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Abstract

The vegetation during the Last Glacial Maximum was reconstructed from the palynological study
on the peat sediments of two sites, in which the wide spread tephra, Aira-Tn ash, was included, at
the east shore of Lake Biwa. Throughout the period, the upland was covered with mixed forests of
conifers, such as Pinus subgen. Haploxylon, Tsuga and Abies, and broad-leaved deciduous trees, such
as Quercus subgen. Lepidobalanus, Beinla, Carpinus-Osirya and Ubnus. In the lowland, the vegetation
was grassland consisting mainly of Cyperaceae, Gramineae, Senguisorba, Thalictrum and Umbelli-
ferae, in which stands of Alnus, Fraxinus, Myvica and Salix are mixed. Before the fall of the Aira-
Tn ash, Pinus subgen. Haploxylon increased and Quercus subgen, Lepidobalanus decreased reflecting
the climatic change to cold and dry. At the same time, wetland forest decreased and grasslands
developed more widely in lowland. The fall of the Aira-Tn ash caused changes in ground conditions
and forest composition: Tsuga and Quercus subgen. Lepidebalanus apparently decreased, while
Betula and Alnus increased.
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Flora and vegetation in the Last Glacial
Maximum in Japan, and palaecenvironments
based on them have been studied by many
researchers. NASU (in KAMEI ef af., 1981) and
TSUKADA (1984) respectively drew vegetation
maps of Japan 20,000 years ago, and SOHMA and
TsuJ1 (1987) compiled fossil plant data in Japan
using the Aira-Tn ash as a time index. Flora and
vegetation in the Last Glacial Maximum are,
however, not clarified fully, because studies in
inland and montana regions are few compared
with those in maritime areas. Those in this period
around Lake Biwa have not been studied.

We studied the peat sediments found in 2 sites
at Hikone, east shore of Lake Biwa, include the
Aira-Tn ash, which is a wide spread time index in
the Last Glacial Maximum. In this paper, we
describe the fossil pollen assemblages cohtained
from these peat sediments, and discuss the flora
and vegetation in this period around Hikone and
influences of the fall of the Aira-Tn ash on
vegetation.

Study Sites and Geology

General Geology

In the underground of Koto Plain where the
study sites are located, there is the Middle Muds
which includes the Aira-Tn ash. The Middle
Muds is mainly composed of peat and clay. It
uncomformably overlies the Lower Gravels which
are sand and gravel of 30,000 to 40,000 years ago,
and is uncomformably overlain by the Upper
Gravels which consists of sand and gravel of 10,
000 to 15,000 years ago above the Middle Muds
(UEMURA and YOKOYAMA, 1983). The level of
the Aira-Tn ash becomes lower closer to the lake,
which was caused by the tilting accompanying the
formation of the lake basin,

The Aira-Tn ash is a wide spread tephra which
originated by a giant eruption 21,000 to 22,000
years ago from the Aira Caldera, whose center
cone is Sakurajima Island, southern Kyushu
(MACHIDA and ARAIL 1976). It was common in
Kyushu, Shikoku and Honshu islands, at the
bottom of the Japan Sea and also in the southern
Korea Peninsula (MACHIDA and ARAIL 1983). In
the Kinki District, it is about 20 cm thick, and just
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above it, a thin tephra named the Kitoragawa
volcanic ash is often observed (YOSHIKAWA e&f
al., 1986). This series of tephras makes correla-
tion more reliable,

Location and Stratigraphy of Study Sites

The study sites, which are BWIH-1 and BWH-2,
are at the north portion of the Koto Plain (Fig. 1).

Site BWH-1 is at Obori, Hikone City, alt. ca.
100 m, 35714’42"N, 136°17'21"E. BWH-1 located
along the riverbed of the Seri River. There is a
small hill of 200 m height close to the site. At the
riverbed of the Seri River, the clayish peat bed
about 1 m thick is uncomformably covered by the
riverine gravels. The lower part of the peat bed
is more clayish and gradually changes to a light
grayish clay with granules. Two volcanic ashes
with a 2 cm interval are intercaiated within the
upper part of the peat bed. The lower one, 15 to
20 cm thick layer of volcanic ash, is mostly
composed of white-yellow glass. The upper one,
about 1 mm thick layer of veleanic ash, consists
of white pumice and plenty of heavy mineral such
as hornblende and orthpyroxene. These tephras
are correlated with the Heian-Jingu volcanic ash
and Kitoragawa volcanic ash, respectively
(YOSHIKAWA ef al.,, 1986). The Heian-Jingu
volcanic ash is correlated with the Aira-Tn ash
(MACHIDA and ARAI 1976), Radiocarbon ages of
the two horizons surrounding the peat are 21,
240 + 730 years BP (GaK-9493) just below the
Aira-Tn ash and 16,230 + 400 vears BP (GaK-
9492) at lower part of the peat.

Site BWH-2 is at Matsubara, Hikone City, 35°
1717°N. 136°16°00"E. The sediments from this
site were obtained as a boring core. The peat and
silt layer, which correlated to the Middle Muds is
at a depth of 10.85 to 15.50 m and on elevation of
69.57 to 74.22 m, and between the sand and gravel
layers, which are the Upper Gravels and the
Lower Gravels respectively(Fig. 2). Two volcanic
ashes occur in the peat, at elevations of 73.22 to
73.29 m, and 73.31 m. The lower one is a glassy
ash which correlates to the Aira-Tn ash, because
it consists mainly of bubble wall type volcanic
glass and is in the peat of Middle Muds. The
upper one, which is about 1 mm thick, correlates
to the Kitoragawa wvolcanic ash described by
YOSHIKAWA e! al. (1986), because it is located
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just above the Aira-Tn ash and consists of white
pumice and a lot of hornblende and orthpyroxene.
This peat is undecomposed with a lot of
Menyanthes trifolia seeds.

Samples and Methods

At BWH-1 samples were taken at 0.5 to 5 cm
intervals from the peat bed. The intervals are
narrower at just above and below the Aira-Tn
ash. At BWH-2, 7 samples was taken at 0.5 to 1
cmt intervals from just above and below the Aira-
Tn ash. The samples are cut into 3 mm thick
segments which weighted about 1 g.

The samples are, first, treated with 109% KOH,
decanted, treated with HF, and finally, treated
with the acetolysis method. The treated samples
were then saturated in glycerin.

For occurrences of Myrica, Salix, Alnus and
Fraxinus pollen, fluctuated greatly from horizon
to horizon, arboreal taxa percentages were
calculated based on total arboreal pollen counts
excluded the above 4 genera. These genera are
regarded as local arboreal pollen taxa (LAP).
Other pollen taxa and spore type percentages,
including local arboreal taxa, were calculated
based on total pollen and spores. Arboreal poilen
counts exceeded more than 200 for each sample,
The count just over the Aira-Tn ash at BWH-1
was only 109 because of poor pollen occurrence.

Results

BWH-1 Fifty-six pollen taxa are recognized
in 21 samples of BWH-1 (Fig, 3A). Throughout
the all samples, Quercus subgen. Lepidobalanus is
most dominant and some conifers, that is Tsuga
and Pinus subgen. Haploxylon, and deciduous
broad-leaved trees, that is Carpinus-Ostrya, Belula
and Ulmus, are common. Local arboreal taxa,
that is Salix, Myrica, Alnus and Fraxinws, and
Gramineae, Cyperaceae, Thalictrum, Sanguisorba
and Umbelliferae are also common.

At the lower part of Fig. 3A, Pinus subgen.
Haploxylon is fewer and temperate conifers such
as Sciadopitys, Cryptomeria and Taxaceae-
Cephalotaxaceae-Cupressaceae, and deciduous
broad-leaved trees such as Plerocarya-Juglans,
Acer, Aesculus, Tilia and Ligustrum are more
than at the upper part. Wetland trees such as
Alnus and Fraxinus are also more abundant at the

lower part. In this part, herbaceous taxa scarcely
occur. In particular, Cyperaceae, Thalictrum and
Avrtemista, which are cornmon in upper part, are
noticeably rare. Fern spores occurred more in the
lower part. And consequently, the assemblage
just below the Aira-Tn ash is characterized by
dominance of Quercus subgen. Lepidobalanus
with arboreal taxa of Ulmus, Betula, Carbinus-
Ostrya, Pinus subgen. Haploxylon and Tsuga, and
herbaceous taxa of Cyperaceae.

The pollen composition changes remarkbly
above the Aira-Tn ash. In arboreal pollen taxa,
Quercus subgen. Lepidobalanus and Tsuga de-
crease, while Befula and Abies increase. Erio-
carlon and Drocera, which require damp areas,
disapper above the Aira-Tn ash. Among the other
taxa, Salix, Alnus, Typha and Sanguisorba in-
crease.

BWH-2 Forty-eight pollen taxa are
recognized in 7 samples of BWH-2 (Fig. 3B).
Among arboreal pollen taxa, Pinus subgen.
Haploxylon, Tsuga, Quercus subgen.  Lepido-
balanus, Carvpinus-Ostrya, Betula and Ulmus were
common. Pollen composition of BWH-2 re-
sembles to that of BWH-1. But Quercus subgen.
Lepidobalanus is less in BWH-2 than in BWH-1.
Among herbaceous taxa, f»is and Lythrim are
found only in BWH-2, while Drocera and Evio-
canlon are not found, Additionally, Thalictrum is
less and Menyvanthes-Fairia is more in BWH-2,

Above the Aira-Tn ash, Tsuge and Quercus
subgen. Lepidobalanus decrease, on the contrary,
Carbinus-Ostrya, Betula, Ulmus, Alnus and
Fraxinus increase. Abies increases a little. In
herbaceous taxa, Gramineae, Cyperaceae,
Sanguisorba and Menvanthes-Fauria increase and
Typha appears at the same time. This change of
pollen composition is fairly similar to that
observed in BWH-1.

Discussion

From the pollen assemblages of BWH-1 and 2,
it is clarified that the vegetation around Hikone
during the studied period was a mixed forest of
conifers and broad-leaved deciduous trees in the
uplands, and wetland forests and grasslands at
lowlands. Conifers of the mixed forests were
represented by Pinus subgen. Haploxylon, Tsuga,
and Abies, and deciduous trees were by Quercus
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subgen. Lepidobalanus, Betula, Carpinus-Ostrya
and Ulmas. Wetland forests consisted of Alnus,
Fraxinus, Myrica and Saiix, and the grasslands
consisted mainly of Cyperaceae, Gramineae,
Sanguisorba, Thalictrum and Umbelliferae,

Although the vegetation was consistent, there
are some changes in composition, As indicated in
BWH-1, Pinus subgen. Haploxylon is increasing
and temperate conifers and broad-leaved trees are
decreasing from the lower part to just below the
Aira-Tn ash. It will be regarded as a reflection of
the climatic decline, that is decreasing of temper-
ature and precipitation, from interstadial to Last
Glacial Maximum, Furthermore, the decrease of
wetland trees and ferns, and the increase of
herbaceous taxa in number and quantity suggest
that lowland vegetation chnaged from wetland
forests to grasslands.

After the fall of the Aira-Tn ash, Tsugn and
Quercus subgen. Lepidobalanus apparently de-
creased, while Betula and Alnus increased, Abies
increased a little, Typhe appeared and Sangui-
sorba increased in the two sites. The changes in
the arboreal pollen taxa by the ash fall suggest
that Quercus and Tsuga forests were damaged
and Betulz invaded there. The change of vegeta-
tion should have been caused by the ash fall
through the deposition of ash.

Local conditions of the two sites, however, are
slightly different just below the Aira-Tn ash.
Hygrophytes found in BWH-1, which were
Drocera and Eriocanlon, while those in BWH-2
are Menvanthes-Fauria, Iris, and Lythrum. This
indicates that BWH-1 was a marsh or wet
grassland, while BWH-2 had a marsh with pools
of standing water with Menyanthes trifolia. This
difference relates to their geographical setting,
that is BWH-2 is located at lower elevation than
BWH-1. Differences in arboreal pollen com-
position suggest that Quercus forests were grow-
ing on hills or uplands near the site BWH-1.
Among the arboreal taxa, Quercus subgen.
Lepidobalanus was quite dominant with about
40 % in BWH-1, whereas it is less with about 20 %
in BWH-2. Just east side of BWH-1, there is a
small hill with 200 m height. It may be said that
the pollen of Quercus subgen. Lepidobalanus was
originated from the forest of the hill.

Compared to other studies in the Last Glacial

Maximum, the pollen flora of Hikone resembles
those in the inland basin of the Kinki District,
Heian Shrine in Kyoto {NASU, 1970 ; IKEDA and
ISHIDA, 1972; MACHIDA and ARAIL 1976),
Tsugeno District, east of Nara (MATSUOKA,
1978), Rokko Island in Kobe (MAEDA, 1985), or in
the Japan Sea coast, Lake Mikata in Fukui
Prefecture (YASUDA, 1982). In the inland basins,
Pinus exceeds Tsuga (NASU, 1970 MATSUOKA,
1978 ; MAEDA, 1985), in contrast to the Japan Sea
side, where Tsuga exceeds Pinus (YASUDA, 1982).
At Hikone, Pinus and Tsuga occurred at almost
the same percentage below the Aira-Tn ash.
Therefore, the pollen composition at Hikone is
regarded as an intermediate between those of the
inland basins and that of the Japan Sea coast.

We are very grateful to Prof. Shohel KOKAWA,
Osaka City University and Dr. Mutsuhiko
MINAKI for helping in the field survey. We would
also like to thank Dr.Shusaku YOSHIKAWA,
Osaka City University, for his useful information
about sites and tephras.
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