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The international research group on “Neogene climate evo-
ution in Eurasia (NECLIME)” came into existence in 2000.
ts main aim is to better understand Neogene long-term climate
hanges via the quantitative reconstruction of the Neogene cli-
ate evolution in Eurasia and its patterns in time and space

ased on proxy-data and their quantitative climatic interpretation
ith standardized techniques, the reconstruction of Neogene

egional and global atmospheric circulation patterns based on
limate modelling, and the analysis of the interaction among
alaeogeography, vegetation, and climate. Its prophase work is
oncentrated mainly in Europe. With the further development
f NECLIME study, more and more attention has been drawn
o Asia in recent years. The first Asian NECLIME meeting was
hus held in Kunming in November 2010. In the late May 2012,

 second one proceeded successfully again in Nanjing, with
roadened contents for discussion (Wang et al., 2012).

NECLIME has proven to be a very productive international
esearch group for more than 10 years. In addition to annual
eetings, some thematic workshops and other regular symposia

n some major international conferences, a large number of
esearch papers have been published in the internationally rec-
gnized journals, some main results have been gathered into
hree published NECLIME synthesis volumes. The first vol-
me “Miocene Climate in Europe – Patterns and Evolution”
as published in 2007 (Bruch et al., 2007). It combined results

ocusing on the Miocene of Europe as a key area for understand-
ng Neogene climate, and presented a summary of the Miocene
limate evolution in the Western Eurasia with over 300 fos-
il floras being compiled and quantitatively analyzed in terms

f climatic parameters. Quantitative climate maps for Europe
ere generated on palaeogeographic maps for the Langhian and

arly Tortonian. Characteristic climate patterns for each time
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nterval can be related to both global climate change and Alpine
ectonics. The second volume “The Neogene of Eurasia: Spa-
ial Gradients and Temporal Trends” was published in 2011
Utescher et al., 2011). It aims at the reconstruction and analysis
f changing Neogene patterns with respect to vegetation, biodi-
ersity, and climate. Also emphasized are the integrating proxies
rom various sources (palaeobotany, vertebrate palaeontology,
eology) and the data obtained from numeric modelling, pre-
ipitation patterns and landscape development, the East Asian
onsoon System, and the potential of past climates for evaluat-

ng future climate change scenarios. The third volume “Neogene
errestrial Environments and Climate Change in Eurasia” was
ublished in 2012 (Akgün and Bruch, 2012). It gives an overview
n a variety of progress conducted under the umbrella of
ECLIME. A broad range of topics presented includes environ-
ental research with a spatial range from Europe to Asia and a

emporal range from the Oligocene to Pliocene. The approaches
sed include plant leaf, pollen, fruit, seed, carbon isotope, and
tomatal data.

With the incessant progress of the NECLIME research, it
s now well recognized that some enhanced exchanges among
olleagues in Asia and other parts of the world have become
ncreasingly important. We can thus broaden the fields of our
tudies, and more importantly, attract new colleagues to join the
ECLIME network. The second NECLIME meeting in Asia
eld in Nanjing from May 27 to 29, 2012, focused on a num-
er of thematic topics reflecting prevailing research directions,
ncluding (i) Palaeoclimate and palaeoenvironmental evolution
n the Neogene of Eastern Eurasia, interactions between climate,
iosphere, and palaeogeography; (ii) Variability and seasonality
f precipitation, including monsoonal patterns and the aridifica-
ion of Central Asia; (iii) Identification of palaeoaltitude from
he palaeobotanical record; (iv) Palaeoclimate and vegetation
odelling; (v) Floristic exchange between Europe and Asia;
vi) Stratigraphical concepts for E Eurasia. Included in this spe-
ial issue are 10 research papers contributed by participants of

http://www.sciencedirect.com/science/journal/1871174X
dx.doi.org/10.1016/j.palwor.2013.10.005
mailto:wmwang@nigpas.ac.cn
dx.doi.org/10.1016/j.palwor.2013.10.005
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anjing NECLIME meeting, which cover a significant part of
he topics that were discussed at the meeting.

Evidence shows that monsoonal systems have already gained
 major control of the local climate in East Eurasia since the
atest Oligocene. As a result, the central Eurasia became a
iddle-latitude inland arid area, and finally formed a pattern

ike that of today in the late Miocene (Guo et al., 2002; Sun
t al., 2010; Qiang et al., 2011). But the timing, extent, and
orcing of the aridification remain poorly understood. Tang and
ing (2013) in the volume gathered the Miocene palynologi-

al sequences from the continental interior and divide them into
our chronological parts to reconstruct the development of the
entral Eurasian aridity. The oldest known aridification record
hows the rise of xerophytes in the latest Oligocene fluviolacus-
rine Jingou River section at the south margin of the Junggar
asin. Palynological records further reveal two stepwise expan-

ions of arid conditions in the late middle Miocene and the late
iocene respectively from the Junggar Basin to its adjacent

egions, which are roughly synchronous with the development
f North American steppe. They give some possible explana-
ions for the inland aridity expansions, such as regional uplift,
and-sea redistribution, and global changes in CO2 concentra-
ion, and indicate that none of these are fully consistent with
he available data. The most likely explanation for the Miocene
orthern mid-latitude drying is suggested to be global cooling.
or the eastern Eurasia, cooling weakens monsoon circulation,
nd consequently drying conditions expand following the retreat
f the monsoonal rain belt, while in the west, cooling reduces
ater vapour pressure and therefore reduces the moisture mass

ransported into the continental interior.
Wang and Shu (2013) give a full review on the development

f Cenozoic xeromorphic vegetation in China based on their
ormer studies as well as other available pollen data. They find
hat the overall tropical and subtropical zones in China had been
radually replaced by the warm temperate and temperate zones
n the middle and higher latitudes after the Eocene–Oligocene
greenhouse–icehouse” climate transition, which was accompa-
ied by a major transition of the angiospermous xerophytes from
he former thermophilic types to the cold resistant ones, result-
ng in the formation of the temperate xeromorphic vegetation.
he earliest temperate xeromorphic vegetation was recogniz-
ble from the latest Eocene in the Northwest China. Since the
iddle Miocene (ca. 14 Ma), forest steppe and steppe gradually

xpanded to become fully developed with its distribution extend-
ng from the Northwest China to the Northeast and the North
hina. The xeromorphic vegetation got further developed with
xtraordinary vegetation differentiation occurred in the Pliocene
nd Quaternary. The early Miocene vegetation in China shows
n initiative control of the summer monsoon, which reached
he maximum in the Miocene Climate Optimum. A prevail-
ng winter monsoon with minor oscillations was followed after
he middle Miocene at about 14 Ma years ago. The spatial and
emporal development of Cenozoic vegetation in China is well

videnced to be closely connected with global changes, along
ith some local topographic variations, especially the uplift of
inghai-Tibetan Plateau, and the initiation and evolvement of
onsoon climate.

fl
t
t
t

oworld 22 (2013) 73–76

The monsoon in East Asia has a great influence on the
ocal economy and ecology. Many studies have been carried
ut on the Neogene evolution of the Asian monsoon with
sotopic, palaeomagnetic, sedimentological, palaeobotanical or
alaeontological proxy data. Quantitative estimations of mon-
oon intensity in geological history seem to be increasingly
mportant in revealing its evolution. Several indices have been
roposed to describe the seasonality in precipitation or monsoon
trength based mainly on precipitation parameters. However,
hese indices have never been tested nor validated on a global
cale. Jacques et al. (2013) looked at the four indices used in
ecent studies, and found that all of the four indices reconstruct
alse positive scenarios, i.e., non-monsoonal regions (either high
atitudes or equatorial regions) with high index values. And some
ndices fail to give high values for some monsoonal regions
ike India. These indices thus cannot be used to discriminate
etween monsoonal and non-monsoonal climates through geo-
ogical time. However, they can be used when the presence of

onsoon is confirmed by other means, and in such cases they are
seful for measuring monsoon intensity. The monsoonal precip-
tation is characterized by its amount, annual range, and seasonal
istribution but these three aspects of the monsoon are not suf-
ciently summarized in one index value. Therefore, parameters
sed for palaeomonsoon description, such as the ratio of sum-
er precipitation and the daily rate of summer precipitation,

hould be directly included in the methods for palaeoclimatic
econstruction.

Miao et al. (2013) present palynological results covering the
i-1 Glaciation at around 23 Ma in the Xining Basin, north-

astern Tibet. They find that cold-tolerant conifers thrived while
hermophilic plants declined in the Xining Basin during the Mi-

 Glaciation. Both before and after the Mi-1 Glaciation, there
ere few cold-tolerant conifers but more abundant thermophilic
lants in the Basin. This result might indicate that climate in the
orthern and southern hemispheres was strongly coupled dur-
ng the Mi-1 Glaciation and that cooling around 23 Ma was not
imited to the southern hemisphere. They argue that the most
lausible linking mechanism between Antarctic cooling and
sian cooling was the combination of low orbital eccentricity
ith a protracted node in obliquity.
Shu and Wang (2013) reveal a pollen sequence from the

uantao Formation of a Miocene oil-bearing sediment core
∼879 m) in the Bohai Sea area, North China. The predominant
ccurrence of Ulmaceae and amentiferous taxa in the pollen
ora suggests forest vegetation around the study area. Associ-
ted with abundant Pinus, evergreen oaks, and Rutaceae, the
orest could be a mixed deciduous and evergreen broad-leaved
ype developing under a warm and humid climate condition.
he flourish of aquatics signals the prevalence of humid habits.
y integrating the quantitative coexistence approach with the
haracteristics of the flora, seven climatic parameters have been
econstructed. The result shows that MAT and MAP range from
3.3–22.5 ◦C and 617.9–1254.7 mm respectively. The Guantao

ora could find its modern analogue from the northern sub-

ropical mountainous area in eastern China, which is assumed
o sustain under a climatic pattern with probably higher win-
er temperature and less seasonal precipitation than at present.
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fter compared with some established pollen sequences, dated
ontemporaneous floras, and other stratigraphically important
quatic taxa, this pollen flora is refined to be the late early
iocene in age.
The late early to middle Miocene sediments at Varkala cliff

ection (Kerala Province, SW India) offer a great potential in
alaeoenvironmental and palaeoclimatic studies. Kern et al.
2013) reconstruct a mangrove flora composed mainly of Rhi-
ophoraceae, Avicennia, Xylocarpus, and Sonneratia  based on
ollen. The flora is proposed to grow in front of backswamps,
ollowed by evergreen forests in hinterland with many rainfor-
st elements. Despite these similarities of the Miocene and the
odern vegetation, differences can be documented, e.g., the

bundance of Nypa  and the absence of gymnosperm. Based on
he CA, a temperature is reconstructed similar to today. How-
ver, the mean annual precipitation did not exceed 1958 mm,
hich is distinctly lower than average of ∼3000 mm in the Ker-

la Province today. Comparison with other localities along the
est coast of southern India and SE India hints at a similar veg-

tation and climate throughout the early and middle Miocene.
his is in contrast to the strong west-east gradient in rainfall
aused by the Indian Monsoon nowadays. Therefore, the early
nd middle Miocene palaeovegetation in southern India appears
o be more uniform than today. This outlines the complexity of
escribing the palaeoclimatic evolution in the tropics based on
lant fossils, but emphasizes the need for further study of this
rea to understand the early history of the Indian Monsoon.

Mao and Foong (2013) re-assess palynological interpre-
ations on the historical biogeography of tropical mangrove
onneratia, based mainly on the updated fossil pollen records,
long with their probable modern analogues. Florschuetzia  was
xtensively documented from the late Eocene to middle Miocene
n palaeotropics around the Tethyan region. According to the
eological age of the fossil pollen and their morphological
ssessments, ancestral Sonneratia  migrated from the centre of
rigin in southeastern Asia probably during the early Eocene,
nd radiated and expanded northward to China and Japan, south-
ard to Australia, and westward to East Africa. Until the warmer
eriod of the early middle Miocene (Langhian), abundant fossil
ollen records from southern mainland China and southwest-
rn Japan suggest that Sonneratia  had its largest geographical
ange at that time, out of the latitudinal limit of this extant
enus. Quaternary glaciations, especially the Last Glacial Max-
mum (LGM), played a significant role in shaping the current
iogeography of Sonneratia. However, it remains controversial
o assign early Florschuetzia  and the associated variants to the
volved Sonneratia  due to the lack of intensive morphological
omparisons from different fossil sites. Thus, they examined the
volutionary trends of the extinct genus Florschuetzia  towards
onneratia  on the basis of a synthesis on the updated published
ata and their recent pollen morphological investigation.

Wen et al. (2013) recognize and describe two fossil fern
pecies, Drynaria  propinqua  (Wall. ex Mett.) J. Sm. ex Bedd. and

umata henryana  (Bak.) Ching from the late Miocene Lincang
ora, Southwest China, based on frond (pinna) macrofossils.
. propinqua  is characterized by round sori without indusium,

ttached both sides of midrib, and the so-called “Drynaria-type”

(
A
s
H

oworld 22 (2013) 73–76 75

enation, i.e., tertiary veins form reticulations with fine areoles
etween lateral veins. The combination of these characters con-
orm it to the extant Drynaria, and further extends the fossil
ecord back to the late Miocene. H.  henryana  is characterized
y the forked (or single) veins terminated near margin in frond
obes, single and separate sori located at the forking point of
eins on segments, and an indusium with its width longer than
ength. These features are consistent with those in the extant
umata. This finding confirms the existence of the genus in the

ate Miocene of Southwest China. The occurrence of D. propin-
ua and H.  henryana  may indicate a warm and humid climate
uring the late Miocene similar to that of today in Southwest
hina, which is supported by palaeoclimatic investigations. The
piphytic habit of these ferns suggests that a stratified and com-
lex forest ecosystem of Lincang flora has been established at
east since the late Miocene.

Fossil fruits of Ailanthus  are reported from the upper Miocene
iaolongtan Formation in Wenshan County, southeastern Yun-
an, China by Su et al. (2013). These fruits are elongated and
lliptic, 23–47 mm long, and 6–13 mm wide. A seed is situated
n the middle part of the fruit. A marginal ventral vein starts
rom the seed and extends to the base of the fruit. All of the
haracters indicate that the fossil material should be assigned
o A.  confucii, a widely reported fossil species from the North-
rn Hemisphere. Based on the morphological comparison, A.
onfucii shows affinity to A.  altissima, a living species native
o western, central, and southern China. The discovery of A.
onfucii  in Yunnan represents not only the southernmost fossil
ecord of Ailanthus  in the world, but also the only fossil record
ound within the extant distribution of Ailanthus. The discovery
f A.  confucii  in Yunnan indicates that Ailanthus  already existed
n southwestern China as early as the late Miocene.

Finally, Xing et al. (2013) report a new fossil species, Tsuga
ianfengensis Xing et Zhou, n. sp. based on two compressed seed
ones. The fossil cones were discovered from the upper Miocene
iaolongtan Formation in the Xianfeng Basin in Yunnan, south-
estern China. The discovery of the Tsuga  cones confirms the
resence of Tsuga  in the Miocene of central Yunnan and repre-
ents the earliest Tsuga  macrofossils in the southwestern China.
he new species reveals a close affinity with East Asian Tsuga
pecies, T.  chinensis  and T.  dumosa. It provides fossil evidence
n support of the molecular data that the Asian clade might be
ifferentiated in the Miocene.

We thank all the authors for their contributions to this
pecial issue on Neogene climate evolution in Eastern Eur-
sia. We greatly appreciate all the reviewers for their time
nd effort in providing valuable comments and suggestions,
hich have improved the quality of the papers published in

his volume. They are: Mehmet Serkan Akkiraz (Kütahya,
urkey), Manju Banerjee (Calcutta, India), Angela Anneliese
ruch (Frankfurt, Germany), John Richard Dodson (Sydney,
ustralia), Paul Joseph Grote (Nakhon Ratchasima, Thailand),

ean Nicolas Haas (Innsbruck, Austria), Frédéric M. B. Jacques

Mengla, China), Navnith Kumaran (Pune, India), Suzanne
lice G. Leroy (London, UK), Yusheng Christopher Liu (John-

on City, USA), Steven R. Manchester (Gainesville, USA),
erbert W. Meyer (Colorado, USA), Arata Momohara (Chiba,
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apan), Cheng Quan (Changchun, China), Yengkhom Raghu-
ani Singh (Imphal, India), Gong-Le Shi (Nanjing, China),
orsten Utescher (Bonn, Germany), Wei-Ming Wang (Nanjing,
hina), Yu-Fei Wang (Beijing, China), Yi-Feng Yao (Beijing,
hina), Sangheon Yi (Daejeon, Korea), Zhe-Kun Zhou (Mengla,
hina). We acknowledge Qun Yang (Editor-in-Chief, Palae-
world), and Si-Wei Chen (Editorial Office, Palaeoworld) who
ave devoted tremendous energy and much time throughout the
ompilation of this conference volume.
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