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1. Introduction

Plant communities form the structural and functional basis for nearly all terrestrial ecosystems [1].
Plant community ecology, then, relies on the study of the organization and functioning of plant
communities: it includes the study of the interactions between species, the evolutionary pathways of
adaptation to the environment where plants live, and the dynamics and structure of the community.
This discipline is based on common definitions and analytical methodologies that date back decades.

This Special Issue (hereafter SI) presents a series of articles debating the modern concept of plant
communities, both from a theoretical and an applied point of view, basing the selected papers on the
concept that if practice is not backed up by theory, erroneous results can be produced. The issue brings
together a collection of eight valuable articles that can be used as references for innovative ideas and
as a starting point for the future development of the discipline. By a complete overview of the SI, it
clearly emerges that there is, at the present time, a growing awareness among plant ecologists of the
need to place their science on a more exact basis. The impetus given by the pioneers of ecology, which
led to rapid advances in the past, is dying down, and the emphasis is changing from extensive work on
vegetation to intensive work on selected aspects. On the one hand the need for improved techniques
are made all the more urgent by the rapid depletion of natural vegetation, the only source of data on
many of the more fundamental aspects of plant community ecology, and on the other hand by the
realization that advances in many research branches depend upon answers to ecological questions.
The analysis of the published articles in this SI also highlights that plant ecologists are fully aware of
the value of the quantitative approach and of the valuable tools available in the techniques of statistical
analysis and remote sensing approach. Nonetheless, faced with the rapidly expanding literature on
new cutting-edge quantitative methods in ecology, there is a need for an assessment of the practical
potentialities of these proposed techniques. This SI attempts to make such an assessment, although
only partially, and it is hoped that any plant ecologist facing a particular problem will find guidance
here on the most profitable means of obtaining and handling data, as well as a broad survey of the
approaches available in plant community ecology.

The SI collected articles focus on the whole communities, rather than a single species. Even if
heterogeneous in terms of approaches and issues, the papers share cross-cutting issues dealing with
the importance of the community approach and the variation that we can observe by changing the
scale of observation. The Sl is articulated around three main topics, following the intrinsic nature of
the articles presented: one related to more theoretical approaches applied to plant community analyses
(methods), and the others dedicated to the practical side of applied plant community studies, i.e.,
conservation, and present (and future) global threats and challenges.
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2. Methods (Theory)

Robust survey methods are essential elements for every successful conservation action [2].
To challenge our comprehension of plant communities, we need to test strategies and hypotheses
(e.g., environmental filtering hypothesis vs. niche divergence, [3]). The adoption of standardized
methods and protocols to analyse data allowed us to untangle and describe the general successional
trajectories of chronosequence studies in the Alps’ glacier forelands [4]. Nevertheless, we must recognize
that since new methods are continuously proposed in modern plant community ecology studies, we
can benefit from the integration of new instruments with long consolidated, traditional approaches.
The results of Pesaresi et al. [5] confirm that by using phenological behaviors described by NDVI time
series, it is possible to separate and distinguish plant communities in an objective/instrumental way,
thus overcoming the subjectivity intrinsic to the phytosociological method. In the same way, databases
that allow classical floristic data to converge in big data sets are useful to understand and describe the
big picture of the ecoregions [6].

3. Conservation (Practice)

Even though plants are critical to sustaining all life on Earth, they are increasingly subjected to
different threats [7]. The pressure that humans exert on plants is at an unprecedented level and may
push the planet beyond safe limits [8]. The Plant Conservation Report 2020 illustrates the progress
towards the Global Strategy for Plant Conservation 2011-2020; however, despite the notable progress,
significant tasks in plant conservation remain to be addressed [9]. Conservation requires a thorough
knowledge of the spatial distribution of biodiversity, and this is still a work in progress for taxa
such as cryptogams and lichens. Congruence across taxa has been proved as an effective tool to
provide insights into the processes structuring the spatial distribution of taxonomic groups and it is
useful for conservation purposes; yet, only a few studies on cross-taxon congruence have focused
on the relationships among vascular plants and other groups [10,11]. In this SI, Marignani et al. [12]
estimate the congruence pattern between vascular plants and bryophytes” diversity in a coastal sand
dune system, together with the assessment of the effects of the occurrence of invasive alien species
on the two taxa. Despite a certain congruence between species composition of vascular plant and
bryophyte communities, the presence of invasive alien species negatively affected only bryophytes.
This aspect shows how much there is still to be discovered on the topic of taxon congruence for habitat
conservation. Linked with this topic, Martellos et al. [6] describe, through a GIS-based analysis, the
main patterns of richness, functional traits and ecological requirements in 9 ecoregions in Italy of
another neglected taxon: lichens. An outline of the main distribution patterns of lichens in Italy’s
ecoregions can provide a baseline for further advancements in the understanding of species richness
and community composition of Italian lichens at a regional scale.

In plant conservation topics, the preservation of agrobiodiversity is becoming increasingly popular.
Since the 1990s, due to the promotion of the concept of sustainable agriculture, the importance of wild
plants growing on fields has been underlined; they have started to be perceived not only as competitors
to arable crops but also as an element that increases the biodiversity in agroecosystems [13]. The pattern
of co-occurrence of rare and threatened arable species is a topic not yet investigated. Fanfarillo et al. [14],
in an analysis of winter arable vegetation of Italy, found that species of conservation interest tend to
occur in the same community and that their presence can potentially be used as bioindicators of sites
with high conservation value.

Monitoring plant assemblages is essential to assess ecosystem health and change. Sampling
size is central for data precision and is often an overlooked element in sampling design [15].
Maccherini et al. [2] propose the application of a methodological approach based on the calculation of
a measure of variability called pseudo-multivariate dissimilarity-based standard error (MultSE) [16]
applied to describe the different habitats of the coastal sand dune systems in three Special Areas of
Conservation (SACs) in Tuscany, Italy. The study showed that the minimum number of replicates
needed to assess differences among habitats varied between 10 and 25. This approach can be used
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to develop cost-effective monitoring programs, useful to plant ecologists and biodiversity managers,
to sample the main characteristics of plant assemblages in order to assess the conservation status of
European habitat types in the Natura 2000 network.

4. Global Threats and Challenges

Recognizing a strong and necessary link between theory and practice is increasingly crucial if we
consider that our disciplines are called upon to address issues of global interest [17].

Challenging our comprehension of the mechanisms that underlie the invasibility of Invasive Alien
Species (IAS) can help us to cope with this key threat to biodiversity [18]. In particular, Tordoni et al. [3]
suggested that functional niche divergence may foster community invasibility; resident native
communities more susceptible to invasion are those which, on average, showed a combination of
functional traits (higher resource acquisition capacity and lower drought resistance) coupled with
an apparently reduced water-use efficiency. In a similar way, land-use change can trigger processes
that transform the landscape [17]: land abandonment in sub-Mediterranean grasslands causes the
spread of native tall-grasses, affecting biodiversity and ecosystem functioning [19]. At a fine scale,
mowing is used to allow the recovery of the coenological composition after invasion, acting as an
abiotic filter (enhancement of tolerance-avoidance strategies); the reduction of weaker competitors
increases the functional variation between coexisting species. Understanding the mechanism that
enhances the extent of functional strategies related to resource acquisition and storage, reproduction,
space occupation, and temporal niche exploitation [19-21] can help us to answer global challenges.

Climate changes alter the composition of communities and the functioning of ecosystems across
the globe [22]. Investigating the links between biodiversity and ecosystem functioning across spatial
scales and rapid global change is a priority to identify management responses that will retain
diverse, functioning systems. Fickert [4] employs a chronosequence approach, which assumes a
temporal sequence in vegetation development by spatially different sites, ranging from the Eastern
to Western Alps, regarding the time since deglaciation. The chronosequences cover a time span
ranging between the maximum glacier extent in around 1850 and the current glacier terminus. The
comparative examination proved the existence of several common patterns in primary succession, but
also diverging successional trajectories from West to East. While the pioneer stage in all glacier forelands
is similar both floristically and structurally, in the westernmost study site, the late-successional stage is
shrub-dominated throughout, while herb—grass—dwarfshrub dominated throughout the easternmost
study site. As development towards shrub-dominated vegetation is faster in the West, it can be
expected that the shrub phase will replace the herb—grass—dwarfshrub phase currently still present in
the glacier forelands to the East in the decades to come, a process probably accelerated by ongoing
climate warming. The footprint of climate change can be perceived in plant successions, influencing
plant assemblages in time.

5. Final Remark

In conclusion, our experience in collecting and analyzing the contributions of the many Authors
who joined the discussion proposed in this SI, was an exciting activity with positive and interesting
outcomes. The main message we conveyed is that to be consistent, plant communities” studies need to
be based on solid theoretical foundations, using reproducible methods and standard approaches.

We are aware that this SI does not cover all the important topics that, nowadays, are discussed
in the field of plant community ecology; nonetheless, we are also certain that the next generation of
plant ecologists will provide us with the greatest advances in the study of plant communities and
their ecology. These plant ecologists will experiment on nature using new accurate field techniques,
remote sensing data and computer technologies, guided by more defined theoretical frameworks. The
more frequent use of investigation tools such as multiscale sampling, better-replicated studies and
the collection of detailed ancillary data integrated with improved GIS -based models, will increase
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our ability to interpret multiple patterns of plant diversity and understand the baseline mechanism of
plant community ecology, from local to global scales. Most of our work lies ahead.
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