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Unusual migratory behaviour in a newly established
subpopulation of Whooper Swan (Cygnus cygnus)
breeding in the highlands of Poland
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The migratory behaviour of a subpopulation of Whooper Swans breeding in highlands of
southern Poland was studied over a 17-year period, from 1997 to 2013. Birds ringed in
their breeding area spent winters and moulting periods in the vicinity of their natal sites,
and the mean distance between breeding area and wintering sites was only 149.1 £ 11.7
km. Moreover, 57.0% of all winter re-sightings were obtained within 100 km of the study
area. There was an increase in winter site fidelity by individual Whooper Swans over their
life-time (R*=0.09, p = 0.019), reflected by a linear decrease in the distance travelled be-
tween two consecutive winters (B =—0.22 + 0.09). We did not find any association be-
tween winter severity and the birds’ migratory behaviour, neither in the distance travelled
nor the location of winter recoveries. The mean distance between the study area and the
moulting site was 142.7 + 34.6 km and c. 66.6% of ring re-sightings during the moulting
period were within 100 km of the study area. During autumn many immature birds were
observed close to their parents’ breeding territory and this could help them reunite with
parents or siblings from other seasons. The apparent reduction of migratory behaviour
compared with representatives of northern populations indicates behavioural plasticity in
the Whooper Swan, which may facilitate further southward expansions of the species.

1. Introduction

Over the decades, trends in the populations size of
European birds has varied due to the influence of
various factors, such as climate changes (global
warming), habitat fragmentation, human activity
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(hunting, tourism) or changes in agricultural prac-
tices (e.g., Holmes & Sherry 2001, Fox ez al. 2005,
Poysa ef al. 2013, Carrascal et al. 2014). One bird
species that has shown a considerable population
size increase over the last few decades is the
Whooper Swan (Cygnus cygnus; Brazil 2003),
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whose breeding range was traditionally confined
to Iceland, north-east Europe and northern Asia
(Cramp & Simmons 1977). Hunting depleted the
breeding population in many European countries
during the late 19" century (Brazil 2003), and by
the early 20" century breeding pairs in the main-
land Europe were confined to remote parts of Nor-
way, Sweden and Finland (Myrberget 1981,
Nilsson et al. 1998). Legal protection since the
mid 20" century has resulted in a recovery of po-
pulation size and the recolonisation of previously
occupied areas (Haapanen 1991, Brazil 2003).
Winter and summer counts revealed that the
Fennoscandian/northwest Russian breeding popu-
lation doubled its size between 1974 and 1993
(Brazil 2003). At the same time, breeding pairs ap-
peared along the Baltic coast in Estonia, Latvia,
Lithuania and Germany (e.g., Profus 1999, Luigu-
6je et al. 2002, Butkauskas et al. 2012, Boiko et al.
2014).

The first pair reported breeding in Poland was
observed in 1973 (Sikora et al. 2012). Initially ter-
ritories were established in parts of the country: the
Silesian fish farms and the Podlasie lowlands, in
areas traditionally used by Whooper Swans during
the autumn and spring migration from north-east
to western Europe. Numbers breeding in Poland
increased rapidly to 80-90 pairs over the next 30
years, with breeding pairs recorded at sites across
the northern and western part of the country
(Sikora et al. 2012). The first Whooper Swan pair
to nest in the highlands of Poland, recorded found
in 1997, probably reflected an extension of the
breeding range for the increasing number of pairs
nesting in Silesia (Czyz & Wozniak 1998). A total
of 18 breeding pairs now nest in the Polish high-
lands (Dudzik et al. 2014; unpubl. data).

The Whooper Swan is a migratory species,
with distinct breeding and wintering grounds, and
the annual return migration can take up to four
months of the year (Brazil 2003). Birds breeding in
northern Europe and the European part of Russia
spend the winter in continental Europe (Laubek et
al. 1998, Luigudje et al. 2002), with the newly-es-
tablished populations on the eastern part of the
Baltic coast similarly undergoing long distance
autumn and spring migrations. For example, birds
breeding in Latvia spend the winter in Germany
and are estimated to cover over 800 km during mi-
gration (Boiko & Kampe-Persson 2011). Little is
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known, however, about the migratory behaviour
of birds from the southernmost parts of their bree-
ding range.

Climate can have a strong effect on the behav-
iour and annual cycle of avian species, especially
those frequenting in the boreal zone (Carey 2009).
The short but intense period of vegetation growth
at high latitudes is regarded as a main factor under-
lying migratory activity and the timing and dura-
tion of the breeding season for species wintering in
a temperate climate (Drent et al. 2003, Klaassen
2003). Birds have to schedule their arrival and de-
parture time precisely because the period in which
breeding can occur is very short (Jensen ef al.
2014, Nuijten et al. 2014).

Moreover, they have to travel considerable
distances in order to find appropriate conditions
for wintering. Species/individuals which breed in
the temperate zone are not time-constrained in this
way. The period of suitable weather conditions
and an abundant food supply is sufficient to fulfil
the requirements of growing juveniles. Winters
can be mild and allow birds to reduce the migra-
tory distance, staying in close proximity to their
breeding territories. Resident individuals save on
the energy demands of a long-distance flight but
may be subjected to higher predatory pressure and
intraspecific competition during winter. These dif-
ferent environmental conditions may result in a
change in the behaviour of individuals occupying
the southern edge of the species’ home range.

Observations made of Whooper Swans bree-
ding in central Europe provide an opportunity to
test this scenario. Birds occupying territories in
southern Poland have to face different environ-
mental conditions than individuals nesting in arc-
tic and sub-arctic regions. The aim of our study
was to determine whether breeding in the temper-
ate zone influences the location of wintering and
moulting sites for Whooper Swans nesting in
southern Poland. We investigated whether indi-
viduals adjust their migratory distance in relation
to local weather conditions, and if this modified
migratory behaviour was continued over the bird’s
life-time. We also assessed whether swans from
our study area used different moulting and winter-
ing sites to those used by Whooper Swans bree-
ding further north. Re-sightings data (date and lo-
cation) recorded for neck-banded individuals from
1997-2013 inclusive were used in the analyses.
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2. Material and methods

Observations were made of 18 breeding pairs and
their offspring, located in a 8,740 km’ study area in
the highlands of Poland (Fig. 1). Whooper Swans
in the region established their breeding territories
on fish farms of different sizes (40—100 hectares),
at least partially surrounded with forests (Dudzik
etal. 2014). From 1997 onwards, we recorded the
annual breeding success of each pair, and also at-
tempted to ring all fledged cygnets and breeding
pairs within the study area. In total, 79 cygnets (46
males, 29 females, 4 non-sexed individuals) and 5
adult breeding birds (3 females) from 10 territories
were ringed between 1997-2013 (Fig. 1). Of
these, 96% of the cygnets and all of the adults were
marked with neck collars. Between August 1997
and November 2013 we collected 1983 recoveries
from 73 individuals. All recoveries, which were
made by different observers, came from the Polish
Ringing Centre database.

In order to analyse annual variation in
Whooper Swan movements, the recovery data
were grouped into six distinct time periods reflect-
ing the different stages of the swans’ annual cycle,
based on extensive field observations carried out
by Dudzik et al. (2014) in southern Poland: spring
migration (months III-1V), onset of breeding and
pre-moulting (V—VI), moult (VII-VIII), pre-mi-
gratory (IX), autumn migration (X—XI) and win-
tering period (XII-II). Our analyses thus focused
on four distinct parts of the year connected to mi-
gratory behaviour: spring and autumn migration,
moult and wintering time. In order to avoid bias
caused by some sites having more observers than
others, only one observation of an individual swan
per location was used for each time period each
year. Using this approach, we obtained a dataset of
898 location records from 73 individuals (68 cyg-
nets and 5 adults, Table 1). Most of the data were
from sightings of neck-collared birds (97.1%),
while only a small proportion was obtained from
swans ringed with metal rings (2.5%) and from
dead birds (0.4%).

Three values were recorded to describe each
sighting or recovery: the geographical coordinates
of the site, distance from the ringing site and the
angle of movement between ringing and sighting
locations. The direction and distance of movement
was calculated from the geographical coordinates
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using the loxodromic formula (Imboden &
Imboden 1972). All distance values were log-
transformed to improve normality. The mean loca-
tion of the wintering/moulting grounds for the
subpopulation of swans from southern Poland was
calculated as the means from coordinates of partic-
ular re-sightings (Bairlein 2001). Only one obser-
vation was used to describe the location of a family
group on calculating mean coordinates of the win-
tering site (i.e. repeat sightings of siblings/mates
were omitted) because Whooper Swan cygnets
usually remain with their parents throughout their
first winter (Brazil 2003). In our study, for 69.8%
of first winter birds, the swans’ parents and/or sib-
lings (if any) were also recorded in the same winter
flock. Taking just one location measure per pair or
family group was necessary to avoid any biases
arising from differences in family size and the
number of cygnets marked in each family. Moult-
ing site location was based on data collected from
non-breeding birds because breeders generally
moult within their breeding territory (n = 37). In
order to check whether birds adjust the distance to
the wintering grounds according to local weather
conditions, we used three variables describing
winter severity based on weather data obtained
from the Kielce Meteorological Station, which is
situated within the study area. The following vari-
ables were used: mean winter temperature (XII—
1), the NAO index for winter months and the in-
dex of winter severity (Eq. 1) calculated using the
formula proposed by Meininger ef al. (1991).

V'=0.000275 x V' +0.667 x ij+ 1.111 xz (1)

V —winter severity index

v— number of frost days (with minimum tempera-
ture below 0°C)

ij — number of ice days (with maximum tempera-
ture below 0°C)

z— number of days with harsh climate conditions
(with maximum temperature below —10°C)

In circular statistical analyses (angle of migration)
we followed Batschelet (1981) and used Oriana
4.0. software. Statistical methods for linear vari-
ables (distance of migration) were based on Zar
(1996) and the analysis was performed using
STATISTICA ver. 10.0 software (StatSoft 2011).
All values are presented as means + SE.



Dudzik et al.: Unusual migratory behaviour of Whooper Swans 207

Fig. 1. Distribu-
tion of the re-
sighings from
wintering (a) and
moulting (b) peri-
od of Whooper
Swans ringed in
the highlands of
southern Poland
(1 — study area,
2 — re-sightings,
3 —mean loca-
tion of winter-
ing/moulting re-
sightings, 4 —
breeding territory
where birds were
ringed, 5 — bree-
ding territory
without ringing
activity).
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3. Results
3.1. Wintering grounds

The mean location of wintering grounds for the lo-
cal population was situated in south-western Po-
land (51°29°N, 17°56’E; Fig. 1a). The mean value
of the distance travelled between the study area
and wintering grounds was 149.06 + 11.74 km.
The vast majority of winter records (91.7%) were
collected within Poland but reports were also re-
ceived from Germany (6.5%), Hungary (1.4%)
and The Czech Republic (0.4%). Overall, 57.0%
of observations were collected within 100 km of
the study area. The mean angle of movements be-
tween study area and wintering grounds was
307.86° and the direction of movements was not
randomly distributed (Rayleigh test: Z=29.741, p
<0.001), with birds moving mainly in a north-west
direction. A comparison of the winter locations for
birds observed over several consecutive winters
showed that 57% of individuals wintered within
50 km of the wintering site from the previous year.
Data obtained from birds ringed as nestlings (n =
57) indicated that winter site fidelity increased
with the life-span of a bird (linear regression: R°=
0.09, p = 0.019), and that there was a linear de-
crease in the difference between the locations of
two consecutive wintering sites (regression coeffi-
cient: f=-0.22 +0.09, Fig. 2). Winter conditions
during the study were variable, with mild weather
(mean winter temperature above 0.0°C, in 5 sea-
sons) and severe weather (mean temperature be-
low —2.0°C, in 5 seasons) recorded during the
course of the study. However, none of the winter
severity variables influenced the distance between
the ringing and winter resighting locations (multi-
ple regression: R’=0.02, p=0.12). Moreover, the
index of weather severity did not appear to have a
significant effect on the latitude of the wintering
site used by a swan or family group each year (lin-
ear regression: R°= 0.0009, p = 0.74).

3.2. Moulting grounds

The mean location of moulting sites used by birds
ringed in the highlands of southern Poland was
51°16° N, 18°14° E (Fig. 1b), and the mean dis-
tance between ringing and moulting sites was
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Fig. 2. Differences in wintering distance covered by
birds in two consecutive winters among different
age classes of Whooper Swans from highlands of
southern Poland.

142.7 +34.6 km. However, 66.6% of observations
during the moulting period were made within 100
km of the study area. Re-sightings during the
moult time were not randomly distributed around
the study area (Rayleigh test: Z = 6.465, p =
0.001), with birds observed mainly to the north-
west of the ringing site (mean degree of migration:
309.28°) at this time. Only two individuals
moulted in the northern part of the species’ home
range: one male (3R07) in southern Finland —
1,063.0 km from the study area and another male
(3R03) in western Latvia — 657.6 km from the
study area. In the following season, the latter
(3R03) moulted in the place situated in south-
eastern Hungary — 520.9 km from the study area
and 1,088.0 km from the previous moulting site.

3.3. Autumn and spring migration

The mean distance of autumn recoveries from the
study area for swans resighted or recovered in au-
tumn was 26.2 + 5.75 km in October and 136.6 +
18.6 km in November. In both months the majority
were within 100 km of ringing site (92.5% in Oc-
tober, 65.3% in November). Birds originally
ringed as cygnets were often observed close to
their natal area in autumn, prior to moving to the
wintering grounds: 36% of the sightings recorded
for non-breeding birds in October—November
each year found that the birds were within 30 km
of'the site where they hatched. This behaviour was
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Fig. 3. Percentage of individuals that underwent mi-
gration to their natal area before winter migration
(black bars) among different age classes of
Whooper Swans from southern Poland.

observed in swans of all age classes from the 2™ till
the 5" calendar year of life (Fig. 3). Moreover,
birds were often seen with other family members
(parents or siblings from the same or different
years); such associations were noticed in 34% of
autumn observations. Swans resighted in the
spring were also mainly found close to the study
area, when the mean distance between the ringing
and resighting sites was 61.4 £+ 17.2 km in March
(i.e. at the start of spring migration) and 74.1 +
18.7 km in April (i.e. once spring migration was
more advanced). When excluding one record from
bird that was observed in northern Europe the
mean distance for April was 59.3 + 11.3 km.
Moreover, 83.9% of re-sightings were collected
within 100 km of the study area in March and
85.4% in April.

4. Discussion

Our analyses found that Whooper Swans from the
highlands of southern Poland wintered close to
their breeding grounds. The mean distance be-
tween the breeding areas, where the swans were
ringed, and the sites where the birds were observed
in winter is very short in comparison with migra-
tion distances recorded for swans breeding at
higher latitudes (Rees et al. 1997, Boiko &
Kampe-Persson 2011). Indeed, the observed mi-
gratory distance (150 km) could be treated as a lo-
cal movement, possible to travel in less than one
day (Rees et al. 2002). The reduced migratory be-
haviour can be advantageous. Birds reducing mi-
gration distance can save energy and avoid risk of
death by not prolonging the flight. They benefit
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from familiarity with local conditions: food re-
sources, a suitable roosting place or the level of
predation (Newton 2008). They can also stay close
to their breeding territory and take advantage of
the early arrival in spring (Kokko 1999). Some as-
pects of species biology predispose Whooper
Swan to increased sedentary behaviour. Whooper
Swans use arable land for feeding in winter and
take advantage of nutritious winter crops (Rees et
al. 1997). Unlike Mute Swans (Cygnus olor) or
dabbling ducks, they do not depend on access to
water plants during the winter months, when they
use water bodies mainly as a night-time roost and
also to escape from predators (Laubek et al. 1999).
The climate in the south of Poland helps the birds
to reduce their migratory activity. Rivers freeze
only during severe winters and are surrounded by
arable fields suitable for feeding. The fish farms
also provide a possibility of sleeping and feeding
till late autumn. Birds have to move further west
only after long periods of harsh conditions. Evi-
dence for the proposed scenario is provided by the
lack of a correlation between the winter severity
and the distance travelled for our study birds,
whereas this was detected in the fully migratory
populations of northern Europe (Boiko & Kampe-
Persson 2011).

The winter site fidelity found in our study is
commonly observed in waterbirds, swans in par-
ticular (Rees 1987, Robertson & Cooke 1999). As
mentioned above, individuals benefit from spend-
ing winters in a familiar place. The winter period
causes significant mortality in swans (Brown et al.
1992); thus overwintering at high-quality sites can
considerably increase their survival rate. Addi-
tionally, wintering in suitable areas can help birds
to find conspecifics in a good state of health and to
mate with high quality individuals (Heitmeyer
1995). This is especially important for those wa-
terfowl species in which pair formation occurs on
the wintering grounds (Anderson ef al. 1992). The
experience from the previous wintering seasons
can promote the increased site fidelity to wintering
sites observed in our study. In the majority of spe-
cies, immature individuals show a higher level of
migratory behaviour in comparison with adult
birds (Greenwood & Harvey 1982). They try to
explore different areas in order to find suitable
wintering grounds for the future and avoid to intra-
specific competition. Adult individuals reduce
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Table 1. Number of re-sightings obtained in years 1997-2013 from Whooper Swans ringed in highlands of

southern Poland for each period of the annual cycle.

Period of year Observations

Individuals observed

Seasons observed
(range; mean)

Spring migration (IlI-1V) 147
Pre-moulting period (V-VI) 121
Moult (VII-VIIT) 88
Pre-migratory period (IX) 106
Autumn migration (X-XI) 206
Wintering period (XII-I1) 230

46 1-10; 2.78
38 1-4;2.15
21 1-6; 1.79
56 1-5; 1.84
62 1-8; 2.40
53 1-10; 3.01

their own exploratory behaviour as they have ex-
perience from the previous wintering seasons. As
a consequence, the increased site philopatry is ex-
pected in older age classes, compared with imma-
ture birds. In the case of swans and geese, philo-
patry to wintering grounds can be strengthened by
the extended parental care in this group of birds.
Young birds accompanied by their parents obtain a
higher social status in wintering flock than solitary
individuals (Kotrschal et al. 1993). They get ac-
cess to food-rich patches and are exposed to lower
aggression level (Klaassen ef al. 2006). The pro-
longed parental care can be beneficial even in
older age classes as the whole family has a higher
chance to win in social interactions due to the posi-
tive effect of its size. In our study, we observed
some evidence for extended parental care as a
large proportion of the re-sightings of non-breed-
ers from autumn migration were done in the area
close to their birth place. Moreover, birds were ob-
served with their parents or siblings. Conse-
quently, they can reunite with their parents and
spend winter together as enlarged family groups
(Robertson & Cooke 1999).

Birds from the studied population moult in the
areas close to their natal place. Notably, they gen-
erally do not mix with the representatives of north-
ern populations during the moulting period. Local
conditions allow birds to moult in shallow fish
ponds with well-developed reed belts that provide
abundant food source and shelter during the non-
flight period. Moulting close to the birth place is a
new finding for the Whooper Swan. For example,
birds breeding in Latvia moult mainly outside the
country, up to 1,455 km from the birth place
(Boiko & Kampe-Persson 2012). Swans from
southern Poland are, to a certain extent, isolated
from birds breeding at high latitudes, however

some individuals join their northern counterparts
and move north for moulting (two re-sightings
from northern Europe). Although Whooper Swans
from the highlands of Poland contact with the
“northern” individuals during both migration and
wintering, the existing isolation may reduce gene
flow between both populations. The proposed sce-
nario can be supported by the presence of the pair
consisting of siblings from two consecutive bree-
ding seasons, observed within the study area
(Dudzik et al. 2012).

To conclude, our results show that birds from
the southernmost subpopulation of Whooper
Swan, living on the edge of the species range,
exhibit different migratory activity in comparison
with representatives of northern populations. Indi-
viduals spend winter and moult in close proximity
to their birth place. The majority of them did not
move significant distances during the study peri-
od. All observed behavioural adaptations to warm-
er climate can facilitate the range expansion of the
species to the south. On the other hand, the re-
duced migratory behaviour can have a negative ef-
fect in terms of mate choice and genetic isolation
of newly established subpopulation. Moreover,
nearly year-round presence of new species can
cause a conflict with other waterfowl (Mute Swan)
and humans (crops damage). The Whooper Swan
wins in territorial conflicts with the Mute Swan,
replacing it in suitable habitats (Butkauskas et al.
2012). However, in Poland the competition for ter-
ritories can be reduced as Whooper Swans still
avoid areas with intensive human activity and
breed in more remote waterbodies than Mute
Swans (Sikora et al. 2012). Feeding on fields can
become a significant problem in the near future as
the number of residential birds will most probably
increase.
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Puolalainen laulujoutsenpopulaatio
on lyhentinyt voimakkaasti
muuttomatkaansa

Tutkimme laulujoutsenten muuttokéyttdytymisti
Eteld-Puolan ylidngo6lla sijaitsevassa osapopulaa-
tiossa vuosina 1997-2003. Pesiméalueillaan ren-
gastetut linnut viettivét niin talvet kuin sulkasaton-
sa ldahelld syntyméseutujaan. Pesimé- ja talvehti-
mispaikan vélinen etdisyys oli keskimdérin vain
149,1 = 11,7 km ja 57,0 % kaikista talviaikaisista
havainnoista oli alle 100 km etiisyydelld pesimé-
alueesta. Tutkimusjakson aikana laulujoutsenyk-
silot lyhensivdt muuttomatkaansa keskiméarin
0,22 £ 0,09 km vuodessa. Lintujen muuttoetdisyys
tai talvisten havaintojen sijoittuminen ei kuiten-
kaan ollut yhteydessa talven ankaruuteen. Keski-
madrdinen etdisyys pesimi- ja sulkasatopaikan vé-
lilla oli 142,7 + 34,6 km ja noin 66,6 % sulkasato-
vaiheen rengashavainnoista oli 100 km sislld pe-
simdalueesta. Syksylld esiaikuisia lintuja havait-
tiin yleisesti lahelld vanhempiensa pesiméaaikaisia
reviirejd. Ilmeinen muuttokdyttdytymisen heik-
keneminen verrattuna pohjoisempiin laulujout-
senpopulaatioihin kielii kyseisen kayttaytymis-
piirteen joustavuudesta. Tama vuorossaan saattaa
edesauttaa lajin levittdytymisté etelddn.
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