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Forest vegetation of northern Japan and southern Kuriles

Susumu Okitsu

Faculty of Horticulture, Chiba University, 648 Matsudo, Matsudo-City, 271-8510 Japan;
e-mail:okitsu@midori.h.chiba-u.ac.jp

The purposes of this chapter are 1) to present an overview of the composition and the
geographical distribution of major forests of northern Japan and southern Kuriles, and 2) to
discuss the the phytogeographical relationship of the major forests of northern Japan to the
forests of the adjacent regions such as the Korean Peninsula, northeastern China and Far East
Russia. The forest type in this chapter is classified by the dominant trees of the canopy.

1.Phyisical environments of northern Japan
11.Geography and geology

The area northern Japan and southern Kuriles of this chapter (hereafter simply the
northern Japan) includes three main geographical regions, Tohoku (northern Honshu),
Hokkaido and two major islands of southern Kuriles, the Kunashiri Island and the Etorofu
Island (Fig. 1). The area extends latitudinally ca. 37" N to 46 * N, longitudinally 138" E to
149° E.

Northern Japan occupies the eastern border of the Asian continental shelf. It is
neighboring on the Korean Peninsula to the southwest, on Primorie to the northwest, on
Sakhalin to the north, and on the Kurile Islands to the northeast. It is surrounded by the
Pacific Ocean to the east, by the Sea of Japan to the west, and by the Sea of Okhotsk to the
north (Fig. 1).

Tohoku contains three mountain ranges running south to north: 1) the Kitakami and
Abukuma Ranges on the Pacific side, having peaks of an altitude of 500 to 1300 m above sea
level with the highest peak Mt. Hayachine (1914 m), 2) the Ou Range in the middle, having
peaks of an altitude of 1300 to 1600 m with the highest peak Mt. Iwate (2041 m), and 3) the
Dewa Range on the Sea of Japan side, having peaks of an altitude of 1300 to 1800 m with the
highest peak Mt. Chokai (2230 m). The Kitakami and Abukuma Ranges consist mainly of
Mesozoic and Paleozoic sedimentary rocks and penetrative granite and metamorphic rocks.
The Ou Range consists of Late Tertiary sedimentary rocks, especially the Green Tuff. The
northern part of the Dewa Range also consists of Late Tertiary sediments, and the southern
part of the Dewa Range consists of granite (Sugita, 1992).

Hokkaido may be divided geographically and geologically into three parts; the
southwestern part, the central part and the eastern part (Tatewaki, 1967). The southwestern
part is mountainous, although high peaks are not numerous. It consists of late-Tertiary rocks,
and various plutonic and volcanic rocks. A prominent peninsula, the Oshima Peninsula,
projects into the Sea of Japan to the southwest from the southern most part of Hokkaido. On

the eastern side of the southwestern part of Hokkaido many active and extinct volcanoes



stretch from south to north, e.g., Mt. Komagatake (1140 m), Mt. Makkarinupuri (1895 m), the
highest peak of this part, Mt. Niseko-annupuri (1309 m), and Mt. Eniwa (1320 m). The central
part of Hokkaido consists of the Central Mountain System. It forms the backbone of Hokkaido,
trending north-northwest. There complex mountains are made up of the Paleozoic and
Mesozoic sediments and partly of plutonic and volcanic rocks. The Hidaka Range and the
Taisetsu mountains are geographically the most prominent backbone mountain systems of the
central part of Hokkaido. The Hidaka Range contains, located in southern part, comparatively
high peaks ranging the altitude of 1600 to 1800 m with the highest peak of Mt. Poroshiri
(2052 rh). The Taisetsu mountains, located in the central Hokkaido, are volcanoes and the
highest mountain group (about 2000 m in altitude) of Hokkaido. They consist of about 20 main
peaks, among which Mt. Asahi (2290 m), the highest peak of Hokkaido, and Mt. Tokachi (2077
m) are the representative ones. The volcanic rocks in the mountains are composed of liparate,
andesite, basalt, and their pyroclastic equivalents. The eastern part is composed of low hills or
uplands mainly of Tertiary and Mesozoic formations. In the northeastern portion of this part, a
chain of extinct volcanoes at the southwest end of the Kurile volcanic belt runs eastward to
the Shiretoko Peninsula towards the Kurile Islands up to the Kamcahtka Peninsula.

Southern Kuriles are mountainous throughout, there are many volcanoes. The highest
peak is Mt. Chacha (1822 m) in the Kunashiri Island (Tatewaki, 1957). The volcanoes
preserve their symmetrical slopes, indicating that they have suffered but little from denudation
since they were built up. A striking feature of the landscape in southern Kuriles is the
youthful appearance on account of the volcanic construction. Southern Kuriles are composed of
young Tertiary deposits with frequent intercalations of volcanic materials.

12.Climate

Table 1 illustrates typical temperatures and precipitation levels for five different
geographical regions in northern Japan including southern Kuriles. Annual mean temperature
gradually decreases from southern Tohoku through Hokkaido to southern Kuriles. The
Warmth Index (WI * C-month; Kira, 1977; cf. Haemet-Ahti, et al., 1974), defined as the annual
sum (in = C) of all positive differences between monthly mean temperatures and + 5 * C,of
five regions of northern Japan are: for southern Tohoku 99.1 in Fukushima (see Fig. 1 for the
location of towns) and 103.3 in Niigata; for northern Tohoku 79.9 in Morioka and 87.8 in
Akita; for southern Hokkaido 66.6 in Hakodate and 68.1 in Sapporo; for northern Hokkaido
62.1 in Asahikawa and 53.8 in Wakkanai and ; for southern Kuriles 37.3 in Kuril'sk. The
lowland of southern Tohoku still remains in the warm temperate zone in terms of WI (85-180,
Kira, 1977), while northern Tohoku and Hokkaido as a whole belong to the cool temperate
zone (45-85 in WI, Kira, 1977), and southern Kuriles belong thermally to the boreal zone
(15-45 in W1, Kira, 1977).

The most prominent feature of the climatic conditions in northern Japan is a remarkable
difference of winter precipitation, namely snow fall, between the Pacific side and the Sea of

Japan side in Tohoku. The area of the Pacific side, such as Fukushima and Morioka (Table 1),



experiences less snow fall, while the area of the Sea of Japan side, such as Niigata and Akita
(Table 1), experiences heavy snow fall. In Hokkaido the difference of snow fall between the
Pacific side and the Sea of japan side become unclear.

Thus, there is a clear climatic difference between the Sea of Japan side and the pacific
side of Tohoku. The climate of the Sea of Japan side exhibits rather high summer temperature
and high precipitation in winter as snow, which often exceeds an overall depth of 2 m. The
climate of the Pacific side is characterized by abundant rain in early summer, but winter
conditions often approach drought.

2 Floristics around the northern Japan

Floristically northern Japan situates on northern part of the Temperate East Asiatic
Region (sensu Good, 1953). The ligneous flora of the area contains many common genus to
temperate regions of the northern Hemisphere, Europe and northeastern America, such as
Quercus, Acer, Tilia, Fagus etc. Floristic composition of the forest of northern japan is close
to that of Europe and northeastern America in the genus level.

However, three different floristic elements join in northern Japan: 1) cool-temperate
elements distributing also in the continental part of northeastern Asia such as the Korean
Peninsula, Northeast province of China and Primorie (continental element), 2) cool-temperate
elements endemic to Japan (Japanese element), and 3) boreal elements common to northern
part of eastern Russia such as east Siberia and Magadan (boreal element). Those three
different elements affect the floristic composition of the forests of the area.

From the geographical features of northern Japan, several possible transmigrational
routs of plants during recent geological time can be pictured (Maekwawa, 1974). Aleutian
elements probably came from Alaska and/or Kamchatka to Hokkaido via the Kurile Islands.
Siberian elements travelled comparatively easily to Hokkaido, via. Sakhalin, Manchurian and
Korean elements entered western Japan via the Korean Peninsula.

3.Major forests
31.0verview
Two major forest zones appear horizontally within northern Japan, the cool temperate
forest zone and the boreal forest zone (Table 2, Fig. 1). Those two zones correspond
bioclimatically (sensu Haemet-Ahti et al., 1974) to the temperate zone and to the hemiboreal
zone, respectively. Vertically the subalpine forests also appear within the area. The warm
temperate forest zone represented by the evergreen broadleaved forest, the another
Jrepresentative horizontal forest zone in Japan, covers southwestern Japan. However, this
forest zone is out of the scope of this chapter.
The cool temperate forest zone includes five major climax forest types, consisting of
three types of deciduous broadleaved forests and a type of evergreen conifer-deciduous
broadleaved mixed forest. This zone covers horizontally almost all the lowland of northern

Japan except for southern Kuriles. The boreal forest zone includes three major climax



coniferous forests. This zone occurs horizontally, however, only on southern Kuriles. It
appears on the mid-altitudinal range of the mountains of Hokkaido in a vertical arrangement. It
is practically lacking m Tohoku.

Subalpine forests develop on the upper part of the high mountains throughout northern
Japan, including three major forest types.

32.Major forests
321.Cool temperate forest zone
1) The Fagus japonica forest

The vegetation of this forest is characterized by the presence of such tree species as
Fagus japonica, Acer mono, Carpinus laxiflora and Styrax obassia (Table 3). The tree layer is
well developed represented by those deciduous broadleaved species. In general Fagus japonica
dominate in the forest, although the proportion of the species varies largely reflecting site
conditions. On the upper part of its distribution range, Fagus crenata and/or Quercus
mongolica occasionally exists with Fagus japonica in the forest.

The floristic composition of this forest is, in general, difficult to discriminate from the
Quercus serrata forest in floristic composition (Nakamura, 1987a). Phytosociological treatment
of this forest, thus, still remains confused corresponding to its divers floristic composition.
This forest may include such associations as Fagetum crenato-japonicae, Styraco
shiraianae-Fagetum japonicae, Abieti firmae-Fagetum japonicae, Enkiantho
subsessilis-Fagetum japonicae and Torreyo-Fagetum japonicae (Suzuki, 1987a; cf. Miyawaki et
al., 1994).

The Fagus japonica forest is distributed exclusively on the Pacific side of cool temperate
zone of Honshu, being absent from Hokkaido. T he habitat of the forest is generally rather
steep slope on the mountains. It covers an altitudinal range approximately from 500 to 1500 m
above sea level in southern Tohoku and appears from lowland in northern Tohoku, although
the range varies to some extent for different geographical locations.

Potentially the natural Fagus japonica forest may cover vast area of the transition zone
between warm temperate and cool temperate zone of the Pacific side, but the actual
~ distribution area tend to be small affected by the human activities.

2) Quercus serrata forest

The vegetation of this forest is characterized by the presence of such tree species as
Quercus serrata, Quercus mongolica, Castanea crenata, Acer palmatum, Acer mono, Sorbus
japonica (Table 4). The tree layer is well developed represented by those deciduous
broadleaved species. In general Quercus serrata dominate, although the proportion of the
species varies largely reflecting site conditions.

Phytosociologically this forest may include some associations of Quercetalia

serrato-grosseserratae (Suzuki, 1987b). However, a precise phytosociological analyses of this
forest still remains untouched.



The Quercus serrata forest is distributed exclusively on the Pacific side of the cool
temperate zone of Honshu and southern Hokkaido. The habitat of the forest is generally
rather steep slope on the mountains. It covers an altitudinal range approximately from 500 to
1500 m above sea level in southern Tohoku; it appears from the lowland in northern Tohoku
and southern Hokkaido, although the range varies to some extent for different geographical
locations.

In the warm and cool temperate zone of Honshu including Tohoku, most of the Quercus
serrata forest is the secondary one replacing the evergreen broadleaved forest dominated
mainly by Castanopsis cuspidata and Quercus Subgen. Cyclobalanopsis trees. In the cool
temperate zone of Tohoku most of it is also the secondary one replacing the Fagus crenata
forest and the Quercus mongolica forest. However, the climax Quercus serrata forest surely
exists in Tohoku and southern Hokkaido, although its present distribution is restricted only to

fragmentary patches (Kashimura, 1974; Thoyama and Mochida, 1978; Nozaki and Okutomi,
1990).

3) The Fagus crenata forest

The vegetation of this forest is characterized by the dominance of Fagus crenata (Table
5). Major associated trees with Fagus crenata are Viburunum furcatum, Quercus mongolica,
Acer japonicum, Acer palmatum, Lindera umbellata. The tree layer is well developed
represented by a dominance of Fagus crenata. Two different geographical types can be
distinguished: the Sea of Japan side type and the Pacific side type (Table 5).

The Sea of Japan side type is well characterized by the exclusive dominance of Fagus
crenata, making monotonous physiognomy. The associated tree species are rather poor as
compared with those of the Pacific side type. Representative trees of the Sea of japan side
type are a few; Sorbus commixta, Irex crenata, Aucuba japonica, Magnolia salicifolia (Table 5).
The general physiognomy in the shrub layer of this type is characterized by the dense
growths of Sasa kurilensis.

The Pacific side type contains more luxuriant tree flora than that of the Sea of japan side
(Table 5). The major associated trees with Fagus crenata are; Clethra barbinervis,
Rhododendron kaempferi, Farxinus lanuginosa, Carpinus laxiflora, Acer sieboldianum, Styrax
obassisa., The shrub layer is dominated by Sasa spp. and Sasamorpha borealis, replacing Sasa
kurilensis of the Sea of Japan side type.

Phytosociologically this forest includes two major orders; Saso kurilensis-Fagion
crenatgae, corresponding to the Sea of Japan side type, and Sasamorpho-Fagion crenatae,
corresponding to the Pacific side type (Sasaki, 1970; Hukushima et al, 1995; cf. Miyawaki et
al., 1994).

This forest develops in Tohoku and southern Hokkaido. It covers an altitudinal range
approximately from 600 to 1800 m above sea level in southern Tohoku, from 500 to 1500 m in
northern Tohoku. It appears from the lowland in Hokkaido, although the range varies to some
extent for different geographical locations.



The occurrence of the Sea of Japan type 1s restricted to the Sea of Japan side including
southern part of Hokkaido (Oshima Peninsula) where the snow cover in winter is very thick
(Table 1). The occurrence of the pacific type is restricted to the Pacific side. The actual area
of this type is, however, very narrow and fragmentary.

4) The Quercus mongolica forest

The vegetation of this forest is characterized by the presence of such tree species as
Quercus mongolica, Kalopanax pictus, Acer mono, Acer japonicum, Tilia japonica, Fraxinus
laguinosa, Prunus sargentii (Table 6). The tree layer is well developed represented by those
deciduous broadleaved species. In general Quercus mongolica dominate in the forest, although
the proportion of the species varies largely reflecting site conditions.

Phytosociologically this forest includes associations of Quercetalia serrato-grosseserratae
(Hoshino, 1998; cf. Miyawaki et al. 1994). However, a precise phytosociological analyses of
this forest still remains untouched.

This forest best develops on the lowland of Hokkaido. In Tohoku it occurs exclusively
on the mountain slopes of the Pacific side, covering an altitudinal range approximately from
600 to 1700 m above sea level. It usually appears in the area above the Fagus japonica and/or
the Quercus serrata forests. Its actual area is, however, small and isolated. In southern
Kuriles it appears only fragmentary.

At present the potential distribution range of this forest in Tohoku becomes unclear
owing to human activities. Most of the Quercus mongolica forests are secondary induced by
repeated human activities. However, the natural forest of Quercus mongolica surely exists,
although the present distribution area is of the forest restricted to only fragmentary patches
(Kashimura, 1974; Thoyama and Mochida, 1978; Nozaki and Okutomi, 1990).

5) The Abies sachalinensis-Quercus mongolica forest

The vegetation of this forest is characterized by the presence of such tree species as
Abies sachalinensis, Quercus mongolica, Acer mono, Tilia japonica, Betula ermanii and Picea
jezoensis (Table 7). The tree layer is well developed represented by the mixture of evergreen
conifers of Abies sachalinensis and Picea jezoensis and deciduous broadleaved species of
Quercus mongolica, Acer mono. A mixed occurrence of coniferous trees and deciduous
broadleaved trees is a remarkable characteristics of this forest.

Phytosociologically this forest well corresponds to Abieti sachalinensis-Quercetum
grosseserrtae (Suzuki, 1988; Ohno, 1990).

This forest best develops on the mountain slopes of Hokkaido and on the lowland of
southern Kuriles, especially on that of Kunashiri Island. It never appears in Tohoku. It covers
an altitudinal range approximately from 500 to 1000 m above sea level in Hokkaido, although
the range varies to some extent for different geographical locations.

322 .Boreal forest zone



1) The Picea jezoensis-Abies sachalinensis forest

The vegetation of this forest is characterized by the presence of such tree species as
Picea jezoensis, Abies sachalinensis, Sorbus commixta, Acer ukurundense and Betula ermanii
(Table 8). The tree layer is well developed represented by two conifer species of Picea
jezoensis and Abies sachalinensis. The mixing proportion of the species varies largely
reflecting site conditions. Picea jezoensis prevails if soils are fertile. Abies sachalinensis
occurs almost indiscriminatingly in various habitats. Those conifers are frequently
accompanied by Betula ermanii especially in higher altitudes. An unique features of this forest
as a member of the boreal forest zone is a presence of well developed Sasa plants,

Phytosociologically this forest is well represented by Piceo-Abietetum sachalinensis
(Kojima, 1991; Song, 1992; Nakamura et al,, 1994).

This forest develops in mid-altitudes of the Hokkaido and the lowland of southern
Kuriles. It covers an altitudinal range approximately from 500 to 1500 m above sea level in
Hokkaido, though the range varies to some extent for different geographical locations.

2) The Picea glehnii forest

The tree layer of this forest consists almost exclusively of Picea glehnii. Abies
sachalinensis and Sorbus commixta may occasionally be present. A complete lack of Picea
jezoensis is a notable feature. Trees are generally small and tend to scatter. The shrub layer
well develops characteristically dominated by Ericaceous shrubs such as Menziensia
pentandra, Vaccinium hirtum, Vaccinium ovalifolium, Ledum palustre and Rhododendron
brachycarpum. The Sasa layer is missing. This forest is characterized by the presence of
Ledum palustre, Vaccinium hirtum, Vaccinium ovalifolium and Menziesia pentandra.

The Picea glehnii forest incorporates the Picea glehnii-moss sociation, Picea
glehnii-Ledum palustre sociation, and Picea glehnii-Abies sachalinensis-moss sociation
(Tatewaki et al., 1955; Tatewaki, 1958b). Phytosociologically this forest is represented by
Piceetum glehnii and also includes a part of Piceo-Abietetum sachalinensis (Nakamura, 1988;
cf. Miyawaki et al., 1994). ‘

The Picea glehnii forest appears mainly in Hokkaido and southern Kuriles. A
fragmentary small population is also present on Mt. Hayachine, northern Tohoku. It develops
best in Hokkaido. It covers an altitudinal range approximately from 500 to 1500 m above sea
level in Hokkaido, although the range varies to some extent for different geographical
locations. It usually occurs in habitats with shallow soils on bed rocks or on a pile of large
boulders, and in moors (Tatewaki, 1943).

3) The Larix gmelinii forest

This forest is characterized by the mono-dominance of Larix gmelinii. It attains to ca. 20
m in height and 80 cm in diameter at breast height in the well developed forest on such site
as a margin of the Sphagnum moor. But it reduces its height to only 1 m on the center of the

moor (Tatewaki, 1941). On the mesic site Sasa kurilensis occasionally develops densely. On



the wet site the forest floor consists of Sphagnum spp., Eriophorum vaginatum, Carex
middendorfii, Ledum palustre, Miryca gale. On the drier site the major associated trees are
Betula ermanii, Sorbus commixta, Acer ukurunduence, and forest floor consists of
Calamagrostis langsdorfii.

Four sociations of this forest were reported from the Etorofu Island, southern Kuriles
(Tatewaki, 1941). They are; 1) Larix gmelinii-Eriophorum vaginatum-Carex middendorfii
sociation. It occurs on a wet site such as moor. Major undergrowth plants are Eriophorum
vaginatum, Carex middendorfii, Osmunda cinnamomea, Myrica gale, Coptis trifolia, Empetrum
nigrum, Cornus canadensis, Ledum palustre, Vaccinium vitis-idaea. 2) Larix
gmelinii-Calamagrostis langsdorfii sociation. It occurs on a relatively dry site. It 1s sometimes
accompanied by such woody species as Betula ermanii, Sorbus commixta, Acer ukurunduence.
Major undergrowth plants are Calamagrostis langsdorfii, Dryopteris expansa, Thalictrum
minus, Sanguisorba tenuifolia. 3) Larix gmelinii-Sasa sociation. It is a representative type on
a mesic site. Sasa kurilensis occupies densely the undergrowth and accompanying plants are
rare. 4) Larix gmelinii-Phragmites communis sociation. It occupies only a small area of
Etorofu. The major plants are Phragmites communis, Equisetum palustre, Ranunculus grandis,
Parnassia palustris, Potentilla palustris.

The Larix gmelinii forest occurs only on the two islands of southern Kuriles, Etorofu

and Shikotan in northern Japan in this chapter, being completely absent from Hokkaido and
Tohoku.

323.Subalpine forests
1) The Abies mariesii forest

On the upper part of high mountains of Tohoku and especially those of the Sea of Japan
side, Abies mariesii dominates there, developing the subalpine coniferous forest (Ishizuka,
1974). 1t usually makes its own mono-dominant forest, but sometimes accompanied by Tsuga
diversifolia, Betula ermanii, Betula corylifolia, Pinus parvifolia, Thuja standishii (Saito, 1979).
On the lower part of this forest Fagus crenata occasionally assigned for main tree species.
Tsuga diversifolia predominates steep, boulder much slopes or ridges. Pinus parvifolia and
Thuja standishii are remarkable on rocky, impoverished soils on narrow ridges. Fagus crenata
often admixes in the montane-subalpine transitional zone (Saito, 1979). Major undergrowth
species of this forest are Sorbus commixta, Vibrnum frucatum, Acer tschonoskii and Sasa
kurilensis.

Phytosociologically this forest is represented by Abietetum mariesii (Nakamura, 1987b).

This forest is restricted only to the upper part of the mountains of Tohoku and
especially on the Ou Range and Dewa Range. It is absolutely lacking in Hokkaido and
southern Kuriles.

2) The Betula ermanii forest

This forest is dominated exclusively by Betula ermanii. The shrub layer consists of



Weigela middendorfiana, Sorbus matsumurana, Vaccinium ovalifolium, Prunus nipponica, Acer
ukurunduense, Acer tschonoskii. The herb layer consists of Dryopteris expansa, Calamagrostis
langsdorfit, Maianthemum dilatatum. Sasa kurilensis occurs but is not abundant.

Phytosociologically this forest includes such associations as Weigelo-Betuletum ermanii
and Angelico kawakamii-Betuletum ermanii (Miyawaki et al., 1994).

The Betula ermanii forest develops best on the upper part of high mountains of
Hokkaido and especially those of the Hidaka Range and the Taisetsu mountains. Horizontally
it develops also well on the lowland of the Etorofu Island, southern Kuriles. It appears only
scarcely on the mountains of Tohoku.

This forest occupies such sites as snowy leeward with deep snow in winter, steep,
concave slope, and forest limit area in high altitudes of the mountains of Hokkaido (Okitsu,
1987a). There it usually makes forest limit usually replaced by the Pinus pumila thicket.

3) The Pinus pumila thicket

In the uppermost zone of the high mountains of northern Japan and especial those of
Hokkaido, the Pinus pumila thicket prevails. The species composition of this ticket is very
simple. Pinus pumila dominates the shrub layer. Major undergrowth plants are Empetrum

nigrum, Rhododendron aureum, Vaccinium vitis-idaea, Loiseleuria procumbens and Diapensia
lapponica (Okitsu and Ito, 1984).

Phytosociologically this thicket is represented by Vaccinoio-Pinetum pumilae (Kobayashi,
1971; Ito and Nishikawa, 1977; cf. Miyawaki et al., 1994).

The Pinus pumila thicket develops best on the high mountains of Hokkaido (Okitsu,
1987b), forming a distinct vegetation zone, the Pinus pumila zone. It develops also well on the
mountains of southern Kuriles. On the mountains of Tohoku it appears rather sporadically.

33.Geographical distribution of the major forests: a regional aspect
331.Tohoku '

‘Tohoku as a whole contains both of the the cool temperate forests and the subalpine
frosts, but is lacking practically in the boreal forests, although a fragmentary Picea glehnii
forest occurs (Table 2; Ishizuka, 1961).

A remarkable feature of the distribution of the forests in Tohoku is a clear contrast of
the occurrences of the cool temperate forests between the Pacific side and the Sea of Japan
side (Fig. 1; Ohno, 1991). In the Pacific side, three types of the deciduous broadleaved forests
chiefly occur; the Fagus japonica forest and the Quercus serrata forest prevail with a rather
sporadic occurrence of the Quercus mongolica forest. The Fagus crenata forest appears only
fragmentary in the Pacific side. In the Sea of Japan side, contrarily, Fagus crenata forest
completely prevails. Other three types deciduous broadleaved forests occurring on the Pacific
side are practically absent there. Vertically, in the Pacific side, the Quercus serrata forest and
the Fagus japonica forest together occupy the lower part, and the Quercus mongolica forest
occupies the upper part of the mountains in the cool temperate, while on the Sea of Japan



side, the Fagus crenata forest exclusively occupies the whole vertical range of the cool
temperate zone (Nozaki and Okutomi, 1990).

The heavy snow accumulation in winter on the Sea of japan side promotes such
asymmetrical forest distribution (Shimano, 1998; Shimano and Masuzawa, 1998). Trunks of
Fagus crenata tend to stand upright in spite of thick snow accumulation on the Sea of Japan
side, while other tree species develop bent trunks and/or creep; only Fagus crenata can
dominate as canopy tree on the Sea of japan side. Further, snow accumulation prevents seeds
of Fagus crenata from predation by rodents in winter and also from winter desiccation. On the
Pacific side, contrarily, feeding pressure and seed desiccation in winter prevent Fagus crenata
from constant regeneration under snow free condition.

Another remarkable feature of the distribution of the forest is that the subalpine Abies
mariesii develops on the snowy mountains. Generally coniferous trees suffer easily damages
by snow every winter. In spite of this, only Abies mariesii can survive under heavy snow
condition, although its snow damages are obvious (Ishizuka, 1981). Thus, the subalpine Abies
mariesii forest is a snow-induced one. However, the distribution of the Abies mariesii forest
did not always correspond to a certain altitude, or temperate condition (Kaji, 1982; Sugita,
1992). The extent of this forest is presumed to be controlled mainly by the amount of
less-inclined slopes influenced by the snowy climate (Sugita, 1992). Further, lower limit of the

subalpine Abies mariesii forest is pushed up to the actual altitude due to the presence of the
Fagus crenata forest (Yamanaka et al., 1988).

332.Hokkaido

Hokkaido has a different pattern of the forest distribution from that of Tohoku. In
Hokkaido no clear contrast of the forest distribution exists between the Pacific side and the
Sea of Japan side (Fig. 1). The Fagus crenata forest occupies only the southern most part of
Hokkaido, the Oshima Peninsula. On the central part of Hokkaido three major forests occur
from lowland to the upper part of the mountain slopes: Quercus mongolica forest, Abies
sachalinensis-Quercus mongolica forest, and Picea jezoensis-Abies sachalinensis forest in the
ascending order (Fig. 1, Table 2; cf. Kojima, 1979).

A typical vertical zonation of Hokkaido appears on the Taisetsu mountains, central
Hokkaido (Tatewaki, 1963; Kojima, 1979). There is a clear vertical replacement from the cool
temperate forests through the boreal forest to the subalpine forests. On the lower part of
mountain slope up to ca. 500 m in altitude, the cool temperate Quercus mongolica forest
occupies there, the Abies sachalinensis-Quercus mongolica forest rise up the slope to ca. 800
m in altitude. The boreal Picea jezoensis-Abies sachalinensis forest covers the an altitudinal
range from 800 to 1300m above sea level. Above the area covered by the Picea
jezoensis-Abies sachalinensis forest occurs the subalpine Betula ermanii forest up to 1650 m
in altitude. A clear forest limit appears at the upper limit of the Betula ermanii forest. The
subalpine Pinus pumila thicket replaces the Betula ermanii forest at the forest limit. It ascends
to the altitudes of 1850 m.



The temperate conditions of the lower limit of the Pinus pumila thicket does not
coincide with any particular temperate value (Okitsu and Ito, 1989). Thus, the Pinus pumila
zone of Hokkaido is conditions as follows (Okitsu and Ito, 1989). Thermal conditions would
allow forest development above the present forest limit. So, there may be a zone which is a
theoretically part of the forest zone but in fact is not forest-covered owing to strong wind

and/or heavy snow fall in winter, or rocky substrate. This deforested zone would then have
provided the Pinus pumila thicket with a new ecological niche.

333.Southern Kuriles

Southern Kuriles in this chapter belong to the boreal forest zone. The Picea
jezoensis-Abies sachalinensis forest covers the major part of the lowland of the Islands. The
Larix gmelinii forest occurs on the lowland of the Etorofu Island.

The distribution of the major forests of southern Kuriles can be summarized as follows
(modified from Tatewaki, 1957): 1) The cool temperate Quercus mongolica forest in the
Kunashiri Islands is quite similar to that of Hokkaido and this forest stops at southern Kuriles.
It is a northern extension of the forests of Hokkaido. 2) The boreal Picea jezoensis-Abies
sachalinensis forest and the Picea glehnii forest also stop at southern Kuriles. 3) The boreal
Larix gmelinii forest is limited to two island of southern Kuriles, the Shikotan Island and the
Etorofu Island. It has no connection with the forests of Tohoku and Hokkaido. 4) The
subalpine Betula ermanii forest shows a continuous distribution through southern Kuriles. 5)

The subalpine Pinus pumila thicket is mostly found in the mountain districts in southern
Kuriles.

4.Phytogeographical relationship of the major forests of northern Japan to those of
northeastern Asia adjacent to northern Japan

Table 9 summarizes the geographical distribution of the major forests of northern Japan
in the adjacent regions, to discuss the phytogeographical relationship of the forests of northern
Japan. The cool temperate forests of northern Japan tend to have narrower distribution range,
while the boreal forests tend to have wider distribution range as compared with those of the
cool temperate forests. The subalpine forests show two quite different geographical pattern;

the Abies mariesii forest is endemic to northern Japan, while the Betula ermanii forest and the
Pinus pumila thicket have wide geographical range.

41.Cool temperate forests

Among four types of the deciduous broadleaved forests of the cool temperate zone, the
Quercus serrata forest is distributed in the Korean Peninsula (Yim, 1977; Takeda et al, 1994),
and the Quercus mongolica forest is distributed in the Korean Peninsula, northeastern China
and Primorie. Those two forests can be regarded as principal types of cool temperate
deciduous broadleaved forest in northeastern Asia including northern Japan. Although the
Fagus japonica forest is restricted to the northern Japan, it may be regarded as a variety of the



Quercus serrata forest because its floristic composition is similar to that of the Quercus
serrata forest.

Contrarily the Fagus crenata forest has no distribution region adjacent to northern Japan.
Tt is a real endemic forest to northern Japan and especially to the Sea of japan side of Tohoku
and southern Hokkaido. This forest develops under a peculiar climatic condition of the Sea of
japan side, heavy snow in winter (Ishizuka, 1974; Shidei, 1974; Shimano, 1998; Shimano and
Masuzawa, 1998). Heavy snow in winter never appears the regions outside the Sea of Japan
side of northern Japan. It means that the Fagus crenata forest is a snow-induced, non-zonal
climax one. It is an unique one in the northeastern Asia, never representing a principal
principal forest type in northeastern Asia including northern Japan.

Another type of the cool temperate forest, the Abies sachalinensis-Quercus mongolica
forest, a conifer-broadleaved mixed forest, extends to the Korean Peninsula, northeastern
China and Primorie, as does the Quercus mongolica forest, although in northern Japan this
forest is restricted only to Hokkaido and southern Kuriles. The species composition of the
conifer-broadleaved mixed forest of the Koran Peninsula, northeastern china and Primorie,
however, differs from that of Hokkaido and southern Kuriles in conifer trees (Song, 1988;
Okitsu, 1993, 1995). The most dominant conifer in Primorie is Pinus koraiensis. Abies
nephrolepis, closely related species of A. sachalinensis, is not abundant there. In Primorie, the
representative type of the mixed forest is the Pinus koraiensis-deciduous broadleaved mixed
forest. The Pinus koraiensis mixed forest covers the extensive areas of northeastern China
and northern part of Korea Peninsula as well as Primorie. These regions correspond with the
major part of the "Pan-Mixed Forest Zone" (Tatewaki, 1958a), which includes also Hokkaido
and southern Sakhalin. From the discussions above, the Abies sachalinensis-Quercus
mongolica forest can be regarded as one of the most principal forest type of the Pan-Mixed
Forest Zone, together with the Quercus mongolica forest (Okitsu, 1993).

42 Boreal forests

The Picea jezoensis-Abies sachalinensis forest shows wide geographical distribution
throughout northeastern Asia except for Magadan. It occupies marine and oceanic subzone
within the boreal zone of north-eastern Eurasia (Grishin, 1995). It makes boreal evergreen
coniferous zone in northeastern Asia. This forest in northern Japan composes the southern
and eastern extension of the boreal evergreen forest zone (Okitsu, 1996, 1999). Hokkaido is
located in one of the eastern and southern limit of such boreal zone in northeastern Asia.

Larix gmelinii forest has the widest distribution range, covering all the six regions
considered. It is a representative forest type-in the continental part of the boreal zone of
north-eastern Eurasia (Grishin, 1995; Okitsu, 1999a). However, it is restricted to southern
Kuriles in northern Japan. Climatically Hokkaido could support its distribution on moors or
rocky slopes on the high mountains. Actually it was distributed also in Hokkaido at the Last
Glacial (Igarashi, 1996; cf. Okitsu, 1999b). Okitsu (1999b) inferred that the key factor to the

extinction of Larix gmelinii from Hokkaido in the Holocene was probably the prevalence of



deciduous broad-leaved species such as Quercus mongolica throughout Hokkaido.
The Picea glehnii forest has only a restricted distribution, it appears only in southern

most Sakhalin outside northern Japan (Tatewaki, 1943). It may be regarded as a kind of
edaphic forest (Kojima, 1979).

43.Subalpine forests

The Abies mariesii forest is never distributed in the region adjacent to northern Japan.
It is completely endemic to Japan. The distribution of Abies mariesii itself is also restricted. to
the central and northern Honshu, Japan (Liu, 1971). This forest develops under a peculiar
climatic condition of the Sea of japan side, heavy snow in winter (Ishizuka, 1974; Saito, 1979;
Kaji, 1982; Sugita, 1992), as does the Fagus crenata forest. It is also a snow-induced,
non-zonal climax forest. It is an unique one in the northeastern Asia, never sharing a principal
forest type in northeastern Asia.

Contrarily the Betula ermanii forest and the Pinus pumila thicket together have the
widest distribution range, covering all the six regions considered. However, the
phytogeographical relationship in northeastern Asia is different between them.

The Betula ermanii forest occupies the area adopted to the cold, humid, and windy
climate, namely the area of the oceanic climate (Watanabe, 1979; Grishin, 1995; Okitsu, 1987a,
1999¢; cf. Haemet-Ahti and Ahti, 1969). Its occurrence in the lowland of the Etorofu Island,
southern Kuriles is a southern stretch of the subarctic summer green forest zone from the
Kamchatka Peninsula having highly oceanic climate (Watanabe, 1979; Okitsu, 1999¢). This
forest disappears in the lowland of Hokkaido. It ascends the mountains of Hokkaido and
especially those of the Hidaka Range and the Taisetsu mountains, covering the upper part of
the mountain. Thus, the subalpine Betula ermanii forest in Hokkaido corresponds
phytogeographically to the subarctic summer green forest in northeastern Asia developing
under highly oceanic climate (Okitsu, 1987a, 1999¢).

Phytogeographical relations of the Pinus pumila thicket are different from those of
Betula ermanii forest. It shows also the widest distribution range, but practically appears as a
major undergrowth component of the Larix gmelinii-Pinus pumila forest (Tikhomirov, 1946;
Gorchakovsky and Shiyatov, 1978). The Larix gmelinii-Pinus pumila forest covers vast areas
of the continental part of northeastern Asia including Magadan(Grishin, 1995). In the Last
Glacial it was also distributed in Hokkaido (Igarashi, 1986; Okitsu, 1987b). During the
Holocene it ascended the mountain upward corresponding to the climatic warming (Okitsu,
1987b). Synchronously with this, however, the arborescent Larix gmelinii never could maintain
its distribution owing to the strong wind and heavy snow in winter (Okitsu and Ito, 1989).
Only Pinus pumila alone can survive such harsh conditions at the uppermost part of the
mountain (Okitsu and Ito, 1984), and makes a distinct vegetation zone, Pinus pumila zone in
the subalpine area (Okitsu and Ito, 1989). Thus, phytogeographical homology of the Pinus
pumila thicket in northeastern Asia is the Larix gmelinii-Pinus pumila forest developing on the
continental part of northeastern Asia.



5.Prinsipal arrangement of the forests of northern Japan from a phytogeographical comparison:
a conclusion

In conclusion of this chapter, a principal arrangement of the forests of northern Japan
can be summarized as follows from the preceding phytogeographical comparison.

In Tohoku, horizontally two principal types of deciduous broadleaved forests make a
zonal arrangement in accordance with the forest distribution in northeastern Asia. One type,
consisting of the Quercus serrata forest and its variation of the Fagus japonica forest, occupies
the warmer or the lower altitudinal range. The another type, consisting of the Quercus
mongolica forest, covers relatively cooler or higher altitudinal range. The Fagus crenata forest
appears practically only in the Sea of Japan side of the area as a snow-induced non zonal
climax forest. No boreal forest practically appears in the Tohoku, although a small population
of the Picea glehnii forest exists on Mt. Hayachine. Vertically the Abies mariesii forest almost
exclusively covers the area covered by the Fagus crenata forest especially on the mountains of
the Sea of Japan side. It has no equivalent vegetation outside northern Japan. It is a type of
snow-induced forest, as is the Fagus crenata forest.

In Hokkaido the Quercus mongolica forest covers vast areas of the lowland. The Abies
sachalinensis-Quercus mongolica forest occupies the lower altitudinal range of the mountains.
Those two forests together are the most important component of the Pan-Mixed Forest Zone
(Tatewaki, 1958a). The Picea jezoensis-Abies sachalinensis forest covers the mid-altitudinal
range of the mountains, being a fepresentative boreal forest in northern Japan. The subalpine
Betula ermanii forest and the Pinus pumila thicket occur above the area covered by the Picea
jezoensis-Abies sachalinensis forest. The former is the southern extension of the the subarctic
summer green Betula ermanii forest under highly oceanic climate, and the latter is a
homology of the Larix gmelinii-Pinus pumila forest in the continental sector of northeastern
Asia.

Southern Kuriles belong completely to the boreal zone consisting mainly of the Picea
jezoensis-Abies sachalinensis, although the cool temperate forests, the Quercus mongolica

forest and the Abies sachalinensis-Quercus mongolica forest, also appear mainly in the
southern part of the Kunashiri Island.
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Fig. 1. Vegetation map of northern Japan including southemn Kuriles. Compiled and simplified
from Nozaki and Okutomi (1990) for Tohoku, from Ohno (1990) for Hokkaido, and from
Lavrenko and Sochava (1954) for southern Kuriles.

1: Fagus japonica forest and Quercus serrata forest, 2: Fagus crenata forest, 3: Quercus
mongolica forest, 4: Abies sachalinensis-Quercus mongolica forest, 5: Boreal forests including
subalpine forests for Hokkaido and southern Kuriles, and subalpine forests for Tohoku. Major
dominants in Hokkaido and Kunashiri are Picea jezoensis-Abies sachalinensis forest and Picea
glehnii forest, while in Etorofu are Betula ermanii forest and Larix gmelinii forest.

The dots with abbreviation show the cities of which climatic conditions are presented in
Table 1. Fu: Fukushima, Ni: Niigata, Mo: Morioka, Ak: Akita, Ha: Hakodate, SA: Sapporo, As:
Asahikawa, Wa: Wakkanai, Ku: Kuril'sk.
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Table 1. Climatic conditions at various locarities in northern Japan and southern Kuriles.
(T)=average temperature ("C); (P)=precipitation (mm). Data from Rika Nenpyo (Japanese) (ed. Tokyo
Astronomical Observatory, University of Tokyo), Maruzen, 1983; based on figures for the period 1951~
1980, except for the data for Kuril’sk; from the daea in The Forest of Kuriles (Japanese) (ed.
Obihiro Forestry Egency, 1959); based on figures for the period 1903-1940. The locations of the
regions and sities are presented in Fig. 1. :

Month : Annual

mean
J F M A M ] J A S 0 N D /total

Southern Tohoku

Fukushima (T) LO L5 47 111 16.4 19.9 23.6 24.9 2004 14.2 8.6 3.7 12.5
P) 55 50 69 72 82 123 153 125 158 105 61 56 1108

Niigata (T) 2.0 2.2 4.9 10.7 159 20.0 24.2 95.7 21.4 15.5 9.9 4.9 13.1
P) 197 129 109 96 91 118 195 155 153 151 189 9241 1822

Northern Tohoku

Morioka  (T) -2.5 -1.8 1.6 83 13.9 17.9 21.8 22.8 18.0 1L6 5.6 0.4 9.8
P) 65 57 88 97 91 121 170 165 155 108 91 75 1287

Akita ) -0.5 -0.3 2.7 88 14.1 18.5 22.6 94.0 19.4 13.1 7.3 2.3 1.0
(P) 135 99 107 139 117 128 188 186 180 161 176 171 1787

Southern Hokkaido

Hakodate (T) =3.6 =32 0.4 6.4 11.1 15.1 19. 3 2.2 17.2 1.3 4.9 -0.6 8.3
(P) 71 62 70 83 80 92 107 153 166 106 91 78 1157

Sapporo m -4.9 -4.2 -0.4 6.2 12.0 15.9 20.2 21.3 16.9 10.8 4.0 -1.6 8.0
P) 114 92 78 65 59 76 80 131 142 115 104 101 1158

Northern Hokkaido :
Asahikawa (T) =8.5 -7.7 -2.8 4.7 11.5 16.2 20.3 20.4 15.2 8.5 1.5 -4.4 4.3

(P) 80 64 62 65 74 78 119 168 134 104 116 65 1159
Wakkanai (1) -5.7 -5.6 -1.6 4.3 8.7 124 16.8 18.9 16.4 10.6 3.2 -2.3 63
P) 18 71 64 59 76 76 112 111 136 126 125 123 1157
Southern Kuriles
Kuril'sk (1) 5.5 -6.8 -4.3 14 53 0.1 13.6 16.0 134 89 3.2 2.2 43
(P) 92 53 58 69 79 60 79 108 103 114 134 108 1057




Table 2. Major forests in northern Japan including southern Kuriles and
their geographical distribuiton

Geographical region#

Major forests ST NT SH NH SK
Cool temperate forest zone

Fagus japonica forest o+ . .

Quercius serrata forest PR .

Fagus crenata forest 4+ A e .

Quercus mongolica forest e s

Abies sachalinensis—Quercus mongolica forest -+ + +F +

Boreal forest zone

Picea jezoensis-Abies sachalinensis forest . s
Picea glehnii foresti* .+ 4+ o+
Larix gmelinii forest . . . .+

Subalpine forests

Abies mariesii forest + o+ . . .
Betula emanii forest o+ 4t
Pinus pumila thicket 4+t

#: ST; southern Tohoku, NT; northern Tohoku, SH; southern Hokkaido,

NH; northern Hokkaido, SK: southern Kuriles

x%: Picea glehnii forest of northern Tohoku is merely an isolated small
population on Mt. Hayachine (Ishizuka 1961) :

++: abundantly occurs, +: scaresely or only sporadically occurs, -: absent

Table 3. Major woody species of Fagus japonica
forests in northern Japan. The figures mean the
coverage by Braun-Blanquet’ s scale.

Region* ST ST
Running no. ¥ 1 2

.=
w3
=z

—3

Fagus japonica

Acer mono

Carpinus laxiflora

Styrax obassia
Rhododendron wadanum
Rhododendron semibarbatum
Rhododendron kaempferi
Alnus firma

Viburnum wrightii

(Juercus mongolica

Acer rufinerve

Hamamelis japonica . .
Abies firma
Clethra barbinervis + . . .

LI e
ok

B e L
T T i

-

— .
. .
e b= e

Quercus serrata . . 1 .
Betula grossa . . 1 .
Carpinus cordata + .
Acanthopanax divaricatus . N

Acer micranthum . . +
FFagus crenata . . S
Magnoria obovata . . . +
Tilia japonica . . c o+
Betula maximowicziana . . -2
Prunus sargentii . . S
Acer japonicum . . . 1
Lindera umbellata . . 1
Sasa morpha borealis 4 1 1
Sasa palmata . -2 -

x: ST: southern Tohoku, NT; northern Tohoku
#%: 1; Abukuma mountains (Kashimura 1974), 2; central
Ou mountains (Kashimura 1974), 3; Miyagi prefecture
(Sugawara 1978), 4; Iwate prefecture (Ishizuka et al. 1992)



Tahle 4. Major woody species of Quercus serrata forests in northern Japan. The figures and the + sho
ws the coverage by Braun-Blanquet's scale

Region¥k ST ST ST ST ST ST NT NT SH SH
Running no. ¥* 1 2 3 4 5 6 7 8 910
Quercus serrata 4 65 4 4 4 4 4 5 3 3
Quercus mongolica 3 I + + 1 1 - 2 2
Rhus trichocarpa s+ 1+ + 1+ + o+
(Castanea crenata 2 1 2 1 + e e
Acer palmatum -2+ 2 4+ 2 .
Acer mono 1 2 1 R
Sorbus japonica | . + o+
Prunus verecunda 1+ I 11 - .
Vibrunum dilatatum . + o0 2+ 2 .
Magnolia obovata <+ I+ . 1 +
Eunonymus oxphyllus < 4+ - 11 + o+
[rex crenata 2 + + 2 - o .
Viburnum wrightii + + 1 1 .« .
Prunus grayana 1+ + . 1 - -
Clethra barbinervis -+ 1+ 1 ..
Lindera umbellata 2 3 + - .

Eunonymus alatus + + -+ .
Cephalotaxus harringtonia+ - 1 + c e
Rhododendron kaempferi TR S 1 2
Aucuba japonica 1+ .

Acer sieboldianum -+ -+ .

Carpinus tshonoskii + . 2 .
Acer rufinerve S T )
Carpinus laxiflora S .
Prunus sargentil . 3 5
Kalopanax pictus 1+
Carpinus cordata 1 +
Fraxinus lanuginosa S + 1
Magnolia kobus . + o+
Morus hombycis . + o+
Sasamorpha borealis e e e 3 3

*: ST, southern Tohoku, NT; northern Tohoku, SH; southern Hokkaido

*%: 1; Kaminoyama, central Ou mountains (Kashimura 1974),

2; Nagahama, central Ou mountains (Kashimura 1974), 3; Nakaji, central

Ou mountains (Kashimura 1974), 4, 5;Irisawa, central Ou mountains

(Kashimura 1974), 6; Kazundaira, Abukuma mountains (Kashimura 1974),

7, 8; Iwate prefecture (Miyawaki 1987), 9, 10;Iburi district (Tohyama and Mochida 1978)



Table 5. Major woody species of Fagus crenata forests in nor}hern Japan.
The figures in the table mean the coverage by Braun-Blanquet' s scale

Type Pasific side Sea of Japan side
Region* ST ST ST ST NT ST ST NT NT SH
Running no. **¥ 1 2 3 4 5 6 7 8 910
Fagus crenata 4 3 4 5 5 h 4 5 5 5
Viburunum furcatum 11 + 2 - 1 + 4 1 2
Quercus mongolica 1 31 2 1 11 - -
Acer japonicum -1 o+ 4+t < -+ 1 1
Acer palmatum 2 <+ o+ 1 « « +
Lindera umbellata e 202+ 1 + 0+ 1
Rhus trichocarpa R R
Prunus grayana 1 + - + - -+
Acer mono + o+ -1 - 2
llydrangea paniculata -+ o+ + 1
Kalopanax pictus 2 .+
Clethra barbinervis -1 11

Rhododendron kaempferi - 1 - 2 -

Fraxinus lanuginosa . I + +

Rhododendron semibarbatum o+ o+

Acanthopanax sciadophylloides+ + + + + o
Carpinus laxiflora « 4+ 1+ . .
Acer sieboldianum 1 1 + . .
Styrax obassia + o+ o+ + - .
Acer rufinerve 1 1 1 .+

Ilex macropoda + - 1 T
Cornus controversa + o+ . S
Ilex macropoda + 1 .

[lex macropoda ! .
Betula grossa <+ 1

Viburunum wrightii + o+

Sorbus alnifolia < - + 1 - +

Magnolia obhovata S R 1

Sasa palmata « +« 5 3 -

Sasamorpha borealis 5 3 - - - S
Sorbus commixta e e e | 1 +
[rex crenata CI . 1 <+
Aucuba japonica L 2 -~ 1 1 -
Cephalotaxus harringtonia - == =~ = = R
[rex leucoclata .. + +
Magnolia salicifolia S « o« 1+
Sasa kurilensis R -« 3 4 5

%:ST: southern Tohoku, NT; northern Tohoku, SH; southern Hokkaido

#%: 1; Mt. Mantaro, Abukuma mountains (Kashimura 1974), 2; Mt. Hanazuka,

Abukuma mountains (Kashimura 1974), 3, 4; Mt. Zao (Takeda and lkuta 1986)

5: Miyako city, Iwate prefecuture (Takeda and Ikuta 1986), 6, 7; Tadami (Miyawaki 1987),
8; Akita city (Miyawaki 1987), 9; Mt. Iwaki (Miyawaki 1987), 10; Hiyama (Miyawaki 1987)



Tahle 6. Major woody species of Quercus mongolica forests in northern Japan.
The Figures mean the coverage by Braun—-Blanquet’ s scale.

Region¥* NT NT SH SH SH SH SH NH NH NH
Running no. ¥k 1 2 3 4 5 6 7 8 910
Quercus mongolica 4 4 5 4 3 5 4 5 5 5
Kalopanax pictus + + 1 2 2 2 2 + -
Acer mono o+ 2 0+ 2 - 2 + 1 1
Acer japonicum 1 2 + - + o+ + .
Tilia japonica + o+ o+ 2 e+ .
Fraxinus lanuginosa + 2 + + 2 - 4 .
Sorbus alnifolia 2« 4+ - + o+ +
Prunus sargentii 1 + - + e+ o+t
Carpinus cordata + 03 - + +
Magnolia obovata - o+ 1 - + +
Rhus trichocarpa + 1 o+ . o+
Cornus controversa L + . +
Prunus ssiori + + + - 4+
Acer palmatum + + 3 + o+
Maackia amurensis O + o+ e
Abies sachalinensis (SRR B +
Magnilia kobus N S .
Fagus crenata 2+ .

Viburnum furcatum 2 1

Viburnum wrightii 1 + , .
Corylus sieboldiana + 4

Acer rufinerve + o+

Morus bombycis I L T T .
Betula ermanii . 3 +
Phellodendron amurense 2 . +
Ulmus laciniata I S
Cephalotaxus harringtonia < e s« 12

Tilia maximowiziana L S R
Ulmus propinqua 1
Sorbus commixta T S S
Sasamorpha borealis 1 5 - « « « « = .
Sasa paniculata <« =~ 5 Hh 4 5 41 5

*: NT; northern Tohoku, SH; southern Hokkaido, NH; northern Hokkaido

®k: 1,2; Iwate prefecture (Takeda and Ikuta 1986), 3; Chitose (Tatewaki 1961a),
4; Shiraoi (Tatewaki 1961a), 5; Shizunai (Kojima 1982), 6: Maruyama

Sapporo (Tatewaki 1958), 7; Nopporo (Tatewaki and Igarashi 1973),

8, 9; Yobito, Abashiri (Tatewaki 1961b), 10; Teshioc (Tatewaki and Igarashi 1971)



Tahle 7. Major woody species of Abies sachalinensis-Quercus mongolica forests
in northern Japan (Miyawaki, 1988). The figures mean the coverage by Braun-Blanquet’ s scale

Regionk SH SH SH SH NH NH NH NH NH NH
Running no. %% 1 2 3 4 5 6 7 8 910
Abies sachalinensis 2 4 3 3 3 2 2 433
Quercus mongolica 33 3 4 3 5 4 2 4 2
Acer mono 1 + 2 + 2 2 2 2 1 2
Tilia japonica 1 1+ + 1 1 1 1 2 2
Betula ermanii 3 0+ 1 - + + 1 + +
Picea jezoensis <+ 41 2 - + 1 o+ 0+
Viburnum furcatum 11 3 + 2 + 2 5 .
Acer japonicum 5 « 3 5 Hh + 2 - .
Sorbus commixta o+ 2 4+ - 4+ - 11 4+
Magnolia ohovata + 1 1 - + +
Kalopanax pictus + 0+ o« + « 1 1 43
Sorbus alnifolia 1+ + . + o+
Elmus laciniata 1 1 1 1 .
Fraxinus lanuginosa + + 2 + 4+
Prunus ssiori + . 1 -
Carpinus cordata + . 2 <.
Tilia maximowicziana + o+ . 1
Fuonymus alatus T R S
Acer ukurunduense O .+
Prunus maximowiczii 1 1+
Acer palmatum + + +
Cornus controversa + o+ + o+ 4
Alnus hirsuta 1 + e+
Prunus sargentii T T R R A |
Sasa kurilensis 1 2 - + - - 1

%: SH:; southern Hokkaido, NH; northern Hokkaido
*%: 1; Esashi, 2, 3; Sapporo, 4; Shimukappu, 5, 6; Horokanai, 7; Akan,
8; Sarufutsu, 9, 10; Kushiro



Table 8. Major woody species of Picea jezoensis—Abhies sachalinensis forests
- AR ’
in northern Japan. The figures mean the coverage by Braun-Blanquet’ s scale.

Region* SH SH SH NH NH NH NH NH NH NH
Running no. %% 1 2 3 4 5 6 7 8 910
Picea jezoensis 4 4 4 5 5 4 3 4 3 4
Abies sachalinensis 31 3 2 3 4 4 3 4 1
Sorbus commixta 3 2+ 4+ + 2 1 2 2 -
Acer ukurunduense 1 2 1 + 1 1 2 1 2
Betula ermanii + 2 3 1 2 2 2 21
Menziesia pentandra 0+ o+ 4+ 1+ -1 -
Viburnum furcatum 1 - < -1 - 1
Vaccinium smalii 1 o+ o+ + 2
Acanthopanax sciadophylloides + + + ©. -1 -
Acer mono + 1 + 1
Hydrangea paniculata + + <+ o+
[rex rugosa + PR
Skimma japonica + . . -2+
Prunus ssiori <+ - + . .
Rubus idaeus + + .
Sambusus sieboldiana + +

Euonymus tricarpus + + o+ o+

Tilia japonica S L T PR |
Picea glehnii S SRR S
Daphne miyabeana S R
Kalopanax pictus S R SR |
Vaccinium ovalifolium S T
Luonymus macropteris I + .
Saga senanensis 4 4 4 5 5 5
Sasa kurilensis 5 4 - 0« . 4 4

*: SH; southern Hokkaido, NH; northern Hokkaido

wk: 1,2; Mt. Soranuma, Sapporolake (Ito et al 1979), 3; Shizunai (Kojima 1982),

4; R. Ishikari (Tatewaki et al. 1955), 5; R. Ishikari (Maeda et al. 1977),

6, 7; R. Tokachi (Kojima 1980), 8; Mt. Shari (Kojima 1983), 9; Shirataki (Kojima 1983),
10; Teshio (Tatewaki and Igarashi 1971)

Table 9. Distribution of the major forests of northern Japan in the regions
ol northeastern Asia adjacent to northern Japan

Region*
Major forests KO NC PR SA MA KA
Cool temperate forest zone
Fagus japonica forest o
Quercius serrata forest +
Fagus crenata forest S
Quercus mongolica forest + o+ o+ e

Abies sachalinensis—Quercus mongolica forest** + + +

Boreal forest zone

Picea jezoensis-Abies sachalinensis forestkkx + 0+ + + e+
Picea glehnii forest S
Larix gmelinii forest o+ o+ + o+ 4+

Subalpine forests
Abies mariesii forest
Betula ermanii forest + + + + o+ 4+
Pinus pumila thicketkkx + o+ + 4+ o+ 4

*: KO; Korean Peninsula, NC; northeastern China, PR: Primorie, SA; Sakhalin,

MA; Magadan, KA: Kamchatka Peninsula

*%: Pinus koraiensis replaces Abies sachalinensis in the continental region

#kk: Abies nephrolepis replaces Abies sachalinensis in KO, NC, PR

*idk: The occurrence of the Pinus pumila thicket in MA is represented by

the Larix gmelinii forest as a homology vegetation to the Pinus pumila thicket (Okitsu 1987h)
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Arata Momohara* and Kiyohide Mizuno** . Habitat of Plants
in the Late Pliocene Sedimentary Basin
on Awaji Island, Central Japan
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Abstract Late Pliocene plant macrofossil assemblages on Awaji Island, central Japan, were studied to recon-
struct the habitat of plants and to complement the upper Pliocene biostratigraphy of the Osaka Group. The
lower part of the Atago Formation yields many plants extinct from Japan and includes Choerospondias axillaris
and Reevesia sp. that characterize the basal part of the Osaka Group in the Sennan area. Stratigraphic occur-
rence of plant fossils in the upper Pliocene on Awaji Island is very similar to that in the Sennan area.
Sedimentary facies of fossil bearing beds were classified into three types, i.e., peat, massive silt, and stratified
sand, and occurrence of plant taxa was compared between these types to reconstruct their habitat. Glyptostrobus
pensilis, Trapa and Nymphaeaceae included in peat were growing in backmarshes in an alluvial plain. Plants
common in massive silt, such as Metasequoia glyptostroboides, Stewartia monadelpha, Sequoia sp., and Pseudolariz
amabilis, composed forests in wetlands and on sandbanks in an alluvial plain. Plants common in stratified sand,
such as Picea sect. Picea, Buxus microphylla, and Fagus microcarpa, grew on fans and mountain slopes around a
sedimentary basin.

Key Words : Biostratigraphy, Late Pliocene, Osaka Group, Plant macrofossil assemblages, Sedimentary facies
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Introduction
Changes in the geographical distribution of plants in
- and around a sedimentary basin induced by environ-
mental changes caused extinction and evolution of
plants. Momohara (1994) showed that the habitat of
respective plant species in and around a sedimentary
basin was affected by the uplift of surrounding moun-
tains and the relative sea level changes that continued
since the late Pliocene. Plants living in the lowland,

such as Metasequoia glyptostroboides, became extinct
from Japan probably due to the geomorphological
changes in the last phase of the early Pleistocene in
addition to the climatic deterioration (Momohara et
al., 1990). Reconstruction of past geomorphology and
habitat of plants in and around a sedimentary basin is,
thus, complementary to discuss floral changes since
the late Pliocene.

Reconstruction of past plants’ habitat is usually
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based on the present ecology of extant plants. This
analogy is, however, problematic for plants extinct
from Japan. The flora of the late Pliocene includes
abundant taxa extinct from Japan (Miki, 1948; Itihara,
1961; Momohara, 1992). Most of them are now con-
fined to limited areas in China, and their relict status
hardly represent their past ecological preference. The
natural vegetation in China has mostly been damaged
through the long human history, and an analogical
argument based on plants in present lowland areas is
impracticable due to the extensive and continued
human activities. Besides, the late Pliocene flora
includes many fossil species, and the ecology of their
nearest living relatives is not necessarily the same as
that of the fossil species.

Though ecology of present plant species is not
applicable as an environmental indicator of fossil
taxa, the spacial distribution of fossils in a sedimen-
tary basin and a study of the depositional environ-
ments of fossil assemblages serve as keys for the
reconstruction of past habitat of fossil plants. Suzuki
(1976) compared the species composition of fossil
assemblages with their distribution in the late
Miocene and Pliocene sedimentary basin in Aizu
Prefecture, northern Japan, and reconstgucted the
special and temporal change of plant communities in
the sedimentary basin. Momohara (1994) recognized
two kinds of sedimentary facies in fluvial deposits of
the Osaka Group that include plant macrofossil
assemblages, unstratified peaty silts with more or less
autochthonous plants and well-stratified sandy sedi-
ments with plants transported from wide areas. Dif-
ference of the species composition between these two
types of sedimentary facies partly reflects the dis-
tributional pattern of plant species in the sedimentary
basin. Fossil assemblages in unstratified silt should
consist of plants that have grown in and around the
backmarsh in an alluvial plain, and those in sandy
sediment should include plants growing on mountains
far from the area of deposition (Momohara, 1994).

In this study, we will describe plant macrofossil
assemblages in the late Pliocene of the Osaka Group
on Awaji Island and will reconstruct habitat of plants
from the sedimentary facies. The Osaka Group dis-
tributed in central Japan consists mainly of fluvial,
lacustrine, and marine sediments that were deposited

continuously since the late Pliocene to the middle
Pleistocene (Itihara, 1961). The magnetostratigraphy
and the tephrostratigraphy of this group have been
examined in detail, and the most detailed plant ma-
crofossil biostratigraphy has been established among
the Plio-Pleistocene strata in the world (Itihara, 1961;
Momohara, 1994). The lowermost part of the Osaka
Group, i.e., upper Pliocene, is distributed widely on
Awaji Island (Mizuno, 1993), west of the Osaka Bay,
and in the Sennan area, east of the bay (Fig. 1, Itihara
et al., 1975). Miki (1948, 1950, 1952, 1957 and 1960) .
reported plant macrofossil localities on Awaji Island,
but did not describe locations or stratigraphy in detail.
Our study aims to complement the plant biostratigra-
phy of the Osaka Group with materials from Awaji
Island.

Litho- and tephrostratigraphy of the QOsaka Group
on Awaji Island

On Awaji Island the Osaka Group is composed of
fluvial sediments including gravel, sand, and silt
(Mizuno, 1993). The Osaka Group on the island is
divided into northern (areas A—C in Fig. 1), middle
(areas D—0), and southern (areas P and Q) parts.
Because this group is distributed in isolated areas,
stratigraphic subdivisions and volcanic ash layers in
each area are named separately (Fig. 2, Mizuno, 1993).

The Osaka Group in the northern part of the island
(areas A—C) reaches about 600m thick and is divided
into the Toshima and Kariya Formations in the
ascending order (Fig. 2, Mizuno, 1993). The Toshima
Formation is divided into a lower part, mainly com-
posed of alternating beds of sand and silt with occa-
sional gravelly sediments and an upper part, consist-
ing of overwhelming sand and gravel. The Kariya
Formation is divided into a lower part of alternating
beds of sand and silt and an upper part of sand and
gravel.

The Osaka Group is widely distributed in the middle
part of the island (areas D—0). It is about 450 m thick
and is divided into the Atago and Goshikihama For-
mations in the ascending order. The Atago Formation
is divided into a lower part mainly of gravel, a middle
part of alternating beds of sand and silt, and an upper
part mainly of sand and gravel. The Goshikihama
Formation consists of well-sorted pebble- cobble
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Fig. 1

Fossil localities (1—72) and the distribution of the Osaka
Group (areas A - Q enclosed by broken line) on Awaji
Island. (Ithihara et al., 1975)

layers with prevalent silt and clay layers, and its
gravel layers characteristically include abundant crys-
talline schist.

Based on volcanic ash layers and composition of
gravel layers, the Osaka Group of the middle and the

northern parts of the island can be correlated with-

each other (Mizuno, 1993). The Asano 1 Volcanic Ash
Layer in the Toshima Formation corresponds to the
Sako Volcanic Ash Layer of the Atago Formation,
and the Asano 2 Volcanic Ash Layer to the Shitoori
Volcanic Ash Layer (Fig. 2). The lower part of the
Toshima Formation corresponds to the middle part of
the Atago Formation, and the upper part of the

Toshima Formation to the upper part of the Atago
Formation. The Kariya Formaiton can be correlated
with the Goshikihama Formation based on the exis-
tence of crystalline schist in the gravel layers
(Mizuno, 1993).

The Osaka Group in the southern part of the island
(areas P and Q), named Yudani Formation, is more
than 100m thick and mainly consists of sand and
gravel (Fig. 2 ; Mizuno, 1993). The stratigraphic posi-
tion of this formation is uncertain because of the lack
of volcanic ash layers in this formation.

Some volcanic ash layers in the Osaka Group on
Awaji Island can be correlated with those in the
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Fig. 2 Standard columnar sections of the Osaka Group in areas A-Q (following Mizuno, 1993) and columnar
sections of the fossil localities (1~72). The arrow at the left hand of columnar section indicates the
stratigraphic position of plant macrofossil assemblages at localities without volcanic key beds.
Volcanic ash layers Km: Kamaguchi Volcanic Ash, Al: Asano 1 Volcanic Ash, AZ: Asano 2 Volcanic
Ash, Yo: Yokoyama Volcanic Ash, Kr: Kuruma Volcanic Ash, My: Myojin Volcanic Ash, Oz: Ouji
Voleanic Ash, Sk: Sako Volcanic Ash, St: Shitoori Volcanic Ash, K1: Kenjogaoka 1 Volcanic Ash, K2:
Kenjogaoka 2 Volcanic Ash, K3: Kenjogaoka 3 Volcanic Ash, K4: Kenjogaoka 4 Volcanic Ash.
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Osaka Group of the Sennan area and with those in Ash Layer, the Shitoori Volcanic Ash Layer with the
the Kobiwako Group (Fig. 3; Mizuno, 1992). Between Asashiro Volcanic Ash Layer, the Yokoyama Vol-
Awaji Island and the Sennan area, the Sako Volcanic - canic Ash Layer with the Shinnoike Volcanic Ash
Ash Layer is correlated with the Habutaki I Volcanic Layer, and the Kuruma Volcanic Ash Layer with the

Stratigraphy ‘::udani Atago Formation Goshikih.ama
orm. | lower part middle part upper part Formation
¥ =T LI Tx ¥ ¥
E i 2| E B I§
Volcanic ash layers ¢ s 218 15 Is H
= ) [ 3
| -1 =1 Iz ® I
| | ] | i i
68 [58ab| 17 19 | 22a i 5 20 i 30| 4 i 6 12 i 9a,b 2 1,3 i
66993.b 58cd| 18 56 35 |2§|1 3;32.b i gfei B7 Ingb 2;5bl 1(1)a1.b :g 43, 44 i
. c | 58e |34ab| 64 2 \c a, A
Plant macrofossil assemblages 50" | 5¢ | 754 | 65 ga [ 224 33 | 46 2; | 27 42 [ 13| s0 2; i
n 60 55 66 39 37 28 | i 14 51 i
72 61 57 |67ab i 42 41 i 29 i 1 16 52 i
i { : 2 2
*Taiwania cryptomerioides 1 i | | i i
Melia azedarach 2 i i | i i
*Choerospondias axillaris 3 i i i 1 i
+Reevesia sp. 1 i | i | i
*Fortunearfa sinensis 5 i | i | i
+#Liquidambar sp. 1 2 1 1 I 1 i ] i i
#Melliodendron xylocarpum 1 | 1 i | i i
*Keteleeria sp. 2 1 I 11 | | i
Quercus subgen. Cyclobalanopsis 1 1 i 11 i i |
*Fagus microcarpa 1 3 1 2 i1 2 i i i
*Quercus sect. Cerris 1 1 1 3 11 |1 i 1 i
#*Sequoia sp. 1 5 1 3 2 |1 3] 241 1 |
Stewartia monadelpha 3 4 4 4 1] 2 f1 21 11 i
*Glyptostrobus pensilis 1 1 1 | i 2§ 2 i1 i
*Pseudolarix amabifis - 3 3 2 1 11 2 | 2 i 1] 3 2 i
Buxus microphylla 2 2 2 311 11 2 1 i 1 |
Picea sect. Picea 2 3 1 3 2 |1 2 1y 1} | 1 1 §
#Metasequoia glyptostroboides 3 2 2 1 | f2 2903 11] 4 3 5
#*Cinnamomum macropodum 1 | 11 i1 [ 2 1
Acer diabolicum i1 | i i |
#Hamamelis parrotioides I i1 i 1] 1 3 |
Pinus subgen. Haploxylon I i 11 i |
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Phellodendron amurense i i I 1 f 1 i
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Fig. 3 Stratigraphic occurrence of selected plant taxa and correlation of volcanic ashes with those
in the Osaka Group in Sennan Area and the Kobiwako Group. Plant macrofossil assemblages
in the lower and upper parts of the Toshima Formation are included in the middle and upper
parts of the Atago Formation, respectively. The assemblages in the lower part of the Kariya
Formation are included in the Goshikihama Formation. Taxa with an asterisk are plants
extinct from Japan. Numbers in each taxon indicate the number of fossil assemblages within
each horizon. Magnetostratigraphy follows Mizuno (1992).
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Table 1 Systematic list of plant fossils from the Osaka Group on Awaji Island.

Parts of plant fossils are shown in the parentheses: b: bud, c: cone, cs: cone scale, cu: cupule,

e: endocarp, f: fruit, fs: fruiting scale, i infructescence, 1: leaf, s: seed, sh: shoot.
Asterisks indicate taxa extinct or no longer present in Japan.

Cephalotaxaceae
Cephalotaxus sp. (s)
Cupressaceae
Chamaecyparis pisifera (Sieb. et Zucc.) Endlicher (sh, s)
Taxodiaceae
*Metasequoia glyptostroboides Hu et Cheng (c, s, 1, sh)
*Glyptostrobus pensilis (Staunt.) Koch. (c, s, sh, I)
*Cunninghamia sp.(c, 1)
*Sequoia sp. (c, s, sh)
*Taiwania cryptomerioides Hayata (c)
Pinaceae
*Keteleeria sp. (c, 1)
*Picea koribai Miki (c, 1)
Picea sect. Picea (c, 1)
Pinus subgen. Diploxylon (c)
Pinus subgen, Haploxylon (1)
*Pseudolarix amabilis (Nelson) Rehd. (cs, s, sh, 1)
*Pseudotsuga subrotunda Miki (c)
Juglandaceae
*Cyclocarya paliurus (Batal.) lljinsk. (f)
*Juglans megacinerea Miki (f)
*Pterocarya stenoptera C. DC. (f)
Salicaceae
Salix sp.(f)
Betulaceae
Alnus japonica (Thunb.) Steud. (i, fs, f)
Carpinus tschonoskii Maxim. (f)
Corylus heterophylla Fisch. (f)
Fagaceae
*Fagus microcarpa Miki (cu, f)
Quercus aliena Blume (cu)
Quercus (b, f)
Quercus subgen. Lepidobalanus (cu, f)
*Quercus sect. Cerris (cu)
Quercus subgen. Cyclobalanopsis (cu)
Ulmaceae
Zelkova sp. (f)
Polygonaceae
Polygonum sp. (f)
Magnoliaceae
Magnolia praecocissima Koidz. (s)
Schisandraceae :
Schisandra repanda (Sieb. et Zucc.) Radik. (s)
Lauraceae
*Cinnamomum macropodum Miki (s)
Menispermaceae
Sinomenium acutum (Thunb.) Rehd. et Wilson (s)
Nymphaeaceae
Brasenia schreberi J.F.Gmel. (s)
*Euryale sp. (s)
Nupher sp. (s)
Ceratophyllaceae
Ceratophyllum demersum L. (f)
Actinidiaceae
Actinidia rufa (Sieb. et Zucc.) Planch. (s)
Actinidia sp. (s)
Theaceae
Eurya sp. (s)
Stewartia monadelpha Sieb. et Zucc. (f)
Hamamelidaceae
*Fortunearia sinensis Rehd. et Wils. (£, s)
*Hamamelis parrotioides Miki (f, s)
*Liquidamber sp.(f)
Saxifragaceae
Schizophragma hydrangeoides Sieb. et Zucc. (f)
Rosaceae
Crataegus sp. (e)

Leguminosae
Wisteria floribunda (Willd.) DC. (£, b)
Leguminosae (f)
Euphorbiaceae
*Aleurites cordata R. Br. (s)
Euphorbia sp. (s)
*Sapium sebiferum Roxb. (s)
Rutaceae
Phellodendron amurense Rupr. (s)
Zanthoxylum ailanthoides Sieb. et Zucc. (s)
Zanthoxylum piperitum (L.) DC. (s)
Meliaceae
Melia azedarach 1.(e)
Anacardiaceae
*Choerospondias axillaris (Roxb.) Burtt et Hill (e)
Aceraceae
Acer diabolicum Blume ex K.Koch (f)
Acer cf. mono Maxim. (f)
Acer sp. (f)
Sabiaceae
Meliosma sp. (e)
Sabia japonica Maxim. (e)
Staphyleaceae
Staphylea bumalda (Thunb.) DC. (s)
Buxaceae
Buxus microphylla Sieb. et Zucc. (1)
Rhamnaceae
Berchemia sp. (e) )
*Paliurus nipponicus Miki (f)
Vitaceae
Vitis sp. (s)
Sterculiaceae
*Reevesia sp. (f)
Lythraceae
Lagerstroemia sp. (f)
Trapaceae
Trapa incisa Sieb. et Zucc. (f)
*Trapa sp. (f)
Alangiaceae
Alangium sp. (e)
Cornaceae
Benthamidia japonica Hara (e)
Cornus controversa Hemsley (&)
Cornus macrophylla Wall. (e)
Araliaceae
Aralia elata (Miq.) Seemann (e)
Ericaceae
Enkianthus sp. (f)
Styracaceae
*Melliodendron xylocarpum Hand.-Mazz. (e)
Styrax japonica Sieb. et Zucc. (s)
Styrax sp.(s)
Symplocaceae
Symplocos sp. (f)
Verbenaceae
Callicarpa sp.(e)
Clerodendrum trichotomum Thunb. (&)
Caprifoliaceae
Viburnum sp. (e)
Alismataceae
Sagittaria sp. (f)
Sparganiaceae
Sparganium sp. (e)
Cyperaceae
Carex sect. Carex (f)
Carex spp. (f)
Scirpus cf. juncoides Roxb. (f)

—101—



56

Jpn. J. Histor. Bot. Vol. 6. No. 2

Table 2 List of plant macrofossils with the location and sedimentary facies types of the plant fossil
bearing bed. Abbreviations for plant parts are in Table 1.
Abundance in plant macrofossil assemblages are indicated after the parentheses; A: abundant,
C: common. Sedimentary facies; S: stratified sand, M: massive silt, P: peat.

fossil latitude, longitude  alti-  sedi- taxa
assem- tude mentary
biage (m) facies
number
1 34°3049'N, 1345905 30 M Euryale sp. (s)
2 343132N, 134°5916°E 30 Metasequola glyptostroboides (c}; Quercus aliena (cu)
3 34'3248'N, 134'56'27'E 25 Vitis sp. (s); Styrax Japonica (s)
4 34°3226'N, 134'5632'E 30 M Glyptostrobus pensilis (cs, sh), Sequoia sp. (¢, s, sh); Meliosma sp. (g)
5 34'3228"N, 1345643 40 S Pseudolarix amabilis (cs), C; Pterocarya stenoptela (f); Quercus aliena (cu), A; Liquidambar sp. (f); Schizophragma
hydrangeoides (f); Acer diabolicum (f); Meliosma sp. (e); Buxus microphylla (I); Berchemia sp. (e); Melliodendron xylocarpum (f);
Symprocos sp. {f); Callicarpa sp. (e); Carex sp. {f)
6 34'31'56"N, 134'5519'E 62 M Glyptostrobus pensilis (c, s); Sequoia sp. (¢, s, sh), A
7 34'3128"N, 134’5515 100 M Quercus allena (cu, f), A; Stewartia monadelpha (f); Zanthoxylum ailanthoides (s); Buxus microphylia (1)
8a 34'30'30°N, 1345355 70 S Chamaecyparls pisifera (sh, s), C; Cunninghamia sp. {}); Metasequoia glyptostroboides (I, sh); Sequoia sp. (sh); Picea sect.
Picea (1); Pseudolarix amabilis (I); Pinus subgen. Haploxylon (I); Salix sp. (f); Wisteria floribunda (b); Buxus microphylla (I);
Caliicarpa sp. (e); Carex sp. {f)
8b 34°30'33"N, 134'5356'€ 88 M Metasequola glyptostroboides (c, s); Juglans megacinerea (f); Quercus sp. (f); Magnolia praecocissima (s); Cinnamomum
macropodum (s); Phellodendron amurense (s), C; Zanthoxylum ailanthoides (s); Zanthoxylum piperitum {s); Styrax japonica (s),C
9a 34°27'41'N, 1345014 10 S Cinnamomum macropodum (s)
9b 34°27'41°N, 134'5014'E 10 S Metasequoia glyptostroboides (c)
10a 34'27'41°'N, 134'507°E 10 M Ceratophyllum demersum (s); Sparganium sp. (e), A; Scirpus cf. juncoides (f)
10b 34'27'41°N, 134°5017'E 10 M Metasequola glyptostroboides (c), C; Wisteria floribunda (b); Aleurites cordata (s); Styrax japonica (s)
11 34'27'36"N, 13474957 20 M Glyptostrobus pensilis (c); Euryale sp. (s); Nupher sp. (s); Trapa sp. (f); Sparganium sp. (f)
12 34°26'52'N, 134°4930'E 45 S Alnus japonica (i)
13 34°27'26°N, 1345040 25 S Metasequoia glyptostroboides (c), A; Pseudolarix amabilis (sh); Quercus aliena (cu); Quercus sp. (f); Magnolia sp. (s); Wisteria
floribunda (b); Euphorbia sp. {s); Phellodendron amurense (s); Benthamidia japonica (e), C; Styrax japonica (s)
14 34°2710°N, 134°'5054'E 50 M Zelkova sp. (f), C
15 34°2704°N, 134’5202 30 M Pseudolarix amabilis {cs, sh), C; Cyclocarya paliurus (f); Alnus japonica (fs); Carpinus tschonoskii (f); Corylus heterophyila (f), C;
Hamamelis parrotioides (f, s); Styrax japonica (s)
16 34°270F'N, 134'50'26'E 32 M Metasequoia glyptostroboides (c); Pseudolarix amabilis (sh}; Corylus heterophylla (f); Cornus macrophyila (g)
17 34°2748'N, 134°5445'E 90 M Sequoia sp. (¢, s, sh), C; Carex sect. Carex (f)
18 34°2745°N, 134'54'48'E 85 P Glyptostrobus pensilis (c, sh), A; Trapa sp. {f), C; Euryale sp. (s); Styrax sp. (s)
19 34°2719°N, 134'5544'E 30 S Metasequoia glyptostroboides (c); Sequioa sp. (sh); Picea koribai {I); Quercus sp. (f); Buxus microphylla (s); Viburnum sp. (e)
20 34'2535'N, 134'5256°E 30 S Sequoia sp. (c); Pseudolarix amabilis (cs); Picea sect. Picea (I); Quercus aliena (cu), A; Quercus sp. (f); Stewartia monadelpha
(), C; Wisteria floribanda (b); Enkianthus sp. (f); Styrax japonica (s)
21 34°2506'N, 134'53'56'E 40 M Paliurus nipponicus (f)
22a 34'2507'N, 134'53'54°E 40 Picea sect. Picea (c)
22b 34'2507'N, 1345354 40 Trapa sp. (), C
22¢ 34°2507'N, 134'5354'E 40 Fagus sp. ()
22d 34'2507°N, 134'5354'E 40 Picea sect. Picea (c)
23a 34°2459'N, 134’5225 95 M Quercus aliena {cu)
23b 34°24'59'N, 134'5225'E 95 M Sequoia sp. (s, sh); Quercus subgen. Lepidobalanus (cu); Stewartia monadeipha (f); Styrax japonica (s)
24 34°2509'N, 134'5116'E 85 S Matagsequoia glyptostroboides (c); Pseudolarix amabilis {cs, sh), C; Picea koribai (1), C; Picea sp. (sh); Cyclocarya paliurus (f);
Carpinus tschonoskii (f); Corylus heterophylla {f), Quercus aliena (cu), A; Quercus sp. (f); Hamamelis parrotioides (f, s); Acer sp.
(f); Aralia elata {e)
25a 34'250°N, 134'50'35'E 80 M Glyptostrobus pensilis (c, s, sh); Alnus japonica (i); Trapa incisa (f)
25b 34'25'10°N, 134'50'35' 80 - S Matasequoia glyptostroboides (c); Callicarpa sp. (8)
26 34'2447'N,134'5155'E 75 M Metasequoia giyptostroboides (1); Pseudolarix amabilis (cs, sh); Carpinus tschonoskii (f); Quercus aliena (cu); Quercus sp. {f);
Stewartia monadeipha (f); Styrax japonica (s)
27 34°2439N,1345121"E 75 S Metasequoia glyptostroboides (1); Plcea sect. Picea (I); Actinidia rufa (s), Wisteria floribunda (b). Styrax japonica {s)
28 34'25'24'N, 134'50'05°E 100 S Cephalotaxus sp. (s)
29 34°24'50°N, 134'50'21°E 110 M Glyptostrobus pensilis (sh); Ceratophyllum demersum (f); Trapa incisa (c), A; Sparganium sp. (f)
30 34°2447'N, 134'507°E 110 S Sinomenium acutum (s}
3a 34'2432'N, 134'4934°E 130 S Alangium sp. (€)
31b 34°24'32°N, 134'49'34'E- 130 S Sequoia sp.(c,sh); Cinnamomum macropodum (s); Stewartia monadelpha (f); Aleurites cordata (s); Clerodendrum frichotomum (e)
32 34°2424'N, 134'4946°E 120 S Keteleeria sp. (¢, 1); Picea sect. Picea (c); Pseudolarix amabilis (cs); Fagus microcarpa (cu), Alangium sp. (e); Styrax sp. ()
33 34724'31°N, 134°4948'E 130 S Quercus aliena (cu); Quercus subgen. Cyclobalanopsis (cu); Quercus sp. (f); Aleurites cordata (s); Buxus microphylla (s); Trapa
sp. {f); Styrax japonica (s)
Ja 34'233F'N, 134'50'58'E 150 M Pseudolarix amabills (cs}), C; Stewartia monadelpha (f)
34b 3472333'N, 134'50'58°E 150 M Metasequoia glyptostroboides (c); Pseudolarix amabilis (cs), C; Quercus subgen. Lepidobalanus (cu); Stewartia monadelpha (f);
Staphylea bumalda (s); Leguminosae (f)
35 34°2342'N, 1344956 95 M Sequoia sp. (¢); Stewartia monadelpha (f); Buxus microphylla (1)
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assem. [atitude, longitude alt, sed, taxa

number (m) facies

36 3472250°N, 134'4916'E 128 M Metasequoia glyptostroboides (I); Quercus aliena (cu); Quercus sect. Cerris (cu), C; Quarcus sp. {f); Schisandra repanda (s);
Nupher sp. (s); Stewartia monadelpha (1); Hamamelis pamotioides (i, s); Meliosma sp. (e); Styrax japonica (s)

37 34°2326°'N, 134'5149°E 60 P Trapa incisa (f); Trapa sp. {f); Brasenia schreberi (s)

38 34°2305°N, 134'5228'E 30 S Picea sect. Picea (c, s)

39 34°2031"N, 134'5227°E 60 Quercus sebgen. Lepidobalanus (cu)

40 342421°N, 134'4648'E 30 S Vitis sp. (s)

41 342309'N, 134'46'59'E 50 M Sequola sp. (c, s); Fagus microcarpa (cu); Quercus aliena (cu); Styrax japonica (s)

42 3472304'N, 134'46'58"E 55 M Sequola sp. (c, s, sh), A; Fagus microcarpa (cu); Aleurites cordata (s); Sapium sebiferum (s): Meliosma sp. (e); Cornus
controversa (e); Styrax japonica (s), A

43 34'2300°N, 1344711 40 M Metasequoia glyptostroboides (c), C; Styrax japonica (s)

44 34'213N, 1344701 50 M Metasequoia glyplostroboides (c), A; Styrax japonica (s), C; Hamamells parrotioides (f, s), C; Wisteria floribunda (b)

45 34°223F'N, 134'48'38°E 85 S Metasequoia glyptostroboides (c)

46 342159'N, 134°4814'E 50 M Metasequoia glyptostroboides (c)

47 J4205IN, 144549 1 S Metasequoia glyptostroboides ()

48 34'2255'N, 1344852 1§ Metasequoia glyptostroboides (sh); Picea sect. Picea (I); Pseudolarix amabilis (cs); Euphorbia sp. (s}, Buxus microphylia ()

49 2MUN, 1344530 50 M Cinnamomum macropodum (s); Pallurus nipponicus (f)

50 34721'36°N, 134'4551€ 25 S Metasequoia glyplostroboides (c}; Pseudolarix amabilis (cs, sh, s), A; Quercus subgen. Lapidobalanus (cu); Corylus
heterophylla (f); Crataegus sp. (e)

51 34°2042'N, 134'45268'E 50 M Metasequoia glyplostroboides (c), A; Polygonum sp. (f); Cinnamomum macropodum (s); Hamamelis parrotioides (e, s); Wisteria
floribunda (b); Styrax japonica (s), C; Symplocos sp. (e)

52 34°2098'N, 134°4528°E 50 M Sagittaria sp. (); Carex sect. Carex {f); Carex sp. (f)

53 34°2019'N, 134'46'46'E 25 M Metasequoia glyplostroboides (c, b), C; Hamamalis parrotioides (f, s), C; Wisteria floribunda (f, b); Vitis sp. (s); Styrax japonica
(s); Scirpus cf. juncoides (f)

54 34'1445'N, 134'4616'E 75 M Liquidambar sp. (f)

55 34'1821"N, 1344933 50 M Metasequoia glyptostroboides (c); Stewartia monadelpha (f); Magnolia sp. (s); Buxus microphylta {)

56 3471828°N, 134'6224'E 15 M Ketalgeria sp. (I); Euryale sp. (s), C; Nupher sp. {s); Fortunearia sinensis (s); Sapium sebiferum {s); Trapa incisa {f); Trapa sp.(f)

57 34'1841°N, 134'5205'E 50 S Picea sacl. Picea {(cs, I); Carpinus tschonoskil (fy; Fagus microcarpa (cu, f), C; Quercus sect. Cerris (cu); Stewartia monadelpha
(f); Buxus microphylia (I); Reevesia sp. {f) )

58a 34'1822'N, 134'5208'E 100 M Cunninghamia sp. (c, |); Sequola sp. (c, s, sh), C; Keteleeria sp. (c); Fagus sp. {f); Quércus subgen, Cyclobalanopsis (cu);
Stewartia monadelpha (f), C; Choerospondias axillaris (s); Alangium sp. (e); Carex sect. Carex (f); Carex sp. ()

58b 34'1822'N, 134°5208'E 100 M Sequoia sp. (c), C; Picea sect. Picea (c); Cinnamomum macropodum (s); Choerospondias axiliaris (e); Alangium sp. (g)

58c 34'1822'N, 134'5208'E 100 S Metasequoia glyptostroboides (c), C; Sequoia sp. (c); Picea sect. Picea (c); Pinus subgen. Diploxylon (c); Psaudotsuga
subrotunda (c); Fagus microcarpa (cu); Liquidambar sp. (f), C; Choerospondias axillaris (e); Acer sp. (f); Trapa sp. (f)

58d 34'1822'N, 134°5208'€ 100 P Glyptostrobus pensilis (c)

58e 34'18'22°N, 134'5208°€ 100 S Keteleeria sp. (c); Fagus microcarpa (cu); Meliosma sp. (); Carex sp. ()

59 34'18'32'N, 134'5200°E 63 S Sequoia sp. (s, sh); Pseudolarix amabilis (cs); Stewartia monadelpha (f); Buxus microphylla {I)

60 34'1841"°N, 134'5220'E 80 M Pseudolarix amabilis (sh); Stewartia monadelpha (f)

61 34°18'55'N, 134'5233'E 40 S Metasequoia glyplostroboides (c); Sequoia sp. (c); Picea Koribal (c); Picea sect. Picea (!); Pseudolarix amabilis (cs, I; Fagus
microcarpa (cu), A; Quercus aliena (cu); Quercus sect. Cermis (cu); Stewartia monadelpha (), C; Liquidambar sp. (f), C; Buxus
microphylia (); Styrax japonica {s)

62 34'19'26°N, 1345414 45 - S Sequoia sp. (c); Buxus microphylla (i)

63 34'19'25°N, 134'5423'E 45 S Picea secl. Picea (I, sh), A; Juglans megacinerea (f); Quercus sect. Cerris (cu); Buxus microphylia {})

64 34'1930°N, 134'54'356 40 S Sequoia sp. (c); Picea sect. Picea (c); Pseudotsuga subrotunda (c); Fagus microcarpa (cu); Quercus subgen. Cerris (cu);
Stewartia monadelpha (f); Fortunearia sinensis (s) o

65 34'1928'N, 134'54'38'€ 40 S Picea koribai (c); Picea sect. Picea (i, cs); Carpinus sp. (f); Fagus sp. (); Stewartia monadelpha (1), A; Forfunearia sinensis (s);
Styrax japenica (s)

66 34'1930°N, 134'5439°E 40 M Glyptostrobus pensills (¢, sh); Sequoia sp. {s)

67a 34'1755'N, 134'5602°E 20 M Pseudolarix amabilis (cs, sh), C; Quercus secl. Carris {cu); Carpinus tschonoskii (f); Stewartia monadelpha (f), A; Fortunearia
sinensis (e, s), A; Liquidambar sp. (f); Buxus microphylla (I); Vitis sp. (s); Symplocos sp. (e)

67b 34'17'55'N, 134’5602 20 S Sequoia sp. (c); Fagus microcarpa (cu); Quercus subgen. Cyclobalanopsis {cu); Quercus sect. Cerris (cu); Quercus sp. (f);
Actinidia rufa (s); Eurya sp. (s); Stewartia monadelpha (f); Fortunearia sinensis (f, s); Zanthoxylum sp. (s); Vitis sp. (s); Styrax
japonica {s)

68 3471235°N, 134'49'16'E 60 M Metasequoia glyplostroboides (c); Taiwania cryptomerioides (c); Pseudofarix amabilis (cs, sh); Pterocarya stenoptela (f), C;
Magnolia praecociss (s); Acer cf. mono (f); Acer sp. (f); Lagerstroemia sp. (f); Cornus controversa (e); Symplocos sp. (e)

69a 34™1213N, 134’4853 5 M Melia azedarach (g); Styrax japonica (s)

69b 34'1213'N, 1344853 5 M Metasequoia glyptostroboides (c); Magnofia sp. (s), C; Actinidia sp. (s); Stewartia monadelpha (f); Wisteria floribunda (b)
Sapium sebiferum (s); Zanthoxylum ailanthoides (s); Melia azedarach (e); Sabia japonica (e); Ampelopsis sp. (s); Styrax
japonica (s)

69 34'1213'N, 134'4853E 5 S Magnolia sp. (s)

70 3471216°N, 134'4428°E 30 M Sequoia sp. (s); Picea sect. Picea (c, I); Pseudolarix amabilis (sh); Quercus aliens (cu); Stewartia monadeipha (); Styrax
japonica (s) .

71 341149°N, 134°4437°E 25 S Picea sect. Picea (l); Fagus microcarpa (cu); Quercus sect. Cenmis {cu)

72 34'1125°N, 134°4401°E 10 S Metasequoia glyptostroboides (c); Pseudolarix amabilis (sh); Quercus sect. Cenis (cu); Stewartia monadelpha (f), C;

Liquidambar sp. (f); Aleurites cordala (s); Mellosma sp. {e); Melliodendron xylocarpum (f)
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Fukuda Volcanic Ash Layer (Mizuno, 1992). With the
Kobiwako Group, the Kenjogaoka I Volcanic Ash
Layer is correlated with the Hazama Volcanic Ash
Layer (Mizuno et al., in press).

Materials and methods

We found 89 plant macrofossil assemblages at 72
localities (Figs. 1, 2, Table 1). At localities without
volcanic key beds, we correlated plant macrofossil
assemblages with the standard columnar section of
each area based on the continuity of lithofacies and
the local geological structure.

Most plant macrofossils were collected directly
from the outcrops. As for macrofossil bearing beds
without macroscopic plant parts (fossil assemblages
8a, 24 and 27), plant macrofossils were obtained by
sieving of sediments. We did not sieve sediments at
most other fossil bearing beds, because this study
mainly aimed to clarify arboreal plant fossils that can
be obviously recognized at the outcrops. Plant ma-
crofossils are preserved in 70% alcohol and are de-
posited in the Faculty of Horticulture, Chiba Univer-
sity.

Results

Stratigraphic occurrence of plants

From 89 fossil assemblages, 14 coniferous and 70
angiospermous taxa have been obtained (Tables 1, 2).
Among the 84 taxa obtained, 26 taxa (31%) are extinct
from Japan. They are common in the horizon lower
than the Sako Volcanic Ash Layer in the Atago
Formation and in the Yudani Formation (Fig. 3).
Choerospondias axillaris and Reevesia sp. are confined
in the lower part of the Atago Formation. Fortunear-
ia sinensis, Liquidambar sp., Melliodendron xylocar-
pum, Keteleeria sp., and Fagus microcarpa occur only
in the horizon lower than the Sako Volcanic Ash
Layer. Sequoia sp., Pseudolavix amabilis, and Glyptos-
trobus pemsilis common in the middle part of the
Atago Formation disappeared in the upper part of the
same formation. In horizons upper than the Sako
Volcanic Ash Layer, Hamamelis parrotioides, Pinus
subgen. Haploxylon, Alnus japonica, Phellodendron
amurense, Cyclocarya paliurus, and Corylus heterophyl-
la appear, and Metasequoia glyptostroboides occurs
more commonly than in the lower horizon. Fossil

assemblages in the Goshikihama Formation include
Metasequoia glyptostroboides,
cropodum, and Hamamelis parrotioides.

Cinnamomum  wmaq-

Fossil assemblage in the Yudani Formation includes
such as
cryptomerioides, Melliodendron xylocarpum, Pseudolar-

plants extinct from Japan, Taiwania
ix amabilis, and Sequoia sp., and its composition is
similar to those in the middle and lower parts of the
Atago Formation.

Sedimentary facies of fossil bearing beds

Most plant macrofossil assemblages are included in
the sandy and silty sediments of the alternating beds
of silt and sand, but not in the gravel layers. The
sedimentary facies of 82 plant macrofossil assem-
blages can be classified into three types (Table 2).

The first type is peat layers with high organic
contents and includes three fossil assemblages (18, 37,
and 58d). These peat layers are made of un-
decomposed plant parts including roots, shoots, and
reproductive organs of herbs and arbors. The fossil
bearing beds of assemblages 18 and 58d are woody
peat of compacted leaves and shoots of Glyptostrobus
pensilis, and overlie massive silt conformably. The
organic contents of the sediments increase gradually
from the massive silt to the woody peat.

The second type is massive silt layers often showing
horizontal continuity and includes 43 fossil assem-
blages. In this facies type, plant remains are scattered
uniformly in the silt and are very poorly sorted
according to their size. The massive silt layers near
the basement rocks are sometimes ill-sorted and
include sand particles.

The third type is plant fossil layers included in
stratified sandy sediments and includes 36 plant ma-
crofossil assemblages. Fossil remains and sediments
are well-sorted according to the size: larger fruits and
woods in coarser sands, and leaves and smaller seeds
in finer ones.

Sedimentary facies and the occurrence of plant
taxa

We selected 17 taxa included in more than six
assemblages to clarify correlation between the sedi-
mentary facies and the occurrence of plant taxa
(Table 3). Based on the sedimentary facies, 17 taxa
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Table 3 Occurrence of selected plant taxa in three sedimentary facies types. Nymbhaeaceae includes
Brasenia schreberi, Euryale sp., and Nupher sp. Picea sect. Picea includes Picea koribai.

taxa sedimentary facies of fossil bearing beds presumed habitat

peat (3)  massive silt (43) stratified sand (36)
Glyptostrobus pensilis 2 6 alluvial plain (swamp)
Nymphaeaceae 2 4 alluvial plain (swamp)
Trapa 2 4 2 alluvial plain (swamp)
Styrax japonica 1 15 8 alluvial plain (swamp ~ riverbank)
Metasequoia glyptostroboides 14 12 alluvial piain (wetland - riverbank)
Stewartia monadelpha 13 9 alluvial plain (wetland - riverbank)
Sequoia sp. 11 9 alluvial plain (wetland - riverbank)
Pscudolarix amabilis 9 11 alluvial plain (wetland = riverbank)
Quercus aliena 6 6 alluvial plain (wetland - riverbank)
Wisteria floribunda 5 4 alluvial plain (wetland - riverbank)
Hamamelis parrotioides 5 1 alluvial plain (wetland - riverbank)
Cinnamomum macropodum 4 2 alluvial plain (wetland - riverbank)
Picea sect. Picea 2 15 fan and mountain slope
Buxus microphylla 4 10 fan and mountain slope
Fagus microcarpa 2 8 fan and mountain slope
Quercus sect. Cerris 2 6 fan and mountain sfope
Liquidambar sp. 2 4 fan and mountain slope

are classified into three groups. The first group is
composed of Glyptostrobus pensilis, Nymphaeaceae,
Trapa, and Styrax japomica occurring in peat and
massive silt. The second group consists of taxa com-
mon in massive silt layers, i.e., Metasequoin ghptos-
lroboides, Stewartia monadelpha, Sequoia sp.,
Pseudolarix amabilis, Quercus aliena, Wisteria flovibun-
da, Hamamelis parrotioides, and Cinnamomum ma-
cropodum. The third group includes Picea sect. Picea,
Buxus microphylla, Fagus microcarpa, Quercus sect.
Cerris, and Liquidambar sp., occurring commonly in
stratified sand but rarely in massive silt.

Discussion

Comparison of biostratigraphy in and around
Awaji Island

The stratigraphic occurrence of extinct taxa from
Japan on Awaji Island is similar to that in the Sennan
area. In the Sennan area, Reevesia sp. and Choerospon-
dias axillaris occur only in the basal horizon of the
Osaka Group lower than the Tsuchimaru I Volcanic
Ash Layer (Momohara, 1992). Fortunearia sinensis
and Keteleeria sp. became extinct below the Mizuma
II Volcanic Ash Layer, and Liguidambar sp., Mel-
liodendron sp. and Sequoia sp. disappeared at about
the Habutaki II Volcanic Ash Layer. Pseudolarix

amabilis became extinct at about the Shinnoike Vol-
canic Ash Layer. In the horizons between the Shinnoi-
ke Volcanic Ash Layer and Fukuda Volcanic Ash
Layer, Glyptostrobus pensilis, Metasequoia glyptos-
troboides, Picea kovibai, Cinnamomum, macropodum,
and Hamamelis parrotioidea occur commonly (Momo-
hara, 1992). According to the correlation of Habutaki
I, Asashiro, Shinnoike, and Fukuda Volcanic Ash
Layers with volcanic ashes on Awaji Island (Fig. 3),
Keteleeria sp. and Sequoia sp. lingered on in more
younger ages on Awaji Island than in the Sennan area.

The Yudani Formation can be correlated with the
basal horizon of the Osaka Group in the Sennan area.
Because Tuwiwania cryptomerioides occurs in fossil
assemblage 68 in the upper part of the Yudani Forma-
tion in area P (Fig. 2). Twiwania cryplomerioides is
confined below Tsuchimaru I Volcanic Ash Layer in
the basal horizon of the Osaka Group in the Sennan
area. The occurrence of Liguidambar sp. and Mel-
liodendron xylocarpum in the Yudani Formation indi-
cates correlation with horizons below Sako Volcanic
Ash Layer in the Atago Formation.

Sedimentary environment of plant macrofossil
assemblages
The Osaka Group on Awaji Island has the sedimen-
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tary facies of an alluvial plain or a fan. The alternat-
ing beds of silt and sand dominating in the Osaka
Group of this island show sedimentary facies of an
alluvial plain where sandy meandering channels are
developing (Walker, 1984). The often-stratified sandy
sediments are channel-fill deposits or flood deposits
over banks. Massive silty and clayey sediments are
backmarsh depésits of rivers. Gravel layers charac-
teristically deposit in a fan or along a large river. The
gravel layers in the Atago, Toshima, and Yudani
Formations consist of poorly-sorted subangular or
subrounded gravel with occasional discontinuous silty
layers, and their composition is greatly influenced by
the basement rocks around the sedimentary basin
(Mizuno, 1993). These characteristics of the gravel
deposits correspond to those of the distal end of a fan
where braided channels are developing. On the con-
trary, the gravel layers in the Goshikihama Formation
are composed of well-sorted gravel and commonly
include crystalline schist not found in the present
basement rocks on Awaji Island (Mizuno, 1993). This
schist is derived from areas of the Sanbagawa
metamorphic belt now distributed along the Kinok-
awa River in Wakayama Prefecture and the Yoshino
River in Tokushima Prefecture. In the late Pliocene,
Sanbagawa schist was probably exposed on land to
the south of the present Awaji Island. The sedimen-
tary facies and the existence of long-transported
gravel in the Goshikihama Formation indicate deposi-
tion in a large river system. Plant macrofossil assem-
blages included in the alternating beds of sand, silt and
clay were thus deposited in an alluvial plain or at the
distal end of a fan.

Among the three types of sedimentary facies of
plant bearing beds, the undecomposed peat is usually
formed in waterlogged environment such as fen and
bogs. The high carbon contents and the lack of coar-
ser sand particles transported by flooding water in the
matrix indicates peat formation from plants growing
in situ with occasional inclusion of floating allochth-
onous fruits and seeds. Plant macrofossil assemblages
in the peat can thus be interpreted as backmarsh
deposits and autochthonous origins.

Plant macrofossil assemblages in massive silt were
also deposited in the backmarsh of a river. The finer
matrix without stratification and the uniform distribu-

tion of fossils in the sediments reflect deposition under
a gentle flow or without a water flow. Size of plant
remains transported in water is correlated well with
the grain size of the matrix (Momohara & Yoshi-
kawa, 1997). A poor correlation between fossil size
and the grain size of the matrix composing the mas-
sive silt shows that most plant parts were not tran-
sported in water, but were floated down over the
water surface. In such a case most plant remains are
derived from plants growing around the place of
deposition in the backmarsh. Fossil assemblages in
the massive silt should thus reflect paleovegetation on
wetlands and riverbanks in an alluvial plain.

On the contrary, plant fossil layers within stratified
sand were deposited under a high-energy water flow.
Stratified sand composes channel-fill deposits or
flood deposits over banks. Plant fossils in these fossil
layers are mostly transported from the upstream
watershed. In channel fill deposits, size and shape of
plant remains are correlated well with the grain size
of the sediment matrix (Momohara & Yoshikawa,
1997). Fossil assemblages of this type should thus
reflect regional paleovegetation including fans and
mountain slopes along an alluvial plain.

Plant habitat in the late Pliocene sedimentary
basin

Taxa found in the peat probably grew in the most
aqueous environment (Table 3). The abundant occur-
rence of shoots and cones of Ghyplosirobus together
with Trapa and Nymphaeaceae indicates that Glyptos-
trobus pensilis were growing in shallow water.
Glyptostrobus pensilis is now distributed in swampy
areas of a delta in south China and develops respira-
tory roots above the water surface (Fu, 1992). A few
Styrax seeds in a peat layer with Glyptostrobus were
probably derived from drier areas such as riverbanks,
because they float well.

Taxa common in the massive silt must have grown
in and around the backmarsh where their seeds, fruits,
or leaves could easily be transported into the area of
deposition by a gentle stream or wind. Sandbanks or
mounds and wetlands around them interspersed in an
alluvial plain probably offered habitat for these
plants. Fruits and seeds of plants growing in these
areas, which were susceptible to flood, must also have
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been transported by flooding water and were deposit-
ed also in stratified sand (Table 3). Among the plants
in the massive silt (Table 3), Styrax japonica, Metase-
quoia glyptostroboides, Sequoia sp., and Wisteria flor-
ibunda are now growing in and around the wetland.
Styrax japonica and Wisteria floribunda are very com-
mon around the wetland in alluvial plains in Japan.
The habitat of Metasequoia glyptostroboides in south-
west China is confined to the wetland in valley bot-
toms (Chu & Cooper, 1950; Momohara et al., 1993),
and Sequoia sempervirens is growing in the wet places
along rivers in the west coast of North America (Li,
1953). On the other hand, Stewartia monadelpha and
Quercus aliena are now distributed in mountains and
hills in Japan, and Pseudolarix amabilis is distributed
in hilly regions including limestone areas in central
and south China (Fu, 1992; Momohara et al., 1993).
The habitat of these three taxa extended to alluvial
plains in the Pliocene, and is different from their
present distribution. Extinct species of Cinnamomum
macropodum and Hamamelis parrotioides also grew in
alluvial plains.

Plants common in the stratified sand but rare in the
massive silt probably grew on fans and mountain
slopes far from the area of deposition in an alluvial
plain. Picea sect. Picea, Buxus wmicrophylla, Fagus
microcarpa, Quercus sect. Cerris, and Liquidambar sp.
mainly grew on fans and mountain slopes. These
plants may have grown also in an alluvial plain,
because they are included in the massive silt. Their
rare occurrence in the massive silt may, however,
indicate occasional inclusion of floating plant remains
after floods. Picea sect. Picea is now distributed
mainly in rocky areas in east Asia, e. g., P. bicolor in
central Honshu (Note et al., 1998). Picea sect. Picea is
also distributed in wetlands in an alluvial plain, e. g.,
Picea glehnii in Hokkaido (Note et al., 1998). Fossils
of Picea sect. Picea occurred from massive silt in the
Osaka Group and was assumed to have been a compo-
nent of forests in an alluvial plain in cooler stages of

the Pleistocene (Momohara, 1992). Picea sect. Picea on.

Awaji Island preferred fan and mountain slopes in the
Pliocene rather than an alluvial plain as its habitat.
Plant habitat assumed in this paper is consistent
with that in the Neogene Aizu sedimentary basin
clarified by Suzuki (1976). Suzuki (1976) examined the

species composition of plant macrofossil assemblages
and their spacial and temporal distribution in a late
Miocene and Pliocene sedimentary basin in Aizu
Prefecture, northern Japan. He considered coexis-
tence of species in fossil assemblages and the present
habitat of fossil species and their modern relatives as
important criteria to reconstruct past plant commu-
nities. In the Pliocene sedimentary basin, Glypios-
trobus inhabited the most aqueous environment with
Alnus japonica and Phragmites, Metasequoia, Styrax,
Buxus, and Stewartia grew in the drier habitat in the
lowland, and Picea koribai, Pseudolarix, and Fagus
microcarpa occupied mountain slopes (Suzuki, 1976).
Among them, habitats of Glyplostrobus, Metasequoia,
Stryrax, Stewartia, Picea koribai, and Fagus microcarpa
clarified by Suzuki (1976) are comparable with those
assumed in this paper.
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Hiroo Nasu*, Arata Momohara** and Susumu Okitsu**: Habitat of Late Glacial
Coniferous Forest Reconstructed from Moss Fossil Assemblages at Karuizawa,
Central Japan

B B ROKPOBRFIBIIL S LTV MY L BT E IHOSVEHERROMAILILE BT 0, W
FIRIZ BT (13,320 + 130~13,710 £ 130 yr B.P.) ([CHRBHEEAR (As-YP) (L& o THK S HBRIRH
D SRR SO RREMLE 2 ERELL, FhE b &SRO & KRR 2 1ETT L, £ORR, WEHROYRO
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OBMMEEEED & 2 5 2T BWETH o7 HAIEEHOMMIATICEB T 5 L, BUED BARDHER LTS M HARR
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THhEND, LA T, BokiBo@iRHiROStHEMIKIZ, BEO L S 2 EBL MHCSH LTzt EL NI,
F—7— K okEGELE, STIEMAR, SEME, K, EEK :

Abstract Habitat of a Late Glacial coniferous forest was reconstructed based on plant macrofossil assemblages
including autochthonous moss fossils buried just below the As-YP pumice (13,320 £ 130 - 13,710 £ 130 yr B.P.)
at Minami-Karuizawa, central Japan, A coniferous forest consisting of Picea sect. Picea and Pinus pumila was
reconstructed with forest floor vegetation of Sphagnum girgensobnii, Pleurozium schreberi, and other forest mosses.
Along microtopographic gradients on the forest floor, Pleurozium schreberi dominant on the forest floor of the
present subalpine coniferous forest in Japan was distributed only on convexity and slope. On the other hand,
Sphagnum girgensobnii now limited in wet concavity dominated both on concavity and whole flat areas. Forest
floor vegetation dominated by Sphagnum girgensobnii is now distributed in Picea glehnii-Pinus pumila forests in
the Numanohara Bog, Hokkaido. Thus the Late Glacial coniferous forest at Minami-Karuizawa probably grew on
a wet habitat.

Key words: buried forest, coniferous forest, Late Glacial Age, moss, plant macrofossil
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Fig. 2 Columnar section of sampling site D in Fig. 3.1
pumice, 2 = pumice flow deposit, 3 = volcanic sand, 4
alternating beds of volcanic ash and pumice, § = peat, 6
humus soil, 7 = volcanic ash, 8 = wood.
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ERVRIEETHIE DS, AFINI XTI Sphagnum
nemoreum Scop. B L Uk VN I XT7 S, junghub-
nianum Dozy et Molk. subsp. pseudomolle (Warnst.)
Suzuki & XFITE, EEDEHOANSEL B LR
b, ZEDUHFTIELNBL XA IXTY S, fimbri-
atum Wils. ex J. Hook. £ XJITE 5,

JAAIXDY Sphagnum squarrosum Crome (Fig.
4-5)

BT HRER L7z BOREIE9-12 mm, IR
70-75 pm, fE30-40 pm, FRRIFE CES EEHIZACHM
(o TRRRICRY, BHIZEDES,

BEEDES FEABIML o TEHICEFNRLZ &
b, MDIXTTrFLRTE 5,

AT Aulacomnium palustre (Hedw.)
Schwaegr. (Figs. 4-6, 7)

EIRS2.54cm, BREREIIETLL)IES, 3L
A ERIZIED L 2\ (Fig. 4-7)0 FEZE X 3-5 mm, 1§
50-70 pm, BEETRECEmmIIHTE, FTRICHEIILV, Y
DERRIZFFE R IERD Y, T TiET S (Fig. 4-
6)o FEMALIZIZPRIC L EDIEN D 2,

EROLEMICES A SN NI E T IFa v FY
I Aulacomnium heterostichum (Hedw.) B. S. G. &
XFTE, EDLHIRETHLILTT7 FeETHF A
turgidum (Wahlenb.) Schwaegr. £ X5 T& 5,

AFINA DY Pleurozium schreberi (Brid.) Mitt.
(Figs. 4-8, 9)

EiIRE2.5-4 cm, HEYEOIRIIE, FEHEDHT1-2
cmo ERBUIFBETHRRRICHT S (Fig. 4-9), %
IR 21.5-2 mm, 1§40-60 um, JPFE—EIINR, L
M- ERETEmIM (Fig. 4-8), BH R & I13T
el FINIHERRTE 2V, BEEIERE60-80 pm, 1820~
30 pm, EFEXD OIS R, ERIIME-MFETLE
HOBIIHMET 2, BOTRODRICE, HI0E G

TFFITHROPT, BARRPIPRICHHEL, EIVIH
TELARIZIZA, PMPSTHEELTEL, YU kT
BCalliergonellak 5 FN4 Trilh b b hs, ELKH
BT LTWLIENLRATE 5,

ZF 3% Ptilium crista-castrensis (Hedw.) De
Not. (Figs. 5-1,2, 3)

EITRE2-5 cm, HEHEOEIIE, ELEHT1-2.5
cmo BUTMBANAIZITRIZ 1 @549 % (Fig. 5-1), HO
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Fig. 4 Plant macrofossils obtained from peat just below As-YP at Minami-Karuizawa (1). — 1-4: Sphagnum girgensohnii
(1: stem, NHM1-1-1. 2: stem leaf, NHM1-1-2. 3: branch leaf, NHM1-1-3. 4: cross section of a branch leaf, NHM1-1-4).
— 5: Sphagnum squarrosum (branch, NHM1-2). — 6-7: Aulacomnium palustre (6: leaf, NHM1-3-2. 7: stem, NHM1-3-
1). — 8-9: Pleurozium schreberi (8: leaf, NHM1-4-2. 9: stem, NHM1-4-1). Double scale bar = 5 mm, thin scale bar = 30
um, thick scale bar = 2 um.

R&130.5-1.5 cm, FEIHEE60-80 pm, 1810-20 pm,  BHBELHEENA TTRHIEZ R ONE, N THBOFT
RS CAIR <R L, EEERSEIRICHATS  1F, EOERRICHATY, BASHRIEL < PRICHHET B Z
(Fig. 5-2)o EEIIHFVHEL DI BB, EHROLERIZIE &, BITREVHELDA S B Z & TN TrBHypnum,
MDD S 0, PSR TE v, EHMILIMET A Tr BEctropothecium E XRITE 2, EEMFAOM
iE%2-3 pm, MRREEIIE . ZEOBMIE T, REMIZIE REFENI DY Fa I OFHTH b,
£ 1-3 pm TAAOHMRE L ) /v (Fig. 5-3)0 INT1 R Pinus pumila Regel (Figs. 5-4, 5)

1T EFFIRG 2§ 5 BHECTELBRICHATY, PR HIEDQHADEN, $EIIRS1-2 cm, 1860-70 pm T

—113-



76 HEAE AR £7H H2F

Fig. 5 Plant macrofossils obtained from peat just below As-YP at Minami-Karuizawa (2). — 1-3: Ptilium crista-castrensis
(1: stem, NHM1-5-1. 2: leaf, NHM1-5-2. 3: cross section of a stem, NHM1-5-3). — 4-5: Pinus pumila (4: leaf, NHM1-
6-1. S: cross section of a leaf, NHM1-6-2). — 6-8: Picea sect. Picea (6: cross section of a leaf, NHM1-7-3. 7: leaf, NHM1-
7-2. 8: cone, NHM1-7-1). — 9: Vaccinium vitis-idaea (leaf, NHM1-8). Double scale bar = 5 mm, single scale bar = 30 pm.
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3RS, Soumid ST CEERILYIEE (Fig, 5-4), HMTHEIZ=
AT, WEICTILEI 2K 5, HMITECREMIE1-
2pum T2%, HEFRIIE20 pm Thkiz 1o, #iigE
FE7 pm THEEOND 121 08T 5 (Fig. 5-5).

SEDOHME CHERSIO LAV EnD, v VE
DEMERER I IHETES, BEEREROHTIE, B
FEEA 1 DOTEROBIZET S & &, REMEH 25|
THoHI b, HEEZ2-3EL b, EEMIEA 15
ThHhcFavtrTIT7RTI V<Y Pinus parviflora
Sieb. et Zucc. L[XBIT & A (Minaki, 1983),

NIER/NZEIH  Picea sect. Picea (Figs. 5-6, 7,
8)

$T3E, T, BREIEH L, $HEIZEX0.8-1.5 cm,
18 1.5-2 mm T4, LMIIsEEEICHTET, L
(34058 (Fig. 5-7) MMFEIZ O LIET, 4200HETRTIC
TAGED D B, HETETIE, FREMALIZ1-2 pm T251,
HMERIIELS pm THIUZ 12, HIEEIIES pm TF
ERD#IZ1ED < (Fig. 5-6)o HMERAEMIZRSE L\,
BFEIRS4mm, 182 mm, E&1-2.5 mm, $EI0
BTERE, REIIERLHIEIR V. BEIFBLTIEFLALY
Feo T, BRERIED #ah 5 3 EERE GHiE, 5 2
BEDOEESEFREL L7 BREORLIZ4-7 cm, 1E2-
3 ecm TEIFEF (Fig. 5-8), fEBEIIRE X4-6 mm, 1§1.5—
2mmT, BHOBLITTFIELZ LD LHE KT ObDF
THb,

SIENABRTELTBY, 4ETTIIRILEEZ LD
&b, PIEBNTEIFICFRETE S, BREIFELD
REEED NG NZIZRNTTB Y, HEEL OEITREET

Holzg ZDDIT T MY LBNTEIFICRAEE &
w7,

A7 EE Vaccinium vitis-idaea L. (Fig. 5-9)

FELHETFHIEN. ¥53850.9-1.5 cm, 183-5 mm
TRAEME, SmdMETERIIE < S0 (Fig. 5-9).
REIRNSF7 IBTHEDN, B35 XA, SH%
FHEDHON D, FEIL0.5-1 mm, BFIFEE1.0-1.5
mm, §80.6-0.8 mm TH¥MF, H~BETEED Lbid
HENEILIZ%,

BB ED LRI, BhHE VRS BnWT L
B3y EE Oxycoccus quadripetalus Gilib, & [X
BIT&5, BHIIFMABTEI D VML 26H L,
REOLLY¥HENVEL VI EhENPLAIF
Vaccinium smallii A. Gray var. glabrum Koidz. %> 7 1
< X /% Vaccinium uliginosum L. LRBITE 5,

2. WHF LA

BENEROSHE MRS L CHIRERIL L LTE
BL7:(Fig. 6)o BVEHREULS % o & Bt IE I AL E
L, 8- BERLREREIIRG L TENTIOLGELE
B LTESELRD L, S SN EWERGIZA - Cib
HTIE80%LLLE %D, BREDHMEIHEATNS, —F,
BD:E-F-GHETIZ60~75% & HBHIFSHETH 2,

EEROTBERIIMHTATIIE L TR - T/ (Fig. 6),
FobbBHED L) IZHEIMEL MERTH B, G-
F-E#mn LD BT PRI TH A5, D#ED
£ ICHBIEE OO FHEETH AFClat VS I XTrhs
FIRERIN60~90% EEE LT, —F, CHENL I &

g , =
Ko 2 o AP >
0 hr m
: H § X 24S% = 3 e
2 = - £ § 8 £ 5 5 A 3 %
< - 1 S g «w uw 9 W = = a2 8
= ] = g 2 8388 § 3 3 3
a a %5 - §§ P33c S8 8 O & &
5 8 s o 8 % 2 88 §F3 T 8§ %%
g o + w2 & § .2 3 2 L o403
§ 3 £ s 8 § 3§ §S§§3 B 8 E & &
P 0% ff i iiiToio:ogofd
] 2 o ] . .8 . ] . .
High & = g a @ ST &I EE £ 8 § &8 Fig. 6 Micro-topography and oc-
A A Convexity h currence of plant macrofossils.
D Flat [ Fossil assemblages in sites A~-G
£ C Slop | are arranged in the order of rela-
- e . . . n
2 r tive height from the horizon just
3 E Flat J B | below As-OkP-2. Percentages of
l'i F Flat moss and monocotyledon and of
@ G Flat arboreal fossils are based on to-
v B Goncavity tal dry weight of moss and
Low 0 4 80 100 . o monocotyledon and of arboreal
me % 1% fossils, respectively. St = stem, B

B Undecomposed plant macrofossil

[0 Decomposed plant part

= branch, L = leaf, Se = seed.
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HEES T DB WARAERTH LR, AbED L)
B HENE N TAH AR TRy FNA T ey Fav T
rASHERS B L7 L ICCHImTIES FNA1TT
A50% %<, ABETIRSFavIris0%EFEL
12 A A ETrIZBHEZFI10BEBE DL o727,
DHE A TRTOMETER L, v u3 I XITH,
EHENADENT, EHED 2%LD D27,
BT OEIIA ABRH TV ) SR D EER
b, TRTOHATER LY, EHEZ1~5%ED
Lol

ARTIE M LR/ T E IFOHEOREERILAHT
TOHBET20% %A, HI2C-GHlETIA75~80% &
Ehotz, BFEHEIHRTE AR D072, F-G
HE xR TRTOMETER Lo NI YDEEITH
L B/NTE IEDHEITL HRTHLh o7, CHUR
T RTOBET20%LUEEHL, & IZABAT
S0% EShot, ITEENEIIB-C-DHIFTI0~20
%IFLERL, E-FHETIZ40% EED o7 BEFIEE
HET LB Led ok, ARIOVWTIRITEEDE
BHEDOEVH IS D o 7 DI BTG L7z
BEEIZR SN AR o7,

£ =

1. XEUHEMLERE D 5 OEEEDRT

T HERROEEEEICE - T I T BT EIFENA
2V DENSET LI L0 b, FEMIRICIE MY BN
5E IEHEE L, WK 2V PEET S ERET S
EOEpAF LTk ELONS, N TV, FPTEENS
EIFOMA L IHETLOEOERBICRELFEFNH
NI Edh, NTVIE T REBNTE IEOHKICHE
B T EEH LT A REELSE .

MERICIER YNNI AT 2R L THEOES T 5%
BafLTwizkEL N5 (Fig. 6), BEREOEERIL,
IXTTEOFTHFMETHE A/ NIXTrEyna
IR ($hAR - B, 1962), BAEQES LTSS
DOMEEIZE LIS nyFAL T (BR - k&, 1981),
BHh EOE-s 1 RS FICEET AL LETY (B
B -k, 1981), BHOBRELE ECENYY FED(5
FFamdyr (BR K&, 1981) Thb, ZDEMHA
D5 BREFOSHEEMROMEIL, FWEEEEr L7 E
MR THo7oE Nz b,

BRI HE O B ECHIEORRIIC CTHmT 52
EAEISNT WA, EEIED (1995) b s B0 HE
B OSTEERIRA THGER L WRIBEO £ F #h & OBIR
BEARSER, RV NI X T FMERRRE TERICS
MEBRHF LR TEIFNAT 475 L TT

Hylocomium splendens (Hedw.) B. S. G. 2°%\»Z & 78

LRI R0z, SO &) BHKEEDTAGITORR L

LT, MRDAGEHEDBRVIPETONT NS, Thbb,
MR AHE TERIE, (TEReAHE EEB L ) AR X 0 Y
<, EHERE L7 3k 4 fh 5 ZIBIZIR Do MBDHK
FREEE L 1) L ASEREAF VRV /NI XTI, [MER
METHICE {, LSRN Y FN, TR T8
Lo fE EBICS AT A (EEFED,
1995),

A OMPRHELE 2 T A BHEOMERR S, TEE
I ORMKIZIE LT L (Fig. 7)o T4 DHbIE
ANE < MR T b AR FABER DO KRS TRV /NI AT 7%
EEL, KBIEOERCRIEEIC AT S Fo TS
F g 7 THAESE LTV, BROSEOEES b HEIT
PEEOHHERBLTEY, yFNATreyFandT
MBS T AT CIRROSEISEATEY, FUNIX
T DEET BB TIRRROSRIIHBIEA TV
otz CHETFNATr LT FarTrOEET L%
BT3B & o TRIROSHASEA, FVINIXTTD
EBET LB TSR ORI T TIRIEEHE <
BLTWEZEETRT, Lavd, BEOHAROERLFS
FRHRTIE, R VN3 X T ATMERRAHE T ERIC A DR
bnn (LEFEA, 1995) dicxilL, FRAETHTIEFE
HoHBE LTV SOZ &L, AREMSEGIIE
HBOECHE L, KOOBELRTHTHo/zlEER
LT3,

DL ORI IZ DV T, BEOEBLEY,HE
I DS EEBHMRICEBIC R O NS a7 T BRI
BEOBVEETT, §FNAT5RedFarIrhbizbi
HFROLIEFL TV LEETE S, 1 AHRHTYY
TR EOERSGA LTV, SFmcA it ol

Convexity

Concavity

o Tm

. Sphagnum girgensohnii

D Pleurozium schreberi « Ptilium crista—castrensis

Fig. 7 Reconstructed topographic distribution of mosses
during the Late Glacial Period.
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2. FEFRICH T DBKRID S RN it
D& AL, REOHAL XD LS adisE
IZHBDIES I FTRCBNTEIHENA T VHNRE
5 L0 M, B, MEEOT IV URTRA
ZENTE D, MZEEATMERIIER A 65 KRR
WART AT TR (BEEI00 m) Tid, N wyHL
DBATHETT I TV ENA T UPRET S (EHHE,
1986)c MTICITFEERD I 7 EER 1 VY Y Y Ledum
palustre L. 2y, WERIZIEF ¥ ¥ v BRI Dicranum
fuscescens Turn.®° L)' 1 F % Bazzania trilobata (L.)
S. Gray % EOBEEF S (BBIIH, 1994), ALK
LK 72 o 72 L B 2 O MDA & THUISLET 525,
WREEEHOMBEA R L 5, —H T, REBILRBOERE
($77 1420-1450 m; 4% - 150, 1983) REMGEHIEIRE

(2% 1000-1300 m; ## - f£HE, 1985) (ZALNBEE

RThLV= ik T, BEELEOT B I Bk
IEEPERDIBIERAROEARR N A = 2085, HREEDEE
Hid, BEERIOBARKTTCRAYNIZTrRFow
v s[RI Dicranum majus Sm., ¥ F)N4 T4, 47
FL I e EOFRMKEEEIL VO L, BERAOSMS
HTTIE, AFNIXT TR IvY~IX Ty Sphagnum
russowii Warnst. %o EOWRIEMED I AT reES 2 &
NEL D (- IR, 1983), FIRRIC, dbimEILERE
JIRBRDPIEZTFIIALNBIBERT h V< V(S
463 m; #8%, 1943) TBH, BEEEH SIEEAERIIG
DI ONTTH IV IIBIEL L, HlhyEsE 7o
NS =Y %S, T2 THBEERICIE I XTIk
RonGuw, BERNTIII XTI ENEL 25 (8,
1943) T &) BB LB LT h =y —n A
7 Y HROWEKTIE, BEELD SBEANERITT 5120
N, FAUEREED o 7 B D & IBE D I X I B
EBAbT B RYNIXTUHEST S LD R FAEEEE
DI EEKE, BEELED SIERANOBITEICEET
B (4% - 1EHE, 1983), ‘

BRDSNTNA <y EEAEDREST 2H1E LT, H1
1) ¥ DRBFEWRT S A <Y Larix gmelinii (Rupr.) Rupr.®
BTN v O NBETAB (HE+E, 1989) *, #
LF vy HEBHRERETS 1 <Y OB TN, =Y
WEW A ZIRIZEE LT A6 (Okitsu, 1998) 5535 5,
TN DT Y= T VEBERIZE, TAIY=Y
DRLNIZTA I HBFHELTBY, iEED 7z~
V—A T BERIE SRR E D (AR, 1989),
NLF vy BEBRREUED Y 7Y ThITTI—nA~<
YT, BRBERBTHRICBWC, F7UTHTeYD
BTN < HNRE 5 (Okitsu, 1998), = 213,
Ll W BITH CRET AMMELEDOT7 AT Y—n, <

UHRIGEWEEZ HBYS, FRARHEERED o o BIARRRAS
ELTWBEWIHEIT LV,

LMY ERBANT E IEDELE T B EHERAROMEKT,
RYNI XTI O ar BINEIE RETBHE L LT,
ALK KRBEDIEB LS B H MO T S B, HF
D777 FVERENZBIT B Picea mariana (Mill.) B.
S.P.2YMEL L, Abies balsamea (L.) Mill. % ) ¢34
HOWKTIE, FUNIXTrHIBEEL, A T7FLTH=
TFNA Ty 2D 2 5 BIMEHSA LT 5 (Foster,
1984), LPLAAS, ZZIENA 254 Lk,

L7zd¥o T, KREILFRBORIER (HE51420-1450 m)
DT NIV =AY BRI AL O S
bo L YU LML DD, Thbb, BELVOLKE
AHEA - 7245 13,000 SERTORIEHIR (B 950 m) 12
1%, BREDCIEEDEREF 1400 mIZSF+ 2 HIZEL L
TREENFEL T WE B, L, FRMh o BE~
DIATET, BEPHIBNROEET 5 & ) 2 o7 &
ZEZoNB, E5IZ, N TYIMBOBRBALIBLET 27
DIIIHRRIZT D R HALEL %5 (Okitsu, 1998) =
ENb b, BEEOGEBRITRRA THARIZOA LT

-l ENETITLONA,

3R X o#
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BEMEBEE OS> THEFEEZRO - EHEDETER A HEEITOREERIL FH
RIJEHILELREH 150m), +FHBNBFISI2E>TEBEE MK (# 13, 000 £
M DLEDTHS. YT L ORIWIL, KRB EEBEMEICHTT 3512, 10mDBE, DM,
o, BE FEBISRMBER LT 6 pAD, KIURIZ/ SvIEh-REOEBEENLE.
BRILE=Y T, ThEh 100em® 3D5BL0TKEL, BOREETOEHELE. T /3
FINSITEO>TOTHEABREUHEL A #EICELTE EREEEHTELE. FOR
R BHLUEXEEMERIE KAF418 BEX 118, >4 5118 S 7BOH 13ETHo-.
AFL HEHEBOF IR/ SEIMENTVDHENKEESHTEY, EEHEBEOH
NIXHOBFLDLRNVEMNLLE MR TERLE. COTEND, UBOBEL FYEE/NS
EIMEMTYDRET HIRBHERBMT, W /AR OBERELEEBLELI IMEE -k
ABEZ ol FLEREEYIL, 23T/ SOEFORYARIFLADE, BAEHTS
LOD, FEAELNBEOE, BETEHLATI:. BREOHKITMBRIZEIEZASNL,
DI, TRTDMRTEFNAT Y, AATYTY, hFNATH, (DXL T EN--BED
BROERUFICEBIH T AHMEOREABELTUV . SOTEMD, BEEOFERA
(& AZYIAZNSRORYINRDS U EHETERTE BEOEZ LEHEHKI-ADRD
ATEREKIGEVNVRETH 1-EEX SR Eols, ERLA-SHAELREOHALORELR
SUEER LSEORMEE LBICAFTIER/ M EICRBELEZHTIVIY— MRV
HREAERILTLMVE.
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VIRT =T V) = UR T OHEMS A0 HHER SN DRI ORNPERIZBIT2F 3 v
IR LONTE IEHBARDST

M & (FERFEEFH)

. &=L HB

BARINEDHREDENRSAL, REKPILUFRELEBLR TS, LEN-T, BE
DERSFADORRE % L ABMNICEMETZ-0120%, TEMBORECOLERBSHOEFELE
ZRALMICT D Z & LI, HEAEERDEAIINL > TOHHLEBOKRET S KAxEA2 V.

73y =3 7 Pinus koraiensis Sieb. et Zucc. £/3FE i Picea sect. Picea

Farjon BiARiL, BRIEDKMPETIIHE, BMETIDOLT, HAFEEE LD (3,
1951,1952) . LU, KREMEMEAEOELRE (85 « i, 1987) hbhd L, Bk
HADKMNPETILIZ OMEFIIREL YV L OMELIR2V Bho - LEEENS (Table 1)
. I LRI DA D &, BREOKEICIIFEENRE L, HHENENT S LENE
FELbDD, BKENCRS>TED LEENEL RY, DFPMEIN LTV o o L
ZoND. ZOHGMEBEZRLNITHDIT, KEMEMILE OERIRID S Bk iic
BIFooMIUIMEMETT S5 L, bUE Piceahjezoensis Carr. var. hondoensis Rehd.,
Y= Picea jezoensis Carr. var. jezoensis Carr. |3BIEEIKIC{E - = 0H 2R+
DIZFL, Favtra3yE"J7E IHBMRIEEFRBRICLEY EL HOWTD. Rk
HDOARIMNPETIL, EAEBEREZF O, FavktrrdarbASE IFRAOTERIH
RLI-Z L&abn 5 (Table 2,3). S

FTavkra3ayeN"FEIHBPROEFEREZA S NCT B0, BIEMLEN
SABLE HFETIFERTORFEMBD Z ENEE LV, FRIXBRELR. KEOH
ELT, BEFa vy TauBELSTIRRTOMBELHCRERTSEHET S - LA
—=DDTTa—FLigAd. FHLEMBROL LT 7 AEREMN KT —7 ) =1
k738> 5 (Vidakovic, 1991; #hiE, 1993, 1997) .

TORETHE, T, BEOVRT TV o WWRICB T ABHSHS, Favtrdg
U EEDHFHMEICED LTEETS. KIZ, =YV ERTEIGHAOOESTHT
Y= Picea glehnii (Fr.Schmidt) Mast. DRIRERMEDENEHALMCTS. FHhbiz
EOE, BREAKBOARMPEIZBITAFa vk I3y L ATEIGHBAOSHFIRREE
TTTD. mERIZ, BKBPIIBITZZENODHGEBLEETA.

2. VIRT =T U = IUAR T DR A

VT =T V= URGEE BT AT = 2 A SO HEHEL Y, TERTESBOT
LIZEB LT, LEEsn b FHEERIZONT T300knlZ > T LR~ M TJTY LANLE
2L (i, 1997) . HEESBICESWTESTE, BITEHELEDTUTD4Z A
TOFEMFEHE LD D FHIZED > THBITE -« A < VELHKE, /<8 5k,
Fayktrday-zVwY- by TN, Fa vt da Y - EELEREAHKE,
BRSO L TORERFYIIF 2 v I3 REVEEICES> TEMIZS S L,
ROEERFEMEREL R0 TWAZ L THAS.
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Ry CORAS T L IBERREZEET 5L (Table 4) , FavtrFaviE=yy
v TEIELERHBIEERE (=2 ) 77 Quercus mongolica Fish. ex Ledeb., A &%
HT5 Acer mono Maxim. )& &IBAETSD. VWolFd, =)< EMCIIEELIER & 13
BAELRV. i, =V & HEREMBREREL NRE LB ER I IRELE
BREST A0 THD. EROFRASTH VAT -7 U = UARFET VL) T HE
gaAND (M, 1993) . 29 L7BERRI, FavtrFavdagfiddsliiids
T—H CREELEMMESTIELRS X, —FTIREFNCHE- T v Y D4FhRE
MR LTWA I EEFTRLTVS., BRERKMOFMNPHTHLF a U3 UI3ERNITT
T L RO AREREE R R LW RS, FRICHEDLLT, EEERESL
12, NTEIFANT S v YR LAEE LT (Table 1, 3) . ZOEREESI-
DIZIE, =V =Y EATE IEHBAOERBIEE 2 BRI OILERDH D.

3. =V =Y LRSI HB AN ERERIMEE

RSEIGRHAOREE LTT IV <Y EERY b, LB EAREOEGHE T
< L AT R CESE B LT (Table 5) . BA#E, ZRRMSERIIWE
TFREENR. Vol D, BEMER SBEOEIIT S vYDOFRREL, THIxzY<
VEHRTEVREOHB L 2o TW5. &hHIT, MEEAME ML= <Y DFRD:
Dhk&EW, THTY vV iZs /<Y LHRTEOENDR. Z0OZ L%, SCHNEERT
BE, TV VIIRENETT AN, THZ V< IXEIHARD LEEP PRI LR
R LTW3. ‘

g OAERERME 2R DT 3 &, BEMH TR, =Y vV 3EENSZNI LR
b L CHERENSREL 2D, THATY vV EERBLTESTS. LL, BRI TR
EENDR L b—EDHBREEZHFI TELITHITY v YR/ v VI LTESTD
CLMTEEL 2B, LadioT, NTE IFRASEANIHMNT 57 0D5MIE, RR
T <Y ORENETFTTHZLTHS. EFE, FNMPHIIENFHLTIE, T E I
BEARDSH ST EBAREICBRON TS (BFFIED, 1999) .

4, BEAKBOAFMNPEICR T B F a vy I3 7 ENTE IHBARDSH

41, BB DAINPEIZRIT BF 3 v T3 7 LT E IFHHEARDO S
BHKHOARMBPEIZBIT AT Y =Y ENTE IHBIROKFRFLEERT DD,
MEDRER L ORI OARMPEIZRIT DHMEEE L (Fig. 1; i, 1999) .
B AT E IGBROSTEIIV 2L, BEREEZZLIXENTHDS. ZHiL, 7
EIGHANEL TV FT, VS VEENSCHRENDZ D THD. Lo T, N7
FIFRANBMHICEMNT ATEDIITEY IV F S ey v VDS MERMENRNEL 2
5.
EHOKBADAMN S EIE, EMCTLRENSHIBERT LA LITMAT, »RVEEL
EHRIN TS, BELEMCTHRECE VT T F T, JVREBEVWEMIC
SERBESN-THAD. =/ idhEI 2LV EBEZ2LUENEICEEY, SiE»D
L VEBRTBEMTIISMENEL L Bbnd. F0BE, T3V FI7045%H LK
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ULDEBIZE TV FF, 2/ vV AEODHEABEBET S, 5% IR, =
fvv;b%%@mﬁw:eﬁmmbf,%E%?w@%mﬁﬁ?%t?&65.Lmb
AMFE T, ILEPIERI AR SR E RS <, BRSO Y BRI, =5 L
IR R R D RRANER LT, REOKHIDAMPERCII AT E I GikAD 57 B
BinL-LHREESNS.

42. ==YV ENRTE IFBAROKIFIZR - TF a v T3 v OBE|
TVTYRECTVFTTLEES L BESEEIIE S TE P, BHICHEATS. Lizato
T, MEDRET T/ Y BMBETH0I0E, EHOKERPERTE LIV F 50
ROVETT2ILAMETHS. FavkrTayidera)+5 L LRETET, BE
LEBETLRELTLVESTS. Lal, =YY EBE L BAIT LMD EH
LBEFII=Y Y BEETSE. 2H Lzl enb, ErIVFT L/ vy DSHERR
CHRELRHERIZE>TFa vty JavptBETIZLICLY, =/ YONfHkitTy
TV FIOERIZETER>TVWBLEDND. =Y ORHEIT, Favkrdam
DBHEETDIZETHEMLTWA LEIRTE 3,
BASKBIDARMNPEIZEN TS, Fa vty TIvOFEERTY Y, AS5E 3 gk
ﬂﬁt&ofﬁﬁﬁﬁ%Mf%ﬁﬁK@th%%5.%yﬁU%ﬁtmfvywﬁﬁg
BETATEIHHARIENICHEM LI EZON38, TOLEI, Favkrday
PEDOFFEIRE T EFEEICE > TRET D Z Lz kY, E2IY 55 ONFIEK & mEl
L,-ffz?vvaﬂa%i%ﬁ*t@ﬁ#m%%%tfwt.%aﬁfyﬁav,m
Y, NTE IR, BRI TIERRE LSS, WPRANELICELST S
FTREMEIMES, ZN TNV HIREDBRFE > TRELET B AEMNE . =/ < Vi
RIFTATEIGHAL F a3 v I3 02EDREREBICR > =B EI21, R<FF 3
HIARIL X HICBMICEMT 3 THAES.

UED LT, BIE, BIORKKHOWTIOBRTY, Fa vk 33 vniEEi,
IV BLOATE IR LTERL DS EIENT 2 FEIZER LTHS &
=25.

5. BIKHA DDA EE

BAKIZ2-T, Favkraay, AFE IHANFOSTIIN L. Z0OER
ELT, |, BRIEI DT, BH, BECASCSEAGFERERHE LD &
BEFTOND. BEDAARTOF 3 vk T3 YOSHBITILET OF KBESO L O & I1F
TR TH B0, KB VILTFTHM S FF Fagus crenata Blume 23MEEM I S A % D
L, Favtrdavid7 el o T ERIGENRORAHIZ - TNE I L ThE
(F\), 1996) . TFREETHILIZED, SHERDRL RTINS, THISEE
BROHB L HZDMPER LZEMATH S, 5 IEHMALAHBOKREE T FIZ L > TE
DI, EEHZCIZEBVRAER T Bbh 5.
TOLIEBRZEMTIZLOLLT, FavkrIavHolL7aC—7anb5. Axr
EEEREMECIEF 2 V239 -3 XF5 (LT F5)—H 5+ Larix
leptolepis Gord RZZMMHHT 58S, ZIUIHZEKBIUEOEFEHEALEZ LN A
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(¥hie, 1999b) . FEEEAIEL, BEEEREL, XFEOEENELL, RETIIEAT
REbLKEAKETIZSS. .

X5 I BRI R EOKEICIHERIZ B IE < 5 L, BEEIEMILICITREEHRZR TS
Sl EEZLND. UL, BkH0EHE, BRLe & bizomReolsh, W< on
O /N I R B AEREZ IS L, Lo T, BEREL SN TS D ThH ko
B, BEKMOLEEEARELZESD T, RROBETENENEZHABICKSTL L
IEHsR 2V (BFERIE D, 1998) .
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Table 1. Number of localities and its relative frequency of major coniferous spe
cies of central Honshu at present and at the Last Glacial. The data for the pres
ent one is compiled from Hayashi (1951, 1952), and that for the Last Glacial is
compiled from the data of the occurrence of plant macrofossils during the
Tachikawa Stage (Sohma and Tsuji 1987).

Present Last Glacial

No. of Realtive No. of Realtive
localities frequency (%) localities frequency (%)

Tsuga diversifolia 386 31.5 12 14. 6
Abies veitchii 181 14.8 12 14.6
Larix kaempferi 185 15.1 14 17.1
Picea jezoensis* 259 21. 1 13 15.9
Pinus koraiensis 110 9.0 15 18.3
Picea sect. Piceak* 104 8.5 16 19.5
Total 1225 100 82 100

*: The present includes P. jezoensis subsp. hondoensis only, and the Last
Glacial includes both P. jezoensis subsp. jezoensis and P. jezoensis subsp.
hondoensis

*%: P. alcoquiana, P. koyamae and P. maximowiczii

Table 2. The co—occurrences of major three coniferous species in Hopnshu at the
Last Glacial. Totally 25 localities having at least one of the three species are
delt with, based on the data of the occurrence of plant macrofossils during the
Tachikawa Stage (Sohma and Tsuji 1987). Pj; Picea jezoensis s. 1., Pp: Picea
sect. Picea*, Pk,Pinus koraiensis

Co—occurrence type No. of localities

Pj

Pp

Pk

Pj, Pp
Pj, Pk
Pp, Pk
Pj, Pp, Pk

> 01 W W W & W

Total 25

*; P. alcoquiana, P. koyamae and P. maximowiczii
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Table 3. Altitudinal occurrences of three coniferous species at the Last Glacial
in Honshu. The figures in the table show number of localities. Compiled from
the data of the occurrence of plant macrofossils during the Tachikawa Stage

(Sohma and Tsuji 1987).

Altitude

<200m =200 m Total

Picea jezoensis s. 1. 2 11 13
Pinus koraiensis 7 8 15
Picea sect. Piceax 7 9 16

*: P. alcoquiana, P. koyamae and P. maximowiczii

Table 4. Distribution of major four tree species in the middle stream of the
river Anyui, northern Sikhote-Alin with their co-occurrence types. Sixty two
points having at least one of the four tree species are delt with. Compiled from
Okitsu (1997).

No. of points

Tree species

Picea jezoensis(Pj) , 34
Pinus koraiensis(Pk) 51
Acer mono (Am) 17
Quercus mongolica (Qm) 13

Co—occurrence type

Pj 2
Pk 5
Am 3
Pj, Pk 25
Pj, Pk, Am 4
Pj, Pk, Qm 2
Pj, Pk, Am, Qm

Pk, Am 4
Pk, Qm 5
Pk, Am, Qm 5
Total 56
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Table 5. A comparison of tree forms of crown tree (tree height more than 15 m)
between Picea jezoensis (n=73) and Picea glehnii (n=23) growing oby the Lake
Akan, eastern Hokkaido. The figures in the table show the mean value and the
figures in parensis show standard deviation. From Okitsu and Ito (1995).

Item P. jezoensis P. glehnii Significance
Maximum tree height (m) 30.0 30.0

Maximum D.B.H. (cm) 93.5 85.0

Crown depth/Tree height (w/m) 0.72(=£0.09) 0.64(£0.09) p<0. 001
Crown area (m2) 42.8(£21.9) 42.7(+13.5) n. s.
Crown volume (m3)* 799.6(£473.6) 760. 2 (£299. 5) n. s.
Crwon volume/Stem volume (m3/m3)**157.5(=+97.1) 81.9(%£36.9) p<0. 001

*:Crown depth (m) x Crown area (m2)
*%:Crown volume (m3)/D2H (m3)

Present dsitribution of three major tree species along the river Anyui, northern
Sikhote-Alin

Quercus mongolica |
Pinus koraiensis I
Picea jezoensis ! = i

1

Central Honshu at the Last Glacial

Quercus mongolica } |

Pinus koraiensis { {

T

Picea jezoensis
Picea sect. Picea = i

Low Elevation high

Figure 1. Present distribution of three major tree species along the river Anyui,
central Sikhote-Alin (upper), and the distribution of four tree species at the
Last Glacial in central Honshu (lower) (Okitsu original).

—127—



B4E MULER, b 5TVEBIUBEEARDOBYOKMLROSHEE

1. hE . 1999. N\ » EREEEENEIIOMTEIXFS—Faverday—
NITVRTHOHE EHELER FOBESE, WMBBFFR, 72A:444-455.

2. ThiEt . 1999. LT P TIIBITB TV VE SO0 &R
— Quercus, Betula, Pius, Larix & OER R EHE —. OAEERFELE 4 EXE
HMEERE, 7-10.

3. ERE . 1999, UN\U CEILEI I v REBIAHTBIIVIY, FIIVO
KERG L TND SR I N DB OB IC BT 5 M DI EIRRE.
FEAESRBESE, 7:3-10. \

4. BFFEET-MhE - HE . 1998. HEAD MY EBNSEISBAORED S &
BROKHILIR DD LR, AL, 6:3-13.

—129—



MEESEEEA  T2A-7 444-455 1999

Ny BREREMEICSFETEIAFS5—Favkyday—
WSV RXMOBELIEERER FLOES

T (FIEEAREEEE)

Ny EEREOREEMERS 1,900 m fFicid I X+5, FavkrIay, #35<Y03ENERT 3,
HASE TREFRSHEMBROBTHISH LTS, TR, TOMMEEEENL, HAFISOIME
HEBEEEES 5 ETIORIMNEERMBICH S I LAEHET . WENTRE TR I XF528D
BEL, FaverTI30IMERNREN. #5 T VIZARKRSEELES, IMEALL BEERETS. o
DRI TIEE S 3 BHENLIZNERICER LTWE. T 54 7OHMIEEATIE TN 247 LI\,
—7, LT O T RERTE SO EEUOHMLST 5. BHKEOEA, BREIESET Tl EA
b CORRMEFLUT 2FMIDF LTV EZZ ON B, ZOROEE, BELicy, BEOME
FRENMT BIE - EHREINE, N\ »r EHEEORHEHEIGEET b HNES, $RIAETICEY, X

BUHBHROL 729 —TERDEIHMBRTEH 3.

F—O—F KEWERE L72aP—7, Favkrdary, SHOKE, it

I 3 C &I

HAFIEOEAERRHOKILIR X X 5258 %
BTHREDOHMICE->TWV S (ZH - ZiF 1998).
TDIW, FEOHEENTEREIKPDO Eh & idh
BRORIT->TVB (RH - =fF 1998). —FK, HE
TH, RO EFEE, 5V FEThicET 2
b OV HATIBEMIZHF LT B EREEIZE .
5 LIHBEIDWT, ZO5SMIHPe, MK, #
&, BEFOREIEEEESMCT B &IE, BAY]
BB 2 BHIKLIEDEALBL RIS 2 LT
EETHS. |

HAFI S B 5 RAIKBILIR DA Z B ST
INBENT, BHOBEL LTI, #kiics
TEIEAL, BEOHEELREST TV 21,
ZOMHIT, WIHICATERNL 1< b DN L
Bo>TEfc, FIEDOFELTAA VS EY Abies
mariesii Mast. (# 1982; 2@ 1990; Sugita
1992) £ 7'+ Fagus crenata Blume (SFHH 1984,
1985, 1987; sFH - #HIR 1986) 7%, #EOF &L LT
F a o+ a3 Pinus koraiensis Sieb. et
Zuce. (HEIZM 1997; o 1983, 1987) A% o h
5. LinL, HELVNLVT, SOKBILIEO#ETE

EEHBENDEDDICOWTHLE, ®ifLAfiLE

EAE W, Yamanaka et al. (1973) iz, L
RAFEA L (1,979 m) ORILEAEGH LIz
§ A YT EV DM DRILBIEE LR AT
RENORETL, ENNEHIKMLROBE DN &
BVES>TERL TV b, BEHLETHS
LEERLTVS, 5 LIcABESHBEINICHES
ERTIT BEN DA .

Ny EPREFETEREICIE, ROEETRS 3,
I X+ 5 Quercus mongolica Fischer ex Ledeb.
—F gy T3y Pinus koraiensis Sieb. et
Zucc.—# 5= Larix leptolepis Gord. o 3 #t
BONERT 3H/MPNTHL T B, 25 LicRiTEs
BRIIERT, BAFIECTRIENMIEFDTV. L
L, dEER7 o7 REERIC I 20 SELL L 2B Ms
CHMT 5. BEORBREMELRS LabE 3L,
C DRI, BHIKHALIR D EEHE L DO T REMEAS
B, ARETRZOEZMOBEERREL, £h
VRO RMOKIALIBE O ZE B FOBHR L EET
5

B, IXFFIo0TR, BAFIE TR Que-
rcus mongolica ssp. crispula (Blume) Menits.,

Querucs mongolica var. crispula (Blume)
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1 ArEEYEE (EF 2,398m) EAEMEOEER (ER) BLCIET VTIC
BUB3F vk Tay —BELEMBERIKOSAE (BEOHS) LHEE
™), BE (H), #HII O ofE HRD)

A IXF5—FavkrTav-hITVESM B ySR—AAVSEV-FravsKk C

USR—AF YT EVH DI YRKM B ATEMWME I XFITREK FrYUAs

4 b7 S

F 2k T ay —EELEERBRROAAIRE Critchfield and Little (1966), Hou (1983),

Yim (1977), Lavrenko and Sochava (1954) %#R%E L TfEmk. HORH (¢ A7) FHAEXOD

KB EEEERT. SSHLERIE 0 m, HhoXREIWEERT.

Fig. 1 Vegetation map around the southwest slope of Mt. Nishi (2,398 m in

elevation), southern Yatsugatake, central Japan (left figure), and distribution

of Pinus koraiensis-deciduous broadleaved mixed forest in northeastern Asia

(black area) and the locations of Mt. Nishi (N), Hakuba (H), and Ikawa (I)

(right figure) ’

A: Quercus mongolica-Pinus koraiensis-Larix leptolepis mixed forest B: Abies spp. (A.

veitchii, A. mariesii)-Betula ermanii mixed forest C: Abies spp. (A. veitchii, A. marie-

sit) forest D: Larix leptolepis natural forest E: Artificial forests and Quercus mon-
golica secondary forest ~ F: A stand of Picea Koyamai

The distribution of Pinus koraiensis-deciduous broadleaved mixed forest is compiled from

Critchfield and Little (1966), Hou (1983), Yim (1977), and Lavrenko and Sochava (1954).

Four dots with arabic number in the figure show the location of sample plots and their

number. Contour intervals are 50 m. Thick line in the figure shows the forest road.

Ohashi & & LT, L7 V7T RERICHHT 5 5& Lt
£y 3 F 5 Quercus mdngolica Fischer ex

Ledeb. 0HfE, HAWVIZEREEL L THOEDLNS

CERBVY, TITE, BADIXF T HLEHED 1. Hif - HE

e TYF SBT3 DO LAE L THERETED P (5 2,398 m; Jbi# 85°55 12", BE 138
3. #hi3, ZOBRKHEIET VT RERICSH 22 25") |3, AR, (LB, EEFESEERILC
T AZMEDEELEET 2D THS. FBICD 21 km ichtz > CEE ANy EOEEMICH 55
WTiE, BARFIBEDHDREFIZLIcdi->TI X BTH5 HEHOMEIL (2,524 m) »hEHRE

I FwERAOBARRE

—132—



*1 TATAT =5 (1979~1990 £E) ok 3, BE (HAHEH), BA (FEEHS),
FI CRIFERD T 3 ARIEE SR & ke

Table 1

Mean monthly air temperature and precipitation at three AMeDAS

stations (Hakuba, Sea of Japan side; Haramura, western foot of Mt.
Nishi; Ikawa, Pacific side) from 1979 to 1990

Month Year

d F M A M

J A S 0O N D

Air temperature (°C)
Hakuba

-3.3 —2.7 07 7.4 132 175 20.7 225 17.7 10.9 53 —0.1 9.2

Haramura -35 -3.0 0.8 7.4 125 16.8 19.9 211 168 10.2 4.9 —0.5 8.6
Ikawa 0.9 1.4 44 9.6 13.8 17.5 20.7 21.7 185 129 81 838 110

Precipitation (mm)

Hakuba 150 180 143 180 145
Haramura 44 65 106 101 121
lkawa 95 147 261 268 295

307 178 120 117 121 123 1,935
171 138 210 92 78 29 1,317
281 441 429 229 161 53 3,010

EHROMEBELERIROBD THS. AE, ik 36741 42", FE 137°51' 54", 708 m; [FAL, Jbik
35°58' 6", BEAE 138°13°15", 1,017 m; HJI], Juk& 35°12°547, BIEE 138°14° 18", 770 m.

The location and the altitude of each station are: Hakuba, 36° 41' 42°N, 137°51’ 54"E, 703 m;
Haramura, 35°58° 6”N, 138° 13 15"E, 1,017 m; Ikawa 35°12' 54"N, 138°14' 18"E, 770 m.

(2,899 m), ERl%, X¥aE (2,646 m) 2&ETH
HigicE 2Rt EBERMSHERICKH 2.3 km [F
TTHET 3. WELIEOEEE (2,715 m) M
SEICIRET BRI EIcd 3. Licdt-T, BEflL
5 A NUTHEITMIEH I 2R D (ILTH 5. 1Lk
DAL\ r EOEBR ST 2 24HET, B
BEibE V. —F, PEBXUREERIGR L— R
BRI, & 53R MBI O LB B
(8% 1,200~1,300 m f25) * CTHEEET 2. AT
THOH’S I XFS5S—Favkrdav-—hs<y

BEHOAFEHMALE (25 1,850~2,000 m) 12t

EEHEET DAL L S ICPPREBVIR BT <
ViR, ARTHEHRI HESR) MEEICHETLTY
B0 (®1), THILEOES 1,400 m AHETH
W 3.

FEEREARE—F I, BEFtdomEREICE
bha (HA 1977). ThizEBEEG A LARR
RENSIES (R 1977). 7o, BE, X3
THREE, KLABENIAHL, ThoidhE 1~
3m QREFUERELT I ENE V. HEREICIZ
L LIEEHAIEBHT 2. HiERLm g RNy

VTH3 (ELFIMHETFHER 1974).

2. K&

IRFS—FavkrTav—hS< ViESHKS
M TOKRBENER I WO T, FEEHEEOER
(& 1,017 m; Jri 35°58' 67, HI4% 138°13' 15”)
TORIR & MKE, HABUMOHE (ES 703 m;
Jbkg 36° 41’ 427, B4R 137°51' 54") B L UAF#E
faoH) (Ea 770 m; Jbig 35° 12 54", HE
138°14'18") D bD LUK LT, FEEMAEKMEOS
BEHGEEATHED (F1). ABBLITHIIZ
ROMRE LD, 725 ERMEOFT, &
BELEENREREIEERGEVWT &, 35k, BE
BB LUKRFEECERIC I DTV E, 2EEL
AR TH B, 1979~1990 F o B EHKIE O ER
ZIIEE 25.8C, BEH 24.6°CicxtLT, FH
20,8CT, FRIZEE L HIZERE & &
B, LOK[BENHITOKREV. BRTRE, EOK
BXRIZEDD 2 AL AZRITVD, RORESR
BOETALDEECTSH 3. EHBKBRIIEARE
1,935 mm, #JI| 3,010 mm o L<, BERIZ
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1,317 mm THRLDB V. L ILXFORIKED

DN ENEBENTH S, TRDE, BREROD
BABRLE3IAHA (12~2 B) OfEKEEFTZ 403
mm (ZDIE BN, KFICEERT ZKEEROHII
T3 295 mm TH Y, FERE 188 mm T, FH/iL
DHE ST,

BERH, BERORBENKEL, £/, FHEE
Uk iz, £FCER HRicxS5303,
WhITKEBEEORBERG TIC S E0A 5. PiER
PFEAIE IREN & 0 ESHE VD, KYOERI
KOBELL, Fh, FRICKBLERT 2700, &
BREDELOVTHAS.

3. fEE

BETR, IX+F5—FavkrTav—ns<
VBRI EETEMEOES 1, 840~2, 010 m D #iFH
IZ, #52VIRTIODHSICHIENS &5 ich
He 3 ®1E2R). EERICR - IoKENESTH
B — o OSSO ETH 700 m, TEN
SR 300 m BET, ThiELLEVWbOTI
. TO—FiE, ANRERICEER, 7HER
{ I RF B EBEELIERHONTE LIRICE 25
(FOHE 1983). 7F#id ZOFHLIIESH LS.

C DRI EEI, ZoRic3ESLED VS
~ Abies veitchii Lindl.— A4S VKRB LY
VSR —-FFSEY—F¥HrH v\ Betula
ermanii Cham. BRMNZTHT 5. VI X—% A
I EVHRRWES 10m 50EZENIUTT, W
TEfHEOTaRE S X BERHHEOREEER LicE
AT B, VISR—FFVSEY—F i NR
THREIHES 10~15 m BET, ¥IX-FFV 7
EY MR RREIAN ORE R LB .

H 5 < ViRARESEICE, &S 1, 670~1,960 m
DEIFIZH Iz - TH T <V RKAMHHRIEIIA > THE
WEIRICHT . HEEE 20 mBTRICEL, &
(RELEMDTH B, TOHSTTYRARKDOET

A2 1,700 m =¥V H ¥ 4 b7 & Picea koya-
mai Shirasawa O/NKDISFid 5B ((BEE 1964:
BEPLIZA 1966; #2100 - Rl 1987).

IXFS—FavkrITav—nisViERLZHKD
THREA T YRU IR ED AT ERM, H50
FIXFSZIRMNGH L, R RB/HIZH S
nign,

oI | & H &

IZRFS—FavkrITAY—H 5T VEZIHKD
Fic 4 HFTORAER 2ZR T (M1 2R). EEi
1,870~1,940 m, HMEAALIEEED SFEREEE, 1|
#Hi3 1°RBET, Ihonfficid 4 BEXMTK
XLBEVIEY (F2). FAEXOEE G 250~
460 m? TH 5.

FAEXAICHET 245 2 m DL EOEAKRESTE

| GEMME 15 m REN bicEL, SHOEEAR,

EABEBRT 2R xR, EER (DBH;
mS L3m ToROER), #E EERTEER G
KEAGLEOFT, EEICENE->TVEEHS, ¢
BOLREOCRENLES), BIUREREEL
DERLERZREL. BEEEHAFEAELL,
ERLER» CHEMAREEFEOREER - EH L1

IV # =2

1. BHURERK & BB
IXFS—FavkrTav—n5< VELZKD
BRERER 21087, SFEERICBT 2 HAEE
maximum height |3 18~26 m, ZEARNEER
maximum DBH i 28~45 cm T, FHEX 1~3
BhI<Y, 4d3IXF730bDTH5. BUEK
b1 0 ORIEWTERE &5 basal area (3 32,8~42,6
m?/ha Ch 3. BUEHED L OBBEERESE
crown area % 0, 95~1, 6lha/ha TH 3.
BEBREABE, IXFT, Favkwrday,
715y 3BTREMERETO 809% BEE &

—134—



W, COIFEHNMELELTVWB I LihhE. Z0M
I3, EEILUFEMTE subalpine elements & |
TYIN, Fhhvsn, al v Tsuga diversi-
folia (Maxim.) Mast., ([;#h# 45 montane
elements & LTY 5 Y o® I Abies homolepis
Sieb. et Zucc., ¥ 5 # /N Betula platyphylla
Sukatchev var. japonica (Miq.) Hara, w5
o/ F Sorbus japonica (Decne.) Hedl. 77 &'2%
BNa0, WIhbBNICRESSHEL T
SR, BRMROEBEHBME IRV, Bl
PEAGHE & | RTE D BAVE S L WL it
B, T ORSHELAER LS, EELEE O
FEECHTHELTWBEENZ B,
BEIBCOVWTEMBRAELDELL A5 L,
IXF 5 REHTEE A 32~67% &L, 4
HEXINTTROBET S, FaverTavy
AABTNTITHEL, WEHEREAETHE 6~19%
DIES. A5< V34 AFF 3 HETCHERT 5.
HERT 555 MBERETHE 27~35% T, 3
XFFEROTELET 5.

2. BEEM

OB —BEIIE b DD, B B\ IR
IS LTSN S B b DINEEET 210,
FEIBIOVWTHEARARN L (£3).
HEMTERAH TROLELELTVS I XF5 1,
AEKX 1 PIAD 3 HFCRERE 20 cm BITFO/ME
| ROFHBENLEOREAL D bAFAE Y, HFE
X 17T 11~20 cm O/NMERIZLAKD 24% 13
EEET . 2L L TRE—HS A TR 21
RLTVBENZ 3,

FavtrTavid, 4HEXTRTT, 260
AR L TERZ 10 cm DIFO/MER DA EIS

PEDDTEV. BNTHHEX 10 33% T,

D3IFAEXIEZNLIETH B, 2FELTH]ED
EREOMERLTWE., COED I XF5 LERE

22 Ny EEREE (2 2,398 m) BEAEXNEICSE

: TE5IRFI-FavkrITav-ns<vigss
WA REX TOMRSOBIIER, IO HERRE
LENS DfTEEREIS (%)

Table 2 Quantitative features, and tree species
and their relative abundance (%) in
basal area in the four plots of Quercus-
Pinus-Larix mixed forest on the south-
west slope of Mt. Nishi (2,398 m in ele-
vation ), southern Yatsugatake, central

Japan
Plot 1 2 3 4
Altitude (m) 1,920 1,940 1,910 1,870
Aspect N165W N150W N142W NI151W
Slope (degrees) 15 15 18 15
Survey area (m?2) 460 330 250 260
Maximum height (m) 17 13 25 18
Species™ L1 L1 L1 Qm
Maximum DBH**(cm) 45 39 38 28
Species* L1 Ll L1 Qm
Basal area (m?2/ha) 37.6 42.6 32.8 39.6
Crown area (ha/ha) 0.95 1.21 1.61 1.54

Relative abundance in basal area (%)
Dominant species

Quercus mongolica 45 32 36 67
Pinus koraiensis 12 17 6 19
Larix leptolepis 29 27 35
Subalpine elements
Abies veitchii 5 1 9 11
Betula ermanii 4 6 1 1
Tsuga diversifolia . 2 1
Montane elements
Abies homolepis 1 . 1 1
Betula platyphylla . 10 6 .
Sorbus japonica 3 1 3 1
Prunus incisa 1 1 2 1
Pinus densiflora . 3 .

* L1: Larix leptolepis, Qm: Quercus mongolica, Pk: Pinus
koraiensis

** Diameter at breast height (1. $m in height)
BPDO Ny M3, ZOEPSHEERCRETH B EERT
The dot in the table means that the species is absent in the
plot.
BAROEHOBICIHREA L1cf%», &FtEs3Lb 100% &
F 50,

—HESNTHRBBIEREREL TV 5. 5%, oWy
TOELEERIEEZTHA .

A7 VF3RERICHEL, ZOTRTTERE
21 cm Pl EORBRD? DT 5. 20 cm PIF 0%
MBOAKEIGES 2L, AEX 1T 82% &0
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£3 N, EEPEE (B 2,398 m) EEMEICSHTSEIRFS-Fa
vy Tay-A5 <V EXMK4FEERICBT 2 EREIHEOMSE
&E57 (K/ha)

Table 3 Diameter at breast height distribution (number/ha) of the
three major species in the four plots on the southwest slope
of Mt, Nishi (2,398 m in elevation), southern Yatsugatake,
central Japan

Plot 1 2 3 4
Species* Qm Pk LI Qm Pk LI Qm Pk LI Qm Pk LI
Diameter class (cm)

+ 0-10 0 43 195 420 420 0 80 480 80 38 266 0

11-20 87 65 0 630 210 0 160 80 0 342 342 0
21-30 259 0 0 30 60 60 80 0 80 342 38 0
31-40 22 0 0 0 0 90 40 0 80 0 0 0
41-50 0 22 43 0 0 0 0- 0 0 0 0 0
Total 368 130 238 1,080 693 150 360 560 240 722 646 0

*Qm: Quercus mongolica

BOEWA, 2 TidE -7 R}, 3 TlE38% T,
FEERICE > TIEO2ENH B, LoL, Fkek
DEINTREMEVPET T AAREHENH 5 EAHT
B3AN

vV E £

1. BASHOFZEERNE & EXTRAE
BRI © & DRI ORERIEEH > st
3. HEODIz, \rEERICSHTS, LR
ELRERKOESR S 5 &, BHEOHRESRIES
1,650 m [CA5E B T XF 55 (IFHIED 1996)
TR, IXFSORRMEER 70 cm, KRG
14 m, MIEKHER 62.83 m2/ha TH5. £/, &
EEAAEA S < VIRES L,T0m DA <Y —
b A = % Picea bicolor Maxim.) Mayr var.
acicularis Shirasawa et Koyama # (#2111 « &
(y 1987) T, #5<VOEKMEER 42 cm,
BAME 28 m, MIEHEEST 64.8 m?/ha TH
3. INODEEENE L, FAEMOEBRADER
PRVPNX, LidioT, OBV ELICE
BITRFEELE->TVWEBWLWHSEWVZISE. DL
¥, HITEREAEAH0.95~1. 61 ha/ha T, 5ELIC
BEALMSEHNBEELRNINWIENSHED

Pk: Pinus koraiensis

Ll: Larix leptolepis

Fohs, i, LROBEBRD I XFIH
TREEEESE 3.05 ha’halcELTW3 (1
igh 1996), ZDFi S, 1.6 ha/ha BEDE
KL TVWTH, MEREOBEDER D REKRD
FAEEXEET 2L, VEZHBICEENOSMNE
STVBERKEEATEIVWTHAS. UL, Sk
EREAE, RRKOFHAEX 2 Tid 42.6 m?/ha i
ZELTW3, £F (1988) icktud, ToOfEIRELL
HiE L7 I XF SHOERERISME (40 m?/ha) &
ZLW, 20k, TORZHITE S RBEL TR
KHEDENEDEAEE S,

&5 3 HBEOEREEDL O Z DBEIMOELHIKE
ERET S IXFS5, MEROERIHEDES
o, 4 FEXRINTTHEER 20 cm 2ITO
BMEEEERL TV, I XFSREKTIE, WE
Aot U THREROBAVDISWZ ENE LAEET,
25 LIRIRTH, REGESH SFRMISREGRICHE
BXnD (EE 1988), FavkL T3 vdHAK
BN ZHLHTE. JOKER, < VBRAD
FTREBRHHEEENSVWOT (Wang 1961;
Ageenko 1969), #iEA P HFREBE L CTHEMKIC
FenBiz B kS icihiE, MERICE TEOARER
i2& W (Okitsu 1996). HAFIETRF awk v
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TIVNE—HRSNTIERCEHF L TV EH:ED
BT, FBEOERMIZITHE—DF & Ebh
3. COMBRABRESEZHL, WIhiFav
2 TAVEEMANEBOEDL > TITL THA 5.
15V BREANE L, Bk OHE LSRN T
BV, Lal, B DA 52 VIROKKM) OFE
FHRERAIC A STV B E BN BT, BAS
MR F + v 718 EDRRBIONE T NITE 2 TRk
BOEOTREEIRED. CORED I XF59F a
v 23y EERICIZIERG L CEST A A b
Ar=AN

T OB, IKE, H5VIEEREETED
ERIC b7z > TR HEL, THhEE D E
LTEIANEE3EOIRRBALT, BRI LLbD
EEbLNB. 20k, WELIKELICIEFEL X
STOWEVDTHSS. LinL, Ek3HELEN
ZhiRIER<EHFL TS, o &id, FHERE
EREOREIZZN S SHBOMFCHELTVWA S
EARRLTVWES, RICTD3FED, HENTE
febic e JICEREAL, BEEKRGLTLOEL
TROVEVWSDD, fok B TEXEDTH
5ETHE, ThoDEHITATLSIERATREV
THAD. Lich->T, TORRKIE, RIZ0H
ORI HE LIzl &tk B ERVE, KRS
HEIZ D & T 2 EEEEATORED BRI
Ui, MO HZEEL WIS, R, Favy
T UNBKICHENL CTREBLSRELSD, £
CIIRFINREL, 75 < YNBERMICHAET
BB BOED-T, ThIMELTOLTH5
5. '

CDOBRZMNKGERDS 2EHETHE I LEED
FBcnic, BERAMETOFavErIaye
IXFTORHEXBRBENSHREL TS S, #
(1952) oEHickLhiZ, HEEREMETRIES
1,800~2,300 m OHEHTF a vt TIVOHHK
BOUBNE D (MORRTRES, £). £ &

e &y (1987) iwkhid, #I<VRESHT 2
YUHTr M EMPH TV~ A YNTHRT
12, Favkryaavei X+, @EKIEh
BFEEBVHOD, RBEERERL WS, &
DEETH, OEZHOEED I X5 ZikkkA
KRFawverTavogfr’Egicsonr,
O Lkl &ld, COREHD, FEEEEREHOR
ORI LI AGiED b 2 HFHETHE I L%
BEoJTwa,

2. #hIEHSAE

C DRZMOMEENATEERETT 5. #EREHO
BEE I XF5, Favkrday, #5< Ut
BETAHILTHS. FavkrITavoBNES
DHBHEW S ARTIBICE O TIREERNE L
W (K 1951, 1952; whi - BHE 1997). DI &b
5, COREZMEFELUT M, BRFIBATIE
NEDDITNT ENFREEINE. £IT, TOEK
PREIERL L 7oy DY B AT B D 13 OHIR I FEAE S
BOENEE S b, HAKER (EH 1982,
1985, 1986, 1987) Z#EtL7c. THIREAF|ED
R > W THBRBEY ORBEHERE P E DT
FICER L b0 Th S, BEERMN & HIEE
YDA —2 O EDOFEEX Z Licidd h,
BEMEBRERLE LTRENTV S, R ZDBERHKE
B L BB AT IBOVWTNOICHEET 3755
i, BAREERICEFRINTO TSN ZHHT
B\, FavkrdavonhmEEEES oI,
PUEE - chEf - BB - BALDBHIG IC 1) B EEEMR
FRERF LIz, LHL, ZOREIHEELT AHERK
ZROMGEEFIN T EN -7, LT,
BEDIRAFT—F avkrday— 53 VER
Wiz, BAFIETREMNFNET SN TR VER
BB EVR XD, TR, BAFIBOF TIEE
HHTE LWt EZEZ oh 3.

—75, SFEEEIE, FEFRIEME» oo v TiR
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BN TOD, PLERERWEN ST 2 His
(Tatewaki 1958) Tid, I DE3SHEIEL DM
omtd (K1EsR). ToMRTIE, EESH
DOFANS EFICEN>T, EBRFHKS 4 TLL
T, BV FS%2FHE T ARELERK Fa
vkryIau -BELEREBERNK HI<VE
Larix gmelinii (Rupr.) Rupr. 24w
Picea jezoensis (Sieb. et Zucc.) Carr.— N
5 N Abies neplhrolepis (Trautv.) Maxim. #£
MlEicH N Z (i 1993). EvTYFSTE&Fav
a3 ENHESE L THEREERT S &3
BN, FNTH, ELTUFIEERETEEE
EZERHR S F 2 v v T3 o —ERE IR AR &

DEFRFMETIE, COmENEET ZHMNENS.

ZFOBE, FavkryTavhgslL, I3y F
INRET S, Favkerdav—srTYFSE
RREBBFANE . 29 LEFKITFEESTE
GEJIT - £ 1996), 1GHMNEEE CAJI 1996), ok
F—7 ) = UIRIEE 7 = = I FIs (i 1997)
BENSHESINTVE, FNOORBMEEKEA S
&, BEITEODOTREAMS 24 m, MSkHE
& 53.8 m?/ha (/1] - T 1996), ¥EIHETER
TREAKE 25 m, MEWEESE 640 m2/ha
(R 1996) EWwoERHEIhTWS., Thb
DEFEEDERMD bD EHNTREL, K
DEZHRILOREZELTWB I ENbME. i,
FavtrTavihs<VEENBEST BHRSD
TZaA BB TREVERTA SN S (b
1997), FEEDEZHD, KA L& F
WhIE L, EELESER & OERMRIC AT
3L, [RIEFavEyITIV— 3 XF 5K
NEBITTATREEABV I LEERT S E, 0
BRI AKERTOFaveryTayv—s Ty +
FIEERE EhOTHEUEN NGV EWVZ 3.
kDT EMD, OB, BATEREIC
AT BHOD, EEIIFILET V7 KEERO MK

LELDTHUEAES, HATIETIIMEOELE

| ChBLERTES. LETUTABEOF 5 vk

yIaay—% 3 F 5RO TEEICREEST L
TWBEBIBLTEIVWTH A,

5 LI 2 BEDOSBEENSRET L TH
&9, i lick S, FHEREERER, HiEH
ROFTRKROERENKEL, EMZELTHR
IKPVDITVEEIRSKIE T ICH 5. & Db LIDER,
RBRNE LV, EEEEAE T, FRICKBEE
HT 570, BRIZEIVELINLS. SIS HT
5L HHRRIELBIBET 2THAH. HHMITI
IKNEROREN ST LT nidnhb Tisl, +
BORENBTE D TBOKDIEREREN EHDT
BW/HThHb KEHTOFavkrITav—&
ELIERBRMA RO KBEREMGERETT 012,
BRMSTRIRERICAIE T 5 PESHEER (BE
(iDdbPER 100 km, ki 42°40°, R 127°10)
TOEBRES (£ 1987) 243 &, £REKIE 4.3C,
=BEA (TH) oFHK[E 21.9C, XA L A)
DEHKIR —16.5°C, FFHEKE 763 mm, Z
DH>LRXHAD3IHA (12~2 ) OBKEEETIE
27.1mm ThHb. KEHTOF a2 T3 v—
BELEGREZROSHMEHEIIEEL O b0
iZ, Lad, ABEICAIET 27:-0ic (R1ER),
IR & ERTEFATERNMEL , [UBDFER
ZH 3B 4CITEL, BKkREDEL, EIEHD
HBIHLYV. ThTh, ENOKESRMAFE, HAER
wBROBRE, KPEMOHINEHRDS E, RO
DIk VEV. L ->T, BARFIBATTF a vt
vIaY—E 23T F FRIROKURNI S T %=
KD BE 5, EEEAMNERROELMEKEV
Z&3.

FEEESU T EARERICIE, BARERCKE
FEROHIS TIREEICAH NS TFHRIAHEET,
FhCb - T, dLET7 VT KERIHHTIE
TYF+35 (3 XF7F) BLHIUEELEMKRIDTT
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% (FOH 1983). 7FMIILHIDEMRBIZTE & &
MENTHS (BEF 1998).- Zo/d, T5LkT
FHRORINE, FEEEERES AN T SREET
WWEWT EZRBELTWS,

3. IRXFT—FavkrITav—hSe ViR

MOREAEZES FDEH

PrlokSi, BEDIXFS5—Favtr I3
T—N5 VRN, BT LbERICRELE -
bDTREBVD, #HE FFOEN S, HETY
TRERIZAHT2Fa vk Tay—er 3y
FTERMEEL L TORI L SNER o7 L
L, THLksA1 7oMSIEARFIETIRELR
EORVEFICHEAH L TV B EEIONB, &
DREFNND E LT, I OERLZHOREOIEELE
B EOBEHEEERTS.
RO, K OEE, RIS ABEN SR
FEHATIRER L T\ 2 &S0 m il
OEMSHESMCIN TS (BHiEn 1981; it
1983, 1987; Ono 1984), E]zl:ﬁlj.%‘t‘iﬁ'- ERrA -V
TIVIAMNOLERICHHL G 1983), XX
FRBEEEAL TR, BEEAEANS FEHAA
DREETE, WITROEFHLT V) +B
Alnus, » XL g Corylus, #TF8 Acer,
7 B Prunus, 7'+J& Fagus 13 c‘;@%ﬁ}ﬁﬁﬁj
LRELTOE (e& X, BA - M3 1985; it
Eh 1985). —75, PERHADABERCHEILAAT
I3E I8 Abies, YV #TJ& Tsuga, ™t 8 Picea
BEDSTER LIBE LTV (f2& A1, Sohma
1959; HFHIEH, 1981). L7chi- T, BEOKERICIZ
AMEIICF a7y T3y — I X5 SERAENE
FELTOicE IS .

BESTIRGMHICEN L. ZhERBLT, B

mﬁu,%ﬁ,%ﬁﬁﬁﬁﬁTf¢%ainmwa
TWheFavtrday—3I X+5EBERKIE, 70

&@ﬁ@,ﬁﬁ%u%w,%@,%ﬁmﬁmfék
BRI SHES 2B ST, TEEEAIE WA
B, BELIZEELIONS,
CDEZMOBEEBIEE XD BiAiicEgd 3.

BKHOKROEHE, BE/LITEY, BEEATI,
ERILIEMMOBE DS LR TH 2455 1,850 m
BE (FIH 1983) FTHHEMALK. BEiCH
WTh, ERELIERMO R _EEBICED -> TEEYC
DTEKRT BHT, FavkoTav—erIy
TR, BIELIERM LR & LD 5N
—~AAVSEVIRR Y SR—FF VS Y~
YNERMST TR (K188 oo M
B, 5 1,900 m FIRICEBVIAE N B LI - 72,
TIRLPICHREL, BRT K[UBOEREN LK
BREWV, KENBSBREHTH 10T, ZOR
RHRRDHEARETH » 7. KPEBLT, Fav
trdav—-£r3Y FS5ESKIIERAEES
1,900 m ffETHI# & HFMAEHFE L TEXADTH

A5 EEREB->TAADHENE LKLY, KR

PALEWHNES, (LKEIHEE 3 &, HEEHER
E DFRFRE RO A Tibpkit N T4k & 718 - T L.
UL, REPLKEIC L 3B OHEIR, Zh
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Stand Structure of the Quercus mongolica-Pinus koraiensis-Larix leptolepis
Mixed Forest on the Southwest Slope of Mt. Nishi, Central Japan, and the Significance of the

Mixed Forest in Vegetation History since the Last Glacial Period

Susumu OKITSU (Faculty of Horticulture, Chiba University)

A mixed forest dominated by Quercus mongolica, Pinus koraiensis, and Larix leptolepis occurs on
the southwest slope of Mt. Nishi (2,398 m in elevation), southern Yatsugatake mountains, central
Japan, covering the altitudinal range from 1,840 to 2,010 m. This paper introduces the quantitative
features of the mixed forest and the size structure of the three dominant species, and discusses the sig-
nificance of the mixed forest in the vegetation history since the Last Glacial period in Japan.

Quercus mongolica dominates the mixed forest followed by Larix leptolepis in the total basal area.
Pinus koraiensis occurs constantly although in smaller numbers than those of the preceding two spe-
cies. The mixed forest still remains in the stage of the secondary forest, after a mountain fire or clear cut-
ting. However, the relatively Higher total basal area of the mixed forest (ca. 42 ni/ha) indicates that
this forest is approaching the mature stage. All of the three dominant species maintain their succes-
sional individuals within the forest, of which Pinus koraiensis is the most abundant. The mixed forest
is self-maintaining, adjusting to the cold and dry, continental climatic conditions of the southwest
slope of Mt. Nishi. In the future, it is assumed that the mixed forest will change its quantitative compo-
sition with the greater prevalence of Pinus koraiensis followed by Quercus mongolica.

The co-occurrence of Quercus mongolica and Pinus koraiensis within the same forest is unique in Ja-
pan. In the continental part of northeastern Asia, however, a similar forest appears in the transitional
‘area from a Quercus mongolica-dominated forest to a Pinus koraiensis-deciduous broad leaved mixed for-
est. The mixed forest of Mt. Nishi is regarded as a disjunction from the forest-of the continent.

Paleobotanical and geomorphological evidence indicates that the cold and dry continental climate
during the Last Glacial period produced the Pinus komiensis-Quercus mongolica mixed forest in cen-
tral Japan. The postglacial warming and moistening may have forced the mixed forest to the south-
west sfope of Mt. Nishi as a refuge. The present mixed forest of Mt. Nishi is considered to be a descen-

dant of the Last Glacial forest, a relict from the Last Glacial period.

Key words: continental climate, refuge, Pinus koraiensis, Last Glacial period, vegetation history
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MEFOEEB PP LICAHBICESTRAETIZEICEY, TV T T OHHILKE I
L, —F T/ =V ERTEISHARLEOXTFHERREL OV, Favkrday, =
Ve, NS IHERART, BRI TIENRE LSS, WThALRRRIZE ST SR
BEMEITIE S, FNENRDHIREOER R TEEXTFT A ARENEH V. =V VRER
TS EIERIAREF 3 I3 vOLEORERRIZZ > HEITE, NT E 2 il
ARITELICEMIZENTETHS .

PEDO XDz, BEBLURKKEBEOThOBRTYL, Favtr 23 voEEs, =
VY BLIUOARTEIFHRNIIH L TENLOSHENENTI3EMIZERLTWS.

SR
PREE. 1997, ST —T U S UARIEER T = 2 AR O R A, BEFSEHE 14
129-139.
PR 1999, LR T VT OILFHIBIZ I DFARO ST LR R ERE AT RS
16:83-97.
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WE Er YN CBIEY 23 Y MEBICAH TS
IR, TATIVDOEESEEZhIOHEFEIND
AR KHAD I/ EEIC B 1T AEEO LI EE

Susumu Okitsu*: Present conditions for the coexistence of Picea jezoensis
and Larix gmelinii on the Shmidt Peninsula, northernmost Sakhalin,
Far East Russia, and the deduced conditions for their past coexistence
in Hokkaido during the Last Glacial Age

B B YNUCRIEOY Iy FNEBT, ZVRYRK, 747 YKOBREEL TEOMEONTE, REFTEL,
a3y MEEBTOLEDKFRMEER LIz, 3512, RMOKHOIIBE TIHEEN LD LS ICKFEL TV h b iEE
L, BKHICBIF B 74 =Y OBEREFIZOWTRE L, Y23 v MEBOILY Y DBEEE I B/RE ¢ 1o % T
HIRAA TV Y & 742 Y OHFEMEE, V7Y OREIR/E 2 E TEBRATHTIY Y BRI
BEEHAHE > TB 2k, BLY, IWKFEL EOBEAFEEITED ), BB T2 2 L Tho 7 Bk
MEECER T, BAEES & UBRRIIBRIA® i, TV L7 4 = Y BBIICE 9% LTS, Mot
FEHZZODRRTREL o T BARIZIZ /1w vikb TV vk b HICHBBET & F - THA L, SHTEk4et
134 7% { &6 0.5 ha/haBBEICIGEL TR D BB LB CTh o LB SN, V4w VMRS Y= ik L 10558
LAFERE LT, BEL D SBBREHISE Lo 22 EBIT b N7, BREIRSREE, /v vHhs 12Uk, 3
AF IHNERY Eb o 2o ZOFELIK, BHOKHD OB TORBME L MELBEOMANME L Tna L%
2 BNTze BRI T 4 =Y ATLIEED & 1 uﬁmai mR(L & MEBEROW RIS, I XF 5% EOERLLER
PELLHEMLZEiICH B EHRESNT,

F—J—RIxVvy, FAwY, BEKE, a3y I*iiﬁ% JtiEE

Abstract This paper describes the forest structure and the tree form and growth of Picea jezoensis and Larix
gmelinii forests on the Shmidt Peninsula, northernmost Sakhalin, and clarifies present conditions for their coexist-
ence on the Shmidt Peninsula. From these results, past conditions for the coexistence of these two species domi-
nant in Hokkaido during the Last Glacial Age are deduced, and reasons for the extinction of Larix gmelinii from
Hokkaido in the Holocene are discussed. The present conditions permitting the coexistence of these two species on
the Shmidt Peninsula-are two-fold: reduction of suitable habitats for the establishment of Picea jezoensis associ-
ated with the reduction of height growth of this species, and frequent disturbances producing open habitats suit-
able for Larix gmelinii. Past conditions for their coexistence in Hokkaido differred between two periods of the
Last Glacial Age, the Last Glacial Maximum and the latest Late Glacial. In the Last Glacial Maximum, dry climate
could promote dominance of Larix gmelinii, while in the latest Late Glacial, a significant increase of disturbance
events promoted the shift of forest composition from Picea jezoensis through Larix gmelinii to Quercus mongolica.
The key factor to the extinction of Larix gmelinii from Hokkaido in the Holocene was probably the prevalence of
deciduous broad-leaved species such as Quercus mongolica throughout Hokkaido.

Key words: Hokkaido, Larix gmelinii, Last Glacial Age, Picea jezoensis, Shmidt Peninsula

=S D) N
JLiEICIEATE, <Y Picea jezoensis (Sieb. et
Zucc.) Carr \ 355§ 54354 < Larix gmelinii (Rupr.)
Rupr. 13445 L %oV (Tatewaki, 1958), L2 L, ik

BB T V=Y LRI T A T YDA LT

SR, TEHAATICS LD CHRE (RHEED, 1993;

Igarashi, 1996) L KEAEWEED AT (K8, 1970; 2
B3I, 1985) DOBLRNIIENTWS, BkioREE
BEORT, TV NIIHEE IR L7AT 1 < V13
L7 BFRFIBILFHOMELEBREAEETLET, #
KECALHEED S 74 = 2ER L - BRZHRET 52 &
BBOTEETH S, LiL, 0 L) BEfERSDE S

T T271-8510 THEEMFHIAFT 648 FREAEEMEEL
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BAR, TA <y HGHRED S ER L 2B RIS
BRI EAEG o TWA I EDFRENLDT, Fh
B DNIT B 7O IR A LA S DR R A ER
THLZEPDETHE D,

FOVEDE LT, BEILIRVETATYNPHELT
WA TR RE LS NIT 5 2 LTS
Nd, TSIV ETATIPEELTCHETLZ LT
IIEREETH B, THTEL O IO RERIGE, WEI,
AT DA A TR L, TRFEIEAYMEV S
AT VEHBRENT, B2 ECRETE2DOAE RS
(LM%, 1934; £85I H, 1965; Okitsu et al., 1995), 0
BE, T4V LT HEBEMESMC T T 5
D, KIIEB) % & TRV N5 SR b0
% (Okitsu et al., 1995), —7F, BiFEOZ v VIlE»
Tix, ZHORL LWE S PEEDGEHIGAOHIBER &
T h (W, 1999), I Tie EOKAELOFES
LW, TEASRSSICHRE LIREEDEREL, iR
WHENZ & o TEDLKGVERIZER L, BREIEEL T
FIEICEADT, SHEER L WA LS EREOBEILSHA T
K\, FOLI t#TIE, BEED S LTI DR
FiTkeE 7B (Berg & Chapin, 1994; i, 1999), =
DM, TV ETATYF—EOHBEANTEEL
THRETBEMEEDE VROND 2 EHTFREND, B
RS L TV A B CE BN TR
M, BELEERRETE, TEEOLELEGETHRETTE
BETHAHH, FOBE, LY ONRRMISF FRE
Sl T, HESREL VERICIEBTE 5108k
VY,

Z) Lizigo 2L LT, ) YRIHED Y 2
Iy MEESBIFOND, Yoy MEBIIE, FMTY
HOpA+ 5 L3z, MEEROICT TR I F
EFS0THA LT VD, SO UMIEE L F o705
&L TIRIRE BT 2 (Fig. 1) 207201, D
IV Y RIFEN 2 SR Ch B LEZ bNLb,
TITIVTVR, SATVRERETAZLICLY, &
FRFUE N2 BTV & 74 7Y DML H L2
IHEBTHSH, LL, Y= Iy MEEDOHEEICET
5FLFolWEIR T CHHMSNTBLY, <
UK, FATIURIED L LD, HBAESRIIOWTDEEE
RERSEINTWAMIE TS %,

19984 6~7 BIZhTT, 2BMIZETIdH o720 =
Iy MEBEHN, HFNEEEAE-BETABKICESE
Nize Zhid, HEEABRREMEESICL A[HRED
VTORMKEY b ARy bFOV s V] o—D, [H
N UMY 23y PEEOBRIAZI~DOBIRIEEIDO—R
ELTHDNALDTHE, ZOEMIE, Y23y FEE

ICEHRAMEER 2 BRET B 1O DY e EEE R 218 2
Z EildH otz (i, 1998a, b), KITIE, FNLED
REERICEDSNT, £7, TVURUK I UROK
MEEL LT H, 28I, ZO2HEOHECHRE
PHEMT B, FNOIETVT, Y23y FMEETOLUE
DIFFEGEERT 5, 0%, BFOKEAOILIHEE TR
BRED L)L T #EL, BB s
742V OEHERICOWTEET 5, BHTORALIZE
L CIamIL s RS B R I BFRV W
R E, RECBMEEIC Rz, 7, FEATEIZ IS
L7zt Y OFET 7HLRE, BIUH S FOIN
1 3 7ERICIIEA CEE R T, 5oL TEE
Lo AWDL Y F L DIIIEERIEIFER HHENE GRE
FE10680097) DO—EEMEHL 72

SREMIROBE & AEHE
1. 223y MBOERKRE

a3y MERIRYANY Y EAH (54°20'N, 142°30°E)
WAIE L (Fig. 1), #&—» 7ot L Cde—dbiArmic
#1100 kmBEEH TV B, HFAL 2726 D7 R —I L
%Y, BRERIMEREE23m (77 M) THb, 5
DE LTI FNFIER 300 ~500 m BEDL#ALEE
—RRAECIEREL, FEPREICETmLIIcHRRE L,
RIROBAEHDIED S . RIEEMFIZOWTEREREROF
NTOEE (A+RIFD, 1993) 245 L, 1 FOFY
RIR—19.0°C, 8 ADFHRIRLS.0°C, FERMEKEILS66
mm Th b,

EIESEICEFATH L, —RWRETE LT, 5D
FHE S i, (LS TR e v RSA L, KB
Bt LM, ABTEICIES M T YRS HET 5,
D28 A TOFMAPLEDR R LDD, 12721, B
EEPL IO HIEL DT, MHTKRY 1 7OEGILT
Ldldo &) L-b0Tidnd, FEMBTIImENHED &
DG TEZEDBLL 2\ b B Abies sachalin-
ensis Fr. Schmidt 35§ % b D ? (Charkevicz, 1989)
BOTHTNT, HLIZEELbh oz, EHREIERIE
JHVD ¥/ % Populus suaveolens Fish.—V + ¥
Salix spp KAIELR S DT, X</ FAlnus birsuta
(Spach) Turcz., X ¥ </ FAlus crispa (Ait.) Pursh
R 4 71 75 Betula ermanii Cham. [33HEY 2V

IYYRE T A 2 ROBEARE R EY L, REL
THETLLDE LT &V 7 Linnaea borealis L., T
¥ & F35FCornus canadensis L., ¥ X 4 F " Anemone
debilis Fisch., 3377 L~ Coptis trifolia (L.) Salisb.,
F <k avy ¥ K2 Lonicera chamissoi Bunge, Sorbus
sibirica Hedl.7%2 2% B, TN HidW b Jb 7 $H2EH
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Fig. 1 Location of the Shmidt Peninsula (arrow) in north-
ernmost Sakhalin, Far East Russia, and the geographical
distribution of the Picea jezoensis forests in northeastern
Asia (black areas). Simplified from Okitsu (1996).

MEZCTH D, T/ VI REE LCitvl XV
V7 Maianthemum kamtschaticum (Cham.) Nakai %
% 7 X< ¥ ¥ Dryopteris amurensis Christhid 5, —75,
TA YW RTEE LT, /A <Y Pinus pumila
(Pall.) RegelpZif b b, ZIUIHISERESO%ICEL,
TEHRIZ 5~60% BET, BHIZ180cm Icd 222, #
DIz, T4V, BBORAELENLIZT A<y
—NATVRTH B, 74T YR, Ny oftis,
EANED Betula middendorfii Trautv. et May ASE4EE
(1212100%) THEND, FDOMIIZA VYV Y Ledum
palustre L.R° 24 € € Vaccinium vitis-idaea L3574 <
VI TH B,

PR O H R M iE < — ) LRI 2 REAS
Abhb, v— ) ORBEIZIE, BROBEIISUTHA X

DERBTATIVIBELTWD, F17Vik, BEOE
CERISEVMERIE & 1 Xdvh e <, FLLERIC D - T
BeL T A XHKRE R B,

2. RERE

FERBTEEIRO %726 A BT (EES0 malk), +
TMIB# LIz IS 3 4 B (PL~P3), A= Uk
W23 (L1~L3), AFt6rFrOFAER % 3iT, EAM
EE1To 7z (Table 1), AEROEHIZTRTS500 m? T
Hbo EEIZ75~85m, HEHHIB/ATY 6ETHRETHE
Ho A frfB L7, BEIEROER & MRAHIEIZE LU,

AR AN 2882 mUl Lo AE L 8, 18
¥, MmEE (DBH: diameter at breast height, cm), #f
#(m), EEMTE (crown depth, m), MR crown
area, m?) TifllE L7z BEMTE LEEEROME BT
%% (crown volume, m®) & L7z,

LTV T VIO THERELRE L. 5
DELDH LT V24E, 74 TV1TEE FNEROKD
HEU, BHAEECOVTHELITH L%, REH
THh kSO cm TOBEE L, R LB, S 1 FY
) OBMEREETEREL, ChiEERERE L,

& 8
1. FREOBAGER
BHROTKMEHEE (maximum DBH) 1£27.5~59.5
cm, HAME (maximum tree height) 1£21.0~25.5m
DHEEIZdH o7z (Table 1), HIEKTEESE (total basal
area) 1323.5~55.5m¥ha T, WTFhOMEDL V< vk
DEFKEN T2,

Table 1 General description and quantitative features of
the studied stands of Picea jezoensis (P1-P3) and Larix
gmelinii (L1-L3) forests on the Shmidt Peninsula, north-
ernmost Sakhalin, Far East Russia.

Stand

P1 P2 P3 L1 L2 L3

Maximum DBH* (cm)  59.5 53.2 46.8 33.4 27.5 48.6
Maximum tree height (m) 24.0 25.0 25.5 22.5 21.0 22.5

Quantitative feature

46.8 55.5 48.6 33.7 23.5 33.7
0.51 0.57 0.57 0.69 0.65 0.62

Total basal area (m%ha)
Total crown area (ha/ha)

Relative abundance
in basal area (%)

Picea jezoensis 94.7 98.6 94.8 6.7 3.2 0.0
Larix gmelinii 0.0 0.0 0.0 93.3 96.8100.0
Betula ermanii 53 14 52 0.0 0.0 0.0

*: Diameter at breast height (1.3 m in height)

—149—



6 il g E7% B1H
Table 2 Crown depth, crown area, and crown volume of 25m ®
Picea jezoensis and Larix gmelinii canopy trees (taller than @ Picea c
15 m) in the six forest stands on the Shmidt Peninsula, L OLarix 6) ® @
northernmost Sakhalin, Far East Russia. Means are shown "E‘ 20
w.ith standard deviati'ons in parentheses. Significance of the E OO O oo 00 ©
difference of means is based on the T-test. Crown volume 515k o ®
is simply expressed as the product of crown depth and ‘D o ."D ®
crown area. ﬁ
T 2 10 ®
Tree feature  Picea jezoensis Larix gmelinii Significance [ ] 090 @
Crown depth (m) 15.1( 3.2)  6.8(2.6) p<0.001 °® 638
Crown area (m?) 59( 3.1) 10.2( 5.3) p<0.001 5 @
Crown volume (m®)  94.8 (64.2) 73.8 (§7.7) n.s. (9
0 A i ! | ] ]
0 100 200 300

FROMEER ST (total crown area) 130.51~0.69
ha/ha T (Table 1), 71 v VHDOFHFREMEZRLI
LAL, WTFhoOFEXTH1 ha/hallTT, HEDH o
PR DEVE VR B,
HEL-ERESEI <Y, Fivy, ¥5hy
INDIEDHRTH o7z (Table 1) Mo DIERTTEAS]
Bl, ZVRYNTCIEZ U UBMESL, YA voNhth
FTOTIEHAEIWTHIRLLA, F1vVIdHEAL 2o
2o TARYMTIZS A= UhESE L7205, 2FRAERX (L,
L2) Tz vy bFERCRO N, 57035
Lol

2. TRV ETA T YOHE
IS4 OMEAR BB 1SmblL) 2%
LT, EEMEE, HEEE, SEEEERE L
(Table2)o WEARICE - 70, HEFOEELETD
W50 &HKRE L, BEMOLKIRER-DTHS,
FEEHEER T Y OEY, —F, BEERISA <
Y OFIHEHNCHBIIKE o7z (p<0.001, t FRE) o
IV OFHEEHEENIS mEBATWADIE, it
L LEHBEROBEIRAR2S.SmICETEL, 5L
TEEOBEWVEARIEEHERSLS mEBR 5700 TH
bo TVRVEMICHIEV Ty v BOBE, S1A<vid
MR RO LEICER T2 T TH 5,
BEAEERA L, EHEIZYTYDAIKENDLD
D, 7A=Y EOMICHETICEERER 2ot
E)o TVTVIRBEIIOETIET, —F 54w Vi3I
BB LT, FREIE - -MERREEHRL T D
EWVZ B,

3. VRV ETATYOBERE
IVRY, FA7Y OBBERE R LE L7z (Fig. 2), #

Tree Age (years)

Fig. 2 Relation between tree age and tree height of Picea
jezoensis (black circles) and Larix gmelinii (open circles)
on the Shmidt Peninsula, northernmost Sakhalin, Far East
Russia. '

FEICIFITENET S, BE1S miZ 5 T CICET Ay
AbE, TVTVIE180~270 ERRE, —F /A<t
140~2105EET, 74 <V OFIFIL ) HERE R
Motz 7L, TV VIR LEEREISBEVVESRTD
BB I3 E1S mIBEIILEL TWADIZKT LT, &7
4w vit, BLEEREIBEVERIISHISOESBET
HHEILS mBETH o7

# =

1. Y23y MEBDI VR YOHTEBREDIEE
IRV LT AT YNSRI E, EEIE
MEEEDB N T VHAHILL, 74 <V IHBROFR
EDTL RO NI A HIRRE S b (1LIE, 1934),
a3y bEETH, SMUMRICRT <Y ITFET
BOIZH LT, LY M4 < VIIFELZW
(Table 1), TV Vi<V ESRECHERL, 7
ATYMNTRLUTEHF L ZVDIIN LT, F14<IKRT
BTV vaAmEERER L, T YAANER L TITL
WREEDH B EVZ Do LA T, Y23y bEETD,
BRI Y RO BT RIS VW L Bb b,
%) LIeTr A= B ERE T 520001, =
<Y ORRARANRE 12 F THEHRAL Z LT —2D%MF
EERBIEAD , VY DEEIR/IRIL L Thiu,
BB R VB B NEO R R % IR TE %
V, SHICAE R HANEAE e, F9 LT
RN o TT AR IMPRILL T, #0F FHME
HERET ATREMEDS D 5
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Yaly MEETOIVTY, 747 ORERELREOKIOLEE TORERE (i ) 7

T, HFHROBIABEC VY OB, REF LY
BADI T IMOS DL BN T2 2124 Y,
SAALRRIZIEN Y 2 3y FEE (Fig. 1) 0B 2V~
VIHROBERHTE, REOFMEBEOI,CLES, Z0k
&, ACHEEFTEEEEE (43°50°N) V' wy—b Fo vk
(i - 7, 1995) BLUHNY Vi - FFER (47°05°N
~49°30°N) D)7y —b N vk (i, 1996; ik -
Bk, 1995) #ELtBoNRETS,

Mo W AR & Bt FHMEIE, FTSEHIRET 90 m¥ha,
NY - BERC 45 m¥ha THAEDIZRTL, P23 v b
EBTIESOmYha T, HNY YAETIES Y EIC2YL
Ve —F, WEEARSITTOPSEL RS &,
Tid2.26 ha/ha, H\1) YA-EETI31.21 ha/ha, ¥ =2
I v MYEETIZ0.55 hatha T, JLICHEDS ICoTigd
T5h, FIZEHMEE 2 3y PEEBRHAB L, JEimE
BENI2ODIRETH 57, WEARSTHI45D1T,
BREE RS TTO AR L,

BROREE L L THREAR (818 15 m BLE) offEadk
DL, MFEHRET 561 ms, N1 Vi - BERT 248
md, Y23y MEETIRISM?T, BEERSEL LI
JBIZIE > TOBADEL L\

a3y FMEBOIV VIIAh IR ICSTERE
BAHE o T, RERVBOTOLWEFEINE, =D
REMEERETHRAL L), AEICEET 2B 1S mic
ETHDICLELBEE RS &, FMEERETIZ75~954E,
PN U BHETIEB0~185F, T a3y bEETIE
185~255F4E TS, ZDLHZ, Y23 v bEEOT
VY OREEIIEO TLRv, I, SHARRICME
FTHELSIIDSDEHRTHE ), VkF—7 ) =1lff
FERE VA VILOFMRF (B 1500 m) 1289+ 5 -
VI, B 1S miE ST ADI100~170 £FEEE
(Grishin et al.,1996), £7=, SHILRICH D A LF ¥
IEERROL YT, BE 14 m OEETHEE 160
F, 17m OEETLI70 EDOEIRE S NT VS (Nau-
menko, 1977), INHDEEHRTH Y23y MREED
IV BERERIED TA%, Y23y MEED
bDIET =y & LTI NRIOEVWEER Lok LT
WRWEWR B, BRORER,L LTV ORERRLE,
RIER OFHFRLISCCRELMMEE LT, #hUTTik
IV ERH Lk (0, 1999), v 23 v MERIT
W2 OFIRICHELE T 5,

2. Y23y MEBIBER TV YMOGERRSE
Y23y MEBTIVS UMASER S LTIT < 22010,

SrRORERS, FAUEEIDRERVES ICREL TR

BENZTIUT LS 20, 2 O7dI IR A5 e
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BlzbZEDEE LV, FHEERT S 2L, HEOHE
Lo T, 4 OBARBEOT HIZE A4z 5
LT BIEMNETH D, BE, TV~ OBTITH
BOUYY 7B THS (Table 2), 0k S50 B LIIL OB
FEMUIR T, B, KA TWAREMAE ¢, ABALT
AR, BOKET, 207012, HEOBERS L2
IV, BRI BRI %25 (Sprugel,
1989888), LDMEERIZD & B~ BRI %723 1260
i, FHOBEEREEHE, L3, 2238 nE
DL, BWEOBREAKENIE, SRODOKEDL
DRF VI ThHD, Licht=T, BEHHRAEYNE ¢,
WEADHNIE  DREDH T, 0T &2 &) ARE
WIS BT e, Y23y MEBTOIY
YIRDERREMECH 5,
FROBTERSENIETHMOREEELIGEL, &
RRRBET TIEAE L% B (Woodward, 1987), D
73T R BB EEFERRFED T Y DRI L - TIZE
Lwds, —FT, BNRULEOBEESRE L THIET 2
T IE TR OSRIEE VA L v, SO R
ROFHRIR 1S CRIETH S (i, 1999), L7dto
T, WEEREFHB L Tk, SKESMELE:, =Y
TYRIZE o TORMENIFET 5o 23 v PEEOH
PHRBE, TVTIYRTCIIEEERSE0.5 haha BBE
POTBROETH B, T/ v Uk, BImEThL,
TN LOBEERSEHELHERFT 2 TH5 5, BARE,
H B\ idparkland oD L < WV BRIZEEARY I TEE L7
Vg

3.223y MEBICHIIZ TV Y E T 1 < YDA
Yaly MEET, SATYIMEERERRT S D LAt
WREZ DI, T/ ONAITHE & VB RS, &
E, MR IE R EOBRITHD (1LIF, 1934), E
%, TN VHETIEED & S RIS A = B SRS
S LTWA (1LlF, 1934), Zhid, #9 L-r#Tid,
TV RLERPMROBREHRTETET TE 2V
Mo THb, 23y MERBTIIRHE FEP~—Y LT
NOEREDEEIIE S M < Y MHBRILL, TV 3575
LTz, LAt T, MEid A AT TS,
TS, FATIURLHIBEREL THFShL TV
VEDNSHDB. £ZT, TV, 747 UROMERSHELER
l/ J: ;) [«]

FAZUREI YR ) b EIERREAETAR A X
WV (F0.65 hatha)o THIEMENS B2 1<V Ilk o Tid,
29 LRI FRERICE o TS TH B, —F, 7
A=Y DBE T <Y LR Y, BRO EEBEE
FgBRL o TwD (Table 2), &4 < vkiz, BiEHS
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FER Iz DABNT VAT, BRI BT 580D
KSR OBEE A 5 AP £ T2 LA (Sprugel,1989),
HEAYEE B WK O ERE % 1 Y B3 (Ban et al., 1998),
ZOEEITE, T4 YHROBBOES AR THE T
ENBITOND, T LIERET T, /1w vbdsb
REOEIITERIC R 5, FE, FERIHAOT (<
TR, 74 <UL, SODERL A AT vy
ZTEH LTS (Ban et al., 1998),

BEDEIE, valy PEBICRILLTWAY 7Y

iz HRERERE L THERINTWS, 12y By~
Ve HEBELTHRET A 20121, V<Y 0SS HDHE
INTBZE G b, TV/TVIIESTIE, YNV
e EERR LR Y, VERMNMROREEYHRTESLIL
WOFMEN T 2 I v MEBL D DAV, FRROREEREGD
MHTHAZEE, EERHN) - TR
YHABITAETS, Y23y MEBTETY <Y ILE
BAROBEEREEETERLL 2D, FATIURIZEE D

EDEL BB D, FDD, a3y VEBTE, T
VY ASEHTT R LN ) - E IR dniEE & b
RBEDPRNINEEZ NS, FRENIGLTTATY
WOSBFANED B, BE, V=3I v PERETIE, EBEICH
Hro 7-HHE T ERD, WEAEBRIZITVIZo TV RWIHT
bTTICTV TV IEGHET, AT YHPEILL T b,

TA VRPN T ABEMGE LT, TV OGFHEHNAR
WA TP, LKL R KNGS 2 & L 248
BT, KL T 5 e T oNb, 74
2V OBEEEIZT VY L) B (Fig. 2), L7z
T, DE-UBBHAHETE L, MU nbR K
Br b0, BEEMKTRT 5, FERIHAREAILTHE,
KEHRKUEXOBOBBHBICE TR AT
Larix olgensis A. Henry MBEAL TEL L, =V <vid
F DR 4 AEERAE TR L T o 72 (Okitsu et al., 1995),
Ik EE L EOBEAERIRI D L, T4 VELSHOE
EVHEINT 5, TV DREREVR/MRIGEVDOT, O
LRUT A= MRS UL, ATV DGARE
WTHozb LTh, )R/ v VESKELT
W B, 23y MEETE, 29 LzIkEs st
OEEICDHY, FITITEER TS 71 < VIR
Tz, 9 LZKRTIE, = evike 74 =y HidFE
—HE E TR Sl gt b,

PEoZ ooy PERBIIBIF ATV ETA
vV ORFLEMEEBEETL L, TV ORERIR/NE
FELICEFTHEBRATHWAIET, 1)V Y HRBIALT
BEEHAIRE o TWAB T e, BIO2)IAkER & DOHEFE
PEEITEZ Y, BB L T/ 2 Y HATRILL,
REMICHE> THERShAZ L TH B,

4 BRCKHADILBEICB ATV ETI Y DHE
&by, BKERBICHE BT 1 Y DEAER
- FAOKADLEREILE (RURE, BREEM) T,
16,000~25,000 yr B.P. OfEAHLA 5 X U510,000~12,000
yr B.P. DBKEIR R £ 0, v eils <
YDEMICE (A LTwi (ATEED, 1993), 20
#%, 8000~10,000 yr B.P.i2 % 1 =/ 34 L, 8000 yr
B.P.\22F 5 & Quercush BN L THEDTFHITEMR =
nr: (E+R, 1986; A+Eidh, 1993), T4abh, 7
A = iBkcdbiEE, R L, Kbhicar7R
(3 X+ 5 KD T ¥ )+ T Quercus mongolica Fish.
ex Ledeb.) EEDTEMMIFNIZE - TR o72bIFTH
bo I T, mEKMIOILIEEIZBIT DHEEDIRIZ,
AtEIED (1993) OIEMMBIEINT, Y23 b
REIIBITBI Y ATV ORFREDLRETLT
ALy, EBIZ, Y1 TVDOHBRERDREL THiz,
FEARHA & BOKHASRER & THMEOKFREVREL S LER
SNBDT, ZDZONEREFMBIRET 5,

RACOKHEIEIRER | & OBADOBATER L, 1wV
NATIPERT, FRIZTVTYHINE) L) R ER
o BWAMERIZFNEFA0% LT LERTHL, ATE
13 (1993) i, F) ISR ERBIEHER LB
LEbERDL, TOUROEEYL, BEDT Y Ytk
DHDITEVEARE Lz, T/, fEHEHICBELTE, #
BRI HEE C IR BRSNS L T\ /22 & (Ono, 1984)
PHRLT, ERNELE, H5\idparklandIROREEHTF
FELLEHEEL, FHESFICELTE, BENDY 23y
FEBDFRE, HAWVIEFNL D bCRESLREBELEE
L7

R TIE Z DORIC D =V < VIEHD30 % FERE
BLTEY, Thhbihde, F1wvkkeHic, =<
YL HAIEEFLE o THML TN LER B, O
A, BEDY 23y MEETOIZ YT Y HROMED?H R T
(Table 1), FHOBTEEEEEIA 2 £ 0.5 ha/hat2
BIZILELTWdTCh b, MEMmESEHZ30~40
m¥ha BT CELTW/-TH A7) (Table 1), 71~
VHIZDWT b TV vk kI FIZEROBTETES
EWEREST ML TWTHA D (Table 1), L7
oT, Bk, EE, »5WidparklandIROFEE XY I,
LA, PRVEELLFREER LN LV, Kl
bV ¥ NIAFERE L TV BRI TR LV,

BHOKBOILEEIZ b\ { DD DIRFHEIAL 7 2V —
TIFRIEAAT L Tz 2 EAMERI S T 5 (FEF - RUH,
1987) DT ENLRTH, V¥ FTILEWEEREENS L
Dz, REDBFEZOIRIEVTNY v hETiE
(22 3y M Tatewaki, 1958) DEEREXEET S
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Ya 3y MRRBTOIVVY, T4y ORI ERFOKMOIIEETOEFIRE (P ) 9

FrERTH 5,

29 LIZKIROART Y 4 < DSBS { 2 2T REME L
LTI, SfokEALREOIbIEE LT & ) bR
BOWL»o/Z EDBITENS (Ono, 1984; /NIF,
1990), %9 L7-BET Cidz v <y O Fr o] REREEII3 Ik
0, BEIELELY, Bl OO0 ) R
HETOLDHITAETH o259, F7, HEE750mbh
oW GERR R AR AL DY , ZDFLOE
FFEBAAR LT L 2o TWzb Ly (ZNEF, 1990),
2 LI&fES, 742y 08zt L CidihEIc@ < 72
5o ZORKTYH, TV E T2 Uik AN EA
T, EFEL TV, 28, BELEMME L & 0IER
MBI £ U DIEATo TWTTREMATE VDT, #0
FERIEADHRIC BT A ARTEH B &R T L 72,

MEsKHRSCRAR | Bt OKIBARRALUE, Otz wy
TEs2ssginL, 74 < v iekidid 4 5 (12,000~16,000
yr B.P.)o L2*L, 10,000~12,000 yr B.P. DA%
KENZ T A < VB BUMINT 2. Z0& &0,
BAIEMEI BN L THB (60~70%FE), =9 Lz
BALDERIZOWT, ATEIED(1993), Igarashi (1996)
HELWESOR)EBEL, #LT, Z0RREIL
-1 v Wbk kTR 5TV 510,000~11,000
yr B.P. ® Younger Dryas (Mangerud et al., 1974;
Mathewes et al., 1993; Mayle et al., 1993) (Zxftb L
T, RUHEDKEA LA (VNEF - FHUR, 1991),

BoKEBCREILROIER OB L Ao L, 71 < U th
DEFEBLERELT, IXFIHEBPEE L TWvh,
T4y DFERE I XFTOUKRIFERFETLTNAZ &
Whhb, ZORROHKBIZIE, FHEoV<ukyrs s
A TIMANBITL, EbIZIXFSHANLBNE Do L
W3R B, BEDOIET I 7ILFRBOFMAT A % A5
E, IXFF (ErTVY+F) WEF 2 T3 Pinus
koraiensis Sieb. et Zucc. —TEERIEM RSt D 5V iTT
TUMREIIET AN, FA UKL IEELRY (hE,
1997,1999), ZOFFICES LAY AL, BEHTED
SORBILICL b o TH A <V MIEL LS, 3
/<y HpEins Z LOSEIREE LA, LA L, REKEE
IKERIC BT BTEMHR O T, 74w uierd I XF
SHIZHAID S BT, TV VRIMERICIE 5%, T
VRVIEIXF T ERETARTHREL TS, LAt
T, COFEDOERIE, [EOBREG{LLERLE I,
ZDIEOREELOBET LN D 5,

a3y MERTI/IIUNIYy b RET AL
LT, WMELREAEAL, BEAEsns 2 LA TS
Nize TV L) BWEDREVT £ 7 Vi3 bR Bk
WA SREIED, FNARIAMISGT 2, RUREKERI

BT 74wy 0Kz, BOKERRBOESORID
E0NT, BRI SBOKIIZNT T D, FEOIIRIER
B MELEOHAIBEE LT B LEE I BN D,
OB, B—F—7or b (FEHRR odukiz
vy, BAFI B HMERE D EE e E O R EOWREL B
ML EZOND (BK, 1972), £NThH, %28
POREND HEERGTHIUL, V< vIiiflboTs
A2V EIMNT 5,

WEREOB AL, FHEIFD (1993) ITREhTW
5 &9, BREBEHSLARIITHHZ Y, tEEgHmcs
OEFHAIFT | TSR T A 3 7 38 Betula®e 77 )V 238 Juglans
PHEMLTWAZ AL bEMTONDS, AT/,
(1993) X OEE L LT, #H1FEMONBBHDH A
BAOTA (K, 1989) %8 Twd, ZDizHiz, &
JKBAMERL, )1 LFEC O SR || OB A ek L
AR

T4 IME Ty RS LT A IREE(12,000~
16,000 yr B.P.) 2 SHEIBE AT UL, FTr4<
VHHEINT A, L L, BERCEEANE LT E, I X
+ 5 bBAIHINT 2, I XFT5 LV ILBAETRET
B B (Tatewaki, 1958), 4=Vt I X+ T LIkl
TRERY, MESE L TERERRTLZ L b2 (M
#E,1999)0 L7255 T, BRKHICIRARML & BTN
KAEEREITT L, TV IH—S I K—3I XF 5
MANOBIEHET B, BOKRRAOBARITEMEI SR
DT, FA=YOEMIL, BEORY LD, e LAH#
BREOMROAPARE LB RIZLEReE5, T
hhh, FROGHEEEERIRIET, FHROREH =V
TIM—T AT IM—I X F ITHANEBLL:DTH 5,

BAECH BT VOERER  LEDZ L5,
BANHRAIC T o TT A <V DHEERED S EBR L 728 b AR
RERIE, IXF I EOFEELEMIEL {BENL(E
T4, 1986), BAEDELRZHMH (Tatewaki, 1958) #F
B L2l blni b, il EH i, ET
VTR T, IAFT (BT FT) EEHKE S
A= YRR L TEEY, WEOMICEFa vt
7, HEVFZVTYBUTAET S (NE, 1999). T
Zhb, IXFIHIEETIHES, FavkrTayer
VI VIHRET AWM H B, T4 VIS TR,
SR TRES NS (i, 1997, 1999), L7izATo
T, dLHEETI X+ 08N L7=354, AESHRTIR, 7
42Uz TV Y HRESRO & 5 260N v
B EFITHET AL IR DBEAHH, TRHAFEDK
ERHOETH D, BESATIES 1 < 12l i~k
ITRAOTEEMD S 5o LG EE~EH L2741 w2id, L
2L, W EBOBARLLEIZHINT, HWEEED A
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BFET -vfE & -BHE B BFDOIVER
NIEIHHARDREDS W & RICKEUBE DI HEE

Hiroyuki Note*, Susumu Okitsu** and Arata Momohara**:
Present Distribution of Picea sect. Picea Farjon
and Distribution Changes since the Last Glacial Age in Japan

E B FMNOMYEBNTEENE, BREOKBREHI AR L T, WKBMEREE CIeaFmAN L, 20
SHENERRRE T 2702, 1) /NT® SEOBEW BT 2 9FRE OKEA, BESH, WMESH, BRHE,
SR, 2) BAOKHALIED Y2 & S HIRR OB EE L £ R o BB U lz, WS, BRoKIIREREEOHHR
Wi S{LEFFNH DA TEE, PYFIT I T, EANSEI, PHZVRVDOLIBTH S, FMNCHHT 28
ZE SHT 4B, RPSAEELGRRZ 20, WIh b ERYREMEE 150cm UTOEEINE TR M DBMEDIE
Al 25 45 DBRBEFCHAOFLE S D, BREEL AR 6 EF UM PRI LR, 2he dBOSHER,
HEEHEESTE2LAYIEY, YIRETFOA/HEEEBICHD, a XV FBMESTHERMCEELTWS T
S, BHEOEMICBIT 537 € S Hi 4 MOBEESG L, BXBUEORE - $BbrthicfEs 445y
nEOMEELHERE TrOSMERCLoTEC LEL NS, BIOKEBRBIORMOERICIE, BT
EIFABOHBOBEEEZ 6N BT T & HIHEGEIL BRSO L 20, BXEMUEOFEKRD S
Wi« SENEF NI B IC L > THENT T IH4EREC L LE L N3,

F—7—F I BEEL, Bk, PYEB/TE I, Bk, ONEE

Abstract The present distribution of Picez sect. Picea is limited in narrow areas in Honshu, although it was
widely distributed during the Last Glacial Maximum Stage. To clarify distribution changes of Picea sect. Picea
since the Last Glacial Age in Honshu, present distribution and cone morphology of four species, i.e., Picea
alcoquiana, P. koyamai, P. maximowiczii and P. glehnii, were reviewed. Their present distribution in Honshu
corresponds both with the Warmth Index of 41-45°C - month and the maximum snow depth less than 150cm.
These species trend to occur on rocky sites where Tsuga diversifoliz dominates and never coexist with either a
montane dominant of Fagus crenata or subalpine dominants of Abies mariesii and A. veitchiz. Climatic change
and competition with F. crenate and Abies spp. confined the distribution of P. sect. Picea species since the Late
Glacial Age. It is assumed that the P. sect. Picea had a common ancestor during the Last Glacial Maximum
Stage. According to the isolation since the Last Glacial Maximum Stage, they differentiated in cone morphol-
ogy resulting in the extant four differént species.

Key Words : Distribution changes, Late Glacial Age, Morphological differentiation, Picea sect. Picea, Post-
glacial Age

1. Ll YYHZ 5 b U P koyamai Shirasawa, £ A5 % 3
BAD MY LB ST € 387 Picea sect. Picea Farjon P. maximowiczii Regel ex Mast, 7AHxZY' =V P,
i, BFOKIABEM (35,000-15,000 £ 2id, BARF glehnii Mast. © 418 (F05 - i, 1987) i, FLiEPEx
B IR A L (4B - i, 1987 ; Suzuki, 1991), X3 JMPIRLSEL ECEIET A2 0T F kv (#k, 1960),
POBEMMOESETHoEFE LGN B (TiEd, REDHADHBEDHILERLHEO»IZT IS
1984 ; i+, 1987 ; g5 - FH)il, 1995), L» L, WETH, B, REERLEHOSHILKARISYTIREL, S5
FTOBBRERTDH 124 % 3 Picea alcoguiana €arr,, EIHFDL 3 LBEERTH - LEHOS TR BE

*F271-0002 TFTEBRFTMRS 648 TEALKENEABEIEH
Graduate School of Science and Technology, Chiba University, Matsudo 648, Chiba 271-0092, Japan.

**T271-0092 FEEDFHIRF 648 TIERFEFHEHM - REER
Department of Environmental Science, Faculty of Horticalture, Chiba University, Matsudo 648, Chiba 271-0092,
Japan.
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4 LR

goE E1B

o TARET ANEYND b, REOWEHTEST
B A4 23y Abies mariesii Mast. (#8, 1982 ; iti
%, 1983 ; 5FH, 1984, 1985a, 1987, 1992 ; #2H, 1990 ;
Sugita, 1992) % 7"+ Fagus crenata Blume (%H, 1978 ;
iz, 1983 ; $RM, 1987 ;, sFH, 1992) ZDowv Tid,
BEOSHBE S UCBESATK ), JhiZEI0
THAI B A DML RBEF L (RFIN T 3,
L2 A, 255 % I EORMOKIELRE O S MBTE
Mt L e ARG v,

COBERO—DIZIE, ST EIHORE T AT
PRIEBDF FTHAZ LIDHITENE, Y7 IHD
IR BRERPRETT A It ik, DHEDOERTDH
PHEOSHE+ACIREL, SHOMBEREHL D
LTI BEDH B,

b3 —oDFEECIE, N7 IFOBEERCET S
BEDPA+DTH A I LD oMb, HRKIAREY
DHEFEM D b FEMT 597 F IE{LARE I, BRET

5 4FEOEDI, HEEED P IF Y bV e Picea tomiza-
waensis Suzuki, 2V ¥ ¥ MVt P. pleistoceaca Suzu-

ki, A=Y ANKELME P. cf. shirasawae Hayashi t
AhabOdd s (A, 1987 ; Suzuki, 1991), A,
MEBEO—MRIBET Iy = VOERIIEI NG LT

BIEHE (T - $89K, 1997) S LEEBRR% H 2FED /Y
SEIGBIIRETAIERTERVETZEREN,
1995 ; §47K - &JIl, 1995) »¥H B, L»L, ITNnLDPF
KW, NS EIHLROEREFSCERLIZAOD LR
VAT, REPFRTDITH 5, 57 IHOSMAHEE
BERET 20001, BRREEIIETCIREDOSEY
BEINTCVAI EVRHRLL S, LIV T, Y5 %
IHORBFEOERERL 2OT/LIC 2T B L T
REDH B,

A, ¥, DA5FI, YoFEyrbve, e
NI, THIY =Y OREF I B9 ORFEDM,
BEST, WESMH, RLEE S0E), 2) Rk
B/ S5 IEIRBEOHELE, PREREDY CHTT
3, DF, XEBSBEOSMPILMSEGLEEL,
BMECFI A 5T IHOFHHBRERYAGC » T
3, BRI, MEOHH LIMFHBOREL L L,
5 IHOBFKIEEM RO SMEELIRET 5,

AP L EDIIIhHRY, FREESHMELRHEILEZ
RISC R BAPRFEFRIRFIEAAORA EiEL
FOEE L KFERIERIERE v 2 —OBFRFAELIE
CHEMFLE L R B,

2. BRI
WENSEIHOBDSEE, A=Y X Picea

alcoquiana var. acicularis Fitsch. % B \» T, Farjon
(1990) {212, EARYANAXEXYH XTI b U L,
TR L ZEE L A E T (7R, 1992), 7 w4 ik
ZTF ORI bZEM e (BkiEd, 1995) 129, HF
TWHRFEL a5 A E - (FK, 1992 ; BRiEy,
1995 ; /P - $35K, 1997), L722'- T, HRIRTH, b A
RYNZRBY VA Er Ve LEl—fELE L Tko o, 3
1z, ABRBEO Vv THmYED 20w, BHEOYS
S wonx P, alcoguiana var. veflexa Fitsch. bt 7 X+
35 % 3 P. maximowiczii var. senanensis Hayashi i
BREL—FEL TH- 1

BAERE YT IR, EE4EOER»IC, )Y
% 3 P. torano Koehne &5, Lo L, Bk
¥ ) I OILABRE, RAOKRERBEOMLRE
PORERET, FOMEL VIRERTH - LHEMKM
(45,000-35,000 4ER1) DHE > & DAFEHT 5 (Suzuki,
1991). Y = X, Bebe kPR o mink LYo
EINEHELBRLIONEEYR T3 EFLLNS
e, SENIFEITOMFN L LT,

1) MER BT

BWAENS T IFHAFTEORBSMIBL T, (1952,
1954) DEMLMENH s, ZOWMER, BFRLET
10,000 LI E 20Uk L T b, —D D1, £ O—Ff1HE,
HDECEIRERL 2O LA LE LT, SEHTL
B LR REE, EESMEE, MBRE (2, M2,
A, HD 4 BRBEFME) AWML T3, 22T, KRBT
AR (1952, 1954) &R ALz, #BEE L LT
i (1943), #k (1951, 1960), Ishizuka (1961), %1%
(1962), 1Ly (1965), FHARILMEBES (1972), AEK
(1975), FiR (1986), #+H (1989) #inx, ~v7 € IH
4TEORBGMP LI,

(1952, 1954) D& EMDTEE S AAFEH % 100m = L
LR - b D%, zheEnlmt Lz, FBTH,
FEMI L FHME P HALE LT, Y7 ® IHT 4 TEDKES
T, BES, WESM, ROERE, SHELEITLI
BEMMCOCTI, N7 EIH4BOEMDI b,
BB DA ) P4 E AN RETIRER 2200m
Pk, EiEE T 1000m UL EOTE LEE 2 F T 5 1LE)
PRECLT, BHSOEDY S OEHK WI (FE, 1948)
PERF ) OK[RBRIFTO B HITEHKIR T — & (1973-1982

R0 10 4R © ERERIERIIRAL, 1983a, 1983b) b & HEE

L7z, SURBKEIL BASEOFHMETH 2 061 °C/
100m (B0, 1949) # A, MESHIEL T, -
5 & IEOAMEN LA L2 vl (EEESO WIE
2145 RWOW# H5) ¥ BABR LT 0 v b L, Eh
b L PRI TR 150cm DEIEIR L OBIF & RET
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b ERoYT E I HIOSE L BFOMILIE DS HECE (FFRTTIED) 5

Ltco IRAEBIEEC DV Tk, # (1952, 1954) ORET
NITEIHATELORTHTEL LTS T 24
PRRLT, N7 IH4BOSMHATORLEE
DHBREE T, SMBCBEL T, 27 IHD
SAHECT Y B2 7F G 45 L FERTHEEO R
FEDARBE 5346 B 10, Ak (1952, 1954) O HYEREEL,
T2l T#£], [4], [#l0 4 BREFHETH 25, [H#
OBy LL e [#l 2 (D] a&w T, [£], [M
2], (4] O3B&RmEE L,

2) RRBEOEE

RESTE IHBEORRE (4K, 1960 ; Fajon, 1990 ;
ANPE-ERIR, 1997) & BeOKIHBE- ST ® I BRI (K

K, 1987 ; Suzuki, 1991) DFB#IZ b LT T, BRE
AR, FEE 4 X, BRI ORRERES L, B
HER L7,

3. 1% ES

1) BECE LD

IKFEGAE N EIFATEDI A TR, YUHX
FhrU, LANTEIOREFHIL, AN P
T ORFEMED o RSP TEREAI NS
(Fig. 1) 3 ELMETALSA, 037 BEHLLLs & O
HAE 137 EARLIPHD LB A L v, & S A
WOPT XF AKX 6 OFHAITEEH 12 5 BA

137°E
NN

37°N
L]
L]
35°N
<J
0 M1 0 50km
¢ E ——1

. amm o
Nagano Pref.

Coexistent — % <4
areas g

Saitamaj” 36°N
Pref.

o Yamanashi Pref. - 35° 40"
ey
1 ° 0 20km I
138°E 138° 20’ 138° 40’

Fig. 1 Horizontal distribution of Picea alcoquiana (@), P.
koyamai (O) and P. maximowiczii (A) in Japan
(based on Hayashi, 1952, 1960 ; Yamazaki, 1965 ;
personal observations by the authors)

—157—



6 TEE R

EEHE E1B

EE— (855K, 1952) OBRH LM, AR LM, %

AR, #El, REBARALEE, WALl S am

Lzv, VB AHTHA4 7€, LRPHRET
DEREIL, ERYERETOSEELE L, B UEHL
M, B, AL, BEERL—, FARILM, EERL
#h, B+, HrgEl, ArE—% (EEBrki),
FAWR—5, RKEUROKRDE &, BB, FREL
ROFrE ST 5, BEILMETOKREEIE—4
2, EHEOS bLHFFEVEHRGMHEERALLLDTDH 5,
YYHF Ry b, Ay EEESOMEED S EHEC
U TO—#, HAWREESOML » &, Z &)
—&, BANMLERCGMT 5, X953, BREL
HORILEL, Frig, ArEEEBOMEED - EE
2o ToO—#, FRAURICETONEN LD o »
B, SHIESLEOLI > TO—SB ol T 3, o
N6 IBOFMIL, FAURIEELOWL yr Hs & U2
MENIRRTEL 5,

—%, TAHAZY =Y QKEFTEIL, AINPEISHT
B3R (ELY, ) VEHE, BTEE®RS,
B, RIER) ¥ & CHLEESBOEHR, s E |
ST 5130 (B8R, 1943 ;4K 1954), HFETOREM
L BREED TS T 5 (Ishizuka, 1961), EEMDI/KFERL
YR, THY =Y, /5F3, LANTEI, PV
FEIr b LDIRIZIEC,

AREOAMbE R L SHEREES L BT 5 L, RN
PRI 557 IH 3T I b D IS FRBES
T A0 L, LEBEDOTATY =V, WEH»L
BRETEF: THELAH LTV 312D COMmIBERNTH
% (Table 1), 4FEDOS MMM EILT = =Y 1339
A, AT T39S, L AT EIS0ME, TYHX
rhve BMEOETE L, 4 BDOKFSIFEHDIED
bR RMEL T3, RMPEE 3 EOSMEREES L,
4 2% IDHEE T00m, Y YA X b U 1450m, b A8
523 110mTHs, chicxl, 7Hy=vid, &
HOBEEEY 0m T, AMFEMEOIFIZL LRTE
EBEI T/ 5.

BES  AMO NN EIGFIBOEESHD P L
i, vty WI=45C - month f$38i25 5 (Fig. 2),
AP HHET 555 IH 3O WI SR, 4
7% 3 WI=26-80, YV &4 b Ut WI=36-55, kX
N5 E 3 WI=36-65TH 5, £—F &RT WIEK, 4
5% 3 WI=41-45(HIREIA 254%), Yo Fxr bve
WI=41-45 (41.0%), t 2,353 WI=41-45 (33.3%)
L, 3MET—HT 5, R GESLOM4m) TR, 7TH
Y = 23 ALFE P I OHE S 1000-1200m O#EHE 2 R E
LTaf L (BvE, 1989), = DIEEEE WIET39- 46

Table 1 Number of points of Picea sect. Picea species
and their lowest distributions in Japan (based
on Hayashi, 1952, 1954)

Number Lowest

Species of points distribution (m)
Picea alcoquiana 349 700
Picea koyamai 38 1,450
Picea maximowiczii . 50 1,100
Picea glehnii 1,339 0

Picea

alcoquiana

[V Y WS Sl

s
-

8 Picea
g koyamai
t 40 [ SN T W e T R R W Y §
3 e
Q
8 20 Picea
o maximowiczii
[
8 0 PP | e SV
1
[
o

Picea
A A 8 A
5 15 30 45 60 75 85
Estimated Wi (°C*month)

Fig. 2 WI (warmth index) distribution of Picea
alcoquiana, P. koyamai, P. wmaximowiczii
and P, glehnii in Japan (estimated based on
Hayashi, 1952, 1954)

DEEI-HIZ B,

~%, LBEDOT7 HY =YX, FMD S5 IGL
[FIREl: WI=41-45 =& — |} (20.8%) #'H 555, WI=11
DEHOWRLEBERESE THAT 5,

BESF . N7 IHONM L FFHRIEREIF
150cm OB % Fig. 3 12777, Fig.3 T 9% IEi»4
LZCILELbDR, ST IHAHLLILD
5%h, NIEIHOFHEHLIEES (Wi=41-45 : Fig.
2Q)%FT20TH3, Thbb, BEREMIZZ NS
EIFVAMEARTH LY, WECLRENLISHLT
e Th B,

FINDNT E IEFOEMIE, EEHMBIIZIBREIN
B, AMND/ST = IEDEMD 96% 13 FFHBIREEE
150cm LTz b b, EHDS H 150cm % 2 2 5
BT 2 DRRBILIROE » &, WHARETORS
MDA ZEIDHhTH2EMTH S, Wiz, T EIH
AL CARMDILD 5B, 12% DI, FFEHRIE
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@ Distribution of Picea sect. Picea species

Mountains without Picea sect. Picea
O species and with less than Warmth

Index 45

. Snowy regions where mean annual
* maximum snow depth exceed 150cm

«««««

Fig. 3 Distribution of Picea sect. Picea (except for P. torano) and snowy regions (based
on Hayashi, 1952, 1954 ; Ishizuka, 1961 ; Yamazaki, 1965 ; The Japanese Society of

Forest Environment, 1972)

FEEIFE 150cm # & 2 5 HUus LB T 5,

it l, dEEEDT7 Ay e ViEL, SRR
RIEEIE S0cm I FTOET # D i3 », 150cm # 2 &
ALMRH 7, RiEhF, FVEUR, XKTLREHELEC
bH 5, LBEDLEDTT AV = d R LT
LD T4%HIE PR BIRIEE IR 150cm 2 & 2 2R H
Afew, EMedL L TRETHEICES Y, Eho
Y FEFEBIFEREIE 150cm ¥ 2 2 2o b 5,
BEXHHE NS IH4ELEORTHTE L 2 DR
E#% Table2 2787, IBZHEEN, Flil4 €I LR
T 5 axXYh Tsuga diversifolia Maxim. DA, 4 3
EIVGHET HHAL 349 5 (Table 1 Z/8) » 3 2%,
IRAVHEBEDD D276 e, 79.3% T4 73 LR
BLTWBHIEERLTV A,

ARMD S5 IEH 4TI, VTN S LSRR
DEREZRLRETAZ LV 20, EELEE IEE

D 5 Ables veitchii Lindl, L ixiZt A LREET,

AAXAYIEY LRECEBRELLEG, £, 7+ 3IXF
Z Quercus crispule Blume %2 & O 1Lt 31 % ZE TR FE R
FELIVBERTAZ LA, 4153 L OFTEIRTH
T ORREE20%LE) i, 2A2YH, v3vuE3
Abies homolepis Sieb. et Zucc., b V & Picea jezoensis
var. hondoensis Rehd., 7 v~ Thuja standishii Carr.
ThHbd, YOFTEF Vet OXERRBER, 25~
v Larix kaempferi Carr., € A5 % 3, 2 XV, Fa
VX33V Pinus koraiensis Sieh. et Zucc., 7 m-~
Thd, eA 72 LOTEETHEL, »7<v,

BRAYY, YwHFErbtve, 47%3, bV, Fa
VeravThr, BHEILOT = =Y L DRE
BEE, 2AYY, v/ %7 2+ v Thujopsis dolabrata
var. hondae Makino, ¥ % 22V Pinus parviflora var.

pentaphylla Henry OHITEBHEEL $ OT, BHERIE
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Table 2 Co-existense (%) with Picea sect. Picea species in Japan (based on Hayashi, 1951,
1952, 1954 ; Takahashi, 1962 ; Ishizuka, 1975)

Piceua Picea Picea Picea glehnii

Accompanying species alcoquiana  koyamai ‘maximowiczii Mt Hayachine Hokkaido
Subalpine species

Tsuga diversifolia 79.3 36.6 42.6 *

Larix kaempferi 7.8 51.2 63.8 .

Piceu jezoensis 38.8 14.6 29.8 76.4

Thuja standisii 21.6 22.0 4.3 .

Pinus lerniensi.v 2.0 22.0 25.5 .

Pinus parviflora 4.9 * 1.7

Thujopsis dolabrata . . *

Abiey veitchii 8.9 8.5

Abies mariesii . .

Abies suchalinensis . . 84.8

Betula ermanii 3.7 8.5 . 62.9

Sorbus commixta * 7.2
Montane species

Abies homolepis 45.1 10.6

Thuga sieboldii 12.4 10.6

Pinus densiflora . 7.3 . .

Taxuy cuspidata . 113

Tilia japonica 60.6

Quercus crispulu 51.7

Acer mono 42.5

Kalopanax pictuy 32.6

Betula maximowicziana 25.5

Cercidiphyllum japonicum 15.4

Fraxinus mandshurica 13.7

Ulmus laciniata 8.2

Ulmus japonica 7.8

Acer ukurunduense 6.6

Betula platyphylla . 6.6

Fuagus crenata 12.6 0.2
Sect. Picea species

Picea alcoquiana * 14.6 38.3

Piceua koyamai * 40.4

Piceu maximowiczii 6.0 51.2 * . .

Picea glehnii . . * *

Picea torano 10.6 2.1

BT A = F Sorbus commixta Hedl. YR L 2 DA
ThHbd,

KL, LEEOT7T A=Y eV, P =Y
Abies sachalinensis Mast.,, =Y = Picea jezoensis
Carr., &4 % 2% Betula ermanii Cham. & v o I2HEE
MRS T, I HFELRERETH 5 >
+ 7 % Tilia japonica Simk.,
Acer mono Maxim., Y ¥ V Kalopanax pictus
Nakai, V&4 7 > % Betula maximowicziana Regel &
b 20%LI ETERRT 3,

SME ST EIGIABOBESELMS 2D,

> -
~ N

i

IXt7, 4xYAHT

LEEERZHE (2 Ay, PPy, V=) b
THHBEDHE 2T -1 (Table3), &MAED Y52
13T, KR¥EOSHMETHRESITHY, [£]
THHILRBREAERV, WIRE 2] 24508
RBELEBA, TNO3BREAMKPIEBLAFERLE
Wb E, ThitkL, aAVH, [l ETH
2] THBILRDLL, [2]ITHBIEVREAET
Hro, TN, SNTEIEGIEHINT AMEIIIAY
FBRETHE, BEAEDBRAIAVFELEKEL S
CEREBENT A, BHEILOT Ay v b AHEL D
B, THZV =Y AV T»WELT 58 (RIF,
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Table 3 Relative frequency (%) of abundance class
of Picea sect. Picea species, Tsuga diver-
sifolia, Abies sachalinensis and Picea
jezoensis in the stands where Picea sect.
Picea species occur in Japan (based on
Hayashi, 1951, 1952, 1954)

Abundance Class

Species scarce common abundant
Picea alcoquiana 56.2 41.8 2.0
Picea koyamai 100.0 0.0 0.0
Picea maximowiczii 60.0 40.0 0.0
Tsuga diversifolia 5.7 53 89.0
Picea glehnii 51.3 17.4 313
Abies sachalinensis 13.4 34.9 517
Picea jezoensis 20.6 - 31.3 48.2

1975) iohHTHh 59 A (FIR, 1986) »4EBF L Tw 31421
i,

LBEDOT A = VI3, THHAED 519 DHETH
BHE (D] ThHs, chitsl, PFevixzy=vo
2, (4], (M) [20ETHEE ELY, [£]
DEIBHN0%FLED B, ik, =Y <y, PF=Y
D2FERIESHKEER LT CHBBTHLIDINL, 7
AT 2R ENGE Y bEEKEOLAI RS
SEERT, L L, FINFEROD-S - IH 3T L ik
TA2L, LEEOT7Hy = vk, [2|108&H731% L
B, BEMEPHRLTCAZ DY,

2) BREWEOKE

RENEIHIABORREBROFERIERT 2
(Fig. ) RET7 A V= v DIEKEWR, £ 5335
93.1mm, #§ 12.2-25.5mm, &z £ 2 10.5-17.6mm, 1§
8.8-14.3mm T, FEBOHLILFIBEL b D» &5k KIT
DHYDETHB, MET AT = VvOERE, TAERNM
RIS T AN E IBISWOBERCEL 5,

BAOKIAED NS & IHRFEOHEE, ERNTH 3
i, BEZ Az =YOFERIREEING, B
KIRED Y7 & IHI, RESEOEK (AEELE),
S RO (BIIIR 2 £), BBOREMFIL EOR
BHeAHTHEERVPERTERT 5 (Suzuki, 1991), L7
Do T, BAKARBEHDOBRINB M LINT €3
Bl AR L EREREE» BB XS T 5 2 LREETH
%,

4. ¥ 3
1) BHEORMIIBUEZNTEIHONHEIRER
FIND-Y 7 £ IHDEHIR, £ PHRIFEHREE 150cm
UTOBEELEIIRIZRO N3 (Fig.3), oD Lh b,

LFEQEZFRE A7 € IHOF H L S HIBER D O~
LoThatFELOoNE, BRI, BROLERYE
TELsBALEEVHHAFOBE L ol wveHEREE
DOFAHRER L 5 LIEEI NS (UFIHF, 1956 ;4
#®, 1978, 1987a),

L L, 7hxy=id, il CREFFRIEHRE
¥R 150cm # I & B M b 36T 4 (Fig. 3). 2D 1ew,
7 Ay =y BRI, EEERIEMEE 150cm BE O
TRETROMEHBINLCHEL V25, 20L2b >
b o, RMTIL 150em # 2 & 3 HE I ka6 L L
o ZOZ LK, BERUMCY, FIMDNTE IO
FHMEEALTOCERENHL Z L 2TRET 5,

I OHEMIE, BES» L b EMNYOND, JLiFED
TAEY =ik Wi=11 OB L#F B & T
THrOEML, MO/ EIFGLIBLCTHE Wi=
41-45 L, dLHEDT A= Vi E iR
ER L (Fig.2), 15€3, Yvdarhbve,
7A=Y OREE RS REDL G (EHIF - BIE,
1975) OT, MEEOHE» GiX, 41 7€3, Y YF&xr
b, RO T Ay vid, LiEEOT H= Y

RYOL S CEBUE L CGERT 2 WHEEYH 5,

L L, REC TS 2 OFET WI=41-45 (= 5fass?
mHoNT 5,

CHEDL S RO NT E IHOME S LIREST
PVERDONTWAEEL LT, ML omes s
b, BEMCE, FMNUEDFESLHELESLST 244
FIEVEYIN, WhEREST AL T
WO OoNTWEEELONS, 2O LEHL DI
TaRHIL, INCHESEEIBOIWEKT, BE,
WHLEES S TEELTALS,

XYY L7 HE, FEHFKIFEMTIE 150cm %
i AFTHSCTEST, BAREBAMMPRIEEOW
ETIREEHRE DL 5 (47, 1937 ; &%, 1962 ; mEM,
1987 ; Fr&-BE, 1990 ; 42H, 1990 ; 1M 2, 1995),
IN6DETUETE, MEDEESFIL WI=45 {fHE
TESZ30mEUECbl->TELRY, BEMRTILE
MEVHMEL T 5 (Hh, 1986 ; Sugita, 1992), FifE»
BT 2EEHOMP A2 L, BEED O RMEH BR
HiZ b & gAY (EM, 1983b),

Vol 5, FEEHBRIFEEE 150cm LUF £ 4 5 AR
FHAOEE LETE, BEEHUBTYINLAF oY
Y (HiH - B, 1951 ; A7, 1958 ; Franklin et al.,
1979 ; 3EH, 1983a), L#HT > F (3EH, 1983a ; FF&-
BE, 1990) »ELEMKE DL 325, I o EEHKOER
SRR EL 6 v (EM, 1983b; He, 1986),
Bk, BEELED WI=45 8T, - o Bk
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Cone size Seed scale size at mid-cone o .
Apical margin
Species Length (cm) Width (cm) Length (mm) Width (mm) of seed scales Author
24 6810121416 123 4 6 10 14 18 22 26 6 10 14 18 A B C
Extant . .
Picea glehnii .__ i Konishi & Suzuki (1997)
P. alcoqui ) ; -
. alcoqui ; { N — =T | Hayashi (1960),
. koyamai ¥ i | -] (= i ==t ! Farjon (1990)
P. maximowiczii b bl e [ i S—
1 -
* Fossil §
P. glehnii ] h K u-"%_' — -
P. alcoguiana = M =4 - e |
P. koyamai [O— ) H N - _— Suzuki (1991)
P. pleistoceaca et H o] H ==
P. tomizawaensis [ l"'l I 4 ,.......| ] i
P. cf. shirasawae et H Not Not mentioned Minaki (1987)

Fig. 4 Cone morphology of extant and extinct Picea sect. Picea species in Japan (based on
extant cone data from Hayashi, 1960 ; Farjon, 1990 ; Konishi & Suzuki, 1997 and
fossil data from Minaki, 1987 ; Suzuki, 1991)
*  Fossil species of the Last Glacial Age
** A :rounded and entire, B : crispate or waved, C: elongated and everted
*** Istimated value from the plates of Suzuki (1991)
- Variation range of extant Picea glehnii cones

DOATHIAEREICIR o, B, BEY, S8ETI
SrHTEAL s (EME, 1983b),

NIEBIFMAFEVAA Oy, N, TFLERE
AESEFELR v (Table2) 2 L2, »Y5E IE4FEN T
NG IBBILL > THSIREPRU T3 LERL
Tisd, 2R, ML 25 IMLBONR
g, Ino IMEOSMBRE L L AETILED WI=
BIHECED G, 36128 2T LERE LA DI
FIREANTWA2 D LIEEIN S,

FBE, AZMNEFIWEDO WI=4HETH, Y2 B I8 4
iz, B CERMPERBUEET 2, FRAALHMO A4
73 (RiH-BWE, 1951), AyrEQYYHEr Ve
(KM, 1966), Fu&llid 7 % = v (Ishizuka,
1961 ; FiR, 1986) i, HMHICEFL T3, RMD
N5 IFOEFT LMY S/ ERBCLERBTH 2
T LW, EhbS EOEFRZHTE (Table 2) »HE L
DEWPARBIIHIRT 22205 (416, 1937, 8
H, 1958 ; 8% 12 2>, 1963 ; EfB i3 v, 1971, EH,
1983b), Z v~ (§jH + B4, 1951 ; Franklin et al,,
1979), » 2 = (EH, 1983a), Favt o T3y
(Franklin et al., 1979 TH A t 6 b EfHitoins,

FMNDOSTE IE AR, Do aHmBOL T
by BLUEMBIBIIL > ToHEHBEINTV 5, 5
T IF4TEIR, EMMTESHKEO( BT LYERETD
b bod, aXYFMWRET AL, FhLo
THHEPHEING, 2 29 EL keitiEEo

FEILETE, ST Ay = v ESKIRILT
2D E e (REN, 1943 12, 1989), T D& 5 LM
HWICHILT 37 Ay = v EEKOIMIRIE L, AME
ELHOERMICKIL T 3 2 X Y FEEKROIHERE b
KREL - (REMIZD, 1963), LI AP, THIY =L
a X2y HHNRET 2 BHE LD BT, I A VHH
BEL, THZY = YREETIDATH 5 (R,
1987b), T N, T AV e D EEIRHIRIL FBE 1 3T HE
ThHoTh, I AVTVFHELIES, aAvy
MVEBIRBILERLTV S, FNPLONNT 2 IE
3L, 2 AYITHSHLLVCERBTHIVTESHE
2 ¢ 5 (K, 1931 ; 1L, 1966 ; HEAIED, 1966), L
L, 7TATY 2 YOBA LR o ST EIH3E
DB AYEIRET B L, BLAEDHAY
2 XA EEE 23 (Table 3),

2) N7 % IFHOBMNRMABRBHLUR O HEE
SAHENBRE RECR AN EIHLITEOSAY
L2 AT, N7 IHOBMOKMRE (#35,000-
15,000 48l LI DS FfEABRR I 2 v TIRETT 5,
282 % IHOLABRE, WAAY o ALEERLIS»
T OIS T BRI O HIEY » G BT 5
(B - 5, 1987), »v5 % IHLADE A EST
0-200m DHE b B &E s (FSF - i, 1987 ; Suzu-
ki, 1991 7z ¥) 72, L) 80-140m QEEIE T4 H -
fo (3FPE, 1975 ; KuE, 1982) L LTH, » 7€ IHR
B2 h s EBRNCOBR LTI itk 3, R
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DETH, BRFELAE LEMEVZETAI LY, N
EIM IR UFOBMMCELBETH- N EF L NS
(ibixd, 1984 ; 3k, 1987 ; g5 - F)il, 1995),

Lo L, »¥7% I, BB aEcsEaL, |’
EODTHICE 5, ERER? AN (E&EH 30m) T,
NIEIFHOKREESE L Y LBESEAE, B
11,000 FERILIBNC I3 B CER T 505, 2B L
AEEH LG (L, 1989), 1E5IERET (EE5H
450m) T b R4k, #7 17,000 £/ KB LA TS
SEIENMEET Y, A L b 8500 /T TIo ik
7 & JEIDORLUFEYMLE, MV eBIEIZZIEHEBT 5
(HEEED, 1981), BARIBEETD Vv LBEROE
B AL, #20,000 £Hi22, PV LBERIITERHA
A 6 AL D T DOEHE (B2 500m L) T o 1)
A%RT GRHE, 1986), L2 L, MY LBERE, &
10,000 fEFT A LIFE DI HE T HI A3 b, #6000 4
B IRARMNOETIE LA FER LR 25 (FH,
1986)

OO T & IFTEBOREIE, BkELUED
FIRDIBBRIL L 2D IT L5, RINEHT PV L
BIEB O > T HRBRL 2+ STHRBOER M
35 (%H, 1978 ; ¥&H, 1986, 1987 ; 5FH, 1992 2 £)
LERTFRBOSGHILAY LR LI LO—-FRTEZ »
f2 (RE, 1987) T bH 6, Y7 E IFHOFMEEIE, B

R, FRCEMOBREBEDORIMC L » TEFHHEE

7 rBRear s BRCHESRCIEF~ELEYS
LA THEA LIS TREME DS E v, 2 12, Al (Yamanaka
et al.,1973) = /WEE (SFHE, 1992) It £ QREEFH
TR EIR 150cm # & 2 5 TALHF O £F 1L T, BR
KREAD O RIAREE D TOBAIZ bV LR, = VR,
I, YHEY 6L A SFERMRIEILL T, £
DFEENL OHERMIIEESH - BEINT A2 L
Wt 5, COERRERE, BAMLUBOSELTHS L
2 6NTwv 3 (Yamanaka ef al., 1973 ; AR, 1978,
1987a ; #£H, 1990),

#7 4000 SFFILAIE L RUIRPBEFRE{L LD, &
WD NS IFRBEREOHE D & BEUIDMILKT &
TCRTREMED T D - 1287, MBI AT s ko2, IBE
£ Y9 HIEBRTH - 7247 6000 L£R{ = RIS ERTER X
SEMCHEADT 25, #4000 FEF{LERE C Y TIL
ERTHC MRS S 2T (RE, 1987), L»L, 20
BRI ETIX, #HeIBEH A AL )
HIgAN L (i3 b, 1983 5 SFH, 1984, 1985a, 1987, 1992),
PYLRBRERIIHEBRLIZELTO &ML v (Hid
», 1983 ; SFHH, 1992), WA ST = IEY ST A AN
FEOAZILT S, #4000 FFiLIEORRC = v #H6t

EREHOMMPEAD N2, YIRBIER (22 VH)
PEBCEML, MY LBEROSAIRELAYEL
v (Morita, 1985b). A D-v5 % IHiKL, #4000 4
HTLARE, (WSS THEAD LSRR b Lotk T 5
HREHED D o 120%, SFIEADEENTH A+ v 3
ey E OREIIESHER A & o T, TEILHFA~
Dok EBELI N LE LN, 2LT, Z2hiC
fEo THEE L oI b o iAo b £ 2 o5,
WRELT, BNO Y52 I, A4y, ¥
FNETFOGHIEKRD I LWL o L EE L,
WI=45 fHED EBMIZEP L THRFL, 22 Tbh¥
POaRXAVHL o THHREHIRINGIZES L
A6fE, ol¥), LEETE, HIRER4EOSG
RBRIE oz, TH eV EEIE
VERHFTE, EHUFCAMILRTERLFLLNS,
SrAakE e S HIEEAL | Bk ARESH O | A% &
IR LTcNg = IH, DLEoOBRPEBRLTY
REtELOND, BAOKEE NS IHORBEEOE
B, ERHTRET A2y < VHREOFRICIFZE
3 (Fig.4) 7o, RBAOERLARY 5, 3561,
LD Y5 E IFOFHEIBR D D EERTH o122
ERERLTY, Z2NOEDEODRETH - 12FTHEMED
Bl
N7 LENE, BROKHALIEE o TRy i tr - #5401 A
BRRT, RS N LR LI L L
rohd, MENSNTEIHIHEOREFEOTRILER
T4 (Fig. 4), MESSEIHOFTETIE, REFBO
B CEROEOFEVEMR I NG S (FK, 1960 ; Far-
jon, 1990 ; W7k, 1992), FHOBEPMHALTH 478 %
TR 6 ke (3K, 1960), RENSTEIG4FE
B, SWBREVELT A5 2, BEERIHEET S,
INODI LR, 4FEORRIEDTE (, b LK
LLZ E2RET S,
BAOKMARBMLBROSHEE L i tva L,
N5 E IFFOBRMOKARBEHLIEO S HEEBLOFD &
Sk L ELONS, 1)#) 35000 FH» 6 15,000
FERIOBAOKIRBIIC R, BEDT = = vl
FRE%® b 0% 7 & I HEMEEDTH AF) BOEMNIE (&
RAC AR L1z, 2) [RHIRIR - 2B L 0Bk » o
BRI (8 6000 ££FT) 2 TORERIIZE, S5 %
JEMAGERR, 7L EOBELEGEC Lo TEES
BedF~amdeML Ly oh, 212, 2EEVEL
bro RHUR T IRMEIR L 1c, 2 ORER, 55 € I EHERRE
DA WT - #gh L7z, 3) #4000 £/ o BAEC
Fa3WEMCE, 7 IHEBEEHILART 8 2TEE
WD oed, HELRAASIEY, Y5, azxy

—163—



12 HE 4 LB

EE6E 1T

FORGIHEKRDOFEVERTH- 12120, 2hbild-
THEOARMNED L EHE~DFHILKFHIEI NI, 4)
T, AX Iy, IR, 2 AVTOHHLR K
WhdozdblBETR, BT AT S 2 HBIEL AR
Thoate bbdoT, 7% IHEFEROSHEILS
Wr - AT, AEHOBBIIZIZEZO T $HEHEIN
12, L L, @A L W - #N L oA DWLE
TH, 2S99 % IGEEBEOREIL, REELEHRRE S
o TWED LML,
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