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The plant genus Metasequoia Miki, 1941 and
its sole living relict species Metasequoia glyp-
tostroboides Hu et Cheng, 1948 have been of spe-
clal interest for both the public and scientists since
1941 when the genus was established. Due to its u-
nique discovery history (fossils discovered earlier
than the living species) and incomparable scientific
value in the research of plant evolution and its rela-
tionship with environmental and climatic changes,
Metasequoia becomes arguably the most compre-
hensively studied higher plant in both fossil and liv-
ing forms. This paper summarized recent advance
in Metasequoia research by reviewing the research
history of Metasequoia and the scientific value of this
genus ., while paid special attention to the applica-
tion of new methods and techniques in the research
field of Metasequoia in the recent decades. The ap-
plication of biogeochemical (organic geochemistry
and stable isotope) analysis as well as the new and
innovated methods of preparing large-sized cuticular
membrane from leaves with originally thin and fragile
cuticles further secure Metasequoia’s super star
status for the research of palaeoclimatic reconstruc-
tion .
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Among more than 250000 species of modern
land plants, Metasequoia glyptostroboides Hu et
Cheng, 1948 has received exclusively special atten-
tion from both the public and scientists alike: It is
known by a number of common names (including

nicknames) such as “dawn redwood,” “water fir,”

“panda in plant kingdom,” “living fossil,” “dino-
” “national treasure tree (of Chi-
etc. It was elected by the Arnold Arboretum

at Harvard University as the “Tree of the Twenti-
9 [1]

saur-age tree,

na) ) ”

eth Century It has received the highest con-
servation status at both the national (China) and
international levels: It has been always ranked at
the highest class of protection in any formal and/or
informal plant protection strategies and documen-
tation since the People’s Republic of China was es-
tablished in 1949 and in 1999, it was listed among
the nine conifer species that need protection by in-
ternational efforts by the International Union for
the Conservation of Nature and Natural Resources
(IUCN). It is the only tree species in China with
its own conservation organization—the “Save the
Dawn Redwoods League” (also translated as “Met-
asequoia Conservation Committee”). Along with
its fossils, M. glyptostroboides is among those
very rare plant taxa on which specific scientific
meetings are held periodically—since 2002, three
International Metasequoia Symposia had been held
once every four year: 2002 in China, 2006 in the
US, and 2010 in Japan. After each symposium, a
book or a special issue of a journal was (will be)
published as the proceedings “* .

These seemingly exceptional attentions and
privileges that Metasequoia has received are at least
in part due to its unique discovery history and im-
portant scientific values. The genus Metasequoia
Miki, 1941 was established to accommodate fossil
conifer material discovered from Pliocene sedi-
ments near Osaka, Japan, and it was believed to be
an extinct plant group at the time of fossil discov-

ery. When several years later trees of its living

* Corresponding: Tel: 001 401 232 6339, Email address: gleng@bryant. edu (Q. Leng).
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species (Type tree see Figure 1) were found alive
in South-Central China (now the border region
formed by western Hubei, eastern Chongqing, and
northern Hunan), it was considered “as remarka-
ble as discovering a living dinosaur” (Ralph W.
Chaney) " and immediately aroused wide interna-
tional interests. To save the endangered “living
fossil”—the sole living species of the genus, Meta-
sequoia glyptostroboides became the hottest topic
among both the public and scientists in the late

1940s. Through international efforts, particularly

Figurel The type tree of Metasequoia glyptostrobo-

ides in Moudao, Lichuan, Hubei, China. Please note
persons underneath the tree as scales. Photo taken in
August , 2002.

After about 60 years of growing they now become
a rare and valuable resource for various scientific
endeavors, particularly the research on the correla-
tion between plant traits and climatic parameters.
The U. S. thus is known as the second motherland
of Metasequoia. Palaeobotanists’ revision on previ-
ously described conifer fossils revealed that Meta-
sequoia used to be a broadly distributed fossil taxon
in the Northern Hemisphere. So far, more than
500 fossil localities yielding Metasequoia fossils
have been documented and brought to light that
soon after Metasequoia firstly appeared in the fossil
record of Late Cretaceous (Cenomanian) it became

one of the dominant conifers in Paleogene and Neo-
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the collaboration between Chinese and American
botanists and palaeobotanists, seeds of M. glyp-
tostroboides were collected and distributed outside of
China for cultivation. The U. S. became the country
where the majority of the cultivated trees are systemat-
ically planted, and these trees with known genetic re-
sources have been growing under various geographical,
climatical, and environmental conditions across the
whole country of the U. S. from East Coast to
West Coast and from Alaska to the North to Flori-
da to the South (one big tree is shown in Figure 2).

Figure2 A big Metasequoia glyptostroboides tree grow-
ing in Bailey Arboretum, Long Island, New York, the
U.S. from a seed collected in the late 1940’s from Chi-
na. Please note the person (about 1. 8m high) under-
neath the tree as a scale. Photo taken in August, 2006.

gene temperate floras of the Northern Hemisphere
till its last fossil record appeared in Pleistocene
sediments in Japan (Some fossils are shown in Fig-
ures 3—5). What is even more intriguing is that
during the past ~100 million years the gross mor-
phology of Metasequoia hasn’t changed much, im-
plying a stasis evolutionary history for this genus.
Therefore, as a plant taxon with 1) a long evolu-
tionary history of about 100 million years with con-
tinuous fossil records, 2) a wide range of fossil
distribution in the Northern Hemisphere, 3) a mor-
phological stasis from the first appearance till modern
time, 4) a living representative species to act as the

comparison for fossils, and 5) ~60 years of cultivation
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under various environmental conditions, Metasequoia
is truly an ideal “model plant” for the studies of plant
evolution, phylogeny, phytogeography, plant mor-
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Figure 3

phological, anatomical, and physiological adaptation
toward environmental changes, and palecenvironmen-

tal and paleoclimatic reconstruction, etc.

T

Left: Three-dimensionally preserved fossil Metasequoia (M. occidentalis) leaves and leafy branches unearthed

from the Member 2 of the Late Paleocene Iceberg Bay Formation at Ellesmere Island of the Canadian Arctic. Showing the

extraordinary preservation condition Scale bar = 1 cm. Right: Dissecting microscope photograph of leaves and leafy
branchlets of material shown in left figure isolated by HCI-HF-HCI treatment. Scale = 1 mm.

Figure4 Dissecting microscope photograph of a part
of a three-dimensionally preserved fossil Metasequoia
(M. occidentalis) leafy branchlet unearthed from the
Middle Eocene Buchanan Lake Formation at Axel
Heiberg Island of the Canadian Arctic. The material has
been gold-coated for scanning electron microscope obser-
vation. Scale = 1 mm.
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Since 1941, an exceptionally large pile of liter-
ature on this arguably best-known genus has been
published all over the world in various languages.,
which was first summarized and reviewed by Ed-
mund H. Fulling at the Thirty Anniversary of the
establishment of the genus Metasequoia (1941—
1971) &7,

vailable to him before he passed away in 1975 and

Fulling collected almost all references a-

his almost finished manuscript was published in
1976 with an additions published in 1977 in the
journal “The Botanical Review”.

The second comprehensive summary and re-
view on previous research on Metasequoia was car-
ried out by Arnold Arboretum of the Harvard Uni-
versity at the Fiftieth Anniversary of the official
publication of the living species Metasequoia gly p-
tostrobus (1948—1998). “Arnoldia, the Magazine
of the Arnold Arboretum” combined its Issue 4 of
Volume 58 (1998) and Issue 1 of Volume of 59
(1999) to reprint some classical papers on Metase-
quoia and publish a series of new research and/or
review articles to celebrate the anniversary 7.

The last two decades have witnessed a sharply
increased attention toward climate changes which

were mainly caused by human activities. More con-
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Figure5 A part of aleafy branchlet of fossil Metasequoia (M. occidentalis) collected from the Middle Miocene Clarkia

fossil bed of Idaho, the U.S. Scale = 1 mm.

cerns have been expressed to the trend and magni-
fication of climate changes in the future. A better
understanding on the scale and rate of future cli-
mate changes can be achieved by our knowledge on
the mechanism of paleoclimate. Plant fossil is one
of the most efficient proxies for the reconstruction
of paleoclimates, particularly plants with long evo-
lutionary history, abundant fossil records, and liv-
ing representatives (even better, representative of
close affinity) as a comparison reference. Metase-
quoia not only meets all these preferable criteria,
its predominant role in floras of the high latitude
areas of the Northern Hemisphere during Paleo-
gene global warming period and the extraordinary
preservation condition of Metasequoia fossils un-
earthed in these cold areas (refer to figures 3—4)
made this genus a “super model” for the research
of paleoclimate reconstruction. Metasequoia’s leg-
end has been not only continued but also enhanced
in the past two decades with scientists beyond bot-
anists and paleobotanists joining the “Metasequoia
research club. ”

In 2002, scientists from 4 countries who were
actively involved in the study of fossil and living
Metasequoia gathered together to participate in the
First International Metasequoia Symposium held in
China, the mother land of M. glyptostroboides.
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After exchanging scientific ideas through presenta-
tions and workshop discussions in Wuhan, partici-
pants took a field trip to Metasequoia Valley in Li-
chuan, Hubei Province to visit the type tree (Figure
1) and other native trees of M. glyptostroboides. A
proceedings including some of the presentations was
published !, serving as an important reference of
the updates of the research on Metasequoia in the
fields of history, conservation, paleobiology, paleo-
ecology, and modern ecology. In addition, the sym-
posium participants’ effort of conserving Metasequoia
led to the final establishment of the Xingdoushan
National Nature Reserve (2003), which encompas-
ses the distribution center area of native M. glyp-
tostroboides trees.

The second symposium, entitled “Metasequoia
and Associated Plant: Evolution, Physiology,
Horticulture, and Conservation” took place in
2006 in the U. S., the second mother land of M.
glyptostroboides where most cultivated trees are
growing. Again, after exchanging ideas in various
research fields and field visits to some of the culti-
vated trees (one of the trees is shown in Figure 2)
which have been growing healthily on the land of
North America, a proceedings was published in the
journal “Bulletin of the Peobody Museum of Natu-
ral History, Yale University” ©/. One of the high-
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lights of this symposium was the application of bio-
molecular (biomarker) and stable isotope tech-
niques in the research field of Metasequoia trying
to recover paleophysiological and paleoclimatic in-
formation from Metasequoia fossils that conven-
tional methods/techniques failed to obtain previ-
ously. For example, Yang, Leng, and LePage (re-
fer to Ref [3]) detected in situ preservation of pol-
ysaccharides and cutin acids in three-dimensionally
preserved Metasequoia leaves from Member 2 of
the Late Paleocene Iceberg Bay Formation at Elles-
mere Island of the Canadian Arctic (~ 60 million
years, Figure 3) using a modified version of the
online pyrolysis-gas chromatography-mass spec-
trometry (Py-GC-MS) technique involving the use
( TMAH).
These biomolecules are the oldest of these types of

of tetramethylammonium hyroxide

biomolecules so far documented in the fossil record.
Along with evidence from SEM observations, this
study proposed a significant role for these labile bio-
molecules in the fossilization and preservation of
three-dimensional leaf tissues.

Since the appearance of this article and other
related papers in the proceedings ', a series of
publications using molecular and stable isotope
techniques on Metasequoia material, both fossil
and living, to reveal physiological and climatic in-
formation emerged. Using Metasequoia as an ex-
ample, the critical issues concerning with material,
technology, and applications of molecular hydro-
gen isotope values were first discussed and a model
of how hydrogen is incorporated into Metasequoia ,
the apparent hydrogen fractionation factors be-
tween Metasequoia lipid molecules and source wa-
ter (e,,..;a)) Were proposed /. Many other re-
search followed. For example, an analysis of envi-
ronmentally decayed Metasequoia leaves revealed
that guaiacyl lignin units and cellulose were de-
graded more rapidly relative to vinyl phenol, a pri-
mary pyrolysis product that is thought to have de-
rived from cutin and plant cuticles, suggesting that
cutin is likely more stable than lignin ", These
evidences along with the observed changes in the
cellular structure and cuticle of the modern, decay-
ed, and fossil Metasequoia leaves under SEM, of-
fered molecular explanation for the long held ob-
servation of the abundance of cuticle preservation
in the fossil record. The evidence was also suppor-

ted by a heating experiment of modern Metasequoia
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needle in confined conditions that generated a mac-
romolecular composition similar to those present in
the fossils. Results of the experimental heating al-
so implicated the contributions of cutin and its dia-
genetically altered products to the presence of ali-
phatic components in terrestrially derived sedimen-
tary organic matter.

Another example evolves the relationships be-
tween hydrogen isotope values and latitude as well
as climate. Statistical analyses found a strong neg-
ative correlation between n-alkane dD (stable iso-
tope ratios of hydrogen) and latitude as well as sta-
tistically significant correlations between 8D and
both annual mean temperature (AMT) and spring
(February-May ) mean temperature (SMT). A
weaker but still significant correlation between §D
and spring mean precipitation (SMP) was also detec-
ted. These results bear strong implications for using
SD values obtained from Metasequoia fossils as pa-
leoclimatic and paleoenvironmental proxies. These
results are consistent with the model of multiple con-
trols for the variability of hydrogen isotopic composi-
tions in higher plant n-alkanes based upon a global
data set from modern ecosystems -*7,

While new technology at the molecular and i-
sotope levels is playing an increasing role in using
Metasequoia as a proxy for climate study, conven-
tional methods are continuing to perform well in
the research field of Metasequoia from new per-
spectives. One of the conventional botanical and
paleobotanical techniques is cuticle analysis which
has been used as one of the most important tools
for plant identification, classification, and correla-
tion for almost two centuries and in recent decades
has played a key role in the reconstruction of at-
mospheric CO, concentration. However, the thin
and fragile nature of cuticles of Metasequoia, a de-
ciduous conifer, impeded the application of cuticle
analysis in using the abundant Metasequoia fossils
to the research field of paleo-CO, reconstruction.
New and innovated methods developed in recent

-] how make the recovery of large-sized

two year
clean cuticular membranes from fossil Metasequoia
that recorded paleo-CQO, information available (Fig-
ures 6—7). This breakthrough open doors to more
precise calculation of stomata on fossils like Meta-
sequoia that has long and well documented fossil
record but thin cuticles for the reconstruction of

ancient atmospheric CO, concentration.
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Figures 6—7 Scanning electron microscope photographs of the inner surface of cuticle of the lower epidermis of living

Metasequoia (M. glyptostroboides, Fig. 1, leaf sampled from a mature tree cultivated in Nanjing, China) and fossil

Metasequoia (M. occidentalis, Fig. 2, sampled from Member 2 of the Late Paleocene Iceberg Bay Formation at Ellesmere

Island of the Canadian Arctic), showing both the stomatal zone (left and middle area) and non-stomatal zone (right area).

Scale bar = 20 pm.

Recently, the Third International Metasequoia
Symposium was organized in 2010 in Osaka, Ja-
pan, where fossils based on which the genus name
Metasequoia was established were discovered.
During this symposium, more molecular and stable
isotope techniques have been applied to resolve
questions related to Metasequoia as its applications
as a climate change indicator. For example, to fur-
ther investigate the link between hydrogen isotope
signals from Metasequoia leaves and climate fac-
tors, Yang, Blais, and Leng measured 8D values
from south facing leaf n-alkanes of 27 Metasequoia
trees cultivated across the United States under dif-
ferent latitudes and climatic regions. These trees
grown from seeds derived from a single genetic
source in China in the late 1940s. These stable iso-
tope records were cross analyzed with climate data
over the past 50 years (1950—2009) compiled from
stations near each site where these Metasequoia
trees have been growing M.

While more Metasequoia {ossils are to be dis-
covered and analyzed, the living species M. glyp-
tostrobides will continue to be treasured in its n-
ative habitat in South-Central China as well as in
botanical gardens around the globe. With more
new technologies applied to both fossil and living
forms, scientists will no doubt uncover more char-
acters toward its unique evolutionary history as
well as its applications toward a better understand-
ing of the co-evolving earth environment. Metase-

quoia as a vigorous and beautiful plant genus is

Vol. 18, No.2, 2010

taking on a new scientific journey on the path of
solving new challenging biological and geological

questions,
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