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AUTUMN MIGRATION OF THE THRUSH NIGHTINGALE
(Luscinia luscinia) IN NORTHERN HUNGARY

Dávid Kováts

ABSTRACT

Kováts D. 2012. Autumn migration of the Thrush Nightingale (Luscinia luscinia) in north-

ern Hungary. Ring 34: 23-36.

The autumn migration of the Thrush Nightingale was studied in Szalonna in northern
Hungary in 1989-2010. Birds were mist-netted, ringed, aged, measured, weighed and fat
scored. In total, 193 Thrush Nightingales were ringed during 22 years. Relations between
arrival time and biometrical measurements were determined. Within the study period
(6 August – 26 September) the migration curve was bimodal showing maximum on 22
August and 27 August. Immature birds arrived significantly earlier with lower body mass
and shorter wing length and had more pointed wings in the first half of their passage. The
distribution of fat score classes did not differ significantly between the early and late periods
of the most intensive migration, although the mean of the deposited fat was the lowest during
the peak of migration. Fat reserve distribution was bimodal in autumn suggesting that
Thrush Nightingales probably start their journey from different breeding ranges (popula-
tions) or follow still undiscovered migration strategies of sex/age groups. The low propor-
tion of recaptures proved that the area was not used as a stopover site or premigratory fat-
tening area. Within 22 years of study, the median date of autumn migration of Thrush
Nightingales shifted 7.9 days earlier, probably due to current climate change.

Key words: Luscinia luscinia, wing length, wing shape, body mass, fat reserves, age groups,
timing of migration

INTRODUCTION

The climate change is one of the most important problems. In the last hundred
years, the warming of the Earth increased by 0.5°C (IPCC 2001). Due to this fact,
many avian taxa have shifted their timing of migration (Berthold 1990, Crick and
Sparks 2006). Some species arrive earlier while others significantly later (Bradley
et al. 1999, Zalakevicius and Zalakeviciute 2001). However, climate change affects
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not only the timing of migration, but also morphological or physiological traits. In the
last decades, breeding areas of many migratory species shifted towards the north and
birds started their egg-laying period earlier (Thomas and Lennon 1999). Morphologi-
cal characters (e.g. body size, wing shape, wing length) often correlate with migratory
behaviour of birds. Populations of several species living in the north have relatively
longer and more pointed wings than their southern counterparts, but these traits can
also be influenced by the climate change (Leisler and Winkler 1985). Therefore, long-
distance migratory bird species are basically suitable to describe the impacts of the
global warming (Berthold 1990). Many avian taxa give a dynamic response to chang-
ing of external conditions (Baker 1978, Alerstam and Högstedt 1982, Alerstam 1990,
Berthold 1996). Seasonal changes in survival and breeding are considered in migra-
tion systems (Moreau 1972, Alerstam and Högstedt 1982), which have been examined
by research programs based on the analysis of the dynamics of migration and ringing
recoveries (Gauthreaux 1996). Investigation of long-distance migrant species is very
suitable to determine any changes in the timing and dynamics of migration, respec-
tively (e.g. Sokolov et al. 1999, Tøttrup et al. 2006).

The Thrush Nightingale is a monotypic species, widespread in temperate Asia
(mostly in Western Siberia) and north-eastern Europe, rarely nesting but regularly
migrating in autumn in the Carpathian region (Cramp 1992). It is a medium-sized,
ground-feeding, insectivorous, intercontinental migrant, which prefers gallery forests
close to wider rivers. The wintering area lies from East Africa’s savannah via the
Equator to latitude 28°S (Moreau 1972). Its western and central European popula-
tions migrate south east (Keith et al. 1992) to the southern areas of Africa (Hogg et al.
1984, Shirihai 1996). In Hungary, first migrants of transient birds arrive in the begin-
ning of August, with a migration peak during the second half of August, and only
a few individuals can be found after mid-September (Schmidt 1982). The European
breeding populations migrate across the larger ecological barriers (e.g. Carpathians,
Mediterranean Sea and Sahara).

The Carpathian Basin plays a special role in the migration of European passer-
ines. Depending on location of the breeding areas and migration strategies, most Pa-
laearctic migrants simply avoid, while others fly across this region (Csörgõ and Lövei
1990). To understand the migration strategies, the relations among morphology, body
mass condition, fat reserves and timing are necessary to determine. Descriptions of
migration dynamics at a stopover site where the species occurs during their autumn
migration only, are essential to understand their behaviour. Presently, the migration
phenology (e.g. the timing of migration) and stopover ecology are still poorly known
for the Thrush Nightingale in the Carpathian Basin. Although its stopover phenology
and recurrence behaviour have been relatively well studied in central Hungary
(Schmidt 1986, Csörgõ and Lövei 1995), the dynamics of autumn migration is virtu-
ally unknown in the northern part of the country.

The aim of this study was to describe the dynamics of autumn migration and the
changes of wing lengths, wing shapes, body mass and fat reserves of Thrush Nightin-
gales in northern Hungary (Szalonna) using the data of 22 years. Further aim was to
examine the migration phenology and possible impacts of the climate change using
standard, long-term mist-netting and ringing data.
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STUDY AREA

The research was carried out at the Bódva Valley Bird Ringing Station in the
Aggtelek National Park at Szalonna (48°27’N, 20°42’E) (Fig. 1). The study area was
situated between two medium-altitude hills covered by deciduous forest vegetation
(see the darker area on Fig. 1). The vegetation is primarily dominated by soft-wood ri-
parian forests (Salicetum albae-fragilis) consisting of the White Willow (Salix alba),
Crack Willow (S. fragilis), White Poplar (Populus alba) and Black Poplar (P. nigra),
which play an important role in the general ecological functioning of those wetlands.
The habitat structure of the sampling locations consists of mixed old hard-wood ri-
parian (gallery) forests dominated by the Common Oak (Quercus robur), European
White Elm (Ulmus laevis), Field Elm (U. minor), European Ash (Fraxinus excelsior) or
Narrow-leafed Ash (F. angustifolia), White and Black Poplars and different sections of
associated small oxbow lakes and backwaters with the Common Alder (Alnus gluti-

nosa), White Willow, White Poplar and low amount of the European Elder (Sambucus

nigra). The climate is dominantly continental with a mean annual temperature of
9.5-10°C (±0.5), and with a mean annual precipitation of 550-700 mm.

MATERIAL AND METHODS

Ringing data were collected during post-breeding and autumn migration between
1989-2010. The birds were caught in bushy vegetations and sub-mountain forest asso-
ciations using 12 m long and 2.5 m high Ecotone� mist-nets. Altogether 40 mist-nets
(1200 m�) were set up at standard locations in every year. Mist-netting was perma-
nent between mid-August and mid-October, started daily at 5.00 and lasted to 20.00.
Nets were controlled every hour. All birds were ringed and aged as follows: immature
(Imm.) – hatched in the year when they moulted partially and retained juvenile pri-
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Fig. 1. Geographical location of the study area in northern Hungary



maries; adult (Ad.) – more than one-year old birds, individuals with the same genera-
tion of all feathers after post-nuptial moult. The Thrush Nightingale is a sexually
monomorphic species (Svensson 1992) and thus, sexing adults was impossible in
autumn. Ageing was based on criteria given by Busse (1990) and Svensson (1992). Af-
ter ringing and measurements all birds were released.

To analyse the phenological changes in arrival time of migrating populations,
standardized data are essential. Hence, mist-netting and ringing were standardized
per unified period and net surface. The captures were standardized to the average
number of birds caught by a net surface of 1200 m� within 100 h.

The averaged number of individuals was used when calculating the population in-
dices. According to Greenwood et al. (1993), the „chain” index can be calculated as
follows:

I� = N� / N� � � � I� � �

where:
I� – the chain index of the specific year,
I� � � – the chain index of the previous year,
N� – the number of birds captured on 1200 m� net surface in 100 h in the specific year,
N� � � – the number of birds captured on 1200 m� net surface in 100 h in the previous year.

The passage time trend and long term population dynamics were checked by lin-
ear regression and described as regression equation, Pearson’s r and statistical sig-
nificance p.

Individuals of the migrating population were characterized by the time of arrival,
wing length, wing shape, body mass and fat score classes. Both age groups were com-
pared considering the morphometrical measurements during the migration period,
to find any differences.

Biometric measurements

When analysing the dynamics of migration for a population it is important to con-
trol the possible differentiations in wing lengths, wing shapes, body mass and fat re-
serves as well. For this purpose, each captured bird was measured following the recom-
mendations of the Hungarian Bird Ringing Protocol (Szentendrey et al. 1979). Spe-
cifically, the variables of maximum chord wing length (WL – in millimetres) and body
mass (BM – in grams) were recorded for each individual. Wing characteristics were
measured with a plastic ruler to the nearest millimetre according to maximum chord
method by Svensson (1992), where the wing is flattened and straightened sideways.
Wing formula was recorded in all cases of not active moult observed. Distances were
measured from the tip of wing to the tip of each primary on the closed wing in milli-
metres and numbered in an ascending order. The wing formula measurements were
used to calculate two indices, using the Holynsky (1965) equations:

W� = 100 � (dPF – dDF) / WL

W��� = dPF / dDF

where:
W� – the index of wing pointedness,
W��� – the index of wing symmetry,
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dPF – the sum of distances from wing-tip to tips of proximal primaries,
dDF – as above, for distal feathers,
WL – the wing length.

This formula is a sensitive approach to separate the populations based on wing
shape characteristics (Csörgõ and Lövei 1990). A few birds captured were moulting,
therefore they were excluded from this study.

Body mass was recorded to the nearest 0.1 g using a 60 g PESOLA spring balance.
The amount of subcutaneous body fat of ringed birds was ranging from zero (no visible
fat on the abdomen or in the furculum) to five (fat well visible and bulging on the ab-
domen and in the furculum). The amount of body fat was estimated visually and
scaled according to Busse and Kania (1970) and Szentendrey et al. (1979). The statis-
tical differences in biometrical parameters were tested by unpaired t-test (t).

RESULTS

In total, 193 Thrush Nightingales were captured, ringed and measured during the
period of 22 years. Of these, 46 were identified as adults and 147 as immatures. The
earliest record was on 6 August and the latest on 26 September; the maximum of mi-
gration was observed on 22 August and 27 August (Fig. 2). Only 10 individuals were
recaptured on 19 occasions during 1989-2010 (excluding cases of ringing and recap-
ture on the same day). Taking into account all the birds ringed at Szalonna, 1.03%
was recaptured in later years. The low proportion of recaptures proved that the area
was not used as a stopover site or premigratory fattening area.

The population indices (I�) of migrating Thrush Nightingales increased (r =
0.205), but it is worth to point out that after excluding the very abnormal value in
1992, r value was much higher and statistically significant (Fig. 3). The mean value of
the autumn migration of the species (Fig. 4) shifted significantly (r = -0.17, p < 0.05)
7.9 days earlier (mean day = 23/24 Aug. or 235.5 day of the year, SD = 7.91).
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Fig. 2. Autumn migration dynamics of the Thrush Nightingale. Dots – daily sums for period
1989-2010, line – smoothed by double five-day moving average.



For an analysis the migration period was divided into two sub-periods (Table 1).
The relation of immature birds to adults was 3.75 in the first half of the migration
while 2.23 in the second one, which means that adults arrive later in the Bódva Val-
ley. In the first wave of migration, the immature birds had significantly lower body
mass, while adult birds did not show statistical differences between the two periods
of migration (Table 1). Within the first wave of migration, the immature birds differed
from the adults significantly in relation to the body mass (t-test, t = 3.157, p < 0.005),
while in the second period no significant difference was found between the two age
groups (t-test, t = 1.082, p > 0.30). Wing lengths tended to be spread out and were not
concentrated near the mean. The minimum and maximum wing lengths were 82 and
96 mm respectively, with a mean of 87.58 mm (SD = 3.84, n = 120). In the wing
length distribution both age groups differed significantly between the periods of
autumn migration. Immatures had shorter wing length in the first half of the migra-
tion than in the second one. In the case of adults, no significant difference was found
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Fig. 3. Population idices (I�) for 1989-2010 (dots) at the study site and regression parameters (*)
counted excluding extremal deviation pointed by the circle

Fig. 4. Changes in timing of autumn migration between 1989-2010. Dots – individuals caught,
regression parameters are given.



(Table 1). As in the case of body mass, similar pattern was observed in the wing length
between the two age groups. Moreover, highly significant difference was noted in the
first half of the migration between adult and immature birds (t = 2.743, p = 0.008).
In the second wave, no difference was found in this respect (t = 1.163, p > 0.26). Im-
mature birds with significantly more pointed wings arrived earlier. In the second half
of migration, adult individuals showed more pointed wings, but there was no signifi-
cant difference between the early and later stages of their migration. Further, no sig-
nificant difference was found in the wing symmetry index in both age groups between
the first and second half of migration. In the first phase of migration immature mi-
grants had more symmetric wings than in the second half, although the difference
was insignificant. In relation to the wing pointedness and wing symmetry indices, age
groups did not differ significantly within each period of their migration (W� and wave 1:
t = 1.002, p > 0.30; wave 2: t = 1.278, p > 0.20; W��� and wave 1: t = 1.723, p > 0.05;
wave 2: t = 0.556, p > 0.50).

Table 1
Biometrical parameters differentiation between two periods of migration (see text).

N given in brackets.

Age group Imm. Ad.

Migration period 1. 2. 1. 2.

Body mass
[g]

25.52 ± 4.92

(89)

27.30 ± 5.43

(56)

29.57 ± 6.20

(28)

30.13 ± 6.15

(6)

t-test t = 1.992; p < 0.05 t = 0.202; p > 0.84

Wing length [mm]
86.62 ± 4.08

(109)

88.13 ± 2.22

(38)

88.90 ± 3.95

(29)

86.00 ± 6.72

(17)

t-test t = 2.943; p < 0.005 t = 1.622; p > 0.05

Wing pointedness index
67.52 ± 8.15

(109)

63.86 ± 5.24

(38)

65.83 ± 8.05

(29)

66.80 ± 8.81

(17)

t-test t = 3.171; p < 0.005 t = 0.544; p > 0.50

Wing symmetry index
48.00 ± 4.65

(109)

50.18 ± 6.26

(38)

50.70 ± 8.09

(29)

48.83 ± 9.08

(17)

t-test t = 1.966; p < 0.05 t = 0.701; p > 0.48

The fat score classes showed a bimodal distribution during autumn migration.
The median fat score was 2 for specimens captured in the first half of migration and 3
in the second period. The distribution of fat scores in the early and late peak periods
of the migration did not differ from each other significantly (wave 1: mean = 2.32,
SD = 1.72, n = 118; wave 2: mean = 2.63, SD = 1.82, n = 59; t = 1.311, p > 0.10).
Therefore, the studied individuals migrate with homogenous fat reserves in Szalonna.
The median of the fat score frequency was 2.00 (mean = 2.45, SD = 1.76, n = 177).
The frequency of fat score classes of 2 and 3 was 23.7 and 18.6%, respectively. The
lowest proportion of birds with fat scores of 0 and 1 was 16.1 and 15.3%. Changes in
fat scores and body mass are given in Figure 5. The curve of fat scores was relatively
parallel with that of body mass, although the fat line is somewhat stretched.
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DISCUSSION

In autumn, birds usually optimize their migration for survival. Within this period,
the Thrush Nightingale mainly feeds on elderberries (Csörgõ and Lövei 1995). Based
on this experience, one reason for the early arrival may be that the birds must coordi-
nate the timing of their migration to ripening berries. Due to climate change, breed-
ing populations have to start their journey earlier in order to find ripe elderberries.
Presumably, individuals with minimal fat reserves came from a relatively short dis-
tance from the study area, or came from more distant northern breeding grounds and
their fat reserves were depleted. Avian wing size, wing shape and body mass may be
affected by many factors, such as climate, migratory strategies and behaviour or de-
velopmental conditions (Tellería et al. 2001).

The Intergovernmental Panel on Climate Change (IPCC) expects the average
global surface temperature to rise by 0.6 to 2.5°C in the next fifty years, and 1.4 to
5.8°C in the next century, with significant regional variations. Climate change may af-
fect large-scale spatial distribution, phenology of migration and breeding, pattern of
moulting as well as biometrical parameters (e.g. wing characters) of birds. Recently,
research on many indicator species has become increasingly important. Within the
last decades, many migrant passerines have changed in their migration phenology
(Cotton 2003, Lehikoinen et al. 2004, Crick and Sparks 2006, Zalakevicius et al.
2006), moulting (Hedenström et al. 2007), the timing of breeding (Crick et al. 1997,
Forchhammer et al. 2002, Both et al. 2004), distribution factors (Berthold 1993, Crick
2004, Seather et al. 2004) and biometrics (Yom-Tov et al. 2006), presumably due to
climatic factors (Williamson 1975, Lundberg and Edholm 1982, Berthold 1990).
Short- and medium-distance migrants adapt more quickly to changed conditions
than long-distance migrant species subjected to stronger genetic controls (Berthold
1996, Pulido et al. 2001, Butler 2003). The timing of migration of many bird species
has changed recently, probably due to climatic factors. Migration is a dynamic re-
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Fig. 5. Changes of fat score (T – right y-axis) and body mass (left y-axis)



sponse of birds to changing environmental conditions through which many popula-
tions and species track seasonal productive outputs across climatic gradients (Baker
1978, Berthold 1996). However, it is still not clear whether the evolutionary change
or simply the flexibility of the phenotypes is in the background (Coppack and Both
2002, Gienapp 2007).

In spring, the Thrush Nightingale does not migrate through the Bódva Valley (Far-
kas pers. comm.), and thus, this species is probably a loop migrant. Based on the
number of mist-netted birds during autumn season, immature Thrush Nightingales
start their autumn migration earlier, while adults arrive later in the Bódva Valley. For
the immatures the mean wing length and body mass were significantly larger in the
second half of the migration than in the first one. The timing of migration may de-
pend on the developmental and physiological condition of birds and geographical lo-
cation of the population as well (Csörgõ and Lövei 1995). Therefore, more developed
Thrush Nightingales with longer wings and larger body mass might start their jour-
ney later, while weaker ones have to depart earlier. Significant differences in the wing
shape indices were found only in relation to the wing pointedness – the immature mi-
grants had more pointed wings. The first possible explanation is that immature birds
having more pointed wings are more advantageous compared to adults. On the other
hand, immature and adult Thrush Nightingales may come from various breeding ar-
eas or populations, and thus, could show differences in biometrics. In general, wing
length and wing shape show clinal variation with latitude: northern breeders have
relatively more pointed and longer wings than birds breeding in southern areas
(Klein et al. 1982). This trend has already been known for some other transcontinen-
tal migrants, e.g. Phylloscopus species (Gaston 1974, Lövei 1983. Csörgõ and Lövei
1990, Berthold 1993).

Stopovers are crucially important for most small passerines since it is not possible
to complete their intercontinental migration period without refuelling (Berthold
1975, Blem 1980). Thus, the typical migratory journey is made up of several flight pe-
riods, where fat load is used as fuel, and stopover periods (Alerstam and Hedenström
1998). The process of fattening prior to departure and utilizing fat reserves during ac-
tive passage can be very dynamic. For example, long-distance migrants can lose 30%
of their body mass at start. However, the mean fat score during the migratory period
is thought to be more or less stabilized (Œcis³owska and Busse 2005). Larger areas
covered by elderberries, which are one of the most important food source for insec-
tivorous passerines in autumn, cannot be found in the Bódva Valley. Thus, the struc-
ture of vegetation could play a different role (than only food source) during migra-
tion. For instance, another study area (Ócsa Landscape Reserve) is used for stopover
and premigratory fattening in Central Hungary (Csörgõ and Lövei 1995), because the
site is similar to the Thrush Nightingale’s preferred habitat during breeding (Sor-
jonen 1980). Only 1.03% of birds were recaptured in Szalonna. These individuals
with mean fat score equal to 2, ranged 0-1 in August, were in a relatively poor condi-
tion. The low recapture rate and the mean fat score of captured birds suggest that
Thrush Nightingales did not increase their fat reserves but only rest at the study site.
It is possible that birds continue their journey to the south to find areas where they
can refuel their fat reserves effectively (especially in the Upper-Tisza valley or more
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southern regions). The lowest body mass and fat deposits detected towards the end of
August (Fig. 5) proved that birds migrating at that time did not accumulate enough
substantial fat reserves before starting, or they came from so far that by the time they
reached the Bódva Valley they had run out of fuel. The latecomers (probably originat-
ing from northern areas) with greater body mass and higher fat scores were in better
condition. Populations with unique migratory strategies have different routes, fat re-
fuelling and timing parameters. Specimens with lower fat reserves can migrate in
shorter stages only, while birds with larger fat reserves (and body mass) prefer a non-
refuelling strategy over longer distances (Dowsett-Lemaire and Dowsett 1987, Tho-
rup and Rabøl 2001). For the reasons mentioned above both of them did not stopover
in the Bódva Valley for a long time.

The timing of migration may depend on sex, but this has not been documented for
the Thrush Nightingale (Zink 1975, Cramp 1992, Svensson 1992). However, the tim-
ing of the autumn migration may also be determined by population groups, age
classes and the physiological condition of the birds. Climate change can strongly in-
fluence the previous migration system of the species. Thus, long-winged birds have to
start sooner because their breeding area is gradually shifting northwards probably
due to climate change (e.g. Thomas and Lennon 1999). If short-winged birds breed
closer to the studied area, they should not arrive earlier than long-winged ones. The
timing of autumn migration of other trans-Saharan migrants has already changed,
probably due to climatic factors. The arrival of juvenile Garden Warblers (Sylvia

borin) shifted 13 days later over a study period of 24 years (Miholcsa and Csörgõ
2007, Miholcsa et al. 2008, Csörgõ et al. 2009).

Environmental changes have had a major impact on birds, affecting their distri-
bution and ecological behaviour (Thomas and Lennon 1999, Crick and Sparks 2006).
Long-distance migratory species such as the Reed Warbler (Acrocephalus scirpaceus),
Marsh Warbler (A. palustris), Wood Warbler (Phylloscopus sibilatrix) or Garden War-
bler are expected to respond to global warming by increasing the time spent in their
breeding areas or expanding their ranges (Burfield and Van Bommel 2004, Miholcsa
and Csörgõ 2007, Miholcsa et al. 2008). In order to better understand the whole mi-
gration pattern of the species, the phenology of spring arrival in the breeding areas
should also be examined. The changing weather conditions in Africa (e.g. the absence
of rainfall) suggest that food might be limited and therefore spring migration may be
slowed down (Gordo et al. 2005). Thus, in spring, these birds usually arrive at their
breeding grounds later and so their survival chance might decrease (Both and Visser
2001). However, warmer spring temperatures and earlier breeding initiation in the
northern Europe potentially enable migrants to complete the reproductive cycle ear-
lier (Tøttrup et al. 2006) and therefore, their timing of departure can be shifted ear-
lier. Similarly to the Thrush Nightingale, the autumn migration of the Garden War-
bler has also shifted to earlier dates in Denmark (Christiansø) and England (Oxford-
shire) (Cotton 2003, Tøttrup et al. 2006), although age groups were not treated sepa-
rately in these analyses.

In conclusion, this study provides some insight to migration strategy of the Thrush
Nightingale in the northern Hungary. The observed shift in autumn migration dates
of the studied species (7.9 days earlier in Szalonna), suggest that environmental con-
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ditions (e.g. weather, climate) probably changed in the last two decades. The surviv-
ability may also depend on the weather conditions and available food resources at the
wintering sites in Africa and along the Nile (Csörgõ pers. comm.). However, the sur-
vival rate of the Thrush Nightingale and its migration strategy in Africa, is still poorly
known. In general, the long-distance migrant passerines have to accumulate suffi-
cient fat reserves to make their journey (Blem 1980). Based on some calculations,
Thrush Nightingales with maximal fat reserves can reach their wintering ranges
without stopping or refuelling (Csörgõ and Lövei 1986). After leaving Europe, the
first available refuelling sites are in the northern part of Africa, before they fly across
the Sahara. Because the birds follow the winter rainfalls along the Nile to southern
wintering sites (Lack 1983), the timing of migration has to be adjusted to this. With
the expansion of global warming, drier periods often come sooner, and it is possible
that autumn migration of some long-distance migrant passerines have shifted their
migration earlier.

ACKNOWLEDGEMENTS

I especially would like to thank Helga Urbán (Miskolc) for her help in the field
and Roland Farkas (Aggtelek National Park Directorate) who presented the complete
database of the Bódva Valley Bird Ringing Station (Szalonna) and all volunteers who
helped to collect the data. This study was carried out within the framework of the
Luscinia-project, and supported by the Gömör-Torna Local Group (Jósvafõ) of the
Hungarian Ornithological Society (Budapest) and the Vénic Nature Conservation
Foundation.

REFERENCES

Alerstam T. 1990. Bird migration. Cambridge Univ. Press, Cambridge.
Alerstam T., Hedenström A. 1998. The development of bird migration theory. J. Avian Biol. 29:

343-369.
Alerstam T., Högstedt G. 1982. Bird migration and reproduction in relation to habitats for sur-

vival and breeding. Ornis Scand. 13, 1: 25-37.
Baker R.R. 1978. The evolutionary ecology of animal migration. Hodder and Stoughton, London.
Berthold P. 1975. Migration control and metabolic physiology. In: Farner D.S., King J.R. (Eds).

Avian Biology. vol. 5, Acad. Press, New York: pp. 77-128.
Berthold P. 1990. Patterns of avian migration in light of current global ‘greenhouse’ effects: a central

European perspective. Acta Cong. Int. Ornithol. 20: 780-786.
Berthold P. 1993. Bird migration. A general survey. Oxford Univ. Press, Oxford.
Berthold P. 1996. Control of Bird Migration. Chapman and Hall, London.
Blem P.R. 1980. The energetics of migration. In: Gauthreux S.A. (Ed.). Animal migration, orienta-

tion and navigation. Acad. Press, New York.
Both C., Artemyev A.V., Blaauw B., Cowie R.J., Dekhuijzen A.J., Eeva T., Enmar A., Gustafsson

L., Ivankina E.V., Jarvinen A., Metcalfe N.B., Nyholm N.E.I., Potti J., Ravussin P.A., Sanz J.J.,
Silverin B., Slater F.M., Sokolov L.V., Török J., Winkel W., Wright J., Zang H., Visser M.E.
2004. Large-scale geographical variation confirms that climate change causes bird to lay ear-

lier. Proc. R. Soc. Lond. B 271: 1657-1662. DOI: 10.1098/rspb.2004.2770

THE RING 34 (2012) 33



Both C., Visser M.E. 2001. Adjustment to climate change is constrained by arrival date in a long-

distance migrant bird. Nature 411: 296-298. DOI: 10.1038/35077063
Bradley N.L., Leopold A.C., Ross J., Huffaker W. 1999. Phenological changes reflect climate

change in Wisconsin. Proc. Natl. Acad. Sci. USA 96: 9701-9704.
Burfield I., Van Bommel F. 2004. Birds in Europe: population estimated, trends and conservation

status. BirdLife Int., Cambridge, UK.
Busse P. 1990. Key to sexing and ageing of European passerines. Not. Orn. 31, 5: 1-364.
Busse P., Kania W. 1970. Operation Baltic. Polish Section. Methods. Acta orn. 12: 231-267.
Butler C.J. 2003. The disproportionate effect of global warming on the arrival dates of short dis-

tance migratory birds in North America. Ibis 145, 3: 485-495. DOI: 10.1046/j.1474-919X.
2003.00193.x

Coppack T., Both C. 2002. Predicting life-cycle adaptation of migratory birds to global climate

change. Ardea 90, 3: 369-377.
Cotton P. 2003. Avian migration phenology and global climate change. Proc. Natl. Acad. Sci. USA

100, 21: 12219-12222. DOI: 10.1073/pnas.1930548100
Cramp S. (Ed). 1992. Handbook of the birds of Europe, the Middle East and North Africa. The

birds of the Western Palearctic. vol. 6. Oxford Univ. Press, Oxford.
Crick H.Q.P. 2004. The impact of climate change on birds. Ibis 146, Suppl.: 48-56. DOI:

10.1111/j.1474-919X.2004.00327.x
Crick H.Q.P., Dudley C., Glue D.E., Thomson D.L. 1997. UK birds are laying eggs earlier. Nature

388: 526.
Crick H.Q.P., Sparks T.H. 2006. Changes in the phenology of breeding and migration in relation to

global climate change. Acta Zool. Sin. 52, Suppl.: 154-157.
Csörgõ T., Harnos A., Kovács Sz., Nagy K. 2009. Study of the impacts of climate change using

long-term bird ringing data. Természetvédelmi Közlemények 15: 1-12.
Csörgõ T., Lövei G. 1986. [Weight growing of the Thrush Nightingale (Luscinia luscinia) before

autumn migration.] Proceedings of the 2�� Scientific Meeting of the Hungarian Ornithologi-
cal Society, Szeged: pp. 143-149. (In Hungarian).

Csörgõ T., Lövei G. 1990. [Wing shape of a Chiffchaff (Phylloscopus collybita) population breed-

ing in Hungary]. Proceedings of the 2�� Scientific Meeting of the Hungarian Ornithological
Society, Szeged: pp. 155-158. (In Hungarian).

Csörgõ T., Lövei G. 1995. Autumn migration and recurrence of the Thrush Nightingale Luscinia

luscinia at a stopover site in Central Hungary. Ardeola 42, 1: 57-68.
Dowsett-Lemaire F., Dowsett R.J. 1987. European Reed and Marsh Warblers in Africa: migration

patterns, moult and habitat. Ostrich 58, 2: 65-85. DOI: 10.1080/00306525.1987.9634145
Forchhammer M.C., Post E., Stenseth N.C. 2002. North Atlantic Oscillation timing of long-and

short-distance migration. J. Anim. Ecol. 71, 6: 1002-1014. DOI: 10.1046/j.1365-2656.2002.
00664.x

Gaston A.J. 1974. Adaption in the genus Phylloscopus. Ibis 116, 4: 432-450. DOI:
10.1111/j.1474-919X.1974.tb07644.x

Gauthreaux S.A. 1996. Bird migration: methodologies and major research trajectories

(1945-1995). Condor 98: 442-453.
Gienapp R., Leimu R., Merilä J. 2007. Responses to climate change in avian migration time – mi-

croevolution versus phenotypic plasticity. Clim. Res. 35: 25-35. DOI: 10.3354/cr00712
Gordo O., Brotons L., Ferrer X., Comas P. 2005. Do changes in climate patterns in wintering areas

affect the timing of the spring arrival of trans-Saharan migrant birds? Glob. Change Biol. 11,
1: 12-21. DOI: 10.1111/j.1365-2486.2004.00875.x

Hedenström A., Barta Z., Helm B., Houston A.I., McNemara J.M., Jonzen N. 2007. Migration

speed and scheduling of annual events by migrating birds in relation to climate change. Clim.
Res. 35: 79-91. DOI: 10.3354/cr00715

Hogg P., Dare P.J., Rintoul J.V. 1984. Palearctic migrants in the Central Sudan. Ibis 126, 3:
307-331. DOI: 10.1111/j.1474-919X.1984.tb00253.x

34 THE RING 34 (2012)



Holynsky R. 1965. Methods for the analysis of the wing shape of birds. Not. Orn. 6: 21-25.
IPCC (International Panel of Climate Change) 2001. Climate Change 2001: The scientific basis.

Third assessment Report of Working Group I. In: Albritton D.L., Meira Filho L.G. (Eds). Cam-
bridge Univ. Press, Cambridge.

Jenni L., Kéry M. 2003. Timing of autumn bird migration under climate change: advances in

long-distance migrants, delays in short-distance migrants. Proc. R. Soc. Lond. Ser. B 270,
1523: 1467-1471. DOI: 10.1098/rspb.2003.2394

Keith S., Urban E.K., Fry C.M. 1992. The Birds of Africa. vol. 4. London: pp. 408-409.
Klein H., Berthold P., Querner U. 1982. Der zur europaischer Garten-Monchsgrasmucker (Sylvia

borin and S. atricapilla). Vogelwarte 27: 73-134.
Lack P.C. 1983. The movements of Palearctic landbird migrants in Tsavo East National Park,

Kenya. J. Anim. Ecol. 52: 513-524.
Lehikoinen E., Sparks T.H., Zalakevicius M. 2004. Arrival and departure dates. Adv. Ecol. Res.

35: 1-31.
Leisler B., Winkler H. 1985. Ecomorphology. Curr. Ornithol. 2: 155-186.
Lövei G. 1983. Wing shape variations of Chiffchaffs on autumn migration in Hungary. Ring. &

Migr. 4, 4: 231-236. DOI: 10.1080/03078698.1983.9673811
Lundberg A., Edholm M. 1982. Earlier and later arrivals of migrants in central Sweden. Brit.

Birds 75: 583-585.
Miholcsa T., Csörgõ T. 2007. The effects of climate change on the autumn migration of Segde War-

bler and Reed Warbler. 8�� Behavioral Ecology Meeting, Cluj Napoca.
Miholcsa T., Tóth A., Csörgõ T. 2008. Change of the timing of autumn migration in Acrocephalus

and Locustella genus. Acta Zool. Acad. Sci. Hung. 55, 2: 175-185.
Moreau R.E. 1972. The Palearctic-African bird migration system. Acad. Press, New York.
Péron G., Henry P-Y., Provost P., Dehorter O., Julliard R. 2007. Climate changes and post-nuptial

migration strategy by two reedbed passerines. Clim. Res. 35: 147-157. DOI: 10.3354/cr00721
Pulido F., Berthold P., Moth G., Querner U. 2001. Heritability of the timing of autumn migration

in a natural bird population. Proc. Soc. Roy. London. 268, 1470: 885-993. DOI:
10.1098/rspb.2001.1602

Schaub M, Pradel R, Jenni L, Lebreton J.D. 2001. Migrating birds stop over longer than usually

thought: An improved capture-recapture analysis. Ecology. 82, 3: 852-859.
Schmidt E. 1982. Data on the autumn migration of the Thrush Nightingale (Luscinia luscinia) in

Hungary. Madártani Tájékoztató 6: 171-172.
Œcis³owska M., Busse P. 2005. Fat reserves and body mass in some passerines migrating in

through the southern Baltic coast. Ring 27, 1: 3-31. DOI: 10.2478/v10050-008-0014-1
Seather B-E., Sutherland W.J., Engen S. 2004. Climate influences on avian population dynamics.

In: Moller A., Fiedler W., Berthold P. (Eds). Birds and climate change. Elsevier Ltd., Amster-
dam: pp. 185-210.

Shirihai H. 1996. The Birds of Israel. Acad. Press, London.
Sokolov L.V., Markovets M.Y., Morozov Y.G. 1999. Long term dynamics of the mean date of

autumn migration in passerines on the Courish Spit of the Baltic Sea. Avian Ecol. Behav. 2:
1-18.

Sorjonen J. 1980. Selection of breeding habitat by the thrush nightingale Luscinia luscinia and its

position in bird communities. Ornis Scand. 11, 2: 125-134.
Svensson L. 1992. Identification Guide to European Passerines. Naturhistoriska Riksmuséet,

Stockholm.
Szentendrey G., Lövei G., Kállay Gy. 1979. [Measuring methods in the bird ringing camps of Actio

Hungarica.] Állattani Közlemények 66: 161-166. (In Hungarian).
Tellería J., Pérez-Tris J., Carbonell R. 2001. Seasonal changes in abundance and flight-related

morphology reveal different migration patterns in iberian forest passerines. Ardeola 48, 1:
24-46.

THE RING 34 (2012) 35



Thomas C.D., Lennon J.J. 1999. Birds extend their range northwards. Nature 399: 213. DOI:
10.1038/20335

Thorup K., Rabøl J. 2001. The orientation system and migration pattern of long-distance mi-

grants: conflict between model predictions and observed patterns. J. Avian Biol. 32, 2: 111-119.
DOI: 10.1034/j.1600-048X.2001.320203.x

Tøttrup A.P., Thorup K., Rahbek C. 2006. Changes in timing of autumn migration in North Euro-

pean songbird populations. Ardea 94, 3: 527-536.
Williamson K. 1975. Birds and climate change. Bird Study 22: 143-164.
Yom-Tov Y., Yom-Tov S., Wright J., Du Feu T., Du Feu R. 2006. Recent changes in body weight and

wing length among some British passerine birds. Oikos 112: 91-101.
Zalakevicius M., Bartkevicienem G., Raudonikis L., Januaitis J. 2006. Spring arrival response to

climate change in birds: a case study from eastern Europe. J. Field Ornithol. 147, 2: 326-343.
DOI: 10.1007/s10336-005-0016-6

Zalakevicius M., Zalakeviciute R. 2001. Global climate change impact on birds: a review of re-

search in Lithuania. Folia Zool. 50: 1-17.
Zink G. 1975. Der Zug europaeischer Singvögel. Vogelwarte Radolfzell.

36 THE RING 34 (2012)




