Tgttrup et al. 2012). Arrival to Vilnius (Estonia) is negatively correlated
with precipitation and positively correlated with atmospheric pressure (Zalakevicius et al.
2006).

The species is protected in Hungary (BirdLife Hungary 2018). The Thrush Nightingale
was formerly common breeder species in the north-eastern part of Hungary (Farkas 1954),
but in the second half of 20" century it has became a rare breeder in remnant patches of
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willow-poplar groves and willow bushes (Schmidt 1973). Recently the species was extinct
from the site of the Fels-Tisza (and probably from its surroundings) and only interspecific
hybrids with the Common Nightingale can be found. A strong evidence for a new haplotype
group of Szatméar-Bereg was found, which had L. megarhynchos morphology but of L.
luscinia> mtDNA (Acs & Kovits 2013). Currently 7% of the population of Nightingale
were interspecific hybrids. The morphological character displacements and the proportion
of hybrids refer a stable hybrid population (Kovats et al. 2013, Kovats & Harnos 2015).

Some birds recovered in Hungary have been ringed at the most western part of the
breeding area: in Sweden, Germany, Finland, and birds ringed in Hungary were recaptured
on the breeding areas (Csorgd & Kovits 2009, BirdLife Hungary 2018). These birds
mostly fly from north-east to south-west direction in autumn. Two individuals ringed in
Hungary were recovered in the following years in North-East (Belarus) indicating that
the Carpathian Basin is in connection with a much wider zone. Birds ringed westward
have typically been recovered in the western area of the country (Figure 2). There were
more several-year recoveries (76 birds (6.7%) in the study period at Ocsa). The pattern
of recaptures and the high number of several-year recoveries are also signs of strong
connectivity, which is atypical in case of long distance migrants (Finch et al. 2017).

The Thrush Nightingale is a regular, but not common migrant from late April until
mid-May in spring, the peak is at the end of April, early May. Much more birds use the
Carpathian Basin in the post breeding migration. The first specimens are usually captured
at the beginning of August and the last ones in late September, early October peaking
in mid-August. (Csorgd & Lovei 1986, 1995, Hadarics & Zalai 2008, Csorgd & Kovits
2009).

Many birds caught in two ringing stations near Budapest (Budakeszi and Ocsa) showed
intensive increase in body mass during migration. The average body mass is cca. 25 g
before the 20" of August, and it is near 30 g in the third pentad of September (Csorgd &
Lovei 1986). 40% of the birds are recaptured at site within season with increasing body
masses proving that the Ocsa area is used for stopover and pre-migratory fattening, so
the fattest birds (some of them were more than 30 g) are able to reach Egypt without
stopover (Csorgd & Lovei 1995). Contrarily, only 1% of the birds were recaptured (without
several-year recaptures) in Szalonna, on a third ringing station of East Hungary. Here the
individuals were in a relatively poor condition, indicating that birds only rest at that site.
Here, within the 22 years of study (1989-2010), the median date of autumn migration of
Thrush Nightingales shifted 8 days earlier (Kovats 2012). In the same time period, the
arrival times also shifted earlier at Ocsa (see later in this paper).

Thrush Nightingales are regular, but not common passage migrants at the Ocsa Bird
Ringing Station (regular in autumn, rare in spring as a sign of loop migration), the source of
data analysed in this paper. Our aim is to provide a comprehensive overview of migration
timing, body size measurements and inter-annual changes in these variables. Hopefully,
these patterns will help formulate research questions and provide information for further
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higher level analyses. However, we do not aim to interpret the obtained results, merely
draw attention to interesting patterns, that may be worth exploring in detail.

Materials and methods

Bird ringing data

The Ocsa Bird Ringing Station is situated in Central Hungary (N47.2970, E19.2104) in
the Duna-Ipoly National Park in the immediate vicinity of Ocsa town. The study site is
characterized by a post-glacial peat bog with a mosaic of habitats including open water
surfaces, reedbeds, bushy vegetation and forests. It is situated in a humid continental
transitional climate zone (for further details see Csorgé et al. 2016, ocsabirdringing.org).
Birds were trapped with standard mistnets placed at standard locations throughout the
study period. Trapping effort is seasonal and changed over the years (see Csorgd et al.
2016 for details).

The day of the year of first capture in autumn were considered as arrival (migration)
timing of individual birds. Stopover duration was calculated as the difference of within
season last and first captures excluding within day recaptures. Biometric measurements
were taken following strictly standardized methods (Szentendrey et al. 1979, EURING

2015). Only data of the first captures were used in the analysis. We distinguished first
calendar year birds (juveniles) from adults upon plumage characteristics (Cramp 1988,
Svensson 1992, Demongin 2016), and we present all results according to these groups. We
present data only for the autumn migratory season due to the almost total lack of spring
migrants; birds caught after the 190™ and before the 280" day of the year were considered
to be autumn migrants. A total of 1138 Thrush Nightingales were captured and ringed
between March and November; 27 adults in spring and 190 adults and 895 juveniles in
autumn (the rest of the birds were not aged) in the study period of 1984-2017. This total
value constitutes cca. 14.4% of the 3783 Thrush Nightingales ringed in Hungary in this
period. Beyond the ringed individuals, there were 547 recaptured individuals with 1557
recaptures (76 several-year recaptures).

Statistical methods

To describe daily and yearly capture frequencies and the cumulative distribution of the
date of first captures with recaptures, we used the functions of the ringR package
(Harnos et al. 2015). Descriptive tables (mean, median, standard deviation (SD), minimum
(min), maximum (max) values and sample size (N)) on the timing of migration, stopover
duration, the length of wing, third primary and tail, and body mass were created by the
data.table package (Dowle ef al. 2013). The annual mean values of timing, body
mass, wing-, third primary and tail lengths are plotted against time (year) on scatterplots.
Loess smooth lines were fitted to highlight trends (Cleveland ez al. 1992). The distributions
of the same variables were represented with histograms and overlaid smoothed histograms.
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Figure 1. Foreign ring recoveries of Thrush Nightingales. The data of birds ringed in Hungary
and recovered abroad and the birds ringed abroad and recovered in Hungary are
depicted

1. abra Magyarorszagon gyUrlizott és kulféldon megkerdlt, illetve kulfoldén gylrGzott és
Magyarorszagon visszafogott nagy flilemuilék

Boxplots were used to show the body mass distributions by fat score categories. Fat and
muscle score frequencies are shown using barplots. We distinguished the age groups
throughout the analyses. For more details on the analysis, please visit ocsabirdringing.org.
All analyses were carried out in R 3.4.0 (R Core Team 2017).

Results

A total of 14 foreign recaptures were recorded between 1951 and 2017 in relation to
Hungary (Figure 1). Annual capture and recapture frequencies at the study site are shown
in Figure 2. Within-year capture and recapture frequencies, together with cumulative
distribution of individual first and last captures are depicted in Figure 3, while their
respective descriptive statistics are presented in Table /-2. Changes in annual mean arrival
dates throughout the study period and the distribution of within-year migration timing
according to season and age are presented in Figure 4. The trend of annual mean wing
lengths and the distribution of wing length measurements according to age are shown in
Figure 5, while their respective descriptive statistics are presented in Table 3.
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Third primary length (Figure 6, Table 4), tail length (Figure 7, Table 5) and body mass
(Figure 8, Table 6) are presented in a similar fashion. Body mass in relation to age and fat
scores are visualized with boxplots in Figure 9. Finally, the distribution of fat and muscle
scores grouped by age can be found in Figure 9 b,d and Figure 10.
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Figure 2. Annual capture (white bars) and recapture (grey bars) frequencies in autumn
2. 4dbra Eves fogas (fehér oszlopok) és visszafogas (szlirke oszlopok) gyakorisagok dsszel
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Figure 3. Within-year capture (black bars) and recapture (grey bars) frequencies (a, ¢) and

cumulative distributions of individual first capture dates (b, d) according to age groups
(horizontal lines: stopover durations)

3. 4bra  Even belllli fogas (fekete oszlopok) és visszafogas (sziirke oszlopok) gyakorisagok
(a, c) és az egyedek els6 megfogasi idejének kumulativ eloszlasa (b, d) kor-
csoportonként (vizszintes vonalak: tartézkodasi idok)

Table 1. Descriptive statistics of stopover duration (day)

1. tablazat A tartézkodasi idd (nap) leiré statisztikai

Season Age Mean Median SD Min Max N
autumn adult 12.6 11 9.4 1 47 97
autumn juvenile 12.0 10 9.4 1 57 395
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Migration timing
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Figure 4. Annual mean migration timing (day of the year) throughout the study period and
histograms/smoothed histograms of timing in autumn

4. abra Az éves atlagos vonulas id6zités (év napja) a vizsgalati idészakban és az id6zités
hisztogramja/simitott hisztogramja 6sszel

Table 2. Descriptive statistics of migration timing (day of the year)

2. tablazat A vonulds id6zités (év napja) leir6 statisztikai
Season Age Mean Median SD Min Max N
autumn adult 230.7 230.5 10.4 200 269 190
autumn juvenile 228.7 228.0 10.5 194 267 895
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Figure 5. Annual mean wing length (mm) throughout the study period and histograms/smoothed
histograms of wing length in autumn

5. dabra Az éves atlagos szarnyhossz (mm) a vizsgalati id6szakban és a szarnyhossz hisztog-
ramja/simitott hisztogramja 6sszel

Table 3. Descriptive statistics of wing length (mm)
3. tablazat A szarnyhossz (mm) leird statisztikai

Season Age Mean Median SD Min Max N
autumn adult 88.9 89.0 25 83 95 177
autumn juvenile 88.6 88.0 23 82 96 880
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Figure 6. Annual mean third primary length (mm) throughout the study period and his-
tograms/smoothed histograms of third primary length in autumn

6. abra Az éves atlagos harmadik evezd hossz (mm) a vizsgdlati id6szakban és a harmadik
evezd hosszanak hisztogramja/simitott hisztogramja ésszel

Table 4.

Descriptive statistics of third primary length (mm)

4. tablazat A harmadik evez6 hosszanak (mm) leiré statisztikai

Season Age Mean Median SD Min Max N
autumn adult 67.8 68.0 2.2 63 73 168
autumn juvenile 67.5 67.0 2.0 61 74 853
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Figure 7. Annual mean tail length (mm) throughout the study period and histograms/
smoothed histograms of third primary length in autumn
7. abra Az éves atlagos farokhossz (mm) a vizsgalati id6szakban és a farokhossz hisztogram-

Table 5.

ja/simitott hisztogramja tavasszal 6sszel

Descriptive statistics of tail length (mm)

5. tablazat A farokhossz (mm) leir6 statisztikai

Season Age Mean Median SD Min Max N
autumn adult 70.1 70.0 25 63 76 175
autumn juvenile 69.7 70.0 2.7 62 78 875
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Figure 8. Annual mean body mass (g) throughout the study period and histograms/smoothed
histograms of body mass in autumn

8. abra Az éves atlagos testtdmeg (g) a vizsgalati idészakban és a testtdémeg hisztog-
ramja/simitott hisztogramja 6sszel

Table 6. Descriptive statistics of body mass (g)
6. tablazat A testtdmeg (g) leiro statisztikai

Season Age Mean Median SD Min Max N
autumn adult 24.5 23.6 3.4 19.4 38.3 188
autumn juvenile 24.2 23.8 2.8 17.5 39.4 884
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9. abra A testtdmeg boxplot-ja zsirkategérianként és a zsirkategériak gyakorisagai 8sszel
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Figure 10. Muscle score frequencies in autumn
10. abra 1zom kategéria gyakorisagok 6sszel
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Discussion

The exploratory analyses of timing and morphometrics of the Thrush Nightingale revealed
several patterns of interest. Apparently, there is considerable variation (the maximum is cca.
four times the minimum) annual capture and recapture frequencies in autumn (Figure 2).
During the last two decades of the previous century, when the number of birds was lower
in Sweden, the numbers were also lower at the study site. Only 27 birds were captured
in spring suggesting loop migration. The stopover durations are similar in all age groups
(Figure 3 b,d, Table 1).

The amount of juveniles greatly exceeds the amount of the adults (Figure 3 a,c).

The autumn migration timing advanced in the first half and then delayed in the second
half of the study period in case of the juveniles (Figure 4 ¢). Timing of the adults is a bit
delayed compared to that of the juveniles (Figure 4 a,c, Table 2). The distribution of arrival
timings are similar in the two age groups (Figure 4 b,d). While there is no apparent trend
over the years in wing length, there is a slight increasing trend in the third primary length
(Figures 5-6 a,c,e).

Tail length seems to be decreasing in case of adults although with a considerable inter-
annual variation (Figure 7 a), which can be caused by the low number of birds annually.
This trend cannot be observed in case of juveniles (Figure 7 c¢). The mean body mass
seems to be constant over the years (Figure 8 a), however a slight decreasing trend can be
observed during the autumn season in case of the juvenile birds (Figure 8 c).

The wing and tail distributions are slightly bimodal indicating some dimorphism between
the sexes (Figure 5-8 a,c,e).

The fat score distributions suggest that the birds can accumulate fat reserves (Figure 9).
Muscle score distributions suggest that the birds also build their muscles (Figure 10).

Our results show that comprehensive exploratory analyses may reveal intriguing patterns,
which may be investigated in more detail in the future. However, we emphasize that
although the temporal extent of the data reported here is considerably large, all information
presented here derives from a single location and thus has to be interpreted accordingly.
Nonetheless, we hope that our results will help researchers conducting comparative or
meta-analyses with baseline data and may also encourage others to report their data in a
similar fashion. We also seek cooperation with interested parties and are willing to share
all data reported here. Please contact the corresponding author for details.
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