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This paper describes the breeding perfo rm ance o f the Mute Swan in centra l 
Poland. Population size, p roductiv ity  and possib le factors a ffecting  hatching  
success are discussed. D uring a fou r-yea r s tudy ¡1997-20001, between 75- 
101 breeding pa irs  were found w ith in  the study area. Fishponds were the 
hab ita t m ost frequen tly  used by swans in a ll seasons, and birds p re fe rred  
sm a ll w a te r bodies [5 -25ha l to large ones (>25haJ. The mean c lu tch size was 
6.02 eggs, and the average num ber o f cygnets fledged p e r p a ir was 4.42. 
Pairs tha t bred on sm a ll ponds had h igher breeding success. Food ava ilab il
ity  w ith in  a te rr ito ry  was not co rre la ted  w ith p roductiv ity  and the num ber of 

fledged cygnets d id no t appear to depend on the in tens ity  o f human ac tiv i
ties a t the site. Flowever, the level o f contact w ith n o n -te rr ito r ia l b irds w ith in  
breeding te rrito rie s  had a s ign ifican tly  negative e ffect on the breeding suc
cess o f a pair.

Key Words: Mute Swan, breeding success, te r r i to ry  quality, in traspec if ic  
re la t ionsh ips.

The Mute Swan is one of the m ost 
in tens ive ly  s tud ied  w i ld fo w l,  w ith  a 
large vo lum e of l i te ra tu re  on genera l 
ecology, m ig ra t ion  and behaviour (see 
reviews by B irkhead & Perr ins  1986, 
and Bart et al. 1991). However, these 
s tud ies have main ly been conducted in 
weste rn  Europe where  the Mute Swan 

popula t ions live in relatively close prox
im ity  to hum ans. Few s tud ies  have
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been based on popula t ions from  the 
eastern part of its range in Europe and 
where  these have occurred, they have 
genera l ly  been confined to sm a l l  study 
areas (eg Czapulak & Wieloch 1991).

The Mute Swan became a regu la r  

breeding bird in cen tra l  Poland in the 
late 1960s (Wieloch 1984) but f i rs t s u c 

cessfu l ly  bred at Walewice fishpond 
com plex (52°06'N, 19°43' E) in 1963
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(Wieloch 1984]. A census between 1976 

and 1979 covered an area of five 
'voivodships' in cen tra l  Poland (approx
imately  21,500 sq km), revealed the 
presence of 50 breedinq pairs (Wieloch 
1984). Since then the spec ies  has 
colonised a l l  main w a te r  bodies in the 
reqion and stabil ised at about 80-90 
breeding pairs (Włodarczyk 1999). The 
aim of th is paper is to describe the 
Mute Swan's b reed ing  pe r fo rm a n ce  
fo l low ing its popula t ion expansion in 
cen tra l  Poland, and to assess factors 
tha t in f luence the breeding success 
w ith in  the region.

Study area

The study area was s ituated in cen
t r a l  Poland (5 1 Ί  5 '-52°06 'N , 
18°38'-20°00'E) and covered 1,040 k m 2. 
River valleys su rround  the area from  
the  north , the w e s t  and the  east, 
a lthough the region consists  main ly  of 
a g r icu l tu ra l  land tha t lacks large w a te r  
bodies. Fishpond complexes are the 
only com m on type of w a te r  habitat and 
these are concentra ted in the northern  
part of the study area. Large fishponds 
are rare and the average size of a pond 
does not exceed 25 hectares. There are 
two large reservoirs, Jeziorsko (4,200 
ha) and Sulejowski (2,200 ha), w ith in  

the study area. The weste rn  region is 
rich in sm a l l  peat bogs and ponds, s i t 
uated in the River N er valley. The valley 
is flooded each spr ing . Three large 
cities occur in the study area: Lódz, 
P io trków  Trybuna lsk i and Tomaszów 
Mazowiecki.

Methods

The study was conducted during 
fou r  breeding seasons between 1997 
and 2000 inclusive. During the f i rs t  two 
years, the who le  area was surveyed 
between the beginning of June and the 
end of September. In 1999-2000 the 
survey was s ta r ted  at beg inn ing  of 
March in o rde r to collect data on c lutch 
size and hatch ing success, and f inished 
in September. 1:50000 maps were used 
to identify w a te rbod ies  in the survey 
area potentia l ly  su itable fo r  swans as 
breeding grounds. In a l l  years, breeding 
pairs were visited in late May o r early 
June in o rder to check the n u m b e r of 
hatched cygnets. In 1999-2000, it was 
possible to assess the hatching date 
and each pa ir was visited up to one 
w eek  a f te r  ha tch ing  occu rred . 
Addit ionally, during th is  visit  the nest 
was checked in o rder to find any u n fe r
t i l ised  o r  dam aged  eggs. In cases 
where  the n u m b e r  of observed cygnets 
was lower tha t the n u m b e r of eggs, the 
n u m b e r  of p ro te in  m e m b ra n e s  left 
a f te r hatching in the nest were counted. 
A second survey of the breeding pairs 

w as m ade in late A u g u s t  o r early  
Sep tem ber , ju s t  before the  cygnets 
were able to fly. At tha t t im e  the n u m 
ber of fledged cygnets was counted. 

The studied popula t ion consists mainly 
of pairs that breed alone on the w a te r 
body. In places w here  two o r more 
b reed ing  pa irs  occup ied the sam e 
w a te r  body, they avoid each o ther and 
so there were no p rob lem s w ith  brood 
m ix ings at the end of the breeding sea
son. The f i rs t  two years of the study
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were started Late in the breeding sea
son so pairs tha t had lost th e ir  nest 
during Laying o r incubation were not 
de tec ted . The re su l ts  re la t ing  to 
cygnets '  m o r ta l i ty ,  c lu tch  size and 

hatching success are there fore  based 
on data only f rom  years 1999-2000. 
Laying and hatching dates were es t i 
mated to w ith in  one week. To assess 
factors  in fluencing the breeding p e r fo r 
m ance  of a pair, each w a te rb o d y  
occupied by swans was described in 
relation to the fo l low ing variables:

Habitat type

Size of w a te r  body, type of habitat 
(four categor ies: f ishpond, river, rese r
voir, pond, peat bog ), percentage of 
w a te r  covered w ith  reeds and w ith  
f loating vegetation;

Human impact

N u m b e r  of peopleat a site rated as 
three types: 1. absence of people; 2. 
s m a l l  n u m b e r  of people o r  visited only 
during weekend; 3. pe rm anen t p res 
ence people. Cases of hum ans  feeding 
swans and distance from  the nearest 

bu i l t -up  area were also recorded.

Intraspecific relationships

Distance between the neares t 
reservoirs occupied by swans, distance 
between two breeding pairs, presence 
of non-breeding swans in the same 

wate rbody and th e ir  number. Four ca t
e go r ies  w e re  used: 1. A bsence of 
non-breed ing swans, 2. Up to 10 birds, 
3. Up to 50 birds, U. More than 50 birds.

The degree of contact w ith  non-b reed- 
ing birds was also recorded in three 
categor ies: 0= absence of non-breeding 
birds, 1= non-breed ing  birds separated 
from  breeding pa ir  by reed belts or 
d ikes, 2= u n l im i te d  v isua l  con tac t 
between breeding pa ir  and non -b reed 
ing birds.

A l l  data were collected during two 
visits w ith in  a terr i tory . When a te r r i to 
ry was part of a la rger area [eg a 
complex of f ishponds), the same va r i
ables w ere  co l lec ted  fo r  the who le  
complex. The association between the 
variables and the n u m b e r of fledged 
cygnets was tested using a one-way 
ANOVA. It was not possible to use a 
p a i re d -s a m p le  te s t  in the ana lys is  

because the n u m b e r  of pairs tha t were 
included across a n u m b e r  of years was 
sm a ll.  Only 16 pairs were ringed and 
there  was l i t t le  co rre la t ion  between 

years (^=0.08, P= 0.77, R2=0.14, P=0.67). 
The d ifferences among the te r r i to r ies  
belonging to d if ferent categor ies were 
tested using t - te s t  and post-hoc HDS 
Tukey test. To check the s ignif icance of 
using data obtained from  the same 
pairs during fou r  years of studies, the 
corre la t ion  between pair n u m b e r  and 
num ber of fledged cygnets was ca lcu 
lated.

Results

During the study period, between 
75-101 pairs of swans bred w ith in  the 

study area. The m ost com m on type of 
habitat used by swans in both seasons 
ref lected habitat availabili ty, ie f is h 

ponds (Figure 1). Birds preferred sm a l l
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w a te r  bodies of up to 25 ha to those 

exceeding 25 ha (F igure 2). Usually only 
one pa ir occupied each w a te r  body and 
places where  more than two pairs bred 
in the same place were rare (n=5). 
There were only e ight te r r i to r ies  that 
were occupied tem po ra i l i ty  and a l l  of 
them  were abandoned due to human 
activity w ith in  the terr i tory .

The m ean c lu tch  size w as 6.02 
(n=121). The reduction in brood size 
during incubation was caused by in fe r 
t i l i ty  of eggs (7.4% of a l l  eggs, n=500) 
and loss of eggs due to predation or 
human activity (22.5% of a l l  nests were 
destroyed during tha t t ime, n=120). The 
n u m b e r  of cygnets that hatched per 
pa ir w ith  at least one cygnet was 5.26 
(n=257). The mean size of fam ily  at the

end of b reed ing  season w as 4.42 

(n=257). The m o s t  f re q u e n t  w ere  
broods w ith  five and six cygnets. The 
m or ta l i ty  of cygnets during th e ir  f i rs t 
th ree  m o n th s  of li fe w as  d i f fe ren t  
between breed ing  seasons: 15.4% 
(n=312) in 1999 and 30.4% (n=306) in 
2000. The mean n u m b e r of fledged 
cygnets fo r  pairs occupying different 
hab ita t  types d i f fe red  s ig n i f ica n t ly  
(ANOVA Fir2 70= 2.53, P=0.041), F igure  3. 
The pairs tha t bred on sm a l l  ponds had 
h ighe r  breeding success than pairs 
from  large reservo irs  [F igure 4), and 
the  d i f fe rence  between these  two 
g roups  w as s ta t is t ic a l ly  s ig n i f ica n t  
(t=2.36, df= 190, P=0.019). The num ber 
of cygnets f ledged did not depend on 
the  in te n s i ty  of hum an  activ i ty

I a r * r

F igure  1. The percentage of nests situa ted on five m ain habita t types in cen tra l Poland (data 
1997-20001.
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F igure  2. Percentage of nests s itua ted  on w ate rbod ies  of d iffe ren t size in cen tra l Poland (data from  years 
1997-98).
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F igure 3. N um ber of fledged cynets fo r pa irs from  d iffe ren t type of habitat. (Square = mean value; box = 
m ean + standard deviation; lines = standard e rro r].
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Figure U. Mean n u m ber of cygnets fledged fo r pa irs th a t breed in two groups of te rr ito ry  size.

Degree o f contact w ith non-breeding birds

Figure 5. Mean nu m ber of cygnets fledged fo r pa irs w ith  d iffe ren t degree of con tact w ith  non-breed ing 
birds.
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(F3 2 7 7 = 1 -14-4-, P=0.33), or the availabil i ty  
of extra food from  hum ans  (bread, fish 
fodder etc.) (F3i27 8= 1.166, P=0.32). Also 
the food supply available to birds w ith in  
the te rr i to ry , measured separate ly  as 
the percen tage  of area covered by 
emerged and afloat vegetat ion did not 
have any im pact on the breeding suc 
cess (F9 j 9 4 = 0.94, P=0.49, F 10U1=1.42, 
P=0.176). The intensity  of contacts w ith  
n o n - te r r i to r ia l  birds that stayed w ith in  
a te r r i to ry  had a sta t is t ica l ly  s ign if icant 
effect (F2 247=9.783, P=0.001 ). Such re la 
t io n sh ip s  depended on the  type of 
contact w ith  m ou lt ing  birds. The pairs 
in good v isual contact w ith  non -b reed 
ing b irds  had lo w e r  brood size in 
S ep tem ber than those w ith  part ia l  or

no contact w ith  non-b reeders  (Figure 
5). Seven s i tes  w h e re  the  "po l ish  
m orph "  of the Mute Swan bred were 
recorded during the two years of the 
study. The percentage of cygnets that 
belonged to that m orph  was 3.8. All 
occurrences were in the northe rn  part 
of the study area.

Discussion

The Mute Swan has colonised the 
cen tra l  part of Poland successfu l ly  and 
its populat ion is now stable. Given the 
f i rs t  brood in cen tra l  Poland occurred 
30 years ago, the region now can be 
regarded as a part of the Mute Swan's 
main breeding range. There was no

Table 1. Mean nu m ber of young Mute Swans reared by a pair.

C ountry

C entra l Poland

W hole Poland 
Year 1959 
Years 1978-79 
Years 1981-89

Eastern Germ any 1971-74 
Founder population 
S taba lised population

D enm ark 1966-75

Estonia

England 1961-78 

Ire land 1983-89 

Fin land 1969-71 

USA 1982-90

Brood size 

4.42

4.42 
4.31 

4 1-4.3

4.8
3.9

1.9-3.8

3.4 

3.7

3.5 

1.4

2.5-3.9

Source of data 

Th is study

Zajac 1963
W ieloch 1984
C zapulak & W ieloch 1991

R utschke 1982

A nde rsen -H a rild  1980 

Paakspuu 1974* 

Colem an & M inton 1980 

C o llins 1991

Happanen 1976 

Conover & Kania 1999

‘ Recalcu lated data a fte r W ieloch 1984
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m a rke d  change  in the  n u m b e r  of 

breeding birds dur ing  fo u r  years of 
study. The average breeding density 
based on data from  years 1999-2000 
gave range from  9.5 to 10.8 breeding 
pairs per 100 sq. km . This f igure is s im 
i la r  to resu lts  observed in o the r parts  of 
cen tra l  Europe. Wieloch (1984] e s t im a t
ed the breeding density of Mute Swans 
in cen tra l  Poland to be 1-10 breeding 
pairs per k m “2, in years 1976-79. In the 
N e the r lands  and northeas t Germany, 

the density  ranges from  fo u r  to eight 
pairs (H agemeijer & B la ir  1997). The 
tendency fo r  Mute Swans breeding in 

cen tra l  Poland to occupy f ishponds and 
reservo irs  and to avoid oxbow lakes, is 
typ ica l fo r  the species in o the r parts  of 
Poland (Wieloch 1984). A preference fo r 
s m a l l  w a te r  bodies as breeding te r r i to 
ries has also been described (Wieloch 
1984). From the 1970s onwards, Mute 

Swans in cen tra l  and eastern Europe 
s tarted to breed in close prox im ity  to 
humans, choosing s m a l l  ponds up to 25 
ha in size [Wieloch 1991). This feature 
of habitat selection has enabled Mute 
Swans to colonise new areas close to 
hum an habitation (S trawinski 1971).

A lthough  ea r l ie r  s tud ies a l lude to a 
sh ift in breeding behaviour, they did not 
investigate co rre la t ions  between the 
size of breeding area and the n um ber of 

cygnets f ledged (Wieloch 1991). The 
lower breeding success of pairs w ith  
large te r r i to r ies ,  observed in cen tra l  
Poland, can perhaps be explained in 
te rm s  of habitat and food availabili ty. 
S m a l l  w a te r  bodies are main ly  shallow, 
w ith  dense vegetation, and they serve

as excellent feeding grounds w h ile  the 

dense reed be lts  provide she l te r  fo r 
cygnets. In t raspec if ic  com pe t it ion  in 
te rm s  of food deplet ion o r te r r i to ry  
defence may also be a con tr ibu t ing  fac 
to r  because it is m ore  possible fo r  two 
o r  more breeding pairs to occupy the 
same large w a te r  body. Unfortunate ly, 
o ther s tudies compared only the breed
ing success between pairs occupying 
te r r i to r ie s  tha t differed in the level of 
available food but not using the size of 
te r r i to ry  as a variable (Scott & B irkhead 
1983; Coll ins & Whelan 1990; Spray 
1991; C o ll ins  1991). A lso in cen tra l  

Poland, there was a s ign if icant d i f fe r 
ence between breeding success fo r  
pairs occupying d if ferent habitats. The 
h ighes t va lues  of b reeding success 
were found on fish ponds, the lowest on 
oxbow lakes and reservoirs (F igure 3). 
This d ifference could be the resu lt  of 
relatively s table levels of w a te r  at f ish 
ponds th a t  p ro te c ts  nes ts  from  
predation. Nests on oxbow lakes and 
reservo irs  were vu lnerab le  to fox o r dog 
predation in dry seasons, as evidenced 
in 2000 when a l l  nests in these habitats 
were destroyed.

The observed c lu tch size during the 
present s tudy was s im i la r  to values 
observed in o the r  European countr ies  
where  d if fe ren t popula t ions revealed 

values from  4.8 to 6.9 eggs per c lutch 
(Sm iddy & O 'F la l loran 1991). A lso 
swans from  o the r  parts  of Poland had 
s im i la r  c lu tch  size: 6.1-6.2 in southern  
Poland and 5.8 in the northern  part of 
the country (Czapulak & Wieloch 1991).
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The m ean n u m b e r  of f ledged 
cygnets was relatively high, but s im i la r  
to f ledging success recorded in o the r 

parts  of Poland and Europe, especially 
in expanding popula t ions (Table 1). The 

resu lts  are s im i la r  to the data fo r  the 
w h o le  of Po land f ro m  the  1970s 

(Wieloch 1984). The m orta l i ty , between 
17% and 30%, is s im i la r  to a pattern 
observed in Western Europe (eg the 
m o r ta l i t y  of cygne ts  f ro m  sou th  
Staffordshire, England in years 1966-85 
w as 20-31.4%  (C o lem an & M in ton  
1980; Coleman et at. 1991) and Swans 

in Ayrshire, Scotland had a m or ta l i ty  
rate between 52.2-25% (Leach 1988). 
The observed d ifferences in m o r ta l i ty  
between the two years of study were 
probably caused by an extrem ely  dry 
sp r ing  in 2000 w hen  m any  n a tu ra l  
w a te r  bodies dried out.

There is no example of s tudies in l i t 
e ra tu re  w h ich  reveal negative 
in fluences of o the r birds on the pairs of 
breeding swans except co lon ia l swans 
(Andersen-H ari ld  1980). However, th is 
study showed tha t in traspec if ic  re la 
t ionsh ips  can be c ru c ia l  fo r  a pa ir 
during the t im e  of breeding. Lack of 
such a negative corre la t ion  in te r r i to 
r ies  w ith  reduced v isua l  con tac t 
suggests that main ly  d irect in teract ions 
are responsib le fo r  the observed s i tu a 
tion. Food deplet ion caused by a large 
n u m b e r  of b irds occupying the same 
w aterbody does not seem  to be a key 
fa c to r  in exp la in ing  reasons fo r  

increasing cygnet morta l ity . There was 
no corre la t ion  between the  n u m b e r  of 
cygnets and the n u m b e r of non -b reed 

ing b irds w ith in  te r r i to ry  w h ich  could 
reduce the  food a va i lab i l i ty  of the 
waterbody. A lso Conover (1994) did not 
observe negative im pac t of the Mute 
Swan on the food supp lies  of the w a te r 
body. However, s tud ies from  Scotland 
(Meek 1993) revealed sharp reduction 
in the n u m b e r  of breeding swans fo l 
lowed by the inc rease  of b irds  in 
previous years and connected w ith  th is 
decrease in food supplies. This is why 
these data need fu r th e r  behavioural 
s tudies to test w h e th e r  there is a d i f fe r 
ence in behav iou r  be tw een pa irs  

occupy ing  te r r i to r ie s  w ith  m o u l t in g  
birds and those tha t breed in isolation.

The pe rcen tage  of the "po l ish  
m o rp h "  w ith in  the  to ta l  n u m b e r  of 
cygnets (3.8%) w as s im i la r  to resu lts  
obtained in o the r parts  of Poland, such 
as the Barycz valley - 4.0%, and the 
Lub l in  reg ion - 2.1% (W ieloch & 
Czapulak 1991). According to the data 
on d is tr ibu t ion  of th is  m orph in Poland, 
the location of pairs rear ing cygnets of 
"po l ish  m o rp h "  in c e n tra l  Poland 
should be restr ic ted  to the southern  
pa rt  of the  s tudy  area (Wieloch & 
Czapulak 1991 ), w h ich  differed from  the 
pa t te rn  observed in th is  study. 
C oncen tra t ion  of pa irs  w ith  w h ite  
cygnets in the north is probably caused 
by a high fide l ity  of b irds to th e ir  breed
ing g rounds, but m ore  research  is 
needed on th is  phenomenon.
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