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ABSTRACT

Metasequoia Miki 1941 was a prominent element of vegetation distributed in
the high latitudes of Northern Hemisphere from the late Early Cretaceous
to Miocene. However, at present this genus survived only in some mountain
areas of Hubei, Hunan and Chongqing of China as a relict genus. Although the
distribution of Mefasequoia through geologic time have been studied in detail, the
relationship between its distribution and paleoclimates remained unclear. In this
paper, the potential migratory routes of Metasequoia are explained on the basis of
the its fossil records plotted in the paleoclimate maps. It can be concluded that:
1) the Warm Temperate climate favored to the diffusion of Mesasequoia, while
the Arid climate curbs its migration; 2) with the global temperature decreased
markedly since Pliocene, Metasequoia was forced to migrate to the south, and
survived only in South China, under the Warm Temperate climate support.

Keywords: Metasequoia, distribution, paleoclimate factors

PE3IOME

Kan W., Ban K.K. Ucropuueckoe pacnpoctpanenue Metasequoia nio
OTHOIIIEHUIO K ITAACOKANMMATHYECKUM (paxropam. Metaseqnoia Miki 1941 Gbi-
A2 BECHMA 3HAYNMBIM IAEMEHTOM PACTUTEABHOTO IIOKPOBA, PACIIPOCTPAHEHHBIM
B BBICOKUX IpoTax CeBEpHOIO MOAyIIApUA C KOHIIA PAHHETO MEAA AO MHO-
rera. TeM He MeHee, IIPEACTABHTEAR 3TOTO POAA B HACTOSAIICE BPEMA COXPAHM-
AFICh TOABKO B HEKOTOPBIX TOPHBIX PAHOHAX ITPOBUHITHI Xy09r, XyHaHb i YyH-
nuH B Kurae kak peaukToBeie pactenus. XoTi pacrpocrpanenue Metasequoia B
I€OAOTHYECKOM BPEMEHH OBIAO ACTAABHO H3YYCHO B ITPEABIAYIIIIX HMCCACAOBA-
HIAX, OTHOIIEHNA MEKAY PACIIPOCTPAHEHNEM POAA 1 (DAKTOPAMIE ITAACOKAMMA-
Ta OCTABAANCH HE fICHBIMU. B AaHHOI CTaThe HOTEHIIMAABHBIE MUTPAIIOHHBIC
Maprpy el Melasequoia TIpOACHAIOTCA TIyTEM HAAOMKCHHUA MECTOIIOAOKCHUS HAi-
AeHHBIX poccuanit Metasequoia ria pa3spaOOTAHHBIE ITAACOKAMMATHICCKIE KAPTHL.
IToAyueHHBIE PE3YABTATBI IIO3BOAAIOT CACAATH CAEAYIOIIINE BEIBOABL 1) Terao-
YMEPEHHBIA KAUMAT OAArONpHATCTBOBAA paciipoctpaneHuto Metasequoia, B 1o
BpeMs KaK 3aCYIIAUBBIE KAUMAT CACP/KUBAA MUTPAITHH POAQ; 2) IO MEpE ITOHU-
JKEHUA TAODAABHBIX TEMIIEPATYpP B mAuoriene Metasequoia MUrpupoBasa Ha IOT I
BBIKHAA B HacTosiee Bpems ToAbKO B FOxuOM Kurae, B ycAoBuAX Termaoyme-
PEHHOTO KAMMATA.

KaroueBwie caoBa: Metasequoia, pactipocTpaHEHIE, TAACOKAUMATIICCKHE (DAKTOPEL

ITepeseaeno peaxoaserneit

Metasequoia as a "living fossil" is now ascribed to the sub-
family of Sequoioideae (Cupressaceae) (Gadek et al. 2000)
and characterized as deciduous, monoecious tree; trunk is
monopodial with branches irregularly whotled; leaves are
linear, flat, decussate, with basic parts twisted into two co-
lumns and apical parts obtuse; petioles are absent; stomata
on the lower surface of leaves are generally parallel to the
midrib; male inflorescence is racemose or paniculate; male
cone is ovoid with a short pedicel; female cone is generally
borne singly at the end of a leafy twig with a pedicel; seed
scales are decussate; seeds are flat surrounded by wings (Liu
et al. 1996, Farjon 2010, Wang & Leng 2011).

Previous research results show that Mezasequoia was pro-
bably originated from the Early Cretaceous of Northeast
Asia, and diffused to Alaska and western North America
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through the Bering Strait, and quickly diffused to China and
Japan. From Paleocene to Focene, the genus widely dis-
tributed from western North America, Northeast Asia, Cent-
ral Asia, North Japan, to eastern North America and Spits-
bergen islands in Europe. In Miocene, it began to decline in
the North Hemisphere except for Honshu and Hokkaido,
Japan. After Pliocene, it was extinct in North America and
most of areas of Northeast Asia except in Japan and China.
Extant Metasequoia is only distributed in Shizhu, Chonggqing;
Lichuan, western Hubei and Longshan, Hunan of China (Yu
1995, Liu et al. 1996, Lepage et al. 2005, Liu et al. 2007).

Although many studies were focused on paleogeography
of Metasaquoia (LePage et al. 2005, Liu et al. 2007), the analysis
of its distribution based on paleoclimate reconstructions
made by Boucot et al. (2013) has not been performed.
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In this paper, we assume that: 1) the Warm Temperate cli-
mate has an advantage for the diffusion of Mezaseguoza, while
the Arid climate curbs its migration; 2) in conditions when
the global temperature decreased dramatically since Pliocene,
Metasequoia was forced to migrate southward, and only
survives in South China under the warm temperate climate.

MATERIAL AND METHODS

All known occurrences of Metasequoia through geological
time are plotted in the paleoclimate reconstruction charts
of Boucot et al. (2013), from Early Cretaceous, through
Late Cretaceous, Paleocene, Eocene, Oligocene, Miocene,
Pliocene, Pleistocene to Holoene. Most of fossil records
documented in this article are referenced to LePage (2005)
and Liu et al. (2007). Tectonic plate information is based on
Paleomap projection (Scotese 1986, Scotese & Sager 1988,
Scotese & Golonka 1992, Boucot et al. 2013).

Paleoclimate information from early Late Cretaceous,
Paleocene, Eocene, Oligocene and Miocene, is referenced to
Boucot et al. (2013). Pileoclimate information of Pliocene
and Pleistocene is given in accordance with the Pliocene
(Salzmann et al. 2011) and the Pleistocene climate charts
(Ray & Adams 2001), respectively. Both legends in these
two charts are changed to legends used in the Paleoclimate
Reconstruction from the Cambrian to Miocene (Boucot et
al. 2013). Present climate information is referenced to the
present climate chart (Fan & Zhou 2011).

RESULTS

Distribution of Metasequoia in Late Early
Cretaceous (Albian)

Although Tao (1992) reported that Metasequoia was re-
corded from the Albian Lindian Formation of Heilong-
jiang, China, the detailed information including the de-
scription and figures of Metasequoia is not shown in that
article. We also can not found any information about Meza-
sequoia in the Lindian flora (Tao & Sun 1980). Therefore, no
reliable evidence of Metasequoia originated from the Early
Cretaceous has been shown. The carliest known Metaseguoia
record in Northeast China is from the Campanian Taiping-
linchang Formation (Sun et al. 2011).

Distribution in Early Late Cretaceous
(Cenomanian—Turonian)

Based on reliable evidences, the Metasequoia fossils are
first recorded in the Cenomanian Arkagala Formation from
the Arkagala River and Kolyma Rivers, Russia; the Amkins-
kaya Formation from the Okhotsk—Chukotka Volcanogenic
Belt in the Ulinskiy Trough near Amka, Russia; unnamed
Cenomanian deposits along the Yukon River in Alaska and
the Cenomanian Dunvegan Formation from western Ca-
nada (LePage 2005). The Beringian Corridor, which was
established in Albian, probably gave a way for Metasequoia
migration. The Beringian Corridor (.ePage 2005), as trans-
Beringian land connections (Krassilov 2009), is very im-
portant for us to understand the diffusion, derivation and
differentiation of the taxon (L.ePage 2005, Krassilov 2009).

Although the early Late Cretaceous (Cenomanian and
Turonian) distribution pattern of Metasequoia is shown in

the paleogeographic reconstruction figure of the Northern
Hemisphere suggested by Lepage (2005), the climatic zone
is not plotted in this paleogeographic reconstruction. Pa-
leoclimatic information suggested by Boucot et al. (2013)
give us an opportunity to evaluate the relationship between
the distribution of Metasequoia and corresponding climatic
factors (Fig. 1). Because all of early Metasequoia fossil sites
are located in the Warm Temperate zone, it is clearly seen
that type of climate is very suitable for Metasequoia to live.

Distributionin Late Late Cretaceous (Maastrichtian)

Liu et al. (2007) show the distribution of Mezasequoia for
the Maastrichtian (70 Mya) in details. In order to appraise
the relationship between the distribution of Metasequoia and
corresponding climatic factor in that age, paleoclimatic in-
formation (Boucot et al. 2013) also be introduced in the
paleogeographic chart (Fig. 2). On the basis of the paleo-
geographic reconstruction with paleoclimatic information,
it can be concluded that Mezasequoia had diffused to Boreo-
tropical zone by the end of Late Cretaceous.

Distribution in Paleocene

On the basis of the distribution of Metasequoia for Pa-
leocene (60 Mya) (Liu et al. 2007) and paleoclimatic infor-
mation (Boucot et al. 2013), Metasequoia had an extensive
distribution during the Paleocene (60 Mya) and grew under a
wider range of environmental conditions. Mezasegnoia fossils
are found in the Warm Temperate, Boreotropical and Arid
zones (Fig. 3). Most of Metasequoia fossils recorded in Warm
Temperate zone and few fossils found in Arid zone and
Cool Temperate zone indicate that cool or dry conditions
are not suitable for the growth of Mezasequoia plants.

Distribution in Eocene

The distribution of Metasequoia in Eocene (Ypresian)
(50 Ma) is generally similar to that of Paleocene, although
the global cooling has taken place. Most of Metasequoia
fossils are recorded in western North America under the
control of Warm Temperate climate. The distribution of
the genus in this area appears to have experienced conside-
rable range expansion in the more southern area in Rocky
Mountain Range and castern North America, where it was
under the control of Boreotropical climate. Some of Meza-
sequota fossils are recorded in eastern Asia under the control
of Boreotropical (Subtropical) climate. Few of them are
found in the Arid Zone of Eastern Asia (Fig, 4).

The distribution of Mezasequoia in the Eocene (Bartoni-
an) (40 Ma) is very similar to that Paleocene except many
Metasequoia fossils that documented in the middle part of
Eurasia (Liu et al. 2007).

Distribution in Oligocene

The distribution of Metasequoia during the Oligocene is
characterized as the following: 1) the Mezasequoia fossils re-
corded in Alaska are significantly decreased due to the glo-
bal cooling taken place continuously; 2) the genus was dif-
fused in the middle of Eurasia under the control of Warm
Temperate and Boreotropical climates; 3) Metasequoia tried
to migrate to the south areas in the middle of Eurasia and
North America, but it was stopped by the Arid climate con-
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dition in those places. Few fossils found in the Arid zone
of East Asia indicate some areas were probably suitable for
the growth of Metasequoia plants (Liu et al. 2007) (Fig. 5).

Distribution in Miocene

The difference between the distribution of Metasequoia
during the Miocene and the Oligocene is as follow: 1) the
genus has the trend to migrate in East Asia, especially in
the areas of Northeast China, southern Russian Far East
and Japan; 2) the Metasequoia fossils recorded in the middle
area of Eurasia are decreased because of the Arid climate
developed in that place; 3) few of Metasequoia fossils found
in the Europe indicate that the genus tried to migrate to
western Eurasia under the control of the Warm Temperate
climate; 4) the Metasquoia plants are dramatically decreased
in the North America due to the Cool Temperate climate
developed in this region (Liu et al. 2007) (Fig; 6) .

Distribution in Pliocene

The distribution of Mezasequoiawas significantly contrac-
ted resulted from the second dramatic global cooling event
taken place in the Pliocene. Both Metasequoia populations in
North America and Europe extincted. The genus can only
be found in Japan, some places in China and the middle of
Eurasia under the control of Warm Temperate climate (Liu
et al. 2007) (Fig. 7).

Distribution in Pleistocene

With the temperature continuously decreased, the distri-
bution was further contracted resulted from Earth entering
the Quaternary ice age. The Metasequoia plants were extinct
in Siberia. The genus can be only found in southwestern Ja-
pan, in location with coordinates 32.38°N 130.1E° (Otsuka
1966, Otsuka & Nishiinoue 1980) and in Hunan, South
China, in location with coordinates 31.67°N 130°E (Qi et
al. 1993) (Fig: 8).

Distribution in Holocene

There is no fossil record documented during the Ho-
locene although several fossil sites are found from this
time in southwestern Japan, in locations with coordinates
33.13°N  132.32°E (Mizuno 1980), 35.41°N 139.25°E
(Group & Group 1970), 34.4°N 135.3°E (Ithihara 1987),
35.17°N 136°E (Yamasaki et al. 1996) and 35.2°N 136.5°E
(Takemura 1984).

Distribution in Present period

Extant Metasequoia is only distributed in Shizhu, Chong-
qing; Lichuan, western Hubei and Longshan, Hunan, where
it forms very narrow triangular distribution area (29°.55’N
108°39’E; 30°15°N 108.56’E; 29°22°N 110°19’E) within the
elevation range 800—1500 m above sea level. In the region,
the Qinling Mountains have been blocked the cold winds
from the North in the Quaternary glacial period (Yu 1995,
Liu et al. 1996; LePage et al. 2005, Liu et al. 2007) (Fig. 10).

On the basis of the analysis of the distribution of Me-
tasequoia referenced on climate conditions from Cretaceous,
Paleocene, Eocene, Oligocene, Miocene, Pliocene, Pleisto-
cene, Holocene to present period, it can be concluded that:

1. Metasequoia as a deciduous conifer tree is a genus of

Historical distribution of Metasequoia

Figure 1 The distribution of Metasequoia in late Early Cretaceous
(Cenomanian—Turonian) (100-92 Ma). Here and after, in figures
2-10, filled circles indicate the fossil sites, and tectonic plate infor-
mation is based on Paleomap projection (Scotese 1986, Scotese
& Sager 1988, Scotese & Golonka 1992, Boucot et al. 2013).
Information concerning the distribution of Metasequoia, and
paleoclimate is referenced to Lepage et al. (2005) and Boucot et
al. (2013), respectively

Warm temperate

Figure 2 The distribution of Metasequoia and paleoclimate in the
late Late Cretaceous (Maastrichtian) (70 Ma) according to Liu et
al. (2007) and Boucot et al. (2013) respectively

Figure 2 The distribution of Metasequoia paleoclimate in the
Paleocene (60 Ma) according to Liu et al. (2007) and Boucot et al.
(2013), respectively
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Figure 4 The distribution of Metasegnoia and paleoclimate in
the Eocene (Ypresian) (50 Ma) according to Liu et al. (2007) and
Boucot et al. (2013), respectively

.. Cool tempera

Warm tempsrat‘e‘ & - v:‘«"‘ Y

Cool temperaté * HE Cool temperate

Figure 5 The distribution of Metasequoia and paleoclimate in the
Oligocene (30 Ma) according to Liu et al. (2007) and Boucot et al.
(2013), respectively

Figure 6 The distribution of Metasequoia and paleoclimate in the
Miocene (20 Ma) according to Liu et al. (2007) and Boucot et al.
(2013), respectively

Warm Temperate climate, characterized as not too hot or
too cold temperatures, and not too dry or too wet moisture
regimes. Subtropical and Cool Temperate climates can be
tolerated by Metasequoia and are suitable for growth of the
genus representatives. The hot and dry Arid climate makes

Figure 7 The distribution of Metaseqnoia in the Pliocene (5 Ma)
according to Liu et al. (2007). Paleoclimate information is from
the National Geophysical Data Center (Salzmann et al. 2011).
The relationship between the legends in Pliocene climate chart
(Salzmann et al. 2011) and those in Paleoclimate Reconstruction
figure from Cambrian to Miocene (Boucot et al. 2013) is shown in
Table 1. WT (A) = Warm temperate (but similar to Arid)

Figure 8 The distribution of Metasequoia in the Pleistocene (2 Ma)
according to Otsuka (1966), Otsuka & Nishiinoue (1980) and Qi et
al. (1993). Paleoclimate information is from the National Geophy-
sical Data Center (Ray & Adams 2001). The relationship between
the legends in Pliocene climate chart (Ray & Adams 2001) and
those in Paleoclimate Reconstruction figure from Cambrian to
Miocene (Boucot et al. 2013) shows in Table 2. WT(A) = Warm
temperate (but similar to Arid)

genus survival impossible. Tropical and Cold climates are
not suitable for the genus representatives either.

2. Metasequoia is probably originated from the high lati-
tude areas of Northeast Asia under the control of Warm
Temperate climate. The Warm Temperate climate has an
advantage for the distribution of Mezasequoia, while the Arid
climate stops its migration.

3. With the global temperature decreased significantly
since Pliocene, Metasequoia was forced to migrate southward.
There were three routes for the genus to migrate from the
north to the south areas in Northern Hemisphere: the first is
from North America, the second is from the middle Eurasia
and the third is from East Asia. Of these three routes, the
first and second were curbed by the Arid climate, and only
the third route from the higher latitude areas to lower latitude
areas of Hast Asia was suitable for the genus migration under
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Historical distribution of Metasequoia

Figure 9 The distribution of Metasequoia in the Holocene
according to Mizuno (1980), Group & Group (1970), Ithihara
(1987), Yamasaki et al. (1996) and Takemura (1984). Paleoclimate
information is from the National Geophysical Data Center (Fan
& Zhou 2011). The relationship between the legends in Present
climate chart (Fan & Zhou 2011) and those in the paleoclimate
reconstruction figure from Cambrian to Miocene (Boucot et al
2013) is shown in Table 3. WT(A) = Warm temperate (but similar
to Arid), ST(A) = Subtropical (but similar to Arid)

control of Warm Temperate or Subtropical climates. This is
the reason why Mezasequoia survived only in South China.
The Metasequoia can not migrate to the Tropical zone because
this conifer tree with deciduous foliage, originated from the
Warm Temperate zone has not developed mechanisms to
adapt the Tropical climate.

DISCUSSION

There are several ways to classify climates, including ge-
netic methods and empiric methods. The Képpen climatic
classification is based on average
monthly values of temperature and
precipitation. The most commonly

used form of this classification (Boucot et al 2013)

Figure 10 Present natural distribution of Metasequoia according to
Liu et al. (2007). Climate information is from the National Geo-
physical Data Center (Maboshi 2011). The relationship between
the legends in Present climate chart (Maboshi 2011) and those in
the paleoclimate reconstruction figure from Cambrian to Miocene
(Boucot et al 2013) is shown in Table 3. WT(A) = Warm temperate
(but similar to Arid), ST(A) = Subtropical (but similar to Arid)

the K&ppen classification is a very useful tool to understand
the global climate zones. Boucot et al. (2013) selected the si-
milar way to classify climates through geological time from
Cambrian to Miocene. In paleoclimitic reconstruction (Bou-
cot et al. 2013), the temperatures (warm and cool), and mois-
ture regime (wet and dry) are the basic climatic factors. Tropi-
cal zone, Arid zone, Cool Temperate zone and Cold zone are
characterized by different combinations of the temperature
and moisture conditions, such as warm and wet, warm and
dry, cool and wet, and cool and dry climates that determine

Table 1 The relationship between the legends in Pliocene climate chart (Salzmann
et al 2011) and those in Paleoclimate Reconstruction from Cambrian to Miocene

has five primary climate types la-

Legends and their identification num- Legends in the paleoclimate reconstruction

from Cambrian to Miocene

beled by A through E. These are
A — tropical; B — dry; C — mild
mid-latitude; D — cold mid-latitude;
and E — polar. The five primary
climate types can be further divi-
ded into classes such as the tropi-
cal rainforest, tropical monsoon,
tropical savanna, tropical desert,
subtropical Mediterranean, subtro-
pical monsoon and humid, subtro-
pical evergreen broad-leaved forest,
subtropical grassland and desert,
temperate deciduous broadleaved
forest, temperate marine, tempe-
rate monsoon, temperate grassland,
temperate desert, taiga, tundra, and
land ice (Peel et al. 2007, Fan &
Zhou 2011).

Because the most important fac-
tors influencing the distribution of
plants are temperature and moisture,
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bers in the Pleistocene climate chart

27. Land ice

20. Cushion-forb, lichens, moss tundra
18. Dwarf-shrub tundra

19. Prostrate shrub tundra

17. Shrub tundra

16. Steppe tundra

15. Evergreen tz.iga/ montane forest
21. Deciduous taiga/montane forest
12. Cool mixed forest

13. Cool conifer forest

14. Cold mixed forest

11. Temperate conifer forest

7. Open conifer woodland

5. Temperate deciduous forest

6. Temperate broadleaved savanna
4. Warm-temperate mixed forest

25. Temperate sclerophyll woodland
10. Temperate grassland

8. Boreal parkland

1. Tropical evergreen forest

2. Tropical semi-deciduous forest

3. Tropical deciduous forest/woodland
22. Tropical savanna

9. Tropical grassland

23. Tropical xerophytic shrubland
26. Desert-in lower latitude area

26. Desert-in higher latitude area
24. Temperate xerophytic shrubland

Cold

Cold (in Antarctica)

Cool temperate (in Antarctica)
Cool temperate (in Antarctica)
Cool temperate

Cool temperate

Cool temperate

Cool temperate

Cool temperate

Cool temperate

Cool temperate (in Central Asia mountains)

Warm temperate

Warm temperate

Warm temperate

Warm temperate

Warm temperate

Warm temperate

Warm temperate

Warm temperate

Tropical

Tropical

Tropical

Tropical

Tropical

Arid

Arid

Warm temperate (but similar to Arid)
Warm temperate (but similar to Arid)
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Table 2 The relationship between the legends in Pleistocene climate chart (Ray

& Adams 2001) and those in Paleoclimate Reconstruction from Cambrian to

Miocene (Boucot et al 2013)

Legends in the Pleistocene climate
chart

Legends in the paleoclimate reconst-
ruction from Cambrian to Miocene

Ice sheet or other permanent ice

Polar and alpine dsert

Alpine tundra

Tundra

Main Taiga

Steppe tundra

Broadleaved temperate evergreen forest
Temperate steppe grassland

Temperate desert

Dry steppe

Forest steppe

Open boreal woodlands

Semi-arid temperate woodland or scrub
Subalpine parkland (in Mexico)
Temperate semi-desert

Tropical grassland

Tropical rainforest

Tropical thorn scrub and scrub woodla
Tropical woodland

Monsoon or dry forest

Montane tropical forest

Savanna

Tropical semi-desert

Tropical extreme desert

Cold

Cold

Cold

Cold

Cool temperate
Cool temperate
Warm temperate
Warm temperate
Warm temperate (but similar to Arid)
Warm temperate
Warm temperate
Warm temperate
Warm temperate
Warm temperate
Warm temperate
Tropical
Tropical
Tropical
Tropical
Tropical
Tropical
Tropical

Ari

Arid

Table 3 The relationship between the legends in Present climate chart (Fan
& Zhou 2011) and those in the paleoclimate reconstruction from Cambrian to

Miocene (Boucot et al 2013).

Legends and their identification numbers Legends in the paleoclimate reconst-

in the Present climate chart

ruction from Cambrian to Miocene

. Land ice in Cold
. Tundra in Cold
. Taiga in Subcold

. Temperate marine

. Temperate monsoon

. Temperate grassland

. Temperate desert

. Subtropical Mediterranean

10. Subtropical monsoon and humid

ORIV W —

. Temperate deciduous broad-leaved forest

Cold
Cold

Cool Temperate

Warm Temperate

Warm temperate

Warm temperate

Warm Temperate

Warm temperate (but similar to Arid)
Subtropica{)

Subtropical

11. Subtropical evergreen broad-leaved forest Subtropical

12. Subtropical grassland and desert
13. Tropical desert

Subtropical (but similar to Arid)
Arid

14. Tropical savanna Tropical
15. Tropical monsoon Tropical
16. Tropical rainforest Tropical

Table 4 The distribution of Metasequoia in different climate zones from
Cenomanian—Turonian to Present period

Age Ma

Cool

Warm  Boreo- Arid Tropical

Temperate Temperate tropical

Cenomanian-Turonian 100-92
Maastrichtian

Paleocene 60

Eocene 50
Oligocene 30 °
Miocene 20 °
Pliocene 5
Pleistocene 2

Holocene 0

Present Period 0

the expansion of each zone.

Warm temperate zone is an intermediate zone. In that
climate zone, neither too warm nor too cold, neither too
wet nor too dry are taken place. Boreotropical zone is simi-
lar to Subtropical zone, indicating the area in Northern He-
misphere with lower temperature and moisture than tropical

zone.

In paleoclimatic reconstruction, Pliocene and Pleisto-

92

cene paleoclimatic charts have not been
shown by Boucot et al. (2013). In order
to compare the distribution of Metasequoia
in these two geological periods with the
former periods, we select other paleocli-
matic charts (Salzmann et al. 2011, Ray
& Adams 2001). Although the legends in
Pliocene and Pleistocene climate charts
(Salzmann etal. 2011, Ray & Adams 2001)
are different from those in Paleoclimate
reconstruction from Cambrian to Mio-
cene (Boucot et al. 2013), the two former
legends can be changed to the later, res-
pectively (Tables 1, 2).

Holocene and Present Period clima-
tic charts are referenced to Fan & Zhou
(2011) because its climate classification is
also similar to the Képpen classification,
and its climate projection can be compa-
red with the Paleomap projection (Bou-
cot et al. 2013). The legends in Holocene
and Present Period climate charts are al-
so different from those in Paleoclimate
Reconstruction figure (Boucot et al.
2013), the former legends can also be
changed to the latter (Table 3).

Origin, diffusion and migration of
Metasequoia

On the basis of the placoclimate in-
formation shown in the paleogeographic
charts, we can come to tentative con-
clusions about the origin, diffusion and
migration of Melasequoia.

Warm Temperate climate, as the
most suitable climate condition for Mesa-
seqouia, influence the origin, diffusion
and migration of the genus (Table 4).

Based on the earliest reliable fossil
records of Metasequoia, the genus was
probably originated from the areas of
Northeast Asia or Northwest America
under the control of Warm Temperate
climate (Fig. 1).

After the origin of Metaseqnoia, the
genus diffused into the Boreotropical
zone from Warm Temperate zone in
Maastrichtian (Fig. 2), as well as Boreo-
tropical zone and Arid zone in Paleocene
and Eocene from Warm Temperate zone
(Fig. 3, 4, Table 4). The diffusion of the
genus in Arid zone and Cool Temperate

zone very limited indicates that these two climate zones are
unsuitable for the growth of Metasequoia plants.

Since early Eocene, the Earth expetienced a long-term
cooling (Fig. 11). The areas of Warm Temperate zones were
contracted markedly, while Cool Temperate zones develo-

ped in North Hemisphere. In this situation, on the one

hand, Metaseqnoia plants greatly reduced in Cool Temperate
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Figure 11 Global temoerature change from Cretaceous to Quater-
nary (modified from Scotese 2000). K: Cretaceous; E1: Paleocene;
E2: Eocene; E3: Oligocene; N1: Miocene; N2: Pliocene; Q:
Quaternary, including Pliestocene and Holocene

zone; on the other hand, Mefesequoia was forced to migrate
to the south areas and tried to adapt to all kinds of climate,
such as Arid climate, Tropical climate (Fig. 5, 6, Table 4).
This migration was stopped in the North America and in
the middle of Eurasia by the expansion od the Arid zone.
Furthermore, the presence of Metasequoia in these two
areas is dramatically decreased since the Earth entered the
Quaternary ice age in Pliocene. Only in East Asia, this mig-
ration appeared to be successful, and a small part of Mezase-

guoia population survived from Pliocene to Present Period
in China (Figs. 7, 8, 10, Table 4).

Implications of paleoclimate information

Palacoclimate information provided by Boucot et al.
(2013) gives an opportunity to analyze the relationships be-
tween the distribution of the taxon and its tolerable climate
condition. In this paper, we can conclude that the most
suitable climate condition for Mezaseguoia through geological
time in the Warm Temperate zone. This work is very similar
to that of Profophyllocladexcylon (Zhang et al. 2010). We also
can tentatively decipher the origin, diffusion and migration
of Metasequoia and answer the question why Metasequoia as
a relic plant only survives in a small area of South China
on the basis of Palaeclimate information. Furthermore,
Metasequoia plants with deciduous foliage indicate that they
adapt the climate characterized as warm in summer and
cold in winter. This is very like Lepidopteris fronds with the
rachis covered with small subepidermal swellings to adapt
the climate of desertification (Zhang et al. 2012).

ACKNOWLEDGEMENTS

The work was supported the the project 111 of China
(B06008), National Natural Science Foundation of China
(31470324) and Doctoral Fund of Shenyang Normal
University. We are very grateful to Prof. Valentin Krassilov,
Academician of the Russian Academy of Sciences, Institute
of Evolution, University of Haifa, Israel, and his wife Mrs.

Historical distribution of Metasequoia

Sophia to encourage us to study Paleobotany referenced on
Paleoclimate information; Many thanks for Prof. Ge Sun,
College of Paleontology, Shenyang Normal University,
and Prof. Yong-dong Wang, Nanjing Institute of Geology
and Paleontology, Chinese Academy of Sciences, for their
positive advices on this work. We are deeply indebted to
Prof. Xu Chen, Academician of the Chinese Academy
of Sciences, and Prof. Suhai. Xiao, Nanjing Institute of
Geology and Paleontology, Chinese Academy of Sciences,
for their supports in Paleoclimarte and Tectonic plate
information. Many thanks go to Dr. Li Wang, researcher of
Xishuangbanna Tropical Botanic Garden, Chinese Academy
of Sciences, Ms. Yue Hong and Xue-shu Ding, librarians of
Library of Shenyang Normal University, for their helps in
literatures. We would like to extend our thanks to Dr. Pavel
Krestov, Director of Botanical Garden-Institute, Russia, as
well as two anonymous referees for their helpful comments
and supports.

LITERATURE CITED

Boucot, A.J, X. Chen, CR. Scotese & R.J Motley 2013. Pha-
nerozoic Placoclimate: an atlas of lithologic indicators
of climate. Society for Sedimentary Geology, Oklahoma,
478 pp.

Fan, Y. & M. Zhou 2011. Atlas of the World. China Map Pub-
lishing House, Beijing, 397 pp. (in Chinese).

Farjon, A. 2010. A Handbook of the World’s Conifers. Brill Lei-
don, Boston, 1111 pp.

Gadek, PA., D.L. Alpers, M.M. Heslewood & C.J. Quinn
2000. Relationships within Cupressaceae sensu lato: a
combined morphological and molecular approach. Awseri-
can Journal of Botany 87:1044-1057.

Group, S.R. & K.Q.R. Group 1970. Discovery of Metase-
guota flora from the Quaternary system in Sayama Hills.

Journal of the Geological Society of Japan 76: 315-316.

Tthihara, M. 1987. Paleoclimatic record obtained from Plio-
cene and Quaternary deposits around Osaka Basin, Ja-
pan. In: International Union for Quaternary Research, XIIth
International Congress, pp. 192.

Krassilov, V., M.T. Kodrul & PN. Maslova 2009. Plant sys-
tematics and differentiations of specious over trans-Be-
ringian land connections including a new recognized cu-
pressaceous conifer Ditaxocladus Guo & Sun. Bulletin of
Geosciences 85(1):1-16.

LePage, B.A., H. Yang & M. Matsumoto 2005. The evolution
and biogeographic history of Metasequoia. In: The geobiology
and ecology of Metasequoia (B.A. LePage, WJ. Christopher &
H. Yang, eds.), pp. 3—114, Springer, The Netherlands.

Liu, YJ., CS. Li & Y.I. Wang 1996. Review on genus Mezase-
guota. Chinese Bulletin of Botany 13(3):15-22 (in Chinese
with English abstract).

Liu, Y.J., N.C. Arens & C.S. Li 2007. Range change in Mezase-
guoia: relationship to palacoclimate. Bofanical Journal of the
Linnean Society 154:115-127.

Mizuno, 1. 1980. Discovery of Metasequoia flora from Mizuwa-
kare in the eastern part of Uwajima city, Ehime prefecture,
Japan. Journal of the Geological Society of Japan 86:353-355.

Otsuka, H. 1996. Geologic structure, fossils and correlation
of the Kuchinotsu Group. Journal of the Geological Society of
Japan 72:491-501 (in Japanese with English abstract).

Otsuka, H. & T. Nishiinoue 1980. Quaternary geology of the
coastal area north of Kagoshima Bay, South Kyushu, Japan.
Reports of the Faculty of Science, Kagoshinma University 13:35-76.

Botanica Pacifica. A journal of plant science and conservation. 2015. 4(2): 87-94 93



Zhang & Wang

Peel, M.C., B.I.. Finlayson & T.A. Mcmahon 2007. Updated
wortld map of the Képpen-Geiger climate classi_cation.
Hydrology and Earth System Sciences Discussions 2007, 4(2):
439-473.

Qi, G.E, J.J Yang & J.Z. Su 1993. Two ancient woods exca-
vated from Wuhan City. Acta Botanica Sinica 35:724-726.

Ray, N. & J. Adams 2001. A GIS-based vegetation map of
the world at the Last Glacial Maximum (25,000-15,000
BP). Internet Archaeology 11:1—44.

Salzmann, U., M. Williams, A.M. Haywood, A.IL.A. Johnson,
S. Kender & J. Zalasiewicz 2011. The climate and envi-
ronment of a Pliocene warm world. Paleogeography, Palaeo-
climatology Palacoceology 309(1-2): 1-8.

Scotese, C.R. 1986. Phanerozoic reconstructions: A New look at
the assembly of Asia. University of Texas Institute of Geo-
physics, Technical Report 66: 1-54.

Scotese, C.R. & J. Golonka 1992. Paleogeographic atlas, PA-
LLEOMAP, Progress Report 20-0692. Department of
Geology, University of Texas at Arlington, 34 pp.

Scotese, C.R. & W. Sager 1988. Mesozoic and Cenozoic
plate tectonic reconstructions. Tectongphysics 155: 1-399.

Sun, G, M. Akhmetiev, V. Markevich, A.R. Ashraf, E. Bug-
daeva, P. Godefroit, Yu. Bolotsky, Z.M. Dong, I.. Golov-
neva, H.X. Yang, C.I.. Sun, Y.W. Sun, C. Quan, T. Kodrul,
T. Kezina, K. Johnson, H. Nishida, D.L.. Dilcher, I. Har-
ding & Y.J. Chen 2011. Late Cretaceous biota and the
Cretaceous—Paleogene (K—Pg) boundary in Jiayin of Hei-
longjiang, China. Global Geology 14(3):115-143.

Takemura, K. 1984. The Pliocene—Pleistocene Tokai group

in Inabe area, Mie prefecture, central Japan, with special
reference to the relationship between lithostratigraphy
and tephrostratigraphy. Journal of the Geological Society of
Japan 90:799-813.

Tao, JR. & X.J. Sun 1980. The Cretaceous floras of Lindi-
an Xian, Heilongjiang province. Acta Botanica Sinica
22(1):75-79.

Tao, J.R. 1992. The Tertiary vegetation and flora and floris-

tic regions in China. Acta Phytotaxonomica Sinica. 30(1):
25-43. (in Chinese with English abstract).

Yamasaki, H., S. Yoshikawa, M. Konomatsu & N. Mitsuya
1996. Geological age of the Shiratsuchidani member
within the Takashima formation of the Plio-Pleistocene
Kobiwako group in Shiga prefecture, central Japan. Jour-

nal of the Geological Society of Japan 102:303-311.

Yu, Y.F 1995. Origin, evolution, and distribution of the Ta-
xodiaceae. Acta Phytotaxonomica Sinica 33(4):362-389. (in
Chinese with English abstract).

Wang, I.. & Q. Leng 2011. A new method to prepare clean
cuticular membrane from fossil leaves with thin and frag-
ile cuticles. Science China — Earth Sciences 54(2):223-227.

Zhang, Y., J. Wang, L..]. Liu & N. Li 2010. Protophyllocladoxy-
lon jingynanense sp. nov. — a gymnospermous wood of the
Serpukhovian (Late Mississippian) from Gansu, North-
west China. Acta Geologica Sinica 84(2):257-268.

Zhang, Y., S.I.. Zheng & S.V. Naugolnykh 2012. A new spe-
cies of Lepidopteris discovered from the Upper Permian

of China with its stratigraphic and biologic implications.
Chinese Science Bulletin 57(27): 3603-3609.

Yi Zhang:

I am saddened to learn of the passing of our respectable Prof. Valentin Krassilov. Prof. Krassilov was
among the greatest paleobotanists in the world — brave enough to think differently and carefully, diligent
enough to make great progress, and kind enough to help young researchers, including me and other
Chinese researchers, to enter the mysterious world of paleobotany.

The wortld has lost a visionary in paleobotany, who led us to explore the ancient world tirelessly and
successfully. We also have lost an excellent research envoy from Israel and Russia to China. And there may
be no greater tribute to Prof. Krassilov than the fact that more and more young Chinese paleobotanists
work closely with Israelian and Russian researchers, make great progress in paleobotany and take peace

and happiness to the world.
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