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I:{ (J) t~U-th'Hi: f~ ~~ 1.1<: (I) L tL.~ k r: Li~J -::> -c ~ \
.: ([';(1 f L ;<IJ ¥) 9JW:i-WI1.'i L t.:j\df*, Mz~

,j:lj) WftJ~ 7 ?tllJ.;U~ .!::: rt -::> t.- :tJ', :... (j r~~ I" 'Jik!J:' J l

nq'+!liiHt It0) -r;q"c mQ wff11§fil:7J' ji).()

flrd~(\If; nt' : ,ldif,';',' l1!!.I.1<: , ) i ,- Jlli I :.!::: ), =- fW,,;fQ
Ix: .!::: Jif,( !/'f./I x: -c' l 0< I mJi Jr~ I"I~ 1)'1 ,:. i I \.t>t. L t.: fiji

1..&~':'l::'t,l~,eY) ~tL/~1J\0t.:. (1:.:0:17),

IJH'<~).Q : UIE'i)(tI,.::. (i, ,'i~ln;,,-JI£I":, P r' Jlli

I ' ~ I- (I' cli'I-- , j-{- 1~lrl- - !- ~ 'J"I-!- 'fJ +-" , I
", -I:) .-11:,,><, - L ;'f.v,.I<_ '- \,., /,.:.J.,.c.'~'.J L:J;rL ,t

),,rd.: (1;;<18 )o-£t.:::., .fJUr~rIUj:) ; 1"Jt!!.[.I<:O))J1.(;

, i 'lJf','~Olli I,,: - '? ~) ~ 7) \ -::> 1.- 7'J", I}H ~)J;[ li,it[i \.::. ~i

~!r·',';',· ll!!1 <: (/) )J7'J; '- 1:: 7)' -::> t.: =- 0 :... C: 1J' .~, Ji!!.r;(~

/l'lj (/) J-Q {{ Iii: (/ -1.:: /i , 1-: "" -c Jt-> .() - -3f I .!:::' (J) M J<li:

'+;~':'.t 7- 1'{JUio) ~~~~ V) L J/'[~x~f:j§ fn~i(:'.t 7

:;}; 1!1iCI) );1/' A~ j) ,r-d.:. c 'l'IHt~r"i- ;;:, .: :: t/ "1:: Q

1) ~~±th..t.if~UI,ff.w.(J)~;~~1t
jji{~~,:, 'J --c T l'l(J) ·~JUr~ II: It A: ~ i"'~/Y L t:.

=- C: tJ' ~, jj~f;£I~H!.tfi [, 2 "1',11 (J J1, !tkl.::. -t 0 Y
)<lJ ~) ':ij' ) )'1~~H)J;,j~ ~t ~lj &Ire . C: 1. ,,r) t.: - tJ"IY j

J 1J' "N' i5 01: t..:., jj'.[tj):{rf,?u')'; K.1:jli!l-~t 011t. :. Jfj

tXlx: t.:: ~ t -c It: <f1~ ,;(2 Ix: "C' U .fJH(: I( f) fL\ I: L t:. o

.:. i'L l"t, 1~~-iJJ 7' - -/1L ,.::. J:: -::> -C f1k it I,l: tr ml! IL1-

{> t:. cIh ,:. fJfH~ rx: :[-1Tt {Io~ !fVJ L --c v\{) t.:::. ii) ~:::. , (~

I,(f I~ r~;;{I::O) tb~(1) :~~ $I~ 1r.'5.: (t t:.JJ,} J~H:' £t [H. ts
tlJ.: t:. (l) .' ;!t; Q C ~ *- ?" {> ~{n:n (J) j/,{tx .::.

-::> --'GuttLr·tl~~IJ]j·!t~)J11 L, A-: 1s: t !\-"I1JIIT 7-

- C: '.':'f'~), t If))(/)*I1J!ft: Hr~Ij~) ~J*(/)IJ,f

1{li '11\1!((!.!:::/I.Q o ,:O)IIIJ' O)Wf.ikl·,:J:L ~fJ,:

.!::: {J 2 if:!'::' -r!L Jf: tx¥i- nt: :.MI~")IJ~) :a:-,r- 0

.: C: 7);£'~ ,- &0 7- .!:::.~ *- "::>ll .() 0

2) 2 '? 0') ±th lR rl'l' (J) tt'~

J:fu 1-, ;~'P}U f "It: .:. ---=> v' -C, JJ!,(*5c f;i;- :~ q.:, 11 0) ~r,ljjr

','\ H!!. IX: .!::: Jj)it!z:1& 2 1,:[', fl r))} r I" JI!!. [.I<: cu)J.:t ~:a:-
f r 'J t:. ~:r'i*, lJ1j JI!! 1.1<: .!::: Jj«!1)( ,.:. J:: 'J Jili S, ~i\ ~

{,: :d.:1.'-; A ~ ,~j{j,' L -C:j:j V), }j.!.r~('::'.J:: 0 TXlj ~)

'~)J* 1)~ A C: ~ \ :. C: tJ\fij I ~..J 1) '-C ~ ~ JI t;,((.:. J: Q

f)llv)'Jj'}J~~~£~1JW,(tk~ ,!l.tH:., ';ts::ij'L

/ T 'l tr; C:' (/) .Ly!{( FIl t.J' k ~ <~.x 'Y' L -C ~ \1:- .:::. C
',.fJU1< i-lr~(/)~/~j)~nnJ& fJ,:'J--C~\0rp.lll

~'I- fIU'::';fj --C Jikt!J: '1', ~ of!) JII '10 =- C: U) 1r 'XJJi~l ~

'J~ L --C \~ t.: ~. *- 0tL6 i-fd- t , Jrxt!.U.:.-t
V) ~ 7 (J)-/liIJi1j J', ... ~ f'f.Ji[I:;!: IIf1fE:-('th 7 ::. t: 1J~

'J-'~;ht.::..:,-( A~hJ&*-('< 0 ~ 'J ,;1:

{MJ J U: .::./): 1~ !9111~H':' i& 'J -( liP].-J- Q t:.
), AIJ v) 11\1. V) ':.J:: 1') -!Jlllli1j,j-7- _!: tJ'I"'J~f~jjjj1.J~

m.iJ 7'J', Jl.itf.c 'I :It, Jt~ t5cJUjfllj l l' -r«d'l.l:}: -5' I-f J

::z 1MUIQ -;j- '5 t.:::. tn.:. Ji.HJ{ / /" iJ' ',·;n:.j'H 1t L t..=. V) fi1i
).;..01 J0 =- t: '::'.J: {) ~ }T O)11il~lilj"/;' i1Jti~ (:.1- 0 .!:::

~ ;(J,d'10" 'i' 1111 0) ji T N!.\ 1:><: "0) )jX~)Cri, 5)J

7)\ "-' 1 I Jl }-C(J)kNII,!',]r)) 'Lr)) C'-),r)t:.::' t
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ffl.ff fit.~fBt-1t:M: ~=- ~ l; '-C ~i, ? -f llli lK (J))J IJ>\

/~-!f'EflllilKJ: ~ t~7J\~t~o -=-nli, OO~~JjtlJ>\

*'f'gtlli [25~(J)1f1J:; r~j 7J \~ t~ -=- ~ 7J'd~.) ~ ;t -C, pi
f tlli [5{ (J) )'t t1~'tiJtIJ:; 5 J!f 'f~f tlli [?<~ J: ~ ~) R ~l-Cm~

t~ t~ (/) ~ Ii ~- ;t ~ =- <It' 0 *!fg' tlli [5( (J) Jij( ~5c 1 if.
f:3, 21f- ~ O)JJtff-M~Mz:ft4tIJ>\3 ff-l=i O):CnJ::

V) ~) ~7J\~ t~ -=- ~ 7J\ G, ~ lllilKnn O)JJtff-;'~fJJz
1titO)#~i, Ji!£~5cmtMO)~-C;b{) ~ ~;t{) -=- ~
IJ) -C '6 {) 0

tqUlli $ ,=-~ It \ -c Ii , frfif[i<~ ~ t t51 t5c [2<: 0) 17 IJ>\ iRj
7J\~ t~IJ", rrtj[5<.~r~9(J)~Ii;tB(/) Gnf~7J\/) t=. -=- ~
IJ \ G, J&~5c IJ>\ ±l{!H=-lJ.;t t~ '1' '/ /;;' ~ '" 0) f~Jit ~=

li*7¥U';tj)\/.) t~ ~ %s;t Gn{)o
IIw!it ~ =- .r.J V \ -C Ii, jJIij lK ~ ~) ,=- Jij( ~5c g ~ {~at

[2<~ -C~ Ii f~ <, j;J ~5c I=- J: {) TtP:~ tffH'E 1=--4 ;t {) '1'

'/ /;;, '7 1--- (J) f~JJt Ii Jit~Rc' '6 ft 7J \~ t=. 0 -=- n Ii, jjiz
~5c [i<~ ~ {¥cit [;{ ~ 0) fli.~ JID [M (J)~V \ IJ '\ 1 :/~ 7,' '/

t=, t -C m ~ t~ t~ (}) ~=- jj5l:~j( ~=- J: {) ~~Jj rJf'.J ftffi. 0) /~i

~1J"~Ji1:E{r:L -C It \ f~ It' t~ (/) -0' m {)pJllld'tIJ" m {)

L, TI~xli~{r:Lf~<~ ~), fjo)~{tlJ'\;b /) t~-ny

fJl~'~'E t ;h {) t~ 'd), 4' ~~J (/) ~1T*7J \ t.) , j;j(~5c IJ) fJ. ~t*
'~'E~=-~t L -cftO)~~~lj-;tftv \ ~ ~ia-v\f;JJnft

V\~J5·;tGh{)o

:. h G (J) ~6*~i ~ (}) {) ~, Ji!£ ~5c ~ =- J: V) -f 1¥L
.fJtrfj~Ji* '6 <~/j,"i- {) t~ (}) 1'-x 1

] V) 'ti fJ (J)iliE~

~JJ*~ir[]j <, :C(J)5<JJj,lUitJ~5cfF-& ~ ~ t ~=-*'6

<~t {) fIJi rtJ IJ" ib {) 0 L 7J \ L ~t IJ >\ G, r xI] V) "H fJ
!IH?~~j)*~ Jt1j itf L T tj' {) ~ fl~Hlli$IJ>\~<f~ {) :.

~ ~, Pti~f'~'iIJ"rWl <fl}ftfJ O)~~v\M~fj~ fjiz~

[X:IJ\ Gf)~r~ L -c L ';t v\fJ.~t~Hil=-~;t L -c ii-;t {)

~(J)J;t;~t*'6 <ft{) t~(/), Jij(~5cJ±'=-~v\-Cli

JJDir~IJ\£\~-Cm{)~ .~.;t Gh{)o ;tW:tlli$IJ"rrJi:t
{) ~l ~" 0) }jj(~5cJlc' ibn I:f, ~A:,tx,* ~=- kti- 0 fBt'-;i;:
1.J" ~t: l: {) nrll~'~'t t ib {) t=. (/), &.-C ~i -=- 0) }~: ,=
.r.J V' -c f~ J,ji- 0 a

~- ?JJi fit *~ (1998) iii: ~j( t*{i)f '1e (/)~ 9:: ~ ~]t 0 n t=.
Hi1 MH l,( ~- *+*~ '1' ~'7J \ G5t t~.~ 9:: ~ ~f'l~ JtB
J~~ -.4l1lli~iPEIJ\ tJ ~t~i1:£:~J>t*(/)~*. 1\'(

tlli~.k.~m~f4, 1-13

~.. l:H f'1-1~ • I J\ ) 111~ 51j • iliJ: ffl'l5t IJJ • T: fj ill: H}] • IiDl4-:

~~'- (I 98 1) rlVtx f:f ~ =- rx~ T {) iiJf Ji:~ !'j3: lili ,=-M:
~ L t~:i)J t#tJ* (J) t51~!x:II: ~=- J: Q t.*1t ~=- ~v\-c~.
4ttlliditiiJf~ 20: 154-166

~ 11th Illiill . 'i~fJJjeflJ~ • {jtJf~ ~ (I 993) j;X~5cf;t;~

I'"~ ,=- ;b Q A A ::t-~ ~: tlli c' (J) {B::*gf /t (/) iJ.X: I't: .

~ ~ lfdlli''¥:0 ~t , 39: 1-6

f~*'iC~ (2002) ***tRit:/ AT A~'g~~f~ff~;itft~

f;t(J)$WIJ~rtlJL}'=-~!=1*~~tili*0~t,47:644

651
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~ 3~ f*tii~~1:.@/AT Ai6***tit1:.0) fl*J3.)ft::to J: lJtit~fl~t~I~1~~&
1:r'-+- -5:!?~
Wdo- ') ,,'Tv I=f

{fr ~'jj .f?r 0 +i r.~ -f: ovq Jihh im -I::h

( £tf~~ A7J~7ff~ )

~~

t* rAJ Ji!i~)c !J '\ A r.** (j) .FJ~M ~t f-=:. -fJ. ;t Q ~~~~ J\¥ {[ffi --r Q !J (l~J -c , 1f~j !J;i" Mf!~ f,t c'f,f fA] }jjzt~

!J'1 d')tlt-::..iJJlfjfJf,f (jjy:t!x:l)<.J (J)M~/~.~~JM~ L 1:.-" lii]AD'r:, A.f:(-=:. J:. Q fXIj V) fF*O)d;l-!J'\

fd'Jn, HI~ fj~~~!J'\I~ ~ ~'l -c ~ \f.t ~ \.i)J~~f* (T xl.1 IX], Txlj V) M rH9 7.J'\t{- T L t::..i)J Mh~t>f' (jj!x:

iillJ5<.J, :%3 J:: If~tmA l-.t>f' (~t I#i1 t>f' ) (}) 1"~ f{tut ~ JJ6FtE L, t~)}?' -{ 7 U

n~ C' 0) flll±. 0) 1:r:
+~ ~,jffi L -c1*V'JJJxt)c f-=:. J:. 0 k:I~Mcs".J 0 ~tRsf~tt:tt(}) ~~WI-=:' ~v\-c 1S.~ L 1=0 7 7/. ?' ~7't
fJi'O) ~:~i!.f!:, T''friQWI,It (}) ff(~ill.nX: rJ:f,f5t 7' -1 -fm I-=:. 1 ~ :t ~ -c 5Hrn: 0 t1J=0 DCA (-=:. J:. Q ~r;

fJT-C'rt, fJ~M:/~_rt1*ItKJf~ ({} ~ -c )t:51lj ~n, j&t~ [2<~:f3 J: lffXI,Il:{O)f,WU+.lt ttl-=:. rM .t{M1.:t3

J:. u" --{Xf[fIl1'lO)l';L*'ff!O)~/f ~, ~f*'rtf1ll4o/J (i:(-=:.ffit*fi) O)x¥t(: J::. ~ -C~4=1~.r)'t

t:;>;h 1J!it!x: l)(~ ~ f Xlj l:{ 0) MJt (/) ill; V\ rt DCA % 2 !J!lH -c*~ ~ ;h, 1J!x:tj( l:{ (})fliUi. 1,t f XIJ

bs: ~ .rr:r~~ L -c'W;*,~fM-,\JJm~~Jt¥~~(/)ft[{to/Ji?)~ <, ~(~fj-,\J _~(Xtflflt~}3 J:. a:rmr{MtO)f@
~b.J7.J'\J\.)J\.)~' t~v \ ~ It \ J ~~H~~tl'~ -=- ~ i?'\/'f, ~;h 1:'-0 =- ;f1(t, *~~O)t*itJjHR'I'i~ *,l*t~(]~

tJ't IfjLi?'\ 1Jxt3.z l:{(/)fI!*iLJ&~H~ f=~;tt1~ L 1= 1= (j) ~7j' ;t t:~ tl t=u L 7) \ L Ut~f;fWt 0) 1:r:¥~ -c- ~J:,

Ji5z:t~[)Z ~ T xl.1 [)z0) rfl9 (-=:. ~Jj~fXtet ~ltJ,-2,6t) ~;h tt 71'~ 1:'0 .l2tl:::O)~li*7.J\ G, f*r*JJJ5z:t)c f-=:. J::. Q

t~ :tt~tR'rft ~ *1*t.Jcs".Jt~I~-L f= J::. Q v~~lt/J\ ~ <, iffi 'ffiO) TXlj fF 3i@i?,\ ~q:'fj. 0;h Q fi~U~ i-=:':f3 v\
-c 1J:, t>f'P'J Ji5z:tj(O) t*fK o)M!j!~fQi;$.:fJHt ,~f]..;t Q /~~~IJ:)( ~ <let V\ ~ ~;t t,:..J;h t=o
~-~-~:UP'J~~, ffi~~tl,~ftmwtl, ~~*, ~ffmm

1. [d: L: d) I::

rf~W~~fff~ttC'1i;bh-Cv \ -5.t.f01JiY.t3c1= J: -5.t.f
~~f}I{j-/LJ*= '/ A -T A Ii, {f~ =r A f' ~.t.f;ljfIT~11M~TO)
--.r) ~ L -c JiY.t!{ ~ i~)tJ T -5 f~ I1IYj ±It!!;fljAj 0 rrJlft

'/ A ::;- A -c ;b Q (f~4:, 2004) 0 r tIll/ ~:tj tt!! .rpx}3 J: a
rllf,J±t!!J1JJ(I=}.3 ft 6 -t#tcs1 fet.1:.4o/J±fl({iJ\*Jff 0 h Q

fct.iJ \C', tt*rMI§'~tJ7E '/ A -T A Ii, -t·T*1C(J~Jf,t Ltt!!
1.~; JlE 0 ILJ¥:: '/ A 5- A ~ L -C WJi#7J\ r*i:t /) -c v\ Q 0

i)]i~~@.f*1t!!-C4:0)}jy'~3{~1j -) =- ~ f= J: IJ ,~

.t.f1i;JiHO) ill:i 7J' i-~ Ii fXlj ''h' jJ ~iJJ!XO)5Zj]*7J\WJ;Ni ~ h

-5 0 - jj -C, i)J Mit ft rA1 ,= 'l·~t~ t!x:<) 6 =- ~ 1= {¥ -)

I) A 7 ~ L -c, Jti;1** O)ti.t {~,~JJK (= J: Q Jk 1"UiJ
~Jf1iH::I=J:-5~J\'!1 f)~O)n~{~~=-h(=~ tf~ j

r:r~j 1.K 0)1:st~~~ 0) fn: T, }.:J J: at*ftH: (= ,t -5 ~1{tPlf~

$.t1H!f. -"-.0) -{ / /':. 7 ~ I;t ~" 7J\ T,;ttL~ h -5 0 L t:

7J \~ -c , .f* ~~ f!iIf It -: Iff.. '/ A :ic- A Ii: f!J'*{/c (l~ I=~ JiJ i
-5 r. C' Ii, *f: ilf fl1 fet.1't~ Jfj )<",y ~JJ*(I) f~ iflE(=)In,Z -C ,
.f*tH!0)~m(=)<",tT0-1 //,;:'7 l' Ii: Jffilli L, =-hl~

)~ -'5l \ -c~ f;]J (= Jill ff] i- Q £,IMf iJ \ (7) -5 0 =- (I) -) t)M~

tPllJRo) ~t:1H11d:., i17J};{!I-~Pf:~ ~ ~cj IYj ~ L t.::.J;f{ ;tIIJ~

*7J\lE/~I=f~H~~~~-r Q l-.-cil(~fet.** ~{lL~

----:5 it Gh -C V\ -5 (Swift and Anderson, 1994) 0 A]~

t.f (=}~ v\-C 'b , ilifF Id:.~t;t Ij·~P1H~J,)i.I~ t ~f$ ftt~

H~ ~ 1efqt ~ it -5 =- ~ iJ" tttWnf.,H=.>R 61) Gh -C j;.:J IJ

(Kimball and Hunter, 1990; Hansen et at., 1991;

Burton et al., 1992; Silbaugh and Betters, 1995;

Kimmins, 1997; Moore and Allen, ]999), 1:.~~t*

'~!f.0) f~Y Id:. t~;fJC n0 f,t~tt if¥11; 0) ~ft: (J) --. .r) (=7:* 'f
Gh -Cv\6 (iJtj1!, 1995)0 :it.::., A JA.fiJ"[£J±o)

ff{'J 4 51 0) 1 ~ d:i t/) Q :tX iJ \ [£.l-C'(i, iq-:l tr, A r.t.f 0)

ltihX: (J {*iJ"llt~JpxO)!±tm~t*tU=$.:kft-1 / /~7 1--

J+,ZQ =- ~ 7Jq~tlNf 0h-Cv\6 etl)11 0 {jI"A}, 1997;

1Uth, 200 I; Ito et aI., 2003; Ito et aI., 2004)0 =- (J)

J:5~~~O)T~,~k~~#~~O)M4o/Jm$.~

'1'!f.(=Xii- 0 ~W~f-{rffi7Jqibh -c ~ -c v\ 0 (Wallace

et aI., 1992; Wallace and Good, 1995; Brunet et aI.,

1996; t~n)ll, 1998; Battles et ai, 2001)0

ill '~ (f) A TAtJilli ;~U=J:Ju;t -C*ftd=J: Q tR1ft (J) Jm
;b~ t.::.~E (f) ~ill4mf~0) ;,p ~)J (f) f~WIi, A [t* (J) 1:
tm $.tJH1 1=1; J1H ~ V \ -) cW 7P G 'b ill~ c';b 6 0 ::c 0)

I~~, JiY. t3c 0) 1*~~~ Ii {ill 0) ~.f*ITJlf!)Jtt 0) ~j~ ~ 0) jfl;
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V \ ~ L -C ~'V {lffi 0 tL g A: ~ -c NJ goA I ** (]) 'ffl5t 131
~:h IT JEJH:'}3 v\-C Ii ~ till~J<:* ~ {ill 0)tt1uf~ 0) ftJlLft ~*~
frJ L ~ (l~mfl':. J: 0 JJX:ft~fJE~i- 0 t=- 'd) ,:. ~ tt1[~&

l~1&{fO) NJ v\t='-fxIJ 1'f;RtJ»1TbtL 0 0 j.jJ#iiift/'-. 0)

t~1*J l1jztjelifx 1j:h j) (]),~iJ~tJ)~1~0 tL g tJ» ~ ®l;JJ

ftf;~l*Jl1jztje-C:'Ii*«f ,:. ~ /) -C t·5}ft*fi~RH4~MH*

T g t=- 'd) ,:. IiI: tjew; Jl)~»-IE (]) /1< $ ,:. t~J ;z C:.) tL 0 if)

c\ il!1t liJjjz~f~ ':.A =¥,= J: 0 tffiflj]rl1 ft-Fxlj V) tJ"
~fT 0 (10 0 L t--=. tJ\.--~ -C ~ i)]t$~* ,:. ~)ft 0 ttV'} fijz

t3co)~~Ii~ @1tO)fF 1@]O) A -¥,:. J: 0 T'X1J V) t:.

~t L -C ~ ** t:. J: g *~*-'iC131 ftY'}.lj tJ) ft 0 tL g =
~ ~*l**-'iCs1~:h~J±tJ)fJ~fllf1:':'~WT gwTFmtttJ\
&) g :. ~ ~:t3 J: LJ*~(J)t*:ft~tJH1:':' J: 0M1:~
{~O) T1J~t~H4:f)" NJ 0 :. ~ (Hasegawa et aI., 1999)tJ" NJ
,'t' GtLgo

*-6}F3'C -c Ii ~ ~* V"J fijz t)c f) \ ALtt (J)T~ ii1ut t:. 7·
;Zg~~~~~TgD~~~~~~~~M~~~

til:tjetJ\1TbtL t--=.j.JJ(ffTJM~(J)1ill1: ~ ~JmiE L t=-o rnJ a~,:.
til:t!x: 0 tL -C \; \ft v\j.JJIffTJtt~f XIJ V) Wl P~9 tJ\ ~~ T L t=
1.)]m~ t/I< :to J: LJ~j:~ AIA~ 0) T ~111Ut:~ ~J~~ L ~

tt1Ulj~~J: -C:' (J) fIl!*!lhX: (J) .1:1::~~ ~ :to L -( ~ ft V"J fijz

t3c ,:. J: g *l**;cFlf'J . rgtRF11f*1t 0)~~ ,:.~v\-C ~~~

L t=-o

2. 1. M~±1hct-3 ~ u:~:m:1J5!

JftHIt Ii ~ B~ !ffU+r Mf JhHt~ ~rr f~1ft1~ fi li!HK (~~

800-950m) 0) ~1N ':.ili \; \*~;f,4 lID J-. (J) A :¥ j.)J iffTJtt
-C:' 1T /) t=- 0 rnJ ±lli [X~ ~i~ 1:= 2if. PFl9 t:t ~J 1Jjz t)c tJ \1'1' btL

~3~5~~0)~M.*~(~**(J)¥~m~

3.5m) 3 fiIDr~~ Ifijzt!x:[KJ O)JJ~1E±lli ~ L -C~J:AE L
t=- 0 .bl:: ,,~ k~t ffii ~ L -C ~ pJ!H~ i- 0 Ll rf rrl] #iii 0) ft 51
--C ~ Jj!£~ (J) !fI~tJ" ft v\tt~ 3 fiID fJf ~ ITXIJ [KJ ~

L-C~~L~o ~~~M~~7~8if.~m~0tL

g ~fXI]M r~9 tJ) ~~T L FJ~ 1tfL~t f)) 1i£tH 0 tL t=A*jj
1tt5j Uj7.i:)]fM"rfij 5.3m) ~ 1j]!£fft[X=J ~ L -C~JE

Lt=-o 0 G':'~ Lrtc~ffi]ftllli7J'\G*13kmliJittLt=-J:.Jt~

%4rni (:.r&iLi- 0 90 '¥1!:0) t: / ~A rtt (-'¥MJtB1

~ 20.6 m) ~ 1~±~ttJ ~ L -C~AE L t=-o I~±~

t* J ~Ii ~ 1987 ~ t:'l&1~ (J) P~9 {j(;f)" %M!i 0 tL -C v\
go J;A ~1f ~ ~ tL ~.) 0) wm 1'1: [x= 0) J1ii ~ \~ I t*5} 7' -1 7°J

~ Il¥~~o ~ tL c:.) (]) rt'ffJ 1i±lli':':f3v\-C ~ 2001 4:. 10 JJ
:to J: LJ 2002 {f~ 10 fj t:..:c tL .:c' tL tt1Uf:jJb1 ft ~ IT .r~

t=-o JJmftA=!jWHi~ jj)(t!x:rx= ~FXIJ[KO)v \i~tL~) A-'f:

,:. J: 0 I,,'xlj 11~*tJ"~T L t=-1&'2 Jr J] f'Egr*Ji~ L t=
A,y jtJ1~ ct0 0 0

11- JJ~ftft5J' ,:. 1m X 30m 0)~)M1t7° 1-=7 '/ t- ~~:x us:
L~ :.tL~ 1m X ImO):::I P''7~ t- 30f[!!il':.~tilj L
-C ~ 11-:::I F '7 ~ t- '~tH fJ! L t--=. *l {-~; -*Mto/) 0) fit!~ ~
g-ct!ix L t--=.o L t=- tJL'::J -C ~ ffH \ t--=. 7° tJ '/ t- J;~.t3 J: LJ
:::I F '7 ~ t- J;jzlj:l1jzt)~J{~ FXIJ [;<.t3 J: LJ~+:(i;-iH~~ 3
7° tJ '/ ~:to J: LJ 90 :::I F '7 ~ 1-- i~.rJ -c:' NJ V) ~ }!i tt'i
[:;>( -C:' 1 7° tJ '/ t-:to J: LJ 30 :::I P' '7 ~ 1-- -C:' ct0 0 0 ~I:

:to ~ jj)( t3c [K~ 'i 71< iiX h ill f) \ ~-X [@~ 0 tL -C \; \ t=- Jli: ill -c
**lllitJ)~ ~.) tL t=- f)) ~ ~ ~lj (J) 1V1iJ1i:~ Ii /1<tiX Jf-tllf ili ill
(J)**±lli~j~ft-C7°tJ'/ t- ~jlljcWt L t=-o

2. 2. ~~ffi1J5!;

7" tJ '/ I-- ::' ~ ':':fr t±PJHiff 0) fH kt~nJit ~ f$: I±I L ~

:. tL ~ f~ dl Jit ,:. J-R v\-C ~ ~ '7 A 7' ~ 5-)- tJT ,:. J: 01it(

1: 7' -17°(J)j)-m~11'':) t=-o j)-1Ji',:.ffl \; \t--=.JF~lif0J!t
'i.:L~~ !J '/ F~l~f~it~&) V) ~ ~\lfil¥tli Ward yt~

f~ffJ Lt=-o ~t--=.~ In] L:1:frlj[[fY)iIJ~fflv\-C DCA

(Detrended Correspondence Analysis: Hill and Gauch,

1980) ,:. J: V) 7" tJ '/ t- 0) fJ:ylj ~lT'--~ t=-o ~ '7 A

l;l ~~ 1fT :to J: LJ DCA (:. Ii /';;;~ '/ -j- /v . :::I /

t:0::L~ 7'~~ A (J)M1:~l¥tJT'ffl ~lt1i~J¥1JT' '/7 I-- ~

NJ g PC-ord Ver4 (McCune and Mefford, 1999) :a:
H~ffl Lt=-o 0 t:~,:.~ DCA ~trnt±~0tLt=-ml~~fJ:f3J:

LJm2!f!IH ,:. A--t 0 ttt~fl0) Ji rW\Jit ~~Jf-tJTT g t=- (j)

(:.~ 11-W~f-lO)A:::I7~*'d)~1)-~-iE0)A:::I7-C:' L

{\~( (J) 40 fil!:to J: LJf {\~( 0) 40 fiff ~ tm I±I L t--=. 0 trfltU ~

tL t=- f~ff (:.~v\-C ~ jj~~-J~ J.lI J0) t~ hX:.l:1:: $ ~ .t~ J: tJ
j1f!J j;;(]) )(I¥tk~~c~0 tL -C \; \ g 4:*0)1:fn~mWj0)

tP'J: fJX: .bl:: $ ~ -* 'd) ~ ftft tf: Pd1~ .~I:: ¥~ L t=- 0 4-:.~0) ItH
~m (J;A~ ~ It~'~m) ,:. "J \; \ -C Ii ~ fJ'J: DJ (1997)
O)~~*JG(:'l!f:v\~ ~[I] (1997) t:'n~4&O)~\;\~)O)Ii

I:;r: ~A J ~ L -C tEl ':) t--=.o
:flit ~f*JJt ,:.~ v\-C ~i ~ 7° tJ '/ t- ::' ~ (:. Shannon

0) ~1JfH~ tgji~ (H') (Pielou, 1969) ~± 16-}~JjIj:f3 J:
LJ"t TfwJyDi1j ,:. WH~ L ~ j}ltfzj}fJr ,:. J: V) tt~} l;l -1

7°::' ~ (J) 'f~J{lO:~.lt'~ L t--=.o H' Ii (X i:\:tJ'\ GW:lJ~

L t--=.o
H'= - Cpixlogpi

t=- t=' L pili i fil! O)lfll ~tf~ r1j Jit -c NJ V) ~ :.:. ~ Ii 1)

7° p '/ 1-- (:..t3 ,t 0 t±j ~:fij! 0) IfH ~~H:H ij!J#iJJt ~ JH v\
t= 0 f~:f3 ~ 1Jjz~ [;< Ii 1 7' tJ '/ t- 0) h 0) ~Jm11":~ &) ':)

t=- t--=. 'd) ~ )-J I~)-J 1)r 7J '\ c:.) Ii I~~:>i- L t--=. 0
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11~·tM32%

J.l<UL,
2% ~.i7:'~e:::-...-54

1jiJjjl-i'
7%

I
I

I
I

I
I I
I

jgJ-1. j'D ':J ~ r::tlHJl Lf=:~177'10)~;!tf~~.PX (a) as J:: tJ**O)~ ~Jitl~IJo)~.PX (b).
**O)~~litlrct!lEH (1997) 0)~2tir::tt~\ .. ~2tiO)to:~\fllct r1'BjU cLf=:o

Distance

2. q\-.E-_O_3----"-__5...L.5E_-O_2_..L...-_l_§L...-O_1_.....L....__1·....L.9E_-_O1_...J....-_--J2E,-Ol

1&~~1& 1
1&~1&3

1&~~1&2

l')1.1.11& 1
1'){1j 1&2
l')(IJ 1&3
1&~1&1

~±lIt**l

~±lIt**2

~±lIt**3

3. 1. 'I~JiX

1::7 0

0 '/ j-- 1r tr Jt L --C 177 flfuJ) U1fJt iJ \~tJill ~ h

t=o ~ 0) ') ~, !tj~~JjIJ-cI::t~'~*,*t~lt3J:: lfm:~tM
1rfrb-ttt:=J!1i~UiiJ)~1*0) 45% 1r ~ ~/), 4Lt:fY!
iJ) 38%, ,.r~01ttt~O/)iJ) 13% c'trY/)t= (~J -la)o It

fff#tmWHe:. d:f 6 ~, ~1L**t~iJ) 36% ~ b /) ~ b
~<, **~~*tlM~-ctrY6~~mU@~J::

rJ~$~*t}&{l'i:t h::C'h 13 % ;}:3 1: If 8% c'trY /) t=
(~-lb)o J:: VJ A~/~~0)5ml \/' l::"~ '/ ~ 1e:.j:t},~:

i- 0 A flt~I{.n J: If -r;iJm ~r{ l'i :t h ::C'h 12% }3 J: If

8% c'trY /) t=o
7" 0 '/ I" ~~9 (7) 7 =; A 7' ~j}1Jl-'e:. 1: V), ~ 10 7°

o '/ I" l'it*j}7' ~ 7'::" ~ I~ %ft 0 ~/J~~7°1e:. [x:

j}0ht~ ([:::<]-2)0 ~(7)rl'-CJJ5£t!x:[x:~ fXI,I[x:lilt

,~ ~YJ /J' ~ /;t. Jf:mfJ;J ,rft -c*li {'1 ~ h , h!l.lfi1: [:{ iJ) ~ G

(e:. -=- hle:.~~t{f ~ ht=o ~J:mil{*I;l{illo)t*7t~ ~) /) ~

'f) k ~ ft 3-F¥Jif0J!t -c~~5tt ~ h t=o

DCA ~***, m 1 !j!ffj}3 J:: lfm2 '.dJ~~:fffllli:t

h::C'hO.625}3 J:: lfO.255 -ctrY VJ , ~;f(e:.m 1~~[?il
:ff fI[( iJ) rlJjip /) t= 0 m 1 t¥dJ;f3 J:: Ifm 2 tWA 0)~ [~f~ Ji~

f~*L -c, :fr 7° 0 '/ I" I'iT:f7t 7' -1 7° ::.' ~ Ie:. ;t ~
j: .r~ -c~1ti ~ h t= (~-3) 0 h!l.tj( [K.n J:: If FxiJ [K

0) 7° 0 '/ I" l'i% 1iMl~ A ::l 7 iJ)/J, ~ <, ~±~T:fO)

7°0 '/ 1" l'im 1 tWHO) A ::l7iJ\*~ 7))/) t=o Ml:fi:r;{
Ii IM~'O) ~tj r~9 Ie:.T¥=)iIJ 6 ht=o jj!l.~[K}3 J:: lfFxlJ [;{

(J) 7
J

0 '/ j-- Ii, m2 'liJ (e:. 10 /) --C j}~f[ L --C:f3 V) , 1tl
tj([3~0)7°0 '/ ~ ~i%2iMlO)A::l7iJ)k~<, TXIJ
[:( 0) 7" p '/ 1" i'i % 2 J1!w 0) A ::l 7 iJ) /J \ ~ iJ \ /) t.=- 0

~ -4 ~e:. DCA 0)~ 1 iMl 0) A ::l 7 1e:.;f3 ft 0 Jj\/: 40

fiR ~ ffll 40 fJRO)1:.r~·n~JJIJ.t3J: lf1:.fJ;,;f#t.t5tJJ1H#ifJ)G

It$1r /J~T 0 ~-.{lL 40 fJR -c l'i 'M$;Rt!f}3 J:: If~1l=~1tt
0) H: $ iJ \ r~j V\ 0) ~ e:. ~j. L --C, f 11L 40 f~c' ~ j: W~ fiR
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01&~1&1
• l' )(1) 1& I
61&.1&
·tttt~

o

o
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N
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x
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40 
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olI
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Axisl E~G.=O. 625)

~-3. DCAO)~ 1 ~;t;) J: V:~ 2 fib I:: J: ~ aJIl~ j' I:J 'Y t-- O)~:{fj'~!l

...t ftl40.fl

~Ij _ ;r-B}I
5% .... 3%

-:>~
13%

~~* /25% /

(~~~
/ 39%

,mrll~~
37%

I«Ul~~
q% I~~~

0%

~*~
25%

- Am.
28%

7J\ 1'::{4s: 0) k:ZJ74% ~ 1'1 <It) t=.o :-E fJ~rY£1JIJ -C- rj:, J-.{ll:
40 Ul 0) "=F1iXJ-J J: 7J' lm~,jjIj f{:!)');t t=. f1 N.t~R#JTj'!-C

;h Z:> 0) I':'xt L "(, T {It: 40 fm -C [j: .:. n c..:> ~,f,f.:tto)

M¥/J 11-e.-;:t n <Y , A T:..:h J: LYt;'LJJ;"~!)I! O)fm O)!t"ftJ'

l:7iiJ' /) t=.o
1~1-5 I.:. DCA O)m 2 ,jIJO) A =:1; '':';fJft Q ,r.1i'L40

fit! C: I"{j]: 40 TrltO)I-tI~·m~lj.t-J J: LY1:. fl~ml.lljft'/~J&

tt+ i' /f;<) 0 l-,{vAO f~o) 1j;r,'f~HlJ& -C- Ii t1{i:4:f~

0)U>rtJ\48% <!;: tli~) r'fiJ <7J'<:;f=.t/;', 'MM~~}t.:h J:
LY f'i: W;,fMf) .:c tVf'.h 2I% ~ d:l <itA::. 0 .:. n,.:. xi L

"( T f\'/: 40 fm c' 'J: t;i '* frl1: 0) .l::t1i IJ' 69% C: J.:{If 40
t~I':'ltt): L "( ~ c..:> ~':'rti <, 'ffi'~*wHj:1:: <-P;-;:t,h

fl.!]'/) t=.o 1:ff~Jf.tJJIJ-CIj:, H\[40fili:c'J#U~wf

1*J~~!.J\ 15% ;;-it n t=.o Hv: 40 fif( -C-IJ: -«: <-r;-;t
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1'B~
0%

R;~at
21%

...t1li40l1

J1<' -::.~>
5% I
liiJiW Am.

3% 13%

!m~tM~ I~~~
Q% 3%

1'B~

25

1'1li40l1

lii*
69%

Am.
27%

120 'fr f*)-J?7 -{ 7° (J) 7
c

P ';J 1-- (3Om2) zb t=- V) tfj ISHII!
~x:t:5 d:. U~fil! ~ XtfR ~ L t=- ~tR)ittll-tx H' 1j:~1~

;j* -c11k ~) r~l <, IX]" \ -cW~ [iL T )( Ij [2Z, )j!z ~j{ [K 0)

JIIt! ..Czb /) t=- (-if: -1) 0 tx~j{ r)(~ t f XIJ r)<~ 0) ?PfifU~t~

l1x 1= 1'i1J" ,¥:,,~ 1tIJ"J.g 61) GtL t=.o ~-t:j~"JT~lJIJ -c l'i, ~t

i~tJt*--c~1£~j{r;{.t-JJ:. U T)(IJl)(~ t U:A~ L --C'~*,~.j:M.t-J J:.
V/t~tr10)~t1{Jjt IJ" ~~ <, t;L:t:fi.13 J: V:/ ?7"~fi~?<J

0) ~f*Lit IJ qn: IJ" /~ t=. 0 1&~j{ [2Z t T )(IJ [2Z 0) nn -c Ii,

~ Jt':i~"~(J) ~t;RJ:ft1= 11- ,0: ~t. k l'i~;g r}) Gh~~ IJ \ /)

t=.o ~*0)1: nfh:U}lWJ O)~f*JJt Uti: -2) -c t, ~±

IH~~ft t ~!l.~j{ [;{:t-J J:. V FXIJ [>( 0) ~~9 i=llli:F:R IJ" ~B d) ()

h, ~ /:itf~.t*-c Ii '~$~~Jt*1'}lil.:rJJ:. LfS£t0TdMt*1'l O)flfi:
(J)~tRJ3tIJ"?-J] <,AH:t:t-J et V1$JJj{~'IO)ftffO)~f*Ji
IJqJ1IJ\/~ t=-o )j!Z~j{[2<: t F)(IJ [:O<=O)nlJ -eli, Jt~"mm

JJIJ 0) ~f*J.t1~1f ,0: fet*Ii 5i ~~ tL ~t. IJ\ /~ t=.o

- ~fj{1&

_. - l')(IJI&
, ~li:1&

- - - ~±Iftt**
20

100

o
o 50 100

:::J ~'7 - t--~ (= iBn; (m2)

,
80 ",,

~ /,' .......
It! 60 ,~ ...~.,

1.4'

40 '/Z':.

h ,j-", A flJ-:.1J J: U WJh(J~'LJ".:c h--f';(L 27% :t-J J: U
13% t, 1:N: 40 fiIii ~ Jt rfY: L --C rvi ~ \rl sf~ ~c zb /~ l::"_ 0 4. ~~

3. 2. ~i~m1'1

1tf~~J~ -{ 7'(l)frR~~-IHjff{rk~fJf-~ .Lt~x'J-Q t
(I~j -6), ~ b'~~J·f*c'j& ~) fiR~ /)" ~ 'rX -c zb V), {ill 0) 3

~ -( 71t, Illl'rlilt'Rfetflfi:O)@:'h\ ~ ~/r~ Lt-- o r-xlj
V) [)<~ Ij: )j!l.~x [R 1=.tt,,;: L -C >\J >\::> fm IJ" ~: 'i~~ c' zb /~ t=- 0

·¥f'0J Jli1:>c~ lJ: /~ t=.ijJl#0iQ {;fJill ()jJ:~j{~) O)filVt

l:t, J1\ '* n~ 1= Al:c'FxIJ <r if /~ t=. ijJ Ml illtt till (fj!z

~~ b<J 0)1T(flt ~ )I~+: IYJ i=FJi fJJ L --C ]" \ 0 ~ P] ;t Gh
0 0 ~:7 A?7 ~)Jf)T" ~ DCA 0)]" \i'-'hO)~~ti~f=.:rJ

~ \ --C~), .=. n () i)Jm~'l .t,f~J(I) Mut Ij:~t ltitJtt t ~JI~t L

-52-



~-1 ~**71'1'1' -;I(J) -;10 ';I t-- ~t:: L) !J!i5.ltin~'I~ C~5!~~IJ~~mJ~~ (H' )(J)~'~71'~t:6~

**71'1'1'-;1 ,I~
~~llt~~ (H')

~f* *,~tM ~i€tM lil* -:>~ ~1'. ::fBA

t&~1& 42.7 b 3. 139 c 0.187 b 0.612 b 1. 531 a 0.601 0.208 a 0.000
1')(IJI& 46.7 b 3.326 b 0.055 b 0.703 b 1. 740 a 0.656 O. 161 a 0.011
t&ml& 57. 0 3.609 0.394 2.013 0.864 0.254 0.084 0.000
~±It** 60.3 a 3.627 a 0.998 a 1.031 a 0.795 b 0.715 0.083 b 0.005

Ff~ 11.35 20. 98 78. 73 8.73 25.85 0.46 9.01 0.62
;fij'~Jir$ 0.009 0.002 0.000 0.017 0.001 O. 649 0.016 0.566

t&m1&11-;1o ';I t--~L -f.n~.J.*(J)1'1'-;111-;10 ';I t--~3o ~'~~'~f1t&~I&, 1')(1.11&, ~±It**

ra' I:: M L ""Crr -:J t::o :Wt~ ~ 7)l,."7 7"" ';I t--11~:m:1t~ (PSLD) f:: cf3l, \""C**~'$Z l' -;lra'f::~~~fJ~
<f.>~ ~ C~~9 (p(0.05) 0

~-2 ~**71'$Z l' -;I(J)tfj~,I(J)**(J)~I~Ui±l~IJ~~llm~(H' )(J)71'~~'~*6J!

**71'$Z1'-;I *,~tM** I~tM** ~*** AJ! lilmt J1<m ::fB})

t&~1& 0.012 b 0.032 b 1.495 O. 791 a 0.465 a 0.065 O. 278
1')(IJI& 0.006 b 0.077 b 1.590 0.917 a 0.441 a 0.029 0.268
t&ilil& 0.211 0.129 2.074 0.294 0.406 0.000 0.494
Ult** 1.025 a 0.461 a 1.667 O. 211 b 0.017 b 0.000 0.245

Ff~ 200.45 36. 52 0.45 35. 29 119.23 1. 58 0.07
~~Mf$ 0.000 0.000 0.660 0.000 0.000 O. 281 0.931

tfj!Jl,I(J)**(J)~~Ji±l11:!lE13 (1997) (J)~2ltl::t't l, \, ~2lt(J)P;)'.II::-:> l, \""C 11 r::fB})J c L t:: o

t&w:l&f1-;1o ';I t--~L -f.n~.J.*(J)$Zl' -;111-;10 ';I t--~3o ~'~~'~11t&~1&, 1')(IJI&, ~±It**

ra'f::M L ""Crr -:J t::o :Wt~ ~ 7 )l,."7 7 "" ';I t-- 11~ :m:1t~ (PSLD) 1::cf3l,\""C**~'$Z l' -;lra'I::~:i:~fJ~
<f.>~ ~ c~~9 (p(0.05) 0

--C:f:J V), ~# i-.: DCA 0);H 1 lMl l:t 9J r~1 fj~ fet Jj)(~ [K 0)

F.'lc~ ~-ri 6b --C ,f,*~io)~v \~&~ L --C v \ Q ~ 15-;t

Gh~o=-h~~O)~.mAr*O)M~~~~~

,= fl:J-t Q {/Jfj'E~ ii, f1R~JihX:;O)t,*m1l\::{A{f-T Q =- ~
1.J) ¥fl~' ~ h --C:t-s VJ Ur1~r, 1990; L-P) II • {)t~'~, 1997;

Ito et aI., 2003), *t;t/t:Jmf,f~ L --C A~(I~f~f,fj[1

tPt JJX:l~0)~~~ :] f' j ;tk i5L -F~ ~), T~ tiii It ~ ,-.: f¥] L

--C Ii '.iXt,*'-.::t-s ft Q J}!ft*)iIJ '-':~H~ L t:.f\R*,fU&1£
{~(Schoonmaker and McKee, 1988)1.J\-Mh¥f.m 0 h
Q=-~iJ\~~h-cv'Qo DCAml 'HJO)A::J7~

L{{C}3 J: lfF1\t 40 ftio)~rttJf~Ji*~'1:), ~;n--~,=

10/) -c :4L,*flli7J\ G1tM{:t-3 J: lfWr~0)w1 ~~, J0 0

v' ii, Arr~~ .t;im{ f\1~ i;~ ~"= (jz flU: ! I=,:f:J J: IfrJM tili'r/t: 0)

fif! 7J \ ~) lffi*#tf*~:t-3J: If~M<fBt*fJ~ i;t., ~" 0) ~t'*'I'1:

ti(l:~~0) :P2{~;O);T~U~ ~ h t:. o =- hli, r.* 0) ~~ilt

OCifv \ ~ **5JtPtili4E@:t-s J: aU;fr~9*&.'JW1 ,-.: f'¥ j ~*

O)~f*'~'t70 '7 O)iE]f!f~/J~ L--C v\0 ~ J};t -c ft v\
c' J0 J) j 0 =- 0) J: j fet f,}m0/fl/) t=. r)fHili'r!f.M~ iJ '\ G

~f,}'rtM~m~ 0)~{~Ii, fiil ~t)H/E 0) ~¥ {[tIi '=.t3 v\-c
b rt£6b t)ht=.o L t=.iJ) /) -c, jj)(tj{[;><:.}3 J: If f)(IJ[;><:
0) t'iliC't 1'1, Jt, -.: fmtili tt:t-3J: If -. ?X·M±~O)ltL4>: Jfti
0)~ j'£ ~, ~ t*tt till ¥!J Ct: \-.: ·wi*fil!) 0) X lq;. ,::
ct .r~ --C ~~~"'5 (1 Gn 0 ~d~ ;t 0 0

l~iJ L:t.))!$++:51 0) 9J -C, }jll~[K ~ -F)(I,I [K0)tl1f1!: 0)

Jtt v\ i:t DCA;H 2 lMlc';&.fJ!c' ~ t=. 0 =0) *6J,fUi, Jjll
tj{[;><:O)1ill~tiJ) f)(IJ[;><: ~ .rr:tf~ L -C'*,~)t~J~JKt~tMf*

J~~ 0) MAm ;0 )~<, r'J'(~ fiR"\J "(j(till± JJ'l.}S J: If rJM tili
'~10)ttR~miJ)5\J,,\J/}'fetv' ~ v\ j ~.f11!X~t#~ ~ ~Jt*R~

~ 0 0 =- 0) J: j f~fl*,llJJX:o)ittv \iJ)mht=.~lEl ~ L

-C, #~~O)t*tt~trz'rtO)~~~~1.J)?];t Gh0 0 jJJ~:?JJ
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(J)t%ttrgt}H1JiJ.t <JJl C~ n t.= lV%C' &) V) , tt~(1)t*

V-l Jt£ 4)( ,= :j:s l '-C b , 11*~ff --\J~~wi~ 0) f!i~ill :f2t iJ '\

db 0 m{t~= 'i'MMdM,fj;1J)@]i~ 2: n6{tRrt] tJ'\¥f!W 2:
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~j1jM;;Ji (mg/ I) c ;M~fijO)!JIiS.Jilc #l~~~~o tl~rj:~7kr:: J: ~x;~,lj ~~~ 0

;m~
2002 1F 2003 1F

!JI is] fl ~~~~~
7/29 9/1 5/23 6/28 7/29 9/12

t1 1.3 1.4 1.4 1.4 0.0
t2 O. 9 0.9 1.0 O. 7 2.4 0.6 1. 1 0.3
T2 0.6 1.0 1. 1 1.4 1. 1 O. 9 1.0 O. 1
t3 2. 9 3. 2 1. 9 1. 1 1.3 2. 1 0.5
T3 0.8 O. 9 O. 7 0.8 1.0 0.9 0.8 O. 1
t4 1. 2 1. 2 1.0 1. 1 O. 1
t5 1.4 1. 2 O. 9 O. 7 1.5 1. 7 1.2 O. 2
c1 0.4 0.5 0.4 0.3 0.4 0.4 0.0
c2 O. 7 O. 7 0.8 0.6 1. 1 0.4 O. 7 O. 1
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t%: I.K S -c' ~'(: L < Q -C J-;.. 0 ~ (~O, fjx ~Jjm J9X ri ,
2002 if- 7 Jj 29 Fl (J) T2, 2003 tf 5 Jj 23 IJ (J) T3,

:G J: a 2003 Irf- 7 J::] 29 !J (J) T3 imh.!x~ r(t 2:", -t;h
~;h(J)n~M~2~~~~~.~~~~~0~~

(J) -=- ~ iJ' G, -=- (J)~fi ±-li! [::>(~ ri fj!X~!Z (J) 1'r ;b;h -C 'v '

o imjpx(/)1;kim(/)fi~~~i~JJ[riiT;bh -C'v "~'v \imt!!xr=
tfi~---.:: -c ~~ r=±~;.k atr ,= ri r~i iJ'~ t=- -=- ~ iJ' ~J1 tJ iJ' r=

4-lr1] (J) 2 -J (J)~ffiJ~~ti*iJ' G ri, 1tJ.tt(J)fr;bh-C
'v' 0 ¥mt!!x(J)1~im*(J)fi~~I~!Jt ii, ir;bh -C 'v \ f~ 'v \

1rrUEx r=ifx:/--':: -C ~ 'v \ ~ 'v' J ~b:*iJq~ t~ h t=-o L iJ'

L, -t (J) )fJ{ [tj Iih!x~x t= ,t ,= 'Jif1 i- 0 -=- ~ iJ" t±Bt~ Q ;b

,t -c' 'i i::t <, ~ t=- ~ G'=, r~J 'v 'iJ \ G~ 'v ' /) -C -t I~
;fJ ~tt~~~Jjxtt(!),'t~'d;t~1W~ ~ Q ~ li~' *J~ 'v ,~ ~-;t

0 0

'1 f!fJ-( [;R] r= -J v' -C t~' tJ', i'Ailtt/K til (/) Mjri~1fl<'~7~
i~Jit r=~~~ I].;t Q ~w ~ L -C, Ji!l.tXO){i±!i=f,fmf;
--\J ifi~ h.!x rnj fJ{ (/) *~~ iJ ' :kJ ;t G;h Q 0

1J<:t*mU& o)iJJ#Wt;fO)iJt:¥fi~* r=p O)fi~li~t~Jjt ii~ 'v \

:. ~ iJ"~n t.Jh -C'v '0 ({6:->7 * 1999)0 :'~Gli, ,jill

~~{*I= J: 0 ~*rnJft:it(J)iJ~/Y~J, ±-li!ilnt(J) LW.'= J:
0~#ft~t~1t:j£!Jt(J){I[xmi:t ~"tJ'JJ;i[Rl ~ v'bh -C'v'
Q o LiJ\Ltxt*2, 3lrfl&'=li=-hGO)};t-~~Hi!J'

~ < i:,t V) , ~'=, ~~ f,f r=~ /--.:: 0 ~ i)U*~ l.K r:p (J) fl~Jj

~1~ Jit Ii{It < f~ g ~ V'b;h -C v\ 0 0 :.;h ri, ~ iff0
ttr=tfi~~-c f;xJ~~JJ[(J):*: 2:" v'1i:~1J**-C'~i*~1rnJ1t:

~iJ"~<I~ 0 iJ' G t~' ~ 'v 'bh-Cv' 0 0 ~Jm1t 1 '=%3

'v \ -C Ii, I im t9X ~ II ¥mt9x~rii1~~~1Jll~ o)fffi~/"

7' - /" i= rifl~MI~ kiJ'd;g 6b c~ h t=- 0) ~, t=- ~ t=- 1 ,

2 tF- (J) Jlt v\ -C'~ Q tJ', 2 -J 0) im JEX -C'f~ ~~ IY-J r=i}] t$

¥t~ 7' -1 7° ~:fiiff0f,f!l-1 7
u ,= 5tiJ ';h gO) iJ'~) Lhft

v'o-f.f~ r=t*JriiJ, IA~ ~n L t=- f*im~(J) rGi v\tt-c' ~iIA¥1ft
IK q] (J)~~~Ilr'(JJt li±~ IK (= 1-'f l \t-.W-t Q iJ>;, =- h Ii

~~~li~J~1t)['=~<-g-'1h-C::t3 V) , ~;.k(= 1'r'v \

1<Jfi§ ~ Ji!l jM1 L fi~li~~~ 1mJ1[ r=-s- Iv t~';.K tJ ' 1m ff~ (.: IfiE

hJAu1J' G~~ Q 0 L1J' L 11 NUflx-CI'i -=- 0) J: -) i:t.
1J:J!t~ f/- iJ' d!~, ct) Gn i:t. iJ' /.J t=-o <j- i::t tJ t~, II ¥rrU!&
li~J~ i=}3v '-C t ~A~li-t 0) 11 ~ Iv ~"7.J'·M:~~I=rr~

1t: 0 tL -C L ~t ') -C v \ Q ~m~f*!I -1 7?~' ~ 75-;t ~'J h
o 0 - }j, IiJfU9X ~ x--]- H~ ifiE J}lX Ii :ljH~1Jf* ?' -1 7

c

' -C'~
~, 1~*1= fr v'1<J~ -C'~1{~VJ r= Iw]ft: ~ h 2: ;h <j~ ,=
7~r.J -CV \{)~lljri~tJ\~I.KA#(=1Iitl#'H=¥rrU:±:l Lt=- ~ J!j;t

G;h {) 0 10 Ji (= =- 0) 2 IfiU9x~*{\It: 0)~ {t: (= J: G

f?l JJi 7.J~ Ii l:f' rnJ f~JJ[ f~ (/) Ii ,J;JJJ( (J) -5-J~t iJ~ iffii!Jt
(~{g ~ t-li!ilfrO (J) f,Ll T (= J: VJ ~ :l tt <tt. ~ t=- t=- 'ti)

i=, 1<~ (J) 1i~1 ~ 0) lilt iJ >;~ VK 0) ~ 0 f~ L 1= ft( fr- L

ft<'~/~t=-iJ'GiJ\tL;hI~'v\o ~-t0~, 8j:]~

9 j] (J) =- (!) 2 1mtIlX (J) ~!Jt (J) ji;V\ Ii fjJ(tt (J) ~j~ ~ .~

;t 0 0 ~ J-.;t ~ (/) 0 ~, 1J~~!z(/)~f:li1J<:t*[~[f&-C'

~~Gli'lIfJt~:~~')t=-iJ', M~i&4, 5{f.fff-J~M

~~1~r= J: Q ~*lwHt:(J) ~:~~iJ' 5~Jj~(j~ ,= i:,t ~ , i~im
7K r= liJJitlJ~ <'t') t=- ~ ttnJ.1j 2: ;h 0 0

~ t=- ¥JfU~ clri;fti iJ' A: 2: <i:t 0 ~ ,~*A# (/) 1i~ ~1~

!Jt(J)tWJJD(J)flfgrli/J'0 <ft0 =- ~ iJ'*~'~n-c'v'

o (Ohte et al. 2001)0 :'h'it§~;j"13~(=, imHJ;.kr=
~Ji (/) 0 i1~~I~JJ[ (!)1ftv\tllif IK o)t~ll~tJ\*~ <I~ 0
iJ\ G t= ~ ttiJtlJ ~ h -C v \ 0 0 rj;Jt~O);J. jJ :=. A'A iJ),

J)M ft 1 r=:G ,t 0 IifiE h.!x J: V) i;fU~ ffij ftt (J) :*: 2:" 'v \ II 1m
J~~±W'Jl.Ka~~ 1) 1i~m!£~J~iJ'J:~jm L It iJ\~ t=-Jjj(ttJ (/)

.-J ~ L -C {jJJ v\-C v\0 (J) iJ' t L h f~ V'0 ~Jm itt 2 i=
}3l\-Cli, t3 7J'G T3 /"-.~imJBxrnj,fjfiJ):*:2: <f~0

-=- ~ 1= J: ~ -c~ ;.KrJ;'f~ t \f;.kaT~ t 1,ftJJ[tJ"{ftf L

t=-o
(X (=, ~}~~(J)~¥'rlffi r= -J l '-C t=tJ" pft <~ b*

ilil.K~Y~ (10 mg/I) ~m;t 0 i1n~1!{JtlimIJJE 2: h
i:t iJ'~ t=- t=- 'ti), ~fj~ l= ~ 0 J.k mtfJW: Ii '1f~ \; , ~
'flj ItfT 0 h 0 0 ~Jm ~ 2 r=.t3 ,t 0 fjx~¥nUiix (J) 7 im Jilx (J)

6 [1:1] (J) t%: ;.K J) J ~ 1& rfi'i {[~: Ii 3 .2 m g/ 1~ ~ ') t=
(2002 if· 9 Ji 1 rJ (J) t3) 0 RII Jili: (!) ~ J '=, i~¥mJ.k cp
0) fl~lj~1n1St iJ,~ < i::t {) 0) Ii J:tt17.K ~Q~ 7 a',f i:t (J) ~ ,

-t 0) J: -) ft ~J?nJi iJ'*lf:rT ~;h 0 H#nn Ii ill v\0 ~

t=-, ~JmW 2 (!) t3 ~ T3 (J)*fi*iJ\)GT ~ J i=, *~
±lli~¥mJExrm,flfiJq.tv 'J~~~U=;i9:~T 0 :. ~ i= J: ":) -c,
m7.KU!f(J)J-;.. fe:t Gf \f-;.ku1¥-C' b ti~~ilJ.!t ~{ft<*lr#
-t Q =- ~ 1)' pJ1i~-C'~ Q 0 -t f~ b i:~, f-f"n Ji~ttt-li!(!)

f ¥fi~ 0) 7.K rJlt I.: :G v' -C 1) , t*;.K (J) !I -1 ::: /" 7" --\J l.K r»R
tlli -t 0) t 0) 0) ~x1ff11m T1f ~ LA:i- Q =- ~ (= ct, /~ -C ,

~1mJitflmt~O)/~~~ii{!l <i- Q =- ~ tJ" PJ1i~t.:' J::: is ;t

got=- t~' L, f¥Jft/"-.O)i1Fj~!£O)ft1tl'j&l. ~ L -C Ii, tf£J
;.kU;'fi=tliNiJ\r8i< ~t.0(J)~*~ < It0 ~J5·;tG;h

o 0 ~-im/"'(/)ft raT lF~(J)~W~'Hlffi ii4'l& (J) ~1Jt§-C' ~

.IS -) 0

Nakagawa Y, Nakashima T and Mawatari K (2002)

Changes in river water chemistry as affected by the

confluence of forest drainage water in dairy farming

area on Hokkaido island, northern Japan. J For Res

-62-



7: 131-136

*;f;f;F~~ .~)11*- (l989)lf:blvJJR 0) JJX:7t!f.!ft1 <!:::
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{Jr Jil;i t§. vli Jihh !!Ifill
( 'R'I~*"¥~Jf< '+ 1frj )

mr~

yj] rfffJ ,f,f-c (j) 1* rAJ 1J'i. t!x (:. :tJ (t Q llit>t~ fez i!f J\!£ i:fiJQ ~ *- J~ 1=~f¥:i: (=- # f] l, 1***1f l-t fff '/ ;Z T L

o)j@tili~ ~t~c'fe:WT Q =- ~ ~ § (l~J ~ l,"(, 'R~flJfUi#l#;ft~~t~(=-llli.f~'I'~¥~'/;z T L (GIS) ~m
l \-ctlli~ltl+~~tfJf l t~) 28.5m n~~~(=-~}tJ# ~tLt=J;~flli!t~'h~j7':'-?'1)\ Gtllif8ltl+~.t1j l, :.tL
J: V) +tii: ~ tLt::A*tlli/kJ$tJ ~ ~WJElt:fit¥c!)mf~~ Jf] Ii \'"( r~;f-t/t.N=:J&ItiliJ, 'N{¥±tiliJ, r*¥,f
~tff1~j@.t1BJ ~tljJE L t~*ti*, --ctL-FtL~{~O)[mfJiO) 36%, 49%, 49% ~ (l66t~o;t t=., ;f,'tif!J{tJ{

ifH Jit:t3 J: -a l)j:hff~f~ [{51 c!)t~tffi ~ t~ Q *ttl#JT j; [h] C!)*''J-ffiJ Ill] 8Jt 1)\ G, 1* rAJ jtJCt~o=- M~t- Q ~±tirflj Ii:
~ fJ: /) t~*ci*, ~~ +Jfu [1jjf~(1)*J 'ft!x(=-ilil \48%;0\ r+ili'I±lliJ ~ '¥IJ'JE ~ tL, r~..l\:)+~tlliJ ;6\ 21 %,

r--\J--\J~.tIEJ it 21 %, I J&I±lliJ Ii~{* (j) 16% -c trJ /) t=.o I ,;f:f;1 l±ff~±lliJ (j) j t,), I ¥fqAJ1J!xt3l:)i:tlliJ
~ 'r-1j 'JE ~ tL t~;tgJ!fTO) tl::stqi*0 30% c'trJ V), jil·~#t '**f@JJX:Jtil (j)**~(=-l:l::~fl~1 rti]\; \ '"( Ii \ Q -tlfu
c'trJ /) '"( t) ,~< O)j:J];fL t>tr*J }j~t!xC!))~A ~=- (:;t1L~:;6\~,~c' trJ Q =- ~ ~~ L '"( \; \ t~o I~{~3'::.tlliJ

(=-:t3 \; \ '"( Ii, ¥tq1'J jjj( t31: (1) J.~ A.I t [*1 ~l C' trJ Q =- ~ 7) \ iJ~P~ ~ tL t~ c ~ t= , t* V'J 1J!JCt!x C!) I~ tlliJ :t3 J:
tf r~..l\~@.tlliJ Ii, Ij\.t1B%[)(5]-O) r!'ij'f~;f,'t fTIH=- (f rf't~ ~ L, ~:td=-tt~~.tlliJ;-)Q l \ li**rH9;f}Hr:.tlli ~
L --C fiJ JtJ ~ tL --C Ii \ t~ it~ ~ tL Q\r tIE ~ ~,t J:t~ ~t- Q ~1Z; ;t GtL t~ 0

~-~-~:#~~~, ~~~'JE,~@M~, ~®M~~, ~+*~, ~**~~

1. 11L:d:>r=

rr~~6#f~f1cti;bn --C~ \ gft~Jj-lzt3c(= J: 0 it
~r~{f/!~I-m'/ :A-7- A ~i, 1t1:::I:A- r ~itJilli*t1WTO)

-.r) ~ L --C Jix~3{ ~ i~ JH T 0t~ IffJ!',) ±-:llliflJH-J .1f,flJi

'/7- T A -e ib 0 (~~, 2002)0 III [lliMj tllit!&:f3 J: If
I1Jf,UlliJDX,=.t3 (t 0 t-!HJt131f~/-ttm1=:rt7J\~ritl ~ n 0

f~ 7J> -c, t*mrMir1=:ciI '/~ T Ali ~ t#M:13~f~ Ltlli
IT.flH • !1::rXf. '/7-7- L ~ L --C jIJH#7J\~ 2t /~ --C ~ \ 0 0

i)) 1#1'1ill t>f' IlliC' "t 0) Jjjz t3c~ 1T J =- ~ 1= J: "'J , ~ f>f'
rr,flJi 0) wi n\G~if XIJ "}j tJ ~Vi1X 0) ~JJ* 7J \~ {4j ~ n
0 0 ·jyc', i)JiJitt*~H=/l:~Jixt!z()-0=- ~ (=1'¥ J

07-~~L--c,~#*O)m~,~~0)~~,.~

1= J: 0 ;K 't'l if] _~ ~ ~J± (= J: 0 -:ffi:J~f :l:j 0) fij!1~.5\:J =
n (= ~ ~) ~~ -) ffi 7K 0)1st~~~ 0) fLt T, .t3 J: If-t* ttl-I:
1= J: ;;:dt1t~fm~t'JH't/,o)-{ / /-\ ~ ~ ~~ ~"7J\1';t±l, ~

n 0 0 L t:::'7J'\ /) --C ~ it~n~{f 1/:.J1K '/ 7- 7- L ~ r'H)~c

Sl I:.@fflT 0 1-. -eli, *~IRSl f~ 'fi:m~,t;)J~O)f~aIE

(:.1m;t --C ,t*tlliO)~:%I:';HT 0 -{ / F\ ~ r ~ J'F{ilfj

L ~ :. tc I:. lri5.r)~ \ --C @f;JJ (=JMffj -t 0 £,J~ 7J'\ ji) 0 0
~!1' JJa (~-1£1< ) ~ i , ;mt~ f1 ~J 0) f~~5c 0) ijJ l#iJ ¥+; h!z

tlcl11i (=~,t 0 ill,¥k+: 0) fBtl-fJJM ft.:H J: If;ft*1i1U!:.JJb;
11:~ 1-[v\, }Ix t3c 111i (j) II tlli ffi lj~ (= ct /) --C Ji'x t3c I= ~ ~)

tt- J J1!***0) rBti!i= ~t~ ~-.J/ }~ £( IHI 0) rlt! tlli{~:¥ 7J '\ *~

<~ft 0 =- ~ ~aA t) n\I= L --Cv \0 0 =- 0):' ~ ~i~

***i4iir1=:fflI '/ 7- T L 0) WiA 1= If~ L --C ~ t#M:sl ,=
JimJ-tl PJ~~ft lil11iffi% ~flJ!E<)- 0 =- ~ 7J'\11tEbO --Cit~

c'ib Q =- ~ ~ /J~ L -c V \ 6 0 ~lf f~;ft 'i, 0-J nlullit~ (j)

S'r/) 0 #IJ-fr7J\~ V\'8~1Jf.- '=~v \--C t ¥f'= ~f~r~,

~JtUMtlli7J\ ~ ~ \ ~±lli 1= ib 0 ( )t f±l • {jtJl'i, 2003;

2004)0 =- 0) J: -) ft 'T. tlli~:% 0) q1 -e ~j:tlli ,= r1i bO

0~t*0)'lfIJEiJ\ti'r/)--C r:';j <,t**7J\f,tP90)rfti*0)
~-em~~~~~s'r/)--C~~~~~~~~M~ft

lili • ± tlli,f1J ffl (1) § iil14: --c ib 0 ~ i5 ;t 0 ( 7t EB • {JJ

~, 2003; 2004)0

~1JJf5i: -e ~i, i)]iJjf;t*-eO)t*P9}j'x~!z(C::f3 It 0 @tt
*fNi!f-'WiJ~~ -:ffi:J~ ·L!~f*·T::(=~D L, ttmtMi'f1:
~'/~TLO)~~~~~-e~WT0=-~~D~~

L --C, 'g~ l)f-;~-¥r~t1 ~ jt~ Ic:tlli.flIl't#'W '/ :A-7-:' L
(GIS) ~ JH v\--C llli~[t]f~WttJT L t~o

2. 1. M~±1!lct-3 ~ {j~~#fT-?z

j~t~l11i ~i~ E~ !J?-~tim '={\i~~<)- 0 J~·f~;f1~tBX-e

ib00~~~*~L--C,~±~~~~H(j)r~~

tlli[S:<J 50m ~ j/ '/ .::z. ({;,~U~j)J (JdJ T, 1&{[~Uill~50) ~

H:Jll L t~o ~!dl~Jlli[?<l 50 O)t1fi1& ~ L --C, rI 4:~l-m
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{r tJ /<~-t 0 OEM (j) It] -C.fJ!Ul:,~ 1=:t3 ,t 0 IN:r~i (j)

~~nn~¥{~Jjt {rf~~ =- ~.5\=>, ~T'~ 17 iJ,) [J-i] --£¥~-C

it JJX: 0 n -C v\ 0 =- ~ iJ,) ~ 'f' Gn 0 ( ttL () ,
2000)0 ~x1i1lrtf!~SOli2S,0007J'(j) 1 rtf!*~ {rkJtlt·

if&Jt7Jlnj ~=1: n.:c'n200*F5't L, t~ rP,jfllj~{r O.lmfFf

J!tC'~)CJf~ ~t:- b(j)-Ccb0 (,~j*. !f~, 1999)0

~ I~i flg: (})~)£li2S,0005}(j) 1±tf!*DxJ ~=.t3 v\-C ~i:t3

J: 1: 3 jp G lOme ®tt, 1972), txMJtf!~J SO I=iJv \

-CliJm~~J:J&k 10mf~JSt([:ls-L::trtf!Jmr}1G, 1997) ~ 0
n -C v\ 0 0 /$:: 1i)f 7i: -C Ii, GIS Y 7 I, 7 .:r. 7

(TNTmips, Microimages it: )c -C'~~~tl1:J.!!JZ:{f:jJ

/<~-t0 ~x1@Jtf! [;xJ SO (}) 9 [:xlhli5't {r~-~ ?X-Vt:df~df

~ttflY1J= J: V) 28.Smx28.Sm(})tt-1-l~t~I~i1lQI= !J Y
'/7° !J '/ ~,. L t-=. ~) (}) (fA -fOEM) {r~t-tJTI=}f~v\ t:- o
l~iJ, 28.Sm nnflAAli, =;'/ [<'y ~ r- TM [®1~{r{~

ffl-t Q M~1=iffiMjf] V \ Gn 0 1:::0 Y i: ! v(j) Y ~ A" =ftl
3 T 0 0 d: t:-, Ai1t: (2002) Ii, ~ [nl (j) 1JyJi ~ rnJ l:

7JYtc'1ff& L t:- OEM iJ,) SOm f~9[~c' !J -if '/7°!J '/
Y"~nt:.OEM J: V) brGjv\fff~-C, jG[~Jhfi-Ccb0

2S,0005-1 0) 1 ±{!U8~ 0) "f¥ r.'t·Pf~ {r fI}m-t Q =- ~ {r /i~

L-CV\0 0

2. 2. **t1::£illi±ihO)*lj~1J5!

*t~fMit1:fft(j)@ttf!'¥IJJE 1rif J W~ ~=, '1 fjj)(t~

xt~ ~ It 0 ij]mfl A It* ,=~ v\-C ,1: (j) ilifJ~i@ttf! 1r
i~I]JE-t 0 £,~iJ') cb 0 0 =- nlitJ-lt;b 't.J*tt/!jm@
rtf! 0) +I]JE-C cb 0 0 *llJf~-Cli, ~# (2002) (j) jjNi

,= J: -') -C, *tt"LiJEiiSittf! 1r +1] JE L t-=.o
t4fiWcS~ It~~*{ff'g (j) t:- 6b ,= Ii, rr:j tG,flt.t3 J: a,[}j

fJX: k ;~ 1r *l t# T 0 =- ~ iJ,) £' ~J{ -C cb 0 Utft jJ ,

1995) 0 L t-=. iJ,) -') -C, *t-t1:~ (})JMIrtf! 'f1J;E ,= li~*

rtf!~tJJ€tJO)~I~:iJ')m~-Ccb00 '1 t:-, ~if±*t,to){v:

t!': tJ- 0 llAIHRJ¥: (i l=J' @1 ()) E~ rtf! tEX -C cb V) , -5' @lfA
>i- -e b LJ;f L ~:f1t:~~ffi [=Jt~;bn 0 0 ':t!¥Wwn
iJ,) N:Wl,~;b t:. 0 ***(})f4f*1C,~fU= :t3v \ -C Ii, =- C!) J:
J 1~~rlj~'=~~3E ~n0*,4fffiAA~/~ ~"(})1:&il£~

iJfEtHO)!J ~ Y~;~{lffib~~c'cb00 JJi)t~(2002)li*

t-t ~J: P€@ ttf! 0) Jit*(l~ ~1'f: ~ L -C , ft rtf! ff--:. P€1J iJ ') ~-j

V\ =- ~ ~ *4rIDJlflr&~0) ~#fQ:~;11:JtiJq~v \ =- ~ 1r3¥
'f, =- n G=~(j)H1f~(})t~H~tJ\ t:J *ttftffi®±tf!{r
'f1J1E-t Q =- ~ :{f:Ht~ L -cv \ 0 0 4:1lJf~-C b =- (j)~
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/j~ L (:r: h--f'n r=-0.533, r=-0.698, p<O.O 1), {*
.~,;( ]'1f)J 11 fH69 ~ 0) 1~B I)f;] 'i fft < , 7- 7- :t- t% it 11·1' Pdj Ij: :r:
h rJ 0) J.; '<j~h ~ ~) ttl r~] (j:{J1iJ'\~ t=-. &1t, R#rrn 'j:tPi

f:iAR-i=nn ~,t1itt?AH#mHd::JXt'.;/t%~t~ ~ TEO)ffj~]~

/r~ L t=- (:r: h-:C'n r=0.586, p<O.O 1j:3 J: U r=0.659,

p<O.ool) .

*4 (:'#ff~!x:lj.<>~ F:/ :; 4 rm 1i£M1& (J)t*tt . &$)
1]' j)J 0) t~ rfi~ ~ ~ L t=-. ;fff~!x: b<j#f{E 11:[ P~9 'd:: 9 JJ 10 ~l

~:'20051c', 9}j 12 n (:.Ij: 1098511:.lt}}JU Lt=-iJ\,
:r:0)1~ 120"-' 152)}(:'i~p L, 11 Jj 2 rl (:'Id::28)i

~ ~t. /) t=-. rffq:j( [R rm Jtz n0) 9}j 10 fl ~ ~~ <f}M 1&
Aly 4[n] ~ 001&1& 4 [~IJ (J) '¥t)]~ ltrfi~T0 Ctfttl11flb9

C 7- A :t- tf it '~Il'€r--c11' ,:~>~~ Ii fet. iJ \ /~ i~ 7/', bi 1!g111j:

ItfHj: 298.0 5J / I=i 7J'~ r~ 373.5 )}/ 8~, bi$)/t~

$.l:Ui 0.49 7)\ G O. 74 ~1f.u ,:.t~ )J11 L t=- (:r: n--f'
n p=0.008, p=0.033).

2001 iro)L:t:c1)1TtJJ~~.~~~bb 2 if ~ 0) 1997 t:f

lJ) ~ t~ 'fPY:T 6 ~, t* it1T !II)J 11:[ r~9 --c Ii1i'::Ii tt. tJ)~ t=-

iJ\, &$3I11¥r~91j::fL~:~:'66)Jil~Y Lt=- (p<o.ooon.

~t=-, AA:t-t*~tilj1tlj:53.5%iJ)G12.3%(:'~j.,'

L (p<O.OOO 1), :r: O){t±! O)t1t~t*~I1#n~ Id:: 254 51iJ \

G 50251/"~ ~JJII Lt=- (p<o.oool). :r:(J)~:Ji:~, f5i.
~/tfft.b~lj: 0.83 tJ'\ G 0.67 ~ ~ :ff,~:(:'iJ~j.,' L t=
(p=0.0006) .

2000 fF.:t --C0)1J)[q:!x:~~--c, If:lj:A 7- ~ ~~ t
~ <t*ft L 1.4,l\.lJ, 11,25), A;7.. :t-.fJ!1fftlj:~~!x:2-3~

~ (:. ~JWJ: (:'~!}'T 6 S,". 10) :: ~ iJ)~* 6 n t=-. 7

A :t- .Jl.tr-fi(j)~j.,' I:. J: 6 BU& kto)frtT ~L:t:'iH~it

I1~P~9 ~!~ < "t' 6 -=- ~ -Ctm~ " 2001 ~ 9 R 8 8 (:. Ij:

t*ftl11j:rUHi 10 l1:fr~9 32 )}, \I.{lC;5=IJifld:: 71.6% (:. ~

c'fet. ~ t=-o Hasegawa and Hidari 3) Ii, i-~Jt.~q:j(tili

(:.j:3 It 0 6 Ji iJ) G 10 Ii O)i!%=~c'{L{\JLtiIJfrld:: 48.3

"-' 6 1 . 3 %, -tPi I?A JX 1;:1 11# n~ Ii fl Jt f* C
r=0.55(p<0.01) 0)tH~jiJ\ib0 -=- ~ ~~-B- Lt=-. /$:

~j~ C' ti 9Ji 10 8 *JTq:!x:[KOO }j~1&, t)( [>Z lliff~iJ)0.5ha

CIj, fJifUfO) t=- ?1J2.i9!l P~9 flJl[![ O)~:AA r~9 --c:fj ,~: tt. ff:1i*
~ lifet. Gfet.iJ~~ t:..iJ) , A:A ~t11tWIJifiJ\m:JJoLt%
itR# rrn iJ \ ir~ /}' ej- 0 it][ rJlJ iJ \ 5t tJ h, :tr!Jf (:.Jx tJ A# rrfJ
lj:t~)JIJ L ll~{\J:;~IJ{}tift1:T Lt=-. :r: L -C, fJ ~f~Id::

'7 -{ -j- A iJ\ G7°:7 A /,'i C, A~j(1&2 Jr Ji n~9 --co)
o. 115kg / f3 iJ \ G, *JT~ lX~ 1#1 1Jj( 1& 1 Jr J1 FJj --C Ii

+0.152 kg / f3 ~ fet. ~ t=-.

M~~#~~~$J:<~fflL,~~~tta~~

f~T 6 t=- ?1J 0) :f:J?l ~ L -C 0) fJ( ~:. j:3 ~t 0 rjfq:!x: [R f}~ Ii?:
,:.~It '-ct~g1~;(T~ t=-*ti*, L:t:O);(TtJJ--Clj:fX:1Ji,I1#

nn1J\ltiJJI1 LlL{\!:tiIJrTiJ\~/}' L, n±~H~~)t~J]11 c fet.

o -=- ~ 1J\~J1 t~ iJ\ ~ tt. ~ t=-.

~ 1. t*~ . i*,~, . &~frlt.J~ra' C.1l111~~tIJ~0)~1t:d3 ~ U:~'~~'*t.a~ (~D I)

rIEl t*1t &~ i*,~ trill
U.~~8 --------------------------- ~/8 I) -------------------------- ? %/8 ?

6~18 576.0 ± 43.4 a 387.5 ± 30.3 290.0 ± 42.8 e 57.7 ± 4.1 b

6~ 228 601.0 ± 78.3 a 364.0 ± 108.6 339.5 ± 79.4 e 62.3 ± 5.9 b

7 ~ 22 B 575.5 ± 79.6 a 376.0 ± 61.1 365.0 ± 72.9 be 58.1 ± 3.7 b

8 ~ 10 B 615.0 ± 6.0 a 367.0 ± 24.9 338.5 ± 32.9 e 62.8 ± 2.4 b

9~88 632.5 ± 51.3a 342.0 ± 56.7 356.0 ± 59.6 be 71.6 ± 6.3 a

1OF.l78 497.5 ± 17.2 b 429.5 ± 39.2 432.5 ± 27.5 ab 49.8 ± 1.2 e

11 ~ 2 B 511.0 ± 22.7 b 375.5 ± 61.5 454.5 ± 44.8 a 63.0 ± 6.4 b

:qLtsJ 572.6 ± 65.6 377.4 ± 59.1 368.0 ± 72.2 60.7 ± 7.5

~~~~P1~
DATE 0.007 0.584 0.005 0.0001
CATTLE 0.122 0.034 0.113 0.357

I) 4 R~(J):qLtsJ ±SD

abe[B]~IJ~:>c~rI39r::~~~tv.>L) (student-t test)
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~2. ~~~~~~~~.~~.*.OO~.*~8S~U&~/.*tt~~~ C~~1)
""" .. -~, .....,..' -..--

!l § AA~ -t"0)ft!!0),ftl!\'-l AA~t¥1\:'J.g. I) &jJ/t¥1\:J;t

U.~FlE3 --------------------------- ~"/E3 2) ---------------------------

6FlIE3 128.5 ± 28.5 a 446.5 ± 26.7 b 22.2 ± 3.7 a 0.678 ± 0.105

6 Fl 22 E3 118.0 ± 28.6 a 481.0 ± 56.6 b 19.5 ± 2.9 a 0.629 ± 0.255

7 Fl 22 E3 105.0 ± 24.7 a 470.5 ±100.2 b 18.8 ± 6.1 a 0.669 ± 0.178

8FlIOE3 31.0 ± 19.8 be 584.0 ± 25.0 a 5.1 ± 3.3 e 0.597 ± 0.041

9Fl8E3 30.0 ± II.3be 602.5 ± 52.6 a 4.8 ± 1.9 e 0.548 ± 0.128

IOFl7E3 58.5 ± 6.4 b 439.0 ± 17.8 b 11.8 ± I.3 b 0.866 ± 0.108

IlFl2E3 19.5 ± 19.5 e 491.5 ± 39.5b 3.9 ± 4.0 e 0.738 ± 0.138

5:jL~ 70.1 ± 47.4 502.1 ± 76.8 12.3 ± 8.1 0.675 ± 0.164

~~~"~ P fi§:

DATE <0.0001 0.0008 <0.0001
CATTLE 0.685 0.275 0.726

I) AA~t¥1\:~IJ.g.= (AA~t*1\:~ra'/t*1\:~ra') X100
2) 4 HlO)5:jL~±SD

abeliiJ~IJJtj{*ra'r::1il.~iJ.> ~J (student-t test) .

0.121
0.068

~}.~fil1.l~r!lt.{aL jQJ;UJ&~/t*~tl:t~'Q:>m~ (~~ I)

IJi 13 AA.::f- of (J) it!!<T.) fli IX;J 1*,@. tl ID..
t*:i: ~t*:i:

-0.652*** -0.879***0.788*** -0.682*** -0.420*

-0.524** -0.087 -0.256 0.252 -0.092

? -0.533** -0.192 -0.715*** -0.698***

? ? -0.261 0.586** 0.938***

? ? ? 0.150 0.037

? ? ? ? 0.659***

tJl<f:i: 0.110

AA.::f-t*:i: ?

of(J)fl!!(J)fli~t*:i: ?

IXj!j ?

1*,@. ?

m~ ?
*p<0.05, **p<O.OI, ***p<O.OOI

~ 4. jJf~l&rm1NJliJ~~t**· &~tTib(})tt~ (~~ 1)
~ ..,.... - _....,.,..,.. .._..

!l § t¥1\: AA ~t¥1\:*IJ.g. I) &~

lm1&ilii 2)

1m1&~ 3)

~/E3

603.0 ± 33.7

528.5 ± 96.0

%/E3

9.6 ± 6.7

22.4 ± 15.8

298.0 ± 27.6

373.5 ± 26.4

0.49 ± 0.04

0.74 ± 0.14

p fi§: 4) 0.194 0.188

I) (j.A~t*:ft~~i/t*iaMa') x 100.
2)7 Fl 22 E3 • 8 Fl 10 E3 • 9 Fl 3 E3 • 9 Fl 8 E3 O)5:jL~±SD.
3)9 Fl 12 E3 ·9 Fl 17 E3 ·9 Fl 28 E3 • 10 Fl 7 E3O)5:jL~±SD.

4) Student-t test.

0.008 0.033
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~~2

(1 )fTtj]
1< 5 f=.t¥tt • {*,E!, ·IX1}Wf-fJJJR#fm ~'l~{\/~{~~WIJ

{}- 0) ~{t::8::;J~ L t=.. 4: 0) 1 fl 0) fT!ln li'F-.t6) c', H~

it AT- P~9 Ii 52 1 .2 ± 1 18.4 51 / H, Ii~ Uty fb9 Ij:

3 6 6 . 8 ± 7 5 . 9 51 / H (2 5 . 5 %), it ,H AtHMHj:

421.5±110.75'J/H (29.3%) -C'!b~t=..

A A :f-, Y Y :to J: V -i- 0) {tt! O),fife ~m 0) t*1tR# n~

:t-3 J: V JSi 173 / t*1tJt OX}£{t: :8:: A 6 i=. /J ~ L t=.. ~~
n~¥.t6J-C, A A :f-t*1tR#ff~ Ii l16.3.7±73.3. fJ /
8, yyt-*ttAT-P~9Ii 44.9±28 5J, -i- 0) {tt!O)M~t*

:ttll:rP~9Ii 354.5±91.8 )J-C, ~ 'Th b tIM~~ ~~ ,=. J: Q

1:r.~Jt&i'jf~ Lt=. (-i-h--'C'h p=0.002, p=0.028,

p=O.004). t*1t R# rm Ij: A A :f- Ij: 9 Jj ,:.~ <, Y Y
Ii 6 J:j jp G 9 Jj (:. j)\ ~ t -C f~ /d:. imX/j? L, -i- O){tt! 0)

~t{ !f;7;Hi J1! (:. t~,q (=. JfI )JII L t:- . IX t:) / t* 1t .bUj:-¥

t>] 0.732±0.211 C' 6 JJ ':'I!7j <9 R I:. {fl:~ \{~ IpJ ~ ir~

Lt=. (p=0.121).

-£{ 7 (:.uit . Ii$3 . {*,~, . \J.{lLrfllJJU:rP~9 (jJ)
:t3 J: V R 1tj / t*tt .b~ n~ 0) t~ r~ :8:: / J~ L t=. . t*1t A#

n~ Ii A A:f- (r=0.745, p<O.O 1) :t3 J: V-i- O){tt! O)f{f.i

t&J (r=0.840, p<O.OOn t*ftR#n~ ~jEo)1f1i~:hfHr~J

i'~ L, {;fq~:!,UT-r~9 ~ ~ 0) # ,~: ft fB rx~ i' 7f~ L t=. (r=

0.737, p<O.Ol). Ii~U1fP~9Ii-t}-yt~1tU'1:fMJ~ If

(r=0.609, p<0.05), \I{llR,tyPH9Ii -i- O){tt! O)ft~(t&Jt* it
H#n~ ~IE (r=0.550, p<0.05) 0)1i)~: ftfti IJkJ ~ /J~ L

t=.. j: t=., R$) /t*1t t~ Ij: y yt%.tt R# fm ~iE

(r=0.806, p<O.OOOn, -i- 0){tt!0)tt1{r0t*11tH#n~ ~ R
(r=-0.637, p<0.05) O)HJrx~i'jj~ Lt=..

(2) JV~} /P'J'r1~0)~{t:

1< 8 (:'Jv~} /rAH''t~:8::;J~ Lt=.. 7 /'-'E':::'7~

~* Ii 7 Jj 21 n f:. Ii 4.0mg/dl -C, /~ F:/ 7 6 fWjJij(
8 fll& 0) 8 )j 3 ~] I:. Ii 6.4mg/dl I:. Jt Jm L t=.. -i-;h
--'C'hO) H (:.tiVFAlj:8.l0mmolldl:t3 J: Lf7.60mmoll

dl, Ni~W 1l5' Ij: 55.7mol% .:f3 J: Lf 52.6mol%, 7° p

t) T /'~Wljitli 10. 1mol (Yo:t3 J: Lf 8.6mol% -C '!b ~

t=.. 7° 0 J-- -:/ 7 ~X Ii/,;; 1-.:' -;;7 6 ~~ Jij(Afi 1.96x 10°1W! I

ml tJ\ G/~ ~':/ 7 6 ~MJij(l& 2.67x 106@] Iml ':'~hlJ L
t=. tJ), *m riJ ~X Ii -i- h--'C'h 3.51 x 1091U'il Iml :t3 J: V
3.67 x l09 frtSJlml c'LfLf'rnJ L:c''!b~t=.. f;!t~~~J{*O)

t*1t1rJJJU:rPFl9Ii/~ F V 7 00 MniITO) 628 51tJ\~) IMtf)jz
1~ 496 51 i=. 132 5'Jir~/Y L, A A :f-1'%1tST-rFl9 tJ'\ 54 5-J
~JJII L -i- 0){tt!O)it1'{~t*ttR#r~9 li74fJimX~' L t=.. tt
VFA1lfV3Ui~JJ~1L -C v' Q -=- ~ tJ\ G, *wt~Ifx itt Ii
~JJ[] L t=. ~ mmlJ 2: hQ. j: t=,Vf.~fH1:~~~JJM*,fi,*~

7° 0 J-- /' 71:XO)'2£{t: lj:t*tttwf~JiX:5'J0)'2£{t: :8::/~ L

-C~'Q ~ ~-::t ~)hQ.

Hasegawa and HidarP)Ij:, 'i~:Jt 1tl:~jctlli -C l11YZjjx~

2:ht=.*/VA 51-1 /'~JJX:!:f:O)Jv-} /'?11dt~-c,

7 /-'E.:::. 7~~~* 9.28'"'-' 19.69mg/dl, te VFA ~i

4.50'"'-' 6.42mmo1ldl, ~~ti Iti' 69.35'"'-' 74.76 mol%,

7" p 1:::
c T /~i~fJfljit 15.74'"'-' 17.80 mol% -C '!b ~ t=. ~

*~L~. *~~~~:8::-=-hGO)~~~~~Q

~, 7 /'-'E':::' 7tr~'¥*n#Vllj:fg<, tevFA¥~1tIj:

rcn <~i~:ts cl: Lf /" t1 1:::' T /' ffflt¥~fit Ii fit tJ \~ t=.. 4
@] Ij: 1 fiR 0) 2 [r=n 0) J-;. 0) iWJ IEc' '!b V), f*ftitt~~ JJX: fJ
0) 5} tJT ~) 1-f /) -C ~ , ft ~ , t=. (j) rtf. [fBI ~r. t~ gi Ii C' ~ ~t

tJ \~ t=.. ~l&t*itM~fJX:-jJ-jJf)T' 0 c~ (:.Jfn. H1ZJJX:jJ f~

~ 5. t~lt~· i*/~, . &;H~I1J~rJ:l' Cn:tiZ~~Wll.g-0)~1tcf3~U:~"~5j*IT~J! (~~ 2)
rJi § f* til: & ~ 1*I~ rrill
ijltjl~ B -------------------------- ~'/ B I) --------------------------- --- %/ B ---

6.FJ 13 B 419.3 ± 43.9 b 426.0 ± 98.8 413.3 ± 106.8 58.5 ± 1.2

7 .FJ 12 B 507.3 ± 113.8 b 326.7 ± 103.1 456.7 ± 176.7 58.5 ± 3.4

8 .FJ 2 B 442.7 ± 46.9 b 380.0 ± 74.1 472.7 ± 92.1 58.4 ± 5.9

9.FJ 10 B 534.0 ± 54.1 b 342.7 ± 52.8 448.0 ± 58.4 69.0 ± 0.8

9.FJ 28 B 702.7 ± 57.8 a 358.7 ± 52.5 316.7 ± 88.4 62.0 ± 9.4

lJIi$] 521.2 ± 118.4 366.8 ± 75.9 421.5 ± 110.7 61.3 ± 6.1

~'~~'m- p f~

DATE 0.004 0.604
CATTLE 0.435 <0.00 1

I) 3 a.nO)lJIi$] ±SD

ab Iii.IJlJw:){~ra' 1::1f~~&> L) (student-t test )
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0.006
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~~~~~~~m~~~~,~~~~~~-~~

I& .--~ "t , J)] m~m:f* ffi! jjj(~ ;J '\Cj:: 0)*f€ f5{ 1& ~ f7tEft 1-:

&LfT~&~1-:~v 'I"t~ ~ ;J'1-: L "tv \ <£,~;J'\;bQ

~ j};t ~ nt=..

(3 ) ~ A ~~ t:t lj(, *5k~ ¥Z4o/jifi::r3 ~ IffHt:tt JJt~~
1~

1< 9 1=A A ~ 0) t* tjc, Mdt~ ~t¥/JW::;k) ~ IffNrt Jit
0)~1r:~ /J~ Lt=.. A A ~t*~X~:t ~L16)C'/" ~''/ ~ 6
00 Ji!xHlf& 0) 7 fj ;J'\ 1.74 t*/ m 2, illt1([~f& 0) 10)j

;J'\ 2.15 t*/ m 2 -C J1 ~~9'-:ii'::1;tf~7P-J t=.. *5k:4€ml;t
1'-:'Tzj:>]c' 7 J~ ;J'\ 59.2 gDMI ni, 10 Jj IJ'\ 42.7 gDMI

ni) c'[r1Jf]lH=n ~dH-:Rr:tf~7J'-J t=..

7- 7- ~ f~JtOCri " f~ L " IJ'\ 7 Ji 89.5 %7J' G 10 R
24.2%1=M/j/ L, "~", "9J", "5!I1" 1.J'\-{-n-f'n

9.90/07J,CJ 45.4 (Yo , 0.60/01.J)~J 24.6(~, O%7J'ItJ 24.0

%.,'-., ~ if ff 1=~ jJU L t=. (-{- n -f' n p < 0.00 1 ,

p<O.OO 1, p<O.O 1) .

4:~,~c' r;t f~itJ3t~±~ j)O 1-: ~) rx~ b ~ -r~Jdt rj!tt~

~'-:~',i:l'tl;tf~7-)\-J t=.ii'-, ~ I" 7 /'-t!7 r- ~1t1~
ri -- fJ{ C'Ii ~t 7-P'--~ t=.. 4:;J '\ tt!U~ >\::>111J/t:.~~ -fR. L "t

fffJJ L"t v'10 ~ ~) ~;t Gn, ~f&GPS ,= ~ 0 If-:(})

rftJJif!JLlft}f~~~k~ tt!H~J\J~1(ftJ)Mft~li J =- ~ (= J:
~ , f% itM~ JJX: :5:r ~ ~) rx~ Jili .r) ,t "t ~ftifS1 ,-: ,11: (1)-t*
it~ IY6-~ WJ G;:p ,-: L "t v\<£'*7J' ;b Q .

~ 6. A A4=-, -it -it ;E J:: v: -f (J) it!! (J)~~ (J) t*it ~ra' ;E J:: v:& ~ /t*ittt(J)~it (~~2)

Il § AA~ -ij--ij- -fO)imO)~to/.J .&~/t~t~l:t

U~,I=)8 --------------------------- ~/B 1) ---------------------------

6,1=) 13 8 62.7 ± 45.8 b 76.7 ± 21.2 b 267.3 ± 11.7 e 1.019 ± 0.219

7 ,I=) 12 8 88.0 ± 18.3 b 48.0 ± 20.9 b 367.3 ± 98.0 be 0.635 ± 0.065

8,1=)28 130.7 ± 21.9 b 42.0 ± 12.5 b 263.3 ± 37.2 e 0.855 ± 0.094

9,1=) 108 66.7 ± 25.0 b 37.3 ± 12.1 ab 428.0 ± 38.2 ab 0.640 ± 0.053

9,1=) 28 8 233.3 ± 63.6 a 20.7 ± 16.3 a 446.7 ± 38.3 a 0.509 ± 0.041

:qr!S.J 116.3 ± 73.3 44.9 ± 23.8 354.5 ± 91.8 0.732 ± 0.211

~~~\*JT p~

DATE 0.002 0.028 0.004 0.121
CATTLE 0.941 0.183 0.468 0.068

I) 3 :a~O):qr !S.J ± SD
abelEl~iJ~){*ra',::~~~ev., 1,) (student-t test)

.7.~it·&~·~a·n~fi~~M (~) ;E~V:&./~it~M(J)~M (.~~

Il § A A ~t*1t -ij--ij-t*1t -f0)itt!0) &~ i*/~ ftili &~/

~to/.Jt*1t t*1tl:t

t*1t 0.745** -0.430 0.840*** 0.137 -0.737** 0.474 -0.620*

AA~t*1t -0.491 0.305 -0.007 -0.476 0.117 -0.369

-ij- -ij- t*1t -0.452 0.609* -0.197 -0.024 0.806***

of 0) itt!0)~~ t*1t 0.016 -0.532* 0.550* -0.637*

&~ -0.748** 0.287 0.677**

i*/~ -0.471 -0.053

ftili -0.179

*p<0.05, **p<O.OI, ***p<O.OOI
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pH

7 ::/l:=7!m~~ (mg/dl)
f<t VFA (mmolldl)

mM (mol%)

:1 0 t:;f-~M (mol%)
~M (mol%)

4 ~~M (mol%)

:10 "'l7~ (@/ml)

*HIlI~ (@I/ml)

7 ~ 21 B
6.9
4.0

8.10
55.7
10.1

8.7

6.6
1.96 x 106

3.51XI09

8~3B

7.4
6.4

7.60
52.6

8.6
7.9

6.9
2.67 x 10 6

3.67 x 10 9

~ A A =t-Q)*lli. tifjIji:!t?JJ. t-3 J; rtBi1tIiQ)~it (~D2)

~~/m2
~~I 1Jt~Ji (%)

~7/
(gDM/m) 7~ 10 ~i??~

7~ IO~ 7~ IO~ fJ L. ft tp ~i fJ L. ft tp ~i

Tl 1.30 1.88 3.7 9.1 81.5 18.5 0.0 0.0 29.8 39.4 24.5 6.4
T2 1.12 2.10 19.1 20.3 92.9 7.1 0.0 0.0 25.8 29.9 40.2 4.1

T3 2.16 2.38 21.3 29.5 81.5 17.6 0.9 0.0 11.8 35.3 39.5 13.4

T4 2.50 2.52 75.9 76.0 95.2 4.8 0.0 0.0 22.2 62.7 14.3 0.8

T5 1.50 1.60 73.3 53.7 82.7 14.7 2.7 0.0 45.0 37.5 8.8 8.8

T6 1.88 2.42 162.2 67.4 100.0 0.0 0.0 0.0 19.0 59.5 19.0 2.5

"¥i$J 1.74 2.15 59.2 42.7 89.5*** 9.9*** 0.6** 0.0** 24.2 45.4 24.6 24.0
**p<O.O1, ***p<O.OO 1 (~ rJ:lt student t-test)

2 3J ~ 7° (=~1 ,t Gh t=. G [)(: c' Ii" $~ li: [:. .~I:: f§IJ T
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