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Abstract

Red Kite shows a great variability in its migration strategies: most individuals in north-eastern Europe are migrants, but
there is also a growing number of sedentary individuals. Here, we tagged 49 Red Kites wintering in Spain with GPS/satellite
transmitters between 2013 and 2020 to study the autumn and spring migration between the breeding or summering areas
in Central Europe and the wintering quarters in Spain. In first place, differences between immatures and adults were found
for spring migration. Adults began the spring migration towards the northeast in February—March while the immature indi-
viduals began to migrate significantly later and showing a wider date range (February-June). Adults also takes significantly
less days to arrive at their destinations (12 + 5 days) and cover more distance per day (134.2 +37.1 km/day) than immatures
(19+11 days and 98.9 +21.2 km/day). In second place, we also found differences between spring and autumn migration
(excluding immatures). Spring migrations were clearly faster and with less stopovers days than autumn migrations. Autumn
migration began between mid-October and late November and two different behaviours were observed: most birds made a
quick migration direct to the wintering areas with only some days of stopovers, but others prolonged the migration with long
stops along the route. These results highlight a great variation in the migratory movements of Red Kite, not only according
to age but also between individuals and seasons.
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Zusammenfassung

Saisonale Unterschiede in den Zugstrategien von in Spanien iiberwinternden Rotmilanen (Milvus milvus)

Rotmilane weisen eine grofle Variabilitit bei den Zugstrategien auf: Die meisten Individuen in Nordosteuropa sind Zugvogel,
aber es gibt auch eine wachsende Anzahl an sesshaften Individuen. Wir haben 49 Rotmilane, die zwischen 2013 und 2020
in Spanien iiberwinterten, mit GPS-/Satellitensendern ausgestattet, um den Herbst- und Friihlingszug zwischen den Brut-
oder Uberwinterungsgebieten in Mitteleuropa und den Winterquartieren in Spanien zu untersuchen. Zunichst wurden beim
Frithjahrszug Unterschiede zwischen Jungtieren und Erwachsenen festgestellt. Erwachsene begannen im Februar-Mirz
mit dem Frithjahrszug nach Nordosten, wihrend die immaturen Individuen deutlich spiter begannen und eine groB3ere
Zeitspanne (Februar-Juni) aufwiesen. Adulte Individuen brauchten auch deutlich weniger Tage, um ihr Ziel zu erreichen
(12 +5 Tage) und legten mehr Strecke pro Tag zuriick (134,2+37,1 km/Tag) als Jungtiere (19411 Tage und 98,9 +21,2 km/
Tag). AuBerdem fanden wir auch Unterschiede zwischen Friihjahrs- und Herbstzug (ohne Jungtiere). Der Friithjahrszug war
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deutlich schneller und mit weniger Zwischenstopptagen als der Herbstzug. Der Herbstzug begann zwischen Mitte Oktober
und Ende November und es wurden zwei verschiedene Verhaltensweisen beobachtet: Die meisten Vogel machten einen
schnellen Zug direkt in die Uberwinterungsgebiete mit nur einigen Zwischenstopps, andere verlingerten den Zug mit langen
Zwischenstopps entlang der Route. Diese Ergebnisse zeigen eine grofle Variation in den Zugbewegungen des Rotmilans,
nicht nur abhingig vom Alter, sondern auch von den Individuen und den Jahreszeiten.

Introduction

The Red Kite is a species from the western Palearc-
tic, restricted mainly to Europe, with a population of
25,200-33,400 pairs (BirdLife International 2019). It
declined globally in the last decades due to persecution and
poisoning, although many populations have increased the
number of individuals in the recent years (Aebischer 2010;
Molina 2015; BirdLife International 2019) and currently it is
considered as “Near threatened” by the International Union
for Conservation of Nature and Natural Resources (IUCN
2018). Spain is the third country with the most numerous
breeding population, after Germany and France (Knott et al.
2009; BirdLife International 2019) and the species is listed
as “In danger of extinction” according to the Spanish Cata-
logue of Threatened Species.

Unlike the long-distance migratory raptors, such as the
Black Kite (Milvus migrans) with a well-defined long-dis-
tance migratory behaviour (Panuccio et al. 2014), the Red
Kite has a great intra-specific variability in its migration
ecology. Most Red Kites in north-eastern Europe are intra-
continental migrants, and they spend the wintering season
mainly in southern France, Spain and Portugal (Del Hoyo
et al. 1994), but there is also a growing number of sedentary
individuals in Central Europe (Aebischer 2010; BirdLife
International 2019). In addition, there are resident popula-
tions in the wintering countries of birds coming from the
northeast, as it is the case of Spain. Spain is the main win-
ter destination for the species, with an estimated wintering
population of 50,297 individuals according to the last census
(Molina 2015). Birds start the autumn migration between
August and November, and they return to their breeding
areas between February and April (Snow and Perrins 1998;
Pfeiffer and Meyburg 2009).

Knowledge of complete life cycles, and therefore of
migration, is essential to understand the dynamics of popu-
lations and to develop appropriate conservation plans (Both
et al. 2006; Newton 2008; Jones and Cresswell 2010).
Although there are some works on the movement ecology
during the breeding and wintering season of the Red Kite
(e.g., Heredia et al. 1991; Nachtigall et al. 2003; Nemcek
2013; Pfeiffer and Meyburg 2015), studies focused on their
migration are scarce and mostly based on direct visual obser-
vations or ring recoveries (Kjellen 1992, 1994; Urcun and
Bried 1998; Nachtigall 2008). Using satellite transmitters,
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Pfeiffer and Meyburg (2009) described their migration
between Thuringia (Germany) and Spain, but due to the
accuracy of the tags available at that time, they could not
examine some migratory characteristics. More recently,
Litérak et al. (2019) explore the migration of four immatures
from Austria to their settlement areas in the south of their
range, although far from the wintering quarters of our indi-
viduals, and Maciorowski et al. (2019) described juveniles
dispersal and their mortality on the breeding population
in western Poland. As mentioned above, Spain has a great
importance for the Red Kite, with a large breeding popula-
tion and the main winter destination. Therefore, here we
study the autumn and spring migration between the breeding
or summering areas of Central Europe and the wintering
quarters in Spain, where the individuals were captured and
tagged with GPS and satellite transmitters for explain bet-
ter the migratory strategies of this raptor. Our main objec-
tives are: (1) to identify the migration routes between the
wintering and breeding areas; (2) to estimate some migra-
tory parameters (i.e., departure and arrival dates, duration
of migration, migration speed and stopovers days); and (3)
to evaluate the differences according to age.

Methods
Tagging and data collection

Between 2013 and 2020, 49 Red Kites were captured dur-
ing their wintering season in Spain in different provinces:
Alava (19), Huesca (15), Segovia (10) and Toledo (1).
There were 22 adults and 27 immatures (when they were
tagging); between them, 6 males, 7 females and 33 with
not determined sex. We considered individuals as “imma-
tures” when they were in their first spring migration. We
consider individuals as “adults” after their second autumn
migration (included). Birds were trapped using an automatic
clap net on the ground triggered remotely and baited with
carrion. Individuals were weighed and ringed, and a blood
sample was taken in some cases according to ethical stand-
ards before birds release for DNA sexing with molecular
techniques (Ellegren 1996). Birds were tagged using a GPS
or satellite transmitter that was affixed to the back using a
Teflon harness, a non-abrasive material, tied with a cotton
thread (Garcelon 1985). Weight of tags represented between
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1.6 and 3.4% of bird’s body mass (mean=2.3, SD =0.4),
which was below the recommended 5% (Kenward 2001) and
birds were released a maximum of 30 min after capture.
We used five transmitter models: 20-21-g SAKER GPS-
GSM (Ecotone Telemetry; n=9), 22-g PTT-100 solar-
powered Argos/GPS (Microwave Telemetry Inc.; n=3),
18-g solar PTT 45"—bat (North Star Science and Technol-
ogy; n=2), 35-g GPS-GSM transmitter (North Star Sci-
ence and Technology; n=2) or 20-25-g OrniTrack-20 and
OrniTrack-25 solar powered GPS-GSM tracker (Ornitela;
n=23). Ecotone tags were programmed to collect locations
every hour from 06:00 to 19:00 (local hour); Microwave
tags 1 loc every 2 h from 06:00 to 18:00 h, except between
1 February — 31 March and 1 October to 30 November
with 1 loc/h; 35-g North Star tags recorded locations from
10:00 to 16:00 h every 2 h; 18-g tags with a duty cycle of
12-h ON/12-h OFF and Ornitela tags recorded data every
5 min from nautical dusk in the morning to nautical dusk
in the evening, when the battery level was sufficient. Birds
tagged with Argos transmitters were only used for general
calculation of timing, migration duration and daily distance,
but not for hourly speeds, due to their lower precision. To
avoid biases associated with the non-independence of loca-
tions, positions separated < 1 h after the previous one were
excluded from the analyses (Limifiana et al. 2007).

Migratory parameters and analysis

For each spring or autumn migration, we identified the onset
and the end dates, and the migration duration. In the case
of immature individuals, tracked autumn migrations corre-
spond to the second one, since they were captured at the
wintering areas after the first autumn migration. The overall
migration distance was calculated as the distance between
the first and last migration points following a beeline. Migra-
tion tracks were divided into daily segments, using one loca-
tion per night trying to choose the last of the day (Limifiana
et al. 2012). With these daily segments, we calculated the
average distance covered in a day for each migration (as the
average of each migration day) excluding segments longer
than 1 day and the stopover days (when a bird moved less
than 25 km/day; Strandberg et al. 2009). We also calculated
the flight speed (the distance covered hourly), considering
only locations obtained with <2 h of difference, excluding
the stopover days and using only values > 5 km/h, which
represent birds in active flight (Mellone et al. 2012a).

All the different migratory parameters (i.e., departure
and arrival date, migration duration, distance/day, number
of stopover days and flight speed) were compared between
immatures and adults for the spring migrations and between
autumn and spring. For this purpose, we performed Linear
Mixed Models (LMM’s) including as dependent variables
number of days of migration, number of stopover days, daily

distances (km/day) and speed (km/h). “Age” and “season”
were considered as fixed factors and “individual” and “year”
were considered as random factors. A model was developed
for each fixed factor because we had different sample. To
evaluate the flight speed according to hour of the day (con-
sidering only intervals with <4 h of difference), we used the
Kruskal-Wallis test (data were non-normal) and the multiple
comparison Games-Howell test (Zar 1999), to check whether
there was any peak of activity. All statistical analyses were
performed with R. 4.0.5 and significance level was estab-
lished at P <0.05.

Results

Of the 49 tagged Red Kites, data were recorded for 83
spring migrations (Table S1, Fig. 1) and 39 autumn migra-
tions (partially for 5 of these by failure of the transmitter;
Table S2, Figs. 2 and 3). After the spring migration towards
the northeast, the countries of destination where the Red
Kites had their breeding areas (or where they spent the
summer in the case of immatures) were mainly Germany
(36 individuals) and Switzerland (9 individuals), but also
France (3, including 2 immatures that moved to Germany
and Switzerland finally), Poland (2 individuals), Austria (1
individual) and Denmark (1 individual). The traveled dis-
tances between the winter quarters in Spain and breeding or
summering areas ranged between 287 km (a bird that moved
from the Spanish province of Huesca to southern France)
and 1764 km (an individual who migrated from the Spanish
province of Alava to western Poland).

Spring migrations

Adults Red Kites began to migrate on average on 26 Feb-
ruary, ranging between the last week of January and mid-
April. They arrive at their destinations in Central Europe
on average on 10 March, ranging between the first week
of February and the last week of April (Table S1). They
take 14 +5 (SD) days to complete the migration, with 2+3
stopovers days (range =0-11). Adults covered distance was
134.2 +37.1 km/day (maximum distance of 253.4 +92.1 km/
day) and flight speed was 18.2 +4.3 km/h.

Immatures Red Kites began to migrate on average on
8 April, ranging between mid-February and first week of
June. They arrive at their destinations in Central Europe
on average on 26 April, ranging between the first week
of March and the last week of June (Table S1). They take
19+ 11 (SD) days to complete the migration, with 5+6
stopovers days (range =0-20). Immatures covered dis-
tance was 98.9 +21.2 km/day (maximum distance of
217.1.4+41.2 km/day) and flight speed was 16.8 +3.4 km/h.
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Fig. 1 Spring migration routes
of 49 Red Kites tracked by GPS
and satellite telemetry between
the wintering quarters in Spain
and the breeding/summering
areas in Central Europe

Fig.2 Autumn migration routes
of 20 Red Kites tracked by GPS
and satellite telemetry between
their breeding/summering areas
in Central Europe and wintering
quarters in Spain

There were significant differences between adults and
immatures for duration of migration (p =0.049) and daily
distance (p =0.007). There were not significant differences
for the number of stopover days (p =0.095) and flight
speed (p=0.11) (Table 1).

The flight speeds (n=59,053 segments) were different
according to time of day (> =22,874.5, df=23, p <0.001);
although there was not a prominent peak of activity, higher
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speeds occurred during the central hours of day (local
time, Fig. 4).

Autumn migrations
All Red Kites were adults in the autumn migrations

we tracked. They began to migrate on average on 20
October, ranging between the last week of August and
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Fig.3 Autumn migration routes ==
of three Red Kites tracked by 3 =
GPS telemetry that performed
long stops along the journey
(17-45 days; white triangles)
between their breeding areas

in Central Europe and the
wintering quarters in Spain.
#ECOTONES53: Doble line
(purple circle means stopover
days); #REKI 4: cut line (white
circles with black points inside);
#REKI13: solid line (white
triangles)

Table 1 Linear mixed models (LMM’s) estimates of fixed effects

a. Comparison between adults and immatures for spring migration (n=_82)

Variable Factor Estimate SE df F value p value
Days Intercept 15.32 0.92 2.47 81.98 0.006
Age -3.33 0.85 6.26 5.89 0.049
Stopover days Intercept 3.22 0.46 1.64 6.78 0.147
Age - 1.44 0.46 6.15 3.89 0.095
Daily distance (km/day) Intercept 119.88 6.42 3.45 295.93 <0.001
Age 13.86 4.12 45.96 7.89 0.007
Hourly distance (km/h) Intercept 14.38 2.62 5.83 33.16 0.001
Age 0.85 0.51 61.98 2.62 0.11

b. Comparison between spring and autumn migrations (excluding immatures and the three individuals with long stopovers during autumn
migration) (n=79)

Days Intercept 17.01 1.28 2.805 111.23 0.002
Season 4.85 0.88 58.99 24.87 <0.001
Stopover days Intercept 2.57 0.67 4.21 10.79 0.029
Season 1.21 0.40 69.041 8.27 0.005
Daily distance (km/day) Intercept 110.95 5.64 2.55 233.04 0.001
Season —-21.22 3.881 46.85 21.76 <0.001
Hourly distance (km/h) Intercept 12.20 2.37 5.97 25.42 0.002
Season -2.53 0.52 46.22 22.71 <0.001

Bold values indicate that p values < a (= 0.05)

A and B includes Age and Season as fixed factors, respectively. Year and Individual were considered as random effects. Standard error (SE),
degrees of freedom (df), F value and p value are shown for each LMM

mid-December. They arrive at their destinations in  (Table S1). They take 32 +25 (SD) days to complete the
Spain on average on 21 November, ranging between the = migration, with 14 + 23 stopovers days (range =0-82).
first week of December and the last week of January
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Fig.4 Flight speed (km/h) during the spring and autumn migrations between Spain and Central Europe according to hour of day of 49 Red Kites

They covered 86.2 +17.7 km/day (maximum distance of
187.7 £44.3 km/day) and flight speed was 13.5 +3.5 km/h.

As during spring migrations, flight speeds (n=12,375
segments) were different according to time of day
(> =4886.60, df=23, p<0.001) and although there was no
a prominent peak of activity, higher speeds occurred during
the central hours of day (Fig. 4).

Three individuals, #REKI04, #REKI13 and #ECO-
TONES3 (with 1, 3 and 1 registered autumn migrations,
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respectively), did not make direct migration journeys
to their wintering areas in Spain with only a few days of
stopover, but they stopped for longer periods (between 45
and 17 days) in one or several zones where they made short
displacements until they resumed the travel (Fig. 3). There-
fore, their migrations lasted longer, delaying the arrival
date to Spain. #REKI04 after starting the migration from
Switzerland on 30 October, stopped in an area in the south
of France from 11 November until 26 December, when it
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resumed the journey to the south; it stopped again on 6 Janu-
ary in the northern Spain until 23 January, when it finally
returned to the wintering area where it had been captured
the previous season. #REKI13 in the migration of autumn
2015, coming from western Poland, from 11 September it
moved slowly through the east of Germany, until 10 October
when it resumed the return to its wintering area in Spain. In
2016, he also stopped in an area of eastern Germany from
6 October to 2 November, then it traveled southward and it
remained in an area of the center of France for 42 days; on
4 January it moved further south, where it stayed until the
migration of spring, in this case without returning to the area
of Spain where it was captured. In 2017 this behaviour was
repeated: from 17 to 27 September it moved slowly to the
eastern Germany, where it remained until 29 October when
it traveled this time to its wintering area in northern Spain
arriving on 13 November. #ECOTONES3 moved initially
from its breeding area in Germany at the start of the 2019
autumn migration, but it stopped for about 28 days (until 20
September). After that, it continued to the south 40 km just
for a day and stopped again 19 days (until 11 October), when
it continued to its wintering area in Spain.

Red Kites showed a high fidelity towards their wintering
quarters in Spain: 16 of 21 individuals tracked for various
season (76.10%) returned during the autumn migration to
the area they had occupied during the previous season at
least once, some of them after several consecutive seasons.

Differences between spring and autumn migrations

Comparing the spring and autumn migrations (excluding
immatures for spring migrations and the three individuals
that made long stops during the autumn migration), there
were significant differences between them for all parameters
(Table 1): the duration of migration (p <0.001), the number
of stopover days (p =0.005), the daily distances (p <0.001)
and the flight speed (p <0.001).

Discussion

Germany was the main destination where tagged Red Kites
wintering in Spain moved during the spring migration (70%
of individuals). This country has the largest breeding popu-
lations of the species, with 12,000—18,000 pairs (BirdLife
International 2019). The second main destination was Swit-
zerland, with 1200-1500 pairs and where the breeding popu-
lation has increased in the last decades (Aebischer 2009;
Knott et al. 2009).

Adult Red Kites began the spring migration towards Cen-
tral Europe in February and March, while the immatures
had a wider date range (with the onset of migration between
February and June) and they began to migrate significantly

later than the adults, arriving to the summer areas also later.
According to migration theory, this difference in timing of
migration between adults and immatures (Mueller et al.
2003) could be due to the competition for breeding resources
to which adults are subjected: Red Kites usually start to
breed at 2—4 years of age (Newton et al. 1989; Evans et al.
1999; Carter 2001) and they have to ensure a good breed-
ing site (Kokko 1999). This competition also explains why
spring migration is faster than autumn migration (Alerstam
2006; Nilsson et al. 2013). However, this last behaviour has
not been observed in some species, being also influenced
by landscape characteristics, environmental factors and
food availability (Mellone et al. 2015; Kolzsch et al. 2016;
Schmaljohann 2018).

We have no information about the first autumn migration
from immature Red Kites due they were tagged in their first
winter after this first migration, but previous studies tagged
a few individuals at nest and tracked them during their first
autumn migration (Literak et al. 2019; Maciorowski et al.
2019). During the autumn migration we have found dual
strategy: three individuals interrupted their migratory jour-
ney to the South making long stops along the route (Fig. 3),
although most of the birds flew straight to their winter quar-
ters with only some few days of stopover (Fig. 2). Compar-
ing the autumn migration of these last Red Kites with the
spring migration in the adult birds, the Red Kites complete
the spring migration in less days and with higher covered
distances per day, as have been reported for other species of
raptors (Schmaljohann 2018). More variability was found in
the duration of autumn migration than in spring, maybe due
to the absence of the pressure of having a good breeding site
(Kokko 1999). Urcun and Bried (1998) reported that imma-
ture Red Kites tend to migrate later than older individuals in
autumn. However, Kjellen (1992, 1994) observed an earlier
mean departure of immatures. Our results showed an overlap
in the departure dates of adults and immatures, so probably
migration is spread over the same period.

The three individuals that made long stops during migra-
tion (#REKI4, #REKI13 and #ECOTONES3) delayed the
arrival date to their final wintering destinations in some of
the autumn migrations. Along migration they stopped in dif-
ferent areas where remained doing short displacements, until
they restarted the journey towards the South (this behaviour
was observed in #REKI13 in 3 consecutive years). Pfeiffer
and Meyburg (2009) observed stopovers of several days, as
we did in some of the birds, but the stops observed in these
three individuals reached up to month and a half. Some spe-
cies have a similar strategy, like Red-backed Shrike (Lanius
collurio), which stops for several weeks in the Sahel before
reaching the final winter destination in Southern Africa
(Tattrup et al. 2012). In this way, Red Kites prolonged the
autumn migration within the winter season. This strategy
possibly allows the Red Kites to exploit different food
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resources in suitable areas without the need to continue
migrating. Red Kites have a generalist diet, with a marked
scavenging tendency visiting vulture restaurants or dumps,
but also feeds on small mammals, birds, reptiles or amphib-
ians (Cramp and Simmons 1980), so they can vary their diet
according to food availability (Blanco et al. 1990; Garcia
et al. 1998).

We have observed that in general, Red Kites returned to
the same wintering area that they had occupied the previous
year (e.g., #123,735, a bird that spend the winter during 6
consecutive years in the same area), although with some
exceptions. Nachtigall (2008) observed this site fidelity, but
also individuals that changed their wintering areas the fol-
lowing year. The wintering site fidelity is a common feature
among migrating raptors (Alerstam et al. 2006; Chevalier
et al. 2010; Garcia-Ripollés et al. 2010; Lépez-Lopez et al.
2014; Mellone et al 2012b; Strandberg et al. 2008; Trier-
weiler et al. 2013;Vidal-Mateo and Urios 2017) and it could
be due to a better knowledge of the territory and the avail-
ability of resources, although more studies are necessary to
understand the causes of the possible variations.

The daily distances recorded for the Red Kites were
lower than those of other soaring migratory raptors, such
as Black Kite (Meyburg and Meyburg 2009; Panuccio et al.
2014; Sergio et al. 2014), Marsh Harrier Circus aeruginosus
(Strandberg et al. 2008), Egyptian Vulture (Lépez-Lopez
et al. 2014) or Booted Eagle (Mellone et al. 2015), with
distances around 200-250 km/day. These last are trans-
Saharan migrants that have to face different ecological bar-
riers (Strandberg et al. 2010). Comparing with a European
short-distance migrant, the Common Buzzard Buteo Buteo
(on average 84 km/day; Strandberg et al. 2009), the daily
distance during autumn migration were higher for the Red
Kite, although with a similar range. These differences could
be very influenced by the overall migration distance (Aler-
stam et al. 2003).

Knowledge of migration routes is essential for raptors
conservation. Klaassen et al. (2014) highlighted that mortal-
ity rate is about six times higher during migration seasons
than during stationary periods (breeding or wintering). Fur-
thermore, mortality of Red Kites (and many other raptors)
mainly occurs during their juvenile dispersal (Katzenberger
et al. 2019; Maciorowski et al. 2019), when they do not
know the territory, which also suggests that rambling move-
ments and long stopovers in random areas, like we found in
some individuals during autumn migrations, may increase
mortality. For those reasons, despite Red Kites have high
plasticity due to their high individual variability in their spa-
tial and migration strategies, this could be negative for their
survival. On the other hand, it is necessary to protect not
only the breeding areas, but also the shared migration routes
and their stopover areas, specially avoiding wind turbines
concentration (Schaub 2012).
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In summary, this study provides new information on the
intra-continental migration routes of the Red Kite between
Spain and Central Europe, the migratory strategies and some
parameters. According to our data, immature birds started
the spring migration from Spain later than the adults and
with a wider date range, arriving to the summer areas in
Central Europe also later. There were significant differences
the autumn and the spring migrations: Red Kites migrated in
spring in less days and with higher daily distances. In addi-
tion, the autumn migration evidenced a great variation in the
movements of Red Kites, with different migration strategies:
birds that perform a short-term migration and others that
prolong the migration with long stops, combining migration
and wintering.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10336-021-01918-5.
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