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Abstract Identification of buried woods and pollen analysis were carried out to reveal the paleovegetation of
the Sanbe-Azukihara buried forest in Shimane, southwestern Japan. The buried forest was formed by a debris
avalanche derived from Mt. Sanbe at ca. 3500 yrs BP. The paleoflora in the Sanbe-Azukihara buried forest was
mainly composed of Cryptomeria japonica, Chamaecyparis obtusa, Cephalotaxus harringtonia, cf. Castanopsis
cuspidata, Quercus subgen. Cyclobalanopsis sp., Zelkova serrata, Aesculus turbinata, Cercidiphyllum sp., and
Sapindus mukorossi. The study results indicated that vegetation changed gradually from a wasteland to a Cryp-
tomeria japonica forest through a riparian forest between 4500 and 3500 yrs BP. In central Chugoku region
where the study area is located, the high ratio of C. japonica pollen has not so far been reported from pollen
analytical studies through the Holocene. The discovery of a buried forest of Cryptomeria japonica in the central
Chugoku region shows that this area had a cool humid climate suitable for the growth of C. japonica and pro-
vides a material to clarify the reason for the weak development of C. japonica forests during the Holocene in
this region.
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tification of buried trees
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Introduction
The central Chugoku region has been recognized as
an area with scarce natural distribution of Cryptome-
ria japonica through the Holocene (Takahara et al.,
1997; Takahara, 1998). The Sanbe-Azukihara buried
forest, a rare example of a Holocene Cryptomeria ja-
ponica forest in this region, was formed by a series of

volcanic activities of Mt. Sanbe. The volcanic activities
of Mt. Sanbe between 100,000 and 500 yrs BP are di-
vided into eight active stages from Sanbe volcano I to
VIII (Fukuoka & Matsui, 2004). The Sanbe-Azukihara
buried forest was formed by volcanic activities in the
Sanbe volcano stage VII (Nakamura, 2003). We inves-
tigated the taxa and distribution of the buried trees
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and carried out pollen analysis of the sediment in the
Sanbe-Azukihara buried forest to clarify the paleoveg-
etation at the Azukihara and its vicinity at ca. 3500
yrs BP and the changes in vegetation from ca. 4500 to
3500 yrs BP. Results of our study on the Sanbe-Azuki-
hara buried forest indicated the environmental condi-
tions that define the distribution of C. japonica forests
during the Holocene in this region.

Description of study site

The Sanbe-Azukihara buried forest is situated at the
northern foot of Mt. Sanbe in the central Chugoku
region, southwestern Japan, about 10 km from the
sea (Fig. 1). The Sanbe-Azukihara buried forest was
formed by the volcanic activities of the Sanbe-volcano
stage VII (Fig. 2). Radiocarbon ages for the Sanbe vol-
cano stage VII range from 3790 + 35 to 3316 + 40
yrs BP, those for paleosoil (Second Black Soil) directly
covered by the sediments of the Sanbe volcano stage
VII from 4850 + 40 to 3600 + 40 yrs BP, and those for
the Sanbe volcano stage VI from 4850 + 70 to 4480 +
110 yrs BP (Fukuoka & Matsui, 2004). In the Sanbe-
volcano stage VII a debris avalanche covered a giant
C. japonica forest at ca. 3500 yrs BP and brought
huge driftwoods to the Azukihara area. The deposits
dammed up the Azukihara River and formed a natural
dam lake. Subsequent pyroclastic flow and volcanic
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Fig. 1 Location of the study site. — a: Map of the Sanbe dis-
trict. b: Location of the Azukihara area, the contour topogra-
phy, and the river system in the Sanbe district.

ash flowed into the lake and filled it up, burying the
trees more deeply.

Species identification of the buried forest and pollen
analysis of the buried paleosoil were conducted in the
Large Exhibition Room of the Sanbe-Azukihara Buried
Forest Park and its vicinity (Fig. 3). The buried forest
occurs in a basin, ca. 1 km in diameter at ca. 220 m
alt., along the Azukihara River, a branch of the Sanbe
River flowing from Mt. Sanbe. The basin is surrounded
by ridges about 300 m alt. According to the actual
vegetation maps (Environment Agency, 1982, 1986),
the surrounding areas are covered with compensation

Mt. Sanbe

Azukihara River
Sector collapse

Debris avalanche

Eruption

Drift wood log

Dam was filled up, and
volcanic ash flowed into this
area and piled up thick

Pyroclastic flow

Standing tree

Fig. 2 Formation of the Sanbe-Azukihara buried forest (mod-
ified from Nakamura, 2003; Ohata et al., 2005). — a: Giant
trees of Cryptomeria japonica grew at the northern foot of
Mt. Sanbe at ca. 3500 yrs BP. b: Debris avalanche brought
huge driftwood logs into the Azukihara area, damming up
the Azukihara river to form a natural dam lake. c: Pyroclastic
flows came down into the Azukihara area and covered the
forest. d: The natural dam lake was filled up after the flow,
and volcanic ash from the foot of Mt. Sanbe flowed into the
Azukihara area, piled up thick, and buried the trees more
deeply.
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vegetation including a Quercus serrata community and
Castanopsis sp. and Quercus subgen. Cyclobalanopsis
sp. coppice forest, as well as plantations of Pinus densi-
flora, Cryptomeria japonica, and Chamaecyparis obtu-
sa. In addition, the lowland is covered with paddy-field
grass communities. The northern slope of Mt. Sanbe to
the south of the study area is covered with the natural
vegetation of the Lindera umbellata—Fagus crenata,
and Carpinus tschonoskii—Carpinus laxiflora com-
munities. Other slopes of Mt. Sanbe are occupied by
Sasa grassland, an alliance of Miscanthus sinensis, an
alliance of Zoysia japonica, and plantations of Crypto-
meria japonica, Chamaecyparis obtusa, C. pisifera, and
Larix leptolepis.

Sample collections

1. Species identification of buried trees

From 63 wood samples that Sato (2002, 2003a, b)
recorded the position and diameter, we collected 56
wood samples for species identification. Seven remain-
ing samples were identified by Mitsutani (2002, 2003)
and Sato (2000, 2003b). Of these, 27 wood samples
were from buried standing trees in the Sanbe-Azuki-
hara Buried Forest Park, and 29 were from driftwood
logs probably carried by a debris avalanche to the pres-
ent site of the Large Exhibition Room of the Sanbe-
Azukihara Buried Forest Park (Fig. 3).

2. Pollen analysis

Samples for pollen analysis were collected from Lo-
cation 1 in the site of the Exhibition Room of the San-
be-Azukihara Buried Forest Park and from Locations
2-4 in the site of the Large Exhibition Room (Fig. 3).
At all the locations, the top horizons were the paleosoil
(Second Black Soil) dated at ca. 3500 yrs BP buried by
the debris avalanche (Figs. 5-6).

Methods

1. Species identification of buried trees

Thin wood sections were cut from buried trees for
microscopic observation (Watanabe & Furuno, 2000).
The sections were mounted with Canada balsam to
make permanent preparations. All prepared wood
samples are preserved at Archaeological Research Con-
sultants, Inc., Matsue, Shimane, Japan. Permanent
preparations of buried wood were identified under an
optical microscope.

2. Pollen analysis

All samples were prepared by the procedures in
Watanabe (1995). Fossil pollen grains were identified
under an optical microscope. We counted more than
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Fig. 3 Position of buried standing trees and sampling points
for pollen analysis (Locations 1-4) in the Sanbe-Azukihara
Buried Forest Park (modified from Sato, 2002).

200 pollen grains of trees and shrubs for each sample,
and all pollen grains of herbs and spores were counted
for each sample. However, counting in some samples
did not reach 200 pollen grains.

Results
1. Species identification of buried trees
From 56 samples eight taxa were identified. Brief
anatomical descriptions of eight taxa are given below
with microscopic photographs of representative speci-
mens (Fig. 4) to show the basis of identification.

Cephalotaxus harringtoniia K. Koch (Cephalotaxa-
ceae) (Fig. 4: 1a-1c¢)

Coniferous wood made of tracheids, axial parenchy-
ma cells (resin cells), and ray parenchyma cells. Resin
canals absent. Growth ring boundaries moderately
distinct. Transition from early- to latewood gradual.
Helical thickenings present in tracheids. Rays consist-
ing entirely of ray parenchyma cells. Cross-field pits
are piceoid, generally 1-2 per cross-field.

Cryptomeria japonica D. Don (Taxodiaceae) (Fig. 4:
2a-2c)

Coniferous wood made of tracheids, axial parenchy-
ma cells (resin cells), and ray parenchyma cells. Resin
canals absent. Growth ring boundaries distinct. Tran-
sition from early- to latewood more or less abrupt.
Axial parenchyma cells scattered in the transition zone
from early- to latewood. Rays consisting entirely of ray
parenchyma cells. Cross-field pits are taxodioid, 2-3
(generally 2) per cross-field.
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Fig. 4 Light micrographs of buried woods from the Sanbe-Azukihara buried forest. — la-1c: Cephalotaxus harringtonia (A-
21). 2a-2c: Cryptomeria japonica (A-5). 3a=3c: Castanopsis cuspidata or Quercus subgen. Cyclobalanopsis sp. (A-22). 4a—4c:
Quercus subgen. Cyclobalanopsis sp. (A-27). Sa=5c: Zelkova serrata (B-3). 6a—6¢: Aesculus turbinata (A-8). 7a-7c: Sapindus
mukorossi (A-28). 8a—8c: Cercidiphyllum sp. (A-29). a: cross section, b: tangential section, c: radial section.

Castanopsis cuspidata (Thunb.) Schottky or Quercus
subgen. Cyclobalanopsis sp. (Fagaceae) (Fig. 4: 3a-3c¢)

Radial-porous wood. Vessels round or oval, exclu-
sively solitary, 10-60 pm in diameter; perforation
plates simple; vessel-ray pits vertical; commonly oc-
cluded with tyloses. Vasicentric tracheids present. Axial
parenchyma abundant, apotracheal, diffuse-in-aggre-

gates. Rays exclusively uniseriate and homogeneous,
occasionally forming aggregate rays. From these char-
acteristics, this specimen was identified as Castanopsis
cuspidata or young Quercus subgen. Cyclobalanopsis
before the formation of broad rays (Shimaji, 1962).

Quercus subgen Cyclobalanopsis sp. (Fagaceae) (Fig.



Paleovegetation at the Sanbe-Azukihara Cryptomeria japonica buried forest and its vicinity (M. Watanabe et al.) 49

4: 4a—4c)

Radial-porous wood. Vessels round or oval, exclu-
sively solitary, 20-70 pm in diameter; perforation
plates simple; vessel-ray pits vertical; commonly oc-
cluded with tyloses. Vasicentric tracheids present. Axial
parenchyma abundant, apotracheal, diffuse-in-aggre-
gates and/or narrow bands up to two cells wide. Rays
homogeneous, two distinct size present, consisting nu-
merous uniseriate rays and extremely broad rays.

Zelkova serrata (Thunb.) Makino (Ulmaceae) (Fig. 4:
Sa-5¢)

Ring-porous wood. Earlywood vessel round or oval,
120-160 pm in diameter; lined solitarily in 1-2 rows
along growth ring boundaries; latewood vessels very
small and angular, numerous, in clusters; perforation
plates simple; intervessel elements pits alternate; heli-
cal thickenings present in narrower vessel elements;
tyloses present commonly in vessels. Axial parenchyma
vasicentric. Rays heterogeneous, 1-9 (generally 6) cells
wide, up to 400 pm in height; body ray cells procum-
bent with a single row of square marginal cells; pris-
matic crystals large and numerous in marginal cells.

Aesculus turbinata Blume (Hippocastanaceae) (Fig. 4:
6a—6¢)

Diffuse-porous wood. Vessels, 30-50 pm in diameter,
solitary or in radial multiples of 2-8; perforation plates
simple; intervessel pits alternate; helical thickening
present in vessel elements. Axial parenchyma in mar-
ginal bands of 1-2 cells wide consisting of parenchyma
strands with 3-4 cells. Rays homogeneous, exclusively
uniseriate and low; all rays storied.

Sapindus mukorossi Gaertn. (Sapindaceae) (Fig. 4:
7a-7¢)

Ring-porous wood. Earlywood vessel round or oval,
200-350 pm in diameter; lined in 1-3 rows along
growth ring boundaries; latewood vessels small, 30-50
pm in diameter, scattered in clusters; perforation plates
simple; helical thickenings distinct in narrower ves-
sel elements; colored deposits present in vessels. Axial
parenchyma vasicentric to confluent and /or in bands
in latewood. Rays homogeneous, 1-4 cells wide, up to
800 pm in height.

Cercidiphyllum sp. (Cercidiphyllaceae) (Fig. 4: 8a—8c¢)
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tyloses present abundantly in vessels; vessel-ray pits

Diffuse-porous wood. Vessels angular, 40-70 pm in
diameter, solitary or in radial or irregular multiples of
2-3; perforation plates scalariform, with many bars

opposite or scalariform. Fibers with bordered pits and
thin-walled. Axial parenchyma in marginal and scanty.
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Rays heterogeneous, 1-2 cells wide, up to 600 pm in
height; body ray cells procumbent with a few rows of
upright and/or square marginal cells.

2. Pollen analysis

From pollen diagrams of locations 1, 2, 3, and 4, two
local pollen assemblage zones and six pollen subzones
were recognized (Figs. 5-6).

SA-II: The counting of tree pollen grains is less than
200 grains. The ratio of herb pollen and spores was
high in the lower part, and then suddenly decreased
before the stage SA-I. These samples yielded little tree
pollen and were difficult to do pollen zoning. However,
the statistical validity of the change in the ratio of pol-
len from conifers, broadleaf trees and herbs, and spores
is significantly high.

SA-IIb: Over 100 or 200 grains of pollen and spores
were detected.

SA-Tla: Less than 100 grains of pollen and spores
were detected.

SA-I: In this zone, the frequencies of Cryptomeria
pollen are more than 60%, and broadleaf tree pol-
len such as Quercus subgen. Cyclobalanopsis, Ulmus-
Zelkova, and Aesculus occurred continuously.

SA-Id: Cryptomeria pollen increased from 60% to
80%. Quercus subgen. Cyclobalanopsis, Ulmus-Zelko-
va, and Aesculus pollens occurred up to 14%.

SA-Ic: Cryptomeria pollen increased from 80% to
95%. Quercus subgen. Cyclobalanopsis, Ulmus-Zelko-
va, and Aesculus pollens decreased to 0-1 %.

SA-Ib: Cryptomeria pollen decreased to 72%. Quer-
cus subgen. Cyclobalanopsis pollens increased up to
16%. Ulmus-Zelkova and Aesculus pollens increased
to 1-2%.

SA-la: Cryptomeria pollen increased to 84%. Pinus
subgen. Diploxlon pollen increased to 3%. Quercus
subgen. Cyclobalanopsis and Aesculus pollens de-
creased to 2-4%.

3. Examination of paleovegetation

Species identification of the buried trees revealed
the existence of a mixed forest of Cryptomeria ja-
ponica and broadleaf trees. Cryptomeria japonica was
the dominant species, and broadleaf trees included
Castanopsis cuspidata, Quercus subgen. Cyclobalanop-
sis, Zelkova serrata, Aesculus turbinata, and Sapindus
mukorossi in the Azukihara area (Fig. 7). The composi-
tion of driftwoods transported by the debris avalanche
was almost the same as that of standing trees. In addi-
tion to these tree species found in fossil woods, “pioneer
plants”such as Carpinus—Ostrya and Quercus subgen.
Quercus were detected by pollen analysis. Possibly
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Aesculus turbinata

-
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Fig. 7 The diameter distribution of standing trees and drift-
woods in the Sanbe-Azukihara buried forest (including seven
samples identified by Sato (2000, 2003b) and Mitsutani
(2002, 2003)). Standing trees were bureid with ca. 13 m deep
sediments. The diameter of standing trees and driftwoods
were measured at the top end.

pollen grains of these taxa came from secondary for-
ests that covered the wasteland after the eruption of
Mt. Sanbe at the Sanbe volcano stage VII (Fukuoka &
Matsui, 2004). Or, it could be from canopy gaps near
the Azukihara area.

Discussion
1. Changes in paleovegetation

The upper part of the paleosoil of the buried forest
included only volcanic ash layers of the Sanbe volcano
stage VII, but not those of the Sanbe volcano stage VI
(Matsui & Fukuoka, 2000). Thus, the forest was estab-
lished on the paleosoil (Second Black Soil) formed dur-
ing the Sanbe volcano stage VIL.

As shown in the pollen assemblage zone SA-IIb, the
Azukihara area was a wasteland consisting of herbs
and ferns immediately after the Sanbe volcano stage
VI. In SA-Ila zone, elements of a riparian forest such as
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Aesculus, Pterocarya-Juglans, Ulmus-Zelkova, Aphan-
anthe-Celtis, Salix, Tilia, and Ligustrum increased, and
Cryptomeria pollen began to increase. In SA-T zone,
Cryptomeria pollen is predominant in these riparian
elements. Thus, in the Sanbe volcano stage VII, the
Azukihara area changed from a wasteland to a ripar-
ian forest and then into a C. japonica forest with the
paleosoil (Second Black Soil).

2. Condition for the expansion of Cryptomeria japoni-
ca forest

Tsukada (1980) thought that the refugia of Cryp-
tomeria japonica were probably distributed over the
Japan Sea coastal area of the central Chugoku region
in the Last Glacial Maximum. The expansion of C.
japonica was gradual during the late glacial and early
postglacial stages, but it became faster when the cli-
matic conditions such as precipitation and temperature
became more suitable for the growth of this species.
However, C. japonica did not predominate in the forest
where soils were dry (Tsukada, 1982).

On the other hand, Takahara (1998) suggested that
the refugia of Cryptomeria japonica did not exist in
the central Chugoku region in the Last Glacial Maxi-
mum and indicated the following three possibilities
that may have hindered the expansion of C. japonica
in this region during the Holocene. The first one is the
not enough precipitation for the development of Cryp-
tomeria japonica forests. The second one is the prior
expansion of Quercus subgen. Cyclobalanopsis for-
ests to that of C. japonica forests. The third one is the
prevention of the southward migration of C. japonica
from a refugia in the Paleo-Oki peninsula by a rapid
rise in the sea level in the late glacial stage (Takahara et
al, 2001).

The views of these two researchers differ in consider-
ing the land conditions besides the precipitation, but
agree in the prohibitive role played by the previously
established vegetation. Contrary to these prevailing
views, our study showed that, in some areas of the
central Chugoku district during the Middle Holocene,
Cryptomeria japonica forests existed and that the cli-
matic conditions such as precipitation and temperature
and the edaphic condition were appropriate for the
growth of C. japonica
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