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Editorial
Understanding the evolution of biodiversity in Asia
A revolution is required in our understanding of the history of the
Earth's most important biodiversity hotspots. In regard to Asia, biodi-
versity hotspots across south and east Asia, i.e., the Indo-Burma, the
Western Ghats and the South-Central China hotspots, are among the
most important centers of diversity on our planet (Myers et al., 2000),
and their conservation is vital to sustain ecosystem services for the
world's most dense human populations. Despite numerous investiga-
tions spanning modern taxon inventories, molecular phylogenetics
and so far somewhat limited well-dated fossil data, our understanding
of the evolutionary history of Asian biodiversity is still far from
enough to fully understand how this biodiversity came about, and
what is required to sustain it under rapidly changing environmental
conditions driven by regional economic development and global
climate change.

It is becoming clear that Asia experienced dramatic Cenozoic tecto-
nism, with the collision between the Indian and Eurasian plates, initi-
ated around ~55 ± 10 Ma, being the most important event (Royden
et al., 2008; Wu et al., 2013). This collision contributed to the creation
of the present Qinghai-Tibetan Plateau, the highest and largest plateau
around the world, and had a profound influence on the modern topog-
raphy in adjacent regions such as southwestern China and Southeast
Asia (Li et al., 2017; Linnemann et al. 2018; Su et al., 2019a,b). Signifi-
cantly the collision led directly to the uplift of the Himalaya (Ding
et al., 2017; Gebelin et al., 2013). These tectonic upheavals also influ-
enced the intensity and spatial characteristics of the Asian monsoonal
systems, which are mainly characterized bywet summers and dry win-
ters and springs (Spicer, 2017). Inevitably, the coupled complexity of
both geodiversity and paleoclimate in Asia largely shaped regional bio-
diversity patterns.

Cenozoic fossil floras in Asia are exceptionally rich, and document
plant diversity as the topography and monsoon systems evolved. They
provide the only unequivocal evidence for specific taxa existing at spe-
cific locations through time, allowing the direct investigation of the evo-
lutionary history of these Asian biodiversity hotspots. However,
paleobotanical studies in large parts of Asia are still far from adequate
to reveal detailed evolutionary patterns, and far less explored than coe-
val Northern Hemisphere floras, especially those from North America
and Europe. Associated with infrastructural development across Asia
this situation is changing rapidly and now is the time to take a wide
overview of what the fossil record does tell us about Cenozoic biodiver-
sity in Asia in order to better target future exploration.

In East Asia, particularly in China, many new fossil floras have been
found and reported, including those from the core area of the Qinghai-
Tibetan Plateau (Jia et al., 2019; Jiang et al., 2019; Liu et al., 2019; Su
et al., 2019b). In South China extremely rich fossil deposits record nu-
merous first occurrences of plants (e.g., Aleksandrova et al., 2015;
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Huang et al., 2017; Quan et al., 2016) and across South Asia generally
new finds open the door to a better understanding of plant exchange
between India and Asia (e.g., Srivastava et al., 2018a).

In addition to new finds, new techniques are being applied in paleo-
botanical studies, such as Micro-CT scanning, which can reveal more
detailed characters for the systematic assignment of fossil specimens
(Su et al., 2015). Different methods have been utilized for paleoclimatic
reconstructions for many Cenozoic assemblages in Asia, e.g., the
Climate-Leaf Analysis Multivariate Program and the Coexistence
Approach, the results of which indicate a general trend of Asian mon-
soon intensification in the Miocene (Jacques et al., 2011; Srivastava
et al., 2018b; Xia et al., 2009; Xing et al., 2012), and that a monsoon cli-
mate existed across large parts of Asia in the Eocene (Spicer et al., 2016).
Linked to monsoon characteristics and other paleoenvironmental
parameters such as temperature, rainfall and thus biodiversity patterns
are paleoelevation and paleo-CO2, both of which have been recon-
structed by using Asian Cenozoic floras (Jacques et al., 2014; Hu et al.,
2015; Su et al., 2019a, 2019b). Papers documenting and comparing
the rich modern plant diversity of Asia, and fossil taxa from the region
are urgently needed. One new genus and eight new species are de-
scribed in this special issue. Meanwhile, we integrate different aspects
of paleobotany, paleoclimatology, paleoecology, geology and other dis-
ciplines to better understand the biodiversity history and its
paleoenvironmental background in South and East Asia.

Cunninghamia shangcunica Kodrul, Grodenko et Sokolova, based on
helically arranged and radially spread polymorphic leaves, is a new
taxon reported from the lower Oligocene rocks of Guangdong Province,
South China. This species is similar to the extant species C. konishii in
shoot and leaf morphology, and to С. lanceolata in the characters of
the epidermis. The newOligocene species increases the knowndiversity
of the genus Cunninghamia in its refugial region and contributes to a
greater understanding of the specific variability and ecology of this coni-
fer (Kodrul et al., 2018).

The fig genus, Ficus, is adundant in tropical regions, with some
species extending to subtropical or temperate regions. Various habits
and life-forms can be found within the genus due to their extensive
distribution and adaptations to a variety of climate regimes. Huang
and colleagues report a new species, Ficus microtrivia J. Huang
et Z. K. Zhou, from middle Miocene lacustrine sediments in the
Wenshan Basin, Yunnan, southwestern China. Its leaf architectural char-
acters and its nearest living relative, Ficus trivia, is restricted to the karst
shrub habitat in southern China and northern Vietnam, indicating that
open shrubby karst vegetation may have already existed in the early
to middle Miocene (Huang et al., 2018a).

Ulmus (Ulmaceae) has a rich Cenozoic fossil record from the North-
ern Hemisphere. Compared to its abundant leaf fossils, fruit fossils of
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Ulmus, which allow accurate dentification, are still scarce. Zhang and
colleagues report two new species Ulmus prelanceaefolia Q.Y. Zhang et
Y.W. Xing andU.maguanensisQ.Y. Zhang et Y.W. Xing, both represented
by well-preserved fossil samaras, from the Wenshan and Maguan
basins, southeastern Yunnan, southwestern China. Zhang et al. deduce
that the narrow-winged fruit may be primitive and the two narrow-
winged sections, sect. Chaetoptelea and Trichoptelea are the earliest
evolved lineages in Ulmus and have diversified since the Eocene. The
Oligocene was an important epoch for the rapid diversification of
broad-winged lineages of Ulmus, which was likely due to dispersal
advantage in themore open forests that developed as the global climate
began to cool. Zhang et al. also found exchanges/dispersals and extinc-
tion events between and within North America, Asia, and Europe since
the Eocene, and that the North Atlantic and Bering Land bridges
served as important dispersal corridors for Ulmus during the Cenozoic
(Zhang et al., 2018a).

Paliurus (Rhamnaceae) has only five extant species, but Paliurus
records are abundant and have a broad geographic distribution across
the Northern Hemisphere during the Cenozoic. It is an important
taxon for biogeographic studies (Hauenschild et al., 2018). However,
Paliurus fossils in China are rare. Dong et al. (2018) add a new fossil
record of Paliurus, namely P. hirsuta J.L. Dong et B.N. Sun, from the mid-
dle Miocene of Zhangpu County, South Fujian Province. East China.

Fissistigma (Annonaceae) is a genus of tropical subtropical climbing
lianas and is distributed in eastern India, low-latitude East Asia, and to
northeastern Australia. The fossil record of Fissistigma is scarce with
only one occurrence from the Miocene of India and another from the
Pleistocene of Guangxi, but Li et al. report a new one, F. nanningense Li
from the Oligocene Yongning Formation of Nanning, Guangxi, southern
China, based on well-preserved mummified leaves. The climbing habit
of this genus suggests that a multilayered structure likely existed in
the Oligocene forests of Guangxi (Li et al., 2018).

Wood fossils are important paleobotanical resources for paleo-
biodiversity studies, although to date comparative wood fossil studies
in China are woefully rare compared to those in many other parts of
the world. Such fossils do exist but tend to be overlooked in favor of
other plant parts. Excellent material does exist in China and Huang
et al. demonstrate this by establishing a new genus and species,
Litseoxylon nanningensis (Luaraceae) based on well-preserved mummi-
fied fossil wood from the upper Oligocene Yongning Formation of the
Nanning Basin, Guangxi, South China (Huang et al., 2018b).

Podocarpium (Fabaceae) is one of the most common legumes in the
Cenozoic of Eurasia. Two new fossil records of Podocarpium are reported
in this special issue. Yan et al. (2018) describe fossil Podocarpium
podocarpum (A. Braun) Herendeen from the Oligocene of the western
Qaidam Basin, northern Tibetan Plateau, China, while Li et al. (2019)
re-examined fossils of Podocarpium from the Oligocene Ningming For-
mation of Guangxi, in South China, the early Miocene Guide Group of
Qinghai in Northwest China and the middle–late Miocene Shengxian
Formation of Zhejiang in Southeast China. They confirm the occurrences
of Podocarpium podocarpum (A. Braun) Herendeen from these localities.
Furthermore, both Yan et al. (2018) and Li et al. (2018) discuss dispersal
routes and the paleoecological significance of Podocarpium in these areas.

Srivastava et al. (2019) report two new fossil species of
bamboo culms, namely Bambusiculmus tirapensis and Bambusiculmus
makumensis from the late Oligocene, and two new impressions of
bamboo leaves, namely Bambusium deomarense and Bambusium
arunachalense from the late Miocene to Pliocene sediments of north-
eastern India. These bamboo fossils from India are the earliest records
of bamboos from South Asia so far, thereby indicating that bamboos
may have dispersed to Asia from India after the collision of the Indian
Plate with the Eurasian Plate (Srivastava et al., 2019).

Pollen fossil assemblages can reflect continuous variation of vegeta-
tion in a region over geological time and play important role in paleo-
botany and paleoecology. Two such papers form part of this special
issue. Zhang et al. (2019) study pollen fossil assemblages from Pliocene
of Changbaishan Mountains, which shows that vegetation changed
from a warm temperate mixed conifer and broad-leaved forest to a
montane cold temperate coniferous forest. The modification of wet air
masses from the Sea of Japan would bring about this change. Yang
et al. (2018) studied a Miocene palynoflora from Shengxian Formation,
Zhejiang Province, East China inwhich two fossil assemblageswere rec-
ognized: Quercus E.–Liquidambar–Carya assemblage and Quercus
E.–Fagus–Artemisia assemblage. By compiling published sporopollen
data, Yang et al. establish a Miocene palynological succession, and in
combination with megafossil plant records, it shows zonal vegetation
during the depositional period was similar to its modern counterpart,
but with more distinct altitudinal zonality. This is because the occur-
rence of Larix and thermophilous trees dominated the vegetation during
the late Early to early Middle Miocene, and conifers increased and
aquatic plants such as Trapa thrived during the late Middle–early Late
Miocene. The Miocene palynological succession in this paper corre-
sponds well to global climate changes during this period (Yang et al.,
2018).

Four papers in the special issue focus on paleoecological studies.
Metasequoia glyptostroboides Hu et W.C.Cheng (Cupressaceae) is a relic
plant with a narrow natural distribution in central China. In the Ceno-
zoic Metasequoia was much more widely distributed with fossils re-
ported from more than 500 localities. Wang et al. (2019) report the
southernmost Metasequoia fossil from the middle Miocene of
Zhengyuan, Yunnan, Southwest China and discuss the possible reasons
of the disappearance of Metasequoia there. They conclude that the dis-
appearance might be related to the evolutionary stasis of Metasequoia,
most likely preventing necessary adaptations of the plants to increasing
winter and spring aridity induced by changes in the Asian monsoon in
this region during the Miocene (Wang et al., 2019).

In order to understand the interactions between climate and biota in
South Asia, Shukla and Mehrotra (2018) reconstruct the early Eocene
vegetation of western India. Based on nearest living relatives (NLRs),
they conclude that a highly diversified tropical evergreen forest was
present in most of the basins of western India, and this is consistant
with the equatorial position of the Indian subcontinent during the
early Eocene. Fossil records of Rhamnaceae, Combretaceae and
Lythraceae known since the Late Cretaceous in India indicate their pos-
sible Gondwanan origin.

CO2 is a well-known greenhouse gas and investigation of historic
CO2 levels can help to understand climate and biodiversity change in
the deep past. The stomatal frequency preserved in fossil leaves has
been recurrently used for paleo-CO2 reconstruction, but simulta-
neous investigation of both paleo-temperature and paleo-CO2 using
the same fossil assemblage has been rarely performed. This is impor-
tant because stomata control not only CO2 uptake but also transpira-
tional water loss, which is temperature related. Wang et al. (2019)
conducted such analyses of Quercus gilva from a leaf bed in the
Sayama Formation (1.66–1.55 Ma) in central Japan. They estimate
the paleo-CO2 values in an interglacial stage (MIS 57 or 55) at 36.41
± 2.58 pa, which is generally higher than the previously reported
data from the early Pleistocene. To understand the climate under
this high CO2 level, Wang et al. (2019) calculated the mean annual
temperature (MAT) by using the leaf margin analysis (LMA) ap-
proach. The calculated MAT was 11.0 °C, suggesting a relatively
warm climate during the interglacial stage. This result revealed a
warm environment under high CO2 level during the early Pleisto-
cene, which suggests the vital role of CO2 in controlling the early
Pleistocene interglacial temperature (Wang et al., 2019).

Plant–insect interactions are pivotal for themaintenance and evolu-
tion of terrestrial ecosystems. Zhang et al. (2018b) investigate insect
damage types on 1103 leaf fossils from the Upper Miocene Bangmai
Formation in Yunnan Province. They found six principal functional feed-
ing types with 36 damage types; among them, the galling functional
feeding types are less occurrence than other damage types. Zhang
et al. (2018b) further suggest that, modernized plant–insect
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associations might have already established by the late Miocene under
humid and subtropic climate in SW China.

We thank our colleagues who submitted their work to this special
issue. Collectively it is illustrative of the breadth of taxonomic and
paleoenvironmental work being conducted in Asia at the present time,
and hopefully will encourage similar multifaceted research. Without a
detailed historical perspective it will be impossible to manage responsi-
bly the unique Asian biodiversity resource bequeathed to us from the
past.
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