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Distribution and Habitat of an Endangered Pilotrichopsis dentata (Mitt.)
Besch., Rediscovered in Ibaraki Prefecture after 90 Years*

Koji SuiMura' and Mihoko Uzawa®
(Accepted July 5,2025)

Abstract

Pilotrichopsis dentata (Mitt.) Besch. (Musci, Cryphacaceae) was found on Mt. Tsukuba, for the first time

in 90 years after the collection by Mr. Sasaoka in 1930. This species is listed in the Regional Red Data Books

and is considered to be rare. In this survey, P. dentata was found growing on a trunk of Fagus crenata Blume

in only one location. To obtain basic information on the distribution and ecological characteristics of this

species, we conducted a specimen information survey of P. dentata using the specimen database and collected

specimens publicly available at the National Museum of Nature and Science. The results revealed that the

species grows on rocks, mainly limestone, as well as on the trunks of beech and hemlock trees and on fallen

trees in the hilly and mountainous zones (alt. 200—1,400 m) of the Pacific coast of Honshu, Shikoku, and

Kyushu.

Key words: conservation, distribution, endangered species, Fagus crenata, habitat, limestone, Mt. Tsukuba,

Pilotrichopsis dentata, substrate.

Introduction

The Ibaraki Nature Museum has been conducting
comprehensive surveys of the natural environment in Ibaraki
Prefecture since 1994, focusing on regional flora and fauna.
These surveys are ongoing (Ibaraki Nature Museum, 1998,
2001,2004,2007). Sugimura, one of the authors of this paper,
surveyed bryophyte specimens from Ibaraki Prefecture
housed at the Makino Herbarium of Tokyo Metropolitan
University. This survey concentrated on specimens collected
by Dr. Makino in Ibaraki Prefecture, mainly on Mt. Tsukuba,
during the 1890s to early 1900s, resulting in a compilation of

these specimens (Sugimura, 2009). The specimens comprise

several valuable species, such as Sphagnum subsecundum
Nees ex Sturm var. junsaiense (Warnst.) H. A. Crum and
Neckera fauriei Cardot, which are no longer found growing
in the wild. One noteworthy bryophyte, whose current
status is unknown, is Pilotrichopsis dentata. P. dentata is
a relatively large bryophyte and typically grows in clusters
on tree trunks or cliffs, occasionally hanging downward,
making it relatively noticeable and easily identifiable in its
natural habitat (Iwatsuki, 2001). Despite ongoing bryophyte
surveys over numerous years in various parts of Ibaraki
Prefecture by the Ibaraki Nature Museum, the growth of
P. dentata has not been confirmed since its collection by

Mr. Sasaoka on Mt. Tsukuba in 1930 (National Museum of

* This research was conducted as part of comprehensive surveys of plants, animals and geology in Ibaraki Prefecture by the Ibaraki

Nature Museum.

! Department of Medicinal Plant, Graduate School of Pharmaceutical Sciences, Kumamoto University, 5-1 Oe-Honmachi, Chuo-ku,

Kumamoto 862-0973, Japan. e-mail: sugimura@kumamoto-u.ac.jp
? Ibaraki Nature Museum, 700 Osaki, Bando, Ibaraki 306-0622, Japan.
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Nature and Science, 2025a).

Sugimura surveyed the distribution of bryophytes on
Mt. Tsukuba in October 2020 and rediscovered growth of
Pilotrichopsis dentata in Ibaraki Prefecture for the first time
in 90 years. In this study, we report the vegetation of the
habitat of this species at the sampling site on Mt. Tsukuba.
To gather essential information for future conservation of
this species, we surveyed specimen label data on P. dentata

specimens from the sample databases.

Materials and Methods

1. Overview of the survey area

The survey was conducted on Mt. Tsukuba (altitude of
877 m) in Ibaraki Prefecture (36°13'N, 140°6'E). At the Mt.
Tsukuba Meteorological Observatory (altitude of 866 m),
located on the summit of Mount Nantai, one of the peaks
of Mount Tsukuba, the average annual temperature is 9.3°C
and the average annual precipitation is 1,270 mm (Mito

Meteorological Office, 1996).

2. Materials

On October 21, 2020, a bryophyte survey was conducted
on Mt. Tsukuba as part of a comprehensive survey by the
Ibaraki Nature Museum, and it resulted in the collection of
Pilotrichopsis dentata on the trunks of Fagus crenata at one
location. (Fig. 1, F110107 INM) This species is distributed
from Honshu to the Ryukyus, China, Southeast Asia, and
Assam (Iwatsuki and Mizutani, 1972; Iwatsuki, 2001). The
primary stem is thin and creeping, and the secondary stem
reaches a length of about 20 cm. The branches and leaves
are 1.5-2 mm long, growing lanceolate from an ovate base,
with a thin, sharp tip. There are many teeth on the middle
and upper parts of the leaf margins (Iwatsuki and Mizutani,
1972; Iwatsuki, 2001). The thin midrib reaches almost to the
tip of the leaf, and there are papillaec on the upper dorsal
surface (Iwatsuki and Mizutani, 1972; Iwatsuki, 2001). The
last record from Ibaraki Prefecture was a specimen collected
by Mr. Sasaoka on Mount Tsukuba in 1930, and this is the

first rediscovery in 90 years.

Fig. 1. Pilotrichopsis dentata (Mitt.) Besch. in Mt. Tsukuba, Japan.

a: Growth status of large Fagus crenata on Mt. Tsukuba (Arrow: populations of Pilotrichopsis dentata).
b: Specimen of P. dentata collected by Sugimura, K. F110107 (INM).

c¢: Close-up of P. dentata by Sugimura, K. F110107 (INM).
All photos taken in 2020.
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3. Survey of the habitat

We recorded the height, vegetation coverage, and the
main species of each layer of the F. crenata forest (15 m x
15 m quadrate) at the sampling site. We also recorded the
species composition around the colony of P. dentata on the

trunk of F. crenata.

4. Survey of specimen information

Specimen information cited on specimen label data on
188 specimens of Pilotrichopsis dentata from Japan were
obtained from the Collection Database of Specimens and
Materials operated by the National Museum of Nature and
Science (National Museum of Nature and Science, 2025a)
and Science Museum Net (S-net) (National Museum
of Nature and Science, 2025b) (Table 1). The specimen
storage institutions, collectors, collection dates, collection
locations, habitats (e.g., geological feature, vegetation
zone, topography, soil moisture), substrates, and altitudes
(with calculated when only altitude ranges was cited) were
recorded.

In addition, specimen information were recorded from
three specimens of this species housed in the Makino
Herbarium of Tokyo Metropolitan University. A total of 277
specimens were used in this study, excluding 180 duplicate
data entries from the Collection Database of Specimens and
Materials of the National Museum of Nature and Science
and Science Museum Net (S-net). Voucher information for
the 277 specimens of P. dentata is presented in Appendix 1.
For information not published in the Collection Database of
Specimens and Materials, a set of specimens was borrowed
from the National Museum of Nature and Science, and

the above items were recorded using the specimen label

information.

Results

1. Rediscovery of Pilotrichopsis dentata on Mt. Tsukuba
The first confirmed specimen of P. dentata in Ibaraki
Prefecture was collected by Mr. Suzuki on Mt. Tsukuba in
May 1897. Subsequently, Dr. Makino collected a specimen
on Mt. Tsukuba on January 2, 1901, and in Hitachi City
on October 13, 1905. In addition, Mr. Sasaoka collected a
specimen on Mt. Tsukuba on April 6, 1929, and May 10,
1930. After 1930, this species had not been reported in
Ibaraki prefecture. In this study, we confirmed growth of
P, dentata on Mt. Tsukuba on October 21, 2020 for the first
time in 90 years. A small and pure population of P. dentata
was found on the trunk (approximately 3.5 m high) of a
large Fagus crenata (approximately 16 m high and 90 cm in
diameter at breast height) within an £ crenata forest in the
upper mountain range on the southern slope at an altitude
of around 700 m on Mt. Tsukuba. The confirmation site
was situated in a relatively bright area near the edge of the
F. crenata forest, located on a gentle slope, and distant from

any water source.

2. Survey of the habitat

The colony of P, dentata found in this study was very small
and hanging down slightly from the trunks of F crenata.
The trunk around the colony was populated by various
ferns (e.g., Davallia mariesii T. Moore ex Baker), mosses
(e.g., Pterobryon arbuscula Mitt., Neckera humilis Mitt.,
Fissidens gymnogynus Besch. and Leucodon atrovirens

Nog.), and liverworts (e.g., Frullania muscicola Steph.).

Table 1. Name of specimen storage institution and number of specimens of Pilotrichopsis dentata.

Name of organization (Herbarium Code)

Number of specimens

National Museum of Nature and Science,Tokyo (TNS) 185
Hiroshima University (HIRO) 31
Museum of Nature and Human Activities, Hyogo (HYO) 30

Kanagawa Prefectural Museum of Natural History (KPN)

Osaka Museum of Natural History (OSA)
Saitama Museum of Natural History (SMNH)
Akita Prefectural Museum (AKPM)

Makino Herbarium, Tokyo Metropolitan University (MAK)
Hokkaido University of Education Asahikawa Campus (AEC)

Ibaraki Nature Museum (INM)

—_ = W A~ O\ 0 0

Total 277
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These plants are commonly found in the deciduous broadleaf
forests of F. crenata Blume and Quercus crispula Blume at
slightly higher altitudes in Ibaraki Prefecture.

Table 2 shows the hierarchical structure of the Fagus
crenata forest in which the specimen was collected. This
forest community consists of four distinct layers: tree layer,
sub-tree layer, shrub layer, and herb layer. The vegetation
coverages of the tree and herb layers were relatively high, at
80%, respectively, and those of the sub-tree and shrub layers
were relatively low, at 30-40%, respectively. The species
in the tree layer included F crenata and Q. crispula. The
sub-tree species consisted of Fraxinus lanuginosa Koidz.
f. serrata (Nakai) Murata and Acer rufinerve Siebold et
Zucc. The shrub layer comprised Lindera praecox (Siebold
et Zucc.) Blume and Lindera umbellata Thunb. All of these
species were typical components of summer-green broad-
leaved trees. The herb layer was mainly composed of Sasa
borealis (Hack.) Makino et Shibata. These forest structures
are commonly observed in the upper mountain ranges of Mt.

Tsukuba.

3. Survey of specimen information

Table 1 shows the names of the specimen storage
institutions and the corresponding number of specimens
out of the 277 Pilotrichopsis dentata used in this study.
The National Museum of Nature and Science, Tokyo (TNS)
holds the largest collection, comprising 185 specimens.
This is followed by Hiroshima University (HIRO) with 31
specimens and the Museum of Nature and Human Activities,
Hyogo (HYO) with 30 specimens.

As regards the collection date, the largest numbers of

specimens were collected in the 1950s (79 specimens) and
1970s (40 specimens), followed by the 1980s (27 specimens)
and 1960s (26 specimens). Most specimens were collected
over 40 years ago, and only a limited number of specimens
were collected after the 2000s (Appendix 2, Fig. 2).

The largest number of specimens (74) was collected by
Dr. Nagano. Professor Nagano is a famous researcher of
limestone-dwelling bryophytes and has authored numerous
publications, primarily focusing on the limestone areas of
Saitama Prefecture (Nagano, 1953, 1962, 1964, 1969).

Figure 2 shows the distribution map of Pilotrichopsis
dentata based on specimen data. The main distribution of
P, dentata in Japan is thought to be on the Pacific side of
Honshu and west of the Kanto, Kii Peninsula, and Shikoku
regions, but it has also been reported in Akita. (Fig. 2,
Appendix 3). The distribution of the collection sites of this
species before 1999 is wider than that after 2000.

The place names of the collection sites and environmental
records revealed that numerous specimens had been
collected from limestone areas and (25 from Mt. Buko in
Saitama, 13 from Mt. Futago in Saitama, five from Mt.
Ishitate in Tokushima and five from Mt. Mitake in Saitama;
Appendix 4) and in the forest of Fagus crenata (nine from
Tanzawa Mountains in Kanagawa, seven from Mount Koya
in Wakayama and six from Odakihara in Nara; Appendix 5).

Table 3 presents the number of specimens categorized
by substrate type. Rocks are the most common substrate
(93 specimens), followed by tree trunks (65 specimens).
Table 4 shows the number of specimens categorized by
the geological features of the substrate. Limestone (55

specimens) is the most common, followed by serpentine

Table 2. Representative species of Fagus crenata forests where Pilotrichopsis dentata grew according

to their hierarchical structure.

Layer Height Coverage Main species
Fagus crenata Blume
Tree layer ~16 m 80% Querc.’us crisp ulq Blume
Carpinus japonica Blume
Acer amoenum Carriere
Fraxinus lanuginosa Koidz. f. serrata (Nakai) Murata
- ~ 0,
Sub-tree layer 10m 30% Acer rufinerve Siebold et Zucc.
Lindera praecox (Siebold et Zucc.) Blume
Shrub layer ~5m 40% Lindera umbellata Thunb.
Hydrangea hirta (Thunb.) Siebold et Zucc.
Sasa borealis (Hack.) Makino et Shibata
Herb layer ~l'm 80% Euonymus fortunei (Turcz.) Hand.-Mazz.

Ainsliaea acerifolia Sch.Bip. var. subapoda Nakai
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Fig. 2. Distribution map of Pilotrichopsis dentata based on collected specimens.

Table 3. Number of Pilotrichopsis dentata (six specimens). Table 5 shows the number of specimens

specimens by substrate. categorized by substrate tree species in the vegetation

Substrate Number of zones, which are Fagus crenata (ten specimens), a summer
specimens

Rock 923 green broadleaf tree, and Tsuga sieboldii Carriére (nine

Tree trunk 64 specimens), an evergreen coniferous.
Fallen tree 7 . C

Unknown 13 Figure 3 shows the distribution of occurrences of

Total 277 Pilotrichopsis dentata by altitude. Looking at the overall

distribution of this species, it occurs over a wide area from

Table 4. Number of Pilotrichopsis dentata hilly to mountainous regions at altitudes of 200 to 1,400 m.

specimens by geological feature. Moreover, looking at these distributions in relation to the

Geological feature Number of epiphytic substrate and the forest zone, species on rocks
specimens

Limestone 35 other than limestone occur in hilly zones at altitudes of
Serpentinite 6 200 to 600 m, species on limestone occur throughout hilly
Conglomerate 3 . . .
Chei and mountain zones at altitudes of 400 to 1,400 m, species
Sericite schist 1 on evergreen broadleaf tree trunks occur in hilly to lower
Unknown 27

mountain zones at altitudes of 500 to 800 m, species on
Total 93

deciduous broadleaf tree trunks occur in mountain zones

at altitudes of 600 to 1,400 m, and species on evergreen
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Table 5. Number of Pilotrichopsis dentata specimens by tree species.

Tree species Vegetation zone Numb er of

specimens
Fagus crenata 10
Acer sp. 3
Quercus crispula 2

I . Summer green broadleaf
Tilia japonica 1
Quercus sp. 1
Deutzia sp. 1
Tsuga sieboldii 9
Abies firma E " 2
Tsuga diversifolia vergreen coniferous |
Cryptomeria japonica 1
Buxus microphylla var. japonica 2
Evergreen broadleaf

Quercus glauca 1
Unknown Unknown 30
Total 64

10 F

Number of specimens

O Limestone

@ Other rocks

M Evergreen broadleaf tree trunk
Deciduous broadleaf tree trunk

B Evergreen coniferous tree trunk

a0 o §

e

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

Altitude (m)

Fig. 3. Number of specimens of Pilotrichopsis dentata by substrate type and altitude.

coniferous tree trunks occur in upper mountain zones at

altitudes of 1,000 to 1,400 m.

Discussion

In this study, we showed the habitat vegetation and other
information from specimen databases, on Pilotrichopsis
dentata, which was rediscovered in Ibaraki Prefecture. Only
one colony of this species was found on the trunk of Fagus
crenata during our survey on Mt. Tsukuba.

In Ibaraki Prefecture, Pilotrichopsis dentata is cited
as having “Insufficient Information” in the Red Data
Books (RDBs) of Ibaraki (Ibaraki Prefecture, 2020), Oita
(Oita Prefecture, 2022), and Tochigi Prefectures (Tochigi
Prefecture, 2023). Moreover, it is cited as being “Unknown/

Extinct” in Chiba Pref. (Chiba Prefecture, 2023), “Rank B

(highly rare species)” in Hyogo Pref. (Hyogo Prefecture,
2020), and “Near Threatened” in Kanagawa Pref. (Kanagawa
Prefecture, 2022, Table 6). This species is not cited in the
IUCN International or Ministry of the Environment RDB
(IUCN, 2025; Ministry of the Environment Government of
Japan, 2020), but is considered endangered.

The frequency of occurrence in substrate types (Fig. 3)
indicates that Pilotrichopsis dentata is closely related to
calcareous and deciduous broadleaved trees, such as Fagus
crenata. P. dentata is excluded from calcareous bryophytes
because it does not occur restrictively in limestone
environments (Tanaka, 2014). However, because it appears
more frequently in limestone areas compared with other
common species, it can be considered a semi-calcareous
bryophyte. On the other hand, F. crenata is widely distributed

in Japan, from the southern part of Hokkaido, along
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Table 6. Red Data Book (RDB) and Red List (RL) selection status for

Pilotrichopsis dentata.

Sources of RDB Valuable Reasons for Remarks
and RL Categories selection
IUCN Red List o _ _
(2024)
Ministry of the
Environment — — —
National RL (2020)
Ibaraki Prefecture Data Deficient Insufficient information to Since it was collected by Dr. Sasaoka_ on Mt. Tsukuba in .1930’
RDB (2020) (DD) evaluate, fow growing sites there have been no records of it, and it has not been possible
’ to confirm whether it is still alive or not.
Tochigi Prefecture ~ Data Deficient Not enough information to  Changed from “Featured Species” in 2011 to “Data Deficient
RL (2023) (DD) assess (DD)” in 2023.
Chiba Prefecture Extinct in the wild No reported cases of It was reported from the Kiyosumi mountain range in 1947,
RDB (2023) (EW) survival in the last 50 years but there are no further records.
Kanagawa
Prefecture RDB Near Threatened The survival basis is fragile Grown in seven locations in the Nishi-Tanzawa region.
(NT)

(2022)
Hvogo Prefecture A rare species with few It has become extinct in Kamikawa Town and Sayo Town, and

yos Vulnerable (VU) P its distribution area in the Prefecture has been reduced to three

RDB (2020) confirmed locations

locations: Kobe City, Nishinomiya City, and Himeji City.

Oita Prefecture RDB  Data Deficient
(2022) (DD)

Not enough information to
evaluate

It grows on cliffs at the edge of forests and is believed to have
been washed away by typhoons or heavy rains, so its growth
cannot be confirmed.

— : Not applicable.

Honshu, to Shikoku and Kyushu, but mainly along the
coast of Sea of Japan, from Aomori to Fukui Prefecture,
with numerous stands where it dominates the community
(Tanaka and Matsui, 2007). However, the distribution of
P dentata in Japan has been limited to the Pacific coast
from the Kanto region to Kyushu, except for Akita Pref.
(Fig. 2). It is suggested that the species may not be adapted
to heavily snowy environments, like Hypnum cupressiforme
Hedw., which is a well-known snow avoidance species
(Shirasaki, 2020). This should be a reason for the discrete
distribution of P. dentata found in F. crenata forest along
the Pacific coast.

The noticeable decline and mortality of Fagus crenata
and other trees in Japan is thought to be associated with air
pollution and acid rain that commenced in the 1980s (Matsui
et al., 2004; Sasakawa et al., 2006). The F. crenata forests
on Mt. Tsukuba are close to the Tokyo metropolitan area
and are thought to experience decline and mortality
(Obata and Tanaka, 2014). This situation has led to
the implementation of conservation measures (Ibaraki
Prefecture, 2012). It is important to monitor and conserve
a broad area of the entire F. crenata forest to protect the
natural habitat of Pilotrichopsis dentata on Mt. Tsukuba,
including the confirmed locations of this species.

The specimen information in the Collection Database of

Specimens and Materials of the National Museum of Nature
and Science and the Science Museum Net (S-net) has some
issues, such as unentered and unpublished data (Hosoya et
al.,2018; Ohno et al., 2020). However, it is extremely useful
as an important source of information for obtaining basic
information to understand the distribution characteristics of

endangered species (Sugita et al., 2021).
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Appendix 1. Voucher information.

Information on voucher specimens of Pilotrichopsis dentata (Mitt.) Besch collected in Japan is shown below. The information is the
name of the prefecture where the specimen was collected, the name of the collector, the specimen number, and the specimen library
abbreviation. The order of prefectures follows the Ministry of Internal Affairs and Communications' National Local Government Code
(Ministry of Internal Affairs and Communications of Japan, 2025). Collectors are listed in alphabetical order, and specimen numbers are
listed in ascending order from lowest to highest. —indicates unknown collector.

JAPAN. Prf. Akita: —5360, 5361, 5362, 5363 (AKPM), Prf. Ibaraki: Makino, T. B100411, B101619 (MAK), Sasaoka, H. 7663,
229730 (TNS), Sugimura, K. F110107 (INM); Duplicate specimen Uzawa, M. MU 5724, Suzuki, Y. B102753 (MAK), Prf. Tochigi:
Kawaguchi, K. 36615 (TNS), Matsumura, J. 36075 (TNS), Numajiri, Y. 191081 (TNS), Prf. Gunma: Nagano, I. 160606, 160636, 160643
(TNS), Tsunoda K.36470, 7662 (TNS), Prf. Saitama: Iwata, T. 24870 (TNS), Nagano, I. 160581, 160582, 160586, 160587, 160588,
160589, 160594, 160595, 160596, 160597, 160598, 160601, 160602, 160607, 160608, 160609, 160611, 160613, 160614, 160615, 160616,
160617, 160618, 160619, 160620, 160621, 160622, 160623, 160624, 160625, 160626, 160627, 160628, 160629, 160630, 160631,
160632, 160633, 160637, 160638, 160639, 160640, 160641, 160642, 160644, 160645, 160646, 160647, 160648, 160649, 160650 (TNS),
Watanabe, R. 85952, 93512, 132448, 132656, 136290, 136319, 136408 (TNS), —001184, 001185, 002295, 002296 (SMNH), —223312,
223315 (TNS), Tokyo: Nagano, I. 160603, 160604, 160605, 160612 (TNS), Saito, K. 233222, 234023 (TNS), Sekine, Y. 223311
(TNS), 000442, 000443 (SMNH), —C6029799a (HYO), Prf. Kanagawa: Kariya, S. 7667 (INS), Katsumata, Y. 191071 (TNS), Saito,
K. 230566, 230660 (TNS), Sasaoka, H. 7666 (TNS), —-NB0007466, NB1002028, NB1002029, NB1002030, NB1002031, NB1002032,
NB1002033, NB1002034 (KPN), Prf. Yamanashi; Sasaoka, H. 7665 (TNS), Takahasi, G. 7664 (TNS), Watanabe, R. 89896, 92693,
95192, 126058, 134388 (TNS), —2810 (AEC), Prf. Nagano: Sakuma, E. 51493 (TNS), —1118912, 1138461 (HIRO), Prf. Gifu: —7650
(TNS), Prf. Shizuoka: Fujii, K. 36424, 36601 (TNS), Saito, K. 230359 (TNS), —C6004350 (HYO), Prf. Aichi: Watanabe, R. 127584,
127585, 127814, 129336, 135386 (TNS), —1122434 (HIRO), Prf. Mie: Kodama, T. 191079 (TNS), Magohuku, T. 7657, 7658 (TNS),
Murata, K. 36077 (TNS), Sasaoka, H. 7661, 24720 (TNS), Tutiga, Y. 7659, 7660, 36469 (TNS), Yasuda, A. 36468, 36471 (TNS), Prf.
Osaka: Sekine, Y. 223314 (TNS), —103529, 103530, 103531, 103532, 103533, 103534, 103535, 103536 (OSA), Prf. Hyogo: Kodama, T.
191067 (TNS), Koidzumi, H. 191070, 191080 (TNS), Magohuku, T. 7674 (TNS), Matsushima, K. 191074 (TNS), —C6004357, C6028073,
C6029797b, C6029798b (HYO), Prf. Nara: Kusuyama, M. 7676 (TNS), Tutiga, Y. 7648, 7649, 7653, 7675 (TNS), —1110625, 1110648,
1110667, 1130559, 1130973, 1131179, 1132901, 1135976 (HIRO), —C6004349, C6004352, C6004353, C6004358, C6004360, C6009119,
C6009120, C6009121, C6009122, C6009123, C6009133, C6009134 (HYO), Prf. Wakayama: Minakata, K. 7668, 7647, 7672, 7679,
7680, 7681, 22863 (TNS), Uemura, T. 7669, 7670, 7671, 7673 (TNS), Prf. Okayama: —C6011754 (HYO), Prf. Hiroshima: Kasimura,
1. 7654, 7655 (TNS), -C6004356, C6004363, C6004365 (HYO), Prf. Tokushima: Saito, K. 237529, 237630, 237676, 237707, 237710,
237718 (TNS), —1125599, 1133480, 1139119, 1139189, 1139520, 1139870, 1140723 (HIRO), —~C6004359 (HYO), Prf. Ehime: Ogata,
M. 36271 (TNS), Watanabe, T. 7677 (TNS), —C6004354, C6004361 (HYO), Prf. Kochi: Nagano, I. 160585, 160610, 160634, 160635
(TNS), Saito, K. 234885, 237825, 237848, 237896, 238049, 238060, 238062 (TNS), Yamamoto, K. 191083 (TNS), —1122534, 1136958,
1138709, 1138774, 1138988, 1139987, 1141329 (HIRO), —C6004355, C6004364 (HYO), Prf. Fukuoka: /wasaki, N. 7651 (TNS),
—1131400, 1132092, 1132795, 1132819 (HIRO), Prf. Saga: Hirotsu 24752 (TNS), Kuwabara, Y. 56422 (TNS), Shiraga, J. 191075 (TNS),
Takenouti, M. 7652 (TNS), Prf. Nagasaki: Amakawa, T. 54660 (INS), Osada, T. 54658, 54659, 54661 (TNS), Prf. Kumamoto: /noue,
S. 245278, 245279 (TNS), Tanaka, T. 223310 (TNS), —C6028273 (HYO), Prf. Miyazaki: Hattori, S. 191068, 191069, 191077, 191078,
191082 (TNS), Nagano, 1. 160577, 160578, 160579, 160580, 160583, 160584, 160590, 160591, 160592, 160593, 160599, 160600 (TNS),
—1130221 (HIRO), Prf. Kagoshima: Watanabe, R. 94801 (TNS), —1140120 (HIRO), —C6004351, C6004362 (HYO).

Appendix 2. Collection dates and number of specimens of Pilotrichopsis dentata.

Collection date Numb er of Collection date Numb er of

specimens specimens
1830s 1 1960s 26
1890s 1 1970s 40
1900s 4 1980s 27
1910s 15 1990s 11
1920s 16 2000s 12
1930s 20 2010s 15
1940s 7 2020s 1

1950s 79 Unknown 2
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Appendix 3. Number of specimens of Pilotrichopsis dentata by Prefecture*.

Prefecture Numb er of Prefecture Num_b er of Prefecture Num_b er of
specimens specimens specimens
Hokkaido 0 Ishikawa 0 Okayama 1
Aomori 0 Fukui 0 Hiroshima 5
Iwate 0 Yamanashi 8 Yamaguchi 0
Miyagi 0 Nagano 3 Tokushima 14
Akita 4 Gifu 1 Kagawa 0
Yamagata 0 Shizuoka 4 Ehime 4
Fukushima 0 Aichi 6 Kochi 21
Ibaraki 6 Mie 11 Fukuoka 5
Tochigi 3 Shiga 0 Saga 4
Gunma 5 Kyoto 0 Nagasaki 4
Saitama 65 Osaka 9 Kumamoto 4
Chiba 0 Hyogo 9 Ooita 0
Tokyo 10 Nara 25 Miyazaki 18
Kanagawa 13 Wakayama 11 Kagoshima 4
Niigata 0 Tottori 0 Okinawa 0
Toyama 0 Shimane 0

"Ministry of Internal Affairs and Communications of Japan. National Local Government Code.
(Ministry of Internal Affairs and Communications of Japan, 2025)

Appendix 4. Number of specimens of Pilotrichopsis dentata Appendix 5. Number of specimens of Pilotrichopsis dentata
collected from limestone sites in Japan. collected from Fagus crenata forests in Japan.

Names of places where limestone sites Number of Names of places where Fagus crenata Number of

are distributed (Prefectures) specimens forests are distributed (Prefectures) specimens
Mt. Buko (Saitama) 25 Mts Tanzawa (Kanagawa) 9
Mt. Futago (Saitama) 13 Mt. Kohya (Wakayama) 7
Mt. Ishidateyama (Tokushima) 5 Mt. Oodaigahara (Nara) 6
Mt. Mitsumine (Saitama) 5 Mt. Tsukuba (Ibaraki) 5
Mt. Kosyo (Fukuoka) 4 Mt. Ryogami (Saitama) 2
Kamino Valley, Byoubu Rock (Nara) 3 Mt. Shiraiwadake (Akita) 2
Mt. Tenso (Tokyo) 3 Mt. Amagi (Shizuoka) 1
Mt. Torigatayama (Kochi) 3 Mt. Gomadan (Wakayama) 1
Mt. Yokogura (Kochi) 3 Mt. Ishizuchisan (Tokushima) 1
Mt. Komono (Mie) 2 Mt. Kaikoma (Nagano) 1
Mt. Shiraiwa (Saitama) 2 Mt. Kintoki (Kanagawa) 1
Mt. Yuno (Mie) 2 Mt. Kongo (Osaka) 1
Mt. Adati (Fukuoka) 1 Mt. Nonobori (Mie) 1
Mt. Ishidate (Kochi) 1 Mt. Ooyama (Kanagawa) 1
Mt. Kano (Gunma) 1 Mt. Rokko (Hyogo) 1
Mt. Kuishi (Kochi) 1 Mt. Ryugamori (Akita) 1
Kitou area (Tokushima) 4 Mt. Tara-dake (Saga) 1
Total 78 Mt. Usimawari (Wakayama) 1
Mt. Wagadake (Akita) 1
Nikko Three Mountains (Tochigi) 1

Total 45
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Radiometric Age and Geologic Structure of the Cambrian Omika Formation
in the Hitachi Paleozoic Formations*
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Abstract

The Omika Formation is a member of the Hitachi Paleozoic formations composed of meta-volcanics. We
investigated new occurrences of metamorphosed pillow lavas in which clinopyroxene phenocrysts and
dendritic clinopyroxene groundmass survived. Moreover, we found a meta-granitic dyke with a chilled margin
intruding into the Omika Formation and measured its radiometric age to be 534~495 Ma by means of the
zircon U-Pb geochronology method. Considering the similarity of rock lithology and geological age between
the Omika Formation and the Cambrian Hitachi Volcano-Plutonic Complex, the Omika Formation and its
related meta-granitoids are comparable to the Cambrian Hitachi Volcano-Plutonic Complex. The geological

observations made in the field suggest that the Omika Formation thrust up on the Permian Ayukawa Formation.

Key words: Abukuma Mountains, Cambrian Hitachi Volcano-Plutonic Complex, clinopyroxene phenocryst,
dendritic clinopyroxene groundmass, Hitachi Paleozoic formation, Omika, pillow lava, thrust

fault, zircon U-Pb age.
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1. H#EoMmEK. A-A°, B-B’, C-C: X2 o HbE T
HAFALE ; Mt. Kam: f#l&11 ; Mt. Kaz: JEA1L ; Mt. Kur: $%
L Mt. Sek: A 2011 ; Mt. Tak: =510 ; Kita: A6 IR ; Re:
JII.

Fig. 1. Geological map of the Hitachi district. A-A’, B-B’, and
C-C’: Profile lines of geological cross sections in Fig. 2; Mt.
Kam: Mt. Kamine; Mt. Kaz: Mt. Kazenokami; Mt. Kur: Mt.
Kurakake; Mt. Sek: Mt. Sekison; Mt. Tak: Mt. Takasuzu; Kita:
Kitanosawa; R.: river.

2. WEMBTX. U 2 L72RBEE 7 > 7)) 7R HE L
KINTRBHE G & AR & o ONEES
B OWTIE 1 B

Fig. 2. Geological cross sections. Thick broken lines with
Us show the unconformity between the Cambrian Hitachi
Volcano Plutonic Complex and the Carboniferous Daioin
Formation. Refer to Figure 1 for the legend.
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bearing lava

W Hbl phenocryst-
bearing massive lava

% dendritic Cpx-
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++ pillow breccia

Permian Ayukawa F.
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[] limestone ~  FRouteg~~=$=~-----

Cambrian Omika F. 1 : c

D meta-tuffs 9 Y )
[ ] meta-lavas Minamikoya 4.4 o ¥ '\.Iiggograph.c
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E@ meta-granitoids 6]
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HEWEA  Hbl: AP, Ma (3B 4 AU,

Fig. 3. Geological map of the distribution area of the Omika
Formation and recognizable volcanic texture distributions
in meta-volcanic rocks of the Omika Formation. Mt. Kaz:
Mt. Kazenokami; F: Formation; Cpx: clinopyroxene; Hbl:
hornblende. Ma indicates the radiometric age.
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M. B S L2 E. Fa0 B ONBESE Tam
MAERTHAEE (F—7 v =a3)). BEIREFHEA
(dendritic Cpx) D—#EL 7 7 F / PIAICHEIR S LTV 5,

Fig. 4. Outcrop, structure, and texture of meta-volcanics.
A: Outcrop of the alternated metamorphosed pillow lava
and tuff. This outcrop is the nearest one around the meta-
granitoid dyke. B: Pillow lava occurs along the extension part
of the outcrop A. The arrow indicates a hanging direction
of pillow lava. C: Clinopyroxene phenocryst-bearing pillow
breccia. D: Thin-section photograph with porphyritic texture
of C (cross nicols). Actinolite recrystallized in the matrix
around pillow breccias. Pl: plagioclase; Qtz: quartz in cavity;
Cpx: clinopyroxene. E: Vesiculated lava. F: Thin-section
photograph of aphyric and quenched lava of E (open nicols).
Dendritic clinopyroxenes are partly replaced by recrystallized
actinolite.



16 FHEISERHE - Rt - /Nt 25

ABERS, & HICFIBMERORE L - 2 EE TR
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EREZER L, BUEARNERRE ZRIL:. 2o
FIROESEH Sm b Y, EOHAEMMILN6SW, 90°
T (5A), HIEDZRCKILEEO ERERE N65°E,

202311020

5. BRI IZ W7 ERAER S AR, A ZEAE R
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FTHEAGE (7OA=a)). C: aGlkBEOE A THRUN
BRAALHE (spherulite) & & DG E (G —7 =)L),
D:C»HZ A= )VEH,

Fig. 5. Meta-granitoid dyke used for the radiometric age
dating. A: Outcrop of the meta-granitoid dyke. B: Thin-
section photograph of a rock from the central part of the dyke
with micro-graphic texture (cross nicol). C: Thin-section
photograph of a rock from the dyke rim with micro-spherulite
(open nicol). D: Cross nicol photograph of C.
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DT Cohen ef al. (2013) |ZHEVY, v2023/09 % v
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1. L—¥—7 7L a vFEEE T XA URSN
H#7 (LA-ICP-MS) D447 5t

Table 1. Instrument system and measuring conditions of laser
ablation inductively coupled plasma mass spectrometer (LA-
ICP-MS).

Laser ablation system

Instrument Light Conversion CARBIDE
Laser type Yb:KGW femtosecond laser
Pulse duration 290 fs
Wave length 257 nm
Fluence 3.8 J/em
Laser ablation method Single-spot
Galvanometric optics not used
Frequency 1000 Hz
Shot number 100
Ablation pit diameter 10 pm
Ablation duration 0.1s
Carrier gas (flow rate) He (0.60 L/min)
ICP-MS
Model Nu Instruments Nu Plasma II
ICP-MS type Multiple collector, Double focussing

magnetic sector
Forward power 1300 W

Carrier gas (flow rate) Ar (0.95 L/min)
ThO+/Th oxide formation rate < 1%

Data acquisition protocol Time-resolved analysis

8.5 5 (6's gas blank, 2.5 s ablation signal)
202, 204Pp, 206pp, 27Phy 208Pp, 22Th, 257

Data acquisition time
Monitor isotopes
Standards
Primary standard (U-Pb) Plesovice™
Secondary standard (U-Pb) Nancy 915002, GSJ17, OD-3"5¢
*1; Slama et al. (2008), *2; Wiedenbeck et al. (1995), *3; Jackson et al. (2004),
*4; Twano et al. (2012), *5; Twano et al. (2013), *6; Lukécs et al. (2015).
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Table 2. U-Pb isotopic ratio for zircon crystals determined by LA-ICP-MS.

FH A #E 50URE 91500, GI1, OD-3 DD
ENT—HT LI LD

grain  Isotopic ratios
No 27pb/2%Ph Error (26)  2Pb/*U Error (26)  *’Pb/*U Error (26) 2**Pb/**Th Error (26)  Disc.*
1tf 0.0567 + 0.0016 0.0810 + 0.0042 0.6337 + 0.0356 0.0240 + 0.0040  conc
2 tf 0.0571 = 0.0015 0.0785 + 0.0040 0.6178 + 0.0340 0.0248 + 0.0042  conc.
3tf 0.0572 + 0.0027 0.0806 + 0.0049 0.6353 + 0.0469 0.0260 + 0.0044  conc.
4tf 0.0546 + 0.0026 0.0824 + 0.0050 0.6210 = 0.0459 0.0236 + 0.0040  conc
5tf 0.0582 + 0.0018 0.0668 + 0.0035 0.5367 + 0.0310 0.0228 + 0.0039  conc.
6 tf 0.0578 + 0.0014 0.0754 + 0.0038 0.6009 + 0.0316 0.0241 + 0.0041  conc.
7tf 0.0568 + 0.0012 0.0775 + 0.0039 0.6067 + 0.0311 0.0241 + 0.0041  conc.
8 of 0.0733 + 0.0016 0.0734 + 0.0037 0.7426 + 0.0381 0.0360 + 0.0060 -10
9 of 0.0600 + 0.0013 0.0471 + 0.0023 0.3899 + 0.0197 0.0184 + 0.0031 -1
10 tf 0.0582 + 0.0014 0.0736 + 0.0037 0.5906 + 0.0312 0.0244 + 0.0041  conc
11tf 0.0570 + 0.0012 0.0768 + 0.0038 0.6037 + 0.0308 0.0238 + 0.0040  conc
12 tf 0.0574 + 0.0016 0.0802 + 0.0042 0.6356 + 0.0358 0.0241 + 0.0041  conc.
13 tf 0.0577 + 0.0016 0.0818 + 0.0043 0.6511 + 0.0366 0.0251 + 0.0042  conc
14 tf 0.0569 = 0.0015 0.0752 + 0.0038 0.5902 + 0.0321 0.0237 + 0.0040  conc
15 tf 0.0573 + 0.0023 0.0791 + 0.0045 0.6258 + 0.0409 0.0239 + 0.0040  conc.
16 tf 0.0574 + 0.0014 0.0804 + 0.0019 0.6366 + 0.0202 0.0249 + 0.0023  conc
17 tf 0.0576 + 0.0014 0.0799 + 0.0018 0.6343 + 0.0201 0.0245 + 0.0023  conc
18 tf 0.0572 + 0.0014 0.0821 + 0.0019 0.6485 + 0.0206 0.0253 + 0.0024  conc.
190l 0.0590 + 0.0010 0.0381 + 0.0007 0.3103 + 0.0073 0.0127 + 0.0012 -9
20 ol 0.0583 + 0.0012 0.0730 + 0.0015 0.5869 + 0.0161 0.0239 + 0.0022  conc
21ol 0.0575 + 0.0011 0.0665 + 0.0013 0.5276 + 0.0140 0.0202 + 0.0019  conc
22 ol 0.0570 + 0.0011 0.0794 + 0.0016 0.6248 + 0.0162 0.0228 + 0.0021  conc
23 ol 0.0574 + 0.0011 0.0750 + 0.0015 0.5937 + 0.0154 0.0231 + 0.0022  conc
24 ol 0.0576 + 0.0011 0.0697 + 0.0014 0.5540 + 0.0146 0.0244 + 0.0023  conc
250l 0.0581 + 0.0011 0.0542 + 0.0010 0.4349 + 0.0111 0.0194 + 0.0018 -2
26 ol 0.0580 + 0.0011 0.0729 + 0.0014 0.5833 + 0.0149 0.0254 + 0.0024  conc
27 ol 0.0589 + 0.0013 0.0773 + 0.0017 0.6275 + 0.0187 0.0254 + 0.0024  conc.
28 ol 0.0592 + 0.0011 0.0486 + 0.0009 0.3970 + 0.0101 0.0171 + 0.0016 -6
29 ol 0.0578 + 0.0010 0.0491 + 0.0009 0.3911 + 0.0094 0.0173 + 0.0016 -4
300l 0.0583 + 0.0011 0.0541 + 0.0010 0.4349 + 0.0109 0.0176 + 0.0016 -3
Standards
91500 1-1 0.0761 = 0.0029 0.1807 + 0.0097 1.8964 + 0.1180 0.0528 + 0.0080  conc.
91500 1-2 0.0733 + 0.0027 0.1837 + 0.0096 1.8570 + 0.1125 0.0460 + 0.0070  conc.
91500 1-3 0.0736 + 0.0027 0.1788 + 0.0093 1.8155 = 0.1096 0.0515 + 0.0078  conc.
91500 1-4 0.0716 + 0.0027 0.1781 + 0.0095 1.7592 + 0.1087 0.0452 + 0.0069  conc.
91500 1-5 0.0750 + 0.0028 0.1771 + 0.0092 1.8334 + 0.1096 0.0551 + 0.0084  conc.
GJ11-1 0.0602 + 0.0017 0.0965 + 0.0034 0.8011 + 0.0339 0.0329 + 0.0051  conc.
GJ11-2 0.0591 + 0.0017 0.0983 + 0.0036 0.8017 + 0.0346 0.0502 + 0.0078  conc.
GJ11-3 0.0601 + 0.0017 0.0977 + 0.0035 0.8098 + 0.0343 0.0320 + 0.0050  conc.
GJ1 1-4 0.0597 + 0.0018 0.0977 + 0.0035 0.8048 + 0.0346 0.0278 + 0.0043  conc.
GJ1 1-5 0.0598 + 0.0017 0.0971 + 0.0035 0.8009 + 0.0343 0.0237 + 0.0037  conc.
OD-3 1-1 0.0488 + 0.0051 0.0050 + 0.0002 0.0337 + 0.0036 0.0015 + 0.0002  conc.
OD-3 1-2 0.0453 = 0.0033 0.0052 + 0.0002 0.0323 + 0.0025 0.0016 + 0.0002  conc.
OD-3 1-3 0.0480 + 0.0046 0.0051 + 0.0002 0.0337 + 0.0033 0.0016 + 0.0002  conc.
OD-3 1-4 0.0464 + 0.0044 0.0050 + 0.0002 0.0321 + 0.0031 0.0016 + 0.0002  conc.
OD-3 1-5 0.0477 + 0.0042 0.0051 + 0.0002 0.0335 + 0.0030 0.0016 + 0.0002  conc.

Disc,*: Discordance = (1-(**Pb/?**U)/(*’’Pb/*°U)) x 100. Conc; Concordance is based on the **Pb/?**U and *"Pb/**U
ages were equivalent within 26 analytical error. Ages calculated using the decay constants Axs = 1.55125E™ y!
and L35 = 9.8485E" y! (Jaffey et al. 1971). U was calculated from *U when measured in attenuated mode (**U
counts = counts / 137.88). [Jaffey et al. 1971]. tr; transparent and fine-grain, of; obscure and fine-grain, ol; obscure

and large-grain.

(#t <, to be continued)



18 FHEISERHE - Rt - /Nt 25

(2. #i %, Table2. Continued)

grain Without correction U-Pb age (Ma) 22Th-"Pb age (Ma)  *"Pb-*"Pb age (Ma)
No 200ph/A8U - Error (26) 2Pb/¥U  Error (206) *Pb/*?Th Error (26) ’Pb/*®Pb Error (26) Note
1tf 501.9 + 272 4984 + 355 479.7 + 81.56 480.9 + 629 Th/U is close 1
2tf 486.9 + 26.0 488.5 + 34.0 4942 + 84.03 4944 + 59.7 Th/U is close 1
3tf 4994 + 31.8 4994 + 46.5 519.4 + 89.50 497.8 + 1059 low U and Th contents
4tf 510.7 = 32.4 4904 + 455 4724 + 81.39 395.5 + 108.2 low U and Th contents
Stf 416.8 + 22.6 436.2 + 31.0 4554 + 77.80 5385 + 679 YC lower Th content fit discordia line
6 tf 4684 + 245 477.8 + 31.6 480.9 + 82.05 5213 + 52.0 lower Th content
7tf 481.0 = 248 481.5 = 31.1 480.6 + 81.88 481.8 = 47.7 lower Th content
8 of 456.9 + 23.6 563.9 = 38.0 7140 £ 121.90 1021.8 + 434 disc.
9 of 296.5 = 15.0 3343 + 19.8 367.6 + 62.37 604.8 + 45.1 disc. higher U content fit discordia line
10 tf 457.7 + 239 4712 + 312 4882 + 82.93 5363 + 52.4 YC Th/U>1, higher Th content fit discordia line
11t 4769 + 24.6 479.6 = 30.8 475.6 + 80.80 4909 + 46.8
12.tf 4974 + 269 499.6 + 357 482.1 + 81.99 5082 + 62.9 Th/U is close 1
13 tf 506.9 = 27.5 509.1 = 36.5 500.1 + 85.10 5177 + 62.2 Th/U is close 1
14 tf 4673 + 248 471.0 = 32.1 472.8 + 80.40 487.7 + 57.8 Th/U is close 1
15 tf 490.7 + 289 4935 + 40.7 476.7 + 81.46 504.8 + 86.7 low U and Th contents
16 tf 4983 + 12.0 500.2 = 20.3 496.4 + 46.82 507.6 = 529 Th/U is close 1
17 tf 4954 = 119 498.8 + 20.2 489.3 + 46.13 5129 + 52.8 Th/U is close 1
18 tf 5089 + 123 507.6 + 20.7 505.0 + 47.63 499.8 + 529 Th/U is close 1
19 ol 241.0 = 45 2744 + 74 255.0 + 23.89 568.6 + 37.3 disc. high U and Th contents fit discordia line
20 ol 4542 += 9.7 4689 = 163 4772 + 44091 540.0 = 449 YC Th/Uis close 1 fit discordia line
2lol 4148 + 8.5 4302 + 142 4049 + 3829 5122 + 436 YC lower Th content fit discordia line
22 ol 492.8 + 10.1 4929 + 164 4554 + 42.83 491.8 + 42.0 higher Th content discordia line ?
23 ol 466.2 + 9.5 4732 + 155 461.0 + 43.67 505.8 + 42.0 lower Th content fit discordia line
240l 4344 + 89 447.6 + 14.7 488.0 + 46.15 5144 + 430 YC lower Th content fit discordia line
25 ol 3403 + 6.7 366.6 + 11.3 388.1 + 36.53 5349 + 41.8 disc. higher U content fit discordia line
26 ol 4534 + 9.1 466.6 + 15.0 507.6 + 48.17 5304 + 41.0 YC higher U content and lower Th content fit discordia line
27 ol 479.8 + 10.9 494.6 + 18.8 506.6 + 48.17 562.0 + 489 lower Th content discordia line ?
28 ol 306.1 = 6.0 339.5 + 102 3425 + 32.12 573.8 + 41.1 disc. high U and Th contents fit discordia line
29 ol 3088 = 5.8 3352 + 95 346.6 + 3249 520.7 + 38.6 disc. high U and Th contents fit discordia line
30 ol 3394 + 6.6 366.7 + 11.0 3532 + 33.12 5414 + 403 disc. high U and Th contents

Standards

91500 1-1 10709 = 62.5 1079.8 = 113.3 1039.2 + 161.1 1096.4 + 75.8

91500 1-2 1086.9 + 61.8 1065.9 + 108.3 909.6 + 140.4 1021.9 + 75.0

91500 1-3 1060.2 = 59.8 1051.1 + 105.6 10145 = 157.1 1030.7 + 75.0

91500 1-4 1056.6 + 60.7 1030.6 + 104.8 8935 + 138.1 9742 + 719

91500 1-5 1051.2 + 58.8 1057.5 + 105.6 1084.4 + 168.1 1069.1 + 73.7

GJ1 1-1 593.8 + 222 597.4 + 339 654.1 = 102.6 609.8 + 62.5

GIl 1-2 6044 + 229 597.8 + 345 990.1 + 157.3 5712 + 64.4

GJl 1-3 6009 + 22.5 602.3 + 342 6362 + 99.9 606.2 + 62.4

GJ11-4 600.9 + 22.7 599.5 + 345 553.8 + 87.1 5929 + 63.8

GJ1 1-5 597.6 + 225 5973 + 342 473.1 + 74.1 5949 + 63.5

OD-3 1-1 322 = 1.5 33.7 + 3.6 303 + 4.7

OD-3 1-2 332 + 1.2 322 + 25 31.7 = 48

OD-3 1-3 327 + 14 33.6 £ 33 313 + 438

OD-3 1-4 322 =+ 14 320 = 3.1 313 = 48

OD-3 1-5 327 = 1.3 335 + 3.1 32,1 + 49

Disc,*: Discordance = (1-(*Pb/**U)/(*’Pb/***U)) x 100. Conc; Concordance is based on the **Pb/**U and *’Pb/*°U ages were equivalent within 2c analytical error. Ages
calculated using the decay constants Axs = 1.55125E"" y" and dyss = 9.8485E™ y! (Jaffey et al. 1971). YC; Youngest cluster of concordant grain ages. U was calculated
from *U when when measured in attenuated mode (**U counts = **U counts / 137.88). [Jaffey ef al. 1971]. tr; transparent and fine-grain, of; obscure and fine-grain, ol;

obscure and large-grain.
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Fig. 8. A: Outcrop of the thrust at Moriyama Town. The broken and dotted lines indicate the thrust and minor faults, respectively. Square

frames indicate the areas of B, C, and D: Close-up photographs of the thrust fault at B, C and D of Fig.8 A. Gs: Cambrian greenschist

(Omika Formation); Lm: Permian limestone (Ayukawa Formation). Qv: Quartz vein.
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Fig. 9. Appearance of the thrust fault looking from a pedestrian bridge near Hidachi-Minami Ota interchange on Joban Expressway. Mt.

Kaz: Mt. Kazenokami; F: Formation.
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Dietary Characteristics of Invasive Alien Species,
Raccoon (Procyon lotor), which Shows Recent Range Expansion
in Southern Part of Ibaraki Prefecture, Central Japan
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Abstract

The raccoon (Procyon lotor) is an invasive alien species from North America. It was first introduced in
Japan in the 1960s and now populates in all prefectures. In this study, we researched the dietary characteristics
of raccoons in Ibaraki in order to unravel the factors that have led to their expansion in various regions. We
analyzed stomach and gut contents obtained from raccoons eliminated in Kasumigaura, Ishioka, Tsukuba,
and Tsuchiura cities from 2009 to 2015. Of the 150 samples, 47.3% consisted of fruit, including watermelon,
loquat, corn, citrus and grape, 21.2% consisted of grass, and 25.9% of crustaceans. We also analyzed the

landscape where the raccoons acquire food resources by relating environmental elements of habitat and food

items, such as fruit originating from crop fields and grass originating from grasslands.

Our results suggest that the raccoons selectively use crop fields and grasslands to acquire food. These

results indicate that raccoons may be expanding their range by drifting and using patchy orchards, farmland

and fruit trees.

Key words: Alien species, Food habits, Prevention, Procyon lotor, Raccoon.
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oI

7 54 7= (Procyon lotor) (X7 X V) 71 R ED H
RINFLET, HARTIE [HREdREDIC & 2 AR5
WD WEDOR LIRS 2 EEH] 12X D, 2005 4E 12
FESVRAEW I CIRE S Nz AkEWIZ L 2 ES
FHiT 012 TARGZW], THETRV], B
[PEF ] ZEPEETHY, $TICRALLHEE
[HETF e ] 7201213 4 DARERED & 5 1270
GAERIRL T ONRHT 2 L & ITHE 2 €
=) 7 RAT, EBIRDLICIE U725 5k & T 5
VBN % (BIRA, 2023).

TIATYOMEIL HERRNOFEL LT, H
KREINTIE, I X > TT7 4 F (4rdea cinerea)
AVERITE L 72 F 25 S Twa (B, 1999)
(I, TERCHIEDB L O AKX > THi&
SN, AREEHASE TV LIRS (&1 -
J#E, 2011) REARFEANEEL G 2 TR (Rl -
BH, 2020) 2SR E N TWAE. Lo L, 7947
DEBREICBT A RHEO MBI T b T 0%
BEMSIZEALETHY (i3 2, 2012; Harman and
Stains, 1979; Johnson, 1970; Matsuo and Ochiai, 2009; /&
WI 2, 2014), HARDERERIIH T 5 A2 E21L
FABCTHLZLhd, 525 AEICHETLMAD
RAHQDVLETH 5.

AW % FE i L 72 K T 2000 FR %D S
BDIICBWCTT 94 VY OEEIFERINDL LI
o272, 2010 GE S [RKWET 714 7~ BhikkE
MiEtE ] (LT, RKIRRREtm) 25%0E - Efis
TWw5,

FIBNIZBT BT 54 7~ OFERBEELIE, &
WL B BRI ANE £ o 72 2010 £ D 49 BEA> 5, 72 BE
(2011 4°), 8284 (2012 4), 12084 (2013 4°), 1355
(20144F), 2885H (20154F) &iR4 1Z8N% LT, 2020
AEITIT 1424 FHICEL TV A, TO20154EEHETO
KRV B R, ITHEY A X, B> S,
WM, FIREDT T4 <L EEIIHERICH Y, &
BEEIEr-72EZONL. B, EHOBEEER
THLHHEE, TR BLOWREINEIZB S HRT
(2023, 2024 4F) O HAEFAEE 1,000 B % # 2 C
W5 EER, 2025 THEIR, 2024; fi73)11E, 2024).

T2, FWBEDT 74 V< OFEEY 4 XL, B
MEB LW TEBINZT 74 7~ DERERE

TRIRES - 1L

2k A&, FAFI8338ha (n=4), A AF39298.0 ha
(n=3), EFHILFI452TH 5% (Yamazaki e
al., unpublished data), JLIEE 2B\ CTlX, FTE)E
A ZE A+ AFI5199.7 ha (n=4), A A FIJ187.1 ha
(n=7), EEMAED - O 3.8 TH L s S
NTw2 (BB - B, 1998). 4%, TEIE» L
<, EFEHPS WERRIETIE, &5 7% 5B EH 0
e AR OILARAEEENS.

AAREHNTIE, 7947 ~osBHEE (M,
2014; FH - FEB, 2009; 43130, 2010; A5l 2,
2001) <A QIRIEIE (Bi%E4, 2007; £91137°, 2008;
JITENZ 22, 2013), (ZHEHZ S CTRZELThilTw
B, AR AEWEREOTIEROOEDOTH A%
BIRBEFH & v o 72 2R 2 EREICBE 3 5 AN I IR
ENTW5 (RIE A, 2001; FilRIE2°, 2003; Osaki et
al., 2019; Okabe and Agetsuma. 2007).

ARG U RE B OE R - BHEICK & s
252 LENTH 2 EWEROFHAFEREIERL, &
EOMBR D o727 4 7V~ EhEF v 5 2 &
rHIE L7

KIREFH O T A &1, Lilih, Ak,
O EH o4 ERFEEmE L (K1), KkIE x5
EAT31% (189,271 ha) &, TR, KPKAFICK
WCEET 3 F IRV (BRI, 2022), Bz
13 26.4% (160,700 ha) & &ETL - & @y (BH
B, 2024). SNFAENRET L4 TH, PrHTH
% M b SRS B & UK HAE SRR 3% S ET R 0 44.3%
(34,499 ha) % & Tw7z (B4 2 ~ 5 [ A
A (1/50,000 #ER) A S HM) . 4 TR B BRE
FEE CTICHECEICIED 7 71 7Y OFEEED D Y
L RERR SN TV z720, [HRIMEBIBREM ] 128
W, I & ) b EHE S HE AT [E B
Bratisdis ] ICHRE ST w7 (FIRE, 2015).

RAEHE
1. BMSMF
(1) s
SR L B B BT L2 o T, 2010 4R DURE LS & T IT
R D L 7RI DY RIS 2 AT o 72T 94 7~
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X3 2=V 7 A8 7 FERIE BRI AR 1A S
WHRRE Sz, NHREIH & AR LB T H T
Wh, TIATPORNL BB L OERONEY
(LLF, WHALENEY) EWHREH 5z y / —
VTR ST A, RIFZE T, KIREBFRET
EERCHESNZD 0L ED, 200941 A7 5
2015 FE S AETICAMTHREINZT 74 7 DH
{LENEW A ATt L7z 2B, BEEILRTOLE D
HILENED D 513, ZhE CoRBREEL» S5O
AP SN FHINE L, WG T 74 7<vD&
PEERL T WITRRENSWEEZ b 207
B, KR TIERE (FE3 kgD L) OHLENE
WD I a AT L7z

T T A BN 72 B 24 ERTT 90% DL Eas
BEME X% (Clemens and Stevens, 1979) Z &5, H
DOWNEPIITHEE RO EW A, EHEONEWIZIEH
24 EHRTICIRIL L 2 B A& 1, SRELZS A3
CUMERDEEZLNE. FO7HE RN
25 BNEY & ERNEY ORI FERIT & 725
FirenzheilEoRaEs L E 2, jl4 OFF L
LCotrair-72.

(2) BMIHE
HALENEYRRZ 05 mm Ay Y25 bWET
K L7, PRI AmEES v vy — LI -
THREHEH ZLI25H L, HAHREROEWIZOW TR
Bt X OUE, WRERGEIEEZFEELZ. 1 D0RE
DEPL VL EIIKERICESI LTI ERE, K
HRACDZE R 200 T2 ) ¥ v — L B IEEZ I
Lo THITRITo 72, IHILENEWIIRE, 1 A FHE
Yy, TofbfiyE, REE, WEE I IXH 2o
B E O 6 HRICHE L7z FAW - B - HTIIE
BRCHES B 2 D %o 2720858 LCH—1HHE
EL, A ABHEYE b 3E L ORI 5 72720
—OQHBE L TE LD/ ZOMMWEIZIZA AF
T LN DL EORW R AEEn w5, K, A,
TIAF v 7R EONTH, AW, 7947 <H
FOREBIIEWEIR & 13 212 W20 h S st
L7z, 33 ZHICOW T Kruuk (1989) #5127
{LEPNE & P L 72Kk D —3#8 % BEMEE T CBIZ L T
WIE DA % fERE L 7.

HWBUHEE & HIZEILIEs 2011) 2&E12L 7
E, HBEAERE SREEROFEITEH - ZH

(2012) OFHETT o7 HMBUBHEOFHEIZLTO
EBNTH 5.

% EYHB OB (%) =& 2 EWEHA D
HBL L 725 o8 (1)) /el (@)

F7o, MBLERRESEEEROFLTEITRO &
BHITHE EYOEHER (KFHBPTEHEEW»ED
Tw2EE) OFBICIERS Vb7 L =2t v
7o BRELI-AEWRER v — L2k, HORPT
W& EA, FEEEMEY W CEEMH»E D & T
WMOZEE TN 22 & CHREIRKLEIT L L
NTEL, Ay v—LOTIZT I 4= MILL7
I mm HOHERKEZ L Z L1k > TRE 2 BT 1
(53 AP A

- M (2012) (&, REIERHE OB ST
B EIEEEATE O 28 mx 200 UL ERHIT S 2 & 2
WLTHED, 100 ST CTIEREE LAWEELLD,
KB LT R B3 WTAERN e 572 ) § 5 W REMEATR W
L L7z 2D HRREE 150 i 5 & FHEE
A3 100 USG5 72 722 8 O BEHIMBLEF B L U4
WEHROFEINT RSB

HBLEER 3HLEYHBOLERE, HLE
WIEE AL 722w TR L2 ETH 5.
EEREEER 3L EMHBOEEEE, £k
DWW LAETH 5.

HBLEAER (%) =X (H2EWHAOEEER (%))
S @B EWEHE 2 &G0 ()

EREHE (%) =2 (H5EWHEO HEHE (%))
SRR (1])

WHEE I IREROLEII2r b LT, 7I34 7%
BEDEWE BRI LERTI0, EEWEERLED
RO E LTI L7z, BESAERE, g
D b EMOIAERDNT 74 7<IZL > THEHT, »
OEHEL BT TR E s EELZ (B - o7
b, 2012). @R EEL, S %@ U CGER, H
BEAREDITEITIUIRES 22 EBEL, 261
PR EAE O O 72 3 L 72,

KT BT B M O A BN BT 2 258 & %
IO X5 Geiradetee) 1, JbimE cifrb iz iiE
(Asano et al., 2003; Tkeda et al., 2004) % b & 12, KB -
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g - BRAT ) B A 1 ~6 A (n=73), FEEJH 2. BEVERESMOBEDL S DERREST

Wix7~12H =77) & L7z MNFEEIHEEX3I~5H (1) GISEAWVET 1 JYDERREMA

(n=49), % 6~8H (n=50), Fk% 9~ 11 H (n=32), 2008 £ 12 A7 5 2015 4FE 6 H £ TIZFHAEN R D 4

4% 12~2H (n=19) LEFL. AN TSN T 54 7~ B o (131 7
) OfEHR (K1) %, GIS®HWTHET L. 79
A7 <OEBREOEHRE LTIE, BEAE2~5

T DT RGN

)

& 7 ?
| /
ST
N
S

-
3

1. AERORBIK LT 7 4 7~ O (131 #5). O e, AR R, S #hs, K Ik
B, W ORGSR

Fig. 1. Landscape map of the research area and raccoon capture locations (131 points) . O: Capture site, Forested area:
vertical stripes, Grasslands: oblique lines, Waterside area: gray, Crop fields: horizontal stripes, City area: black.

NG -
PCET T ft




KB BN COHMILRIENNZ D 2T 71 7~ DEEDOFF K 27

WIREAE AR R A B A b5 Hoo 1HER (R
%4, 2004) AAEH L. HfEH T & 00, GIS &
JAWT X A3 9742 m, F A 13145 1629.5 m O
BNy 77 B SRE. Ny T 7 H A XIFIRO
IR ER B L OFER T > GPS Bl % H 7247 B Pl
FAAE R (Yamazaki et al, unpublished data) (220w
TYGE L7z, REHRNOEEDT 7 A 7<= D3 A TH
ZIFHAL TR ER LML T 5720, Zh0Hrh
5 HEAL TR LT 2 Jifi 48 b 1 AR 5 2 o & B
Lt e 6 BRAh U 7Aook 850 83 oA
Tholz. KOWMIIBWT, GIS L THESEZ/NY
7 7 MAEAO Ny 7 7 EERE L CW2gAIZE, &
L2238 O @R % B A 720, 1 O &% M
gl L, EEEE L CIEEIiL 2oz, BUF, &
DNy 77 ) THREIRLT [ 774 7~ O
] &5,

BRI ML DI H SRE AL &2 2 RV 0 3R
DLBNZ L s THP TS (R, 7TI947%
D & BA A N 2 IS S5 720, HARO L
B 2 bk, FoHh, K, MHHiB X OO 5 o0+
R F Lo, ABMRBLE Lol EiTorz.
S5, S ERE S5 720 o4 B
STHHE EWEF 6 HE 2, REMHM AR, 1 AF
TSR ok, 2 OfREY) B sk, RIS
TR, WRIIKEHSR, 3 3 XEIE M A R,
Z OMEN Y E AR TR & L TR AT 7z

F 7o, BREANAET -5 TIEREL SN VT
MRS %720, ER S OL Vi A L <&
Wgii & L-CRI AT REZ S H OF M2 &2 MRGEEL 72,

EHFIAIL 20154 12 H 19 HIZE] L 72, FEHEAE
MU BER & & WAk 2 207, ZiHD 1 AT, K2
A, MM L AT B X O S AT CTaH o 7.

(2) #EtREET

AR 4 O 5 A TRITERE L, &4 B
Balgs L7 94 7~ OMILENED AR, 7
T A T O TE GBI ORAE 5 A TR %,
HRETAEAT > 7 b JSTAT for Windows 16.1 & Fv>C FL#
L 7z. Bartlett #0952 % i\ T BT & 4T o 7248 £,
B L b =D DREDR S RT DAER & o 72
728, ZEILBIZIE Kruskal-Wallis #2152 @ Scheffe O /5
FEr W, HEKET a=001 & L7z F72, 41N
DR S 4 THEE L, FERMBEHERRE LT
T4 7= OMLENTDHBHOEE L DEE 5OD
ARSI v A T L7z,

®w R

1. DHRICEEL 7238

SRIGHT S & L7 HALENEY O SHEHI AR 241
BTho72h, BB LCELBNEWIRD LNk ro
T2 72O O IEXS G & 7 o 725 URHT 91 M 72 - 72,
ZD7, KL TIIAERED 62.2% 128725 150 1
OB E VG L. F72, KA Y M TL— LRI
X BEHIICIE, oI L 23 B 150 9 B, 200
FL R S50 G C & 723 URHE 138, 150 AL L
FHII-C & 72508HE 1 f#, 100 fLLEEHIC & 725 0kHE
3fETH -7z

1. TIA47~OEBBEEESINMAER L - 5EEMA T — 5 OEX S & 5 D04 BRBIOXEE

Table 1. Correspondence table of five environmental elements and vegetation classification of the Ministry of the

Environment used in the habitat environment analysis in this study.

R

A X 9

THIIKMN, AF v Fx HIIHMN, s XF-aFIHWE YUY T-ThHIVHE UF
I-FIWE VI NRYYF - TFEE su~ Uik, A XTF-TAYTEKK, YTay Y
R H — ATV ML HE, 7)) - I XFIWE, Vo VMHE BV IF oM, 2 X FEE, R
W, THYT —AXTHE, 2575 Yy s, mly RS 7 h > 7% 7Y
SR, 7V - aF THEVE, SVERESHEEBIREAR, 4 T -5 TR, VR F - )y I

HiHy

TN 7, AAXEER], IV TA, TAIIREY — A AFEE, KPFHMESEEE, 7 X-7F2 7
T, YAV AT IYF VIR, FHY - AAREE, FEFEE, IV I UEE

Ik IR HHMEELRE S, BRI

Ak S MERERE R, SRR, S, Rk, Z0Mm

T

RO EEH, R, T, T, BRAY, SFE, ZEi

- 55 4 AR AR X S5




28 BARERT - AR -

2. BT ERMAR

B S, fEEORIFEE L CTlE L 7 7 ¥ (Aphananthe
aspera), 7 7 A (Arachis hypogaea), A A 71 (Citrullus
lanatus), 7 % / % (Diospyros kaki), Y7 (Eriobotrya
Japonica), F > (Pyrus pyrifolia), ™7 €W I (Zea
mays), 77 I AW FHIEO—FE (Padus sp.), 71~
JBO—TE (Citrus sp.), /N7 HEO—FH (Rosoideae sp.),
7 RO —FE (Vitaceae sp.) B L 7. RHEHT
X F AT v 34 A (Heptophylla picea), T ') FtO—7Ff
(Formicidae sp.), 7 7 W % & B —F (Lucanidae
sp.), 3 EBtO—F (Cicadoidea sp.), b ¥ RED—
T (Odonata sp.) HFEETE 7z, BHEIIKBA/ZTT
BB MM L. PRSI CIH (Pleocyemata
spp.) & O A AR E ST RETZ o 72, 2 OB
He L CidRIgED IR & BN EBbs b D
NENZN 1L H P ORH L. S5 7 747
< OFEREININ LT, FAoBIE T MY, Bix by
EOIY, E2ORIEAA S, BKids s 7 FBLOUE
7, LRI F ) FOREB LY, 5121

TREREEA -

L1 5 =]

AR A 08 U CECRASINBLL 72
FEWEROWLBUEE, MBLEASR, 2f 5%
F2NRY, aRbEE U CREOHBUEE (332%),
WBLEAEHE (84.7%) BLUEKEAE 473%)
b mEmrorz. A AFHEYOMBUEE (209%) &4
REAEE 212%) BREIKNTE L, ZoMmEw
B (653%) OB EFRRPIREICKRCTE? 72
F3TIE, MHEB X OFEH I L 0K EWEIREO HBUHE
BExRRLA AR, I L BHEY 313%), B
(25.6%) BLUFK (43.5%) ZRFEOLBUHE IR D
m L, A RAEFEH MDD TEMEZE L TORE 319 ~
458%) OWMBRES RS mrolz. /2, TR
OEYEIRZ & O WBUHE & MBLE A EO R E T
TEWZM 2R L. SOOI HBEE R L E
A NEYEIRIT A RIS, BMBUEESEC LM
BEEEPESVAEWRR TG TICFRENS, Fl%
WUCHBUHE, MBLERE S ICREI RS E L,
TR &) A AR, PREEPREISKCTEVE
fExRRL72.

x2. WO T T4 7~ OWFALENED b O W E IR,

Table 2. Frequency occurrence (%), occurrence volume (%) and percentage volume (%) of individual

food items in stomach and gut contents sorted by sex of raccoons in southern part of Ibaraki Prefecture.

o AP .

F A (%) F A (n) A (%) A A (n) LR (%)

R 39.6 53 24.8 25 33.2
A A FHE) 19.4 26 22.8 23 20.9
FH 13.4 18 16.8 17 14.9
IIAH 13.4 18 9.9 10 11.9
B 8.2 11 16.8 17 11.9
Z DAY B 3.0 4 5.9 10 43
Z DALEN Y 3.0 3.0 3 3.0
Mgt 100.0 - 100.0 - 100.0

n 87 - 63 - 150

amEA HBLEAFE (%) ERERZ (%)
* A A A Exye * A A A Exf=w e

P 85.3 83.4 84.7 56.4 35.1 473
A A FHiE) 66.5 58.3 62.6 21.6 20.8 21.2
RS 53.5 75.5 64.2 12.1 21.0 15.9
I3 AH - - - - - -
R 42.1 51.7 48.0 5.8 14.6 9.5
Z DMk E 32.0 42.9 38.6 1.6 43 2.8
Z OB E 51.6 83.5 65.3 2.6 42 3.3
HET 100.0 100.0 100.0 100.0 100.0 100.0

n 87 63 150 87 63 150

MBI (%) =& 2 EWEAPMBLL 2508 0% () /43088 (])
HBLLEE (%) =2 (b2 EWHEDEER (%)) /&2 WIHE 2 &UEE O ()
EREEE (%) =X (H2AEWHHOEER (%)) /adlHE (i)
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R 3. MiHiB LOFHBIOT 7 A 7~ OWALENEY b o B & IR BUHE.

Table 3. Seasonal frequency occurrence (% ) of individual food items of raccoons sorted by sex.

A A
aEWmEA * =2 Fk %
n  HBUHE (%) n BEE (%) n HBUEHEE (%) n  HBUEE (%)
R 4 12.5 11 25.6 10 435
A A FHEY) 10 313 10 23.3 2 8.7 1 33.3
B 4 12.5 7 16.3 6 26.1
IIHE 4 12.5 4 9.3 1 43 1 333
FRHE 5 15.6 7 16.3 4 17.4 1 33.3
Z DMk E 3 9.4 3 7.0
ZOMEE 2 6.3 1 23
WEb 32 100.0 43 100.0 23 100.0 3 100.0
* A
jeX YRR F 2 X %
n  HIEE (%) n HBUHEE (%) n  HBUEE (%) n  HIBEE (%)
R 19 422 15 31.9 8 44.4 11 45.8
A A FHE) 8 17.8 11 23.4 3 16.7 4 16.7
Fs 7 15.6 7 14.9 2 11.1 2 8.3
IIH 8 17.8 3 6.4 3 16.7 4 16.7
R 8 17.0 2 11.1 1 42
Z O E 2 4.4 2 8.3
ZDMBE 1 22 3 6.4
WEr 45 100.0 47 100.0 18 100.0 24 100.0
50.0 B & IR O MEHE R 0 25 S WE IR O M BUEEE
0] X3 IR, BiEOEWERE LM, WYE L
" ° WIS 5 2 212 k5T, W, %O T oL
%E e O BNEYHNOE) - W EOMBSEEOEWE /L Z &
i 25.0 5 BCE B, BWEO MBI R b BV O L FHH 0O
~ [ A (53.9%) T B O MBUEEE A b K
” r'S @? X ( 6) TH), @J%% B BE EE A3 i b 1K
- DIIEFEI DO 2 (363%) 727z
H OF ’l A ¢
0.0 - 3. BYEESGOBES S OEBBEEMA
0.0 25.0 50.0 75.0 100.0

HELHER (%)

B2 774 7OEENED»SIMBL72&EWER
DIMBUREE (%) L IBLLEEE (%) Lotk ORE,
* 0 A AFHEY), + 0 zofuhEE, O BadE O
R, A zof@8mE ORF &, B 2, M.
Fk, K ).

Fig. 2. Seasonal frequency occurrence (%) and occurrence
volume (%) of individual food items in stomach and gut
contents of raccoons in southern part of Ibaraki Prefecture.
O : Fruits, * : Grass, + : Plant matter, [ | : Crustaceans, > :
Insects, & : Animal matter (Bold: spring, Black fill: summer,
Fine print: autumn, Gray fill: winter).

T T A YOS A L, AR L
AT OMESY A THEE S L OHE, &£ LR
BEZRRE LT 94 7 OHEILBENED AR
FAEERAITR L 4TE, M (27.6%) &K
B (27.5%) OFNEDFEBETH - 7225, i SE
BTIEAKIL (32%) OFEEGH RS E L, M (28.3%)
DEEZKIZE o7z, HILENED 2O MBI 72 &
WEROHE L 2o 728558 LIS % Ao 7z

Tt o R S s o0 Bl & B EIRO RO £k &
A TOEEOEFRMEIZOWTIE, WHEZEIE RV
ol HEXRAMNORAES L THEE &
HERMRB A HRE LT 94 7 < O LEREY
B BOEE L ORI EBEEDA SN (p<0.05,
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TREREEA -
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Fig. 3. Frequency occurrence (%) of individual food items in gut contents of raccoons sorted by sex and breeding season or
non-breeding season in southern part of Ibaraki Prefecture. Animal food resources are indicated by the gray background and

plant food resources are indicated by the white background.
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Table 4. Individual environmental elements area percentage of (1) overall study area (Kasumigaura City, Ishioka City, Tsukuba
City and Tsuchiura City), (2) overall area of surrounding capture points, (3) origins of individual food items in stomach and
gut contents of raccoons in southern part of Ibaraki Prefecture, and odds ratio calculated from the ratio of (3) to (1).
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Abstract

A fossil ostracod assemblage was obtained from an unconsolidated sediment specimen exhibited in
the Ibaraki Nature Museum, which was collected from an outcrop in the Nishi-Itatoi area, in downstream
reaches of the Kinugawa River at the southern margin of the Sashima Plateau in Moriya, southwestern Ibaraki
Prefecture, central Kanto Plain, central Japan. The outcrop strata are thought to belong to the Late Pleistocene
Kioroshi Formation (ca. 0.12 Ma; Marine Isotope Stage 5.5) in the Shimosa Group. This ostracod assemblage
comprises 41 species belonging to 26 genera, including Aurila, Hemicytherura, Loxoconcha, Paracytheridea,
Pontocythere, Robustaurila, Semicytherura, and Xestoleberis. The species composition matches reports of
modern open bay or inner bay mouth ostracod assemblages in central and southwestern Japan, and the fossil
ostracod assemblage indicates a sedimentary environment involving a relatively open bay or inner bay mouth,
influenced by open sea water. During the late Pleistocene, the water in the study area would have had a warm
to mild temperature, similar to that of the modern Kanto coast. Fossil ostracods from this area are important,

as they reveal the paleoenvironment and paleogeography of central Paleo-Tokyo Bay.

Key words: Ibaraki Prefecture, Kioroshi Formation, Late Pleistocene, Marine Isotope Stage 5.5, Moriya,

Nishi-Itatoi, ostracods, Paleo-Tokyo Bay, Shimosa Group.
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Fig. 1. Sampling locality (a black square), modified from Nakajima et al. (2022), and the digital map published by the

Geospatial Information Authority of Japan.
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Fig. 2. Paleogeographic map of the Paleo-Tokyo Bay in ca. 0. 12
Ma, modified from Murakoshi and Masuda (1992) and Tanaka
et al. (2006). Estimated influx routes of oceanic currents are
based on Kondo (1991) and Masuda (1999).
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Fig. 3. Stratigraphic division and marine isotope stages
(MIS) of the Shimosa Group at the sampling locality and its

surrounding area, based on Nakazawa and Tanabe (2011).
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Fig. 4. Photograph of sediment specimen exhibited at Ibaraki
Nature Museum, which was used as a microfossil sample of
this study.
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Table 1. List of fossil ostracods.

[igd fE% %

Aurila corniculata Okubo 17 7.0
Aurila inabai Okubo 1 0.4
Aurila kiritsubo Yajima 3 1.2
Bicornucythere bisanensis (Okubo) 4 1.6
Bythoceratina hanaii Ishizaki 3 1.2
Bythoceratina sp. 1 0.4
Bythocythere sp. 1 0.4
Callistocythere subjaponica Hanai 1 0.4
Coquimba ishizakii Yajima 5 2.1
Cornucoquimba tosaensis (Ishizaki) 1 0.4
Cyprididae? sp. 4 1.6
Cythere sp. 1 0.4
Cytheromorpha acupunctata (Brady) 4 1.6
Cytheropteron miurense Hanai 1 0.4
Cytherura? sp. 1 0.4
Eucythere yugao Yajima 1 0.4
Hanaiborchella triangularis (Hanai) 6 2.5
Hemicytherura cuneata Hanai 24 9.9
Hemicytherura sp. 4 1.6
Loxoconcha epeterseni Ishizaki 17 7.0
Loxoconcha cf. epeterseni Ishizaki 2 0.8
Loxoconcha hanachirusato Yajima 10 4.1
Loxoconcha cf. prolaeta Zhou 34 14.0
Neonesidea sp. 6 2.5
Paijenborchella miurensis (Hanai) 1 0.4
Paracytheridea bosoensis Yajima 5 2.1
Paracytheridea neolongicaudata Ishizaki 8 33
Paradoxostoma sp. 2 0.8
Pontocythere japonica (Hanai) 2 0.8
Pontocythere kashiwarensis (Hanai) 8 33
Pontocythere miurensis (Hanai) 5 2.1
Pontocythere subjaponica (Hanai) 3 1.2
Robustaurila ishizakii (Okubo) 18 7.4
Semicytherura cf. henryhowei Hanai & lkeya 2 0.8
Semicytherura cf. miurensis (Hanai) 16 6.6
Semicytherura cf. wakamurasaki Yajima 1 0.4
Spinileberis quadriaculeata (Brady) 1 0.4
Trachyleberis niitsumai Ishizaki 5 2.1
Trachyleberis scabrocuneata (Brady) 1 0.4
Xestoleberis hanaii Ishizaki 9 3.7
Gen. sp. indet. 4 1.6
&Rt 243
% 41
% FEMEIE% (Shannon-Wiener index) 3.18
AEOEE () 5.0
S (E% ) 48.6
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K% 1 (Plate 1)

kR 1. BEHLAO SEM iR (Z0 1), Ok : 4,6, 10, 12, 19. 2SN & THA. & THDMERR
DHERREA D & FEH

Plate 1. SEM images of fossil ostracods, Part 1. All the specimens are adult, except for 4, 6, 10, 12 and 19, which are
juvenile. All specimens were yielded from a sediment specimen exhibited at Ibaraki Nature Museum.

: Aurila corniculata Okubo (INM-4-20095)

: Aurila inabai Okubo (INM-4-20096)

: Aurila kiritsubo Yajima (INM-4-20097)

: Bicornucythere bisanensis (Okubo) (INM-4-20098)

: Bythoceratina hanaii Ishizaki (INM-4-20099)

: Bythoceratina sp. (INM-4-20100)

: Bythocythere sp. INM-4-20101)

: Callistocythere subjaponica Hanai (INM-4-20102)

: Coquimba ishizakii Yajima (INM-4-20103)

: Cornucoquimba tosaensis (INM-4-20104)

: Cyprididae? sp. (Ishizaki) (INM-4-20105)

: Cythere sp. (INM-4-20106)

: Cytheromorpha acupunctata (Brady) (INM-4-20107)
: Cytheropteron miurense Hanai (INM-4-20108)

: Cytherura? sp. (INM-4-20109)

: Eucythere yugao Yajima (INM-4-20110)

: Hanaiborchella triangularis (Hanai) (INM-4-20111)
: Hemicytherura cuneata Hanai (INM-4-20112)

: Hemicytherura sp. (INM-4-20113)

: Loxoconcha hanachirusato Yajima, female (INM-4-20114)
: Loxoconcha hanachirusato Yajima, male (INM-4-20115)

O 0 9 N AW N =
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k% 2 (Plate 2)

KAk 2. HEH LA O SEM i{g (20 2). Dk 14,6, 18, TIHLUAMIE TR & THWAERROHERK
WA & RE .

Plate 2. SEM images of fossil ostracods, Part 2. All the specimens are adult, except for 4, 6 and 18, which are
juvenile. All specimens were yielded from a sediment specimen exhibited at Ibaraki Nature Museum.

: Loxoconcha epeterseni Ishizaki (INM-4-20116)

: Loxoconcha cf. epeterseni Ishizaki (INM-4-20117)

: Loxoconcha cf. prolaeta Zhou (INM-4-20118)

: Neonesidea sp. (INM-4-20119)

: Paijenborchella miurensis Hanai (INM-4-20120)

: Paracytheridea bosoensis Yajima (INM-4-20121)

: Paracytheridea neolongicaudata Ishizaki (INM-4-20122)
: Paradoxostoma sp. (INM-4-20123)

: Pontocythere japonica (Hanai) (INM-4-20124)

10: Pontocythere kashiwarensis (Hanai) (INM-4-20125)

11: Pontocythere miurensis (Hanai) (INM-4-20126)

12: Pontocythere subjaponica (Hanai) (INM-4-20127)

13: Robustaurila ishizakii (Okubo) (INM-4-20128)

14: Semicytherura cf. henryhowei Hanai and lkeya (INM-4-20129)
15: Semicytherura cf. miurensis (Hanai) (INM-4-20130)

16: Semicytherura cf. wakamurasaki Yajima (INM-4-20131)
17: Spinileberis quadriaculeata (Brady) (INM-4-20132)

18: Trachyleberis niitsumai Ishizaki (INM-4-20133)

19: Trachyleberis scabrocuneata (Brady) (INM-4-20134)
20: Xestoleberis hanaii Ishizaki (INM-4-20135)

21: Gen et. sp. indet (INM-4-20136)
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KRB OB o EEH I RININEREEE SR SN L7
HIEAU A Archaeozostera*

FH—GL" - AR - IR

(2024 4£ 12 H 6 H%HL)

A Trace Fossil Archaeozostera Discovered from the Isoai Formation
of the Upper Cretaceous Nakaminato Group in Hitachinaka City,
Ibaraki Prefecture, Japan™

. . . . 1
Kazuhiro Murata', Takeyoshi Matsuo' and Taichi Kato
(Accepted December 6, 2024)

Abstract

A trace fossil Archaeozostera (INM-4-19436) was discovered in a turbiditic sandstone block derived
from the Upper Cretaceous lower Maastrichtian Isoai Formation, Nakaminato Group distributed along the
Pacific coast in Hitachinaka City, Ibaraki Prefecture, Japan. The specimen of Archaeozostera treated here
consists of eight tunnels filled with black muddy sediments. Comparative analysis in morphology and mode
of occurrence between the Nakaminato specimen and the complete specimens of Archaeozostera occurring in
the Upper Cretaceous Izumi Group strongly suggests that the Nakaminato Archaeozostera consists only of the
eight radial tunnels (RT) but is an incomplete specimen in morphology. This is the first occurrence record of
Archaeozostera from the Nakaminato Group. It indicates that the Archaeozostera-producing animal inhabited

in not only the Izumi but also the Nakaminato basins.

Key words: Archaeozostera, trace fossil, Isoai Formation, Nakaminato Group, Upper Cretaceous, Ibaraki, Japan
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HIBALA Archaeozostera VL, VHTFE H A< o fr Sk & 47
oA 9 5 REEHERAR RN S ST 5 2 L
B oL TS (B 213, B - =K, 1931;
WIER, 1972; HHE, 1977, 184% - W4, 1983; 1 7 v /h—,
2001; B T2, 2012; 55l - /M7, 2013; Kotake ef al.,

ALAOFEIABIL I 2 — U7 28— 7 KR AREWEE OB A7E0—3 & LTEBS 7z

XEERFRARITE & L CHE S .
DX 2= U7 A= g R AR A
Ibaraki 306-0622, Japan).

2016; FE#, 2020). = OAE[LH T2 THEWALA &
LGt s, RN E L OHE S R
B T~ BRI OME L LTHRS N, "a¥y14 T
T LWL G ZoNn (B - =K, 1931). L
L 1980 £ LLKE, oAt h 250 s wni
CURARIREN BT XA 2 L, W E L COMBATRS
MWz &, HEEZ SNl REOREY T

LR OB & O LEdRES

T 306-0622 I3 U 5 H T KW 700 (Ibaraki Nature Museum, 700 Osaki, Bando,
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BENTWDEZ L, T 2 8 OHEREEIR A R D
KRR TH D & o BHP S, 2o bty
TR CARMLAETH L2 WRBESRHE NS L) 12
Tro 7z (B 2L, FBZE, 1983; Kuo ef al., 1989; Fu, 1991;
YA Z v n—,2001). F4F, Kotake et al. (2016) 13
Archaeozostera D ERDOIEEXEITT H L L b1, £
NDERAETRATANERT M) ¥ AEHICE -
T, RSN EFLATHL I E LT L.

Z D & )12, Archaeozostera D IEARDHIH X oD
H5—Fh, OB X ORASHRO TRO N
TWBIZEDOHEMITEL o T v, TNET
Archaeozostera DT & A EWIHIRIEREDL L OFHE =
HErOEMNLTBY (FlZ 13, Koriba and Miki, 1958;
MAEB, 1972; fEAG - W ff, 1983; & I 22, 2012; &,
2020), fiiZiZEER () ) oHHR EALiFEO
IBRBERED» D DTN RMEBPASN T LIZHEE
v (B 2AE, KA, 1931 KA - AR, 1937). — 4,
LERE R DAL TR, SR (1981) & AZH - Sk
(1984) A EHIE O HE R FT AR B, S, LT
Kotake e al. (2016) 75 A _A ¥ O 5% = A0G5>
LOEMEHEL TVLEOATHL. TNEOFEIF
Archaeozostera WIS 73 £ 0 i 87 Hs B & ORI
AL TR Z M CRET 5 b 0D, £ ORGE
D7=OIZIT LN % oI & HifE D S Archaeozostera
RHERTAHLIEDNLETH S,

EH O, T O 5 01l O KPR AR
D 2 FEEFRI I I FE 3 2 IR R IB I g e
76 B Archaeozostera (INM-4-19436 ; DLF, A&
TAR) BRI L7 AEARIIIRIEREE D 540 TO
R TH D, REETIE, IIEE Archaeozostera O
e R, JERE, EIREREL, EROEREBRD.

ER{EADEEK
BEXES
INM-4-19436 (i © 22—V 7 L728— 7 KR H
SEL/ER
BREUM =
KRB OB o KR (K1),
EHEE

RIFFE T > 72 Archaeozostera 1%, IPITiEE A
BT LR TR o7 Waia (K& 81X
F120ecm X 40cm X 30cm) HiIZEEFNCTwiz (K 1).
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1. BEALE (A Ao Mg (B). B®
ZENE, ARWFZE TR L 72429810 Archaeozostera & &
a7 0y 7 O N EZ RS, M IR AT
(1972) B & V" Masukawa and Ando (2018) % (%, HI
1~3, Hu 1~2, Is I~ (AT 2= v b 2/Rd. BEPR:
Fm, J& ; Gp, J&#¥ ; Pref, If. ; St, BR.

Fig. 1. Index map (A) and geological map (B) of the study area.

Arrow in B indicates the sampling location of the trace fossil
Archaeozostera-bearing sandstone block examined herein.
Geological map is modified from Sakamoto et al. (1972)
and Masukawa and Ando (2018). HI 1-3, Hu 1-2, and Is
1-8 indicate the lithostratigraphic unit. Abbreviations: Fm,
Formation; Gp, Group; Pref, Prefecture; St, Station.

WAL, & —E5 A M aEsERS L E)es B
ZFEMAEEL, LIELIXEWY -5 1 MbaELZ AT
L. (2006) 12X AUE, BEATE LGRS &
NFR RO L RS T 5. HEREIX
8§ ODEMIEFI= v & (Is1 ~1s8) IZX/3SNTH
D (I 1970), AR & el QBRI SIS
X, BRI = Y N2 3L 183 THE CTHrE
5% (H1B,2).

Archaeozostera % & T¥E AL, AL EZ /R 21K
DEY =Y F A MSE (Tr-1, Tr-2) I2X > THERENT
W5 (3). Tr2 OEEIEIE, Tr-1 ORHEHE IIZ5 LT
10° EUDTFTOMETHALL TS, ZOEATRED D
NLEMORRIL, SHBFT= v b Is3 FEIZHRTE
T55—E5 A MYERBOZIUIRO TELLL T 5
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2. BEEB T OMEFIRK. ks (2022) 2%,
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Wa7ay 7 offEE g (A) %/R3. BEFR: congl,
HE . dfd, T TEHEREY . Fm, B ; sandst, 5% ; siltst, >
VN

Fig. 2. Columnar section of the lower part of the Isoai Formation
distributed in the study area. Modified from Kato ez al. (2022).
Arrow indicates the inferred stratigraphic horizon (A) for the
trace fossil Archaeozostera-bearing block examined in this
paper. Abbreviations: congl, conglomerate; dfd, debris flow
deposit; Fm, Formation; sandst, sandstone; siltst, siltstone.

(B2). L7=2-T, KEAROEREEL, #EREO
GHETL=y M3 THEERONL. AHlEF
L=y b I3, WK AR, X7 T
M2SE20 5N LRI W 2 502 L2 5,
WERNC AN Z B R MR THh o722 EMHEE S
. P, HMERLZ Y b I3 OWmEEAL, EH
32T YESA M (B 2R, Didymoceras awajiensis)
R A T s A (B 2L, moceramus (Endocostea)
shikotanensis), = L CTHHEIZ&EITN LIV o
U-Pb £ ENDL, x—A M) eF T XBEOR TR
ThibHEWHEZNTWD (Masukawa and Ando, 2018).
b2 RIVOFRED LUTIEY

AEARE, BEPRICES L7z 8 KD b > AL (T1 ~
T8) THE S TWwD (M4). £hTho b vt

3. Archaeozostera 7338 R & N7 — ¥ A4 MMbaT 1y
27 QWAL T1 ~ 7: Archaeozostera @ b > # VW, Tr-1 &
Tr2: ¥ —E5 A MPGORE. A —)/3—1E 10 cm.

Fig. 3. Cross-sectional view of the Archaeozostera-bearing
sandstone block of turbidite origin. T1-7: the radial tunnels of
Archaeozostera. Tr-1 and Tr-2: turbidite sandstone. Scale bar
is 10 cm.

EIZERR, F2EDOTLICBHL VWS, b0
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RERIE, 205 -5 4 MBE (Tr-1, Tr2) @
RIIBE RIS L, BETE L ) BTy o
OTFTH (F4A) E FRE7ay 7o bE (K4B) T
BRI END. ZOERMIAEET 5 b A Vol
Hd, EEEEICK L CTIEIFFTTH 5.

Wi & ¥ — 54 s OBERmIERRED > T—
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Tr-1 fx FF O A TRO 5N 5.
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4. IBITEIBIEFE Archaeozostera (INM-4-19436) A: FAEI 70y 7 ORI, B: Ml 7o
J L. TI~NT8: b ¥ A VOF G, B : Tr-1 & Tr2 OFif. A7 —)/3—13 10 cm.

Fig. 4. Archaeozostera specimen (INM-4-19436) from the Nakaminato Group. A: Bottom surface
of the upper block. B: Top surface of the lower block. T1-T8: tunnel numbers. Broken lines: the
boundary between Tr-1 and Tr-2. Scale bar is 10 cm.

x£1. N AIVOEKIE.
Table 1. Maximum tunnel width.

1% HKME (mm)
T1 21
T2 25
T3 19
T4 23
TS5 17+
T6 20+
T7 20
T8 25

ENEH00, o OREEEuEILRF I N TS
59, @ROBEBIEIAHTHL. LirL, FIELD
Y ANVOTERERCTLS, Foly, BEIRORERIL, MRE
HERE Archaeozostera DS & ffla—E T 5.

Kotake et al. (2016) &, FEEELIEMHIZ040§ A A1
SRR 5 5 R L 72 Archaeozostera D RATE.
U R BEARIZHED X Archaeozostera DG % W 5 2212

L7z, ZLC, BRELERDE DS EEERE R
53007 = (A7 =Y 1~1) IZXHFTELZ
ExRIRL7 BEHRICEAI L7z b Y AVELEDSEZR D
B0 KR, —EO b 2 AR IVHIFIZEALRI A OB
BUIAT = VMR TRONE Z s, RERZ
Kotake ef al. (2016) 75 5% L 72 Archaeozostera O A
F—VMOBEHIR b~ 20 (RT) IZHL T 5 L2
bNs.
2. HEEEEICH (T B Archaeozostera DEHE S
IMBTERERE L, HWREMHSCELT 27 VA bl
DAL DRSS, AURBEEORFILERE T
HoHEEZHLNTVD (BIZIE, HH, 1970, 1986; Lk
2006; Masukawa and Ando, 2018; E4+/111Z7>, 2019). %
NHIZMA TEETIE, FHEBWILAIZOWTE Ay
R B (N2, 2019) R4 X FH D Squalicorax &
(InELE 22, 2020) ASHREEECIE L CREMT 5 2 &8
WhHEENTWAE,
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RWFFEIC LD, MIRERED? O LT 5 HEEA
Archaeozostera 75, WRITHEIEHEN S b LT 5 2 &8
o THRIL 72, S OFEFEIX, Archaeozostera & T,
L 7ZIEAB A5, HRITEREHE DS HER, L 72 MR DI |2
BAEBLTWAZEERLTWVS,

AR LRI ERE 2 1, FRRo kB ) HEy
BHEPOMLANFER SN TE2H, SR, 3
B EIRAL A Archaeozostera 75 FEH L7-2 & T, i
ZNOF ARG L 72 U85 A BER LB O F A
oY/ AR o & S g WVF Iy NN XY (WA

I 72, KA THe o 72 Archaeozostera B A 1%, TP BT
B HE I B\ T3 Hitachia nakaminatoensis (Hatai and
Noda, 1972) 12KWT 2 & HIZ#E S b BRIUA R
THY, FICRAERIZBWTIIMO TR L X)LV Th%
PBET SN & o7z, IRENERIEEIC BT A
HIRILRE O - R 2o 2 2 L1k, WAL R
7 \WEI & B D 72 U O SR A B R AR I BT B A
RaBET 52820005, ZOL) RLHNRE
T — 7 OFRE, RNATLOITE RIS
B WFEARERICE T 2R RO L LICET HEE
A5,

#HOOM

IITERBH OBV TIE, FKIRKFELEEZD
TREF T, FRFEEEORIZRIEZ Z LD L
LT, 2L DH4DITHIE V27207 RIREER
A TE BRI BRI BOR AR O BRI UL, FEHE AT O FF T L
RIZBWTCITERLE W22z, KR B2k 1y
fEOWE  WFIEEICIE, a5 A T EOERHALEC
B2 LK THI R VI EWT 24O ICIE
L DOEBEHRRIEL V2, AROE & KigIcH
BT DI ENTE, KRS TH I V7278586
WE R L BT 5.

5 ATk

WREFF TS, 2006 BIHCPES S O KR0S S8k
JEHE - ACETEE R - OKUEE OB ENAE D, MBS
MERE, 112 (1): 847-897

Fu, S. 1991. Funktion, Verhalten und Einteilung fucoider und
lophoctenilder Lebenspuren, Courier Forschungsinstitut
Senkenberg. Senkenbergische Naturforschende Gesellschaft
Frankfurt a. M., 1-79.

RANGE - GEITHE - 3¢ 248 2019. AL L7z %o
HIHEAR 7 PR - BRGSO 3 A FR IR IE R 0
HHiR - a8 =R a— HEHERE, 129 (1): 49-70.

Hatai, K. and H. Noda. 1972. A fossil worm trail from the
Upper Cretaceous Nakaminato Formation, Ibaraki prefecture.
Transactions and proceedings of the Palaeontological Society
of Japan New Series, (88): 458-461.

IR 20200 Y o 7RIUBHERREA ER (& LR
M) oML A= A0 ARG TS &
ALHBEE (i) —AIE{LA Archaeozostera Koriba and
Miki, 1958 (" ¥ 4 7~ E" M - =K, 1931) £ D
S, EINRR A R e, (44): 73-82

SAEJIEZ. 1981, WO bf. 243 pp., i H

MEER— - BHTT - S HEN - R - 2EFS.
2019. FIRELO 72 B % A1 O _EE RIS R IE D 5
FE L 2R o IZABLE & 2o R B KR H
AR TR, (22): 31-36.

MR — - BEHEM - W EH - A X3 - &N
AP - KA - d2Ethn) - LRE. 20200 Kk
L0V 21l o LR SR AR IR S R S FE Y L 72
AHOWILA. LA aaRE 53 (1): 18-28.

Hih—HE - ANTEZE. 2013, MESEACEEH 0T 5
IR BRI R A g O W & EIEAL A Archaeozostera D
HIEREOMERTRTE. M AHMERE, 119: 613-629.

Wy - =k R 1931 IR E LA 2 54
TE ) ICBITAEE. HER, 15 (3): 165-204.

Koriba, K. and S. Miki. 1958. Archeozostera, a new genus from
Upper Cretaceous in Japan, The Palaeobotanist, 7 (1-2): 107—
113.

Kotake, N., K. Kikuchi, K. Ishiwata, Y. Tsujino, K. Nakao and
N. Furukawa. 2016. First clear evidence that Archaeozostera
is not an ancestor of Zosteracean sea-grass but a trace fossil.
Palaeogeography, Palaeoclmatology, Palaeoecology, 454:
12-14.

FBERER. 1977, WUTT Tl 555 & ~AbAOE; ik
W &, WE =2 — X, (279):30-39.

Kuo, J., K. Seto, H. Izumi and K. Aoki. 1989. Notes on
Archaeozostera in relation to the Zosteraceae. Aquatic
Biology, 34: 317-329.

Masukawa, G. and H. Ando. 2018. Late Campanian-early
Maastrichtian heteromorph-dominated ammonoid assemblages
of the Nakaminato Group, central Honshu, Japan: biostratigraphic
and paleontological implications. Cretaceous Research, 91:
362-381.

EHER - % 823 - T8 20120 AR LIRTG kT -
AR & rh R, HBMERS, 118:37-52.

WS, 1983, 354 7Y E—EFELA DT R~ Nature
Study, 29:15-19.

KAT=EB. 1931, LIEEIZ BT 535 4 7~ E (drchaeozostera)
B LU Sigillaria FRENG. O3 WA T, R A= 7435
3, (514): 53-56

RAZER - AAAGERR. 1937, HEISSHI - REITH O R
B AAERE, 44: 1087-1097

PA T vn— T LT, 201 fLHEZEN  HEDO®E
k. Tapp., (LOEMBETRES.



58 FHH—GL - AR IREE - IR —

PR = AHEE - WREEA - BERT - R AN
1972, IRFTEEHIS O HE M E I 7eHs (5 F5o 1
W TE). 94 pp., HUEFRAHT.

IR - SeHtd. 1984, EABOLA GEEOA %
L C). 45pp., FHIEMEZE—fHT,

W — . 1972, FHIEITT O ALK, HE MR,
78: 177-190

&SR, 1970 KREIRITEW RO FTATEL Y — 5

Z® B

A M. HF A, 21: 579-593.

HHES. 1986, 55 1 &2 W - A9, 1.5 Hardbidie 2o
JA, (4) BRETEIS O R AR, AAROHE B
mMEZES. HAROWE 3 BWH . pp. 74-76, L7k
hi

fEMGF— - MMAIFEL. 1983, FIREHEICBIT235 4 7~
EOAE L FEIR, WE =2 — A, (347): 15-27.

MHE—5A - RERHE - MEXK— FZREBEOEZH5EHIPTOLBAERBEERHHESB,SE
i U 74 IR1bF Archaeozostera. *RYEE B ATEMENTRHSE 5285 (2025) pp. 53-58.

KRR O i OKRTFHEROA S 2 ERHEEGE (LHATRTH~—A M)k
FT7 UM ICHET LY S A MR T Oy 75, BIRIUA Archacozostera (INM-4-19436)
MHERINZ i, BROTHEMZREOHERY THli7z SN2 8 KD b AV THIEINT
Wo. HRHTEEA L EE A AR SRR 9046 9 D Archaeozostera SEATTEAR L OIEREE - HBIEE
D ILEIRNT 25, IRITEREE Archaeozostera 13 8 ROWEHR k> )b (RT) OAHH%Y, JEER
WIIAREELRERTH D Z L AE RB SNz IRFNEEHED S drchaeozostera D3 FE L 72D 1%
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The Occurrence of a Cicada Cryptotympana facialis (Hemiptera: Cicadidae)
in Moriya City, Ibaraki Prefecture, Japan

Takehiko Ismtsuka ' and Yuuhei Usyama®

(Accepted May 18, 2025)
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27 <Y 3 Cryptotympana facialis (Walker, 1858) D
BHUZB W ALV TH O, 554 R I 451 P35
TP Lk r Ba kA2 E ST &7z (b - BT,
2015). AR, RN CIEA 4 AL B R0 BB A

VI EBRI A L Gl 2015), TEERCHE
AR OGICAERLLTWwL 2 EPHE I Tns (£
£5,2024).

PRI BV TIE, AE (1981) 12X 5 &, 1937 48
8 F 28 HOfEHE I & A VLT I8 I T o i L O BR 4
AIFEE L, 1946 SFIZER, 1952 4F TLARH, 1952 4F
AF, 1968 E45HIC L 2B EFOWMELDHH. 20
#1900 SECOFLERE LCiE, HAE (1991), HeH - /s
e (1995), &K (1998) 206 bIE X FHOWMEDH -7z
1970 FEREIL D L 7 &0 5 DB EFOTE T H -
7o, TNOOFHEIZE L TIEERD TIE v L LE
(1976) 1ZEEMI TR L TV 5. 2000 LRI B & 2
<Y T AIMEAE 2, IBEF CRALR, 2001; A
5, 2003, 2009; H-_E, 2004 ; JIEE, 2004; ¥4, 2009; K
H - AKR, 2009; @it 2013; ##30, 2014) 2B OEREE
(AH2, 2001; A, 2018), BLHOIEAORE (ARIZ
7, 2005) BT AEEND o 2. BAEOFEMIT L %

'R 2= U7 AN TR H R T 306-0622 SRR

Ibaraki 306-0622, Japan).
2 T 302-0109  FKIIF:

B Rz R DFEFRAZ DV TIE, 2007 4 12T & T
RITEIIBIT HREEFOATH 72 (1F T2, 2008).
BT TlX, TORBERESHRINTVEA,
DY PAHC AN TOEBEFTNIE S5 T wn
(F3%,2023). &% - L (2016) 1F, FAHIZB
TH &7, B, BLREROmMERRE L720s, BEUEICD
7AW EEMEAEE LTBY, BEDORHE,S
WEBEAIEL 72

Ao, FHHO— A EINE, 202448 H 3, 17, 18, 19,
20 HB L9 AR HIL, KWEFATITRLESRST
H (35°56'N, 139°59' E, 115 20.5 m) OEEHO T v
FRAF VRN T T, Vav T, FIVAXRY, FUY
NE A FHY T EDOIEAKRET, ElAl 5~ 10 5
DI EIDBEIELMRL. 72, HZZo
MRS, FRTICBWOBER (K1) &R OZEsk
(M2) #EL, RBEF 7 ~EI MR LIZOTH
HT 5.

PREE L 7ozt & R AR, BREH, BBz
ATV Z TRUIRT. &b, HREMIT
2= T T A8 7 IR B AR fiE TR L 72,

LY T K% 700 (Ibaraki Nature Museum, 700 Osaki, Bando,

TN 552-2 (552-2 Honcho Moriya, Ibaraki 302-0109, Japan).
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iRz 5 & OB RE e A T 728
1%, 3. VIIL 2024, %)V A1) Lagerstroemia indica
(#1130 ~ 40 cm D, WEE LR 9 cm)
1%, 19. VIIL 2024, = / 77> '7 Platycladus orientalis
(Hi F2m D3E)
1%, 19. VIIL 2024, 4 b A FIEDO—FE Cupressus sp.
(#k2~25m D%E)
10, 20. VIIL 2024, 1 M AFI{HO—FE (Mt 2~
2.5m D)

J
24", 17. VIII. 2024, 24" 1%, 18. VIIL. 2024, 43'1 %,
8. 1X. 2024

FAHITRERS THTY v 3 OB AR S
N2 eT, FICOBENIHRTELVZ L.
KRNI BT < ¥ I DD 2007 FFICHFTT T
RERS TS 17T EDRE#E LT, FAWA2 7T H
DIEAEDFRFRE o7z, BRI TO 7 vEID
FELESGATIE, BT AE 7 & A B FE R S AR TR
RIS CIEHTCTH 5 (GlH, 2015). FHT
DFEAESIT S, FEHICHER S N EARE (K3) T
B, W THIEOFAELT L EM L 23 TH
B Atk KRR TO <Y IR EOFRIE, T
HEHL D AR 7 & % R D B L T TR R
EEhL).

1. SFARTTHRESNZ 2 7€ I DA ADBE (2024
8 1320 HEREE).

Fig. 1. Exuviae of female Cryptotympana faciailis collected on
August 20.2024 in Moriya City.

2, TR CHRESNZ 7 EIDWAE L F A A 2
A (2024 4F- 8 ] 18 HERHL).

Fig. 2. Dead bodies of Cryptotympana faciailis collected on
August 18, 2024 in Moriya City. left: male, right: female.

3. WP ELCWa ) FHYTEAL PAFED
A,

Fig. 3. Row of trees, Platycladus orientalis and Cupressus sp.,

on which exuviae were found.

7<xE¥ IR, MARKTOMETIE2 ~54F
DHRWPEE2 L O EDbhro Tn5D (K- Bij,
2015). Stk SHiSEREMLE LTESETLINE D 2
ZOWTIE, HROEFHMA*EZET 5L SERED
TRBEBEEATLTL L 70 B, S b T &t & 4B L OF
BHNOFERTIZ OV TOREZ ED TV E W,
Wi\l ldhiloT, THEWLFE NI —TT A
28— 7 SRR AR A O AKNIE A (2R L
F5.
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Foraminiferal Assemblage in the Beach Sand of Kujihama, Hitachi City,
Ibaraki Prefecture, Central Japan®

Minoru Kaneko', Yuta Istrtsuka®, Taichi Kato?, Riko SumMmno®, Mei ASAKATL’,

Saki ITo’, Chisato Nisuryama® and Ayaka Suzuki®
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Key words: beach sand, foraminifers, Hitachi City, Ibaraki Prefecture.

=40% ]

ARZEWOHEEDFICIEE C OFILEEENE T
NTWC, BREFITCHRBEOHEM L LTE L O
#£72%% % (Harrington, 1960; Uchio, 1962; 71/ 4, 1990;
I 2 A - BEMR, 2004; iR, 2006; fE &, 2011; HIl -
¥, 2019; Pilarczyk et al., 2019; #kiZ 7>, 2020 %2 &), =
D BB O R O E, TR
(Harrington, 1960), %20k LT B (Pilarczyk
etal,2019), =iitE L EHRFEOMmR (FiR, 2006)
Thb. Lo LIIBRNOMERE O FLEEETE
BT AT 2. T2, FIRIEM O KRR
JE i, HEROK & BUERAK AR LSRR AT &
N, DGR IKILO FL & 238 > CHERME 72 il T B
B (AR - K5, 1985). SO0 KIKIE N O R0
OFEFLHEEHEZ ST 5 2 L, TIIEhE
HWOBIAILHIELHO 2 ICT 2 EMER L LTE

BEThbH, ARG TIEH LT AR O F fLH
EPIFROMMR & TR HE L, RO
FTHBTE 5 L) 12, AILHGER 2 EAIE B
$i (LUF SEM) TH#R# L2 ERT.

AEM S S OMRG &

FURHBR LD 271 TR H 7T AU KIS By BE L
MOWEERETH S (K1), FIH I 2024 4F 11 H
12 H 12IFEHT, HITEBOERRBOWLE 1 em FBRERLY
FY, ZOTOWZ 50 g \TEHBL 72, #riE (2006)
&L, SRR ERERBOMEDOEEIZL L ©
N EBEEROT 5 OB THILREH S EENT
WHEWI ENE L, WIHTBBORBOMEIY L) &
DT OWZFIT 2 LSRR ERE Lz, ZOHS
DREHRIUL Z D HFEE- 7.

AEHIRB L 2o bER 05 g 2 FEL, Y v—L

* ARWFEIEWIZE ) H OWSEERE (F1 6 4ERE) & L CHEmS N,
V' 2= U7 8= 7 RIE BRI WIZE 02 T 306-0622 k3R H T KM 700 (Cooperative Research Fellow, Ibaraki

Nature Museum, 700 Osaki, Bando, Ibaraki 306-0622, Japan).

22—V T AN 7 KW HAREYIE T 306-0622 kIR H U K IE 700 (Ibaraki Nature Museum, 700 Osaki, Bando,
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PSRN KL T S S R BRI e b A T 373-8511 BEIG IR KH T /UIEHT 16-7 (Earth Science Group, Science Research
Club, Gunma Prefectural Ota Girls' High School, 16-7 Hachiman-cho, Ota, Gunma 373-8511, Japan).
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B 1. BURHREOHE S G X B B 3 [/ GST MAP
(ELHEE) 20T L TR,

Fig. 1. Sampling locality. The right topographical map is based
on the digital map published by the Geospatial Information
Authority of Japan.

23 CCF MR FEMARBEMSE B L CRILR 2 FE L -
FELl. Ihxaitdgllhd T TiTol.
BRI 53, IRAFIRILAS LY B 7 A A4
% SEM THg L7z, AILIGRIEAE 2 1Th T IKE 2z
E—FT, A—lE%E 35 LIE2 HarsHidg L.
SEM &, #BIEHABREWEOH N, T2 /1
T—=ZTM-1000, BEUI 22— 7 L8— 7 FIRILH
SRIEHfE D JEOL JCM-7000 NeoScope % i} L 72, A
W TR L 72 EAIE I 2 — 9 7 28— 7 KRR Bk
BRI B - RE STV D

wo R

AALBAT CRREE L 22l 4 g K0, BEHR L7
1075 fERIZ D\ C 16 /8 33 O A FLH & W E L
7o (FE D, BEEEAILRIGHR I N oz R
W1gl7zh DEKAEFLHREFEOIT200HTH -
7z HALREFZIIENED S 1), 12T EEDPTE- T
WT, RIFIRBERTTH o7z, 72, REEDHIR
LT b Efr @B BRSO b7z, i L7z o
RO WCTIEERLT, 0.5 mm U A 1%, 0.5 mm
~ 0.125 mm %* 93 %, 0.125 mm L F7%% 6% T - 72,
AALEGEEL 31T 100%7° 0.5 mm ~ 0.125 mm DAL
(HRES ~HikEfD) 12& ThTwni.

AR fLEGESEREEOTERE L, Pararotalia nipponica
(47.1%) DEEOIZIFFrE o7 HfEfEE LT
Elphidium crispum (11.3%), Cibicides lobatulus (8.0%),
Porosorotalia makiyamai (7.1%), Ammonia ketienziensis
(5.5%), Glabratella sp. 1 (4.3%), Planoglabratella
opercularis (3.8%) B X U Rosalina bradyi (2.4%) 7%
FEM L7z, 2o 8 TEEDK 0% % k7.

g1 RAEALRY A b

Table 1. List of benthic foraminifers.

Tl TR AR
Ammonia cf. angulata (Kuwano) 1 0.1%
Ammonia cf. japonica (Hada) 1 01%
Ammonia ketienziensis (Ishizaki) 59 5.5%
Buccella frigida (Cushman) 1 0.1%
Cibicides cf. aknerianus (d' Orbigny) 1 0.1%
Cibicides lobatulus (Walker and Jacob) 86 8.0%
Cibicides sp. 7 0.7%
Elphidium advenum (Cushman) 25 23%
Elphidium crispum (Linnaeus) 122 11.3%
Elphidium jenseni (Cushman) 7 0.7%
Eponides cribrorepandus (Asano and Uchio) 5 0.5%
Eponides orientalis Asano 6 0.6%
Glabratellina cf. traphera Loeblich and Tappan 1 0.1%
Glabratella sp. 1 46  4.3%
Glabratella sp. 3 03%
Globocassidulina sp. 1 0.1%
Hanzawaia nipponica Asano 5 05%
Murrayinella minuta (Takayanagi) 2 02%
Pararotalia nipponica (Asano) 506 47.1%
Planoglabratella opercularis (d'Orbigny) 41 3.8%
Planoglabratella sp. 1 3 03%
Planoglabratella sp. 2 02%
Porosorotalia makiyamai (Chiji) 76 7.1%
Pseudononion japonicum Asano 1 0.1%
Quinqueloculina cf. stalkeri Loeblich and Tappan 1 0.1%
Quingueloculina sp. 1 2 02%
Quingueloculina sp. 2 2 02%
Quingueloculina spp. 2 02%
Rosalina australis (Parr) 6 0.6%
Rosalina bradyi (Cushman) 26 2.4%
Rosalina vilardeboana d'Orbigny 1 0.1%
Rosalina? sp. 1 01%
Stilostomella sp. 1 0.1%
gen. et sp. indet. 25 23%
A ALERAET (1) 1075
PR (g) 4

B 1 g M7e ) o LHGE O (. g)  268.75

23 fE 27 MR D SEM BB %, X 1,212R L7z %
FET LM TRE, BEHOMREL HOTE L2
ZEURLT7z.

HILR DN OB 8T, Hiehr -
B =0 - a5 AV LN

HIE R o

£ ¥
AFEROMR IS T 5 A LRERSTEE O T
W WAE Cd % Pararotalia nipponica, Elphidium crispum,
Cibicides lobatulus \&, ‘HSHEH O WEETI2E LT 5K
EHLRETH B (ILE, 1986; MZIE7, 1991). b
B (1986) FHEEGTICAERT 2 E, RO 4 DL
X2 b o7V —FIZIXr L7z, g IR 2R
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D, eI LCTAEET 2E LGS, g LTS
O 7 LB & | A5 W B A RE, WEOXICZ
DA LTAER L T2 2 ) FEEA, WROZEDOHIC
DF o TV BRHEEYHREDOREZ, EZ L TH)
&5 HMAENE TH L. ARG OFILEH
\&, Pararotalia nipponica, Elphidium crispum 75 5= I
& C, Glabratella spp., Planoglabratella spp. 737 1]
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BhR 1. EAEFILRO SEMGHE (£0D 1) A7 —)L3—(3 100 pm.

Plate 1. Scanning electron photomicrographs of benthic foraminifers, Part 1. Scale bars = 100 um.

la, b, ¢: Quinqueloculina cf. stalkeri Loeblich and Tappan (INM-4-20068) (a) Side view, (b) opposite side of (a), (c)
apertural view.

2a, b, c: Globocassidulina sp. (INM-4-20069) (a) Side view, (b) apertural view.

3a, b, c: Stilostomella sp. (INM-4-20070) (a) Side view, (b) apertural view.

4a, b, c: Eponides cribrorepandus (Asano and Uchio) (INM-4-20071) (a) Spiral side view, (b) side view, (c) umbilical
side view.

Sa, b, ¢: Eponides orientalis Asano (INM-4-20072) (a) Spiral side view, (b) side view, (¢) umbilical side view.

6a, b, c: Rosalina australis (Parr) (INM-4-20073) (a) Spiral side view, (b) side view, (c) umbilical side view.

7a, b, c: Rosalina bradyi (Cushman) (INM-4-20074) (a) Spiral side view, (b) side view, (c) umbilical side view.

8a, b, ¢: Rosalina vilardeboana d'Orbigny (INM-4-20075) (a) Spiral side view, (b) side view, (c) umbilical side view.

9a, b, c: Murrayinella minuta (Takayanagi) (INM-4-20076) (a) Spiral side view, (b) side view, (c) umbilical side view.

10a, b, c: Planoglabratella opercularis (d'Orbigny) (INM-4-20077) (a) Spiral side view, (b) side view, (c) umbilical
side view.

1la, b, c: Glabratellina cf. traphera Loeblich and Tappan (INM-4-20078) (a) Spiral side view, (b) side view, (c)
umbilical side view.

12a, b, ¢: Glabratella sp. 1 (INM-4-20079) (a) Spiral side view, (b) side view, (c) umbilical side view.

13a, b, ¢: Planoglabratella sp. 1 (INM-4-20080) (a) Spiral side view, (b) side view, (c) umbilical side view.
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BhR 2. JEAEFILRO SEM GHE (£02) A7 —)L3—(3 100 pm.
Plate 2. Scanning electron photomicrographs of benthic foraminifers, Part 2. Scale bars = 100 um.

la, b, c: Cibicides lobatulus (Walker and Jacob) (INM-4-20081) (a) Spiral side view, (b) side view, (c) umbilical side
view.

2a, b, c: Hanzawaia nipponica Asano (INM-4-20082) (a) Spiral side view, (b) side view, (c) umbilical side view.

3a, b, c: Buccella frigida (Cushman) (INM-4-20083) (a) Spiral side view, (b) side view, (c) umbilical side view.

4a, b, c: Pararotalia nipponica (Asano) (INM-4-20084) (a) Spiral side view, (b) side view, (c) umbilical side view.

Sa, b: Pararotalia nipponica (Asano) (INM-4-20085) (a) Spiral side view, (b) umbilical side view.

6a, b: Pararotalia nipponica (Asano) (INM-4-20086) (a) Spiral side view, (b) umbilical side view.

7a, b: Pararotalia nipponica (Asano) (INM-4-20087) (a) Spiral side view, (b) umbilical side view.

8a, b, c: Ammonia ketienziensis (Ishizaki) (INM-4-20088) (a) Spiral side view, (b) side view, (c) umbilical side view.

9a, b, ¢: Ammonia cf. angulata (Kuwano) (INM-4-20089) (a) Spiral side view, (b) side view, (c) umbilical side view.

10a, b: Elphidium advenum (Cushman) (INM-4-20090) (a) Side view, (b) apertural view.

11a, b: Elphidium crispum (Linnaeus) (INM-4-20091) (a) Side view, (b) apertural view.

12a, b: Elphidium jenseni (Cushman) (INM-4-20092) (a) Side view, (b) apertural view.

13a, b, c: Porosorotalia makiyamai (Chiji) (INM-4-20093) (a) Spiral side view, (b) side view, (c) umbilical side view.

14a, b, c: Porosorotalia makiyamai (Chiji) (INM-4-20094) (a) Spiral side view, (b) side view, (c) umbilical side view.
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Record of Larva of the Near-Threatened Goby, Luciogobius pallidus
Complex (Gobiidae), Collected in the Naka River Estuary,
Ibaraki Prefecture, Eastern Japan*

Shinnosuke Ocuma ', Kazuya Yamazaki', Taichiro Tovama', Seiya KANEKO,
Kentarou Hirasumva® and Kouki Kanou®
(Accepted August 16, 2025)

Abstract

A postflexion larva (8.2 mm in body length) of an earthworm goby collected in the Naka River estuary,
Ibaraki Prefecture, eastern Japan, on 26th September 2021, was identified as a near threatened goby,
Luciogobius pallidus complex, on the basis of second dorsal-fin ray count of eleven, anal-fin ray count of
twelve, myomere count of 19 + 18 = 37, and distinctive pigmentation patterns, such as the presence of four
conspicuous melanophores along the dorsal midline from the head to the second dorsal-fin origin, continuous
melanophores on the second dorsal-fin base and continuous melanophores from the dorsal side of the gut to
the caudal peduncle. The present specimen represents the northernmost record of L. pallidus complex on the

Pacific coast of Japan.

Key words: conservation, data deficient, early development, earthworm goby, identification.

& AR DU O B AR oA, TUEL, JuM, &

LB Ve, FEEAE, WEOFMNEI S L, W

3 I ANYJ&E Luciogobius Gill, 1859 |ZJ& 3 A 1 K3 DITERIZHERE 3 5 BB D BRI oz 44 T, 38D

3 ANE L. pallidus Regan, 1940 1%, KK LIRG O K WEHF % EICERT 5 (Kim, 2012; B35, 2013;

FARMFRNE R 2 =TT L8 — 7 BRI BREM ORGSO —RE L TEBSI N .

V32— U7 A= 2 IR A AREE RAREHERE T 306-0622 FKIEUELIH K 700 (Ibaraki Nature Museum, 700
Osaki, Bando, Ibaraki 306-0622, Japan).

DU RS HER - M BRI LA KBRS 7 1 — )V R AT — Y 3 v T 311-2402 KM UL Sk T K AR 1375 (Water
Environmental Field Station, Global and Local Environment Co-creation Institute, Ibaraki University, 1375 Ohu, Itako, Ibaraki 311-
2402, Japan).

SRERILIE ST BRI AR T 642-0001 1L UL i B T IR 2 370-1 (Wakayama Prefectural Museum of Natural History, 370-1
Funo, Kainan, Wakayama 642-0001, Japan).
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FENNE 2, 2019; LR IE 20, 2021; LI 26, 2022). A&
I EMARR I N TEB Y, W LHFEREE K
HHE R SN Lo THEEBHPTHRT 28BN H 5720
(&)1, 2015), AL v F 1) A N CHEMBGE IR
ESINTWD (B HRER R4 AR, 2020).
TR N B\ CRAE L 2011 4F LRI 1] 38 0 8
L OAH THRERE (LT, &) 35 mm D
1 ERDSERE S N8 D 5 DA T, ZNAKRED
KM OALBREEER & % > T % (I, 2016). 2012
HFE LIRS 2 otnfiar & 2 OB g = F5E L7
PR A BIIFERE T E o 72728, 2016 4125
TENTTIEIL v FF—% 7 v 7 Tk [EHRAE
OEEME] & LTiglRsn Onw, 2016), TOHLE)
FAER SN T W, 20X ) 2RI T T, 2021 48
9 HIZHRBTJI L8 T3 5 172 3 I ANE BT AR
(&T13A,2023) 2FELIEZH, A FIIANE
TE#E Luciogobius pallidus complex (7%)I[1372>, 2019) @
—EIZFE SN0, ZTOREBNERE L LI, 2
N S

MR ETE

ARBFFEIC I 72AE AL, 2021 4E9 H 26 B I KRR
VM BT ORI )G B R E S WS [4F
134 (2023) D Fig. 112St.1 & LTReENTw5] @
KEF 1 m RO A & Wi, H b o Tl
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KO E S 4m, HA 1 mm (Kanou et al., 2002)] %
FAVTRES N, 10%H ARV~ VIR CRIE SN
721, 70% F )V TV T — VKB TR S T
7o, RIHAM FOREREOKIIL 22T, 513 4% T
Hotz (&FI3d, 2023). HOFEEIEEITE - &G
(2008) &l (#7) (2014a) 12D W TIT-72
EDBNZ 2 A D 2 WIEREER T, BiERiEs
¥, THEBHOFIZOWTIE, EISEINEA (2019)
¥R FROLMMOF - GRS
Leis and Carson-Ewart (2000) 25V, K&, A, B
£, WE, B LHEE, ILMEE, 82 THiE
BRI O W TUE TR BB (I ) 7282l 3
70 A—=%—=%HTC 0.1 mm OFFECTEHIL 7. R
% EHER A B L OISR (2025) 12, 3 3 AN
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DX 551 Kendall et al. (1984) \ZfE- 72, AHIZET
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1. FRDREZE

AWFFEIZ W7 B (Fig. 1) &, A R
LT, IEM2EomREl L ) 2R f) 2 E
L, EEPERICEOCR RN EPRO5N5 Z
& (Vi b OEBETHER) T, —IZRNERHT
IR (i - B, 20140) & —H L7z ZOFM
(35 2 WIERIE S B 11, BEERIESREA 12, Fil
s 19 (AR + 18 (B#) =37 T (Table 1), BHTHES
MO 2 TR L COT M LI 4 HOBHIRD H
B, 52 R P S BITICER T A RE 4
BBk BT 54 L w7z (Fig 1), ERNTER
FENTVRLNERAEIHO AT, 0L HEtHEE
B & BEFENROGA/NY — D WIS &
bELOFHIEIIANERBOATH S (B, 1957;
E - GEE, 1971, 1972, 1977; HHHIE 2, 1974; 5 HIZ
7%, 2006; “TIE - i, 2008; 3EH, 2014; HIH, 2014; ¥
11, 2014b; $f3H - FEFEE, 2014b; €J11134, 2020). 7B,
TEXFT)JEDA I T F T Gymnogobius petschiliensis,
= w ¥ 3 G opperiens, 7 ¥ I) G. urotaenia, F
YUY G. eylindricus |22\ TE RO RO 543
= EUT 505, Wi ZITREEE SNbFE
&% (Leis and Carson-Ewart, 2000; 79111 (#), 2014a)
233234 OFPFHNICH 572 (B3 2, 2013; JFH,
2014), ABZEOFMEFRL > T

e, AN, UE, LRSS TW»S I 3
ANERHED D) BLEEICRBMEN TS ISHEDH 2
WHERRIERL, BIERIESRE, FHEE X% Table 2 12
AL NG ISHEDH B, 743 I ANEREO
#1771 33 ANY L adapel TIIEHEL EiEx K2
& (BT A, 2013; #:)1113 42, 2019), oo 13 FE (A1
SIIANYHEEHEO R 7y 23 ANY Loalbus, *
L) 32 ANY L dormitoris, 7L I I ANE L
Sfluvialis, -7 AA I I ANE L. fonticola, 773 I X
INEHERED F A I I ANE L elongatus, >~ & >~
¥ L. parvulus, > 7 X A I I X)N¥ L. punctilineatus,
TF I IANBEHEDOT F I I ANEY L grandis,
IANEREHED I 3 ANE L guttatus, 1 3 I AN
¥ L. martellii, I F 3k *3I I X)NE L ryukyuensis,
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B 1. 2021 4F 9 H 26 HIZHRIJI Ok O FHEH i CERE SN2 A B3
96729, A& 82 mm) D A7 v F (A) L GHE (B). (B) TIX5 2 iyl Eikhit

g1, WIIE I CRE S LA F I I X EHERE
D FIERT- B O - FHIE.

Table 1. Counts and measurements of a postflexion larva of
Luciogobius sp. (Luciogobius pallidus complex) (INM-1-
96729) collected in the Naka River estuary.

No. of specimens 1
Body length (mm) 8.2
Counts
2nd dorsal fin rays I, 10
Anal fin rays I 11
Myomeres 19+18=37
Measurements
As % of body length
Body depth 11.9
Head length 235
Preanal length 67.8
Pre-2nd dorsal-fin length 67.3
Pre-anal-fin length 68.3
As % of head length
Snout length 26.0
Eye diameter 22.1
Upper jaw length 429
FATA A4V 3I3IZANEL yubai, ¥V I 3IANLH

HoOY ) I I ANE L platycephalus) TILE 2 ITHER
EEEOREESRE, FHEEE (EHEE B+ BHEEE) @
WENRDPOMENFRL S & T (12137, 2013; Ikeda
et al., 2019; % N11Z 2, 2019; £ 1113 %, 2020; Koreeda

I ANEHEFEO—HEO LIRS A (INM-1-

FMEDI ) T2 > TV D

Fig. 1. Sketch (A) and photo (B) of a postflexion larva of Luciogobius sp. (Luciogobius pallidus complex) collected at the
sampling site in the Naka River estuary on 26th September 2021 [INM-1-96729, 8.2 mm in body length (BL)]. The second
dorsal fin rays and anal fin rays are folded on the other side of the body in (B).

and Motomura, 2022), ARWFZED M & FkGI Sz, B%
DOI1FETHAA FIIANEEEDL FI I AN
&, 52 WHEREE SR L BRSO &

H 121013, BHEHEAT 18-19 + 16-18 = 34-37 TH )
(EZ 22, 2019), REFFEOFAOFHEIEHEME & —3%
L7z, &612, INFTUURESRBEEINTwE A N
IIANEORM (FE 85 mm) (IS - Fi§, 2008)
WX, B S RIS OT M LICH B B, Hb

EiZonT

B EE S RIS COBRA TR 05 ﬁ
NG ==K L7270, RUPBEOFMAIZA FI 3

NVIZHEETDHEEZOND. 125L, kA F33
ANEE SN TR O REBES G E T
VB IREEAR SN TB Y (FHIED, 2006; #1132,
2019; R 1Z 2, 2024), 6 O FHDHIENIZH 5
INT—HD Y A TOHHEROIE L il S i Twn
ZWHLK (G HIZ 22, 2006; IS - =515, 2008) % # &
ZC, AWEDTFMOFEILA FI I ANEHETEO—
iR S P YA

2. FRADHEDTLH
A K3 IANBHBEO—H
Luciogobius sp. (Luciogobius pallidus complex)

(Fig. 1, Table 1)
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Table 2. Ranges of meristic counts of Luciogobius species reported from Hokkaido, Honshu, Shikoku and Kyushu of Japan.

Species Species 2nd dorsal finrays ~ Anal fin rays Vertebrae Reference**
complex*
Luciogobius adapel A — — 23 +26-27=49-50 1)
L. albus B I, 7-9 I, 8-9 15+16=31 1)
L. dormitoris B I, 11 I 11 18+ 18=136 1)
L. elongatus A I,5-8 I, 7-9 19-21 +21-23=42-44 5)
L. fluvialis B I, 8-10 1, 8-10 16-17 +15-16 = 31-33 1),3),5)
L. fonticola B I, 7-9 1, 7-9 15-16 + 15-16 = 30-32 1),3),5)
L. grandis C I, 14-16 I, 14-16 17-20 +21-23 = 40-41 5)
L. guttatus D I,10-13 I, 11-14 16-18 +20-22 =38-39 5)
L. martellii D I,10-13 I,11-13 16 +19-21=35-37 5)
L. pallidus B I,9-12 1,9-12 18-19 + 16-18 = 34-37 5)
L. parvulus A 1,9-11 I, 10-12 19-21 +22-24=41-44 5)
L. platycephalus E I 11-12 I, 11-14 17-19 +24 =41-43 1)
L. punctilineatus A I,9-11 I, 11-13 16-18 +22-24 =39-42 4)
L. ryukyuensis D I, 9-11 I,9-12 16 +21-22=37-38 1)
L. yubai D | I, 10 16+19=35 2)

*Species complex of Luciogobius defined by Shibukawa et al. (2019): A) L. elongatus complex, B) L. pallidus complex,
C) L. grandis complex, D) L. guttaus complex, E) L. platycephalus complex.
**Reference: 1) Akihito ef al. (2013), 2) Ikeda et al. (2019), 3) Kanagawa et al. (2020), 4) Koreeda and Motomura (2022),

5) Shibukawa et al. (2019).
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Abstract

In August 2024, a weakened red-footed booby, Sula sula, was protected in Joso, Ibaraki Prefecture. Up

to the present, this species had been observed in Ibaraki only in 2019 in an offshore area between Hitachinaka

Port and Oarai Port on the ferry route connecting Oarai Port and Tomakomai Port. The present observation

seems to be the first case that a red-footed booby flew into an inland area of Ibaraki. This individual was

thought to be a juvenile from the color of its beak and its plumage. It seems possible that the bird had lost its

way as a result of strong winds from a typhoon passing offshore of Ibaraki during that period.

Key words: Ibaraki Prefecture, inland area, Red-footed Booby, Sula sula.
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Fig. 1. Location (O) where the red-footed booby was discovered
in Joso City, Ibaraki Prefecture.
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Fig. 2. Juvenile red-footed booby at the time of discovery (Photo
taken on August 22, 2024).
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Fig. 3. Body weight changes of red-footed booby during the temporarily protected period (August, 2024). There are some

periods without data. Pre-feeding body weight was calculated by subtracting the food weight from the post-feeding body

weight, and pre-regurgitation body weight was calculated by subtracting the regurgitated weight. * indicates regurgitation

of food.

4 FRHCRESNLT AT SN YA K ) ORI
A (AT INM-1-131071). BEEIIAELREN TV 5.

Fig. 4. Stuffed specimen of the red-footed booby protected in
Joso city (specimen number INM-1-131071). The beak and
legs have been stained.
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