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Abstract

Long-term environmental change and local habitat variation may affect breeding birds
in the Slovenian Karst landscape. The White Stork (Ciconia ciconia), a species associated
with open agricultural and wetland mosaics, was used as the focal species. We descrip-
tively reviewed nest records collected between 2005 and 2025 from 17 nesting sites in
five municipalities. Because monitoring periods differed among sites and reproductive
records were incomplete, the analysis was limited to site-year summaries of nest status,
egg records, recorded young, nest persistence, and selected weather variables. Nesting
patterns varied markedly among sites. Planina and Nova vas showed persistent occupancy,
whereas Rakitnik and Dilce had interrupted occupancy or periods in which the nest was
no longer recorded. Persistent occupancy did not consistently coincide with complete
reproductive records. Postojna weather records indicated generally higher annual mean
temperatures and fewer snowy days in recent years, but these patterns are presented only
as regional environmental context. The study demonstrates the value of standardised, long-
term nest-level monitoring for identifying local changes that broader regional summaries
may obscure.
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bird communities [4-7]. Simultaneously, climate change interacts with land-use change in
agricultural landscapes, further altering environmental conditions and seasonal resources
critical to bird populations [8].

The White Stork (Ciconia ciconia) is a focal species of relevance due to its strong associ-
ation with open agricultural landscapes, particularly farmland and wetland mosaics near
human settlements [9-11]. This species is widely regarded as an indicator of farmland bird
diversity and environmental conditions, as well as a charismatic flagship species [10,12,13].
At the European scale, the White Stork is widely distributed, currently classified as Least
Concern, and shows an overall upward population trend, although substantial variation oc-
curs at local and regional levels [14]. Additionally, the species is listed in Annex I of the EU
Birds Directive, which requires special conservation measures for its habitat [15]. As a long-
distance migrant [16], the White Stork faces a range of pressures across breeding grounds,
migration routes, and wintering areas [14]. Therefore, a comprehensive understanding of
its conservation status requires a full annual-cycle perspective.

On the breeding grounds, White Stork population dynamics are reflected not only by
the number of breeding pairs but also by nest and brood parameters that describe breeding
outcomes [9,11,17]. Nest occupancy indicates the ongoing suitability and use of breeding
sites over time and depends on habitat quality, nesting structure, and the surrounding
landscape context [11]. Nest characteristics, such as size, location, and reuse, can influence
breeding performance. Nest-site fidelity and reuse are associated with reduced breeding
failure, whereas nest changes incur a reproductive cost [18]. Larger nests are linked to ear-
lier arrival and higher reproductive success [19]. Successive stages of reproductive output,
eggs, hatchlings, and fledged young, should be considered separately, as different factors
may influence each stage of the breeding cycle. Clutch size is associated with food avail-
ability and arrival date [20,21], whereas hatchling and fledgling survival are more strongly
influenced by weather conditions during incubation and chick development [17,21,22].
Breeding outcomes also depend on the broader nesting context, including access to wet-
lands and river valleys, habitat quality around the nest, the structure supporting the nest,
and, increasingly, proximity to buildings and landfills [9,11]. Collectively, nest occupancy,
clutch size, hatchlings, fledged young, brood loss, and nest substrate provide a biologically
meaningful framework for analysing variation in White Stork population dynamics.

Systematic monitoring of the White Stork in Slovenia has been ongoing for several
decades. Between 1999 and 2010, the breeding population was primarily concentrated
in northeastern and southeastern Slovenia, although the breeding range expanded into
new areas, including the Karst landscape [17]. The Karst region, part of the Dinaric
karst, includes agricultural land, settlements, and intermittent wetland systems, such as
karst depressions with pronounced seasonal hydrological variation [23,24]. In the broader
Cerknica system, water level and vegetation have been identified as strong drivers of bird
diversity and abundance, indicating that local hydrology is likely important for interpreting
nesting dynamics in the region [25]. Previous research in Slovenia has mainly addressed
broader population dynamics or wetland bird communities, while long-term nest-level
data from the Karst region have not yet been comprehensively synthesised.

This study provides a descriptive analysis of White Stork nesting records in Slovenia’s
Karst landscape from 2005 to 2025. It examines nest status and occupancy, recorded eggs
and young, nest persistence or disappearance, nest substrate, and site-level environmental
descriptors across the municipalities of Postojna, Cerknica, Bloke, Pivka, and Logatec.
By retaining the nesting site as the primary unit of description, the study identifies local
patterns that may be obscured in broader regional summaries.

The paper is structured as follows. Section 2 presents the theoretical background
directly relevant to White Stork nest occupancy, reproductive records, local habitat con-
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ditions, and weather context. Section 3 describes the study area, data, and descriptive
analytical approach. Section 4 reports the observed nesting and environmental patterns;
Section 5 discusses their ecological and conservation implications; and Section 6 presents
the conclusions and limitations.

2. Theoretical Background
2.1. White Stork Ecology in Agricultural Landscapes

The White Stork is closely associated with open agricultural landscapes, especially
mosaics of meadows, pastures, arable land, wetlands, and human settlements [9,11]. Agri-
cultural intensification, habitat simplification, and the loss of semi-natural elements can
reduce food availability and habitat quality for farmland birds [4,8,26]. Because White
Storks use visible, repeatedly occupied nests and forage in human-modified landscapes,
they are suitable for long-term nest-based monitoring and for assessing local environmental
conditions [10,12,13].

2.2. Nest Occupancy and Reproductive Records

Nest occupancy reflects the continued use of a breeding site, but it should not be
equated with reproductive success. Occupancy, egg presence, hatching, chick survival, and
fledging represent distinct stages of the breeding cycle and may respond to different ecolog-
ical conditions [11,17,21]. Nest-site fidelity and reuse can reduce breeding failure, whereas
changes in nest location may entail reproductive costs [18]. Nest substrate, surrounding
habitat, access to wetlands or grasslands, and territory quality can also influence breeding
performance [9,11,27].

White Storks commonly nest on chimneys, roofs, trees, and utility poles. Long-term
monitoring in Slovenia has documented a shift from traditional nest supports toward
power-line structures [17]. Records of nest disappearance and the appearance of new nests
must nevertheless be interpreted cautiously when individual birds are not marked, because
a new site cannot be attributed to the same breeding pair.

2.3. Weather and Breeding Conditions

Weather can affect White Stork reproduction most strongly during incubation and
the first weeks of nestling development, when low temperatures and prolonged rainfall
may reduce survival [17,21,22,28]. Annual or regional weather averages, however, may
not represent conditions at individual nests during critical breeding stages. In this study;,
temperature, precipitation, and snowfall records are therefore used to describe the broader
environmental context rather than to infer direct effects on reproductive outcomes.

2.4. The Slovenian Karst Landscape and Research Gap

The Slovenian Karst forms part of the Dinaric karst and contains agricultural land,
settlements, intermittent wetlands, and pronounced hydrological variability [23,24]. In
the Cerknica system, water level and vegetation influence bird diversity and abundance,
illustrating the ecological heterogeneity of this landscape [25].

Although White Storks have been monitored nationally for several decades, long-term
nest-level patterns in the Karst landscape have not been comprehensively synthesised [17].
The available records differ in duration and completeness, but they permit a descriptive
comparison of persistent, intermittent, lost, and newly recorded nesting sites.

2.5. Research Objectives

The study describes White Stork nesting dynamics in the Slovenian Karst landscape
from 2005 to 2025. It focuses on differences among municipalities and nesting sites, the
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distinction between nest occupancy and recorded reproductive activity, the occurrence
of lost and newly recorded nests within municipalities, and long-term weather patterns
as environmental context. Because the dataset is heterogeneous and includes incomplete
reproductive records, the analysis is exploratory and descriptive.

2.6. Research Questions

The study addresses the following research questions:

RQ1: How do nest occupancy and recorded reproductive outcomes vary among
municipalities and individual nesting sites in the Karst landscape?

RQ2: Does persistent nest occupancy consistently coincide with recorded eggs
or young?

RQ3: Where previously recorded nests disappeared, were new or alternative nesting
sites subsequently documented within the same municipality?

RQ4: What long-term patterns are evident in the selected temperature, precipitation,
and snowfall records used as regional environmental context?

3. Materials and Methods
3.1. Study Area and Period

The study examines Slovenia’s Karst region, characterised by a human-modified karst
landscape. It includes agricultural areas, settlements, and wetlands in close proximity. The
analysis covers 2005-2025 and five municipalities: Postojna, Cerknica, Bloke, Pivka, and
Logatec (Figure 1).
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Figure 1. Research locations scheme. Note: The author’s Canva (https://www.canva.com/) compila-
tion does not include any border lines, unlike an official map. The scheme is to be used exclusively to
present locations within the Karst Landscape Region in Slovenia.

Observed nesting locations within these municipalities comprised Rakitnik, Planina,
Dilce, Hras¢e, and Studenec in Postojna; Martinjak, Gorenje jezero, Dolenje Jezero, Iga vas,
and VisSevek 1 and 2 in Cerknica; Nova vas in Bloke; Pivka and Trnje in Pivka; as well as
Logatec, Ti¢nica, and Stara cesta in Logatec.
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The nesting location served as the primary spatial unit of analysis, as the available
data consist of repeated observations of nests and nesting activity at specific sites over
time. This approach enabled comparisons among long-established, intermittently occupied,
abandoned, and newly recorded nesting locations within each municipality. The same
framework was applied to summarise nesting dynamics across the Karst region.

3.2. White Stork Nesting Data

White Stork nesting dynamics were documented through a monitoring application
designed for nest census and reporting. Observers recorded nest presence and status,
visiting or breeding pairs, egg presence and, when available, hatchlings or fledged young.
A reproductive record was used only when it was explicitly reported; unfilled fields
were retained as missing. Information on the nest support or substrate was included
when recorded.

In addition to nest monitoring, the environmental characteristics surrounding each
nesting site were described using a 2000 m buffer. For every nesting location, the dominant
land cover, dominant agricultural land use, presence of wetlands or other water bodies,
presence of settlements or landfills, and nest substrate were recorded. These variables were
included to provide an ecological context for interpreting long-term nesting dynamics. The
environmental characteristics of all monitored nesting sites are presented in Table 1.

Table 1. Environmental characteristics of monitored White Stork nesting sites in the Slovenian
Karst region.

Municipality = Nest Location

Dominant Land  Agricultural Land  Wetland/Water Settlement/ Nest
Cover (<2000 m) Use (<2000 m) Body (<2000 m) Landfill (<2000 m) Substrate

Postojna
Postojna
Postojna
Postojna
Postojna
Cerknica

Cerknica

Cerknica

Cerknica
Cerknica
Cerknica
Bloke
Pivka
Pivka
Logatec
Logatec
Logatec

Rakitnik
Planina
Dilce
Hrasce
Studenec
Martinjak
Gorenje
Jezero
Dolenje
Jezero

Iga vas
Vigevek 1
Vigevek 2
Nova vas
Pivka
Trnje
Logatec
Ti¢nica
Stara cesta

Built-up area Grassland No Yes Chimney
Built-up area Pasture Yes Yes Chimney
Built-up area Cropland No Yes Chimney
Built-up area Cropland No Yes Chimney
Built-up area Cropland No Yes Chimney
Forest Grassland Yes Yes Chimney
Forest Grassland Yes Yes Chimney
Forest Grassland Yes Yes Tree
Forest Grassland Yes Yes Chimney
Forest Grassland Yes Yes Tree
Forest Grassland Yes Yes Pole
Forest Grassland Yes Yes Chimney
Built-up area Grassland Yes Yes Chimney
Wetland Grassland Yes Yes Pole
Built-up area Grassland No Yes Chimney
Built-up area Grassland No Yes Pole
Built-up area Grassland No Yes Pole

Dominant land cover categories: Built-up area, Forest, Wetland, Water body, Shrubland, Uncultivated land.
Agricultural land use categories: Cropland, Grassland, Pasture, Fallow land.

The available time series varied in duration across locations. Some nests were docu-
mented throughout most or all of the 2005-2025 period, while others were first reported
later, recorded for shorter intervals, or disappeared during the observation period. This un-
even data availability was considered in interpreting the results, especially when comparing
locations with long-term records to those with only recent observations.

For analysis, each annual record was retained in the status category reported in
the monitoring data: empty nest (HO), visitors (HB, HB1, or HB2), occupied nest with
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a breeding pair (HPa), nest no longer present or recorded, or missing (n/a). Egg and
young records were analysed separately from occupancy. Individually marked birds were
not tracked; therefore, a nest documented at another site within the same municipality
was treated as a newly or alternatively recorded site, not as confirmed movement by the
same pair.

3.3. Weather Data

Weather data were sourced from publicly available records provided by the Slovenian
Environment Agency. Postojna was selected as the reference location due to its central posi-
tion within the study region and the availability of continuous, long-term meteorological
records for the observation period.

The weather description included annual mean daily temperature [°C], annual maxi-
mum and minimum daily temperatures [°C], annual precipitation [mm], and the number
of days with snow. Mean daily temperature during the approximate incubation period
(late March to April), together with mean daily temperature and precipitation during the
approximate hatching period (late April to early May), was also summarised. These vari-
ables provide environmental context only; no causal relationship with nesting outcomes
was inferred.

3.4. Data Processing

Data were organised into a longitudinal database consisting of repeated observations
of White Stork nesting locations across municipalities and years. The primary unit of
observation was the nesting location, with records collected annually between 2005 and
2025. For each location, the variables include the continuity of nest presence, the occurrence
of visiting or breeding pairs, the presence of eggs, and, where available, reproductive
outcomes. This structure facilitated comparison of patterns between locations and munici-
palities. Following the location-level review, findings were summarised for the Karst region
to compare stable, irregular, and newly recorded nesting patterns across municipalities.

For descriptive summaries, n/a was treated as missing and excluded from counts.
HO, HB, HB1, HB2, HPa, and “nest is gone” were retained as distinct observed categories.
The absence of an egg or young entry was not interpreted as confirmed biological absence
unless it had been explicitly recorded as such.

In addition, weather data obtained from the Slovenian Environment Agency were
aggregated into annual values for mean, minimum, and maximum temperature, precipi-
tation, and the number of snowy days. These variables were used to describe long-term
weather patterns and provide contextual information for interpreting nesting records.

3.5. Descriptive Data Analysis

The study used descriptive techniques to examine temporal and spatial patterns in
White Stork nesting records across the Slovenian Karst landscape.

Site-year records of nest status, egg presence, recorded young, and nest disappearance
were summarised in tables and narrative descriptions. Weather records were summarised
annually and displayed graphically. Comparisons among locations and municipalities
were interpreted as exploratory because monitoring periods and data completeness dif-
fered substantially.

No inferential statistical tests were applied. Correlations, regression models, and
between-municipality significance tests were omitted because the samples were small and
uneven, reproductive data were incomplete, and repeated observations from the same
nesting sites were not independent. Data organisation and descriptive summaries were
prepared in Microsoft Excel.
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4. Results
4.1. Stork Population Dynamics

The monitored White Stork nesting sites differed in their surrounding environmental
characteristics (Table 1). Most nests were in built-up areas or forest-dominated landscapes,
while grassland represented the predominant agricultural land use within a 2000 m radius.
Wetlands or other water bodies were present near most nesting sites, particularly in the munic-
ipalities of Cerknica and Pivka. Chimneys were the most common nesting substrate, whereas
only a few nests were located on trees or utility poles. These environmental characteristics
provide the ecological context for the long-term nesting dynamics described below.

4.1.1. Postojna

Postojna was selected as the central municipality of the Karst region for analysis.
Annual nest-status records from 2005 to 2025 were available for Rakitnik and Planina, while
records began in 2006 for Dilce, in 2012 for Hrasce, and in 2019 for Studenec. Reproductive
fields were not complete for every site-year.

Postojna exhibited uneven and locally specific nesting dynamics (Table 2). Planina
showed persistent occupancy across the full period, while Studenec was occupied through-
out its shorter 20192025 record, with eggs recorded annually and young recorded in 2024
and 2025. Rakitnik and Dilce showed interruptions, periods of non-occupancy, or loss of
the recorded nest. Hras¢e was intermittent, with confirmed breeding activity in 2013-2015,
visitor records thereafter, and the nest no longer recorded from 2024. These observations
show marked site-level variation within the municipality.

Table 2. Nesting data for Postojna.

Nest Occupancy
Year Rakitnik Planina Dilce Hrasce Studenec
2025 Nest is gone HPa HO Nest is gone HPa
2024 Nest is gone HB2 HO Nest is gone HPa
2023 HB2 HPa HO HB2 HPa
2022 HO HPa HO HO HPa
2021 HPa HPa HO HB2 HPa
2020 HB2 HPa HB2 HB1 HPa
2019 Nest is gone HPa HPa HB1 HPa
2018 Nest is gone HPa HPa HB2 n/a
2017 Nest is gone HPa HPa HB2 n/a
2016 Nest is gone HPa HPa HO n/a
2015 Nest is gone HPa HPa HPa n/a
2014 Nest is gone HPa HPa HPa n/a
2013 Nest is gone HPa HPa HPa n/a
2012 Nest is gone HPa HPa HB n/a
2011 Nest is gone HPa HPa n/a n/a
2010 HO HPa HPa n/a n/a
2009 HO HPa HPa n/a n/a
2008 HB2 HPa HPa n/a n/a
2007 HB2 HPa HPa n/a n/a
2006 HPa HPa HPa n/a n/a
2005 HPa HPa n/a n/a n/a

Note: HO—Empty nest with no sign of activity. HB—Visitors observed, which may include traces of activity such
as droppings under the nest, though this is not always present; the number of visitors is unspecified. HB1—One
visitor: a single White Stork was present at the nest occasionally, typically for less than a month or for longer
periods, but irregularly. HB2—Two visitors: two storks (a pair) were present at the nest intermittently and did
not lay eggs. HPa—Nest occupied. A pair of storks is considered a breeding pair if, during the first half of the
breeding period, they occupied or used the nest for at least four weeks. n/a—No data available.
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4.1.2. Cerknica

In Cerknica, six nesting records were documented: Martinjak, Gorenje Jezero, Dolenje
Jezero, Iga vas, and two sites in Visevek. Martinjak provided the most extensive time series,
spanning 2005 to 2025. Data collection commenced in 2014 for Gorenje Jezero, in 2016 for
Dolenje Jezero, in 2019 for Iga vas, in 2020 for the first Visevek site, and in 2024 for the
second ViSevek site.

Martinjak had the longest Cerknica series, with an occupied nest recorded annually
from 2005 to 2025. Eggs were recorded in 18 of the 21 years; the egg field was unavailable
for 2021-2023. No counts of young were available for this site. Gorenje Jezero was occupied
annually from 2014 onward, with eggs recorded in 11 of 12 years and young recorded
in 2018 (n = 5), 2019 (n = 3), 2021 (n = 3), and 2024 (n = 5). Dolenje Jezero was occupied
annually from 2016 onward; eggs were recorded in 2017, 2018, 2020, and 2021, and young
were recorded in 2018 (n = 4).

Iga vas had a shorter and less stable record. An occupied nest with eggs was recorded
in 2019, followed by a visiting pair in 2020; the nest was no longer recorded from 2021
onward. At the first ViSevek site, an occupied nest with eggs was recorded from 2020 to
2023, with three young recorded in 2021; the nest was no longer recorded from 2024. At the
second ViSevek site, an occupied nest was recorded in 2024 and a visiting pair in 2025, but
egg and young fields were unavailable in both years.

Overall, Cerknica exhibited a mixed pattern of White Stork nesting activity, with some
sites maintaining long-term nesting presence and others experiencing nest disappearance
in the past two years, as shown in Table 3. Martinjak, Gorenje Jezero, and Dolenje Jezero
sustained repeated or long-term nesting, although reproductive outcomes varied among
these sites. In contrast, Iga vas and the first Visevek site showed declines in nesting activity
and the loss of previously recorded nests. These findings indicate that nesting dynamics
varied considerably between locations within the same municipality.

Table 3. Nesting data for Cerknica.

Nest Occupancy
Year Martinjak Gorenje Jezero  Dolenje Jezero Iga Vas Visevek-1 Visevek-2
2025 HPa HPa HPa Nest is gone  Nest is gone HB2
2024 HPa HPa HPa Nestis gone  Nest is gone HPa
2023 HPa HPa HPa Nest is gone HPa n/a
2022 HPa HPa HPa Nest is gone HPa n/a
2021 HPa HPa HPa Nest is gone HPa n/a
2020 HPa HPa HPa HB2 HPa n/a
2019 HPa HPa HPa HPa n/a n/a
2018 HPa HPa HPa n/a n/a n/a
2017 HPa HPa HPa n/a n/a n/a
2016 HPa HPa HPa n/a n/a n/a
2015 HPa HPa n/a n/a n/a n/a
2014 HPa HPa n/a n/a n/a n/a
2013 HPa n/a n/a n/a n/a n/a
2012 HPa n/a n/a n/a n/a n/a
2011 HPa n/a n/a n/a n/a n/a
2010 HPa n/a n/a n/a n/a n/a
2009 HPa n/a n/a n/a n/a n/a
2008 HPa n/a n/a n/a n/a n/a
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Table 3. Cont.
Nest Occupancy
Year Martinjak Gorenje Jezero  Dolenje Jezero Iga Vas Visevek-1 Visevek-2
2007 HPa n/a n/a n/a n/a n/a
2006 HPa n/a n/a n/a n/a n/a
2005 HPa n/a n/a n/a n/a n/a

Note: HO—Empty nest with no sign of activity. HB—Visitors present, with possible traces of activity such as
droppings under the nest; the number of visitors is unspecified. HB1—One visitor: a single White Stork was
present at the nest occasionally, typically for less than a month or for a longer period, but irregularly. HB2—Two
visitors: a pair of storks was present at the nest intermittently, without egg laying. HPa—Nest occupied: a pair of
storks is considered a breeding pair if, during the first half of the breeding period, they occupied or used the nest
for at least 4 weeks. n/a—No data available.

4.1.3. Bloke

In Bloke, data were available only for Nova vas. The nest was occupied from 2007
to 2025 except in 2019, when a visiting pair was recorded. Egg status was unavailable
throughout the series, while young were recorded in 2012 (n = 6), 2014 (n = 6), and
2021 (n =3). Nova vas therefore represents persistent occupancy, but the incomplete
reproductive fields preclude a complete account of breeding outcomes (Table 4).

Table 4. Nesting data for Bloke.

Nest Occupancy
Year Nova Vas
2025 HPa
2024 HPa
2023 HPa
2022 HPa
2021 HPa
2020 HPa
2019 HB2
2018 HPa
2017 HPa
2016 HPa
2015 HPa
2014 HPa
2013 HPa
2012 HPa
2011 HPa
2010 HPa
2009 HPa
2008 HPa
2007 HPa

Note: HPa indicates a nest is occupied. A pair of storks is classified as a breeding pair if, during the first half of
the breeding period, they occupy or use the nest for a minimum of four weeks.

4.1.4. Pivka

In the municipality of Pivka, records were available for two locations: Pivka and Trnje
(Table 5). Trnje was recorded only in 2025, when an occupied nest and eggs were confirmed.
Records for Pivka began in 2007. The nest was occupied in 2007 and 2008, empty in 2009
and 2010, and no longer recorded in 2011. It was again recorded as occupied from 2012 to
2023, visited by a pair in 2024, and occupied in 2025.
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Table 5. Nesting data for Pivka.

Nest Occupancy
Year Pivka Trnje
2025 HPa HPa
2024 HB2 n/a
2023 HPa n/a
2022 HPa n/a
2021 HPa n/a
2020 HPa n/a
2019 HPa n/a
2018 HPa n/a
2017 HPa n/a
2016 HPa n/a
2015 HPa n/a
2014 HPa n/a
2013 HPa n/a
2012 HPa n/a
2011 Nest is gone n/a
2010 HO n/a
2009 HO n/a
2008 HPa n/a
2007 HPa n/a

Note: HO—Empty nest, no sign of activity; HB2—Two visitors, specifically a pair of storks, were present at the
nest intermittently but did not lay eggs; HPa—Nest occupied. A pair of storks is classified as a breeding pair
if, during the first half of the breeding period, they occupied or used the nest for at least four weeks; n/a—no
data available.

These findings indicate a generally persistent, though not fully continuous, nesting
pattern in Pivka, along with the recent establishment of an additional nesting location in Trnje.

4.1.5. Logatec

Three locations were identified within Logatec: Logatec, Ti¢nica, and Stara cesta. At
the original Logatec site, a visiting pair was recorded in 2018, an occupied nest with eggs in
2019 and 2020, a visiting pair in 2021, and an empty nest in 2022. Ti¢nica was occupied in
2024 and 2025, with eggs recorded in 2025. Stara cesta was occupied with eggs in both 2024
and 2025. No counts of young were available for any of the three sites.

The original Logatec nest was last recorded as occupied in 2020, was visited in 2021,
was recorded as empty in 2022, and was no longer recorded from 2023 onward (Table 6).
The records from Ti¢nica and Stara cesta in 2024 and 2025 document other active nesting
sites within the same municipality, but they do not establish movement by the same pair.

Table 6. Nesting data for Logatec.

Nest Occupancy
Year Logatec Ti¢nica Stara Cesta
2025 Nest is gone HPa HPa
2024 Nest is gone HPa HPa
2023 Nest is gone n/a n/a
2022 HO n/a n/a
2021 HB2 n/a n/a
2020 HPa n/a n/a
2019 HPa n/a n/a
2018 HB2 n/a n/a

Note: HO—Empty nest, no sign of activity. HB2—Two storks (a pair) were present at the nest intermittently but
did not lay eggs. HPa—Nest occupied. A pair of storks is classified as a breeding pair if, during the first half of
the breeding period, they occupied or used the nest for at least four weeks. n/a—No data available.
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4.1.6. Summary Comparison Between Municipalities

A comparison across the Karst region reveals a clear contrast between sites with per-
sistent nesting activity and those characterised by irregular occupancy, nest disappearance,
or a lack of confirmed breeding. Planina in Postojna, Martinjak in Cerknica, and Nova vas
in Bloke exhibited long-term presence of nesting pairs, indicating relatively stable nesting
conditions at these locations. Conversely, Rakitnik and Dilce in Postojna, along with Iga
vas and the first ViSevek location in Cerknica, experienced interrupted nesting activity, nest
disappearance, or intermittent occupancy.

Records of young varied among sites with persistent occupancy. Young were recorded
in selected years at Planina, Gorenje Jezero, and Nova vas, whereas no young counts
were available for Martinjak despite continuous occupancy. This contrast may reflect both
biological variation and incomplete reporting. Occupancy, egg records, and records of
young must therefore be interpreted as separate monitoring indicators. The disappearance
of one nest also did not necessarily coincide with the absence of the species from the wider
municipality, although individual relocation could not be confirmed.

4.2. Descriptive Weather Patterns

This section describes the selected weather records used as regional environmental con-
text. Postojna was used because it is centrally located within the study area and has a continu-
ous series for 2005-2025 (Figure 2). Annual mean, maximum, and minimum daily temperature,
annual precipitation, and the number of snowy days are reported in Appendix A Table A18;
breeding-period summaries are reported in Appendix A Tables A19 and A20.

Annual Mean, Maximum, and Minimum Daily Temperatures
(2005-2025)
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Figure 2. Annual mean, maximum, and minimum daily temperature records in Postojna (2005-2025).

Annual mean daily temperature ranged from 8.92 °C in 2005 to a maximum of 11.51 °C
in 2024 and was 11.06 °C in 2025. Annual maximum daily temperature varied between
31.2 °C and 36.4 °C, while the annual minimum ranged from —19.5 °C to —6.8 °C. Mean
temperatures were generally higher in the later part of the series, and several recent annual
minima were less negative; however, these observations are descriptive and were not
evaluated with a formal trend test.

Mean temperature during the approximate incubation period is listed in
Appendix A Table A19. Mean daily temperature and precipitation during the approx-
imate hatching period are listed in Appendix A Table A20 and illustrated in Figure 3.
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Average Daily Temperature and Precipitation
during the Hatching Period (2005-2025)
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Figure 3. Average daily temperature and precipitation during the approximate hatching period
(2005-2025).

During the approximate hatching period, mean daily temperature ranged from 9.51 °C
to 14.90 °C, while mean daily precipitation ranged from 0.43 mm to 6.32 mm. Both variables
fluctuated substantially among years. The figure is intended to show interannual variation
only; no monotonic trend or relationship with reproductive records is inferred.

The annual and breeding-period weather records provide context for the conditions
under which nesting was monitored. They should not be used as direct explanations for
nest disappearance, occupancy, or reproductive outcomes because site-specific exposure
and complete reproductive data were unavailable.

5. Discussion
5.1. Variation in Nest Occupancy and Reproductive Records Among Sites

The descriptive records answer RQ1 by showing substantial variation among munici-
palities and individual nesting sites. Planina and Studenec in Postojna showed persistent
occupancy over their respective monitoring periods, whereas Rakitnik and Dilce had inter-
rupted occupancy or periods in which the nest was no longer recorded. Similar contrasts
occurred within Cerknica. The site descriptors in Table 1 provide ecological context, but

the small number of sites and categorical variables do not permit quantitative assessment
of habitat effects [11,17].

5.2. Persistent Occupancy and Recorded Reproductive Activity

The observations address RQ2 by showing that persistent occupancy did not consis-
tently coincide with complete reproductive records. Martinjak, for example, was contin-
uously occupied, but no counts of young were available. This cannot be interpreted as
reproductive failure because missing observations are not confirmed absences. Occupancy,
eggs, and records of young must therefore be reported as separate monitoring indicators.

5.3. Lost and Newly Recorded Nesting Sites

The observations answer RQ3 by showing that, in several municipalities, other active
nesting sites were recorded after a previously monitored nest disappeared or ceased to
be occupied. In Logatec, Ti¢nica and Stara cesta were documented after activity at the
original Logatec site ended. Because individual birds were not marked or tracked, these
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records cannot demonstrate relocation by the same pair; they document only the presence
of alternative sites within the wider municipal area.

5.4. Weather Patterns as Environmental Context

The weather records address RQ4 by documenting interannual variation, generally
higher annual mean temperatures in the later part of the series, and fewer snowy days in
several recent years. No formal trend or association tests were performed, so these patterns
are environmental context rather than explanations of nesting outcomes. Conditions
during critical incubation and nestling periods, local hydrology, habitat quality, and food
availability may be more relevant than annual regional averages [21,25,28].

This study complements national and international research by providing a long-
term, nest-level description of White Stork activity in the Karst landscape [11,17,18]. Its
principal contribution is the documentation of local persistence, interruptions, nest loss,
newly recorded sites, and incomplete or differing reproductive records. The findings
support continued standardised monitoring rather than generalisation from heterogeneous
historical data.

For conservation practice, individual nests should be evaluated in their local landscape
context, including nest safety, nearby foraging habitat, wetland availability, and changes
in nesting structures. More complete and standardised future data would allow formal
testing of the roles of weather, habitat, hydrology, and land use.

6. Conclusions

The nesting records show that White Stork activity in the Karst landscape was highly
localised and uneven. Persistent occupancy was documented at sites such as Planina,
Martinjak, and Nova vas, whereas Rakitnik, Dilce, Iga vas, and the first ViSevek site
showed interruption, non-occupancy, or loss of the recorded nest.

Persistent occupancy did not consistently coincide with complete records of eggs or
young. In several municipalities, other active sites were recorded after an earlier nest
disappeared, although movement of individual pairs could not be established. Postojna
weather records provide regional context only. The heterogeneous and incomplete data do
not support causal conclusions or inferential comparisons among municipalities.

Conservation and monitoring should therefore focus on the stability, safety, and
reproductive documentation of individual nests, especially where nests disappear or new
sites emerge. Future studies should use standardised annual protocols, distinguish missing
information from confirmed absence, and collect complete records of eggs, hatchlings,
fledged young, habitat conditions, and local weather.

Limitations and Future Research Directions

These conclusions should be viewed in light of several limitations. Monitoring periods
differed among nesting sites, and reproductive records, particularly counts of young,
were incomplete and inconsistently available. Missing observations were excluded from
interpretation and were not treated as confirmed absence. Individual birds were not
marked, so newly recorded nests within a municipality cannot be attributed to the same
breeding pairs. Weather data from Postojna provide regional context and may not represent
conditions at each nest during critical breeding stages. Habitat descriptors were used
only for site characterisation because the number of sites was small and the variables were
categorical. These limitations precluded reliable inferential analysis. Future research should
combine standardised long-term monitoring with GIS-based habitat metrics, local weather
and hydrological data, bird tracking, and complete reproductive records.
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Abbreviations

The following abbreviations are used in this manuscript:

HO  Empty nest, no sign of activity.

LB Visitors, where we may also see traces of activity, e.g., droppings under the nest, but not

necessarily; the number of visitors is not known.

HB1 One visitor, one White Stork, was present at the nest occasionally, usually for less than a
month or longer, but irregularly.

HB2 Two visitors-two storks (a pair) were present at the nest intermittently. They did not lay eggs.

Nest occupied. We consider a pair of storks a breeding pair if, in the first half of the breeding

HP
. period, they occupied or used the nest for at least 4 weeks.

Appendix A

Table A1. Full nesting data for Martinjak (Cerknica).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa Yes n/a
2024 HPa Yes n/a
2023 HPa n/a n/a
2022 HPa n/a n/a
2021 HPa n/a n/a
2020 HPa Yes n/a
2019 HPa Yes n/a
2018 HPa Yes n/a
2017 HPa Yes n/a
2016 HPa Yes n/a
2015 HPa Yes n/a
2014 HPa Yes n/a
2013 HPa Yes n/a
2012 HPa Yes n/a
2011 HPa Yes n/a
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Table Al. Cont.

Year Occupancy Observed Eggs Observed Hatching
2010 HPa Yes n/a
2009 HPa Yes n/a
2008 HPa Yes n/a
2007 HPa Yes n/a
2006 HPa Yes n/a
2005 HPa Yes n/a

n/a—No data available.

Table A2. Full nesting data for Gorenje jezero (Cerknica).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa n/a n/a
2024 HPa Yes 5
2023 HPa Yes n/a
2022 HPa Yes n/a
2021 HPa Yes 3
2020 HPa Yes n/a
2019 HPa Yes 3
2018 HPa Yes 5
2017 HPa Yes n/a
2016 HPa Yes n/a
2015 HPa Yes n/a
2014 HPa Yes n/a

n/a—No data available.

Table A3. Full nesting data for Dolenje jezero (Cerknica).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa n/a n/a
2024 HPa n/a n/a
2023 HPa n/a n/a
2022 HPa n/a n/a
2021 HPa Yes n/a
2020 HPa Yes n/a
2019 HPa n/a n/a
2018 HPa Yes 4
2017 HPa Yes n/a
2016 HPa n/a n/a

n/a—No data available.

Table A4. Full nesting data for Iga vas (Cerknica).

Year Occupancy Observed Eggs Observed Hatching
2025 Nest is gone n/a n/a
2024 Nest is gone n/a n/a
2023 Nest is gone n/a n/a
2022 Nest is gone n/a n/a
2021 Nest is gone n/a n/a
2020 HB2 n/a n/a
2019 Hpa Yes n/a

n/a—No data available.
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Table A5. Full nesting data for Visevek-1 (Cerknica).
Year Occupancy Observed Eggs Observed Hatching
2025 Nest is gone n/a n/a
2024 Nest is gone n/a n/a
2023 HPa Yes n/a
2022 HPa Yes n/a
2021 HPa Yes 3
2020 HPa Yes n/a
n/a—No data available.
Table A6. Full nesting data for Visevek—2 (Cerknica).
Year Occupancy Observed Eggs Observed Hatching
2025 HB2 n/a n/a
2024 Hpa n/a n/a
n/a—No data available.
Table A7. Full nesting data for Rakitnik (Postojna).
Year Occupancy Observed Eggs Observed Hatching
2025 Nest is gone n/a n/a
2024 Nest is gone n/a n/a
2023 HB2 n/a n/a
2022 HO n/a n/a
2021 HPa n/a n/a
2020 HB2 n/a n/a
2019 Nest is gone n/a n/a
2018 Nest is gone n/a n/a
2017 Nest is gone n/a n/a
2016 Nest is gone n/a n/a
2015 Nest is gone n/a n/a
2014 Nest is gone n/a n/a
2013 Nest is gone n/a n/a
2012 Nest is gone n/a n/a
2011 Nest is gone n/a n/a
2010 HO n/a n/a
2009 HO n/a n/a
2008 HB2 n/a n/a
2007 HB2 n/a n/a
2006 HPa n/a n/a
2005 HPa n/a n/a
n/a—No data available.
Table A8. Full nesting data for Planina (Postojna).
Year Occupancy Observed Eggs Observed Hatching
2025 HPa Yes n/a
2024 HB2 No n/a
2023 HPa Yes n/a
2022 HPa Yes 5
2021 HPa Yes n/a
2020 HPa Yes n/a
2019 HPa Yes n/a
2018 HPa Yes 2
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Table A8. Cont.

Year Occupancy Observed Eggs Observed Hatching
2017 HPa Yes 4
2016 HPa Yes 3
2015 HPa Yes n/a
2014 HPa Yes n/a
2013 HPa Yes n/a
2012 HPa Yes n/a
2011 HPa Yes n/a
2010 HPa Yes n/a
2009 HPa Yes n/a
2008 HPa Yes n/a
2007 HPa Yes n/a
2006 HPa Yes n/a
2005 HPa Yes n/a

n/a—No data available.

Table A9. Full nesting data for Dilce (Postojna).

Year Occupancy Observed Eggs Observed Hatching
2025 HO n/a n/a
2024 HO n/a n/a
2023 HO n/a n/a
2022 HO n/a n/a
2021 HO n/a n/a
2020 HB2 n/a n/a
2019 HPa Yes 3
2018 HPa Yes n/a
2017 HPa Yes n/a
2016 HPa Yes n/a
2015 HPa Yes n/a
2014 HPa Yes 4
2013 HPa Yes n/a
2012 HPa Yes n/a
2011 HPa Yes n/a
2010 HPa Yes 3
2009 HPa Yes n/a
2008 HPa Yes n/a
2007 HPa Yes 3
2006 HPa Yes n/a

n/a—No data available.

Table A10. Full nesting data for Hras¢e (Postojna).

Year Occupancy Observed Eggs Observed Hatching
2025 Nest is gone n/a n/a
2024 Nest is gone n/a n/a
2023 HB2 n/a n/a
2022 HO n/a n/a
2021 HB2 n/a n/a
2020 HB1 n/a n/a
2019 HB1 n/a n/a
2018 HB2 n/a n/a
2017 HB2 n/a n/a
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Table A10. Cont.

Year Occupancy Observed Eggs Observed Hatching
2016 HO n/a n/a
2015 HPa Yes n/a
2014 HPa Yes n/a
2013 HPa n/a n/a
2012 HB n/a n/a

n/a—No data available.

Table A11. Full nesting data for Studenec (Postojna).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa Yes 5

2024 HPa Yes 2

2023 HPa Yes n/a

2022 HPa Yes n/a

2021 HPa Yes n/a

2020 HPa Yes n/a

2019 HPa Yes n/a

n/a—No data available.

Table A12. Full nesting data for Pivka (Pivka).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa n/a n/a
2024 HB2 n/a n/a
2023 HPa n/a n/a
2022 HPa n/a n/a
2021 HPa n/a n/a
2020 HPa n/a n/a
2019 HPa n/a n/a
2018 HPa n/a n/a
2017 HPa n/a n/a
2016 HPa n/a n/a
2015 HPa n/a n/a
2014 HPa n/a n/a
2013 HPa n/a n/a
2012 HPa n/a n/a
2011 Nest is gone n/a n/a
2010 HO n/a n/a
2009 HO n/a n/a
2008 HPa n/a n/a
2007 HPa n/a 4

n/a—No data available.

Table A13. Full nesting data for Trnje (Pivka).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa Yes n/a

n/a—No data available.
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Table A14. Full nesting data for Nova vas (Bloke).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa n/a n/a
2024 HPa n/a n/a
2023 HPa n/a n/a
2022 HPa n/a n/a
2021 HPa n/a 3
2020 HPa n/a n/a
2019 HB2 n/a n/a
2018 HPa n/a n/a
2017 HPa n/a n/a
2016 HPa n/a n/a
2015 HPa n/a n/a
2014 HPa n/a 6
2013 HPa n/a n/a
2012 HPa n/a 6
2011 HPa n/a n/a
2010 HPa n/a n/a
2009 HPa n/a n/a
2008 HPa n/a n/a
2007 HPa n/a n/a

n/a—No data available.

Table A15. Full nesting data for Logatec (Logatec).

Year Occupancy Observed Eggs Observed Hatching
2025 Nest is gone n/a n/a
2024 Nest is gone n/a n/a
2023 Nest is gone n/a n/a
2022 HO n/a n/a
2021 HB2 n/a n/a
2020 HPa Yes n/a
2019 HPa Yes n/a
2018 HB2 n/a n/a

n/a—No data available.

Table A16. Full nesting data for Ti¢nica (Logatec).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa Yes n/a
2024 HPa n/a n/a

n/a—No data available.

Table A17. Full nesting data for Stara cesta (Logatec).

Year Occupancy Observed Eggs Observed Hatching
2025 HPa Yes n/a
2024 HPa Yes n/a

n/a—No data available.
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Table A18. Observed weather phenomena in Postojna.

Year Average Daily Maximum Daily Minimum Daily Amount of Number of Days
Temperature [°C] Temperature [°C] Temperature [°C] Rainfall [mm] with Snow
2005 8.92 34 —19.5 1249.1 27
2006 9.96 35 —14.6 1194.7 16
2007 10.34 34.6 —11.6 1277.5 11
2008 10.04 31.2 —11.6 1525.3 13
2009 10.30 324 —18 1582.4 19
2010 9.16 33.2 -19 1939.8 37
2011 10.14 35.1 -12 1078.1 20
2012 10.41 35.4 —18.1 1123.6 21
2013 10.13 36.4 —10.5 1622.3 31
2014 11.12 31.9 -89 2069.4 10
2015 10.78 34.5 —12.9 1009.9 17
2016 10.31 314 —12 1548.4 17
2017 10.25 35.7 —14.6 1836.4 20
2018 10.92 32.9 —15.5 1426.7 33
2019 10.96 34.6 —-10 1669.3 13
2020 10.68 32.6 —9.6 1540.2 10
2021 10.04 33.1 -121 1404.5 23
2022 11.34 35.6 -12.2 1139.9 14
2023 11.41 34.1 -9 1768.5 15
2024 11.51 35.4 —11 1833.9 7
2025 11.06 34.2 —6.8 1749.8 7

Note: [°C]—degrees Celsius.

Table A19. Average temperature during the incubation period (Late March to April).

Year Average Daily Temperature [°C]
2005 8.07
2006 7.94
2007 9.86
2008 6.47
2009 8.55
2010 8.88
2011 9.46
2012 9.05
2013 7.10
2014 9.99
2015 8.37
2016 8.53
2017 9.47
2018 9.23
2019 8.99
2020 8.19
2021 6.04
2022 8.01
2023 7.52
2024 9.64
2025 9.29

Note: [°C]—degrees Celsius.
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Table A20. Average temperature and precipitation during the hatching period (Late April to

early May).
Year Average Daily Temperature [°C] Average Amount of Daily Rainfall [mm]
2005 10.32 4.65
2006 11.78 2.74
2007 13.91 1.29
2008 10.77 3.78
2009 12.18 2.73
2010 11.95 513
2011 11.28 0.43
2012 12.15 3.98
2013 13.92 5.62
2014 11.63 475
2015 12.94 2.04
2016 10.27 3.45
2017 9.91 5.85
2018 14.90 3.12
2019 9.51 4.39
2020 11.62 3.14
2021 9.89 6.32
2022 11.90 1.69
2023 11.36 4.47
2024 10.39 3.54
2025 12.75 2.77

Note: [°C]—degrees Celsius.
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