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1. Introduction

This paper is a continued endeavor from last two years
in the same series of Bulletin of Tohoku History Museum
(Akoshima 2023 and Akoshima 2024). Thus, the purpose
of the present article is again three-fold. First, it aims to
integrate the concept of “technological organization”, or
“the organization of technology” (Binford 1979) with con-
crete researches on the Upper Palaeolithic period of the
Japanese Archipelago, especially those of Tohoku District
(Aomori, Iwate, Akita, Miyagi, Yamagata, and Fukushima
prefectures, from the north to the southwest). Tohoku in
Japan means northeast, so the target area of my three arti-
cles is the northeastern part of the main island (Honshu) of
Japan. Theoretically the paper aims at applying the classic
concept of technological organization by Binford to actual
lithic analyses of the area. Niigata Prefecture (Pref.), west
of Fukushima Pref. is also included in the study because
of its prevalent blade-based industries (e.g., the Tohoku
Palaeolithic Forum, or Katarukai for short, 2006), so far
analyzed (e.g., Sawada 2004, 2006, 2020) from the lithic
organizational viewpoints.

Secondly, the paper attempts to introduce the body of
archaeological data to foreign audiences about the Up-
per Palaeolithic research history of Tohoku, in addition
to use-wear analyses combined with site structural analy-
ses. Use-wear analysis was originally initiated by the late
Prof. Chosuke Serizawa at Tohoku University as early
as 1976 and since then, a substantial amount of research
was accumulated but concrete results and methodology
are not necessarily known among global audiences due to
the language barrier. The paper may detract from the in-

formation gap between Japanese archaeology and global

research scene.

Thirdly, a new perspective of studying the Upper Pa-
lacolithic sites of Tohoku area including Niigata Pref. is
presented. It is emphasized that explicitly adopting the
theoretical framework of “technological organizations”
would bring fundamental novel insights into Palaeolithic
researches of Japan. Basic differences between tradition-
al viewpoints of looking at sites and artifacts in Japanese
archaeology, and a viewpoint which entails technological
organization concept exist in concrete analytical proce-
dures. The differences are “paradigmatic” in the sense
that they bring new perspectives to interpret phenomena
observed among sites and lithic artifacts.

Case studies in the present article cannot but be rather
eclectic due to the accumulated amounts of the Upper Pa-
lacolithic of Tohoku and around. However, emphasis here
is laid on the relationship between Japanese prehistoric
studies and American processual archaeology including
ethno-archaeological studies since 1980s. Theoretical
points discussed here are still debatable today, hopefully
bringing some paradigmatic transformations of archaeol-

ogy in my country.

2. Use-wear and technological organizations
The concept of technological organization was origi-
nally proposed by Binford (1979) in the ethno-archaeo-
logical article based on long-term fieldwork of the Nun-
amiut Eskimo and a monograph thereof (Binford 1978),
as is well known with the long history of the processual
archaeology (e.g., Willey and Sabloff, 1980). The Nuna-
miut project was launched after the inconclusive contro-

versy with Francois Bordes concerning the characteristics
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of the Mousterian assemblage variability (Binford 1973,
1983a). The organizational concept was meant to replace
the prevalent ideas at that time of “normative thought”
which include the concept of “mental template”. First of
all, it is essentially important to understand the relation-
ship of organizational ideas and normative ideas.

In Japanese archaeology as well, very normative para-
digms are still strong in researches of almost all periods
from the Palaeolithic, Jomon, Yayoi, Kofun, and to the
Ancient Age. The paradigms are well reflected in their
over emphasis on “the typological methodology” through-
out the age division system of our national history. The
normative thought and inductive reasoning are two com-
bined backbones of the national archaeology, so to speak,
in my opinion (e.g., Akoshima 1983, 2018). Here is the
necessity of the organizational thought seeking phenom-
enal variabilities, and of methodological “Middle Range
Theory” (Binford 1983a) for robust inferences.

For the Palaeolithic period for example, strategy of arti-
fact analysis should be a balanced research of three fields,
that is, typology, technology, and function. The latter two
realms evidently need the middle range research of exper-

imental archaeology at least. Only recently, the essential
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Figure 2. Lithic organization of technology,
Akoshima 1989, p.48.

necessity for experimental technological work has been
fully recognized. Yamanaka introduced the technologi-
cal research strategy in France with co-working with J.
Pelegrin in Japan, focusing on the blade industry from the
Yokomichi site, Yamagata Pref. (Pelegrin and Yamanaka
2016). Researches from “the chain of operations” (Chaine
opératoire, by A. Leroi-Gourhan) viewpoint is now eval-
uated and practiced (e.g., Ooba 2007, 2023, Awata 2015).
Before his passing away on July 21, 2013, Yamanaka de-
clared that technological studies should replace the tradi-
tional typology of F. Bordes, reviewing research history in
France as well as his own research trajectory from typolo-
gy (Yamanaka 2012, 2013a, 2013b). It is important that he
introduced the theory and history in Japanese, as Japanese
archaeology has been secluded in a sense, protected by the
language barrier.

The original concept of technological organization by
Binford (1979) is not necessarily limited to lithic technol-
ogy, but covered a wide range of technological and spatial
phenomena. In a symposium which was held at the Uni-
versity of New Mexico in November 1989, commemorat-
ing twenty years of teaching by Binford at the school of
UNM, a very broad area of research was covered by the
committee of Anthropology Graduate Students (Figure 1).
The title goes “The organization of land and space use,
technology, and activities in past and present societies™.
Akoshima attended the symposium as he was enrolled
in the Dept. of Anthropology then as a doctoral student
under L. Straus and L.R. Binford, engaging research on
the French Magdalenian and the Plains Paleoindian site
structure. At about the same time, Akoshima applied the
organizational concept to lithic analysis in Japan (Akoshi-
ma 1989). Figure 2 is the chart of the lithic technologi-

cal organizations published there. It was presented as one
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part of the use-wear analysis and gradually accepted in the
scene of prehistoric archaeology in Japan.

Akoshima’s chart of lithic technological organizations
(1989) was an integral part of use-wear methodology
which synthesized various results of microwear anal-
ysis of Tohoku University Microwear Research Team
(TUMRT), led by the late Prof. Serizawa from 1976 (e.g.,
Akoshima 2008). The analysis combined the high-pow-
er and the low-power methods (Akoshima 2010 on the
Suyanggae International Symposium in Korea). The high
power method emphasizes micro-polishes, and it is also
called the “Keeley method” commemorating its founder
(Keeley 1980). The low-power method laid its emphasis
on microflaking scars, which are small sized chipping
along the working edge (e.g., Akoshima 1987).

I reiterate the use-wear summary history here, because
integration of high-power and low power methods is very
essential for a variety of site depositional situations world-
wide as well as artifact surface conditions. We further re-
vise the methodology with another criterion of use-wear,
that is, “the mid-power method”. It is observations at
about 100 X magnifications, right between the high-pow-
er and the low-power, utilizing a digital microscope fo-
cusing edge rounding and striations. With combination of
the three different criteria, we can identify functions of
use-wear on diverse artifacts under various conditions.

A successful application is our use-wear analysis of
tanged points from the Suyanggae site, localities I and
VI, cultural horizon 3 and 4, Korea (Akoshima and Hong
2018, Akoshima, Hong, Woo, and Ahn 2020, Akoshima,
Hong, Woo, and Lee 2022). Tanged points are also dis-
covered in sites of Tohoku District among “knife-shaped
tools”.

Figure 2 explains the technological organization con-
cerning stone artifacts. The reason why the chart has been
widely accepted in Japan is, at least partially, the chart
was not simply an introduction of foreign ideas but also it
was a re-arrangement of the Upper Palaeolithic studies in
Japan conducted until 1980s and the ideas were well suit-
ed to regional archaeological studies. The organization
may be understood as composed of various structures, as
follows.

Structure of lithic technology (bottom box).

Structure of maintenance and consumption (middle left

box).

Structure of function (middle right box).

Structure of logistics or supplies (top left box).

Structure of disposal (top right box).

These five structural entities are inter-related, and com-
pose the technological organizations.

Further, the technological organizations are related to
other aspects of culture (right side square). They include
the following (from top to bottom in the box).

Other technological organizations (bone and antler tools,
wooden artifacts, etc.).

Hunting and gathering strategies.

Settlement patterns and mobility.

Human group composition, social structure.

Cognitive backgrounds (ideological aspects).

Each part of the organization of technology can be de-
scribed in concrete facts of sites in a region of the period.
Various aspects of analysis can be synthesized, such as
piece plotting on the living floor, conjoined nodules, core
reduction sequences, tool secondary retouch, debitage
scatters, tool class differential spacing, horizontal dis-
tributions and lithic concentrations, lithic raw materials
source analysis, functional identification of tools, cura-
tion versus expediency, and tool maintenance activities.
Actually above mentioned individual analytical research-
es had been accumulated in the Japanese Palaeolithic
studies from 1960s to 1980s. So, the application of con-
cepts by Binford was not simply foreign idea translation,
but it was embodiments of already repeated individual
researches especially around the Kanto District (around
the Tokyo metropolitan area) and Tohoku where problem
oriented studies were repeated (e.g., Tohoku Palaeolithic
Forum 2018).

I analyzed the microwear phenomena from the techno-
logical organization perspectives. The Mill Iron site of the
Plains Paleoindian period yielded a good example show-
ing the utility of the concept. For example, the phenome-
na of “multiple stage edge-rounding” and “multiple stage
surface modification” were interpreted from the organiza-
tional framework (Akoshima 1992, Frison and Akoshima
1996). A synthetic article dealing with Japanese data and
concept of technological organizations was published in
the Binford memorial special issue of Journal of Anthro-

pological Archaeology (Akoshima and Kanomata 2015).
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3. The Upper Palaeolithic in Tohoku District

As early as 1994, some Japanese archaeologists adopt-
ed the theoretical concepts of technological organizations
and applied them to the Upper Palaeolithic of Northeast-
ern Japan (Sawada, ed. in Niigata Pref., 1994, 1996). The
Uenotaira A site (the Uenotaira site, locality A) and the
Uenotaira C site, both belonging to the Sugikubo cultural
industry were probably the first of analytical work with
intentional application of organizational methods. The
two sites and the Yoshigasawa B site were excavated in
1991 to 1994, prior to the construction of the Ban-etsu
express highways connecting Fukushima Pref. and Ni-
igata Pref. The sites are located on the Agano River ter-
race, close to each other. The larger scale excavations for
Niigata Pref. were conducted by the Prefectural Govern-
ment archaeologists. The Uenotaira A site was excavated
in 1991 and 1992, published in 1994. The site yielded 5

lithic concentrations, and 237 artifacts were use-wear an-
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Figure 3. Uenotaira A site, use-wear analyzed tools,
Sawada 2020, p.183.
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Figure 4. Uenotaira C site, use-wear analyzed tools,
Sawada 2020, p.221.

alyzed by Sawada (2020, Figure 3). The Uenotaira C site
was excavated in 1992 and 1993, published in 1996. The
site yielded 7 lithic concentrations consisting of 697 Pa-
lacolithic artifacts. A total of 66 artifacts were use-wear
analyzed by Sawada (2020, Figure 4). The Yoshigasawa
B site was excavated in 1993 and 1994, and published in
2004. The lower horizon of the Yoshigasawa B belongs
to the Late Upper Palaeolithic period, as it is also charac-
terized for a Sugikubo cultural industry. A number of refit
debitage with cores were found, and 12,451 artifacts are
reported. The “Sugikubo industry” was named after the
Sugikubo site and its blade-based knife shaped type tools,
on the Nojiriko Lake, Nagano Prefecture.

Sawada conducted thorough use-wear analysis of the
Uenotaira A site, and synthesized these sites from the
technological organization viewpoints, and compiled the
results as his doctoral dissertation to Tohoku University
(Sawada 2020). Figure 3 is some examples of use-wear
analyzed formal tools, from Sawada 2020, p.183. Space
does not allow detailed description of his recognition of
technological organization of the Sugikubo industry, but
it is summarized as follows.

The organization might be recognized as combination
of several components of structural description of status
for each assemblage, such as structure of raw material
supply chains, technological structure or artifact produc-
tion methods, functional structure or tool use activities,
structure of maintenance and consumption, and structure
of disposal modes. Aspects of these structure are highly
variable, and it is not a normative thinking but conversely
inter-site variability that is of critical importance.

Each realm of organizational components as is indi-
cated by Akoshima chart (1989, Figure 2) is concretely
described as structure. However, the structure is not rec-
ognized as a static entity but considered as changeable
dynamic states. That is, understanding organization ne-
cessitates recognition of variabilities of the acting cultural
system. Archaeological facts at each excavated site are
very static and variable, but behind the excavated pat-
terns, there exist very common characteristics of the or-
ganizations. In other words, the static facts and extracted
behavior thereof at each location are different expression
of the same organizational entity. That is, the common

organization exists behind the variation of archaeologi-
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cal phenomena. This epistemological standpoint is quite
contrastive to the normative thought which is still strong
in Japanese archaeology. Above mentioned research stra-
tegic stance is repeated here because it is so important as
philosophical premises.

The technological structure thus consists of factors such
as flake and blade production techniques including core
preparation methods, secondary retouch techniques and
morphological variety. The functional structure is repre-
sented as synthesis of results of use-wear analysis. In the
case of Sawada (2020), the high-power approach plays
an essential role, with some consideration of macro-sized
use-wear as impact fracture. The structure of maintenance
and consumption is indicated by refit materials and trans-
portation of products, and so on. The structure of disposal
is indicated by horizontal distributions of activity remains
such as lithic concentrations and debitage scatters.

Evaluation of seven sites representing the Sugikubo in-
dustry which has the antiquity of ca.23,000 calBP shed
light on their organizational characteristics. The structure
of lithic technology is reflective of resource procurement
activities of prehistoric populations around Niigata region
to North Nagano region, also resulting in lithic raw mate-
rial differences between hard siliceous shale and obsidian.
Abundance of blades and formal tools thereof is essential
characteristics of the Sugikubo industry sites. Transpor-
tation of blade cores are also pointed out as a means of
coping with supply needs of tools at locations.

Their mobile zones were probably relatively small and a
variety of archaeological sites remains within their rounds
of nomadic returns, seasonal and/or dealing with resource
fluctuations. Logistic strategy is inferred as a part of the
mobility patterns. Figure 4 indicates a burin refitted with
spall rejuvenation flake. The blade prior to burination was
heavily utilized and then small retouches to prepare the
burin blow were applied. After the burin was made, utili-
zation was not detected. Preceding burin facet of the next
burin blow was neither utilized. Such life history scenario
was abundant in Uenotaira A and C use-wear analysis by
Sawada (2020), revealing the effective explanatory pow-
er of the technological organization concept. Microwear
identification results on the worked materials such as hide
versus wood in the case of burins are also discussed, relat-

ing use-wear to mobility patterns.

The Japanese Upper Palaeolithic is chronologically di-
vided to two sub-periods, the Late Upper Palacolithic and
the Early Upper Palaeolihtic. LUP and EUP are designat-
ed as above and below the fall of the AT pumice. AT is the
Aira-tanzawa widespread tephra from the Aira caldera of
southern Kyushu dated to ca.25,000 radiocarbon age that
means ca.30,000 to 31,000 calBP. Assemblages are very
different between LUP and EUP.

For the technological organization of EUP of Tohoku
District, Kanda (2021) scrutinized the sites and assem-
blages of Akita Prefecture. The Nanamagari-dai and the
Goshono site group along the Omono River lower drain-
age was excavated in 1990s by Akita City board of educa-
tion. They consist of sites such as Kazanashidai I and II,
Jizoden B, Matsukidai II and III, Shimotsutsumi G, and
Mujinazaki B. The technological organization of these
sites are defined as combination and relations among fac-
tors which were proposed by Akoshima (1989).

Namely, it is defined by aspects of formal tool assem-
blage, flake production techniques, relations of flakes/
blades as preform of tools with secondary retouch, origi-
nal nodule analysis (debitage from the same nodule), raw
material consumption of siliceous shale and obsidian, re-
fit materials and their knapping techniques, transport of
formal tools to site location, transport of raw materials
to site location, use-wear on tools, spatial distribution of
lithic artifacts and their concentration, and concentration
of burnt artifacts. These multi-faceted analyses are syn-
thesized to indicate the characteristics of the organization
of technology in the given time and space. The strategy
is well suited to regional archacological researches con-
ducted by local archaeologists, and accumulated results of
local studies are well included in the synthesis.

The sites are evaluated in two sub-phases, Period Ila
and Period IIb, which is stratigraphically defined, relative
to the “dark band layer” in Tohoku (Figure 5, by Yan-
agida 2012). Kanda (2021) proposes “the Omonogawa
model” of organizational phenomena where A type sites
of ring shaped concentration blocks and B type sites of
large sized circular concentration both exist in the same
space and time framework. Combination of A type and
B type is considered to be related to activity variations
in HG (hunting and gathering) adaptive strategies, and

also aggregation or dispersal of the band group members
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Figure 5. Kazanashidai II site, representative formal
tools,
Yanagida 2012, p.91(adapted from Akita Pref. 1985).

(Figure 6). Sites of the earlier Period Ila include Jizoden,
Kazanashidai II, Matsukidai II, and the later Period IIb
include Shimotsutsumi G, Mujinazaki B, Kazanashidai I,
and Matsukidai III.

Some recent researches on the Upper Palaeolithic of To-
hoku exhibit a tendency toward some “behavior oriented
studies” (Kodoron) synthesizing the typological analysis
with activity reconstruction. I introduced some of them in
the last articles (Akoshima 2023, 2024). Some additional
examples are here to avoid redundancy. In the Iwajuku
Forum of 2024 (organized by the Iwajuku Museum, Gum-
ma Pref.), the symposium focused on the “pen-tip shaped
knife” of EUP. Kanda (2024) and Suzuki (2024) discussed
technological organizations and functional variabilities
respectively. I attended there and recognized sharp con-
trasts with some other presentations which were tradition-
al typology oriented. The Tohoku Palaeolithic Forum this
year in Sendai reported studies from long-term research

and classic sites.

4. Conclusions

The works on the Sugikubo industry and the Omonoga-
wa sites exemplify the actual utility of the technological
organization concept applied to the Japanese Palaeolith-
ic research. The point here is that the concept was not a
simple literal translation of American theories but it was
defined and substantiated concretely for the Japanese

data bases. Accumulation of the Japanese Upper Palae-
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Figure 6. Kazanashidai II site, spatial structure,
Kanda 2021, p.247.

olithic database was tremendous, enormous in amounts
between 1960s and 1980s partially due to the high eco-
nomic growth of the country. The original concept was
delivered from the ethno-archaeological analysis on the
Nunamiut Eskimo studies by Binford, and since then a
wide range of application was attempted to archaeological
studies as is seen in the UNM symposium (1989). Akoshi-
ma’s adaptation of the ideas to lithic analysis was a rather
early conduct for 1980s in the academic research history
of the notions concerning “the organization of technolo-
gy”. Originally the adaptation was in Japanese language
(Figure 2) and it was not necessarily recognized in the
international scene of the academic society.

The present paper introduces some achievements in the
past in Japan which was not internationally recognized,
including use-wear studies and lithic technological and
site structural analyses. The language barrier is also based
on the sociological structure of Japanese archaeology
which used to consist mainly of local archaeologists in
Prefectures and Cities. The characteristics of archacology
as networking local scholars (often avocational) had been
very traditional from the emergent period of the discipline
in the Meiji era and in the Taisho era (from 1868 to 1912,
1912 to 1926 respectively), bringing over to the Showa
prewar and Showa postwar periods (from 1926 to 1945,
1945 to 1989 respectively). The question of how the so-
ciological structure of archaeologists, general nationalis-

tic tendency of the time, and normative paradigms have
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been inter-related and reflected in the degree of heavy
emphasis on typological thoughts may be the focus of an-
other article, though.

The “New Archaeology” of 1960s in America and suc-
cessive “Processual Archaeology” of 1970s onward did
not put a large influence upon Japanese archaeology. It is
a rather peculiar phenomenon of scholarly history when
we think of the tremendous impacts of American influ-
ence on most fields of the social sciences after the Second
World War. Akoshima touched the historical phenome-
na, insisting the critical necessity of the Anthropological
viewpoints in archacology and especially of the “Middle
Range Theory” (Akoshiima 1983, 2018). The paradig-
matic tendency of “The Typology” is so strong still today
and the paradigm has deeply been rooted in the history of
Japanese archaeology per se, in my humble opinion. I em-
phasized the needs of paradigm changes in this Bulletin of
Tohoku History Museum (Akoshima 2023, 2024, and the
present paper).

The above mentioned peculiarity is not limited to the
LUP and the EUP, but it is prevalent in all time periods
covered by archaeology. Now we return to the theme of
the paper, the organizational viewpoints. The concept may
transform our recognition of the Palaeolithic site variabil-
ities. It used to be a norm to consider variations of formal
tools and technological bases of lithic reduction as repre-
senting different positions in the dimension of time and
space. Theoretically, the function of location may be con-
sidered as another factor, but concrete method to recon-
struct functions of stone tools were not actually developed
before 1980. Theoretically, “time”, “space”, “function”
were three major factors to explain the observed variabil-
ity on stone tools. The fourth factor may have been the
“people” or “ethnicity” that is group differences.

Except the “function” factor which sees variability as in-
trinsic nature of culture, other criteria to evaluate archaeo-
logical differences and similarity may retain “normative”
cognitive characteristics. Here we propose the explicit
adoption of “organizational view” to integrate various
cultural expressions of human adaptive processes. An an-
alogical anecdote is explained by Binford (e.g., 1983b)
for automobiles. Very different parts of the machine (the
engine, steering wheel, door mirror, etc.) cannot be under-

stood correctly without knowing the system as a working

whole. Similarly, different expression of the archaeologi-
cal sites from the same working cultural system, cannot be
correctly understood without knowing the entire cultural
systems of adaptation.

Archaeological studies start from description and pat-
tern recognition of static facts that is the site. The pres-
ent article proposes that the organizations are described
as combination of structures (production techniques, raw
material logistics, curation and maintenance, function or
use-wear, disposal mode, etc.). The patterning research
can also be very indigenous to Japanese archaeology, and
well suited to the locally based studies which has the his-
tory of almost 150 years since the discovery of the Omori
Shell Midden by E.S. Morse. The “organizational view”
can transform the normative archacology to the archaeol-

ogy which can fully evaluate existent variabilities.
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No.l R—1 5 a7

No2 R—1) 77
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To-a

Vb
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s [ Jwese [ Jemm [—] onr
F B [ AMlen [

= Lt

W DIREER R — ) 27 37 OB MEIRK & D EHREUE %

x1 2HEROHERDORE (EE %)

No. HERIOR B ikt SEEE
-1 VAU =T REAEERNE SV - 329 46.9 20.2
1.2 NV AV—T7EEERED )V NEPRID, AMEA 63.0 16.6 20.4
2-3 Va BREOAREDRES LR 424 42.6 15.0
24 Va BOAREPRED L 25.7 537 206
1-5 Vb HBEARERRBE L b 318 530 152
1-6 Vc AV—=7ROI)V NEM~ PR 53.8 37.3 8.9
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H—IZ & 0. 35%EEE{LKkFEKE A T LTz,
JOGA T RIS, TEIEIC K D IkPEZ 5 ~ 6 A7 -
7oo BTN Z S IR IR ICEREE L. ot
B~ A 7Ry FTHO AN—HF XITER LT
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i (2005), /MKIEH (2006) 7% EEBEIC L,
IR OEILO DO E L Td/M2 (1988)
L2E (1990), THE - 3 (2014) DEREHHE
FREZ W 2,
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et a Ot X, SR 0.7 ~ 1.3g 2= L
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R B L BA% &, APG IV /A RICHERL L 72
KB (2019) OHMEE RV HFERIC K D, HilR
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U 7ziil 2 ISR Uz, HERIE, BRI
ARIEM B 2T L U, AR L & R4
R e UCTEHD R TEH LT,

B DFERE & 73 B RIRIMOR R IS DWW T A L
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T 75um’® X O KE WY A4 ZOMki R OREE TR A
FHAIL 72,0
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BRZs Uiz, MERREIC & 0 FIR kL 7 2 BR O 25k 72
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B feo EEBEMEE N 400 ~ 1000 £5 CHE - &t
BoetioTee A FRIREYIEERE A D DRI - 1l
(1986). ik (2010) HEICHDE, 27 MikqH
VIR EEIIEERS (R S A2 L - BB (1986), X 7 Hifd
REVIEHIREE R (R O - K (1992) 1T K %,

5/ R
(1) B9

Hab ARt ViE 11 Tkttt <ER L,
VbE 1530V nZh>7h VE1-2, Vald
2-3L 2-43MTH->7z (% 2)s VbJE1-5TiE, i
BEEEEFREED Aulacoseira subarctica & Aulacoseira
sp.. Praestephanos suzukii 75 £ 75 66 % & & % T ¢
HY UL K PE TS A # C 70l 42 D Lindavia affinis
D 27%., ek 5 #2186 B O Hantzschia amphioxys 7
13% 727 (K4), 1gdb Tz b OH BRI
21500 flil & D75 o oo VIE 1-1 T BIKEIL
fHOD Tryblionella sp. 7 59% & @R TEH L.
IK PE IS AT B D Epitemia adnata ¥ W18 15 0% 7= F BE
(D Praestephanos suzukii, 11~ Rl FEFEEED
Melosira varians DM E N7z, BEEGREE 98600
flil /g LHINZ < XN TV,

V& 1-2 T IKBE AT 7 D Tryblionella sp. &
Epitemia adnata 75 EEHE NI, Valg2-3 &
2-4 T 6 EALL N ERMTH > Tz
(2) Texoth

K7 S REH U TeREARTER E. MR B
ZRICGENDONVE1-1. Valg23 & 24,
VbJE1-5TIE93~ 146 Ki&D7x<, VcE 16
BHTH-o7z (£3), VEEVa VbETIEZY
M40 ~64% EmHETHEMLL (X5, aFIEa
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*x2

R—U 257 OESEDITHER—E dsEMrtiZE (1990), HH5E & pH IZIHE (2005) 1cH5<)

DEH

TRERRERE A

v I\% Va Va Vb Ve
pH 1-1 1-2 2-3 2-4 1-5 1-6

Achnanthes inflata (Kiitzing) Grunow

Actinella brasiliensis Grunow

Actinella punctata F.W.Lewis

Amphora ovalis (Kiitzing) Kiitzing

Aulacoseira canadensis (Hustedt) Simonsen
Aulacoseira subarctica (O.Miiller) E.Y.Haworth
Aulacoseira sp.

Caloneis limosa (Kiitzing) R.M.Patrick

Caloneis silicula (Ehrenberg) Cleve

Caloneis sp.

Cocconeis placentula var. lineata (Ehrenberg) Van Heurck
Cyclotella sp.

Cymbella aspera (Ehrenberg) Cleve

Cymbella affinis Kiitzing

Cymbopleura cuspidata (Kiitzing) Krammer
Cymbopleura subcuspidata (Krammer) Krammer
Decussiphycus placenta var. obtusus (F.Meister) Guiry & Gandhi
Diploneis elliptica (Kiitzing) Cleve

Diploneis finnica (Ehrenberg) Cleve

Ellerbeckia arenaria (Ralfs) Dorofeyuk & Kulikovskiy
Epithemia adnata (Kiitzing) Brébisson

Epithemia turgida (Ehrenberg) Kiitzing

Epithemia turgida var. granulata (Ehrenberg) Brun
Eunotia formica Ehrenberg

Eunotia glacialis F.Meister

Eunotia monodon Lange-Bertalot

Eunotia pectinalis (Kiitzing) Rabenhorst

Eunotia praerupta var. bidens (Ehrenberg) Grunow
Gomphonema parvulum (Kiitzing) Kiitzing
Gomphonema truncatum Ehrenberg

Gomphonema turris Ehrenberg

Gyrosigma acuminatum (Kiitzing) Rabenhorst

Hantzschia amphioxys (Ehrenberg) Grunow in Cleve & Grunow

Lindavia affinis (Grunow) Nakov, Guillory, M.L.Julius, E.C.Theriot & A.J.Alverson

Melosira undulata (Ehrenberg) Kiitzing

Melosira varians Agardh

Neidium sp.

Orthoseira roeseana (Rabenhorst) Pfitzer
Pantocsekiella ocellata (Pantocsek) K. T.Kiss & Acs
Pinnularia ovata Krammer

Pinnularia neomajor Krammer

Pinnularia schroederi (Hustedt) Cholnoky
Pinnularia stomatophora (Grunow) Cleve
Pinnularia viridis (Nitzsch) Ehrenberg

Pinnularia sp.

Praestephanos suzukii (A.Tuji & Kociolek) A.Tuji
Rhopalodia gibba (Ehrenberg) O.Muller
Stephanodiscus alpinus Hustedt

Tryblionella sp.

Ulnaria ulna (Nitzsch) Compére

Ulnaria oxyrhynchus (Kiitzing) Aboal
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ATERFEEF TV LAz DI MR Ui, (EIREZ 72 BEH U 7 RO A LR 72 00 %
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&3 R—U2YIJATHSREENLIEMMEAD—ER (APC VHFIARICHEL

v v Va Va Vb Ve
Ml % E 1.1 12 23 24 15 16
[N
Y S A R Pinus subgen. Diploxylon 2 - - 1 - -
<ViE (R Pinus (Unknown) 2 - 2 -
AF Cryptomeria japonica (L.fil.)D.Don 2 - 1 1 - -
oA F AR —r /3R (& /F%)  other Taxaceae - Cupressaceae (Chamaecyparis type) - - - - 1 -
TYFE Zelkova 2 4 6 2 5 -
7 Fagus crenata Blume 2 1 - - - -
A RXTF Fagus japonica Maxim. - 1 - - - -
aFIEatr il Quercus subgen. Lepidobalanus 13 11 10 19 29 3
7 Castanea crenata Sieb. et Zucc. 52 58 73 94 46 -
A& Castanopsis - - - - 1 R
I8 Pterocarya - 1 1 1 1 -
Vg Juglans 1 2 5 7 9 -
IRV TIR—T VAR Carpinus - Ostrya 1 - - 1 2 -
NV FENY iR Alnus subgen. Alnus 2 3 1 1 3 -
NV FIEAH Alnus (Unknown) 1 - 1 - 5 -
HLTE Acer - 1 1 - 3 -
Y ¥E Salix 14 7 13 6 1 -
2 Toxicodendron verniciflua Stokes - - 1 1 - -
rF/F Aesculus turbinata Blume 4 2 8 9 5 -
hxV ajs Fraxinus - 1 - 1 - -
iy N 74 Sambucus 2 1 1 2 - -
v aFRt Araliaceae - - - - -
HOA
H¥IE Typha - - - 1 - -
AV THR Cyperaceae 1 - 2 1 4 -
A 2 Fh Poaceac 1 3 4 7 4 R
7Y Cannabis sativa L. - 5 5 5 - -
TH—=HINFV IR Cannabis sativa - Humulus - - 2 - 3 -
A X 2T Persicaria - - - 1 2 -
FFvakt Caryophyllaceae - - - - - -
=R 53 Amaranthaceae 5 9 11 5 - -
PNE A Impatiens - - - 1 -
eIV AAE Convolvulus R - R R 1
FFTHRI)E Cuscuta - - 1 - - -
B/ A=t} Cichorioideae - - 1 2 8 -
JEFE Artemisia 7 5 6 19 11 2
fthod 3+ 7 R} other Asteraceae - - 1 - 3 1
R Apiaceae - 2 3 1 - -
PRt
o= AF Osmundaceae - - - - 7 R
HrvavEe Salvinia natans (L.) All. - - - 2 - -
HGM T Monolete spore 2 - 4 2 1 -
=5 Trilete spore - - 3 1 1 -
fhodssv 'LV T
it (FF2E e Trichuris - - - 3 - -
EA L (B Capillaria - 1 - 1 1 -
BARTER Arboreal pollen 98 93 124 146 115 3
BIALER Nonarboreal pollen 14 24 36 42 37 3
DL liES Fern spores 2 ] 7 5 9 0
160 - Ha 14 Pollen and Spores 114 117 167 193 161 6
RTER Unknown pollen 3 4 5 13 3 1
BIATER L Chi /cm®) 5250 2830 4030 4730 2090 20
APREfYOkIE R (mm®/cm®) 8060 5030 4400 3520 2810 230

K6 LW&YEEDEHOITHSEL LTIV ET7H ML
1)V, 2-4 (AFRMY3595) 2: 7%, 2-4 (AFRMY3593) A% —)L'= 10um
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&4 K=V 277 KBERNEERERLR

v v Va Va Vb Vec
His 1-1 1-2 23 2-4 1-5 1-6
nHREfA FEHTBA\ LR (co) 60 60 100 90 100 80
AAR
I8 [ESRTa - 1
) RACSR B 14 3 9 16 3
AL TR 1 - . -
7R RACSF R 1 P 7 30 - 30 -
rF/F JRACRE B 17 37 40 30 15
AL TR 3 8 3 -
UNI%a Ffir- - 1
—Ubas NSFRE 17 3 1 51
25 /)% BN - 1
HR
KYHEFZIVA)E R - 1 -
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FYLYOE % 1 3 -
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g
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5 6
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8. %F /&, NI (2-3) 9. b ¥)@. HIEH (1-5)
A —)UiE 1mm
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Valg 2-4 1. RRKZ VIR PSRk
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FiEwsng smm AN/ NEDhoT, =T Mg
RN EHL, EMcFV Ll
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R ZER LIV VP&ETHo Tz Tl ED
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V c 8 1-6 Tld 27 difhv v J@ R K fi e &
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NV, 27 iR, Vb
J& 1-5 T JEIRMIIETIE 2 7 ik Eiih 2 <
KRR PYHIRS I @ E N, i
Ti&. 272, i, 3 R RN
ZEM Uz, V ald 2-3 Tl ik s

X 8), b jEilx ik kY %M %<&, iRl 2 el v Eay, i
x5 BYEBADITER—ExR (<100H/g
v v Va Va Vb Ve
SBRE 1-1 1-2 2-3 2-4 1-5 1-6
TR (7 7 )
A FERYY X Y E R 4 19
RF 7RI Vg - 19
F Uikl el - 5 - - -
FUHR AT 7T AT 39 21 58 26 130 13
2 iR R (2 P EIER <) 48 25 102 137 559 166
2 fRHT Y8 2 v iR 9 15 - 19 6
2 fi R YR - 4 - 13 75 -
fthod & 2 difs) 24 11 53 59 168 19
HERPN LR NIE] 57 46 106 111 298 64
AR
g (FeH) 30 14 24 195 503 518
Vg 3 7 19 46 391 115
i DFIEE T (e /7 7 ) 9 7 - 13 - 19
B (U2 /7 798D 21 4 24 33 261 51
MgEsar (U r 79 9 4 29 59 186 109
2 diRYH A 18 7 15 59 75 45
2 iR} &2 2 g 42 25 53 618 1937 512
KAV A 3 4 5 13 37 13
PRI 36 18 29 65 298 109
HEHRY 3 4 7 19 6
TR (7 7 > ) S
[T
,’;’_
i 8 T g 5 7
o v A Z [ R
Y72 B 7 i , 7 IR R S
Xy B T v & fth i E = ¥ b4 ifi ifi
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Braax 0 B T i B2z 2 B A W
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1-1 &£ 12 BXCV afg 2-3 Tl EsARIT D
Thoiz,

6.5 %

Vg L IVEOHEREREE, Bt AR & HEREYIC
B eI, AR Lok Ok, itz LA
Rt ) RN EZZE L FEZABND, D
X0, VcEIZHANDZ BhE UTEDKEREIC
HolzeFEZHN, VbETIEINATEERERZ
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mCH-oTceHEENS, ValEid No. 1 TIEIAR
HIRR M HERT L T DK S iic 2k L. No.
2 EE bWV R~k 22 IBAT S H
BWEWES IV M SRS, KOFEENLIEL
Fh-of-eHiE N5, Vg FEBIES IV ~ERRD
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EHRERE DV MR UARRE SV MEHRRI N S
RO FOKDFEN LR LIZH B IHIRMTH - 72 L HiE
EEND,

WE O EFEVLEBROMAE I, (KHEHCIE 7Y DIF
FHIMDTER SN T Wz EZBNS, 7 VIEHIE
B EI D < gD B 20m LINICIE & A EW
#%EL (55112011 - 2018b), {KithERE T2 V)
TER DY 30 % LU E 7% 5 6 % D1 FRRHRE I
AN ZEEN. FLICaFIEaroHEs e
O FIERARN 7 < FREH R OFEC 7 V) DB
LMo TWaIEaEEZ NS (FHINEH 2021),
oo 7V LR E 7 VMO 5 20m B 7z
Mg DIER &R IE 7 Y OEURHEIF DN 2D BB T
[k TH %, WO D FELEPFOMMTIE 7 UMD
40 ~ 64% L EFRTHEH L, A TEM RN D0
TeDEHEEITIE 7 VMDA D . aFTga) ik
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B TH-oTceEZIOND, EHIC, YO
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EHIC, BEAROTYMERIEH L THBO, EEE
THARHEID LW (FH - Tk 2014), DL
HEN TR 7 iR o - L HEE S NG, — ). &
TEBDV ¢ JE DI HEREY) 72 B T HIRIAOR A
ZRICTENTEL . KX 23 EIR O OREH!
THEYIRIEZ 11 5 Akt L Tirb i ts o, 7
VDORE T/ FOMLZ EHTERPINATY
Teo FIHMEYIELTIE, 27U, FF/F ZIVIE,
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