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Petrological Characteristics of the Central Pillar Foundation of the Pagoda at

Suematsuhaijiato Remains in Ishikawa Prefecture, Japan
—Is the Central Pillar Foundation Made from Tomuroishi? —

Atsushi SAKAYORIY

Abstract

The historical landmark of Suematsuhaijiato in Nonoichi-machi, Ishikawa-gun, Ishikawa
Prefecture, represents the remains of a large temple that was built in the latter half of the 7th century.
The central pillar foundation, which still exists on the site, has been until now considered to have been
made of “Tomuroishi (biotite-hornblende andesite)” mined from the hills in the eastern part of
neighbouring Kanazawa City. This paper investigates the petrological characteristics by microscopic
observation of a sample taken from Suematsuhaiji’s central pillar foundation. Our investigation reveals
that the foundation is not Tomuroishi but in fact orthopyroxene-hornblende andesite.

Key Words: Suematsuhaijiato, central pillar foundation, Tomuroishi, andesite
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“Kanazawa” topographic map issued by the Geospatial Information Authority of Japan.
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Table 1 Modal composition (vol.%) of the sample from Suematsuhaiji central pillar foundation. pl = plagioclase, ho =
hornblend, opx = orthopyroxene, aug = augite, opaq = Fe-Ti oxides, qz = quartz, bt = biotite, ol = olivine, apa = apatite,
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Fig. 3 Photomicrographs of the sample from Suematsuhaiji's central pillar foundation. (a) In plane-polarized light. (b)
In cross-polarized light. pl = plagioclase, (ho) = altered hornblend (pseudomorph), opx = orthopyroxene, aug = augite.
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hornblend, (ho) = altered hornblend (pseudomorph), gz = quartz, bt = biotite.
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Fauna and Distribution of Bees in Noto Peninsula and Sado Island

Tetsuya KASAGI™?", Sho-Taro OHMIYA?, Kazuya KIMURA, Youhei KANEKO*
Kosuke HOMMA?®, Takakazu YUMOTO® and Koji NAKAMURA!

Abstract

The species composition of wild bees was researched in Noto Peninsula and Sado Island in 2010.
We collected 3148 bees (55 species in 6 families) and 101 bees (16 species in 5 families) in Noto and
Sado, respectively. Halictid bees were the most common in both areas (Noto: 23 species, 1504 bees;
Sado: 6 species, 42 bees). Apidae was the next major family in Noto (5 species, 884 bees), dominated
particularly by Apis cerana. In contrast, the second major family in Sado was Colletidae (3 species, 39
bees). In Noto, five species of bees, A. cerana (557 bees), Halictus aerarius (529), Lasioglossum affine
(379), Colletes patellatus (227), and Bombus diversus (217) were dominant, as these 5 species occupied
61% of all sampled bees. In Sado, L. affine (35 bees), Colletes perforator (23), and C. patellatus (227)
dominated, as they occupied 73% of all samples. Distribution patterns of bees in the Noto Peninsula
differed among species. Apidae, Colletidae, and Megachilidae were widely distributed throughout the
five sample sites; however, B. diversus (Apidae) were rare in the lowland sites. Most of the two
dominant species, Halictidae (H. aerarius) and L. affine, were collected mainly from two of five sites in
Noto, indicating that the distribution of some species was affected by landscape patterns and/or the
condition of flower resources.

Key Words: Halictidae, Andrenidae, Apidae, Colletidae, Megachilidae, Anthophoridae
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Fig. 1 Research sites in Noto Peninsula and Sado Island.
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Table 1 Location and altitude of each study site.

HE L L e (m)
KIT 37° 27 07.09" N 137°08' 20.99" E 202
YOS  37°27'44.29" N 137°09' 35.61" E 216
KYO  37°27'31.41"N 137°14'37.80" E 23
NON  37°26'53.58" N 137° 16' 41.09" E 4
MIS 37°28'32.96" N 137°19'27.25" E 23
NIl 38°02'07.87" N 138° 27' 05.77" E 50
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Table 2 List of bees and their numbers collected in Oku-Noto and Sado Island in 2010.

B 4 e — L .
WRER: (EIER
Colletidae Colletes babai Hirashima et Tadauchi PN T) S NFIRTF 12 1
T3 NFRT R C. patellatus Perez T T NI NF AT 297 15
C. perforator Smith AT NTRF 3 23
Hylaeus floralis (Smith) A AR INFIRF 11
H. globula (Vachal) TIL= A NFINTF 1
H. matsumurai Bridwell Y INT R UINFINF 6
H. nippon Hirashima Z IRV RN RTF 4
H. nipponicus Bridwell Y )T A UNTRF 9
Andrenidae Andrena japonica Cockerell IV I U TUET R ANFRF 1
B AN RTFE A. knuthi Alfken FNRF b AANF AT 35
Halictidae Halictus aerarius Smith T H IR aNF T 529 1
a N AFRE H. tsingtouensis Strand 7 kU~ oG AT 37
Lasioglossum affine (Smith) =)L AN RF 379 35
L. baleicum (Cockerell) TFH T aNFNF 9
L. blackistoni Sakagami et Munakata TITXR N anFRF 3 1
L. japonicum (Dalla torre) =R FEanFF 53
L. kansuense (Bluthgen) T HE aNF T 1
L. kuroshio Takahashi et Sakagami JuavAF e antaRT 1
L. mutilum (Vachal) YA ahHanF I F 72
L. nipponense (Hirashima) =Ry aANFINF 1
L. nipponicola Sakagami et Tadauchi =R BZ aNFRNF 2 1
L. occidens (Smith) VHRAYHH ANFRTF 109 3
L. ohei Hirashima et Sakagami FATF B aNF T 12
L. pallilomum (Strand) F N F B asNFRTF 8
L. percrassiceps (Cockerell) IV A A NF T 1
L. proximatum (Smith) X2 LY TN RNTF 2
L. scitulum (Smith) THELTIH ANTRTF 79
L. sibiriacum (Bluthgen) XA E a N T 17
L. trispine (Vachal) b A FH a T 4
L. villosulum trichopse (Strand) Tl HFEaNF T 158
L. vulsum (Vachal) =X A4 a T 18
Lipotriches yasumatsui Hirashima YA TR AL R NF T 3
Sphecodes nambui Tsuneki F T R anFoRF 3
S. nipponicus Yasumatsu et Hirashima Y~ hY¥ KU anFF 4
Anthophoridae Amegilla florea florea (Smith) AVRY T VT RANFNTF 2
a7 kot o3FR Ceratina esakii Yasumatsu et Hirashima A CAYEAVA 1
Ceratina flavipes Smith F A Y oNFNTF 130 1
C. iwatai Yasumatsu A THEFEY T NF 13
C. japonica Cockerell Y~ Yo oRF 144 3
C. satoi Yasumatsu BN TF Y oNF T 2
Eucera spurcatipes (Perez) va AT e AN F T 11
Nomada nipponica Yasumatsu et Hirashima = v R F~< & T F 35 1
Tetralonia mitsukurii Cockerell IV Ve FANFRTF 3
Xylocopa appendiculata circumvolans Smith & A % 7 < /35 10
Megachilidae Chalicodoma sculpturalis (Smith) FANF Y NF 7
RS - Coelioxys hiroba Nagase E N R N RTF 1
Megachile humilis Smith AR ANE Y NF 8
M. nipponica nipponica Cockerell INTNF Y RF 10 4
M. remota sakagamii Hirashima et Maeta YT INF Y NTF 1
M. tsurugensis Cockerell VLTI NF Y RF 80 4
M. yasumatsui Hirashima YAV RF 27 2
Apidae Apis cerana japonica Radoszkowski =R IVNTF 557
SYRFR A. mellifera Linnaeus A I IVNRT 100
Bombus ardens (Smith) a7 )LNFRTF 2
B. diversus diversus Smith K<L NFRF 217 5
B. hypocrita Perez F A~ LT RF 8 1
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Table 3 Number of bees collected in 5 sites in Oku-Noto and NIl in early September 2010.
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Table 4 Number of bees collected in 3 sites in Oku-Noto and NIl in Late October 2010.

No bees were collected both in MIS and NON.
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FA B aNF T

LY ARTH
=R IYNT
A IUIVAF
~Z =N FRF
F A< LT NF

o~

9 H23MEIK (88%) NA A LTI NFARFTHHT
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s~F73FHylaeus nipponicus Bridwell, 77 &% & k>
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v 7 2N F3F L trispine (Vachal), 4 U ZF &
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Fig. 2 Number of bees in each family in every site (MIS,
NON, KYO, YOS, KIT) in Oku-Noto.
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Fig. 3 Distribution patterns of bees in 5 sites (MIS, NON, KYO, YOS, KIT) of Oku-Noto.
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Abstract

Long-term variations in the riverbed of the Tedori River, Japan, were investigated using a series of
field surveys conducted between 1950 and 2007. The results showed that the sediment volume of the
observed areas declined by 12.7x10° m® between 1950 and 1991. The riverbed has undergone serious
and rapid erosion, lowering by 0.5-3.5 m, with an erosion rate of 0.06-0.10 m/year. In contrast, the
riverbed sediment volume increased by 0.6x10° m® between 1991 and 2007. The temporal and spatial
variation in the sediment volume and the corresponding riverbed response were related to anthropogenic
activities such as gravel and sand extraction and dam construction. The variations between 1950 and
1979 were effectively identified using empirical orthogonal function analysis.

Key Words: Tedori River, erosion, anthropogenic impact, Empirical orthogonal function

I . Introduction

In many rivers worldwide, anthropogenic activities
such as gravel-sand extraction and dam construction
have disrupted the continuity of sediment transport and
altered the downstream flow regime. The transport of
sand and gravel sized sediment particles is particularly
important in determining channel form, and a reduction
in the supply of these sediments may induce significant
channel changes (Kondolf, 1997). Consequently, any
interruption in sediment movement by dams may cause
accelerated erosion of the riverbed. Conversely, below
dams, floods may not be sufficiently competent at
entraining and transporting the incoming sediment from
tributaries, so the riverbed begins to aggrade (Vericat et

al, 2006). Therefore, it is important to investigate how

anthropogenic activities in a river basin influence the
sediment processes and the corresponding downstream
morphological responses.

A variety of human induced morphological variations
in rivers have been studied in the past few decades (e.g.,
Kondolf, 1997; Yuhi, 2008; Isik, 2008). However, it is
often difficult to fully understand the temporal and
spatial variations that occur in a river basin and to
quantify the effect of individual human interventions on
such variations owing to the inherent complexity of the
problem and the paucity of related data. A better
understanding of the changes in the bedforms and
corresponding sediment volumes of a river due to
anthropogenic impacts could make a crucial contribution
to the management of river watersheds.

This study was conducted to analyze the changes that
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have occurred in the bed of the lower Tedori River, Japan,
with particular consideration of the human impacts on
the changes in sediment volume. The main trends in the
riverbed variation were simultaneously examined using

empirical orthogonal function (EOF) analysis.
IT. Study Area

The Tedori River, which originates at Mt. Hakusan,
has a catchment area of 809 km” and a channel length of
72 km (Fig. 1). The main tributary of the Tedori River is
the Ushikubi River, with other tributaries being the Ozo
River, the Danichi River and other small rivers. The
Tedori River flows through the Tsurugi gauging station,
on its westward journey through the Kaga Plain to the
Japan Sea. The lower Tedori River referred to in the
remainder of this paper (the reach downstream of the
Tedorigawa Dam) is the portion of the river between the
river mouth and 16 km upstream. The Tedori River is
one of the steepest rivers in Japan, with average slopes of
1/27 and 1/145 for the entire river and the lower Tedori
River, respectively. Based on homogeneity related to
slope, width, and mean diameter of bed material, the

lower Tedori River can be divided into four reaches

located 0-2 km, 2-7 km, 7-13 km, and 13-16 km
upstream of the river mouth (Teramoto et al., 2003)
(Table 1).

The drainage area is underlain by various lithologies,
including ancient Hida metamorphic rocks and volcanic
rocks from eruptions of Mt. Hakusan. Nobi rhyolites
(pyroclastic rock) from the Mesozoic to the Cenozoic era
are distributed around the Mt. Hakusan area while Tedori
Layers are present in the area east of the Tedorigawa
Dam and the Ozo River. Both the Tedori Layers and
Nobi rhyolites are prone to massive collapse. Therefore,
a large amount of gravel and sand sized sediment has
been flowing into the Tedori River.

The climate of the catchment area is dominated by
the monsoon winds blowing in from the Japan Sea. The
mean annual rainfall in the Tedori River catchment is
about 2,600 mm/yr on the plains, and 3,300-3,600
mm/yr in the mountain ranges. In 1980, the Tedorigawa
Dam (Fig. 1) was constructed, resulting in changes in the
flow regime of the lower Tedori River. The highest
average daily discharges in the lower Tedori River
typically occur from mid-March to late May (due to
snow melt) and from mid-June to mid-July (owing to

seasonal rainfall) both before and after the Tedori dam

Tederi River

Tedorigaws

’/ Mo.2 Dam

Riverbed Survay
Area (16.00km)

Dainichigawa
m

Tedorigaws
MNo.Z Dam

Tedorigawa
River Lo

Ushikubi River

g_10 Z0km Wazzradhi gr |

Tsurugi St. i»

River

Japan Sea

Fig. 1 Tedori River basin.

Table 1 Characteristics of the four distinct reaches in the lower Tedori River (Teramoto et al., 2003).

Reach 1 Reach 2 Reach 3 Reach 4
Distance upstream of river mouth (km) 0.0-2.0 2.0-7.0 7.0-13.0 13.0-16.0
Channel width (m) 350 358 289 146
Channel slope 1/365 1/190 1/140 1/130
Mean diameter of bed material (mm) 67 77 166 187
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construction (Fig. 2).

In recent decades, anthropogenic activities such as
sand and gravel extraction, the construction of debris
dams and multi-purpose dams, and dredging activities
have significantly impacted the Tedori River basin. This
has resulted in erosion of the riverbed in the lower
reaches of the Tedori River by 0.5-3.5 m between 1950
and 1991, while a slight accretion has occurred in the
study area from 1991 to 2007.

II. Data Sets and Methods

1) Field Data

The temporal and spatial scale used to study an area
should be closely related to the availability and quality of
existing field records. Consequently, this study focused
on investigating variations that occurred in the lower 16
km of the river during 1950- 2007. Data sets were
provided by the Hokuriku Regional Development Bureau
of the Ministry of Land, Infrastructure and Transport,
Japan. These data sets consisted of: annual surveys of the
topography at 81 river cross-sections at 200 m intervals
along the 0-16 km reach in 1950-1979, 1991, 1997,
1998, 2002, 2003 and 2007; the permitted annual sand
and gravel extraction volume from the river channel
(1951-1991); the annual sediment deposition volume in
debris dams (1936—1983, with some missing years); the
volume of material dredged annually for maintenance
activities (1949-1963); and the annual maximum river
discharge (Q,,,,) data from 1928 to 2006 measured at the

Tsurugi hydrological station, located 14 km upstream

from the river mouth (Fig. 1). Sequential aerial
photographs at 1:30,000 scales were also obtained for six
dates from 1947 to 2007. In general, the range of
surveyed data was sufficient to capture the main trends in
changes in the river morphology and its controlling

factors.

2) EOF Analysis

First, a comparative analysis of the existing survey
data was conducted to detect and quantify the dominant
trends in time and space. The long-term changes in the
channel characteristics were then examined by EOF
analysis. EOF analysis was initially used to describe the
changes in beach profiles based on the lowest number of
eigenfunctions (Winant ez al, 1975). In this study, the
riverbed level Z;; (averaged for each cross-section) was
explained by the summation of eigenmodes, as shown

below.

N
Zy= Zane,,, for the i th profile position and
! kthsurvey (1)

where e,; are the normalized spatial functions; C,; are
the temporal functions; and » indicates the variation
modes. Subscript i ranges from 1 to I, the total number of
points along the longitudinal profile of the riverbed
where data are taken, and subscript & ranges from 1 to K,
the total number of times when profiles were recorded.
The spatial functions or eigenfunctions that best fit the
data using the least squares method are determined with

the following matrix equation:



Ae,= A, e, )

where A is a symmetric correlation matrix from a;; and 4,
is the corresponding eigenvalue of the matrix A. The

elements a;; are calculated by

1 < .
ag:EZzﬂ(zﬂ( ij=12,.., 1 3)
k=1

A dominant feature of eigenfunctions is that they are
mutually orthogonal, so that

zeniemi = 6nm . (4)

i

where §,,, is the usual Kronecker delta such that if m= n,
then §,,, =1, otherwise 9,,, =0. To obtain the value of the
unknown C,;, we minimize the mean square error in the
fit of Z;; using the eigenfunctions. The local error &; is

defined as

N
EZii - ) Crtn. (5)
n=l1

The minimization is carried out using the least-squares
method by minimizing the sum of the squares of the

errors over the profile (lei?k) with respect to C,,;

I N
2> (Zy =Y Cpeyi e =0. (6)
i=1 n=1
Using the orthogonality, we have:
1
ka = Zzikemi . (7)
i=1
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IV. Results

1) General Features of Riverbed Response

Figure 3a describes the temporal variations in the
riverbed elevation (Z) in the lower Tedori River. The bed
elevation was measured relative to the Tokyo Peil (T.P.)
datum, which is the standard ground elevation in Japan
based on the mean sea level in Tokyo Bay. An overall
trend of considerable erosion was evident during the
period of 1950-2007. Fig. 3b indicates that the riverbed
level decreased by 0.30-3.50 m over the period
1950-2007. Comparisons of longitudinal profiles from
1950, 1979 and 2007 (Fig. 4) and corresponding
cross-sections at 1 km intervals (Fig. 6) indicate that the
erosion during 1950-1979 was much more significant
than during 1979-2007. In particular, the average erosion
depth of 1.8 m during 1950-1979 was considerably
higher than the average erosion depth of 0.16 m during
1979-2007. The mean erosion depths for reaches 2, 3
and 4 (2.10 m, 2.84 m and 2.02 m, respectively) were
significantly greater than for reach 1 (0.84 m) (Table 2).
This surprising result implies that construction of the
Tedorigawa Dam did not aggravate the erosion in the
lower Tedori River. In addition, Figure 5 illustrates the
deposition/erosion distribution in plan form based on
changes in real riverbed levels surveyed in the years

between 1950 and 1979. The most intensive and

O stanes from e Rlvermouth km

Fre bam Perlod ) P Ibam Perlcd |
1950 1955 1960 1955 1570 1975 1980 1985 1990 1995 2000 2005
Tim &{ysar)

(b) Variation in mean riverbed elevation relative to 1950

Fig. 3 Temporal and spatial variation in elevation of the Tedori riverbed (T.P.).



Table 2 Temporal variation in average erosion depth for each reach.

) Erosion depth (m)
Distance (km)
1950-1979 1979-2007 1950-2007
0-2 (Reach 1) -1.26 0.39 —0.87
2-7 (Reach 2) -2.01 —-0.08 -2.10
7-13 (Reach 3) —2.46 -0.38 -2.84
13-16 (Reach 4) -1.45 —0.58 —2.02
Average —-1.80 —0.16 -1.96

Distances are measured upstream from the river mouth.
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Fig. 4 Longitudinal profiles of the lower Tedori River surveyed in 1950, 1979, 2007 and average
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extensive erosion was observed in the region 8—12 km
upstream from the river mouth.

Alluvial survey results along cross-sections at 1 km
intervals 1950-1979 and
1979-2007, as shown in Fig. 6. The results indicate that

were collated between
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Variation in riverbed level (1950-1979).

from 1950 to 1979, significant erosion occurred along
the entire river channel and floodplain, except at 0, 1, 4,
15 and 16 km upstream from the river mouth. At the five
erosion occurred

locations mentioned previously,

intensively in the river channel but light deposition
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Fig. 6 Comparison of cross-sections from 1950, 1979 and 2007 at 1 km intervals.

occurred in the floodplain. For each cross-section during
1979-2007, accretion was clearly observed in the
floodplain while both erosion and deposition occurred in
the river channel.

The spatial distribution of the linear trends in
variations in the riverbed level during 1950-2007 is
shown in Fig. 7. The linear trends are calculated as the
temporal gradient of the riverbed elevation at each
cross-section, using the least squares method. Between
1950 and 1979, the average erosion rates at Reaches 2
and 3 were 0.1 m/yr and 0.09 m/yr, respectively; at
Reaches 1 and 4 the average erosion rate was 0.06 m/yr
(Table 3). The highest rate of erosion during 1950-1979
was 0.14 m/yr, 3.2 km from the river mouth, after which
the erosion rate decreased steadily until the end of Reach
2. The trends in reach 3 fluctuated, with the second
highest erosion rate during 1950-1979 measured in this
which the
considerably to the end of Reach 4. The corresponding
trends during the sub-periods of 1950-1959, 1960-1969

reach, after erosion rate decreased

and 1970-1979 are also included in Fig. 7. Between
1950 and 1959, significant erosion was observed from 0
to 5.5 km and in almost all of the 6.5-16 km reach, while
minor deposition was observed at 5.5-6.5 km and about
15 km upstream from the river mouth. Between 1971 and
1979, accretion was evident in the reach 04 km
upstream from the river mouth, with an accretion rate of
0.05 m/yr, which can be attributed to natural recovery of
the sediment. However, strong erosion was observed in
other areas, with a mean erosion rate of 0.07 m/yr. It is
interesting to note that the variation in the riverbed in the
1960s was similar to the overall 1950-1979 period
described above. In particular, significant erosion was
evident along the longitudinal riverbed profile during
both time periods, with the highest values occurring at
the same location in Reach 2 (2-7km) at 0.24 m/yr
(1960-1969) and 0.1 m/yr (1950-1979). These findings
imply that the intensive sand mining that occurred in the
1960s dominated the change in riverbed elevations

observed during the entire study period.



Table 3 Mean value of linear trends during different periods.

Linear trend (m/year)

Distance (km)
1950-1959 1960-1969 1970-1979 1950-1979 19802007
0-2 (Reach 1) —-0.07 —-0.13 0.04 —0.06 0.03
2-7 (Reach 2) —0.03 -0.24 0.01 —-0.10 0.01
7-13 (Reach 3)  —0.06 -0.13 —-0.10 -0.09 0.00
13-16 (Reach 4)  —0.05 —0.09 —0.03 —0.06 —0.02

Distances are measured from the river mouth.
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Fig. 7 Linear trends in riverbed variation.

In contrast to the 1950-1979 period, the linear trend
in the riverbed level variation was minor from 1980 to
2007. A slight accretion trend was observed in the first
two reaches with rates of 0.03 m/yr and 0.01 m/yr,
respectively (Table 3). In Reach 3, the erosion rate of
0.00 m/yr was unvarying while Reach 4 experienced

slight erosion at 0.02 m/yr.

2) Variation in Sediment Characteristics in the Lower

Tedori River

Figure 8 shows the cumulative variations in sediment
volume in the lower reach of the Tedori River from 1950
to 2007. The changes in the sediment volume of Reaches
1-4 were also examined. The cumulative variation in
sediment volume was calculated with respect to the
riverbed elevation in 1950. The overall trend in sediment
volume in all reaches was a significant decrease during
1950-1979 and a slight decrease during 1980-2007.
Overall in the lower 16 km of the river, the sediment

volume decreased by 11.5x10° m® during the first 30

years at a rate of 0.38x10° m’/yr, while the decrease in

3, a rate of

the following 29 years was 0.63x10° m
0.02x10° m’/yr. The greatest reduction in sediment
volume occurred in the 1960s, with a reduction of almost
6.8x10° m® of sediment (0.68x10° m*/yr). A similar trend
was also observed in Reach 2 (2-7 km upstream) in the
1960s. This is considered to be due to the intensive sand
excavation that occurred in the 1960s. In the 1970s, the
cumulative sediment volume change in the entire study
area was closely related to the change in Reach 3 (7-13
km upstream). From 1979 to 1991, the sediment volume
declined by 1.23x10° m’ (0.09x10° m’/yr), and then
increased by 0.6x10° m® (0.04x10° m*/yr) between 1991
and 2007. A similar trend was also seen clearly in
Reaches 1-3, while the steady erosion appeared to be
occurring in Reach 4 throughout the whole period of
1979-2007.

An investigation of the variation in median sediment
diameter (d,,) in both the river channel and floodplain

was conducted by annual surveys of sediment samples



from 1963 to 1971. Figure 9 shows the temporal
variation in d,, in relation to the temporal variations in
the slope and flood discharge product (Q.S). The Q.S
may be representative of stream power per unit channel
length (Bridge, 2003) and, consequently, may be an
important factor that influences the variation in d,,. Thus,
in Reaches 1, 2 and 3, the temporal variation in both d,,,.

(median sediment diameter in the river channel) and d,,,

0.0x10" %%

(median sediment diameter on the floodplain) is closely
related to the temporal wvariation in Q.S during
1963-1971. In Reach 4, although a close relationship
was also observed between d,. and Q.S from 1963 to
1971, the variation in d,, is opposite to the Q.S from
1966 to 1969. In particular, in 1966 and 1968, when the
minimum values of Q.S were measured, maximum

values of d,, were recorded (Fig. 9d). This unusual
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Fig. 8 Cumulative variations in sediment volume in the Tedori riverbed.

12.0

i a (b)
0l A A A3 100 S0 00

- 7\ 7N for =t - 7 1

§ 01—\ 7 e i 50 & £ 200 {-f-\ JARN 150 &

£ / ) ~e—flit ot - s / \ —— L

= j{['; / \ - "/'/-‘5‘-.- a & & s 6.0 » <150 1/ \ f \\_ pa 7 100 E

i ) "'-. . Y o = 40 7 < 100 4/ \ / h. . Sl . )_f'ﬂ--«... 7

- 7 2 o |/ 20 © 50 O R . 50 ©
<y - :

n-l . - . . - L 0.0 04 . - . ' . L oo
1960 1962 1964 1966 1968 1970 1972 1960 1962 1964 1966 1968 1970 1972
Time(year) Time(year)

—-o-- dmel(mm)  —a— dmpl(mm) —o— QS O - dme2(mm) A dmp2{mm) Qs
500 - 30.0 500 r 0.0

450 () 450 . (d)

400 oy F 25.0 400 !\ i 250
~350 4/ 0.0 = 3504/ 0=
£300 1/ \\ £ e E300 1/ 00%
E150 / \ 4 i E E150 KJ \ 150 E
<200 1 <200 \ - @

150 1/ \ / 3. \\w:. ',,/"n."_‘-}p;:"'_{} 97’ Ot 100 & 150 1/ \ F 1008

100 ! A\_\vrr = g/ £ ot 50 100 \__\ L 50

50 { - e 1 4 5.
0+ —+ 0.0 g 00
3 oa - e+ O
oot B I . 19:6 ) s B R 1960 1962 1964 1966 1968 1970 1972
) melyear) Time(year)
--fe- dme3(mm) O dmp3{mm) —0— Q8 --ae- dmed(mm) -0 dmpd(nm)  ——QS

Fig. 9 Temporal variation in the slope and flood discharge product (Q.S) and Dy, of the lower Tedori River: (a)
Reach 1 (0-2 km); (b) Reach 2 (2—7 km); (c) Reach 3 (7-13 km); and (d) Reach 4 (13-16 km upstream of river

mouth).



relationship could be related to the effect of intensive
sand mining that occurred in the floodplain of Reach 4,
as gravel and sand extraction may have made the bed

surface more armored.

V. Discussion

1) Impacts of Anthropogenic Activities on Variations

in River Morphology, 1950-1979

To investigate the effects of anthropogenic activities
on changes in the cumulative sediment volume and the
riverbed of the Tedori River, the cumulative volume of
sediment in debris dams, and the cumulative volume of
sediment extracted from the river (sand and gravel
mining, and dredging activities) were determined (Fig.
10). During the post-World War II period, sand and
gravel were mined from the alluvial section of the river
for construction aggregate. This extraction was intensive
in the area from the river mouth to 15 km upstream.
During the mid-1960s, the most extensive mining
activities occurred, resulting in a considerable reduction
in the riverbed. The total amount of extracted sediment
was estimated to be 6.4x10° m® based on licenses issued
by local authorities from 1950 to 1979; however, it is
difficult to determine the amount that was actually
removed from the riverbed. Yamamoto et al. (2008)

estimated that the extracted amount could be up to two

times greater than the volumes determined from local
permits. From 1949 to 1963, maintenance dredging of
the river channel was conducted in the area from the
river mouth to 4.8 km upstream, which resulted in the

removal of 2.1x10° m®

of sediment (Fig. 11). Between
1950 and 1969, the cumulative volume of extracted
material increased by approximately 6.8x10° m’, a rate
of 0.34x10° m*/yr. However, owing to legal enforcement
of the sand mining permits starting in the mid-1970s, the
rate of increase in the cumulative volume of extracted
material in the 1970s was lower than that in the 1960s.
The estimated amount of sediment removed by sand
mining and channel dredging from 1949 to 1979 was
9.35x10° m’, which is equivalent to 81% of the
decreased riverbed sediment volume of 11.5x10° m’.
This clearly indicates that the sand mining had a crucial
impact on the decrease in riverbed sediment volume as
well as the corresponding riverbed level during
1950-1979.

In the upstream region of the river, in the Hakusan
Mountains, where the Tedori system is composed of two
major tributaries (the Ushikubi and Ozo rivers),
approximately 150 debris dams have been constructed to
monitor and control the production of debris and
sediment runoff since the 1910s. Between 1955 and 1959,
sediment deposition in the debris dams rapidly increased

to approximately 3.24x10° m®, at 0.65x10° m*/yr, then

15.00 1
10.00 1 (3) Cumulative deposition in =y
- debris dams from 1936 e »,-" """
& .« . PP
s 500 4 LR
= / 7 w (2) Cumulative volume
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= i il channel from 1949
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Fig. 10 Temporal variations in cumulative sediment volume in the Tedori River basin.
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gradually increasing to 7.3x10° m® by 1979. The median
grain size of sediment sampled in these dams in 1980
was 78.4 mm and 117.1 mm in the Ozo and Ushikubi
river areas, respectively. The median diameters of
sediment deposited in debris dams were found to be the
same as those in the bed surface in the lower Tedori
River. This implies that the debris dams have trapped the
amount of sediment that may be transported to the lower
Tedori

considered

river by flood events. it was
that  debris

significantly to the degradation of the riverbed level in

Therefore,

dams may contributed

the lower Tedori River.

2) EOF Analysis

EOF analysis was used to discuss the decadal
variation in the mean riverbed levels as well as its
controlling factors. Figures 12 and 13 describe the
temporal and spatial functions for the first three modes.
The variance associated with the first eigenfunction was
99.9854%, while the second and third eigenfunctions
account for 0.0119% and 0.0008% of the variations,
respectively. These findings clearly indicate that the
spatial function of the first mode e;(x) corresponds to the
mean riverbed profile during 1950-1979 (the averaged
profile (1950-1979) in Fig. 4). The temporal function
Ci(¢¥) was closely related to the curve describing the
cumulative temporal variation in the sediment volume of

the lower reach of the Tedori River. In addition, the

spatial functions of the second mode e,(x) were found to
reflect the linear trend of variations in the mean bed level
from 1950 to 1979 and 1961 to 1970. The temporal
function Cy(¢) gradually increased in the 1950s, then
rapidly increased in the 1960s before becoming stable in
the 1970s. The variation trend of such curve describes
the trend in the cumulative deposition of sediment
volume in debris dams with a lag time of about 5 years.
For the third mode, the spatial function e;(x) was found
to be positive in the 0—4 km reach, negative in Reach 3
(7-13 km) and fluctuated around zero in the remaining
reaches, indicating that this curve corresponds to the
linear trend of mean bed level variations during
1971-1979. The C;(¢) curve had slight fluctuations in the
1950s, then decreased considerably in the early 1960s,
before increasing until 1979. With a time lag of 3 years,
this curve is related to curve (4) in Fig. 11 which
describes the sum of the cumulative variation in
sediment volume for the 0-16 km reach and the
cumulative sediment volume extracted from the river
(sand mining plus dredging). As the third mode of
variation is the product of e;(x) and C;(#), the third mode
describes the accretion at 0 to 4 km during 1971-1979.

3) Impacts of Anthropogenic Activities on Variations
in River Morphology, 1979-2007
A further gradual decrease in riverbed sediment

volume occurred in the lower Tedori River from 1979 to



(a) Spatial eigenfunction e1(x)

~452
E

=460
Q458

468
466
464

456
454

S50

i i i i i
1955 1960 1965 1970 1975 1980
ime (year)

(b) Temporal Eigenfunction Cy(t)

Fig. 12 Temporal and spatial eigenfunctions for the first mode.

e(x)

(a) Spatial eigenfunctions

C(t) (m})

1950 1955 1960 1965 1970 1975 1980
Time (year)

(b) Temporal eigenfunctions

Fig. 13 Temporal and spatial eigenfunctions for the second and third modes.

1991 (Fig.11), during which the bed sediment volume
decreased by 1.23 x 10°m’. In the period 1979-1991, the
volume of sand extracted from the Tedrori river was
about 1.75 x 10° m’, at 0.13 x 10° m’/yr while the
incoming sediment volume was supplied by Ozo river
was also nearly 0.13 x 10° m’/yr. In this case, the
sediment budget of Ozo river was roughly estimated
based on a numerical analysis conducted by HRDB in
2007. Thus, the gravel and sand mining was a key
driving force lowering the riverbed in that period.
Immediately following the cessation of gravel and
sand mining in 1991, slight accretion was observed in the
study area, and this has continued until the end of the
study period in 2007. This trend was attributed to
sediment supplied by the Ozo River during flood seasons

and a substantial reduction in the sediment-carrying

capacity of the lower river due to the Tedorigawa dam
construction. Flood control operations have led to a
decrease in the magnitude and frequency of floods in the
post-dam period compared with the pre-dam period.
Figure 15 shows that the average flood peaks in the pre-
and post-dam periods were 1737 m’/s and 1159 m’/s,
respectively. The expected probable flood discharges for
5, 10, 50 year return events (Table 4) were also
calculated using the annual maximum discharges
observed at Tsurugi gauging station and by using the
Gumbel method. The results indicate that the volumes of
the 5-, 10- and 50-year return flood events are forecast to
decrease by 24%, 19% and 14%, respectively.

A summary of the flow characteristics for the pre-and
post-dam periods is shown in Table 5. It indicates that,

owing to increased rainfall, the average annual flow in
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Table 4 Expected maximum flood discharges corresponding to varying return periods.

. Flood Discharge
Reug]r; :re)rlod PreDam (1928-1979) PostDam (1980-2006) Reduction (%)
(m%/s) (m’/s)
5 2357 1799 24%
10 2847 2293 19%
50 3924 3379 14%

Table 5 Flow characteristics of the Tedori River before and after dam construction.

Flow characteristics Unit PreDam (1968-1979) PostDam (1979-2003) Deviation
Average annual flow volume m’ 26688.8 29484.3 10%
Quaymean m’/s 72.9 80.6 10%
RMS (Qsq) 10.86 4.97 -54%

the post-dam period was 10% greater than before dam
construction. The root mean square of deviations
between the daily average discharge and the 3-day
(RMS(Qsq)) was
determined. The results (Table 5) show that the

moving average discharges also
RMS(Q;3y) in the post-dam period is over 50% lower than
in the pre-dam period. This reduction in magnitude and
frequency of flood events leads to a direct reduction in

the sediment-carrying capacity of the flow, and also an

increase in the vegetation cover along the river. In turn,
the drag caused by vegetation increases the overall flow
resistance and reduces the shear stress applied to the bed,
resulting in reduced bed-load transport capacity and
increased propensity for trapping, deposition, and
stabilization of sediment (Wu et al, 2009).

After analyzing aerial photographs from 1984, 1995
and 2000, the temporal variation in vegetation cover in

various sub-reaches including 0-2 km, 4—6 km, 9-11 km
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and 14-16 km upstream is shown in Fig. 16. Four years
after completion of the Tedorigawa dam, the highest
vegetation cover of 29% was measured in the 14-16 km
sub-reach, and was 20%, 19% and 8% in the 9-11 km,
4-6 km and 0-2 km sub-reaches, respectively. Between
1984 and 1995, no large flood over 2000 m’/s occurred,
so the highest vegetation cover was measured in all
sub-reaches with 44% in the 14-16 km sub-reach. A
large flood event (2883 m’/s) occurred in 1998, leading
to a considerable decrease in the vegetation area in 2000.
It is worth noting that the partial development of
vegetation in a cross-section leads to a redistribution of
the flow velocity along that cross-section, inducing
simultaneous deposition and erosion in that cross-section,

as seen in Fig. 6.
VI. Summary

A better understanding of the effect of human
activities on changes in river morphology is fundamental
for enabling the sustainable management of river basins.
In this study, changes in the Tedori riverbed based on
changes in the sediment volume induced by gravel and
sand extraction and dam construction were analyzed

using a series of field surveys from 1950 to 2007. The

results show that accelerated erosion of the riverbed,
leading to declines of 0.5-3.5 m, was observed from
1950 to 1991, while slight accretion was observed from
1991 to 2007. EOF analysis was then used to capture the
variation trends in the river basin during 1950-1979, and
the principal modes of variation clearly reflected the

changes in both the riverbed and its controlling factors.

Acknowledgments: The authors are grateful to the
Hokuriku Regional Development Bureau, Ministry of
Land, Infrastructure and Transport, Japan, for providing
the field data used in this study.

Notation

Z = riverbed level averaged over each
cross-section

e(x) = the normalized spatial functions
C(¢) = the temporal functions
n = the variation modes
i = index for mean riverbed level
k = index for time
A = symmetric correlation matrix

AZ = variation with respect to mean riverbed
elevation of 1950

a = linear trend
d,,. = median diameter in river channel
d,, = median diameter in floodplain

QO = flood discharge



S = slope

RMS(Q;4) = deviations between daily average
discharge and 3-day moving average
discharges
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A Historical Research on Gun Powder of Kaga Clan

VII. Studies on Reverberatory Furnace in the Suzumi Moulding Factory

Eiji ITAGAKIY

Abstract

An important reference to a reverberatory furnace in the Suzumi moulding factory was found that
could resolve the open question about the construction of furnaces for the Kaga clan. The personal diary
of Kamaya Yakichi, the leader of Suzumi moulding factory from the second year of Bunkyuu (1862) to
the third year of Bunkyuu (1863), revealed that there was a one-quarter sized reverberatory furnace in
the factory. Additionally, it documented that several trials were carried out melting iron and bronze for
casting cannons during February and March of 1863. This is the first report about the reverberatory

furnace in the Kaga clan.

Key Words: reverberatory furnace, Suzumi moulding factory, Kamaya Yakichi, personal diary, the 3rd

year of Bunkyuu
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On the Studies of August Johann Roésel von Rosenhof, “DE
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Abstract

"De Natuurlyke Historie der Insecten" was first written in German by August Johann Résel von
Rosenhof, translated into Dutch and re-edited by C. F. C. Kleemann, and published in 1765. This
encyclopedia of insects includes 359 leaves of colorfully engraved pictures of many of the insects found
in Europe and descriptions of their life cycles. This paper focuses on the lives of Rdsel von Rosenhof
and Maria Sybilla Merian. Merian was the representative German entomologist of the 17th century, who
went to Surinam in South America and observed and collected many insects. After returning to Holland,
she published “Metamorphosis insectrum surinamensium” in 1705. This is a very rare book, a copy of
which was obtained by the Kaga clan and stored in the library of the medical school of Kanazawa
University, and which currently resides in the central library of the university.

Key Words: Rosel von Rosenhof, insect, colorful engraved pictures, Maia Sybilla Merian, the very rear
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Historie der Insecten. verryktr door den Heer C.

1. Dodonaeus, Rembertus, Herbarivs oft Cruydt-Boek, Kleeman. Haarlem en Amsterdam, 1765.

chome, Kanazawa, 921-8173 Japan)

VBIR R4 2B T921-8173 FIRAIR T Y6753-15-16 (Emeritus Professor of Kanazawa University, 15-16, Enkoji 3
HE2EE (Author for correspondence)

*



R R 7 A OFEY) 51X 15834 |2 Stirpium  Historiae
Pemptades Sex (fli#75s) 237 > N U —7"THR S,
ZDt, 16084EICA T v FEMASKET « O] T
TEB I, E4 D3Herbarivs oft Cruydt-Boek & L C~7 #
U AR CHIIR ST 2, Z OFE2RIDN16184E 1T AR
ENiz, WMEENATFLEZORZOT > b T —Th
TI6AFE I EN T b D TH D, AEIZFHRNEIC
WA A A S T2, Y D Atlas Nouveau
Gttt SR HIXIR) 1316924128 TH S = b D
Thd, KEIZROAZ ¥ pfEElsaac Titsingh
XY, mEaEFENAREMICIES N D TH
Do WEEOBLR, MERES+ AP EATHZ IR
DIESNT=H O EHEE STV D (B LT, 2006)
AEFIIXOF OB S 41, IEHEER A
BB I N TWEZ L AR L TED N, BUE, A
JIRAST I EAE ISR S LD AR D —D2THh 5,

BEmAL—ELo TREoBARY) (BRI
BAEM T D, AEOREANL DINEEREFTE
il & TENEEAALEFIRE ] TH DD, [Tk,
EORRIC L TINBEENS AT LT=ONTEL RHTH
2o B IN20054F7 H AT AR FE T O NNE 7 (H e
EARA LTS, BRI SEEN OZBZUCARE RS
BENT, ma ) TEbLRLTW-bLOERA L,
D%, AEICHETIREEIToTE A, FEFIC
EELEETHIENHL NI -T2, AEICET
% & B UL, 20064 (AT B I EAE O LR =
7ZEIC, NsttihogaRaXE, L—EL, BR
DA L CB#Ei s (BkiE, 2006b), & D
%, &L PArTORETHDL Z Lnh, A, K
BT 2B ZH2ICHY BT, KI2504FRTIC
L—BAWMTo T 1ES LORERZ EOEEEIRY
o TRLFIZ LI,

K, REOFRA T TRADHART) TH D,
WA OARETIE TERMEE) LT 2, AFIX
FI250MFRTDA T o HFECREM SN TR LD, 8
TEDF T o HFEREEZ IR U CHMET 2 2 & ITIRE
ThHY, AEICED NN BT RE
ThdHZ LaW->TEL,

I L—EILDEWILEEEE (Wikipedia, A. J.
Rosel von Rosenhof)

L —E L August Johann Résel ([X1) (X17054-3 A 30

K1 August Johann Résel von Rosenhof® B {&E
(Wikipedia, A. J. Résel von Rosenhof).

HIZ KA Y O Thiiringen O Erfurt® #5125 15kmiZ &
HETT Vv 25 > R (Arnstad) D Augstenburg(Z, 34—
A2 MY T ROEBROFICAEENTZ, HORBUTE <
LT Loz, 4T 08 (Augusta-Dorathea
Fiirstin von Arnstadt/Schwarzenberg, B} AN) &,
42 (Wilhelm Rosel von Rosenhof, EHZE) 12 k&
DETHIVTEMNEE %27, Augusta Dortheaf
BRANCEVBITER L L TEERRBD HNT, 19
¥ O WD 17244 7> 5 1726412 2> 1F T Academy of
Niirnberg CJohan Daniel Preisler® %, & TEMFOHFEE
AERNQ, T TCHRITENRTREER > EiGm
F MR L e 0T, T, 1T266RIZ1T =~
N UT, Ty — 7 ERIIA SN QEMER D
L7212, NimbergiZ 25 Z &l oT, L2 AN
Z DROBFITEHEADRIZE 40T, Hamburg THE
BTDHZ Lo lz, ZORFZ, f1XAnna Maria
Sibylla Merian (1647-1717) "V @2 {E[ Metamorphosis
Insectorum Surinamensium (A U A D E ROERER]
i) ] ZBIC L TRERERE 5 7o, AFIZITAY
F o (K - ALEEOIRA T o A RER M, HH ST
~ UAR) TBIE LR RECMOEBM DR v F i
ENELHE - Tl ST (Wikipedia, A. M. S.
Merian) , ¥FIZ B oDl & plchds KO O B FIZRE



LCREL S, AENRECHZED ETEER
FERERETLHHDTHoT,

ZORRZ, L—EBIE R Y ORZBIDFE S 2RI
X, FORE 0 OBMEEBE L TRy v FHEERE,
DO EREZIED S 2 2 DIz, BIX17374R1C
3R2F T, ABE, AHFE TR A TH > 7-Michael
Bertram Rosa® %, Elisabeth Maria & fi& L7=, L —
BADENFEITRWVICERE & 220, fITmEEE L
TR 72 ATE 2 2 LT,

MR 72 L L 3 1 3 B HR RO oL T T O B,

~E, MSREFBEOBMLBIEE LT, &6
2, TNEOEYOIIRhRETEL THETHT
LT, ZDORELEBOMRTEFF LB LI, L—
BATE A SN EERRRORKEZHE, Zhb
ELOTEREZHRLEZ, TOEIERN
[ Insecten-Beliistigiing (EHRDOZELA)] THY,
Niirnberg C1746 12 il S 4172 ([X2a, b; Wikipedia,
A. J. Rosel von Rosenhof) ,
AFIITERE L o BRSNS, X1 Y F
T ¥ 7 (seaanemone) 72 & HLildiINL TV, B
HONHEFOE NS TR TH DI, AE
TORBOSET “BRVAT L TR > T
oo ZOEEIZLSTL—BAE TRAYORBY
MDAL]” the Father of Entomology” & LT Hitb
Eollhhote, AEOHEMEIXZ £, Araneus

H2a "Der Insecken Beliistigiing.”M&E#&H.

X 2b
ZREE. Y4 X194 x 157mm. Zweyter Theil. Nurnberg , zu
sinder bey dem Berfasser. Gedrucht bey Johann Joseph
Fleisch- mann. 1749. COEEITZE IR TL749FICHiRS hf-
LDTHS.

diadematus D@ L T > 72, 7 FEDXDFLHITIT68L
DO &, FEOBOENEER LT\, 7,
P OGEEOXK b HE#EH L T\, &<Iicr—En
(I A 2 DFFARDERIT b BIR A Rf > TBIZR 21T -
7zo LonL, ORI AM (silk-producing
glands) 75>6®7ﬁ0) TUANE & TP & & FGE 2 T,
Z O T Zvon RosenhofZ 41 12 C, Résel
von Rosenhofé 72 o7-, L—E/LOREHRRLH T /LD
i) F A B X Jan Swammerdan T (1ZHLD & 2
AMKEMhoTz,

17534 L 1758 U = )VEH &2 B Y L 7= R
Historia Naturalis Ranarum Nostratium” % i L 7=,
REIHET SNT=% L OB =V OFHRITIER BN
bDOTholz, LKA VITERT 2= L4
AR, DI AEERIKE L OVE#K XK %48
LTV, 1TS8FEICIZZ OE/RE A TR L2 &
128 Y, “the Father of Herpetological Natural History

(MHEEM D BIRBEDR)” L0 bD LI
IRolz, TDOFESLEAA ADESE - KiY 4 Albrecht
von Haller (1708-1777) " |2 L » TRtk S iz,

WX M A FEBIOY v a v oA (MEEER
FEH) ORI FEINT 2D, BEEPICy Y
SNSRI U 72 7 OICHFSE 2 fe T 5 2 & DSREEIZ 70 >
720 M21Z17594E3 427 H ICNirmburg T L 7=, F4E54
ThoT,

“Der monatlich berausgegeben Insecten Beliistigiing.”



L—BLOERICHEEZRL, I—1 v Dy
& D1FEIZ “Roesel’s bush-cricket (Metrioptera roeseli,
Hagenbach)” &4 FHT 6 TW5 (K3),

Carl von Linné»EM) D %412 ~ 4% (Systema
Naturae) ZHEHH L7-DIX17584FECTH Y, L—E/LH
HIXEROAAN ZAEE ST 52 L3 o,

K3 L—+/L/\vZRosel's Bush-cricket Metrioptera
roeseli, Hagenbach (Wikipedia, roeseli’'s bush cricket)

L—EB Lok L7-EREIT, oW (Roesel’s
son-in law) “C& % Christian Friedrich Carl Kleemann &
% 2%, Katharina Barbara Rosel von Rosenhof (L —
BAOIR) 1LY, A YENDAT o FEEICHIR
Sk, WA G, dGET23 72 40T, C. H. Bohn en H.
de Witft:2> &, Haarlem & Amsterdam C “De Natuurlijke
Historie der Insecten” & L C1765-17874-1Z0>F THY
S, ZNAARRTHRY B TRERoBEKRL)

(L—B VR BMEE) K, 278 x 220mm, 4%, 8
f<Td s, REFISHALC TR S 72 B B XGEE D H
ThHRbEEZRERRRROERSWEbO L mbhl,

D1, Carl von LinnélZ L~ 7T, L—E/LDOH
G fi# Lic2 < ofiHoBEY (BHh) (2%, —4
BRI K DAL STV e, BlxE, B HRXGEE
DEYNHGH LI ROl L LTHRITZ, XA
DF Y X7\ ZFNymphalis antiopa Linnaeus & iy
4 Llc, L—BADOFEE - 2R NS LT,

L—E /L DF% L 724068 D B B O KIIILBLE, KA
Y+ X =~ @ Bayerische Staatsbibliothek in
Munich, (JNIZEERE) ICRE SN TN D,

L—EBADL ) —ODOEBERFERMT, 1755FICE
K7 A—s3 (giant amoeba) ZFEHL L T,” der kleine
Proteus” & AT T, B L& T “polyps”
L LC,” Insecten - Beliistigiing” vol. III (1755) {2 Fial
LTW=Z & THD, ProteusiEF U o ¥ M5O D
AUTHE L TV D, ZAUSIZI7584FIZC. Linnéll L Y
4 Volvox chaos & 4 3 1F b #L7z, 18224F (T Jean

£1 L—EILOHEERY' X + (antiquariaatjunk.com.).

1. Der monatlich-herausgegebenen Insecten — Beliistigiing,

Niirnberg, J.J. Fleischmann, 1746-1761.
357 #E HRRRETE A

Size 204 x 168mm.
2. Historia naturalis Ranarum nostratium,

(BB DHE L A)

Die natiirliche Histoire der Frosche hiesigen Landes,

Niirnberg, J.J. Fleischmann,
3. De Natuurlyke Historie der Insecten;

[1753-] 1758

(Yol D [ 4k 5)

Voor met naar ‘t Leven getekende en gekolourde Plaaten.

verrykt door C. F. Kleemann.

Haarlem & Amsterdam, C. H. Bohn en H. de Wit,

1764-1768.

(RO BKRL) A7 o FRER, 281
4 volumes (bound in 8), size 278 x 220mm, 3595 (A[X].
4. De Natuurlyke Historie der Insecten; (1764-1788)
Rosel van Rosenhof, A.J. & Kleeman, C.F.C.

C. H. Bohn en H. de Wit, 1764-1788.

(Rt BR5L) SGETHIH, A7 > & aEhi, s+, 387 Balx.

5. Natuurlijke Historie van Insecten;

voorzien met naar ‘t Leven getekende en gekoleurde Plaaten.

Rosel van Rosenhof, A.J. & Kleeman, C.F.C.

Haarlem & Amsterdam, C.H. Bohn & H. de Wit/H. Gartman, 1765-1788?
(BHROBRE) T o HFEM, 24t +AiE .




Baptiste Bory de Saint-Vincent?3, % U ¥ ¥ 55D [ 44
% T % amoibe (apon) & B & IZ “Amoeba” & i
£ LTz, 0%, 20MRICIIMBEIED 7 A — "0
<ERENT, L—E/Ld3E R LT-der kleine Proteus
2B Dm0 % < Sl (jstororg),

II. De Natuurlyke Historie der Insecten “E M) B
B (BREEE

AREDRE

(14)
o

IIRORICEEH I TS (K4)

DE NATUURLYKE HISTORIE DER INSECTEN;
Voorzien met naar ‘t Leven getekende en gekoleurde
Plaaten, Volgens eigen ondervinding beschreeven, door
den Heer

AUGUST JOHAN ROSEL, van

Miniatuur-Schilder.

ROSENHOF,

Met zeer nutte en fraaie Aanmerkingen verrykt, door den
Heer.

C. F. C. KLEEMANN.

Uit den echten Hoogduitchen Druck van den Heer Rosel,
en de geschreeven Aanmerkingen van den Heer
Kleemann, vertaald,

Onder het toezicht en de beschaaving van eenige
voornaame Liethebbers.

EERSTE DEEL. Te HAARLEM en AMSTERDAM,
By C. H. BOHN en H. De WIT, Boekverkoopers, Met

Privilegie.

DE
NATUURLYEKE

HISTORIE
IVSI‘CTJ* N;

oormim e mar s Leven grickonds o3 grlsiands Hasn

AU(JU%I _l()ll\\ It(’)‘p]l

T WK
B & M BOHNas .

*
ANEEM os ANITER BAN,
L px WIT, Do
[

M4 TEROBALE]FER FRAXFEMERELER.

AREIT LR, B ORI 2, Shm3594E, 288
E, LSRR E26EDHE N D e, 1221, 2%5&2
, 3B2f, 4&2ff, FH8ft 67D, AEIIINA
(ﬁﬂi e —t LK hEE, —&/\ M &EhhK
AT HIVTO e, RERNE TN E )R
DDV, BIS3EICBIBE L INR L AT S
TWeZ &aRL TS, HIRENSGER D L, B
JISEMEVURNCATF SN TV EHEES D, &
BHRKIZIIAEA IS F TE B E BV TAENR

| ANGAY N
BEONEZWRICHHITR Lo, RETIIEE,
FEOFLHETAH T “OROEE” TilfianiTuns

N, HHEHLLVDT, W@iﬁ% B DN TR R
DF4 CTrid L7,

F1& (11 H) Dag-Vlinders, eerste classe (B,
F—H)

&7 ~F =z UHTab. 1 - Tab. XIZIHNEIZ, # T~
FavROXY X7 e A RT3 '70) [Tk,
JVx T ay, A KT a voiltixiE, v—#
TN, TIVHETN, Tk g 7 VOUIRE, (T
EBUUTF a VO, ¥ 7T a v Ok, T
JZ TN, g STV D

15 (2fft H) Dag-Vlinders, 2de classe (RO,
)

THENFa T oFary, VI F g HE, Tab.
I - Tab. XIZIFNAIZ, 7 7N, ¥ 7F 2 v OFikRME, ,
vaFavy, FrvuFay, vroaFa vl
B, I FavRoFa v, Farvkrin
Fa v OB, VYT a yROTF 3 2R R
INTHD
Nacht-Vlinders, eerste classe (& D, M, k)

FRENOYHR, b, RRORNTHEND, A
A HHE, Tab. L7 2 E 2 A X A H OFEGFE, Tab. 11
AR AHDOIFE, Tab. IV=A XA HDI1FE, Tab. V
NR=Z XA O1FE, Tab. VIN=Z X A H D 17E, Tab.
VIIT B T A XX OirfxfE, Tab. VIIIA X A AT D1
fiE,

Nacht-Vlinders, tweed classe (& DU, 1%, 45 1)
17F& (Tab. I~Tab. XVII) O HEEOIN, ik, i,
R, AR OENFLHE SN TV D, Tab. VIIZIZ A A =

(BH2) MEEESNTWD (K5),



F2k G E) [IXH R (RBE, ¥#E) &k
VAR (IRBB) Aie#E S TWvWb, Carabearum
Terrstrium Praef. eerste classe, (ZF—#H) (IX16)

Tab. IA 7 & L2288 (), Tab. AL 7 b Ay
1ffi & =2 77 L2 3%, Tab. AL 7k A3 3F#, Tab. B
IZIXa R L U8FE, Tab. [Fxv A ualxDT7 47
YA 7 )b, Tab. 12 H % L 2FE, Tab. IV H Ry
DOIIN BB DK, Tab. VI —12 v/ ¥~ 7 U H
4 1Fdi, Tab. VIZ U 7% QYR LS, BHO, Tab. VI
7 U H OIS, E2fE, Tab. VIIZ TR LT D
A, Tab. IXFFEFIX 3Gk S v T D
Tweed classe, (55 %)

Tab. I7 2 % U 4Ff, Tab. 11 2 U IR, Sk, 1§
DX, Tab. H[FZ A 7H A 7L,

Derde classe, (25 =)

Tab. 1, I, III7 > ~© AI3FE, Tab. IV, V, VI
N3,

Insectorum aquatilium. Eerste classe, (55—kH)

Tab. 17> =1 72, Tab. 117> = 0 v7 1 i, Tab. 111
IV Am o FE3f 4 5l
Insectorum aquatilium. Tweede classe, (55 _#H)

Tab. 117 >~ 2, Tab. lIFEIShHHE (X°T), Tab. IV
XY v~ OULFFFE2FE, Tab. V b > AREH3FE, Tab. VI
NZenr b RO ZRE, Tab. VI AT KR D
YEfxAE, MERE, Tab. VIII b >R, 74 %, 3%, Tab. IX

(LA SSIS LIMPILION UM NOC TURN ORUM.
Suprel et 7 Tak. FII.

. = \_ﬂ’

-

R R X

|

5 Nacht Vlinders, tweed claasis,
Tab. VIlAA O (R&E) OF (1%, 2ftH).

HU bk R3fE, Tab. XA b b2 7R2F#E, Tab. XIA k
I o ARFE2FE, Tab. XIIE > 71 7 v v O3 igFE % 50k,

2, (B ICIXEBE ORBEOSy X7 L)
NI TS GELIEMT),

W3k (SHE) e s L, & ey,
X AENRTEHINTWD, (6fftE) iy, ¥
VU,%E&LTK@EE#ﬁﬁéMTV

wAk, (THB) %, &, Fa2 v, h~FVHE~R
ENRA LTRSS TS, BE) iE, &l
GBS, M, T a v, JEHOMENERHIN
Tn5,

UEONETHLN, #L IR (M5~8) %
SIS0,

AECTITEBROSEIL, Y V2O AFEITITLS
7T, BEHOG A IR OBEIATOh T\ (R2, 3),
WA ISR O FIRICEOREIC LY, K& < R
AT BN TWe, B—HIEL NS ORREOH DY)
BTHLHD, FERIHKICEOENEDTH-
7o FEEITENEN O ROEEOREE L ORE
12 & Dﬂﬁ6ﬂ1wko:@%ﬁ?ﬁmﬁmﬁ80
FRZRTERE T, AR BEOBEN ORISR,
DG, 1 21T —FEDTab. 1 OBEDIE DOFERE T i&
)= Nk RV A AAY)

6 Carabearum Terrstrium, Classis I. Tab. V.
A—OyNIVYIIIHADOR (2%, 3fAE).



£2 %14, Dag-Vlinders, eerste classe. (BDE, F1#) [CEH DS H.

ERHEDQBROYRDOBRE Y X k.

1A G FHOFH
Tab.1 WO L RODERAE LT RE R NFOH5FER
Tab.2 FOEAN N T DB 5 BN IRDF
Tab.3 NFDOBHBHE R — RO H KA LT 2Eh
Tab.4 MR B Y AL BREAORDH LR
Tab.5 NER B D BEOFIRICE G S AROBRH 5 FER
Tab.6 BNAZ I ERRD, NFOHAHAOKNFER
Tab.7 7D & 5 IR EADIRIEDBEED & D180 FE il
Tab.8 NERH O BE L BEOREDH DR
Tab.9 rNFDH B EBEVNE YR
Tab.10 NF DB D L IREDER
#3 %1%, Dag-Vliinders, 2de classe, (BRD#%, FHE240) IZEREDHR.
kil (R FHOFIER)
Tab.1 BOWHEROH 2L LNREBELEHRAD T = VA RND R
Tab.2 FEX v XY BT RDET T A—Af T — DR
Tab.3 HHRORAEICBEDEOHEA L P —f o —DFER
Tab.4 W EIREDF ¥ XY AL R
Tab.5 INS TR IR TR v XY RE R AR DH Tl
Tab.6 HEOORFEE HOTACY LIz ER
Tab.7 INS Ttk DM & LTl
Tab.8 BAEX v XY 2R DREOFER

Tab.9 FIDEEFERDIIL ROTNEBRATEDOR 2 b HFh

Tab.10

BFTHABBERD, BWODBEDH LB TALEEFADOFER

DAG-VLINDERS, Blandz. 7.
Eerste Classe.
Beschrijving van de groote gezellige Doorn-Pups
met geel-roode Valkken, en hare verandering tot
in een Vlinder.
(HELREDEEE LTERER N DHS
Pl L ZNOBE~DERE),

DAG-Vlinders/3# 2 E0k$ %, H1HE, KT
CLASSIS I PAPILIONUM DIURNORUM. & 7 7 - 3E
TRENTWD, TOROEE IS E ((FhR) O
BERILIZLDOTHD, RTOMELHOEEILZ
DERIZHHROEETENINTND, ZHUFAV T
O T2AFAYORBOERRMGE] 1> TRid LT
WD TH D, ZOHBIIAEL, R4y (3—my
) OEREMBOEREREE], B5V T (4 RERGEE
EREATEE RN vt LivZeuy,

Z OWEIETab, 1505 F XU Z 7~ Nymphalis

antiopa L., 4 7 » % 4 Rouwnmantel , % [E 4
Camberwell Beauty T 5 = L 3D, BEE TIT
ZDOFANY ZTADERGTDOBHALOREZIRITRL
Too ZOWOBBIE, §1.6815FETHY, FF
MZRAAR LR SN TWD, ZOHNE §5.0H 5
Zas LTz,

§.5. (Z OWEDRLHIZDWT D)

Tab. SIEZACHRAIEF S 7IRIEO PR O %
RLIELDOTHD, TXTOEEDOEBEITHES T
ZOINILERIREETIT RV, 2 OBETROFs
BarioTn5, 7, POEMIKEATH
D, %< OFOFPBNKELA O X 9 Il S
NTWD, ZZITFBERBOBIFNTNT,
INETRRHRRC S TN D, SHITERS
RED A LND, POMECHBARD 0 b F
BNY, ZOORPPIORIZITA A L BEORD
Rod, ENENOPNE, FEOREZITIT/N



SR EVBERR B D, BHICITERO X 5 &N
RN 5, BEIII N EREEXLT, HIL
720, BlWeh LTIEDZEY (%) W OEL
LZENMKD, 2RDODED XD Anfihf
(sprieten) 23&% V), Z DIEHHTIT OO RIERE
Deidenz i 2 TV 5, ZiZfilf (Voelhooren)
EAMT N TV D, FIRITITEERIZENEDR
HY, HEFHIIZZSORWEEOE ERH D,

BTIRNC Z OWED IEHE 72 BRI B A Dy T
2. TS LOWEERWEHIZE—ROBNRH Y,
Flob v — RORRNOIRWEADOZENH Y,

IR WVEBRWR EBERA R 6N D, MIADBRNH
IZELWHFBRDON— MNEE LTBRRBFET D,
Eo¥ @R T onEAaWERHY, £
DI DO & Z AT B/ S I BADKEN
BHY, HEOVERA D D, BEOPNEIE L
R TEDL TS, ZhIHEMRLDTH
v, K<EbNTRRIC, HEEARZROEMROE
T2 OFEL2RBERC (k) 1280 REcHbk k
NoTEDLDODTHD,

BE HIOENE, i BN DK A L
(2.5cm), Wif#% Db D25 KA A (6.3cm),
ST OMFBEM. ROk, HE76-86mm,

H78-88mm.

#e[E 44 : Camberwell Beauty, Camberwell} 3% . <
T4,

* 7 v Z4 : Rouwmantel (BZRD 22— R DE)
¥4, :Nymphatis antiopa Linnaeus, 1758 (=7,

B7 FANVETNAORBOPZEFHNE (H) EFZEFLL,

RLER ().

3k LUWIKKS)

XY Z T DK (Tab. 1) 121%, BB IEE > TP
AU (Fig.5) &, PZIRTIeREDERF %R
T (Fig. 6) OS5 (M7), ZDTab. 10K
ZiE, Zoto T4 AREE S Tniany, ‘o
BHOWEZBERDLRE R NS OHLFER” Litd#si
T, ZOBWEDOYROEET Z2R"$ b D) [44FT L 72-
TW=, T (Figs. 1, 2, 3, 4) IZbFELW
AN BIVTWDNEE LTz, FNU 2T T
BREEPEDZ T F a7 ThHY, FBEICHERL
TW%, Fdid PDIROBRICHANERH D) Z &
WZHR LTV D,

IR IZDag-Vlinders, Tweede Classe. & D, 5 —FHD
s TR7 7 OflzzT5 (1X8),

De Eenzaame, schooner,
VENKEL-RUPS, met
roodachtige-geele vlakies, benevens haare verandering
tot in een VLINDER.

(LW, ELWVREAD T = r LV ERRD

BT, BEAORHRLFEAOKNH D, Kk

L CHIZ 72 %)

groen-geelachtige

zwarte dwarsstreepen, en

LHy, Dot L BN THD 7 = 7T
DNTREE N, MROPROAE, FHERIZONT
FEE I TR, 2O Y —FDTab. 1 (I TE
TR L IciE+— s v T g) 12, Fig

K8 Dag Vlingers, Classis Il. Tab. I. &7
FOE (F1E, 2f8).

RH%



1 gh i, Fig. 2121, Fig. 3\2HAHS, Fig. 412D
AP U 72 %, Fig. SICPIMRZ JRITF 7o pio oo BEE LV
RIZHPFTEH SN TN D, HUED S 722 2308 308
bV, §.105 §5FTIE, ST HEEH, §.6
THHZOWCOREH, §.7005 §.9F Tidim, §.10,
§ ILCITEELES, §.12205 § .14F THRBDOIKRA T
WREDMIE CRIAR D) (22O\WT, PIRA L
7ToRAED EHEEIZOWCERMICERHE L T\ b, Sk
137 = >/ /v (Venkel), Dilkruid, Petercelie (/X&)
mEDE Y By BEEREY & 3 5, Papilionum
duirnorunlIFED S N —T L ThH D, Z DA
MBSO TRHE L2 §.1~ § 40¥ 1T E TEKIC
L7,

§.1. AEIOHNBITE “FOWTHY, “EL
VY (De Schodne)” &\ 5 EZFRTREEIL T H -
ECH D, TOHROHKIIRETHY, B
O & FROOB RN H 0, BIXE TR0,
Z O HITEenzamme (FIM72 E D) 9 L IEE
I, F7zVenkel Rups (7 =7 /VDFR) O
AIbFF>Tnd, o 7D XD REDOH DL
GO LIZZDBRICL>TAS TN
o ZOHHRITT 2T NMZEFESTNDHDT
RAHIZHADT BN D, £7Dilkruid (7 =X) X
Petercelie (/X&V) 72t E-TWVDHOMN
Rohd,
§.2. HHROFBAER, FTPENCHNT-FEICH
HETE DA WIIN I S OEAF T b D, Zh
FEWEIZIT4AER THENEEN S, £ ZTT
ICEMOREZET LERND D,
§3 Z ORI G B 5 D R % il X2
wO%ty&)&~o%®%EuOwa
Z OMNZITR = 7228 kid e, B WS IR
BT 2 LEHEECELVHIRICR D,
§.4. ZOHHRDOFIZONWT, TOHKITE—
MO T DX 7 b OIxELS, £, HiEK
BEPEOENTHY, ZHDOHE HHORHH
Th o, DF LWTFILE S, hairtjes (FLWEN?)
Pz TW5b, b, I AA— Mokl
S, —RIZIIMLSThanbondb b, €0
EIKIZIRK->TEY, Fig. UWIR LIRS, 20K
SE, 1RALD3/4THY, ZHIFERELIF
R0, FRCHEIRE SR, ARETE /L

A, HIKICE, BEREEHTI6ADY, F0D3
SHISCEDRIE TH Y, 4xHFBENERLTHY,
1% THD (LLITH,

WOMD 1, HAaAMETEH T AZXRATHON
THINT 5,

Class 1. Papilionum Nocturnoru.

Beschryving van de tot de Eerste Classe der
Nacht-vlinders behoorende zeer nutte
MOERBEZIEN-RUPS, of den
Zy-WORM; benevens deszelfs Eigenschappen en

zogehaamden

verandering in een Vil of Vlinder.

(R OFE BT DA M RFE0Fh, =
T E S FONTEEESFH (Zy-worm)
DOFIR 5 Z Ok Ovil T DR L ZEREE 5L T,
Vil DEWARE, ROAFNIFER S LTV
20N,)

Tab. VIL. Suppl.\ZIEFig. 1iZH A 2 OFEIHN L7210
0 OIP, Fig. 2-51213MLRTOIP, Fig. 6134 £ 721E
220 OhH (oS H), Fig. 71X1ROLhH, Fig. 8
L2 H, Fig. 9IX3MmOSh R, Fig. 1013480 %)
i, Fig. 11ESHEOSN R, Fig. 1213F0IED Lok
DF1A =, Fig. 1I3ITHARITBEAD 8 D SErD 1 A =3
fafi s, A =4, Bombyx mori (Linnaeus, 1758)
DEEIFL7ZIn G, RBRETDOT A 79 A 7 LHED
ST (M5),

DERDE CLASSE

Het geelachtig-groene SPAN-RUPSJE der Pruime-
boomen, met den donkeren ruggestreep, benevens
zyne verandering tot in een VLINDERTIJE.
(FB=HM, ZEET (F7L) ODROFFIZENA
VWD D EKODOENTFR, TOT~DLREE
HLE), AOAFNIFH STV,
CLASSIS I, PAPILIONUM NOCTURNORUM.
Tab. VIL (1£)  Z 0?5,

Sphingidae Agrius convolvuli Linnaeus 1758,
(¥4 ) Convolvulus Hawk-moth, (i 4 )
Windepijlstaart, (#144) Windenschwérmer, (F144)
ARXABE, TEHTAXA, ThHDHIENY

Na,



Carabearum Terrstrium Praef. eerste classe,

Z OF—#AIXDer Aard Kevers. T& Y, Tab. VIZiZ
“Schroter”, I —w v /X~ 7 U H, Lucanus
cervus (Linnaeus 1758), DK - #k, MEDOX 37>
NTW5 (K6), HEOF I LI IREDK (Fig. 7), M
IR & AT CTHRONE DX (Fig. 9), #EDOERIE L7 IRED
(Fig. 8) 3 V), AL EFUZEEM 2B SCs Rl &
TS, AR “LomoR B LIEER TV
Y, B L IE ST AN SN TV D0
LivZeun (‘ZL(S)O

% %%, DU HE (344p) (20X, Beschryving der
Springkhaanen®Tab. XIIIIZ, De Zwarte Veld-krekel,
benevens deszelf Oorsprong, oortplanting, en overage
Eigen- schappen. ((R\aF ¥, ZoHA, ZJHE,
KO OMOFHE) 738 %, Tab. XINE, =4 8%F
D—LEDORRF PO DAGITHE N TV D, ZOHT
IEFrisch " OFEEBICEH SN a Ao X0k
L— B L AR GRS L 7= FA IS OV T OV & FD
ik LTW%, 224 1 ¥ % veld-krekel =cricket & 47
VHRETHRIL LTV,

V. &

L—Ero “BERoBRE” X1sttfidicEESH
TRETHY, BUEITM#EL L TR b
%o RFOVSMAIIAMOME—DELRETH Y,
B RIS LD AT SN TV o ERESET
%, NETECTAREN & ORI #bit TV =7
IZOWVWTOIERITEL 220, INEEOEZEDZL MR
HREEF I S LT 228, AR GRS ORI I
GENLTW -7 (BEE, 2007),

L—B N OA X R, 3 —1 v/ TiEFERS
R LT B REEESHR STz, b OXGE
DR SRR B O e 7 B X A Bl L T2 2
EIFEH SN FWNTH D, R, RROIINLY)
BAAEFEN, BEOREDOZIZ, WMERy, X5
PUE U TRRIRIZ 72 5 B AFEMICBIE L CRigk L T
7=DTh D, Y, HTE, TERITLOFNGA
Fdl LT, RRFHESCEABHENBIZE LT
WERBOTA THA I NV EREL TN L E2E
25k, BWMBIE - sk, Mo oKX Pk

THoT=DOTH D,

IRAY —)LISI86IAEIT, #EE 7 T A3 TOME D
BB EBR O R A KIS, [BRBAEROMGT] % ik
LT, 1EkD Mmoo BRIAED) 2 EE LN,
ZhE 0 HRL B bR, BREH & BRI
RBOAEMLEZBE-HFRELT, [HofnsaRIC
BETDHIETHHEBRSEEL TNEDTHoT,
ERAEYFOXENTIX, BRFIZHSTDOTH 5,

ROARFICGEH I N TV D [EMmoE bz (3S5)
X, YREDZDJE Y DAY, BAYE GO TH D)
DR ZE EORRICEZ TWENZER"T DO TH D,
£77, LR O R TIEH 508, EAY
AW, ETAEMOROBREGR L TN 2D TH D,
K&, K, ER, KEFE—T7NV—TL L, T,
Wi, EELEY, ARETEE I —TL L,
T A EDSLEFHETCONMMEFE = N—TL L
T, WEBEME BN —T, ~F, BiE, A0
EERT V-, BEEY, KB, REEZEL
TN—T, BEEESIN—T, BEEE LI L —
7, ayEINPLANETEHENIN—T L LT, &
Wz RESBEBITHIT T,

WDFOIZIL, 32, RICEHH SN BHHO 24,
FToH%, FEEL, A& LT,

T4, Maria S. Marien 38 L TVAJ. Résel von
Rosenhof D H N CTW 2N RE SN T, 00—
NIZBEATHEENBITIN, £ R a0
BE2NL TN, B 20T,

1. Symposium zum 250. Todestag von August Johann
Rosel von Rosenhof am 27, Marz (2009)

2. Manfred Niekisch: August Johann Résel von
Rosenhof, Kunstler, Naturforscher und Pionier der
Herpetologie (2009)

3. Patricia Kleps-Hok: Search for Sibylla: The 17"
Century’ s Woman of Today (2007)

4. Helmut Kaiser: Maria Sibylla Merian: Einen
Biografie, (2001)

5. Kim, Todd, Chrysalis: Maria Sibylla Merian and the
Secrets of Metamorphosis, (2007) (FI&R : &{Ri#
TR, V7 T - A=UT, 171,
Bz RO THRE~NEST-TF2F Y A b

(BHTFEHRE))
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1679 Der Raupen  “Wunderbare Verwand European Lepidoptera”.
(3 —nw y ROFEWEO A EH)
1669 Johann Jacob Swammerdamm
“Historia Insectorum Generalis”. (—i% B H58)
Translated in English as  “ The Book of Nature or the History of Insects” (1758).
Adult, larve, and pupa of A. convolvuli, Pernix, originally described by Joh
Bauhinius in 1693.
(Hawkmoth I —1 v /3D A X X FNZDOWTHAED G R H F T2 k)
1705 Maria Sibylla Merian,
“ De Metamorphosis Insectorum Surinamensium”.
(FEK A U A ERAHEGE)
1710 John Ray, “Historia Insectorum”, (E[E B mES, B ok o Fesk)
Biology, morphology of the larvae and adults of several British species.
S. ligustri, D. porcellus. (Ehi%72 )
1720 Eleazar Albin, “A Natural History of English Insects”. (ZEEE RO HRH, FHX)
Ecology, morphology, hostplants of six sphingid species found in England.
1720 Johan Leonhard Frisch,  “Beschreibung von allerlei Insecter Deutschland”.
(RA > B hES
1740 Jacob L’Admiral, “Naauwkeurige Waarneemingen van Veele Gestaltver-
wisselend Gekorvene Diertjer.”
Ecology, biology of two European hawkmoths, S. ocellatus, L.populi,
(F—1 v NOAED AR A T DAERES: & AW
1774 AR AR “Naauwkeurige Waarneemingen van Omtrent de veranderingen
van Veele Insecten.” (%< ORBOEREIZEE T 5 IEfe /o822
1742 Benjamin Wilkes, “Twelve new designs of English butterflies”.
(I2HEDWEEDOTF 3 7 & )
seven hawkmoths found in Britain,  (JEZ[E D7D A X A W)
1749 Benjamin Wilkes,  “English moths and butterflies” GEEOH & F 2 v, EaEdH YD)
Ecology, morphology, hostplants of eight British species of hawkmoths,
144D BGETHE =TI, VR OMAEERA L TRERAETH L.
1746 —61 August Johann Rdsel von Rosenhof,
“Insecten Beliistigiing”, (BB OMEA)
Vol. I, II, III, and IV of the four volume work.
Biology, hostplants,
15 central European species. Good colour plates, larve and adults,
(Niirnberg THIAR, ARV 2194x157mm)
1748-49 James Dutfield, “ A new and complete Natural History of English Moths
and Butterflies”,
EEHOF a v L TOH L, ERLHKRE, X
1752, 1771 Carl DeGeer, “Memoires pour server a I’Histoire des Insectes”.
(R =—F v OTHEO . hGE
Biology, hostplants of seven species found in Sweden , uncolored plates of

larvae and adults .
Historical account of the study of the sphingidae,
1764-1768 August Johann Résel von Rosenhof,
(BRROBRA, 47 FFER, 278x22mm, 4581

“De Natuurlyke Hisytorie der Insecten.”

voorzien met naar ‘t Leven getekende en gekoleurde Plaaten.
Met zeer nutte en fraaie Aanmerkingen verrykt, door Christain Fredrich Carl
Kleeman, Uit den echten Hoogduitdschen Druck, vertaald.
Haarlem en Amsterdam, by C. H. Bohn en H. de Wit. Boekverkoopers.
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T4 a4 T4 a4
26 Gevoelig Kruid FOE 52 De MENSCH [
25 PLATEN L] 51 De Boschman, of Baviaan Tvavwy, bE
24 Mos = 50 Aapen v
23 Schimmel Vo= 49 Viervoetige Dieren I EE
22 Zwammen ¥/ a 48 De vliegende Eenhoorn — Bk
21 Aard-Appelen Ty HAE 47 De Vleermuis W i
20 | Gomalen en Comalgewassen ? 46 De Struisvogel B
19 Steen-Planten AR 45 VOGELEN =
18 Amianth pap! 44 Water-Vogelen KE
17 Talk, Gips, Seleniten FERG TR 43| Vogels die in en buiten 't Water leeven | /K CEZE & 5 &
16 Leijen ? 42 Vliegende Vischen M T A
15 STEENEN a 41 VISCHEN Vv
14 Gebootzeerde Steenen EHOEFROH DA |40 Kruipende Vischen R N
13 Chrystallen A B 39 Aalen vt
12 ZOUTEN bicY 38 Water-Slangen KA~E
11 Vitrilen Tilz 37 Slangen ~F
10 METAALEN &JE 36 Slakken zonder Huisjes TEY LY
9 HALVE METAALEN Yoo 35 Slakken FAIY
8 ZWAVEL fiit 55 34 COMBYLIEN ?
7 Harsten ? 33 Pyp-wormen by ALY
6 AARDE T 32 Motten A7
5 Gezuiverde Aarde Th i 70 1o 31 INSECTEN B &
4 WATER 7K 30 Gal-Insecten HEO R (NTF)
3 LUCHT 753 29 De breed Spoel-worm of Pier KARGI&EI I X
2 VUUR U 28 Polypen WERsEh )
1 Fyner, stoffe dan 't Vuur K 27 Zee-Netelen WA 7 7




®6 R2RURIICEHL-BEOFE, A5058 ZES 4.

F HXEE DB DL M ORRER Y A b

o _ o T *
EAE! (FEFHOFIF) E& —— gy =%
JEEA
i CRE RS i< anti R tel
Tab. 1 %@&ﬁ‘f@@ﬁx@fg Lickemb70bs Nymphalis antiopa ouwmante FAY LT
T Camberwell Beauty
. i Grot
Tab. 2 | SO E Nk F Db 5 B glkotEm | Nymphalis rotevos Ed Ry F g
polychloros Large Tortoise shell
. . D .
Tab.3 | h 7D H B — MEOEIKRE L7-3EH | Inachis io Agpauwoog IV Fav
Peacock Butterfly
. " . . Klei
Tab.4 | R BRHV HB L BABOROH HFER Aglais urticae etne vos —
Small Tortoise shell
MR B D B EO IR G S A A0 i Gehakklde auvelia . _
Tab.5 | Polyonia c-album =S TN
BES B 5 Comma Butterfly
A7 ~5, D il D Altant
Tab. 6 BATIYERSD, PTOHLIR Vanessa atalanta anta T BTN
AR S:: Red Admiral
7D & 23 IS A DR IR DR D X
Tab. 7 j = Vi R Argynnis anadyomene | Laodice JETZE a RS
B DO R
. Kleine ij Ivlind .
Tab. 8 | N7 035 Ba BB OMRSLDOH H R | Limentis camilla CHMEUSVOREVINCEL | g 2r vFa
White Admiral
Tab.9 | N7 D& 2 BVVNS2RFER - - -
Tab.10 | h 7 D& 20 L RED R Vanessa cardui Painted Lady b XTI ET N
B2
B inshe o - .
Tab. 1 7 !ﬂiﬁ;f/?g% g;ié LRAD Papilio machaon Koninginnenpage XT TN
Swallowtail
o Y RAHTS T bh— — 3 . o
Tab. 2 Eﬂe YAV ERANLTT A xR Iphiclides podalirius | Koningspage —
Zebra Swallowtail
Hh LI RADHOH DAL Y — : . . , .
Tab. 3 PR Aporia crataegi Black-veined White ufFay
Green-veined White
Tab. 4 | @ L KADF ¥ XY 2R B5HFER Pieris napi Groot koolwitje TrvaFay
Small White
Tab. 5 | /NE LKA TR v RNYREFEY HER Pieris rapae Kleine koolwitje (e xAvaFan)
_RBHFHR Brown hair Streak
Tab. 6 | EHEADHHZ H>FT A LzFER Thecala betulae Sleedoornpage (vIFavk
Black hair Streak
Tab. 7 | /NS WEREOME % Liz3FEHm Satyrium pruni Pruimenpage (I Favih
Orange Tip
Tab. 8 |BpAE¥ ¥ X7 B2 RN DERRAOIFE R ?::22;2?125 Oostelijk oranjetipje (7rFavfh
FTITDEERERDIL KoTo/hSWNART . s y
Tab. 9 Ui % & 2 (Satyrium 7) - (YIFavh
~ 4 =
Tab.10 BFTHA L RND, HEDRRDH 5 E ) (003 F 2 9F)

T ATEFEOTHR

*HxDOF a v OMN LIS AN, A, KEA, AT UL ERLTE,
E, Fa v LRMEOF a vNENEICHEET D b OICITng 2Rt Lz,




¥:lZ, MerianlZ DWW T, KA Y omEICH B
DI, Eo, BIFRICHEH IS HIZ, MR
BROMAIZ B -T2 2 &%, ZORMEAHKR7
DThHSTZ L EWiE->TW\D,

x

(1) Anna Maria Sibylla Merian (IX|9) (16474F4H2H 44—
17174E1 7 13 H %)

RAY e 7T TN NT, AL AR - HIRE
Matthaus Merin the Elder® & & 1ZAEFE 4172, 3F DIRFIZAR
BT LT, BERED HIgHZ Jacob Marrel & FRUF
L7z, Marial3 iz KV iga < FReEn o, 13F 0
IRFIZ D T B oMM 2 2R LT e, I3 B 4013
BRI R RO E L ORHIZESC LI EFEL, £
DY) (X Frankfurt DF Tl > T\ A ID AT v F
Thole, ZOBETHA 3 LRICHKIS, x5 Rs
X LVEERIRIZ 0 D Z & &2 H o7z,

ZOHENR, ZLOHRERELT, EORITHRAIZ
o TS MEMD2IBET 52 L2 ANICREE
TR Lo b, EROFEFEDOFIL TN TN,
16654 (182F) TMarrel D+ T d - 7zJohann Andreas
Graff &fEHE L7c, 247421255 1-F-Johanna HelenaZ [H7E L
72 —ZFIENirnberglZB#5 L, HRITFELBL U R K

i~ ALls
K9 Anna Maria Sibylla Merian® & {&H].

R ai < 2 L a2, RO T YA LR EETY, F
TR TV e, ZOFIS L B IISLIR 22 E R %
FNAESE LD, FZTRARIZOVWTOFH %,
FRZE D i -~ D T A 7Y A 7 VOB & SR
Too ¥RFOFFCIX TRRITER L7z L6 o B RIS
EENDIETDHHEDOTHY, 7Y ART LADFFHRT,
By I BROEFZTHDH T, Tt o1 2 U Yol
¢3St Thomas Aquinas (%, “EHOHRFBAEITERED
fh3” L L, 61, T2 ToMmTAltRmorRtic
F—HIZANEENT) & ENTREDR, m—<HE Vil
B HEALIZ BARBAEBIIBEOHZIIKT HHDTH
D& L7, LinL, ¥U ¥y OIEHRIBER A T2
DIRMITEIEL T e, ZORZRBREEICEH VT, Merian
TR (Ghih) OEE~DZ(L (B TEBICITMIE
E 2 ONEBIEL - WFFEL T, IROZERE L ST &
RO ONWTHBIEL T, A v F 7T v 7122 TO
iR DB % fdk L Tz,
CORTyFT v &b &I, 16754, 28F DIFIC
“Neues Blumenbuch - New book of flowers” % it L 7=,
S 51T, 167941 “Der Raupen wunderbare Verwandlung
und sonderbare Blumennahrung” (The Caterpillar, Marvelous
Transformation and Strange Floral Food.) (3, #< XX
LR L REHARRT) #TTLC, Al & 13E - -
DEEDIEA DIBFERLE B DRI OV TS Ll
LTz, 168042 BHTT. Marrel23% L7z, —5 (%1683
AT FrankfurtlZ B #is L 72, 1685412 K], H. Graffid & > T
1T o 70, M id £ & IR % 8 41 C Labadist religious
commune (GRFILFEAR) AV, Friesland CEEBRAY 722
&%k, ZOFEKROFTHZE T > 7-Cormelis van
SommelsdijkiZFEK « AU T LADETHY, FEKO
WA DI TE A LTz, 1690FIC DN L72tkic, 4
1% % Amsterdam|ZF L7z, & 2 T OFEFIT L < O
HFEIZLVER ENDHERICR o7z, HJohanna Helenan®
P NJacob Herdt & f5iF L C, 47 v ¥ ORERHTH - 7=
FK » AV FAIZAT 2 L2725 72, Merian® 16994F(2
Amsterdamii» 5 E@ DR A Z T T, IREILITAY T
DTS 2o 7o, T TIC2AFRHIAE L T 14618 D B
DR FuiTo 72, VTOVREICA T U Z TR0, I
LA vy FRERE D L 1T, 17054F1C “Metamorphosis
Insectorum Surinamensium” (X110) ZHR L7z, &FT
ITHE 4 I3 B4 C, 2 OB TOFHE LR L
7o AV T LOEMOHRE DAL 2 25 Th
%, FOMWEYO53FEAIZIE, Linnaeus’classification (U >



ROFFIE) ROFEPEH ST mbh T 5,

17 ISER AR 2 L3 . GBI, S~ e DFEIRE ol
B, W EFLT Tz, Ly L 2 ORI L DffF5EIC
KEREEEG 272, %I, WLIIAETRR#ES LeoTz
2, ITITHEILABBHICT AAT VL LTRIR LTz, FA4E
69T - 7= (Wikipedia, A. M. S. Merian) (¥ A+ kv K,
2008).

Anna Maria Sibylla Merian DA 9% 348 1320 H4d D etk
DFICHEFERIN, RERFTMEZITDH I LIChoT,
FORER, W DOB— KL — MIRA Y D500 KAV~
NV MR DR & o T D (K11, £72040 KA
~ b7 O FIAT L o T W % (botanical
illustration.blogspot.com, 2008) , & 512, 200542 KA >
@ Warnemiinde O 3 i 35 THERE U 72 Wi v R A oK i 1

“Maria S. Merian” & fiy 4 & 4172 (Briese Schiff-ahrts
Gmbh & Co. 2006) ,
(2) Jan Swammerdam (Wikipedia, Jan Swammerdam)

U— B/ KR & e B % 5. 2 - AW - B H ©
&5, Jan Swammerdamit A T v H « T ARAT VL LT
1637T4E2 H 12 AIZIEAEM DR D b LA E Tz, ITHE
Wy, a2, LAREOHEZ T H o7, HidLeiden
REFTEFZFT, 166742122 A ICMD O A 2 %

®M10 [RUFLDEROEERE] "oDE
A, RAANDIEOHREBRRELUVERBE
R HEE (Wikipedia, A. M. S. Merian).

AATT756940K2

L7z, SRR e BEHHOENIER LTIFEL, B
HOMEE & T OBEBBENBLE 21T o7, 16694 1T
Historia Insectrum Generalis (The Natural History of
Insects) & Hihl L C, BB OfEHFRIRR % 2 < Bk L
72e AETI VAT D “Kingbee” 1ZINRE - TED
Z L &x L7, 1672412 Miraculum nature sive uteri
muliebris fabrica%, 16744|ZEphemeri vita% Hii L 7=,
BB UICET A RER LI b D TH o7,
IT37THICHIR E NI AL OBEIETH S “Biblia natura” T
i, TLFE T —oD N FOan=—CTOME—DRET
B2 T EEPD TR LTV, Swammerdam® H 4
BIL 77 MRV i T,

(3) Albrecht von Haller: A A A, ~L 2170842 F N,
3—n Yy SOEMTES:, FHY, LY, YT a2 T
W, 1T364RIC Sy T2 7 o REECEIRIT AT L TR,
BT, MW R A T, ZIRONEE IRz s L
fo T ANRAFERIZIRE ) (1743-1756) < T AR PR 556 )
(1757-1766) & R L7z, £7=, #FA & LTRESE Die
Alpen” BENHITWD, 17774123 LTz, (wpedia.goo.
Albrecht_von_Haller)

(4) Johan & Johann & Gk S 72 b DA H B,

(5) XTHFAOLRILIEE 1 IETREIND, DL N
EHTREMMOIEATTE L TND 2 LD, 2O
HWONWTZ LB Z LD,

(6) Lucanus cervusid = —nm v RIZEER T 2ME 1 fED 7 U
HHTHY, (L) stag beetle, J4) “Schroter”, (i
4) Vliegend hert TH YV, A ¥ U A TIX19814FIC BF A H)
MREREICIE S, BEICT—a v X (L)
TORFRICIE, & 5ITI9924FICEUT b RIERICHEMK
fatfE - HIAICHEES TN D,

(7) Johan Leonhard Frisch, (1666-1743) K- > @ B W53,
Beschreibung von allerlei Insecter Deutschland 2%

;-.IFHUNDERT DEUTSCHE MARK

K11 M. S. Marian®DEBEDEEH SNz K4 Y D500 )L ffHs
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U7, 171, BERZRD CTHRE~NES72 T F 2T
YA~ 9T ER, HIL, 357p.
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Production of Paper-Umbrellas in Modern China

Rujun ZHOUY

Abstract

The main purpose of this research is to examine the production trend of traditional paper umbrellas
in modern China. Statistically, the material for handmade paper umbrellas in modern China is quite
defective and shows imperfections. Additionally, it has given the image that the manufacturing industry
of paper umbrellas has declined gradually. However, the production form of these handicraft has been
firmly maintained, and improvements have sometimes been made from the traditional paper umbrella to
the more recently made paper umbrellas in the handicrafts. The material of the handcrafted paper
umbrella was the hand-made paper made of a raw bamboo material. Because of this, handcrafted paper
umbrellas are usually produced in the main producing districts of hand-made paper. Peasants often
produce it on the side, in their homes in the farm villages of the place among the mountains where
bamboo grows abundantly (since this is also the raw material for hand-made paper in China). Wage
workers who produce umbrellas made by the handicrafts often produce them in the umbrella store of the
local city or town. But, most of the workshops to manufacture paper umbrellas that include the paper
umbrella shops are small-scale, and there are not many wage workers who manufacture paper umbrellas.

Key Words: China, modern, hand-made paper, paper-umbrella, improvement
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Table 1 Production of umbrellas in China, 1912-20.

FEE AEPERA R Gr)
1912 2,061,419
1913 6,727,084
1914 1,834,501
1915 2,314,247
1916 1,488,223
1917 2,445,398
1918 1,895,883
1919 1,481,105
1920 492,025
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Table 2 Production of umbrellas in Provinces, 1912-21.
R WA | AR NEE) WiLE SANIEESY AR I I 71 | ) PR
1912 | 456,982 | 387,499 16,520 359,092 | 162,844 | 156,016 | 150,977 | 113,304
1913 | 433,009 | 110,862 4,337,075 427,792 | 209,834 | 230,509 | 515,299 | 143,780
1914 | 302,612 108,617 11,320 639,165 26,906 | 170,683 | 209,912 135,682
1915 | 506,562 | 194,287 48,269 648,199 | 219,852 | 221,219 | 221,800 —
1916 | 127,820 — 39,092 342,596 | 220,815 | 256,564 | 224,774 —
1917 | 397,581 | 207,471 — 739,333 | 347,570 | 226,062 209,846 —
1918 — — — 740,594 | 347,578 | 265,028 | 215,687 —
1919 — — — 759,097 — 257,478 — —
1920 — — — — — 286,574 — —
1921 — — — — — 295,297 — —
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Table 3 Production of paper-umbrellas late in 1920s.

B4 | EHK AR
LA | $L 2 9 AL
Bi 4 1275 AL,k
WiLE | RN 2 67 ALL L
/NEE 6 187 ALL L
S 1 NN
IRHAE | el 1 2005 A
/NEE 2 #35 A
W 1 27K
s | B 1 277K
/NEE 2 4TTA
2r 2 35HAK
Bl 5] 4 5.9575 A
/NG 6 9.455 A
fmEg | ml 3 10.5 AL, 1
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Table 4 Production of umbrellas in the first half of 1930s.

A E B | HBEELEFS=0 TN B AKE () L FERR ()
[l - 91 - 86,400 290,100
ik 5 44[8.8] 5,700 68,300
Gl Az 69 285(4.1] 26,380 151,990
NG 74 329(4.4] 32,080 220,290
WA A B AckhAE | 8 — — _
i Az 33 — — _
N 41 - - -
Rt &R 13 - — -
Al AT Az 8 - _ _
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Table 5 Production of umbrellas in provinces, the first half of 1930s.

R T AR L4720 1 () A (OO) AR R (OR)
Wrr | 263 1,553[5.9] 88,600 570,950
LRk | 147 724[4.9] 46,670 253,900
WEE | 216 1,170(5.4] 28,460 325,720
bS] 17 97(5.7] 4,340 25,580
ek 24 138(5.7] 3,830 46,000
JRR 24 207[8.6] 4,100 39,800
SAn] 12 42[3.5] 2,400 25,410
3R 4 22[5.5] 400 1,400
aFt | 707 3,685[5.2] 178,800 1,288,760
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Table 6 Production of paper-umbrellas in Zhejiang Province, 1932.

R4 | #FK 7 EEE(N) Z A (n) A PEAR (E)
K3 | 107 531 55,400 779,511
G 35 - — 101,600
R IR 13 - — 35,000
% 7 - 2,800 12,500
Gt 15 40 6,600 19,300
HEWE 1 - 200 700
Tl R 1 — 700 1,500
Fii 42 8 - 4,300 10,900
5 1 - 5,700 19,000
2T 1 — 400 1,200
EBR 3 - 800 4,000
R 1 8 600 4,500
e 2 - 600 2,600
KB 3 8 500 1,340
=12 3 14 2,400 3,200
Al — - — 2,000
Hipan - - - 21,600
A7 | 373 - — 1,020,451
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Table 7 Producers of umbrellas in Zhejiang Province, 1933.7-1934.6.

B4 | | FEEE O & A (o) AR g A PE B (OR) HATG (5t)
PR 53 590 26,500 Az 120,000 -
G157 4 20 1,200 Az 12,000 0.48
EX 6 42 5,000 AR 5,000 —
1k 2 9 300 Az - 0.40
T 3 16 370 Az 1,600 0.50
FiE 4 20 400 Az - 0.55
g 28 148 30,180 e, HAz 120,000 —
R B 20 64 1,000 Az, WA AE 10,000 -
s 70 270 1,400 Rz 220,000 0.50
i I 10 45 800 FRZE 6,000 —
Al 10 65 2,000 HRAR — —
S 4 20 1,200 Az 2,000 0.40
K 1 55 4,400 Az 3,630 0.48
FiEvE 6 54 3,000 AR 14,400 0.75
M 1 4 300 Az 5,000 0.50
N 1 2 300 AR 720 0.50
%E 5 15 250 Az - 0.35
BIG 5 25 10,000 Az 600 0.60
RIA 20 89 - Az 50,000 0.50
At 263 1,553 — — 570,950 —
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Table 8 Producers of umbrellas in Jiangsu Province, the first half of 1930s.

R4 | w0 | EEE (N | 'A% GO A PE ERERER (R) | B G
=33l 2 4 200 HeAE 6,000 0.50
T 1 2 200 il 1,400 0.30
2l 52 100 HeAr — -
it |7 37 1,850 Az 6,450 -
i [ 3 30 1,500 WA 10,000 0.35
EE | 140 70@ 1,200 Az 7,200 0.41
JIb 2 9 500 fkAx 8,500 0.48
FIE 3 14 500 Az 5,300 0.50
HT | 10® 51 1,490 AR, WA A 16,450 0.50
L 3 8 300 RN ZE 6,400 —
s 3 9 60 FRE(3 1,200 -
TE | 18© 63@ 1,300 A4z, Wiz 73,600 -
I | 12@ 60® 4,200 FRE(3 - 0.40
| 3 9 150 Az 2,200 -
i 3 5 170 AE - 0.35
qSIE 40 175D 22,700 Az 42,5002 0.60
B 8 66 4,000 Az 38,7000 0.75
Fili3%7 5 60® 6,250 HeAE 28,000@ —
HEt | 147 724 46,670 — 253,900 —
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Table 9 Production of umbrellas in Jiangsu Province, 1931.

Az pE B () AEPERE GT) Hiff (Go)

EEE 80,000 15,000 0.2
E A 50,000 15,000 0.3
HERS A 25,000 6,250 0.25
1B - A DOB54E 99,000 133,650 1.35
iR S Iy e i 18,000 7,200 0.4
MRS DTk 2V AR 66,000 125,400 1.9
Z DA 10,000 3,000 0.3
&t 348,000 306,500 —

S [HHESRERS (TARE) J H58Im956 H & U 1k,

10 1930FRTHHMmLAEx—ER.

Table 10 Producers of umbrellas in Hunan Province, the first half of 1930s.

B4 | #F | FEES N BEARKE (L) AP S FER A pE R OR) BT Oo)
E | 550 386D 8,000 EhlidE, Az 135,000 —
WiE | 8 46 3,000 Az 100,000@ 0.40
2t | 35@ 2472 3,500 Az 3,600 0.50
& | 6 22 400 Az 15,000 0.50
ST | 300 1123 4,0002 Az 28,0000 0.67
S | 10 50 500 Az 10,000 0.40
=L |6 18 900 Az 3,600 0.40
Was | 14 84 1,650 i 7,500 0.40
Wi | 5 14 400 kA — _
KEL | 4 24 550 i 2,500 0.40
g | 6 24 200 e — -
7k | 14 49 3,900Q A 7,240 0.80
RERS |7 24 210 e 1,280 0.40
Wi | 8 31 250 Az — 0.25
W | 8 39 1,000 ARAx 12,000 0.65
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Table 11  Production of paper-umbrellas in the county of Hunan Province, the first half of 1930s.

B4 | B B () & H () AFER(R) AERERE On)
Eals 8 21,900 123 192,000 91,200
I 28 17,800 96 83,300 26,200
a 31 3,130 106 91,500 22,835
&5 20 3,840 92 54,600 10,920
il 14 14,600 54 105,000 21,000
HiE 6 2,600 12 10,000 4,000
il 3 2,900 5 1,500 600
i3 1 250 2 1,200 480
Zk 4 2,240 13 5,580 1,640
w15 4 1,040 7 3,450 1,275
T 15 830 25 13,200 3,960
S 3 640 7 4,500 1,250
B IR 7 1,485 23 27,710 6,313
TR 8 185 — 2,470 1,109
Fisan 10 1,220 — 31,670 9,504
i IR 7 2,430 — 9,100 3,300
A5 | 169 77,090 565 636,780 205,586
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Table 12 Producers of umbrellas in South China, the first half of 1930s.

W4 B | rEEE(N) | BARKEGD) | AES | FERAEE (R Hiff (5T)
HeJ 8 34 1,600 HRAx 6,400 0.60
JSH
i 16 173 2,500 HAx 33,400 0.50
K H 2 10 Az — 0.80
B TR 15 75 3,000 HRAx 45,000 —
fitk 1w 5 48 WA — 0.50
FAE 2 5 A 1,000 —
s [ EREEE] im (FERSENERE, 19354) #5128, 226H L 0 1Bk
#13 IHEHEEE-BX
Table 13 Producers of umbrellas in Jiangxi Province.
B4 | B TSN BAR%E (L) A pE S HEATE B (R) B o)
B 5 35 1,000 Az 24,500 0.65
jeais 7 7 1,400 AAx 910 0.40
L) [rpER ] St (PEFSENIEAE, 19354F) 4123, 225~226H L U 1AL,
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Table 14 Producers of umbrellas in North China, the first half of 1930s.

a4 | R4 | B rEEE(N) | EAREOD AP AR (R) HUT (5o)
& R 2 9 120 A 5,000 0.70
[(EE 2 8 500 Aii#z 3,960 1.50

o iz 4 26 1,200 M, Aide 7,000 —
TR 3 18 600 Aii#z 2,020 1.20
Gin=] 4 28 1,400 A 6,000 1.00
AR 2 8 520 HAE, e 1,600 1.20

s | R 4 22 400 i A 1,400 1.50
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Abstract

The core KT99-14 P-11 recovered from the eastern part of the Yamato Bank in the central part of
the Japan Sea at a water depth of 888m is composed mainly of bioturbated mud with five intercalations

of volcanic ash layer.

No marked erosional surfaces were recognisable in the core.

The uppermost

ash layer at 110 to 115 cm below sea-floor can be correlated lithologically with Aira-Tn ash (AT ash).

Key Words: depositional facies, deep-sea core, Japan Sea, Yamato Bank, AT ash, R/V Tansei-maru

I . Introduction

Four piston cored sediments, KT99-14 P-8, -9, -10,
and -11, were recovered from the flat top, the upper part
of the eastern slope and the lower part of the southern
slope of the East Bank of the Yamato Bank in the central
Japan Sea (Fig. 1) during the R. V. Tansei-maru Cruise
KT99-14 (Tsukawaki et al., 2001) from the 13th to 21st
of September, 1999 and lithological facies of the core
This short
article purposes to describe lithological facies and

P-9 was already reported (Tsukawaki, 2003).

volume magnetic susceptibility of the core KT99-14
P-11 recovered from the southern slope of the bank
(Latitude 39°26.9’N, Longitude 13551.5’E, 888m deep)
to provide its basic information for palaeoceanographic
studies in the central part of the Japan Sea.

. Topography of Sampling Site

The Yamato Bank, 230 km long and 55 km wide with
an E-W trend, is situated in the southern part of the
Yamato Rise which is the largest and most conspicuous
topographic high in the Japan Sea. The shallowest part,
236 m deep, is situated in the central part of the bank
(Iwabuchi, 1968).
tops and depressions are recognised on the bank. The
bank is divided into the West, Central and East Banks
roughly by the longitudinal lines of 134°40°E and
135035’E, respectively (lwabuchi, 1968).

KT99-14 P-11 was obtained from the upper part of a

Several topographical highs with flat

The core

broad valley in the southern slope of the East Bank at a
water depth of 888 m (Fig. 1).
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Fig. 1 Submarine topography and sampling site of the core KT99-14 P-11 and other
cores in the Yamato Bank, central Japan Sea during R/V Tansei-maru cruise KT99-14
(Hydrographic Department, M. S. A., Japan, 1979).

. Sampling Methods and Analytical Procedures

A six-metres-long stainless-steel pipe piston core
sampler with a 600 kg weight and a 70-cm-long Nasu
type pilot core sampler were utilised to obtain cored
sediments. Volume magnetic susceptibility were
measured first at 1 cm intervals by using a Barrington
pass through type magnetic susceptibility system model
MS-2. Then, each sediment that had been kept at about
4°C since its recovery was cut vertically into two halves
by a nylon fishing line. One of these was processed for
sedimentological investigations at a laboratory of the
General Education Hall, Kanazawa University, and the
other was processed for  palaesoceanographic
investigations in Tohoku University.

The cutting surface of the former was shaved first by
a stainless-steel spatula, and then brushed well by
spraying
observations.

a water atomiser for detailed visual

After visual observations and core

descriptions were made, an 8 mm thick, 7 cm wide and
20 cm long sliced sediment was cased in a plastic box
from the cutting surface for soft X-ray radiograph
observation through the core.

For X-raying, the boxed samples were placed on Fuji
1X-100. The
source-to-sample distance on the X-ray unit, SOFTEX

industrial  X-ray film  type

type M-60, was 70 cm. Voltage, amperage and
exposure time were hold constant at 50 kVp, 4 mA and
60 - 90 seconds, respectively. The exposed X-ray films
were immediately processed by the EK type D-19 film
developer for 5 minutes. Microscopic observations
using a number of smear slides for fine-grained
sediments and thin sections for coarse-grained sediments
conduced to the textural and compositional description

of a certain number of horizons for cored sediments.



IV. Depositional Facies of KT05-4 P-11 Core

Figure 2 shows the columnar diagram of the core

KT99-14 P-11 based on visual observation under normal

light. The core, 475 cm long, is composed mostly of

Depth below the sea-floor (cm)

KT99-14 P-11

bioturbated mud with various grades of biogenic
disturbance. Five volcanic ash layers intercalated at
110 to 115 cm, 182 to 183 cm, 285 to 290 cm, 316 to 320
cm, and 454 to 454 cm below sea-floor. Selected soft
X-ray radiographs are shown in Plates 1 and 2.
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The uppermost 15 cm of the core is composed of less

bioturbated light olive grey soft mud. Planktonic

foraminiferal tests are frequently recognisable in the mud.

Below the soft mud, rather compact greyish olive mud,
about 40 cm thick (about 15 to 55 cm below sea-floor),
in which large pale burrows are frequently developed
(Plate 1, fig. 1) overlies an about 25 cm thick light olive
grey mud (55 to 80 cm ditto) in which tiny burrows are
markedly developed, followed by an about 15 cm thick
less bioturbated olive grey mud (80 to 95 cm ditto,
Platel, fig. 2), then an about 15 cm thick weakly
bioturbated greenish grey compact mud (95 to 110 cm
ditto). Each boundary between these muds is
transitional.

An about five centimetres thick light greenish grey
contorted fine- to medium-grained volcanic ash layer is
intercalated at about 110 to 115 cm below sea-floor.  An
about 15 cm thick olive grey mud (115 to 130 cm ditto,
Plate 1, fig. 3 upper) underlies the ash layer with a sharp
but undulated boundary.  Biogenic disturbance is
weakly developed in the mud. Below the mud, an
about 15 cm thick moderately bioturbated greenish grey
compact mud (130 to 145 cm ditto, Plate 1, fig. 3 lower)
overlies an about 15 cm thick olive grey bioturbated mud
(145 to 160 cm ditto) in which small grey burrows are
developed, followed by an about 8 cm thick less
bioturbated greenish grey mud (160 to 168 cm ditto),
then bioturbated olive grey mud, about 14 cm thick (168
to 182 cm ditto) in which planktonic foraminiferal tests
are dominant. Each boundary between these mud
layers is transitional.

A thin yellowish grey very fine-grained volcanic ash
layer, about one centimetre thick (Plate 1, fig. 4 upper),
is intercalated at 182 to 183 cm below sea-floor. A
weak reverse grading is observed within the layer. An
about 27 cm thick less bioturbated moderate olive brown
mud (183 to 210 cm ditto, Platel, fig. 4 lower) underlies
the ash layer. Below the mud, an about 30 c¢cm thick
pale olive compact mud (210 to 240 cm ditto) in which
tiny borrows are developed overlies an about 45 cm thick
bioturbated mud (240 to 285 cm ditto).
disturbance is developed in the upper half of the mud
(Plate 2, fig. 1)

Strong biogenic

An about five centimetres thick light olive grey
fine-grained volcanic ash layer is intercalated at 285 to
290 cm below sea-floor. The boundary between the ash
layer and the underlain thinly laminated light olive grey
mud, about two centimetres thick, is sharp but warped
downwards. An about 13 cm thick light olive grey
compact less bioturbated mud (292 to 305 cm ditto)
underlies the thinly laminated mud followed by an about
11 cm thick thinly laminated mud (305 to 316 cm ditto)
in which no biogenic disturbance is recognisable.

A moderate olive brown volcanic ash layer, about
four centimetres thick, composed mainly of medium- to
coarse-grained grey pumice underlies the above-stated
thin laminated mud layer with a transitional boundary,
followed by an about 30 cm thick bioturbated light olive
grey mud (320 to 350 cm ditto, Plate 2, fig. 2 upper),
then an about 10 cm thick strongly bioturbated moderate
olive brown mud (350 to 360 cm ditto, Plate 2, fig. 2
lower), light olive grey bioturbated mud, about 30 cm
thick (360 to 390 cm ditto), olive grey strongly
bioturbated mud, about 10 c¢cm thick (390 to 400 cm
ditto), less bioturbated moderate olive brown mud, about
10 cm thick (400 to 410 cm ditto, Plate 2, fig.3 upper),
moderately bioturbated olive grey mud, about 20 cm
thick (410 to 430 cm ditto, Plate2, fig. 3 lower), light
olive grey bioturbated mud, about 20 cm thick (430 to
450 cm ditto, Plate 2, fig. 4 upper), and thin olive grey
strongly bioturbated mud, about 4 cm thick (450 to 454
cm ditto, Plate 2, fig. 4 middle).
between these mud layers is transitional.

An about one centimetre thick greyish green volcanic

Each boundary

ash layer composed of very fine-grained volcanic glass
shards is recognised at about 454 to 455 cm below
sea-floor (Plate 2, fig. 4 middle). Below the ash layer,
thinly laminated olive grey mud (454 to 457 cm ditto),
about three centimetres thick, overlies an about 15 cm
thick less bioturbated greenish grey compact mud (457 to
475 cm ditto, Plate 2, fig. 4 lower).

V. Volume Magnetic Susceptibility

Figure 3 shows vertical fluctuations in volume

magnetic  susceptibility (VMS) through the core



KT99-14 P-11. The VMS of the upper 190 cm is rather
low around 5 x 10-6 c.g.s. with a broad trough around 80
cm below sea-floor, and a sharp trough around 180 cm.
A sharp peak, around 38 x 10° c.g.s., is recognised
around 200 cm which corresponds to less the bioturbated
moderate olive brown mud layer. The VMS of the
lower part of the core is also low around 7 x 10° c.g.s.
with broad peaks around 290 and 370 cm below
sea-floor.

VI. Discussion — Intercalated Volcanic Ash Layers

Five volcanic ash layers are recognised in the core
KT99-14 P-11 at 110 to 115 cm, 182 to 183 cm, 285 to
290 cm, 316 to 320 cm and 454 to 455 cm below
sea-floor.

The uppermost ash layer, about 5 cm thick, consists
mainly of clear and colourless bubble wall type fine- to
medium-grained volcanic glass shards without any
phenocrysts. These lithological features and the depth of
the ash layer below the sea-floor in the central Japan Sea
suggest that this volcanic ash layer can be correlative
with the Aira-Tn (AT) tephra (Machida and Arai, 1976)
discovered in many cored sediments from the central to
south Japan Sea (Machida and Arai, 1992).

On the other hand, the lowermost volcanic ash layer
is composed of medium- to coarse-grained pumice with a
certain amount of phenocrysts such as orthopyroxene
and clinopyroxene, and other three volcanic ash layers
consist mainly of fine-grained pumice type volcanic
glass shards with a little amount of phenocrysts. Many
volcanic ash layers having similar lithology are known
from the central part of the Japan Sea (Machida and Avrai,
1996). Since it is not attributable to distinguish them
under the microscopic observations, the correlations of
these volcanic ash layers should be left pending.

VI. Concluding Remarks

The depositional facies of the core KT99-14 P-11
obtained from the southern slope of the Yamato Bank,
central Japan Sea is summarised as follows:

1. The cored sediment, 475 cm long, is composed
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Fig. 3 Volume magnetic susceptibility
of the core KT99-14 P-11.



mainly of bioturbated mud with several intercalations

of thin laminated mud layers. No marked erosional
surfaces are recognisable through the core.

2. Five volcanic ash layers are intercalated in the core.
The uppermost ash layer, 110 to 115 cm below
sea-floor, can be correlative with the Aira-Tn tephra
but correlations of other four ash layers are left

pending.
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Explanation of Plate 1

Selected soft X-ray radiographs of the upper half of the core KT99-14 P-11.

Compact greyish olive mud with large pale burrows at 41 to 58 cm below sea-floor.

Upper less bioturbated olive grey mud (12 cm thick) and lower weakly bioturbated greenish grey compact mud

at 81 to 98 cm below sea-floor. Thin laminations are recognisable in the upper mud.

Upper less bioturbated olive grey mud (12 cm thick) and lower moderately bioturbated greenish grey compact

mud at 122 to 139 cm below sea-floor.
Upper bioturbated olive grey mud (3 cm thick) and lower less bioturbated moderate olive brown mud at 181 to

199 cm below sea-floor. A thin yellowish grey very fine-grained volcanic ash layer, about one centimetre

thick, is intercalated between them.



Plate 1




Fig. 1

Fig. 2

Fig. 3

Fig. 4

Explanation of Plate 2

Selected soft X-ray radiographs of the lower half of the core KT99-14 P-11.

Pale olive compact mud at 222 to 239 cm below sea-floor. Small borrows are developed in the mud.

Upper less bioturbated light olive grey mud (10 cm thick ) and lower moderately bioturbated moderate olive

brown mud at 342 to 359 cm below sea-floor.

Upper less bioturbated moderate olive brown mud (10 cm thick) and lower moderately bioturbated olive grey

mud at 400 to 418 cm below sea-floor.

Upper light olive grey bioturbated mud (10 cm thick) and lower thinly laminated mud at 440 to 457 cm below

sea-floor. A one centimetre thick greyish green volcanic ash layer is intercalated between them.
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Abstract

Submarine surface sediments were collected in the central part of the Japan Sea, the Yamato Bank,
and the southwestern parts of the sea, off Wakasa Bay and off Kurobe River, central Japan from the 2nd
to 8th of May 2005 during the R. V. Tansei-maru cruise KT05-9. This article describes the preliminary
results of on-board observation of the sediment samples.

Key Words: submarine sediment, Japan Sea, Wakasa Bay, Oki Trough, Kurobe River, Yamato Bank,
R/V Tansei-maru

I . Introduction pursuing time-spatial distribution of depositional facies

and spatial distribution of present micro-organisms in the
This article reports results of surface

Marine geology and micropalaeontology were Japan Sea.

investigated in the central part of the Japan Sea, the
Yamato Bank, and the southwestern marginal parts of the
sea, off Wakasa Bay and off Kurobe River, central Japan,
from the 2nd to 8th of May 2005 during the R. V.
Tansei-maru cruise KT05-9 as a part in a series on

sediment sampling and on-board observation of them
during the cruise. Results from sedimentological and
micropalaeontological analyses in the laboratory of them,
and results from marine biological dredge sampling,

plankton net sampling, and lithological descriptions of
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piston- and multiple-cores will be published elsewhere.
Many geological, geophysical and micropalaeonto-
logical studies have been made in the Japan Sea mainly
by the Hydrographic Department, M.S.A., Japan (e. g.
Iwabuchi, 1968), the Geological Survey of Japan / AIST
(e. g. Arita and Okamura, 1989; Ikehara and Okamura
ed., 1999), Ocean Research Institute, the University of
Tokyo (e. g., Kobayashi, ed., 1984), the DSDP / ODP (e.
g. Ingle et al., 1990) and others (e. g. Oba et al., 1991,
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Tsukawaki et al., 2000, 2001, 2002, 2003, 2005).

Taking these previous studies into account, grab
surface sediment sampling sites were selected in the
continental shelf and the continental slope off Wakasa
Bay reaching to the bottom floor of the Oki Trough in
the southwestern marginal part of the Japan Sea (Fig.
1B). Piston coring sites are selected in a broad valley in
the east of the Yamato Bank, and marine biological
dredge sites were located in a flat top of the east of the

135°E 137°E 139°E

41°N+

Japan Sea

Sado Is.
38°N

B
INY—
Honshu
"R

Yamato Basin

36°N

Wakasa Bay

A
Mt. Hodaka

A
Mt. Norikura

A
Mt. Ontake

Fig. 1 Submarine topography of the studied areas, and sampling sites of piston cored sediment (solid circles)
and biological dredge sampling sites (solid triangles) in the Yamato Bank in the central part of the Japan Sea
(Fig. 1A), grab surface sediment sampling sites (solid squares) off Wakasa Bay in the southern part of the sea
and multiple cored sediment sites (open triangles) in the Toyama Bay, central Honshu of R. V. Tansei-maru

Cruise KT05-9 (Fig. 1B) based on Hydrographic Department, M. S. A., Japan (1979).

sites are indicated by open circles.

Plankton net sampling



bank (Fig. 1A). Multiple coring sites were selected in
the continental shelf area of the Toyama Bay, nearby the

river mouth of the Kurobe River, Toyama Prefecture (Fig.

1B). Plankton net samplings were carried out along a
line of longitude 135 30’E (Fig. 1).

A six-metres-long stainless steel pipe piston core
sampler with a 600 kg weight and a 70-cm-long Nasu
type pilot core sampler were utilised to obtain cored
sediments, and an Okean-type grab sampler, 1,250 cm?
in sampling area, with extra weights was used to obtain
bottom surface sediments and benthic organisms during
the cruise. A multiple type sediment core sampler with
six 60-cm-long tubes was used to recover surface
sediments off Kurobe River area.

II. Topography of Survey Areas

The survey areas of the KT05-9 cruise are divided
into 1) Yamato Bank, 2) continental shelf to continental
slope off Wakasa Bay and the Oki Trough, and 3) inner
continental shelf off Kurobe River (Fig. 1).

The Yamato Bank, 230 km long and 55 km wide with
an E-W trend, is situated in the southern part of the
Yamato Rise, which is the largest and most conspicuous
topographic high in the Japan Sea. The shallowest part,
236 m deep, is situated in the central part of the bank
(Iwabuchi, 1968).
tops and gentle depressions are recognised on the bank.
The bank is divided into the West, Central and East
Banks roughly by the longitudinal lines of 134°40’E and
135°35’E (Iwabuchi, 1968). Three piston coring sites
were located in a broad valley south of the East Bank at
water depths of 951 to 1,223 m, and three biological

Several topographical highs with flat

dredge sites were located in the flat top of the bank
around 500 m deep.

The wide and shallow Wakasa Bay bounded from the
Japan Sea by a line between Capes of Echizen and
Kyoga-misaki, is characterised by a rias coastline which
is scarce in the coast of the Japan Sea side of Honshu.
The bottom topography of the bay is flat and deepens
gently northwards. The continental shelf north off the
bay is wide and flat, and is bounded on the continental

slope by the Echizen Bank Chain having a NE-SW trend

around 200 m deep. The continental slope also deepens
gently to the Oki Trough north-westwards, a broad
submarine valley which starts on the south of the bank
chain is situated on the slope. The Wakasa Sea Knoll
Chain with a NE-SW trend around 1,000 m deep forms
the boundary between the slope and the Oki Trough.
The grab surface sampling line starts on the north of the
bay at 177 m deep in the outer continental shelf to the
bottom floor of the trough at 1,762 m deep northwards
crossing over the valley.

The river mouth of the Kurobe River is situated on
the southeast of the Toyama Bay which is one of the
deepest bays around the Japanese Islands.  The
continental shelf around the bay is very narrow and steep
followed by steep continental slope to the bottom of the
bay deeper than 1,000 m. The multiple coring sites
were located on the narrow continental shelf around the
river mouth area.

IT. Results of Sediment Samplings and Onboard
Observation of Sediments

Three piston cored sediments from three sites and
three biological dredge samples from three sites, 13 grab
surface sediments from 12 sites, and 10 multiple cored
sediments from 10 sites were successfully obtained from
the Yamato Bank, along the sampling line from the
Wakasa Bay to the Oki Trough, and the continental shelf
around off Kurobe River in the Toyama Bay, respectively
(Fig. 1, Table 1).

1) Yamato Bank

Three piston cored sediments, P-1 (about 350 cm
long), P-2 (about 460 cm long) and P-3 (about 500 cm
long) were recovered from a broad submarine valley in
the south of the East Bank at water depths of 951, 975,
and 1,223 m, respectively. In spite of their detailed
sedimentological descriptions have not been made in the
laboratory, they are composed mostly of olive grey
homogeneous mud judged from their horizontal cutting
surfaces (Table 1).

A little amount of andesitic pebble- to cobble-gravels
with a certain amount of benthic organisms were



Table 1 Results of sampling on the R. V. Tansei-maru cruise KT05-9 in the Yamato Bank, central Japan Sea, and off Wakasa Bay and off Kurobe River southern Japan

Sea.
) ) Date Time ) ) Water | Sediment )
Station Locality (OIMIY) Sampler Hit Longitude (E) | Latitude (N) | Depth Recovery Sediment Type
(m) (cm or %)
KT05-9 D-1 Yamato Bank 03/05/05 | B Dreger | 19:18 3930.9371 135 49.0455 523 - a little amount of andesitic pebble- to cobble-gravels with a little amount of benthic organisms
KT05-9 D-1' ‘Yamato Bank 03/05/05 | B Dreger | 20:12 39 30.8613 135 49.0336 533 - a little amount of andesitic pebble- to cobble-gravels with a little amount of benthic organisms and fishes
KT05-9 N-1 Yamato Bank 03/05/05 | NORPAC | 20:45 3931.0873 135 50.4279 610 - -
KT05-9 P-1 Yamato Bank 04/05/05 | 5.5m-PC | 08:30 3927.2323 13552.2153 951 350cm | olive grey homogeneous mud on cutting surfaces, surface brownish olive and soupy
KTO05-9 P-3 Yamato Bank 04/05/05 | 5.5m-PC | 10:29 39 26.2538 135 55.5949 1,223 460 cm | olive grey homogeneous mud on cutting surfaces, surface brownish olive and soupy
KT05-9 P-2 ‘Yamato Bank 04/05/05 | 5.5m-PC | 12:35 39 27.9805 13552.6293 975 500 cm | olive grey homogeneous mud on cutting surfaces, surface brownish olive and soupy
KT05-9 D-2 Yamato Bank 04/05/05 | B Dreger | 14:03 39 28.1616 135 44.4073 597 - a large volume of dark olive grey muddy fine-grained sand with a little amount of benthic organisms
KT05-9 D-3 Yamato Bank 04/05/05 | B Dreger | 15:49 39 28.7088 135 42.6253 523 - a certain amount of black pebble- to cobble-gravels with a little amount of benthic organisms
KT05-9 N-2 Yamato Bank 05/05/05 | NORPAC | 00:38 3810.0789 135 30.0602 2,968 - -
KTO05-9 N-3 Oki Trough 05/05/05 | NORPAC | 07:50 37 10.3630 135 30.0451 1,755 - -
KT05-9 G-15 off Wakasa Bay | 05/05/05 | Okean L 11:14 3709.8374 13528.3419 1,762 0% a very small quantity of fine-grained sand with fragments of benthic orgaisms
KT05-9 G-15' off Wakasa Bay | 05/05/05 | OkeanL | 12:29 3709.7016 135 27.9975 1,760 30% olive grey homogeneous compact sticky mud, surface a few millimetres thick reddish brown soupy mud
KT05-9 G-14 off Wakasa Bay | 05/05/05 | OkeanL | 14:50 37 58.0795 135 36.8586 1,486 70% bluish olive grey homogeneous compact mud, surface a few centimetres thick reddish brown soft mud
KT05-9 G-13 off Wakasa Bay | 05/05/05 | Okean L 16:22 36 53.1544 135 40.3071 1,258 20% bluish olive grey homogeneous compact mud, surface a half centimentre thick reddish brown soupy mud
KT05-9 G-12 off Wakasa Bay | 05/05/05 | OkeanL | 18:24 36 38.7536 135 36.6126 979 40% bluish olive grey homogeneous compact mud, surface one centimentre thick reddish brown soupy mud
KT05-9 G-11 off Wakasa Bay | 05/05/05 | OkeanL | 19:18 36 36.6870 135 36.4098 891 40% olive grey homogeneous mud, surface a half centimetre reddish brown soupy mud
KT05-9 G-10 off Wakasa Bay | 05/05/05 | OkeanL | 20:19 36 33.8776 135 35.6092 757 45% olive grey homogeneous mud, surface a few millimetres thick reddish brown soupy mud
KT05-9 G-9 off Wakasa Bay | 05/05/05 | OkeanL | 22:19 36 20.6026 135 32.0872 616 30% mottled sediments of bluish grey semi-consolodated mudstone and soft bluish grey mud
KT05-9 G-8 off Wakasa Bay | 05/05/05 | OkeanL | 23:17 3617.1217 135 31.6387 511 40% dark olive grey fine-grained sandy mud in upper 4 cms, bluish grey semi-consolidated mudstone in lower
KT05-9 G-7 off Wakasa Bay | 06/05/05 | OkeanL | 00:24 36 10.3318 13529.7714 355 50% dark olive grey fine-grained sandy mud in upper 4 cms, bluish grey semi-consolidated mudstone in lower
KTO05-9 N-4 off Wakasa Bay | 06/05/05 | NORPAC | 00:54 36 10.3318 13529.7714 355 - -
KT05-9 G-6 off Wakasa Bay | 06/05/05 | OkeanL | 03:56 36 00.2353 13529.7846 265 60% olive grey soft fine-grained sandy mud in upper 3 cms, olive grey compact mud in lower, serpent stars
KTO05-9 G-5 off Wakasa Bay | 06/05/05 | OkeanL | 04:55 3553.2805 135 28.2862 200 80% dark olive grey homogeneous fine-grained sandy mud, lower compact sandy mud, serpent stars
KTO05-9 G-4 off Wakasa Bay | 06/05/05 | OkeanL | 05:30 3550.2800 13530.2631 177 80% olive grey massive and homogeneous muddy fine-grained sand, serpent stars
KT05-9 M1 (F2) off Kurobe River | 07/05/05 Multiple | 05:48 3700.0473 137 34 4452 252 15cm olive grey homogeneous muddy fine-grained sand
KTO05-9 M2 (F1) off Kurobe River | 07/05/05 | Multiple | 06:26 36 59.6387 137 35.0783 130 0cm no recovery
KT05-9 M2' (F1) off Kurobe River | 07/05/05 | Multiple | 06:42 36 59.6622 137 35.0682 133 O0Ocm no recovery
KT05-9 M3 (E2) off Kurobe River | 07/05/05 | Multiple | 07:15 36 59.3220 137 32.9210 127 30cm olive grey homogeneous muddy fine-grained sand / sandy mud, lower partly dark
KT05-9 M4 (E1) off Kurobe River | 07/05/05 | Multiple | 07:36 36 59.2317 137 32.7811 108 35cm olive grey homogeneous muddy fine-grained sand / sandy mud
KT05-9 M5 (D1) off Kurobe River | 07/05/05 | Multiple | 08:15 36 58.5303 137 29.6843 97 18 cm olive grey homogeneous muddy fine-grained sand / sandy mud, lower partly dark
KT05-9 M6 (D2) off Kurobe River | 07/05/05 | Multiple | 08:40 36 59.0863 137 29.2809 220 30 cm upper 10 cms light olive grey soft mud, lower 20 cms dark olive grey sandy mud
KT05-9 M7 (C1) off Kurobe River | 07/05/05 Multiple | 09:45 36 57.5724 137 27.3517 95 33cm upper 10 cms light olive grey soft mud, lower mottled dark olive grey to olive grey sandy mud
KT05-9 M8 (C2) off Kurobe River | 07/05/05 Multiple 10:05 36 57.6286 137 26.7701 220 30cm upper 10 cms light olive grey soft mud, lower mottled dark olive grey to olive grey sandy mud
KT05-9 M9 (B1) off Kurobe River | 07/05/05 | Multiple | 11:16 36 55.8643 137 24.8174 230 27 cm three alternatiing layers of normally graded f.- to m.-grained granitic sand and light olive grey soft mud
KTO05-9 M10 (B2) | off Kurobe River | 07/05/05 | Multiple | 11:47 36 56.0241 137 23.7534 410 26 cm mottled light olive grey soft mud and olive grey to dark olive grey sandy mud
KT05-9 M11 (A2) | off Kurobe River | 07/05/05 | Multiple | 12:54 36 53.2346 137 23.4526 340 25¢cm upper light olive grey soft mud, lower mottled light olive grey to dark olive grey sandy mud
KT05-9 M12 (A1) | off Kurobe River | 07/05/05 | Multiple | 13:25 36 52.9399 137 23.6737 140 0cm no recovery
KT05-9 M12' (A1) | off Kurobe River | 07/05/05 | Multiple | 13:47 36 52.9560 137 23.6922 137 0Ocm no recovery




obtained from the biological dredge sites D-1 and D-3 in
a flat top of the East Bank at water depths of both 523 m.
On the other hand, a great amount of dark olive grey
muddy fine-grained sand with a little amount of benthic
organisms was recovered from the dredge site D-2 at a
water depth of 593 m (Table 1).

2) Continental Shelf and Continental Slope off

Wakasa Bay, and the Oki Trough

Surface sediments of the outer continental shelf north
off Wakasa Bay consist of olive grey homogeneous
muddy fine-grained sand at the shallowest site G-4 at a
water depth of 177 m (Plate, fig. 1) and dark olive grey
homogeneous sandy mud at the site G-5 at a water depth
of 200 m.
(Ophiuroidea) were recognised on their surfaces.

A certain number of serpent stars

Dark grey or olive grey soft homogeneous sandy
mud, 3 - 4 cm in thickness, and underlain bluish grey or
olive grey semi-consolidated mud were recovered from
the upper continental slope off Wakasa Bay at the sites
G-6 (Plate, fig. 2), G-7 and G-8 (Plate, fig. 3) at water
depths of 265, 355 and 511 m, respectively. A little
number of serpent stars was recognised on the surface of
G-6 (Plate, fig. 2).

On the other hand, submarine surface sediments of
the middle continental slope were composed of mixed
sediments of bluish grey semi-consolidated mudstone
and soft bluish grey mud at the site G-9 (Plate, fig. 4),
616 m deep, olive grey homogeneous compact mud
covered by a few millimetres thick reddish brown soupy
mud at the sites G-10 (Plate, fig. 5) and G-11 (Plate, fig.
6) at water depths of 757 and 891 m deep respectively,
and bluish olive grey homogeneous compact mud
covered by about 1 cm thick reddish brown soupy mud at
the site G-12 at the water depth of 979 m.

Bluish olive grey homogeneous compact mud
covered by a half to a few centimetres thick reddish
brown soupy mud was recovered from the lower
continental slope at the sites G-13 and G-14 at water
depths of 1,258 and 1,486 m, respectively (Plate, fig. 7).

Surface sediments of the central part of the Oki
Trough, at the site G-15°, 1,760 m deep, consist of olive
grey homogeneous compact and sticky mud covered by a

few millimetres thick reddish brown soupy mud (Plate,
fig. 8) but a little amount of fine-grained sand was
recovered from the site G-15, 1,762 m deep, nearby the
site G-15".

3) Continental Shelf off River Mouth of the Kurobe

River

The multiple cored sediment at the site M-1 (15 cm
long), 252 m deep, in the continental shelf about 16 km
northeast from the river mouth of the Kurobe River was
composed of olive grey homogeneous muddy sand but
no sediments were recovered from the site M-2 and M-2’
at water depths of 130 and 133 m. They from the sited
M-3 (30 cm long) and M-4 (35 cm long) obtained from
the continental shelf about 12 km to the northeast of the
river mouth at water depths of 127 and 108 m,
respectively, were composed of olive grey homogeneous
muddy sand or sandy mud. No marked sedimentary
structures were observed visually in them.

The cored sediments from the sites M-5 (18 cm long)
and M-6 (30 cm long) obtained in the continental shelf
about 8 km to the northeast of the river mouth consisted
of olive grey homogeneous muddy sand or sandy mud in
the former, and upper light olive grey soft mud in the
upper 10 cm thick and dark olive grey sandy mud in the
They from the sites M-7 (33 cm
long) and M-8 (30 cm long) both recovered from the

lower in the later.

continental shelf about 5 km to the northeast of the river
mouth at water depths of 95 and 220 m, respectively,
were composed of upper light olive grey soft mud, about
10 cm thick, and lower mottled dark olive grey and olive
grey sandy mud.
Three alternating layers of graded fine- to
medium-grained granitic sand and light olive grey soft
mud, 27 cm long in total, were recovered from the site
M-9 a few kilometres off the river mouth at a water
depth of 230 m and mottled sediments of light olive grey
soft mud and dark olive grey sandy mud, 26 cm long,
were obtained from the site M-10 also off the river
mouth at a water depth of 410 m. Upper light olive
grey soft mud and lower mottled light olive grey and
dark olive grey sandy mud was recovered from the site

M-11 about 3 km southwest of the river mouth at a water



depth of 340 m but no sediments were recovered from
the westernmost site M-12 at a water depth of 140 m due
to a foul weather.

IV. Discussion

A number of marine geological studies had been
made in the central and the southern marginal part of the
Japan Sea (e. g. lkehara and Okamura, 1999), and
systematic surface sediment sampling in the sea which
includes the area of the present study was carried out, but
their spatial grid-sampling bearing no relation with
water-depths is insufficient for sedimentological and
micropalaeontological studies in the shallow-sea area,
because it is well known that spatial distribution of
benthic micro-organisms is in close association with both
water-depth and bottom sediment types.

Although sediment sampling of the present study was
carried out along only one line off Wakasa Bay, and
observation of the samples was short of a preliminary
perception on their compositional features, a sufficient
number of samples was recovered from various
water-depths for further micropalaeontological and
sedimentological studies. As described above a clear
change of surface sediments was recognised among the
samples as water depth and bottom topographies.
Accordingly, the surface sediment samples obtained in
the southwestern marginal part of the Japan Sea off
Wakasa Bay to the Oki Trough are hold out a promising
prospect for investigations of
inhabiting in these areas.

Further, in spite of detailed sedimentological
description has not been made on the piston cored

micro-organisms

sediments from the Yamato Bank and the multiple cored
sediments from the continental shelf off Kurobe River in
the Toyama Bay, they are also expected to contribute to
studies of palaeoceanography and sedimentology of
these areas.

V. Concluding Remarks

The preliminary results from sediment sampling on
the R. V. Tansei-maru KT05-9 cruise in the central and

southwestern part of the Japan Sea are summarised as

follows:

1. In spite of detailed sedimentological descriptions
have not been made, three cored sediments from a
broad valley on the south of the East Bank of the
Yamato Bank, central Japan Sea, at water depths 951
to 1,223 m, were composed probably by
homogeneous mud. The dredge samples from a flat
top of the East Bank at water depths of 523 to 593 m
were composed mainly of a certain amount of
benthic organisms with fine-grained sand and or
pebble- to cobble-gravels.

2. Submarine surface sediments north off Wakasa Bay,
southwestern Japan Sea, were composed of olive
grey homogeneous sandy mud or muddy sand in the
outer continental shelf (177 to 200 m deep), olive
grey or dark grey sandy mud in the upper and bluish
grey semi-consolidated mud or mixture of them in
the lower in the upper continental slope (265 to 616
m deep), olive grey homogeneous mud covered by
thin reddish brown soupy mud in the middle
continental slope (757 to 891 m deep), bluish grey
homogeneous compact mud covered by thin reddish
brown mud in the lower middle continental slope
(979 m deep), bluish grey homogeneous compact
mud covered by a few centimetres thick reddish
brown mud in the lowest continental slope (1,258 to
1,486 m deep), and olive grey compact and sticky
mud covered by thin reddish brown mud in the
bottom surface of the Oki Trough (1,760m deep).

3. Short multiple cored sediments, 18 to 33 cm long,
from the continental shelf area around the river
mouth of the Kurobe River are composed mainly of
olive grey homogeneous fine-grained sand to the
northeast of the river mouth, upper 10 cm thick light
olive grey soft mud and lower mottled dark olive
grey sandy mud on the northeast, alternating layers
of graded fine- to medium-grained sand and light
olive grey mud off the river mouth, upper light olive
grey mud and lower mottled light olive grey and dark
olive grey sandy mud to the southwest of the river
mouth.
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Explanation of Plate

The grab surface sediments recovered from the continental shelf to the continental slope off Wakasa Bay, central Japan

and from the Oki Trough. The sample bottle, 40 mm in diameter, gives scale.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Olive grey homogeneous soft muddy sand at the site G-4 in the outer continental shelf at a water depth of 177

m off Wakasa Bay.

Olive grey soft fine-grained sandy mud in the upper 3 cm and olive grey compact mud in the lower at the site

G-6 of the upper continental slope, 265 m deep, off Wakasa Bay. A serpent star exists on the surface.

Dark olive grey fine-grained sandy mud in the upper 4 cm and bluish grey semi-consolidated mudstone in the

lower at the site G-8 of the upper continental slope at a water depth of 511 m off Wakasa Bay.

Mixed sediments of bluish grey semi-consolidated mud and soft bluish grey mud at the site G-9 in the middle

continental slope at a water depth of 616 m off Wakasa Bay.

Olive grey soft homogeneous mud covered by a few millimetre thick reddish brown soupy mud at the site

G-10 from the middle continental slope at a water depth of 757 m off Wakasa Bay.

Olive grey homogeneous mud covered by 0.5 cm thick reddish brown soupy mud at the site G-11 of the

middle continental shelf at a water depth of 891 m off Wakasa Bay.

Bluish olive grey homogeneous compact mud covered by 0.5 cm thick reddish brown soupy mud at the site

G-13 of the lower continental slope, 1,258 m deep, off Wakasa Bay..

Olive grey homogeneous compact and sticky mud covered by a few millimetre thick reddish brown soupy mud

at the site G-15’ in the central part of the Oki Trough at a water depth of 1,760 m.
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Abstract

Submarine surface sediment samples were collected from the southwestern marginal part of the
Okhotsk Sea, north of Shiretoko Peninsula and the Kitami-Yamato Bank, from the northeastern marginal
part of the Japan Sea south of Okushiri Island, off Hokkaido, Japan from the 12th to 19th of September
2004 during the R. V. Tansei-maru cruise KT04-20. This article describes the preliminary results of

on-board observation of the sediments.

Key Words: submarine sediment, Japan Sea, Okhotsk Sea, Okushiri Island, Shiretoko Peninsula, R/V

Tansei-maru

I . Introduction

Marine geology and micropalaeontology were
investigated in the southwestern marginal part of the
Okhotsk Sea off Shiretoko Peninsula and the Kitami
Yamato Bank, northeast Hokkaido and the northeastern
marginal part of the Japan Sea south of Okushiri Island,
Hokkaido from the 12th to 19th of September 2004
during the R. V. Tansei-maru cruise KT04-20 as a part in
a series on pursuing time-spatial distribution of
depositional facies and spatial distribution of present
micro-organisms in the Japan Sea.
the results of sediment sampling and on-board

This article reports

observation of the samples during the cruise.

Preliminary results on modern ostracods in the surface
sediments were already reported (Ozawa and Tsukawaki,
2008) and results from sedimentological and other
micropalaeontological analyses in the laboratory of them
will be published elsewhere.

Many geological, geophysical and micropalaeonto-
logical studies have been made in the Japan Sea mainly
by the Hydrographic Department, M.S.A., Japan (e. g.
Iwabuchi, 1968), the Geological Survey of Japan / AIST
(e. g. Arita and Okamura, 1989; lkehara and Okamura
ed., 1999, 2000), Ocean Research Institute, the
University of Tokyo (e. g., Kobayashi ed., 1984), the
DSDP / ODP (e. g. Ingle et al., 1990) and others (e. g.
Oba et al., 1991; Tsukawaki et al., 2000, 2001, 2002,
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2003). On the other hand, these studies in the
southwestern part of the Okhotsk Sea have recently
started only by the Geological Survey of Japan / AIST (e.
g. Kishimoto and Ikehara ed., 2001; Ikehara ed., 2002).

Taking these previous studies into account, surface
sediment sampling sites were selected in; 1) continental
shelf north of Shiretoko Peninsula and the southern slope
of the Kurile Basin in the southwestern marginal part of
the Okhotsk Sea, 2) continental shelf to the southern
slope of the Kurile Basin on the east of the Kitami-
Yamato Bank, and 3) continental shelf south of Okushiri
Island, west off Hokkaido in the northeastern marginal
part of the Japan Sea for the purposes of spatial
distribution of bottom surface sediments and micro-
organisms in these areas (Fig. 1).

An Okean-type grab sampler, 1,250 cm? in sampling
area, with extra weights was used to obtain bottom
surface sediments and benthic organisms during the
cruise.

II. Topography of Survey Areas

As stated-above, surface sediment samplings were
carried out in the southern marginal part of the Okhotsk
Sea and south of Okushiri Island in the north of the
Japan Sea during the cruise.

Submarine topography of the former is divided into a
rather wide continental shelf off Abashiri followed by a
gentle slope of the Kurile Basin deepening north
north-eastward, a narrow continental shelf followed by a
steep slope around the Shiretoko Peninsula, and the
Kitami Yamato Bank and its rather steep eastern slope
(Fig. 1A). The Abashiri Submarine Canyon and the
Notoro Spur are situated between the bank and the gentle
slope off Abashiri. Two sediment sampling lines were
set up 1) on the narrow continental shelf to the steep
slope north of the Shiretoko Peninsula, and 2) on the flat
top of the Kitami-Yamato Bank to its steep eastern slope.

On the other hand, submarine topography of the
latter is divided into the shallow and flat Okushiri Spur
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Fig. 1 Submarine topography of the studied areas and surface sediment sampling sites of the R. V.
Tansei-maru Cruise KT04-20 in the southwestern part of the Okhotsk Sea off Northeast Hokkaido (A), and the
northeastern part of the Japan Sea south off Okushiri Island (B), based on Hydrographic Department, M. S. A,,

Japan, 1980).



which is the southern extension of Okushiri Island, and
its gentle eastern and steep western slopes which deepen
to the Okushiri Basin and the Japan Basin, respectively
(Fig. 1B).
of the island in and around the spur.

Sediment sampling sites were located south

IT. Results of Sediment Samplings and Onboard
Observation of Sediments

Fourteen and 11 grab surface sediment samples were
successfully obtained from off Shiretoko Peninsula and
the Kitami-Yamato Bank area, respectively, and 20
samples were recovered from the Okushiri Spur area in
the north of the Japan Sea (Fig. 1, Table 1).

1) Continental Shelf and Slope North of Shiretoko

Peninsula

Surface sediments of the continental shelf north off
Shiretoko Peninsula consist of molluscan shell fragment-
and pebble-bearing medium-grained sand at the shallowest
site G-2 at a water depth of 76 m, and molluscan shells
and shell fragment-bearing fine- to medium-grained sand
at the sites G-3 and G-4 at water depths of 100 and 130
m, respectively (Plate 1, fig. 1). Sponge spicules are
frequently recognised in these sediments.

On the other hand, pebble- to cobble-gravels of
andesite with a little amount of fine-grained sand were
recovered from the site G-5 at a water depth of 185 m
(Plate 1, fig 2).
sand with a little amount of molluscan shell fragments
was found at the sites G-6, G-7 and G-8 in the uppermost
slope area at water depths of 170, 215 and 248 m (Plate 1,
fig. 3).
deep, and G-10, 505 m deep, from the upper slope are

Olive grey fine-grained sand or muddy

The surface sediments at the site G-9, 315 m

composed of olive grey compact homogeneous mud
covered by thin brownish grey soft mud (Plate 1, fig. 4),
but only a little amount of olive grey soft or soupy mud
with semi-consolidated mudstone gravels were recovered
from the sites G-11, 844 m deep, and G-12, 987 m deep
of the middle slope.

About 5 cm thick soft olive grey homogeneous mud
underlain by dark olive grey compact sticky mud was
recovered from the sites G-13 and G-14 from water

depths of 1,234 and 1,500 m of the lower slope,
respectively (Plate 1, fig 5). A certain number of
serpent stars (Ophiuroidea) were recognised on the

surface of the sites G-9 to G-12.

2) Kitami-Yamato Bank and Its Eastern Slope

In the flat top of the Kitami-Yamato Bank, surface
sediments are composed mainly of poorly sorted and
rounded granule- to pebble-gravel-bearing olive grey
sticky mud with sponges and other benthic organisms at
the sites G-22, G-23 and G-24 at water depths of 202,
180 and 155 m, respectively (Plate 2, figs. 1 and 2).
Same sediments were found in the sites of G-19, G-20
and G-21 of the upper eastern slope at water depths of
535, 355 and 233 m (Plate 1, fig. 8), respectively, but the
sediments of the sites G-17 and G-18 at water depths of
1,001 and 778 m from the middle slope area, consist of
pale olive compact sandy mud or sticky mud overlain by
thin soft yellowish mud (Plate 1, fig. 7).

Pale olive compact and sticky mud overlain by soupy
thin reddish brown mud was recovered from the sites
G-15 and G-16 at water depths of 1,499 and 1,244m in
the lower slope area (Plate 1, fig. 6).

3) Okushiri Spur South of Okushiri Island

Surface sediments of the flat top of the Okushiri Spur
south of Okushiri Island are composed of molluscan
shell fragment-rich olive grey fine- to medium-grained
sand in the shallow sites G-31, G-32 and G-38 at water
depths of 65, 100 and 100 m (Plate 2, fig. 7), but
molluscan shell fragment-bearing well sorted very fine-
to fine-grained sand at the site G39, 205 m deep, and a
little amount of molluscan shell fragment-bearing fine-
to medium-grained sand in the deepest site G40, 375 m
deep (Plate 2, fig. 8).

The sediments from the uppermost part of the
western slope of the spur such as the sites G-25, G-26,
G-27, G-28 and G-29 at water depths of 250, 200, 175,
143, and 127 m are composed mainly of molluscan shell
fragment-bearing well sorted olive grey fine- to
medium-grained sand (Plate 2, figs. 3 and 4). Serpent
stars and sponges were frequently recognised on these

surfaces.
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Table 1 Results of sampling on the R. V. Tansei-maru Cruise KT04-20 in the southwestern part of the Okhotsk Sea and the northeastern part of the Japan Sea, off
Hokkaido, North Japan.

) ) Date Time ) ) Water | Sediment )
Station Locality Sampler - |Longitude (E)| Latitude (N) | Depth | Recovery Sediment Type
(DIMIY) Hit (m) (%)
KT04-20 G-10 off Shiretoko P. | 13/09/04 | Okean L | 03:31 | 14521.2200 | 44 25.2110 505 70% olive grey homogeneous mud covered by thin brownish grey soft mud, serpent stars on the surface
KT04-20 G- 9 off Shiretoko P. | 13/09/04 | OkeanL | 04:35 | 14521.2750 | 44 23.6460 315 15% olive grey homogeneous mud covered by thin brownish grey soft mud, a little serpent stars on the surface
KT04-20 G- 8 off Shiretoko P. | 13/09/04 | Okean L | 05:07 | 14521.1760 | 44 23.2990 230 5% a little amount of olive grey homogeneous sandy mud, no sampling due to opend a lid
KT04-20 G- 8' off Shiretoko P. | 13/09/04 | Okean L | 05:21 | 14521.4150 | 44 23.2670 248 20% olive grey homogeneous muddy sand, no marked difference of the surface, sueprnt stars
KT04-20 G- 6 off Shiretoko P. | 13/09/04 | OkeanL | 06:14 | 14521.0350 | 44 22.5870 170 50% olive grey fine-grained well sorted compact sand, no marked surface layer, shell fragments
KT04-20 G- 7 off Shiretoko P. | 13/09/04 | OkeanL | 06:32 | 14521.0940 | 44 22.9300 215 30% olive grey fine-grained well sorted compact sand, no marked surface layer, shell fragments and s. stars
KT04-20 G-11 off Shiretoko P. | 14/09/04 | Okean L | 04:06 | 14521.1980 | 44 27.0300 844 5% a little amount of olive grey soft mud, slightly sandy, consolidated mudstone lower, tiny serpent stars
KT04-20 G-12 off Shiretoko P. | 14/09/04 | Okean L | 04:35 | 14520.9120 | 44 27.4450 987 5% a little amount of olive grey soft and soupy mud, tiny serpent stars
KTO04-20 G-13 off Shiretoko P. | 14/09/04 | Okean L | 06:05 | 14520.9340 | 44 28.0650 1,234 95% soft olive grey homogeneous mud, lower dark olive grey sticky compact mud, serpent stars, lugworms
KT04-20 G-14 off Shiretoko P. | 15/09/04 | Okean L | 10:11 | 14521.4950 | 44 30.4210 1,500 100% upper 5¢cms very soft olive grey homogeneous mud, lower dark olive grey sticky compact mud, a little s. stars
KT04-20 G- 5 off Shiretoko P. | 15/09/04 | Okean L | 11:47 | 14521.8380 | 44225140 185 5% a little amount of dark green basaltic f.- m. grained-sand, well sorted, two basaltic gravels, lids opened due to the gravels
KT04-20 G- 4 off Shiretoko P. | 15/09/04 | Okean L | 12:25 | 14521.8870 | 4421.9760 130 5% a little amount of dark olive basaltic f. - m. grained-sand, well sorted, sponges
KT04-20 G- 3 off Shiretoko P. | 15/09/04 | Okean H | 12:51 | 14521.5690 | 44 21.8240 100 40% molluscan shell fragment-bearing f. - m. grained- well sorted sand
KT04-20 G- 2 off Shiretoko P. | 15/09/04 | Okean H | 13:16 | 14520.9370 | 44 21.5690 76 30% molluscan shell fragment- and rounded pebble-bearing black well sorted basaltic sand
KT04-20 G- 1 off Shiretoko P. | 15/09/04 | Okean H | 13:41 | 14520.3540 | 4421.0910 48 0% no recovery due to a wire trouble
KT04-20 G-1 (2) | off Shiretoko P. | 15/09/04 | Okean H | 13:48 | 14520.3560 | 44 21.0870 47 0% no recovery
KT04-20 G-1 (3) | off Shiretoko P. | 15/09/04 | Okean H | 14:01 | 14520.3840 | 4421.1520 49 0% no recovery due to probably an exposed rock on the sea-floor
KT04-20 G-15 Kitami-Yamato B. | 15/09/04 | Okean L | 18:49 | 144 28.5260 | 44 39.4540 1,499 90% olive grey / pale olive compact sticky mud covered by thin soupy reddish brown mud
KTO04-20 G-16 Kitami-Yamato B. | 15/09/04 | Okean L | 20:25 | 144 21.9730 | 44 37.5340 1,244 100% | olive grey / pale olive compact sticky mud covered by thin soupy reddish brown mud
KT04-20 G-17 Kitami-Yamato B. | 15/09/04 | Okean L | 21:29 | 14419.2830 | 44 37.0720 1,001 95% olive grey / pale olive compact sticky mud covered by thin soft yellowish brown mud, a serpent star
KT04-20 G-18 Kitami-Yamato B. | 15/09/04 | Okean L | 22:24 | 144 17.6400 | 44 36.2880 778 95% olive grey / pale olive compact sticky sandy mud covered by thin soft yellowish brown mud
KT04-20 G-19 Kitami-Yamato B. | 15/09/04 | Okean L | 23:05 | 144 16.8990 | 44 35.8750 535 70% rounded and poorly sorted granule- to pebble-gravel (up to 3 cms long)-bearing olive grey soft mud
KT04-20 G-20 Kitami-Yamato B. | 15/09/04 | Okean L | 23:41 | 144 16.4050 | 44 35.6240 355 60% rounded and poorly sorted granule- to pebble-gravel (up to 5 cms long)-bearing olive grey soft mud
KT04-20 G-21 Kitami-Yamato B. | 16/09/04 | Okean L | 00:06 | 144 15.9730 | 44 35.5010 233 40% rounded and poorly sorted granule- to pebble-gravel (up to 6 cms long)-rich olive grey soft mud
KT04-20 G-23 Kitami-Yamato B. | 16/09/04 | Okean L | 00:28 | 144 15.8180 | 44 35.4890 180 30% rounded and poorly sorted granule- to pebble-gravel (up to 3 cms long)-rich olive grey sticky mud
KT04-20 G-22 Kitami-Yamato B. | 16/09/04 | Okean L | 00:59 | 144 15.9330 | 44 35.5430 207 50% no sampling due to loss of the surface a lid opened completely
KT04-20 G-22 (2) | Kitami-Yamato B. | 16/09/04 | Okean L | 01:11 | 144 15.9140 | 44 35.5470 202 60% organic-rich, rounded and poorly sorted granule- to pebble-gravel (up to 3 cms long)-rich olive grey sticky mud
KT04-20 G-24 Kitami-Yamato B. | 16/09/04 | Okean L | 01:46 | 14414.8950 | 44 35.4980 155 30% sponge-rich, rounded and poorly sorted granule- to pebble-gravel (up to 3 cms long)-rich olive grey highly sticky mud
KT04-20 G-31 Okushiri Spur 17/09/04 | Okean L | 15:20 | 13929.7210 | 4158.2980 65 0% a mass of sponge with a very little amount of fine-grained sand and molluscan shell fragments
KT04-20 G-31 (2)| Okushiri Spur 17/09/04 | Okean L | 15:31 | 13929.6990 | 4158.3900 65 0% a very little amount of fine-grained sand with molluscan shell fragments and fragments of sponges
KT04-20 G-38 Okushiri Spur 17/09/04 | Okean L | 16:21 | 13930.8730 | 4156.1800 100 5% fine- to medium-grained shelly sand, a serpent star and a hermit crab
KT04-20 G-39 Okushiri Spur 17/09/04 | Okean L | 17:44 | 13933.3690 | 4151.1170 205 10% molluscan shell fragment-bearing well sorted v.f.- to fine-grained sand
KT04-20 G-40 Okushiri Spur 17/09/04 | Okean L | 18:37 | 13934.0460 | 4150.8310 375 15% a little amount of molluscan shell fragment-bearing well sorted fine- to medium-grained olive grey sand
KT04-20 G-25 Okushiri Spur 17/09/04 | Okean L | 20:38 | 13926.9010 | 4158.3290 250 40% molluscan shell fragment-bearing well sorted dark olive compact fine-grained sand
KT04-20 G-26 Okushiri Spur 17/09/04 | Okean L | 21:01 | 13927.0030 | 4158.4760 210 0% a little amount of molluscan shell fragment-bearing fine-grained sand, no samplings due to lids openend by a sponge
KTO04-20 G-26 (2) | Okushiri Spur 17/09/04 | Okean L | 21:25 | 13927.0300 | 4158.3310 200 20% molluscan shell fragment-bearing well sorted dark olive compact fine-grained sand, serpent stars and sponges
KT04-20 G-27 Okushiri Spur 17/09/04 | Okean L | 21:47 | 139 27.0470 | 4158.3750 175 25% molluscan shell fragment-bearing well sorted dark olive compact fine-grained sand, serpent stars and seaweeds
KTO04-20 G-28 Okushiri Spur 17/09/04 | Okean L | 22:10 | 13927.1420 | 4158.3450 143 30% molluscan shell fragment-bearing well sorted olive grey compact fine-grained sand, serpent stars and sponges
KT04-20 G-29 Okushiri Spur 17/09/04 | Okean L | 22:31 | 139 27.4410 | 4158.2460 127 20% molluscan shell fragment-bearing well sorted olive grey fine- to medium-grained sand
KT04-20 G-30 Okushiri Spur 17/09/04 | Okean L | 22:53 | 139 28.4440 | 4158.3320 100 10% molluscan shell fragment-rich, granule- to pebble-gravel-bearing well sorted olive grey fine- to medium-grained sand
KT04-20 G-32 Okushiri Spur 17/09/04 | Okean L | 23:22 | 13931.0940 | 4158.3140 100 10% molluscan shell fragment-rich well sorted olive grey fine- to medium-grained sand
KT04-20 G-33 Okushiri Spur 17/09/04 | Okean L | 23:43 | 13932.1810 | 4158.4010 125 10% molluscan shell fossils and shell fragment-bearing dark olive fine-grained sand
KT04-20 G-34 Okushiri Spur 18/09/04 | Okean L | 00:03 | 139 32.6560 | 4158.3770 150 0% no recovery due to probably by a lid opened
KTO04-20 G-34 (2) | Okushiri Spur 18/09/04 | Okean L | 00:14 | 13932.6169 | 4158.3350 148 5% rounded pebble- to cobble-gravel- and molluscan shell fragment-bearing dark olive well sorted fine-grained sand
KT04-20 G-35 Okushiri Spur 18/09/04 | Okean L | 00:39 | 13932.7610 | 4158.3540 174 0% only a small amount of molluscan shell fragment-bearing fine-grained sand
KT04-20 G-35 (2)| Okushiri Spur 18/09/04 | Okean L | 00:53 | 13932.7580 | 4158.3220 174 10% rounded pebble- to cobble-gravel- and molluscan shell fragment-bearing dark olive well sorted fine-grained sand
KTO04-20 G-36 Okushiri Spur 18/09/04 | Okean L | 01:12 | 13932.8800 | 4158.2450 196 15% rounded pebble- to cobble-gravel- and molluscan shell fragment-bearing dark olive well sorted fine-grained sand
KT04-20 G-37 Okushiri Spur 18/09/04 | Okean L | 01:38 | 13933.2270 | 4158.2600 251 30% molluscan shell fragment-bearing dark olive well-sorted fine-grained sand with a little amount of pebble-gravels




On the other hand, the sediments from the uppermost
part of the eastern slope of the spur consist mainly of
modern molluscan shell fragment- and molluscan fossil
fragment-bearing dark olive fine-grained sand at the
shallowest site G-33 at a water depth of 125 m, rounded
pebble- to cobble-gravel- and molluscan shell
fragment-bearing well sorted dark olive fine-grained
sand at the sites G-34, G-35 and G-36 at water depths of
148, 174 and 196 m (Plate 2, figs. 6 and 7), and
molluscan shell fragment-bearing well-sorted dark olive
fine-grained sand with a little amount of pebble-gravels
at the deepest site G-37, 251 m deep. Serpent stars

were frequently observed on these surfaces.

IV. Discussion

A limited number of marine geological studies had
been made in the southern part of the Okhotsk Sea, since
intergovernmental tension had mounted in the area up to
recent years (Tsukawaki et al., 2003). After its
relaxation, Kishimoto and lkehara ed. (2001) and Ikehara
ed. (2002) carried out systematic surface sediment
sampling in the southwestern part of the sea which
includes the area of the present study, but their spatial
grid-sampling bearing no relation with water-depths is
insufficient for sedimentological and micropalaeonto-
logical studies in the shallow-sea area, because it is well
known that spatial distribution of benthic micro-
organisms is in close association with both water- depth
and bottom sediment types.

Although sediment sampling of the present study was
carried out along only two lines off Shiretoko Peninsula
and the Kitami-Yamato Bank, and observation of the
samples was short of a preliminary perception on their
compositional features, a sufficient number of samples
was recovered first from various water-depths shallower
than 200 m for further micropalaeontological and
sedimentological studies. As described above a clear
fining of surface sediments was recognised among the
samples as water deepens.

On the other hand, despite the Geological Survey of
Japan made systematic surface sediment samplings in the
northeastern marginal part of the Japan Sea, around the

Okushiri Island in particular with reference to the 1993
Southwest-off Hokkaido Earthquake (e. g. Okamura and
Inouchi, 1995), their grid-sampling is also insufficient
for micropalaeontological studies as stated above.

The surface sediment samples obtained from both
southwestern marginal part of the Okhotsk Sea off
Shiretoko Peninsula and the Kitami-Yamato Bank, and
northeastern marginal part of the Japan Sea south off
Okushiri Island hold out a promising prospect for
investigations of micro-organisms inhabiting in these
areas.

V. Concluding Remarks

The preliminary results from sediment sampling on
the R. V. Tansei-maru KTO04-20 cruise in the
southwestern marginal part of the Okhotsk Sea and the
northeastern marginal part of the Japan Sea are
summarized as follows:

1. Surface sediments of the southwestern marginal part
of the Okhotsk Sea off Shiretoko Peninsula are
composed generally of molluscan shell fragment- and
gravel-bearing fine- to medium-grained sand in the
shelf (76 to 130 m), olive grey fine-grained sand or
muddy sand in the uppermost slope (170 to 248 m),
olive grey homogeneous mud in the upper slope (315
to 505 m), and soft olive grey homogeneous mud in
the middle to lower slope (1,234 to 1,500 m).
Semi-consolidated mudstone exposes in the middle
slope (844 to 987 m).

2. Surface sediments of the Kitami-Yamato Bank in the
southwestern marginal part of the Okhotsk consist
chiefly gravel-bearing olive grey mud in its top (155
to 202 m) and the upper eastern slope (233 to 535 m),
pale olive sandy mud or mud in the middle slope
(778 to 1,001 m), and pale olive compact and sticky
mud in the lower slope (1,244 to 1,499 m).

3. Surface sediments of the Okushiri Spur area south of
Okushiri Island are composed mainly of molluscan
shell ~ fragment-rich or —bearing fine- to

medium-grained sand in the shallow top of the spur

(65 to 100 m), shell fragment-bearing very fine- to

fine-grained sand (205 m) and fine- to
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medium-grained sand (375 m) in its deeper area,
molluscan shell fragment- bearing well sorted fine-
to medium-grained sand in the western slope (127 to
250 m), and molluscan- shell fragment- and/or
molluscan shell fossil fragment- and gravel-bearing
fine-grained sand in the eastern slope (125 to 251 m).

4. The surface sediment samples collected with
attention to the water-depths from both southwestern
part of the Okhotsk Sea and northeastern marginal
part of the Japan Sea during the cruise provide
important material for micropalaeontological studies
in these areas.
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Explanation of Plate 1

The grab surface sediments recovered from off Shiretoko Peninsula (figs. 1 to 5) and in the Kitami-Yamato Bank (figs. 6

to 8) in the southwestern marginal part of the Okhotsk Sea. The sample bottle, 40 mm in diameter, gives scale.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Molluscan shells and shell fragment-bearing fine- to medium-grained sand at the site G-3 at a water depth of

100 m off Shiretoko Peninsula.

Recovered andesitic gravels, about 14 cm (right) and about 4 cm (left) in diameter at the site G-5 at a water
depth of 185 m off Shiretoko Peninsula.

Olive grey fine-grained sandy mud at the site G-8 at a water depth of 248 m off Shiretoko Peninsula.

Serpent stars on the surface.

Olive grey homogeneous mud overlain by thin soft brownish grey mud at the site G-10 at a water depth of 505

m off Shiretoko Peninsula. Serpent stars on the surface.

Olive grey soft homogeneous mud at the site G-13 at a water depth of 1,234 m off Shiretoko Peninsula.

Serpent stars on the surface.

Olive grey compact sticky mud overlain by thin soupy reddish brown mud at the site G-15 at a water depth of

1,499 m in the eastern slope of the Kitami-Yamato Bank.

Olive grey compact sticky mud overlain by thin soupy yellowish brown mud at the site G-17 at a water depth

of 1,001 m in the eastern slope of the Kitami-Yamato Bank.

Rounded granule- to pebble-gravel-bearing olive grey soft mud at the site G-20 at a water depth of 355m in

the eastern slope of the Kitami-Yamato Bank.
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Plate 1




Explanation of Plate 2

The grab surface sediments recovered from the Kitami-Yamato Bank in the southwestern marginal part of the Okhotsk

Sea (figs. 1 and 2), and from the Okushiri Spur area south of Okushiri Island in the northeastern marginal area of the

Japan Sea, off Hokkaido, Japan. The sample bottle, 40 mm in diameter, gives scale.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Rounded granule- to pebble-gravel-rich olive grey sticky mud at the site G-22 at a water depth of 202 m in the

eastern slope of the Kitami-Yamato Bank.

Rounded granule- to pebble-gravel-rich olive grey sticky mud at the site G-24 at a water depth of 155 m in the

flat top of the Kitami-Yamato Bank. Sponges are frequently observed in the sediments.

Molluscan shell fragment-bearing well sorted dark olive fine-grained sand at the site G-25 in the western slope

of the Okushiri Spur at a water depth of 250 m.

Molluscan shell fragment-bearing well sorted dark olive fine-grained sand at the site G-27 in the western slope

of the Okushiri Spur at a water depth of 175 m. Serpent stars on the surface.

Molluscan shell fragment-rich well sorted olive grey fine- to medium-grained sand at the site G-32 in the

Okushiri Spur at a water depth of 100 m.

Rounded pebble- to cobble-gravels and molluscan shell fragments with dark olive fine-grained sand at the site

G-34 in the eastern slope of the Okushiri Spur at a water depth of 148 m.

Rounded granule- to pebble-gravel- and molluscan shell fragment-bearing dark olive well sorted fine-grained

sand at the site G-36 in the eastern slope of the Okushiri Spur at a water depth of 196 m.

Molluscan shell fragment-bearing fine- to medium-grained olive grey sand at the site G-40 in the south of the

Okushiri Spur at a water depth of 375 m.
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Towards the Reduction of Tsunami Vulnerability along the Japan Sea Coast:
Lessons Learned and Future Research Needs Deduced from the 2011 Tohoku

Earthquake Tsunami and Historical Tsunamis in the Japan Sea

Masatoshi YUHI*" and Shinya UMEDA!

Abstract

A magnitude 9.0 earthquake occurred on March 11, 2011, off the Pacific coast of the north-eastern
part of Japan. This earthquake induced huge tsunamis that struck a broad range of coastal areas.
Catastrophic damage occurred over hundreds of kilometers along the Pacific coast. In the first part of
this paper, we review the physical characteristics and associated damage of the 2011 Tohoku Earthquake
Tsunami, on the basis of available records and field reports. The results of a tsunami trace survey
conducted by a joint survey group are also described to highlight the serious damage that occurred near
Sendai airport, Sendai-Shiogama port, Matsushima Bay, Ishinomaki Bay, and Oshika Peninsula in the
Miyagi Prefecture. On the basis of insights obtained from the synthetic assessment of historical
tsunamis, we then describe tsunami disaster risks to the Japan Sea coastal areas. The vulnerability
against tsunamis in Ishikawa Prefecture, which is located in the middle-north of Japan, is estimated on
the basis of available historical records and existing literature. We discuss future research that is required
to improve the preparedness against tsunamis along the Japan Sea coasts.

Key Words: 2011 Tohoku Earthquake Tsunami, field survey, Japan Sea, Noto coast, Kaetsu coast
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Table 1 Summary of Tsunami victims (10/Sep./2011).
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Fig. 1 Spatial distribution of inundation height and runup height of 2011 tsunami along the Pacific coast

(http://www.coastal.jp/ttjt/).
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Fig. 4 Damage of coastal dikes at the east coast of
Sendai airport.

M6 EEEBRSWREICE TS TTORE.

Fig. 6 Damage of containers at Takasago wharf of
Sendai-Shiogama port.
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Fig. 5 Damage of pine trees behind the coastal dikes.
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Fig. 7 Damage of seawalls in the South-east area of
the container terminal at Takasago Wharf.
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Fig. 8 Damage of a harbor building at Hanabuchihama
fishing harbor.
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Fig. 10 Damage around an excursion boat wharf near
Zuiganji temple.
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Fig. 12 Damage at Tona area, Higashimatsushima City.
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Fig. 9 Damage to the houses at Tsukihama, Miyatojima
island.
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Fig. 11 Damage of Matsushima gymnasium at Nobiru,
Higashimatsushima City.
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Fig. 13 Damage at Oote wharf of Ishinomaki port.

K15 BHAEFDOISHEOHE.

Fig. 15 Damage at the manufacturing quarter near
Ishinomaki fishing port.
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Fig. 14 Damage of a fishing vessel at Ishinomaki fishing
port.

X16 HEFSHWHBROBEOHSE

Fig. 16 Damage of a harbor at Momonoura hamlet of
Oshika Peninsula.
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M17 HEFEARB/IEHEOBE.
Fig. 17 Damage at Ooyagawahama hamlet of Oshika
Peninsula.
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Fig. 18 Damage at Yagawahama hamlet of Oshika
Peninsula.
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Notes on an Interview on Satoyama Life before the 1960s in Sukubo
Area Upstream of the Kumaki River, Noto Peninsula

Mio HORIUCHI*?" and Koji NAKAMURA?

Abstract

This article is based on the notes of interviews with an aged former resident of Sukubo, which is an
area located near the upper stream of the Kumaki river, Noto Peninsula, Ishikawa Prefecture, Japan. The
interviewee was born in 1926 in Sukubo, grew up there, and made his living with various kinds of
activities in his local satoyama area, including charcoal making, forestry, rice cultivation, and
slash-and-burn agriculture. These transcription notes reveal to us aspects of common life in the hilly
satoyama area of the Noto Peninsula prior to the dramatic changes in Japanese lifestyle and social
structure that began in the 1960s and that resulted in the emigration of Sukubo people to downstream
villages or urban areas. This article aims to provide basic insight into traditional satoyama culture in

rural areas of Noto Peninsula before the 1960s.

Key Words: Satoyama, Kumaki River basin, interview, utilization of animal and plant resources, Noto

Peninsula
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Fig. 1 Map showing the locations of Sukubo and
Natauchi areas, Nakajima town, Nanao City, Noto
Peninsula.

I, MESCHIOBEBA RS- TEY, H<nEARM
PMEBOWEFT ThH -7 (T BT REEMEE
2, 1996),
FNROMAENL, AR S O HulEE R~
S I L VR E W - TR TE D HIGHILIRE, 7
B Cholo, 1TEAEDOENDEE, B, REEXIC
EVAEEZ LT, SULOHF TR & ot
HHEENC TN —B & LT L, ERolliE
HUZIE, A T & 9 22 108F ARG OEE B HAEL TR D,
NGO TEAT ), 7oK T8 TEEE) 72 End -
77

BFTHL X D FRUL L D FE AR H s B ZHAR £ TOED
DITHIBkMTH » 72, 1916 (KIES) 4FITHIFT /AR
& LT AR BIBER T m3BEk ST,
1973 (HEFN48) AT Rth+THi X oD H.Co oD 75 43 i1 2 it
FINERDPFEE SN D &, HAMRBIIRIFT K &
EHITHFT/ NVERICHG STz, 7eds, BT/ VRS
132004 (°FRK16) AFICH B/ INARICH G S 4L, BIE
IFERTHITARE S L CRHESR TV D,
BEIRIE, BEKNTEHKREET B~, HERK
MDAV FATZBLNERBE Ch o 7-72, 1961 (BEFn
36) I Y RE, MEPEOMBEHEIZEE L Tz R0
MENTZENE-S>TWVD (BIRRFEIXFDT 0
V=7 b, 2010), 19604AR (REFN304-1R 1% - ~40
FERATE) 187020 ELEAROERDOZ TP EITO
TIROEEICBE L, BEEHETHEARITHEE b
L<IFBWOAETEZIT) L)W/ o7-, BIETH,
WS XD FHABEOKBO—EITHHES N TV DA,
FE A EDRMITEHEREI N TS, Ik, LR
102008 (*F-h%20) 4 OB e AT A D &k}
WZE B &, BhETHIX (JRHNEAE296.1ha) D HHELHE
FX3M44% TH Y, HARNET DN (EHEAE
62.6ha) DOHHEMIERIL63.0%, <D 9 H82.2%I%5
B UCOERAARAITHD LT ST %,
U, fFTHIX & ZHARD BT DR D A 1 & i
WEOEE F L O, HFTHIK REIZH AT, 1]
WOERE N AR ITE Ly, WO AB1E, B
17> 1955 (IFF130) 4-81 & TH00 AN fii#4 CTh o 7273,
1965 (HEFn40) LAY D—ifZ& 7= L0, 2005 (-
F%17) 4FEIZIX156 A & 72 o 7=, Z AU, BEFn40 (1965)
FDONODIB8NIZHT-%, ATkt 1965 (IEF140)
FEIZIFR0F 72> 7= DAY, 2005 (EREL7) 4EICIZ574
(196541 63.3%) ~J A L7=, 2008 (F-[£20) 4

—124—



®1 HITHRICH TS A0 - HEBOEL.
Table 1 Changes of population and number of households in Natauchi area.
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FUE OB s T oe) | D | HEoe) | R R | D | B

BIVA17 | 1884 A — 489 112.2 412 96.0 2,251 111.9
BIvA22 | 1889 ENj] — 518 118.8 ENj] — 2,512 124.9
W29 | 1954 ZNj] — 496 1138 ENil] — 2,390 118.8
WAF40 | 1965 90 100.0 436 100.0 429 100.0 2,012 100.0
WaFn45 | 1970 88 97.8 381 87.4 407 94.9 1,802 89.6
BAFn50 | 1975 79 87.8 320 734 386 90.0 1,682 83.6
B2Fn55 | 1980 75 83.3 292 67.0 383 89.3 1,558 774
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FRk7 | 1995 61 67.8 198 45.4 357 83.2 1,250 62.1
ERk12 | 2000 59 65.6 171 39.2 347 80.9 1,157 575
FRE17 | 2005 57 63.3 156 35.8 333 776 1,061 52.7
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Fig. 2 Map showing the changes in land use and vegetation around Sukubo area from 1945 to 2006.
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Fig. 3 Major location names around Sukubo area.
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