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INTRODUCTION

Human activities and accelerating climate change are causing an
unprecedented loss of biodiversity on Earth (Dobson et al., 2021; Antonelli et
al., 2024). Up to 39% of plant species globally and almost 45% in Europe, are
currently at risk of extinction (Bilz et al., 2011; Brummitt et al., 2015;
Bachman et al.,, 2018; Lughadha et al.,, 2020). Such widespread plant
extinctions would have far-reaching implications, affecting the functioning
and stability of ecosystems, as well as the provision of essential services upon
which human societies depend (Alvarez-Yépiz et al., 2019). Despite the well-
documented evidence of this decline, effective strategies to halt and reverse
these trends remain a critical global challenge.

Of the many factors contributing to the decline of plant species, direct
human pressure is one of the most intense and prevalent (Barman & Devadas,
2013; Oliver & Morecroft, 2014; Willmer, 2014; Habibullah et al., 2022;
Prakash & Verma, 2022). Habitat destruction and degradation, driven by
changes in land use, the intensification of agriculture, urban expansion and the
exploitation of natural resources, fragment or eliminate the environments that
are essential for plant survival (Newbold et al., 2015; Downey & Richardson,
2016).

Forest ecosystems, particularly temperate and boreal broadleaved forests,
are among those most affected by changes in land use and intensive
management (Keck et al., 2025). Herbaceous forest species are particularly
susceptible to structural changes, such as canopy closure, degradation of the
understorey, and disturbance to the ground layer and soil (Shefferson et al.,
2020). In Lithuania, modern forestry practices, including large-scale logging,
drainage and replacing diverse native stands with fast-growing monocultures,
have reduced the quality of the habitat for many specialised forest species.
Such practices reduce habitat heterogeneity, increase shading and alter the
microhabitat conditions that are essential for the germination, growth and
reproduction of forest understorey plants (Feng et al., 2021). These effects are
particularly detrimental to clonal, shade-sensitive species with limited
dispersal or pollination opportunities, as they exacerbate isolation and
reproductive failure (Brzosko & Wrdblewska, 2013). Consequently,
endangered plants that depend on forests face a combination of habitat loss,
altered disturbance regimes and declining regeneration potential, which
significantly increases their risk of extinction (Godefroid et al., 2014).
Invasive species are widely recognised as one of the leading causes of
biodiversity loss. Invasive plant species are particularly problematic due to
their ability to outcompete native plants for essential resources such as light,
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water, nutrients and space (Weidlich et al., 2020; Dangremond et al., 2010;
Kuebbing et al., 2013). This further reduces the reproductive success of native
species. Such pressure exacerbates the challenges already faced by
endangered forest species, particularly those with specific ecological
requirements or specialised reproductive strategies. Reproductive traits play a
central role among the many biological factors that determine how plants
respond to environmental stressors.

Plant reproductive traits, which encompass morphological, physiological
and phenological characteristics, play a crucial part in determining
reproductive success and, consequently, population viability (Violle et al.,
2007; Feng et al., 2021). Examples of these traits include the breeding system
(e.g. self-compatibility versus self-incompatibility and clonality), pollination
strategies (e.g. reliance on specialist versus generalist pollinators), floral
characteristics (e.g. size, colour and reward production), seed dispersal
mechanisms (e.g. mode of dispersal, seed size and number) and reproductive
life-history traits (e.g. age at first reproduction and reproductive lifespan)
(Feng et al., 2021). The interaction between these intrinsic characteristics and
external environmental conditions significantly impacts reproductive output
and the successful recruitment of individuals within a population (Brzosko &
Wréblewska, 2013; Pacifici et al., 2015).

Despite the increasing awareness of biodiversity loss and the ecological
value of reproductive traits, we still have limited knowledge of how species-
specific  functional and reproductive characteristics interact with
environmental conditions to affect the stability of endangered plant
populations (Pacifici et al., 2015; Loncarevic¢ et al., 2024). This is particularly
true of rhizomatous forest species, whose reproductive success depends on
complex and often fragile ecological interactions (Jermakowicz & Brzosko,
2016). The traits and environmental factors that most strongly affect
reproductive performance, recruitment and overall population viability remain
unclear (Feng et al, 2021). These factors may include plant height,
inflorescence structure, flower number, light availability, bryophyte cover and
competitive vegetation.

This study focuses on three endangered plant species in Lithuania:
Cephalanthera longifolia, C. rubra and Cardamine bulbifera. These species
were selected because they mainly occur in forest habitats, are legally
protected, and have distinct reproductive strategies that make them vulnerable
to habitat degradation and environmental changes. Cephalanthera longifolia
and C. rubra (Orchidaceae) are rhizomatous, nectarless species that depend
on deceptive pollination and exhibit low natural fruit set. Cardamine bulbifera
(Brassicaceae) reproduces mostly vegetatively via bulbils. As all three species
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have small or fluctuating populations and occur in woodlands, they are
valuable models for analysing how functional and reproductive traits interact
with environmental conditions to shape population structure and viability.

This research was designed to address questions concerning population
structure, reproductive biology and habitat characteristics, and to evaluate the
influence of functional and reproductive traits on the viability of endangered
rhizomatous plant populations within specific forest habitats. Standardised,
trait-based methods were applied across target species and habitats, supported
by observational and experimental data. The results of the study provided
evidence-based guidelines for the assessment and management of rare plant
species in forest ecosystems and for the development of conservation
strategies.

OBJECTIVE AND TASKS OF THE STUDY

The aim of this study was to assess the effect of habitats on population
structure, plant traits and reproductive success of three endangered woodland
plant species.

The following tasks were formulated to achieve this objective:

1. To determine the demographic structure and status of Cephalanthera
longifolia and Cardamine bulbifera populations.

2. To assess the impact of ecological factors on the variability of plant traits
in Cephalanthera longifolia and Cardamine bulbifera populations.

3. To investigate the relationship between habitats, plant traits and
reproductive success in Cephalanthera longifolia, C. rubra and
Cardamine bulbifera.

4. To investigate the effect of pollination type on the success of fruit set in
Cephalanthera longifolia and C. rubra.

STATEMENTS TO BE DEFENDED

1. The distribution of Cephalanthera longifolia and Cardamine bulbifera
by maturity group within a population does not directly reflect the state
of a population. Without additional assessment, the ratio of individuals
in different maturity groups cannot be used to classify the population as
dynamic, normal or regressive.

2. The recruitment of Cardamine bulbifera populations is determined by
habitat type and structure. The ability to reproduce asexually allows
populations to survive in habitats with unfavourable conditions.



The natural low fruit set in Cephalanthera longifolia and C. rubra is
caused by insufficient pollination of the flowers.

The Cephalanthera longifolia and C. rubra are self-compatible and
successfully produce fruit after both self- and cross-pollination.

THE NOVELTY OF THE RESEARCH

For the first time, studies of the demographic structure of Cephalanthera
longifolia and Cardamine bulbifera populations were conducted
according to a standardised approach, enabling comparisons between
populations.

It has been established that the demographic structure of rhizomatous
plant populations, as well as the ratio of young to mature individuals,
does not accurately reflect the true state of the population. This can only
be determined by combining the results of plant trait studies with
demographic data.

Studies of the artificial pollination and natural fruit set of Cephalanthera
rubra and C. longifolia were conducted for the first time with a
statistically significant sample size.

It was experimentally confirmed for the first time that the low fruit set
under natural conditions is strongly influenced by limitations in
pollinator availability rather than resource availability, which had
previously been considered the primary cause of the low reproductive
success of Cephalanthera longifolia and C. rubra.

The results of the experiments confirmed that Cephalanthera longifolia
and C. rubra are self-compatible. These results challenge the previous
assumption that these species are strictly or predominantly allogamous.

SCIENTIFIC AND PRACTICAL SIGNIFICANCE

Theoretical significance of the study:

1.

The understanding of the demography of long-lived rhizomatous plants
was refined. This study has contributed to the theory of population
structure in plant species, particularly regarding the ecological
interpretation of the ratio between young and generative individuals.
The experimental findings contribute to the understanding of orchid
mating systems, particularly the interaction between self-compatibility,
deceptive flowers, and pollination success.
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3.

A detailed analysis of fine-scale habitat features improves the
understanding of the factors in forest habitats that are responsible for
population recruitment.

The observed patterns of colonisation of new areas by rare species offer
new insights into the ecological plasticity and potential range shifts of
endangered orchids in response to environmental change.

Practical significance of the study:

1.

The findings can be applied to practical habitat restoration by identifying
the main limiting factors. Reducing canopy cover is essential to improve
sunlight availability, which is crucial for the normal development of
Cephalanthera rubra plants. Managing the layer of plant debris can
improve seedling recruitment for both Cephalanthera species.
Experiments on artificial pollination demonstrated the effectiveness and
usefulness of hand pollination as a tool to enhance seed production,
particularly in habitats with poor natural pollination or in declining
populations.

The application of single-census studies combined with longer-term
studies in conservation planning can guide management and early
intervention strategies for the conservation of endangered species.

The results of this study provide a theoretical background for the
conservation of endangered plant species, as well as a conceptual
advancement in plant reproductive ecology, demography and habitat
interaction. This makes it a substantial contribution to both applied and
theoretical plant science.
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1. BRIEF LITERATURE REVIEW

Across all continents and nearly all biomes, the frequency of many plant
species and number of their populations within their native ranges are
declining, and this decline is accelerating at an ever-increasing pace (Corlett,
2016; Corlett, 2025). Therefore, in the context of global biodiversity decline,
endangered plant species are particularly vulnerable (Loncarevic et al., 2024;
Keck et al., 2025). These species are characterised by small populations,
restricted geographic ranges and specialised habitat requirements, making
them disproportionately susceptible to environmental fluctuations and
anthropogenic pressure (Jump & Pefiuelas, 2005; Brzosko & Wroblewska,
2013; Vincent et al., 2020). Their vulnerability highlights the urgent need for
targeted research to identify the ecological and demographic factors
influencing their persistence. Understanding population dynamics is essential
for developing informed and effective conservation strategies. Accurate
assessments of population size, structure and temporal trends, as well as the
processes driving decline, are critical for guiding policy and prioritising
conservation actions to ensure the long-term survival of these threatened taxa
(Brzosko & Wroblewska, 2013; Alvarez—Yépiz et al., 2019; Vincent et al.,
2020).

Intense transformation of forest ecosystems caused by industrial usage
and management is a major driver of biodiversity loss. The most important
factors damaging ecosystems are large-scale logging and replacing intricate
native tree assemblages with fast-growing or non-native species. This
simplifies stand structure, reduces the diversity of microhabitats and alters
microclimate, light and soil conditions (Kaufmann et al., 2018). In temperate
regions, replacing heterogeneous forests with species-poor plantations further
erodes habitat quality. Clearing old or biologically mature stands
disproportionately affects species adapted to long-term habitat continuity,
including many herbaceous understorey species (Staji¢ et al., 2021). These
changes to the basic structure of habitats, interacting with habitat
fragmentation, affect populations of specialised forest species. A significant
reduction in orchid populations has been documented in sites where shrub
cover has increased markedly or where stand thinning has been followed by a
subsequent decline in flowering individuals (Shefferson et al., 2018). Many
endangered specialised forest plants exhibit slow population recruitment,
limited dispersal and specialised biotic interactions; therefore, a reduction in
structural complexity and the availability of associated organisms can easily
result in weakened population persistence (Shefferson et al., 2018; Kaufmann
etal., 2018).
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Researchers consistently report links between industrial forestry
practices such as clearcutting and even-aged plantations and losses in the
understorey. However, explanations for these losses are largely based on
correlations. Notably, however, plantations can sometimes retain significant
biodiversity, particularly when established on former agricultural land.
Nevertheless, natural and semi-natural forests consistently provide more
favourable habitats for a greater biodiversity of conservation value
(Brockerhoff et al., 2008; Pawson et al., 2013). Responses to stand thinning
are inconsistent and context-dependent: selective thinning increases native
plant richness, while other studies show long-lasting shifts in light regimes
and cases where thinning boosts shrubs but depresses herbs. This underscores
the heterogeneity of treatments and the existence of temporal lags (Bekris et
al.,2021; Tsai et al., 2018). Despite numerous case studies, few papers specify
the quantitative structural thresholds (e.g. canopy openness, shrub cover and
litter depth) that reliably predict the persistence of the understorey.
Furthermore, syntheses report highly variable and site-dependent effect
strengths, which limits the generalisability and transferability of management
targets (Duguid & Ashton, 2013; Willms et al., 2017).

Amid the escalating biodiversity crisis, climate change poses a threat to
endangered plant species by exerting direct physiological stress and disrupting
ecosystem processes. Rare plants are under constant physiological and
ecological stress due to increased temperature and an altered precipitation
regime. Many species are forced to migrate towards cooler latitudes or higher
elevations; those unable to track these changes experience range contractions,
population declines and an increased risk of extinction. Evans et al. (2020)
used species distribution modelling to predict northward, and upslope shifts
for Orchis anthropophora, O. militaris and O. purpurea under various climate
scenarios. Concurrently, changes in thermal cues can disrupt the timing of
critical life-history events, such as flowering, thereby causing phenological
mismatches with pollinators, seed dispersers or favourable growing
conditions, and undermining reproductive success. As Hutchings et al. (2018)
revealed, rising temperatures have caused Andrena nigroaenea to become
active before Ophrys sphegodes flowers, closing the temporal window for
pollination and significantly reducing reproductive success. Together, these
stressors increase the vulnerability of rare plants and can be exacerbated
further by biotic threats, such as invasive species.

Although projections and case studies suggest that climate constraints play
a significant role in rarity, several inconsistencies and gaps limit the
applicability of these findings. Range shifts in plants often lag behind
contemporary warming due to dispersal limitations, demographic inertia, and
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extinction debt. Consequently, projections from species distribution models
may overestimate short-term tracking, particularly for long-lived perennials
(Alexander et al., 2018; Auffret & Svenning, 2022). Evidence for plant—
pollinator phenological mismatch is systematic: the Ophrys—Andrena example
is compelling, but broader syntheses report mixed outcomes across taxa and
regions, with the strength and direction of mismatch contingent on local
ecological conditions (Renner & Zohner, 2018). These findings suggest the
need for long-term, mechanism-focused studies that link climatic drivers to
demography, incorporate microclimate and land-use legacy, and test
actionable phenological and climatic windows to provide guidance on
management in the context of increasing variability.

Changes in the frequency and intensity of extreme weather events, such
as droughts, heatwaves and intense storms, are an increasingly significant
aspect of climate change. However, these events are underrepresented in
conservation strategies that focus primarily on gradual shifts in mean
temperature and precipitation patterns (Maxwell et al., 2019). Such extremes
are now widely recognised as having more severe ecological consequences
than mean climate changes, particularly for rare and endangered plant species
(Bailey & van de Pol, 2016; Harris et al., 2018). The increasing occurrence of
water-related stresses, such as drought combined with heatwaves, is projected
to reduce the survival rates of endangered species by approximately 16%
(Bartholomeus et al., 2011). Such events can disrupt key demographic
processes in plant populations, elevating mortality rates and suppressing
photosynthetic efficiency and reproductive output (Andrello et al., 2012). The
2003 European summer heatwave, characterised by extreme temperatures and
severe rainfall deficits, resulted in a substantial decline in the fecundity and
survival of Eryngium alpinum, a vulnerable alpine species. Juvenile plants
exhibited the most pronounced mortality across all study sites (Andrello et al.,
2012). Due to their limited dispersal ability, small populations and low
reproductive capacity, rare species are less able to recover from such acute
climatic shocks than widespread taxa (Feller & Vaseva, 2014; Wrobleski et
al., 2023). Therefore, understanding and incorporating the effects of extreme
events into conservation assessments is crucial for mitigating extinction risks
under future climate scenarios.

Plant traits are defined as measurable morphological, physiological or
phenological characteristics at the individual level, from the cellular scale to
the whole organism, independent of the environment (Violle et al., 2007). The
key focus is on plant traits that influence fitness through their effects on
growth, reproduction and survival. This framework adapts Arnold's
'morphology—performance—fitness' paradigm for plants, viewing traits such as
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vegetative biomass, reproductive output, and survival as direct performance
measures (Violle et al., 2007). Functional traits facilitate the connection of
biological processes across different levels, providing a more comprehensive
understanding of plant strategies and ecosystem function.

A growing number of studies have examined the possible connection
between plant reproductive traits and the vulnerability of species to decline
and extinction (Godefroid et al., 2014). It has been hypothesised that certain
reproductive traits may make species more susceptible to endangerment,
particularly in the context of environmental change and habitat fragmentation
(Godefroid et al., 2014; Jermakowicz & Brzosko, 2016). For example, species
that rely on specialised pollination systems may be vulnerable to declines in
their specific pollinators due to habitat loss, pesticide use or climate change.
This can lead to reduced fruit set and seed production (Shefferson et al., 2020;
Vitt et al., 2023). Likewise, species with limited seed dispersal capabilities
may struggle to colonise new suitable habitats or maintain gene flow between
fragmented populations, thereby increasing their susceptibility to local
extinctions (Godefroid et al., 2014; Vincent et al., 2020).

Several studies have investigated the relationship between different plant
traits and rarity or extinction risk (Godefroid et al., 2014; Alvarez-Yépiz et al.,
2019). The results of some of these studies suggest that traits such as plant
height, longevity, growth form, seed mass and seed bank persistence may be
associated with extinction risk. Furthermore, reproductive traits such as the
mode of reproduction (sexual versus asexual) and pollen vector have been
found to be associated with species trends. However, these patterns can vary
across different geographical regions, suggesting a context-dependent
relationship (Godefroid et al., 2014; Chichorro et al., 2019). Studies have
revealed that insect-pollinated species, species that primarily reproduce by
seeds, and plant species with long flower tubes form a distinct group among
threatened species in the British flora (Godefroid et al., 2014).

General predictors such as species range size, ecological plasticity, and
dispersal ability often outperform single morphological traits in their ability
to explain extinction risk. This suggests that many trait-risk links are mediated
by the geographic area and the demographic structure of populations
(Chichorro et al., 2019). However, trait-risk results can be inconsistent across
regions and at different scales. For instance, leaf-level traits were ineffective
in predicting extinction risk in Irish flora, highlighting the importance of
context and the limitations of applying trait rules across regions (O’Rourke et
al., 2022). Methodological issues also contribute to contradictions: studies
variously conflate rarity with threat status, differ in phylogenetic control and
rely on incomplete trait datasets, complicating causal inference from
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correlations  (Chichorro et al.,, 2019). Conceptually, reproductive
specialisation appears important, but its effects are filtered through local
drivers (e.g. pollinator communities or land use), which explains why some
pollination or floral traits predict risk in one flora but not another (Dellinger,
2020). These gaps highlight the need to integrate trait data with explicit threat
processes and region-specific demographic structure (rather than occurrence
alone), and to test mechanistic pathways, especially those linking reproductive
specialisation to pollen limitation and population decline.

However, the relationship between reproductive traits and predisposition
to extinction is not always straightforward. Findings from different studies
have sometimes been divergent or inconsistent (Brzosko & Wrdblewska,
2013; Godefroid et al., 2014). Some comparative studies have found no clear
differences in traits between rare and common plant species. These
inconsistencies may be due to various factors, such as differences in how rarity
or decline is measured, limited sample sizes in some studies and the complex
interplay of multiple internal and external factors that influence species
persistence (Godefroid et al., 2014). The overwhelming influence of external
environmental factors, such as habitat destruction and eutrophication, may
also mask the impact of internal species traits on decline (Godefroid et al.,
2014; Keck et al., 2025).

A trait-based perspective distinguishes between competitive effect traits,
such as plant height influencing light depletion or rooting depth affecting
water uptake, and competitive response traits, such as specific leaf area related
to light capture or leaf water potential under drought stress (Violle et al., 2009;
Navas & Violle, 2009). Studies have shown that these traits are quantitatively
linked to patterns of resource depletion and plant performance under
competition. However, challenges remain, such as measuring resource use
over time and scaling individual traits to community or ecosystem levels.
Resolving these issues necessitates precise definitions and robust conceptual
frameworks, which are crucial for anticipating the responses of plant
communities to environmental change (Violle et al., 2007; Violle et al., 2009).

Laughlin (2014) provided a complementary view, emphasising the
intrinsic dimensionality of plant traits. Rather than classifying traits based
solely on their ecological role, this approach categorises them according to the
plant organs they represent (e.g. leaves, stems, roots, seeds or whole-plant
characteristics), recognising that traits from different organs frequently signify
distinct ecological strategies. This dimensionality-based perspective improves
the predictive ability of models of species performance and community
assembly by maximising trait independence and ecological resolution. While
Violle et al. (2007; 2009) focus on linking traits to fitness and ecological
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function, Laughlin (2014) emphasises the importance of capturing
multidimensional trait variation to reflect the structural and functional
complexity of plants.

In conservation research, particularly when studying rare or endangered
plant species, long-term demographic studies are often logistically complex
and financially unfeasible. In such cases, single-census studies, also known as
snapshot demographic assessments, offer a practical and informative
alternative. Such studies evaluate population structure at a given point in time,
providing critical baseline data on the proportion of reproductive and non-
reproductive individuals, recruitment success and morphological indicators
such as plant height, flower and fruit production or leaf number (Oostermeijer
& Hartman, 2014; Volis & Deng, 2020). Despite their limitations in detecting
long-term trends or causal mechanisms, they can provide early warning signs
of population decline, such as low seedling abundance or fruit set. This is
particularly important for species with small or declining populations (Volis
& Deng, 2020; Garcia et al., 2021). Furthermore, when standardised sampling
protocols are applied, single-census studies allow cross-site comparisons and
can inform urgent conservation actions, such as identifying populations at risk
of decline or assessing habitat suitability (Oostermeijer & Hartman, 2014). In
clonal or partially clonal plant species, population structure can reflect current
ecological pressures affecting reproductive success, although it cannot fully
determine long-term population viability (de Witte & Stdcklin, 2010).

Cephalanthera longifolia and C. rubra are considered characteristic
species of temperate forest habitats and are tightly linked with pollinators and
below-ground mutualistic organisms. C. longifolia is a mixotrophic species
and both orchids are often associated with ectomycorrhizal fungi, particularly
Tomentella (Thelephoraceae). However, the latest studies have revealed a
much larger diversity of fungal partners than was previously assumed.
Furthermore, the relationships of C. rubra with the fungal community change
with soil pH and phosphorus availability (Abadie et al., 2006; Pecoraro et al.,
2017; Bell et al., 2020). The fruit set of C. longifolia and C. rubra is often low
and dependent on insect visitation of flowers and habitat characteristics.
Although on a very small scale, it has been shown that hand-pollination can
increase fruit set and seed production locally but does not address the
underlying limitations of pollinators or available habitats (Newman et al.,
2007). Studies of the population genetics of C. rubra have indicated modest
diversity within populations, but a pronounced clonal structure in small,
isolated populations. This is consistent with a reliance on local vegetative
spread through rhizome fragmentation in small populations (Brzosko &
Wroblewska, 2003). The rhizomatous, long-lived forest herb Cardamine
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bulbifera (Brassicaceae) represents a high polyploid complex that spread
widely into Central and Western Europe during the post-glacial period. This
species is transitioning towards predominantly vegetative reproduction,
leaving open questions about where and when sexual reproduction, gene flow,
and seed dispersal still contribute to the composition and stability of its
populations (Ru et al., 2020; Ru et al., 2022).

Despite ongoing research in various regions, many questions remain
unanswered regarding the composition of endangered perennial rhizomatous
plant populations, the causes of their degradation and reproduction, and how
plant traits depend on habitat conditions. Even fewer studies have been
conducted on woodland plant populations near the edge of their range. Such
studies are particularly important in the context of climate change as they can
reveal new patterns and predict future population trends. Therefore, this study
examined endangered forest species located near the edge of their range that
are adapted to growing in vulnerable forest habitats.

A detailed literature review according to the topics discussed is provided
at the beginning of each article (Articles 1-5) comprising the dissertation.
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2. SUMMARY OF MATERIALS AND METHODS
2.1. Study species

To reveal the effect of habitats on plant traits, reproductive potential and
population stability of endangered species, and to fulfil the objectives of the
study, three plant species that occur mainly in forest habitats were selected:
Cephalanthera longifolia and C. rubra (Orchidaceae) and Cardamine
bulbifera (Brassicaceae). All the selected species were considered endangered
(EN) in Lithuania; their populations were small, and their distribution was
restricted to the southern regions of the country. They are characterised as
rhizomatous perennials with somewhat different reproductive behaviour.
Cephalanthera longifolia and C. rubra rely mainly on sexual reproduction
(Articles 4-5), whereas C. bulbifera reproduces almost exclusively asexually
via axillary bulbils (Article 3).

The Cephalanthera longifolia and C. rubra are long-lived, mixotrophic,
perennial plants with thick horizontal rhizomes, erect stems (15-50 cm,
sometimes up to 70 cm) and lanceolate leaves. They live for about 20 years,
sometimes up to 40 years. The inflorescence is a spike containing 4-15
flowers, sometimes more. The flowers of C. longifolia are white with a
yellowish lip; the flowers of C. rubra are bright pink. Each flower is subtended
by a bract. The flowers are nectarless and are mainly pollinated by ground-
nesting bees. The species has a mixed mating system involving both cross-
and self-pollination (Articles 1-2, 4-5).

The range of Cephalanthera longifolia includes Europe, western North
Africa and much of Asia. It mostly occurs in deciduous or mixed forests, but
also in grasslands and on rocky slopes. It usually grows in calcareous soil but
can tolerate neutral or slightly acidic soils. In Lithuania, it is rare and legally
protected. It is chiefly found in the southern and south-eastern parts of the
country, in forests of various ages and along forest edges. Cephalanthera
rubra has a wide range, including most of Europe (where it is locally rare in
the west and the British Isles), North Africa and southwest Asia, reaching as
far as the Caucasus, Cyprus and Iran. It is rare in Lithuania, known from only
a few localities in the south and south-east of the country (Articles 1-2).

Cardamine bulbifera (Dentaria bulbifera; Brassicaceae) is a perennial
herb with a thick, horizontal rhizome. The stem is erect and unbranched,
reaching a height of 40—70 cm. Bulbils form in the axils of the leaves on the
stem and within the inflorescence. Flowering occurs in May. The flowers are
pale to deep pink, occasionally nearly white. The fruits are narrow siliques
that seldom fully mature and rarely set seed. The species reproduces mainly
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vegetatively by bulbils. Cardamine bulbifera grows in deciduous and mixed
forests, typically on fertile, moderately moist, calcareous soils. It is widely
distributed across Western, Central and Eastern Europe, extending north to
southern Scandinavia and east to western Siberia and Southwest Asia. In the
Netherlands and Ireland, it is considered an introduced species. In Lithuania,
the species is rare and protected, with most records in the south and centre of
the country, as well as in a few isolated localities in the west and east. The
Baltic countries lie at the north-eastern limit of its range (Article 3).

2.2. Study sites

The study sites were selected based on information found in the literature,
databases and herbarium collections, as well as a site suitability assessment
for the intended field study (Article 1).

Studies on Cephalanthera longifolia were conducted across six
populations between 2021 and 2023. Three of the populations were in the
Salgininkai district (Mikaliskés, Katkuskeés and Staky Uta), and the other three
were in the city of Vilnius (Raisteliai, Paneriai and Aukstieji Paneriai). Studies
on natural fruit set (Article 4) were performed in all six populations, while the
demographic structure of the populations (Article 2) was examined at four
sites (Katkuskés, Staky Uta, Raisteliai and Paneriai) in 2022. Experiments on
simulated autogamy and allogamy (Article 5) were conducted at the Raisteliai
and Paneriai sites in 2022. All the study sites in the Sal¢ininkai district were
located within the Dieveniskés Historical Regional Park. The Mikaliskeés site
was in a young Salix caprea stand developed on abandoned agricultural land.
The Katkuskés site was in a secondary mixed forest resembling western taiga
(9010). The Staky Uta site was in a mature herb-rich Fennoscandian forest
dominated by spruce (Picea abies) habitat (9050), although the area was
partially logged in 2019. The Raisteliai site was in a young Betula pendula
stand that had developed on former arable land. The Paneriai site was located
within a mature forest dominated by Pinus sylvestris, resembling a western
taiga habitat. The Aukstieji Paneriai site consisted of a narrow strip of mixed
forest alongside a forest road, showing signs of anthropogenic pollution and
containing numerous invasive species.

Studies on Cephalanthera rubra were conducted across three populations
between 2021 and 2023. Studies on natural fruit set (Article 4) were
conducted in all three populations: Kapiniskiai (Varéna district, Dzukija
National Park), Litinelis (Lazdijai district, Veisiejai Regional Park) and
Spindzius (Trakai district, Aukstadvaris Regional Park). Experiments on
simulated autogamy and allogamy (Article 5) were only conducted at the
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Kapiniskiai population, as the other populations were too small to collect the
sufficient number of flowering individuals needed for the experiment. The
Kapiniskiai population occurred in a dry grassland habitat (6210*) with high
species diversity. The Litinelis site was in a sparse mixed forest notable for its
rare species, while the SpindZius population occurred in a sparse xerothermic
forest, half of whose trees were cleared in the 2000s to improve the habitat of
Cypripedium calceolus.

The demographic structure and plant traits of six Cardamine bulbifera
populations were studied in 2023 (Article 3). Four coenopopulations
(hereafter referred to as 'populations') were selected for study: two in the
Sesuva Botanical Reserve (Sesuva and Paguliai), two in the Kaukiné Botanical
Reserve (Sutartiskés and Kaukiné), one in the Alytus district (Kalesninkai)
and one in the Vidzgiris Botanical Reserve in Alytus city (Vidzgiris). The
Sesuva and Sutartiskés populations occurred in the Fennoscandian hemiboreal
old broadleaved forest (9020) habitat, which was dominated by broadleaved
trees. The Pasuliai and Kaukiné populations occurred in the herb-rich
Fennoscandian forests dominated by spruce (Picea abies) (9050). The
Kalesninkai and Vidzgiris populations occurred in the Galio-Carpinetum oak-
hornbeam forest (9170) habitat, which was dominated by Carpinus betulus.

2.3. Demographic structure of populations

Studies on the demographic structure of populations were conducted to assess
individual density by maturity or developmental group and evaluate the main
traits indicating population state and stability. These studies were conducted
using standardised (1 m?) sampling plots arranged in 20 m transects (Articles
2-3). Within each plot, Cephalanthera longifolia individuals were categorised
into two developmental stages: vegetative and generative. Cardamine
bulbifera individuals were classified into three maturity groups: juvenile,
immature and mature. The mature group was further subdivided into two
subgroups: non-flowering and flowering. The studies were conducted during
the peak of the growth period. The Cephalanthera longifolia populations were
studied in mid-June, when the fruits had fully developed (Article 4). The
Cardamine bulbifera populations were studied in May, during their intense
flowering period (Article 3). In each sampling plot, all individuals of the study
species were assessed and evaluated, and all co-occurring plant species and
their coverage were recorded. Additionally, the cover of plant debris and bare
soil was assessed.
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2.4. Studies on plant traits

Studies of plant traits were carried out in the same sampling plots used for
studies on population demographic structure (Articles 2—3). Plant traits were
also assessed for all plants involved in other studies (e.g. assessment of natural
fruit set and experiments on simulated autogamy and allogamy) (Articles 4—
5). The plant traits selected for analysis provide the most information about
the state of an individual and can reflect the effect of habitat conditions and
characterise reproductive success. For each study species, the plant height,
length of inflorescence, and number of flowers of mature individuals were
assessed. The number of leaves was counted for Cephalanthera longifolia and
C. rubra, as was the number of developed fruits. The length of the stem section
with bulbils was measured, and the number of developed axillary bulbils was
counted on both flowering and non-flowering mature Cardamine bulbifera
individuals. All counts and measurements were taken directly in the field
(using a ruler or measuring tape) and care was taken to avoid damaging the
study plants.

2.5. Study of natural fruit set

The natural fruit set of Cephalanthera longifolia and C. rubra was studied in
2021, 2022 and 2023 (Article 4). Studies were conducted in the same part of
the study population every year. In each population, 50 individuals that were
normally developed and showed no signs of damage were chosen for
assessment. In small populations, all flowering individuals excluding
damaged plants were included in the study. Plants were selected at least one
metre apart to avoid sampling shoots from the same rhizome; however, this
rule was not applied to small populations of C. rubra. The first assessment of
C. longifolia individuals was carried out at the beginning of June and of
C. rubra in the second half of June, coinciding with the peak of flowering. For
each plant, the following were recorded: height; inflorescence length; number
of leaves; and total number of flowers. All flowers were numbered
sequentially from the base to the apex of the inflorescence, and the plants were
marked with a 1 cm transparent silicone tag at the base. The second assessment
took place once the fruits had reached full size and the unfertilised flowers had
fallen. Cephalanthera longifolia was reassessed at the beginning of July,
while C. rubra individuals were surveyed at the end of July. The number and
position of normally developed fruits within the inflorescence were recorded.
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2.6. Experiment of simulated autogamy and allogamy

Experiments on the simulated autogamy and allogamy (Article 5) of
Cephalanthera longifolia and C. rubra were conducted in 2022, during the
flowering period of both species. This experiment aimed to assess the effects
of simulated autogamy and allogamy on the success of fruit set. In each
studied population, normally developed, undamaged generative individuals
were selected for three treatments: (1) simulated self-pollination, whereby
flowers were manually pollinated with pollen from the same plant; (2)
simulated cross-pollination, whereby flowers were manually pollinated with
pollen from a different plant within the same population; and (3) a control
group, whereby plants were left to undergo open pollination without any
manipulation to the flowers. All flowers on the selected plants were numbered
sequentially from the base to the apex of the inflorescence, and each plant was
marked at the base with a 1 cm transparent silicone tag bearing an individual
code. After pollination, the flowers were left uncovered, and the number of
fruits set was recorded one month later. The number and position of the fruits
developed by the individuals used in the experiment were recorded.

2.7. Statistical analyses

Prior to analysis, the distribution of all data sets was tested using the Shapiro—
Wilk test. As many datasets were not normally distributed and sample sizes
were unequal, non-parametric statistical methods were applied in most cases.
To compare multiple data sets, the Kruskal-Wallis H test was used, followed
by pairwise comparisons using the Mann-Whitney U test. When datasets
contained zero values, Dunn's post hoc test was used for pairwise
comparisons. Descriptive statistics were presented as the mean and standard
deviation (mean £+ SD); for plant traits, the minimum and maximum values
were also provided. Species similarity between populations was assessed
using the Jaccard index based on species lists from all sampling plots and a
binary (one or zero) matrix was applied. Relationships between variables were
analysed using linear correlation (Pearson’s r for normally distributed pooled
data and Spearman’s rank correlation for non-parametric data). Principal
component analysis (PCA) was used to assess the effect of habitat and
community characteristics on plant density. All variables were centred and
scaled, and calculations were performed on the correlation matrix. Two-way
PERMANOVA (9999 permutations) based on the Bray-Curtis dissimilarity
matrix was used to assess the effect of fixed factors such as population, variant
of the experiment, study year and habitat on fruit set. Generalised linear
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models (GLMs) were used to test the relationship between plant traits and fruit
set. All statistical analyses and descriptive statistics were performed using
PAST (versions 4.16-5.1) and R software (version 4.3.2), with visualisations
created using the ggplot2, vegan, Ime4, FactoMineR and factoextra packages.
Statistical significance was set at p < 0.05 and exact p-values were reported
for p > 0.001 (Articles 2-5).
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3. SUMMARY OF RESULTS AND DISCUSSION

3.1. Size and structure of Cephalanthera longifolia and
Cephalanthera rubra populations

3.1.1. Assessment of population state

Analysis of historical records, herbarium specimens, references, and field
surveys conducted between 2019 and 2024 revealed that Cephalanthera
longifolia now occupies an area of 22.98 hectares in Lithuania, both within
and outside of protected areas (Article 1). The species was recorded in
habitats ranging from abandoned arable land overgrown with young trees to
mature spruce and mixed broadleaved forest stands, demonstrating its
ecological adaptability. In contrast, C. rubra is much rarer, with only four
localities currently existing, covering 2.10 hectares, mostly within protected
areas. This species occurs in more specific habitats, including dry calcareous
grasslands and sparse xerothermic forests, and appears to be more sensitive to
habitat changes. The study revealed significant fluctuations in flowering
intensity and the number of individuals in populations. These population
characteristics are linked to habitat succession, shrub overgrowth and changes
in management practices, highlighting the need for periodic population
assessments and targeted conservation actions for both species, particularly
C. rubra.

3.1.2. Current spread of Cephalanthera longifolia in Lithuania

The results of the analysis of the habitats and populations of C. longifolia
(Article 1) in Lithuania show that the species is experiencing a notable
expansion, with increasing numbers of localities and some populations
reaching substantial sizes (up to 30,000 individuals). This expansion appears
to be the result of the formation of new populations. Cephalanthera longifolia
successfully colonises diverse environments, ranging from shaded to open
habitats, and demonstrates an exceptional capacity to establish itself in
habitats of early successional stages. The species colonises abandoned
agricultural land and thrives in young forest stands and plantations. Field
observations at the Raisteliai and Mikaliskés sites document its successful
establishment in 30-year-old birch stands, young pine plantations and areas
undergoing spontaneous deciduous forest succession on former agricultural
land (Article 1). Historical data indicate that the species maintains a
permanent dynamic state by actively colonising suitable new habitats, which
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suggests its potential for long-term persistence in regions without significant
land-use alterations. Population expansion is facilitated by seed dispersal.
Close-range dispersal enables the colonisation of neighbouring suitable
habitats when seed sources are available.

3.1.3. Population structure of Cephalanthera longifolia

The results of the single census study (Article 2) revealed substantial variation
in the density and structure of C. longifolia populations and associated
vegetation characteristics across the four study sites. The mean density of
individuals ranged from 3.8 £ 2.3 to 11.1 £ 4.3 individuals per m?, with higher
densities recorded in open habitats and lower densities in shaded forests.
Vegetative individuals dominated all populations, accounting for 58.7% of
individuals in the most favourable sunlight conditions and 85.1% in the most
shaded site. Generative individuals accounted for between 14.9% and 40.1%
of the total number of individuals, with the highest proportion of flowering
individuals occurring in habitats with a more open tree layer.

Analysis indicated that plant debris cover, and the number of bryophyte
species had a strong negative effect on C. longifolia abundance, while higher
herb layer cover and a higher number of vascular plant species were positively
associated with the number of C. longifolia individuals. Despite these patterns,
no significant linear correlation was detected between vascular plant species
richness and C. longifolia abundance. These results suggest that the structural
characteristics of the habitat, particularly sunlight availability and the
composition of the ground layer, contribute more significantly to shaping the
population density and maturity groups of individuals than overall plant
diversity (Article 2).

3.2.  Reproductive performance of Cephalanthera longifolia and
Cephalanthera rubra

3.2.1. Natural fruit set

The three-year study (2021-2023) revealed a consistently low level of natural
fruit set in both C. longifolia and C. rubra (Article 4), with mean values of
11.8% and 15.2% respectively. A substantial proportion of individuals failed
to produce any fruit: 49.3—54.4% in C. longifolia populations and 40.0-54.3%
in C. rubra populations. The highest proportions of plants producing no fruit
were observed in small, low-density populations. In C. longifolia, fruit set
varied significantly between populations but showed no significant
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interannual variation. The highest rate was recorded at the MikaliSkés site
(19.5%), and the lowest at the Aukstieji Paneriai site (5.2%). By contrast,
C. rubra exhibited significant differences between populations and years, with
fruit set increasing from 11.0% in 2021 to 21.5% in 2023. The highest value
was found in the KapiniSkiai site (18.8%), and the lowest in the SpindZzius site
(4.1%).

Plant traits were significantly associated with fruit set in both species
(Article 4). In C. longifolia, weak positive correlations were found with plant
height, inflorescence length and number of flowers, while in C. rubra, these
relationships were moderately strong. No significant relationship was found
between the number of leaves and fruit production in either species. The
position of flowers within the inflorescence significantly influenced fruit set,
with flowers in lower positions producing more fruits. This effect was more
pronounced in C. longifolia and was significant in C. rubra, where population
and its interaction with flower position also had a significant effect.

In C. longifolia, bryophyte cover showed a significant negative
correlation with fruit set. In contrast, in C. rubra, tree and shrub cover, as well
as bryophyte cover, all had significant negative effects, indicating greater
reproductive success in more open habitats. Soil pH was positively correlated
with fruit set in both species, whereas other soil parameters showed weak or
inconsistent relationships. Mean June temperature was negatively correlated
with fruit set. Overall, the results suggest that the low fruit set observed in
both species is primarily driven by inefficient pollination and influenced by
flower position, habitat structure and climatic factors.

3.2.2. Effect of simulated autogamy and allogamy on fruit set

The pollination experiment revealed a clear difference in fruit set between
artificial and natural pollination (Article 5). In C. longifolia, simulated cross-
pollination resulted in a fruit set of 68.9%, while simulated self-pollination
resulted in a fruit set of 70.4%. In contrast, control plants left for open
pollination achieved a fruit set of only 5.1% at both the Raisteliai and Paneriai
sites. In C. rubra, cross-pollination resulted in a 88.2% fruit set rate, compared
to 96.5% for self-pollination and 17.8% for the control group at the
Kapiniskiai site. No significant differences were found between self- and
cross-pollination in either species, which confirms the self-compatibility of
both species and rules out resource limitation as the cause of the low natural
fruit set.

In the natural pollination group of C. longifolia, flower position in the
inflorescence significantly affected fruit set, with lower flowers producing
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more fruits. However, this pattern was absent under artificial pollination in
both species, suggesting that pollination success rather than flower position
determines fruit set when pollination is assured. The first (lowest) flower was
a consistent exception, often failing to develop fruit even after artificial
pollination, possibly due to reduced stigma receptivity at the time of treatment
(Article 5).

Several plant traits were found to be positively associated with
reproductive output (Article 5). In C. longifolia, both inflorescence length and
the number of flowers were significantly related to the number of developed
fruits (p < 0.001), while the number of leaves was significantly related to the
percentage of fruits set (p = 0.041). In C. rubra, plant height, inflorescence
length and flower number all showed significant positive relationships with
fruit number (p < 0.001). Inflorescence length was also significantly related
to fruit set rate (p = 0.021). Despite these correlations, the results suggest that
assured pollination has a greater impact on fruit production than
morphological traits alone. These findings have direct implications for
conservation, demonstrating that artificial pollination can substantially
increase the production of fruit and seeds in small or sparse populations of
C. longifolia, C. rubra and other nectarless orchids with low or irregular
natural fruit set. Such interventions, combined with habitat management,
could enhance reproductive success and aid population recovery.

3.3. Population structure and trait variation in Cardamine bulbifera
3.3.1. Population structure of Cardamine bulbifera

The study of six Cardamine bulbifera populations occurring in broadleaved,
spruce, and hornbeam forest habitats in southern Lithuania revealed
pronounced dominance of young individuals and distinct habitat-specific
differences in demographic structure and plant traits (Article 3). Of the 2,852
plants recorded and analysed, 89.2% were juveniles or immatures (41.4% and
47.8%, respectively), while only 10.8% were mature individuals, of which
6.8% were non-flowering and 4.0% were flowering. This demographic pattern
indicates a strong reliance on vegetative reproduction by axillary bulbils, with
sexual reproduction contributing little to population renewal. The proportion
of mature individuals was significantly higher in hornbeam forests (24.0%)
than in broadleaved (4.5%) and spruce (6.9%) forest habitats, whereas young
individuals dominated in broadleaved (95.5%) and spruce (93.1%) forest
habitats. Population density was highest in broadleaved forests (31.9 + 14.0
individuals/m?), exceeding that in spruce (18.4 £ 14.7 individuals/m?) and
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hornbeam (20.9 + 10.0 individuals/m?) habitats. Broadleaved forests also had
the greatest densities of juvenile and immature individuals, indicating more
active recruitment, while hornbeam habitats supported the highest densities of
mature individuals.

3.3.2. Trait variation in Cardamine bulbifera

Juvenile and immature C. bulbifera individuals showed consistent traits
across the studied populations, indicating similar conditions for individuals in
the early stages of development and their tolerance of low light levels or
competition (Article 3). The mean height of juvenile individuals was 5.7 +
1.4 cm; however, no significant differences were found between the three
habitat types. Immature individuals displayed greater variation in height, with
the tallest being found in PaSuliai and significantly taller plants in spruce
habitats compared to broadleaved and hornbeam forest habitats. These
differences probably reflect the prevalence of different absolute ages of
immature individuals in the studied populations and habitat types.

The plant traits of mature C. bulbifera individuals exhibited significant
variation among populations and habitat types. Non-flowering mature
individuals were tallest in a spruce forest and shortest in a broadleaved forest
habitat. They produced the greatest number of bulbils in spruce forest habitats
and the fewest in hornbeam forest habitats. Flowering mature individuals in
hornbeam forest habitats were taller than those in broadleaved forest habitats
and produced the longest inflorescences, while spruce forest habitats
supported individuals with the highest number of flowers.

3.3.3. Effect of ecological conditions on Cardamine bulbifera

Species diversity was highest in broadleaved forest habitats and lowest in
hornbeam forest habitats (Article 3). A weak negative correlation was
observed between the number of species and mature individuals, and a weak
positive correlation was found between the number of juvenile individuals and
species richness. The presence of bare soil in the habitat had the strongest
negative impact on population density, whereas herb cover, plant debris and
species richness were positively associated with the abundance of young
individuals. These results suggest the importance of undisturbed, old
broadleaved forests with heterogeneous canopy structure for maintaining high
recruitment rates and long-term population stability, making such habitats
priority targets for conservation.
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CONCLUSIONS

The demographic structure of long-lived rhizomatous plants, such as
Cephalanthera longifolia, C. rubra and Cardamine bulbifera, cannot be
determined solely by the ratio of individuals in defined maturity groups.
For the studied species, the proportion of young and mature individuals
primarily reflects current habitat conditions, particularly the sunlight
exposure, disturbance and community structure, rather than indicating
trends in population development.

The consistently high proportion of juvenile and immature individuals
observed in Cardamine bulbifera populations does not indicate active
expansion but reflects predominantly vegetative reproduction and the
effect of habitat conditions in particular, forest type and canopy structure,
on the development of individuals.

The highest density of Cephalanthera longifolia individuals occurs in
habitats at an early stage of succession. Therefore, it should be considered
a species characteristic of ecotone habitats on the edge of forests.
Habitats of broadleaved forests formed by biologically mature trees
sustain the densest populations of Cardamine bulbifera and should
therefore be considered a conservation priority for this species.

The larger floral display of Cephalanthera longifolia and C. rubra (taller
plants with longer inflorescences and more flowers) shows only weak to
moderate positive associations with fruit number. The number of leaves
has no effect on reproductive output, suggesting that display traits
modestly aid pollinator attraction but are not the main driver of fruit set.
In Cardamine bulbifera, habitat affects reproductive output, with the
greatest bulbil production occurring in spruce forests and the least in
hornbeam forests.

Under natural conditions, the lower flowers of Cephalanthera longifolia
and C. rubra produced more fruits than the upper flowers. This
phenomenon is determined by pollination efficiency rather than resource
limitation.

Cephalanthera longifolia and C. rubra are self-compatible species.
Artificially induced self- and cross-pollination increased the fruit set rate
from 5% to 70% in C. longifolia and from 18% to 96% in C. rubra.
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SANTRAUKA

IVADAS

Zmoniy veikla ir spartéjanti klimato kaita lemia intensyvy biologinés
jvairovés nykimg Zeméje (Dobson et al., 2021; Antonelli et al., 2024). Dél
klimato kaitos intensyviai nyksta rasys ir jy buveinés. Jy nykimas kelia didelg
grésme ekosistemy stabilumui, nuo kuriy priklauso planetoje vykstantys
gamtiniai procesai (Nielsen et al., 2021). Dabar grésmé iSnykti kilusi mazdaug
39 % visy pasaulio augaly riiSiy ir beveik 45 % Europos augaly riisiy (Bilz et
al., 2011; Brummitt et al., 2015; Bachman et al., 2018; Lughadha et al., 2020).
Didelio masto augaly nykimas daro stipry neigiama poveikj ekosistemy
funkcionavimui ir stabilumui, taip pat Zmonéms bitinoms ekosistemy
paslaugoms (Alvarez-Yépiz et al., 2019). Rasiy nykimo procesai yra gerai
dokumentuoti, ta¢iau veiksmingos strategijos, kaip sustabdyti vykstancius
procesus, iki $iol néra.

I§ daugelio veiksniy, prisidedanciy prie augaly rasiy nykimo, tiesioginis
zmoniy poveikis ekosistemoms yra pats reik§mingiausias (Barman, Devadas,
2013; Oliver, Morecroft, 2014; Willmer, 2014; Habibullah et al., 2022;
Prakash, Verma, 2022). Buveiniy naikinimg ir degradacija lemia Zemés
naudojimo poky¢iai, zemés tkio intensyvéjimas, miesty plétra ir gamtos
iStekliy eksploatacija. Dél to augaly iSlikimui svarbios buveinés
fragmentuojamos arba visiskai sunaikinamos (Newbold et al., 2015; Downey
& Richardson, 2016).

Misky ekosistemos, ypa¢ vidutinio klimato ir borealiniai lapuociy
miSkai, yra tarp labiausiai nukentéjusiy nuo Zemés naudojimo poky¢iy ir
intensyvios tikinés veiklos (Keck et al., 2025). Zoliniai misky augalai ypag
jautris buveiniy struktiiros pokyc¢iams, pavyzdziui, lajos susivérimui,
pomiskio degradacijai, misko paklotés ir dirvozemio pazaidoms (Shefferson
et al., 2020). Lietuvoje Siuolaikiné miSkininkystés praktika, jskaitant didelio
masto misky kirtima, sausinimg ir daugiartsiy vietiniy medyny keitimg greitai
auganc¢iomis monokultiiromis, sumazino daugelio specializuoty misko rtsiy
buveiniy kokybe. Tokia veikla maZina buveiniy jvairove, kei¢ia apSvietimo ir
kitas mikrobuveiniy sglygas, kurios yra biitinos misko augaly sékly daigumui,
daigy augimui ir dauginimuisi (Feng et al., 2021). Sie veiksniai ypa¢ kenkia
daugiameciams, augalams, kuriems reikia gero apSvietimo ir kuriy plitimo ar
ziedy apdulkinimo galimybés yra ribotos. Visi §ie veiksniai didina populiacijy
izoliacijg ir mazina dauginimosi sé¢kme¢ (Brzosko & Wroblewska, 2013).
Todél nykstantys miSky augalai netenka tinkamy buveiniy, mazéja jy
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atsinaujinimo potencialas, o tai Zzymiai padidina pavojy joms iSnykti
(Godefroid et al., 2014).

Invazinés rusys yra placiai pripazjstamos kaip viena i$ pagrindiniy
biologinés jvairovés nykimo priezasCiy. Invazinés augaly rusys ypac
pavojingos dél to, kad geba iSstumti vietines rusis i$ jy buveiniy, konkuruoja
dél butiny iStekliy, tokiy kaip $viesa, vanduo, maisto medziagos ir erdvé
(Weidlich et al., 2020; Dangremond et al., 2010; Kuebbing et al., 2013). Dél
to dar labiau sumazéja vietiniy rasiy dauginimosi sékmé. Invaziniy riisiy
spaudimas dar labiau sustiprina pavojy nykstan¢ioms misko augaly rasims,
ypa¢ toms, kurios turi specifiniy ekologiniy poreikiy ar specializuotg
dauginimosi strategijg. Reprodukcinés savybés yra tarp svarbiausiy biologiniy
veiksniy, kurie lemia augaly reakcijg j aplinkos sukeliamg stresg.

Augaly reprodukcinés savybés, apimanc¢ios morfologines, fiziologines ir
fenologines charakteristikas, yra ypaC svarbios dauginimosi s¢kmei ir
populiacijy gyvybingumui vertinti (Violle et al., 2007; Feng et al., 2021). Sios
savybés apima dauginimosi sistemg (pvz., savidulka ir kryZmadulka,
vegetatyvinis dauginimasis), apdulkinimo strategija (pvz., priklausomybe nuo
specializuotyjy ar nespecializuotyjy apdulkintojy), ziedy savybes (pvz., dydis,
spalva ir nektaro gamyba), sékly platinimo mechanizmus (pvz., platinimo
budas, sékly dydis ir skaiCius) ir gyvenimo ciklg (pvz., pirmosios
reprodukcijos amzius ir reprodukciné gyvenimo trukmé) (Feng et al., 2021).
Siy augaly savybiy ir iSoriniy aplinkos salygy saveika turi didelj poveikj
reprodukcinéms galioms ir sékmingam populiacijos atsinaujinimui (Brzosko
& Wroblewska, 2013; Pacifici et al., 2015).

Nepaisant jau sukaupty ziniy apie biologinés jvairovés nykimg ir apie
augaly reprodukciniy savybiy ekologing vertg, vis dar stinga Ziniy apie tai,
kaip rusims biidingos funkcinés ir reprodukcinés savybés sgveikauja su
aplinkos salygomis ir kokig jtakg jos daro nykstanciy augaly populiacijy
stabilumui (Pacifici et al., 2015; Loncarevi¢ et al., 2024). Labiausiai stinga
tyrimy duomeny apie ilgaamzius Sakniastiebinius misky augalus, kuriy
reprodukciné sékmé priklauso nuo sudétingy ir daznai trapiy ekologiniy rySiy
(Jermakowicz & Brzosko, 2016). Augaly savybés ir aplinkos veiksniai, kurie
daro didziausig jtaka dauginimosi sékmei, populiacijy atsinaujinimui ir
bendram jy gyvybingumui, vis dar néra pakankamai aiskis (Feng et al., 2021).
Tarp tokiy savybiy yra augalo aukstis, Ziedyno sandara, ziedy skaiCius, o tarp
aplinkos veiksniy — $viesos kiekis, samany danga ir konkuruojantys bendrijos
augalai.

Darbe pateikiami trijy Lietuvoje nykstanciy augaly riSiy -
Cephalanthera longifolia, C. rubra ir Cardamine bulbifera — tyrimy
rezultatai. RuSys buvo pasirinktos todél, kad jos daugiausia auga misky
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buveinése, yra pazeidziamos dél tinkamy buveiniy nykimo ir aplinkos
pokycCiy. Cephalanthera longifolia ir C. rubra (Orchidaceae) yra
Sakniastiebiniai augalai, kuriy ziedai neiSskiria nektaro, apdulkintojus
privilioja apgaule ir natiiraliai uzmezga mazai vaisiy. Cardamine bulbifera
(Brassicaceae) dauginasi daugiausia vegetatyviniu biidu — svogiinéliais.
Kadangi visos trys riiSys turi mazas arba nepastovias populiacijas ir auga
misky buveinése, jos yra puikiis modeliai, kuriais remiantis galima analizuoti,
kaip funkcinés ir reprodukcinés savybés sgveikauja su aplinkos sglygomis,
kokig jtaka daro populiacijy sandarai ir gyvybingumui.

Tyrimo buvo imtasi siekiant spresti klausimus, susijusius su populiacijy
sandara, dauginimosi biologija ir buveiniy savybémis, jvertinti augaly
funkciniy ir reprodukciniy savybiy jtaka nykstanciy Sakniastiebiniy augaly
populiacijy gyvybingumui misko buveinése. Tyrimams pritaikyti
standartizuoti metodai, pagristi populiacijy ir buveiniy analize bei
eksperimentiniais tyrimais. Remiantis tyrimy rezultatais, galima pagrjsti rety
misko augaly riiSiy buveiniy tvarkymo poreikj ir parengti riisiy apsaugos
strategija.

TIKSLAS IR UZDAVINIAI

Tyrimo tikslas — jvertinti buveiniy poveikj trijy nykstan¢iy misko augaly

rusiy populiacijy sudéciai, augaly savybéms ir dauginimuisi.
Siekiant $io tikslo, buvo suformuluoti Sie uzdaviniai:

1. Nustatyti Cephalanthera longifolia ir Cardamine bulbifera populiacijy
demografing sudétj ir populiacijy biikle.

2. Ivertinti ekologiniy veiksniy jtaka Cephalanthera longifolia and
Cardamine bulbifera augaly savybiy variacijai populiacijose.

3. Istirti Cephalanthera longifolia, C. rubra ir Cardamine bulbifera augaly
savybiy ir dauginimosi rysius su buveiniy salygomis.

4. Nustatyti apdulkinimo biido jtaka Cephalanthera longifolia ir C. rubra
vaisiy mezgimui.

GINAMIEJI TEIGINIAI

1. Cephalanthera longifolia ir Cardamine bulbifera pasiskirstymas pagal
brandos grupes populiacijose tiesiogiai neatspindi populiacijos biklés.
Skirtingy brandos grupiy individy santykis populiacijose nepakankamas
pozymis, kad buity galima vien pagal ji populiacijai skirstyti j dinamines,
normaligsias ar regresines.

2.  Cardamine bulbifera atsinaujinimas daugiausia vyksta vegetatyviniu
budu, lapy pazastyse susidaranciais svogunéliais. Gebéjimas daugintis
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nelytiniu  biidu sudaro galimybes populiacijoms iSlikti esant
nepalankioms buveinés salygoms.

Natiiraliai mazas Cephalanthera longifolia ir C. rubra vaisiy mezgimas
yra susijes su nepakankamu ziedy apdulkinimu.

Cephalanthera longifolia ir C. rubra yra savaime suderinamos rasys ir
sékmingai uzmezga vaisius po savidulkos ir kryZzminio apdulkinimo.

TYRIMU NAUJUMAS

Pirma karta pagal standartizuota protokolg buvo atlikti Cephalanthera
longifolia ir Cardamine bulbifera populiacijy demografinés struktiiros
tyrimai, leidziantys palyginti populiacijas.

Nustatyta, kad Sakniastiebiniy augaly populiacijy demografiné sudétis,
taip pat jauniy ir subrendusiy individy santykis populiacijose neatspindi
tikrosios jy buklés. Populiacijy bukle galima jvertinti tik kompleksiskai
vertinant augaly pozymiy tyrimy rezultatus su demografiniais
duomenimis.

Pirmg kartg atlikti Cephalanthera rubra ir C. longifolia natiiralaus vaisiy
mezgimo ir dirbtinio Ziedy apdulkinimo tyrimai naudojant statistiskai
reikSmingg augaly imtj.

Eksperimentiniais tyrimais buvo patvirtinta, kad nattiraliomis sglygomis
stebimas mazas vaisiy susidarymas yra susijes su apdulkintojy trikumu,
o ne su iStekliy trikumu, kuris anksciau buvo laikomas pagrindine
Cephalanthera longifolia ir C. rubra mazo vaisiy mezgimo priezastimi.
Eksperimentiniais tyrimais patvirtinta, kad Cephalanthera longifolia ir
C. rubra yra savaime suderinami augalai. Gauti rezultatai paneigé
ankstesne prielaidg, kad Sios riGSys yra grieztai arba daugiausia
alogaminegs.

MOKSLINE IR PRAKTINE REIKSME

Tyrimo teoriné reikSmé:

1.

Patikslintos Zinios apie ilgaamziy Sakniastiebiniy augaly populiacijy
demografine sudétj. Sis tyrimas papildé Zinias apie augaly rasiy
populiacijy dinamika, taip pat apie jauny arba vegetatyviniy ir
generatyviniy individy santykio populiacijose ekologine reikSme.
Eksperimentiniy tyrimy rezultatai prisideda prie supratimo apie
Orchidaceae Seimos augaly ziedy apdulkinimg, ypac apie nektaro
neiSskirian¢iy augaly savaiminj suderinamumg ir apdulkinimo sékme.
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3. I8sami buveiniy sglygy analizé padeda geriau suprasti veiksnius, kurie
lemia rety rGsiy augaly populiacijy atsinaujinimg misko buveinése.

4. Stebétas rety riiiy plitimo j naujas vietoves désningumai suteikia naujy
ziniy apie rusiy ekologinj plastiSkumag ir potencialius nykstanciy
Orchidaceae Seimos augaly arealo poky¢ius jiems reaguojant j aplinkos
kaitas.

Tyrimo praktiné reik§mé:

1. Rezultatai reikSmingi praktiniam buveiniy atk@irimui, nes nustatyti
pagrindiniai riSiy populiacijas ribojantys veiksniai. PavyzdZziui, siekiant
pagerinti buveinés apSviestuma, kuris yra labai svarbus normaliam
Cephalanthera rubra augaly vystymuisi, biitina sumazinti medziy lajos
tankumg. Abiejy Cephalanthera rusiy atveju, augaly liekany sluoksnio
tvarkymas gali pagerinti populiacijos atsinaujinima i$ sekly.

2. Dirbtinio apdulkinimo eksperimentai parodé¢ rankinio apdulkinimo
veiksmingumg ir naudinguma Kkaip priemong, galin¢ig padidinti
subrandinamy sékly kieki, ypa¢ buveinése, kuriose naturalus
apdulkinimas yra prastas arba populiacijos labai mazos.

3.  Vienkartiniy tyrimy ir ilgalaikiy populiacijy tyrimy rezultatai gali
pagerinti gamtos apsaugos priemoniy planavimg ir valdyma, numatyti
ankstyvos intervencijos poreikj nykstan¢iy rasiy apsaugai.

4. Tyrimo rezultatai suteikia teorinj pagrinda nykstanciy augaly rusiy
apsaugai, pagilina augaly reprodukcinés ekologijos, demografijos ir
buveiniy sgveikos sampratg. Gauti rezultatai pagilina taikomasias ir
teorines zinias apie nykstancias augaly risis.

TRUMPA LITERATUROS APZVALGA

Visose zemynuose ir beveik visuose biomuose daugelio augaly risiy
gausa ir jy populiacijy skaiCius natiiraliame areale mazéja vis didesniu greiciu
(Corlett, 2016, 2025). Vertinant bendrg pasaulinj biologinés jvairoveés
mazejima, nykstancios augaly rasys yra ypac pazeidziamos (Loncarevié et al.,
2024; Keck et al.,, 2025). Sios riiSys pasizymi mazomis populiacijomis,
nedideliu arealu ar specialiais poreikiais buveinéms, todél jos yra
neproporcingai jautrios aplinkos salygy pokyCiams ir antropogeniniam
spaudimui (Jump, Pefiuelas, 2005; Brzosko, Wroblewska, 2013; Vincent et
al., 2020). Rusiy nykimas skatina poreikj atlikti kryptingus mokslinius
tyrimus, siekiant nustatyti ekologinius ir demografinius veiksnius, darancius
jtaka jy iSlikimui. Norint parengti teoriskai pagrjstas ir veiksmingas apsaugos
strategijas, biitina gerai suprasti populiacijy sandarg ir jos kaita. Tikslus
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populiacijos dydzio, struktiiros ir raidos tendencijy vertinimas, taip pat zinios
apie nykimo priezastis yra labai svarbios formuojant apsaugos politika,
nustatant prioritetinius apsaugos veiksmus ir siekiant uztikrinti nykstanciy
rasiy ilgalaikj islikima (Brzosko, Wroblewska, 2013; Alvarez-Yépiz et al.,
2019; Vincent et al., 2020).

Didelio masto misko ekosistemy transformacija, kurig lemia pramoninis
misSky naudojimas, yra pagrindiné biologinés jvairovés nykimo priezastis.
Svarbiausi miSko ekosistemoms Zalingi veiksniai yra intensyvus miSky
kirtimas ir vietiniy medziy bendrijy keitimas greitai auganciomis arba
svetimzemémis rusimis. D¢l to supaprastéja medyny struktira, sumazéja
mikrobuveiniy jvairové, pakinta mikroklimatas, apSviestumas ir dirvoZemio
salygos (Kaufmann et al., 2018). Vidutinio klimato regionuose heterogeniniy
misky keitimas riiSiy gausumu nepasizyminciais plantacijomis dar labiau
pablogina buveiniy kokybe. Seny arba biologiskai subrendusiy misky kirtimas
labiausiai veikia rusis, prisitaikiusias prie ilgai egzistuojanciy buveiniy,
jskaitant daugelj zoliniy misko augaly (Staji¢ et al., 2021). Buveiniy sandaros
poky¢iai, sgveikaujantys su buveiniy fragmentacija, daro poveikj
specializuoty misko rtsiy populiacijoms. ReikSmingas Orchidaceae Seimos
augaly populiacijy nykimas pastebétas vietovése, kuriose smarkiai padaugéja
krimy, o po medyny retinimo labai sumazéja zydinciy individy skaicius
(Shefferson et al., 2018). Daugelis nykstanéiy specializuoty misko augaly
pasizymi létu populiacijos atsinaujinimu ir specializuotomis biotinémis
sgveikomis, todél buveiniy sandaros paprastéjimas ir su buveine susijusiy
organizmy mazéjimas sumazina galimybe populiacijoms islikti (Shefferson et
al., 2018; Kaufmann et al., 2018).

Tyréjai nustaté stipry ry$j tarp pramoninés miskininkystés, intensyvaus
misky kirtimo ir vienodo amziaus plantacijy su misko biologinés jvairovés
mazejimu. Bitina pridurti, kad plantacijose kartais gali buti didelé biologiné
jvairové, ypaé kai jos jkurtos buvusioje Zemés tkio paskirties Zeméje.
Nepaisant to, natliral@is ir pusiau natiiraliis miskai sukuria palankias buveines
didesnei biologinei jvairoveli, turin¢iai gamtosauging verte (Brockerhoff et al.,
2008; Pawson et al., 2013). Reakcija j misko retinima gali biiti skirtinga ir
priklauso nuo konteksto: selektyvus retinimas didina vietiniy augaly jvairove,
o kiti tyrimai rodo ilgalaikius poky¢ius, kai retinimas skatina kriimy augima,
bet slopina Zoliniy augaly augima (Bekris et al., 2021; Tsai et al., 2018).
Nepaisant daugybés tyrimy, tik pavieniuose straipsniuose nurodomos
kiekybinés miSko buveiniy sandaros savybés (pvz., lajos atvirumas, krimy
danga ir paklotés storis), kurios patikimai prognozuoja Zoliniy augaly
i8likimg. Nurodoma, kad jvairové labai priklauso nuo vietos specifikos, todél
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daznai sunku gautus rezultatus ir tvarkymo rekomendacijas pritaikyti kituose
regionuose (Duguid & Ashton, 2013; Willms et al., 2017).

Klimato kaita kelia grésme¢ nykstan¢ioms risims, nes augalams sukelia
tiesioginj fiziologinj stresg ir sutrikdo ekosistemose vykstancius procesus.
Reti augalai patiria nuolatinj fiziologinj ir ekologinj stresa dél padidéjusios
temperatliros ar pasikeitusio krituliy rezimo. Daugelis rii§iy yra priverstos
migruoti j vésesnius regionus ar ] auksStesnes vietoves. RiiSys, kurios negali
prisitaikyti prie Siy pokyc¢iy, praranda dalj arealo, jy populiacijos mazéja, o
pavojus iSnykti didéja. Evans et al. (2020), panaudoje¢ rii§iy paplitimo
duomenis ir kelis klimato scenarijus, modeliuvodami nustaté, kad Orchis
anthropophora, O. militaris ir O. purpurea migruoja j Siaur¢ ir aukstyn |
kalnus. Terminiy signaly pokyciai gali sutrikdyti reikSmingus gyvavimo
ciklus (pvz., zydéjimo laikg), dél to atsiranda fenologiniai nesuderinamumai
su apdulkintojais, sékly platintojais ar palankiomis augimo sglygomis ir
sumazéja reprodukciné sékmé. Kaip atskleidé Hutchings et al. (2018), dél
kylanCios temperatiiros Andrena nigroaenea tampa aktyvi prie§ Ophrys
sphegodes zydéjima, todél sutrumpéja apdulkinimo laikotarpis ir reikSmingai
sumazéja reprodukciné sékmé. Kartu Sie streso veiksniai didina rety augaly
pazeidziamumg ir juos gali dar labiau sustiprinti biotinés grésmés, pvz.,
invazinés rusys.

Prognozés ir atvejy tyrimai rodo, kad klimato salygos turi didele jtaka
rusiy retumui. Augaly arealo pokyciai daznai atsiliecka nuo klimato kaitos
sukeliamy poky¢iy. Todél riisiy paplitimo modeliy prognozés gali pervertinti
trumpalaikiy stebéjimy rezultatus, ypac ilgai gyvenan¢iy daugiameciy augaly
atveju (Alexander et al., 2018; Auffret & Svenning, 2022). Esama patikimy
jrodymy, kad susidares augaly ir apdulkintojy fenologinis nesuderinamumas:
Ophrys—Andrena pavyzdys yra labai jtikinamas, ta¢iau didesnio masto analizé
rodo, kad yra dideliy skirtumy tarp taksony ir regiony, o prognoziy paklaidy
stiprumas priklauso nuo vietos ekologiniy saglygy (Renner & Zohner, 2018).
Rezultatai rodo, kad reikia ilgalaikiy tyrimy, kurie susiety klimato veiksnius
su populiacijy demografine sudétimi, jtraukty mikroklimatg ir Zemés
naudojimo pobudj. Tik atsizvelgus i visus veiksnius biity galima pateikti
gaires dél buveiniy tvarkymo klimato kaitos saglygomis.

Padidéjes ekstremaliy meteorologiniy reiSkiniy, tokiy kaip sausros,
karsc¢io bangos ir stiprios audros, daznumas ir intensyvumas yra vis svarbesnis
klimato kaitos rodiklis. Deja, j Siuos reiskinius nepakankamai atsizvelgiama
gamtos apsaugos strategijose, kuriose daugiausia démesio skiriama
laipsniskiems vidutinés temperattros ir krituliy kiekio pokyciams (Maxwell
et al., 2019). Dabar pripazjstama, kad ekstremaliis meteorologiniai reiskiniai
sukelia sunkesnes ekologines pasekmes nei vidutiniai klimato pokyciai. Jos
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ypaé reikSmingos retoms ir nykstan¢ioms augaly risims (Bailey, van de Pol,
2016; Harris et al., 2018). Prognozuojama, kad dél vis dazniau pasikartojancio
streso, pavyzdziui, sausros ir kar$¢io bangy, daugelio nykstanéiy risiy
iSlikimo tikimybé sumazés mazdaug 16 % (Bartholomeus et al., 2011). Tokie
reiSkiniai gali sutrikdyti pagrindinius augaly populiacijy demografinius
procesus, padidinti mirtingumg, sumazinti fotosintezés efektyvumag ir
dauginimosi sé¢km¢ (Andrello et al., 2012). 2003 m. vasaros kar$¢io banga
Europoje, kuriai buvo biidingos ekstremalios temperatiiros ir didelis krituliy
trikumas, lémé reikSmingai sumazéjusi pazeidziamos kalninés riiSies
Eryngium alpinum sékly derliy ir padidéjusiag individy, ypa¢ jauny, zatj
(Andrello et al., 2012). Dél riboto paplitimo, mazy populiacijy ir menko
dauginimosi retos riiSys daug sunkiau atsigauna po staigiy aplinkos pokyciy
nei placiai paplitusios rusSys (Feller, Vaseva, 2014; Wrobleski et al., 2023).
Todél ekstremaliy reiskiniy poveikio supratimas ir jtraukimas | apsaugos
strategijas yra labai svarbus siekiant sumazinti i§nykimo rizika klimato kaitos
salygomis.

Augaly savybés (angl. traits) apibréziamos kaip matuojamos
morfologinés, fiziologinés arba fenologinés charakteristikos individo lygiu
(Violle et al., 2007). Daugiausia démesio skiriama augaly savybéms, kurios
daro jtaka prisitaikymui prie aplinkos salygy, dauginimuisi ir iSlikimui.
Augaly savybiy sistema sukurta pagal Arnoldo paradigmg ,,morfologija—
veiksmingumas—prisitaikymas‘ ir apima tokias savybes kaip augalo ar jo daliy
biomasé, reprodukciné geba ir gyvybingumas, kurie tiesioginiai parodo
augalo prisitaikymg prie aplinkos salygy (Violle et al., 2007). Funkcinés
savybés padeda suprasti skirtinguose lygmenyse vykstanCius biologinius
procesus, suteikia ziniy apie augaly strategija ir ekosistemy funkcionavima.

Vis daugiau démesio skiriama galimiems rySiams tarp augaly
reprodukciniy savybiy ir risiy nykimo bei pazeidziamumo tirti (Godefroid et
al., 2014). Buvo iskelta hipotezé, kad tam tikros reprodukcinés savybés gali
daryti rusis labiau pazeidziamas, ypaC aplinkos pokyCiy ir buveiniy
fragmentacijos salygomis (Godefroid et al., 2014; Jermakowicz & Brzosko,
2016). Pavyzdziui, rusys, kurios priklauso nuo specializuotyjy apdulkintojy,
gali biiti pazeidziamos dél ty apdulkintojy nykimo, kurj sukelia buveiniy
degradacija, pesticidy naudojimas ar klimato kaita. Dél to gali sumazéti vaisiy
mezgimas ir sékly derlius (Shefferson et al., 2020; Vitt et al., 2023). Raisys,
kuriy sékly plitimo galimybés ribotos, gali sunkiai uzimti naujas tinkamas
buveines arba iSlaikyti geny srautg tarp fragmentuoty populiacijy, todél
padidéja jy pazeidziamumas ir gali lokaliai iSnykti (Godefroid et al., 2014;
Vincent et al., 2020).
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Atlikta keletas tyrimy, kuriy metu buvo nagrinétas rySys tarp skirtingy
augaly savybiy ir retumo ar rizikos i$nykti (Godefroid et al., 2014; Alvarez-
Yépiz et al., 2019). Keliy tyrimy rezultatai rodo, kad tokios savybés kaip
augalo aukstis, ilgaamziSkumas, augimo forma, sékly masé ir seékly banko
tipas gali buti susijusios su iSnykimo rizika. Be to, nustatyta, kad
reprodukcinés savybés, pavyzdziui, dauginimosi (lytinis ar nelytinis) ir
ziedadulkiy pernasos biidas, yra susijusios su rusiy populiacijy dinamika.
Sukurti modeliai gali reikSmingai skirtis tarp geografiniy regiony, o tai rodo,
kad nykimo rizikos rySys su savybémis priklauso nuo daugelio aplinkybiy
(Godefroid et al., 2014; Chichorro et al., 2019). Tyrimai parod¢, kad vabzdziy
apdulkinami augalai, daugiausia tie, kurie dauginasi tik séklomis, ir augalai su
ilgu vainikélio vamzdeliu, tarp nykstanciy Britanijos floros rusiy sudaro
atskirg grupe (Godefroid et al., 2014).

Risiy arealas, ekologinis plastiSkumas ir plitimo buidai daznai geriau nei
pavieniai morfologiniai poZymiai paaiskina ruSims kylantj pavojy iSnykti.
Daugelis pozymiy ir rizikos sgsajy priklauso nuo teritorijos geografinés
padéties ir populiacijy demografinés sudéties (Chichorro et al.,, 2019).
Pozymiy ir rizikos iSnykti sgsajos gali biiti nevienodos skirtinguose
regionuose. Pavyzdziui, lapy poZzymiai buvo neveiksmingi prognozuojant
iSnykimo rizika Airijos floros riSims, o tai pabrézia konteksto svarba ir ty
paciy augaly pozymiy reikSmiy taikymo skirtinguose regionuose ribotumg
(O’Rourke et al., 2022). Metodinés problemos taip pat prisideda prie
prieStaravimy: rusiy retumas jvairiai siejamas su grésmeés lygiu, todél sunku
nustatyti prieZastinius rySius ir daryti pagrjstas iSvadas (Chichorro et al.,
2019). Zvelgiant konceptualiai, reprodukciné specializacija atrodo svarbi,
taciau jos poveikis turi biiti vertinamas neatsiejamai su vietos veiksniais (pvz.,
apdulkintojy jvairove ar zemés naudojimu). D¢l to kai kurios apdulkinimo ar
ziedy savybés leidzia prognozuoti rizika iSnykti vienai ruSiai, bet toks
vertinimas gali netikti kitai raSiai (Dellinger, 2020). Tod¢l bitina integruoti
pozymiy duomenis su aiSkiais grésme kelianciais procesais ir regionui
biidinga risies populiacijos demografine sudétimi (o ne vien tik su paplitimu).

RySys tarp reprodukciniy savybiy ir rizikos iSnykti ne visada aiskus.
Ivairiy tyrimy rezultatai kartais reikSmingai skiriasi arba net priestaringi
(Brzosko, Wroblewska, 2013; Godefroid et al., 2014). Atlikus lyginamuosius
tyrimus nebuvo nustatyta aiskiy skirtumy tarp rety ir paplitusiy augaly rusiy
savybiy. Sie neatitikimai gali bati susij¢ su jvairiais veiksniais, pavyzdziui,
retumo ar nykimo vertinimo skirtumais, ribotu kai kuriy tyrimy imciy dydziu
ir sudétinga daugelio vidiniy ir iSoriniy veiksniy, turiniy jtakos riiSiy
i8likimui, sgveika (Godefroid et al., 2014). Didelé iSoriniy aplinkos veiksniy,
pavyzdziui, buveiniy naikinimo ir eutrofikacijos, jtaka taip pat gali uzgozti
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vidiniy rasiy savybiy poveikj nykimui (Godefroid et al., 2014; Keck et al.,
2025).

Konkurencinés savybés skirstomos j dvi grupes. Pirmaja grupe sudaro
konkurencinio poveikio savybés, pavyzdziui, augalo aukstis, turintis jtakos
gebéjimui pasisavinti Sviesa, arba Sakny gylis, turintis jtakos vandens
pasisavinimui. Antrgja grupe¢ sudaro konkurencinio atsako savybés,
pavyzdziui, lapy plotas, susij¢s su tiesioginiu Sviesos panaudojimu, arba lapy
vandens potencialas esant sausros stresui (Violle et al., 2009; Navas & Violle,
2009). Tyrimai parodé, kad Sios savybeés yra kiekybiskai susijusios su istekliy
panaudojimo modeliais ir augaly produktyvumu konkurencijos salygomis.
ISlieka nemazai i88tkiy, pavyzdziui, kaip vertinti iStekliy panaudojimg per
laikg ir kaip atskiry augaly savybes pritaikyti nagrinéjant bendrijas ar
ekosistemas. Siuos klausimus i$spresti galima laikantis tvirty koncepciniy
pagrindy, kurie biitini norint prognozuoti augaly bendrijy reakcija i aplinkos
poky¢ius (Violle et al., 2007, 2009).

Laughlin (2014) pateiké papildomag poziirj | augaly savybes,
pabrézdamas jy vidinj kompleksiskumg. Pagal §] pozitrj, uzuot savybes
klasifikavus vien pagal jy ekologing funkcijg, jos skirstomos pagal augalo
organus (pvz., lapy, stiebo, Sakny, sékly ar viso augalo savybés), pripazjstant,
kad skirtingy organy savybés daznai parodo skirtingg ekologing strategija.
Toks poziiiris padidina rtsiy vaidmens ir bendrijy susidarymo modeliy
prognozavimo galias, maksimaliai padidindamas pozymiy nepriklausomybe
ir skiriamajg ekologine geba. Violle et al. (2007; 2009) daugiausia démesio
skyré pozymiams susieti su prisitaikymu ir ekologinémis funkcijomis, o
Laughlin (2014) pabrézé daugiamatés pozymiy variacijos fiksavimo svarba,
siekiant parodyti augaly struktiirinj ir funkcinj sudétinguma.

Analizuojant rii§iy apsauga, ypa¢ rety ar nykstanciy augaly riiSiy,
ilgalaikiai demografiniai tyrimai daznai yra sudétingi ir finansiskai
nepasiteisinantys. Tokiais atvejais praktiska ir informatyvi alternatyva yra
vienkartiniai tyrimai (angl. single-census), kurie dar vadinami momentiniu
demografiniu vertinimu. Tokiais tyrimais vertinama populiacijos struktiira
tam tikru laiko momentu, pateikiant svarbiausius duomenis apie jauny ir
subrendusiy individy proporcija, populiacijos atsinaujinimo sékme ir
morfologinius rodiklius, pvz., augaly aukstj, Ziedy ir vaisiy gausg arba lapy
skaiCiy (Oostermeijer, Hartman, 2014; Volis, Deng, 2020). Nepaisant tokiy
tyrimy trokumy, kurie neleidzia nustatyti ilgalaikiy populiacijy Kkaitos
tendencijy ar priezastiniy mechanizmy, jie gali suteikti informacijos apie
ankstyvuosius populiacijos mazéjimo pozymius, pavyzdziui, mazg daigy
gausg ar vaisiy susidarymg. Tai ypa¢ svarbu rtsims, kuriy populiacijos yra
nuolat mazos arba akivaizdziai mazéja (Volis, Deng, 2020; Garcia et al.,
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2021). Be to, taikant standartizuotus méginiy émimo protokolus, vienkartiniai
populiacijy tyrimai leidzia palyginti skirtingas populiacijas ir padéti nustatyti
biitinas skubias apsaugos priemones, pavyzdziui, nustatyti sparciausiai
nykstancias populiacijas arba jvertinti buveiniy tinkamuma (Oostermeijer,
Hartman, 2014). Kloniniy arba Sakniastiebiniy augaly raSiy populiacijos
struktira gali atspindéti dabartinj ekologinj spaudimg, darant] jtaka
dauginimuisi ir atsinaujinimui, taciau ji negali apibiidinti ilgalaikio
populiacijos gyvybingumo (de Witte & Stocklin, 2010).

Cephalanthera longifolia ir C. rubra laikomos biidingomis vidutinio
klimato misky buveiniy rusimis, kurios glaudziai susijusios su ziedy
apdulkintojais ir dirvozemio organizmais. Cephalanthera longifolia yra
miksotrofinis augalas, o abi riiSys daZznai siejamos su ektomikoriziniais
grybais, ypac i§ Tomentella (Thelephoraceae) genties. Naujausi tyrimai
parodé¢, kad gryby partneriy jvairové yra daug didesné, nei buvo manoma
anksciau. Be to, C. rubra santykiai su grybais kinta priklausomai nuo
dirvozemio pH ir fosforo kiekio (Abadie et al., 2006; Pecoraro et al., 2017;
Bell et al., 2020). Cephalanthera longifolia it C. rubra menkai mezga vaisius,
0 jy mezgimas priklauso nuo vabzdziy lankymosi Ziedus ir nuo buveinés
savybiy. Buvo jrodyta, kad rankinis ziedy apdulkinimas gali padidinti vaisiy
susidaryma ir s¢kly derliy, taciau tokios priemonés neiSsprendzia pagrindiniy
apdulkintojy ar prieinamy buveiniy stygiaus (Newman et al., 2007).
Cephalanthera rubra populiacijy genetikos tyrimai parodé nedidelg
populiacijy jvairove, taciau patvirtino priclaidg, kad mazose, izoliuotose
populiacijose vyrauja vegetatyviniu bldu pasidauging arba labai artimi
individai (Brzosko & Wrdblewska, 2003). Sakniastiebinis, ilgai gyvenantis
miSko augalas Cardamine bulbifera (Brassicaceae) yra didelio ploidiskumo
rusis, kuri po ledynmecio placiai paplito Vidurio ir Vakary Europoje. RuSis
pereina prie vegetatyvinio dauginimosi, todél kyla klausimai, ar vis dar vyksta
lytinis dauginimasis, kaip juda geny srautai ir ar séklos vis dar prisideda prie
populiacijy atsinaujinimo ir stabilumo (Ru et al., 2020; Ru et al., 2022).

Nepaisant jvairiuose regionuose vykdomy tyrimy, licka neatsakyta daug
klausimy dél nykstanciy daugiameciy Sakniastiebiniy augaly populiacijy
sudéties ir jy nykimo spartos, dél dauginimosi biido ir kity augaly savybiy
priklausomybés nuo buveinés salygy bei jy sarySio su nykimu. Tyrimy apie
misko augaly populiacijas, esancias netoli arealo ribos, ypa¢ mazai. Tokie
tyrimai ypa¢ svarbiis klimato kaitos sglygomis, nes jie gali atskleisti naujus
désningumus ir padéti prognozuoti blisimas populiacijy raidos tendencijas.
Siame darbe pristatomi tyrimai buvo skirti nagrinéti nykstanéius misko
augalus, prisitaikiusius augti pazeidziamose miSko buveinése ir esancius
netoli arealo ribos.
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ISsami literatliros apzvalga pagal aptariamas temas pateikiama kiekvieno
disertacijg sudarancio straipsnio pradzioje (1-5 straipsniai).

TYRIMO MEDZIAGOS IR METODU SANTRAUKA

Tirtos rasys

Siekiant atskleisti buveiniy poveikj augaly savybéms, nykstanciy rusiy
reprodukciniam potencialui ir populiacijy sudééiai bei jgyvendinti tyrimo
tikslus, buvo atrinktos trys augaly rusys, kurios daugiausia auga misky
buveinése: Cephalanthera longifolia, C. rubra (Orchidaceae) ir Cardamine
bulbifera (Brassicaceae). Visos trys ruSys Lietuvoje laikomos nykstan¢iomis
(EN); ju populiacijos mazos ir paplitusios beveik tik Salies pietinuose
regionuose. Jos yra Sakniastiebiniai daugiameciai augalai. Cephalanthera
longifolia ir C. rubra daugiausia dauginasi lytiniu budu (4-5 straipsniai), o
Cardamine bulbifera dauginasi beveik isskirtinai nelytiniu biidu — pazastiniais
svogiinéliais (3 straipsnis).

Cephalanthera longifolia ir C. rubra yra ilgai gyvenantys miksotrofiniai
daugiameciai augalai su storu guls¢iu Sakniastiebiu, sta¢iu stiebu (15-50 cm,
kartais iki 70 cm) ir lancetiSkais lapais. Jie gyvena apie 20 mety, kartais iki 40
mety. Ziedyna sudaro 4—15 Ziedy, kartais ir daugiau. Cephalanthera longifolia
ziedai balti su gelsva lupa; C. rubra ziedai ryskiai roziniai. Kiekvienas ziedas
su viena paziede. Ziedai neiskiria nektaro, juos daugiausia apdulkina
kamanés ir bités. Ri§ims biidinga miSri apdulkinimo sistema, apimanti tiek
kryzminj apdulkinima, tiek ir savidulka (1-2, 45 straipsniai).

Cephalanthera longifolia paplitusi Europoje, vakarinéje Siaurés Afrikos
dalyje ir dideléje dalyje Azijos. DaZniausiai auga lapuo¢iy arba misriuose
miskuose, kartais pievose ir uolétuose Slaituose. Paprastai auga kalkingame
dirvoZzemyje, bet gali augti ir neutraliame arba Siek tiek rligSciame
dirvozemyje. Lietuvoje rii§is reta ir saugoma. Daugiausia randama Salies
pietuose ir pietryCiuose, jvairaus amziaus miskuose ir misky pakrasciuose.
Cephalanthera rubra paplitusi pladiai, jskaitant didZigja dalj Europos
(vakaruose ir Brity salose reta), Siaurés Afrikg ir Azijos pietvakarius.
Lietuvoje riiSis reta, zinoma tik keliose vietovése Salies pietuose ir
pietryCiuose (1-2 straipsniai).

Cardamine bulbifera (Dentaria bulbifera; Brassicaceae) yra daugiametis
zolinis augalas su storu guls¢iu Sakniastiebiu. Stiebas stacias, 40-70 cm
aukscio. Stiebo lapy pazastyse ir ziedyne susidaro svogiinéliai. Zydéti pradeda
geguzés ménesj. Ziedai nuo §viesiai arba tamsiai rausvi, kartais beveik balti.
Vaisius siaura ankstara, kuri retai visiskai subresta ir subrandina séklas. Si
rusis dauginasi daugiausia vegetatyviniu biidu, svogiinéliais. Cardamine
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bulbifera auga lapuodiy ir miSriuose miSkuose, paprastai derlingame,
vidutinio drégnumo, kalkingame dirvoZzemyje. RiiSis placiai paplitusi Vakary,
Vidurio ir Ryty Europoje, Siauréje iki piety Skandinavijos, rytuose iki vakary
Sibiro ir Azijos pietvakariy. Nyderlanduose ir Airijoje ji laitkoma introdukuota
ruSimi. Lietuvoje $i riiSis reta ir saugoma, daugiausia aptinkama S$alies
pietuose ir vidurinéje dalyje, kelios izoliuotos vietovés yra vakaruose ir
rytuose. Baltijos Salys yra Sios riiSies paplitimo arealo Siaur€s rytiniame
pakrastyje (3 straipsnis).

Tyrimy vietos

Siekiant atskleisti augaly savybiy poveikj nykstanéiy riiSiy
reprodukciniam potencialui ir populiacijy stabilumui bei jgyvendinti tyrimo
tikslus, buvo atrinktos trys augaly riiSys, paprastai augancios misky buveinése:
Cephalanthera longifolia ir C. rubra (Orchidaceae) bei Cardamine bulbifera
(Brassicaceae). Visos atrinktos riiSys Lietuvoje laikomos nykstan¢iomis, jy
populiacijos mazos, daugiausiai aptinkamos S$alies pietinéje dalyje. Visos
tirtos riSys yra Sakniastiebiniai daugiameciai augalai. Cephalanthera
longifolia ir C. rubra dauginasi daugiausia lytiniu bidu (45 straipsniai), o
C. bulbifera dauginasi beveik iSimtinai nelytiniu btdu, paZastiniais
svogiinéliais (3 straipsnis).

Tyrimo vietos buvo atrinktos remiantis literatiiroje, duomeny bazése ir
herbariumuose rasta informacija, taip pat atlikus vietos tinkamumo
numatytiems lauko tyrimams vertinimg (1 straipsnis).

Cephalanthera longifolia tyrimai buvo atlieckami SeSiose populiacijose
nuo 2021 iki 2023 m. Trys populiacijos buvo Saléininky r. (Mikaliskés,
Katkugkés ir Staky Uta), o kitos trys — Vilniaus mieste (Raisteliai, Paneriai ir
Aukstieji Paneriai). Natiiralaus vaisiy mezgimo tyrimai (4 straipsnis) buvo
atlikti visose SeSiose populiacijose, o populiacijy demografiné sudétis 2022 m.
(2 straipsnis) buvo tirta keturiose vietovése (Katkuskés, Staky Uta, Raisteliai
ir Paneriai) Imituotos autogamijos ir alogamijos eksperimentai (5 straipsnis)
buvo atlikti Raisteliy ir Paneriy vietovése 2022 m. Visos Saléininky r.
esancios tyrimy vietos buvo Dieveniskiy istorinio regioninio parko
teritorijoje. MikaliSkése tirta populiacija buvo jauname Salix caprea medyne,
kuris susidares apleistame zemés tikio paskirties Zemés plote. Katkuskése
populiacija buvo antriniame misriame miske, pagal struktiirag panasiame |
vakary taiga (9010). Staky Utoje populiacija uzémé brandy, Zoliy turtingo
eglyno (9050) buveiné, kurios dalis 2019 m. buvo iSretinta. Raisteliuose
populiacija buvo jauname Betula pendula medyne, susidariusiame buvusio
dirbamo lauko vietoje. Paneriy populiacija buvo brandziame miske, kuriame
vyravo Pinus sylvestris. Buveiné panasi | vakary taiga. Aukstyjy Paneriy
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populiacija buvo i$sidésCiusi siaurame misriojo miSko juostoje palei misko
kelig, kurioje buvo aisklis antropogeninés tarSos pozymiai ir daug invaziniy
rasiy.

Cephalanthera rubra tyrimai 2021-2023 m. buvo vykdyti trijose
populiacijose. Natiiralaus vaisiy susidarymo tyrimai (4 straipsnis) buvo atlikti
visose trijose populiacijose: Kapiniskiuose (Varénos r., Dziikijos nacionalinis
parkas), Litinelyje (Lazdijy ., Veisiejy regioninis parkas) ir Spindziuje (Traky
r., Aukstadvario regioninis parkas). Imituotos autogamijos ir alogamijos
eksperimentai (5 straipsnis) buvo atlikti tik Kapiniskiy populiacijoje, nes
kitos populiacijos buvo per mazos, kad biity galima surinkti eksperimentui
reikalingg Zydin¢iy individy skaiCiy. Kapiniskiy populiacija buvo jsikiirusi
sausoje stepinéje pievoje (6210*) su didele rusiy jvairove. Litnelio
populiacija buvo retame misriame miSke, pasizymin¢iame rety riSiy gausa, o
Spindziaus populiacija buvo retame kseroterminiame miske, kurio pusé
medziy buvo iskirsta 2000 m. siekiant pagerinti Cypripedium calceolus
buveinés salygas.

Cardamine bulbifera populiacijy demografiné struktiira ir augaly
pozymiai buvo tirti 2023 m. SeSiose vietovése (3 straipsnis). Tyrimui buvo
atrinktos keturios cenopopuliacijos (toliau — populiacijos) KaiSiaroriy r.: dvi
Sesuvos botaniniame draustinyje (SeSuva ir Paguliai), dvi Kaukinés
botaniniame draustinyje (SutartiSkés ir Kaukiné), viena Alytaus r.
(Kalesninkai) ir viena Vidzgirio botaniniame draustinyje Alytaus mieste
(Vidzgiris). Sesuvos ir Sutartiskiy populiacijos buvo jsikiirusios plagialapiy ir
misriyjy misky (9020) buveinéje, kurioje vyravo placialapiai medziai. Pasuliy
ir Kaukinés populiacijos buvo tirtos Zoliy turtingo eglyno (9050) buveinése.
Kalesninky ir Vidzgiris populiacijos buvo aptiktos skroblyno (9170)
buveingje, kurioje vyravo Carpinus betulus.

Populiacijy demografiné sudétis

Populiacijy demografiné sudétis buvo tirta siekiant jvertinti individy
tankumg pagal brandos arba vystymosi grupes ir jvertinti pagrindinius
pozymius, rodanéius populiacijos bikle ir stabiluma. Sie tyrimai buvo atlikti
naudojant standartizuotus (1 m?) tiriamuosius laukelius, iSdéstytus 20 m
transektose (2-3 straipsniai). Kickviename tiriamajame laukelyje
Cephalanthera longifolia individai buvo suskirstyti j dvi vystymosi stadijas:
vegetatyvinius ir generatyvinius. Cardamine bulbifera individai buvo
suskirstyti j tris brandos grupes: juveniliniai, imaturiniai ir subrendg.
Subrendusiy individy grupé buvo toliau suskirstyta j du pogrupius:
nezydinéius ir zydinéius. Cephalanthera longifolia populiacijos buvo tirtos
birzelio viduryje, kai vaisiai buvo visiskai uzaugg (4 straipsnis). Cardamine
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bulbifera populiacijos buvo tirtos geguzés ménesj, intensyvaus zydéjimo
laikotarpiu (3 straipsnis). Kickviename tiriamajame laukelyje buvo
registruojami ir jvertinami visi tiriamyjy risiy individai, uzregistruotos visos
kartu augancios augaly rasys ir jy gausumas. Be to, buvo jvertintas augaly
nuokrity ir pliko dirvoZemio plotas.

Augaly savybiy tyrimai

Augaly savybiy tyrimai buvo atlikti tuose paciuose tiriamuosiuose
laukelivose, kurie buvo naudojami populiacijy demografinés sudéties
tyrimams (2—3 straipsniai). Augaly savybés taip pat buvo vertinamos visy
kity tyrimy (pvz., natiralaus vaisiy mezgimo vertinimo ir eksperimenty su
imituota autogamija ir alogamija) metu (4-5 straipsniai). Analizei atrinkti
augaly pozymiai suteikia daugiausia informacijos apie individo biikle ir gali
atspindeéti buveinés salygy poveikj bei apibiidinti reprodukcing s¢kme. Buvo
matuojamas kiekvienos tiriamos riiSies individy aukStis ir subrendusiy
individy ziedyno ilgis, skaiCiuojamas Ziedy skaiius ziedyne. Buvo
skai¢iuojami Cephalanthera longifolia ir C. rubra lapai, taip pat uzZmegzty
vaisiy skai¢ius. Tiriant Cardamine bulbifera, buvo matuojamas zydinéiy ir
nezydinéiy subrendusiy individy stiebo dalies su svogiinéliais ilgis,
suskaiCiuotas  susiformavusiy paZzastiniy svogineliy skaicius. Visi
skai¢iavimai ir matavimai buvo atlickami tiesiogiai lauke (naudojant liniuote
arba matavimo juostg), stengiantis nepazeisti tiriamyjy augaly.

Natiralaus vaisiy mezgimo tyrimas

Natiiralus Cephalanthera longifolia ir C. rubra vaisiy mezgimas buvo
tiriamas 2021-2023 m. (4 straipsnis). Tyrimai buvo atlickami kasmet toje
pacioje tiriamos populiacijos dalyje. Kiekvienoje populiacijoje vertinimui
buvo atrinkta 50 normaliai iSsivys€iusiy ir jokiy pazeidimy neturinCiy
individy. Mazose populiacijose ] tyrimg buvo jtraukti visi zydintys individai,
i§skyrus pazeistus augalus. Augalai tyrimui buvo atrenkami taip, kad tarp jy
biity ne maziau kaip vieno metro tarpas. Si taisyklé nebuvo taikoma mazoms
C. rubra populiacijoms. Pirmasis C. longifolia individy vertinimas buvo
atliktas birzelio pradzioje, o C. rubra — birzelio antroje puséje, intensyvaus
zydéjimo pradzioje. Buvo vertintas kiekvieno individo aukstis, Ziedyno ilgis,
lapy skaicius ir bendras ziedy skaicius. Visi ziedai buvo sunumeruoti nuo
ziedyno pagrindo iki vir§tinés, o augalai pazyméti 1 cm skaidriu silikoniniu
zymekliu, uzdedamu stiebo apacioje. Antrasis vertinimas buvo atliktas
vaisiams pasiekus jprastg dydj, nes tada vaisiy neuzmezge ziedai biina nukrite.
Cephalanthera longifolia pakartotinai buvo jvertinti liepos pradzioje, o C.
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rubra individai buvo tirti liepos pabaigoje. Buvo registruojamas normaliai
i$sivysciusiy vaisiy skaiCius ir jy padétis Ziedyne.

Imituotos autogamijos ir alogamijos eksperimentas

Imituotos autogamijos ir alogamijos (5 straipsnis) eksperimentai su
Cephalanthera longifolia ir C. rubra buvo atlikti 2022 m., abiejy risiy
7ydéjimo laikotarpiu. Sio eksperimento tikslas buvo jvertinti imituotos
autogamijos ir alogamijos poveikj vaisiy susidarymui. Kiekvienoje tiriamoje
populiacijoje buvo atrinkti normaliai iSsivystg, nepazeisti generatyviniai
individai trims bandymams: (1) imituotai savidulkai, kai Zziedai buvo
apdulkinami rankiniu biidu to paties augalo ziedadulkémis; (2) imituotai
kryzmadulkai, kai ziedai buvo apdulkinami rankiniu biidu kito augalo i§ tos
pacios populiacijos ziedadulkémis; ir (3) kontrolinei grupei, kurios augalai
buvo palikti laisvam apdulkinimui ir jokios manipuliacijos su ziedais nebuvo
atliekamos. Visi pasirinkty augaly Ziedai buvo sunumeruoti nuo Zziedyno
pagrindo iki vir§tinés, o kiekvienas augalas buvo pazymétas 1 cm skaidriu
silikoniniu zZymekliu su individo kodu. Po apdulkinimo ziedai buvo palikti
atviri, o uzmegzty vaisiy skai¢ius buvo vertintas po ménesio. Buvo
registruojamas visuose eksperimento variantuose naudoty individy uzmegzty
vaisiy skaicius ir jy padétis ziedyne.

Statistiné analizé

Pries$ analize visy duomeny rinkiniy pasiskirstymas buvo patikrintas
taikant Shapiro-Wilk testa. Kadangi daug duomeny rinkiniy neatitiko
normaliojo skirstinio, o im¢iy dydZziai buvo nevienodi, daugeliu atvejy buvo
taikomi neparametriniai statistiniai metodai. Keliems duomeny rinkiniams
palyginti buvo pritaikytas Kruskal-Wallis H testas, o lyginimas poromis
naudotas Mann-Whitney U testas. Kai duomeny rinkiniuose buvo nuliniy
reikSmiy, lyginimas poromis buvo atliktas taikant Dunn post hoc testas.
ApraSomoji statistika pateikta kaip vidurkis ir standartinis nuokrypis (vidurkis
+ SD), augaly pozymiams taip pat pateiktos maziausios ir didziausios
reikSmés. RuSiy panaSumas populiacijy buveinése buvo vertintas taikant
Jaccard indeksa. Jam apskaiCiuoti buvo imtas visy populiacijos tiriamyjy
laukeliy riiSiy sarasas taikant binaring (vienas arba nulis) matricg. Kintamyjy
rySiai buvo analizuojami naudojant linijing koreliacija (Pearsono r
parametriniams duomenims ir Spearmano rangy koreliacijg neparametriniams
duomenims). Pagrindiniy komponenciy analizé (PCA) buvo taikoma siekiant
jvertinti buveinés ir bendrijos charakteristiky poveikj augaly tankumui. Visi
kintamieji buvo centruoti, o skaiCiavimai buvo atlickami naudojant
koreliacijos matricg. Dvikrypté PERMANOVA (9999 permutacijos), pagrista
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Bray-Curtis skirtumy matrica, buvo naudojama siekiant jvertinti fiksuoty
veiksniy, tokiy kaip populiacija, eksperimento variantas, tyrimo metai ir
buveiné, poveikj vaisiy mezgimui. Bendrieji linijiniai modeliai (GLM) buvo
naudojami siekiant patikrinti augaly savybiy ir vaisiy susidarymo rysj.
Aprasomoji statistiné analizé buvo atlikti naudojant PAST (versijos 4.16-5.1)
ir R (versija 4.3.2) programin¢ jrangg, o grafiniai vaizdai buvo sukurti
naudojant ggplot2, vegan, Ime4, FactoMineR ir factoextra paketus. Statistinis
reik§mingumas buvo nustatytas p < 0,05, o tikslios p reik§més buvo pateiktos
tada, kai p > 0,001 (2-5 straipsniai).

REZULTATU IR JU APTARIMO SANTRAUKA
Cephalanthera longifolia ir Cephalanthera rubra populiacijy dydis ir sudétis

Populiacijos buklés vertinimas

Istoriniy duomeny, herbariumo pavyzdziy, literatiiros Saltiniy ir 2019—
2024 m. atlikty lauko tyrimy duomeny analiz¢ parode, kad Cephalanthera
longifolia dabar Lietuvoje uzima 22,98 ha plota, tiek saugomose teritorijose,
tiek uz jy riby (1 straipsnis). Si risis buvo uZregistruota jvairiose buveinése
— nuo apleisty, jauniais medziais apaugusiy ariamosios Zemés ploty iki
brandziy eglyny ir misriyjy lapuociy misky. Cephalanthera rubra yra daug
retesné ir dabar likusios yra tik keturios populiacijos, uzimancios 2,10 ha,
daugiausia saugomose teritorijose. Si risis auga specifiskesnése buveinése,
jskaitant sausas kalkingas pievas ir retus kseroterminius miskus. Si rais yra
jautresné buveiniy pokyCiams negu C. longifolia. Tyrimai parodé, kad
zydéjimo intensyvumas ir individy skai¢ius populiacijose labai svyruoja.
Generatyviniy ir bendra individy gausa populiacijodr yra susijusios su
buveiniy sukcesija, krimy ardo tankumu ir tvarkymo praktikos pokyciais. Dél
to biitina periodiskai vertinti populiacijas ir imtis tikslingy abiejy rasiy, ypac
C. rubra, apsaugos priemoniy.

Dabartinis Cephalanthera longifolia plitimas Lietuvoje

Cephalanthera longifolia (1 straipsnis) buveiniy ir populiacijy Lietuvoje
analizés rezultatai atskleidé, kad Sios riiSies paplitimo teritorija pastebimai
pleciasi, daugéja radavieciy, o kai kurios populiacijos yra didelés (jose yra iki
30 000 individy). Cephalanthera longifolia sékmingai jsikuria jvairiose
buveinése ir pasizymi i$skirtiniu gebéjimu jsitvirtinti ankstyvosios sukcesinés
stadijos buveinése. Si riisis sékmingai jsikuria apleistose zemés {ikio paskirties
zemése ir gerai auga misSky jaunuolynuose bei ir plantacijose. Raisteliuose ir
Mikaliskése atlikti tyrimai patvirtina, kad $i raiSis se¢kmingai jsitvirtino 30
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mety amziaus berzyne, jauname pusyne ir buvusiose zemés tikio paskirties
plote, kuriame savaime atsikuria lapuociy misky buveiné (1 straipsnis).
Istoriniai duomenys rodo, kad rusis iSlaiko nuolating dinamiska biisena,
aktyviai uzima tinkamas naujas buveines, o tai rodo jos potencialg ilgam islikti
vietovése, kuriuose néra ekstremaliy Zemés naudojimo poky¢iy. Populiacijos
plétra palengvina sékly plitimas. Dél artimosios sékly pernaSos, kai yra
pakankamas sékly derlius, Sie augalai uzima tinkamas kaimynines buveines.

Cephalanthera longifolia populiacijos struktiira

Vienkartinio populiacijy tyrimo (2 straipsnis) rezultatai parodé, kad
keturiose tyrimy vietovése C. longifolia populiacijy tankumas ir struktiira bei
uzimamy bendrijy charakteristikos labai skyrési. Vidutinis individy tankumas
svyravo nuo 3,8 + 2,3 individy/m? iki 11,1 + 4,3 individy/m?, didesnis
tankumas buvo uzregistruotas atvirose buveinése, o pavésingose misky
buveinése jis buvo reikSmingai mazesnis. Visose populiacijose vyravo
vegetatyviniai individai, kurie sudaré 58,7 % gerai apSviestose buveinése ir
85,1 % tksmingose buveinése. Generatyviniai individai sudaré nuo 14,9 % iki
40,1 % visy individy skaiCiaus, o didziausia zydinciy individy dalis buvo
aptikta santykinai atvirose buveinése.

Analizé parod¢, kad augaly liekany danga ir samany rusiy skaicius turéjo
stipry neigiamg poveikj C. longifolia gausumui, o didesné zoliy danga ir
didesnis induociy augaly riisiy skai¢ius buvo teigiamai susije su C. longifolia
individy skai¢iumi. Nepaisant Siy tendencijy, nebuvo nustatyta reikSmingos
tiesinés koreliacijos tarp induociy augaly riisiy gausos ir C. longifolia gausos.
Sie rezultatai rodo, kad buveinés struktiirinés savybés, ypaé apsvietimo
sglygos ir dirvoZzemio pavirSiaus danga, turi didesnés jtakos populiacijos
tankumui ir individy brandos grupéms nei bendra augaly jvairove (2
straipsnis).

Reprodukcinés Cephalanthera longifolia ir Cephalanthera rubra
reprodukcinés savybés

Nattralus vaisiy mezgimas

Trejus metus (2021-2023 m.) vykdyto tyrimo rezultatai parodé, kad C.
longifolia ir C. rubra (4 straipsnis) natiiralus vaisiy mezgimas buvo nuolat
zemas. Natiiraliomis salygomis vaisius mezgé vidutiniskai 11,8 % C.
longifolia ir 15,2 % C. rubra ziedy. Didelé dalis individy vaisiy visai
nemezgé: C. longifolia populiacijose tokiy augaly buvo 49,3-54,4 %, C. rubra
populiacijose — 40,0-54,3 %. DidZiausia vaisiy neuzmezgusiy augaly dalis
buvo mazose ir mazo tankumo populiacijose. Cephalanthera longifolia
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natliralus vaisiy mezgimas labai skyrési tarp populiacijy, bet tarp mety
skirtumy nebuvo. Didziausias rodiklis uzregistruotas Mikaliskése (19,5 %),
maziausias — AukStuosiuose Paneriuose (5,2 %). PrieSingai, C. rubra
populiacijose ir skirtingais metais buvo nustatyti reikSmingi skirtumai. Vaisiy
mezgimas nuo 11,0 % 2021 m. padidéjo iki 21,5 % 2023 m. DidZiausias
rodiklis buvo Kapiniskiy (18,8 %), maziausias — Spindziaus (4,1 %)
populiacijose.

Abiejy riisiy augaly poZzymiai buvo reik§mingai susije su vaisiy mezgimu
(4 straipsnis). Cephalanthera longifolia vaisiy mezgimas silpnai teigiamai
koreliavo su augalo auksciu, ziedyno ilgiu ir ziedy skai¢iumi, o C. rubra
atveju Sie rySiai buvo vidutiniSkai stipris. Nebuvo nustatyta reikSmingo rysio
tarp abiejy rusiy lapy skaiCiaus ir uzmegzty vaisiy skiciaus. Vaisiy
susidarymui reik§mingos jtakos turéjo Ziedo padétis Ziedyne. Ziedai, esantys
Zemiau, mezgé santykinai daugiau vaisiy. Ziedo padéties Ziedyne poveikis
buvo reik§mingas tiek C. longifolia, tiek ir C. rubra.

Samanos danga buvo reikSmingai neigiamai susijusi su C. longifolia
vaisiy mezgimu, tuo tarpu C. rubra jtakos turéjo medziy ir krimy padengimas.
Tai rodo, kad didesné reprodukciné sékmé yra atviresnése buveinése.
Dirvozemio pH teigiamai koreliavo su abiejy rii$iy vaisiy mezgimu, o kity
dirvozemio rodikliy rySys buvo silpnas arba nenuoseklus. Vidutiné birzelio
temperatiira neigiamai koreliavo su vaisiy susidarymu. Apibendrinant galima
teigti, kad abiejy ruSiy mazas vaisiy mezgimas yra pirmiausia susij¢s su
neveiksmingu apdulkinimu ir jj veikia ziedo padétis ziedyne, buveinés
struktiira ir klimato veiksniai.

Imituotos autogamijos ir alogamijos poveikis vaisiy mezgimui

Ziedy apdulkinimo eksperimentas parodé aisky vaisiy mezgimo skirtuma
tarp dirbtinio ir nattralaus ziedy apdulkinimo (5 straipsnis). Cephalanthera
longifolia imituoto kryzminio apdulkinimo atveju 68,9 % ziedy uzmezgé
vaisius, o imituotos savidulkos atveju — 70,4 %. Priesingai, kontrolinés augaly
grupés, paliktos laisvam apdulkinimui, vaisiy susidarymas buvo tik 5,1 % tiek
Raisteliy, tiek Paneriy populiacijose. Po dirbtinio kryzminio apdulkinimo 88,2
% C. rubra ziedy uzmezgé vaisius, po dirbtinés savidulkos 96,5 % Zziedy, o
kontrolinéje grupéje vaisiy mezgimas sudaré 17,8 %. Néra reikSmingy
skirtumy tarp dirbtinés savidulkos ir kryzmadulkos, o tai patvirtina, kad abi
rusys yra savaime suderinamos ir paneigia priclaidg, kad nattiraliai mazg
vaisiy mezgimg lemia riboti iStekliai.

Natiiralaus apdulkinimo aptveju C. longifolia ziedy padétis ziedyne
reikSmingai veiké vaisiy susidaryma: Zemesni ziedai uzmezgé daugiau vaisiy.
Dirbtinio apdulkinimo atveju abiejy rusiy augaly ziedai vaisius sékmingai
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mezgé nepriklausomai nuo padéties Ziedyne, o tai rodo, kad vaisiy susidarymg
lemia ne jy padétis, o apdulkinimo sékmé. Pirmieji (Zemiausiai esantys) ziedai
nuosekliai mezgé mazai vaisiy net po dirbtinio apdulkinimo. Sis reiskinys gali
biiti susijes su sumazéjusia purkos aktyvumu vykdant dirbtinj apdulkinima (5
straipsnis).

Buvo nustatyta, kad keli augaly poZymiai teigiamai susij¢ su deréjimo
sé¢kme (5 straipsnis). Cephalanthera longifolia ziedyno ilgis ir ziedy skai¢ius
ziedyne buvo reikSmingai susij¢ su uzmegzty vaisiy skai¢iumi (p < 0,001), o
lapy skaicius buvo reikSmingai susij¢s su vaisiy susidarymo procentine dalimi
(p = 0,041). Cephalanthera rubra augalo aukstis, ziedyno ilgis ir ziedy
skai¢ius buvo reikSmingai teigiamai susij¢ su uzmegzty vaisiy skai¢iumi (p <
0,001). Ziedyno ilgis taip pat buvo reik§mingai susijes su vaisiy mezgimo
sékme (p =0,021). Nepaisant $iy koreliacijy, rezultatai rodo, kad veiksmingas
apdulkinimas turi didesnj poveikj vaisiy mezgimui nei vien morfologiniai
pozymiai. Sie rezultatai turi tiesioginés reikimés rii§iy apsaugai. Dirbtinis
apdulkinimas gali zymiai padidinti vaisiy mezgima ir sékly derliy mazose arba
retose C. longifolia ir C. rubra, taip pat kity nektaro neturinc¢iy Orchidaceae
Seimos augaly populiacijose. Tokios priemongés, kartu su buveiniy tvarkymu,
galéty padidinti reprodukcing sékme ir padéti atkurti rety rii§iy populiacijas.

Cardamine bulbifera populiacijos sudétis ir pozymiy variacija

Cardamine bulbifera populiacijy sudétis

Tyrimas, kuria apémé SeSias Cardamine bulbifera populiacijas,
augancias placialapiy misky, eglyny ir skroblyny buveinése piety Lietuvoje,
atskleidé aiSky jauny individy vyravimg populiacijose ir buveiniy poveikj
populiacijy demografinei sudéciai ir augaly pozymiy skirtumams (3
straipsnis). IS 2852 istirty C. bulbifera individy, 89,2% buvo juveniliniai ir
imaturiniai (atitinkamai 41,4% ir 47,8%), o subrendusiy individy buvo tik
10,8%, i§ kuriy 6,8% nezydintys, o 4,0% zydintys individai. Tokia
demografiné sudétis rodo, kad C. bulbifera priklausoma nuo vegetatyvinio
dauginimosi pazastiniais svogiin¢liais, o lytinis dauginimasis maZzai prisideda
arba visai neprisideda prie populiacijos atsinaujinimo. Subrendusiy individy
dalis buvo zymiai didesné skroblyno buveinéje (24,0 %) nei placialapiy misky
(4,5 %) ir eglyno (6,9 %) buveinése, o jauni (juveniliniai ir imaturiniai)
individai vyravo placialapiy misky (95,5 %) ir eglyno (93,1 %) buveinése.
Populiacijos tankumas buvo didziausias lapuociy miskuose (31,9 + 14,0
individai/m?), ir buvo reikSmingai didesnis negu eglyno (18,4 =+ 14,7
individai/m?) ir skroblyno (20,9 + 10,0 individai/m?) buveinése. Placialapiy
miSkuose taip pat buvo didziausias juveniliniy ir imaturiniy individy
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tankumas, o tai rodo aktyvesnj atsinaujinimg. Skroblyno buveinése buvo
didZiausias subrendusiy individy tankumas.

Cardamine bulbifera individy savybiy variacija

Juveniliniai ir imaturiniai C. bulbifera individai visose tirtose
populiacijose maza pozymiy variacija. Tai rodo, kad individy vystymosi
pradzioje salygos jauniems individams buvo panaSios ir jie yra atsparis
silpnam apSvietimui ar konkurencijai (3 straipsnis). Juveniliniy individy
vidutinis aukstis buvo 5,7 + 1,4 cm, taciau tarp trijy buveiniy tipy reikSmingy
skirtumy nenustatyta. Imaturiniy individy aukstis labiau varijavo. Auksciausi
augalai buvo PasSuliy populiacijoje, o eglyno buveinése augantys augalai buvo
reik§mingai aukstesni nei plaGialapiy misky ir skroblyno buveinése. Sie
skirtumai tikriausiai atspindi skirtingg nesubrendusiy individy absoliutyjj
amziy tirtose populiacijose ir skirtingy tipy buveinése.

Subrendusiy C. bulbifera individy pozymiai labai skyrési tarp populiacijy
ir buveiniy tipy. Nezydintys subrende individai auk$Ciausi buvo eglyno
buveinése, o Zemiausi — placialapiy misSky buveinése. Subrende individai
daugiausia svogiinéliy iSaugino eglyno buveinése, o maziausiai — skroblyno
buveinése. Zydintys subrendg individai skroblyno buveinése buvo aukstesni
nei placialapiy miSky buveinése ir iSaugino ilgiausius ziedynus, o eglyno
buveinése augusiy individy ziedynuose buvo daugiausiai ziedy.

Aplinkos salygy poveikis Cardamine bulbifera

Rasiy jvairové didziausia buvo placialapiy misSky buveinése ir maziausia
skrobyno buveinése (3 straipsnis). Buvo pastebéta silpna neigiama koreliacija
tarp risiy skaiCiaus ir subrendusiy individy skaiiaus, o tarp juveniliniy
individy skaiCiaus ir rG$iy jvairovés nustatyta silpna teigiama koreliacija.
Populiacijos tankumui didziausig neigiamg poveikj turéjo plikas dirvozemis
buveingje, o Zoliy danga, augaly liekany gausa ir risiy jvairové buvo teigiamai
susijusios su juveniliniy individy gausa. Sie rezultatai rodo, kad netrikdomi
seni, biologiSkai brandiis pla¢ialapiy miskai su nevienalytés struktiros laja yra
svarbiis nuolatiniam C. bulbifera populiacijos atsinaujinimui ir ilgalaikiam jos
stabilumui, todél tokios buveinés turéty buti laikomos prioritetinémis Sios
nykstancios riiSies apsaugai.
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ISVADOS

llgaamziy kloniniy augaly, tokiy kaip Cephalanthera longifolia, C. rubra
ir Cardamine bulbifera, populiacijy biiklés negalima nustatyti vien pagal
apibrézty brandos grupiy individy santykj. Tirtyjy rtsiy generatyviy arba
brandziy individy dalis pirmiausia atspindi esamas buveinés salygas,
ypa¢ buveinés apSviestumg, trikdzius ir bendrijos sandarag, o ne
populiacijos raidos tendencijas.

Nuolat didelé juveniliniy ir imaturiniy individy dalis Cardamine
bulbifera populiacijose nereiSkia aktyvios populiacijy plétros, bet
daugiausia atspindi vegetatyvinj dauginimasi ir buveiniy salygy, ypac
buveingés tipo ir lajos struktiiros, poveikj individy vystymuisi.
Cephalanthera longifolia individy tankumas buvo zymiai didesnis
ankstyvosios sukcesinés stadijos buveinése. Cephalanthera longifolia
turéty bati laikoma ekotoninéms buveinéms ir miSky pakra$éiams
budinga raiSimi.

Biologing brandg pasiekusiy placialapiy medziy buveinése Cardamine
bulbifera populiacijy tankumas didZiausias, todél siekiant iSsaugoti Sig
rusj, tokioms buveinéms turi biiti teikiamas prioritetas.

Gausesnis Cephalanthera longifolia ir C. rubra individy zydéjimas
(aukstesni, su ilgesniais ziedynais ir daugiau ziedy augalai) silpnai ar
vidutiniS$kai teigiamai koreliuoja su uzmegzty vaisiy skai¢iumi, o lapy
skaiius neturi jtakos vaisiy mezgimui. ISvaizda padeda pritraukti
apdulkintojus, bet néra pagrindinis vaisiy mezgimg lemiantis veiksnys.
Cardamine bulbifera buveiné daro reikSmingg jtakg dauginimuisi:
daugiausia svogiinéliy augalai uzaugina eglynuose, o maziausiai —
skroblynuose.

Natiiraliomis sglygomis Cephalanthera longifolia ir C. rubra apatiniai
ziedai mezga daugiau vaisiy negu virSutiniai ziedyno ziedai. Tokj reiskinj
lemia apdulkinimo efektyvumas, o ne energijos iStekliy ribotumas.
Patvirtinta, kad Cephalanthera longifolia ir C. rubra yra savaime
suderinamos rusys ir galima savidulka. Dirbtinai sukelta savidulka ir
kryzmadulka padidino C. longifolia vaisiy mezgimo rodiklj nuo 5% iki
70 %, o C. rubra —nuo 18% iki 96 %.
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