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Should the Common Buzzard be hunted?
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Buzzard be hunted? — Ornis Hungarica 20(2): 1-12.

Abstract The Common Buzzard is a widespread and abundant raptor in Europe. Recently, game
keepers have argued that the buzzard population has increased in Hungary and is threatening
valuable small game species. Hunting of the buzzard has been prohibited since 1933, and since 1954 it has also
been protected by law, in Hungary. Here we review scientific literature on recent population changes of the speci-
es, prey composition, and anatomical constraints of foraging.

We show that according to the Common Bird Monitoring Program the breeding population remained stable in
1992-2012. Because of its anatomy and its hunting techniques it is not able to hunt efficiently for valuable small
game. According to studies made with different methods in different parts of Europe in the last century, most of
its prey species are small mammals. Therefore, the Common Buzzard population may help sustain rodent popu-
lations, thus providing essential ecosystem services for agriculture. Game species can also occur in the diet, how-
ever the proportion is negligible and buzzards usually acquire such prey as carcasses or handicapped individuals.
We found no justification in favour of lifting the hunting ban of Common Buzzards in Hungary.

Keywords: population change, anatomy, foraging method, wildlife management, prey composition

Osszefoglalas Az egerészolyv Eurdpa egyik leggyakoribb ragadozé madara. A hazai llomény is jelentés, 10
ezres nagysagrendil. 1933 ota élvez lelovési tilalmat, 1954 6ta védett. Ennek ellenére az utdbbi években ujra
felmeriilt, hogy gyériteni kellene a faj hazai allomanyat, mert annak nagysaga jelentdsen nétt, ezért kartétele
fokozodott.

Az MMM 1999-2012-es felmérései szerint a faj allomanya ebben az iddszakban stabil volt.

Anatomiai sajatossagai, vadasztechnikai miatt nem képes nagyobb testii, a vadgazdalkodasban érintett fajokat
elejteni. Zsakmanyallatainak nagyobb része — az utobbi szaz évben Eurdpa kiilonbozo teriiletein tobbféle mod-
szerrel elvégzett vizsgalatok szerint — a mezdgazdasagban kartevo kisemldsokbol keriil ki, amivel kimondottan
nagy hasznot hajt. Mivel a taplalékmaradvanyokbol ezek azonositasara kisebb az esély, mint a vadgazdalkodas
szempontjabol szambajohetd nagyobbakénak, ezek a szamok még bizonyosan ala is becsiilik az aranyukat. A na-
gyobb testli allatok, vadgazdalkodas szempontjabol hasznos fajok egyedei is szerepelhetnek az dlyv étlapjan, de
ezekhez legtobbszor az ember vagy valamely tigyesen vadaszo ragadozo madar segitségével jut hozza. Tevékeny-
ségiik mindenképpen hasznosnak tekinthetd, vadaszatukat semmi nem indokolja.

Kulcsszavak: allomanyvaltozas, anatomiai sajatossagok, vadasztechnikak, vadgazdalkodas, taplalékosszetétel
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Introduction

The Common Buzzard (hereinafter: buz-
zard) is amongst the most abundant and
widespread raptors in Europe. This species
is divided into 6-8 distinct subspecies out
of which the Hungarian population belongs
to the subspecies B. b. buteo. Ring recove-
ries show that buzzards are predominantly
resident in the Carpathian Basin, however
a small proportion of birds may move to
neighbouring southern countries for winter.
The wintering population is also comple-
mented with birds from Scandinavia and
the Baltic Region (Toth 2009, Saurola ef al.
2013). The birds of the eastern subspecies
(B. b. vulpinus) rarely migrate through Hun-
gary (Hadarics & Zalai 2008). Since 1933
the hunting of the buzzard has been prohi-
bited, and since 1954 it has been protected
by law (Haraszthy & Bagyura 1983). Game
keepers, farmers and other stakeholders re-
cently raised the issue of lifting the protec-
ted status, thus legalizing hunting as a form
of controlling buzzards. These stakeholders
argue that the population has considerably
increased in recent years and that these bir-
ds pose a serious risk for small game spe-
cies with high economic value. This debate
justified that BirdLife Hungary elected the
species as the ‘Bird of the year’ in 2012
(http://www.mme.hu/component/content/
article/19-hirek-archivum/1395-a-joev-ev-
egyik-eselyes-madara-segitseget-ker.html),
raising wide public awareness of the issue.
Here we aim to review the international
(British, Spanish, French, Danish, Norwegi-
an, Polish, Czech, Slovak, Romanian) and
Hungarian studies conducted on Common
Buzzards in relation to this debate.

Population change

The European population increased be-
tween 1970 and 1990, then showed a slight
decrease. At the turn of the century the es-
timated number of breeding pairs was 710
thousand. The species’ status is evaluated as
secure (BirdLife International 2004).

The Hungarian population of the species
in recent decades of the last century — thanks
to nature conservation legislation and pub-
lic awareness — has increased (Haraszthy
2000). For instance in Békés county it went
up to 150 pairs from 100 pairs between 1990
and 1995 (Toth 1995 in Haraszthy 2000). At
the turn of the century the breeding popu-
lation was estimated to be between 10-20
thousand pairs (Hadarics & Zalai 2008).

Based on representative countrywide
sampling (Szép & Nagy 2002), the Hun-
garian Common Bird Monitoring Program
(MMM) estimated the population trends to
be stable for 1999-2012 (Szép et al. 2013).
The mean annual population change in
this period (trend analysis, TRIM software
package, Pannekoek & van Strien 2001) did
not show a significant increase or decrease
(slope= 0.5% (SE=1.1%) (Figure I).

The National Game Management Data-
base on the other hand shows a somewhat
different trend; the numbers provided for
these years are significantly higher, moreo-
ver they show a 50% increase. In the 2003-
2004 hunting season they estimated 62911
individuals, while in 2012-2013 this number
was 96237 (http://www.ova.info.hu/vadgaz-
dalkodasi_statisztikak.htm). The underlying
reason in the deviation of the two estimates
is the different applied methodology. The
most obvious deviation is that the Common
Birds Monitoring Program is a survey (i.e.
systematic sampling of a population) while
the National Game Management Database
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Figure 1. Population index of the Hungarian breeding population of the Common Buzzard according
to data by the Common Bird Monitoring Program. The values of annual population indices
and estimated indices SE are specified in comparison to the base year (1999)

1.dbra

Az egerészolyv magyar fészkel6 allomanyanak valtozasa az MME Mindennapi Madaraink

Monitoringja (MMM) adatai alapjan. Az éves populacids indexek (imputed index) és a
becsllt indexek SE értékei a bazis évhez (1999) viszonyitva vannak megadva

relies on a census (counting of all individu-
als of a population). Furthermore, there is
a temporal difference between the two data
series; the Common Bird Monitoring Prog-
ram only uses data that derive strictly from
the breeding season (http://www.mme-mo-
nitoring.hu/prog.php?datid=56) whereas the
game management database only requests
that data providers count the number of
individuals present and presumably inha-
biting the game management area, without
any temporal restrictions (http:/www.vmi.
szie.hu/adattar/pdf/adatlapok-2013/becs-
les_terv-utmutato 2013.pdf).

The common bird census program esti-
mates an average 30000 individuals (i.e.
15000 pairs) for the country. Typically clutch
size is 24 eggs (Cramp & Simmons 1980),
however fledging success is considerably
lower, only 0.42-2.13 in the Swabian Alb
(Rockenbauch 1975), in other regions of

Germany it is 0.42-2.17, in the Pilis hills
the estimated mean is 2.21 (Haraszthy & Ott
1984), and in Békés county it is 1.2-2 (T6th
1995 in Haraszthy 2000). In general, mean
fledging success is less than 2 birds per nest.
An indirect support of this general value is
that the proportion of youngsters among ob-
served birds is 31-51% in the Danish Strait
every year (Forsman 2003). Returning to the
potential number of buzzards in the Hun-
garian population; it is plausible that 50-55
thousand individuals may be present in the
post-fledging period for a short time, but due
to natural and human induced mortality (elec-
trocution on medium voltage pylons, poison-
ing, illegal hunting etc.) this number certainly
decreases by autumn and winter. According
to ringing data the mortality rate of the birds
in their first year is 46.4% (Germany), 65%
(Sweden), 77.6% (Great-Britain) (Cramp &
Simmons 1980). Furthermore, individuals
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from northern Europe also migrate through
or overwinter within the Carpathian basin as
suggested by ring recoveries, however asses-
sing the ratio of resident vs. migrant buzzards
is currently impossible.

An equally important deviation between
the two datasets is that they are acquired on
different spatial scales. The Common Bird
Monitoring Program covers a smaller spatial
extent as the sampling is carried out on a frac-
tion of the total area of Hungary, although the
sites and the observation points are randomly
chosen, thus allowing statistically sound esti-
mates. On the other hand the National Game
Management Database holds information
on the whole extent of Hungary, since all
game management units are legally obliged
to present data annually. However, the lack
of defined methodology allows data provi-
ders to report numbers acquired with various
techniques for each game management unit.
Previously we have detailed that simply the
timing of field observations within the sea-
son may remarkably influence the number
of counted birds. Moreover, the game ma-
nagement database does not specify how to
control for multiple counts of individuals,
or for the spatial aggregation of individuals.
Buzzards and other raptor species often agg-
regate in areas with high prey densities, like
alfalfa fields or along large roads especially
in winter. The reason for the latter is that ro-
ad-kills are often consumed by buzzards, and
also that roadside ditches are less likely to be
influenced by rodenticides-but are often mo-
wed- thus presenting larger densities of prey
with high prey accessibility compared to ot-
her areas. A data provider may easily overes-
timate the number of buzzards present in the
area based on observing these aggregations.

In the breeding season buzzards are terri-
torial with variable territory sizes; in the Pilis
hills between 1977 and 1981 the number of

breeding pairs per 100 km? varied between
40.8-437.3 annually, the territory of one pair
was between 209245 hectares (Haraszthy &
Ott 1983), on the Northern-Borsod-Karst on
30 thousand hectares 100—165 pairs bred bet-
ween 1986 and 1991 (Varga & Rékasi 1993).
This large variation may yield considerable
estimation bias if not controlled for.

In summary, both methods have advanta-
ges and disadvantages, however when as-
sessing the countrywide breeding population
of buzzards, the Common Bird Monitoring
Program offers a more valuable estimate
compared to the National Game Manage-
ment Database. Nonetheless, the demand for
better understanding the breeding population
size and trends of common diurnal raptors,
MME/BirdLife Hungary launched a national
Raptor Survey program that will hopefully
allow an even more precise estimate of these
figures in the future (http://www.mme-moni-
toring.hu/php/dl.php?drid=2971).

Body structure and hunting
method

The body structure of the buzzard determi-
nes the spectrum of accessible prey species.
Its feet, toes and talons are comparatively
shorter than the sympatric and similar sized
Goshawk (Accipiter gentilis). This later spe-
cies is considered to prey predominantly on
birds (Widén 1987, Rutz & Bjilsma 2006) in
forest habitats and therefore is built for high
maneuverability (Drennan & Beier 2003).
Buzzards however have broader wings and
shorter tails and thus are less maneuverable
in flight (Norberg 1995). They can only hunt
prey with a maximum weight of 500 gramms,
moving slowly on the ground, but since it is
an opportunistic predator, the prey is typically
much smaller (Cramp & Simmons 1980).
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The predation of buzzards is characteri-
zed by three strategies. In most cases they
perch and wait either on the ground or on
a vantage point and drop themselves on
the prey moving on the ground at a smaller
distance. Buzzards can often be seen cro-
uching on molehills or on the mounds of the
Mound-building Mouse (Mus spicilegus).
These individuals often do not even wait un-
til their prey comes up to the surface, inste-
ad they catch them by grabbing the moving
sloppy soil (Skoczen 1962, Kalotas 1980).

Food

During more than a century, many different
methods have been used to analyze and ob-
serve the food of birds of prey. These include
for example stomach content, pellet- and
food remain analysis, observation, use of
cameras (Vasvari 1930, Witherby ef al. 1939,
Glutz von Blotzheim et al. 1971, Brown
1976, Cramp & Simmons 1980, Kostrzewa
2008). In general, food spectrum of buzzards
varies with climate, thus the predominant
prey species in different populations may
be diverse along the breeding range. In most
of the range the main prey species are small
mammals, dominantly the Common Vole
(Microtus arvalis). This is also proven by
the fact that other than Hungarian, there are
also many other languages where we can find
the word mouse in the name of the species:
German: Méiusebussard, Danish: Musvage,
Icelandic: Musvakur, Norwegian: Musvak,
Finnish: Hiirihaukka, Spanish: Ratonero
Comuin, Polish: Myszolow, Slovak: Mysiaka
Horneho (Sandberg 1992), Serbian: Misar.
In Great Britain where the Common Vole
is not indigenous, the main prey species are
birds, Rabbit (Oryctolagus cuniculus) Lepus
species and Field Vole (Microtus agrestis)

(Tubbs 1967, Graham et al. 1995, Swann
& Etheridge 1995, Kenward et al. 2001). In
Romania, the typical prey species are rep-
tiles (Dombrowski 1912), while in Spain,
beside reptiles also insects and Rabbits con-
stitute bulk of the prey items (Palaus Soler
1960, Garzon Heydt 1974, Bustamante 1985,
Maiiosa & Cordero 1992).

In some areas food composition can vary
with season. This may also be true for even
Mediterranean areas where inter-seasonal
deviation of temperature is relatively low.
The most abundant prey in the breeding pe-
riod in Northeast Spain is the Rabbit. Buz-
zard breeding season coincides with, or is
possibly timed to the emergence of juvenile
Rabbits. The second most frequent prey are
reptiles, dominantly Ocellated Lizard (La-
certa lepida). Also the importance of smaller
birds became slightly stronger at this time of
the year. This tendency was also supported
by another investigation conducted in Spain
(Bustamante 1985). Furthermore, the role of
reptiles may be less pronounced in the col-
der season, however amphibians can appear
in large numbers in their diet as species of
this taxa tend to aggregate around at specific
sites (Mafiosa & Cordero 1992).

Sex specific dietary differences are less
pronounced compared to seasonal variation.
In a study conducted in Spain the stomachs
of males were empty more often, and small-
er amphibians were found compared to fe-
males. Remains of bigger rabbits were only
found in the stomachs of females. These dif-
ferences were explained by reversed sexual
dimorphism (Mafiosa & Cordero 1992). In
contrast, other studies have not found sig-
nificant sex specific differences in the diet in
regards to the species and size of their prey
(Bustamante 1985).

Prey composition may correlate with
nestling size; smaller nestlings may receive
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smaller prey species (e.g. earthworms and
voles), while larger nestlings are fed with
more profitable prey like moles in a study
conducted by Meier et al. (2000).

Studies have shown high individual diffe-
rences in diet composition as well. For ins-
tance a male buzzard was observed to fora-
ge on Slow Worms (Anguis fragilis), Sand
Lizards (Lacerta agilis), European Adders
(Vipera berus), with only a single observa-
tion of vole as prey (Melde 1971). In cont-
rast, Kalotas’ (1985) observations suggest
that Mole consumption of some buzzard
pairs can reach 40-50%.

Even though some individuals can be real
specialists, the species is overall a gene-
ralist, its food is basically limited by food
availability.

The most common prey of buzzards is the
Common Vole in most parts of the Europe-
an breeding range and thus the Carpathian
Basin. According to a Slovakian study the
Common Vole can reach up to 96% of the
winter food composition (Salaj 1972). This
vole species is active during the day and can
reach high densities in arable fields where
food abundance may be practically unlimi-
ted. Every few years it manifests itself in
gradation. In other years their numbers can
drastically drop, mainly due to climate fac-
tors (Gubanyi & Horvath 2007). In vole gra-
dation years the proportion of the Common
Vole in the prey composition is much bigger,
than in normal or poor vole years (Mebs
1964, Kalotas 1985, Kostrzewa 2008).

The proportion of some animal groups can
vary in the food composition depending on
whether we take into consideration their we-
ight or their relative frequency (Kostrzewa
2008). Despite this fact the proportion of the
Common Vole is dominant both in vole gra-
dation years and between these years accor-
ding to both indices in a study in Poland. In

vole gradation years the average frequency
was 75%, the weight proportion was 74%,
while in low vole years these numbers were
40% and 48%. In these years the propor-
tion of earthworms, insects and amphibians
increased significantly while the proportion
of other mammals increased insignificantly
(Kostrzewa 2008).

Some buzzard pairs can be affected in dif-
ferent ways by different food availability.
For some of them in the years when there
is a lack of voles, the breeding can fail, or
they lay fewer eggs. It can also occur that
they interrupt breeding, in extreme situa-
tions; their nestlings starve to death depend-
ing on how the breeding and the period of
the food shortage overlap with each other.
As opposed to this, there are buzzard pairs,
which raise nestlings, though less in low
vole years. These shift food composition,
the proportion of birds grows among prey
animals (Kostrzewa 2008). The Mole can
also be an alternative prey in Europe.

In studies conducted in Poland the Mole
appeared in larger numbers, than the Com-
mon Vole (Czarneczki & Foksowitz 1954).
The food consisted of 50% Moles and 33%
Common Voles. According to the age studies
based on dentition analysis the proportion of
juvenile Moles was 86,5% compared to other
age groups in the whole sample. This is the
result of the behaviour of young Moles in the
start of their independent lives, in which the
activity near the surface or even above the
surface is very typical (Skoczen 1962).

In contrast to continental Europe, the do-
minant prey species in the British Isles are
Rabbits, while alternative prey are Field Vo-
les and birds (Graham ez al. 1995).

Predators can react to the changes in prey
abundance in two ways. Generalist speci-
es utilize alternative prey, while specialist
species are less flexible hence their density
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changes. In case of the Common Buzzard,
we can observe the combination of the two
reactions (Reif et al. 2004).

According to the previous statements, the
Common Buzzard can change its food, if the
density of the preferred prey animal decrea-
ses, while there is a connection between the
size of the vole population and the density
of breeding pairs, clutch size and breeding
success (Mebs 1964, Rockenbauch 1975,
Reif et al. 2004).

According to a study conducted in Ger-
many, the number of breeding pairs increa-
sed by 1/5 in vole gradation years, compa-
red to low vole years. In high voles years the
ratio of the clutches with 3-4 eggs was 91%,
while in the low vole years this value dec-
reased to 20%. The breeding success (i.e.
relative frequency of clutches that fledged)
was 70.8%, and 50%, respectively (Mebs
1964). According to a study conducted in
Finland, nesting rate (i.e. number of active
nests / number of all territories) and its pro-
ductivity (i.e. number of nestlings / number
of all territories) positively correlated with
the studied years’ Microtus species density
(Reif et al. 2004).

In none field vole mediated environments,
the changes in densities of the main prey
species show a similar correlation with buz-
zard reproductive success, in Great-Britain
with the Rabbit (Moore 1957, Graham 1995,
Swann & Etheridge 1995), while in forest
environment with the Bank Vole (Myodes
glareolus) (Weber & Stubbe 2000).

The population of buzzards depends not
only on food availability, at least three ot-
her factors can play a part in the success of
breeding. As buzzards breed in unsheltered
twig-nests, the amount of rainfall in May is
important. In rainy years the nestlings can
get soaked, thus they may chill and die. In
dry years fledging success is higher than in

wet years. Other factors influencing repro-
ductive success are interspecies competition
and habitat quality. For instance, buzzards
breeding in nests near Goshawk territories
were less successful, because the Goshawks
often carried away their nestlings. The more
stable the breeding population is, the bigger
the breeding success will be, and the bigger
sight fidelity is typical for habitats optimal
for the species (Kostrzewa & Kostrzewa
1994). The number of breeding pairs is also
controlled by intraspecies competition (Mo-
ore 1957, Cramp & Simmons 1980, Newton
& Marquiss 1986 in Kostrzewa & Kostr-
zewa 1994, Weber & Stubbe 2000).

Among the winter weather factors, the
temperature and the snow cover influence
the survival just in extreme cases (Joensen
1968, Kostrzewa & Kostrzewa 1991). If se-
vere cold is accompanied by thick and per-
manent snow cover, they starve to death in
large numbers (Mebs 1964).

Studies conducted in different parts of
Europe (Rorig 1903, Dombrowski 1912,
Uttendorfer 1952, Czarnecki & Foksowicz
1954, Moore 1957, Sladek 1957, Toufar
1958, Palaus Soler 1960, Pinowski & Rysz-
kovszki 1962, Skoczen 1962, Mebs 1964,
Tubbs 1967, Joensen 1968, Thiollay 1968,
Melde 1971, Salaj 1972, Ryszkovszki et al.
1973, Garzon Heydt 1974, Rockenbauch
1975, Bustamante 1985, Kostrzewa & Kostr-
zewa 1991, 1994, Mafiosa & Cordero 1992,
Graham et al. 1995, Swann & Etheridge
1995, Meier et al. 2000, Weber & Stubbe
2000, Kenward et al. 2001, Reif et al. 2004,
Kostrzewa 2008), and also the inland studies
(Nozdroviczky 1907, Barthos 1908, Greschik
1910, Bessenyei 1917, Greschik 1924, Tar-
jan 1939, Kalotas 1980, 1982, 1983, 1985,
Rékasi 1981, Balogh & Varga 1983, Varga
1984, Varga & Rékasi 1993, Feny6si 1994,
Bereczky 2010, Zornanszky et al. 2013)
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proved that the species eat primarily small
rodents, dominantly Common Voles. From
spring to autumn — in changing proportion —
insects and their larvas, amphibians, reptiles
are also on its diet everywhere, and mainly in
winter, when these prey animals are not ac-
cessible, it also eats different types of carrion
for example fish (Toufar 1958, Sladek 1961,
Kalotas 1982, 1985, Varga 1984). It can also
capture fledglings or nestlings in small num-
bers (Glutz von Blotzheim et al. 1971, Sa-
laj 1972, Kalotas 1985, Swann & Etheridge
1995). Although according to some obser-
vations it attacks Hare (Lepus europaeus)
(Nozdroviczky 1907, Bereczky 2010), Grey
Partridge (Perdix perdix) (Bessenyei 1917)
and Pheasant (Phasianus colchicus), but the-
se are caught as youngsters or in an injured,
weakened, sick state (Vasvari 1930, Glutz
von Blotzheim et al. 1971).

Bigger animals, valuable game species can
also be on the diet of buzzards, but in most
cases these are obtained with the help of hu-
mans or other more skilful birds of prey (Ut-
tendorfer 1952, Toufar 1958). It cannot cope
with an adult Hare (Balogh & Varga 1983).

The dominance of the main prey animals
did not change, where they artificially rai-
sed and released Pheasants (Kalotas 1982,
1985, Kenward et al. 2001), or it is present
naturally in high numbers (Rékasi 1981).

According to studies conducted in the
‘80s, the Pheasants present in the diet of
buzzards are from two large sources; a)
from killed or injured birds, typically cau-
sed by mowers (Farkas 1977), and b) sick or
poisoned birds (Farkas 1980).

Kalotas (1985) in 1981, during the peak
of a vole gradation, could only prove one
instance of buzzards foraging on Pheasants
(0.9%), but the Common Vole was present
in 63.6% of the samples. In 1982, relatively
often, in 38.5% of the cases the author

found Pheasant remains in the stomachs of
buzzards, but in half of these cases (15.4%),
it could be detected, that it was consumed
while already dead, because the Pheasant
remains were contaminated by fly larvae.
In 19.2% of the samples he found the rema-
ins of Pheasants younger than 7 weeks. The
relatively big occurrence of Pheasants can
be the effect of the collapse of the Common
Vole population after the gradation in 1981.
In 1982 altogether 34.6% was the propor-
tion of the Common Vole in their diet.

In the southern part of Great-Britain they
collected food remains from 40 nests, and
followed the movement of 136 buzzards
with radio telemetry with the aim of find-
ing a connection between the rate of preda-
tion, the presence of buzzards, movement
zone and the characteristics of the Pheasant
pens. They found fresh Pheasant remains
in 7% of the controlled nests. Only 8% of
the radio-tagged buzzards had significantly
more association than other buzzards with
pens. The characteristics of the pens (small
canopy coverage) and the release (lot of
Pheasants in one pen) made it easy for the
buzzards to catch them. The proportion of
Pheasants of the diet was not more than
2.6% (Kenward et al. 2001).

In general, dietary studies show that small
rodents dominate both in proportion of we-
ight and frequency of buzzard diet throug-
hout the European breeding range. Smaller
taxa are less likely to be discovered in dietary
analyses, therefore the proportion of small
mammals is probably even underestimated
in these studies (Mebs 1964, Kalotas 1985,
Graham et al. 1995, Kostrzewa 2008). In
addition, the parents are likely to consume
the smaller animals on the spot of the cap-
ture, and bring only the bigger ones to the
nest (Mafiosa & Cordero 1992, Graham et
al. 1995). The analysis of pellets also cannot
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give a perfect idea of the spectrum of prey
animals, because the diurnal birds of prey
digest most of the bones (Vasvari 1930, Ut-
tendorfer 1952, Mebs 1964, Glutz von Blotz-
heim 1971, Kalotas 1982), the bigger ones
are more likely to remain, so these are also
overrepresented (Uttendorfer 1952). The
bromatologyc analyses can only provide in-
formation on the prey caught directly before
the shooting (Vasvari 1930). The use of me-
chanisms placed above the nest, collecting
the prey animals dropped into the nest by
the parents can give a more complete idea
about the spectrum of prey animals and their
proportion (Czarnecki & Foksowicz 1954).
Taking and analyzing of footage and pictu-
res also do so (Meier 2000, Zornanszky et al.
2013), but probably the smaller prey animals
are consumed by the parents more frequently
than the bigger ones, because carrying them
to the nest is more profitable.

In general, we found that the Hungarian
breeding population of the buzzard is stab-
le, and according to studies conducted with
different methods in different areas and in
different time periods throughout the past
century, the proportion of valuable game
species in the diet of buzzards is negligible.
Presumably, this is caused by the fact that
they are anatomically less capable of fora-
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Population trends of common breeding and
wintering birds in Hungary, decline of long-
distance migrant and farmland birds during
1999-2012
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Tibor Szép, Karoly Nagy, Zsolt Nagy, Gergé Halmos 2012. Population trends of common
breeding and wintering birds in Hungary, decline of long-distance migrant and farmland birds
during 1999-2012. — Ornis Hungarica 20(2): 13-63.

Abstract Based on the Hungarian common bird monitoring scheme (MMM), which is the long-
est running country-wide monitoring using formal sampling design with representative data for
the main habitats in Central-Eastern Europe, we investigated the population trends of common breeding and win-
tering species. Habitat preference and occupancy of the common breeders, migration strategies and relationships
among these characteristics could act behind the population trends. We pointed out that long distance migrant bird
species had strong decreasing trends in Hungary and very probably in the entire Pannonian biogeographical region,
whereas the partial and short migrant species has increasing trends. Farmland birds had declining trend, which
trend became more obvious since the joining of Hungary to the EU. The negative changes in the farmland habitat
could influence bird species nesting/foraging mainly in this habitat independently from their migration strategies.
Our investigations let us to develop indicators on the basis of migration strategy and habitat usage of common birds
to provide regular information about condition of groups of species and their habitats in Hungary and the Panno-
nian region. The MMM database provide unique opportunity for further investigations of several species, habitats
and area specific in a part of Europe where this kind of information is rare yet.

Keywords: monitoring, Pannonian region, biodiversity indicators, Farmland Bird Indicator (FBI), climate change,
migration strategies, habitat preference and occupancy

Osszefoglalas A Mindennapi Madaraink Monitoringja (MMM) a leghosszabb ideje futé orszagos Iéptékii olyan
monitorozé program Kozép-, Kelet-Europaban, amely random mintavételi stratégia alkalmazasaval reprezentativ
adatokkal szolgal a régiéo madarallomanyairdl és fobb él6helyeir6l. Munkankban a gyakori fészkeld és telel fajok
tuk az allomanyvaltozasok hatterében zajlo folyamatok feltarasa érdekében. Kimutattuk, hogy a hosszitavon vonuld
madarfajok esetében jelentds allomanycsokkenés van Magyarorszagon és feltehetden az egész Pannon biogeografiai
régioban. Ugyanakkor a részlegesen és rovidtavon vonuld madarfajoknal novekedd allomany a jellemz6. A mez6-
gazdasagi ¢lohelyekhez k6tddd fajoknal csokkend allomanyok vannak, amely jelleg kiilondsen Magyarorszag EU
tagsaga utan er6sodott fel. A mezogazdasagi éléhelyeken zajlo kedvezotlen valtozasok az ott fészkeld/taplalkozo
madarfajok helyzetét jelentdsen befolyasolhatjak e fajok vonulasi stratégiajatol fliggetleniil. Vizsgalatunk lehetésé-
get ad a gyakori madarfajok vonulasi és éléhelyi jellemzdin alapuld olyan indikatorok fejlesztésére, amelyek rend-
szeres informacidval szolgalnak adott fajcsoportok és az azok altal hasznalt él6helyek allapotarol Magyarorszagon
¢és a Pannon régioban. Az MMM adatbazis egyediilallo lehet6séget ad nagyszamu faj, él6hely és teriilet tovabbi
részletes vizsgalatara Eurdpa olyan részén, ahol ezen informaciok még igen ritkak napjainkban.

Kulcsszavak: monitorozas, Pannon régié, biodiverzitis indikétor, Mez6gazdasagi Elhelyek Indikatora (FBI),
klimavaltozas, vonulasi stratégia, él6hely preferencia és hasznalat
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Introduction

Biodiversity in Europe showed large chang-
es during the last decades, most of these
changes could cause unprecedented loss
without effective conservation action based
on adequate information about condition of
biodiversity (Balmford et al. 2003). Biodi-
versity monitoring schemes with relevant
design in relation to the questions they want
to answer, to the progress they want to fol-
low, and to the taxa and scales they want to
investigate are key for having proper infor-
mation (Yoccoz et al. 2001). Monitoring of
common birds species using random sam-
pling design at national, regional and conti-
nental levels is one of the most proper bio-
diversity monitoring approach which could
provide important information about such
essential questions as the influence of habitat
loss and degradation, farming practices and
climate change on size and distribution of
numerous bird species and on the ecological
system they belong to (Gregory et al. 2005,
Jiguet et al. 2012). The birds are very proper
taxa for monitoring because of the large and
extended network of observers, the national
and international NGOs for organising and
scientifically coordinating all parts of the
work (design, field work, database, analysis,
cooperation with scientific communities),
the scientific background nationally and in-
ternationally for analysing and interpreting
the information and the large interest from
the public towards these species (Green-
wood 2007, Gregory & van Strien 2010).
Following the success of the Breeding
Bird Survey (BBS) started in 1994 in the
UK, (Gregory et al. 1996) which was the
first national common bird monitoring
scheme in Europe using random sampling
design, the European Bird Census Council
(EBCC) started to initiate similar schemes

in several other European countries to form
Pan-European Common Bird Monitoring
Schemes (PECBMS) based on common bir-
ds at the end of the 20" century (Gibbons
2000). The EBCC invited the MME/Bird-
Life Hungary in 1997 to start a new count-
ry-wide common breeding bird monitoring
scheme in Hungary based on a formal de-
sign (Szép & Gibbons 2000).

After the first pilot year in 1998, when the
concept of the random sampling design and
field protocol was tested with contribution
of more than hundred observers and experts
of the EBCC, the new scheme called Min-
dennapi Madaraink Monitoringja (MMM —
Monitoring of Common Birds) has started
with the final, existing protocol in 1999 as
the first common bird monitoring scheme in
Central and Eastern Europe using random
sampling design and collecting represen-
tative data on the level of country (Szép &
Gibbons 2000). The MMM scheme is able
to monitor not only the breeding population
in Hungary but by using the same field pro-
tocol data is collected from wintering popu-
lations of common bird species since 2000
(Szép & Nagy 2002).

A number of monitoring schemes already
existed in Hungary before the start of the
MMM (Baldi et al. 1997), mostly organised
and executed within the umbrella of MME/
BirdLife Hungary: White Stork, Ciconia ci-
conia, surveys since 1958; waterfowl counts
since 1974; surveys of rare birds of prey
species since 1974; Actio Hungarica ringing
programme since 1974; integrated popula-
tion monitoring of breeding Sand Martins,
Riparia riparia, along the river Tisza since
1986. A scheme to monitor rare and colonial
birds (known by the acronym ‘RTM’) was
started in 1992 and uses territory mapping
within observer-chosen 2.5x2.5 km UTM
squares (Szép & Waliczky 1993). Fieldwork
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is undertaken by a hundred or so volunteers
and is mostly concentrated within Important
Bird Areas (IBAs). The first country-wide
monitoring of common breeding birds using
a standardised counting method was started
only in 1988. This used the point count met-
hod to monitor breeding passerines, with a
total of 20-40 areas covered annually by
20-50 participants (Waliczky 1991). Sites
were selected by the observers and were
mainly in forested areas. Because of the low
level of participation, the bias towards for-
ested habitats in relatively few geographical
regions of Hungary and observer choice of
sites, population trend data produced by this
scheme cannot be taken as representative of
trends for common breeding birds in Hun-
gary as a whole.

The information provided for breeding
and wintering common bird species by the
MMM scheme in Hungary since 1999 using
standard methods for trend analysis (TRIM,
Pannekoek & van Strien 2001) has impor-
tance not only for Hungary but for large part
of Central and Eastern part of Europe, cove-
red by the countries of the former Eastern
Bloc, many of them joined to the EU since
in 2004. In most of those countries, moni-
toring of common birds, representative on
the level of country has not or partly exis-
ted before 1999 and new monitoring sche-
mes in these countries follow the PECBMS
standard has started later then the MMM.
The different geographic, climatic, econo-
mic, political and environmental conditi-
ons of these countries compared to former
EU member countries makes it important
to have proper database, compatible with
existing databases in Europe for analysing
the kind of effects e.g. as Common Agri-
cultural Policy (CAP), Agri-Environment
Schemes (AES) of EU (Butler et al. 2010)
and climate change (Both et al. 2010).

Biodiversity indicators based on annual
indices of common bird species related to
specific habitat has an increasing importan-
ce in the World (Butchart et al. 2010) fol-
lowing the successful application of it in
the European Union (Gregory & van Strien
2010). The farmland bird indicator (FBI)
is the most widely used such multi-species
indicator in Europe, which based on popu-
lation trends of common bird species re-
lated to farmland habitat and indicates the
adverse changes in this habitat in relation to
the Common Agricultural Policy (CAP) in
many EU countries (Gregory et al. 2005).
Several countries and the EU are increa-
singly using these measures to assess susta-
inable development strategies, environmen-
tal and ecosystem health (Gregory & van
Strien 2010).

The concept developed by Gregory et al.
(2003, 2005) let to consider more indicators
for other habitats or group of species when
relevant classification of species availab-
le based on quantitative data and/or expert
judgement guided by additional informa-
tion. The classification of species to a spe-
cific habitat generally could be proper for
most of the species in each region and count-
ry in Europe, however in the case of some
species marked differences exist among re-
gions and countries because of natural and
human related (e.g. different farming practi-
ces) reasons. The EBCC has recognised this
problem and suggested different species for
the main European biogeographical regions
to calculate indicators for farmland, forest
and others habitat types nationally, regio-
nally and continentally (http://www.ebcc.
info) (Gregory & van Strien 2010), based on
Tucker and Evans (1997) and on experts (in-
vited from most of the European countries)
judgement. The common bird monitoring
schemes with random sampling design can
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make it possible to use quantitative approa-
ches to classify species to specific habitats
depending on the available habitat informa-
tion (Julliard et al. 2003, 2006).

In Hungary, country-wide habitat survey
was carried out in the frame of the CORI-
NE land cover program between 1998-2003
producing a high resolution 1:50 000 GIS
database (Biittner & Maucha 2006), which
coincided with the start of the MMM sche-
me where locations of field observations are
in a GIS database. These databases allow us
to investigate the habitat preference and ha-
bitat occupancy of the common bird species
at the level of landscape and to verify exist-
ing classification for the Hungarian popula-
tions of these species and developing further
indicators considering habitat and migration
strategies of the breeding species based on
ringing data (Csorg6 et al. 2009).

Our aim in this paper to provide an over-
view of the main characteristics of the Hun-
garian common bird monitoring scheme
(MMM), from the sampling design, moni-
toring protocol until the trend estimation.
We aim to provide information about the
frequency and trends of bird species ob-
served during the breeding and wintering
season in Hungary. Based on the MMM
database with combination of existing CO-
RINE land cover GIS data, we overview
the habitat occupancy and preference of the
common breeding bird species in Hunga-
ry, considering the four main habitat types
(urban, farmland, forest, wetland) which
provide option to develop relevant habitat
related indicators in this region. We inves-
tigate differences in population trends bet-
ween species groups with different habitat
classification, occupancy and preference
and with different migration strategies.

Material and Methods

The Hungarian common bird monitoring
scheme (MMM) is based on point count in
grid cells with semi-random sampling de-
sign. The surveyed sites are 2.5x2.5 km
UTM squares (Universal Transverse Merca-
tor geographic coordinate system), randomly
selected for each observer within a minimum
of 10 km radius area around a locality spe-
cified by the observer. Observers carried out
5 minute long point counts at 15 points, ran-
domly selected from the 25 potential points
within the 2.5x2.5 km UTM squares, where
points were separated by 500 m. The staff of
the MMM scheme send high resolution map
(1:15 000) of the selected 2.5x2.5 km UTM
squares which contains position and 50, 100
m radius area of the 25 points within the
squares. Coordinates of the UTM square and
25 points in a GoogleEarth format are avai-
lable for the observers on the MMM web-
site (mmm.mme.hu). Selection of the points
within the UTM squares done in the first year
of the selection of the UTM squares. In the
first year the observers received a list of the
15 selected points (using latin square app-
roach) from the staff of the MMM, which
they must survey within the UTM squares.
The observers could change some points to
another one only in the case of specific situa-
tion (closed area, very difficult to reach by
e.g. river, highway etc.) using a random list
of points to change the formerly suggested to
another one. The points which were selected
and surveyed in the first year investigated
during the following years. Each year, the
observers asked to draw a simple map for the
100 m radius area of each point in a specific
field book to show the different habitat pat-
ches, using Hungarian habitat classification
codes (A-NER; Fekete et al. 1997). During
the five minute counts the observers asked to
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indicate in the field book the distance of the
observed birds using 0-50, 51-100, 100-200
m distance categories and a separate category
for birds flied over the 100 m radius area of
the points.

Survey of the breeding population happen
twice per spring with minimum 2 weeks
between sampling sessions from mid April
to mid June since 1999. The count at the se-
lected points took place between 5 and 10
am, when wind speed is less then Sm/s and
there is no rain. Survey of the wintering po-
pulation happen once in January since 2000.
The count at the selected points took place
between 6 and 16 hour, when wind speed
is less then Sm/s and there is no raining/
snowing. Time of the observation and wind
speed (Beaufort scale) recorded at each
point in the field book.

Observers asked to fill a form (which con-
tains all bird species occurring in Hungary)
after the field work in which form they indi-
cated for each species their skill of identifica-
tion of the species using four categories (by
view, by sound, by view and sound, uncerta-
in). This confidently handled database let us
to consider the reason of absence of speci-
es in the surveyed 2.5x2.5 km UTM squa-
re, when large number of observers (~1000
observers) with various identification skills
were contributed (Szép & Gibbons 2000).

For each species, we retained the ma-
ximum count per point for the two spring
sessions and one count for the winter sessi-
on. Counts were summed for the 15 points
within each square for each year. Between
1999 and 2012, 15199 points in 984 pieces
0f 2.5%x2.5 km UTM squares were surveyed
during the breeding season by 762 obser-
vers. Between 2000-2012, 5768 points in
401 pieces of 2.5x2.5 km UTM squares
were surveyed during the wintering season
by 302 observers.

For the analysis, we considered only the
field data of points which matched the requi-
rement of field protocol and only for data of
species where the given observer was able to
identify the species by view and/or sound.
In the case of the spring survey, there were
12219 points in 824 pieces of 2.5%2.5 km
UTM squares which were surveyed accor-
ding to the standard field protocol (Figure
1a). 240 bird species were seen/heard at the-
se points, 389 542 individuals of 214 species
surveyed within 100 m radius area of these
points (Supplement 1). In the case of the
winter survey there were 5380 points in 371
pieces of 2.5x2.5 km UTM squares which
were surveyed according to the standard field
protocol (Figure 1b). 143 bird species were
seen/heard at these points, 307 675 individu-
als of 140 species were surveyed within 200
m radius area of these points (Supplement 2).

Frequency of the surveyed breeding/win-
tering species was calculated annually by
using the ratio of 2.5%2.5 km UTM squa-
res where the given species was seen/heard
to all 2.5%2.5 km UTM squares where the
given species was surveyed by observers
who were able identify the given species by
view and/or song. Mean frequency with SE
was estimated from annual frequency of the
1999-2012 years for breeding populations
and from 2000-2012 years for wintering po-
pulations, observed minimal and maximal
annual frequency values are given as well
(Supplement 1, 2).

Habitat occupancy and preference of the
surveyed species (Chamberlain & Fuller
1999) during the breeding season were in-
vestigated on the base of CORINE land
cover CLC50 GIS database made between
1998-2003 in Hungary (Biittner & Maucha
2006). The spatial resolution of the CORI-
NE CLC50 is 4 ha (1 ha for water bodies).
We used this database to classify the habitat
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MMM

Figure 1.

1. dbra

MMM (B

I ™ " —,

2.5%2.5 km UTM squares in Hungary surveyed following the standard protocol of the MMM
(a) during the breeding seasons of 1999-2012, (b) during the wintering seasons of 2000—
2012. Open squares indicated UTM squares surveyed in one year, black squares surveyed
more than one year

Azon 2,5%2,5 km UTM négyzetek Magyarorszagon, amelyeket az MMM standard protokoll-
ja alapjan mértek fel (A) a fészkelési id6szakban 1999-2012 sorén, (B) a telelési idészakban
2000-2012 soran. Az Ures négyzetek azokat az UTM négyzeteket jelzik, amelyeket csak egy
évben, a fekete négyzetek azokat, amelyeket tébb mint egy évben mértek fel
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Figure 2. Distribution of the studied four main habitat categories (based on CORINE land cover) in
the entire area of Hungary and in the 100 m radius area of the surveyed points (surveyed
following the standard protocol of the MMM)
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A vizsgalt négy f6 éléhely tipus (urban, mezégazdasagi, erdei, vizes, CORINE land cover

adatbazis alapjan azonositva) szazalékos terileti aranya Magyarorszagon (Entire country)
és az MMM keretében standard médon felmért 100 m sugard megfigyelési pontok tertle-

tén (Surveyed area)

types of 100 m radius area of each surveyed
points. Habitat was classified into four co-
ded categories: farmland, forest, wetlands
and urban habitats on the base of CORINE
1:50000 scale Land Cover first level of ha-
bitat description (1: urban, 2: farmland, 3:
forest, 4-5: wetlands). Some CORINE ha-
bitats (3.2.1.1., 3.2.1.2., 3.3.3.1,, 3.3.3.2,,
3.3.3.3.) which mainly used for farming ins-
tead of forestry in Hungary were classified
as farmland habitats. Percentage of the in-
vestigated four main habitat categories wit-
hin the 100 m radius areas of the surveyed
points (points surveyed following standard
protocol considered, n=12 219) showed si-
milar distribution as the percentage of these
habitats in the entire country (Figure 2). The
percentages of the urban and forest habitats

were little higher in the surveyed area com-
pared to the country total.

Habitat preference of the species was in-
vestigated by comparing the relative density
of the species in the studied four main habi-
tat categories (Chamberlain & Fuller 1999).
The habitat with the highest relative density
was identified as preferred habitat of the spe-
cies. Species regarded as having mixed ha-
bitat preference, when relative density was
high in more than one habitat. The relative
density (observed individual per km? in the
breeding season) of each species in each
main habitat type was calculated on the base
of individuals counted in 100 m radius area
of the points where more than 2/3 (66%) of
the 100 m radius area covered by the given
main habitat type (11062 points, 90.5% of
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the all surveyed 12219 points were consi-
dered) (Supplement 3). In the case of points
where survey was made for several years,
the mean relative density value was used.
All points were considered where the obser-
vers were able to identify the given species
by view and/or song including zero obser-
vations. There were 175 points where birds
were not observed, and 97% of these points
were covered with farmland habitat type.

We investigated the distribution of the
Hungarian breeding population of the spe-
cies among the four main habitat catego-
ries to investigate the habitat occupancy
of the species in Hungary, based on the re-
lative density of the species estimated by
the MMM (Supplement 3). On the basis of
mean relative density of the species in the
studied four habitat types, we estimated the
population size for each species for the four
main habitat categories, using the size of the
area of the given habitat types in Hungary
and investigated the proportion of the esti-
mated population size in the given habitat
to the country total. The main habitat type
used by the species in Hungary was selected
when more than 2/3 (66%) of the estimated
population of the given species observed in
the given habitat type (urban, farmland, fo-
rest, wetlands). Habitat occupancy regarded
as mixed in other cases.

The annual population trends for each
species were calculated using TRIM soft-
ware (Pannekoek & van Strien 2001) which
allows for missing counts in the time series
and produces unbiased yearly indices and
standard errors using Poisson regression
(log-linear models; McCullagh & Nelder
1989). TRIM is used frequently in the case
of national common bird monitoring sche-
mes in Europe (Gregory et al. 2008, 2009).
In the case of the breeding population, we
used annual counts within the 100 m radius

area of the surveyed 15 points in the 2.5%2.5
km UTM squares for trend analysis, whereas
in the case of the wintering population, we
used annual counts within the 200 m radius
area, because of the lower bird density and
better detectability in winter. For the analy-
sis of the trend we considered only 2.5%2.5
km UTM squares, which were surveyed at
least in two years (407 UTM squares in the
breeding season, 239 UTM squares in the
wintering season).

For the trend modelling we used the ‘Time
Effect’ basic model of the TRIM (expecting
effects for each site and year) (Pannekoek &
van Strien 2001). In the case of less common
species for which no data was available for
some years, linear trend with change points
(for years when data available) model of
TRIM (Pannekoek & van Strien 2001) was
used following the suggestions of the PE-
CBMS for national trends (www.ebcc.info/
pecbm/html). The counts were weighted to
handle the oversampling in some counties
(larger percent of area surveyed in the given
county, in the given year for the given spe-
cies comparing to the entire surveyed area
than the ratio of the area of the given county
to the entire country). Missing counts of par-
ticular sites were estimated (‘imputed’) from
changes in all other sites (Pannekoek & van
Strien 2001). The TRIM produced imputed
yearly indices for each species which were
used for calculating indicators (available:
mmm.mme.hu). Indices of the first year of
the survey (breeding season: 1999, wintering
season: 2000) was the base year with value 1
and all other indices were calculated relative
to this base time point. In addition, serial
correlation was taken into account. The es-
timated slopes of the population trend (over-
all additive slope, based on imputed data,
TRIM) reflect average percentage change
per year. The overall slope estimate in TRIM
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software is converted into discrete categories
(trend classification, van Strien et al. 2001).
The category depends on the overall slope as
well as its 95% confidence interval. Based
on the EBCC classification we categorized
the bird species on a five-point scale: steep
decline (-2), moderate decline (—1), stable
(0), moderate increase (+1), and strong inc-
rease (+2). Steep decline or strong increase
classified by TRIM when slope was lower/
higher than (—/+) 5% per year, ((-/1+) 5%
would mean halving/doubling in abundance
within 15 years) (van Strien et al. 2001). Mo-
derate decline/increase was considered when
the trend was significant but its level does
not reach the level of steep decline/increase.
When the trend was not significant but the
confidence limits were sufficiently small, the
species was classified as a stable population.
If the trend of the given species was not sig-
nificant and the confidence limits were large,
the population trend was classified as uncer-
tain (van Strien et al. 2001). During compa-
rison of trends of different groups of species
we only considered species which trend was
significantly increasing, decreasing or clas-
sified as stable. Calculating different indi-
cators we considered species with uncertain
trends as well but we excluded data of spe-
cies from our analysis for which uncertain
trend coincided with large standard error of
the estimated slope (SE>0.1) to avoid poten-
tial biases arising from substantial changes
remaining unnoticed due to the large stan-
dard errors of the trend estimate.

Migratory strategy of breeding species in
Hungary was classified as resident, partial
and short distance and long-distance migrant
on the base of the Hungarian Bird Migra-
tion Atlas (Csorg6 et al. 2009). We used the
Hungarian Bird Migration Atlas (Csorg6 et
al. 2009) to classify the wintering species
in Hungary in categories as species formed

fully/partly by Hungarian breeding popula-
tion and as species formed fully by foreign
populations.

Indicators, based on groups of species
classified by migration strategies, habitat
occupancy/preference, sources of wintering
population in Hungary and EBCC PECB-
MS list for Continental biogeographical re-
gions of Europe (version 2013 http://www.
ebcc.info), calculated by geometric mean of
annual indices (with standard error) of the
species considered in the given group fol-
lowing Gregory et al. (2005). We used linear
regression to analyse the trends of the indi-
cators.

Results

Species frequency in the breeding and
wintering season

In the breeding season, from the observed
240 species, mean annual frequency of 106
bird species was higher than 5% (Supple-
ment 1) and these species were considered
for further analysis (7able 1). During the
winter, 140 species were detected from whi-
ch mean annual frequency of 57 species was
higher than 5% (Supplement 2) and conside-
red for trend estimation of wintering species
(Table 2).

Habitat occupancy and preference of
common bird species in the breeding
seasons

There were 211 species which were observed
within 100 m radius area of the 11062 points
where main habitat type was classified on the
basis of CORINE land cover (Supplement
3). Habitat occupancy, classified by habitat
where more than 2/3 of the population of the
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given species observed, showed that among
the investigated 106 species the farmland ha-
bitat was the most used (44 species, 41.5%),
the second was the forest habitat (21 species,
19.8%), the third was the wetland (4 species,
3.8%). There was no species where 2/3 of the
population observed in urban habitat, howe-
ver there were 37 species (34.9%) where the
population occurred in large percent in more
than one habitat, which were categorized to
mixed habitats (Table 3).

Each species which preferred the farmland
habitat (20 species) were observed in that
habitat to the largest percentage as well. In
the case of species with preference of forest
habitat (36 species), more than half of them
observed in the forest habitat type (58.3%)
and the rest (41.7%) used mixed habitats do-
minantly. In the case of species which pre-
ferred the wetland habitat (22 species), most
of them (50%) occurred dominantly in the
farmland habitat, the second most used ha-
bitat was the mixed type (31.8%) and only 4
species (18.2%) observed dominantly in wet-
land habitat. Species with main preference of
urban habitat (16 species) occurred the most
in mixed habitats (62.5%) and the rest in
farmland (37.5%). Species with no specific
habitat preference (12 species) occurred the
most in farmland habitat (58.3%) and the rest
in mixed habitats (41.7%) (Table 3).

Habitat classification

For some species the habitat classification
for the Continental part of Europe suggested
by the Pan-European Common Bird Moni-
toring Scheme (PECBMYS) differs from the
results we obtained for the population bre-
eding in Hungary. Based on the available
data there is opportunity to consider addi-
tional/different species and categories for
classification.

Among the 22 species classified as farm-
land bird species in the PECBMS there were
two (Emberiza citrinella, Streptopelia turtur)
which density was the highest in forest habi-
tats and the habitat occupancy indicated mi-
xed habitats (farmland and forest) in Hunga-
ry, thus the best to consider these species as
species using mixed habitats (Table 1). There
were 17 species in the PECBMS list sug-
gested as common birds which use ‘others’
habitats (no farmland/forest birds or using
mixed habitats), however more than 2/3 of
the population of these species occurred in
farmland habitats in Hungary, thus the bre-
eding population of these species was highly
dependent on farmland habitats. Among the-
se 17 species, there were four species (Pha-
sianus colchicus, Merops apiaster, Anthus
campestris, Locustella naevia) which species
preferred the farmland habitats, the rest pre-
ferred the urban habitat (Pica pica, Cardu-
elis carduelis), the wetland habitat (Ardea
cinerea, Circus aeruginosus, Tringa totanus,
Acrocephalus schoenobaenus, Acrocephalus
palustris, Acrocephalus arundinaceus) or
had no obvious preference (mixed habitats)
(Buteo buteo, Upupa epops, Motacilla alba,
Oenanthe oenanthe, Corvus corone cornix).
Above the formerly mentioned species, there
were 7 breeding species which populations
dominantly (2/3) occurred in farmland habi-
tat in Hungary and needed to reconsider as
species highly related on farmland. Among
these species three preferred farmland (Cir-
cus pygargus, Coturnix coturnix, Tringa
glareola), three preferred wetland (Botaurus
stellaris, Egretta alba, Riparia riparia) and
one preferred urban habitat (Falco subbuteo).

In the case of 22 species classified as fo-
rest bird by PECBMS, there were 6 species
(Accipiter nisus, Picus viridis, Anthus trivia-
lis, Sylvia atricapilla, Phylloscopus trochilus
and Muscicapa striata) which used mixed
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habitats in Hungary on the base of habitat
occupancy and their populations depend on
more than one habitat (farmland and forest).
There were five species (Dendrocopos major,
Lullula arborea, Erithacus rubecula, Parus
caeruleus, Fringilla coelebs) which sugges-
ted as species with ‘others’ habitat occupancy
by PECBMS, however these species prefer-
red the forest habitat and more than 2/3 of
the population occurred in forest habitat in
Hungary.

There were four species among the 106
most common species (Phalacrocorax car-
bo, Nycticorax nycticorax, Anser anser, Lo-
custella luscinioides) which population do-
minantly (2/3) occurred in wetland habitat in
Hungary.

There were 37 species where dominant part
of the population occurred in more than one
habitat type in Hungary and we regard them
as species using mixed habitat type. Habitat
preference of these species: (27%) urban,
(40.5%) forest, (18.9%) wetland, (13.5%) no
preference (mixed habitat). 25 species of the-
se species were classified in ‘others’ category
by the PECBMS as well.

Population trend and migration
strategies

There were 26 species with decreasing, 28
species with increasing and 20 species with
stable population trends and 33 species with
uncertain trend on the basis of trend classifi-
cation criteria of the TRIM program (Table
1). There was a significant difference in the
population trends (decreasing, stable, inc-
reasing) regarding the different migration
strategies (resident, partial and short distance
migrant, long distance migrant) (y’=14.494,
P=0.005, Fisher’s Exact Test) (Figure 3).
There was no difference in the population
trend between resident and partial and short

distance migrant species (y’=0.284, P=I,
Fisher’s Exact Test). The number of speci-
es with increasing trend was higher (52.6%,
53.6%) than the number of species with dec-
reasing or stable trend (26.3%, 21.4%).

Comparison of population trends of long
distance migrant species to resident and
partial and short distance migrant species
showed that long distance migrant species
had different population trends (y?=14.420,
P<0.001, Fisher’s Exact Test). In the case
of the long distance migrant species the pro-
portion of species with decreasing popula-
tion trend (57.8%) was higher than species
with increasing (7.7%) and stable popula-
tion trend. Among the long distance migrant
species there were only two species (Jynx
torquilla, Ficedula albicollis) with increa-
sing population trend.

Population trends and habitat occupancy

The population trends showed different pat-
tern among species using different habitats
classified by habitat occupancy (farmland,
forest and mixed) (¥’=15.714, P=0.003,
Fisher’s Exact Test) (Figure 4). There was
significant difference in the trends between
the number of species mainly using farm-
land habitat compared to the number of spe-
cies mainly using forest habitat (y’=15.192,
P<0.001, Fisher’s Exact Test). More than
half (51.6%) of the species which domi-
nantly occurred in farmland habitat had
decreasing trends, and only 16.1% had inc-
reasing trends. In the case of species which
mainly occurred in forest habitat, increasing
trends found for 73.3% of the species and
only one species (Lullula arborea) of this
group (6.7%) had decreasing trend.
Decreasing trends were more common
among farmland birds compared to species
with mixed habitat usage but the differen-
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creasing and stable trend were properly estimated by the TRIM software
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Figure 4. Population trends and habitat occupancy of species for which significant decreasing, in-
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creasing and stable trend were properly estimated by the TRIM software

ATRIM szoftver alapjan szignifikans csokkend, stabil, novekedé allomany trendet mutaté
fajok szama a vizsgalt harom él6hely hasznalattal (mez&gazdasagi, erdei, vegyes) jelle-
mezhet6 csoportok esetében. A csoportonként figyelembe vett fajok szama zardjelben
megadva
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Figure 5. Population trends and habitat occupancy of (A) resident, partial and short distance migrant
species and (B) long distance migrant species for which significant decreasing, increasing
and stable trend were properly estimated by the TRIM software
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ATRIM program alapjan szignifikdns csokkend, stabil, névekedé allomany trendet mutato,
(A) nem hosszutavon vonulo, (B) hosszutavon vonulé fajok szama a vizsgalt harom éléhely
hasznalattal (mez&gazdasagi, erdei, vegyes) jellemezhet6 csoportok esetében. A csopor-

tonként figyelembe vett fajok szdma zéréjelben megadva
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ce was not significant (y’=5.126, P=0.087,
Fisher’s Exact Test). Increasing trend
among species which use forest habitat was
more common than among species which
use mixed habitat but the difference was not
significant between these groups (y°=4.383,
P=0.107, Fisher’s Exact Test).

Population trends, migration strategies
and habitat occupancy

Among the 47 non long distance migrant
species (resident and partial and short dis-
tance migrant), there were significant dif-
ference between number of species with
increasing, stable and decreasing trends us-
ing different habitats (y’=11.341, P=0.018,
Fisher’s Exact Test) (Figure 5a). Population
increase was less common (22.2%) among

species which use mainly farmland habitat,
comparing to the number of species mainly
using forests (76.9%) (y*=8.814, P=0.015,
Fisher’s Exact Test) and compared to num-
ber of species which mainly use mixed
habitat (68.8%) (¥’=7.269, P=0.026, Fish-
er’s Exact Test). There was no significant
difference between the number of species
which use mainly forest and mixed habitats
(’=0.832, P=0.844, Fisher’s Exact Test).
In the case of these groups the most species
had increasing trends.

In the case of the 27 long distance migrant
species for which proper trend data was ava-
ilable to classify population trends (decrea-
sing, stable, increasing) there was no signifi-
cant difference between groups of species
with different habitat occupancy (y°=35.106,
P=0.262, Fisher’s Exact Test) (Figure 5b).

10

Number of species

0 ! EE—
Hungarian resident
(17 species)

- |

Hungarian resident and
foreign migrant (11 species)

Origin of wintering population

B decreasing
O stable

Oincreasing

Figure 6. Population trends of wintering species and origin of these populations (1) mainly from
Hungarian resident population, (2) from Hungarian resident and foreign migrant popula-
tions, for which significant decreasing, increasing and stable trend were properly estima-

ted by the TRIM software
6.dbra

A TRIM program alapjan szignifikdns csokkend, stabil, ndvekedd allomany trendet mutatd

telel6 fajok szama az dllomanyok szarmazasa alapjan (1- féként magyar allandé allomany,
2- magyar és kilféldi vonuld dllomany) jellemezhetd csoportok esetében. A csoportonként
figyelembe vett fajok szama zarojelben megadva
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Population trend of the wintering species
in Hungary

There were 4 species with significantly de-
creasing population, 7 species with stable
population trend and 17 species with sig-
nificantly increasing population (7able 2)
based on the trend classification criteria of
the TRIM.

Population trends of the species which
wintering population mainly formed by the
Hungarian resident population did not show
difference from species formed by mixed
Hungarian resident and foreign wintering
populations (y°=1.063, P=0. 638, Fisher’s
Exact Test) (Figure 6).

Indicators of the breeding season

For the calculation of indicators of diffe-
rent migration strategies and habitat occu-
pancy, we considered the annual indices of
101 species. From the 106 species for which
trends were estimated, we excluded data of
five species (Anser anser, Circus pygargus,
Tringa glareola, Apus apus, Anthus praten-
sis) with extremely uncertain trends, which
showed very high standard error of the esti-
mated slope (SE>0.1).

Migration strategies

We calculated three indicators from the an-
nual population indexes of the studied spe-

----Resident (26 species)
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Indicators of species with different migration strategy

— & Partial and short distance (37 species)
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—&— Long distance (37 species)
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Figure 7. Indicators values of resident, partial and short distance migrant and long distance migrant
bird species for the period of 1999-2012 in Hungary. Geometric mean (SE) calculated for
each groups on the base of annual imputed index produced by TRIM software. Number of
species considered for each groups is given in bracket

7.dbra

Allandé, részlegesen/révidtavon vonulé és a hosszatavon vonulé madarfajok indikator

értékei Magyarorszagon 1999-2012 kdzott. Mértani atlag, annak hibdja (SE) szamolva min-
den csoport esetében a TRIM program éves imputed index értékei alapjan. A csoporton-
ként figyelembe vett fajok szama zarojelben megadva
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cies on the basis of migration strategies as:
1- resident species indicator (26 species),
2- partial and short distance migrant species
indicator (37 species) and 3- long distance
migrant species indicator (37 species) (Fi-
gure 7).

In the case of the indicator of long distan-
ce migrants there was a significantly dec-
reasing trend (slope= -0.018 (SE=0.003),
F=41.083, df=1,12, P<0.001, R°=0.774).

Indicators of partial and short distance
migrant species showed significantly inc-
reasing trends during the studied period
(slope= 0.021 (SE=0.006), F=12.597,
df=1,12, P=0.004, R°=0.512) whereas trend
of the indicator of resident species was not
significant (F=0.690, df=1,12, P=0.422).

Habitat usage

We calculated indicators from the annual
population indices of the studied species
based on the habitat occupancy for 1- far-
mland habitat (FAH) (41 species), 2- forest
habitat (FOH) (21 species) and 3- mixed ha-
bitats (MIH) (36 species) (Figure 8a).

The indicator based on all bird speci-
es using dominantly farmland in Hungary
(FAH) showed significant decrease (slope=
-0.011 (SE=0.003), F=10.801, df=112,
P=0.007, R°=0.474).

Indicators of species using forest (FOH)
showed significantly increasing trend
(slope= 0.031 (SE=0.004), F=57.468,
df=1,12, P<0.001, R°=0.827), whereas trend
of the indicator of species using mixed ha-
bitats (MIH) was not significant (F=0.256,
df=1,12, P=0.620).

We calculated indicators using the PEC-
BMS list for Continental part of Europe as
well: 1- Farmland Bird Indicator (FBI) (21
species), 2- forest bird indicator values (22
species) and indicators for ‘others’ species

using mixed and/or other habitats (45 speci-
es) (Figure 8b).

Farmland Bird Indicator (FBI) based on
the PECBMS list showed significant dec-
reasing trend (slope= -0.020 (SE=0.005),
F=13.551, df=1,12, P=0.003, R°=0.530).

Indicator of forest birds has significant
increasing trend (slope= 0.028 (SE=0.005),
F=32.080, df=1,12, P<0.001, R*=0.728).
Indicator of species classified as ‘others’
in the PECBMS list showed no significant
trend (F=2.324, df=1,12, P=0.153).

In the case of farmland habitat indicator
(FAH) we calculated three partial indicators
based on the habitat preference: 1- farmland
birds with preference of farmland habitat
(FAFH) (17 species), 2- farmland birds with
preference of wetland habitat (FAWH) (11
species), 3- farmland birds with preferen-
ce of urban and mixed habitat (FAMH) (13
species) (Figure 9).

In the case of indicators based on species
preferred the farmland habitat (FAFH) the-
re was a significant decline (slope= -0.026
(SE=0.004), F=53.560, df=1,12, P<0.001,
R*=0.817).

Indicators of farmland species with urban/
mixed habitat preference (FAMH) and indi-
cators of farmland birds with preference of
wetland habitats (FAWH) there was no sig-
nificant trend (FAMH. F=0.162, df=1,12,
P=0.694;, FAWH: F=0.195 df=1,12,
P=0.666).

Migration strategy and habitat usage of
breeding population

We calculated specific indicators for consi-
dering migration strategy (long distance
migrant vs. non long distance migrant) and
habitat occupancy (Figure 10).

Indicators of non long distance mig-
rant species with farmland habitat occu-
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Figure 8. Indicators values of species grouped (A) on the base of habitat occupancy in Hungary (B)

8. dbra

on the base EBCC PECBMS list for Continental Europe. Species considered as using mixed
habitat if less than 2/3 of the population occurred in the most used main habitat type (ur-
ban, farmland, forest, wetland). Species grouped to other habitats when use other habitats
than farmland and forest or use several habitats. Geometric mean (SE) calculated for each
groups on the base of annual imputed index produced by TRIM software. Number of spe-
cies considered for each groups is given in bracket

Indikator értékek (A) a magyarorszagi él6hely hasznalat, és (B) az EBCC PECBMS Kontinen-
talis lista él6helyi besoroladsa alapjan alkotott fajcsoportok esetében. Amennyiben adott faj
hazai dllomanyanak kevesebb, mint 2/3-a volt megfigyelve egy adott f6 él6hely tipusban
(urban, mezégazdasagi, erdei, vizes) a fajt vegyes (mixed) él6hely hasznalatuként volt ke-
zelve. AzEBCC PECBMS esetén az egyéb (others) csoportba azokat a fajokat soroltak, amely
nem mez6gazdasagi (FBI) vagy erdei, illetve vegyes él6hellyel jellemezhetd. Mértani atlag,
annak hibaja (SE) szamolva minden csoport esetében a TRIM program éves imputed index
értékei alapjan. A csoportonként figyelembe vett fajok szdma zaréjelben megadva
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Figure 9. Indicators values of species use mainly the farmland habitat and grouped on the base of
habitat preference in Hungary. Species preferred urban and mixed habitat types handled
in one group. Geometric mean (SE) calculated for each groups on the base of annual im-
puted index produced by TRIM software. Number of species considered for each groups is

given in bracket
9.dbra

Indikator értékek a Magyarorszagon a mezdgazdasagi él6helyet haszndlé és kiilénb6z6 é16-

hely preferenciaval (urban és vegyes, vizes, mezégazdasagi) jellemezhet6 fajcsoportok eseté-
ben. Az urban és vegyes él6helyeket preferalé madarfajok egy csoportba sorolva. Mértani at-
lag, annak hibaja (SE) szdmolva minden csoport esetében a TRIM program éves imputed index
értékei alapjan. A csoportonként figyelembe vett fajok szama zardjelben megadva

pancy (FANLH) had no significant trend
(F=1.384, df=1,12, P=0.262), whereas in-
dicators of species with similar migration
strategy but different habitat occupancy
(forest, mixed habitat) had significant inc-
rease (FONLH: slope= 0.026 (SE=0.005),
F=26.203, df=1,12, P<0.001, R*=0.704,

MINLH:  slope= 0.033 (SE=0.012),
F=7.036, df=1,12, P=0.022, R’=0.39) (Fi-
gure 10a).

Indicators of long distance species with
farmland and mixed habitat occupancy sho-
wed significant decreasing trends, the level
of decrease was higher for indicator of spe-
cies with mixed habitat occupancy (FALH:

slope=-0.015 (SE=0.005), F=8.856,
df=1,12, P=0.012, R’=0.425, MILH:
slope= -0.028 (SE=0.005), F=29.060,
df=1,12, P<0.001, R’=0.708) (Figure 10b).

Indicators based on population trends of
the wintering species in Hungary

From the 57 species for which trends were
estimated, we excluded data of seven speci-
es (Anser fabalis, Anser albifrons, Anser an-
ser, Haliaeetus albicilla, Accipiter gentilis,
Larus ridibundus, Fringilla montifringilla)
with very high standard error of the estima-
ted slope (SE>0.1).
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Figure 10. Indicators values of (A) non long distance migrant (resident, partial and short distance)
species (B) long distance migrant species grouped on the base of habitat occupancy in
Hungary. Species considered as using mixed habitat if less than 2/3 of the population oc-
curred in the most used main habitat type (urban, farmland, forest, wetland). Geometric
mean (SE) calculated for each groups on the base of annual imputed index produced by
TRIM software. Number of species considered for each groups is given in bracket

10. dbra Indikator értékek (A) nem hosszutdvon vonulé (dllandé, részlegesen/rovidtadvon vonuld),
(B) hosszutavon vonulé fajok kiilonb6z6 éléhelyeket (mezégazdasagi, erdei, vegyes) hasz-
nalo fajcsoportjaik esetében. Amennyiben adott faj hazai dllomanyanak kevesebb, mint
2/3-a volt megfigyelve egy adott f6 él6hely tipusban (urban, mezégazdasagi, erdei, vizes),
a fajt vegyes (mixed) él6hely hasznélatuként volt kezelve. Mértani atlag, annak hibaja (SE)
szamolva minden csoport esetében a TRIM program éves imputed index értékei alapjan.
A csoportok esetében figyelembe vett fajok szama megadva a zarojelben
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We calculated indicators for wintering
species, which wintering population in Hun-
gary formed fully or partly by the Hunga-
rian breeding population, based on the habi-
tat occupancy of the Hungarian breeding
population: 1- wintering species with farm-
land habitat occupancy (WFAH), 2- winte-
ring species with forest habitat occupancy
(WFOH), 3- wintering species with mixed
habitat occupancy (WMIH) (Figure 11).

Indicators of wintering species with farm-
land habitat occupancy and mixed habitat
occupancy in the breeding season showed
significant increasing trends during 2000-
2012, species with mixed habitat occupancy
had the strongest increase (WFAH: slope=
0.049 (SE=0.020), F=6.261, df=111],
P=0.029, R?=0.363; WMIH: slope= 0.101
(SE=0.013), F=60.017, df=1,11, P<0.001,
R?=0.845).
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Figure 11. Indicators values of wintering species grouped on the base of habitat occupancy in Hun-
gary in the breeding season. Only wintering species were considered which wintering
population formed fully and/or partly by Hungarian breeding population. Species consi-
dered as using mixed habitat if less than 2/3 of the population occurred in the most used
main habitat type (urban, farmland, forest, wetland) in the breeding season. Geometric
mean (SE) calculated for each groups on the base of annual imputed index produced by
TRIM software. Number of species considered for each groups is given in bracket

11.dbra

A kiilonb6z6 éléhelyeket hasznald (mezégazdasagi, erdei, vegyes), Magyarorszdgon tele-

16 fajcsoportok indikator értékei. Csak azon telelé fajok figyelembe véve, amelyek teleld
allomanya részben vagy egészben a hazai fészkel6 alloményhoz tartozik. Amennyiben
adott faj hazai allomanyéanak kevesebb, mint 2/3-a volt megfigyelve egy adott f6 éléhely
tipusban a fészkelési idészakban (urban, mezégazdasagi, erdei, vizes), a faj vegyes (mi-
xed) éléhely hasznélatuként volt kezelve. Mértani atlag, annak hibaja (SE) szamolva min-
den csoport esetében a TRIM program éves imputed index értékei alapjan. A csoportok
esetében figyelembe vett fajok szama megadva a zardjelben
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Indicator of wintering species with forest
habitat occupancy (WFOH) had a weak not
significant increasing trend (slope= 0.021
(SE=0.011), F=3.853, df=1,11, P=0.075).

Discussion

The MMM monitoring scheme provided the
first relevant information about the frequ-
ency of the breeding and wintering species
in Hungary, based on quantitative data of
representative sampling of the main habitats
and covering the entire country. We were
able to identify 106 breeding and 57 win-
tering common species in Hungary, proper
for investigating the habitat relation of these
species and estimating trends in the scale of
the country. The standardised field protocol
let to compare frequencies of bird species
active during daylight but this protocol was
not proper for rare species and for species
with high activity at night as most owl or
crake species. During the comparison of
the estimated frequencies the differences in
the detectability of the species (Bibby et al.
2000) has to be considered as well.

We used information based on trend clas-
sification by TRIM (increase, stable, decli-
ne) to investigate the species trends first
because it provides a more conservative and
robust approach than considering the va-
lue of estimated slope of each investigated
species, including species with uncertain
trends. We have developed indicators for
migratory strategies and habitat occupancy
considering these characteristics in combi-
nation, using Gregory et al. (2005) approach
based on annual population indices produ-
ced by the TRIM. These indicators could
provide detailed information about groups
of species and habitats they use by conside-
ring more species than the former analysis

based data of species only with trend clas-
sification.

Among the 74 breeding species for which
direction of the population trends were
classified, there was significant difference
on the basis of migration strategy among
the species. Population decline was signifi-
cantly more common among the long dis-
tance migrant species than among resident,
partly or short migrant species. Among the
27 investigated long distance migrant com-
mon species in Hungary, more than half had
significant decline. There was an opposite
situation in the case of the 47 resident, par-
tial and short migrant species, where more
than half of them has increasing trend in
Hungary. Indicators of migration strategies
of common breeding bird species in Hun-
gary, in accordance with the analysis based
on species with trend classification, showed
continuous decline of the long distance mig-
rant birds and an opposite increase of the
partial and short distance species (Figure 7).

Our result is in concordance with several
studies which showed the most threatened
status of long distance migrant species in
Europe comparing with species with other
migration strategies (Berthold et al. 1998,
Sanderson et al. 2006, Mgller 2008, Heldb-
jerg & Fox 2008, Jiguet et al. 2009). The
decline of the long distance migrants is a
general phenomenon in Europe and presu-
mably the climate change has an important
role (Both & Visser 2001, Both ef al. 2006)
among others as habitat change, agricultural
intensification. Opposite trends of partial
and short distance migrant species com-
paring to long distance migrant species in
Hungary support the importance of climate
change related issues to explain the found
processes (Jiguet ef al. 2010). The observed
trends are usually a combination of breeding
and non-breeding area effects, which both
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affected by climate change (Morrison et al.
2013).

Monitoring of common bird species with
formal sampling protocol let us to monitor
not only the given species but the condition
of habitats these species use for breeding/
foraging (Bibby 1999, Gregory et al. 2005).
One of the main purpose of the MMM
like common bird monitoring schemes in
Europe (e.g. Gregory et al. 1996, Del Mo-
ral et al. 2010, Jiguet et al. 2012) is to use
groups of species as indicators of the main
habitats, for which species selection has a
crucial importance (Gregory et al. 2005). In
the case of the most common bird species
in Europe, the classification of species in
relation to the habitat to which the species
highly related as Tucker and Evans (1997)
present, allow to form groups for indicators.
However, investigation of the list of species
considered as indicators of a given habitat
in a given country or region is needed using
quantitative data over the expert judgement
(see Gregory & van Strien 2010), because of
the differences of species habitat use among
these geographical areas (frequency, impor-
tance of the given habitat type in nesting/fo-
raging which could differ among countries)

In our work, we used the CORINE land
cover GIS database of Hungary (Biittner &
Maucha 2006) to investigate the habitat pre-
ference and habitat occupancy of the most
common breeding species in Hungary on
the base of the observation data of MMM
at known localities between 1999 and 2012.
There was no similar investigations in Hun-
gary before, the existing general overview
of Hungarian breeding species (Haraszthy
1998), contains information about habitat
related information, based on studies which
used different methods and carried out on
varying spatial and temporal scale. The spa-
tial resolution of the used CORINE habitat

database let us to investigate mainly at the
level of landscape the relation of the given
species to the four main habitat types (urban,
farmland, forest, wetland). Estimating the
relative densities of the given species in the
main studied habitat types with knowing the
extension of these habitats in Hungary allo-
wed to estimate the distribution of the Hun-
garian population of these species among
these main habitats which let us to investiga-
te the habitat occupancy of these species.

Investigation of habitat occupancy of
common species showed the large importan-
ce of farmland habitats on breeding fauna,
more than 40% of the species dominantly
use these habitats for nesting/foraging. The
classification of habitat preference by com-
paring the relative densities of the species
in the studied main habitat types, expecting
the largest density in the preferred habitat
(Brown 1969, Fretwell & Lucas 1970), al-
low to investigate in more detail the relation
of the given species to the studied habitats.
This kind of approach of habitat preferen-
ce admitted that e.g. the most Acrocephalus
species preferred the wetland habitat, ho-
wever at the same time dominant part of
the population use the farmland habitat in
Hungary. The spatial resolution of the used
CORINE land cover is coarse, and it is not
possible to identify the smaller than (1-4 ha)
size wetland patches in the farmland areas,
which can explain the ‘contradiction’. How-
ever, these small patches of wetland habitat
are important part of the farmland landscape
in Hungary, management and using (e.g.
melioration) is highly related to the practice
in this habitat in Hungary which suggests to
consider these species for indicator of farm-
land habitat as well.

Considering the habitat occupancy of the
studied species altogether with habitat prefe-
rence (Chamberlain & Fuller 1999), using es-
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timations based on large relevant dataset, al-
low us to verify the internationally suggested
list of indicators (PECBMS) for the region of
Hungary and to develop country specific new
indicators of habitats. In the case of the list of
farmland bird indicator (FBI) of the PECB-
MS (22 species), we found that the FBI lar-
gely consider species with obvious usage of
farmland habitats in Hungary. We identified
two species only in the FBI list (Streptopelia
turtur and Emberiza citrinella) where nor the
habitat occupancy and nor the habitat prefe-
rence did not relate dominantly to farmland
habitat in Hungary. Among the 44 species,
which breeding populations in Hungary do-
minantly use the farmland habitat, we iden-
tified three groups on the base of the habitat
preference (farmland, wetland, urban and mi-
xed habitat). On the base of these groups, we
developed specific indicators of the farmland
habitats which allow to use country specific
farmland bird indicators, which could indica-
te processes in the farmland in more detail,
than using only one simple indicator. Our
work let us to investigate the species list of
forest and mixed habitat indicators of PEC-
BMS and to develop country specific list for
these indicators as well.

Significant declining population trends
were more common among those breeding
species, which dominantly use the farm-
land habitat in Hungary (Figure 4). More
than half of farmland species with trend
classification had significant decline wher-
eas in the case of species with forest habi-
tat occupancy, more than 2/3 of species had
significant increasing trend. We have found
the same direction in the case of indicators
based on habitat occupancy. The farmland
birds had significant declining trend and
the birds of forest had significant increasing
trend. Our results are similar as found on the
level of Europe (Gregory et al. 2007, Greg-

ory & van Strien 2010). This general pattern
can be observed in most European countri-
es, but the detailed trends and the underlying
causes can be very different (Wretenberg et
al. 2006, Reif et al. 2008). Considering the
species selection of the PECBMS for habi-
tat indicators yield similar results as habi-
tat indicators based on classification of our
habitat occupancy data which considered
more species. The decline of farmland spe-
cies was more steep using PECBMS species
list (FBI) comparing to indicators based on
habitat occupancy (FAH) in Hungary. In the
case of indicators of the farmland habitat ba-
sed on habitat occupancy data (FAH) more
species (41 species) were considered than
in the case of farmland bird indicator (FBI)
of the PECBMS (21 species) and FAH for-
med by species with different habitat prefe-
rence which condition we need to consider.
We developed three separate indicators for
species dominantly use the farmland habitat
in Hungary on the base of the habitat pre-
ference. Indicator of farmland bird species
with preference of farmland habitat (FAFH)
showed steep significant decline, whereas
indicators of farmland birds with preference
of wetland and urban and mixed habitat did
not show declining trends (Figure 9). Our
results showed that behind the decline of the
farmland birds the farmland related effects
could play the main role.

Our results suggest that in Hungary the
indicator based on species with habitat pre-
ference and occupancy of farmland habitat
(FAFH) could be the most adequate indica-
tor to follow the condition of farmland habi-
tat in Hungary and similar selection criteria
could be adequate for forest habitat (FOH).
All investigated indicators of farmland bir-
ds (FBI, FAH, FAFH) showed that declining
trend has started after joining of Hungary to
the EU in 2004.
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The increase of forest birds, indicated by
large number of these species with increa-
sing trends and the increasing trends of indi-
cators of forest birds (Figure 4, 8) very pro-
bably indicate the extension of the areas of
forest in Hungary. The forested area increa-
sed with 7% in Hungary during 2000-2012
(www.ksh.hu) mainly by acacia and poplar
afforestation in areas used for farming for-
merly. The afforestation could explain the
decrease of several farmland species as well
(Butler et al. 2010). The observed pattern is
very similar to found in the Czech Republic
(Reif et al. 2007).

To interpret the found population trends
we need to consider the migratory strategy
of these species above the habitat usage
because of the opposite processes of long
distance versus non long distance migrant
species in Hungary. Among non long dis-
tance migrants, for which the increase were
the commonest trend, species with farmland
habitat occupancy were not able to benefit
the same level of the potentially climate re-
lated positive changes (Jiguet et al. 2010) as
species with forest and mixed habitat occu-
pancy. Only the 22% of species which use
dominantly the farmland habitat had signifi-
cant increase, while the declining and stable
trends are more common (Figure 5). Indica-
tors combining migration strategy and habi-
tat occupancy, in concordance with analysis
of trend classification, showed that indica-
tors of non long distance migrant, which do-
minantly use the forest and the mixed habitat
had significant increase but for species using
farmland there was no similar trend (Figure
10a). Populations of non long distance mig-
rant species, using dominantly the farmland
habitat, were not able to realise the benefit of
climate related changes, which indicate the
habitat related adverse effects independently
from the influence of the migration strategy.

Indicators of long distance species which
use dominantly farmland and mixed habitat
showed significant decline in both of these
habitats.

The MMM provided the first relevant in-
formation about trends of wintering common
bird species in Hungary. Among the inves-
tigated 57 species, the trends were classified
for 28 species. Nearly 2/3 of the wintering
species in Hungary had significant increa-
sing trend and only 4 species had decreasing
trends. The available data did not show mar-
ked difference in the distribution of these
trends between wintering population of spe-
cies formed mainly from Hungarian popu-
lations and wintering population of species
formed partly or fully from foreign popula-
tions. Based on the existing trend data, the
wintering condition probably became more
favourable than adverse in Hungary during
2000-2012. Indicators of wintering species,
grouped on the basis of habitat occupancy
of the Hungarian population in the breeding
season showed contradictory results. Indica-
tors of species with farmland and mixed ha-
bitat occupancy had increasing trend during
the wintering whereas indicators of forest
species there was no obvious trend. Indica-
tors of the farmland species had decreasing
trend during the breeding season in Hungary
and behind the opposite trend of the indica-
tor of farmland habitat during the wintering
season, one can expect the influence of the
foreign wintering populations, mainly arrive
from northern, northeast and east directions
to Hungary. These large areas probably co-
vered mainly with non EU member count-
ries, however we have limited information
about origin and size of these populations.

We pointed out that long distance migrant
bird species had strong decreasing trends in
Hungary and very probable in the entire Pan-
nonian biogeographical region, based on the
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Hungarian common bird monitoring scheme
(MMM), which is the longest running count-
ry-wide monitoring using formal sampling
design with representative data for the main
habitats in Central-Eastern Europe. We sho-
wed that partial and short migrant species has
increasing trends, in accordance with expec-
tation of effects of climate change (Jiguet et
al. 2010), which admitted by the increasing
trend of common wintering species in Hun-
gary. Beside the climate related effects, that
habitat related influences are important fac-
tors as well behind the found processes. We
pointed out that farmland birds had declining
trend, which trend became more obvious sin-
ce the joining of Hungary to the EU.

Our work show, that negative changes in
the farmland habitat could influence bird
species nesting/foraging mainly in this ha-
bitat independently from their migration
strategies. Our results show the increasing
importance to monitor the effects of Com-
mon Agricultural Policy (CAP) and the
efficiency of the mitigation of the adverse
effect of the CAP in the frame of Agri-En-
vironmental Schemes (AES) (Butler et al.
2010) in Hungary as the modelling of future
land-use changes in this region suggest furt-
her declines of farmland birds (Schoelfield
et al. 2011). In concordance with Both ef al.
(2010), our results suggest that long distance
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Table 1.
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Mean frequency (SE), type of trend with slope (SE) values, habitat occupancy, preference,
EBCC PECBMS list for Continental Europe habitat classification and migration strategy
of the most common 106 bird species (frequency larger than 5%) during the breeding
season between 1999-2012 in Hungary on the base of MMM data. Mean frequency
(SE) estimated from the annual frequencies (n=14). Trend type: (-2) steep decline, (-1)
moderate decline, (0) stable, (1) moderate increase, (+2) strong increase, (u) uncertain
trend. Habitat categories of habitat usage, habitat preference and PECBMS (EBCC): (1)
urban, (2) farmland, (3) forest, (4) wetlands, (5) mixed/others. Migration strategies: (1)
resident, (2) partial and short distance migrant, (3) long-distance migrant (*: P<0.05, **:
P<0.01, # uncertain migration strategy)

1. tdbldzat A leggyakoribb 106 fészkelé madarfaj atlagos gyakorisaga, atlag hibaja (SE), a trend

tipusa és az atlagos éves véltozas értéke, atlag hibaja (SE), él6hely haszndlata, él6hely
preferenciaja, EBCC PECBMS Kontinentalis Eurdpa él6hely klasszifikacidja és a vonulasi
stratégidja a Magyarorszagon az MMM keretében, a fészkelési id6szakban 1999 és 2012
kozott gyujtott adatok alapjan. Az atlagos gyakorisdg az évenként szdmolt gyakorisagi
értékek alapjan szdmolva (n=14). Trend tipus: (-2) erds csokkenés, (-1) mérsékelt csok-
kenés, (0) stabil, (1) mérsékelt ndvekedés, (+2) erés ndvekedés, (u) bizonytalan trend. Az
él6hely hasznalat, preferencia és a PECBMS (EBCC) besorolasnal hasznalt éléhely tipusok:
(1) urban, (2) mez&gazdasagi, (3) erdei, (4) vizes éléhely, (5) vegyes/egyéb. Vonulasi stra-
tégiak: (1) allando, (2) részlegesen, rovidtavon vonuld, (3) hosszutavon vonulé (*: P<0.05,
**: P<0.01, # bizonytalan a vonulasi stratégidju)

z s

~ 59 . £

Species % £ Trend Habitat g

£ s

(%) | (SE) | type | slope (SE) usage | pref. | EBCC | strategy

Phalacrocorax carbo 78| 08 u 0.041| 0.076 4 4 2
Botaurus stellaris 68| 1.1 u -0.075| 0.058 2 4 2
Nycticorax nycticorax 76| 1.0 u -0.065| 0.059 4 4 3
Egretta alba 19.7 2.2 2 0.242 | 0.064 | ** 2 4 2
Ardea cinerea 35.0 1.5 2 0.142 | 0.031| ** 2 4 5 #
Ardea purpurea 56| 04 u 0.026 | 0.059 5 4 3
Ciconia ciconia 30.2 1.1 u -0.010| 0.021 2 4 2 3
Anser anser 5.8 1.1 u 0.095| 0.147 4 4 2
Anas platyrhynchos 449| 1.7 u 0.026 | 0.014 5 4 5 2
Circus aeruginosus 430| 1.2 u -0.032| 0.018 2 4 5 3
Circus pygargus 5.1 0.6 u 0.058 | 0.240 2 2 3
Accipiter gentilis 64| 04 u -0.008 | 0.080 5 3 1
Accipiter nisus 126 09 u 0.022| 0.062 5 3 1
Buteo buteo 803 1.0 0 0.005| 0.011 2 5 1
Falco tinnunculus 30.0| 1.3 u -0.021| 0.023 2 2 2
Falco subbuteo 80| 06 u 0.167 | 0.083 2 1 3
Perdix perdix 54( 07| -1 -0.107 | 0.040| ** 2 2 2 1
Coturnix coturnix 44| 14| -1 -0.064| 0.011| ** 2 2 2
Phasianus colchicus 90.8| 0.7 0 -0.001| 0.006 2 2 5 1
Fulica atra 10.5| 0.9 u 0.057 | 0.034 5 4 5 2
Vanellus vanellus 36.5| 1.2 0 0.003| 0.013 2 2 2 2
Tringa totanus 108 08| -1 -0.062| 0.030( * 2 4 5 2
Tringa glareola 57 1.1 u -0.093| 0.220 2 2 3
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Species TS Trend Habitat S

=g o

&= =

(%) | (SE) | type | slope (SE) usage | pref. | EBCC | strategy

Larus ridibundus 19.2 1.5 u 0.073 | 0.044 5 4 2
Columba livia f. domestica 300( 1.7 u 0.051| 0.026 5 1 1
Columba oenas 134| 14 1 0.073| 0.035| * 3 3 3 2
Columba palumbus 69.4| 1.7 1 0.061| 0.010]| ** 5 5 5 2
Streptopelia decaocto 658 0.7 1 0.030| 0.006 | ** 5 1 5 1
Streptopelia turtur 727 1.0 0 -0.003 | 0.007 5 3 2 2
Cuculus canorus 896 06| -1 -0.021| 0.007 | ** 5 5 5 3
Apus apus 9.1 0.6 u -0.156| 0.370 5 1 5 3
Merops apiaster 276 13| -1 -0.056| 0.028 | * 2 2 5 3
Upupa epops 303| 0.8 u -0.023| 0.015 2 5 5 2
Jynx torquilla 282 1.0 1 0.045| 0.017 | ** 5 3 5 3
Picus viridis 236( 09 1 0.057| 0.019| ** 5 3 3 1
Dryocopos martius 233 13 u 0.032| 0.020 3 3 3 1
Dendrocopos major 57.1 1.2 1 0.016| 0.007| * 3 3 5 1
Dendrocopos syriacus 85| 05| -1 -0.081| 0.038| * 5 1 5 1
Dendrocopos medius 115 0.6 0 -0.001| 0.022 3 3 3 1
Dendrocopos minor 95| 038 u -0.021| 0.030 3 3 3 1
Galerida cristata 336 13| -1 -0.057 | 0.011| ** 2 2 2 1
Lullula arborea 126| 08| -1 -0.078 | 0.022 | ** 3 3 5 2
Alauda arvensis 85.1 1.0 -1 -0.023 | 0.004 | ** 2 2 2 2
Riparia riparia 9.7 0.7 u -0.013| 0.078 2 4 3
Hirundo rustica 79.2 1.1 -1 -0.070| 0.011| ** 2 1 2 3
Delichon urbica 422| 15| -1 -0.071| 0.018| ** 5 1 5 3
Anthus campestris 86| 1.0 u -0.021| 0.057 2 2 5 3
Anthus trivialis 26.6 1.4 0 -0.017| 0.013 5 3 3 3
Anthus pratensis 52| 06 u 0.090| 0.103 2 2 2 2
Motacilla flava 455| 1.2 0 0.008 | 0.007 2 2 2 3
Motacilla alba 47.1 1.4 0 -0.004 | 0.009 2 5 5 2
Troglodytes troglodytes 156| 1.3 u 0.014| 0.019 3 3 3 2
Erithacus rubecula 40.8| 0.9 1 0.028| 0.007 | ** 3 3 5 2
Luscinia megarhynchos 756| 0.8 0 0.005 | 0.005 5 3 5 3
Phoenicurus ochruros 43.1| 0.8 1 0.049| 0.007 | ** 5 1 5 2
Saxicola rubetra 247 12| -1 -0.039| 0.018| * 2 5 2 3
Saxicola torquata 63.8| 11| -1 -0.023| 0.008| ** 2 4 2 2
Oenanthe oenanthe 12.7| 0.6 u -0.045| 0.026 2 5 5 3
Turdus merula 829| 1.2 1 0.018| 0.004| ** 5 1 5 2
Turdus philomelos 53.3| 2.1 1 0.059| 0.007 | ** 3 3 3 2
Turdus viscivorus 55| 06 u 0.057 | 0.042 3 3 3 2
Locustella naevia 123| 1.0| -2 -0.125| 0.031| * 2 2 5 3
Locustella fluviatilis 23.7| 22| -1 -0.072| 0.018| ** 5 4 5 3
Locustella luscinioides 186| 1.1 u -0.032| 0.021 4 4 3
Acrocephalus schoenobaenus 275 15| -1 -0.037| 0.015| * 2 4 5 3
Acrocephalus palustris 21.2| 08| -1 -0.073 | 0.016| ** 2 4 5 3
Acrocephalus scirpaceus 17.0| 14| -1 -0.030| 0.015| * 5 4 3
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(%) | (SE) | type | slope (SE) usage | pref. | EBCC | strategy

Acrocephalus arundinaceus | 46.1 14 0 -0.002 | 0.009 2 4 5 3
Hippolais icterina 56| 04 u -0.076 | 0.044 5 5 5 3
Sylvia nisoria 185| 0.9 0 0.010| 0.015 2 2 2 3
Sylvia curruca 340| 14 0 -0.010| 0.014 5 5 5 3
Sylvia communis 45.6 1.3 -1 -0.023 | 0.009| ** 2 2 2 3
Sylvia borin 80| 13| -2 -0.182| 0.036| ** 5 5 5 3
Sylvia atricapilla 746 1.0 1 0.043| 0.004 | ** 5 3 3 2
Phylloscopus sibilatrix 26.7| 2.0 0 0.007 | 0.014 3 3 3 3
Phylloscopus collybita 594 13 1 0.010| 0.005| * 3 3 3 2
Phylloscopus trochilus 173| 1.0 0 -0.009| 0.016 5 3 3 3
Muscicapa striata 194| 09| -2 -0.090| 0.017| * 5 3 3 3
Ficedula albicollis 166 1.6 2 0.092| 0.018]| * 3 3 3 3
Aegithalos caudatus 258 1.0 1 0.063| 0.015| ** 5 3 5 1
Parus palustris 21.0| 1.0 1 0.040| 0.014| ** 3 3 3 1
Parus ater 54| 0.7 u 0.101 | 0.057 3 3 3 1
Parus caeruleus 36.6 1.4 1 0.045| 0.009| ** 3 3 5 2
Parus major 788 1.0 1 0.032| 0.005| ** 5 3 5 2
Sitta europaea 287 1.0 1 0.026| 0.011| * 3 3 3 1
Certhia brachydactyla 95| 0.8 u | -0.040| 0.031 3 3 3 1
Oriolus oriolus 83.6| 0.9 0 0.000| 0.006 5 3 5 3
Lanius collurio 73.1 1.7 -1 -0.026 | 0.007 | ** 2 2 2 3
Lanius minor 17.7 1.3 -1 -0.054| 0.020| ** 2 2 2 3
Garrulus glandarius 498| 14 0 0.012| 0.009 3 3 3 1
Pica pica 493 1.0 1 0.018| 0.009| * 2 1 5 1
Corvus frugilegus 211 09 u -0.049| 0.048 2 5 2 1
Corvus corone cornix 55.1 2.1 1 0.057 | 0.015| ** 2 5 5 1
Corvus corax 24.1 1.5 1 0.110( 0.041| * 5 3 5 1
Sturnus vulgaris 91.7| 0.9 0 0.016 | 0.010 2 2 2 2
Passer domesticus 59.7 1.7 -1 -0.023 | 0.007 | ** 5 1 5 1
Passer montanus 788| 0.9 1 0.013| 0.007| * 2 1 2 1
Fringilla coelebs 787 14 1 0.029 | 0.005| ** 3 3 5 2
Serinus serinus 35.3 1.5 -1 -0.031| 0.010| ** 5 1 5 2
Carduelis chloris 734 1.2 1 0.025| 0.007 | ** 5 1 5 2
Carduelis carduelis 715 1.1 0 0.015| 0.008 2 1 5 2
Carduelis cannabina 248 1.2 0 -0.001| 0.015 2 1 2 2
Coccothraustres coccothraustes | 28.0| 1.1 2 0.079| 0.014]| * 3 3 3 2
Emberiza citrinella 59.0| 1.2 0 -0.001| 0.005 5 3 2 2
Emberiza schoeniclus 180 1.2 1 0.044| 0.020| * 5 4 5 2
Miliaria calandra 620 19| -1 -0.025| 0.008 | ** 2 2 2 1
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Table 2. Mean frequency (SE), type of trend with slope (SE) values and source of wintering popu-
lation of the most common 57 bird species (frequency larger than 5%) during the winter-
ing season between 2000-2012 in Hungary on the base of MMM data. Mean frequency
(SE) estimated from the annual frequencies (n=13). Trend type: (-2) steep decline, (-1)
moderate decline, (0) stable, (1) moderate increase, (+2) strong increase, (u) uncertain
trend. Source of wintering population: (1) formed fully/partly by Hungarian breeding
population, (2) formed fully by foreign breeding populations (*: P<0.05, **: P<0.01)

2. tabldzat A leggyakoribb 57 telel6 madarfaj atlagos gyakorisaga, atlag hibaja (SE), a trend tipusa
és az atlagos éves véltozas értéke, 4tlag hibaja (SE) és a teleld dlloméany szdrmazasa a
Magyarorszagon az MMM keretében, a telelési idészakban 2000 és 2012 kdzott gydijtott
adatok alapjan. Az 4tlagos gyakorisdg az évenként szamolt gyakorisagi értékek alapjan
szamolva (n=13). Trend tipus: (-2) erds csdkkenés, (-1) mérsékelt csokkenés, (0) stabil,
(1) mérsékelt ndvekedés, (+2) erés ndvekedés, (u) bizonytalan trend. A telelé dllomany
szarmazasa: (1) teljesen vagy részben a magyar allomany, (2) féként kilfoldon fészkeld
allomany (*: P<0.05, **: P<0.01)

>

cc

Species 3S Trend Wintering
=g
(%) (SE) type slope (SE) population

Phalacrocorax carbo 7.2 0.5 u 0.072 0.052 1
Egretta alba 10.0 0.8 u -0.015 0.044 1
Ardea cinerea 11.8 1.0 1 0.136 0.058 | * 1
Anser fabalis 7.0 1.1 u 0.038 0.154 2
Anser albifrons 8.9 1.9 u 0.228 0.222 2
Anser anser 7.0 1.9 u 0.159 0.377 1
Anas platyrhynchos 18.9 1.7 1 0.135 0.045 | ** 1
Haliaeetus albicilla 54 1.0 u -0.205 0.118 1
Circus cyaneus 22.3 2.5 u 0.041 0.089 2
Accipiter gentilis 5.6 0.5 u -0.241 0.136 | * 1
Accipiter nisus 26.2 0.9 u -0.032 0.045 1
Buteo buteo 81.3 1.0 0 0.020 0.011 1
Buteo lagopus 9.5 1.8 u 0.122 0.083 2
Falco tinnunculus 13.7 1.3 u 0.007 0.033 1
Phasianus colchicus 50.3 2.0 -1 -0.033 0.016 | * 1
Larus ridibundus 5.9 0.4 u 0.160 0.160 1
Columba livia f. domestica 22.3 1.6 2 0.154 0.044 | * 1
Streptopelia decaocto 40.5 1.0 1 0.080 0.023 | ** 1
Picus viridis 14.8 1.5 1 0.071 0.032 | * 1
Dryocopos martius 20.8 2.0 1 0.088 0.035 | * 1
Dendrocopos major 58.0 1.1 0 0.010 0.011 1
Dendrocopos syriacus 6.8 1.1 u 0.098 0.075 1
Dendrocopos medius 10.5 0.8 u 0.068 0.039 1
Dendrocopos minor 9.8 1.1 -1 -0.108 0.041 | ** 1
Galerida cristata 15.9 0.9 u 0.048 0.047 1
Troglodytes troglodytes 25.0 2.0 0 -0.005 0.019 1
Erithacus rubecula 15.2 1.6 u 0.030 0.030 1
Turdus merula 65.8 1.8 0 0.015 0.011 1
Turdus pilaris 55.1 42 u 0.004 0.026 2
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Turdus viscivorus 18.4 1.4 -1 -0.087 0.031 | ** 1
Regulus regulus 12.5 13 u -0.032 0.036 2
Aegithalos caudatus 28.7 1.4 1 0.048 0.023 | * 1
Parus palustris 29.9 1.4 1 0.059 0.021 | ** 1
Parus ater 6.9 0.9 u 0.056 0.082 1
Parus caeruleus 60.8 1.5 0 0.002 0.013 1
Parus major 88.0 1.3 1 0.038 0.008 | ** 1
Sitta europaea 33.8 1.1 1 0.028 0.013 | * 1
Certhia familiaris 7.3 0.7 -1 -0.015 0.069 | * 1
Certhia brachydactyla 11.2 1.3 u -0.021 0.045 1
Lanius excubitor 24.9 1.1 u 0.008 0.022 2
Garrulus glandarius 51.1 1.5 0 0.008 0.012 1
Pica pica 44.2 1.9 u 0.026 0.014 1
Corvus frugilegus 42.8 1.6 u -0.045 0.026 2
Corvus corone cornix 40.7 24 1 0.094 0.025 | ** 1
Corvus corax 29.5 1.6 1 0.105 0.039 | ** 1
Passer domesticus 434 23 u -0.021 0.017 1
Passer montanus 60.1 1.5 0 -0.007 0.015 1
Fringilla coelebs 39.3 1.4 2 0.136 0.027 | ** 1
Fringilla montifringilla 16.8 2.5 u 0.131 0.118 2
Carduelis chloris 55.3 1.4 2 0.106 0.024 | * 1
Carduelis carduelis 74.5 1.7 2 0.126 0.025 | ** 1
Carduelis spinus 13.3 1.8 u 0.090 0.045 2
Carduelis cannabina 21.0 1.4 u 0.052 0.043 1
Pyrrhula pyrrhula 304 34 1 0.065 0.025 | * 2
Coccothraustres coccothraustes 28.7 1.8 1 0.062 0.029 | * 1
Emberiza citrinella 34.6 1.3 u 0.057 0.041 1
Emberiza schoeniclus 19.4 2.0 u 0.000 0.040 1
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Table 3. Number of species in relation to the habitat occupancy (more than 2/3 of the population
occurred in the given habitat in Hungary) and habitat preference (the highest relative
density found in the given habitat in Hungary). Only species with more than 5% frequency
in Hungary considered

3.tdbldzat A kiilonb6z6 él6hely hasznalattal (a hazai allomany tobb, mint 2/3-a az adott él6hely ti-
pusban volt felmérve) és él6hely preferenciaval (a legnagyobb relativ denzitas az adott
él6hely tipusban volt) jellemezheté fajok szdma. Csak a Magyarorszagon leggyakoribb
fészkel6 fajok (atlagos gyakorisag nagyobb, mint 5%) figyelembe véve (él6helyek: mezé-
gazdasagi, erdei, vizes, vegyes/egyéb)

Habitat occupancy
Rl Farmland Forest Wetlands Mixed Total
preference
Urban 6 0 0 10 16
Farmland 20 0 0 0 20
Forest 0 21 0 15 36
Wetlands 11 0 4 7 22
Mixed 7 0 0 5 12
Total 44 21 4 37 106
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Supplements of article

Szép T, Nagy K., Nagy Zs., Halmos G. - Population trends of common breeding and wintering birds
in Hungary, decline of long-distance migrant and farmland birds during 1999-2012

Supplement 1. Mean frequency (%) with standard error (SE) and observed minimum and maximum

annual frequency (%) of the observed 240 bird species during the breeding season be-
tween 1999-2012 in Hungary on the base of MMM data. Mean number of annually sur-
veyed 2.5%2.5 km UTM squares with standard deviation (SD) for each species is given.
Only UTM squares were considered where the observers was able identify the species by
view/song and field survey has carried out following the standard field protocol. Annual
frequency was calculated by dividing the number of UTM squares where the given spe-
cies was seen/heard on the ground/air at randomly selected points of the square with
number of all UTM squares surveyed for the given species. Mean and SE estimated from
the annual frequencies (n=14)

Melléklet 1. A megdfigyelt 240 madarfaj atlagos gyakorisdga (%), atlag hibaja (SE), a megfigyelt éves
gyakorisag minimum és maximum értékei (%) a Magyarorszagon az MMM keretében, a
fészkelési id6szakban 1999 és 2012 kozott gydijtott adatok alapjan. Az atlagosan éven-
te felmért 2,5x2,5 km UTM négyzetek szama, az atlag szérasa (SD) fajonként megadva.
Csak azon UTM négyzetek figyelembe véve, ahol a felméré latvany és/vagy hang alap-
jan azonositani tudta az adott fajt és a felmérés az MMM standard protokollja alapjan
tértént. Eves gyakorisag azon UTM négyzetek hanyadosa alapjan megéllapitva, ahol az
adott fajt lattak/hallottak az UTM négyzeten beliil Iévé random elhelyezkedé megfigye-
Iési pontokon a foldon/novényzeten/replilve, osztva azon UTM négyzetekkel, ahol az
adott faj jelenlétét/hidnyat vizsgéltak. Az atlagos gyakorisagot és az atlag hibajat (SE) az
évenként szamolt gyakorisagi értékek alapjan szamolva (n=14)

Observed Mean # of
Species fre’\g;:gcy (SE) min(ii\iwaa‘rer:\;er?nual maxfirrgc:llrjr;r?cn;\ual sur?/gggglgTM (SD)
(%) frequency (%) %) squares

Tachybaptus ruficollis 2.5 0.5 0.0 7.8 111 21.8
Podiceps cristatus 3.0 0.3 1.5 5.9 148 30.8
Podiceps grisegena 0.1 0.1 0.0 1.3 85 234
Podiceps nigricollis 0.6 0.2 0.0 1.7 95 21.9
Phalacrocorax carbo 7.8 0.8 4.4 15.1 157 28.7
Phalacrocorax pygmeus 0.9 0.5 0.0 6.3 97 20.2
Botaurus stellaris 6.8 1.1 1.2 19.1 143 25.8
Ixobrychus minutus 1.6 0.2 0.0 3.0 125 22.7
Nycticorax nycticorax 7.6 1.0 4.7 19.0 150 26.2
Ardeola ralloides 0.8 0.5 0.0 6.5 101 21.9
Egretta garzetta 3.2 0.5 0.5 74 147 26.2
Egretta alba 19.7 2.2 11.0 429 153 274
Ardea cinerea 35.0 1.5 28.1 47.2 158 28.4
Ardea purpurea 5.6 0.4 34 7.8 141 26.5
Bubulcus ibis 0.1 0.1 0.0 0.9 102 229
Ciconia nigra 47 0.8 1.8 12.9 159 28.8
Ciconia ciconia 30.2 1.1 234 35.9 161 29.1
Plegadis falcinellus 0.0 0.0 0.0 0.7 116 26.4
Platalea leucorodia 3.1 0.9 0.0 12.4 153 29.3
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Observed Mean # of
Species fre,\cg(‘;g:cy (SE) min%):ﬁ:vaer?rgual ma);lrr:;:;r? :; ual sur?/r;;:glgTM (SD)
o) frequency (%) %) squares

Cygnus olor 3.1 0.5 0.6 7.1 152 254
Cygnus cygnus 0.0 0.0 0.0 0.7 125 20.3
Anser fabalis 0.1 0.1 0.0 0.9 126 23.7
Anser albifrons 0.1 0.1 0.0 0.8 106 17.6
Anser anser 5.8 1.1 1.6 15.2 139 25.9
Tadorna tadorna 0.3 0.1 0.0 1.1 98 18.3
Anas penelope 0.3 0.2 0.0 2.6 90 17.4
Anas strepera 0.5 0.2 0.0 2.5 82 18.4
Anas crecca 0.4 0.2 0.0 2.1 111 24.8
Anas platyrhynchos 449 1.7 393 62.9 159 28.6
Anas acuta 0.1 0.1 0.0 1.2 98 21.9
Anas querquedula 4.2 0.8 0.0 9.7 110 24.9
Anas clypeata 1.1 0.3 0.0 34 129 26.5
Netta rufina 0.1 0.1 0.0 1.1 93 17.3
Aythya ferina 3.2 0.7 0.0 10.4 127 25.1
Aythya nyroca 2.3 0.6 0.0 8.8 130 26.4
Aythya fuligula 0.3 0.1 0.0 1.4 110 23.5
Bucephala clangula 0.1 0.1 0.0 1.1 103 25.1
Mergus albellus 0.1 0.1 0.0 0.9 81 17.6
Mergus merganser 0.2 0.1 0.0 1.4 83 16.8
Pernis apivorus 2.0 0.3 0.0 3.5 95 21.5
Milvus migrans 1.5 0.3 0.0 35 127 25.8
Milvus milvus 0.2 0.1 0.0 1.0 116 25.2
Haliaeetus albicilla 2.4 0.5 0.7 7.6 134 26.2
Circaetus gallicus 0.2 0.2 0.0 1.9 86 19.8
Circus aeruginosus 43.0 1.2 38.5 52.6 146 25.7
Circus cyaneus 1.5 0.3 0.0 3.1 104 19.3
Circus macrourus 0.3 0.2 0.0 2.0 79 18.4
Circus pygargus 5.1 0.6 0.9 8.9 106 21.5
Accipiter gentilis 6.4 0.4 4.7 9.6 145 27.6
Accipiter nisus 12.6 0.9 7.6 18.9 146 24.9
Buteo buteo 80.3 1.0 74.3 87.1 158 28.9
Buteo rufinus 0.1 0.1 0.0 1.5 64 17.4
Buteo lagopus 0.1 0.1 0.0 0.9 117 20.0
Aquila pomarina 0.2 0.2 0.0 2.0 64 15.1
Aquila heliaca 2.1 0.4 0.0 4.7 110 20.7
Hieraaetus pennatus 0.2 0.2 0.0 2.9 49 14.1
Pandion haliaetus 0.2 0.1 0.0 1.3 113 28.2
Falco tinnunculus 30.0 1.3 21.2 37.5 152 26.8
Falco vespertinus 4.2 0.6 0.8 8.6 141 26.3
Falco columbarius 0.2 0.1 0.0 1.1 74 13.9
Falco subbuteo 8.0 0.6 5.4 12.4 122 24.3
Falco cherrug 14 0.1 0.7 24 122 26.9
Falco peregrinus 0.9 0.2 0.0 2.4 118 24.3
Perdix perdix 54 0.7 0.6 9.3 150 27.7
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Observed Mean # of
Species fre,\cg(‘;g:cy (SE) min%):ﬁ:vaer?rgual ma);lrr:;:;r? :; ual sur?/r;;:glgTM (SD)
o) frequency (%) %) squares

Coturnix coturnix 44.4 1.4 333 52.2 154 28.5
Phasianus colchicus 90.8 0.7 85.7 94.9 161 28.6
Rallus aquaticus 1.7 0.6 0.0 8.9 107 22.7
Porzana porzana 0.3 0.3 0.0 4.5 64 15.1
Porzana parva 0.7 0.4 0.0 4.5 62 13.8
Crex crex 2.6 0.6 0.0 7.2 121 224
Gallinula chloropus 4.4 0.5 0.8 7.6 137 24.6
Fulica atra 10.5 0.9 5.8 17.4 155 29.2
Grus grus 1.6 0.2 0.0 3.0 153 279
Otis tarda 0.6 0.1 0.0 1.5 155 28.7
Himantopus himantopus 1.5 0.2 0.0 3.5 130 27.0
Recurvirostra avosetta 1.0 0.2 0.0 2.0 145 31.8
Burhinus oedicnemus 0.2 0.1 0.0 1.0 110 25.0
Glareola pratincola 0.7 0.2 0.0 1.8 96 19.8
Charadrius dubius 33 0.4 0.9 5.6 84 20.5
Charadrius hiaticula 0.2 0.1 0.0 1.4 66 13.9
Charadrius alexandrinus 0.1 0.1 0.0 1.2 78 16.8
Vanellus vanellus 36.5 1.2 30.4 49.6 158 29.6
Calidris minuta 0.3 0.2 0.0 2.2 50 12.8
Calidris alpina 0.1 0.1 0.0 2.0 45 11.1
Philomachus pugnax 3.0 0.4 13 6.3 105 24.6
Gallinago gallinago 2.4 0.6 0.0 9.1 115 19.7
Gallinago media 0.1 0.1 0.0 1.4 69 15.4
Scolopax rusticola 0.1 0.1 0.0 1.1 122 21.4
Limosa limosa 3.0 0.5 0.0 6.4 105 24.0
Numenius phaeopus 0.9 0.2 0.0 2.1 73 16.2
Numenius arquata 1.7 0.3 0.0 4.0 102 21.9
Tringa erythropus 1.4 0.4 0.0 3.4 62 15.5
Tringa totanus 10.8 0.8 6.1 14.9 112 24.6
Tringa stagnatilis 0.2 0.2 0.0 2.2 45 12.2
Tringa nebularia 1.1 0.4 0.0 4.7 57 13.2
Tringa ochropus 1.3 0.3 0.0 4.3 70 14.9
Tringa glareola 57 1.1 0.0 15.9 66 133
Actitis hypoleucos 2.6 0.5 0.0 6.9 93 17.5
Arenaria interpres 0.1 0.1 0.0 1.2 84 19.9
Larus melanocephalus 0.6 0.2 0.0 2.2 82 19.6
Larus minutus 0.3 0.2 0.0 2.6 46 10.5
Larus ridibundus 19.2 1.5 11.2 289 151 28.3
Larus canus 0.3 0.2 0.0 1.8 52 11.9
Larus fuscus 0.2 0.2 0.0 2.1 41 14.3
Larus argentatus 0.6 0.3 0.0 3.0 87 20.4
Larus cachinnans 43 0.8 0.0 10.5 61 13.5
Sterna caspia 0.1 0.1 0.0 1.4 73 16.1
Sterna hirundo 2.3 0.3 0.8 4.1 111 21.7
Chlidonias hybridus 3.8 1.2 0.0 17.5 83 20.0
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Species frehcg‘;g:cy (SE) min%):ﬁ:vaer?nual ma)?rr:;lﬁr?é\;\ual sur?/r;;:glgTM (SD)
(%) frequency (%) %) squares

Chlidonias niger 2.8 0.5 0.0 6.6 92 21.2
Chlidonias leucopterus 1.5 0.8 0.0 11.4 71 18.5
Columba livia f. domestica 30.0 1.7 123 38.1 107 16.0
Columba oenas 13.4 1.4 5.5 25.6 126 26.1
Columba palumbus 69.4 1.7 58.8 82.1 155 26.8
Streptopelia decaoto 65.8 0.7 62.1 71.9 161 28.9
Streptopelia turtur 72.7 1.0 63.7 771 155 27.1
Cuculus canorus 89.6 0.6 85.6 93.7 160 28.2
Otus scops 0.2 0.1 0.0 1.3 110 24.5
Bubo bubo 0.1 0.1 0.0 0.8 144 29.3
Athene noctua 1.4 0.4 0.0 5.4 147 28.7
Strix aluco 1.9 0.4 0.0 5.1 135 26.3
Asio otus 1.4 0.2 0.5 3.0 152 28.0
Asio flammeus 0.3 0.2 0.0 23 110 20.3
Caprimulgus europaeus 0.6 0.2 0.0 2.5 131 24.2
Apus apus 9.1 0.6 57 12.8 151 29.7
Alcedo atthis 2.8 0.5 0.6 74 156 289
Merops apiaster 27.6 1.3 18.8 35.7 159 29.4
Coracias garrulus 3.2 0.5 0.0 8.1 147 29.2
Upupa epops 30.3 0.8 254 35.9 160 29.0
Jynx torquilla 28.2 1.0 18.7 33.7 142 274
Picus canus 3.7 0.7 0.8 9.1 115 20.6
Picus viridis 23.6 0.9 18.6 28.5 156 26.7
Dryocopos martius 23.3 1.3 17.3 31.9 157 27.9
Dendrocopos major 57.1 1.2 51.1 64.7 155 25.8
Dendrocopos syriacus 8.5 0.5 6.3 12.1 141 24.8
Dendrocopos medius 11.5 0.6 7.8 15.4 138 24.6
Dendrocopos leucotos 0.8 0.2 0.0 24 112 21.1
Dendrocopos minor 9.5 0.8 4.4 14.6 148 23.4
Calandrella brachydactyla 0.5 0.3 0.0 3.0 62 16.0
Galerida cristata 33.6 1.3 243 39.5 158 28.5
Lullula arborea 12.6 0.8 6.9 16.3 108 18.8
Alauda arvensis 85.1 1.0 79.4 89.4 159 28.6
Riparia riparia 9.7 0.7 4.2 134 150 30.1
Hirundo rustica 79.2 1.1 68.3 83.8 160 29.2
Delichon urbica 42.2 1.5 32.0 49.3 159 28.2
Anthus campestris 8.6 1.0 4.1 15.8 75 16.1
Anthus trivialis 26.6 1.4 171 34.2 105 18.6
Anthus pratensis 5.2 0.6 23 10.9 70 12.7
Anthus cervinus 1.3 0.6 0.0 7.3 48 12.6
Anthus spinoletta 0.2 0.2 0.0 29 41 10.7
Motacilla flava 455 1.2 37.7 50.3 149 26.9
Motacilla citreola 0.1 0.1 0.0 1.0 70 11.6
Motacilla cinerea 1.6 0.3 0.0 4.5 115 22.1
Motacilla alba 47.1 1.4 40.4 57.5 160 29.3
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Bombycilla garrulus 0.2 0.1 0.0 1.7 149 24.6
Cinclus cinclus 0.1 0.1 0.0 1.3 131 27.8
Troglodytes troglodytes 15.6 1.3 8.9 239 156 25.6
Prunella modularis 2.7 0.4 0.0 6.0 107 239
Erithacus rubecula 40.8 0.9 36.3 45.8 159 27.7
Luscinia luscinia 0.8 0.3 0.0 3.2 102 23.5
Luscinia megarhynchos 75.6 0.8 68.5 81.2 157 28.1
Luscinia svecica 1.5 0.5 0.0 5.5 141 26.8
Phoenicurus ochruros 43.1 0.8 35.9 48.7 159 27.8
Phoenicurus phoenicurus 2.6 0.4 0.0 5.6 151 27.5
Saxicola rubetra 24.7 1.2 15.0 29.6 131 26.6
Saxicola torquata 63.8 1.1 56.2 70.6 151 27.5
Oenanthe oenanthe 12.7 0.6 9.2 16.4 121 23.5
Turdus merula 82.9 1.2 75.5 89.4 161 28.9
Turdus pilaris 1.4 0.2 0.6 3.0 148 22.2
Turdus philomelos 53.3 2.1 41.8 64.0 151 24.9
Turdus iliacus 0.1 0.1 0.0 1.0 118 25.2
Turdus viscivorus 5.5 0.6 1.8 9.5 121 23.2
Locustella naevia 12.3 1.0 6.5 20.0 102 17.5
Locustella fluviatilis 23.7 2.2 8.9 38.9 115 18.7
Locustella luscinioides 18.6 1.1 12.9 30.0 117 22.1
Acrocephalus melanopogon 1.1 0.4 0.0 4.4 84 153
Acrocephalus paludicola 0.3 0.2 0.0 3.0 93 173
Acrocephalus schoenobaenus 27.5 1.5 18.7 40.6 99 20.7
Acrocephalus palustris 21.2 0.8 14.0 26.4 103 19.3
Acrocephalus scirpaceus 17.0 1.4 8.0 25.8 116 19.6
Acrocephalus arundinaceus 46.1 14 347 55.7 147 28.6
Hippolais pallida 0.2 0.2 0.0 1.6 51 11.7
Hippolais icterina 5.6 0.4 24 8.6 89 13.8
Sylvia nisoria 18.5 0.9 15.0 26.2 17 26.5
Sylvia curruca 34.0 1.4 27.8 43.0 101 21.8
Sylvia communis 45.6 1.3 35.1 529 123 24.9
Sylvia borin 8.0 1.3 3.0 16.0 105 18.4
Sylvia atricapilla 74.6 1.0 67.8 79.6 151 26.6
Phylloscopus sibilatrix 26.7 2.0 11.9 41.7 107 18.8
Phylloscopus collybita 59.4 1.3 50.9 69.4 147 254
Phylloscopus trochilus 17.3 1.0 11.8 23.0 110 19.2
Regulus regulus 2.1 0.3 0.7 52 139 25.8
Regulus ignicapellus 0.5 0.2 0.0 2.1 137 27.1
Muscicapa striata 19.4 0.9 15.7 25.2 122 26.3
Ficedula parva 0.9 0.2 0.0 2.2 103 20.5
Ficedula albicollis 16.6 1.6 7.2 27.5 129 25.0
Ficedula hypoleuca 2.6 0.4 0.0 5.4 127 24.0
Panurus biarmicus 1.8 0.4 0.0 4.9 138 26.7
Aegithalos caudatus 25.8 1.0 21.5 31.9 158 27.1
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Observed Mean # of
Species frehcg‘fig:cy (SE) min%):ﬁ:vaer?nual ma>;irr:um g annugIIyTM (SD)
%) frequency (%) c%;e;ncy surveyed U
o squares

Parus palustris 21.0 1.0 15.9 27.5 150 254
Parus montanus 1.3 0.3 0.0 4.1 104 18.2
Parus cristatus 0.8 0.2 0.0 2.1 143 26.2
Parus ater 5.4 0.7 1.9 10.6 132 21.3
Parus caeruleus 36.6 1.4 253 43.0 160 284
Parus major 78.8 1.0 73.6 86.7 161 28.9
Sitta europaea 28.7 1.0 21.0 35.5 156 27.6
Certhia familiaris 4.0 0.7 0.0 8.8 81 13.8
Certhia brachydactyla 9.5 0.8 4.2 13.7 97 16.2
Remiz pendulinus 37 0.4 0.9 6.1 141 28.2
Oriolus oriolus 83.6 0.9 77.1 88.5 159 28.8
Lanius collurio 73.1 1.7 55.9 79.1 157 28.4
Lanius minor 17.7 1.3 10.3 24.2 130 28.5
Lanius exubitor 1.4 0.4 0.0 4.8 140 26.6
Garrulus glandarius 49.8 1.4 423 56.8 159 28.6
Pica pica 49.3 1.0 42.8 55.8 161 29.2
Corvus monedula 43 0.5 1.6 7.8 158 28.0
Corvus frugilegus 21.1 0.9 15.8 28.6 161 28.6
Corvus corone cornix 55.1 2.1 39.0 65.7 159 28.5
Corvus corax 24.1 1.5 14.2 35.9 159 27.6
Sturnus vulgaris 91.7 0.9 86.5 96.5 161 28.5
Sturnus roseus 0.1 0.1 0.0 1.0 101 256
Passer domesticus 59.7 1.7 44.0 68.1 161 29.3
Passer montanus 78.8 0.9 733 83.5 160 28.3
Fringilla coelebs 78.7 1.4 72.1 87.1 157 28.1
Fringilla montifringilla 0.5 0.2 0.0 1.4 134 22.1
Serinus serinus 353 1.5 26.5 44.1 144 253
Carduelis chloris 734 1.2 66.5 82.1 158 28.5
Carduelis carduelis 71.5 1.1 66.9 80.2 159 28.2
Carduelis spinus 2.2 0.5 0.7 52 138 25.7
Carduelis cannabina 24.8 1.2 19.9 326 138 22.6
Carduelis flammea 0.2 0.1 0.0 1.7 103 21.0
Loxia curvirostra 0.6 0.2 0.0 1.9 145 26.9
Pyrrhula pyrrhula 0.8 0.1 0.0 2.2 150 25.6
Coccothraustres coccothraustes 28.0 1.1 213 35.1 158 27.0
Emberiza citrinella 59.0 1.2 52.2 65.9 151 27.8
Emberiza cirlus 0.1 0.1 0.0 1.1 71 15.9
Emberiza cia 1.5 0.3 0.0 29 97 18.1
Emberiza hortulana 0.4 0.2 0.0 2.1 77 15.8
Emberiza schoeniclus 18.0 1.2 11.8 28.8 117 21.3
Miliaria calandra 62.0 1.9 51.4 76.2 141 23.3
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Supplement 2. Mean frequency (%) with standard error (SE) and observed minimum and maximum

annual frequency (%) of the surveyed 140 bird species during the wintering season
between 2000-2012 in Hungary on the base of MMM data. Mean number of annual-
ly surveyed 2.5x2.5 km UTM squares with standard deviation (SD) for each species is
given. Only UTM squares were considered where the observers was able identify the
species by view/song and field survey has carried out following the standard field pro-
tocol. Annual frequency was calculated by dividing the number of UTM squares where
the given species was seen/heard on the ground/air at randomly selected points of the
square with number of all UTM squares surveyed for the given species. Mean and SE
estimated from the annual frequencies (n=13)

Melléklet 2. A megfigyelt 140 madarfaj atlagos gyakorisaga (%), atlag hibaja (SE), a megfigyelt éves

gyakorisdg minimum és maximum értékei (%) a Magyarorszagon az MMM keretében,

a telelési id6szakban 2000 és 2012 kdzott gyjtott adatok alapjan. Az atlagosan évente

felmért 2,5x2,5 km UTM négyzetek szama, az atlag szorasa (SD) fajonként megadva.

Csak azon UTM négyzetek figyelembe véve, ahol a felméré latvany és/vagy hang alap-

jan azonositani tudta az adott fajt és a felmérés az MMM standard protokollja alapjan

tértént. Eves gyakorisag azon UTM négyzetek hanyadosa alapjan megéllapitva, ahol az

adott fajt lattak/hallottdk az UTM négyzeten beliil 1évé random elhelyezkedé megfi-

gyelési pontokon a foldon/novényzeten/replilve, osztva azon UTM négyzetekkel, ahol

az adott faj jelenlétét/hidnyat vizsgaltak. Az atlagos gyakorisagot és az atlag hibajat

(SE) az évenként szamolt gyakorisagi értékek alapjan szdmolva (n=13)
Observed Mean # of
Species fre,\é‘sgncy (SE) mini?:j?r:\;er?nual ma)?r?;&s?nual sur?/gngglgTM (SD)
(%) frequency (%) %) Y 5 q)t'j o

Tachybaptus ruficollis 2.1 0.4 0.0 4.1 70 15.5
Phalacrocorax carbo 7.2 0.5 43 10.0 99 22.6
Botaurus stellaris 0.4 0.2 0.0 2.3 89 20.7
Egretta alba 10.0 0.8 6.1 14.4 97 21.9
Ardea cinerea 11.8 1.0 7.8 19.0 99 223
Cygnus olor 2.7 0.6 0.8 8.0 97 22.9
Cygnus cygnus 0.2 0.2 0.0 2.5 82 19.2
Anser fabalis 7.0 1.1 2.2 13.0 78 17.7
Anser albifrons 8.9 1.9 2.5 25.6 70 16.3
Anser anser 7.0 1.9 0.0 21.2 88 19.5
Branta ruficollis 0.3 0.3 0.0 33 57 12.8
Anas penelope 0.2 0.1 0.0 1.4 58 13.7
Anas crecca 2.1 0.5 0.0 6.2 68 14.5
Anas platyrhynchos 18.9 1.7 12.1 30.2 101 224
Anas acuta 0.2 0.2 0.0 2.7 61 11.5
Aythya ferina 1.4 0.3 0.0 2.6 80 16.7
Aythya nyroca 0.2 0.1 0.0 1.3 79 17.1
Aythya fuligula 0.9 0.3 0.0 2.6 68 13.9
Somaterina mollissima 0.2 0.2 0.0 3.0 48 10.0
Bucephala clangula 3.2 0.5 0.0 6.8 63 12.7
Mergus albellus 0.5 0.4 0.0 4.7 49 123
Mergus merganser 0.6 0.2 0.0 2.1 52 11.2
Milvus milvus 0.1 0.1 0.0 1.2 74 16.0
Haliaeetus albicilla 5.4 1.0 1.3 12.9 84 19.3
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Observed Mean # of
Species frehcg‘fig:cy (SE) min%):ﬁ:vaer?nual ma>;irr:um annual annugIIyTM (SD)
%) frequency (%) c%;e;ncy surveyed U
o squares
Circus aeruginosus 2.0 0.5 0.0 5.1 92 20.0
Circus cyaneus 223 2.5 9.5 40.8 67 15.6
Accipiter gentilis 5.6 0.5 2.8 9.9 92 21.0
Accipiter nisus 26.2 0.9 21.0 30.9 93 21.9
Buteo buteo 81.3 1.0 74.8 87.2 101 22.2
Buteo rufinus 0.1 0.1 0.0 1.8 40 8.5
Buteo lagopus 9.5 1.8 24 20.2 76 17.8
Aquila clanga 0.3 0.3 0.0 4.2 35 7.7
Aquila heliaca 2.3 0.6 0.0 6.3 70 15.8
Aquila chrysaetos 0.2 0.2 0.0 1.7 58 11.2
Falco tinnunculus 13.7 1.3 6.5 21.9 97 21.6
Falco columbarius 3.2 0.6 0.0 7.4 48 12.1
Falco cherrug 0.8 0.4 0.0 5.0 74 16.5
Falco peregrinus 1.4 0.3 0.0 3.5 73 17.2
Perdix perdix 1.6 0.3 0.0 3.7 96 21.3
Coturnix coturnix 0.1 0.1 0.0 1.0 97 21.5
Phasianus colchicus 50.3 2.0 441 64.1 101 22.8
Rallus aquaticus 0.1 0.1 0.0 1.2 66 14.3
Gallinula chloropus 0.2 0.2 0.0 2.3 88 19.9
Fulica atra 1.5 0.2 0.0 2.8 97 20.9
Grus grus 0.7 0.3 0.0 4.0 97 225
Otis tarda 0.3 0.2 0.0 19 97 21.2
Vanellus vanellus 0.1 0.1 0.0 0.9 99 21.9
Gallinago gallinago 0.1 0.1 0.0 1.1 72 16.5
Scolopax rusticola 0.1 0.1 0.0 1.2 79 17.4
Tringa ochropus 0.3 0.2 0.0 2.6 41 10.2
Larus ridibundus 5.9 0.4 3.6 8.1 94 20.7
Larus canus 34 1.0 0.0 11.4 32 9.0
Larus fuscus 0.4 0.4 0.0 5.6 24 5.6
Larus argentatus 0.6 0.4 0.0 4.3 53 10.5
Larus cachinnans 3.2 1.1 0.0 125 39 9.9
Columba livia f. domestica 223 1.6 7.1 30.5 70 18.6
Columba oenas 47 0.8 1.4 10.5 78 19.6
Columba palumbus 0.9 0.2 0.0 3.0 98 22.0
Streptopelia decaoto 40.5 1.0 344 443 101 224
Streptopelia turtur 0.2 0.2 0.0 32 98 223
Tyto alba 0.1 0.1 0.0 1.1 94 20.7
Athene noctua 0.4 0.2 0.0 1.5 92 19.9
Strix aluco 0.7 0.2 0.0 23 84 18.1
Strix uralensis 0.3 0.2 0.0 2.0 56 11.1
Asio otus 1.6 0.3 0.0 33 96 22.0
Asio flammeus 0.8 0.5 0.0 5.8 69 15.8
Alcedo atthis 1.1 0.2 0.0 2.2 98 21.3
Picus canus 2.9 0.8 0.0 9.2 73 16.9
Picus viridis 14.8 1.5 59 26.2 98 22.1
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Observed Mean # of
Species fre,:'{]‘sg:cy (SE) min%):ﬁ:vaer?nual ma>;irr:um annual annugIIyTM (SD)
%) frequency (%) c%;e;ncy surveyed U
o squares

Dryocopos martius 20.8 2.0 11.8 32.1 99 225
Dendrocopos major 58.0 1.1 51.8 66.7 98 23.3
Dendrocopos syriacus 6.8 1.1 1.8 13.5 89 21.1
Dendrocopos medius 10.5 0.8 54 14.6 86 19.6
Dendrocopos leucotos 0.4 0.2 0.0 1.2 70 16.7
Dendrocopos minor 9.8 1.1 35 15.2 94 22.2
Galerida cristata 15.9 0.9 11.4 20.5 100 22.8
Lullula arborea 0.1 0.1 0.0 1.1 69 15.8
Alauda arvensis 2.4 0.6 0.0 8.2 100 224
Eremophila alpestris 0.4 0.4 0.0 4.8 30 7.5
Anthus pratensis 2.0 0.7 0.0 8.3 46 9.9
Anthus spinoletta 1.9 1.4 0.0 18.4 26 6.0
Motacilla cinerea 0.1 0.1 0.0 13 72 14.8
Motacilla alba 0.6 0.2 0.0 2.0 101 21.9
Bombycilla garrulus 1.8 0.8 0.0 7.7 94 21.6
Troglodytes troglodytes 25.0 2.0 14.4 38.0 99 22.7
Prunella modularis 1.0 0.3 0.0 2.9 67 15.4
Erithacus rubecula 15.2 1.6 2.2 255 99 224
Phoenicurus ochruros 0.7 0.3 0.0 2.9 101 224
Saxicola torquata 0.1 0.1 0.0 1.0 93 19.9
Turdus merula 65.8 1.8 54.2 76.3 101 22.7
Turdus pilaris 55.1 4.2 25.7 73.8 95 22.7
Turdus philomelos 3.5 0.8 0.9 10.0 95 20.7
Turdus iliacus 35 0.9 0.0 10.9 75 16.1
Turdus viscivorus 18.4 1.4 10.3 27.8 74 15.0
Sylvia atricapilla 0.2 0.1 0.0 1.1 94 19.6
Phylloscopus collybita 0.1 0.1 0.0 1.0 92 20.0
Regulus regulus 12.5 1.3 4.3 20.6 88 19.3
Regulus ignicapellus 0.6 0.3 0.0 2.5 87 17.8
Panurus biarmicus 1.1 0.4 0.0 5.1 87 18.9
Aegithalos caudatus 28.7 14 184 34.9 101 22.8
Parus palustris 29.9 1.4 19.4 39.6 95 22.2
Parus montanus 2.0 0.5 0.0 5.0 68 16.9
Parus cristatus 0.9 0.2 0.0 2.1 90 19.8
Parus ater 6.9 0.9 24 12.2 83 19.4
Parus caeruleus 60.8 1.5 47.6 70.6 101 22.7
Parus major 88.0 1.3 80.9 95.8 101 22.6
Sitta europaea 33.8 1.1 26.0 42.7 99 229
Certhia familiaris 73 0.7 34 12.5 51 12.5
Certhia brachydactyla 11.2 1.3 4.2 19.4 64 18.3
Remiz pendulinus 0.8 0.4 0.0 5.0 88 18.4
Lanius exubitor 249 1.1 19.2 32.2 89 19.6
Garrulus glandarius 51.1 1.5 414 58.5 101 22.2
Pica pica 44.2 1.9 323 54.0 101 22.9
Nucifraga caryocatactes 0.1 0.1 0.0 1.6 69 14.4
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Observed Mean # of
Species fre,\gsgﬂcy (SE) min(i?lg):ﬁ:vaer:jnual ma>}irr:um annual annuSIIyTM (SD)
%) frequency (%) c%;e;ncy surveyed U
o squares

Corvus monedula 42 0.6 1.7 8.9 99 23.1
Corvus frugilegus 42.8 1.6 36.1 56.0 101 229
Corvus corone cornix 40.7 24 28.3 52.2 100 22.8
Corvus corax 29.5 1.6 20.2 37.2 100 23.0
Sturnus vulgaris 34 0.8 0.0 9.8 101 22.7
Passer domesticus 434 2.3 33.0 59.0 102 226
Passer montanus 60.1 1.5 50.5 68.6 101 22.7
Fringilla coelebs 39.3 1.4 29.8 47.3 98 214
Fringilla montifringilla 16.8 2.5 3.9 39.2 85 17.8
Serinus serinus 0.8 0.3 0.0 3.0 91 19.3
Carduelis chloris 55.3 1.4 48.4 65.9 99 229
Carduelis carduelis 74.5 1.7 66.4 84.3 100 22.1
Carduelis spinus 13.3 1.8 3.7 26.9 85 18.1
Carduelis cannabina 21.0 1.4 13.9 30.3 89 19.2
Carduelis flavirostris 0.7 0.5 0.0 6.5 40 9.7
Carduelis flammea 0.9 0.3 0.0 2.7 64 12.6
Loxia curvirostra 1.2 0.8 0.0 10.8 90 19.1
Pyrrhula pyrrhula 30.4 3.4 16.7 54.4 95 21.0
Coccothraustres coccothraustes 28.7 1.8 20.7 438 99 229
Calcarius lapponicus 0.4 0.4 0.0 5.0 30 8.5
Plectrophenax nivalis 0.7 0.3 0.0 2.9 57 13.5
Emberiza citrinella 34.6 1.3 26.0 40.2 94 20.1
Emberiza cirlus 0.5 0.3 0.0 2.3 44 8.0
Emberiza cia 0.1 0.1 0.0 1.5 60 12.2
Emberiza schoeniclus 19.4 2.0 11.8 324 74 17.2
Miliaria calandra 46 0.8 1.1 12.1 88 20.2

Supplement 3. Relative density (individual/km?) in the main habitat types (mean, SE and number of
points considered), habitat occupancy of the surveyed population in the main habi-
tat types (% of the estimated population in the given habitat compared to the entire
population) and number of estimated individuals of the given species on the base of
the relative density and area of habitat types in Hungary, using data collected between
1999-2012 following the MMM standard protocol in Hungary

Melléklet3. Az MMM keretében 1999-2012 soran megfigyelt fészkel6 madarfajok relativ denzitasa
(egyed/km?) a f6 él6hely tipusokban (urban, mezégazdasagi, erdei, vizes) (atlag, atlag
hibaja (SE) , a megfigyelt pontok szama), éléhely hasznélata (az adott él6helyen medfi-
gyelt dllomany aranya (%) a négy 6 éléhelyen becsiilt dlloméanyhoz képest), a négy fé
éléhelyen egyiittesen él6 egyedek szamanak becslése a 6 éléhelyeken becsiilt relativ
denzitas és az adott éléhely magyarorszagi kiterjedése alapjan
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Sources of variation in haematocrit in the
Collared Flycatcher (Ficedula albicollis)
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Nora Boross, Gabor Marko, Miklos Laczi, Laszlo Zsolt Garamszegi, Gergely Hegyi, Marton
Herényi, Dorottya Kiss, Gergely Nagy, Baldzs Rosivall, Eszter Szoll6si, Janos Torok 2012.
Sources of variation in haematocrit in the Collared Flycatcher (Ficedula albicollis). — Ornis
Hungarica 20(2): 64-72.

Abstract The haematocrit rate of the blood shows the individual physiological state. As the haematocrit grows, the
higher erythrocyte number results in more efficient oxygen uptake capacity which can lead to better performance and
probably a better survival rate of an individual. Hence we assume that the high value of haematocrit reflects good
health state. Altogether 308 blood samples were collected from a wild population of Collared Flycatchers (Ficedula
albicollis) in two breeding stages during a period of 2008-2010. We tried to elucidate the relationship between con-
dition and haematocrit level of an individual and studied the haematocrit changes of an individual between years.
The haematocrit values differed between years. Females had higher haematocrit values than males in 2010 but not in
2009. At courtship the haematocrit level of males was higher, than during nestling care. The different environmental
effects and energy demands of the individuals may be the driving force behind the observed changes in haematocrit
level. Analysing the changes between two years, there was a positive correlation between changes in condition index
and haematocrit of individuals. The haematocrit values of an individual were repeatable between years. This finding
suggests that haematocrit can be informative about the individual’s general health state.

Keywords: bird, blood, repeatability, health state, energy demand

Osszefoglalas A vér hematokritértéke az egyed fiziologiai allapotarol nyujt informaciét. Feltehetéleg a magas
hematokritszint jo egészségi allapotot tiikkroz, mivel a vorosvérsejtek megemelkedett szintje nagyobb oxigénfel-
vételi kapacitast és hatékonyabb oxigénszallitast tesz lehet6vé a szovetekhez, ami az egyed jobb teljesitoképes-
ségét eredményezi. A Pilis hegységben 2008 és 2010 kozott odutelepeken koltd 6rvos 1égykapokon (Ficedula
albicollis) vizsgaltuk a hematokritérték évek és ivarok kozotti eltérését, majd himek esetében az udvarlas és a
latat. Tovabba szamoltuk az egyedek hematokritértékének évek kozotti repetabilitasat. A hematokritértékek évek
kozott tobb esetben eltértek. A himek udvarlas alatti hematokritszintje magasabbnak bizonyult, mint fidkanevelés
alatt. Az egyedek hematokritértékének repetabilitasa magas volt, évek kozotti eltérése pedig pozitivan korrelalt
kondiciojuk valtozasaval. Feltehetleg az évek kozotti varianciat az eltéré kornyezeti feltételek okozhattdk, mig
az udvarlas alatt mért magas hematokritszint a megel6z6 vonulas nagy energiaigényének kovetkezménye lehet.
Bar a hematokritérték véltozasa volt megfigyelhetd az évek és a szaporodasi stddiumok kozott, az egyeden beliil
évek kozott mégis repetabilitast mutatott. Az egyedi hematokritértékek évek kozotti repetabilitasa lehetové teszi,
hogy a jelleg az egyed aktualis allapota mellett altalanos egészségi allapotardl is informaljon.

Kulcsszavak: madar, vér, repetabilitas, egészségi allapot, energiaigény
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Introduction

Haematocrit is a generally measured phy-
siological object in human clinical proces-
ses, and it is emerging as a measure for the
health state of individuals in natural popula-
tions (e.g. Horak et al. 1998, Ots et al. 1998,
Hargitai et al. 2006, Kilgas et al. 2006).

Haematocrit shows the rate of packed
cell volume to the volume of whole blood.
Through the erythrocyte number haema-
tocrit reflects oxygen uptake capacity and
transport efficiency (Ots et al. 1998), which
in turn could affect the survival of an indi-
vidual. Low haematocrit level can indicate
anaemia and associate with low available
oxygen level (Phillips et al. 1985), therefore
suggesting that birds may use anaerobically
metabolized energy which may impair flight
performance.

Birds can increase their haematocrit level
as an adaptive response when their energy
demand grows and more oxygen uptake is
needed. This was shown in a brood size
manipulation study of Great Tits (Parus
major) (Horak et al. 1998) and a tail elon-
gation study of Barn Swallows (Hirundo
rustica) (Saino et al. 1997a). Both inter-
ventions resulted in increased haematocrit
level.

Many studies assume that haematocrit is
a good and reliable fitness related trait be-
cause it can reflect the condition and disease
status of an individual (e.g. Svensson & Me-
rild 1996, Saino et al. 1997a, Sanchez-Guz-
man et al. 2004). However, haematocrit can
change very quickly as the effect of chang-
ing energy demand or different environmen-
tal factors (Fair et al. 2007), such as food
availability (Merino & Potti 1998, Hoi-Leit-
ner et al. 2001, Santangeli ez al. 2012) or pa-
rasite infection (Heylen & Matthysen 2008,
Palinauscas et al. 2008). Hence, there is a

dispute about its potential to reliably reflect
individual quality.

Our goal was to examine the patterns of
haematocrit in a wild population of Colla-
red Flycatchers: (1) to compare the within-
and between-year variation in haematocrit
among sexes, (2) to test the relationship
between the condition index and the haema-
tocrit of an individual and (3) to analyse the
within-individual repeatability of haema-
tocrit between years.

Materials and Methods

Study area and field methods

Our study was carried out in the Pilis Moun-
tains (47°43” N, 19°01° E), located 30 km
North of Budapest in Hungary. We studied a
population of Collared Flycatchers breeding
in artificial nest-boxes in an oak-dominated
woodland from 2008 to 2010. The Collared
Flycatcher is a long-distance migratory, in-
sectivorous passerine.

We caught the individuals in their nest-bo-
xes. Males were captured twice: firstly, du-
ring courtship, after arrival from migration,
when they occupy nest-boxes (21 and 87
males in 2008 and 2010, respectively) and
secondly, during nestling care, when nest-
lings were 6 days old (41 and 71 males in
2009 and 2010, respectively). Females were
captured during nestling care (41 and 47 fe-
males in 2009 and 2010, respectively).

A blood sample (5070 pl) was taken from
the brachial vein into heparinized capillaries
within 20 minutes of capture and centrifuged
at 10.000 r.p.m. for 10 minutes on the same
day. The haematocrit value was calculated as
the ratio of the length of the capillary occu-
pied by red blood cells and the length of the
capillary occupied by total blood.
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Figure 1. The haematocrit values of male Collared
Flycatchers during the courtship in
2008 and 2010

nzoos:21; nzo1o:87
Note: on the boxplot: the points are the means of the
values, the squares show the standard errors, and

95% confidence intervals are presented as whiskers.
Orvés légykapé himek udvarlasi perié-
dusban mért hematokritértékei 2008-
ban és 2010-ben

n2008=21 i nzo1o:87

Megjegyzés: A boxplot dbrdn a pont az értékek dtla-
gdt mutatja, a négyzet a standard hibdt dbrdzolja,
a vonallal jelzett tartomdny a 95%-os konfidencia
intervallumot jeldli.

1.dbra

Birds were weighed with Pesola spring
balance (to the nearest 0.1 g) and the length
of the tarsus was measured with a sliding
calliper (to the nearest 0.1 mm). Body con-
dition was calculated as the residual of a
linear regression of body mass on tarsus
length.

Statistical analyses

We performed all statistical analysis in the
R software (version 2.12.2"). Unless stated
otherwise, we used linear regression models
and Pearson correlation to test the interre-
lation of variables. We calculated the chan-
ge in haematocrit and condition by subtrac-
ting their values in 2010 from the values in
2009. We estimated the repeatability of ha-
ematocrit between years using the method
developed by Lessels and Boag (1987).

Figure 2. The difference in haematocrit levels
between years and sexes (F=female;
M=male) during nestling care
r.]2009,female:41; n :46’ n
r.]2010,male:

Note: for the explanation of the boxplot see Figure 1 *
p=0.027; ** p=0.0025

A hematokritértékekben megmutatko-
26 évek és ivarok kozotti kiilonbség (F=-
t0j6; M= him) nevelési fazisban

n =41;n =46; n

2009, toj6
n

41;

2010, female 2009, male”

2.dbra

41;

2010, tojo 2009, him ™

2010,him
Megjegyzés: a boxplot magyardzatdt Idsd 1. dbra; *
p=0,027; ** p=0,0025

Results

During courtship, the haematocrit level
of males was higher in 2010 than in 2008
(F=27.02; df=106; p<0.0001; Figure 1).

During nestling care, we studied the va-
riation in haematocrit level between 2009
and 2010 and between the sexes (Figure
2). Comparing the years separately by se-
xes, haematocrit level of females showed a
higher level in 2009 than in 2010 (F=9.75;
df=84; p=0.0025). Years did not have any
significant effects on the haematocrit le-
vel of males (F=0.016; df=109; p=0.899).
Comparing the sexes in both years, we
found that females had higher haema-
tocrit values than males in 2009 (F=5.057,
df=79; p=0.027), but there was no diffe-
rence between sexes in 2010 (F=0.866;
df=114; p=0.35; Figure 2).
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Figure 3. The haematocrit levels of male Collared
Flycatchers during courtship and nest-
ling care, in 2010

ncourtship=70; nnestling feeding=87

Note: for the explanation of the boxplot see Figure 1

Orvés légykapd himek hematokritérté-

kei udvarlasi és fidkanevelési stadium-

ban, 2010-ben

r‘udvarla’s=70; n

Megjegyzés: a boxplot magyardzatdt Idsd 1. dbra

3.dbra

=87

fiokanevelés

In 2010, blood samples were taken from
males in two breeding stages which revealed
a higher haematocrit level during courtship
than during nestling care (F=33.48; df=123;
p<0.0001; Figure 3).

As differences between years, sexes and
breeding stages were detected in haematocrit,
the correlation between the condition and the
haematocrit level of individuals was analysed
separately for years and sexes during nestling
care. No correlation was found between the
two individual traits (all p>0.5; Table I).

However, the change in condition was
positively correlated with the change in in-
dividual haematocrit level between 2009 and
2010 during nestling care (F=7.086; df=13;
p=0.02; Figure 4). Sexes were examined to-
gether.

The haematocrit values of birds captured in
2009 and also in 2010 during nestling care
showed high repeatability between years (re-
peatability: 0.676; p=0.038; Figure 5).

0.05

0.00

=0.05 4

-0.10+

Change in haematocrit level

ot 0 5
Change in condition

Figure 4. The relationship between the change in
condition and haematocrit level of indi-
viduals, between 2009 and 2010. Traits
were measured at nestling feeding pe-
riod

nfemale=6; r1male=9

2009-ben és 2010-ben nevelési stadi-
umban visszafogott egyedek hematok-
rit- és kondiciovaltozasanak kapcsolata
n_.=6;n, =9

tojo

4. dbra
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Figure 5. The repeatability of individual haema-
tocrit levels between years. Birds were
captured in 2009 and recaptured in
2010, during nestling care

nfemale=6; nmalez’I 1

Az egyedi hematokritértékek évek ko-
z0tti repetabilitdsa. Fiokanevelési stadi-
umban 2009-ben mért, majd 2010-ben
visszafogott madarak alapjan
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2009 2010
Estimate SE t p Estimate SE t p
Male condition <0.001 0.002 0.1 0.921 <0.001 0.001 | -0.58 | 0.564
Female condition <0.001 0.001T | 0.08 | 0.936 | <0.001 0.001 | -0.16 | 0.875

Table 1.

The relationship between condition and haematocrit level of individuals. The analyses were

made separately for years and sexes during nestling care
1. tdbldzat A madarak kondicidjanak és hematokritértékének kapcsolata fickanevelési stadiumban

mérve, ivarok és évek szerint

Discussion

To shed light on the sources of variation in
haematocrit in the investigated wild popula-
tion of Collared Flycatcher, firstly, we com-
pared the haematocrit levels between years.
The differences we have found between
years support the sensitivity of haematocrit
to environmental factors. Comparing birds
captured during courtship in 2008 and 2010,
the haematocrit level significantly differed.
The difference between 2009 and 2010 was
also significant when females during nest-
ling care were compared, but not in the case
of males.

The genetic and environmental compo-
nents of the variation in haematocrit were
previously examined in Barn Swallows
(Cuervo et al. 2007) and Pied Flycatchers
(Ficedula hypoleuca) (Potti et al. 1999).
According to the cross-fostering experi-
ments the measured variation in haematocrit
level of the fledglings in these species is
explained more by the nest where they were
reared than the nest to which they geneti-
cally belonged.

The environmental influence on haemat-
ocrit level was demonstrated in experiments
where increased food availability resulted in
increased haematocrit level (Merino & Pot-
ti 1998, Hoi-Leitner et al. 2001, Santangeli
et al. 2012), while fasting birds decreased
their haematocrit values (Boiesmenu et al.
1992, Merild & Svensson 1995). Torok et

al. (2004) studied the varying food availa-
bility in our study site between years. One
of the main food type of the Collared Fly-
catcher is the caterpillar, which showed a
high biomass variance estimated by cater-
pillar frass collection (Torok et al. 2004).
Further experimental studies are required to
assess the role of the environmental factors
in the variance of haematocrit level.

Literature is contradictory about the fact
whether the sexes differ in terms of hae-
matocrit (e.g. Horak et al. 1998, Potti et
al. 1999, Fair et al. 2007). We found ambi-
guous patterns in our flycatcher population,
as well, with a difference between sexes in
2009 but not in 2010.

As mentioned before, the haematocrit
level can change with growing energy de-
mand. Prior to feeding the nestlings, the
nest building, egg laying and incubating all
belong to the female’s investments, which
could have an effect on the high haematocrit
level of females in 2009. However, males
occupy and guard nest-boxes, and after the
hatching both parents feed the nestlings,
which could cause similar haematocrit rates
between sexes.

Beside the effect of the changing energy
demand, erythropoesis is generally supp-
ressed during egg laying, causing repro-
ductive anemia by females (Sockman et
al. 2006, Wagner et al. 2007, 2008, Willie
et al. 2010). Haematocrit decreases to the
first-egg stage and the recovery is relatively
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long-lasting, extending through incubation
and hatching period (Wagner et al. 2008).
This recovery can be regulated by high plas-
ma prolactin level which is typical during
incubation (Sockman et al. 2006). In an ex-
perimental study, increased prolactin caused
increased haematocrit in hypophysectomi-
zed pigeons (Hocker 1969). Anti-estrogen
(tamoxifen) treatment reduced the decrea-
se in haematocrit during egg production in
female Zebra Finches, which indicates that
the decrease in haematocrit may have been
due to antagonistic pleiotropic effects of est-
rogens (Wagner et al. 2007). Females cap-
tured during nestling feeding should be in
recovery phase from anemia, which would
mean a relatively low haematocrit level,
something we did not observe when com-
pared to males. However the postnuptial
moult usually commences earlier in males
than females, and may partly overlap with
nestling feeding. During moulting the ha-
ematocrit level is decreasing (Chilgren &
deGraw 1977, Driver 1981, Merino & Bar-
bosa 1996). The presumably increasing ha-
ematocrit level of females during recovery
phase and the decreasing level of males du-
ring early postnuptial moulting could equate
the haematocrit level of sexes during nest-
ling feeding. We did not find any effect of
the sexes on haematocrit in 2010, as Potti
et al. (1999) also did not find a difference
between sexes by studying a sister species,
the Pied Flycatcher. These stage-specific
factors may have environment-dependent
effects on the haematocrit level of the sexes
which may have led to the sex difference in
haematocrit in one year but not in another.
In 2010 we captured males during court-
ship and also during nestling care. Compa-
ring the haematocrit values between the two
breeding stages, we found that during the
courtship the haematocrit level was signi-

ficantly higher. We captured males at court-
ship a few days after arrival from migration.
Because haematocrit is proportional to the
metabolic activity during periods of days
before blood sampling (Carpenter 1975,
Ots et al. 1998), the high energy demand of
long distance migration could have caused
the increased haematocrit level by males
sampled at courtship. Landys-Ciannelli et
al. (2002a) pointed out the haematocrit-in-
creasing effect of long-term flying with Bar-
tailed Godwits (Limosa lapponica). In addi-
tion to the highly increased energy demand
of long-term migration, hormonal changes
could also affect the haematocrit level. Se-
veral studies have shown the growing plas-
ma corticosterone level just before and du-
ring migration (Holberton 1999, Piersma et
al. 2000, Landys-Ciannelli et al. 2002b),
which could directly increase the haemat-
ocrit level of birds. The testosterone level of
males is also increasing until courtship and
has the highest level during the mating pe-
riod. During the breeding period this level
must decrease, because high testosterone
holds back the nestling feeding mechanisms
(Wingfield et al. 1990). Experimental stu-
dies have shown that testosterone treatment
increases erythropoesis and haematocrit
level in some bird species (Domm & Taber
1946, Robinzon & Rogers 1979, Thapli-
yal et al. 1983). In another study, testoste-
rone and haematocrit were simultaneously
growing with sexual maturity of the male
turkey (Cecil & Bakst 1991). In line with
our findings, the decreasing haematocrit
level during the breeding period was also
experienced by Barn Swallows (Saino ef al.
1997b). The observed differences between
the two breeding stages may be due to the
highly increased energy demand of long-
term migration and the changing level of the
hormones testosterone and corticosterone.
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We assumed that haematocrit reflects the
health state of an individual and could play
a role in survival. Based on this, we expec-
ted a positive correlation between condition
and haematocrit level of individuals. How-
ever, these traits were not correlated with
each other.

Due to the life history trade-off theory, we
would expect a negative relation between
two costly fitness-related traits. However,
because of individual optimisation and be-
cause probably both of the studied traits are
related to fitness, we could also expect a po-
sitive correlation. Still, it happens that fit-
ness related traits do not correlate with each
other. Hegyi et al. (2002) showed that fore-
head patch size is unaffected by body condi-
tion in the same population of Collared Fly-
catcher that we studied. Even so, both of the
traits can reflect individual fitness. In a Swe-
dish population of Collared Flycatchers the
forehead patch size was positively related to
lifetime reproductive success (Gustafsson et
al. 1995). Two uncorrelated fitness-related
traits could reflect different aspects of the
complex individual quality.

A significantly positive relationship ap-
peared in the change of haematocrit and con-
dition, which may partly be due to the possib-
le quick changes in their value. Both of them
are capable of reflecting the current physiolo-
gical status of individuals. Sanchez-Guzman
et al. (2004) found the same relationship in
Northern Bald Ibises (Geronticus eremi-
ta), and Rattner et al. (1987) showed a re-
lationship between the growing weight and
the haematocrit level of American Black
Duck fledglings (4nas rubripes).

When we compared the haematocrit le-
vels of birds captured in two different years
but in the same breeding stage, the haema-

tocrit of individuals showed high repeatabi-
lity. Studying a Pied Flycatcher (Ficedula
hypoleuca) population, Potti et al. (1999)
also found that haematocrit was repeatable
between years.

To summarize, our results indicate the
sensitivity of haematocrit: (1) to environ-
mental factors, indicated by differences
between years, and (2) to growing energy
demand and the hormonal background,
suggested by the high haematocrit value
after migration, at courtship. We observed
that a relationship with condition only ap-
peared when we compared the changes of
the traits, possibly due to the combination
of the short-term flexibility of the two traits
and their similar sensitivity to large-scale
environmental factors. Finally, possibly
our most interesting result is that despite
its variability, the individual’s haematocrit
was repeatable between years. This find-
ing suggests that haematocrit may not only
reflect the current status of an individual
(condition change associated with haema-
tocrit change), but it may also be capable of
informing us about the individual’s general
health state.
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Eszak-Dobrudzsaban, Romanidban: szempontok a szélerémii parkok tervezéséhez. — Ornis
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Abstract In Dobrogea, a core area for wind energy exploitation in Romania, existing knowledge regarding the
intensity and pattern of bird migration is limited. In the absence of enumerated data, wind farms may be constructed
in areas where large aggregations of migrants pass. In this study we recorded the intensity of the autumn migration
of soaring birds in three locations within the Macin Mountains, where wind farms are planned to be built. The loca-
tions chosen were at Vacareni, Greci and Cerna villages. Furthermore we categorized all migrating individuals as
threatened or non-threatened by the planned wind farms, based on their migration routes and height at local scale.
At Vicareni 4.716 individuals were counted, 3.394 raptors and 1.322 non-raptors, at Greci 2.387 individuals, 2.064
raptors and 323 non-raptors, and finally at Cerna, 5.268 individuals, 4.529 raptors and 739 non-raptors. At all three
sites a significant proportion of birds, both raptors and non-raptors, were found to be threatened by the proposed
wind farms. At Vacareni 68.33% of raptors and 84.95% of non-raptors were at threat, at Greci 44.48% and 54.18%
respectively, and at Cerna 59.37% and 94.86%. As such we conclude that intensive migration occurs in North Dob-
rogea and wind farms would have a considerable negative impact on migrants in the studied areas.

Keywords: Macin Mountains, migration corridor, raptors, wind energy, impact

Osszefoglalas A madarvonulas intenzitdsarol és mintizatarol Dobrudzsa teriiletérdl, mely egy kulcsfontossagu régi-
6t jelent Romania szamara, a szélenergia hasznositasa szempontjabol csekély mennyiségii ismerettel rendelkeziink.
A megfelel6 informaciok hianyaban a szélerdmii parkokat olyan teriiletekre épithetik, ahol jelentds madar tomegek
vonulnak el. Vizsgalatunkban a termikel6 madarak 6szi vonulasat kovettilk a Macin-hegység térségében, Vacareni,
Greci ¢s Cerna telepiilések hatardban, ahova a kozeljovében széleromii parkokat terveznek Iétesiteni. Az atvonuld
egyedeket megszamoltuk, majd minden madar esetében megallapitottuk, dsszehasonlitva a vonulasi Gtvonalat és
magassagat a tervezett széleromiivek hataskorzetével, hogy veszélyeztetett-e vagy sem a tervezett a szélturbinak
altal. Vacareni-nél dsszesen 4716 egyedet észleltiink, 3394 ragadozot és 1322 nem ragadozot, Greci-nél 2387 egye-
det, 2064 ragadozot és 323 nem ragadozot, és végiil Cerna-nal 5268 egyedet, 4529 ragadozot és 739 nem ragadozot.
Vacareni-nél a ragadozok 68,33%-a és a nem ragadozok 84,95%-a vonult a veszélyes zonaban, Greci-nél a ragado-
70k 44,48%-a, a nem ragadozok 54,18%-a, Cerna-nal a ragadozok 59,37%-a, valamint a nem ragadozok 94,86%-a
repiilt 4t a veszélyes teriileten. Eredményeink alapjan megéllapithatjuk, hogy Eszak-Dobrudzséban jelentds 6szi
madarvonulas figyelheté meg, valamint a tervezett szélerémii parkok jelentds kockazatot jelentenének a vonuld
madarakra, ha megéptilnének.

Kulcsszavak: Macin-hegység, vonulasi folyoso, ragadozok, szélenergia, veszélyforras
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Introduction

The move to alternative energy sources has
become one of the most important strategies
in the European Union for the reduction of
greenhouse gas emissions (Nagy & Kormen-
di 2012). Along with solar power, hydroe-
lectric power and geothermal energy, wind is
an important renewable energy source whi-
ch, when exploited through wind turbines,
can produce electricity with minimal carbon
emissions. Currently wind energy provides
for 5.3% of the EU’s energy consumption.
However, this is set to rise steeply over the
next two decades as the EU moves towards
its target of generating 28.5% of its electri-
city usage by 2030, according to some sce-
narios (EWEA 2011). This implies intensi-
ve proliferation of wind farms, and already
a constant increase can be spotted all over
Europe, including Romania, and inside Ro-
mania especially in Dobrogea.

Dobrogea is a region situated in the
South-Eastern part of the country, between
the Danube River and the Black Sea. It is
characterized by an arid climate and windy
weather, which shows a high intensity over
the whole period of the year (Lungu et al.
2009). Due to its climate, Dobrogea consti-
tutes a priority area for Romania to exploit
wind energy (RWEA 2011) and as such the
number of wind farms has increased signifi-
cantly in this region in the last few years,
with the total capacity of the approved pro-
jects until January 2012 reaching 5000 MW
power (CN Transelectrica SA 2012).

Although wind farms are generally recog-
nized as a ‘green’ energy source with various
benefits, several adverse effects of wind far-
ms on flying animals (e.g. birds and bats)
can be highlighted, which cannot be neglec-
ted (reviewed by Drewitt & Langston 2006,
Hotker et al. 2006, Kunz ef al. 2007, Drewitt

& Langston 2008). As a primary impact on
birds, (1) wind farms cause habitat distur-
bance, both during building (Pearce-Higgins
et al. 2012) and during functioning (Garvin
et al. 2011, Carrete et al. 2012, De Lucas
et al. 2012). Beside habitat disturbance, (2)
wind farms also produce a barrier-effect in
the course of passing individuals (Drewitt &
Langston 2006, Pruett et al. 2009), and, (3)
most significantly, there is a high risk of colli-
sion for flying animals with the moving rotor
blades (Drewitt & Langston 2006), which can
occur both during local movements, or during
migration. Thus sedentary and migrating in-
dividuals can be affected as well (Drewitt &
Langston 2006). Collision risk, hence morta-
lity rate, of birds at wind farms can be highly
variable over the year (De Lucas et al. 2008)
and it depends on a wide range of factors, like
bird species, number and behavior of indi-
viduals, flight strategy, migratory behavior,
weather conditions and surface topography
(reviewed by Drewitt & Langston 2006,
Drewitt & Langston 2008), as well as from
turbine height and elevation above sea level
(De Lucas et al. 2008). It has been shown pre-
viously that the most affected groups are bir-
ds using the soaring-gliding flight style, like
raptors (Garvin ef al. 2011). Therefore, based
on our present knowledge, the scenario with
the highest collision risk would be a flock of
soaring birds flying at the height of the wind
farms in bad weather conditions, over a mig-
ration route (Kikuchi 2008).

Raptors and other soaring birds migra-
te over well-established migration routes
(or migration corridors) and generally use
geographical bottlenecks (e.g. Bosporus,
Gibraltar, Suez) to cross large water surfaces
(Ferguson-Lees & Christie 2001). Over these
migration routes and bottlenecks large con-
centrations of migrating birds can be coun-
ted (Newton 2008). In Romania, Dobrogea



A. Fiilop, L. Barbos, G. M. Boné, Sz. J. Daroczi, L. A. Dehelean, 75
R. B. Kiss, I. Kovacs, A. Nagy, T. Papp

is defined as an important migration corri-
dor for birds coming from the Northern- and
North-Eastern part of Europe and heading to
Africa through the Bosporus, following the
Via Pontica flyway, a section of the Eurasi-
an — East African Flyway which runs down
the Western coast of the Black Sea (Doma-
hidi et al. 2004, Newton 2008, Michev et al.
2012). Large numbers of birds pass every
autumn over Dobrogea (Domahidi & Koma-
romi 2004, Domahidi et al. 2004, Koméaromi
2005, Milvus Group 2008, Parau 2011). The
geographical distribution of the migrants is
relatively uniform, however migration in-
tensity tends to be more accentuated on the
Western- and Eastern parts of the region
(Milvus Group 2011).

In the present study we provide data on the
magnitude of autumn migration of several
raptors and other bird species in three diffe-
rent regions of North Dobrogea, all located
within the area of Macin Mountains, where
wind farms are planned to be constructed in
the near future. All three study sites are part
of a Natura 2000 site (ROSPA0073) or are in
the near vicinity of it, thus represent areas of
high conservation priority. Beside the num-
ber of migrating individuals we try to assess
the potential impact of wind farms on the
migrants, based on the migration route and
height of individuals compared to the opera-
ting range of wind turbines at local scale. Our
study highlights the importance of this region
as a migration corridor and the potential ne-
gative effect of the wind farms on migrants.

Material and Methods

Species of interest

We focused our study on several bird spe-
cies which may be negatively influenced by

the presence of wind farms in the course of
their migration. Typically such groups in-
clude all raptors and other large-sized so-
aring birds (e.g. Storks, Pelicans, Cranes).
Beside the enumerated taxa we also recor-
ded the species belonging to the following
groups: Cormorants, Herons, Geese, Ducks,
Gulls and Pigeons. Most of these birds are
large-sized, thus they can be detected and
counted from long distances.

Study sites

We made our observations from three diffe-
rent count points simultaneously. Count
points were located in the area of Macin
Mountains, in the vicinity of the villages of
Vacareni (N 45.265267°, E 028.227751°),
Greci (45.136395°, E 028.263373°) and
Cerna (N 45.068871°, E 028.346660°). In
all the three places wind farms are planned
to be built with various number of wind tur-
bines: 35 at Vacareni (APM Tulcea 2011a,
APM Tulcea 2011b, APM Tulcea 2011c¢, As
Orimex New SRL 2011a, As Orimex New
SRL 2012a), 24 at Greci (As Orimex New
SRL 2011b, As Orimex New SRL 2012b,
As Orimex New SRL 2012c) and 27 at Cer-
na (APM Tulcea 2011d, As Orimex New
SRL 2011c, As Orimex New SRL 2013).
Observation points were placed on the top
of hills to have good visibility on the study
areas and to maximize the chance to obser-
ve migrating birds over large distances (see
Figure 1).

General survey procedures

We recorded the ‘visible’ migration of birds
in the autumn of 2012 during two different
periods, between 20-30 September and
5-14 October, summing 21 observation
days in total. Survey periods were chosen
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N7 i B [Vacareni]
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m ROSPA0073 Macin - Niculitel B Observation points

Figure 1. Map showing the location of the study sites in Macin Mountains. A highlighted view of each
site shows the positioning of the count points in relation to the distribution of the planned
wind turbines and surface topography

1.dbra A vizsgalt teriiletek elhelyezkedése a Macin-hegység térségében (bal oldal). Az egyes min-
tateriileteket kilon-kulon dbrazold térkép, mely a megfigyelépont elhelyezkedését szem-
lélteti a tervezett szélturbindk helyzetéhez és a felszin domborzatahoz viszonyitva (jobb
oldal)
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to cover the migration peak of the two most
abundant migrating raptors in Dobrogea in
this period, the Lesser Spotted Eagle (Aqui-
la pomarina) and the Common Buzzard
(Buteo buteo) respectively (Parau 2011).
According to previous studies (Domabhi-
di et al. 2004, Parau 2011) the migration
peak of the Lesser Spotted Eagles in the
area of Macin Mountains is in the second
half of September. The abundance of mi-
grating Common Buzzards fluctuates over
time, but the highest numbers were recor-
ded between 20 September and 15 October
(Domabhidi & Komaromi 2004, Komaromi
2005, Parau 2011).

We carried out our observations every
day between 9 AM and 6 PM according to
the method described by Bird & Bildstein
(2007). During these hours 2-4 ornitholo-
gists were present on every survey point, ac-
tively searching for migratory birds arriving
from the North, North-East or North-West,
but without disregarding the other directions
either. Surveyors were equipped with bino-
culars (Leica Ultravid HD 10%42) and spot-
ting scopes (Kowa TSN-883, eyepieces 30%
and 20-60x%). Observations were suspended
only in case of bad weather conditions (rain
or fog), when the visibility decreased sig-
nificantly and counting became impossible.
We recorded all the observed migrating in-
dividuals or flocks in standard data sheets.
Migrating birds were identified at species
level. If accurate determination was im-
possible, birds were determined at genus
level or marked as unknown. Unidentified
raptors were noted using a common referen-
ce as ‘Rapaces sp.’. Beside the number of
individuals we recorded the flight direction,
distance from the count point and presence
or absence in the risk zone. Wandering indi-
viduals were also noted (e.g. birds coming
from South).

Safe zone and risk zone

Within the three study sites we determined
the risk zone and the safe zone. The risk
zone was delimited as the total operation
range of the planned wind turbines. This
took into account the altitude gradient,
ranging between 0-200 meters above the
ground level, to give the approximate ran-
ge of motion of an average wind turbine.
Individuals flying within the described al-
titude limits inside the area of a wind farm
are considered as presenting a high collisi-
on risk with operating wind turbines. The
safe zone was defined as all the area outside
of the planned wind farms, or the altitude
>200 meters above ground inside the area
of the wind farms, the height from which
most migrating birds can safely cross above
the wind farm area.

Double counts and data manipulation

Double counting inside the same study area
was prevented by following every bird or
flock during its transition over the region,
heading mainly from North to South, from
the moment of its first detection until the
moment of disappearance. Double counting
between the count points cannot be comp-
letely avoided due to the positioning of the
points along an approximate North-South
gradient. Although the count points were at
relatively large distances from each other,
overestimates in the total number of indivi-
duals cannot be excluded.

The number of observed migrants was
summed and the proportion of threatened
and non-threatened individuals was calcu-
lated in the case of every species at all the
three count points separately.
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Total number of migrating individuals recorded at Vacareni study site during the full
study period. The distribution of migrants between the risk zone (marked as Threatened)
and safe zone (marked as Non-threatened) shows the potential impact of wind farms
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Total number of migrating individuals recorded at Greci study site during the full study
period. The distribution of migrants between the risk zone (marked as Threatened) and

safe zone (marked as Non-threatened) shows the potential impact of wind farms
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Total number of migrating individuals recorded at Cerna study site during the full study
period. The distribution of migrants between the risk zone (marked as Threatened) and safe

zone (marked as Non-threatened) shows the potential impact of wind farms

Table 3.
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Results

At Vicdreni count point 4.716 birds were
counted, 3.394 raptors and 1.322 non-raptors
(Table 1). At Greci station a total of 2.387
birds were seen migrating, 2.064 raptors and
323 non-raptors (Table 2). The highest num-
ber of migrating individuals was registered
at Cerna count point, with 5.268 individuals,

4.529 raptors and 739 non-raptors, counted
(Table 3). At Vacareni 68.33% of raptors and
84.95% of non-raptors migrated through the
risk zone (Table 1). At Greci count station
44.48% of raptors and 54.18% of non-rap-
tors migrated through the risk zone (7able
2), and finally at Cerna 59.37% of raptors
and 94.86% of non-raptors migrated through
the risk zone (Table 3) (Figure 2).
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Figure 2. The proportion of threatened and non-threatened migrants observed at the three study sites
during the full study period
2.dbra  Ateljes vizsgélati id6szak alatt rogzitett, a tervezett szélturbinak altal veszélyeztetett, valamint
nem veszélyeztetett 4tvonul6 egyedek aranya a harom mintaterileten
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Discussion

The impact of the intensive wind farming
over the migrant birds is a subject prone to
long debates between nature conservatio-
nists and entrepreneurs, especially in the
case of Dobrogea, the core area for Roma-
nian wind farming, where several interests
overlap. On one side Romania, as a mem-
ber state of the EU, has ambitious renewab-
le energy targets to meet. But on the other
side Dobrogea is a natural heritage with
very high biodiversity, with 50.38% of its
total surface area protected for nature con-
servation (MMSC 2011). Beside the interest
of the government, the exploitation of re-
newable energy sources represents a highly
profitable business opportunity for private
companies. Not surprisingly, as a result of
multiple conflicts of interest, the potential
impact of wind farms on wildlife is gene-
rally underestimated in official reports, both
intentionally and unintentionally, due to
several reasons: lack of information about
the different areas due to the limited number
of studies available, lack of experts and su-
perficiality of environmental impact assess-
ment studies.

Our study aimed to fill this gap of in-
formation, at least partially, in the area of
Macin Mountains, which is also a Natu-
ra 2000 site. Our results demonstrate that
(1) intensive migration occurs in Northern
Dobrogea and (2) wind farms would have
a significant negative impact on migrating
birds, affecting a substantial part of the
migrating individuals from our study areas.
According to previous studies (Domahidi
& Komaromi 2004, Domabhidi et al. 2004,
Komaromi 2005, Milvus Group 2008, Parau
2011), we found that the Common Buzzard
is the most abundant migrating raptor spe-
cies. During this period of the year the vul-

pinus subspecies of the Common Buzzard
is the most numerous in this area, due to its
different migratory strategy compared to
the buteo subspecies, Buteo buteo vulpinus,
a long term migrant that winters in Africa
(Forsman 1999). The second most abundant
raptor species was the Lesser Spotted Eagle.
This species occurs also in large numbers
in this area during late autumn, as does the
Eurasian Sparrowhawk (Accipiter nisus),
which was the third most abundant raptor
(Domahidi & Komaromi 2004, Domahidi
et al. 2004, Komaromi 2005, Milvus Group
2008, Parau 2011). Previous studies de-
monstrated that the European Honey Buz-
zard (Pernis apivorus) migrates also in lar-
ge numbers over Dobrogea (Milvus Group
2008). Hovewer the migration peak of the
species is at the end of August — beginning
of September (Cramp & Simmons 1980).
The most abundant non-raptors were Pige-
ons (Columba sp.) and Black Storks (Cico-
nia nigra). White and Black Storks migrate
in large numbers over Dobrogea (Domahidi
& Komaromi 2004, Komaromi 2005). The
migration peak of the White Storks (Ciconia
ciconia) is during August, in the second part
of the month until early September (Cramp
& Simmons 1977), which explains the small
number of individuals counted during our
study. In contrast, the migration peak of the
Black Stork is one month later, at the end
of September to early October (Cramp &
Simmons 1977), which explains the relative
high proportion of Black Storks compared
to other non-raptor species recorded during
the study.

We have shown that a high proportion
of both the raptors and non-raptors migra-
ted across the risk area, therefore would be
negatively affected by wind farms. In case
of migratory birds the effect of wind farms
can manifest in two ways: (1) either through



A. Fiilop, L. Barbos, G. M. Boné, Sz. J. Daroczi, L. A. Dehelean, 83
R. B. Kiss, I. Kovacs, A. Nagy, T. Papp

a barrier-effect, or (2) by the increased risk
of collision. Collision can be avoided by
changing the flight trajectory or by increa-
sing the flight height (De Lucas et al. 2004).
But deviance from the optimal migration
route increases the flight distance, which
means elevated energy expenditure for the
migrants (Hotker et al. 2006). The highest
proportion of individuals migrating through
the risk zone was at Vacareni count station,
at over 72%. Soaring birds use the soa-
ring-gliding flight style, hence they depend
on the presence of thermals during their
migration, which generally form on hillsi-
des. But ‘wind strength is greatest at the
break of the slope at ridge tops, so these are
also the primary locations for wind energy’
exploitation as well (Drewitt & Langston
2008). Placement of wind turbines in these
areas can be particularly dangerous, leading
to increased levels of collision mortality
for species that frequently use thermals to
rise (Drewitt & Langston 2008). The high
proportion of birds entering the risk zone at
Vacareni count station might be explained
by the presented phenomenon, as the study
area covers a long slope on the Northern
side of the Macin Mountains and it is the
transition zone between the floodplain of
the Danube and the Northern ridge of the
mountains. In the case of Greci and Cerna
count stations the proportion of the indivi-
duals entering the risk zone was approxi-
mately 45% and 64% respectively, which is
smaller compared to Vacareni station, but
still not negligible. The two count points are
positioned in the South-Western part of the
Maécin Mountains, thus birds might adopt a
different migratory strategy at local scale as
a consequence of the local surface topog-

raphy, resulting a slightly smaller, but still
considerable risk of the potential collision
with wind turbines.

Based on our results we conclude that
the planned wind farms in the three study
areas may have a negative effect on migra-
tory birds, especially at Vacareni and Cerna
stations, if constructed. Although our study
fails to cover the whole autumn migration
period, we have shown that large concentra-
tions of birds migrate over North Dobrogea,
one of the most abundant raptor being the
Lesser Spotted Eagle, a species of interna-
tional conservation interest. The significant
part of this raptor’s global population mig-
rates along the Western coast of the Black
Sea, over Dobrogea. In addition we have de-
tected several species that migrated through
the risk zone which, though represented
in small numbers, are Red Listed (IUCN
2012) (e.g. Greater Spotted Eagle Aquila
clanga, Eastern Imperial Eagle Aquila he-
liaca, Red-footed Falcon Falco vespertinus,
Saker Falcon Falco cherrug). Also detected
was Griffon Vulture (Gyps fulvus), a speci-
es which is a rarity for Romania, therefore
giving our observation a high faunistic va-
lue. Further studies are needed to cover the
whole migration period from mid-August to
late October.
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Birds as disseminators of ixodid ticks and
tick-borne pathogens: note on the relevance
to migratory routes

SANDOR HorNoOK!, ZsoLT Karcza? 4, TiBOR CSORGO™>

Sandor Hornok, Zsolt Karcza, Tibor Csorgé 2012. Birds as disseminators of ixodid ticks and
tick-borne pathogens: note on the relevance to migratory routes. — Ornis Hungarica 20(2):
86-89.

Osszefoglalas A madarak gyakran kullancsfertézottek, igy szerepiik — kiilondsen vonulasuk so-
ran — a kullancs kozvetitette korokozok terjesztésében és az ezek altal okozott betegségek jarvanytanaban régota
ismert és kutatott teriilet. A hazankban végzett elsé ilyen molekularis epidemiologiai felmérés kapcsan azonban
érdemes kitérni az ilyen és hasonlo vizsgalatok egy 1ij, ornitoldgiai jelent6ségili aspektusara. A kozép- és hosszl-
tava vonuld madarakrol eltavolitott kullancsok és a benniik talalhato korokozok molekularis szintli azonositasa
(azaz egyes génjeik nukleotid sorrendjének meghatarozasa) lehetdséget nyujt azok nemzetkozi (génbanki adatok-
kal valo) dsszehasonlitasara. Ez alapjan valosziniisiteni lehet a kullanccsal valo fert6z6dés hozzavetdleges helyét,
tehat a vonulas hozzavetdleges utvonalat is.

Kulcsszavak: madarvonulas, Hyalomma, Rickettsia, Francisella, szekvenalas

Absract It has been a long studied issue, that birds are frequently infested with ixodid ticks, and consequently
play a significant role in disseminating tick-borne pathogens (especially during their seasonal migration) and in-
fluence the epidemiology of relevant diseases. In connection with the first Hungarian molecular epidemiological
survey on this topic the authors would like to note, that a new, ornithological aspect of similar researches may
deserve future attention. Ticks removed from mid- and long-distance migratory birds and the tick-borne patho-
gens they may contain can be molecularly identified (i.e. with sequencing certain genes), and their sequences
could be compared with others internationally available (deposited in the GenBank). This may provide clues for
determining the place or country where the bird most likely acquired its tick-infestation, and thus for the probable
route of seasonal migration.
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Birds are the most mobile animals taking
into account the large distance they can co-
ver in the course of a few days, particularly
during their seasonal migration. Additional-
ly, birds are long known for their epidemio-
logical role as carriers of ticks (Hoogstraal
et al. 1963), implying that ticks attached to
them — as well as the tick-borne pathogens
— can also be transported by them to places
far away from the original habitats. This is
a well studied issue from the point of view
of ticks and tick-borne pathogens. However,
in most (if not all) of the reports concerned
about the import of exotic tick species and
tick-borne pathogens by birds into regions
formerly exempt of them focus on epide-
miological implications. Therefore in this
note the authors would like to highlight that
some findings in the first molecular study on
ticks and tick-borne pathogens associated
with migratory birds in Hungary (Hornok
et al. 2013) show that tracking the possi-
ble geographical origin of DNA sequences
from ticks or tick-borne pathogens carried
by birds may be relevant to their migratory
routes (and vica versa).

Ticks (Acari: Ixodidae) were removed
from birds mist-netted at the Ocsa Bird
Ringing Station in 2011. From 1.786 birds
caught in the spring 108 subadult ticks were
collected (Hornok et al. 2013). The majo-
rity (96.3%) of them was Ixodes ricinus, but
three Hyalomma immatures (two moulting
larvae and one nymph) were also collected
from a Robin (Erithacus rubecula). Mole-
cular analysis of these revealed 100% sequ-
ence homology only to an isolate of H. mar-
ginatum from Morocco (accession number
AF150034 for the 12S rRNA gene).

This tick species occurs in most of the
Mediterranean basin and is not indigenous in
Hungary, thus the infestation probably origi-
nated from the Mediterranean. Robins ringed

in Hungary have mostly been recaptured
while wintering in south-western Europe,
some of them have even crossed the Mediter-
ranean to winter along the northern shores of
Algeria (Gyuracz & Csorgd 2009). Although
until now recaptures of Robins did not link
Morocco to Hungary, the present data may
indicate that the relevant bird arrived from
the region of Morocco (Figure 1).

Hyalomma marginatum is a two-host tick
(i.e. its larva moults to the nymph stage
without detachment from the host) and
therefore the immature stages remain for a
prolonged period (12-26 days) on the host
(Farkas et al. 2013). The average migration
speed of Robins is 65 km/day, however,
this may show considerable daily varia-
tions; some birds may fly even hundreds of
kilometers daily (Remisiewicz et al. 1997).
This means that ticks carried by them (or by
similar mid-distance or even long distance
migrants) may arrive from 2-3.000 kilom-
eters away.

Although we can not exclude that the Mo-
roccoan genotype of H. marginatum can be
found in other parts of the Mediterranean
basin in Europe, the possible African origin
of these ticks is supported by yet another
finding. In all three specimens of these ticks
Rickettsia aeschlimannii was identified,
also for the first time in Hungary (Hornok
et al. 2013). This bacterial pathogen is res-
ponsible for spotted fever in humans and
is endemic to the Mediterranean countri-
es. This Rickettsia genotype showed 100%
sequence similarity to an isolate from Egypt
(HQ335153). Considering that Hungarian
Robins overwinter in the Western Medi-
terranian promts the question whether this
genotype may also occur in North-Western
Africa.

Additionally, from an /. ricinus larva also
obtained from a Robin the sequence of a
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Figure 1. Recaptures of Robins ringed in Hungary.

Triangles show the likely origin of H. marginatum ticks collected from a Robin in 2011 in
Hungary (A) and the likely origin of Rickettsia aeschlimannii carried by these ticks (A) as
judged by comparisons of genetic sequences

1.dbra

A magyarorszagi vonatkozasu vordsbegy visszafogasok eloszlasa.

Egy hazai vorésbegyrdl 2011-ben gyUjtott H. marginatum kullancsokhoz (A) és az altaluk
hordozott Rickettsia aeschlimannii (A) baktériumokhoz genetikailag hasonlé kullancsok,
illetve baktériumok ismert el6forduldsa a Mediterrdaneumban

novel Francisella-like genotype was iden-
tified (Hornok et al. 2013). This endosym-
biont is taxonomically close to the causative
agent of tularemia in mammals. The new
genotype showed the closest (99%) simila-
rity to endosymbionts detected in Derma-
centor reticulatus in Central-Europe. Ac-
cordingly, although the geographical range
of I ricinus extends to southern Europe,
the relevant tick most likely attached to its
avian host in Central-Europe shortly before
capturing.

In conclusion, bird ticks and associated
pathogens may be used as tracers (indica-

tors) of migratory routes because their mo-
lecular analysis provides a basis for genetic
comparison with internationally available
data. However, the unfolding of this new
approach to track bird migration depends
on and necessitates the availability of target
sequences from many or most countries of
possible places of departure/destination.
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