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Abstract

Plant mega-fossils collected from the Miocene Asakawa Formation at Inuboe Pass, Yamagata
Town, Ibaraki Prefecture consist of 77 species belonging to 2 conifers, 74 dicots and a monocot.
From the floral composition, they are correlated with the Daijima-type floras occurred widely from
the late Early to early Middle Miocene in Japan. The flora indicates warm temperate vegetation of
humid low slopes in the coastal lowlands. Though they are included in the Daijima-type floras, the
composition is different from other known floras to some extent.

Key words: plant mega-fossils, late Early to early Middle Miocene, Daijima-type flora, Kanto

District.

Introduction

Plant mega-fossils from the late Early to early
Middle Miocene Asakawa Formation were collected
at Inuboe Pass, Yamagata Town, Ibaraki Prefecture,
Kanto District (Fig. 1).

Studies of late Early to early Middle Miocene
floras in Japan have been reported by many
authors from Hokkaido in the northeast to Nagasaki
Prefecture, Kyushu in the southwest. The floras
are characterized by warm temperate elements and
are called the Daijima-type floras. The characteristic
components of the Daijima-type floras are coexistence
of Comptonia naumanii and Liquidambar miosinica
associated with rich evergreen elements such as
genera and species of Lauraceae, Quercus
(Cyclobalanopsis) and others (Huzioka and Uemura,
1979).

In the Kanto District, studies of late Early
to early Middle Miocene floras have been reported
by Oyama (1960), Tanai (1961) and Horiuchi

(1996) but they are still small in number. Horiuchi
(1996), who discussed on plant fossils from the
Daigo area in Ibaraki Prefecture, concluded that
the “Daigo Flora” (Takahashi, 1984) in this area
can be divided into the lower Kitatake Florule
and the upper Asakawa Florule based on the
floristic composition and assumed environments.
Though both florules include Comptonia naumanii
and Liquidambar miosinica, the typical components
of the Daijima-type floras, the Kitatake Florule
includes many deciduous elements while the
Asakawa Florule includes rich evergreen elements
and indicates higher temperature compared to the
Kitatake Florule.

Oyama (1960) reported on some plant fossils
from the Kitatake Formation at Kamikanazawa,
Ibaraki Prefecture, without descriptions, and called
the flora as Kanazawa Flora. Tanai (1961) reported
13 plant fossil species from the Asakawa Formation
and called them the Asakawa flora. In this study,
plant fossils from the Asakawa Formation will
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be called the Asakawa Flora after Tanai (1961).
Horiuchi (1996) reported 21 plant mega-fossils
species belonging to 19 genera of 14 families in
the Asakawa Flora (originally Asakawa Florule).
In this study, over 50 additional species are
described from the Asakawa Formation based on
specimens collected from a new road cut exposure
at Inuboe Pass, Yamagata Town, Ibaraki Prefecture.
Most specimens described here were collected
and offered for study by Mr. Toshio Hosogai of
Hitachi City.

Geological setting

Plant mega-fossils discussed herein were
collected at Inuboe Pass, Yamagata Town, Ibaraki
Prefecture (Fig. 1). The locality is geologically
situated in the western side of the Tanakura
Sheared zone. Omori (1958), Otsuki (1975) and
others studied the geology of this area. According
to them, the Tertiary rocks are divided into the
Kitatake Formation, Osawaguchi Tuff Member,

Asakawa Formation, Yuridani Formation and
Kazekinokusa Formation, in ascending order.

Based on fission track studies, Amano (1989)
dated the Osawaguchi Tuff Member, conformably
underlying the Asakawa Formation, to be 16.7 ma,
indicating late Early Miocene in age. From the
upper part of the Asakawa Formation, Noda
(1973) and Otsuki (1975) reported Vicarya callosa
japonica and Anadara (Hataiarca) kakehataensis,
which are important elements of late Early Miocene
to early Middle Miocene Kadonosawa Fauna.
Miogypsina kotoi and Operculina complanata
japonica have also been reported from the upper
part of the Asakawa Formation. These foraminifers
indicate the upper part of zone N. 8 to the lower
part of zone N. 9 of Blow (1969).

From the evidence described above, the
Asakawa Formation is considered to be late
Early Miocene to early Middle Miocene in age.

All the specimens described here are kept in
Ibaraki Nature Museum, Iwai City, Ibaraki Prefecture.
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Composition of the flora

The Asakawa Flora consists of 77 species
belonging to 50 genera and 26 families and
additional uncertain families. They are composed
of 2 conifers and 75 angiosperms (Table 1).
Pteridophytes have not been recognized so far.

Among the 75 angiosperm species, the
largest family is Fabaceae with 8 species in 6
genera, followed by Lauraceae with 6 species in
4 genera, Aceraceac with 6 species in 1 genus.
In the 8 Fabaceous species, 2 pods may belong
to some of the leaf species. Among the species
listed in Table 1, leaves of Sapindus, Paliurus,
Quercus and Plafkeria are dominant in number.

The composition of the Asakawa Flora is
characterized as follows: 1) co-existence of Comptonia
naumanii and Liquidambar miosinica; 2) dominant
occurrence of species and genera which their
living now found
temperate to subtropical regions of Japan and
southeast Asia; 3) many species that has not
been previously reported from the Daijima-type
floras are included; 4) a very small number of
cool temperate elements are included; and 5)
lack of Fagus and Zelkova species.

equivalents are in  warm

The co-existence of Comptonia naumanii
and Liquidambar miosinica shows that this flora
can be correlated to the Daijima-type flora
(Huzioka and Uemura, 1979) that widely occurred
from the late Early Miocene to early Middle
Miocene in Japan. The occurrence of warm
temperate and subtropical elements in the flora
supports this view.

Table 2 shows the assumed living equivalents
of the Asakawa species and Table 3 shows the
present day distribution of the living equivalents.
Fig. 2 graphically shows the present day distribution
of living equivalents. Among the 45 species
whose living equivalents could be assumed, over
50 percent of the species are now growing in
southwest Honshu, and nearly 50 percent of the
species are now growing in Kyushu and South
China. Many of these species extend their present
distribution to warm temperate to subtropical regions
of Southeast Asia. Among the warm temperate
to subtropical components, species of Lauraceae
with 6 species in 4 genera are most diversified.
Three lauraceous species, Cinnamomum miocenum,
Machilus ugoana, and Neolitsea japonica, are

considered to be evergreen species. In many
areas, vegetation with rich evergreen lauraceous
species and genera are accompanied with evergreen
Quercus (Cyclobalanopsis), but in this flora,
evergreen Quercus (Cyclobalanopsis) has not been
found.

The exotic genera are Cunninghamia, Metase-
quoia, Liquidambar, Parrotia (Shaniodendron) and
Comptonia.

Species whose living equivalents now extend
their distribution to cool temperate areas are
extremely small in number. Most of those species
are also found in warm temperate areas. Acer
miyabei (Acer protomiyabei) is the only species
now growing mainly in cool temperate areas.

Species of Fagus are the popular elements
among the Miocene floras in Japan. However,
the record of the genus is frequently missing
from the Daijima-type floras that deposited in
the coastal lowlands. Fagus is missing from the
Asakawa Flora. From this evidence and that the
Asakawa Formation was deposited from terrestrial
environment in the lower part to marine environment
in the upper, the Asakawa Flora is considered to
have deposited in the coastal lowland. As shown
in Horiuchi (1996), Fagus did not extend its
distribution in late Miocene Yagii Flora in the
Kanto District.

Zelkova ungeri is another element found in
many Miocene floras in Japan. However, Zelkova
ungeri has so far not been found in the Asakawa
Flora collected at Inuboe Pass.

Of the 73 angiosperm leaf species, 7 are
considered to be climbing vines. This is a somewhat
large number compared to many of the Daijima-type
floras.

Physical conditions

Among 72 angiosperm leaf species, 11 species
are assumed to be evergreen and 51 species are
assumed to be deciduous. The growth habits of
other ten species are unknown. These facts indicate
that the Asakawa Flora represents Mixed Broad-
leaved Evergreen and Deciduous forest of Wolfe
(1979).

Many of the living equivalents now grow in
humid valley of low slope and some species
grow along rivers or near lakes. Judging from
the composition and growth habits of living
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Table 1. Systematic list of plants mega-fossils from the Asakawa Formation at Inuboe Pass.

Class Coniferopsida
Order Pinales
Family Taxodiaceae
Cunninghamia protokonishii Tanai et Onoe
Metasequoia occidentalis (Newberry) Chaney
Class Magnoliopsida
Order Laurales
Family Lauraceae
Cinnamomum miocenum Morita
Lindera gaudini (Nathorst) Tanai
L. paraobtusiloba Hu et Chaney
L. sp.
Machilus ugoana Huzioka
Neolitsea japonica Tanai
Order Hamamelidales
Family Hamamelidaceae
Corylopsis sp.
Liquidambar miosinica Hu et Chaney
Parrotia pristina (Ettingshausen) Stur
Order Urticales
Family Moraceae
Ficus sp.
Family Ulmaceae
Ulmus appendiculata Heer
Ulmus pseudolongifolia Oishi et Huzioka
Ulmus subparvifolia Nathorst
Order Juglandales
Family Juglandaceae
Juglans sp.
Platycarya miocenica Hu et Chaney
Pterocarya japonica (Tanai) Uemura
Order Myricales
Family Myricaceae
Comptonia naumanii (Nathorst) Huzioka
Order Fagales
Family Fagaceae
Castanea miomollisima Hu et Chaney
Quercus miovariabilis Hu et Chaney
Quercus protoaliena Ozaki
Quercus sp.
Family Betulaceae
Alnus subfirma Tanai et Suzuki
Carpinus miocenica Tanai
Order, Theales
Family Theaceae
Camellia sp.
Order Malvales
Family Tiliaceae
Plafkeria cf. basiobliqua (Oishi et Huzioka) Tanai
Order Salicales
Family Salicaceae
Populus balsamoides Goeppert
Salix ibarakiensis Horiuchi et Takimoto sp. nov.
Salix sp. A
Salix sp. B
Order
Family Ericaceae
Enkianthus sp.
Rhododendron sp.
Tripetaleia cf. almquisti Nathorst
Order Ebenales
Family Ebenaceae
Diospyros sublotus (Tanai) Horiuchi et Takimoto
Family Styracaceae
Pterostyrax sp.

Order Rosales
Family Rosaceae
Photinia mioserrulata Horiuchi et Takimoto sp. nov.
Rosa usyuensis Tanai
R. sp. A
R. sp. B
Pyrus sp.
Order Fabales
Family Caesalpiniaceae
Caesalpinia hosogaii Horiuchi et Takimoto sp. nov.
Family Fabaceae
Cladrastis sp.
Maakia sp.
Podogonium knorrii Al. Braun
Wisteria fallax (Nathorst) Tanai et Onoe
Leguminosites sp. A
Leguminosites sp. B
Leguminocarpum sp. A
Leguminocarpum sp. B
Order Myrtales
Family Myrtaceae
Syzygium sp.
Order Cornales
Family Cornaceae
Cornus megaphylla Hu et Chaney
Cornus sp.
Order Celastrales
Family Celastraceae
Celastrus paraorbiculatus Horiuchi et Takimoto sp. nov.
Order
Family Caprifoliaceae
Ilex sp.
Order Euphorbiales
Family Euphorbiaceae
Mallotus sp.
Order
Family Rhamnaceae
Berchemia miofloribunda Hu et Chaney
Berchemia sp.
Paliurus protonipponica K. Suzuki
Order Sapindales
Family Sapindaceae
Acer ezoanaum Oishi et Huzioka
Acer nordenskioeldii Nathorst
Acer protomiyabei Endo
Acer subnikoense Tanai et Ozaki
Acer tricuspidatum Bronn
Acer yamanae Tanai et Ozaki
Acer sp. A
Acer sp. B
Sapindus tanaii Onoe
Order and Family inserti sedis
Dicotylophyllum sp.
Dicotylophyllum sp.
Dicotylophyllum sp.
Dicotylophyllum sp.
Dicotylophyllum sp.
Dicotylophyllum sp.
Dicotylophyllum sp.
Dicotylophyllum sp.
Class Liliopsida
Order Liliales
Family Liliaceae
Smilax trinervis Morita

ToOTmmgQw e




Table 2. The nearest living equivalents of plants.

Fossil species

Living equivalents

Cunninghamia protokonishii

Metasequoia occidentalis
Cinnamomum miocenum
Lindera gaudini

L. paraobtusiloba
Machilus ugoana
Neolitsea japonica
Liquidambar miosinica
Parrotia pristina

Ulmus appendiculata
U. pseudolongifolia

U. subparvifolia

Ficus sp.

Juglans sp.

Platycarya miocenica
Pterocarya japonica
Comptonia naumanii
Castanea miomollisima
Quercus miovariabilis
Q. protoaliena

Alnus subfirma
Carpinus mioicenica
Salix sp. A

Populus balsamoides
Diospyros sublotus
Photia mioserrulata
Rosa usyuensis

Pyrus sp.

Caesalpinia hosogaii
Cladrastis sp.

Maakia sp.

Wisteria fallax

Cornus megaphylla
Celastrus paraorbiculata
Berchemia miofloribunda
B. sp.

Paliurus protonipponica
Acer protomiyabei

A. nordenskioeldii

A. subnikoense

A. tricuspidata

A. yamnae

Sapindus tanii

Smilax trinervis

C. konishii
M. glyptostroboides
C. camphora
L. glauca

L. obtusifolia
M. japonica
N. sericea
Liquidambar formosana
P. subaequalis
U. davidiana
U. lanceofolia
U. parvifolia
F. japonica

J. ailanthifolia
P. strobilacea
P. stenoptera
C. peregrina
C. mollisima
Q. variabilis
Q. aliena

A. firma

C. latifolia

S. babylonica
P. canadicans
D. lotus

P serrulata
R. taiwanensis
P. calleryana
C. japonica
C. platycarpa
M. tashiroi
W. floribunda
C. brachypoda
C. orbiculata
floribunda

berchemiaefolia

&

nipponica
miyabei
palmatum
nikoense
rubrum
nigrum

mukrossi

NN NN R

china

equivalents, the flora is considered to represent a
mixture of low slope valley and riverside vegetation
under humid condition of near the coastal lowland.

Among the 72 dicot leaf species, 30 species,
43 % have entirely margined leaves. Based on the
study of Wolfe (1979), mean annual temperature
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is estimated as 14.4 °C. Table 4 shows the frequency
of entirely margined species among the Daijima-
type floras in Japan. As is clear from the table,
this percentage of entirely margined species is
higher than those of the Daijima-type floras in
northeast Japan, but close to many of the known
Daijima-type floras in central and southwest Japan.

From the estimated mean annual temperature,
the occurrence of three forest types, Microphyllous
Broad-leaved Evergreen Forest, Notophyllous Broad-
leaved Evergreen Forest and Mixed Broad-leaved
Evergreen and Deciduous Forest can be expected.
Asakawa Flora at Inuboe Pass includes dominant
deciduous species with mixture of evergreen species.
This floral composition indicates that the flora
corresponds to Mixed Broad-leaved Evergreen
and Deciduous Forest. It is indicated by Wolfe
(1979) that the Mixed Broad-leaved Evergreen
and Deciduous Forest now grow in areas with
wide mean annual range of temperature (27 °C to
32.5°C) and the cold month mean temperature
between — 2 °C and 1 °C.

Comparison with other Daijima-type floras
in Japan

The Daijima-type floras are known from
Hokkaido to Kyushu in Japan. As discussed by
Tanai (1991), the composition and assumed physical
condition differ between the floras according to
their latitudinal distribution. Huzioka and Takahashi
(1973) mentioned that the composition of the
Daijima-type floras in southwest Japan is different
between inland mountainous and lowland coastal
depositional conditions.

Composition of the Asakawa Flora was
compared to 7 major Daijima-type floras distributed
from relatively high latitudes in Hokkaido to
relatively low latitudes in southwest Honshu.

Takinoue Flora is known to be one of the
Daijima-type floras in Hokkaido. The flora consists
of 27 species belonging to 12 families and some
uncertain affinities (Tanai and Uemura, 1988).
Only three species were common between the
Takinoue Flora and the Asakawa Flora from
Inuboe Pass. In the Takinoue Flora, most of the
angiosperm species are those now growing in the
temperate to cool temperate areas.

Fujikura Flora is known as the Daijima-type
flora of northern end of Honshu. The flora
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Table 3. Distribution of living equivalents in Japan.

Fossil species S-China C-China Taiwan Kyushu SW-Honshu C-Honshu NE-Honshu Hokkaido N-China N-America
Cunninghamia protokonishii C. konishii X
b occi i M. glyp X
Cinnamomum miocenum C. camphora X X X X
Lindera gaudini L. glauca X X
L. paraobtusiloba L. obtusifolia X X X X
Machilus ugoana M. japonica X X
Neolitsea japonica N. sericea X X X X X
Li Li . X
Parrotia pristina P. subaequalis (X)
U. appendiculata U. davidiana X X X X X X
U. pseudolongifolia U. lanceofolia X
U. subparvifolia U. parvifolia X X X X
Ficus sp. F. japonica X X X X X
Juglans japonica J. ailanthifolia X X X X X
Platycarya miocenica P. stenoptera X X X X X
Pterocarya sp. P. strobilacea X
Comptonia naumanii C. peregrina X
Castanea lisiy C. Iisi X X
Quercus miovariabilis Q. variabilis X X X X X
Q. protoaliena Q. aliena X X X X X X X
Alnus subfirma A. firma X X X
Carpinus miocenica C. latifolia X X X X X
Salix sp. A S. babylonica X X
Poplus balsamoides P. canadicans X
Diospyros sublotus D. lotus X
Photinia sp. P. serrulata X X X
Rosa usyuensis R. taiwanensis X X
Pyrus sp. P calleryana X X
Caesalpinia hosogaii C. japonica X X X X
Cladrastis sp. C. platycarpa
Maakia sp. M. tashiroi X X
Wisteria fallax W. floribunda X X X X
Cornus cf. megaphylla C. brachypoda X X X X X X
Celastrus aorbiculata C. ¢ ulata X X X X X X
Berchemia miofloribund B. floribunda X
B. sp. B. berchemiaefolia X
Paliurus protonipponica P. nipponica X
Acer protomiyabei A. miyabei X X
A. nordenskioeldii A. palmatum X X X X X X
A. subnikoense A. nikoense X X X X
A. tricuspidata A. rubrum X
A. yamnae A. nigrum X
Sapindus tanii S. mukrossi X X X X X
Smilax  trinervis Smilax china X X X X X X X X
Total number of species 19 16 13 23 24 18 11 6 1 4

N-America
N-China
Hokkaido
NE-Honshu
C-Honshu
SW-Honshu
Kyushu
Taiwan
C-China
S-China

I
T E YT ENTREIY

I
(T T
T T

[T TR AN 2.3

10

Number of species

15

Fig. 2. Distribution of living equivalents of Asakawa species.
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Table 4. Estimated mean annual temperature of some
Daijima-type floras in Japan.
EMS=Entire Margined Species, MAT=Mean Annual

Temperature.
FLORA EMS MAT (C)

Takinoue (Tanai and Uemura, 1988) 22 % 8.3
Fujikura (Tanai and Uemura, 1988) 28 % 10
Utto (Huzioka, 1963) 40 % 13.5
Oguni (Onoe, 1974) 46 % 15.2
Asakawa (this study) 43 % 14. 4
Noroshi (Ishida, 1970) 44 % 14.7
Hiramaki (Ina, 1981) 30 % 10. 6
Shimonoseki (Huzioka and Takahashi,

33% 11.5
1973)

consists of 34 species belonging to 17 families
(Tanai and Uemura, 1988). Among 34 species, 7
species were common with species from the Inuboe
Pass. In the Fujikura Flora, evergreen species are
more numerous than in the Takinoue Flora of
Hokkaido. Such evergreen species as Cinnamomum
miocenum and Machilus ugoana are common with
the Asakawa Flora. In the Fujikura Flora, evergreen
oaks are frequently encountered. However, evergreen
oaks are not found in the Asakawa Flora at
Inuboe Pass.

Utto Flora is another Daijima-type flora in
northern Honshu and the locality is situated a little
south of the Fujikura Flora (latitude, approximately
40°N). The flora consists of 91 species belonging
to 35 families and is characterized by a mixture
of temperate to warm temperate elements. Among
the Utto species, 10 species are common with
the Asakawa Flora from the Inuboe Pass. Most
of the common species are warm temperate
elements.

Oguni Flora is found at approximately 38°N
latitude. It belongs to the Daijima-type flora and
consists of 58 species belonging to 26 families.
Among the Oguni species, 10 are common with
the Asakawa Flora from the Inuboe Pass. Sapindus
tanaii, Paliurus protonipponicus and Podogonium
knorrii, which are not found in the Daijima-type
floras of high latitudes, are common here.

Noroshi Flora is found from Ishikawa Prefecture
located approximately 37. 5°N. The flora consists
of 84 species belonging to 33 families and some
uncertain affinities. Twelve species are common
between the Noroshi Flora and the Asakawa
Flora. Among the common species, Berchemia

miofloribunda, Rosa usyuensis, Ulmus subparvifolia
and Castanea miomollisima are not known in
higher latitudes.

Hiramaki Flora found in Mizunami at Gifu
Prefecture is located at approximately 35°N.
Hiramaki Flora consists of 104 species belonging
to 44 families (Ina, 1981). Of these 104 species,
18 species are common with the the Asakawa
Flora.

The Shimonoseki Flora is reported in the
southwest end of Honshu (latitude, approximately
34°N). The flora consists of 37 species belonging
to 23 families (Huzioka and Takahashi, 1973).
Among the 37 Shimonoseki species, 6 are common
with the Asakawa Flora. Though the locality of
the Shimonoseki Flora is situated in lower latitude
than other Daijima-type floras discussed above,
the flora indicates a forest close to warm temperate
to temperate vegetation which is considered to
represent mountainous forest of this age (Huzioka
and Takahashi, 1973).

Besides the floras discussed above, Horiuchi
(1996) reported some plant fossils from the same
Asakawa Formation in the Daigo district some
15 to 20 km north of the Inuboe Pass locality.
The composition is closely similar to the species
from the Inuboe Pass. However a single leaf of
Fagus and many Zelkova leaves were reported.
In the area where the Asakawa Formation deposited,
the invasion of ocean took place from the south
extending gradually to the north. The Inuboe
Pass locality is considered to have been closer to
the coast than the localities in the Daigo District.

Discussion and conclusion

The co-existence of Comptonia naumanii
and Liquidambar miosinica, and varied evergreen
species indicates that the Asakawa Flora represents
one of the Daijima-type floras in central Japan.
As shown by Tanai (1961, 1991), the Daijima-
type floras in Japan generally indicate a higher
mean annual temperature than floras of other
Miocene ages. The mean annual temperature tends
to increase southward and a sudden change is
recognized at around 40°N. As shown earlier, the
mean temperature of Asakawa Flora
estimated from ratio of entirely-margined leaves
is ca. 14.4°C. This mean annual temperature
matches well with other Daijima-type floras of

annual
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similar latitudes in Japan.

The composition of the Asakawa Flora is
quite different from those of the Takinoue and
Fujikura Floras of northern Japan. For example,
Betulaceae and Fagaceae of the Asakawa Flora
are not diversified as in the floras of northern
Japan. The estimated mean annual temperature is
much higher than those of the Takinoue Flora
(ca. 8°C) and Fujikura Flora (ca. 10 °C). Though
the Utto Flora indicates higher mean annual
temperature (ca. 14 °C), Betulaceae and Fagaceae
are also diversified in the flora.

Mean annual temperature estimated from the
Noroshi Flora is close to that of the Asakawa
Flora. As shown earlier, 12 species are common
to the two floras, but in the Noroshi Flora,
conifers are much more diversified and evergreen
oaks (Cyclobalanopsis) are frequently found.

Among the major Daijima-type floras in Japan,
Hiramaki Flora shows the largest number (18) of
common species with the Asakawa Flora. Hiramaki
Flora is also similar to the Asakawa Flora in its
lack of Fagus species and existence of only a
small amount of evergreen oaks, which are not
found in the Asakawa Flora. However, the Hiramaki
Flora consists of rich and diversified betulaceous
genera and species. The mean annual temperature
estimated from the flora, ca. 11 °C, is much
cooler than that estimated from the Asakawa
Flora (ca. 14.4 °C).

Judging from the floral composition, the
Asakawa Flora indicates humid low slope vegetation
with a mixture of riparian vegetation. In the
forest, deciduous trees dominated in number but
evergreen trees were also common with diversified
vines. As a whole, the vegetation seems to indicate
a warm temperate condition with some subtropical
elements. Elements of higher mountainous forests
are not included. Though the
temperature is high, the mean annual range of
temperature is wide and the cold month mean
temperature is slightly below zero.

The Daijima-type floras of northern Japan
have been reviewed by Tanai and Uemura (1988),
and those of southwest Japan have recently been
reviewed by Uemura (2000). However, there is
still inadequate data from central Japan. The mean
annual temperature estimated from the Asakawa
Flora matches well with the trend in temperature
change within the Japanese Islands. However,

mean annual

many species are not common with the Daijima-
type floras even in the similar latitude, and many
genera and species not known in the other regions
are found in the Asakawa Flora. To determine
whether this difference in floral composition is
caused by local conditions and/or by other reasons
will require for further studies in central Japan.

Systematic Descriptions

Systematic descriptions are given for most
of the species found from Inuboe Pass. Terminology
used in the descriptions mainly follows Hickey
(1979) and Leaf Architecture Working Group
(1999). The systematic order of angiosperms follows
that of Qronquist (1981).

Order
Family Taxodiaceae
Genus Cunninghamia R. Br.
Cunninghamia protokonishii Tanai et Onoe, 1961
PL 1, Fig. 1.

Cunninghamia protokonishii Tanai et Onoe,
1961, p. 18-19, Fig. 1. — Ina, 1981, Pl 2, Figs. 4,
5. — Uemura, 1988, p. 105, Pl 1, Figs. 1~3.
— Horiuchi, 1996, p. 153-154, Figs. 21-1~4.
— Takimoto, Horiuchi and Hosogai, 1998, p. 53,
Figs. 2-4, 8, Figs. 3-1~4.

Remarks: The species is characterized by
spirally arranged lanceolate leaves with finely
serrate margins. It is found in the late Early
Miocene to Early Pliocene floras in Japan. The
species is closely similar to Cunninghamia konshii
now gowing in Taiwan but its cuticular features
are slightly different (Horiuchi, 1996).

Specimens: INV-1028, 1047.

Genus Metasequoia Miki ex Hu et Chen
Metasequoia occidentalis (Newberry) Chaney, 1951
PL 1, Fig. 2.

Taxodium occidentalis Newberry, 1863, 516

Metasequoia occidentalis (Newberry) Chaney,
1951, p. 225 and all Figs. — Uemura, 1988, p. 106
(see synonymy).

Metasequoia japonica (Endo) Miki, 1941,
p. 262, Pl. 5-D, Fig. 8, A~G.
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Remarks: This species is widely known in
many Miocene floras in Japan. Metasequoia leaves
are very common in many localities but they are
found only sporadically at the Inuboe Pass locality.

Specimens: INV-1110, 1115, 1140, 1354, 1578.

Order Laurales
Family Lauraceae
Genus Cinnamomum Blume
Cinnamomum miocenum Morita, 1931
Pl 1, Fig. 9.

Cinnamomum miocenum Morita, 1931, p. 6,
PL 1, Fig. 6. — Tanai, 1961, p. 334, Pl 23, Fig. 6.
— Matsuo, 1963, p. 202, Pl. 33, Fig. 5. — Ishida,
1970, p. 83, Pl 13, Fig. 1. — Onoe, 1974, p. 42,
PL. 9, Figs. 1, 2. — Horiuchi, 1996, p. 157, Fig.
23-3.

Description: Leaves simple, laminae elliptic
in shape, symmetrical, base obtusely convex, apex
convex, margins entire. Petiole basal, more than
17 mm long. Venation acrodromous or suprabasally
acrodromous, secondary veins brochidodromous,
space irregular, agrophic veins simple. Tertiary
veins nearly perpendicular to the midvein.

Remarks: Although the leaves are poorly
preserved, the specimens are considered to be
Cinnamomum miocenium based on suprabasally
acrodromous or acrodromous venation and lamina
shape and size. The species is widely known in
the Miocene floras of Japan. One leaf does not
show strong acrodromous veins but it is rather
close to brochidodromous. Such variation is
recognized among the living species.

Specimen: INV-1536.

Genus Lindera Thumb.
Lindera gaudini (Nathorst) Tanai, 1961
Pl 1, Figs. 4, 5.

Lindera gaudini Tanai, 1961, p. 335, Pl 22,
Fig. 1. — Horiuchi, 1996, p. 161, Figs. 22-5, 25-1
~3.

Description: Leaves simple, laminae micro-
phyllus, ca. 60 to 78 mm long and 24 to 30 mm
wide, elliptic in shape, base symmetrical and
decurrently cuneate, petiole
margins  entire.

marginal,
Venation

slightly

acuminate, pinnate,

secondary veins weak brochidodromous, 5 to 6
pairs in number, vein space irregular, angles
increasing toward base, intersecondary veins absent.
Tertiary mixed opposite and alternate
percurrent, vein course mixture of convex and
sinuous. (Higher ordered veins not preserved.)

Remarks: The present leaves are identical
with Lindera gaudini widely known from the
Neogene floras of Japan. It is closely similar to
L. glauca now living in Japan.

Specimens: INV-1437, 1011, 1225, 1034.

veins

Lindera paraobtusiloba Hu et Chaney, 1938
Pl 1, Fig. 6.

Lindera paraobtusiloba Hu et Chaney, 1938,
p. 43, PL 18, Figs. 1-3; Pl 20, Fig. 4. — Ozaki,
1991, p. 126, PL 2, Fig. 14b. — Horiuchi, 1996,
p. 163, Fig. 22-3.

Description: Leaf palmately three lobed,
lamina mesophyll, 90 mm long and 85 mm wide,
elliptic in shape, base nearly symmetrical, base
convex to rounded, apex obtusely convex, margins
entire. Venation basal actinodromous with 3 basal
veins, secondary veins brochidodromous, irregularly
spaced with strong intersecondaries in central
lob, agromorphic veins simple. High ordered veins
not preserved.

Remarks: The specimen is identical to
Lindera paraobtusiloba reported from the Miocene
flora of Shanwang by Hu et Chaney (1938) and
closely similar to L. obtusiloba now growing in
Japan. Only a single leaf has been found at this
locality.

Specimen: INV-1208.

Lindera sp.
Pl 1, Fig. 8.

Description: A leaf simple, lamina notophyll,
94 mm long and 40 mm wide, elliptic in shape,
base symmetrical and acute, apex acute, margins
entire. Venation pinnate, secondary veins weak
brochidodromous with a pair of weak secondary
veins running from near the base. Secondary
vein space irregular, space between the strong
basal pair and the next pair being widest, vein
course of wupper pairs number of
secondary veins 8 pairs. Higher ordered veins

irregular,
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not preserved.

Remarks: Based on the leaf shape and
brochidodromous veins with a pair of weak
secondary veins near the base, the leaf is
considered to have lauraceous affinity. Among
the lauraceous genera, it is close to species of
Lindera. However, since only one leaf has been
collected and the details are not well preserved,
it is difficult to provide further information.

Specimen: INV-1410.

Genus Machilus Nees.
Machilus ugoana Huzioka, 1949
Pl 1, Fig. 10; Figs. 3-1a, 1b.

Machilus ugoana Huzioka, 1949, Pl. 11, Fig.
4. — Tanai, 1961, p. 336, Pl. 22, Fig. 3. — Huzioka,
1963, p. 203, Pl 40, Fig. 7. — Ishida, 1970, p. 84,
PL. 13, Fig. 4-6. — Onoe, 1974, p. 43, Pl. 8, Figs.
2, 3, 5. —1Ina, 1981, Pl 18, Figs. 1, 2. — Horiuchi,
1996, p. 165, Fig. 22-6.

Fig. 3. General outline and venation of Machilus ugoana
Huzioka. (=indicates 1 cm, — indicates 1 mm), INV-
1016b.

Description: Leaves simple, lamina notophyll,
19 to 24 mm long and ca. 75 to 120 mm wide,
oblong to lanceolate in shape, base acutely
symmetrical, cuneate to slightly decurrent, apex
acuminate, lamina margins entire. Venation pinnate,
secondary veins weak brochidodromous, space
decreasing toward the base, angles nearly uniform,
intersecondary veins weak. Tertiary veins alternate
percurrent, angles against the midvein obtuse.
Areoles well developed by quaternary veins, 4 to
5 sided, freely ending veinlets absent.

Remarks: The specimens are identical to
Machilus ugoana, a species widely known in the
Daijima-type floras in Japan. The species was
established by Huzioka (1949, MS) on the basis
of leaf impressions from the Miocene flora of
the Oga Peninsula, Northeast Honshu, but it has
not yet been validly described. Among the living
species, it is similar to M. japonica in Japan.

Specimens: INV-1213, 1274, 1336, 1615.

Genus Neolitsea Merril.
Neolitsea japonica Tanai, 1961
PL 1, Fig. 7.

Neolitsea japonica Tanai, 1961, p. 337, PL 22,
Fig. 8

Description: Leaf simple, notophyll, ca. 85 mm
long and 35 mm wide, oblong in shape, base
obtusely symmetrical, apex considered to be acute,
margins entire. Venation suprabasal acrodromous,
secondary veins brochidodromous, spacing irregular.
Tertiary veins nearly opposite percurrent, sharply
changing their courses near the middle. (Higher
ordered veins not preserved.)

Remarks: Based on oblong lamina shape,
lamina size, and suprabasal acrodromous venation,
the leaf is considered to belong to the genus
Among the fossil species reported
from the Tertiary floras in Japan, it is identical

Neolitsea.

to Neolitsea japonica. As discussed by Tanai
(1961), this species is related to N. sericea now
growing in Japan, Taiwan and China.

Specimen: INV-1158.
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Order Hamamelidales
Family Hamamelidaceae
Genus Corylopsis Sieb. et Zucc.
Corylopsis sp.

PL. 3, Fig. 10.

Description: A leaf asymmetrically wide ovate
in form, 60 mm long and 45 mm wide, base slightly
cordate, apex acuminately attenuate, margins dentate,
dentition slightly spinose, petiole not preserved.
Venation basally actinodromous, secondary veins
craspedodromous, 4 pairs in number, each entering
the dentition.

Remarks: The leaf is classified as Corylopsis
from its venation and dentition characters but
with some hesitation. The leaf base character is
close to C. spicata now growing in Japan but it
has far fewer secondary veins than the extant
species.

Specimen: INV-1052.

Genus Liquidambar Linnacus
Liquidambar miosinica Hu et Chaney, 1938
PL 2, Figs. 1~3.

Liquidambar miosinica Hu et Chaney, 1938,
p. 46, Pl. 23, Fig. 1, 2. — Huzioka, 1963, p. 204,
Pl. 34, Fig. 7, Pl 35, Fig. 1. — Matsuo, 1963,
p- 239, PL 52, Fig. 4. — Tanai and Suzuki, 1963,
p- 128, PL 23, gigs. 6, 8, 11. — Ishida, 1970,
p. 85, Pl 13, Fig. 7. — Huzioka, and Takahashi,
1973, p. 138, Pl 3, Fig. 4. — Onoe, 1974, p. 44,
PL. 9, Figs. 6, 8. —Ina, 1981, Pl. 21, Figs. 4, 6.
— Ogzaki, 1991, p. 139, PL. 7, Fig. 9. — Horiuchi,
1996, p. Figs. 23-5, 27-1~4, 28-2, 3, 5, 7.
— Takimoto and Horiuchi, 1998, p. 55, Figs. 2-9
~11.

Liquidambar formosana Hance, Okutsu, 1955,
p. 98, PL 2, Figs. 1~3. — Suzuki, 1961, p. 70,
PL 5, Fig. 5, PL 16, Figs. 3, 4, 5, 7, 8.

Liquidambar mioformosana Tanai, 1961, p. 327,
PIL. 20, Figs. 2, 6, 9.

Liquidambar endoi Suzuki, 1961, p. 69, PI. 15,
Fig. 6.

Liquidambar cordata (K. Suzuki) Uemura, 1983,
p. 28, PL 1, Figs. 1, 2.

Description: Leaves symmetrical, palmately
three-lobed, basal lobes expanding with 40 to 50
degrees between the middle lobe, base cordate to

obtuse, sinus obtuse, petiole 1 mm wide, more
than 30 mm long, apex of each lobe acute.
Venation basally perfect actinodromous, all primary
veins tapering to the apex, nearly straight, one
subprimary vein in the lower side of lateral lobes
diverging from the lateral primaries, secondary
veins, diverging from the primary veins at a
wide angle, abruptly curving up along the margin
to form a loop with superadjacent secondaries.
Margin serrate, each tooth acute, concave-convex,
bowed inward with arcuate sinus.

Remarks: As discussed by Horiuchi (1996),
the leaf forms of extant L. formosana show a
wide range of variation. Though the specimens
show wide range of variation in leaf form, we
consider the specimens to be of a single species,
Liquidambar miosinica. This species is closely
similar to extant species, Liquidambar formosana
in Taiwan but differs in cuticular structures
(Horiuchi, 1996).

Specimens: INV-1146, 1147, 1206, 1218, 1219,
1560, 1566, 1630.

Genus Parrotia C. A. Mey.
Parrotia pristina (Ettingshausen) Stur, 1867
PL 1, Figs. 3, 11, 12.

Parrotia pristina (Ettingshausen) Stur, 1867,
p. 192, PL. 5, Figs. 2, 3. — Uemura, 1988, p. 113,
PL 5, Figs. 7-10, Fig. 20. — Horiuchi, 1996, p. 173,
Figs. 23-1, 8.

Parrotia  fagifolia (Goeppert) Heer, 1859,
p. 306. — Tanai and Suzuki, 1963, p. 129, PL 20,
Figs. 1-3. — Huzioka, 1963, p. 204, Pl. 35, Figs. 2-4.
— Tanai, 1967, p.61, PL. 7, Fig. 1. — Ishida,
1970, p. 84, Pl. 14, Fig. 7. — Huzioka, 1972, p. 56,
PL. 5, Fig. 3. — Onoe, 1974, p.44, Pl Fig. 9;
PL. 10, Figs. 1, 2. — Huzioka, 1974, p. 101, PL 3,
Fig. 5. —1Ina, 1974, p.342, Pl 107, Fig. 6.
— Ina, 1981, Pl. 22, Figs. 2, 5, 6, 7.

Description: Leaves simple, lamina asymmet-
rically elliptic, microphyll to notophyll, 32 to
62mm long and 26 to 38 mm wide, base
asymmetrically acute and slightly decurrent, apex
acute to obtuse, leaf margins on the basal half
on one side of lamina entire and apical half
dentate, two-thirds of the other side of the lamina
entire and apical one-thirds dentate, petiole straight
but only partly preserved. Venation pinnate,
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secondary veins basically craspedodromous except
for acute basal pair, number of secondary veins
4 to 5 on each side, space increasing towards
the base, angle uniform. (Tertiary and higher
ordered veins are not preserved.)

Remarks: The leaves are identical to Parrotia
fagifolia widely known from the Daijima-type
floras and some other Miocene floras in Japan.
As discussed by Uemura (1988), the name P
pristina has the priority to P. fagifolia. Recently
a new hamamelidaceous genus, Shaniodendron
Deng et al., has been established with its type
species, S. subaequale (Deng, Wei and Wang,
1992). The species was discovered growing on
the hilly land of Yixing Country, Jiangsu
Province, central China. Mao and Wei (1998)
include Shaniodendron in the Genus Parrotia.
Wang and Li (2000) made a detailed study on
leaves of some hamamelidaceous genera with
external resemblance and classified them as genus
Shaniodendron without referring to the work of
Mao and Wei (1998). According to their study,
leaves of Parrotia persica and Shaniodendron
subaequale look very much alike. They indicated
that two genera differ in secondary vein number
and thickness of lamina blade. In Parrotia persica,
the number of secondary pairs are 6 to 8 (11)
but Shaniodendron subaequale has 2 to 6. The
leaves collected from Inuboe Pass show 4 to 5
pairs of secondary veins. This number is in the
range of Shaniodendron and indicates the possibility
of Asakawa species to be included in Shaniodendron.
Living equivalent of Parrotia pristina has been
considered to be Parrotia persica now growing
in western Asia. However, the discovery of Parrotia
subaequalis (= Shaniodendron subaequale) shows
the possibility that the living equivalent is in
central China.

Specimens: INV-1254b, 1212, 1543.

Order Urticales
Family Moraceae
Genus Ficus Linnaeus
Ficus sp.

Pl 2, Figs. 7, 8; Fig. 4.

Description: A leaf simple, nanophyll, 23 mm
long and 12mm wide, ovate in shape, base
rounded or slightly cordate, petiole not preserved,

apex acute, margins entire. Venation pinnate,

Fig. 4. General outline and venation of Ficus sp. (bar
indicates 1 cm), INV-1254b.

secondary veins camptodromous, 5 to 6 pairs in
number, basal pair originating from the lamina
base, space increasing towards the base, vein
course gradually curved to join the superadjacent
secondary vein to form a loop, diverging angle
from the midvein ca. 60 degrees. Intersecondary
veins frequently developed. Tertiary veins, though
not well preserved, alternate percurrent. (Higher
ordered veins not preserved.)

Remarks: The specimen is characterized by
a small and ovate lamina with brochidodromously
pinnate secondary veins with the basal pair
originating from the lamina base. Except for its
smaller size, the specimen 1is similar to F
nipponica Fr. et Sav. now growing in southern
part of Japan, Taiwan and southern China. No
fossil species close to our specimen have been
reported so far and may belong to a new
species, but since only a single poorly preserved
specimen is in hand, the specimen will be treated
as Ficus sp.

Specimen: INV-1254b.

Family Ulmaceae
Genus Ulmus Linnaeus
Ulmus appendiculata Heer, 1878
Pl. 2, Fig. 4.

Ulmus appendiculata Heer, 1878, p. 40, PL 9,
Figs. 7-9. — Oishi and Huzioka, 1954, p. 127,
Pl 14, Fig. 6, PL 15, Fig. 5, PL 16, Fig. 1.
— Tanai, 1961, p.316, PL 17, Figs.3, 6, 11.
— Tanai, 1971, p. 158, PL 7, Fig. 7; PL. 8, Fig. 3.

Remarks: The leaves are identical to Ulmus
appendiculata known from the Daijima-type floras
in northern Japan. According to Tanai (1961),
this species is closely similar to U. davidiana
growing in China and to U. americana growing
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in North America.
Specimens: INV-1254a, 1255.

Ulmus pseudolongifolia Oishi et Huzioka, 1954
Pl 2, Fig. 5.

Ulmus pseudolongifolia Oishi et Huzioka,
1954, p. 131, Pl 14, Figs. 1-3; PIL 15, Fig. 5.
— Tanai, 1971, p. 159, PL 7, Fig. 6a; Pl 8,
Fig. 1, PL. 9, Fig. 8; Pl 11, Fig. 2.

Remarks: Several incomplete leaves were
collected from Inuboe Pass. The elongated leaf
form and obscure serration shows that these
specimens belong to Ulmus pseudolongifolia.
According to Oishi and Huzioka (1954), this
species is similar to U. lanceaefolia and U.
castaneaefolia now growing in China.

Specimen: INV-1397.

Ulmus subparvifolia Nathorst, 1883
Pl 2, Fig. 6.

Ulmus subparvifolia Nathorst, 1883, p. 77,
PL. 15, Figs. Sa-c. — Tanai, 1961, p. 321, PL 17,
Fig. 9. — Ishida, 1970, p.77-78, Pl 10, Fig. 4.
— Hayashi, 1975, p. 19, PL 6, Figs. 3, 8, 9.

Remarks: A small number of leaves of Ulmus
subparvifolia are found. This species is closely
similar to U. parvifolia now living in central and
southern part of Japan, Taiwan, Korea and China.

Specimen: INV-1232.

Family Juglandaceae
Genus Juglans Linnacus
Juglans sp.

Pl 2, Figs. 9, 10, 12.

Description: Leaflets elliptic, base strongly
asymmetrical and rounded, petiole not developed,
margins serrulate, teeth acute. Venation weakly
brochidodromous, secondary veins diverging at
different angles on both halves of a lamina,
branching at costal areas, intersecondary veins
composite, tertiary veins orthogonal reticulate,
approximately right angle, areoles well developed,
random, irregularly shaped.

Remarks: Leaflets are
asymmetrically oblong shape and serrulate margins.

characterized by

Our leaflets are similar to those of J. ailanthifolia
growing in northeastern Asia, but are different in
venation near the marginal area and in type of
serration.

Specimen: INV-1132, 1341, 1472.

Genus Platycarya Sieb. et Zucc.
Platycarya miocenica Hu et Chaney, 1938
PL 2, Fig. 13; PL 10, Fig. 6.

Platycarya miocenica Hu et Chaney, 1938, p.
27, PL 4, Figs. 6, 7; PL. 5, Figs. 1, 3, 4. — Tanai,
1961, p.276, Pl 5, Fig. 11. — Horiuchi, 1996,
p. 190, Fig. 36-4.

Remarks: Though details are not well
preserved, our specimen is correlated to Platycarya
miocenica based on lamina shape, asymmetrical
base and serration characters. This species is similar
P. strobilacea now growing in Japan, south Korea,
and central and south China.

Specimen: INV-1379, 1335.

Genus Pterocarya Kunth.
Pterocarya japonica (Tanai) Uemura, 1988
Pl 2, Fig. 11.

Pterocarya asymmetrosa Konno, Tanai, 1952,
124, PL. 5, Fig. 1. — Tanai and Suzuki, 1965,
p. 12, PL 11, Fig. 5; Pl 21, Figs. 7, 8. Huzioka
and Uemura, 1974, p.348, Pl 3, Figs. 11, 12.
Ozaki, 1991, p. 150, Pl. 14, Fig. 6.

Juglans japonica Tanai, 1961, p. 275, PL 6,
Fig. 10.

Pterocarya japonica (Tanai) Uemura, 1988,
p. 132, PL 8, Fig. 1. — Horiuchi, 1996, p. 190,
Figs. 36-6, 11~14.

Description: Leaflets narrow elliptic in shape,
apex acute, base cuneately acute, petiole not
developed, margins serrulate, teeth small. Venation
semicraspedodromous, secondary veins branching
just within the margin, one of the branches
terminating at the margin, the other joining the
superadjacent secondary at an acute angle.

Remarks: The specimens have irregularly
spaced secondary veins. This characteristic resembles
that of Cyclocarya ezoana described by Ozaki
(1991). However, the secondary veins do not curve
abruptly as in Cyclocarya. Though Pterocarya
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Japonica is known to resemble P. rhoifolia now
growing in Japan, the present specimens have
many features in common with P stenoptera
now growing in central China.

Specimen: INV-1530.

Family MYRICACEAE
Genus Comptonia L’Her
Comptonia naumanii (Nathorst) Huzioka, 1961
PL 3, Figs. 1, 2.

Comptonia naumanii (Nathorst) Huzioka, 1961
p. 65, Pl. 6, Figs. 7, 8. — Huzioka, 1963, p. 191,
Pl. 29, Figs. 4, 5. — Matsuo, 1963, p. 235,
Pl. 47, Figs. la, 2. — Ishida, 1970, p. 69, Pl 4,
Fig. 4. Tanai, 1971, p. 155, PL. 5, Fig. 7. — Onoe,
1974, p.33, PL 2, Figs. 13~18; Pl 3, Fig. 3.
—Ina, 1981, PL 3, Figs. 1~3. — Horiuchi, 1996,
p. 187, Figs. 36-1~3.

Comptoniphyllum Naumanii Nathorst, Endo
and Morita, 1932, p.43, PL 5, Figs. 3~16.
— Oishi and Huzioka, 1941, p.202, Pl 45,
Figs. 1~6. — Okutsu, 1955, p. 80, PL 1, Figs. 1
~4,

Myrica  (Comptonia) naumanii  (Nathorst)
Tanai, 1961, p. 271, PL. 5, Figs. 1~3, 6~10, 13,
14, 16, 18.

Remarks: Comptonia naumanii is commonly
found in late Early to early Middle Miocene
floras of Honshu and Hokkaido. This species is
one of the representatives of the Daijima-type
floras. Compared to other Daijima-type floras of
Japan, the number of Comptonia leaves is extremely
small at this locality.

Specimen: INV-1035, 1057, 1092, 1149, 1152,
1160, 1210.

Family Fagaceae
Genus Castanea Miller
Castanea miomollisima Hu et Chaney, 1938
PL 3, Fig. 7.

Castanea miomollisima Hu et Chaney, 1938,
p. 35-36, Pl. 13, Fig. 3. — Huzioka, 1964, — Ishida,
1970, p.75. PL 8, Fig. 1. — Onoe, 1974, p. 38,
Pl 4, Figs. 9, 10. —Ina, 1981, Pl 13, Figs. 6, 7.
— Horiuchi, 1996, p. 177, Fig. 32-2, Fig. 34-4.

Description: Leaves oblanceolate or oblong

in shape, base cuneate acute, margins serrulate,
teeth attenuate, apex and petiole not preserved.
Venation craspedodromous, all secondary veins
straight, terminating at the margins, secondary
veins at least 16 pairs, an average distance
between the secondaries less than 5 mm.

Remarks: Since the fine veins are not
preserved, it is somewhat difficult to make close
discussion. However, based on features of secondary
veins, the specimens at hand are correlated to
Castanea miomollisima, originally described from
Shanwang Flora of China. This species is considered
to be closely similar to Castanea mollisima widely
distributed in China and Korea.

Specimens: INV-1463, 1237, 1636.

Genus Quercus Linnaeus
Quercus miovariabilis Hu et Chaney, 1938
PL 3, Fig. 3.

Quercus miovariabilis Hu et Chaney, 1938,
p. 36, PL 15, Figs. 5, 6. —Ishida, 1970, p. 77,
PL. 8, Figs.2, 3, 6, 7. — Onoe, 1974, p. 39,
PL 4, Fig. 8; PL. 5, Figs. 1~5; Pl 6, Figs. 1~4.
— Ina, 1981, Pl. 13, Figs. 3~5.

Quercus subvariabilis, Tanai, 1961, p. 314,
PIL. 13, Figs. 5-8.

Description: Leaves lanceolate or oblong in
shape, apex acute or attenuate, base cuneate, petiole
missing, margins serrulate, teeth attenuate or acute.
Venation simple craspedodromous, secondary veins
14 pairs in number, an average secondary intervals
over 6mm, all of secondary veins straight,
terminating at the margins.

Remarks: The specimens in hand are referable
to Q. miovariabilis in having oblong shape, marginal
serration with spiny tip. The species is found
mainly in the Daijima-type floras in Japan. This
species is similar to the extant Quercus variabilis
now growing in Japan.

Specimens: INV-1179, 1194, 1382.

Quercus protoaliena Ozaki, 1979
Pl. 3, Fig. 4.

Quercus protoaliena Ozaki, 1979, p. 54, PL. 7,
Figs. 1, 2. — Horiuchi, 1996, p. 179, Figs. 32-3,
34-1.
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Description: Leaf narrow ovate in shape,
length over 170 mm and width about 90 mm,
apex, base and petiole missing. Margins serrulate,
teeth attenuate or acute. Venation craspedodromous,
primary vein stout, nearly straight. Secondary veins
approximately 12 pairs, stout, emerging from the
primary vein at angles of 50-60 degrees, nearly
straight or gently curving up, ending in the tooth
apex.

Discussion: This species is closely similar to
the extant Q. aliena, although fossil leaves are
generally larger in size and have more secondary
veins.

Specimen: INV-1026.

Quercus sp.

Description: Leaves narrow oblanceolate in
shape, length over 120 mm and width about 30 mm,
apex and base missing. Margins serrulate, teeth
attenuate, apical side concave, basal side convex,
sinus between teeth rounded. Veins craspedodromous,
primary vein stout, nearly straight. Secondary veins
stout, more than 13 pairs emerging from the
midvein at angles of 60-70 degrees, nearly straight
or gently curving upward, ending in the tooth
apex.

Discussion: This species may be included in
Quercus miovariabilis, but its shape and teeth
are extremely peculiar. These characteristics are
different from specimens of Quercus miovariabilis
described above.

Specimens: INV-1348, 1374, 1534.

Order Betulales
Family Betulaceae
Genus Alnus Gaertner
Alnus subfirma Tanai et Suzuki, 1965
PIL 3, Fig. 9.

Alnus subfirma Tanai et Suzuki, 1965, p. 15,
Pl 5, Fig. 3a; Pl 10, Fig. 5.

Remarks: The specimens are characterized
by narrow ovate leaves with double serrate margins,
craspedodromous venation with secondary veins
entering the serration. The specimens are closely
similar to Alnus subfirma known in late Miocene
floras of northern Japan. The specimen is also
closely similar to A4. firma now growing in the

Pacific side of southern Honshu, Shikoku and
Kyushu.
Specimens: INV-1157, 1333.

Genus Carpinus Linnacus
Carpinus miocenica Tanai, 1955
PL 3, Fig. 8.

Carpinus  miocenica Tanai, 1955, PL 5,
Figs. 1, 2. — Tanai, 1961, p. 294, Pl. 8, Fig. 6,
13; PL 14, Fig. 6. — Ishida, 1970, p. 72, Pl 6,
Fig. 1.

Remarks: Very poorly preserved specimens
are correlated to Carpinus miocenica based on
leaf form and features of serrations. The species
is considered to be close to C. latifolia now
growing from Hokkaido to Kyushu in Japan.

Specimens: INV-1472b, 1287, 1385, 1569a.

Order Theales
Family Theaceae
Genus Camellia Linnaeus
Camellia sp.

Discussion: An imperfect and poorly reserved
leaf having serrate margins and brochidodromous
venation show similarity with Camellia sinensis
now growing in southwest China.

Specimen: INV-1293.

Order Malvales
Family Tiliaceae
Genus Plafkeria Wolfe
Plafkeria cf. basiobliqua (Oishi et Huzioka) Tanai, 1989
PL 4, Figs. 1~5; Fig. 5-1, 2.

Plafkeria cf. basiobligua (Oishi et Huzioka)
Tanai, 1989, p. 135-137, Pl 2, Figs. 2, 3; PL 3,
Fig. 4, Pl 4, Fig. 1, Pl 6, Figs.2, 3; PL7,
Figs. 4, 6; Pl 8, Figs. 5, 6, Fig. 3K, L.

Alangium aequalifolium (Goeppert) Kryshtofovicn
et Bursek, — Tanai, 1961, p. 371, Pl 30, Fig. 1;
PL. 31, Fig. 9. — Onoe, 1974, p. p.55. PL 13,
Fig. 4, PIL 14, Figs. 1~3. —1Ina, 1981, PL 37,
Figs. 1, 2.

Description: Leaves simple, inequilaterally
elliptic to oblong in shape, notophyll to mesophyll,
33 to 160mm long and 19 to 105 mm wide,
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Fig. 5. General outline, venation and fine venation of
Plafkeria cf. basiobliqua. (=indicates 1 cm, — indicates
1 mm), INV-1345.

base asymmetrically cordate, petiolate, acuminately
acute to attenuate, margins entire. Venation basal
actinodromous, lateral primary veins and secondary
veins forming distinct loops with superadjacent
secondaries near the lamina margins, vein course
gently curved, space increasing towards lamina
base. Tertiary veins mixed opposite and alternate
percurrent though opposite type is more frequent,
angle obtuse and nearly uniform between the
lateral primaries but their angles increase outside
the lateral primaries. Quaternary veins forming
rectangular to polygonal areoles, freely ending
veinlets simple or none, but rarely branched.
Remarks: A large number of leaves with
great variation were collected. Some specimens
(e. g, PL.4 Fig. 4) may better be treated as a
different species. The leaves are closely similar
to “Alangium aequalifolium”, known mainly in
Early to Middle Miocene floras in Japan. Based
on his study of Paleogene materials, Tanai (1989)
showed the possibility that these
aequalifolium” leaves may belong to several different
genera. Based on Tanai’s study, the materials
collected from Inuboe Pass can be included in
the genus Plafkeria. They are closely similar to
Plafkeria basiobligua but since this species is

“Alangium

generally known from the Eocene floras in
Hokkaido, they will be treated as Plafkeria cf.
basiobliqua until a detailed comparison is made.

Specimens: INV-1345, 1102, 1356, 1130, 1568,
1215.

Family Salicaceae
Genus Populus Linnaeus
Populus balsamoides Goeppert, 1855
PL. 5, Fig. 3.

Populus balsamoides Goeppert, 1855, p. 23,
PL. 15, Figs. 5, 6. — Tanai, 1961, p.269, Pl 4,
Figs. 9. — Tanai, 1971, p. 154, Pl 4, Fig. 8.
— Ina, 1981, Pl. 3, Fig. 5.

Remarks: Tanai (1971) proposed that Populus
leaves with basal secondary veins leaving the
midvein about 5 mm above the base of leaves
should be referred as
However, the leaves of “Populus balsamoides” is
greatly variable in shape and they may not
represent a single natural species.

Specimen: INV-1184.

Populus  balsamoides.

Genus Salix Linnaeus
Salix ibarakiensis sp. nov.
PL. 5, Figs. 4, 5, 6, 8; Figs. 6-1, 2.

Diagnosis: Leaves simple, lanceolate in form,
notophyll in size, 100 to 150 mm long and 10 to
16 mm wide, base nearly symmetrical, obtuse in
shape, petiole straight and stout, more than 10 mm
long, apex acute or slightly attenuate in some
specimens, leaf margins markedly serrate, serration
convex-concave, 2 to 3 serrations per cm. Venation
pinnate, secondary veins semicraspedodromous, nearly
20 pairs, diverging from the midvein at an angle
of 40 to 50 degrees except for apical portion
increasing the angle. Intersecondary veins present
though not frequent. Tertiary veins mainly straight
and opposite percurrent, angles slightly obtuse to
the midvein.

Remarks: Leaf form and venation characters,
especially the secondary and the tertiary veins,
show the features of Salix. The leaves are extremely
large and coriaceous compared to most of Salix
species now growing in Japan. No fossil Salix
species resembling the specimens have been reported
previously. Thus we here propose a new species,
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Fig. 6. General outline of Salix species.
la, b. General outline and lamina margin of Salix
ibarakiensis sp. nov. (=indicates 1cm, — indicates
1 mm), INV-1102.
2. General outline and venation of Salix sp. A. (bar
indicates 1 cm), INV-1058.

Salix ibarakiensis, named after Ibaraki, the prefecture
name of the locality. This type of leaves has been
found at Daigo Town, Ibaraki Prefecture and was
listed as Salix sp. by Horiuchi (1996).

Specimens: INV-1102 (Holotype), 1503, 1557,
1016a (Paratypes).

Salix sp. A
PL 5, Figs. 1, 7; Fig. 6-3.

Description: Leaves lorate, small leaf ca. 40
mm long and 6 mm wide, large leaf more than

Fig. 7. General outline and venation of Enkianthus sp.
( X 1.5), INV-1378.

120 mm long and 12 mm wide, apex missing,
base normal acute, petiole very thin, more than
4 mm long, margin serrulate, teeth minute, midvein
radiating straight from base to apex, secondary
veins joining the superadjacent secondary at acute
angle.

Remarks: The leaves are similar to Salix
babylonica and S. matsudana var. tortuosa now
growing in Japan in their serration type and vein
courses, though they can be differentiated from
the extant species in having secondary veins
diverging with wider angle from the midvein. In
addition, the intersecondary veins are more frequently
developed in the extant species.

Specimens: INV-1745, 1449, 1331.

Salix sp. B
PL 5, Fig. 2.

Description: Leaves elliptic, size 40 mm long
and 9 mm wide, apex acute, base normal acute,
margins entire, midvein radiating straight from
base to apex, secondary veins diverging at less
than 45 degrees from the midvein, forming loops
with the superadjacent secondary at acute angles,
tertiaries extending from secondaries at an angle
of nearly 90 degrees.

Remarks: From their leaf shape and venation
characters, the specimens at hand are referred to
as Salix. The specimens are characterized by
having entirely margined leaves. So far, no fossil
Salix species resembling our specimens have
been reported from the Miocene floras of Japan
and adjacent countries. Since only one complete
leaf and the one incomplete leaf are in hand, the
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specimens are treated as Salix sp. B.
Specimens: INV-1745.

Family Ericaceae
Genus Enkianthus Lour.
Enkianthus sp.

PL 9, Fig. 10; Fig. 7.

Description: A leaf suborbiculate, 31 mm long
and 26 mm wide, base obtuse to round though
slightly deccurent, apex obtuse, petiolate, margins
minutely serrate, serration irregular in size and
distribution, petiole length 9 mm. Venation weakly
brochidodromous, secondary veins 4 pairs, diverging
from midvein with angle of 50 to 70 degrees.

Remarks: The leaf resembles Enkianthus
campanulatus to some extent but differs in features
of serration. It is difficult to make more detailed
observation owing to its poor preservation.

Specimen: INV-1378.

Genus Rhododendron Linnaeus
Rhododendron sp.
PL 3, Fig. 11.

Remarks: A single leaf with narrow elliptic
and entirely margined lamina, brochidodromous
venation shows resemblance to some Rhododendron
species. However, the details are not well preserved
to discuss further.

Specimen: INV-1358.

Genus Tripetaleia Sieb. et Zucc.
Tripetaleia cf. almquisti Nathorst, 1883
PL 9, Fig. 4; Fig. 12-6.

Tripetaleia almquisti Nathorst, 1883, p. 52,
PL. 9, Figs. 6, 12, 13. — Huzioka, 1963, p. 213,
PL 39, Figs. 1, la.

Description: Leaf or leaflet asymmetrically
narrow elliptic, 34 mm long and 11 mm wide, base
asymmetrically acute, apex acuminate, margins
entire. Venation eucamptodromous, secondary veins
4 to 5 in number, diverging angle irregular.
Intersecondaries well developed on one side of a
lamina.

Remarks: Asakawa specimen resembles 77ipe-
taleia almquisti reported from the Utto Flora by
Huzioka (1963). However, the leaf form is much

more slender than the specimen from the Utto

Flora. The species is somewhat different from

extant Tripetaleia paniculata now growing in Japan.
Specimen: INV-1107.

Order Ebenales
Family Ebenaceae
Genus Diospyros Linnacus
Diospyros sublotus (Tanai) emended
PL. 6, Fig. 1.

Emended diagnosis: Leaves simple, notophyll,
ca. 105 mm long and 45 mm wide, elliptic in shape,
base cuneate, more than 5 mm long, apex acute,
margins entire. Venation pinnate, secondary veins
brochidodromous or festooned brochidodromous,
ca. 8 pairs in number, vein course nearly straight
in the lower half of the lamina and curved in
the upper half, space nearly uniform, divergence
angle ca. 50 degrees, basal most pair thin,
originating from near the lamina base. Tertiary
veins mixture of opposite and alternate percurrent,
angles nearly perpendicular to slightly obtuse.

Comparison and remarks: The specimen is
characterized by its leaf shape and festooned
brochidodromous veins with straight vein course
in the lower part of the lamina. Original specimens
of Diospyros sublotus known in late Miocene
floras in Hokkaido and the Tohoku District has
been transferred to Cladrastis inouei by Ozaki
(1980). Thus we here emend the original description
and holotype of the species. The specimen is closely
similar to Diospyros lotus now growing in southwest
China and Korea.

Specimen: INV-1073 (Holotype).

Family Styracaceae
Genus Pterostyrax Sieb. et Zucc.
Pterostyrax sp.

PL 10, Fig. 7.

Description: Leaf ovate in form, at least 100
mm long and 50 mm wide, apex acute, margins
serrate, base not preserved. Venation weakly
brochidodromous, secondary veins more than 6
pairs in number, uniformly diverging from midvein
at ca. 70 degrees. Tertiary veins, though poorly
preserved, percurrent.

Remarks: The leaf form, serration, and vein
characters are similar to extant Pterostyrax hispida
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now growing in Japan. However, the preservation
is too poor to discuss further on the material.
Specimen: INV-1145.

Order Rosales
Family Rosaceae
Genus Photinia Lindl.
Photinia mioserrulata sp. nov.
PL 6, Fig. 18; Fig. 8-1.

Diagnosis: Leaf simple, narrow elliptic in
shape, size notophyll, assumed length ca. 80 mm
long and 30mm wide, base obtuse, slightly
asymmetrical, petiole at least 4 mm long, apex
not preserved, lamina margins minutely serrate,
density ca. 8 per cm. Venation eucamptodromous
or weakly brochidodromous, secondary vein course
nearly straight to two thirds of lamina width,
then curved abruptly to run nearly parallel to the
lamina margins, divergence angle ca. 70 degrees,
one to two intersecondary veins well developed
between the secondaries. (Higher ordered veins
not preserved.)

Remarks: Only a single incomplete leaf
was collected. So far, fossil leaves resembling
this specimen have not been reported from the
Miocene floras in Japan. The specimen is closely

similar to Photinia serrulata now growing in
restricted areas of southwest Japan, Okinawa,
Taiwan, south China and Indonesia, though the
intersecondary veins are not as well developed as
seen in this fossil specimen.

Specimen: INV-1472 (Holotype).

Genus Rosa Linnaeus
Rosa usyuensis Tanai, 1955
PL 6, Figs. 9, 16; Figs. 8-2a, 2b.

Rosa usyuensis Tanai, 1955, p. 343, Pl 13,
Fig. 5. — Tanai, 1961, p.343. PIL 24, Figs. 5, 6,
9. —Ishida, 1970, p. 86, PIL 14, Fig. 1. — Ina,
1981, PIL. 23, Figs. 2, 7, 8, 9.

Description: Leaflets simple, microphyll, 20 mm
to 33mm in length and 10mm to 20 mm in
width, shape elliptic to ovate, base convex, slightly
asymmetrical in lateral leaflets and symmetrical
in apical leaflets, base angle 50 degrees on lateral
leaflets and 100 degrees on apical leaflets, petiolule
not well developed or missing, apex, convex. Leaflet
margins serrate, with one or rarely two ordered
serrations, 6 to 8 serrations per cm, irregularly
spaced, convex-concave in shape, sinus angular,
apex either simple or mucronate. Primary vein

Fig. 8. General outline and venation of Rosaceous species.
1. Photinia mioserrulata sp. nov., INV-1472a. ( X 0. 8)
2a, b. Rosa usyuensis Tanai, INV-1033. (a. X 0.9, b. X 5)
3. Rosa sp. B, INV-1121. ( X 1)
4a, b. Pyrus sp., INV-1564. (a. X 1, b. X 3.5)
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pinnate, secondary veins semicamptodromous, space
irregular, angles increasing slightly towards the
base, ca. 40 degrees to 70 degrees, intersecondary
veins present. Tertiary veins mainly alternate but
slightly mixed percurrent, angle obtuse to the
primary vein, uniform.

Remarks: The species is frequently found
in the Daijima-type floras in Japan. According to
Ishida (1970), the species is similar to Rosa
taiwanensis now growing in central and northern
Formosa.

Specimen: INV-1009, 1033, 1648.

Rosa sp. A
PL 6, Figs. 12~15.

Description: Leaflets simple, nanophyll, 15 mm
to 22mm in length and 7.5mm to 12mm in
width, shape elliptic; base asymmetrical, convex
in shape, marginal petiolule extremely short or
missing, apex convex. Leaf margins serrate, with
one to two ordered serrations, 10 to 14 serrations
per cm, irregularly spaced, convex-concave in shape,
sinus angular, apex either simple or mucronate.
Primary veins pinnate, secondary veins semicra-
spedodromous, space irregular, secondary vein angle
nearly 80 degrees, with frequent development of
inter-secondary veins. Tertiary veins
percurrent or random reticulate.

Remarks: Semicraspedodromous small leaflets
with this type of serrations are found among
leaflets of Rosa. The angle of secondary veins to
the primary is somewhat wide compared to most

alternate

Rosa species including Rosa usyuensis.
Specimens: INV-1019, 1669.

Rosa sp. B
Pl. 6, Fig. 10; Fig. 8-3.

Description: Leaflets simple, microphyll, 50
mm in length and 22 mm in width, shape ovate,
base slightly asymmetrical though the exact base
is missing, apex slightly acuminate. Leaf margins
serrate, with one or two ordered serrations, ca. 4
serrations per cm, regularly spaced, shape concave-
concave to convex-convex, sinus angular, apex
either simple or mucronate. Primary veins pinnate,
secondary veins semicraspedodromous, space irregular
and angles uniform.

Remarks: The leaflets show similarity with

species of Rosa. However, density of the serrations
and leaflet size is larger than Rosa species
reported from the Miocene floras of Japan. Since
the preservation is not sufficient to make closer
examination, the specimens will here be treated
as Rosa sp. C.

Specimens: INV-1121.

Genus Pyrus Linnaeus
Pyrus sp.
Pl 6, Fig. 17; Fig. 8-4a, 4b.

Remarks: A single leaf resembles Pyrus
hokianensis reported from Late Miocene Tatsumitoge
Flora (Ozaki, 1980) and P. calleryana now growing
in China. However, the course of the secondary
vein is rather straight and the loops formed by
the secondary veins are not as conspicuous as in
those species.

Specimen: INV-1564.

Order Fabales
Family Caesalpiniaceae
Genus Caesalpinia Linnaeus
Caesalpinia hosogaii sp. nov.
Pl 6, Figs. 3, 4, 5; Fig. 9.

Diagnosis: Leaflets nanophyll, 11 to 17 mm
long and 6 to 10 mm wide, elliptic to oblong in
shape, base rounded, slightly asymmetrical, apex
emarginate, margins entire. Petiolule marginal, 1 mm
or less in lenght, flat and thickened. Venation
pinnate, secondary veins brochidodromous with
wide spaced loops, space irregular, angles nearly
uniform in a single leaflet, number of secondary
veins 5 to 8, differing between two sides of a
leaflet, diverging angle varying from 50 to 70
degrees among different leaflets. (High ordered

Fig. 9. General outline and venation of Caesalpinia
hosogaii sp. nov. ( X 2.4), INV-1718.
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veins are not well preserved.)

Comparison and remarks: Based on the
leaflet shape, emarginate apex, flat and thickened
petiolule, and secondary veins diverging with
wide angle from the midvein, the leaflets are
considered to represent a species of Caesalpinia.
From the Tertiary strata in Japan, three Caesalpinia
species, C. microphylla Huzioka et Takahashi, C.
ubensis Huzioka et Takahashi from the Eocene
Ube Flora (Huzioka and Takahashi, 1970), and C.
hokiana Ozaki from the late Miocene Tatsumitoge
Flora in Southwest Japan (Ozaki, 1980) are known.
The present species differs from C. microphylla
in having emarginate apex and wider angle of
secondary veins. The species can be differentiated
from C. wubensis in its leaflet shape and size.
Though he somehow hesitated in generic assignment,
Ozaki (1980) considered C. hokiana to be similar
to C. japonica now growing in central to southern
Japan. The present species can be differentiated
from C. hokiana in having a clear emarginated
apex, wide angle of secondary veins and clear
and widely spaced loops formed by two secondary
veins. Since no fossil species are identical to the
present species, Caesalpinia hosogaii is proposed
here as a new species. C. hosogaii is closely
similar to C. japonica now growing in Japan and
C. crista Linn. and C. nuga Ait. now growing in
southern China.

Specimens: INV-1084 (Holotype), 1718 (para
type), 1740, 1746, 1239, 1032, 1318.

Family Fabaceae
Genus Cladrastis Rafinesque
Cladlastis sp.

PL 6, Fig. 2.

Description: Leaflet notophyll, 66 mm long
and 40 mm wide, slightly ovate in shape, base
symmetrically obtuse, petiolule thickened, apex
attenuate, margins entire. Venation pinnate, secondary
veins assumed to be brochidodromous but not
well preserved.

Remarks: Though the preservation is poor,
the features of petiolule, shape of leaflet and
venation indicate the specimen as belonging to a
terminal leaflet of Cladrastis though there is some
hesitation owing to the poor state of preservation.

Specimen: INV-1257.

Genus Maakia Rupr. et Maxim.
Maakia sp.
Pl 6, Fig. 11.

Description: A leaflet microphyllus, 39 mm
long and 18 mm wide, slightly ovate in shape,
base slightly asymmetrical, obtuse, apex acute,
margins entire. Venation pinnate, secondary veins
brochidodromous, space irregular, angles nearly
uniform though two sides of the midvein are not
equal, one side being wider than the other, ca.
70 degrees in the wider half and ca. 60 degrees
or less in the narrower half, 6 to 7 pairs forming
clear wide-spaced loops, with intersecondary
veins. Higher ordered veins not preserved.

Remarks: The specimen is considered to
represent a species of Maakia based on its slightly
ovate shape with asymmetrical base, brochidodromous
veins forming clear wide-spaced loops, and leaflet
size. Among living Maakia in Japan, the present
specimen is most similar to Maakia tashiroi,
now growing in southwestern Japan. A pod from
this flora may belong to this leaf species.

Specimen: INV-1548.

Genus Podogonium Al. Braun
Podogonium knorrii Al. Braun, 1859
Pl 6, Figs. 6, 7.

Podogonium knorrii Al. Braun, 1859, p. 90;
Ishida, 1970, p.91, Pl 15, Figs. 7-11. — Onoe,
1974, p. 47, Pl. 10, Fig. 11.

Discussion: A pod and a leaflet were collected.
They are identical to Podogonium knorrii reported
from the Shanwang Flora of China, and the Noroshi
Flora and Oguni Flora from Japan. The living
equivalents of this genus are not well known.

Specimen: INV-1174 (a pod), INV-1587 (a
leaflet).

Genus Wisteria Nutt.
Wisteria fallax (Nathorst) Tanai et Onoe, 1961
Pl 6, Figs. 8.

Wisteria fallax (Nathorst) Tanai et Onoe, 1961,
p. 45, Pl 10, Fig. 6, Pl 14, Figs. 2-4. — Tanai,
1961, p.348, Pl 25. Fig. 4. —Ishida, 1970,
p. 92, Pl 14, Figs. 8, 13. — Onoe, 1974, p. 48,
PL 10, Fig. 15. —Ina, 1981, Pl 24, Figs. 3, 4.

— Uemura, 1988, p. 150, Pl 14, Figs. 7~9;
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PL. 9, Figs. 6, 15~17.

Remarks: A microphyll leaflets with ovate
shape and slightly cordate base is referred to as
Wisteria fallax, a legume species widely known
in the Miocene floras in Japan. Since venational
details are not preserved, it is difficult to make
further discussion.

Specimens: INV-1593, 1635.

Genus Leguminosites Bowerbank
Leguminosites sp. A
Pl 6, Fig. 19.

Discussion: A single large leaflet with thick
petiole appeares to be a legume. Though it is
somewhat similar to Pueraria in some extent,
the secondary vein is different in forming loops
very near the lamina margins.

Specimen: INV-1453.

Leguminosites sp. B
Pl 7, Fig. 1.

Discussion: A single leaflet with asymmetrical
base, entirely margined lamina and brochidodromous
venation appears to be a legume. However, the
specimen is not comparable to any of the legumes
so far reported in the Miocene floras of Japan
and nearby countries.

Specimen: INV-1207.

Order Myrtales
Family Myrtaceae
Genus Syzygium Gaertn.
Syzygium sp.

PL 7, Fig. 2; Fig. 10.

Remarks: A single leaf with thick petiole,
entire leaf margins and the secondary veins ending
in intramarginal vein was collected. This type of
leaf is found among genera of Moraceae, Myrtaceae
and others. In this specimen, intersecondary veins
are well developed.

Specimen: INV-1637.

Fig. 10. General outline and venation of Syzygium sp.
(bar indicates 1 cm), INV-11637.

Order Cornales
Family Cornaceae
Genus Cornus Linnaeus
Cornus megaphylla Hu et Chaney, 1938
Pl 7, Fig. 3.

Cornus megaphylla Hu et Chaney, 1938.
p. 71, Figs. 3-5. — Tanai and Onoe, 1961, p. 54,
PL 17, Fig. 9. — Tanai, 1976, p. 337, PL. 9, Fig. 6.

Description: Leaf simple, wide elliptic in shape,
size notophyll, ca. 75 mm long and 52 mm wide,
base obtuse, petiole and apex not preserved, lamina
margins entire. Venation weakly brochidodromous,
4 to S5 pairs in number originating from basal
half of lamina excluding somewhat thin secondary
veins seen near the base and near the lamina
apex, angle between midvein ca. 50 degrees,
vein course curved toward the leaf apex and to
midvein. Tertiary veins mixed percurrent and
opposite percurrent, angle perpendicular to the
midvein but slightly oblique near margins.

Remarks: The specimen is characterized by
wide elliptic lamina with secondary veins curved
towards the midvein. Among the fossil species,
the present species is closely similar to Cornus
megaphylla originally reported from the Shanwang
Flora of China. The species is considered to be
close to Cornus brachypoda now growing in Japan
(except Hokkaido) and central and southern China.

Specimen: INV-1414.
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Cornus sp.
Pl. 7, Fig. 7.

Description: Leaves simple, lamina elliptic,
notophyll, 40 to 58 mm long and 20 to 24 mm
wide, base nearly symmetrical, and slightly decurrent,
apex acuminate, leaf margins entire. Venation pinnate,
secondary veins weak brochidodromous, space
irregular, angles increasing towards the base, 3 to
S pairs in number. Tertiary veins mainly alternate
percurrent but occasionally opposite percurrent
nearly perpendicular to midvein but slightly obtuse
in basal one-thirds. Quaternary veins
polygonal reticulate.

Remarks: The leaves are characterized by
their shape and curved secondary veins running
nearly parallel to the margins and tertiary veins
running almost perpendicular to the midvein.
These characters indicate the affinity of these
leaves to the genus Cornus but the apex is not
as acuminate and the base is not deccurent as
seen in our specimens. The leaves are similar to
Cornus sp. reported from the Oligocene Kiwado
Formation in Yamaguchi Prefecture (Uemura,
1999), though in the latter specimen, the lamina
apex is not as acuminate as the fossil specimens.

Specimens: INV-1036, 1098.

regular

Order Celastrales
Family Celastraceae
Genus Celastrus Linnaeus
Celastrus paraorbiculatus sp. nov.
PL. 7, Fig. 5.

Diagnosis: Leaf simple, lamina ovate in shape;
notophyll, 85 mm long and 51 mm wide, base
obtuse but somewhat decurrent at very near the
midvein, petiole ca. 9 mm long; apex acute, leaf
margins serrate. Serration in one order, space
regular, density 2 per cm, shape convex-concave
or convex-retroflex. Venation pinnate, secondary
veins eucamptodromous or weakly brochidodromous,
ca. 4 pairs in number, space irregular, course
curved gradually towards the lamina margin, then
diminish without forming accurate loops. Higher
ordered veins not preserved.

Comparison and remarks: The present species
is characterized by its leaf form, serration type,
size, and venation patterns. The species is closely
similar to Celastrus orbiculatus, a vine species

now growing widely in Japan, Korea and China.

Though the preservation is poor, since no fossil

species similar to the present species have been

reported from the Neogene floras in Japan, Celastrus

paraorbiculatus is proposed here as a new species.
Specimen: INV-1182 (Holotype).

Family Aquifoliaceae
Genus Ilex Linnaeus
Ilex sp.

PL 9, Fig. 13.

Remarks: A single poorly preserved and
incomplete leaf with serrate margins and brochido-
dromous venation is somewhat similar to [lex
serrata in gross morphology.

Specimen: INV-1217.

Order Euphorbiales
Family Euphorbiaceae
Genus Mallotus Lour.

Mallotus sp.
Pl. 7, Fig. 6.

Description: Leaves simple, ovate to widely
ovate, notophyll, ca. 40 to 100 mm long and 33
to 80 mm wide, base though not well preserved,
obtuse to rounded; petiole not preserved, apex
obtusely acuminate, margins entire. Venation pinnate,
secondary veins brochidodromous, 6 to 8 in
number, vein course gently curved or nearly straight
to near lamina margins then curve to form loops
with superadjacent secondaries. Agrophic veins
simple, forming loops. Tertiary veins mixed of
opposite and alternate percurrent, nearly straight
in opposite percurrent veins, angles to the midvein
perpendicular near the apex to obtuse near the
base. Quaternary veins alternate percurrent, frequently
forming four to five sided meshes.

Remarks: The species is characterized by wide
ovate leaf form with obtusely acuminate apex
and secondary veins forming distinct loops near
the lamina margins. Frequent opposite percurrent
tertiaries are also characteristic of the specimens.
The specimens are close to Mallotus in their leaf
architectures. However, glandular spot found in
Mallotus (Tanai, 1989) has not been recognized.

Specimen: INV-1597.
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Family Rhamnaceae
Genus Berchemia Neck. et. DC.
Berchemia miofloribunda Hu et Chaney, 1938
Pl. 7, Fig. 4.

Berchemia miofloribunda Hu et Chaney, 1938,
p. 65, PL. 39, Fig. 5, Pl. 40, Figs. 2, 3. — Uemura,
1988, p. 157, PL 11, Fig. 7a. — Ozaki, 1991, p. 157,
Pl 17, Fig. 6.

Berchemia floribunda Brongniart, — Ina, 1981,
Pl 32, Figs. 3, 4.

Description: Leaves simple, lamina ovate to
narrow ovate in shape, slightly
microphyll, ca. 45mm long and 21 to 27 mm
wide, base rounded, petiole not preserved, apex
obtuse to acute. Venation pinnate, midvein stout
and straight, secondary veins eucamptodromous
or weakly camptodromous, space irregular, angles
against the midvein 40 to 70 degrees, angles
decreasing towards the lamina center, being widest
near base, secondary vein course slightly curved,
upturned near the margin to diminish or to form
loops with superadjacent secondaries, number of
secondary veins 5 in ovate leaf to 10 pairs in
narrow ovate leaves. Tertiary veins percurrent or
weakly percurrent, nearly perpendicular to the
midvein. Quaternary veins regular polygonal reticulate
to form areolation, mainly 4 to 5 sided, veinlet
absent.

symmetrical,

Remarks: Though the variation in leaf form
is recognized, the specimens are characterized
with ovate leaf form and eucamptodromous or
weakly brochidodromous vein with tertiary vein
nearly perpendicular to the midvein and areoles
without freely ending veinlets. The species is
comparable to Berchemia miofloribunda Hu et
Chaney, widely known from Miocene floras of
China and Japan. The species is considered to be
close to the extant B. floribubda Brongniart of
China and M. racemosa Sieb. et Zucc. of Japan.

Specimen: INV-1197.

Berchemia sp.
PL. 7, Fig. 8.

Description: Leaf simple, narrow ovate in
shape, notophyll, 92 mm long and ca. 48 mm
wide, base rounded or slightly cordate, petiole at
least 3 mm long, apex acute, margins entire.

Venation pinnate, secondary veins eucamptodromous,
space uniform, angles between the midvein 30 to
60 degrees, increasing toward the lamina base,
number of secondary veins 12 pairs, vein course
gently curved, reaching near the lamina margins
and diminishing without forming loops. Tertiary
veins, though ill preserved, straight percurrent.

Remarks: The specimen is characterized by
closely spaced and gently curved eucamptodromous
secondary veins reaching near the lamina margins.
Among the extant species, the specimen resembles
B. berchemiaefolia now growing in southwestern
Japan, but lamina base is different from the extant
species.

Specimen: INV-1291.

Genus Paliurus Mill
Paliurus protonipponicus K. Suzuki, 1960
Pl 7, Figs. 9, 10, 11.

Paliurus  protonipponicus K. Suzuki, 1960,
p. 319-320, PIL 33, Fig. 5-7. — Ishida, 1970, p. 97,
Pl 15, Fig. 18, 19. — Onoe, 1974, p. 54. Pl 12,
Figs. 8, 9. — Uemura, 1988, p. 157, Pl. 4, Fig. 3.
— Ozaki, 1991, p. 157, Pl. 17, Figs. 3~5.

Description: Leaves simple, ovate in shape,
sometimes asymmetrical, 23 to 80 mm (estimated)
long (average 46 mm) and 20 to 50 mm (estimated)
wide (average 31 mm), apex acute, base asymmet-
rically rounded or slightly cordate, petiole straight,
stout and short, about 5 to 8 mm long, margins
serrulate, teeth simple, small and sometimes double
serrate on the apical part of blade, on the basal
part, teeth very small and intervals are large.
Venation imperfect basal acrodromous, lateral
primaries making angle of about 20-40 degrees
with the midvein, curving up and running gradually
close to the margin, reaching the apical region,
pairs of thick secondary veins diverging at 40-50
degrees from the midvein on the middle and
apical part of lamina, thick secondary vein is not
found on the basal part, well developing secondary
veins from lateral primaries curving up near the
margin and making a loop, tertiary veins are not
well preserved. Fruits with thick core and thin
circumference, wrinkle structure as a radial striation
developed, margin gently undulated.

Remarks: The leaves are characterized by
asymmetrically ovate shape and serrulate margin.
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Compared to the living Paliurus ramosissimus,
our leaflets show similarity to leaves of Zizyphus
Jujuba in many respects but different in venation
of secondary veins from central primary vein.
Our leaves are quite different from those of extant
Paliurus ramosissimus in shape of apex and primary
vein pattern. Fruits produced together are almost
identical to those of extant Paliurus ramosissimus.
According to Ishida (1970), this species is closely
similar to P orientalis now growing in Yunnan
and P. hemsleyana now growing in central and
southwest China. This species is one of the most
common leaves found at the Inuboe Pass locality.
Specimens: INV-1006, 1059, 1501.

Order Sapindales
Family Aceraceae
Genus Acer Linnaeus
“Acer” ezoanum QOishi et Huzioka
PL. 9, Figs. 2, 5.

Acer ezoanum QOishi et Huzioka, Uemura, 1999,
p. 17, PL 14, Figs. 1-6.

Remarks: Samara-like organs have been fre-
quently found at Inuboe Pass. They are closely
similar to Acer ezoanum reported by Uemura
(1999) from the Oligocene Kiwado Formation in
Yamaguchi Prefecture. In spite of the large number
of specimens observed, none on the specimens
show attached seeds. Since in samara of Acer,
seeds do not easily detach from the wings, these
materials can be considered as either sterile fruits
of Acer or an organ of different plants. It is
noteworthy that this type of organ is found with
“Alangium” type leaves in many localities and
may have affinity with those leaves.

Specimen: INV-1079, 1143.

Acer nordenskioeldii Nathorst, 1883
PIL 8, Fig. 3.

Acer nordenskioeldii Nathorst, 1883, 60. Pl. 11.
f. 10-16. — Tanai and Onoe, 1961, — Tanai, 1961,
p. 358, Pl 28, Fig. 6. p. 47, Pl 15, Fig. 1, PL 17,
Fig. 12. — Uemura, 1988, p. 151, Pl 4, Fig. 14,
Pl 10, Figs. 4, 5. — Ozaki, 1991, p. 161, Pl. 19,
Fig. 1, Pl. 20, Fig. 1, 2.

Description: Leaves palmately five lobed,

margin serrate. Each lobe deeply dissected by
narrow, round sinus, narrow elliptic in shape,
apex attenuate, basal pair of lobes smaller than
the others. Primary veins stout, palmately emerging
from base, nearly straight, ending in lobe apex,
secondary veins indistinct, emerging from primaries
at angles of 60 to 70 degrees, gently curving
upward, entering teeth. (Petiole missing.)
Remarks: The species is closely similar to
extant Acer palmatum of Japan, but some extant
Acer mono var. marmoratum f. dissectum are
also similar in shape to the specimens.
Specimen: INV-1100, 1384.

Acer protomiyabei Endo, 1950
PL. 8, Fig. 7.

Acer protomiyabei Endo, 1950, 15, PL 3,
Fig. 11; Tanai, 1983, 334-336, Pl. 6, Fig. 4, PI. 8,
Fig. 1-3, 6. — Ozaki, 1991, p. 163, Pl. 20, Fig. 6.

Description: Leaves palmately five lobed,
margin dentate. Central lobe and upper lateral
lobes have 2 pairs of dentate teeth with acuminate
tip on each side. Primary veins stout and nearly
straight, ending in lobe apex, secondary veins 5
to 7 pairs in each lobe.

Discussion: Only an imperfect specimen was
collected and its basal characters could not be
clarified. However, shape of each lobe and marginal
teeth are similar to those of Acer protomiyabei
discussed by Tanai (1983).

Specimen: INV-1612.

Acer subnikoense Tanai et Ozaki, 1977
PL. 8, Fig. 2.

Acer subnikoense Tanai et Ozaki, 1977, 594.
Pl 4, Figs. 1, 2, 4-7; text-Fig. 6-c. — Ozaki,
1991, p. 164, PL. 18, Fig. 10, PL 20, Fig. 8a.

Description: Leaflet asymmetrical, narrow
elliptic in shape, apex acuminate, base asymmetrically
cordate, margins serrulate, teeth acute, petiole
missing. Primary vein emerging from the base,
nearly straight, ending in apex, 10 pairs of secondary
veins emerging from the primaries at an angles
of 30 to 45 degrees, gently curving upward,
ending in tooth apex.

Discussion: This species is characterized by
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trifoliate leaves and detached leaflets. The species
closely coincides with the extant Acer nikoense.
The leaflet is considered to be the lateral leaflet
of a juvenile form.

Specimen: INV-1231.

Acer tricuspidatum Bronn, 1838
Pl 8, Fig. 1.

Acer tricuspidatum Bronn, 1838, 2. Pl 35,
Figs. 10a, b. — Uemura, 1988, p. 153, Pl. 4, Fig. 13.
— Ozaki, 1991, p. 162, PI1. 19, Fig. 2.

Description: Leaves medium in size, palmately
three lobed, rounded at base, ca. 50 mm long
and 50 mm wide. Margins double serrate at central
lobe, teeth acute with acute sinus at lateral lobes.
Central lobe wide ovate in shape with acute apex,
being larger than lateral lobes, basal pair of lobes
triangular in shape. Primary veins stout, lateral
primaries slightly weak, palmately emerging from
the base, nearly straight, ending in lobe apex,
secondary veins distinct, emerging from the primaries
at angles of 60 to 70 degrees, gently curving
upward, branched at marginal area and entering
teeth. Petiole missing.

Remarks: According to Tanai (1983), this
species is related to A. rubrum now growing in
North America.

Specimen: INV-1248.

Acer yamanae Tanai et Ozaki, 1977
Pl 8, Figs. 4, 5.

Acer yamanae Tanai et Ozaki, 1977, p. 558,
Pl. 3 Fig. 1, 7-11; text-Figs. 5-F, G; text-Figs. 6-
E, F.

Description: Leaves palmately three lobed,
rounded at base, margins serrate. Central lobe
larger than the laterals, oblong in shape, apex
acute, lateral lobes oblong in shape. Primary veins
stout, lateral primaries slightly weak, palmately
emerging from the base, nearly straight, ending
in lobe apex, secondary veins distinct, emerging
from the primaries at angles of 60 to 70 degrees,
gently curving upward to join the superadjacent
secondaries with an acute angle, basal part of
secondary vein sometimes making small loop.
Petiole missing.

Remarks: According to Tanai (1983), this
species is related to A. migrum now growing in
North America.

Specimens: INV-1186, 1202, 1570.

Acer sp. A
Pl 8, Fig. 6.

Remarks: A leaf with shallowly three lobed
lamina, sporadic minute serration and basally
actinodromous veins is considered to be a member
of the genus Acer with slight hesitation. So far
as I know, no fossil record similar to the present
specimen has been reported from the Miocene
floras of Japan and nearby countries.

Specimen: INV-1614.

Acer sp. B
PL. 9, Fig. 1.

Remarks: An imperfect leaf with palmately
5-lobed lamina, two or three dentition on lobes
and basal actinodromous veins are considered to
be a member of the genus Acer. On the petiole,
three strong grooves are observed. This specimen
might represent an unusual form of Acer species
described above.

Specimen: INV-1209a.

Family Sapindaceae
Genus Sapindus Linnacus
Sapindus tanaii Onoe, 1974
PL. 9, Fig. 3, 7, Fig. 11.

Sapindus tanaii Onoe, 1974, p. 52-54, Pl. 12,
Figs. 5-7. — Tanai, 1976, p. 331, PL 5, Figs. 3a,
b. —1Ina, 1981, Pl 31, Fig. 3; PL 33, Fig. 1.
— Ozaki, 1991, p. 159, PI. 18, Fig. 11.

Description: Leaflets elliptic to oblong in
shape, notophyll, ca. 90 mm long and ca. 30 mm
wide, base slightly asymmetrical, obtuse, petiolule
not preserved, apex acute to slightly acuminate.
Venation pinnate, midvein stout and slightly
curved, secondary veins weakly brochidodromous,
more than 13 pairs in number, space irregular,
angles between midvein 60 to 80 degrees,
increasing towards base, the vein course straight
to some extent and then curves abruptly near
leaflet margin to form a loop with superadjacent
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secondary and intersecondary veins. Intersecondary
veins developed strongly, frequently more than
one but among them, one intersecondary is thicker
than the others. Some intersecondary veins reach
the adjacent secondary vein to form a loop, while
others branch and join tertiary veins. Tertiary
veins are weakly percurrent, frequently forming
areoles with quaternary veins. Areoles polygonal
in shape, veinlets frequently branched several
times.

Remarks: The specimen is identified as
Sapindus tanaii reported from the late Early Miocene

Oguni Flora of Yamagata Prefecture (Onoe, 1974).

The species resembles S. mukrossi Gaertn. growing
in Japan and eastern Asia. The species is quite
similar to Rhus miosuccedanea found in Miocene
floras of Japan and to Rhus succedanea now
growing in Japan. However, the venation patter,
especially the secondary and the tertiary veins
are different from Rhus. This species is one
of the most common leaves found at Inuboe Pass.

Specimens: INV-1473, 1144, 1145, 1124, 1223,
1438, 1454, 1481, 1482, 1489, 1405.

Order Liliales
Family Smilacaceae
Genus Smilax Linnaeus
Smilax trinervis Morita, 1931
PL 9, Fig. 11.

Smilax trinervis Morita, 1931, p. 7, Pl. 1, Figs.
10-12. — Tanai, 1961, p.267, Pl 4, Figs. 2~5.

Fig. 11. Venation of Sapindus tanaii Onoe, ( X 1.5),
INV-1473.

— Onoe, 1974, p.57, Pl 14, Fig. 7. — Ishida,
1970, p. 68, Pl. 4, Figs. 3, 5. — Ina, 1981, PL 40,
Figs. 1~5. — Uemura, 1988, p. 160, Pl 11, Fig. 3.

Remarks: Leaves with round lamina, entire
margins and basally acrodromous veins with their
lateral primaries curving toward the leaf apex are
identical with  Smilax known from
Miocene floras of Japan. This species is closely
related to Smilax china, a vine species now
growing in Japan and wide areas in China.

Specimens: INV-1543, 1275.

trinervis

Insertae Sedis

The following specimens could not be classified
into any family or genera. Dicotylophyllum is used
for those dicotyledonous leaves with uncertain
affinity.

Dicotylophyllum sp. A
PL 9, Fig. 6.

Description: Leaf suborbiculate, 40 mm long
and 30 mm wide, base obtuse, apex not preserved,
margins entire. Venation brochidodromous, secondary
veins 6 pairs, intersecondary veins one or none
between two secondaries.

Remarks: The leaf may have affinity to
Fabaceaec but the preservation is not sufficient
for close examination.

Specimen: INV-1349.

Dicotylophyllum sp. B
PL 9, Fig. 8.

Description: Leaf elliptic in shape, more
than 80 mm long and 40 mm wide, apex acute,
margins entire, base not preserved. Venation
brachidodromous, secondary veins 7 to 8 pairs,
forming distinct loops with superadjacent secondaries.
Intersecondary veins well developed.

Remarks: The leaf is characterized by its
elliptic form, brochidodromous venation, and
secondary veins with extremely irregular course.
The preservation is too poor to make further
discussion.

Specimen: INV-1366.
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Dicotylophyllum sp. C
PL 9, Fig. 9; Fig. 12-4.

Description: Leaf suborbiculate in form, ca.
35mm long and 25 mm wide, base nearly round,
margins minutely serrate, apex and petiole not
preserved. Venation eucamptodromous or weakly
brochidodromous, secondary veins 3 pairs in number,
diverging from midvein with acute angle except
for basal pair.

Remarks: The vein pattern and the minute
serration of the leaf shows possible affinity to
Ericaceac. However, the preservation is too poor
to make further discussion.

Specimen: INV-1590.

Dicotylophyllum sp. D
PL. 9, Fig. 12; Figs. 12-2a~c.

Description: Leaf simple, oblanceolate in form,
more than 110 mm long and 40 mm wide, base
acute, margins serrate, apex not preserved. Venation
weakly brochidodromous, number of secondary
veins five or more, basal secondaries originating
basally, angles between midvein increasing apically.
Tertiary veins mixed opposite to alternate percurrent,
angle between midvein nearly perpendicular.
Quaternary veins forming regular polygonal areoles.
Veinlets branched two to three times.

Remarks: The leaf is characterized by its
leaf form, serrate margins, and vein characters.
The vein character is somewhat similar to those
of some hamamelidaceous leaves, but so far, it
is difficult to decide with accuracy.

Specimen: INV-1332.

Dicotylophyllum sp. E
PL 9, Fig. 14; Fig. 12-1.

Description: Leaf elliptic in shape, ca. 90 mm
long and 36 mm wide, base acute, petiole flattened,
at least 6 mm long and 1.5 mm wide, margins
entire, apex not preserved. Venation weakly
brochidodromous, secondary veins more than 35,
divergence angle irregular. Tertiary veins nearly
perpendicular to midvein.

Remarks: The leaf is characterized by
elliptic form, entire margins, and flattened petiole.
It has features in common with some lauraceous
leaves but its petiolar features are different.

Specimen: INV-1205.

Dicotylophyllum sp. F
PL 10, Fig. 1.

Description: Leaf narrow elliptic in form, ca.
96 mm long and 30 mm wide, apex acute to slightly
attenuate, margins entire, base not preserved.

Remarks: Veins are not preserved well enough
to determine whether it is brochidodromous or
eucamptodromous.

Specimen: INV-1581.

Dicotylophyllum sp. G
PL 10, Fig. 9; Fig. 12-5.

Description: Leaf simple, shallowly trilobed,
lamina ca. 50 mm long and 58 mm wide, base
slightly cordate, apex of each lob slightly emarginate,
petiole not preserved. Venation basally actinodromous,
secondary veins, though obscure, forming loops
near lamina margins.

Specimen: INV-999.

Dicotylophyllum sp. H
Figs. 12-3a, b.

Description: Leaves narrow elliptic in shape,
30mm long and 10 mm wide, base and apex
acute, petiole ac. 2.8 mm long, margins entire.
Venation weakly brochidodromous, secondary veins
5 pairs in number, diverging from midvein at an
angle of ca. 30 degrees. Intersecondary veins
developed. Tertiary veins, when preserved, percurrent.
Quaternary veins forming areoles without freely
ending veinlets. Small spot-like structures are
scattered on leaf surface.

Specimen: INV-1213b.
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Xhk 1 (Plate 1)

(All figures natural size)

1. Cunninghamia protokonishii Tanai et Onoe, INV-1407.

2. Metasequoia occidentalis (Newberry) Chaney, INV-1115.

3, 11, 12. Parrotia pristina (Ettingshausen) Stur, INV-1543, INV-1212, INV-1254b.
4, 5. Lindera gaudini (Nathorst) Tanai, INV-1012, INV-1034.

6. Lindera paraobtusiloba Hu et Chaney, INV-1208.

7. Neolitsea japonica Tanai, INV-1158.

8. Lindera sp., INV-1410.

9. Cinnamomum miocenum Morita, INV-1536.

10. Machilus ugoana Huzioka, INV-1016b.



Plate 1



Xhk 2 (Plate 2)
(All figures natural size unless otherwise noted)

1-3. Ligquidambar miosinica Hu et Chaney.

4. Ulmus appendiculata Heer, INV-1254a.

5. Ulmus pseudolongifolia Oishi et Huzioka, INV-1397.
6. Ulmus subparvifolia Nathorst, INV-1232.

7. Ficus sp. INV-1254b.

8. Ficus sp. enlarged from Fig. 7, x2.

9, 10, 12. Juglans sp. INV-1341, INV-1132, INV-1041.
11. Pterocarya japonica (Tanai) Uemura, INV-1541.

13. Platycarya miocenica Hu et Chaney, INV-1378.



Plate 2



Xfk 3 (Plate 3)
(All figures natural size)

1, 2. Comptonia naumanii (Nathorst) Huzioka, INV-1210, INV-1035.
. Quercus miovariabilis Hu et Chaney, INV-1179.

. Quercus protoaliena Ozaki, 1979, INV-1026.

. Leguminocarpus sp. A, INV-1128.

. Castanea miomollisima Hu et Chaney, INV-1237.
. Carpinus miocenica Tanai, INV-1472b.
. Alnus subfirma Tanai et Suzuki, INV-1157.

10. Corylopsis sp. INV-1074.

11. Rhododendron sp. INV-1358.

3
4
5
6. Leguminocarpus sp. B INV-1209c.
7
8
9



Plate 3



ik 4 (Plate 4)
(All figures natural size)

1-5. Plafkeria cf. basiobliqua (Oishi et Huzioka) Tanai INV-1568, INV-1130, INV-1345, INV-
1356, INV-1102.



Plate 4



Xhik 5 (Plate 5)
(All figures natural size)

1, 7. Salix sp. A, INV-1058.

2. Salix sp. B, INV-1737.

3. Poplus balsamoides Goeppert, INV-1184.

4-6, 8. Salix ibarakiensis sp. nov. 4, INV-1002 (Holotype), INV-1503 (Paratype), INV-1557, INV-

1016a.



Plate 5



Xifii 6 (Plate 6)
(All figures natural size unless otherwise noted)

1. Diospyros sublotus (Tanai), INV-1073.

2. Maakia sp., INV-1257.

3-5. Caesalpinia hosogaii sp. nov., INV-1718 (Paratype), INV-1072, INV-1084 (Holotype).
6-7. Podogonium knorrii Al. Braun, 6; a leaf, INV-1587, 7; a pod INV-1174.
8. Wisteria fallax (Nathorst) Tanai et One, INV-1653.

9, 16. Rosa usyuensis Tanai, INV-1033, INV-1648.

10. Rosa sp. B, INV-1121.

11. Wisteria fallax, (Nathorst) Tanai et One, INV-1548.

12-15. Rosa sp. A 12 (x2), 13 INV-1019, 14, 15 (x2), INV-1669.

17. Pyrus sp., INV-1564.

18. Photinia mioserrulata sp. nov., INV-1472a.

19. Leguminosites sp. A, INV-1453.



Plate 6



Xk 7 (Plate 7)
(All figures natural size)

. Maakia sp., INV-1207.

. Syzygium sp., INV-11637.

. Cornus megaphylla Hu et Chaney, INV-1414.

. Berchemia miofloribunda Hu et Chaney, INV-1197.

. Celastrus paraorbiculatus sp. nov., INV-1182 (Holotype).

. Mallotus sp., INV-1597.

. Cornus sp., INV-1036.

. Berchemia sp., INV-1291.

-11. Paliurus protonipponica K. Suzuki, INV-1059, INV-1029, INV-1501.
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Plate 7



Xifii 8 (Plate 8)
(All figures natural size)

. Acer tricuspidatum, INV-1248.

. Acer subnikoense Tanai et Onoe, INV-1231.
. Acer nordenskioeldii Nathorst, INV-1100.

. Acer yamanae, INV-1186.

. Acer yamanae, INV-1202.

. Acer sp. A, INV-1614.

. Acer protomiyabei, INV-1612.
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Plate 8



Xhik 9 (Plate 9)
(All figures natural size)

1. Acer sp. B, INV-1207a.

2, 5. “Acer” ezoanum Oishi et Huzioka, INV-1079, INV-1143.
3, 7. Sapindus tanaii Onoe, INV-1473, INV-1124.
4. Tripetaleia cf. almquisti Nathorst, INV-1107.
6. Dicotylophyllum sp. A, INV-1349.

8. Dicotylophyllum sp. B, INV-1366.

9. Dicotylophyllum sp. C, INV-1590.

10. Enkianthus sp., INV-1378.

11. Smilax trinervis Morita, INV-1543.

12. Dicotylophyllum sp. D, INV-1332.

13. Ilex sp., INV-1217.

14. Dicotylophyllum sp. E, INV-1205.



Plate 9



Bfiik 10 (Plate 10)
(All figures natural size)

1. Dicotylophyllum sp. F, INV-1581.

2. Populus balsamoides Goeppert, INV-1628.

3-5. uncertain plant organs, INV-998, INV-1264, INV-1262.

6. Platycarya miocenica Hu et Chaney, INV-1335.

7. Pterostyrax sp., INV-1148.

8. Plafkeria cf. basiobligua (Oishi et Huzioka) Tanai, INV-1215.
9. Dicotylophyllum sp. G, INV-999.



Plate 10
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Abstract

The depositional facies and molluscan faunal successions of the late Pleistocene Kioroshi
Formation, Shimosa Group at the Tazuka outcrop section, Taiyo Village, Ibaraki Prefecture, reveal
the presence of two parasequences (PS1 and PS2) in contrast to previous studies that interpreted the
formation by a single sequence. It unconformably overlies the Yabu Formation and consists of seven
units, A to G. Units A and B constitute PS1 with an erosional sequence boundary and transgressive
lags (unit A) and an upward-fining facies succession of inner shelf to lower shoreface facies (B).
Molluscan assemblages from shell beds 2 to 5 in unit B indicate an upward-deepening
(transgressive) trend according to the bathymetrical ranges of equivalent Recent bivalves. PS2 is
composed of lagoonal facies (D) with a basal bay ravinement surface and transgressive lags (C),
and an upward-coarsening facies succession (E-G) of lower shoreface to backshore facies with a
basal wave ravinement surface (E). The Kioroshi Formation appears to have been formed by two
small-scale sea-level changes reflecting global glacial eustasy during the oxygen isotope stage Se.

Key words: Shimosa Group, Kioroshi Formation, Pleistocene, Kashima Upland, molluscan fossil,

sedimentary facies, sequence stratigraphy.
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5. HRIESGHELOA THICLCAMmLTE
D, KVBICARESICEDLDNL TS ([F, 1992).
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AT T I3EE 2 4% CHI D AATE, B 212
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KRIGIE 45 cm ORAEEWLA 2 & & HEERE 23 3EE L T
Wh . RAEEYALAEERITEEIZL 2 KT, IE
6mAEETH 5. FEIRIITM~FEIRET 525, H
B T 1& Spisula sachalinensis, Mactra chinensis 7% & O
HBH RO B bAPEE L, LALIZH 22> TH
KAk, xO/NRALDTRD b S I13 A, FRHERE L 7R
{LFi Rosselia isp. b BHAEMICE N 5. #EFAL, B
DL 55 <, Spisula sachalinensis, Acila insignis,
Glycymeris yessoensis, Mactra chinensis 73237 C i
5. ZOBBEMGICPORL, Huils TREE
10ecm T &2, BAEHILAEFY 2 DR, D
LAFed&Enadns. BEO LA/
DIRAREN WAL DHAET HIE S 10 em A2 L DM~ kL
WEZWiEs 5.

1=y bB

MEY 2 —7 72— v EEERIN Ty 7 REIKE
PR ~ R & D HRE, B LU T 7 IRFEEE
W2 29 5 I 250 om DMK~ HRLED fE 2 —$5 L C
a=v FB&L

V=77 2= VI3 8 ~ 10 em AR TR DR
LR~ PP S 2 ), REHOLDOEERNT
Glycymeris yessoensis, Astarte hakodatensis, Clinocar-
dium californiense, Spisula sachalinensis 7% & O ¥KARH)
Witz &, RO Y 2 —7 72— UbEIR, T
HefE L 72 Rossselia isp. & e & & 12, FAIEIZHE D
A A TZHARAL A Piscichnus waitemata % FoIE L 721bH
FEE 1) Pdd. Tx—TTa— bl
SN PR OIRE NI — e i 2R L, BUE
DIEREDOTIMNEST 5.

N Ey 7 RFREEW I, v x—T 72—

glE e < EPERLZ 29 SR RE 2 R RHl ) 2 AT
AL CTws (K 2a). AEWERL = 25 2 Mk e
3T =77 2= Y2 E 2OV b REIRERS
ROHNDL. N Ty 7 IRFEEERDIE 1 2 HHERL D
LML, FAOEEDSDIZIE, BEIZR-> TRO
#\ Cadella lubrica, Clinocardium californiense 75 & 0
BB 234 L TIRIES 5.

NY Ty 7 IRFSCEESE O A2, E T v R
WVIRIZHI D 3Ate, 3#AEL b7 7IRFEIE R 2 25
B MR~ R AR S 5. AL ST A3
Hs 20 A ERT 0L H Y, ER LI
ARLTWD, ZOLRMICIEA % & F 5 WY
Vr—T7 7 a— YHKWENRET 5.

azZybC

Dendostrea paulucciae 7 & DBRAREY WL % & T,
JEIE 10 ~ 15 ecm D 5k O E PR TH 5 (IR
2b). FEEIF VOV MICED. PRI NALRE %2 &l
DIAATVD E BT, BEIREEDPELT .

1=y hD

Iy PCEEIWREIKOB IV IMETH S (IR
2b). FEIEIE 340 ~ 360 cm FEETH 5. EWEFRLIZIA
ERO SN WD, B IFD Theola lubrica, Raeta
pulchella % FWAENNZ & 132y, HTERMYOIELAER
L EOMMR A EATWS, BREAEN LT RO
= NE &) Ophiomorpha isp. £ % z 55 EIKEIR
MRS 5.

1=y hE

=y FDEPHLEFEEMTE), BEENEY
7 KRR IE R 2 B3 % 55k 0 R WAL E T 5.
JEIE 1L 400 cm FEETH 5.

1=y bF

N7 7 IRBI B A 25 5 MO R ORI~
MBI ECcHY, 2=y NELLBIBT L. BIEIL
120cm BETH . T 7RELBHEAINLHE LN
AR Z R L T 5.

1=y +G
VAT R AMAMETH), AL M)y T
VSRR HNB T D, BRI )E 2 RAET 5. 1
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Zy FE2OERL, BEIX100cm BETH L.

g5EMta

HFEFZHTIE, 2=y PA~DIZBIT 5 7TEENS
WA LA AL EL, T L VILAR 1 ~ 7 D%
527 (2). ¥12, 2=y PA~BIZ&EN2
LA 1 ~5 I EIHEEIBCERETHLLEZIOLND
et HAEME &SRB L, El
Mo MBILEOHE YR (K3). &b, HEM
MxATH 2B 720 Tid, BAEBWEEOMRIFEL SO
IO RFAFY S (g - T, 1992) 7 ZHH %X
RIZ, PEBENEREIT- 7

LA 5156 LA, OB LEC
FOBREE 1 ~025FCUAAATAERIZXG LT
MEAFTIL, ToRMERLE (FED. 72, #
SO 20 12372 ka3, 7 DAt o E
P&, &HEHNCBUT B8O HEOHR 2R L
7z (BM4A). 512, WEh (1977) 12X 2 BUEMDE
SR T, KIE30m DL IS A BT 2l & il
S0m PLRICA B 5 104 i, DAL OB
IR AEES AL L, #LABICB T A
i AR D2 D FRR72 (X 4B).

HtREOERK

ftaE 1

RTBEEDL= Y PAOBBIZEINLTHETS
% (B 1a). #KREE 45 cm O L > ZIRAPEERE 1
P ST LCREL, B A XISBE TRk
Kezy, TH, BTN 2EA»D L. 7%
OHFANE THTIEZME EAZASHZDA, HEBCid™im
EAE M AL O AL L, REMER DN
HHIARHERE R & D /ANl BALAIZ X D el ST
Wh ZOX) RERIE, BEWEEOREVIRNRWE
RIS S N7 KRS OB BB ST g, 3
LR THLEDEZEZ LA (Allen, 1984).
ZAux LTl g BT ™ AL 0 %8 A TR
ATERL L, IO T AN F— DRI TREL
TORBCTHERE L 7o 2 L T b b o L HERIC &
5.

B 5 HEI13 Spisula sachalinensis T®H ), &k ED 60
%% 505, FELEEMIX Mactra chinensis, Mer-

cenaria stimpsoni C, Spisula sachalinensis & P T 5
FEIL86 WITEL, HEWEHEICZ L WHETD
HEWZA, INBIE, WL K20 ~30m Pk
DYVERIEBRIICER T A2 TH 1, Filpfo M3l
FX 91 %x HOTWE. GFMERIE Spisula sachalin-
ensis, Mercenaria stimpsoni, Yoldia notabilis, Solen
krusensterni 72 SO LS DS, WL A B
R TEEREER & & LR B I
FLTwa., $/2, ARz EER(BETL L,
Mercenaria stimpsoni CI\I A5 5 O PRAEAE <, Solen
krusensterni b kI & FAZ M 72 LB CTHERT 5.
S50, BEAEARTH BT EOREZIRES S, B
JEHEINC &, AJEALA Rossselia isp. DYEE D 6 PN
MSNTIRIET B L & s, AL B TR
SN7z0L, BHICHER L7 PO EIREEZ S
n5.

ftBaE 2

L2k, 2= F BRFEIZED SN L HHE
Tr—T7Ta—WRIIEENIAETH L (IR
1b). Yoldia notabilis O 1 k% B\ CTaCTHEFEMA T
H Y, i EAEEDS S CBERESHET L Tnb. &
7z, TESREIZHE D A A 7SR o B R AL Piscichnus
waitemata DILRLS % M % FEIE LT, & {2 1L
D LN O HEET 5.

B L Spisula sachalinensis T& 5 7S, D 5H
HIX37 % LALAE LI HE L TRA L, BEFERE O
Glycymeris yessoensis, Astarte hakodatensis & P8 TH
ZOEARILS2 %8 E 2. ALATE 2 TR
1354 % % 59 %D, Astarte hakodatensis, Venericar-
dia ferruginea 72 £ DIEWEAE S 13 %I L, LA 1
WZHER L TRET 5.

1taE3

LAkE 31, JEE 5 em BEOWEZ A TILAE 2
DEMICEOONLBEY =77 2 — Y IRIZE X
nafbfriEchsr (FiR1b). g 1izkix L <t
ADOEHRIID% L, RN L v TR B 4
VRO OLNDITHE R\, T —T T 2— O
10em BET, TRIZFBVEEmMZRTA, LAk ?2
RO HND &) RERFEETIIFEO S w, &T
BEFEAR D S 22 D BERALOFEAT L 22k S % <, (i
E A o AR DS S B Astarte hakodatensis, Ca-
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Fig. 3. Detailed columnar section of the units A to B, showing the relative frequency change of major bivalve species. Bathymetric divisions for bivalves

are referred to Habe (1977).
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R KM KENHZEOKR TR 2 S8 5 /- ZHELA ) A b,

Table 1. List of bivalve fossils from the Kioroshi Formation at Tazuka, Taiyo Village, Ibaraki Prefecture.

A BARIEWES (1977) 1280 <.
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A

4. A ALARE 1 ~ 6 1281) 2 R M AR OHEZAL.

B: bR 1~ 6 oM L " MEOBARMOERKE BB, 1977) 205 R7HEZAL.
Fig. 4. A: Relative frequency change of the major bivalve species from the shell beds 1 to 6.

B: Relative frequency change of the three bathymetric types (Habe, 1977) of bivalves occurred from the

shell beds 1 to 6.

della lubrica, Glycymeris yessoensis 7%l ¥ 1 %6 i §
5.

ftaE 4

LARE 3 ICRET L E v 7 KRBT B ATk
JBIZFBDO 5N EE 30 cm FEDILAETH 2 (KR
2a). /NI T @O ¥ Cadella lubrica, Clinocardium
californiense 7% & DWRAREIY LA S TEFIRIZHE L C
L, BOHIMNE LAOERE R, BRI Ca-
della lubrica THY), SEIED 40 %% Hw 5. LY
Wiz () BROBRED 55 EM D 5. Kt
& & L C Clinocardium californiense, Mactra chinensis
# >, Cadella lubrica & & T 60 % % 5o T
5. Z DD, Spisula polynympha, Limatula kurodai
R ESWBWEEST L5, Wb ko v/ NI O
THEMIT S5 N5, {LaAlE 4 TlX Cadella lubrica | 24X
KEINDLPHMESHEBEL, 84 %% L5, FIEMEIL
20 %, WRiMEFHEA2 % TH Y, MWEHELIID %D Pan-
dora wardiana, Astarte hakodatensis, Limopsis ob-
longa 72 & O & g T 5 @ W 3 4. Cadella lubrica,
Carditella toneana, Glycymeris yessoensis \X & I C i
My 205, wIhb Ny Ey 7 KRB IZIR - TR

FIL, BIHPEDRERIEIR S v,

1ERES5

fLakga %8, WEH10mBEOREY . —7
Ta—UWRICEINAETH L. KAWL
32— 77— Y TFEICEELCER L, YA
DEHTREMNT BEED L\, #EFED Astarte hako-
datensis O A L ETRELD 29 % % HD HIT#EE v
7, Bl PEFE O Glyeymeris yessoensis, Cadella lubrtica
EMZ5ET BIET S, LEEDIE W dstarte
hakodatensis, Glycymeris yessoensis DN 5 Z & 2%
B Thsb £72, GFEMIE Carditella toneana 3
RIZROE NG, EFEOMET L 2B RN L 05, H
2 DIEATED Glycymeris yessoensis % B2 BALIZ,
LaE 4 TEEBMEEEDSD R EDL 5767
PR L TWDZ 1 LT, bk s TId4THE
FCEML, WL, BREIPELVE Vo AR
LTwa. 7z, WFak@lin LTS ADmyh
i % b D Myadora fluctuosa T\, Fi7xns 7 E w2 T
Wa . ALRTE 5 TIRERIEREAY 33 % % 6, RO
25 %% LAY, HIEOAEIZ B\ CHE—FR iR
RO L HETH 5.
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ftEE 6

2=y FCOFTHMOECHEEGICEEINEEE
10cm REDLAE TH 2 (HMi2b). 1L, B
%W > 72 Dendostrea paulucciae 7 & O BEF-EARAHNLTH
EREOZESHTERL, SFTELT IO 5%

ﬁ‘f’ﬁ@ I Dendostrea paulucciae T V), HHZEIL
56 % (2% 3 4. BHPETE S dstarte hakodatensis, Pro-
tothaca jedoensis C, Dendostrea paulucciae & ¥ T
77% % &5 A KL IL Dendostrea paulucciae,
Protothaca jedoensis, Tapes japonica & \> > 72 N{E I H
WIS HE BT A8 &, Astarte hakodatensis, Venericar-
dia ferruginea &\ - 727Ki% 50 m LUEICA B3 2 flAS
RIELTWA. 512, &gl PR B bd®

HATLCBY, BEETIEE CIZHEL BRI - T
W5,
=)=l

= v b DORIRFT K SV MEI LA AHAET 5

ﬁ%f“% B, HEFRMEARD L B EFEED 2T 5

, A BH SR S NIRRT ke

%, B SEBWEORETH L LEZOND.

HAREIWI LA 1 Theola lubrica, Raeta pulchella O #7H%
FEHL, ZREORCEETHD L VE D,

IERE1 ~5ICH B BRIEDEL

LR O IZHE L“C%F*?‘%MBEE’ 1~51281F%
JE R O BV BE O 8B 1Z O W TR il T A 7w
(K3, 4). Spisula sachalinensis, Mercenaria stimpsoni
CHRFE SN L&A 2 2502 LT ETICED
L, Cadella lubrica, Astarte hakodatensis 72 £ @ 7 [#]
T, G 20 H 5. Tr—TTa—>
BT 2 bR 2, 3, 5 TR A AHHR g IRE
W OIEE % Glycymeris yessoensis W FET B 2 &k
LT, ey 7 RESEEE 2 5{LhE 4 Tidmo
/NG HEE 7 Cadella lubrica, Clinocardium californi-
ence WEMT LA HLH. T —TTa—r, NV
By ZRFIEEITWINRE A P =212 Xy F
TH—LTHD (FHE 1989). V=7 T2—rD
Jias &0 & OMKHERE Y 2 B O A 2 L s,
$RE Tl & 0 REUCIE R 2 SR AR B ) % B RS )
&L BIEIEIITES, R L 2RI TV,

HERTRONER Y — 7 v A LRI 63

z =

1. HEShZHBRIEL ZOEE

g % NEEA I, BRI IR ST & 0F ) BRRIERR
Woarbmdi=y A, k3T 2s22=y FBO LK
PRUMEALAE I % 7R 3 T A~ PRI EMIA LS b T
Lo ZOZERS, 2=y b AGHEERCHIRHERE Y
(W BERBRARBN ) DR U727 VR L & 2
NG, FOMERREL, Rl ORAKEIM LA HIE
%bétbfwé L, BENLICAIZBREND
<, HT O & BRAE SN A P TR A AR S
&#é Lans, AT EEOKE 30 m DiEoshkE
REICBW T2 ) 2ICHER L2 2 M S
5.

2= bBIL, —ECEYERSEEZRE N EY
7 RBREIS B SR, BE Y 2T T -
EbEENDL T LMD, FREBOEBS LT HIE
2O MNEEMICE T HBBEESEN SN D
(Harms et al, 1975; 77HE, 1989). fbfik§2~5128
T B RAREN AL 2 D HEE S A HERRIRIE X, TALkE
725 OWHER F D H DML OEW % L OTEH % Z 8
LT, bBAZm»o TN 2Ems s 5. LAk
5 TIREMmAE D2 L A LIRS ES 5 2 &
5, FOWREEEILI0~40muETHY, 2= b
B O HALAJE D 72 70 CHIXRHII IS 5 b R IR BRI % R

TODEEZOLNL., ZORRITHEREAIZ L0 H#EE S
NBREERLEGHLTBY, 2=y FBld2=v

ACHBELTIDRERCHAEMETH 2 L HITTE, &5
2=y N BB TILARE 2 ~ 5 OFHEIZBWTE
TR LOER % RO B Z EATE 5.

Z=v b CTIE, HEREBRIRAETCI A R oA HE R AR

FRO SN, LA 6 IC& £ 5 Dendostrea
paulucciae, Protothaca jedoensis 7% & O % i 4 O #k K
a2 503, B2 5 KR 10 m B EOE WA
BRSNS L. Bril, BRE o T2 3RiE
TS FEFIZHER 225, SNOHIETMOREE LD P
SNTREAELLZEIZEoTIHHTE LS. 27201,
R BB ALSEITLCB Y, 2% ) Efr )T
VLI ERDRL. EHIT, RAIZIEERNE RN D
2=y FDARET LI Lpb, 2=y b BRI
HEB L THEBE»r OERIBEORE T TR SN2 b DL A
LTI ENTES.

HBRIZ B\ T b MR 2 HERRAR TR 1T S 4, 3l
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WOFIKO LV MNE»rSkbr=y FDIE, HELE
IANF-RECTHER SN EPHLATH L. L
FilE 7278 5D Theora lubrica, Raeta pulchella ®
RIS D L RRIE D /NS R ARBITEEL, KL
FEEIEDE L W INTE R ORI BT 2 BRI IR
BREHETH D (R, 1956). B zI1X, BHEHANE
PEBRE A RET 2 ZMBIZBWT, EIZMEEBED
RLIBEBBILHOKGE 6 ~ 15 m ORI TR O#EE
MHEBT LMo Tw b FEFIZ2, 1991).
L7223 > T, 2=v b DOHEREBIEIL, KILOSHLIZ
ZLWT 7= VRO ZRaNERE TH 5 Z L8
HEMTE LS.

2=y MEIE, AR YTy 7 IRFIC BB Rk
TAHEIEL, THIMEMTSH 2 EHEN S NS
(Harms et al, 1975; A, 1989). & 512, BRET
57 7B EREY E S 5=y MF, FATREH
HLY M)y TNERTLHI=y MG, FEAMEIC
51 & < LEAMED SUHEOBREE T ICB W CHERR L 72
MM A G, 1989; R - BEHH, 1992),
2= FEMS GIIHT T EIEIELD 5\ IR
HEDRDHNS.

INHEDOZ NS, HFIIBITARTREIEFEHIMNE
~WNIBE SRS A R L=y b A~ B, SMNBREY
R L=v b C~D, FNE/ME~RERRELZ RS
=y PE~GIZRHITHIENTESL., 2L C, &7
Ya o=y bC~DIE2=v FA~B, E~
G LIRS RECRE->TBY, LY ABHOBRR
BERyILrs, =2y FPA~B—>C~D&1=v
F C~D—E~ G DHEMBES LD T A I
N

2. U—h L AEFFIMER

HRHBFE A L NE, HRICBITLATRED
2 B DRI ZAIIZED LD ey — 7 v AR
WEERDEHLD7Z5H)H. UTFIHWDL Y —7 v AE
e E R (1990), AEET 2> () (1995) & &
1oL

9, 2=y PARKICROONLKE L ORES
T % 7 SR ETE AW, deak L7z X9 ISR T 7 HERE
MBERELTWD. DX 7% 7RI, FH#k
(1999) L T2 L9512, MEDHEITIZFEVAL
PEBRBEDIOL L 72 BRI IRR B & o T S 7z
BRIy AV E (22 TRy —7r v 2AERE—F)

L OWE T IHFRE CTH D LIRS L 2 LN TED.
ik (1999) 1, MEICBVWTLI=y hBIZHYST
YR AN -y N3] LR AT oMo VAN =) S I
DRET L s, RAMHLEN L) L okEr
R AKERIEAR (R L L C—3G L, ATROEKE 1 1
DFRELENC & o THASIT 72, LarL, HETE
oLyt ryarpEFoar=y bC, DIZT
7= VMDD B, TSR IR O MR
(NENEEAIAE, THEOMEM) 2358E T 5. S 512
DAL=y M E~GIIIIHEEDMERIM A ET 5. L
oo T, ATz 1 MOHERKEEHIC LY FRT %
CERWEETH L. 1=y b CEREORESER LA
J&1~7 OMERR 2 OHESNLHERELS, 2
v hA~BEI=v NC~GOEKE LR DK
#7258y, S F 0 2 WO KELE) THIRS 2 1055
THbh. ZL T, 2=v bDIZ, 2EHOHEHERZE
2B T 2N 7T —EBONMD T 77— 2 TR S L
HERE E MR END, ol E,s, 2y bClid
2 (Al H oL S i 5 7 HERR T H Y, KR
HIINBEIE Y AV MITHLEEZLND,
2=y b EFEOBERIE, Lflz=v NE~G
DOINE — #HEMT 7y ¥ a UBRET L2 05,
WM Z 77— (2=v P C, D) P EN
%I, SRR ATEFEMICHZR T2 2 LI X o TR
a7z, HNEEOWBRI YL A Y METH B EIRIRT
&X9. 2=y ME~GITHMT HHME - AR
W7ty a g, BEAHETTIEEH EHIZA

CROHLNTWD (B2, FI, 1986; R, 1992
HIEIZ A, 1996).

Dibzaiad s L, TREMEDMETICMH i
BlZkoTa=y FAREEOWIRT € 2 ¥ FMHIDTE
SNz FOH, WRT Y A ME BT ERYNE
~WHEEEMAEASEEL (2= FB), fLARE2~5A
sz, Liz-T, 2=y bA, BIE§E1RHE
DML > TR ENTNT V=7 A1 (LIF
PSI: parasequence 1, Posamentier et al., 1988) Td 5
LRG58 TED. 2L C, EORKIMEEIH
&, 2=v I BHoOHEEMBRF L LA 2 ~ 5 DR
WZELD S, 2=y b BB ARAKEERTILA
J&5 &0 BT, o=y bC XY TROBEETH
BT ENHETE L.

Z O, —REIS/ MBI AT A5 A L, 2 [\
HOUWEMIZI - TN 7= B0 S, BT

il

{1
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TR ENT. ZOF 7= IIBITLNETE
YA MEEIZET ZHER & LT =y b CAMERE
L, 97—VigBsLTxz=y b DPEHEREL 7.
Z LT, DT - TN 7 — BoSEEN aR
T5E, T7— XN HEOEBY D INEREIC L
L, RTE YAy MREDTER SNz, EilkEER] Iz
kb, EIEFESHEMICTHET S LICL o T
v FE~GHEHENL., 22 Tldr=y FC~
G % PS2 LR 5. PS2 2B B He K LE I 24+
A ORI, DEDWRTIE Y X v MHIE
roEEIZHL LD LHEMSEIND. L2 -T, =
=Zv b C, DIZMENMERE, 2=y b E~GldEiE
AHEEHIHEREAR & FRIT X %

3. BMEEYMEAEROMKER

WIS, BB TG OTEERNZ DOV TLRE - ik
B (1999) DALAFERE X LcdSo ThER T T
B&ow LA, 61F, £NENPSI, PS2IZBUF
B MR R O R % 0 TR DILEHERE TH %
e, WmET 7O (L - T 1999) TdH
BHEREENDL. LI -T, PG AT HEk
T 21bATE 6 I2B T Astarte hakodatensis, Venericar-
dia ferruginea 7 £ DVEWIENNRIES 5 2 £ 1%, PS1 L
F O PRI — T EAMEAHAS PS2 TERLHI ] O AR 12
BHREEINZZEICLEZ0DEFHDITTENS.

=), ftAE2~s5iEFhth -7 72—,
Ny ZIRFIRBE L Wo o A D= ABON Y F
T A= ADEBIHE) A Xy MEARTH L LEZ D
na. La»L, {bAFE2, 3, 5T, &FEnsitao
BRI ET LT 5 2 &, GRS TR &7E
WHENBNWT ERENL, Ml (1999) dIEFHL TW
5 &9, TROBENPS OB & HREHELT
W B TERMEAS RV, L72ho T, fbAlE 4 13— X
v MbakE, bk 2, 3, 5i38ifo 1 Xy MeakE
DAL, ZEAXRY MUARTH 2 LFRTE
5.

4. EROARTER R E DL
MFICBIFARTRBICIE2BD/INT Y —7 v A% R
T AHIENTEDLD, TNFEFTIODY—T VR
(b L Cidilpk#EZE) CTHHAST N TWERS
HWOARTRE (Murakoshi and Masuda 1992; I, 1992)
T, TOXIBR2BOINT V=7 Y APILOEH

WERERTBOMER Y — 7 v A LRI La 65

THRDOLENLETH A I H.

MG (1992) 12 &L, EEAHEI CIZHZED 2
= MC, DIZHETLEEIC, #HT ¥ 2, @l
TR S N7zl o s Tnd, 2L
T, TORIEMICT V= VHPRET L LS Tw
%, — A EIHERE Y RTIC N ) T — B O NEH
TEEINRTVHRE Y 274 EE25NTVA
(Zaitlin et al., 1994). L72H%> T, HZFIZFEDO LN
55 7= A, Ny 2N T =B D O
Fathad 5\ ITE IR B L 721212 3 L 7 PASEBRBEIC
BOWTERIN LD LHNTE S, 20 &) it
ooy 73 7 =Y O B, 51 &< S
AR TR & 7z &R S N5 AV~ A N R E
T5H oI e, R (1992) ORLZEEREGH
ME TR END 1Oy =7 v AL, Kiid PS2
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Xhk 1 (Plate 1)
L EEERTREBORIKE (V=7 v AR SB) L=y b AICASLNLILATE 1 OFEIR.

. Unconformity (sequence boundary: SB) between the Yabu Formation and Kioroshi
Formation, and close up view of unit A, with shell bed 1. Refer to text-Fig. 3 for the

stratigraphical position.

Ly PAWCASNLILAIEL E =y N B TEOILARE 2, 3 DFEEIR. P: Piscichnus
waitemata DR GO LALAEERE, W T 2—T T2 -2,
. Close view of the upper part of unit A with shell bed 1 and the lower part of unit B with

shell beds 2 to 3. P: Piscichnus weitemata burrow; W: wave ripple.
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Xk 2 (Plate 2)

. 2=y N BHEROILARE 3, 4 DK 412130V E Yy ZIRFIECREHENET .

a. Close view of the middle part of unit B with shell beds 3 to 4. Hummocky cross-

stratification is developed in shell bed 4.
A=y bC (BET ) IALNLILARE 6 L=y b D (T 77— VM) ofLhlE T D

. Close view of unit C (transgressive lag) with shell bed 6 and unit D (lagoonal facies) with

shell bed 7. Refer to text-Fig. 2 for the stratigraphic position.
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in a Population of Pseudoscorpion, Tyrannochthonius japonicus
(ELLINGSEN) (Arachnida: Pseudoscorpionida)
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Abstract

The age composition in a population of pseudoscorpion, Tyrannochthnius japonicus (ELLINGSEN),
was studied twice a month for 27 months from September 1981 to November 1983. A total of
2,364 individuals, composed of 425 protonymphs, 569 deutonymphs, 507 tritonymphs and 863
adults (481 males and 382 females), were collected from the study site in Yachiyo, Ibaraki
Prefecture, central Japan. Seasonal population changes were estimated on the basis of the numbers
of nymphs and adults. A brief description of the life history of this species is also given.

Key words: Pseudoscorpionida, Tyrannochthonius japonicus, age composition, seasonal change.

Introduction

Several studies on the population structure
and the life history of Japanese soil-dwelling
pseudoscorpions have been reported in Japan.
Morikawa (1962) reported on the life histories of
nine soil-dwelling species in Matsuyama, Shikoku.
Sato (1982, 1984, 1988) estimated the life histories
of three species at Karuizawa, studied the seasonal
fluctuations of five species at Mt. Takao, and the
seasonal changes of two species at Yokohama.
Kobari (1983, 1984) reported on the life histories
of Microbisium pygmaeum at Shimotsuma.

The present study was designed to estimate
the life history of Tyrannochthonius japonicus
based on seasonal changes in age composition.

Materials and methods

The sampling site for the present study, an
evergreen oak (Quercus myrsinaefolia) forest mixed
with Japanese cedar (Crypfomeria japonica), is located
at Sugenoya, Yachiyo-machi, Ibaraki Prefecture,
central Japan (36°11" N, 139°54” E). This site is
about 50 m long and 50 m wide and about 27 m
above sea level. There is a small shrine at the

center of the forest, and vegetable fields surround
the forest. This site has been known to be very
rich in T japonicus (Sakayori, 1990).

Sampling was done two times a month during
27 months from September 1981 to November 1983.
Each sample, contained 10 liters of a mixture of
litter and soil was taken from a randomly selected
place in the sampling site. The litter and soil were
put in a large paper bag and brought to the
laboratory. Soil animals were extracted with Tullgren
funnels. Extracted pseudoscorpions were partially
dissected, if necessary, and individually mounted
on slide glass plates with Hoyer’s solution as a
mounting medium. Each specimen was examined
through a microscope to determine its developmental
stage.

Results and discussion

Since this study is based on qualitative sampling,
strict quantitative analyses are difficult here. Even
from such limited data, however, the following
traits of the life history could be derived.

A total of 2,364 individuals of T. japonicus,
composed of 425 protonymphs, 569 deutonymphs,
507 tritonymphs and 863 adults (481 males and

* Shimotsuma Daini Senior High School, 347-8 Shimotsuma-otsu, Shimotsuma 304-0067, Japan.
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382 females), was collected during the survey period
(Table 1). Seasonal fluctuations of nymphal stages
are shown in histograms separately for every stage
(Fig. 1). Protonymphs were obtained during the
summer season from late June to early October.
Deutonymphs and tritonymphs appeared more or
less throughout all seasons, but their numbers
seemed to decrease during winter, and in spring
from late May to June just before the appearance
of protonymphs (Fig. 1). In the adult stage, males
and females appeared more or less throughout all
seasons as in deutonymphs and tritonymphs. On
25 May 1983, 1 collected two females carrying
eggs on the ventral side of their abdomens.
Based on the above data, the life history of
T. japonicus at this study site was estimated as
follows: The breeding season occurs from late
spring to summer, because protonymphs appear
from early summer to mid-autumn (from late June
to early October). Each nymph seems to grow to
the next stage within a month. Individuals born
in early summer may grow into adults in autumn
of the same year and then overwinter. On the
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other hand, the individuals born in early autumn
may overwinter as deutonymphs or tritonymphs,
and then reach the adult stage by the next
summer to participate in breeding. Therefore, the
present study suggests that the new-born individuals
of this species grow into adults within one year,
though the recruitment time ranges widely from
late June to early October. Morikawa (1962)
estimated that 7. japonicus from Dogo, Shikoku,
western Japan, has only one breeding season a
year. But it is still unknown how many times
the adults breed per year and how long they
survive.

The lower number of individuals collected in
winter might be attributed to one of the following
two reasons. The first possibility is they might move
into the soil deeper than the usual sampling depth
to avoid coldness. The other possibility is that
they might construct immobilized silken chambers
for hibernation (Sato, 1984).

The life cycles of Japanese pseudoscorpions
have so far been studied or estimated as follows:
once a year (Morikawa, 1962 for Microcreagris
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Fig. 1. Seasonal changes of the number of 4 developmental stages in Tyrannochthonius japonicus.
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Table 1. The number of individuals in each stage of Tyramnochthonius japonicus (ELLINGSEN), obtained from

Yachiyo-machi, Ibaraki Prefecture (1981-1983).
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Sampling date Protonymph Deutonymph Tritonymph Male Female Total

8 September, 1981 10 14 8 8 8 48

24 ditto 0 8 1 5 10 24
8 October 1 22 16 10 4 53

24 ditto 0 6 3 14 10 33
7 November 0 21 18 11 8 58

24 ditto 0 9 4 3 3 19
7 December 0 3 2 4 6 15

22 ditto 0 2 2 2 3 9
8 January, 1982 0 0 0 0 0 0

26 ditto 0 0 3 5 3 11
9 February 0 0 0 1 0 1

23 ditto 0 1 1 0 1 3
9 March 0 0 1 0 1 2

25 ditto 0 2 1 5 1 9
11 April 0 9 5 13 5 32
25 ditto 0 23 9 13 8 53
10 May 0 5 7 13 6 31
24 ditto 0 0 11 14 13 38
11 June 0 0 1 21 11 33
29  ditto 21 26 0 18 19 84
7 July 4 38 0 22 8 72

20 ditto 93 24 32 6 6 161
10 August 25 16 14 12 18 85
25 ditto 14 12 46 12 5 89
8 September 38 37 38 34 24 171

25 ditto 13 23 27 9 13 85
8 October 1 7 8 2 16 34

26  ditto 0 16 16 13 8 53
10 November 0 11 11 8 5 35
24 ditto 0 11 16 12 9 48
9 December 0 10 21 17 6 54

22 ditto 0 10 22 19 10 61
7 January, 1983 0 0 7 2 5 14

25 ditto 0 3 1 4 1 9
7 February 0 2 2 0 0 4

22 ditto 0 2 7 1 1 11
6 March 0 1 2 0 1 4

24 ditto 0 5 2 3 0 10
7 April 0 2 3 3 1 9

24 ditto 0 10 10 8 5 33
5 May 0 4 15 25 15 59

25 ditto 0 0 13 26 10 * 49
10 June 0 0 0 7 3 10
26  ditto 28 0 0 4 10 42
13 July 54 26 0 12 18 110
26 ditto 36 18 16 3 3 76
11 August 24 48 31 13 12 128
30 ditto 34 22 21 3 10 90
12 September 5 14 11 10 4 44
26 ditto 19 28 9 15 24 95
12 October 5 7 3 4 5 24
25 ditto 0 4 1 4 2 11
13 November 0 2 4 0 6
24 ditto 0 7 7 4 4 22
Total 425 569 507 481 382 2364

* Two females attached eggs on the ventral side of their abdomens.
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microdivergens, Microcreagris macropalpus, Tyran-
nochthonius  japonicus, Allochernes  japonicus,
Pararoncus japonicus and Mundochthonius japonicus;,
Sato, 1982 for Allochthonius opticus, Mundo-
chthonius japonicus and Pararoncus japonicus;
Sato, 1988 for Tyrannochthonius japonicus; Kobari,
1983 for Microbisium pygmaeum) and once per
two years (Morikawa, 1962 for Allochthonius
opticus, Bisetocreagris japonica and Parobisium
magnum). The Japanese pseudoscorpions have
mostly the life cycle of once a year as same as
in the present species, Tyrannochthonius japonicus.
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Abstract

The seasonal fluctuation of some soil pseudoscorpions was studied by monthly samplings from
April 1995 to April 1996. A total of 1,339 individuals, composed of 1,236 individuals of
Tyrannochthonius japonicus, 17 Microbisium pygmaeum and 86 Pararoncus japonicus, were collected

in Shimotsuma-City, Ibaraki Prefecture, central Japan. Seasonal changes in their numbers were

estimated separately for different developmental stages. The life history of 7. japonicus, of which

many individuals were collected throughout the year, was discussed.

Key words: soil pseudoscorpion, Ibaraki Prefecture, seasonal fluctuation.

FL®IC

HARE 137 = 2 VB OFEIHE RIS T 2 W22
1%, Morikawa (1962), £ (1980, 1982, 1988)
Sato (1984), Kobari (1983), /&l (1984), Sakayori
(2001) b HREET, FLELLRL, EFLRE
FTOERBIZEALTIZEAEHL DR > TV IR
Thh.

X I HCPE LR AR IS B VW = A
HOFHHEORELIT, 1 D0MAER/-0TZ
ZIZHET 5.

REMDOBES LUHES

TR HUE PRI T FETH R E O KRFI/EEEA O+
WTHsH (K 1390587327, db#& 36°127 087, HZ

E2m). TOWIYIAY, THTY, AY, A
JA, v/ ¥, AFL EORTHAT, WIRIZIEZT A<
FYDHILZEL, 3NITAF, YuyE, aulk
EHEH6NAS.
TIEFELOFRIUL 19954F4 H5 H X 1) 19964F-4 H 27
HE T, WH1BOHAETE3E To 72, &hE bk
WD 7 —DFfd > T DT 2 EE 225 em X
25cm DHTEH A BT, HNOTHRE A RS Som £
TR T T % A CERILL TRESICAR, N 8 40
SER O TIERE A 157

L 72 H3E kN, ZOHD ) blgy v 7L vk
oty L, TESYOMB ARG L. SRR
W ERE SR T E CB L ES ~THE
L7z, 20k, BRI A VEERVEL
—ERILFEE L C L8 — MEBL L, JEFBEMEET T
MO E & ZDOFREBREOHEEITo 72,

*ORIREL AL N FELE T AR R (T 304-0067 F ZET N 3£ & 347-8; Shimotsuma Daini Senior High School, Shimotsuma-otsu,

Shimotsuma-City 304-0067, Japan).



80 %
w  ®
FAMIH IR TR L D IRES o =AY

FUL3RI3E 3T, WMEAEEIL 1, 339 ETH - 7.
FAEH LI OO EER 2 & O %E
LR L2, ML oM E 2%, o4
Y F 71 = I3 Tyrannochthonius japonicus 7% 1,236
A (92.3 %), F Y a5 71 = 4 Microbisium pyg-
maeum 75 17 814K (1.3 %), 775V /51 =25 Para-
roncus japonicus 75 86 1Kk (6.4 %) T, A4 M7
T =LV PEERICELS L Twz, EREENRD
FrocDIET A9 H, RAEro7z0 1 A 23 H
T, ZOfERThEN Im* H721) 584 fAMK L 70 fEfE
EHEE SN
KHOEKBEEMZLOMIOTE R L, £
LBANTYFHZ LT TIEBUE, 3 AN, 52 AT
ELITIEZBELTRON, FIZEDPSKIZNITT
% OWEEPHFESL NIz LaL, F2EHRITE1HE
WAHBT 2RO 5 HIZ, 83 A HUIE 1 A ROm
Lz HIclRES N ehorz, BIERIT6HNS9

HIZ2FCo 4 7 AMIZZ T RE SN, FRcwEIcF
DIEED S Doz, FEIArH=LE, BEDME
A9H, 101, 12 HICEE 74, B2 mnoH s
12 JIZEFF 7, SE1aEm»A7H, 11 H, 12 312
VIER S OB 17 EARERE S 72720 T, SRR
SNehrolz, £/, TAYV /W= IE 1 ANG3
HETOEGSHNIOM, BAELFEIFR, F2HED
BRESNZDS, FB1HERIEONED o7

z =

FUIRLZZE DI, 1M = A D HOERHE
EEOHDL Y OB TRENE L, AFIKL
nLENN DL, I, A (1984), EFE (1982
1988), Sato (1984), Sakayori (2001) & [Al Kk o # 4
Tholz, BIZAEBRENEC %2 HNL, 2%
BCERIAIZEMb oo Ezons. T2,
A EDMME L B 2 BEICO VT, ERE (1988) (X
R TOMETRA»SAA I T T FETER
Dolzl b, ABIITBLHD YV DEOHIC

R A, REGIRMIERE S N7 & SEHERR T L o HRIE RS
A/ B | 1995 4 1996 4 e
fill 4/5 5/25 6/30 7/19 8/21 9/19 1026 11/29 12/21 1/23 2/25 3/25 4/27
J 21 32 19 6 18 12 19 13 1 6 5 11 18 181
e 6 20 2w s 17 12 w4 o113 5 6 12| s
AT | o 2 3 24 24 3 17 1 s 8 19 24| 2
b | o 6 74 2 3 4 2 12 4 7 17 56| 31
e 99 13 3 3 e
o 2 1 4 7
B o | )
e | s
g 7 1 1 9
e
c ot | a4 s w0 o7 | a4
o s 3 6 11 | os
,,,,P,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,6,
& 7 45 54 208 292 118 119 109 85 64 35 39 61 110 | 1,339
Lo 79 0 90 108 416 584 236 238 218 170 128 70 78 122 220 | 2,678
liikE=~ '
A: 5 N7V T h = A Y Tyrannochthonius japonicus B: F Y 37 51 = A 3 Microbisium pygmaeum C: 7 71 ) 5 =LY

Pararoncus japonicus; &' : HE % M T H3AAM D B2 P 1AL



FIILTEMNZ B 5 TN = 4 VHOFHETHE 81

WDV VT L VBTN TE R0 TH
B EHEM LT B, ZOIEPOBEE LT, £ND%E
SR B CHIROFRE DS THEIBHLZ) 57
W, HEOLHICHES 5em FTOERECIRIRE
SN oz BN S NGE. ZORIZDOWTIES
5% AMEDRLETH 5.
CORETHEBEMICERES N LA MY FH
ZAVIIDWT, EREHICEON - REEEZ L0
AR AR 1R L7z, Z2OMBokT»5, BB X
ZORGHOMENTRETH D, Thbhb, MEICE
| BERASHBH L TWA I DS, TOERD S5 A
TR SEGEI E Z 0 ESD - RAL L, NERES 1 AL
%, L CEIIZS HRKEICKRTT 5. Z0E 1
HHIZF 1A ATHELE 2 HHIC, 205 1301
HRBICHE L THEILRICHREL, SHIC410%5
W o THOHAT 5. LaL, EETR
7 AR R R ARIRFE DS TR 7 ] 5 22 D R R TR A2
N7zfRIL, 52 R 3 HROBRRTliLL, &
FORDIEIZS DI EE#HIT T, #{EDS5H

i

504 B (Adult) i&
L

$E3FBR(Tritonymph)

20 (_
g . |

&5 2 a2 (Deutonymph)
—

_}j—f4ﬁfj

o1

&1 &H(Protonymph)
160 ]

140
% 120
100
80
60
40
20

4°5 6 7 8 9 101 121 2 3 48
19954 19964F

1. HEHZLIZBSNZL R DTy T =AY D5
HERE = L ok

TS OB TIZIZRE L 2> T, EIHEAT
ALDEHEIND. LA >T, AR NTYF A=
LY OETFEIE 1 ELT CEMET 2 LETH 5 L
GE S NS, (TITFE BT AR A Morikawa (1962),
Sato (1984), Sakayori (2001) 2L > THHiEIhT
W5,

RIRERERED L o127 1Y 7 = 5T
HlcoRESN, LLrblke L IH25m, &
3ERBHONTY, H1ERIHEON Lo/ K
Tk, EEHNIOARESNDZHETHL I LITINT
TIZH IR SN T 5 (Morikawa, 1962; £1E, 1980,
1982; Sato, 1988; /IN&l, 1984; Sakayori, 1990). Zfd
IR ORELEFDE Rnicw, ZOEREIZOW
TIXIFE A EH SN TR,

FEAT = AT OEBEEIIMKC, BT 17 M
KLDEON o2, T OHRA A LIRSS
DREIRENBIF AR TH o2t EZONL. &
O, ZE LB MR L CE R IER L)
LA, BROBRTH-720, BROERE &2
Lo THEAPHAL S N2 B O, FEARE R ZIRBEE
WD EZAHIZE L RWESNLEAR DD (HEF,
1990, 1993, 1998). F 72, (IO TIE4H 3 4 I
M T DIRECTHIAL 2 2T E R L, Lo bl
BRI FNICLPRES N W &b, HAAMY
LTW5DOTR WAL ST 5 (Kobari, 1983;
1984; Sakayori, 1989).

E

Wadh b TLIZTIRE L THER W2 7Z2nTWw iR
IREF R FOHNNERE L, %26 CICHEDR?S
A E L an/z/lE, KOS LTwiz7iwne
KRR FZEFAZ OSSR LT, Bh kD
BILPL LFET. F£72, RE/FEH2 LI 0HE
D7zHOTIFEABORE LR CRFT Zz W ZETL
7o, HbETEHP L ETET

51 A 3k

ANEE B 1984, FLIEIINZ BT B HHEVES = 4 2 DA
. Edaphologia, (30): 1-10.

Kobari, H. 1983. Seasonal change of the age composition in
a population of Neobisium (Parobisium) pygmaeum
(ELLINGSEN), in a temperate deciduous forest. Acta. Arachnol.,



82 3

31: 65-71.

Morikawa, K., 1962. Ecological and some biological notes on
Japanese Pseudoscorpions. Mem. Ehime Univ., 4: 417-435.
War BE 1990, BAHCTERILERARHARIC B0 5 gtk = A

T DEREGATIZOWT. Edaphologia, (43): 31-40
WA R 1993 1B 6 BEMA =LY REFFEOH
PR, pp. 448-451, REFIEHT
WA B 1998, Ry EB Lo FEilitho HiEE s =
AV REEORAWIZE. pp. 705-710, RHEM AR
Eil
Sakayori, H. 1989. Postembryonic Development of a Neotenic
Pseudoscorpion, Microbisium pygmaeum (ELLINGSEN, 1907).
Acta. Arachnol., 38: 55-62.

& B

Sakayori, H. 2001. A seasonal change of the age composition
in a population of the pseudoscrpion, Tyrannochthonius
Jjaponicus (ELLINGSEN) (Arachnida: Pseudo-scorpionida). Bull.
Ibaraki Nat. Mus., 4: 75-78.

EHEE 1980 HARD I = Ay —AfdEdl L L
T—. i#fzr, 34(1): 85-91.

PERRIESC. 1982, HEHRIZ BT % H3eE S = 2 & D4R [
. Edaphologia, (25 - 26): 57-64.

Sato, H. 1984. Population dynamics of the soil pseudoscorpions
at Mt. Takao. Edaphologia, (31): 13-19.

TEHESETC. 1988, MR BT 5 TS = 4 2 OERIHE
Edaphologia, (38): 11-16.

& %45 (2001) pp. 79-82.

RE E RBETEHICHII2LBHI-LCHEOSEEERE. RBEHREMENERE

KL TFHEHRFICBWT, 18D = 2 VHOFEHHEY AT 5720102, 1995 4E 4
A5 1996 4 4 A T, RO T HEBE % MR 25 X 25 X Scm® % § fHERSE L TEmHA %
1o, COMETRESNZI =LA VHIZIR3IEIHETER 1,339 TH-72. FD
NI, 2 MY FH=n 1,236, FEATH=LT 17, ThY /=5 86 KT,
HETEH T EREERET L 0z~
VFHZLUNIOWT, TOBBIZOAEELZIHEEL 7.

O THRICHREME B L oo n kb7

(F—T—NR): BEED =LY, FRE, FEHE.



ORI SR AR 7280 Bull. Ibaraki Nat. Mus., (4): 83-94 (2001) 83

7 A BEREOEDEHEICB T S
7 b —FHEOIUK & HARDOHEfE D FRE™

AT **

(2001 4E 3 H 8 Hs#)

Trends of Outreach Activities in American Museums
and Its Implications to Japanese Museums*

Hideo Takimmoro **

(Accepted March 8, 2001)

Abstract

The need for educational functions of museums is well known both within and outside the
museum community. Museums that are eager to develop their educational functions fully must
extend their activities beyond the building. For example, the outreach activities are very popular
among the museums in the United States. This study surveyed several American museums which
have active outreach activities in order to consider how Japanese museums should undertake these

activities in the future. In the survey, the outreach activities of the museums were divided into the
following categories: 1) loan of materials, 2) educational kits, 3) outreach program with instructors,
4) mobile museums, 5) outdoor activities, and 6) prolonged programs. Most of the programs are
developed to be user-friendly, and have received much attention from schools because of good
public relations campaigns. Some of them have a waiting list for the next several years. The time
has come for Japanese museums to develop such high quality outreach programs.

Key words: museum, education, outreach, United States.
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Fig. 1. Natural History Museum of Los Angeles County.
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Page Museum at the La Brea Tar Pit
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Fig. 18. Explain of bird watching.
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KN BT B = v R NF 5 H3F (Bembix niponica) D
B LA o

KA IE A *
(2001 4E 3 A 1 Hs#)

New Habitat of Bembix niponica in Ibaraki Prefecture

Masaki Hisamatsu *

(Accepted March 1, 2001)

Key words: Hymenoptera, Bembix niponica, Ibaraki Prefecture.

FC®IC

= IR INF & HNF (Bembix niponica) |\, H
WZHFATER L, YLEZE IS O THMIBARS 11
TWah, KBTI/ E (1993) RKMEY O &
(1985, 1995), ¥ i & (1978a 1978b, 1982, 1985)
A3, SRR RS T ORI AE BT 5 2 R L
TW572)S, EEHMORMSE S & CHAEROBD IS S
N, KWEOL Y FF—=% 7 7 T EERI8RE &
NCW5 (FIREA DB ALY (BYirT) PRk
REL 2000). 1. EPH%LEE’A@:yn“f‘/./\fﬁ‘ﬁ/\*%i%\f@.
’ Fig. 1. A new habitat of Bembix niponica at Chuo-Jido-
1999 4E DLRT I AZARFE AT B L T 7 o 72 IR IR Park (Iwai City).
HH A O R RRE SFBEHN T, 2000 457 A I2AK
THOE BRI NI-OTHET 5.

® R
= RBUNF T HNF OB S NPT
M&%a#?ﬁa#@ﬂlﬂ% GE N S iﬁf% %
(1), B EARIEHHEBOPGICH D, FEE
E%ﬂf%é EHMEI DO ARSI AT 5
DFA 2 AKIE S 42000 4F 7 H 14 HIZHH %2 51,

Mﬁm‘t MR L7 (K2). SRR, 3Tl M2 BN CIRIES Ny KON F S H AT
BRBNABZEINTBY, SHEABIIRNO N Fig. 2. Bembix niponica collected in Iwai, Iwai City.

* a2 U7 A= 7 TR E A (T 306-0622 £ TTRIE 700; Ibaraki Nature Museum, Iwai 306-0622, Japan).
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n, 8 AMHICIIROLEE DI LR TELRL 7o
7z.

z =5

SV RYNFETHNTIE, HAR (1948) 12HDH LD
R R OW I IFA CTEET 5. KHRICE
J A=y RYNFFHNFORERZ, GENHE B
L7z D A TH - 7228 (K1), S04 HE
RINAEHTIE, BEES 1T EmVNEETOR
b, 199 4FEF TERL TR Do mihT,
2000 FBNCARFEANL LD THE SN0, M6 H
DEHIZ L > TEPHI L VBASN 20 EZ S
N5, HRGEEHE S N7 p Il E AR OB,
WEAE, WA & 0T o SRR3R 1 TS A3 K |2 5
CAENTBY, ZOPILYHS L WIEHS A>T
2eFE2ONDL. JIWORERIZ, T (1995) A
RL7AFEO BRI EToOAEEE HIFIF—HT
5.

TR AHTHT TOZ Y R NF T I NF O 2%
B, ABMRLDICED LW DH, BATTHIZ
IPETCE M r— A wz b, F/2, BAWA)S
ANEOWY L V) RENZERTHY), =y Rt
FHNFORE LT AR E L CEST 5121, His
FEROBFESARUT R THL. GRO=y RN F¥H

(F—=T—=R): "FH, = BINFFTHNF,

INTDFEERIE, AROEBH L (2R % 2 EBETOARE
2 B ETYH, HEROBIDPEE SN T L ARHED
M7 ERHMOREL V) HTOEIRYH ), 5%
AR E JLF D 720,

E

RO & BRERR, SHERINIE RO EAD
I T ALY, WY ALE TR BIHE O LREIZHLY
HLATW 2757,

51 3k

TRIRIR. 1978a. KT 5 355 i b oD ) U AH 5 R T A S 2,
205 pp., KU
IR, 1978b. 7K T S B Bk b o> Bl i A 9 R G AT S
(W0 53 4F 4 H~ 6 HBM#AAS), 20 pp., FKIRL
IIRIL. 1982, KT 4R B FUARERIS AR A AT iy
& 32 pp., KR
IPRIR. 1985, AT HiL S A B EIRAS, 133 pp., TR
IV E AR (BERRY) PRAERT SR H 4. 2000. 2K
WA BT B D BZ DB BB — B — S
BMRL Y RF—% 7> 2. 195pp., FIIELETGBR AR BREE
BUf R
TIGAE D45, 1985, FIROFRE BRI O 5345 — WA 58 -
59 4E. 532 pp., TRIRULAE BRI
A D 2. 1995, K O B E B KW O 55 A — B
i — SR 5.6 4EFE. 417 pp., KRR ATHBRBEEE.
ANERE. 1993, FANHERERS A AR T 2 R KL
WSRO, 12 70,
AT, 1995, BT TONF T ANF OG54, 4 vk
7 &, 46(2): 61-63.
ARG, 1948, (X7 7208 FFERE. 303 pp., ALIREERELL.

PRI



SRR B AR SETFSES Bull. Ibaraki Nat. Mus., (4): 97-100 (2001)

TV FANFX R v ANF (FER), Latibulus nigrinotum
(Hymenoptera, Ichneumonidae) %3 DHAtsxk

BT - AR —** - BT RS+ *

(2001 4E 3 H 6 HsH)

A New Record of Parasitism by an Ichneumonid Wasp,
Latibulus nigrinotum on Two Polistes Species
(Hymenoptera, Ichneumonidae)

%k %

Norihiro Kanar®, Soichi YamaNe ** and Kanetosi KusiGemarr ***

(Accepted March 6, 2001)

Abstract

Parasitism by an ichneumonid wasp, Latibulus nigrinotum on Polistes snelleni and P,
nipponensis was newly recorded in Yuki, Ibaraki Prefecture, central Japan. In six examined nests of
P. snelleni, 5.2-15.8 % of total number of cells were parasitized. Sixteen hard cocoons (wintering
form) and a soft cocoon (summer form) were obtained from these nests and 5 adult wasps (1 o, 1
%, 3 exs.) emerged from the hard cocoons. Four adult wasps (1 &%, 1 £, 2 exs.) emerged from hard
cocoons of a post-emergence nest of P. nipponensis.

Key words: Parasitoid wasp, Ichneumonidae, Latibulus nigrinotum, Polistes snelleni, Polistes nipponensis.

AR ANF R (Family Vespidae), 7 3 F # /3 F 1 EhTnws, &5

97

2, Makino (1983b) &+ 4 7 %

Ff (Subfamlly Polistinae) D /NF 22T 5 RHIC
Tix, #lr (1983a) LT LD TRE. Th
WCEBE, HEREDT VF H/NFIF (Genus Polistes)
WZHAET H e 2 8FF (Family Ichneumonidae) @ /)
FEe LT, NIV TYEYTVFINT (P ripar-
ius Sk. et S6. Yamane: P biglumis O % F5 % H T \»
%) &a7 I I NF (P snelleni Saussure) % % E
& $ % Latibulus argiolus (Rossi) (3 — 10 v /XD T &
FHINF O 1HE, P gallicus Linné (12 FHET D), B
LXK T FI7NF (P nipponensis Pérez) % %F
F &3 % Arthula flavofasciata (Uchida) @ 2 iS5k

ET Y FHNF (P biglimis DX4FEEHWTW5)
\ZFHET D L argiolus DEEZFLIIMEL TS
L2 L (FAfE) 12 & % &, JT4F Horstmann 18 1=
X, AENEOD L. argiolus TIER\WE W) ERE L -
TV EDZLETHL., ZOHFEKD T V— T1I558H
ﬁ%b<,éﬁé%mﬁﬂ%%¢ékw7
FHOIN, &HIE, 1975 F IS TIRIBAEIR T THRE
L7237 FHNFOHENPS, fﬁlﬁ@ L. argiolus & 13
BHONICERR L ANFO LS T 2 F HNF O
PO T 0B, 20k, BECELET
FRROFELZFBIBIZE L, SHIZF KT FHNF

* T 307-0001 FKIRLEAG TV Y BT 11993-10; 11993-10, Yotsukyo, Yuki-City, Ibaraki 307-0001, Japan.
R TINKFBE LA FEHE (T 310-8512 AT LI 2-1-1; Biological Laboratory, Faculty of Education, Ibaraki University,

Mito 310-8512, Japan).

AER B R R E R R (T 890-0065 FE YR K T Ak 7C MT 1-21-24; Entomological Laboratory, Faculty of Agriculture,

Kagoshima University, Kagoshima 890-0065, Japan).
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DEPL IR L0 THET 5.

1975 4F9 F 8 HIZ, JEIRILAE s iy 7 87 WY D VR 57545
B O TIRE L7237 ¥ FHNFOH 1
OBEEDS 1T HOFEEOHW 1572725, 1976 44 7
IZZDH L3l HREATME L (18, 1%,
lex.). S5, 197747 A 31 HIZIX, VERIRTRS W
WCa7 s ANFORIANE L LT, #Eilx
ATWDHEEE (K1) 29N FRICE - THIZES
N7, ZNEFEEFIMLEE TR - 0 L AfETH
5.

FO%, KRBT T VFHNFORIEE L6 &
LCUTOREEEET WS o (1) K3 By IR A7 4k
WA — BB - 19904E 10 H 6 H, 17 (R8T
FERIOMIEZEMES L 0 Makino, 1983b), 199147 A
27 H, 38 (BERZEY), 19914E7 H30H, 3 (95
2 NIRRT, (2 BRI OB RS 5% O i ik
R, 19994E 11 H 10 H, 6 (PRAFE < IMbIiL L7z
A, WAL ARMEERELR); () WAy 5
199147 H 23 H, 6 (AL (3) il KA
199249 H 12 H, 128 (95 Edsk@ii Tz, (3
MO S 199345 30 HE 5 A 31 HIZH lex.

1. I 7 2 FHINF, Polistes snelleni DHF: D X,
FEIBDRES % 9 0089 7 3 FANF X B b ANT
Latibulus nigrinotum O M (1977 47 A 31 H, /Ml
s s AN

Fig. 1. A female ichneumonid wasp, Latibulus nigrino-
tum, gaining access to a nest of Polistes snelleni to
lay eggs in it (photographed on 31 July 1977 by H.
Ogawa).

fb). ZoM, FRTWNICERET S Er0a T+
INF DORG FIRTD, KRFEBRIIFERL SN2 ro 72,

WHEBEOW O R L PFHRRKEE (£ FERE)
1, AEREECIEE N EA13.50 £ 0.65mm & 3.95 *
0.25mm (n=11), ¥EFTIZ13.0mm & 3.5mm (n
=1) THo7z (19994E0 6 fITRME) . WREH O
FRBBETHVWEICEENTY S0 (M2, a 3),
HHOMITma bk, T<CHEVREIZEERTWS (X
2, b). WESNZaT7 2 FHTNFOROEEHIL 38
~216 T, BERIINTL2HFEEOHWMBMDOEEIE
52~15.8%CTH-7.

FRYT T FHNFAOFAEE, R Y 728
WTC 1998 4E 7 H 20 A, T—H—H 2 ~3FEHIMLL 7
BTHERIN ZORK, FFEEOH 1 EPHER SN
72DT, BIEHITARBRTREL TBV/LLI A,
BEDOS H10 H22 5 15 HIZATFT48 (9 5 2 I,
FhEnt L ) »EMELz (X4, 5).

GHPLFEZO—N, BTHIIES N/ HOBEAR
\& Latibulus nigrinotum (Uchida) (J') & [F%E S 172,
ARFEIPIHE 1147 1936 4E12HBE & HAROME,
HR M1 5 CIREE S NTAERIZIL DT, Endrus flavo-

a b
X2 7YFHNFYERY kAT O (A

a) LHRER (EF . b) O
Fig. 2. A hard cocoon (wintering form: a) and a soft co-
coon (summer form: b) of an ichneumonid wasp, La-

tibulus nigrinotum.



TV FANFX R e ANF (BR), Latibulus nigrinotum (Hymenoptera, Ichneumonidae) % F D Hitsk 99

3. a7y FANFOROELZET L FHNFY Y
EANF DY) W THORBAELD ML L
ZAh.

Fig. 3. A post-feeding larva of Latibulus nigrinotum con-
tained in its cocoon formed in a cell of Polistes snel-

leni nest.

R4, FRITIFHNTFOEENINESN T 2 F A
INF R ANF DR,
Fig. 4. A cocoon formed in a brood cell of Polistes nip-

ponensis nest.

E5. ¥R T FANFOEPSTUCL T ¥ F TN
FX R v AT L Z ORI Ok,

Fig. 5. An adult wasp of Latibulus nigrinotum and its
hard cocoon obtained from a nest of Polistes nipponensis.

fasciatus (Uchida) f. nigrinotum & L CREF L 72H D
T& A (Uchida, 1936). Holotype |2 X &1 (Raisha)
DHEREAR DS, F 7= Paratype |2 1L PO E (Susaki = ZHIF ;
13) L9l (Berg Kongo =&ML ; 1 d8) o 2 HEfE
afEE SN TS, 512, Uchida (1940) 1d, &K
L% flavofasciatus & X R OFE & 58O CTHEIZ HAAE S 4
[EEELZ Latibulus JBIZFE L7z, & 512, flavofasciatus %
Arthula JE\ZE I N RE DL LT

£ZAT, NHODFHXL (Uchida, 1936, 1940) 214
FEIZOWTORBRIEZ <, ORI E 7z Tow-
nes et al. (1965) IZBVTHHFEIZOWTOGIHIZ%R
VS 502, RMOKEE B LRSS R O /N Z
Mok zae, eANFHIZHET 2RHTOT—5 -
A, TAXAPAD (1999 4EhR) 12 & HFFIZBIT 251 A
B, BB, B (1983a) IR IRIKORERE
BHIEED X L. nigrinotum DFFEE L TEHFFTFET
2 F 4 NF (Ropalidia fasciata (Fabricius)) % RL#k L
TVWaH, TOROAROMEIZLLE, FFFTF
ET7 T FHNFICFE L SNDHIE, L nigrino-
tum TR WIREESH N EDZ ETHL. ZDEH
2, 4 H % TL. nigrinotum DF5F I\ 5D % icsk
E7WoT, SHEET L2 T FANFEXFRYT
SFANTO2HHH L\ FLERE R B

OB

#H O3 Latibulus J& D538 - A RER LHIZ DWW T
Nt INAVAYSIRYAY =YV =B ST . N i
ML, FHENRERIZERT - SR —1, sl
BRI, 2512, FABROFE
L2 PR S M7 RIS BT o /NI R RISIRH O &
TEKT 5.

ft &

PUTo L) ICHELHTNTS, 7Y FHaNFY
RO EANTFOHDEBDONLWASITT FHINFD
FErLFRR SN OTREL TB L. Rl RIEOKR
FHTRIE, 1993 FFICHBEDOT Y FORIIER L
TR OAEOBABOW 2 R L7z, 25612,
1996 4F 10 HI\ZIZBER OEIMES N Hn s, BT
D 8 AR TVE. ez s, FRRHIIETY
2\,
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SHEE- IURFE— - B THER. 72FHNFYRNYUEXNF (F), Latibulus
nigrinotum (Hymenoptera, Ichneumonidae) NDFEDH LR XIKE B RIEMEH TR

CANFEO 1HE, 72 FHNFX B & XANF Latibulus nigrinotum O 37T 2 F HINF B
LR R T I FANTAOFEN, FREARTIC B RSN fixz6o0a7
TFANFOIATZ =TI, EEEHDS.2~15.8BWFESNTBY, TNOLOHEMND,
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(R—7—F): FE8, € XNFH, TUFANFYFYEANF, TTVFANF, FEYT
SFHNF



IRV B PR BRI 72

Bull. Ibaraki Nat. Mus., (4): 101-102 (2001) 101

Ticks of the Asiatic Black Bear, Ursus thibetanus,
in the Okutama Mts., Central Japan

Takashi TsuNopa™, Shigeo Cumone™* and Koji Yamazakr**

(Accepted March 1, 2001)

Abstract

Ticks were collected from the Asiatic black bear, Ursus thibetanus G. Cuvier, captured in
Minedani, Okutama Town, Tokyo, in June and July 1997 to 1999.

Key words: Asiatic black bear, tick, Okutama Mts., Ursus thibetanus, Tokyo Metropolitan.

Introduction

Ixodid ticks are medically and veterinarily
important arthropods as not only the parasite of
mammals, birds, reptiles, and some of amphibians
but also the vector of many harmful infections.
It is known that there is a specific relationship
between a tick and a host animal (Hoogstraal
and Kim, 1985).

Asiatic black bear, Ursus thibetanus G. Cuvier,
is a large mammal, which lives in mountainous
area of Honsyu, Shikoku and Kyushu Islands.
However, the bear are reported not only as a
threatened species in IUCN Red List (1996) but
also as some local populations that should be
conserved in Red List of Environment Agency,
Japan (Environment Agency, 1998). Research of
parasitic fauna with rare species is important for
wildlife protection.

We investigate the tick parasite on the
Asiatic black bear captured for science study in
Okutama Mts., central Japan.

Materials and Methods

We carried out an ecological study of Asiatic
black bear in the Okutama Mts. (the area covered
in total about 550 km?®), in Tokyo Metropolitan
of central Japan, and captured bears using hand-

made barrel traps in Mine-dani, Okutama-Town,
in June and July of the years 1997-2000. We
checked the traps once or twice a week, and
when a bear was trapped, we immobilized it with
an inter muscle injection of atropine (0. 025 mg/kg),
and a mixture of Xylazine HCL (1 mg/kg) and
Ketamine HCL (15 mg/kg) using blowpipe darts.
We collected ticks by visually scanning the left
part of the body, and preserved the collected ticks
with 70 % ethanol for identification under the
microscope at the laboratory. We released all of
the immobilized bears after tick inspection and
other examination.

Results and Discussion

Ticks that parasitized seven Asiatic black bear
are shown in Table 1. The fifteen ticks collected
comprised two genera and five species. Haemaphysalis
japonica was collected from six of seven bears.
H. megaspinosa, H. flava, Ixodes ovatus and I
monospinosus were also collected from the bears.

Six species of Ixodes ticks (Ixodes acutitarsus,
ovatus, 1.
species  of

1. monospinosus, 1. nipponensis, I
tanuki) and four

(Haemaphysalis  flava, H.

persulcatus, 1.
Haemaphysalis  ticks
japonica, H. longicornis, H. sp.) were collected
from 14 Asiatic black bear in the Tohoku district,
northeastern Japan by Takada and Fujita in 1978.

* Public Health Laboratory of Chiba Prefecture, Chiba 260-8715, Japan.

Present address: Chiba University, Chiba 271-8510, Japan.
** Ibaraki Nature Museum, Iwai 304-0622, Japan.
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Table 1. Species and numbers of ticks found on the Asian black bears in the Okutama Mts., central Japan.

I o L

H. j Hf Hm

Sampling date Sex of bear

M F N M F

1997/6/30
1998/7/21
1998/7/27
1999/6/14
1999/6/22
1999/7/23
2000/7/31

=X EXXEKX

M: Male, F: Female, N: nymph.

1. o: Ixodes ovatus, 1. m: Ixodes monospinosus, H. j: Haemaphysalis japonica, H. f: Haemaphysalis

flava, H. m: Haemaphysalis megaspinosa.

Kadosaki et al (1990) found that six Asiatic
black bears were infested mostly by H. japonica
in northern part of Honshu Island. On Kyushu
Island, numerous H. megaspinosa parasitized an
Asiatic black bear (Yokohata ez al., 1990). Although
H. megaspinosa, H. flava, and H. japonica have
been detected throughout Honshu Island, H.
Jjaponica and I monospinosus are limited to the
northern and eastern

part of the Island (Yamaguti and Kitaoka, 1980).
Our report supports this host-parasite relationship
and biogeographical distribution of the ticks in
Japan.
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List of Mammals Found in Ibaraki Prefecture,
Central Part of Japan
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Abstract

We are compiling a list of mammals in Ibaraki Prefecture in central Japan based on previous
reports and our-own recent studies. So far, we have catalogued a total of 32 mammalian species in
12 families, and 4 species in 4 families that have recently disappeared from the prefecture. All of
the disappeared species were large mammals that are still found in the surroundings. Further study
of mammals in Ibaraki Prefecture should be conducted to determine mammals’ status and to
formulate measures for adequate management.

Key words: mammal, fauna, Ibaraki Prefecture, Tsukuba Mts., Yamizo Mts., Abukuma Mts., Japan.

4G WFLEOFHE IO WTUE, BRI RE (1994) %
N FIV 7278, BIZD W CE— IR0 B/ % v 72,
FKIREOMHFLIE I B % ASHRZE 1L Z N RS

TN TETWE L OO, FOMRIZET 5 HEH

LA LT, ZOEEMECERT S b0RL% ], B
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Table 1. A list of mammals that have been recorded in Ibaraki pref., central part of Japan.

Ly R A R TOffE
IUCN? BB TS

TfFLFe e ®

H # i v ##
fltH P A X IR P AKX Sorex caecutiens
AV AN Chimarrogale platycephala
AR Crocidura dsinezumi
E7TF BIX Urotrichus talpoides
TARET T Mogera imaizumii

HFEH XohvTavEVE oA IavEY

Rhinolophus ferrumequinum

X 7T a7 Rhinolophus cornutus

MREIR T fa Sl

vravE)F EETOTITEY Mpyotis marcrodactylus
T7IavE) Pipistrellus abramus
Y~avxy Nyctalus aviator
v FavE) Plecotus auritus

aFyr7avE)
ERH A FTHIE

Murina ussuriensis

Macaca fuscata™®

A
G T Eiy
MREIR T AR aE A

ek H 1) A% =RV A Sciurus lis T VAl
Ky FEEVH Pteromys momonga
LR E Petaurista leucogenys E i
<4 F Y~ 4 Glirulus japonicus iV Fl A S sl i e LA fa il
A IR INF AR I Microtus montebelli
AX AKX Micromys minutus Aol AHE®
B AR K3 Apodemus argenteus
TARRI Apodemus  speciosus
F7 X3 Rattus norvegicus
Vg Rattus rattus
INY AR Mus musculus
fWH 7 =% A At Ursus_thibetanus* fio S I A AT
A XFE 7 X x Nyctereutes procyonoides
BN Vulpes vulpes
£ % FE TV Martes melampus
{55 Mustela itatsi
Fava Mustera erminea HARRAEE R 7Rk
TrI< Meles meles
Vv a4 af) AV A7 Paguma larvata
B3 B EAZ 173y Sus scrofa
DR =k Th* Cervus_nippon™
A% HET T * Capricornis_crispus*

TR T OB D B
FIRIL SR L 72 L 2 b D HEL

7 H 12 % 32 7
3H 48 478

v QO THKIIEA SR L 72 & E 2 SN BTE.

» Baillie and Groombridge (1996) 12X %.

o BT (1998) 12X 287 7 ) — - KM
o FIREL (2000) 12X %,

o HAMFLE 2 () (1997) 1282

o HRAAREL TTC, M~ PHO ED T > 7 IS T % 2o BT & 2 Wik,

KEIEFLE

KIEOWMFFEHORMEEZ 2L &, BETHH
AL L, KEAEMES EbOTHTH
LHIENEETEL, ZZTw ) REIHFE S, v
XIUTR, ZkYTh, BEDH, 4/&&,:$
YENVDSHETH L0, KBRABAED A E5 5 KT
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YL, SROSLRLMEELELELELS). L2l

BRI CE 2155 2 13, REOYE, Zh s KR
FLBUZ & o THE R A FIREET o % FARIHAR  (FREF 2R
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(22 ORRS N7z I OFEF A 2SR 2 T h Al
TELIeWHL. HHRMEIEDLAF, v/ F 0L
NIHANOBALZRIZERSMIEOHR T L H L, 61.3 %
TEL TS (RIREARBGE 2000 FEREHERD. &
) L7zBh o A7za 0, EHREOEOEKTRAR
M L, KBS OAEFIC L 5> TR LWERT
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Wifrsns.

KEWHFLFHOH TR L7z L 512, #FE GFRicais
S5 C) OBRNTOFFLEO 54 % HH T 5



IR T2 N F TITHES

720, WA ICEE (B 2 IXERIFEE R &) RPEvE
FIEEL RO LMD, AEGTIEN 0o 72h3, KIER
DI BT HRDP O L 724 4 71 3 Canis lupus <°,
HEIR L 72 W BEME DR\ S T T Lutra lutra I\ T b
FfkCTHH. 29 LEHReER (hxeEsry) 286
FHLOHEPWE o LU, FH5I12THF 27207
EENTH 5.

OO

g o OoH R TSR, wli— (Hi7Z
LAy MRA&EH), BHEIL (HAY /7 7 <
FEA), SRRV BRI A B BOR AR, KM AR
PETRAREGR, fRZE 5 (PTRERGOKEIMIFZES), I
ER— (HIZWEME), EEEE R Em7ET),
EIEE GEWTEE), &% W CRFITAER),
A (B Ll E LARBATIEZERT), HIES
(avx)oR), LEF— (TRHINHLR), &
e A CRBURSERT), RIEEiE (Juikiisitd), %
B (FlNHFEOR), RIS BT GRERIE
ZET) OFKICIE, FIREN OB 2 5 HE
RIERE RGN, S CREHOEEERL
v,

51 RACHE

B sk (B, 1994, HAROWFLEL 195 pp., KM
.

EIEIER. 1999, HMARO I E) & ay £ OIS
DWT. KA, (19): 56-57.

Baillie, J. and B. Groombridge. 1996. 1996 IUCN red list of
threatened animals. 368 pp., IUCN.

T 56 1992, KO T7 75 a7 . KIROEY T 4
AR (56 34). pp. 246-247, KIRIE S RBE NS
HEWER.

e T 1975, FKIRVEKHEE T LT O /ML, KRR
WA 14, pp. 187-192, KR W EFRAE MR SED
#

IR, 2000. IR BT HAEMDO BTN D 5 LAY
(B KR L v R7—% 7 v 7. 195 pp., KIRLL
A TR BB BB UK AR

YR ERSR)R . 1985, KK DR B R 0534 (EFD 58 - 59
4E). 532 pp., FIREBEBIR.

EE NI OWT

107

IR VR BB AR, 1996, FKIR IR 0 o YRR O 53 A — BY
Wit — CFIC5 - 6 4F). 417 pp., FIRIEEIGBRBEHL.
IORR B FE S, 1998, S ILOMFLE.  JORIE H AR
fESE 1 REAMEE —fl - Er iz hot 35
LR EE I D FH & —, pp. 207-211, 32— T A/8—2

TRV F R A

SRR 1966, FLIL &ML oBY). HARERGERS
ARG 24 5 FILHR SRS ERE, pp. 59-
61, HABRRIHEN 2.

fi%E 5. 1991, T+ ENCTHBEIN/ =K HEI . KK
W, (14): 33-34.

FRiE 5. 1998, BTEBEILNMCHR SN Y F /U7~ %
WLEW), (18): 58-59

SIREE. 1983, P A Y R X IBO—FEIZF VT,
W, 9): 5-6.

BRIGEFT. 1979, %5 2 [l FARBRIROR IR GETAT B oA A
W (WFlE) 2ER, 91pp., BWEIT.

JI b T 1975 WAt o W FLEH. Kk o E W 1
pp. 170, TR FREE WIS L.

M JE=E—. 1987, HEEKHT CHMESN/zayE) . Tk
B, (11): 63-64.

ANE . 1984, WAKORIY) L BAROES. 218 pp., HA
WA R D%

NEWRTS. 1975 BIAHOMEEL. KIMOAWE 1 £, pp. 8-
10, TR B A B e SR WD

=R 1989, RIET AR (1923 4F) WAL K EE %
Ik B EE =R PVERIRRO T v — M
L4, XF, BoRZEEE RWHEARE duiE, st
Ui, BE M, hERHL) . 202pp., HART Y F—t ¥
5 —.

K EEIE. 1988, BAM L XM, ZOFEHITV,IZH SN
&7, &R 52(5): 11-17.

Rl 1. 1998, dLIKIKITIURE RS CRES NIz T 7
I EY OftFk FKAEY, (18): 60-61.

HAMILE S (W), 1997. Ly F7¥—% HADMFLE
279 pp., XA R

HATEZ, 1998, THEEIZBIT A7 B2 v 054 EBAR
B, FEE el B AREER e, 5(1): 51-54.

FAKTT. 1992, EAOEIW. 538 pp., Ak,

AT A EY A AHRRE O/, 1992, FAHRBIEOR
EENAMEE, 164 pp., FATAL Y EAARBIED
*

TP A B AR B S T, 1998, SERK 9 4F BB T A
T B o BB T 2 BaE A RS E
2 S DR A PR T

HRANEAR. 1998, T O BREMERD — s8BSFligsE L 72 8k
DB —. T, (18): 33-57.

Yoshiyuki, M. 1989. Systematic study of Japanese Chiroptera.
242 pp., Nat. Sci. Mus. Tokyo.

64 pp.,



108

HIESEw] - /IS - i W

& B

g RE) - = -k BF. ZWETCIhETICERShAHILECOVT. ZHE
BAEMEMRRERSE F45 (2001) pp. 103-108.

BEAFESCHK &, BUEEES O AYFEM L T\ 5 4 BEIERAR R 2 2512, KIS BT 2 7L
VANEBER L7, ZO/%R, 7H 28 R EOMAFHO OB I ToOsMmE, $I1FET
12, 3 HARMA O LESBNL S L2 LS ENHE SN o7z K L2 MFLE
T NTRRAET, LT ORILZIZ T 22N S RBIFFLEOIZE ALDPERLTW S
CLEMBHTH o, BN TOMAFERERED L VEELRILIEE, F /280 2 ST
RWET D200, GHOE ST B ER EZEAI RO S5,

(F—7—NF): WEFLE, BV, SURLd, G, BTERRER L, SRR




IR IR BRI JE s Bull Ibaraki Nat. Mus., (4): 109-116 (2001) 109

IR %%L%@E@%
— b SR —

HHAER* - FEHE T B *
(2001 4E 3 H 15 H=H)
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Abstract

Ibaraki Prefecture has a coast line that is 180 km long. The merging of the Japan Current and
Kuril Current oft its coast mean that big marine animals like large fishes, reptiles, whales and
pinnipedia are ashore. Regarding stranded whales, an information network has been constructed to
analyze the areal data, examine improvement of nursing at aquariums, and conduct pathological and
anatomical investigations. Five pygmy sperm whales were stranded on Ibaraki beaches from February,
1999 to April, 2000.

Key words: stranding, Ibaraki Prefecture, use of stranded whale, pygmy sperm whale.

Lo THIERIBETIREE I TWD, REZREIRE L
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ARSI CRERR S 7 I 14 L (G HIAEAL,
1994) Th o7z, Tk, FE LCHEHEZHE 5
WITHBRIC X D EHIRICAY AV A, a~xy avghk
ERIEHOHFHEOA B A BINEE ST 5 2 LS TE 72
IOz L, APREICBI AL HHNALOT TU—
FOVENEL, B CREARET R 2 A T )y
FEOEFHEL LV, ZoMMIZE  OEEEEKICES
N2 EEME->TORRERDNS.

WICIZAEBT 2AMEMD 2 & T, EYraEL 7
[HTC] OWSR, [Pk EREERNE D% 5.

PAER 2 R R, AGIREOBLE S,
eI JiiE R A N E TR VDY, RO RS RIE
CL7eHany, BN EHEI ICES721CLTh
EAEBEOTEITH—BOF ¥ Y ATH Y, FEM%
A, BAOATFRE, BNIHELETH 5.

B LMK DI RIS L A DD ), AAF
BT EEMAME L, B CAEGEICEIBTE 2w
RS 2 TIdESR L L.

fORIE, B b R EGFO—A KD THITEIM TS
AN, MITRICE) LIFAZ DL, HAFLIIRE
TRICHED BTz, FECRHRICH ORI TES Lk
&, BRECORMERLH ) XFAPRETHL. o

T, MAREEE LTHR) DS, EEPLRERLET
DFEBFE-IEAHTH o TH, FERAFIEFDPHERS
N7-FHNI A LCRidk L 72,

B OAAFEAZR & LTRBE (1993) 13RO L9
IRL T3,

. =Ta—ar—3 a3 ryOflh

2. FEEHIZ X 25T

3. REERESEOELN

4, )= —~BREZR Y
Zodbra—ur—3 gy (RE%EA) OFENLS
ZRE LT, BReHNE % ENOFERNPL N &8
EHEGHOMHRELS MO N TS, Flg, F4
HUPERE R R E 3 X B A Vo OB E B & SR8
L Tw % (Morimitsu et al, 1986, 1987). FE I, &
PRUL DR 72 M OBk 22 SR TRO L O MR,
ORHFHGEL, Ta—ar—2 a VOENDPTELY
VORI L ZEEIIE S LTI, R, EES
WEG% EOFEIIAE 2 b, F 7z, FAEA S OEGE D
ZEZOND. BERERLHA OHISEENLS T L
5, BHOMGEEIER L R L, WL RS o
IS L DBRAEEZRI LHWVEEZLREDL W
% (Klinowska, 1986). 7z, D) —F—HhTa—
07— aryOilhk ErbiFEsial, ke
BAHEH) 2L bEZHND.

K1 1975462 AH 5 1997 42 6 H F TITHEE I SRS L 7- i di.
Table 1. Whales stranded on the Kashimanada coast from February, 1975 to June, 1997.

#Fy  FEH H 4 ki (em) fAE (kg) 1B IKFE o W
1 1975 11 1 <y awvsp. AHH A ARE R RIS T KT i A

2 1981 11 28 ~vwvawursTYI 535 T M AR REEETRPENE

31982 6 § AV TU KR 526 1,275 M SR REERTIRET) IR

4 1983 5 12 AFAY 129 20 M AR JREITRE GEERE)
5 1983 11 14 ZF R 118 19 M AEfE BT GEEE)

6 1986 7 13 ZAITTURY 218 FEHH M AEAE P T HE R

7 1987 5 27 A AV 71 FEHH F O KBERTARET 3

8§ 1987 8 17 NFITUEFY 170 44 M AfE BN

9 1988 1 25 AFRAY 165 FEHH F B0 SRR BN i

10 1990 2 19 HAANITYFRY 235 154 M AEfE BEIETEIAEE (40 ~ 50 BH)
111990 2 21 HAANTUFRY 246 165 F BT KUEHIRMEY > v —T
121990 4 3 AYANh 54 2,15 M BT KEEHIKES > E—F
131990 5 8§ AF A 173 81 F BT KUEHIRMEY > v —T
14 1993 7 22 NFIUEW 143 35 M SR HETRRMRE

15 1996 8 25 I~y a7 sp. 204 132 M A KEN

16 1996 10 4  AFAY 118 21 M HfE Wb X RIEAE

17 1997 5 26 “AIA 160 46 F A HIWARERS

18 1997 6 17 AF xR 188 78.5 M HEfRF AW
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3. FICEE SR A [H] (HEHHOEH o UREBROTE
4
m 8 XAVA1ILA
4. THEHREEMOBE R & 2 axwaY -6 J\FTIVEY
s
TH | OB ST, 7 o 7 A O **@TA 2F Y
e

MHEIZ TV T s, MRS HRIER kLS O [t
LEHTE R,

D E2Z UL, BA28I%55 [H] 2272
ZEIhAD.

ZDIDOEAEBEROMIMERIZOVWTIE, 4D
RAEAMEEST A2 LT, BRICE2 b0, fEH,
B ERICL 2300, HHIE TH] Ok 5
LOWRE, IR PICELZI L EDbDNS.

LB, SHRONEDDIT, FIRIEIKEE R B0
MERR IR AN E B R LT B TR & 0 e
TR REO WD & KR (GEHUIKIE - 828 30 [ o
Kii) BEO, FEAEEERLLOEEREY X2, %3

5w - 12 AFAY
13 AFAY

1. 1999 4F 2 H 205 2000 4F 4 F 2 HEE#E2EES L7
OGN, BFIE, ]2 EFE3IDONo &H L.

Fig. 1. Distribution of whales stranded on the Kashimanada

R L7z SAUS &2 L3t 30 AR ORI & D coast from February, 1999 to April, 2000.
F 2. 1999 4E 2 H7A05 2000 4F 4 H F CICREREECEE L 72 ipAmFLE.
Table 2. Marine mammals stranded on the Kashimanada coast from February, 1999 to April, 2000.
w5 FH H % R (em) fAE (kg) A IRE  EEEREOFKIL Kl i
11999 2 20 NFITUEY 204 94 M A 11.2 It 8.0
2 1999 3 6 <y sp. 221 139.5 M A 12.8 B 20.5
31999 4 15 3Ty a7 sp. 318 Rt M BT 15.1 B 22,0
4 1999 5 25 RAF AR 182 Rt M LT 16.5 B 21,0
5 1999 9 13 OY v I sp. 218 145 F B 25.3 B 33.0
6 1999 10 28 /NFITUEFY 249 160 M A 19. 1 &1 215
71999 12 12 a=vawsp. 221 145 F HAEfF 16.1 I 14.0
8 2000 1 7 ATAD 130 22 F BT 15.5 2 1.0
9 2000 1 11 a<yavysp. 227 205 M T 9] It 11.0
10 2000 1 16 ZAFRY 119 36 F 3T 10.4 W% 9.0
11 2000 3 23 FvbhEAg 120 () FEHH F BT AN 2 135
122000 3 27 AFRAY 100 (HE5E) FEHH F AfF 11.4 o 14.5
13 2000 4 12 AFRY 89.5 9.5 M A 13.4 o 19.0
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EKIETHD I EDNTHAEND.

B OEFICIZEEY E OEEFGTETE V. fl
FERRFR N OV TG & EREN 2 BRI L &
Bbn a2y, EHERMATER LM RAaMEI L
fEFAOI TN WA EEE LS. Lo T, S B
DOFEHZT B 72012508 L 72,

EEBEROMEFA

HEHEFEROSE, F0FF [~k % ] 25
NREDPENEEOHL TE CEMEN LD, EEDIR
HPMEEIZE DD D0, REICL LD WED %

30.0
25.0

200
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Kim, —a— K.

Fig. 2. Whale stranding spots and their water temperature.

3. EAE GO R & OKIROHE.

Table 3. Comparison of water temperature.

WC (JFREZEY B2 72 nT) ks % E it
LTHMKTH L. FAEBYTIIRROZEH X b &1
o [fxBhds] L 2E—ICELTHETS.

COZLRIKIBGOBMEDLATH Y, I
OFEEZHNE Loty T — 7S E, RUTRFHIEH
TLHY, EYOBIRETH AT IHED L HEOE Y
DEIBRDBDOTLH 5.

A2 R TR MEE T, ReER T, KIEHZ
EOFE, WHEOWRAEEHENTE 57215 A
L, BFLELZT L ThLH. EEDFERPERET
HUL, BEOE(EG 2615 L, fkThIT L
DELWVMENERTES. 2L T, IAKDA v b
&, FET AL AR, AR BN LR Lo
2Ot WMENTELZETH D, REITHAR, )L
PRI B IO W T, BARAE D I EE T,
RIRCAHA KRS COME, Al x L T (%
Mg 252 LD EETH S,

DX HICLTHE LN dEC B 5 % BB Bl
&, R, EEEEOAE ST, Bhiin L, HORE
WZHZUDDBDTHSL. T2, INLEERTAHIL
T, MERBRELDIDON L TL L ORE &R, i
enZe B2 LoNL 2 %L, B8T LI ENT
& SOICHBEBLIZENTELDTH D,

TR DA, REEISIARMIZAENE T 5 L,

AT B R E (T)

FE M o WO ‘ﬁﬂMﬁ@%%@mm o g
I8 I D FEKiRL ; (C)
ook
1 M KA B 10.5 8.9 13.0 ~A T
2 M OREEEIRPET v E—F 12.1 9.6 13.0 =)
3 M HAIHNRE R 14. 8 11. 4 15.0 DA
4 M A REEEE 16.3 14.4 16.0 ~A4 T
5 F ISR 25.7 22.1 27.0 N TFAT Y
6 M CREEHIKWES > E—F 19.2 18.5 20.0 155
7 F JUAATRE = 15.6 13.0 17.0 7Y
8 F ORPEHT KUK IS TG 15.3 1.1 14.0 +a)
9 M OZbhhimREE T 13.9 10.9 15.0 vJ A
10 F o Skl ey i 15.3 10.6 13.0 AT NI TFATY
11 F o U 11.0 10. 1 14.0 Y)AH - FFA
12 F BRI &R 10. 8 10. 1 13.0 DAY
13 M BT RS 12.5 11.3 14.0 PN ATy

LR (TR SR S IR 5817) 51
SE MK I3 2% 30 AR OFIKIE L D) bR,
FEREE, FERIT O /Kms ASE K & 0 b HIZE,
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WhsFE#E B O, B HAOIRE, EE O
w, EROEW L EE, BEAROAF % LTUTRAET
v, TEEMEKIE, RS OEAPAFITRET
HY, ATERIL, £ < OMZEREICRA S,
WRIELDODDTH 5.

HEECO RV OTE SISO EIE, FTRIC
FR, REZEPOECEBERE, WECRM SN
WEETHMD ZeATE, KIS CTAET 2 EY DBRSE
THYLEE DFgsE, B& 7 EOMEICET > TWwh. %
40, 1 REAEOBTH 575, FERITINLDE
122, 3WELWFEREBIICECAT, FEAIICIRAE S,
ZORIZBITLTOR—Y 3 vk EORE, BRHPR
oM, MEMHEIRRC AR & OB > T b,

z =5

S OER L/ EEO 2, I CEESFR O
Viwsloa<y avENEGEENTH (£S5, 1
B (1965) 1X, CORBICIZ2fH 22 L2 BDT W

x4, BEERO 1R
Table 4. Distribution of stranded whales.

Lo F7, KA (1984) X, 3~ v a3y (Kogia) &
~vay s Y IEHIR L T A2, INNITHREL 3.7
m, REIL408 kg LT, BHERIE, A VA LD v I
B2 E LT i, fkofmidFMsrERc, B
v R EREEOMIC VR D > T, I AR IEIIHE
(bracket mark) &\ A%, ZOdH LHAED LD W%
L, OB TV LS =D T (false
gil) &b, ZTOHBKIEZ DIE Kogia DIFHTH
HELTWAS,

I~y avIEE, SEENCHSEEO B o -5
T, /B (1936, 1937) XK. breviceps & K. simus O 2
FCThse Lz IhH (1954) 1%, SBEOTAH AT
Db O LT ) AEEMEFED S D L TIEEZR > T
WB T ERWE LD, ZoMERECHERFRO F
FThHo7z (K, 1984). 20, KA (1986, 1987)
DIREB L EROBINZE:, PEOFITIE=ZS0
AT DHIEbmaholz. L—Ty R ha
<y ayEF AT ATy 37O LD DOWT
FLo, MEOEHEENIR LI LR 2L T

TEARERAL A - RE YT FRELE YT O LT ELESELED)
PRI BSHORZ Bl SR S TR i LT 4-101 J LIk R
B IKEEFT i K BE W SE T R SR T 5-7-1 DNA f##7
B () F A fis BB 72T FORUHR H g [X 2 HEHT 4-18 DNA fi##7
Bz FIRNRF B FIREA LR 3-5-7 59 B AT
B = EES 55 B AT
JFF e [k EES 155 e AT
ek [k EES 155 e AT
liikic3 [l E EES 155 e AT
BEI§ Bl SR i A FURUHRHT TR X T AT 3-23-1 DNA fi# 47
[izf:4 Al £ [ L 15 G AT
5 A Al £ [ L 15 5 E AT
JFF e Ak [ L 15 5 AT
ek Ak [ L 15 5 AT
T [fl £ [ L 15 5 AT
b [fl E NS 15 5 AT
HAEY  FE NS A A A
=44 FRURFERF B A A AR FE R E A B2 78 . W B 15 5 AT
1A [fl E [HES 15 5 AT
allkes = HES 5 9 B RAT
iR 7] k. HES 54 B RAT
) ZERAEYEIRET =T EEAT 1515 DNA f#HT
FLIR FULRAE A AR R R A R EHIANES T R XSl B RT 1-1 ARt
3L 7] HES R BT ZE
R YT wINS FIRILHCIIE PN FEACHT 8252-3 22092t
R 32— DT A8 T BRI E AR A IR R 700 HENRTE
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F5. 1999 FE3 HH5 20004 1 H F CLLBRBIEICES L2~y avE.
Table 5. Pygmy sperm whales stranded on the Kashimanada Coast from March, 1999 to January, 2000.

. iy N .
whnsET £ B o0 @ o4 o 4 P B e wm e oW %
(em)  (kg)
) PIRIRTB AP BT 1999/3/8 FLT-HERE.
INM-1-008082 1999 3 6 <37 Kogiasp. 221 139.5 M Ut (i) AT g
DANPANU)ERT 3
INM-1-001764 1999 4 15 2I<v 3% Kogia sp. 318 — M iﬂljj PR L A 412
ek
JEEME T B 28 GH A S5 (T R
INM-1-007609 1999 9 13 I~y 37 Kogia sp. 218 145 F (FFIRy b B HWAEICHS - 7
) (s
1999/12/15 3BT,
VA SRS L YL
IRIRAB AT A RE
INM-1-007743 1999 12 12 Iy 3% Kogia sp. 221 145 F i}f_mgujmﬁ AAE Wk - R RE
. B XA
SARE
WD) A D
O 25 it BSOS 9 [0
. _— — AEE T4 H T
INM-1-007752 2000 1 11 I<v 3% Kogia sp. 227 205 M T (R ST "
. 6 BREIZAEAE L T
b2 A e
INM-1-007743 O TA )
INM-1-008083 1999 12 12 I~y 3a% Kogia sp. 19.7 0.17 72 . 7 =R \*Hﬁ Bl
fig e % 5

INM: IBARAKI NATURE MUSEUM

W % (Leatherwood, 1982). ¥ 72, Omura and Taka-
hashi (1981) 21, 19794F 9 H X IRIEHHMEAT Cilag
L7za~y ay s SNTwnb. ZOBEOEIZER )
VDT, BIGHEHZ LTI EPUETHS ).
ZLTC, SFcCHBEEINTVWSLI~Y Y 37 (Sub-
family KOGIALL, 1971) ®fbfi& LCi&, KATD
SEHTRED DI E N, Kogia prisca b L THFESI N
(A, 1926) 3ADE DS (HEILH A X T 50 mm
~ 90 mm, Kogia {tAiOWREOHE) 7 &, KK
WX IBIgAGEL, K25 2Oz 2 DENE
HEEL, ZOWRISESE LTI EPHERS NS,
TRIE, SREE L-GEHO ) ba~y avE a2
Y BIPC, s ofidfklEga~y avgoqh
HME 7 & h SO E % 3k b LED B 5.
FELavyavExRII LD, 3 A DMK
(AF AR EKRL) Tk, FREEY HREIE
5, EEHM om DIIRIZMIBOIMEDS, F72KEDE
LT 2500025, B, HEfbL72ERE T 1HE
RIZOWTRA 10 58 F CHZETE 2. ZoMEsMN
BORKEIZ oW, #MEHOE 4 (Mackintosh
and Wheeler, 1929), I Y /N¥ 7 X (Entosphenus tri-
dentatus, Pike, 1951) 2 X Bledtss, Z N~ X (Isistius
brasiliensis, Jones, 1971) |2 X ZWAM5 L FEHL1H %

25, WEN L PUEMN ARG A K . RHTO F V<R
BAGHIZOWT D, N (F V2 8) fEFEE LT
W B IKIRER D S35 B I3KFR LB,

e AR tE Al 7 & O BT BTS2 B B
THH )N, EEERED S, R AR BRI ET
LIMECTHIUE LA ZLES . BIS [RIH] 23
B, IR ELE U (R -FAh) 289
TLRFREEN. ZOMRIRRICWEEMHEELT
X, KO3 EZ NS,

1. BA2 G2 E2EMPHLEHRL)EHETHL S

L.
2. FAREETHLEBEO O L, WA D
PNBHT L.

3. WAERIKLY, BiEPER SN GZWT L

2120w TiE, HoRELE 2o, 11I220» T,
FIHF XD AN XD RN, EEEEO 5
AR BT HNE) D 3IIOVTIE, HAHTE
FORRIY)E % FEARIS, BALD EY R RO A
IR I b nwie & AP LETHA ).

SEFCICARESL L-a~y av)g (IR
T 0 £ 5§33 55 INM-1-008082, INM-1-001764) @ 7
OR—3 3 YRR (K6) HEGTEAH|ML TH L
(B 1, 2). BLk, ZIRIRIGEIZEAE L 72 E L
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Xhk 1 (Plate 1)

. a<v a7y (Kogia sp.) (INM-008082) BEZE BT (x0.25).
a. Pygmy sperm whale (INM-008082) Skull. Dorsal view. (X0.25).

b. I~y a7 (Kogia sp.) (INM-008082) BEZEIT (x0.35).
. Pygmy sperm whale (INM-008082) Skull. Lateral view. (X0.35).

. I< v a7 (Kogia sp.) (INM-008082) TF3fH LI (x0.36).
Pygmy sperm whale (INM-008082) Mandible. Dorsal view. (X 0. 36).



Plate 1



Xk 2 (Plate 2)

. a< v a7y (Kogia sp.) (INM-001764) SEZE BT (x0.22).
a. Pygmy sperm whale (INM-001764) Skull. Dorsal view. (X 0.22).

b. I~y a7 (Kogia sp.) (INM-001764) BEZEEIT (x0.44).
. Pygmy sperm whale (INM-001764) Skull. Lateral view. (X 0. 44).

. a< v a7y (Kogia sp.) (INM-001764) T3 L (x0.34).
Pygmy sperm whale (INM-001764) Mandible. Dorsal view. (X 0. 34).



Plate 2



Xk 3 (Plate 3)

. A AEWRTIES LT Ky (1999.2.20).

a. Risso’s dolphin stranded at Ariake-cho, Takahagi City (1999.2.20).

b. I ER IR K U —F B L-a~<y a7 (1999.3.6).

. Pygmy sperm whale stranded at Oarai Sun Beach, Oarai-machi, Higashiibaraki-gun (1999.3.6).

H 7l ARSI Lca<y 37 (1999.4.15).
. Pygmy sperm whale stranded at Hattanbara, Hitachi City (1999.4.15).

d. FEEBOA &R s L2 AT A1) (1999.5.25).

. Finless porpoise stranded at Agekama, Asahi-mura, Kashima-gun (1999.5.25).

ST RIS RISEE Loy 3 (1999.9.13).
. Pygmy sperm whale stranded at Takeikama, Kashima City (1999.9.13).

RTIEARRBERTRPEH > €= FIZEAF LT T2 B (1999.10.28)
Risso’s dolphin stranded at Oarai Sun Beach, Oarai-machi, Higashiibaraki-gun (1999.10.28).



Plate 3



Xk 4 (Plate 4)

L BEESTEROAATARE R A Lo g~y 2 (1999.12.12).

a. Pygmy sperm whale stranded at Kashiwaguma, Asahi-mura, Kashima-gun (1999.12.12).

b. FKIBHEAPENT APE AR IR T a3 5 L7z AT A VA (2000.1.7).

. Striped dolphin stranded on a reef at Oarai Aquarium, Oarai-machi, Higashiibaraki-gun
(2000.1.7).

. OB ARG IS Lca<y 3 (2000.1.11).
. Pygmy sperm whale stranded at Isozaki, Hitachinaka City (2000.1.11).

. PR RERT 1235 L 72 29 2 ) (2000.1.16).
. Finless porpoise stranded at Takahama-machi, Takahagi City (2000.1.16).

- RIS IR SRR AT L 22 2 1) (2000.3.27).
. Finless porpoise stranded at Takeikama, Kashima City (2000.3.27).

FENE T REFAT |2 8875 L7z A 2 ) (20004.12).
Finless porpoise stranded at Ohno-machi, Kashima City (2000.4.12).



Plate 4
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First Record of Opisthoteuthis depressa
(Cephalopoda: Octopoda) off the Coast of Ibaraki,
Kanté Region of Honshu

Masataka FunaBashi * and Hiromi Ikezawa **

(Accepted March 10, 2001)

Abstract

A Japanese opisthoteuthid octopus Opisthoteuthis depressa was collected in ocean water about
185 m deep off Hitachi, Ibaraki Prefecture. It was a male individual, about 20.5cm in maximum
width. This is the first record of this species being found off the coast of Ibaraki, Kantd region of
Honshu.

Key words: Mollusca, Cephalopoda, Octopoda, Opithoteuthis depressa, Ibaraki, first record.

STy, AN, KB HIZHM2S 2y 5ao
SEATERPIE SN2 DTHFOHMERET 5.

FL&IC

A V¥ 3 Opisthoteuthis depressa lijima and Ikeda,
1895 | ZF LA (Cephalopoda), /\BEJ2H (Octopoda),
A ¥ % 2k (Opisthoteuthidae) (ZJ&3 2 FiEMED ¥ 2
ToHb. AMIFFHRRERDY D L7290, KEGHE L

REBES SURESE

AL 1999 4E 9 H 28 H, I X ¥ aifix HiyE ¢

TEAHASN TR VY, ZOREOL=—27 Sh
5, IKFHEICORIEWTH D (B4 - mMF (i
%), 1994; KR, 1996; ZE, 1992). HAE AT,
JEHERE 2> S N T TORFEFEM, # L CTH Y Fif
FCIEL AT A EMENTW S (Tjima and
Tkeda, 1895; 7)1l - ZJ&, 1998; B4, 1985; B 412
A, 1987, LR (), 1987). La»L, ZhFTH
FLERIE, MBELE OEFHETO S DANT L A LT,
AESE DAL TORERTZ L <, KEEMCTIEF 7245

LR TRERAL W& D, B oKER
185 m OHh i (JLfiE 369317 HAE 1400587 ) THRE S
72 (). B, MLHET AFEOE»ICFT
YAy, THAILY, kv, YT EELHESN
72, BREE SRS SR T — R R S h7ztk, B
Wz, 2o, 10 %HHERLV~<) v CTHEE - #
FFEN, I 2—U7 L85— 7 TR RIS O iR
PR VPR S 7z, BB 513 INM-1-008087 T &
5.

ORI A T SRR R VR A B i == (T 310-0852 7K 115 45 5L T 978-6; Oarai Aquarium Renovation Section, Living and
Culture Division, Ibaraki Prefectural Government, 978-6 Kasahara-cho Mito 310-0852, Japan).
BRI 2T T A= 7 TR AR (T 306-0622 %5 FETT AW 700; Tharaki Nature Museum, Iwai 306-0622, Japan).
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HIRAKATA

TAKAIAGI
IBARAKI PREFECTURE

HITACHI
OOSE

Kuji River

Naka River

- Lake 36°20° N

Hinuma

Lake |
Kasumigaura

Tone River

|

140° 20" £

B 1. BT (St 1),
Fig. 1. The collecting locality (St. 1).

BREREOSH

VI, AEROBERONTIEEZ T 5. 5HIME
IZDOWTIE, GHEGFHEOLDOTH S,

1. B8

e HORWE : 2005 cm. IORHIZEERE . 16,5 cm. 1K
WFERETEL 2L, AEREIHLO RSN L9 1
BRI C, ApgicHiERkE 23 (X2).
2. RO

KRB O T, HEROBED S KO T 12
Ho T, S-6HDRMEED AT B, FERILTFHET
BN, BFENIRAEIFET 5. SNEBEOBm
WIEALED B2, ZomMIZE S/ 2. 5cm, 1H
)1 em @D 1 OREENFAES 5. WERIZHIRT, 2D
SeumiEsivy, BBICEE L CRERIRICE S A 72 1 3 OliRA
HY, TORBDIFREHFOL, BICEHMIIESH
1 ecm O/NE RIEIPHFIET 5.

3. Ol
T TSR IEB 0 TH 5%, RAMEB X O
DAL R R R B TH 5. 8 ADBEIIHEIRIZIE

PG IERE -

HEAEIINSS

2. FKIRITCIRES N A v 5T (R oL
Fig. 2. Aboral veiw of O. depressa collected alive off
the coast of Ibaraki.

R 3. Kb CERES NI Ay o (EfE) ol
Fig. 3. Oral veiw of O. depressa collected alive off the

coast of Ibaraki.

20, JETIRWARETHEAE L, Gl T o A4t
LT A (X3). & oo i 51X I 2.
8cm (2.5-3cm) Th b, KWl ILF5 48 (45-50
i) ORGSR, FORBLE»HHE s FHEHH2D
OB KALL, 25D 72 IR DS, Bk
HANZ 7 5. TEOWUNIIZHEBOMENEZ T D

z =

KLIWRLZEHIZ, AL L aIINnET4
Freld 11 FARE S Tws O, 1996; 1811, 1991;
A AL H RS (), 1993; HEF, 1981; H
R, 1975; Taki, 1963; &7k, 1993, 1996). ZKiRIF i
TIHEINFETRA ¥ IIZOWTIERED WD, FE
DFF AT APHERL TWDL I ERTHhoTnhb.
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R KWESY Y A L.
Table 1. List of octopuses from the sea off Ibaraki.

JUBiIZ H Octopoda
A v % aF} Opisthoteuthidae
1 *A % v HFaO®
Opisthoteuthis californiana Berry, 1949

7+ X7 F % 2%} Idioctopodidae
2 FTFAYTITEa?
Idioctopus gracilipes Taki, 1962

~ % 2%} Octopodidae
3 <& a @ @ 6G) (M
Octopus vulgaris Cuvier, 1797
4 4145a®
Octopus ocellatus Gray, 1849
5 IZ¥a ®) (1)
Octopus (Enteroctopus) dofleini (Wiilker, 1910)
6 Jvﬂ-jt_“y“:j(ﬁ)(ﬂ(ﬂ)
Octopus (Paroctopus) conispadiceus (Sasaki, 1917)
7 ruya @
Benthoctopus fuscus Taki, 1964
8§ A3Lga®
Benthoctopus violescens Taki, 1964

714 % 3%} Argonautidae
9 TAATAD
Argonauta argo Linnaeus, 1758
10 5ya73®
Argonauta hians (Lightfoot, 1786)
1 FFI5arir®
Argonauta boettgeri Maltzan, 1888

M - 470 S HEARMICES (2000) (CHERL 72
ﬁ,%+ﬁ¥779:howfunm<m@>%%ﬁt
72, M&OHBO () EHERS N LE T RT. XL
EZIEToM) THhs, (1): Taki (1963); (2):
R (1975); (3): - ¥F (1981); (4): 8 JII (1991); (5):
REAAIL A R&# (1993); (6): &7k (1993);
(7): 5 (1996); (8): Bk (1996).

ﬁﬁxyﬁniﬁ%ﬁmﬁﬁaﬁmnf%%ént
Tk x R ICH AR E L CREMIcR S e
(hml%ﬁ.ﬁix/&zu%ﬁkﬁf,axﬁﬁ
TIEHE S & =R, ki 2 0 7K 3 500-600 m
WWHERT 22 e Twd (FF 2000). £
FaEIF TR T 8 MEAFLH S T B A% (Varghese,
1976), EANTIZ R 2FDIENIE YRS 52 0. ja-
ponica &4+ 7 Z 7% 3 O. albatrossi SR S LT\
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Abstract

In the spring, summer and fall of 2000, we surveyed the flora of vascular plants in relatively
well managed coppices and adjacent foot paths around rice fields in Iwai. We recorded 223 species
in the coppices and 124 species at ridges between rice fields.

Key words: Iwai, coppice, flora, vascular plant.
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R 1. A, a: ST ERCE, b adRTAH, o SR ERIL
Fig. 1. Sites of Survey. a: Kamiyahagi, Iwai-City, b: Heta, Iwai-City, c¢: Kamiooguchi, Iwai-City.
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Appendix 1. A List of vasucular plants in each area of secondary forests.

Z
o

fil % 1 |23 |45

Equisetum arvense A7

Botrychium ternatum 7 17 N} T

Osmunda japonica £ > <A ®)

O|0] |Of=
O |O|O}e

Lygodium japonicus 71 =7

Pteridium aquilinum var. latiusculum 77 €

Dryopteris erythrosora N=3'%

Dryopteris bissetiana X~ A5 F 5

[e=BIEN N e R A A e R

Polystichum polyblepharum A /T

N=)

o] |10|0] 10

Thelypteris japonica /N 7147 €

S

Thelypteris acuminata 7R3 % o

Thelypteris torresiana var. calvata Y A7 J Y

NS}

Stegnogramma pozoi subsp. mollissima X%

w

O

Athyrium niponicum A X7 7 ¥

~

O|O

Deparia japonica 7%

W

O
O
O
O

Cryptomeria japonica A ¥

—
[=)}

Chamaecyparis pisifera 7 7

—
~

Chamaecyparis obtusa t / %

—
o0

Carpinus tschonoskii A X7

—
N=)

Quercus serrata 1757

D
(=]

O|0]0|0|0|0|0|10

O|O

Quercus myrsinaefolia > 7 71~

NS}

O|0|0|e@|0|0| |@|O
O]0|0|0O

Quercus acutissima 7 X F

N
NS}

Castanea crenata 7 )

3]
w

Castanopsis sieboldii A% A

)
N

O

Aphananthe aspera 57 J %

[N}
W

OO
OO

Celtis sinensis var. japonica I/

ye}
[=}

O|O|O| |0|0j0|0] |O|01C @@ (O |@

Zelkova serrata 7YV ¥

NS}
~

O|0O]O|0]0|0|0|0|0|O
O|O|O|0|0|0] |O]0|O

O|0|0

Morus alba <77

[N
[oe]

O|O]O|0|0] |0 |0]|0|0

Broussonetia kazinoki & A 377

3
Ne)

Fatoua villosa 7 7 7

(%%
(=]

Humulus japonicus 717577

w

Antenoron filiforme I A& ¥ O 10 O

w2
NS}

® O

Persicaria longiseta A X% T

(98]
w

Persicaria yokusaniana /N7 % 7"

W
=

Polygonum aviculare I F Y FF

(951
W

O|0] |O]0|e@|O|0| |O|0|0] |O|O|e|O] |O|O|0|0|0|0|0

O|0|0|0| @

Phytolacca americana 37 ¥ V< IR

o
N

Myosoton aquaticum 77 ¥/ /NT N O

w2
~

Stellaria media 7> 3\

(3
oo}

Chenopodium album < 0

w2
O

e O

Achyranthes bidentata var. japonica A / 3 XF

I
=)

o]0 0|00

Achyranthes longifolia X > ¥4 ) 3 XF

A~

Magnolia praecoccisima 7% OO

A~
)

O|0|eO

Magnolia obovata 7%/ %

~
s}

O

Neolitsea sericea ¥ 1%

~
N

Lindera glauca X< 37N

~
vy

Nandina domestica F > 7 ~

~
=N

Akebia quinata T 7Y

~
2

O
O|0| |0|0] |O
O|0| |0|0] |O
O

Akebia trifoliata IV /NT T E

A
3

Cocculus trilobus T4V T 77

I
©

Houttuynia cordata R 7 % 3 O

W
(=]

O] |0]0|O

0|0

O|0|0|0

O|O] |O]0] |00 O] |O
O|0|O| 0|0

Chloranthus serratus 7 %) ¥ XH O

(#i <, to be continued)
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(f+2£1. #it %, Appendix 1, continued)

No.

il 4

[\

3

~

51

Eurya japonica 71 %

52

Fy ¥

Camellia sinensis

9
0]0 |00
O L

53

TN F

Camellia japonica

54

Macleaya cordata % 7 =7

O] 0|0}~

O

55

Arabis hirsuta X </NF A

56

Saxifraga stolonifera 1%/ %

57

Rosa multiflora /4 /T

58

Prunus jamasakura X <7 Z

O|O

O|O

59

Rosa wichuraiana 7 ) 7N/ A INF

60

FULuf5T

Rubus parvifolius

0|0

61

) IANT T

Prunus grayana

@ O|0|0|0

@ O|0|0|0
O|0] 0|0

62

Potentilla freyniana X7 /N7 F 7]

63

Rubus palmatus var. coptophyllus €3I T A F T

O|0|O

O|@O|0] |O|0|0] e |Oe|w

64

Pourthiaea vilosa var. laevis 717 7]

65

A XFr 7

Prunus buergeriana

O
O|0|O
O

66

Agrimonia pilosa var. japonica ¥ I AL X

67

Duchesnea chrysantha Y A F T

68

Vicia unijuga F > 7 ¥ /NF

69

Wisteria floribunda 7 3

O|O

O@

70

Amphicarpaea bractaeta subsp. edgeworthii var. japonica X 7 < X

71

Pueraria lobata 7 X

O|@O| |O|0|0|0

O|0|O

72

Albizia julibrissin 72/ %

O|0|0|0| @

73

Dunbaria villosa & X7 A

O|0]0|0]0|O

74

b1 <A

Rhynchosia acuminatifolia

® OO0 |O
O] |00 0|0

75

Desmodium podocarpum subsp. oxyphyllum X A Y hNF

76

Y <NFE

Lespedeza bicolor

Ole

77

Oxalis corniculata 71 % 7N 3

78

Geranium nepalense subsp. thunbergii 7~/ > 371

79

T AT

Mallotus japonicus

O|0o|Oo| O

80

Euphorbia pekinensis % 71 N7 ¥ A

0|0

81

Acalypha australis L. % 73

82

Zanthoxylum piperitum > > a7

Ol |ee |O00

83

=TIl

Ailanthus altissima

84

=4

Picrasma quassioides

® OO
O|0| @

85

Rhus javanica var. roxburghii X )7

O

86

Rhus trichocarpa Y~ 7 )V

O|0] |e@eO] |00|0

0|0

87

Acer palmatum A UNEI Y

88

llex integra €T/ F

89

A X7

Ilex crenata

O] 10 0|0 |O
O
O

O

90

Celastrus orbiculatus /)7 A€ N ¥

91

Euonymus sieboldianus < 1.3

92

Euscaphis japonica T A A

93

Ampelopsis brevipedunculata var. heterophylla /7 K7

94

Vitis thunbergii LY )V

O|O0|O|010] |O|0] |O

O|0|O
O @0

95

P4

Parthenocissus tricuspidata

96

Cayratia japonica X 7717

97

Tilia miqueliana K% A ¥ =

98

Viola grypoceras % 7/ KRAI L

Ol |0|O] 0|0 |00

99

Viola mandshurica A I L

O|0|@|O|0|0|O| |O|0|0|0

100

Trichosanthes cucumeroides 717 A1)

101

Gynostemma pentaphylla 7 < T )V

OO0 |O] |@ |O]O|0|0|0|0

O|0] |O|@ |O|O|0|0|0] |O
O|0] |O] |O|0|0|0|0|0|0|O

L
O
O
L
O
O
O
L

(<,

to be continued)
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(f+2£1. #it %, Appendix 1, continued)

No.

il 4

3

4

5

7

9

102

Melothria japonica AR X771

103

Aucuba japonica T F ¥

104

Swida controversa 3 A ¥

105

Aralia cordata 7 F

106

Aralia elata % 7/ *

107

Kalopanax pictus  7>') F1)

O|0o|o| O

O|0|0]|0]O

O|0o|o| O

108

Hedera rhombea %

0@ e 0000

O|O|O|0] |O|@|=

109

Acanthopanax spinosus Y~ 7 2%

110

Centella asiatica 7 K7

O|0]0|0]0|0]0|O

O|0]0]|0]|0|0|e|O

Ol |0]0]0|e|0|O

111

Angelica decursiva /%1

O|0] |0]0|0] |0]O

112

Torilis scabra # Y737 7 3

113

Cryptotaenia japonica X/ /N

O

114

Sanicula chinensis X/ I VN

® OO

115

Ardisia crenata < ') a7

O

116

Ardisia crispa 717 % TN

117

Ardisia japonica X7 37T

O|0|O

O] |[Oee

118

Lysimachia japonica 37F A Y

119

Diospyros kaki 71 %/ %

120

Styrax japonica LT/ %

O|0| |0 |O

121

Symplocos chinensis var. leucocarpa f. pilosa 7 7% ¥

O|O

O|0|O

122

Ligustrum obtusifolium A K% / *

elieN J

123

Gentiana scabra var. buergeri ') ' K7

124

Trachelospermum asiaticum 7 A 71 71 X5

125

Paederia scandens Y A /3T

126

Rubia argyi 7 71 A

127

Callicarpa japonica 7% F 2 F7

O|0|O

O|0|O

128

Clerodendrum trichotomum 7 3

Oe

129

Rabdosia inflexa X <7/Nv 71

O] |0|0|0|@|O| |O|0|0|e

O|0] |00

130

Teucrium japonicum =717

O|0|O|0] |@|O|0] |O|O|0

131

Mosla punctulata A X 37T a2

® 00O 0000

132

Perilla frutescens var. crispa ¥/

133

Solanum lyratum 3 V)T aw T

134

Solanum americanum T A1) 714 A RF X ¥

135

Paulownia tomentosa ')

136

Lindernia crustacea ') 7

137

Justicia procumbens ¥ /< T

138

Phryma leptostachya var. asiatica /NT. K277

139

Plantago asiatica 7 7 /N2

140

Lonicera gracilipes X< 7 A AT T

141

Viburnum dilatatum 773 A 3

142

Lonicera japonica A4 51 XT

® OO

143

Sambucus racemosa subsp. sieboldiana =7 b 2

O|0|0|0

O|0|0|e| |@

O|0|0|010|@|O| O

O|0|O

O|0|le|l O] |@ |O|0] |O

144

Lonicera gracilipes var. glabra 77 A AN 75

145

Adenophora triphylla var. japonica V) W 4= T v

® |O|0|00| |00 e

146

Youngia japonica 7 =% ¥ 71

147

Solidago altissima A5 7 T5¥FI7

0|0

148

Aster scaber V7YX U

149

Eupatorium chinense ¥ 3 N1)/NF

ole

150

Cirsium japonicum /7 3

151

Youngia denticulata X 7 )7

O|0|O|0|0]|0|0

152

Atractylodes japonica F 7T

O| |@0|0|0|0|0] |O|0|e|O| |O

(<,

to be continued)
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(42 1. #it %, Appendix 1, continued)

No. i % 1234|5617 8109

153 | Aster ageratoides subsp. ovatus / 312 ¥ 7

8
O
154 | Cirsium oligophyllum / /N7 T 3 OO0 O| @

@ OO

155 | Ixeris dentata =777

156 | Lactuca indica 7 X/ /)7

157 | Stenactis annuus Y X a4

O
Ol |@ |O

158 | Artemisia princeps 3 EF

® O|0|0
0|0

159 | Picris hieracioides subsp. japonica 177 ") F

160 | Galinsoga ciliata 'N% 5 X ¥ 7 ®

161 | Cirsium tanakae form. obvallatum 7 V<7 3

0|0

162 | Bidens biternata -t > % > 7

163 | Erigeron philadelphicus NV %

164 | Bidens frondosa 7 A1) 71> ¥ v 7

165 | Erigeron canadensis © A X713 3EF

O|0]|0|10

166 | Ixeris stolonifera A 7 =7

167 | Kalimeris pseudo-yomena 71~ ~77 3 X F

168 | Sonchus oleraceus /7

169 | Petasites japonicus 7 ¥

170 | Erechtites hieracifolia % >~ F:Ru ¥ 7

171 | Smilax china YV ~1) A /NF

O|O

172 | Ophiopogon japonicus < X / &7

O|0]O|@|0]|0|O

173 | Liriope platyphylla X 75 ~

O|0|0|O
O|0|0|O

174 | Lilium auratum X <211)

175 | Polygonatum odoratum var. pluriflorum 7~ K31

@ O|0O|0|0|O

176 | Polygonatum falcatum 7 )V 3 1.1)

177 | Disporum smilacinum 7 =11

178 | Hemerocallis fulva var. kwanso X 7712

000 e e 000
® OO0 ee0o0

O
O|0j0|e0|0|e |O

179 | Smilax riparia var. ussuriensis > 47T

180 | Lilium lancifolium % =.1)

181 | Hosta albo-marginata /NF K7 ¥

O|0|O

182 | Disporum sessile &7 F ¥ 7 7

O

183 | Hemerocallis fulva var. longituba / 71 277

O

184 | Rohdea japonica 7 & k

185 | Scilla scilloides 7 V7R

186 | Lycoris radiata & 77 /N

O|@0O

187 | Dioscorea tokoro #+ =K1

188 | Dioscorea japonica X~/ A E

189 | Tritonia crocosmaeflora & A& F 7 FX A4 &

190 | Commelina communis 7 77

191 | Pleioblastus chino 7 A~ 344

O|0|0| 0|0
O|0|O| 0|0
O|0|0| e|e
O|0|@|0]|0|O

192 | Oplismenus undulatifolius 77 3

193 | Agropyron ciliare var. minus 7 4 71°€ 2 7

O] |0|0|0] |00
Ol |0|010] 0|00
Ol 0|00

® 000

194 | Calamagrostis arundinacea var. brachytricha / 77'') X A

195 | Phyllostachys bambusoides < 5’1

196 | Festuca parvigluma »R 7T

@ ® O 00000 00

197 | Agrostis clavata var. nukabo X 71 R

198 | Miscanthus sinensis A A

0|0

199 | Pseudosasa japonica X %1

200 | Phalaris arundinacea 7 %3

Ol 0|0

O

201 | Digitaria ciliaris X & /N

O|0|0] O

202 | Calamagrostis epigeios Y~ T 7

203 | Setaria faberi T ¥/ I/ 3117 O 10

(#i <, to be continued)
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(f+2£1. #it %, Appendix 1, continued)

No. i % 123|415 1]61|7

Ole

204 | Microstegium vimineum 7 3R

205 | Pennisetum alopeculoides F 717 2/ /N

O]|0O|0O|e

206 | Panicum bisulcatum X 71 % &

207 | Eleusine indica 7t /N

208 | Eragrostis ferruginea 71X 7

209 | Setaria glauca ¥ > T/ a1

210 | Imperata cylindrica T 77

211 | Sporobolus fertilis X X /7%

212 | Trachycarpus fortunei 3 a1

0|0
0|0

213 | Arisaema serratum I\ 7

O
214 | Pinellia ternata 717 A¥E 3 X 7 O O
215 | Arisaema thunbergii subsp. urashima 77 <7 O

216 | Carex lanceolata & 7177 A1

@O

217 | Carex japonica Y I 7

O |0 0] |0O|0]0|0|0|0

O|l@ol |0 |O

218 | Carex lenta FF') A7

219 | Carex meurocarpa I 3

220 | Zingiber mioga X 37

@O

221 | Cephalanthera falcata > 7 ¥

@O
O|0| |@O
O

222 | Cephalanthera erecta > 7~

223 | Cymbidium goeringii > 2.2 7 ~ O

BrOBHINEIZ T > 7T —EHNZ L7z225> 72,
FOOIIFEEZE, @IIFEEZRL TV,
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EeE il sy | 5 H 29 A4
G LA 7 31 HAE
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Appendix 2. A list of vasucular plants in each area of ridges between rice fields.
No. T % 1 |23 ]4]5]6
| | Equisetum arvense A OO0 00| 0O
2 | Equisetum palustre A X AFF O
3 | Ceratopteris thalictroides I X7 7Y [ }
4 | Salix chaenomeloides < IV/NY FF [ ]
5 | Salix gilgiana 717X FF O
6 | Salix integra A X3V VS F O
7 | Salix sachalinensis F / X FF [ J
8 | Fatoua villosa 7 7 7 O
9 | Humulus japonicus 71+ 57 7 O O O
10 | Pilea mongolica 74 I A O
11 | Persicaria hydropiper X+ ¥% 7 O
12 | Persicaria longiseta A X% 7T OO0 ]0O0|]0]| 0O
13 | Persicaria thunbergii X"/ /N O O O
14 | Rumex acetosa A A I\ O
15 | Rumex crispus F 7 /NF L F O
16 | Cerastium glomeratum *+ 7 > % I I F 7 O | O
17 | Myosoton aquaticum 7 37NN OO
18 | Silene armeria 53 M) ST O
19 | Stellaria alsine var. undulata / X/ 7 A O
20 | Achyranthes bidentata var. japonica A / 3 AXF O O O
21 | Ranunculus cantoniensis 7% F /) K5 >~ O O
22 | Houttuynia cordata F7 % 3 O|lO]O0]0 |0
23 | Sarothra laxa 37 F %) [ J O
24 | Capsella bursa-pastoris F X F O
25 | Cardamine flexuosa % %y /37 O
26 | Rorippa indica A X7 7 OO0 1|0 OO
27 | Rorippa islandica A713 % TR O] 0O
28 | Sedum bulbiferum IEF <V H 27 O | 0O
29 | Duchesnea chrysantha YA F T O O
30 | Potentilla sundaica var. robusta 7Y A F T O O
31 | Rubus parvifolius 7> 84 F T O
32 | Amphicarpaea bractaeta subsp. edgeworthii var. japonica N 7% X O O
33 | Trifolium repens 117 X7 O O O
34 | Vicia angustifolia Y/NAXT 2 K7 O
35 | Wisteria flovibunda 73 O
36 | Oxalis corniculata 71 % /7N 3 O O
37 | Geranium nepalense subsp. thunbergii 7>~ /> a7 O o
38 | Acalypha australis T/ % 7 (]
39 | Euphorbia supina 1= F 7 O
40 | Cayratia japonica X 7715 O O
41 | Ludwigia epilobioides F 39 Y % 7 O]0O |0
42 | Swida controversa I A O
43 | Hydrocotyle matirima /7 7 F X O
44 | Hydrocotyle sibthorpioides 7 F X 73 O O
45 | Oenanthe javanica ') OO0 |0 |0
46 | Lysimachia japonica 35 A€ O
47 | Metaplexis japonica 71771 & O O
48 | Galium spurium var. echinospermon X TN T O] O
49 | Paederia scandens X A kN5 O
50 | Bothriospermum tenellum /N7 A /N5 O [ ]
Gt <, to be continued)
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(f+2£2. #it %, Appendix 2, continued)

No. T 4 1 |23 |4]5]6
51 | Glechoma hederacea subsp. grandis 71 % FF ¥ O O
52 | Lamium purpureum Y X% K1) 27 O
53 | Lycopus maackianus & A > 0 % O
54 | Lycopus ramosissimus & X)L I O
55 | Mosla dianthera & X O O| @
56 | Perilla frutescens var. fiutescens L1~ o [ J
57 | Stachys riederi var. intermedia A X I [ J
58 | Lindernia crustacea 7 ') 7 O
59 | Lindernia dubia 7 *') 717 XS O
60 | Lindernia procumbens 7 €7} [ J
61 | Veronica arvensis % F A X/ 77 O
62 | Veronica persica F* A X/ 77) O
63 | Justicia procumbens ¥V /)< T O O] 0
64 | Plantago asiatica /N2 O
65 | Artemisia princeps T EF OO0 |0O| @
66 | Bidens biternata 2% 2 7 [ J
67 | Bidens frondosa T A1) 1k 2T O O [ J
68 | Bidens tripartita ¥ 7 3% O
69 | Cirsium tanakae form. obvallatum 7 V=7 H I [ J
70 | Conyza sumatrensis * 4 7 LF /) F7 O [ ]
71 | Eclipta thermalis % 71787 ® ® O | O
72 | Erigeron canadensis 't A N7 3EF O [ ]
73 | Erigeron philadelphicus NV % ¥ O |0 OO0
74 | Galinsoga ciliata N % X F 7 O O O
75 | Gnaphalium affine 7 /N2 73 O
76 | Ixeris debilis 4 N1) ® O
77 | Kalimeris pseudo-yomena 71 >~ b7 3 X} OO0 | @ OO
78 | Lactuca indica T ¥/ )77 O O
79 | Lapsana apogonoides 14+ =% Y F 1 o
80 | Solidago altissima A ¥ T T YT OJ]O0O]O0O|]O0O 0|0
81 | Sonchus asper * =7 O
82 | Sonchus oleraceus /7Y O O
83 | Stenactis annuus Y A a7 ¥ O O
84 | Youngia japonica 4 =% Y 71 O
85 | Sagittaria trifolia €57 O @] O
86 | Allium grayi / ¥ O
87 | Allium tuberosum =7 O
88 | Dioscorea japonica X~/ AE O
89 | Juncus effusus var. decipiens A O O O
90 | Commelina communis 7 1.7 3 O OO0 |0
91 | Murdannia keisak A K7 O |0
92 | Agropyron ciliare var. minus 7 4 71€T 7 OO0
93 | Agropyron tsukushiense var. transiens 7€ 7 O] O
94 | Alopecurus aequalis var. amurensis A A A J T v R O
95 | Arthraxon hispidus 37 F 7" O
96 | Digitaria ciliaris * & 3/ /N OO0 ]0|0
97 | Echinochloa crus-galli var. caudata A X ¥ L. OO0
98 | Echinochloa crus-galli var. echinata 74 X £ L O
99 | Eleusine indica 7t ¥//N O
100 | Ergagrostis ferruginea 71X 7 [ J
101 | Hemarthria sibirica 73/ 3 v XA O

(<,

to be continued)
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(f+2£2. #it %, Appendix 2, continued)

No.

il

3 4 5 6

102

Imperata cylindrica T 7Y

103

Leersia japonica T > 71 %

104

Lolium multiflorum A I L F

OO0

105

Panicum bisulcatum X 71 % &

106

Pennisetum alopeculoides T 717 2 /3

107

Phalaris arundinacea 7 %3

108

Phragmites communis 3 >

O|O
0|0
O|O
@000

109

Phragmites japonica V3

O|0|O

110

Setaria faberi T ¥/ X/ a0+

111

Setaria glauca ¥ > L./ a0

112

Setaria viridis T/ 3217

O|O

113

Lemna perpusilla 7 % 7 % 7 4

114

Spirodela polyrhiza 7 % 7

0|0

115

TBypha latifolia 77

116
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to Ph. F. von Siebold
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Abstract

At Ibaraki Nature Museum’s 18th special exhibition “Von Siebold’s Perspective on Japan’s

Nature”, we displayed a hanging scroll of a herbal rubbed copy from von Siebold’s collections.

During the exhibition period, we acquired new information about the copy, learning that it was a

gift from Upacawa Joan and that descriptions of the copy are in “NIPPON” and “Flora Japonica”.

Key words: Ph. F. von Siebold, UpaGawa Joan, herbal rubbed copy.
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Fig. 1. The hanging scroll of the herbal rubbed copy.
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Fig. 2. The dimensions of the herbal rubbed copy.
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X 3. [demrim) &5 74 [HI - FKHE O .
Fig. 3. The illustration of the plant “Akitabuki” from
the 7th volume of “Hokusai Manga”.
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Fig. 4. The title sheet of the hanging scroll with
UpAGAWA Joan’s dedication and stamp.
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Fig. 5. “Folium Ligulariae giganteae Sieb.” written by
von Siebold.

FTAT U BROR L THB) 0P THENRITSH
TWb. £, =RV 2RHORHED 1863 4F
CiikEhZzHE GATFCBF2T752 - ¥ —
)V b O MEBMEE THRES S 17z HA &b IE O
BIOHEET. FHWITZMi%E, S6pp., TAHAATI
FATH) CHmMEEET S (il - &5,
2000). MRV LRICADTWEKITHS.

5. =PIV FRTFOEAZEEERL, Eh5id
T4 T VENEMEAICIR I N TNnS. O
IZ Tussilago petasites Th (Thunberg @ &) &
WeaIYDDOWEEARDHS. aAFYIFHATD
FrEEbns.

=)V MR T F D44 % Nardosmia japonica
Sieb. et Zuce. EEHL TN 5.

Doz &hs, —HRIVME, YUTRHE T
FHOMBITONT, WHLUTOEETRS DD
hs.

6. P—HRIVEDTFYTFOEARZT AT »EH
MEAEICIGDEZARBESIRN.
DEOHEPLEZ T, RO L) IHEML 72

1. =RV ERTFFTFOMEEBNTOED, &
MI—Es Rz &3k, AV TF0IR
DER (KOREERLEZEDBD) EBEZ TV

2. ZOT7FITHFEARL —BIVEBFICTHE
MNTEEHE—DTF Y TXOERTH - L.
INOWERICHET 2 L vbh bt + Yy T 7F L,

FALD AR 2 PG HAES 27 %5 78I, EO

I TW 2, EOES - GR, B0k - fEid4

KBZLLDTHL. V=RV IR TFE TXFOEY

DFEEZ—HTH R TR, PRI Bd %51

HERE, FHIEERLPEREEN S HRO—ROFED

BHEHETVWZZENEEZT, MAEDRILIZES 5

LholzlZh .

BHUIC

COT XY T X OMADRAIKEIIHD TRIFT
Hol, V=BV IR ZOWEETZANARIZATY,
KU L TOZAETH) edsbiis. 4H, 20T *
Y TXMAPERR SN EI2LD, [HA] ®
[HAMEWEE] CBT 244y 7F0iB0 b L1
olZBRSHH L2, T2 AFYTTRET
F & THRORLMBIZOWT, RELDOFEKHHS 212 S



150 AN IE

2 EIXEETH o 7.

@O

COPEIZYT o T, MILKRF IO B G AE
P2, BUHEREESCHARRZERAT O A7 LS — I, SR T R
LEEOMEIEEE IR, WHARFEIMEREEROM
REEEHIZ, REAREREROINOREHIZ, R
I RF AR O E P ER B ORI, TiREs
LICHEAGRORME V2V FRKIEH
SRIEWIEER T > 7 4 7 OMEFIFR IR AR BB O
EERICET 2 BRERME L Tz nrz 2 2EL
LR L BT 5.

& B

51 A3k

Alf— - SEFET. 2000, ¥ —FRN NEPEREO [HAR
e 7 4 7 > 5 BEEMEE]) . B, 10: 25-97.
KA BB 1981, ¥ — )V b & HAOHY. 235 pp., {HA

MR

SRR SN S - RS GRS, 1977, =RV b THAR]
DOIFFE & fEL. 319 pp., FEaktT.

32— U7 8= 7 KRR B EE. 2000, 55 18 [l
Y — RN bOF L HARD K — KWL - L -
JKéh —. 35 pp.

Kgpma () - fakw J. 1996. ¥ —F) N HAROM
. 296 pp., J\IETE.

IR 2000, FHNEHEDS Y — RV M- 727F 5 7
F oA, FLFEFEREROXIZLY, 37 5.
EAEKEAL. 2001 (FRRIH). ¥ —Kn b+ THAWWE] 1435
R OMGERFG —36. 447 7F — LK SCFS
#%E 35

RS- HmE OB Y. 1978 =R b [HAE] §2
. 400 pp., HERAETE)E.

TS, 1997. ¥ =RV b & HADHWS:. CALANUS,
FEA5 10 410 pp., REAKAERIAHRI I A E i S BRI

& 42 (2001) pp. 145-150.

NEFIS. FHIBED Y —FILNCES 27X 2T X0HRE. REBRBRASYWENTH

IIEVL F AR O 18 HARHE [ — RV bOELZHAROHK] I2BWT, #iFihic
BolzT X5 TXROWMANERSIN, ZOBRHL, +I75DT74 71 H 5 ERIE
FHEO RV aL sy a y XOVERHLZ0TH LS. B,
L9 RETI DT S 72O IAHTH - 72.
D EPEMFEEFHINERECTH o722 L, TLTIORAD Y =RV boFEHE THA] %
[HAREDEE] OFICHZBICEBLTRL I EPHLNIIR o7

ZDWMAEPED

LarL, ®HEEESIC, ZohRolE

(F=7—=RK): v —=Fn b, FHIEE 7F5 730K,



IRV B PR BRI 72

Bull. Ibaraki Nat. Mus., (4): 151-152 (2001) 151

74 7> SR S HIE S ey — AL M A

JINI R 55 *
(2001 4E 3 H 10 H )

Herbal Specimens from the Ph. F. von Siebold
Japanese Collections Donated by the Nationaal Herbarium
Nederland Universiteit Leiden
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Abstract

The Nationaal Herbarium Nederland Universiteit Leiden presented 10 herbal specimens from its

Ph. F. von Siebold Japanese collections to Ibaraki Nature Museum for the museum’s 18th special

exhibition “Von Siebold’s Perspective on Japan’s Nature” from March to June, 2000.

Key words: Ph. F. von Siebold, Nationaal Herbarium Nederland Universiteit Leiden, herbal specimens.
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The Development of an Audio Guidance System
for Visually Handicapped Visitors at Ibaraki Nature Museum
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Abstract

Ibaraki Nature Museum has introduced an audio guidance system for visually handicapped
visitors. Carefully considering the difficulties of those people, we selected the equipment and the
points at which the transmitters were set, and created narratives. As a result, we believe we could
establish an effective audio guidance system not only for the visually handicapped but also for those

with no handicap.

Key words: audio guidance, visually handicapped people.
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