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tical analysis and improved the manuscript. All

authors contributed substantially to the study
and gave final approval for publication.
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Zusammenfassung

Zusammenfassung

Landnutzungs- und Klimawandel sind die
Hauptursachen fur sich verandernde Umweltbe-
dingungen, die weltweit zum Rickgang von Arten
fuhren. Um die Auswirkungen des Klimawandels
abzumildern, wurde die Nutzung erneuerbarer
Energien, z. B. durch den Bau von Windkraftanla-
gen, in den letzten Jahrzehnten stark ausgeweitet.
Windkraftanlagen stehen jedoch regelmaRig in
der Kritik, weil sie unter anderem zu Lebens-
raumverlusten und Barriereeffekten fiihren und
ein Kollisionsrisiko darstellen, insbesondere fur
hoch mobile, groRraumig agierende Arten wie
Vogel. Um die Auswirkungen der sich &ndernden
Umweltbedingungen und die zusatzlichen Risi-
ken durch Windkraftanlagen beurteilen und effi-
ziente SchutzmalRnahmen entwickeln zu kdnnen,
ist es wichtig, die Raum- und Habitatnutzung von
Vogeln zu verstehen. Daher habe ich mich in mei-
ner Forschung auf die Raum- und Habitatnutzung
von Rotmilanen Milvus milvug auf verschiede-
nen zeitlichen und rédumlichen Skalen kon-
zentriert. Da der Verbreitungsschwerpunkt die-
ser Greifvdgel in Deutschland liegt, haben wir
eine besondere Verantwortung fir den Schutz
und Erhalt dieser Art, die auch eine Leitart fur
den Vogelschutz in Deutschland ist.

In meiner ersten Studie (Kapitel 1) unter-
suchte ich den Einfluss der intrinsischen Treiber
Geschlecht und Reproduktionstrieb auf die

Raum- und Habitatnutzung von Rotmilanen und

ob sich deren Einfluss im Verlauf von drei ver-
schiedenen Phasen innerhalb der Brutsaison ver-
andert. Die Raumnutzung der Rotmilane hing von
ihrem Geschlecht und ihrem Reproduktionssta-
tus ab. Die Aktionsrdume der Weibchen wéhrend
der Brutzeit waren deutlich kleiner als die der
Mannchen oder die in den anderen Phasen der
Brutzeit. Damit bestatigten diese Ergebnisse,
dass Rotmilane wahrend der Brutzeit ge-
schlechtsspezifische Rollen haben: die Weibchen
bebruten die Eier, wahrend die M&nnchen sie mit
Nahrung versorgen. Die Habitatnutzung veran-
derte sich im Verlauf der Brutzeit nicht. Unabhé&n-
gig von den Phasen wurden Walder weniger und
Ackerland mehr genutzt als aufgrund ihrer Ver-
fugbarkeit zu erwarten gewesen ware, was die
Bindung der Rotmilane an Agrarlandschaften be-
statigt.

Zweitens (Kapitel 1l) untersuchte ich Un-
terschiede in der Raumnutzung zwischen den Ge-
schlechtern im Verlauf der gesamten Brutsaison
und deren zugrunde liegenden intrinsischen
Treiber. Auch hier waren die geschlechtsspezifi-
schen Rollen der Rotmilane die Hauptursache fur
die Unterschiede zwischen den Geschlechtern in
den Flugdistanzen und den mittleren Entfernun-
gen zu den Nestern. Sowohl die Flugdistanzen als
auch die mittleren Entfernungen zum Nest waren
bei den Weibchen wahrend der Brutphase am ge-

ringsten und um die Zeit des Ausfliegens der
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Jungvdgel am groéfRten, also dann, wenn auch der
Nahrungsbedarf der groRen Jungvdgel am hdchs-
ten ist. Die Rolle der M&nnchen als Versorger hin-
gegen wurde im unimodalen Kurvenverlauf der
Flugdistanzen mit Maximum in der friihen Phase
der Jungtieraufzucht, wenn das Weibchen be-
ginnt bei der Nahrungssuche zu unterstitzen,
deutlich. Insgesamt war die Raumnutzung der
Mannchen gleichbleibender als die der Weibchen,
was sich in der sich kaum andernden mittleren
Entfernung zu den Nestern zeigte und darauf hin-
deutet, dass die Territorialitat wahrend der ge-
samten Brutsaison gegeben, jedoch bei den
Mannchen starker ausgepragt ist als bei den
Weibchen.

Drittens analysierte ich den Einfluss des
extrinsischen Treibers Windgeschwindigkeit auf
die dreidimensionale Raumnutzung der Rotmi-
lane und die daraus resultierenden Konsequen-
zen fur deren Kollisionsrisiko mit Windkraftanla-
gen. Flugaktivitat und Flughéhen von Rotmilanen
andern sich nichtlinear mit den auftretenden
Windgeschwindigkeiten. Wahrend Rotmilane bei
eher ruhigen Windgeschwindigkeiten bis zu 2
m/s auf 10 m tber Grund am wenigsten aktiv wa-
ren, nahm ihre Aktivitat mit zunehmender Wind-
geschwindigkeit zu, bis sie bei Windgeschwindig-
keiten von 4,8 m/s - 6,8 m/s ihr Maximum er-
reichte. Bis zu Windgeschwindigkeiten von 4,4
m/s waren die Flughdhen der Rotmilane kon-
stant knapp tber 100 m Uber Grund und damit
sowohl auf Rotorh6he von Windenergieanlagen,
die im Studiengebiet zurzeit betrieben werden,
aber auch auf Rotorh6he zurzeit geplanter, h6he-
rer Windenergieanlagen. Bei Windgeschwindig-
keiten zwischen 4,4 m/s - 6,0 m/s sanken die
Flughdhen der Rotmilane um ~ 1 m pro 0,1 m/s
und lagen im Mittel bei 83 m £ 8 m (Mittelwert +
SD). Der prozentuale Anteil der Fliige auf Rotor-

héhe der betriebenen Windenergieanlagen im

Untersuchungsgebiet lag, abhéngig von der indi-
viduellen Anlagenhéhe zwischen 32 % und 57 %.
Da die derzeit geplanten Windenergieanlagen
groRer sind, sinkt der Prozentsatz der Flige auf
Rotorhéhe zukiinftiger Windenergieanlagen auf
31% - 37%, was noch immer kein vernachlassig-
barer Anteil ist. Daher werden MaflRnahmen zur
Verringerung des Kollisionsrisikos von Rotmila-

nen auch in Zukunft unverzichtbar bleiben, fir

die meine Studie einige vielversprechende An-
satzpunkte lieferte.

Viertens untersuchte ich die Unterschiede
in der Raum- und Habitatnutzung zwischen Som-
mer- (Brutzeit) und Winterhabitaten (Nichtbrut-
zeit) der Rotmilane sowie deren zugrunde liegen-
den intrinsischen und extrinsischen Treiber. Die
Aktionsraume und taglichen Flugdistanzen wa-
ren im Winter deutlich gré3er als im Sommer,
was vermutlich darauf zuriickzufiihren ist, dass
Territorialitat im Sommer eine gréfRere Rolle
spielt als im Winter. Im Winter zeigten die Weib-
chen einen geringeren Raumbedarf als die Mann-
chen, wahrend im Sommer das Gegenteil der Fall
war. Im Sommer spielte jedoch der Bruterfolg
eine entscheidende Rolle: Bei erfolgreich briten-
den Rotmilanen gab es keinen Unterschied zwi-
schen den Geschlechtern, wahrend bei nicht er-
folgreich britenden Rotmilanen die Weibchen ei-
nen gréReren Aktionsraum hatten als die Mann-
chen. Dieses Ergebnis deutet erneut auf ein aus-
gepragteres Territorialverhalten von ménnlichen
als von weiblichen Rotmilanen hin. Unabhéng
von der Jahreszeit nahmen die Aktionsraumgro-
Ben und die taglichen Flugdistanzen mit zuneh-
mender Primarproduktivitat (NDVI) zu, die als
Indikator fur die Ressourcenverfiigbarkeit diente
und von der bekannt ist die Raumnutzung von
Végeln zum Beispiel wahrend des Zuges zu beein-
flussen. Die GroR3e der Aktionsraume und die tag-
lichen nahmen

Flugdistanzen jedoch  mit
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zunehmender Landschaftsvielfalt ab, was héchst-
wahrscheinlich auf die grobe Auflésung der ver-
wendeten Landnutzungsdaten zurtickzufiuihren

ist. Die Habitatverfuigbarkeit innerhalb der Akti-

onsrdume unterschied sich deutlich zwischen
den Jahreszeiten und ist durch die unterschiedli-
chen Landschaftsausstattungen in den Winter-
und Sommerhabitaten zu erklaren. Die Nutzung
der Habitate unterschied sich ebenfalls zwischen
den Jahreszeiten: Agrarlandschaften wurden im
Winter starker genutzt als im Sommer. Insgesamt
konnte ich mit dieser Studie zeigen, dass sowohl
intrinsische als auch extrinsische Treiber die

Raumnutzung in den beiden Jahreszeiten beein-
flussen. Daraus entstehen Unterschiede in der
Raum- und der Habitatnutzung bei wandernden

Greifvogeln zwischen ihren Sommer- und Win-
terhabitaten. Die Ergebnisse unterstreichen, wie

wichtig es ist des gesamten Jahreszyklus

wandernder Arten fur das Naturschutzmanage-
ment zu berilicksichtigen.

Zusammenfassend konnte ich mit meinen
Studien zur Raum- und Habitatnutzung von Rot-
milanen in verschiedenen zeitlichen und raumli-
chen Maf3staben wichtige intrinsische und extrin-
sische Treiber fur deren Bewegung identifizieren.
Daraus konnte ich Schlussfolgerungen ziehen, die
einen wichtigen Beitrag zur Bewertung bestehen-
der und der Entwicklung weiterer effizienter
SchutzmalRnahmen leisten kdnnenDurch effizi-
ente Schutzmafinahmen und die Rolle des Rotmi-
lans als Flaggschiffart fir den Vogelschutz kon-
nen wir nicht nur unserer besonderen Verant-
wortung fur den Schutz und den Erhalt des Rot-
milans gerecht werden, sondern gleichzeitig viele
andere Arten schitzen, die durch die veréanderten

Umweltbedingungen geféhrdet sind.
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Summary

Land use and climate change are the main
causes of changing environmental conditions that
lead to the decline of species worldwide. To miti-
gate the effects of climate change, the use of re-
newable energies, e.g. through the construction of
wind turbines, has been strongly expanded in re-
cent decades. However, wind turbines are regu-
larly criticised because, among other things, they
lead to habitat loss, barrier effects and collision
risks, especially for highly mobile animals such as
birds. Among birds, raptors particularly have an
expansive space useTo assess the impact of
changing environmental conditions and the addi-
tional risks posed by wind turbines, it is im-
portant to understand the space and habitat use
of raptors. | focused my research on the space and
habitat use of Red KitesNlilvus milvug on differ-
ent temporal and spatial scales. As the distribu-
tion centre of Red Kites is in Germany, we have a
special responsibility for the preservation and
conservation of this species, which is also a flag-
ship species for bird conservation in Germany.

In my first study (Chapter |), | investigated
the influence of the intrinsic drivers sex and re-
productive instinct on the space and habitat use
of Red Kites and whether their influence changes
over the course of three different periods within
the breeding season. The Red Kites' space use de-
pends on their sex and reproductive instinct, as

the activity ranges of females during the

incubation period were significantly smaller than
those of males or those in the other periods of the
breeding season. Thus, these results confirmed
that Red Kites show reproductive role specialisa-
tion during the breeding season: females incu-
bate the eggs while males provide them with
food. Habitat use did not change during the
breeding season. Regardless of the period, forests
were used less and arable land more than would
have been expected due to their availability,
which confirms the Red Kites' attachment to agri-
cultural landscapes.

Secondly Chapter II), | investigated dif-
ferences in space use between the sexes through-
out the entire breeding season and their underly-
ing intrinsic drivers. Again, the reproductive role
specialisation of Red Kites were the main drivers
of differences between the sexes in flight dis-
tances and mean distances to nests. Both flight
distances and mean distances to the nest were
lowest for females during the incubation period
and highest around the fledging of the juveniles
i.e. when the food requirements of the large fledg-
lings are also highest. The role of the males as
providers, on the other hand, became visible in
the unimodal curve of the flight distances with a
maximum in the early phase of fledgling rearing,
when females start to support the search for food.
Overall, the males' space use was more constant

than that of the females, which was also reflected

11
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in the hardly changing mean distance to the nests
and indicates that territoriality is present
throughout the breeding season, but more pro-
nounced in the male than in the female Red Kites.

Thirdly (Chapter IIl), | analysed the influ-
ence of the extrinsic driver wind speed on the
three-dimensional space use of Red Kites and the
resulting consequences for their collision risk
with wind turbines. Flight activity and flight alti-
tudes of Red Kites changed non-linearly with the
occurring wind speeds. While Red Kites were
least active at rather calm wind speeds up to 2
m/s at 10 m above ground, their activity in-
creased with increasing wind speed until it
reached its maximum at wind speeds of 4.8 m/s-
6.8 m/s. Up to wind speeds of 4.4 m/s, the flight
altitudes of the Red Kites were constantly just
above 100 m above ground and thus at rotor
height of both, wind turbines currently operating,
and currently planned, taller wind turbines in the
study area. At wind speeds between 4.4 m/s - 6.0
m/s, the flight altitudes of the Red Kites de-
creased by ~ 1 m per 0.1 m/s and ranged around
83 m + 8 m (mean + SD). The percentage of flights
at rotor height of the operating wind turbines in
the study area was between 32 % and 57 %, de-
pending on the individual turbine height. As cur-
rently planned wind turbines are taller, the per-
centage of flights at rotor height of future wind
turbines might decrease to 31% - 37%, which is
still not a negligible amount. Therefore, mitiga-
tion measures to reduce the collision risk of Red
Kites will remain indispensable in the future, for
which my study provided some promising start-
ing points.

Fourthly (Chapter 1V), | investigated the
differences in space and habitat use between
summer (breeding season) and winter (non-
breeding season) habitats of the migratory Red

Kites and their underlying intrinsic and extrinsic

drivers. Activity ranges and daily flight distances
were significantly larger in winter than in sum-
mer, probably due to territoriality being a more
pronounced driver for space use in summer than
in winter. In winter, females showed a more re-
stricted space use than males, while the opposite
was true in summer. In summer, however, breed-
ing success played a decisive role:; there was no
difference between the sexes in successfully
breeding Red Kites, while in unsuccessfully
breeding Red Kites, females had larger activity
ranges than males. This result again indicates a
more pronounced territoriality of male than fe-
male Red Kites. Regardless of the season, activity
ranges and daily flight distances increased with
increasing primary productivity (NDVI), which
served as proxy for resource availability, which is
known to influence birds' space use, for example
during migration. However, the activity range
sizes and daily flight distances decreased with in-
creasing landscape diversity, most likely due to
the coarse resolution of the land use data used in
the study. Habitat availability within the activity
ranges differed significantly between seasons
and can be explained by the different landscape
features in winter (south-western Europeand
summer habitats (central Europe). Habitat use
also differed between seasons: Agricultural land-
scapes were used more in winter than in summer.
Overall, | was able to show with this study that
both intrinsic and extrinsic drivers influence the
space use in the two seasons, which results in dif-
ferences in space and habitat use between their
summer and winter habitats. The results under-
line the importance of considering the entire an-
nual cycle of migratory species for conservation
management.

To conclude during my studies on the
space and habitat use of Red Kites at different

temporal and spatial scales identified important

12
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intrinsic and extrinsic drivers for their move-
ment. From these, | was able to draw conclusions
that might contribute to the evaluation of existing
and the development of further efficient conser-
vation measures. Through efficient conservation

measures and the role of the Red Kite as a flagship

species for bird conservation, we can not only ful-
fil our special responsibility for the protection
and conservation of the Red Kite, but at the same
time protect many other species that are threat-

ened by changing environmental conditions.
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General Introduction

General Introduction

Intensification of land use and climate
change are the main causes for changing environ-
mental conditions with severe consequences for
biodiversity (IPBES, 2019; Sala et al., 2000). Due
to associated habitat modifications and losses,
species declines have been observed worldwide
over the past decades (IPBES, 2019). Particularly
visible is the decline of farmland bird species all
over Europe over the past decades, caused by the
intensification in agriculture, with its rising crop
yields and increasing use of fertilizers (Donald et
al., 2001; Lemoine et al., 2007; Sauerbrei et al.,
2014). At the same time, the expansion of renew-
able energy utilization, e.g., through the construc-
tion of wind turbines, has been strongly pro-
moted to mitigate the effects of climate change,
(Leung & Yang, 2012; Ridley & Hill, 2018; Tabas-
sum-Abbasi et al., 2014). But wind turbines are
regularly criticised for noise emission, visual dis-
turbance, deforestation, and land erosion, leading
to habitat loss, building barrier effects and an in-
creased collision risk, especially regarding highly
mobile animals such as bats and bird@rewitt &
Langston, 2006b; Garvin et al., 2011; Lehnert et
al., 2014; Nazir et al., 2020; Voigt et al., 2015).

To assess the impact of land use change
and wind turbines on birds, it is crucial to under-
stand the movement patterns of these highly mo-
bile animals. Movement is a fundamental process

in animal ecology and the key for the accessibility

of adequate breeding and foraging habitats as
well as the connectivity and gene flow between
populations (Blouin-Demers & Weatherhead,
2002; Lopez-Lopez et al., 2014; Mueller & Fagan,
2008; Nathan et al., 2008; Tucker et al., 2019). It
can be influenced by numerous intrinsic drivers
such as internal states (hunger, reproductive in-
stinct) and extrinsic drivers such as local abiotic
(topography, wind speed) and biotic conditions
distribution of re-
sources) (La Sorte et al., 2014; Nathan et al., 2008;
Reid et al., 2015; Safi et al., 2013; Tucker et al.,

2019). By understanding such intrinsic and ex-

(landscape composition,

trinsic drivers, it is possible to gain crucial in-
sights into the ecology of birds and ultimately de-
rive approaches for efficient conservation
measures.

Among birds, raptors have a rather exten-
sive space use, due to their relatively large body
size and the circumstance that they are often top
predators (Peery, 2000). Like other top preda-
tors, raptors are used as flagship species for con-
servation approaches, as they are charismatic
and often threatened by e.g., persecution, poison-
ing, human disturbance, and habitat loss or mod-
ifications (Martinez-Abrain et al., 2012; McClure
et al., 2018; Sergio et al., 2008). Most raptors oc-
cur in low densities and have a relatively low re-
productive rate, so the loss of an individual dur-

ing the breeding season is particularly critical, as

14
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it often means the loss of the entire brood, which
ultimately can cause negative impact on popula-
tion level (Garvin et al., 2011; Grinkorn et al.,
2016; Kikuchi, 2008; Langston & Pullan, 2003;
Péron et al., 2017). Consequently, it is particularly
important to mitigate threats during this sensi-
tive season, hence, to understand space and hab-
itat use in the breeding season.

The space and habitat use of raptors dur-
ing the breeding season is considerably influ-
enced by intrinsic drivers, such as their reproduc-
tive instinct. Successive periods, such as territo-
rial occupation, incubation, and chick-rearing,
characterize the space use of raptors during
breeding season, although often in different ways
between the sexes (Brodin et al., 2003; Fernandez
et al., 2009; Hernandez-Pliego et al., 2017; Mirski
etal., 2021; Negro & Grande, 2001). For example,
the reproductive role specialisation shown by
many raptors, with mostly females incubate the
eggs and males provide them with food, leads to
a more restricted space use of females than males
during the incubation period (Brodin et al., 2003;
Herndndez-Pliego et al., 2017; Mirski et al., 2021;
Pfeiffer & Meyburg, 2015; Wesolowski, 1994). On
the other hand, territoriality is often more pro-
nounced in males than in females, which becomes
visible, e.g., in the display flights performed
mostly of males during territory occupation pe-
riod or in a more consistent space use of males
than of females throughout the breeding season
(Campioni et al., 2013; Mirski et al., 2021; Negro
& Grande, 2001). Such sex-specific differences in
space-use might weaken, e.g., during chick rear-
ing period, when both parental birds provide
food with increasing age of the nestlings, or even
disappear completely in the post-breeding period
(Brodin et al., 2003; Hernandez-Pliego et al.,
2017; Pfeiffer & Meyburg, 2015).

Beside such intrinsic drivers, also extrinsic
drivers, like local abiotic and biotic conditions af-
fect the space and habitat use of raptors. Abiotic
conditions, such as wind and topography, e.g., in-
fluence the flight speed, flight direction and flight
altitude of birds, as they cause tail and side winds
but also contribute to the occurrence of thermal
and orographic uplifts in the landscape (Péron et
al., 2017; Reid et al., 2015; Safi et al., 2013). Those
are used especially by soaring raptors to move in
three-dimensional space with relatively low en-
ergetic costs (Hanssen et al., 2020; Hedenstrom &
Bone, 1993; Péron et al., 2017). Furthermore, bi-
otic conditions, like the availability of key habi-
tats, the landscape diversity, or the availability of
resources have been linked to the space and hab-
itat use of raptors, in the way that favourable con-
ditions led to a more restricted space use (Klaas-
sen et al., 2014, La Sorte et al., 2014; Mirski et al.,
2021; Tews et al., 2004; Tucker et al., 2019).

Local conditions, especially the availability
of resources, are also the main drivers for bird
migration, which is performed by approximately
25% of the raptor species occurring in Africa and
Eurasia (Goriup & Tucker, 2007; Klaassen et al.,
2014; La Sorte et al., 2014). However, living in
such distinct habitats might result in differences
in the space and habitat use, as e.g., the landscape
composition and the inter- and intraspecific com-
petition for food differs, but also because im-
portant drivers for space use in breeding season,
such as the reproductive instinct and territorial-
ity play no or only a subordinate role during win-
ter (Brodin et al., 2003; Heredia et al., 1991; Her-
nandez-Pliego et al., 2017; Klaassen et al., 2014;
Mirski et al., 2021; Schlaich et al., 2017; Trier-
weiler et al., 2013). The conditions during migra-
tion and in the winter habitats influence survival,
fithess and presumably also the breeding success

of an individual (Harrison et al., 2011; Marra et
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al., 1998). Hence, it is particularly important but
challenging to consider the entire annual cycle of
a species to develop effective conservation
measures.

Conservation measures of raptors are
based on conventions (e.g., United Nations Con-
vention on the Conservation of Migratory Species
of Wild Animals), directives (e.g., Annex | of the
European Birds Directive) and laws (e.g., Federal
Nature Conservation Act) at different spatial and
legal levels and reach from the designation of pro-
tected areas to preserve crucial habitats, to gu
plementary feeding to provide a safe and reliable
food source (Cortés-Avizanda et al., 2010; L. M.
Gonzalez et al.,, 2006; McClure et al., 2018). In
context of wind energy expansion, EU and na-
tional legislation demand environmental risk as-
sessments with focus on collision-prone raptors
to minimize the impact of wind turbines (Di-
rective 2001/42/EC of the European Parliament
and of the Council of 27 June 2001 on the Assess-
ment of the Effects of Certain Plans and Pro-
grammes on the Environment, 2001; Directive
2014/52/EU of the European Parliament and of
the Council of 16 April 2014 Amending Directive
2011/92/EU on the Assessment of the Effects of
Certain Public and Private Projects on the Envi-
ronment Text with EEA Relevance, 2014; UVPG,;
Verot, 2007). Based on these assessments, pre-
and post-construction mitigation measures, such
as an informed micro-siting of wind turbines or
shutdown algorithms that regulate the operation
times of wind turbines are implemented (Allison
et al., 2019; de Lucas et al., 2012; Hanssen et al.,
2020; Watson et al., 2018). Although much is al-
ready being done to resolve the threats highly
mobile animals such as raptors face in times of
land-use and climate change, there is still room

for improvement.

The study species: The Red Kite

In my thesis, | studied the space and habi-
tat use of Red Kites, a highly discussed species in
context of the expansion of wind energy utiliza-
tion in Germany. The Red Kite is a diurnal, migra-
tory raptor that is protected under Annex | of the
European Birds Directive and subject to the Con-
vention on the Conservation of Migratory Species
of Wild Animals (Convention on the Conservation
of Migratory Species of Wild Animals, 1979; Di-
rective 2009/147/EC of the European Parliament
and of the Council of 30 November 2009 on the
Conservation of Wild Birds, 2009; Lyster, 1989)
The IUCN classifies the Red Kite as "near threat-
ened" (BirdLife International, 2020). Its distribu-
tion range spans from Portugal to the Baltic
States and southern Sweden, hence it is endeni
to Europe (BirdLife International, 2020; Hage-
meijer & Blair, 1997). The population size is esti-
mated to consist of 32,200 37,700 breeding
pairs of which about 37% 50% breed within
Germany (14,000 16,000 breeding pairs), which
<o'Z<te —St e« peciakiiesponsibility for the
protection and conservation of this species (Bird-
Life International, 2020; Griineberg & Karthau-
ser, 2019). Consequently, the Red Kite is also
used as a flagship species for bird conservation in
Germany and other European countries (Katzen-
berger, 2021; Sergio et al.,, 2021; SorianBe-
dondo et al., 2017). Due to its size and its notice-
ably forked tail, it is easy to spot even for inter-
ested amateurs and thus helps to raise public
awareness and support for its conservation
(Aebischer, 2009; Katzenberger, 2021; Mebs &
Schmidt-Rothmund, 2014).

Red Kites forage in open, agricultural land-
scapes, feeding opportunistically on small mam-

mals, smaller birds, fish, amphibians, insects, and
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carrion (Aebischer, 2009; BirdLife International,
2020; Bischofberger et al., 2019). They nest near
forest edges or in rows of single trees, showing a
high breeding-site fidelity (Aebischer, 2009;
Gelpke & Hormann, 2010; Heuck et al., 2013)
During breeding season, Red Kites show repro-
ductive role specialization, as females incubate
the clutch, while males provide the food. Only
when the nestlings are about two to three weeks
old, females help with the search for food
(Aebischer, 2009; Pfeiffer & Meyburg, 2015). Ter-
ritoriality of Red Kites persists the entire breed-
ing season but lessens shortly before the start of
migration, when they often spend the nights at
communal roosts (Aebischer, 2009; Spatz et al.,
2019). Such communal roosts are also used in the
wintering habitats, where at least some Red Kites
show site fidelity over several years, too (Pfeiffer
& Meyburg, 2015, Spatz et al., in review).

The main threats to Red Kites are predom-
inantly anthropogenic, including intensification
of land use and associated changes in the envi-
ronment, specific and unspecific poisoning as
well as illegal hunting and netting (Berny & Gail-
let, 2008; Farfan et al.,, 2009; Hegemann &
Knuwer, 2005; Knott et al., 2009; Smart et al.,
2010; Villafuerte et al., 1998). The expansion of
wind energy is an additional significant threat for
Red Kites, as they do not show avoidance behav-
iour, but rather use the fallow areas at the base of
the turbines for foraging (Bergen, 2001; Gelpke &
Hormann, 2010; Langgemach & Diurr, 2018;
Mammen et al., 2013; Mammen et al., 2009). In
relation to its occurrence, it is one of the most fre-
quent collision victims at wind turbines in Ger-
many, which are meanwhile the main cause of
loss for Red Kites in Brandenburg (L&n-
derarbeitsgemeinschaft der staatlichen Vo-
gelschutzwarten in Deutschland LAG VSW, 2015;
Langgemach & Durr, 2018). Therefore, Red Kites

must be considered in environmental risk assess-
ments when planning wind turbines. In a radius
of currently 4,000 m around a planned wind tur-
bine, the space use by Red Kites must be mapped
in order to exclude an increased collision risk.
Moreover, it is recommended to keep a minimum
distance of 1,500 m between a planned turbine
and the nest site of a Red Kite to prevent disturb-
ance and to minimize the collision risk (L&an-
derarbeitsgemeinschaft der staatlichen Vo-
gelschutzwarten in Deutschland LAG VSW, 2015)
Moreover, post-construction mitigation
measures such as the implementation of shut-
down-algorithms are used locally to further re-
duce the collision risk. Various additionally miti-
gation measures, such as designing the base of
the turbine unattractively or management re-
gimes for the agricultural- and grasslands sur-
rounding the wind turbines have been developed
to minimize the risk, too (Lerch et al., 2014; K.

Mammen et al., 2013).

Methodological approach

By using modern GPS-GSM-transmitters
(Ornitela® OrniTrack E-25-B) | tracked the
three-dimensional space use of Red Kites in the
federal state of Hesse, Germany. The 21,115 km2
state area of Hesse are characterized by low
mountain ranges that span from 75 to 950 m a.s.l.
Besides large anthropogenically shaped areas
such as the Rhine-Main area, the state area is cov-
ered by approximately 42% agriculturally used
landscapes, like the Wetterau, and about 40% by
forests (Schaldach et al., 2016). With approxi-
mately 3% of the globally existing breeding pairs
and local breeding densities reaching up to

eleven breeding pairs per 100 krd, Hesse is part
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of the distribution centre of Red Kites (Gelpke &
Hormann, 2010; Griineberg & Karthauser, 2019;
Stubing et al., 2010).

During field work in the years 2017 2021
in total 38 adult and 39 juvenile Red Kites were
equipped with GPS-GSM-transmitters. To capture
adult Red Kites, we spanned an 8 m long and 4 m
tall mist net with a mesh size of 70 mm between
two poles in proximity to the nest during the
chick rearing period. Behind this net we placed a
stuffed Eagle Owl Bubo bubg, which is a preda-
tor of Red Kites and its nestlings. As adult Red
Kites attack their predator to protect their nest-
lings, they become entangled in the net. The cap-
ture was monitored from a safe distance, depend-
ing on the terrain, in order not to disturb the ac-
tivity but also to allow for a quick intervention.

To equip juvenile Red Kites with transmit-
ters, it was necessary to climb up to the nest using
tree-friendly rope climbing techniques. As the ju-
veniles needed to be of appropriate age, size, and
weight, careful preparations were necessary. The
optimal age was five to six weeks, as the juveniles
have reached a weight > 800 g and show akinesia,
when the tree climbing person accesses the nest.
After a first visual health check at the nest, the ju-
veniles were lowered to the ground using cloth
bags and a rope. The following procedure was the
same as for adult individuals.

Regardless the age, all birds were banded
with an individual ring from the Institute of Avian
Research (IAR), Vogelwarte Helgoland. We meas-
ured wing length and body mass and determined
the sex of the adults via the presence of a brood
patch. Additionally, we took salvia samples for
e.g., a genetic sexing of the study individuals Then

™i “«——ft -St
ing a backpack harness made of Teflon ribbon.
The weight of transmitter and harness was ap-

proximately 23 g, which is less than 3% of the

_”f...(——i”. ‘e _é:t

body weight of an adult Red Kite, as recom-
mended by Kenward (2001). While the adults
were released immediately afterwards, the juve-
niles were brought up back to their nest by a tree-
climber.

All necessary permits for these minimally
invasive animal experiments were granted by the
Hessian regional councils and the Federal Insti-
tute for the Protection of Birds.

The GPS-GSM-transmitters are designed to
collect data over several years. For this purpose,
they are equipped with an elevated solar-pandb
recharge the batteries, an internal memory to
save several thousands of data points, an inte-
grated barometer to determine the flight altitude
with an accuracy of a few metres, and a GSM-an-
tenna to automatically send the recorded data to
a server. The frequency of the data collection de-
pends on the battery level and varies between
five-minute to up to eight-hour intervals during
the day only. By intersecting the gained move-
ment data with environmental data such as land
cover or weather data, it is possible to gain im-
portant knowledge about the space and habitat

use of such highly mobile animals and its drivers.

The aims of the studies

In my thesis, | studied the space and habi-
tat use of Red Kites on different temporal and
spatial scales. By identifying the intrinsic and ex-
trinsic drivers for movement of this flagship spe-
cies, | aimed on contributing to the development
conservation

and evaluation of efficient

measures for this and other highly mobile ani-
"r§1al1:5.tt|1a’f gré'tmeat_er;é% by todays changing en-

vironmental conditions.
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My thesis consists of four chapters, each
containing one study that is structured like a jour-
nal publication, including an introduction, details
of methodology, results, and a discussion. As all
necessary background information is given, the
chapters I, 1l, 1ll, and IV and can be read inde-
pendently. Chapters | and Il have been published
in scientific journals in German language with ad-
ditional abstracts in English. Chapter Il is cur-
rently being prepared for submission and chapter
IV is under review in a scientific journal in English
language.

The aim for Chapter | was to investigate
the space and habitat use of reproductive Red
Kites in different periods within the breeding sea-
son. | focused on the periods, territory occupa-
tion, incubation and chick rearing to study the in-
fluence of these periods and sex on the activity
range sizes of twelve adult individuals (seven
males and five females). Moreover, | compared
the mean land use composition within their activ-
ity ranges in the different periods to the land use
composition within the entire study region as ref-
erence area.

The aim of Chapter Il was to identify differ-

ences in the space use of adult Red Kites between

the sexes over the entire breeding season and to
investigate the underlying intrinsic drivers. To do
so, | calculated the flight distances and the mean
distance to the nest of 13 adult Red Kites (eight
males and five females) pentad-wise across the
entire breeding season (March September). Af-
ter assigning these pentads to one of five periods
within breeding season, | analysed the flight dis-
tances and the mean distances to the nests over
time and in relation to sex.

The aim of Chapter Ill was to investigate
how the three-dimensional space use of Red Kites
during breeding season is influenced by local abi-

otic conditions, namely wind speed. Based on

data of 26 adult Red Kites over three years, | ana-
lysed flight activity and flight altitude of Red Kites
in relation to the occurring wind speeds. | chose
the space use variables flight activity and flight al-
titude, as they are important for assessing the col-
lision risk of highly mobile animals with wind tur-
bines. Thus, | also determined the proportion of
flights that take place at critical heights regarding
collisions with rotors of wind turbines.

As Red Kites are mostly migratory, the aim
of Chapter IV was to compare the space and hab-
itat use of Red Kites between summer and winter
habitats and to assess the influence of intrinsic
and extrinsic drivers in these two seasons. | cal-
culated the activity range sizes and daily flight
distances and linked them to the sex, the season,
the primary productivity (NDVI, as proxy for re-
source availability) and the landscape diversity.
Additionally, | assessed differences in the availa-
bility and in the use of five aggregated land use
types within the activity ranges of the Red Kites

between summer and winter habitats.
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Chapter |  Zwischen Revierbildung, Brutphase und Jungen-
aufzucht: Aktionsraume und Habitatnutzung adulter Rotmi-

lane Milvus milvus in Hessen

Theresa Spatz, Sascha Rdsner, Dana G. Schabo, Christian Gelpke, Nina Fa84®) . Ornithologische Mit-
teilungen 71 (9/10), 1-8.

Zusammenfassung

Die Habitatqualitat ist einer der grof3ten Einflussfaktoren fir den Erfolg wildlebeder Tierarten. Ar-
ten mit grof3en Aktionsrdumen, wie etwa Greifvdgel, sind durch die Veranderungen dter Qualitat von Nah-
rungshabitaten und anderen Ressourcen stark in ihrer Reproduktion, ihrerdberleben und ihrer Verbrei-
tung beeinflusst. Der RotmilarMilvus milvusist in seiner Verbreitung auf Europa begrenzt und nutzt bevor-
zugt halboffene und offene Landschaften. Zeitliche und rdaumliche Bewegungsdaten 12 tedédrierter und
britender Rotmilane wurden hinsichtlich der Habitatnutzung und der Aktionsraune in Hessen im Detall
untersucht. Die vorliegende Arbeit vermittelt in einer ersten Analyse eien Uberblick zu den genutzten Fla-
chen und Landnutzungsformen von 12 adulten Rotmilanen. Die Ergebnisse basiemauf der Verwendung
von raumlich und zeitlich hochaufgeldsten Bewegungsdaten und erlauben Aussagen Uberd{ Aktivitats-
raumgréRen wahrend drei verschiedener Brutzeitphasen: (a) der Revierbildung, jlder Brutphase und (c)
der Jungtieraufzucht. Zudem konnte mit Hilfe detaillierter Landnutzungsdaten (lljlie Zusammensetzung
der Aktionsraume wahrend dieser drei Phasen analysiert werden. Die Aktionsraunteichten von minimal
0,07 kn? bis 23,2 kn? bei den Weibchen (n = 5) und minimal 4,%m2bis max. 19,8 kndbei den Mannchen
(n = 7). Die Analyse ergab einen signifikanten Effekt der Interaktiovon Geschlecht und Brutzeitphase auf
die AktionsraumgroRRe. Dieser Effekt ist auf die Brutphase der Weibchen, in deiese signifikant kleinere
Aktionsraume nutzten als die Mannchen bzw. als wahrend der anderen Bruigghasen, zuriickzufiihren.
Urséachlich hierfir ist das ausschlieRliche Bebriten der Gelege durch die Weibchém.direkten Vergleich
mit Hessen als Referenzgebiet wiesen die Aktionsraume der Rotmilane eindeutlich geringen Flachenan-
teil an Wald sowie dorflichen Strukturen, jedoch einen erhéhten Anteil angkarland auf. Dieses Ergebnis

unterstreicht das Wissen um die Habitatpraferenz der Rotmilane fur offene Kulturlandsaften.
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adulter Rotmilane Milvus milvusin Hessen

Abstract

The quality of breeding habitats is one of the main drivers for the distribution, the reprodumn and

the survival of wildlife. Due to their large activity ranges, highly mobile species likerols of prey are most

likely affected by alteration of habitats, their composition and quality. In a swey focusing on the movement

ecology of breeding Red KiteMilvus milvusin Hesse (Germany), we equipped 20 adult birds with GPS-GSM

transmitters to unleash habitat use over the breeding season in more detalh a first step, we used the

movement data of twelve birds i) to investigate the size of the activity ranges of thEuropean raptor in

relation to three different periods of the breeding season (a) territoy occupancy, b) incubation, c) chick

rearing) and sexes. Furthermore, we used detailed land use data to ii) analythe land use composition

within these activity ranges. The activity range sizes ranged between 0.07 Rrand 23.2 kn? for females

(n=5) and between 4.5 knd and 19.8 kn# for male Red Kites (n=7). We found an interactive effect of sex and

period of breeding seasons on the activity range size. This effect was driven the incubation period of

female Red Kites, during which they used significant smaller activity ranges (0.07 Rm0.3 kn?) than male

birds or in any other period of the breeding season respectively. The analysistbe land use composition

showed that the activity ranges of the twelve GPS-tagged birds consisted of significgrgmaller amounts

of forest and settlements but higher amounts of arable land. Our findings subs#ime the broadly accepted

knowledge about i) the very restricted movement of female birds during the incubation pé&d as only she

is breeding, and ii) that Red Kites prefer open cultivated landscapes.

Einleitung

Die Intensivierung der Landnutzung ist ei-
ner der groRRten Treiber fur den Verlust von Bio-
diversitat (Sala et al., 2000). Insbesondere grof3-
raumig agierende Arten wie etwa Greifvogel
sind durch die Veranderungen in der Qualitat von
Nahrungshabitaten und anderer Ressourcen
stark in ihrer Reproduktion, ihrem Uberleben
und ihrer Verbreitung beeinflusst. Die Bestande
vieler Greifvogel, wie etwa dem Rotmilan, neh-
men in durch den Menschen dominierten Lebens-
raumen ab (Aebischer, 2009; Mebs & Schmidt-
Rothmund, 2014; Seoane et al., 2003). Etwa die
Halfte des weltweiten Rotmilanbestandes britet
in Deutschland (BirdLife International, 2018), so-
dass eine entsprechende Verantwortung zum eu-
ropaweiten Erhalt der Population gegeben ist.

Daher ist es essentiell zu verstehen, wie

Landnutzungsintensivierungen die Habitatnut-
zung des Rotmilans beeintrachtigen.

Diverse Arbeiten verweisen auf Bestands-
rickgange der Rotmilane anhand ricklaufiger
Reproduktionswerte (Gelpke & Hormann, 2010;
Seoane et al., 2003). Die Identifizierung der Ursa-
chen fur die Bestandsruckgange ist komplex. Die
zur Verfigung stehenden Bruterfolgs- und Re-
produktionsdaten hangen von vielféltigen Fakto-
ren, etwa der umgebenden Landschaft, deren Zu-
sammensetzung, oder den Bewirtschaftungsfor-
men ab. Eine veranderte Raumnutzung und da-
mit Hinweise auf potentiell verédnderte Habitat-
qualitaten fehlen.

Herausfordernd ist bei der Analyse der
kausalen Zusammenhénge zwischen Habitatqua-

litdt und Raumnutzung, dass sich die
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Habitatnutzung durch die Rotmilane im Jahres-
verlauf andert (Spatz et al., 2019). Der Rotmilan
ist ein Zugvogel (Aebischer, 2009; Mebs &
Schmidt-Rothmund, 2014), der unterschiedliche
Landschaften und Okosysteme im Sommer und
Winterhalbjahr nutzt. Doch auch wéahrend des
Sommerhalbjahres  kénnen unterschiedliche
Brutzeitphasen abgegrenzt werden. Direkt nach
der Ruickkehr aus dem Uberwinterungsgebiet fin-
det die Balz und die Revierbildung statt, in der
sich die Brutpaare wiederfinden oder neu bilden
und einen Horst besetzen bzw. bauen (Mebs &
Schmidt-Rothmund, 2014). Es folgt die Brutzeit,
in der das Gelege vom weiblichen Tier bebritet
wird, wahrend das Mannchen dieses mit Nahrung
versorgt. Zur Zeit der Jungtieraufzucht sind beide
Elterntiere aktiv, um den Nachwuchs zu versor-
gen, der sich in der anschlieRenden Phase, der
Bettelflugphase, meist noch im elterlichen Revier
aufhalt. Die letzte Phase vor dem Winterzug kann
fZe = f..

dieser halten sich Rotmilane noch immer in ihren

S,"——cet«-0 ,foetf«.

Revieren auf, bis sie sich im Spatsommer abend-
lich an Gemeinschaftsschlafplatzen zusammen-
finden (Aebischer, 2009; Mebs & Schmidt-Roth-
mund, 2014).

Um die komplexe Habitatnutzung im Jah-
resverlauf erfassen zu kénnen, hat sich der Ein-
satz von GPS-GSM-Sendern bewahrt. Diese er-
mdglichen eine zeitlich und raumlich hochaufge-
|6ste Erfassung der Bewegungen. Mittels solarun-
terstutzter Stromversorgung kann dies Uber
mehrere Jahre erfolgen. Durch die Kombination
von Bewegungs- und Landnutzungsdaten lassen
sich Landnutzungstypen identifizieren, die von
Rotmilanen wahrend der verschiedenen Brut-
zeitphasen vorrangig genutzt oder etwa gemie-
den werden. Dieses Wissen ist essentiell, um etwa

Managementmalnahmen in Form  von

LSet-

verbesserten Habitatqualitaten zielsicher in
Schutzstrategien fur die Greifvogel zu integrie-
ren.

Daher wurden in der vorliegenden Arbeit
zur Bewegungsokologie der Rotmilane in einem
ersten Ansatz GPS-basierte rAumliche und zeitli-
che Bewegungsdaten mit den entsprechenden
Landnutzungsformen verschnitten. Dabei stan-
den Fragen zu den vorrangig genutzten Habi-
tattypen und die GroRRe der Aktionsraume beider
Geschlechter im Vordergrund. Werden be-
stimmte Landnutzungstypen im Vergleich zu der
mittleren Ausstattung in Hessen von den Rotmi-
lanen bevorzugt genutzt? Unterscheiden sich die
Aktionsraume der Geschlechter zwischen den

Phasen der Brutzeit?

Material, Methoden und Datengrund-

lage

™Mivttes (SUiet

Untersuchungsgebiet

Die vorliegende Studie erstreckt sich Uber
das Bundesland Hessen (Abb. 1). Mit Ausnahme
der menschlichen Ballungszentren im Rhein-
Main-Gebiet (Frankfurt, Darmstadt, Wiesbaden)
besiedeln Rotmilane Hessen nahezu flachende-
ckend (Stubing et al., 2010). Fur den Zeitraum
von 2010 - 2014 geht man in diesem Bundesland
von 1.000 -1.300 Brutpaaren aus (Griineberg &
Karthduser, 2019; Stibing et al., 2010). Dabei
wurden in Nordhessen regionale Brutdichten von
acht bis elf Brutpaaren pro 100 km2 erreicht
(Gelpke & Hormann, 2010). Hessen ist grof3fla-
chig von Waldern, aber auch von stark agrarwirt-
schaftlich genutzten Offenlandern gepragt. Bei-
des sind wichtige Landnutzungstypen fiir Rotmi-
lane fur die Brut bzw. die Jagd (Aebischer, 2009;
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Heuck et al., 2013). Die Zusammensetzung der ge-
samten Landesflache Hessens aus acht verschie-
denen Landnutzungstypen (siehe Kap. 2.2) diente
in dieser Studie als Referenz fiir die vergleichen-
den Analysen der Aktionsraum-Zusammenset-
zung britender Rotmilane.

Die untersuchten Brutpaare wurden aus
einem Datensatz aller hessenweit bekannten
Brutstandorte ausgewahlt, um die diverse Aus-
stattung der hessischen Naturradume mit u.a. un-
terschiedlichen Anteilen von geeigneten und
nicht-geeigneten Jagdhabitaten moglichst repra-

sentativ abzubilden.

Landnutzungsdaten

Die Zusammensetzung der Landnutzung
in den Aktionsrdumen der Rotmilane sowie der
Referenzflache Hessen wurde anhand des Digita-
len Basis-Landschaftsmodells (#I1S® Basis-
DLM) der Hessischen Verwaltung fir Bodenma-
nagement und Geoinformation analysiert. Dieses
basiert auf der Klassifizierung der Gelandeober-
flache mittels Orthophotos (1:5.000) in 64 ver-
schiedene Landnutzungstypen (Hessische Ver-
waltung fur Bodenmanagement und Geoinforma-
tion, 2016). Fur die vorliegende Analyse wurden
diese in acht Ubergeordnete Landnutzungstypen
zusammen-gefasst: Wald, Ackerland, Grinland,

anderes Offenland, Gehdlze, Dorfer, Gewasser,

— et 20, <%t foete——0E—e%e—>'t+04

Besenderung

Wéhrend der Jungtieraufzucht 2017
wurde an insgesamt 20 verschiedenen Rotmilan-
horsten je einer der beiden Brutvogel in Horst-
néhe mittels der Dho-Gaza Methode (Bloom et al.,
2007) gefangen. Jeder dieser Vogel wurde be-
ringt, vermessen und dessen Geschlecht anhand
sowie des

der GroRe, des Gewichts

Abb. 1: Ubersichtskarte (Relief) Hessens mit

¢ L
S s "
3 \
. 3
L’S\B ‘ ,
&6 &
L £ A ¥
) ﬁ‘*K|
i Ml
(& 3 (;‘ i
o (> T g
o i 3
L i
i -=.= | Horststandorte telemetrierter
- "2~ Rotmilane (Milvus mifvus) in Hessen
Eyries of tagged red kites
(Milvus milvus) in Hesse
::j?‘ Weibchen / Female
[-) Mannchen / Male
adl ‘ )
0 25  50km & weitere Standorte / other nest sites
—

Standorten der 20 untersuchten RotmilarMilvus
milvus  Brutpaare (A-T). Die telemetrierten
Tiere (N=20) sind nach Geschlecht differenziert
(orange = Weibchen, weild = Mannchen).
Distribution of Red KiteMilvus milvus nests of
birds equipped with GPS-GSM devices (N=20) in the
federal state of Hesse, Germany. Positions and sex
of the tagged birds of each breeding pair (orange =
females, white = male) are given.

Reliefkarte: © OpenStreetMap.

Vorhandenseins eines Brutflecks bestimmt. Im
Anschluss wurde mit Hilfe eines Rucksack-Ge-
schirrs aus Teflon-Band ein solarbetriebener
GPS-GSM-Sender der Firma Ornitéla ange-
bracht. Dieser Sender wog - inklusive des Ge-
schirrs - etwa 23 g, womit die Kenward 2001)
(2001) maximal empfohlenen 3% des Kdorperge-
wichts nicht Uberschritten wurden. Abhéngig
vom Akkustand der Sender wurde nach einem
automatisierten Algorithmus die Position des Vo-
gels alle funf, 20 oder 60 Minuten erfasst. So
konnte die Raumnutzung der Tiere Uber den ge-
samten Jahresverlauf mit relativ hoher réaumli-
erfasst  werden. Die

cher  Auflésung
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Datenlibertragung auf einen Server erfolgte tag-
lich iber das GSM-Mobilfunknetz.

Auswertung der Bewegungsdaten

Die mittels GPS-GSM-Sendern erfassten
Bewegungsdaten wurden vor der Analyse berei-
nigt. Aus dem Datensatz entfernt wurden Dopp-
lungen (gleiche Zeitstempel und gleiche Posi-
tion), alle Null-Koordinaten (kein GPS-Signal
empfangen) sowie alle Positionen, an denen Ge-
schwindigkeiten tber 50 km/h gemessen wur-
den (fehlerhafte GPS-Erfassung; Ausreil3er). In
die Ergebnisse dieser Studie flossen somit insge-
samt 237.629 Datenpunkte von 12 adulten Rot-
milanen (5 Mannchen, 7 Weibchen) aus den Mo-
naten Mérz 2018 bis Juli 2018 ein. Aus diesen
wurden die Aktionsrdume der einzelnen Tiere
wahrend drei verschiedener Brutzeitphasen be-
rechnet: (a) der Revierbildung, (b) der Brutzeit
und der (c) Jungtieraufzucht. Die zeitliche Ab-
grenzung dieser Phasen erfolgte mithilfe von
Jungtier-Daten, die im Rahmen eines erweiterten
Projektes erhoben wurden. Die Jungtiere der te-
lemetrierten Altvogel wurden wahrend Nest-
lingsphase im Juni 2018 im Horst beringt und be-
sendert. Anhand der gemessenen Flugellange
und der Formel nach U. Mammen & Stubbe, 1995
wurde das Alter der Jungtiere bestimmt. Mit die-
sen Daten wurden der Schlupftermin sowie der
Brutbeginn, ausgehend von einer durchschnittli-
chen Brutdauer von 34 Tagen bestimmt (Mam-
men & Stubbe, 1995). Lagen keine Jungtierdaten
zu einem Altvogel vor, wurde der mittlere Brut-
beginn (14.04.2018) bzw. mittlere Schlupftermin
(18.05.2018) uber alle erhobenen Jungtierdaten
der anderen Brutpaare verwendet. Insbesondere
bei den funf weiblichen Tieren konnte der Brut-
beginn anhand der Bewegungsdaten zusatzlich
verifiziert werden. Die Phase der Jungtierauf-

zucht endete zum Zeitpunkt des Ausfliegens der

Jungtiere, was aus den erfassten Jungtierbewe-
gungsdaten abgelesen werden konnte, oder zum
Zeitpunkt des Verlusts der Brut (Ursache in allen
Fallen Pradation).

Zur Berechnung der Aktionsrdaume wur-
den autokorrelierte Kernel-Dichte-Schatzungen
(AKDE) mc— tfe fof— 6..
2016) der Statistiksoftware R (R Core Team,
2013) durchgefiihrt. Diese Methode bericksich-

tigt die inharente Autokorrelation der Bewe-

gungsdaten. Die Anteile der Landnutzungstypen
innerhalb der Rotmilan-Aktionsraume wurden in
Relation zur Referenzflaiche Hessen gesetzt, um
z.B. etwaig préaferierte Landnutzungstypen zu
identifizieren. Die Ermittlung der Landnutzungs-
typen aus den ATKIS-Daten erfolgte mit Hilfe des
0" f «-PhRéts (Hijmans, 2016) in R. Zur Ermitt-
lung etwaiger signifikanter Unterschiede zwi-
schen mehreren gepaarten Parametern wurden
Friedman-Tests benutzt. Alle Abbildungen wur-
tte $,3e°fZ22Ze¢ ec——tZe —eot T1o
(Wickham, 2016) erstellt.

Ergebnisse

Von den wahrend der Jungtieraufzucht
2017 urspringlich besenderten 20 Rotmilanen
sind im Frihjahr 2018 insgesamt 19 aus dem
Uberwinterungsgebiet nach Hessen zuriickge-
kehrt. Durch Verluste (Verkehrsopfer, nattrliche
Todesursachen, Senderausfall) oder frihzeitigen
Brutabbruch lagen nur von zwdlf Tieren vollstan-
dige Datenséatze Uber alle drei Brutphasen (Méarz
bis Juli) vor. Dabei entfielen finf Datensatze auf
weibliche und sieben auf méannliche Tiere, deren
Brutreviere Uber diverse NaturrBume Hessens
verteilt sind (Abb. 1).
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Die Grofe, der mittels AKDE berechneten
Aktionsraume schwankte iiber alle Phasen der
Brutzeit stark; bei den weiblichen Rotmilanen
schwankte die GrofRe zwischen 0,07 km?2 und 23,2
km? und bei den mannlichen zwischen 4,5 km?2

und 19,8 km? (Tab. 1).

Tab. 1: Aktionsraumgréfien [km?] von zwolf
adulten Rotmilanen Milvus milvus wahrend drei
verschiedener Brutzeitphasen (Revierbildung:
griin, Brutzeit: orange und Jungtieraufzucht:
grau) und nach Geschlechtern getrennt. Die Fla-
chenberechnungen basieren auf autokorrelierten
Kernel-Dichte Schatzungen (AKDE) aus iiber
200.000 Datenpunkten.

Activity range sizes of female (left, n=5) and male
(right, n=7) GPS-tagged Red Kites Milvus milvus.
Data are provided from the three breeding periods:
Territory occupancy (green), breeding (orange)

and rearing of chicks (grey).

Aktionsraum-  Aktionsraum-
groflen [km?]  grofden [km?]
Weibchen
(n=5) (n=7)

Mannchen

Jungentierauf-

1,9-23,2 6,2-19,8

zucht

Die Varianzanalyse der Aktionsraumgrofien
ergab einen signifikanten Effekt der Interaktion
von Geschlecht und Brutzeitphase auf die Akti-
onsraumgrofien (Fs30-8.66, p<0.001, R2=0.52).
Ein Post-hoc Tukey-Test identifizierte die Brut-
phase der Weibchen als Treiber fiir diesen Zu-
sammenhang, da sich nur diese Phase signifikant

von allen Phasen der Mannchen und den anderen

Brutzeitphasen (Revierbildung und Jungtierauf-

zucht) der Weibchen unterschied (Abb. 2).
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Abb. 2: Oben: Signifikanter Effekt der Interaktion
von Geschlecht und der Brutphase auf die Akti-
onsraumgrofien (Fs30-8.66, p<0.001, R?=0.52):
Die Aktionsraumgréflen (in km?2) unterschieden
sich signifikant zwischen den Brutphasen bei den
Weibchen, aber nicht bei den Mannchen (Fried-
man-Tests: QQ: X2<7.60, df=2, p<0.05; JJ:
X2=4.57, df=2, p=0.10). Unten: Aktionsraum-Mus-
ter je eines reprasentativen weiblichen (links)
und méannlichen (rechts) Rotmilans wahrend der
drei Brutphasen: Die Aktionsraumgrofien unter-
schieden sich starker bei den Weibchen als bei
den Mannchen.

Top: Significant interactive effect between sex and
breeding period: Activity range (AR) sizes differed
significantly between phases in females but not in
males (Friedman-Tests: 9 9: X2=7.60, df=2, p<0.05;
33:X2=4.57, df=2, p=0.10). Bottom: AR patterns of
a representative female (left) and male (right) Red
Kite during three breeding periods: Their sizes

changed stronger for females than for males.
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Hinsichtlich der Zusammensetzung von
Landnutzungsklassen innerhalb der real genutz-
ten Aktionsraume ergaben sich geringere Anteile
an Wald sowie an dorflichen Strukturen als im
Mittel in Hessen zu erwarten wére. Zwar briten
Rotmilane in Hessen bevorzugt im Wald (oder in
Baumreihen), nutzen aber die Offenlander als
Jagdhabitat, welches sich in einem signifikant er-
hoéhten Flachenanteilen von Agrarland in den Ak-
tionsraumen zeigte. Dies entspricht der Bedeu-
tung dieser Landnutzungstypen fir den Rotmi-
lan, der als typische Art des Offenlandes gilt und
dort entsprechend der Nahrungssuche nachgeht
(z.B. Aebischer, 2009).

Unsere Ergebnisse tragen dazu bei die
zeitlich und raumlich komplexen Habitatnut-
zungsmuster dieser hochmobilen Tiere zu unter-
schiedlichen Phasen im Brutgebiet zu verstehen.
Da juvenile Rotmilane in Mitteuropa nicht unmit-
telbar nach dem Ausfliegen ihre elterlichen Re-
viere verlassen (siehe u.a. Mebs & Schmidt-Roth-
mund, 2014), soll in einem erweiterten Ansatz
die Analyse um eine vierte Phase, die Bettelflug-
phase, ergéanzt werden. Die Habitateignung und -
nutzung in dieser Zeit ist fur die Fitness der Alt-
vogel sowie das Uberleben der Jungtiere essenti-
ell. Eine verénderte Habitatqualitat kann hierbei
fur die Regeneration der adulten Tiere nach der
Brutphase essentiell sein und den physischen Zu-
stand fur die anschlieRende Zugzeit beeinflussen.
Auch die Uberlebenswahrscheinlichkeit der Jung-
tiere wird durch die Verflugbarkeit und Qualitat
geeigneter Habitate beeinflusst.

Zusatzlich werden derzeit Bewegungs-
muster analysiert, um den Einfluss diverser
Landnutzungstypen bspw. auf den Bruterfolg zu
untersuchen sowie um essentielle Nahrungs-
oder Bruthabitate zu identifizieren und zu cha-
rakterisieren. Auf diese Art werden wir dazu bei-

tragen den Schutz und das Management von

Brut- und Jagdhabitaten der Rotmilane zu ver-
bessern und der besonderen Verantwortung fir
den Erhalt dieser Greifvogelart gerecht zu wer-

den.
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Chapter I  Raumnutzung des Rotmilans Milvus milvus im Ver-
lauf der Brutzeit: Eine Analyse mittels GPS-basierter Bewe-

gungsdaten

Theresa Spatz, Dana G. Schabo, Nina Farwig, Sascha Résner (2019). Vogelwelt3B49,69.

Zusammenfassung

Die Raumnutzung zahlreicher Vogelarten variiert auf unterschiedlichen raumlicheBkalen Uber den
gesamten Jahresverlauf. Das Wissen um die realen Raumnutzungs- und BewegungsmustBelation zum
Brutplatz stellt dabei essentielle Informationen zum Verstandnis uber die Véilung von Arten in Raum
und Zeit. Kleine, leichte und hochauflésende Gerate zur GPS-Telemetrie erlaubsrheute auch wéahrend
der Brutzeit die komplexen Bewegungsmuster wildlebender Végel zu bestimmen und amalysieren. In der
vorliegenden Studie haben wir die Raumnutzung von 13 mittels GPS-GSM-Einheiteeneetrierten adulten
Rotmilanen in Relation zum Brutplatz von Marz bis September in Hessen aysiert. Dabei war die Evalua-
tion folgender Inhalte von Bedeutung: Etwaige geschlechtsspezifische Unterschiededier Raumnutzung,
saisonale Variation der Bewegungsmuster sowie die Raumnutzung tber die gesamte Sgader Brutzeit.
Unsere Ergebnisse zeigten signifikante Unterschiede sowohl in den zuriickgelegteistanzen als auch den
mittleren Entfernungen zum Horststandort zwischen beiden Geschlechtern und #dang der zeitlichen
Achse auf. Die Flugmuster der weiblichen Rotmilane zeigte einen phasischen ¥afl Auf der Zeitachse von
Mitte Méarz an war zunéchst die starke Abnahme der geflogenen Distanzerr d&eibchen auffallig. Das Mi-
nimum wurde zwischen Mitte April bis Mitte Mai erreicht Mdp7.p14= 6,2 km, @25p7.p14= 4,4 km, @ 7%p7p14=
8,0 km). Ab Ende Mai nahmen dann die Flugdistanzen wieder zu, bis schlieRlich in desten Juli-Halfte da
Maximum erreicht wurde (Mdp2s-p26= 83,5 km, @25p23.p26= 46,5 km, @75p23-p26= 134,1 km). Der Kurvenver-
lauf der mittleren Entfernung zum Nest zeigte einen &hnlichen Verlauf Uber die Paen. Die Flugmuster
der mannlichen Rotmilane zeigte einen unimodalen Verlauf mit einem Maximum zwischéitte Mai und
Mitte Juni (Mdpi3-p21= 60,0 km, @2%13.p21= 50,4km, Q- 75p13-r21= 70,5 km). Die Flugdistanzen zum Horst
blieben Uber den Jahresverlauf jedoch auf einem konstanten Wert mit einem tan von 0,88 km (*-2%1.
p39= 0,59 km, @75p1p3o= 1,24 km).Mit dem hier gewahlten Ansatz konnten wir die raumlichen Anderungen
der Bewegungsmuster Uber alle finf Brutzeitphasen und einem Zeitfenster vaieben Monaten dokumen-
tieren. Durch die Analyse der mittleren Entfernung zum Horst konnte emklare Horstbindung beider Ge-

schlechter Uber die gesamte Brutzeit bis in die spate Nachbrutzeit im Septesbgezeigt werden. Fir
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nachhaltige Schutz- und Managementmalinahmen sollte daher insbesondere befahrdeten Vogelarten

die rdumlich und zeitlich differenzierten Bewegungsmustern Berticksichtigung finden. DiesEckdaten und
Zeitskalen zur Bewegungsokologie britender Rotmilane sollten somit zwingend in diegierische Rele-
vanz dieser Greifvogel einflieBen. Aus diesem Grund sollte man sich nicht rauf die reine Brutphase vom

Rotmilanen konzentrieren, sondern auch die Nachbrutphasen bis in den Septenntbénein beriicksichtigen.

Abstact

Space use of birds is driven by manifold factors and changes in scalel antensity over the year.
Investigating actual space use and movements during the breeding season with madsatellite technology
can provide important information on how individuals use the landscape. In the currergtudy, we analysed
the movement data of 13 GPS-GSM tagged adult Red Kites focussing on space use iiondiatheir nesting
sites from March until September in Hesse, Germany. The main aim of the stweys to evaluate sex differ-
ences in flight distances as well as seasonal variation in movement patterduring the breeding season.
Both, the summed flight distance and the mean distance to the nest were clearly di#at between sexes
and through the breeding season. For the female Red Kites, the flight distance showgzhase pattern dur-
ing the breeding season. Initially flight distances decreased and reach#tkir minimum between mid of
April to mid of May, with a median distance of 6.2 km@-25= 4.4 km, @75= 8.0 km). Later in May, the flight
distance of the females increased again till a maximum was reached from theginning of July till mid of
July Md= 83.5 km, @2=46.5 km, @75= 134.1 km). The curve of the mean distance to the nest of female
Red Kites showed a similar course. For the male Red Kites, the flight distance shdveeshallow hump-
shaped pattern during the breeding season. Flight distances reached their maximumid of May to mid of
June Md= 60.0 km, ®25= 50.4km, Q-75= 70.5 km). The mean distance to the nest stayed rather on a con-
stant level throughout the breeding season (Md 0.88 km,Q25= 0.59 km, @75= 1.24 km). Overall the
course of the curves of the flight distance and the mean distance to the néstm March to September could
be linked to five different periods of the breeding season. For example, thegit distances of males and
females diverged in the middle of the territory occupancy period and levelled badk the same order of size
just when the period of begging flights started. In the post-breeding period in thérst pentads of August,
both sexes levelled back to the original flight distances of the initial phase of téory occupancy in March.
Further, the local minimum of the flight distance of female Red Kites marked thiecubation period during
which female Red Kites incubate the eggs. By analysing the mean distance tortbst, we could also show
that the bonding to the nest persists across all periods into the post breeding periotherefore, conserva-
tion and management should be aware of seasonality of habitat use particukaih threatened species. For
this reason, conservation assessments should not only focus on the meredding phase of the Red Kite but

also consider post-breeding periodnto September.
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Einleitung

Die Raumnutzung von Vodgeln unterliegt
starken saisonalen und raumlichen Anderungen.
Die maximale Ausdehnung dieser Anderungen
findet sich im Zuggeschehen zwischen den Brut-
und Uberwinterungsgebieten. Aber auch inner-
halb der Brutgebiete verdndern sich die rdumli-
chen Skalen der Raumnutzung im zeitlichen Ver-
lauf (z.B. Odum & Kuenzler, 1955). Ursachlich
hierfiir sind unter anderem die Verteilung von
Ressourcen im Raum bzw. die unterschiedlich in-
tensive Nutzung von Habitaten wahrend der ver-
schiedenen Brutzeitphasen, z.B. wahrend der Re-
vierbesetzung, Eiablage und Brut sowie der Jung-
tieraufzucht (z.B. Roth et al., 2004). So reduziert
etwa eine Vielzahl von Arten ihre Aktionsraume
und ihre Flugstrecken vom Nest wéhrend des Be-
britens der Eier oder der Jungenaufzucht (Marz-
luff et al., 1997). Nachdem die Jungvogel fligge
sind, folgen Brutzeitphasen, in denen die Jung-
tiere entweder schnell eigenstéandig werden oder
von den Elternvogeln gefuihrt werden und andere
Habitate aufsuchen. Manche Arten, wie etwa
Kolkraben Corvus corax sind wéhrend dieser
Phasen an ein enges Territorium gebunden, ver-
andern aber ihre Bewegungsmuster zusammen
mit dem Nachwuchs (Roth et al., 2004). Auch bei
Rotmilanen halten sich die bereits frei fliegenden
Jungtiere wahrend der sogenannten Bettelflug-
phase noch im elterlichen Revier auf und werden
zum Teil noch gefuttert (Aebischer, 2009). Die
Dauer dieser letzten Brutzeitphase wird, je nach
Quelle, mit zwei bis vier Wochen angegeben (Ae-
bischer, 2009; U. Mammen et al., 2014; Mebs &
Schmidt-Rothmund, 2@4).

Mit den Ubergangen zwischen den chrono-
logisch aufeinander folgenden Brutzeitphasen

andern sich auch die Bewegungsmuster der

Rotmilane, und dies vermutlich auch in Abh&n-
gigkeit des Geschlechtes. So ist bekannt, dass nur
die weiblichen Tiere briiten (Aebischer, 2009;
Ortlieb, 1989) und sich zu dieser Zeit nur wenig
im Revier bewegen. Die Mannchen tbernehmen
indes die Nahrungsversorgung fur die Weibchen
(Aebischer, 2009; Ortlieb, 1989). Nach dem
Schlupf der Jungtiere hudert das Weibchen die
Kiken. Erst mit zunehmendem Alter der Jung-
tiere entfernt es sich weiter vom Brutplatz und
hilft bei der Nahrungsversorgung (Pfeiffer &
Meyburg, 2015). Solche geschlechtsspezifischen
Bewegungsmuster sind auch fiir andere européi-
sche Greifvogelarten wie etwa den Rotelfalken
Falco naumanni(Hernandez-Pliego et al., 2017)
oder den Spanischen Kaiseradlehquila adalberti
(Fernandez et al., 2009) belegt.

Derart komplexe, sich verandernde Bewe-
gungsmuster machen ein zielgerichtetes Manage-
ment von ArtenschutzmalRnahmen sehr aufwén-
dig. Bedingt durch seinen Schutzstatus und die
damit verbundenen artenschutzrechtlichen Ver-
bote (844 (1) BNatSchG) ist der Rotmilan Gegen-
stand zahlreicher Planungsverfahren. Dabei sind
oft sehr umfangreiche Untersuchungen notwen-
dig, um den nachhaltigen Schutz dieser bedroh-
ten Greifvogelart sowohl am Brutplatz als auch in
den Nahrungshabitaten zu gewahrleisten. Auf Ba-
sis fachlicher Empfehlungen, wie etwa Abstands-
empfehlungen zu bedeutsamen Vogellebensrau-
men, sollen artenschutzrechtliche Konflikte wie
etwa das Schlagopferrisiko bei Windkraftanlagen
durch die Auswahl konfliktarmer Standorte redu-
ziert werden (Landerarbeitsgemeinschaft der
staatlichen Vogelschutzwarten in Deutschland
LAG VSW, 2015). Ein detailliertes Wissen um die

artspezifischen Bewegungsmuster und damit
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um die Raumanspriiche ist daher essentiell fir
zielfihrende Schutzstrategien.

Fur die vorliegende Studie haben wir mit-
tels Satelliten-Sendern (GPS-GSM) erfasste Bewe-
gungsdaten von 13 adulten Rotmilanen in Hessen
analysiert, um ein besseres Verstandnis der
Raumnutzung (geflogene Distanzen, Entfernung
zum Brutplatz) im Verlauf der Brutzeit und in Ab-
hangigkeit des Geschlechts zu erhalten. Folgende

Fragestellungen wurden untersucht:

X Wie gestaltet sich die Raumnutzung
im Sinne von geflogenen Distanze
und mittlerer Entfernung zum Brut-
platz im Verlauf der Brutzeit?

X Welche Unterschiede gibt es zwischen
den Geschlechtern im Verlauf der
Brutzeit?

X Verandert sich die Horstbindung im
Verlauf der funf Brutzeitphasen (Re-
vierbesetzung, Brutzeit, Jungtierauf-

zucht, Bettelflugphase, Nachbrutzeit)?

Material und Methoden

Untersuchungsgebiet

Die Arbeiten zur vorliegenden Studie er-
streckten sich tber das Bundesland Hessen. Hier
ist der Rotmilan nahezu flachendeckend verbrei-
tet (Stubing et al., 2010). Ausnahmen stellen die
menschlichen Ballungszentren im Rhein-Main-
Gebiet dar (Frankfurt, Darmstadt, Wiesbaden,
Stlbing et al., 2010). Regionale Brutdichten er-
reichen in Nordhessen acht bis elf Brutpaare pro
100 km2 (Gelpke & Stubing 2010). Im Zeitraum
2010 2014 briteten ca. 1000 1300 Rotmilan-
paaren im Bundesland (Stlbing et al., 201@ri-
neberg & Karthduser 2019).

Abb. 1: Lage der 13 untersuchten Rotmilariil-
vus milvus- Reviere in Hessen, DeutschlandDis-
tribution of 13 Red KiteMilvus milvus territories
investigated in Hesse, GermanyRelief-Karte:
Open Geospatial Consortium (OGC) & Land Pro-
cesses Distributed Active Archive Center (LP
DAAC).

Besenderung

An 13 verschiedenen Rotmilanhorsten
wurde wéahrend der Jungenaufzucht 2017 je ei-
ner der beiden Brutvogel mittels der Dho-Gaza
Methode (Bloom et al. 2007) gefangen. Hierzu
wurde ein praparierter Uhu, Bubo bubg in maxi-
mal 100 m Distanz zum Horst hinter einem acht
Meter langen und vier Meter hohen Japannetz
aufgestellt. Die auf den Uhu hassenden Altvdgel
verfingen sich im Netz, welches aus der Distanz

visuell tberwacht wurde. Der im Netz gefangene
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Rotmilan konnte somit unmittelbar befreit und
besendert werden.

Jeder auf diese Weise gefangene Vogel
wurde beringt und vermessen. Das Geschlecht
sprachen wir anhand von GréRRe, Gewicht sowie
der Prasenz eines Brutflecks an. Ein solarbetrie-
bener GPS-GSM-Sender der Firma Ornitéla
wurde mittels eines Rucksack-Geschirrs aus Tef-
lon-Band auf dem Riicken der Tiere angebracht.
Inklusive des Geschirrs wiegt der Sender etwa 23
g. Somit wurden die nach Kenward (2001) maxi-
mal empfohlenen drei Prozent des Korperge-
wichts nicht Uberschritten.

Die Datenerfassung durch die GPS-Sender
erfolgte von Sonnenauf- bis Sonnenuntergang.
Zur verbesserten Laufleistung des Senders wur-
den die Intervalle zur Bestimmung der GPS-Posi-
tionen in Abhangigkeit des Akkus-Ladezustandes
programmiert. Bei einer Akkukapazitat von 100
% - 75 % wurde automatisiert alle funf Minuten
die aktuelle G°SPosition bestimmt und gespei-
chert. Bei einem Ladezustand von 75 % bis 50 %
wurde das Speicherintervall auf alle 30 Minuten
herabgesetzt. Ab einer Akkuleistung unterhalb
von 50% wurden die Positionen nur stindlich
(60 Minuten) erfasst. Fiel die Akkuleistung unter
25 % wurde nur alle acht Stunden die Position be-
stimmt. Bei Wieder-Aufladung der Akkus durch
erhdhte Sonneneinstrahlung auf die Solareinheit
stieg die Logging-Frequenz enstprechend wieder
an. Die erfassten Positionen wurden taglich tber
das GSM-Mobilfunknetz auf einen Server Ubertra-
gen und dort fur die weiteren Analysen vorgehal-

ten.

Auswertung der Bewegungsdaten

Als Datengrundlage dieser Studie wurden
die Bewegungsdaten 13 adulter Rotmilane aus
dem Sommerhalbjahr 2018 verwendet. Zu Be-

ginn der Datenaufbereitung wurden alle

Dopplungen (gleiche Zeitstempel und gleiche Po-
sition), Null-Koordinaten (kein GPS-Signal emp-
fangen) sowie Positionen, an denen Geschwindig-
keiten Uber 25 km/h gemessen wurden (fehler-
hafte GPS-Erfassung; Ausreifl3er) ausgeschlossen.
Anschliel3end wurde ein Mindestzeitabstand zwi-
schen zwei Koordinaten von 3.000 Sekunden
festgelegt. Dieser Schritt war notwendig, da die
Erfassungsfrequenz - wie oben beschrieben - je
nach Akkustand variierte. Gerade wahrend der
Brutzeit verbringen die weiblichen Tiere die
meiste Zeit auf dem Gelege sitzend im Schatten
der Baumkronen. Daher liefern die Sender der
Weibchen zu dieser Zeit deutlich weniger Koordi-
naten als die der Mannchen. Da dies Auswirkun-
gen auf die nachfolgenden Berechnungen der ge-
flogenen Distanzen hat, wurde ein Mindestzeitab-
stand von 3.000 Sekunden zwischen zwei Positi-
onen festgelegt. Das Festlegen des Zeitabstandes
fuhrte zu groRem Datenverlust, bewirkte jedoch,
dass eine anndhernde Normalverteilung in der
Anzahl der verwendeten Geopositionen tber den
gesamten Zeitraum fir beide Geschlechter er-
reicht wurde. In die Ergebnisse dieser Studie flos-
sen daher insgesamt 33.055 Datenpunkte von
funf weiblichen und acht mannlichen Rotmilanen
aus dem Zeitfenster Marz bis September 2018
ein.

Beginnend mit dem 11. Méarz 2018 (alle be-
senderten Individuen befanden sich in ihrem
Brutrevier) wurden die Daten in Pentaden (funf
Tage-Schritte) zusammengefasst. Die letzte be-
trachtete Pentade endete mit dem 21. September
2018. Danach trat das erste der telemetrierten
Tiere den Herbstzug an. Fir jede dieser Pentaden
wurde die geflogene Gesamtdistanz als Summe
der Distanzen zwischen den erfassten Positionen
errechnet. Zudem wurde die mittlere Entfernung
aller Positionen zum Brutplatz pro Pentade er-

rechnet. Fir diese Berechnungen kamen die
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fef-1 =+ <(Rrdstauber & Smolla, 2015) und
+ " %0 {(Bivand et al., 2013) in der Software R (R
Core Team, 2013) zur Anwendung. Dies resul-
tierte in 546 Datenpunkten je berechneter Vari-
able verteilt auf 39 Pentaden. Bei den weiteren
Analysen wurden Datenpunkte ausgeschlossen,
deren Berechnungen auf weniger als zehn Geopo-
sitionen des Individuums innerhalb der betrach-
teten Pentade beruhten (N = 4.542 Datenpunkte).

Waéhrend der Datenaufbereitung, wurde

zwar ein Mindestzeitabstand zwischen zwei Posi-
tionen (siehe oben), jedoch kein Maximalabstand
festgelegt. Infolgedessen wurden zur Berechnung
der geflogenen Distanzen unterschiedliche An-
zahlen an Positionen genutzt. Da die zeitliche Auf-
I6sung Einfluss auf die Berechnung der gefloge-
nen Distanzen hat Giberpriften wir diesen Zusam-
menhang visuell (Abb. 2) und mit einem Pearson-

i Zf—<'ee—fe— f—-e-Paket der Spft-0
ware R (R Core Team, 2013). Da dieser normal-
verteilte Daten voraussetzt, wurden die gefloge-
nen Distanzen logarithmisch transformiert. Die
Testergebnisse zeigten, dass der Zusammenhang
zwischen der berechneten geflogenen Distanz
und der Anzahl der zur berechnung verwendeten
Positionen zwar signifikant ist (p<0,001), jedoch
ist der Korrelationskoeffizient r mit 0,2 nur klein
(0 = 1 =

kein Zusammenhang, perfekter

Zusammenhang). Der Zusammenhang ist daher
als sehr schwach zu beurteilen und in unseren
Augen unproblematisch fur die Analysen.

Der zeitliche Verlauf der geflogenen Dis-
tanzen sowie der mittleren Entfernung zum Brut-
platz wurde anschlieend mit der Hilfe Generali-
sierter Additiver Mischmodelle (GAMM) analy-
fee— “fet Tfe(Wped,-20%19%o ...

Anwendung. GAMM nehmen einen nicht-linearen

e¢t"-a

Zusammenhang der Variablen an. Die Modelle
versuchen sich stattdessen dem gegebenen Zu-
sammenhang bestmoglich anzunahern (Abb. 3
und Abb. 4)

(smooth-term) in die erklarenden Variablen inte-

indem eine Glattungsfunktion

griert wird. In den verwendeten Modellen wur-
den die geflogene Distanz bzw. die mittlere Ent-
fernung zum Brutplatz als abhé&ngige Variable
verwendet. Dazu wurden die Daten zuvor loga-
rithmisch transformiert, um eine Normalvertei-
lung zu erreichen. Da wir unterschiedliche Ver-
haltensweisen zwischen den Geschlechtern so-
wie eine Anderung des Verhaltens im zeitlichen
Verlauf erwarteten, wurde den Modellen neben
dem Geschlecht als erklarende Variable zusatz-
lich eine Glattungsfunktion des zeitlichen Ver-
laufs sowie eine Glattungsfunktion des zeitlichen
Verlaufs gruppiert nach den Geschlechtern hin-

zugefugt. Wirken sich beide Glattungsfunktionen

Abb.2: Der Zusammenhang zwische
der berechneten geflogenen Distar
[m] mit der Anzahl, der zur Berech
nung verwendeten Positionen ist al
schwach zu beurteilen (Pearson-Kol
relationstest: p<0,001, r=0,2). The re
lation between the calculated fligh
distance [m] and the number of posi
tions used for the calculation is consic
ered weak (Pearsons correlatior
p<0.001, r=0.2)
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signifikant auf die abhangige Variable aus, kann
geschlussfolgert werden, dass die Geschlechter
im zeitlichen Verlauf unterschiedlichen Trends
folgen (van Rijn, 2015). Um den intrinsischen Ei-
genschaften der Individuen Rechnung zu tragen,
wurden diese als zuféllige Faktoren (random fac-
tors) in den Modellen beruicksichtigt.

Der Verlauf der Pentaden-bezogenen Dis-
tanzwerte wurde mittels Box-Whisker-Plots (Me-
dian) und Fehlerbalken (1.Quartil, 3. Quartil) so-
wie der Vertrauensintervalle der GAMM darge-
stellt (Abb. 3 und Abb. 4). Zur zeitlichen Einord-
nung der Ergebnisse wurden die vier zentralen
Ereignisraume Eiablage, Schlupf, Ausflug, sowie
das Verlassen der elterlichen Reviere in den Ab-
bildungen 2 und 3 kenntlich gemacht. Dazu ver-
wendeten wir Daten von 13 Jungtieren von sechs
der untersuchten Rotmilane, die im Juni 2018 an
verschiedenen Naturraumen Hessens beringt
und besendert wurden. Die Horste der Ubrigen
sieben untersuchten Rotmilane waren nicht er-
kletterbar. Somit konnten deren Jungtiere nicht
vermessen werden. Anhand der am Besende-
rungsdatum gemessenen Flugellange und der
Formel nach Mammen & Stubbe (1995) bestimm-
ten wir das Alter der Jungtiere an den oben ge-
nannten sechs Horsten. Damit bestimmten wir in
Folge ruckwirkend den Schlupftermin sowie, aus-
gehend von einer durchschnittlichen Brutdauer
von 34 Tagen (31 38 Tage, Bauer et al., 2005)
den Brutbeginn des jeweiligen Altvogels. Anhand
der Bewegungsdaten konnte der Brutbeginn ins-
besondere bei den weiblichen Tieren visuell

durch die Akkumulation der Positionen auf den

Brutplatz Uberpriift und verifiziert werden. Zur
Ermittlung des Zeitpunktes, an dem die Jungtiere
die elterlichen Reviere verlassen, wurden die Be-
wegungsdaten von fuinf besenderten und ausge-
flogenen Jungtieren (s.0.) analysiert und prasen-
tiert (Abb. 3 u. Abb. 4). Die Ubrigen Jungtiere wa-
ren bereits zuvor im oder am Horst noch vor dem
Ausfliegen pradiert worden.

Da zwei weibliche Rotmilane ihr Verhalten
auffallig stark anderten, nachdem ihre Jungen
kurz vor dem Ausfliegen alle pradiert worden wa-
ren, wurden die Analyse mit einem reduzierten
Datensatz wiederholt. Dazu wurden die zwei
weiblichen Individuen ab der Pentade des Prada-
tionsereignisses (Pentade 20 bzw. 21) aus dem
Datensatz entfernt und die Modelle erneut ge-
rechnet. Da die Ergebnisse konsistent blieben (s.
Ergebnisteil), werden in Tabellen und Abbildun-
gen die Gesamtdaten prasentiert.

Mit Beginn der Revierbesetzung, den vier
zentralen Ereignissen (Eiablage, Schlupf, Ausflug,
Verlassen des elterlichen Reviers) lassen sich so-
mit die funf Brutzeitphasen (Tab. 1) darstellen.
Da zur Abgrenzung der Brutzeitphasen nur Daten
von sechs der 13 berlcksichtigten Rotmilane ver-
wendet werden konnten und die Dauer der ein-
zelnen Phasen aufgrund verschiedener Faktoren
variieren kdnnen (Bauer et al. 2005), sind die hier
gezeigten Grenzen nicht als absolut zu verstehen.
Die funf Phasen Uberlappen und dienen dazu, be-
obachtete Verhaltensweisen, im Sinne von geflo-
genen Distanzen und Entfernung vom Brutplatz,

einzuordnen.
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Tab. 1: Ubersicht der Brutzeitphasen des Rotmilandilvus milvusmit Zeitspannen und Pentaden-Num-

mern. Chronological list of the five breeding phases of Red Ki#ésus milvus with time spans and pentads.

Brutzeitphasen Zeitspannen Pentaden
breeding phases time frames pentads

Revierbesetzung 11. Méarz 17. April P1 P9

Establishment of territory

Brutzeit 07. April  21. Mai P7 P14
Breeding

Jungtieraufzucht 11. Mai 08. Juli P13 P24
Chick rearing

Bettelflugphase 29. Juni 02. August P23 P29
Fledgling phase

Nachbrutzeit 24, Juli 21. September P28 P39

Post breeding phase

Ergebnisse

Sowohl das Geschlecht als auch die Zeit
hatten einen signifikanten Einfluss auf die geflo-
gene Distanz (GAMM: p<0,0012R0,56, reduzier-
ter Datensatz: GAMM: p<0,001,2R0,57) bzw. auf
die mittlere Entfernung zum Horst pro Pentade
(GAMM: p<0,001, R=0,56, reduzierter Daten-
satz: GAMM: p<0,001,R0,68). Dabei zeigten die
Kurven der beiden Geschlechter unterschiedliche
Verlaufe (Tab. 2, Abb. 3 und 3).

Weibchen

Die von den weiblichen Rotmilanen geflo-
genen Distanzen wiesen im zeitlichen Verlauf
starke Schwankungen auf (Abb. 3). Ausgehend
von einem mittleren Niveau Anfang Marz fielen
die geflogenen Distanzen auf ein deutliches Mini-
mum zwischen Mitte April und Mitte Mai. Darauf
folgte ein Maximum Anfang bis Mitte Juli. Ab An-
fang/Mitte August pendelten sich die geflogenen
Distanzen wieder in ahnlichen Wertebereichen
wie Anfang Mérz ein. Ohne die beiden weiblichen

Tiere ab der Pentade des Pradationsereignisses

(Pentade 20 bzw. 21) fiel das Maximum Anfang
bis Mitte Juli etwas geringer aus.

Der Verlauf der mittleren Entfernung zum
Brutplatz &nderte sich tUber die Zeit hnlich (Abb.
4). Zunachst nahm die Entfernung zum Brutplatz
ab und erreichte zwischen Mitte April und Mitte
Mai ein deutliches Minimum. AnschlieBend stieg
diese wieder an und erreichte im Juli ihr Maxi-
mum. Bis Mitte August nahm die Entfernung zum
Brutplatz wieder ab. Ab dann entfernten sich die
weiblichen Rotmilane ahnlich weit vom Brutplatz
wie die Mannchen. Auch hier fiel der Maximal-
wert im Juli ohne die beiden Weibchen ab der
Pentade des Pradationsereignisses im Mittel et-

was geringer aus.

Mé&nnchen

Bei den mannlichen Rotmilanen schwank-
ten die geflogenen Distanzen im zeitlichen Ver-
lauf deutlich weniger stark, jedoch gegenlaufig zu
den Weibchen. Von einem mittleren Niveau zu
Beginn des Studienzeitraums Anfang Marz stie-

gen die geflogenen Distanzen bis zu einem
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Maximum von Mitte Mai bis Mitte Juni. Danach

sanken die geflogenen Distanzen wieder und er-

reichten ab Anfang August wieder das Ausgangs-

niveau (Abb. 3).

Die mittlere Entfernung der mannlichen

Verlauf stetig zu (Abb. 4).

Rotmilane zum Brutplatz anderte sich im zeitli-

chen Verlauf wenig, nahm jedoch im zeitlichen

Tab. 2: Summierte Flugdistanzen [km] und mittlere Entfernungen zum Brutplatz [km] von 13 Rotméinen

Milvus milvus Sum offlight distances [km] and mean distances from nest site [km] of R&8d KitesMilvus

milvus
Brutzeitphase Re- Brutzeit Jungtierauf- Bettelflu- Nachbrutzeit Alle Phasen
breeding period vierbesetzung Incubation zucht gphase Post breeding Over all

territory occu- Chick rearing  Fledgling phase

pancy phase

Geflogene Distanz; | f , f , f , f , f , f
Flight distance
[km]
Min 0,8 35 05 10,0 0,5 159 19,2 17,2 215 13,6 0,5 3,5
Q25 6,1 31,1 4,4 38,8 7,4 48,7 46,3 36,1 33,5 28,2 13,4 34,1
Md 19,6 393 62 51,2 23,2 58,6 72,0 48,0 41,1 38,0 32,0 46,5
Q75 31,9 465 8,0 61,8 49,1 70,5 134,1 62,2 51,1 57,5 49,0 62,2
Max 740 1512 20,2 975! 508,3 149,3 508,3 112,5! 3258 205,7 508,3 2057
Distanz zum Horst
Distance to the nest [km]
Min 0,02 0,13: 0,02 0,20 0,01 0,200 0,31 0,38 0,78 0,38 0,01 0,13
Q25 0,06 0,42 0,04 0,52 0,07 0,74, 1,25 0,76 1,05 0,70 0,12 0,59
Md 0,25 0,59: 0,06 0,71 0,22 091! 1,83 1,07 1,25 1,21 0,66 0,88
Q75 0,44 0,71. 0,11 0,93 0,56 1,11. 3,43 1,28 1,62 1,54 1,34 1,24
Max 1,88 12,42! 0,17 1,39 292,97 6,38 80,48 4,03 161,94 19,95 292,97 19,95
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Abb. 3: Verteilung der summierten Flugdistanzen [m] Uber die Brutzeit von 13 hessischen Rotmilan Milvus milvus Gruppierung innerhalb von Pentaden (Px = Pentade
mit der Nummer x) unter Angabe des Medians, des ersten Quartils [entspricht 25% rdé&/erte] und des dritten Quartils [entspricht 75% der Werte] sowie einzelner
Ausreiler (Punkte). Distribution of summed flight distances [m] within 5-day intervalpentads) over the breeding season of 13 Red Kifdsus milvus in Hesse, Germany.

First [25% of all value, third [75% of all value¥ quantile are given besides median as box-whisker-plots alongsidle auitliers (points).



Abb. 4: Verteilung der mittleren Distanzen [m] zum Nistplatz Uber die Brutzeiton 13 hessischen RotmilaneMilvus milvus Gruppierung innerhalb von Pentaden
unter Angabe des Medians, des ersten (25%) und des dritten Quartils (75%)wsie einzelner Ausreil3er. Distribution of mean distances [m] to nest sites within 5-day
intervals (pentads) over the breeding season of 13 Red Kitdgus milvus in Hesse, Germany. Fi[®25% of all valuey, third [75% of all value} quantile are given besides

median as box-whisker-plots alongside with outliers (points).
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Revierbesetzung

Wahrend dieser Phase nahm die geflogene
Distanz bei den weiblichen Tieren ab, die der
Mé&nnchen hingegen zu (Abb. 3). Auch die mitt-
lere Entfernung zum Horst nahm bei den weibli-
chen Tieren ab, wohingegen bei den mannlichen
Tieren die Entfernung zum Brutplatz moderat
stieg (Abb. 4).

Brutzeit

Wahrend dieser Brutzeitphase war die ge-
flogene Distanz bei den weiblichen Tieren im Ge-
samtverlauf betrachtet am geringsten; bei den
mannlichen Tieren nahm die geflogene Distanz
weiter zu (Abb. 3). Die mittlere Entfernung zum
Horst der weiblichen Tiere betrug nur wenige
Dutzend Meter; bei den méannlichen Tieren stieg

die Entfernung zum Brutplatz weiter an (Abb. 4).

Jungenaufzucht

Wahrend der Jungenaufzucht stieg die ge-
flogene Distanz der weiblichen Tiere kontinuier-
lich und erreichte am Ende der Phase ihr Maxi-
mum (Abb. 3). Ohne die beiden weiblichen Tiere,
die nach Pradationsereignis ihr Revier verlieRen,
fiel dieses Maximum etwas geringer aus. Die
mannlichen Tiere legten wéahrend dieser Phase
die weitesten Distanzen zuriickjedoch nahmen
diese gegen Ende dieser Brutzeitphase auch wie-
der ab (Abb. 3). Auch die mittlere Entfernung der
weiblichen Rotmilane zum Brutplatz stieg mit
Fortschreiten der Jungenaufzucht. Diese entfern-
ten sich gegen Ende der Phase weiter weg als die
Mannchen (Abb. 4). Auch ohne die beiden weibli-
chen Tiere, die nach Pradationsereignis ihr Re-
vier verlieRen, entfernten sich die Weibchen wei-

ter vom Horst als die Mannchen.

Bettelflugphase

Waéhrend der Bettelflugphase zeigten die
geflogenen Distanzen der weiblichen Rotmilane
einen starkeren abnehmenden Trend, als die der
Méannchen (Abb. 3). Auch ohne die beiden weibli-
chen Tiere, die sich aus ihrem Revier entfernt hat-
ten, war dieser abnehmende Trend bei den Weib-
chen starker ausgepragt als bei den Mannchen.
Zum Ende dieser Brutzeitphase, am Ubergang zur
sich anschlieRenden Nachbrutzeit, glichen sich
die geflogenen Distanzen zwischen den Ge-
schlechtern wieder an (Abb. 3). Die geflogenen
Distanzen nivellierten sich auch zwischen den
Geschlechtern im reduzierten Datensatz auf ahn-
liches Niveau.

Die mittlere Entfernung zum Brutplatz
war bei den weiblichen Tieren wéahrend dieser
Phase am hochsten und Uberstieg deutlich die der
Mannchen (Abb. 4). Im reduzierten Datensatz
war der Unterschied in der mittleren Entfernung
zum Brutplatz zwischen den Geschlechtern
schwéacher ausgepréagt. Die Entfernung zum Brut-
platz der Mannchen stieg weiter geringfligig an
(Abb. 4).

Nachbrutzeit

Wahrend der Nachbrutzeit waren keine
deutlichen Unterschiede mehr in den zuriickge-
legten Distanzen zwischen den Geschlechtern er-
kennbar (Abb. 3). Dieses Muster traf auch fur den
reduzierten Datensatz zu. Auch die mittlere Ent-
fernung zum Brutplatz unterschied sich nur zu
Beginn der Nachbrutzeit zwischen den Ge-
schlechtern, wobei die Weibchen sich nach wie
vor weiter entfernten als die Mannchen (Abb. 4).
Im Verlauf der Nachbrutzeit pendelten sich die
Entfernungen jedoch auf dem relativ konstanten
Niveau der ménnlichen Tiere ein. Auch ohne die

beiden weiblichen Tiere, die sich aus ihrem
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Revier entfernt hatten, lag die mittlere Entfer-
nung zum Brutplatz der Weibchen nur zu Beginn
der Nachbrutzeit etwas hoher als die der Mann-

chen.

Diskussion

Die Bewegungsdaten von 13 adulten Rot-
milanen aus dem Sommerhalbjahr 2018 wurden
hinsichtlich der zuriickgelegten Distanzen und
der mittleren Entfernung zum Brutplatz analy-
siert. Es konnte gezeigt werden, dass die Raum-
nutzung im Verlauf der finf Brutzeitphasen ins-
besondere bei den weiblichen Tiere stark vari-
ierte und daher auch Unterschiede zwischen den
Geschlechtern deutlich wurden.

Bemerkenswerterweise zeigten unsere
Daten, dass wahrend des gesamten Sommerhalb-
jahres, d.h. von Méarz bis September eine enge
Horstbindung bei beiden Geschlechtern besteht,
und zwar auch, nachdem die Jungvogel bereits
ausgeflogen sind. Diese Ergebnisse sind von Be-
deutung fir naturschutzfachliche Begutachtun-
gen, z.B. in der Eingriffsplanung. Um ein erhéhtes
Totungsrisiko durch eine geplante Windkraftan-
lage auszuschliel3en, ist in Hessen die Raumnut-
zung kollisionsgeféhrdeter GroR3vdgel bislang nur
wahrend der Revierbesetzung und Brutzeit zu er-
fassen (Hessisches Ministerium fur Umwelt,
Energie, Landwirtschaft und Verbraucherschutz
Abteilung, 2012). Aufgrund der bestandigen
Horstbindung auch in der Nachbrutzeit sollte der
Untersuchungszeitraum bis in den September
hinein ausgeweitet werden. Zudem empfiehlt die
Landerarbeitsgemeinschaft der Vogelschutzwar-
ten einen Mindestabstand von 1,5 km zu bekann-
ten Rotmilan-Brutplatzen, da hier etwa 60% der
stattfinden

Flugbewegungen (Landerarbeits-

gemeinschaft der staatlichen Vogelschutzwarten
in Deutschland LAG VSW, 2015). Unsere Daten
bestatigen diesen Hauptaktivitdtsraum, da sich
Uber den gesamten Untersuchungszeitraum 75%
der von uns untersuchten Rotmilane im Mittel
kaum auRerhalb dieses Bereichs bewegten.
Leichte Unterschiede in den absolut betrachteten
Zahlen sind methodisch bedingt: In der Arbeit
von Pfeiffer & Meyburg (2015), auf der die Ab-
standsempfehlung basiert, ging es vorrangig um
die Jungenaufzuchtphase und die damit verbun-
dene erhohte Flugaktivitat zur Nahrungsbeschaf-
fung. Daher wurden zum einen nur die Positionen
der Mannchen zur Berechnung der Entfernung
vom Horst bertcksichtigt. Zum anderen blieben
alle Positionen im 100 m Radius um den Horst
unberticksichtigt, da der Fokus auf der Entfer-
nung zwischen Brutplatz und regelméaRig genutz-
ten Jagdgrinden lag (Pfeiffer & Meyburg 2015).
Da in der vorliegenden Studie der Bezug zum
Horst fur beide Geschlechter im Vordergrund
stand, wurde die Entfernung zum Horst uber funf
Tage ohne eine Bereinigung von Positionsdaten
in Horstnahe gemittelt. Entsprechend sind auch
die Positionen, die am Morgen und Abend in
Horstnahe erfasst wurden, in die Berechnung des
Hauptaktivitatsraums miteingegangen und resul-
tierten daher in etwas geringen mittleren Entfer-
nungen zum Horst. Dieser Hauptaktivitdtsraum
(1,5 km um den Horst) konnte in unserer Studie
sogar bis in den September hinein abgebildet
werden.

Die Bewegungsmuster von mannlichen
und weiblichen Rotmilanen unterschieden sich
im Verlauf der Brutzeitphasen. Wahrend der Re-
vierbesetzungsphase im Marz entfernten sich
beide Geschlechter ahnlich weit vom Brutplatz,
wobei die mannlichen Tiere weitere Strecken flo-

gen als die weiblichen. In der anschlieRenden
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Brutphase wurden die geschlechtsspezifischen
Unterschiede im Bewegungsverhalten sehr deut-
lich. Die Weibchen entfernten sich - bedingt
durch das Brutgeschaft und das anschlieRende
Hudern der Dunenjungen - kaum vom Horst. Da
die mannlichen Vdgel zu dieser Zeit die Weibchen
mit Futter versorgen missen (Aebischer 2009),
waren ihre geflogenen Distanzen entsprechend
hoher. Auch die ersten Tage nach dem Schlupf der
Jungtiere ist das Mannchen fir die Nahrungsver-
sorgung verantwortlich. Erst wenn die Nestlinge
zwei bis drei Wochen alt sind hilft das Weibchen
(Aebischer 2009). Dann hat ein Jungtier einen

Futterbedarf von etwa 150 g pro Tag (Bischofber-

ger et al., 2019; Gottschalk et al., 0. J.). Ausgehend

von dieser Futtermenge und einer Gelegegrolie
von 1 3 Jungvégeln, mussen die Elterntiere 150
g 450 g Nahrung zum Horst transportieren.

Auch in unseren Daten zeigte sich, dass mit zu-
nehmendem Alter der Jungtiere, und dem damit
einhergehenden hohen Futterbedarf, sowohl die

geflogene Distanz als auch die mittleren Entfer-
nung zum Horst der weiblichen Tiere langsam

wieder stieg (Abb. 3 und 4).

Im Ubergang zwischen der Phase der
Jungenaufzucht und der sich anschlieBenden Bet-
telflugphase erreichten die geflogenen Distanzen
der weiblichen Tiere ihr Maximum. Auch die mitt-
lere Entfernung zum Horst der Weibchen war in
dieser Phase am hdchsten und nahm erst im wei-
teren Verlauf wieder ab. Insbesondere die hohe
mittlere Entfernung zum Horst ist durch das Ver-
halten zweier weiblicher Tiere nach dem Verlust
ihrer Brut durch Pradation beeinflusst. So pen-
delte ein weiblicher Rotmilan seit dem Tag nach
Brutverlust zwischen dem Brutplatz und Ost-
frankreich. Ein weiteres Weibchen bewegte sich
in den vier Wochen nach Verlust der Brut bis zu

200 km in ostliche Richtung. Werden diese

Individuen ab der Pentade, in der die Pradation
stattfand, aus dem Datensatz entfernt, bleibt der
Kurvenverlauf der geflogenen Distanzen gleich.
Die Differenz der geflogenen Distanzen zwischen
den Geschlechtern verringert sich allerdings et-
was. Bei der mittleren Entfernung zum Horst
Ubersteigen die Distanzwerte der Weibchen die
der Ma&nnchen nur wenig. Pradation ist ein natur-
liches Ereignis, auf das die beiden weiblichen Rot-
milane mit Flugstrecken weit aus dem Brutrevier
hinaus reagiert haben. Bei anderen Individuen,
deren Brut vollstéandig pradiert wurde, wurden
keine solchen extremen Bewegungen festgestellt.
Entsprechend haben wir nur fur die Extremaa
der beiden weiblichen Tiere ab dem Préadations-
ereignis korrigiert. Allerdings zeigt sich auch im
reduzierten Datensatz eine durchgehend starke
Horstbindung tiber die gesamte Brutsaison bis in
den September hinein.

Selbstverstandlich muss die hier gezeigte
Abgrenzung der Brutzeitphasen der hessischen
Rotmilane mit Vorsicht betrachtet werden. Wie
bereits beschrieben basiert diese auf Jungtierda-
ten von sechs der 13 untersuchten adulten Tiere.
Zudem kann die Dauer der einzelnen Phasen auf-
grund verschiedener Faktoren variieren. So ist
bekannt, dass die Brutdauer der Rotmilane von
der GelegegrofRe abhdngt und demgemal zwi-
schen 31 und 38 Tagen variieren kann (Bauer et
al. 2005). Die Dauer der Phase der Jungtierauf-
zucht wird zudem stark von der Nahrungsverfug-
barkeit in der Umgebung des Horstes beeinflusst
(Bauer et al. 2005). Auch intrinsische Faktoren,
wie z.B. die Erfahrung der Alttiere, spielen sicher-
lich eine wichtige Rolle. Die hier visualisierten
Ubergange dienen daher nur zur Orientierung,
um die Bewegungsmuster der Rotmilane im Ver-

laufe des Brutgeschehens besser zu verstehen.
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Insgesamt konnten wir zeigen, dass sich
die unterschiedlichen Aufgaben méannlicher und
weiblicher Rotmilane wahrend des Brutgesche-
hens deutlich in ihren Bewegungsmustern wider-
spiegeln. Diese geschlechtsspezifischen Muster
bestatigen ahnliche Beobachtungen an anderen
europaischen Greifvogelarten wie etwa bei Rotel-
falken Falco naumanni (Hernandez-Pliego et al.
2017) oder beim Spanischen Kaiseradler Aquila
adalberti (Fernandez et al. 2009). Aufgrund der
fur beide Geschlechter gezeigten starken Horst-
bindung wéhrend des gesamten Sommerhalbjah-
res appellieren wir mit Nachdruck fur eine An-
passung der Untersuchungszeitrdume von Raum-

nutzungsgutachten.
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Abstract

Land use and climate change are the main causes of changing environmewtaiditions and species
decline worldwide. To mitigate effects of climate change, the utilization of renewébenergies, e.g., via the
construction of wind turbines (WT), has increased over the past decades,using a collision risk especially
for wide-ranging species such as raptors. As a better understanding of flighttivity and flight altitude is

crucial to develop efficient mitigation measures, we used GPS-transmitters to track a6ult Red Kites Mil-

vus milvus <o teefd fUeferd ‘eof 7 St o't . cFei teoe—T¢,——Fe —Fe P b "TE” £ S

related the flight activity and flight altitude of the birds to the occurring wind speeds recated at 10 m above
ground and determined the proportion of flights within the critical rotor-swept area (RSA)of operating and
currently planned WTs in the study area. Red Kites showed a high flight activity over tlemtire range of
occurring wind speeds, suggesting an overall high collision risk with wind turbines, ingeendent of wind
speed. Flight activity of Red Kites was lowest at calm wind speeds of up to 2.0 m/s butreased with in-
creasing wind speeds. However, 50% and 75% of the flights took place at wind speeds of up to 2.7 amd
3.6 m/s, respectively. At calm wind speeds of up to 4.4 m/s, the flight altitudes of Red Kitesree&onstantly
just above 100 m above ground but declined with approximately 1 m + 2 m per 0.1 m/s at vdrspeeds
between 4.4 m/s and 6.0 m/s. Considering that the flight activity increased with inciesing wind speeds
and that flight altitudes mostly ranged just above 100 m above ground, Red Kites faceomstantly high
collision risk at least up to wind speeds of 4.4 m/s in the study area. In linwith this, the proportion of
flights within the critical RSA of operating WTs hardly changed with wind speeds, rangingtween 31%
and 58%. Currently planned and taller WTs might reduce the proportion of flights whin the RSA to 31% -
37%, which still mirrors a non-negligible collision risk. Hence, mitigation measures iV remain indispensa-
ble for a sustainable expansion of wind energy. As considerable propimms of flights took place at rather
calm wind speeds, we actively call for raising the cut-in wind speeds of WIhi.doing so, significant parts of

-St 1t «—1%eiinfaltitud€sefthe critical RSA could take place without collision risk. Implementing
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higher cut-in wind speeds would thus support the sustainable expansion of wind engy while at the same

time actively conserving a collision-prone species of international importance.

Introduction

Climate change is considered one of the
main causes for the degradation of nature (Diaz
et al.,, 2019; IPBES, 2019; Sala et al., 2000). To
minimise CQ emissions despite steadily increas-
ing energy demand, the development and utiliza-
tion of renewable energies has been expedited
strongly in the past decades and e.g. the number
of wind turbines (WT) has progressively in-
creased (Drewitt & Langston, 2006a; Durstewitz
et al., 2019; Tabassum-Abbasi et al., 2014). The
necessary expansion of wind energy utilization
goes along with a number of expected effects on
the society and environment, ranging from e.qg.
noise emission, visual disturbance, deforestation,
to land erosion (Nazir et al., 2020). Hence, WTs
are regularly criticised for leading to habitat loss,
barrier effects and an increased collision risk, es-
pecially for highly mobile animals like bats and
birds (Drewitt & Langston, 2006a; Garvin et al.,
2011; Lehnert et al., 2014; Voigt et al., 2015).

Among birds especially raptors face a
high collision risk, as they do not show avoidance
of WTs (Hétker, 2009). As many raptors are top
predators they focus on the ground or distant
prey instead of looking out for threats in front or
above during foraging (Péron et al., 2017). Addi-
tionally, morphological adaptions like the supra-
orbital ridge, developed to act as a sun shade, pre-
vent the rapidly turning rotors from being per-
ceived (Clark, 1999; Potier et al., 2016). Raptors
which predominantly perform soaring flights
have an even higher collision risk as their ma-

noeuvrability is often limited while soaring

(Péron et al., 2017). As most raptors occur in low
densities and have relative low reproductive
rates, an increased collision risk of a species is
particularly critical during the breeding season
when the loss of an individual often causes the
loss of the entire brood (Garvin et al.,, 2011;
Griunkorn et al., 2016; Kikuchi, 2008; Langston &
Pullan, 2003; Péron et al., 2017; Watson et al.,
2018).

Owing to their high collision risk, many
raptors are in the focus of environmental risk as-
sessments, which EU and national legislation re-
quire to minimize the impact of WTs on nature
(Strategic Environmental Assessment (SEA) Di-
rective 2001/42/EC; Environmental Impact As-
sessment (EIA) Directive 2014/52/EU; UVPG;
Verot, 2007). Based on these assessments, pre-
construction mitigation measures are taken,
which include, e.g., informed micro-siting of WTs
optimising the location of WTs in relation to rap-
tor breeding sites or regularly used foraging
grounds (Allison et al., 2019; Hanssen et al., 2020;
Watson et al., 2018). Post-construction, site-spe-
cific shutdown algorithms are used to regulate
the operation times of a WT, based on certain lo-
cal conditions. Such local conditions might be e.g.,
an increased activity of collision-prone species
during migration or the occurrence of abiotic con-
ditions such as certain wind speeds that favour
the presence of collision-prone species at critical
flight altitudes (Allison et al., 2019; Arnett et al.,
2011; de Lucas et al., 2012).
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Both flight activity and flight altitude are
important variables for assessing the collision
risk of a species. As collisions of birds only occur
during flight, the collision risk increases with in-
creasing flight activity. Hence, it is not surprising
that rather active raptors, such as White-tailed
Sea EaglesHaliaeetus albicilla & ‘s—f %o —1
ers (Circus pygargusor Red Kites Milvus milvug,
are among the ten most frequent collision victims
at wind turbines in Europe (Dahl et al., 2013;
Durr, 2021; Heuck et al., 2019; Krone et al., 2009;
K. Mammen et al., 2017; Schaub et al., 202Bjrst
studies indicate that flight activity increases with
increasing wind speeds (Heuck et al., 2019). How-
ever, collision risk is highest while flying in alti-
tudes of the critical rotor-swept area (RSA),
which is the area regularly traversed by the ro-
tors of a WT, extending from the lower to the up-

per rotor-tip. Naturally, the probability of flying

in the RSA differs between species: Red Kites and

White-tailed Sea Eagles fly mostly at altitudes of

up to 100 m or 200 m, respectively, and thus have

speed. Based on these analyses, we aim on identi-
fying wind speed ranges of highest collision risk

for this soaring raptor.

Material and Methods

frre

Study species

Red Kites are diurnal raptors that are
endemic to Europe where their population is
estimated to consist of 32,200 37,700 breeding
pairs (BirdLife International, 2020). Their main
distribution range is in Central Europe, with
Germany being home to about 14,000 16,000
breeding pairs. Thus, Germany has a great
responsibility  for the  protection and
conservation of the species (Grineberg &
Karthauser, 2019). Hence, Red Kites are one of
the most discussed species in the context of the
wind energy expansion in Germany. It is one of
the most frequent raptors to collide with wind

turbines in Europe and Germany (Durr, 2021). As

f S<%SF" ..*ZZcoc's "coo —Sfe ta%a,y ‘Synérifaroplc species®the Red Kite forages

ers, which fly mostly at an altitude of < 10 m

above ground (Heuck et al., 2019; Schaub et al.,

2020; Tikkanen et al., 2018). Overall, flight alti-

tude of raptors decreases with increasing wind

speeds (Heuck et al., 2019; Lanzone et al., 2012;

Panuccio et al., 2017). To conclude, to implement
site-specific  mitigation measures profound
knowledge about the ecology and behaviour of
the locally occurring collision-prone species is in-
dispensable.

To contribute to the improvement of mit-
igation measures and thus to a sustainable expan-
sion of wind energy, we studied the flight activity
and flight altitude of Red Kites as a function of
wind speed. We expected that (1) the flight activ-
ity of Red Kites increases with wind speed, while

(I the flight altitude should decrease with wind

opportunistically for carrion, small mammals and
birds as well as insects, amphibians and fish
mainly in open cultivated landscapes and in
smaller settlement areas. (Aebischer, 2009;
Barton & Houston, 1996; BirdLife International,
2020; Heuck et al., 2019; K. Mammen et al., 2017)
As it almost exclusively shows an active searching
foraging behaviour, it is a rather active species
that spends significant parts of the day in flight
(Aebischer, 2009; Barton & Houston, 1996;
Heuck et al., 2019; K. Mammen et al., 2017).

Study area
The study was conducted in the federal
state of Hesse, Germany. Except for the centres of

human population, the Red Kite is distributed
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here almost state-wide with regional breeding
densities of up to eleven breeding pairs per 100
km2 (Gelpke & Stiibing 2010, Stlibing et al. 2010).
The state area of 21,115 krhis characterized by
low mountain ranges with altitudes ranging from
75 950 m a.s.l. There are currently 1,133
operating WT in Hesse. An additional number of
31 turbines are about to be commissioned and a
number of 267 are planned in the study area
(status 141 July 2021; HLNUG 2021). The
operating WT have a hub height of 111 m + 35 m
(mean + SD hereafter) and a rotor diameter of 88
m = 31 m (HLNUG 2021). Future WT (status
before commissioning or planned) are taller, with
a hub height of 157 m = 14 m and a rotor diameter
of 144 m £ 18 m. Based on hub height and rotor
diameter we calculated the critical rotor-swept
area (RSA) for operating and future WT from the
lower to the upper rotor tip. For the operating WT
in the study area the critical RSA ranged from 67
m + 22 m to 155 m + 50 m above ground. The
future critical RSA, based on WTs in the study
area that are currently in the approval procedure
or shortly before operation, is higher, ranging
from85m+ 10 mto 229 m + 21 m.

Movement data

The study was based on 26 Red Kite
individuals (12 females, 14 males) whose
territories were scattered over the study area.
These individuals were caught during the
breeding seasons of 2017, 2018 and 2019 in
proximity to their nests using the dho-gaza
method with a stuffed Eagle OwlBubo bubg as a
lure (Bloom et al., 2007). All captured birds were
measured (wing length and body mass) and
banded with individual rings from the Institute of
Avian Research (IAR), Vogelwarte Helgoland. We
determined the sex via morphological measures

and the presence of a brood patch.

Using a backpack harness made of Teflon
ribbon, we fitted solar-powered GPS-GSM
transmitters with a barometer (Ornitela E-25-B)
‘o =St L<"tei L f ..

transmitters depended on the battery level and

.oa

varied between five-minute intervals to up to
eight-hour intervals between the GPS locations
during daytime only.

For the analyses, we used the movement
data collected by the study individuals between
2018 and 2020. We only used data within the
breeding habitats, starting with the day when all
individuals had reached their territories after
spring migration until the last day before the first
individual started autumn migration (beginning
of March to end of September, exact date
depended on the year) (see Spatz et &h.revision)
for details on how the end of the migration was
determined). Data were processed by removing
all zero coordinates (no GPS signal received),
duplicates (same timestamp and same position),
GPS locations with speeds above 35 m/s (faulty
GPS acquisition; outliers) as well as positions
with a recorded horizontal dilution of precision
(hdop) over 10 (inaccuracy of the GPS location).
Furthermore, we excluded data of all female
individuals in April and May, which corresponds
to the breeding season of Red Kites, when the
females almost exclusively incubate the clutch
(Aebischer, 2009). Hence, there is an intrinsic
motivation not to fly regardless of the weather
conditions. Due to mortality or transmitter
failures tracking time varied between individuals
ranging between a few months and three years.
Overall, this resulted in a data set of 864,375 GPS
locations, collected over three years by 26

individuals.

49

St tf—f f..

— <o (=L



Chapter llI

High collision risk of Red Kites across the entire range of occurring wind speeds

Wind speed data

To determine the local wind speed at
each GPS location, we used ERA5-Land data
provided by the European Centre for Medium-
Range Weather Forecasts (ECMWEF; Copernicus
Climate Change Service, 2019; Mufioz Sabater, J.,
2019). It comprises raster data, with a resolution
of 0.1° x 0.1° corresponding to about 11.0 km x
11.0 km and is based on re-analysed model and
observation data. Amongst other variables it
provides hourly u- (east-west) and v- (north-
south) wind components in a standardized height
of 10 m above ground. These data can be used to
calculate the hourly local wind speed in 10 m
above ground in m/s by using the following

formula:

R& Y¥QER
Based on date and hour of the
timestamps of the GPS locations, we matched the
hourly local wind speed at 10 m above ground
using the raster-package inR (Hijmans, 2016; R
Core Team, 2013). All wind speeds were rounded

to the nearest tenth m/s.

Flight activity and flight altitude

GPS locations with a ground speed > 3
™t L Zfeec <kt fe O«
0...f—c'es ™Mc_S f %" —eF o'ttt *°
f-Sfe t— fZ&a trst &
the flight activity, we divided the number of GPS

o._f_(x.fu)é

locations in flight by the number of total GPS
locations for each individual and wind speed at 1
m/s resolution separately.

The flight altitude was measured by the
transmitters in two different ways: via GPS and
via barometer sensors. The altitude determined
via barometer is considered more accurate, if the
barometer is re-calibrated for the local weather
conditions, especially the local air pressure and

temperature (Péron et al., 2020). Therefore, we

performed a post-hoc re-calibration of the

barometric altitude, following the approach of

Heuck et al. (2019). For a detailed description of
the re-calibration please see Supplementary
Material 1.

As the barometric altitude is given in me-
ters above sea level a correction for topography
was necessary to get the flight altitude above
ground. Therefore, we used the EU-DEM v1.1 of
the Copernicus Land Monitoring Service, which is
raster data with a spatial resolution of 25 m x 25
m and a vertical accuracy of 7 m (J. C. G. Gonzalez
et al.,, 2015). We determined the topographic
height above mean sea level for each GPS location
using the raster-package in R and subtracted it
from the corrected barometric altitude to get the
flight altitude above ground for each GPS location
(Hijmans, 2016; R Core Team, 2013)

Through processing of the altitude data,
we were able to reduce the mean transmitter-
specific vertical error from + 27.6 m for GPS-alti-
tude, and + 5.8 m for the barometric altitude to
only £ 4.4 m. In consequence, the number of
points in flight, which had GPS-recorded heights
below ground level decreased from 42,867 (4.9%
of the total points) to 8,191 (0.9% of the total

~ 7 <% BQirgsy affartcorrection and calibration of the

lgaremeric alfituide. However, as heights below 0
m asl.do pet gccur in the study area and Red
Kites are not able to fly below ground, these
points could be defined as outliers. But, as trun-
cating the data at ground level would artificially
shift the determined mean flight altitudes up-
wards, we left these points in the overall dataset.

For the analysis of the flight altitude of
Red Kites, we only used GPS locations classified
feo Oce "Z<%S—-6 ™c-S . dedata @t < %o
=294,611).
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Statistical Analysis

To assess the impact of wind speed on (I)
the flight activity patterns and (Il) flight altitudes
of Red Kites, we used generalized additive models
(GAM; mgcwvpackage, Wood, 2011). GAMs as-
sume a non-linear relationship between the vari-
ables and try to approximate the given relation-
ship as closely as possible by integrating a
smooth-term function in the explanatory varia-
bles. In our models, we used the smoothed wind
speed as explanatory variable and added the in-
dividual bird as a random factor to account for in-
dividuality. We added the total number of GPS lo-
cations (stationary and in flight) recorded per
wind speed in 0.1 m/s resolution as weighting
factor in the models, to account for the different
frequencies in which wind speeds occurred to
avoid rarely occurring wind speeds being over-
valued. As dependent variable with gaussian dis-
tribution we used (I) the flight activity and (ll) the
corrected and calibrated flight altitude above

ground of the Red Kites

Results

During the study period the occurring

wind speeds at 10 m above ground ranged from

0.0 m/s to 10.5 m/s, withamean + SD of 2.5+ 1.3
m/s. Only 0.9% of the overall data was recorded
during wind speeds higher than 6 m/s (Figure 1).

The range of wind speeds during which Red Kites

™ETE T Tt it Gce “Z<%S -6 o feett "o 1

9.7 m/s with a mean = SD of 2.7 m/s = 1.3 m/s.
50% and 75% of the GPS locations in flight were
recorded at wind speeds up to 2.7 m/s and 3.6
m/s, respectively.

The flight activity of the Red Kites
depended significantly on the wind speed (GAM:
edimated degrees of freedom (edf) = 6.388, p <
0.001, Ragj = 0.75, Figure 1). At wind speeds
between 0.0 and 2.0 m/s the Red Kites were least
active with the flight activity predicted by the
model ranging around 25.4% + 0.7% (mean *
SD). Starting from wind speeds above 2.0 m/s at
the flight activity of Red Kites increased with
increasing wind speed. At moderate wind speeds
of 4.8 m/s to 6.8 m/s the highest level of activity
was reached with a mean predicted flight activity
of 44% * 6.9%. As very high wind speeds hardly
occurred during the study period (March-
September) the empirical assessment of the flight
activity at wind speeds > 6 m/s (covering only
0.9% of the data) was limited (Figure 1).
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Tab. 1: The flight altitude of 26 adult Red Kites during breeding season decreased witticreasing wind
speed non-linearly (GAM: edf = 5.93, p < 0.0001248 = 0.029). Wind speed sections in which flight altitude
showed certain trends were identified visually from the GAM. The central 50%f the flight altitudes above
ground [m] (quantiles Qs @s), the percentages of GPS locations recorded within the critical rotor-swept
area (RSA) of operating wind turbines and of future wind turbines are given fazach wind speed section

and for the overall range of occurring wind speeds.

Wind speed at 10 m above ground [m/s] 0.0 1.0 11 44 44 6.0 Overall
Central 50% of flight altitudes above ground [m] 41 137 38 129 35 107 38 127
Fights within RSA of operating wind turbines [%] 32 58 32 57 31 56 32 57
Flights within RSA of future wind turbines [%] 33 40 31 38 28 35 31 37
Discussion
Our analysis of flight activity and altitude which is considered to be energy costly

of Red Kites during the breeding season showed
that 50% and 75% of their flights took place in
wind speeds up to 2.7 m/s and 3.6 m/s at 10 m
above ground, respectively. The flight activity in-
creased with wind speed until it reached a plat-
eau of maximum activity at wind speeds of about
4.8 m/s to 6.8 m/s. The flight altitude of the Red
Kites decreased non-linearly with wind speed.
Regardless of wind speeds, a significant part
(32% 58 %) of their flights took place within the
critical rotor swept area (RSA) of operating wind
turbines (WTSs) in the study area. As future WTs
are planned to be taller, the RSA shifts upwards,
reducing the proportion of flights within the fu-
ture RSA to 31% to 37%.

Overall, Red Kites showed a high flight
activity across the entire range of occurring wind
speeds. In wind speeds between 0.0 m/s and 2.0
m/s, Red Kites were least active. This minimum
activity of the Red Kites presumably reflects their
minimum activity necessary to fulfil basic needs,
as in calm wind speeds without supporting up-

lifts, a more active flight behaviour is necessary,

(Hedenstrém & Bone, 1993). Red Kites, however,
are actively searching birds foraging in flight, and
thus depend largely on less energy consuming
soaring flights (Aebischer, 2009; Barton & Hou-
ston, 1996). For soaring, thermal and orographic
uplifts are used that rely on suitable weather con-
ditions (Hanssen et al., 2020; Hedenstréom &
Bone, 1993; Péron et al., 2017Accordingly, the
flight activity of Red Kites increased with increas-
ing wind speeds, as expected, and peaked at wind
speeds of 4.8 m/s to 6.8 m/s. Our findings are in
line with those of Heuck et al. (2019), who also
found an increasing activity of Red Kites with in-
creasing wind speed as well as similar ranges of
occurring flight activities (here: 24%  44%,
Heuck et al. (2019; ca. 25%50%).

The high flight activity across the entire
range of occurring wind speeds suggests an over-
all high collision risk with WT, independent of
wind speed. This finding of our study contradicts
the collision risk assessment by Schreiber (2016),
where only wind speeds < 2m/s were rated with
the highest risk, while further increasing wind

speeds were rated with decreasing collision risk.
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However, the authors of the risk assessment
themselves stated that there is a knowledge gap
regarding the space use of Red Kites in higher
wind speeds. Our study thus highlights the poten-
tial of large datasets of transmitter-based move-
ment data to fill such knowledge gaps and to con-
tribute to the evaluation and development of effi-
cient mitigation measures.

In contrast to flight activity, the overall
flight altitude of Red Kites decreased non-linearly
with increasing wind speeds, which is coherent
with the results of Heuck et al. (2019). However,
up to wind speeds of approximately 4.4 m/s the
predicted mean flight altitude of Red Kites was
constantly higher than 100 m above ground,
which is within the critical RSA of both existing
and future WTs. Flight altitudes showed a
stronger decline, dropping to 83 m + 8 m only
with further increasing wind speeds. Taking the
constant flight altitudes > 100 m above ground
and the increasing flight activity with increasing
wind speeds into account, we derive a constantly
high collision risk at least up to wind speeds of 4.4
m/s at 10 m above ground in the study area.

Across the entire range of occurring wind
speeds, our data showed a large variance in flight
altitudes of Red Kites, resulting in significant pro-
portions of flights (up to 58%) taking place within
the critical RSA of currently operating wind tur-
bines in the study area, which corroborates the
above-mentioned findings. The percentage of
flights within the critical RSA in our study was
comparable to the results of Mammen et al.
(2017), but higher than those reported by Heuck
et al. (2019) or Hotker et al. (2017).These differ-
ences are most likely due to different heights of
WTs in the study areas used as basis for defining
the critical RSA. Moreover, our findings show
that, the current development of installing higher
WTs with higher RSA may lead to a slight

decrease of collision risk for the Red Kite and
other species flying at low altitudes, e.g., Mon-
—f % —7ie f(3Chaube et al.2020). However,
the flight activity of 31% to 37% within the criti-
cal RSA of future WT is still high. This highlights
the necessity for site-specific assessments and
adaption of mitigation measures to local condi-
tions and abundances of collision-prone species.
It further shows that existing risk assessments
should be adapted regularly, as WTs will continue
to evolve in the future leading most likely to shifts
of the RSA and an altered risk for collision-prone
species.

Overall, our findings could be a basis for
future mitigation measure to avoid collision risk
of Red Kites at WT: About 50% of the flights took
place in wind speeds of up to 2.7 m/s at 10 m
above ground, and 75% in wind speeds of up to
3.6 m/s. In those rather calm wind speeds also
the flight altitude was highest, ranging within the
critical RSA of both, operating and future WTs.
Consequently, we actively call for raising the cut-
in wind speeds of WTs to enable that significant
"fr—e 0 =St ft «—ipedltifides-ef the>
critical RSA could take place without collision
risk. Thus, the overall collision risk of Red Kites
might get reduced significantly, especially in cen-
tral areas of the Red Kite breeding population.
Raising the cut-in speed of WTs has already been
proven to be a useful mitigation measure for bats
(e.g., Allison et al., 2019; Arnett et al., 2011). By
raising the cut-in speed the nightly mortality rate
of bats was reduced by 44 % to 93 %. As the
power generated by WTs increases with wind
speed, the annual power loss was witlf] s~ «f " &
ginal and associated financial losses were limited
when cutting calm winds (Arnett et al., 2011,
Lydia et al., 2014). Hence, this could be a promis-

ing approach to further promote the sustainable
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expansion of renewable energy, while at the same
time protecting collision-prone species.

However, one has to be aware that in our
study we used wind speeds at a standardized al-
titude of 10 m above ground. As wind speeds in-
crease with altitude, the here given wind speeds
differ from the once at hub height, which are rel-
evant for the cut-in wind speeds (Bafuelos-
Ruedas et al., 2010). Hence, the wind speeds
should not be used without interpolation to hub
height. To interpolate wind speeds for higher al-
titudes, it is important to consider the underlying
landscape, as due to the different roughness of
the various land-use types the slope in which
wind speeds increase with altitude varies (e.g.,
slower increase of wind speeds with altitude in
forests than in open landscapes; Bafuelos-
Ruedas et al., 2010). Besides the landscape also
the locally occurring wind speeds need to be
taken into account. In our study area wind speeds
higher than 6 m/s at 10m above ground hardly
occurred. This might be different in other parts of
=St ft <—fei tee—To,——<'e Whnd% ta
speeds at which 50% or 75% of the activity is
reached might differ. Therefore, site-specific as-
sessments should be conducted, and the cut-in
speeds adapted accordingly.

Further research is needed especially to
better understand the drivers of the flight alti-
tudes of collision-prone species. In our study the
model predicting flight altitude explained the var-
iance in the data poorly, which suggests that ad-
ditional underlying drivers need to be consid-
ered. As the flight altitude and flight activity of
Red Kites as well as other space use variables,
such as daily flight distances or displacement
from the nests changes throughout the year, ad-
ditional drivers are likely to be found in the phe-

nology of Red Kites (Heuck et al., 2019; Spatz et

al., 2019) Additionally, the landscape most likely
plays a crucial role, as land use types, landscape
diversity and NDVI affect the movement patterns
of Red Kites (Aebischer, 2009, Spatz et al., in Re-
view). Especially given the increase in WT con-
struction in forests in some areas, an in-depth
analysis of flight altitudes over different habitat
types is indispensable for risk assessment. Pre-
sumably, Red Kites flight altitudes may be higher
over forests, and the probability to fly within the
critical RSA may be higher than over agricultural
land. Hence, landscape-related analyses enable to
improve micro-siting of wind turbines and to
adapt mitigation measures even more specifically

to local conditions.

In conclusion, the mere establishment of
taller wind turbines will not sufficiently reduce
the collision risk of Red Kites. Mitigation
measures pre- and post-construction will con-
tinue to be indispensable in the future and further
improvements of those are necessary to reduce
$he collisian risk tWe suggest implementing addi-
tional mitigation measures, such as raising cut-in
wind speeds of WTs, which should be adapted to
local conditions, hence, taking the locally occur-
ring wind speeds as well as the surrounding land-
scape into account. Additionally, we suggest re-
evaluating risk assessments regularly, as chang-
ing local conditions and technical improvements
of WTs alter the collision risk of species. Trans-
mitter-based movement data of reasonable sam-
ple size of collision-prone species gives valuable
insights into their three-dimensional space use.
With such profound knowledge site-specific miti-
gation measures could be improved to support a
sustainable expansion of wind energy while at the
same time actively conserving a collision-prone

species of international importance.
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Supplementary Material

Correction of the flight altitude

The flight altitude was measured by the
transmitters (Ornitela 25B-E) in two different
ways: 1) via GPS and 2) via an integrated
barometer. Both methods have their constraints.
The accuracy of GPS relies on the number of
connected satellites (the higher the more precise)
and their positions as well as on the horizontal
and vertical dilution of precision (Péron et al.,
2020). The barometric altitude, however, is

calculated with the air pressure recorded by the

was strongly correlated, we used only the air
pressure of the nearest station for the subsequent

correction (Table S1).

Tab. S1: The air pressure was highly correlated
between the three weather stations nearest to the
respective GPS location. Given are the correlation

coefficient R and the p-value.

—feescm—tUei L fUef—1" —§f— <o coot’Statione -5t

Barometric formula. Therefore, the international
standard atmosphere is used (pressure ¢ =
1013.25 hPa, temperature T = 15°C = 288.15 K,
laps rate = 6,5 K/1.000 m). However, air pressure
and temperature both depend on local weather
conditions. Hence, the barometric altitude is only
more accurate, when the barometer is re-
calibrated in relation to the local weather
conditions (Péron et al., 2020). Hence, we post-
hoc re-calibrated the barometric altitude
following the approach of Heuck et al (2019) to
receive reliable barometric altitudes.

First, we calculated the air pressure
measured by the integrated barometerpn using

the following formula:

9484699<;;

gL Lls p

—
vvuugy |

In a second step we determined for each
GPS location the three nearest weather stations of
the Deutscher Wetterdienst (DWD) that provide
air pressure data normalized on mean sea level.
To avoid pseudo-accuracy, we tested the air
pressure data of the three stations for correlation.

Since the air pressure data of all three stations

Correlation
. p-value
coefficient R
Station 1 :
0.997 <0.0001
Station 2 :
) 0.996 <0.0001
Station 3
Station 1 :
) 0.997 <0.0001
Station 3

We inserted the air pressure measured
by the integrated barometerpn, the air pressure
measured at the nearest weather station g% and
the temperature measured by the transmitterT
in the following formula to calculate the corrected

altitude:

~ 445=46:76

6 Ly
DL———Fs Ftp G
rairxwi—

In the next step a transmitter specific
calibration was necessary. Therefore, we used
calibration data of a transmitter test run that was
performed before deploying the transmitters to
the birds. As the transmitters were purchased at
different times of the project, the test runs
differed in timespan (36 to 48 hours) and date.
During all test runs the individual transmitters
laid on top of a roof under open sky, taking one
GPS location approximately every 5-15 minutes.

We corrected the barometric altitude of the test
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run data as described above. As during the test We determined the transmitter specific error as
runs the median of the GPS altitude hardly the difference between the corrected barometric
differed between transmitters and corresponded height and the reference height. This transmitter
to the estimated height of the roof, this median specific error was subtracted from the corrected
was used as reference height for the calibration. barometric height for calibration (Figure S1).

Fig. S1: Deviation of the measured altitude from the reference altitude of 18 transmitters during a
transmitter test in 2017. The altitude recorded by GPS fluctuated the most (red) but had tlame median
altitude as the less scattered barometric altitude (green). The barometrigltitude after correction for local
air pressure (blue) is systematically higher than the reference altitude, whichlilstrates the necessity of the
additional transmitter-specific calibration (purple). Two outliers (deviation of GPS altitude > 300m) are not
shown for better visualization. Given are the middle 50 % of the data in the boxes, tithe median as solid
line and the whiskers marking values outside the box to maximum 1.5 of the inter-quartil@nge. Outliers

are shown as dots.
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Abstract

Intrinsic and extrinsic drivers shape the space use of wide-ranging raptors. large proportion of
raptors are migrants that shift their activity ranges between summer and witer habitats, where they en-
counter with different environmental conditions. Analysing the effects of intrirsic and extrinsic drivers on
the space use in summer and winter habitats provides crucial insights intbe ecology of migratory raptors.
Here, we investigated the seasonal space use by 43 Red Kitigl\us milvug tracked by GPS-transmitters
across central and south-western Europe over seven years. We compaigpace use patterns, i.e., activity
range sizes and mean daily distances of the birds between summer and wintand analysed the influence
of extrinsic (landscape diversity, primary productivity) and intrinsic factors (sex). Withinsummer, we in-
vestigated the influence of breeding success and sex on activity range sizes fUviher analysed differences
in habitat availability and habitat selection between seasons. We found thgpace use was smaller in sum-
mers than in winters. When compared to those of males, activity ranges of felmdRed Kites were larger in
summers and smaller in winters, with shorter mean daily distances in lib seasons. Within summer, breed-
ing success led to decreasing activity range sizes in both sexes, whereas tffiscé was stronger for females
than for males. Regardless of the season, landscape diversity was positively cortethwith space use,
whereas primary productivity was negatively correlated with it. The habitat availability difered between
seasons, with agricultural landscapes being less proportionally used imsmmers than in winters. Overall,
we showed that both intrinsic and extrinsic drivers shaped space use iroth the seasons, leading to differ-
ences in space use patterns and habitat use in migratory raptors betwn their summer and winter habitats.
Our findings underline the importance of consideration of the entire annual cyelof migratory species for

conservation management.
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Introduction

Through their ability to fly, birds are highly
mobile animals. Their space use is influenced by
several extrinsic drivers, such as the availability
and distribution of resources, and intrinsic driv-
ers, such as sex or reproductive status (La Sorte
et al., 2014; Nathan et al., 2008; Tucker et al.,
2019). By understanding these drivers and their
influence on space use, we can derive important
information on e.g., mortality or reproduction,
and thus ultimately draw conclusions about the
population dynamics of these mobile animals
(Morales et al., 2010; Nathan et al., 2008)

About 19% of all bird species are migrants
that shift their activity ranges between summer
and winter habitats to live in an environment that
promotes survival (Kirby et al., 2008). By inter-
secting movement data of migrants with satellite-
derived land cover data or vegetation indices, ex-
trinsic drivers of space use across large spatial
scales can be assessed (e.g., La Sorte et al., 2014;
Mirski et al., 2021; Trierweiler et al., 2013;
Tucker et al., 2019). Migrating birds follow re-
sources, which they can explore over large spatial
scales (Klaassen et al., 2010; La Sorte et al., 2014).
The extent of space use further depends on land-
scape diversity, as more diverse landscapes pro-
vide more resources within smaller ranges
(Mirski et al., 2021; Tews et al., 2004; Tucker et
al., 2019). Likewise, the availability of key habi-
tats (e.g., grasslands used for hunting) has been
directly linked to space use in birds, as increasing
proportions of key habitats lead to decreasing ac-
tivity range sizes (Mirski et al., 2021).

In addition to these extrinsic drivers, in-
trinsic drivers such as territoriality and repro-
duction also influence space use (Brodin et al.,
2003; Hernandez-Pliego et al., 2017; Mirski et al.,

2021). During the breeding season, many bird
species show a reproductive role specialization
between sexes, with females incubating the eggs
and males providing food, which often results in
smaller activity ranges of females compared with
that of males (Brodin et al., 2003; Hernandez-
Pliego et al., 2017; Mirski et al., 2021; Pfeiffer &
Meyburg, 2015; Spatz et al., 2019; Wesolowski,
1994). Breeding success is also known to influ-
ence the activity range size in birds, especially
that of the male parent (Pfeiffer & Meyburg,
2015). Sex-specific differences in space use may
disappear at the end of the breeding season, e.g.
when both sexes are engaged in chick rearing or
at the end of the summer shortly before autumn
migration begins (Brodin et al., 2003; Hernandez-
Pliego et al., 2017; Spatz et al., 2019).

Beside such variations in space use within
seasons, there are also variations between sea-
sons. For example, the Wood ThrushHylocichla
musteling) prefers smaller forest patches during
the breeding season (summer), but larger forest
patches during winter (Stanley et al., 2021). Male

‘e—f % —ie S fCifous pygargufly shorter
distances during winter than during summer,
while females show the opposite space use pat-
tern (Schlaich et al., 2017). Similarly, Spanish Im-
perial Eagle @Aquila adalbert) activity ranges
during the non-breeding season (winter) are
smaller than during the breeding season (sum-
mer) (Fernandez et al., 2009). By intersecting
seasonal movement data with extrinsic and in-
trinsic drivers, we expect to gain a better under-
standing of the ecology of migratory birds.

Approximately 25% of the raptors in Af-
rica and Eurasia are migratory (Goriup & Tucker,

2007). As they have comparably large body sizes
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and are often top predators, raptors have exten-
sive space requirements (Peery, 2000). Addition-
ally, they are used as flagship species in conserva-
tion (Sergio et al., 2006). Therefore, they are a
suitable study group. We used the Red Kiteév(l-
vus milvug, a short distance migratory raptor and
a generalist forager, as the model species to com-
pare the space use patterns of both sexes during
summer and winter. Like many raptors, Red Kites
show a strong breeding-site fidelity during sum-
mer and site fidelity during winter (Aebischer,
2009; Jenkins & Jackman, 1993; Pfeiffer & Mey-
burg, 2009, 2015; Shiu et al., 2006; Trierweiler et
al.,, 2013; own observation). They are central-
place foragers that show reproductive role spe-
cialization between the sexes, which is reflected
in their movement during the breeding season in
summer (Heuck et al., 2013; Mirski et al., 2021,
Pfeiffer & Meyburg, 2015). Furthermore, alt-
hough Red Kites are territorial during the breed-
ing season, they show communal roosting in the
late post-breeding period during summer and
during winter, as well as communal foraging in
highly attractive foraging grounds (Aebischer,
2009). Using GPS-data of 43 adult Red Kites (16
females, 27 males), collected over five summers
and six winters, we calculated activity ranges and
mean daily distances, and related these to land-
scape parameters, namely landscape diversity
and primary productivity, of summer and winter
habitats. We further compared the habitat availa-
bility within the activity ranges and the habitat
selection between seasons.
(I) Effect of landscape diversity, primary
productivity and season on activity range and
daily distance

Owing to the communal roosting in winter
and the territoriality of Red Kites during summer,
we expected (1 a) larger activity ranges and daily

distances during winter than during summer, but

(1 b) the activity ranges and daily distances to de-
crease with increasing landscape diversity and
increasing primary productivity, regardless of

the season. Owing to the reproductive role spe-
cialization of Red Kites during the breeding sea-
son, we expected (1 c) no differences between
sexes during winter, but smaller activity ranges

and daily distances for females than for males
during summer. Within summer, we expected (1

d) the activity ranges of non-breeders or unsuc-
cessfully breeding Red Kites to be larger than
those of successfully breeding individuals; how-
ever, within successfully breeding Red Kites the
activity range of females should be smaller than

that of males.

(I) Differences in habitat availability and
habitat use between seasons

As winter and summer habitats of Red
Kites are located in distinct areas with different
landscape features, we expected (2 a) differences
in the availability of various land-use types within
the activity ranges between summer and winter
habitats and checked for individual preferences
in the habitat availability that persist over sea-
sons (e.g., high amounts of grassland within the
activity range of an individual in winter and sum-
mer habitats). In the second step, we analysed the
overall use of certain habitats of Red Kites and
compared them between seasons. We expected
(2 b) land-use types significant for foraging (agri-
cultural landscapes and grasslands) to be used
with similar intensity during summer and winter,
while the land-use types significant for nesting
(forests) to be used more in summer than in win-

ter.
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Materials and Methods

Study species

The Red Kite is a diurnal raptor, which is
endemic to Europe. Its population is estimated to
consist of 32,200 37,700 breeding pairs
(BirdLife International, 2020). Of these, 14,000
16,000 pairs breed within Germany, which
corresponds to 37% 50% of the world
population (Griineberg & Karthéuser, 2019). The
Red Kite forages mainly in agricultural
landscapes and grasslands as well as in smaller
settlement areas (Aebischer, 2009; BirdLife
International, 2020). It feeds opportunistically on
small mammals, smaller birds, fish, insects, and
carrion (Aebischer, 2009; BirdLife International,
2020; Bischofberger et al.,, 2019)The Red Kite
nests in trees near forest edges or in rows of
single trees and shows a high breeding-site
fidelity (Aebischer, 2009; Gelpke & Hormann,
2010). The Red Kite shows reproductive role
specialization: the female incubates the clutch
and broods the chicks, and only when the
nestlings are about two to three weeks old it
helps with the search for food, while the male
provides the main part of it (Aebischer, 2009;
Pfeiffer & Meyburg, 2015). Territoriality weakens
shortly before the start of migration, when Red
Kites often spend the night at communal roosts
(Aebischer, 2009; Spatz et al., 2019). Such
communal roosts are also used, but often changed
irregularly in the wintering habitats, where at
least some Red Kites show site fidelity over
several years (Pfeiffer & Meyburg, 2009; own

observations).

Data collection

The summer habitats of all animals studied
were in the following federal states in Germany:
Hesse, Thuringia, Saxony and Lower Saxony.
These states are reported to represent 30% of the
German Red Kite population (Griineberg &
Karthauser, 2019). The winter habitats were in
different regions of Spain (n = 60), France (n =17)
and Portugal (n = 5; Figure 1).

During the breeding seasons of 2014 to
2019, we fitted GPS-transmitters to 43 adult Red
Kites (16 female, 27 male). All birds were caught
during chick rearing in proximity to their nests
using the dho-gaza method with a stuffed Edegy
Owl (Bubo bubg as a lure (Bloom et al., 2007). We
measured the wing length and mass of the
captured birds and banded them with individual
rings from the respective bird ringing centre. Sex
was determined by the measures and the
presence of a brood patch.

The GPS-transmitters were fitted to the
backs of the birds with a backpack harness made
of Teflon ribbon. We used two different GPS-
transmitter types: e-obs SOLAR-GPS-ACC and
Ornitela E20-B or OT-E25B. All transmitters
were equipped with an integrated battery and a
solar panel for power supply. The frequency of
GPS-fixes by the transmitters depended on the
battery level and varied from five minutes to
eight-hour intervals during daytime. Each
individuum provided data for one to eight

seasons from winter 2014 to summer 2020.
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Fig. 1: Distribution of
the summer and winter
habitats of 43 Red Kites
over 141 individuum-
year-season combina-
tions within seven years
(winter 2014/2015 to

2019/2020).

Given are the centroids

winter

of the respective ARs.
Red points and blue dia-
monds refer to summer
and winter habitats, re-
spectively. Unfilled
Tice—e tcfetete

LTV Rertet =t TfefZted ™SCZE T«ZZET Cice—e tcfpritht CoafZTed

corresponds to the respective AR size. The background map shows the aggregdaed-use types, based on

CORINE 2018 data.

Additionally, we recorded the individual
annual breeding success, defined as at least one
successful juvenile fledging from the nest. The
assessment of the breeding success depended on
the local conditions. Wherever possible, and only
if the necessary permits were available, trained
tree climbers accessed the nests of the Red Kites
to measure the chicks and band them with rings
from the respective bird ringing centre. On not
accessible nests we determined their breeding
success with suitable optical aids. Breeding
success data was available for 53 of the 59
summer datasets and consisted of 19 female
summers (12 individuals) and 34 male summers
(22 individuals), with 30 successful (12 females,
18 males) and 23 unsuccessful (7 females, 16
males) breeding attempts. The latter included 4
different individuals (1 females, 3 males) that

each did not breed in one year.

Processing of movement data
The initial step of data processing
comprised the clean-up and standardisation of
the movement data. All duplicates (same
timestamp and same position), zero coordinates
(no GPS signal received), as well as positions with
speeds above 30 m/s (faulty GPS acquisition;
outliers) were excluded. As the frequency of data
acquisition depended on the battery level, we
aligned the minimum time interval between two
coordinates to 60 + 15 minutes to equalise the
data density between individuals, resulting in an
average of 16 + 2 fixes per individual per day
during summer and 9 * 2 fixes per individual per
day during winter. These number of fixes per
individual per day hardly varied between the
years (see Supplementary Material 1). In total we
used 270,781 data points, distributed over 141
individual-season combinations (82 winter and
59 summer) collected by 43 individuals over
eleven combinations

2014/2015 to winter 2019/2020).

year-season (winter

64

S



Chapter IV Sex, landscape diversity and primary productivity shape the seasonal space use ofigratory

European raptor

Delimitation of winter/summer habitats

We defined the stay in their winter or
summer habitats as the timespan between the
first day after the end of migration and the last
day before the start of the consecutive migration,
for each individuum separately. Most Red Kites
left their summer habitats mid/end of September,
while some individuals left not before November
or December in single years. The same could be
applied to spring migration as most Red Kites left
their winter habitats mid/end of February, but
some individuals had already started spring
migration in January, while others not before
March. Due to this high individuality, we used the
data from August to January and December to
April to determine the individual start and end
dates of migration. To determine these dates, we
conducted broken stick regressions, a data-
driven approach that is related to change point
analysis that has already been successfully used
for other migratory bird species (Limifiana et al.,
“"cfetee Ft'et' f-— . fFdradachrtr
the

trrza

individual we calculated straight-line
distance between all consecutive locations within
one day to determine the daily distance covered
by the individuum and summed it cumulatively
over time. When plotting the cumulative daily
distance over time, abrupt behavioural changes
became visible as breaks in the curve. For
example, the curve showed a steeper slope during
migration as the individual daily distance was
higher. We identified the breaks that referred to
start and end of the individual migration by using
the segmentedpackage in R (Muggeo, 2008; R
Core Team, 2013)

The method had its limitations when the
movement data showed gaps due to low battery
level or no reception of GPS signal or if an
individual changed its whereabouts irregularly, a

behaviour that was shown by some individuals,

especially in winter habitats. In such cases we
determined the beginning and end of migration
using a combination of visual inspection of the
data and daily displacement of an individual,
calculated as straight-line distance between the
first and last location of a day. If the daily
displacement was more than 50 km, we declared
the day as a migration day. To ensure that we do
not falsely define a stop-over as a stay in the
winter habitat, especially when individuals
changed their whereabouts irregularly, we only
used the longest timespan without migratory
movements as stay in the respective habitats. On
average, the stay in the summer habitats lasted
for 221 + 19 days (mean + standard deviation
(SD); range: 157 270 days) and that in the
winter habitat lasted for 94 + 25 days (mean = SD

range: 26 136 days).

Calculation of the activity ranges and mean
daily distances

We determined the activity range (AR) for
each individuum-year-season combination with
the akde-function in ctmm R (Calabrese et al.,
2016). As some adult Red Kites shifted between
roost sites during winter, the use of Ornstein-
Uhlenbeck- or Ornstein-Uhlenbeck-Foraging
models, which account for autocorrelation of
positions within the movement data, led to an
overestimation of the used area. We therefore
used an independent identically distributed
model, which determined the AR closest to the
respective data points, and therefore suited the
data best. However, it does not account for
autocorrelation and is therefore equivalent to the
calculation of utility distributions with Kernel
Density Estimation (KDE; Calabrese et al., 2016)
All further analyses were based on the core 95%

of the AR to exclude single explorative flights.
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For each individuum and all days with
more than three fixes, we calculated the straight-
line distances between all consecutive locations
within a day and summed them to determine the
daily distances. These daily distances were
averaged to a mean daily distance (MD) for each

individuum-year-season combination.

Environmental data
Our

diversity, habitat availability, and habitat use

were based on CORINE Land Cover 2018 (CLC),

funded by the European Union. This dataset

analyses regarding landscape

divides the European surface into 100 m x 100 m
grid cells and classifies them into 44 different
land-use types (Buttner et al., 2017). Our study
area had 38 of the 44 land-use types. As we aimed
to compare the habitat availability within the ARs
and the use of land-use types between seasons,
we merged the observed land-use types into five
aggregated land-use types of higher order to
achieve comparability between the summer and
winter habitats of Red Kites. We chose the
following five aggregated land-use types as they
reflect very distinct habitats that are relevant for
Red Kites. Agricultural landscapes and grasslands
are the main foraging habitats of Red Kites
(Aebischer, 2009). Forests, especially the forest
edges are at least partly used by Red Kites as
breeding habitats (Aebischer, 2009). Artificial
surfaces are mainly areas with high amounts of
sealed grounds and high human population
densities, which Red Kites usually avoid
(Hessische Gesellschaft fur Ornithologie und
Naturschutz, 2010; Heuck et al., 2013). All other
occurring less common land-use types were
combined in the land-use type Others (see
Supplementary  Materials 2 for detailed
description of the aggregated land-use types). In

the following, we determined the proportions of

each of the five aggregated land-use types within
the ARs of all individuum-year-season
combinations.

Landscape diversity has already been
linked successfully to the ARs of generalist
raptors (Mirski et al., 2021; Navarro-Lépez &
Fargallo, 2015). Hence, we used the proportions
of the aggregated land-use types within the ARs
—' . fZ..—Z7f-1 -dSersitsifidex farsthe
ARs of all individuum-year-season combinations
to assess landscape diversity. All values were

centred and scaled.

To assess the primary productivity within
the ARs of the Red Kites, we used normalized dif-
ference vegetation index (NDVI) data. NDVI is the
most common proxy for primary productivity
(Fernandez-Tizén et al., 2020). NDVI has already
been linked successfully to the abundance of ar-
thropods or small mammals, as primary and sec-
ondary productivity are positively correlated
(Fernandez-Tizon et al., 2020; Smith et al., 2016;
Trierweiler et al., 2013). We therefore assume
NDVI to be a good proxy for food availability for a
generalist like the Red Kite. NDVI data was de-
rived from PROBA-V NDVI collection 300 m, gen-
erated by the land service of Copernicus, the
Earth Observation program of the European
Commission. It is 10-days composite raster data
with a grid cell size of 300 m x 300 m, available
for the entire study period. We extracted the
NDVI values that occurred within the ARs at the
time of use and calculated a mean NDVI for each
individuum-year-season combination. All values
were centred and scaled before fitting the mod-

els.
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Effect of landscape diversity, primary produc-
tivity and season on activity range and daily
distances

(1 a c) Based on the data of 141
individuum-year-season combinations provided
by 43 adult Red Kites, we compared the AR sizes
and MDs between winter and summer, and
assessed the impact of landscape diversity and
primary productivity on them, while taking sex-
specific differences into account. Therefore, we
used generalized linear mixed effect models
(gimmTMBR-package, Brooks et al., 2017), with
individual as a random factor and gaussian
distribution in the log-transformed response
variables. As fixed effects, we integrated season,
sex, landscape diversity, and mean primary
productivity within the ARs, as well as their
interactions with season. In the MD-model, we
further integrated the number of data points per
day as offset, as the calculation of the daily
distance is sensitive to the number of points used
for the calculation. For each model we performed
backwards model selection based on effect
sizes/z-values.

(1 d) Based on a subset of the data (53
summers) for which information about the
breeding success was available, we tested the ef-
fect of breeding success on the summer ARs of
adult Red Kites, taking sex-specific differences
into account. For this, we used a linear mixed ef-
fect model (me4 R-package; Bates et al., 2016)
with the log-transformed summer AR sizes as re-
sponse variable. The explanatory variables sex
and breeding success were used as binary varia-
bles(1: breeding success, 0: no breeding success).

The individuum was added as random factor.

Differences in habitat availability and habitat
use between seasons

For all individuals with data of at least one
summer and one winter (n = 33 individuals), we
determined habitat availability and habitat use
based on the five aggregated land-use types. As
Red Kites show site fidelity in winter and summer
habitats and the number of seasons per
individual ranged from one to eight, the
availability and use of certain land-use types
could have been over- or underestimated.
Therefore, we determined the mean habitat
availability within the ARs as well as the mean
habitat use for each individuum separately for
summer and winter, as described hereafter: We
determined the individual-specific habitat
availability as proportions of the five aggregated
land-use types present within the individual ARs
and used them to calculate the individual mean
habitat availability during winter and summer.
To evaluate the individual-specific habitat use,
we determined the proportions of the five
aggregated land-use types present at the 270,781
GPS-locations and used them to calculate the
individual mean habitat use during winter and
summer.

(2 a) To determine differences in the
availability of the different land-use types within
the ARs between summer and winter, we used
non-metric multidimensional scaling (NMDS).
We calculated the Bray-Curtis distances, a
dissimilarity measure to detect ecological
gradients, based on the individual mean habitat
availability within the respective winter and
summer ARs (Faith et al., 1987). We Hellinger-
transformed these distances and arranged them
in a three-dimensional space hetaMDSfunction
in veganpackage, Oksanen et al., 2020). With a
subsequently performed ANOSIM \egan

package, Oksanen et al., 2020) we checked for
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significant differences in the habitat availability
between winter and summer.

(2 b) To assess if individual preferences in
habitat availability persist over seasons (e.g.,
individuals with high amounts of grassland
available in summer habitats prefer high
amounts of grassland available also in winter
habitat), we used the function protest of the
veganpackage, to perform a subsequent
Procrustes analysis (Oksanen et al., 2020). The
Procrustes analysis rotates the habitat
availability of the two seasons based on the data
score matrices gained by the formerly performed
NMDS, and tries to maximize similarity between
them. The protest-function does this repeatedly
and estimates the significance (Oksanen et al.,
2020). A match between the two matrices in our
case would mean that there are individual
preferences in the availability of certain habitats
that persist over seasons.

(2 ¢) To compare the habitat use of Red
Kites between their winter and summer habitats,
we compared the individual mean habitat
availability with the individual mean habitat use
in both winter and summer. Therefore, we
i fZ..—Z2f-%1
of the five aggregated land-use types by dividing
the individual mean use of a land-use type by the

individual mean availability of the respective

land-—et —>'F <o ™co_1” fetialthef”d

use corresponds to the availability of the land-use

—>'1 & ;3 1Xthe use is over-proportional to the
availability; hence, there is a preference of an
individual for this land- —«% ->'t1é< I, the
usage is under-proportional; hence, there is an
avoidance of an individual for this land-use type.
To test if within seasons a land-use type was used
significantly more or less than expected from its
ff<Zf,<Z<—>a ™%
values of each land-use type against 1, using a
Wilcoxon test for non-normally distributed data.
With additional Wilcoxon tests we compared the
X-values of each land-use type between seasons
to identify differences in the use of the five
aggregated land-use types between summer and

winter habitats.

Results

We compared the space use and habitat
selection of migratory Red Kites between
summer and winter habitats. The activity range
(AR) size ranged from 2.6 krato 13,504.0 kn?
during summer and from 7.9 kn# to 33,337.1 kn?

during winter (see Supplementary Material for a

feZ>ie «diffbreach” <—> <gidididutions plot of the AR data 3). The mean daily

distance (MD) flown by adult Red Kites ranged
from 5.0 34.3 km and 5.4 49.9 km in summer

and winter, respectively (Table 1).
"X
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Tab. 1: AR sizes [krd] and MDs [km] of 141 individuum-year-season combinations provided by 43 adult

Red Kites during winter and summer. Range (min, max, quantiles), median ameéan with SD are given for

both sexes [,, =females,f f= males], separately.

Activity range sizes [kn#]

Mean daily distances [km]

) ] Mean * ] . Mean *
Min Qu-25 Median QW75 Max Min Qu-25 Median QW-> Max
SD SD
15.7 + 136 +
79 559 101.1 196.1 8,880.6 54 104 14.8 175 429
5 n=28 0.002
S f 88.9 + 18.8 +
13.2 725 280.5 655.3 33,337.7 7.6 13.2 193 27.7 499
n= 54 0.002
, 36.0 = 9.4+
. 26 8.8 16.7 66.0 13,504.0 50 75 8.8 11.0 31.7
GE) n=19 10.8 0.002
E ¢ 15.9 + 13.9 %
7} 31 85 132 233 6495 7.3 113 143 15.6 34.3
n =40 0.001

Effect of landscape diversity, primary produc-
tivity and season on activity ranges and daily
distances

Our models were able to explain a
considerable proportion of the variability in
space use of Red Kites using the intrinsic and
extrinsic factors (40 53%; Table 2).

(1 a) AR sizes and MDs of Red Kites were
smaller during summer than during winter
(ARseason(wintery 0.96 £ 0.40 (Est. = SE, hereafter), p
= 0.015; MDReasonwinter) 0.74 + 0.06, p < 0.001).

(1 b) AR sizes and MDs increased with in-
creasing landscape diversity (ARndscape diversity
0.65 + 0.14, p < 0.001; MBdscape diversity 0.12 *+
0.03, p<0.001). AR sizes and MDs decreased with
increasing primary productivity (ARprimary productiv-
ty: -0.38 + 0.15, p < 0.01; Mfmary productivity : -0.13
+0.03, p < 0.001; Table 2).

(2 ¢) In both the seasons, the MDs of

females were shorter than those of males

(MDsex(p: 0.23 + 0.12, p = 0.047). The ARs of
females in winter were smaller than those of

males, but larger than those of males during

summer (ARex(p: -1.01 £ 0.51, p = 0.049;

MDseason(winter) : sex(r): 1.66 + 0.45, p < 0.001; Figure
2).

(1 d) In summer the ARs of successfully
breeding Red Kites were smaller than those of
non-breeders or unsuccessfully breeding
individuals (ARoreeding success -3.58 = 0.65, p <
0.001). Within the successfully breeding Red
Kites, both sexes showed similar ARs sizes,
whereas unsuccessfully breeding Red Kites
females showed larger ARs than males (ARy): -
2.47 + 0.64, p < 0.001ARbreeding succesi -3.58 * 0.65,

p < 0.001; ARsex(f) : breeding success 2.70 £ 0.79, p <
0.001; Figure 3; Table 3 and 4). The model

explained 67.7% of the variance in the data.
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Tab. 2: Model output for the generalized linear mixed models (GLMM) relating the log(AR s&fm?2]) and
the log(MDs[km]) of 141 individuum-year-season combinations provided by 43 adult Red Kites to season,
sex, landscape diversity (Shannon diversity), and primary production (NDVI). Showmeathe estimates of

the resulting coefficients, their standard errors (SE), and test statistics.

log(Activity range sizes [kn#]) log(Mean daily distances [km])

Estimate SE  z-value p-value Estimate SE  z-value p-value
(Intercept) 3.88 0.42 9.21 <0.001*** 6.59 0.10 66.93 <0.001***
Season (winter) 096 040 243 0.015* 0.74 0.06 13.40 <0.001***
Sex (f) -1.01 051 -1.97 0.049* 0.23 0.12 1.99 0.047*
Shannon diversity 0.65 0.14 4.67 <0.001*** 0.12 0.03 3.89 <0.001***
NDVI -0.38 0.15 -2.57 0.010* -0.13 0.03 -3.89 <0.001***

Season (winter): Sex (f) 1.66 0.45 3.65 <0.001***

Random Effect Variance SD Variance SD
(Individuum) 1.21 1.10 0.10 0.32
R2 marginal: 40.7 % R2 marginal: 53.3%
Rz conditional: 67.4 % Rz conditional: 81.4%

Fig. 2: Effect plot of the generalized
linear mixed model used to compare
the sizes of the ARs between seasons:
red points (summer) and blue
diamonds (winter) mark the estimates,
bars show the standard error given by
the model. During summer, the ARs of
female Red Kites (unfilled) were larger
than those of males (filled). Conversely
during winter, females showed smaller

ARs compared to male Red Kites.
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While Red Kites used grasslands and
forests in similar intensity in both seasons,
agricultural landscapes were used significantly
less during summer than during winter
(Wilcoxon tests: fyrassiand = 0.49, porest = 0.07,
Pagricutural = 0.03). There were no differences
between seasons in the use of the remaining land-

use types.

Discussion

Our findings show that activity ranges
(AR) and the mean daily distances (MD) of Red
Kites were larger in winter than in summer, were
associated with both landscape diversity and
primary productivity and differed between sexes.
While ARs and MDs increased with increasing
landscape diversity, they decreased with
increasing primary productivity. Females had
shorter MDs than males, regardless of the season.
Female Red Kites used smaller ARs than males
during winter, while the opposite was the case
during summer. During summer, the size of the
ARs decreased with breeding success. The habitat
availability within the ARs and the use of
differed  between

agricultural  landscapes

seasons

Effect of landscape diversity, primary produc-
tivity and season on activity ranges and daily
distances

As expected, and in line with other birds of
prey such as the Golden Eaglé(uila chrysaetoy
and the Spanish Imperial EagleAquila adalberti),
the size of ARs and MDs of migratory Red Kites
were smaller during summer, compared to that
during winter (Fernandez et al., 2009; Marzluff et
al., 1997) It is likely that these patterns are

driven at least partly by their territoriality durin g

summer. Although territories are blurred after
fledging, the distance of Red Kites to their nest
hardly changes throughout summer (Spatz et al.,
2019). Hence, territoriality of Red Kites persists
during the entire summer, and lessens only
shortly before the start of migration when the
Red Kites still spend some nights in their
territories but also start using communal roosts.
Given the duration of time at the summer
habitats, these comparatively few night outs at
communal roosts do not carry any weight in the
calculation of the AR sizes. Wintering Red Kites
however, tend to change communal roosts
irreqularly, leading to larger ARs (Aebischer,
2009; Heredia et al., 1991). Moreover, as
residential and wintering Red Kites co-occur in
winter habitats, there is a high intra- and
interspecific competition for food, which affects
space use (Bildstein, 2004; Powell et al., 2021)
The larger ARs of Red Kites in winter could
therefore also be driven by the competition for
food sources, as wintering Red Kites use different
habitats than residents (Heredia et al., 1991).
Similar to the residential Red Kites in which
males made higher use of ecotones and cultivated
fields while showing larger ARs and daily
distances than females, the use of different food
sources could also be a possible explanation for
the larger ARs of males compared to females in
winter (Heredia et al., 1991). However, in
contrast to our expectations, in summer, female
Red Kites used larger ARs than males. Larger ARs
of females than that of males in summer were also
reported for Lesser Spotted Eagles Glanga
pomarine, Mirski et al.,, 2021). The authors
explained this with a lower territoriality of
females and a higher number of explorative visits
in other territories and nests potentially to find
territories of better quality. Male Red Kites,

however, are probably more territorial than
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females. Considering that our study was
conducted in one of the distribution centres of the
Red Kite, where relatively high population
densities occur, we can assume high numbers of
neighbouring Red Kite territories, which most
likely led to a more restricted space use of male
Red Kites in summer. However, for Red Kites, our
finding of larger ARs of females than that of males
contrasts with a previous study by Pfeiffer and
Meyburg (2015), which used a slightly different
methodological approach.

Taking a closer look at the ARs in summer
revealed that their size is strongly affected by the
breeding success of the individual: the ARs of
successfully  breeding Red Kites were
significantly smaller and did not differ between
sexes, in contrast to individuals that had lost their
brood or were non-breeders in a respective year.
The ARs of females without breeding success
increased more than those of males without
breeding success (Figure 3). In fact, we observed
four female individuals that left their territory for
a few days or even weeks after they lost their
brood. However, since success and failure of
broods are natural and regularly occurring
events in summer and were present for both
sexes in our dataset, we included both of them in
our comparative analyses between summer and
winter space use. Successfully reproducing Red
Kites showed no difference in the activity range
size between the sexes in summer. It is known,
that during the breeding and nestling period
female Red Kites partially have a very restricted
space use, as they incubate the eggs and start
helping with providing food only when the
nestlings are about two to three weeks old
(Aebischer, 2009; Pfeiffer & Meyburg, 2015)
However, such a temporally restricted space use
of successfully breeding females implies that they

also have periods with increased space use

demands, resulting in similar ARs for females and
males over the whole summer. Telemetry studies
on juvenile Red Kites in Switzerland showed that
typically
prospecting behaviour than males, which could

females show more extensive
also apply to older individuals (Scherler, 2020).
Our findings show that there are sex-
specific differences in AR sizes and MDs between
summer and winter habitats. It remains a
challenge for future studies to disentangle to
what extent intra- and interspecific competition
influences the space use of female and male Red

Kites in summer and winter habitats.

In line with our expectations, AR sizes and
MDs decreased with increasing primary
productivity (NDVI). NDVI has been used as
proxy for food availability in many other raptor
species, as it can be linked to the abundance of
prey species such as arthropods or small
mammals (Klaassen et al., 2014; La Sorte et al.,
2014; Schaub et al., 2020; Smith et al., 2016;
Trierweiler et al., 2013). Hence, the result
supports our assumption that NDVI is also a good
proxy for resource availability for a generalist
like the Red Kite. Here we chose to aggregate the
NDVI to a mean value for the respective
individual-year-season combination to compare
the conditions in winter and summer habitats on
a rather coarse scale, and to evaluate if the Red
Kites respond to it in similar way in both seasons.
However, as NDVI is available as 10-days
composite data, further studies could focus on
linking the variation in space use of Red Kites to
the variability in environment on a higher
temporal and spatial scale.

Contrary to our expectations, the AR sizes
and the MDs increased with increasing landscape
diversity. This finding is counter-intuitive for a

food opportunist like the Red Kite, as a diverse
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landscape should provide various and sufficient
resources at a small spatial scale (Mirski et al.,
2021; Tucker et al.,, 2019) However, besides
small mammals and birds, large parts of the diet
of Red Kites consists of carrion (Bischofberger et
al., 2019; Heredia et al., 1991). Carrion is a less
predictable and often widely distributed food
source and leads to increasing AR sizes in raptors
foraging on it (Griffin & Baskett, 1985; Rolando,
2002).  Another

counterintuitive pattern may be the coarse

explanation  for  this

temporal and spatial resolution of our land-use
data. The used land-use data gives the status of
habitat availability in 2018; hence, potential
variations in land-use types within the seven
years of data collection were not considered.
Moreover, land-use data was comprised of only
five aggregated land-use types. Hence, higher
amounts of rather unattractive foraging grounds,
like forests, led to an increased landscape
diversity. Therefore, we might arrive at a
different result if the landscape diversity was
analysed with focus on the main foraging habitats
of Red Kites: agricultural landscapes, grasslands,
and smaller settlements. However, this would
require more finely resolved spatial and temporal
land-use data, which unfortunately was not
available over the entire study area and period.
As Red Kites are soaring raptors that hunt
visually, preferably over very low vegetation
(Aebischer, 2009; Karthauser et al., 2019; Mebs &
Schmidt-Rothmund, 2014; Wakeley, 1978)
different growth rates of crops and different
harvesting times, as well as the prevalence of
interspersed fallows or freshly mown meadows
would most likely lead to smaller ARs and shorter
distances. Furthermore, artificial food
provisioning like dump sites or livestock carcass
disposal sites are known to be important food

sources for Red Kites especially in their winter

habitats (Serrano, 1999). Hence, further research
with higher resolution land-use data and the
inclusion of artificial food sources could help to
identify the key landscape elements that shape
the space use of Red Kites in winter and summer
habitats.

Differences in habitat availability and habitat
use between seasons

The habitat availability within the ARs
differed significantly between seasons. In the
summer habitats, the five aggregated land-use
types occurred more balanced compared to
winter habitats. We found no individual
preferences in the habitat availability that
persisted across seasons (e.g., high proportion of
grasslands within the AR of an individuum in both
seasons). Hence, predictions on favoured land-
use types cannot be made across seasons.
Common to all ARs was a high proportion of
agricultural landscapes, which were also used
most intensely in both the seasons. This
underlines the importance of this land-use type
as foraging habitat for Red Kites (Aebischer,
2009). However, agricultural landscapes were
used more intensively in winter than in summer,
which might be due to agricultural fields being
mostly fallow or with sparce vegetation during
winter and therefore prey may be more easily
accessible for the visually hunting Red Kites
(Aebischer, 2009). Considering this, further
knowledge about the effects of different crops
and structural richness on the suitability of
hunting ground would be of advantage. As
expected, grasslands were used in both seasons
with similar intensity, as they are valuable
foraging grounds for Red Kites (Aebischer, 2009)
Forests were the second most common land-use
type in summer and the third most common land-

use type in winter. The intensity of forest use did
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not differ significantly between seasons, but
there was a tendency of more intense use in
summer habitats than in winter habitats. In
winter habitats, resident Red Kites are territorial
throughout the year, leading to a more intense
use of forests (and shrub lands) by resident Red
Kites than by wintering individuals (Heredia et
al., 1991). Forest edges (and lines of single trees)
are especially important breeding habitats of Red
Kites (Aebischer, 2009). Breeding site is a key
element that decisively influences habitat use of

central-place foragers like Red Kites (Carrete &

Conclusion

Donazar, 2005; Heuck et al., 2013). However,
there is a high variance in the preferred nesting
sites of Red Kites from single trees to forest edges.
Despite their role as breeding habitat, closed
forests are not very attractive for scavenging or
hunting Red Kites, as the vegetation is too dense
to forage visually (Aebischer, 2009). In summer,
this limited attractiveness paired with the use as
breeding habitat by some individuals, led to a
wide span of selectivity of forests, and therefore

no difference in use between the seasons

Our study revealed that space use of migratory Red Kites differed between seasoand was

associated with both landscape diversity and primary productivity. In summer, especiallyrbeding success

has a decisive role on space use. Extrinsic drivers, such as key habitat&l etrinsic drivers, such as sex,

influenced space use in both seasons, although often in different ways thantiaipated. As both seasons

contribute to a vital population, these findings underline the importance of considation of the entire

annual cycle of migratory species in future studies and conservation practiseFurther studies should focus

on the interplay of extrinsic and intrinsic drivers and how they shape space-uspatterns of migratory

raptors.
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Supplementary Material 1

Tab. S1: The number of fixes per individual and day, given as mean + SD, hardly differedvizen years.
2014 2015 2016 2017 2018 2019

summer 16+2 17+1 15+2 15+2 17+2 17+0
winter 6+1 10+x2 10+2 102 9%2 9+2

77



Chapter IV Sex, landscape diversity and primary productivity shape the seasonal space o$a migratory
European raptor

Supplementary Material 2:

Tab. S2: The aggregated land-use types: The landcover was analysed based on C&018 data. In total 38
different land-use types occurred within the activity ranges of the studied Red KiteJhe occurring land-
use types were merged into five aggregated land-use types, largely following theride 2018 nomenclature.
This aggregation into very distinct habitats of high relevance for Red Kites was nasary to make the land-

use availability comparable between summer and winter habitats of Red Kites.

Aggregated
land-use CLC-
type Code Corine Label 1 Corine Label 2 Corine Label 3
111 Artificial surfaces  Urban fabric Continuous urban fabric
112 Artificial surfaces  Urban fabric Discontinuous urban fabric
o Industrial, commercial ) ) }
121  Artificial surfaces ) Industrial or commercial units
and transport units
o Industrial, commercial Road and rail networks and as:
122  Artificial surfaces ) )
and transport units sociated land
o Industrial, commercial
123 Artificial surfaces ] Port areas
and transport units
o Industrial, commercial
124  Artificial surfaces ) Airports
o and transport units
Artificial

Mine, dump and con- ) )
131 Artificial surfaces Mineral extraction sites

struction sites

Mine, dump and con- .
132 Artificial surfaces Dump sites

struction sites

- Mine, dump and con- ) )
133 Artificial surfaces . ] Construction sites
struction sites
o Artificial,  non-agricul-
141 Artificial surfaces Green urban areas
tural vegetated areas
o Artificial,  non-agricul- ) o
142  Artificial surfaces Sport and leisure facilities

tural vegetated areas

211 Agricultural areas  Arable land Non-irrigated arable land
212 Agricultural areas  Arable land Permanently irrigated land
213 Agricultural areas  Arable land Rice fields

Agricultural 221 Agricultural areas  Permanent crops Vineyards

Fruit trees and berry planta-

222 Agricultural areas  Permanent crops )
tions
223 Agricultural areas Permanent crops Olive groves
Grassland 231 Agricultural areas  Pastures Pastures
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) Heterogeneous agricul- Annual crops associated with
241 Agricultural areas
tural areas permanent crops
) Heterogeneous agricul- o
242  Agricultural areas Complex cultivation patterns
tural areas
Agricultural . Land principally occupied by
) Heterogeneous agricul- S
243  Agricultural areas agriculture, with significant ar-
tural areas .
eas of natural vegetation
) Heterogeneous agricul-
244 Agricultural areas Agro-forestry areas
tural areas
Forest and semi
311 Forests Broad-leaved forest
natural areas
Forest and semi _
Forest 312 Forests Coniferous forest
natural areas
Forest and semi ]
313 Forests Mixed forest
natural areas
~Scrub and/or herba-
Forest and semi ) )
Grassland 321 ceous vegetation associ Natural grasslands
natural areas _
ations
~Scrub and/or herba-
Forest and semi ) ]
322 ceous vegetation associ Moors and heathland
natural areas _
ations
~Scrub and/or herba-
Forest and semi ) ] .
323 ceous vegetation associ Sclerophyllous vegetation
natural areas .
ations
~Scrub and/or herba-
Forest and semi ) . N
324 ceous vegetation associ Transitional woodland-shrub
natural areas .
ations
Forest and semi Open spaces with little or
331 ) Beaches, dunes, sands
Others natural areas no vegetation
Forest and semi Open spaces with little or
332 ) Bare rocks
natural areas no vegetation
Forest and semi Open spaces with little or
333 ) Sparsely vegetated areas
natural areas no vegetation
Forest and semi Open spaces with little or
334 ] Burnt areas
natural areas no vegetation
Forest and semi Open spaces with little or .
335 ) Glaciers and perpetual snow
natural areas no vegetation
411 Wetlands Inland wetlands Inland marshes
412 Wetlands Inland wetlands Peat bogs
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421 Wetlands Maritime wetlands Salt marshes
422 Wetlands Maritime wetlands Salines

423 Wetlands Maritime wetlands Intertidal flats
511 Water bodies Inland waters Water courses
512 Water bodies Inland waters Water bodies
521 Water bodies Marine waters Coastal lagoons
522 Water bodies Marine waters Estuaries

523 Water bodies Marine waters Sea and ocean
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Supplementary Material 4

Fig. S4: Plot of the non-metric multidimensional scaling (NMDS), which reached a solution witthree
dimensions (k = 3) and stress = 0.08. Season significantly divided the data in twogps (ANOSIM: R = 0.22,
p = 0.001, permutations = 999). A subsequent procrustes-analysis showed no correlatiohtloe landscape

compositions within the activity ranges between seasons (r = 0.13, p = 0.75, permutatos 999).
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Supplementary Material 5

Fig. S5: feZ>is tZ1%..—< «+forthd five dggr¥gated land-use types in summer and winter: The box
corresponds to the middle 50% of the data, with the median as solid line. The whiskers rikaralues outside
the box to maximum 1.5 of the inter-quartile range. Outliers are shown as pd# For better presentability,
three outliers are not shown in the graph (6 > 5). X > 1 indicates an overproportional use,X < 1 an
underproportional use of the respective land-use type. Only agricultural landscapevere used significantly
less during summer than during winter (WilcoxonTest: p = 0.03). All other land-use types were used with

similar intensity in both seasons

Tab. S5: feZ>is tZ1..-<" <+giventas mdan Xstandard deviation and range for all land-use types
in summer and winter. X > 1 indicates an over:”‘’*” —<"‘« f Z<4l ¥n under-proportional use of a land-use
type. We tested for significant differences in the use of the land-use types hiit seasons with Wilcoxon-
Tests against 1. We also tested for significant differences in the use of taad-use types between seasons

using Wilcoxon-Tests on the non-normally distributed X-values.

Summer Between Winter
seasons
Range Mean+SD p-value p-value Range Mean+SD p-value

Artificial 0.05 3.21 0.63+x0.74 0.001 0.12 0.00 8.62 0.75+1.78 <0.001

Agricultural  0.33 2.20 0.95+0.38 1.00 0.03 044 191 1.13+0.32 0.005
Grassland 0.18 12.3 1.52+2.14 0.11 0.49 0.26 3.39 1.09+0.72 0.42
Forest 0.12 106 1.36+1.98 0.17 0.07 0.00 3.68 0.75+0.71 <0.001

Others 0.00 266 0.53+0.70 0.003 0.42 0.00 1.38 0.50+0.39 <0.001
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Changing environmental conditions due to
land use and climate change are the major threats
to global biodiversity, causing species declines
worldwide (IPBES, 2019; Sala et al., 2000). To
counteract effects of climate change, the expan-
sion of wind energy utilization was intensified
over the past decades leading to additional
threats, like barrier effects and an increased col-
lision risk, especially for highly mobile animals
such as birds. To mitigate the effects of changing
environmental conditions and to enable the nec-
essary energy transition, efficient conservation

measures for highly mobile raptors are neces-

sary.

In my thesis, | investigated the space and
habitat use of Red Kites, a flagship species for bird
conservation in Germany that is highly discussed
in context of the expansion of wind energy utili-
zation in Germany. By examining intrinsic and ex-
trinsic drivers of the space and habitat use of the
Red Kites on different temporal and spatial
scales, | aimed to contribute to the evaluation and
development of efficient conservation measures
for this and other highly mobile animals threat-
ened by todays changing environmental condi-
tions.

In Chapterl, | studied the space and habi-
tat use of reproductive Red Kites in different pe-
riods within the breeding season. | aimed on as-

sessing the influence of intrinsic drivers

(reproductive instinct and sex) on the space and
habitat use and whether their influence change in
course of the breeding season. | focused on three
different periods within the breeding season: ter-
ritory occupancy, incubation, and chick rearingl
calculated period-specific activity ranges of
twelve individuals and determined their sizes.|
assessed the proportion of eight different land
use types within the activity ranges arable land,
forest, grassland, other agricultural land, groves,
villages, water bodies, other land use types and
calculated their mean proportions per period. In
the next step, these mean proportions of the eight
land use types per period were compared to the
availability of the respective land use types
within the study area to assess habitat use. There
was a large variance in the size of the period-spe-
cific activity ranges. Only the activity range sizes
of females during the incubation period were sig-
nificantly smaller than those of all other periods
or those of males. This finding is in line with the
reproductive role specialization shown by Red
Kites and other raptors, where females incubate
the eggs and thus show a very restricted space
use during incubation period, while males pro-
vide the food (Aebischer, 2009; Hernandez-
Pliego et al., 2017; Mirski et al., 2021; Pfeiffer &
Meyburg, 2015). Leaving incubation period aside,
both sexes have similar range demands. The anal-
ysis of the habitat use revealed that Red Kites

used forests proportionally less than would be
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expected from their availability, regardless of the
period. This illustrates that forests are rather un-
attractive for Red Kites, as the vegetation is too
dense to forage visually like the Red Kite. And in
their choice of nest site location Red Kites are
highly variable, from single trees to the edge of
the forest but rarely in its middle (Aebischer,
2009; Gelpke & Hormann, 2010; Heuck et al.,
2013). Arable land, however, was used more than
would be expected from its availability, regard-
less of the period, which highlights the Red Kites'
attachment  to
(Aebischer, 2009; Gelpke & Hormann, 2010;
Heuck et al., 2013).

In Chapter I, | focused on the space use of

agricultural landscapes

adult Red Kites and its intrinsic drivers during the
entire breeding season, by calculating flight dis-
tances and distances to the nest pentads-wise
Based on measurement and movement data of
GPS-tracked juvenile Red Kites as well as litera-
ture values, | determined timeframes in which
key-events such as start of incubation, hatching of
the juveniles from the eggs or fledging of the ju-
veniles from the parental nest took place. Using
these timeframes, the pentads were assigned to
five successive periods within the breeding sea-
son: territory occupation, incubation, chick rear-
ing, fledgling period, and post-breeding period. In
the following, | analysed the flight distance and
the mean distance to the nest over time and in re-
lation to sex using Generalized Additive Models
(GAMSs) The flight distance and mean distance to
the nest of females changed non-linearly over
time, with minima during incubation period and
maxima around the fledging of the juveniles
when they also have the highest nutrient demand
An additional model showed that the maxima
were influenced by the breeding success: after ex-
cluding two females that showed extraordinary

wide-ranging flights after they had lost their

entire brood, the GAM-curves especially of the
mean distance to the nest flattened but the over-
all pattern remained the same. The flight distance
of male Red Kites was slightly hump shaped, with
its maximum in the early chick rearing period, in-
dicating the malesirole as provider (Aebischer,
2009; Pfeiffer & Meyburg, 2015). The malei
mean distance to the nest increased only slightly
over time, highlighting that territoriality persists
across the entire breeding season. The results re-
vealed strong differences between males and fe-
males in both variables. The flight distance and
the mean distance to the nest of females during
incubation period were shorter than those of
males, due to the reproductive role specialisation
of Red Kites(Aebischer, 2009; Pfeiffer & Mey-
burg, 2015). However, both flight distance and
mean distance to the nest of females exceeded
those of males around the fledging of the juve-
niles, indicating territoriality of Red Kites being
more pronounced in males than in females.

In Chapter l1ll, 1 analysed the influence of
local abiotic conditions on the space use of Red
Kites by assessing the flight activity and flight al-
titude of Red Kites in relation to wind speeds dur-
ing the breeding season. First, | related the flight
activity to the occurring wind speeds at 10 m
above ground and determined the wind speeds
up to which significant parts of the flights (50%
and 75%) were performed. Further, | examined
the relationship of flight altitude with occurring
wind speeds and assessed the proportion of
flights within the rotor-swept area of operating
wind turbines and of such that are currently
planned in the study area. Both variables, flight
activity and flight altitude, showed a high vari-
ance and were significantly, non-linearly influ-
enced by wind speeds. While during calm wind
speeds up to 2 m/s the flight activity of Red Kites

hardly changed, it increased with increasing wind
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speeds till it reached a plateau of maximum activ-
ity around 4.8 6.8 m/s. Increasing flight activity
of Red Kites with increasing wind speeds were
also found in previous studies (Heuck et al.,
2019). As collisions with wind turbines only oc-
cur during flying and consequently the collision
risk increases with increasing flight activity, how-
ever, my findings contradict existing risk assess-
ments that rated wind speeds of up to 2 m/s with
the highest risk score and further increasing wind
speeds with decreasing risk scores (Schreiber,
2016). 50% and 75% of the flights took place at
rather calm wind speeds of up to 2.7 m/s and 3.6
m/s, respectively. Additionally, the flight alti-
tudes hardly changed in calm wind speeds rang-
ing just above 100 m above ground and dropped
below 100 m above ground only when wind
speeds exceeded 4.4 m/s. Despite these decreas-
ing flight altitudes with increasing moderate
wind speeds, significant parts of the flights (32%
- 57%) took place within the critical rotor-swept
area of operating wind turbines. Future wind tur-
bines are planned taller, hence, the proportion of
flights within the rotor-swept area might decline.
However, the proportion of flights within the ro-
tor-swept area of future wind turbines stayed
with 31%

In Chapter IV,l compared the space and

37% not negligible.

habitat use of Red Kites between summer and
winter habitats. | used movement data collected
by 43 adult Red Kites over seven years to calcu-
late activity range sizes and mean daily distances
and addressthe question whether space use dif-
fers between seasons. Further, | analysed the in-
fluence of intrinsic drivers (sex, reproductive sta-
tus) and extrinsic drivers (primary productivity
as proxy for resource availability, landscape di-
versity) on the space use in these distinct habi-
tats. Furthermore, | compared the seasonal habi-

tat availability within the activity ranges and

tested whether the use of certain land use types
differed between seasons. | found activity range
sizes to be significantly larger in winter than in
summer, which might be due to the territoriality
of Red Kites in summer and the irregular change
of communal roosts in winter but could also be
affected by higher intra- and interspecific food
competition in winter (Bildstein, 2004; Powell et
al.,2021). Within winter females had smaller ac-
tivity ranges than males. This could hint on the
use of different food sources, as resident Red
Kites in the winter habitats showed the same dif-
ference between sexes while using also different
land use types (Heredia et al., 1991). Within sum-
mer, breeding success o&n individual played a
crucial role: The activity range sizes of adult Red
Kites did not differ for successfully breeding indi-
viduals but were larger for females than for males
for unsuccessfully breeding individuals, which
again highlights the more pronounced territorial-
ity of male Red KitesRegardless of the season,
found activity range sizes to increase significantly
with increasing primary productivity (NDVI),
which confirms primary productivity as suitable
proxy for resource availability also for generalist
species such as the Red Kite. However, increasing
landscape diversity (calculated as Shannon-Di-
versity) led to decreasing activity range sizes and
mean daily distances, regardles®f the season
which was most likely due to the coarse resolu-
tion of the used land use data that was aggregated
to only five different land use typesin line with
summer and winter habitats being located in dis-
tinct areas of Europe, the availability of the five
aggregated land use types within the activity
ranges differed significantly between seasons.
However, agricultural landscapes were used sig-
nificantly more in winter than in summer, and
there was a trend of forest being used less in win-

ter than in summer, which once again reflects the
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Red Kites affinity with open agricultural land-

scapes.

In all my studies differences between sexes
and a high intraspecific variance in the space use
variables were evident, suggesting a pronounced
individuality of Red Kites. Individuality is partic-
ularly challenging for the development and eval-
uation of conservation measures as sufficiently
large sample sizes are indispensable to identify
space use patterns and their drivers. As my stud-
ies were based on many individualsmy findings
provide important insights into the ecology of
Red Kites to support the conservation of this flag-
ship species for bird conservation in Germany.

The results of my study presented in Chap-
ter | show that agricultural landscapes are of cru-
cial importance for Red Kites. Therefore, Red
Kites are particularly affected by the intensifica-
tion of agriculture, where the increasing use of
fertilisers and rodenticides, the loss of structures
and the cultivation of fast-growing, dense crops
lead to a decreasing food supply or cause direct
and indirect poisoning (Knott et al., 2009). The
fact that these changed environmental conditions
in agricultural landscapes threaten many bird
species is reflected in the continuous population
declines of many agricultural bird species
(Deutsche Akademie der Technikwissenschaften
et al., 2020; Lemoine et al., 2007Extensification
of agriculture is therefore crucial to preserveim-
portant habitats and secure safe food sources. To
raise awareness of this, the role of the Red Kite as
a flagship species is of particular importance. As
the Red Kite is easy to recognise due to its size
and noticeable forked tail, it is easier to arouse
public interest. Red kites are therefore well
suited to draw attention to the threats posed by
changing environmental conditions in agricul-
tural and the

landscapes importance  of

conservation measures such as extensification
approaches (Aebischer, 2009; Katzenberger,
2021; Mebs & Schmidt-Rothmund, 2014). The
public interest generated increases acceptamc

and support for conservation measures that ben-
efit not only the Red Kite, but also other species
threatened by changing environmental condi-

tions in agricultural landscapes.

My study presented in Chapter Il revealed
that territoriality was more pronounced in males
than in females and persisted during the entire
breeding season. This underlines the need to con-
sider both sexes and the entire breeding season
(March

like pre-

September) in conservation measures

and post-construction mitigation
measures of wind turbines. Reducing potential
threats during the entire breeding season is par-
ticularly important, as the loss of a parental indi-
vidual usually causes the loss of the entire brood
(Santema & Kempenaers, 2018). Considering that
breeding success increases as parental birds be-
come more experienced the loss of an experi-
enced individual during the breeding season may
also reduce the breeding success in subsequent
breeding seasons (Forslund & Part, 1995). As Red
Kites, like other raptors, have low reproductive
rates, the loss of an experienced individual during
breeding season may therefore have negative ef-
fects on population level (Garvin et al., 2011;
Griinkorn et al., 2016; Kikuchi, 2008)Asthe Red
Kite breeding season coincides with that of other
Central European bird species, the consideration
of the Red Kite's entire breeding season in con-
servation and mitigation measures might also re-
duce threats for other highly mobile and colli-
sion-prone bird species.

My findings of increasing flight activity

with increasing wind speeds, presented in Chap-
ter 1, contradict existing risk assessments that

rate the collision risk of Red Kites highest in
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rather calm wind speeds up to 2 m/s (Schreiber,
2016). However, the authors of the risk assess-
ment themselves pointed out that there is a
o' ™MZ7tt%t % f’ "7 -St ft
higher wind speeds, which | was able to close at
least for the study region. Hence, the risk assess-
ment of wind speeds for Red Kites should be
adapted accordingly for the study region. Fur-
thermore, the results of my study showed that in-
creasing the size of wind turbines does not signif-
icantly reduce the collision risk of Red Kites but
may even increase the risk for other collision-
prone species such as the White-tailed Sea Eagles
(Haliaeetus albicillg that fly preferably in higher
altitudes (Tikkanen et al., 2018). Thus, efficient
mitigation measures are still needed in future for
which my results provided some promising start-
ing points. ¢ e<%oe< <¢...
flights took place in rather calm wind speeds
while they also fly in altitudes within the critical
rotor-swept area of both, currently operating and
planned wind turbines, raising cut-in speeds of
wind turbines should be considered as additional
mitigation measure. This approach has already
been implemented successfully for bats and re-

duced the nightly mortality rates by 44% to 93%

<—FeT

fem 'fr—e ° —8%

In Chapter IV | found significant differ-
ences in the space and habitat use of Red Kites be-
tween their summer and winter habitats. As the
corlifiors 4 the winter habitats and during mi-
gration influence survival, fitness and presum-
bly also the breeding success of an individual,
these findings highlight the importance to con-
sider the entire annual cycle of migratory species
for conservation management (Marra et al.,
1998). This is particularly challenging, as im-
portant drivers for space and habitat use in one
season do not necessarily have the same impact
in the other season, leading to differences in the
space and habitat use between seasons. For ex-
ample, reproductive instinct and territoriality
play an important role in summer but no or only
a subordinate role during winter, resulting in a
note restricteid space use in summer than in win-
ter (Brodin et al., 2003; Hernandez-Pliego et al.,
2017; Mirski et al., 2021) By identifying drivers
that persists over seasons levers that support the
population in both seasons can be revealed. In my
study | identified primary productivity and land-
scape diversity to shape the space use of Red
Kites, regardless of the season, both of which are

related to the availability of resources Resource

™S cZt ottt co%o —SF Ztee 7 it — T tavhildbilg,>ndthbly Sodfl availability, shapes the

1% low (Arnett et al., 2011; Lydia et al., 2014)
However, it is important to adapt cut-in speeds
like any other mitigation measure to local condi-
tions, taking e.g., the local occurrence of collision-
prone species, the surrounding landscape and lo-
cally occurring wind speeds into account. As ind
turbines will continue to be developed further
and considering climate change might lead to al-
tered local wind regimes, mitigation measures
and risk assessments should be updated regu-
larly to meet the local conditions and the needs of

the locally occurring highly mobile species.

space use of raptors, as it is a limiting factor for
populations (La Sorte et al., 2014; Newton, 1998)
Consequently, by preserving foraging habitats
that provide sufficient and secure prey it is possi-
ble to support their populations across the entire

year, but also other species threatened by the
changing environmental conditions in agricul-

tural landscapes

To conclude, my studies on the space and
habitat use of Red Kites across different temporal
and spatial scales have revealed important intrin-

sic and extrinsic drivers for movement. This
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enabled me to draw important conclusions for
the evaluation and development of conservation
measures to meet our special responsibility for
the protection and conservation of this species
However, the findings of my studies have raised
additional questions, the investigation of which
could further optimise the conservation manage-
ment of the Red Kite and other highly mobile ani-
mals threatened by today's changing environ-
mental conditions.

Firstly, I confirmed arable land to be a key
habitat for Red Kites during breeding season,
while agricultural landscapes were used more in-
tensively in winter than in summer most likely
due to an easier accessibility of prey when fields
are fallow or have sparce vegetation. As prey ac-
cessibility is crucial for the visually hunting Red
Kites, further knowledge about the effects of dif-
ferent crops on the space and habitat use of Red
Kites within the breeding season would be of ad-
vantage to improve food availability.

Secondly, in almost all my studies | found
significant differences in space use between male
and female Red Kites. While during the breeding
season most of these differences could be ex-
plained by their reproductive role specialization,
this explanation did not apply to the differences
in space use detected between sexes in winter. It
thus remains a challenge for future studies to dis-
entangle which additional drivers influence the
space use of female and male Red Kites in winter
habitats. The next step would then be to link the
conditions in the winter habitats and during mi-
gration to the consecutive breeding season to as-
sess carry-over effects from one season to the

other.

Thirdly, | was able to show that flight activ-
ity and flight altitude of Red Kites depend on wind
speeds. To verify whether the overall pattern ob-
served is robust for the species, it would be bene-
ficial to study the flight activity and flight altitude
of Red Kites as a function of wind speed also in
other areas of their distribution range. In such
analysis, the underlying landscape should be con-
sidered as it most likely affects the flight altitude
of Red Kites, too. Moreover, by analysing flight ac-
tivity and flight altitude also of other highly mo-
bile and collision-prone bird species in relation to
wind speed, it could get evaluated whether rais-
ing cut-in speeds might be a useful additional mit-
igation measure for them, too. With the so gained
knowledge, post-construction mitigation
measures could get significantly improved. Addi-
tionally, the influence of land use types and char-
acteristic structures in the landscape on the flight
direction of Red Kites could provide fundamental
knowledge for the micro-siting of wind turbines.

There is already a high awareness of
changing environmental conditions and declining
number of species we facén times of land-use
and climate change, and much is already being
done to resolveit. Nevertheless, it will remain in-
dispensableto regularly revaluate existing con-
servation measures and to develop new integra-
tive ones. Here, the conservation of flagship sp
cies like the Red Kite can help to mitigate risks
and maintain suitable habitats not only for this
species, but also for other highly mobile animals
threatened by today's changing environmental

conditions.
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