





‘I am sorry to wake you up. I did not mean to wake you up.
When and why were you trapped in earthenware?
It is okay if you tell me just that® .



A scene from the investigations
All the images displayed here are 3D rendering of creatures derived from
prehistoric pottery in Japan, which were detected using an X-ray equipment.



Preface

In pottery, there often are small plants, insects, shellfish, and other creatures that existed around the
potters themselves. Occasionally, they appear on the surface of earth d are called *impressions’,
but they are originally, creatures mixed into the clay. A typical example is the impression created by
rice husks. Archacologists in Japan have long focused on the impressions of rice husks on the surface
of pottery when investigating the beginning and diffusion time of rice farming. In addition to rice husk
impressions, spiders, mites, and other insects were also found on pottery surfaces. In Japan, such impressions
attracted public attention around the 1980s, when Tsuyoshi Ushino practised the ‘replication method®
of moulding impressions using silicone rubber and changing the imprint into a positive cast. This is
‘more reliable than the conventional method. A ds, Michihik k used the repli
method to verify rice husk impressions nationwide. In the 2000, Sumio Yamasaki, who was also
interested in the origin of rice cultivation, started a comprehensive survey of the Jomon pottery to
discover rice and maize weevils. This marks the beginning of a modern method for surveying
earthenware. A comprehensive survey of pottery using this method led to the 2007 discovery of
soybeans in the Jomon period.

Starting in 2011, we utilized X-ray imaging equipment, such as soft X-ray devices and X-ray CT
scanners, Lo investigate earthenware impressions, search for organic inclusions embedded in
earthenware fabric, and construct three-dimensional (3D) images. We then investigated the exact
number of perilla in pottery that contain numerous perilla impressions. We also found unexposed
impressions in pottery that left no traces on the pottery surface. Since the start of this pottery
impression survey, we have searched for unexposed impressions using a soft X-ray device.

This book describes the detection and ination of organic incl
as seeds and insects, inside earthenware walls using X-ray equipment. The seeds and insects found
in pottery reveal new discoveries that archacologists, who are engrossed with pottery patterns and
shapes, have been unaware of. These include lifestyle and food in the era, and the potters’ thoughts
on such organie inclusions.

ially fossils, such

Please enjoy the world inside pottery.
OBATA, Hiroki
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Plant inclusions Fibres or stems

Unkown species

‘Go outside and take the stalks of the grass’ .
‘Yes, mom, but for what purpose?’
‘I will mix them into the clay’ .

The fragments of fibres and rice husk kneaded into earthenware
clay are not easily visible from the surface of pottery. However,
they play an important role in making them. The practice of
mixing silica-rich plants into clay is a traditional technique
typically inherited from the mother.

This tradition dates to ca. 16,500 BP when pottery started In the
Japanese archipelago.
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The world of burs Hittukimushi
Sticking bugs

Pig’ s knee; Achyranthes bidentata Inokozuchi

Torilis japonica  Yabujirami

Beggar lice; Desmodium podocarpum subsp. oxyphyllum Nusubitohagi
Circaea mollis Sieb. et Zucc, Mizutamasou

Cleavers; Galium spurium var. echinespermon Yaemugura

the fields and fcreﬁ\s,
homes, many b 5’5 k 3 es. They would excl;;m

Oh‘ no, m}mothe: will ggt angry” y
il w!nder if the Jomon people were barefoot. 'wonder if they wore long pants. Jomon

‘people were the same as us, were they not?’ Laiden 1 mm
B, 7 bt

Plant seeds, often found as earthenware impressions, are called ‘sticking %
bugs . They were seeds stuck to clothes or bady parts, and brought to
the pottery-making place from outside.



H Inemomi
Rice husk PR

10 cm

‘Mom, why do we put rice husks in the pottery clay?”
‘The pottery becomes more robust and harder to break’ .
10cm ‘Hmm. Then we should not throw away the rice husks’ .




Grains (Rice, Foxtail millet, Common millet) Ine, Awa, Kibi
Oryza sativa, Setaria italica, Panicum miliaceum

They are essential in our lives.
You cannot eat them all. We will sow the rest in the field wh




Legumes (Soybean, Adzuki bean) Daizu, Adzuki
Glycine max, Vigna angularis

‘We should harvest red and black beans before
Oh busy. But | am glad | have a lot of beans. | h

1mm

p verified the of and
adzuki beans during the Jomon period. Today, they are thought to
be rep of the plants in that period, along

with perilla and chestnut. However, the timing of their cultivation
remains unclear.



Edible grass seeds Zassou, etc
Weed, Cultivated plant

Giant foxtail; Setaria faberi Akinoenokorogusa

Rumex sp.  Gishigishi

Pueraria montana var. lobata Nusubitohagi

Elymus tsukushiensis Honda var. !n:m'tens (Hack.) Osada Kamgjigusa
Hemp; Cannabis sativa Asa

5
‘Mom, | collected seeds as you said. How do you eat them?’
‘First of all, you have to hull their husks’
"\ h

1 mm

Wild grass seeds that are found as earthenware impressions are unlikely to have entered houses accidentally.
In some cases, many wild grass seeds were present in the pottery clay. Therefore, it appears that they were
intentionally collected and brought to the house. These tiny wild grass seeds from archaeological soils were
previously not considered to be edible. However, their discovery, as the impressions in earthenware suggest,
included them in the human diet.

It seems that hemp was also used for food and fibre. Carbonized seeds were found at the Okinoshima site in
Chiba Prefecture about 10,000 years age, making it the oldest perilla seeds in Japan. Although rare as an
impression of earthenware, a vessel mixed with more than 1,000 seeds has been found in a site of the Zokujomon
culture (ca. 1,600 BP) in Hokkaido. 5



Tree fruits for eating Shoka-rui

Berry, Vines, Mulberry

Mulberry; Morus bombycis Yamaguwa
Broussonetia sp. Kouzo

P red elder; b ieboldi Niwatoko
Vitis sp. Budou
Ampelopsis sp. Nobudou
Ehretia ovalifolia Chishanoki

‘Do you know?

The old owl living in the forest taught me:
The fruits of the raspberry have grown in the edge of the forest again this year.
When the sun rises tomorrow, let us go and get them together’ .

that can be consumed without cooking. How
did the raspherry pips, which people now cat with flosh
enter pottery clay?



Tree fruits for medicine Kusuri

Insecticide, Medicinal plants

Prickly-ash; hoxylum ailarnthoid: Karasuzanshou
Swida macrophylla Kumanomizuki
Giant dogwood; Cornus controversa Mizuki

‘My grandmother asked me to go to the forest.
I saw a large tree that bore black fruits, and climbed it to obtain the fruits.
Grandmother told me that she would make medicine from the fruits’ .

e % sy e
ts would havE Been used ss medianiEiEven during the Jomon petiod. Mary moder-day
lible seeds are found as earthenware impressions. One of these was Zanthoxylum ailanthoides.
a fruit that has a compound of 1.8 cincole and is now attracting attention as a natural insecticide

for pest attacking stored grain. It might also have been used as an insect repellent during the

‘m !
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The insects that came into Jomon houses Mushi

Insects and small animals

Twisted-wingh parasites; Strepsiptera  Ari, Hachi
Beetles: Coleoptera Kouchu
Wood louse; Armadilloidea Dangomushi

oy Millipede; Diplopoda Yasude

Woodlouse : ‘It is easy to |
Spider : ‘There are many d

1mm

h found as ear p X

5 skin beetles, and Aphodius. Most insects live in
may also be mites that come into the house from
ans and animals.




King of Jomon pests
Maize weevils
S

Kokuzoumushi

;7,’3&--’«‘?".“- ot :\t’

L \freque’r!_thly encounter
“Lnortherniand. <=

ins

&
o ? =
It is so mysterious. Because of thi:

riemy Afost fayourite
¢ if they Felt the same |

e, U e
At present, more than 800 malze wepyil impressions have been detecte
approximately 60 sites that were occupied during the Jomon period. The

4 sites range from Tokunoshima in the south to southern Hokkaido in the nol

In modern Jip‘é\?ﬂuﬂ}j weevil is known as a rice-eating pest:
durbig the Jomoh Heribd; their main target seemed to be stored nuts,
as acoms and chestnuts. The maiie weevil in north-castern Japan, during this
periad, was ahalit 20% larger than the malze weevil in western Japan, wherg!'
they evigumly atwtkodmnulf.rat acorns.

—




. Makigai
Shell snails and slugs Seionaia

‘} W 72
o 1 found almall shell.

f Not at seacoast, but from pottery.
! Where are you from?
1 From the far sed

After seeds and insects, shells, especially
most representative groups of ereatury
earthenware. Most of them were less
is unclear whether they were origin:
incorporated later into the paste. Fuf
{§ confirm this matter.




The world of earthenware mixed with many seeds and insects:
Jomon people with prayers for a good harvest

Egoma

Perilla Perilla fndegcens

Kotake

‘I sow the seeds in the pottery.”

12

The act of embedding seeds of cultivated and useful plants into the clay
used for earthenware began In the early Jomon period. The seeds are not
expected to have a visible decorative effect or act as a tempering agent
that makes earthenware almost unbreakable. Instead, this act is thought
1o be equivalent to praying for a good harvest.



Maize weevils from Hokkaido

Kokuzoumushi
Sitophilus zeamais

Tatesaki

T e 10cm

‘Recently, the cold summer has continued.

Perhaps because of this, chestnuts have become less fruitful.
The size of the fruit is also smaller,

Chestnut god, please give us a lot of chestnuts’ .

Ue;sefs cantdining fany maize weguil ﬂm Raon 7
people, baing Wnaware bf the céalogy of insacs, balidgiad that the i
maize weevlls that came out of the chestnutswere Incarnations of
the chestnut god. They embedded these into the pottery clay hoping
|7 Toragood harvest of chestnuts:
3 mm 13
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Kokuzoumushi
Sitophilus zeamais

Fi
Earthenwars contalning many maize,weevils have also been found in the
Kyushu region. Although they are small pieces of earthenware, the density
of maize weevils in the clay is the highest among earthenware found in
Japan. Many other inclusions, which are thought to be acorn shells, were
mixed in the clay In addition to the maize weevils. There were seemingly
varlous ways lofum maize weevil to enter the pottery clay.

¥



Pottery incorporated barnyard millets Hie

Echinochloa esculenta

Tatesaki

10 cm

The genus Echinachloa has been a part of the dietin the southern part of Hokkaido and the northern part of
the Tohoku reglon since approximataly 8,000 years ago. It is regarded as a plant cultivated by the Jomon
people. Pottery, with the impression of these seeds, el their of barnyard
grass seeds.

10 cm
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Cultivated or useful plants

Insecticide, Lacquer, Medicine, Food

Japanese Prickly-ash; Zanthoxylum ailanthoides Karasuzanshou
Lacqure tree; Toxicodendron sp. Urushi
Giant dogweod; Cornus controversa  Mizuki
5 o Perilla; Perilla frutescen Egoma
Torikakenishi Soybean; Glycine max Daizu

e/o

Shitanoya

vie

3cm

X0

The act of mixing seeds of useful plants into earthenware clay dates
to the Initial Jomon period, approximately 9,000 years ago, and
coincides with the discovery of many cultivated plants. At the
Torikakenishi shell midden site in Chiba Prefecture, seeds of various
useful plants such as Glycine, Rhus, Perilla, and Zanthoxylum were
mixed in earthen clay. The most common species are perilla fruits.
soybeans and adzuki beans.
many seeds of the Amur cork tree and Japanese red elder have been
discovered.
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Cultivated or useful plants

Insecticide, Food

Perilla; Perilla frutescen Egoma
Prickly-ash; hoxylum ailanthoid: Karasuzanshou
Foxtail millet; Setaria italica Awa

Inuzuka

Hougaki

-
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Chronology of Prehistoric Japaneas events

BP (years
20,000
Late Paleolithic
15,000
< Beginning of a sedentary life
2 e @
Incipient phase (lc. J.) i 8
B A
10,000 { ) | ) ]
Jomon % ) N Y
Period 1300 < Beoinr '“Q""" .
D, ‘ia
Early phase (E. J.
5000 iy phase (E. J.) P
Middle phase (M. J.)
4,000
3,100

2850 «Sta

Yayoi Period

800
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Numbers in the images of impressions
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Types and excavated sites of impressions and pottery

Foce Cagh name [T — Sanname TownCty  Pebecre Dashia  Age

L Potthad et e [ - G fabeCy Mapull kL MOE
2 Potied wth S [ - PG SebeCy Nl kL e lsmer

3 prev— Oyeasisia - Kemias £, wrbidne
T Potihrd i e bk Oeasasis ] Py WY, aneE
5 e Bgeasotha - Kagmkims £V onTUOR

. [ Qgensisia - se BV waues

' e Geascia s e LY ades

1 Foadmtnt Setwistafcs = Fiuda  FL cazier

s [ pe— ™ e EY soues

" Fonstmten r—— ™ [T

n Fosdmint - - A RL wadonr

" [ Senw 2utes ™ [ Y
E [ — m g BN e
u Pttt - o e BV e

" ronstat e = [

" pr—— prer—— s Sp BV e

" Comnsa mtet Faim e Ka e BV e

" Comein et Pk sirem. 1 e LN eaueer

" pre—— prrre—— s Se BV waes

» Comsa mtet Pasicsm micrem e e BV e

n Commin et B miires () e LY anew

u R Gomemur oura s UL s
B Sarben cnidsn Cyohemn [ Mgt L e
B Mkt et Viws et = e

= [Ty e el naras se EY soues

u Gt tead T Mbmsensiasens Mgt LL e i0n

rr B s, Gake Pl Lz

s o . [ — [ [ N
" Cpmes ssttionss ramsigns [T

» Fams Canaakis s . o BV e

n Chingis ey o sy Yomsgons Hsts €L ensonr

» . Beomanesra. [ g BV e

L " . Bocrssoesiss. [ [T
» Iopsnesared e Santociy skbiions ks e BN oo

® Wi Vi v g . ot Fhuta  £0 e

" . B s Canhanats S BV e

» Japsease Pkl Zrmthm stobodes Kassioiben T

» Iapasese ridpsh o se BV mawes

» Insacese Ptk Zamtrom stestosdes Karaniaibes e BV e

, . Japran kS Zrmthm stsboes Kamssibes e BV adew
o Iepbaase P = sp EY soues

e Jasacase Pkt sk Zrmhorm stsatodes Karsziben e LY ades

a St oot Komamomicai Fwla L ane

“ et dsgusst oy csssmris = o e

“ Psinae Ackacches oncss skarechs = P

“ P Ackaaches bidenios ket £ e

@ Fgstass Ackpacthessieatsts [ Shenior L
L. T pponics Vabsieam apekima  FA oa bR
“ Eocaaien Bramsiumpntrorren Hunbahag e BV e

- Bocgaeis Orvmmpotocopon  Wbaod s EL cner

“ N - [ros—— [

L3 G ] [ [

] deterten Sovarets Mocsehd T

“ ™ Cavsgn. Kssthe Se BV waes
1w [ Dleseds osste G BN e
“ oot e Armatiten Oongomats e BN anew

s ureess Dpispata aste Mgt L1 e

w0
.
Tt
BT
sy
inarass
[
w1
s
T
rarn
i
L
BHTATAN
TN
TR
T
v
waana
v

20



Page be. Ongohsme [Ty e— ey TewnCey b Dashwe Ao
u [ re—r— [rp— = Fuords  Wellib  EL  aHOE
£ Moy mend Sk st et Wgnibnel  BRON S0 EY. anaw
“ e Stassosnss Nemosmab Mssbaw  Wpebcy  Mpmb UL aues

w® Maemeed Saoondes reomis ek asmmdi Kenie Bbelice  Kpsims BV aBE
O Wiy mend Sy s ekt Tisksgedia I L
“ - Stwsasosmss ] Tousa L A YT
" Maemeed Saondesresmis Kebmvmadi  fbemstts  Mabissomeiety Kapwiims ML BB
“ [ S sesmss et SwwiMiesss Mty et ML asew
“ P -y skgn e [T T VT

uoa st Gaaisets ke B Fawpresdi Py FL 208
“ e Gsinests gy Wpmael  Spoy e EY anae

B0 Vel sl by (et 0 - Kedanm  Tepedy  Tepms L adW

B0 Vele et [ - Triesat Flumrcs  Wallide UL anE

W T e [Eoeer— [reT——— oy W UL aBaw
T Penherdwehmsize weerds o eboumt Vakwbsten Bietn Mk UL aMNE

I e [rrrp— v Tiesa Flamrde  Wollide ML o d0E
T et byt s [IEp— b Tatssss Plascs  elias EL mseas
n Telmiin  fetebCy Ol L ek

o T P ity Locao s vt I N e e L L
T pothe e gt sty [rrye— s S Aoy Tee ML ases
o Pkt {Gyminemar) s Sy Nawialy T ML a6
T Pehed i gt et (Pet rtscen) = ds Kwkabeth Sems LL aB0R

B P [rreye— fms Weteks Gbecy  Saes €1 asae
B Penbard wh apsnasa Prihy ik stsatiedes)  Kumssihes ot L
B P et vt k) s [ Kowprmsdl  Fdwhs L anue

egiaed .
Tz
smare

e

st

®




22

Main references

MANABE, Aya * OBATA, Hiroki 2011 Detection of latent impressions from X-ray CT method. Abstracts of

research, ions in the 26th meeting of Japanese Association of Historical Botany, pp. 82-83.
(In Japanese)

MANABE, Aya * OBATA, Hiroki 2017 Utilization of Zanthoxyhun ailanthoides fruits estimated by analyses
of taphonomy and components. Japanese Journal of Historical Botany. 26-1, pp. 27-40. (In
Japanese)

OBATA, Hiroki 2010 Cultivation of adzuki bean and soybean in the Jomon Period. Prehistory and Archaeology
5, pp. 239-272. (In Japanese)
OBATA, Hiroki 2010 An advanced study on the Jomon, Neolithic in Japan, people’s lifestyle using X-ray CT
seans. X-ray CT Visuaization for Socio-Cultural, Engineering and Environmental Materials, X-
Earth (IWX) 2010, pp.62-67, Kumamoto University
OBATA, Hiroki * MANABE, Aya 2013 Detection of organic impressions from the pottery excavated at
Sanbonmatsu site by the replication method and X-ray scanning method and its significance. Report
of the Sanbonmaisu Site, pp. 294-312. (In Japanese)
OBATA, Hlmkl . KANEMI[‘SU. Michiko 2015 ination of d i ions by soft X-ray
of i lhod -Practice for the pottery from Hiraoka site in Totama City. Annal
repori for survey of buried cultural properties in 2014 fiscal year of the Toyama Prefecture, pp. 30-
39. (In Japanese)
OBATA, Hiroki 2015 Jomon pottery incorporated with perilla seeds — Examination and identification of
unexpased seed cavities in pottery by soft X-ray. Japenese Archaeology 40, pp. 33-52. (In Japanese)
OBATA, Hiroki 2016 Report on the potsherds tempered with plant fibre fragments. Report of excavation in
Frkui Cave, pp. 291-294. (In Japanese)
OBATA, Hiroki 2016 The Jomon people sowing seeds, Tokyo, Yoshikawa-kobunkan. (In Japanesc)
OBATA, Hiroki 2017 Report on the investigation of pottery ions in the Tatesaki site. Report of Tatesaki
site in Fukushima-cho, pp. 202-212. (In Japanese}
OBATA, Hiroki 2018 L'm‘umo.‘aglra:' A m‘hmm.'ogr, Tokyo, Kadokawa. (ln Japanese)

OBATA, Hiroki 2018 R inati i i the Kizamis by x-ray CT
scanner: An analysis of the deep bowl-shaped pottery from the ninth ion at the Ezu-k
Kumamoto City. Japanese Archacology, 46. pp. 35-42. (ln Japanese)

OBATA, Hiroki 2018 Report an the seeds and animals d d as pottery impression and from the soil samples

at Hougaki site in NaknmC\ty,OmPlefmne.Rc_mquﬂbeHogahSm pp. 371-390. (In Japanese)

OBATA, Hiroki 2019 Do the exposed cavities represent all of the cavilies in poltery? Results of examining
unexposed cavilies from Jomon siles excavated for construction of the Kasegawa Dam, Saga
Prefecture. Quarterly of Archaeological Studies, 65-4, pp. 38-59. (In Japanese)

OBATA, Hiroki 2019 Plant utilization and howse pesis in the Jomon Period-An innovation for impression
method, Takyo, Yoshikawa-Kobunkan. (In Japanese)

OBATA, Hiroki * MANABE Aya * NAKAMURA, Nacko * ONISHI, Tomokazu = SENBA, Yasuko 2011 A
new light on the evolution and propagation of prehistoric grain pests: The world’s oldest maize
weevils found in Jomon Potteries, Japan. PLoS ONE.

(http://doi.org/10.1371/journal pone.0014785)



OBATA, Hiroki * MIYAURA, Mai * NAKANO, Kazuhiro 2020 Jomon pottery and maize weevils, Sitophilis
zeamais, in Japan. Journal of Archaeological Science: Reporis, 34, pp. 102599,
(https://doi.org/10.1016/) jasrep.2020.102599)

OBATA, Hiroki * MIYAURA * Mai, KOBATASHI, Akira * NAKANO, Kazuhiro 2021 Research on
the impressions on the pottery of the Late Jomon Period excavated from Yakushoden Site, Miyazaki
Prefecture, as seen from X-ray analysis. Kyushu Kokogaku, 96, pp. 23-43. (In Japanese)

OBATA, Hiroki * MORIMOTO, Katsura * MIYANOSHITA, Akihiro 2018 Discovery of the Jomon era maize
weevils in Hokkaido, Japan and its mean. Jowrnal of Archacological Science: Reports, 23, pp. 137-
156. (https://doi.org/10.1016/].jasrep.2018.10.037)

OBATA, Hiroki * SASAKI, Yuka * SENBA, Yasuko 2007 Impressions on pottery revealed cultivation of
Glycine max subsp. max (soybean) in the late to latest Jomon periods in Kyushu Island, Japanese
Journal of Historical Botony. 15-2, pp. 97-114. (In Japanese)

23



Postscript: Excavation of eathernware

Pottery is a mirror that reflects the life and spirituality of the Jomon people. In the 21st century,
culting-edge technology has made it possible to visualize a previously invisible world. This is the
beginning of a new archaeological trend and the unveiling of a world through the excavation of
poltery clay. However, there remain things that we do not understand, therefore, we must continue
excavaling earthenware.
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