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Abstract. Studies of long-term trends in avian populations require large-scale data not available for most bird species.
The White Stork Ciconia ciconia is unique being monitored for over a century and well-reflecting modern environmen-
tal changes. Its worldwide and national populations are estimated every 10 years thanks to the International White
Stork Censuses (IWSC). We present the yet unpublished data of the last IWSC 2014 from the main species stronghold,
Poland. We assessed the population size and compared its changes with the previous IWSC 2004 in 23% of the country
area, including mountains. We looked for potential drivers of trends among land use transformations, checked popu-
lation changes along altitudinal gradient, and compared the long-term trends in the global, national and regional pop-
ulations. In 2014, 2560 pairs (3.61 pairs/100 km?) bred in south-western Poland, a decline by 35.5% compared to 2004.
Decreases were strongly inversely related to the altitude, i.e. declines in lowlands were twice as high as in the moun-
tains. Changes in area of grasslands, croplands, forests, and built-up areas were all weak predictors of the decline. Stork
decrease in south-western Poland contradicts a stable country-wide trend in 20042014 (although the latest country-
wide data also suggest a decline), which is inconsistent with the increase of the global population. Heterogeneity in
trends indicates that Poland could be currently viewed as a transitional area, lying between large breeding areas inhab-
ited by increasing stork populations. Notably, the western border between areas of increases and decreases coincides
with the division into two migratory populations suggesting that the heterogeneity of trends may be related to migra-
tion paths and wintering grounds. Overall, our data confirm recent range shift of the species, and show difficulties in
drawing general conclusions on stork demography based on regional data.
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INTRODUCTION demands of the growing human population neg-

atively affect birds worldwide (Jerrentrup et al.
Recent synergic effects of changes in climate and 2017, Northrup et al. 2019). Agricultural lands that
land use caused by increasing food and space cover approximately half of the world land sur-
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face (World Resources Institute 2020) are under
increasing human pressure due to gradual
increasing productivity, agriculture intensification
(Rockstrom et al. 2017), and transformations
or/and disconnectivity of semi-natural habitats
(Hooftman & Bullock 2012). Changes in agricul-
ture are known to drive farmland birds decline
(e.g. Lemoine et al. 2007, Wretenberg et al. 2010,
Jerrentrup et al. 2017), however the statement is
supported mostly by data collected in short- or
medium-term periods. Results obtained from
long-term monitoring of bird populations (i.e. sev-
eral decades) are still scarce and apply only to a
few farmland species.

The White Stork Ciconia ciconia is the most
cherished of European birds and a classical model
in population studies (Lack 1966, Bairlein 1991,
Newton 2013). It represents a farmland indicator
species (Tobolka et al. 2012), particularly suitable
for understanding human impact on biodiversity.
The White Stork has benefited from past land
changes (e.g. deforestation) but subsequently suf-
fered from land use intensification. The loss of
habitats by drainage of wetlands, domination of
high-input crops, industrialization and the exten-
sion of residential areas have degraded its former
breeding areas on an important scale, especially in
Western Europe (Schulz 2004). In turn, in eastern
Central Europe a large-scale improvement of
stork habitats following the collapse of the social-
ist economic system resulted in prominent recov-
ery of the White Stork population (Vaitkuviene &
Dagys 2015). Apart from changes in land use, a
multitude of other factors in both the breeding
and wintering areas and on the migration routes
are considered responsible for the global and
regional variations in stork numbers (Wuczynski
et al. 2021). The knowledge of its population size
and trends is based on The International White
Stork Censuses (IWSC), a large ornithological
undertaking carried out in the entire species
range and organized seven times to date. That
makes an opportunity to follow the species
changes over a long time and observe the popula-
tion response to changing environment. As many
as 41 countries participated in the last IWSC in
2014, including Poland (Thomsen et al. 2017).
Although the complete census data are still not yet
available and the worldwide population size of
the White Stork remains unknown, an increasing
overall trend is evident (EBCC 2021).

Poland (312,679 km?) is a key part of the
species' geographical range, hosting the world's
largest population assessed at 52500 breeding

pairs in the 6th IWSC in 2004 (Jakubiec & Guziak
2006). The last census in 2014 is still not summa-
rized at the country level, and the lack of data
from the Polish stronghold made it challenging to
assess the development of the White Stork num-
bers on a broader scale. Surprisingly, the direction
of current changes in the Polish stork population
is also unclear. The data obtained from several
sample plots (Janiszewski et al. 2014, Zbyryt 2014,
Zbyryt et al. 2014, Dylik 2018) indicate a stability,
whereas other regional data (Kuzniak & Tobdétka
2010, Pietrowiak 2012, Peterson & Jakubiec 2016,
Sikora 2017) and the nationwide Monitoring of
Birds of Poland (Wardecki et al. 2021) show a
downward trend. On the other hand, Tryjanowski
et al. (2005a) showed that trends might differ
strongly, even between relatively close areas.
Geomorphological variables (e.g. altitude) may
also be important, particularly while warmer low-
lands are under higher agricultural intensification
and wurbanization than adjacent highlands
(Kolecek et al. 2014). In the face of that, there is a
noticeable lack of quantitative results from large
compact parts of the country that could shed light
on current processes in stork demography.

In this paper, we present the results of the 7th
IWSC concerning a compact area of 23% of the
country area, i.e. five out of 16 Polish provinces.
The provinces adjoin the southern and western
state border and are distinctive in terms of the
stork population. They are characterized by the
country-lowest large-scale stork densities, shown
in all censuses to date (Wuczynski et al. 2021).
Stork distribution is also extremely uneven due to
unsuitable mountain ranges in the south, exten-
sive forests in the west, and attractive meadow
and pond areas in the north. It is also an area of
the most dynamic population changes, resulting
from long-term altitudinal shifts and colonization
of the upland regions (Tryjanowski et al. 2005b,
Wuczynski 2006a). It is even more important con-
sidering that the farming areas in the mountains
and lowlands are under opposite pressure of agri-
cultural intensification (Plieninger et al. 2016),
which makes it difficult to draw conclusions that
are common to the entire region. Finally, it is an
area having the longest tradition of large-scale
stork counts in the world (Janota 1876), producing
the longest series of data in Poland (Mrugasiewicz
1972, Profus 2006a), with large areas covered by
annual monitoring, which facilitates the counts.
As a result, during all the censuses to date, the
southern region of Poland was one of the most
thoroughly researched, and also in 2014 the
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region was largely inspected. Partial results, i.e.
reporting reproduction, location of nests and local
densities in 2014, have already been published
(Sztwiertnia et al. 2018). However, the publication
did not contain an overall population assessment,
neither did it provide temporal trends, which are
the focus here.

The first goal of this paper is to provide the
first large-scale results of the 7th IWSC from
Poland. We assessed the size of the White Stork
population in nearly a quarter of the country area
and then compared the results of 2014 with the
numbers obtained a decade earlier, during the 6th
IWSC 2004. This way, we aim to shed light on the
discrepancies regarding recent population trends
in Poland based on sound quantitative data.
Secondly, to look for potential drivers for the
observed trends in the White Stork population,
we investigated parallel changes in landscape
composition, especially changes in agricultural
land use types that are of primary importance for
the species. In the modelling approach applied,
we also incorporated an elevational aspect since
our area covered most of the mountainous ter-
rains of Poland, including the adjacent foothills
and lowlands. Thus, the next aim was to check
whether the revealed population changes are
related to the altitudinal gradient. Earlier evidence
showed a long-term increase in the elevational
range of the White Stork both in the Sudetes
(Wuczynski 2006a) and in Carpathians (Mielczarek
& Profus 2016). Finally, to show our new results in
a broader spatiotemporal context, we collated
stork numbers obtained from all consecutive
IWSCs and compiled the long-term population
changes on different geographical scales: in the
research region, Poland and the world. In doing
so, we intend to deliver long-term quantitative
data on stork numbers obtained from all INSCs in
a condensed, tabular form. Until now, such data
has been scattered in multilingual literature, diffi-
cult to obtain, and often inconsistent.

METHODS

Census methods

Contrary to all previous IWSCs in Poland, which
were based on country-wide surveys merely sup-
plemented with local field inspections, the 7th
IWSC was conducted using only direct field
inspections supposed to cover the entire territory
of Poland. The action was planned based on
the administrative division of the country on

provinces (voivodship), counties (powiat) and
communes (gmina). This study concerns the area
of five provinces situated in south-western
Poland: from west to east, they were Lubuskie,
Dolnoslaskie, Opolskie, élqskie, and Matopolskie
Provinces (Fig. 1). They cover an area of 70,863 km?
(22.7% of the country) and are divided into 113
counties (including 28 cities with county rights)
and 670 communes (Table 1). In each province, 1
or 2 coordinators (the authors) were appointed,
responsible for building a network of collabora-
tors to collect and submit the data. The collabora-
tors (> 100 volunteers) supplied with an instruc-
tion and data form carried out the field controls
within the smallest administrative units, the com-
munes. They were obliged to check all villages
within the commune and other places suitable for
nesting by White Storks and to detect all nests.
Each nest was described with several parameters
used as a standard in the White Stork studies
(Guziak 2006). In particular, the number of nests
occupied by breeding pairs had to be counted.
Field inspections took place in the first half of July
2014, i.e. during the late fledging period, and in
the case of delayed broods, the inspections were
repeated. Most field data were recorded in a spe-
cial database administered by the Institute of
Nature Conservation PAS. The five provinces
under this study were well researched, as 90.1% of

Sudetes
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Fig. 1. Location of the five provinces under study (outlined in
red) against the topographic map of Poland and the distribu-
tion of other provinces. Dashed lines show the approximate
borders between the mountain ranges of the Sudetes and the
Carpathians and between the Sudetes and adjoining lowlands.
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Table 1. Characteristics of the five provinces of south-western Poland including administrative division, altitude and unsurveyed

areas during the 7th International White Stork Census.

Province Total area Unsurveyed area No of counties No of communes County altitude (m asl)
(voivodship) (km?) (km?/%) (incl. unsurveyed) (incl. unsurveyed) mean (min—max)
Dolnoslaskie 19946.7 768.4 (3.9) 29 (1) 168 (9) 248.9 (95.7-587.6)
Matopolskie 15182.9 535.7 (3.5) 22 (1) 182 (7) 384.3 (180.0-1089.3)
Lubuskie 13987.9 5253.7 (37.6) 14 (5) 82 (37) 78.1 (46.1-132.8)
Slaskie 12333.1 471.0 (3.8) 36 (8) 167 (8) 291.9 (216.6-654.4)
Opolskie 9411.9 0 (0.0) 12 (0) 71 (0) 202.3 (157.1-283.3)
Total 70862.5 7028.8 (9.9) 113 (15) 670 (61) 262.9 (46.1-1089.3)

the area was covered with inspections (Table 1).
The best explored was the Opolskie Province
(fully controlled), the worst was the Lubuskie
Province (62.4%). In total, 98 out of 113 counties
were accurately inspected, whereas 15 counties
from which sparse data were obtained were con-
sidered unsurveyed (Appendix 1). It should be
explained, however, that the nine counties in the
Dolnoélaskie and Slaskie Provinces marked as
unsurveyed are all cities with county rights (e.g.
Legnica, Chorzéw, Sosnowiec) almost devoid of
breeding White Storks: a total of 3 pairs in 2004.

Estimation of population size

The size of the stork population in the examined
areas was determined by summing up the detect-
ed breeding pairs in administrative units. To esti-
mate the numbers in the unsurveyed units, the
results of the 6th census in 2004 in these fragments
were used, corrected for the change index calcu-
lated for the areas examined in 2014 census. We
took advantage of the fact that the data from 2004
were compiled in detail at the scale of communes,
counties and provinces (Guziak & Jakubiec 2006),
so it was possible to compare them within any
units with the results obtained in 2014. Therefore,
we first calculated the rate of change for each
province, which is the quotient of the number of
breeding pairs in 2014 and 2004 in the examined
areas. Then, for each commune or county not
examined in 2014, appropriate stork numbers
from 2004 were assigned, multiplied by the
change index and rounded to the nearest whole
numbers. Finally, based on the summary results
for individual counties, provinces and the entire
area, we calculated the percentage rate of change
(RC) for the decade according to the formula:
RC = (BP2014 * 100/BP2004) - 100, where BP is the
number of breeding pairs in the given year
RC was then used to present recent trends in the
regional stork population, it was also a response
variable in the statistical models (see below).

The index was also used to show the develop-
ment of the regional population on a broader tem-
poral scale, based on the previous IWSCs. RC
indices for previous counts were calculated using
the above formula, substituting the values of the
number of breeding pairs for two neighbouring
counts. These data were also compared with the
number of storks in Poland and the entire range of
the species, obtained on the basis of literature
data. For this comparison, the lack of the national
assessment from the 2014 census was replaced
with the results of the Monitoring of Birds of
Poland (hereafter MBP)(Wardecki et al. 2021,
Wuczynski et al. 2021).

Statistical approach and data sources
Multiple regression models were used to evaluate
the response of RC indices in counties to six
explanatory variables. Four predictors represent-
ed percentage changes in: arable lands (crop-
lands_change), meadows and pastures (grass-
lands_change), forests (forests change), built-up
and urbanized lands (urban_change). The other
two variables were the mean altitude of the coun-
ty (alt_mean) and the mountain range (moun-
tain_range — a binary variable: the Carpathians/
Sudetes; see below for assigning counties to
mountain ranges). None of the predictors was
highly collinear with another, as all absolute val-
ues of correlation coefficients were below 0.5. Five
correlations were stronger than 0.3: alt mean x
forests_change = -0.46, mountain_range x urban_
change = -0.39, alt mean x mountain_range =
-0.39, croplands_change x grassland_change = 0.38
and mountain_range xforests_change = 0.47.
Models containing all possible combinations of
variables and their interactions were fitted and
ranked using corrected Akaike Information
Criterion (AICc) (Burnham & Anderson 2002). The
subset of top-supported models — with AAICc < 2
— was considered in further steps. For each model
the Akaike weight (wnAIC) was also calculated to
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assess the relative importance (RVI) of explanato-
ry variables (Burnham & Anderson 2002). To avoid
overfitting, we calculated the Variance Inflation
Factor (VIF) for each predictor and excluded all
models having at least one variable with VIF > 2.
Since the model weights were balanced, model
averaging and model-averaged prediction was
applied. Diagnostic analyses showed that the
assumptions of linear regression were met. The
models were fitted with R (R Core Team 2021)
using MuMIn package (Barton 2020) to rank and
average models.

Data on land use changes at the county level
were downloaded from https://bdl.stat.gov.pl/BDL/
dane/podgrup/temat. These are data from the
Agricultural Censuses, conducted using a uni-
form, nationwide methodology and collected by
the Central Statistical Office. To calculate changes
in land use types we used available data from the
years closest to years of the IWSCs, i.e. 2004 and
2014 for forest area, 2002 and 2010 for croplands
and grasslands, and 2012 and 2014 for urban and
built-up areas. Percentage changes in land use
types among counties are presented in Appendix
1 and they are generalized in Appendix 2. In the
total area, the magnitude of change in the years
under comparison was low (medians between
-0.01 and 7.41%, the highest in the forested areas).
Area of croplands was rather stable, grasslands
decreased in most counties, while forests and
developed areas (urbanized and built-up lands)
clearly increased (Appendix 2). Note that the
urban_change could be derived from only a three-
year time span so one may expect more volatility
due to this variable. Also note that in several coun-
ties the changes in land use types were unavail-
able and these counties were excluded during
modelling. Moreover, in one county (Katowice)
the RC index could not be calculated due to zero
value in 2004, and also one outlier county
(Tatrzanski) was excluded, since the county covers
the highest areas of Poland, mostly unsuitable for
the White Stork (average county altitude 1089 m
asl). Therefore, the regression models were built
on data from 94 counties, i.e. all inspected, non-
zero and non-outlier counties having full land use
data.

The mean altitude of each county was
obtained using the "Raster statistics for polygons"
tool within the SAGA module in the QuantumGIS
program (QGIS.org 2021). To visualise the associa-
tion of the White Stork with elevational gradient,
we compared the rates of change predicted by
the averaged regression models in three types of

counties separated according to the mean county
altitude, i.e. lowland, foothill and mountain coun-
ties (Appendix 1). The comparison was made for
the entire set of 94 counties, and separately for the
Sudetes (46 counties situated in the Lubuskie,
Dolnoélaskie and Opolskie Provinces) and
Carpathians (48 counties situated in Slaskie and
Matopolskie Provinces). In the Sudetes region, the
altitude thresholds for lowland, foothill and
mountain counties were up to 200 m, 200-400 m
and over 400 m, respectively, while in the
Carpathians, the thresholds were up to 300 m,
300-500 m and over 500 m. Uneven thresholds
reflected physico-geographical differences between
the mountain ranges and made similar the intra-
group conditions for the stork occurrences. The
Sudetes, with the highest peak at 1602 m asl, are
much lower mountains than the Carpathians
(2499 m asl) and have the altitudinal ecological
zonation shifted down (Hess et al. 1980, Kondracki
2000). Finally, using the raw data, we calculated
the percentage rates of change (RC) in three types
of counties to provide quantitative information of
stork trends within the elevational belts
(Appendix 3).

RESULTS

Based on 2307 breeding pairs really recorded dur-
ing the 7t IWSC in 2014, the White Stork popula-
tion in five provinces of SW Poland was estimated
at 2560 pairs (Table 2). The mean density amount-
ed to 3.61 pairs/100 km? and was relatively even
among the entire area, lower only in the
Dolnoslaskie Province (2.66 pairs/100 km?). Com-
pared to the results of the 2004 census, a substan-
tial population decline was found, amounting to
35.5% in the entire area (range 30—42% in individ-
ual provinces), being higher in the west (Fig. 2). In
each of the five provinces, the decrease in num-
bers between 2004 and 2014 was significant (Table 2),
i.e. from among 98 counties covered with counts,
only six counties had higher numbers in 2014.
Seven models explaining changes in the White
Stork population had high support (Table 3).
None of the models was clearly superior to the
others, with the top-supported model weight of
0.27, and the variance explained between 9% and
13%. The most important variables were associat-
ed with the county location relative to mountains:
the mean county altitude was present in all top
models (RVI = 1), while the mountain_range — in
four models (RVI = 0.63). Predictors related to
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Table 2. Number of breeding pairs (BP) and density of the White Stork in five provinces of south-western Poland in 2014 and 2004.
The differences in breeding pairs were tested with the Wilcoxon test, based on county data. The provinces ordered by the decreas-

ing number of pairs in 2014.

Province 2014 2004 N A p
BP Density BP Density (no of
(no of pairs from (pairs/ (pairs/) counties)
estimation) 100 km2) 100 km?
Lubuskie 595 (197) 4.25 942 6.73 12 3.06 0.0022
Matopolskie 534 (16) 3.52 812 5.35 22 3.43 0.0006
Dolnoslaskie 531 (38) 2.66 915 4.59 27 4.40 0.0000
Slaskie 504 (2) 4.09 724 5.87 28 4.38 0.0000
Opolskie 396 (0) 4.21 577 6.13 12 3.06 0.0022
Total 2560 (253) 3.61 3970 5.60 101 8.32 0.0000

changes in land use had lower importance: crop-
lands_change and urban_change appeared in two
models, with RVI equaling to 0.23 and 0.21,
respectively, and grasslands_change was included
in only one model (RVI = 0.14). As expected,
changes in the White Stork population were posi-
tively related to increases in croplands and grass-
lands, and negatively to the growth of urbanized
areas. Changes in forest areas and the interaction
terms were absent from all top-supported models.

Model-averaged coefficients confirmed the
importance of elevation for the stork demogra-
phy, the county altitude turned out to be the only
significant variable (Table 4). Specifically, popula-
tion declines were inversely related to the county
altitudes, meaning that higher drops were record-
ed in lowlands (Fig. 3). Mountain_range was not

Lubuskie.
-36.8%

Dolnoslaskie

Matopolskie
-34.2%

Fig. 2. The percentage rates of change in the White Stork pop-
ulation between 2004 and 2014 in five provinces of SW Poland.

significant and indeed the relationship concerned
both the Sudetes and Carpathians, although it
was more pronounced in the Sudetes. Based on
raw data, in the mountain counties of the Sudetes
the changes had a particularly low average rate of
decrease (-0.14%), compared to adjoining foothills
(-32%) and lowlands (-39%) (Appendix 3).
Overall, population declines in lowland counties
of SW Poland were over two times higher than in
mountain counties, while the foothills showed
intermediate values of stork decrease (Fig. 3).

Long-term data available for three provinces
indicate that a sharp population drop observed in
the last two decades in SW Poland contrasts with
the country-wide population's upward or stable
trend over most of this time (Fig. 4). Moreover,
during the last half-century, when data from both
populations are available, only in 1984-2004 the
trend in SW Poland was consistent with the
nationwide population. It should be noted, how-
ever, that recently (after 2014), the trend of the
nationwide population has also reversed and is
now declining (Wardecki et al. 2021), which is in
line with the situation in SW Poland. In turn, the
stable trend of the Polish stork population
between 2004 and 2014 was inconsistent with
spectacular, yet so far unquantified, the upward
trend of the global population (Table 5).

DISCUSSION

Diversity of population trends across Europe

We showed that between the 6 and 7th IWSC
(2004-2014), the population of the White Stork in
south-western Poland was subject to a strong
decline, contradicting a stable nationwide trend
and increasing trend of the whole world popu-
lation (Jakubiec & Guziak 2006, Thomsen &



Declines of the White Stork in SW Poland 261

Table 3. Models describing the rate of change of the White Stork population in relation to the following explanatory variables:
alt_mean (mean altitude of the county), mountain_range (either Sudetes or Carpathians), forests_change (% change of forest area
between 2004 and 2014), croplands_change (% change of arable lands between 2002 and 2010), grasslands_change (% change of
meadows and pastures between 2002 and 2010), urban_change (% change of built-up and urbanized lands between 2012 and
2014). K — the number of estimated parameters, including the intercept. Corrected Akaike Information Criterion (AICc) was used
to compare the models. Delta (AAIC) shows the difference in AICc between each model and the best-supported model. Weight
(wAIC) shows the relative importance of the model, with all weights summing up to 1. R-squared metrics were additionally pro-

vided as a measure of fit. Only models with AAIC < 2 are presented.

Model  Formula K AlCc AAIC wAIC  R-squared adjusted
R-squared
1 alt_mean + mountain_range 3 845.95 0 0.27 0.12 0.10
2 alt_mean 2 846.99 1.04 0.16 0.09 0.08
3 alt_mean + mountain_range + grasslands_change 4 847.27 1.32 0.14 0.13 0.10
4 alt_mean + mountain_range + croplands_change 4 847.52 1.57 0.12 0.13 0.10
5 alt_mean + urban_change 3 847.69 1.74 0.1 0.1 0.09
6 alt_mean + croplands_change 3 847.84 1.89 0.10 0.1 0.09
7 alt_mean + mountain_range + urban_change 4 847.89 1.94 0.10 0.13 0.10

Lachmann 2013, Wardecki et al. 2021). Our data
also show that the stork can undergo rapid
changes in abundance and that these changes can
vary greatly in nearby regional populations.
These aspects have previously been addressed in
the literature on the White Stork (e.g. Tryjanowski
et al. 2005b), but few empirical studies capable of
demonstrating this have been conducted in recent
years, at a broad spatial scale and in key areas of
species distribution. Our new data fulfil these
requirements and illustrate the phenomena in
stork demography observed across Europe in
recent decades.

The downward trend was not a surprise since
the observations from several study plots in the
region have clearly indicated a long-lasting disap-
pearance of the stork in SW Poland (KuzZniak &
Tobodtka 2010, Sztwiertnia et al. 2018). For example,
in the Milicz district having the longest (starting
1959) series of counts in Poland (Mrugasiewicz
1972), the population of 53 pairs in 2015 almost
halved compared to 2004 (98 pairs) and was sub-
stantially lower than in peak level of 181 pairs in

1962 (Lenkiewicz et al. 2021). However, the rate of
change revealed in our study, higher than else-
where, and its uniformity among our areas was
surprising. A 35% decline over ten years is a rea-
sonably high figure for a long-lived, single-brood-
ed bird species with a relatively slow reproduction
rate, albeit it is not exceptional. Indeed, in the
same period, populations in the Netherlands and
Sweden increased by 51%, in Switzerland by 90%,
in France by 129%, and in 16 German federal
states, the amplitude of changes ranged from —25
to 1430% (Thomsen et al. 2017). These numbers
should be considered carefully, while some local
populations started from very low numbers, i.e.
just several breeding pairs. Notably, however,
most of these figures relate to increases, whereas
we are not aware of any large areas with current
decreases at the magnitude of the one revealed in
south-western Poland (accounting areas with a
sound population size). Although such a signifi-
cant decline could have been influenced by a high
stork abundance in 2004, the abundance was nev-
ertheless the result of long-term population

Table 4. Model-averaged parameter estimates, their standard errors (SE) and significance, based on top-supported linear models,
explaining the rate of change of the White Stork population in relation to the mean altitude of the county, the mountain range
and land use changes of the county. Values of the relative importance (RVI) of explanatory variables are also presented. For
further abbreviations, see Table 3.

Parameter Estimate SE z p N models RVI
Intercept -51.13 6.84 7.392 < 0.001 - -

alt_mean 0.06 0.02 3.198 0.001 7 1.00
mountain_range 5.06 5.48 0.917 0.359 4 0.63
grasslands_change 0.94 3.60 0.260 0.795 2 0.23
croplands_change 1.64 4.76 0.341 0.733 2 0.21
urban_change -0.10 0.33 0.305 0.760 1 0.14
forests_change - - - - 0 0
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Fig. 3. Percentage rates of change (RC) in population size of the
White Stork between 2004 and 2014 in lowland, foothill, and
mountain counties of SW Poland. Result obtained from the
averaged model based on the subset of top-supported models
(Tables 3 and 4). Separate figures present comparisons of RC in
counties from the entire area of SW Poland (N = 94), in coun-
ties lying in or adjacent to the Sudetes (N = 46), and the
Carpathians (N = 48). The boxplots show medians as horizon-
tal lines, and the interquartile and non-outlier ranges as the
inner and outer boxes. Dots show RC values in individual
counties.

growth occurring both globally and in the eastern
core population (Table 5), and not a single spike
concerning 2004.

On a wider geographic scale, decreasing
trends are now rare. After strong declines in the
20th century (Profus 2006a), the worldwide popu-
lation of the White Stork is currently on a strong
upward trend (EBCC 2021). The increases concern
most of the European range — from the Iberia
region to East Germany and the east of Poland.
Meanwhile, a relatively small area of Central
Europe is an island dominated by downward or
stable trends. Specifically, in Germany, in four fed-
eral states adjacent to Poland, a decrease of 10%
was recorded in 2004-2014, compared to an
increase of 99% in the rest of the country. Changes
in the Czech Republic and Slovakia amounted to
-2.7% and 1.6%, respectively (Fulin 2016, Nyklova-
Ondorova & Hanley 2016), Austria -5.6%, and
Hungary -6.6% (Thomsen et al. 2017). In contrast,
beyond the eastern border of Poland, data from
the same period invariably indicate increases in
stork numbers: e.g. by 32% in Latvia (Janaus 2016),
7.7% in Belarus, 25% in Ukraine (Thomsen et al.
2017).

The outlined national assessments should also
be seen considering the migration system of the
White Stork. In Central Europe, the border
between areas with overall population increases
and decreases (or stability) coincides with the
division into western and eastern stork migration
pools, occurring longitudinally across Germany
(Kania 2006). Thus, the declines mainly affect the
western edge of the eastern migratory popula-
tion. Reports from the western population clearly
indicate that shortening migration, overwintering
in Europe and using landfills as foraging grounds
are profitable for the White Storks (Tortosa et al.
2002, Gilbert et al. 2016, Cheng et al. 2019). In con-
trast, the eastern migrants that overwinter south
of the Sahara all the way down to South Africa are
disadvantaged, because of bearing much higher
migration costs. It is known that juvenile storks
originating from eastern migratory population
invest much higher amount of energy than west-
ern migrants because of longer overall journey
and also longer daily foraging trips in African
rural areas compared to overwintering regions of
Europe (Flack et al. 2016). Higher energy expendi-
ture may result in lower survival and fitness,
potentially leading to the population declines
observed in Central Europe. However, this does
not justify diverse trends occurring within the
same migration pool. It is still unclear whether
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(nationwide data) and in three provinces of SW Poland
(Dolnoélaskie, Opolskie and Matopolskie) as obtained from
consecutive International White Stork Censuses 1958-2014.
Size of the Polish population in 2014 revealed by the
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opposite trends within parts of the eastern core
population can be associated with migration
habits, and if so, what mechanisms are responsi-
ble for the observed spatial arrangement.

Drivers of the population decrease in SW Poland
Although the causes of the observed transforma-
tions in stork demography are complex (Schulz
2004, Krogulec 2020), global climate and land use
changes are usually presented as the most impor-
tant driving factors (Seether et al. 2006, Huntley et
al. 2008). Specifically, in Eastern Europe, the
growth in breeding numbers is accompanied by
east- and northward range expansion, i.e. towards
colder areas compared to the existing central areas
of distribution (Keller et al. 2020). In consequence,
the latter are expected to become less populated
by storks. Our study could serve as a quantitative
illustration of these processes. In accordance with
the north-eastern direction of the range shift and
with thermal gradients in Central Europe, the
warmest south-western part of Poland should
experience decreases in population size (Huntley
et al. 2007), as confirmed by our data. We also
searched for the sources of stork decline in con-
temporary land use changes in Poland, i.e. the
extension of residential areas, afforestation and
decrease in surface area of agricultural land
(Potawski 2009). Since the changes coincide with
trends in other Central European countries
(Munteanu et al. 2014, Cegielska et al. 2018), they
can potentially explain the stork demography in a
wider, regional scale. Indeed, changes in area of

grasslands, croplands and urbanized lands
appeared in the set of best AIC models, so they
could contribute to the observed decreases in
stork numbers. Nevertheless, the importance of
land use variables should not be overestimated.
None of them appeared in the top models (con-
taining only variables associated with the alti-
tude), the variables had relatively low values of
importance index, and the explained variance was
low. It has then to be concluded that we found
only modest support for the significance of land
use changes in explaining the White Stork decline
in SW Poland. Thereby, other external factors may
have higher importance, such as mortality during
migration, changes in wintering grounds and
stop-over sites, or source-sink dynamics across
neighbouring populations.

Importance of the altitude

A novel outcome of our study is the relationship
between population change and the altitudinal
gradient: stork declines in the uplands were
smaller than in the lowlands. Elevational gradi-
ents are believed to constitute a fine-scale substi-
tute for latitudinal gradients, although there is not
a strict homology of both patterns (Popy et al.
2010, Sanders & Rahbek 2012). In any case, the
revealed differences would again imply a sensitiv-
ity of the White Stork to climate-driven factors,
which in higher elevations may currently be more
favourable for the stork than in lowlands. Indeed,
the results of the 6th IWSC 2004 from the Sudetes
indicated significantly higher stork productivity at
higher elevations compared to lowlands and
foothills (Wuczynski 2006a). This could directly
translate into further smaller population declines
in the mountain and foothill counties. However,
the mechanism underlying this relationship
remains unclear. While differences in temperature
or precipitation may directly influence the differ-
ences in trophic conditions along the elevational
belts (McCain & Grytnes 2010), the importance of
altitude-dependent external forces such as envi-
ronmental transformations and human land use
intensity, seems more likely. Noncrop matrix
habitats, meadows and pastures are still much
more available in montane regions compared to
lowlands in Poland and elsewhere (Becker et al.
2007), whereas the reforestation is more intensive
in lowlands (Appendix 1). Different scales of
habitat deterioration may then be responsible for
the observed differences in population perform-
ance of the White Stork along the elevational
gradient.
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Finally, it should be noted that despite more
favourable population trends in higher elevations,
declines in stork numbers prevailed there as
well. This outcome was not obvious in light of the
previous long-term, prominent influx of the
White Stork to higher altitudes (Tryjanowski et al.
2005b, Wuczynski 2006a). We rather expected a
stable situation or even increases in uplands.
Contradictory results suggest that the earlier
influx of storks into the mountains in Poland has
stopped and that the large-scale shift of the
species range has a stronger impact on population
dynamics than local factors (Jergensen et al. 2016).

Trends in the nationwide stork population in
Poland

As a final point, it is worth considering to what
extent the presented data from 23% of Poland
inform about the situation of the stork in the
whole country, which is still one of the most
important strongholds of the species. Considering
only two points in time compared in this study,
2004 and 2014, the downward trends in south-
western Poland do not correspond to the stable
situation in the national population, which would
result from the MBP. Also, Chylarecki et al. (2018)
previously showed that in 2001-2016, predomi-
nantly downward trends in western Poland dif-
fered from the relatively stable ones in eastern
Poland, although significant fluctuations charac-
terized the entire period. Notably, the largest year-
to-year decline was identified just between 2004
and 2005. The national population has not fully
recovered after this drop (Wuczynski et al. 2021),
which corresponds to the results presented in this
paper. Moreover, just recently, the updated MBP
data have been made available, which also indi-
cate an apparent decrease in the nationwide pop-
ulation: in the years 2014-2019, the decline
amounted to 10.2% (from 52.7 to 47.3 thousand
pairs) (Wardecki et al. 2021, Wuczynski et al. 2021).
The following years will indicate whether it is a
temporary fluctuation or a long-term trend.
However, in a long-lived bird species, even a
short-term 10% decrease may have long-lasting
effects on population viability (Seether et al. 2005).
When looking for general conclusions from the
puzzled Polish data, it can be stressed that, first,
Poland now seems to be a transitional area, lying
between Western and North-Eastern Europe, two
large areas inhabited by increasing populations of
the White Stork. Such a location may cause popu-
lation heterogeneity and rapid changes at the
local level, similar to those presented in this paper.

Second, it is essential to note that neither of the
Polish data points to an upward trend observed in
the global population. The trends are stable at
most, while the recent post-2014 nationwide data
indicate a decline. This means that the arguments
indicating a downward trend in the Polish stork
population are currently prevailing. Results
obtained in the south-western part, presented in
this paper, are a meaningful example of current
nationwide declines.

ACKNOWLEDGEMENTS

The population size of the White Stork in south-
western Poland could be assessed thanks to the
voluntary work of many bird watchers. We are
very grateful to all of them. We would also like
to thank an anonymous reviewer for valuable
comments. This study was supported by the
Institute of Nature Conservation, Polish Academy
of Sciences as a statutory activity. During the
study, Marcin Tobdtka was a holder of scholar-
ships funded by Polish National Science Centre,
2013/08/T/NZ8/01001, and Polish National Agency
for Academic Exchange, PPN/BEK/2020/1/ 00426.

REFERENCES

Bairlein E 1991. Population studies of White storks (Ciconia
ciconia) in Europe. In: Perrins C. M., Lebreton J.-D., Hirons
G. J. M. (eds). Bird population studies. Oxford University
Press, Oxford, UK, pp. 207-229.

Barton K. 2020. MuMIn: Multi-Model Inference. R pack-
age version 1.43.17. https:/CRAN.R-project.org/package=
MuMIn.

Becker A., Korner C., Brun J. J., Guisan A., Tappeiner U. 2007.
Ecological and land use studies along elevational gradi-
ents. Mount. Res. Develop. 27: 58-65.

Burnham K. P, Anderson D. R. 2002. Model selection and mul-
timodel inference: a practical information-theoretic
approach. 2nd ed. Springer, New York.

Cegielska K., Noszczyk T, Kukulska A., Szylar M., Hernik J.,
Dixon-Gough R., Jombach S., Valanszki I., Kovacs K. E
2018. Land use and land cover changes in post-socialist
countries: Some observations from Hungary and Poland.
Land Use Policy 78: 1-18.

Cheng Y., Fiedler W.,, Wikelski M., Flack A. 2019. "Closer-to-
home" strategy benefits juvenile survival in a long-distance
migratory bird. Ecol. Evol. 9: 8945-8952.

Chylarecki P, Chodkiewicz T, Neubauer G., Sikora A., et al.
2018. [Trends in bird numbers in Poland]. GIOS, Warszawa.

Dornbusch M. 1982. Zur Populationsdynamik des Weif3storches
Ciconia ciconia (L.). Ber. Vogelwarte Hiddensee 3: 19-
28.

Dylik A. 2018. [Nesting, changes in the number and productiv-
ity of the White Stork population of Ciconia ciconia in the
district of Znin]. ChroAmy Przyr. Ojcz. 74: 279-288.



266 A. Wuczynski et al.

EBCC 2021. Species trends. The White Stork. Available at:
https://pecbms.info/trends-and-indicators/species-trends/
species/ciconia-ciconia/, accessed 08-02-2021.

Flack A., Fiedler W, Blas J., Pokrovski I., et al. 2016. Costs of
migratory decisions: A comparison across eight white
stork populations. Sci. Adv. 2: e1500931.

Fulin M. 2016. White Stork in Slovakia in 2014. In: Jerzak L.,
Shephard J., Aguirre J. I, Shamoun-Baranes J., Tryjanowski
P, (eds). The White Stork: Studies in biology, ecology and
conservation. Uniwersytet Zielonogorski, Zielona Gora,
pp- 59-61.

Gilbert N. I, Correia R. A, Silva J. P, Pacheco C., Catry I,
Atkinson P W, Franco A. M. 2016. Are white storks addict-
ed to junk food? Impacts of landfill use on the movement
and behaviour of resident white storks (Ciconia ciconia)
from a partially migratory population. Mov. Ecol. 4: 1-13.

Guziak R. 2006. [Methods]. In: Guziak R., Jakubiec Z. (eds).
[White Stork Ciconia ciconia (L.) in Poland in 2004. Results
of the VIth International White Stork Census]. PTPP
»proNatura”, Wroctaw, pp. 19-26.

Guziak R., Jakubiec Z. 2006. [White Stork Ciconia ciconia (L.) in
Poland in 2004. Results of the VIth International White
Stork Census]. PTPP ,proNatura”, Wroctaw.

Hess M., Niedzwiedz T., Obrebska-Starklowa B. 1980. [On reg-
ularities in zonal differentiation of climatic conditions in
the Sudety Mountains]. Prace Geogt. 9: 167-201.

Hooftman D. A. P, Bullock J. M. 2012. Mapping to inform
conservation: a case study of changes in semi-natural habi-
tats and their connectivity over 70 years. Biol. Conserv.
145: 30-38.

Huntley B., Collingham Y. C., Willis S. G., Green R. E. 2008.
Potential impacts of climatic change on European breeding
birds. PLoS ONE 3: e1439.

Huntley B., Green R. E., Collingham Y. C., Willis S. G. 2007. A
climatic atlas of European breeding birds. Lynx Edicions
Barcelona.

Jakubiec Z. (ed.) 1985. [Population of White Stork Ciconia cico-
nia L. in Poland]. Studia Naturae A, Vol. 28. Warszawa —
Krakéw.

Jakubiec Z., Guziak R. 1998. [White stork Ciconia ciconia in
Poland in 1995 — distribution, numbers, conservation
problems]. Notatki Ornitol. 39: 195-209.

Jakubiec Z., Guziak R. 2006. [White Stork in Poland in 2004]. In:
Guziak R., Jakubiec Z. (eds). [White Stork Ciconia ciconia
(L.) in Poland in 2004. Results of the VIth International
White Stork Census]. PTPP ,proNatura”, Wroclaw, pp.
377-394.

Janaus M. 2016. Monitoring of breeding success of the White
Stork in Latvia, 1989-2014. In: Jerzak L., Shephard J.,
Aguirre ]. I, Shamoun-Baranes J., Tryjanowski P (eds).
The White Stork: Studies in biology, ecology and conserva-
tion. Uniwersytet Zielonogorski, Zielona Gora, pp. 37-47.

Janiszewski T, Minias P, Wojciechowska A., Wojciechowski Z.
2014. [Results of twenty years of monitoring the White
Stork population in the Lowicz District (1994-2013) —
changes in the number, breeding success and the nest
location]. Chrofimy Przyr. Ojcz. 70: 312-321.

Janota E. 1876. [Stork: stories, insights and comments]. Prze-
wodnik Naukowy i Literacki, Lwow.

Jerrentrup J. S., Dauber J., Strohbach M. W,, Mecke S., Mitschke
A., Ludwig J., Klimek S. 2017. Impact of recent changes in
agricultural land use on farmland bird trends. Agric.
Ecosyst. Environ. 239: 334-341.

Jorgensen P S., Bohning-Gaese K., Thorup K., Tettrup A. P,
Chylarecki P, Jiguet F, Lehikoinen A., Noble D. G., Reif .,
Schmid H. 2016. Continent-scale global change attribution
in European birds-combining annual and decadal time
scales. Glob. Change Biol. 22: 530-543.

Kania W. 2006. Movement of Polish white storks (Ciconia cico-
nia) — an analysis of ringing results. In: Tryjanowski P,
Sparks T H., Jerzak L. (eds). The white stork in Poland:
studies in biology, ecology and conservation. Bogucki
Wydawnictwo Naukowe, Poznan, pp. 249-294.

Keller V., Herrando S., Vofisek B, Franch M., Kipson M.,
Milanesi P, Marti D., Anton M., Klvanova A., Kalyakin M.
2020. European breeding bird atlas 2: Distribution, abun-
dance and change. European Bird Census Council & Lynx
Edicions, Barcelona.

Kolecek J., Albrecht T, Reif J. 2014. Predictors of extinction risk
of passerine birds in a Central European country. Anim.
Conserv. 17: 498-506.

Kondracki J. 2000. [The regional geography of Poland]. PWN.

Krogulec G. 2020. [Changes in the population size of the White
Stork Ciconia ciconia in Poland between the end of the19th
and the beginning of the 21st century: trends and causes].
BSc thesis, Uniwersytet Wroctawski, Wroctaw.

Kuzniak S., Tobotka M. 2010. [Decline of the white stork Ciconia
ciconia in the Leszno District and the program for its
protection]. Chronmy Przyr. Ojcz. 66: 97-106.

Lack D. L. 1966. Population studies of birds. Clarendon Press,
Oxford.

Lemoine N., Bauer H. G., Peintinger M., Bohning-Gaese K.
2007. Effects of climate and land-use change on species
abundance in a central European bird community.
Conserv. Biol. 21: 495-503.

Lenkiewicz W.,, Orfowska B., Stawarczyk T, Neubauer G.,
Smyk B. 2021 [Avifauna of the Barycz Valley: current num-
bers and temporal trends]. Ornis Polonica 62: 259-292.

McCain C. M., Grytnes J. A. 2010. Elevational gradients in
species richness. In: Encyclopedia of Life Sciences (ELS).
John Wiley & Sons, Ltd, Chichester. DOI: 10.1002/
9780470015902.20022548

Mielczarek P. 2006. [White Stork in Matopolska voivodship in
2004]. In: Guziak R., Jakubiec Z. (eds). [White Stork Ciconia
ciconia (L.) in Poland in 2004. Results of the VIth
International White Stork Census]. PTPP ,proNatura”,
Wroctaw, pp. 133-152.

Mielczarek P, Profus P 2016. [White Stork Ciconia ciconia]. In:
Wilk T, Bobrek R., Pepkowska-Krél A., Neubauer G.,
Kosicki J. Z. (eds). [The birds of the Polish Carpathians —
status, threats, conservation]. OTOE Marki, pp. 182-191.

Mrugasiewicz A. 1972. [White Stork, Ciconia ciconia (L.) over the
district of Milicz in the years 1959-1968]. Acta Ornithol. 13:
243-278.

Munteanu C., Kuemmerle T, Boltiziar M., Butsic V., et al. 2014.
Forest and agricultural land change in the Carpathian
region — A meta-analysis of long-term patterns and driv-
ers of change. Land Use Policy 38: 685-697.

Newton L. 2013. Bird populations. The New Naturalist Library.
William Collins.

Northrup J. M., Rivers J. W, Yang Z., Betts M. G. 2019.
Synergistic effects of climate and land-use change
influence broad-scale avian population declines. Glob.
Change Biol. 25: 1561-1575.

Nyklova-Ondorova M., Hanley D. 2016. The White Stork in
the Czech Republic: a long-term survey. In: Jerzak L.,
Shephard J., Aguirre J. I., Shamoun-Baranes J., Tryjanowski
P (eds). The White Stork: Studies in biology, ecology and
conservation. Uniwersytet Zielonogodrski, Zielona Gora,
pp- 49-57.

Peterson U., Jakubiec Z. 2016. Long term studies of population
dynamics of the White Stork Ciconia ciconia in the region of
its highest density (NE Poland). In: Jerzak L., Shephard J.,
Aguirre J. I, Shamoun-Baranes J., Tryjanowski P (eds).
The White Stork: Studies in biology, ecology and conserva-
tion. Uniwersytet Zielonogorski, Zielona Goéra, pp. 19-35.



Declines of the White Stork in SW Poland 267

Pietrowiak J. 2012. [The white stork Ciconia ciconia in the
Jarocin region in 2001-2006]. Ptaki Wielkopolski 1: 76-90

Plieninger T, Draux H., Fagerholm N., Bieling C., Burgi M.,
Kizos T, Kuemmerle T, Primdahl J., Verburg P. H. 2016. The
driving forces of landscape change in Europe: A systemat-
ic review of the evidence. Land Use Policy 57: 204-214.

Potawski Z. 2009. [Land use changes in Poland during last two
centuries]. Teledetekcja Srodowiska 42: 69-82.

Popy S., Bordignon L., Prodon R. 2010. A weak upward eleva-
tional shift in the distributions of breeding birds in the
Italian Alps. . Biogeogr. 37: 57-67.

Profus P. 2006a. [Population changes and breeding ecology of
the White Stork Ciconia ciconia L. in Poland against a back-
ground of the European population. Synthesis]. Studia
Naturae 50: 1-155.

Profus P 2006b. [White Stork in Slaskie voivodship in 2004]. In:
Guziak R., Jakubiec Z. (eds). [White Stork Ciconia ciconia
(L.) in Poland in 2004. Results of the VIth International
White Stork Census]. PTPP ,proNatura”, Wroclaw, pp.
263-290.

Profus P, Jakubiec Z., Mielczarek P. 1989. Zur Situation des
Weif$storchs, Ciconia ciconia L. in Polen, Stand 1984. In:
Rheinwald G. J., Ogden H., Schulz H. (eds). Weifsstorchs —
White Stork. Proc. I. Int. Stork Conserv. Symp.
Schriftenreihe des DDA 10, Walsrode, pp. 81-97.

QGIS.org 2021. QGIS Geographic Information System. QGIS
Association. Available at: http:/www.qgis.org.

R Core Team 2021. R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/.

Rockstrom J., Williams J., Daily G., Noble A., et al. 2017.
Sustainable intensification of agriculture for human pros-
perity and global sustainability. Ambio 46: 4-17.

Sanders N. J., Rahbek C. 2012. The patterns and causes of ele-
vational diversity gradients. Ecography 35: 1-3.

Sether B.-E., Grotan V., Tryjanowski P, Barbraud C., Engen S.,
Fulin M. 2006. Climate and spatio-temporal variation in the
population dynamics of a long distance migrant, the white
stork. J. Anim. Ecol. 75: 80-90.

Seether B.-E., Lande R., Engen S., Weimerskirch H., et al. 2005.
Generation time and temporal scaling of bird population
dynamics. Nature 436: 99-102.

Schulz H. 2004. White Stork Ciconia ciconia. BWPi: Birds of the
Western Palearctic interactive (DVD-ROM). BirdGuides
Ltd, Sheffield.

Sikora A. 2017. [Distribution, changes in the number and pro-
ductivity of White Stork Ciconia ciconia in Zutawy Wislane].
Chrofimy Przyr. Ojcz. 73: 363-378.

Sztwiertnia H., Wuczynski A., Betleja J., Jerzak L., Profus P,
Siekiera A., Siekiera J., Szymczak J. 2018. [Population of the
White Stork in the Silesian Ornithological Region in 2014].
Ptaki Slaska 25: 83-98.

Thomsen K.-M., Kaatz C., Kaatz M., Ludwig B. 2017.
Verbreitung und Bestand. In: Kaatz C., Wallschldger D.,
Dziewiaty K., Eggers U. (eds). Der Weifsstorch Ciconia cico-
nia. NBB 682. VerlagsKG Wolf, Magdeburg, pp. 148-205.

Thomsen K.-M., Lachmann L. 2013. White Stork populations
across the world. Results of the 6th International White
Stork Census 2004/2005. NABU.

Tobolka M., Sparks T. H., Tryjanowski P. 2012. Does the White
Stork Ciconia ciconia reflect farmland bird diversity? Ornis
Fennica 89: 222-228.

Tortosa E S., Caballero J. M., Reyes-Lopez J. 2002. Effect of rub-
bish dumps on breeding success in the White Stork in
southern Spain. Waterbirds 25: 39-43.

Tryjanowski P, Sparks T. H., Jakubiec Z., Jerzak L., Kosicki J.,
Kuzniak S., Profus P, Ptaszyk J., Wuczynski A. 2005a. The
relationship between population means and variances of

reproductive success differs between local populations of
white stork (Ciconia ciconia). Popul. Ecol. 47: 119-125.

Tryjanowski P, Sparks T. H., Profus P 2005b. Uphill shifts in the
distribution of the white stork Ciconia ciconia in southern
Poland: the importance of nest quality. Divers. Distrib. 11:
219-223.

Vaitkuviene D., Dagys M. 2015. Two-fold increase in white
stork (Ciconia ciconia) population in Lithuania: A conse-
quence of changing agriculture? Turk. J. Zool. 39: 144-152.

Wardecki t., Chodkiewicz T, Beuch S., Smyk B., Sikora A.,
Neubauer G., Meissner W., Marchowski D., Wylegata P,
Chylarecki P 2021. [Monitoring of Birds of Poland
2018-2021]. Biuletyn Monitoringu Przyrody 22: 1-80.

World Resources Institute 2020. WRI Annual Report &
Corporate Documents 2019. Washington, DC.

Wretenberg J., Part T, Berg A. 2010. Changes in local species
richness of farmland birds in relation to land-use changes
and landscape structure. Biol. Conserv. 143: 375-381.

Wuczynski A. 2006a. Colonization of new territories: the White
Stork Ciconia ciconia distribution and population changes
in the Sudeten Mountains (Poland). In: Tryjanowski B,
Sparks T H., Jerzak L. (eds). The White Stork in Poland:
studies in biology, ecology and conservation. Bogucki
Wyd. Naukowe, Poznan, pp. 79-98.

Wuczyhiski A. 2006b. [White Stork in Dolnoélaskie voivodship
in 2004]. In: Guziak R., Jakubiec Z. (eds). [White Stork
Ciconia ciconia (L.) in Poland in 2004. Results of the VIth
International White Stork Census]. PTPP ,proNatura”,
Wroctaw, pp. 27-52.

Wuczynski A., Krogulec G., Jakubiec Z., Profus P, Neubauer G.
2021. Population size and spatial distribution of the white
stork Ciconia ciconia in Poland in 1958 with insights into
long-term trends in regional and global population. Europ.
Zool. J. 88: 525-539.

Zbyryt A. 2014. [The White Stork Ciconia ciconia in t.omza
Landscape Park of the Narew Valley and its buffer zone in
the years 1999-2014]. Kulon 19: 21-36.

Zbyryt A., Menderski S., Niedzwiecki S., Kalski R., Zub K. 2014.
[White Stork Ciconia ciconia breeding population in
Warminska Refuge (Natura 2000 Special Protection Area)].
Ornis Polonica 55: 240-256.

STRESZCZENIE

[Silny spadek liczebnosci bociana bialego
w poludniowo-zachodniej Polsce zaleiny od
gradientu wysokosciowego i zmian uzytkowania
terenu]

Bocian bialy jako jeden z najlepiej i najdiuzej
badanych gatunkéw ptakéw stal sie modelowym
obiektem badan populacyjnych. Ocena wielkosci
jego populacji wydaje sie wzglednie tatwa z racji
cech biologii legowej, napotyka jednak na
powazne trudnodci, jesli jest dokonywana w
duzej skali przestrzennej i czasowej. Wielkos¢
Swiatowej populacji jest oceniana w trakcie cy-
klicznych Miedzynarodowych Cenzuséw Bociana
Biatego, organizowanych co 10 lat, co ostatnio
mialo miejsce w roku 2014. W niniejszej pracy
przedstawiamy pierwsze wielkoskalowe wyniki
tego cenzusu pochodzace z Polski. Dotycza one
zwartego i dobrze zbadanego fragmentu obejmu-
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jacego pie¢ potudniowo-zachodnich wojewddztw,
od lubuskiego do matopolskiego, stanowiace 23%
powierzchni kraju (Tab. 1, Fig. 1). Celem badan
byla ocena regionalnej liczebnosci bociana i jej
zmian w poréwnaniu z poprzednim cenzusem z
2004 r. oraz poszukiwanie czynnikéw mogacych
te zmiany wywolywaé. SprawdziliSmy trendy
populacji bociana wzdluz gradientu wyso-
koSciowego, poniewaz obszar badah obejmowat
znaczaca cze$¢ wyzynnych terenéw Polski. Po-
nadto, dzieki zestawieniu wynikéw wszystkich
siedmiu dotychczasowych cenzuséw, poréwnalis-
my dlugoterminowe trendy w populacji bociana
ocenianej w skali regionalnej, krajowej i globalnej.

Liczebnos¢ bociana biatego w potudniowo-za-
chodniej Polsce w 2014 r. oszacowano na 2560 par
legowych, gniazdujacych w $rednim zagesz-
czeniu 3,61 pary/100 km? najnizszym w woje-
wodztwie dolnoslaskim i poréwnywalnym na
pozostatym obszarze (Tab. 2). W stosunku do roku
2004 odnotowano silng redukcje liczebnosci
wynoszaca 35,5% w skali regionu i od 30 do 42%
w poszczegdlnych wojewddztwach (Fig. 2).
Przyczyn spadku szukano z pomoca modeli
liniowych, korzystajac z danych geodezyjnych o
uzytkowaniu terenu i wysokosci bezwzglednej
113 powiatéw znajdujacych sie na obszarze badan
(Apendyks 1 i 2). Wykryto wyrazne powiazanie
zmian liczebnosci bociana ze zmiennymi
opisujacymi kontekst wysokosciowy, za$ stabe w
przypadku miar uzytkowania terenu (Tab. 3 i 4).
Spadki liczebnoéci byly odwrotnie proporcjo-
nalne do wysokosci bezwzglednej — w powiatach
nizinnych okazaly sie ponad dwukrotnie wigksze
niz w gorskich, za$ posrednie byly na pogoérzach.
Zaleznoé¢ ta dotyczyla rejonu Sudetéw i Karpat,

lecz w Karpatach byla mniej wyrazna (Fig. 3,
Apendyks 3). Wyniki te sugeruja, ze tereny
wyzynne sa obecnie bardziej sprzyjajace dla
legowej populacji bociana — by¢ moze ze
wzgledu na korzystniejsze warunki mikrokli-
matyczne i troficzne, a takze wieksza dostepnosé
preferowanych siedlisk niz niziny, zdominowane
przez intensywne agrocenozy. Zgodnie z ocze-
kiwaniami, spadek udzialu trwalych uzytkéw
zielonych i gruntéw ornych oraz poszerzanie
terenéw zabudowanych w powierzchni powiatu
wiazaly sie z wiekszymi spadkami liczebnosci, nie
byly to jednak silne zaleznosci

Poréwnanie zmian populacyjnych w réznych
skalach przestrzennych okazato si¢ niespéjne
(Tab. 5, Fig. 3): silne spadki w poludniowo-
zachodnich wojewédztwach w okresie 2004-2014
przecza raczej stabilnej sytuacji ogélnokrajowej,
artykulowanej wéwczas w Monitoringu Ptakow
Polski, cho¢ nalezy podkresli¢, zZe nowsze (po
2014) dane ogolnokrajowe réwniez wskazuja na
spadek liczebnoSci. Z kolei dane krajowe sa
sprzeczne ze spektakularnym wzrostem obserwo-
wanym w ostatnich dekadach w S$wiatowej
populacji bociana biatego. W dyskusji przedsta-
wione zostaly fluktuacje liczebnosci w innych
krajach Europy, wskazujace na duza rozpietosc
skal i kierunkéw trendéw. Utrudnia to interpre-
tacje obecnych i przysztych zmian liczebnosci.
W konkluzji stwierdzono, ze Polske, lub szerzej,
Europe Srodkowa, nalezy obecnie traktowac jako
obszar przejsciowy, nacechowany zmniejszaniem
liczebnosci bociana bialego, lezacy pomiedzy
rozlegtymi czedciami arealu legowego o rosna-
cych populacjach.
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Appendix 1. List of counties in five provinces of SW Poland with data on altitude (L — lowland, F — foothills, M — mountain),
percentage change in four land use types between 2002 and 2010 (croplands and grasslands), 2004 and 2014 (forests) or between
2012 and 2014 (urban and built-up areas), numbers of the White Stork in 2004 and 2014, and percentage rate of population change
between these years. Counties are arranged according to number of breeding pairs in 2014 within provinces. Empty cells indicate
no data available. Stars indicate unsurveyed counties for which number of pairs in 2014 was derived from estimation (see
Methods).

Province County County Mean Crop- Grass- Forest  Urban/ No of No of Rate of
(voivodship) (powiat) type  altitude lands lands change Built-up pairsin pairsin change
(masl) change change (%) change 2004 2014 (%)
(%) (%) (%)

Lubuskie gorzowski L 46.1 0.1 -0.1 93.1 1.3 159 102 -35.8
strzelecko-drezdenecki L 58.3 0.7 -0.1 218.3 0.5 149 82 -45.0
stubicki L 55.7 0.2 -0.5 124.9 4.7 69 66 -4.3
sulecinski L 78.8 0.1 0.6 103.2 1.7 78 51 -34.6
zielonogorski L 77.3 0.1 -0.2 26.4 3.5 106 49 -53.8
miedzyrzecki L 60.0 0.1 -0.3 257 1.1 76 48* -36.8
wschowski L 83.8 -0.1 -0.1 29.8 1.5 45 37 -17.8
kro$nienski L 64.2 0.3 0.9 80.5 04 51 36 -29.4
zaganski L 132.8 0.2 -0.2 459 1.3 55 35* -36.4
zarski L 117.6 0.2 -0.3 2.1 1.8 51 32* -37.3
nowosolski L 84.7 0.1 -0.5 77.7 1.4 48 30* -37.5
$wiebodzinski L 93.1 -0.1 -0.1 21.9 1.4 54 26 -51.9
Gorzéw Wielkopolski L 46.9 2.0 2.6 -3.7 1.3 1 1* 0.0
Zielona Gora L 94.6 7.5 4.6 0.0 0 0 0.0

Dolnoslaskie legnicki L 140.6 0.0 -0.3 58.1 0.4 88 64 -27.3
gorowski L 95.7 0.1 -0.4 98.9 1.1 52 43 -17.3
trzebnicki L 128.4 0.1 -0.1 55.0 0.5 94 43 -54.3
milicki L 126.3 -0.1 -0.1 26.2 1.7 67 37 -44.8
wroctawski L 148.4 0.0 -0.2 -4.5 6.1 55 36 -34.5
olesnicki L 170.5 0.1 -0.2 49.5 04 74 32 -56.8
polkowicki L 141.1 0.1 0.1 107.2 0.8 59 30 -49.2
lubinski L 127.5 -0.1 0.0 139.8 1.6 47 24 -48.9
Sredzki L 139.9 0.0 -0.2 14.3 1.9 36 24 -33.3
$widnicki F 251.3 0.0 -0.2 -1.5 4.5 26 22 -15.4
gtogowski L 96.4 0.0 -0.2 291.7 0.5 44 21 -52.3
wotowski L 118.5 0.1 0.0 89.0 0.9 29 16 -44.8
otawski L 136.8 0.1 -0.2 18.9 1.6 31 14 -54.8
jaworski F 286.6 0.1 -0.1 27.7 0.3 17 13 -23.5
strzelinski L 179.6 0.0 -0.5 -7.5 0.4 36 12 -66.7
zabkowicki F 311.1 -0.2 -0.3 27.9 1.2 22 12 -45.5
zgorzelecki F 210.7 0.2 -0.2 87.3 1.8 12 12 0.0
dzierzoniowski F 303.3 0.1 -0.1 104 0.8 13 9 -30.8
kamiennogorski M 560.4 0.1 0.2 19.8 1.5 7 9 28.6
Iwowecki F 388.7 0.0 -0.1 43.4 -0.7 20 9 -55.0
bolestawiecki L 181.4 0.0 -0.2 36.7 24 13 8 -38.5
ztotoryjski F 2751 0.1 -0.2 22.6 1.0 16 8 -50.0
Wroctaw L 118.7 -0.1 -0.9 12.5 6.2 20 8 -60.0
ktodzki M 549.8 0.3 0.1 14.9 -0.1 9 7 -22.2
lubanski F 300.4 0.1 -0.3 54.7 0.5 14 7 -50.0
jeleniogorski M 587.6 0.0 -0.2 8.6 2.7 4 6 50.0
watbrzyski M 546.5 0.1 0.1 -27.7 0.7 7 3 -57.1
Jelenia Gora M 470.2 1.4 0.7 15.4 0.4 1 1 0.0
Legnica L 127.4 -0.7 37.9 1.1 2 1* -50.0

Opolskie oleski F 230.0 0.0 -0.1 4.6 3.2 80 53 -33.8
opolski L 170.2 0.0 -0.3 11.3 1.0 62 53 -14.5
nyski F 234.0 0.0 -0.4 5.8 -0.1 80 44 -45.0
prudnicki F 232.6 0.0 -0.7 -18.7 7.6 50 39 -22.0
brzeski L 158.0 0.1 -0.5 61.1 4.1 61 36 -41.0
kluczborski L 191.8 0.0 -0.2 38.3 04 49 35 -28.6
kedzierzynsko-kozielski F 203.7 -0.1 -0.2 71 -3.0 41 32 -22.0
gtubczycki F 283.3 0.0 -0.5 9.1 0.3 37 28 -24.3
namystowski L 160.7 0.0 -0.2 95.0 0.0 51 28 -45.1

Continued on the next page
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Province County County Mean Crop- Grass- Forest Urban/ No of No of Rate of
(voivodship) (powiat) type  altitude lands lands  change Built-up pairsin pairs change
(masl) change change (%) change 2004 in 2014 (%)
(%) (%) (%)
strzelecki F 222.8 0.0 0.0 54 1.4 34 23 -32.4
krapkowicki L 183.3 -0.1 -0.3 47.8 0.4 27 22 -18.5
Opole L 157.1 0.4 0.8 20.3 0.4 5 3 -40.0
Slaskie czestochowski L 255.6 -0.1 -0.3 5.7 1.0 130 97 -25.4
zawiercianski F 331.0 0.1 -0.4 0.8 1.3 60 56 -6.7
bielski F 397.1 -0.2 0.0 -0.9 2.7 43 40 -7.0
lubliniecki L 269.7 0.0 -0.2 7.7 1.3 53 40 -24.5
ktobucki L 238.5 0.0 -0.3 1.5 2.8 63 39 -38.1
raciborski L 216.6 0.0 -0.3 -17.9 0.5 46 33 -28.3
cieszynski F 4497 -0.2 0.0 1.7 2.0 41 32 -22.0
pszczynski L 256.7 0.0 -0.2 -0.6 5.0 47 28 -40.4
gliwicki L 236.9 0.3 -0.1 10.8 2.8 45 27 -40.0
myszkowski F 3254 0.1 -0.2 6.8 4.7 25 20 -20.0
tarnogorski L 275.6 0.4 -04 -2.3 5.1 36 16 -55.6
wodzistawski L 243.0 -0.2 -04 -1.4 7.8 20 13 -35.0
bierunsko-ledzinski L 2443 -0.1 -0.3 4.0 5.1 13 9 -30.8
bedzinski F 302.3 -0.3 -0.2 -1.7 2.6 16 8 -50.0
rybnicki L 256.1 -0.2 -0.5 0.5 7.4 23 7 -69.6
zywiecki M 654.4 -0.6 -0.4 0.0 3.1 12 7 -41.7
mikotowski L 279.1 0.0 -0.2 11.9 3.7 11 5 -54.5
Dabrowa Goérnicza F 307.3 -0.5 -0.3 -0.7 2.6 6 4 -33.3
Jastrzebie-Zdroj L 262.6 -0.1 -0.2 -9.2 15 3 4 33.3
Tychy L 254.4 0.0 0.1 -1.1 0.8 5 4 -20.0
Czestochowa L 259.8 0.0 -0.2 43.4 0.7 6 3 -50.0
Katowice L 276.5 0.0 -0.6 -18.6 0.3 0 2
Mystowice L 268.5 -0.3 -04 0.0 0.7 3 2* -33.3
Rybnik L 248.1 -0.2 -0.5 19.9 0.7 4 2 -50.0
Zabrze L 254.0 1.3 0.3 -63.3 0.7 3 2 -33.3
Bytom L 287.3 0.1 1.0 5.0 1 1 0.0
Gliwice L 240.1 0.2 0.4 21.3 31.8 2 1 -50.0
Jaworzno L 276.4 0.4 -0.6 18.8 1.9 3 1 -66.7
Zory L 262.1 -0.2 -0.3 0.2 10.2 4 1 -75.0
Bielsko-Biata F 413.0 -0.4 -0.3 -2.8 2.8 0 0* 0.0
Chorzéw L 287.3 -0.3 0.0 0.9 0 0* 0.0
Piekary Slaskie L 285.5 0.4 -0.5 -19.5 6.2 0 0 0.0
Ruda Slaska L 267.0 -0.3 -0.4 23.9 0.8 0 0* 0.0
Siemianowice Slaskie L 277.3 0.4 -0.4 0.2 0 0* 0.0
Sosnowiec L 264.5 0.7 -0.1 -14.0 1.3 0 0* 0.0
Swietochtowice L 284.3 0.6 -0.1 -0.8 0 0* 0.0
Matopolskie nowotarski M 705.5 -0.4 0.3 0.0 2.7 86 83 -3.5
tarnowski L 265.5 -0.2 -0.1 3.1 8.0 94 68 -27.7
bochenski L 263.0 -0.3 -0.1 0.1 6.1 90 51 -43.3
dabrowski L 180.0 -0.3 -0.1 3.2 7.6 47 51 8.5
brzeski L 242.3 -0.3 0.0 2.6 45 113 46 -59.3
gorlicki F 460.4 -0.3 0.0 1.9 2.0 29 36 241
wielicki L 2434 -0.3 -0.3 4.6 13.7 52 34 -34.6
oswiecimski L 253.5 -0.1 -0.3 1.9 8.7 65 27 -58.5
nowosadecki M 529.8 -0.4 0.0 15 1.9 36 26 -27.8
krakowski F 302.8 -0.2 -0.2 -6.0 7.0 41 21 -48.8
proszowicki L 234.9 0.0 -0.3 11.2 0.0 36 21 -41.7
chrzanowski L 293.7 -0.6 -0.3 -1.4 1.6 20 12* -40.0
limanowski M 582.2 -0.4 0.1 0.0 7.2 13 10 -23.1
wadowicki F 3455 -0.2 0.2 2.2 0.7 29 10 -65.5
miechowski F 313.0 0.0 -0.1 16.4 5.1 13 9 -30.8
myslenicki F 425.7 -0.5 0.0 -0.9 4.8 12 8 -33.3
Krakow L 2225 0.1 0.1 0.4 3.1 14 7 -50.0
olkuski F 374.5 -0.1 0.3 5.4 5.6 7 6 -14.3
tatrzanski M 1089.3 -0.8 -0.3 5.0 4.1 5 3 -40.0
Tarnéw L 210.7 1.0 0.9 -2.0 11.0 6 3 -50.0
suski M 596.2 -0.6 -0.2 0.0 3.0 2 1 -50.0
Nowy Sacz F 321.1 -0.3 0.1 -1.1 2.3 2 1 -50.0
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Appendix 2. Distribution of changes in four land use types in counties of SW Poland. Numbers above bars indicate the number
of counties with percentage change category shown in horizontal axis. Dashed lines separate decreases (left side) and increases
(right side) in shares of land use types. Medians and quartiles of the total data within each type are also presented. The last bin
of each histogram is unbounded from the right side, due to the presence of several outlying values of increase (see Appendix 1).
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Appendix 3. Population size and the mean rate of change in the number of breeding pairs of the White Stork between 2004 and
2014 in three types of counties separated according to altitude. Result from the Sudetes and Carpathians are shown separately,
counties devoid of storks and those unsurveyed in 2014 are excluded.

County type No of counties Mean altitude No of breeding No of breeding Rate of
(m asl) pairs in 2004 pairs in 2014 change (%)
Sudetes + Carpathians
mountain 1 624.7 182 156 -16.98
foothills 27 310.7 786 562 -29.90
lowland 58 187.3 2746 1679 -38.87
Total 96 272.1 3714 2397 -33.84
The Sudetes
mountain 5 542.9 28 26 -0.14
foothills 14 266.7 462 31 -32.12
lowland 29 125.1 1711 1038 -39.44
Total 48 209.9 2201 1375 -33.21
The Carpathians
mountain 6 692.9 154 130 -31.02
foothills 13 358.1 324 251 -27.50
lowland 29 249.4 1035 641 -38.29

Total 48 334.3 1513 1022 -34.46




