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Late Silurian orthocerid cephalopods from the Suberidani
Group, Tokushima Prefecture, Southwest Japan

Shuji Niko

Department of Environmental Studies, Faculty of Integrated Arts and Sciences, Hiroshima University, 1-7-1 Kagamiyama,

Higashihiroshima City, Hiroshima 739-8521, Japan

Abstract: Orthocerid cephalopods are described for the first time from the Ludlow (early late
Silurian) limestone of the Suberidani Group in the Kurosegawa Belt. The examined specimens
occur from float brocks collected in the Katuura area, Tokushima Prefecture, Southwest Japan.
Four species, Michelinoceras (Michelinoceras) alticameratum Kobayashi, 1984, Kopaninoceras
kobayashii Niko, Hamada and Yasui, 1989, Orthocycloceras sp., and Arionoceras tokushimaense
sp. nov., are identified. The Suberidani assemblage belongs to the Kopaninoceras Fauna developed
in the northern margin of Gondwana. This discovery is new evidence suggesting a Gondwana origin

of the Kurosegawa Belt.

Introduction

The Silurian to Devonian Suberidani Group (Hirayama
et al., 1956) is an unmetamorphosed constituent of the
Kurosegawa Belt that crops out in the Katuura area of
Tokushima Prefecture, Southwest Japan (Figures 1.A,
1.B). It is divided into the lowest limestone dominant
unit (10-19 m thick) and the main clastic unit (more
than 475 m thick), which consists mostly of sandstone
with intercalations of volcanic and volcaniclastic rocks
(Hamada, 1959; Hamada, 1965; Wakamatsu et al., 1990).
Although limestone of the lowest unit yields diverse marine
fauna, they have been undocumented with the exception
of some tabulate corals including halysitids (Yamashita,
1946), aulocystids (Niko, 2001), and pachyporids (Niko,
2003). Among the unestablished taxa, the present paper
focuses on cephalopods for the first time and discusses
their paleobiogeographic significance. The examined
fossil specimens herein occur in float brocks of limestone
collected from the river-bed of the Miyaga-dani Valley (Loc. 1)
and an abandoned quarry in the Chouzuga-dani Valley (Loc.
2). Detailed geographic positions of the both localities are
given in Figure 1.C. Coral data indicate that the limestone
dominant unit can be correlative with the Ludlow (lower
upper Silurian) G3 Member of the Gionyama Formation
(Yamashita, 1946; Niko, 2001, 2003).

Except for preliminary reports, such as Hamada (1961;
Geisonocerina? sp. from the Gionyama Formation) and

Hirata (1965; Orthoceras sp. from the Yokokurayama
Group), the first reliable study about Silurian cephalopods
in Japan was conducted by Kobayashi (1983), in which
the presence of six Ludlow species of orthocerids from
the Yokokurayama Group was revealed. The specific
composition of the assemblage subsequently compensated
by Kobayashi (1894) and Niko et al. (1989, 2017) is as
follows: Michelinoceras (Michelinoceras) alticameratum
Kobayashi, 1984 (? = M. mizobuchii Kobayashi, 1984),
Kopaninoceras kobayashii Niko, Hamada and Yasui,
1989, Orthocycloceras gomiense Kobayashi, 1983, O.
aff. gomiense, Leurocycloceras? sp. indet., Arionoceras
densiseptum Kobayashi, 1983, Protokionoceras
fessicancellatum Kobayashi, 1984, and geisonoceratid gen.
et sp. indet. These strata, as with the Suberidani Group,
belong to the Kurosegawa Belt. Additionally, the other
structural belts, South Kitakami and Hida-Gaien, containing
Middle Paleozoic rocks, also yield Silurian cephalopods.
Of those, Niko (2016) described only a single species,
Bandoceras gifuense Niko, 2016, from the Ludlow Hitoegane
Formation belonging to the Hida-Gaien Belt. It can be said
that our knowledge on Japanese Silurian cephalopods is still
insufficient; therefore, the present new discovery from the
Ludlow unit of the Suberidani Group is noteworthy.

Repository.—All specimens are stored in the Tohoku
University Museum (Institution abbreviation: IGPS = Institute
of Geology and Paleontology, Faculty of Science, Tohoku
University, Sendai).
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Figure 1. Maps showing distribution of the Kurosegawa Belt (KB) and location of Tokushima Prefecture in Southwest
Japan (A), distribution of the Kurosegawa Belt and location of studied area in Tokushima Prefecture (B), detailed locations
of collecting sites of cephalopods in the Katuura area (C). Used topographic map is “Ai” scale 1:25,000 published by the
Geospatial Information Authority of Japan.

Systematic Paleontology Michelinoceras (Michelinoceras) alticameratum
Kobayashi, 1984
Order Orthocerida Kuhn, 1940 Figures 2.A-2.D, 2.G
Superfamily Orthoceratoidea M’'Coy, 1844
Family Orthoceratidae M’'Coy, 1844 Michelinoceras sp. a, sp. nov., Kobayashi, 1983, p. 293, fig. 1.
Subfamily Michelinoceratinae Flower, 1945 Michelinoceras alticameratum Kobayashi, 1984, p. 245, pl. 3,
Genus Michelinoceras Foerste, 1932 fig. 1; 1988, p. 1.
Type species.—Orthoceras michelini Barrande, 1866.
Subgenus Michelinoceras Foerste, 1932, Description.—Longiconic large orthocones with circular
emend. Kiselev and Gnoli, 1992 cross section; conch expansion is gradual, approximately 4°

in angle; the largest specimen (IGPS coll. cat. no. 112448)

—

Figure 2. A-D, G. Michelinoceras (Michelinoceras) alticameratum Kobayashi, 1984. A, IGPS coll. cat. no. 112446,
longitudinal polished section: B, IGPS coll. cat. no. 112447, longitudinal (dorsoventral) polished section, venter on right:
C, IGPS coll. cat. no. 112449, transverse polished section, venter down: D, G, IGPS coll. cat. no. 112448; D, longitudinal
polished section; G, longitudinal thin section, showing siphuncular structure, arrow indicates septal neck. E, F, H.
Kopaninoceras kobayashii Niko, Hamada and Yasui, 1989. E, IGPS coll. cat. no. 112455, longitudinal (slightly off conch
center) polished section: F, H, IGPS coll. cat. no. 112452; F, longitudinal (dorsoventral) polished section, venter on right; H,
longitudinal thin section, arrow indicates septal neck. I-K. Orthocycloceras sp., IGPS coll. cat. no. 112456. I, longitudinal thin
section: J, partial enlargement of 1, arrow indicates septal neck: K, longitudinal polished section. Scale bar is 15 mm in A, B, D,
K;6 mminC, E-G, |; 3 mminH, J.
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attains 20 mm in conch diameter; shell surface probably
smooth; apex and body chamber are not preserved.
Camerae long to relatively long with form ratios (maximum
width/length) of 1.0-1.4; septa deep; sutures directly
transverse; siphuncle narrow and slightly subcentral in
position; siphuncular wall consists of orthochoanitic septal
necks and cylindrical connecting rings; length of septal
neck is very long, attaining 2.5 mm at approximate conch
diameter of 13 mm. Cameral deposits episeptal-mural.

Material examined.—IGPS coll. cat. nos. 112443-112450.

Occurrence.—Locs. 1 (IGPS coll. cat. nos. 112443-112449)
and 2 (IGPS coll. cat. no. 112450).

Discussion.—The present material including large
specimens from the Suberidani Group is assigned to
Michelinoceras (Michelinoceras) alticameratum from
the Yokokurayama Group in the Yokokurayama area,
Southwest Japan, based on angles of conch expansion and
slightly subcentral siphuncular position. Because M. (M.)
alticameratum was represented by an only known holotype
whose adoral end has 9 mm in diameter, the new specimens
indicate more adoral shell characters.

Genus Kopaninoceras Kiselev, 1969
Type species.—Orthoceras jucundum Barrande, 1870.

Kopaninoceras kobayashii Niko,
Hamada and Yasui, 1989
Figures 2.E, 2.F, 2.H

Kopaninoceras kobayashii Niko, Hamada and Yasui, 1989,
p. 61, 63, figs. 2.A, 2.B.

Description.—Longiconic orthocones with circular cross
section; conch expansion is relatively rapid, approximately 9°
in angle; the largest specimen (IGPS coll. cat. no. 112455)
attains 8 mm in conch diameter; shell surface probably
smooth; apex and body chamber are not preserved. Cameral
length varies from short to relatively long with form ratios
(maximum width/length) of 1.4-3.5; septa relatively deep;
sutures slightly oblique; siphuncle narrow and subcentral in
position; siphuncular wall consists of orthochoanitic septal
necks and cylindrical connecting rings; length of septal neck
is long, 1.2 mm at conch diameter of 5 mm; septal necks
converge faintly adapically and indicate narrow funnel-
shape, where siphuncle shallowly constricted. Camera filled
with calcite that may be recrystallized cameral deposits.

Material examined.—IGPS coll. cat. nos. 112451-112455.

Occurrence.—Locs. 1 (IGPS coll. cat. nos. 112451-112453)
and 2 (IGPS coll. cat. nos. 112454, 112455).

Discussion.—The author cannot detect differences in most
of the important taxonomic criteria, including general conch
shape, cameral length, siphuncular position and nature of

siphuncular wall, between the Suberidani specimens and the
type series of Kopaninoceras kobayashii, that was collected
from the Yokokurayama Group (Niko et al., 1989).

Subfamily Leurocycloceratinae Sweet, 1964
Genus Orthocycloceras Barskov, 1972
Type species.—Orthocycloceras alayense Barskov, 1972.

Orthocycloceras sp.
Figures 2.1-2.K

Description.—A single longiconic specimen of annulated
orthocone was available for study, whose cross section is
circular and adoral part represents body chamber; conch
expansion is gradual, approximately 3° in angle; conch
diameter attains 10 mm; there are 4-5 annuli in length of
corresponding conch diameter; apex and peristome are not
preserved. Camerae short to very short with approximate
form ratios (maximum width/length) of 3-6 in usual camerae
and attaining 15 in the last camera; sutures slightly oblique;
siphuncle relatively large for the family and central in
position; siphuncular wall consists of orthochoanitic septal
necks and weakly inflated connecting rings; length of septal
neck is short, 0.4 mm at conch diameter of 8 mm. Cameral
deposits episeptal-mural.

Material examined.—IGPS coll. cat. no. 112456.

Occurrence.—Loc. 2.

Discussion.—This poorly preserved specimen shows close
similarities to Orthocycloceras gomiense Kobayashi, 1983,
from the Yokokurayama Group, but differs by its shorter
camerae and weakly inflated connecting rings. Because of
insufficient material, it is left in open nomenclature.

Family Arionoceratidae Dzik, 1984
Genus Arionoceras Barskov, 1966
Type species.—Orthoceras arion Barrande, 1866.

Arionoceras tokushimaense sp. nov.
Figures 3.A-3.1

Diagnosis.—Species of Arionoceras with depressed conch
cross sections; camerae short; cameral form ratios ranges
from 3.0 to 4.9; sutures slightly incline toward dorsum;
siphuncle nearly central in apical and subcentral in more
adoral shells, thus its position ratios decrease to 0.4; septal
necks orthochoanitic and very short, 0.19-0.63 mm.

Description.—Conchs longiconic orthocones with
moderate to relatively rapid expansion, whose angle
ranges from 8° to 10°; cross sections of conch are
dorsoventrally depressed oval with approximate form ratio
(lateral diameter/dorsoventral diameter) of 1.3; the largest
specimen of fragmentary phragmocone (holotype) has 15
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Figure 3. Arionoceras tokushimaense sp. nov. A. Paratype, IGPS coll. cat. no. 112458, longitudinal (slightly oblique)
polished section; venter on right. B, F. Holotype, IGPS coll. cat. no. 112461: B, longitudinal (dorsoventral) polished section,
venter on left: F, longitudinal (dorsoventral) thin section, showing ventral siphuncular wall, arrow indicates septal neck. C,
E. Paratype, IGPS coll. cat. no. 112463: C, longitudinal (slightly off conch center) polished section: E, transverse polished
section, venter down. D, H. Paratype, IGPS coll. cat. no. 112462: D, longitudinal (slightly oblique) polished section: H,
longitudinal (slightly oblique) thin section, arrows indicate septal necks. G, |. Paratype, IGPS coll. cat. no. 112457: G,
longitudinal (dorsoventral) thin section: |, partial enlargement of G to show details of septal neck. Scale bar is 6 mm in A-E; 0.6
mminF I; 2.1 mmin G, H.
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mm in length and 8 mm in adoral dorsoventral diameter;
shell surface probably smooth; apex and body chamber are
not preserved. Camerae short with form ratios (maximum
dorsoventral width/length) of 3.0-3.9 in a paratype (IGPS
coll. cat. no. 112457, approximately 3 mm in dorsoventral
diameter) representing apical shell and 4.1-4.9 in the
holotype; sutures straight and slightly incline toward dorsum;
siphuncle narrow; diameters of siphuncle are 0.21 mm
in apical shell and 0.73 mm in the holotype; siphuncular
position nearly central in apical shell, then it becomes
subcentral with 0.4 in position ratios (distance between
central axis of siphuncle and surface of ventral shell surface/
corresponding dorsoventral conch diameter) at more adoral
shells; siphuncular wall consists of orthochoanitic septal
necks and cylindrical connecting rings; length of septal neck
is very short, 0.19 mm in apical shell and 0.63 mm in the
holotype; connecting rings thin, undifferentiated. Cameral
deposits episeptal-mural; no endosiphuncular deposits
developed.

Material examined.—Holotype, IGPS coll. cat. no. 112461.
Paratypes, IGPS coll. cat. nos. 112457, 112458, 112462,
112463. In addition, four poorly preserved specimens, IGPS
coll. cat. nos. 112459, 112460, 112464, 112465, were also
examined.

Occurrence.—Locs. 1 (IGPS coll. cat. nos. 112457-112463)
and 2 (IGPS coll. cat. nos. 112464, 112465).

Etymology. —The specific name is derived from
Tokushima Prefecture.

Discussion.—Arionoceras tokushimaense sp. nov. is
somewhat similar to A. densiseptum Kobayashi, 1983, but
the new species has shorter camerae and more eccentric
siphuncular position in the adoral shells than those of the
previously known species from the Yokokurayama Group.
The type species of the genus, A. arion from the Prague
Basin in Bohemia, differs from the new species by its circular
cross sections of the conch and nearly central siphuncular
position even in the adoral shells. Arionoceras mahsuri
Niko, Sone and Leman, 2017, from the Langkawi Islands,
Malaysia, clearly differs from the new species by its much
longer camerae.

Significance

The orthocerid cephalopod assemblage of the Suberidani
Group described here is composed of Michelinoceras
(Michelinoceras) alticameratum, Kopaninoceras kobayashii,
Orthocycloceras sp., and Arionoceras tokushimaense sp.
nov. It has greater affinity with that of the Yokokurayama
Group. Michelinoceras (M.) alticameratum and K. kobayashii
are common to both assemblages. In addition, there are
related species in the Yokokurayama assemblage for a
species of Orthocycloceras left in open nomenclature and A.

tokushimaense, i.e., O. gomiense and A. densiseptum. Niko
et al (2017) posted the Kopaninoceras Fauna and indicated
that it includes a local cephalopod assemblage from the
Yokokurayama Group. Consequently, the Suberidani
assemblage also belongs to the Kopaninoceras Fauna.
Because the main territory of the Kopaninoceras Fauna was
the northern margin of Gondwana including North Africa,
Variscan Europe, southern Afghanistan, western Tibet, and
Malaysia (Niko et al., 2017), this new discovery provides
additional paleontological evidence supporting Hada and
Yoshikura’s (1999) theory that the Kusosegawa Belt has a
Gondwana origin.
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Identification of source area of stone material for
the Baji Museum, Takekoma Shrine based on
trace-element chemistry of apatite, and its
significance in the architectural history

Reishi Takashima", Hiromichi Saito?

Y The Center for Academic Resources and Archives, Tohoku University Museum, Tohoku University

% Sendai Technical High School

Abstract: Apatite is highly resistant to burial diagenesis, welding and weathering processes, and its
trace-element composition is known to change with crystallization in response to various magmatic
conditions. By utilizing such characteristics, the apatite trace-element compositions of tephras and
ash-flow tuffs have been used for identifying source calderas as well as source regions of stone
materials of the historical building. The Takekoma Shrine had to identify the source region of stone
material used in the basal part of the Baji Museum in order to renovate the museum. This study
demonstrates that the stone material of the basal part of the Baji Museum is the Akiu Stone (Upper
Miocene Yumoto Formation) based on apatite trace-element compositions. Furthermore, we clarified
that the Tomizawa Stone (Middle Miocene Tsukinoki Formation), yielded near the Takekoma Shrine,
was widely used for warehouses in lwanuma City and lwanuma Church.
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Photos of Baji Museum, Takekoma Shrine. Upper:
Baji Museum at the time of completion of construction
(provided by Takekoma Shrine), Lower: Base-stone
of the Baji Museum.
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base-stone (Sample material).
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Fig. 4 Photographs of outcrop or building of samples. A-B. Baji Museum, Takekoma Shrine; C-D: lwanuma Church; E-F:
Tomizewa Stone; G-H: Akiu Stone. White scale bar shows 1 cm.
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Fig. 5 Stereomicroscopic photographs of the heavy mineral from the studied samples. A. Base-stone from the Baji
Museum, Takekoma Shrine. B. Rolling stone from the lwanuma Church. C. Tomizawa Stone material, D. Akiu Stone
material. White scale bar shows 1 mm.
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Fig. 6 CI-Mg (A) and Mn-Fe (B) plots of apatite from the base-stone of the Baji Museum, Takekoma Shrine, rolling stone in
the lwanuma Church and Tomizawa Stone.
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Fig. 8 Correlation among thease-stone of the Baji Museum, Takekoma Shrine, rolling stone in the lwanuma Church and
tuff stone materials in the Miyagi Prefecture.
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Fig. 9 Building using the Akiu Stone. Left: Miyagi storehouse, Upper right: Saito Ho-onkai Museum, Lower right: paleo-
Shiraume Shuzo storehouse.
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Building using the Tomizawa Stone. Upper left: The storehouse of the Takahashi Yokichi Shop. Upper right: Shrine

in the garden of the Takahashi Yokichi Shop. Middle. Lower left: Paleo-Matsu'ura dry store’s storehouse. Lower
right: Paleo-Okazaki Bunsuke shopping store’s storehouse.
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completion. Lower: Present Iwanuma Church.
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Abstract: The excavations at the Loma Atahualpa site (Atahualpa-66) in the Santa Elena Province of
Ecuador were conducted by Russian, Ecuadorian, and Japanese archaeologists in 2017 and 2018.
Three human burials were discovered approximately 100 cm below the ground surface, indicating
that they probably originated from the Late Las Vegas culture of the preceramic period. This study
aims to understand the technological and functional features of stone tools from the preceramic
period at the Loma Atahualpa site. In addition, technological and functional changes between the
Early-Middle Las Vegas and Early Valdivia cultures were examined in comparison to the materials

already analyzed.

1. Introduction

Since the late 1950s, the earliest pottery has been
attributed to the materials of the Early Formative Valdivia
culture in coastal Ecuador. The Real Alto site, one of the
most significant sites of the Valdivia culture, was excavated
in the 1970s and 1980s. A series of field studies provided
extensive and precise information on the evolution of
small sites of early agriculturalists into huge settlements
with artificial mounds and plazas and, later, into one of
the earliest regional ceremonial centers in South America
(Marcos 1988). Unfortunately, intensive expeditions of
Valdivia culture sites were interrupted after the mid-1980s.
Consequently, several important archaeological questions
have remained unanswered for approximately 30 years.

In 2014, 2015, and 2017, new excavations of the Real Alto
site were conducted by Russian, Ecuadorian, and Japanese
archeologists (Popov et al. 2017). The main goal of their
research was to discover the oldest cultural layer containing
Valdivia | and San Pedro pottery in the early ceramic
period. At last, the authors discovered the oldest non-
ceramic culture at the Real Alto site, dated around 5,800 BP
(6655-6563calBP). In addition, numerous lithic artifacts were
unearthed and analyzed based on techno-typology and use-
wear (Tabarev and Kanomata 2015, Kanomata et al. 2019b).
The authors proposed the original model of the “Tropical
package” for the transitional period from hunter-gatherers to

early agriculturalists in coastal Ecuador. Moreover, the new
radiocarbon dates of Valdivia | and San Pedro potteries (n
=5) could be attributed to 4640 to 4450BP (5470-4880calBP)
(Tabarev et al. 2016, Kanomata et al. 2019b). In the case of
the Santa Elena Peninsula, we suggest the existence of pre-
Valdivia without pottery as well as Las Vegas with pottery.
The next target was to understand the dates and features of
the Late Las Vegas culture.

2. New Excavation at the Loma Atahualpa Site

A small test pit was excavated at the Loma Atahualpa
site (Atahualpa-66) in Santa Elena Province in October
2017, in which a human burial was discovered 95cm
below the ground surface. The burial was attributed to the
preceramic period because this cultural level contains no
pottery. Accelerator Mass Spectrometry (AMS) dates were
obtained from the charcoal samples situated 80-100 cm
below the ground surface (Table 1). A radiocarbon date
near the burial indicated a preceramic age (5,340+30BP)
and another, farther away from burial, yielded a younger
age (3,280+30BP). Based upon these results, the burial can
be attributed to the Late Las Vegas culture, and this site is
deemed the most suitable target to achieve our research
goal.

In 2018, the second excavation was directed by J. G.
Marcos, A. N. Popov, and A. V. Tabarev. This project was
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Tab.1 Radiocarbon dates at the Loma Atahualpa site. *OxCal v.4.4.2 (Bronk Ramsey 2020) and Intcal 20

. Carbon Data with 5'°C Correction
M aterial Pre- 13 -
Lab Number | Sample Samp le Provenance recovery | 6 C (%o) (AMS) | Conventional
Type | treatment 0 u pMC (%)
(%) C Age (yrBP)
IAAA- level 5, burial 1, 80- Charred
- =+ + +
181070 1 100em material AaA 66 2544 + 024 | 5340 + 30 5144 + 0.18
IAAA- Charred
2 level 5, 80-100cm - AaA 70 -26.93 + 0.29 | 3,280 £ 30 66.48 + 0.23
181071 material
N103/E105, dark spot
1'9’ 2098 3 |under shell mound Chi‘r:?dl AaA | 68 | 2643 + 027 | 2950 + 30 | 69.31 + 0.22
burial 3, 100-120cm ateria
. 13 R . R
Lab Number Data without 5°°C Correction Acge for Calibration Calibrated Age ( 10) Calibrated Age (20)
Age (YrBP) pMC (%) (yrBP)
6196calBP - 6172calBP (13.9%)* | 6268calBP - 6245calBP (6.1%)*
IAAA- 6149calBP - 6113calBP (22.0%)* | 6205calBP - 6105calBP ( 47.5%)*
5350 + 30 | 5139 + 018 | 5340 + 27 @ calBP (22.0%) @ calBP (47.5%)
181070 6078calBP - 6058calBP (10.3%)* | 6089calBP - 6001calBP (41.9%)*
6050calBP - 6011calBP (22.1%)*
AAA- 3556¢calBP - 3530calBP ( 21.3%)*
! 3310 + 30 | 6621 + 022 | 3279 + 27 e CAIBP (2L.3%)" | o e7calBP - 3447calBP (95.4%)*
181071 3494calBP - 3454calBP (46.9%)*
AAA- 3205calBP - 3196calBP (1.3%
' 2070 + 20| 691 + 021 | 2945 + 25 3160calBP - 3069calBP (68.2%) e calP (1.3%)
190093 3176calBP - 3000calBP (94.1%)

*OxCal v.4.4.2: Bronk Ramsey (2020) ; r5; Atomospheric data from Reimer et al. (2020)

conducted with the cooperation of Russian-Ecuadorian and
Japanese archeologists. The area of the main unit (no.1)
was 28 m® and accompanied by a trench (no.1, 4 m? and
five test pits (no.1-5, each 2 m?). The basic stratigraphy in
the main unit comprised six layers as follows:

1*: Solid grayish sand (10-40cm depth).

2": Sandy loam of dark brown-greyish color (40-60cm

depth).

3" Sandy loam of dark brown-greyish color with Anadara

shells (60-80cm depth).

4™ Sandy loam of dark brown-greyish color (80-100cm

depth).

5" Sandy loam of dark brown-greyish color with Anadara

shells (100-120cm depth).

6": Solid yellow-brownish sand (deeper than 120cm) —

sterile horizon.

Three burials were discovered in the lower levels of the
main unit, situated approximately 100 cm below the ground
surface. Burial no.2 was contained in the layer with shells
(5th layer), which covered burials no.1 and 3. Burial no. 1
was discovered in the test pit in 2017. The closest charcoal
of burial no. 3 was selected as a sample for radiocarbon
determination. Unfortunately, the date measured by the
AMS method, 2,950+30BP, was more recent than two dates
attributed to the upper level (5" level). This suggests that
the 6" layer was contaminated from the upper layers due
to elements such as animal burrows or dry cracks under

the ground. Soil cracks identified on the sterile horizon at
the bottom of the main unit may have contributed to this
contamination.

A number of pottery fragments were recovered from the
main unit. More than 95 % of the potteries were unearthed
from a depth of 0-80 cm (levels 1-3). These are typologically
attributed to the Late Valdivia, Machallila, and Guangala-
Mantefia cultures. Therefore, the artifacts situated greater
than 80 cm in depth can be attributed to the preceramic
culture.

Because precise analysis of ceramics and lithic tools is
in progress, the authors explain the characteristics of lithic
tools in preceramic culture from the viewpoint of technology
and function.

3. Technology

The authors selected 30 lithic tools from more than
3,000 materials (99% is represented by the by-products
of percussion) and created the illustrations presented in
Fig. 1, 2 and 3. These tools included denticulates (8), an
end scraper (1), flakes (3), flakes with microflaking (3),
notches (2), a notched scraper (1), retouched flakes (9), and
scrapers (2) (Tab. 2) made from chalcedony (10), chert (16),
jasper (2), and quartzite (2). The raw material composition
indicates that artisans intentionally selected hard and
silicified stones for manufacturing flake tools. The average



Stone Tool Functions in the Preceramic Period at the Loma Atahualpa Site in Ecuador

size of the flake tools was 37.4 mm long, 26.6 mm wide, and
12.1 mm thick. The average striking angle was 109.3°. Blank
flakes were removed by direct knapping using hard stone
hammers. The existence of a bipolar technique is unclear.
Secondary retouch flake removals were performed using

23

the same method. Multiple circular cracks formed by hitting
were observed on the surface of three flake tools (Fig. 13-4,
11, and 14-13)). These traces indicate failures in knapping
during secondary removals.

Tab.2 Attributes and use-wear of lithic tools at the Loma Atahualpa site in 2018

length | width | thick raw striking " polish worked - .
no. | square |depth| tool type . used position ; striation| operation
(mm) [(mm)|ness| material angle type material
1 retouched | 57 5| 5 1 | 8.7 | chalcedony| 120 | dorsaliieftiiow [B? or D22 V%% |barallel| cutisaw
flake bone/antler
N104- retouched .
2 106 flake 278 136.2 11 jasper 119 - - - -
[E104 retouched | 19 | 196 | 27| chert ; ventralleft - vertical| whittle
flake middle
denticulate | 24.7 | 29.6 [10.3 chert - - - - -
retg:ﬁged 49.2 | 34.3| 97| jasper 94 | both/bothflow | D2? bO”e/f'”“er parallel| cut/saw
flake with dorsal/right/low, ., .| Wwood,
6 N102- microflaking 46 54 | 9.5 | chalcedony 91 ventrallleftlow D27? or B~ bone/antler parallel| cut/saw
106 notched
JE105 scraper 66.9 | 27.8 120.7 chert 117 - - - -
notch 28.6 [ 20.6 110.1 chert - - - - -
snapped | 336 124499 | chert - - - - -
flake
10 retouched | o5 4 | 417 7 chert - - - - -
N102- | s0- flake
11 denticulate | 20 | 24.5[15.2 chert - - - - -
106 100 ventral/notched bone/antler
12 /E101 cm | denticulate | 31 24.7 | 17.4 | chalcedony - edge D1? N vertical| whittle
13 denticulate | 26.4 | 17.5 [ 12.4| chalcedony [ 127 - - - -
13(2) end scraper| 42 |25.7|15.1| chert 126 Ve””i'(’j’;‘:c"ed 2 vertical| whittle
14 | N102- notch | 405 | 405 |12.1|chalcedony| 93 |ventralnotched g, pool  WOOD, 1 liel| cutisaw
106 edge bone/antler
15 | /E103 scraper 60.7 | 30.5]21.6| quartite - - - - -
16 flake 48 174 7.7 quartite 108 - - - -
17 flake 41.8 | 30.5|15.9| chalcedony| 120 - - - -
snapped
18 flake with | 24.2 | 204 8 chert - - - - -
retouch
19 N11862' retg:ﬁzed 25.1 | 37.2| 9.5 |chalcedony| - | ventrallbase | D17 bO”e/f'”“er ? y
20 /E102 denticulate | 36.8 | 33.1 | 12.9| chalcedony - ventra;Zthched D1, D2 | bone/antler |vertical| whittle
21 flake with | 36 5 1 16.5[12.7|  chert 133 - - - -
microflaking
22 flake with | 50 4 | 89| 9.9 | chert 105 | dorsalfeft, D2 | bone/antler |parallel| cut/saw
microflaking ventral/right
23 | N102 denticulate | 45.7 | 42.7 | 24 |chalcedony| 90 dorsal/right, D2 | bone/antler |parallel| cut/saw
JE106 ventral/left
24 denticulate | 39.2 [ 29.219.2 chert - - - - -
25 100- | denticulate | 43.3 | 24.7 [17.9|  chert 100 Ve”"ae'(’j’;‘:d‘e‘j D1, D2 | bone/antler |vertical| whittie
110
dorsal/left wood
S PN o ,
26 cm scraper 335 (20.2]| 87 chert 103 ventralfright B? or D27 bone/antler parallel| cut/saw
27 | N102 retouched | 555 | 481 | 67| chert - - - - -
JE105 flake
28 flake 55.2 | 17.4 | 3.1 [chalcedony|[ 103 - - - -
29 retouched | 399 | 472(132| chert - - - - -
flake
30 |burial no.2 axe 762 | 52.3 [31.5 9N - - - - -
madstone
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1~12: 80- 100 cm in depth
Scale=75%

Fig.1 Lithic artifacts at the Loma Atahualpa site in 2018.

Based upon research conducted by the authors, these  From a techno-typological point of view, it is difficult to
technological characteristics are common to the Las Vegas  distinguish which culture these lithic tools belong to.
and Early Valdivia cultures (Tabarev and Kanomata 2015).
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13~20: 80 - 100 cm in depth,
22~23: 100- 110 cm in depth

Scale=75%

Fig.2 Lithic artifacts at the Loma Atahualpa site in 2018.
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Fig.3 Lithic artifacts at the Loma Atahualpa site in 2018.

4. Function

1)Object

Object materials for use-wear analysis were unearthed
from 80 to 100 cm (level 4) and 100 to 110 cm (level 5)
below the ground surface. The vertical distribution of pottery
and characteristics of lithic technology indicate that a cultural
layer deeper than 80 cm from the surface would belong to
the Late Las Vegas or Post Las Vegas period. Therefore,
the objective of the use-wear analysis is to understand the
function of stone tools in this period.

2)Method
Use wear analyses were carried out by one of the authors

24~26: 100 - 110 cm in depth,
27:burial no.2, 100 - 110 cm in depth
Scale=75%

(Kanomata) at the Real Alto site from 2014 to 2017. The
raw materials of the lithic tools recovered from the Real
Alto and Loma Atahualpa sites included chalcedony, chert,
and quartzite. Thus, the same methodology was applied in
this analysis. As the authors excavated all of the materials
in 2018, specific items were intentionally selected just after
discovery and carefully washed. The authors observed lithic
artifacts from 80 to 110 cm below the surface (levels 4 and 5)
with the naked eye and tried to find stone tools that exhibited
retouch, micro-flaking, and abrasion. Next, these materials
were carefully examined under a metallurgical microscope
(OLYMPUS BH). Microscopic photos were taken using a
digital USB camera, and some of them were processed
using image-composing software (Helicon Focus). Although
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most lithic artifacts exhibited no apparent use-wear, four was used to classify micro-wear polishes. Systematic use-
lithic tools with relatively obvious use-wear polishes and  wear analysis was conducted using the “Keely method” (or
seven tools with unapparent use-wear were identified (Tab.  the “high power approach”) to identify worked material and
2). A microscope with magnification between 100x and 400x  operation (Keely 1980, Akoshima 1989).

Scale=75%

2 bone/antler polish and vertical striation (x200) 3 bone/antler polish and vertical striation (x200)

4 bone/antler polish and vertical striation (x200) 5 bone/antler polish and vertical striation (x200)

Fig.4 Use-wear on lithic artifacts at the Loma Atahualpa site in 2018.
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Scale=75%

4 bone/antler polish and vertical striation (x200)

2 bone/antler polish and vertical striation (x200)

Fig.5 Use-wear on lithic artifacts at the Loma Atahualpa site in 2018.
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1 bone/antler polish and parallel striation (x200)

Scale=75%

3 bone/antler polish and vertical striation (x200)

2 bone/antler polish and parellel striation (x200)

4 bone/antler polish and vertical striation (x200)

Fig.6 Use-wear on lithic artifacts at the Loma Atahualpa site in 2018.

3) Result

Denticulate no. 25 exhibited the most apparent use-
wear pattern. This tool has three notched edges, with
use-wear polishes formed at the central part of all edges
(Fig.4). Polished surfaces with vertical striations exhibited
characteristics of bone/antler use-wear pattern— a bright/flat
surface, narrow/highly dense striations, and rounded edges.
This means three independent use zones (IUZ: defined by
Vaughan [1985a,]) for whittling bone/antler were recognized

on a lithic tool.

Notching and denticulate are related to whittling bone/
antler. No. 20 exhibits a use-related polish with vertical
striations on the center of the notched edge (Fig. 5-1 and 2).
No. 12 shows the same traces on the notched edge at the
distal end (Fig. 7-1 and 2 ).

The other tools were utilized for cutting/sawing activities.
Edges that were not retouched were sharp enough to cut
and saw relatively hard materials. The polished surface
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Scale=75%
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1 bone/antler polish and vertical striation (x200)

4 bone/antler polish and parallel striation (x200)

Fig.7 Use-wear on lithic artifacts at the Loma Atahualpa site in 2018.

exhibits characteristics of cutting/sawing relatively hard  antler, the most probable worked material is bone/antler
materials such as wood and bone/antler (Fig. 5-3, 4, 6-3, because there is no developed polish typical of working
4, 7-3, 4, and 8 ). Although the development of the polish is  wood in this industry.

not sufficient to classify worked material into wood or bone/
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5. Polishing technology of the axe

Because an axe was discovered with burial no.2, it is
important to know whether this axe was used. The axe was
made of green mudstone with pecking, flaking, and polishing
techniques. The author examined all the surfaces and edges
of the axe not only to recognize use-wear but also to classify
polishing technologies.

Scale=75%

2 bone/antler polish and vertical striation (x200)

Removal of the face by knapping exhibits no striation in
the area except for the ridge that contacted the polishing
tool (Fig. 9-1 ). Pecking traces show overlapping pits
without striation and polishing (Fig. 9-2). The polishing
area indicates apparent and parallel striations with polish
(Fig. 9-3 -6, 10-1 —6). The development of polish differs
according to the degree of polishing activity. The brightest
polish is shown in the central area of the axe. According

Fig.8 Use-wear on lithic artifacts at the Loma Atahualpa site in 2018.
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Scale=50%

Fig.9 Polished surface and striations on the axe at the Loma Atahualpa site in 2018.

(x100)
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Fig.10 Polished surface and striations on the axe at the Loma Atahualpa site in 2018.

(x100)
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Fig.11 Polished surface and striations formed by experimentations.
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[craft activities]

Composition of worked materials by cultural layer

bone
antler hide
Las Vegas 2 24 I
(10,800-6,600BP) v
Atahualpa 11 20
(older than 5,340BP)
shell
Real Alto-L3 2 2 5
(5,8008P) preceramic pottery
early ceramic wood
Real Alto-L2 3 |1 1- 24 !
(4,500BP) stone
meat
Real Alto-L1 2 1 3 . 9
0% 20% 40% 60% 80% 100%
EBone/Antler @EShell EWood B Stone BHide B Meat DOunused

Fig. 12 Changes of lithic usage between Las Vegas and Early Valdivia cultures

to the experimentations, these traces are similar to those
created by repetitive contact with sandstone under wet
conditions (Fig.11-2 and 5). The supposed edge does not
exhibit any polish despite the existence of apparent striations
(Fig. 9-7 and 10-7). In general, soft materials, such as
wood and hide, will produce a bright and rounded polish with
narrow/sharp striations (Fig. 11-6, 7, and 8). In summary, it
is highly probable that an unused or resharpened axe was
buried with human body no. 2. The hafting trace is also
unclear.

6. Summary and Further Prospects

Technological and functional research results were
gradually accomplished by the authors at the Las Vegas
OGSE-80 (Kanomata et al. 2014), Real Alto (Kanomata
et al. 2014, Tabarev and Kanomata 2015, Kanomata et al.
2019a), and Loma Atahualpa sites. Because these materials
belonged to the Early-Middle Las Vegas and Early Valdivia
cultures, technological and functional changes could be
examined chronologically. Twenty-seven lithic artifacts were
analyzed using a microscope and three tools exhibiting use-

wear were identified at the OGSE-80 Las Vegas type site
(Fig. 12). It was determined that two of them were used for
bone/antler processing and the third for hide scraping. In
the lower level of the Loma Atahualpa site, attributed to
the Late Las Vegas culture, lithic tools were used for basic
bone/antler processing. Tools recovered from the lowest
level of the Real Alto site, also attributed to the Late Las
Vegas culture, were used primarily for bone/antler and shell
processing. These sites and cultural layers were commonly
attributed to the preceramic period. In the Early Valdivia
culture, various processing activities were identified at levels
2 and 1 at the Real Alto site. Wood and stone processing
were identified in addition to bone/antler and shell workings.
In addition, extensive use wear traces were created by the
larger number of lithic tools. Thus, it can be inferred that
various natural resources have been utilized for processing
activities since the emergence of pottery. Such changes in
lithic tool usage reflect developments in the social-economic
structure, including a transition in subsistence from mobile
hunter-gatherers to early agriculturists.
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Fig.13 Lithic artifacts at the Loma Atahualpa site in 2018.
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Fig.14 Lithic artifacts at Loma Atahualpa site in 2018.
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Introduction

The Okhotsk culture thrived along the southern coast of
the Sea of Okhotsk from the fifth to the twelfth century CE.
In addition to the remains of fish and marine mammals, large
fishhooks, fishing weights and harpoon heads have also
been excavated from Okhotsk culture sites. These show
that the people of the Okhotsk culture mainly subsisted on
fishing and the hunting of marine mammals. Furthermore,
they raised dogs and pigs, which is a notable feature of the
livelihood of Okhotsk culture humans (Nishimoto 1984).

Regional differences in pottery types and burial practices
of the Okhotsk culture have been revealed (Nishimoto 1984,
Takabatake 2003, Naito et al. 2010), and there are also
discernable regional differences in terms of animal utilization.
Nishimoto compared faunal remains from the Kafukai 1 Site
in Rebun Island and the Onnemoto Site in Nemuro, and he
pointed out that whereas there was a marked dependence
on fishing in the northern part of Hokkaido (hereafter
referred to as Northern Hokkaido), the hunting of marine and
terrestrial mammals was more prominent in the eastern part
of Hokkaido (hereafter referred to as Eastern Hokkaido).
Meanwhile, Uchiyama reported that more domestic animal
remains were excavated from the Promyslovoye Il Site in
central Sakhalin than sites in Hokkaido (Uchiyama 2002).

It is essential to collect data from each region in order
to elucidate regional differences in subsistence strategies.
In Northern Hokkaido, several studies have been done on
faunal remains excavated from the Kafukai 1 Site and other

sites, and these have yielded a large amount of data. In
addition, there are also numerous reports on faunal remains
from sites in Eastern Hokkaido, such as the Moyoro Shell
Mound. On the other hand, there is very little information
on faunal remains from sites in Sakhalin, except for the
Promyslovoye Il Site. In fact, almost no quantitative data on
remains in Southern Sakhalin, the region where the Okhotsk
culture formed, have been reported so far. Therefore, this
study aims to provide basic information on zooarchaeological
studies of Okhotsk culture sites by reporting on a collection
of faunal remains excavated in Sakhalin. These research
materials, titled the “Nobuo Ito Collection,” are currently in
storage at Tohoku University.

Research Materials

Southern Sakhalin (Japanese name: Karafuto) was a
Japanese territory between the years 1904 and 1945, so
quite a few archaeologists and ethnologists came to the
area to conduct fieldwork during this period. Nobuo Ito, who
collected the research materials this study focuses on, was
one of them. In 1933, Ito became a lecturer at the Second
Senior High School, the precursor to the present-day Tohoku
University. In the summer of the same year, he explored
archaeological sites on the east coast of Sakhalin and along
Aniva Bay under the commission of the local government,
and the following year, he explored sites on the west coast
of the island. Ito established the chronological order of
unearthed pottery in Sakhalin at this time and added some of
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Fig. 1. Sites of the final period of the Epi-Jomon era
and the Okhotsk culture period in the southern
Sakhalin

his own amendments and corrections in subsequent years.
This order is still useful today. We believe the materials this
study focuses on are from the 1933 investigation because
they were excavated from the Higashi Taraika Kaizuka
(Promyslovoye-1 Shell Mound) located on the east coast
of Sakhalin, as well as four sites located on Aniva Bay:
the Susuya Shell Mound (Susuya-1), the Minami Kaizuka
(Solovievka Site), the Rutaka Site (Rutaka-Luoga Site) and

Table 1 Outlines of Sites

the Enoura Kaizuka (Ozeretskoye Site) (See Fig. 1). With
the exception of materials from the Rutaka Site, Ito marked
all of these remains in his chronology, and, therefore, it may
be possible to estimate the approximate time period of the
faunal remains due to being stored with pottery and stone
implements. An outline of the sites is listed below and in
Table 1.

Susuya Shell Mound (Susuya-Kita Kaizuka, Susuya-1)

The Susuya Shell Mound is located at the southern tip of
Sakhalin, on the left bank of the estuary where the Susuya
River flows into Aniva Bay (See Fig. 2). To avoid confusion
with the Minami Kaizuka, which means “Southern Shell
Mound” in English, it is also known as the Kita Kaizuka, or
“Northern Shell Mound.” Beginning with Shogoro Tsuboi’s
work in 1907, various Japanese and Russian archaeologists
have continued to study this site over the years (Baba 1940,
Niioka & Utagawa 1990). Most of the pottery unearthed from
this site belongs to the Susuya type. Some researchers
consider this type of pottery to come from the Okhotsk
culture, but this study considers this type of pottery to be
that of the Susuya period, the latter period of the Epi-Jomon
era (third to fourth century CE).

Rutaka Site (Rutaka-Lutoga Site)

The Rutaka Site is located on the left bank of the estuary
of the Lyutoga River, about two km upstream. As many
as thirty to forty pit dwellings can be seen within this site,
with five shell mounds scattered among them (Wada 1943,
Niioka & Utagawa 1990). Pottery collected with the faunal
remains include examples of the Susuya type and Towada
type (third to sixth century CE) (Vasilyevsky et al. 2006).

Enoura Kaizuka (Ozeretskoye Site)

The Enoura Kaizuka lies along Aniva Bay, about eight
km east of the Lyutoga River (Sakazume 1956). This
shell mound is located on a sandbank in a wetland. Both
Enoura A and B type pottery were excavated from this site
(Vasilyevsky et al. 2006). Therefore, most of the research
materials from this site also likely belong to the mid to late
Okhotsk culture period (seventh to ninth century CE).

Site Pottey type Age NISP
Susuya Shell Mound Susuya type 3-4C A.D. 178
Rutaka Site Susuya type / Towada type 3-6C A.D. 8
Enoura Kaizuka Enoura B type / Enoura A type 7-9C A.D. 165
Minami kaizuka Minami Kaizuka type 10-12C AD. 13
Higashi Taraika Kaizuka Higashi Taraika type / Minami Kaizuka type ~ 10-12C A.D. 13
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Fig. 2. Sites of the final period of the Epi-Jomon era and the Okhotsk culture period located around the Aniva Bay

Minami Kaizuka (Solovievka Site)

Isao lijima discovered the Minami Kaizuka in 1905, and it
is a shell mound located on the terrace of the left bank near
the mouth of the river. It also has pit dwellings and the moat
of a chashi (an Ainu fortification) (See Fig. 2). Ito classified
pottery unearthed from this site as the Minami Kaizuka type
of the late Okhotsk culture period (tenth to twelfth century
CE).

Higashi Taraika Kaizuka (Promyslovoye-1 Shell Mound)
The Higashi Taraika Shell Mound is in Central Sakhalin,
on the long and narrow sandbank that separates Lake
Nevskoye from the Gulf of Terpenya (Gulf of Patience, or
Taraika Wan in Japanese). The shell mound extends to
approximately 250 m x 40 m and mainly comprises remains
of Pacific oyster, a species which no longer lives in this area
(Oka & Baba 1938, Kouno 1938, Nomura 1990, Uchiyama

2002). Most of the pottery unearthed from this site belongs
to the Higashi Taraika type or Minami Kaizuka type in terms
of Ito’s classification. Therefore, this site likely formed in the
late Okhotsk culture period (tenth to twelfth century CE) (Ito
1942, Uchiyama 2002).

Fedorchuk’s investigations in 1994 and 1995 provided
details on faunal remains, which include mammals
(Uchiyama 2002), birds ([Mantenees 1997), and fish
(CapoHos et al. 2001). Reports dating back to before
World War |l also mention the excavation of large quantities
of both pig and dog remains and, according to Uchiyama’s
studies, the MNI (minimum number of individuals) came to
sixty-seven dogs and thirty-four pigs. Other studies found
that both species made up a large proportion of the mammal
remains at 67.4% (Oka & Baba 1938, Kouno 1938, Baba
1940, Okuyama 1941, Nomura 1990, Uchiyama 2002). In
addition to dogs and pigs, there was also an MNI of forty-
two earless seals, which amounted to 28% of the mammal
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remains, and the remains of a few other mammals, such
as reindeer, eared seals, brown bears, and foxes, were
unearthed with an MNI of only one or two each. The
reindeer may have been domestic animals, but it is unlikely
that people of the Okhotsk culture raised these animals as it
is possible the remains come from reindeer with antlers that
shed naturally in the summer (Uchiyama 2002). Although
there was a small number of unearthed bird remains,
species included albatross, pelagic cormorant, swan goose,
black-tailed gull, spectacled guillemot, and thick-billed murre
(ManTteneeB 1997). Unearthed fish remains were mainly
that of coastal fish, such as Pacific herring and saffron cod,
and it appears the people used resources to catch brackish
lake fish, such as pike, Japanese dace, and starry flounder
(CadppoHos et al. 2001).

Analysis Methods

We identified animal species and parts of the bones
through macroscopic comparisons with modern skeletal
collections that belong to the Department of Archaeology
and Ethnology at Keio University. We counted the number
of identified specimens (NISP) and also estimated the
minimum number of individuals (MNI) for each identified
taxon. We considered the actual body parts, whether a given
part came from the left or right side of an individual animal,
and the age of each specimen while estimating the MNI. In
principle, we measured bones and teeth according to the
methods of Driesch (1976). The measurements of pig teeth
were followed the method of Anezaki (2003).

Results

Table 2 shows the species and number of animal remains
excavated at each site. The raw data are listed in appendix
1to 4.

Susuya Shell Mound (Late Epi-Jomon, third to fourth
century CE, Fig. 3)
1) Species and NISP

Terrestrial mammals: Hare (3), Dog (80), Canidae (5),
Otter (1), Pig (2), Deer (1), Brown bear (3).

Marine mammals: Northern fur seal (4), Eared seal (22),
Spotted seal (2), Ringed seal (2), Ribbon seal (1), Bearded
seal (8), Earless seal (10), Whale (14).

Birds: Subfamily Duck (3), Swan (4), Crane (1), ?Raptor (1).

Fishes: Salmon shark (4), Flatfish (2).

Shellfish: Pacific oyster (5).

2) Characteristics of faunal remains
We identified a total of 178 specimens. The majority of
these were mammal remains with 158 specimens, and there

were nine bird, six fish and five shellfish remains. Among the
mammals, there were eighty dog remains, with an MNI of
nine consisting of infant, juvenile, and adult individuals, while
there were only two remains from infant pigs. In regard to
wild mammals, meanwhile, there were twenty-three earless
seal family remains, twenty-six eared seal family remains,
fourteen cetacean (whale) remains, three each of brown
bear and hare remains, and one specimen of otter remains.
It is possible that some of the eared seal family remains that
could not be identified as a species are those of sea lions
or Steller's sea lions. Of the seven cetaceans in the order,
one was from a large cetacean and six were from a small
cetacean.

Among the birds, we identified four swan remains, three
from the duck subfamily, one specimen of crane remains,
and one specimen of raptor remains. The three remains
from the duck subfamily were about the same size as a
black duck (Melanitta nigra), larger than a mallard duck
(Anas platyrhynchos), smaller than a mandarin duck (Aix
galericulata), and slightly smaller than a tufted duck (Aythya
fuligula). All four swans were smaller than a mule swan
(Cygnus olor). The cranes were juvenile birds about the
same size as a red-crowned crane (Grus japonensis), and
thus, the hunting season was likely summer. There are
no cranes in Sakhalin at present, so it is possible that the
cranes entered or were introduced to Sakhalin through
habitat changes or via coastal areas of Hokkaido (according
to Dr. Eda's instructions). We determined there were remains
of a raptor based on the specimen size and morphology, but
we could not identify the species.

Rutaka Site (Late Epi-Jomon to early Okhotsk culture,
third to sixth century CE, Fig. 3)
1) Species and NISP

Terrestrial mammals: Dog (4), Pig (1).

Marine mammals: Grey seal (1), Earless seal (1), Whale (1).

2) Characteristics of faunal remains

We identified eight specimens. These included four
dog remains, one specimen of pig remains, two earless
seal family remains, and one specimen of small cetacean
remains. We estimated an MNI of two dogs and there
appeared to be one juvenile and one adult. We determined
the specimen of pig remains was from a juvenile as both the
proximal and distal epiphyseal closures were incomplete.

Enoura Kaizuka (Mid to late Okhotsk culture, seventh to
ninth century CE, Figs. 4 and 5)
1) Species and NISP
Terrestrial mammals: Dog (7), Pig (45), Brown bear (1).
Marine mammals: Eared seal (2), Spotted seal (16),
Ringed seal (9), Ribbon seal (1), Bearded seal (21), Earless
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Table 2 NISP and MNI of research materials

Susuya Rutaka Site Enoura Minami Higashi Taraika
Taxa Shell Mound Kaizuka Kaizuka Kaizuka

NISP MNI NISP MNI NISP MNI NISP MNI NISP MNI

Shellfish (Mollusca)
Bivalve (Bivalvia)

Pacific oyseter (Crassostrea gigas ) 5 1 1 1
Bivalvia indet.
Total number of shellfish 12 1 2 1

Vertebrate (Vertebrata)
Cartilaginous fish (Chondrichthyes)

Salmon shark (Lamna distropis) 4 1
Bony fish (Osteichthyes)
Flatfish (Pleuronectiformes indet.) 2 1 1 1
Osteichthyes indet.
Total number of fishes 8 2 2 1
Bird (Aves)
Loon (Gaviidae indet.) 1 1
Swan (Cygnus sp.) 4 1
Duck subfamily (Anatinae indet.) 3 1
Crane (Gruidae indet.) 1 1
?Raptor (?Accipitriformes) 1 1
Aves indet. 8
Total number of birds 17 4 1 1
Mammal (Mammalia)
Hare (Lepus sp.) 3 1
Brown bear (Ursus arctos) 3 1
Dog (Canis lupus familiaris) 80 9 4 2 3 1 1 1
Canid (Canidae indet.) 1
Otter (Lutra lutra) 1
Northern fur seal (Callorhinus ursinus) 2
Eared seal (Otariidae indet.) 22 1 2 1 1 1
Spotted seal (Phoca largha) 2 1 16 7 1 1
Ringed seal (Pusa hispida) 1 1 1 2
Ribbon seal (Phoca fasciata) 1 1
Bearded seal (Erignathus barbatus) 3 21 5 1 1
Earless seal (Phocidae indet.) 10 1 1 1 42 2
Pinniped (Pinnipedia indet.) 7
Pig (Sus scrofa domesticus) 2 1 1 1 45 4 8 1 5 1
Reindeer (Rangifer tarandus) 3 1
Deer (Cervidae indet.) 1 1 1
Whale (Cetacea indet.) 14 1 1 1 18 1 2 1
Terrestrial Mammalia indet. 15 17
Marine Mammalia indet. 28 1 47 1
Mammalia indet. 34 1 17 1 11
Total number of mammals 235 26 10 6 250 26 15 4 24 6

Total number of vertebrates 260 32 10 6 253 28 15 4 24 6
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seal (42), Pinniped (7), Whale (18).
Birds: Loon (1).
Fishes: Flatfish (1).
Shellfish: Pacific oyster (1).

2) Characteristics of faunal remains

We identified 165 specimens and 162 of these were from
mammals. The remaining three specimens consisted of
one shellfish, one fish, and one bird. Among the mammal
remains, there were forty-five pig remains and seven dog
remains. Most of the excavated pig remains were from
juvenile and adult individuals, with just a few infants. It is
worth noting that there was a remarkable imbalance in
the NISP of both domestic species. In addition, we found
a large number of marine mammal remains. Specifically,
we identified eighty-nine remains from four species of the
earless seal family, as well as two eared seal remains and
eighteen cetacean remains. This suggests that Okhotsk
culture humans actively hunted marine mammals. In regards
to terrestrial mammals, meanwhile, we identified one
specimen of brown bear remains.

In addition to the faunal remains listed above, we also
collected one specimen each of fish, bird and shellfish
remains. We identified the specimen of bird remains as
being a radius of a loon (red-throated loon or related
species) which was larger than that of a Pacific loon (Gavia
pacifica).

Minami Kaizuka (Late Okhotsk culture, tenth to twelfth
century CE, Fig. 6)
1) Species and NISP

Terrestrial mammals: Dog (3), Pig (8).

Marine mammals: Eared seal (1), Ringed seal (1)

2) Characteristics of faunal remains

We identified thirteen mammal remains including eight
pig remains, three dog remains, one specimen of spotted
seal remains, and one specimen of eared seal remains. The
pig bones may have all come one juvenile pig with unfused
epiphyseal plates.

Higashi Taraika Kaizuka (Late Okhotsk culture, tenth to
twelfth century CE, Fig. 7)
1) Species and NISP
Terrestrial mammals: Dog (1), Pig (5), Reindeer (3), Deer (1)
Marine mammals: Bearded seal (1), Whale (2)

2) Characteristics of faunal remains

We identified thirteen specimens of faunal remains,
including one specimen of dog remains, five pig remains,
three reindeer remains, one specimen of deer remains,
one specimen of bearded seal remains, and two cetacean

remains. One specimen of pig remains consisted of a maxilla
from a one-year-old infant, with complete eruption of the first
molar and the second molar alveolus beginning to open.
The specimens identified as coming from reindeer were all
antlers, and we could identify traces of human processing.

Discussion

We identified a total of 577 faunal remains from the
Nobuo Ito Collection. Most of these came from mammals,
with a total of 535 specimens. However, this may be the
result of overlooking small animals while collecting with the
naked eye. Therefore, we should not view these materials
as being representative of the Okhotsk culture on Sakhalin
as a whole, even more so given the likelihood that materials
were not collected as comprehensively from the three
sites that had very little material (Higashi Taraika Kaizuka,
Rutaka Site, and Minami Kaizuka). Nevertheless, it is worth
discussing the utilization of animals on Sakhalin based on
the faunal remains identified in this study, even if the record
is fragmentary.

First, it is noteworthy that domestic animals (pigs
and dogs) accounted for a large proportion of the fauna
excavated at all the sites. This confirms the conventional
view that livestock rearing was prevalent in the Okhotsk
culture of Southern Sakhalin.

Secondly, differences between the Susuya and the
Okhotsk culture periods are also noteworthy. By paying
close attention to the species of domestic animals, more
dog remains than pigs have been found in the Susuya
Shell Mound and Rutaka Site, which date from the Epi-
Jomon period to the early stages of the Okhotsk culture;
while there were more pigs than dogs in the Enoura Kaizuka
and Minami Kaizuka, which date from the middle to late
Okhotsk culture (See Figs. 8 and 9). This suggests a close
relationship between the development of pig farming and the
development of the Okhotsk culture.

Comparing the faunal assemblages of the Susuya Shell
Mound and the Enoura Kaizuka reveals that the Enoura
Kaizuka had a higher proportion of marine mammals. This
demonstrates that the maritime adaptation of the inhabitants
of Southern Sakhalin may have been advanced during the
Okhotsk culture period. Smaller terrestrial mammals, such
as hares and otters, were also identified at the Susuya Shell
Mound, whereas only one brown bear and one red-throated
loon were identified at the Enoura Kaizuka. Although there
may have been a sampling bias, these remains suggest that
there were likely differences in hunting strategies between
the Epi-Jomon and Okhotsk cultures.

Furthermore, the Enoura Kaizuka had a greater number
of earless seals than eared seals, while the Susuya Shell
Mound had almost the same number of eared and earless
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Susuya Shell Mound

Rutaka Site

Fig. 3. Animal remains from the Susuya Shell Mound and Rutaka Site (Scale bar is 5 cm)
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ENO12 ENO13 ENO14 ENO09

Fig. 4. Animal remains from the Enoura Kaizuka (1) (Scale bar is 5 cm)
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Fig. 5. Animal remains from the Enoura Kaizuka (2) (Scale bar is 5 cm)
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Fig. 6. Animal remains form the Minami Kaizuka (Scale bar is 5 cm)
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Fig. 7. Animal remains form the Higashi Taraika Kaizuka (Scale bar is 5 cm)
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Susuya Shell Mound (NISP=158)
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Rutaka Site (NISP=8)

Enoura Kaizuka (NISP=169)

Minami Kaizuka (NISP=13)

Higashi Taraika Kaizuka (NISP=13)
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Fig. 8. Species composition of mammals based on NISP of materials identified to order

Susuya Shell Mound (MNI=26)

Rutaka Site (MNI=6)

.

Enoura Kaizuka (MNI=26)

Minami Kaizuka (MNI=4)

Higashi Taraika Kaizuka (MNI=6)
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Fig. 9. Species composition of mammals based on MNI of materials identified to order

seals. This indicates that Okhotsk culture groups in Southern
Sakhalin may have specifically targeted earless seals over
other marine mammals. According to Uchiyama, reports
from the Promyslovoye Il Site also show overwhelmingly
more earless seals than eared seals. Therefore, it appears
that Okhotsk culture groups in Sakhalin developed hunting
methods that targeted earless seals (Uchiyama 2002).

40% 60%
§ Seal group @ Whale
Conclusion

This analysis partially clarified the nature of animal
utilization by the Okhotsk culture in Southern Sakhalin.
Specifically, an increasing dependence on pigs and a
corresponding decrease on dogs from the late Epi-Jomon
era to the Okhotsk culture period appears to have been a
trend in Sakhalin. The presence of shell mounds from which
more pigs were excavated than dogs has been pointed out
in the past (Uchiyama 2005 etc.), and the results of our
analysis confirm this. This study also proved that human
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adaptation to the ocean is a feature of the Okhotsk culture,
as past researchers have also pointed out, and it clarified
that the relative prevalence of marine mammals increased
toward the mid Okhotsk culture period with a focus on
earless seals. However, given the paucity of research on
animal remains in Sakhalin, there are many points that
remain unclear such as whether this is a phenomenon
widely observed in Southern Sakhalin. Therefore, further
research with a larger number of samples is required.

Finally, we would like to mention that in addition to our
research, we owe a great deal to the late Professor Nobuo
Ito, who actively engaged in the collection of faunal remains
as well as artifacts, for providing a background to animal
utilization in Sakhalin. Much of what we learned from him
appears in the explanation in this report. The authors would
like to pay tribute to the late Professor Ito who laid the
foundation of archaeology on Sakhalin with his meticulous
research.
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Appendix 1. Taxonomic identification of faunal remains

Sample No. [Site Taxon Skeletal part LR |Remarks

ENO001 Enoura Kaizuka Sus scrofa domesticus |Mandible (with C, P2-4 and M1-3) L M3 is unerupted. Subadult. Male.

EN002 Enoura Kaizuka Sus scrofa domesticus |Mandible (with P3-4 and M1-3) R M3 is unerupted. Subadult.

ENO003 Enoura Kaizuka Sus scrofa domesticus |Mandible (with 11-2, C and P2-4) R Female.

ENO004 Enoura Kaizuka Sus scrofa domesticus |Mandible (with P4) R Male.

ENO005 Enoura Kaizuka Sus scrofa domesticus [Maxilla (with P2-3) R Female.

ENO006 Enoura Kaizuka Sus scrofa domesticus |Maxilla (with M3) R Adult.

ENO007 Enoura Kaizuka Sus scrofa domesticus |Mandible (with M2) L

ENO008 Enoura Kaizuka Sus scrofa domesticus | Tooth (LC) L Female.

ENO009 Enoura Kaizuka Sus scrofa domesticus |Tooth (LI2) R

ENO010 Enoura Kaizuka Sus scrofa domesticus | Tooth (LC) R Male.

ENO11 Enoura Kaizuka Sus scrofa domesticus | Tooth (UM2) L

ENO012 Enoura Kaizuka Sus scrofa domesticus | Tooth (L11) L

ENO013 Enoura Kaizuka Sus scrofa domesticus | Tooth (LM2) L

ENO014 Enoura Kaizuka Sus scrofa domesticus | Tooth (L12) R

ENO015 Enoura Kaizuka Sus scrofa domesticus |Proximal phalanx

ENO016 Enoura Kaizuka Cetacea indet. Vertebra

EN017 Enoura Kaizuka Phocidae indet. Tooth (lower molar) L

ENO018 Enoura Kaizuka Canis lupus familiaris |Metacarpal R

ENO019 Enoura Kaizuka Phocidae indet. Cranium (both frontal bones and right parietal bone)

ENO020 Enoura Kaizuka Phocidae indet. Cranium fragment

ENO021 Enoura Kaizuka Phocidae indet. Talus R

EN022 Enoura Kaizuka Phoca largha Humerus (distal) R Distal end is unfused. Infant/subadult.

ENO023 Enoura Kaizuka Pusa hispida Humerus R Both ends are unfused. Infant/subadult.

EN024 Enoura Kaizuka Phocidae indet. Metatarsal Both ends are unfused. Infant/subadult.

ENO025 Enoura Kaizuka Phoca largha Tibia L Both ends are unfused. Infant/subadult.

ENO026 Enoura Kaizuka Erignathus barbatus |Humerus R Both ends are unfused. Infant/subadult.

ENO027 Enoura Kaizuka Phocidae indet. Metatarsal Proximal end is unfused and distal end is fused. Subadult. ?Erignathus barbatus.

EN028 Enoura Kaizuka Sus scrofa domesticus |Coxal bone R Cut mark.

EN029 Enoura Kaizuka Phocidae indet. Metatarsal Proximal end is unfused and distal end is fused. Subadult. ?Erignathus barbatus.

ENO030 Enoura Kaizuka Sus scrofa domesticus |Scapula R Glenoid cavity is fused. Cut mark.

ENO31 Enoura Kaizuka Phoca largha Radius (proximal) L Proximal end is unfused. Infant/subadult.

ENO032 Enoura Kaizuka Sus scrofa domesticus |Humerus (distal) R Distal end is fused.

ENO033 Enoura Kaizuka Cetacea indet. Rib

ENO034 Enoura Kaizuka Phocidae indet. Fibula R Both ends are unfused. Infant/subadult.

ENO035 Enoura Kaizuka Marine Mammalia indet. |Rib

ENO036 Enoura Kaizuka Phoca largha Tibia R

EN037 Enoura Kaizuka Gaviidae indet. Radius L Both ends are fused. Adult.

ENO038 Enoura Kaizuka Erignathus barbatus | Tibia (proximal) L Proximal end is unfused. Infant/subadult.

ENO039 Enoura Kaizuka Sus scrofa domesticus |Coxal bone R

ENO040 Enoura Kaizuka Cetacea indet. Rib

ENO041 Enoura Kaizuka Erignathus barbatus | Tympanic bulla L

ENO042 Enoura Kaizuka Erignathus barbatus [ Tympanic bulla R

ENO043 Enoura Kaizuka Phoca largha Tympanic bulla R

ENO044 Enoura Kaizuka Phoca largha Tibia L

ENO045 Enoura Kaizuka Sus scrofa domesticus |Scapula R Glenoid cavity is fused.

EN046 Enoura Kaizuka Erignathus barbatus | Tympanic bulla L

ENO047 Enoura Kaizuka Pusa hispida Tympanic bulla L

ENO048 Enoura Kaizuka Pusa hispida Tympanic bulla L

ENO049 Enoura Kaizuka Phocidae indet. Talus L

ENO050 Enoura Kaizuka Phoca largha Tibia (proximal) L Proximal end is unfused. Infant/subadult.

ENO51 Enoura Kaizuka Sus scrofa domesticus |Scapula R

ENO052 Enoura Kaizuka Erignathus barbatus | Tympanic bulla R

ENO053 Enoura Kaizuka Erignathus barbatus | Tympanic bulla R

ENO054 Enoura Kaizuka Erignathus barbatus | Tympanic bulla R

EN055 Enoura Kaizuka Erignathus barbatus | Tympanic bulla L

EN056 Enoura Kaizuka Erignathus barbatus | Tympanic bulla L

ENO057 Enoura Kaizuka Pusa hispida Coxal bone R

ENO058 Enoura Kaizuka Phoca largha Tympanic bulla R

ENO059 Enoura Kaizuka Erignathus barbatus | Tympanic bulla L

ENO060 Enoura Kaizuka Erignathus barbatus | Tibia R

ENO061 Enoura Kaizuka Sus scrofa domesticus |Radius (proximal) R Proximal end is fused.

ENO062 Enoura Kaizuka Pusa hispida Femur (proximal) R Proximal end is unfused. Infant/subadult.

ENO063 Enoura Kaizuka Erignathus barbatus |Radius (proximal) R Proximal end is unfused. Infant/subadult.
R

EN064

Enoura Kaizuka

Sus scrofa domesticus

Metatarsal
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Sample No. |Site Taxon Skeletal part LR |Remarks

ENO065 Enoura Kaizuka Phocidae indet. Fibula (distal) R Distal end is unfused. Infant/subadult.
ENO066 Enoura Kaizuka Pusa hispida Tibia (proximal) R Proximal end is unfused. Infant/subadult.
ENO067 Enoura Kaizuka Pinnipedia indet. Scapula fragment

ENO068 Enoura Kaizuka Phoca largha Ulna (distal) L Distal end is unfused. Infant/subadult.
EN069 Enoura Kaizuka Phocidae indet. Coxal bone R

ENO70 Enoura Kaizuka Terrestrial Mammalia indet. | Rib

ENO71 Enoura Kaizuka Phocidae indet. Fibula (distal) L Distal end is unfused. Infant/subadult.
ENO072 Enoura Kaizuka Pinnipedia indet. Rib

ENO073 Enoura Kaizuka Sus scrofa domesticus |Fibula L

ENO074 Enoura Kaizuka Pleuronectiformes indet. |First interhaemal spine

ENO075 Enoura Kaizuka Phocidae indet. Fibula L

ENO76 Enoura Kaizuka Pinnipedia indet. Rib

ENO077 Enoura Kaizuka Cetacea indet. Vertebra

ENO078 Enoura Kaizuka Cetacea indet. Vertebra

EN079 Enoura Kaizuka Sus scrofa domesticus | Sacrum Unfused. Infant/subadult.

ENO080 Enoura Kaizuka Erignathus barbatus |Femur R Both ends are unfused. Infant/subadult.
ENO8L Enoura Kaizuka Canis lupus familiaris | Axis

EN082 Enoura Kaizuka Pusa hispida Atlas

ENO083 Enoura Kaizuka Erignathus barbatus |Atlas

ENO084 Enoura Kaizuka Erignathus barbatus [ Tympanic bulla L

ENO085 Enoura Kaizuka Sus scrofa domesticus |Atlas

ENO086 Enoura Kaizuka Sus scrofa domesticus |Lumber vertebra Unfused. Infant/subadult.

EN087 Enoura Kaizuka Sus scrofa domesticus |Frontal bone L

ENO088 Enoura Kaizuka Sus scrofa domesticus | Temporal bone (zygomatic process) R

ENO089 Enoura Kaizuka Pusa hispida Femur L Both ends are fused. Adult.

EN090 Enoura Kaizuka Phocidae indet. Ulna (proximal) L Proximal end is unfused. Infant/subadult.
EN091 Enoura Kaizuka Cetacea indet. Vertebra Small whale.

EN092 Enoura Kaizuka Sus scrofa domesticus |Coxal bone L

EN093 Enoura Kaizuka Phocidae indet. Cervical vertebra Infant.

ENO094 Enoura Kaizuka Phocidae indet. Scapula L Glenoid cavity is unfused. Infant/subadult.
ENO095 Enoura Kaizuka Phocidae indet. Radius (proximal) Proximal end is unfused. Infant/subadult.
ENO096 Enoura Kaizuka Erignathus barbatus |Femur (proximal) R Proximal end is unfused. Infant/subadult.
EN097 Enoura Kaizuka Canis lupus familiaris | Metatarsal L Both ends are fused.

EN098 Enoura Kaizuka Phoca largha Tibia (proximal) R Proximal end is unfused. Infant/subadult.
EN099 Enoura Kaizuka Erignathus barbatus  |Humerus L Both ends are unfused. Infant/subadult.
EN100 Enoura Kaizuka Phoca largha Tibia (proximal) L Proximal end is unfused. Infant/subadult.
EN101 Enoura Kaizuka Phoca largha Ulna R Both ends are unfused. Infant/subadult.
EN102 Enoura Kaizuka Phocidae indet. Thoracic vertebra

EN103 Enoura Kaizuka Phocidae indet. Cervical vertebra Infant.

EN104 Enoura Kaizuka Phocidae indet. Talus R

EN105 Enoura Kaizuka Sus scrofa domesticus | Thoracic vertebra Unfused. Infant/subadult.

EN106 Enoura Kaizuka Phocidae indet. Cervical vertebra

EN107 Enoura Kaizuka Sus scrofa domesticus |Thoracic vertebra

EN108 Enoura Kaizuka Phocidae indet. Femur (proximal) L Proximal end is unfused. Infant/subadult.
EN109 Enoura Kaizuka Sus scrofa domesticus | Thoracic vertebra Unfused. Infant/subadult.

EN110 Enoura Kaizuka Phocidae indet. Lumber vertebra

EN111 Enoura Kaizuka Phoca largha Tibia L

EN112 Enoura Kaizuka Erignathus barbatus |Tibia L

EN113 Enoura Kaizuka Erignathus barbatus | Mandible (coronoid process and condylar process) |L

EN114 Enoura Kaizuka Sus scrofa domesticus |Frontal bone L

EN115 Enoura Kaizuka Phoca largha Tibia L

EN116 Enoura Kaizuka Marine Mammalia indet. |Rib R

EN117 Enoura Kaizuka Marine Mammalia indet. |Rib

EN118 Enoura Kaizuka Phocidae indet. Cervical vertebra Infant.

EN119 Enoura Kaizuka Sus scrofa domesticus |Scapula fragment R

EN120 Enoura Kaizuka Marine Mammalia indet. |Rib

EN121 Enoura Kaizuka Marine Mammalia indet. |Rib

EN122 Enoura Kaizuka Phocidae indet. Cervical vertebra

EN123 Enoura Kaizuka Phocidae indet. Humerus (head) R Unfused. Infant/subadult.

EN124 Enoura Kaizuka Phocidae indet. Atlas fragment

EN125 Enoura Kaizuka Phocidae indet. Thoracic vertebra Unfused. Infant/subadult.

EN126 Enoura Kaizuka Phocidae indet. Cervical vertebra

EN127 Enoura Kaizuka Sus scrofa domesticus |Mandible fragment

EN128 Enoura Kaizuka Phocidae indet. Atlas fragment

EN129

Enoura Kaizuka

Phocidae indet.

Cervical vertebra
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EN130 Enoura Kaizuka Phoca fasciata Tibia L
EN131 Enoura Kaizuka Phocidae indet. Phalanx
EN132 Enoura Kaizuka Phocidae indet. Coxal bone R
EN133 Enoura Kaizuka Phocidae indet. Cervical vertebra
EN134 Enoura Kaizuka Phocidae indet. Metatarsal R
EN135 Enoura Kaizuka Phocidae indet. Radius (proximal) L Proximal end is unfused. Infant/subadult.
EN137 Enoura Kaizuka Pinnipedia indet. Cervical vertebra fragment
EN138 Enoura Kaizuka Otariidae indet. Lumber vertebra Unfused. Infant/subadult.
EN139 Enoura Kaizuka Phocidae indet. Phalanx
EN140 Enoura Kaizuka Terrestrial Mammalia indet.| Tympanic bulla
EN141 Enoura Kaizuka Phoca largha Tibia R
EN142 Enoura Kaizuka Pusa hispida Ulna (distal) L Distal end is unfused. Infant/subadult.
EN143 Enoura Kaizuka Sus scrofa domesticus |Mandible fragment R
EN144 Enoura Kaizuka Cetacea indet. Bone fragment Material for bone tool.
EN145 Enoura Kaizuka Terrestrial Mammalia indet.| Bone fragment
EN146 Enoura Kaizuka Marine Mammalia indet. |Rib
EN147 Enoura Kaizuka Pinnipedia indet. Vertebra fragment
EN148 Enoura Kaizuka Mammalia indet. Scapula fragment
EN149 Enoura Kaizuka Phocidae indet. Thoracic vertebra
EN150 Enoura Kaizuka Marine Mammalia indet. | Sacrum fragment
EN151 Enoura Kaizuka Cetacea indet. Bone fragment Material for bone tool.
EN152 Enoura Kaizuka Terrestrial Mammalia indet. | Bone fragment
EN153 Enoura Kaizuka Marine Mammalia indet. | Vertebra fragment
EN154 Enoura Kaizuka Marine Mammalia indet. |Rib
EN155 Enoura Kaizuka Marine Mammalia indet. |Rib
EN156 Enoura Kaizuka Pinnipedia indet. Atlas fragment
EN157 Enoura Kaizuka Sus scrofa domesticus |Coxal bone R
EN158 Enoura Kaizuka Phocidae indet. Metacarpal R
EN159 Enoura Kaizuka Marine Mammalia indet. |Rib
EN160 Enoura Kaizuka Marine Mammalia indet. |Rib
EN161 Enoura Kaizuka Sus scrofa domesticus |Scapula R Glenoid cavity is unfused. Infant/subadult.
EN162 Enoura Kaizuka Marine Mammalia indet. | Bone fragment
EN163 Enoura Kaizuka Marine Mammalia indet. |Rib
EN164 Enoura Kaizuka Sus scrofa domesticus |Scapula fr.
EN165 Enoura Kaizuka Cetacea indet. Vertebra
EN166 Enoura Kaizuka Terrestrial Mammalia indet.| Bone fragment
EN167 Enoura Kaizuka Phocidae indet. Cervical vertebra
EN168 Enoura Kaizuka Canis lupus familiaris |Mandible Infant.
EN169 Enoura Kaizuka Mammalia indet. Bone fragment
EN170 Enoura Kaizuka Cetacea indet. Vertebra fragment
EN171 Enoura Kaizuka Cetacea indet. Vertebra Large whale.
EN172 Enoura Kaizuka Erignathus barbatus |Tibia (proximal) L Proximal end is unfused. Infant/subadult.
EN173 Enoura Kaizuka Ursus arctos Lumber vertebra Unfused. Infant/subadult.
EN174 Enoura Kaizuka Cetacea indet. Caudal vertebra
EN175 Enoura Kaizuka Cetacea indet. Bone fragment Material for bone tool.
EN176 Enoura Kaizuka Cetacea indet. Phalanx
EN177 Enoura Kaizuka Sus scrofa domesticus |Maxilla fragment
EN178 Enoura Kaizuka Sus scrofa domesticus | Thoracic vertebra (spinous process)
EN179 Enoura Kaizuka Cetacea indet. Bone fragment Material for bone tool.
EN180 Enoura Kaizuka Terrestrial Mammalia indet. | UIna fragment
EN181 Enoura Kaizuka Mammalia indet. Bone fragment
EN182 Enoura Kaizuka Cetacea indet. Bone fragment Material for bone tool.
EN183 Enoura Kaizuka Canis lupus familiaris |Coxal bone R
EN184 Enoura Kaizuka Marine Mammalia indet. | Bone fragment
EN185 Enoura Kaizuka Terrestrial Mammalia indet.| Bone fragment
EN186 Enoura Kaizuka Cetacea indet. Bone fragment Material for bone tool.
EN187 Enoura Kaizuka Marine Mammalia indet. |Rib
EN188 Enoura Kaizuka Marine Mammalia indet. |Rib
EN189 Enoura Kaizuka Marine Mammalia indet. |Rib
EN190 Enoura Kaizuka Otariidae indet. Thoracic vertebra
EN191 Enoura Kaizuka Cetacea indet. Vertebra
EN192 Enoura Kaizuka Marine Mammalia indet. |Rib
EN193 Enoura Kaizuka Canis lupus familiaris |Ulna (proximal) R Proximal end is fused.
EN194 Enoura Kaizuka Canis lupus familiaris |UIna (proximal) R Proximal end is fused.
EN195 Enoura Kaizuka Sus scrofa domesticus |Mandible R




58

Taichi Hattori, Junmei Sawada, Yoshitaka Kanomata, Kaoru Akoshima and Takao Sato

Sample No. |Site Taxon Skeletal part LR |Remarks
EN196 Enoura Kaizuka Marine Mammalia indet. |Rib

EN197 Enoura Kaizuka Marine Mammalia indet. |Rib

EN198 Enoura Kaizuka Sus scrofa domesticus |Rib

EN199 Enoura Kaizuka Marine Mammalia indet. |Rib

EN200 Enoura Kaizuka Terrestrial Mammalia indet. | Rib

EN201 Enoura Kaizuka Marine Mammalia indet. |Rib

EN202 Enoura Kaizuka Marine Mammalia indet. |Rib

EN203 Enoura Kaizuka Marine Mammalia indet. |Rib

EN204 Enoura Kaizuka Marine Mammalia indet. |Rib

EN205 Enoura Kaizuka Marine Mammalia indet. |Rib

EN206 Enoura Kaizuka Marine Mammalia indet. |Rib

EN207 Enoura Kaizuka Marine Mammalia indet. |Rib

EN208 Enoura Kaizuka Terrestrial Mammalia indet. | Rib

EN209 Enoura Kaizuka Phoca largha Tibia L
EN210 Enoura Kaizuka Marine Mammalia indet. |Rib

EN211 Enoura Kaizuka Marine Mammalia indet. |Rib

EN212 Enoura Kaizuka Mammalia indet. Rib

EN213 Enoura Kaizuka Marine Mammalia indet. |Rib

EN214 Enoura Kaizuka Marine Mammalia indet. |Rib

EN215 Enoura Kaizuka Marine Mammalia indet. |Rib

EN216 Enoura Kaizuka Mammalia indet. Bone fragment

EN217 Enoura Kaizuka Marine Mammalia indet. |Rib

EN218 Enoura Kaizuka Marine Mammalia indet. |Rib

EN219 Enoura Kaizuka Marine Mammalia indet. |Rib

EN220 Enoura Kaizuka Mammalia indet. Bone fragment

EN221 Enoura Kaizuka Marine Mammalia indet. | Vertebra fragment

EN222 Enoura Kaizuka Terrestrial Mammalia indet.| Rib

EN223 Enoura Kaizuka Marine Mammalia indet. |Rib

EN224 Enoura Kaizuka Phocidae indet. Thoracic vertebra

EN225 Enoura Kaizuka Terrestrial Mammalia indet. | Rib fragment

EN226 Enoura Kaizuka Marine Mammalia indet. |Rib

EN227 Enoura Kaizuka Marine Mammalia indet. | Coxal bone fragment

EN228 Enoura Kaizuka Sus scrofa domesticus |Nasal bone

EN229 Enoura Kaizuka Terrestrial Mammalia indet.| Bone fragment

EN230 Enoura Kaizuka Marine Mammalia indet. | Rib fragment

EN231 Enoura Kaizuka Marine Mammalia indet. |Rib fragment

EN232 Enoura Kaizuka Terrestrial Mammalia indet.| Bone fragment

EN233 Enoura Kaizuka Marine Mammalia indet. |Rib

EN234 Enoura Kaizuka Mammalia indet. Scapula fragment

EN236 Enoura Kaizuka Terrestrial Mammalia indet. | Bone fragment

EN237 Enoura Kaizuka Phocidae indet. Radius (shaft) L
EN238 Enoura Kaizuka Terrestrial Mammalia indet. | Bone fragment

EN239 Enoura Kaizuka Mammalia indet. Bone fragment

EN240 Enoura Kaizuka Terrestrial Mammalia indet. | Bone fragment

EN241 Enoura Kaizuka Pinnipedia indet. Radius (head) Unfused. Infant/subadult.
EN242 Enoura Kaizuka Mammalia indet. Scapula fragment

EN243 Enoura Kaizuka Mammalia indet. Bone fragment

EN244 Enoura Kaizuka Mammalia indet. Bone fragment

EN245 Enoura Kaizuka Osteichthyes indet. Bone fragment

EN246 Enoura Kaizuka Crassostrea gigas Shell fragment

EN247 Enoura Kaizuka Marine Mammalia indet. | Rib fragment

EN248 Enoura Kaizuka Mammalia indet. Bone fragment

EN249 Enoura Kaizuka Marine Mammalia indet. | Vertebra fragment

EN250 Enoura Kaizuka Marine Mammalia indet. | Rib fragment

EN251 Enoura Kaizuka Mammalia indet. Zygomatic bone (arch fragment)

EN252 Enoura Kaizuka Mammalia indet. Rib

EN253 Enoura Kaizuka Bivalvia indet. Shell fragment

EN254 Enoura Kaizuka Terrestrial Mammalia indet. | Humerus fragment

EN255 Enoura Kaizuka Mammalia indet. Bone fragment

EN256 Enoura Kaizuka Mammalia indet. Rib

EN257 Enoura Kaizuka Mammalia indet. Bone fragment

HT001 Higashi Taraika Kaizuka |Sus scrofa domesticus |Maxilla (with dm1-dm4 and M1-2) L M2 is unerupted. Infant.
HT002 Higashi Taraika Kaizuka | Cervidae indet. Sacrum ?Rangifer tarandus.
HT003 Higashi Taraika Kaizuka |Erignathus barbatus |Atlas

HT004 Higashi Taraika Kaizuka |Sus scrofa domesticus |Scapula R Glenoid cavity is fused.
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HT005 Higashi Taraika Kaizuka | Canis lupus familiaris [Cranium
HT007 Higashi Taraika Kaizuka | Cetacea indet. Cervical vertebra
HT009 Higashi Taraika Kaizuka | Cetacea indet. Vertebra
HT010 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT011 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT012 Higashi Taraika Kaizuka |Sus scrofa domesticus | Thoracic vertebra Unfused. Subadult.
HT013 Higashi Taraika Kaizuka | Mammalia indet. Scapula fragment
HT014 Higashi Taraika Kaizuka |Sus scrofa domesticus |Lacrimal bone L
HT015 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT016 Higashi Taraika Kaizuka |Sus scrofa domesticus |Femur (distal) Distal end is unfused. Subadult.
HTO017 Higashi Taraika Kaizuka |Rangifer tarandus Antler Material for bone tool.
HT018 Higashi Taraika Kaizuka |Rangifer tarandus Antler Material for bone tool.
HT019 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT020 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT021 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT022 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT023 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT024 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
HT025 Higashi Taraika Kaizuka |Rangifer tarandus Antler Material for bone tool.
HT026 Higashi Taraika Kaizuka | Mammalia indet. Bone fragment
MKO001 Minami Kaizuka Sus scrofa domesticus | lium R Infant.
MKO002 Minami Kaizuka Sus scrofa domesticus |Mandible fragment R
MKO003 Minami Kaizuka Sus scrofa domesticus | Tibia L Infant.
MKO004 Minami Kaizuka Sus scrofa domesticus |Femur (distal end) L Unfused. Subadult.
MKO005 Minami Kaizuka Sus scrofa domesticus |Femur (proximal) R Proximal end is unfused. Subadult.
MKO006 Minami Kaizuka Sus scrofa domesticus |Parietal bone L
MKO007 Minami Kaizuka Otariidae indet. Rib
MKO009 Minami Kaizuka Marine Mammalia indet. | Bone fragment
MKO010 Minami Kaizuka Canis lupus familiaris | Thoracic vertebra
MKO011 Minami Kaizuka Sus scrofa domesticus |Tibia (distal) R Distal end is unfused. Infant.
MKO012 Minami Kaizuka Sus scrofa domesticus |Radius (proximal) R Proximal end is unfused. Infant.
MKO013 Minami Kaizuka Phoca largha Scapula R Glenoid cavity is unfused. Infant/subadult.
MKO014 Minami Kaizuka Mammalia indet. Scapula fragment
MKO015 Minami Kaizuka Canis lupus familiaris |Vertebra (spinous process) Unfused. Infant/subadult.
MKO016 Minami Kaizuka Canis lupus familiaris | Vertebra (spinous process) Unfused. Infant/subadult.
RT001 Rutaka Site Canis lupus familiaris [Humerus (distal) R Distal end is fused.
RT002 Rutaka Site Cetacea indet. Lumber vertebra Small whale.
RT003 Rutaka Site Canis lupus familiaris | Thoracic vertebra
RT004 Rutaka Site Phocidae indet. Cervical vertebra Infant.
RT005 Rutaka Site Pusa hispida Tympanic bulla (phocidae) R
RT006 Rutaka Site Mammalia indet. Bone fragment Burned bone.
RT007 Rutaka Site Canis lupus familiaris |UIna (proximal) L Proximal end is unfused. Subadult.
RT008 Rutaka Site Sus scrofa domesticus |Femur R Both ends are unfused. Infant.
RT009 Rutaka Site Canis lupus familiaris [UlIna (proximal) L Proximal end is unfused. Subadult.
RT010 Rutaka Site Marine Mammalia indet. |Rib
SS001 Susuya Shell Mound  |Erignathus barbatus [ Tympanic bulla R
SS002 Susuya Shell Mound  |Canis lupus familiaris |Maxilla (with P4) R
SS003 Susuya Shell Mound | Lepus sp. Mandible L
SS004 Susuya Shell Mound | Canis lupus familiaris | Axis
SS005 Susuya Shell Mound  |Gruidae indet. Tibiotarsus R Infant/subadult.
SS006 Susuya Shell Mound  |Phocidae indet. Tympanic bulla L
SS007 Susuya Shell Mound | Canis lupus familiaris [Humerus R Both ends are unfused. Infant.
SS008 Susuya Shell Mound  |Canis lupus familiaris |Cervical vertebra
SS009 Susuya Shell Mound  |Canis lupus familiaris |Maxilla (with dc and dm2-3) L Infant.
SS010 Susuya Shell Mound  |Otariidae indet. Thoracic vertebra (arch)
SS011 Susuya Shell Mound | Canis lupus familiaris |Zygomatic bone and maxilla fragment L
SS012 Susuya Shell Mound  [Phocidae indet. Tympanic bulla R
SS013 Susuya Shell Mound  |Canis lupus familiaris | Mandible (with dm4) L Infant.
SS014 Susuya Shell Mound [ Marine Mammalia indet. | Bone fragment Material for bone tool.
SS015 Susuya Shell Mound  |Canis lupus familiaris |Maxilla (with dc and dm2-4) L Infant.
SS016 Susuya Shell Mound  [Canis lupus familiaris |Maxilla L
SS017 Susuya Shell Mound  |Otariidae indet. Scapula L
SS018 Susuya Shell Mound | Canis lupus familiaris |Maxilla L
SS019 Susuya Shell Mound | Terrestrial Mammalia indet. | Bone fragment
SS020 Susuya Shell Mound  |Lamna distropis Vertebra
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SS021 Susuya Shell Mound  Mammalia indet. Rib

SS022 Susuya Shell Mound |Otariidae indet. Rib

SS023 Susuya Shell Mound |Otariidae indet. Scapula fragment L

SS024 Susuya Shell Mound  [Canis lupus familiaris |Parietal bone L

SS025 Susuya Shell Mound |Canis lupus familiaris |Frontal bone L

SS026 Susuya Shell Mound  |Canis lupus familiaris |Parietal bone L

SS027 Susuya Shell Mound | Aves indet. Bone fragment

SS029 Susuya Shell Mound  |Canis lupus familiaris |UIna (proximal) L Proximal end is unfused. Infant.
SS030 Susuya Shell Mound | Marine Mammalia indet. |Rib

SS031 Susuya Shell Mound  |Canis lupus familiaris |Radius (distal) Distal end is unfused. Infant.
SS032 Susuya Shell Mound | Terrestrial Mammalia indet. | Femoral head fragment?

SS033 Susuya Shell Mound  [Mammalia indet. Scapula fragment

SS034 Susuya Shell Mound  [Mammalia indet. Bone fragment

SS036 Susuya Shell Mound | Aves indet. Bone fragment

SS037 Susuya Shell Mound |Otariidae indet. Rib R

SS038 Susuya Shell Mound | Bivalvia indet. Shell fragment

SS039 Susuya Shell Mound  |Bivalvia indet. Shell fragment

SS040 Susuya Shell Mound  |Bivalvia indet. Shell fragment

SS041 Susuya Shell Mound  |Bivalvia indet. Shell fragment

SS042 Susuya Shell Mound  [Bivalvia indet. Shell fragment

SS045 Susuya Shell Mound  [Mammalia indet. Bone fragment

SS046 Susuya Shell Mound  |Cetacea indet. Bone fragment

SS047 Susuya Shell Mound | Marine Mammalia indet. | Rib

SS048 Susuya Shell Mound | Cetacea indet. Bone fragment

SS049 Susuya Shell Mound | Cetacea indet. Bone fragment

SS050 Susuya Shell Mound | Cetacea indet. Bone fragment Material for bone tool.
SS051 Susuya Shell Mound | Cetacea indet. Bone fragment Material for bone tool.
SS052 Susuya Shell Mound | Marine Mammalia indet. | Bone fragment

SS053 Susuya Shell Mound [ Marine Mammalia indet. | Bone fragment

SS054 Susuya Shell Mound  |Canis lupus familiaris | Mandible (with P4 and M1) L

SS055 Susuya Shell Mound  |Canis lupus familiaris | Mandible (with P2-4 and M1-2) R

SS056 Susuya Shell Mound  |Canis lupus familiaris | Mandible (with P3 and M1) L

SS057 Susuya Shell Mound | Canis lupus familiaris |Mandible (with P4 and M1-3) R |Adult.

SS058 Susuya Shell Mound | Canis lupus familiaris |Mandible (with C, P3-4 and M1) R

SS059 Susuya Shell Mound  |Canis lupus familiaris |Coxal bone R

SS060 Susuya Shell Mound  |Canis lupus familiaris |Coxal bone L

SS061 Susuya Shell Mound  |Canis lupus familiaris |Radius (distal) L Distal end is fused.

SS062 Susuya Shell Mound  |Canis lupus familiaris |Atlas

SS063 Susuya Shell Mound  |Canis lupus familiaris |Femur (proximal) R Proximal end is fused.
SS064 Susuya Shell Mound  |Canis lupus familiaris |Humerus R Both ends are fused. Adult.
SS065 Susuya Shell Mound  |Canis lupus familiaris |UIna (proximal) L Proximal end is fused.
SS066 Susuya Shell Mound  |Canis lupus familiaris | Tibia L Both ends are fused. Adult.
SS067 Susuya Shell Mound | Canis lupus familiaris |Maxilla (with dm2) L Infant.

SS068 Susuya Shell Mound | Canis lupus familiaris | Tibia (distal) L Distal end is fused.

SS069 Susuya Shell Mound |Canis lupus familiaris |Tibia (proximal) R Proximal end is fused.
SS070 Susuya Shell Mound  |Canis lupus familiaris |Atlas

SS071 Susuya Shell Mound |Canis lupus familiaris [UIna (proximal) R Proximal end is fused.
SS072 Susuya Shell Mound | Canis lupus familiaris [Ulna L

SS073 Susuya Shell Mound  |Canis lupus familiaris |Tibia (distal) R Distal end is fused.

SS074 Susuya Shell Mound |Canis lupus familiaris [Mandible (with dm2) L Infant.

SS075 Susuya Shell Mound  |Canis lupus familiaris |Maxilla (with dm3 and dm4) L Infant.

SS076 Susuya Shell Mound  |Canis lupus familiaris [ Tooth (UM1) L

SS077 Susuya Shell Mound  [Canis lupus familiaris |Radius (proximal) L Proximal end is fused.
SS078 Susuya Shell Mound  |Erignathus barbatus | Tympanic bulla L

SS079 Susuya Shell Mound | Canis lupus familiaris |Scapula L Glenoid cavity is fused.
SS080 Susuya Shell Mound  |Pusa hispida Tympanic bulla R

SS081 Susuya Shell Mound  |Erignathus barbatus [ Tympanic bulla L

SS082 Susuya Shell Mound  [Phoca largha Ulna L Both ends are unfused. Infant/subadult.
SS083 Susuya Shell Mound  |Erignathus barbatus | Mandible R

SS084 Susuya Shell Mound  |Canis lupus familiaris | Mandible (with P3) L

SS085 Susuya Shell Mound  |Canis lupus familiaris |Maxilla (with M1 and M2) R

SS086 Susuya Shell Mound  |Canis lupus familiaris |Femur (proximal) L Proximal end is fused.
SS087 Susuya Shell Mound  |Sus scrofa domesticus |Femur R Both ends are unfused. Infant/subadult.
SS088 Susuya Shell Mound | Canis lupus familiaris [Radius (proximal) R Proximal end is unfused. Infant/subadult.
SS089 Susuya Shell Mound | Cygnus sp. Femur (proximal) R Proximal end is fused.
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SS090 Susuya Shell Mound |Otariidae indet. Scapula R Glenoid cavity is unfused. Infant/subadult.
SS091 Susuya Shell Mound  [Ursus arctos Calcaneus L Proximal end is fused.
SS092 Susuya Shell Mound |Cetacea indet. Vertebra (arch) Large whale.
SS093 Susuya Shell Mound  [Cygnus sp. Humerus R
SS094 Susuya Shell Mound | Canis lupus familiaris [Radius (proximal) R Proximal end is fused.
SS095 Susuya Shell Mound  |Canis lupus familiaris |Radius L Both ends are fused. Adult.
SS096 Susuya Shell Mound  |Canis lupus familiaris [Maxilla L Infant.
SS097 Susuya Shell Mound  |Callorhinus ursinus  |Radius R Male.
SS098 Susuya Shell Mound | Cygnus sp. Ulna (distal) R Distal end is fused.
SS099 Susuya Shell Mound | Marine Mammalia indet. | Rib
SS100 Susuya Shell Mound  |Lepus sp. Tibia R
SS101 Susuya Shell Mound  |Lutra lutra Ulna R
SS102 Susuya Shell Mound |Otariidae indet. Humerus R
SS103 Susuya Shell Mound  |Phocidae indet. Fibula R
SS104 Susuya Shell Mound  |Erignathus barbatus |Femur L Both ends are unfused. Infant/subadult.
SS105 Susuya Shell Mound | Canis lupus familiaris |Radius (proximal) L Proximal end is fused.
SS106 Susuya Shell Mound | Canis lupus familiaris |Lumber vertebra
SS107 Susuya Shell Mound  |Phocidae indet. Cervical vertebra
SS108 Susuya Shell Mound  [Phocidae indet. Lumber vertebra Unfused. Infant/subadult.
SS109 Susuya Shell Mound  |Canis lupus familiaris | Thoracic vertebra
SS110 Susuya Shell Mound  |Pusa hispida Femur (proximal) L Proximal end is unfused. Infant/subadult.
SS111 Susuya Shell Mound  |Phocidae indet. Thoracic vertebra Unfused. Infant/subadult.
SS112 Susuya Shell Mound  |Phocidae indet. Lumber vertebra
SS113 Susuya Shell Mound | Cetacea indet. \ertebra Small whale.
SS114 Susuya Shell Mound | Cetacea indet. Vertebra Small whale.
SS115 Susuya Shell Mound | Cetacea indet. Vertebra Small whale.
SS116 Susuya Shell Mound | Cetacea indet. Vertebra Small whale.
SS117 Susuya Shell Mound | Cetacea indet. Vertebra Small whale.
SS118 Susuya Shell Mound |Cetacea indet. Vertebra Small whale.
SS119 Susuya Shell Mound  |Canis lupus familiaris | Tooth (UP4) R Uncompleted root.
SS120 Susuya Shell Mound  |Canis lupus familiaris |Metatarsal R Both ends are fused.
SS121 Susuya Shell Mound  |Anatinae indet. Humerus R
SS122 Susuya Shell Mound  |Otariidae indet. Rib
SS123 Susuya Shell Mound |Otariidae indet. Metacarpal or phalanx Unfused. Infant/subadult.
SS124 Susuya Shell Mound  |Canis lupus familiaris |Metatarsal L Both ends are fused.
SS125 Susuya Shell Mound  |Otariidae indet. Metacarpal or phalanx Unfused. Infant/subadult.
SS126 Susuya Shell Mound  |Lamna distropis Vertebra
SS127 Susuya Shell Mound  |Lamna distropis Vertebra
SS128 Susuya Shell Mound  |Lamna distropis Vertebra
SS129 Susuya Shell Mound  |Otariidae indet. Metacarpal R Both ends are fused.
SS130 Susuya Shell Mound  |Otariidae indet. Humerus fragment
SS131 Susuya Shell Mound  |Ursus arctos Cervical vertebra Infant.
SS132 Susuya Shell Mound | Cetacea indet. Bone fragment
SS133 Susuya Shell Mound | Aves indet. Bone fragment
SS134 Susuya Shell Mound  |Mammalia indet. Bone fragment
SS135 Susuya Shell Mound | Canis lupus familiaris |UIna (distal) L Distal end is fused.
SS136 Susuya Shell Mound | Aves indet. Bone fragment
SS137 Susuya Shell Mound  |Otariidae indet. Thoracic vertebra
SS138 Susuya Shell Mound  |?Accipitriformes Radius (distal) R Distal end is fused.
SS139 Susuya Shell Mound  |Otariidae indet. Vertebra
SS140 Susuya Shell Mound | Canis lupus familiaris |Occipital bone
SS141 Susuya Shell Mound ~ [Canis lupus familiaris |Maxilla (with dm3 and dm4) L Infant.
SS142 Susuya Shell Mound | Canis lupus familiaris | Thoracic vertebra
SS143 Susuya Shell Mound | Cervidae indet. Atlas fragment
SS144 Susuya Shell Mound | Canis lupus familiaris |Occipital bone (right condyle)
SS145 Susuya Shell Mound  |Canis lupus familiaris |Coxal bone L
SS146 Susuya Shell Mound | Canidae indet. Tympanic bulla L
SS147 Susuya Shell Mound  |Canis lupus familiaris |Occipital bone (left condyle)
SS148 Susuya Shell Mound  |Otariidae indet. Phalanx
SS149 Susuya Shell Mound  |Canis lupus familiaris |Maxilla (with dm3 and dm4) R Infant.
SS150 Susuya Shell Mound  |Canis lupus familiaris | Temporal bone (zygomatic process) L
SS151 Susuya Shell Mound |Otariidae indet. Scapula fragment R
SS152 Susuya Shell Mound |Sus scrofa domesticus |Femur (proximal) R Proximal end is unfused. Infant/subadult.
SS153 Susuya Shell Mound  |Canis lupus familiaris |Atlas
SS154 Susuya Shell Mound | Terrestrial Mammalia indet. | Tympanic bulla fragment
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Sample No. |Site Taxon Skeletal part LR |Remarks

SS155 Susuya Shell Mound  |Canidae indet. Femur (head fragment) Proximal end is fused.
SS156 Susuya Shell Mound  |Callorhinus ursinus | Femur R Female or subadult/infant.
SS157 Susuya Shell Mound | Marine Mammalia indet. | Rib

SS158 Susuya Shell Mound | Marine Mammalia indet. | Rib

SS159 Susuya Shell Mound | Canis lupus familiaris | Tooth (UC/LC)

SS160 Susuya Shell Mound | Canis lupus familiaris |Maxilla (with dm2-4) L Infant.

SS161 Susuya Shell Mound | Canidae indet. Temporal bone (zygomatic process) L

SS162 Susuya Shell Mound  |Erignathus barbatus |Tibia R

SS163 Susuya Shell Mound  |Canis lupus familiaris |Maxilla (with P4) L

SS164 Susuya Shell Mound  [Phoca largha Ulna (distal) R Distal end is unfused. Infant/subadult.
SS165 Susuya Shell Mound  [Callorhinus ursinus  |UIna (proximal) L Proximal end is fused. Male.
SS166 Susuya Shell Mound  |Callorhinus ursinus  |Radius (distal) R Distal end is unfused. Infant/Subadult. Male.
SS167 Susuya Shell Mound  [Ursus arctos Humerus (distal) L Distal end is fused.

SS168 Susuya Shell Mound |Canis lupus familiaris |Tibia (proximal) L Proximal end is fused.
SS169 Susuya Shell Mound | Terrestrial Mammalia indet. | Rib

SS170 Susuya Shell Mound | Canis lupus familiaris | Tibia L

SS171 Susuya Shell Mound | Canis lupus familiaris [Sacrum

SS172 Susuya Shell Mound | Canis lupus familiaris |Metatarsal R Both ends are unfused. Infant/subadult.
SS173 Susuya Shell Mound | Canis lupus familiaris [Sacrum

SS174 Susuya Shell Mound  [Phoca fasciata Tibia R Both ends are unfused. Infant/subadult.
SS175 Susuya Shell Mound  |Canis lupus familiaris | Lumber vertebra

SS176 Susuya Shell Mound  |Canis lupus familiaris |Humerus R

SS177 Susuya Shell Mound |Otariidae indet. Rib

SS178 Susuya Shell Mound [Phocidae indet. Tibia L

SS179 Susuya Shell Mound | Otariidae indet. Carpal L

SS180 Susuya Shell Mound | Mammalia indet. Bone fragment

SS181 Susuya Shell Mound  |Canis lupus familiaris |Metacarpal R Both ends are fused.

SS182 Susuya Shell Mound  |Canis lupus familiaris |Vertebra (body)

SS183 Susuya Shell Mound |Canis lupus familiaris |Metacarpal L Both ends are unfused. Infant/subadult.
SS184 Susuya Shell Mound [ Marine Mammalia indet. | Vertebra fragment

SS185 Susuya Shell Mound | Marine Mammalia indet. | Rib

SS186 Susuya Shell Mound  |Mammalia indet. Bone fragment

SS187 Susuya Shell Mound | Marine Mammalia indet. |Rib

SS188 Susuya Shell Mound | Aves indet. Bone fragment

SS189 Susuya Shell Mound | Marine Mammalia indet. | Rib

SS190 Susuya Shell Mound  |Bivalvia indet. Shell fragment

SS191 Susuya Shell Mound | Canidae indet. Vertebra fragment

SS192 Susuya Shell Mound | Terrestrial Mammalia indet. | Bone fragment

SS193 Susuya Shell Mound  |Phocidae indet. Femur (distal fragment) R

SS194 Susuya Shell Mound |Otariidae indet. Scapula fragment

SS195 Susuya Shell Mound | Terrestrial Mammalia indet.| Tympanic part fragment

SS196 Susuya Shell Mound | Anatinae indet. Femur (proximal) R Proximal end is fused.
SS197 Susuya Shell Mound | Marine Mammalia indet. | Vertebra fragment

SS198 Susuya Shell Mound | Anatinae indet. Femur L Both ends are fused. Adult.
SS199 Susuya Shell Mound | Terrestrial Mammalia indet. | Bone fragment

SS200 Susuya Shell Mound | Terrestrial Mammalia indet. | Bone fragment

SS201 Susuya Shell Mound | Marine Mammalia indet. |Rib

SS202 Susuya Shell Mound  [Mammalia indet. Bone fragment

SS203 Susuya Shell Mound | Canis lupus familiaris | Tibia (distal) L Distal end is unfused. Infant/subadult.
SS204 Susuya Shell Mound [ Marine Mammalia indet. | Vertebra fragment

SS205 Susuya Shell Mound  |Canis lupus familiaris | Tibia L

SS206 Susuya Shell Mound | Marine Mammalia indet. | Vertebra fragment

SS207 Susuya Shell Mound | Mammalia indet. Bone fragment

SS208 Susuya Shell Mound | Marine Mammalia indet. |Rib

SS209 Susuya Shell Mound | Mammalia indet. Cranium fragment

SS210 Susuya Shell Mound | Terrestrial Mammalia indet. | Bone fragment

SS211 Susuya Shell Mound | Canidae indet. Coxal bone fragment

SS212 Susuya Shell Mound  |Phocidae indet. Femur (distal fragment)

SS213 Susuya Shell Mound  Mammalia indet. Bone fragment

SS214 Susuya Shell Mound |Otariidae indet. Scapula fragment

SS215 Susuya Shell Mound  |Marine Mammalia indet.  |Rib

SS216 Susuya Shell Mound | Mammalia indet. Cranium fragment

SS217 Susuya Shell Mound | Cetacea indet. Rib Large whale.

SS218 Susuya Shell Mound | Cygnus sp. Humerus L

SS219 Susuya Shell Mound | Terrestrial Mammalia indet. | Rib
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Sample No. |Site Taxon Skeletal part LR |Remarks
SS220 Susuya Shell Mound | Marine Mammalia indet. | Rib
SS221 Susuya Shell Mound |Otariidae indet. Thoracic vertebra
SS222 Susuya Shell Mound  |Mammalia indet. Bone fragment
SS223 Susuya Shell Mound  |Mammalia indet. Bone fragment
SS224 Susuya Shell Mound | Marine Mammalia indet. |Rib
SS225 Susuya Shell Mound | Marine Mammalia indet. | Rib
SS226 Susuya Shell Mound | Aves indet. Bone fragment
SS227 Susuya Shell Mound | Lepus sp. Femur R
SS228 Susuya Shell Mound | Aves indet. Bone fragment
SS229 Susuya Shell Mound  Mammalia indet. Bone fragment
SS230 Susuya Shell Mound | Marine Mammalia indet. | Rib
SS231 Susuya Shell Mound | Terrestrial Mammalia indet.| Bone fragment
SS232 Susuya Shell Mound  [Mammalia indet. Bone fragment
SS233 Susuya Shell Mound | Terrestrial Mammalia indet. | Tympanic bulla fragment
SS234 Susuya Shell Mound |Mammalia indet. Bone fragment
SS8235 Susuya Shell Mound | Mammalia indet. Bone fragment
SS236 Susuya Shell Mound | Mammalia indet. Bone fragment
SS237 Susuya Shell Mound | Mammalia indet. Bone fragment
SS238 Susuya Shell Mound | Mammalia indet. Bone fragment
SS239 Susuya Shell Mound  [Mammalia indet. Bone fragment
SS240 Susuya Shell Mound  Mammalia indet. Bone fragment
SS241 Susuya Shell Mound  Mammalia indet. Bone fragment
SS242 Susuya Shell Mound  Mammalia indet. Rib
SS243 Susuya Shell Mound |Mammalia indet. Bone fragment
SS244 Susuya Shell Mound | Mammalia indet. Bone fragment
SS245 Susuya Shell Mound | Marine Mammalia indet. | Bone fragment
SS246 Susuya Shell Mound | Marine Mammalia indet. |Rib
SS247 Susuya Shell Mound | Aves indet. Bone fragment Cut mark.
SS248 Susuya Shell Mound | Terrestrial Mammalia indet. | Rib
SS249 Susuya Shell Mound | Terrestrial Mammalia indet.| Bone fragment
SS250 Susuya Shell Mound  [Canis lupus familiaris |Incisor L
SS251 Susuya Shell Mound | Terrestrial Mammalia indet.| Bone fragment
SS252 Susuya Shell Mound | Marine Mammalia indet. | Vertebra fragment
SS253 Susuya Shell Mound | Canis lupus familiaris | Tooth (LM3) L
SS254 Susuya Shell Mound | Marine Mammalia indet. | Bone fragment
SS255 Susuya Shell Mound | Mammalia indet. Bone fragment
SS256 Susuya Shell Mound | Mammalia indet. Bone fragment
SS257 Susuya Shell Mound | Marine Mammalia indet. | Vertebra fragment
SS258 Susuya Shell Mound  [Mammalia indet. Bone fragment
SS259 Susuya Shell Mound  |Crassostrea gigas Shell fragment
SS260 Susuya Shell Mound [ Marine Mammalia indet. | Bone fragment
SS261 Susuya Shell Mound  |Mammalia indet. Bone fragment
SS262 Susuya Shell Mound  |Crassostrea gigas Shell fragment
SS263 Susuya Shell Mound  |Crassostrea gigas Shell fragment
SS264 Susuya Shell Mound | Crassostrea gigas Shell fragment
SS265 Susuya Shell Mound | Crassostrea gigas Shell fragment
SS266 Susuya Shell Mound  |Bivalvia indet. Shell fragment
SS268 Susuya Shell Mound  |Pleuronectiformes indet. | Vertebra
SS269 Susuya Shell Mound  |Pleuronectiformes indet. | Vertebra
SS270 Susuya Shell Mound  |Osteichthyes indet. Bone fragment
SS271 Susuya Shell Mound  |Osteichthyes indet. Bone fragment
SS272 Susuya Shell Mound |Mammalia indet. Bone fragment
SS273 Susuya Shell Mound |Mammalia indet. Scapula fragment
SS274 Susuya Shell Mound | Mammalia indet. Bone fragment
SS281 Susuya Shell Mound  |Erignathus barbatus [ Tympanic bulla L
SS282 Susuya Shell Mound  |Erignathus barbatus  [Humerus L Both ends are unfused. Infant/subadult.
SS283 Susuya Shell Mound  |Otariidae indet. Phalanx
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Appendix 2. Dental measurements of Sus scrofa domesticus (mm)

Sample No.  Upper/Lower LR dm4M dm4D P2W P3W P4W MIM MID M2M M2D M3W  M3L
EN001 Lower L 550 720 9.23 12.00 1236 1580 15.42
EN002 Lower R 6.83 887 12.02 1234 1576 1543
ENO003 Lower R 535 7.04 940
ENO004 Lower R 10.05
ENO005 Upper R 6.66 9.97
ENO006 Upper R 19.57 31.25
ENO007 Lower L 1453  14.65
ENO13 Upper L 18.36
HT001 Upper L 11.60 12.27 1421 1371
Appendix 3. Dental measurements of Canis lupus familiaris (mm)
Sample No. Upper/Lower LR dm3L dm3B dm4L dm4B P3L P3B PAL PAGB P4B M1L M1B M2L M2B
$5002 Upper R 2058 995 7.78
SS009 Upper L 10.43 4.65
SS013 Lower L 11.66 4.63
SS015 Upper L 10.65 4.34 7.78 8.89
SS054 Lower L 10.81 528 20.47 8.50
SS055 Lower R 10.08 432 10.32 480 20.13 8.61 8.03 5.36
SS056 Lower L 9.08 3.58 19.21 8.04
SS057 Lower R 10.16 4.03 10.84 472 19.38 8.26 740 538
SS058 Lower R 10.05 449 11.85 567 20.65 8.57
SS075 Upper L 10.72 4.56 6.96 8.39
SS076 Upper L 17.78  12.17
SS084 Lower L 1042  4.60
SS085 Upper R 9.86 1236 486 7.60
SS119 Upper R 10.92
SS141 Upper L 10.42 4.42 7.14 8.27
SS149 Upper R 10.64 413 7.67 8.85
SS160 Upper L 9.95 4.62 7.82 8.62
SS163 Upper L 18.30 9.76
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Sample No. | Taxon Skeletal part LR |Mearsurements (mm)

ENO016 Cetacea indet. Vertebra HFcr 29.6; BFcr 34.3

EN022 Phoca largha Humerus R SD 11.12

EN023 Pusa hispida Humerus R SD 10.6

ENO025 Phoca largha Tibia L Bp 28.8

ENO026 Erignathus barbatus Humerus R Bp 39.4; SD 16.2

ENO030 Sus scrofa domesticus | Scapula R SLC 22.3; LG 31.0; BG 18.6

EN032 Sus scrofa domesticus ~ |Humerus R Bd 35.8; BT 27.5

EN037 Gaviidae indet. Radius L GL 159.9; Bd 13.1

ENO038 Erignathus barbatus Tibia L Bp 39.7

ENO039 Sus scrofa domesticus  |Coxal bone R LA 26.7; LAR 30.5

ENO045 Sus scrofa domesticus | Scapula R SLC 24.8; LG 34.51; BG 23.5

ENO050 Phoca largha Tibia L Bp27.4

ENO051 Sus scrofa domesticus | Scapula R SLC 225

ENO061 Sus scrofa domesticus  |Radius R Bp 26.8

ENO062 Pusa hispida Femur R SD 14.4; Bp 28.6

ENO080 Erignathus barbatus Femur R SD 22.5; Bp 46.0

ENO081 Canis lupus familiaris ~ |Axis LCDe 51.4; LAPa 57.6; BFcr 33.2; BPacd 33.9; SBV 24.9; BFcd 20.8; H 43.2
EN082 Pusa hispida Atlas GL 38.3; BFcr 53.4; BFcd 41.0; LAd 19.2; H35.0

EN083 Erignathus barbatus Atlas GB 94.0; GL 46.1; BFcr 66.1; BFcd 53.5; LAd 23.3; H 48.9
ENO085 Sus scrofa domesticus  |Atlas LAd 17.7,H47.6

ENO089 Pusa hispida Femur L Bp 46.4; DC 18.1; SD 21.7

ENO090 Phocidae indet. Ulna L BPC 19.0

ENO094 Phocidae indet. Scapula L LG 255

ENO096 Erignathus barbatus Femur R Bp 41.0; SD 22.8

ENO098 Phoca largha Tibia R Bp 28.3

EN099 Erignathus barbatus Humerus L Bp 34.0; SD 15.8; Bd 47.3

EN101 Phoca largha Ulna R BPC 13.7

EN108 Phocidae indet. Femur L SD 17.2

EN161 Sus scrofa domesticus | Scapula R SLC15.9

EN171 Cetacea indet. Vertebra HFcr 135.1; BFcr 170.3

EN172 Erignathus barbatus Tibia L Bp 46.3

EN174 Cetacea indet. Caudal vertebra HFcr 64.7; BFcr 75.2

EN193 Canis lupus familiaris |Ulna R DPA 28.2; SDO 21.9; BPC 19.6

EN194 Canis lupus familiaris |Ulna R BPC 18.8

HT002 Cervidae indet. Sacrum BFcr 44.9; HFcr 21.5

HT003 Erignathus barbatus Atlas GB 84.3; GL 44.2; BFcr 71.1; BFcd 50.3; LAd 20.1; H 46.0
HT004 Sus scrofa domesticus | Scapula R SLC 20.3; LG 31.0; BG 21.4

HT005 Canis lupus familiaris ~ |Cranium (7) 74.3; (23) 61.5; (26) 47.1; (28) 15.1; (29) 56.0; (31) 28.9; (32) 38.2; (33) 27.5; (40) 46.5
HT007 Cetacea indet. Cervical vertebra HFcr 59.9

HT009 Cetacea indet. Vertebra BFcr 78.7

MKO013 Phoca largha Scapula R SLC 20.8; LG 22.9; BG 16.8

SS002 Canis lupus familiaris  |Maxilla R (16) 30.6

SS003 Lepus sp. Mandible L (3)22.0

SS004 Canis lupus familiaris |Axis LCDe 56.1; LAPa 59.0; BFcr 34.4; BPacd 35.3; BPtr49.7; SBV 25.0 BFcd 21.9
SS005 Gruidae indet. Tibiotarsus R Bd 24.3; Dd 21.4

SS020 Lamna distropis \ertebra HFcr 30.3; BFcr 33.1

SS029 Canis lupus familiaris  |Ulna L BPC 14.8

SS054 Canis lupus familiaris  |Mandible L (19) 31.98

SS055 Canis lupus familiaris  |Mandible R (8) 65.3; (9) 60.7; (10) 32.6; (11) 33.7; (12) 29.0; (19) 25.1; (20) 20.1
SS056 Canis lupus familiaris  |Mandible L (11) 33.5; (12) 29.6; (20) 20.0

SS057 Canis lupus familiaris |Mandible R (1) 121.2; (4) 105.9; (7) 67.2; (9) 51.1; (10) 30.7; (19) 24.9; (20) 17.8
SS058 Canis lupus familiaris |Mandible R (1) 138.9; (3) 129.7; (4) 123.4; (5) 113.9; (7) 74.8; (10) 31.6; (18) 55.1; (19) 28.8; (20) 20.2
SS059 Canis lupus familiaris |Coxal bone R LA 22.5; SH 20.2

SS060 Canis lupus familiaris  |Coxal bone L LA 18.5; SH 17.7

SS061 Canis lupus familiaris  |Radius L Bd 24.2; BFd 20.6

SS062 Canis lupus familiaris  |Atlas GB 69.6; GL 38.3; BFcr 34.0; BFcd 26.8; LAd 10.8

SS063 Canis lupus familiaris ~ |Femur R Bp 35.3; DC 18.8

SS065 Canis lupus familiaris  |Ulna L LO 20.2; DPA 27.4; BPC 20.3

SS066 Canis lupus familiaris | Tibia L Bd 22.5; Dd 17.3

SS068 Canis lupus familiaris | Tibia L Bd 24.4;Dd 17.8

SS069 Canis lupus familiaris |Tibia R Bp 28.7

SS070 Canis lupus familiaris  |Atlas BFcr 41.7; BFcd 33.7; LAd 18.1

SS071 Canis lupus familiaris  |Ulna R LO 18.0; DPA 27.2; SDO 22.8; BPC 18.8

SS072 Canis lupus familiaris |Ulna L DPA 23.7;, BPC 15.6




66

Taichi Hattori, Junmei Sawada, Yoshitaka Kanomata, Kaoru Akoshima and Takao Sato

Sample No. | Taxon Skeletal part LR [Mearsurements (mm)

SS073 Canis lupus familiaris |Tibia R Bd 22.0; Dd 16.4

SS077 Canis lupus familiaris  |Radius L BP17.7

SS079 Canis lupus familiaris  |Scapula L SLC 25.0; GLP 28.7; BG 16.81
SS082 Phoca largha Ulna L BPC 13.9

SS086 Canis lupus familiaris ~ |Femur L DC 17.2

SS089 Cygnus sp. Femur R Bp 23.6

SS090 Otariidae indet. Scapula R SLC 38.9; LG 42.2; BG 32.7
SS091 Ursus arctos Calcaneus L GB57.7

SS094 Canis lupus familiaris  |Radius R BP 16.7

SS095 Canis lupus familiaris  |Radius L GL 140.3; BP 14.8; Bd 23.4; BFd 18.6
SS098 Cygnus sp. Ulna R Did 20.5

SS101 Lutra lutra Ulna R BPC 8.9

SS104 Erignathus barbatus Femur L SD 224

SS105 Canis lupus familiaris  |Radius L BP 16.2

SS110 Pusa hispida Femur L SD 13.9

SS113 Cetacea indet. Vertebra HFcr 30.3; BFcr 34.9

SS114 Cetacea indet. Vertebra HFcr 31.2; BFcr 34.1

SS115 Cetacea indet. Vertebra HFcr 30.8; BFcr 33.4

SS116 Cetacea indet. Vertebra HFcr 32.1; BFcr 36.4

SS117 Cetacea indet. Vertebra HFcr 33.7; BFcr 37.8

SS118 Cetacea indet. Vertebra HFcr 32.8; BFcr 38.8

SS121 Anatinae indet. Humerus R Bp 18.1

SS126 Lamna distropis \ertebra HFcr 29.6; BFcr 30.4

SS127 Lamna distropis \ertebra HFcr 30.5; BFcr 31.8

SS128 Lamna distropis Vertebra HFcr 44.5

SS138 ?Accipitriformes Radius R Bd 12.5

SS140 Canis lupus familiaris  |Occipital bone (25) 34.5; (27) 18.1; (28) 12.7
SS145 Canis lupus familiaris  |Coxal bone L LA19.7

SS153 Canis lupus familiaris  |Atlas BFcr 35.1; BFcd 31.8; LAd 14.8
SS156 Callorhinus ursinus Femur R SD 17.9

SS165 Callorhinus ursinus Ulna L DPA 64.2; SDO 54.2; BPC 45.0
SS166 Callorhinus ursinus Radius R Bd 59.3

SS167 Ursus arctos Humerus L Bd 91.2; BT 63.4

SS174 Phoca fasciata Tibia R Bp 35.9

SS196 Anatinae indet. Femur R Bp 10.2

SS198 Anatinae indet. Femur L GL 41.0; Lm 36.6; Bp 9.6; Bd 9.2
SS282 Erignathus barbatus Humerus L Bp 28.0; SD 12.0

The symbols for the measurement items were according to Driesch (1976).




Bull. Tohoku Univ. Museum. No. 20, pp. 67-78, 2021
© by The Tohoku University Museum

N R O—2ZF R LISIMEIC K 5 ENEEY D =RoTaTE

EEANESR * - BER B X
* RALAZR AT

3-D measurement of open-air structures using mini drone

with SfM method

Harumasa Kano*, Atsushi Fujisawa*

* The Tohoku University Museum

Abstract: Recently, 3-D measurement from unmanned aerial vehicles (UAV / drone) using structure
from motion (SfM) photogrammetry is become popular in measuring. SfM measuring using drone
usually applies in good visibly area, however, reconstructed 3-D data by SfM of complicated
constructions in the open air located urban area are poor accuracy measurements. In this paper,
we report that 3-D measurement by SfM photogrammetry applied for complicated constructions
located outdoor city area, combined with aerial photographs using drone and photographs of
hand-held camera. We measured the main gate of Tohoku University and Ogawa Memorial Park
located in Katahira Campus of Tohoku University, Sendai City, Miyagi Prefecture. As a result, SfM
photogrammetry used photographs taken by a small drone and hand-held camera is applicable to
high-precise measurement for complex objects in outside.

Keywords: 3-D measurement, SfM, aerial and hand-held camera photographs, complex objects in
outside.
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HAlEToTCER (BER - BB - <IN 2017), Th
5D 3 RITEHAITIE xi%éﬂ@ﬁ'f EhET. SIM &

EECEETEARFRFEEHAHCE, TNODHIRZE
BER. 2020 FENDIF. BEMKEmME (BEMREA
&2 TEMBRXCH DREDTcOD 3RTT IV 2IVT —

b%7®$ﬁ¥$fb®ﬁﬁnj . BERDARARE LG O T

W2,

RILRFE TR Bl S ok T+ v >/ RITFE
TWBEREENE E%. EOBEFREILY (&)
CERL. TOMEZBERILT S TRISIER
9 2R BIHEED TN D, 2017 FIT5HICDOVNTEER
HEEN. 2020 FEITIFTED 9B DEEMDERD DI
EpeEDHCETe, BRICHTC 2 UIFERG EDERHE
EHORSENDH. BERIRBDO—DTHBHRILKFIEFTIC
DOVTCTIEREMER SN TWED O fc, £fee AFEFv >
INZAD—AILH Z/NIEREIE. B4R NIIEZZR
ATI933FICESNT/NRETH B, /NIERZEIE. %
BHESRE L CEREIMCBRT BT EABELTEY.
BEMESMODERGESDEROEREESTEY. 5
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5&REERDHEDL S > Tz,

COEALKFIEFIE/NIEZEIE. PIRFOEEREFD—ERIC,
tEaZER L TVWAEAEHY (AL - #2F 2020). £
R LERMEBOMED—IRE LT 3RTetllETL. ZD
TFT—2HhoREEERT A EE L, mMEED. BAD
BERBEDHD DR TH > lcfctb. LEMLWVEEZMF
WMLTBRETAIENEE LWV EEZ SN, LOLAF
F v VNG RZTEED ANOBEM S DTz UAY (RO—
>) DFRITICIEHIRD D 5. T DI, MZEEDIRH ==
WV RO— > ZRIB LI SIMET 3ok d 52 &
TR REAEEBEDEREEAKRILET A ELTEN
ELTe

BHERBE MADHEED LT, FLCHICETED"E
BERD. TNLAEEMRADIE L TIELT.

1. FHAEE

AR C=RreatllZ £ L RIE. BRBEILETE
EXRFORIAFHRFF v /N RCHHRIEAFIEPE
IIEERETH %,

R v 2SR IE RISHERD 2020 FIRE. MZEET
AOBEMICHIEEEI N, HAEESE 200 gL ED UAV (FO—
V) TlE. TORTICHFRIRSEINEL LD, —A. EED
200 75 LARFED UAV (RO—2) 1&ZEBEDEDRHIZe 1
ZBRE. BERRA LT BEFEIAELEDS ", AR
TlE. BT 3EMEEY & LT RILRFEFTL/N
NEZREITDWNT, 200 75 LFREDIEIFRITH TH 5 DI
8 Mavic Mini (LR Mavic Mini) TO_EZEHSDEEIRE
(U FZEHEER) 21TV SIMEIC K 2 =tatRlzE =i LTz,
E5IT. Mavic Mini TIZER TERD D T BFT G T —
AHORNBEIZFAICOWCT I RZIV—RL 7AXZEFERLT
FHLTHRY WUTHEERR) 2170 IhoDRE LT —
2 % BT Agisoft #t#840D Metashape Professional & W T &
NEREET — 2RO = B % T o e,

1—1. ERAEMICTONT

AHZEICE N CZERRICER L/ NV FO—i& DI
8 Mavic Mini T&% %, Mavic Mini A X5 Ay 71& L
TOEHSYTHD

oYY X1234F CMOS (62 X 47mm). B
ShBEIZEE 12MP. L X BEA (Feld of View, LT
FOV) :83°. 35 mm ¥IHEE 1 24 mm, &' 1F/2.8. imranF:
Tm~ oo  ISOBKE EBE: 100~ 1600 (A#— k). 100~
300(RZa7 V) Vv v RA—RE BFVvviRr—!
4~ 1/8000 F, BB Y 1 X 43 :4000 X 3000 16:9:
4000 X 2250 EWS ANy U THY . KIE (F1E) HEFE
THb, TH. AHERTIE. 16:9DY 1A X TRELTWLS,

—hH. MEBETEB LTI ZIV—BL 7HXZIE

R

RT a4 l&Fv /8 EOS6D Mark I| T R L35 L >~
Zl&. EF16-35mm F2.8L Ill USM & EF24mm F2.8 IS USM ¢
BB, L= XlE #9359 X 240mm. ECEFEIEE
159 2600 5 (6240 X 4160) BETH B, A—LL VXD
EF16-35mm Z £ L 2R Cld. FEREEEEA 16mm (C[E
ELTITofz, 16mm L > X TOREFA FOV IEHK 107° Th
%o KL VATIE. FER 16ICAELEBE LI, —ERD
BT — 2B LIEER. BEARDDH T EN B,
EBIELT24mm DL Y X TIREEIT > T3, 24mm L
VADFOV X 84°TH Y. FAEIX 10 ICERE LTz,

1—2. IR &M ERERREIC DT

g b SO ERE TlE. -0 1 X F8
L XDELRR IR BEHICK Y. ZODMREN R T
. —RMGEMZBRAIE Tld, KBS EDREER LT DI
HEBRWTCEHLTWS (BEFIFH. 2018),

H(m) = {px(pixel) X FL(mm) X Lpx(m/pixel)}/SZ(mm)---Z{
(1)

I (1) TlEH (m) =‘mERE.px =BifRY 17 X (pixel
#). FL (mm) =FEREE8E. Lpx(m/pixel) =#_EEIZERA,
SZ (mm) =Y —H 1A ThH5,

ZDFTERAD 5.
9% Z & C. Mavic Mini. DJI Phantom 4 Pro ($8 &8

DIRFEERE EBRTEDEZRT I ENTES (K1),

1. #M & ORI & ARRE DR

K 1I&. EEhaigas b, MmEha 1 o wiLEiEY DY
A4 X & Lic&E. DJIPhantom 4 Pro. Mavic Mini. EOS 6

EORRBRAERLIET ST Thb, M EEEFE1cm DEDE
BRFafeoicidz. 7TV IEBHIS. 1 ET )Yk
Y SmmARE DM EEREEHNNE TH S, Mavic Mini 1& 15m
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UDEE%T‘?’J 5.05mm T . 1cm ODREEEE DRGES
Hefzdicid, #1ENS 15m BIFEDETETLRHEBRRE T S
M\Eb\%%o BRI Phantom 4 Pro 'C = %/J 18m. EOS6D
Mark Il Cl&.
H‘i%\ 16mm L > XDBFICH 14 mb\bd)ha—%’( TemD R

BEER DIBIGEDIREN TED I EART, BH. AT

Tl&. Mavic Mini TOZERiREEEEZ. EIC3m ~ 10m 2
EL Lz, EZZ10mMTIRELIBE 34mm (T EDH E5

FREED D BT LT D, —A. i’@iﬁ%?ﬁ‘(“bi\ AHEFE. 5t
AOBENHHEIER TH B, FHANRDEREDL

mm U TORBEREICE DL DIC. WRHS 5m LURISED
WwEREZTO> LD LT

1-3. WERFE

BEERE T, EY M EahUEDORRICHDHIEREL
v EDESEEND D, INEREFEE LV, THE
TERTCEDE V-4 X (BREYF). HEE# (2
V@) . LY XDESERS FE (KY) TRES, =X
TALDTEHDERIE. EY FHBED TWVBEAHZWNELE,
REREHMHETES RO, TREWERREDOEREERE

ICANTRET 2N ELNH S, R2ICEY MEBEFHER

FE. FEOBRAETRT,

ERE—HRIC

RIAHMERRE= GrAEEL 2 X FEX YRS ) /(£
REERE’+ STREEILR X FEXYRERE) X (2—1)

BHWERRE= Gratail FE X FEXYIRER ) /(&
REEEE —STAIEILAE X FEXYAERE) X (2—2)

Thsd, COBE. HAABEILAEZBERL Y FIC
TEHBEZT & R2D&K5G7578%5 5,

FPHEA

2 BB WG FURENE

FIARERRE L EIRERREOELIEY FDESH

FHEGD, K2R LT T 7ICAWEIBIZLITD®EY
T,

g BEREYF F (& Lo RESER
Mavic Mini #7 0.0015mm (1.55 um) [F2.8 4.49mm
Phantom 4 Pro  |#J 0.0024mm (2.4 um) |F4.5 8.8mm

EOS 6D Mark Il |#70.0058mm (5.8 um) |[F10 & LU F22 [24mm

2 TCmLiek Sl 5B LTl EOS 6D Mark Il (<
24mm L > X CFEZ% 22 [ LTcE D & Mavic Mini & HV 7
DIEWHEFREENMESND, LH L. 1EZwILHEY
DEIZEDRBE DT EEEBICANZRERD D, Mavic
Mini l&. B > —HUNE L FEMNNETLH, KEX
WERREEBFD T ENTESH, LEMN=/LICH
WTWBEEZSEND, LH L. Mavic Mini DRIRE £
EOS 6D Mark IHZTEERBZ EEHE LB T & THIC t/"j'—
YA ZHNEWesd, FElE=R/bDfedD. 3mm LR
D EREETT LOBEWEBLZRET BcdHICIE. BHF
DEND LS HHEMNBEZ NEBETC. 10 MU TOEZH
SR T HHNENDH S,

BH. BEEYFHRENZE, EVTF—THESHDOE
DARELGBHBEBEHLNRL 55, TDHFE. EOS 6D Mark
I DNEFTH B, —H. FIEIE—BLT7AHAAZTT. &KIHHD
% L X0 #15E Lz Phantom 4 Pro CIXFABTES
H. Mavic Mini Tl&. F1BlZ 2.8 TEE ChH 5, =Xt %

BEs LB TR BRT2HASDREE+HERL
THBERB B,
2. ZERBRATOVT

Mavic Mini CNBY R O—>) TO/RFE TIE. BitE DM
ICEABEDORRZERT 2EED., EHTOEERRAIEL
7’10 %l‘ﬁ IE. [REZEORER. BIDNE Y ©IEIRT.

I EZEOBRFHICTHDEREE L > TR BREAIT O
EE'—i&U)/J\’“ FO—2ig, mNYVITHEBRRNEZEL TS
DT, BEPRKTHE L\BEUJ:th’JﬁﬁI_\ THZEL. BEL
TEREDAREE TS TWVD, BH. BHEFIL. R/ >
TDIRRETIT>TWVWD, Zhid. a—1) /7/&“/9—
KBEHDTEBRITHEENVELDICTBHTH S, T
TlE. fREHFICKY . RITEB. BERICEEEZELE
R OIBRESEICDONT. BILKFIEFENIEEREICH
1T CEEET B,

— 1. FRILKFIEFT

RILKFIEPIDZEHRIRRIE 20209 A 19 H (1) (€972
foo IEFFIE. 4ZIKUDELU)F'%E&%U)F'Eﬁtzﬁ%@ﬁ)?b‘b‘éU\
RSO HERICEEICEN 2 TWS (B3), AROFIED
EIEH 4.5 m. E—%mL\FﬂHU)m 135 42 m PIEERRE
TESE K TR 10 MTH 5, EFIEIEFIRILSE
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. BEHAEL BHOEICEAD Y P AT EDRFAR
e lHhi). LK ENBRTESMEITEAIDPIE2 D
EEDENRICBESN TV e, EFIDEEHREERIEY (1
Hicl) . FTREREZRAIDOEA EEEA) SAAIDLE (8
FB) OZDIcnlF. mAEDECARRE LT, M4lTRL
e EZBHATENTWTRBELEZERICARABEREL., &
g ET o e, GH. AR ABIX. THICADHEAUNR
35%)L}Eﬁ|:| (K3DAEZDODFHEDOB) OEFESENEK

SICRELTWVWS, wmEaEld. #HEHNS 5m~8migE
‘C%ZQO ZERIEADFIREL. P—FIVAT— 3> &
LA EBWTCHEEEA Lz, GH. ZERIF. B5D0K
Sl 1 10cm OB E X RicHEETEDIT LIER
EER L. OIS ZE BT CREETHAFRITHE S K SICEK
B LT

K3 mEfLS
E=YaNELEIN

RICRILKRFIER MLEER).
EDMLA,

M4 EFTCORET)TDXS

R

5 EEADH
F9. FEHEA BICHWT, EXNGBEEMEFHR - B
BT 5H. TEETHREATV. KEBSZBRUELT,
FEHENMIODEE L 8FIREELR S LD ICEEET O
T OICHORE TPIE & DBEH DRIR DD 73‘%3:’)
ZHEEDLD/BELRELI: (K6), EH. THERT
4 AXRHBHFAFEDS B, LA 2 ZDFIEIE. <Y U)ﬁb‘ﬁﬂ
THY. ZFDOEEE Mavic Mini TRER. BT DT ENT
ThEh ol

M6 LEZEREICKDFRDIREZDA

EhiRE Tl LTIeEd 243 M Th 5, RITEEIL 3
BT, 1 @@mﬁﬁvﬁaﬁtiﬁ?’ﬂ8ﬁz‘%otc ZH. Mavic Mini
EBED GPS T GPS EBHESNBEIE. wmET—2AIC
BERENUBSEDMEIBRMRES 4’1_( W5, ZErhiRE
MBIEX 7 ISR LT,
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N R O— 2% R LTe SIMIAIC K 2 BIMEEY D =RT5HR 71

AEEN B IirmEM CAREK

B R LTAIE)

RIT. Mavic Mini TLEZiREZ R LI HRBE TCORRE
BHRT. BALKFEMZZHER L2 202098 19 H
(1) & NEREOEBNTH >z (1), ILEGRE T
FRENTEEHRRIE 29 ~52m/s T, BRERAERD 6.1
~83m/s & LEERARLY, RITEREIC DWW\ TIE. s @A A
Bh o felzeb RN T TOEBMERENZ . —EDFR
TT8DIEFEDRITEB G ole, —H. BOEET, 1B
AROFEARENTZ Y. Mavic Mini BRICES N §52 &
Hd ., RKEPEEY & Mavic Mini & DEEBHISRIETEH
TmZEEIRIT B LD ITEEEIT O,

2-2. NIREZE

NINEZBEIE. KR8 AILRT K 2BBERKAELTH Y.
READALEEHE LIZEE, ZOBOIDTHOESIEH
KZ 17 m. BOEBREEINEFEMIEIB LT 25 MDAE
T, NIEREDZEHIRSIE 2020 F 11 B 6 HICSEKHE
L 7zo Mavic Mini TOZERIRE L. #I EHASK 3 ~5m D
SETERE L. (TANKREEZRET 2L DICRE LT
THICEEDMBRBEN DD DL DITHI0ME 20m DF
ETHEHEL T 30 5aDime. BIRKIC 25 ~ 30 mDE
ET5HoehigraRmL. 51T 320 RDEhigz s
Fofc (®8), NIIEREDF v /N IAIBEDOEF(ITIE,
EXSVRFER IS RFEBEITA > TSN TEY .. A
EREOBMANE THUTETHY. Fv /I \ QDR
B LEHSDZEhBEISR L. REHNASEWVBNZ EZ2
SRS TABICH A S EE CEEYFHIEOIRE % £h
Lz (K9), EERILADFREL. b—2ILAT—> 3
VELNIVTRRAER T e, BB Tld, BEFmEE
ICHBDEBERIIBE TERWVS, I R TR,

&1 2020F9 B 19 HOLEREETOERAT —82 K[IRFTR—LRX—I KU

BkE SR AR B

T, SE(hPa) - - B\ - B3R (m/s) B

B HBE iy =N =K NG (%)
11:10 1007.4 10124 - 24 55 49| BEALE 8 dFE 0
11:20 1007.5 10125 - 24 54 52| FEALE 8.3 it 0
11:30 1007.4 1012.4 - 244 55 32| FEILE 6.4 FEILE 0
11:40 1007.2 1012.2 — 247 55 42| PEILE 6.4 FEILE 1
11:50 1007.1 10121 - 25 56 29| FEILE 6.1 FEILE 3
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8 /NIEREDZEHIRRAIE

A FER, B 1HEX

FEOMA)

ZEHRBEROXEER 2 ICRLIBY . 20BET. 1l
BRRETOHAT —2 Tld. FHER 0.9 ~ 3m/s. &K
BEEEIR 2.1 ~ 5.1m/s CHBHNBEPH TH o e, AHTRP
BT RNUY T TOEMERENNIA SN e, —E
DRITTI0~ N DFEDRITHE LAY EFITORE
Bl 2 DI ERVEZERB L E o fc. NIEZETD
ZRBERZORITEIIE 3ETH D,

B9 /NIERETOEFRRDEEDA, LICEIZVIAF

DIENE S

3. #ERRICOWVT

W EREIE. EREE TR CELGD >OLBERZMHRET
BIcHDICRBLIEEDTH S, LUTITEFIEEREICDF
BEEFICOVWTRET %,

3—1. RILKEEM

EFICOM EBRIE. £9. Mavic Mini TZedigs L%
1T, BE TR CERD LML THORMEL
feo HASRE LIcHEEND S DREIBHIZEE 2 ~ 4m (X
ETholz, 202098190 (=g LEH) ICERL
feiestid, RT 4 A EOS 6D Mark Il L > Xl& EF16-35mm
HER L. EmiEEE 16mm. FiE% 16 CTEE Ligs LT,
TLERS T fcéd, 150 BEA 3200 (CHREL. KU ELE—
R 574 #iBs LTc, B8 Cld. Mavic Mini Ic & 2B87—
REDEHET BT ENS. TBAEMFPHESEELEHET
=RTALTER LD, INSONREEGLEHLTIRS
DN e, ZBrhiRR. M EREDT—2H05, VI NIIT
(Agisoft 18 Metashape) &L\ ZEHRERET —2EEHYE
TERTAEBE T > Te. ER S NI =R T — 2 HIREEE.

&2 2020F 11 B 6 HOWUWEBR[IRETORAT—2 [IRFTR—LRN—I KUK

&K= SR FEXTEE =
KIE(hPa) JEU A - EE(m/s)

LS (mm) (°c) RF i

IHih B Fi Rl T AR LM %)
10:10 1020.1 1025.4 - 15.2 60 09| FEALFE 2.1 i} 7
10:20 1020.1 1025.4 - 15.4 58 17| #amEmd 29 ] 2
10:30 1020 1025.2 - 16.6 57 2.2 [E3kii] 33| mIETE 5
10:40 1019.9 1025.1 - 16.7 55 26| FEFEM 42 2] 10
10:50 1019.7 1024.9 - 16.8 52 3 ] 5.1 ™ 10
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BEHONATDEERICOVNT, BEI108 13 8 (ML :
38). 11 B6H (et 207) LETHE&%&%TTJ 710 Fric.
EPIEIAIBDEEE & 7 DERIE Mavic Mini Tige CER DD
feE. BROH R T — G'TAEJZb\D§<L\b‘7EIb\OTL
T, W EIAVICRE LI, BEhLlEZ. HREES

I L TCEARITERLT2~3mIFEEENTITH. R

mlT LIETICBE LEASimeaiTolc, Ime@iEid. &

BICHCRREDSIEIZE (50 ~ 60cm) Th b, =Xkl
FRTERM BT T —2DBRZMBIKK 10 DEV VET
mLEEEGoTe,

K10 EILAPEFOH EIREAIE (K20 TRY),
—2. NIEZE T’ LiBE
/J\JII SERETOM _ ERE L. ”“‘:F'Tai

A& EOS 6D Mark Il

ISO 1% 1250, FABIL 10 [TERE L. rXU1E§E:E |‘T639$&

?Hi-;vbflo EeMmEE. K1 IORliz, ERETIE &

B O(GEE) [cmlfohEIaEofims. v //\7\15!U0)E.§

E%UDt?%ﬂ”xé’:b‘*@iBHTL\%%EZBJ:Z}EEE%J%

NEESNICIBE LTc, T5IC BEOEDEI SV RF

BAlgBEENTNTH Y., BEmaciciros, BEEmLICE

REERBETIENTEDC NS, BEANSEIENRN

DIRES LUOEREQ. CRXERNIEEDHOERICE SR

7 (X12) 1727

2 %ﬁmb fEF

M1 NIERETOM EBEAIE (B9 TRY)

X 12 #EREICISEREANSDEEDH

4. SIMIC&B=RTTiE

TR M FRETEONIEEELN S, SIMY T b
I 77 T B Agisoft 78 Metashape Professional (&M /\—
23> 1165 EEV. =Rtk ETofe, FldId. ZERER

LM ERETEONEIRTOEEERYAH. BED

ToAAYES (RIBEDY) ARTL. T0&% BBEY
7'7 REVER, Lo £fc. Mavic Mini TlRE LT T —42 1
WT&EES TR LIRETTV., 2@ EFEoEa & DLt
BA&{To1z, Metashape TDEBEEDT T A A MLERED
BT, BEESIL. F—RA Y MBEURARA > MR
EEOICLTENZTNDRA > MMIREEE < LIDIRRET
FTEET O, TDH. 774 AV FDEHENTELRVE
BICDOWTIk. BEHE Lﬁr/ TA A f\@.ﬁ%%?@ﬁb
710 CDNIBTET T4 AV FOUBHHE TELRZVES

. wRESEEOEEEY E (chunk) (ThiF, %ﬂ%ﬂ/
7/()‘/ FPOETEESRED T FMERZETTL. ThThn
DF v > 7\CHBT HRERUTRA > & 4 HFRL EFRE
L. ZORA Y b EHEECLTHNBEDERIELITRITL
& (marge) Z1To7z, &=EMIC, 9BIRREDEEICD
WCT7 24X F@E‘f%fﬁ‘(:‘?ﬁo SERTEEDT T4 X
>V bDEEMNEDSIEBRT. BRBEY 77U FOERZEIT>
feo BEEYV 270 ROIERT i\ EEEDHEETV. &
FEOEWNED (BEBEO0~3 LHEINLED) IEDW
TIFHIBR Lfze MUFICERILARFEPIE/NIEREICDWNT
ESUNC 7

ﬁibk—?—IEF'TC(D_ZKﬁ:ﬂ:
%il:j(—?—lEF'ﬁ@}%% 7 — 2| &% Metashape TO=XTT

eI 2R 242 1. ifﬂthsi% 667 7z & L C5Em LT,
%%EEU)H:?E’JEL\,Q (Metashape C{E#E 4 LI L) Z#
BAlLic&T A, RBEE. 155336024 & xofce 2D
RFZER 13 ISR,
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13§48 EH 5 B RICKFIEPIDIES HER

ZHRELLT TR LIBE. ZHREX TR ©e%
ZZC APIBEMITHRELEVK D ICREXmEEZE bl T
we L), ARERELTCWSTd. E5LTHEESEL
U=ZRTL TEGWSIOREE Lz, TORER. K14 DR
IERF DD BPIEDORAE (K 14 — A RDERICENT
WPIRORES L ULRHBOER (B 15-A) OLSICT—4
DRIEBT B ENSHHEE LTc, LR TRIBEDZET
LT R MERADT —2ZEHrEDESTLICELDT
=xnfeLicsaz K 14-—B K14 —Blczhehnmlrc

14 HACKFDHIRDH HPIED=Sr 7 — & (EHE)
A @ Mavic Mini DEETZI CEER L LD,
B :ith M= BI L CHBBR LD D,

K15 AROBICENTWALRIOPIREEERD =77 —4%
(EH#). A Mavic Mini DEEIF TiREBEM L
fe®& D, B LB ZEBM L TBER LICEH D,

EhiRE LM FIRE A HHE O E S T & T Mavic Mini
TORBEIBAHDZRTILTETCWD I EHBDD D, 2B
R T — AT TIEZR T TERWVWE T AITDN T
W EBETHS E WD HERIERICEN TH D, —H. H
ERETHESEHE. AZAE FIREO=X77 — 2k, Mavic
Mini & EOS 6DMark || TIEBHARGZ 5. BETEHLE
ELIEERICE BT EDH S, ThlE. Metashape TT—
BYERBSICEBEE T AIVE ) I3 LT LB
EO EREDT —2MBIREND T EHE L BREL
THFEIYRITESENESITES,

RICERIGEIC DWW CGIRN S, # EEDBIREIC DV T,
BT —2FD—1010cm DIEEERERIT X —H—D—1
HIc ) DRBEEBA LA A0~ RETH>T, Th
& TanH Tz 4@IFETH Y. 1 R2EEY 25mmiZED
DERRETH DTz, Mavic Mini DIRESEHN 5~8mMTh D
DOCHE1 DTS TTOEMDEITIFIFERLTWVWS, —A.
FIRERmEABEI CRKRICKA THET A, 1RHE
DH9 1.5~ 20 mm OREREECH o1z, THUL EQS 6D Mark

2AmmDL Y AT 6~ 9 mBENTISE DRRRE IC—ET
%, REOIEEM HRT TIE 16mm DL > X TR
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Z2~3m. BE (IS0) % 3200 cLCHwmeLiclcd. W
HBENFMICE O ONTULED S EREED B 2,

16 mEFT—2 CHRRLIE—Z 10mDIRERY —H—,

—A T TEREEBICES LOICERTERVRED
BHoNfe, CNIFLBILRIOERMD LEXRUERTH S
(K17). TOBFRISERHIEEL. KPEHNRHRUT,
[RSD 5B EEE D DEAIAMC LD TRES T ENT
ERVWRETH o, e BERIDSIRBAIESERIDE
FOHAMH. BHCTIEFLAERFZHRT HEDNTE
T ofc, E5IT. MEBICHZSENSEEN LERUE
BEOEREZFHcHDD, FRICERMERIZIEEALERE
Thabhofc, RRNICIE. LHZESEXRADBRES 7

17 BEp N LGItRIOER BRI OFER, ZTEET

EVEDZEH ERE TR cH D,

F&, BERERQOSEBEYV U RT—2H05. BHLZD
BHAERDI. F2IR—A—%EBMLTEREL. AE
HERTEANBZ GBS —H—FRETERD chunk BT
MBEHLEE LT, KYIEBEUNBEDEICESLDICL
feo MBEDHERTRICTNTOD chunk ZER LIZ&ET.
BREY 7T MEEBAE T > fe, ZORBERHNK 17 TH 5,
T END. BRITWIBEMDREIC DOV TIE, 8
DEHEE ESZ NS LD ICBEMNBERYEET D4
EhH 5,

AP, BILAREFDOE AL, BHREE UL DRE
BONEAERT 5 EN—DDEMNTHBTcdH. 1B
LIcRBT— 252 RBERTCAT—ILEhbELIzDE, 7
BEDBEVCEEZRNT 7 7MIVICHE A LTz, HALTER
Br—25T I HEOKRRESRELEY 7 DT
77 InfiPoints THid A FERETEROEREEZ S
FIWVEGREHNDT B EEEIC. REESTEDFAETT

. TOEGRETRT 42 %S Ll BiEY%E Adobe # D
lllustrator T~ L—X L TCKEZ(ER LTz (K18),

- 'J\J”nau..\.-(@_:kﬁﬂt
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