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- 5 \lllli!i: < ~ r!icl6t.:. -1J, .=;f,:;i'Hi~-c',b7., Pi,111s 7 o/ ~E J: Uffl:'lWl.t~tit~\llJJ-@-lifti::/.J•-:, t.:. 1ii* 
:fEtm .::" < r,ttf,1-c', 1kf;f,:t:'8ft.:mf1ltfol:1.J{ff-~ ht.:. *l(ilM:fiJ-rr~1E8il!UJ'ttio!r-'/in:i'i/i <, 7--=¥~/~v' 
t.:W*:/E&i~J!t:l.)t 50.000-200.000 grains/g t:;f Lt.:. 

:lt!!:f;)(ifilRJ.HtO):iffifri/!H't ,: I/J,J-t 7., 'fil!Uti'i rJ!:~11J-.O) t.:~ 
,:, 151<\l~ • 15J;iJJl~(J9liJf~ilr1.Jur.!i: vn•o. iMR~ft 
t:J; O1kJ;](lj'-:t$J~iliJ\.O)J:#IPli\li4"-fi 100 ,,,,111H:*9 3 "C 
Ji1if&--C-ib IJ (IPCC. 2001), -f O)ffg'ef(j':f '.1-: /liJ --C-"i:' C:, t: 
2 - 3 ·c 0)19J o '{>ii•~ .t.~-il{'fil!IJ "i:' ;11.. n ,7.,i,t (iii:~. 
2004 ~ t·), -f~~l'E-c'i/H't,O)?,i1,f,lifli'tJ~!O)H~ II:,: J; IJ 

-m'ffl9 tj:i\fO)m IJ ilqt*P-1Ji$lfflill:1Joc~ ,11 ,c,,:;@.: o 11J 

fi~tt 'b :t!11li'i "i:' ;/1.. -C .:B IJ (Hansen et al .• 2004), i!i: ;.j-~ * 
O):lt!!.e• mtL-cum~.i:1J~ • tj:• mtaat.:•~ 
J~UiO)Jiui1Jil~ib IJ fl?o . .:O)~i11~ftt:f,Hi\' L-cs.: 
7.>~4 tj:I~:t.ll~ftO)'fiRU!i, /.!ll~(l9t:1i~Wa-=E--rJv1ll" 
~ (Murphy et al .. 2004: Stainforth et al .. 2005 fa: t') 
t: J: 0 -Cil.i"i~A9t:s.: t.:H~7.>-1i--C-, JJUH:li:lt!!JJ]( 
:,-Ar h ~,U~e "i:' iJtl(l;i* t tj: IJ, tr L 7:>i/!U.;U'Jif!J,O) 
q~~•L~-clli~O)q~O)tS~•-~~mtmtt~ 
V-t.:lli. (analogue) t Jj.l'j: L -C'@'fl?.-t oi~f;f,1~(19ifUlil 
i,f,ffx/1 t tj: 7.>.tJJd, 11> ~v'. .: 0) El a(J >S:-~liJU:1i'tv ,f.:,_l:i 
1«.f~~A%Jf~cilt 90 '.f.ftft~J,JJt, ::Jl"'ilr ~~ 1v,--c-/U: w 
4r:lt!!--C-;fi'f Jj..t.tf t:> n, JJt{t U!Uifl:41--C-ib o. f§IJ x. t;f-11< 

*O)M!/!/Wf.t: t 'b tj: 1-q(l9 tj:*O)~ IJ (cold return) 
O)LJ-tj:filt L -CH?l9Jo 175 2-f-ij:.]i1j0)¥J' 1-: 1J 7 7-!Ul 

(YD) '{=>fv.iW*i'it~iliJJ (ACR}, i'Uf1.k!!Jlr:t1 ~-T--"F-~ 
llUJ (millennial-scale variability} !iii§ i~~-C ~ t.: 

(Blunier et al .. 1998: White and Steig, 1998: Bennett et 

al., 2000; Moreno et al .. 2001: Ledru and Mourguiart. 
2001: Zhou et al., 2001: Stott et al., 2002: Lea et al .. 

2003; Alley et al.. 2003; Stocker, 2003: Roche et al .. 

2004; Taylor et al .. 2004; Wang et al., 2004; Sachs and 
Anderson. 2005: Rohling and Palike. 2005 tj: t•). -

11, ~•re0)~~-c'ib7.>~~-~0)U-fa:%MMtL-c 
Ii, ~l!Y~f&JYJ (0-50 hff.Jilj) t:.t:,v,-Clii'W*!olfi'Lft,: 
AT - :J (MIS) 1 , 5 e. 11 ~ t'O) IHJ ;)J<Jgj i,ty,i: § "i:' 
;/1.. -Cv>o (COHMAP Members. 1988: Kutzbach et al .. 

1993; Webb et al .. 1993; Zaza et al .. 1993; Howard, 
1997; Hearty et al .. 1999; Droxler and Farrell, 2000: 
Kolfschoten et al.. 2003; Loutre and Berger. 2003: 
Berger and W efer. 2003; NGRIP members, 2004: Felis 
et al.. 2004: McManus, 2004; EPICA community 
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members, 2004 ;,j: t'). i t.::~.:::~-c'liv':b~ J., 5500 
7J1fjjij0)11Yt¥rtll:1/la¥r-t!tliitt:iilill.itr1 (PETM) -Ji, :J. 1 
:.,1,1 r'v-1'/iil'':>O)iJffi.~{t;ll7..1ilU:l:lO)~f§JJt VC 
ili: :¥ i.t El ~ ;/1, -C J3 IJ (Schrag and Alley, 2004: 
Bowen et al., 2004; Svensen et al., 2004 ;,j: t') , 5Hfr 
7'- 1 O)'f/Hl'HiJJl.tE U~cv'-C",;.,. 
.:. h'=>O)ii'Af~l:rJ!li' o:tlrlfW-1 Ii, LiPL;,j:iltG, 
7c0)~ < iltii'Af~~*~O) raif&(J(_J ;,j: &1~-c' iii) J., f-t:gi\ffli'il( 

(pro~ ~i'~f. A~OO;,j:ii''A~ • ~O)••~• 
v'il', f&J:cb0-C til\'£$Uln'i~lt-C-cb IJ ~!'j!:i'J9;,j:~£IR 
rAH· t t ;,j:-::, -Cv> ;,j: "'.:. t ilt~1, '· it.::, f-t:gi\ffii'il(O) 
~ < il{i/lJi-'PIHl't~ ::r,cbo v'li1l<*::r ,O)ft!'j!:kfl/,:Jt7'-
1 (Mg/Ca, Sr/Ca;,j:c') it.::lilf/lfil~lt7'-1 
(oD. o"o ;,j:t') -c-ibot.::~. 7c.:.1::1F~n1.,0)1± 
i/lJ7J<ifU t.::lii%~/5tO);f,}:lt!!.'Ai1/!-C-i:liJJ.,.:. t ii{~"' (iY! 
fi..liBauch et al., 2003; flil!J:llil', 2004: Haug et al .. 

2005 ;,j: c'). ft4 0)1c.it~rrll-c-cb;., i:p~ttili\\.ffi'O) BJ: 
'Ailffi.0)1~i'ill t L -C Ii, Efl !1!. irtlf~ (beetle remain) ilt 
-;(,itJ t ~ ;/1, J., ilt (Hoganson and Ashworth, 1992: 
Ashworth and Hoganson, 1993 ;,j: t'), *m11tE~ fi.. 
1:mm,;i:~-?7'-1Mfttt1:Mt~i1(1c. i::;.,.:. t t cbo. 
.:.;/1,':)0)~~~~--C-~J., • J:'A~ffi • tL-C, -ft 
1:m11u1til{~ < fJU'f'.•11 t i\!iiH11tE, ft1[~,@iJ-C-li1t 
E1Ef,tilt-;(,itJ-C-ib IJ, B*9ti~O)~i79~fii!JH:~in!! 
*:lr,:0)7'-11rffWcbo.:. t liY.!hh-t v'fi..o (f§IJfi..li 
Tsuji et al .. 1984, Igarashi et al .. 1996: ::kli!~!lil>, 1997: 
Miyoshi et al., 1999, Takahara and Kitagawa, 2000: 
Yasuda, 2002: 0::lt!lil'. 2003, .:::~!lil>, 2005; Att-

(b) Annual mean precipitation (mm/y) ; 
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!lil'. 2005 ;,j: t'). Lil' L;,j:iltG, l!fff'.O){tE1E:Jr17'-
1 O)~ < li"i1:i@1c.ffi• t L -c lii'\HIH:ffi A--c."v>-C t, 
ii'Aili\\.1~• t L-Cli;f:IIM(J(_j;,j:ili\\.~ · *?#"~7Fll~Lf~J., 
ij\Jj!'.-C-i:liJ IJ, 'WJJ3t0)12,-C-ft!!O)f-t~ffi• l:i\!;/1,~ t J.,.:. 
t t ~ii'-? t.::. 

.:. 0), 1E:fil«- 7.. O)j_;~iJ~HijcO)~'WJ~ftl:s v ,-c 
aW;,j:&E~-~i'O)#aR~&-~-c-cbo. -~~ 
f,t (surface pollen) t li::lt'.:f'.iili IJ :It!!. ag~ 1:Jftfrr Lt.:: 
~:fil:i!!iUr-HijL, 7cO)tJl/JX:!iJJ/.t£0), litt'm'l:1t,fi..li 
~*~:¥ii> ':>~-,--1r:111JO)W,j:lt!/.~:ljtO)SfZ-:l5.J t ~fill, ,ffilMJil( 

cbo . .:.n~••O)•amti~~•+~•~O):lt!/.4 
il''=>~*L, Jftffl~i'i>l:l~-tlf/lt::W'fiJ!-C-~;fil:$3'-;ffrL, t-J­
P.fl~f.!J-t L-C7'-1-t·;, Htt...-cs< .:.t-c-, MAT 
ii (Modern analogue technique: e.g., Prentice and 
Webb, 1986) ~ I: J: J., ,!i'AifilJE:fl:~jcil{uJfi~ 1:: ;,j: J.,. 

JJl.~1::1±, atHEt1tc O)t,tmH:i!ll;-:Jv,t.::1tE1E:¥$HlUll 
d(%)~':>"i1:i•a • (t)~O)••ti. WffiY71' 
r'J .:i:. 7 (Guiot and Goeury, 1996 ;,j: c') 1:: J:-::, -CJ£ 

m:il01:i3.:. ;,j: :b;/1,J.,. lt,tili:O)tt!'j/:B9"1't1 7''7 .t.-t:£-:J 
ttli~£1Rr.ll t 7FT.:. t ilf-c' ~ J., (Nakagawa et al., 

2002). 3 - o o/ 1~-C-li.:. O).cp-i*0):$1:;!R tt t L -Cf91Jfi.. 
Ii transfer function i* 1:: ;l,l;-:Jv' t.:: 6000 :¥ jjlj 0) 7 fl 0) 
-¥:15.J'Aili\\.n\ mit@ 10° - JIH& 30° r .. ~ 0) a - o o/ 1~*'~ 
H!i ·HHl~&-r-1 t O)P,(l1tt:£-:J1,,-cfljc~ n -c 
v'o (Huntly and Prentice, 1988). t.::t.:ftl1c.!i*B 
t<•:bo t•:bot.::~. :lt!!.:l!oc::::t t:ooguO)a~7'-1 
ll'f~ l'IHl:i' J.,&'.·WilfiliJJ., • .:. 0) El e91:rJ11~i' J.,•mm 
--~ii( 801ff-tfft¥-.l-.'.J.ilft, -t!tW-~:lt!!.-C-ffih-J:tf ':> ;/1,, 

Fig. I. Japanese surface pollen dataset (N=285) organised by Gotanda er al. (2002). Inset relations be­
tween the surface pollen and modern climate values. 
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i'i!i1=. • ~ f~'li\' c :i't.fA-ll'f. c (J) of'II IJJJ 7.1{ ;t.Jl!H ~ ;/1.. -c ", 7-> 

(Reusser. 1989, 1995; Gajewski. 1995; Xu et al .. 1996: 
Liu et al., 1999; Bush, 2000; Tang et al., 2000; 
Markgraf et al., 2002; Mao et al., 2003; Okuda et al .. 

2004, 2005; Okuda, 2005 tj: c'). 8 *1/IJ )fl; -C: ,;1:, i(i < 
t;I: Tsukada (1986. 1988) tj: c't: J: 0 -Cr!i'-li~;f:O(;r~ 
ffilli ,: JfJ ", G ;/1.. t.: * ltHI:. m-ltf, 1.1t if> IJ , illl: iii: -c: ,;1: 
biomization ( (71J x. ,I Prentice and Webb m 1998) 
(J)ll\if.~,:~-::11,,t.:i:I:itili1=.1ln;(J)f.:il6(J) 94 ,¢.r,(J)*rri:/1:. 
fA-Jl'f.i.lf-r-;,/;, Iv -r·-;, -C:lfil:1/ill ~ ;/1.. (Takahara et al .• 

2000), .f:"(1)1'&-r-;, .¢1:fJ.li: 285 J.'.U: i -c:t1.ti¾R Lt.: U 
*YIJ,iE;*liHt.m--r-7~-:, J-i.l{~~(J) 1 AJD}[IIH:J:0 
-Ci c il6 G ;/1.. "(1,,7., (Gotanda et al .• 2002) (~11 ) . 

.::.n,:J: IJ:/t.m-r.lUli1=.-.IJl:Wl. (biome) it.:,;t~Wdif 
c (l)ffllMJH.lt~1t-t 7-> § B%I:, B *¥1Jfh.=:lc~$,:IJJJ L 
-Ct;t;J;,7.>fifi'.iir&: ~ ;/1.. -c1,,7.,. *Hlx. 7-> c :/t.t}~­
A (l)ii°~i&~:il:mJCrt1;1:, rnumrm-c:,;1:-~(J)tH/illi.liilt 

A,f:. c "' x. 7.i. 
a *(J)*li:/t.m-~1mn:oo-t 7-> ~x(J)f;tllf!i(J) v-c01;1:, 

~xJU[f!ijli;:9IJ,iE;~illfffH:,t1f7.,.::. c c}J.l;b;/1..7.,. 
Gotanda (2002)(J)*lifi1iil:fl-f.r-l;I:, JJl.~(i(;t:1;!:'.Jf;¥f;fvc 
l&J:ffil(J)1tE":/t.m-r-;, ii:*/(9 -r- '/ c ~,ch-~ x. 7->.::. 

ct: J: 0 -e-r·-7'#.'l:ltH'tf* L -e1,,7., t.:ilb, .f:"(l)i};(1i 
i:p,e,,,;1:, ~*fJ.+-1flli~t:f~;fvcFl9t::/t.m-Mfri.li.A,,:J3 
.::_tj:;b;/1..t.::lt!!:bx, -ttj:b"t*rl•lrf 1 ifillli½ll1.1,Gi!Ut:lt!!7i · 
i¥J~tifii:im:,: 7.1,tt-C (J):ft!!:bxt:;J;, 7.,. .::. ;/1..!;l:-;k i 7.1,,:{pf 
:lt,;J~ilfil.3-16°C(J)~[IJMt:;J;it.:7.> (I~ 1 b). R*-11J~t: 
;t31,,-c l~" ,JIUJiff.:(J)~ < !;1:*rli 1:pifiJIJJt~(J)//1f./¥1~:it!!1.1' G 
i:ptt15L11#r:lt!!'li\' ,: 7.1,1t-c (l)~/1~,}j\' ,: 5J';,{fi L -c"' 7-> (J)i:, 
{:-(J){t:fi1t.m-r-'/li:MAT 1t,:1.1,1t7.>c, ~Jllf;f:c 
•J!Jl(l)*Y;';(J)• (~!Jl-•Ml t••(J)•(~*J!Jll 
(J) i::- 7 7.1{ c t ,:*~-r-;, f.:f,(J)*!t//ilNili:t: 1.1'1.1' IJ m 
n;~fi'.i.li1lf "t 7.,. ;J;, 7-> H;l:*/171-r-;, >)l'ifllHi.l' Gffi IJ -1;/J 

nfln;,F@c tj:7.iiJJr8-t ;J;,7.,. ~~(J)-Art 1J111;1:, .::. 
(I) 1 -t ttrI~ (*Y;';JUJ) ,: 00-t 7-> fY:JGt"i'Hitl1•JJ:t::t11JH.· 
m ~, ~til/J::iii:p~~tr.11-?-it-1, 11 :--1j: c'(J)~t:n:b!-c:rt1;11 
i'r-Jt:-r-'7ilit:/JU!i:J3.::.tj:0-C;l3 IJ, -ffll!;t-t-c:t:thH~ 
!.\'l-JJ(Ji iMJ(J)M\1J<J!Jl%.f~fin:t:.i@:Jfl ~ ;/1..r,JUI! t ,'±',n' 7-> 

(Nakagawa et al .. 2003 tj: c'). .::. ;/1.. t: t,J-L -C, ~~ (J) 
-A1'i!:HI t;tf'&~(l)iriintJ!Jl(l)fUJGfil/fi'.JrllJ-.t:1f(~•l1 fi:1'& 
il1')"(1,,7.,_ JttxHmlc L "((l){t:G:/t.m--r-;, ,;1:;--c:,: 
~JZY;f:ct'&J!Jl1.1,G1jifJ.f,!f,-C1,,7., (Okuda. 1997; Okuda et 

al .. 2001. 2002a tj: c'). .::. (J) ~ -t, iJHf,,: ~I'· r.b (J) T mU(i 
ll'f.~j;:IJIU@ll'f.1.1, G (J){t:fi:71:.:¥}}-r-;, (Okuda et al .. 

2002b. 2006a, b) 11" t:ffl~t:.l'Ji;/1..7., ~111lf;f:r.1'&J!Jl(J)l/lJ)J( 
--~li:Mfi'.J:<m~T7.>~il6(J)M•1ii\:fl-cL-C, * 
ffli:pifilllffi5~i¥J(J)•~~:b!~Ga~:/t.m~fi(J)U•~~ 
~i:;J;,7.,. 

*Mi:~, ~-tj:m•m•(J)~WT~;J;,7.>B*fl• 
:k>frtwt:.t3it7.>1<~:/t.fA-fJM:jlf.(J)~--*c L-c, mf.€ 

~1'0 /~h i¥I llll't(/Jf :ft!!t,Jc (!fl iJ.1 m ~!1/, JI I iii"~ ~illlr!f WI ill) 7.1' 
G 14 .~(J)*/1'l:/l:.m-ll'f.li:frl~T 7-> (~ 2 ). *:it!!t,Jcfi:~ 
;..,t:.:l!l!m 1;1:, mmtli:?itr1:❖i~•:t~ru1 c 1:1:,,z-cff'.f:t: 
il,,Ul?ltj:• :l.ffft:;J;i IJ, fll~t:i;tmft:~.IE;t:/t < :tfHJt-t 
7-> tJ!¥f;fvc~jc:¥f;fvc1t:fi1!:.fA-ll'f. i:p (/)!ft t: ilfil..JtJJ (J){g1Hm 
/¾'.(l)wJi-fillit:vt1~-t 7-> 1.1' G -c:;J;i 7->. t.:t:.mm'i:~•i¥I$#/J: 
1#:i/}H:l';ltE~ < Ji G ;/1..7.,;, / J ·=H*'li\'(J)5J';(1it;l:tffi1ID. 
tte1,,1 J: IJ tr L0ifutiWJ•lt(J)M/:lil:i:if> IJ, 1&J:JJ1.tEJ.,.:J. 
_I·_(J)ilitl1ti• :tJff t:J31, ,-ct 11-JF>inJrll t:5.i':m:Jil:-x-t 7-> c 
1;1:;,15· x. t: < 1, ,f.:ilb, illJ:W:i/}H:'#.'~T 7->;, / J .:\'-#(I) 

fm.ili:!;ttj:7.,,-z( j!l!lt, /liJ/¥rJ1.1,G l kmiVif'&IJ;Jl~t:J.-0 
t.: :,d · n 1/ffi >a:-i:p,(., c Lt.:~~ Y.tfti.liJ!iJi ~ ;/1..7.,~ 

Boso 
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Fig. 2. Sampling localities for the 14 surface pollen ma­
terials from the southern .Boso Peninsula (SBS!-14). A 
superimposed isotherm denotes 15' C line of annual 
mean temperature. 
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Plrlr*L, ~f-HUll:11!!2/: vn,J.i. ~;13. -AltC:til[ 
~ lritl:JE-:flt J., ffi}Jz~lz;i (i~{~O)(ii.PC::11!!% • ±:Ill! · 
~~ · A~~O)~l&ntl'J?..ib G n -c J3 l'J (f9Ux.li"81J6/,;fi, 
1977), /: < (::11!!% · ±:ll!!~_wl(ifyiJx.li-o-V-/:01¥ii-C '° 1: ~{Hf*~< ~n 'J 1.!f.-o.:. 1: ,i,ilHl!:i:-t J.i.Jl,~nt;t; 
1.,. .:. nli.¢.;:i'l<J~1Ell'fr~:fi1l~lWil:iH;!i:111: 1: f.ii:ll!!~f~lr .!jt 

~c:~u·01t J.,.:. /: O)m;r,fi't!l: lr:tf:P* L -C ;13 l'J, 'fcM-G 
O)j</liHE~~:llt-Z-li$-:ll!!.¢.;:Jl/fl!tlr•C.•nt1t, ili::f-1 L~P 
1Hi:!1!!1.'.U:3¾;tf~n-ol.t~~1tHfrHi\-t J: ·HJ.io-c 
1,,J.,. 

1. ~~ 
mff::-'l~/fhO)~ii\11 /: F,f7](-Jil:53-;(p lr ffg 3 a-d c: ;fll.io t.:. 

+•~IHJUE, {tl!O)J¥i IMlJti* 1\1-/: "'1 t,'(H: if.If'-~~ilili. 
14°C .tU--., Jti~R Ifl-Y.,J~ilit 3 "C J-j.J:O)l~i1'1t.w' J:ft!H: {iL 

li-t -o. +•11,l-Z-li 200 m J-.:J,J:O)i\'.li:ltf!(imttBP-Jl~M 
O)mf.t.lil~1tili:C:ll!Gn ml 3e), JfH':i~Hl:'1:~ilJ 
<'-~JllrlT) 0)408 m-Z-;l;J.i.:.cn'Gjll:i:lt!!1tl:J:J.i;>J€<f, 
O):ll\;31i,J,~1i,. 1i,0,:f'1'i<:m:lt!!~l¥iW-ffl5 <fili1Jnli~ 
m11m~11?1immffil1m> O)if.•~~i~ 15t:i.:1,..1:, it-J:* 
J'.1-'f~~iJ/~ 5-6°C .l-'J..l:(i;tf W: {tl!O) 1¥i WJ Jlt:lt!!t'% J: l'J ~ 
<' WsI~/fhmw. ~fft~(."1;)¥Ji¥:O)i-;f1,C:ili: <, IIYOO 
1¥iw<••M~~~~~M~~ill) l:tt~-ct~"C 
Ln>{/£ < ~"'· .:. O)ili\l.~ffl}ft(i,fs:1-l·l:k-'fi$-W:lriilEnJ.i 
m.iffinJliilEO):l,t;llC: J: -o t 0)-z"i!; l'J, i-O)J;'r;~l!i~ /: ~ 
O)j~1~~nt,J,~ 1,,illJi$-M0)~{~1{ 1- :.,,-z-!f'#l'J&-:::flt G 
n, i-O)~tYffilliW~~tjigAf>O)}Jff rp lrf;;-u}JH~~~j a: -Z­
ii-t J.i (ljgJ 3f). i-nW.;,J.O)V,~~ttlll (;f'J'ntf~AfHfiiTti~ 
JjjtEBr!f~ill) ;13 .1: u·*~i~-o-n' Gii'ii!i1LJ*':n,1t-c0) 
mt.t.Jill~!ilt~O)ifn\.J.t~nt* ~ v'P-Jl~lli!O)~{~/{ 1-

✓ ~- L. M~M•w••<+•m~*~*m~&m 
mJ\!llill) li-fO)rj'IIIJMC:•-tJ.i. JtintF.I ( 8 J'.l) O)* 

ilffi.5t;(Jr1i+•1'f< rlr.im t::-c 22-24"CwHtc:wu l'J <~ 
3c), -ffllO)mtflr:11!!/~illO) I:: - r 71 7 :., FJJ!il lr 1;1< 
lt(i, ~c!-liEIY.-M~~-Z-li-1'ltif(J-Z-~1i,. r,f7](:ntliV/~ 
~tJIHtll (ffEBm1tili:) -Z-if.1300mmlrr@IJ.int, i'f< 
~:9Htll <*J!i!ltm~&mr!rHili:) J-.:J,m-Z-1F 1500 mm 
lr~x.. 'ti:m:ll!!timw-Z-!iij': 1800-1900 mm O)~rn 

ffl.t1tnt:fJl;f1,J.i (I~ 3d). $-f:lliO)ffi,i'i<:W:lt!!~P-Jl~ti!IO) 
mfli:Ji/~J:,:;t; l'J, 1Jollif;7}(:l,t 2000-2300 mm lirJOJ.f[:lt!! 
:1JC:J3 It J.i llff;f:ru O)llil:7d~-Z-b ;I; J.i (-=f·~Jf,~ 51:fH'iJf'fEit-l" 
l:il];fi, 1999). 

2. ~g,_ 
mffl:~~/fhO)JJlfl(El:;13 J: U'ifW-:(£ § rt.ti«.~ lr ~ 3 g-h c: 

;flli!.iot.:. +•1¾0)ti/i~li.:fJtf:E-Z-(i'f L < A~c&~~n. 
*l11153-nt=~xa<J~ftffit:fi1l~;t; '° 1i,1i;t,u;J;t;1: .1: 0 -cm.~ 
~x. Gn -c1i,J.,nt, 'ti:m:lt!!~mW:ttlH:li~E!Yt.~:JU.!.~O) 
$,, 1 · iJ $,, ijjfW1*nt~b -c J3 l'J , i/lJW:if}H: IH /: a: 0 

t.::fi'rO) ?" 7' J ::\'-;J;t; t ,¢,;:4 /: 53-:.ffi L -c1i, J.i. !m•m;J;t;ilt 
tul(ijffifft(J(J ,: ,ifil!Llirli1¥iffiln• G-f-~IHJ -~JI I r!f J\!llill c: 
*~<. -fO)nma.liaO)Mmw*~~~-Ma0-c 
1,, J.i. iWml.11/aJillO):lJt:;k-f-.itif'gJt,l-(::Rif1J,~IHJ) Ii 
flil~m;J;t;p,JO)n[~~~!'_ltO(_JliJf~:ltl! /: L -c• Gn -CP-o. 
,:0)$,,1 • iJ 1/lr~•C.•l:-t-o'iit~J.t~m;J;t;1i, Eltt.ffl 
Jjlr-z-1imt.t~/fh~~~tm10)rf.t.li~t lr J.t < tth -c1i, 
t.: /: :JmiJIII ~ n -c J3 l'J ("g/16/,;fi, 1986), M~t g~ ,: Ii iJ 

$,,ffi lr ~-c., 1: -t 1., 1/ 7 n $,,'/J:f~nt. M~~•gBc:,i 1/ 

1 ffilri:j:1,(.,/:-t J., 7- ¥"1/ 1 ~'\'7::! ".71/'IJ:F!tnt_lj.x_ G 
:11.-c1,,J., (lffi3h). $.'iJ.f:ll!!~mwtl%C:(iillBii/: L-C 
0)7. ¥"1/ 1 ~* '/ /\7] -J-r;, 7 ~'/J:f!.IH a~.io Gn n,1.,. 
JJltill~1:;131,,-c Ci.:. O)~ < nt. 1'P,1!1 ffll.liM:ll!!-Z-(iJ3 t 
1::::1-J-7 · 7 ~-=¥ • 1 ~ $,,f~l:7iJx'Ylr--X.x.t.:7{i, 
~'110)~*1*1:, ii;t.~t~ll.liM:ltl!-Z-,i $,, • -If 7 7 7-O):.t!JI 
~f)','[:ll!!~C: J: 0 -Clli ~ ~x. G n -c1i, J.,. {!iiffi',:lt!!C:1i7]( 
mt1.tnr1.,. i-O)ftl!, A~a<J~7.-=¥M;J;t;:ll!!nr~~~1: 
n•tt-Cn•~ IJ O)ffiiffilr r'5 .ib-C 1,, J., (~ 3 g). i/lJwi& 
Pl:li7 • x'Y;J;f;n{, li'J/i~c:,i1,,( t<X · 1,-:-;:f".7~ 

O)i/lJi~M-ff,nth.f:E L -c ;131'), .:. ;fl, G Ii El ;t.JJ,.l~r-Z-b 
rt11~1: }i\.thn-o. il'rm111*lr~•C.-1:-t -omff::Jiac:1i, 
$,,,f-li\'O)J:$~~~5t~#G7iJff$,,lr~~i:-t-oiJ 
$,,;ffi'ntt:t..io G:!1.-0. i-O)fa)illC:li-=t "- · 'Y n· · I::.,< ::i 

x ·y ~nt~ rr L, 11£iM1W .l-'J...tliiiM'm' i.:1, r 0) 1i, n ~ 1., ~ 

flOil,\t-li\';J;f;O)~ffi lr ¥. L -c1i, -o. .:. nlr mt.t.liMO)ffiffi 
;J;t;/:~-on', ;l;J.,1,,(i$,,,f · iJ $,,;J;f;C:~f'frj10):,I~~ 
..t*f, t ch.J.i n,c:01i,-c 1iil!l-m,1;_i 1., <+•i!il-st:fl-liJf~M 
EJ1;fi, 2001). 

~,:J-t1i~ 

ilM4f>iE.IOCli 2003 if.~C:'fcM-0) 1 AJ!EB c: J: 0 -cm 
r.t~/fhmW--Z-1'fhnt.:. ~f.+ (SBSl-14) ,i~Lli1¥i1.lil 
(~mlHJ> n•Gf>iElfllHri.io, .trnwrlin, i;+~IHJ • ,.rm, 
rp • ::Rif1J,~JIIJ • !1?1ii!Hff • fil1l&IHJn,G~lj!IHJl:n,1t-c:ffl: 
-~)ll(H:t*Ifl( ~ nt.: (~I 2 b ~mo. SBSl-7 /: SBSl0-14 
lioU;J;t;:ltl!C:IJJI £ nt.:i/fi~if:}1,,n,GH~Jfl( ~ ;fl,, ~-lii'ili 
1,,/:.:.~-z-t 100 m C:ir:tit.:~n•0t.: . .:.n1:.trL-C 
SBS8-9 0) 2 i1J.::¥41ii%;m11Jjig1.f 0) Jli:*-f-.i1ir1'!/ P-J lr :Ill: 
< ;[[~i&1i,-z-~IOC~n. ~i%(i 200-300 m O)mlfflr"J 
c:;1;1.,. ~11HiPh~J.i*li~f4-z-;1; '?, .:. .:. -z-1iJJl 
~::i 7:fil[~O)-l:: :.,ffi~ ?" 1 ffiM-ttf (moss polster) i?' 
Glilh n, J.,. &f{{~i'J.:f41ii[[~IJ6/,0)tJlj~O)ll}l(roi ~ /:' 
,:~x. n,J.i ::i 7ffi'/J:fi'{H:tt--< ~Gn, ~liii~HH::tc 
ti~nJ.itO)O), *mi,:iw<~wu.:-1:::.,:$71ffiO)r 
1:llff)k~O) $,, Iv I--~ti'i±nt:J:iffc L "(1,>J., /: -=-~lr~U'. 
tifi~))#,IHt /: r{iLO)± lr ibb-tt-Ct,ltlfll L 1 ~f4/: Lt.:. 
±~O):J:i;fitlr Ii/: A, /:'{'h -c1i,~1,' ::17ffi'IJ:F7{i,lifflff 
f@:~x. n,1., ::i 7ffi'IJ:FWH:~ < f.!.G:!1., ;t<-1,, :.,,:;\'-""-;, 

f- ""- /: L -C7E5t-Z-~v•PfaE11HF,~ L -C~lm(ii!lM 
t.:. i t.:li'J/fIJ/i'J/0)$-HJ.:tl1i:1:ifl't1''ti:JEnt!I\~ ~ n1n1 
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N 
(J I 

(f) 

Marinar 

D Intermediate 

D Continental 

(g) 

Castanopsis I 
Cycloba/anopsis 

Ouercus serrata 
(i.e., deciduous) 

Cryptomeria 
japonica 

afforestation 
[[j Dry herbfield 

(chenopods, efc) 

CJ Wet herbfield 
(Poaceae. etc) 

D Urban residence 

(h) 

+ 

/4.ral vegetation 

j Warm temperate 
1 forest of Castano• 

psis, etc 

Warm temperate 
forest of Cyclo­
balanopsis , etc 

D Coastal / wetland 
( Machi/us, A/nus) 

D ~~1;~~f~r;;:s. 
Tsuga, etc 

Fig. 3. Geographical configur at ions for the Chiba prefecture. (a) Ann ual mean tempera tur e: (Grey dots denote meteoro logica l obse rvatory stat ions): (b) Coldes t mont h (Janua ry) 
tem peratur e: (c) Warmest month (Augus t) temperatu re: (d) Annu al pr ecipi tat ion: (e) Altitud e above sea leve l: (f) Mode rn climate types (based on temperature ) : (g) Prese nt 
vegetation dist ribu tion: (h) Potentia l natur al vegetatio n. Illust ratio ns a-Js ummari sed from Chiba His torica l Mate rial Research Found at ion ( 1999) . lllustrat ion g re draw n from Geo­
graphical Survey Institute. (1990) . lllu str at ion r red rawn from Miyawa ki (1986) . 



I • 
... . -

~- • •. . ' ., .. .__ 

Fig. 4. Repr ese ntativ e photom icrog raph s of surface pollen mate rials (SBSl- 14) ; treatment aft er 
the sta ndard KOH-aceto lys is method (Moore el al .. 1991) . (a) SBS4; (b) SBS8: (c) SBSl2. lvlag­
nification is the sam e among the phot os. 
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Table I. Coordinates of sampling sites for the surface pol-
len materials SBSl-14. 

Sample Latitude Longitude Altitude 

Loc.(SBS) (N) (E) (a.s.1.) 

35° 08' 40" 139° 51' 35" 40 m 

2 35° 02' 30" 139° 52' 25" 25 m 

3 34° 59' 45" 139° 54' 25" 20 m 

4 34° 59' 15" 139° 56' 25" 5m 

5 35° 05' 30" 140° 02' 30" 95 m 

6 35° 08' 15" 140° 04' 40" 35 m 

7 35° 07' 35" 140° 04' 55" 60 m 

8 35° 09' 50" 140° 08' 45" 270 m 

9 35° 10' 20" 140° 08' 05" 210 m 

10 35° 08' 15" 140° 11' 30" !Om 

11 35° 07' 35" 140° 14' 10" 35 m 

12 35° 08' 20" 140° 13' 40" 90 m 

13 35° 11' 20" 140° 15' 20" 60 m 

14 35° 16' 30" 140° 23' 20" 5m 

t::. < il!Htt.:. mJ[/NO)ffi!'fAkiJc(.:(;Ui~!M. L, l~lrl,~kf~O) 
P.(UJW;t*:lRWl.(.:tj: l.i-'"' < 1131 tL -c,,J.i:l!f!l~'i:~A,t.:. 
fJ\fJl-1JIH!ll:l!!!,r.'l.O)/_ijH)lH1f¥Rbt 11.:ifa-t. 1f/i(j::ff~mm 
GPS 1.:J: l.i.-itiRU1rfl-c:~ IJ, ~;1Jt · ir-fl.lt(.:(H!ctH.¥1.ll:, 
• i':'li (.: (i 5-10 m l'E/JtO)f.;H~iltoJfh ·n, 1.i. 
*~1fii 5Hfr 0) t.: liJ 0) ;ft;f}}1111HIJ!1frl~ ,;1:, illi'ii\" 0) 1t1i IT. 

m~fit~t::.<•~~tj:roH-7~r~1/A~ 
(Moore et al .. 1991 tj: t') 1.:$ t::. -r,,J.i. fJ\f'.!Hi~Jfj( 
!fm'i:-J: < SJZ:tsJ1t Lf,:0)-1:,fi:!l!"t' 1 g ii1ifl'i:-Jfll IJ ~it, 
1Em:i!ttO)tJhill'i:--t-~w.-JL.~1l1cw.!fmAfiO)m 21t~Mrr 
*1.:-rfr-? t.:. ~M:1:5-}fiO)f,:liJO)AI-z- -JJ­

(Ogden III. 1985) t L -C Du Pont Ui/&! --J' 7 A -f- -;1 

7 i/&!-Z 1 7 t1 A 7 i 7 (NEM-002 .:SJ: U'-003) 'd:" }Jn 

x_f.:11. 10% KOH 1.:-c 10 5-HaHRiiJll, ffc,,-cmlltiO) 
:/i'~i!l L 'd:" HJ, ,-r ~ I? < 1 mm :ktJ...tO) ::i 7fJl~'i:- llx IJ 
1~,,t.:11, 7~ r 1J 1/A9/.!,tm1.::iJtA,t.:. --J'J..,.1{7- r 
f'F-nlt t f.~iit~(i1tl1:i'U',} t li1J~l.:.:t3.:. tj:-? t.:. 1Emn 
"7 ;, r ,;1: 1 liM41.: 0 ~ A -¥:/Et"r 'i:-1;i < **~'mm 200 
Rl-J...t 1.: 0 v '-C fr v '. ~ /:IHJU!t ( % ) ;-tH~: 0) t.: liJ 0) ~ 
RtL~. A-:¥°.:SJ:U¥*;ftmt1/,~rO)~ill •~ 
(i~IT.f1tJJ~rR'i:-l~R1.:i1·~ ~ ;/1.t.:. 

~ * 
11!Jill~tlt.:~Jr?i1EmllfO)jQ-f'.!i,'.~H;<141.:~-t. ~ 

MM'f41i;!xll,~ 1.: J:-? -r li1E.th,:l!:/Jtil{fil: < Wtiih1(_J?'cy}+i-\: 
O)-JJ"J;,rR8~#mfttj:7-A,~1J~1.i#(~;t 
(! Okuda et al., 2004), *ll.,t;f!l~!fl'q.: .:t3 v ,-c (i :{E;f}};f10) 
f!Mt(il!l L -c ElH-c:. i t.:,r,~~1.:t-t-t l.i1Emf10)\lllJ 
ft b ?'c5i't.:ifli,, i O)il{~ <. -$0)r.MJ!-~xl1~,;1:£;rr-c: 
~~-Mf4~tQi#1ftQff~-?~- ~~0)-!lxilJt 

r~q1 , ;ft;f}}fililtx~-c:tj:il,-?t.: 2 M'f31-'i:-~,,t.: 14 ~ 
;f!ll•il' G Wtll-(1(_) ~ fl. tj: ~l@;ftffillf ilt-8JR1. ~ n t.:. 

7'-1iltf!Hll~nt.: 14,¢.;:0)~)@@t,¥4 (SBSl-14) 
O);{tffi~fiM*CC~tMt-t•) 'i:-~5~ift-t. a6 
1/flim 1 (.: Cryptomeria japonica A-:¥°-C:~ I), ~;{t9 
)J~rllfO) 2-5 \!i!J'i:-6/iJ, A)j C:,i1,(.:i5:{9JO)AIA-:¥°# 
O)oc•t~;tGtl~O)"t'~R~G~L. ¥1~~~A 
'd:" 11/i llfil L t.: fif *, f§t :$1:; llf (j: 8: 1fiJ 89 1.: Castanopsis I 

Castanea 1/ 1 ~ I 7 ') ~ t tj: 1J , i1i: f?J 0) 1/ 1 ** 0) OC 
•t~x._0h~. ¥*;ft90)M&ti-&~fi<. Mx._ 
(! SBS4-7 !i7](IB:1!!!.,,i\'l.:fi'Lm'. L -c,,t.: 1.: b il'il'P 0 t' 
1 H!J-1E;f}}!ii'rit:k"t'b 10%1.:i~t.:t', -fO)fl!!0)7](ffi 
4*-sii t-t,1t1.:fi$-C:~-? t.:. V'-? !?181E;f}}:Jil:(;!:;}p'/lt 
1.: tt, < , A -¥ 'i: ~ v' t.: W * ;ft ;f}} it 8t (;!: if :ts] L -C 

50,000-200,000 grains/ g -C: ~ I) , ;{t;f}} 1.: ll~ T 'd:" 11IJ x_ t.: 
tt::if/Jt (;!: 100,000-300,000 grains/ g 1.: ii Lt.:. .:. O) ffi 
~fil.O)SJZ:tsJ~tj:Nffl-• !fm~O);{tffl• IJtttt-'"'-Cb 
~ < , M!Sl ~ M!S5 t ,, -? t.: r,n1.kWl-!II! rdl 1.k)!/l 0) ~ 
~'t!Hi1i±O)-ftl (f§Ux._(!Okudaera/., 2002c) 1.:ili:il'-? 
t.:. t.:t.: LMt.+~1.:1i-f-°" ::i-11,,;jxO)~~O)~~'ilt;f 

,r;n!fmi~< (~4~!!\l), ilit::!I! 1 glJiifiO)~l@rMH' 
G:lfii/l½'M~tlt.:'3"1E.f1t~ v -;1 r O)f;f,:fJUi 0.1-0.5 cc 
lit't~-?t.:. 

aa;ftffillfO)CnltMG~~O)~IJ-C:~l.i- ~m:l!!!M 
f'Y-iwf~:l!f!il,GO)-lf-1 r (SBS2-7, SBSl0-14) "t'(i Cas­

tanopsis!Castmzea il~Ht:$1:; l.., A~€iLI\O) Cryptomeria 

japonica 'i:-ii,,t.:W*;{t;j:}}l/fO) 40-60% lJiifi:'i:-6/iJt.:. 
5£1ll:O(Jtj:~!~(i L -c,,tj:,, b 0)0), l1ffl'l(JI.:.:. tL C;,O) 

~ < (i1/ 1 ~iJ!/O)~Wl.Hi'f. L!flf!!'l~tj: 7 ') /,gi;lJ!/!;1:1,tj: 
ii'-? t.:. Quercus subgen. Cyc/oba/a11opsis (;1:-'f:f!H.: OC 
L -C ';i,' tj: < , fr L. 7:, Quercus subgen. Lepidoba/anus 

iltt~•e(Jtt,~Lt.:. =~#~;ltt L-CO) Pilws sp.b 
Cryptomeria japonica t tt-'"' l.i t £ill(;!: Ii l.i ii' 1.: Yii: 
t.:0t.:. Podocarpus, Myrica, /lex tj: t'O)P,\l • .fM#~ 
;/til{jJttii!:tj:il{ G ~ill Lt.:. J..J...tO)@tf.4~!lx:l!f!O)~ < ii{ 

&U:l!!!ili:fflO)a•..t-c:~IJ~~tj:•u:l!!!~-c:~•~-? 
t.: t 0)0), J..:J...tO);{t;f}}C/!l1fiiilt SBSl 'i:-~,,t.: 1!r:I!!!,¢.;: 
ntl"t'!i!i';ll~ ~ tL -c,, l.i.:. t ii' 0, f,jj:l!f!i'l(J tj: A~fi't!L 
0)~9~tt-~Ptj:<tt•~~Mtj:*M80)~~;ft5 
•~O)oc•-c:~1.it~;tGn~. •*+•••u~G 
0)7'-1 (SBS8-9) (;!:, JJl.~k"t'(i 2 :11!!,¢.;:;/j:ilf C;,~O) 

t .:. 7:, Abies, Tsuga ii{~ ( , i t.: SBS8 ilt Q. Cycloba­

/a11opsis 0)7.~i$ (25%) 'i:-ir-L-C,,1.i.:.t1;1:, ma.fi: 
!lil:..tfill!.:/l,J:l!f!Fl9!.:}Jl.;/1.l.i 7 -fJ -JJ' 1/{l 6#.:S J: U'-'E ~ • 

-;,n·1-i-i.:.1:1.i~r .. rn\rn;=;f:*a(JiJtll C'Ef.&(ii.1', 1976; 
f--~~!E.f.iJ·fiJf~M~J:l,t;ii\i, 2001) bf/f1JLtj:,,_ SBS 1 
UJJl.;!x-C:Ul~O)~-C:~l.i~ }Jl.~0)7~~~~# 

~l.iHi1 ;( 1/T · ::i-t-"J 1.:f\';~~hl.i~t80)4\ffi*# 
'i: Ix• L-c,,1.i J: 11.:Jl;tl.i. 
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~ Sample No. 
~ 

: II I I 

m 
0 

j n-r-r~Tfi~~ j 
OJ I ' : : . . J 
J 'i . . . J 
J ' I J 
J .;-..-,.-~~~~- J J . J 
J ~-......---,--~ J 
J ...._ _ _,_._,__--,-J 
J -;-----+---;- ~ J 
] ,___ J 
J -<~~~- - .J 
J . J 
J • J 

_j 7 j 
OJ 7 J 

Cryptomeria japonica 

Poaceae 

Chenopodiaceae 

Artemisia 

Tubuliflorae 

Liguliflorae 

Caryophyllaceae 

Brassicaceae 
Persicaria 

Ranunculaceae 

Liliaceae 

Gentiana 

Cyperaceae 

Typha 

Monolete fern spores 

Trilete fern spores 

AP minus C. japonica 

Cryptomeria japonica 

herbs plus ferns 

AP minus C. japonica 
concentration 

Total pollen plus spore 
concentrati 

U)C/)(n(.f)C/JCJ'JCJ)(n(/l(/l(.(JC/}(/)(/) 

g? ffi 8Vi~~ 8Vig ffi ffi ffi gs ~ ffi ~ ffi Sample No . 
.... r,,:,(,).i,..O'!<n--JCD<OQ:::f')c:;:; 

J i, ......--, i I Ii.- ..-,-J 

J '111 • I rijrTTlj 

Podocarpus 

Abies 

P. Hap/oxylon 

P. Diploxylon 

] ' [ 1 • !I ( · J Tsuga 
] •·n---,,-.--,.-.+, .-, ,..,,, ! 'T TT' J T-C-C 

j 1! .. -,~,j-ii , ~-j 
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Fig. 6. (a) Extended Japanese surface pollen dataset in­
cluding the warm-temperate Pacific coast. Small grey 
dots denote the existing data by Gotanda et al. (2002). 
Large filled circles denote recent data addition 
(Kuroshio series). (b) Isotherms for the coldest month 
temperature in warm-temperate regions of the Japanese 
archipelago (after Geographical Survey Institute, 1990). 
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This paper presents modern surface pollen spectra 

from the southern Awa district of the Boso Peninsula. 

in order to confirm the pollen-climate relations on 

warm temperate regions along the Pacific coast of the 

Japanese archipelago. The southern coast of the Awa 

district is today dominated by quasi-natural evergreen 

broad-leaved forest of chinquapin, oak and Machi/us, 

with 15-16° C in annual mean temperature and 5-7' C in 

January mean temperature. being ca. 2° C warmer 

than the mainland of the southern Kanto District. Re­

sults of the surface pollen analysis show laurel-oak for­

est dominated by Castanopsis, associated with Quercus 

(subgens. Lepidobalanus and Cyc/obalanopsis) and 1-

5% of Podoca1p11s, Myrica, flex, etc, which are 

palynologically different from those of the northwest­

ern Boso Peninsula, where Q. Cyc/obalanopsis has been 

dominant during the Holocene. Two surface spectra 

from the University of Tokyo Forest of Chiba, located 

in the Kiyosumi mountain system, show increasing val­

ues of Abies and Tsuga pollen. The total spolopollen as­

semblage itself is occupied by 20-50% (or more) of 

C,)'pt0111eriajapo11ica, which needs to be extracted from 

the pollen sum because of its most probable origin 

from artificial Japanese cedar afforestation. Neither 
pines nor deciduous broad-leaved trees become impor­

tant through the pollen spectra. Herb pollen is quite 

rare, indicating densely forested landscapes. Pollen 

contents are very high, with the arboreal pollen con­
centration (excluding C1Jpto111eriajapo11ica) amounting 

to 50,000-200,000 grains/ g for the moss polster samples 

collected. 
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