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Editorial on the Research Topic

Temporal Patterns and Mechanisms of Biodiversity Across Scales in East Asia

With regard to islands—the “type specimen” of biodiversity studies, the island biogeography model
predicts species richness based on the spatial attributes, e.g., island area and distance to the
mainland, but the theory is recognized as an equilibrium framework of dispersal, competition,
and extinction processes (MacArthur and Wilson, 1967; Warren et al., 2015). In the past half-
century, the geographical (especially latitudinal and altitudinal) distribution of species diversity and
its explanations may be the most intensive area of biodiversity studies (Rohde, 1992; Rahbek, 1995;
Willig et al., 2003; Pontarp et al., 2019). Spatially-based explanations, such as climatic gradients
and habitat heterogeneity, and temporal hypotheses, for example environmental or speciation rate,
are both supported. But the accumulating evidence increasingly demonstrated the importance
of exploring temporal variations and process-based mechanisms at multiple scales for a final
understanding of biodiversity variations on earth (Ricklefs, 1987). As an instant in hundreds of
millions of years, the spatial pattern of biodiversity is just a snapshot of the evolutionary history of
the biosphere. This perspective is embedded in either the “cradle—museum—grave” framework of
biodiversity at the macro-scale (Chown and Gaston, 2000; Jablonski et al., 2006; Qian et al., 2020),
or the “niche—neutral—fitness” theory of community assembly and species coexistence at local
scales (Leibold and McPeek, 2006; Adler et al., 2007).

Concurrently, rapid technological progress have enhanced our power and potential for
exploring biogeographical evidence in deep time. On the one hand, the historical scenarios of
environmental changes have been increasingly reconstructed for paleoclimate dynamics, plate
tectonics and orogeny, wildfire regimes, and land-use and land-cover changes. On the other hand,
the accumulation of dated fossil evidence and the establishment of molecular evolution models
helped to disclose the evolutionary processes of speciation, migration, and extinction of various
lineages of organisms. It is not surprising that the differences and combinations of spatiotemporal
scales of various environmental changes, unique or similar evolutionary processes of different
organism groups, convergence, or differentiation of various biotic functional traits, as well as
interspecific and intraspecific interactions, have greatly enriched the character of biodiversity
research in the past 50 years (Hembry and Weber, 2020).

Ultimately, the spatial pattern of biodiversity results from the overlay of distributions of taxa,
and hence a hierarchical framework integrating processes across temporal, spatial, and trophic
scales is critical for understanding biodiversity patterns. On the temporal aspect, a phylogenetic tree
not only sets up a historical framework for the biogeography of a focal lineage, but also provides
an approach to estimate the evolutionary relationship across taxa within a community, and help
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to reveal the effects of environmental filtering on the regional
species pool (Wiens, 1998; Losos, 2008). On the spatial aspect,
species niche modeling predicts species distribution ranges based
on their local responses of presence/absence and population
abundance to habitat conditions (Howard et al., 2014). Recently,
prominent progress in the impact of cross-trophic biotic
relationships on biodiversity have stimulated unprecedented
attention (Chen L. et al., 2019; Wang et al., 2019). The
interactions between microorganisms and higher plants and
animals not only affect the species richness and composition
at the community or site scale but also regulate the macro-
scale pattern of biodiversity (Ellis et al., 2015; Milici et al.,
2020). The spread of the COVID-19 pandemic through human
migration and its impact on human global behavior may be the
latest footnote of the macro-micro interaction mechanism of
biodiversity (Feng et al., 2020). Therefore, exploring the effects of
eco-evolutionary process in response to environmental processes
across scales seems to be one of the most important current tasks
in understanding the spatiotemporal patterns of biodiversity.

Due to the individualistic response of species to
environmental changes (Gleason, 1926; Whittaker, 1967), it
will still be a long journey toward a deep understanding of the
adaptive evolution of biological groups and the response
of population dynamics (including growth, migration,
and extinction) to multi-scale spatial-temporal changes of
the environment. For this purpose, East Asia, traditionally
composed of China, Japan, Korea, South Korea, and Mongolia,
is undoubtedly one of the most valuable study areas in the
world. The land in this area is composed of several blocks that
were scattered in the southern and northern hemispheres in the
Mesozoic, belonging to the Laurasia and Gondwana continents
(Suo et al., 2020). In the Cenozoic, it experienced the uplift of the
largest and highest plateau, the development of the strongest and
largest monsoon in the world, and the largest land area in the
northern hemisphere free from glaciers during the Quaternary
ice ages (Batchelor et al., 2019). Since the Holocene, ecosystems
in East Asia have probably experienced the most persistent
and extensive human disturbance, including the largest scale
deforestation, urbanization, and reforestation in China in the
last 40 years (Cao et al., 2012; Chen C. et al., 2019; Wu et al.,
2020). Therefore, the rich and unique biodiversity sources,
the complexity of the evolutionary history of the biota, and
the spatiotemporal heterogeneity of the environment provide
incomparable opportunities to explore the temporal patterns and
multi-scale mechanisms of biodiversity.

In this Research Topic, 11 research reports represent an
effort with empirical approaches to understanding the temporal
patterns and driving processes of biodiversity in East Asia,
including the comparison of biodiversity at different times,
the biogeographic evolutionary history of different biological
assemblages, and the comparison and exploration of the effects
of ecological and environmental processes on different temporal
scales. The study area of these papers shares a common
biogeographic context characterized by regional geological
process (dominated by the uplift of Qinghai-Tibet Plateau),
monsoon-regulated climates, and long histories of intensive
human perturbation on natural ecosystems. Our Research Topic

aims to reflect recent progress in studies at population, species,
and community levels.

Three papers focused on ecological processes and their effects
on biodiversity patterns at different spatial scales, Song et al.
studied the effects of grazing exclusion on the composition,
structure, and community spatial heterogeneity of the alpine
grassland ecosystem on the Qinghai-Tibet Plateau; they found
that the effects of grazing were differentiated by the duration of
exclusion experiment (3–5 vs. 9–11 year). Zhang et al. addressed
the effect of spatial heterogeneity or average supply rates of
limiting resources. They reported that resource heterogeneity
and local population dispersal, but not resource quantity, played
an important role in determining species diversity in these
two old-growth forests. In contrast, Li and Shen focused on
the dispersal process of alien plants at a broad scale. By
reconstructing the history of plant invasion in China and
differentiating the geographical patterns of alien invasive plant
species, the study found that low temperature and time since
introduction were dominant determinants of invasive plant
species diversity in China, which indicated that global warming
and economic globalization would continue to driving forces of
alien plant invasions.

Three papers explored the environmental processes that
are particularly important for their influences on biodiversity
patterns in China. Using phylogenetic tree construction and
ancestral area reconstruction, Yan et al. focused on the role of
the uplift of the Qinghai-Tibet Plateau in the phylogeography
of a tree frog species Hyla chinensis. The paper delineated six
clusters of the species and showed their spatial and temporal
patterns. Dispersal models with different isolation estimates
were compared to explain the spatial patterns of the present
six groups within this complex. Xu et al. compared climate
seasonality and glacial-interglacial climate variation for their
roles on species richness patterns of evergreen broadleaved
woody plants in China. They found that short- and long-term
climate variability played complementary roles and should relate
to distinct mechanisms. In particular, precipitation seasonality
played a dominant role as a unique feature of the mid-latitude
monsoon climate. Thus, a better understanding of the effects
of climate change on species distributions requires exploration
at multiple time scales. Urbanization is a spatial process that
causes rapid landscape evolution as a product of economic
globalization and has caused widespread concerns about regional
scale biodiversity. Taking a space-for-time substitution approach,
Yu et al. addressed the effect of urbanization on soil mesofauna
diversity, and a median disturbance effect was reported for
urbanization intensity as indicated by the interaction of
landscape features and soil nutrients/heavy metal content.

The role of evolutionary process on contemporary
biodiversity patterns was represented by two studies. Using
a relaxed-clock method to estimate divergent times for
Holcoglossum (Orchidaceae), Zhao et al. explored biogeographic
patterns of this endemic epiphytic genus in East Asia. They
inferred four dispersal events to explain the expansion of
this genus to the Sino-Himalayan, Sino-Japanese, and Taiwan
regions from the latest Miocene to Quaternary, and linked these
events with the intensification of East Asian monsoon around
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3.6–2.6Ma and global cooling since the latest Pliocene. Liu
X. et al. addressed the differentiation of Fagaceae in Hainan
Island with fossil dating and distribution, and speculated on the
dispersal and differentiation of genera of Fagaceae in tropical
south China, including southern Yunnan, the Leizhou Peninsula
of Guangdong, Hainan Island, and the southern part of Taiwan
Island. The fossil evidence suggested the ancestral components of
Fagaceae seemed to migrate southward from temperate regions
of East Asia and diversified there no later than in the Eocene.

After decades of intensive exploration of patterns of
biodiversity and underlying mechanisms, it is recognized that
biodiversity has multi-facet and internally-linked information.
This understanding is typically represented by measuring and
comparing indices of taxonomic, phylogenetic, and functional
diversity and relating them to environmental factors at multiple
spatial and temporal scales (Liu L. et al.). Meanwhile, new
diversity metrics also keep emerging to explore the temporal
features of biodiversity. Li L. et al. explored the diversity
of reproductive phenology among species of Poa and found
the diversity of reproductive phenology among subtropical
grasses is constrained by evolution and climatic niche, and that
photosynthetic pathway and life history have an interactive effect
on the timing and the duration of reproduction. Shi et al.
compared phylogenetic and functional diversity and explored
two aspects of diversity linked with mechanisms of biodiversity
at distinct temporal scales: functional structure is better linked
with modern and local factors while phylogenetic structure is
more associated with historical and regional processes. These
results highlighted the importance of the associations between
the different biodiversity dimensions and divergent drivers.

With all efforts aiming to explain biodiversity patterns in
terms of ecological, environmental, and evolutionary processes,
evidence has been accumulating rapidly at various temporal
scales and for distinct assemblages of organisms, including a
small collection in this thematic issue. The importance of this
approach is also indicated by the evolution of the interpretative
framework in a process-based direction: from the “colonization-
extinction” paradigm of island biogeography (MacArthur and

Wilson, 1967) to the “cradle-museum” paradigm created by
Chown and Gaston (2000), even to the random dispersal process-
based neutral models of biodiversity (Hubbell, 2001; Colwell
et al., 2004). In recent decades, genome technologies rapidly
uncovered the genetic mechanisms of population dynamics
and evolutionary process; remote sensing techniques improved
the monitoring capacity for animal dispersal and landscape
changes; isotopic techniques and fossil analyses helped with
dating the geological processes of deep history. All these signs
of technological progress combine to augment our capacity
to explore the temporal aspect of biodiversity. The myriad
patterns of biodiversity, with unique histories and geographies,
manifest the complexity of mechanisms for its generation and
maintenance. Disentangling the roles of multiple processes in
determining biodiversity patterns seems to be a goal that still
requires a long journey to achieve, while exploring biodiversity
dynamics and driving processes at multiple temporal scales
should prove to be a necessary and promising path.
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