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Abbreviations

NDVI — Normalized Difference Vegetation Index

FAD — first arrival data

NAO — North Atlantic Oscillation

CLC — CORINE Land Cover (Coordination of Information on the Environment Land
Cover)

CLC 1xx — areas with discontinuous urban fabric (buildings, roads and artificially
surfaced areas associated with vegetated areas and bare soil — villages, rarely
build up suburbs)

CLC 13x — mineral extraction sites, dump sites, construction sites

CLC 211 — intensive farmland areas

CLC 231 — grassland

CLC 242 — extensive farmland areas

CLC 243 — extensive farmland areas associated with vegetated areas

CLC 3xx — broad-leaved, coniferous and mixed forests

GIS — Geographic Information Systems

AIC — Akaike Information Criterion

BIC — Bayesian Information Criterion

RIV — relative importance of variable

JZa — average number of juveniles per breeding pair

JZm — average number of juveniles per successful pair

OEL — overhead electricity lines



INTRODUCTION

Relevance of the study. The White Stork, a typical bird species of agricultural
landscapes settling in the neighbourhood of man, is considered to be an indicator of
ecological, healthy environment and sustainable agriculture (Tryjanowski ef al. 2005 (b),
Seather et al. 2006, Kosicki 2012). The part of the White Stork population breeding in
Lithuania, belonging to the eastern core of the population, is perhaps the densest and one
of the most abundant in the whole species range (BirdLife International 2004, Thomsen
2013).

The White Stork is a long-distance migrant (Vickery et al. 2014). The impact that
global climate change exerts on long-distance migrants is stronger: it may lead to
changes in population abundance and range shifts (Both et al. 2006, Zalakevi¢ius et al.
2009 (b), Vickery et al. 2014). By their migratory route, Lithuanian breeding White
Storks belong to the eastern part of the population. In the mid-1980s, the abundance of
the White Stork population plummeted in the whole breeding range, in the western part
of Europe in particular (Schulz 1999, Sather et al. 2006). It was only in the 1990s that
the population increase was observed throughout the whole range (Thomsen, Hotker
2006) and at present the White Stork population is considered to be on the increase
(Thomsen 2013, Vickery ef al. 2014). The main reason behind such changes could have
been radical changes in farming practices as well as in foraging conditions on the
species’ wintering grounds (Tortosa et al. 2002, Thomsen, Hotker 2006). Different and
sometimes even opposite changes in farming practices in Western and Central-Eastern
Europe can differently affect farmland birds, the White Stork among them. That makes
scientific research into the interaction of these bird species with the environment in
different parts of the range, considering the specificity and environmental conditions of a
particular country, highly relevant (Tryjanowski ef al. 2011). Lithuania is one of the few
countries where the White Stork breeds in optimal habitats. Investigations of such a
population are, therefore, highly relevant both from scientific and practical standpoints.
The determination of environmental factors influencing habitat selection and breeding
success of the White Stork in Lithuania will enable predicting the species response to

global environmental changes and, if needed, designing timely measures for this species



protection so as to ensure the preservation of the current favourable status of the White

Stork.

Objective and tasks of the study. The objective of this study was to determine the

abundance, spatial distribution and their changes, the impact of environmental factors on

the breeding habitat selection, breeding success and phenology of arrival at the breeding

areas of the White Stork in the north-western periphery of the range. The following tasks

were set to achieve this objective:

I.
2.
3.

I.

To determine changes in White Stork abundance and spatial distribution.

To determine changes in nest-site selection by the White Stork.

To determine regularities in breeding habitat selection by the White Stork.

To investigate the dependence of White Stork breeding success on some habitat

characteristics.

. To determine the long-term effect of climate on the timing of White Stork first

spring arrival.
To determine the major threats facing the breeding White Stork, to assess their
significance and to propose measures to mitigate the adverse impact on this EU

protected species.

Defended statements:

The White Stork population breeding in the north-western periphery of the range
has increased considerably since 1994; this increase was accompanied by birds
occupying a new nest-site — overhead electricity line poles. From the standpoint
of reproduction, this change in White Stork nesting behaviour is partly non-
adaptive.

Although White Stork abundance in the north-western periphery of the range has
increased markedly, its breeding success does not depend on the density of

breeding birds.

. When selecting a breeding habitat in the north-western periphery of the range, the

White Stork gives preference for areas of extensive farming and territories with

higher primary production.



4. White Stork breeding success was higher in habitats with lower forest coverage

1.

1.

and hilliness, higher primary productivity and in habitats located in close vicinity
to foraging grounds.

In the second half of the 20" century White Stork first spring arrival at its
breeding grounds significantly advanced; the first spring arrival of the White
Stork is influenced by the air temperature along its migratory route in south-

eastern Europe and weather conditions in the breeding grounds.

Novelty of the study:

The White Stork habitat selection study was for the first time carried out on a
sample, comprising 8.4% of the total breeding population of this species,
concentrated in an area covering just 1.1% of its range. At the time of the study,
the exploration level of this part of the White Stork population was (estimated)
90%.

. It was found for the first time that nesting on poles of operating overhead

electricity lines, a new type of a nest-site, is partly non-adaptive for the White
Stork as breeding success recorded there is significantly lower.

Based on long-term data, changes in the timing of the White Stork first spring
arrival were for the first time established at 8 phenological stations representing
the north-western periphery of the range.

An original GIS-based dataset containing accurate spatial and qualitative data on
nest-sites located in the north-western periphery of the range was created for the
first time. These data will serve as a baseline for further studies into the White

Stork population breeding in the north-western periphery of the range.

Scientific and practical significance:

The relationships between land cover characteristics in the breeding habitat and
the White Stork habitat selection and breeding success, revealed in this study,
make it possible to predict the species’ response to environmental changes
induced by natural processes and anthropogenic activities.

The study revealed potential negative consequences of the White Stork shift to

breeding on poles of OEL for its breeding success, which testifies to non-
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adaptiveness of such nest-site selection; as these changes in nest-site selection are
observed on the major part of the range, the results obtained are of international
significance.

3. The relationship that was determined between the White Stork first spring arrival
date and climatic variables enables predicting the possible effect of the global
environmental change on this species.

4. Results of the conducted investigations enable setting the key criteria for the
selection of areas important for the White Stork.

5. Threats facing the White Stork at different nest-sites as well as their impact on its
breeding success were determined and assessed. Recommendations for the White

Stork protection and improvement of its breeding conditions were prepared.

Approbation of results and publications. Results of the current study were
published in 8 publications: 2 scientific articles, 4 scientific abstracts, the book “The
White Stork in Lithuania. Atlas of nests”, an article in popular science press. Six
presentations on the dissertation topic were made at the following international
conferences: the 52" International Scientific Conference at Daugavpils University
(Daugavpils, Latvia), “Tree Ecosystem and Man” (Vilnius, Lithuania), ,,Spatial ecology
& conservation” (Birmingham, England), the 1 International Conference on the White
Stork (Zielona Gora, Poland). The dissertation was four times presented and approved at
annual reporting seminars at the Nature Research Centre (Vilnius, Lithuania, 2010, 2011,

2012, 2013).

Scope and structure of the dissertation. The dissertation consists of the following
chapters: Introduction, Literature Review, Material and Methods, Results (the chapter
consists of 7 subsections), Discussion of Results, Practical Significance of the
dissertation and Recommendations, Conclusions, References, List of the Author’s
Publication, Annexes (5). The list of references includes 321 sources. The dissertation is
presented in 176 pages. The text contains 34 figures and 20 tables. The dissertation is in

Lithuanian with a summary in English and in Lithuanian.
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LITERATURE REVIEW

This part of the dissertation presents information on the distribution, abundance and
changes in the White Stork world population. Factors influencing habitat selection by
this bird species are discussed. Research on habitat selection and breeding success of the

White Stork is overviewed. The chapter Literature Review consists of four subsections.

MATERIAL AND METHODS

Research material. The analysis of habitat selection by the White Stork was based
on the species abundance and spatial distribution data collected on the whole territory of
Lithuania during the 2009-2010 period. Data used in the breeding success analysis were
collected on the whole territory of Lithuania in 2010 and the territory of Vilnius District
and Vilnius City municipalities in 2010-2013. The study of the climate impact on the
timing of the White Stork spring arrival at breeding grounds in Lithuania was based on
the long-term phenological data collected at the Voké branch of the Lithuanian Research
Centre for Agriculture and Forestry during the phenological monitoring conducted in
1961-2000 with a break in 1986—-1989 (Romanovskaja, BakSien¢ 2006).

Methods. Collection of data on White Stork nest-sites and breeding success.
Data were collected following the methodology used in international White Stork
censuses, i.e. by visually surveying the territory and registering nests found on it (Schulz
1998, Fulin et al. 2009, Thomsen 2013). The search for White Stork nests was carried
out by systematically visiting and surveying all potential breeding habitats of the species
from July through October in 2009 and from April through August in 2010. For the
breeding success analysis, data on the nests with at least one fledgling recorded during
July 1-20 in 2010-2013 were used (Fulin ef al. 2009). The number of White Stork
juveniles in a nest is assessed when they are at least six weeks of age (Onmus et al.
2012). While still unable to fly, stork juveniles at that age are large enough to be reliably
counted in a nest (Moritzi et al. 2001). Besides, juveniles of this age have already
survived the critical first 3 weeks of their lives when their mortality is very high

(Tortosa, Villafuerte 1999, Tortosa, Castro 2003, Jovani, Tella 2004).
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Breeding success is expressed as the number of chicks per successful pair (JZm). A
breeding pair is considered successful, if there is at least one juvenile recorded in its nest
40 days after hatching. Breeding success is defined as the number of chicks in a nest 40
days after hatching (Moritzi et al. 2001, Fulin ef al. 2009). In 2009-2010, the study data
were collected on the whole territory of Lithuania by 20 qualified bird observers. The
author of this dissertation collected data in the following 8 municipalities of Lithuania in
2009-2010: Vilnius, Anykséiai, Svencionys, Vilkaviskis, Marijampolé, Kalvarija, Kazly
Riida and Trakai, as well as in Vilnius municipality in 2011-2013.

The nests found during the survey were registered following a specially devised
protocol. All bird observers were equipped with identical binoculars, GPS receivers,
photo cameras, compasses. Location of each nest was recorded with a GPS receiver.
Each nest and its occupancy were described in detail in a nest registration card, and each
nest and its surroundings were also photographed. Using the ArcGis 10.0 software, the
collected data were transferred to a specially designed GIS-based White Stork nest
database, where the nest point layer was corrected by adjusting the position of each point
using orthophotographs (M 1:10 000) and photos of the nest surroundings taken during
the survey. Abundance and spatial distribution of the White Stork population part
breeding in Lithuania were compared between 2010 and 1994. The 1994 data were
obtained from Malinauskas and Vaitkus (1995), where detailed results of the 1994 White
Stork census are presented. The accuracy of the 2009—2010 survey was estimated at
87%. The data of the 1994 census are also considered to be reliable (Malinauskas,
Vaitkus 1995, Ivanauskas et al. 1997).

Data on the White Stork distribution collected during the study cover the whole
territory of Lithuania. However, there is no direct, national- or regional-scale, spatial
information on the abundance and distribution of White Stork food items. Therefore,
proxy variables that potentially reflect foraging conditions and landscape features
(Radovi¢, Tepi¢ 2009) were derived from the information available in the following
spatial databases and datasets covering the whole territory of the country: CORINE Land
Cover database, Georeferential spatial dataset of the Republic of Lithuania, Digital
Elevation Model of the Republic of Lithuania and the Normalized Difference Vegetation
Index (NDVI) datasets obtained from EOSDIS (NASA‘s Earth Observing System Data

and Information System).
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Analysis of Habitat Selection by the White Stork. The analysis of breeding
habitat selection by the White Stork was carried out using the data on 21192 nests
registered on the whole territory of Lithuania in 2009-2010. It is the largest data sample
ever used in White Stork studies not only in Lithuania, but in the whole Europe as well.
Habitat selection investigations were conducted on more than 8% of the breeding White
Stork world population. The study of the effect that some of the breeding habitat
characteristics have on White Stork nest distribution was carried out in 2 X 2 km grid
cells covering the whole territory of Lithuania. The grid was created using the ,, Fishnet
function of the ArcGIS software. Only grid cells completely falling within the territory of
the country were used in the analysis (N = 15866). Breeding habitat characteristics used
in the habitat selection study included the fraction of built-up areas (CLC 1xx), artificial
land cover (CLC 13x), intensive farmland areas (CLC 211), extensive farmland areas
(CLC 242), extensive farmland areas associated with vegetated areas (CLC 243),
grassland (CLC 231), forest (CLC 3xx), wetland in a grid cell. Other habitat variables
included in the analysis were the mean NDVI value of the breeding season (April-July),
the density of hydrological and road networks, the number of fragments of different
CORINE land cover classes, the diversity index of different CLC classes (the density of
boundaries between fragments of different CLC classes in a grid cell km/km?) in a grid
cell. A logistic regression was used to identify factors affecting the distribution of White
Stork nests throughout the environment. The occurrence (presence/absence) of a White
Stork nest in a grid cell was considered to be a dependent variable, while the
aforementioned habitat characteristics independent variables. To avoid problems related
to variable collinearity and zero-inflation, all independent variables were standardized.

Analysis of the effects of habitat characteristics on White Stork breeding
success. The effect of breeding habitat characteristics on White Stork breeding success
was investigated by assessing the influence of various habitat characteristics within 1 km
radius around the nest and the distance from the nest to certain nearest features of the
landscape (Radovi¢, Tepi¢ 2009). The use of the 1 km radius in this study is justified by
the fact that foraging trips of breeding White Storks are most often within 1 km distance
from the nest (Moritzi et al. 2001, Nowakovski 2003, Radovi¢, Tepi¢ 2009). In order to
assess the effect of habitat characteristics on the White Stork breeding success in high

quality habitats (Tryjanowski et al. 2005, Kriiger et al. 2012), we selected nests in
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municipalities of Vilnius Region and Vilnius City that were successful each year during
the 2010-2013 period (N = 126). The effect of the breeding habitat’s characteristics on
breeding success was investigated using multiple linear regression with the total number
of juveniles fledged in a nest during the 2010-2013 period as a dependent variable and
various habitat characteristics as independent variables. Initially, 17 different habitat
characteristics were considered. However, after the assessment of their intercorrelations,
only 8 were retained for further analysis: the fraction of forest and that of geomorph
defining hilliness of the habitat, the mean value of NDVI of the breeding season, the
distance from the nest to extensive farmland areas associated with vegetated areas (CLC
243), to grassland (CLC 231), to extensive farmland areas (CLC 242), to the nearest
neighbouring occupied nest and to a water body.

Half of the Lithuanian breeding White Stork population has settled at a relatively
new nest-site, i.e. on poles of overhead electricity lines (OEL). In order to assess the
effect of this nest-site on White Stork breeding success, the methodology used in similar
studies (Balmori 2005) was applied. The analysis included only the nests built on OEL
poles on the entire territory of Lithuania with at least one successfully fledged chick in
2010 (N = 1747). These nests were divided into three groups: nests on poles of operating
OEL without a nesting platform (A), nests on poles of operating OEL with a special
nesting platform (B), nests on poles of non-operating OEL without a nesting platform
(C) (Fig. 1). The differences in the mean breeding success among these three groups of
nests were assessed by a one-way ANOVA, followed by a post hoc Fisher least
significant difference test (LSD). The significance level (p) of these tests was chosen to

be 0.05.

14



Figure 1. White Stork nests: A — on poles of operating OEL without a nesting platform,
B — on poles of operating OEL with a special nesting platform, C — on poles of non-

operating OEL without a nesting platform

1 pav. Baltojo gandro lizdai: A — ant eksploatuojamy elektros oro linijy atramy be
platformos lizdui, B — ant eksploatuojamy elektros oro linijy atramy, su platforma lizdui,

C — ant nebeeksploatuojamy elektros oro linijy atramy, be platformos lizdui

Analysis of the effect of climate variables on White Stork first arrival dates.
The data on the White Stork first arrival dates (FAD) at their breeding grounds, used in
this analysis, were collected in the phenological observation network of the Voké Branch
of the Lithuanian Research Centre for Agriculture and Forestry during 1961-2000, with
a break in 1986—1989 (Romanovskaja, Baksien¢ 2006).

The analysis covers a 40-year period with data available for 36 years.
Systematically collected FAD data from 8 observation stations, distributed across the
country (Fig. 2), were used in the study.

For the analysis, first arrival dates were converted from calendar days into the

number of days from the 1% of January, taking leap years into consideration.
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Figure 2. Location of phenological observation stations (black triangles) and

meteorological stations (open circles) in Lithuania

2 pav. Fenologiniy (juodi trikampiai) ir meteorologiniy (apskritimai) stociy i$sidéstymas

Lietuvoje

The mean air temperature and the mean daily precipitation in different spring
months in Lithuania were considered as weather variables potentially affecting the dates
of the White Stork first arrival at the breeding grounds. In order to assess whether the
White Stork arrival at the breeding grounds is related to a certain thermal season rather
than to the mean temperature, we also considered the dates of the thermal season of 0 °C,
1°C, 2°C, 3 °C and 4 °C as potential explanatory variables. The thermal season date is
expressed as the number of days from the 1% of January, when the mean daily
temperature rises above a certain temperature, e.g., 3 °C, and does not drop below that
temperature, or its drop is shorter than its preceding rise. Data on the air temperature
(°C) and precipitation (mm) in Lithuania for 1961-2000 were obtained from the Archive
of the Lithuanian Hydrometeorological Service. Data were obtained from eight
meteorological stations located nearest to the eight phenological observation stations, the

mean distance to them being 14.8 £ 10.4 km (0.7-28.8 km, N = §; Fig. 2).
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North Atlantic Oscillation (NAO) index was used to evaluate the effect of regional
weather conditions on FADs. The mean NAO index for January — March reflects the
meteorological situation in Europe during this period. NAO index values were obtained
from the National Center for Atmospheric Research (www?2.cgd.ucar.edu; Hurrell,
National Center for Atmospheric Research Staft 2013).

Multiple regression models with the median FAD from 8 phenological observation
stations as a response variable and various climatic parameters and the log-transformed
White Stork population size as explanatory variables were used in this study. The log-
transformed White Stork population size was included in the analysis in order to account
for the possible effect of the population size on FAD (Lindén 2011). As regional
population data were available from 1994 and 2010 only, annual population size
estimates for the study period were obtained for the entire country by third order
polynomial interpolation of national White Stork census results of 1958, 1968, 1974,
1994 and 2010 (Kisielius 1974, Kazlauskas, Paltanavicius 1985, Malinauskas, Vaitkus
1995, Vaitkuviene, Dagys 2014).

Correlating variables (habitat characteristics) were not included in any of the above
mentioned analyses. Only the variables with the correlation coefficient not exceeding 0.6
were used in multiple regression models. Of the two intercorrelating independent
variables, only the more ecologically relevant one was included into the analysis.

The Akaike (AIC) and Bayesian (BIC) information criteria were used for model
selection in the habitat selection analysis. The Akaike information criterion (AIC) and
model averaging (Burnham, Anderson 2002) were used for model selection and
inference in the analysis of the effect of some habitat characteristics on the breeding
success and that of climatic factors on first arrival dates of the White Stork. AIC weights
(o) were used for the averaging of variable coefficients in selected models and for the
evaluation of the relative importance of variables (RIV). Construction of models with all
possible variable combinations, model comparison, selection and averaging were
implemented through the dredge function from the MuMin (Barton 2013) Statistical
Package version 1.9.13. in R software (R Development Core Team 2011).

Also, statistical software packages SAS 9.3 (SAS Institute Inc. 2011) and Statistica
6 (StatSoft, Inc. 2013) were used. Spatial data analysis was carried out using ArcGis

10.0 (ESRI 2011).
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RESULTS

Abundance and distribution of the White Stork in 2010. A total of 21192 White
Stork nests were recorded during the 2009-2010 period. 18782 (88.6%) of them were
occupied by birds. Thus, the nest occupancy rate was 81.4%. The overall White Stork
nest density was 32 nests/100 km? of the total area of the country, while the density of
occupied nests reached 29 nests/100 km?. The accuracy of the 2009—2010 nest census
was 87%, therefore, the abundance of breeding White Storks in Lithuania was estimated
at 19500 breeding pairs, with the breeding density of 30 pairs/100 km?. The average
breeding success in 2010 was 2.68 = 0.89 young per successful pair (JZm £ SD; N =
3603). The number of young ranged between 1 and 5, with 3 and 2 being the most
commonly recorded chick numbers (73% of all successful nests).

Overall, 64.4% of the country’s territory was classified as potentially suitable
habitat for White Storks, with 98% of all registered nests located within it. The average
density of occupied White Stork nests in the potentially suitable habitat in Lithuania was
45 nests/100 km?. The highest densities of occupied nests were recorded in western and
south-western Lithuania, where they exceeded 80 nests/100 km? with up to 160
nests/100 km? in some areas. High densities of nests (60—80 nests/100 km?) were also
recorded in north-eastern Lithuania. The lowest densities of occupied White Stork nests
(up to 40 nests/100 km?) were found in central and northern Lithuania, characterized by
more intensive agriculture, as well as in forested eastern and south-eastern Lithuania.
The median distance between two nearest neighboring White Stork nests was 524.9 m,
the interquartile range — 674.0 m. It was only in 20% of cases that the distance between
neighboring White Stork nests exceeded 1000 m.

The majority (61%) of all recorded White Stork nests were located on various
poles. Nests on overhead electricity line poles accounted for 49% of the total number of
nests; 11% of nests were placed on specially erected poles with nesting platforms,
whereas only 1% of nests were on poles of non-operating communication lines. Nests in
trees accounted for 21% of all nests, 9% of nests were located on water towers, 9% were
atop various buildings, and only 1% of nests were located elsewhere. Overall, just over

half (51.7%) of all registered nests were built on artificial nesting platforms.
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Changes in White Stork abundance and distribution in Lithuania during the
1994-2010 period. The population of White Storks in Lithuania has considerably
increased over the last 16 years. During the present study, there were 18782 occupied
nests recorded out of the total of 21192 nests, whereas in 1994, the total number of
recorded White Stork nests was 11204, of which 9400 (82%) were occupied (1994 data
from Malinauskas, Vaitkus 1995). The breeding nest density has also increased
accordingly, i.e. from 17 to 29 occupied nests/100 km? Distances between the
neighboring nests have decreased: in 2010, 79% of nests were located less than 1 km
from the nearest nest, compared to 59% in 1994 (x> = 1682.6; df = 2; p < 0.0001). It was
in the location of White Stork nests (y*> = 5211.6; df = 5; p < 0.0001) that particularly
prominent and significant changes took place over the 16-year period. There was a steep
increase in the proportion of nests built on overhead electricity line poles, from 13% in
1994 to 49% in 2010. The opposite was true of nests built in trees: their share decreased
from 52% in 1994 to 21% in 2010 (1994 data from Malinauskas, Vaitkus 1995).

The effect of some habitat characteristics on habitat selection by the White
Stork. Out of 15866 grid cells, 8788 contained at least one White Stork nest (55.4%). No
White Stork nests were recorded in 7078 grid cells (44.6%). A stepwise logistic
regression selected all 13 habitat variables one-by-one into the model. ROC curves,
representing the performance of each of these models, are presented in Figure 3. Good
predictive ability is already achieved in the third step of the model building (step 0
represents the intercept-only model), suggesting that the first three variables will already
ensure a good predictive ability (Fig. 3). In order to confirm this, an increase in the area
under the ROC curve (AUC) was calculated for each modelling step. An increase in
AUC in step 4 was less than 1% (Fig. 4), further supporting the conclusion that an

optimal model shall contain three habitat variables.
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Figure 3. ROC curves representing each logistic regression model during stepwise
selection. Different colour lines (1-13) represent ROC curves in each step of model
construction. Red line (0) represents the intercept-only model

3 pav. ROC kreivés, atspindincios kiekvieng, pazingsniui iSbandyta model;. Spalvotos
linjjos (1-13) atspindi ROC kreive tam tikrame Zingsnyje, konstruojant model;. Raudona

linija (0) — modelis tik su laisvuoju nariu
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Figure 4. AUC increase in each subsequent model construction step

4 pav. AUC padidéjimas kiekviename modelio konstravimo zingsnyje

The model assessment according to the Akaike information criterion suggested that
the optimal model should contain all 13 habitat variables, while the model evaluation
according to the Bayesian information criterion indicated that a sufficient number of
habitat variables to be used in an optimal model is 10. The comparison of the AUC of
the model with 3 habitat variables with AUCs of all other models revealed that all
differences were significant at p = 0.001, indicating higher predicting ability of models
with a greater number of habitat variables. Although AIC and BIC supported models
with a higher number of variables, it was taken into account that a very large sample size
may have contributed to this. Furthermore, addition of the fourth and all subsequent
habitat variables into the model improved model characteristics only slightly (Fig. 4).
Therefore, the final selected model contained only the first three habitat variables:

CLC 3xx, NDVI vid and CLC 242 (Table 1).
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Table 1. Summary of the final model. OR — odds ratio, CI — confidence interval, LB —
lower bound, UB — upper bound

1 lentelé. Galutinio modelio santrauka. OR — galimybiy santykis, CI — pasikliautinieji

intervalai, LB — Zemesnioji riba, UB — aukstesnioji riba

Variable Coefﬁcient SE ) OR estimates
estimate Estimate  95% CILB 95% CI UB
Intercept 0.262 0.020 <0.0001 -
CLC 3xx -1.359 0.032 <0.0001 0.257 0.241 0.273
NDVI_mean 0.884 0.039 <0.0001 2.420 2.243 2.609
CLC 242 0.635 0.026 <0.0001 1.888 1.795 1.985

Classification characteristics of the final model are presented in Table 2. They were
obtained as a result of maximization of Youden's index. The final model correctly

classified 73.5% of all the 15866 grid cells.

Table 2. Classification characteristics of the final model

2 lentelé. Galutinio modelio klasifikavimo charakteristikos

Cut-off point Accuracy Sensitivity Specificity

0.560 0.735 0.747 0.720

The final model with three habitat variables was validated. Variable coefficients of
this model were estimated from a random sample of 70% of grid cells (11126). Then the
remaining 30% of grid cells (4760) were classified using the estimated coefficients, and
the predictive properties of the model were evaluated. This procedure was repeated
10000 times. The same validation procedure was also performed on the model with 10
habitat variables as preferred by the BIC. Classification characteristics of the validated
models are presented in Table 3, where Model (3) refers to the final model with 3 habitat
variables and Model (10) — to model with 10 habitat variables, favoured by BIC.
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Table 3. Classification characteristics of the validated models, averaged from 10000

iterations

3 lentelé. Modeliy tikrinimo charakteristikos, gautos atlikus 10 000 pakartojimy,

tikrinant modelius

Average = SD [Min; Max]
Parameter
Model (3) Model (10) Model (3) Model (10)
Sensitivity 0.78 £0.03 0.78 £0.02 [0.71; 0.86] [0.71; 0.83]
Specificity 0.69 +0.03 0.72+0.02 [0.58; 0.76] [0.64; 0.77]
Accuracy 0.74 £0.01 0.75+0.01 [0.71; 0.76] [0.73; 0.77]
AUC 0.81£0.01 0.82+0.01 [0.79; 0.83] [0.8; 0.84]

Coefficients of Model (3) did not vary among iterations, indicating that the model
was stable. The area under the ROC curve in Model (10) was always larger than in
Model (3), suggesting a higher predicting ability of the former. However, AUC
difference did not exceed 0.018, i.e. 2.2% of the average AUC value of Model (3).
Differences in other model characteristics (sensitivity and specificity) were also small.
Characteristics of the Model (3) place it into the category of excellent models (Hosmer,
Lemeshov, 2000). Model (3) is preferable to Model (10), because the superiority of the
latter is negligible at an expense of three times as many variables.

Thus, it was established that the most important habitat characteristics having effect
on habitat selection by the White Stork are: area occupied by forests, area occupied by
complex cultivation patterns and the mean NDVI value of the breeding season. Other
habitat characteristics included into the analysis were also found to exert an effect, but to
a much lesser extent.

The effect of some habitat characteristics and of nest-site on White Stork
breeding success. The average number of juveniles, fledged in investigated nests over
the four-year period (2010-2013) was 13 £+ 3.05 SD (N = 126; range 7-19). The most
significant habitat characteristics affecting the White Stork breeding success in the
South-East Uplands region of Lithuania were the proportion of forest, landscape hilliness
and the mean NDVI value of the breeding season in the breeding habitat. The relative

importance (RIV) of the first two variables was equal to 1.0 (respective averaged
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variable coefficients in the confidence model set were b = -3.225 + 1.206 SD and b = -
5.816 + 2.453 SD). The RIV of the mean NDVI value was only slightly lower — 0.95
(b=20.76 = 10.106 SD). The distance from the nest to the nearest extensive farmland
areas associated with vegetated areas (CLC 243) was also important, with RIV of 0.88 (b
=-0.0009 £ 0.0005 SD). The distance from the nest to the nearest grassland proved to be
of low importance (RIV = 0.54).

The breeding success of the White Stork was lower in areas with a higher
proportion of forest cover and a hillier landscape, and higher in areas with a higher
NDVI value during the breeding season and in nests located closer to areas of complex
cultivation patterns with significant areas of natural vegetation. Neither the proximity of
another occupied White Stork nest nor the distance to the nearest water body were found
to produce any significant effect on the breeding success of the White Stork.

The mean White Stork breeding success in 2010 in nests on overhead electricity
line poles, a relatively new nest-site occupied by White Storks in recent years, was
2.69£0.87 (SD; N = 1747) young per successful pair (JZm). One-way analysis of
variance (ANOVA) revealed significant differences in breeding success among different
groups of nests on overhead electricity line poles (A, B, C; A — nests on poles of
operating OEL without a nesting platform, B — nests on poles of operating OEL with a
special nesting platform, C — nests on poles of non-operating OEL without a nesting
platform; Fig. 1) of the overhead electricity line poles (F,, 1744 = 4.569; p < 0.01). Post
hoc Fisher's Least Significant Difference (LSD) test determined that breeding success in
nests on poles of operating OEL without a nesting platform (group A; JZm = 2.63 =+
0.83) was significantly lower than both in nests on poles of operating OEL with a nesting
platform (group B; JZm = 2.74 + 0.91) and nests on poles of non-operating OEL without
a nesting platform (group C; JZm = 2.81 £ 0.89; Table 4, Fig. 5). However, there was no
significant difference found in breeding success between the latter two groups of nests

(B and C).
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Table 4. Results of post hoc Fisher's Least Significant Difference (LSD) test comparing
White Stork breeding success in three groups of nests on overhead electricity line poles
(A, B, C; Fig. 1). Significant differences are highlighted in bold (CI — confidence
interval, LB — lower bound, UB — upper bound)

4 lentelé. Remiantis aposterioriniu FiSerio maziausiai reikSmingo skirtumo kriterijumi
palygintas per¢jimo sekmingumas skirtingose lizdo sukrovimo vietose (A, B, C; 1 pav.).
ReikSmingi skirtumai paryskinti (CI — pasikliautinieji intervalai, LB — Zemesnioji riba,

UB — aukstesnioji riba)

Mean 95% CI
Compared groups difference SE p B UB
A vs. B -0.103 0.044 0.02 -0.19 -0.02
A vs. C -0.175 0.069 0.011 -0.31 -0.04
B vs. C -0.071 0.07 0.308 -0.21 0.07
3.0 —
— 2,9
g
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Figure 5. White Stork breeding success at different nest-sites: A— on poles of operating
OEL without a nesting platform, B — on poles of operating OEL with a nesting platform,
C — on poles of non-operating OEL without a nesting platform (means + 95% CI)

5 pav. Baltojo gandro peréjimo sékmingumas skirtingose lizdo sukrovimo vietose: A —
lizdai ant eksploatuojamy elektros oro linijy atramy, B — lizdai ant eksploatuojamy
elektros oro linijy atramy su specialia platforma lizdui, C — lizdai ant nebeeksploatuo-

jamy elektros oro linijy atramy (vidurkiai nurodyti su + 95 % PI)
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The effect of climate variables on first arrival dates of the White Stork. The
mean first arrival date of White Storks at 8 observation stations during the period 1961—
2000 was 93.2 + 4.4 SD day of the year or approximately April 3rd (March 30th — April
8th). Mean annual FADs ranged from 85.4 + 6.1 SD or March 27th (March 21st — April
2nd) in 1978 to 104.3 + 1.5 SD or April 15th (April 13th — April 17th) in 1964 (Fig. 6).
Overall, during the period 1961-2000, the date of White Stork first arrival advanced
significantly, by almost 5 days (linear regression: F; 34 =4.471, p <0.05; b =-0.123, t3s =
-2.115, p <0.05).

110 +

105 + +

100 + It

P 4

Mean first arrival day
\O
W
|
|
=
+
L 4
+
A 4
&
A
+
g
&
v
V'S
v
+
&
v
V.
v

90

4 *
*
4

85 *

80 T

75 A
— MM v > A = o wn o~ N = n v - 9 = o un -~ AN
O O O O O >~ o> o o T X0 X0 X0 0 0 DN DD DN DN D
(= T e e R e e e = T e =) S e B =) e ) e e e )
A B e B T e R o R o B o B e B = I S e A o I o RS o I o I o B o I B e

Figure 6. Long-term changes in White Stork first arrival dates (= SD) at the breeding

grounds. Line represents a linear trend

6 pav. Baltojo gandro pirmo pavasarinio atskridimo datos j perimvietes ilgameciai

pokyciai. Linija — linijiné krypties linija

The mean March air temperature in south-eastern Romania - north-eastern Bulgaria
was the most important explanatory variable, present in all the confidence set of models
and hence their relative importance equalled 1. It had a significant negative relationship
with the median FAD (mean b =-0.820 £+ 0.249, p <0.01).

The relation of the 3 °C thermal season date with the median FAD was positive. Its
relative importance in the confidence set of models was 0.86 (mean b = 0.158 + 0.069

SD, p <0.05). NAO effect, although negative, was not important (RIV = 0.56). All other
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weather variables as well as the White Stork population size in Lithuania did not have a

pronounced effect on White Stork first arrival date either.

DISCUSSION

Changes in White Stork population abundance and spatial distribution over
the 1994-2010 period in Lithuania. Changes in White Stork population abundance and
spatial distribution over the above-mentioned period were assessed by comparing results
of White Stork surveys conducted in 1994 and in 2009-2010. The accuracy of these two
surveys may have been different, resulting in some bias when comparing their results.
The accuracy of the 2009-2010 survey was estimated at 87%. Although the accuracy
estimate of the 1994 survey is not available. Results of this survey are considered to be
reliable (Malinauskas, Vaitkus 1995, Ivanauskas et al. 1997).

Over the 1994-2010 period, White Stork abundance in Lithuania has considerably
increased, reaching 19500 breeding pairs. Such a prominent increase in abundance may
be attributed to improved foraging conditions, brought about by significant changes in
agriculture after the country regained its independence in 1990: a decrease in farming
intensity resulted in increased grassland areas. Disintegration of land drainage system led
to the recovery of small wetlands (Aleknavi¢ius 2007, Povilitinas 2007, Ribokas, Milius
2008). All that had a positive effect on White Stork foraging conditions and, probably,
on its population abundance (Higuchi et al. 2006, Janiszewski ef al. 2013).

During the 16-year period considered, the White Stork adapted to nesting on poles
of low voltage (0.4 kV) overhead electricity lines. By 2010, almost half (49%) of
Lithuanian White Storks were breeding at this nest-site, compared to 13% in 1994. Over
this period, the number of nests on OEL poles grew from 1436 to 10654. Thus, it may be
concluded that the expanding White Stork population settled primarily on overhead
electricity line poles. As the number of OEL poles in the country has not changed
considerably since the mid-1970s, the increased breeding on OEL poles was most likely
a result of a gradual change in White Stork breeding behaviour, brought about by its
population growth and shortage of traditional nest-sites, and not by the emergence of a

new nest-site.
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Breeding on OEL poles may have both positive and negative effects on the White
Stork population. On the one hand, due to inaccessibility for mammalian predators, OEL
poles are safer nest-sites and, therefore, ensure greater breeding success (Tryjanowski et
al. 2009). On the other hand, in this study breeding success in nests placed directly on
electricity lines was found to be significantly lower than in those located on poles of
non-operating OEL. Therefore, it may be argued that the observed change in White Stork
nest-site selection was non-adaptive as it had negative consequences for the reproduction
parameters of birds breeding in nests on operating overhead electricity line poles. The
relocation of nests onto special nesting platforms installed on poles of operating OEL
significantly increases the breeding success of the White Stork.

Numerous studies have proved that reproductive parameters of birds breeding on
poles of high voltage OEL experience a negative impact (Doherty, Grubb 1998, Fernie,
Bird 1999, Fernie et al. 2000, Fernie, Reynolds 2005). White Stork nests built on poles
of OEL suffer an exposure to greater electromagnetic pollution. As White Storks exhibit
high nest-site fidelity, they receive the potential EMF exposure every breeding season
repeatedly, so long as they return to the same nest located on electricity lines (Frey 1993,
Fernie et al. 2000, Balmori 2005, 2009, Lai 2005). Such prolonged exposure to EMF can
negatively affect the developing embryo as well as the hatching success, and,
consequently, the breeding success of the White Stork (Balmori 2005, Fernie, Reynolds
2005).

Habitat characteristics affecting habitat selection by the White Stork. A
positive relationship was revealed between the probability of occurrence of White Stork
nest occurrence and the area of extensive farming, which shows that this bird species
favours such territories. Areas of extensive farming in Lithuania are characterized by
great structural heterogeneity of landscape and small-scale diversified farming.
Conditions for White Stork foraging in such areas are favourable because of higher prey
diversity, abundance and accessibility. Therefore such territories prevail among those
selected by the White Stork (Pinowski et al. 1991, Ozgo, Bogucki 1999, Moritzi et al.
2001). Lower densities of White Stork nests were recorded in areas with lower fraction
of meadows and pastures. Such territories, many of which lie in the northern and central
parts of Lithuania, are dominated by large monoculture fields, which deteriorate White

Stork foraging conditions. A smaller abundance of the White Stork in territories with
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fewer meadows and pastures was also reported by Massemin-Challet et al. (2006) and
Ptaszyk (1994).

The study revealed that when selecting a breeding habitat, the White Stork gives
preference for territories with a higher NDVI value, indicating higher primary
production. The higher value of NDVI indirectly indicates a greater amount of available
food (Kosicki 2010, Sarda-Palomera et al. 2012), and, consequently, is related to a larger
clutch and higher breeding success (Kosicki, Indykiewicz 2011).

White Storks avoid forests and scrub as the presence of any size of forest in a
breeding habitat decreases the area of potential foraging grounds. Such a result of our
study is in agreement with that obtained by Onmus et al. (2012).

Factors affecting the breeding success of the White Stork. In the South-East
Uplands region of Lithuania, White Stork breeding success was found to be lower in a
hillier landscape, which may be related with nest protection. About 40% of all clutch
losses result from fights with conspecifics or other predators. Therefore, nest visibility is
of vital importance for breeding storks while they are foraging, particularly when young
are still small (Radovi¢, Tepi¢ 2009). Furthermore, as conditions for farming in a hilly
and more fragmented landscape are not so favourable, abandoned grasslands overgrow
with scrub. A resultant decrease in their area leads to the deterioration of White Stork
foraging conditions (Ries et al. 2004, Cerezo et al. 2011).

A positive relationship established between breeding success and NDVI value
during the breeding period indirectly indicates the importance of higher quality foraging
habitats for the White Stork (Schaub et al. 2005): higher breeding success was recorded
in habitats richer in food resources (Tucker et al. 1991, Schaub et al. 2005, Kosicki
2010, Kosicki, Indykiewicz 2011).

The negative relationship established between White Stork breeding success and
the distance from the nest to foraging grounds — complex cultivation patterns with
natural vegetation patches and meadows — shows that it is extremely important for
breeding birds to balance their own energy needs and those of their young. The larger the
distance to foraging grounds is, the more energy adult storks expend flying (Moritzi et
al. 2001).

It was found White Stork breeding success is inversely related to the area of forests

in their breeding habitat: the larger the area of forest in a habitat is, the lower the

29



breeding success of the birds is. Forest area decreases the area of foraging grounds in a
breeding habitat. Results reported by Onmus et al. (2012), Tryjanowski and KuzZniak
(2002), Tortosa et al. (2003), Denac (2006 (a)) support the above conclusion: the area of
forest in a breeding habitat has a negative impact on White Stork foraging conditions,
and the amount of food is a very important environmental variable affecting breeding
success.

Results of the current study revealed that although the density of the Lithuanian
breeding White Stork population is one of the highest in its entire range, the distance to
the nearest occupied White Stork nest had no significant effect on its breeding success.
Therefore, there is no evidence of intraspecific competition for food resources at present.

In Lithuania, more than 70% of White Stork pairs breed less than 1 km from one
another, but breeding success still remains high. This suggests that foraging conditions
for these farmland birds in the country are good and meet the energy needs of breeding
birds.

This once again confirms that breeding habitats in Lithuania are optimal for this
species. White Stork pairs, breeding up to 1.5 km from one another, may be considered
potential competitors for food resources (Denac 2006 (b)). High population density leads
to intraspecific competition with an adverse effect on breeding success (Tortosa et al.
2002, Tryjanowski, Kuzniak 2002, Denac 2006 (b)). Thus, although both breeding
density and breeding success are high, the density of breeding birds has not reached the
carrying capacity of the environment to trigger the density-dependent population
regulation mechanisms.

The effect of climate variables on the White Stork first arrival date. During the
period 1961-2000, the White Stork first arrival date advanced significantly, by almost 5
days. A very strong positive relationship was found to exist between air temperature in
south-eastern Europe in March and the arrival time of White Storks at the breeding
grounds in Lithuania.

Our findings are in line with those of a number of earlier conducted studies that
provided substantial evidence for the influence of local weather variables (local air
temperature) on spring migration of birds in different parts of Europe: birds tend to
arrive at their breeding grounds earlier in years with warmer spring temperatures

(Gienapp et al. 2007, Gordo 2007).
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A strong relationship between White Stork FADs and the onset of 3 °C thermal
season in Lithuania indicates that the timing of bird arrival at the breeding grounds is
strongly influenced by weather conditions not only along the migration route, but also in
the breeding grounds, by limiting the advance of migrating birds.

Furthermore, it appears that environmental conditions in Lithuania become suitable
for the return of White Storks when the mean air temperature permanently exceeds 3 °C.

The study did not find any significant evidence for the influence of NAO and
prevailing winds along the migratory route on the White Stork return date.

No pronounced effect of the White Stork population size on observed first arrival
date was found in the study either.

In conclusion, local weather conditions on the last leg of spring migration route and
in the breeding grounds strongly influenced the arrival timing of White Storks. These
local weather parameters were far better predictors of spring arrival time than regional

climatic phenomena — North Atlantic Oscillation.

THREATS FACING TO THE WHITE STORK AT DIFFERENT NEST-
SITES. RECOMMENDATIONS FOR THEIR ADVERSE IMPACT
MITIGATION

The White Stork has adapted to breeding and foraging in human neighbourhood.
However, this close relationship has made these birds partly dependent on human care,
especially in terms of suitable nest building sites. The White Stork is a large soaring bird
with a wingspan of 1.55-1.65 m (del Hoyo ef al.1992), therefore it needs an open, strong
and secure nest for breeding and raising young. White Storks often settle and breed on
man-made nesting platforms. The current study revealed that over half (52%) of all
White Stork nests (N = 21192) were built on special nesting platforms. ANOVA results
showed significant differences between breeding success in nests built on nesting
platforms and those built without them (F; 3501 = 4.981; p <0.05). The mean White Stork
breeding success in nests on nesting platforms was 2.72 £ 0.91 SD (JZm) (N = 1866),
while that in nests not placed on nesting platforms was 2.65 = 0.87 SD (JZm) (N =
1737).
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Nests built at different nest-sites differ in their condition. A tendency was revealed
that the breeding success of the White Stork was higher in nests in better condition
(ANOVA, F, 3535 = 2.601; p = 0.074). The mean breeding success in nests in good
condition was 2.71 = 0.91 SD (JZm) (N = 2164), in nests in satisfactory condition — 2.66
+0.91 SD (JZm) (N = 492), while in nests in poor condition it was 2.64 £+ 0.84 SD (JZm)
(N = 932). Tortosa and Villafuerte (1999), Tryjanowski et al. (2005 (a), 2009), Vergara
et al. (2010) also found that White Stork breeding success is higher in nests that are in
better condition.

Depending on their location, nests and birds breeding therein face various threats.
Nests built on poles of operating OEL are in the worst condition: even 54% of such nests
are in poor condition. Although the growing White Stork population in Lithuania is
increasingly settling at this type of nest-sites, birds nesting there face the greatest threats.
Such nests rather often fall down or even catch fire as a result of short circuit. Birds
often get injured as a result of collision with electricity lines or poles or are killed by
electrocution. These problems are mitigated by relocating White Stork nests to special
nesting platforms, the number of which in the country already exceeds 4500.

There are still significant numbers of White Storks breeding on roofs of buildings,
which rather often causes problems to home-owners. If a nest is built directly on the
roof, moisture accumulating under the nest may speed up the destruction of roof
material. 40% of the nests on roofs of buildings are in poor or satisfactory condition.
Installation of nesting platforms of appropriate design, ensuring good air circulation
under the nest, protects the roof of a building as well as the White Stork nest from
destruction.

Even 44% of the nests in trees are in poor or satisfactory condition. The most
common cause of their condition deterioration is nest overgrowth with tree branches. If
trees branches around nests are not regularly pruned, such nests eventually get
overgrown, which impedes access of storks to a nest, and birds eventually abandon the
nest. The above problems could be avoided if nest-bearing trees were appropriately
pruned in early spring before the arrival of White Storks.

The data collected during the study on the White Stork distribution in the country,
its breeding success and nest densities in different regions of the country, condition of

nests, threats to birds and their nests were used for the preparation of the “Species Action
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Plan for the White Stork (Ciconia ciconia)”. Results of this study also enable proposing
the criteria for the selection of areas important for the White Stork.

The implementation of management and protection measures in the identified key
territories, important to White Storks would contribute to the conservation of these long-
lived long-distance migrants (Kanyamibwa ef al.1993, Schaubet et al. 2004, Olsson,
Rogers 2009, Janiszewski et al. 2013).

CONCLUSIONS

1. In the study area, covering 1.1% of the White Stork distribution range, the
abundance of this species has considerably increased since 1994. In 2010, there
were 19500 pairs nesting there, which constitutes 8.4% of the world's population.
The mean density of breeding White Storks (30 pairs/100 km?) was one of the
highest throughout the whole range.

2. The recorded breeding success of the White Stork of 2.68 + 0.89 SD juveniles per
successful pair, was one of the highest in the north-western periphery of the
range.

3. The breeding success in the considerably increased White Stork population in the
study area remained high. Density of breeding birds had no effect on breeding
success.

4. In recent decades, the White Stork has adapted to breeding at new nest-site — on
poles of overhead electricity lines (from 13% in 1994 to 49% in 2010). However,
from the standpoint of reproduction, this change in the White Stork nesting
behaviour was partly non-adaptive due to significantly lower breeding success in
nests built on poles of operating overhead electricity lines.

5. When selecting a breeding habitat, the White Stork gives preference for areas of
extensive farming and territories with higher primary productivity.

6. Proximity of suitable foraging grounds has a positive effect on White Stork
breeding success in the South-East Uplands region, while forest coverage and
hilliness affect it negatively.

7. The timing of White Stork first spring arrival at its breeding grounds in the north-
western periphery of the range advanced by 5 days in the second half of the 20"
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century. The first arrival date is significantly affected by the air temperature on
the European leg of the White Stork migratory route and the onset of the 3 °C
thermal season in the breeding grounds.

. White Stork nests on poles of overhead electricity lines and in trees were in the
worst condition. White Stork breeding success was positively related with the
condition of a nest. Mitigation measures of negative impacts on this species of the

EU conservation concern are proposed.
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SANTRAUKA

IVADAS

Darbo aktualumas. Baltasis gandras — agrarinio kraStovaizdZzio paukstis,
jsikuriantis Zmogaus kaimynystéje, laikomas ekologiSkos, gyventi sveikos aplinkos ir
tausojanc¢io zemés tkio indikatoriumi (Tryjanowski ir kz. 2005 (b), Sether ir kz. 2006,
Kosicki 2012). Lietuvoje perinti baltojo gandro populiacijos dalis, esanti arealo Siaurés
vakary periferijoje, yra bene tankiausia ir viena gausiausiy visame riisies areale (BirdLife
International 2004, Thomsen 2013).

Baltasis gandras yra tolimasis migrantas. Globali klimato kaita didesnj poveikj turi
tolimiesiems migrantams: gali kisti populiacijos gausumas, arealo ribos (Both ir it
2006, Zalakeviéius ir kt. 2009 (b), Vickery ir kt. 2014). Pagal migracijos kelia, Lietuvoje
perintys gandrai priklauso rytinei populiacijos daliai. XX a. 9-0jo deSimtmecio viduryje
baltojo gandro populiacija buvo pasiekusi Zemiausig gausumo lyg] visame peréjimo
areale, ypa¢ vakarinéje Europos dalyje (Schulz 1999, Sather ir k2. 2006). Tik XX a.
paskutiniame deSimtmetyje stebétas populiacijos augimas visame areale (Thomsen,
Hotker 2006) ir Siuo metu baltojo gandro populiacija laikoma auganti (Thomsen 2013,
Vickery ir kt. 2014). Tokiy pokycCiy pagrindiné priezastis galéjo buti zenkliis pokyciai
zemes ikyje bei mitybos salygy pokyciai ziemavietése (Tortosa ir kt. 2002, Thomsen,
Hotker 2006). Skirtingi, o kartais net prieSingi pokyciai vakary bei centrinés—ryty
Europos zemés iikyje gali skirtingai paveikti agrokrastovaizdzio paukscius, tarp jy ir
baltaj; gandra. Todél tokiy riiSiy sgveikos su aplinka moksliniai tyrimai skirtingose
arealo dalyse, atsizvelgiant j konkrecios Salies specifikg bei aplinkos salygas, yra itin
aktualtis (Tryjanowski ir kt. 2011). Lietuva yra viena i§ nedaugelio Saliy, kurioje baltasis
gandras peri optimaliose buveinése, todel tokios populiacijos dalies tyrimai yra labai
aktualiis ir moksliniu, ir praktiniu aspektais. Nustacius baltojo gandro peré¢jimo buveinés
pasirinkimui bei peréjimo sékmingumui jtakos turin¢ius aplinkos veiksnius, bus galima
prognozuoti rusies gausumo bei erdvinio pasiskirstymo pokycius, veikiant globaliems
aplinkos pokyc¢iams. Taip pat, esant poreikiui, bus galima numatyti savalaikes $ios rtiSies
apsaugos priemones, kad biity uztikrintas baltojo gandro populiacijos dalies, perincios

Lietuvoje, esamos biiklés iSsaugojimas.
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Darbo tikslas ir uZdaviniai. Sio darbo tikslas buvo nustatyti baltojo gandro

gausumg, erdvinj pasiskirstyma, jy pokyti, aplinkos veiksniy jtakg per¢jimo buveiniy

pasirinkimui, per¢jimo sékmingumui bei atskridimo j perimvietes fenologijai arealo

Siaurés vakary periferijoje. Darbo tikslui pasiekti buvo iskelti Sie uzdaviniai:

l.

l.

Nustatyti baltojo gandro gausumo ir erdvinio pasiskirstymo pokycius.

2. Nustatyti baltojo gandro lizdavieciy pasirinkimo pokycius.
3.
4

. Istirtt baltojo gandro per¢jimo sékmingumo priklausomybe nuo kai kuriy

Nustatyti baltojo gandro peréjimo buveinés pasirinkimo désningumus.

buveinés charakteristiky.

Nustatyti ilgalaikj klimato poveikj baltojo gandro pirmo pavasarinio atskridimo
datai.

Nustatyti pagrindinius periniam baltajam gandrui grésme¢ kelianCius veiksnius,
jvertinti jy reikSmingumag ir pasiiilyti neigiamo poveikio Siai Europos Sajungoje

saugomai riiSiai sumazinimo priemones.

Ginamieji teiginiai:

Baltojo gandro populiacijos dalis, perinti arealo Siaurés vakary periferijoje, nuo
1994 mety Zenkliai i1Saugo; didéjant gausumui pauksciai prisitaiké peréti naujoje
lizdavietéje — ant elektros oro linijy atramy. Toks prisitaikymas rasiai i§ dalies

néra adaptyvus reprodukciniu poziiiriu.

. Arealo Siaurés vakary periferijoje zenkliai iSaugus baltojo gandro gausumui,

per¢jimo s€ékmingumas nepriklauso nuo perinciy pauks¢iy tankio.

. Rinkdamasis per¢jimo buveing arealo Siaurés vakary periferijoje, baltasis gandras

teikia pirmenybe ekstensyviosios Zemdirbystés plotams bei teritorijoms su
didesne pirmine produkcija.

Baltojo gandro per¢jimo sékmingumas buvo didesnis mazesnio miSkingumo ir
kalvotumo bei didesnio pirminio produktyvumo per¢jimo buveinése, esanciose

netoli mitybos teritorijy.

. XX a. antroje pus¢je baltojo gandro pirmo pavasarinio atskridimo j perimvietes

data reikSmingai paanksté€jo; pirmajam pavasariniam atskridimui jtakos turéjo oro

temperatiira migracijos kelyje pietry¢iy Europoje bei ory salygos perimvietése.
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Darbo naujumas:

1. Pirma kartg baltojo gandro peréjimo buveinés pasirinkimo tyrimai atlikti su 8,4 %
pasaulinés perincios baltojo gandro populiacijos, esancios arealo Siaurés vakary
periferijoje, susitelkusios teritorijoje, uzimancioje 1,1 % arealo ploto. Darbo metu
Sios populiacijos dalies iStirtumas sieké beveik 90 %.

2. Pirmg kartg nustatyta, kad baltojo gandro kiirimasis naujo tipo lizdavietéje — ant
eksploatuojamy elektros oro linijy atramy — yra i§ dalies neadaptyvus, nes Sioje
lizdavietéje stebimas reikSmingai mazesnis per¢jimo sekmingumas.

3. Ivertinus daugiamecius duomenis, pirmg karta nustatyti baltojo gandro pirmo
pavasarinio  atskridimo datos pokyciai 8-iose  fenologinése  stotyse,
reprezentuojanciose arealo Siaurés vakary periferija.

4. Pirmg kartg sukurtas originalus duomeny rinkinys GIS aplinkoje, kuriame jkelti
arealo Siaurés vakary periferijoje esanciy lizdavieCiy tikslis erdviniai ir
kokybiniai duomenys. Sie duomenys isliks geras atspirties taskas vykdant
tolesnius baltojo gandro populiacijos dalies, perin€ios arealo Siaurés vakary

periferijoje, tyrimus.

Moksliné ir praktiné darbo reik§meé:

1. Nustatytas rySys tarp peréjimo buveiniy pasirinkimo bei per¢jimo s€kmingumo ir
zemés dangos charakteristiky per¢jimo buveinéje leidZia prognozuoti galimg
rusies gausumo pokyti, nulemtg natiiraliy procesy bei iikinés zmogaus veiklos.

2. Tyrimai atskleidé baltojo gandro prisitaikymo peréti ant elektros oro linijy atramy
galimas neigiamas pasekmes peréjimo sekmingumui, kas parodo tokio lizdavietes
pasirinkimo neadaptyvumg; kadangi tokie lizdavietés pasirinkimo poky¢iai
stebimi didziojoje rusies arealo dalyje, gauti rezultatai yra reikSmingi tarptautiniu
mastu.

3. Nustatytas rySys tarp baltojo gandro pirmo pavasarinio atskridimo datos ir klimato
parametry leidzia prognozuoti globalios kaitos galimg poveik] §iai rusiai.

4. Atlikty tyrimy rezultatai leidZia nustatyti kriterijus baltajam gandrui svarbiy

teritorijy atrankai.
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5. Nustatytos baltajam gandrui skirtingose lizdavietése kylanc¢ios grésmés, jvertintas
ju poveikis peréjimo sékmingumui ir pateiktos rekomendacijos baltojo gandro

apsaugai bei per¢jimo sglygoms pagerinti.

Darbo aprobavimas ir publikacijos. Darbo rezultatai paskelbti 8 publikacijose: 2
moksliniai straipsniai, 4 moksliniy praneSimy tezes, iSleista 1 knyga ,,Baltasis gandras
Lietuvoje. Lizdy atlasas®, 1 straipsnis populiarioje spaudoje. Disertacijos tema pateikti 6
praneSimai tarptautinése konferencijose: 52-o0ji tarptautiné moksliné Daugpilio
universiteto konferencija (Daugpilis, Latvija), ,,Medzio ekosistema ir Zzmogus” (Vilnius,
Lietuva), ,,Spatial ecology & conservation” (Birmingemas, Anglija), 1-a tarptautiné
baltojo gandro konferencija (Zielona Gura, Lenkija).

Darbas keturis kartus pristatytas ir aprobuotas Gamtos tyrimy centro kasmetiniuose

ataskaitiniuose seminaruose (Vilnius, Lietuva, 2010, 2011, 2012, 2013).

Disertacijos struktiira ir apimtis. Disertacijos rankrast] sudaro Sie skyriai: /vadas,
Literatiiros apzvalga, Medziaga ir metodai, Rezultatai (skyrius susideda i§ 7 daliy),
Rezultaty aptarimas, Darbo praktiné reiksmé ir rekomendacijos, ISvados, Literatiiros
sgrasas (321 Saltinis), autorés paskelbty publikacijy sqrasas, Priedai (5). Disertacijos
apimtis 176 puslapiai. Tekste pateikti 34 paveikslai ir 20 lenteliy. Disertacija paraSyta

lietuviy kalba su santrauka angly ir lietuviy kalbomis.

Padékos. NuoSirdziai dékoju savo darbo vadovui dr. Mindaugui Dagiui uz
kantrybe, skirtg laika, vertingus patarimus bei didZiule pagalbg rengiant disertacija. Esu
labai dékinga dr. Sauliui Svazui ir dr. Rimgaudui Treiniui uZ pagalba bei konstruktyvias
pastabas, kurios zenkliai pagerino §j darba. Uz visokeriopa pagalba dékoju Pauksciy
ekologijos laboratorijos vadovui, Lietuvos MA tikrajam nariui habil. dr. Mecislovui
Zalakevi¢iui. UZ patarimus, pagalba ir palaikyma dékoju kolegoms dr. Galinai
BartkevicCienei ir dr. Vitui StaneviCiui. Dékoju Romai Jagminaitei uz didziule pagalba
redaguojant darba. Taip pat dékoju Laimai Monkienei uz disertacijos santraukos vertimag
1 angly kalba.

Nuosirdziai dékoju dr. Viktorui Skorniakovui, VU Matematikos ir informatikos

fakulteto, Matematinés statistikos katedros lektoriui, uz pagalbg apdorojant didziulés
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apimties duomenis. Taip pat esu labai dékinga visam Matematinés statistikos katedros
kolektyvui uz jdomias ir naudingas diskusijas bei visokeriopa pagalba.

UzZ pagalbg renkant didZziulés apimties duomenis apie baltaji gandra nuoSirdZiai
dékoju: V. Augustinui, D. Baronui, A. Cerkauskui, E. Duderiui, G. Grazulevi¢iui, M.
Karlonui, dr. A. Kontautui, M. Maciuliui, D. Makaviciui, J. Morkiinui, V. NaruSeviciui,
D. Norkiinui, D. Norkinienei, E. Pakstytei, A. PetraSkai, V. Razmui, G. Riaubai, dr. J.
Sorokaitei, L. Sniaukstai, D. Varkalienei.

Duomenys apie baltojo gandro lizdus buvo surinkti vykdant projekta ,,Baltyjy
gandry (Ciconia ciconia) apsauga Lietuvoje* [LIFE07 NAT/LT/000531], finansuota
pagal Europos Bendrijos LIFE programos finansing priemong, skirta aplinkai, bei
kofinansuotg Lietuvos Respublikos aplinkos ministerijos.

UzZ pagalbg perkeliant duomenis | GIS duomeny baz¢ dékoju Simonai Adomaitytei
ir Vilijai Zeleniiitei.

Uz kantrybe bei didZiulj palaikyma raSant darbg dékoju savo Seimai — vaikams ir tévams.

LITERATUROS APZVALGA

Sioje disertacinio darbo dalyje yra pateiktas baltojo gandro pasaulinés populiacijos
paplitimas, gausumas ir pokyciai. Aptarti veiksniai, turintys jtakos pauks¢iy buveiniy
pasirinkimui. Apzvelgti baltojo gandro buveiniy pasirinkimo, peréjimo sékmingumo ir
migracijos bei pirmo pavasarinio atskridimo tyrimai. Skyrius Literatiros apzvalga

susideda 1§ keturiy poskyriy.

MEDZIAGA IR TYRIMO METODAI

Tyrimy medziaga. Baltojo gandro buveiniy pasirinkimo analizei buvo naudojami
baltojo gandro gausumo ir erdvinio pasiskirstymo duomenys, surinkti 2009-2010 metais
visoje Lietuvos teritorijoje. Peréjimo sekmingumo analizei duomenys buvo surinkti 2010
metais visoje Lietuvos teritorijoje ir 2010-2013 metais Vilniaus rajono bei Vilniaus
miesto savivaldybiy teritorijose. Analizuojant klimato poveikj gandry pavasarinio

atskridimo datai ] perimvietes Lietuvoje buvo panaudoti ilgalaikiai fenologiniai
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duomenys, rinkti 1961-2000 metais su 1986-1989 mety pertrauka (Romanovskaja,
Baksien¢ 20006).

Metodai. Duomeny apie baltojo gandro lizdavietes bei peréjimo sékmingumg
rinkimo bei apdorojimo metodai. Duomenys apie baltojo gandro lizdus, jy erdvinj
pasiskirstymg buvo renkami pagal metodika, naudojamg vykdant tarptautines baltojo
gandro apskaitas, tai yra, apzitrint teritorijg ir registruojant lizdus (Schulz 1998, Fulin ir
kt. 2009, Thomsen 2013). Baltojo gandro lizdy paieska buvo vykdoma sistemingai
apvaziuojant ir apziirint visas potencialiai baltajam gandrui tinkamas teritorijas liepos—
spalio ménesiais 2009 metais ir balandZio-rugpjicio meénesiais 2010 metais. Peréjimo
sekmingumo analizei buvo naudojami duomenys apie lizdus, kuriuose 2010-2013 metais
liepos 1-20 d. laikotarpiu buvo registruotas maziausiai vienas jauniklis (Fulin ir t.
2009). S¢kmingai uzaugusiy baltojo gandro jaunikliy skaiCius nustatomas jiems esant
apie 6 savai¢iy amziaus (Onmus ir kt. 2012). Tokio amZiaus jaunikliai jau yra
pakankamai dideli, taciau dar neskraido, taigi, galima patikimai jvertinti jy skaiciy lizde
(Moritzi ir kt. 2001). Be to, tokio amziaus jaunikliai jau yra pergyveng kritinj 3 savaiciy
laikotarpj, kada jy mirtingumas yra labai didelis (Tortosa, Villafuerte 1999, Tortosa,
Castro 2003, Jovani, Tella 2004). Per¢jimo sékmingumas darbe iSreikStas jaunikliy
skai¢iumi periniai porai (JZm). Perinti pora laikoma sékminga pora, kai lizde yra
maziausiai 1 jauniklis pra¢jus 40 dieny po iSsiritimo. Per¢jimo sékmingumas yra
jaunikliy skaicius lizde 40 dieny po iSsiritimo (Moritzi ir kt. 2001, Fulin ir k¢. 2009).

2009-2010 metais duomenis visoje Lietuvos teritorijoje rinko 20 kvalifikuoty
pauksciy stebétojy. Darbo autoré duomenis rinko 2009-2010 metais 8-iose Lietuvos
savivaldybése: Vilniaus, Anyki¢iy, Svenéioniy, Vilkaviskio, Marijampolés, Kalvarijos,
Kazly Rudos ir Traky bei 2011-2013 metais Vilniaus savivaldybése.

Apskaitos metu surasti lizdai buvo registruojami pagal specialiai sukurta metodika.
Visi stebétojai buvo apripinti vienodais Zilironais, GPS imtuvais, foto aparatais,
kompasais. Kiekvieno registruojamo lizdo vieta buvo fiksuojama GPS imtuvu. Buvo
pildoma lizdo registracijos forma, kurioje buvo detaliai apraSomas kiekvienas lizdas.
Taip pat buvo daromos lizdo ir jo aplinkos nuotraukos.

Surinkti duomenys buvo perkelti j specialiai sukurta Baltojo gandro lizdy GIS
duomeny baze (naudota ArcGis 10.0 programin¢ jranga), kurioje lizdy tasky sluoksnis

buvo koreguojamas, tai yra, kiekvieno tasko padétis erdvéje buvo tikslinama naudojant

40



ortofotografinj Zemélap; (M 1:10 000) bei lizdo aplinkos nuotraukas, padarytas apskaity
metu.

Buvo palygintas baltojo gandro populiacijos dalies, perinCios Lietuvoje, gausumas
ir erdvinis pasiskirstymas 1994-2010 metais. 1994 mety duomenys apie baltojo gandro
gausumg ir erdvin] pasiskirstymg Lietuvoje buvo paimti 1§ Malinausko ir Vaitkaus
publikacijos, kurioje iSsamiai pateikti 1994 mety baltojo gandro apskaitos rezultatai
(Malinauskas, Vaitkus 1995). Kadangi Siy dviejy apskaity detalumas buvo skirtingas,
lyginant duomenis jmanomos paklaidos. Taciau 1994 mety apskaitos metu gauti
duomenys yra laikomi patikimais (Malinauskas, Vaitkus 1995, Ivanauskas ir kt. 1997).

Darbe surinkti duomenys apie baltojo gandro pasiskirstymg apima visg Lietuvos
teritorija. Tuo tarpu tiesioginés erdvinés informacijos apie gandro mitybos objekty
gausumg ir erdvin] pasiskirstymg nei Salies, nei atskiry rajony mastu néra. Todél
veiksniai, tikétina, atspindintys mitybos salygas bei krastovaizdzio ypatumus, buvo
apskaiciuoti i§ jvairiy erdviniy duomeny baziy ir duomeny rinkiniy, apimanciy visg
Salies teritorijg: CORINE zemés dangos duomeny bazés, Lietuvos Respublikos
teritorijos georeferencinio pagrindo duomeny bazés, Lietuvos Respublikos teritorijos
erdvinis reljefo modelis, bei NDVI, gauta 1§ EOSDIS (NASA‘s Earth Observing System
Data and Information System; https://earthdata.nasa.gov). IS Siy baziy apskaiiuoti
per¢jimo buveing charakterizuojantys veiksniai (Radovi¢, Tepi¢ 2009) baltojo gandro
mitybos salygas bei kraStovaizdzio ypatumus atspindi netiesiogiai (angl. Proxy
variables).

Baltojo gandro peréjimo buveiniy pasirinkimo analizés metodai. Baltojo
gandro buveiniy pasirinkimo analizei buvo naudota informacija apie 21 192
gandralizdzius, uZregistruotus visoje Lietuvos teritorijoje 2009-2010 metais. Lietuva
uzima tik 1,1 % viso riiSies arealo ploto, o baltojo gandro populiacijos dalis, perinti
Salyje, sudaro net 8,4 % pasaulinés perincios baltojo gandro populiacijos. Tai didziausia
duomeny imtis, kada nors panaudota baltojo gandro tyrimams ne tik Lietuvoje, bet ir
visoje Europoje.

Gandry lizdy pasiskirstymo priklausomybés nuo kai kuriy peréjimo buveinés
charakteristiky analizé buvo atlickama vertinant aplinkg 2 x2 km gardelése,

dengianciose visg Lietuvos teritorijg. Gardeliy tinklelis sukurtas pasinaudojus ArcGIS
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, Fishnet“ funkcija. Analizei naudotos visos pilnai patenkancios ] Salies teritorija
tinklelio gardeles (N = 15 866).

Peréjimo buveinés charakteristikos, naudotos baltojo gandro buveiniy pasirinkimo
analizei: uzstatyty teritorijy (CLC 1xx), dirbtiniy dangy (CLC 13x), intensyviosios
zemdirbystés ploto (CLC 211), ekstensyviosios zZemdirbystés ploto (CLC 242),
ekstensyviosios zemdirbystés ploto su natiiralios augalijos intarpais (CLC 243), pievos
(CLC 231), misko (CLC 3xx), pelkiy dalis gardeléje. Taip pat NDVI indekso vidutiné
reikSme (balandzio—liepos ménesiy), hidrologinio ir keliy tinklo tankis, CORINE jvairiy
klasiy fragmenty skaic¢ius, CORINE jvairiy klasiy jvairovés indeksas (riby tarp skirtingy
CLC klasiy fragmenty tankis gardeléje km/km?) gardeléje.

Siekiant nustatyti veiksnius, lemianc¢ius baltojo gandro pasiskirstyma aplinkoje,
buvo atlikta logistiné regresija. Lizdo buvimas gardeléje buvo priklausomas kintamasis,
o jvairios buveinés charakteristikos — nepriklausomi kintamieji. Norint iSvengti
problemy, atsirandanc¢iy dél veiksniy kolinearumo bei daugybés nuliniy reikSmiy,
esaniy duomeny imtyje, visi duomenys buvo standartizuoti.

Baltojo gandro peréjimo sékmingumo priklausomybés nuo kai kuriy peréjimo
buveinés charakteristiky analizés metodai. Baltojo gandro per¢jimo sékmingumo
priklausomybés nuo kai kuriy peréjimo buveinés charakteristiky analizé buvo atliekama
vertinant aplinkg 1 km spinduliu aplink lizdg bei atstumg nuo lizdo iki kai kuriy
kraStovaizdzio objekty (Radovi¢, Tepi¢ 2009). Peréjimo sékmingumo analizei 1 km
spindulys aplink lizdg pasirinktas tod¢l, kad perin¢iy gandry kelionés iki mitybos ploty
dazniausiai yra 1 km atstumu nuo lizdo (Moritzi ir kz. 2001, Nowakovski 2003, Radovi¢,
Tepi¢ 2009). Siekiant jvertinti buveinés charakteristiky jtakg peréjimo sékmingumui
lizduose, esanciuose aukstos kokybés buveinése (Tryjanowski ir kt. 2005, Kriiger ir kt.
2012), analizei atrinkti lizdai, kurie buvo sékmingi Vilniaus rajono ir Vilniaus miesto
savivaldybeése kiekvienais metais per 2010-2013 mety laikotarp; (N = 126).

Per¢jimo buveinés charakteristiky jtaka peré¢jimo sékmingumui buvo analizuojama
naudojant daugialypés tiesinés regresijos modelj. Pirminés analizés metu buvo
panaudota 17 buveinés charakteristiky. Sudarius koreliacijy matricg, tolimesnei analizei
buvo atrinktos 8 buveinés charakteristikos, potencialiai galinios turéti jtakos baltojo
gandro peréjimo sékmingumui. Modelyje priklausomas kintamasis buvo jaunikliy,

uzaugusiy konkreciame lizde per 2010-2013 mety laikotarpj, skaicius, o nepriklausomi
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kintamieji — peréjimo buveinés charakteristikos: misko dalis, geomorfo, nusakancio
kalvotuma, dalis ir NDVI indekso vidutiné reikSmé peréjimo buveingje bei atstumas nuo
lizdo iki ekstensyviosios Zzemdirbystés ploto su natiiralios augalijos intarpais (CLC 243),
pievos (CLC 231), ekstensyviosios zemdirbystés ploto (CLC 242), artimiausio
kaimyninio uZimto lizdo bei vandens telkinio.

Pusé Lietuvoje perinCiy baltyjy gandry yra jsikiire palyginti naujoje lizdavietéje —
ant elektros oro linijy atramy. Norint nustatyti, kaip jsikiirimas Sioje lizdavietéje veikia
baltojo gandro per¢jimo s€kmingumg, buvo naudojama metodika, taikyta panaSiuose
tyrimuose (Balmori 2005). Analizei buvo atrinkti lizdai, kurie buvo susukti ant elektros
oro linijy atramy ir kuriuose 2010 m. liepos 1-20 d. laikotarpiu visoje Salies teritorijoje
buvo registruotas maziausiai vienas jauniklis (N = 1 747). Lizdai buvo suskirstyti i 3
grupes: lizdai, susukti ant eksploatuojamos elektros oro linijy atramos be platformos
lizdui (A), lizdai, susukti ant eksploatuojamos elektros oro linijy atramos su platforma
lizdui (B), lizdai, susukti ant nebeeksploatuojamos elektros oro linijy atramos (atjungta
nuo elektros tiekimo) be platformos lizdui (C) (1 pav.). Buvo palyginti peré¢jimo
sekmingumo skirtumai tarp skirtingy lizdy grupiy (A, B, C). Tam buvo naudojamas
vienfaktorinés dispersinés analizés (angl. ANOVA) su aposterioriniu FiSerio kriterijumi
(angl. Post hoc Fisher least significant difference test (LSD)) statistinis metodas.
Per¢jimo seékmingumo skirtumai buvo laikomi reikSmingais prie p < 0,05.

Klimato parametry poveikio baltojo gandro pirmo pavasarinio atskridimo
datai analizés metodai. Analizei naudotos baltojo gandro pirmo atskridimo datos (PAD)
1 perimvietes Lietuvoje, rinktos 1961-2000 metais su 1986—1989 mety pertrauka
Lietuvos agrariniy ir misky moksly centro Vokes filiale (Romanovskaja, BakSiené
2006). Tyrimy laikotarpis apima 40 mety (1961-2000 m), 1§ kuriy turimi duomenys
apima 36 metus. Analizei buvo naudojami duomenys, surinkti 8-iose fenologinése
stotyse, 1SsidéscCiusiose skirtingose Salies vietose (2 pav.).

Analizei PAD buvo perskaiciuotas 1§ kalendoriniy dieny ] dienos numerj metuose
nuo sausio 1 dienos, atsizvelgiant | keliamuosius metus. PAD priklausomybei nuo
vietiniy ory salygy migracijos kelyje nustatyti buvo naudojama vidutiné oro temperatiira
ir v¢jo salygos kovo ménesj pietry¢iy Rumunijoje ir Siaurés ryty Bulgarijoje (43° — 45°
S, 26° — 28° R) — teritorijoje, kuria kerta baltieji gandrai, skrendantys rytiniu migracijos

keliu pavasarinés migracijos metu. Oro temperatiiros duomenys pietry¢iy Rumunijoje ir
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Siaurés ryty Bulgarijoje (43° — 45° S, 26° — 28° R) buvo paimti i§ duomeny bazés
,,Buropos klimato jvertinimas ir duomeny rinkinys* (http://www.ecad.eu (Klein Tank ir
kt. 2002). Véjo duomenys — vidutiné ménesio zonin¢ (u) ir meridianiné (v) vejo grei€io
vektoriaus dedamoji (m/s) 925 hPa izobariniame pavir$iuje kovo ménesiui buvo paimta
18 ,Nacionalinio aplinkos prognozavimo centro“ duomeny archyvo (NCEP,
http://www.esrl.noaa.gov/psd/data/timeseries (Kalnay ir kt. 1996).

PAD priklausomybei nuo ory salygy perimvietése nustatyti buvo naudojami oro
temperattiros bei krituliy duomenys Lietuvoje skirtingais pavasario ménesiais. Siekiant
jvertinti, ar baltojo gandro atskridimas yra susijes su tam tikra temperatiira, buvo
analizuojamas PAD rySys su terminiais sezonais Lietuvoje. Datos iSreikStos dienos
skai¢iumi nuo sausio 1-os dienos, kai vidutiné paros temperatiira pakyla vir§ tam tikro
laipsnio: 0°C, 1°C, 2°C, 3°C, 4°C ir nebenukrinta Zemiau. Oro temperatiros
duomenys 1961-2000 mety laikotarpiui buvo gauti i§ Lietuvos hidrometeorologijos
tarnybos archyvo. Duomenys buvo paimti i§ 8§ meteorologiniy stociy, esanciy arciausiai
fenologiniy stocCiy, tarp kuriy vidutinis atstumas buvo 14,8 + 10,4 km (0,7-28,8 km,
N =28; 2 pav.).

PAD priklausomybei nuo regioniniy oro saglygy buvo analizuojamas sausio—kovo
ménesiy NAO (angl. North Atlantic Oscillation) indeksas. NAO indeksas atspindi
meteorologing situacija Europoje sausio—kovo ménesiais. NAO indekso reikSmés
paimtos 1§ Nacionalinio atmosferos tyrimy centro (www2.cgd.ucar.edu (Hurrell,
National Center for Atmospheric Research Staff 2013).

Analizei buvo naudojamas daugialypés tiesinés regresijos modelis, kur
priklausomas kintamasis buvo 8 fenologiniy sto¢iy PAD mediana, o nepriklausomi
kintamieji — jvairts klimato rodikliai. Norint jvertinti galimg Lietuvoje perincios baltojo
gandro populiacijos dalies dydzio itaka PAD, i analize, kaip vienas i§ nepriklausomy
kintamyjy, buvo jtrauktas populiacijos dalies, perincios Lietuvoje, dydis (Lindén 2011).
Baltojo gandro populiacijos dalies, perin¢ios Lietuvoje, dydis kiekvieniems metams
buvo apskaiciuotas i§ 5 Lietuvos teritorijoje atlikty baltojo gandro apskaity (1958, 1968,
1974, 1994 ir 2010 mety), juos interpoliuojant kiekvieniems metams (Kisielius 1974,
Kazlauskas, Paltanavicius 1985, Malinauskas, Vaitkus 1995, Vaitkuviené, Dagys 2014).

Interpoliacijai atlikti pritaikytas 3-Cios eilés polinomas.
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I aukSCiau minétas analizes nebuvo jtraukti tarpusavyje koreliuojantys veiksniai.
Naudoti tik tie, kuriy tarpusavio koreliacijos koeficientas buvo ne didesnis nei 0,6. IS
tarpusavyje koreliuojanciy veiksniy pory paliktas tas, kuris, tikétina, galéjo turéti didesne
ekologing prasme su analizuojamu priklausomu veiksniu.

Baltojo gandro buveiniy pasirinkimo analizéje geriausio modelio atrinkimui buvo
naudoti Akaike (angl. Akaike Information Criterion (AIC)) ir Bajeso (angl. Bayesian
Information Criterion (BIC)) informaciniai kriterijai.

Baltojo gandro peréjimo sékmingumo priklausomybés nuo kai kuriy peréjimo
buveinés charakteristiky ir klimato parametry poveikio baltojo gandro pirmo pavasarinio
atskridimo datai analizése, modeliy atrankai buvo naudotas Akaike informacinis
kriterijus bei modeliy vidurkinimas (Burnham, Anderson 2002). AIC svoriai (®) buvo
naudojami atrinkty modeliy nepriklausomy kintamyjy koeficienty reikSmiy vidurkinimui
bei nepriklausomy kintamyjy santykiniam reikSmingumui (angl. Relative importance of
variable (RIV)) ivertinti. Modeliy konstravimas su visomis jmanomomis nepriklausomy
kintamyjy kombinacijomis, modeliy palyginimas, jy atranka ir vidurkinimas atlikti
naudojant R statistinés programinés jrangos (R Development Core Team 2011) MuMin
paketo 1.9.13 versijos ,,dredge* funkcijg (Barton 2013).

Atliekant duomeny analize taip pat buvo naudoti: SAS 9.3 (SAS Institute Inc. 2011)
statistinis paketas bei Statistica 6 (StatSoft, Inc. 2013) programiné jranga. Atliekant

erdving duomeny analize¢ buvo naudojama ArcGis 10.0 programing jranga (ESRI 2011).

REZULTATAI

Baltojo gandro gausumas bei erdvinis pasiskirstymas 2010 metais. 2009-2010
metais, visoje Salies teritorijoje, buvo uZzregistruoti ir apraSyti 21 192 baltojo gandro
lizdai Uzimti buvo 18 782 (88,6 %) lizdai. Baltieji gandrai per¢jo 81,4 % visy
uzregistruoty lizdy. Baltojo gandro lizdy tankis buvo 32 lizdai/100 km?, o uzimty lizdy
tankis — 29 lizdai/100 km?. 2009-2010 metais atliktos apskaitos tikslumas buvo 87 %,
tod¢l Lietuvoje perinc¢io baltojo gandro gausumas jvertintas apie 19 500 pory. Perinciy
pory tankis buvo jvertintas 30 pory/100 km?. Vidutinis per¢jimo sékmingumas 2010
metais buvo 2,68 £ 0,89 SD jauniklio s€¢kmingai porai (N = 3 603). Lizduose buvo rasta
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nuo 1 iki 5 jaunikliy. Lizdy su 2 ir 3 jaunikliais buvo rasta daugiausia (73 % visy
s¢kmingy lizdy).

Net 64,4 % visos Salies teritorijos buvo klasifikuota kaip baltajam gandrui
potencialiai tinkama teritorija, kurioje buvo iSsidéste 98 % visy registruoty lizdy.
Vidutinis baltojo gandro lizdy tankis tinkamoje teritorijoje buvo 45 lizdai/100 km?.
Potencialiai gandrams tinkamose teritorijose didziausias lizdy tankis uZregistruotas
vakary ir pietvakariy Lietuvoje, kur lizdy tankis siekia 80 lizdy/100 km?, o kai kuriose
teritorijose daugiau nei 160 lizdy/100 km?. Dideli lizdy tankiai uzregistruoti Siaurés ryty
Lietuvoje — 60—80 lizdy/100 km?. Maziausias baltojo gandro lizdy tankis yra centringje ir
Siaurés Lietuvoje, kur intensyvesnis Zemes tikis bet miSkingoje pietryCiy ir ryty Lietuvos
dalyje — lizdy tankis nesiekia 40 lizdy/100 km?. 2009-2010 metais atstumo nuo lizdo iki
artimiausio kito uZimto lizdo mediana buvo 524,9 m (tarpkvartilinis plotis 674 m). Tik
20 % visy pory jsikuria toliau nei 1 000 m nuo kaimyninés poros.

2009-2010 metais daugiausia baltojo gandro lizdy rasta ant jvairiy stulpy — 61 %
visy lizdy. Gausiausiai jy buvo ant elektros oro linijy atramy — 49 %, ant specialiy stulpy
su platformomis — 11 %, ant daZniausiai nenaudojamy ryS$iy linijy atramy — tik 1 %.
Medziuose buvo 21 % visy lizdy, ant vandens boksty ir pastaty — po 9 %, o jvairiose
kitose vietose — 1 %. Daugiau negu pusé (51,7 %) lizdy buvo ant specialiy platformy.

Baltojo gandro gausumo ir erdvinio pasiskirstymo pokyciai Lietuvoje 1994—
2010 metais. Lietuvoje perincios baltojo gandro populiacijos dalies gausumas per 1994—
2010 mety laikotarpj iSaugo labai Zenkliai. 2010 m. buvo uzregistruoti 21 192 baltojo
gandro lizdai, 1§ kuriy uzimti buvo 18 782 lizdai, kai tuo tarpu 1994 m. — atitinkamai
11204 ir 9400 lizdy (1994 m. apskaitos duomenys i§: Malinauskas, Vaitkus 1995).
Uzimty lizdy tankis taip pat padidéjo: nuo 17 uzimty lizdy/100 km® 1994 m. iki 29
uzimty lizdy/100 km* 2010 m. Atstumai tarp kaimyniniy uzimty lizdy sumazé&jo: 2010 m.
79 % lizdy buvo arciau nei 1 km iki kaimyninio lizdo, lyginant su 59 % lizdy 1994 m.
(chi kvadrato kriterijus, %> = 1 682,6; df = 2; p < 0,0001). Ypac ryskus ir reikSmingas
pokytis per Siuos 16 mety jvyko baltojo gandro lizdy sukrovimo vietos pasirinkime (chi
kvadrato kriterijus, ¥ = 5 211,6; df = 5; p < 0,0001). Zenkliai i§augo lizdy, susukty ant
elektros oro linijy atramy dalis: nuo 13 % lizdy 1994 m. iki 49 % lizdy 2010 m.
Atvirks$tiné tendencija stebéta medZiuose: lizdy dalis Siose lizdavietése sumaze¢jo nuo

52 % 1994 m. iki 21 % 2010 m. (1994 duomenys i§ Malinauskas, Vaitkus 1995).
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Baltojo gandro peréjimo buveinés pasirinkimo priklausomybé nuo kai kuriy
buveinés charakteristiky arealo Siaurés vakaruy periferijoje. IS analizei naudoty
15 866 tinklelio gardeliy, 8 788 (55,4 %) gardelése buvo bent vienas gandro lizdas. N¢
vieno lizdo nebuvo 7 078 (44,6 %) gardelése. Naudojant pazingsning logisting regresija,
1 model] buvo po vieng jtraukiami 13 buvein¢ charakterizuojanciy parametry. ROC
kreivés, pateikiamos 3 paveiksle, atitinka kiekvieng, pazingsniui iSbandyta model;j. IS 3
paveikslo matyti, kad jau treiame zingsnyje yra pasiekiama gera prognozavimo geba,
apie kurig sprendziama i$ ploto po ROC kreive (angl. Area under curve, AUC; 0
zingsnis — modelio laisvasis narys, angl. Intercept). Taigi, trys pirmieji veiksniai gali
uztikrinti gerg prognozavimo geba. Kad tai buty pagrista, buvo apskaiciuotas AUC
padid¢jimas kiekviename modelio sudarymo Zingsnyje. Ketvirtame Zzingsnyje AUC
padidéja maziau nei 1 % (4 pav.). Pagal AUC padid¢jimg galima daryti iSvada, kad trys
pirmieji veiksniai jau uZtikrina gerg prognozavimo geba ir modelis su Siais veiksniais
biity optimalus.

Remiantis Akaike informacinio kriterijaus rezultatais, optimalus modelis turéty
turéti visus 13 veiksniy, o Bajeso informacinio kriterijaus rezultatais — 10 veiksniy. Buvo
palyginti modelio, turinio tris veiksnius, AUC su likusiy modeliy AUC. Visi skirtumai
buvo patikimi prie p = 0,001, vadinasi, didesnis veiksniy kiekis uztikrina geresne
prognozavimo geba. Nors pagal AIC ir BIC rezultatus, optimallis modeliai turéty turéti
daug veiksniy, taciau buvo atsizvelgta j tai, kad Siems rezultatams jtakos galéjo turéti
labai didelé¢ duomeny imtis. Be to, jtraukti ketvirtas ir likusieji veiksniai modelio savybes
gerino labai neZymiai (4 pav.), tod¢l galutinis modelis buvo sukonstruotas su trimis
pirmiausia jtrauktais veiksniais: CLC 3xx, NDVI vid ir CLC 242 (1 lentel¢).

Galutinio modelio charakteristikos, atspindin¢ios modelio veikimg, pateiktos 2
lenteléje. Charakteristiky vertés yra Judeno indekso (angl. Youden Index)
maksimizavimo rezultatas. Modelis teisingai klasifikavo 73,5 % visy (15 866) turimy
gardeliy.

Gautas modelis su trimis veiksniais buvo tikrinamas (angl. Validation). Tuo tikslu
buvo imama 70 % (11 126 gardelés) atsitiktinai atrinkty gardeliy i§ visos duomeny
imties. IS Sios atsitiktinai atrinktos imties, naudojant tikrinamg modelj, buvo
1Sskai¢iuojami koeficienty jverCiai, tai yra, vertinami modelio parametrai (modelis

»apmokomas* klasifikuoti). Gauti koeficienty jver¢iai buvo tikrinami (modelis
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klasifikuoja) su likusia 30 % (4 760 gardeliy) imties dalimi ir nustatomos modelio
prognostingés charakteristikos. Tokia procediira buvo kartojama 10 000 karty. Taip pat
buvo patikrintas ir modelis su 10 veiksniy, rekomenduotas Bajeso informacinio
kriterijaus kaip geriausias. Modeliy tikrinimo analizés rezultatai pateikiami 3 lenteléje,
kur ,,Modelis (3)“ — modelis su 3 veiksniais, o ,,Modelis (10)* — modelis su 10 veiksniy.

,Modelio (3)“ charakteristikos imtyse labai nesikeité, vadinasi, modelis yra
stabilus. ,,Modelio (10)“ plotas po ROC kreivémis visada buvo didesnis nei ,,Modelio
(3)%, kitaip tariant, ,,Modelis (10)*“ turi didesn¢ klasifikavimo gebg. AUC skirtumas
nevir$ijo 0,018, kas sudaro 2,2 % ,Modelio (3)“ vidutinés AUC reikSmes. Kity
charakteristiky (jautrumo ir tikslumo) skirtumai taip pat buvo nedideli. ,,Modelio (3)*
charakteristikos leidzia teigti, kad Sis modelis patenka j puikiy modeliy kategorija
(Hosmer, Lemeshov, 2000). ,,Modelis (3)* yra tinkamesnis negu ,,Modelis (10)“, kurio
pranaSumas néra didelis, o papildomy veiksniy modelyje yra daugiau nei dvigubai.

Taigi, buvo nustatyta, kad svarbiausios aplinkos charakteristikos, turin¢ios jtaka
baltojo gandro buveinés pasirinkimui yra: miSky uZimamas plotas, ekstensyviosios
zemdirbystés plotas ir balandzio—liepos ménesiy NDVI indekso reikSmé. Buvo rasta, kad
ir kiti, 1 analize atrinkti aplinkos veiksniai, taip pat turi jtakos baltojo gandro
pasirinkimui ieSkant peréti tinkamos buveinés, visgi jy poveikis yra gana mazas.

Baltojo gandro peréjimo sékmingumo priklausomybé nuo kai kuriy peréjimo
buveinés charakteristiku bei lizdo sukrovimo vietos. Per 2010-2013 mety laikotarpj
tiriamuose lizduose (N = 126) viename lizde vidutiniskai uzaugo 13,0 = 3,05 SD
jaunikliy. Per keturis metus lizde uzaugusiy jaunikliy skai¢ius kito nuo 7 iki 19.
ReikSmingiausios buveinés charakteristikos, darancios jtaka baltojo gandro per¢jimo
sekmingumui PietryCiy aukStumy rajone, yra miSko dalis per¢jimo buveinéje,
krastovaizdzio kalvotumas bei vidutiné NDVI reik§m¢. Dviejy pirmyjy parametry
santykinis reikSmingumas modeliy rinkinyje buvo toks pat — 1 (RIV) (atitinkamai
vidurkis b = -3,225 £ 1,206 SD ir vidurkis b = -5,816 + 2,453 SD). Vidutinés NDVI
reikSmés santykinis reikSmingumas (RIV) modeliy rinkinyje buvo tik Siek tiek mazesnis
— 0,95 (vidurkis b = 20,76 = 10,106 SD). Labai svarbus parametras taip pat buvo ir
atstumas nuo lizdo iki ekstensyviosios Zemdirbystés ploty su natiiralios augalijos
intarpais. Sio parametro santykinis reik§mingumas buvo 0,88 (RIV; (vidurkis b = -

0,0009 + 0,0005 SD). Mazai reikSmingas buvo atstumas nuo lizdo iki pievos (RIV 0,54).
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Buvo nustatyta, kad peréjimo sékmingumas yra mazesnis, esant didesniam misko
plotui ir didesniam kraStovaizdzio kalvotumui peréjimo buveingje. Per¢jimo
sekmingumas yra didesnis esant didesnei vidutinei NDVI indekso reikSmei peré¢jimo
buveinéje bei maZzesniam atstumui nuo lizdo iki ekstensyviosios Zemdirbystés ploty su
natliralios augalijos intarpais. Nebuvo nustatyta, kad peréjimo buvein¢je ar Salia jos
nedideliu atstumu esantis uzimtas kito baltojo gandro lizdas turéty kokios nors jtakos
per¢jimo sekmingumui. Taip pat nebuvo nustatyta, kad atstumas iki artimiausio vandens
telkinio turéty reikSmingos jtakos peréjimo s€kmingumui.

Baltojo gandro vidutinis per¢jimo sekmingumas 2010 metais lizduose ant elektros
oro linijy atramy, salyginai naujoje lizdavietéje, kurig baltieji gandrai sparciai jsisavino
pastaraisiais metais, buvo 2,69 + 0,87 (SD; N = 1 747) JZm. Dispersinés analizés (angl.
ANOVA) rezultatai parodé, kad yra patikimi skirtumai tarp peréjimo sékmingumo
skirtingose lizdy grupése (A, B, C), F(3, 1744y = 4,569; p < 0,01. Remiantis aposterioriniu
FiSerio maziausiai reikSmingo skirtumo kriterijumi (angl. Post hoc Fisher least
significant difference (LSD)) buvo palyginti peré¢jimo sekmingumo skirtumai skirtingose
lizdy, susukty ant elektros oro linijy atramy, grupése (A, B, C: A — lizdai ant
eksploatuojamos elektros oro linijy atramos be platformos lizdui; B — lizdai ant
eksploatuojamos elektros oro linijy atramos su platforma lizdui; C — lizdai ant
nebeeksploatuojamos elektros oro linijy atramos (atjungta nuo elektros tiekimo) be
platformos lizdui; 1 pav.). Rezultatai parodé¢, kad lizduose, susuktuose ant
eksploatuojamy elektros oro linijy atramy be lizdinés platformos (JZm = 2,63 + 0.83),
per¢jimo sékmingumas yra reikSmingai maZesnis negu lizduose ant eksploatuojamy
elektros oro linijy atramy su platforma (JZm = 2,74 £+ 0,91) ir ant nebeeksploatuojamy
elektros oro linijy atramy (JZm = 2,81 + 0,89, 4 lentele, 5 pav.). TaCiau per¢jimo
sekmingumo skirtumas lizduose ant eksploatuojamy elektros oro linijy atramy su
platforma ir lizduose ant nebeeksploatuojamy elektros oro linijy atramy jau nebuvo
statistiSkai reikSmingas (B ir C).

Klimato parametry poveikis baltojo gandro pirmo pavasarinio atskridimo
datai. Baltojo gandro vidutiné pirmoji pavasarinio atskridimo j perimvietes data (PAD)
8-iose fenologinése stotyse 1961-2000 metais buvo 93,2 = 4,4 SD mety diena, arba
apytiksliai balandzio 3 d. (kovo 30 d. — balandzio 8 d.; SD). Vidutiné metiné PAD
svyruoja nuo 85,4 = 6,1 SD (kovo 27 d.) 1978 metais iki 104,3 £ 1,5 SD (balandzio 15
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d.) 1964 metais (6 pav.). Baltojo gandro pirma atskridimo data j perimvietes per 1961—
2000 mety laikotarp; statistiSkai reikSmingai paankstéjo 5 dienomis (tiesiné regresija
Fia3=4,471,p<0,05;b=-0,123, t3s =-2,115, = 0,34, p < 0,05).

Vidutiné oro temperatiira kovo ménes] pietry¢iy Rumunijoje ir Siaurés ryty
Bulgarijoje buvo svarbiausias kintamasis, esantis visuose modeliy rinkinio modeliuose ir
turintis reik§minga neigiama ry§j su pavasarinio atskridimo data. Sio parametro
santykinis reikSmingumas modeliy rinkinyje buvo lygus 1 (vidurkis b = -0,82 + 0,249
SD, p < 0,01). 3 °C terminio sezono data Lietuvoje taip pat tur¢jo reikSminga teigiama
ry$] su PAD — santykinis reikSmingumas (RIV) buvo lygus 0,86 (vidurkis b = 0,158 +
0,069 SD, p<0,05). NAO poveikis PAD buvo nereikSmingas, jo santykinis
reikSmingumas modeliy rinkinyje buvo 0,56. Kiti du priklausomi kintamieji — migracijos
kelio europin¢je dalyje kovo ménesio vidutiné meénesio zoniné ir meridianiné veéjo
greicio vektoriaus dedamoji (m/s) 925 hPa izobariniame pavirSiuje ir baltojo gandro
populiacijos dalies, perinCios Lietuvoje, dydis — modeliy rinkinyje nebuvo reikSmingi.

Taigi, iy parametry poveikis baltojo gandro atskridimui j perimvietes nenustatytas.
REZULTATU APTARIMAS

Baltojo gandro gausumo ir erdvinio pasiskirstymo pokyciai Lietuvoje 1994—
2010 metais. Sie pokydiai vertinti lyginant 1994 ir 2009—2010 metais atlikty apskaity
rezultatus. Siy dviejy apskaity detalumas galéjo biti skirtingas. Lyginant nevienodai
detaliai iStirtas teritorijas skirtingais laikotarpiais, gali biiti gaunamos paklaidos. 2009—
2010 metais atliktos apskaitos detalumas vertinamas 87 %. 1994 mety apskaitos
detalumo dabar jvertinti neijmanoma, taCiau Sios apskaitos duomenys vertinami kaip
patikimi (Malinauskas, Vaitkus 1995, Ivanauskas ir kt. 1997).

Per 1994-2010 mety laikotarp] baltojo gandro gausumas Lietuvoje iSaugo labai
zenkliai — 1ki 19 500 perin¢iy pory. Toks ryskus baltojo gandro gausumo iSaugimas gali
biiti susijes su pageré¢jusiomis mitybos sglygomis, kurias lémé Zzenkltis zemés tkio
poky¢iai po Salies nepriklausomybés atgavimo 1990 metais. SumaZzejus intensyviosios
zemdirbystés plotams ir padidéjus pievy plotui, pageréjo baltojo gandro mitybos salygos,
gandry gausumas iSaugo. Pradéjo irti lauky drenavimo sistemos, kas salygojo smulkiy

Slapzemiy atsistatyma (Aleknavicius 2007, Povilitinas 2007, Ribokas, Milius 2008). Visa
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tai teigiamai paveiké gandry mitybos sglygas ir, tikétina, pauks¢iy gausuma (Higuchi ir
kt. 2006, Janiszewski ir kt. 2013).

Per tiriamgj; 16 mety laikotarpj baltasis gandras jsisavino naujg lizdaviet¢ — éme
kurtis ant zZemos jtampos (0,4 kV) elektros oro linijy atramy. 2010 metais Sioje
lizdavietéje jau per¢jo beveik puse (49 %) Lietuvos baltyjy gandry, o 1994 metais — tik
13 %. Lizdy skaicius ant elektros oro linijy atramy per $j laikotarpj iSaugo nuo 1 436 iki
10 654 lizdy. Taigi, galima teigti, kad baltasis gandras, did¢jant jo gausumui, kiirési ant
elektros oro linijy atramy. Kadangi elektros oro linijy atramy kiekis Salyje Zenkliai
nesikeit¢ nuo 1970-yjy mety vidurio, prisitaikymas peréti ant stulpy greiciausiai buvo
salygotas laipsniSko baltojo gandro peréjimo elgsenos pokycio did¢jant jo gausumui bei
stingant tradiciniy lizdo krovimo viety.

Per¢jimas ant elektros oro linijy atramy baltgjj gandra veikia ir teigiamai, ir
neigiamai. Tai yra saugesné lizdavieté, kadangi neprieinama zinduoliams, pléSiantiems
lizdus, tod¢l padidéja pauksciy peréjimo sekmingumas (Tryjanowski ir k¢. 2009). Taciau
tyrimo metu buvo nustatyta, kad lizduose, susuktuose tiesiai ant elektros laidy, peréjimo
sekmingumas yra reikSmingai mazesnis, negu ant nebeeksploatuojamy elektros oro linijy
atramy. Taigi, remiantis Siais rezultatais galima teigti, kad baltojo gandro lizdavieciy
pasirinkimo kaitos procesas turéjo neigiamy pasekmiy reprodukciniams parametrams dél
patikimai mazesnio produktyvumo lizduose, susuktuose ant eksploatuojamy elektros oro
linijjy atramy. Lizdus perkélus ant specialiy platformy, jrengiamy ant eksploatuojamy
elektros oro linijy atramy, peré¢jimo s€ékmingumas reikSmingai pageréja.

Daugelyje tyrimy buvo nustatyta, kad pauksCiy, perinCiy ant aukStos jtampos
elektros oro linijy atramy, reprodukciniai parametrai yra paveikiami neigiamai (Doherty,
Grubb 1998, Fernie, Bird 1999, Fernie ir kt. 2000, Fernie, Reynolds 2005). Gandry
lizdai, susukti ant elektros oro linijy atramy, atsiduria ten, kur elektromagnetinis
uzterStumas yra didesnis. Turint omenyje gandry lizdin] konservatyvizmg, jie patiria
neigiamg elektromagnetinio lauko poveikj pakartotinai kiekvieng peréjimo sezong (Frey
1993, Fernie ir kt. 2000, Balmori 2005, 2009, Lai 2005). Toks uzsit¢ses
elektromagnetinio lauko poveikis gali neigiamai paveikti besivystant] embriona,
jaunikliy ritimosi sékminguma, taip pat peréjimo sékmingumg (Balmori 2005, Fernie,

Reynolds 2005).
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Baltojo gandro peréjimo buveinés pasirinkima lemiancios buveinés
charakteristikos. Nustatytas teigiamas rySys tarp baltojo gandro lizdo buvimo tikimybés
teritorijoje ir ekstensyviosios zemdirbystés teritorijy ploto rodo, kad tokioms teritorijoms
S§i rusis teikia pirmenybe. Lietuvoje ekstensyviosios zemdirbystés plotams budingas
didelis kraStovaizdZio struktiirinis heterogeniSkumas, vykdoma jvairi, smulkaus masto
zemés ikio veikla. Visa tai sukuria palankias mitybos saglygas baltajam gandrui —
padid¢ja grobio jvairové, gausumas bei prieinamumas. Todél tokios teritorijos
dominuoja baltajam gandrui pasirenkant peré¢jimo buveines (Pinowski ir k7. 1991, Ozgo,
Bogucki 1999, Moritzi ir kt. 2001). MaZesni gandry lizdy tankiai buvo rasti teritorijose,
kuriose pievy ir ganykly proporcija yra maza. Tokiose teritorijose, kuriy nemazai yra
Siauringje ir centrinéje Lietuvos dalyje, labiau dominuoja dideli monokultiiry laukai, o tai
pablogina mitybos sglygas baltajam gandrui. Mazesnj baltojo gandro gausuma
teritorijose su maza dalimi pievy bei ganykly nustaté ir Massemin-Challet ir kz. (2006)
bei Ptaszyk (1994).

Tyrimo rezultatai parodé, kad baltasis gandras, rinkdamasis per¢jimo buveine,
pirmenybe teikia teritorijoms su didesne NDVI indekso reikSme, atspindincia didesne
pirmin¢ produkcijg. AukStesnis aplinkos NDVI indeksas netiesiogiai atspindi didesnj
maisto kiekj (Kosicki 2010, Sarda-Palomera ir k. 2012), taip pat biisima didesne détj bei
geresnj peréjimo sekmingumg (Kosicki, Indykiewicz 2011).

Baltieji gandrai vengia misky ir krimyny. Bet kokio dydzio misko plotas peré¢jimo
buveinéje sumazina potencialiy mitybos teritorijy plota. Toks §io tyrimo rezultatas
neprieStarauja Onmus ir kt. (2012) gautiems rezultatams.

Baltojo gandro peréjimo sékminguma lemiantys veiksniai. Lietuvos PietryCiy
aukStumy rajone baltojo gandro per¢jimo sé¢kmingumas buvo maZesnis kalvotesnio
krastovaizdzio vietovése. Tai gali biti susij¢ su lizdo apsauga. Apie 40 % visy vados
praradimo atvejy yra susij¢ su gandry kovomis su jsibrovéliais, tai yra, kitais gandrais ir
plésriinais, plésianciais lizdus (Bochenski, Jerzak 2006). Tod¢l perintys gandrai turi
poreiki matyti lizdg maitindamiesi, ypa¢ kada jaunikliai dar yra mazi (Radovi¢, Tepi¢
2009). Be to, kalvotame, labiau fragmentuotame kraStovaizdyje sudétingiau vykdyti
zemes ukio veikla, todél uzkriimijant nebenaudojamoms pievoms ir ganykloms maz¢ja
Ju plotas, taip pat prasteja baltojo gandro mitybos salygos (Ries ir kt. 2004, Cerezo ir kt.
2011).
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Nustatytas teigiamas rySys tarp per¢jimo s€ékmingumo ir NDVI reik§més jaunikliy
auginimo laikotarpiu netiesiogiai nurodo kokybiSkesniy mitybos buveiniy svarbg
baltajam gandrui. Buveinése, kuriose maisto iStekliai gausesni, peréjimo sékmingumas
yra didesnis (Tucker ir kt. 1991, Schaub ir kz. 2005, Kosicki 2010, Kosicki, Indykiewicz
2011).

Nustatytas neigiamas rySys tarp baltojo gandro peréjimo sékmingumo ir atstumo
nuo lizdo iki mitybos teritorijy: ekstensyviosios zemdirbystés ploty su natiiralios
augalijos intarpais bei pievos. Perintiems paukSc¢iams labai svarbus tinkamas balansas
tarp asmeniniy ir jaunikliy energijos poreikiy patenkinimo. Kuo didesnis atstumas iki
mitybos ploty, tuo daugiau energijos suauge gandrai iSeikvoja skraidydami (Moritzi ir kt.
2001).

Nustatyta, kad kuo didesng¢ peréjimo buveinés dalj uzima miskai, tuo baltojo gandro
per¢jimo sékmingumas yra maZzesnis. MiSko plotas sumazina mitybos ploty dalj
per¢jimo buveingje. Tq patvirtina ir Onmus ir k2. (2012) gauti rezultatai, kurie parodo,
kad miSko plotas peréjimo buveing€je turi neigiamg jtaka baltojo gandro mitybos
salygoms, o maisto kiekis yra labai svarbus aplinkos kintamasis, turintis jtakos per¢jimo
sekmingumui (Tryjanowski, Kuzniak 2002, Tortosa ir kt. 2003, Denac 2006 (a)).

Tyrimo rezultatai atskleide, kad nors baltojo gandro populiacijos dalies, perincios
Lietuvoje, tankis yra vienas didziausiy visame baltojo gandro areale, taCiau atstumas iki
artimiausio uzimto kaimyninio lizdo reikSmingos jtakos peréjimo s€kmingumui neturéjo.
Taigi, galima teigti, kad vidurG$inés konkurencijos d¢l maisto resursy kol kas néra.
Lietuvoje daugiau nei 70 % perinciy gandry pory yra iSsidésCiusios mazesniu nei 1 km
atstumu viena nuo kitos, o peréjimo rodikliai yra auksti, vadinasi, kol kas mitybos
salygos yra geros ir 1§ esmés patenkina perin€iy pauks¢iy energinius poreikius. Tai dar
kartg patvirtina, kad peréjimo buveinés gandrams miisy Salyje yra optimalios. Gandry
poros, perincios iki 1,5 km atstumu viena nuo kitos, jau gali biti laikomos potencialiais
konkurentais dél maisto resursy (Denac 2006 (b)). Esant dideliam populiacijos tankiui,
kyla vidurii§iné konkurencija, nukencia per¢jimo sékmingumas (Tortosa ir kt. 2002,
Tryjanowski, Kuzniak 2002, Denac 2006 (b)). Taigi, nors Lietuvoje baltyjy gandry
tankis ir jy per¢jimo s€kmingumas yra auksti, taciau perin¢iy pauksciy tankis kol kas dar
nepasieke tokio lygio, kad pradéty veikti tankio sglygojami, populiacijos gausuma

reguliuojantys mechanizmai.
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Klimato parametry poveikis baltojo gandro pirmo pavasarinio atskridimo
datai. Baltojo gandro pirmo atskridimo data 1961-2000 mety laikotarpiu paankstyvéjo 5
dienomis. Oro temperatiira pietry¢iy Europoje kovo meénesj tur¢jo didziausig teigiama
poveikj baltojo gandro pirmo atskridimo datai j perimvietes Lietuvoje. Daugelyje tyrimy
taip pat nustatyta, kad esant aukStesnei vietinei oro temperatiirai migracijos kelio
europinéje dalyje pauks¢iai | perimvietes atskrenda anksciau (Gienapp et al. 2007, Gordo
2007). Nustatytas stiprus rySys tarp PAD ir 3 °C terminio sezono pradzios datos
Lietuvoje rodo, kad pauks¢iy pirmo pavasarinio atskridimo data labai priklauso nuo oro
temperatiiros ne tik migracijos kelyje, bet ir perimvietése, ir yra stiprus ankstesnj
atskridima ribojantis veiksnys. Sis ry3ys parodo, kad ory salygos perimvietése tampa
tinkamos, kada vidutin¢ oro temperatiira perkopia 3 °C. Tyrimo metu nebuvo nustatytas
reikSmingas NAO bei migracijos kelyje vyraujanciy veéjy poveikis baltojo gandro
pavasarinio atskridimo datai. Taigi, galima teigti, kad baltojo gandro pavasarinio
atskridimo datai didesnj poveikj turi vietinés salygos, nei regioniniai klimato veiksniai.
Baltojo gandro gausumo jtaka pirmojo atskridimo datai j perimvietes taip pat nebuvo

nustatyta.

BALTAJAM GANDRUI SKIRTINGOSE LIZDAVIETESE KYLANCIOS
GRESMES. REKOMENDACIJOS, KAIP SUMAZINTI JU NEIGIAMA POVEIK]

Baltasis gandras prisitaiké peréti ir maitintis zmogaus kaimynystéje. Taciau Sis
artimas rySys padaré Siuos paukscius 1§ dalies priklausomus nuo Zmogaus globos, ypac
del lizdams sukti tinkamy viety. Baltasis gandras — stambus sklandantis paukstis, kurio
sparny mojis yra 1,55-1,65 m (del Hoyo ir kt. 1992), todé¢l jam peréti ir uzauginti
jauniklius reikalinga atvira, tvirta ir saugi lizdavieté. Gandrai daznai jsikuria ir peri ant
jiems iSkelty specialiy dirbtiniy lizdavieciy. Tyrimy metu buvo nustatyta, kad daugiau
nei pus¢ (52 %) visy baltojo gandro lizdy (N = 21 192) buvo susukta ant specialiy
lizdiniy platformy. Dispersinés analizés (angl. ANOVA) rezultatai parod¢, kad yra
patikimi skirtumai tarp peréjimo sékmingumo lizduose, susuktuose ant specialiy
platformy ir ne ant platformy (F; 351 = 4,981; p < 0,05). Peréjimo sékmingumas
lizduose, susuktuose ant specialiy platformy buvo 2,72 £ 0,91 SD (JZm) (N = 1 866), o
lizduose ne ant platformy — 2,65 £ 0,87 SD (JZm) (N =1 737).
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Lizdy, susukty skirtingose lizdavietése, biiklé néra vienoda. Nustatyta tendencija,
kad kuo geresné lizdo biiklé, tuo didesnis baltojo gandro per¢jimo sékmingumas. Geros
buklés lizduose peré¢jimo sékmingumas buvo 2,71 +0,91 SD (JZm) (N =2 164),
patenkinamos biiklés lizduose — 2,66 = 0,91 SD (JZm) (N =492), o blogos biiklés
lizduose — 2,64 +£0,84 SD (JZm) (N =932). Dispersinés analizés (angl. ANOVA)
rezultatai reikSmingy skirtumy neparode (F,, 3555 = 2,601; p = 0,074). Kad baltojo gandro
per¢jimo sekmingumas yra didesnis geresnés buklés lizduose, savo tyrimuose nustate
Tortosa ir Villafuerte (1999), Tryjanowski ir k. (2005 (a), 2009), Vergara ir kt. (2010).

Priklausomai nuo lizdo sukrovimo vietos, lizdams ir juose perintiems pauks¢iams
18kyla jvairiy grésmiy. Nustatyta, kad blogiausia buklé yra lizdy, susukty ant naudojamy
elektros oro linijy atramy — 54 % tokiy lizdy yra blogos biiklés. Nors biitent j tokio tipo
lizdavietes pastaraisiais metais plito Zenkliai i1Saugusi baltojo gandro populiacijos dalis,
perinti Lietuvoje, taCiau paukS¢iams Sioje lizdavietéje kyla daugiausiai pavojy. Tokie
lizdai neretai iSkrinta, kartais uzsidega dé¢l trumpo elektros jungimo, pauksciai neretai
susizaloja atsitrenke¢ ] elektros laidus ar atramas, taip pat gana daznai pasitaiko zuciy
nutrenkus elektros srove. Minétos problemos yra sprendziamos perkeliant baltyjy gandry
lizdus ant specialiy lizdiniy platformy, kuriy Salyje jau yra jrengta vir§ 4 500.

Vis dar nemazai baltyjy gandry peri ant pastaty stogy, kas neretai sukelia problemy
pastaty savininkams. Jei lizdas susuktas tiesiai ant pastato stogo, apacioje besikaupianti
drégme gali paspartinti stogo konstrukcijy irimg. 40 % lizdy, susukty ant pastaty, yra
blogos arba patenkinamos biiklés. Irengus ant pastato stogo tinkamos konstrukcijos
lizding platforma, kuri uztikrina oro cirkuliacijg tarp stogo ir lizdo, apsaugomas pastato
stogas, taip pat baltojo gandro lizdas nuo sunaikinimo.

Net 44 % lizdy, susukty medZiuose yra blogos arba patenkinamos biiklés.
Dazniausiai lizdy, susukty medziuose, bukle blogina jy apaugimas medziy Sakomis.
Jeigu Sakos aplink lizdus néra periodiskai apgenimos, tokie lizdai ilgainiui apauga, kas
apsunkina priskridimg prie lizdo, todél pauksciai lizdaviete apleidzia. Anksti pavasarij,
prie§ parskrendant gandrams, apgenéjus lizdinius medzius (medzius, kuriuose yra lizdas)
minéty problemy bty galima i§vengti.

Darbo metu surinkti duomenys apie baltojo gandro pasiskirstymg Salyje, per¢jimo
sekmingumg ir lizdy tankius atskiruose Salies regionuose, lizdy biikle, pauksciams ir jy

lizdams iSkylancias grésmes buvo panaudoti ruoSiant ,,Baltojo gandro (Ciconia ciconia)
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apsaugos plang“, kuris buvo skirtas uZztikrinti baltojo gandro populiacijos dalies,
perinCios Lietuvoje, esamos buklés iSsaugojimg. Atlikty tyrimy rezultatai leidzia
nustatyti kriterijus baltajam gandrui svarbiy teritorijy atrankai.

Identifikavus raktines, gandrams patrauklias teritorijas, jy tvarkymo ir apsaugos
priemonés padéty iSsaugoti Siuos ilgaamzius tolimuosius migrantus (Kanyamibwa ir kt.

1993, Schaub ir kz. 2004, Olsson, Rogers 2009, Janiszewski ir kz. 2013).

ISVADOS

1. Tyrimy teritorijoje, uzimancioje 1,1 % viso rusies arealo ploto, baltojo gandro
gausumas nuo 1994 mety iSaugo labai Zenkliai — 2010 metais per¢jo 19 500
baltojo gandro pory, kas sudaro 8,4 % pasaulinés populiacijos. Vidutinis tankis
(30 perinciy pory/100 km?) buvo vienas didziausiy visame areale.

2. Nustatytas baltojo gandro peréjimo sékmingumas — 2,68 £ 0,89 SD jauniklio
sekmingai porai — buvo vienas aukSciausiy arealo Siaurés vakary periferijoje.

3. Tyrimy teritorijoje Zenkliai iSaugus baltojo gandro gausumui, peréjimo
sekmingumas iSliko aukStas. Perin€iy pauksCiy tankis neturéjo jtakos peré€jimo
sekmingumui.

4. Pastaraisiais deSimtmeciais baltasis gandras prisitaiké peréti naujo tipo
lizdavietése — ant elektros oro linijy atramy (nuo 13 % 1994 m. iki 49 % 2010
m.). Prisitaikymas pasirenkant lizdaviete reprodukciniu poziiiriu buvo i§ dalies
neadaptyvus dé¢l patikimai mazesnio peréjimo s€¢kmingumo lizduose, susuktuose
ant eksploatuojamy elektros oro linijy atramy.

5. Rinkdamasis per¢jimo buveing baltasis gandras teikia pirmenybe ekstensyviojo
tikininkavimo bei didesnio pirminio produktyvumo teritorijoms.

6. Baltojo gandro peréjimo sekminguma PietryCiy aukStumy rajone teigiamai veikia
tinkamy mitybos buveiniy artumas ir neigiamai — peré¢jimo buveinés miSkingumas
bei kalvotumas.

7. XX a. antroje puséje baltojo gandro pirmo pavasarinio atskridimo data |
perimvietes arealo Siaurés vakary periferijoje paankstéjo 5-iomis dienomis.
Pavasarinio atskridimo data reikSmingai veikia oro temperatiira europingje

migracijos kelio dalyje bei 3 °C terminio sezono pradZia perimvietése.
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8. Blogiausios biiklés baltojo gandro lizdai yra ant oro linijy atramy bei medZiuose.
Baltojo gandro per¢jimo sékmingumas yra mazesnis blogesnes biiklés lizduose.
Pasitlytos neigiamo poveikio Siai Europos Sgjungoje saugomai riiSiai sumazinimo

priemongs.
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