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Foreword

Ibaraki Nature Museum will conclude its third full fiscal year of operations this March. Since its opening on
November 13, 1994, the museum has been dedicated to achieving its initial goals and ideals, including this
collection of research reports.

Public museums should be evaluated in terms of three general aspects: social, administrative, and academic,
which are based on (a) the number of visitors, (b) contribution prefectural administration and (c) the number of
published papers, respectively.

The museum has already attained a certain level of achievement with respect to (a) and (b). Regarding (c),
continuous research is required in the fields of natural and museum sciences, and we are pleased to take this
opportunity to present the results of our first studies. Despite staff members’ other duties such as accommo-
dating a higher than expected number of visitors and performing routine museum work, I believe they have
done an excellent job in conducting original research that is very appropriate for this museum.

Even though all of the studies contained herein are the fruits of the museum staff, they would not have been
possible without advice and cooperation from the Museum Council, the Advisory Committee for Museum
Management, and everyone else involved in the daily activities of the museum. I would therefore like to
express my sincere thanks to all these people for their valuable contributions.

Shiro Nakagawa, D.V.M.
Director, Ibaraki Nature Museum
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Stegolophodon Teeth from the Miocene in Sendai City, Miyagi

Prefecture, Japan

Yoshiki Kopa* Tadashi Suzuki** Akio ToMITA*** and Yoshikazu HASEGAwA**#*
(Accepted December 5, 1997)

Abstract

Two elephant molars were discovered in a gravel bed during construction of a subway in
Sendai City. These molars have diagnostic features which unequivocally match teeth of the
genus Stegolophodon. Morphological diagnoses and the geological occurrence of these newly
collected molars are described in this paper. Stegolophodon teeth have been known to occur in
early and middle Miocene deposits in Miyagi, Fukushima, Ibaraki and Toyama prefectures,
Japan. Compared with teeth of the genus Stegolophodon which have been previously described
from the Miocene of these areas, these two molars are larger than any of them, and the present
specimens are presumed to have come from the upper jaw of an adult male. Judging from the
mode of occurrence in the gravel bed of the Pleistocene terrace deposit, these two molars are
considered to be derived from an underlying Miocene deposit. To confirm the geological age of
these newly discovered Stegolophodon molars, additional data from stratigraphical and sedi-

mentological studies are required.

Keywords: Proboscidea, Stegolophodon, molars, Tsutsujigaoka specimen, Miocene,

Sendai City.
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Oder Proboscidea Illiger, 1811
Family Mastodontidae Girard, 1852
Genus Stegolophodon Schlesinger, 1917
Stegolophodon sp.
(Pl 1-fig. 1, P1. 2-fig. 1-2, PL. 3-fig. 1, PI. 4-fig. 1-2)

1926 Prostegodon latidens Clift; Matsumoto: Sci.
Rep. Tohoku Imp. Univ., 2nd ser. (Geol.), 10
(1), PL. 5-figs. 1-3.

1942 Stegolophodon latidens Clift; Osborn, Probos-
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cidea, 2, pp. 846, fig. 721.

1950 Eostegodon pseudolatidens Yabe; Proc.
Japan Acad., 26 (9), pp. 61-65.
text-figs. 1-5.

1956 Stegolophodon tsudai Shikama and Kirii;
Trans. Proc. Pal. Soc. Jap., NS., (24),
pp. 285-289, Pl 41, text-fig. 1.

1961 Stegolophodon pseudolatidens Yabe; Takai
and Fuyjii: Prof. Jiro Makiyama Memorial
volume, pp. 225-228, P1. 1.

1964 Stegolophodon pseudolatidens Yabe; Fujii
and Minabe: Toyama-ken Chigaku-Chirigaku
Kenkyu Ronshu (in Japanese with English
abstract), (4), pp. 98-101, PI. 1.

1971 Stegolophodon cf. tsudai Shikama and Yana-
gisawa: Sci. Rep. Yokohama National Univ.,
Sec. II, (18), pp. 37-42, PlIs. 4-5.

1981 Stegolophodon pseudolatidens Yabe; Kamei
and Kamiya: Mem. Eac. Sci., Kyoto Univ.,
Ser. Geol. and Min., 47 (2), pp. 165-176, Pls.
1-2.

1981 Rhynchotherium ? sp. ; Hasegawa and Koda:
Taira Chigaku Dokokai Kaihou (in Japanese),
(14), pp. 16-17, P1. 1.

1984 Stegolophodon pseudolatidens Yabe;, Hase-
gawa, Koda and Yanagisawa: Sci. Rep. Yoko-
hama National Univ., Sec. II (in Japanese with
English abstract), (31), pp. 51-63, Pls. 1-2.
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Plate 1

B 1. Stegolophodon sp. K& AKEA (SSME13329) A LSS 3IAMAE ®4HE (X 1.
Fig. 1. Left upper M3, crown view ( X 1).
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Plate 2

B 1. Stegolophodon sp. #3M] A{EA (SSME13329) £ F¥E&E 3 AFIE  SEEE (X 1).
Fig. 1. Left upper M3, buccal side ( X 1).

B2. Stegolophodon sp. ¥3M A{EA (SSME13329) A LS I RAE SHE (X 1).
Fig. 2. Ditto, lingual side { X 1).
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Plate 3

B 1. Stegolophodon sp. [ B¥EA (SSME13330) £ LEE 2-kMA® WAE (X 1).
Fig. 1. Left upper M2, crown view { X 1).
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Plate 4

B 1. Stegolophodon sp. #3iH BHEA (SSME13330) Z& FEE 2 kM AIE (X 1).
Fig. 1. Left upper M2, buccal side ( X 1).

B 2. Stegolophodon sp. ¥R BIEA (SSME13330) £ F8iFE 2 AFIE FEE (X 1).
Fig. 2. Ditto, lingual side ( X 1).



Plate 4
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Incised-valley in the Pleistocene Kioroshi Formation at Kashima Upland,
Southern Ibaraki

Yasuhiko Makino*, Kazuyuki OKUMURA** and Masashi SuGaya*#*
(Accepted December 5, 1997)

Abstract

The Pleistocene Kioroshi Formation at Egawa, Taiyo-village, Ibaraki Prefecture, consists of
lower incised-valley fill sediments and an upper coarsening-upward shallow marine sequence.
The incised-valley, which was excavated during the last glacial period, was filled with ill-sorted
sediments containing much plant debris during the transgression in the Kioroshi Formation. At
the top of the incised-valley fill sediments, the mud bed has many burrows of Upogebia major
in the intertidal zone. The base of the incised-valley forms the sequence boundary between the
Kioroshi and the underlying Yabu Formations, and the top of the incised-valley fill sediments is
the ravinement surface of the Kioroshi Formation.

Keywords: incised-valley fill sediments, Kioroshi Formation, Shimosa Group, paleo-Tokyo
Bay, Pleistocene.
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Molluscan Fossils from the Kioroshi Formation of the Kasumiga-ura
District in the Central Kanto Plain

Sakae O’HARA*, Masashi SuGaya** and Konomu ENDO***
(Accepted December 5, 1997)

Abstract

Modes of occurrence and specific compostion of molluscan fossils were studied in a shell bed
of the late Pleistocene Kioroshi Formation which is well exposed at three localities along the
southwestern coast of Kasumiga-ura (lake) in the central Kanto Plain. Molluscan fossils are well
preseved at three fossil sites, and they are provided with few evidence of water erosion and
destruction on their shell-surfaces. Many specimens of bivalvia are contained with the conjoined
valves which are standing perpendicular to the bedding planes. Judging from their states of
preservation, as a whole, these molluscan fossils are inferred to be the subautochthonous or
autochthonous assemblages. Among five samples which were collected quantitatively from three
fossil localities, molluscan fossils were distinguished into 70 species of gastropoda, 2 of
scaphopoda and 71 of bivalvia. Checking with the geographical and bathymetrical distributions
of the Recent species related to these molluscan fossils, the majority of them are now living in
the shallow sea around the Japanese islands and its adjacent region. These species are mainly
composed of the representative elements of warm water under the influence of the Kuroshio
current, and are exclusively occupied by characteristic dwellers of shallow water in the embay-
mental conditions. Considering from the faunal aspect of these molluscan fossils and the
stratigaphical data of the shell bed, it is highly possible that they were flourished in a trans-
gressive sea of the pronounced warming time which may be correlated with a climatic optimum
of the Se substage in the last interglacial stage.

Keywords: molluscan fossils, last interglacial stage, climatic optimum, paleo-Tokyo bay,
Kioroshi Formation.

Introduction

Upper Pleistocene deposits are well developed
along the southwestern coast of Kasumiga-ura Lake
in the central region of the Kanto Plain. These
deposits yield shallow marine molluscan fossils, and
their dominant species have been listed in the geo-
logical reports of the previous workers (Kobayashi,
1925; Sato, 1927, Oinomikado, 1935, 1936; Endo,
1968; Baba and Aoki, 1972; Aoki and Baba, 1979;
Arakawa et al., 1996). However, few data are
known with regards to their faunal compositions and
modes of occurrence in accordance to the diver-
gence of the stratigraphical and lithological changes
among the several fossil sites situated along the
southern coast of Kasumiga-ura.

To make clear the paleoenvironmental conditions
in paleo-Tokyo bay, molluscan fossils and their
states of preservation were studied by the present
writers in the Kioroshi Formation distributed along
the southern coast of Kasumiga-ura (Fig. 1).

Upper Pleistocene deposits in the
Kasumiga-ura district

Along the southern coast of Kasumiga-ura, the
Pleistocene deposits are divided into two parts of the
Kioroshi Formation and the Jyoso Formation, from
lower to upper, with a clearly defined depositional
sequence boundary in a sense of facies analysis
related to the sequence stratigraphy. The Kioroshi
Formation is lithologically subdivided into four beds

* Department of Earth Sciences, Chiba University, Chiba 263-8522, Japan.

** Ibaraki Nature Museum, Iwai 306-0622, Japan.

**% Association of Patrons, Ibaraki Nature Museum, Iwai 306-0622, Japan.
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Fig. 1. Index map showing localities of molluscan fossils.

of massive sandy silt, silty fine- to medium-grained
sand, sandy silt intercalated with thin layers of
fine- to medium-grained sand, and medium-to very
coarse-grained sand in the ascending order (Fig. 2).
These beds can be distinguished into several depos-
itional systems which might be related with the
change of sea level and the supply of sediments
(Okazaki-Kumashiro, 1993; Okazaki and Masuda,
1995).

The lowermost massive sandy silt is intercalated
with lenticular and flaser layers of medium-to
coarse-grained sand, and is sometimes scattered
with granule-to pebble-sized gravel. This sandy silt
bed is usually distributed with the intese biotur-
bation, but is occassionally provided with the small
scated trough and herringbone cross-stratifications.
This bed yields such plants as Menyanthes trifoliata,
Alnus japonica and Trapa sp. (Okazaki and Masuda,
1992). Most of the burrow structures are referred to
those of Ophiomorpha sp. and Rosselia sp.. The
thickness of this bed is measured to be 2-3m at
three fossil sites of the studied area, but is estimated
to be 10 m or more along a channel structure distrib-
uted in the environs of Tsuchiura, a town on the
western bank of Kasumiga-ura (Unozawa et al.,
1988). This silty bed is inferred to be deposited in
estuarine and lagoonal environments under the in-
fluence of fresh and brackish waters (Okazaki and
Masuda, 1992, 1995).

This massive sandy silt bed is gradually changed
upwards to silty fine- to medium-grained sand bed
which yields rich marine mollusks. This fossilif-
erous sand bed is well known with the name of the
Kioroshi shell bed. The main purpose of this paper

is to analyze the faunal compositions and tapho-
nomical processes of these molluscan fossils. Low-
angle tabular and trough cross-stratifications are
occasionally confirmed in this sand bed, and bur-
rows of Ophiomorpha sp. are frequently contained
within weakly laminated parts. This sand bed is
measured to be 2-4 m in thickness. Lithofacies con-
firmed in this sand bed seems to indicate a low-
energy environment along the tidal channel and its
surrounding areas on the tidal-flat (Okazaki and
Masuda, 1992, 1995).

This bed of fossiliferous sand is superposed with
the bed of sandy silt intercalated with thin layers of
fine- to medium-grained sand. It rarely yields frag-
ments of shallow marine bivalvia, and contains
small sized burrows of Ophiomorpha sp.. Its thick-
ness is measured to be 4-5m. Small-scaled wave
ripples and drapes of mud are intercalated in this silt
bed, and these sedimentary structures seem to indi-
cate the low-energy sites on the tidal-flat.

This sandy silt bed is overlain with ferrous
medium-to very coarse-grained sand. Its weathering
surface is very charactersitic with rusty and deep
brown color due to the high content of ilmenite and
magnetite. Various scaled trough cross-stratifications
are repeated, and channel structures are rather com-
mon in this sand bed. In general, grain size is
decreasing from lower to upper in this sand bed, and
well sorted micaceous medium-grained sand is ubig-
uitously developed at its upper part and is accom-
panied sometimes by crowded tracefossils of
Macharonichinus segregatis and Ophiomorpha sp..
Parallel laminations and very low-angle trough
cross-stratifications are seen throughout this mica-
cous medium-grained sand. Judging from these fos-
sil evidences and sedimentary structures mentioned
above, this sand bed is believed to have been settled
in slightly high energy environments from the upper
shoreface to the beach. In some cliffs of this sand
bed, its lithofacies is suddenly changed into very
coarse-grained sand bearing various sized gravels.
These gravels consists of rounded granules and
small-sized pebbles of volcanic rock, chert, sand-
stone and slate. In this part of sand and gravel,
channel structures are well exposed and trough
cross-stratifications are developed. This deposit of
sand and gravel is called as the Ryugasaki Forma-
tion by some workers, and is considered to show a
depositional system of meandering river and its
floodplain in the fluvial environment.

The Kioroshi Formation rests on the Kami-
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Loc.1

Kanto

Loam

Jyoso

Fm' /...... ..

Formation

Kioroshi

Kami-iwahashi
Formation

*
ca 4m above
sea-level

Fig. 2. Columnar sections showing horizons of molluscan samples. Loc. 1: Kakeuma, Ami-machi, Loc.2: Funako,
Miho-mura, Loc. 3: Futsusa, Miho-mura, all of Inashiki-gun, Ibaraki Prefecture. Kk-1, Kk-2, Fn-1 and Fs-1: horizons of
sampling, a: volcanic ash, b: tuffaceous clay and silt, c: sandy silt, d: fine- to medium-grained sand, e: gravel bearing
coarse-grained sand, f: cross-stratification, r.s.: ravinement surface.

iwahashi Formation with a sharp boundary in the
southern part of the studied area (Ryugasaki Collab-
orative Research Group, 1994). On the other hand, it
is superposed by the Jyoso Formation with a distinct
boundary.

The Jyoso Formation is divided into two parts
from lower to upper. The lower part is mainly
composed of tuffacous fine- to medium-grained
sand and its surface is stained with pale yellow and
light grey color due to the weathering destructive
process. This tuffaceous sand is poorly sorted, and
is sometimes provided with dish and convolute
structures. The upper part of the Jyoso Formation is
chiefly compsed of tuffaceous clay. It contains re-
mains of rootlets which were grown up vertically to
the bedding planes, and intercalates a key bed of
tephara which is called as the On-Pm 1. This tephara
was derived from the Ontake Volcano of the Kinki
region, its fission track dating is 80 ka (Machida and

Arai, 1992). This clay was altered in a marsh envi-
ronment under fresh water judging from the X ray
analysis of the contained mineral compositions. The
Jyoso Formation may be divided into some depos-
itonal systems which might be associated with the
marsh, birdfoot-delta and meandering-river environ-
ments (Okazaki and Masuda, 1992, 1995).

These depositonal systems of the Kioroshi and
Jyoso Formations seem to represent a sequence
stratigraphical succession from the low stand system
to the high stand system through the transgressive
system between the fomer two tracts. The Kioroshi
Formation was deposited during the Shimosueyoshi
transgressive stage (0.15-0.12 Ma), and the Jyoso
Formation was formed by the subsequent regressive
stage (0.12-0.06 Ma). The Jyoso Formations is
overlain with the aeolian volcanic ash of the Kanto
Loam.
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Samples of molluscan fossils and sediments

To examine occurrences of fossils and grain-size
distribution of sediments in the middle part of the
Kioroshi Formation, three outcrops were selected
along the southern coast of Kasumiga-ura Lake (Fig.
1). One outcrop (Loc. 1) is located in Ami-machi
and the other two exposures (Locs.2 and 3) are
situated in Miho-mura, both of Inashiki-gun, Ibaraki
Pfrefecture.

Loc. 1: 102-5 Ko-onagochi, Kakeuma, Ami-
machi, Inashiki-gun, Ibaraki Prefecutre;
Abandoned sand quarry.

(R BRI RATHE, S+
102-5; WPER O 35 ).

351 Tera-ato, Funako, Miho-mura,
Inashiki-gun, Ibaraki Prefecture; A cut-
ting located in front of the main gate of
the Kaigenji Temple.

(B EREMERAA T F%351; R
FEEOH] ).

714 Sagari-no-uchi, Fusa, Miho-mura,
Inashki-gun, Ibaraki Prefecture; A cut-
ting located in the rear of Mr. Miya-
moto’s residence.

(KRB BREEEEN AL T/ R4 =
RIYERREE ).

Loc. 2:

Loc. 3:

After the description of lithology of sediments
and states of preservation of fossils, five samples

were carefully collected from different horizons in
the fossiliferous sand of the Kioroshi Formation at
the above cited three localites (Fig.2). For the
quantitative treatment of molluscan fossils, each
sample was collected with same volume of 10'cm’ (a
cubic with the height and width of 10 cm, and the
length of 100 cm along the bedding planes). They
are drywashed through screen with opening of 1 mm
to separate fossils from sediments. Molluscan fossils
were examined their specific names, number of
individuals, size and states of preservation. The
fragmental shells were encounted for the specimens
of bivalvia with beak attached to hinge area and
those of gastropoda and scaphopoda with aperture.
To prevent the preliminary estimate from being too
much, careful treatments were taken that different
fragments of the same shell were not numerated
twice. This counting method seems to be rough
treatment, but a better method is not available.
Taxomic names of mollusks were basically followed
from those of Yokoyama (1922), Kuroda, Habe and
Oyama (1971), Oyama (1973), Habe (1977) and
Okutani (1986). Number of specimens of bivalvia
was reduced to half with counting as one more than
0.5 inclusive and cut away the rest. Then, each
sediment of about 100 g was passed through sieves
of the Wentworth’s scale with the Ro-tap machine.
Based upon these data, cumulative-frequence curves
were prepared for the calculation of such parameters
as mean diameters (Mz), sorting (01), skewness
(Sk1) and kurtosis (KG) of sediments with the

Table 1. Grain size analyses of sediments, Mz: graphic mean (average grain size), 0 I: inclusive graphic standarad deviation
(sorting), Ski: inclusive graphic skewness (degree of asymmetry), KG: graphic kurtosis (degree of peakness).

v.c. vt silt &
Sample  sang  CSgnd meand fsand ol Ty M o1 Ski Ko
% % %
Fs-la 07 2905 424 158 54 64 155 L1l 027 139
Fn-1a 125 337 316 155 63 21T 107 015 096
Fo-lb 09 294 269 239 130 59 182 126 018  0.85
Kk-3a 0.8 2.8 72 655 184 52 267 067 030 192
Kk3b 05 2.8 68 658 198 43 263 066 032 157
Kk2a 0.8 1.7 46 284 507 138 323 078 -0.09 149
Kk2b 10 2.6 53 289 502 120 310 081 012  L21
Kk-1a . 38 114 364 371 112 292 097  -0.03 121
Kk-1b . 49 100 369 386 96 225 151  -047 210
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Fig. 3. Frequencey distributions and cumulative-frequencey curves of sediments.
methods of Folk and Ward (1957) (Fig. 3, Table 1). .
The specimens studied here are kept in the collec- Molluscan Fossils
tions of the Ibaraki Naturc Museum, Iwai City, The writers collected five samples yielding mol-
Ibaraki Prefecture. luscan shells from the fossiliferous horizons in the

middle part of the Kioroshi Formation exposed at
three localities in Ami-machi and Miho-mura,
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Inashiki-gun, Ibaraki Prefecture, all of which are
located along the southern coast of Kasumiga-ura
Lake (Fig. 1). Number of the molluscan specimens
attains 51,773 in the total population. Among these
specimens, 18,347 belong to gastropoda, 937 to
scaphopoda, and 32,487 to bivalvia. They are distin-
guished into 70 species of gastropoda, 2 of scapho-
poda and 71 of bivalvia (Table 4).

At Loc. 1 of Kake-uma in Ami-machi, molluscan
fossils are sampled from moderately sorted, lepto-
kurtic and very fine- to fine-grained sand in the
middle part of the Kioroshi Formation. Most speci-
mens of bivalvia are found with isolated valves, but
some are burried with the conjoined valves as they
lived standing nearly vertical to the stratification in
the lower and middle parts of the fossiliferous sand
(PL. 5-figs. 1 and 2). In the lower (Kk-1) and middle
(Kk-2) parts (Mz = 3.23 ~2.25, g1=0.78 ~ 1.51,
Skt = -0.03 ~ -047, KG = 1.21 ~ 2.10) of the
fossiliferous sand, Anadara broughtoni, Glycymeris
vestita, Cycladicama cumingi, Clinocardium buel-
lowi, Fulvia mutica, Dosinia japonica, Callithaca
adamsi, Placamen tiara, Clementia vatheleti, Tresus
keenae, Raeta pellicula, Raeteleps puchella, Ma-
coma tokyoensis, Fabulina nitidula, Semelangulus
miyatensis, Solecturutus divaricatus, Solen krusens-
terni, Panopea japonica, Anisocorbula venusta and
Cryptomya busoensis are ocassionally found with
the both valves attached and are suggesting their
autochthouns occurrences. As a whole, minute orna-
mentations are completely preserved on the shell-
surface of bivalvia as well as those of gastropoda.
These modes of occurrence may indicate that the
majority of molluscan fossils are considered to have
been deposited near their living sites under the tidal
currents, and these burial sites were supposed to be
quite near to their areas of life. Very abundant
species are Tritia japonica (5.2-10.6 %), Ringicula

doliaris (6.7-10.7 %), Raeta pellicula (14.9-16.2 %),
Macoma tokyoensis (1.7-12.7 %), Fabulina nitidula
(12.9-14.2 %) and Solen krusensterni (6.9-10.1 %).
Abundant species are Mitrella bicincta (3.9-4.5 %),
Mitrella  yabei (2.2-2.5 %), Saccella confusa
(1.9-2.9 %), Wallucina lamyi (1.6-3.1 %), Cyclad-
icama cumingi (1.5-1.6 %), Clinocardium buellowi
(0.3-1.2 %), Fulvia mutica (1.5-1.6 %), Dosinia ja-
ponica (1.2-2.2 %) and Semelangulus miyatensis
(1.9-3.5 %). Checking with the geogarphical distrib-
utions of the Recent speices related to these assem-
blages of Kk-1 and Kk-2 (Kuroda and Habe, 1952;
Higo and Goto, 1993), they are mainly composed of
the warm Kuroshio (K1 and K2) and temperate
Japonic (J) components (51.8-52.5 % and 33.0-39.0
%), and are associated with the cold Oyashio (O1
and O2) constituents (5.1-7.2 %) (Table 2). Accord-
ing to the bathymetirical ranges of the living speices
related to these assemblages of Kk-1 and Kk-2
(Oyama, 1952, 1973; Higo and Goto, 1993), they
are mainly composed of the dwellers of the upper
sublittoral zone of the shallow sea province (Nu)
(55.4-62.7 %), and is accompanies with the inhab-
itants of the lower sublittoral zones and bathyal
zones of the deep sea province (NI-B) (5.1-7.3 %)
(Table 3). The median of midpoints (Schrenck and
Keen, 1937) is between 33.0 ° and 33.5°. The HDM
graphs (Ida, 1956) show unimodal and asymmetrical
distributiions having peaks at 34° or 35 ° and skew-
ing towards the high latitudes (Fig. 4). In the upper
part (Kk-3) of the fossiliferous sand exposed at Loc.
1, molluscan fossils are accumulated within thin
lenses of granule bearing moderately sorted, strong-
ly fine skewed and fine-grained sand ( Mz = 2.67 ~
2.63, 01=0.66 ~0.67, Sk1 =0.30 ~0.32, KG = 1.57
~1.92). Water-worn and fragmental shells are rather
common among the dominant species of gastropoda
and bivalvia. Shells of bivalvia are usually com-

Table 2. Percentage frequencies of species belonging to respective geographical distribution types and median of

midpoints. Abbreviations are same with those of Table 4.

Sample Ki Ko J 02 o1 UK %Zd;i?n‘;‘;
Fs-1 33.3 28.9 27.0 2.7 1.8 6.3 32.6
Fn-1 32.8 26.7 32.8 2.6 1.7 3.4 33.3
Kk-3 314 22.9 34.3 4.2 14 5.7 34.2
Kk-2 31.3 20.5 33.0 4.5 2.7 8.0 33.5
Kk-1 32.2 20.3 39.0 1.7 3.4 3.4 33.0
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posed of isolated valves and are arranged parallel to
the stratification with convex side above. Judging
from the modes of occurrence mentioned above,
these shells have been accumulated under the influ-
ence of tidal currents. Nevertheless, lithofacies of
shell-bearing sediments is closely similar to that of
bottom conditions on which they once lived, and the
abrasion and destruction of shells may not necces-
sarily prove a huge-scaled transportation from re-
mote places. Dentalium octangulatum (19.2 %),
Dosinia japonica (6.2 %) and Mactra chinensis
(14.1 %) are predominate species in the sample
Kk-2 which was collected from medium- to coarse-
grained sand of Loc. 1. Abundant species are Tritia
japonica (3.8 %), Mitrella bicincta (3.3 %), Olivella
japonica (3.4 %), Saccella confusa (3.0 %), Glycym-
eris vestita (4.2 %), Cycladicama cumingi (3.0 %),
Raeta pellicula (3.7 %), Raetellops pelchella (2.3
%), Macoma tokyoensis (4.1 %), Fabulina nitidula
(3.3 %), Siliqgua pulchella (4.9 %) and Solen kru-
sensterni (4.8 %). This assemblage is mainly com-
posed of the warm Kuroshio (K1 and K2) and
temperate Japonic (J) constituents (54.3 % and 34.3
%) (Table 2). It is mainly composed of the dwellers
of the the shallow sea province (Nu) (57.2 %) and is
accompanied with the deep sea province (NI-B) (7.1
%) (Table 3). The HDM graph shows an unimodal
and asymmetrical pattern having a peak at 35 ° and
skewing towards the high laititudes (Fig. 4). The
mediam of midpoints is 34.2°.

Sample Fn-1 was obtained from moderately
sorted, fine-skewed and medium-grained sand (Mz
=217 ~182, o1=1.07 ~1.26, Ski =0.15 ~ 0.18,
KG = 0.85 ~ 0.96) in the middle part of the Kioroshi
Formation of Loc. 2 which is exposed at an artificial
cliff near the main gate to the Kaigenji Temple in
Funako, Miho-machi, Inashiki-gun, Ibaraki Prefec-
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ture (Pl 6-figs. 1 and 2). It contains 11,925 valid
species in a sample of 10'cm’ among which 3,987
are gastropoda, 124 are scaphopoda and 7,814 are
bivalvia. Gastropoda is composed of 47 species,
scaphopoda is 2 and bivalvia is 66, respectively
(Table 4). Very abundant species are Tritia japonica
(7.9 %), Ringicula doliaris (6.9 %), Eolepton crassa
(6.2 %), Wallucina lamyi (5.9 %), Clinocardium
buellowi (7.6 %) and Macoma tokyoensis (8.8 %).
Abundant species are Mitrella bicincta (2.6 %),
Mitrella yabei (3.7 %), Odostomia hilgendrofi (1.6
%), Glycymeris vestita (1.0 %), Ostrea densela-
mellosa (2.2 %), Lucinoma annulatum (1.5 %), Cy-
cladicama cumingi (1.5 %), Fulvia mutica (1.4 %),
Microcirce gordonis (1.3 %), Tapes variegata (2.4
%), Dosinia japonica (2.1 %), Raetellops pulchella
(1.4 %), Fabulina nitidula (3.6 %), Solen krusens-
terni (3.5 %), Anisocorbula venusta (2.3 %), Pota-
cocorbula amurensis (2.8 %). Molluscan fossils are
scattered in silty fine- to medium-grained sand, and
are sometimes densely crowded within thin lentic-
ular beds. Conjoined valves of Crassostrea gigas
are often swarmed and are considered to show an
autochthonous origin. Many species of bivalvia are
preserved with attached valves, and are usually
burried as they lived standing nearly vertical to the
bedding planes. These species are Anadara brough-
tonii, Lucinoma annulatum, Fulvia mutica, Dosinia
Japonica, Macoma tokyoensis and Solen krusens-
terni. In general, fragmental and abraded shells are
very few in every species of gastropoda and bival-
via. Considering from evidences mentioned above,
these molluscan fossils have been slightly affected
by bottom currents, but their habitants were not so
far from the present site of burrial. This assemblage
is mainly composed of the warm Kuroshio (K1 and
K2) and temperate Japonic (J) constituents (54.3 %

Table 3. Percentage frequenceies of species belonging to respective bathymetrical distribution types. Abbreviations are

same with those of Table 4.

Nu NL-B N Nu-B
Sample Br UK
No No1 N1 No2 N2 N2 N3 N34 N3B No3 N1-3 Nz23 Ni4 Nz4a Ni1B
Fs-01 2.7 89 223 27 170 09 1.8 1.8 1.8 196 45 4.5 0.9 2.7 0.9 7.0
Fn-01 26 105 228 167 09 0.9 1.7 09 237 286 5.3 1.8 2.6 0.9 6.1
Kk-03 2.9 86 314 129 14 2.9 2.9 1.3 1.4 186 4.3 1.4 10.0
Kk-02 1.8 98 223 27 179 09 0.9 1.8 1.8 09 214 18 3.6 2.7 1.8 8.9
Kk-01 1.7 102 288 1.7 186 1.7 3.4 3.4 220 17 3.4 1.7 1.7
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Fig. 4. HDM graphs of molluscan fossils. Samples are same with those of Tables 2, 3 and 4.

and 34.3 %) (Table 2). It is chiefly composed of the
dwellers of the shallow sea province (Nu) (57.2 %)
and is accompanied with the deep sea province
(NI-B) (7.1 %) (Table 3). The HDM graph shows an
unimodal and aymmetrical pattern having a maxi-
mum value at 34°and skewing towards the high
latitudes (Fig. 4). The median of midpoints is

33.3°

A large number of molluscan fossils were col-
lected from moderately sorted, fine-skewed and
medium-grained sand (Mz = 1.55, o1=1.11, Ski =
0.27, KG = 1.39) in the middle part of the Kioroshi
Formation which is cropped out at a small cutting of
Loc. 3, Fusa, Miho-mura, Inashiki-gun, Ibaraki Pre-
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fecture (Pl 7-figs.1 and 2). This sample (Fs-1)
contains 25,994 reliable specimens among which
9,662 are included in gastropoda, 308 are scapho-
poda and 16,024 are bivalvia. These specimens are
distinguished into 51 species of gastropoda, 2 of
scaphpoda and 63 of bivalvia, respecitively (Table
4). Very abundant species are Ringicula doliaris
(8.1 %), Glycymeris vestita (5.1 %), Tapes variegata
(12.2 %), Mactra chinensis (9.6 %) and Raeta pelli-
cula (5.0 %). Abundant species are Microgaza pla-
norboides (1.5 %), Tritia japonica (2.3 %), Mitrella
bicincta (2.2 %), Odostomia limpida (1.7 %), Retusa
insignis (1.2 %), Antalis weinkauffi (1.2 %), Wallu-
cina lamyi (1.5 %), Clinocardium buellowi (3.5 %),
Fulvia mutica (2.0 %), Fabulina nitidula (1.4 %),
Semelangulus miyatensis (3.4 %), Solen krusens-
terni (1.8 %), Cryptomya busoensis (1.3 %) and
Mpyadora japonica (1.3 %). Molluscan fossils are
sporadically contained in fine- to medium-gained
sand, and are occasionally crowded within thin len-
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ticular bed. Anadara broughtonii, Glycymeris ves-
tita, Clinocardium buellowi, Fulvia mutica, Luci-
noma annulata, Callista chinensis, Raetellops
pulchella, Tresus keenae and Solen krusesterni are
sometimes preserved with both vlaves attached, and
fragmental shells are rather few among specimens
of these bivalvia species. Right and left valves as
well as juvenile and adult forms are equally found
among these speices. Minute sculptures of shell-
surface and even protoconch are well preserved on
some .individuals of gastropoda. These modes of
occurrence may indicate that these molluscan fossils
might be accumulated near their living areas in a
placid bottom environment. This assemblage is
mainly composed of the warm Kuroshio (K1 and
K2) and temperate Japonic (J) constituents (62.2 %
and 27.0 %). and is associated with the cold Oyashio
(01 and O2) components (4.5 %) (Table 2). It is
chiefly composed of the dwellers of the shallow sea
province (Nu) (54.5 %) and is accompanied with the

Age Subages Normalized ¢ 180 curve Event Age Stages
(10%7) B 0 Loy
0 ————
1
Holocene J 2.0 2
=l ’
] 30 24
7 Wisconsinan
b 3
50 —
. 40 59
S 4
i = 50 74
1 Sangamonian 1 5
100 —
i 117
i 5.51 substage 5e
60 130
150 —
~ Illinoian 6
P .
70 180
200 — Yarmouthian 7

Fig. 5. Subages, stages. substages and chronostratigraphy with normalized &!8 O curve of late Pleistocene (Martinson

et al., 1987).
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Table 4. Percentage frequencies of molluscan fossils. Geographical distribution[N. lat.: north latitude in the western
Pacific, type (Ki: species now living in area south of lat. 35° N, K2: species now living in area south of lat. 39° N, J:
species now living in wide area ranging from south of lat. 35 ° N to north of lat. 39°N, O2: species now living in area
north of lat. 35° N: Ol: species now living in area north of lat. 39° N.], bathymetrical range (N: neritic province, Nu:
upper part of sublittoral zone, NI: lower part of sublittoral zone, No: tidal zone, N1: euneritic zone, N2: mesoneritic
zone, N3: subneritic zone, N4: bathyneritic zone, B: bathyal zone), bottom sediment (G: gravel, gS: gravel bearing sand,
S: sand, fS: fine-grained sand, mS: muddy sand, shS: shell sand, sM: sandy mud, M: mud, R: rock-boring, Sg: sea
grass, Sh: shell). Ecological data were quoted from those of Kuroda and Habe (1952), Kuroda, Habe and Oyama
(1971), Oyama (1973), Okutani (1986) and Higo and Goto (1993). x are those less than 1 %.

Geographic Bathymetric Bottom Sample
Specific names distribution range sediment Loc. 1 Loc. 2 Loc. 3
N. Lat. Midpoint _ Type Kk-1 Kk-2 Kk-3 Fn-1 Fs-1
1. Calliostoma consors (Lischke) 22-41 31 J Ni-3 S.(G) X x x X
2. Homalopoma amussitatum (Gould) 38-51 44 02 N1-3(-4) RS X X x
3. Minolia subangulata Kuroda and Habe 31-39 35 K2 N2-3 sM x
4. Enida japonica A. Adams 33-39 36 K2 N2-4 s x
5. Lirularia pygmaea (Yokoyama) 34-38 36 K2 N1-2 RG x
6. Microgaza planorboides (Yokoyama) - - - - - x 0.8 15
7. Assimina japonica v. Martens 31-39 35 K2 NO-1 S.mS,sM 0.6
8. Eufenella rufocinctra (A. Adams) 31-34 32 K1 N1 sM X
9. Nerita albicilla Linnaeus 0-35 17 K1 NO R X
10. Sinusicola filiola (Yokoyama) 34- 34 K1 - - X
11. Nodiscala matajiroi Kuroda 33-35 34 K1 N1-2 S x
12. Cerithiopsilla djadjariensis (K. Martin) 0-39 18 K2 NO gS.m§ x
13. Rhinoclavis kochi (Philippi) 041 20 K2 Ni-2 X
14. Epitonium sagamiense Pilsbry 35 35 K1 N3 ) b3 1.0 X X
15. Amaea ojiensis (Yokoyama) - B - - - X
16. Rhinoclavia kochi (Philippi) 0-41 20 J N1 S X b3
17. Eulima ozawai Yokoyama 34-35 34 K1 N1 S b3
18. Cryptonatica janthostomoides Kuroda and Habe 31-35 33 Ki N1-2 S.m$ X 1.0 1.1 04 X
19. Neverita didyma (Roding) 0-42 21 dJ NO-3 S.mS x X x
20. Triphora multigrata (Yokoyama) 26-35 30 K1 NO-2 G X
21. Triphora yokoyamai Kuroda 26-35 30 K1 NO-1 shS,sG x
22, Calyptraea yokoyamai Kuroda 32-35 33 KI N1-3 S,shS X
23. Tonna luteostoma (Kuster) -0?22-39 19 K2 N1-3 G.S,mS sM X
24. Ipione unicarinata (Sowerby) 33-41 37 J N2.3 sM.mS X
25. Rapan venosa (Valenciensses) 267-42 34 J N1-2 mS X
26. Babylonia japonica (Reeve) 23-35 29 Ki N1-3 m)S X x
27. Siphonalia fusoides (Reeve) 26-41 33 J N1-2 mS.sM x 3.3 x X 0.3
28. Siphonalia modificata (Reeve) 33-35 34 K1 N3 S.mS X x
29. Neptunea arthritica (Bernardi) 35-45 40 02 N1 R x X
30. Tritia japonica A. Adams 25-39 32 K2 N1 S 10.6 5.2 3.8 79 2.3
31. Cancellaria nodulifera Sowerby 31-39 35 K2 NO-1 S x X
32. Sydaphera spengleriana (Deshayes) 0-39 19 K2 N1-2 S.mS X X X X
33. Mitrella bicincata (Gould) 0-41 20 K2 NO-1 RS 3.9 4.5 33 2.6 22
34. Mitrella yabei Nomura 26-35 30 K1 N2 S 25 2.2 12 3.7 X
35. Pusia emmae (Yokoyama) - - . - - X
36. Olivella japonica Pilsbry 31-39 35 K2 N1 S X 3.4 x
37. Fusinus perplex (A. Adams) 31-42 36 d N(0-)1-2 S.fS X X
38. Clavus longispira (E.A. Smith) 33-39 36 K2 N1 ©) x
39. Elaeocyma braunsi (Yokoyama) 34-35 34 K1 N3 mS X X
40. Etremopa subauriformis (E.A. Smith) 31-39 35 K2 N1-2 S X 0.6 X
41. Haedropleura fukuchiana (Yok ) 36 36 K2 N2-3. S X
42. Inguisitor jeffreysii (E.A. Smith) 33-34 33 K1 N1-3 sM X x
43. Mangilia tokunagae Finley 39 39 K2 NO-2 sM x
44. Lophiotoma leucotropis (A. Adams and Reeve) 22-35 28 K1 N1-2 fS.mS X x
45. Lyromangelia semicarinata (Yokoayama) 26-35 30 K1 N1 ®) x X
46. Inquisitor jeffreysii (E.A.Smith) 33-42 37 J N1-3 sM X 0.5
47. Lophiotoma leucotropis (A Adams and Reeve) 22-35 28 K1 Ni1-2 fS.mS X x
48. Ophiod. 11 i is (Yok 39-46 42 o1 - . x X
49. Ophiod lia pseud: (Yokoyama) (39-46) -42 ©1n N1 )] X
50. Paraclathurella gracilenta (Reeve) 0-35 17 K1 NI1-3 S,mS X
51. Paradrilla nivalioides (Yokoyama) 38-41 39 J (N1-2) (S,sM) X x
52. Propebrela yokoyamai (Onomayama) (42-457) -43 on (N1) ®) X X 0.5 x
53. Pseudoetrema fortilirata (E.A. Smith) 31-38 34 K2 N1-2 Sm$ 0.6 X
54. Duplicaria evoluta (Deshayes) 31-35 33 K1 Ni1-2 s x
55. Granuliterebra bathyraphe (E.A. Smith) 22-36 29 K1 NI1-3 fS X X
56. Punctoterebra lischkeana (Dunker) 30-39 34 K2 N1 S X
57. Suavodrilla declivis (Martens) 38-46 42 02 N2-4 S X ,
58. Tomopleura quantoana (Yokoyama) - - - - X X
59. Brevimyarella japonica (K.A. Smith) 34 34 K1 NO-2 s x
60. Cinguloterebra serotina (A. Adams and Reeve) -35 17 K1 N2-3 S X
61. P ebra tokunagai (Yokoy ) 35 35 K1 - - X
62. Salassia manzakiana (Yokoyama) 31-35 33 K1 N1-2 R.G X
63. Ebala obscura (Yokoyama) - - - . - X
64. Solidula strigosa (Gould) 25-38 31 K2 N1 mS x
65. Actaeopyramis exima (Lischke) 0-35 17 K1 Ni-2 S X X
66. Odostomia hilgendorfi Clessin 34-42 38 J N1 () 11 16
67. Odostomia limpida Dall and Bartsch 34-41 38 dJ - - X 12 1.7
68. Od. ia shi is Yokos 38 38 K2 N1 (&3] X 08
69. Odostomia suboxia Yokoyama 38 38 K2 N1 S X
70. Odostomia takinogawensis Tokunaga - - . - - X X X
71. Agatha brevis (Yokoyama) 35-38 36 K2 N1 (s) X 1.1 X 0.2
72. Syrnola cinnamonea (A. Adams) 27-35 31 K1 N1-3 sM.S X X
73. Syrnola inturbida (Yokoayam) 34 34 K1 N1 ®) X

(to be continued)
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(Table 4 continued)

Geographic Bathymetric Bottom Sample
Specific names distribution range sediment. Loc. 1 loc.2  _loc.3
N. Lat. _ Midpomnt  Type Kk-1 Kk-2 Kk-3 Fn-1 Fs-1

74. Syrnola kurumana (Yokoyama} 35 35 K1 N1 ®) X
75. Syrnola mira (Yokoyama) - - - x
76. Syrnola toshimana (Yokoyama) - - - - X 0.5 x
77. Tiberia pseudopulchella (Yokoyama) - - - - - X x x
78. Tiberia pulchella (A. Adams) 31-40 35 J Ni S x x
79. Cingulina cingulata (Dunker) 25-41 33 J N1-2 sM,S x
80. Cingulina triarata (Pilabry) 33-38 36 K2 N1 S x b3 X
81. Turbonilla affectuosa (Yokoyama) 33-38 35 K2 N1 S x
82. Turbonilla edoensis Yokoyama 34-38 36 K2 Ni S
83. Tutbonill imbana Yokoyama 35-38 36 K2 N1 S 1.7 x
84. Turbonilla multigyrata Dunker 32-40 36 J N1 S X X
85. Turbonilla paucicostata Tokunaga 38 38 K2 N1 S X
86. Turbonilla planicostata Yokoyama - - - - - x x
87. Turbonilla psuedocura Nomura 38 38 K2 N1 sM,mS X
88. Turbonilla sagamiana Yokoyama 35 35 K1 N1 S X 0.4 05
89. Turbonilla scrobiluta Yokoyama 32-35 33 K1 NI S X X
90. Turbonilla semicolorata Yokoyama 36 36 K2 N2-3 sM 1.0
91. Turbonill. Yok - - - - - X
92. Turbonilla shigeyasui Yokoyama 31-35 33 K1 N1-2 sM X
93. Turbonill. Yok 35 35 K1 N1 s 11
94. Acteon sieboldii (Reeve) 31-35 33 K1 N1-4 S x
95. Ringicula doliaris Gould 31-42 36 J NI1-3 S.mS 8.7 10.7 x 8.9 8.1
96. Retusa minima Yamakawa 32-39 35 K2 NI-3 5 x x X
97. Pyrunculus phialus (A. Adams) 31-43 37 J NI-4B sM,mS x X
98. Rhizorus cylindrella (A. Adams) 39 39 K2 N2-3 sM X
99. Rhizorus radiola (A. Adams) 34-41 37 J - - X x
100. Adamnestia japonica (A. Adams) 29-35 32 K1 Ni-4.B S X
101. Philine argenata Gould 33-38 35 K2 N1-3 sM x x
102. Retusa globosus (Yamakawa) 32-35 33 K1 N1-2 S x
103. Retusa insignis (Pilsbry) 33-38 35 K2 N1 S x X 1.2
104. Antalis weinkauffi (Dunker) 31-35 33 K1 N2-3(-4) mSM X x X 1.2
105. Denatalium octangulatum Donovan 0-42 21 Bl NK-2) mSsM X X 19.2 X X
106. Solemya japonica Dunker 33-35 34 K1 N1 s x
107. Nucula paulula A.Adams 31-39 35 K2 NI-3 sM x x
108. Saccella confusa (Hanley) 31-36 33 K1 N3-4 S x 2.9 3.0 x x
109. Acila minutoides Kuroda and Habe 33-35 35 Ki N3-4.B s X
110. Cnesterium notabilis Yokoyama 37-45 41 J N1 S x X
111. Barbatia lima (Reeve) 0-39 18 K2 NO-1 R x
112. Barbatia stearniss (Pilsbry) 25-39 32 K2 NO-1 R x
113. Anadara broughtonii (Schrenck) 26-40 33 J Nl1-2 mS 1.9 X 11 x X
114. Anadara subcrenata (Lischke) 257-35 30 K1 NO m§ X X x x
115. Striarca tenebrica (Reeve) 0-35 17 K1 NO-1 RgR X X
116. Glycymeris vestita (Dunker) 31-38 34 K2 N1-2(-3) S b3 X 4.2 1.0 5.1
117. Oblimopa japonica {(A. Adams) 22-39 30 K2 NI1-3 mS.sM X
118. Modiolus difficilis Kuroda and Habe 35-51 43 02 NI1.2 GR x X x X
118. Musculus senhousias (Benson) 23-43 33 J NO-1 M x
120. Atrina pectinata (Linnaeus) 317-39 35 K2 N1 8,mS,sM X X
121. Solamen spectabilis (A. Adams) 31-39 35 K2 N2-4 S X
122. Pecten albicans (Schroter) 30-42 36 J N1-3 S.mSM x x x x X
123. Patinopecten tokyoensis (Tokunaga) (31-35) -33 [{:9)] IN(1-3-4] (S.sS) x X
124. Chlamys farreri (Jones and Preston) 31-42 36 dJ N1-2(-3) R.G.S.mS X X x
125. Volachlamys hirasei (Bavay) 0-35 17 K1 N1-2 sM x
126. Anomia chinensis Philippi 23-42 32 J NO-1 R.G.sG.Sh X X X
127. Crenella yokoyamai Nomura 34-44 39 J NI-4 S X
128. Limaria hakodatensis (Tokunaga) 31-42 36 J NI-2 S.sM X X x X
129. Limatula japonica A. Adams 25-41 33 J N3-4.B S X
180. Limatula kurodai Oyama 30-35 32 K1 N1-4B S
131, Ostrea denselamellosa lLischke 23-39 31 K2 N1 sM x 22 X
1382. Crassostrea gigas (Thunberg) 237-43 33 J NO-1 R.sG.S.M X x x
133. Venericardia ferruginosa (A. Adams and Reeve) 31-35 33 K1 N3-4(-B) S.G X X
134. Basterotia gouldi (A. Adams) 31-35 33 K1 N1-2 m)s X X
135. Carditella toneana (Yokoayama) 33-39 36 K2 NO-1 mS X x 3.9
136. Crassaatella nana A. Adams and Reeve 30-35 32 K1 NI-3 s X
137. Lucinoma annulatum (Reeve) 31-41 35 K2 N3-4 mS.S X X X 1.5 X
138, Pilucina pisidium (Dunker) 22-42 32 J NO-1 S.mS,sM 3 X x
139. Wallucina lamyi (Chavan) 31-35 33 Ki NI SmS 3.1 1.6 X 59 15
140. Cycladicama cumingi (Hanley) 23-35 29 K1 NI-3 S,mS,sM 1.6 1.5 3.0 15 X
141. Phlyctiderma japonicum (Pilsbry) 23-35 29 K1 NI-3 S,mS.sM x x X x b3
142. Felaniella usta (Gould) 33-45 33 J N1¢-2) S.m$ X
143, Thyasira tokunagai Kuroda and Habe 31-64 47 02 N1-4 sM X
144, Anodonta stearnsiana Oyama -26?,33-41 33 J NO-1 sMM x
145. Clinocardium buellowi (Rolle} 34-43 38 $ NI-3 sM 1.2 x 76 35
146. Dinocardium braunsi (Tokunaga) - - - (N1-2) (S,mS.M) x x x
147. Fulvia mutica (Reeve) 21741 26 dJ N1-3 sM,\M 1.6 1.5 X 14 20
148. Microcirce gordonis (Yokoyama) 33.42 37 J N1 s x 1.8 x
149. Alvenius ojianus (Yokoayam) 33-42 37 J N2-3 sM X x x X
150. Trapezium liratum (Reeve) 23-38 31 K2 NO R.Sh x
151. Byssobornia striatissima (Sowerby) 0-34 17 K1 (N1-2) [S)] x X x
152. Callomysia matsuii Habe 32-34 33 K1 NI-2 S X
153. Eolepton crassa (Yokoyama) 32-34 33 K1 NI-3 sM X X 6.2 X
154. Melliterys puncticulata (Yokoayam) 34- 34 Ki N1-3 sM X x X
155. Fronsella fujitaniana (Yokoyama) 31-41 36 J N1-3 sM X X
156. Kellia porculus Pilsbry 31-39 35 K2 N1-3 sG,Sh

(to be continued)
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Geographic Bathymetric Bottom Sample
Specific names distribution range d t Loc. 1 loc.2 loc. 3
N. Lat. Midpoint _ Type Kk-1 Kk-2 Kk-3 Fn-1 Fs-1

157. Kellia subelliptica (Yokoyama) 31-35 33 K1 NO-1 S X X
158. Montacuta olivacea Habe 31-34 33 K1 N1-3 M X
159. Mysella japonica (Yokoyama) 34-35 34 K1 N1-2 sM x x
160. Curvemysella paula (A. Adams) 0-34 17 K1 N1 sM X X x X
161. Nippomysella oblongata (Yokoyama) 34-42 38 J N1-2 sM X X X X
162. Tepes variegatus (Sowerby) 0-35 17 K1 NO SsG X X 24 12.2
163. Dosinia japonica (Reeve) 31-42 36 J N1 S 1.2 2.2 62 2.1 X
164. Callithaca adamsi (Reeve) 35-45 40 02 N1.3 S x 11 X x
165. Callista chinensis (Holten) 23-39 31 K2 N1.2 3 x x
166. Paphia euglypta (Philippi) 31-39 35 K2 N1-3 m$ x X X
167. Placamen tiara (Dillwyn) -0-35 17 K1 N1-4 S x X X x
168. Clementia vatheleti Mabille 33-39 36 K2 NO-1 sM x x X x
169. Mactra chinensis Philippi 31-41 36 J NO-1 mS X X 14.1 X 9.6
170. Tresus keenae (Kuroda and Habe) 31-41 36 J N1 £S8.S.sM x X X X
171. Raeta pellicula (Reeve) 34-39 36 K2 N1 M 14.9 16.2 3.7 1.4 x
172. Raetellops pulchella (A. Adams and Reeve) 31-43 36 J N1 M X X 2.3 x 5.0
173. Lutraria sieboldii Reeve 31-35 33 K1 N1.3 S,sM X
174. Macoma tokyoensis Makiyama 34-39 36 K2 N1 sM 127 1.7 4.1 88 x
175. Fabulina nitidula (Dunker) 0-35 17 K1 N1-2 mS$.S 14.2 129 33 X 14
176. Semel. Ius mi is (Yok ) 31-35 33 Ki N1-3 sM 3.6 1.9 x X 3.4
177. Merisca subtruncata (Hanley) 10-35 22 K1 N1-3 fS,sM b3 X
178. Cadella delta (Yokoayam) 35-43 39 J N1-3 S 2.0 X X
179. Solecurtus divaricatus (Lischke) 23-39 31 K2 N1 mSM x X
180. Gari anomala (Deshayes) 31-35 33 K1 N1-2 S x
181. Hiatula atrata (Reeve) 13-35 24 K1 NO-1 mS x
182. Hiatella orientalis (Yokoyama) 25-41 33 J NO-1 R.shR x x X X x
183. Solen krusensterni Schrenck 34-45 39 J N1 S.mS,sM 6.9 10.1 4.8 3.5 18
184. Siliqua pulchella (Dunker) 31-39 35 K2 N1 S 4.9 X x
185. Panopea japonica A. Adams 34.43 38 J Ni-3 S.(s)M x X X x
186. Anisocorbula venusta (Gould) 31-42 36 J Ni-4 £8.S X x X 2.3 X
187. Potamocorbula amurensis (Schrenck) 43 43 01 Br mSsMM X 2.8 x
188. Varicorbula yokoyamai Habe 25-43 33 J NI1-2B S X x X
189. Cryptomya busoensis Yokoyama 34-43 38 dJ N1 S X X X X 1.3
190. Barnea dilatata (Souleyet) 13-36 24 K1 NO-1 sM X
191. Myodora fluctuosa Gould 31-39 35 K2 N1-4.B S.sM X 1.3
192. Myodora ikebei Habe 35 35 - - - X x
193. Myodropsis transmontana (Yokoyama) 31-35 33 K1 N1-4 S X X
194. Eximiothracia consinna (Gould) 31-35 33 K1 NI1-3 S x x
195. Pandoarella otukai Habe 31-35 33 K1 N1-4 S X
196. Laternula anatina (Linnaeus) 0-35 17 K1 No-2 sM X X

Total population

2644 8644 2566 11925 25994

inhabitants of the deep sea province (NI-B) (5.4 %)
(Table 3). The HDM graph shows an unimodal and
asymmtrical distribution having a maximum valve
from 34 ° to 35 ° and skewking towards to the high
latitudes (Fig.4). The median of midpoints is
32.6°.

Discussion

Inquiring into the specific composition and num-
ber of specimens mentioned in the proceeding lines,
Tritia japonica, Ringicula doliaris, Glycymeris ves-
tita, Wallucina lamyi, Clinocardium buellowi, Tapes
variegata, Dosinia japonica, Mactra chinensis, Rae-
ta pellicula, Macoma tokyoensis, Fabulina nitidula
and Solen krusensterni are very abundant in all of
the five samples. In addition to these species,
Mitrella bicincta, Saccella confusa, Cycladicama
cumingi, Fabulina nitidula and Raetellops pulchella
are also abundant species among the every five
samples. At a glance the specific composition in
Table 1, these molluscan assemblages are entirely
composed of the living species which are now flour-
ishing in the adjacent shallow seas around the Japa-
nese Islands. Checking with the geographical

(horizontal) and bathymetrical (vertical) distrib-
utions of the Recent species related to the above
cited ones, these molluscan assemblages are consid-
ered to be represented by the dwellers of tidal (No)
and euneritic (N1) zones in shallow water and the
elements of warm water (K1 and K2) under the
influence of the Kuroshio current. They are also
characteristic of the ubiquitous occurrences of such
important species of extremely embaymental envi-
ronment as Raeta pellicula and Raetellops pulchella.
During the last Pleistocene period, global tempera-
solar teures fluctuated in response to changes in
sloar radiation which were driven by oscillations of
the Earth’s orbit (Frabes, 1979, Crowley and North,
1991). Warmer climate melted continental ice sheets
and raised sea level, whereas cooler temperature had
the opposite effect on the hydrosphere. In the inter-
glacial stage between the Illinoian and Wisconisin
(or the Wechsel and Saale) glacial stages, climatical-
conditions were fluctuated from warm of the early
time to cold of the late time. The early warm cli-
matic time is correlated with the stage 5 of the
marine isotope record. Stage 5 is subdiveded into
five substages from 5a to 5e in descending order,
and the stage 5e (0.130-0.117 Ma) is considered to
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show a climatic optimum (Martinson et al., 1987).
The molluscan assemblages of this report are char-
acteristic with the predominant occurrences of warm
water elements and their distributions are located in
the extremely inner area of paleo-Tokyo bay which
was spreaded with the most advanced transgression
of late Pleistocene period in the south Kanto region.
Synthesizing the above discussion, it is highly pos-
sible that these molluscan assemblages were inhab-
itated in a transgressive sea of the pronounced
warming time which is correlative with the 5e sub-
stage of the last interglacial stage.
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Plate 5

Fig. 1. Crowded occurrence (sample Kk-1) in fine-grained sand of Loc.1, Kakeuma,
Ami-machi, Inashiki-gun, Ibaraki Prefecture. Height of standing pole is 2 m. (1995,
11, 01; Planar CF 80 mm, Hasselblad 500 C/M).

Fig. 2. Close view of a part near small scale in Fig. 1. Length of scale is 11 cm.(1995. 11.
01; Planar CF 80 mm, Hasselblad 500 C/M).



Plate 5




Plate 6

Fig. 1. Cutting of Loc. 2 in Funako, Miho-mura, Inashiki-gun, Ibaraki Prefecture. Sample
Fn-1 was collected at middle part of this cliff. (1996, 04, 21; Planar CF 80 mm,

Hasselblad 500 C/M).

Fig. 2. Crowded occurrence (sample Fn-1) in fine- to medium-grained sand of Loc. 2. Pick
is approximately 25 cm long. (1996, 04, 21; Planar CF 80 mm, Hasselblad 500

C/M).



Plate 6




Plate 7

Fig. I: Cutting of Loc.3 in Fusa, Miho-mura, Inashiki-gun, Ibaraki Prefecture. Pick is
approximately 25 cm long. (1996, 04, 30; Planar CF 80 mm, Hasselblad 500 C/M).

Fig. 2: Sporadic occurrence (sample Fs-1) in medium-grained sand of Loc 3. Pick head is
about 20 cm long. (1996, 04, 30; Planar CF 80 mm, Hasselblad 500 C/M).
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Molluscan Fossils from the Kioroshi Formation along the Downstream of
the Kinu-gawa (River) in the Kanto Plain

Sakae O’HARrRA*, Masashi Sucaya** and Toshio HOSOGAI* **
(Accepted December 5, 1997)

Abstract

Constituent species and taphonomy of molluscan fossils were examined in a shell bed of the
late Pleistocene Kioroshi Formation ( K TJ& ) which is distributred along the downstream of the
Kinu-gawa ( 511 ) in the central Kanto Plain. At three fossil sites which are located between
the Housui and Takishita bridges of the above mentioned river, molluscan shells are densely
crowded in the gravel bearing coarse-grained sand with the thiekness of 2-3 meters, and are
seem to have been accumulated in a lag deposit of the transgressive sea under the controls of
currents and waves. However, some infaunal bivalves are found with the conjoined valves
standing approximately vertical to the bedding planes and these specimens are considered to
show their own life positions. Two dominant directions of NW-SE and E-W were measureed
among the orientations of attached bivalves at a fossil site, these arrangements of bivalves are
supposed to have a significant correspondence with the directions of the tidal and longitudinal
currents under which the shell bed was deposited in the innermost area of paleo-Tokyo bay.
Total number of molluscan species attains to 190 among four samples which were collected
from three fossil localities of the studied area, and they belong to 104 species of gastropoda, 1 of
scaphopoda and 85 of bivalvia. According to the geographical and bathymetrical ranges of the
living species related with the present molluscan fossils, they are considered to be distributed in
the shallow sea of an embaymental condition under the influence of warm water.

Keywords: molluscan fossils, paleo-current, paleo-Tokyo bay, late Pleistocene, Kioroshi For-
mation.

paleo-Tokyo bay, the writers intend to describe the

Introduction faunal aspect and depositional patterns of the mol-

Many molluscan fossils were lately collected
from the Kioroshi Formation which is exposed
along the downstream of the Kinu-gawa in the
central Kanto Plain. These molluscan fossils are
considered to be very important for releasing the
paleontological records preserved in the innermost
area of paleo-Tokyo bay during late Pleistocene.
They are believed to have inhabited in an extremely
embaymental condition during the maximum phase
of a transgression which was related with the last
interglacial high sea-level stand under a climatic
optimum of the marine oxygene-isotope substage
Se.

To furnish the fundamental data for the paleonto-
logical records in the extremely innermost area of

luscan species in the shell bed of the Kioroshi
Formation which is distributed along the down-
stream of the Kinu-gawa.

Shell bed along the downstream of
the Kinu-gawa

Molluscan fossils are densely accumulated in the
shell bed which is distributed along the stream
between the Takishita and Housui bridges (T 48,
#k#%) of the Kinu-gawa (Fig. 1). A shell-supported
fabric and close packing of bivalve shells are the
diagnostic feature in this shell bed. At some expo-
sures, shell bed is provided with rigid surface by the
chemical reaction of solidification of calcium car-
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Fig. 1. Index map showing localities of molluscan fossils.

bonate which was dissolved from molluscan shells.
The thickness of this shell bed is measured to be 2-3
m. Base of this shell bed is situated at an altitude of
about 4 m above the present sea level.

In this arca of fossil localities, shell bed has been
cropped out with the falling of river-bottom which is
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presumed to be related to the insufficient supply of
sediments due to the dredging sand and gravel with
the aim of construction works along the mid-stream
of this river.

Referring with the subsurface data of boreholes
which were sunk down from the upland along the
downstream of the Kinu-gawa, shell bed rests on
underlying medium- to coarse-grained sand with a
distinct boundary. This boudary is traceable in the
studies area at the height of about 4 m above the
presentsea level (Fig. 2).

This shell bed consists of silty medium- to coarse-
grained sand. This sand is scattered with granule-
and small pebble-sized subrounded gravels of chert
and volcanic rocks in its basal part. This gravelly
sand is considered to make the channel floor of lag
deposit. Trough and tabular cross-stratifications are
often found in this fossiliferous sand. Molluscan
fossils are densely contained, and bivalvia are usu-
ally composed of isolated water-worn shells. Never-
theless, the ratio of right and left valves is nearly
equal in the most species of bivalvia. Bivalvia are
mainly composed of thick and large-sized speci-
mens. These large-sized solid bivalvia are arranged
in parallel to the bedding planes with convex side
above, and are considered to be influenced by the
prominent tidal currents. However, some specimens
of Mactra chinensis, Tresus keenae, Saxidumus
pururata, and Panopea japonica were yielded with
conjoined valvles as they lived standing nearly
vertical to the stratification at Loc.1 of Sakate-
machi (3 F-17 ), Mitsukaido City (/k¥fg:&if ) (Pl. 8).
Judging from these modes of occurrence, they are
considered to be autochthonous origins and have a

Loc. 3
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?
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Fig. 2. Columnar sections showing horizons of molluscan samples. Loc. 1: Sakate-machi, Mitsukaido City, Loc. 2:

Uchimoriya-machi,

Mitsukaido City, Loc. 3: Itadoi, Moriya-machi, Kita-souma-gun, Ibaraki Prefectue. Sk-1, SK-2,

Td-1 and [t-1: horizons of sampling. a: gravel bearing coarse- to very coarse-gained sand, b: cross-stratification, c:

mollusks, d: burrows.
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special significance for the paleoenvironmental con-
ditions of this shell bed. These articulated specimens
of the above cited four species are surprisingly well
preserved, and are considered to have been burried
so rapidly just before the shell bed in which they
live was disturbed (Stanley, 1970). Tresus keenae
and Panopea japonica are characterized by their
elongate, inflated and thin valves with wide gapes at
the anterior and posterior margins for the quick
extension and withdrawal of siphone and pedal.
These two species are now living in muddy sand
substrata of the tidal (N0) to euneritic (N1) zones,
and their burrows have the depths of 20 cm or more
(Kondo, 1987). Saxidomus purpurata and Mactra
chinensis are provided with slightly inflated and
oval valves with narrow gapes for siphone and pedal
at the anterior and posterior ends. In the life posi-
tions, they can penetrate with protruded foot down-
ward into the substrata, but their posterior margin
lies near the sediment surface (Kondo, 1989). These
two species are now living in sandy mud substrata
between the tidal (N0) and mesoneritic (N2) zones of
shallow water around the Japanese islands.

To make clear the patterns of paleocurrent in the
innermost part of paleo-Tokyo bay, actual measure-
ment of arrangments of the above cited four species
were tried with regard to the azimuth of joining
plane of right and left valves by using the clino-
compus (Potter and Pettijohn, 1963). Although it is
likely that within the time span required for the full
growth of these infaunal species and the directions
of bottom current might change slowly, if at all,
measured data seem to indicate the dominant direc-
tion of NW-SE and the subordinate direction of E-W
(Fig. 3, PL. 8-fig. 2). These two directions may have
the significant correspondence with those of paleo-
currents under which delta sediments were depos-
ited on the tidal flat in the innermost area of
paleo-Tokyo bay during late Pleistocene (Okazaki
and Masuda, 1992) (Fig. 6). Although there are very
few principles of interpretation concerned with the
origin of invertebrate fossil orientation, some living
species are very responsible to the current direction
with the reasons of getting nourishments, removing
of waste products and being strong enough to reach
adult body with unique form. It is not easy to decide
origin of the oriented bivalves contained at Sk-2 of
Loc. 1, NW-SE trend is supposed to be caused by the
tidal currents, and E-W is preseumed to be related
with the longshore currents based on the depos-
itional and directional systems of the paleoenvi-
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Saxidomus purpuratus n=70
Tresus keenae n =38
Panopea japonica n==6

Fig. 3. Rose diagrams showing relative frequencies for
orientations of articulated bivalvia at Sk-2 of Loc. 1,
Sakate-machi, Mitsukaido City.

ronmental conditions in paleo-Tokyo bay (Okazaki
and Masuda, 1992) (Fig. 3, PI. 8-fig. 2).

Compared with bivalvia mentioned above, num-
bers of species and specimens of gastropoda are not
so abundant at every localities. Gastropoda are
occupied with big-sized and solid individuals.
Abraded and destructed specimens are rather com-
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mon among the majority specimens of gastropoda.
However, it is noteworthy that minute sculptures of
shell-surface or even protoconche are well pre-
served on some specimens of gastropoda. As a
whole, It is likely that molluscan fossils have been
subjected to the influence of currents and waves, but
they were not subjected to the long distance trans-
portation from other biotopoes. In addition to the
molluscan fossils, fragments of Scaphechinus mira-
bilis are abundantly contained, and burrows of
Ophiomorpha sp. and Rosselia sp. are commonly
scattered in this shell bed.

Molluscan fossils

The writers could gather 36,193 availabe speci-
mens of molluscan fossils among 4 samples which
were collected quantitately at 3 exposures of the
Kioroshi Formation distributed along the down-
stream of the Kinu-gawa (Figs. 1 and 2). At these
fossil-sites, samples were collected with the same
volume of 9,000 cm’ (a cubic with the length of 30
cm, the width of 20 cm, and the height of 15 cm
along the bedding plane). Total populations of
molluscan fossils amount to 22,100 in two samples
of Loc. 1, 11,371 in one sample of Loc. 2, and 9,232
in one sample of Loc. 3 (Table 4). ’

Loc. 1: A small reef connected with the western
bank of the Kinu-gawa in Sakate-machi,
Mitsukaido City, Ibaraki Prefecture ( 7k
2 ). Base of this shell bed is situated at

the altitude of about 4 m above the present
sea level, and is located 7.5 km upstream
from the joining point of the Kinu-gawa
and the Tone-gawa.
A small exposure of the western bank
which is located about 100 m upstream
from the Tamadai bridge ( £548 ) of the
Kinu-gawa in Uchimoriya-cho, Mitsu-
kaido City, Ibaraki Prefecture.

Loc. 3: A small cliff along the eastern bank which
is situated about 1 km upstream from the
Takishita bridge of the Kinu-gawa in Ita-
doi ( # 7 # ), Moriya-machi ( =F & BT ),
Kita-souma-gun ( Jt#1 & &[ ), Ibaraki Pre-
fecture (Figs. 1 and 2).

Loc. 2:

During the laboratory processing, analysis of
grain size was made for the sample which was
divided by a splitter from the dried sediment. From
the data obtainedby the mechanical analysis, the
mean diameter (Mz), sorting (0'1), skewness (Ski)
and kurtosis (KG) were calculated according to the
formulas of Folk and Ward (1957) (Fig. 4, Table 1).
Then, samples were washed in water, and they were
sieved through a 16 mesh screen (openings of 1
mm) to separate fossils from sediment. Molluscan
fossils were indentified to species level, and framen-
tal specimens were counted only if there were iden-
tifiable characters, hinge fragments of bivalvia are
counted as one, and apertural parts of gastrpoda and
scaphopoda are also calcurated as one. To avoid the
estimates from being too high, care was taken that

Table 1. Particle size measurements of sediments. Mz: graphic mean (average grain size), ¢I: inclusive graphic standard
deviation (sorting), Ski inclusive graphic skewness (degree of asymmetry), KG: graphic kurtosis (degree of peakness).

v.c. v.f. silt &
Sample gr;vel sand c.s(;ond m.ﬁznd f.s;ond sand clay Mz o1 Ski Ka
% % %
It-1a 11.8 11.7 9.7 22.0 38.3 3.6 2.9 1.23 1.53 -0.51 1.02
It-1b 124 129 87 19.5 39.8 3.8 29 1.13 1.56 -0.57 0.97
Td-1la 9.8 8.9 11.2 28.0 33.4 4.8 3.9 1.30 1.57 -0.35 1.43
Td-1b 10.8 8.5 12.4 28.8 30.9 4.3 4.3 1.30 1.58 -0.05 1.38
Sk-2a 20.4 30.9 24.0 14.5 6.2 2.1 2.2 -0.73 1.42 -0.50 1.12
Sk-2b 35.7 25.0 18.3 11.8 5.3 1.8 2.2 -0.83 1.73 0.23 0.82
Sk-1la 27.1 15.6 16.6 25.7 10.2 2.5 2.4 0.15 1.84 -0.17 0.85
Sk-1b 31.4 18.0 14.3 21.2 104 2.4 2.3 -0.08 1.97 -0.06 0.81
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Fig. 4. Frequency distributions and cumulative-frequency curves of sediments.

different fgraments of the same shell were not
counted twice. This counting method seems to be a
rather rough procedure, but a better dealing is not
available now. Specimens of gastrpoda and scapho-
poda were counted as twice as those of bivalvia to
compare their frequencies collectively.

Molluscan specimens treated herein are kept in
the collections of the Ibaraki Nature Museum, Iwai
City, Ibaraki Prefecture.

At Loc. 1 of Sakate-machi, Mitsukaido City, two
samples (Sk-1 and Sk-2) were collected from the
different horizons in the shell bed of the Kioroshi
Formation (PI. 8-figs. 1 and 2). Sample Sk-1 was
taken from poorly sorted, coarsely skewed, platy-
kuritic and coarse- to very coarse-grained sand (Mz

=0.15 ~ 008, g1 =197 ~ 1.84, Ski = -0.06 ~
-0.17, KG = 0.81 ~ 0.85) of the basal part, and
sample Sk-2 was obtained from poorly sorted, finely
skewed, mesokurtic and very coarse-grained sand
Mz =-0.83 ~-0.73, 01=1.42 ~ 1.73, Ski = -0.50 ~
-0.23, KG = 0.82 ~ 1.12) in the upper part of the
shell bed exposed in a pit which was excavated on a
small reef along the Kinu-gawa (Fig. 4, Table 1).
Molluscan fossils are densely crowded in the shell
bed, and their specific composions and modes of
occurrence are not critically different between the
lower and upper parts (Sk-1 and Sk-2). Although the
majority of bivalvia consists of detached water-worn

valves and are arranged in parallel to the strati-
fication with convex side above, some specimens
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Fig. 5. HDM graphs of molluscan fossils. Samples are same with those of Tables 2, 3 and 4.

are buried with attached valves as they lived stand-
ing nearly vertical to the bottom substrata. Namely,
at the sampling horizon of Sk-2, the bedding plane
of shell bed is extensively exposed on the eroded
surface of reef, some specimens of Saxidomus pur-
purata, Mactra chinensis, Tresus keenae and Pan-
opea jaonica are found with conjoined valves

standing approximately perpendicular to the bedding
plane (Pl 8-fig. 2). Sample Sk-1 comprises 8,358
available specimens among which 1,846 are gastro-
poda, 16 are scaphopoda and 6,496 are bivalvia.
Gastropoda are composed of 48 species, scapho-
poda is 1 and bivalvia are 53. Sample Sk-2 contains
13,742 reliable specimens among which 2,812 be-
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Table 2. Percentage frequency of species belonging to respective geographical distribution types and median of midpoints.

Abbreviations are same with those of Table 4.

sl kw30 o Uk et
It-1 28.7 34.8 21.4 7.1 0.9 7.1 34.4
Td-1 36.5 32.7 21.5 6.5 0 2.8 33.8
Sk-2 325 36.0 21.9 3.5 0 6.1 33.9
Sk-1 32.4 36.3 21.6 2.8 1.0 5.9 34.6

long to gastropoda, 60 to saphopoda and 1,0870 to
bivalvia. Gastropoda are composed of 57 species,
scaphopoda of 1, and bivalvia of 53 (Table 4). Very
abundant species are Carditella toneana (5.5-6.6
%), Gomphina neastartoides (18.7-19.8 %), Tapes
variegata (11.6-18.5 %) and Mactra chinensis
(12.3-15.6 %). Abundant species are Homalopoma
amussitatum (1.8-2.8 %), Microgaza planorboides
(2.0 %). Mitrella bicincta (2.4-2.8 %), Tritia japon-
ica (0.7-1.0 %), Ringicula doliaris (0.7-1.5 %),
Odostomia shimosensis (0.7-1.5 %), Glycymeris
vestita (1.6-2.0 %), Musculus senhausia (1.9-2.9 %),
Cryptomya busoensis (1.2-2.0 %), Anisocorbula ve-
nusta (1.7-3.1 %) and Varicorbula yokoyamai
(2.2-2.4 %).

Checking with the geographical distributions of
the Recent species related with the Sk-1 and Sk-2
assemblages, these are mainly composed of the
warm Kuroshio (K1 and K2) and temperate Japonic
(J) constituents (68.5-68.7 % and 21.6-21.9 %),and
are associated with the cold Oyashio (O1 and O2)
components (3.5-3.8 %) (Table 2). Referring with
the bathymetrical ranges of the living species related
with these two assemblages, they are mainly com-
posed of the dwellers of the upper sublittoral zone
of the shallow sea province (Nu) (60.5-61.0 %), and
is associated with the inhabitants of the lower sublit-
toral and bathyal zones of the deep sea province
(NI-B) (1.9-4.0 %) (Table 3). The median of mid
points (Schrenck and Keen, 1937) is between 33.9°
and 34.6 °. The HDM graphs (Ida, 1956) show
unimodal and asymmetrical distribution having a
peak at 34 ° and skewing towards the high latitudes
(Fig. 5).

At Loc. 2 of Uchimoriya-cho, Mitsukaido City,
one sample (Td-1) was collected from poorly sorted,
coarsely skewed, mesokurtic and medium-grained
sand (Mz = 1.23 ~1.13, o1 = 1.53 ~ 1.56, SkI =
-0.51 ~ -0.57, KG = 0.92 ~ 1.02) in the upper part of

the shell bed (Figs. 1, 2 and 4). Sample Td-1 con-
tains 11,371 effective specimens among which
2,286 are gastropoda, 2 are scaphopoda and 9,083
are bivalvia. Gastropoda are composed of 50 spe-
cies, scaphopoda of 1, and bivalvia of 59 (Table 4).
Very abundant species are Lirularia pygmaea (5.5
%), Tapes variegata (6.4 %), Mactra chinensis
(35.5%) and Cadella delta (12.7 %). Abundant
species are Assiminia japonica (2.4 %), Olivella
Japonica (1.5 %), Chrysallida mariolloides (1.1 %),
Ringicula doliaris (2.7 %), Glycymeris vestita (2.8
%), Musculus senhausa (2.3 %), Chlamys farreri
(1.2 %), Carditella toneana (3.1 %), Gomphina
neastartoides (3.1 %) and Dosinia japonica (1.8 %).
These species are scattered in medium- to coarse-
grained sand. Fragmental specimens are rather com-
mon among the species of gastropoda, scaphopoda
and bivalvia. However, fragile and minute sculp-
tures on shell-surface are well preserved on some
specimens. It is noteworthy that fragmental shells
are usually provided with sharp margins showing a
faint abrasion. Judging from these evidences, it is
clear that they were subjected to influence of tidal
currents, but their living places might be not so far
from the site of burial. This assemblage is chiefly
composed of the warm Kuroshio (K1 and K2) and
the temperate Japonic (J) constituents (69.2 % and
21.5 %) and is associatedwith the cold Oyashio (O1
and O2) components (6.5 %) (Table 2). It is mainly
composed of the dwellers of the sublittoral zone of
the shallow sea province (Nu) (65.7 %), and is
associated with the inhabitants of the deep water
province (NI-B) (2.0 %) (Table 3). The median of
midpoints is 33.8 °. The HDM graph has unimodal
and asymmetrical pattern having a peak of 34 ° and
skewing towards the high latitudes (Fig. 5).

At Loc.3 of Itadoi, Moriya-machi, Kita-
souma-gun, one sample (It-1) was collected from
poorly sorted, coarsely skewed, mesokurtic and
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Table 3. Percentage frequency of species belonging to respective geographical distribution types and median of midpoints.

Abbreviations are same with those of Table 4.

Nu NI-B N Nu-B
Sample UK
No Noi1 Ni No2 N2 N2 N3 N34 N3B No3 Ni3 N23 No4 Ni4 N NiB Na2p
It-1 98 170 107 89 125 09 18 09 09 09 152 36 09 45 09 27 09 8.0
Td-1 67 190 152 6.7 162 19 1.0 1.0 1.0 162 38 1.0 56 26 28 1.9
Sk-2 74 194 157 74 83 28 1.9 19 167 19 5.6 8.3
Sk-1 79 168 168 21 168 1.1 20 20 1.1 177 1.0 4.9 1.8 1.0 5.9

medium-grained sand (Mz =1.23 ~ 1.13, o1 =1.53
~1.56, Ski = -0.51 ~ -0.57, KG = 0.97 ~ 1.02) in the
upper part of the shell bed (Fig. 4, Table 1). Sample
It-1 yields 9,232 valid specimens among which
3,216 are gastropoda, 12 are scaphopoda and 6,004
are bivalvia. Gastropoda are composed of 56 spe-
cies, scaphopoda is 1 and bivalvia are 44 (Table 3).

FOSSIL
SITES
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Rip & other currents
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Fig. 6. Paleocurrents and depositional systems in paleo-
Tokyo bay during the Shimosueyoshi high-sand in
sea-level (0.15-0.12 Ma) (Okazaki and Masuda, 1992).
At Sk-2 of Loc. 1, Sakate-machi, Mitsukaido City, tidal
and longshore currents are estimated from occurrences
of articulated bivalvia and these data are shown in the
northwestern corner of the map.

Very abundant species are Lirularia pygmaea (14.2
%), Mitrella bicincta (5.5 %), Musculus senhausia
(7.2 %), Matellum hakodatensis (9.3 %), Tapes var-
iegata. (8.1 %) and Gomphina neastartoides (20.5
%). Abundant species are Microgaza planorboides
(1.3 %), Tritia japonica (1.5 %), Nucula paulula
(1.1 %), Glycymeris vestita (1.1 %), Carditella to-
neana (3.3 %), Mactra chinensis (2.6 %) and Cadel-
la delta (1.1 %). Water abrasion and destruction of
shells are remakable on the majority species of
bivalvia and gastropoda. Gastropopoda are rare both
in species and individuals, and the most of them are
fragmental. Thus, it is doubtless to say that this
assemblage was brought to site of burial by physical
agents of currents and waves. Nevertheless, consid-
ering from that lithofacies is closely harmonized
with bottom substrata on which they once lived, they
may not neccessarily prove a large-scaled transpor-
tation from remote places. This assemblage is main-
ly composed of the warm Kuroshio (K1 and K2) and
temperate Japonic (J) constituents (63.5 % and 21.4
%), and is associated with the cold Oyashio (O1 and
02) components (8.0 %) (Table 2). It is chiefly
composed of the dwellers of the sublittoral zone of
the shallow sea province (Nu) (59.8 %), and is
associated with inhabitants of the deep sea province
(NI-B) (3.6 %) (Table 3). The median of midpoints
si 344 °. The HDM graph shows unimodal and
asymmetrical distribution having a peak at 34 ° and
sweking towards the high latitudes (Fig. 5).

Discussion

The writers could distinguish 192 species of
molluscan fossils in 4 samples which were collected
from the upper Pleistocene Kioroshi Formation ex-
posed along the downstream of the Kinu-gawa. The
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representative species are Homalopoma amussi-
tatum, Lirularia pygmaea, Microgaza planorboides,
Tritia japonica, Mitrella bicincta, Ringicula dolia-
ris, Glycymeris vestita, Musculus senhausia, Lima-
ria hakoddatensis, Carditella toneana, Gomphina
neastartoides, Tapes variegata, Dosinia japonica,
Mactra chinensis, Cadella delta, Anisocorbula ve-
nusta and Varicorbula yokoyamai. These species
record both the ecological preference of individual
taxonomic groups to specific environmental param-
eters as well as the dominant process of sediment
transport in littoral depositional systems. Checking
with the geographical and bathymetrical distrib-
utions of the living speices related to those of the
Kinu-gawa area, it is characterized by the dominant
occurrences of the warm Kuroshio elements (K1 and
K2) (63.5-69.2 %), and the luxuriant occurrences of
species flourishing now in the shalow sea province
(Nu) (59.8-65.7 %). On the other hand, judging
from the states of preservation, shells might be
abraded and destructed frequently by the processes
of repeated progradation and recession of shoreline
in the innermost area of paleo-Tokyo bay with the
marine invasion of the Shimosueyoshi transgression
(0.15-0.12 Ma) during late Pleistocene. Especially,
they might be rapidly accumulated within creeks
and channels on the tidal flat under the influence of
the ebb and flood currents.

Two marine molluscan assemblages are hitherto
known to occur from the upper Pleistocene Kioroshi
Formation and its coeval deposits in the innermost
area of paleo-Tokyo bay. One was reported by
Ooinomikado (1937) from the Oota shell bed which
is distributed along the Tone canal in Kashiwa City,
Chiba Prefecture with the altitude of about 5 m
above the present sea-level. This shell bed is si-
tuated about 9 km south to the fossil sites of this
study. Ooinomikado listed 57 species of molluscan
fossils from the Oota shell bed. Gomphina neastar-
toides, Mactra chinensis and Cadella delta were
cited in his faunal list to occur abundantly from the
lower to upper parts of the densely crowded shell
bed. Among the constituent species of the Oota shell
bed, 86 percent are known to occur in the molluscan
assemblages of this study. As mentioned in the
foregoing lines, the molluscan assemblage of the
Oota shell bed shows the close affinity to those of
this study with respects to the faunal composition,
mode of occurrence and the altitude of shell bed
above the present sea level. It is doubtless to con-

41

clude that the upper Pleistocene molluscan assem-
blages of the Tone canal and the Kinu-gawa are
safely correlated with each other, and these were
deposited under the quite similar sedimentological
environment.

On the contrary, another molluscan assemblage is
slightly different form the studied ones with regards
to the faunal composition and the height of shell bed
above the present sea. This assemblage was de-
scribed by Masuda et al. (1987) from the Kioroshi
Formation which is exposed at a sand quarry in
Shimozuma City, Ibaraki Prefecture with the altitude
of 13-15 m above the present sea-level and is si-
tuated about 20 km north to the fossil localities of
this study. It was interpreted by Masuda et al. to
have a bearing on the Shimosueyoshi transgression
of late Pleistocene. Masuda et al. reported 40 spe-
cies of molluscan fossils from the Kioroshi Forma-
tion at the above mentioned locality. In the faunal
list, Babylonia japonica, Actaeopyramis eximia,
Anadara satowi, Anadara subcrenata, Crassostrea
gigas, Trapezium liratum and Dosinia japonica
were recorded by Masuda et al. to occur commonly
or abundantly from the lower part of the shell bed.
In addition, Crassostrea gigas, Dosinia japonica
and Raetellops pulchella were noted by them to
occur very abundant in the upper part of the shell
bed. Moreover, Corbicula japonica, a representative
species in the brackish water, was confirmed by
Masuda et al. to occur rarely in the upper part of the
same shell bed. Among the molluscan species re-
ported by Masuda et al. from the lower and upper
parts in the shell bed of the Kioroshi Formation, 40
percent are known to occur in the mollusccan as-
semblages of this study. In spite of the similarity of
faunal aspects of the mentioned molluscan assem-
blages from the Shimozuma and Kinu-gawa areas ,
the representative species and their frequencies are
slightly different between them of the two areas.
However, these two assemblages of the Shimozuma
and Kinu-gawa areas have common features such as
the prevailing occurrences of the species which
prefer warm water and the dominant occurrences of
the species which like to live in the extremely inner
area of the embaymental environmental condition.
In the stage of our knowledge, the meaning of this
faunal heterogeneity is not known precisely, hence,
detailed paleontological, paleoecological and sedi-
mentological researches are required in the future.
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Table 4. Percentage frequencies of species belonging to respective bathymetrical distribution types. Abbreviations are same
with those of Table 4. Geographical distribution [N. lat.: north latitude in the western Pacific, type (Ki: species now
lliving in area south of lat. 35° N, K2: species now living in area south of lat. 39° N, J: species now living in wide area
ranging from south of lat. 35 ° N to north of lat. 39 ° N, O2: species now living in area north of lat. 35° N, O1: species
now living in area north of lat. 39 ° N] bathymetrical range (N: neritic province, Nu: upper part of sublittoral zone, Ni:
lower part of sublittoral zone, No: tidal zone, Ni: euneritic zone, N2: mesoneritic zone, N3: subneritic zone, N4:
bathyneritic zone, B: bathyal zone), bottom sediment (G: gravel, gS: gravel bearing sand, S: sand, {S: fine-grained sand,
mS: muddy sand, shS: shell sand, sM: sandy mud, M: mud, R: rock-boring, Sg: sea grass, Sh: shell), Ecological data are
quoted from those of Kuroda and Habe (1952), Kuroda, Habe and Oyama (1971), Oyama (1973), Okutani (1986), and
Higo and Goto (1993). x are those less than 1 %.

Geographic Bathymetric Bottom Sample
Specific names distribution range sediment

N. Lat. _Midpoint__ Type Sk-1 SK-2 Td-1 1t-1
1. Diodora mus (Reeve) 25-35 30 K1 NO-1 sG x
2. Diodora suprapunicea Otuka 31-35 33 K1 NO-1 3 X
3. Acmaea pallida (Gould) 35-55 45 02 NO-1 G X X
4. Macroschisma sinense A. Adams 25-39 32 K2 NO-2 GR X X
5. Puncturella nobilis A. Adams 35-55 45 02 NO-2 GR X
6. Tugali decussata A. Adams -0-41 20 K2 NO-2 G.R x
7. Calliostoma consors (Lischke) 22-41 31 J N1-3 S(G) X x X X
8. Minolia subangulata Kuroda and Habe 3141 36 K2 N2-3 sM x x X
9. Machaeroplax delicatus (Dall) 33-41 37 K2 N3-4,B sM x
10. Ethminolia stearnsii (Pilabry) 10-35 22 K1 NO-1 S X
11. Assiminia japonica v. Martens 31-39 35 K2 N1 S,mS,sM X X 2.4 X
12. Fossaroa picta A.Adams 31-39 35 K2 NO R.G x
13. Homalopoma amussitatum (Gould) 38-51 44 02 N1-3(-4) R,S 2.8 1.6 X x
14. Umbonium costatum (Kiener) 31-41 36 K2 NO-1 S x x x
15. Lirularia pygmaea (Yokoyama) 34-38 36 K2 N1-2 GR 1.2 1.7 X 14.2
16. Lirularia sematensis (Oyama) - - - - - X X
17. Liotina semiclathratula (Schrenck) 31-41 36 K2 NO-3 sG X
18. Liotina solidula (Gould) 26-35 30 K1 NO-1 sG X X
19. Microgaza planorboides (Yokoyama) - - - - - 2.0 2.0 X 13
20. Lissotesta sobrinum (A. Adams) 33-39 36 K2 NO sM X
21. Lunella coreensis (Recluz) 30-41 35 K2 NO G X
22. Moerchiella crenellifer (A. Adams) 28-35 31 K1 N3 S X
23. Bittium glareosum (Gould) 31-41 36 K2 N1 3 X
24, Clathrofenella reticulata (A. Adams) 31-39 35 K2 NO-1 sM X
25. Eufenella rufociancta (A. Adams) 31-35 33 K1 NO-1 S X X X
26. Stomatella varia A. Adams 26-35 30 K1 NO-1 GR X X X X
27. Granulittorina exigua (Dunker) -0-42 21 K2 NO GR x
28. Balcis glabroides (Yokoayam) - - - - - X X
28. Balcis sagamiana (Yokoyama) 35 35 K1 X
30. Balcis tokunagai Yokoyama - - - - - X X
31. Batillaria multiformis (Lischke) 14-41 27 K2 No sM X X X
32. Bittium glareosum (Gould) 31-41 36 K2 N1 sG X X
33. Eulima hojoensis Yokoyama - - - - - X X
34. Eulima ozawai Yokoyama 34-35 34 K1 Nt S X x X
35. Crypt ica janthost ides (Kuroda and Habe) 31-35 33 K1 N1-2 S,mS x x x X
36. Eunaticina papilla (Gmelin) -0-35 17 K1 NO-1 S x
37. Neverita didyma (Roding) -0-42 21 J NO-3 S.mS X X x
38. Sinusciola filiola (Yokoyama) 34 34 K1 - - X X
39. Triphora conspersa (E.A. Smith) 31-35 33 K1 NO-2 G x X X
40. Bostrycapulus gravispinosus (Kuroda and Habe) 26-35 30 K1 NO GR x X X x
41. Velutina pusio (A.Adams) 31-35 33 K1 NO-4 S x
42. Epitonium sagamiense Pilsbry 35 35 K1 N3 ) x x
43. Amaea ojiensis (Yokoyama) - - - - - X x
44. Boreotrophon candelarum (Reeve) 34-55 44 02 Ni-4 G X X X
45. Rapana venosa (Valenciennes) 267-42 34 J N1-2 mS x
46. Tonna luteostoma (Kuster) -0-39 19 K2 N1-3 G,S,mS,sM x x
47. Babylonia japonica (Reeve) 23-35 29 K1 N1-3 m)S X
48. Siphonalia fusoides (Reeve) 26-11 33 J N1-2 mS,sM x X X
49. Siphonalia modificata (Reeve) 33-35 34 K1 N2-3 S X x
50. Reticunassa festiva (Powys) 10-41 25 K2 NO sG X
51. Tritia japonica (Lischke) 25-39 32 K2 NO-1 S X X X X
52. Reticunassa festiva (Powys) 1041 25 K2 NO 3 X X
53. Volutharpa perryi (Jay) 35-65 50 02 NI1-2 sM X
54. Mitrella bicincta (Gould) -0-41 20 K2 No-1 RS 2.8 2.4 X 5.5
55. Mitrella yabei Nomura 26-35 30 K1 N2 S x X X
56. Zafra pumila (Dunker) 26-39 32 K2 NO Sw X X X X
57. Olivella japonica (A. Adams) 31-39 35 K2 N1 S x 1.0 X X
58. Sydaphera spegleriana {Deshayes) -0-39 19 K2 N1-2 S.mS X X
59. Etrema subauriformis (E.A. Smith) 31-39 35 K2 NO-1 S X
80. Elaeocyma benten (Yokoyama) 34-35 34 K1 N3 mS X
61. Elaeocyma glabriuscula (Yokoyama) 31-35 33 K1 N3 S X
62. Mangilia tokunagae Finley 39 39 K2 NQ-2 sM X x
63. Lyromangelia semicarinata (Pilabry) 26-35 30 K1 NI Ry X X
64. Paraclathurella gracilenta (Reeve) -0-35 17 K1 N1-3 S.mS X
65. Propebrela yokoyamai Onoyama (42-45?) “3) oOn (N1 ) X x
66. Clavus longispira (E.A. Smith) 33-39 35 K2 Nt S X
67. Duplicaria latisulcata (Yokoyama) 34-35 34 K1 NI1-2 S X

(to be continued)
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(Table 4 continued)

Geographic Bathymetric Bottom Sample
Specific names distribution range sediment

N. Lat. Midpoint _ Type Sk-1 SK-2 Td-1 It-1
68. Puctoterebra lischkeana (Iunker) 30-39 34 K2 N1 S X x
69. Strioterebrum heldyana (Pilsbry) 31-35 33 K1 N2 s x
70. Agatha brevis (Yokoayama) 35-38 36 K2 N1 ) X x
71. Crysallida marielloides (Yokoyama) 35-39 37 K2 N2 R,G x x X x
72. Klenella amicalis (Yokoyama) 31-39 35 K2 N1 sM X
73. Kleinella neofelix (Yokoyama) 34-39 36 K2 N1 sM x x
74. Acteopyramis eximia (Lischek) 31-35 33 K1 N1-2 sM X X X x
75. Odostoamia gordonis Yokoyama - - - - - X
76. Odostomia hilgendorfi Clessin 31-42 36 K2 NO-3 S X
77. Odostomia kizakiensis Yokoyama - - - - - x X
78. Odostomia limpida Dall and Bartsch 34-39 36 K2 NO-2 sM x
79. Odostomia shimosensis Yokoyama 35 35 K1 NQ-1 sM x X X X
80. Odostomia suboxia Yokoyama 38 38 K2 NO-2 sM x
81. Turbonilla affectuosa (Yokoyama) 33-38 35 K2 NO-1 S X X
82. Turbonilla imbana Yokoyama 35-38 36 K2 N1 S X
83. Turbonilla keiskeana Yokoyama - - - - - X
84. Turbonilla multigyrata Dunker 31-39 35 K2 NI1-3 sM X X
85. Turbonilla pacifica Yokoyama 39 39 K2 NO-2 sM X X X
86. Turbonilla pseudocura Nomura 38 38 K2 NO-3 sN X
87. Turbonilla sagamiana Yokoyama 31-35 33 K1 NO-2 sM X X
88. Turbonilla shigeyasui Yokoyama 31-35 33 K1 NO-2 sM X X
89. Syrnola cinnamomea (A. Adams) 27-35 31 K1 NI1-3 sM,S X X X
90. Syrnola inturubida (Yokoyama) 34 34 K1 N1 ()] X X
91. Syrnola mira (Yokoyama) - - - - x
92. Syrnola toshimana (Yokoyama) - - - x X
93. Tiberia pseudopulchella (Yokoayam) - - - - - x
94. Cingulina cingulata (Dunker) 25-41 33 J N1.2 sM,S x
95. Cingulina triarata {Pilsbry) 33-39 36 K2 N1 S X
96. Ringicula doliaris Could 31-42 36 J N1-3 S,mS X 1.2 x
97. Haloa rotundata (A. Adams) 10-35 22 K1 NO Sw b3
98. Leucotina gigantea (Dunker) 31-35 33 i N1-4 sM x X
99. Retusa minima Yamakawa 32-39 36 K2 NI-3 S X X
100. Retusa delicatulus (A. Adams) 31-35 33 K1 N1-2 M x
101. Retsua insignis (Pisbry) 31-38 35 K2 NQ-1 S x X X X
102. Adampestia japonica (A. Adams) 29-35 32 K1 N1-4,B S X X X
103. Philine argentata Gould 3141 36 K2 NI1-3 sM X X
104. Philine vitrea Gould 31-38 35 K1 N1-3 sM X
105. Antalis weinkauffi (Dunker) 31-35 33 K1 N2-3 mS,M X X X X
106. Saccella confusa (llanley) 31-35 33 K1 N34 5 X
107. Nucula paulula A. Adams 31-39 35 K2 NI-3 sM X X X 11
108. Cnesterium notabilis (Yokoyama) 37-45 41 J NI S X
109. Glycymeris vestita (Dunker) 31-38 34 K2 NI-2 S X 2.0 2.8 1.1
110. Limopsis decussata (A. Adams) 31-37 34 K2 N2-4,B S X
111. Limopsis oblonga A. Adams 31-38 34 K2 N2-4B sM X
112. Oblimopa japonica {(A. Adams) 22-39 30 K2 N1-3 mS,sM X
113. Acar plicatum (Dillwyn) -0-38 19 K2 N1-3 R,G X
114. Arca boucardi Jousseaume 25-42 33 K2 NO-2 R.G X X
115. Anadara broughtonii (Schrenck) 26-40 33 J Ni-2 mS X x X X
116. Anadara subcrenata (lischake) 25?2-35 30 K1 NO mS x x X X
117. Anadara granosa (Linnaeus) -0-35 17 K1 NO-1 sM X
118. Modiolus difficilis Kuroda and Habe 35-55 45 02 NO-1 R X X
119. Musculus senhausia (Benson) 23-43 33 J NO-1 M x 1.9 23 72
120. Septifer keenae Nomura 31-39 35 K2 NO G.R X
121. Crenella yokoyamai Nomura 34-44 39 J N14 S X X X x
122. Pecten albicans (Schroter) 30-42 36 J NI-3 S,mS.M X X X
123. Chlamys farreri (Jones and Preston) 31-42 36 J NI1-2 R.G.SmS X X X X
124. Anomia chinensis Philippi 23-42 32 J NO-1 R,G,s(3,8h 1.7 X X X
125. Limaria hakodatensis (Tokunaga) 31-42 36 J NI-2 S,sM 18 2.2 X 9.3
126. Limatula kurodai Oyama 30-35 32 K1 N1-4,B S X X X
127. Ostrea denselamellosa l.ischke 23-39 31 K2 N1 sM X X X X
128. Crassostrea gigas (Thunberg) 237-43 33 J NO-1 R,sG,S,M X x X
129. Venericardia ferruginosa (A. Adams and Reeve) 31-35 33 K1 N3-4 S.G X X X X
130. Carditella toneana (Yokoyama) 33-39 36 K2 NO-1 mS 3.1 3.3
131. Eurassatella japonica (Duner) 31-35 33 K1 NO-4 S X X X
132. Cycladicama cunmingt (Hanley) 23-35 29 K1 N1-3 S.mS.sM X X X
133. Phylyctiderma japonicum (Pilsbry) 23-35 29 K1 NI1-3 S,mS,sM X
134. Lucinoma annulatum (Recve) 31-41 35 K2 N3-4 mS,S X
135. Felaniella usta (Gould) 33-45 39 J N1(-2) mS,S x X
136. Wallucina lamyi (Chavan) 31-35 33 K1 N1 mS,S x x
137. Afrocardium ebaranum (Yokoyama) 31-35 33 K1 NO-2 S X X
138. Clinocardium buellowi Rolle 34-43 38 J NI-3 sM X X X X
139. Fulvia mutica (Reeve) 212-41 26 J NI-3 sM.M X X X X
140. Alvenius ojianus (Yokoyama) 33-42 37 J N2-3 sM X X
141. Eolepton crassa (Yokoyama) 3234 33 K1 N1-3 sM X X
142. Squillaconcha subsinuata (Lischke) 31-35 33 K1 NO sM,Sh X
143. Byssobornia striatissima (Sowerby) - - (K1) ™) - X x
144. Kellia porculus Pilsbry 31-39 35 K2 NI1-3 sG,Sh X
145. Fronsella fujitaniana (Yokoayama) 31-39 35 K2 N1-3 sM X
146. Montacutona olivacea Habe 31-34 33 Ki N1-3 M X X X x
147. Mysella japonica (Yokoayam) 34-35 34 K1 Ni1-2 sM X X X X

(to be continued)
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(Table 4 continued)

Geographic Bathymetric Bottom _Sample
Specific names distribution range sediment
N. Lat. Midpoint  Type Sk-1 SK-2 Td-1 It-1

148. Curvemysella paula (A. Adams) 0-41 20 K2 N1-2 Sh X
149. Nipponomysella oblongata (Yokoyama) 34-42 38 K2 N1-2 sM X x
150. Microcirce gordonis (Yokoayama) 33-42 37 J N1 S X X X
151. Irus mitis (Deshayes) 3141 36 K2 NO R X
152. Trapezium liratum (Reeve) 23-39 31 K2 NO R,Sh e
153. Cardita leana Dunker 23-41 32 K2 NO GR x
154. Callithaca adamsi (Reeve) 35-45 40 02 N1-3 S X X X X
155. Callisa chinensis (lolten) 23-39 31 K2 N1-2 S 1.7 X X X
156. Saxidomus purpurata (Sowerby) 31-43 37 J NO-2 sM,gS X
157. Tapes variegata (Sowerby) -0-35 17 K1 NO S,sG 11.6 18.5 6.4 8.1
158. Gomphina neastartoides (Yokoyama) 25-39 32 K2 NO-1 S 198 18.7 3.1 20.5
159. Paphia undulata (Born) -0-39 18 K2 NO-1 sM X X
160. Dosinia japonica (Reeve) 31-42 36 K2 N1 S x X X x
161. Cyclosunetta menstrualis (Menke) -0-38 19 K2 N1-2 S x x
162. Cyclina sinensis (Gmelin) 24-39 31 K2 NO-1 sM X
163. Mercearia stimpsoni (Gould) 37-45 41 02 N1-3 S X X
164. Meretrix lusoria (Roding) 31-39 35 K2 NO-1 mS,S X
165. Latona cuneata (Linnaeus) 25-35 30 K1 NO S X
166. Mactra chinensis Philippi 31-41 36 J NO-1 sM 15.6 12.3 35.5 2.6
167. Tresus keenae (Kuroda and Habe) 31-41 36 J N1 £5,5,sM X x X
168. Raetellops pulchella (A. Adams and Reeve) 31-43 36 J N1 M x x X X
169. Macoma tokyoensis (Makiyama) 34-39 36 K2 N1 sM X X
170. Merisca subrancta (llanley) 10-35 22 K1 N1-3 fS,sM X x
171. Fabulina nitidula (Dunker) 0-35 17 K1 N1-2 mS,S X X X
172. Semelangulus miyatensis (Yokoyama) 31-35 33 K1 N1-3 S x x X X
173. Cadella delta (Yokoyama) 35-43 39 J NI-3 S 3.3 5.4 X 1.1
174. Cadella lubrica (Gould) 35-50 42 02 N1-3 S X X X
175. Hiatula atrata (Reeve) 13-35 24 K1 NO-1 mS X X X x
176. Nuttalia japonica (Reeve) 31-45 38 J NO-1 sM X
177. Hiatella orientalis (Yokoyama) 25-41 33 J NO-1 R,shR x x X x
178. Panopea japonica A. Adams 34-43 38 J N1-3 S.(s)M b
179. Solen krusensternii (Schrenck) 34-45 39 J N1 S,mS,sM x X X x
180. Solen grandis Dunker 10-35 22 K1 NO-2 S X X X
181. Siliqua pulchella (Dunker) 31-39 35 K2 N1 S X x
182. Cryptomya busoensis Yokoyama 34-43 38 J N1 S 2.0 X X
183. Anisocorbula venusta (Gould) 31-42 36 K2 N14 gS,S 1.7 3.1 X 2.2
184. Varicorbula yokoyamai Habe 25-43 3 d N1-2 S 2.2 24 X X
185. Barnea manilensis (Philippi) 10-41 25 K2 NO-1 R X x
186. Zirfaea subconstricta (Yokoyama) 0-41 20 K2 NO R %
187. Myodora fluctuosa Gould 31-39 35 K2 N1-4,B S X X X x
188. Myodoropsis transmontana (Yokoyama) 31-35 33 K1 N1-4 S X X x
189. Lateronula anatina (l.innaaus) 0-35 17 K1 NO-2 sM x
190. Pandorella otukai Habe 31-35 33 K1 N1-4 mS X X

Total population 8358 13,742 9,083 9.232
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Plate 8

Fig. 1: Shell bed exposed on a reef of the Kinu-gawa at Loc. 1, Sakate-machi, Mitsukaido
City. Length of reef is approximately 7 m. (1995, 12, 02; Sekor 75 mm, Mamiya

Universal Press).

Fig. 2: Autochthnous occurreces of articulated bivalvia at Sk-2 of Loc. 1. Length of compus
is 18 cm. (1995. 11,12; Sekor 75 mm, Mamiya Universal Press).
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Plant Megafossils from the Pliocene Kume Formation in the Osato Area ,
Ibaraki Prefecture, Central Japan
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Abstract

Plant megafossils were collected from the early Pliocene Kume Formation in the Osato area,
Kanasago Town, Ibaraki Prefecture. The Kume Formation is of marine origin and yields many
molluscan and echinoid fossils. These molluscan fossils indicate that the sediments were
influenced by both warm and cold ocean currents (Takahashi, 1986). The flora comprises
specifically 1 red alga, 1 pteridophyte, 4 conifers and 33 angiosperms. Among all plant
megafossils, leaves of Fagus stuxbergii are most abundant in number of specimens. This floral
composition shows a mixture of Fagus Subzone and Castanea Subzone elements. The preser-
vation of Fagus leaves indicates that these leaves were not transported for a long distance. These
Fagus Subzone elements are considered to be derived from low hills, and Castanea Subzone
forests existed with warmer elements in lowland areas. The lowland vegetation might have been
affected by warm ocean current to some extent.

Keywords: plant megafossil, early Pliocene, Kume Formation, marine deposit, Kanto district.

Introduction

In contrast to the detailed knowledges on early to
late Miocene floras and late Pliocene floras, our data
on early Pliocene floras in Japan are still insuf-
ficient. Our knowledges on Neogene plant megafos-
sils in the Kanto district including Ibaraki
Prefecture, have been accumulated recently (Ozaki,
1991; Horiuchi, 1996). Among these studies, two
Pliocene floras, the Kabutoiwa and Akima floras,
are well known. These two floras are derived from
the Motojuku and Akima Formations of nonmarine
origin. It is neccessary to increase our knowledges
from more extensive areas to clarify the vegetational
history of this district during the early Pliocene.

The early Pliocene Kume Formation is of marine
origin and distributed in the vicinity of Hitachi-Ota
City, Ibaraki Prefecture. Plant megafossils were
collected from this formation together with mollusks
and echinoids. According to Takahashi (1986),
molluscan assemblages of nearshore sandy bottom
and slump deposits at the base of slope are said to

* Ibaraki Nature Museum, Iwai 306-0622, Japan.

be the mixture of warm water forms of the Kake-
gawa fauna and cold water forms of the Omma-
Manganzi fauna.

The study of plant megafossils from the Kume
Formation adds new information to the Pliocene
vegetation of the Kanto district. The study also gives
information about the influence of ocean currents to
land vegetation in this area.

Geological setting

Plant fossils were collected at Osato in Kanasago
Town, 20 km to the north of Mito City (Fig. 1). The
geology of this area and adjacent Hitachi-Ota City
was first studied by Saito (1952), and then by
Suzuki and Omori (1954). Tertiary sediments of this
area overlie the basement rocks with unconformity.
They are classified into six formations, the Shiroga-
nezawa, Okado, Zuiryu, Genjigawa, Hase and Kume
Formations in ascending order (Amano and Taka-
hashi, 1986).

** Attached School, Tokyo Gakugei University, Nerima-ku, Tokyo 178-0063, Japan.

*%* Kujicho, Hitachi 319-1222, Japan.
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The early Pliocene Kume Formation was depos-
ited in marine environments and unconformably on
the Middle Miocene Genjigawa Formation in this
area. The Kume Formation is about 200 m thick and
is divided into the lower and upper parts by its rock
facies. The lower part consists of gray sandy silt-
stones, with well developed slumping structure. The
upper part consists of yellowish brown or gray fine
sandstones and brown or yellowish white tuffaceous
siltstones. These sediments were transported by a
river from northeast into a submarine valley formed
on the Miocene basement. The palecenvironment of
this sea is supposed as a symbiosis point where both
warm and cold water types of molluscs were distrib-
uted (Takahashi, 1986).

Plant megafossils are found mainly from the
siltstone of the upper part of the Kume Formation
together with bivalves and echinoids. Plant fossils
are preserved mainly as impressions, and a few as
compressions.

The diatom assemblage from the Kume Forma-
tion is assignable to the Denticula seminae-
Denticula kamtschatica Zone which indicates early
Pliocene age (Otsuki, 1975). All the specimens

Fig. 1. Late Miocene and Piocene plant fossil localities in
the Kanto district, and locality map of plant fossils in
Kanasago Town, Ibaraki Prefecture.

described here are kept in Ibaraki Nature Museum,
Iwai City, Ibaraki Prefecture.

Composition of the flora

The flora from the Kume Formation in the Osato
area specifically included 1 red alga, 1 pteridophyte,
4 conifers, 31 dicots and 2 monocots (Table 1). As
shown in Table 1, leaves of Fagus are extremely
rich in number. Betulaceous taxa include 4 species
in 2 genera and ericaceous taxa also include 4
species in 2 genera. Among 31 dicots, 27 species are
deciduous and only Quercus protoacuta and cf.
Rhododendron sp. B are considered to be evergreen.
Except for 1 red algae and 1 pteridophyte, all the
species are trees (24 species), small trees and shrubs
(3 species) and woody vine (3 species). Among 27
tree genera included in the fossil flora, only three
genera, Cunninghamia, Metasequoia and Liquidam-
bar are presently not native in Japan.

The assumed living equivalents of this flora are
shown in Table 2. All the living equivalents of the
Osato species now grow in Japan and it’s adjacent
countries. Many of the living equivalents are sun-
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Table 1. Systematic list of plant megafossils from the Kume Formation at Osato (number of specimens are shown in

parentheses).

Class Rhodophyta
Red alga, gen. et sp. indet. (3)
Class Pteropsida
gen. et sp. indet. (1)
Class Coniferopsida
Order Pinales
Family Pinaceae
cf. Picea sp. (1)
Family Taxodiaceae
Cryptomeria sp. (4)
Cunninghamia protokonishii Tanai et Onoe (4)
Metasequoia occidentalis (Newberry) Chaney (3)
Class Magnoliopsida
Order Magnoliales
Family Magnoliaceae
cf. Magnolia sp. (2)
Order Laurales
Family Lauraceae
Lindera hokiana Ozaki (1)
Parabenzoin protopraecox (Endo) Tanai (1)
Order Hamamelidales
Family Hamamelidaceae
Liquidambar miosinica Hu et Chaney (4)
Order Urticales
Family Ulmaceae
Zelkova ungeri Kovats (3)
Order Juglandales
Family Juglandaceae
Juglans sp. (2)
Order Fagales
Family Fagaceae
Fagus stuxbergii (Nathorst) Tanai (388)
Quercus (Cyclobalanopsis) protoacuta Suzuki (1)
Family Betulaecae
Alnus protohirsuta Endo (2)
A. protomaximowiczii Tanai (1)
A. sp. (3)
Carpinus subcordata Nathorst (1)
Order Theales
Family Theaceae
Stewartia hokiana Ozaki (1)
S. submonodelpha Tanai et Onoe (1)
Order Malvales

Family Tiliaceae
cf. Tilia sp. (1)
Order Salicales
Family Salicaceae
Salix sp. (2)
Order Ericales
Family Ericaceae
Rhododendron sp. A (1)
cf. Rhododendron sp. B (1)
cf. Rhododendron sp. C (1)
Tripetaleia cf. paniculata (1)
Order Ebenales
Family Styracaceae
Styrax protoobassia Tanai et Onoe (2)
Order Fabales
Family Fabaceae
Cladrastis aniense Huzioka (3)
Wisteria fallax (Nathorst) Tanai et Suzuki (3)
Order Celastrales
Family Celastraceae
Celastrus sp. (1)
Order Rhamnales
Family Vitaceae
Parthenocissus sp. (1)
Order Sapindales
Family Hippocastanaceae
Aesculus majus (Nathorst) Tanai (2)
Family Aceraceae
Acer prototrifidium Tanai (1)
A. rotundatum Huzioka (3)
Order Scrophulariales
Family Oleaceae
Fraxinus sp. (1)
Class Liliopsida
Order Cyperales
Family Poaceae
Bambusium sp. (4)
Family Cyperaceae
Cyperacites sp.
Unclassified plants
Phyllites sp. (1)
Carpolithes sp. (1)
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trees which inhabit moist slope or valley conditions.
Shade trees as Fagus crenata (F. stuxbergii), Lin-
dera umbellata var. membranacea (L. hokiana) and
Aesculus turbinata (A. majus) inhabit moist slope to
valley conditions. Some grow along river banks or
lakes. None of the discriminated species had pre-
ferred dry conditions.

Table 3 shows the present distribution of the
closest living equivalents of the fossil species except
for those now living outside of Japan. The latitu-
dinal distributions of the living equivalents extend
from Hokkaido to Kyushu in Japan. Though the
number of species living in Hokkaido is smaller than
those of the other areas, no distributional center can
be recognized within the Japanese Islands.

Among the species included in the flora from the
Kume Formation, the following species now grow in
the Fagus Subzone forests (fossil species in paren-

theses); Fagus crenata (F. stuxbergi), Lindera um-
bellata var. membranacea (L. hokiana), A. hirsuta
(A. protohirsuta), Alnus japonica (A. sp.), Carpinus
cordata (C. subcordata), Stewartia pseudo-camellia
(S. hokiana), Styrax obassia (S. protoobassia), Aes-
culus turbinata (A. majus) and Acer mono (A. rotun-
datum). The following species flourish in the
Castanea Subzone forests; Lindera umbellata var.
membranacea (L. hokiana), Juglans ailanthifolia (J.
sp.), Alnus japonica (A. sp.), A. hirsuta (A. proto-
hirsuta), Stewarfia monodelpha (S. submono-
delpha), Cladrastis platycarpa (C. aniense), and
Wisteria floribunda (W. fallax).

Though the Kume Formation is of marine origin,
none of the fossil species indicates coastal vege-
tation. Only the red alga indicates a marine environ-
ment.

Table 2. The nearest living equivalents of plants from the Kume Formation.

Fossil species

Living equivalents

Cryptomeria sp.
Cunninghamia protokonishii
Metasequoia occidentalis
Magnolia sp.

Lindera hokiana .
Parebenzoin protopraecox
Liquidamber miosinica
Zelkova ungeri

Juglans sp.

Fagus stuxbergii

Quercus (Cyclobalanopsis) protoacuta
Alnus protohirsuta

A. protomaximowiczii

A. sp.

Carpinus subcordate
Stewartia hokiana
Stewartia submonodelpha
Tilia sp.

Rhododendron sp. A

cf. Rhododendron sp. C
Tripetaleia cf. paniculata
Styrax protoobassia
Cladrastis aniense
Wisteria fallax

Aesculus majus

Acer prototrifidium

Acer rotundatum

Fraxinus sp.

C. japonica

C. konishii

M. glyptostroboides
M. kobus

L. unbellata var. membranacea
P. praecox

L. formosana

Z. serrata

J. ailantifolia

F. crenata

Q. (C.) acuta

A. hirsita

A. maximowiczii

A. japonica

C. cordata

S. pseudo-cammelia
S. monodelpha

T. kiusiana

R. macrosepalum
R. quinquefolium

T. paniculata

S. obassia

C. platycarpa

W. floribunda

A. turbinata

A. buergerianaum
A. mono

F. mandshurica
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Physical condition

The floral composition indicates the occurrence
of Fagus Subzone and Castanea Subzone elements
in the Kume Formation. However, an abundance of
the well preserved Fagus stuxbergii, which is one of
the representative elements of the Fagus Subzone
forest, suggests that these Fagus Subzone elements
were not transported for a long distance. It is most
likely that these Fagus Subzone elements grew in
the low hills near coast. The Fagus Subzone forests
now inhabit areas of 5°C to 9°C in mean annual
temperature. Many of the Castanea Subzone ele-
ments inhabited the valley to slope conditions of
these hills. Quercus (Cyclobalanopsis) protoacuta
and some other species which inhabited river banks
were transported from other places and mixed with
the present flora.

Though the number of species included in the
flora is not sufficient for estimating the mean annual

Table 3. Distribution of living equivalents in Japan.
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temperature by using leaf margin characters of
dicots, the percentage of the species with entire-
margined leaves is 35 %, from which the mean
annual temperature is estimated at approximately 13
°C. This temperature is higher than the range of
Fagus Subzone forests and indicates nearly the
highest temperature limit for present Castanea Sub-
zone forest.

Comparison with other Late Miocene and
Pliocene floras in Japan

1) General remarks

The flora from the Kume Formation in the Osato
area is characterized by an abundance of Fagus
stuxbergii and species assumed to have inhabited
valley to lower slope conditions under the temperate
climate. It is also characterized by an abundance of
deciduous dicots. Only Quercus (Cyclobalanopsis)
acuta and Rhododendron sp. are the evergreen

Fossil species Kyu

Shi Chug Kin  Chub Kan Toh Hok

Cryptomeria sp. X
Magnolia sp. X
Lindera hokiana
Parebenzoin protopraecox
Zelkova ungeri

Juglans sp.

Fagus stuxbergii

Quercus (Cyclobalanopsis) protoacuta

X X X X X X

Alnus protohirsuta

A. protomaximowiczii
A. sp.

Carpinus subcordata
Stewartia hokiana

Stewartia submonodelpha

X X X X X

Tilia sp.

Rhododendron sp.A

cf. Rhododendron sp.C
Tripetaleia cf. paniculata
Styrax protoobassia
Cladrastis aniense
Wisteria fallax

Aesculus majus

X X X X X X

Acer rotundatum

Fraxinus sp.

X X X X X
X x X X X

X X X X X X
X X X X X X
X X X X X X

X

X X X X X X X X X X X X X
X X X X X

X
X X X X X X X X X X X

X X X X X X X X X X X

X
X X X X

X X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X

X X X X X X X X

X X X X X X X

X X X X X X X

X

Kyu=Kyushu district, Shi=Shikoku district, Chug=Chugoku district, Kin=Kinki district, Chub=Chubu district, Kan=Kanto

district, Toh=Tohoku district, Hok=Hokkaido.
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dicots in this flora.

Pliocene floras have been found throughout Ja-
pan. As noted by Tanai (1992), most of the Pliocene
floras in Japan are found from the inland basin and
their precise chronological comparison must wait
for accumulation of radiometric datings.

Pliocene floras have been reported from the
Kanto District and its adjacent areas. In the Kanto
District, the Kabutoiwa and Akima floras are known
from the terrestrial sediments in Gunma Prefecture
(Ozaki, 1991; Horiuchi, 1996). Uemura and Momo-
hara (1991) reported some plant megafossils from
the Nakatsu Group of marine origin in Kanagawa
Prefecture (Fig. 1).

2) Comparison with Kabutoiwa flora

The age of the Kabutoiwa flora is 3.7 £ 0.8 Ma
corresponding to the early Pliocene (Ozaki, 1983).
The flora comprises 125 species belonging to 78
genera and 47 families (Horiuchi, 1996). The flora
is characterized by a richness of Fagus and Cas-
tanea Subzone forest elements and is considered to
indicate the warmer limit vegetation of Fagus Sub-
zone forests (Horiuchi, 1996). The flora is also
characterized by a low diversity of evergreen spe-
cies and large number of genera which are now not
native to Japan. Among 24 genera collected from
the Kume Formation in the Osato area, 17 genera
are noticed in the Kabutoiwa flora. There were no
conifers common to the two floras. Leaves of Fagus
are rich in both floras. In Kabutoiwa flora, two
beech species, F. stuxbergii and F. palaeojaponica
are noticed, in Kume Formation, only F. stuxbergii
is found. The Kabutoiwa flora includes 7 genera
now native outside of Japan. This number is larger
than that of the flora from the Kume Formation.

3) Comparison with Akima flora

The Akima flora is closely related to the Kabu-
toiwa flora in age. The flora comprised 23 species
belonging to 19 genera in 12 families. Among these
taxa, 10 genera and 8 species are common to the
flora from the Kume Formation.

The Akima flora includes rich Fagus stuxbergii
as the Kabutoiwa flora did. The Akima flora is
considered to represent the warmer limit vegetation
of Fagus Subzone forest as in Kabutoiwa flora.
However, these two floras show a difference in
number of extant exotic genera. In the Akima flora,
only two genera are now native outside of Japan.
From the geological as well as the paleobotanical

data, the Kabutoiwa flora is considered to represent
a high altitude flora while the Akima flora a low
altitude flora.

4) Comparison with the flora of the Nakatsu

Group

The Nakatsu Group is considered to be late Plio-
cene based on nannoplankton fossils (Okada, 1987)
and plant fossils (Uemura and Momohara, 1991).
The plant fossil assemblage from the Nakatsu Group
of marine origin includes 21 species belonging to 17
genera in 12 families. It is charaterized by including
many evergreen species of Fagaceae and Lauraceae,
and other warm temperate elements. The flora is
considered to represent mixed broad-leaved ever-
green and deciduous forests. The flora includes 6
genera in common with the flora from the Kume
Formation, but Metasequoia occidentalis is the only
species common to these two floras. The Kume
Formation and Nakatsu Group are both the near-
shore sediments of the Pacific side. The latitudinal
difference between the two depositional sites is
approximately 1°. However, the vegetation is dis-
tinctly different between those of the Kume Forma-
tion and the Nakatsu Group. This difference can be
explained by the difference of age and/or influence
of ocean current. So far, there is not enough fossil
evidence to decide the difference. From the present
distribution of marine molluscs and terrestrial
plants, the vegetation may have been affected more
by ocean current than the other factors.

5) Comparison with late Miocene vegetation

As noted by Tanai (1992), Pliocene vegetation in
Japan is similar to that of the late Miocene except
for decrease of evergreen species and Tertiary ele-
ments.

Late Miocene Yagii Flora from the middle and
upper parts of the Yagii Formation includes 11
species and 17 genera which are in common with
the flora from the Kume Formation. However,
Fagus is completely lacking from the Yagii Flora
and number of evergreen species is larger in Yagii
flora.

Itahana flora is another late Miocene flora in the
Kanto District. Ten species and 15 genera are com-
mon between the Itahana flora and the flora from
the Kume Formation. Itahara flora includes many
Fagus leaves but evergreen species and exotic gen-
era are more diversified than those from the Kume
Formation.
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Late Miocene and Pliocene floras are also recog-
nized from the inland areas of Fukushima Prefec-
ture, located north of Ibaraki Prefecture (Suzuki,
1961). Early Pliocene floras are reported from the
upper part of the Fujitoge Formation and the lower
part of the Izumi Formation at western border of
Aizu Basin. Floras from this horizon is charac-
terized by broadleaved deciduous trees of Fagus
Subzone and Castanea Subzone elements with rich
coniferous species including many exotic genera as
Metasequoia, Sequoia, Glyptostrobus and Pseudo-
larix. Liquidambar is not recognized in this horizon.
Four species and 7 genera are common among the
floras from the Fujitoge, Izumi, and Kume Forma-
tions.

Late Miocene floras in Fukushima Prefecture are
reported from the upper and the lower part of the
Fujitoge Formation (Suzuki, 1961). Four species
and 8 genera are common between the floras of the
Kume and Fujitoge Formation.

Discussion

Plant fossil assemblage from the Kume Formation
is characterized by a mixture of Fagus Subzone and
Castanea Subzone elements and by the abundant
occurrence of Fagus stuxbergii.

Though flora from the Kume Formation includes
many species and genera in common with late
Miocene and early Pliocene floras, the age determi-
nation can be supported by a low diversity of ever-
green species and the presence of exotic genera in
the flora. The Kume Formation at Kanasago Town
is considered to be early Pliocene in age based on
diatom fossils (Otsuki, 1975).

The vegetation of flora from the Kume Formation
shows a close resemblance to the lowland vegetation
of the Kanto district as indicated by the Akima flora.
The highland vegetation of this area indicated by the
Kabutoiwa flora includes a larger number of exotic
genera. The inland and possibly highland floras of
nearby northern area are known from the upper part
of the Fujitoge Formation and the lower part of the
Izumi Formation. Floral composition from these
formations also includes diversified exotic genera.

A warm temperate climate is suggested by the
plant fossils from the late Pliocene Nakatsu Group.
This vegetation is considered to have been in-
fluenced by warm ocean current. As indicated by
molluscan fossils, warm ocean current reached to
the north of this area where the Kume Formation
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was deposited. The rich and well preserved occur-
rence of Fagus stuxbergii in the studied flora indi-
cates that the forest including Fagus stuxbergii grew
near the shore. Coexistence of warmer elements and
high percentage of entire margined dicot leaves
indicates that the forest with these elements was also
located near the shore. It is suggested that the cooler
elements were derived from near shore low hills,
while warmer elements were derived from valleys to
near shore lowlands. The lowland vegetation may
have been affected by a warm ocean current to some
extent.

Brief description of plant taxa

Rhodophyta
Red alga gen. et sp. indet.
Fig.2-1,2

Remarks: By flat lamina with branches on a
single plane, this appears similar to some species of
genera Lomentaria and Champia of Champiaceae
and genus Solieria of Solieriaceae.

Specimen: OST99, 100.

Family Pinaceae
Genus Picea A. Dietrich
Picea sp.

Fig. 2-3

Remarks: Only one seed cone, 5 cm long and 1.4
cm wide, was collected. The preservation is too poor
to make any detailed description.

Specimen: OST114.

Family Taxodiaceae
Genus Cryptomeria D. Don
Cryptomeria sp.

Fig. 2-6,7

Remarks: Shoots with spirally arranged short
needle-like leaves and upcurved apex are as-
signable to Cryptomeria. Some leaves are not very
strongly upcurved. These leaves may look similar to
those of Glyptostrobus also.

Specimen: OST128, 170, 172, 198, 223, 224,
251, 273.

Genus Cunninghamia Brown
Cunninghamia protokonishii Tanai et Onoe
Fig. 2-4, 8; Fig. 3-1~4



Hideo Takimoto, Junji Horiuchi, Masashi Sugaya and Toshio Hosogai

54




Plant Megafossils from the Pliocene Kume Formation

Cunninghamia protokonishii Tanai et Onoe,
1961, p. 18-19, Fig. 1, Fig. 1.

Cunninghamia protokonishii Tanai et Onoe, Ho-
riuchi, 1996, p. 153-154, Fig. 21-1-4.

Supplementary description: Small pieces of cu-
ticles were obtained from a specimen. Cuticle is
probably hypostomatic. Upper cuticle consists of
normal rectangular cells, ca. 40 to 80 m long and
18 to 21 #'m wide, with strongly undulated anticlinal
cell walls. Lower cuticle consists of normal cells
and stomatal complexes. Stomates form stomatal
zones but number of stomatal row is not clear.
Within the stomatal zone, normal cells are rectan-
gular to polygonal in shape, and encircling cells are
not differentiated from these normal cells. Normal
cells outside of stomatal zones are same as those on
the upper cuticle. Stomatal openings are in parallel
to the leaf axis. Guard cells are 36 to 42 m long.

Remarks: The specimens are placed as Cunning-
hamia protokonishii based on spirally arranged lan-
ceolate leaves with coarsely and finely serrate
margin. The cuticle is closely similar to those of C.
protokonishii reported from the late Miocene Yagii
flora (Horiuchi, 1996) in the Kanto District.

Specimen: OST120, 122, 125, 126, 129, 130.

Genus Metasequoia Miki ex Hu et Chaney
Metasequoia occidentalis (Newberry)
Chaney
Fig. 2-5

Metasequoia occidentalis (Newberry) Chaney
1951, p. 225, Fig. 1; Fig. 3; Fig. 4, -. 1, 2, 9; Fig. 5,
-. 1-3; Fig. 6, -. 1-6; Fig. 8, -. 1-3; Fig. 9, -.3, 5-7;
Fig. 10, -. 1a, 2a, 3-6; Fig. 11, -. 7, 8; Fig. 12, -. 1, 2,
5-8.

Remarks: Three incomplete shoots with dicus-
sately arranged linear leaves are found. Though the
specimens are incomplete and poorly preserved,
they are assigned to Metasequoia occidentalis based
on their leaf form and leaf arrangement.

Specimen: OST115, 116, 121.
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Family Magnoliaceae
Genus Magnolia Linne
cf. Magnolia sp.
Fig. 4-1

Remarks: The leaf may belong to Magnolia on
the basis of brochidodromous venation, number and
course of secondary veins and the frequent occur-
rence of magnolialean intersecondary veins.

Tertiary veins are percurrent, nearly straight, and
quaternary veins are developed nearly parallel to the
secondary veins.

The leaf is similar to the extant Magrolia kobus
growing in Japan.

Specimen: OST093.

Family Lauraceae
Genus Lindera Thunberg
Lindera hokiana Ozaki
Fig. 4-2

Lindera hokiana Ozaki; 1980, p. 37, Fig. 3, Fig.
7.

Remarks: A single leaf is assignable to genus
Lindera based on obovate lamina, brochidodromous
venation, number and course of secondary veins,
and frequent developement of intersecondary veins
which reach more than half way to the lamina
margin. Higher ordered veins are not preserved but
the specimen is closely similar to L. hokiana re-
ported from late Mioene Tatsumitoge flora in South-
west Japan (Ozaki, 1980). This species is closely
similar to the extant L. umbellata var. membra-
nacea, now growing in Japan.

Specimen: OST176.

Family Hamamelidaceae
Genus Liquidambar Harms
Liquidambar miosinica Hu et Chaney
Fig. 2-9~11
Liquidambar miosinica Hu et Chaney, 1940, p.46,
Fig. 23,-1, 2.

Remarks: The leaves are considered to be in-
cluded in the genus Liquidambar based on pal-

= Fig. 2. (all the figures in natural size). 1-2. Red alga gen. et sp. indet. OST101, OST100. 3. Picea sp. OST114. 4, 8.
Cunninghamia protokonishii Tanai et Onoe, OST125, OST120. S. Metasequoia occidentalis (Newberry) Chaney,
OST116. 6, 7. Cryptomeria sp. OST128, OST198. 9-11. Liquidambar miosinica Hu et Chaney OST094, OST301,

0OSTO09s.
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mately three lobed lamina, serration with glands
developed from near the lamina base, and venation
characters with basally actinodrcmous primary veins
and craspedodromous secondaries. All the specimen
show slightly cordate base. Based on materials from
late Miocene Takamine Flora in northeast Japan,
Uemura (1980) separated leaves with cordate base
from L. miosinica, a well known Miocene species,
and established L. cordata as a new species. In some
localities, Liquidambar leaves with cordate base and
round base are found together. Since there are only
three specimens in our collection, it is difficult to
decide whether all the leaves had cordate basc or
not. We here treat the specimen as L. miosinica as
discussed by Horiuchi (1996).

Specimen: OST94, 95, 301.

Family Ulmaceae
Genus Zelkova Spach
Zelkova ungeri Kovats
Fig. 4-9

Remarks: Two imperfect leaves are assigned to
Zelkova ungeri based on leaf form, marginal char-
acters and venation. The secondary veins diverge
from the midvein with wide angle compared to
leaves of the extant Zelkova serrata widely growing
in Japan.

Specimen: OST345.

Family Juglandaceae
Genus Juglans Linne
Juglans sp.

Fig. 4-4

Remarks: Only internal mold of nuts were col-
lected. The internal mold is 25 mm long and 22 mm
wide. The detail cannot be discussed here due to
poor preservation.

Specimen: OST105, 151.

Family Fagaceae
Genus Fagus Linne
Fagus stuxbergii (Nathorst) Tanai
Fig. 4-5~8

Quercus stuxbergii Nathorst, 1883, p. 44, Fig. 3,
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-. 18-20; Fig. 4, -. 4-9.

Fagus palaeocrenata Okutsu, 1955, p. 92, Fig. 6,
-.4-9,

Fagus stuxbergii (Nathorst) Tanai, 1976, p. 296,
Fig. 1,-. 4,5, 8, 10; text-Fig. 2g-j.

Remarks: This species is the most abundant in
the present flora. The leaf size and shape are very
variable. The leaves are 42 to 86 mm long and 25 to
48 mm wide. The lamina margins are also variable,
some are undulate and some are provided with
minute teeth. The number of secondary veins is 7 to
11 pairs. The average leaf index is 1.9 (Fig. 5). This
matches well with leaf index of Fagus stuxbergii
(Nathorst) Tanai (Tanai, 1974).

This species is closely similar to the extant Fagus
crenata Blume now growing under cool temperate
climate in Japan.

According to Hagiwara (1977), the average leaf
area of extant Fagus crenata Blume shows tendency
of decrease from north to the south on the Japanese
Islands. Average leaf area of Fagus stuxbergii from
the Kume Formation is 19.9 cm’ which is close to
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Fig. 5. Leaf indices of Fagus stuxbergii from studied area.

«= Fig. 3. Cuticles of Cunninghamia protokonishii Tanai et Onoe prepared from specimen number OST120 (the specimen

figured in Fig. 1-8.). 1. Upper cuticle. 2. Lower cuticle. 3. Enlarged view of normal cells. 4. Enlarged view of a

stoma.
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those of Mt. Sanpei in Tottori Prefecture, Southwest
Honshu, Otomizu in Hyogo Prefecture, Southwest
Honshu and Yufuin in Oita Prefecture, Kyushu. At
Mt. Tsukuba near the Studied area, the mean leaf
area is 16.8 cm’.

Specimen: OST020, 022, 058, 141.

Genus Quercus Linne
Subgenus Cyclobalanopsis Oersted
Quercus (Cyclobalanopsis) protoacuta
Suzuki
Fig. 4-10

Quercus (Cyclobalanopsis) protoacuta Suzuki,
1959, p. 37, Fig. 3, Fig. 12; Fig. 4, -. 1-3.

Remarks: A single leaf with narrow oblong lam-
ina, 9 cm long and 2.5 cm wide was collected. The
specimen is decided as Quercus (Cyclobalanopsis)
protoacuta based on leaf form, secondary veins
slightly curved in basal half, and those of apical half
straight to slightly curved reaching near the margin,
then abruptly curved and run in pararrel to the leaf
margin before joining the superadjacent secondary
vein with nearly right angle or obtuse angle, and
percurrent tertiary veins. Higher ordered veins are
not observed. The species is closely similar to Q.
(C.) acuta now living in Japan.

Specimen: OST300.

Family Betulaceae
Genus Alnus Miller
Alnus protohirsuta Endo ex Uemura
Fig. 4-11, 12

Alnus protohirsuta Endo, 1955, Fig. 25, Fig.5
{(nom. nud).

Alnus protohirsuta Endo ex Uemura, 1988, p.
123, Fig. 2, Fig. 13.

Remarks: Wide oblong leaves with coarse denta-
tion and craspedodromous venation with slightly
curved secondary veins are assigned to Alnus proto-
hirsuta. This species is closely similar to the extant
A. hirsuta now growing in Japan.

Specimen: OST001, 180.
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Alnus protomaximowiczii Tanai
Fig. 6-2

Alnus protomaximowiczii Tanai, 1961, p. 283, Fig.
7, Fig. 4.

Remarks: Widely ovate leaves with craspedo-
dromous venation and serrate margins are assign-
able to Alnus miomaximowiczii. The leaves are
separated from leaves of Betula by features of sec-
ondary veins which curve near the margin and enter
the serrations. This species is closely similar to the
extant Alnus maximowiczii now growing in Japan,
Kurile Islands, Korean Penninsula and Sakhalin. In
Japan, A. maximowiczii is now growing in subalpine
to alpine zone of northern Honshu.

Specimen: OST 032, 260.

Alnus sp.
Fig. 6-3

Description: Leaf simple, lamina elliptic, obtuse,
apex not preserved, margin serrate, two or three
serrations per secondary, ca. 9 cm long, 4.7-5 cm
wide. Venation simple craspedodromous, secondary
vein course slightly curved, secondary veins of the
basal portion show branchings. Tertiary veins,
though not well preserved, percurrent.

Remarks: Though the preservation is very poor,
from the leaf form, venation characters and serration
characters, the specimen is considered to belong to
the genus Alnus. Among the living species, the
specimen shows closest resemblance to A. japonica
growing widely in Japan. However, the specimen is
treated as 4. sp. because of the poor preservation.

Specimen: OST237, 3247, 329.

Genus Carpinus Linne
Carpinus subcordata Nathorst
Fig. 6-1

Carpinus subcordata Nathorst, 1883, p. 39, Fig.
2,-.13-18, 20.

Remarks: This species is one of the most com-
mon Carpinus species in the Neogene floras of

<= Fig. 4. (all the figures in natural size). 1. Magnolia sp. OST093. 2. Lindera hokiana Ozaki. OST176. 3. Parabenzoin
protopraecox (Endo) Tanai. OST144. 4. Juglans sp. OST151. 5-8. Fagus stuxbergii (Nathorst) Tanai. OST141,
OSTO085, OST022, OST020. 9. Zelkova ungeri Kovats. OST322. 10. Quercus (Cyclobalanopsis) protoacuta Suzuki
OST300. 11, 12. Alnus protohirsuta Endo OST180, OST001. 13. Alnus sp. OST090.
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Japan. This species is closely similar to the extant C.

cordata now growing in Japan. This species is

usually abundant in many of these floras, but at

present only one specimen was collected.
Specimen: OST159.

Family Theaceae
Genus Stewartia Linne
Stewartia hokiana Ozaki
Fig. 6-5

Stewartia hokiana Ozaki 1980, p. 20-21, Fig. 1, -.
2,5-7; Fig. 2.

Remarks: A single leaf with oblong lamina, cre-
nately serrate margin and brochidodromous second-
ary veins is assigned to Stewartia hokiana, a species
erected by Ozaki (1980) from the late Miocene
Tatsumitoge flora. As noted by Ozaki (1980), this
species is closely related to the extant Stewartia
pseudo-cammelia Maximowiz now growing in Hon-
shu to Kyushu, Japan. This species is separated
from S. submonodelpha Tanai et Onoe and S. mono-
delpha Siebold et Zuccarini in larger number of
secondary veins in the lower half of the lamina
(Ozaki, 1980).

Specimen: OST264.

Stewartia submonodelpha Tanai et Onoe
Fig. 6-4

Stewartia submonodelpha Tanai et Onoe, 1961, p.
53, Fig. 18, Fig. 6.

Remarks: A narrow oblong leaf with crenately
serrate margin and brochidodromous secondary
veins are assignable to Stewartia submonodelpha
Tanai et Onoe, originally reported from the late
Miocene Ningyotoge Flora. Beside the characters
noted above, the leaf of this species is smaller in
size, compared to the leaf of S. hokiana.

Specimen: OST013.

Family Tiliaceae
Genus Tilia Linne
ct. Tilia sp.
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Fig. 6-6

Remarks: Only a single incomplete leaf was
collected. Leaf form and venation characters of the
present leaf suggest the affinity with Tilia. How-
ever, since lamina margin and detailed vein char-
acters are not preserved, the specimen will here be
treated as cf. Tilia sp. Among the extant Tilia, the
present specimen shows resemblance to Tilia kiu-
siana now living in Central Honshu to Kyushu in
Japan.

Specimen: OSTO017.

Family Salicaceae
Genus Salix Linne
cf. Salix sp.
Fig. 6-7

Description: Leaves narrow oblong to lorate, ca.
14 mm wide and ca. 60 mm long, base acute, apex
acute. Margin nearly entire or provided with minute
teeth. Secondary veins, though faintly marked, di-
verging from rather stout midvein with an angle of
40 to 45 degrees.

Remarks: Detailed vein course and finer veins
are not preserved. Owing to the poor preservation of
the specimen, it is difficult to make close discussion
on the affinity of the present leaves.

Specimen: OST012, 014.

Family Ericaceae
Genus Rhododendron Linne
Rhododendron sp. A
Fig. 6-10

Description: Leaf elliptic, ca. 58 mm long and
ca. 33 mm wide, apex acute, base not preserved.
Veins brochidodromous, secondary veins 5 to 7 in
number, secondary veins curved and running in
parallel to the leaf margin then joining the superad-
jacent secondary with right angle near the base and
deducing the angle towards the apex. Tertiary veins
forked percurrent, nearly constant oblique against
the midvein.

Remarks: From the leaf form and secondary vein
character, the fossil is assignable to the genus Rho-

+= Fig. 6. (all the figures in natural size). 1. Carpinus subcordata Nathorst OST159. 2. Alnus protomaximowiczii Tanai
OSTO032. 3. Alnus sp. OST237. 4. Stewartia submonodelpha Tanai et Onoe. OST013. 5. Stewartia hokiana Ozaki.
OST242. 6. cf. Tilia sp. OST017. 7. Salix sp. OSTO012. 8. cf. Rhododendron sp. C 0OST319. 9. Tripetaleia cf.
paniculata OST147. 10. Rhododendron sp.A OSTO035. 11. cf. Rhododendron sp. B OST171.
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dodendron. The fossil leaf is closely similar to the
extant R. macrosepalum Maximowicz now growing
in central to western Japan.

Specimen: OST035.

cf. Rhododendron sp. B
Fig. 6-11

Description: Leaf narrowly oblong, ca. 11 cm
long and 24 mm wide, petiolate, margin entire and
slightly recurved, base acute, apex not preserved.
Only stout midvein present.

Remarks: Its external form, stout and thickened
petiole, and slightly recurved leaf margin, the spec-
imen is considered to be close to a leaf of Rhodo-
dendron. However, higher ordered veins are not
preserved and it is difficult to make close discussion
on its affinity.

Specimen: OST171.

cf. Rhododendron sp. C
Fig. 6-8

Remarks: A small wide obovate leaf with some-
what mucronate apex is similar to that of Rhodo-
dendron quinquefolium now growing in the Pacific
side of Honshu and Shikoku, Japan. However, the
Ppreservation is too poor to make further discussion.

Specimen: OST319.

Genus Tripetaleia Sicbold et Zuccarini
Tripetaleia sp. cf. T. paniculata Siebold et
Zuccarini
Fig. 6-9

Remarks: Only a single leaf with entirely mar-
gined eliptic lamina and brochidodromous venation
was collected. The specimen is considered to be
close to the extant Tripetaleia paniculata based on
its lamina shape with somewhat angular widest
portion near the center of the lamina length, leaf
size, and venation characters. This species is now
growing under temperate condition in Japan. Our
specimen differs from Tripetaleia pseudopaniculata,
a fossil species erected by Tanai and Onoe (1961)
from the Mio-pliocene Ningyo-toge flora in south-
west Japan, in secondary veins not reaching near the

63

apex as seen in 1. pseudopaniculata. Furthermore,

secondary veins of our specimen form distinct loops

compared to those of T. pseudopaniculata.
Specimen: OST147.

Family Styracaceae
Genus Styrax Linne
Styrax protoobassia Tanai et Onoe
Fig. 7-5,6

Styrax protoobassia Tanai et Onoe, 1961, p. 56,
Fig. 28,-. 1, 8.

Remarks: Two incomplete leaves were collected.
They are considered to be close to Styrax proto-
obassia based on widely ovate lamina form, acumi-
nate apex, brochidodromous venation which
secondary veins near the apex curve abruptly.

Specimen: OST162, 339.

Family Fabaceae
Genus Cladrastis Rafinesque-Schmaltz
Cladrastis aniense Huzioka
Fig. 7-1, 2

Cladrastis aniense Huzioka, 1963, p. 205, Fig. 6,
Fig. 1.

Remarks: The leaflets are referable to Cladrastis
aniense based on leaflet form, flattened petiole and
features of secondary and tertiary veins. Though
some leaflets resemble Wisteria fallax (Nathorst)
Tanai et Onoe in form, they can be distinguished
based on the lack of intersecondary veins. The
specimens are differentiated from Cladrastis inouei
(Huzioka) Ozaki by irregular course of tertiary
veins. Cladrastis aniense is considered to be close to
the extant C. platycarpa (Maximowicz) Makino
growing in southwestern Japan and China (Ozaki,
1980).

Specimen: OST106, 109.

Genus Wisteria Nuttall
Wisteria fallax (Nathorst) Tanai et Onoe
Fig. 7-3, 4

Sophora (?) fallax Nathorst, 1883, p. 58, Fig. 10,

«+= Fig. 7. (all the figures in natural size). 1, 2. Cladrastis aniense Huzioka OST106,0ST255. 3, 4. Wisteria fallax
(Nathorst) Tanai et Suzuki. OST161,0ST107. 5, 6. Styrax protoobassia Tanai et Onoe. OST162, OST339. 7.

Celastrus sp. OST338. 8. Parthenocissus sp. OST317.
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-. 11, 12; Fig. 11, -. 1, 2.
Wisteria fallax (Nathorst) Tanai et Suzuki, 1963,
p. 45, Fig. 10, Fig. 6; Fig. 11, -. 1, 2.

Remarks: Leaflets with short and stalk petiolule
and ovate leaflet from with brochidodromous vena-
tion are assignable to Wisteria fallax (Nathorst)
Tanai, which is widely known from Miocene and
Pliocene floras in Japan. The species is considered
to be similar to the extant Wisteria floribunda
(Willdenow) De Candolle now growing in Japan.

Specimen: OST107, 161.

Family Celastraceae
Genus Celastrus Linne
Celastrus sp.

Fig. 7-7

Description: Incomplete leaf ovate to wide ovate,
53 mm wide and 65 mm long (estimated), margin
serrate, base rounded, apex not preserved. Veins
brochidodromous, secondary veins 5 to 6 in number,
distinctly upcurved, basal secondaries diverging
from the midvein with wider angle (ca. 75°) than
other secondaries (ca. 65-45°). Tertiary veins,
though faintly marked, sinuously percurrent.

Remarks: The leaf is similar to those of genus
Celastrus and Tripterygium in leaf form and vena-
tion. According to Ozaki (1991) who described
Tripterigium kabutoiwanum Ozaki, the leaves of
Celastrus can be separated from those of Triptry-
gium by smaller number of secondary veins and
weakly percurrent tertiary veins. The specimen re-
sembles extant Celastrus stephanotifolius Makino to
some extent but the vein course of the basal sec-
ondaries is different from this species.

Specimen: OST338.

Family Vitaceae
Genus Parthenocissus Planchon J. E.
cf. Parthenocissus sp.
Fig. 7-8

Description: A leaf Palmately three lobed, 90 mm
long and 120 mm wide, base cordate, margin
coursely dentate. Veins basally actinodromous, sec-
ondary veins camptodromous, tertiary veins simple
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or forked decurrent.

Remarks: Though the fine venation is not well
preserved, the leaf resembles those of extant Parthe-
nocissus tricuspidata now living in wide areas of
Japan. The fossil leaf differs from the extant leaves
in the marginal characters. In the extant P. tricus-
pidata, dentition of leaf margin is more distinct than
the fossil leaf.

Specimen: OST317.

Family Hippocastanaceae
Genus Aesculus Linne
Aesculus majus (Nathorst) Tanai
Fig. 8-1,2

Aesculus majus Nathorst, 1888, p. 200, Fig. 17,
Fig. 3.
Aesculus majus Nathorst Tanai, 1952, p. 131.

Remarks: Two incomplete leaves were collected.
The leaves are referable to Aesculus majus based on
their leaf form, closely set secondary veins running
nearly straight or slightly curved and turn abruptly
near the leaf margin, four to five serrations per
secondary veins and closely set percurrent tertiary
veins. The species is considered to be close to the
extant A. rbinata Blume now growing widely in
Japan, and to A. chinensis now growing in China.

Specimens: OST002, 003.

Family Aceraceae
Genus Acer Linne
Acer prototrifidium Tanai
Fig. 8-6

Acer prototrifidium Tanai, 1952, 234. pl. 22, Fig.
13.

Acer prototrifidium Tanai, 1983, 338-340, Fig.
15, -. 1-8, Fig. 17, Fig. 1.

Remarks: Palmately trilobed leaf with small cen-
tral lobes, and remotely serrate with minute teeth are
assignable to Acer prototrifidium. As discussed by
Tanai (1983), this species is close to the extant A.
buergerianum Miquel and A. paxi Franchet.

Specimen: OST305.

«+= Fig. 8. (all the figures in natural size). 1, 2. Aesculus majus (Nathorst) Tanai. OST003, OST002. 3. Fraxinus sp.
OSTO006. 4, 5. Acer rotundatum Huzioka OST334, OST304. 6. Acer prototrifidium Tanai OST30S. 7. Phyllites sp.
OS8T316. 8. Bambusium sp. OST308. 9. Carpolithes sp. OST004. 10. Cyeperacites sp. 0ST104.
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Acer rotundatum Huzioka
Fig. 8-4,5

Acer rotundatum Huzioka, 1943, 129, Fig. 24, -.
1-3, Fig. 25, Fig. 2

Remarks: Palmately five lobed leaves with entire
margin and obtusely opened sinus between lobes,
and brochidodromous secondary veins are assign-
able to Acer rotundatum Huzioka. This species is
closely similar to the extant Acer mono Maxi-
mowicz.

Specimen: OST269, 302, 303, 303, 334.

Family Oleaceae
Genus Fraxinus 1inne
Fraxinus sp.

Fig. 8-3

Remarks: Ovate leaflet with serrate margin,
rounded base and semicraspedodromous veins is
assignable to the genus Fraxinus. The branched
secondaries reach the sinuses of the teeth. The leaf
is similar to those of extant F. mandshurica Ru-
precht except for a smaller number of secondary
veins.

Specimen: OST006.

Family Poaceae
Genus Bambusium Unger
Bambusium sp.

Fig. 8-8

Remarks: The leaves are similar to those re-
ported by Ozaki (1980) as Bambusium sp. B, owing
to the size range.

Specimen: OST308.

Family Cyperaceae
Genus Cyperacites Schimper
Cyperacites sp.

Fig. 8-10

Remarks: Linear plant fragments with parallel
striations on the surface are assignable to Cypera-
cites. The preservation is too poor to make any
further discussion.

Specimen: OST104.

Unclassified Plants

Phyllites sp.
Fig. 8-7

Remarks: A single leaf, probably oblong in
shape with crenate margin and brochidodromous
venation is found. So far, the affinity of this spec-
imen is not clear.

Specimen: OST316.

Carpolithes sp.
Fig. 8-9

Remarks: A three winged fruit with thin pedicel
looks somewhat similar to fruits of genus Dioscorea
of Dioscoreaceae in its external form. However,
striations seen on the surface are different from
those seen on the fruits of Dioscorea.

Specimen: OST004.
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Occurrence, Structure and Origin of Orbicular Granite (Natural Monu-

ment, Koban-ishi) from Minedera-yama, Tsukuba District

Michio TAcGirI*, Mizuki KAGEYaMa* and Wataru KOIKE**
(Accepted February 28, 1997)

Abstract

Orbicular granite occurs at Mt. Minedera in the Tsukuba district. The size of the orbicule is
well sorted, and the shape is elliptic. The long axis of the ellipse is horizontal at the upper part,
but vertical at the lower part. The orbicule is composed of core and mantle. The core is
migmatitic hornfels with major component of biotite. The mantle consists mainly of spherical
cordierite with a subordinate amount of feldspar, mica and apatite. We discuss the origin of this
orbicular granite. Liquid unmixing between feldspathic melt and cordierite-apatite melt is the

most important factor.

Keywords: orbicular granite, partial melting, cordierite, spherical crystal growth.
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1. ERIRAERS O RE i,
Fig. 1. Locality of orbicular granite.
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Fig. 2. Fundamental structure of orbicule (Nozawa, 1969).
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Fig. 3. Sketch of outcrop of orbicular granite.
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Table 1. Bulk chemical compositions of orbicular
granite.

Ese=t 153 % £ HED
Sio2 49.08 40.81 48.4
TiO2 0.06 1.14 0.03
A203 27.51 20.83 27.76
Fe203 8.07 18.17 8.09
MnO 0.56 0.3 0.59
MgO 5.24 8.19 5.28
Ca0 3.7 0.6 4.06
Na20 1.6 0.42 1.75
K20 1.82 8.31 1.91
P205 2.58 0.18 2.78
Total 100.22 98.95 100.65
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Plate 9

H1. Hiels (RELSYMIEE oBH X7 74288
Fig. 1. Outcrop of orbicular granite. See sketch.

H2. RRBEL MO AMBET 2HR. FEAIN L AINT
Fig. 2. The boundary between the ball-concentrated part and the core-concentrated part.
The right hand side is at the top.

®3. HREHEOWER. HPEREALEBE

Fig. 3. Polished surface of orbicular granite. See text.

H4. H—Eo2@l. NEBOENADREIEEY S 5.

Fig. 4. Thin section of an orbicule. The crystallization of cordierite-mantle is interesting.
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Checklist of Marine Fishes from the Coastal Region of Ibaraki Prefecture

Masataka FUNABASHI*
(Accepted December 5, 1997)

Abstract

This paper deals with marine fishes collected from shallow water less than 300 m deep using
various type of fishing-gear between Hirakata (northernmost region) and Hazaki (southernmost
region) in Ibaraki Prefecture, with a checklist based on literature survey. A total of 519 species
of 189 families camprising 4 species of 3 families of Agnatha, 52 species of 23 families of
Chondrichthyes and 463 species of 163 families of Osteichthyes were recorded from this region.
Among these, 94 species were newly found in this survey. From the fauna, the occurrence of
fishes in this region seems to be influenced by the two main currents, the Kuroshio and the

Oyashio.

Keywords: Ibaraki Prefecture, fish fauna, marine fishes, Agnatha, Chondrichthyes, Osteich-

thyes, Kuroshio, Oyashio.
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fz. 7z, FEEICEEN 15 (Cryptopsaras couesi)
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ceratioid anglerfish, Cryptopsaras couesi, with four
parasitic adult males from off Ibaraki Prefecture,
Japan| O H TEHMIC RS L 72 (Abe and Funabashi,
1992). & oiz, 19934 ICENTLEELNRR L -
72 1 ¥ (Merluccius australis) % [ A record of a
merlucciid fish from off Ibaraki Prefecture, Japan |
DO TR U 72 (Abe and Funabashi, 1993). [F4EiC
it THILOBOE] od T332 oRFErIHL

* RIMENTBE SR (T 319-1541 JbPRK T B S BT BRI 912; Isohara Senior High School, Kitaibaraki 319-1541, Japan).
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=i,
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ARSI LID/R O - B LA - —~ER4E - v 5 2
B~ 0TIk A, £, FEM (AL
MR 36° 33 N, 140° 44’ E) 12 & 2 5EHif7n
#& (Fig. 1), /KiE# 200 m LIEO EA O S0

IBARAKI PREFECTURE

Kuji River

Naka River

HINUMA

KASUMIGAURA
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HIRAKATA

TAKAHAGI }

436°52° N

S 357 447 N

140°20" E

141°00" E

1. FAEMTONRBRIGERCEER (St. 1) ofziE.
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Appendix 1. List of marine fishes from the coast in Ibaraki Prefecture.

Phylum VERTEBRATA H#HEE4M
PISCES fu#f
Class AGNATHA  #&5H#
Order Myxiniformes £ 7 5%+ ¥
Family Eptatretidae 2 ¥ 7 + ¥#}
1. Eptatretus okinoseanus (Dean)
LY FIyFF
2. Paramyxine atami Dean
vA=D A/ ARl et
Family Myxinidae » 7 5% 4§}
3. Myxine garmani Jordan et Snyder
A7 G FF
Order Petromyzontiformes + Y x 7+ FH
Family Petromyzontidae v/ A ™7+ &%}
4. Lampetra japonica (Martens)
HNTXYA (Y A TFF)

Class CHONDRICHTHYES #& &4
Subclass Elasmobranchii  #&8# 41
Order Heterodontiformes % 24 % H
Family Heterodontidae % 24 x &}
5. Heterodontus japonicus (Dumeril)
FaH A
Order Hexanchiformes # 7 5% £ H
Family Chlamydoselachidae 5 7' 7%}
6. Chlamydoselachus anguineus Garman
577
Family Hexanchidae # 7' 5+ £ &}
7. Hexanchus griseus (Bonnaterre)
T A
8. Heptranchias perlo (Bonnaterre)
IRT7T5HA
Order Lamniformes ® X I # 4B
Family Scyliorhinidae + 5 4 £
9. Cephaloscyllium umbratile Jordan et
Fowler
F X AHYA
10. Scyliorhinus torazame (Tanaka)
TS
Family Triakididae FF+ £ %

11. Mustelus manazo Bleeker
R A
12. Triakis scyllia Muller et Henle
N P
Family Carcharhinidae » ¥ o £ &
13. Carcharhinus macloti (Muller et Henle)
RaHF
14. Carcharhinus falciformis (Bibron)
70 MUY A
15. Carcharhinus brachyurus (Gunther)
ganyiAvno
16. Prionace glauca (Linnaeus)
I F YA
Family Sphyrnidae & 2 7 ¥ 4 &
17. Sphyrna zygaena (Linnaeus)
vy aET YA
Family Alopiidae # +# % £ &}
18. Alopias vulpinus (Bonnaterre)
S bl
19. Alopias pelagicus (Nakamura)
=5
20. Alopias superciliosus (Lowe)
NFT L
Family Rhincodontidae ¥ > X4 A %
21. Rhincodon typus Smith
Vo RIHA
Family Cetorhinidae =7 /x4 x #}
22. Cetorhinus maximus (Gunnerus)
ZZAWIY
Family Lamnidae * X 3 4 £ &}
23. Carcharodon carcharias (Linnaeus)
TR oH A
24. Lamna ditropis Hubbs et Follett
FRIHA
25. Isurus oxyrinchus Rafinesque
T A YA
Order Squaliformes 7/ ¥ £ H
Family Squalidae v / ¥ 4 &}
26. Etmopterus lucifer Jordan et Snyder

A
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27. Etmopterus pusillus (Lowe)
7T AYA
28. Etmopterus unicolor (Engelhardt)
N T APA
29. Centroscyllium ritteri Jordan et Fowler
AR IYA
30. Squalus acanthias Linnaeus
TTZY YA
31. Centrophorus squamosus (Bonnaterre)
EIVHAL
32. Centrophorus atromarginatus Garman
T A A
33. Somniosus pacificus Bigelow et Schroeder
A
34. Isistius brasiliensis (Quoy et Gaimard)
FI= WA
35. Dalatias licha (Bonnaterre)
oA H A
Family Pristiophoridae 7 2# 1y # x &l
36. Pristiophorus japonicus Gunther
JaFYHA
Family Squatinidae 7 =4 £ &}
37. Squatina japonica Bleeker
71 ZH A
38. Squatina nebulosa Regan
I YA
Order Rajiformes x4 H
Family Torpedinidae > &L x 1 ¥}
39. Narke japonica (Temminck et Schlegel)
EbLxA
40. Torpedo tokionis (Tanaka)
v hibELTA
Family Rhinobatidae 4 7 ¥ 4 2 £}
41. Rhinobatos schlegelii Muller et Henle
YA yHL
42. Rhina ancylostoma Bloch et Schneider
VI AYH YR
Family Rajidae # ¥z 1%}
43. Raja kwangtungensis Zhu
HoFra
44. Raja kenojei Muller et Henle
JE AN
45. Raja tengu Jordan et Fowler

TF

DHEEM

T T AN
46. Bathyraja matsubarai (Ishiyama)
TYNT I A
47. Rhinoraja kujiensis (Tanaka)
7IH AN
48. Rhinoraja longicauda Ishiyama
FF A9 AN
Family Dasyatididae 7 # 1 &}
49. Dasyatis akajei (Muller et Henle)
T4
50. Dasyatis matsubarai Miyosi
hirAg
Family Gymnuridae /3% oz
51. Gymnura japonica (Temminck et Schlegel)
PRV A=At
Family Mobulidae ¢ b~#x 15
52. Mobula japanica (Muller et Henle)
A4 bwFrAa
Family Myliobatididae b &'z &
53. Myliobatis tobijei Bleeker
ez
Subclass Holocephali 4 57 5 #
Order Chimaeriformes . % £ H
Family Chimaeridae # >+ A ¥}
54. Chimaera phantasma Jordan et Snyder
F YA
55. Hydrolagus barbouri (Garman)
T3/ FRIF YA
Family Rhinochimaeridae . 7% .4 1 &
56. Rhinochimaera pacifica (Mitukuri)
FTrIEF YL

Class OSTEICHTHYES 1g& faff

Fav#AH
Family Acipenseridae + 5 7 4% £ &}

Order Acipenseriformes

57. Acipenser medirostris Ayres
FavH s

Order Clupeiformes =3 v H
Family Clupeidae = L%
58. Etrumeus teres (Dekay)
TIVAAL T Y

59. Spratelloides gracilis (Temminck et
Schlegel)
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FE+a
60. Sardinops melanostictus (Temminck et
Schlegel)
ATy
61. Sardinella zunasi (Bleeker)
e
62. Clupea pallasii Valenciennes
v
63. Konosirus punctatus (Temminck et
Schlegel)
a3/ v
Family Engraulididae # % 7 # 4 7 v #}
64. Engraulis japonicus (Houttuyn)
NETFAT Y
547 H
Family Elopidae # 5 1 7 > &
65. Megalops cyprinoides (Broussonet)

Order Elopiformes

1edA
66. Elops hawaiensis Regan
NI4T
Family Albulidae v b« 7 v §
67. Pterothrissus gissu Hilgendorf
F2
Order Anguilliformes =+ *H

Family Anguillidae 7 + %}
68. Anguilla japonica Temminck et Schlegel
v FF
Family Nemichthyidae ¥ %}
69. Nemichthys scolopaceus Richardson
vETFF
Family Muraenidae 7 v K}
70. Gymnothorax kidako (Temminck et
Schlegel)
PV
Family Synaphobranchidae =+ 5 7+ =%}
71. Synaphobranchus affinis Gunther
®5 7+
Family Simenchelyidae = =% 7+ I8
72. Simenchelys parasiticus Gill
e e /A g e §
Family Congridae 7+ Z%}
73. Anago anago (Temminck et Schlegel)

J7ro7+d

7O e 83

74. Conger myriaster (Brevoort)
<27+
75. Conger japonicus Bleeker
sy H+d
76. Gnathophis nystromi nystromi (Jordan et
Snyder)
FoTHa
Family Muraenesocidae /~ €%}
77. Muraenesox cinereus (Forsskal)
INE
78. Muraenesox bagio (Hamilton)
ZRINE
Family Ophichthidac = 3 N E#}
79. Ophichthus evermanni Jordan et
Richardson
BT TA T INE
80. Ophichthus urolophus (Temminck et
Schlegel)
A7 INE
81. Ophisurus macrorhynchus Bleeker
FAF T INE
Order Notacanthiformes v a4+ 2 H
Va=E e
82. Notacanthus chemnitzi Bloch
sayaF¥R
Order Salmoniformes

Family Notacanthidae

4 H
Family Osmeridae # 27 Y 74§
83. Hypomesus nipponensis McAllister
7Y F
Family Plecoglossidae 7 2%}

84. Plecoglossus altivelis Temminck et

Schiegel
T
Family Salangidae > 57 4%
85. Salangichthys ishikawae Wakiya et
Takahasi

AT ITTF
86. Salangichthys microdon Bleeker
vo A
Family Salmonidae 4 47§
87. Oncorhynchus masou masou Brevoort
H7 7<% R
88. Oncorhynchus gorbuscha (Walbaum)
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89. Oncorhynchus keta (Walbaum)
Vilca
90. Oncorhynchus kisutch (Walbaum)
F oAy
91. Oncorhynchus tshawytscha (Walbaum)
vA /) ART
Family Argentinidae —# 2%}
92. Glossanodon semifasciatus (Kishinouye)
—F R
Family Opisthoproctidae 7 4 =& 2%}
93. Dolichopteryx sp.
EFTFAZFR
94. Bathychnops exilis Cohen
LAYTAZFR
Order Stomiiformes 7= t# 4% ¥ 2 H
Family Stomiidae 7 = k774 ¥ 2 ¥}
95. Stomias nebulosus Alcock
Iofkyry
Family Astronesthidae + #7474 71§}
96. Rhadinesthes decimus (Zugmayer)
Y AT FR
97. Neonesthes capensis (Gilchrist et Von
Bonde)
FIFMAFFR
Family Melanostomiidae &7 1 =/
98. Opostomias mitsuii Imai
VAR
99. Photonectes albipennis (Doderlein)
R AT
100. Tactostoma macropus Bolin
NTHERTALY
Order Gonorynchiformes = X I ¥z H
Family Gonorynchidae % X I # 2%}
101. Gonorynchus abbreviatus Temminck et
Schlegel
FRIFRZ
Order Cypriniformes =4 H
Family Cyprinidae =1 &}
102. Tribolodon hakonensis (Gunther)
A
103. Hemibarbus barbus (Temminck et
Schlegel)

o
T

F:E ]

—JA
104. Tribolodon taczanowskii (Steindachner)
<y
Order Siluriformes + < XH
Family Plotosidae = > X 1 &
105. Plotosus lineatus (Thunberg)
a2 XA
Order Myctophiformes ~7 #7147 v H
Family Aulopodidae t * %l
106. Aulopus japonicus Gunther
E A
Family Synodontidae = v #
107. Saurida undosquamis (Richardson)
< LY
108. Saurida elongata (Temminck et Schlegel)
(N Ry e S/
Family Chlorophthalmidae 74 £ = &
109. Chlorophthalmus albatrossis Jordan et
Starks
TAATY
Family Scopelarchidae £ x.*/ ¥}
110. Benthalbella dentata (Chapman)
VY FALY
Family Myctophidae %% 1 7 > &
111. Myctophum spinosum (Steindachner)
AINFING
112. Diaphus theta Eigenmann et Eigenmann
M EANTH
113. Diaphus watasei Jordan et Starks
NG HAT Y
114. Diaphus regani Taning
THINT A
115. Diaphus schmidti Taning
7 NG T
Family Paralepididae /% 7 =/ &}
116. Notolepis rissoi (Bonaparte)
Ay
117. Lestidium prolixum Harry
FANT A
118. Lestidiops sphyraenopsis Hubbs
YenNghTY
Family Omosudidae +/3/~ 5 # %

119. Omosudis lowei Gunther
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FNNG A
Family Alepisauridae 3 X 4 %
120. Alepisaurus ferox Lowe
IXTA
Order Beloniformes % H
Family Belonidae %k}
121. Strongylura anastomella (Valenciennes)
bV
122. Tylosurus crocodilus crocodilus (Le Sueur)
FFH 3y
123. Tylosurus acus melanotus (Blecker)
T Iy
Family Scomberesocidae 4 > < ¥}
124. Cololabis saira (Brevoort)
+r=w
Family Hemiramphidae # 3 U &
125. Hyporhamphus sajori (Temminck et
Schlegel)
+3y
126. Hyporhamphus intermedius (Cantor)
JIAYIY
Family Exocoetidae  + £ A4 &}
127. Cypselurus hiraii Abe
RV hMETH
128. Cypselurus pinnatibarbatus japonicus
(Franz)
Nz bt
129. Cypselurus agoo agoo (Temminck et
Schlegel)
NES
130. Danichthys rondeletii (Valenciennes)
FFbE
Order Gasterosteiformes  +~ 7 7 4 H
Family Gasterosteidae b+ % 7 A %}
131. Gasterosteus aculeatus aculeatus Linnaeus
A k3
Order Syngnathiformes 3~ o7+ H
Family Fistulariidae v 7 5 ¥
132. Fistularia petimba Lacepede
TAYIS
133. Fistularia commersonii Ruppel
ThRYHZ
Family Macrorhamphosidac ¥ 7 = #}

o~
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134. Macrorhamphosus scolopax (Linnaeus)
+FTL
Family Syngnathidae 3~ 71§
135. Syngnathus schlegeli Kaup
I TUF
136. Syngnathoides biaculeatus (Bloch)
brawy
137. Hippocampus takakurae Tanaka
5y
138. Hippocampus japonicus Kaup
YTy
139. Hippocampus coronatus Temminck et
Schlegel
gy /AT
Order Gadiformes % 7 H
Family Moridae ¥ =4 5§l
140. Antimora microlepis Bean
NFTT T
141. Physiculus japonicus Hilgendorf
FI55
142. Physiculus maximowiczi (Herzenstein)
TATAFA
143. Lotella phycis (Temminck et Schlegel)
AT AFA
144. Laemonema longipes Schmidt
1A heFsS
Family Gadidae % ¥
145. Gadus macrocephalus Tilesius
Sl
146. Theragra chalcogramma (Pallas)
Arbho sy
Family Macrouridae v 34 5§
147. Gadomus multifilis (Gunther)
JRrany sy
148. Nezumia proxima (Smith et Radcliffe)
bdvagys
149. Coryphaenoides pectoralis (Gilbert)
LT
150. Coryphaenoides longifilis Gunther
LEEY T
151. Coryphaenoides acrolepis (Bean)
A NS

152. Coelorinchus japonicus (Temminck et
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Schlegel)
LA
Family Merlucciidae  # )L — 4§
153. Merluccius australis (Hutton)
Ly 555 (kR
Order Ophidiiformes 73+ o H
Family Ophidiidae 7 ok}
154. Neobythites sivicola (Jordan et Snyder)
VALY FTA
Order Lophiiformes 7 > 2w g
Family Lophiidae 7. o
155. Lophiomus setigerus (Vahl)
T raw
156. Lophius litulon (Jordan)
7 a7
Family Antennariidae + %Y 7 +#}
157. Phrynelox tridens (Temminck et Schlegel)
A Y Y
158. Histrio histrio (Linnaeus)
NFFa¥
Family Chaunacidae 747 v a9}
159. Chaunax abei LeDanois
INYTZHT Oy
160. Chaunax fimbriatus Hilgendorf
R My G Ry
Family Ogcocephalidae 7 77 7V ¥}
161. Halieutaea stellata (Vahl)
THhIY
162. Halieutaea fumosa Alcock
EXTHTY
Family Ceratiidae v /7Y z+#FamFo 70
avE
163. Cryptopsaras couesi Gill
VIV IFHF e F T oAy
Order Beryciformes +. £ %1 H
Family Berycidae + > 4 41 &
164. Beryx splendens Lowe
FoATA
Family Trachichthyidae kw71
165. Gephyroberyx japonicus (Doderlein)
N F A
Family Monocentrididae </ 7747 A+ &}
166. Monocentris japonica (Houttuyn)

o>

i D BEHE

TYAYTA
Family Holocentridae - v b %' 1 %}
167. Ostichthys japonicus (Cuvier)
IEZX5 A
Family Polymixiidae # > £ 1 &}
168. Polymixia japonica Gunther
FLATA
Order Cetomimiformes 2 ¥ 5w+
Family Ateleopodidae  + # 7' U &}
169. Ateleopus japonicus Bleeker
Yy FTY
Order Lampriformes 7# < >4+ H
Family Lampridae 77 < > R §
170. Lampris guttatus (Brunnich)
TAT R
Family Veliferidae 747 2%
171. Velifer hypselopterus Bleeker
YT Y
Family Trachipteridae 79 v ¥ A4 %
172. Trachipterus ishikawae Jordan et Snyder
TS
Order Zeiformes <+ %1 H
Family Zeidae < b ¥ 1}
173. Allocyttus varrucosus (Gilchrist)
FA AT I A
174. Zenopsis nebulosa (Temminck et Schlegel)
NHITA
175. Zeus faber Linnaeus
Ty A
Order Perciformes X X#H
Family Atherinidae +r~>dow (v H
176. Hypoatherina bleekeri (Gunther)
by dooroy
Family Mugilidae + 5 #}
177. Mugil cephalus cephalus Linnaeus
RI
178. Liza haematocheila (Temminck et
Schlegel)
AFy
Family Sphyraenidae # < 2%}
179. Sphyraena pinguis Gunther
ThAw R
180. Sphyraena japonica Cuvier
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Y bl
Family Polynemidae v/~x 2/ > ofl
181. Polydactylus plebejus (Broussonet)
VoNAa) vn
Family Percichthyidae 2z X%}
182. Lateolabrax japonicus (Cuvier)
2R F
183. Lateolabrax latus Katayama
ESAXF
184. Stereolepis doederleini Lindberg et
Krasjukova
AT FAFF
185. Niphon spinosus Cuvier

-—

y oz
186. Doederleinia berycoides (Hilgendorf)
T LY
187. Synagrops japonicus (Steindachner et
Doderlein)
RIT7ATH
188. Malakichthys griseus Doderlein
AAANEY (71T F)
Family Serranidae  /~ 7
189. Epinephelus septemfasciatus (Thunberg)
wNg
190. Plectranthias kelloggi azumanus (Jordan et
Richardson)
TATNF 5L
191. Sacura margaritacea (Hilgendorf)
ARt
Family Kuhliidae ==+ #
192. Kuhlia marginata (Cuvier)
agdA
193. Kuhlia mugil Bloch et Schneider
Fraddq
Family Priacanthidae #+ > & 1 &}
194. Priacanthus macracanthus Cuvier
FrbFyA
195. Cookeolus boops (Schneider)
FAAFPF
Family Apogonidae +> 27 51 #
196. Apogon lineatus (Temminck et Schlegel)
T4
197. Apogon semilineatus Temminck et Schlegel

jap]
R

DA 87

XTI A
198. Apogon doederleini Jordan et Snyder
TFZVAVEF
Family Sillaginidae + 2%}
199. Sillago japonica Temminck et Schlegel
voFR
Family Branchiostegidae 7 <4 1 %4
200. Branchiostegus albus Dooley
arws4
201. Branchiostegus japonicus (Houttuyn)
TAT=TA
Family Scombropidae 4/
202. Scombrops boops (Houttuyn)
L)
203. Scombrops gilberti (Jordan et Snyder)
=NV
Family Labracoglossidae % 77 X%}
204. Labracoglossa argentiventris (Lacepede)
7 AN
Family Rachycentridae 2 ¥}
205. Rachycentron canadum (Linnaeus)
AF
Family Carangidae 7 U #}
206. Naucrates ductor (Linnaeus)
JYERF
207. Elagatis bipinnulata (Quoy et Gaimard)
LT
208. Seriola quinqueradiata Temminck et
Schlegel
7
209. Seriola lalandi Valenciennes
<4
210. Seriola dumerili (Risso)
R F
211. Seriolina nigrofasciata (Ruppell)
TATY
212. Scomberoides lysan (Forsskal)
A7 71T H
213. Trachinotus blochii (Lacepede)
< any
214. Trachurus japonicus (Temminck et
Schlegel)

T
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215. Decapterus muroadsi (Temminck et
Schlegel)
LaTy

216. Decapterus tabl Berry
AT Ln

217. Selar crumenophthalmus (Bloch)
AT Y

218. Pseudocaranx dentex (Bloch et Schneider)

YRT Y

219. Kaiwarinus equula (Temminck et Schlegel)

147
220. Uraspis helvola (Forster)
FFTY
221. Caranx sexfasciatus Quoy et Gaimard
FoHATY
222. Caranx ignobilis (Forsskal)
=Ry
223. Alectis ciliaris (Bloch)
A hEFTY
224. Parastromateus niger (Bloch)
7a7 T ERNSE
Family Coryphaenidae & -1 5 &l
225. Coryphaena hippurus Linnaeus
A7
Family Menidae #7714 3§
226. Mene maculata (Bloch et Schneider)
FrAA2
Family Leiognathidae & 1 5 %
227. Leiognathus rivulatus (Temminck et
Schlegel)
AFELA5F
228. Leiognathus nuchalis (Temminck et
Schlegel)
SEAES
Family Bramidae < #v##
229. Brama japonica Hilgendorf
YRAVF AFAET)
230. Taractichthys steindachneri (Doderlein)
[P s R AV I v ¥
231. Pteraclis aesticola (Jordan et Snyder)
N7 vt
Family Emmelichthyidae /~# & +#}
232. Erythrocles schlegelii (Richardson)

NFEF
233. Emmelichthys struhsakeri Heemstra et
Randall
nwy s FEF
Family Lobotidae </ % 1 &}
234. Lobotes surinamensis (Bloch)
A
Family Sciaenidae = X%}
235. Argyrosomus argentatus (Houttuyn)
va sy
236. Nibea mitsukurii (Jordan et Snyder)
sl
Family Mullidae & # U#
237. Parupeneus spilurus (Bleeker)
FFEFEAD

238. Upeneus bensasi (Temminck et Schlegel)

EXy
239. Upeneus tragula Richardson
IAERXAD
Family Pempherididae -/~ % » ##
240. Pempheris xanthoptera Tominaga
IFIing R
241. Pempheris japonica Doderlein
DA/ = FARAVE S
Family Girellidae # ¥ +#}
242. Girella punctata Gray
ATH
Family Kyphosidae - x X 3%}
243. Kyphosus lembus (Cuvier)
4 AX 3
244. Kyphosus bigibbus Lacepede
IFIA4AX3
Family Lutjanidae 7 x % 1 %}
245. Etelis coruscans Valenciennes
N YA
246. Lutjanus stellatus Akazaki
EE S
Family Pomadasyidae « 4 +#%l
247. Parapristipoma trilineatum (Thunberg)
44+
248. Plectorhynchus cinctus (Temminck et
Schlegel)
=
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249. Plectorhynchus pictus (Thunberg)
oy
250. Hapalogenys nigripinnis (Temminck et
Schlegel)
o A
Family Teraponidae ¥ < £ 4 F £
251. Terapon jarbua (Forsskal)
JbeF (VA4 F)
252. Rhyncopelates oxyrhynchus (Temminck et
Schlegel)
yRAYF
253. Terapon theraps Cuavier
EXATbEF
Family Nemipteridae « b3 U &' &}
254. Nemipterus virgatus (Houttuyn)
fr3a A
714 %
255. Dentex tumifrons (Temminck et Schlegel)
FFA (LTTA)
256. Acanthopagrus schlegeli (Bleeker)
sasA
257. Evynnis japonica Tanaka
F7A
258. Pagrus major (Temminck et Schlegel)
< 7A
259. Sparus sarba (Forsskal)
N A
Family Lethrinidae 7z 74 % 1 &

Family Sparidae

260. Gnathodentex aureolineatus (Lacepede)
Ja¥Fyy4
Family Ephippididae 24 L # 1 %
261. Platax teira (Forsskal)
VN A T F
262. Platax orbicularis (Forsskal)
FIUYNATF
Family Scorpididae 77 =77 % % 1 &}
263. Microcanthus strigatus (Cuvier)
HIAAF A
Family Chaetodontidae F z w75 =77+ §
264. Chaetodon modestus Temminck et Schlegel
FoayyAa
265. Chaetodon auripes Jordan et Snyder
FavFavoxd

o>
HE

DR

266. Chaetodon auriga Forsskal
NrFFawFaoot
267. Heniochus acuminatus (Linnaeus)
NI TTIA
268. Chaetodon vagabundus Linnaeus
T AF 2w Fav A
Family Pomacanthidae + > %+ 7 ¥ 1%l
269. Pomacanthus imperator (Bloch)
STV F v IA
270. Pomacanthus semicirculatus (Cuvier)
FH¥FI vy
Family Pentacerotidae # 7 £y + #
271. Pentaceros japonicus Doderlein
VAR YA
272. Evistias acutirostris (Temminck et
Schlegel)
FoIy4
Family Oplegnathidae > 1 &}
273. Oplegnathus punctatus (Temminck et
Schiegel)
AH*FTA
274. Oplegnathus fasciatus (Temminck et
Schlegel)
A yA
Family Embiotocidae 7 3 # + =%}
275. Ditrema temmincki Blecker
AR Ak |
276. Neoditrema ransonneti Steindachner
TFyFI
Family Pomacentridae 2 X £ # 1
277. Abudefduf notatus (Day)
AV ARATA
278. Abudefduf vaigiensis (Quoy et Gaimard)
TYEyF e
279. Abudefduf sordidus (Forsskal)
VRARATA
280. Chromis notatus notatus (Temminck et
Schlegel)
RRATA
281. Pomacentrus coelestis Jordan et Starks
VI AXATA
Family Cheilodactylidae 77/ /71 %
282. Goniistius zonatus (Cuvier)

89
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YhINgA ThAIF
Family Cepolidae 77 7 ¥ %} Family Xiphiidae * 7 ¥ % £}
283. Cepola schlegeli (Blecker) 300. Xiphias gladius Linnaeus
ARIVFTHITF AT F
Family Labridae X35 %} Family Scombridae /3 &}
284. Semicossyphus reticulatus (Valenciennes) 301. Katsuwonus pelamis (Linnaeus)
a7 54 771 F
285. Coris aygula Lacepede 302. Thunnus albacares (Bonnaterre)
7oL FAY (FTY)
286. Halichoeres poecilopterus (Temminck et 303. Thunnus thynnus (Linnaeus)
Schlegel) ro<ya (z7o)
Favtr 304. Scomber australasicus Cuvier
287. Pseudolabrus japonicus (Houttuyn) T3 (TIH oY)
VAN 305. Scomberomorus niphonius (Cuvier)
288. Thalassoma cupido (Temminck et ¥ 5
Schlegel) 306. Euthynnus affinis (Cantor)
v FEANT AT (VA )
Family Trichodontidae /~ %/~ % &} 307. Sarda orientalis (Temminck et Schlegel)
289. Arctoscopus japonicus (Steindachner) INTP A (F AV F)
ING NG 308. Auxis thazard (Lacepede)
Family Champsodontidae 7 =% 2§} A4
290. Champsodon snyderi Franz 309. Thunnus alalunga (Bonnaterre)
7=F 2 B4
Family Ammodytidae « 7 + T# 310. Scomber japonicus Houttuyn
291. Ammodytes personatus Girard <vHN (BEZHN)
A5+ 311. Auxis rochei (Risso)
Family Echeneididae =/3 0 4 < Eo I VArE4
292. Remora brachyptera (Lowe) 312. Thunnus obesus (Lowe)
Jaany AINF
293. Echeneis naucrates Linnaeus Family Gempylidae 7 v % 74 < x#t
TN YA 313. Lepidocybium flavobrunneum (Smith)
294. Phtheirichthys lineatus (Menzies) TT 7Y ALY
AT ANy 314. Rexea prometheoides (Bleeker)
295. Remora remora (Linnacus) HINT A
FHANL (ZETNY) 315. Gempylus serpens Cuvier
Family Istiophoridae <7 ¥ F#} 7Ry Fh<X
296. Makaira mazara (Jordan et Snyder) 316. Nesiarchus nasutus Johnson
sJaATF (rung) Ny n s T
297. Makaira indica (Cuvier) 317. Ruvettus pretiosus Cocco
vanhvF INT LY
298. Istiophorus platypterus (Shaw et Nodder) Family Trichiuridae % ¥ + %l
Ny agndF 318. Trichiurus lepturus Linnaeus

299. Tetrapturus audax (Philippi) yFIF
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o]

Family Zanclidae v / 7 > # 336. Glossogobius olivaceus (Temminck et
319. Zanclus cornutus (Linnaeus) Schlegel)
A Tany
Family Acanthuridae =+ 4% 1 %l 337. Rhinogobius giurinus (Rutter)
320. Acanthurus xanthopterus Valenciennes T 57 0E
JanFg 338. Sagamia geneionema (Hilgendorf)
321. Naso unicornis (Forsskal) FENE
T TNF 339. Leucopsarion petersi Hilgendorf
322. Prionurus scalprus Valenciennes VA=A
54 340. Tridentiger trigonocephalus (Gill)
323. Acanthurus dussumieri Valenciennes vt
AT UnF 341. Astrabe lactisella Jordan et Snyder
Family Siganidae 7« Z# vay It
324. Siganus fuscescens (Houttuyn) 342. Tridentiger obscurus (Temminck et
TAd Schlegel)
325. Siganus sp. FF7
T hANFTAT 343. Chasmichthys gulosus (Guichenot)
Family Tetragonuridae K7 oI HK5 1 # Ko x
326. Tetragonurus cuvieri Risso 344. Favonigobius gymnauchen (Bleeker)
Kowoas£yo EANE
Family Centrolophidae « =% 1 # 345. Chaenogobius castaneus (O, Shaughnessy)
327. Hyperoglyphe japonica (Doderlein) vy g
ATA 346. Chaenogobius mororanus (Jordan et
328. Psenopsis anomala (Temminck et Snyder)
Schlegel) NENE
A RTA 347. Sicyopterus japonicus (Tanaka)
Family Nomeidae =& % 1% Ry X
329. Nomeus gronovii (Gmelin) 348. Acanthogobius flavimanus (Temminck et
IELSA Schlegel)
330. Psenes pellucidus Lutken TN
NFETTF 349. Luciogobius guttatus Gill
Family Stromateidae <+ #7 + # IIXNE
331. Pampus argenteus (Euphrasen) 350. Rhinogobius brunneus (Temminck et
< F YA Schlegel)
Family Gobiidae /~+#} 33 /Ry
332. Amblychaeturichthys hexanema (Bleeker) 351. Pterogobius zacalles Jordan et Snyder
T ANE Yam7one
333. Chasmichthys dolichognathus (Hilgendorf) Family Mugiloididae + 5 # 2%}
7 I 352. Parapercis multifasciata Doderlein
334. Acanthogobius lactipes (Hilgendorf) AFbITFR
Tryant 353. Parapercis sexfasciata (Temminck et
335. Chaenogobius urotaenia (Hilgendorf) Schlegel)

v FTY 7R MIFR
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Family Uranoscopidae I & <4 3%}
354. Gnathagnus elongatus (Temminck et
Schlegel)
THIV=
355. Uranoscopus chinensis Guichenot
FELIVR
356. Uranoscopus japonicus Houttuyn
IvvAaE
Family Blenniidae « ¥ > %}
357. Pictiblennius yatabei (Jordan et Snyder)
1 F R
358. Omobranchus elegans (Steindachner)
F XA
359. Petroscirtes breviceps (Valenciennes)
ZYF R
Family Stichaeidae % x4 D%
360. Dictyosoma burgeri Van der Hoeven
FAF s F UK
361. Stichaeus grigorjewi Herzenstein
FH YA
362. Lumpenella longirostri (Evermann et
Goldsborough)
FXIF R
363. Chirolophis japonicus Herzenstein
7HF R

364. Ernogrammus hexagrammus (Temminck et

Schlegel)
LATHY
Family Pholididae =3 % £#
365. Pholis nebulosa (Temminck et Schlegel)
F R
Family Anarhichadidae A% # 3 4§
366. Anarhichas orientalis Pallas
A A I TF
Family Zaproridae 7 X ¥ > Ak}
367. Zaprora silenus Jordan
I
Family Zoarcidae #' . 7%}
368. Lycodes caudimaculatus Matsubara
ALVXIAY
369. Zoarchias veneficus Jordan et Snyder
#RFF
370. Zestichthys tanakai Jordan et Hubbs

)

YR

ha)

O

T UFE VT

371. Davidijordania poecilimon (Jordan et
Fowler)
YSHHY

372. Bothrocara molle Bean
vaiy Uy

Family Icosteidae LV ZXIar=+ 277 Ik

373. Icosteus aenigmaticus Lockington

1VXiav=e o7V

Order Scorpaeniformes 74 I H

Family Scorpaenidae 7 4 7+ J%}

374. Setarches longimanus (Alcock)
TAAYd

375. Sebastes matsubarae Hilgendorf
TavyA

376. Sebastiscus albofasciatus (Lacepede)
TYAAST

377. Sebastes scythropus (Jordan et Snyder)
T T F AN

378. Sebastes thompsoni (Jordan et Hubbs)
TRANI IR ANFR)

379. Sebastes iracundus (Jordan et Starks)
FAHH (AT AR)

380. Sebastiscus marmoratus (Cuvier)
el

381. Sebastolobus macrochir (Gunther)
FFv

382. Sebastes vulpes Doderlein
FV R AN

383. Sebastes schlegeli Hilgendorf
a=Et

384. Sebastes nivosus Hilgendorf
Tz A

385. Sebastes flammeus (Jordan et Starks)
Hav XXy

386. Setarches guentheri Johnson
yahnydd

387. Sebastes oblongus Gunther
Z4a ) a AN

388. Sebastes joyneri Gunther
by b AN

389. Scorpaena sp.
Ay T



390. Apistus carinatus (Bloch et Schneider)
NF (LAY T)

Sebastes baramenuke (Wakiya)

INF AR

Pontinus macrocephalus (Sauvage)

[ i N

Pterois lunulata Temminck et Schiegel
N7 A

Sebastes pachycephalus Temminck et

391.

392.

393.

394,
Schlegel
Lz Aq
. Sebastes inermis Cuvier
AN
. Sebastes itinus (Jordan et Starks)
T E AN
. Helicolenus hilgendorfi (Steindachner et
Doderlein)
I AAYT
Sebastes hubbsi (Matsubara)
oA AL (£3)
Family Synanceiidae # =+ 3§}

398.

399. Inimicus japonicus (Cuvier)
‘=t ae
400. Minous monodactylus (Bloch et Schneider)
EAAaE
Family Congiopodidae /~+4 = £F}
401. Hypodytes rubripinnis (Temminck et
Schlegel)
INA T
Family Aploactinidae + &+ 3£}
402. Erisphex potti (Steindachner)
TITA Y
Family Anoplopomatidae ¥ > ¥ 5%}
403. Erilepis zonifer (Lockington)
T7 7RI X
Family Hexagrammidae 7« + 4 £}
404. Hexagrammos otakii Jordan et Starks
TAF A
405. Hexagrammos agrammus (Temminck et
Schlegel)
DA
406. Pleurogrammus azonus Jordan et Metz
Ry

D
Family Platycephalidae 2 F &}
407. Cociella crocodila (Tilesius)
4 xTF
408. Onigocia spinosa (Temminck et Schlegel)
A=TF
409. Platycephalus indicus (Linnnaeus)
aJF (wITF)
410. Suggrundus meerdervoorti (Bleeker)
A TF
Family Hoplichthyidae /~y o 5%}

411. Hoplichthys gilberti Jordan et Richardson
Vany dF
Family Hemitripteridae 4 271 ¥ 71 %}
412. Hemitripterus villosus (Pallas)
NI ]
413. Blepsias cirrhosus (Pallas)
AT LT (FFa)
Family Cottidae # ¥ #7 %}
414. Gymnocanthus intermedius (Temminck et
Schiegel)
TANTh
Pseudoblennius cottoides (Richardson)
THETFNE

415.
416. Pseudoblennius percoides Gunther
THNE (TFHE; BEERR)
Ocynectes maschalis Jordan et Starks
AT hTH

Myoxocephalus stelleri Tilesius
¥ZXHATH

Furcina osimae Jordan et Starks
FXANTA

Myoxocephalus brandti (Steindachner)
YETYADN

417.

418.

419.

420.

421. Alcichthys alcicornis (Herzenstein)

AT (JahPh)
Ricuzenius pinetorum Jordan et Starks
*YATA

422,
423. Hemilepidotus gilberti Jordan et Starks
IARVATA
Family Psychrolutidae =7 5+ 1 # ¥ %1 %}
424. Dasycottus setiger Bean
#a

425. Malacocottus zonurus Bean

93
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ITHhTAh

426. Ebinania brephocephala (Jordan et Starks)

R XA TH
Family Agonidae + 7 £ L
427. Occella iburia (Jordan et Starks)
$7omv
Family Triglidae &7+ g
428. Lepidotrigla microptera Gunther
AFHYZ
429. Lepidotrigla guentheri Hilgendorf
Zi el
430. Pterygotrigla hemisticta (Temminck et
Schlegel)
YAk R
431. Chelidonichthys spinosus (McClleland)
R AR
Family Peristediidae -+ R §
432. Peristedion orientale Temminck et
Schlegel
FARTARY
433. Peristedion nierstraszi Weber
NY FhRY
434. Satyrichthys amiscus (Jordan et Starks)
EFFRTEY
Family Dactylopteridae & 3 7 K7}
435. Dactyloptena orientalis (Cuvier)
Ik ARY
436. Daicocus peterseni (Nystrom)
D SN R A
Family Cyclopteridae %" > =7 4%}
437. Aptocyclus ventricosus (Pallas)
A v
Family Liparididae 7 % # &}
438. Liparis tanakai (Gilbert et Burke)
7Y F
439. Careproctus rastrinus Gilbert et Burke
YireEs=>
440. Liparis tessellatus (Gilbert et Burke)
7=
Order Gobiesociformes 7/377+ H
Family Callionymidae =% X v R§}
441. Repomucenus huguenini (Bleeker)
YA

o

RO RE

442. Repomucenus virgis (Jordan et Fowler)
Fa X AY

443. Repomucenus richardsonii (Bleeker)
AXITF () R7HY)

444. Repomucenus beniteguri (Jordan et Snyder)
MEX X

445. Repomucenus ornatipinnis (Regan)
ThXAY

446. Repomucenus valenciennei (Temminck et
Schlegel)
NG FTRAY

447. Repomucenus lunatus (Temminck et
Schlegel)
F Xy (X AYTFF)

448. Foetorepus altivelis (Temminck et
Schlegel)
N=77Y

449. Eleutherochir mirabilis (Snyder)
NI Z A

Order Pleuronectiformes # L4 H

Family Paralichthyidae & 5 ##}

450. Tarphops oligolepis (Bleeker)
TIAAVA

451. Pseudorhombus cinnamoneus (Temminck
et Schlegel)
HTTE T A

452. Pseudorhombus pentophthalmus Gunther
FIH T IET A

453. Paralichthys olivaceus (Temminck et
Schlegel)
B X

Family Bothidae %<4 L 1§

454. Crossorhombus kobensis (Jordan et Starks)
agRFITH LA

455. Chascanopsetta lugubris Alcock
A4

456. Engyprosopon grandisquama (Temminck
et Schlegel)
yI<hHLA

457. Bothus myriaster (Temminck et Schlegel)
Ky T ULA

458. Laeops kitaharae (Smith et Pope)
YUALA
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Family Pleuronectidae 7 L A %}

459. Atheresthes evermanni Jordan et Starks
TTIHLA

460. Hippoglossoides dubius Schmidt
TN A

461. Hippoglossoides pinetorum (Jordan et
Starks)
JINF

462. Eopsetta grigorjewi (Herzenstein)
LiAivAa

463. Verasper variegatus (Temminck et
Schlegel)
RYAULA

464. Verasper moseri Jordan et Gilbert
A

465. Pleuronichthys cornutus (Temminck et
Schlegel)
AL TAHUA

466. Pleuronichthys sp.
FHUVAALTHLVA

467. Pleuronectes herzensteini (Jordan et
Snyder)
<A LA

468. Pleuronectes yokohamae Gunther
~aguA

469. Dexistes rikuzenius Jordan et Starks
IFATLA

470. Platichthys stellatus (Pallas)
VA (ATHVA)

471. Kareius bicoloratus (Basilewsky)
1 HLA

472. Clidoderma asperrimum (Temminck et
Schlegel)
FAH LA

473. Tanakius kitaharai (Jordan et Starks)
YFFELVH LA

474, Microstomus achne (Jordan et Starks)
SNANH LA

Family Soleidae 44w+ /> 78

475. Heteromycteris japonica (Temminck et
Schlegel)
vH L) v s

476. Zebrias zebra (Schneider)

o

i D AR 95

vy vy (Ve F)
Family Cynoglossidae =3 / v # ¥
4717. Cynoglossus joyneri Gunther
THYIETA
478. Paraplagusia japonica (Temminck et
Schlegel)
rawvi /vy
Order Tetraodontiformes 7 7'H
Family Triacanthodidae ~X=# 7 4 *#
479. Triacanthodes anomalus (Temminck et
Schlegel)
NZATLF
Family Triacanthidae ¥ <%}
480. Triacanthus biaculeatus (Bloch)
<
Family Balistidae €. # 5% 7/ ¥§
481. Canthidermis maculata (Bloch)
TieUHT
482. Xanthichthys mento (Jordan et Gilbert)
FAEUHT
483. Balistoides conspicillum (Schneider)
EUHTHINF
Family Monacanthidae # 7/~%%}
484. Brachaluteres ulvarum Jordan et Snyder
TAHF
485. Cantherhines pardalis (Ruppell)
TIADTYINF
486. Rudarius ercodes Jordan et Fowler
T IANF
487. Aluterus monoceros (Linnaeus)
7 RNNF
488. Thamnaconus modestus (Gunther)
Y INF
489. Stephanolepis cirrhifer (Temminck et
Schlegel)
H I NF
490. Aluterus scriptus (Osbeck)
VAVZAYE o
491. Cantherhines dumerilii (Hollard)
NI L NE
Family Aracanidae  t <+ 7 7§}
492. Kentrocapros aculeatus (Houttuyn)
1 h=*77
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Family Ostraciidae /~2 7 7§}

493.

Lactoria diaphana (Bloch et Schneider)
7 IARA

494. Lactoria cornuta (Linnaeus)
aLav Ty

495. Ostracion immaculatus (Temminck et
Schlegel)
a7y

496. Tetrosomus concatenatus (Bloch et
Schneider)
NT 7Y

497. Ostracion cubicus Linnaeus
IFIinaTy

Family Tetraodontidae 7 7'#}

498. Takifugu xanthopterus (Temminck et
Schlegel)
vy

499. Takifugu rubripes (Temminck et Schlegel)

500.

501.

502.

503.

504.

505.

ST

Takifugu niphobles (Jordan et Snyder)
s

Takifugu stictonotus (Temminck et
Schlegel)

I=77

Takifugu poecilonotus (Temminck et
Schiegel)

axL7y

Takifugu vermicularis (Temminek et
Schlegel)

ARG

Takifugu porphyreus (Temminck et
Schlegel)

<77

Takifugu pardalis (Temminck et Schlegel)
s I

507.

508.

509.

510.

511.

512.

513.

514.

515.

Fami

516.

517.

518.

Fami

519.

. Takifugu chrysops (Hilgendorf)
THATY

Lagocephalus wheeleri Abe, Tabeta et
Kitahama

ya¥nN7y

Lagocephalus gloveri Abe et Tabeta
gay¥N7 Yy

Lagocephalus inermis (Temminck et
Schlegel)

nFrI7T

Lagocephalus sceleratus (Gmelin)
L

Sphoeroides pachygaster (Muller et
Troschel)

avrzrs

Arothron firmamentum (Temminck et
Schiegel)

K77

Arothron hispidus (Linnaeus)

Y FITT (3av<TY)
Arothron stellatus (Bloch et Schneider)
®TIvIY

Canthigaster rivulata (Temminck et
Schlegel)
=75
ly Diodontidae ~Y & > K L&
Diodon holocanthus Linnaeus

NY Ry

Diodon eydouxii Brissout et Barneville
il RV O

Chilomycterus affinis Gunther

A7 F77

ly Molidae < v

Mola mola (Linnaeus)

< UARY
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Capture of Raccoon Dogs and a Masked Palm Civet around Sugao Marsh,
Central Japan, and Determination of Their Metric and Blood Profiles

Mayumi KisHiMoTo*, Koji Yamazaki** and Nobuhiro Kurisu**
(Accepted February 28, 1997)

Abstract

Four raccoon dogs (Nyctereutes procyonoides) and a masked palm civet an (Paguma larvata)
were captured with foot traps around Sugao Marsh between September 1995 and February 1996.
The raccoon dogs were immobilized with ketamine hydrochloride (KH: 10 mg/kg) and xylazine
hydrochloride (XH: 1 mg/kg). The induction time varied from 2 to 5 min, and the handling time
lasted approximately 30 min, during which body measurements and blood samples were taken.
Heart and respiration rates, as well as rectal temperatures were measured during immobilization.
The general profile of the blood of the raccoon dogs and the masked palm civet was similar to

that of domestic dogs.

Keywords: capture, body measurement, blood profile, raccoon dog, masked palm civet, Sugao

Marsh.

3C®IC

WAE, FEHYOERERARLILDICT VAT LA
MU —BAEMNERmINS LS D, FAEEYAE LR
MET SR TE . 7 X F ¥ TIEEL
KT O FIC L AHENG IR TS (Ikeda, 19853,
b; Ward et al., 1989; |14, 1993; h&iEzh», 1994).
Uinl, fECHEI N ERNSESHAERICD
WT ORI GlE, 1989). ARFRIUILHIRIR
BAREME CBET s EABALICAERT 25 X ¥
(Nyctereutes procyonoides) B L U/~7 L Y (Pa-
guma larvata) OEERED L HICHELHEL 2K

DS, REHAS J OB EOHRTH D, b
I E O WA D B A fE A O R Ml 3 £ BRI R
FHOMNMILIEBOTH 5.

FEBLUVER

1. {EAHE

I 199542 9H 123 ~16H, 108308~11H
1H, 1996428 148 ~16 803\, +5/N4 15
BI7FTHET 45— 7 bF+vF (Wood-
streamtt, USA) 2w, #H5IEEE LTH N OKER
HEREHEIMN A EERTAAEENBL TIT-

* AT SYFEETEERI (T 214-0011 JI BT % B X i H 5-8; Wildlife Management Office, Tamaku, Kawasaki

214-0011, Japan).

®E 2L — U7 L= 2 RBB ERIEYEE (T 306-0622 FHETTAIE 700; Ibaraki Nature Museum, Iwai 306-0622, Japan).
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fo. DFRMEEEMBEOY HIcREL, FO%EH
HENR, ®F00MEsX0Ho 6B Iy, fiil
FMAERAT L L bt AR L. T IFER
HIHICRE L THSREBICENT2ETEy b L
FLFEFIILTE L AN, REMBICFEAEAL
0, BORWHEI NI EREDH 258618, POR
B DOBICT FE2ERL, Y HORREID OBICHE v
L7z,

7+ DEREGATERBIE ST LKiEETRICH B
AL EFRIENE T (Fig. 1), #itoEAR
AERTHREGBCCRE G ALE L ol ics
Bl FEEHIFEHNT26E1540E8TH - 12

e : 7B

R1. KEEELEBOMES L OEHHE 7 + O 1995-96
FEOREIZHT.
Fig. 1. Locations of the study area and animal capture

sites in Sugao Marsh, [baraki prefecture during 1995-
96.

2. MHEER

NTEY UV IHEELUY X F 4TEMHE S N/ (Ta-
ble 1). ¥ & HAEKDOX B EFOBFEEIZ L - T
BHINHE U, WS h-E8iE, FEROZRT
ERHOCTEMERE 0NV L) L, V7 b+
y FAREBTUTEMYy — VIc AN b, [ERicEm%
LTEDORDIMEET » 7. I BMO I
BIZ X 2BEAF IR LDV ED 1.

3. BB ALE
ME L8 i REhl, B, HEb L UOyRE
TUATUA N —DEFETH O LENABML

F1. TBBELBTI1995-96 I Fififfiahic 7 2 %
B LTI B OfEKECER

Table 1. Individual profiles of 4 raccoon dogs and a
masked palm civet captured in Sugao Marsh, Ibaraki
prefecture, during 1995-96.

(S ST Y WA MR F

NTE Yy B 1995.9.13 A=z EEk
% 2 ¥ No.1 B 1995.9.13 A% FXEK
% 2% No.2 B 1995.9.15 #+ =2 mik
% % # No.3 B 1995.11.1 A X FHAE
5 2 % No.4 D 1996.2.16 A X ik

* ST L O S A RY

L7, REE, Y= VI A-> B OEI £HIE
L, "—COBIAHTAILICLDHEELL. R

(LIRFEET bo €y (7 roEy, HIEEKRLS

), EfF 520 (3275 —12%, NA Ik

A&t BLGERY v 2 v (5 ¥y 57— 50, =k

&) o 3EHEOESERO, &y - YNOBY

KRN S Ch o OBEREF 4 AR=F TNy o
T—BICHAMCES L, 72720, ~"ZEYLIEY
AFLOFREKAKRERDL, HELCTOHEEDOD
OHEIRETH L ETFREINALOT,
oy r. ANFRM, BEAFZ MRS 045
W AR T — B 72 RB L A 18 T H S 3d 0 v s AR
AR L, EHEEIC L B8 MBI A 1T - 72, RELEE
DREH, BT B RIEHTS 12D REeITEEN
TEORBICH > 7o HEEEAL LT

BRI, 72 F IR E 1kgh BB 7 bt
»005mg (UTHE1kgbchOHEE/ kg LEL
T5), 1871 10mg/kgbLIEBEF 50
Img/kg#REHEL, N/ EY VICEFEBET ho b
> 0.05mg/keg, EEEY ¥ 2 10mg/ kg b L OIEE:
F353V 0 2mg/kgERREGHE L. ¥ XFI1ENo. 4
EROTRYIOBES TEANERINILN, ~7EY
YRABENRELBONT, RUIOKRENS Tk E
45%icensniEEEy ¥ 3 10 mg/ kg, EfEr 5
12 10mg/kg &3EFEF 2 5 2~ 1 mg/kg #:6Mik5
L7z, 7 XF 0 No. 4 30 D5 TE O FEFREEN
Bonld, FEEETIICRATSTSHS SHMTL,
ROIDEEMN S T4 ¥ 3 0 Smg/kg 16
Fv IV 1mg/kgEBIKEG L. F2, ¥ XF0
No. 2i3 B AMEREBr —Uoh o LicE 2 A, Kizhn
Aormamﬁ% lShicie, REIOKEMNS 165

®IIEEEr 7 2 0 10mg/ kg BNk E L. v X &

Ny
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D No. 15X UNo. 213, (EEKRT F TEMKEE L 4. BREE
ELBh - AEE U Bitid, KR, OOEE L ORI A S
AU 7. BRERRE D% Fig. 213739, No. 412

NoEY ¥ X %No.1 2 2%No.2 2 X*No.3 2 X#+No.4
REERS
Oa
N 294  ARR
s - 45k - WARER
55% SOBBARE
157k ¢ BIAREE T3 : BMER
1 % 71:38.1° 1094 1:38.4°C % T1:37.9° IRk - AR
1 09% 102 ;:3?5(156 # P 160 10714 ;:3143‘:
o R: 54 R: 60 R 34
| 55 | BRE 1555 . BRI 150 1390
1657% © BIAE P gg
1993% : AR
209% % BARE
259% uag. LB I B2 : R
k% BAE T:37.5C
3049% R .
05% : ERIET RNAE : EERT
355%
0R% ;3333%
409 R 12
4253% - BEME
455% BN AERET
ok Fé!éﬁgté.: T:&E. P OB R:EEEK
P: 120
R: 24

2. RIBEELBT1995-96 I EMHI I hic 7y X F B LT 7 BV 0 DORREMRB.
Fig. 2. Procedure of chemical immobilization and body conditions during the immobilization of 4 raccoon dogs and a
masked palm civet captured in Sugao Marsh, [baraki prefecture, during 1995-96.

le >|

T BRERIAT)

P BRERIY

D RIKERR

D JRIEEKIE

D ERYATY

L ATERY Y
HIRE
kg

L EARAR

s HARSMU

AR

{:f{/{jnﬁo:s—r‘—~—~:‘m - a0 on
=
f
bl

3. KIREEAIBT1995-96 FIFMHH I e sy X F B LU 7 B o OEFHAFEBAL
Fig. 3. Measured points on the body of 4 raccoon dogs and a masked palm civet captured in Sugao Marsh, Ibaraki
prefecture, during 1995-96.



100 AR « (LIF5EE] - EARE

‘2, RREELET1995-96 FEICHHMEI NIy IFBLUN 7 B v ORIl E.
Table 2. Body measurements of 4 raccoon dogs and a masked palm civet captured in Sugao Marsh, Ibaraki prefecture,

during 1995-96.

532 F
HiERA TRV TRl No.2 No.3 No.4 T + e —
* & 4.50 4.85 3.25 4.55 3.20 3.96 + 0.86
2 E 1065 745 643 660 682 683 + 45
B £ 405 188 129 157 167 171* + 16*
= 218 290 250 270 285 274 + 18
B & 241 318 278 307 286 297 + 18
il & 36 185 169 172 167 173 + 8
R 199 203 185 220 196 201 + 15
A B 300 348 285 378 323 334 + 39
i 324 370 308 412 307 349 * 51
E A 238 291 213 372 257 283 + 67
A 216 250 219 250 194 228 + 27
BREVATY 84 125 112 120 111 117 + 7
BREYAFY 81 119 107 112 107 111 + 6
HEEYATY 66 53 42 47 46 47 + 5
BEEYAFD 64 47 37 41 40 41 + 4
RIEKE 50 17 12 17 17 16 + 3
JRIEERE 29 24 22 27 22 24 + 2
REREY AT Y 52 45 54 45 49 + 5
BgEE Y A+ 51 40 37 43 37 39 + 3
HEHRE 40 19 8 19 14 15 + 5
HERNG 30 16 26 27 23 23 + 5
HAEAH 53 56 49 52 50 52 + 3
HAEH 53 57 52 52 S8 55 + 3
HiE 36 46 40 38 39 41 + 4
*: No.2 %<
LTEEXELOTMEICLDRENENEN -T2, 2D A, ARFHAMEIZBE U THED(BR & 35 L hinin &4

FR, 5 X F THRBEER 5% 2~ 50 TEAD KRS
N7z N7 EY U 2EEOBMKME S 5 THAN
Bond. i, WIALBFAEB NGB LZ 305
DR A FER S Ll

5. &t

BAMRRBE S — U h oML, KE (kg), &K
(mm, UTFESB3£Tmm), BE, & &S, §i
fcke, o, BaPH, §APE, BEPH, @i, ®RERV AT
U, BERV A+, RERYATY, GEEVAF
v, RIEEKE, REKE #iERYAT7Y, fiEEY
Ay, EERE, EXRE HEARAMN, EAESM,
HAMEAFHIIL 2, BIESA % Fig. 319, RER
NEFE (10kg) 2HVT10gETREY, BBV
+— (15m) MW T 1mmZ Tit-7z. Table2iZ
ZORRAERYT. ¥ X2+ No. 3RHKEH BN

Branszrcy, ZOEEREEDTY XF4FHITHONT
DOFEHEA KD, 12720, No. 23E1&d T

INTicow, FOEBEBALL.

6. MBEHRE
NIELUELU Y XFDNo. 1~No. 3Tld~/2Y
YF MU LMBLG T vibF MY LB M
FHOTRIL ATV, Mg RE L TR mekt
His JUHEFOBREEIT > 2. MEGHEIZ2 ) Ry
b (B4 Becton-dickinson #-41) % Fu, £(bFHE
HRELFSA 7430006 L EL KNS 14 4 800
V (liE bEL AT 1 AV 2T LR HED £ H
NP MAEEORMEICIE 7 vk b YU o AINEZERMD
Bl > TIRIM L2l AL, ZOfoIEHIZS W
TEANSNY U+ b Yy AMEERMAE IS & > THRILL
FoMEAEER L. BEHBRLUTO 235HETH 5.
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MBS (RBC, B 10°/1LIFRD, NE/ oKy
BPE (Hb, g/dD, ~< b7 Yy M (Ht %), BImE
# (WBC, 10°/1), REZZEHEE (BUN, mg/dD,

Y VT F e (Cre, mg/dl), 7 R iEEE
(Glu, mg/dl), 73i5—+¥EM (Amyl, U/D, #BE
YLE VB (T.BIl mg/dD, #aL 257o— VEE
(TCHO, mg/dD, #% /%7 8E (TP, g/dD), 7
LTI ViEE (Alb, g/dD, TRNSZFUBET I/ b
7 R7 27 —-¥EE (AST, U/D, 75=>731/
PIURT 2T —¥EM (ALT, U/, 7AAY 7 %
27 77 —EiEW (ALP, U/D, FEEBIKZFEREZER:
(LDH, U/1), REFEE (UA, mg/dD, ikl
B (TG, mg/dD, %703 LE (Ca, mg/dD,

e VBEE (P, mg/dD), MY T LLA VIEE
(Na, meq/D), #Y = LA4  EE (K meq/D, 1§

FA A VB (ClL meq/D. FAstEICL D MCV (3
fir: f1), MCH (g/dl), MCHC (pg) %K1, #
£% Table 312777

FLEMEECL-TI 70747 ) TOREEAR
BUAN, 4HITRTTAFRTH 7.

£ =

FXFOWMBIZZ T ANH L, T4V =4y oD
7+, BuErHShTOEN, —fmich, #
EORBNS L N5 I RHENELPRO ROk
THOENTHS. SEHEEICIAN LY 7 b+ vy F
BEABLEOESIZT Lty FAEEINTED,
FLNZOMINREIh, HESHMOREEELA
WEITRLTH B, asiz, ENBOREIC LS

T3, KRBEEETI995-96 I EiEla oy IF B LU 7 £V L OMUIRBREAERE.
Table 3. Blood profiles of 4 raccoon dogs and a masked palm civet captured in Sugao Marsh, Ibaraki prefecture, during

1995-96.
B NS e
No.1 No.2 No.3 i + ERRE
RBC (106/1) 7.13 3.66 5.34 5.20 4.73 + 0.93
Hb (g/dl) 8.4 7.4 11.1 13.8 10.8 + 32
Ht (%) 28.5 495 36.0 42.0 425 + 6.8
MCV (fl) 40.0 1352 67.4 80.8 94.5 + 35.9
MCH (g/dl) 11.8 20.2 20.8 26.5 225 + 3.5
MCHC (pg) 29.5 14.9 30.8 32.9 26.2 + 9.8
WBC (103/1) 9.24 13.86 9.02 11.11 11.33 * 243
BUN (mg/d1) 26.9 20.2 19.7 28.5 22.8 + 4.9
Cre (mg/dl) 0.6 0.4 0.5 0.5 0.5 + 0.1
Glu (mg/d) 93 120 142 101 121 + 21
Amyl (U/) 1106 2205 1980 1625 1937 + 292
T.Bil (mg/dl) 0.8 0.5 0.4 12 0.7 + 0.4
TCHO (mg/dl) 70 107 147 128 127.3 + 20.0
TP (g/dl) 6.7 73 6.4 6.1 6.6 + 0.6
Alb (g/dl) 3.5 32 2.9 3.4 32 + 0.3
AST (U/1) 725 131 164 131 142 + 19
ALT (U/) 102 104 77 80 87 + 15
ALP (U/) 411 59 108 L 84 + 35
LDH (U/1) 3745 624 324 1030 659 + 354
UA (mg/dl) L 0.6 L L - -
TG (mg/dI) 63 40 51 33 41 + 9
Ca (mg/dl) 8.9 9.6 10.2 8.9 9.6 + 0.7
IP (mg/dl) 5.1 42 6.2 6.8 5.7 + 1.4
Na (meq/l) 148 144 143 143 143.3 + 0.6
K (meq/l) 4.0 4.3 4.6 5.5 4.8 + 0.6
Cl (meg/l) 106 108 105 102 105 + 3

L: AVERFELLT
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EHLRET S0, FRETIHRRB O 21313 6B E
KIT- 4R, HEHYORORBRRSNE D
fo. BEORRBY IHEHEET L EFRENS
M, FIFEVT bF o FIlk- TEKRBEST S
Aicid, 6B T Lo RM ) TRIEL O EHEE N
B. 0B, FXIFIHEINTOIRES L UHEE
AN R 7T BRI B ER LB TH B
N, ZTHOEOREGREEILETHS. KH
BTHEINIANIEY LV EANL RY L 7OBICEL
CERN, ARTILE-> THERTZ2LD bREXTARE)
EUTR7F 2T AV EEL 52 5 BBt
ML EBEbRn.

7 X EFDABLIZONTIE, HEEY & 3 L B S
$KiED, 1978), FobA =i TFa<y L LiEly
7 I OREHRS CEfRiE,, 1978), =7 0L v
WARRE: (ZNED, 1985) ofy, ShE%ToRE
FRELEIYEWE (REEH,, 1980; )1, 1989; &
ik, 1996) Ny 5. KFEATIIIEREy ¥ 1 L LIEEESF
VS YU ORAHEA R, ASKRILENARELIL,
Atk 5%, $A%E, MEEOIE, T4bb7 bob
Y, FUSTY, Ay oRICEhENEBE BN
THET LI ENEF LD, BEHHYOIBES I
~NOLHEBBEP, (FEEOME L—EIikEd 3854
NEL. KFETHIEROFT 4 ZE-HF TN Y L
THELLEs—HICRARE L. ZO/R, 2
FTR7hoEL005mg/kg, ¥>5Y L 1mg/
kg, 7% 32 10mg/kg TEAKR 2~54, {FibkE
%9 3053 D B RIF S RN B onre. SEHYE
(I, 1989) o#E THEEEET Fo Y 0.03mg/
kg, ¥ 72> 1mg/kg, 7% I 5~15mg/kg T
AR 2~64, (FZEMM 54~904 &, AfER L3
EFRBEOHENMEFON TS, 2L, KBERTIEE
HICK > TENRBDLETH -2 Eh s, HEIC
FELAB S DLW 7 I L ORE
WMETI0H 50 ITEE (1996) OMEITH B X512
G/ 73 0 10mg/ kg &IEREF 520 2mg/ke®
BAEMEBTOLOMb LA, ~rEY LId, EH
DREED o NEMLER S OBICIERIZRN, FEkR
BoOoNITCKRE I ENTHICTRINKID, o
ULk THEEGIR LBy &+ 500
DIREMBEM L. ZOHEREFIIEYNTSH -1
A, EREELUTEERMIY 2 12 30meg/ kg, F
7Y 3mg/kgaAAEE L T (1996) 11, F

BB TIHEFET bo Py 0.1 me/keg &IEEE
r5 115 mg/kg TREMENTIEET H 5 A, B L
TOBEEDEEIER Y ¥ 2~ 20 mg/kg TEA L1
%, BMEBORBELLHETHIEHE LTS,
JEY VOMBRBIIODVWTRASROBIENLETSH
3.

AAD & X+ OEFHIMEIZ >0 TiE, SB[
HTINESINIIEERDOZLEHTH KT (1991), KF-
4 (1993, 1996) & LIS THIE Sz fFko
acEk G, 1989), SIE T TihEL L ORIKFEFEE
DEFHEHEF~NIW]E (FE, 1997) 25 5. KH
ATHEINIERIDENATHATH D, ThEKRK
WBAHNRLID ¥ 2 0 HaNEpEResE T 5101
VT EED, ThooHEIIE I IH~2HDEE
KREBEFFED SNILD - 12,

7 2 FOMBHERIC OO TOREIZIE, HEEH
(1976) I L 2 @R FEEOKEICHES Bk & &
fE (1996) 12k 2 HE T OEEMEKROEEERDH 0,
WFNR LA XDOEFHEE FIRREOE TS 5 2 EAUR
EANTD, A ROEFMEICEHL TIEEEL LHELH
575, Meyeretal (1992) 28#i1235&, 13&A
EOBBEHEEICODWTAK R IREOEFHEEF
¥Th 1. 7272L, AST & LDH MSEZE L SlE4 5
U7c. AST & ALT 3R % 0 BB & & b s B
TEHIENASNTOED, Bk 4BREEOEE T
ASTOHEMEIEIT 10 BERETH O (XH, 1989, =z
NEMERLTH ASTREETH S EBbNE. Fh
ASTHALT L O BEICHETH 5858, HOLE
NEZ oD (ELF, 1989) #%, No. 1 TRPEED
BEMAZED SN b0D, No. 2TREEDEM, No.
3TRBMBEEAER NN o, —RRINIC A X
D5 ASTO ERITHREEM TS, LDH, AST
ME BICEEET LDH/ ASTH A 6 LI T & 138 %
NELNS (XF, 1989). KAETHEIN;L Y X
FOTRTCHHREES 3 RIITEETH B EI3HEZ
I L L, MREEUAOKREAERL THE
WIZHFEICOWTEHAMTH S, FLHESFIFD
EFES KB L2 EZBIIODOTLRHTH S,

NTE Y U DMEHERICOWTOE & F - ikl
L, KERERFHTAIEETENL. LALAZ
DEFE LB LGS, 72X FEEHED AST &
LDHiz/nA T ALP SRS S EMNED shitc. 7ok
L7 Ey  oMRIEEEOEMNED SN, 08
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A Study of Science Activities Utilizing the Museum Collections Through

Cooperative Learning with Blind Students at Iitomi Junior High School

Nagatoshi HAYAse* Hiroshi KawanoBe**, Nobuhiro KUrisu*** and Hideo TAKIMOTO***
(Accepted February 28, 1997)

Abstract

The system of lending items from the collection of Ibaraki Nature Museum has been
welcomed and utilized among elementary and secondary schools in Ibaraki Prefecture. The
present paper describes the educational use of the museum collection for science classes at
Iitomi Junior High School. In these classes, blind students from the Prefectural School for the
Blind were invited to learn science through cooperative activities with Ilitomi students. During
learning activities focusing on geological formation, they used fossils and reproduction sets of
fossils, and on meaning, they used stuffed animals. Through observation by “touch”, which was
guided by the blind students, litomi students realized they could observe things not only with
their eyes but also by the sense of “touch”. On the other hand, the blind students could achieve
forms of observation other than “touch”. At the end of the science classes, the children
developed a mutual understanding and respect for each other.

Keywords: nature museum, loan system for museum collections, cooperative learning.
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Fig. 1a, b. Activities using a reproduction set of fossils.
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Mechanism of Fog Generation in the Northern
Part of Lake Kasumigaura
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Abstract

The mechanism of fog generation was studied meteorologically within the period from 0600
to 1800 for 6 months from April to September, 1996, at 21 stations around the northern coast of
Lake Kasumigaura. During observations conducted on 183 days, Kasumigaura was wholly
veiled by fog from morning to evening during only 10 days. Although the frequencies of foggy
days were uneven throughout the observation period, a generative possibility of 34 % was
estimated. Fog developed most frequently from 0600 to 0900 based on the diurnal data, and was
most likely to occur in July, based on the monthly records. Fog usually appeared when radiation
cooling occurred under high atmospheric pressure, and when it began to rain along a front of
lower atmospheric pressure. Excluded from the records for August were fogs that occasionally
spread over the lakesurface of Kasumigaura under conditions of high water vapour pressure.

Keywords: Kasumigaura, fog, water vapour, radiative cooling, front.
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Fig. 1. Observation stations. Numbers correspond to
those in Table 1.

®1. GoOREHH (1996F4718~9H30H).
Table 1. Numbers of foggy days at all observation stations.

BMICOWT

BRI 19964 45 1HA S 19974 3 31H &
TOUFEBTH A, 40N, 1996FE4H» 5 9IH %
TORESORFAEERIC OV THRE T 5. il (3
Fig. 1 & & & Table 112779 &6 0 & » il LB 21
TH5. ZOHIKIZH BINFR - PFER 6D &
WE - AL L2 DX TITKIEL, BH 68, S 18
BOBTEROHELEED BEOEMN & L THEMNSR
HELULEMEBEIZRLTLS - ¥BiIZL-TY
FATWOMALFR: - BRI 570 L5 BEEHETI
DHALFBEERL2THE. ENEFLOBEMNSRA
2 1km 0 BEYHPRIZMRA LM THEORE
AW L7, BSOS B 1km Lo BEHHIE »id
WIS 2 O EBAMS 6 FOTHNMNIBTHY, &
OMIIETOFEEBAIL T 5. BABB ORI
WTIE, 6B G 9BF, OBFA S 128F, 128Fh 5 15
By, 158505 185D 4> DB IS, £hELD
Fefitr s~ T O BB I N B A IR Z O
FIFC A RA Lic Ltk L .

BNk 2 Hhdi 2 FA A% TS (%) BEHE B oW ik &
1 TES 98 53.6 183 BREV BT T B35 {EHt
2 Nt 24 13.5 178 BRI BT/ NS Hith
3 LB 26 15.6 167 T HRREERT i Es:)
4 & 8 53 152 ITHEEAERT I A 133: 1)
5 B ei] 28 19.4 144 TTHER LT =3
6 T A 103 56.3 183 TR ERRRAE BT 4T /7 =
7 HEA 48 27.7 173 GBS HHt (EEH)
8 ‘HEB 70 40.5 173 HrinE i BRE G (HEEHD
9 HEC 15 10.6 142 FraE B HTA K GEM
10 HED 21 12.1 173 Fria i B & GESH)
11 HEE 54 31.2 173 P B B Fe g 1KHh GEHD
12 HEF 28 16.2 173 HriGER L B AT G 1 GE)
13 HEG 47 27.2 173 HriGER i SR EHh GHEARD
14 ENEYN 57 74.0 77 FESEB A A =)
15 tWET 60 81.1 74 [ CIEST RN B (AR
16 aEyri 20 66.7 30 L L EHIE ST LR P N & OkED
17 X 8 21.6 37 FEEER SR KR & GRHED
18 ft F 8 21.6 37 it G ESCIap e &t KA
19 B &/ 71 38.8 183 TS S poy RLAT A i (EE)
20 = B 71 58.2 122 FE SRR ] BT B (EEH)
21 FLAAR 98 80.3 122 B by bR LA Hih (EEH)

& it 963 33.6 2869

(1)1996E4H 1H~9HA 30 ETOHRBEIT 183 HTH 5.

Q) REMERIREABEBNEHTEH -2 bDTH 5.

(1) Obervation period was 183 days from April 1 through September 30, 1996.
(2) Frequencies are percentages of foggy days vs. total observational period (183).
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A2 HENBHE LD -2 HBRI0HDATS
5. FELT3ABDOREMENS D, [RTHER
L7l CHA o7k = & & e O Elifll 7 — # (Table
2) WHANTREBENGS K > THEI EMNbh 5.

F2, KITLEFOHOREME.
Table 2. Number and frequency of foggy days at the
Mito and Tateno Weather Stations.

48 SA 68 7H 8K 98 szt EME

(%)
KE 1 6 7 2 2 1 19 10.3
#E OO0 0 0 0 0 1 1 0.5

ERERMIESGRARMIC L 5. KSR OB
132408, EEEFIZ 0830-1700Th 5.

Data are those in the Monthly Weather Report of, Iba-
raki Prefecturc. 1996.
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Fig. 2. Frequencies of foggy days in each month during
the observation period in 1996.
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Fig. 3. Spatial cxtent of fog at every observation station during the period from April 1 through September 30, 1996.
Abscissa shows daily percentage of foggy localities among all the observation stations. Ordinate indicates days of

observation beginning April 1, 1996.
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Fig. 4. Columns show frequencies of fog at certain time
of day every month.
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Fig. 5. Daily changes in water vapour pressure and saturated water pressure during the period from April 1 to September
30, 1996, at the Tateno Weather Station. Data are those of the Monthly Weather Report, 1996.
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Fig. 6. Weather map for 16 April 1996.
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Fig. 7. Weather map for 29 April 1996.
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A List of Insects Collected at and around Sugao Marsh

Masaki HisamaTsu* and Seibi Suzuki*
(Accepted December 5, 1997)

Abstract

A list of insects recorded by previous authors and collected by the present authors at and
around Sugao Marsh is presented. This renewed list includes a total of 1,212 species in 178
families, of which 124 species in 62 families are newly added.

Keywords: list of insects, Sugao Marsh.

LIS

ABOREME LTHEAKBMBOEELEB TR
1970 & 0 FHEFBRFSE E2 PO lEr ED
Sh, 199641213 428 197D BEMHR S hTH
5 (31 2—-V7 L7 REBAKREYRE, 1996).
UL, REFICHMT 28AIE, LS (1982a,
1982b, 1983) & 3 —EO O E L, KINELE
TARFEHHO [ELBHLEREERAREE)
(1991 oftizHET~2boiud, BEAMHORAE
EHFLEATH .

B, AT, SBUSBKE DR &KL
FTH#EATED UNEIED, 1996), BEHIBIZHAT
BEAN ORI REHE bEA TS, BEET
OELETAORBAEEEDTHL I EFEKBEIEAL L
9.
BRETIE, INETEEBB LU ORI THR
Eh, HEBZCILHONTWEREIIMA, XX
FAEERARA 199440 & 1996 4E F TIERE L1 EE
21178 B 121285854 5.

REFE

F9°, 1977THICHRME X b HlRan/: TEEBRA
EERARESE LUBo i h Ty 2884
—BERICEED. FIHLAXEBRRIROBYTH 5.

(D ZRE (97D BdM. “EHRBERERELSE
FrHLE" 1960 TH & 10 0% 2E], &
BRETRIFIE RO LTS 14 b b5 v TR
BEITY, BonfAEPLE L 16TEOH

A=
= -

(2) TREJEfR (1982a) KIRREHMEELBOW (¥
#). 1978~19814E1ch - 0 45t 39O EIC S
1AM Sy THETE LY A1 BoWmE

(3) Lkt (1982b) RIESHATEEBOH (
2 FA). T FTHESNBEOWE. KEERED 1
BEREs|H.

(4) EARWZ - THIEN (1983) RKEAEHHEA
Bod (AA4H7LERED. A1 AHIBBOHE. X
FERO 1 AR E5IH.

¥ 1L - UT Lot 7 RB AREE (T 306-0622 HFEHIAR 700; Ibaraki Nature Museum, Iwai 306-0622, Japan).



120 ARAIERS -

(5) mEUEL AER (1989) EdiE. S
VIBRECAAEEE". 1989 E 2 @ Lk A
I UHEROI Yy F o TEICE > THAZS3ED
s

(6) ZIRBH ARER (1991) EhfHE w4
BREVRNEAARENR. 19894 28,5 10
HIemdTSA b b5y THEE, SAPET T
AR T ERERE Tl 665 oW

(7) ZOREEE T KRFEBA (1995) Ed “H/1BE
VI BRBEEEZEALE (B8 - RRF) @EE.
1994 ED9IHE 10 BIRA F b5 o THAE, =
1M b7y TRERMEERENETHE A 1971
O KRNERD 1A = 511.

(8) REkEHE (1996) mﬁﬁﬁ%?&ﬂﬂﬁﬁﬂ%
S R I R & 19964 8 HiziTh i
tkﬁ@m%rfé%ﬁnﬂWA B TEHEX
N2 107TMOWRE. KFEED 6 FAR XTI,

Rz, 1994405 19968 & TIZ RICAM & AN

12— VT L= 7 R H AR EE O A S A

B, BLUEORITHRE LIS Y X MTNA .

1994 41, BAREHEMRARICH 2, 6 LS 10HE T

DNIOABUNERETE M - 72hY, 19951FR1: 4 A

510 ETO~NSSHME, 19964 3H 1S 11 A%

T@«%Hﬂﬁﬁéﬁot.&%LQMi {EEE

FAET, A4 bS5y THELS ISERTIZ 3ET

- 7z.

AESH

EANE, AMB O L, Kbl &
IFficEE AWl Skm, ElEAK0O6kmDOET
HAH. @i, 3y, varaduls UREEE AR
DEC LI, ZAFVARLTH L OBEES 5 B
HoFHAH O, HAHIZE 7 X ¥, 42T
1 EDEERD S BHARMNETET . 2, Ho
BO—IIC I A 40T B T 4 A Y F F OB
MH L. A, KEOEW, LiboiiA, k7o
DHERE 7S S12 & 0, Bk Dk & KGR T Ay Bk
IHEATE D, HOBIIMOTR L 2L AICEAF
DRENRRLON S,

RAEHPIE, FHEAWMO FMOFE A FLHEE, A
MUz GIDAA 22050, FICHE L MR, £ LTk
AT LHEENBATH S

I3,

ETENIES

E4BOERIEORH

EEBB L0/ TIE, XETHEAINLED

iz 72C 628 124884 A, 178%F 1,2128 0124
b*ﬁ@éﬂéﬂt (Appendix 1) . #&Af1EH (1991), #k
FE1992) 10k B &, REEGATTTE 1,200 560 12
HIAERIN T BN, TN EREEOREEIN LS
Nl &Il 5

SMIDEEORYT 124 Qs ni. &
72, ARME 1996 12/~ + /3 F M EHAER S 4 & i
MO RETIT->Th b, 5125 OMEIGEMIEE
SINBHRAATH S, Kk (1996) ofEicsH s L9
I, MO RERFEEDOAN I ERL TS ENR
9. TERB oD Ok IR, 1993) 10X

5EENTA9SHORBENHEAINTE Y, FAth
KoBRdug b & 2,000 MEE DTN FETH
L EffEEANS.

THEBOBHTE, SHEHIREIN T EF TV
oz GEE-H L, 1985a, 1985b) oFHbrH&Ic
BEahs, Ly K¥F—% 797 (199D 12k
THRVHEIEEIN TS LY F7 A L ENERESN
. L LEds, pukolitgs LTe v UhBIER
INTEST (22— 7 L= 7 KRELE KM
f, 1996), kAERDOBELESTRE L. L
A, BRNEHOMETL O Z L OESLBREN TS
O, T o RS NS KT H B &
WA k9.

EAERELLE T, AER O O R

W R o 2 ENE CEBEIN. FItAAT?2
BHDONZA ET Y NOLENH B 1FH, IR
FINTLBFAZ2F3 NIABIEINDOITIHE

M3, E1, RATAATURA A RRANF L E
RBFUC BT b @Rl EnE S ICBE sl &

ﬁ,$ﬂﬁwé%ﬁ%ﬁmMWEénfué:
MLTWBbDEZEZLOND.

ExI

E

KNLEEDBIZH T VEERORIE Z W 10 o IRER
UELK, REERIOEROES LTS, Fo, H
BB TR L RBREA £ FE Lo 2uik
KHGEFIS, BREOWIIE OISO 7248 ER S T 4
TOARWKIZHLECH LB L ETA



BRI RBRHE 121

3 ACE
BEAfREZ. 1992, HARMPEHRTIIER GRREFATD
EREHSWE AKEYERET RS, 6:51-55.

BENTRTE - R RM - PMREE. 1991 B ARYBIE RS
Brgein GRIRESAT) EEME. B AR B
FE#E, 5:56-99.

I - FEiE. 1985
(#). 364 pp., FEKIL.

MEINHE - JF BiE. 1985b. H AGE
(). 371 pp.. i,

HELIPE - - ESEERE. 1995 WSS it -
WE- . 52 pp., PEKTHTREE.
AR 1977, Rda#l EHEENRER =

pp. 75-90.

HORELEE LA ST 1989, ML EHEEREUBRERE
& pp. 110-121.

RBESE T AREH . 1991
AEREHNM. pp. 1-16.

AIREEEFARESH. 1995 R EARARUEREE
REHET (BH - BdUB) @EE pp. 17-19

EARBZ - THILR. 1983, REEEHTELBOH (£

FAE b R KRS | BRI
b R KRS 2 B
FhsH—HEOE

REEANARSE

)

RUHs &EERURE

BORK - EFHEMEDL. 620 pp., WMHIEAEHKEE
WEL 5 —.

BT 1991, HAOHRBOBEZhOH DEEAEY - L v
F—5—=%7y 7. 340 pp.. MEIEAERBEEA Y
5.

KRICHE - EiRAR 1994 HAE L CHSH - s
M. 539 pp.. HiEEAFHRE.

TREife. 1982a. ASRBEIEHELBOW (v7). FH
£, 87:23-33

THEILDE. 1982b. MR ESFHERBORK (<)
ity 88:81-83.

RFRSIFRE S 1993, RS DER. 355 pp.. KWL
.
1=V T LN RIRB AREWEE. 1996, 1207

L= OBEKY Y —Z (2) BERFERAEY 2 b,
3-14.
EEREA - N EER
pis
INEEFOHE - UMY - KREFEML. 1996, BEHEPEOMEDHE
& B, HRMERFL. 17:133-143.
KEEEE 1996, FIMESSEFRENMERTRLYEER
BFEBEHE. T pp.

1994, 335 5. 215pp., RE

3 7. 1993, HAFEfRA 4 L o XE&E 380 pp.. 5=
177 LB, HHT. 93:121-126, &QE;W@ HATREA £ 4 B3 pp.. 2EI
EEEET. 1989, HAEE AR - AREDAREYO e
(B 8)
AMTEH - HARE. TEEEIORBE. RESLAABYEFRES H12 (1998) pp.
119-139.
EERPLOZORMLTHE, IhETRESNECHKE SIS, KHETHICRSE

x4t 628 12484 %,

178 81,2120 Eh 4 Y 2 b L.

(F—7—BR): Bl g4



122

&1,

BHEBRIORR) X k.

AKAIER - E5ARRIE

Appendix 1. A list of insects collected at and around Sugao Marsh.

SRR HE M
No. 2] # B % # £ (1) (2) (3) (4) (5) (6) BERR &3

[YES {FF VR TITALEH Ischnura asatica O 0 @]

2 yuq b rrX Cercion calamorum calamorum O O

3 44+ bR Cercion sieboldii O

4 LRI P PUE Cercion sexlineatum O

5 TAEYAM K Ischnura senegalensis O

6 E/HYPUF AAEIHY b K Copera tokyoensis O

7 FTAL4FRE FVIAVA Y bK Indolestes peregrinus O O

8 TAAR MK Lestes sponsa O

9 A TAA PR Lestes temporalis O
10 AT E nywp K Calopteryx atrata @] O
11 Yo TAY Aeschnophlebia longistigma @]
12 ¥ryo~ Anax parthenope julius O O
13 s b= a s Stylurus nagoyanus @]
14 wFIYTrw Ictinogomphus clavatus O
15 Pt E S O d Anotogaster sieboldii O O
16 I bR FAvw b UFE Epophthalmia elegans O
17 bR ARG P K Orthetrum albistylum speciosum O O O
18 TAY P Orthetrum japonicum japonicum O @]
19 L i B S Orthetrum triangulare melania O
20 = VN Deielia phaon O @]
21 FVT RN E Sympetrum darwinianum [oe] (@)
22 THRTHH Symoetrum frequens O O O
93 24T H AR Sympetrum kunckeli O
24 RAYFTh R Sympetrum eroticum eroticum @] @]
25 AT HF Sympetrum paruvulum O O
2 SV APUH Sympetrum infuscatum O O
27 LT F P UK Pseudothemis zonata O ]
28 Fay byt Rhyothemis fuliginosa O
29 aydaybrK Crocothemis servilia mariannae O
30 R YAL 3 NV Pontala flavescens O 0O O 30
NN JUOF X NFFLaINFR Nippancistroger testaceus (@)
32 Viaed s d Al A Diestrammena apicalis O
33 CTTHYEFYT Diestrammena japonica O [ONe] @]
34 FYFYR VALY Phaneroptera falcata O @)
35 AV VALY Ducetia japonica [ON@) O
36 AR YN Ducetia chinensis O
37 Ny Iyt A Hexacentrus japonicus @] (@]
38 [ 3 Metrioptera hime O
39 F7¥Y Tettigonia orientalis orientalis O
40 EE DI Gampsocleis buergeri O
41 F4 % Conocephalus melas O
42 INFAHE) Conocephalus japonicus (@]
43 ZEFYFR Euconocephalus thunbergii O O
44 A+ FY Conocephalus gladiatus O O
45 PRERL S )] Conocephalus chinensis O O O
46 74 %) Ruspolia lineosa O
47 Y7AanYFYENF Xestophrys horvathi (@]
48 g rI Gryllotalpa gladiatus O O @]
49 atu¥ 74 e/ Paratrigononidium bifasciatum O
50 TUTIaAOF Teleogryllus emma (O] O
51 IyhFatog Loxoblemmus doenitzi O (@]
52 NGAH AL X Loxoblemmus campestris O O
53 vyt atuy Velarifictorus micado O O O
54 TYIAX Dianemobius nigrofasciatus O O O
55 YINAX Pteronemobius mikado O O O
56 YF AKX Pteronemobius ohmachii O O O
57 By V% Oecanthus longicauda [oe] O
58 AKX LY AR LY Homoeogryllus japonicus O
59 vV A TATY LY Xenogryllus marmoratus O
60 ATy ATy 8 Atractomorpha lata O O @]
61 AT R4 awu)avnyy Acrida cinerea O O @]
62 vayyaynNy §EFF Gonista bicolor O
63 [ A4 Chorthippus biguttulus O
64 TNy FENE Oedaleus infernalis O
65 VA A dA P4 Locusta migratoria O 0O O
66 1A%y ¥ Trilophidia annulata japonica O
67 DNFA (3o F ) Oxya yezoensis O O O
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68 NAFHAFT Oxya japonica japonica O
69 EinNy ¥ My ¥ Criotettix japonicus O O
70 NEFHEI N ¥ Euparatettix insularis [O0] O
7 NI Y Tetrix japonoca O O (]
72 ExEY Iy Y Tetrix minor O
73 aNRFEINY Y Formosatettix larvatus (@]
74 23Ny ¥ JINy Yy Xya japonica O 44
B FFIY FFIY IFFFIY Phraortes illepidus O [@) i
76 NI AT NHEILY NI A (A M 3LY) Anisolabis maritima [ele) O
77 eyrvontiny Gonolabis marginalis O O O
78 aesvuntiny Euborellia annulipes @]
79 FANG I LY AN ILY Labidura riparia japonica (] 4
80 < ¥Y) A X Favtrhzx) Tenodera angustipennis O O 0O
81 AAHn<FY Tenodera aridifolia [ONoNe] O
82 IAYEY Statilia maculata OO0 O
83 NIEBATFY Hierodula patellifera O O 4
84 Tx 7 TETY saTxTY Periplaneta fuliginosa O 0O
85 Y hTHxTY Periplaneta japonica O 2
86 a7 IVHIFIaTYy X bhiaory Reticulitermes speratus O 1
8T Fx ¥ T he TITAFXIET YANRZF X T Amphipsocus rubrostigma O 1
88 H ALY Uz A=V ] Sogatella furcifera O
89 asYTh Tropidocephala br ip O
90 zaa7osn Tropidocephala nigra O
91 YIHTFH YN Stenocranus tamagawanus O
92 S IS Oliarus apicalis O
93 ERSAIL S Reptalus quadricinctus O
94 YFEHTIT o H Andes mamoratus O
95 FANANTIE FANRNTOE Geisha distinctissima O 0O
96 NraE Ny dYyNnITaE Orosanga japonicus O O (@]
97 Ry NN TIE Euricania fascialis O O
98 TIHHNTOE Pochazia albomaculata O 0
99 +3 T7IE3 Grap Itria nigrofi o0 O
100 IvIVER Oncotympana maculaticollis collis O O
101 L e Platypleura kaempferi O @]
102 eys Tanna japonensis japonensis O O
103 NLEI Terpnosia vacua O
104 VI rEYY Meimuna opalifera O
105 v/¥3 [ = AV Machaerotypus sibiricus (@)
106 aNYITIIH AHFTITIIF Eoscartopis assimilis O
107 TITELY JHAVTI T Aphrophora vittata O
108 SHFETITF Aphrophora intermedia O O
109 kL TPITR Aphrophora stictica O O
110 AV¥T7TI7% Tabiphora ishidae O
111 CAEYXTITH Tibiphora rugosa @]
112 33Xy 33X Ledra auditura O O O
113 233X Ledropsis discolor O O
114 A4 F A veratdaarng Bothrogonia ferruginea [O}N@)
115 A4 aong Cicadella viridis [e}Ne]
116 wrvod4aang Kolla atramentaria O
117 saegyaaN, ORI IIAINA Penthimia nitida @]
118 EPERD FEE SV Xestocephalus japonicus O
119 FanA v yuaand Nephotettix cincticeps O O O
120 e EyIIANA Hishimonoides sellatus O
121 PP Y R | Scaphoideus festivus O
122 FAFHYFINAL Doratulina grandis O O
123 Ty FrI3aANA Macrosteles fasciifrons O
124 exaa,iq B xIaNA Limassolla multipunctata O
125 H A FHITHIHR Haematoloecha nigrorufa O O
126 X INF LT A NRFHZHENYLH R Nabis stenoferus O
127 AT IHALY LERXTTHA Stenodema calcaratum O
128 AABLHALY EAKT I ALY Physopelta cincticollis @] O
129 N) A ALY RINY A ALY Cletus punctiger O (@]
130 EANYh AL Cletus trigonus @]
131 REONTEANYH ALY He us unip tatus O O
132 IYFANYHRALY Hygia opaca O O
133 FAXFH ALY Acanthocoris sordidus O
134 AXTEANY I ALL Anacanthocoris striicornis O
135 AINYH ALY FIANY R ALY Riptortus clavatus O
136 ZENYN ALY Leptocorisa chinensis O
137 EXNY ALY TAHECRANYH ALY Rhopalus maculatus O O
138 TFE AN AL Stictopleurus punctatonervosus O



124 ARAERH - $5RAKE
XHkEEE HE B

No. B # H 4% ¥ & (1) () (3) (@) ) (6) Wil Bd
139 FHAALY CACSTFHN ALY Cymus aurescence [@)
140 ey Hh ALY Pachygrontha antennate O
141 DNFEHH ALY Dimorphopterus pallipes O
142 AXABALY Piocoris varius O O
143 CAFHA ALY Nysius plebeius O
144 SUNYFHH ALY Panaorus japonicus O
145 ¥~RYvawyr+HhALL  Paraparomius lateralis O
146 anteawy rHHNALY Togo hemipterus O
147 HeavyrrAhriny Horridipamera inconspicua O
148 L FAFEFTHBALY Stigmatonotium g latum O
149 A I A LY (MAH 144Y) Mizaldus lewisi O
150 VFHALY VFNRALY Macroscytus japonensis O O O
151 TNHALY EATAARALY Coptosoma bigttulum O
152 TN ALY Megacopta punctatissima [ON®]
153 XUHALY THARGHRYHALY Poecilocoris lewisi O O
154 YIHARY IHXEIEVINALY Sastragala esakii O O
155 NIV IHALY Acanthosoma labiduroides O
156 IRXENALY TREHNALY Urostylis westwoodi O
157 JAFYRALY JAXNARLY Megymenum gracilicorne O
158 HANY IEXTHALY Aelia fieberi O
159 TXFINALY Agonoscelis femoralis O
160 FH A Eurydema rugosa @] O
161 TN TR H ALY Eysarcoris guttiger O
162 VIRV AALY Eysarcoris ventralis @] O
163 THER ALY Halyomorpha picus O 00 O
164 yevah ALy Medida violacea O
165 TAIFHALY Nezara antennata O O
166 AFELTARALY Piezodorus hybneri (@]
167 FXNFTAD ALY Plautia crossota stali [Ol®) O
168 IR A BN Scotinophara lurida O O O
169 FINALY Sepontiella aenea O
170 A FT7TAVFE AL RTAVH Hydrometra procera O
171 L V7 AVKE Hydrometra albolineata O
172 YEZ THEFT AR Gerris esakif O 0
173 FRAUE Gerris paludum paludum O 0 O
174 EAT A A Gerris latiabdominis O 0O
175 TETATAVE Gerris gracilicornis O O
176 IALY aIX by Sigara substriata (@] O O
177 yL4ayF y4ayF Laccotrephes japonensis O O
178 IXAvxY Ranatra chinensis O o 9
119 73IxA5ay vanZyuy Fryoeangruy Spilosmylus fravicornis O
180 NTXVEFF EAANTFYENF Mantispa japonica O
181 W ANH AT Y 3G ANRH Y Myrmeleon formicarius O O 3
8T F R FHETTLY FHETT LY Tenomerga mucida O
183 Nnriay ZYnriay Cicindela japana O
184 IYHFENIay Cicindela elisae elisae O
185 E AFANYTATIALY Chlaenius circumdatus (@]
186 FRYTHIIALY Chlaenius circumductus O
187 AT IITATILY Chlaenius hamifer (@]
188 EAFRYTFTILY Chlaenius inops O O O
189 SN FTOTALILY Chlaenius kurosawai O
190 AATEHELTATILD Chlaenius micans @] O
191 TR TAIILY Chlaenius naeviger O O
192 TATILY Chlaenius pallipes O000O O
193 AAYATATILY Chlaenius pericallus O
194 FHEITALILY Chlaenius posticalis O
195 LAFEQRTFLILY Chlaenius sericimicans O O
196 ANTITATILY Chlaenius variicornis O
197 TEITAIILY Chlaenius virgulifer O @]
198 AVTATILY Haplochlaenius costiger O O
199 Yvhbyor)TIN Lachrocrepis japonica O O O O
200 b rYINY Lachnocrepis prolixa O O
201 78 HTTRRYTILY Lebia bifenestrata O
202 Faw VT hEYTILY Lebia retrofasciata @]
203 A43YTFT7 ¥V II LY Parena perforata O
204 IJASEIFH LY Campalita chinense @] O
205 THANFAT LY Carabus granulatus telluris O O
206 TAAY LD Carabus insulicola insulicola OO0OO00O O
207 <A< AnTY) Damaster blaptoides O O O
208 rarHAta Leptocarabus procerulus proserulus O 000 O
209 FrnRFTEFHTINY Odacantha aegrota @] O
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210 +H o a¥Nt s EFHTI LY Odacantha puziloi [@)
211 FAOAFELEI LY Acupalpus inornatus O O
212 R HEYTIAY Anisodactylus punctatipennis OO0 O
213 TILY Anisodactylus signatus (O ON®) O
214 EXTINY Anisodactylus tricuspid: O
215 FNRYTEILY Anoplogenius cyanescens O O
216 INNTEI LY Harpalus babai O
217 PATOIET LY Harpalus calceatus O
218 A LES LY Harpalus capito O O ]
219 FAXy TR LY Harpalus eous O
220 YORAEI LY Harpalus griseus O
221 EASTEI LY Harpalus jureceki OO0 O
222 7y TEILY Harpalus platynotus O
223 ATET LY Harpalus tridens O O
224 yIEs LY Harpalus vicarius O 0 @]
295 IRYYRATEI LY Stenolophus difficilis O O
226 VXTRALET LY Stenolophus iridicolor (@]
227 ARTHRATEI LY Stenolophus propinquus O
228 S E A =L P N Stenolophus quinquepustulatus O
229 AVELAFFNTILY Badister pictus O
230 FARFNTTILY Diplocheila zeelandica O O
231 TYFLFELILY Lasiotrechus discus O
232 b ¥FA0FETILD Trechus ephippiatus O
233 TAIOIEF Y TILY Agonum chalcomus O
234 CATETYTIANY Agonum daimio (@)
235 JUERNEIYITILY Colpodes atricomes O
236 ET7HETITILY Dolichus halensis (O eNee]
237 AATINY Lesticus magnus O (@]
238 FrIUFTITINY Platynus leucopus O
239 FTAeFETILY Platynus magnus [ONONe] @]
240 AR ETITINY Platynus suavissimus O
241 AT IFHIILY Pterostichus microcephalus o0
242 I2VFFHII LY Pterostichus noguchii O O O
243 FUFHIILY Pterostichus planicollius [eeoNe] O
244 FA 0T HIILY Prerostichus prolongatus O O
245 EARVFHLINY Pterostichus rotundangulus O O
246 TLIVFHIILY Pterostichus sulcitarsis O O
247 IAHIINET Y LILY Synuchus arcuaticollis O
248 FTIUXRCTITILY Synuchus callitheres callitheres O
249 A4 2BIYEIFTITILY Synuchus nitidus O O
250 EAYYET S TILY Synushus dulcigradus O
251 HTFIINLY Diplous caligatus O
252 TANYRITI LY Drypta japonica O O 0
253 TARIIINY Drypta ussuriensis O
254 FtHeayyrAILY Scarites terricola pacificus O
255 CNHFAI LY Amara chalcites O
256 NFARNH S TI LD Amara chalcophaea O
257 AAYNGT Y TILY Amara gigantea [ONe) O
258 AVYNHYTINY Amara simplicidens O
259 ARV IILY Pterostichus longinquus (@]
260 A FENTTIALY Asaphidion semilucidum O
261 AYFIIXFPIILY Bembidion morawitzi O
262 TrEVIXFITIAY Bembidion niloticum batesi O O
263 YKLy IX&¥IIILY  Bembidion paediscum O
264 YAAEIIXFTAILY Paratachys sericans O
265 I ABALXXDITINY Tachyura fumicata O
266 AVEYIIXAFTAILY Tachyura laetifica O
267 ATF5ETHTINY Peronomerus auripilis (@) O
268 AV ZETILY AARVIETI LY Brachinus scotomedes O O O O
269 TANZEIIETI LY Brachinus aeneicostis O O
270 SAFTGLILY Pheropsophus jessoensis O O
271 aHYIIXLY aHTFIXLY Peltodytes intermedius O O
272 yoaay Ay Iy Agabus japonicus O O
273 LAY Oy Copelatus japonicus O OO0
274 PPN B S 7 s Copelatus kammuriensis @]
275 FIEATVY Ay Copelatus weymarni O
276 NnAqaysay Eretes sticticus O O
277 FEH Iy Guignotus japonicus @)
278 s A 2w a5 BV Hydaticus grammicus (©] O 00 O
279 xxYyoeryy IOy llybius apicalis O
280 YTy Aay Laccophilus difficilis O
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281 AR T Tay Laccophilus lewisius [@)
282 eAY XYy Rhantus pulverosus OO0 OO0
283 Hhy EAHBY Sternolophus rufipes o] OO0 O
284 afuLy Hydrochara affinis O O O
285 MR TRTH LY Berosus lewisius O O O
286 TTIHALY Berosus signaticollis punctipennis [ON O]
287 TAH LY Regimbartia attenuata O O
288 e LY Coelostoma stultum O
289 ERAL A A Cercyon quisquilius O
290 2 E N4 Cercyon ustus O
201 YRR FLHLY Cercyon laminatius O O
292 T HLY Cryptopleurum subtile (@]
293 AVETIHAY Helochares striatus @] @]
294 FRYETIHLY Enochrus japonicus OO0 O
295 ¥{ueyyNLy Enochrus simulans umbratus O
296 IURLY axrry<hy Margarinotus (Grammostethus) niponicus O O
297 el o2 A Hister japonicus O
298 ALY FTAEET P FLY Necrodes asiaticus O
299 VAP Nicrophorus concolor O O
300 ENE A 2% i Nicrophorus quadripunctatus O O O
301 EAZ7O0TFLY Nicrophorus fenuipes O
302 RLEY L FALY Nicrophorus maculifrons O
303 AruLFLY Ptomascopus morio O O O
304 FAeTITFLY Eusilpha japonica OO0O0O00 0O
305 AT ¥ 27 XTI FANEFNT Y Lathrobium pallipes O
306 vRSAFHANRI Y Y Lathrobium unicolor @]
307 saXbHYNRAT Y Lithocharis nigriceps O O
308 IRTHFHINGZH TS Ochthephilum bernhaueri O
309 ZOFHINGH T Y Ochthephilum densipenne O
310 THINFHINGZHT S Ochthephilum pectorale O
311 FTANTYHINRAY S Paederus fuscipes O [oeNe]
312 TERINEH I Rugilus rufescens O
313 MAREAINRAT S Anotylus lewisius O
314 EATHEAINGA T Ochthephilus migrator @]
315 ¥NREAINRH ST Ochthephilus piceus O
316 +I3ALIVUNFHIY Ochthephilus vulgaris O
317 LEFAGFHNINT Y Xantholinus cunctator O
318 LFEONRA TS Algon grandicollis O
319 sa¥Lunihs i Ocypus lewisius O O
320 28T INRK s Philonthus japonicus O
321 XTI FEANLTFININY Y Philonthus numata O
322 ARV AHSTNRA TS Philonthus wuesthoffi o]
323 XTI RYATANRAT S Stenus rugipennis O
324 IIHY LY IX¥RIINY L life -atus O
325 309N Macrodorcas rectus O O O O O
326 JaAX¥Y Ny Prosopocoilus inclinatus (@) O o O
327 ey FaHE trFaNt Geotrupes laevistriatus O O
328 AHFLY BT LY Allomyrina dichotoma O @] O O
329 aANT LY Eophileurus chinensis O @]
330 yuaFi Holotrichia kiotoensis @] O
331 A raaHk Holotrichia parallela O O O
332 EPAET/# Holotrichia picea O
333 TLFHIANF Hoplia communis O
334 TAEOY Fadi Maladera castanea OO0 O
335 voy Faki Maladera japonica O O
336 TVHITEQY Fahi Maladera secreta @]
337 AXaI 7R3N R Melolontha frater O
338 EESE/ N Melolontha japonica @]
339 T4 F AN R Adoretus tenuimaculatus O O O
340 FOHNRTLTA Anomala cuprea O O O O
341 VA aeb N Anomala daimiana O O O
342 JXAHR Anomala lucens O
343 Ny I ATH R Anomala puncticollis O
344 v AN Anomala rufocuprea O O O O
345 FEH I AN Anomala schoenfeldti @]
346 ARV aN R Mimela costata @]
347 KRN Mimela splendens O O
348 ATaNE Mimela testaceipes O O O
349 YAF XN F Phyllopertha diversa O
350 < AIHR Popillia japonica O O O
351 sUTNILY AN F Onthophagus ater O
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352 EVAS RS EY Onthophagus atripennis O O
353 TNy TIH G Onthophagus lenzii O

354 VXINIYTAHNF Onthophagus nitidus O

355 FINFLTY Trichius japonicus O
356 NFLTY Eucetonia pilifera O

357 TANFLTY Eucetonia roelofsi O

358 A7 ANF LAY Oxycetonia jucunds [Oe] O
359 LIGHFIYXNFLIY Protaetia cataphracta O
360 saFyntaAyy Protaetia orientalis submarumorea O O O
361 AFTy Rhomborrhina japonica O o O
362 raftTy Rhomborrhina polita O O O
363 [ FAY )] Anthypna pectinata O

364 5‘771\‘1"1-\7‘) Nipp Igus angusticolli @]

365 R A AR B/ N Trichiorhyssemus asperulus O

366 INF I3 PEAOTAINF 2 Scirtes japonicus O OO0

367 TNIMF LY LG TFERM M LY Simplocaria bicolor O

368 FHFOLY YFATFH LY Heterocerus fenestratus (O]

369 LYy INFYTLY Chalcoph ponica Ji O
370 YLy Chrysochroa fulgidissima (O] O
371 2XI)FEYTLY Trachys auricollis [ORONe]

372 FIHSFEIVLL Trachys griseofasciata O

373 YAFEITLY Trachys inconspicua O

374 YN FEIT LY Trachys inedita O

375 YFEFFEITLY Trachys minuta salicis @]

376 IRXAVFLY VAP e 22 L Melanotus annotus @]

377 THT A7 TAY% Meianotus cete @]

378 aZ=-SVE: Melanotus legatus legatus C O

379 tAreyarvx Tetrigus lewisi O
380 ThHNSIUARATF Ampedus hypogastricus O

381 vt FFHaIAYF Elater kometsuki O

382 Friuaivi Haterumelater bicarinatus O

383 TYSFEaATF Aeoloderma agnata o O @]

384 H+EXaYy Agrypnus binodulus OO0 0 0O
385 FVHEFaY Agrypnus fuliginosus O

386 EAGExay Agrypnus scrofa scrofa O

387 FANFAADF Dicronychus nothus O

388 27aYXNTARATF Hemicrepidi O

389 YAMFTARYF Selatosomus vagepictus O

390 TaghaKy Iy ATavhg Podosilis omissa O

391 JaunhAfy Athemus suturellua O

392 tHL Vayhg Athemus vitellinus O

393 IREAZERYVavhA Podabrus malthinoides O

394 AL IRV VarhA Podabrus temporalis O

395 hLFVav A Prothemus ciusianus O

396 rovy¥JavhA Malthinus japonicus O

397 2 LRSI Luciola lateralis O O
398 ruav KEINL Lychnuris fumosa O
399 HhIXTI LY EARAMAI AT LY Anthrenus verbasci O

400 a7 XA B NILFEAIZRA D Ancyrona haroldi O

401 Jayh{AEFF vOAEVarh{ENY Laius historio O

402 IeETAVavNALERF Malachinus prolongatus O

403 rIFAL LY FHAYF T X AA Amphicrossus lewisi O

404 FIeFIrTEFAAL Epuraea pellax (@]

405 XX Tro R RA Soronia fracta O

406 ¥R IrvEAAL Soronia japonica O

407 ENE L Librodor japonicus O O
408 EANF LY FLOTIFHEANFLY Heterolitus nipponicus O

409 VAR SN IVEZETAMETIALY Psammoecus triguttatus O

410 FTAFZAL LY ENEPZEE .S Helota gemmata O O
411 AAF a8 Y ZAYAS Ak i Neotriplax lewisii O

412 vAXELLF /2 Episcapha fortunei O O

413 FrhuyTy EDE A2 A 4 Ancylopus pictus asiaticus OO0 O
414 FrhwLy EATHASTZ b Chilocorus kuwanae O OO0

415 FayRIF MY Phymatosternus lewisii O

416 BAI DT by Aiolocaria hexaspilota O
417 PESEE L 8 ] Anisosticta kobensis O

418 L=TIakIF by Calvia muiri O

419 adadr vk Fr by Calvia quatuordecimguttata @]

420 ruYay TRy Fr by Calvia quindecimguttata O

421 FFRIF LY Coccinella septempunctata OO0 O
422 FIF MY Harmonia axyridis OO0 OO0 O
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123 L E R E A Y] Hippodamia tredecimpunctata 0 O 0O 0
424 E B =h b Illess koebeler O O
425 EAARXIAFT by Propylea japonica OO0 O
426 sOu~AYR AT Y Scymnus ~iNeopullus) hoffmanni @]
427 BITLTERAT VT Scymnus(Pullus) kawamurai O
428 aJrBeAFULY Scymnus(Pullus) posticalis O O
429 [ 3 Epilachna admirabilis O O
430 EXTFLY GRAFXTIXXALY Cortinicara gibbosa O
431 TUEFF X7V 7RV LY Macratria japonica O
432 kI ERY LY Fr4okrEHRILY Aderus grouvelli O
433 NLY ¥y AV A a7 Lagria nigricollis O
434 7FEXLY AX o7 FHRLY Allecula fuliginosa O O
435 2FXLY Allecula melanaria O 0 O
436 TIAVYY AFXILLTTY Gonocephalum japanum O O O
437 AYATIINY IV Uloma bonzica O
438 ITYIILL YYD Uloma marseuli [Oe)
439 TIATYTL Neatus picipes @]
440 Es bl Plesiophthalmus nigrocyaneus O O
441 NnEJ3 ZUEANF 3 MOrdellistena comes O
442 HIFYENSF TAHIF)EFF Xanthochroa waterhousei @]
443 FAUHIFYEFS Xanthochroa hilleri O
444 EETMHIFYEFS Oedemeronia lucidicollis O
445 TYERX wYIETYENE Formicomus braminus coiffaiti O
446 AYRIFVTVERF Pseudoleptaleus valgipes O
447 THREITYENF Anthicus fugiens O
448 HIFVALY I7Y I AIXY Chlorophorus japonicus O
449 FPETMIA IR Demonax transilis O
450 RENTIFY Dere thoracica O
451 IvwHIFY Massicus raddei O @] o O
452 zuhIFxy Spondylis buprestoides O O O
453 MY OFEFERIFY Pterolophi, data data O
454 FRESHEDIFY Pterolophia granulata O
455 AL IFY Prerolophia jugosa jugosa O O
456 7 hVOHERIF) Pterolophia zonata O
457 TRH IR Megopis sinica sinica O
458 JaAFYAIX) Prionus insularis @] O
459 INEINTHIFY Anastrangalia scotodes (@]
460 THNFHAIFY Corymbia succedanea O
461 ZUNFHIFY Leptura aethiops O
462 AYAINTH IR Leptura ochr fasciata och. £z ta O O
463 Yoy Py Ixy Acalolepta fraudatrix @]
464 IRYIHIFY Anoplophora malasiaca O O
465 A ol I Asaperda agapanthina O
466 STOAYHIFY Batocera lineolata O
467 THTLAATAHIFY Chloridolum japonicum O O
468 Ay say raIaIF) Nupserha marginella O
469 ¥ ALHIXY Phytoecia rufiventris O
470 FHRIHIFY Psacothea hilaris hilaris O
471 ¥ ¥IHAIFY Pseudaeolesthes chrysothrix O
472 NRZHIFY Purpuricennus temminckii O
473 RYH I FY Distenia gracilis gracilis O
474 H+E¥HRIFY Arhopalus rusticus O
475 RV HIFY Monochamus alternatus O
476 TARTNIFY Xystrocera globosa O
477 NhY EXAASANLY Cassida piperata O
478 R ITEEINLY Lema cirsicola O
479 VTV IERY ALY Lema coronata O
480 FAEIEKRINLY Lema delicatula O
481 THRIEEINLY Lema diversa @]
482 LR ER Y NLT Oulema oryzae O
483 LY TINAY Chlamisus spilotus O
484 TRATRFNNLS Acrothinium gaschkevitchii O
485 FEAFNT ALY Demotina decorata O
486 XETTIVHNNLY Demotina fasciculata O
487 HENT ALY Demotina niodesta @]
488 SR THFANLY Lypesthes japonicus O
489 WINY I INLY Cryptocephalus approximatus O
490 AFFENMYNLY Smaragdina semiaurantiaca O
491 ATAIFYNLY Altica latericosta latericosta O O
492 TN INLY Argopistes biplagiatus O
493 EAFYHTRPENLY Ch concinnicolli: O
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494 v ThENLY Chaetocnema ingenua O

495 X7 INLY Luperomorpha tenebrosa O

496 AX)77) FPENLY Longitarsus holsaticus O

497 FANTPENLY Longitarsus scutellaris O

498 NN ENLY Nonarthra cyanea O

499 FXNFIXNLY Phygasia fulvipennis O

500 FAT ) INLY Phyllotreta striolata O

501 IYXIRI)INAY Sphaeroderma apicale O

502 FEFNLY Chrysolina aurichalcea [ONONG] O
503 YFE¥NLY Chrysomela vigintipunctata O

504 AHINYNLY Gastrophysa atrocyanea o] O
505 Yy RINLY Gonioctena nigroplagiata O

506 TINLY Gonioctena rubripennis O @]
507 MYNLY Linaeidea aenea O
508 XYF+FALYNLL Plagiodera versicolora (@]

509 FUNLYEFF Atrachya menetriesi O

510 TYNLY Aulacophora femoralis (O] (@]
511 suavwynLy Aulacophora nigripennis O O @]
512 VAIRAY 2 Fleutiauxia armata ]

513 A FINLY Galerucella grisescens O O

514 TardAnay Galerucella nipponensis O

515 18 FUNLY Gallerucida bifasciata @]
516 ZUYAINNLY Luperus moorii O

517 R MALY Monolepta dichroa O OO

518 T hEINLY Paridea angulicollis O

519 oY anhy Pyrrhalta humeralis O

520 =S AV Pyrrhalta maculicollis O

521 ThEFNLY Pyrrhalta semifulva O

522 XSO hY TAXRAS LY Callosobruchus chinensis O

523 SNTARAS LY Bruchidius urbanus O

524 73 TEINTFFayF) Aspidobyctiscus lacuni O

525 FEAEFav ¥y Deporaus minimus O

526 CAYTHFayxy Involvulus pilosus O

527 exzgAd b7 Apoderus erythrogaster O O O
528 Iv¥ITA TR Paroplapoderus(Ag d: ) pardalis O
529 |7 o o/ A N Paracycnotrachelus longicornis O
530 TIXYLIEF YT Cycnotrachelus roelofsi O

531 BIAYA LTI Euops splendidus O

532 VAP S A ATUT LAY Mesalcidodes trifidus @] O
533 XYTFTFSY LY Hylobitelus haroldi @]

534 LH2IXTI LY Lissorhoptrus oryzophilus O O

535 TR I LY Larinus latissimus O

536 AIAT I Lixus impressiventris @] O
537 FUHRTZHVLFTILY Acicnemis suturalis O

538 TUNFe T X7 4TIy Cossonus gibbirostris [ON®)

539 AATAS LY Chlorophanus grandis O

540 ARLITFT IS LY Macrocorynus griseoides O

541 VAR i WAV N Mpyllocerus griseus [ONeNe]

542 At A N Phyllobius picipes O

543 ESE7EST ALY Metialma signifera O

544 THT LY F S VNS Y LY Rhinoncus cribricollis O

545 AT IESYLY Curculio dentipes O
546 A PE VL ENZ Curculio sikkimensis O
547 TALES I LY Curculio styracis O
548 Y/ LFESILY Curculio yanoi O

549 ATXRIYLY Eugnathus distinctus O O O
550 HAT IS YL Rhynchaenus (Alyctus) galloisi O

551 HeTIITT LY Rhynch (orchestes) japoni O
552 AP INGTZURECRAT T LY Limnobaris jucunda O

553 A4 IXSY LT Tanysphyrus major

554 AL AAS T HY Sipalinus gigas @] @]
555 PRI AHFST LS Aplotes roelofsi O

556 X240y R FIALY Scolytus japonicus @)

557 IXFLRIALY Xyleborus adumbratus O 376
558 YT ALY YT ALY Y rITYy Panorpa japonica O O 1
BEG 7N T LEZ S suX o THH A Tipula patagiata (@)

560 FYSIHHYH Tipula aino O 0

561 Ny AT H 5 Cte hora(Dr hora) pictiy @]
562 FTANYHH 2 H Dolichopeza geniculata O

563 v A ST Chrysops suavis O

564 Y e Microdon japonicus O
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565 NFT?T SNFTT Eristalis cerealis O O O
566 NFTT Eristalis tenax [OJX@] @)
567 FTYTINFTT Helophilus virgatus (ONe) O
568 FANFTTS Phytomyia zonata O O
569 MINFTT Eristalinus viridis O
570 KLY ANTTS Eristalinus tarsalis O
571 EALTETT Sphaerophoria menthastri [oxe]
572 Ll Wavi Tabanus rufidens O
573 VTS Tabanus trigonus O
574 THTT Tabanus sapporoenus O
575 KVEFETT Episyrphus balteatus O 0
576 XTIYALIYTT Paragus haemorrhous O 0
577 CRTYVTINFTT Mesembrius flaviceps O
578 HKVYYCTETT Melanostoma mellinum @]
579 IX7T (FYaIXT7T Craspedometopon frontale O
580 TANVHIXTS Hermetia illucens O
581 AYHRTT Ptecticus tenebrifer
582 yUTs avaey Fyy7T Bombylius atriceps O
583 AVEFTT IHNraLeF Neoitamus angusticornis O O
584 TAXTT Promachus yesoensis (@)
585 TAATT Cophinopoda chinensis O
586 FI7LTER Astochia virgatipes O
587 AT CH5 AL Myopa buccata O
588 A DIsd S DA Sepsis sp. O
589 EbFryvRyNL Sepsis monostigma O
590 INT IINENTY T I L Staurella camelliae O
591 Y ARNY T T INT Hemilea infuscata O
592 EIXYT IAY T HINT Campiglossa amurensis O
593 Zy N trFoyRT Boettcherisca peregrina O
594 Y FYosx Faywt ANy Nz Tachina jakovievi O
595 LRI NY N Tachina nupta O
596 aZArS B AT vNL Scathophaga stercoraria O
597 7 18T A4 ranT Calliphora lata O 39
598 F a7 E A4 NA LUK}y Phragmataecia castaneae O
599 A2 TR b Zeuzera multistrigata leuconota
600 AAFT b Cossus cossus orientalis
601 EARZ +Y Cossus insularis
602 o b K Cossus jezoensis @]
603 N XN TREIRINTF Eupoecilia ambiguella O
604 7I4RINTHE Phalonidia mesotypa O
605 FERINTF Phalonidia permixtana O
606 TTL4XNTF Acleris affinitana O
607 NAIFVEINTF Acleris hispidana O
608 FX /AR RINTF Adoxophyes sp. O
609 YRR AL Archippus asiaticus O
610 AAT PENTFH Archippus ingentanus @]
611 TIT FENATE Archippus piceanus similis O
612 T hPIAXNTH Archippus semistructus O
613 IYLITEINTF Archips fuscocupreanus O
614 AT bvF Archips ingentanus
615 NTEINTH Archips xylosteanus O
616 FEEYINTF Clepsis congruentana O
617 ER AN Dentisociaria armata okui O
618 LV PARE Epagoge hoshinoi O
619 FynvF Homona magnanima O
620 T hREINTE Hoshinoa longicellana O O
621 PENTE Pandemis heparana O
622 FhAFeANTE Ancylis pulchra O
623 TIHRIERANTE Ancylis selenana O
624 TIAATRAIYNTF Aphania auricristata (@]
625 {7 ANy x Bactra furfurana @]
626 YAy YN ANT Bactra venosana O
627 JAZY AT ANTF Celypha cespitana O
628 ZbkIaF ARV ANTH Celypha cespitanus O
629 AYRAZYL DR ANTF Celypha cornigerus O
630 AAsuw Y ANTH Endothenia atrata O
631 NINI I Endothenia menthivora O
632 2SI LN Endothenia nigricostana O
633 SEFRLDY Epiblema foenella O
634 AFEANTF Epiblema sugii O
635 LAEYVFABEANTH Epinotia bushiensis O
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636 NEy RATVI Epinotia loucantha O
637 YUY TR ANTH Epinotia rubiginosana koraiensis O
638 EUMRANTE Eucoenogenes japonica O
639 VEJn MY ANTF Eucosma catharaspis O
640 FEFI TN Eucosma intacta O
641 SJAVETZANEANTE Eucosma striatiradix O
642 AYVATEANTF Grapholitha quadristiana @]
643 vy FERANTF Gravitarmata retiferana @]
644 FrRTORTIEANTE Gypsonoma distincta O
645 YH+FHHFFIe AN F Hedya acharis @]
646 JOEVEANTF Hedya dimidiana @] @)
647 aTuTIRANTH Hystrichosolus spathanum O
648 TAHYEANTF Matsumuraeses phaseolt O
649 2T rIVENTF Metendothenia atropunctata O
650 NI anTE Notocelia rosaeocolana O
651 JU—NEANTF Olethreutes doubledayana O O
652 Y IFERANTE Olethreutes exilis O
653 ATTEANTF Olethreutes morivora O
654 vV TheANTH Petrova cristata O
655 Y FIvANTE Saliciphaga acharis o O
656 FAXFFHFF I ANTIX  Saliciphaga caesia O
657 vaexi o4 Spilonota albicara O
658 AAFIFIITINTERST Th ¢ pha mikade O
659 NYXFEFXT VACE I A d o R S Lepidotarphius perornatella O
660 IO Fri)HN Eumeta minuscula [Oe]
661 vaXay ~¥yravIA Ly Decadarchis contributo O
662 EVAS Fy I NTHREIAN Caloptila theivora O
663 ERERE/s L spilapteryx 1l O
664 CAIAF R Yponomeuta tokyonellus O
665 AA R INA RH Yponomeuta anatolicus O
666 XA INH EETPRAIN Melittia japona O
667 TN NFIH SIAYHINTANF Y Promalactis suzukiella @]
668 Y IH FA) —HFYN Cosmopterix drurella O O
669 REF T HHY S Labdia ,“emicoccinea O
670 [ o/ A/ A T TR XNY Odites leucostola O
671 YAFTYE TG RN Aristotelioa cleodora @]
672 FTorat XNy Telphusa necromantis O
673 VAT TN Uliaria rasilella O
674 wTIH FYLA Pidorus atratus O O
675 1997 {79 Cnidocampa flavescens O
676 IS ITALTH Parasa sinica O O
677 YA4TATH Phlossa conjuncta O
678 <z P EACY IR Rhodoneura hyphaema O
679 *¥IXEH Rhodoneura vittura O
680 < R Thyris usitata O
681 THAIY NN Striglina scitaria O
682 AAF VYA TAAHN Arippara indicator O O O
683 GAAE MY RAHN Endotricha consocia O
684 XELIHYRXAN Endotricha kuznetzovi O
685 AL T R AL Endotricha theonalis O
686 ThHI AN Herculia pelasgalis O O
687 rEATS YRS Hypsopygia regina O
688 SV FRITAAN Mimicia pseudolibatrix O
689 FTRLIAAY Mymphula fengwhanalis O
690 TERTYT AL Orthopygia glaucinalis O
691 IRFIXAAY Orthopygia placens O
692 PEAOTIRIIT XA Stemmatophora valida O O O
693 FATALRAAH Tamraca torridalis O
694 TEFr S Aphomia sapozhnikovi O
695 AN/ Ancylolomia japonica O
696 DRSS /8 Calamotropha paludella paludella O @) O
697 1V M Calamotropha shichito O
698 EVAZE /8 Chilo luteellus 9 (OO O
699 SHAAHEFF Chilo niponella N
700 ~HALH Chilo suppressalis O
701 SUATY M Crambus argyrophorus O
702 FUAYY M Crambus humidellus @)
703 YAX MY Crambus perlellus O
704 PRAVE 2 Parapediasia teterrella O
705 GRALGHXR) ALY Agrotera nemoralis O O
706 CRANTY I AAH Anania verbascalis O
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707 PR EVERE ] Aurorobotys aurorina O
708 FTHIATTI ALY Bradina angustalis pryeri O
709 HENI ALK Circobotys nycterina O
710 GALGHRAT ) AN Clupeosoma cinereum @]
711 a7 AL Cnaphalocrocis medinalis O
712 Y ) AAH Coclebotys coclesalis O
713 TR/ ARY T AAH Conogethes punctiferalis @]
714 CI)AXS T ) AAN Conogethes sp. O
715 KHYFIALH Demobotys pervulgalis O
716 SRTXYERAIALN Diasemia litterata O
717 FTYERI ALY Dissemia accalis @]
718 TXYFI AAH Eurrhyparodes accessalis O
719 Tt AW Evergestis forficalis @] O
720 AN ) ALKN Glyphodes pryeri @]
721 2 AAH Glyphodes pyloalis 0
722 ENENYE RS/ Glyphodes quadrimaculalis O
723 ZUuNYF ALY Goniorhynchus butyrosa O
724 EAVWIIAY S ALK Hedylepta misera O
725 JUIRT I AL Hedylepta similis (@]
726 NAXT T ALK Hellula undalis @)
727 ErFIOIAAN Herpetogramma luctuosalis O
728 YIF I AALT Herpetogramma rudis O
729 SR FEra ) ALH Herpetogramma stultalis @]
730 AR S/ Hymenia recurvalis O 0 O
731 IVFVIAAN Mabra charonialis O
732 NHTEFXF I ALH Marasmia limbalis O
733 A AAH Maruca testulalis O
734 SUF X AN Nacoleia commixta O
735 FL AR S AN Nomis albopedalis O
736 JEY ALY Nomophila noctuella O O @)
737 VRSB EE Notarcha derogata (O]
738 ER AV EEE ] Ostrinia orientalis @]
739 TS AL Ostrinia palustralis memnialis O
740 TH ALK Ostrinia scapulalis O
741 Ostrinia zealis O
742 RITHARBL ) ALY Palpita nigropunctalis O O [O®]
743 AHIURY S AN Piletocera sodalis ]
744 JURVF LI AAN Pleuroptya balteata O
745 YRATR LI ALH Pleuroptya punctimarginalis O
746 VA AL Pleuroptya ruralis O
747 XLT I AT Prodasycnemis inornata O
748 yatE ) ALY Pycnarmon pantherata @) O
749 RV E VS EE] Pyrausta panopealis O
750 YFIRS ALY Selerocona acutella O
751 vRY ) AAKN Sinibotys evenoralis O
752 TLFL U AL Sitochroa umbrosalis O
753 IRAY ) ALK Tyspanodes striata O O
754 SAEYX S AALHN Udea testacea O O
755 WK ALN Udonomeiga vicinalis O
756 FHLTHXT M AN Craneophora ficki O
757 ARTATRAAN Jocara melanobasis 0]
758 AT ALY Locastra muscosalis O
759 27T AL Lpidogma atribasalis O @]
760 IRTTTRAAN Noctuides melanophia O
761 FHIET DAL Orthaga achatina O
762 ATAT AN Orthaga onerata @]
763 AATEALN Teliphasa amica O 0
764 FHTAT DALY Teliphasa elegans O @]
765 FHIITMALAN Termioptycha margarita O
766 NIV RI AL N Emmalocera venosella O
767 TR IURTTAAN Acrobasis bellulella O
768 THIRTTALH Acrobasis ferruginella O
769 AXTHAERT T ALY Conobathra frankella O
770 RV THAAEYY T ALY Conobathra rubiginella O
771 VITUTHAEYY T ALY Conobathra tricolorella O
772 NITHITTAAN Dioryctria pryeri O
773 XIS TAAN Dioryctria sylvestrella @)
774 SUAFEITINTTRAAN Etiella zinckenella ]
775 TYEIIXYTAAN Euzophera batangensis @]
776 IHFERYTALHN Nephopterix mikadella @]
@]

777

TETURY T ALY

Numonia dichromella
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778 PERRYTAAH Numonia hollandella O
779 AT TUTY T AL Numonia pseudodichromella O
780 oA TAAHN Nyctegretis triangulella O
781 THIYTALH Onococerd semirubella O
782 NTIREFRY T AL Sandrabatis crassiella @]
783 FTOIXAALH Elophila fengwhanalis @]
784 Y FIXAAN Elophila interuptalis interuptalis O
785 IOAIIY T IARALH Elophila miurai O
786 EATYTIAALH Elophila turbata O O
787 TYTFUAAALAT Catagela subdodatella O
788 TATXAA ALY Schoenobius sasakii @]
789 LY ARYOAF ALY Scirpophaga parvalis O
790 LEVIUAF ALH Scirpophaga praelata O
791 aNyLatA R4y Secirpophaga virginia O
792 SkLEvIutF ALY Scirpophaga xanthopygata O O
793 RYINYT ALK Scoparia isochroalis O
794 ZkwAaN kO bFTIH Oedematopoda ignipicta O
795 =YY ranziiuaey+uy Ne hora albiant la O
796 FAEes U Nemophora aurifera O
797 Y Fay ¥4 3iavtty Daimio tethys O O
798 Iy TR Erynnis montanus O
799 EEE2AF 2.3} Thoressa varia O O O
800 AAF i) Polytremis pellucida pellucida O O
801 Frijbty Pelopidas mathias oberthueri (O]
802 1FEIEEY Parnara guttata guttata (O] O
803 FUAFEI VLY Leptalina unicolor O
804 TN Fay TARITHN Graphium sarpedon nipp O O O
805 E A Papilio machaon hippocrates o O @]
806 FITHN Papilio xuthus o O O
807 79T YN Papilio protenor demetrius @] O
808 BTG AT AN Papolio bianor dehaanii O O
809 TuaFay FFay Eurema hecabe hecabe O O O
810 EVFT Ay Colias erate poliographus O O O
811 U EFay Anthocharis scolymus O O
812 Eriufavy Pieris rapae crucivora O O O
813 AyyaLaFay Pieris melete melete [0 @] O
814 WSEFYLTIFay UFTKFLYI Curetis acuta paracuta O O O
815 $YV3IFav IXf4uAFHLIR Antigus attilia attilia [ON®] O
816 FAIFYT YR Favonius orfentalis O O
817 T4 YR Taraka hamada hamada O
818 Lampides boeticus O O
819 Lycaena phlaeas daimio O O O
820 Zizeeria maha orgia [Oe] O
821 Celastrina argiolus ladonides O O
822 Everes argiades hellotia O O
823 Narathura japonica O
824 UIFITHYYR Japonica saepestriata O
825 FryFay FryFay Libythea celtis celtoides O
826 XY ITFay THFeY T Parantica sita niphonica O
827 yFonFay AFEIFay Ladoga camilla japonica O
828 a3IRY Neptis sappho intermedia O O O
829 IfNJeavEr Argynnis paphia tsushimana O
830 F YT Polygonia c-aureum O 0O O
831 WY F TN Kaniska canace OO O
832 EATHE TN Cynthia cardui O O O
833 THEY TN Vanessa indica indica O O
834 TLTHF Apatura metis substituta @] O
835 IYTTF Ay Hestina japonica O O O
836 Ix ) AFay CAYSFIVr A Ypthima argus [ON®) O
837 eh Yy Fay Lethe sicelis O O
838 HhE¥YT IR Neope goschkevitschit O O
839 vAT xR Mpyealesis gotama fulginia O O O
840 aYx )R Mycalesis francisca perdiccas @] O
841 T FINH Y rFAFN Nordstromia japonica O
842 A A FEN Macrauzata maxima @]
843 by ARFN Auzata superba O
844 3= P I Tridrepana crocea O
845 b A ST A A Y N Tethea ampliata O
846 PR A AYESYIIUTA Y Comibaena procumbaria O
847 DIAYRATEFL XY Comostola subtiliaria nympha O
848 FIAVarAixy Diplodesma ussuriaria @]
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849 PEPI TN & Geometra dieckmanni O

850 TLEFEATAT Y Jodis praerupta O

851 I i e 7 4 Pachyodes superans

852 EVES AT A% 2 Abraxas miranda miranda @]

853 JUVELY D XY Apocleora rimosa @] @]
854 AEFIY TNy Ascotis selenaria cretacea O

855 DAL S AR Bizia aexaria O
856 JAZL UYL v Cabera purus O

857 VEA S ¥ A 54 Chasmia defixaria O O

858 RS S A 4 Chiasmia hebesata O

859 R W ES AR &4 Cleora repulsaria O
860 VANEE 2T Ectropis crepuscularia O

861 A4 MNERTVIY v Ectropis excellens O

862 YANRIATIY Vv Hypomecis punctinalis O O

863 NIRTVIY v Hy is roboraria displic O

864 Fx /RIS Jankowskia fuscaria fuscaria O

865 FAVLULY L XY Myrteta sericea O

866 TFLIHFERATS T v Ninodes splendens (@)

867 vrF IV Nothomiza formosa O

868 LAY IRIY XY Odontopera arida arida O

869 GREINAIT L v Ourapteryx nivea O O O
870 PAE DT E 2R Pareclipsis gracilis O O

871 bERAXTY v o Phthonosema invenustaria O
872 D= ¥ X &4 Phthonosema tendinosaria O

873 TRANTVNRIY S vy Synegia esther @]

874 PASAER R 24 Ty, ila lati) O

875 E IOVTFYILY Vv Zethenia albonotaria nesiotis O

876 IAVYRFYIY vy Zethenia rufescentaria O

877 28T rFAVAFILNY Dysstroma cinereata japonica O

878 AANTIFITvs Ecliptopera umbrosaria O

879 R A I 4 Evecliptopera decurrens illitata O

880 raiyr¥futiivs Heterothera postalbida O

881 T7y¥EVIUFILYY Microcalcarifera obscura O

882 PERTVEAFI VY2 Orthonama obstipata O

883 FFAVFIV Y Venusia phasma O

884 7 FITxY Xanthorhoe saturata O

885 AYHRITAFEAT v Scopula superciliata O

886 WANRZATEC AL YT Timandra dichela O

887 H LN TIHLN Dendrolimus spectabilis

888 vABLAN Phyllodesma japonica @]

889 L A2 Euthrix albomaculata japonica O O
890 AV B A Gostropacha populifolia angustipennis O
891 D=/ A2 Odonestis pruni ja, i ®)
892 ElS/s ER Apha aequalis O

893 YL YL Antheraea yamamai yamamai O O O O
894 EAYTTL Caligula boisduvalii jonasii O
895 AAIXTA Actias artemis aliena O O

896 AX AN BV ISAKL A Ambulyx ochracea O
897 YUEVAXA Callambulyx tatarinovii gabyae O @] O
898 FEAKLA Marumba gaschkewitschii echephron O O O
899 ETYAKXR Psilogramma increta O

900 FAX A Smerinthus planus O

901 TRYRX A Acosmeryx castanea O

902 *AAH TN Cephonodes hylas O
903 PEATAXR Clanis bilineata O O
904 NZRAX A Deilephila elpenor O

905 A L/ 84 Macroglossum bombylans O
906 BV B Macroglossum pyrrhosticta O
907 vay FAX A Rhagastis mongoliana O

908 tAY AKX R Theretra oldenlandiae O @]
909 aAX R Theretra japonica O

910 PR = £ v Fa Clostera anastomosis O

911 AR RAVAA =& ik =] Cnethodonta grisescens O

912 Sy FkaN Cnethodonta japonica O

913 kNS ¥ Fka Fentonia ocypete O
914 2I9dEFF L FHRT Gonoclostera timoniorum

915 YHA D v Fok Hiradonta takaonis O O
916 TIAXLSY v Foka Lophontosia pryeri O

917 e+ Fka Micromelalopha troglodyta O

918 YAFRL v FAD Mimopydna pallida O

919 CNEYL N Fk Peridea moltrechti O
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920 VXL v TR Phalera assimilis [@]

921 ALY v x Tk Pterostoma sinicum O @]

922 Y ¥HhL v Fka Rabtala cristata (@]

923 Ko ThEY FI7H Calliteara lunulata O

924 D =g Calliteara pseudabietis O
925 TRAFIH Cifuna locuples confusa O

926 *¥RrH Euproctis piperita O

927 I IR H Euproctis pulverea O
928 Ty ukrsy FEuproctis similis

929 FoH KEuproctis subflara O
930 AyAF K2 Laelia gigantea O

931 nNryyv4vA4 Lymantria bantaizana O

932 RAXAN Lymantria dispar japonica @] O
933 EASUEYFIH Orgyia thyellina O
934 wFvavwivA Parocneria furva (@]
935 eMYH LY RN Eilema deplana pavescens O
936 AYRZarH Miltochrista striata striata [ONO)]
937 EryuxRzary Stig phora rhodophil: @)
938 AVEVE MY Spilarctia seriatopunctata seriat O O
939 FTHNG IR ) Spilosoma punctaria O
940 FNSATTIE M) Spilosoma lubricipeda O O O
941 vuae by Chionarctia nivea O
942 tEe Y Spilarctia subcarnea O
943 sIITYIRe MY Thanatarctia imparilis @]
944 a7H yRAI aary Nola taeniata O
945 X 7va7 s Adrapsa notigera O O
946 Ny ZaTIN Bomolocha squalida (@]

947 YHYT IR Bomolocha stygiana O O
948 TITERT VN Bomolocha zilla O

949 FHVT YN Harita belinda O

950 IRAVTYN Paracolax trilinealis O

951 aYRRY YT Anacronicta caliginea O O

952 YA XY Anacronicta nitida O

953 YONIHYEY Plataplecta pulverosa @]
954 HITRAMY Amphipyra livida corvina O O O
955 AAXL=ATRIALY Amphipyra monolitha surnia O

956 TAIVIEAMY Antapamea conciliata (@]

957 THEZADLY Apamea aquila oriens O

958 EXHNTYTTFTARY Apamea cuneata O O

959 RAYTZ7EAMY Apamea hampsoni O O

960 w=ArY Archanara aerata O

961 NI AFI MY Archanara resoluta O O

962 FRASYRAFALY Archanara sparganii @]

963 SaFvygAYuaa by Athetis albisignata O

964 suyratby Athetis cinerascens O

965 FryA4aA LY Athetis dissimilis O

966 EAFEORA 13T by Athetis gluteosa O

967 SOUEVAEI MY Athetis lineosa (@)

968 eXAYERTA Y Athetis stellata O O

969 EVOP IR Athetis subargentea O

970 Fr¥oaty Atrachea nitens O

971 Ey ALY Axylia putris O O

972 NIvA MY Bambusiphila vulgaris O

973 AFHFyvFYI MY Callopistria juventina O

974 “¥IUxFYary Callopistria repleta @]

975 M = Celaena leucostigma [O}N0]

976 SxNH Cosmia achatina O

977 17X XY)N Cosmia exigua O

978 ESYEDN Enargia flavata @]

979 A4y RFI by Epipsammia confusa O O

980 FTAHNZA MY Euplexia lucipara O

981 JTYFveAI MY Hadjina biguttula O O

982 FrA¥I by Niphonyx segregata (O] O

983 A F N3 by Nonagria puengeleri O

984 VA RE=R Oligia ophiogramma O

985 N=EVRFY Oligonyx vulnerata O

986 XTI AHNTAALY Perinaenia accipiter lignosa O

987 uFryuaza by Platysenta cyclica O

988 ¥rer7h3by Plusilla rosalia O

989 WATHI MY Polyphaenis subviridis @]

990 ~xkT I by Pyrrhidivalva sordida (@]
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No. H % F % (1) (2) (3) (4) (5) (6) BERE &at
991 143 b Sesamia inferens O
992 AYFya by Spodoptera depravata O O
993 NAEYAbY Spodoptera litura O
994 SURITAREY Trachea atriplicis gunama O
995 PA=EVE S B ] Triphaenopsis lucilla O
996 {FE TR PY Xylomoia fuser O (@]
997 X2 hH Blenina senex O
998 FATRI AN Characoma ruficirra O
999 JURIX ) HTH Nycteola asiatica O
1000 ¥/ad by Cryphia obscura O
1001 YyyEy¥ a3 by Stenoloba manleyi O
1002 I YTIIN Abrostola abrostolina O
1003 12942y I97,8 Abrostola trigenmina O O
1004 IYEYFIYIN Acanthoplusia agnata (@]
1005 VAR P FAt Anadevidia peponis O
1006 1FT7%29IN Chrysodeixis eriosoma O 0
1007 T HEIYIN Erythroplusia pyropia O
1008 FrATZHFYIN Erythroplusia rutilifrons (O]
1009 Freryuwys Macdunnoughia purissima O O
1010 Yt FyIN Macdunnoughia purissima nigrisigna O O
1011 EYE AV A A Medunnoughia confusa O
1012 EVE ¥4 2 ARl Trichoplusia albostriata O O O O
1013 VA DAL D a2 Arytrura musculus O O
1014 T hAJEFRIT YN Hemipsectra fallax (@)
1015 PETIRTTIN Leiostola mollis O
1016 FYYITIREYTIUN Lephomilia polybapta O
1017 YYEYYFN Mocis annetta O
1018 7ya7 YN Badiza simplex O O
1019 NEERNFA AT DN Cidariplura signata O
1020 AT TR TN Edessena hamada @] O
1021 YAFIATT YN Herminia arenosa O O O
1022 IFITUN Herminia innocens @]
1023 IRATT YIS Herminia memoralis O
1024 FPERYT VIR Herminia tarsicrinalis @] O
1025 FATIFIFIT YN Hipoepa fractalis [OXN®)
1026 kgAY RATa7 YN Hydrillodes funeralis O
1027 VR REZT YN Hydrillodes repugnalis O O
1028 AAFTH=TLT VN Simplicia niphona O 0O
1029 kT AT SN Simplicia pseudoniphona O
1030 THILT IN Simplicia rectalis O
1031 THFINT IR Trotosema sordidum (O]
1032 FTATIFITUN Zanclognatha fractalis O
1033 INFET I Zanclognatha griselda @]
1034 LEZFAOT YN Zanclognatha nigripuncta @]
1035 NAKET 78 Zanclognatha obliqua O O O
1036 Y RLOT YN Zanclognatha southi O
1037 P Zanclognatha strament e
1038 vAaTes 7T UN Zancl tha tarsip Ii O
1039 gy sy Ry Hylonycta hercules O
1040 IRy VEY Moma alpium O
1041 PRS- G -4 Triaena intermedia O
1042 FIHyEY Viminia rumicis O O O
1043 xS Fravy Ampyna octo O
1044 YATAEAYH Bryophilina mollicula O
1045 YUAIYRAYH Corgatha dictaria O
1046 ST avH Corgatha nitens O
1047 AV NI Deltote uncula O
1048 ¥y axy Emmelia trabealis O O
1049 ErFAYH Hyperstrotia flavipuncta O
1050 EAF €Y Maliattha arefacta O
1051 exAYoayiy Maliattha signifera QO
1052 SUELEYAXH Micardia argentata O O
1053 P EE 2= &) Micardia pulchra O
1054 EEN=A & Naranga aenescens O O O O
1055 wEJaaxH Neustrotia albicincta O O
1056 A YN Ozarba punctigera O O
1057 YARZIAXA Peryned subrosea O
1058 FEXKIYN Phyllophila obliterata o O
1059 Uy TaNI Protodeltote distinguenda [ON0]
1060 vazavxiy Protodeltote pygarga O
1061 YA aAYIN Sugia stygia O O
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No. # % ¥ % (1) (2) (3) (4) (5) (6) WER &at
1062 P PE Aedia leucomelas [@)
1063 T ¥ Anomis mesogona O
1064 VA DAY S S 2A1 Aventiola pusilla O
1065 ay eV IFN Blasticorhinus ussuriensis O O
1066 E X ZA Catocala patala O O
1067 RS A F P Catocala praegnax._@esther [eRe]
1068 NTEFVIN Chrysorithrum amatum O
1069 FUAVT YN Colobochyla salicalis @] O
1070 ESXLTHFITN Ercheia umbrosa O
1071 A4 bET Erebus ephesperis O
1072 FhF vy Fs Erygia apicalis [oX0) (@]
1073 TYHRELT N Gvnaephila maculifera O
1074 T hAYERRLT YN Hemipsectra fallax O
1075 ¥IFITIN Lophomilia polybapta O
1076 ¥4 F -Tf! < Lygephila maxima O
1077 IEY TN Melapia electaria O
1078 SOAYpEL Metopta rectifasciata O
1079 AVETFT YN Microxyla confusa O
1080 by RV 7FN Mocis ancilla O
1081 A4 YR FN Mocis undata O
1082 FThITYIN Oraesia excavata O
1083 U= i ) v VAN Pangrapta obscurata O O @]
1084 IVELIUREFYTYN Pangrapta vasava O O
1085 FANFFFLTIN Paragabara ochreipennis O
1086 K AETS TP FN Parallelia arctotaenia
1087 XY TLTYN Plusiodonta casta O
1088 TYFTUN Rivula inconspicua O
1089 Frryuaryn Rivula sericealis (@]
1090 INHZ X)X Scoliopteryx libatrix O
1091 NTUT FEL Spirama helicina O O
1092 7HesrFEx NN Agrochola evelina O
1093 FLAEXFYY Conistra albipuncta O
1094 IVTAEXRYN Conistra grisescens O
1095 RINEYHED A Cucullia fraterna @]
1096 YAIIEVRYY Eupsilia contractra O
1097 FATEYH Eupsilia strigifera (@]
1098 suFeyIXNN Rhynchaglaea fuscipennis O
1099 JaXMHTNXYH Telorta divergens O
1100 IRATYH Heliothis maritima adaucta O
1101 AR/ FEutelia geyeri (@] @)
1102 tadndl Agrotis ipsilon O
1103 HTITXH Agrotis segetum O O
1104 AABTIXH Agrotis tokionis O O
1105 N¥ELXN Cerastis pallescens O
1106 EERAtL &/ Diarsia canescens O O
1107 Y RFAYH Diarsia deparca O
1108 ThHIHY Diarsia pacifica O o O
1109 sUasEXH Hermonassa cecilia O OO0
1110 VA E AP ad Naenia contaminata O
1111 wryaxy Ochropleura plecta glaucimacula O O O
1112 FhARIYY Spaelotis valida O
1113 SOEYYH Xestia cnigrum O O
1114 YAFXXU Xestia dilatata O
1115 rarwxa by Acantholeucania loreyi O
1116 wAFr4axa by Aletia consanguis O
1117 w53 by Aletia flavostigma singularis O O
1118 rayyxaty Aletia placida O
1119 WANRZFI b Aletia pudorina subrosea O
1120 ywryuxdaty Aletia simplex O
1121 I Fx{uaty Lacanobia splendens O
1122 Je7%3 by Leucania insecuta O O (o]
1123 Ayvaxa by Leucania striata O O
1124 ERA Mamestra brassicae O
1125 754ExatLy Mythimna turca O O
1126 FHINENH Orthosia carnipennis (@]
1127 fRxFY s Orthosia evanida O
1128 2aFrx)N Orthosia fausta O
1129 sOIIFYY Orthosia lizetta O
1130 AEEFYNY Orthosia munda O
1131 Fr4axyis Orthosia odiosa O
1132 T XA Orthosia paromoea O
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No. JE] i1 B % ¥ % (1) (2) (3) (4) (5) (6) ¥R &t
1133 NRFr¥aby Procus vulnerata O

1134 TYARYALY Protomiselia bilinea O O

1135 TIHMY Pseudopanolis separata O

1136 ruyyaby Sarcopolia illoba O O

1137 FTHAVFILY Senta flammea stenoptera O O O O
1138 ZURIXY I Xylopolia bella bella O

1139 THARIT AN H Earias pudicana O

1140 NZFEYTAY A Earias roseifera O

1141 Va-Ea-A g Gelastocera exusta O

1142 REIF) A Iragaodes nobilis O

1143 TARIT AN H Pseudoips fagana @]

1144 THAVTAY N Pseudoips sylpha O O
1145 2/ FEST LT Sarbanissa subflava 548
1146 FET I I MET T KLY IET T Ch topsyche brevilineata O 1
1147 NF STYARF VY Fay Ly Arge simillis (@)
1148 =LFavb vy Arge captiva O
1149 AYAL yah7INNF Athalia infumata O

1150 = VAL o Tenthredo mortivaga @]
1151 avaNF TALLH LT AT Apanteles glomeratus O
1152 ¥ ANF AAFTAFH T Megarhyssa pracellens O

1153 a7t He ANF Rhyssa persuasoria O

1154 7Y FANTY Brachyponera chinensis O

1155 ¥4 u7yTY Crematogaster osakensis O O

1156 FTIATY Pristomyrmex pungens O 0

1157 TAXYAAXT AT Pheidole fervida (O}

1158 TYFHTY Aphaenogaster famelica O O

1159 exA7TY Monomorium intrudens O

1160 724037 Paratrechina flavipes O

1161 zait g7 Camponotus japonicus O O

1162 ENEE v Camponotus quadrinotatus O

1163 rayx<7Y Formica japonica O O

1164 rEAIarTY Lasius niger O O

1165 LATHhAFTY Camponotus obscuripes O
1166 AKX XINF X7 L FHNF Polistes rothneyi iwatai O

1167 TYEYT VAT Polistes chinensis antennalis o O (@]
1168 27 S HNF Polistes snelleni @] O
1169 FRITLFHINF Polistes mandarinus O (@]
1170 LEVHRIT L FHINF Parapolybia indica indica @]
1171 A AKX A INF Vespa mandarinia japonica O O
1172 FAUAXANRF Vespa simillima xanthoptera O 0 O
1173 aAH Y AKX ANF Vespa analis insularis O
1174 VAKX ANT Vespa crabro flavofasciata O O @]
1175 =2 CH IHF Iy YT Eumenes micado O O
1176 ¥TT by s YT Eumenes rubrofemoratus O
1177 LEY Py 2)ISF Eumenes rubronatatus O
1178 AKX INF Oreumenes decoratus [oNe] O
1179 F¥ FaNF Stenodynerus frauenfeldi O O
1180 Ay raFE RIS Stenodynerus chinensis simillimus (@]
1181 ARAE FaNF Euodynerus dantici violaceipennis O
1182 X7 FOaNF Pararrhynchium ornatum ornatum O
1183 IAFRanF FEuodynerus nipanicus nipanicus (@)
1184 A T7IAEFONF Anterhynchium flavomarginatum micado O
1185 THhA FanF Rhynchium quinquecinctum fukaii O
1186 AAHINT AT FaNF Orancistorocerus drewseni drewseni O
1187 Aoy agnRF Ry Ay IF Cyphononyx dorsalis O

1188 Fhais Xy ay Anoplius eous O

1189 FAEIZOARY Y Anoplius samariensis O
1190 TEEANYAY Parabatozonus hakodadi ]
1191 W FINF FNGFHYFNF Meg is prismatica O O O
1192 EANTG I FINF Campsomeriella annulata O O
1193 THARII)FNF Carinoscolia melanosoma O
1194 T FNF b IHNF A hila sabulk pp O O
1195 IH KT H IR Hoplammophila aemulans O
1196 W TINF Chalybion japonicum @]
1197 XL TUNF Sceliphron madraspatanum kohli O
1198 Ir a7 FNF Isodontia maidli O
1199 P AT FNF (G ) Tachytes sinensis sinensis O
1200 v F AN (FirR7Y) Cerceris hortivaga hortivaga O
1201 INEYVFANY Cerceris japonica O
1202 g ANFINF Y e AT Andrena(Andrena) mali O

1203 T T T e ANFNF Andrena(Andrena) aburana O




AL O RRM

139

IREEE  WE W

No. B # # % ¥ % (1) (2) (3) (4) (5) (b) #EaL &t
1204 TT I NFNRF XYY by TINFNAF Melitta japonica O
1205 NEYIRF AANFYNF Chalicodoma sculpturalis O
1206 ISGNFYNF Megachile nipp ipp O
1207 = A AY RO A SAL AL Ceratina japonica
1208 o RS FHNF T Tetralonia nipponensis @]
1209 72 INF Xylocopa appendiculata circumvolans O
1210 b= NINF T Bombus diversus diversus O O
1211 IUNF A3 IUNF Apis mellifera O O
1212 =k I YUNF Apis cerana O 66
167 311 53 665 196 100 169 1212
51RO e 2
(1) HglR 1977 RHIT 1989
(2) THLtE 1982a RICHAE, BREHE 1994
TR 1982h HRER, AR 1994
Bz, TREIEB 1983 WO —, WHEEZE 1995
(3) KBt AYEHA 1989 KIEHEE 1993
(4) XK EAEHEH 1991
(5) KBBHLAFHIH 1995
(6) KbhEit 1996
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Emergence Records of Three Dragonfly Species

in Sugao Marsh, Central Japan

Seibi Suzuki*
(Accepted December 5, 1997)

Keywords: Odonata, Stylurus nagoyanus, Epophthalmia elegans, Deielia phaon, emergence,

Sugao Marsh.

FUBIC

R EH T ERKEE T B o B (R
232ha) ED ~ R 30EEEINE (1 2-VT L
PN — 7 RIRIE BRI EE, 1996). RIBIE@M EBET
HWEPETIFFREN LAY, ARFTITE (174ha) %
WM 9 AR5 F (K 285 m) OB THE LBk
b &, brAHIEOFULIIC >V TEET 5.

FEMEZ RS E Linld, 4+ b v AR
(Gomphidae) @ 7 F 7 v » < Ictinogomphus cla-
vatus, + 3 ¥4+ T Stylurus nagoyanus, T/ k>
A%} (Corduliidae) O A+ v < b K Epophthalmia
b > R%E (Libellulidae) @ #7475 b v K

Orthetrum albistylum speciosum , 2> 7 % b 2K

elegans,
Pseudothemis zonata, 3 7 & bt 5K Deielia phaon
DOFETHB. ThoDPhs, FKEENTIRILEWY
SHEORSN B+ TvHFradulil, bbETH
BOREE o AHRELTEL RN B A V= b UK,

WHREOZ I 7F b o FED 3T >0 TE O
BAaierd 5.

HERE

1996 -5 HM o YR & THRAIE LTHH, #AEEE

ML 7o KEKEHERREIC L 2 CEMAMAEHEDOES
12, BB T 2 LR AL, £ OREECHEE
HELRLHF U, BARRFERIFITHRIITA . K
AP REORmRELEE N - /2. KELIZBOWERET
BRICHET 2 ESATIEL, KNEBOERE L.

% R

FEE oW ER Fig. 1ioRd. +Iv4F+ oML
(Fig.2) 36 18825 TH31HETR O, &
B 7AYETHY, ¥-7ETH20HD23%HTH
-7z (Fig. 1A). i oL 7 U — NEBEIITH 5 53,
KB AR HE 9 2 AMHR A & UB - THLT %
Atk b R onsc. FAEMBNORERE 276 14k,
PR 52 % T, LB Ilic X s D E IR o1
i to. PULEP TRE L 22k SEfkT, H1k
RWCRIZ 18 % &1 D,

THLER F o3 gt Tr Tichiigan s 44 %
B L, HTHmME LUSEETL 7L LTUE, =
&7 vEFaEY 7€ Alopecosa cinnameopilosa &
F 71 LT F =7 % Araneus cornutus DFED ST,
FA Y2 b RGBRAOEBET, ZoMRbHR
RIEEN S HAL b3 0. FHERFHIZ6 A 2,5 8
A3HETTHRE TSI B o, REBRTHAT

*¥ 1o U T L= 7 TIRE AR EMING (T 306-0622 iK% 700; Ibaraki Nature Museum, Iwai 306-0622, Japan).
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Fig. 1. Numbers of collected exuviae of Stylurus nagoyanus, Epophthalmia elegans and Deielia phaon, and changes in the

water temperature and water level in Sugao Marsh.

BTH DY, HEOBEEREOLH NV, B Er#
% LT 7o (Fig. 1B).
PRIk S 120cm LOBOWMTTHE SN
fo. KRB OEITENIBHTEI TS UL LITEE
S, HEHOHREKEDR, STRET S/,

I7F M AREEBTROERES S, BRFIC
416 @k BF Sz, PMeEEiE, 7THA 1282584
SHETT, HEMRITHTEHTH -~/ (Fig. 10).

z R

EEBHBMTHET 2 b RO E L, Shhdio
FTHEEST L 74 7T, NFoEELOHRET L TR
BHHROBFOEBRMTH S.

FC, RMEATLSHOBRESN TS+ Ty
FIOBPOIEMNEEINA T &1E, Ao LEBIR
BAMNT 2ERENBTHAS. RBR1EN (1992)
2B &, 1992 o FIRBAEEEB T3, Wigm
BIHGROREFBE» STHER B AR 8A30H &1

3. ABORBBEZ 17 HOENSH B M, FLEEY
I ZERXZOBORBRHELEILLDENRTHDT
H5HI.

HHE & HITMERHN O MBI SR H 545, K
BELKEATHLCEFRT 20 &5 0, SEOH
BENSEHRAMB I EMTERED - 12,

2. Fav4Frzoft (196F6H270 FEARMEZK
w7
Fig. 2. Emergence of Stylurus nagoyanu.
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Trends in Attitude of Visitors to Ibaraki Nature Museum: Results of a

Longitudinal Survey

Shinichi OoMORI*
(Accepted December 5, 1997)

Abstract

Ibaraki Nature Museum, which includes outdoor facilities covering 16.4 ha, was opened in
November, 1994, as a “hands-on” type of natural history museum. Since then, it has received
over 1,470,000 visitors. Just after its opening, the museum began to conduct a longitudial survey
of visitors’ attitudes to the museum. Based on the survey results, the present paper reports how
the number of repeat visitors to the museum has been growing.

Keywords: family, outdoor facilities, repeat visitors.

Lo

FMBERIEHEE I, FEO FEEAE LM
5, N VATHADABELMA TS, 6FEIF29
TN, THERBHA, SHEEISOTADAEEY.
HAt. 4k, HYoFRMTRASERE, 25AAT
5.

YT, IhoH OREZEOHNCEHRAILE
T 550, MEEROFERGEIZANGT v r— N
EEEMLTHAS (Tablel). o7 47— MER
i, AHOMYELESICKBEETO o, EHYE
BHESLEOEBEH L LTERALTVWRLDTH S
2, GEET V- VOB THEREGIEHE, HRES
(VE—=7 =) ICEEERD, FERENSEHATLS
DIEFRIFL T,

REHE

KREEZENSGOT v — ME, HEARXT v 47— MH
Hx ABEEICER L GRERCHOTEIY 5 H#k
&, BEBICEDETT v —bERALTLSS K
HEAEETHGW. 7oy — FAAIR 1S 0 800
AT o= MRIEEL (FB: 1008 Xx2H, %1 -
F3 T 2008 <18, $2-F418H: 2004 X
10, BEH: 2008 X1H), BE0H -7 bDEHRE
WEROHEE LK (Table D).

F7, Ty bbb AHABEB, TABEEREY
Befdl ), TREMEHLL, THER), TR, [HREE, TEE
(ZC@BBEH ), TEREEOAERG ), RERIH, THI%
- I EREL [ERECERL THETAELT
WELOIO 12IHETH B, 1oL, (5B, TH
KEOHERY] RO THBRTHIELTLSH0] 1

* 3L UT LoS— 7 RB ARIEMEE (F 306-0622 EIFHTAIE 700; Ibaraki Nature Museum, Iwai 306-0622, Japan).
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DNTITERL 6 « THEED A, [FEREOME] 12>

TR 8 D A% H L 7.

F1. GRRLASBOEAOKEH AT 5T v — M
BOXMRE

Table 1. The number of visitors to Ibaraki Nature Mu-
seum responding to the survey.

ERH RO R TEE PSR
5H - 497 %2 (419)
8 H 575 538
11} - 573 482
28 % 1(496) 484 427
3t 496 2,129 1,866
(YR ) (62.0%)  (66.5 %) (58.3 %)

1 OERGIERNE, 12 A RO BIiCHEh.
2 PRSI, 61T

FEEHR

1. REBH ORI

T rr— MBI O BT I, BEH
HEELY, dtigErsiBE coaml, 2o 32
ﬁﬁﬁ@t@ofhé MEERRMEORKRTH D,
BN S DREZFMN D OO SKRTH SN, BEE3
FHAEBZ 124 ,%@ﬁ%'%b CZALAENI L
T3,

FHEE SO 6 I DRAETIE, BNREEHEOE
SMNTEL LA ED T, SEZEOFETIREN
%%%@%%ﬁ5%%ﬂié%%&ﬂofhé(ﬁg
. BArcokEEohTd, HcTEE . BE8
DREFEHOBMAPEETH 5. Fig. 23 L0EE

6 & 7R 8
BE [ FE |

R2. MR (T4 %55 »50RKEEAREYE DK
fEEDE A OHER.

Fig. 2. Trend in ratio of visitors to Ibaraki Nature
Museum from neighboring prefectures.
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Fig. 1. Ratio of questionnaire respondents from prefec-
tures other than Ibaraki.

Vi - MREICB Y BEE

B3. ABERREMEE TOMlEE
Fig. 3. Distribution of visitors in terms of the distance
from their home to Ibaraki Nature Museum.
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ik, BAARIEE 2R AEEL D > A8
B, EHELTOAEER, RORAEEREOEHEIME
PTLTOWDIENENS, HEHORNKESR DR
NEZ SN 5. Fig 33 EMeEE TOEREHE TS
BM, E—7 %530 T05 10~20kmEHiciz, T3
Boimeiilh, JBERTEBETN, 20~30
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Fig. 4. Information sources from which visitors were in-

formed about [baraki Nature Museum.

BACREEEDO S, BAthh S Bz d O KET 1
ABITIENTEZEH, HEMPBEATHELEND
ZEMS, MYREAETISMO LYy R O—
DELTHLTOZDTERELD, S0 I &bE
PRy (B

2. BYEEM-o ERE
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Fig. 7. Reasons for repeat visits to Ibaraki Nature
Museum.

LEMEOHHT LS S, MR, BT
BARERLHNE UTRET AN 322%ERBE0
RET o1 B, [RETELLFTIHE N
209 % &S FORIBEEB T A, TN, #Y
PO HAREESLDOBERER (HARRE) »RK
BRTAENTXEEBUENRSH LI S, JOMEE
bAEMICIBAEESENICE > TS EEZ SN
5.

Fig. SE¥RERD 1 3<°TH 5, THLEN, K
FEERBUCBIHL I EABLBINRALZ I EICE
D, SERREKRTOREARIT I LCHIOTREL
NEBbhz., Zhik, EWEERED TA»SHO

(B2 8§

H8. 9 (KGRl ToBA. BoOLL0HRERS
(B LV 20By7— (HR).

Fig. 8. Lunch outdoors (Sun Square). Nature Discovery
Tool (left back) and Squirrel’s Eye Tower (right back)
in the Dream Square.
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RazoL*

Aiming for a New Type of Museum in Japan

-The Construction and Current Status of Ibaraki Nature Museum -

Iemitsu NAGAMINE*

Abstract

For 21 years after the concept of the Ibaraki Nature Museum was first proposed in 1973 by
the Ibaraki Prefectural Environmental Conservation Council (Mr. Buhei Yamaguchi, president),
many people became involved in the planning and construction of this project. Finally, on
November 13, 1994, Ibaraki Citizens’ Day, the completed museum was opened to the public.
Since then, a much larger than expected number of people have visited Ibaraki Nature Museum,
which is seeking to develop itself as a museum for the 21st century.

Keywords: Museum for the 21st-century, natural history museum, Ibaraki Nature Museum,

visitors, hands-on exhibits.
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Fig. 3. George C. Page Museum of La Brea Discoveries.
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Fig. 6. The one and half millionth visitor to [baraki
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F1. 2EOHMERICEY 2 1995 £ E O ASEHORK Gigd 1= 2 a4\ aH, 1996 % k%),
Table 1. The number of the visitors to pay-to-enter institutions in Japan from 1 Apr. 1995 to 31 March 1996 (Source:
Sogo-Yunicomu stock company, data partially revised).

NERL I & £ BT FH¥EEHR FEBABEH (A
I HEF s R=—35F + ¥ & 1983 4 16, 986, 000
2 NURFyER AT VIR E o} =4 1992 3 4,029, 200
3 HESMERELHFHME B I # 1882 3 3, 644, 846
4 HBEY—F b = & B8 1962 9 3,500, 959
5 FAHUwRN—F U F = ® & 1964 11 3,475, 100
6 HEsT-— HOOR O 1958 12 3, 300, 000
T R T RN— = = ®#H & 1994 4 3,014, 500
8 ELLEFAA "W 1926 9 2,900, 000
9 KRN —rnN—ELy Y x B I 1990 7 2,807, 600
10 ZEHEmEILBS#EYE g m B 1937 3 2,436, 960
11 F®¥E7739—-3vF E E & 1911 5 2,392, 668
12 H R0 E v B A8 ok i 6 I =S 1989 10 2,208, 525
13 RR—29—=WF B M & 1990 4 2, 100, 000
14 ®%EEWIAADL HOO® W 1955 7 2, 040, 000
15 %2435 F X KW 1972 3 2,002, 900
16 BXILFH A B 1986 4 1,921, 420
17 #ZHBRHkEE £ wm B 1992 10 1,810,553
18 EWdiss x—H E B & 1958 4 1,770, 264
19 BIPkEE = ®# B8 1955 5 1,629, 756
20 HBR7 -V FRI YT Wk B 1993 4 1,550, 000
21 TR BUK 2R B A = & ¥ 1975 11 1, 545, 000
22 =)y — AL FHEOHE " B & 1989 4 1. 507, 443
23 BWREWwIZAD B O Ex B 1950 i 0,501, 000
24 FER/NHE Moo B 1948 7 1, 481, 406
25 HREMAE bt x = 1981 3 1, 405, 068
26 ZHIV—v35 P e K o} 1966 7 1, 346, 595
27 LART— WK & 1= 1991 4 1,333, 800
28 O b=y X KR 1912 10 1,332,551
29 HvUAEa-—mF5YE ®OR O 1990 12 1,327,000
30 EBERAM4FUF & B 1961 12 1, 313, 000
31 A=Y Y F—4i "ooom R 1993 7 1,248, 700
32 HMIET— A viEMmNE Moo B 1994 3 1,236,670
33 F A rI—m oy S mo%&x o B 1994 7 1,225, 000
34 HEARTHENHE 4 B e K [= 1929 7 1,169, 903
35 WEHEMEE Mmoo [} 1968 3 1,161, 700
36 TENYF 4 —T—NF fio#& L B 1978 4 1. 136,782
37 e M I MR-y I - =] 1984 3 1,118,823

(#% < . to be continued)
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(F 1%:%, Table 1 continued)

Mgz i B 24 B TE M F%4H EBABEH (N
38 RRBEHAH = #= B 1993 4 1,118, 363
39 ANYY—FrNTALT YR B B & 1966 1 1.110, 833
40 Hrved rEBKESE wOH # 1978 10 1,093, 000
1 PWE A3V F =7 WA B 1969 8 1,084,028
42 MNEHBESF s ER & F = 1967 1,074, 928
43 FLEBEABR NI vYOH/EIa—3x XY i 1] =8 1995 4 1,072, 600
4 EHS5HIFUFR OB O 1964 3 1, 050, 000
45 REH UE B B & 1951 7 1, 050, 000
46 HECRTITI—LF IS T = 1995 10 1, 043, 259
47 HEYw—3F v F - S 1967 7 1. 030, 524
48 HEERBEBESEHK AR ¥ E & 1974 7 1.020, 068
49 TI TNV — b WF2ANBEDH 11 n =8 1987 12 1,002, 500
50 HEZEHHARE HORO# 1958 5 1, 000, 563
51 By —9—wF T ¥ A 1970 10 997, 293
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Fig. 9. The front entrance of the special ‘Wonderful
World of Museums’ exhibit held at ‘Green Festival "93
Ibaraki’. Pictured are Mr. Kakuta, the Superintendent of
Education at the time (center), the author (far left), and
Mr. Watanuki, the Chief of Ibaraki Nature Museum
Development office (far right) and four museum guides.
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Fig. 10. Their Imperial Highnesses Prince and Princess
Hitachinomiya cutting the tape at the opening ceremony
of Ibaraki Nature Museum.
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Fig. 11. Establishment of Ibaraki Nature Museum Devel-
opment Office.
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Fig. 12. Their Imperial Highnesses the Crown Prince and
the Crown Princess listening attentively to the Direc-
tor’s explanation about an exhibit in ‘Discovery Place’
of Ibaraki Nature Museum. Pictured from left to right
are the Crown Princess, the Crown Prince, [baraki
Governor Hashimoto, and Director Nakagawa of [baraki
Nature Museum.
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Table 2. Trend in the number of repeater visitors to
[baraki Nature Museum.
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F3. KMERAEMEORZ Fon, BYIOHT 3 EROIEE

Table 3. Opinions and impressions of visitors regarding the institution, the exhibits and the buildings of Ibaraki Nature
Museum.
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Fig. 14. Land-use bcfore the construction of Ibaraki Nature Museum. a: Dry Field, b: Forest, ¢: Housing, d: Paddy, e:

Meadow, f: Cemetery.



ARICBIEH LA 7OEMEEDELT 161

T o T8 83 TR £, PRIRIE B R E AR
DOABERFO 12D I FHEBEOW %2 LT il
(Fig. 16). E# FIK&ZOMEHEI DS L TR
Lo E#MAEHL EFBThERSBLOEATH
D, T OB AR E R O B BRIk KD TR
BTHAD.

2. BERICBUIBHLVWIATOHEMEZBELTO
BEHEAS

(1) BULLEXEYEAOI VT FOEE

EEE e >< BICiE, FOLINEaEbiEan
EVIEEO AT PORYITHBH, AL
T2 F TOEEIEREMEOMFE LTREEND
HELEAFTHD. TOBELHITL-T, HPHEOM
AT HfT I AREENE N6 TH B.

R RO IR v+ ) A UBREARFED
3, FIRE AR R E A RIE S N 5 LIBT O BRI 63
WREE TICPERREI N T (Fig. 17). 2o0ar v

{

O
o)

& £ A
Sugao Marsh

B15. FIREHREMEHAOLKN. a: FEORK b: THILY, o [EOR. d: BROK e {EADILE,  HEBY — b, g
HHAFT v F h DO/ i -0 EFACHDHE Kk EAZOM, 11 B0, m: KERME, n: { FX30%
0: KDL, p: KOS, q@ HRRRIFE 1 SROEE, st SEAINHOIE, 1 5 1B, uw F2EE8, vi NG

3. we IEFY, xo ARE

Fig. 15. Ground layout of outdoor facility. a: Bird Sanctuary, b: Lawn Square, c: Flower Meadow, d: Insect Sanctuary, e:
Flowering Trec Square, f: Sugao Marsh Gate, g: Water Life Observation Point, h: Ivy Forest, i: Grasshopper Field, j:
Acorn Forest, k: Dragonfly Pond, 1: Dream Square, m: Sorimachi Komon Bridge, n: Bamboo Grass Forest, o: Sun
square, p: Water Square, q: Nature Center, r: Ancient Square, s: Sugao Marsh Friendship Bridge, t: Parking Lot No.1, u:
Parking Lot No.2, v: Bus Parking, w: Main Gate, x: Main Building.
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Fig. 16. The old Nagatuma home was located on the site
where main building of Ibaraki Nature Museum now
stands.
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Fig. 18. Diorama of dinosaurs of the Cretaceous Period of
the Mesozoic in the 2nd exhibition hall of Ibaraki
Nature Museum.
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Fig. 19. Diorama of a forest scenc in the 3rd exhibition
hall of [baraki Nature Museum.
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Fig. 20. Aquarium diorama in the 3rd exhibition hall of
Ibaraki Nature Museum.
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Fig. 21. An aerial view of Ibaraki Nature Museum.
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Fig. 23. Construction of Ibaraki Nature Museum.
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B24. KWIBEKEMED RERTE.

Fig. 24. Special exhibition hall of Ibaraki Nature Museum.
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Fig. 25. Tentative logo featuring the skylark, the Ibaraki
prefectural bird.
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Fig. 26. Present logo of Ibaraki Nature Museum.
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Fig. 27. Concluding the purchase agreement for reproduc-
tions with Inner Mongolia Museum. Pictured are the
author (left) and Mr. Hong, Vice-Chairman People’s
Government of the Inner Mongolia Autonomous Region

(right).
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Fig. 28. The first inspection to Los Angeles County
Museum of Natural History. Pictured from left to right
are the author; Mr. Deane Dana, Chairman of the Board
of Supervisors of the County of Los Angeles; Mr.
Nakagawa, the Director of Ibaraki Nature Museum; Ms.
Shirakawa, Ume Charity 91 Committee Chairperson;
and Mr. Sukegawa, the Section Manager of the Project
Dept.
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®29. HF7ELERE [ K&y oofHE ] ORRES
Fig. 29. The 7th special exhibition “Sharks! Messengers
from Ancient Times”.
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Fig. 30. An article on Ibaraki Nature Museum is “Crassiocostatus” exhibit appearing in the Jan. 1, 1992

issue of the Ibaraki Shinbun newspaper.
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Fig. 31. Negotiation with Inner Mongolia Museum about
the purchase of reproductions. In the center is Mr.
Watanuki, the Chief of [baraki Nature Museum Opening
Section.
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Fig. 32. Management flow chart for Ibaraki Nature Museum.
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Fig. 33. Organization of Ibaraki Nature Museum (Mar. 1997).
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