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Abstract. The aim of our present study is to compare the age- and sex-classes of common blackbirds captured in the dispersion and
the autumn migration period according to their spatial distribution and habitat-selection. The study was carried out at the Tomord
Bird Ringing Station in western Hungary during the postfledging period, from 2001 to 2015. A total of 6502 blackbirds were marked
(616 adult males, 703 adult females, 2763 juvenile males, 2420 juvenile females). We calculated the dispersion index according to
habitat for all age- and sex-classes, for both the dispersion and the migration periods. Our results suggest that neither age- nor sex-
classes of blackbirds cluster in particular habitats during the dispersion period and that the distribution of the birds can be
explained based on the ideal-free distribution model. We found that the spatial distribution of juvenile and adult blackbirds were
similar, while the distribution of males and females were different in the migration periods. The majority of males clustered in the
forest (migration period: adult 46%, juvenile 43%), independent of their age. The larger males were the more competitive
individuals, while females with smaller body size and subdominant males were more likely to occupy areas in the lower quality

marsh and grassland during the autumn migration period.
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Introduction

The ideal-free distribution and the ideal-despotic distribu-
tion have been suggested to explain the spatial distribution
and the dynamics of individuals, species and populations
(Mgller 1995). In the case of an ideal-free distribution, there
is a linear relationship between the resources available in
different habitats and the number of individuals, while ac-
cording to the ideal-despotic model, some individuals do not
settle in areas occupied by dominant conspecifics, thus
avoiding strong intraspecific competition (Fretwell & Lucas
1970). These models however were modified over time, tak-
ing into account the phenotypic differences between indi-
viduals: an ideal-free distribution may still be present when
competitiveness of the individuals is not equal (Meller 1995).
Distribution of birds is primarily determined by habitat
selection (Muller et al. 1997) and birds may choose between
habitats according to the intrinsic attributes of the particular
territory. Intrinsic attributes include vegetation structure, the
quality and quantity of food resources, nesting- and refuge
areas; whilst accessibility and weather conditions belong to
the extrinsic characteristics (Hutto 1985). It was widely ac-
knowledged that animals choose to settle in habitats with
high intrinsic quality, such as areas that provide high re-
source densities, protection from predators and parasites
and hence increase survival, reproduction and growth (Yo-
sef & Grubb 1994). There was less agreement in either theo-
retic or empiric studies about how habitat selection may be
affected by the presence of conspecifics (Stamps 1994).
Choosing the best habitat is the result of diverse decision
processes, influenced by acquired and inherited traits. For
birds, the most important cue is the quality and quantity of
the food resources, and the vegetation structure of the par-
ticular habitat. Habitat selection is also dependent on the
morphology and behaviour of the bird, its ability to find for-
age and refuge, and the structural characteristics and the
nesting and foraging facilities of the habitat (Hildén 1965).

The effect of the factors that determine whether a certain
habitat is appropriate or not is density dependent: in most
cases, the suitability of the habitat decreases with increasing
density of individuals present within (Fretwell & Calver
1969, Fretwell & Lucas 1970).

When the quality and quantity of the resources change
over time and space, animals have to collect information
about their environment to be able to make the most optimal
decisions (Doligez et al. 2002). To evaluate the suitability of
the habitat, individuals may use different physical and inte-
grative signs such as the presence and activity of con-
specifics. However, merely the presence of the conspecifics is
not necessarily a proper indicator of the quality of the envi-
ronment (Danchin et al. 1998).

Habitat preference of certain migrating species might
change following the breeding season (Barlein 1983,
Chernetsov 1998). This could be caused by the change in for-
aging needs: during breeding time, birds essentially have to
feed their offspring with protein-rich nourishment, thus they
reproduce in habitats where food of animal origin can be
found in high densities. After the breeding season, these
conditions are no longer prerequisites, hence those habitats
that had not been appropriate earlier due to the lack of
proper food can be optimal in fulfilling different demands,
such as storing fat as preparation for migration (Saari 1977,
Bilcke 1984).

Among birds it often occurs that individuals nest and
forage at different areas depending on their age. A main rea-
son for this can be the competition for food: dominant adults
push juveniles towards lower quality areas, where the quan-
tity of food is generally less and the risk of predation is
higher (Brotons et al. 2000, Gall et al. 2013).

The spatial segregation of age classes is more likely
when the amount of food is limited, the quality of foraging
areas is varying and when the competitive abilities of
younger and older individuals are different (Sol et al. 2000).
In case of migratory bird species, sex-based habitat selection
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- when male and female individuals forage in different type
of environment during migration and wintering - often oc-
curs (Marra 2000).

The aim of the present study is to compare the age- and
sex-classes of common blackbirds according to their spatial
distribution and habitat-selection. Due to its wide range, the
common blackbird (Turdus merula L., 1758) is a good model
species for investigating spatial distributions. The common
blackbird is a partial migrant throughout much of Europe
(Cramp 1998, Csorgd & Gyuracz 2009), and the most black-
birds ringed in western Hungary spend the winter in Italy
and France (Gyuracz & Banhidi 2008). Age and sex had no
effects on recovery distance in the past decades (Németh
2017). The species used to be most widespread in forest
clearings and wooden areas, while today it can also be fre-
quently seen in agricultural and urban habitats (Cramp 1998,
Evans et al. 2009a,b,c, Ibanez-Alamo & Soler 2010). Based on
the varied habitat choice of blackbirds and the different
quality of habitats our research hypothesises that:

HI1: The spatial distribution of different age and sex-
classes of blackbirds captured during the dispersion and mi-
gration period does not differ.

H2: The wing length, body mass and condition of the
blackbirds captured within habitats of different quality dif-
fer in both periods.

Materials and methods

Study site
The study was carried out at the Témord Bird Ringing Station in

western Hungary (47°21'N 16°40'E), 15 kilometres from Szom-
bathely. There are four natural habitat types around the Témord sta-
tion. (1) Forest (7 ha, 4 mist-nets): broadleaf trees and shrubs show
compact, dense edge vegetation, forming an ecotone community
with turkey oak (Quercus cerris L.) as characteristic plant. (2) There is
large quantity of fruits in the forest shrub (4 ha, 7 mist-nets): the
shrub and herbaceous layer are made up of compact, dense vegeta-
tion, with intermitting small grass patches. The characteristic plant is
the blackthorn (Prunus spinosa L.). (3) Grassland with scrubs (5 ha, 11
mist-nets): represents a transition between the wet habitats of the
swamp and the steppe communities that used to cover the croplands
around the marsh. There are a few shrubs in the grassland with two
small patches of dwarf elder (Sambucus ebulus L.). The grassland is
not managed. (4) Marsh (6 mist-nets): a small (6 ha) permanent and
isolated wetland. The characteristic plant is reedmace (Typha latifolia
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Data collection and analysis

The birds were captured and ringed from 2001 to 2015. Bird ringing
took place during the postfledging period (dispersion and migration
period) between the last weekend of July and the first weekend of
November. The juvenile birds become independent of their parents

and disperse in any direction from their natal sites before the end of
August. The dispersion is followed by the autumn migration, which
is a regular, seasonal return movement (Newton 2011). On average,
autumn migration period of the blackbirds started in early Septem-
ber and the end until mid-November at Témord (Gyuracz et al.
2017). We used 28 numbered Ecotone mist-nets (12 meter long and
2.5 meter high with 5 shelves and a mesh size of 16 mm) for trapping
(Fig. 1). Birds were captured from dawn to dusk, except for rainy
and stormy days when the nets were closed. All birds were ringed,
sexed and aged according to Svensson (1992). First-year birds that
hatched in the year of ringing were defined as juveniles, while all
older birds were defined as adults. Flattened maximum wing length
was measured to the nearest millimetre using a graded wing-ruler,
and birds were weighed to the nearest 0.1 g (using a digital balance).
The fat reserves (fat score) were estimated visually according to the
SE European Bird Migration Network protocol (Busse & Meissner
2015) - ranging from 0 (no fat) to 8 (bulging fat). A total of 6502
blackbirds were marked (616 adult males, 703 adult females, 2763 ju-
venile males, 2420 juvenile females). The wings of the adults were
not measured due to feathering, so only the young birds are in-
cluded in biometric analyses.

Spatial distribution
The captured birds are considered static organisms, we calculated

for all age- and sex-classes the corrected number of capture (CC =
number of captures in a habitat/number of nets in a habitat) and the
dispersion index according to habitat (DI=s?> (variance)/CC per
number of habitat) for both the dispersion and the migration period.
We used t-tests to determine the deviation from random spatial dis-
tribution of different age- and sex-classes. The distribution is consid-
ered random if -1.96 < t < +1.96, clustered if t > +1.96 and uniform if t
<-1.96 (Wheater et al. 2011).

Non-metric multidimensional scaling (NMDS) based Bray-
Curtis similarity was used for habitat composition of age- and sex-
classes in both periods, because this method does not assume a linear
data structure. The points representing the objects (age and sex
groups in both periods) were arranged in two dimensions so that the
order of the distances between them is as close as possible to the or-
der of the differences between the individuals captured in the habitat
types of the objects. We set the goodness of fit to stress value ST=0.05
(Digby & Kempton 1987).

Habitat selection and biometrical data

For the determination of the wing length, body mass and condition
(fat score with Poisson error distribution) which influenced period,
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sex and habitat, we applied a general linear model. We applied
Kruskal-Wallis test and Mann-Whitney U test with Bonferroni ad-
justment on the pairwise comparison of wing lengths, body masses
and fat scores of birds captured at different habitat types (Fowler &
Cohen 1992). We set the significance level to P=0.05. All statistical
analysis was conducted in the program Past (Hammer et al. 2006).

Results

Spatial distribution

The spatial distribution of every age- and sex-class of the
captured individuals was random during the dispersion pe-
riod: clustering was lower at certain habitat types and distri-
bution of birds was more uniform than during migration
(Table 1). Comparing the age- and sex-classes based on the
results of the NMDS, we found that in the postbreeding pe-
riods the spatial distribution of juvenile and adult blackbirds
was similar (Fig. 2a), while the distribution of males and fe-
males was different (ST=0.00, Fig. 2b). Based on the capture
distributions in different habitats, captured individuals of
every age- and sex-class showed clustered distribution dur-
ing the migration period (t >+1.96, Table 1). Males were cap-
tured in a higher proportion (% of all catches) in the forest
independent of their age. Juvenile and adult females also
clustered in the heterogeneous grassland in substantial pro-
portions, while males were found in a smaller proportion in
the grassland than in the forest both in the dispersion and
migration periods. The marsh habitat attracted much less
birds in both periods (Figs 3 and 4).

Biometrical data

The wing length, body mass and the fat score of both sexes
were not significantly associated with habitat types during
dispersion (Table 2). Neither the average wing length and
body mass, nor the fat scores differed significantly in the
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case of juvenile males captured in the four habitat types dur-
ing dispersion. Similarly, there was no significant difference
in the case of females (Table 3, Kruskal-Wallis test p>0.05,
Manny-Whitney U test and Bonferroni correction p>0.05).

In the period of migration, the wing length and body
mass of both sexes were significantly associated with habitat
types, while the condition of birds was not (Table 2). The
average wing length of juvenile males captured in the marsh
was significantly smaller than of those captured in the other
three habitats (Table 3, Kruskal-Wallis test H=7.39, p<0.05,
Manny-Whitney U test and Bonferroni correction p<0.05),
while the average wing length of the females did not differ
significantly over the four habitats (Kruskal-Wallis test
H=7.05, p>0.05, Manny-Whitney U test and Bonferroni cor-
rection p>0.05).

The average body mass of juvenile males captured in the
forest and in the shrub area did not significantly differ, and,
alike, females caught within these two habitats were of simi-
lar body mass. On the other hand, body mass of males and
females captured in the forest and in the shrubs was signifi-
cantly larger from those individuals that were captured in
the grassland and the marsh (Table 3, male Kruskal-Wallis
test H= 36.08, p<0.01, Manny-Whitney U test Bonferroni cor-
rected p<0.01, female Kruskal-Wallis test H= 35.88, p<0.01,
Manny-Whitney U test Bonferroni corrected p<0.01). The fat
scores of juvenile males and females captured in the four
habitat types did not notably differ in the migration period
either (Table 3, Kruskal-Wallis test male H=0.75, female
H=1.39 Manny-Whitney U test Bonferroni corrected p>0.05).

Discussion

The common blackbird is known for extremities in its habitat
selection, however, in certain periods, it shows an obvious

Table 1. The corrected number of capture (CC), minimum and maximum
corrected captures, densities (mean capture per habitat), medians, vari-
ances, dispersion indices (DI) and t values of age- and sex-classes in the
dispersion and migration period according to habitat Abbreviations: AM
= adult male, JM = juvenile male, AF = adult female, JF = juvenile female.

M JE AM AF

Dispersion period
CcC 293 231 47 50
Min 6 4 1 1
Max 20 1 3 2
Mean 11.56 8.57 1.85 1.78
Median 10 9 2 2
Variance 36.56 11.24 0.96 0.16
DI 3.16 1.31 0.52 0.09
t-value 1.24 0.18 0.23 0.52

Migration period
ccC 2470 2189 569 653
Min 24 26 3 8
Max 161 113 39 31
Mean 93.06 80.34 21.48 23.40
Median 94 91 22 27
Variance 3120.95 1539.51 219.22 117.60
DI 33.54 19.16 10.21 5.03
t-value 18.80 10.49 5.32 2.32
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Figure 2. Ordination (NMDS) of age- (a) and sex-classes (b) based on habitat type composition by Bray-Curtis similarity. Abbreviations:
AMD = adult male during disperSion, AMMg = adult male during migration, JMD = juvenile male during dispersion, JMMg = juvenile

male during migration, AFD = adult female during dispersion, AFMg = adult female during migration, JFD = juvenile female during

dispersion, JEMg = juvenile female during migration.
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Figure 3. The percentages of captured birds per habitats during the
dispersion period. Abbreviations: AM = adult male, JM = juvenile
male, AF = adult female, JF = juvenile female.

preference for particular habitats (von Dem Bussche et al.
2008). Our results suggest that neither age nor sex-classes of
blackbirds cluster in particular habitats during the disper-
sion period, thus, we accept our first hypothesis (H1): the
distribution of the birds during dispersion can be explained
based on the ideal-free distribution model (Fretwell & Lucas
1970). The reason of this might be that the autumn migration
has not yet started, thus, there is no need for gaining rapid
fat reserves, there is no strong competition for resources and
every individual moves around the habitat patches with
equal chances. The quality and quantity of food resources
provided by the various habitats do not differ greatly in this
period. Neither the shrubs nor the forest produce many
fruits rich in sugar that would be important in terms of en-
ergy storage.

The quantity and quality of food is essential for migra-
tory birds before and during their migration, as this is com-
pulsory for accumulating a sufficient amount of fat for the

Figure 4. The percentages of captured birds per habitats during the
migration period. Abbreviations: AM = adult male, JM = juvenile
male, AF = adult female, JF = juvenile female.

long route (McWilliams et al. 2004). Intraspecific competition
for limited food sources and safe shelters is one of the most
important factors influencing the density and distribution of
individuals. In our study site, the autumn migration of the
blackbird starts in early September (Gyuracz et al. 2017),
when the competition between individuals for food and
shelter becomes more intensive in order to secure a fast fat-
tening. Aggression between individuals and preventing
other individuals from accessing resources are frequently
observed in blackbirds during this period (Cresswell 1997).
It is acknowledged that blackbirds prefer dense forests and
scrub that offer better conditions in terms of both food and
refuge than open areas or marshes (Hatchwell et al. 1996,
von Dem Bussche et al. 2008, Gyurécz et al. 2012). In our
study area, the majority of males clustered in the forest and
in the heterogeneous grassland, independent of their age.
Based on these, we also accept our first hypothesis (H1) in
case of age classes.



Table 2. Results of the general linear model test with wing length, body mass and fat score of
Common Blackbirds at Tomord, western Hungary as dependent variables and period, habitat and
sex of birds as independent variables (factors)

. Coeff. SE t P
Variables Factors
Dispersion period
. Habitat 0.02 0.16 0.10 0.92
Wing length
Sex -3.49 0.32 -11.01 0.00
Habitat -0.41 0.31 -1.33 0.18
Body mass
Sex -0.98 0.62 -1.58 0.12
Habitat 0.03 0.04 0.67 0.50
Fat score
Sex 0.16 0.08 2.02 0.04
Migration period
Habitat -0.15 0.06 -2.46 0.01
Wing length abra
Sex -3.58 0.10 -34.52 0.00
Habitat -0.88 0.12 -7.23 0.00
Body mass
Sex -1.95 0.21 -9.38 0.00
Habitat -0.01 0.02 -0.39 0.70
Fat score
Sex 0.04 0.04 1.08 0.28
Dispersion and migration period together
Period 0.54 0.17 3.23 0.00
Wing length Habitat -0.13 0.06 -2.27 0.02
Sex -3.57 0.10 -36.25 0.00
Period 4.20 0.33 12.59 0.00
Body mass Habitat -0.82 0.11 -7.25 0.00
Sex -1.86 0.20 -9.43 0.00
Period 0.62 0.06 9.91 0.00
Fat score Habitat 0.00 0.02 -0.22 0.83
Sex 0.05 0.04 1.45 0.15

Table 3. Mean wing length, body mass and median fat scores of juvenile males and females captured in
the four habitats during dispersion and migration periods. Abbreviations: M = male, F = female,

SD = standard deviation, SE = standard error, N = number of birds

Forest Shrubs Grassland Marsh
Dispersion period

Wing length (mm)  M/F mean 126.94/122.96  125.77/122.61 126.57/123.42 126.68/122.73
M/F SD 3.16/2.31 3.41/3.23 2.81/2.98 2.98/3.08
M/F SE 0.43/0.45 0.50/0.48 0.35/0.41 0.56/0.65
M/FN 54/27 47/46 65/53 28/22

Body mass (g) M/F mean 86.95/82.78 84.67/85.74 84.01/83.28 85.47/84.51
M/F SD 4.71/5.63 6.78/5.30 5.54/5.91 6.14/6.03
M/F SE 0.64/1.04 0.87/0.79 0.70/0.81 1.17/1.29
M/FN 54/29 60/45 63/53 27/22

Fat score M/F median 1/0 1/1 1/1 1/0
M/FN 54/29 49/48 65/52 28/22

Migration period

Wing length (mm)  M/F mean 127.22/123.80 127.13/123.27 127.02/123.53  126.15/123.38
M/F SD 3.09/2.99 2.93/2.86 3.14/2.94 3.21/3.22
M/F SE 0.15/0.17 0.11/0.12 0.14/0.13 0.32/0.31
M/FN 437/314 768/600 528 /537 100/105

Body mass (g) M/F mean 90.54/88.81 90.48/88.4 89.06/87.03 87.91/86.58
M/F SD 5.78/6.16 6.39/6.06 5.87/6.27 5.96/5.75
M/F SE 0.28/0.35 0.24/0.26 0.26/0.27 0.60/0.56
M/FN 424/311 747/550 521/538 98/107

Fat score M/F median 1/1 1/1 1/1 1/1
M/FN 429/312 759/598 522/538 80/106
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We are aware of different capture probabilities of black
bird males and females, as previous studies (Amrhein et al.
2012, Lovasz et al. 2017) reported that the probability for
capturing a male is about double as high as for a female. In
the present study, we compared different habitats, and we

assume that differences in capture probability between sexes
are similar in the different habitats so that the overall ratio of
males and females is not strongly influenced by habitat.
Aggregation of male blackbirds in the forest during mi-
gration might refer to ideal despotic spatial distribution of
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the birds; this was shown also in the case of the Eurasian jay
(Garrulus glandarius L. 1758, Andrén 1990). Like the common
blackbird, the jay is also a territorial species, and it shows
strong preference towards forests; however, in the case of
the jay, this distribution model is more dependent on age
than on body size. The spatial distribution of the age classes
of blackbirds was similar during the migration period,
which might refer to a more intensive competition between
males and females than between young and adults. The in-
tensive competition between the sexes could result in a
higher spatial division of the sexes. This can be called sex-
based habitat preference: males and females can be found in
different proportions in different habitats and utilise the re-
sources differently. Sex-based habitat preference is a phe-
nomenon that can be observed among many migratory bird
species outside the breeding season (Marra 2000). The main
reason for this is the different social status of the individuals,
which determines the accessibility of the resources, thus hav-
ing a direct effect on survival and the success of migration.
In general, social status is defined by sex, age, body size and
condition; hence males, adults and larger individuals are
more dominant, they can push out females and/or younger
individuals from the preferred areas. Social status may be
changing season by season; differences in social status be-
tween adults and juveniles may disappear as individuals
mature and become more experienced (Arizaga & Bairlein
2011, Jankowiak & Wysocki 2016). Based on our results, we
assume that male blackbirds with longer wings and larger
body size had better access to limited resources (food, shel-
ter). Larger young males were shown to have higher chance
for being paired (Jarska et al. 2015).

Thus, areas in the shrubs and the forest were occupied
by individuals with higher competitiveness. As it was
shown earlier (Holmes 1986, Marra 2000), these more com-
petitive individuals were the larger males, while females
with smaller body size and subdominant males were more
likely to occupy areas in the lower quality marsh and grass-
land during the autumn migration period. The biometrical
data of birds captured in different habitats were similar dur-
ing dispersion, so we assume that there was only a weak
competition between them during this period. We found dif-
ferences between habitats for body mass and wing length,
but we did not find differences regarding fat storage. There-
fore, we can only partially accept the second hypothesis
(H2). The relatively low fat score indices that showed no
significance in either of the investigated periods might indi-
cate that our study area is rather a resting and refuge site for
most of the migrating blackbirds, and only a few - mainly
male - individuals were capable of increasing their migra-
tory fat storage from the fruits in the shrubs (Gyurdcz &
Banhidi 2008). Consistent with our results, higher competi-
tiveness of males had also been explained by their higher
body mass gain compared to females in a stopover site
(Cresswell 1998).

Our results suggest that in an area which is safe and rich
in nutrients, more dominant, larger males with higher com-
petitiveness cluster and occupy territories temporarily, while
weaker individuals are pushed to habitat patches of lower
quality, like the heterogeneous grassland and the marsh in
our case. We suggest that for the conservation of blackbirds
and species with similar feeding and migrating strategy, the
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long term maintenance of shrub habitats is of indispensable
importance. As migration strategy and habitat selection of
birds is changing over time, particularly in association with
ecological factors such as climate change and light pollution,
continued bird ringing is important even for common spe-
cies.
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