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1. Introduction

This paper is a continued endeavor from last year in
the same series of Bulletin of Tohoku History Museum
(Akoshima 2023). The purpose of the present article is
thus three fold. First, it aims to explore adaptive systems
of the Early Upper Palaeolithic (EUP) population in
Tohoku District. EUP in Japan denotes time periods prior
to or contemporaneous to the fall of AT, that is, Aira-
Tanzawa tephra almost nationwide. Concretely, it aims
at hypothetical understanding of prehistoric adaptations
with the theoretical concept by Binford (1980) that is
“forager vs collector”. The addendum in Japanese is
not a summary of the paper, but it explains backgrounds
including the concepts of “forager and collector”.

Secondly, the paper attempts to introduce the body of
archaeological data to foreign audiences about EUP of
Tohoku. Case studies are eclectic from six prefectures
of Tohoku. The Mogami River Prehistoric Project by
Archaeological Laboratory of Tohoku University to
which the author belongs is explained.

Thirdly, a new hypothesis is presented that people in
Tohoku before ca.30,000 years ago adopted a system of
adaptation which resembles “forager” behavioral pattern
in the sense of Binford. The cultural system then gradually
transformed to “collector” type adaptations later with

developed blade industries.

2. Between Forager and Collector
In the last article (Akoshima 2023), I discussed some
essential

problems concerning ethno-archaeological

application to archaeological cultures. It is considered

adequate as the research is based on the cause-effect
understanding of hunter gatherer cultural variabilities
in the given environment. Supplemental remarks will
be necessary as to the essential logical “leap” between
time and space. From the onset of ethno-archaeological
researches, application of contemporary cases to the past
world has been questioned. Empirical generalizations
based on large numbers of cases in the “ethnographic
present” have been considered for one answer, that
is, the worldwide tendency of the kind. Here I would
discuss another clue to the question, that is, conceptual
differentiation between time and space.

Forager versus collector should be a sort of “ideal type”
which was a classical methodology in social sciences from
the time of Max Weber. Thus, conceptual understanding of
two inferential vectors might be theorized. They are time
vector and space vector. The temporal and contemporary
vectors are diachronic and synchronic in other words.
Diachronic axis is considered irreversible in that the
time never goes back, and the phenomena in the axis is
evaluated in terms of evolution, in other words, long term
selective pressure operating on the given cultural system.
A different example of evolutionary stage thinking is the
“mode of production” by Karl Marx.

On the other hand, the synchronic axis is considered
reversible in that cultural systems may be transformed
within variability in the same temporal world.
Ethnographic present is in a large scale, an example of
the same temporal location along the time axis. Cultural
variability among hunter gatherers which was discussed

in the forager versus collector dichotomy may be
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understood in such a theoretical framework. Phenomena
in the ethnographic world are thus evaluated in terms of
environmental constraints such as “over winter crisis”,
“logistical mobility”, “dependence on storage” for
collector groups, or “group mapping on strategy” of
frequently mobile groups.

Withclear conceptual differentiationbetween evolutionary
stage and adaptive diversity, we will obtain further
theoretical basis for ethno-archaeological application of
the present world toward the past archaeological records.
Here again, essential importance of the “middle range
research” is emphasized. Archaeological records are
always “palimpsest”, so we need to evaluate facts at each
site in terms of accumulation from a number of behavioral
episodes. From the evolutionary standpoint, we need to
evaluate patterns at each in terms of developmental stages

throughout prehistoric human trajectory.

3. The Early Upper Palaeolithic in Miyagi
Prefecture

The Early Upper Palaeolithic of Miyagi Prefecture was
synthesized by Sakuma (2022). The exhaustive review
also made explication of sites in other prefectures in
Tohoku, especially from a chronological viewpoint with
technological factors (techno-typology). The Miyagi
Palacolithic Research Group (= 5|H 1 #8F7%2s) which
is also a part of The Archaeological Society of Miyagi
Prefecture (EHKIR%E H2#22) has conducted research
activities on sites and lithic artifacts that had been
excavated by the Kami Township in 1990s.

Research results on the Yakuraisan (Mt. Yakurai, 335
(L1) area are notable throughout the Upper Palacolithic.
The group openly publicized their results (The Miyagi
Palaeolithic Research Group 2010 for the Yakuraisan
No.17 site, 2017 for the Yakuraisan No.8 site). For the
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Figure 1. Knife shaped tool from the Uenoharayama site

scope of the present paper, Ono (2021), Hong (2021),
Kumagai and Suzuki (2021), and Kanomata (2021) has
brought new perspectives on human adaptation processes
as well as typology and technological explication.

Akoshima (2005) explains Upper Palaelithic industries
in Sendai City area. The Uenoharayama site in the
western suburb of Sendai yielded two cultural horizons.
The Upper horizon belongs to the typical developed
blade industry of the latter part of the Upper Palaeolithic
(Akoshima 2023). Differentiation between the curated
technology and the expedient technology are represented
by exotic high quality shale from Yamagata Prefecture
and locally available lithic raw materials. On the other
hand, the Lower horizon is characteristic of “knife shaped
tools” including the “pen-tip type” (Figure 1) and “base
retouched” type. The Lower horizon does not differentiate
exotic versus local raw materials but it mostly utilizes the
latter.

During my examination for the Sendai City Chronicle,
it is revealed that characteristic flake production method
for the EUP existed. Some small flakes have “positive
bulb of percussion” on the dorsal side of them (double
positive flaking scars on one flake). It is a characteristic
of the “Yonegamori” technique in Akita Prefecture. It
is regrettable that depositional problems including site
formation processes such as fallen tree disturbances made
it difficult to ascertain the antiquity of the lower horizon
and precise identification between the two horizons.
However, the Uenoharayama Lower horizon very probably
belongs to the first phase of the Upper Palaeolithic, with
information of changing adaptive processes.

Yakuraisan No.17 site yielded an assemblage with
“trapezoid tools” (Figure 2) which was included in broad
nomenclature of “knife shaped tool” industry. Hong
(2018, 2021) discussed the nomenclature which is rather
unique to Japanese archaeology, and tried to clarify
the concept to understand actual meaning of secondary
retouch techniques. The notion of “base retouched tool”
is evaluated. The Yakuraisan No.17 site is located close
to the Oou mountain chains and thus important for
behavioral insights concerning changes between EUP and
LUP at around 30,000 years ago.

The Yakuraisan site group yielded another locality

of interest. Yakuraisan No.8 site (Miyagi Palaeolithic
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Figure 2. Base retouched tool from the Yakuraisan No.17 site

Research Group 2017, Kumagai and Suzuki 2021,
Kanomata 2021). Type tools are less eminent but three
lithic concentrations retained behavioral data including
reproduction of flakes from large blades. High quality
exotic shale from Yamagata Prefecture sources were
brought to Yakuraisan area across Oou Mountains.
Kumagai and Suzuki point out that mobility patterns
were back and forth type between two Prefecture areas.
Consumption of good quality raw material stone and
mobility plans with resource exploitation (such as
game animal) may have led to the phenomena observed
in neighboring concentrations. Microwear analysis
by Kanomata revealed that activities with wood type
worked materials were a part of their behavior. Analyses
for behavioral reconstruction (TEIEGINIHT) were
there quite intentionally adopted, in addition to general
typology and chronology, indicating future research
developments. I would very hypothetically evaluate the
Yakuraisan No.8 site in between typical EUP and later UP
with developed blade techniques in terms of forager vs
collector discussion.

After the year 2000 revelation of “the Palaeolithic forgery
scandal” committed by Mr. Fujimura alone, researchers
made sincere efforts toward recovery of public reliance
upon the field of archaeology. One of them was the
activity of the Miyagi Palaeolihthic Research Group since
2006 mentioned above. Efforts were also made to clarify
the historical reality of the Early Palaeolithic period.

One of them was the excavation of the Sunasaka site
in Kami Town (Kanomata et al. 2017). The site was
discovered by Mr. Fujiwara in 1998, and Ist excavation
was conducted by Tohoku University team led by Drs.
Yanagida and Kanomata, partially supported by the
Graduate GP educational program. Although the Early
Palaeolithic industry was not confirmed, a cultural stratum

belonging to EUP was found. At least 3 artifacts were

Figure 3. Base retouched tool and flakes

from the Sunasaka site

recognized as man-made, including a “trapezoid tool” (or
“base retouched tool”) and flakes (Figure 3). A C-14 date
of 27,340+£140BP is plausible for EUP chronology. The
question of “pseudo-artifacts” (natural phenomena) again

focused problems to be pursued in future research.

4. The Mogami River Prehistoric Project (2)

We proposed paradigm shifts in archaeological research
of the Palaeolithic sites with concrete methodology.
They include functional inferences by use-wear analysis,
statistical analysis of items distribution, chronology by
dating rather than typological assumption, piece-plotting
with nodule identification, artifacts refit analysis, and so
on.

The “organization of technology” concept constitutes
a theoretical background. The research backgrounds of
our Mogami River Prehistoric Project are based on these
methodology (e.g., Akoshima 1989a, 2009, Akoshima

and Kanomata 2015). Further, theories in the Processual
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Archaeology are adopted as the backbone (e.g., Akoshima
1988, 1989b, 2012, 2018, Akoshima and Mizoguchi
2018), in addition to such natural scientific analyses as in
geology, pedology, accuracy dating, objective description
in soil color etc., which were methodologically combined
together in excavations by Dr. Kanomata for some years.
The point here is that integration of techniques, methods,
and theories is indispensable for further developments
of Palaeolithic research. I mean the relative paucity of
theoretical facets in Japanese archaeology in general has
been a major detrimental trend in support of inductive
reasoning.

The research report of the Marumori 1 site was
published in 2023 (Suzuki, Denda, Kanomata, eds. 2023).
Excavations were conducted from 2008 to 2010 (Figure
4). Above mentioned analytical techniques are related
to one another, and their synthesis led to an inferential
reconstruction of space use at the site (Figure 5). There
were identified activity areas in TP9 and TP7 (The scale
bar is 2m). A total of 1507 lithic artifacts were found
in TP7 and TP9. Among them, 1399 specimens were
three dimension piece-plotted. A number of refits were
recovered. Denda and Kanomata conducted microwear
analysis of 49 artifacts. Among them, 31 retained some
use-wear traces. The main lithic raw material at Marimori
1 was shale, but the material is not of high quality and
considered locally available. Two C14 dates are obtained
from TP7, 25,490 + 100BP, and 25460 + 90BP. Calibrated
dates are around 30,000 years ago, and chronologically
they belong to EUP. The industry is important in
considering transitional processes from EUP to the latter
period. Technological and typological characteristics
match the chronology. Blade techniques played an

important role in the technology.

Figure 4. Excavation of the Marumori 1 site (2009, TP7)
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Figure 5. Spatial distribution at TP7 and TP9 of the
Marumori 1 site
(from Suzuki, Denda, Kanomata, eds. 2023, p.108)

The spatial activity areas are reconstructed. The south part
(left in Figure 5) is lower in elevation for the EUP horizon.
In the southern area there are two “implicit” hearths in the
sense of Leroi-Gourhan. Debitage concentrate around the
implicit features where manufacture activity is inferred.
Large flakes were gathered for expedient use. Burned
cobbles were compiled alongside. Expedient tools were
utilized on wood materials. In the northern part (TP7N),
curated tools such as endscrapers and burin spalls were
used on animal materials (scraping hide, cutting bone/
antler).

The results of Marumori 1 site research indicate some
“inter-site” mobility patterns, where the site was a location
for next activities anticipated for future. However, the
inferred mobility patterns are different from the latter part
of UP when high quality exotic shale were transported
long distance in pre-planned activities such as logistic
strategy (blade industry collector adaptation hypothesis,
Akoshima 2023). I would postulate very hypothetically
the period as transitional between EUP foragers and the
later UP collectors. Further concrete analyses in other
locations are indispensable also from a viewpoint of
“organization of technology” combined.

Mogami River Prehistoric Project carried out research
at Kamino A, Takakurayama, Hakusan E, Hakusan B sites
(Akoshima 2023). Comparative studies are only feasible
when research strategy is comparable one another. Miyagi
Palacolihtic Research Group also maintained comparable
research strategy and paradigms, as some members belong
to both. We sincerely wish many administrative sector
archaeologists broadly share the same problem oriented

tactics in cases of “record preservation excavations” (fC.

B R TR 7).



5. The Early Upper Palaeolithic in Tohoku and
around

The Early Upper Palaeolithic period in eastern Japan
exhibits remarkable differences from the latter part of UP
in various aspects of archaeological symptoms. Techno-
typologically, the period is marked with two contrastive
aspects, that is, trapezoid tools and blade based tools, for
these two are termed as two polarized structure of industry
(e.g., Sato 1992). The first stage of EUP is considered to be
assemblages without blade based tools in Tohoku District.

In the Korean Peninsula, from the very beginning of the
Upper Palaeolithic, blade based industry was emergent as
is seen in the Suyanggae site, cultural horizon 3 and 4,
in Locality 1 and 6. Abundant tanged points accompany
them. Microwear analysis of the Suyanggae site was
conducted by Akoshima and Hong, with results indicating
that the early modern human population there already
established a cultural system with long planning depth.
Tanged points were shaft-hafted for future utilization
(Akoshima and Hong 2018, Akoshima, Hong, Woo, and
Lee 2022).

A fundamental feature of EUP is the pattern of site
structure that constitutes ring shaped arrangements of
lithic concentrations. The phenomenon of “circular
arrangement of blocks” (BRIK7 1w 7 #F) has been a
major focus of discussion since its early recognition at the
Shimofure-ushibuse site in Gumma Prefecture, in Kanto
District.

A group of EUP sites in Akita City were analyzed by Kanda
(2021). Among them, the circular blocks of distribution at
the Jizoden site (formerly named as the Jizoden B site)
was analyzed (Kanda ed. 2011), leading to an interesting
behavioral reconstruction. Microwear analysis was
conducted by Kanomata (2011). It was inferred that the
central part concentration (BL4) was the focus of hunting
and/or processing, reflected on base retouched tools with
use-wear traces of projectile weapons. Only limited parts
of site (BL4 and BL7) represent such behavioral features.
It is assumed that the ring shaped blocks at Jizoden were
produced by aggregated group camp with multiple bands.

Kanda (2021) scrutinized the group of EUP sites
from a clear conceptual framework of “technological
organizations” (F¢fii#H#A%). EUP sites along the Omono

River drainage are chronologically grouped to 2 phases,

Human adaptive strategy in the Early Upper Palaeolithic of Tohoku District
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Figure 6. Distribution of used lithic artifacts
at the Jizoden site
(from Kanomata 2011, p.190)

with stratigraphical division of AT and the black band.
Jizoden site belongs to the first phase. Two types of
site patterns are recognized, that is, ring shaped lithic
concentration sites, and large circular lithic aggregation
sites. The site structure is examined in terms of
geomorphological locations and “the Omono River
model” is proposed as a hypothesis.

Space does not allow detailed introduction here, but the
explicit application of the concept by Binford (e.g., 1983)
brings us many fruitful suggestions. (The dissertation
is open access through Tohoku University Library
repository).

A representative EUP site in Fukushima Prefecture is the
Sasayamahara No.16 site located in the Aizu basin (e.g.,
Hong 2018). The site has been excavated since 2001, by
Prof. Aita and the Koriyama Women’s College (Figure 7).
Although final excavation reports are yet in anticipation,

annual reports in its museum curator course of the College

and presentations in conferences reveal site structure and
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Figure 7. Excavation of the Sasayamahara No.16 site (2023)

“chains of operation” (F{FiH##). A notable feature is
diversity of lithic raw materials, in which main sources
are considered local. Presumption of “embedded strategy”
(Binford 1983) of lithic resource utilizations suggests the

range of group mobility during EUP.

6. Conclusions

Archaeological patterns during the Early Upper
Palacolithic in Tohoku District suggest somewhat
different adaptive strategy from that during the latter
part of the Upper Palaeolithic. The latter is characterized
by developed blade techniques utilizing high quality
siliceous shale from the Japan sea side of Tohoku as raw
materials by highly mobile collector groups.

Some archaeological symptoms during the latter
period of Tohoku Palaeolihtic are not necessarily visible
or often contrastive in the archaeological records of
EUP. For example, predominant lithic raw materials
are identified as local source rocks such as chalcedony,
rhyolite, siliceous tuff, or not so high quality shale
which can be obtained locally from near riverbeds, etc.
Technological dichotomy between the “curated” portion
of “technological organizations” (GIJUTSU SOSHIKI in
Japanese) and “expedient” portion of them is not so clear
during the EUP.

Site variability among locations is not as clear as the
latter part of UP, for both the Japan sea side and the Pacific
Ocean side. Reduction strategy toward raw material saving
such as blade core preparation techniques were not fully

developed yet. The technique was in concordance with

high mobility logistic strategy in LUP. The site structure

during EUP is suggestive of group member aggregation
relative to concentration of resources, for example, a
large game animal which was successfully hunted with
communal hunting activity. The eminent phenomena
of “ring shaped arrangement of lithic concentrations”
are suggestive of aggregation of large numbers of band
members who might be otherwise dispersed over a wide
landscape.

Such archaeological patterns might lead us to postulate
a hypothesis that EUP populations have not yet developed
“collector type” adaptations. With the early arrival of
Homo sapiens to the Japanese Archipelago around 38,000
years ago, the groups may have faced adaptive difficulties
with less favorable insular environments in narrow
archipelago landmass which restricted wide movements,
reducing opportunities of encounters with other local
groups. Wide social networks which were effective in
large continental landmass such as southern France or
northern China for early sapiens population may have
been difficult to obtain.

Here I would propose a hypothesis that EUP population
in Tohoku District led an adaptive strategy of “forager
pattern” mobility but with relatively large group size. A
possibility is that the adaptive strategy was in response
to the environmental factors where the groups were
dependent on large game animals. The groups might move
for the unit as a whole, the group consisting of multiple
band elements.

During the transition period from EUP to the latter part
of UP probably around 30,000 years ago, the population
was gradually developing new forms of adaptation toward
the “collector type” with highly mobile logistic strategy. I
would suspect that situations of the transition period may
be reflected on behavioral episodes in sites such as the
Marumori 1 and the Yakuraisan No.8., for example.

The proposed hypothesis here and the previous article
is only beginning for a more sophisticated analysis in the
future. Concrete archaeological facts from viewpoints of
“behavioral” pursuit (KODORON in Janasese) will bring

further insights into our understanding of the remote past.
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2RISR & 72 0 | B O REHATE A
INE L, B T 2R E B 6 O A
IKRREE NS T LV TH S, o, ERORMH
EHLIMTHO., WEEE L IZHRR DRz 8D,
AEPRD A E F 7 b IE B0 18 A H i E B
EIAERIC, BIEZIRICAET 2 Fr VKIS 2 PR HitTE
L5 TWVW5B, TO/NNEICENTE, AEIFK D
& &SI/ N EYI I EEN RTE L THEREE N,
INOIFHCHZ Bk T 52 5, @AM
AR & FERIC, T ORFAICERTE B 5 W IXTEEN ST
MEFNCRTIELTIERENTE D EHAEN S,

(3) A RiERS & DRIR

AR & B0 . EARHFHTED & W E O BE L
PR GEYIAEED 5 2 < OB H L TW S D,
AU OLTEETE T 2 /M & LEX T, O
TEYIORHIEN NS N &, @EYIOEKRE RS
D REN CTH 2 T &, @EMNIZ LA RN
NENCT e, D3 RICBVWTAERDNEDENS,

NS ORELINCE . TR Rt OV O
R BN T, AR & A5 N5 IMLER & D
SRR HER T N D O 2023), T2& %
. EAREFEREBEOVE O BELE T,
g T S NS EEEROYIE O H - hV D
<L DO DIHEHOYEDEENRE N ENH
Fonsd, TNEEBREMICHIRL T, mEbkiE,
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A IKE B 2 LS & % — B OEERED B
%, ZEFHYENZ E - IR OEE L LT
NEDTENEDTH %,

3. ol
(1) DHFHFRLI_/ICDOVNT

SEIDHTE, KIRFEA R TEE G sz
AR D SHVERTIATEM) . ATV e 0 5L EE
GRESCHARBE R B L Uz B3 by
xtg e Ulzo albkl&. 2023 41 H 18 HIT/Mk
A RIS B v 2 —ic B
T HHZB - NFHR CRIFTRERER) BXU
INBFEERERDNLEVDE & AR RTHEPH 1+
B D 16 5, W D IRELEDH 12
EYDD 19 fERE L. (K4 -5, £ 1), st
#d B WVITHBI IR C i BRI BRI L 72
LOD, FRE U THIETERNE 2 85T 25
HETH->7 (&b,

T & Falkhd, REZHEE T & % K 5 2okt
DHZHLHRNIDOITHhTH Bz, TaIXic KB
HHIWTINEETH S, L LAD L mEdfE &1,
HEEBROBMANEEEINZ T Eh b, FEbicH
BRI, TN NoEBc BV T ke &
LMK OEFRE2BBERETEDEEZ S,
(2) DIEEHOKIES & UL

AEHE. A B TSR CR
A ZHERS D SeaERT (LENV g %
W D JEEE T
W HESCHEIREE ORI A ) 23k e 9% Lt
EHY 19 S BRI U 72HY, — ORI IR
DARRTH 5Tz, FERINC, AP FTEE
578k 10 JlE QALY aNHiFB KT b Hhm
MEDZIE). W OIFFEEED 5 10 @ik 15
e (5 k& b a NFid KO b ShmfEY 72 flE)
oW Ulze 9B, MGOSK-13al3 757 74 k
LD TREBAE L 72> 2, £z, MGOSK-3,
7a, 13a, 102 OENEMEINE VIV Y LBIERE NI
MR TH %,

ARORL O FITAL IR TR S R ) B AR AR E
FBREBEICBW UMD EBC Aok, 72T 5
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MGOSK-4a
MGOSK-4b

2
(041-56-4)

' MGOSK-9a S
MGOSK-9b . o
MCOSK_13h (041-31-1) BAESFER
(041-2-6)

¥
MGOSK-15a
MGOSK-15b
(041-31-4)

MGOSK-101a 8
(043-79-18)
e > MGOSK-114a
—vev— / MGOSK-114b
—— MGOSK-102 MGOSK-107a 11 (043-32-1)
. (043-91-15) 7/ 10 (043-85-7)
A W U IREDED

4 2023 FESWEE (1) EAREPEDER - L& Y EREDER
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BRI D B - SEARE T RTEENL 2R SO RER 14 RS K UERMAL

-f

o i
( MGOSK-104a

| MGOSK-104b |MI 12
(043-92-15) MGOSK-108a
¢ 13 (043-26-5)
(S=1/3)
T MGOSK-112a
MGOSK-112b
(043-28-16)
MGOSK-110a oo MGOSK-117a
MGOSK-110b S AT MCOSK-117b
/14 (043-94-5) MCOSK.111 % w17 (043-38-10)
(043-41-9) W& W) EREIDE R
5 2023 EEAER Q) W& YUIREDER
x£1 2023 EESHEH—E
EEA | K& | aEEdE | ESRRS HA - His JEfE | gl [Eig0a fERR Y | X | G | WS
MGOSK-1 A-125 A4 X \% fZS A - ot KRS 414 | 38 X 1 | (AR 27-1 |JlEAa]
MGOSK-2 A-278 A9 X V # 4% Kt 41 4 | 36 X4 | Kk 26-7 [JEARA]
1 MGOSK-3a A-287 A-9 X \ # NIV Kikiti 41 4 | 36 X3 | [XiRK 26-6
) MGOSK-4a A-217 A9 X \ # M KT 414 | 35 X3 | XK 23-8
MGOSK-4b A-217 A9 X \i # 4t KIGTi 41 4 | 35 K13 | Xk 23-8
3 MGOSK-5 A-305 A9 X \ £k M KT 414 | 45K 9 | Kk 30-7
MGOSK-6 A-335 A9 X \ i el KRS 41 4 | 54 X5 | Kk 34-31 |JllERn]
& 4 MGOSK-7a A-380 A-10 X V| Nk N AR KT 41 4 | 56 X4 | Xk 35-15
* MGOSK-8 A-374 A-10 X \ # M - 4% K 414 | 30X 6 | KAk 21-6 [HlERA]
E 5 MGOSK-9a A-75 A3 X \ E N KT 41 4 | 31 K1 Ji 22-3
i MGOSK-9b A-75 A-3 X \i # 4t KT 414 | 31K 1 | Kk 22-3
Ji MGOSK-10 A-373 A-10 X \ i REA Kk 414 | 30X 7 | KRR 21-5 |JllEAn]
o MGOSK-11 A-22 137T VIII A ba KT 414 | 3K 11 | Kk 18-9 [HlEARn]
MGOSK-12 A-227 A9 X V 23 A by | KR 414 | 45 K5 | KR 29-5 [HIEARA]
5 MGOSK-13a A-19 137T VIII fZ3 WV ? Kigsti 414 | 26 | KRR 17-7 |JlERa]
MGOSK-13b A-19 137T VIII o 4% Kieifi 414 | 26 | KK 17-7
MGOSK-14 A-198 A9 X V # b4 KT 414 | 34 X2 | KR 24-1 [JEARAT
7 MGOSK-15a A-70 A-3 X \ # M KT 41 4% | 31 X4 | XRR21-2
MGOSK-15b A-70 A3 X \i b 4% K414 | 31 X4 | Xk 21-2
MGOSK-16 A-65 A3 X V #k M - 4t KIGT 41 4 | 40 X2 | Kk 27-12 [JIEARA]
8 MGOSK-101a |  A-1883 3 XHIR Vib-c | %k M KT 43 42 | 79 X118 | Xl 37-32
9 MGOSK-102 A-1786 3 X pufl VI | 5 N ILS Kl 43 4 | 91 X 15 | Xk 44-39
MGOSK-103 A-20 2 X flaEiv | Via-e | 8k N - 4t Kl 43 4 | 24 X8 | Kk 13-23 [JlEARAT
1 MGOSK-104a | A-1456 3 Xl VI | M Kk 43 42 |92 X 15 | Mk 45-23
MGOSK-104b | A-1456 3 X pufl VI | VK 4% Kl 43 4 | 92 X 15 | Xl 45-23
MGOSK-105 A-777 3 Xpufl Vib-c | bk A - 4t KIGT 43 4 | 77 X 11 | Xk 36-32 [JIlEARA]
MGOSK-106 A-813 3 X pufil Vib-c| #k N - 4t Kl 43 4 | 77 X1 18 | Xk 36-40 [HlEARA]
10 | MGOSK-107a | A-1123 3 X pufl Vib | %k N - 4t Kt 434 | 851X 7 | Xl 41-14
13 | MGOSK-108a A-36 2 X kaEEvE | Via-e | 8k ) KIGT 434 | 26 X5 | Xk 14-24
I MGOSK-109 A-681 3 X pufdl Vic £k M - 4} Kiti 43 4 | 70 X2 | KK 31-19 [JIEARA]
% 14 |MGOSK-110a| A-1458 3 X pufl VI o N - 4t KItTi 43 4 | 94 X5 | [Xfik 46-21
5 MGOSK-110b | A-1458 3 Xpufl VI % N - 4t KIgTi 434 | 94 X5 | Kk 46-21
J 15 | MGOSK-111 A-1976 22K Vib | Gk ) KT 434 | 41 X9 | XK 25-12
% 16 MGOSK-112a A-130 2 KFflsRErE | Via p N - 4t Kl 43 4 | 28 X 16 | Xl 16-24
i MGOSK-112b A-130 2 K fkaEHvE | Via $k N - 4t KIFT 43 4 | 28 X 16 | Xk 16-24
MGOSK-113 A-1963 2-2 X Vic £k N - 4t Kt 43 4 | 40 X2 | KR 24-7 [HEARAT
11 | MGOSK-114a A-83 2 KRy | Via | 8k N - 4t KT 434 | 32X 1 | [Xhik 18-1
MGOSK-114b A-83 2 Xk | Via | 7k N - 4t KT 434 | 3211 | XK 18-1
MGOSK-115 A-281 2 RgaRE | VI £k N - 4t Kt 43 4 | 35X 1 | KR 20-7 [HIEARAT
MGOSK-116 A-1967 2-2 X VIb b N - 4t KlgiTi 43 45 | 40 X1 8 | Xfik 24-11 [HIEARA]
7 MGOSK-117a A-211 2 Xl VI GERR DA Kt 43 4 | 38 X1 10 | Kk 22-17
MGOSK-117b A-211 2 X H VI | ek A Kikiti 43 4 | 38 X110 | KR 22-17
MGOSK-118 A-26 2 KEgikaRry | Viae | & | NIV - [UFL | Kb 4345 | 24 K2 | Kl 13-17 [JlERAT
MGOSK-119 A-48 2 X flkaEavE | Via-e | 8k 2 KigTi 43 4 | 27 X3 | KRR 15-14 [JlEARA]
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BAN [T ER=2 i aVinE (X SRORANY . A A 8 b Y NN
AR —)ViRE 2% 1 TRA LIIAH (CM IRk
IC K% 30 D& Z 2B /A>T RWT,
7Y TS ploBER kG Z 2 B %o
Teo TOBIET, WM HERR E DRI NBREE
Nz LHWcE 5,

-7 )L A -8 (AAA : Acid Alkali Acid) 4L
BELT, DLy eBIEENTK MGOSK-7a &, +

&2 FINIEDIRR
Rl S EOE | BRI |AUBRE | R | BGE | fEE
MGOSK-3a | WYL | 25 25 | 2.69 [10.80%
MGOSK-4a A 30 30 |10.98 |36.60%
MGOSK-4b i 39 39 |12.12(31.10%
MGOSK-5 2] 24 24 | 3.71 [15.50%
MGOSK-7a | N ‘E# | 20 20 | 14.1 |70.50%
MGOSK-9a A 23 23 | 4.72 [20.50%
MGOSK-9b s 38 38 | 7.93 [20.90%
MGOSK-13a | NwL>?| 22 22 | 0.88 | 4.00% |HlEAAT
MGOSK-13b 4 41 41 |12.02 [29.30%
MGOSK-15a 2] 15 15 | 3.88 |25.90%
MGOSK-15b 4 23 23 | 1.49 | 6.50%
MGOSK-101a M 87 47 | 992 [21.10%
MGOSK-102 | ALY | 13 13 | 5.34 |41.10%
MGOSK-104a M 111 40 | 10.1 |25.30%
MGOSK-104b 4 31 31 | 9.01 [29.10%
MGOSK-107a | W - 4% 19 19 | 12.74|67.10%
MGOSK-108a M 26 26 | 394 [15.20%
MGOSK-110a | 4« %+ 40 40 |21.86 |54.70%
MGOSK-110b | P4 - &% 35 35 |21.03]60.10%
MGOSK-111 ™ 94 48 | 16.2 |33.80%
MGOSK-112a | N« 4+ 48 48 | 19.37 |40.40%
MGOSK-112b | P4 - &¢ 50 50 |20.69 |41.40%
MGOSK-114a | N -4t 38 38 | 15.78 [41.50%
MGOSK-114b | 14 - 4+ 126 | 48 | 15.84 [33.00%
MGOSK-117a | W - 4f 43 43 | 1.69 | 3.90%
MGOSK-117b | N« 4} 71 71 |14.13]19.90%

APLEEC 350 T MGOSK-15ba (AR 6.5% & IEFITARLAY, Th
gt 2 GRELUTRIL 272 L Bbn, wiflLEClall X
N7RHE BAF R ALY & B E NI DT, BTG R &I L

Zo

&3 TERHLURERMMAFLEODHER

stk WEID | 8°C | 8N |BesRid)s| %2R | C/N Lt
MGOSK-4a | LRDO0696 |-23.6%0 | 2.4%0 | 61.5% | 3.0%
MGOSK-7a |LRDO0655 [-30.1%0| N.D. | 62.2% | 0.3%
MGOSK-9a | LRDO0656 |-28.2%0 | 8.2%0 | 41.3% | 3.0%
MGOSK-9b |LRDO0697 | -26.8%0 | 6.8%0 | 20.3% 1.3%
MGOSK-13b |LRDO0698 |-27.1%0| 2.1%0 | 68.5% | 2.8%
MGOSK-101a | LRDO0661 |-26.0%0 | 7.0%0 | 60.5% | 4.8%
MGOSK-104a | LRDO0662 |-27.0%0 | 7.0%0 | 54.6% | 4.6%
MGOSK-104b | LRDOO663 | -26.7%0 | 7.4%0 | 56.7% | 2.9%
MGOSK-107a | LRDOO670 |-27.2%0 | 4.0%0 | 67.2% | 5.2% 15.0
MGOSK-108a | LRD0O0664 |-29.2%0 | 6.2%0 | 30.1% | 2.7%
MGOSK-110a | LRDO0665 |-25.7%0 | 3.6%0 | 60.2% | 4.1%
MGOSK-110b | LRDO0O666 |-25.0%0 | 3.2%0 | 66.0% | 3.6%
MGOSK-111 |LRD0O0669 |-25.9%0 | 4.5%0 | 56.6% | 4.4%
MGOSK-112a | LRDO0671 |-27.5%0 | 8.1%0 | 53.5% | 5.2% 12.0
MGOSK-112b|LRD0O0672 [-25.5%0 | 9.1%0 | 42.8% | 5.1% 9.9
MGOSK-114a | LRDO0673 |-25.0%0 | 2.8%0 | 54.3% | 3.9% 16.4
MGOSK-114b |LRD0O0674 [-25.1%0 | 7.8%0 | 61.2% | 3.9% 18.4
MGOSK-117b |LRDO0677 |-27.8%0| 7.2%0 | 37.8% | 2.0% | 22.5

MGOSK-7a I DWW TId=ER BNV L BRAMALEZES o

Zo
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BN EME LTRSS BIFRIREBEBIEI N
7z MGOSK-114b, 117ab (& H ) AAA QL B 25 &
(Sakamoto et al., 2004) ZH\>, 80°COIRE T,
12N HEREAWRIC K 5 1 RO mEZE 2 [, 1IN K
BT R U Y LTARIC & % 1 B o n#z 5 [[),
12N HEETSIRIC & 5 1 I OnEz 3 [l DX U,
RIZICHIKIC X % 30 7 DhEE 6 [0 IR Lz,

ZOMOFENI~Y =2 7 IVTAAM U Z B C
rolz. BUETIX, Imol/ £ (IM) OifEE (HCD
% T 80°C T 60 43 DALER A 2 M35 T 7% - Tz,
7OVA U MR TIERYNE 0.1M, 2 [a H DR 1M
DKEE(EF UL (NaOH) /KigKZEHNT, &
60 77 DU Z | TARICHT T A N5 5 X T
3EFEOIKR LIz, THIC, IMOERE (HCD ZH
W 60 73 DU 2 [Al35 T 7o Tz, wBICHiKIC
XD 30 7DWHZ A BB EVHRILTWSC k
2R L. sk mIY U7z,

X2 ICHTLEIC B 2R 2R, FREGE. WU
P, ATERIC B S EE I mg BiA, AR
[ / PR TH %,

4, EA-IRMS AIFERER GR3)

2023 4F 5 A s KRG W AE THIE L
7o REBIUBROERTHFRL K CLEMNMA
EeDWlE . Elementar #1302 E [ A LB &7
Wt X7 Ls GeovisION 1< & 0 i L7z, GeovisION
W&, BRBE - B fRTCE 7 REETE vario PYRO cube &
LEE RN AR EEE B i isoprime visION O D
MEMKE NS,

LZOERNAALEDREICIE, KE, BROWEE =
T. 30 ~ 200ug Dtk 23 %, EA HH DO
avTF ARz, EfE He 7 AKHRAHT
BRIEE . GoevisION OREHEMIRHIE /b S& i1
LEoOE, FNMALZEL Uz, 8%Copp 8Ny N
OFfE. BT, HEREORHIZ. BR & FREC
E LT A o Aty 2 J A2 v 2 — R,
L-Alanine, L-Histidine, Glycine D[RINi{ALL, 5K T,
ZTNOEHERAICE DL,

OUC il &, BEA DMWYk DY & &, -25 ~
27% DO ZRT T EDNHIBN TS, TN



EWIRWE D GEREY - @AM TR R ERAE Y ORGR 14 00 K CEOE RN AL

F TORERNTIE. 8"°C il -23.9%0~ -20%0 D
ZRd LERTEYIE. MEINSER (ESH
% T AR O FERDELET B RAEM R E) KO #
EHFEHWEZRTIHENE 0 R = —%)
BOFEED EL B> TVBAEEI EWL &
Z6N% UM A 2015), SEIOFEEE R %
&L dCHEY GRHEA /N E V) RS &
L C. MGOSK-4a B EfiTZ %, 7272 L. 8N fH
MMEL . C/N LD IR &N T & DR E R D
ATREMED < GBFEYIDOZINE I3V A 780, Wi,
MGOSK-7a & 8"°C ffi A -30%0 & #E U (Kt il Av K
2 AL COREHI IV BRI LT &8
ENDEE RO ENH O T IVIAEN T, R
WUZAEYIVIBREEZEZBNS, VILVIEIh
F TOMEFIT -30%FEED §°C fliZZ /R LTHD,
FIE LRV,

5. REBUB LUV Z7740 Me R

AR, By TICHE L, elementar £ 44
vario ISOTOPE SELECT yis& /3 #Hiatic i A L7z, #4
Beth, FRIN _BtRFEZEZEN T AT A VI
HAL, H5H UMLK 2mg 2 & Lizay
I E RISEIIKEA A BRE'IVED 2.2 f5H2)
L BICEA LT, 650°CT 6 BFMINZAL THAEL
7z (Omori et al., 2017),

T57 7 A MO TIENRIZ 5 720 [F—DHHET
T E WM, [BIRICHY S 5. HWIzakhic
HLUTHONTET T T 74 FEED 2[RI &
Hixd &, TNETORBMTIE., ABERF DR
D 10% KiGOEHE, FREDIAES LGS
T=AMZ L HRDBRELENTOARNE EDH]
REMEDE SN D, S RIOGRLEIC DN T H S
. NI LTS T7 74 MEESNIRFERT,
MGOSK-3a, 4b OFERIKFC 3513 2 AR AN IE
W 10% L EThBT b, LEIEMELTE
BLAMEIC BAF R REZEILT & 72 LIl LTz,

6. AMS AIERER (£ 5)
757 7 A MEUTEERARNT 31 2 IR SR
IR LEDRIE E, RS UIFE Y B Y A

&4 T5T774 MLOKER

e T e |7 74D 5I7AT —|C/Fe
R |y b skt || ot R pe mt |

MGOSK-3a |GR-16994 |0.992 mg| 94.5% |0.157 mg| 4.27 mg|0.037

MGOSK-4a |GR-16995|2.456 mg| 91.6% | 1.16 mg | 1.99 mg|0.583

MGOSK-4b |GR-16996 |5.033 mg| 87.6% |0.099 mg| 4.04 mg|0.025

MGOSK-5 |GR-16997|2.455 mg| 73.2% | 0.69 mg | 2.03 mg| 0.34

MGOSK-7a |GR-16998|2.676 mg| 77.4% | 1.02mg |2.04 mg| 0.5

MGOSK-9a |GR-16999|2.072 mg| 85.8% | 0.94 mg | 1.98 mg|0.475

MGOSK-9b |GR-17000|1.965 mg| 88.7% | 0.66 mg | 2.04 mg|0.324

MGOSK-13a |GR-17001[0.384 mg| N.A.

MGOSK-13b |GR-17002|2.144 mg| 84.1% | 0.96 mg | 1.99 mg|0.482

MGOSK-15a |GR-17003|2.841 mg| 68.0% | 0.35 mg | 2.02 mg|0.173

MGOSK-15b |GR-17004 |1.147 mg| 73.6% | 0.43 mg |2.01 mg|0.214

MGOSK-101a |GR-17005|2.297 mg| 85.7% | 0.95 mg | 1.97 mg|0.482

MGOSK-102 |GR-17006 |2.861 mg| 83.4% | 0.91 mg | 1.95 mg|0.467

MGOSK-104a |GR-17007 |2.290 mg| 80.0% | 1.01 mg | 1.98 mg| 0.51

MGOSK-104b |GR-17008 |2.193 mg| 78.7% | 1.09 mg | 2.09 mg|0.522

MGOSK-107a |GR-17265(2.117 mg| 89.9% | 0.97 mg | 2.05 mg|0.473

MGOSK-108a | GR-17009 |1.882 mg| 92.0% | 0.67 mg | 1.96 mg|0.342

MGOSK-110a |GR-17010|2.518 mg| 84.8% | 1.03 mg | 2.00 mg |0.515
MGOSK-110b|GR-17011 |2.160 mg| 77.2% | 1.09 mg | 2.17 mg|0.502
MGOSK-111 |GR-17012|2.245 mg| 78.7% | 1.07 mg | 1.91 mg| 0.56
MGOSK-112a |GR-17266|2.475 mg| 74.2% | 0.81 mg | 1.98 mg|0.409
MGOSK-112b |GR-17267 |2.365 mg| 77.6% | 1.00 mg | 2.15 mg|0.465
MGOSK-114a |GR-17268|2.305 mg| 74.9% | 1.05 mg |2.04 mg|0.515
MGOSK-114b |GR-17269 |2.214 mg| 88.4% | 1.24 mg | 1.92 mg|0.646
MGOSK-117a |GR-17270|1.404 mg| 65.7% | 0.31 mg | 1.98 mg|0.157

MGOSK-117b |GR-172712.185 mg| 81.2% | 1.06 mg | 2.15 mg|0.493

MGOSK-13a IZ DWW T IE, RERE DB RS S Nz A AMS
ERRRRBIC R B RIS T o e T b, e iR R W L,

MGOSK-3a, 4bliZ DWW T, REMMOPRICHER S Nz kBE RN
400ug LL R CHh - 1otz [ASSFEOMEUERKZ ML, MERZHO Y
0kl CRARIED 2017) ICTR AV ZA REAER L, AMS JlEZTT>
Teo BHDT ST 74 FBWICIEE X Z A MEREOFFRMTIEERL
IREFNEHDPRIC HFEE SN o kFE 7Tl Lz,

x5 MEMERRERAEDER
alk e ID MC AR

FliER 8'°C

MGOSK-3a | TKA-27141 | 2420 = 19BP | -21.8 & 0.2 %o
MGOSK-4a | TKA-27122 | 2417 £ 20BP | -21.8 & 0.2 %o
MGOSK-4b | TKA-27142 | 3000 £ 34 BP | -30.6 = 0.2 %o
MGOSK-5 TKA-27123 | 2453 £ 20 BP | -24.3 &= 0.3 %o
MGOSK-7a | TKA-27124 | 2380 £ 20 BP | -29.3 = 0.2 %o
MGOSK-9a | TKA-27125 | 2414 £ 21 BP | -28.7 &= 0.2 %o
MGOSK-9b | TKA-27126 | 2413 £ 21 BP | -26.7 &= 0.3 %o
MGOSK-13a N.A.

MGOSK-13b | TKA-27127 | 2289 = 20BP | -26.8 = 0.2 %o
MGOSK-15a | TKA-27128 | 2444 = 21 BP | -27.2 £ 0.2 %o
MGOSK-15b | TKA-27129 | 2405 £ 21 BP | -27.4 & 0.2 %o
MGOSK-101a | TKA-27130 | 2525 = 20 BP | -25.5 £ 0.2 %0
MGOSK-102 | TKA-27131 | 2456 £ 20 BP | -29.4 = 0.3 %o
MGOSK-104a | TKA-27132 | 2486 + 21 BP | -28.7 & 0.2 %o
MGOSK-104b | TKA-27133 | 2501 = 20 BP | -24.7 £ 0.3 %o
MGOSK-107a | TKA-27313 | 2430 £ 20 BP | -24.2 £ 0.2 %0
MGOSK-108a | TKA-27134 | 2501 =+ 21 BP | -30.0 =+ 0.2 %o
MGOSK-110a | TKA-27135 | 2403 &= 21 BP | -25.9 £ 0.3 %o
MGOSK-110b | TKA-27136 | 2416 &= 21 BP | -26.0 £ 0.3 %o
MGOSK-111 | TKA-27137 | 2474 £ 20 BP | -25.0 == 0.4 %o
MGOSK-112a | TKA-27314 | 2553 &= 21 BP | -28.8 £ 0.2 %o
MGOSK-112b | TKA-27315 | 2553 &= 21 BP | -27.1 £ 0.3 %o
MGOSK-114a | TKA-27316 | 2341 = 21 BP | -26.1 £ 0.2 %0
MGOSK-114b | TKA-27317 | 2376 = 21 BP | -24.8 £ 0.2 %0
MGOSK-117a | TKA-27318 | 2509 + 21 BP | -31.3 & 0.2 %o
MGOSK-117b | TKA-27319 | 2466 = 21 BP | -29.7 £ 0.2 %0

MC AR O 1 BE R 2R,
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A9 2 hdHERE R EE (AMS) 2V THlE
U7zo 1A MCHEMR BPER) ZHHIT 37201,
[l (7 A b 53 B O 4 IE 1S FH WO B 8'°C il & AMS 12T
A FIE U 7247 FfWVW T W% (Stuiver and Polach,
1977),

7. BIEEMN (£5-6, KI6~8)

F9. WERNAALLD §C lAY -23.6%0 & HETEY
P N—NROEBEICONTEET ZREND S
MGOSK-4a NI & TH B M, Bk Lizk 1
SN A 2.4% &K <. HDC/NLEE (mol kb)) A
239 @ ki, A L RBEPER EEHY
PEFR L 13 E 212V 8°C DY -23.6% TH B T
., MR P N—SROHUE L FEHE Z T
% -23.9 ~ -20%D7ah CIEEERKEEZ TS
24%0 & D BWEEICEW EFHMli T &, FEAOREY)
BHRO AN E V. EREE RS &, 2417 =
20 BP THVERHRHTHIRDEMR E LTHFIEIZ W,
K7z, MGOSK-4 [ZNA I ZERELL TV 5 D%, 4bir
{15 D MGOSK-4b DAL fEAY 3000 = 34 BP &

HESMICTHCEEETHD . ZOFKIFSDE T
ARHENDE B 215750 JRIRIEARIHZD S HE
fili & L C MGOSK-4 1 DWW TR DOMEH B — i
HLTkslcEelLiw,

RS, WAV OBV 2RI L TV 5tk & U
T UTOLEENH %, MSCMIIRAARD SRR
JAD TR & 75 2@ AR P RGEPA 8Tl miib
@ MGOSK-4 7 R\ T, MGOSK-3, 9, 15, Hi s
BERTEF RO W E D B JELE B T & MGOSK-104,
108, 110, 112, 114, 117 OHEFH106IHH %, Hi
R D MGOSK-4 Z k< &, EF & A LDHR T
WAL O REMIC AL, E DX IRV, 272 L,
MGOSK-117 I3 D a A 2509 + 21 BP, 44D
b /712466 = 21 BP & 1 EHEfRZDFRERIPHLL FO
727 o TN EDD RN HNMETH B, T
YD MGOSK-117a OZE FNLALL « C/N i il
EARA TS Tete®d, WHEY P—N\—ZNROBEDH
a2 TN EMETT % 2 LI TERVD, AfEEMED
O EIFWVZ R, MGOSK-15 &N D a h 2444
+ 21 BP, 4l b A 2405 = 21 BP & Wil 5%

MRREHNA, T ORITIE 1 EHERFALD

x5 HEINIREFENREER (cal BPEREE) BAHEFFHEDS .
M THD S + 21 OFIFH THEIR D129,
Ak A4 (1SD) LA (2SD) . -
2675 cal BP (5.5%) 2650 cal BP FEMNH B EIFVEZ RN, LLEXD., Kt
MGOSK-3a | 2465 cal BP (68.3%) 2365 cal BP | 2613 cal BP (3.5%) 2600 cal BP \ .
2495 cal BP (86.5%) 2355 cal BP N DR SCIHARIE D B R RTHA D A IE
2674 cal BP (4.5%) 2654 cal BP . .
MGOSK-4a | 2464 cal BP (68.3%) 2363 cal BP | 2613 cal BP (3.1%) 2600 cal BP FURLE U7z B8 S Tld. ey OEk
2495 cal BP (87.9%) 2354 cal BP ) ) )
3316 cal BP (2.5%) 3309 cal BP EEH YA AP AR Y - AR I B =~
MGOSK.4b | 3238 cal BP (67.7%) 3147 cal BP | 3334 cal BP (11.1%) 3289 cal BP o
3121 cal BP (3.4%) 3113 cal BP | 3262 cal BP (84.3%) 3071 cal BP RikE C(ZNBK - ZNBF 2022 - 2023) I
3091 cal BP (4.7%) 3080 cal BP
2700 cal BP (31.8%) 2633 cal BP A SES E R CEaERL T, Y
2695 cal BP (29.6%) 2639 cal BP | 2618 cal BP (13.2%) 2583 cal BP
MGOSK-5 | 2614 cal BP (10.5%) 2593 cal BP | 2571 cal BP ( 1.3%) 2562 cal BP A O KR TH N O+ 25 g FEYI R FH OB
2500 cal BP (28.2%) 2430 cal BP | 2540 cal BP (43.0%) 2402 cal BP
2396 cal BP (6.2%) 2365 cal BP PRIz 5NN E LTHE X,
2417 cal BP (31.3%) 2384 cal BP .
MGOSK-7a | 575 col Bp (37.0%) 2347 cal Bp | 2466 cal BP (95.4%) 2345 cal BP Jie. BRI LT ORaE5C 7
2674 cal BP (4.0%) 2655 cal BP
MGOSK-9a | 2464 cal BP (68.3%) 2361 cal BP | 2613 cal BP (2.9%) 2600 cal BP 5. HSTEHARIEN A L 2B 0 E D IE
2495 cal BP (88.5%) 2352 cal BP
MCOSK.gp | 2464 cal BP (11.8% 2445 cal BP | 507 cas (3.7%) 2655 cal BP WEEF T, FEAEDRFHE VWHE
: 2439 cal BP (56.5%) 2360 cal BP cal BP ( 2.8%) 2600 cal BP -
2494 cal BP (89.0%) 2352 cal BP % (2400 fE[MEE | LR N2 144
MGOSK-13a NA. NA.
i 2350 cal BP (74.8%) 2305 cal BP EOEMIChIEAEEICK ST wal
MGOSK-13b- | 2346 cal BP (68.3%) 2315 cal BP | 5557 % 1b 100720 5181 cal Bp 29 =2 S ESN
2685 cal BP (19.8%) 2644 cal BP | 2699 cal BP (25.1%) 2635 cal BP #E D IAFIT LW 2700 ~ 2380cal BP D &H
MGOSK.15a | 2612 cal BP (7.4%) 2598 cal BP | 2616 cal BP (10.2%) 2588 cal BP \
2495 cal BP (36.9%) 2420 cal BP | 2537 cal BP ( 0.8%) 2529 cal BP WEDERICEENSH. MCOSK-114 &
2383 cal BP (4.1%) 2373 cal BP | 2520 cal BP (59.3%) 2361 cal BP
Mm%ﬁ)m&mWWMmmwm>£$ﬂ”m%%“mw U7cVIa g E sk, Wb &9 &
’ 2434 cal BP (60.9%) 2357 cal BP cal BP (0.7%) 2604 cal BP _ .
2491 cal BP (93.9%) 2352 cal BP & 2365 ~ 2345cal BP Ic iz & WO ER

BEAEROBE HICIE, OxCAL4.4.4 (Bronk Ramsey, 2009) Zffifl L. #IE 7 — XIci

IntCal20 (Reimer et al. 2020) %\ 7z,

- 20 -
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EWIRWE D GEREY - @AM TR R ERAE Y ORGR 14 00 K CEOE RN AL

BB uHer 2 Rd (27 LORNEY T 2415 ~
2385cal BP ICEF XN AMEREL DRV ERT),
IC MGOSK-112 & U7z VI a Jg - 8kik, N iS5
W& & 2740 ~ 2705cal BP I & @ W iERZ R L,
PR HWRHAICRIE T % nlEEEZ RS (772 L.
WAV AP Tl 2600 H400 5 2535c¢al BP I &
NBMHEREDVDIZVENEIRT), TNUNDORIKRIIC
2700 /05 2500cal BP DERICEE NS —HOF R
. RV 2600 £ S 2500 FERHXETICHE
F N5 A[EEMED W MGOSK-101, 104, 108, HIfEmy
7 2500 EAREIE D S 2500cal BP A4

K6 HEEINHBIEFALER (cal BP KD

RIS, MESCHARACR ORI A TR 25
PERTIAR ORBRAGATIH QLUEV FED) A
Tk & 73 Z AR W REBF BB O FH 72 75,
MGOSK-13 & 2350 ~ 2305cal BP Ic & £ % nlkE
MNEREE . —HOHMROHRTEH E 5MNICEK
HHLWERERT, RO T MGOSK-7 & 2465 ~
2345cal BPICHEN S A TE 2415cal BP K D
EH LWATREMED i <. MGOSK-13 & F U FV 4
BMTHUCKSHFILWIRIETH ST 2T, TN
50FERIF (WE D BGEBNE IO MGOSK-114 &

W U REDEE

RLAEEENE N E B RZ % MGOSK-111,

EVga HREAEA (1SD) HEEAEAX (2SD)
117 (7z72L, WD 117a 350507 2125 cal B (24.1%) 2100 cal BP | 5753 o1 Bp (28.2%) 2693 cal BP
2633 cal BP (14.8%) 2617 cal BP /

. . MGOSK-101a | 5234 % Bp (0.5) 2560 cal pp | 2640 cal BP (18.1%) 2612 cal BP
WW—TITE) & R HT LW 2500 4 5504 ol BP (16,89 2536 cal Bp | 2595 cal BP (49.2%) 2498 cal BP
KH 5 2400 ERICEENS AJREMED B 2696 cal BP (31.3%) 2638 cal B | 2792 cal BP (33.7%) 2631 cal BP

/ 2618 cal BP (14.1%) 2580 cal BP
MCOSK-102. 107. 110 1375 & 3 1 MGOsk-102 | 5014 B g}éé; oo0z calbP | 2574 cal B (2.2%) 2559 cal BP
3 : ’ <7 D e o 2542 cal BP (40.8%) 2405 cal BP
. - " 2450 cal BP (4.9%) 2435 cal BP | 5393 a1 Bp (4.7%) 2366 cal BP
> N\ h
CHAS, $hbb, &< ETHUANS 2705 cal BP (10.7%) 2682 cal BP
% - SN 2645 cal BP (8.0%) 2629 cal BP
DHERINEHEE NSV S & IAREICIX 7 & MGOSK-104a | 2619 cal BP (3.0%) 2613 cal BP | 2719 cal BP (95.4%) 2489 cal BP
N 2599 cal BP (21.0%) 2556 cal BP
N5HFTEEWVAH, MGOSK-112 — 101, 2545 cal BP E25,50/3 2495 cal BP
2711 cal BP (8.5%) 2697 cal BP | 2722 cal BP (18.8%) 2675 cal BP
104, 108 ( — 111, 117) — 102, 107, MGOSK-104b | 2637 cal BP (13.3%) 2615 cal BP | 2651 cal BP (18.4%) 2611 cal BP
o 2591 cal BP (46.4%) 2516 cal BP | 2600 cal BP (58.3%) 2493 cal BP
110 =114 £WRNB T EETZ 5, . 2688calBPEl33’%(32642ca1BP
S ; . MGOSK-107a | 5200 € B 2 o cal bp | 2614 cal BP (6.0%) 2597 cal P
W D EGEBRO L&, A ca A% Al BP | 5498 cal BP (76.2%) 2358 cal BP
o N 2711 cal BP (8.7%) 2697 cal BP | 2722 cal BP (19.1%) 2674 cal BP
JENIIC XD 2 X & 3K TFEZ KR A ik MGOSK-108a | 2637 cal BP (13.5%) 2615 cal BP | 2654 cal BP (18.8%) 2611 cal BP
. N 2591 cal BP (46.0%) 2516 cal BP | 2600 cal BP (57.6%) 2493 cal BP
TL 2k M= ' T [ZE AN
E&BiE. 3 X B JE 2 K A" BT ERRE & X7 L MCOSK110a | 2461 cal BP (6.1%) 2452 cal BP | 2607 cal BP ((0.6%) 2604 cal BP
. : 2433 cal BP (62.2%) 2356 cal BP | 2491 cal BP (94.9%) 2351 cal BP
T3 (N 2022), SEANE L1258 2674 cal BP (4.7%) 2653 cal BP
" N MGOSK-110b | 2464 cal BP (68.3%) 2362 cal BP | 2613 cal BP (3.1%) 2600 cal BP
ZZH IS RNC RS 2 &L LWL cal B (08:5%) 2362 ca 2495 cal BP ((87.602) 2353 cal BP

. . 2700 cal BP (17.2%) 2668 cal BP

Jb—7 (102, 107, 110) FIXT 3K | 2658 cal BP (12.9%) 2633 cal BP
o 2617 cal BP (2.8%) 2610 cal BP | 2712 cal BP (94.0%) 2463 cal BP
ok, Thic 2 K0 MGOSK-ITL | 9603 cal BP (9.7%) 2583 cal BP | 2449 cal BP ( 1.4%) 2435 cal BP
) 2570 cal BP ( 2.8%) 2563 cal BP
LEONEENTNT NS, BT X 2540 cal BP (22.9%) 2492 cal BP
N N N . 2748 cal BP (68.1%) 2699 cal BP
DIIHZ V=TT N5 &> Tz, MCOSK.1 124 | 2742 cal BP (64.8%) 2708 cal BP | 2635 cal BP ( 9.4%) 2616 cal BP
‘ o i B 2627 cal BP (3.5%) 2623 cal BP | 2585 cal BP (16.2%) 2536 cal BP
LA LERS, EIRICHEEY J—3—%)) 2530 cal BP ( 1.7%) 2519 cal BP
) R 2748 cal BP (68.1%) 2699 cal BP
RFFZEDENIZNE LW, Zoficiz & MGOSK.1 12b | 2742 cal BP (64.8%) 2708 cal BP | 2635 cal BP ( 9.4%) 2616 cal BP
) 2627 cal BP (3.5%) 2623 cal BP | 2585 cal BP (16.2%) 2536 cal BP
ZIE, WKETE )P —N— e /25 2530 cal BP ( 1.7%) 2519 cal BP
0y
TR DTE RO & AR 54 2 TGk MGOSK-114a | 2356 cal BP (68.3%) 2341 cal BP 22:;1288 g;lgg (2323'%% 22%9310 Cca;l%i
0

Ve N O A1 IR HEEIE MGOSK-114b gg;g zi Eﬁ gg%g ggig 22} g}; 2465 cal BP (95.4%) 2343 cal BP
) o ) 2718 cal BP (13.0%) 2698 cal BP | 2725 cal BP (20.3%) 2679 cal BP
WEMNEENS T LI K> THWERIC MGOSK-117a | 2635 cal BP (13.2%) 2615 cal BP | 2649 cal BP (18.5%) 2611 cal BP
P — 2589 cal BP (42.1%) 2519 cal BP | 2600 cal BP (56.6%) 2493 cal BP

V7 L TWAHRENR E. ZhRRA]HE 2699 cal BP (34.1%) 2634 cal BP
) ) i 2616 cal BP (13.9%) 2586 cal BP | 2707 cal BP (36.0%) 2627 cal BP
MEZOENBT NS, FEEOFENRIHEFE MGOSK-117b | 2537 cal BP (3.3%) 2528 cal BP | 2621 cal BP (58.2%) 2420 cal BP
2521 cal BP (14.8%) 2488 cal BP | 2383 cal BP ( 1.2%) 2372 cal BP

W, EBRO 2RO IR IR RS & 2476 cal BP (2.2%) 2470 cal BP

BHRSZWEEE R %,

BIEAEAROFEHICIE, OxCAL4.4.4 (Bronk Ramsey, 2009) Zfif L. #FE7—XIcid
IntCal20 (Reimer et al. 2020) ZH\ 7z,
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)xCal v4.4.4 Bronk Ramsey (2021); r:5; At he data from Reimer et al (2020) OxCal v4.4.4 Bronk Ramsey (2021); :5; Atmospheric data from Reimer et al (2020)
MGOSK-101a R_Date(2525,20) 2700 MGOSK-102 R_Date(2456,20)
2100 68.3% probability 68.3% probability
—~ 2725 (24.1%) 2700calBP —~ 2696 (31.3%) 2638calBP
@ 2600 2633 (14.8%) 2617calBP @ 2600 2614 (11.1%) 2592calBP
s 2584 (9.5%) 2569calBP s 2514 (21.0%) 2462calBP
T a0 2564 (19.8%) 2539calBP 2 2500 2450 (4.9%) 2435calBP
E E 0% probability
5 BP 5 27 Q IBP
3 ot 2400
g 2400 2640 (18°T%) 3 2618 (14.1%) 2580CBP
s 2595 (49.2%) 2498calB S 254 4u?2.2%) 2559cal
£ 2300F 2 2300F 0.8%) 2405cal
§ g 2366calBP
° b=
&  2200f . g 22008
— [ p——Tw— [E———— [E——
— [ 2100E . TR P
2100, | L L L | L L L |
2800 2700 2600 2500 2400 2700 2600 2500 2400 23
Calibrated date (calBP) Calibrated date (calBP)
OxCal v4.4 4 Bronk Ramsey (2021); :5; {rom Reimer et al (2020) OxCal v4.4 4 Bronk Ramsey (2021); r:5; Atmospheric data from Reimer et al (2020)
2700E MGOSK-104a R_Date(2486,21) 2700 MGOSK-104b R_Date(2501,20)
68.3% probability 68.3% probability
= 2705 (10.7%) 2682calBP —~ 2711 (8.5%) 2697calBP
@ 2600 2645 (8.0%) 2629calBP \%{ 2600 2637 (13.3%) 2615calBP
s 2619 (3.0%) 2613calBP S 2591 (46.4%) 2516calBP
2 2500 599 (21.0%) 2556calBP k-] 2500 95.4% probability
E 545 (25.5%) 2495calBP E (18.8%) 2675calBP
5 95.4 abitt o
g 2400 19 (95.49) 2#8GCARP g 2400
c c
8 8
2 2300F E 2300
3 3
° S
k=] 5
g  2200p g 2200
21008 1 1 1 1 2100¢ 1 1 1 1
2800 2700 2600 2500 2400 2300 2800 2700 2600 2500 2400
Calibrated date (calBP) Calibrated date (calBP)
OxCal v4.4.4 Bronk Ramsey (2021); :5; Atmospheric data from Reimer et al (2020) OxCal v4.4.4 Bronk Ramsey (2021); r:5; Atmospheric data from Reimer et al (2020)
2700 MGOSK-107a R_Date(2430,20) MGOSK-108a R_Date(2501,21)
68.3% probability 68.3% probability
&  2600F 2490 (54.2%) 2407calBP - 2711 (8.7%) 2697calBP
o 2390 (14.1%) 2368calBP o 2600 2637 (13.5%) 2615calBP
s ) g 95.4% probability = 2591 (46.0%) 2516calBP
= 2500 688 (13.3%) 2642calBP E .4% probability
£ 2597calBP £ (19.1%) 2674calBP
£ £
5 2400 § 5 i 265 8% IBP
3 1 3 2400 2600 (57.6%) RP
c c
S 2300 s
@ 1
Q Q
o k]
3 2200 g 2200F
@ @ _
g [E——— un [ —
2100E [ ————— —, [ —
1 1 1 1 1 1 1 1 1 1 1
2700 2600 2500 2400 2300 2800 2700 2600 2500 2400 23
Calibrated date (calBP) Calibrated date (calBP)
2700 OxCal v4.4.4 Bronk Ramsey (2021); I5; from Reimer et al (2020) OxCal v4.4.4 Bronk Ramsey (2021); r:5; Aunospheric data from Reimer et al (2020)
MGOSK-110a R_Date(2403,21) 2700 MGOSK-110b R_Date(2416,21)
68.3% probability 68.3% probability
& 2600 2461 (6.1%) 2452calBP & 2600 F 2464 (68.3%) 2362calBP
o 2433 (62.2%) 2356calBP ) 95.4% probability
< 2500 95.4% probability < 2674 (4.7%) 2653calBP
= 607 (0.6%) 2604calBP g  2500f 613 (3.1%) 2600calBP
£ ~9% JcalBP £
£ £
5 2400F 5 2400
® 8 @
k=] hel
153 2300 F é 2300F
<1 T
S s
=] 2200F S 2200
@ A A @
[E—
2100 Y _ 2100F —
1 1 1 1 1 1 1 1 1 1
2700 2600 2500 2400 2300 2700 2600 2500 2400 2300
Calibrated date (calBP) Calibrated date (calBP)
OxCal v4.4.4 Bronk Ramsey (2021); r:5; Atmosph data from Reimer et al (2020) OxCal v4.4.4 Bronk Ramsey (2021); :5; ata from Reimer et al (2020)
2700 MGOSK-111 R_Date(2474,20) MGOSK-112a R_Date(2553,21)
68.3% probability 68.3% probability
= 2700 (17.2%) 2668calBP = 2700 2742 (64.8%) 2708calBP
S 2600 2658 (12.9%) 2633calBP =) 2627 (3.5%) 2623calBP
s 2617 (2.8%) 2610calBP s 95.4% probability
2 2500F 2603 (9.7%) 2583calBP k] 2600 2748 (68.1%) 2699calBP
E 0 (2.8%) 2563calBP E 2635 (9.4%) 2616calBP
5 25 . IBP 5 2585 (16.2%) 2536¢alBP
3 2400¢ 95.4% probabil 3 2500 %) 2519calBP
s 2 (94.0%) 2463cal s
2 2300 9 (1.4%) 2435calB 2
3 3 2400 F
2 k]
3 g ‘
S 2200F S . ‘
2300 — u
. D [— [ Y
2100
i 1 1 L n 1 n 1 1 L 1 L
2700 2600 2500 2400 2300 800 2700 2600 2500 2400
Calibrated date (calBP) Calibrated date (calBP)

M6 BEFARHEENHEBE (IntCal20,Oxcal4.4) (1)
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Radiocarbon determination (BP) Radiocarbon determination (BP) Radiocarbon determination (BP) Radiocarbon determination (BP)

Radiocarbon determination (BP)

2700

2600

2500

EWIRWE DA

)xCal vd.4.4 Bronk Ramsey (2021); r:5; At he data from Reimer et al (2020)
MGOSK-112b R_Date(2553,21)
68.3% probability
2742 (64.8%) 2708calBP
2627 (3.5%) 2623calBP
95.4% probability
2748 (68.1%) 2699calBP
2635 (9.4%) 2616calBP
2585 (16.2%) 2536calBP
%) 2519calBP

2400 F
2300 — u
— e
L L L 1 1
800 2700 2600 2500 2400
Calibrated date (calBP)
OxCal v4.4.4 Bronk Ramsey (2021); :5; {rom Reimer et al (2020)
MGOSK-114b R_Date(2376,21)
68.3% probability
2600 2415 (27.6%) 2384calBP
2372 (40.7%) 2346calBP
95.4% probability
2465 (95.4%) 2343calBP
2400
2200
— - —_
2000 _
1 1 L L L 1
2700 2600 2500 2400 2300 2200

Calibrated date (calBP)

QxCal v4.4.4 Bronk Ramsey (2021); r:5; Atmospheric data from Reimer et al (2020)

2600 2616 (13.9%) 2586calBP

MGOSK-117b R_Date(2466,21)
68.3% probability
2699 (34.1%) 2634calBP

2537 (3.3%) 2528calBP
2521 (14.8%) 2488calBP
6 (2.2%) 2470calBP
95.4) i

2400 2707 (36.0%) 2637CNBP
1 (58.2%) 2420cal}P
3 1.2%) 2372calB
2200
[E——— [ —
L " D u
1 1 1 1 1
2700 2600 2500 2400 2300
Calibrated date (calBP)
OxCal v4.4.4 Bronk Ramsey (2021); I5; from Reimer et al (2020)
2700

MGOSK-4a R_Date(2417,20)
68.3% probability

2600F 2464 (68.3%) 2363calBP
95.4% probability
) 2674 (4.5%) 2654calBP
2500F 613 (3.1%) 2600calBP
2400
2300F
2200 F
2100
1 1 1 1 1
2700 2600 2500 2400 2300
Calibrated date (calBP)
OxCal v4.4.4 Bronk Ramsey (2021); r:5; Atmosph data from Reimer et al (2020)
2700 MGOSK-5 R_Date(2453,20)
68.3% probability
2695 (29.6%) 2639calBP
2600 F 2614 (10.5%) 2593calBP
2500 (28.2%) 2430calBP
2500 5.4% probability
0 (31.8%) 2633calBP
26 Q IBP
2400 2571 (1.3%) 2562calyP
43.0%) 2402cal§P
2300 F ) 2365calBl
2200
. . U )
2100 F

Ll

1. 1 L Ll
2700 2600 2500 2400 2300

Calibrated date (calBP)

S

JH

B -
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Radiocarbon determination (BP) Radiocarbon determination (BP) Radiocarbon determination (BP) Radiocarbon determination (BP)

Radiocarbon determination (BP)
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OxCal v4.4.4 Bronk Ramsey (2021); r:5; Atmospheric data fiom Reimer et al (2020)

2600

2200

2000

MGOSK-114a R_Date(2341,21)
68.3% probability

2356 (68.3%) 2341calBP
95.4% probability
2408 (2.5%) 2391calBP
8 (93.0%) 2330calBP

1
2700

1 1 1 1 1 1
2600 2500 2400 2300 2200 2100

Calibrated date (calBP)

QxCal v4.4.4 Bronk Ramsey (2021); r:5; Atmospheric data fiom Reimer et al (2020)

2700 MGOSK-117a R_Date(2509,21)
F 68.3% probability
2718 (13.0%) 2698calBP
2600 2635 (13.2%) 2615calBP
2589 (42.1%) 2519calBP
E 95.4% probability
2500 (20.3%) 2679calBP
264 1 IBP
2400 2600 (56.6%) CalgP
2300
2200
- — | WO .
S S T
2100 -I 1 L 1 1
2800 2700 2600 2500 2400
Calibrated date (calBP)
OxCal v4.4.4 Bronk Ramsey (2021); r:5; Atmospheric data from Reimer et al (2020)
2700

2600

2500

2300

2100

2400 >
2200F ‘ ‘
o u

MGOSK-3a R_Date(2420,19)

68.3% probability
2465 (68.3%) 2365calBP

95.4% probability

2675 (5.5%) 2650calBP

613 (3.5%) 2600calBP

2355calBP

OxCal v4.4.4 Bronk Ramsey (2021); r:5; Amospheric data fiom Reimer et al (2020)

1 I 1 I
2600 2500 2400 2300

Calibrated date (calBP)

3200

3000+

326.
2800 .
2600
'

MGOSK-4b R_Date(3000,34)

68.3% probability
3316 (2.5%) 3309calBP
3238 (57.7%) 3147calBP
3121 (3.4%) 3113calBP
3091 (4.7%) 3080calBP

95.4% probability

(11.1%) 3289calBP

1 1 1
3400 3200 3000
Calibrated date (calBP)
XCal v4.4.4 Bronk Ramsey (2021); r:5; Atmosph data from Reimer et al (2020)

2600

2500 F

2400 F

2300

2200

2100

MGOSK-7a R_Date(2380,20)

68.3% probability
2417 (31.3%) 2384calBP
2372 (37.0%) 2347calBP

95.4% probability

66 (95.4%) 2345calBP

|
2700

1 1 1 1
2600 2500 2400 2300
Calibrated date (calBP)

7 REFHHEESHERE (IntCal20,Oxcal44) (2)
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)xCal vd.4.4 Bronk Ramsey (2021); r:5; At he data from Reimer et al (2020)
MGOSK-9a R_Date(2414,21)
68.3% probability

2464 (68.3%) 2361calBP
95.4% probability

2674 (4.0%) 2655calBP

2700

2600

&
=3
5
2 2500 613 (2.9%) 2600calBP
£ 9
£
5 2400F
[
°
S 2300F
£
8
o
S 2200F
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xCal vd.4.4 Bronk Ramsey (2021); r:5; Atmospheric data from Reimer et al (2020)
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OxCal v4.4.4 Bronk Ramsey (2021); r:5 Atmospheric data from Reimer et al (2020)
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IR 2y F 39 —T+of%, v/ /0
Ny R THO 7V 1) TR ALK, {Edbao
BIRE, BIARIIBARTEM S Z L L, iRV X
REVNEAERINE 8 B e L THA R TR Lz,
A SEDFEIE & 75 2 MIRIORI R B DWW TR L 7z,

Wkik G, TRV AT TTLINT— D

x2

TSR {572 B D AT, EHRRHTY 7 b 0 Image] T
75um’ X O K E WY A X ORI OB R 7 G
L7z,

(3) REUBHDEEI

Kl O®EZ R - 7205 0.5mm H O Tk
L. BED S RERER R, RIRBMET 2

A= AT OESEDITER—EZR (R (1990), AHER & pH IS (2005) 1K)

. i TGRIRERE 4TS5 pH 92a 92b 92¢  9-la 9-1b  9-lc  10-la 10-1b 12-1a 12-1b
Actinella punctata F.W . Lewis w - acph 1 - - - - - - - - -
Aulacoseira ambigua (Grunow) Simonsen N ind neut ? - - 1 - - 1 - - 1 -
Aulacoseira canadensis (Hustedt) Simonsen w - - - - 1 - - 1 - - 1 -
Aulacoseira subarctica (O.Miiller) E.Y.Haworth M - - 175 172 171 135 77 121 149 70 277 79
Aulacoseira sp. - - - - - - - 2 - - - - -
Caloneis molaris (Grunow) Krammer w - - - - 1 - - - - - - -
Cocconeis placentula Ehrenberg w saxe alph - - - 1 1 - - - - -
C is pl la var. euglypta (Ehrenberg) Grunow w saxe alph - - - 1 - - - - -
Cocconeis placentula var. lineata (Ehrenberg) Van Heurck w saxe alph - - - - - 1 - - - -
Caloneis silicula (Ehrenberg) Cleve w - - - - - - - 2 - - - -
Caloneis sp. - - - - - - - 1 - - - -
Cyclostephanos novae-zeelandiae (Cleve) Round w - - - - - 2 - - - - - -
Cyclotella cretica var. cyclopuncta (Hakansson & J.R.Carter) R.Schmidt w - - 3 2 1 1 - 2 5 - 5 2
Cyclotella sp. - - - - - 1 - 4 3 - 1 - -
Cymbella aspera (Ehrenberg) Cleve [¢] ind albi 1 - - - - - - - - -
Cymbopleura cuspidata (Kiitzing) Krammer w saxe? neut 1 - - - - - - - - -
Cymbella tumida (Brebisson) Van Heurck w saxe alph - - 1 1 - - 1 - - -
Diploneis elliptica (Kiitzing) Cleve Q saxe alph 1 2 - 1 - 3 1 - - -
Diploneis ovalis (Hilse) Cleve w - - - 1 - 1 - - - - - 1
Ellerbeckia arenaria (Ralfs) Dorofeyuk & Kulikovskiy w - - - - - - - - - - - 1
Encyonema sp. - - - - - - - - - 1 - - -
Epithemia adnata (Kiitzing) Brébisson w saxe alph - - - - - 1 - - - 1
Epithemia turgida (Ehrenberg) Kiitzing w saxe alph - 1 3 5 1 5 1 2 3
Epithemia turgida var. granulata (Ehrenberg) Brun w saxe neut - - - - - - - - 1 2
Eunotia monodon var. bidens (Gregory) Hustedt O saxe - - - - - - - - - 1 -
Gomphonema acuminatum Ehrenberg o ind alph - - - 1 - - - - - -
Gomphonema christenseni Lowe et Kociolek w saxe neut - - 1 - - - - - - -
Gomphonema parvulum (Kiitzing) Kiitzing w ind neut - - - - - 1 - - - -
Gomphonema sp. - - - - - - - - 1 - - - -
Hantzschia amphioxys (Ehrenberg) Grunow in Cleve & Grunow Q ind neut 3 1 1 5 1 - 2 - 4 2
Lindavia affinis (Grunow) Nakov, Guillory, M.L.Julius, E.C.Theriot & A.J.Alverson =~ W (M?) saxe ? - 25 26 28 32 35 37 43 12 44 25
Luticola goeppertiana (Bleisch) D.G.Mann w saph alph - - - - - - 1 - - 1
Melosira undulata (Ehrenberg) Kiitzing w - - - 1 1 - 2 2 1 - - 2
Melosira varians Agardh K ind alph 3 - 1 6 - 3 2 - 3 -
Navicula sp. - - - - - - - - - 1 - - -
Neidium ampliatum (Ehrenberg) Krammer [¢] ind acph 2 - - - - 2 1 1 - -
Neidium iridis (Ehrenberg) Cleve w ind acph - - - 1 - - - - -
Pantocsekiella ocellata (Pantocsek) K. T.Kiss & Acs w ind alph - - - - 1 - - - - -
Pantocsekiella schumannii (Grunow) K. T.Kiss & Acs w - - - - - 2 2 - - - - -
Pinnularia acrosphaeria W.Smith A\ - - 1 - - - - - - - - -
Pinnularia borealis Ehrenberg Q ind acph - - - - - - 3 - 1 -
Pinnularia rhombarea Krammer W saph acbi 2 - - - - - - - - -
Pinnularia schroederi (Hustedt) Cholnoky w - - - - - 1 - - - - - -
Pinnularia streptoraphe Cleve A\ - - 1 - - - - - - - - -
Pinnularia viridis (Nitzsch) Ehrenberg [¢] ind neut 1 1 - - - - - - - -
Pinnularia sp. - - - - - - - 1 1 - - - -
Praestephanos suzukii (A.Tuji & Kociolek) A.Tuji M SaXW alph 6 7 12 12 8 14 11 5 11 11
Rhopalodia acuminata Krammer w - - - - - 1 - - - - - -
Rhopalodia gibba (Ehrenberg) O.Muller A\ ind neut 1 - 1 - - - - - 1 -
Stauroneis phoenicenteron (Nitzsch) Ehrenberg w ind neut - - - - - - 1 - - -
Staurosira construens Ehrenberg A\ saxe alph - - - - - - - - 1 -
Staurosirella lapponica (Grunow) D.M.Williams & Round w - - - - - - - - - - 1 -
Stephanodiscus alpinus Hustedt M - - 4 1 5 - - 2 3 1 7 4
Stephanodiscus sp. - - - - - - 1 - - - - - -
Ulnaria ulna (Nitzsch) Compére ind alph - - - 1 - - - - - -
BABEEARRRRE (A0

FR~ TR R RRRRRE (K) 3 0 1 6 0 3 2 0 3 0

ARG (M) 185 180 188 147 85 137 163 76 295 94

AR ERRERE (N) 0 0 1 0 0 1 0 0 1 0

I SRR (0) 4 1 0 1 0 2 1 1 1 0

PEBkFRRRERE (Q) 4 3 1 6 1 3 6 0 5 2

POKPEARE (W) 35 31 38 50 4 52 52 13 56 38

AE 0 0 1 1 7 6 2 1 0 0
EEBGEEL 231 215 230 211 135 204 226 91 361 134
EEBEBAR (<1000 fi /g) 1658 393 344 341 29 64 47 17 908 25

saxe: FIE/KPERE | saph: SFGHTMERE , ind: JL5E G ERE
acbi: BLEETERE | acph: SFEEVERT | neut: FPPERE | alph: 4f 77 )L 77 U PR, albi: BL77 )L ) MERE
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x3

EpRILEA R

A=Y T AT7 D SREENTIEMLAD—ER (APC I HiARICHERL

RIDEBFOREYE AT

piT <] k<] 92a  92b  9-2¢  9-la  9-1b  9-lc  10-la_10-1b 12-la 12-1b
[N

EIE Abies 3 - 1 - - - 1 - _

g Tsuga 2 - 1 1 - - 1 - 3 1

FULE Picea 6 1 1 3 2 - 1 - 1 -

X R B R R Pinus subgen. Haploxylon 4 2 3 1 - - - R R R

< EAEHEE R Pinus subgen. Diploxylon 3 5 4 - - - 5 - 1 -

< Vg () Pinus (Unknown) 2 - - 2 1 - 3 - - 1

EAGES Sciadopitys verticillata Sieb. et Zucc. - 1 - - - - - - -

AF Cryptomeria japonica (L.fil.) D.Don 12 12 14 6 2 - 9 - 3 1

DA FAF—t /F8 (& /F7) other Taxaceae - Cupressaceae 2 2 2 2 - 2 - - - -
(Chamaecyparis type)

Y ARJE Parthenocissus 1 1 - - - - - - - -

L& Ulmus 2 - - 1 - - 1 - 2 -

TY¥E Zelkova 10 9 4 3 - 1 6 - 7 4

I/FE-LY/FE Celtis - Apananthe 2 - - - - - - - - -

7F Fagus crenata Blume 14 8 11 4 3 4 6 - 21 3

ARXTF Fagus japonica Maxim. 1 - 1 - - - - - - -

aFIEaSoiiE Quercus subgen. Lepidobalanus 89 49 44 34 5 10 35 - 51 13

aFSET HAVEE Quercus subgen. Cyclobalanopsis 4 1 1 1 - - - - 1

71 Castanea crenata Sieb. et Zucc. 16 43 21 122 315 142 70 8 23 193

A& Castanopsis - 1 1 1 - 1 - - - -

YYEER-—VFYIFE Morella - Myrica - - - - - - - - 1 -

YUIINVIE Pterocarya 6 4 - 2 - - 2 - 3 -

PR Juglans 2 10 s 2 1 1 12 5 16 3

YUV IE—VIVIE Pterocarya - Juglans 2 2 - 2 - - 2 - 1 1

ARXT Carpinus tschonoskii Maxim. - - - - - - 1 - 1 -

IRVTIRB—T VAR Carpinus - Ostrya 4 2 1 1 - 1 1 - 4 1

INVINIE Corylus 1 - - - - - - 1 -

VarAVAES Betula 4 1 2 1 1 3 1 2 2

INY @Y R Alnus subgen. Alnus 10 19 17 7 4 10 17 3 41 7
NV FEAREH Alnus (Unknown) 10 3 2 3 - 3 9 1 9 1

—VFFE Euonymus - 1 - - - - - - -

HITIE Acer 1 - 3 1 - 1 1 - 3 -

vrFE Salix 8 1 1 1 - 1 2 - 1 1

YUV Toxicodendron trichocarpa type 1 - - - - - - - - -

A Aesculus turbinata Blume 8 100 40 11 4 11 15 - 12 12

7Y FE Orixa 1 - - - - - - - - -

FNLE Phellodendron - - - 1 - . R _ _ 1

YrravlE Zanthoxylum - - - - - - - - 1 -

v/ FE Tilia 1 - - - - - - - R 1

vy IR Ericaceae - 1 - - - 1 - - -

FxVUaE Fraxinus 2 2 2 2 1 2 3 1 2 2

5/ FE Ilex - - - - - 1 2 - - -

—Jrag Sambucus - - - - 1 - - _ _ _

v aFR Araliaceae 1 - 1 2 - - 3 . 4 2
HOA

HYIE Typha - - 1 - - - - -

S ) R Cyperaceae 25 20 21 9 1 1 2 3 3

AR (o 5D Poaceae (Oryza type) 7 - - - - - 11 6 1 -

DA 2 Ft other Poaceae 139 4 6 1 1 1 8 1 12 3

HIIVVIE Thalictrum 1 - - - - 2 - - - -

oD F > R 7R other Ranunculaceae 1 1 - - - - - R 1 -

INTR} Rosaceae - - - 1 - - - - - -

7 Cannabis sativa L. - 1 1 - - - 2 - 1 -

NITINFYVTJE Humulus - 1 - - - - - - -

TYH—=hINFTV IR Cannabis sativa - Humulus 5 3 2 1 - 1 1 2 - -

7T IFRE Brassicaceae 1 - - - - - - - - R

ATF 5 /4R Bistorta - - - - - - - 1 R

A X ZTIE Persicaria 1 - 1 - 1 1 - - 1 -

b g} Amaranthaceae 1 4 2 2 - - 5 - - -

VYT RV YR Impatiens 2 - - 1 - - 1 - -

FU = ikt Cichorioideae - 2 1 3 8 1 9 1 - 3

EEsEY Artemisia 22 26 41 14 5 3 11 5 29 2

fliDF 7R (527 =HF#ifHR< ) other Asteraceae (excluding Cichorioideae) 1 - 2 2 1 3 1 3 1

VR Apiaceae 1 1 - 2 - 1 3 - 3 2
R

SR=T)E Isoetes 1 - - 1 - - - - _ N

Eh s XS Lycopodium - - - - - - 1 R R R

LU= AH® Osmundaceae 1 - 8 5 - 2 1 1 1 3

Hrrave Salvinia natans (L.) Al - - - - - - - 1 -

HZAE 1 Monolete spore 12 5 12 7 5 6 10 1 67 5

EUS Trilete spore 5 22 22 - 1 1 3 1 11 5
[L2YAUNE 1%

IXdrE Sphagnum - - - - - - 1 - _ 1
KEALER Arboreal pollen 255 280 185 238 340 192 212 19 215 250
BIARLER Nonarboreal pollen 207 62 79 36 17 11 55 17 55 14
DL LY Fern spores 19 27 42 13 6 9 15 3 80 13
160 - B4 Pollen and Spores 481 369 306 287 363 212 282 39 350 277
REHTER Unknown pollen 7 7 7 18 3 7 31 4 18 9
RBEATER & (<103 47 /em’) 7.8 3.8 1.2 7.6 13.8 2.4 1.1 0.3 0.6 1.0
ARk (mm?/em®) 425 378 164 775 838 293 474 585 126 141
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FUEE L EYIERIZEAC 2L 25 (2024, 3)

HWTHEIE - [AEZTT-> 7
(4) HEYDEERRIA DR

REPEERS A LG OFhE . GUR 1g 2 b —LbE—
A—Ic e 0, EEEKEEK, 6N HElE, L
DNEICIFE U, HEZEIC K D 10um B ROk +7%
BRZ Utz ERREIC K D MR R 2 BR o5k 2
OB L, 2y FIFT—T g~ 1o
0¥y b THO AN—HF AR U Tzl
. XYY EAT o T THALTTLINT— M 2{F
BTz, JEEBEMBT T 400 ~ 1000 5 CHAE - &f
Beitolce A FRHEYIEEREIAD 0B « /e
(1986). ik (2010) ZF&EICHDE, X7 difihE
VrsEh iR A AZIL - BRI (1986), X 7 Hift
REYD R EE R IR Ok - K (1992) 12K %,

5. X
(1) EZEDH

ERR LA R SRR CIRIERIRR TR 2 R U Tz,
DX O, WA B O Aulacoseira subarctica
MY 57 ~ 80% & i K T RE M L. TR K P Ji AT 1
@ Lindavia affinis h* 11 ~ 26% & L 1) & R T
FEH U7 (X 4. £ 2), M 1A 10 P LR o
Praestephanos suzukii 7 FEEEHI 2 < (5, JHIRIEHE
545 A FERED Neidium ampliatum., [EIRAEEEREE D
Hantzschia amphioxys., Pinnularia borealis, Diploneis
elliptica, W~ RN FEREFERE D Melosira varians
PR ENTz, —J5 T, 1g BTz b DEEEREII K
S<HZR D, 9-2a TlE 1658000 il /g & ZRICTH
EFNTWVEM, 9-1b, 9-1c, 10-1a, 10-1b BXT
12-1b TiZ 17000 ~ 64000 il /g & D7z h - Tz
fhDikHZ 341000 ~ 908000 fiil /g TH > 7z,
(2) e

9-2 M DIERMEAREE, FHEBD 9-2b & 9-2¢ T
& N T/ FM 22 ~36% &EFRAV UHIRNZ <
FEHL, ocars@arsligEhbigmz <,
UMK~ 15% Z 5o 7c (K5, £3). L#l
TRarsyEaFrHENERICELL M/ F
3%, 7V 6% ZIVIE8% THoTze ic, 7Y
MM 9-2b & 9-2¢ TEMICHER L. 9-2a TE A 2k}
MR e G A FDMEMTHRH E Nz, MR

_34 -

REE 164 ~ 425 mm*/cm® W BELEHEN
TWe,

-1 IS TIE 7 UM 51 ~93% & EHERTHEM L,
aFIREaAFIHEIFEKRTFF/FIT1~6%
ThHolo 9-1a & 9-1b TIXHIRI KL ER DY 775 ~
838 mm*/cm’® L2 HEN TV,

10-1a TR 27 VUMD 33% =25, RNTa)rTE
JFTHENEH U, M7 IVIR T/ FD
R THRINE NIz, 10-1b X & NI BIARIEH
19 ik & Do T, ZDENTE T U MNZ
B A FFA RBIM 10-1a & 10-1b TlED
IR E N Tze MIRIARTER X 474 ~ 585 mm®/cm®
Th-ol,

12-1 #iSOfEMbA R, FED 12-1b TH VY
MT1% L @mFEz2 LD, FF/FIE5% TH - 7.
fiicarIEatrIlEL 7V IBEENMEEN
Teo EEBOD 12-1la TR Z7VIE 11% AL, aF
FEaF gy FEN S/ FHEH L
ZLEDNF I/ FIE 6% THHoT, 12-1a TlEA =
REE 7O MEMCHIE Nz, MIRIR R IE 126
~ 141 mm*/cm® &Vixh -tz
(3) RELNBYMER

9-2 M3 BB IV P EOHERHFICT TR E
DIRELE L b N 2 507 & A2 KEZ <&
PR DN 2 D3 MM E ATV (R 4),
92anHiF I AFNEEDOHFEH LTz, 9-2b 5
WBFEILuge AT E2eRE{ EH LY X ZE
EIF MR BRI N, ERMfid Ro el
DY ravEbEL Uiz, 9-2¢ »BIEFEEAHE
I 2 B U7 o T

9-1 HiiE )V McW 2 MIC T RALMY
N &R HE, 2 DR E ATV, 9-1a
Mo NF/ F T FROMNRACHE 2 PE L
2o 9-1b B 7V, FF/F TFHROMNK
et 2002 < EHI L. ool 7% - 7l ik
SARCEE =Y FalgeRuE Ulc, BARIGE
TIEORILE & ad ANV Y VnE, 7E8HY
YRS ZNEN 1 ATDTH BMPEH L,
9-lch b7V, bF/F. TFHROMUNRILHEE
7z Uz,



T IRULE A F PR E RO RE 7R 0 A

x4 KR—D27a7KBENERRTERZR
Mgt 9-2a 92b 92c 9-la 9-1b 9-1c 10-la 10-1b 12-1a 12-1b

D HIREf PE RO\ (cc) 100 110 130 50 110 80 50 60 35 120
AR

) RACSR Bt - - 9 5

7% AR - 4 18 7 - -

b/ F BRACRE 1) - 5 11 3 - 1

Yrrava NSRRI - 1 - - - -

IXF NIz 1 - -

IRZE fE1 R 2 R

RRAZC)E THEZ B v - 2

—Y g RESSG 1

IRV ) RE - 1 -

7BV b P - 1 -

AT )E P 6 - -

A 2 HESE O - - 1 5

pEllde - - 7 38

L LjE RALFE T - 1 - -

TEALIN fET - - B 1

I/ XU)E fl - 1 -

FULYVOE % 8 - -

I 24 MFY i 1 - -

FAARXRTFTEREYFTRT R - 2 -

INF BT s - 2
g

FHFIR B O O O O

10-1 {2V Mich g icibzE . AL
Fre it i3 a0 A7, 10-1a 2 SIEARAH
SROFEFIGFENR T, BEATIEA RS, A A A
ARTERIGYF I R2T e TY AT @ B
L7z 10-1b B SEARAKRD b F/ Ty NrACH 72
L EPE UL EARTIEA BT 2002 EH L.
TFACINFEF LT X TR ER LT,

12-1 i id EIiC IV h ooz < FHh, Kk
(b e Rk 20 75 O D7k, 12-1a0 12-1b
& BICIAE ] REAAEMITRALIZ BEH U x> 72,

g\ EBEDAREH

%27 1) (Castanea crenata Sieb. et Zucc.) : pEH U2k
EREIE DT NEEI Y A— FLORINEIEA TH
%o 7V REDR S E N DRI 75 iR
ENEM LT B D &> TLERTE %,
TFRRZ & LTl 325 & & ICHET 0% 755
MH Y FNcin - remicEIN, BATEOBTICARD
IV TS LIEREORHIE 7Y DEhaF JJE.
TFIEOREMEE H 5,

~F / F (desculus turbinata Blume) @ FEH U 7= Hd
B3R _EAHROD/ Mg F T BEDRIBID T T 5>
BAVE & NENRL 5 BN TRRAIEZ HIE
IR BEMICH D, KmiZREATRDERNTED
RN LESBCR O 7R LD %,

-

(@

- 35 -

A 2 (Oryza sativa L) * FEHI U2 E T IRE R E W
B AVEE 6mm T, SEE THNERINETH 2D
WP ld ISR TIRRE T H > Teo FHRMENCIE T
ICDE L RAMIC 2 KOMMND D Liiidhdh s
DURFoTMETE RN 5, KHICITHIAIN
TS E FUROBEREDN D D witgtah G|t T, &
HORHENENZ O NSV TE A R EFETE
%o HEBIEIRKV=MAEOZERTH 2,

Y LJg (Echinochloa) @ AL DIVEIZ T LIE%Z
1 G TR C LDk 5, H 1R OME 7 1
HrEO¥ 7 X0 R EHEHIFNTHINTY
% TeDONZ OFFRIMER T E R0, S TIE 2 A X
ETISEWASEHITE IO/ NE 0,

(4) rEERR AT

A M DV ED SR E NI EHREARD 1g D
72 0 %I D THah o7z (K5 TR
TGV VBRI 3 P iR 5 &0 2 7 diR LR
ZmEN, ITEN9-2a*° 10-1b TV HZ
HhE iz (K6), fluc e T@in 9-2b & 10-
lal, 2-la TEMICHEE NIz, FTREREATE
V@M 9-2a THIKMNZ <. 10-1b TV %
R E Nz, F£72.9-1 % 10-1 #Higi THigs™ (¢
CRD SREHE (V¥ /7 7YAED, 9-2a % 9-2b,
9-la, 12-1la TR HRZ NN 532 <l



FUILIE L EYIRRRTI TR 25 (2024. 3)

TERAIE (7 7 > ) A
[
v v
g S Y x oz
* 7 ES . / /7 A
v7 ¥ 1l i A i
&z 3 % D) IR * 7 7 ® H
v A Vi v 2 il =l |4 T MmYy b
= I X ¥ v v 7 fa > LTUTI YT L s
% B )& i iffi A i fi =) =) | | IR
& 7 | S A # ] il ¥ 7 7 m i it}
9-2a L
9-2b 1 ] | W]
9-2¢
9-la ||
9-1b ]
9-1c
10-1a
10-1b L |
12-1a ]
12-1b
0 5000 /g
X6 HR—1TIa7OMEMERBRKMEADTHRX

x5 IEMERESITER—E

(X 100 16 / g)

S YElE 9-2a 92b 92c 9-la 9-1b 9-Ic 10-la 10-1b 12-la 12-1b
TLRAR (7 7 A
AVIE 23 - 3 4 2 6 24 5
FrHiflF v TER 3 - - - - 2 - 2
FUHifle A7 75 A A Fi 7 6 5 4 7 2 7 14
27 AR R
5 26 39 22 11 6 11 25 2 25 6
(Y aPTHIRR)
S iR Y E X v ooy i 7 - - - - - 2 - -
2 Jfifh R R 8 3 U TR 20 19 5 4 2 17 6 27 7
fthod & 4 dfifst 20 29 53 23 11 9 52 26 41 7
TaLRHNAEAS R 11 16 19 12 15 7 25 17 41 15
skl
7Y 80 7 3 9 11 5 31 41 2 6
HENE (F L) - 7 - 20 38 9 35 33 - 2
EBIE (T /7 798 9 23 18 13 36 21 33 - 2
MSEETE (v /79 6 13 - 4 2 8 6 2 -
2 iRy b 3 13 - 12 2 - - - 5 -
2 ffifsh A 2 g 31 52 19 50 6 7 27 6 43 19
RA R - 7 - 4 - - 2 -
I8A TR - - - - - - 2 - - -
PR 3 23 13 14 19 11 19 52 16 4
ENTz, —J Ty 9-2a D& S ITLIRHINT & R 6.% =

TIVIENE M NEYIEERB A DI T IE L
BVEREDNH B E DD, 9-2¢ % 10-1b, 12-1a D
X5 Ikl clk RSN A2 REE N
TV B WVEHIR D &2 7 diR D O VD 75 <
HRINC T FET Badklh d %,

- 36 -

HEREEREE X, Aulacoseira subarctica 75 £ DWHIE TR
WEEREREDBERATH S T eh LMBREICH - 2
LEZLEND, i, 1gHiz D OEEREA DT
W 9-1b, 9-1c, 10-1a, 10-1b B8 X T 12-1b I 1
TM25~66% L2 D TEHD., HEEE R
JE Yk & IS 2 E) USERRMERS U 7 nTREMEDMHEE &
N5, WAHPHED A-10 KOV EOHSE R T



\& Aulacoseira longispina 7ME L Uz (EFE LR
PRt 2021), WifE & &S E DR E SO
TH5E DD Aulacoseira subarctica VLRI i H
ZREUET % T EVFRIREEMNNMETHZ T Lic K
D Aulacoseira longispina £ TE %, 4El., 4
F5C Aulacoseira subarctica WEETH -z &hb
A-10 XD V J& & Aulacoseira subarctica & & Z 5
%o

RPN EERE (AL 1g 372 O DIIED M TH7% <
MZ T 9-2¢ % 10-1b, 12-1a O X S ITiaIKME Tl
Y BN T2 ML ENTH S E DOF M
TR RS ER ORI RN R VR L. B0
FEDTEIRAING & FERA o i T A — B L7 WOl
NHB, TNIHEYERRADZ D EYIRI & L
CHEf - HERE L 72h, 8 B W R 5 O R HERS
ICKBAREMD D B, —/7T 9-2a TIEIVEDIE
IR E MR E WS DZERL TV
ENS, FEICIVEBMEZ TV EHEES NS,
9-la* b cDIEbMLARHE Y VD 51 ~ 93% %=
dih, AFTEaF THE LK E ORI A D B
BWMED o Tz, Fiz, 92b82c Tl bF/ F
M 22~36% 25, 7 VI 6~ 15% T
AROarIEaroHiEe 7 IV IEh ik <
dihize 7 VBN, 7 UMKNTIEE FEEATER
D 30% LA EEEDZDICHR L, 7D Kokgh 5
1 20m @iz O 572 F &9 BIEEILEBFRAN T
5% LU (F)112011), 1 AEHOE MMEkm&IE 7V
PR T 5000 A7 /em®/yr DL ETH 2 Dlcxt U, it
AR A 5 £ 20m B B & 9 300 ~ 600 ki /cm?®/
yriZ7a o 7 VA O s P Ik < M 51
20m LAINICIZ E A EDYE TS % (5)112018), X
Teo 70 VEATE 7 ) MO MR T B 20m H
NIZHESOEM BRI BB RFEKTH O | (KHIHER
Yi© o UIEMDRI 30% L 72 b 5 DI, FRHE
WIS RSRE D D 2 550, JMidicar Zgar
Z e 7% & ORI EBIAR DN 2 AKHIDFEIC 7 1) hiE
BIEMDILD > T EaEEALBNS (HIINED
2022)s DED, U MF/F & BRI D PEH
fc D < & EARHHETEBIO A-10 FEX Y
& A9 FRAE R EMITICIE 7 U, A-10 KEHlC
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T IRULE A F PR E RO RE 7R 0 A

FF/ENDHLTVIEEEZSNS, A-10 X
S 7 VM EaFIEaF IHEMAH L T
% &, 9-1 HuSOIEMBHR T RBHR AR N D mn
EMH, A9RXMNS A-10 KITIE 7 U MDTERLE 1,
MicaromafofintEFELTVWEEEZDN
%o Flo. A8KD 12-1 Hifi A3 XD 10-1 #h
MOBEICE T IUNMEL TV EEZDBNS, BZ
5 EAICE 7 ) WESAGHMDERE N, FF/F
DBED F 7213 IR Tt LA =7V I BIEBL T
WieeEALN, N/ FEKE LTz e
HEEI NS, JWIWGREE LIRS 5 7R RR
RTHNCARTR D B5D FEBEIC 27 V) DMEBAIRMDNE K X
N F /MBI O N NS 734 LTV e
EEZLNTEL GH)I - &)12021), @ARHAH
ATEBMNC B0 T E AWM & AR SR DN AD >
TWiceHtEE N5,

fh DAY & U T, A R A X ABER
N 9-2a, 10-1a, 10-1b, 12-1a C. 7 ¥ {t ¥
M 9-2b, 9-2c, 10-l1a, 12-1a T M IC FEH L,
10-1a & 10-1b & A 2 A D E Nz, 7
YIEME RN 1% LN TH 2 T &5 7 UEk
BRI (FH)I - THE2014) 1D &, ik
Hi AV R R ANC & 2 53313 100m LU E#EN,
J&8 _ERIOG B H > Te L HEE SN D F o, R—
)27 a7 FEo 10-1a 05 A R EH LMD
BU., GUEHRIFOEAMNE Z T & SEARH
HEEPFO VIEN D & A XD EH LTS (EEX
LI R4 2021) T eh b, A 2SN T
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1: Stephanodiscus alpinus, 9-1c 2: Lindavia affinis, 9-1a 3: Cocconeis placentula var. lineata, 9-1¢c 4-6: Aulacoseira subarctica, 4; 9-1c, 5-6; 9-1a
7: Pinnularia borealis, 10-1a 8: Epithemia turgida, 9-2b 9: Hantzschia amphioxys, 9-2b 10: Cymbopleura cuspidata, 9-2a, 11: Neidium ampliatum, 9-1c
12: Pinnularia acrosphaeria, 9-2a 13: Actinella punctata, 10-1a 14: 3 ¥/ J@I@IRHINE | 9-2a, 15: 2 Wifl Y @ RaiRfifa , 9-2b
16: b TJBMRHINE , 10-1a 17-18: 3PV ERGERMINE , 17; 12-1a, 18; 9-2¢, 19: 27 HEFHEIRHINE , 9-2b
20-21: 3V @RUEIHING , 20; 9-2a, 21: 10-1a 22-24: #igAIEIHMINE . 22-23; 10-1a, 24; 10-1b 25: EAFEIMM, 10-la A% —)b =10um
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