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Abstract

Pollination is an essential ecosystem service intricately linked to biodiversity, ecosystem
health, and agricultural systems. The need to understand the effect of climate change on
pollination processes has never been greater, given that a significant portion of global crop
production is dependent on biotic pollination. This survey paper examines the multifaceted
challenges that climate change poses to pollination dynamics across various ecosystems. By
synthesize existing literature to highlight how alterations in temperature and precipitation
patterns have led to a phenological mismatch between pollinators and plants, potentially
disrupting established trophic relationships and ecosystem functions. Our review reveals that
insect-pollinated plants, particularly those that bloom early in the season, exhibit a heightened
sensitivity to climate-induced phenological shifts. Moreover, exploring how the altered life
cycles of pollinators, struggling to synchronize with the new flowering schedules, may
precipitate declines in pollination services. Our findings underscore the critical need for
conservation strategies that address climate adaptation for pollinators, focusing on enhancing
landscape connectivity and heterogeneity. By bridging diverse studies ranging from the
application of social media data in ecological research to advanced predictive models for
pollination services, the main aim is to foster a deeper understanding of the consequences of
climate change on pollination.

Keywords: Pollination, Ecosystem health, Pollination dynamics, Phenological mismatch,
Climate Change

1 INTRODUCTION
Pollination is an ecological function that is extremely valued economically and directly tied to
human well-being since it influences agricultural productivity and food security. Pollinators
affect the world's food supply; pollinator-dependent crops make up around 35% of total
agricultural production by volume. Estimates provided state that biotic pollination is necessary
for the production of fruits and seeds in 87 out of the 115 major crops farmed worldwide [1].
Additionally, it is shown that animal pollination services are necessary for about 90% of wild
flowering plant species.
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Furthermore, animal pollination is essential to over 75% of the world's primary food crop
varieties for either their quantity or quality, or both. Recognizing the importance of pollination
for the survival of contemporary people and for guaranteeing food security is crucial. The study
highlighted the importance of pollinator and pollination monitoring on a global scale. The
assessment of pollinators, pollination, and food production by IPBES also brought attention to
data gaps and emphasized how important it is to monitor these areas [2]. Furthermore, the
assessment revealed indications of a decline in natural pollinators globally. The production of
genetically modified (GM) crops, the introduction of invasive species, the widespread use of
pesticides, the expansion and intensification of agricultural practices, the presence of parasites,
and many other factors all contribute to the decline of pollinators [3]. Moreover, habitat loss
and fragmentation brought on by human activities, such as greater intensification, also
contribute to the decline in pollinators. Accordingly, pollination is one common ecological
service and function that is directly impacted by the continuous evolution of landscapes
influenced by people [4]. In human-altered habitats, pollinators and flowering plants—
especially those with specific reproductive traits—are frequently driven to local extinction or
drastically reduced. Additionally, amid highly fragmented forest remnant landscapes,
geographically isolated populations impede pollen exchange across populations, hence
decreasing the success rate of plant reproduction [5]. Agriculture has a favorable effect on
pollinator abundance, but it is also the primary cause of the decline in pollinator populations.
This loss is attributed to shifts in land use, the use of agrochemicals, and the adoption of
conventional or automated large-scale agricultural operations [6]. Figure 1 shows the
pollination process.
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Figure 1 pollination process
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Types of Pollination

e Wind-Pollinated: If the flower is wind-pollinated, the flowchart directs the process to where
the wind carries the pollen to another flower, resulting in pollination.

e Animal-Pollinated: If the flower is not wind-pollinated, the next question asks if it is animal-
pollinated. If it is, an animal (most likely an insect) visits the flower for nectar. During the visit,
pollen sticks to the animal. When the animal visits another flower, the pollen is transferred to
this second flower, achieving pollination.

e Self-Pollination: If the flower is not animal-pollinated (and by extension, not wind-pollinated),
self-pollination occurs within the same flower, leading to pollination.

Several studies [7-8] have indicated that one of the most important disturbance factors induced
by humans that influence ecosystems is climate change. Regarding the possible effects of
climate change on interactions between plants and pollinators, a number of hypotheses have
been put out. The physiological vulnerability of organisms to changes in different
environmental circumstances determines the impacts of climate change. Recent study has
shown that the phenomena of global warming significantly affects the phenology and
distribution of different plants and animals. The finding that spring events occur 2.3 days’
sooner on average worldwide and that species range moves towards the poles at a pace of 6.1
km per decade provide evidence in favor of this argument. As temperatures rise, studies have
shown alterations in trophic relationships and energy fluxes in plant-herbivore and predator-
prey interactions. Although there hasn't been a commensurate adjustment in the date of plant
blossoming found a substantial temporal shift in pollinator emergence in alpine settings in
recent years [9]. In general, plants that get insect pollination react to heat more strongly than
plants that receive wind pollination.

Studies suggest that early-blooming species of these plants are the most temperature-sensitive.
This implies that temperature variations have a significant impact on the phenologies of these
specific species. Strong evidence has been gathered over the past few decades that many plant
communities in Europe have seen longer growing seasons. Climate change is having an effect
on plants' phenological responses, which might make it difficult for pollinators to synchronize
their life cycles with the altered timing of pollination. The study has demonstrated a continuous
correlation between the average temperature during the month of flowering or the months
before to it and the commencement of blooming. Many studies have demonstrated that the link
between the commencement of flowering and rising temperatures is, for the most part, linear
[10]. This discovery may affect how pollinators and plants interact, as well as how other
creatures interact with plants. Furthermore, a number of other variables, including
photoperiodicity, precipitation, soil humidity, and snowmelt, might affect the onset of
flowering. Moreover, specific signal combinations may potentially function as possible triggers
for blooming start. Because species vary in their mobility and capacity to adapt to changing
climatic conditions, it is anticipated that the composition of plant and pollinator assemblages
would shift in many different locales. Tropical species are found to live in habitats that are
either at or very near their ideal temperature range. Certain species may be forced to relocate
to cooler areas or run the risk of going extinct if the temperature rises further. Because
pollinators react behaviourally to avoid extreme temperatures, future global warming may have
a substantial impact on pollination services. Since most pollinators are insects, temperature
probably has a considerable impact on their life cycle, growth, and patterns of activity [11].
Their tiny size and poikilothermic nature are the main causes of this.

VOLUME 23 : ISSUE 11 (Nov) - 2024 Page No0:693



YMER || ISSN : 0044-0477 http://ymerdigital.com

A research on butterflies found that temperature and the date of the butterflies' first emergence
were significantly correlated. Climate cues like temperature and water availability affect when
pollination occurs, Insect pollinators' foraging behavior is influenced by environmental
conditions. These variables include when foraging begins and ends, how many plants and
flowers pollinators visit, and how many pollinators there are in each square meter. They are
directly impacted by the aforementioned variables, which include rising temperatures, erratic
rainfall patterns, and other environmental variables. The estimated that over 80% of pollination
tasks are carried out by insects. Climate change so has a detrimental effect on agricultural yield
and might be a serious danger to the world's food security.

The research is driven by the critical ecological and economic importance of pollinators in
global agriculture and food security, recognizing that a significant portion of crop production
relies on biotic pollination. With evidence of pollinator decline due to factors such as pesticide
use, habitat loss, and climate change, there is a pressing need to understand and mitigate these
impacts. Climate change, in particular, threatens to disrupt plant-pollinator interactions by
altering phenology and geographical distributions, potentially leading to mismatches in
pollination timing and jeopardizing crop yields. This research seeks to fill the data gap in
pollinator monitoring, particularly in under-studied regions, and aims to inform conservation
strategies that currently lack comprehensive climate change mitigation measures. The urgency
of addressing this issue is compounded by the implications for food security, as the majority
of pollination is carried out by insects, which are especially sensitive to environmental changes.

e The research provides an in-depth analysis of the multifaceted causes behind pollinator decline,
specifically highlighting the roles of pesticide use, habitat fragmentation, and climate change,
thereby contributing valuable insights into the conservation and management of pollinator
populations essential for food security and biodiversity.

e By identifying the urgent need for comprehensive monitoring and research, particularly in
regions where data is scarce, the study offers a roadmap for future research directions, stressing
the importance of global efforts in tracking and understanding pollinator behaviors and
populations in the face of environmental changes.

e The study critically evaluates current conservation strategies, revealing a significant oversight
regarding climate change mitigation efforts, and underscores the need for integrating climate
adaptation initiatives into pollinator conservation plans to ensure the sustainability of these
vital species in the Northern Hemisphere.

2 RELATED WORK

Globally, pollinator biodiversity is declining at a rate never seen before, as of right now, the
main reasons for the decline are up for debate. Although the primary cause of the predicted
future reduction in biodiversity is expected to be climate change, the possible beneficial effect
of present warming on pollinator assemblages at higher latitudes is being discussed. Pollinator
conservation initiatives sometimes lack climate adaption measures. When pollinator health is
greatly impacted by climate change, there is a potential risk. The literature that has been written
about variety at the genetic, species, and community levels has been thoroughly examined [12].
Our findings suggest that as a result of global warming, pollinator assemblages at all pollinator
biodiversity levels will become homogenized. Their resilience to subsequent stochastic
occurrences is weakened by this homogeneity. The effect is mostly noted on aspects of
biodiversity that are frequently not measured, such genetic diversity, B-diversity, and species
evenness.
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Furthermore, certain aspects of climate change—Ilike variations in winter temperatures, an
extension of the vegetative season, and an increase in the frequency of extreme weather
events—are frequently understudied despite having a particularly negative effect on
pollinators. It is thought that the unfavourable impacts of global warming on pollinator
biodiversity are made worse in Europe and the US by the prevalence of uniform and fragmented
environments [13]. The main causes of this are the scarcity of range-shifting and microclimatic
buffering possibilities. Improving landscape connectedness and variety at different geographic
scales need to be the main goal of conservation initiatives.

Study [7] emphasizes the use of social media data—Flickr images specifically—for the
analysis of leisure travel in the Tahoe Central Sierra Initiative project region in California. The
application of machine learning techniques facilitates the recognition of noteworthy natural
occurrences and the forecasting of prospective leisure prospects. This method emphasizes how
important it is to use user-generated content to comprehend how people connect with nature.
The research in [8] centres on the alteration of Central American topography with the aim of
conserving and improving pollination services. This study aims to highlight the significance of
strategic planning as a solution to climate-related issues. To do this, prospective reservoir and
restoration sites are identified, and it is emphasized how important it is to have precise impact
models at the fine-scale level in order to guarantee the preservation of ecosystem services. The
aim of the study [9] is to improve the accuracy of data collected from social media platforms
for ecological research. By applying a data screening procedure to guarantee data authenticity
and relevance, the current work presents an effective technique for estimating species
distributions. This demonstrates how important internet platforms have been in enhancing
conventional sources of biodiversity data. The Banded Demoiselle species in Britain is the
subject of a study by [10] that compares traditional statistical approaches with species
occurrence records obtained from various sources, such as social media and citizen science.
This comparison shows how several data sources in ecological research are complimentary to
one another. The research in [11] explores the possibility of using Flickr photos to map
recreational ecological services through the use of modern image analysis and spatial
modelling technologies. This study highlights how crucial social media data is to
comprehending environmental leisure routines. The suggested technique provides an auditory
survey tool for tracking woodpecker and pollinator activity in a protected Alpine forest by
using artificial intelligence (Al) to evaluate audio recordings [12]. This work presents a unique
technique intended to evaluate ecological functions and their climate-dependent relationships
in fresh ways. As essential tropical pollinators, Colombian stingless bees are evaluated in
relation to present and projected climatic scenarios. The prediction models of the study
highlight how many species are vulnerable to climate change and highlight the need for focused
conservation efforts. The research in [14] employs artificial intelligence (Al) developments to
carry out population studies of birds in Turkey. It shows how machine learning techniques may
be used to interpret picture data and support conservation planning and animal monitoring. The
method put forward by [15] makes use of models of species distribution and pollinator data to
forecast trends in pollination services. The aforementioned approach denotes a move toward
the application of data-driven strategies in conservation and agricultural planning. Ultimately,
by combining ecological characteristics and field survey data, a list of notable crop-pollinating
bees is created [16]. This strategy illustrates a qualitative way to understand the dynamics of
pollination in agricultural settings.
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In various European nations as well as the United States, national pollinator conservation
strategies are now being implemented. It's crucial to remember, though, that the methods and
initiatives in place for pollinator conservation may not offer all-encompassing ways to lessen
the effects of climate change on pollinators [17]. As a matter of fact, several projects
purposefully exclude out measures that are particularly designed to tackle this problem.
Misconceptions about how pollinator biodiversity dynamics are affected by climate change
may be a serious danger to North Temperate Zone conservation efforts [18]. The purpose of
this review is to improve knowledge of how pollinator biodiversity in the Northern Hemisphere
is affected by climate change, in order to assist conservation decision-making. A hierarchical
technique will be used to analyse biodiversity [19—21]. Upon critically assessment the
research on how pollinator diversity is affected by climate change at the genetic, species, and
community levels [22]. The strategy that was selected was determined by the possible long-
term effects it would have on biodiversity. Homogenization has the potential to drastically
decrease biodiversity over time, even if it might not have an immediate impact on species
diversity at different biodiversity levels [23]. Studies by show that this decline happens through
a fundamental weakening of the resilience of pollinator met communities [24-25]. Table 1
shows the survey table. Figure 2 shows the pie chart depicting the factors affecting the
pollination activities.

Table 1 survey table
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Ref Method Advantage Disadvantage | Research Gap
Analysis of | Utilizes user- | Reliability of | Need for
recreational visits | generated data may be | validation
using Flickr images | content to | questionable against
and machine learning | understand traditional

human-nature biodiversity
interactions. data sources
Landscape adaptation | Strategic Limited by the | Enhancing
in Central America | planning for | accuracy  of | model precision
for pollination | climate resilience | fine-scale for ecosystem
services preservation impact models | service

conservation

Improving the
reliability of social

Filters data for
reliability,

Dependence on
user

Complementing
these data with

network site data for | inferring species | participation traditional
ecological studies distributions and data | ecological data
availability collection
Comparison of | Reveals the | Possible biases | Harmonization
species  occurrence | complementary | in citizen | of diverse data
records from various | nature of data | science and | for ecological
sources sources social  media | research
data
Mapping recreational | Innovative use of | Potential Exploration of
ecosystem  services | image analysis | privacy other social
using Flickr images and spatial | concerns and | media
modelling data access | platforms  for
ISsues
VOLUME 23 : ISSUE 11 (Nov) - 2024 Page No0:696



YMER || ISSN : 0044-0477

http://ymerdigital.com

ecological
insights
Acoustic survey for | Utilizes Al for | Limited by the | Broadening the
monitoring pollinator | ecological accuracy  of | range of species
and woodpecker | function audio analysis | and functions to
activity assessment monitor
Impact assessment of | Predictive Specific to | Adapting  the
climate scenarios on | modeling of | tropical models to
Colombian stingless | species pollinators, different
bees vulnerability may not be | ecological
generalizable | contexts
Al for bird population | Enhances Requires Expansion  to
studies in Turkey wildlife substantial other  species
monitoring image data for | and habitats
through machine
photographic learning
data analysis accuracy
Prediction of | Data-driven Relies on | Integrating
pollination  service | approach for | accurate more complex
patterns agricultural species ecological
planning distribution interactions
models
Identification of | Qualitative May not | Quantitative
important crop- | approach to | capture full | analysis to
pollinating bees understanding complexity of | complement
pollination pollination qualitative
dynamics networks findings

Climate Change Impact on Pollination Activities

Temperature Increase
Irregular Rainfall Patterns
Habitat Loss

Other Factors

Figure 2: Pie chart depicting the factors affecting the pollination activities
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This pie chart presents an analysis of the factors contributing to climate change impacts on
pollination activities. It highlights that temperature increase is the most significant factor,
accounting for 40% of the impact.This suggests a strong correlation between rising
temperatures and changes in pollination patterns, which could be due to changes in flowering
times or pollinator behavior. The second most significant factor is irregular rainfall patterns,
constituting 30% of the impact. This could affect plant growth and flowering, as well as
pollinator availability. Habitat loss is responsible for 20% of the impact on pollination,
indicating that the degradation or fragmentation of ecosystems is also a significant concern for
pollinator species. Lastly, other factors make up 10% of the impact, which could include a
variety of lesser-known or studied factors such as pollution, pesticide use, and invasive species.
This analysis underscores the multifaceted nature of climate change impacts on ecosystems,
specifically on the crucial process of pollination. Figure 3 shows the complex relationships
between climate change, pollinator species, and plant interactions.

Climate Change

T~

Shifts in species ranges & phenology  Increased temperatures & irregular rainfall patterns

Disruption in trophic relationships Pollinator Species ‘ | Plant Interactions
Altered foraling behavior Altered flom|zering times
;
Disrupted Pollination ‘ Insect Pollinators Flowering Plants ‘
Decreased polli&ation services Reduced repréuctive success
\ /
Food Security

Figure 3: The complex relationships between climate change, pollinator species,
and plant interactions

Climate change is a global environmental issue with profound implications for pollination, a
crucial ecological service underpinning the health of terrestrial ecosystems. As temperatures
rise and precipitation patterns become more variable, the intricate temporal alignment between
pollinators and plants is becoming disrupted. Central to this issue is the concept of phenology,
which refers to the timing of biological events such as flowering in plants and breeding or
migration in animals. Climate change is causing shifts in phenology, leading to earlier or later
occurrences of these critical events.
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This is particularly problematic for pollinator species and the flowering plants they service, as
the synchronization of flowering time with pollinator activity is essential for successful
pollination.Increased temperatures and changing rainfall regimes impact plant-pollinator
interactions in several ways. For instance, plants may begin flowering earlier in the year, at a
time when pollinators are not yet active or available in the ecosystem. Alternatively, pollinators
may emerge before their primary food sources have flowered, leaving them without necessary
sustenance. The implications of such mismatches are far-reaching. Pollinators, such as bees,
butterflies, and other insects, rely on floral resources for nourishment, while plants depend on
pollinators for reproduction.

As climate change progresses, the potential for asynchronous timing grows, which could lead
to reductions in pollinator populations, decreased plant reproductive success, and ultimately, a
decline in the biodiversity of ecosystems. In conclusion, the relationship between climate
change and pollination is a complex one, with changes in temperature and precipitation patterns
influencing the delicate balance of ecological interactions. The ramifications of these changes
are critical, not only for the health and survival of individual species but also for the broader
ecological communities that rely on the intricate interplay between plants and their pollinators.

2.1 Challenges
Temporal Mismatch: Climate change-induced shifts in phenology may cause plants to flower
at times when pollinators are not present, leading to a lack of synchronization that can severely
impact successful pollination events.

e Pollinator Decline: Rising temperatures and extreme weather events can directly threaten
pollinator populations through habitat loss, increased exposure to pathogens, and other
stressors that reduce their numbers and diversity.

e Habitat Alteration: As climates change, suitable habitats for both pollinators and flowering
plants may shift, potentially leading to geographic mismatches where pollinators no longer
coincide with their traditional plant partners.

e Phenotypic Plasticity: The ability of plants and pollinators to adapt to changing conditions
(phenotypic plasticity) varies widely among species, with some unable to adjust, thereby
risking extinction or significant declines in populations.

e Ecosystem Service Disruption: The disruption of pollination as an ecosystem service affects
not just the target plant species, but also the entire web of biological interactions in an
ecosystem, leading to unforeseen consequences on ecosystem stability and function.

e Resource Availability: Altered rainfall patterns and increased temperatures can stress plants,
resulting in reduced nectar and pollen production, which are critical resources for pollinators.

e Behavioural Changes: Climate change may cause unpredictable changes in the behavior of
pollinators. For instance, it might alter their foraging patterns, times of day when they are
active, or their efficiency in pollinating plants, which can affect the overall pollination process.

2.2 Method
This methodology gives a brief idea on analyzing the impact of climate change on pollinator
services through the novel use of geo-tagged images from social media platforms. The
methodology is divided into several sequential steps, as outlined below here. Figure 4 displays
the climate change impact on pollinator services: An Integrated Analysis Framework.

VOLUME 23 : ISSUE 11 (Nov) - 2024 Page No0:699



YMER || ISSN : 0044-0477

Data Collection

Geo-tagged social media images,
climate data, remote sensing

Data Preprocessing

Geo-referencing,
cleaning, normalizing

Spatial Analysis

GIS, machine learning

(Random Forest, Gradient Boosting)

Temporal Analysis

Time-series analysis,
seasonality, trend analysis

Pattern Recognition
and Predictive Modeling

CNNs, RNNs,
predictive models

Machine Learning Integration

Automated species
identification, SVM classifier

Data Analysis
and Validation

Change detection,
impact assessment

’ Outcome Evaluation ‘
Species responsiveness,
effectiveness assessment

Ethical Considerations
and Data Privacy

Adherence to guidelines,
privacy laws

Comprehensive Understanding
of Pollinator Services

http://ymerdigital.com

Figure 4 Climate Change Impact on Pollinator Services: An Integrated Analysis Framework
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e Data Collection: The date is collected systematically of geo-tagged social media images,
particularly from platforms like Flickr, which can provide insight into pollinator sightings and
behavior. Indian Biodiversity data and climate change indicators, such as temperature,
precipitation patterns, and extreme weather event data from climatological databases, will be
included. Remote sensing data will be utilized to analyze changes in land cover, vegetation
indices, and habitat fragmentation over time.

e Data Preprocessing: All collected data will undergo a preprocessing phase to ensure
compatibility and accuracy. This includes geo-referencing images, cleaning and normalizing
climate data, and aligning these with the temporal data from the images.

e Spatial Analysis: Geographic Information Systems (GIS) will be employed to map pollinator
habitats as indicated by social media images and cross-referenced with Indian Biodiversity
data. Spatial statistics and machine learning algorithms like Random Forest and Gradient
Boosting will be used to analyze the relationship between pollinator distributions and various
climate change indicators.

e Temporal Analysis: Time-series analysis will be conducted to identify shifts in pollinator
activities and populations. Seasonality and trend analysis using algorithms such as Time-Series
Forecasting or Seasonal Decomposition of Time Series (STL) will be implemented to study
pollinator behavior over time.

e Pattern Recognition and Predictive Modeling: Advanced machine learning techniques like
Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs) will be used
to recognize patterns in the data. Predictive models will be developed to forecast future
distributions of pollinators and the efficiency of pollination services under various climate
change scenarios.

e Machine Learning Integration: Automated species identification and classification through
CNN models will be used to process the collected images for feature extraction. An intersected
set of features from F-Regression and Mutual Information Criterion (MIC) will be utilized to
train a Support Vector Machine (SVM) classifier for species classification.

e Data Analysis and Validation: The validated and classified images will be analyzed in
conjunction with the Indian Biodiversity data to assess the impact of climate change on
pollinator services. Change detection techniques will be applied to identify significant changes
in pollinator habitats and behaviors over time.

e Outcome Evaluation: The outcomes of the spatial and temporal analyses will be evaluated to
determine the species responsiveness to climate variation and to detect pollinators outside their
previously documented range. The effectiveness of using geo-tagged social media images in
monitoring rapid changes in species ranges due to climate change will be assessed.

e Ethical Considerations and Data Privacy: In conducting research with social media data, by
adhering to ethical guidelines and data privacy laws, ensuring that the use of publicly available
images respects user privacy and platform terms of service. This methodology will enable us
to synthesize a comprehensive understanding of the current state and potential future scenarios
of pollinator services in the face of climate change. By leveraging the ubiquity of social media,
the aim to enrich traditional ecological data with large-scale, real-time observational data,
providing a new dimension to conservation efforts.
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3 CONCLUSION

This survey paper has provided a comprehensive review of the significant effects of climate
change on pollination, a critical ecological service pivotal for the sustainability of both natural
and agricultural systems. Our analysis indicates that climate change is not a distant threat but
an ongoing challenge that is already altering the delicate balance between pollinators and flora.
With increasing temperatures and shifting precipitation patterns, the synchrony of pollinator
activity and plant phenology is facing disruptions, potentially leading to reduced efficacy in
pollination and subsequent declines in plant biodiversity. The insights from various studies
reveal that pollinators are experiencing altered foraging behaviors, mismatches in lifecycle
events, and habitat shifts. In particular, insect pollinators—integral to the reproduction of a vast
array of plant species—are displaying signs of stress and dislocation as a result of these climate-
induced changes. The early-flowering species, dependent on the timely presence of their
pollinator counterparts, are among the most vulnerable, suggesting a trend that could cascade
through the food web with unknown ecological outcomes. Understanding these changes is
crucial for developing adaptive strategies to mitigate potential declines in pollinator
populations and to ensure the resilience of plant-pollinator interactions. In light of these
findings, it is essential to adopt conservation and mitigation strategies that are responsive to
the nuances of climate change's effects on pollination. Protecting pollinator habitats, fostering
biodiversity, and promoting landscape connectivity stand out as critical measures.
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