
LATE MIOCENE FLORAS FROM THE SO-CALLED OGAWA 
FORMATION IN NAGANO PREFECTURE 

Introduction 

55 

Neogene sediments, both of marine and terrestrial origin, are well distributed in Nagano 
Prefecture. Plant fossils have been known to occur from the Lower Miocene to the Pliocene 
in various localities, although they have not yet been fully described. It is important for 
Tertiary vegetational history of central Honshu to establish Neogene ftoristic sequence in 
Nagano Prefecture. 
Yagi (1921) reported some Tertiary plants from various localities in Nagano Prefecture, 
and later Kryshtofovich (1930) first described 24 species, based on Yagi’s collection. Kon'no 
(1931) is the first author who comprehensively clarified Tertiary白oraof Nagano Prefecture; he 
described 4 floras from the Paleogene to the Pliocene; the Kitaaiki, Bessho, Omi and Saku. Of 
these 4 floras, the Omi flora is one of my subject to reinvestigate here. The Omi flora is known 
in the Omi Formation, which is correlative with the so-called Late Miocene Ogawa Formation 
distributed in the middle and north-central part of Nagano Prefecture. Kon'no (1931) 
identi白ed81 species with only illustrations from the Omi Formation and its correlatives, but no 
detailed description has unfortunately been given. He divided the Omi flora into the 
Kangawa-Yamazaki and Bodaira florules in ascending order. However, subsequent stratigra-
phic studies (Morishita et al., 1957; Saito, 196la, etc.) revealed that the plant-bearing rocks of 
these two florules are confused stratigraphically. The Chausuyama flora from the so-called 
Ogawa Formation in the south of Nagano City was first announced by Endo (1948). Tanai 
(1961) defined the Omi and the Chausuyama floras as Late Miocene Mitoku type flora in 
Neogene floral sequence of Japan ; he described 20 species from the Omi and 26 species from 
the Chausuyama flora. Saito (1962a) and Tanaka (1962) listed some plant fossils from the 

“Ogawa”Formation, based on the identification by K. Suzuki. 
I started to investigate Late Tertiary floras of north-central Nagano Prefecture with 
collection of several times since 1983. Through the investigation during these several years, 
I could identify 120 plants which are enough to discuss Late Tertiary forests of Nagano 

Prefecture. 

Geologic Occurrence 

In central to northern Nagano Prefecture, belonging to a part of northern Fossa Magna 
region, the Neogene sediments are widely distributed between east side of Itoigawa-Shizuoka 
Tectonic Line and western margin of the Kwanto Mountains, and northward are dominated by 
volcanics. These Neogene sediments were studied by many authors (Honma, 1931 ; Kobayashi 
and Isomi, 1950 ; Morishita et al., 1957 ; Yagi and Yagi, 1958 ; Saito, 1961-1963 ; Tanaka et al., 
1961, 1964; Tomizawa, 1962, 1964; Sai-Kawa Research Group, 1965; Hirabayashi, 1966, 1970; 
Kato, 1980 ; Mizuno, 1976 ; Suzuki, K., 1977 ; Kato and Sato, 1983 , Kimura and Hayashi, 1988, 
etc.). Honma (1931）五rstdivided these sediments into the Miocene Moriya, Uchiyama, Bessho, 
Aoki and Ogawa Formations and the Pliocene Shigarami Formation in ascending order. 
Most of these formations are of marine origin except some of the upper formations. The 
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Fig. 10. Map showing the geologic outline in central to northern Nagano 
Prefecture and investigated areas 
I : Fig.14, II: Fig.11 III: Fig.13 

Moriya Formation distributed at the south of Lake Suwa is composed of conglomerate, 
sandstone, siltstone and greenish tu百s. This formation contains marine molluscan and some 
plant fossils (Tanaka et al., 1962) together with larger foraminifers such as Miogypsina (Mat-
sumaru et al., 1982). The Moriya Formation has been considered to be one of the lowest 
member of the northern Fossa Magna and to be correlated with the lower part of the Uchimura 
Formation. The Uchimura Formation distributed from the east of Matsumoto City to the 
south of Ueda City is dominated by volcanic and pyroclastic rocks in the east, and contains 
marine molluscs from the sandstone and mudstone in the west. The Bessho Formation 
characterized by black mudstone covers conformably the Uchimura Formation and contains 
many fish scales, mollusca such as Palliolumρeckhami, CalYJうtogenaakanudaensis, and some ill 
preserved plant fossils. This formation is distributed from the northern area of Ueda City to 
near the Matsumoto City. It is considered that the Bessho Formation is partly unconformably 
overlain by the Aoki Formation. The Aoki Formation is composed mostly of alternation of 
sandstone and siltstone, and is distributed from Ueda City and westwards. The plant-bearing 
so-called Ogawa Formation distributed in east-central to north of Nagano Prefecture confor-
mably covers the Aoki Formation. The lithology of this formation changes both laterally and 
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→ ：Base of the Pliocene indicated・by each author. 
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vertically and was divided into the Minochi and Tochiku Facies by Honma (1931). The 
Minochi Facies distributed in the northwestern area is dominated by fine-grained thick sedi-
ments containing many marine animals. The plant-bearing Tochiku Facies distributed 
mainly in the central to eastern areas is composed largely of conglomerates, sandstones and 
siltstones, interbedding some thin lignite beds in the upper horizon. The formation of the 
Tochiku Facies is of terrestrial origin except in the lower part. Due to the variable lithology 
and sowewhat complicated structure, the so-called Ogawa Formation has been variously 
subdivided by many authors; the subdivisions by some authors are correlated as shown in 
Table 27. 
In Omi and its northwestern area south and west of Mt. Hijiriyama, plant fossils are 
obtained mainly from three horizons. The Sashikiri flora is from the Sashikiri Formation by 
Morishita et al. (1957) or from the lower part of the Omi Formation by Saito (1961 63) or from 
the Sashikiri Member by Kato (1980). The Bodaira flora is from the Bodaira tu妊bedwhich 
is intercalated in the Shige Formation by Morishita et al., (1957) or in the middle part of the 
Takahagi Formation by Saito (196la) or in the Shige Member by Kato (1980). Only one 
locality of the upper Bodaira ftorule reported by Kon'no (1931) belongs to the Bodaira tu百bed.
Plant fossils from the middle part of the Takahagi Formation by Saito (196la) or from the 
uppermost part of the Komiji Member to the lower part of the N agaiwa Member of the Ohoka 
Formation by Kimura and Hayashi (1988) are combined as the Ohoka flora in this work. 
In Chausuyama (Shinonoi) district, the Chausuyama flora is from a tu百bedin basal part 
of the Odagiri Formation by Saito (196la) or the Chausuyama quartz sandstone and mudstone 
Formation by Tomizawa (1962) or the Komiji Member of the Ohoka Formation by Kimura and 
Hayashi (1988). 
The stratigraphic relationships between the Omi and the Chausuyama (Shinonoi) areas 
have been disputed by several authors; it is uncertain whether or not the Susobana tuft Member 
below the Chausuyama plant-bearing rocks is doubtlessly correlated with the Susobana tu妊
Member above the Bodaira tuft which the Bodaira ftorule is contained in the Omi area. 
Although a further stratigraphical investigation needs in future, the author considers that the 
Chausuyama flora is younger than the Bodaira flora on the basis of the stratigraphic correla-
tion shown in Table 27. 
The radiometric age of the so-called Ogawa Formation have been reported by several 
authors. According to Kato and Sato (1983), the K-Ar age of the Hijiriyama Volcanics 
unconformably overlying the Ogawa Formation in the Omi area is 5.3 ± 0.3Ma. Y amagishi et 
al. (1984) reported some fission-truck ages: 12.3 Ma for the lower Aoki Formation, 7.9 Ma for 
the upper Ogawa Formation, and 7.5 Ma for the Susobana tuft Member at its type locality. 
According to Kato and Akahane (1983) the K-Ar age of the Susobana tuff Member in Omi area 
is 6.1±0.4 Ma. The K-Ar age of the Kitayama Dacite intruding upper part of the Sashikiri 
Member is 6.1±1.0 Ma, according to the measurement by the Teledyne Isotopes with which I 
entrusted. Judging from the above-described radiometric dating, the Ogawa Formation is 
assigned to Late Miocene in age. 

In the following description, I define 4 leaf assemblages in north-central Nagano Prefec-
ture: the Sashikiri flora from the Sashikiri Member in Omi area, Bodaira flora from the 
Bodaira tu任bedof the Shige Member in Omi area, the Ohoka flora from the upper part of the 
Komiji Member to the N agaiwa Member of the Ohoka Formation in the north and west of Omi 
area, and the Chausuyama flora from the tu百bedin Chausuyama area. 

The Sashikiri Flora 

Among the specimens from the seven localities of the Kangawa-Yamazaki florule by 
Kon’no (1931), fossils from two localities, Yamazaki and Shunara, are obtained from the 
Sashikiri Member and belong to the Sashikiri flora, although the precise locations of these two 
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Fig. 11. Localities of th巴Sashikiriand Bodaira floras in Omi-mura, Nagano 
Prefecture. 
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localities are uncertain. The other localities belong to the di百erentformation or to straitgra-

phycally uncertain horizon in the so-called Ogawa Formation. Nearly all the species reported 

by Kon'no from Yamazaki and Shunara are confirmed also by the author, except some species 
such as Lauraceae from Shunara locality and taxonomically uncertain species. 
The fossil localities and characteristics of the fossil assemblages at each locality are as 
follows. 

Maruyama locality (1) : A cli旺ona ridge east of Maruyama village; it is west-northwest 

of Hijirikogen Station of JR Shinonoi Line. The fossil-bearing rocks correspond to the middle 
part of the Sashikiri Member of Kato (1980), which consists of alternation of conglomeratic 

sandstone, arkosic sandstone and sandy siltstone. A small amount of leaf fossils are found in 
sandy siltstone. A few of them preserve the tertiary or higher-order veins of leaves. 27 

species are identified, including 1 fern and 1 monocot. Fagus stuxbergii was the largest in 
number of specimens. 

Yamazaki locality (2): A cli百ona hill ridge southwest of Ohnoda village, it is north-

northwest of Kamuriki Station of the JR Shinonoi Line. This locality has known since early 

time. It corresponds to the upper part of the Sashikiri Member of Kato (1980), consisting of 

alternation of conglomerate, conglomeratic sandstone, arkosic sandstone and siltsone. Leaf 
fossils occur in sandy siltstone which is stratigraphically situated about 40 m below the fine tuff 

corresponding to the Bodaira tuff. Most of the specimens are generally poor in preservation; 
a few specimens retain the tertiary veins, and even the secondary veins are indistinct in many 

specimens. Among about 500 specimens, 95 species were identified, including 2 ferns, 5 

conifers and 4 monocots. Fagus stuxbe昭iiis most predominant with 187 specimens (38%), and 

other species are less than 2% in number of specimens. Although the evergreen species are 
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few in the collection, entire-margined broad-leaved trees occupy 32.5% of the total broad-

leaved ones. 

Systematic Representation 

The Sashikiri flora is composed of 43 families, 75 genera and 102 species. There are 2 
ferns, 6 conifers, 4 monocotyledons, and the remainders are dicotyledons. The largest family 

is the Betulaceae with 5 genera and 9 species; next come the Rosaceae with 5 genera and 8 
species, the Fagaceae with 2 genera and 7 species, the Aceraceae with 1 genus and 7 species, 
the Salicaceae with 2 genera and 5 species, the Fabaceae with 4 genera and 5 species, the 

Ulmaceae with 3 genera and 5 species, and the Lauraceae, Ericaceae, Oleaceae and Capri-

foliaceae with 3 genera and 3 species each. The remaining families have less than 2 species; 

most of them being represented by a single species. The following genera are predominant in 

number of species; Acer with 6 species, Quercus, Salix and Sorbus with 4 species each, and 

Selaginellaceae 
Aspleniaceae 
Athyriaceae 
Pinaceae 

Taxodiaceae 

Magnoliaceae 

Lauraceae 

Illiciaceae 
Coriariaceae 
Cercidiphyllaceae 
Hamamelidaceae 

Ulmaceae 

Juglandaceae 

Fagaceae 

Betulaceae 

Table 28. Systematic List of Families and Species 
Sellagiηella? sp. 
Asρleηium sp. 
Dψlazium sp. 
Keteleeria ezoana Tanai 
Pinus miocenica Tanai 
Pseudolarix japonica Tanai & Onoe 
Pseudoお句:gatanaii Huzioka 
G 'Yf;tostrobus europae附（Brongniart)Heer 
Metasequoia ocα＂deηtalis (N ewb.) Chaney 
Magnolia sp. cf. M. obova似 Thunb.
Magnolia sp 
Cinnamornum sp. cf. C. camphora Sieb. 
Neolitsea sp. 
Persea sp. 
Sassafras sp. 
Jllicium? sp. 
Coriaria sp. cf. C. jaρoηica A. Gray 
Cercidiphyllum crenatum (Unger) Brown 
Liquidambar miosinica Hu & Chaney 
Parrotia sp. 
Celtis hokiensis Ozaki 
Celti通ηathorstiiTanai & Onoe 
Ulm usρrotojaponica Tanai & Onoe 
Ulmus sp. 
Zelkova ungeri Kovats 
Plat'ycaη1a miocenica Hu & Chaney 
PterocaηαG司ymmetrosaKon'no ex Tanai 
Fagus palaeojaponica Tanai & Onoe 
Fagus stuxbergii (Nathorst) Tanai 
Fagus sp. 
Quercus miovariabilis Hu & Chaney 
Quercus protoalieηα Ozaki 
Quercusρrotosalicina K. Suzuki 
Quercusρrotoserra奴 Tanai& Onoe 
Alnus sp. cf. A. japonica Steud. 
Alnus sp. 
Betula sp. cf. B.ρrotoglobispica Tanai & Onoe 
Caゆinusheiguneηsis Huzioka 
Carpinus miocenica Tanai 
Carpinus subcordata Na thorst 
Carp仇ussp. 
Corylus subsieboldiana K. Suzuki 
Ostrya aizuana K. Suzuki 



62 

Polygonaceae 
Tiliaceae 
Sterculiaceae 
Salicaceae 

Ericaceae 

Styracaceae 
Symplocaceae 
Pi ttosporaceae 
Saxifragaceae 

Rosaceae 

Caesalpiniaceae 
Fabaceae 

Cornaceae 
Celastraceae 
Aquifoliaceae 

Buxaceae 
Euphorbiaceae 

Rhamnaceae 
Sapindaceae 
Aceraceae 

Anacardiaceae 
Rutaceae 
Araliaceae 
Boraginaceae 
Oleaceae 

Caprifoliaceae 

Cyperaceae 
Poaceae 

Smilacaceae 

LATE MIOCENE AND PLIOCENE FLORAS 

Rumex? sp. 
Tilia sp 
"Ficus”がliaefoliaHeer 
Populus hokiensis Ozaki 
Salix akitaensis Huzioka & Uemura 
Salix k-suzukii Tanai 
Salixρarasachalinensis Tanai & N. Suzuki 
Sαlix sp. cf. S. integra Thunb. 
Leucothoe? sp. 
Lyoηia? sp. 
Rhododendroηsp. 
Halesia sp. 
5シmplocossp. cf. S. coreana (Leveille) Ohwi 
Pittosρorum sp. cf. P. illicioides Makino 
Deutzia sp. 
Hアdrangeasp. 
Crataegus hokiensis Ozaki 
Mαlus sp. 
乃1rushokiensis Ozaki 
Sorbus hokieηsis Ozaki 
Sorbus lesquereuxi N athorst 
Sorbus palaeojaponica Murai 
Sorbus uzenensis Huzioka 
Sρiraeaρrotothunbergii Tanai & N. Suzuki 
Gleditsia miosinensis Hu & Chaney 
Cladrastisαηiensis Huzioka 
Desmodium tatsumitogeanum Ozaki 
Lesρedeza sp. 
Maackia sp. 
Wisteria fall,αx (Nathorst) Tanai & Onoe 
Cornus miowalteri Hu & Chaney 
Trz》teηgium?sp. 
Cf. !lex rotunda Thunb. 
flex sp. cf.よserrataThunb 
Buxusρrotojaρonica Tanai & Onoe 
Sapium hokianum Ozaki 
Mallotus? sp. 
Rhamnus sp. 
Saρindus sp. 
Acer nordenskioeldii Na thorst 
Acerρrotojaρonicum Tanai & Onoe 
Acerρrotomatsumurae Tanai 
Acer rotundatum Huzioka 
Acer subηikoense Tanai & Ozaki 
Acer tricusρidatum Bronn. 
Acer sp. 
Rhus miosuccedanea Hu & Chaney 
Fagara sp. 
Kalopan似 sp.
Ehretia sp 
Fraxinus sp. 
Ligustrum sp. 
5シringa?sp. 
Lonicera sp. 
日1・burnum?sp. cf. V. opulus Linn. 
Weigela sanzugawaeηsis Huzioka & Uemura 
Carex spp. 
Bambusites sp 
Phragmites sp. 
Smilax trinervis Morita 
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Caゆ仇uswith 3 species. Celtis, Ulmus, Fagus and Cladrastis have 2 species each, and the 
remainder are represented by one species. 

The Sashikiri flora consists largely of cool temperate families such as the Pinaceae, 

Ulmaceae, Betulaceae, Salicaceae, Rosaceae, Aceraceae and Caprifoliaceae. The Fagaceae is 

composed of cool temperate species except one evergreen oak. Warm temperate or tropical 

families are also contained, such as Lauraceae, Hamamelidaceae and Fabaceae. Eight species 

such as Ci’nnα悦 omum,Neolitseα，Illicium, Queγcus protosαlicinα，Pi抗osporum,Ile；χ γotund，αand 
Ligustrum are evergreen broad-leaved trees. 

Assumed Habits and Leaf Characters 

The probable habits of the Sashikiri plants are indicated in Table 29. Since these 
estimates are based upon the habits of the equivalent living species, we are not including fossils 

whose representation is too inadequate to suggest modern relationships, such as Bambusites 
and “Ficus". 
Table 29 shows that 61 trees make up 68.5 per cent of the total taxa, 19 small trees or 

Species 

Table 29. Assumed Growth Habit and Leaf Characters of the Sashikiri Plants 

Cly，戸tostrobuseuropeaeus 
Metasequoia occidentalis 
Pinus miocenica 
Pseudolarix japoηica 
Pseudotsuga ta刀aii
Acer向。γde四skioeldii
Acer Jうrotojapo月icum
Acer戸rotomaおumurae
Acer rotundatum 
Acer sub月ilwense
Acer tricuspidatum 
Betula cf. protoglobzゆzca
Carpinus heigun仰 sis
Carpinus miocenica 
Caゆinussubcordata 
Celtis hokie悶sis
Celtis nathorstii 
Ciηηaomum sp. cf. C. camphora 
Cladrastis aniensis 
Cai’ηus sp. cf. C. miowalteri 
Crataegus hokie月sis
Ehretia sp 
Fagus palaeojaponica 
Fagus stuxbergii 
Fraxi抑ussp 
Gleditsia miosi昭E河sis
Halesia sp 
Cf. /lex rotunda 
Illicium? sp 
Kalopanax sp. 
Liquidambar mios仇ica
Lyo冗ia?sp. 
Magηolia sp. 
／陶芸rnoliasp. cf. M. obovata 
Mallotus? sp. 
Matus sp. 
Ostiya aizuana 
Persea? sp 
Platycaη・a miocenica 
Pof;ulus hokiensis 
Pterocaη1a asymmetrosa 
乃rushokiensis 
Quercus miocrispula 
Quercus miovariabilis 
Quercus protoaliena 
Quercu.1 protoserrata 

Growth 
Habit 
Tr巴巴
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tre巴
Tree 
Tree 
Tree 
Tree 
Tree 
Tr巴巴
Tree 
Tree 
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Tree 
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Tree 
Tree 
Tree 
Tree 
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Habit Characters 
Tree De 
Tree Ds 
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Tree De 
Tree De 
Tree De 
Tree Ds 
Tr巴氾 Ds 
Tree Ds 
Tree Ds 
Tre氾 De
Tree Ds 
Tree Ds 
Tree Ds 
St or Shrub Ee 
St or Shrub De 
St or Shrub Ds 
St or Shrub De 
St or Shrub Ds 
St or Shrub Ds 
St or Shrub Ds 
St or Shrub Ds 
St or Shrub De 
St or Shrub De 
St or Shrub Ee 
St or Shrub De 
St or Shrub Ee 
St or Shrub Ee 
St or Shrub De 
St or Shrub Ds 
St or Shrub Ds 
St or Shrub Ds 
St or Shrub Ds 
Vine De 
Vine Ee 
Vine De 
Terr. Herb 
Terr. Herb 
Terr. Herb 
Terr. Herb 
T巴rr.Herb 
Terr. Herb 

Species 

Rhus miosccedanea 
Salix akitae四sis
Salix k-suzukii 
Salixρarasachalinensis 
Sapindus? sp 
Sapium hokia河um
Sassaf示。ssp 
Sorbus hokie日sis
Soγbus lesquereuxi 
Sorbus仰laeojaponica
Sy閉戸locossp. cf. S. corea問。
Syringa? sp. 
Tilia sp. 
Ulmus ρァotojaJう口問zca
Zelkova u日＇ge門
Buxus protojaponica 
Coγiaria sp. cf. C. ja戸onica
Corylus subsieboldiana 
Des問odiumtaおumitogea向um
Deutzia sp 
Fagara sp 
的 drangeasp. 
/lex sp. cf. I. serrata 
Leψedeza sp. 
Leucothoe? sp 
Ligustrum? sp. 
Lonicera sp 
Neolitsea sp. 
Pittosporum sp. cf. P. illicoides 
Rhododeηdron sp 
Sorbus uze目E悶5お
Spiraeaρrotothunbergii 
Vibu円iumsp. cf. V. opulus 
Weigela sanzugawae四sis
Cocculus? sp 
Smil，似 trineγvi.I
Wisteria fallax 
Asp leηium sp 
Carex sp 
Diplazium sp. 
Phragmites? sp. 
Rumex? sp 
Selaginella? sp 
’＇Ficus”tiliaefolia 
Bambusites sp 

De 

e Entrie margined broad leaf 
ST Small T1 ee Terr. Terrestrial D Deciduous E Evergree1、じ Conifer s Serrate-margined broad leaf 
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shrubs make up 21.3 per cent, 3 vines consist 3.4 per cent and 6 herbs 6.7 per cent. Judging 
from these percentages, the Sashikiri plants were predominantly arboreal; the percentage of 
small trees or shrubs is higher than those in the other floras in this article. Of the 5 species 
of conifers, Pinus miocenica and Pseudotsuga tanaii were evergreen. Referring to the abscis-
sion habit of the broad-leaved members of the flora, the 6 herbs and Bambusites are omitted 
from consideration, but we shall include several angiosperms which have not been assigned 
specific status, and whose leaf characters indicate whether they were evergreen or deciduous. 
Of the total of angiosperms numbering 80, the followings appear to have had an evergreen 
habit, as judged from the abscission regime of their living equivalents, or from the thick 
texture of the fossil leaves: Cinnamomum sp. cf. C. camρhara Sieb., Cf. flex rotunda Thunb., 
Illicium? sp., Buxus protoj，ゆonicaTanai et Onoe, Ligustrum? sp., Neolitsea sp., Pittosporum sp. 
cf. P. illicioides Makino, and Smiliαx trinervis Morita. These plants occupies 10 per cent of the 

total broad-leaved tree species. 

Numerical Representation 
The following quantitative appraisal of the Sashikiri flora is based on a count of 501 
specimens from two localities, Maruyama and Kitayama. Of the 94 Sashikiri species, 18 
species are common or abundant members in the Sashikiri forest, with representation of more 
than 1 per cent each in leaf counting. These predominant species consist 74 per cent of the 
total specimens, and the first species, Fagus stuxbergii, occupies 43 per cent of the total. Fagus 
stuxbergii is predominant in the number of leaves in the two localities, and it was the main tree 
of the Sasihkiri forest. The second, third and fifth species, Quercus miovariabilis, Liquidambar 
mioceηica, and Quercusρro白αliena,are represented rather large size of leaves which would 
seem unsuited to survive transport for a long distances. These predominant species including 
Fagusρrotojaρoηica were dominant members of the slope forest near the sites of deposition, 
considering from the living equivalents. Several dominant species such as Aceη Carpi nus, 
Ostηα，Zelkova, Bambusites, and Celtis may have formed mainly the valley forest near the 
depositional sites. Small number of specimens of the water loving plants, Glyptostrobus, 
Metasequoia, Salix and Ulmus, may indicate that there was no wide swamp forest near the 
depositional sites. This inference is also consistent with the fact that the plant-bearing rocks 
are largely composed of conglomeratic sandstone and sandstone. Pseudolarix jゆonicaprob-
ably lived on slopes at some distances from the depositional sites, because the detached leaves 
of this species is too small in the number. Eight broad-leaved evergreen species make up 10 
percent of the total species of the日ora,while their leaves occupy only 2.6 percent of the total 
specimens. The deciduous leaves enter the fossil record in large quantities at the end of each 
growing season, while the evergreen trees are not well suited for shedding their leaves. 
Moreover, all of these evergreen species are considered to be small trees, shrubs or vine, except 
for C仇namomum cf. camphora. There is rather small chance for leaves of small trees or 
shrubs to enter the fossil record than those of trees. It may be assumed that evergreen 
broad-leaved species must have been subordinate members of the Sashikiri forest, and that 
they may have formed the understory of the above trees. 
The Sashikiri臼orahas 30 entire-margined broad leaved tree species that count 34.1 per 
cent of the total broad-leaved species. 

Distribution of the Allied Living Species 

Table 31 shows most allied living plants of the Sashikiri species and their distribution in 
the modern forests of Japan and continental East Asia. 

The following table indicates the total number of species in each forest zone and the 
percentages for the cumulative number of species in all zones. 
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Table 30. Numerical Representation of the Sashikiri Flora 

Species Number of P巴rcentage Species Number of Percentage spec1口1ens specimens 
Fagus stuxbergii 214 42.7 Rumex? sp. 2 0.4 
Q畑 γcus椀 iovariabilis 34 6.8 Sor busρalaeoja戸onica 2 0.4 
Liquidambai’間iosinica 16 3.2 Soγbus uzenensis 2 0.4 
Fagus抑laeoj，ゆonic白 12 2.4 Viburnum? sp. cf. V. OJうulus 2 0.4 
Quercu.s戸rotaαβena 10 2.0 Wisteria fallax 2 0.4 
Ace1’アotundatum 9 1.8 Aceγ一世γotoja；むonic祉肌 0.2 
Aceγnoγdenskioeldii 8 1.6 Acer Proto押凶tsu.muγae 。牟2

Caγpinus sp 8 1.6 Aceγsu.bnikoense 0.2 
Ostηa aizuana 8 1. 6 Aceγtricu.sPidatum 0.2 
Pesudolaηx japo百ica 8 1.6 As戸leniumsp 0.2 
Zellwva 抵抗rge判 8 1.6 Buxusρrotojaponica 0.2 
Bambusites sp 7 1.4 Caゆinusheigunensis 0.2 
Acer sp 5 1. 0 Cinnamomum sp. cf. C. camphora 0.2 
Caゆinusmioce向ica 5 1. 0 Coγiaγia sp. cf. C. ja/Joγzica 0.2 
Caゆinussubcordata 5 1. 0 Coηilus subsieboldiana 0.2 
Cellis hokiensis 5 1. 0 Dψ』aziumsp. 0.2 
Lespedeza sp 5 1.0 Fagus sp. 0.2 
か＇ushokiensis 5 1.0 Halesia sp. 0.2 
Pterocaγ）＇a asymmetrosa 4 0.8 的drangeasp 0.2 
Tilia sp 4 0.8 !lex sp. cf. I. serrata 0.2 
Betula sp. cf. B.ργotoglobz.ψica 3 0.6 Kalopan似 sp 0.2 
Cf. !lex rotunda 3 0.6 Leucothoe? sp. 1 0.2 
Cladγ－astis aniensis 3 0.6 Lonicera sp 1 0.2 
Desmodiu：叩 tatsumitogea：抵抗前 3 0.6 Magηolia sp. cf. M. obovata 1 0.2 
Deutzia sp. 3 0.6 Magηolia sp. 0.2 
Ehr官tiasp 3 0.6 Mallotus? sp 1 0.2 
Cly，戸tostrobuseuropaeiβ 3 0.6 Neolitsea sp 0.2 
Ligustr’um：フsp 3 0.6 Persea? sp 0.2 
Phragmites? sp 3 0.6 Pinus miocenica 0.2 
Queγcus Pγotoseγγala 3 0.6 Pittosporum sp. cf. P. illicioides 0.2 
Salix paγ俗achali汎ensis 3 0.6 Populus hokiensis 0.2 
Ulmus pγotojaponica 3 0.6 Queγcus mioc市抑la 0.2 
"Ficus”ti Lia尾folia 2 0.4 Quercus sp 0.2 
Carex spp 2 0.4 Rhododeηdγoηsp 0.2 
Celtisγzathorstii 2 0.4 Salix akita邑nsis 0.2 
Cocculus? sp 2 0.4 Salix k-suzukii 0.2 
Cornus sp. cf. C. miowalterz 2 0.4 Sapi目dus?sp 0.2 
Crataegus hokie向sis 2 0.4 Sapium hokia咋um 0.2 
Fagara sp 2 0.4 Sassafras sp 0.2 

Fraxinus sp 2 0.4 Selaginella? sp 0.2 

Gleditsia明iosinensis 2 0.4 Smilax trineγvis 0.2 
Illiciunρsp. 2 0.4 Soγbus hokiensis 1 0.2 

Lyonia? sp 2 0.4 Soγbus lesque：γeuxz 1 0.2 

Ma/us sp. 2 0.4 S争iraeaprotothunbergiz 0.2 

Metasequoia occidentalis 2 0.4 Sym戸locossp. cf. S. corea持。 0.2 
Platyca：γya miocenica 2 0.4 Sy門間：ga?sp. 0.2 

Pseudotsuga tanaiz 2 0.4 Ulmus sp 0.2 

Rlius miosuccedanea 2 0.4 Weigela sa珂zugawe四sis 0.2 

sum 501 100.1 

Region 
No. of Species 
Percentage 

1 

9.0 

5.0 

2 

29.5 

16.3 

3 4 

52.0 51.0 

28.7 28.2 
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Sum 
181.0 

100.1 

The Sashikiri flora has nearly the equal cumulative number of species in the zone 3 (the upper 
warm temperate forest zone) and the zone 4 (the lower cool temperate forest zone): 52 in the 

former and 51 in the latter. 
Inferred from the distribution of the living plants that are allied to the fossil species, the 

Sashikiri flora is similar in composition to the extant forests in the upper warm temperate to 

lower cool temperate zones. All the predominant species taking more than 1% in number of 
specimens, except Liquidambaηare elements of cool temperate zone forest, but a half of them 
extend to the temperate zones. Warm temperate species such as Cinnamomum, Neolitse仏
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31. Distribution of the most allied living species 

Most allied living species 1 2 

C. camphora Sieb. 
I. rotund包Thunb.
Ehretia sp. 
F. j反urieiNakai 
G. pensilis K. Koch 
M. jaρonicus Muell. -Arg. 
N. sericea (Blume) Koidz. 
R. succedanea Linn. 
D. caudatum DC. 
Asplenium sp. 
H. macroρhylla Seringe 
Ligustrum sp. 
Lyonia sp. 
P. thunbergii Par!. 
P. kaempferi Gord. 
S. sebi) 
S. nzρρonica Fr. et Sav 
T. kiusiaηG Makino et Shirasawa 
Q. uαη・abilis Blume 
L. formosana Hance 
P. strobilacea Sieb. et Zucc. 
Q. aliena Blume 
S. tsumu Hems!. 
C. sinensis Pers. v. japonica Nakai 
C. walteri Wanger 
Lespedeza sp. 
S. china Linn. 
S. torminalis Crantz. 
W. fioribunda (Willd.) DC. 
Z. serrata Makino 
B. microρhylla Sieb. et Zucc. var. 
japonica Rehd. et Wils. 
よ religiosumSieb. et Zucc. 
P. illicioides Makino 
S. thunbergii Sieb. ex Blume 
A.ραlmatum Thunb. 
A.ρ＇ycnanthum K. Koch 
C. tschonoskii Maxim. 
F. japonica Maxim. 
G. jゆonicaMiq. 
よ serrataThunb. 
M. glY,ρtostroboides Hu et Cheng 
P. jaρonica Shirasawa 
P. callyana Decne. 
Q. serrata Murray 
S. jesssoensis Seemen 
A. mono Maxim. 
c. ja_ρoηica A. Gray 
K.ρictus (Thunb.) Nakai 
M. obovata Thunb. 
P. sieboldii Miq. 
S. coreana (Lev.) Ohwi 
C. laxz万＇oraBlume 
0. j，αρonica Sarg. 
S. sachalinensis Fr. Schm 
S. sachalinensis Fr. Schm. 
A. nikoense Maxim. 
A.ραlmatum Tbunb. var. 
matsumurae (Koidz.) Makino 
B. globiゆicaShirai 
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Table 

Fossil species 

Cinnamomum sp. cf. C. cαmphora 
Cf. Il邸 γotundα
Ehγeti,αsp. 
Fagaγasp. 
Glyptostγobus europeαE略
Mallotus? sp. 
Neolitseαsp. 
Rhus miosuccedanea 
Desmodium tatsumitogeanum 
Asplenium sp. 
Hydγaγzgea sp. 
Ligustγum sp. 
Lyoγziα？ sp. 
Pinus miocenicα 
Pseudolarix j，時oγzica
Sapium hokiaηum 
Selaginella? sp. 
Tiliαsp. 
Quercus miovariabilis 
Liquid，α：mbar miosi叩ca
nαtycαηαγniocenicα 
Queγcus会γotoalieれα
Sassaf,γ邸 sp.
Celtis nαthoγstii 
Cornus miowalteri 
Lespedeza sp. 
Smilax triγzeγvis 
Soγbus hokiensis 
Wisteria fallax 
Zelkovαuγzgeγi 
B協 ：usprotojm争onicα

Illicium? sp. 
Pittosρorum sp. cf. P. illicioides 
sρiraeaρrotothunbergii 
Acer nordenskioeldii 
Acer tricusρidatum 
Carpinus heiguneηsis 
Fagusρalaeojaρonica 
Gleditsia miosinensis 
!lex sp. cf. I. serrata 
Metasequoia occidentalis 
Pseudotsuga tanaii 
乃rushokiensis 
Quercusρrotoserrata 
Salix k-suzukii 
Acer rotundatum 
Coriaria sp. cf. C. jaρoηica 
Kalopan似 sp.
Magnolia sp. cf. M. obovata 
Poρulus hokiensis 
Symρlocos sp. cf. S. coreana 
Carpinus miocenica 
Ostηa aizuana 
Salix akitaensis 
Salixρarasachaliηens is 
Acer subnikoense 
Acerρrotomatsumurae 

Betula sp. cf. B.ρrotoglobispica 



C. cordata Blume 
C. jessoensis Koidz. 
Cρlaかcarpα（Maxim.)Makino 
C. sieboldiana Blume 
D. squamigerum (Mettenius) 
Matsumura 
F. crenata Blume 
Leucothoe sp. 
Matus~ミ；p.

P.γhoifoliαSieb.色tZucc. 
S. alηifolia (S. et Z.) K. Koch 
S. jaρonica (Decne.) Hedlund 
S. reticulata (Blume) Hara 
W sanguiηea (Nakai) Nakai 
A. jaJうonicumThunb. 
U. davidiana Planch. var 
japoηica (Rehd.) Nakai 
V. opulus Linn. 
C. mαximowiczii Schneid. 
Q. moηgo lieαFisch. var. 
grosseserrata Rehd. et Wils. 

Sorbus uzenensis S. commixta Hedlund 
1) Subtropical forest zone 2) Lower warm temperate zone 3) Upper warm temperate forest zone 
4) Lower cool temperate forest zone 5) Upper cool temperate forest zone 6) Subalpine forest zone 
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Ca：γ令inussubcoγdata 
Celtis hokiensis 
Cladγα：stis ani側 sis
Coγylus subsieboldianα 
Diplazium sp. 
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Fαg回 stuxbeγgii
Leucothoe? sp. 
Malus sp. 
Pterocaηα むヲmmetγosa
Soγbus lesquereuxi 

Soγbus争alaeoj吟onica
Syγinga? sp. 
Weigela sanzugawαen sis 
Aceγprotoj，ゅonicum
Ulm；略争rotojゆonica

京・
＊
＊

＋ Viburnum? sp. cf. vぐoρulus
Crataegus hokiensis 
Quercus miocrisρula 

＊ 

Pittospoγum, Ile：χγotundα，Ehγetiα，Ligustrum, Cocculus, Illicium, Mallotus and Sゅiu：悦 aτesmall 
in number of specimens. 

＊ 

7) Alpine forest zone 

＊ 

Assumed Habitat 

Table 32 represents the assumed habitat of the Sashikiri species. The aquatic or swamp 

members show low representation with less than 1% in the fossil record; all of them were not 

confined to this community, but appear to have also occupied stream-margin sites. Their low 
representation may be interpreted to indicate that there was small area of swamp depositional 

sites. It may be supported by the fact that the plant-bearing Sashikiri Formation contains a 
little fine-grained sediments. The Sashikiri Formation is largely composed of conglomeratic 
sandstone and sandstone; the predominant coarse-grained lithology is resulted in having a 

number of riparian or valley members. Fifty-six species of riparian or valley forests are 

composed largely of the broad-leaved trees; especially, Liquidambaη Salix, Ulmusρrota 
japoηica, Pterocarya, Pyrus, Acer rotund，αtum, Acer nordenskioeldii and Tilia sp. are common 

members in these forests along with Bambusites. Many members of this forest mingled in the 
lower slope forest which was composed of 68 species. Deciduous trees, Queγcus miovαriabilis, 

Q.ρrotoaliena, Fagusρlaeojaponica, maples and hornbeams, were common members of the 
lower slope forest. Although small in number of specimens, in this forest are involved many 
evergreen broad-leaved species such as Ciηnamomum cf. camphora, Pittosρarum cf. illicioides, 
Quercusρro初salicina,Persea, sp., Neolitsea sp., flex cf. rotunda, and Illicium? sp. Most species 
of the mountain slope forest may be also common to the lower slope forest. This mountain 
slope forest was dominated by Fagus stuxbergii (over 42 percent), which formed dense stands 

in the region along with some deciduous members. 

Summary 
The Sashikiri flora of 102 species in 43 families and 75 genera is found in sandy siltstones 

intercalated in coarse-grained sandstones of the Sashikiri Member of the Omi (Ogawa) 

Formation in the northeast of Matsumoto City of Nagano Prefecture. The Sashikiri Member 
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Assumed Habitat of the Sashikiri Plants 
3 4 Species 

Pl,αlyeαηα miocenicα 
Rhus miosuccedan邑a
Sapium hokianu悦
Smilax tγineγvis 
Sy抗争locoscf. coγeanα 
Syγiγzg,αY sp. 
Til句 、；p.
Ci悦namoγnumcf. camphora 
Coγiαγia cf. ja；会oγzicα
Ehγ邑tiαsp.
Halesiαsp. 
flex rotuγzda 
Illicium? sp. 
Ligustγum sp. 
Leucothoe? sp. 
Mα：gnolia cf. obovata 
Mαgγzolia sp. 
Neolitseαsp. 
Pαγγohαsp. 
Pinus miocenicα 
Pittospoγum cf. illicioides 
Quercusγniovαγiαbilis 
Que re協やγotoaliena
Queγcus争γotosalici汎a
Queγcus伊otoserγαtα
S邸safiγ邸 sp.
Soγbus hokiensis 
Aceγ予γotoj，伸onicum
Be tu la争γotoglobis；争ica
Ca：γpinus subcoγdata 
Celtis hθkieγzsis 
Cγαtαegus hokiensis 
Fagus争α：laeoja1争oγzica
Ileχcf. seγγαtα 
Lyoni，αr? sp. 
Mαackiαsp. 
Ost：ηα aizua：汎α
Pseudolmγix jaiむoγzica
Pseudotsu忍ataγLα：ii 
Pyγus hokiensis 
Rhododend：γon sp・
Soγbus lesqueγeuxi 
Soγbus加laeoj，ゆonica
Soγbus uzeneγzsis 
Spiγαeα protothunbeγgii 
T付金terigiuγn叩ー
もWeigelasanzugawaensis 
Fagもtsstuxbeγgii 
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Species 
Diplazium sp. 
Cly,争tostrobuseuro.争α：eus
Me.ぬ：sequoiaoccid，側 talis
Phγαg悦 itessp. 
Salixα1kitaensis 
Salix k-suzukii 
Salix争αγasαchalinensis
Selaginella? sp. 
Rumex? sp 
Ul：γn略 －争rotoj，ゆonica
Ace：γtγicu功idatum
Asp leγzium sp. 
Bαmbusites sp 
Buxus protoj，ゆonicα
Cercidiphyllum cγenatu：悦
門店cus”tiliaefolia 
Fγ似：inussp. 
Hydγαngeαsp. 
flex cf. seγγαtα 
Kalopanα:x sp. 
Populus hokieηsis 
PteγocαγyaαsymmetγOSα 
Pyγus hokiensis 
Salix cf. integγα 
S時間d略；？ sp. 
号？γnわlocoscf. coγeα加
Viburnum cf. opulus 
Wisteria fallax 
Zelkova un e：γi 
Aceγγzoγdenskioeldii 
Acer pγotomαtsu1机 urae
Aceγsubnikoense 
Carex sp. 
Cαrpinus heigunensis 
Car争悦usmiocenica 
CeltisγLαthoγstii 
Cladγαstisα抗iensis
Coγnus cf.γniowalteγi 
Corylus subsieboldi肌 a
Deutziαsp 
Fαgαγαsp. 
Gleditsia miosinensis 
Kalopan邸時．
Le写pedezasp. 
Liquidambarγniosi叫ca
Lon iceγαsp. 
Mallotus? sp. 
Mαlus sp. 
Peγseαsp. 

I Aquatic or Marsh 
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4 Mountain Slope 

conformably rests on the Middle Miocene Aoki Formation of marine origin and grades upward 

into the Shige conglomeratic Member of fresh-water origin. The Sashikiri Member consists 

of coarse-grained sandstone, occasionally associated with beds of conglomerate, sandstone and 

siltstone rarely containing thin lignite beds. Some oyster beds in the western area 

diminishing eastward as the formation thinns eastward. It may be concluded that the topogra-

phy around the depositional sites was narrow with ill-developed floodplain and adjacent hilly 

are 

3 Lower Slope 2 Riparian or Valley 
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slopes in the east. The Sashikiri flora is characterized by rich deciduous broad-leaved species 
such as beechs, Liquidambar, oaks, hornbeams and maples, among which the leaves of Fagus 
stuxbergii dominated. Eight evergreen broad-leaved species of small trees or shrubs occupy 
only 2.6% in the total specimens counted. Main vegatations represented by the Sashikiri flora 
are riparian or valley to lower slope forests. There is a little indication of subalpine or high 
altitude members. Montane areas were at some distance from the sites of Sashikiri deposi-
tion, judging from the low representation of the typical upper mountain slope elements. 
In short, the vegetation shown by the Sashikiri flora is the deciduous broad-leaved forest 
accompanied with some evergreen broad-leaved trees; it covered from the narrow coastal 
plain to the lower slope. Climate indicated by the flora is thus rather cool-temperate. 

The Bodaira Flora 

Kon'no (1931) considered that the Bodaira florule representing the upper part of the Late 
Miocene Omi flora shows warmer climate than that indicated by the Kangawa-Yamazaki 
日oruleof the lower Omi flora. However, the Bodaira臼orulereported by Kon'no is composed 
of 11 species from four localities belonging to the stratigraphically di百erenthorizons : two of 
these localities are in the Komiji or the Nagaiwa Members above the Bodaira tuff bed from 
which the main components were obtained, and the rests are in the so-called Ogawa Formation 
in the south of Ueda City far east of Omi area. The following five species were reported only 
from the Bodaira tuff bed by Kon’no: Sequoia sp., Gl3φtostrobus europaeus Heer, Bambusium 
ツαdakeides"Kon’no, Machilus sp., Rosa? sp. 
Saito (1962) reported the following 6 species from the Bodaira tu百bed,based on the 
identification by Suzuki: Lastrea sp., Lindera ''protoaciculata" K. Suzuki, Liηdera ''protostηch-
nifolia" K. Suzuki, Salix sp., Machilusρrotojaponica K. Suzuki and Bambusiumツadakeides”
Kon'no. 
I determined 9 species from the Bodaira tuff bed at Bodaira and Kitayama localities as 

shown in the Figs. 11 and 12. 
Bodaira locality: A cliff 2.6 km northwest of Hijirikogen Station of JR Shinonoi Line. 
The plant-bearing rocks belong to a lower part of the so-called Bodaira tu百distributedin the 
northwest of Bodaira village. As the plant fossils occur in a bent-down condition within the 
coarse-grained pumiceous hard and compact tuff, it is difficult to obtain a large quantity of 
specimens. Alnus sp. cf. A. japonica occupies about three-fourths of the total speciments 

collected. 
Kitayama locality: A cliff northeast of the Bodaira locality and northwest of Kitayama 
village. The plant-bearing rocks also belong to the lower part of the Bodaira tuff. Speci-
mens collected here is few. Alnus sp. cf. A. jaρonica occupies about 60% of the total 
spec1立iens.

Bodaira Kita yam a Sum 

Keteleeria ezoaηαTanai 5 4 9 

Zelkova ungeri Kovats 
Ficus sp 1 2 3 

Castanea miocrenata Tanai et Onoe 1 1 2 

Quercusρrotosalicina K. Suzuki 1 2 3 

Alnus sp. cf. A. jaρonica Steud. 42 26 68 

Carpinus heigunensis Huzioka 3 3 

Bambusites sp. 4 6 10 

Phragmites? sp. 1 2 

55 46 101 

Adding Kon'no’s and Saito’s collections to my species list, the Bodaira flora is composed 
of 11 families, 17 genera and 17 species. There are 1 ferns, 3 conifers, 2 monocotyledons and 
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Aspidiaceae 
Pinaceae 
Taxodiaceae 

Lauraceae 

Ulmaceae 
Moraceae 
Fagaceae 

Betulaceae 

Salicaceae 
Rosaceae 
Poaceae 

LATE MIOCENE AND PLIOCENE FLORAS 

Table 33. Systematic List of the Bodaira Flora 
Lastrea sp. 
Keteleeria ezoana Tanai 
Glyptostrobus europae附（Brongniart)Heer 
Sequoia affinis Lesq. 
Lindera ''protostrychnifolia" K. Suzuki 
Machilus ''protoJゆoηicus"K. Suzuki 
Neolitsea ''protoaciculata" K. Suzuki 
Zelkova ungeri Kovats 
Ficus sp. 
Castanea miocrenata Tanai & Onoe 
Quercusρrotosalicina K. Suzuki 
Alnus sp. cf. A. j，ゆonicaSteud. 
Carpinus heigunensis Huziol王a
Salix sp. 
Rosa? sp. 
Bambusiumツadakeides’P Kon'no 
Phragmites? sp. 

11 dicotyledons. The Lauraceae has 3 genera and 3 species, and the Taxodiaceae, Fagaceae, 
Betulaceae and Poaceae are composed of 2 genera and 2 species each. The remaining families 
have a single species. All the genera are represented by a single species. 

The Bodaira flora consists of cool temperate and warm temperate families. The 
Aspidiaceae, Taxodiaceae, Lauraceae and Moraceae are warm temperate to tropical families, 
while the Pinaceae, Ulmaceae, Betulaceae, Salicaceae and Rosaceae are generally temperate 

ones. The former group has 7 species and the latter has 6 species. Thus, the Bodaira flora 

consists of warm temperate families with cool temperate ones although poor in the composi-
ti on. 

The assumed habits of the Bodaira species are judged from their living equivalents. 

Among the 17 species, 9 were trees, 3 were small trees or shrubs, 2 were vines and 3 were herbs. 

Of the 3 conifers, Glyptostrobus europeaeus was deciduous. The following 4 taxa may be 
assumed to have had an evergreen habit, as judged from thick texture of their leaves or from 
the abscission regime of their living equivalents: Lindera ’'protostrychnzfolia" K. Suzuki, 

Machilus ''protoj，ゆonicus”K.Suzuki, Neolitsea ''protoaciculat，α”K. Suzuki, Ficus sp. and 
Quercusρrotosalicina K. Suzuki 
Alnus sp. is abundant in both Bodaira and Kitayama localities, and this species seems to 

have lived around the depositional sites together with Bambusites and with Glyptostrobus, Salix 
and Phragmites. Keteleeria appears to have grown on mountain slopes near the depositional 
sites, considering from predominant detached leaves. It may be assumed that evergreen 

broad-leaved trees such as Machilusρrota；ψonica seem to occupy the valley fiat together with 
shrubs of Lindera, Neolitsea and vines of Ficus and Rosa. The valley to the lower slope forest 
may represent a mixed forest of evergreen trees such as Quercusρrotosalicina and deciduous 
trees such as Zelkova, Castanea and Carpinus. 

The Chausuyama Flora 

The Chausuyama臼orafrom Chausuyama area south of Nagano City were first introduced 
by Endo (1948). Ohta (1950) and Tomizawa (1962) reported this flora in the form of a list based 

on the identification by Endo. In the general account of the Japanese Tertiary floras by Tanai 
(1961), the Chausuyama flora are assigned to the Mitoku type and their components of 20 
species were described. 

Plant fossils are obtained mainly from an upper part of the southern cli百 atthe 
Chausuyama Shizen Koen in the south-east foot of Mt. Chausuyama. It is situated about 3 km 
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Fig. 13. Locality of the Chausuyama flora in Nagano Prefecture, and the colum 
nar section in the fossil locality. 

southwest of Shinonoi Station of JR Shinonoi Line. Well-preserved leaf impressions occur in 
a tuffaceous siltstone bed. The plant-bearing rocks belong to the basal part of the 

Chausuyama quartzose sandstone and mudstone Formation by Tomizawa (1962), the Odagiri 

Member by Saito (1962) and the Komiji Member by Kimura and Hayashi (1988). This fossil 

locality is included in a known landslide area, and well-preserved plant fossils were reported 

to have occurred in boulders within landslide debris. But this area has been improved as the 
park. Most of the plant fossils reported from Chausuyama by many authors probably come 

from the correlative of my plant-bearing rock level, as inferred from the lithologic character. 
I identified 39 species, including 4 ferns, 7 conifers and 3 monocots. Alnus sp. cf. A. japonica 
takes up nearly half of the total specimens. Glyptostrobus and Phragmites? sp. are also 

predominant, represented by 6 percent of the totals each. Judging from the species composi-

tion and their relative abundance, the assemblage from the locality strongly reflects a riparian 
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habitat. I examined the specimens which were reported from Chausuyama by Ohta (1950) and 

Tomizawa (1962), but no species is added in my :fl.oral list. 

Systematic Representation 

The Chausuyama臼orais composed of 26 families, 35 genera and 39 species. There are 3 
ferns, 7 conifers, 3 monocotyledons, and the remainders are dicotyledons. The predominant 

families are the Pinaceae, Taxodiaceae with 3 genera and 3 species each, and the Aceraceae 
with 1 genus and 3 species. The Athyriaceae, Lauraceae, Salicaceae, Styracaceae and 

Poaceae have 2 genera and 2 species each, and the Ericaceae has 1 genus and 2 species. The 
remaining families have a single species. 

The Chausuyama flora consists both of warm temperate and cool temperate families. 

The Athyriaceae, Taxodiaceae, Lauraceae and Styracaceae are warm temperate to tropical 

families. While the Pinaceae, Salicaceae, and Aceraceae are generally cool temperate ones. 

Thus, the Chausuyama flora consists of warm temperate families accompanied with cool 

temperate ones. 

Blechnaceae 
Athyriaceae 

Pinaceae 

Taxodiaceae 

Cupressaceae 
Magnoliaceae 
Lauraceae 

Ulmaceae 
Moraceae 
J uglandaceae 
Betulaceae 
Sterculiaceae 
Salicaceae 

Ericaceae 

Styracaceae 

Symplocaceae 
Saxifragaceae 
Fabaceae 
Rhamnaceae 
Vitaceae 
Aceraceae 

Rutaceae 
Oleaceae 
Caprofoliaceae 
Cyperaceae 
Poaceae 

Table 34. Systematic List of Families and Species 
Woodwardia sp. 
Car官官opterissp. 
Diplazium sp 
Abies protofirma Tanai 
Pseudotsuga tanaii Huzioka 
Ts均五ramiosieboldiana Ozaki 
Clyρtostrobus euroρaeus (Brongniart) Heer 
Sequoia a/finis Lesq. 
Taxodium dubium (Sternb.) Heer 
Thuja n争戸onicaTanai & Onoe 
Magnolia sp. 
Cinηamomurn sp. cf. C. camρhara Sieb. 
おおけαssp. 
Zelkova uηgeri Kovats 
Ficus sp. 
／昭lansja抑制caTanai 
Alnus sp. cf. A. japonica Steud. 
"Ficus＂れ＂liaりわliaHeer 
Poρulus hokiensis Ozaki 
Salix sp. cf. S. iηtegra Thunb 
Rhododendroηhoki’ense Ozaki 
Rhododendron sp. 
Halesia sp. 
Styraxρrotoobassia Tanai & Onoe 
Symplocos sp. cf. S. coreaηα （Leveille) Ohwi 
Deutzia sp. 
Wisteria fallax (Nathorst) Tanai & Onoe 
Rhamnus sp. 
Vitis naumaηηii (Nathorst) Tanai 
Acerηor deηskioeldii N athorst 
Acer rotundatum Huzioka 
Acer tricuspidatum Bronn. 
Acer sp. 
Fagara sp. 
Ligustrum? sp. 
Lonicera sp 
Carex sp. 
Bambusites sp. 
Phragmites? sp. 
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Assumed Habits and Leaf Characters 

The assumed habits of the Chausuyama species are shown in Table 35, judged from the 
texture of fossil leaves and from their living equivalents. Twenty trees make up 55.6 percent, 

8 small trees or shrubs make up 22.2 percent, 3 vines comprise 8.3 percent and 5 herbs 13.9 
percent. Trees were predominant in the Chausuyama members, but the ratio of trees to 

shrubs is somewhat lower than those of the other 3日oras,and the proportion of the vines and 
herbs is higher than that of the Sashikiri flora. 

Of the 7 conifers, Cl）φtostrobus europaeus and Taxodium dubi初nwere deciduous. The 
following three taxa may be assumed to have had an evergreen habit as judged from the thick 

texture of their leaves and from the abscission regime of their living equivalents : 

Cinnamomum sp. cf. C. camphora Sieb., Ligustrum? sp. and Ficus sp. It is considered that 
Woodwardia sp. was also evergreen, judging from its living equivalents. 

Table 35. Assumed Habit and Leaf Characters of the Chausuyama Plants 

Species Habit 

Abies戸ぺ口tofi問 za Tree 
C砂防trobuseu円opaeus Tree 
Pseudoお叫gatanaii Tree 
Sequoia affi四is Tree 
Taxodium dubium Tree 
Thuja叩ψponica Tre巴
Tsuga miosieboldia向。 Tree
Acer nordenskioeldii Tree 
Acer rotunda/um Tree 
Acer tricusj1idatum Tree 
Al河ussp. cf. A. japo悶ica Tree 
Cinηamomum sp. cf. C. camf;hora Tree 
Halesia sp. Tree 
j叫：glansjapoηica Tree 
Magηolia sp. Tree 
Populus hokiense Tree 
Sassafras sp. Tree 
Styγ・axρrotoobassia Tree 
Sシmplocossp. cf. S. coreana Tree 
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Zeikova ungeri 
Deutzia sp 
Fagara sp. 
Ligustruin? sp 
Lo河icerasp. 
Rhm 
Rhododendア0叩 hokzense
Rhododeηdro悶sp
Salix sp. cf. S. iηtegァι
Ficus sp 
Vi tis河auman抑IZ
Wisteria Jal』＇ax
Carex sp 
Cor：四opte門ssp. 
Diplazium sp 
Phragmites? sp 
Woodwardia sp. 
"Ficus＇’tiliaefolia 

Leaf Habit Characters 
Tree Ds 
ST or Shrub Ds 
ST or Shrub Ds 
ST or Shrub Ee 
ST or Shrub De 
ST or Shrub Ds 
ST or Shrub De 
ST or Shrub De 
ST or Shrub Ds 
Vine Ee 
Vine Ds 
Vine D巴
Terr. H巴rb
Terr. Herb 
Terr. Herb 
Terr. Herb 
Terr. Herb 

De 

e Entire broad leaf 
ST Small Tree Terr. Terrestrial D Deciduous E Evergreen C Conifer s Senate broad leaf 

Numerical Represen ta ti on 

The following quantitative appraisal of the Chausuyama flora is based on a count of 266 

specimens from a single locality. Of the 39 Chausuyama species, 17 species represent more 

than 1 percent in leaf counting and make up 89.1 percent of the total specimens. Alnus sp. cf. 

A. japonica Steud. occupies nearly a half of the total specimens. GlYJぅtostrobuseuro戸αeus,
Phragmites? sp. and Bambusites sp. exceed 5 percent in number of specimens. These predomi 

nant species seem to have lived near the depositional sites. It is noteworthy that the predomi-

日antspecies till the ninth, except the seventh species (L留ustrum?sp.) are all water-loving 
species, considering from the living equivalents. The abundance of these species along with 

three species of fern indicates that there was well-watered flood-plain or valley flats白anking

the depositional sites. The Chausuyama flora has many conifers such as Abies, Tsuga, 

Pseudojsuga, Sequoia and Thuja. Judging from that all of them except for Sequoia are re-

presented by detached leaves on the rather coarse-grained rocks and from the habitats 

occupied by similar living plants, it may be assumed that a conifer forest appears to have 

grown on mountain slopes nearby the depositional sites. It is suggested that the evergreen 

species such as Cinnamomum cf. camphora was a members of lower slopes along with Halesia 
and Sassafras, considering from their small representation. Despite of scant representation, 

many species of fern probably formed the understory of the Chausuyama forest. 

The ratio of the entire-margined broad-leaved species to the total broad-leaved species is 

9/25 that makes up 36.0 percent. 
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Table 

Al四ussp. cf. A. japonica 
Phragmites? sp. 
C加わstrobuseuropaeus 
Bambusites sp. 
"Ficus”がliaefolia
Acer tricuspidatum 
Ligustrum? sp. 
Sequoia aj万四is
Ta:xodium dubium 
Abiesρァ・otofirma
Acer sp 
Tsuga miosieboldia悶a
Woodwardia sp 
Carex spp 
Lonicera sp. 
Pseudotsuga tanaii 
Rhododeηdron hokze月se
Cinnamo間umsp. cf. C.ιamphora 
Cor目opterissp 
Dz》laziumsp. 

Species 
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Distribution of the Allied Living Species 

Table 37 shows the most allied living species of the Chausuyama species and their 

distribution in East Asia. 

37. Distribution of the Allied Living Species 

Most allied living species 1 

C. camphora Sieb. 

F. fauriei Nakai 
F.ρumila Linn. 
G.ρensilis K. Koch 
W. orientalis Swartz. 

C. fiuvialis (Hayata) Tagawa 
Lなustrum.sp. 
1てdistichumRich. 
S. tsumu Hemsl. 
R. kaemρiferi Planch. 
S. semρervirens Endl. 
W fioribund，α（Willd.) DC. 
Z. serrata Makino 
A. firma Sieb. et Zucc. 

A. palmatUJ仰 Thunb.

A.ρiycnanthum K. Koch 
]. ailanthijolia Carr. 

P. jaρonica Shirasawa 
T sieboldii Carr. 

A. mono Maxim. 

A. jczρonica Steud. 
P. sieboldii Miq. 
S. iηtegra Thunb. 

丘coreana(Lev.) Ohwi 
D. squam忽erum(Mettenius) 
Matsum. 

St;raxρrotoobassia S. obassia Sieb. et Zucc. 

Thuja nipρonica T. standishii Carr. 
Vi tisηau manηii V. coigηetiae Pulliat 

1) Subtropical forest zone 2) Lower warm temperate forest zone 3) Upper warm temperate forest zone 
4) Lower cool temperate forest zone 5) Upper cool temperate forest zone 6) Subalpine forest zone 7) Alpine forest zone 
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Table 

Fossil species 

Cinnαmomum sp. cf. C. cαmphora 
Faga：γa sp. 

Ficus sp. 

GlJ¥争tost：γob：略 euro，抑即時

Woodwardia sp. 
Coγγzo争犯γissp. 

Ligustrum? sp. 

Taxodium dubium 

Sassαfγ出切．
Rhodode汎dγon》iokiense

Sequoia a餌mis
Wisteri，αfallax 
Zelkova u：η：geri 

Abies伊otofiγ悦α
Ace：γγzoγdenskioeldii 

Aceγ tricuspidatum 

jug laγZS jα争oγzica

Pseudotsz郡 tanaii
Tsuga机：iosieboldiana
Acerγotwγzdatu：γn 

Alnus sp. cf. A. j，ゆonicα
Po抑l凶 hokiensis
Sαlix sp. cf. S. integγα 
Syγnplocos叩 .cf. s. coγE側 α
Di：争lazium 理・

＊ 
＊
＊
＊
 

＊ 

＊ 

十
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The total number of species in each forest zone and the percentages for the cumulative 
number of species in all zones are shown as follows : 

Chausuyama flora 

Sum 
73.0 
99.9 

5 

12.0 
16.4 

4 

19.5 
26.7 

3 

23.0 
31.5 

2 

12.5 
17.l 

1
－AM
8

 

「、υ
F
h
u

Forest Zone 
No. of Species 
Percentage 

The cumulative numbers of the species of the Chausuyama flora is the largest in the upper 
warm temperate forest zone (zone 3), with 23 species taking up 31.5 percent of the total of all 
zones. Next come the lower cool temperate forest zone (zone 4), and the lower warm 

temperate forest zone (zone 2). The living species most allied to the Chausuyama species of 

the cool temperate families range well to the warmer zones except some species. All the 
living species most similar to the fossil ferns are now growing in the warm temperate to 

subtropical regions. 

Inferring from the distribution of the allied living plants, the Chausuyama flora bears a 
close resemblance to the existing forest of the upper warm temperate zone in East Asia. 

Assumed Habitat 
Table 38 shows assumed habitats of the Chausuyama plants. The four species of the 
swamp community seem to have inhabited in the lake-shore, and also on stream sides in the 
region. The abundance of Alnus cf. jaρonica (47.0%) indicates that dense stands of alder lined 
the lake and stream margin swamps, along with Phragmites (6.0%) and Glyptostrobus (6.0%). 
On moist tracks such as valley bottom and stream border, Acer tricus戸idatumand “'Ficus" 

tilia々foliawere probably common along with Woodwardzム Cornaρteris and other fems. 
Bambusites (5.3%) is considered to be a predominant member in a well-drained, moist, valley 

sites along with Sequoia a/finis. The lower slope forest was composed of deciduous hard-

woods, and was mixed with evergreen broad-leaved trees. Some conifers represented by 
detached leaves such as Abies, Pseudotsuga, Thuja and Tsuga, probably found their most 

luxuriant growth in the mountain slope forest. 

38. Assumed Habitat of the Chausuyama Species. 
1 2 3 4 Species 

Syri抗争locoscf. coγeana 
Wisteγia fallax 
Cinnamomum cf. camむhoγα
Deutzia sp. 
Fαgαγαsp. 
Ficus sp. 
Halesiaミ；p.
Lon iceγαsp. 
Mαgγzohαsp. 
Rhamnus sp. 
Rhc】dodendroγLhokiense 
5田safr，邸時・
Styγα工会γotoobαssi,α
Abies protofi：γmα 
Pseudotsuga tanaii 
Thuj.αγzip，台。γzicα
Tsug,αγniosie bo ldian 

4 . Mountain Slope 
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Species 
Alnus cf. ja抑制ca
Glyptostγobus euγo争αeus
Phragmites? sp. 
Taxodium dubium 
Aceγtγ"icus.がdatum
Bαmbusites sp. 
Coγηopteγis sp. 
Diが田iumsp. 
"Ficus”tiliaefohα 
jug la：ηs jα争0γzicα
Sαlix cf. integγα 
Woodwαγdia sp. 
Zelkovαungeγi 
Aceγγzoγde：ηskioeldii 
Lonicera sp. 
Po，仰lushokiensis 
Sequoia a品γzis

3 : Lower Slope 2: Riparian or Valley 1 . Aquatic or Marsh 
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Summary 
The Chausuyama flora of 39 species in 26 families and 35 genera occurs in a fine acidic tu旺
bed at the base of the Komiji Member of so-called Ogawa Formation in the Chaysuyama area 

south of Nagano City in Nagano Prefecture. The formation in this area is made up largely 
of coarse quartzose sandstone that was probably derived from the unconformably underlaid 
Susobana tuff Member. The formations in this area are generally of brackish origin, but are 

complex with a wide variety of sedimentary facies and grades westward into thick mudstones 

of marine origin. 
The Chausuyama flora is characterized by abundant occurrence of water-loving plants and 
by having many warm-temperate plants such as Woodwardia, Cornaρteris, Tiαχodium, Sequoia 
and Cinnamomum. The coastal plain was covered mainly by mesic plants, and the hills and 

lower slope were covered by conifers with evergreen and deciduous broad-leaved trees, lacking 

the beech which was predominant in the Sashikiri flora. The ratio of the entire-margined 
broad-leaved trees is 36.0 percent. This自oraimplies a period when the growth of plants of the 

warm-temperate zone such as evergreen Lauraceae and Woodwardia was possible to live and 

the evergreen broad leaved forest expanded its domain. Hill to lower slope areas seem to 

have been covered by evergreen-mixed conifer forest. 

The Ohoka Flora 

The Ohoka Flora is composed of 27 families, 34 genera and 37 species, of which 26 species 
were collected from the Kabauchi locality by the author. The Kabauchi locality is in an 

outcrop along the road about 400 m northwest of Kabauchi, Ohoka-mura. It is 8 km northwest 
of Hijirikogen Station of the JR Shinonoi Line. The plant-bearing rocks consist of alternation 
of conglomerate, sandstone and siltstone, and correspond to the Takahagi Formation of Saito 
(1962) or the upper part of the Komiji Member of Kato (1980) or the lower part of the N agaiwa 

Member of Kimura and Hayashi (1988). Plant fossils are obtained from a thin lenticular 

siltstone bed within the alternation. The following species were collected from this locality: 

Taxodium dubium (Sternb.) Heer 
Cercidψhyllum crenatum (Unger) Brown 
Celtis sp. 
Pterocarya asymmetrosa Kon'no ex Tanai 
Alnus sp. cf. A. japonica Steud目
Carp問問 sp
2ぺ'iliasp. 
“'Ficus”cf. tiliaefolia Heer 
Salixρarasac加linensisTanai et Suzuki 
Salix sp. 
Sシmρlocossp. 
Deutzia sp. 
Rosa usyueηsis Huzioka? 
Cladrastis aniensis Huzioka 
Sophora? sp. 
Daρhηe? sp. 
!lex sp. 
Staphylea sp. 
Acer sp. 
Fagara sp. 
Callicarpa sp. 
Berchemia sp. 
Ehretia? sp. 
Ligustrum? sp. 
5砂ringa?sp. 
Bambusites sp. 

1
1
1
1
5
1
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1
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Localities of the Ohoka flora in Ohoka-mura, Nagano Prefecture, and columnar 
section from Kabauchi to Onazori. 

Fig_ 14. 
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Sixteen species were cited or figured by Kon'no (1931) from Negoshi, Kabauchi, Takahagi 
and Ohtsuki localities, all of which are situated west of Mt. Hijiriyama. Kon’no (1931) 

considered that the plants from these localities are the members of the Omi flora; the first three 
localities were considered to belong to the lower Kangawa-Yamazaki ftorule and the last one 
was to the upper Bodaira ftorule. All these localities reported by Kon’no are precisely 

unknown, but a recent stratigraphic studies (Kimura and Hayashi, 1988) revealed that the areas 
including these localities are occupied by the Komiji or N agaiwa Members of the Ohoka 

Formation. 
The plants reported by Kon'no are listed as follows : 

Bambusites yadakeides Kon'no (MS) 
Dolichites kのamaeKon'no (MS) 
Ficus cf. faveolata Wall. 
Lindera subtriloba Kon’no (MS) 
Phragmites? sp. 
Salαsp. 
Pterocaりaas; mmetrosa Kon’no ex Tanai 
Wisteria fall(]J(i (N athorst) 
Acer cf. rotundatum Huzioka 
Fagus cf. ρliocenica Sap. 
Liquidambarρrotopalmata (Suzuki) Uemura 
Fagara natsumei Kon’no (MS) 
Gleditsia sp. 
!lex subcorηuta Huzioka et Uemura 
Acer nordenskioeldii N athorst 
Poρulus cf. balsamoides Goepp. 
K: Kabauchi N: Negoshi 0: Ohtsuki T: Takahagi 
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N
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Systematic representation 

Except for 1 conifers and 2 monocotyledons, all the plants are dicotyledons. The 

Salicaceae and the Fabaceae have 3 species each, and the Betulaceae, Aquifoliaceae and 
Oleaceae have 2 species each. The remaining families are represented by only one species. 

The Cercidiphyllaceae, Ulmaceae, Juglandaceae, Betulaceae, Tiliaceae, Saxifragaceae, 
Salicaceae, Rosaceae, Aquifoliaceae and Aceraceae are typically temperate. The Lauraceae, 

Hamamelidaceae, Fabaceae, Rutaceae, and Boraginaceae are distributed generally warm 
temperate or tropical regions. Thus, the Ohoka flora is composed mainly by the cool temper-

ate families with some warm temperate to tropical families. A single species of conifer was 
deciduous. Three evergreen broad-leaved vine and small tree or shrubs, Ficus cf. faveolata, 
flex subcornuta and Ligustrum? sp. are found. 

Of 26 species I collected from the Kabauchi locality，“'Ficus" cf. tilia々folia,Bambusites, 
Cladrastics and Alnus are abundant in the number of specimens. It seems that these plants, 

together with the other many water-loving plants such as T似 odium, Cercidiphyllum and 

Pterocarya, lived near or in the depositional sites and accumulated in the well-drained, moist 
sites such as back swamp. 

The proportion of the evergreen broad-leaved species to the total broad-leaved species is 
3/34 that makes up 8.8 percent, and that of the entire-margined species is 10/34 and 29.4 
percent. 

Assumed Habit and Leaf Characters 

The probable habit of the members of the Ohoka自ora,judging from their most similar 

living species, is indicated in Table 40, with 20 trees (58.8%), 10 small trees or shrubs (29.4%) 

and 3 vines (8.8%). Only a single herb has been found. The Ohoka flora was slightly 
arboreal ; the ratio of shrubs to trees is higher than those of the Sashikiri臼ora.



Taxodiaceae 

Lauraceae 

Cercidiphyllaceae 

Hamamelidaceae 
Ulmaceae 

Moraceae 
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Fagaceae 
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Rosaceae 
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Capriofoliaceae 
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Ohoka flora 

Table 39. Systematic List of Families and Species 

Tαxodium dubium (Sternb.) Heer 
Lindera "subtriloba" Kon’no 
Cercidiphyllum crenatum (Unger) Brown 
Liquidambarρrotopalmata (Suzuki) Uemura 
Celtis sp. 
Ficus sp. cf. F. faveolata Wall. 
Pterocarya asymmetrosa Kon’no ex Tanai 
f昭 ！ansjaponica Tanai 
Fagus palaeo；砂onicaTanai & Onoe 
Alnus sp. cf. A. jaρonica Steud. 
Carp仇凶 sp.
Tilia sp. 
"Ficus" cf. tilia昭foliaHeer 
Populus cf. P. balsamoides Goepp. 
Salixρarasachalinensis Tanai et N. Suzuki 
Salix sp. 
Symρlocos sp. 
Deutzia sp. 
Rosa usyuensis Tanai 
Cladrastis aniensis Huzioka 
Gleditsia sp. 
Wiste付。falliαx(Nathorst) Tanai & Onoe 
Soρhara? sp. 
Daphne? sp. 
!lex subcornuta Huzioka et Uemura 
!lex sp. 
Berchemia sp. 
S仰 hylea?sp. 
Acer nordenskioeldii N athorst 
Acer cf. A. rotundatum Huzioka 
Fagara sp. 
Callicarpα？ sp. 
Ehretia sp. 
Ligustrum? sp. 
Syriηga? sp. 
Weigela intermedia Kon'no 
Bambusites sp. 
Ph叫:gmites?sp. 

Table 40. Assumed Habit and Leaf Characters of the Ohoka Plants 

Species Growth Leaf Species Growth Leaf 
Habit Characters Habit Characters 

Taxodium dubium Tre巴 DC Staphylea? sp Tree Ds 
Acer norde河skioeldid Tre巴 Ds Tilia sp. Tree Ds 
Acer cf. γotundatum Tree Ds Callicaゆdsp ST or Shrub Ds 
Al汎uscf. japo冗ica Tree Ds Daphne? sp. ST or Shrub De 
Carpinus sp. Tree Ds Deutzia sp. ST or Shrub Ds 
Celtis sp. Tree Ds flex subco問 uta ST or Shrub Es 
Cercid桝zyllumcγen a tum Tree Ds Ligustrum? sp ST or Shrub E巴
Cladγ俗 tisaniensis Tree De Salix pa：γasachalinensis ST or Shrub Ds 
Ehγetia sp. Tre巴 Ds Salix sp. ST or Shrub Ds 
Fagara sp. Tree Ds SymJうlocossp. ST or Shrub De 
Fag叫5抑la邑ojaponica Tree Ds Sy円’珂：ga?sp ST or Shrub De 
Gleditsia sp Tree Ds Weigela intermedia ST or Shrub Ds 
flex sp. Tree Ds Beγchemia sp. Vine De 
fuglans japo抗ica Tree Ds Ficus cf. faveolat1ョ Vine Ee 
Li抗deγa”sub！γiloba” Tree Ds Rosa叫syue性sis Vine Ds 
Liquidambarρrotopalma似 Tree Ds Wisteria fallax Vine De 
Populus cf. balsamoides Tree Ds Ph rag押iitessp Terrestrial Herb 
Pte1’-ocaη1a asymmetrosa Tree Ds ”のcus”tilia尾folia De 

ST Small Tree D Deciduous E Evergreen C Conifer s Serrate marg川edbroad leaf 
e Entire margined broad-leaf 
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Distribution of the Allied Living Species 

Most allied living species 1 
Table 
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7 

Ehretia sp. 
F. nipponica Fr. et Sav. 
I. cornuta Lindi 
Ligustrum sp. 
L. styracifiua Linn. 
T. distichum Rich. 
F. mantchurica Honda 
Rosa sp. 
S. koriyanagi Kimura 
W floribuηda (Willd.) DC. 
A.ραlmatum Thunb. 
B. racemosa Sieb. et Zucc. 
G. ja抑制caMiq. 
よmacropodaThunb. 
Parabenzoin trilobum 
(Sieb. et Zucc.) Nakai 

Acer rotundatum A. mono Maxim. 
Alnus sp. cf. A. j，ゆonica A. jaρonica Steud. 
Callicarpa sp. C. jaρonica Thunb. 
Staphylea? sp. S. bumbalda DC. 
争mρlocossp. S. coreana (Lev.) Ohwi 
Carp抑制 sp. C. laxiflora Blume 
Salix pαrasachaliηeηsis S. sachaliηsis Fr. Schm. 
Fagus palaeoj.ゆoηica F. JゆonicaThunb. 
Celtis sp. C. jessoensis Koidz. 
Cercidz》hyllumcrenatum C. jaρoηicum Sieb. et Zucc. 
Cladrastis aniensis C.ρlatycarpα（Maxim.) Makino 
Poρulus balsarnoides P. balsam俳mLinn. 
PterocaηαGりmmetrosa P. rhoifolia Sieb. et Zucc. 
砂riηga?sp. S. reticulata (Blume) Hara 
Weigela sp. W sanguinea (Nakai) Nakai 
Tilia sp. T. j，ゅonicaSimonkai 
1 : Subtropical forest zone 2 : Lower warm t巴mperateforest zone 3 : Upper warm temperate forest zone 
4 : Lower cool temperate forest zone 5 : Upper cool temperate fo1 est zone 6・Subalpineforest zone 7 Alpine forest zone 

Distribution of the Allied Living Species 

Table 41 shows most allied living species of the Ohoka species and their distribution in 

East Asia and North America. The following table indicates the total number of species in 

each forest zose (+symbol stands for 0.5) and the percentages for the cumulative number of 
species in all zones. 
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41. 

Fossil species 
Ehγeti,αsp. 
Ficus cf. faveolata 
!lex subcoγ汎ut.α
Ligustγurn.? sp. 
Liquidambar protopalmata 
T邸 odiumdubium 
Fag，αγasp. 
Rosαuりもtensis
Sahχsp. 
Wisteria fallax 
Aceγγzordeγzslzioeldii 
Beγchemi，αsp. 
Gleditsia sp. 
!lex sp・
Lindeτα subtγilobα 
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Sum 

75.5 
99.9 

5 

18.0 
23.8 

4 

24.5 

32.5 

3 

21.0 
27.8 

2 

10.0 
13.2 

1 

2.0 

2.6 

Zone 

No. of Species 
Percentage 

The cumulative number of species is largest in the lower cool temperate forest zone (zone 

4) with 24.5 species, taking up 32.5% of the total. Next come the upper warm temperate forest 

zone (zone 3) with 21 species and 27.8% and the upper cool temperate forest zone (zose 5) with 

18 species and 23.8%. The distribution of the most allied living species of the fossils indicates 
that the Ohoka日orais closely similar to the forests of lower cool temperate zone. 
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Assumed Habitat of the Ohoka Species 
3 4 Species 

Carpinus sp. 
Fagara sp. 
Populus balsamoides 
Rosa us:yuensis 
Staρhylea? sp. 
Symplocos sp. 
Weigela inteγmedia 
Daρhne? sp. 
Deutzia sp. 
Ehretia sp. 
Fagusρalaeojaρonica 
!lex sp. 
"Lindera”subtriloba 
Soρhara? sp. 
Celtis sp. 
Ligustrum sp. 
Syringa? sp. 
4 : Mountain Slope 
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Species 
Alnus cf. japonicα 
Taxodium dubium 
A臼 γ rotu；札datum
Be：γchemia sp. 
Ceγcidip均llumcγmαtum 
Cladrastis ani開 sis
!lex subcor汎uta
]uglm汎sjai争onica
Liq悦：idambarpγotopal：慨ata
Pteγocαηα 出:ymmetγosa
Salix par，αsac ha line：ηsis 
Sαlix sp. 
Tihαsp. 
Wisteria fal1ぬお
"Ficus" tiliaefolia 
Beγcheγnia sp. 
Callicaゆ成功司

1 : Aquatic or Swamp 3 : Lower Slope 

Assumed Habitat 
Most of the Ohoka species are included in the members of the riparian or valley and lower 
slope forests as shown in Table 42. These forests are composed mostly of deciduous hard-
woods and vines. Water-loving and sunnier site species, Cladrastics anieηsis, alders，“'Ficus" 
tilz向foliaand other species of this riparian community occupied stream banks in the region; 
most of them mingled with members of the valley forest. Many deciduous broad-leaved trees 
seem to have formed dense deciduous slope forest, on which Fagus stuxbergii was of most 

luxuriant growth. 

2 ・Riparian or Valley 

Summary 
The Ohoka flora composed of 37 species is from the middle horizon of the Ohoka 
Formation distributed in Ohoka-mura along the eastern area of Sai River between Nagano and 
Matsumoto Cities, Nagano Prefecture. The Ohoka Formation unconformalコlyoverlies the 
Susobana tu百 Memberof the Omi (Ogawa) Formation, and unconformably underlies the 
N obusato Formation. The Ohoka Formation is composed mainly of sandstone and siltstone 
with intercalations of conglomerate, tu百，tuffbreccia and lignite. The depositional sites of the 

Ohoka plants were a coastal plain along the northwestern margin of hills with volcanoes. 
The Ohoka flora is composed of mainly broad-leaved deciduous species, lacking nearly in 
the evergreens. It consists of two communities : wet plain to valley and rather dry slope 
secondary communities. The Ohoka flora may represent a deteriorated climate in comparison 
with the Chausuyama flora of the preceding time, and the cool-temperate forests probably 

spread to the lowland. 




