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Akihiro Yoshida', Mitsuo Suzuki', Kim Hunsuk?, Shinzo Ooi’, Rei Nakashima®,
Yuichiro Kudo®, Hisao Ando’ and Toyohiro Nishimoto”: Palaco-environmental
changes during the Last Glacial Stage and the palaeo-ecology of Hemiptelea mikii
using fossil pollen and wood profiles from the deposits along the Hanamuro River,
Ibaraki Prefecture, eastern Japan
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Abstract We reconstructed the palaeo-environmental changes during the Last Glacial Stage from fossil pollen and
wood profiles and radiocarbon dates of the deposits along the Hanamuro River, Ibaraki Prefecture, eastern Japan.
The fossil pollen and wood profiles indicated that, on the upland, 1) in ca. >50-43 ka, a cool temperate decidu-
ous broad-leaved forest was distributed in a somewhat warm climate, 2) in ca. 38-35 ka, a mixed forest of cool-
temperate deciduous broad-leaved trees and boreal conifers dominated in a cool climate, and 3) in ca. 35-17 ka,
a boreal coniferous forest was distributed in a cold climate. On gentle slopes and valley floors, a swamp forest
consisting of Alnus and Salix developed in ca. >50-24 ka. In ca. 24-17 ka, a grassland expanded on the peat land.
Additionally, we investigated the palaco-ecology of an extinct Hemiptelea mikii Minaki et al. It grew around this
region until ca. 43-38 ka and seemed to have died out, due to the cold and dry conditions during the Last Gla-
cial Maximum. It is highly possible that its habitat was influenced by the soil disturbance and the fluctuation of
ground-water level.

Key words: fossil pollen and wood, Hanamuro River, Hemiptelea mikii, Last Glacial Stage, palaco-environmental
changes
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Fig. 1 Index map (A) and sampling sites (B) along the Hanamuro River. The geomorphological map of Fig. 1A and the topo-
graphical map of Fig. 1B are modified from Unosawa et al. (1988) and the topographcal map “Tsuchi-ura”, scale 1:25,000, is-
sued by the Geospatial Information Authority of Japan, respectively.
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Fig. 2 Lithological columns of the deposits at the outcrops and trench along the Hanamuro River. As-YP shows the Asama
Itahana Yellow Pumice (ca. 17-15.5 ka, Nakamura et al. 1997; Yoshida & Takeuti, 2009).
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Table 1 Radiocarbon dating of plant macrofossils from the study site along the Hanamuro River.

Conventional age

Calibrated age**

Sample No. Lab. code Site Material Method scH! (16, C yrs BP) (20, cal BP)
1 PLD-14935 A Wood (Salix) AMS*? -27.36 20,540 = 60 24,890-24,250
2 PLD-14929 A Wood AMS -23.24 20,900 = 60 25,165-24,535
3 PLD-11266 A Cone (Picea) AMS -28.15 19,950 = 70 24,200-23,470
4 PLD-14928 A Seed (Nuphar japonica) AMS -32.02 28,410 = 100 33,230-32,130
S PLD-14936 A Wood (Picea) AMS -26.49 20,890 = 60 25,150-24,535
6 PLD-14934 B Wood AMS -24.33 33,350 = 150 38,725-37,430
7 PLD-14933 B Cone (Picea) AMS -24.50 33,370 = 130 38,725-37,480
8 PLD-14937 B Wood (Betula) AMS -26.92 32,990 = 130 38,460-36,950
9 PLD-14938 B Wood (Alnus sect. Gymnothyrsus) AMS -28.68 31,090 = 110 35,700-35,060
10 PLD-14939 B Wood (Prunus) AMS -25.42 27,000 = 90 31,475-31,130
11 PLD-14941 B Wood (Picea) AMS -26.95 17,860 = 50 21,540-21,100
12 PLD-14940 B Wood (Acer) AMS -25.93 22,690 = 70 27,890-26,890
13 PLD-14932 B Cone (Picea) AMS -22.14 23,300 = 70 28,490-27,835
14 PLD-15784 C Wood (Prunus) AMS -27.38 46,980 = 450 -

15 PLD-15785 C Wood (Sorbus) AMS -27.38 46,590 = 440 -

16 PLD-15786 C Wood (Quercus sect. Prinus) AMS -29.57 42,850 = 330 46,590-45,285
17 PLD-16781 C Wood (Fraxinus) AMS -25.85 41,470 = 310 44,470-45,595
18 PLD-16363 C Wood (Alnus sect. Gymnothyrsus) AMS -26.78 41,110 = 300 45,350-44,275
19 PDL-16782 C Wood (Hemiptelea mikii) AMS -26.51 43,580 = 380 45,665-47,665
20 PLD-15781 C Wood (Alnus sect. Gymnothyrsus) AMS -26.91 43,350 = 320 46,995-45,645
21 PLD-15782 C Wood (Alnus sect. Gymnothyrsus) AMS -27.59 40,030 = 240 44,535-43,445
22 PLD-15779 C Wood (Alnus sect. Gymnothyrsus) AMS -26.92 40,630 = 280 45,030-43,985
23 PLD-15780 C Wood (Sorbus) AMS -26.68 41,190 = 260 45,370-44,350

*!1 §°C values are those of AMS. ** Calibrated age were based on IntCal09 using Calib6.0. ** AMS, accelerator mass spectrometry.
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Lepidobalanus 1% 11 ~24%, "NV Y XEd3 16 ~ 24%
BT 2 (Fig. 4), bV v, ~VIEHEHEE RIE Pinus
subgen. Haploxylon, = JE#HEE RS Pinus subgen.
Diploxylon 138% &R TH 2, 7, ~v/ FEH 34
~ 43% EEFRICIE DD HEN D,

EARIEHE L Oy 7 H I3 SR IER L 2505, 4
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14% & 11%127: %,
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AR EBHSRZ T RO SND, AN XFEN29 ~
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JE Tsuga 1%, %1% EARK L6 MGEMNCHIT 2, 2+
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Table 2 List of pollen and spore found in the deposits along
the Hanamuro River

Trees & shrubs: Abies, Picea, Tsuga, Pinus subgen.
Haploxylon, Pinus subgen. Diploxylon, Larix, Cryptomeria,
Cupressaceae-Taxaceae, Juglans, Pterocarya,
Carpinus-Ostrya, Betula, Alnus, Fagus crenata type, Fagus
japonica type, Quercus subgen. Lepidobalanus, Quercus
subgen. Cyclobalanopsis, Prunus, Ulmus-Zelkova,
Hemiptelea, Acer, Aesculus, Tilia, Salix, Myrica, Corylus,
Phellodendron, Araliaceae, Ericaceae, Styrax, Fraxinus,
Ligustrum, Oleaceae, Sapium, Weigela, Lonicera, Viburnum

Herbs: Gramineae, Cyperaceae, Liliaceae, Typha,
Sparganium, Lysichiton, Rumex, Persicaria, Polygonum,
Caryophyllaceae, Chenopodiaceae, Campanulaceae,
Thalictrum, Ranunculaceae, Sanguisorba, Rosaceae,
Leguminosae, Geranium, Haloragaceae, Menyanthes,
Umbelliferae, Impatiens, Gentianaceae, Circaea, Labiatae,
Valerianaceae, Artemisia, Carduoideae

Ferns & moss: Monolete fern spore, Trilete fern spore,
Sphagnum

Thalictrum 73, i CHEEA Y ¥ ¥l Monolete fern
spore D3EHR E% D,
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133 ~16% L4925, 7FHE7FrHearoMEs i,
BRI 2R HB E 2%, AL O BTy 2 X @23 36%
BT 2 23HZD,

FARLEH T, AV 7R A SO BETRA
35%, B FETlEa € X8 Artemisia D3 48% &
AT 5,

2. KHea
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BEThHh, T_TH - Bk Tho7% (Table3), #Efbim
YO T TIE TR TOILEBTH D, EETIRIIEER
BRI EETHo7, PUTIC, [HE L7y R i 2Em
SRR L OEERIL, A T 5,

Y BEMERTE Pinus subgen. Haploxylon <}
(Fig. 5: 1a, 1b)
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AR RZ v, DEEEFLISRIBLE BT Ay, Zu<
Y Pinus thunbergii Parl. 7% £ X D/NS v, BURKREE O
PEEZ, SEHRICINE T 2 2 &gk, R 1 5,

NUEE Picea ~V#} (Fig. S: 2a,2b)

e[, APEIIEEZ RO, M o M~ DR



32 Tl Az ST H20% H1e
Trees Shrubs Herbs —
c g
o c
> 3
8 5 3 o
[=% = Q@ o c
[ < o ° o
T o P o n N
- o c OO o
c = P c
) a S —. 0O o = c )
=) . S cxXa L @ = B P =
s) c 0 0wl (] © 0n | ol c|o o
> (7] CVWONTD L Q ‘5 = | = | & o
%) =2} S L= c ® 0 ] [T~
0 o ) o o5 a8 %) € B g o | T |WL|< ©
Qo [S)=] 23 >0 =ZE g =2 g o o] ) D 15}
50 2.E 2% s Egc £E S £ o o
A < Fa am LO DI < o O < = 4
Tt rorr i rrrr 1 Tt 1 T a1 T L L L B A I
e —— n 1  — m} il T
 ——  — .  —) u] —I
e —— [ > 3 .  — |
. o | - . i(m] .
— 3 > = — ] -\
Height = i - = L= ﬁ
o o m — O i}
(Cm) * - /— ] ]
100  —— d  E— u] u] —
. O —] b —\HMR-S
—— [ n S i— | /= u] /
50 — - — O} —n
o . U] u m] u]
o n | ) . / ul
0 I N Iy | Sy |y I A S I e I Yy Y Ay I Y Y B |
0 20 40 60% 010% 010% 010% 0 50 100%
LI L A A O R H B[ L Y T A N BN | Y B O (B 1 T T 1T 171
1 (o N o . - n = m] il TR
n - - 1  — - = / \
. _— o . e il -I
. HMR-3
Height | i — o — . . = b D
(cm)
100
n — . n = u] u = T
e i ) 1 > =3 u u = u
50 | ]
o L - > =3 u] ] =
o - > | n n  — 0 /= u] i
o (¢ _— _— ] ul ) L
o (o n m  — /= ] _\ HMR'2
O JLL L L L L L I} L IL [ - [ - 1L L L L L L [ — L L L L L L L L IL L L L L L L L L 1
0 20 40 60% 010% 010% 010% 0 50 100%
1 1 T 1T 7171 1 1T 1r T 1T T T [ T 1 T T T 1 T T T T T 1T T T
|-|(§Ir?1;|t | ] N ] EEEEEE BN Em 1 /3 d
HMR-1
100
n - = - - .  E—— = il p
50
H o oW
0 ) S Iy B N I | | L L L1 JLJ S Iy | B L I I |
010% 0 20 40 60% 010% 010% 010% 0 50 100%
*<1% +10<n<300

Fig. 3 Selected pollen diagrams at sites A, B, and C. Refer to Figs. 1 and 2 for the sampling sites and the symbols of lithological

columns.
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Fig. 4 Photomicrographs of fossil and extant pollen for Ul-
mus-Zelkova and Hemiptelea. — 1: Ulmus davidiana Planch.
var. japonica (Rehder) Nakai pollen (polar view, Sendai). — 2:
Ulmus-Zelkova fossil pollen (polar view, site C, P3). — 3: He-
miptelea davidii (Hance) Planch. pollen (polar view, Korea).
— 4: Hemiptelea fossil pollen (polar view, site C, P2).

3w 20, WEBIEE L~ Y BHFHEE RIE X D £
NS, ROEE, BERBGEE IS E AR Z 22w, )
HFEMIOEEL)E C € SRBEfLZ RO, ITEPREALIZNE
e R, EEELE 31 K

Y+ X8 Salix Y7 ¥F (Fig. 5: 3a)

REWTIH TG DB DS & 2\ 13 2 70 & BfE il
HENZE A L THEMIE L 225> T2 3 2 8L, )
SIS B B, G - AR AR D BEFLIZR Z <,
BRI, EEHENE S

A =TIV 2 Juglans mandshurica Maxim. var. siebold-
iana (Maxim.) Makino 7/ 38} (Fig. 5: 4a, 4b)

MEWTIE CAL~FE T OEE 238Ul D 2\ 13 2 22 & Bl ik
SIHMICEAE L THEMIE L 5>, BEMKL, B0
L, Wiz TRV S 72 2 8HM & 2\ 13
LM, ARTERFADs B I TR ICiC A1 L HAZ o,
BRI 1 ~ 4 Ml C M, A 1 s,

N>/ FEI\> /FE0 Alnus sect. Gymnothyrsus
7 %% (Fig. 5: 5a)

HEEDALA Z A N e S I O /INEE 73% XTI T 1A
H@EL TH—ICoM§ 28I T, EABEHR e
A XY %, EE OLEFLIIEREDS 20 AFREEDFE LR,
TR X ER AR & K & 2 SE AR 2R 0 10 K

HN

Table 3 Summary of fossil woods obtained from the study
site along the Hanamuro River

Lower gentle Upper gentle

Taxa slope deposits slope deposits
(site C, >50-43 ka) (sites A & B, 38-17 ka)
Pinus subgen. Haploxylon 1
Picea 31
Salix 5
Juglans mandshurica 1
var. sieboldiana

Alnus sect. Gymnothyrsus 5 5
A. sect. Alnobetula 1
Betula 1
Fagus 1
Quercus sect. Prinus 1

Hemiptelea mikii 1

Ulmus 8
Prunus jamasakura 3
Prunus 1 1
Rosa 1
Sorbus 2

Acer 2
Fraxinus 1

Total 12 60

N>/ FBY v 7 VE Alnus sect. Alnobetula 73
/7 %%} (Fig. 5: 6a, 6b)

% TGO /NBE D FIR D 2 IS A ICES LT —
AT A, B OLRLIIMIED L CREBUR,
Ak HSIEED 2, FEHEUE 1 5

HIN/ & Betula 71237 %%} (Fig. 5: 7a, 7b)

FEMTE OEE DS S 2\ 1 2 ~ BB i@ e L
T L > T, BEARLS, B—2oMhid 28, &
B OZALIIRIED 10 ARREOREBUR, EEMH A DOBEFLIZ
AINLBCTEIS S HARICECS, BRI 1 ~ 3 Ml
DR, FEHEIE 1 5,

7+ & Fagus 7%} (Fig. 5: 8a)

HEETHADINAZ T O S A O/ANEE DS D 5 13
AL TEISH ST 28 T, KRS SRR
BE M E XY %, EEOGRIES IFH—, FIUh
DD IR GREBCR, ARIBIAMRRIZ AR, BRI
Db D5 10 fNEEMY LORESLEDETH S, PEH
iR

J+ 2B+ 581 Quercus sect. Prinus
9a, 9b)

ERHIR O AIGEE 23ZIE 1 I SEALM T, Wkt
BRI3/NEE DI E > TRRIRD 5 VISR R 5, HS
TR & ER A E AU & 2 5, BEHEUZ 1 5L

b XNV Y Hemiptelea mikii Minaki et al. =L &}
(Fig. 5: 10a-10¢)

IR OIS IR E LB E P BIE, FLESTIRIEX

7% (Fig. 5:
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Fig. 5 Photomicrographs of fossil wood obtained from the study site along the Hanamuro River. — 1a, b: Pinus subgen. Hap-
loxylon (IB-653). — 2a, b: Picea (IB-649). — 3a: Salix (IB-611). — 4a, b: Juglans mandshurica Maxim. var. sieboldiana (Maxim.)
Makino (IB-662). — 5a: Alnus sect. Gymnothyrsus (IB-638). — 6a, b: Alnus sect. Alnobetula (1B-616). — 7a, b: Betula (IB-615). -

8a: Fagus (IB-606). — 9a, b: Quercus sect. Prinus (1B-664). — 10a: Hemiptelea mikii Minaki et al. (IB-663). — a: cross section, b:
tangential section.
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Fig. 5 (continued) — 10b, c: Hemiptelea mikii Minaki et al. (IB-663). — 11a, b: Ulmus (IB-623). — 12a, b: Prunus jamasakura
Siebold ex Koidz. (IB-640). — 13a, b: Prunus (IB-666). — 14a, b: Rosa (IB-634). — 15a, b: Sorbus (IB-665). — 16a, b: Acer (IB-641).
—17a, b: Fraxinus (IB-659). — a: cross section, b: tangential section, c: radial section.
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BEJC 2EE DRI OFRLIRITE S L PRI T 28
LT, FlmOKO ) TIREERIIDPRDNS (R, 2
DWEEDAIT=VIE Ulmus, T/ X)& Celtis 12 L { LT W
205, ORI TR K E ALV EE DR L
%, COBBEEZIREIDEOR DS 5, NEEICIES
WANE DS, BT S, 6 gD % 5T I
CHMIEDSIRE I FE L, ZoHIcidfmoid 5, FEHEK
131 5,

Minaki et al. (1988) %, EXNVF Y X NEAENY S
THITHAR, BEEINZIOZE (EXNI TP XORA
RS 150 pm i L, ~NY 7P F1 232 pm), X
SHHAR RS RAIIEDI L 5 2 2 L (ONY 77 0 F 124 Sl
HapsiR o i7e\), REDEPSXHISNE ELTWVS,
AL, RS O O KEE OEFPE X 100 ~ 160 pm
THY, BEHBICIIERSBH 225, EXANYTFY
FEMEL

ZLE Umus =L #} (Fig. 5: 11a, 11b)

E XY 7YX LFABROBEE RS TH 253, i E
FICKERBEENRL 5 2 3%\, £z, SR
PECR AR 2, EEIEUS 8 R

Y~ Z Prunus jamasakura Siebold ex Koidz. /X7
Bt (Fig. 5: 12a, 12b)

FEHEE 100 pm 13 EDI~FEMTDOEE DI HARD 2\ 13 2
220 LBAEU A L 72 b OB E Y1204
T LRI T, FIRNTREIIZZEAEZLL 2\, 8
BNIZIE T DIRWEDE L, EERLUIHE—CHEE NEE
26 ANED T, BT 1~ 4 fifiE & 0%
Py Kk E o cHMICRZ S, FEHEUZ 3 55,

Y9 Z&E Prunus N7 %t (Fig. 5: 13a, 13b)

Y7 JEMROEERS % 505, 2k D EERED
NS, RO DBE P L D RELS RS, £/, BE
WO I LRWE DDV 7, DT IEY 7 7 LH
R, EEMBUZ 3 K

INZJE Rosa N7 %} (Fig. 5: 14a, 14b)

IR ISR ZVHIOEE2NEIE 1 IS8, EEE
1 ARTOEL S, BERGBENHERSBER T E b EE
S E XY > Tw 5, EEOLELITH—, FFIEHH R
EBERIBEH MDD D, BB IMOIMINAT I EREL
%%, PEHEUZ 1 M,

F+FHYRE Sorbus X7 %L (Fig. 5: 15a, 15b)

N DAL TEE HIF ST —12 00§ 2 BfLif ¢,
EIRNTOERDELIZIFE A LG, BE ORI —,
T RHAR 312 2 IR T I3, EEREUE 2 K

HITFRE Acer HZTF (Fig. 5:16a, 16b)

FEHE D /INEE DS EM B 2\ I BUE R AT @A L7
S DT 2 AL TEE R LI, EE DL

FLIZH—, EENEECHE 2 5 S ANED S %, THE R
1% 1~ 3 MHE < S\ latERE S, BRI T ORRERIEA
HThHD, FEHEIL2 K,

N=&Y 38 Fraxinus €72 AR (Fig. 5: 17a,17b)

FElIR DI AN KIEE DS 1 ~ B, fLESE T I3RS
D/NEE DM D 5\ IEBUEBE T CEHA L 72 b D %
X6 T —IT AT 2B, AR AR IS AR < 1EbE
FEIR AT TR T, RHCESRITIGEA T 5, U
R 2 MRS TR IR, B 1,

£ =

HEfER & UCERMED S, TEENPHRIcE T 28R
IHERTIZ, §9 5.0 TELIEHICHER 2B L, Z D% 1.7
JIERTE TORNCHERE L 72 2 & D3b o Tz, 2o OHERE
g, RIEREIHET WPV, Ml & ok,
FEPUZA> (1988) 12X D THHTHEES N T2 AT %
RDHNZOIEDS, KK > Tl - HERTL 2D
ThHh, Z2IITHEENDLIARMEADBMLE TR VATREEDS
Hb, LoL, ZOEATYH, {EROEKIBILHE 2D
B IO TRHWEEZ NS, T2 TIE, {Ekha
ERMALAE ORUEEALD S, 2 ORISR EB T B ok
WOBIGZAEIZOWTEEL, 3517 —v IV FDK
Ka7icBi) LR AT —% (NGRIP : Andersen
et al., 2004) EXIET 2 (Fig. 6), 7z, WK HEIRK
L 72 & XN 7Y X DR T HIBR B 725 & D i AR B4
R OV TIRR B,

1. REKBICRITZRIELE

4 5.0 JTAERTLART~ 4.3 BHERTNC» T, LRI T
IR A L E El > TR S N/, BRIEHEREY O Tk
PHERG L 72, 2o OHERIIE, SHZBINTT 2 XA H I
WAL 2 CHISOATRD S Z 06, ZORHHICIZE
CHEBOEHD S KIRIC K B LR H o E 5N
%

Z OWEIE HMR-1 4 HIcH 720, R DICHHLR %
ARLEANFEPaS IHE, NV XEPERTHD,
INSI > TNI TSP XEL RT3, £, bk
235 b ERR Y AR E O IEBHER b BT 5, KM
LT, B ES DR DD, Ny XENY X
fiicrFr A= VE, A=V, 37 7E»ERT 5, -,
aFrIEaF it e AN XD ON, Liho
T, 5.0 HAERILART~# 4.3 TAERTO BT, Kk
MIETENTEM 2 T & T 2 RMMEL L, BRI TlENy
IR STz tEZ o s, ZoRL, &
FOKIH D 75 2> T b Mg 2 [ B EL O MK ¢ Hh H, A
F—¥ 3 cRhEns (Fig 6).
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Greenland
NGRIP

8180 (%0 VSMOW) Local stratigraphy

Isotope stage

Hanamuro R.

Palaeo-vegetation Palaeo-climate

Andersen et al. (2004 . .
45 -40 (.35 ) Fossil pollen Fossil wood
0 T
Zone HMR-3
1 Pinus subgen. Haploxylon
>Picea>Betula .
10+ ? Boreal coniferous forest Picea, Ulmus,
Prunus, Acer,
Younger Kanto loam (2) [ z--====m=mmmmmmmmmmmmnes Alnus sect.
+ Zone HMR-2 Alnobetula, Fagus
As-YP — ca 17ka ! Betula>Picea, Pinus
20 ¢ subgen.
= + Haploxylon>>Quercus
x subgen. Lepidobalanus,
P Upper gentle Fagus crenata type
? AT slope deposits Mixed forest of boreal conifers and cool-
30F temperate deciduous broad-leaved trees
. ca 35ka Zone HMR-1
Betula>Quercus subgen Quercus sect.
— ca. 38ka Lepidobalanus 9€N- Prinus, Juglans
40 13 Hemiptelea mandshurica var. |Cool-Warm
sieboldiana,
— ca. 43ka Prunus, Sorbus,
Lower gentle Hemiptelea mikii
slope deposits Cool-temperae deciduous broad-leaved forest
50 L L e >0 BOKA- - ==
cold — —~warm

Fig. 6 Palaeo-environmental changes during the Last Glacial Stage around the Hanamuro River and an oxygen isotope curve in
Greenland. The oxygen isotope curve in NGRIP is modified from Andersen et al. (2004). AT (Aira Tanzawa) and As-YP (Asama
Itahana Yellow Pumice) indicate index tephras during the Late Pleistocene in eastern Japan.

4.3 ~ 3.8 HAERTOMIZ, ARFHEHICHEREY 2B 5
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2o DRI, HMR-2 47 & HMR-3 AFICHS L,
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DFPFELF a7y 37 R EDEHLTwE (LiZs,
1984 5 B, 1987), 7, REFIREBEHIRIZE T 5 As-YP
T oMK oJRRETIX, FvEeENNTE i Picea
sect. Picea 5°/~4 <V Pinus pumila (Pall.) Regel D%E, ffl
I, PR EsE I N T\w»3 (AREIED, 1999),

L7d3>T, #3.8~ 3.5 HiERTDOLENEATIE, @
s ZEIA TR & AE R RS SER OIRSHR £ 22 D, 9 3.5
~ 17 RN Py R E vy B SRR F L T
2 SRS EI R I AT L 72, S D RFEERR TR, 7
I Picea glebnii (ESchmidt) Mast. & X<V ¥,
t XN5%E S Picea maximowiczii Regel ex Carriére, ¥
IHZ TR ED T EEANTE I, EXaeYP
NARY, Favkry I3 TOY 8 EHEE R E S 35
T REIRFR T o 7o MTREPE DS,

CD &) iEAOKIIGAE (AT BEIK) LARTD> & 13218}
MADBATIZ, BHH O cbZBd 5N TS (-
M2, 19915 3k, 1992), —J5, £93.8 ~2.4 FTHEHIOME
FHERIR T, v/ X2 FFIEOIRHIARDNA D o 72,
Z D%, #2.5~2.4 HERNCE 2 e ki, A
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YV IR EETEREAMENELL 2 LFEZSNS,
C OO, K 3.8 ~ 3.5 JTAERTTI3 2 ARG b
NTHEICRD, 3.5~ 1.7 FHEMNCIZ S oI5 L
EHEHIE NG, LEdioT, Z ORHIZRAOKIIHEK
WER» oA TH L EEZON, AT—Y 3 ~2 1K
SNz (Fig. 6).
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C HiiD#Y 5.0 T AEHT ARG~ 4.3 J74FHT £ CICHERT L 72
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L@ s (Fig. 3, 4, 7, COETEEANY
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