
f-~ij:1~1f El?t..['1,;-@f~ffl15-(J. Nat Hist Mus. Inst., Chiba) 9(2) : 75-88. March 2007 

-=fiUlj!1f.~:!R:t:f4ttg~!!l~H:stt <Qj'j#ff5°&0) 1 o ~fdJO)~-ft 
- #~0)/£;& t~ffl/£0)~,ft-

JJl'( .if.fljll.-j(ff§-1>.JII~ ~2),~~ff:t~2) 

1t7](:J:J:rf-3 > • i:p ;f-f ~ ~ 1 > • .s:y: m fD ~t.1 > 

JI T~!Jil-.:itlj:l~-p.Q.~fi'il 
7"260-8682 f-~rpg:,~(Rff~IHJ 955-2 

E-mail: hara@chiba-muse.or.jp 
" +~~.:itlj:l~·~fi'ilh[O)~ 

7"260-8682 f-~rplj:l~(Rff~IHJ 955-2 
" 7"214-0063 immmW;il;.!l!f·a 2-54-10 

~ l1i' f-~!Jil-.:itij:1~1f~tril~il\OOJP-JO),JI.H,UF~l:-::>v'-C, 19931F-19941Fl:fibnt.:~ 1 ll!J0)4ij:*1illl 
'ltt.aJ: 01, 20031F-20041Fl:fit:>nt.:~ 2 ll!J0)4ij:*W!J3tfO)Mi*a-JU:H, -c, .:.O)rdJO)~#~~O)/ilt*~ffi 
~JocO)~ft., W*O)~:(f~:fME, ~Al:-::>v'-C/Wllr Lt.:. 101FrJJO)j!it*O):fi!i~$. lilt*:li~-t'O)p;Jw{l;l:# 
ffl.l:J:-0-C~~IJ. A '/Jv-"1' (:S1"1'.J.:\'-#, 7-¥1/1#, ::,7:1.7::,;j:,l-, :70-x'J#): W*O):fi!i~$titfil;( 
W*O)lilt*{,01\1111.'"20041F~t.\O)Jlijjl1/jWj'ffiif1HtiltfiliiltJOrri/ha 1:;tLt.:#ffl.c, B ?°')v-"1' (7Mf::, · 

~~#. 7:IJ?'J#, ,(;(::,j'- :r-j-7#) :Jj'*O):fi!j~$il~<. lilt*:lit+~<-C20041F~.,:.;:O)Jlijjl1/j 
Wi'lmfft1tiltfilitit 20rri/ha ii1itt1:c c';ht.:#ffl. cl::frltt.>ttt.:. A ;7')1,,-""j'O)#ffl.1.'"li, #:frO)~/ilt*:li 
1:15!61.i~~*O)'llf.!j.ti~<. ~1:ffi"m:/Jn1'fflf$:O)'l!f.!j.1;1:,1,~ti,-0t.:. -1i. B :7'Jv-"1'0)#ffl.'-'"li, ffi"m 
:/JIIA fflf$:1:J: 1.,/ilt*ilf-t'O) 30%ii1itihs !6-CV ,t.:. ~{$:fl'~ 1:ffi"m:/Ja1'11/,lf$:O):/jH~il>-0t.:ffili, 1 ;( ::,7, 
A:7.J.:\'-, r~7. i::-it:1.7.:\'-, ::r...1.:\'-~t·1.'"-&;-0t.:. u.:. 101J=:r.lJ1:. mim~-cO)W!J'lttlR'-'"*~<:1:1!1:/JaL 
t.:. ffi"ml:1:1:1;[11. Lt.:ffili~f$:1.'"60 ffil:it L, fflJj'.O)jl1/jiJ,-0f.:O)li:7-x ./ ~ X.:\'-, ~-x:7''7, 1 ;( :,,7', A :7 
.I.:\'-, A 7-lj-.:\'-::,.:\'-"1'~c•O)fi~~~j!it1.'"-&;-0t.:. rn[t£~:fr:l'fili 19941F~.i:.i:1.'"li, ffi~~O)-lj-,( Xa-li:11!1!: 
L -C 1 11.Jffl. a-ff-i"#:fril~il'-0 t.:iJf, 20041FO)~t.\1.'"li, Ji'*O)Joc:I.H:fih-crn[t£~:fr$ li~f$: c L -C:k 
~~ffl!Jl:i'h, -1i. ,J,~~ffl!JI:~ < O)ji*ti~m1:1JIIA Lt.:Mi*, 2 ilJffl.O)rn[t£~:fr$""-c ~ft. L -Cv' 
t.:. 7-¥1/1#.aJ: 01:S1"1' .J .:\'-#1:-::>v,-c, f-~mP-Jl:~Ui"1.i e1?t..#c.1ttt-t1.i c, Jlijil1/iWflmfft1tl\tO),,:.;: 
tJ,t.,1;1:, El~ ci"1.i El ?f.,;j:,l-O)fW[O) 50%-&;;I; I) 1:;t L -Cv'Q.:. cil~ t.,tJ,t ~-0t.:. 

+•!Jil-1l.ij:19c••iil~•ll:ll1i. miE:ll!n.-ib1.i+•m 
0) Ei?t..ffl:t1H:~il' L-::>--::>)%;ffiM1-t£Hl':l~El?t..:(i-N:m,L, 
••iil*iiltaaL--::>--::>EI?t..a w~~-~~oo-t1.i 
¥x1i'~.&..a J: 01:iiJf~H'r·Hf!l~t L -C~li~ht.:, :b 
iJ{00W0)~81il (Ecology Park) -eib1.i . .::O):Jl!!li, 
1917 '4=--1980 c¥1:ti,wcoo.u.O)tfiil1H;t~~ti{f&:li ~ 
h (1lf;m~~~~J1l. 70 mlc¥1lc~lPJ~N£N~. 1986). 
a:Jl!!O)-'jZ:tll_ffiH: li!&Jii:Jl!!il{JAiJt IJ, :ilJ-EElil!l.mlill~ t•it 
]m0)$:frl:li7:fr;,--y~::1-j-7, 1 ;( ::,f~ t'0)41* 
#iJfJAiJf-0-Cv,t.:. 1980 '4=-1:flil~~~tit:fJ/,{EO)~~ 
!}il---::> < lfrfH:~illi; L -cti, G li1trlft ~ h -c v' t.:il{, ::f:'O) 
:k$::friJfi:p9c.!iWJfi'il:(i-~tr-W~(l)~01il c L-C~ffli~ 
ho.:: t t ~ IJ, 3t1tllHM!il1\1111tt:ll!!IHi~1iiuI-$0)1i. 
1987 '4=-2 Fi tJ, GffiaI-$H'i'0 -c, 1989 1F 2 Fi 1: i:p *••iii.a J: u·~•liJO)ffi!iWJMiililtif:t-"1';., L.t.:. ~-Iii (l)~ffljt;fif!i t 1JJM O)~!jwJffl(l)~ftl:--::> v'-C Ii, 
1t1H • *~ill (1994) .a.i:umrn,:i:ti, (1996) ,:¥1115-

~h-Cv'1.i. it.:, :lii!:i!i:, *ll!f (2006) li~-liJO)ffi 
~WR1f~:(i--ttMtL-CM*L, ::f:'O)J:P"{"ffi~•~ 
!jwJfflO)~ftl:--::>v'-C 'ii-$, f!!l!h -cv,1.i. 
~• lil-eli, ti;m~~~~1-l;;ti,t:.,/ilt1l. L-cv,t.:='!x. 

#1:--::>v'-C Ii, -$-ei, 1J ::r..;., .Y .1 ,j: t'~Affi!iWJO),tt 
ri · ~~~$1-blcO)r)(IJ IJ • fi•ti,~ :(i-•»fllL-cv,1.i 'ii 
0)0), ~*~1:,f+:/Jnx. i'-W:~ L -cv,1.i. -1f, 'ii t 
'ii t !&Jii:Jl!!titJAiJf-0 -cv,t.:$::frl: Ii, $::fr~~±lll~ 
1fu UT 0 t.:a. W*:(i-ffi. l., -ca#O)mjc • :;ii:~ H~l0 
-Cv,1., (J:PH, 1994). f~m~l:tit~,: J: 0 -C~#i 
N~L~MtL-c. OO~-e~•-•O)~ffl#KO)a# 
~g-eib7.i. ~ffl#K-e~. M:8•:t-O)aO)W*O)/ilt 
*~:fi!i1~0):ixiR.tittciik1=~~n. ffi~J1~1: .t 0 -c~ 
iJ{~1t L -c ~ t.:f,fH·iJ{ffA t:.,ti,1: ~ h -c1,,1., (t}:JHiil', 
l~~- i/i:'4=-0)$-MtL-c~. MiEEl?t..ffi~O)-jf;i 
l=I :ID L t.:ffl:!l-W:~$1-(l)1f/ilt-$~i1{,b If G h1.i (00~~ 
11,\l~-t;., :$1-, 1995). ffi8fi0)~ =-:S1 ') ;., :7' {. ii? 1.i 

- 75 -



ffli'.~~tL"C1t,1.d1t, •111J~ilr~1,,,.:.t~. ffi,!;Jtf!,:O) 
·~iJtJt~l¥.1. 1;j',:1,,,.:. /:: t i§J-? "C, +5:l-~ t 0) c lig 
x_~1,,,, it::., :kilocJffO)JJ-J:w:ic.~0-li!-c'li, 7500tif:'1t 
~O)~T~. •*~m~T1.>.:.c~§ffil"C:kmm~ 
ffi~iJtfi:btLt::.. ffi~~0)-0):jlj'.~k;!~li&'.,i' l t + 
5:J-~ t 0) c lig x. ~ 1,,, J: ? -c'.1J 1., iJt, .:t"O)f!,: 'b, -=c =­
~ 1J ;;p-~fr1,,,00, ffi"t::.~ff~cf-ii;'b~Al"C.O) 
:jlj'.~iJr~ GtL "'(1,,,1., <•*• 2005; g:,H · Jl)Jl(, 2005). 

~~liJO).li'w·0)-0-liJO)~t"@Yi/,ll:fitllT 1.>. 0-
lil~~-~~~0)~~0) ~ 9 f- t &11~ tL (g:,H, 
1996), 0-li!~~:i&cO)~~'tilii§Jl.,ffJi'., -fJil:t::.tL"C 
1,,,1.,tJt, ~t1ll1Jc"@1l!Himll1t~ffi:1&. --t-0)1t!!O)fl:~:lt!!.c 
~-".)"'(1,,1.,, 0-liJ~O)~:i&tAI1¥.J~'bO)iJt~<. i 
t::., w•0)•0-li!EI~. r,lilill~fl:~:1&1:~itL"C:l31J, 
~:I&/:: l "C liM.:U: l t::.#d!f:r 1:.1J 1.,. ffllm:l!i!GI: .1J 1.>M 
.:U:*-c', ~M1¥.J1:-=c=-~ 1J ;; 7'JB!Eiltff:btL "'(1,,,1.,11JJ 
c l "C Ii, :JlfJ?-ffilO) § m.1.R1:.1J 1.> 00.:U:f!l-~tf~jgflft~ 
E1?Mx1fli!-c.'0)11JJ ('Ii~,· *H, 2001) ~Ji(:/!~Jffti:Ji( 
!KO)r'-'~t±-c.'0)11JJ <mYil,l . •*· 2005) ~ c•tJr.1J1.,. 
.:. 0) J: ? ~M.:U:*-c'li, llillil' G O)• -=fllx11n: J:-? "C, 
•*~1:lil~W • ~?iD-~4 ~ • tJr~Al (#tl:Hiil'. 
1994), *l:ffllm:l!i!G-c'li 1/ .1 Cl~ r '7 ;t, :X ~ -=c 1-, 7 
:t~~ c•tJr:1:t11J•T 1.,.:. ctJr~t.,n n,1., <U. 1911; 

:Offiliil', 1998; fi:,ji:liil', 2005). ~~lil-c'li, Im 
lilwi1£0)ffi~J:J.ll{;, -fM*O)ffi~li£:,ji:1¥.Jl:fi-? "Cit'~ 
1,,,iJt, lffliH&l5.J;L..t~*-!"C, r,lililliJ,t.,O),fjf*O)~ 
~c~AiJtc'O)ffJi'., ~\.:."C1t>l.,O)iJ,~. Ajji:;,;6,1:l 
"'( :l3 < 16-~iJ{i§J 1.,. 

~~liJO).*fHtl:01,,,"'(li, lfflli!RfiO) 1989. 
iJ, G 1992 •1: iJ,lt"C O)fffli'.~1tiJtflH1r ~ tL "C 1,,, 1., iJt 
(-'¥m, 1994), .:. 0)1!'¥,¢.(-c'li, -fM*O)Rtf~l:OOT 1., 
4it*~1tli~M!i~tL "'(1,,,~iJ'-? t::. . .:t"O)fi, l9931P­
iJ,t., 1994.1:iJ,lt"C~ 1 IHJ0)4it*~1t~~M!il, i:,.1: 

? I::' 10. § l:i§Jt::.1., 2003 .iJ, G 2004. 1: iJ, lt"C, 
~:l!i!G-c'li~1t,i)t, ~21HJ0)4it*~1t~~M!iLt::.. :,ji:.fiJf 
~Ii, .:.tt-G21HJ0)4it*~1t7'-~1:£-:J~ • .:.0) 

10•00~:J:3~1.,~~li]O)•*ff•O)·~~---O) 
~ft, W*O)~:(f~JU:, ~Al:01,,,"'(Pjj t.,;6,1: l J: 
1!::Tl.>b0)-c'.1J1.>. ~:J:3 • ..tE0)4it*~1EM*0)­
$1i, *• <2006) 1::J:31,,"CMIH1rmh--c'.1J1.>ilr, * 
.fiJf~-c'li, ~~liJO).#tl'ffli'.~~1:01,,"'(#M.:." c 0) 

M1'i' c Jt~ Nr? . 

1. ffl 1 [H(O)iJltl~ 
19911P-UH:, ffi~1ffil~ · E1~1ffil~~r"~:bi'~~ 

li~l:~1fT 1.>.fMj@j 2 m J;L..tO)T.rZ"CO).fM*I:, 1) 
4 7 ~ O)~:ffi:ilr~1J1:n~ nt::.:m.1t1:: =-1vll\M:ffi=%;f'L~ 7-

T;; v 7- ~it:fri:~ ffl 1,, "'(Jjl( 1J {;J-ltt::.. .:t"O)fi, jf/].O) 
•*i-c'I:, 2) :ffi:%;f:L~c 1)-::>ltt::.T.rZ"CO),fM*O) 

mll~ifftl:lil, ~R 1/250 0):1&%~1:*lt::.W*fitll 
~~1'Jo.Lt::.. it::., 1991.11 }J~l994.1 }J 1:, 
3) *1ffil~O).fM• ~ffi~·JJ 8, ffi~~~. Acf-1Jri;, 
~9EO)'¥tl~. W~~ c•~~.rZ"Caljllft Lt::. (:kff, 
1994). 1993 • 12 JI ~ 1994 • 3 }JI: Ii, 4) .:. tL G 0) 
-fM*0)4it*~1t~~M!i l, iffiJ2-fili~aljlll:ic.~ Lt::.. 
~:J:3 • ..tic.O)? i:,, 3) li~'1\t0)-A (:kff) iJtJ.3.:. 
~-? t::.iJt, l) /:: 4) li~~li]O)ff~f'Jo~~Hf;9c-c'.1J-? 
t::. (M)f-.!Ji!,:1&:l!i!G~fliiiffri,~O)f'Jo~.7-~ -:1 7ilt, it::., 
2) liifflJ:li~f# ~ ~if l t::. m~iJIIJ:li ~:i:\ ~t± 0) 7- ~ -:; 

7i)t;j:;;.:_~-?t::.. 

4it*~1tl:~ l "C Ii, :ffi:%;f:L~f;J-lt"C .1J 1.>fN:01,,, 
"C, ~--1.f~RtfeR-c'E2lE~l~. E2$1il 
0):1&..ta~. :l&..tLlm~)Jl(mcl~# • .:.0)1!'¥~-c' 
Ii, ffi~i1'¥0);DltiJt~ < O),fjf*O)~I: i t.::{,J-lt G tLt::. 
i i-c'.1J IJ, ifilJ~li, ;l;J=!O)Jjl( IJ 1.J-lt$fit HlHt"Cfr 
:b~'l.>Hf~iJ,-?t::. . .:.O)t::.~. ~~1:1i l.Om~2.0 
mO)~~~:b~-?~. R1fO)E2c~frl"C, RtfE 
2$mO):i&..t~GO)a~tWa~•-•~ • 2lE~ 
Lt::.. l 1ffi!~-c'.1J 1J ~iJr G~aJ;L r~5:J-tt l "C ~~O) 
~~;tr l "'(1,,t::.1ffilf:4;:l:01,,"'(li, liH RtfO):k~ ~~ 
1:01,,,"'( ..tic.O)ifflJ2~fi-? t::.. it::., Rtf:J:3 Hl"Wa 
O)iJIIJ2~:ffi:%;f:LO)f,t1,,,t::.~W*1:01,,"'(fr?.:. c Iii!'¥ 
ra,0)$1J~iJ, G tlt~i'. ~~lil~Jiltff!iil' G 0).#iJt~ ~ 

tL "'(1,,1.,f.J-mil!!J]~O).i'Jl-ffiiO)? i:,, "@fflil c mffliJO)~ffii 
O):k$5:l-li*ifflJ20) 1 t~~ nt::.. 

2.~:!:l&O)~~ 
2003. 11 }J 1:~~lil ~ 1: 12 ffij)WO).*ffll~~it 

IK~&JILt::. (~ 1). ~11:IK 1~7 710"9, 11 0) 9 ~ 
it!KO).#li, W*O)ffi~I: J: IJ ft GtLt::. 'b 0)-c.'i§J IJ, 
~11:IK87irl"100).#U~~lil-Jiltff!i~G-.:U:l"C 
1,,,t::.=~#. ~11:IK 12 lif-_!Ji!,,iillmil' G 0).#. 
ffi (g:,f;J'(iil', 1994) 1:J: 1Jf'JoGtLt::.•*~.1J1., (* 
l). 1 :;t 1/7'# (~11:IK 8) 0)-$~1i4it~l:2Mi¥.J 
~r~IJcfli'.i:i•a~twM!iL"C~~~ 111!0)#5:J-~ 
~. W*ffi•*•O)~•oo~•~. 7:X•~~fi1.1;L 
~~gm1¥.J~~Jll"CEIBO)~-~-~"C~~-

.:.tt-GO)? i:,, ~11:IK 12 <•*•ffi:1&) liq:,Hli 
iJ, (1994) 7)t&~lt::.~1t!Kcjfl]--c'.1J1.>. it::., -'¥ 
m (1994) iJt&~ lt::.Mti~1t:IK /:: O)t,jfc;~•M-t 1., 
c, ~~1:ll!~T 1., O)i)t~1!:IK 2 ( 7- ¥ :l 1 #), $ 
5:J-1¥.Jl:ll!~T 1.,0)iJt~1t:IK l (~ '1' ,1 ~#) :l3 J: rf' 5 
(70-;,o/#), ~11:IK7 (1:;t1/7'· ~-f"7#) 0)3 

~11:IK~. 1t!!O)~it!Kli1l!~ l~v'. 
12 ~it!KO)? i:,, ..tic.O)~ 1 1H14it*~1t (19941P-) 

i)t~M!i~tLt::.~~1:&Jllt::.O)li~iEIK 1~8 0) 8 ~ 
11:IK-c'.1J1.>. ~11:IK9 (1,;;,J~#) J.;J:0"~11:!Kll 
( ~ -f" 7 #) 1: 01,,, "C Ii, W*iJ{1J, ~ iJ,-? t::.t::. ~ ~ l 

1H14it*~1tUWM!i~tL"C:l3Gi', ~~!KIO (7:;t~ 

- 76 -



l;iill . 1lf/,J'J!t!RO)/!icllli. 1lf/,J'J!t!RO)ffi!iltIH:Jl};~-:::>ftt~-t. 1 , 77'J'\'-#; 2, 7-YV1#; 3, 1/7771/#; 4, 7 
7777·1/ "t 2.tt; 5, 7 • -;, '.1/;tt; 6 , 777-;,'.1/;tt; 7 , 13<1/T · ::i-t'.7#; 8, 1 :i<:,-r#; 9, 1,;.,J;\'-#; 
10, 73<4-'#;ll, ::i-t'7tt;12, 7-YV1 ·7'7771/#. 

ffi'~ ~i!:ifil 

17'JHt 

2 .7.7'"1/•U ·t 

3 :,7:/J:,;/;j; 

4 7 :1J n·::, · 'E 2. ;/;I; 

5 7 • <''.1/f,f 

6 7:/J<"'.1/f,f 

7 1 3( 1/T · ::i-j-:,;f',j; 

8 1 3( :,f:f't 

9 ;,;.,,1;\'-;t,j; 

10 7 3( 'l'"U 

11 ::i "f- '7 U 

12 .7. 7'"1/ ,( · 7 "'7 :IJ 1/1.f 

567.1 

345.1 

962.4 

985.6 

994.5 

1368.3 

389.2 

486.3 

248.1 

19881ff:Mt-lt. tif!:tJUilfJJ, M:tlt*t:t*i? t~ 7 ;;( 0) ~i's¾ :a: ~liffi. PJ 1994:,ic(:~/Ji!i . 
~ifsfi/tl1li. 
1988:¥1:MtlL M~~HJ J, Mt-lt*t:t,H? t~ 7 ;;(O)Jlfi'i¾:a:~!Ji!i Lt~ 1994,.,,,_-,p __ 
J;J.7'1-1 i/il(1i1. ..,.. ,_ S'clll!! 

1988 if-f:M}'lt. 1989 if- r: :/J :,'fsfl~}O)'ii\·ii1.t3\€:/i\'Hfli'!ilt :a: ;Rif + i~ IIJT J: 
IJ'1tti1!. 1989 · 1991:¥1:~S.JllmJ: IJ 'E2.:fltW:a:'1tM. 1991 if-f:-t-3\€ 
mpq J: IJ 7 :IJ 1.i:,:flt.fM:a:;JtM. MtHHJHiifli7lc/::, - i'lil"t"Jlfi'i:/,tHi'? 19941f-f:~/Ji!i. 
~ - ~O)•t~-~~ttJ;;(:a:Jlfi'i¾. 

]9881f-(:nu:~JL 19901f-(:r@*Hifin!i. J:J~ifslH:'.·•(:r.'6 t. t 7 ;;(~t 1994:¥(=~•­
¾HT? t~J..:J.,iL ltl~. 
1989:¥1: -t-3\€m • }i[fitm J: 1J w*:a: 1tii!i. 19901f 1: +3\€m pq J: 1J T 19941p i=~• ­
@* :a:1tnti. ~0)1t1±/il(1i't. 

~-~~••~00) =~u. - •O)~•"t"•if-•O)r•~1J1::•~ 1994••=•-. 
3'€Ni ,§; i . /it!i. ..,.. v S'<elllR 

1l~1~t:t~!~:t~i 1~'. 19901F-1=M~x. J;J.JfffstH -1n=~ *~•-

19s91Jo1:::1"f-7/::J;('\'"O),t;,, i-m:a:w:tx. ~0)1t1±/il(~. 20021f *~•­
~MWN~i~~~~-~~O)~~~"t"~•t••· 
19881J,1:11i,J1lml;1..JO)~'i',~f*J: IJW*, •*· ~±:a:~tr~ U:a: ;Jtii!i. 19871f, 1991:¥, 
f¥Ms1HJJ, i1U.7lci~/Ji!i u ~m• J.riJil(fil. 19981Jol:~/it!i. 

- 77 -



#) 1:".J1i,-ciqr,ljO)flilJ~...t. ~tif!i-r-~~i?'-::it.:. W/3 
1!:IK 12 l:'?li'-Cli 1994$0)W/31i:li~1if!i~;/'L~;v,-::it.: 
;vt, 1987 $ (~;jffiJ) :l3 J: U 1991 $ (~;ff ft), 1998 
$ 1: 3 Im 0)4lj;*Wl31t;vt~tiffi ~ tL -C 1i, 7.,. 

3. ffi 2 @I O)il!l])E 

~ 2 Im O)jfflj5E Ii 2003 $ 12 JI -2004 $ 2 JI I: i?' It 
-C~tif!iLt.:. 3A (Jll~-~~·ifJJ(#) ;vt-k!1:f.t~9. 
J.;J.fiJl:ft~ ~ tL -c1i,t.:W*fii:ji~O) ::r !::- ~~fill L'? 
'?, *W/31t!KP-J'"t'"W*l:#1i,t.::ffl:%:l'LH<Hf, L -C~9E 
i~J5E L, ~H L -c1,,t.:ffil-f;t.l:'?1,,-c Ii, jj1jljj]O)ifflJ5E 
• ~t~t-~'"t'"~O)·ft~~5EL~. ~@0)~5E'"t'" 
ffi-t.:1:W• 2m.l;J....tl:.iiL -c1,,t.:ffil-f;t. (ffi-'ii:/JDJ-.ffil-f;t.) 
l:'?v>-Cli:ffl:%:l'LH!fltt.:~. Jj(ij. (:11!1....t 1.3m) -r­
·ft~ifflJ5E L -Cf.i~ t ~l:t~~ L, {i'Llil:'?v>-C 'b,W 
*~11~...t~~li~E~L~. lffi!-f;t.'"t'"~9~#G)l(ij 
•.l;J.r'"t'"5t~ L -c~ttO)~~~ L -c1i,t.:ffil-f;t.l:".J1i,-c 
Ii, :ffl:%:l'Ui 1 ttL;v,ftlt~i?'-::it.:;v\ •mH~:-C(7) 
~!:'?v>-CifflJ5E, ll~~Lt.:. W•liiflll5EL~i?'-::it.:. 

4.'r-~Mffi' 
12 W/31!:IK~-C l:'?li>-C, 20041J=.q .~ O)Jl/liJ.Wrlffiffl 

~ttt•oc~*~~- -n, ffilff.0)~9E. ~n. ~~ 
~Jilt~~,:~-t" 7->WH'lrli, 1994 $:l3 J: U 2004 $0)4lj; 
*W/31!:-r-? ;vtfi G nt.: 8 W/31!:IK (W/31!:IK 1-8) 1: 
".)\,>"("O)Jj.f'j--::, t.:. 

10$000)~n•. ~9E$:l3J:U&mhJ-.$UrE 
0)5:tf: J: 9, ffilft.~£~:l3 J: '(Jjffiffl£~-r-*~t.:. ~ 

;t:,, *W/3~!KO)JffifflU, W/3~!KO)~~~EJ-.L~~lm 
~ A -t--\' ✓ L, PC ...t '"t'"l@{f(O)jffiffl~iRIJ5E L -C*~t.:. 

N, = N, - No + N. ------------------(1) 

Sc = (N, - No) I N, -----------------(2) 

Mc = No / N, ---------------------------------(3) 

Re = N. I N, ---------------------------------(4) 
MA = No / A ---------------------------------(5) 

RA = N. I A ----------------------------------(6) 

t.: t!. L N,, 1994 1j=.q .¢!. O)•ffllff.tt ; N,, 2004 $ q 
,raO).ffil,{;t.~ ; No, 101J=.r,IJ (1994 $-2004 $) O)~ 
9Effilft.~ ; N«, 101!=-raiO)ffi"m:/JaJ-. ffil-{;f.~ ; Sc, 10 $ 
r,1JO)~H$ (ffilft.tt£~); Mc, 101!=-rni0)~9E$ 
Cffilft.tt£~); Re, 101J=.r,1JO)ffi"'/i:/JaJ-..$ Cffilft.tt£ 
$); MA, 1011=-ra,0)~9E· (jffiffl£~); RA, 101J=.r,1J 
O)ffi"m:/JnJ-.$ Clffiffl£~) ; A, W/3~1Klffiffl. 

it.:, 101J=.r,lj0)1j=.-'jt:ls.J~9E· (ffilft.~£~) MAv 
Ii, rl!~O) (7) ;;:ti: J: 9 101J=.r,lj0)1j=.>jt:ls.J~H$ S_w 
~*~• =n~ (8) 5:tl:1-tJ-. L-C*~t.:. 

N, - No = N, · SAv10 ------------------ (7) 
MAv = 1 - S,w -------------------------------(8) 

~;~101J=.OOO)-¥:ls.J•ftd••u.~w•q40) 
•ft;v,; 1994$q,¢!,O)·ft~5iv't.:fl![~ 10-r-•L-c 

*~t.:. 
-fO)li;v>, 8 W/31!:IK (W/3~1K 1-8) l:'?v'-Cli, 

19941J=.q.~t 20041J=.q,¢!,O);jf~O)ffi,ft.J.OC~. r5:tl: 
J: 9 ~~~tt CC (Sqirensen. 1948) :l3 J: Uffiit.J.OCs 
51-$ PS (Whittaker, 1952) ~ fi~ L -C .ltfx Lt.:. 

CC = 2a/ (2a + b + c) --------------------(9) 
PS = 2 Lmin (x;,y.) -----------------------(10) 

i 

t.:t!. L, a, 1994 $ t 2004 $1:~~ VC 1:1:!:EJi Lt.: 
ff:O)tt; b, 1994 $1:t!.ltl:l:!:EJi Lt.:ff:O)tt, c, 2004 
$1:t!.ltl:l:!:EJiLt.:f_iO)~; X;, 1994$1:l:l:!:EJ1,Lt.:*fi 
O)Jl/lij.lfJrlffiffl~lltO)fflt,j-fl![ (RBA) ; y;, 2004 $ 1: 1:1:! 
:EJi Lt.:*fflO)JJJ.Wrlmffl~fiO)fflt-J-fl![. 

it.:, *W/3~!K0)#5}1:".Jli>-C, 20041J=.q_¢!,O)Jj(ij 
•Wrlmffl~fifi![;v, G 19941j=.q,¢!,O)Jj(ij.Wrlffiffl~lltfl![ 
H11i,t.:fl![~. =O)r,IJ0)*#5J-O)Nd••t Lt.:. ~ 

G~. Nd••~. =0)000)~9E*O)Jj(ij.Wrlffiffl~fi 
• i~L~ • i*#5J-O)ad••tL~. 

1. )lljj~lffiffij~O)~fl:. 
;ff,llxl:J: 9{'1,-::it.:~# (Wl3~!K 1-7 :l3 J: U 9) '"t'" 

Ii, 1994 $-2004 $0) 101!=-r,lf 1:JJ/!iJ.Wrlmffl~llt;vt:I' 
L(~bL~. -~?//.:\'-~ A¥1/1~ 1/,n 
1/#, 7 • -z'J#O) 41il!l~IK'"t'"li, 2004 $1: 30.0rrl 
/ha J.;J....t.O)fil[~jf-Lt.: (j< 2). = tL G O)fi![li~~jj] 
m:dillii?' Gff-m. L -c ~ t.:=:#(# (W/3~1K 8 :l3 J: rl 10) 
O){j![f:~itt. 1b L ( li-ftL~~;t7.,fi!['"t'"~-::it.:. -n, 
, n n· 1/ • "E ~ tt; t , n -z 'Y # 1: oo L -c Ii, 2004 • 
q,raO)Jl/liJ.Wrlffiffl~fiU, ...t.E0)4!KJ:91bfi(, -f 
tLi'tL 22.5rrl/ha :l3 J: rl l 7.7rrl/ha 1: flt i -::it.:. ~# 
~~;ffLt.:A¥1/1 · ,, n 1/# (1il!l~IK 12) '"t'"'b 
2004 $0)fi![;vt 40.4rrl/ha 1:~ Lt.:. it.:, W/3~1K 11 

O)Jl/liJ.Wrlffiffl~fi#SO)W/3~1K~.lt~-cfi<flii-::i-C 
P7.>0)li, iiJHfJ!ffi-~~7.>t.:~O)t,1/;~~. ~ 2 lmiRIJ5E 
O)wJ1j=.O)~ (2002 $ 2-3 JI) 1:, W/3~!K0)~~5}0) 
IK:11%'"t'"1'r-::i t.: t.: ~ -r-~ 7->. 

Jj(ij•Wrlffiffl~MO)Nd••u. ,nv'Y#i•~. 
;ff,llxl: J: 9 {i-::i t.:~# (W/3~1K 1 :l3 J: U 3, 4, 5, 7) 
-r-, 1Bl{:O)=:#(#'"t'"~7.>1 ;;( 1/T# (Wl3~1K 8) J: 9 
'b:k~ (, 14.1-26.7 (rrl/ha) O)~~,:~-::it.: (j<3). 
,nv'Y#-r-U-ftLJ:91b~~~-::i~~ =n~ffilft. 
0)~9E1: J: 7.,i)iRj;.;vtfl!!!KO) 10 ffi-J.-.:J....t t ~ i?' -::it.: t.: 
~-r-•••• :lil;li,nx'Y#l:".Jli>-C'b 1 ;;( 1/T#J: 

9 1b *~ i?'-? t.:. 
>nfr:d•• 1: t!i ~ 7-> ~Hffilft. t ffi-'li:/JDJ-. ffilft.O)Wlj. i 

lt~i""7.>t, ?//-t-#~1/,n1/#, 7 • x'Y#, 
1 ;< 1/T#'"t'"li·d··O) 9 ~J:J....t;vt~g*O)•ftd 
-~J:7.,'bO)'"t'", ffi-'lihJ-.ffilft.O)W.!j.U~~~-::i~ 
(j<3). =n1:ML, ,nn·1/ • "E~#. ,nv'Y#, 
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~ 2. I9941P.t3 J; 1Y 2004 1P 1: .t3 It 7-> 4}iil!J1f lR O)~;J=Htl1::0)ill{~. 1,,-rti 7.1,0)W,11!:IR "t" )l(iJil1/iltJrlffifftil-lltO)fflt-jfil! 
(RBA) i.lf5%W....t:a::if-Lt.:f_lH:-::>1,,-c, RBAO)fil! (%) :a::if--t. 10%J-.:J....t.O)RBAO)fil!li:t:*'t":ir--t • 

.iUfli!:11-1} 1 2 3 4 5 6 7 8 9 10 II 12 

fl.Sll! :!'7'/'I'# 7-?"9{# Y7"1Y# 
T:/J'II:,,• 

?0'"7';1# 7:1,.,,.:,;j;j< 
.,,,# 

,(;<'.,,7'• 
,(;<:,,7'# ,l\ ✓ .l:\'-ft; 7;<4'# ::Jj-7# 

7-?"9,(. 
::Jj-7;j;I< 77:fJY# 

Jit:/!<1.l/lllill! lil;II! Iii:!« Iii:!« Ii!:!« Iii:!« 11«:I« Iii:!« =»;:# ll!Ui =:x# ti!!:!« ##!Jti!! 
illlli!Jie 1994 2004 1994 2004 1994 2004 1994 2004 1994 2004 1994 2004 1994 2004 1994 2004 2004 2004 2004 2004 
!liillilfitilllil-at(nl/ha) 20.9 37.7 15.3* 40.3 8.5 30.3 3.3 225 13.3 40.0 11.8 17.7 8.5 22.6 30.2 39.1 25.7 33.9 14.4 40.4 
il'l~if/Jll:(/lOOnl) 25.4 33.6 22.6 30.2 19.7 356 13.9 29.4 20.0 •15.6 28.8 20.8 8.8 21.1 11.5 29.5 262 44.9 57.0 72.5 
ililf-Al:k!li(cm) 19.3 30.5 16.8 26.8 12.5 23.2 11.3 32.0 20.8 28.9 14.0 38.0 26.0 34.3 45.0 52.2 27.3 60.2 20.3 33.3 

-'l'~!li(cm) 8.9 9.4 7.9 IO.O 7.2 7.7 4.9 7.3 8.4 7.7 6A 7.3 9.9 8.0 16.3 8.0 8.8 3.9 4.1 5.5 

-<l>~!li{cm) 110 7.8 6.5 7.6 7.0 6.5 4.5 <18 7.0 3.6 6.7 4.0 9.0 3.2 16.5 2.5 8.1 1.5 2.5 2.6 
,,;:,.1~ 90.6 

:J7"'7 0.8 0.4 3.0 10.6 45.4 33.4 15.8 17.5 81.7 

?cr-::r::, 1.3 73.4 79.1 0.1 2.3 1.9 

7.Y9,( 15.0 17.6 73.2 74.5 6.0 7.0 11.9 10.7 9.5 5.6 28.1 

:!'7' /'I' 74.1 63.0 14.8 16.3 10.9 5.5 0,4 0.1 3.8 ,t3 6.8 3.5 

7117'7 70.7 23.6 

Y7irY 0.0 61.3 66.3 3.2 5.1 5.0 

,f'$..:.,,,T 0.4 1.7 0.6 0.2 5.7 7.1 45.3 60.0 56.4 2.4 2.4 

77-'f 5.6 19.6 1.6 6.7 6.6 39.9 14.6 .,,, 
36.3 23.9 

77'/J!/ 9.6 9.6 o.s 1.2 24.4 

7-\''I' 1.8 2.1 23.8 17.8 0.1 5.4 3.4 0.0 0.1 0.2 0.2 0.6 0.0 

-\'.,,..,,77 0.0 0.0 1.8 17.8 1.9 2.9 0.1 4.5 0.1 

A7/'I' 0.3 0.3 7.8 o.s 2.9 0.0 3.2 17.0 0.4 0.2 

,( ,('f•J 0.8 2.8 3.2 13.1 1.2 

T:/J'lf'.,, 0.2 0.4 10.4 5.5 

i/'\' 0.0 5.3 0.1 0.7 5.2 8.5 8.3 2.9 0.2 0.0 

7:/J;l.'lf'.,,? 0.2 1.1 0.6 0.0 0.4 1.3 0.0 8.5 

77':i'f') 7.9 

7.,,./,7.'\' 0.2 0.1 1.5 0.1 0.8 0.2 0.0 7.3 

:/J-\' 6.9 3.8 

-a,7/'\' 4.0 6.1 3.7 3.0 6.8 5.4 4.4 2.0 0.2 

:1,71,, / 0.7 0.6 5.2 3.3 

~Q)f& 3.9 6.0 6.3 4.5 1.3 3.2 10.4 12.7 0.3 5.2 18.5 21.7 41.8 3.4 2.7 4.3 1.2 25.7 0,9 16.4 

PS(%) 88.4 96.3 91.7 69.6 88.5 50.2 80.0 95.7 - - - -

CC(%) 72.7 60.6 80.0 56.7 50.0 53.8 56.5 48.8 - - - -

~3. )l(iJil1/iltlrlffifftil-UO)fil!:a:£~1:: Lt.:4}1\11411:!RO) 101Prdl (1994-2004) O)/il1:*/::-fO)P-JWt. 7..~1/-1';J=,!;1:-::>1,,-c1± 
19941PO)W!:ffO)iJIU:iE.7'-7 1:j(iJIUi.lt~ < lil1:*:li:Ht~-t 7-> .::.1:: i.l{/:IHl~~i.l'-::, t.:. 

;fltillli::IHI ftllli:£1: 
£,l;,&:£1: ,s lb 7-> ftllli:£1:,!;11')7., 1fflff,:(7)~9°EI: 

w:!~IK ffi.s~ 1:.JHlff>:O)ffi'-9-f!rffl1JDA 1fflff,:(7) J; 7.,i;ll~I: 
:ffi:~ (nt/ha) (rrl/ha) 

(%) ffi'-9-(%) (rrl/ha) 

1 77/=\'-;f',l- 16.8 17.6 93.1 6.9 0.8 

2 ;ql";J,(;f',l-

3 1/7 ;/J ::,;f',l- 21.8 22.3 96.7 3.3 0.5 

4 7';/J;/J·::,-'c.,,;f'.l- 19.3 19.4 65.4 34.6 0.1 

5 7 • ?o/;f',l- 26.7 26.9 92.5 7.5 02 

6 7 ;/J? o/;f',l- 5.9 14.1 70.6 29.4 82 

7 1' Y. ::,-r • ::i-j-7;f',l- 14.1 14.8 74.3 25.7 0.7 

8 1' ~ ::,-r;f'.l- 8.9 9.3 90.3 9.7 0.4 
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~ 4. ~wil'!!EIRl:.t31t 7.>101Frdl (1994-2004) 0)-@-f;t,:O)~EJt l:1Et:.t3 J: rfffi-'IJl.1JDJ... 

il-f;t,:tt£i\!! i!iifft£i\!! 
1llll'i!EIK -lli!ill'l ~Ht 1ft: ffi'IJl.1JDA g,_~* JEt:$ ffi'IJI. ~1Et:$ JEt:$ iiJibuA.$ 
:fit~ ffil-f;t,:tt ffil-f;t,:tt ffil,f;I.~ 1JDA1' (/lOOrri) (/lOOrrl) 

1 ?7.1,:\'-;j;j; 196 13 80 
2 ;;. :Sf":'.l 1 ;j;j; 113 27 59 
3 "1/ 7 71 "1/;j;j; 64 4 59 
4 77171•"1/ • -'E~;j;j; 122 12 161 
5 :70-;,-;,;j;j; 94 122 
6 771-;,-;,;j;j; 78 206 133 
7 1 :x "1/T • ::1,-7;j;j; 75 13 138 
8 1 :x "1/T;f;f; 151 6 254 

1~1/?•JT7#~~. ffi--~Affl~~J:¢••t 
ft: ••• 17) 3 fl!llllifi~i!i~-c1,,,t.:. 

••1:ff1,,,, ~fi'.11J)l(ij.lflrilffffi11JfflMfili (REA) 
t~ftLt.: ca2). ~fW:, 711vo/#~JfH:k~ 
(, 771Vo/17J-fl!i!iltilt70.7%il't;, 23.6%1:~L ( f5; 
rL, ~l:JT7, 7 ~ =¥, -ZV-lf7 7-l.,t-fl!i!ilt~:k 
~ < !t!l L -c1,,,t.:. REA 1:£01,,,-clit~ L,t.: 1994 $-
2004 $rJJ 17Jli!1:.ffifJ.llt (PS) Ii 50.2% 1: fli' i 0 t.:. 
::. nl::#(1,,,~71111·y · 'E-~ #~~ftilt:;lc ~ <, 'E-~ 

17J,fl! i!i !tilt 10%W.J:. fir L, 1 1 =¥ 1J -I.It-fl! i!i It~ !t!l 
L-CPt.:. ln.l~l:PSli69.6%~if.>0t.:. ::.n1:ML,, 
97/~~ .:7.¥91~ 1/7711/~ 7DVo/~ 
1 ~ 1/?#17J 5 IRl:01,,,-c1i, PS Ii 90%1llifiif.>¢ 1,,, 
IH·nW.J:.11J.1,,,fi1i~jf-L, ~fi'.11JffiM:ll:11J~ftilt1J, 
~ -1.1,0 t.:::. t -1.,rjf-~ nt.:. 

2. lt'/la J:V'1ffi!~ftO)~ft 
ffl~*!t t Ii c Iv c:'17J~1f:IR~:k ~ < !t!l1JD Lt.:-1.1\ 

771Vo/#~liiJ&~L-c1,,,t.: ca2). 
:#(1:, *It~ft11Jj1-Jwt1:01,,,-c~litLt.: ca4). 

97/~~ 1/771Y~ 771ff1/·'E-~~ 7DV 
'Y#, 1 ~ 1/?#~liffl~17J~l:J~$-l.lt!Uxl'l9• <, 10 
1Fft~, 9\!IIJW.J:.11Jffl~-1.1t1:.~l-c",t.:. 1F-'¥-~~re 
$ (ffl~tt£$) li0.001-0.00917J$&IHH:if.>0t.: . .:7. 
'91#$J:U1~Y?•JT7#~~::.nJ:9t• 
•1:.~$-1.,tfi <, ijo-'¥-~~1E$ (ffl~tt£$) Ii, -f 
;h..-t';h.. 0.021 $ J: U 0.016 ~if.>0 t.:. 7 71 Vo/ #~Ii 
1:.~$-1.,t-/j, fi <, 2004 ijol7J1:.~ffl~li 1994 $17J 
3i!l!IW.r~if.>0~. ijoif.>~917J~~*<M~tt£$) 
li0.121 ~if.>0t.:. 

it.:, ffi~l7Jffi".1JDA$ (ffl~tt£$) li771Vo/ 
#t*~t.: 8 ~1EIR~ 0.38-l.6217J$&[HH:if.>0 t.:. , 
71Vo/#~~~~$J:9tfi~0~~ B17J7~1EIR 
~li~~$J: 9 Mt L <. < ffl~tt!t!l1JD17JW.~ c ~0 
-c1,,,t.:. 

~ t;, I:, iliiffi£$17J~~$1i, 7 71 Vo/#~~ L ( 
•-1.1'0 t.:. -jj, iliiffi£$11Jffi-•1JnA$li 7 av o/ # 
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0.94 0.06 0.38 0.006 1.58 9.7 
0.81 0.19 0.42 0.021 4.76 10.4 
0.94 0.06 0.87 0.006 1.16 17.1 
0.91 0.09 120 0.009 125 16.7 
0.99 0.01 128 0.001 021 25.7 
027 0.73 0.47 0.121 20.90 13.5 
0.85 0.15 1.57 0.016 1.31 13.9 
0.96 0.04 1.62 0.004 0.44 18.6 

~•••-1.1'0 t.:il\ B11J~1f:IR~liJtttl'0, fililt1J, ~ 
il'0 t.:. 

wil1EIR~~~--1JDA ffi~l7J:lii t •-1.1'0 t.:fi'.li, 1 
~1/?, :#(1,,,~1.,.7/~, r~,. ~-lj-11~ • .:i:./~ 
11JJIIJi~if.>0t.: ca5). ••11a;._ffl~1:01t,-c1i, fl 
8i@iW.~if.> 7-> ii\ 1994 ijo~t.!:~liW• 2m*frilu~if.> 0 
~@~~ -fnttsn~m;._, ••l~@~~. 2 
--:::>17)1i]"~fii,tif,}¢-I.,\ h7/~•~-:J9, 7V/ ~;( 

~1:01t,-Cli, ffi811Jlici1<-1.,t~il'0t.:. it.:, 1 ~ Y 
?•.:i:./~, 97/~~. -$11J# • ~M811JE8# 
if> 7., -1.,r, ffi811Jlici.Mt~1t,~1t1R~, ••11a;._ ffl~-1.1r 
•tt. ~1:. L -c1,,,t.: (a 5). ::. n; 11Jfi'.l:M L -c, 
r~,•~-lj-11~. 1/• ,'E-, .:£-~. -z7:::..7'T1, 
1~~'7. -lj-11~. Y~~. v-lj-~~t•1i, -fn-t'n 

11Jfi'.11JM8E811Jif.>¢~1f:IR~-~l-C, --~A# 
~t;,;h..t.:. 

3. ltftO)i:ft 
8 ~1t1R1:01t,-c 10 ijo ra, l7J 1£:mfi:11Ji:t!liJ& ~. 6 ,: 

i c ~t.:. 1,,,-f;h.,11J~1f:IR~ t 1994 ijol:Jt~ 2004 ijo 
1: lil:H:mfi'.ttilt:;lc ~ < i:t!l1JU Lt.:. it.:, ::.11J~ft~ 0C 
~L,, 1994ijoc 2004ijo11Jffiffi..11Jffifl:.J.lt (CC) Ii 
•<11J~1t1R~Jtttl'0, fi<, ~%llli•~if.>0~ ca 
2). 

•• ,:m:m Lt.:fi'.li, 1/ 711 Y#W.;,J.~li1t,-fnt 
lOflll'.W.J:.~aL, W~711ff1/·'E-~#•M•~· 
W# (1~1/?•JT7#$J:i'.f1~1/?#) ~liffi" 
•m:mfl'.ttilt.-l.,,0t.:. -jj, fi'.11Jr]lj~1:01t,-Cli, 
771Vo/#~li 1994ijo11J/£:mfi'.11J 1/3 J:J.J:.l:ffl*T 
7., 9fi:ilt101FrJJ~r]lj~ Lt.:ilt, B11J~'!!EIR~lir]lj~ 
L~fi'.~~<~~~0~. ::.11J~~~~1EIR~1£:mffi 
ttilt:k ~ < !t!l1Ja lt.:::. t -1.,tv-1.1,0 t.:. 

••1:1£:mLt.:fi'.li~~~60fi'.I:~ 9, -f17J? "I:, 
38fi:iltM•~•w. 22fi:ilt1lt~~-W~if.>0t.:. JJ!fi 
/tl1J-~0~17J~7V/~;(~, fV~'7, 1~1/~ 
1.,.7/~, 1.,.7-lj-~1/~7~~11JM•~•W~if.>0~ 
(a 7). 'ilt~~-Wc L-Cli, ;¾-;¾-1~1 >F-9 t 7 .:7. / 



~ 5. ~ll/lB!i:1Rl:.to1,,-cffim.1JaJ.. Lt.:fftt 00-f;!,:~. Wll:'i!t!R~-f;!,:"t" 5 iJ-f;!,:J;J....tffim.1JoJ..tit~.bb t;,tit.:fftl:-::> 1,, -Cff-T. 
:1$ID!Hi~Wll:'i!i:IR"t"ffi,l;Jt~c.j/((7)ifJ7.,.:: t ~ff-T. 

,{;;!.".,/7 

A7/:f 
r ,-..:7 

~-it:tJ:r 
::r.../ :if 

A 7-lj-:if"./:i/'7 

;;I.Jl,7 

-'\'"7~7 

:i/-77 
77 /:if 
"./0:S''c 
'c ~ 

-'r7=--:1'r1 
1 ;I. ~7 

7"7/~;;(:r 

-it:tJ:r 

77.17' -Jf"./7 

:/:if~ 

"7-lt:i/' 

7 0"7o/ 

::Jf-7 

-'\'"7-1/'77 

7 :tJ-Jf"./ 

**;{,{ >Is? 
:t.7•7;;(~ 

=-7?)1,"./ 

;,::i ::f, '7 o/:!f 

71/ 

7*:f 

?f-;<f-'E r:r 
r?::r,;;(~'cf­

::r,;;(~'cf-

'7 7 ~ ;;(-!f7 7 
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Stand growth, floristic change, tree-survival and 
-death in forest stands of the Ecology park, Seitaien, 
were clarified, based on data of two times tree-census 
that were conducted in 1994 and 2004. In terms of the 
tree mortality rate and the amount of stand growth 
during this period, the forest stands were classified 
into two types; the type A (Machi/us thunbergii stand, 
Castanapsis siebaldii stand, Quercus myrsinaefalia stand 
and Pinus thunbergii stand) and the type B (Quercus 

acuta - Abies firma stand, Pinus densijlara stand and 
Carpinus tschanaskii - Quercus serrata stand). Lower 

rate of tree mortality and larger amount of stand 
growth characterized the type A, of which total basal 
area reached 30 rri / ha in 2004. Most of the stand 
growth in the type A were attributed to the growth of 
survived trees, but not to the recruitment of new trees. 
On the other hand, higher rate of tree mortality and 
smaller amount of stand growth characterized the 
type B, of which total basal area remained ca. 20rri/ha 
in 2004. Recruited trees shared a larger portion (ca 
30%) of the increase of total basal area of the stand in 
the type B. The recruitment was most abundant in 
species such as Carpinus tschanaskii, Aphananthe aspera, 

Pittasparum tobira, Eurya japanica and Ce/tis sinensis var. 
japanica. Species richness increased in all of forest 
stand during the 10 years. Sixty species which were 
not recorded in 1994 newly occurred in 2004. Decidu­
ous broad-leaved tree species such as Camus 

macraphylla, Marus australis, Carpinus tschanaskii, 

Aphananthe aspera and Callicarpa japanica, occurred 
most frequently. The frequency distributions of stems 
in DBH class showed an uni-modal form in most 
stands, in 1994, however changed into a bi-modal form 
in 2004, through the shift of survived trees into larger 
classes and the recruitment of new trees into smaller 
classes. As compared with remnant natural stands in 
Chiba city, the evergreen forests in Seitaien, Machi/us 

thunbergii stand and Castanapsis siebaldii stand, 
reached ca. 50% of the total basal area of the old 
growth. 
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