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Bryophytes are a group of small, non-vascular plants that include mosses, liverworts,
and hornworts. They are found in almost every terrestrial environment and play important
roles in regulating the global carbon cycle and maintaining ecosystem stability. In particular,
bryophytes play a crucial role in carbon sequestration, which is the process of removing
carbon dioxide from the atmosphere and storing it in plant tissues. However, as global
warming continues, bryophyte growth and productivity may decline due to changes in
temperature, precipitation, and moisture availability, potentially leading to a reduction in
the capacity of these plants to sequester carbon [1].

Global warming and climate change also have significant impacts on them [2]. As
bryophytes are highly sensitive to changes in temperature and moisture levels [3], one of
the most significant effects of global warming on bryophytes is the alteration of their distri-
bution patterns [4]. As temperatures rise and precipitation patterns change, bryophytes
can be forced to move to higher elevations or latitudes in search of suitable habitats [5].

Another impact of global warming on bryophytes can also be seen in the alteration of
their physiology, because even though bryophytes are known to have high levels of desicca-
tion tolerance [6], as temperatures rise, bryophytes are likely to experience increased rates
of evapotranspiration, leading to decreased water availability and increased susceptibility
to desiccation stress [7].

All this means that bryophytes are highly vulnerable to the impacts of global warming
and climate change, which are likely to alter their distribution patterns, physiology, and
ecological roles. Therefore, it is essential to monitor and conserve bryophyte populations to
ensure their continued survival and their contribution to global ecosystem stability. For
those purposes, SDM can be used to investigate the environmental factors that influence
the distribution of bryophyte species and to predict how these species may respond to
future changes in climate or land use.

However, there are also some challenges in modeling bryophytes. For example, one
challenge of modeling bryophyte distribution is their small size and patchy distribution,
which can make it difficult to accurately map their distribution at a large scale. Addi-
tionally, bryophyte species often have complex ecological requirements, such as specific
microhabitats or associations with certain tree species, which may be difficult to capture in
an SDM. Despite these (and other challenges), species distribution models (SDMs) have
been successfully used to study the distribution of bryophytes in a variety of ecosystems.

We have many applications in ecology and conservation for SDMs, including identify-
ing areas of high conservation value [8], understanding the potential impacts of environ-
mental change on biodiversity [9], or predicting the spread of invasive species [10]. Among
others, SDMs can also be used to inform management decisions [11], such as selecting sites
for protected areas [12] or planning for species reintroductions [13].

The development of SDM has been driven by advancements in both statistical model-
ing techniques and the availability of environmental data. With the growth of open-access
data repositories and the development of new software tools, SDM has become increasingly
accessible and is now widely used in ecological research and management. In this context,
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the aim of SDM is to provide a framework for understanding the complex relationships
between species and their environment.

SDMs typically use statistical or machine learning algorithms to model the relationship
between species occurrences and environmental variables. Input data includes species
occurrence records and environmental variables such as climate, topography, land use, soil
characteristics, and others [14].

The basic outputs of SDMs are usually maps, which are valuable tools for understand-
ing and predicting the distribution of species. The field of SDM has a rich history and, over
the past several decades, has evolved dramatically, with the development of new statistical
methods and the availability of large datasets of species occurrences and environmental
variables [15].

Species distribution models are widely utilized in conservation biogeography, particu-
larly in spatially explicit biogeographic models. These models are highly valued due to
their ability to forecast potential range shifts for species and communities in response to
climate change. As a result, SDMs can serve as a valuable tool for informing and guiding
conservation management planning, including the development of collaborative trans-
boundary conservation frameworks. It is no surprise that SDMs are the most popular
method in this field [16].

SDM has become increasingly important in recent years, particularly in the context of
climate change. As the earth’s climate changes, species are likely to experience shifts in
their geographic range and habitat suitability, and SDM can be used to model and predict
these changes, which is essential for understanding the potential impacts of climate change
on biodiversity and informing conservation and management decisions.

Climate change is expected to have profound effects on the distribution and abundance
of species. Changes in temperature and precipitation patterns, as well as extreme weather
events, are likely to result in shifts in the geographic range and habitat suitability of
many species [17]. For example, some species may experience range contractions or even
extinction, while others may expand their range into new areas. These changes can have
cascading effects on ecosystem dynamics and ecosystem services, such as pollination and
pest control [18]. SDM can be used to predict how species distributions are likely to shift
under different climate scenarios [19]. This can help to identify areas of high conservation
value, areas where species are likely to be at risk, and areas where invasive species may
become more of a threat. SDM can also be used to inform conservation planning and
management, such as identifying corridors or refugia for species that may be particularly
vulnerable to climate change (see also [20]).

SDM has made significant advancements over the past few decades, and it continues
to be an active area of research in ecology. With the ongoing development of new modeling
techniques and the availability of increasingly sophisticated data, there are many potential
future directions of SDM.
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