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Anthropogenic changes have strongly influenced the European landscape. In the last
50 years electric power-line networks have become a conspicuous part of that landscape. From the outset it was known that these lines and their support structures would
cause fatalities in the white stork, Ciconia ciconia. From a long-term (1983–2006)
study in Poland, we analysed breeding performance in stork nests on four types of
structure (chimneys, roofs, trees and electricity poles). Whilst the numbers of nests on
both electricity poles and chimneys have increased, there was no significant difference
among the four structures in terms of breeding success. Since 1998, over 100 electricity poles in this white-stork breeding area have been modified to include a platform
designed to accommodate a stork nest. A comparison between the annual means of
nests on electricity poles with and without platforms did not reveal any significant differences in breeding success. However, closer examination of the nests transferred to
platforms revealed a slight drop in chick productivity in the year following platform
addition, which, however, became significantly higher in the subsequent year. Thus the
transfer of nests to platforms appears to have only a short-term adverse effect and may
be beneficial in the long run.

Introduction
For the past 50 years, electric power-lines have
been a conspicuous part of the European landscape. When constructed, it was known that
these lines and support structures would cause
bird fatalities (e.g. Bevanger 1998, Janss 1998,
2000, Infante & Peris 2003). However, on the
positive side, poles/pylons are used as nest platforms by corvids, raptors and especially white
storks, Ciconia ciconia (Janss 1998, Garrido &

Fernandez-Cruz 2003). There is some evidence
that during recent decades the white stork has
changed the structures on which it nests, and
in many parts of its geographical range it frequently builds nests on electricity poles (Muzinic
1999, Garrido & Fernandez-Cruz 2003, Infante
& Peris 2003, Tryjanowski et al. 2006). To
date, however, this phenomenon has only been
described in papers comparing results obtained
during international white stork censuses, i.e.
based on 10-year intervals (Guziak & Jakubiec
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2006). Earlier, authors described the phenomenon of changes in type of nest structure, but did
not attempt to answer the main question: why
are electricity poles being used more often for
nest-building by storks? One potential reason is
that electricity poles offer a safer environment
because they are difficult to access by mammalian predators and may, consequently, guarantee
higher reproductive success. It is known that nest
position plays an important role in breeding success; to date, however, this has only been examined in relation to nest position within a colony
(Vergara & Aguirre 2006).
On the negative side, electrocution and collisions with power lines have been the causes of
stork mortality in many regions (Moritzi et al.
2001, Garrido & Fernandez-Cruz 2003, Schaub
et al. 2004). The depth of a stork nest is typically
1–2 m with a diameter of 0.8–1.5 m (Creutz
1985, Muzinic 1999), and the nest weighs from
60 to 250 kg. This can add substantially to the
weight placed on the power-line support structures, and the excreta of nestling and adult birds
deposited on pylons and lines can cause shortcircuits. Therefore, stork nesting on power-line
support structures can pose important financial
and operational problems for power companies
(Muzinic 1999, Muzinic & Cvitan 2001, Garrido
& Fernandez-Cruz 2003, Infante & Peris 2003).
Consequently, in many parts of Europe active
conservation programmes include moving nests
located directly on poles to special platforms
that, in theory, should reduce adult and young
stork fatalities (Jakubiec 1989, Muzinic 1999,
Muzinic & Cvitan 2001). For example, the construction of special platforms for storks on electricity poles started in the early 1980s in Poland
and still continues (Jakubiec 1989, Tryjanowski
et al. 2006).
In this paper, we examine changes in the
choice of nesting structures by a white stork
population in Poland, paying special attention to
the occupation of electricity poles. We compare
the number of chicks fledged on different nesting structures and hypothesise that storks nesting
on electricity poles are characterised by a higher
reproductive success because of reduced predation. In this context we investigate whether a nest
platform affects changes in the breeding parameters of storks and discuss the potential conserva-
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tion opportunities and drawbacks associated with
this kind of protection of white stork nests.

Methods
The data were collected by the first three authors
during 1983–2006 near Leszno in western Poland
(51.42–52.00°N, 16.06–16.54°E). The study site
covered 810 km2, and the proportions of habitats
were: arable fields 68%, meadows and pastures
6% with the rest of the area covered by forests,
lakes and human settlements (for details see
Kosicki & Kuźniak 2006).
The white stork builds large nests, mostly in
human environments; therefore, nests are easy
to find and to observe during the breeding period
(e.g. Creutz 1985). The population size (number
of breeding pairs in the study area), nest location
(geographical coordinates of the nests), nesting
structure (place where nest was located) and breeding success (number of fledged chicks) of the local
population were determined consistently using
standard methods (Creutz 1985, Schulz 1998).
Since 1998 over 100 electricity poles in the
vicinity of nest sites previously occupied by
breeding storks were modified to include a platform designed to accommodate a stork nest, protecting both the storks and the electricity supply.
We used a range of statistical tests to examine changes over time and differences in the
productivity of storks between structures, and to
compare platform and non-platform nests. The
tests used are described in the results section and
were, unless otherwise specified, carried out on
the means of nests in each of the survey years.
We used a significance level of P < 0.05 but also
discussed results within the range of 0.05 < P <
0.10. Statistical tests were performed using SPSS
for Windows and Minitab. All statistical analyses
were carried out according to Zar (1999).

Results
Year-to-year variation in breeding
performance
Between 1983 and 2006, a total of 2296 nesting attempts at 198 nest sites were monitored of

36

Tryjanowski et al. • Ann. ZOOL. Fennici Vol. 46

Nest structure vs. breeding success

Fig. 1. Changes in structures on which nests were
located. Chimney = black solid line, electricity poles
= solid grey line, roof = black dotted line, tree = grey
dotted line.

which 1754 (75%) were successful and produced
4563 chicks; an average of 1.99 (SD = 1.35)
chicks per nest or 2.60 (SD = 0.89) chicks per
successful nesting.
The number of occupied nests, breeding success and productivity varied from year to year
but not in a consistent way (linear regressions
of year and number of occupied nests, percentage of successful nesting and mean number of
chicks per nest: all F1,22 < 0.95, all P > 0.34). The
number of nests occupied per year varied from
71 to 115 (mean = 96), the percentage of successful nests per year varied from 58% to 90%
and the number of chicks per nest per year varied
from 1.16 to 2.96.

Table 1. Mean numbers (± SE) of chicks and percentage of successful nests for the four structure types and
significance (P ) of differences among the structures.
Results from ANOVA of annual means with year and
structure as factors, weighted by number of nests contributing to each mean. Least square means and standard errors are given.
Structure	Chick number
		
Chimney
Electricity pole
Roof
Tree
Structure F3,69
P

1.89 ± 0.07
1.99 ± 0.04
2.01 ± 0.05
1.94 ± 0.09
0.83
0.48

Percentage of
successful nests
74.5 ± 2.3
75.3 ± 1.2
78.3 ± 1.5
76.3 ± 2.8
0.97
0.41

The nests were distributed as follows: 306 on
chimneys (independent structures separate from
a building), 673 on roofs, 200 in trees and 1117
on electricity poles. The numbers of nests on
electricity poles and on chimneys increased while
those on roofs and trees decreased during the 24year sampling period (Fig. 1; linear regression:
number of nests and year, all F1,22 > 15.49, all
P ≤ 0.001).
With the exception of an increasing percentage of successful nests on chimneys (linear
regression on year: F1,22 = 3.02, P = 0.096) and
a decreasing mean number of chicks per nest in
trees (linear regression on year, F1,22 = 5.21, P
= 0.032) there was little evidence of temporal
changes in productivity on the four structures
(linear regression on year, remainder all F1,22 <
1.18, all P > 0.29). There was no significant difference among the four structure types in terms
of nest productivity or percentage of successful
nests (Table 1).
Effect of platform installation on
breeding performance
Nesting material was transferred from poles to
the new platforms with inevitable damage and
size reduction. In the ensuing years between 16
and 31 electricity pole platforms were occupied.
A paired t-test between the nine annual means
(1998–2006) of nests on electricity poles with
and without platforms did not reveal any significant differences in the mean number of chicks
per nest (2.06 vs. 1.96) or the percentage of successful nests (79% vs. 76%; both t8 < 0.98, P >
0.36). However, these figures may be masked
by inherent differences in productivity between
nests. Consequently, we examined the productivity in 30 nests that had at least two years of data
both before and after platform addition. Because
the data came from different years we subtracted from each value the mean production on
non-platform electricity poles in that year. This
adjustment for inter-annual differences revealed
a slight drop in chick productivity in the year
following platform addition, and a significant
increase in productivity in the second year after
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platform addition (paired t-test between +1 and
+2 years: t29 = 2.70, P = 0.012) (Fig. 2).

Discussion
In this paper, we have documented the white
stork’s change in preference away from traditional nesting structures, particularly from trees,
to electricity poles; a pattern that appears to be
repeated across its geographical range (Creutz
1985, Schultz 1998, Infante & Peris 2003),
including Poland (Guziak & Jakubiec 2006,
Tryjanowski et al. 2006). Whilst not recorded,
we believe there has been little change in the
number of each type of structure available to
storks in our study area. Therefore, we propose
that the changes recorded are a consequence of
preferential selection. These changes are of a
long-term progressive character and generally
the number of nests located on electricity poles
is increasing. However, it is difficult to say why
storks have changed their nesting structures.
It is known that nest position plays an important role in breeding success, however, to date,
this has only properly been tested in nests within
a stork colony (Vergara and Aguirre 2006). Generally, nests inside a colony were more productive than nests located on the periphery. This
has been shown to be important for the western
(Spanish) population where the white stork is
a colony breeder (Creutz 1995, Schulz 1998,
Vergara & Aguirre 2006). In the eastern population, storks are mainly solitary nesters with a
loose colony structure in some sites rich in food
resources (Guziak & Jakubiec 2006, Tryjanowski
et al. 2006). Therefore, breeding habitat is likely
to have a greater effect on white stork nest productivity (Vergara & Aguirre 2006, Kosicki et
al. 2007) than nesting structure per se (Janss &
Sanchez 1997, Tryjanowski et al. 2005).
This study did not reveal any major productivity benefits of nesting on electricity poles,
although productivity of nests in trees was in
decline, possibly due to predation by mammals
such as the stone marten Martes foina (Jakubiec
1991, Schultz 1998). Changes in the preference
of nesting sites are not because of a lack of suitable trees and it is easier to suggest negative
consequences of nesting on electricity poles. For
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Fig. 2. Relative mean ± SE chick numbers at nests
receiving platforms for two years before and two years
after platform addition.

example, it has been suggested that electromagnetic fields may affect white stork reproduction
and therefore pairs breeding on electricity poles
(Balmori 2005). Moreover, nesting on electricity
poles incurs higher risks of electrocution, especially of young storks during their first flights
(Jakubiec 1991, Garrido & Fernandez-Cruz
2003, Schaub et al. 2004). In order to reduce
these possibilities, electric power companies and
conservationists have provided nest platforms
for white storks. Therefore, the process of electricity pole occupation may be further influenced by human activity. During construction,
and moving an existing nest to a platform, part
of the nest material is removed and, therefore,
nests are shallower and lighter (Muzinic 1999,
Muzinic & Cvitan 2001). From a practical point
of view this is probably necessary. However, as
we have shown in this study, it may reduce white
stork breeding success in the following year, but
recovery and even greater productivity may be
achieved by year two. We link these negative
changes in breeding success to the destruction of
part of the nest material, causing changes in nest
microclimate, and in consequence to a chick’s
endothermy (Tortosa & Villafuerte 1999). Additionally, changes in nest size and construction
may influence the general attractiveness of the
nest site. Because the white stork has a very high
nest fidelity (Chernetsov et al. 2006, Vergara
et al. 2006), especially in older birds, this suggests that new sites (in this context — poles) are
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occupied by young storks, i.e. with potentially
lower breeding success. Therefore, from a conservation point of view, the movement of a nest
to a special platform appears to have only minor
negative effects in the following year (e.g. also
Muzinic 1999, Muzinic & Cvitan 2001).
White stork populations appear to be abandoning traditional nest structures and, in the
studied population, half of the nests were on
recent man-made structures such as electricity
poles. Contrary to expectation, the productivity
of nests on electricity poles does not seem to
be higher than on traditional structures, but the
recent addition of specially built nest platforms
to electricity poles seems to be beneficial to stork
reproduction. We recommend that this is studied
further when more data on productivity of platform nests become available.
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