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Abstract. The partial migration and autumn movement of the blue tits (Parus caeruleus) in Central Europe has 
hardly been studied in detail, yet. The aim of this study was to describe different aspects of the migration 
performance of the blue tits and to find out to what degree they differ at two geographically different 
stopover sites. Autumn migration dynamics, fat reserve, body mass and wing-length data of birds ringed 
from 2004 to 2013 at a western (Tömörd) and a north-eastern Hungarian (Szalonna) bird ringing station were 
compared. The blue tits has been a dominant songbird at both study areas, however, we found strikingly 
different migratory patterns of blue tits migrating through the two study sites. According to fluctuation 
indices (FI), the migration dynamics of the blue tits at Tömörd has been more similar to irruptive migrants, 
while its migration at Szalonna has been closer to the migration of obligatory migrants. The proportions of 
juveniles have been similar at Tömörd (88%) and Szalonna (87%), but there were significant differences in the 
reserves and stopover durations of birds between the two sites. More precisely, birds in Tömörd were in a 
better condition, since migration was more intensive in the second half of October, compared to the birds 
ringed at Szalonna. The intensive migration in 2004 and in 2008 at Tömörd could have been derived either 
from the reduced beech crop or the better success of blue tits’ breeding in the Alps and Carpathians as well as 
in the Northern areas (Poland and the Baltic region). 
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Introduction 
 
Blue tits (Parus caeruleus) breed in the Western 
Palaearctic region. Their Eastern European popu-
lations were considered as typical irruptive mi-
grants with fluctuation in the number of birds mi-
grating across Europe from year to year with very 
variable parameters of migration (Cramp 1998). 
However, it has been recently proved that blue tits 
migrate every year in relatively stable numbers in 
Northern, Central and Eastern Europe, thus they 
are typical partial migrants in this region (Nowa-
kowski & Vähätalo 2003, Nyquist 2007). In addi-
tion, several other definitions have been proposed 
to describe partial migration and the most ac-
cepted one includes in the concept all those indi-
viduals that migrate from the breeding site and 
also those that do not (Terrill & Able 1988, Ber-
thold 2001). Among the migrants, juveniles and 
females predominate (Smith & Nilsson 1987). In 
some years, many birds belonging to populations 
of partially migrant species leave their breeding 
areas to appear in other sites as irruptive or inva-
sion species; mainly in Western and Southern 
European regions. The blue tits also make altitud-
inal movements from higher breeding areas. The 
knowledge about the migratory system of regular 
migrants is in many cases extensive (Alerstam 

1990). However, the knowledge concerning the 
migratory patterns of partial migrants is much 
more limited (Berthold 2001). Partial migration of 
the blue tits have hardly been studied in detail in 
the Carpathian Basin during autumn (Gyurácz et 
al. 2011). Within species, the migration pattern 
may differ somewhat from year to year or from 
region to region, depending on circumstances, in-
cluding the patchiness of the habitat in the region 
concerned. Different migratory strategies affect 
stopover duration, wing morphology, body mass 
and fuel load evolution in the birds (Newton 
2008). The mean wing-length and body mass may 
suggest the mean geographic origin of a sampled 
population (Gyimóthy et al. 2011a). The wing-
length and body size differences between males 
and females of blue tits are evident and females 
are more mobile, or dispersive than males (Bur-
gess 1982). In some European countries like Swe-
den, Poland, Great-Britain, France, Germany, Italy 
and Turkey some differences in wing-length were 
observed. The mean-wing-length of Western-
German birds was greater than that in the case of 
birds that originated from Turkey (Cramp 1998). 

To analyse the migration phenology, it is not 
sufficient to use the data of only one area which 
might be optimal or suboptimal for the species. As 
a consequence, our aim was to study different 
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aspects of the migration performance of the blue 
tits and find out to what degree they differ be-
tween two different stopover sites with different 
geographical location and vegetation (Gyimóthy 
et al. 2011b). In this study, data for the migration 
phenology, fat reserve, body mass and wing-
length of birds ringed from 2004 to 2013 at a West-
ern and a North-eastern Hungarian bird ringing 
stations have been compared. The main aspects of 
the analysis have been the followings:  

1. to register the annual change of the num-
bers of captured birds at the two study sites; 

2. to describe the progress in time (dynamics) 
of the autumn migration by analysing the daily 
capture-recapture data; 

3. to compare the morphological characteris-
tics of the sex and age groups migrating at the two 
study sites;  

4. to test the influence of stopover sites on the 
migration dynamics and biometric composition of 
the partial migrating blue tits. 

First, we expected that dynamics of autumn 
migration of blue tits will differ between study 
sites since they may play different roles in migra-
tion. Second, we expected that age and sex com-
position, as well as morphological characteristics 
of the birds will differ between study sites since 
birds captured at different sites arrive from differ-
ent geographical locations. 
 
 
Materials and Methods 
 
Study sites 
The study has been carried out at the Tömörd Bird Ring-
ing Station in Western Hungary (47°21’N 16°40’E), lo-
cated 15 kilometres from Szombathely, and at the Bódva 
Valley Bird Ringing Station of Szalonna in North-Eastern 
Hungary (48°27’N, 20°42’E) (Fig. 1.). There were four 
natural habitat types around the station of Tömörd. 
Bushes: Bushes and herbs were made up compact, dense 
vegetation, which was dissected by small grass patches. 
Its characteristic plant was blackhorn (Prunus spinosa). 
The height of vegetation was 2-3 meters. Forest: Broadleaf 
trees and bushes showed compact, dense edge vegetation, 
forming an ecotone community with Turkey Oak (Quer-
cus cerris) as characteristic plant. There were plenty of 
crops and normal forestry management in the forest. The 
height of the vegetation was 6-7 meters. Grassland with 
scrubs: This habitat type represented a transition between 
the wet habitats of the swamp and the steppe communi-
ties that used to cover the croplands around the marsh. 
There were a few bushes in the grassland with two small 
patches of dwarf elder (Sambucus ebulus). Here the grass-
land was not managed. Marsh: It was a small (6 ha) per-
manent and isolated wetland.  

 

 

Figure 1. Locations of the Tömörd and Szalonna  
ringing stations in Hungary. 

 
 

Characteristic plant was reedmace (Typha latifolia) in the 
marsh. The height of vegetation was 1-2 meters. Water 
was supplied to the marsh only by precipitation. 

 The other study area at Szalonna was situated be-
tween two medium-altitude hills covered by deciduous 
forest vegetation. The studied vegetation is primarily 
dominated by shrubs, especially blackhorn, hawthorn 
(Crataegus spp.). The shrubby vegetation changed con-
tinuously into oak forests at the foot of the hills. The most 
important species in this forest was the sessile oak (Quer-
cus petraea). There were dense bushes at the edge of the 
forest. At the bottom of the valley, the river Bódva was 
followed with soft-wood riparian forests, dominated by 
white willow (Salix alba) and common alder (Alnus gluti-
nosa), and the lower levels of the habitat were covered 
with rich and dense vegetation. The climate was domi-
nantly continental with a mean annual temperature of 
9.5-10°C (±0.5), and with a mean annual precipitation of 
550-700 mm in both study sites. 

 
Data collection 
The birds were captured-recaptured and ringed at both 
ringing stations between 2004 and 2013. Bird ringing took 
place during the post-breeding dispersion period and au-
tumn migration from the first decade of August to the 
first decade of November, there were 95-100 ringing days 
each year at Tömörd and from the mid-August to the end 
of October, 75-80 days each year at Szalonna. For trap-
ping the birds, we used 28 (Tömörd) and 34 (Szalonna) 
numbered Ecotone mist-nets (12 meter long and 2.5 meter 
high with 5 shelves and a mesh size of 16 mm). There was 
one line of six nets in the deepest part of the marsh, as 
well as four nets in the forest, eleven in the bushes and 
seven in the grassland at Tömörd. The birds were cap-
tured in bushy vegetation (18 nets) and forest associations 
(16 nets) at Szalonna. Birds had been captured from dawn 
to dusk, except on rainy and stormy days. All birds were 
ringed, sexed and aged according to Busse (2000) and 
Svensson (1992). The birds were weighted to the nearest 
0.1 g (using a spring balance) and the fat reserves (fat in-
dex = condition) were estimated visually according to the 
SE European Bird Migration Network protocol (Busse 
2000) – ranging from 0 (no fat) to 8 (bulging fat). 
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Data analysis 
The number of captured birds in each year was standard-
ised with the mean for the studied period (as a percentage 
of the mean: X). Annual fluctuations in the number of 
birds were described by reference to a summarizing fluc-
tuation index (FI) according to Busse (1994): 

FI= Σ (Xy – Xoy)2 n-1 
where Xy is the number of birds trapped in year y, Xoy is a 
3-year moving average for the same year and n the num-
ber of years. The Spearman rank correlation was used for 
the comparison of the fluctuation indices /(Xy – Xoy)2 n-1/ 
of a specific year of the two study sites.  

Migration curves were calculated based on the aver-
age daily captures of the years smoothed by a 3-days 
moving average for an intensive migration year (2008) 
and an average migration year (2012). The peak migration 
period (when we captured the most birds in that season) 
and the month with the highest captures were identified 
based on this information. In order to see if there was a 
difference between study sites in distribution of daily 
captures, the Kolmogrov-Smirnov test was used. The 
minimum stopover times of the recaptured birds were 
calculated by determining the number of days from the 
annual first capture to the last recapture (Ellegren 1991, 
Yosef & Chernetsov 2004). 

Hotelling's T multivariate analysis of variance 
(MANOVA) with Bonferroni correction and principal 
component analysis (PCA) was used to compare fat re-
serve, body mass and wing-length composition of sex and 
age groups among ringed birds of the two study sites 
(Fowler & Cohen 1992). The Past computer program was 
used for statistical analysis (Hammer et al. 2006).  

 
 

Results 
 
Annual and daily captures 
In total, 4572 individuals of blue tits were marked-
from the 3rd of August to the 5th of November in 
Tömörd and 2347 were captured from the 15th of 
August to the 30th of October in Szalonna between 
2004 and 2013. Figure 2 shows the annual captures 
in the study sites. The summarizing fluctuation 
indices were 4260.93 in Tömörd and 511.59 in 
Szalonna. No significant correlation was found be-
tween the annual fluctuation indices of Tömörd 
and Szalonna (r=0.09, p>0.05). The proportion of 
juvenile blue tits were 88% in Tömörd and 87% in 
Szalonna (Fig. 3.), while the proportion distribu-
tions of age and sex groups were very similar at 
the study sites (Kolmogorov-Smirnov test, D=0.2, 
p>0.05). The distribution of daily captures of juve-
niles was significantly different at Tömörd and 
Szalonna in 2008 (Kolmogorov-Smirnov test, 
D=0.35, p<0.001) and was similar in 2012 (D=0.19, 
p>0.05). In August, more juveniles were captured 
in Szalonna than in Tömörd. For juveniles, the 
median date of the passage calculated from the 

daily captures were the 19th (2008) and the 5th 
(2012) October at Tömörd, whereas the 27th (2008) 
and 24nd (2012) September at Szalonna. The peak 
period of migration fell into the second half of Oc-
tober at Tömörd and into early October mid-
September at Szalonna (Fig. 4., 5.). 

The annual proportions of recaptured birds 
were between 5 and 26% at Tömörd and 11 and 
39% at Szalonna. The average minimum stopover 
periods of the captured birds before August 31 
and recaptured in Tömörd (41.13±34.08 days, 
n=62) and Szalonna (39.57±18.25 days, n=139) 
were not significantly different (ANOVA, F=51.95, 
p>0.05, Tukey test p>0.05) t=2.76, p>0.05). The av-
erage minimum stopover periods of the birds cap-
tured before August 31 and recaptured at the 
study sites were significantly higher than that of 
birds captured after August 31 at Tömörd 
(11.31±12.94 days, n=84, Tukey test p<0.01) and 
Szalonna (19.42±14.23 days, n=111, Tukey test 
p<0.01). The average minimum stopover period of 
the birds captured after August 31 and recaptured 
at Tömörd was significantly shorter than that of 
birds captured after August 31 at Szalonna (Tukey 
test p<0.05) (Fig. 6.).  
 
Biometric parameters 
The fat reserve, body mass and wing-length com-
position of sex and age groups captured at the two 
study sites were significantly different 
(MANOVA, Wilks’ lambda=0.39, 
F21/7644=137.33, p<0.001). The p values of Hotel-
ling's T multivariate analysis of variance 
(MANOVA) of biometric parameters of age and 
sex classes in the two study sites (TAM, TAJ, SAM, 
SJM, TAF, TJF, SAF, SJF) were smaller than 0.001 
for the 28 pairwise comparisons. The mean fat in-
dex of birds was higher in Tömörd than in 
Szalonna. The average body mass and wing-
length of adult and juvenile males were bigger 
than that of the adult and juvenile females at both 
study areas (Fig. 7.). According to the results of 
PCA, the biometric characteristics of birds cap-
tured at the two study sites differed in a greater 
extent from each other, namely the age and sex 
groups of birds. There was higher similarity be-
tween the age groups than among males and fe-
males. The share of the first component was 81.53 
percentage. According to the percentage ratios of 
the three components for the variables (Table 1.) 
and the biplots of variables (Fig. 8.) the birds cap-
tured at the two study sites differed primarily on 
the basis of the fat reserves. 
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Figure 4. Daily captures (points) and migration dynamics (lines connecting the 3-days 
 smoothed moving averages) in 2008. 

Figure 3. Capture rates (%) 
of the age and sex classes 

Figure 2. The number of 
birds ringed from the first 
decade of August to the 
first decade of November 
between 2004 and 2013. 
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Figure 5. Daily captures (points) and migration dynamics (lines connecting the 
3-days smoothed moving average) in 2012. 

 
 

      
 

    
 

Figure 6. Individual capture 
histories of blue tits 
captured more than once 
within a season  during the 
study period. Each point 
indicates a capture of this 
species and lines join the 
captures of the same 
individual. 
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Figure 7. The mean fat index, body mass and wing-length 
of age (A= adult, J=juvenile) and sex classes (M=male, 
F=female) at Tömörd (T) and Szalonna (S) 

 
 

 
 

Figure 8. Principal component analysis ordination of 
birds ringed at two study sites (T=Tömörd, S=Szalonna, 
J=juvenile, A=adult, M=male, F=female) on the basis of 
biometric parameters. 

Table 1. Percentage ratios of the three  
components (PCA) for the variables. 

 

 PC 1 PC 2 PC 3 
fat index -0.14 0.98 -0.03 
body mass 0.19 0.06 0.97 
wing-length 0.97 0.14 -0.19 

 
 
Discussion 
 
Annual population fluctuation 
The blue tits was a dominant songbird at both 
study areas and we identified very diverse migra-
tory patterns among blue tits migrating through-
out western and north-eastern study areas. We 
have determined that the blue tits was a regular 
partial migrant species with a very intensive mi-
gration in 2004 and 2008 at Tömörd. Autumn mi-
gration dynamics at Alpine passes also showed 
big fluctuations from year to year: annual total 
number of birds captured at the Swiss Col de Bre-
tolet in 1957–72 ranged from 4 (1958) to 2892 
(1959) and 2334 (1972) (Cramp 1998). In South 
Sweden during autumns of 2001–2005 the highest 
number of captured birds was also in 2004 (Ny-
quist 2007). There was no similar intensive migra-
tion at Szalonna; neither in 2004 nor in other years. 
According to the summarizing fluctuation indices 
(FI), the migration dynamics of the blue tits at 
Tömörd, in contrast to the results of a previous 
study (Gyurácz et al. 2011), were more similar to 
the irruptive migrant brambling (Fringilla monti-
fringilla) (FI= 5710.9). The summarizing fluctuation 
of the number of the migratory blue tits at 
Szalonna was more similar to the migration of the 
obligatory migrant whitethroat (Sylvia communis) 
(Szalonna: FI=952.00) than to that of brambling at 
Tömörd and the similarly irruptive migrant coal 
tit (Parus ater) at Tömörd (FI=4414.00, Lukács & 
Gyurácz 2013) and Szalonna (FI=14632.37). Nowa-
kowski & Vähätalo (2003) also showed that the 
fluctuation index of the blue tits was similar to the 
index of obligatory migrants in the years of 1971–
97 on the coast of the Baltic Sea. Many definitions 
have been proposed to describe partial migration 
and the most accepted one includes both indi-
viduals that migrate and those that do not migrate 
from the same breeding population (Terrill & Able 
1988, Berthold 2001). Another interesting phe-
nomenon is differential migration, i.e. variations 
in the length of migration period per route among 
individuals. Usually, this pattern results in segre-
gations between age and sex groups in their stop-
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over sites and wintering grounds (Cristol et al. 
1999). Among the migrants, juveniles and females 
predominate in general (Smith & Nilsson 1987, 
Nyquist 2007). The proportion of juvenile and fe-
male blue tits were similar at Tömörd and 
Szalonna, but the mean fat reserves of birds was 
higher at Tömörd, where the migration in the sec-
ond half of October was more intensive or some-
times irruptive than that at Szalonna. The smaller 
part of the local population of Tömörd, primarily 
the males, is resident, while the majority of juve-
niles and the females are migrants (Gyurácz & 
Bánhidi 2009). 
 
Migration dynamics 
Among partial migrants, part of the population 
remains at the breeding sites and time constraints 
may therefore prevent long return migrations in 
spring, as competition for nesting territories and 
holes are violent during this season (von Haart-
man 1968, Alerstam & Hogstedt 1980). A late re-
turn to the breeding grounds in spring might im-
ply lost opportunities for breeding. In a short-
lived species like the blue tits, missed breeding 
opportunities will seriously reduce individual fit-
ness (McCleery & Perrins 1988). Thus, Nilsson et 
al. (2008) suggested that partial migration for a 
widely distributed species like the blue tits, in-
volving a mixture of resident and migratory birds 
in most populations, is associated with general se-
lection for short migration distances. Two major 
hypotheses have been proposed to explain the dif-
ference in migratory behaviour between age- and 
sex classes, namely the body-size hypothesis and 
the dominance hypothesis. According to the first 
hypothesis, small individuals, for example juve-
niles and/or females are more likely to migrate 
than large ones (adults and/or males) due to their 
different abilities to tolerate starvation. Relative to 
their basic metabolic rate, larger individuals 
should have greater reserves and if energy stores 
are proportional to body size than they survive 
temporary food shortage better than small indi-
viduals. According to another hypothesis, domi-
nant mem¬bers, usually the male individuals of a 
population, force the less dominant conspecifics to 
migrate by means of competition (Smith & Nilsson 
1987, Nyquist 2007). European recoveries of blue 
tits indicate the main axis of distant movements 
from Northeast to Southwest (Cramp 1998). The 
blue tits recovered in Hungary were ringed in 
Austria, Lithuania, Poland, Russia and Slo¬vakia 
(Török 2009). According to recoveries of birds 

ringed at Tömörd the migratory blue tits might 
have followed the SSW direction from Tömörd 
and wintered at the Adriatic region (Croatia). 

In some years, large portions of the popula-
tions of many partially migrating bird species left 
their breeding grounds to appear in other areas as 
invasive species. Nilsson et al. (2006) emphasized 
the importance of population density and food 
abundance for the blue tits migration. The most 
important factors determining the dynamics of 
blue tits migration in a given year was the size of 
an important winter food source, the beech crop 
(more migrants at lower crop levels) and the size 
of the breeding population (more migrants at 
higher densities). The various species that depend 
heavily on the same seeds tend to irrupt in the 
same years: examples include blue tits or Great 
Tits (Parus major) which species feed heavily on 
beech crop (Newton 2006).  Mérő & Žuljević (2014) 
assumed that local movement of tits within an ur-
ban habitat also depended strongly on the sources 
of food supply during autumn and winter. The in-
tensive migration (2004 and 2008) in the study 
area (Tömörd) could be in connection with the re-
duced beech crop and the higher number of blue 
tits breeding in the Alps and in the Carpathians as 
well as in the northern areas (Poland and Baltic 
region). The Polish analysis (Chruściel 2006) 
showed that the blue tits migration on the south-
ern coast of the Baltic Sea started in mid-
September and lasted till the end of October. The 
starting date of the migration was not constant – it 
changed from year to year in Poland and Western 
and North-east Hungary, but it was usually in the 
beginning of the second part of August. The juve-
niles migrated significantly earlier than the adults. 
On the contrary, the end of migration was rela-
tively stable – it was most often in the last days of 
October, or exceptionally in the first days of No-
vember in both countries. Median passage date 
was in the beginning of October in Poland and 
Sweden, in the first half of October or in mid-
October in West-Hungary, but exceptionally in 
mid-September at Szalonna due to the lack of in-
tensive October migration at the Northeast-
Hungarian stopover site. The most northern mi-
gratory birds migrated in the second half of Octo-
ber in the study area of Tömörd and in early Octo-
ber at Szalonna. In contrast, the migratory dynam-
ics of blue tits appear to occur synchronously over 
a large part of the species’ distribution range in 
Sweden. Median dates at different migratory pas-
sage sites were similar (Nilsson et al. 2008). Ac-
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cording to the distribution of recaptures and stop-
over duration, the local birds captured in August 
stayed until the end of October, early November, 
whereas the most birds arrived in the peak migra-
tion period of October and left the study areas 
quickly by the end of October in both study areas. 
The birds with higher fat reserve in October had 
shorter stopover duration at Tömörd than at 
Szalonna. The proportion of recaptured birds was 
smaller and the stopover time of recaptured birds 
was shorter in years with intensive migration at 
Tömörd (Gyurácz et al. 2011). 

Flocking behaviour of wintering birds is ex-
pected to relate inversely to food supply of the 
habitat (Grubb 1987, Székely & Juhász 1993). Al-
though most blue tits were captured in grassland 
with scrub, forest and bushy habitat types were 
more appropriate habitats in terms of feeding and 
fat accumulation than the grassland with scrub 
and the marsh at Tömörd (Kóródi et al. 2008). We 
suggest that the territorial spacing of blue tits may 
prevent the formation of large flocks during their 
stopover time in the local forest and bushy areas. 
Significantly more blue tits were displaced to 
poorer grassland with scrub in the intensive mi-
gration (2004, 2008) than in the weak migration 
period (Gyurácz & Bánhidi 2009). One reason for 
the weak October migration at Szalonna could be 
the habitat structure and food supply of the study 
area covered by forest. Many migratory blue tits 
probably have no opportunity to stopover at the 
forest habitat occupied by residents or by birds ar-
riving earlier. 

The present analysis showed the partial mi-
gration of the blue tits and its site, age and sex de-
pendence at two Hungarian migratory sites. Pri-
marily, the migration strategies of females may be 
modified by global climate change. Because of 
warmer winters, the habitats are becoming more 
favourable, fact which may increase the chance of 
survival of residents. Based on Helbig (2003), as 
well as Pulido & Berthold (2003) we predict that 
the migratory part of the partially migratory 
populations and the intensive October migration 
at Tömörd will be declining as a response to global 
warming. 
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