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Formation process and vegetation history of the Bibai Peatland,

central Hokkaido, Japan, during the Holocene
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Abstract We reconstructed the formation process and vegetation history of the Bibai Peatland in the middle of the
Ishikari Peatland, central Hokkaido, during the past 8000 years, based on geologic and topographic studies,
physical and chemical analyses of sediments, and paleobotanical studies of diatom, pollen, and fossil wood assem-
blages. The Bibai Peatland was created on a terrace surface between 8000 to 7500 yr B.P. with moistening of the
surface caused by the Jomon transgression. From 7500 to 5000 yr B.P., peaty mud deposits with marsh forests of
Alnus and Fraxinus first settled and were succeeded by low moor peat with high to transitional moor vegetation of
Cyperaceae and Myrica. From 5000 to 3500 yr B.P., muddy deposits with small scale Alnus forests settled with
high fluvial activities. From 3500 to 2200 yr B.P., peaty mud deposits with marsh forests of Alnus and Fraxinus
again formed with stabilization of fluvial activity. In buried forests, Fraxinus grew close to the Bibai River and
Alnus far from it. Since 2200 yr B.P., this area became a stable back marsh, and low moor, transitional, and high
moor peat was deposited successively at the central part of the Bibai Peatland. The main vegetation of this stage
consisted first of Alnus, Fraxinus, and Lysichiton, and of Cyperaceae and Sphagnum afterwards.

Key words: buried forests, floral changes, fluvial activity, Holocene, peatland

10437161300 0000000000000 4433000000000000000
Coastal Sandy Area Branch, Shizuoka Prefectural Agricultural Experiment Station, Hamaoka, Ogasa-gun, Shizuoka 437-
1613, Japan
20 572-0021 00000000 21-300 0000000000000 ONPOOO
ONP Laboratory, c/o Kansai Environment Research Co. Ltd., 21-30 Tai-cho, Neyagawa-shi, Osaka 572-0021, Japan
30305-86870 000000000000 DOO0O16e00000000000O0OO
Forestry and Forest Products Research Institute, Tsukuba Norin P.O. Box 16, Ibaraki 305-8687, Japan
‘0 501-62640 0000000 5-63000000000000000
Paleo - Lab Co., Ltd., Shima 5-63, Oguma-cho, Hashima-shi, Gifu 501-6264, Japan
S0 329-2747000000000000000 7680000000000000
National Grassland Research Institute, 768 Senbonmatsu, Nishinasuno-cho, Nasu-gun, Tochigi 329-2747, Japan
60 997-85550 000000 12300000000
Faculty of Agriculture, Yamagata University, 1-23 Wakaba-cho, Tsuruoka-shi, Yamagata 997-8555, Japan
70 062-85550 000000000 100000000000000
Hokkaido National Agricultural Experiment Station, 1 Hitsujigaoka, Toyohira-ku, Sapporo 062-85535, Japan



16 ooood

ogooo10

oooag

obbooobooboboooooobobooobooon
OOo0sS0km*0000000OODOOOOODOOOO
oboooooboore3mbobooono1g7ooooonoon
ooboobooooboboooboobobooobooooobo
ugoogooooboboboobooooooooogo
01974 0000000bOO0oOooooooboooooo
oobooooboobooogroooODOooDOOODO
ooo198s00000000000000000000
oooO0ooooooooonsoood4o00000O00O0ODO
uobooboooobooobooboooobooobooo
oobo0ooooooooooD1essoouudono1osst
ooboobOooobooobooboooobooooo
uoboobooooboooboobooobooobooo
gobooboooobboooboobobooobooooobo
jdddddddodddooooooaaaoooo
19940 0000000000DO000000O0O000O0O0
uobooooooboooobooboboooboooobo
ooog

ubbodobodobobooooooooooboaon
oboooooooboobooooooooobooooooo

0000 00000 oooo ooao 0O0oao [u}

o o
ggooboooobboboboobooobooogend

odooooooobbbooooysymooooog
0000 Bibai Peatland00 0000000000 OOO
oooooobDoooooOooboooooonDnoo19so
gobuoboboobodbobuoobooobooood
ooboobboooboooboobooobobooooo
0000000000000 0000Bibai MoordO OO
198100 0000000000000 00ooDooooon
02000003km*00000000OFig. 100
oobooboooooboooboboobobooobooooobo
uobooboooobooobooboooobooooobo
gobooboooboooboobooobooobooo
gboboooooooobouoboobooboooao
1995MoOb00oobooooboooobooooonong
uoboobobooobooobooboooobooboog
gogooooobbboboooooooooooobog
gooooboooooooooooooboooodd
oooooooooooooooo
goooooooooooobbbobooboomoon
uoboobooobooobooboooobooobooo
oobooooboomooooobobooooboooon
ooboobOoooboooboooboooobooooo
lddddddoooooooooooada

R. Ishikari

* Bibai

< Geologic section
¢ Boring point
= Buried forest section
|:| Holocene gravel, sand & silt
["] Holocene peat
Pleistocene gravel, sand & silt

Fig. 1 Geologic location map of the Bibai Peatland. Geologic map after Matsuno et al. (1964).



gobooboooooboobooooobboooooobobbooooboobooo 17

goooooooo

oooood

gobooboboobobooobooooobooooboon
OO000o0oOooobbdel km*O000O000ODOOO
193700000000 13020mO000000000
0000000000 00O000000oo0ooO3kmOn
O025km0O0000000000OO 2000BH-1,20
bobooboobobuodobobouoboooboaood
gdodooooooooooooio2mbObDOD 30
o000 A,B,COO0O0000O0O0O00C0DOFg. 1M

oododaad
gooooobobboboooooooooooooooon
Oa-b00000000000001210000001m
ooOoooobooooboooooboooboisogo2no
SmO0000000000O000a-bOOO0OO120m
OO00O0BH-1O024mO00000 SOm0O BH-20 13
mO0O00000000000000000000D0000
00000000000 0e-bOOOOOOOOOOOOO
1kmO00000000O0O0O0O0O0OOOO29000
ooooooooooooboboooo SmOO0oOogog
goboooboooboobobooobooboboooog
ooooOOoSET4c00DO00000DOOO00O00 BH-1O
BH-2O00OOO0OO0OO02000000000000000
gdoooooo1i2osmooooooooooog
ooooodood
BH-1OOOOOOOOOOOOOOO0O0OOOOoO0OO0
ooooooboot20cembbnoooooOooon
gdooooooooooooooobobbbboog
00000000000000000Elementar0 000
OO0O00O0vario ELOOODOOOOODOOOCOODO
g1997mooooooooboooooooooonoon
ooooobooobooboboooboooboooog
OO0 sooeCcO3000e600°CO10D0DO0O0OOODO
dodoooooooooooobooooo
godooooooooobboboooooggdadd
OooooBH-1000D0280000000000000
O00O0000000000001ghOOO00OD 30
uboboooboobobooboooobooobooobooa
ubobooobooboboobooooboobobooood
goooooooogeoonlooobbbbObDODDDOOO
ODOoO0ooO0OooobOoobooDb2000000000
ubobooobooboboobobooobooobooobooa
obOoooobooobobOooooOBH-1O000O04500
gdoooooomoooobooooreo3smugug
goooboobbbobooooooooobboobooooa

oobooooboooobbo220000bb0OoOooobobDOon
ODOO0O00oO00ooDoOoooooooo2o0000000
ubboooboobobooboooobooboboooboa
ubbodoobodoboboobtoooboobobaoood
ooooobbObOOO00o0oooooooboooooooo
gbboooboobobooboooboobobooooboa
ooooOooOoOoooooooooA,B, COoODOOO
1110000000000 o000ob0o001993t
goooooooooooooooooooooooo

googd
uododadd
odddoooooooiombbooboOoOoOoboOoboOon
OO0Oo000DOO0o0oDbOob0bO0o0O0o0oDobobOOb0n0o0oA
OHOO8OOOOOOOFg. 20000000000
ooooo
ooobDACODOOODOOODOOODOOObOOOO
ODo0O0oo00O0014mO0000000O0OBH-1,200
obhooooObooobooboooooboOoOoBH-1O0O009.70
012.5mOBH-20007.700 124 m0O0000000
O0OBH-100 1250024 m0O00000000000
ODO0O0ooo0ODO000ooOo0o0o0oobDOoOobooObOoon 10
keem?00000000000OOBH-100 10.0 nJ 7.2
mMBH-2008.8mO7.8mO000000O0OO0200
oooobooOo11.3 mbd6e.7mnn 10.3 md 8.2 mO0O
O0OO0O0OBH-1,200000000000000DO0O0OO
ubobooobooboboobooooboobobooobooa
obooobooobbooobooboboooboooboosot
mdJ 00708 m00000000O00OO0OOOOOOOO
tddddodooooooooooa
BOODAODOOOOOOOOOOODOOOBH-1O0200
O0oooodo010em0OOoOooOBO0OAOOCODODO
oooOOBOODOOOAOOCODDOOOOODOODO
O0BODOOOOOOOOOBH-100 7580+ 170 yr
B.PJ GaK-165370 BH-20 0 7820+ 110 yr B.PLJ GaK-
lee89M OO OUOOOOOODOOODOOOODOOOO
oooooooooooooooobooo
coOoBOO0ODOO0OO0O0DOOO0DOOOO0OOOO0DOBH-10O
2000000000103 mO000000DO00O00O000O
ubbodoobooboboobooobooboboobood
ooooobbbOOo0ooooooooooooBeE-100
ODOoO0oO0OoobobO0e00O07.0mO0O0OOO0ODO
ubbooboboobobooboooboobobooobooa
ohbooooobooooboooBH-1000000000
ODO00O0000O00S330% 110 yr B.PO GaK-165360
ooooo



18

ooood

ogooo10

a

R.Bibai
Arable peatland

Forest
Site A *

BH1

o,
e
BN

1970480

Bibai Moor
Site B

Altitude (m)
BH2

Site
C

18

Arable peatland R. Daini

-Kansen 16

Forest

N

b

3040£90

Tarumae-a ash (Ta-a)

+=— White ash (B-Tm?)

[ ] Topdressed soil

[, -] High moor peat

E=] Transitional peat

Dj Low moor peat

Low moor peat (incl.mud)
[ ] Mud (incl.peat)

- Mud ()5|33(|)tl|10|

4910120

AT BT |
) 2170+70 \ s

3250490 | - I
L [ 208 '

O RS 903920490
1RN\E HHI:

Black silt (incl. gravel) ‘
Tuffaceous silt

M Buried wood

O Radiocarbon date

-~
R

7580170
| 1 |

R
F

EE T

L

-
-

RS
EE
R T Y
A

~. 7820+110 B
-~

L _8

s

A

R
-

-
-

Ear
P

0 1

2 Distance (km)

Fig. 2 Topographic and geologic cross section of the Bibai Peatland along line a-b (Fig. 1). A to H show designation of

each layer, and vertical lines show bore holes.

bOOocCcOODOOoooOOoooooooobonoooono
0000000000034 md0O00a-bO0OO0O
oboboobooboooobooboboobooooooooo
200000000D000O0000O00C0O0O0C0DO0O0OD
obooOoooooooooooboooooobooooooo
oboboobooboobooboobobooooooooooo
ooboooobOoooob0odoBH-1000020000
ooooODoO0O0000ooooOD0O00 4910+ 120 yr
B.POGaK-16534MBH-2000000000000O0O
ooboooooo 3920+ 90 yr B.PO GaK-1668800 0O
oo0ooBH-1000000C00000000DO0000
oooOo

E0obOboOooooooooboobobooooog
ooooooo1o2md0OOO0O0ODACCOOODODO
obooO0o300oo0obooobooboooooooboogn
ooooOooOooOoooooboobDobDOoDooooogon
oboboooobooboobooboboobooooooogo
ooooooOoooooobADOODOOOOOOOO

ooooooooooooooooon 1970+« 80 yr
B.POGaK-17609I 0000000 O00OO0O0OOOCODO
2210+ 80 yr B.P.OGaK-166900000000 BOOO
ODO00D000O00000000000002170+ 70
yr BP.OGaK-176100 00 COOOOOOOOOOO
oooobOoooooboooboon 3250+ 90 yr B.P.O GaK-
17607 00000000C0O0O00O0O0OO0DOOOCOO
ooooooo
FOOEOOOOODOOOOOODOOOOOoooOooOooo
ooooooboooboosSoltmbObOOOOoOOOOOO
oo0o0oooboooooooooon 2980+ 80 yr B.P.

OGaK-166910 00000

GOorooooooooboooboooboooooon
oboobooboooboboooboobooboooobooboolno
2mOO000000000000O00000O00000O0
oO0oO0oO0ooOoooooooobooboboboboon
ohbooooooooBsH2000000000000O0
ooboooo SmmO00000O00O0O0O0O0OOOO



gobooo0oooooboOooooooOoOo0oOoOoooOobObOOoOoOoooooo 19

ooooOoBH-1O0000000O0OOODODOOOOOO0
gobobooorooboooooobbooooboboog
oooOoooboooDbiiso401.50700000000
obO0oooOBH-1OODOOOOOOODOOOOOOOO
OO00OO00000 2090+ 90 yr B.P.OOGaK-165320 0
good
HOOGUOOOOOOOOOOoOoooOoOooooooo
oobooooooooooobobooo2mbOOoOooOon
goooobooobooboboooboooboooog
djbdtoooooooooo1lembbgoooooog
gbobooobooboboobobooobooobooobooa
Oo0oo00cAQOODODOFOOODOODOOODOO

goooooooo

BH-1OOOOOOOO0OO0O0O0O0O0O0000MM Fig. 300
boboobooboboobobouoboooboaood
gdooomooooooeooooooooog
000000000 0O0000D000000030%000
obo0o0o174% 00000000000000000
oo01979MBH-1000000000 30% 0000
OooOooobO0174%000000000000C00O
gboboooboobobooboooobooboboobooa
ubboooboobobooboooobooobooobooa
oboooooboooooodeooo?78mibonon1.4
mO200000000000000000000000
ooooooooo

Ignition loss (%)  Total-carbon (%)

m BH-1 0 20 40 60 801000 20 40 600
\

oooogNOOoooOooooboooobooooo
ddbobooooboooooooooooooooss+
2200000025+ 800000022+ eO0OOODO
obhOoooobD19s81MBH-100000000.7m0O0
gbooooo220b3obiooooooo 1sbaog
ODOOoO0oO0ObO0e0007.0mOD0O0O0O0O0OOOCODO
2000000

gobodoboobogobooooboooobooobodn
OD00000D0020040%00000000040070%
ubooooboooboobooooboobobooobooa
obOooooboorsoo3.ombbOoooooooon
OeoO80% 000000 O0OODOOOOOOOOO
oo00OooooOo20% 0000000

gooooo
BH-1O0OODOOODOOODODOODOOoOOoOooO91ooo
0ooooobooboo4000303000b000boano
87000260670 SOOODODODOOODODOOMOI 19880
gooooo1e00o0oooooooooooooon
OO0ooobplboODIXOd 9000000 Figs. 4, S
gooobloooobIivooooooooooooono
goboooooboooobbooooooooooon
gobbooobboooobbooobobbooooobo
gbobobooboobobobobooo
DIODOBOODOOOOOOODOOOOOOOODOO0
000000000000 Eunotia praerupta var. bidens

Carbon/nitrogen Degree of
ratio decomposition (%)
40 60 80

20 400 20
| ! | ! ! | \

0
O — [ N S N R R N B

white ash =
(B-Tm?)

MHEEER i i

o R , ,

High moor peat [ [] Low moor peat
= Transitional peat

+—3 Volcanic ash [ ] Mud (incl.peat)

[[:]] Low moor peat (incl.mud)

] Mud Fig. 3 Physical and chemi-

W Black silt (incl. gravel)
Tuffaceous silt

cal properties of the BH-
1 core.



20 goooo gsooo10d
Composition of fresh water species Environmental fraction
r Ll Fi 1
K N o Q W ;\/hrmrl resh water
——r — . —
. v 4 @
g.35 € £ E
f8x i 2 £ © s 5 3
£§53 3 S 3 - - ” [ 3 =
3 RO 1S B I3 ° & I o0 &
3 = SES§E § £§8 g i3 H g 8 ~ =
st 3 © TS E. fOBE O, frizss £ . = =
B 2 Y = ¥IERR o)
SEfr f FETIEREEIEr Y oy aivEsc £t g5 B 7
] 3 -2 2 2 F IS [P -E :
PEEg 5 SLUESTIES ST S DEREEEY g Ll § E £ &  Er >
;*QQ > &i&?s‘;_en,u.w-ﬁs s S ES8¥5es S 3326 < £ & g b= = § E
2SS s3I s SHNEETEYSNR E S SmmESE Y ze3g 3 = o @ o v g =
TAET ¥ ST TOaTISSEE ST 8 OFTLSISISSS o oLimol = W o < o} = .5 s
£8328 § BLTelTE o8I Y S oiEEIE Ess® S £ B S 53 s
SESE 3 SRESSEREIES P OTRgEiffy a4 o2 T oe Bos 2 g
> S8 £ 5 SES g
m BH-1 Ok T0 O dAud@OzaRaadznz & CO0zZzZZ4A& & B2KN O P Q W0 10010 100 3
To-a0 S 1,.4 NN !}.. kmp . . . DX
' sl vl b i DI
white ash = N B i~ Vo e Bu R s i  — S
(B-Tm?)
10 » p
. : 1 .
i u
i DVI
fe 17
_______________ 01 L R O W 1
____________ ' = R T Es L Y
‘ i’
|
I DIV
5 B N 2 ISR 8 O RN BB ..l - == \
- : ; = SRS ‘ K
=0 T Aty O R S ol mr = _E . mmm— | T | __7>_ "[—vaHI
< i
DI
39
40 N
| ;
RS GO 3 S Y O N T R A T D (O R T A ) U R I Y SRR U ROl I S el
Goasmneed], . oy : B | T T N S
g 3 PF.? N T — =T RAEEY
AR
RZSSIEZS7 I I T 0 Y A Lt
10 rmn
RO
(@< 1%)

Low moor peat
Low moor peat (incl.mud)

High moor peat
Transitional peat

100%

[ ] Mud (inclpeat) §§ Black silt (incl. gravel) <= Volcanic ash
] Mud

Tuffaceous silt

Fig. 4 Diagram of fossil diatoms from the BH-1 core. Percentage of taxa are based on the total diatom counts. Composi-
tion of fresh water species shows species occurring over 3.5%. K, N, O, Q, W, and B denote habitat divisions shown in the

environmental fraction.

goooooooobobobbbbboooooooooo
goboouobbooobooobboooo

D00 COU0O00DOOOOooOoooooooog
goooooobobobobobbbbooboooooooo
goboooobboooobboobboooon

DIIOCO DOOOOOOOOOOOOoOoooooong
Ooooooooooooboooooooooooog
00KOO Cymbella turgidula 000000000000
gooooooboboobobbbbooboooooooooo
gono

DIvOO DOOOUOO0OOOO0OOO0OOOoOoog
goooooobooobobbbbooooooooooo
goboooobboooobbooooo

bDvOODOUOUOUOUOOUOUOUOUOUOOoUooOopmoog
Ooo0ooooooooooonooooooooog
00 000KOO Cymbella turgidula0 00000000

gobbodoobbooooobboooboboooooon
gooo

DVIODOE, FOOOO0O0O00O0OD0ODOOOO0O00mon
O Cymbella aspera0 00 0000000000000
00013015000 00000000000O00000O0
gboboboboooobuoboboboo
bviiooQgoz2oooOOOOO0OOOoOooooooooo
000rFO000000000000O0DO0O00O0O00O00ooO
O0000000000000NOO Melosira pensa-
colae 00D ODOOODOOODO

bvillo cooooooboobooooooooooo
gooooood

DIXOOHOOOOOOOOOOO M QM Pinnularia
borealis0 Hantzschia amphioxys0 000000000
ooog



gbobooooboobooooooboooooboboooobooboboooo 21

S

1

T

Aaaanasans
e -é\'.'{;]‘?,‘.“ y

14442,
;_r

o< annes
L i

:\‘:“‘«'

WrhsavnuEy

fi

LY T s et Ly
FrrrEb e, . -

AL I I s NS

TYTCILLA AR

Y
L4

MnRgapas

ST

|
Ll U9

R e
\STET

o

I P e et e s S TN EY
- = -+

Fig. 5 Fossil diatoms found in the BH-1 core with sample numbers. — 1: Pinnularia borealis Ehrenb., 35. — 2: Eunotia
praerupta Ehrenb. var. bidens (Ehrenb.) Grun., 29. — 3: Eunotia pectinalis (O. F. Mull.) Rabenh. var. undulata (Ralfs)
Rabenh., 33. — 4: Navicula radiosa Kuitz., 43. — 5: Cymbella ehrenbergii Kitz., 6. — 6: Cymbella aspera (Ehrenb.)
Cleve, 10. — 7: Pinnularia gibba (Ehrenb.) Ehrenb., 43. — 8: Stauroneis phoenicenteron (Nitzsch) Ehrenb., 33. — 9:
Navicula mutica Kutz., 1. — 10: Pinnularia subcapitata Greg., 1. — 11: Pinnularia viridis (Nitzsch) Ehrenb., 33. — 12:
Eunotia praerupta Ehrenb., 29. — 13: Eunotia pectinalis (O. F. Mull.) Rabenh. var. minor (Kiitz.) Rabenh., 29. — 14:
Hantzschia amphioxys (Ehrenb.) Grun., 1. — 15: Hantzschia amphioxys (Ehrenb.) Grun., 1. — 16: Gomphonema
acuminatum Ehrenb., 33. — 17: Meridion circulare (Grev.) Ag. var. constrictum (Ralfs) Van Heurch, 33. — 18:
Gomphonema angustatum (Kutz.) Rabenh., 29. — 19: Amphora libyca Ehrenb., 33. Scale bar = 10 pm.

oooogoo obO230000000e62000000 13000000

BH-10OOOOOOOO0OO0OO0O0OOOOOO00oOO goooooboooboboobooooboooooboooo
O03es000000D40000000SO000D0OO gosooooob0ooooooooooooboooooon
ob0O0010008200000Figs. 6-80 00 22,28, gboboooooooobooobOooboDRg. 600000
40,42,44,450 600000000000 0O0O00O000 OOOOOOOOOORg7OOOODOOOODOOOOO



22

ogooo10

lowland elements

Bibai | background elements T
tree, shrub

Hokkaido

[ 4
>
v
>
4
n

subgen. Lepidobalanus
sect. Fraxinaster

1 Syringa/Ligustrum

Fraxinus
Alnus

Tilia

herb, fern, moss

background elements
lowland elements

local pollen assemblage zones

flex

Myrica

Ericaceae
Gramineae
Menyanthes/Fauria
Eriocaulon
Cyperaceae
Pteridophyte spores
Osmunda
Sphagnum

arboreal pollen
nonarboreal pollen
fern and moss spores

% samples {open circle - barren)
W] Carpinus/Ostrya
YW Ulmus/Zelkova
T Juglans/Pterocarya
™) Abies
"1 Picea ) )
"] Cryptomeria japonica
"] Fagus crenata
~| Leguminosae
'] Rhus
| Sambucus
Hydrangea type

an

white ash
(8-Tm?)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

o

LS Ea

20 40 8 20|

20 40

High moor peat Low moor peat
Transitional peat Low moor peat (incl.mud

Mud (incl.peat) Black silt {incl. gravel)
ud

- -less than 1%

Tuffaceous silt +— Volcanic ash

Fig. 6 Major pollen diagram of the BH-1 core. Open circles beside the columnar section indicate samples that rarely

yielded pollen or spore types. Percentages of tree and shrub pollen types and of other pollen and spore types are based on

the total arboreal pollen counts and the total pollen and spore counts, respectively. Pollen and spore types that occur more

than 5 % in any samples or show clear stratigraphic occurrence are presented in this diagram. Pollen and spore types are

divided into background and lowland elements based on the occurrence of fossil woods and the modern habitat of their

mother plants.

00000o0oOooooorP-OP-IXOODODOOoOoooo
gooooooooooooooooouooooooogoya
0o0oooooooooooooooooobod
Olowland elementsD0 00 0000000000000
0000000000000 0O background elements]
gooooooooooooooooooooooooon
0oooooooooooooooooooooooon
Jooboooooooboomobooooooboomo
godboboboboboboooboboomon
00Moooo0mooooooboooooomo
ododoooobooooomuooooobooooon
oooboooomuoboboooboooooboooo
gobooobobboooobboooobbooobboo
gpoogooooo
0o0oodoooboooooooooooooooon
ooooooooooooobooooooooooooo
000000DO0o000bo0ooooboooOooosoood
goboooobbbooobboooobbooobobo

dddodooodoooooooda

P-1OOBOOOOOOOODOOOOOOOOOOOO
ooboooobooobboobobboomuoooooooo
djdddoddooooooooooooo

P00 COO0OO0DOOOOOOOOOOOOOOOO
gobuobobooobooobooboooobooood
oobooobooobooobooboooobooooo
ooooooooooao

P-MOO COOOOO00OO0O0OOO0OODOOOOODOO
gbgooboooboboboobooobodababoooooo
ooboobbooobooobooboooobooooo
gboooboooboboboobobooooboboooooo
gooooooooobooobobobooboboobobobbbbnd
gooadd

p-IvOO CcCOOODOOOOOOOOODOoOoOooODOO
dddodoooooooooooobobbbooooog
obooboooobooobooboooobooobooa
gbobooobooobooobooboaoooooobooabod



gobooboooooooboooooboOoooooobbOoOoooooboooo

23

arboreal pollen

fern

nonarboreal poilen

9
K]
5
o £
Bibai ® < |spores
. IS4 =
Hokkaido 8 8
x
173
JAPAN 3 ) @
=4 8 g3 o
S g 28 g
= < S L N
T £ 38lww )]
8 g 2558 &
° <] s OOz & s}
o x !
; 8 £ EESS | &
3 5 < SS@T 9
© 3 o 58|35 2
° © k4 S S3518 ¢ 8
: g 3 £8 £ 88 o 3 o zgg; c
c [ 8 @ = = o2 8 2 < ] Lo @ o)
= 2] S © SR ® S5z g0 o = = 38853532 QL
g = T 822 98 4g3E| 5 o 8 2582 o358 98s5 2. 280,2%%8%%| o
=2 29 o g 3 o98Ss SL® L TRISES5S5SZF OB 9S8 SEDES
35 SEQo = 238 @ @ = > agloemOlsu®883 2 =58 T Q2|09 & a
2 «88 3855982, 38 TEEleoffleds £E592292cS585828c532558885222(88% —=
Bl 8RR S R e e TSR 28883580553 32558582852855253¢e5858588281
o BH-1 8 ST 388S88S 220 SZSRFI<EI = nd 502 CeESALEEBOEITSOoSSSSIaG o
on 0 P e e ) A R R ) B A R Ay B P Ay R s g iy
Ta-a r
""" P-1X
hite ash - + + - l’ T
wha : P-VII
P-VII
P-VI|
pP-v
P-1V
P-1IT
P-1
s ’:::f: s e St s g L) G
10 F
[:73] High moor peat [ i ] Low moor peat Mud (incl.peat) SN Black silt (incl. gravel) - occurred

Transitional peat [71}

i Low moor peat (incl.mud)

Mud

Fig. 7 Occurrences of rare pollen and spore types of the BH-

Tuffaceous silt -+— Volcanic ash

1 core. Open circles beside the columnar section show samples

that rarely yielded pollen or spore types, and black dots in the diagram indicate occurrence of rare pollen and spore types.

obooobooooogrpIvoOoooOOoooOOoooooo

P-vOODOODEOOODOOOOOOODOOOOOO0OO
ooooooboboboboooooono22,23,280300
uboboooboooboooboooboooboooog
ooodadad

P-VIODO EODOOOOODOOOOODOOO0O0ODOO0O0
goboooboooboobooooboobobooboo
uboboooboooboooboooboooboooog
gbobooboobobooboboooboooboobooa
obooooooooooooboobooboboobooogoon
odoooooooood

P-vilUO EOOO0O000oooooooooooooo
gogooooobobboooooooooooooobooboo
obooooooooooooboboboboboobooon
oobooobOoooboobooooboooboooog
dbodooooooooooooooooo
P-VIIIOO FOOOOOOOOOP-vVIIODOOOOOO
obobooooboooobooboboboboboobooon
oobooobmboooomobooobooooog

uboboooboobobooboooobooobooobooa
oo0ooooboooooono

P-IXOO GUHODOOOOOOOODOOOOOOO
uboobbbbooooooooooooooooa
uboboooboobobooboooobooboboobooa
o0o0o0ooobOoHOOoOOOooooO0oobooObOooo
goooooooooooooooobooooboooboooo

tddddddododoodooaa
OOA,B,COD0EOOOOODOOODOOOODOOO
obooooboobobooboooobooboboobooo
uboooobooboboobooobooboboooobooa
oOmngoooooooooooooboooboooooo
osooobooooooooooo32000o00200
Ooo0o0oooobooobDOoboooboADDOOOODO
doooobobobobobboooooooooooon BO
cobobooooooooooo
ooooboooooboboobooooboooooo
OFigs. 9, 100000000 AOCDOODOOOOODO



24 ooooo ogooo10




gbobooooboobooooooboooooboboooobooboboooo 25

oo MA YH T

E oF SoeF OF s
AS 0 Feoo ca op eeee lo)
1 L oo olf F EE FF SE AFF F
F FF FeeF o Qe FesesoF
F
T T T T T 1
0 20 40 60 80 100 m
m Site B
0
T Y g A I3 1:)’1 Ji: A Alnus
7 ° A F  Fraxinus
A M LN JT
oA °F A o .°F . - OF H Hydrangea
9 g E A Ho AT 994 B M Maackia
] éF 500 5 oA d S Syringa
1 o A
A °

) & upright stem

0 10 20 30 40 50 m with roots
m Site C o roots

0 o fallen stem
AN A or branch
i i

FM ¢
1 ®®0oF
i ‘571:7 M [ Topdressed soil
o0
- \FQAE/_%A%_A_/ =] Transitional peat
- Exeop OA [[ 1] Low moor peat
- [ E [ 7] Low moor peat
F F .

27 /;o % = oF (md‘ITMd) Fig. 9 Geologic sections
7 2 MO O ] Mud (incl. peat) and fossil wood occurrence
h of buried forests at sites A,

I T T T I
0 20 40 60 80 m B, and C.

obooooooooooboobobobobobobooo
goboooboooboobooooboobobooooo
gooobooooosooooobbobooooooog
gooooobobboooooooooooooboboobooo
obOcooobooooooobooobobooooooooo
goboooboooboobooooboobobooooo
uboboooboooboooboooboooboooog

oobooboooooobooobobooboobooboobooo
OoOo0o0o0oDO0oboobOoboooooAObCOoOoDOOooO
ooOoooooooobooos, CcoOooboooon
ooood
obobobooboooobooocooobooooooon
oooooboobOoboobOobooobobooooceo
obOO00240/10mO0000BOO1.60/10mO00

Fig. 8 Major pollen and spore types obtained from the BH-1 core with specimen and sample numbers. — 1: Abies, NOS-
4413, 15. — 2: Picea, NOS-4422, 3. — 3: Cryptomeria, NOS-3417, 3. — 4: Myrica, NOS-4450, 32. — 5. Juglans/
Pterocarya, NOS-3404, 26. — 6: Betula, NOS-3823, 11. — 7: Carpinus/Ostrya, NOS-3393, 26. — 8: Alnus, NOS-4439,
13. — 9: Fagus crenata, NOS-3384, 16. — 10: Quercus subgen. Lepidobalanus, NOS-3389, 16. — 11: Ulmus/Zelkova. NOS-
3413, 3. — 12: Viscum, NOS-3832, 20. — 13: Hydrangea type, NOS-4429, 13. — 14: Leguminosae (Maackia type), NOS-
4459, 34. — 15: Rhus, NOS-4454, 11. — 16: Ilex, NOS-3416, 3. — 17: Parthenocissus, NOS-3396, 26. — 18: Tilia,
NOS-3927, 5. — 19: Ericaceae, NOS-4424, 1. — 20: SyringalLigustrum, NOS-4409, 15. — 21: Fraxinus, NOS-4441, 13.
— 22: Sambucus, NOS-4428, 13. — 23. Gramineae, NOS-4410, 15. — 24. Cyperaceae, NOS-4411, 15. — 25: Lysichiton,
NOS-4443,13. — 26: Eriocaulon, NOS-4449, 32. — 27: Chenopodiaceae/Amaranthaceae, NOS-4455, 12. — 28: Nuphar,
NOS-3399, 26. — 29: Drosera, NOS-4420, 3. — 30: Menyanthes/Fauria, NOS-3411, 3. — 31: Artemisia, NOS-4403, 15.
— 32: Osmunda, NOS-4404, 15. — 33: Pteridophyte spore monolete RET type, NOS-4440, 13. — 34: Pteridophyte
spore monolete PSI type, NOS-4423, 1. — 35: Sphagnum, NOS-4423, 1.
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Fig. 10 Fossil woods found at sites A, B, and C with specimen numbers. — 1-3: Alnus sect. Gymnothyrsus. 1-2: stemwood,
TS (1), TLS (2) (HBB-87). 3: rootwood, TS (HBB-59). — 4-5: Hydrangea cf. serrata (Thunb. ex. Murray) Ser. var.
megacarpa (Ohwi) H. Ohba, stemwood, TS (4), TLS (5) (HBB-51). — 6-7: Maackia amurensis Rupr. et Maxim. subsp.
buergeri (Maxim.) Kitam., stemwood, TS (6), TLS (7) (HBB-60). — 8-9: Symplocos cf. sawafutagi Nagamasu, stemwood,
TS (8), TLS (9) (HBB-38). — 10-11: Syringa reticulata (Blume) Hara, stemwood, TS (10), TLS (11) (HBB-35). — 12-14:
Fraxinus. 12-13: stemwood, TS (12), TLS (13) (HBB-81). 14: rootwood, TS (HBB-111). TS: transverse section, scale bar

=200 pm; TLS: tangential section, scale bar = 80 pum.

OAO0OO0ODOOOOODOOOODBO

obooOooooobooooooooboobobOoooon
oooooooooooADCOOOOoOooooooo
gbobobooboobooboobooooooooooooo
goboooooboooooboooilo00boonOOoOonOon
oooOooobDOoOooobooobooboooooo0ooo
oobooo1200000000000000DO0000O0
gb3gbo0ooooooooooooooobooonooo
dbb0Oe6+ 240000000039+ 21000000
ooboooooo

ooooo
oooooooad
rOO00ooGcOOoOooooooooboooooooono
oboboobooboobooboobooboobooooooooo
oo00O0o0o0DOOooO0oOooDbOoOooi199%200000
uobooboooobooobooboooobooobo
OB-Tm@MO0OO0000O00O00C00OO0OCOCO0OOOO
Oo0ooooooooO01992Mmoo0o00doB-TmOO0O
oobooboooobooobooboboooboooobo
OB-TmOOOO00DOOO0O0O0ODOCOOOOOOOOOOO



gooooOo0o0ooooOoOoOo0oOooOoOO0O0oOoOoOobOOOOoOoooOoOOoo 27

oobooobooobooboboooboooboooog
94700000000000000O1998MOOpono0Ong
obooboooooboooboooB-TmOOOODOOOO
oooOooooo7ooto210000000O0O0O00OCOO
gdooboooooOoysmoooooooogoog
obOOooobOO0Oo210000000000000000O
obooboooboY4700o0ooobooboooobooooon
vbabogooooobdobaboobooooabaogod
oo0oHOOODOOOO0DOOoooOobOoooooooon
ubboooboooboobooooboobobooobooa
uboboboobooooobobobooooobobaonoo
O0000000000000000a0000Ta-ab0O
ooooooooooooiessoonuouonooooo
ObhOoooD17390000000D000000000O
Ta-a0OOOO0O0OO0Ta-aO00OOOOODOOOOOCOOO
ubbodoboooboobooobooboboaood
Oooooooooooooooi9sotmd

totodooodoood
oboooobO0oobob0ooobOoOoonr G, HuooO
oo0obbO000ooobDMEg. 11MOoO00oOooDOO
a-b0000000000000000O0O00O0OO0OO
uoboobooobooobooobooboobooboooa
oboooobooobobooooboooob GoOoHO
oboobOoooobor0ob0o0ob0obOOobocoobooDbo
OFg 20 00000000DO0O0O0DOOOOOCODOOO
ubbooobooboboobooooboobboooboa
ubbodooboobobuoboooboobobaoobood
oboooobooboboobbooboboobobooboo
gbbooobooboboobooooboobobooobooa
uboobobooboboobooooboooboobooa
obobobooOHOOOOOOOOOooOOobooOooooooo
oboooobooobooboboooboobobooooo
OOooOooDOoOooooorboobGcohoooooogn
tdddddddoodooooooooa
rFOOODOOOODEOOOODOOOOOOOOODOOO
obooooboobobooboooboobobooboo
gbobooobooobooboooboobobooobooa
obooooboooobOOoOoEOO DOOOOOOO
obooboobooobobooobooobooonobEDOonoO
oobooooboboooobooobobooobobobOog
uboboobobooobooobooobboooboa
gooooobbobooooooooooooooboobooo
gooooobobooooooooooooobooboooa
ooobbOorOo0oobobobOooooooobobonooo
ObOoobOO0oGOOoDOOoDOOorFOoOoOOoOoboOooon

1 km
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Local
Age (yr B.P)| Layer Lithology assemblage zone | - Fnyironment Vegetation
diatom | pollen
H High moor peat D IX
| — P-IX | bog development Cyperaceae, Sphagnum
1000 G Transitional moor peat | D VIII .
R. Bibai settled in llex, Myrica
D VII iti
2000 — F Low moor peat L P-VIII the present position Alnus, Fraxinus, Lysichiton
P-VIL
3000 — E Peaty mud oY low fluvial activity Alnus, Fraxinus, Lysichiton
P-VI (buried forest) 4 LY
DV
4000 D Mud DIV P-V | high fluvial activity Alnus
D III
5000 v
Low moor peat Pl bog development Cyperaceae, Myrica
6000 C DI
Peaty mud P-II low fluvial activity Alnus, Fraxinus
7000~
8000 B Black grey silt DI P-I ;?;)rllss’fgeglsr;{goglth Pteridophyte, Fraxinus
ATAYA YA S Y e NN NN N NN N NN
Pleistocene? A Tuffaceous silt

Fig. 12 Environmental and vegetational history during the past 8000 years at the Bibai Peatland.
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