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Distribution and Abundance of Green Peafowl (Pavo muicus) 

in Huai Kha Khang Wildlife Sanctuary and Vicinity Areas. 

Abstract 

Green Peafowl (Pavo muticus) is listed as an endangered species of Thailand and 

IUCN classified it as a vulnerable species. Huai Kha Khang has the large forest complex 

which is the most important habitat of the large continuous population of Green Peafowl in 

Thailand. From this study, we found Green Peafowl distributed along Huai Kha Khang river 

from Haui Kra Ding until the end of this river drained into Srinakarin reservoir which is located 

at Krueng Krai. Additionally, they are found at Huai Tup Salao, Huai Song Tang, Huai Aye 

Yoah, Huai Mae Dee and Mae Klong river. As the new recent report of Thailand, Green 

Peafowl is also found along the bank of Srinakarin reservoir, these data are the new recent 

report of Thailand. The relative abundance of Green Peafowl at Huai Aye Yoah, Huai Kra 

Khang at Krueng Krai and Huai Kha Khang at Huai Kra Ding which are 4.0, 2.0 and 0.14 

individuals per kilometer respectively. 

Keyword: Green Peafowl, distribution, abundance, Pavo muticus 
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'UVI'U1 

LriYJ'1LL~:;Lfhh'fl[)1tJ'l~ P1 Pheasanidae ~'lJn1J'LLydnJ':;~1t1'fl[)1tJL"lI(;I~'fltJ~tJ L'lItJ~ Yl1~J11rl.. .. 
0

(;I:;t)tJ(;In"lI'flUJ':;LYlPlLYltl ~'IJ'vi~'luJ~ 5 "ll\l~ fI'flLri'l.h LriYJ1~~~LYl1LriYJ1~~~"lI1'l tJmdtJ~LYl1bL~:; 

tJn~-.1 ~~iiLYltl~ 1 "ll\l~L"'h~tJ~~n~~1~'fl~1tJ~Hl1tJJ11~1n~~'1J'W'Wf (endanger) "lI'fl.:lUJ':;LYlPlLY1t1 ~'fl 
'Wn tI'l LL~ :;Yl1~'fl~ rln J'J':;~~ 1~U J':; L Yl PI IUCN ~vl1~'fl[)1tJ~H11tJJ11 'Vi~ ii LL'W'lL ,JtJ1n ~~ lli'W'Wfi 

" """ " 
(vulnerable) "lI'fl.:lL~n 

tJn~.:lLYltl (Pavo muticus imperator) ~1-'fltJn~~L;)m~tJL~~tJ Indo-Chinese green peafowl 

'Vi'IJ1tJ'Vil-h (;I:;itJ'fl'fln 1.L~:;~Ut~~tJ ~1~f'IJ1tJUJ':;L'VI PlL'VItI Deignan (1945) J'1t1'l1tJ~1'Vi'IJ'Wn~'l~1'W'l'W 

tJ1nmtJ"ll1m.~h~tJLLaJ~1t1.:l (;I1tJv1.:ltJ1 4'.:l~t)~L~tI.:l1mJ L~tJ.:jJ'1t1 ~1U1~ LL~:;ti1tJ u~~u'WiitJntl~ 
III" " IlJ 

\-1~.:l L~~'fl L~ n,J'fltl'fl[) (;I1tJ~'W~~iin1J''fl'Wfn'; L'lI'W L"lI (;I fnM'1'W'Wfii(;I'hJ1~tJ~1~1~:;Ij'W ~~~t)~ 
" III q" 

LLaJ~'fl.:lMl'W L"lI(;Ifn~'W'Wfi(;l1th~'l1~qJ'WLJ'P\'lm~:;L"1I(;Ifn'l!n'WtJfi(;l1th~'ltl"ll1LL;J~ 4'.:lWr~'f.p;tlfi1i1 

L"ll(;l~1tJ~1i(;l1U1U~ Ln1~ nJ':;L~tI 4',:mt)~n1 '1J~'W1J~ L"lI(;IfnM'1~'Wfi(;l1U1 L"lI'lL;)tI'l {~~t)~-ntl1Jn 
... , , 

1tJ'eh'Hn'lJ'W1L~'fltJ'fl'I.J~f(;lU tl1LJl'flL'W'Wi~ {~~t)~'fl ~J'fi1i1 (,JJ':;VhJLL~:;rlru:;, 2528) LL~:;~.:l'Wn~~Vi 

rn"'~1iiuJ':;"ll1nJ'~1tJ1Hl'f.l[)J''f.l~LJi' (viable population) 1'WfiJ'J'tJ"ll1~iiLYltl~ 2 LLl-l~ ~'f.l 'VI1.:l(;l:;t)'WlJln.. 
"lI'fl'lLYltl~ L"lI(;Ifn~'W'Wfii(;I1U1~'ltl"llrl LL;J.:l ~.:l~t)"''f.lvltlfi1il LL~:;tl nLLl-l.:l~n.:lYl'l.:l @l1'WL~il'fl"ll'a.:lUJ':;LYl PI 

... ... ... 
LYltl ~'fl ~tJLLaJ~1t1tJ mJ~1~~ ~~~t)"''Vi:;Ltl1 (Meckvichai et a/., 2002) LLaJ~1ti1'W {~~t)",ti1'W• 

... x ' . '1 '1'. I ' 1" ,l: J'.J~. I ..(Meckvichai et a/., 2001) 'Wn~'ltJ n'fl1I"1t1'f.l~(;I1tJu1 ~IJN n~ LL~~~'W1 ~1n'Vi'WYlJ'1'I.J ~IJ~'WCl~ rl'l1tJ~-.1 

" ~lJLn'WJ':;~'IJ~1Yl::L~ 900 LtJ(;IJ' (Lekagul et a/., 1991) 

~J11~J1nUJ':;LYl Plvf'lLU"lI'fl~U1 (;I:;t)'W(;I nii L"lI (;I fn~'W'W€iWlU1 'fl'VItl1'WLLl-l'l"ll1~ L~ 'fltJ j;]'a rl'WLU'W 
'II • • 

, 0

~'WU1(;1::t)'W(;In"lltJ1",1~qJ (J11'ViV11) iirl'l1tJ~~~1nJ':;~'I.J~1Yl::L~ 200 - 1,687 LtJ(;IJ' iiLVi'f.lnL"1J1 

~~'IJ-n'I.JoD'fl'W(;I1tJtI1'l1'WLL'W'l b~tl'fl1~n~1~n~~'fltlm:~ LtJ t'lJ' LUtJ~tJ~1~'f.l~~1~'ltl~ ~1t1~1t1~~'l~ClJ~q~ 
~'fl ~'ltl"ll1LL;J'lL\-1m.htJn~1~L"llt'lfn1!l'1'WtJfiit'l1U1~'ltl"1J1LL;J-.1 (J11'Vi~ 2) 'W'fln~'ln~~'lii~1~'ltl~1"1J1• 

, " 
1~~ ~'l~'ltl"1J1LL ;J'l~ ~1t1~1t1 L'lI'W Ji'1'W(;I::t)'W'fl'f.l nii~'l tI~1mtl1:: ~.:lii ~'W~1tJ1~1 nL"1J1tJ1.:l~1 LL~:: 

L"1I1 L;)m ~'lmLaJ~hn ~~1m Vi'f.l n L "1l1~1 LU'W bL~:;~'ltlvi'IJ L~ ~11 \-1 ~~1 n L Vi'fl n L "1111tJ{~\-1t)~'WrlJ'~'lJ'J'rl ~~ 
" , 

10DLUtJLLtJ'lfiJ'J'tJ"ll1 ~"1J'f.l~ L"1l t'lfn'l!n'WtJfiit'l1U1~'ltl"ll1 LL;J.:l ~1~'ltl"ll1LL;J~il~::1\-1~~'l~ L~'a'WPl1'Wrl1'WYl f. " 

"" "'" ,.PIJ"W 1'1 J''W'VI J' 

@l1tJL\-1;j'f.l"ll 'fl~ L"1J t'l fnM'1 'WtJ€it'l1U1~ 'l tI"1I1 LL;J.:l ~ ~ rl'IJU1 ~.:l'l 'WLLl-l.:l"ll'l ~~'ltlvl'I.J L~ ~'l LL~::• 
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>

LL~\I*jjl~iLuJ'J\In~IUL91:;1'UL91 n~~nUL"jJ L91fn~l~u(iIwrth~\l1.", '1!UL:i'fiI'J :i'LL~ :;ih~\I'JULL~\I'1l1 ~ ,jlL"'lU 

Vifil1.~~~nU~'VlmULL~\I'1l1 ~ L~'flUfiI'h!ri1U'Vlf (<<nriu'\'l Ln~U'Vl:i'~~, 2544) 

"jJ'flU L'll L9l n l:i'~n ~1n1:i' LLYl ~n :i':;"'l1 tJ LL~:;~1u'Juih:;*jj1 n:i''ll 'fl\l U n m U '1L'J ru~ 2.J t.r'J tJ '1l'1 LLi\l LL~:;.. . ... , , 
U'1L'J ru1.n~L~tJ\l1.UYlU~~II.fl'flU1UH ~11.fl'fl~luin LL~:;n\l~II.fl'flt.r'JtJ'fl\l rl L9l 4'\1",1'~~vitlfl111 LL~ :;L91'fl U 

4 I .I:iIIo .J .:::::.I 4:Iit. tr 0 .c:i _ ~.... .., .:::::.I.J 
L"'U'tl'1l'fl\l~'VlmULL"'\I'1l1L91L"jJ'flUMUrl:i'U'Vl:i' 'tl11.fl'tlM~'J~ ~ "'l\l",'J ~n1 'lJ"'lU1.J:i' (.nlYl'Vl 3) 

~ ~ ~ 
LLe.JU'Vlt1:i':;L'Vlfil ~'VltJ'1l'tl\ln:i'2.JLLe.JU'Vl'Vl"'I:i' 1 : 50,000 

n~'fl\l~'tl\l'Vll\11n~ 

.J .., 
Lrl ffi\l 'J ~ :i':;tJ:;'Vll\1 

'tltlnnu~~ILtlui.Un1:i''tl'tln.nlrl~UI2.J L'llU Ltl~U'flU Cl\lU'flU "'~'fl"'\li'1'J~UI2.J n:i':;~n~'1 
Ltl:i'LLn:i'2.J~'"lLNltl ArcGIS 9.0a 

~ ,0. I 1."" J' ~1. "cj
I"ln~1 '1l'tlUL'1l L9l n1:i'UYl :i'n:i':;"'l1 mL~:;"'lIU'JUu :i':;'1l1 n:i'UnfJ\I U"''JtJ'llILL '1l\l LL~ :;YlU'Vl n ~ LrltJ\I 

LLUU Rapid Assessment Survey L~tJ';)fi strip transect (Sutherland, 1996) ~\I'tl1f'1mLU'J'll'tl\l 

~1t.r'JtJ",1'tl LuJ~1 Li:lu",«n 1~~1 :i''J'''l L91~'fl ~ fOl'Jl2.JtJ'1'J'1l'fl\l ~1t.r'JtJ'1l1 LLi\l L ti'tl\l"'l1 n"'itJ'1l'tl\lunm,rn'tl1 f'1tJ.. 
... ... ~ 

'tl~1.n~LL"'~\I,jl L~tJ n1n~U~I:i''J'''lIJl~'tl ~rl'Jl2.JtJl'J'1l'fl\l~It.r'JtJ'1l1 LLi\l ~1t.r'JtJ~1'1l1 LL~ :;u'1L'J ruYlU'Vl 

1.n~L~m uuVini'fl2.J~L~'tlYlU~IU'JUI'i'J ~'fl\l:i''tltJ~U1 L'llU :i''tltJ~U 2.J~ *jjU LL~:;L~tJ\I~'tl\l L~'tltJ'tl\lnu.. .. 
1aJ1.,"uui'ila.!~41 ",1 n1.U~ LL~\I L~tJ'JnuYlU 1'i'J nu L~U\l~'il\l LL~:;:i''fltJ~U1 Yl ~'il2.J nu "'l:;1.-ni'tla.!~ L~mnu 

~IU'JUI'i'JdJU",«n LL~dh1.u~u1.n~L~mnUYlU~\I:i''iltJ~U :i''flU2.J~ LL~:;'1lU "'l:;i.-ni'tl2.J~:i''ilU~udJu",in.. .. 
4:)' IV 0 ~ q cJ , .... " A 't 11.:::::.1 .:::::.I .....:::1 
~~U"'l:;UU"'lIU'lUL91'J"'lln'1lUl ~'1l'fl\l:i''flU IJlU'Vl LLlJln m\lnu Cl1U:i'L'J ru n~ LfOlmWllULL~:;a.!~ "'l:;UUa.! ~ LYlm 

'ilUl\1 L~U 'J ~1", fu L~ tJ\I"'l :;UU LllYll:; L~ tJ\I ~ ~\l1l1 n nu LLU'l~I:i''l'''l LYh~u L~'fltJ'il\l Iiun '1 :i''I1u41 
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n1~~~i)'Vl!Jll.lq~t.J~l-J~ui'V'lU~'llJnfJ~t.j{~U~ 1.48 ~'l~'NiiL~Ll-Jj;W n~'l~ 0.86 iiL~Ll-J~~ U'l'l 1.39 

nt~Ll-J~~ (Pongsena, 1988) l-J'ltl~:;n~u lhn1~~m~ntu~f~e'V'lu1~~~~U~U1 "lJ~~untl~tuL~U'Vl1~ 
, .. 

~1~'l~/l1u1.U~:;U:;'Vl1~ 1.5 m~Ll-J~~ ~:;truLUU.;r~l-J~L~mL~~{J~~tiUn1~trU.n1 LL~:;~:;trULUU.;r~l-J~ 
, ..u u 

tt-la,]~~LtlL3j~~:;tI:;'Vl1~Lnu 1.5 m~Ll-J~~ u~n~1ntruu~1'~v.ti~.lJijfl\'l~(;lf ~:;U:;'Vl'l~ LL~:;m1l-J~~~1n .. , 
~:;~UU1'Vl:;L~ ~1nrhv.ti~flijfl\1~(;lfV1LUU UTM L~u'll-J1n1t-lU~~~ n1~m:;~1U"lJ~,.'jtl~:;'JI'ln~un~l,.'j

u • ~ 

L'VltlL~)tIt-ifLtlnLn~l-J~1L~~~tl ArcGIS 9.0a 
u 

o ov 0 tl A.d q.Q, tr t """C>! 
~1t-l~Un1~mu'lru ~:;'JI1mUn'lruL"lJ~UfI\~Url~U'Vl~~:; 'JI'ln Point Count (Bibby, 1992) 

L~tln1~ti~L1~LL'l:;Ltl(;l1l-J'~~1~1 ~iJ'Vl1~~1Lt-l~~~L~~U ~1~'l~~~U1 Lm~~~1 ~:;tI:;'Vl1~ffl\iJ 500 
.... 4:!.c!l .., I .J cr.cv cr. ~ .... ~ 

Ll-J(;l~ uU'Vlml-J~'V'lU(;l'lLL~::;~~~~~tI~U1 "lJ~~unfJ~ 'V'ln~.lJ3-JfI\1~(;l~ LL~::;rl'l1l-J~~~1m::;VlUU'1'Vl:;L~ 

n1~L~U~1~'l~1.U~U~ rlru:;i)~tlL~~1~'l~t~rl~~U~~l-JU1L'lru~'lmL~:;1l-J~1~'ltl1.~~l-J1 n 

.J ,...: 0 ~" ../ , ~ ,C>! .J , .., 
'Vl~~L'Vl1'Vl~:;'Vl1 ~VI LU~~~'lnn'l~LL'V'lm~::;~1t1"lJ~,.'jumJ,.'j ~l-Jl-JLLUULLt.JU'VlLLUU~U m~~::;n~::;'1n~fJ ~UU1~ 

LL~~ "lJru::;~U1~LL~~'el1~ ·~::;hliJL~tlLL~::;tuu1~u1L'lru~tn~tiun~1~~:;m~n1~'V'lUuntl~L~LL~n~'l~tiu
u 

;,.'j~ru::;kl~'l~~1V1~'1~'l~LnVl~1m1~~tI~U1 L'U n1~\1n~umU~'ln~u~L-ih\tl1..j{~U~t-l1~i(;l1"~~1 ;~ 
:'l cJoCII .c:tI cv.c:i .... .... c! .dl1 I" .4 41:11 

unfJ~LUUUn'Vll-J~'l'1l-J~un~'ll-Jrl'l'll-J~:;LL'l~~:;'l~fltl~~ t-l'ln'V'lU~~'Vl ~l-JrJULrltlt-lffil-JrlU~Umu unfJ~~::; 

La,] L -ih 1.ojf~U~,rULUU''l~~:;tI:;L'l~1t-ln~ ;~~~ Lt-l~1~iJ t.J~ ~~n1~'V'lUuntl,.'j n~un1~~'1~'l~untl~\~~VI .. .. " u 

~u~l-Ji)fin1nn1J.;r~l.J~unfJ~ LLn ~''ltli)~tlYJn n~ l-J LL~:;n1~~m~nji)f~llL~mj~ ~ ru::;i)~tI~~n LUU 4 n~l-J1 .. 
~:; 3 - 6 rlU ~~m~U~'l~'l~tuL'l~'1tn~L~tI~tiU'Vlnn~l-J~~1.u''l~L'l~'l!'i~LLl'l 07.00 - 08.00 U . ~~ 

16.00 - 17.00 U. 

.. 
l-J~ LL~:;L~tI~~~~ LUU~1U'lU~'l/~:;tI::;Yn~LUUnL~Ll-J(;l~ "lJ~~n1~L~U~1~'l~ 1l'lLL~,.'jt~'WL~L~u~~~1,j'1.. 
L'U L~U(;l1l-J.;r1~'Vl'1~~:;'WU'1~:;tI :;'Vl,)~ ~'lUel-J ') ~'lU'l rut-l'1 rl 'l1l-J1 n1l-J 

n1~~,)U'lrut-l1~'l1l-Jt-lU'1 LLhiU"lJ~~tl~:;'JI1m1.-Di)fi strip transect (Sutherland, 1996) L~U(;l1l-J 

LLU'l~1~'l~ iJ~'l1l-Jn~'l~(;l1l-J~'l1l-Jntj''1~''lJ'el~~~L'Vhtiu 10 Ll-J(;l~ x ~:;tI::;'Vl'l~"lJ'el~n11L~ULtlUnL~Ll-J(;l~ 
~ ...:~ " 0 ~.J %" " 
'V'lU'Vll"ln'fn =~::;tI::;'Vl1~ (nl-J .) x (m'1l-Jn'l'1~~'1U'1L'U~tI + ~:;tI:;~~Ln(;l'1l1mL~::;"lJ'l1"lJ~~t-l'ltl) (nl-J.) 

= 112.4 x (0.01 + 0.01 + 0.01) 

= 3.372 (;l1~1~nL~Ll-J(;l~ 

http:truLUU.;r~l-J~L~mL~~{J~~tiUn1~trU.n1
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= 41 .0x(0.02+0.01+0.01) 

= 1.64 (;11n.:lnL~LlJ(;1~ 

-if't)2J~~LJll11n1~~h~'J~t~tJ~1nn1~-J'J Point count (Bibby, 1992) ~ffl1~~~I~'J~'WmJ.:l~'t)tJ1 tJ1L'Jru 

CVQ cv J'.J I" ':.J.J 
~::tJ::MlJ 500 LlJ(;1~ 'WtJL'Uvn::'Vl'W'VItJ'W1l'.:lLU'W'Vl'WVlf;1N'J.:ln~lJ 

-
J' .,J~
'Vl'W'VIl"ln~ 

TIr2 ... 
= - = 0.785 (;11~I.:lnt~LlJ(;1~

2 

= 8 ~~ • 

=8 x 0.785 

=6.28 (;11n.:lnL~LlJ(;1~ 
I o.J!'.. I .J J' ~~ 

= ~1'W'J'W'WnfJ.:l'VI'VltJ~'JlJ'VI.:lffi.:l~'t)tJ't)'W1 / 'Vl'W'VIl"ln~f1l'J1lJ,"'W1LL'W'W1h::'Il1m'WnfJ.:l 

(~1'W'J'W~'J/(;11~1.:lnL~ LlJ (;1~) 

n1~~1~'J~ n1nL'Vl ~m::~1 tJ LL~::~ 1'W'J'WU~::'Il1n ~'Wn FJ.:l LJl~1 ~'J~1 wn'J.:l q'!lLL~.:l~-1 dJ'W"lI'l-1 q'!l 

~tJ~u1f"ll't)-1'WntJ-11'W~:;,"~1-1.r'W~ 27 ~'W1f1llJ - 6 LlJ~tJ'W 2549 'VltJn1~n~::~1tJ"lI't)-1'WntJ.:l'VII-1L~il~~1n, ~ ~ ~ 

'" i,I.:.. l.I ~.J .c::II.1 4 "'~ 
"lI't)-1,"'JtJ"lI1LL"lI-1tJ~L'Jru~U,"'ltJn~::In-1 coordinate 'VI 1726595N, 0520316E (;11n(;1't)~-1lJ1(1-1~1n• 1(;1~1n'VI• 
'i' .J ~... ...,J "..,.,J" '" 
~f1l-1m L"lI't)'Wfl1~'Wf1I~'W'VI~ coordinate 'VI 1646340N, 0511216E 1n1'W(;1::'J'W't)'t)nt'i In'VlU'VI~'JtJ'VIUL~~1 

coordinate ~ 1724458N, 0538733E LU~'W~-1~~(;1::.r'W(;1n~In'VlU~LU.J~1LL2Jn~'t)..:!tJ1L'Jru 't)..:!rlvY-1 

coordinate ~ 1652546N, 0500790E eJ~"lI't)..:!n1~Pin1=t1n1~LL'Vl~m::~1tJ"lI't).:l'WnFJ-1LL~::~'t)-1~'t)tJ~'W11'W 

'" ~'JlJ ~::tJ::'VI1-1 9.25 LL~ ::18. 77 nt~ LlJ (;1~(;11lJ~1C?1tJ ~'JtJ~tJ L~~1 ~'JtJ~'t)'I'VI1..:!LLfl::LL2J~1 LL2Jn~'t)..:! 
'" '" ~::tJ::'VI1'1 7, 1 0 LL~:: 12.5 nL~ LlJ (;1~mlJ~1 C?1tJ ~'JlJ~..:!~'WLU'W~::tJ::'VII'1 153.4 iit~ LlJ(;1~ Yiu'WntJ..:! 39 

'IJ 

.... .J cv 0 cv I .4.J cv lI.cllo I cv IV .d 
m LlJ't)'WU~1'W'J'W'WnFJ..:!nuffi..:!~'t)tJ't)'W1 'VI'VltJ~'JlJn'WLL~'l~::lJ'"l1'W'J'W'WnFJ'IL'VI1ntJ 194 m LLfl::LlJ't)~'JlJ 

-if't)lJfln1~~1~'.l~'WntJ..:!1'W~'W~~'JtJ"lI1LL-if.:l LL2J~1LL2J n~'t)..:! LL~::L~'t)'Wfl1~'Wf1l1'W'VIfYiu'WntJ..:! 44 ~'J LL~::L~'t)
.. 'IJ ., 

cv 0 cv cv".J I .J.<CIIIO t cv CV" 4::IoCV 
'WtJ'"l1'W'.l'W(;1'.l'Wnf.!-1~'.l lJ nU"ll't)2J~'VI'VlU~'t)..:! ~'t)tJ't)'W1 ~:;lJ'"l1'W')'W'Wn FJ'H 'VI 1 nu 206 (;1') "lI't)2J ~'Vl n ~ 

..... '" :: ,.J .,J 
.1JlJfl11fl(;1~ f1l'.lllJ~..:!'"l1m::~tJ'W1'V1::L~ LL~In..:! L'W(;11~1'1'V1 1 LL~::Jl1'Vl'VI 4 

... .., '" J' .,J, .J 
eJ~ n1~'J Lf1l~1:;~n1nL'Vlm ~:;~1tJ"lI't)..:!'WnfJ'I mlJ~::InUf1l'l1lJ~'I"lI't)":!Yi'W'VI L'Wll')..:! f1l'l1lJ~":!VJ n1 50 

,.,J ,.J.J.... '.J .... 
LlJ(;1~ LLfl~.:l ~'W(;11~1'1'V1 2 'VltJ'WnfJ..:! LL~::~'t)..:!~'t)tJ't)'W1 lJ1n'VI~~ 69 (;1'J L'W-u'l,,:!~:;~Uf1l'l1lJ~'I 100 - 149 

LlJ (;1 n '" ~'t)~::C?1tJ~1'VI:: L~ ~'I d:J'W-D ')'1 U~1tJ"lI't)":! ~1~'J tJ"lI1 LL-if..:! ~L'"~ ~'I~ .. (;1't)'WL,"~~"lI't)..:! L~'t)'Wfl11-'W f1l1'W'VI f 
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~ ~ II .... I:: I '" .diI ~ '" tr~ 0 '" ~ 
~'l~'Vl-:JU~L'l ruvmJ'VlU L~ ~1LL~ :;LLl-J'W1LLl-J n ~'eWOj1n,"'ltJ r1'tl Cl-:J,"'l tJ'tl-:J r1'Vl-:J LL~ :;YiUIiI1'W'l'W'Wn ~-:J 'W'tlLl 'Vl~ ~ 

,J", "'..J '" "'.Q '" .::: Q ... .J ....I 

'Vl,"'l tJ'1l 1 LL'1l-:J11 'l-:J [;I'W,"'ltJU~L'l ru~U'VI'ltJ m:;~'lYiU~'tl-:J ~'tlLl'Wnm LYitJ-:J 1 [;I'l 'Vl ~:;~U fI'l1l-J~-:J 499 LlJ [;I ~ 
., " " 

1i11m:;~U\n'Vl:;L~ 

t:.J~ m~~nb'1 r1'l 1 lJ"ll n"lllJ'1l'tl'l'WntJ-:JL'W~1~ 'lLl'1l1 LL;]'1 LL~:;~1~'lLl~1'1l1 iii 1 n n1~~1~'l1il ~:;,"~1'l. . " 
cv cJ CII I .J 0 cv .... q 

'l'W'Vl 27 l-J'W1r1l-J - 6 LlJb'1L1'W 2549 YiU'Wn~-:JLL~:;~'el-:J~'tlLl'tl'W11i11'W'l'W 206 [;I'd ~-:J~1m~:;L'tltJ~LL~~-:J 

. " 
L'W[;I1~1'lVl 3 ~'l~ 

'Wnf'-:Jilfl'l1lJ"lln"ll~lJ1n~~~L"hrlU 4 ~'d [;]'tlnL~ Ll-Jm~~'dLl~1L1 Lm:; ~'l LU'W~1~'lLl~1'1l1 'l,"~~'l
~ 'II 41 '" 

"ll1LL;]-:Jilfl'l1l-J"lln"lllJ L"l1 rlU 2 ~'d [;]'tl nL~ Ll-J[;I~ LL~:;r1'l1l-J"lln"lllJ"ll'tl'l'WnH-3Ii1:;f1'tlLl1 ~ ~~-:JLri'tl'Vl'l'W~'lLl;'W 
41 " " III CU 

hJU1-L'l ru,"'W'tl'l~1 ~'lLllJ ~LL~'l LL~:;L'111U'W'l~YiU r1'd 1lJ'~ n1l-J L 'Y11 rlU 1 .30. 1. 29 LL~:; O. 69 ~:J [;]'a 

nL~ LlJ[;I~l?l1l-J~1 ~u 1i11mr'WfI'l1l-J"lln"lllJ'Wnmlil:;L~l-J;'W~ n r1f'l LU'W 1.95 ~'l[;]'tlnL~LlJmL'Wu1-L'dru-rl'l'l
•• 'II 

L'll1U'W'l~~'l~U~'dtJ~1mm:; 1i11mr'WfI'l1lJ"lln"lllJ'WntJ'lIil:;~~~'lLU'W 0 .33 ~'l~'tlnL~LlJm~u1-L'dru~'lLl.. " 
~1;lJ LL[;] Lri'tl'Vl,)'W~1;'Whj fI'l1l-J"ll n"lllJliI:;L ~lJ;'W~U1-L'd nmu'lLltJ1'l LL~'l LL~ :;~'lLl ~'l'l~'l ilWJ 1lJ1 n"lllJ 

L"l1rlU 0.63 LL~:; O. 90 ~'l ~'tlnL~ LlJ [;I~mlJ~1 ~u LL~:;u1L'l ru~YiU fI'l1l-J"lln1lJ-W'tlLl~~~~~'dLl'll1LL;r'l 
U1-L'lru~U~'ltJ n~:;~'l~'l Lu'W-rl'l-:J1n~~'W~'ltJil f11 L"l1rlU 0.14 ~'l~'tlnL~ L~I?l~ r1'l1lJ"lln"lllJ'WnLl'l~~,)L1.. " 

II.... '" I~ 10 " I I .... 0 cv 

~'tl'l'Vl1'l ,"'lLl'Vl1JL~~1 ,"'dmLlJ~ LL~:;LLl-J'W1LLlJn~'tl-:JL'Vl1nU 0.90, 1.43, 1.23 LL~:;1.04 1?l1lJ~1~U 

L~tJ~'llJU~'d f11 L'U~ tJ r1'd 1l-J"lln"lllJ'll'el-:J'Wn m U 1L 'l ru~') tJ'll1 LLcif-:J LL~:;~1~'l LI ~ 1'll1~UUL'UYi1:;m~YiU ~'l LL~:;. . " 
Lri'tlUU~1'W'l'W~,)~,)lJrlUi'el'l~'tltJ~'W1 ilf11L"l1rlU 0 .25 LL~:;1.26 ~'d[;]'tlnL~LlJl?l~l?l1lJ~1~U 

e.J~ m~~1'W'l rufl'l1lJ'VI'W1UU'Wlh:;"ll1 m'WnLl'lL 'W~'lLl'll1 LLcif-:J ~1~'lLl~1"ll1 HILLn ~'ltJ~1mm:;
" 

http:LL~:;1.26
http:LL~:;1.04
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UTM 

... 
'II E N 

10000 180 531937 1718441 

180 532744 1718939 

180 533010 1719165 

2 180 535069 1722238 

2 180 535692 1722889 

160 536147 1723172 

160 536261 1723258 

8 

" vWlEJYlUl~ft1 7000 2 140 534753 1724954 

140 535433 1724149 

140 535784 1723551 

140 536015 1723461 

140 536170 1723299 

4 140 536428 1723320 

140 538206 1723726 

150 536792 1723635 

150 538253 1724366 

3 7 

" " WlEJ'II1Ll'll~ 

7000 2 481 520316 1726595
(~'lEJnr::~~ - ~'lEJl.h~) 

~----------------+-------~~------~----+---~-----+----1-------~-------+------
~'lEJ'II1Ll!i~ 10000 2 432 520118 1723598 

(~'lEJlJ'l~  "nl'lEJEl1~ LlIM) 2 1 1 430 520795 1722969 

2 380 521590 1722146 

4 2 2 380 520750 1721148 

3 380 520614 1720861 

9 

8000 2 362 517350 1716728 
0

("'U'lEJEl1~Ll(il~  ~'lmj1;>J) 2 360 518344 1713359 

327 517850 1710853 

2 327 518322 1710103 

3 

~'lEJ'II1Ll!i~ 15000 3 300 518925 1709442 

(~'lEJJ1;>J  ~'lEJH)\El1::) 10 2 300 518500 1708203 

2 2 280 518211 1706471 

2 240 518686 1704877 

4 
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;tl~'lU 
1::;U::;YI1.J 

(UJ1I11) 

41U'lU~'lUft::;itl.J1tlU UTM 

~'l 1JU gJU ~ L~U.J ~.J"1nVl::;Lft E N 

~'ltl'll1uii.J 

(~'lUH1Lu1::;  L'll111Ulvl) 

14880 1 243 517661 1698994 

1 2 2 231 516034 1696565 

2 231 515834 1696380 

1 232 515830 1696340 

1 232 515760 1696247 

1 231 515590 1696101 

1 228 515199 1695676 

1 232 515064 1695490 

1 227 516283 1693528 

1 225 516298 1693470 

2 226 516253 1693265 

1 1 225 516243 1693201 

3 233 516137 1692795 

1 ~'l 220 516120 1692703 

2 (~. LiJU) 225 516655 1690896 

6~'l 4 220 516419 1690514 

1 (LOU) 217 516098 1689736 

1 (~) 212 516396 1688888 

1'llJ 11 18 
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~tl~'lU 
"hU'lIll'lUfl::1tl-l1'tlU UTM 

r:::u:::Yl1-l 

1Il'l 
... 

I~U-l'lJU l'tlUtJlU ~fl ~-l'l1nYl:::lfl E N 

~'lmnuii-l 13000 1 160 517294 1677063 

(~'lUlJ~UI1l-l - 1'IJ1UU'tVl) 1 160 517076 1677343 

1 200 517759 1682051 

6 180 516558 1684364 

1 180 516653 1685883 

2 180 516637 1686116 

1 180 516345 1686314 

1 180 516488 1686821 

l''llJ 2 7 
0 0

7000 1 1 1 140 517361 1676372~'lU'lJ1U'lJ-l 

(~'lUlJV1UV1-l- ~Utl-l,j'1) 2 140 517408 1676222 

2 140 517365 1676054 

1 1 140 516331 1674950 

3 140 515512 1674513 

l"llJ 9 

~'lU'lJ111ii-l 10000 3 1 140 516708 1671165 

(~Utl-l~1  ~l.bun'Mnmh) 1 140 516987 1671061 

1 1 140 517248 1671023 

6 1 140 518022 1666742 

1 (~) 140 518392 1666782 

3 1 140 518454 1667029 

2 1 140 518435 1667226 

1 140 518792 1667544 

r'llJ 1 12 

~'lU'lJ1uii-l 11000 3 140 519032 1667447 

(~1.,l'lun1-l1nl'lfh  ~1.l'lun1-l1nr) 3 1 140 519129 1667260 

2 140 519163 1667001 

1 140 519030 1665279 

1 (~) 1 140 518918 1665072 

2 140 519006 1665031 

1 140 518876 1664996 

1 2 140 518876 1664573 

1 (~) 140 518918 1665072 

2 (~,Ii1U) 2 140 519836 1663438 

2 140 520075 1663179 

2 140 519838 1662621 

l''llJ 5 12 5 
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.. " 'Dtll-l'ltJ 

.l' .J 
ViUYl 

(1Il1n~nLfmJlIlr) 

UTM 

'IIU 
... 
'II E N 

l-I1V111l1U1 3.14 180 519086 1655900 

3 4 180 508590 1654843 

160 508375 1654319 

3 260 500790 1652546 

4 4 

3.14 120 513118 1648821 

n"l. 16 120 512392 1646724 

6 120 511579 1646666 

120 511137 1647673 

3 
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.. " 'IItlWlEJ r::tJ::l'1'1'l 

9250 

UTM 

r----~-~----.---~-U--.-~~~U--.--~r-.-L~~EJ-'l-.-~-'l~-1-n-~-::L-ft-+-----E----.-----N--~ 

2 322 524331 1698978 

2 327 524396 1698720 

2 322 524350 1698685 

324 524299 1698703 

2 324 524266 1698700 

322 524070 1698766 

323 524030 1698767 

318 523989 1698780 

320 523231 1698855 

320 523081 1698794 

313 522993 1698719 

2 311 522928 1698656 

319 522235 1698098 

2 332 522254 1698210 

2 322 522131 1698551 

2 2 313 522127 1698584 

4 312 522090 1698842 

313 522065 1698944 

310 521963 1699132 

314 521881 1699151 

292 521443 1698400 

305 521405 1698286 

3 294 520454 1698234 

2 266 519626 1698710 

255 519011 1698927 

7 30 



'lJU 
... 
11 

18770 2 

2 

2 

2 

2 

2 (~) 2 

3 20 

302 

301 

300 

300 

299 

298 

303 

301 

297 

290 

290 

287 

283 

263 

241 

230 

214 

UTM 

E N 

527734 1682339 

527608 1682324 

527437 1682421 

527513 1682586 

527528 1682660 

527518 1682709 

526922 1683139 

525880 1684242 

526119 1684597 

525683 1684799 

525089 1684818 

524464 1685528 

523235 1685851 

521762 1686634 

519719 1686591 

517276 1689422 

516765 1689062 

.01 " 
';1U'lUUnQ~VlU UTM 

'llfll-l'lU 1::u::yn-l ... ~ L~U~1J1'l 'lJU IIlU a~'nnYl::Lfl E N 

ul.infltl~ 1250 3 120 502461 1664117 

"... .,..., 2 (u:JU) 120 503164 1663730l-l'lUf'1tl - tl~f'1Y1-l 

5@ 120 504200 1663552 

3 120 505010 1663283 

1'l1J 7 3 3 



15 
.J I 01.1 "'O~ .J oQIoQ tr 

(;l1~1~'VI 2 LLMI~n1~LL~~m~~1U~'tl~'\Jn~~(;l~'tl~~1'V1'JU"lJ1LL~~ ~1'\J1fl1~1 LL~~L~'tl'\JM'\JIiI~'VI~ 

.J '" ~ 
'VI ~~~Um16J~~ ~1n'\J1'V1~L~~n150 L6J(;l~ 

100-149 

viUL~rn,'I-!'Wtl~irl,n1~lm 
15 69 

150 - 199 

~,}tJ~tl~Yl1 ~,~')iJ).J '" LL'" ~,L'11111'1.11", 

200 - 249 

7 

13 

24 

35 

250 - 299 
4 21 

300 - 349 

5 45 

350 - 399 

~,}tJm~LL"'~  ~'}tJ~I:n).J 

400 - 449 

8 

3 

450 - 499 

44 206 
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.
~\I"l'lmhvl:;Lrl 

(n).J .) (L).J(;11) 

10 8 9 160 - 180 0.10 0.90 

7 7 10 140 -150 0.43 1.43 

" " 'Wm'lJ'lLL'lJ\I 
7 481 0.14 

" " 'Wm'lJ'lLL'lJ\I 

10 
 9 9 380 - 432 0.90 

~')tnJ,)\I - "n.btJm\lLL~\I 

" " M,)EJ'lJ'l LL'lJ\I 
8 4 327 - 3625 0.13 0.63

Mt.btJm\lLL~\I - ~,)EJ~'l;).J 

" " M,)EJ'lJ1LL'lJ\I 

15 
 5 5 240 - 300 0.33 

" " M')tJ'JJ'lU'JJ\I 
14.88 11 18 29 212 - 243 0.74 1.95 

~tJ~,)EJt1'lEJLm:; - L'JJ'lut.ll~ 

" "M,)EJ'lJ'lU'JJ\I 

13 
 9 9 160 - 200 0.69 

~,)EJ).J~LLCiI\I - L'JJ'lut.ll~ 

~,)EJ'lJ'lLLir\l 
7 140 - 1409 9 1.29 

~,)EJ).JCilUCiI\I - Mt.ltl\l~'l 

" " M,)EJ'JJ'lU'lJ\I 

10 
 12 13 140 - 140 0.10 1.30 

"'t.ltl\l~'l - n1\11nmh 

" " M,)tJ'JJ'lU'lI\I 

11 
 17 22 140 - 140 2.00 

n1\11nmi1 - n1\11mu"l'ut.l 
5 0.45 

9.25 7 29 294 - 322 0.76 436 

18.77 20 23 230 - 230 0.16 1.233 

120 - 120 12.5 7 13 0.56 1.046 

0.25 1.26*153.4 39 155 194 

http:L'JJ'lut.ll
http:L'JJ'lut.ll
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, 
~'lUm:::~~ - ~'lmJ'l~ 

" " ~'lU1J'lLL1J~ 

~'lU1JILL-fi~ 

~t.bum~u~~ -
"" ... 

~'lU'l.l'l'lll.J 

" " ~'lU1JILL1J~ 

"" ... 
~'lU'l.l'l'lll.J 

t'l1J~'lUthULm::: 

~'lumu;;~ 

t'l1J~'lUt1'lULm::: 

L'lJIU'l.ll~ 

~'lU'lJ'lLL-fi~ 

~'lUl.J~U~~ - L'lJ'lU'l.ll~ 

" " ~'lU'lJ'lU'lJ~ 

~'I.Itl~~'l  n1~lmLri'l 

" " ~'lU'lJ'l LL'lJ~ 

n1~lmLri'l-

n1~lmi1"1'u'l.l 

(m.m.J.) 

0.30 

3 
0.21 

@ 

0.21 

0.30 

1 
0.24 

@ 

0.45 

0.45 11 

0.52 

0.28 

0.40 

0.44 5 

0.28 7 

~~"IlnUIV1:::L~ 1'l':mn,n.l'lUl.i'1..1 

(Ll.Jm) lJi'l/l?l1. nl.J. lJi'lLLfl:::~tl~1tlWl?l1 . nl.J . 

8 9 160 - 180 3.33 30 

7 10 140 -150 14.29 47.62 

481 4.76 

9 9 380 - 432 30 

4 5 327 - 362 4.17 20.83 

5 5 240 - 300 11.11 

18 29 212 - 243 26.64 64.96 

9 9 160 - 200 17.31 

9 9 140 - 140 32.14 

12 13 140 - 140 2.50 32.50 

17 22 140 - 140 11 .36 50 

29 36 294 - 322 25.23 133.33 

20 23 230 - 230 5.33 40.850.56 3 
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.li ... 
YfUY! 

0

£3-:J"llninY!::Lfl 

(L).JUl5') 

0.38 7 6 13 160 - 120 18.67 34.67 

1.57 4 4 120 - 120 2.55 2.55 

'" ,1J1t.!LnI 1.57 4 4 140 - 120 2.55 

0.785 120 - 120 1.27 1.27 

n"l . 16 0.785 120 - 120 1.27 

0.785 1 120 - 120 1.27 

0.785 1 120 - 120 1.27 

11.29 44 162 206 3.90 18.24· 

, ..J ,. ~, , .l' ..J::' 
• 1'l1l~ftUI'l,)1~WU1LlUU'lltl4~1U,)ULII,)Llft:::1tl4ttlU'lltl4unfJ~LlltlYiUYlYl4M~(;) 
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II tI I I 

"'I1nn1~~m~n1tJ,",f~il L~'tltJi1tJ1,",~ 2549 ntJ~~~"lI1£J W~HU£J~ ~m~nijih~mntJ 

1tJL~'tltJi1U1,",~ 2535 

viUL~rll 

LLfl:;~')tJ~tl'lYll'l 

" " '\o\,)tJ1J1LL1J'l 

, 
" -~u'\o\')tJm:;f;J'l 

- '\o\l.btJtJ1'l LL"''1 

~')tJ1J1LL;r'l 

'\o\l.btJtJ1'l LLf;J'l 

- ~u~')tJt11mtJ1:; 

~')tJ1J1U;r'l 

~u~')tJt11mtJ1:; 

- L'lJ1UUL'" 

~'ltJ'lJ1LL;r'l 

'\o\Ufl'l~l 

- n1'lLm 

(n).J.) (n).J.) 

45.2 o o 17 

o o 

34.9 

o o 17 

41 .80 14 0.33 37 .88 

43.50 11 0.25 41 

17.4 o o 9.25 

19.45 6 0.31 18.77 

12.65 o o 

12.5 

214.9 31 0.114* 153.4 

4 

o 

12 

6 

7 

3 

7 

39 

f'l')l).J'lln 

'll).J 

(tJi'')/n).J.) 

0.23 

o 

0.32 

0.15 

0.76 

0.16 

0.56 

0.25 

f'),)l).J'lln'll).J 

(tJi'') LLfl:;~tl ·amJ/n).J . ) 

19 1.12 

10 0.59 

39 1.03 

53 1.15 

37 4 

23 1.23 

13 1.04 

194 1.26* 



20 

~ I 'I Q 011 1.10,", J'.J 
e.J rl n 1 ~I"l m~n n 1 nL~:i'n ~:::'"l1 tI"lJ 'el\l"h!ntJ\l ~"h!'IJ~L'HWrl1'V1'J tI"lJ 1 LL "lJ\l rl1'V1'J tI~ 1"lJ1 LLrl:::~"h!'Vl 

" ., ., , 
1n~LFltl\l ~'IJ~1 n1~LL~1n~:::'"l1t1"lJ'el\l"h!ntl\l1"h!n1 ~~m~1I"lf\lilbn'el Lmtl'IJ L ~tI'lJn'IJ n1 ~~ n'l!n"lJ'el\l~~"ll1 tI.. 

., , ... 
.dl "11 ..... cv .::::.I"" "'.... ,0 <ClIoI ",.o::::M

(l\l ~'IJ'VI'J tim tlLtl1::: "h!'eln'"l1 n"h!"h!tI\l~ 'IJ 'Vl 'VI'J tlmtILtl1::: 'VI'J tI'Vl 'IJ L~ rl1 LLrl::: LL~"h!1 Lb~ n rl'el\l 'IJ n'J ru'VI'Jtll"l'el 

n\l,x'JtI'el\l fifi\l (l'l1~1'l~ 5) '"l:::~'IJ"h!ntl'l~1 1-if~"h!~'VI ~n ~'el~1,x'JtI'l1 LL -If\l n1m~1m:::'"l1t1"lJ'el\l"h!ntl\l'"l:::.. .. 
LI"l~'el"h!U1t1LLl'l n (;11\l n"h!'fl1'"l'"l::: L n'el\l'"l1 n (l n~'IJ n'J"h!'"l1 n~"h!~u L-n"h!'lJ1L'J ru,x'JtI'Vi'IJ L~ rl11"h!-n'J\l 2 - 3 t1~.. . 
th:::~'lJLLrl:::1"l ru::: (2528) hj~'IJ"h!n tI\l~,x(ltI'Vi'IJ L~ rl1 brltl i1'"l~tI~"h!1 ~iJ e.J rl (;]'el n1 ~t-if~"h!~"lJ'el\l"h!ntl\l ~'el.. .. 

" I " I I I " 

.w"h!Vi 'VI 1 (;l'Vl n tI t "h!~1,x'J tI 'VI1'el.w"h!ViL~ \l1~,x'J tI ~ \l"h!n tI\l L~ PI ej'"l:::1-if~1 Lb~"h! L.w 'el bn tI'J L ~ PI LiJtlL"h! n (;l
'lI 'lI "I ClJ 

"" .... ". a 0 'I '1'i' .,: J' J .,.
~'IJ~"h!~ n'"l:::'Vl1 ~'VI ~'fln1~~'IJ"h!n\j\lL~~~1n'D"h! (Pongsena, 1988) '"l1nntl\l1"h!"lJ'el\l1 ~:::'Vl'IJLLrl:::l"lru::: 

(2528) ~'IJ"h!n\j\lt"h!,x'JmL~~h:::tI:::'Vl1\lhhn"h! 1 nLrlb~l'l~ '"l1n~'IJ,x')mL~~ ~~"ll1t1 ~rlL~tI~ (2536) lJi' 
., ., 

ntl\l1"h!~1 ~1~1 ~(l~'IJ"h!ntl\l'lA1\l'"l1 n~'IJ,x'JtlLL~~ 15 nLrl L~ (;l ~ LLrl :::'"l1 n n1~~ m~1 t "h!l"lf\lil~'IJ~1.. 

'eltl n l1J Ln'el'IJ l'lrl'el (;l~1,x'JtI L~~ (n\l LLmn ~'VI'l,btl'Vhimf,x'JtI LL~~ ntJ\l~1~1~(l~'IJ"h!ntl\llJi').. 
... ... ., 

1."h!n1~~n'l!n I"lf\lil~'IJ~1n1 m~im:::'"l1t1'D'el\l"h!ntl\l1Ji'''lJtI1t1 n~1\l'el'el n l1J ~'el Lb~-W1 LL~ nrl'fl\ln\l.. 
,x'JtI'el\lfifvf\lL"h!'lJ1L')ruL~'el"h!PI""h!1"l1"h!'Vlf ~n'VIrl1mL'lA\l~'el U1"h!l'l1"h!1 U1"h!Ln1 ~1~~'IJ Ji'1"h!l'l:::1'"h!l'lnLLrl::: 

l'l:::1'"h!'el'fln"lJ'fl\l n'"l.16 LLrl:::LI"l\l1"l1 

......." I I 


'"l1 n n1 ~~ n~11"l'J 1~"ll n"ll~"lJ'el\l"h!n tI\lL"h!l"lf\lillJi'tr'IJ'Vi\l~ 1"h!,)"h!~'JYi~'IJ"h!n tI\l LLrl d'el\l~'eltl~"h!1 
" q 'lI 'lI ., 

'"l1nn1~~1~'J'"lt"h!~1,x'JtI"1J1LL;J\l ~1,x')tI~1"lJ1 LLrl:::mJ-w1Lb~nrl'el\l LU"h!~:::tI:;'Vl1\l 153.4 nLrlL~l'l~ ~'IJ 

"h!n\j\l 39 ~') 'htr'IJ~,)~~1"h!,)"h!~'JLLrl:;i'fl\l~'fltl~"h!1 ~'J~ LU"h! 194 ~'JbLrld'el\l~'elti m1~,n'~"ll'tl\l"h!n\j'l 

LYl1n'IJ 0.25 Lbrl::: 1.26 ~'J(;]'ell'l1~1'lnLrlL~l'l~m~~1~'IJ '"l:;L~"h!~1n1~tr'IJ~1"h!'J"h!~,)LLrl:;i'el\l~'eltl~"h!1 '"l::: 

v'h t ,xtr'IJ~1"h!'J"h!"h!ntl\l1Ji'rl :;L~tI (;l~ 1 n~"h! ~1 t,x~1"h!'J ru'VI11"l,)1~"ll n"ll~"lJ'el\l"h!ntl\llJ\tn~bFltl\l n'IJ 1"l,)1~
'lI ~ q 'lI 

.,. J' .,J _ F.! .q 'I :;'1 'I "".,. 'i' '" 
'"l~\l~1n"lJ"h! bbrl:::L~'el blJ~tI'lJb'Vltl'IJ 1"l'J1~"ll n"ll~"lJ'el'I"h!ntl\l ~"h!u 2535 ~"h!L(;l'el"h!~"h!11"l~ ~(;ltll"lL'l L1l~1:::'"l1"h!,)"h!. . .. 0 

~'J~~'lJiJI"11LYl1n'IJ 0.114 ~'J(;]'elnLrlL~l'l~ L~'tlLmtl'IJLYitl'IJ91"h!'J"h!~'J"h!ntl\l~~'lJL"h!t12535 n'IJ~~n~1.. 

;'1 LU"h!-n'J\l~~1~1~(l~'IJ"h!ntl\ll~"h!~1"h!'J"h!~\l~ (;l b~'fl'VI1 1"11 Lll~tI L~m n'IJm~1 ru"h!n tI\l~ b~~~"h!~n I"l ¥\l 
1J 'lI q ~ 

q .J ,J",,, cv I ~ .4 ,,1.1 .::::.I 

1"l'J1~' n'~"h! n \j\l~ ~1 n'Vl'~ (;l'Vl'VI'J tI'el1tlLtl1:; 4 l'l'J l'l'el n Lrl b~ l'l~ b"h!'el \l'"l 1 n'VI'J tI'el1 tlLtl1:::~ 

~n~ru:::~"h!~mj 'tl1 FltI b 'VI~ 1:::~~~1'VI f'IJ"h!ntl'l LLrl :::'fl~i~ n L ;J111J n rl1\l ~1,x'JtI"lJ 1 LL;J\l ~\l (l m'IJ n'J"h!'"l1 n 
'lI 'lI ~ 'lI 

~"h!~UU'tltl bLrl:::~'el\lrl\l ~1~'IJ 1"l'J1~"ll n"ll~"h!ntl\l bYI1 n'IJ 2 ~'JnLrl L~ l'l~'lJ1L'J run1'11m;\l bU"h!1Jrl1t1,x'JtI 
q "" 'lI 



• • 

21 

1~ fl ~ L~'a'IJF\1-'lJf"l~'IJ'Vl f tJ~ L'l ru~~ tl11~~1'IJ'l 'lJlJ"I n'IJntJ~'lIi1tJ~m~tru::~'IJ~'flU'tl1 A'tJ LLtJtll1 5''llJ i~ 
'" '" '" 
~" q J' .J ~I 'i' I .J 'I "J' .J..,j :'1 <v" I I ~ ",q .. "" 

'lI1tJ ~~~'ltJlJyj'IJ'VlLul,hM mlJ'l::'Vl'IJntJ~~ ::lJ1 ~'lIyj'IJ'Vl L yj'a Lu'IJfl'l'IJCJ~lJyj'IJfi LLlJI'atJ'l~ L5'n f1ltJn'l run N'" . 
" I I 

1m~ ~h'IJ'Vl1~tJ'l Lbl1l f"l'IJ~~ ~1lJ15'{1 L.jhhJ1'lJii'l~'l tJ"lJ1 LL-if~Lf1ltJ'Vl 'l~ L~'fl1~~ 'ltJ 1l~ LL~i1 'lJVi'fl~'tl1 A'tJ~:: 
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~If}b~Nn1J tfl~.:In1~Plnti1n1~bb~4n~~~1t1u.~~~1'U'l'U,j~~1fj(1n~lnth 

trfJVlihb~J~n1J ~'el.:lpf1~(;l~1~1~~ ~nn b3JVJ~~tI 



2 

Genetic diversity of Gallus gallus gallus and Gallus gallus spadiceus 

based on microsatellite DNA 

Abstract 

Genetic diversity of the Red Junglefowl in Thailand was assessed by using 

10 microsatellites as genetic markers. Total 32 chickens of two subspecies were studied and 

subdivided into 3 populations of Gallus gallus spadiceus and one population of Gallus gallus 

gallus. All ten loci are polymorphic each of which has average of 3-6 alleles. Genetic diversity 

of all 3 populations of Gallus gallus spadiceus is very high as indicated by both Shannon's 

information index and Expected heterozygosity. Northern population has the highest genetic 

diversity. Two population-specific alleles were present in Southern population and one 

population-specific allele was in the northern population suggesting divergent evolution at 

these loci. However, these alleles have low frequencies thus they cannot be used for 

identification purpose. 

Keyword: Red Junglefowl, Gallus gallus, genetic diversity 
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1rith vI'l1~'IJ'fl'l ~EJ"1I'a~1riYl'l LL~::1riU'l~ ~~'aEJ~~ LL~::n~::"l'lEJ LtI'IJ'VIti'a~1 ;~~~ eJ~ n~::'Vl'J j;]'a~'l'IJ'l'IJ 

tJ~::'1l'l n ~"11 'a~1riYl'l LL~ ::1ri U 'l vi 'l1~~ 'l'IJ'l'IJtJ ~::'1l'l n~"1I'a~ lriYl 'l LL~ ::1riU'l ~ ~ ~~ LL~ ::'a'l"l ~ 'kJ'W'IJ tfltJ 

1'IJ~~~ ~~~'IJ~~r1'l~~n'l ~~ m~t'l L~'a~ ~'lJL~EJ'lnlJ LL 'VI~~ n'l~n~::"l 'lEJ ~'l'IJ'l'IJtJ~::'1l'l m~ L'VI~'a'ati. " 
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1

~~'l'IJ1'l~ LYl'an'l~'a~fm;j;]'a1tJ Lri~'lVl~~ ml.lll'lYl1n~~ 'kJ'W'lJf'ati'l~~~"1I'a~1'VlEJ fi'a 'lJmL~l.!~,j'lI'l'l~ 
'.1:1 ".,. It '.1:1 .J.,. "I".... r L ... It '.1:1 " 

LL~:: nn'l'VI'IJ'lL"1Im Lnn1'Vl~~tl'll.lll'lYl ~n~~'kJYl'IJ~"1I'a~ 'VlEJ rl'a ~nn'l'VI'l~~'lEJ"1l'l'l~ l.!n'VI'l'l LL~::'lJnfJ~ 

~'l'IJLriYl'l~~ LL'IJ'lL~~1n~~ 'kJ'W'lJf fi'a Lri~'lYl 'kJ'l~'a 
1riu'l Uunglefowl) ~ 4 "JIU~ fi'a 1riu'l~~n'l Gallus lafayettei 1rithL'Vl'l'VI1'a1riU'l~'lJL~EJ 

Gallus sonnerrati 1riu'l L~m'VI1'aLriU'l"JI'l'l Gallus varius LL~::LrithLL"'~ Gallus gallus ~..:JLLtJ ..Utl'IJ 

Q. I .::Y ..::I .:II..oI:::il 

5 "JI'IJ~EJ'aEJ r1'a Gallus gallus mughi YllJ'Vl'l~l'ltl'IJL'VI'IJ'a"1l'fl~'al.!LVlEJ Gallus gallus gallus 
., 

YllJ1'IJ~'lJL~~'IJ~'l~~~tJ~::L'VlPl1'VlEJ Gallus gallus spadiceus YllJ1l.!~'lJI'l'al.!1~ ~l.!L~~'IJ ~'VIIl'lYlYl2J'l 

LL~::~1L~L~EJ Gallus gallus jabouillei YllJ1'IJL~EJ~'IJ'l~I'l'fl'IJL'VIil'a LL~:: Gallus gallus bunkiva YllJ1'IJ 

~~'ll'ln ~'l'VIflJtJ~::L'Vl PlL'VlEJYllJ~'l1nu'l 2 '1lU~ti'aEJ fi'a Lnu'l ~~'VILLVl~ Gallus gallus spadiceus. . " 
YllJ1'\J1l'lr1I'l::1''IJ'a'am~EJ~L'VIil'flIl'lr1I'l::1''IJl'ln LL~::Il'lr11~ ~'l'VIflJ1nu'l~~\1"1l'l'l Gallus gallus gallus 

., 
YllJ L'tlYl'l ::LLCllJ ~ ::1''IJ'atl n ~~ LLj;] ttl'l LIl'aU mwnEJ 4' ~ VI l'~'lJr1~n"JI~ ~ 'l 4'~'VI1'~M::LLn'l 4'~'VI1Vl ~::tI'a..:J 

... 
4'..:J'VI1'~4''IJ'VllJ1- LL~::"l'l nn'l~~m~nYllJ~'lLnu'l ~~'IJI"1l'l'l Ltl'IJlJ~~YllJ~'fI1J'a~1n L~m (Fumihito et al., 

" " ~ q "J 

I ,.. '" II I '" 

1994) L;j'a..:J~'lni..:J rl~L'Vltl 3!n"l::L~mLnYl'IJL~'a..:JH1'l'l~ih'IJ U'flEJ r1f~Vl1n LVI~'lnm'a n'l~ eJ~~'W'lJfnlJ 

Lnu 'l ~~ vi 'l1~~ 'l tI 'W'lJfi"1ltl~1riu'l~ LL VI"l1-~'VI 'l EJ 'l n~ 'IJ ~~ ~ r1 'l 'l ~~ 'l L tl'IJ ~ "l:: ~'a~ ~ m~t'lU'IJ1'IJ~:: ~lJ• 
'aru'W'lJfi PI'l~ I'lf L~'a~"l::~ nM'lU'IJ"1Itl~1nU'l'W'lJflLLVILL~ ::1nu'l~n eJ ~~ I'l~'a ~"l'IJ~nMru::Il'ltl'IJ'fl n L-d'IJ 

~ q ,~ 



5 

I11Yivl1 I11Yii1!J 1rithel~'VI"tJ1/UYifll~ (Gallus gallus gallus) . .. .. 
I11Yi'll'l11rithel~'VI~IJl.:JLYifll~~fi::LYifllLij!J (Gallus gallus spadiceus) . .. .. 

1'l':J1~ LLl?lnI?i1'l~:::"d1'l L~~~LL~:::L~~Li1iJ fii'el L~~~"'l:;i1~~'W'tl"''il1'" 'll'W~1'l~'lL~mdj'W~'Wt~'l 
n ~1'l L~'Wn ~1'l~,"''''l:::iJ 1':J LL ~~~'el'el'Wt~'l~'el'l1 ~ 'll'W~'\X':J LL~:::~~'eliJ I'l'el"'l::: LtI'W'll'WL~'WiJ1':JtJ~1iJ LL ~~~ .. 
~'Vl'el'l ~'el'W;r1'l LL"''l 'll'W~1'l ~ ~1 L~~'eltJ L;ltI':JlJ1 L~'W ~':J'W~1'l'll'el'l ~1 !?l':J"'l:::i1'll'W~ ~1~U'Vl ~':J'W1'WL~~ Li1iJ 

"'l:::i1'll'W1 '" L~ nn~1!?l':J p~ LL~:::~'ll'W1~'il"''il1'''~':Jm1l-JL'V11!?l':J~ ~ LL;r'l1~i1 L~'eliJ ~'l'el'WLL~:::L~UiJ'li1'll'W1~ L~ n 
~ ~ ~ 

~1n "'l'Wn~:;vf'ltJ1'l!?l':J LL'VltJ"'l:::1~i1~'l'el'WLL~:::L~Um ~'ll'Wvf':J1,J'el'eln~J1l?l1~ LLn~ ~1 ~1!?l':J1rith"'l:::bttI':J 

iJ1':JL~i1tl'W'\X':JtJ~ ([n~~ 1) (Wayre. 1969) 

"3J1f1~LL'lI'VI L'VI~"~v1 (Microsatellites) 
. ~ ~ 

1~tmLL"ll'VlL'Vl~1~vl fii'fl ~1~tJU':JI'l~t'el1'Vl~ tJ'W~1iJ~L'el'WL'fl Vii1~1'W':J'WoE1LLl?ln!?l1'ltl'W !?l'lLL!?l 

" ~ . 
1-4 bp (L"ll'W A. CA. GAG. CCGG) LL~:;i1~1'W':J'WoE1tl'W (repeated) tJ~:;:~nru 10-50 I'lf'l ~'lm:::"'l1iJ 

I " " " 

!?l':J'el~""':J""'l genome 'll'fl'l~l?l1 t"'iJ~1'W':J'WoE1'll'fl'l microsatellite 1'W~l?l1LL!?l~:::!?l':Ji1~1'W':J'WoE1hh'Vl1tl'W 

Vi11'IXLn"'I'l'J1l-Jer'WmJ~1'WtJ:i':::"ll1m~l?l1 ~'l~1l-J1nll?l:i''J'''l~'fltJ1~'''iJn1~1.jfL'VlI'lUI'l PCR L~~ml-J1 ru 

, " " I 

~L'el'WL'el (DNA) 1'WtJtL'JruVii1 microsatellite !?l'l'el~ 1'l':J1l-JiJ1':J'll'fl'l~'W~,)'W PCR ViLLl?ln!?l1'ltl'W fii'fl 

" I I " 

eJ~~:::Vf'fl'W'll'el'l~1'W':J'W~1'll'fl'l microsatell ite Vi1~ L'Vl1tl'W LI'l1'el'l~l-J1iJ'Vl1'l~'WDn~~~"llU",Ui1n1~lJ11tJ1.jf
q 

~~1'l LLeJ'W~ genome tl'W'fltl1'l LL~1~~1iJ L~'fl1-if~'W~1 ~1 LLWW'l~ ~'l'll'el'l~'W~ l'l':JtJ ~l-J~n'liru:::~1 ~'kJ'Vl1'l 

LM'Ii~ii"'l1'W~l?l1L~iJ'l (Hearne et al.. 1992) 

http:LI'l1'el'l~l-J1iJ'Vl1'l~'WDn~~~"llU",Ui1n1~lJ11tJ1.jf
http:l~1l-J1nll?l:i''J'''l~'fltJ1~'''iJn1~1.jf
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1. 'eltl n'iru.. 
- Autoclave, model : Conbraco, Conbraco Ind. Inc., USA 


- Automatic micropipette P10, P20, P200, and P1 000, Gilson Medical Electronic, 


France 

- Centrifuge, model: Centrifuge 5410, Eppendorf, Germany 

- Disposable gloves, Meditrate, USA 

- Disposable syringe Tuberculin® 1.0 ml. with needle gauge number 25 

- Electronic clock timer, model: CT-30, Canon Co. Ltd., Japan 

- Electronic u.v. transilluminator, Ultra Lum Inc., USA 

- Electrophoresis, model: Mupid, Advance Co. Ltd., Japan 

- Ice box, Scientific Plastic Co. Ltd., USA 

- Microcentrifuge tube 0.2, 0.5 and 1.0 ml., Treff®, Switzerland 

- Microincubator, model: M-36, Taitec, Japan 

- Micropipette tip P10, P20, P200 and P1000, Treff®, Switzerland 

- Microwave, model: Sharp carousel R7456, Sharp, Thailand 

- PCR, model: Perkin-Elmer 9700, PE Applied Biosystem, Singapore 

- Fuji film, model: Fp-3000B, Fuji Photo Film Co. Ltd., Japan 

- Polaroid camera, model: Direct screen instant camera DS 34 H-34, 

Peca Products, UK 

- Power supply, EC 570-90 LVD CE, E-C Apparatus Corporation, USA 

- Pyro magnestir, Lab-line Instrument, Inc., USA 

- pH meter, Cyberscan 500, Eutech Cybernetics, Singapore 

- Whatman® filter paper: number 1, England 

- Whatman® Laboratory sealing film, England 

- Surgical knife, a pair of scissors and forceps 

- -20°C Freezer, Sanyo Co. Ltd., Japan 

- Absolute ethanol, Merck, Germany 

- Boric acid, Bio-RAD Laboratory, USA 
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- 100 mM dATP, dGTP, dCTP, dTIP, Promega Corporation, USA 

- Ethylene diamine tetra-acetic acid (EDTA), C10H16N208, M.W. =292.2, 

Bio-RAD Laboratory, USA 

- 95% (v/v) Ethanol, CH3CH20H, M.W. = 46, Thailand 

- 6X Loading dye, Promega Corporation, USA 

- QIAamp DNA extraction mini kit (catalog # 51304), Qiagen, Germany 

- Tris-(hydroxymetyl)-aminomethane, NH2C(CH20H)3, M.W. =121.4, 

Pharmacia Biotech, USA 

- DyNAzymeTM \I DNA Polymerase, Finnzymes, Finland 

- Proteinase K, Promega Corporation, USA 

LritJ~'Jmh~ L~~"'LL~~~'l.I~~~Lrhh~lJ~LL(;,)~ LL~ ~~lJ\1"1J1'J~1 n LL '1H-l~ [;]1~1 ~'el.:J1.h~LVI PlLVI tJ 

~.:JLL~"'.:JLL\H-l.:J~lJ1~'el.:J~'Jmh.:J1'l.1m~1~~ 1 t(;')tJ1.jfn(;,)~L.:n(;,)~'JtJLL'el~n'elel'el~~(;')U~1tJt~'l.I"1J'l.I'\lf'el~1n 

n1~L~1~L~'l.IL~'el(;,)I'lN~1LL'InJ.:J wing vein '!l(;,)L~'el(;,)~'elnlJ1U~~lJ1ru 0.1- 0.2 ij~~~I'l~ LL~'JV1tJ(;,)~.:JtJ'l.I 

n~~(;,)1'b'm'el.:J ~.:JLr)1lXLLlX.:J1'l.1mn1P1ri'el'l.lLritJL~1()~~U~ label LL~~~1'l.1n1~~~~1L~'elLL~'JL~'elil~.:Jn'l.l• 
~ ~ , 

n1nJ'l.ILtI~'l.I~1nL~'eln LL~~LritJHVl'elruV1llijlX'el.:J. .. 
G! tV, 1'-'1 G!o ~ , , _I 1Ul1r1.:J'VI 1 U~UI-3U11'fltl1-3'lJ'fl':/ n1.J1'V1'U1~1t'1m~n~1nU'lWMUl1-3 1 'lJ'fl-31.J-a::~'VIflI 'VIti 

~1~'IJv11-27 Fi'fl lriu1!K~VI~Ll9l-3 ~~~~~1~'IJv1 28-32 Fi'fl lriu1!K~VI'lJ11 
• IU q " 

0 tV G! 
~1191'IJ'VI ~'Vi flI 

G! 
LFI'i'fl.:JVI~1tJ 

.G! 
~LVI~-3'V1~1 

1 " ~.. H 0562 thlX'JtJ"1J1 LL~.:J ~ . 'elvltJfi1U• 

2 "" LlJU H 0563 l.hlX'JtJ"1J1LL~.:J ~.'elvlUfi1U• 
3 "~ 

'" 
H 0566 u1lX'JtJ"1J1LL~~ ~.'elvltJfi1U• 

4 "" LlJU H 0567 u1lX'JtJ"1J1LL~.:J ~.'elvlmi1U• 
5 " ~.. 50-51 U1"',)£.J"1J1LL~.:J ~ . ~vlmi1U• 

6 " ~.. 52-53 u1lX,)£.J"1J1LL~.:J ~.~vlmJ1U 

7 "" LlJtJ 54-55 u1lX'J£.J"1J1LL~.:J ~.'elvltJfi1U• 

8 "" LlJ£.J 56-57 u1lX,)tJ"1J1LL~~ ~.'flvl£.Jfi1U 

9 "" LlJ£.J H 0572 "''J£.JtJ1~U1'l.1 ~.L:]jtJ.:J1mJ 
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L'WPf 

10 
 H 0418 


11 
 H 0412. 


12 


"" 13 
 L~tI nN 35 


14 
 ~'Vl~-l 21
• 

15 
 ~'Vl~-l22• 

16 
 ~'Vl~-l 23
• 
....

17 
 L~tI ~'Vl~-l24• 

18 
 ~'Vl~-l25• 
19 


20 


21 


22 


23 


""24 
 L~tJ 

"" L~tJ
25 


26 


27 


28 


29 


30 


31 


32 


L~'e)nL'YiJ'L~'e)f~I~TIJ'J'W 1 0 L'Yi:i'~'e)f ((?11:i'1-l~ 2) linn microsatellite list for biodiversity 

studies in chicken ~1V1~u1.jfVll ~'Jl~ LL(?1 n ~1-l1l1tJ1'W~t1~i'll'e)-ln~~. I?ht)£iI-lLrith~~mL~-l~-WI~1. " 
~n~1 
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o QJ .col 
~11?l'lJ'VI i'fl1'W~UI'fl~ Forward/Reward ~1 ~tJL'fl~Lnij'Jflii:'fl1'VI~"lJ'fl,:j1'W~L3J'fl~ 

1 MCWOO34 TGCACGCACTTACATACTIAGAGA 

MCW0034 TGTCCTTCCAATTACATICATGGG 

2 MCWOO69 GCACTCGAGAAAACTTCCTGCG 

MCW0069 ATTGCTTCAGCAAGCATGGGAGGA 

3 MCW0222 GCAGTTACATIGAAATGATTCC 

MCW0222 TTCTCAAAACACCTAGAAGAC 

4 MCW0295 ATCACTACAGAACACCCTCTC 

MCW0295 TATGTATGCACGCAGATATCC 

5 MCW0104 TAGCACAACTCAAGCTGTGAG 

MCW0104 AGACTTGCACAGCTGTGTACC 

6 MCW0111 GCTCCATGTGAAGTGGTTIA 

MCW0111 ATGTCCACTTGTIAATGATG 

7 MCW0330 TGGACCTCATCAGTCTGACAG 

MCW0330 AATGCTCTCATAGAGTTCCTGC 

8 LEI0094 GATCTCACCAGTATGAGCTGC 

LEIOO94 TCTCACACTGTAACACAGTGC 

9 LEI0166 CTCCTGCCCTTAGCTACGCA 

LEI0166 TATCCCCTGGCTGGGAGTIT 

10 LEI0234 ATGCATCAGATTGGTATTCAA 

LEI0234 CGTGGCTGTGAACAAATATG 

" ,oQQ cv d a Q.<o'...dI i.I ..dI.dI 
'JDn1J'~n{?l~1L'm"!b'fl'"l1nIWJ'flm'lb~'fl{?lbb~'lbL~:;L'W'flLtI'fl (Dried blood spot protocol and tissue 

protocol) 
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6.2 ~l?lt-ml?lL~'fll?lLL\\'..:J'fl'flm.J1'"l1nn~:;"n'rtn~'fl..:J l.h:;~nru 2-3 ~Ul?l 1~~Nl'\.1~~'fll?l"lJ'\.I1l?l 

1.5 n~~~(;\~ ~n ATL buffer 'fl~ 180 1l.JL,",~~(;\~ chLtJ'\.I"lJ'\.IHnl?l~l?l"lJ'\.I1,xd:1'\.l~'\.IL~n11~~..:J1'\.1"'~'fll?l 
"lJ'\.I1l?l 1.5 n~~~(;\~ ~n ATL buffer 'flci 200 1l.Jtrl~~(;\~... 

6.4 b~l.J Proteinase K 20 1l.Jtrl~~(;\~ '"l1mr'\.le.J~l.Jl\\'L-ihn'\.l~'Ju vortex LL~:; incubate ~ 
~ru~.1Jn 56 'fl..:JPl1L"l!~L~U~ LtJ'\.IL'd~1 1 -B''dLl.J..:J LL~'d~'\.IL'lJ11 

6.5 L~l.J Buffer AL 200 1l.Jt'"'~~(;\~ e.J~l.Jl\~'t·ihn'W~'du vortex bb~:; incubate ~'Elru"'Jln 70 
q ... 

tl..:JPl1L"l!~L~U~ LtJ'WL'd~1 10 'W1Vl LL~'d~'WL'lJ11 

6.6 L~l.J Absolute ethanol 200 1l.Jt'"'~~(;\~ e.J~l.Jl,xL·ihn'\.l~'du vortex LL~'d~'WL'lJ11 

6.7 '!ll?lL'El1~'d'\.le.J~l.Jl'\.1.,r'W(;\'fl'W~ 51~~..:Jl'W OIAamp Spin Column ~tl~l'W Collection tube 

" " 
"lJ'W1l?l 2 n~~~(;\~ "'~..:J'"l1mr'WU11tJi1'\.1Vl 8,000 rpm 1 'W1Vl LL~'lU1ul~1'W~~'fll?l Collection tube 

~~'Ell?llmJ 

6.8 L~l.J~1~~:;~1U AW1 500 1l.Jt'"'~~(;\~ ~'W~ 8,000 rpm 1 'W1Vl LL~'J~1ul~1'W~~'Ell?l 

Collection tube ~~'Ell?l1~~ 

6.9 L~l.J~1~~:;~1U AW2 500 l.l.Jt,",~~(;\j ~'W~ 14,000 rpm 3 'W1Vl 

6.10 ~1U OIAamp Spin Column hJ1~1'W~~'Ell?l"lJ'W1l?l 1.5 n~~~(;\J'~~'Ell?ll~~ 
" , , 

6.11 L~a.J Buffer AE ~1'fl U1n~'W 150 la.JLrl~~(;\~ u1hJ incubate Vl'Elru~Jln\\''El..:J LtJ'WL'l~1, ... 

1-5 '\.I1Vl ~~..:J'"l1n~'WU1hJ,J'W~ 8,000 rpm 1 'W1Vl 

6.12 Lri'IJ~1L~'WL'El~~nl?l1~~ -20 'El..:JPl1L"l!~L~U~ ri'El'Wu1hn.jfj;J'ElhJ 

" " PCR) tl?lUn-n'\.l(;\'El'W~..:J~ 

7.1 in~1~~:;~1U~h~'WL'Elml.J1(;\J' 21a.Jt'"'J'~(;\J' 1~1'\.1~~'Ell?lL"l!'\.I(;\1-Yh~"lJ'W1l?l 0 . 21a.JtrlJ'~(;\J' 

L~l.J PCR buffer (100 mM Tris-HCI pH 8.8, 50 mM KCI) ml.J1(;\J' 21l.Jt'"'J'~(;\J', 50 mM MgCI2 

lfhJ1(;\J' 1.51l.JLrl:i'~(;\~, 2.5 mM dNTPs ml.J1(;\~ 1 . 61a.Jt'"'~~(;\~' 1a 1l.JtrlJ'tl.J~j;J'Elll.Jtrl~~(;\~"lI'El..:J1Yn 

Ll.J'ElfLLj;J~:;l'Vinl.J'Elf ml.J1(;\J' 1 ll.JtrlJ'~(;\J' LL~:; 2 uU(;\j;J'Elll.Jtrl~~(;\~"lJ'El..:J Taq DNA polymerase
" 

ml.J1(;\~ 0.251.l.Jtrl~~(;\~ ~..:Jhh~~'Ela.Jn'W tlt''lJma.J1(;\~~'du~1ni'\.llmJlml.J1(;\~~'Vlfi 20 1a.JLrl~~(;l~, 
, " 

7.2 i..:JLM1:;lf~lL~'WL'ElLl?lul.jfL,",1'El..:J DNA Thermal Cycle (Perkin Elmer Model 9700) ~..:J 

LtlmMa.J"h~t'1J1l.Jtrl~LL"l!'VlL'Vl~h'Vl1~ 35 ~'El1J tl?lur.rl?ll~'El£J~~:;~1J'Elru~Jln 94°C 'W1'W 5 'W1Vl ~1~t'1J 
" 'ou 
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• .CII 0 .... A. -=I 0 IV 

n'W predenaturatlon, 94°C "kl1"kl30 "kl1'V1 ~1'V1~tm1~ denaturation, 60°C "kl1"kl45 'l"kl1'Vl ~1'V1~'lJ 

.<1::11 0 ..... .CII 0 Goo' 

n1~ annealing, 72°C "kl1"kl1 "kl1'Vl ~1'V1~'lJn1~ extension LL~:; 72°C "kl1"kl 5 "kl1'V1 ~1'V1~'lJ final 

extension 

7.3 'VIi'l1il1nv'htJl)mm~£1'lJ~'tlmL~'l,J1~1~~:;~1£1~ L~"klL'tl~i'l Lrl~1:;'VI1~-vr'l'VIl-l (?1l-l11?l~'l1il~'tl'lJ 
~ , 

"lJ"kl1 (?1"lJ'tl'l:n"kl~ L~"kl L'tl ~ 'JU n 1 ~vl1~ L~ n t 'VI ~vl'tl1:n ~'lJ"klLL~"kl'tl:; rl1~ 11l-l r;l Llil ~~ ~ wn l-l L -if l-l -if"kl 1 .8 

Lu'tlfL~"kl~t"kl TBE buffer rl'l1l-lL-nl:J-if"kl1 Lvh t(?1£1Hn~:;LL~1vl~:;~'lJ 1,000 t'l~~ dJ"klL'l~1 1 -I'ltl:J'I 
., 

'VI i'llil1 mr"kl~'1rJ'tll:J blil~ ~'l£1:n~ L'l'tlfl"klLI?l~1?l 

", " 
8.2 ,J1LIil~1uLL,j1"kln~(?11"kl1?l1n dJ"klL'l~1 5 "kl1~ LL~:;LL,j1"kl,J1ni"kl 1 rl~'lLrhJL'l~1 4 l.l1~ 

8 .3 ,J1LIil~1uLL,j1"kl 0.2% "lJ'tl'l:n~L'l'tlfl"klLI?l~1?l dj"klL,)~1 16 "kl1~ L"1Ithb'lJ11 ~'tlL~~vl1n1J'~1'l 
" ,

'" 0 cv.:::lilq 
(?1,)£1"kl1n~"kl'tln'Vl 

8.4 L~l:J Developer solution ~~ 3% t-JIL~£1l-lrl1f'lJ'tlL"klI?l, 37% vl'tlf~~~1f1r;l ml-l11?lJ' 

100 1l:Jtrl~~I?l~ LL~:; 1% t-JIL~£1l:J1'V1t'tli~Lvll?l ml:J11?l~ 10 1l:JtrlJ'~I?l~ L~'tlvl11,xunn!)LLCl'lJ"lJ'tl'l~L~"klL'tl 
uj'tlL~"klLLCl'lJ~h~"klL'tlunn!)-D(?1~"klL'VIiJ'tlW1'lJ ~Li)"klL'tll:J 11?l~j1"klnvl1 n1~'VI~ (?1ul)mm ~,)£1 20% "lJ'tl'l n ~(?1 
'tl:;:n1?l1n dJ"klL,)~1 1 "kl1~ 

lil:;u~1n!)bLI.l'lJ"1I'tl'l~Li)"klL'tl 2 LLbI'lJ ~,)"klLL'lJ'lJ homozygous lil:;u~1n!)LLI.l'lJ"lJ'tl'lLi)"klL'tl'VIin1 LYit:NLLI.l'lJ 

" . 
L~m LLI.l'lJ"1I'tl'l ~L~"klL'tlLL~~:;"lJ"kl1(?11il:;l.lnn1'V1"kl(?1Ltl"kl 1 'tl~~~ 1il1mr"kl,J1-n'tll:J~~t"kl1'Vlil1m Lrl~1:;'VI1(?1£1

~ ~ 

tumn~l-l POPGENE (Yeh et al., 1997) t(?1mLtJ'lU~:;"ll1n~'tl'tlnL'U"kl4 n~l-l I?l1l:JLL'VI~'l~'tl~ ~'tl n~l-l 
1riU1 tXl-l'VI LL(?1'l1il1 n,x'l £1"111 LL -n'l n~ l-l111 rl L'VIil'tl n ~ l-l 111 rl1tX LL~ :;1riU1 tXl:J 'VI "11 1 ') n ~ l:J111 rll?l :;rjWtl'tl n .. " q" 'II" 'II 
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'"Ilnn'l~'Vl~~tlu1.~nl.Jtlf 10 "ll\j~nu1.rith 32 ~'Jtlth.:J t~£Jt-iiLtl~tn\j'J l"l~ttl1.'Vli?l~tl.:J1.~~Ll.Jtlf 

~U~I~Il.JIHlb~l.Jml.Jlru~~I;,b~~L{j~Ltl1.~~.:J~U~ 1-10 t~m~~~l.Jlm~~ 1-25 LL~:; 31-32 ~tl1.rith 
'IJ 

~l.J\1LL~.:J '\.-1l.Jlm~~ 26-30 ~tl1.rith~l.J\1"1JI'J ~.:JLL~~.:Jt~m~I.:J~ 1 ~'J~L~~~bJu~ln!J~'JL~"1J ~tl LLt:lU 

~~'"Ilnn'l~';jLl"ln:;w.it~1.'Vl1j"1Jtl.:J1.ritJl 32 ~'J t~£JH'LI"l~tl.:J~l.JI£J~~~m~l.J 10 ~ILLwJ,nhln!J 

~.:J"'ln.:J~ 3 '"Iln~I~'J~.jftll.J~~Lij~1.u1.~vT.:J~l.J~ 320 ~ILLWJ.:J (10 ~ILL'\.-1'\l.:J x 32 ~'J) ij;rtll.J~~"1JI~ 
'IJ 'IJ 

, ~ 

1.u 27 ~1 LL~'\l~ L tltl-l'"l1 nuqj~IL~" L'Vll"lill"l t~£J~ ~LtI~ 8.43% "lJtl.:J.jf'tl~~vi.:J~l.J r;) 

.jftll.J~'t~""WI.:J~ 3 1.~';hn'l~~~mll.JU~:;"lllmLL1J.:J'tltlmiJ~ 4 n~l.J (;11l.JLL~~~~tltJm~£J"1Jtl.:J
\J '" 41" 

1.ri,JIL~tlt-n~n'l~';j Ll"ln:;"htiffiu LVi£Ju.jftl~~'VlI.:J~(i~ t~£JU~:;"ll1 m1.ritJl~l.J\1 LL~"'tltlmtlhl 3 n~l.J ~'tl 
U~:;"llln~mll.J~ 1 '"IlntJltX'J£J~ILL.jf.:J ~'1Wr~tlvimntl ~1h1'JhI 8 ~'J n~l.J~ 2 1.~LLri th:;"lllm'"lln

q • • 

~.:J~rj~L~£J.:Jt~,JLL~:;L~mn£J ~1'W'J'W 7 ~'J LL~::n~l.J~ 3 1.rJlLLri u~:;"lllm'"lln~.:J~rjlTl~"'~LL~:;~'Vl~.:J
• 'IJ • 

~1'W'J'W 12 ~'J ~'J'WtJ~:;"llIm'~tl'l1.ritJl~l.J~~I'Jij 1 U~:;"lllm'"lln~.:J~rj~'U:;L~.:JL'Vl~1 ~1~'J~ 5 ~'J 
• 'IJ 
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500bp 

-200 bp - 
100 bp _ 

19 10 - - 21 

,"". 

~tJv11 ~tJbb'U'U"lJ'£l,:j microsatellite v11~~1nn1~"l,r primer MCW0034 .. .. 

500 bp 

200 bp _ 

100 bp .. 
20 - aa.. 22 ,aa 24 as 

~ ~~ ~ 
'itJ'VI 2 ~tJbb'U'U"lJ'£l,:j microsatellite 'VI ~~~1nn1~"l"li primer MCW0069 .. .. 
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200 bp -

100 bp 
-

1 2 ~ " S , 1 • 9 10 11 12 13 14 1$ 1. 11 11 19 20 212223143 
-' 

... ''1.'" '" -atJ'VI 3 -atJm..J'U"lJ'el~ microsatellite Vi j;')~1nn1-a"L'jj primer MCW0222... .. 

500 bp 

ltJvl4 li.hL'U'U"lJ'el~ microsatellite vI'1.~~1nn1-a"Li primer MCW0295 



--

15 

500 bp 

, ~ ~ • S & , • a 1Q -- " 12 ,~ ,. 1$ 1t N 

..'itJcV1 5 ..'itl~~UU"1I'el.:J microsatellite cV11~~1nn1'i"l.i primer MCW0104 

200 bp 

100 bp 

1 2 ;, • 5 , ., • , 1Q 11 12 13 ,. 15 " 11 ,. " ao 21n 

~ ~~ ~ 
'itJ'V\ 6 'itJU.UU"1I'el.:J microsatellite VhUl~1nn1'i"l.'jf primer MCW0111 .. .. 



•• 
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500 bp .-
SibF 

200bp -
1 2 1 " S • 1 • 9 10 11 12 13 1. 1& l' 11 1. 19 20 
100 bp - ... .... 

'itlvi 7 'itlLL'IJ'IJ'iJ'rl~ microsatellite ;11tK~1nn1'iL,r primer MCW0330... ... 

.... -_...... - .. ..... 
20o bp lo.o --.. -- . -- .. ~-- ---.- -. 

100 bp - 1 2 l 4 S 6 1 8 9 1Q - ... 11 12 1l 14 1S 1. 11 1& 19 20 - 21 22 N 24 

~ 'l~ ~ 'i'llVi 8 'i'll LL'IJ'IJ'lI'rl~ microsatellite Vi ~~1n n1'iL"iI primer LEI0094... ... 
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200 bp - 1 
2 l " S , 1 • • 10 

100 bp 

~tJvI 9 'itJbL'IJtJ'll'eH microsatellite vl1~~1nn1'i"Li primer LEI0166 ... ... 

200 bp - 1 2 l " S , 7 a , 10 
100 bp - ..-

A A1..1 1 "I......I" ...
'iuVi 1 0 'iuLLtJ'U'll'el~ microsatellite VI ~~~1nn1'iL'li primer LEI0234 ... ... 
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1P\1'i1~v13 ~'Ut'VI{]"U'el~trith 32 ~'J'"l1mJ~'1f1n'i 4 n~3J i-s:l~-s:Iv1~~lP\nuh~n'U~L'&'fIP\~LIP\!I"L';~'Jin'H'i.n1'H1i~nq'H A-G ~'J'U~'Ut'VI{];:1t~'&'f13J1HI• 
'ei1'UFht~LL'&'f IP\~LIP\!I1.iLFl~'el~~ 3.11 !I 

,hli'1J;; ~ .... ti~ MCWOO3( MCWOO69 MCW0222 MCW0295 MCW10( MCWll1 MCW0330 LEIOO9( LEI0116 LE123( 

q,;uu1ii cc AA AB AA AA BB BE BO BC 

~';Utl1ii CF BS AA AB AA AA BB AD AD BC 

q';U.1U AA BO AB AA AA BB AA 

q';u.1il AE AD CC AB AA AA AD AD 

q,;uo1il AD AE AA AA SO AB AA AA AD AS 

q';u.1il CC AE AA AS AA AA CC AD AD CC 

q';u.1il BO AE AA AB AA AA CC AA AD CE 

q,;uo1ii BD AE BC AA AA AS CC AA BO AA 

l~u,l,,~ CE BB AS BB AA AD BO AC 

10 l;u,l,,1i BD BO BE AA AA AA BB BB BD DO 

11 l~u,l,,1i BO CC BB AA AA AS BB AA BD AD 

12 lilu'l1U BB AE BB AA BB BB AB BE AD BB 

13 lilu'l1U BB AE BB AA BB AS CC AA AD CO 

46 I~U'l1U AA BB BC BO BB AS 

47 L;~t1U CE BO AD BO BB BD BC FG BE DO 

14 .,r'l1'l'l BB AA AA AA AA BO AA AD CO 

15 ';>1q, BD AA AA AA BB AB BB AA CD 

16 ';>1q, AA BB AA AA AS BC BB AD 

17 ';>1q' SO AE BB AA AA AS BB BB BD 00 

18 ';>1q' BF BE CC AA AB BS BB BE CD 

19 ';Ylq' AA AA CC AA BO CC BB AE 

20 ';>1q' CE BB AA AA AA 00 BB BE 

21 ...rYl~-l AD AS AA AA AB BC BB BS 

22 ';>1q.1 BF SS BD SB AA AB BS BB BB CD 

23 "lOA DO AD BB CC AA AA BO AA BS CD 

24 '~A 00 BS BB CC BE CD 8B AA CC 

25 '"A FF BO B8 CC AA CO 8B CC AA DO 

41 u:~;j,n'll t1 BO BE BO BB BD BC CC 8E AB 

42 'fl::~~,m"'1 80 BO CC BO 8C CC BB AA 

43 1l::L~,n'llt1 CC 80 AD BB 88 BO 8C FG BE AS 

44 'll:L;! -l LYlt1 CC 80 AD BB BC BO CC FF BE BB 

45 n:Li! !WIt1 CC DO AA 80 BB BO BC FG BE AS 
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Polymorphism 

.jftll-l~~1nn1~~rl'l~nLf'I~tl-.lVll-l1t1~\\fim':i'3-J 10 ~1LLVlkl-.ll\\u~:;'1!1n~Lrithi-.lVll-l!?l 32 ~'J bb~!?l-.l v • 

~-.lm~1-.l~ 4 YiU~1'VJn~1bbVlkl-.lbtl\\ polymorphic loci L!?ltl~1\\'J\\'fYj;'l~j;'lilrhtl~~:;VI~1-.l 3-6 'fYj;'l~j;'l[;)tl 
~1LLVlkl-.l LL[;)Vl1n~~1HI,I11J~:;'1!1n~tltltl~:;YiU~1 ~1LLVlkl-.l MCW0034 LtI\\~1LLVlkl-.l monomorphic 

1\\Lrithr1fl-lW1I1'J (~U~ 1)
• v v 

L~tl~~1nW1 f'I'J1l-lVlj;'l1 nVlj;'l1t1"l1tl-.l'fYj;'l ~ j;'l LL[;)j;'l :;~1 bL Vlkl-.l LL~!?l-.lL!?ltll-if Shannon's information 

index YiU~1L~tl~'Jl-l'VJnU~:;'1!1n~L.jf1~'Jtlri\\ ~1l-l1~C1~1LL\\n~1LLVlkl-.l[;)1-.l1 tltlmu\\ 2 Yi'Jn ~tl Yi'Jn~ 
ilf'l'l1l-lVlj;'l1nVlj;'l1t1~-.l 5 ~1LLVlkl-.l L~LLri MCW0034, LE10094, MCW0069, LEI0234 LLj;'l:; LEI0166 

~1l-l~1~lJ ~'l\\Yi'Jn~ilf'l'l1l-lVlj;'l1nVlj;'l1t1~1L~LLri MCW0295, MCW0222, MCW0111, MCW0330 
, 

LLj;'l:; MCW01 04 (~1~1-.l~ 4) 

f'I'l1l-lj;'l1nVlj;'l1t1"l1tl-.l"lltl-.lU~:;"ll1 mLrilh~~1~ru1~1 n r11 L'U~t1"l1tl-.l Shannon's information 

index "lItl.:jLL[;)j;'l::U~::"ll1n~L!?lm'll-lr11f'1'l1l-lVlj;'l1nVlj;'l1t1"l1tl-.l'fY~~j;'l~1 n 1 0 ~1LbVlkl.:j b.jf1~'ltl ri\\YiU~11\\ 

n~l-lLrithr1fl-lVlLL!?l-:JU~::'II1nm~l-l~ 2 (111 f'I b Vlt1tl) il r11 f'I'J1l-lVi j;'l1 nVlj;'l1t1 ~-:J~!?l ~'J\\U~:;"ll1 mn~l-l 
" '" '" q " q iI 

,... ~ 

\\tltlYl~!?l• 

\\tln~1nr11 Shannon's information index n1~.r!?l genetic variation "lItl-.lU~:;'II1mLrithn~l-l 

[;)1-:Jl ~1l-l1~C1VhL~!?ltltl1~W·h Expected Heterozygosity ~1l-lVlin"lltl-.l Hardy-Weinberg 
... ..J 0 .:JI I 

!?l-.l~1~1-.lYl 9 bb~!?l-.lf'l1 Expected Heterozygosity (He) bbj;'l:; Observed Heterozygosity ru ~1bbVl\\-.lYl 

~m~t'l~'l\\'l\\ 1 0 ~'lbLVlkl.:j YiU~'lL~.jftl~~ub-rl\\b~mriun1~l-if Shannon's information index bb~:;b~tl• ... " 
~'l\\'l (ur1'l He "lItl-.lLrith r1fl-lVi Lb!?l-.l";-.l~1l-lU~::'II'ln~~'Jl-l ri\\YiU~1il r1'lLVl1 riu O. 66 ~.:jln~ b~t1.:j rilJ~

• v 

~'lrJ-.l'l\\LrJi:!?lrJ Hillel bbj;'l::f'I(u:: (2003) (;hilr1'lu~::l-l1ru 0.64 ;-.lLij\\r1'l~~-.l~~!?l1\\u~:::"ll1mLri,j'l 
... , 

";-.lVll-l!?l 52 n~l-l~L~vhn1~~n1i1• 

.col cv .... 
fI';l13Hlan'il.:J'iI~~~ 

m'll-l~"1Itl-.l'fYj;'l~j;'l"''l-.l1 "lItl-.lu~::'II'ln~LrithLL~!?l-.lL-n\\m~1'l~ 5-8 L!?lrJil r1'l f'I'l'll-l~"1Itl-.l~\\ltJ 

Ylnu~::'II'lm'tltll\\-rl'J-:J 0.04 - 1.00 t!?ltlU~::'II1nm~l-l~ 4 (lri,j1~l-lVl"ll1'l) ~1LLVlkl'l MCW0034 ~'l~ 
.. ~ q q '-I 

http:m'll-l~"1Itl-.l'fYj;'l~j;'l"''l-.l1
http:1l-l1~C1~1LL\\n~1LLVlkl-.l[;)1-.l1
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~~~~~1~'W1~~'iltJ~"1f1n~ (Population-specific or private allele) 

bdtlbt~mJbVlrJ'IJ;rtl3J~91n(;l1~1"~ 5-8 Vi'IJ~191n~1'lJ'l'lJ~~~~~"i'lJ 50 ~~~~ ~tl~(;l1lJ 
" ~1 bb'VIti'l ~1'l1 1 0 ~1 bb'VIti'l Vi'lJ':ht[~~~ bntl'IJ~'l'VIlJ 1119:;Vi'IJ1.'lJtJ~:;"1!1mlJ1n n~1 1 n~lJ LL~Vi'IJ~1 

iJ~1LL'VIti'l 3 ~1Lb'V!ti'l~tJ~1n!Jt[~~~~1 bVi1:;1.'lJbL~~:;n~lJtJ~:;"1!1m ~tl 1) ~~1bb'VIti'l MCW0034 

~~~~ A 4'I11LU'lJ private allele ~Vi'IJ1.'lJtJ~:;"1!1mmllJ~ 1 2) ~~1Lb'VIti" MCW01 04 t[~~~ E 4'l11bU'lJ• 
private allele ~Vi'IJ1.'lJtJ~:;"1!1nm~lJ~ 3 LL~:; 3) ~~1LL'VIti'l MCW0330 t[~~~ 0 {I11LU'lJ private allele 

.:j 

, 
1.. I ' .:j 

, 

'VlVi'IJ 'lJu~:;"1!1 nm~lJ'Vl 3• 

polymorphic loci rJnL~'lJ~1LL'VIti'l MCW0034 1.'lJtJ~:;"1!1mlrith~lJW'lJ1'l Vi'IJ~1iJLYirJ"t[~~~ C. " " , , 
wh't!'lJ (J;J1n'lVl 3) LL~Lil'f.l'l91n~1'lJ'l'lJ"1l'f.l"tJ~:;"1!1miJ-WtlrJlJ1n (5 ~'l) ~'ltaJ~1lJ1HI~ltJt~~1t[~~~ 

C r;l~~n fix 1.'lJtJ~:;"1!1nm~lJr;'VI1'tl taJ ~1'V1f'IJ ~1 LL'VIti'l~'lJ1 Vi'IJ~11.'lJtJ~:;"1!1nm~~:;th:;"1!1n~9:; 
tJ~1 n!Jm1lJ'VI~1 n'VI~1t1"1l'tl'lt[~~~ ~1"1 ~"LL~ 111'l1.'lJ(;l1~1~~ 4 LI11t1 ~1 LL'VIti~~~1'lJ'l'lJt[~~~~~~111 ~tl 
LEI0094 ~'l'lJ~iJl'l'l1lJ'VI~1n'VI~1t1-W'f.lrJ~111 ~tl MCW0330 LL~:; MCW 0295 Ll11rJiJ~1'l'lJ'l'lJ~~~~ 6, 3• 

LL~:; 3 J;J1lJ~1~'IJ LL~:;Ld'f.lLmrJ'lJLVlrJ'lJn'IJ;rtl3J~~iJm~~m~t1lJ')ri'tl'lJ'VI-W1 (Hillel et al., 2003) Vi'IJ~1 

~ 1 'lJ'l 'lJt[ ~ ~ ~ ~tltJ ~:;"1! 1 n ~ ru ~ 1 LL 'VIti~ ~1"1 ~H\91 n n 1 ~~ n'M11.'lJ1'l f~r;iJ fOb 1.n ~ L~ rJ 'l n 'IJ~1~ 
.yhm~~n'M1H rJnL~'lJ~~1LL'VIti'l MCW0222 ~"Vi'IJ~1'lJ'l'lJ~~~~ 4 t[~~~ ~"~'ln~1~1L~~tI Atl 2.4 

" 

, " 
~'f.l iJrh 0.2143, 0.0417 LL~:; 0.1 (;l1lJ~1~'IJ ~,,1aJ'tl19HfLU'lJLI'l1'f.l'l'VIlJ1mj~~ (identification) 1~~1 

" 
trith ~lJ~ LLI11'l LL~~:;~'llJ191n n~lJtJ~:;"1!1m 1.111 LVi ~,):;'f.l199 :;1aJVi'IJt[~~~'t!'lJ11.'lJtrith ~lJ~ LLI11" V! n ~'l 

I I I '" I 

1'l'l1lJ~"1ltl" private t[~~~Vl~1U~tll11l'l~tl'ln'IJVl Hillel Lb~:;l'lru:; (2003) 1~nm1'lJH9')nn1~~n'M1 

t[~~~ 213 tfl~~~1'lJ 22 ~1Lb'V!ti'l Vi'IJ~1 private allele LYitl" 14 t[~~~ iJl'l'l1lJ~lJ1nn~1 0.1 ~1'V1f'IJ 
", , 

trith ~lJ~"ll1'l,r'lJlaJVi'IJ private allele Vl "h~ltJ91 nlrith ~lJ~ bLI11'l Lb~ 111'l~1 ~1LL'VIti"Vi';hm~~n'M1 
" '" ~" 1 0 ~1LL'VIti'lilU'llaJ~1lJ1~(\1-n'lJmmrJnmllJtJ~:;"1!1m"1ltl"lrith~tl'l subspecies 1~• 

~1'V1f'IJn1~LmrJ'lJLVlrJ'lJm1lJ'VI~1n'VI~1rJ'1Jtl'l~~~~LL~~:;th:;"1!1m~~n'M1 Ldtl~91~ru191n 

~"Shannon's information index 'VI1'f.l~1 Expected Heterozygosity ~1lJ1~(\~ttJJ:.J~1~L'VIijtl'lJn'lJ 
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, ., 
LL~ ~1rith ~~~ LLI?l~~'l nll1 fl1~{;I1~~h ~u LL~::; L;J'tl-W1.jf'tl~ ~"lJ'tl~1rith ~~~ LLI?l~";~~'l~tl~::;'jj1 m~1 

q 'U III q 'U ., 
~'.l~ ri\.!'VlU~1 I"h Expected Heterozygosity "lJ'tl~tl~::;"ll1 m1rith ~~~ LLI?l~";~~1~tl~::;"1I1 n~~'.l~ n'W 

i11"i1L'U~tJ"lJ'tl~'VJn~1LL'Inl~L'Vhn'J 0.6676 ;~1n~L~tJ~nu~~1m'l'WB ~'tl Lvhnu 0.64 (Hillel et al., 

.t ~ 1"~ 0 ,.J ...2003) "11~ ~'Wn1~'VlI?l~'tl~"lJ'tl~ Hillel LL~::;I"Hl.!::; (2003) I?ll"lm~t11'11LL~'W~LfI~'tl~~~1tJ'Vl1~'Vl'Wfina~• 
... .... I " 

i~~~1?l 22 ~1Lm'l.i~ LL~I?l~l~~L~'W~1L'tl~Ln1'VlfL~'tlf";~ 10 .y]1fl'Wn1~~m~t1ili1f1'.l1~m'tlUfl~~LritJ~• 

t.J~~1 n n1~~ m~'l1'WfI¥~~LL~ I?l~1,x L ~'W~'l tl~::;L'Vl f'11'VltJ dJ'WLL~~~"lJ'tl~'Vlf'VltJ1 n ~'Vl'l~~'.lIl'l'Vl~ 

'tll?l~~ ~u~ru LL~ ~LU'W.jf'tl~~~'W~'l'W~~'lr1n 11'Wn1 ~'tl'Wfn';LL~::;r.rI?l n1 ~'Vl f'VltJ1 n~1rith"lJ'tl~tl~::;L'Vl f'119l'tl1tl 
q \J 'U dS ID~ q 

1. 1rilh~~~LL(Mi1f1'.l1~~~'ln~~'ltJ'Vl'l~~'W~n~~~~~ Ll?ltJill"i'l Expected Heterozygosity 

L'vi'lnu 0.667 
, ., 

2. Lfl1'tl~~~'ltJ'Vl'l~~'Wfim~~";~ 10 ~'l LL~'I.i~i1 fI'.l'l~'Vl'fl Lrim1'Wmru~::;Lij'WI"i'l fI'J'l~~~1 n~~1tJ• 

, , 
3. ~'lLL~'Il~"lJ'tl~Lfl1'tl~~~1tJ'Vl1'l'vr'W~n~~~.y]i1~1'W'J'Wra~~~~~~1?l ~'fl LEI0094 LI?lUi1~'l'W'J'W 6 

ra~~~ ~'J'W~1LL~'Il~~i1~1'W'J'Wra~~~-w'flU~ I?l ~'fl MCW0295 LL~::; MCW330 LI?lUi1~1'W'J'W 
CVq IIV 

'fl~~~L'Vl1nU 3 

4 . 1rith~~'VILLI?l~91nIl1f1L'VIil'tli1f11'J1~~~1n~~1U'Vl1~-vr'Wfin~~~~~n~1n~~tl~::;'ll1m91n 
q 'U q " q 

.,., 1"
~'JtJ"lJ1LL"ll~ LL~::;~1nIl1f'l 1'1 

5. 'Vlura~~~~~1L'Vl1~nutl~~"1I1m1rith~~~LLI?l~'Vl1~1'1'tl'W1~LL~::;'Vl1~1'1'tl'WL'VIil'fl LL19l~~~~L~~'l~i1 
• 'IJ 
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~'J!ltJl'1 L~~;'l.l Lti!l'l~1n n 1 ~~i1 ~'J!ltJl'1i!!lUYi11W.~fll a.J 1~t;)YiIn1 ~'Vl ~fl!lU ~1'Vl1'1 fltl~~~1U1h:;n1~ 

~'Ju~'JI~J'l.l1~ L-rl'l.l n1~'Vl~fl!lU chi-square test "lJ!l'lLLj;]~:; locus L~!l~~1 ru (;]ILLWW'l,r'l.l~I~'JI~~ 
" Lb~:;ttJLLUU"lJ!l'l~L'l.lL'VlUfl!l ~ ~~!l'lnu Hardy-Weinberg ~~!lL~,r'l.l~!l'l n1~"lJ'l.l1 ~"lJ!l'l~'J!ltJl'1~ln n~1 

50 LL~:;LLj;]~:;~tJLLU1J"lJ!l'l~L'l.lL'VlU~'J~i1~I~lnn~1 5 (Hedrick, 1985) .. 
'l.l!ln~lne n1~~n'M11'l.l~f'lj;]!lLU!lI~~:;H'L'Vl~U~'3fi fluorescent sequencing L.jfI~'l-rl'Jul'l.l 

n1~'3 L~n:;i'[~~~ ~'1i1.jf!l~ ~!l fll~'l~t;)'Vl~I1J"lJ'l.l1 ~~ LL'\l'l.l!l'l.l'll!l'l.[~~~L~ L~UL~~!l'ltJ~:;~1 ru'll'l.l'l~ 

"lJ!l'l.[~~~ ~'JUfl'lUm ~'1!l1~ Ln ~~'JI~ ~~ 'l ~ L~~!l'l.l;'l.lL~~U L 'Uyn:;!lUI'1 ~'1.[~~~~ i1 ~'J1 LL(;l n j;]1'1"lJ!l'l 

" " "lJ'l.l'l ~i!!lU~'l n1 ~ n\1'1 n1 ~ih~'l.l~.[~~~L!l'lL~UL~'Vl ~11J.jf!l'ol~~'1~1 ~1J"lJ!l'l.[~~~~~!l ~ 1~'l'l.l'J'l.l~'l n!l'l.l 

Yi11,xn~~~4'u j;]'l'l1 L~fl'l~'l~t;) LL~n LtJ~U'l.l.jf!l'ol~,~:;~~'l'l n'l.l1~ ~'1,r'l.lVl'l ni1.jf!l'ol~~~:;1J-n~ L~'l.l~!l~:; 
fll ~'l ~ml'l.jf!l~~~ LLti'l.l!l'l.le1tJ LmU1J LVlUU n1J.jf!l~~'lI!l'lLrith n~~~'l.l1 ~i1!l tJ LL~ 'J1'l.l~1'l.l.jf!l~~~1n 

'1.1 '1.1 '" 'tj cf.9 '\J 

~ fI" <J !l1.1 ~ fI"' ":3 ...... J'
L'JU L"li (;l http://w3.tzv.fal.de/aviandiv/database.htmln~:;LlJ.l.llJ~:;LU.lI.l.l(;l!ln1~i"1 m~tl'J~U~'l n"lJ'l.l 

http://w3.tzv.fal.de/aviandiv/database.htmln~:;LlJ.l.llJ~:;LU.lI.l.l(;l!ln1~i"1
http:n~~~'l.l1
http:fll~'l~t;)'Vl~I1J"lJ'l.l1
http:n1~"lJ'l.l1
http:Ju~'JI~J'l.l1
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cI 0 0 I 

j;)1'i1~VI 4 n1'ij;)'i'J~'lt'fl'U polymorphism ~1n microsatelJite ~1'U'J'U 10 j;)1 LI.'VI'U~ 

<i1\J1\J~'iliift 1'111~""fl1n""'il1!1'lJ~~~'iliifl~ I 

Pi111 .... l.h LI'I,L~L'lJI.IV\ 'lJ\J1i1l'lJ~~~flii'ilLi1lm'll~!1 
<i1\J1\J~'iliifl.,f~""I.II>I· 

tJr.:'lJ1n'jn~l.IV\ tJ'::'lJ1n'n~l.IV\ i 

1 2 3 4 1 2 3 4 '11.1 

MCWOO34 2 230 5 (16, 6.5) 5 4 5 1 1.49 1.24 1.39 0 1.60 I 

MCW0069 26 160 5 (12.5.4) 4 5 5 2 1.21 1.60 1.28 0.67 1.50 I 

MCW0222 3 220 4 (6, 2.4) 4 4 4 4 0.83 0.99 096 1.21 1.16 

MCW0295 4 96 3 (9. 3.4) 2 3 3 2 0.65 0.83 0.91 0.61 1.18 
I 

MCW0104 13 210 4 4 3 3 2 082 0.83 0.54 0.6 1 1.03 I 

MCWOlll 17 280 4 (9,3.6) 2 3 4 2 0.48 1.01 1.25 0.69 1.15 

MCW0330 17 280 3 (10.3.1) 3 3 3 3 1.07 1.03 0.80 0.67 1.09 

LEI0094 4 285 6 6 3 3 1.04 1.53 0.75 1.05 1.58 
I 

LEI0166 3 270 4 3 4 4 2 0.99 1.19 1.25 0.67 1.32 I 

LEI0234 2 290 5 5 4 2 2 1.39 1.30 0.68 0.69 1.44 J- - - - - --------- '---- -

* [;]'lLf'l'lJl'W ( ) LL~(;)'1-ii'1l2;Jf'l'"llnm~~n~'lJ'1l'l Hillel LLf'l~rlru::: (2003) [;]'lLf'l'lJ[;]'lLL~mL~(;)'1~I'W'l'Wtlf'l~mt'lvnJ(;)Vidj'W1u1~Vil1ilLL"nl'l~u'l1 LLrl::: [;]'lLf'l'lJ[;]'lYi~'fI'ILL~(;)'1'fl~~f'lL1l~tJ(;j'flU~:::'lllm 

.• l'il Shannon's information index 

cI I cal Q..I .oQI '" _I • c.I • 0 1.C!iI ..., 0' 

j;)1'i1~VI 5 f11f1'J1~..U;l"ll'tl~'fl-a-a-a ~ 'Uu'i:::"li1 n 'in-a ~VI 1 bb'U~ j;)1~ j;)1 bb'VI'U~"lI'fl~bfl 'i'fl~'VI~1t1V11~'Vi'U fin 'i'i~ 10m bb'VI'U~• • 

Allele \ Locus MCWOO34 MCW0069 MCW0222 MCW0295 MCW0104 MCW0111 MCW0330 LEIOO94 LEIOl66 LEI0234 

Allele A 0.2143 0.4375 0.7500 0.6429 0.7500 0.8125 0.2857 0.6250 0.3571 0.3750 

Allele B 0.1429 0.1875 0.0833 0.357 1 0.0625 0.1875 0.2857 0.1875 0.1429 0.1875 

Allele C 0.3571 0.0833 0. 1250 0.4286 0.3125 

Allele 0 0.2143 0.0625 0.0833 0.0625 0.1250 0.5000 0.0625 

Allele E 0.3125 0.0625 0.0625 

Allele F 0.0714 
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.d. c.I IV .ell GI ... 1 I d • 0 I d CI.J' o. 
~1r1~t1 6 fil1fil~1lHl"1l'£l~'£I-a~~ L'lJu"i::"1f1n"in-a1lt1 2 bb'U~~111~1bL'Vi'lJ~"1l'£l~bfil"i'£l~'Vi1l1!Jt11~'Vi'lJfin"i"i1l 10 U11bb'Vi'lJ~ 

================================================================================================================================= 

Allele \ Locus MCW0034 MCW0069 MCW0222 MCW0295 MCW0104 MCWOlll MCW0330 LEI0094 LEI0166 LEI0234 

Allele A 0.2000 0.2143 0.6429 0.2857 0.3333 0.2500 0.4167 0.1429 0.2143 

Allele B 0.5000 0.2000 0.6429 0.2857 0.6429 0.5000 0.5000 0.2500 0.4286 0.2143 

Allele C 0.1667 0.2000 0.0714 0.2500 0.1429 

Allele 0 0.1667 0.2000 0.0714 0.0714 0.1667 0.0833 0.3571 0.4286 

Allele E 0.1667 0.2000 0.0714 0.0833 0.0714 

Allele F 0.0833 

Allele G 0.0833 

~ I ..c.I Q.I 4QI fJI _I l.d I 0 • d fU 0 I 

(;I1'i1.:!'YI 7 1"111"1~111~"1l'£l~'£I~~~ L'lJu"i::"1f1n"in~1It1 3 bb'U~U1111U11bL'Vi'lJ~"1l'£l~LI"I"i'£l~'Vi1l1!Jt11~'Vi'lJfin"i"i1l 10 U11LL'Vi'lJ~ 

Allele \ Locus MCW0034 MCW0069 MCW0222 MCW0295 MCW0104 MCWOlll MCW0330 LEI0094 LEI0166 LE10234 

Allele A 0.4091 0.3750 0.5000 0.8333 0.4167 0.1818 0.3750 

Allele B 0.3125 0.3636 0.5417 0.0833 0.1250 0.2917 0.7000 0.7273 0.3750 

Allele C 0.0625 0.4167 0.0833 0.2000 0.0909 0.4375 

Allele 0 0.3750 0.1364 0.0417 0.2083 0.1000 0.1250 0.5625 

Allele E 0.0625 0.0455 0.0417 0.0417 0.1250 

Allele F 01875 0.0455 
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.cI I cal Q;"I CII ~ ... 1 • cI • D • cal Q.,I 0 I 

1J11i1.:1'Y1 8 fl1fl'J13Hl"ll'Pl.:J'Pl'a'a'a ~U'U-a::'li1n-an'a~'Vl 4 bbtl.:J1?l1~1?l1Lb'VIU.:J"lI'Pl.:Jbfl-a'Pl.:J'VI~1t1'Vl1.:J'WUfin-a-a~ 10 1?l1Lb'VIU.:J 

Allele \ locus MCW0034 MCW0069 MCW0222 MCW0295 MCW0104 MCW0111 MCW0330 lEI0094 lEI0166 LE10234 

================================================================================================================================= 

Allele A 0.5000 0.5000 

Allele 8 0.4000 0.1250 0.7000 0.7000 0.5000 0.4000 0.6000 0.5000 

Allele C 1.0000 0.3000 0.6000 0.4000 

Allele D 0.6000 0.2500 0.3000 0.5000 

Allele E 0.1250 0.4000 

Allele F 0.4000 

================================================================================================================================= 

...a I "I A I ,...a 'i' .... ...a 0IV I 

1?l1'i1.:J'Vl 9 fl1 Expected Heterozygosity bb'a:: Observed Heterozygosity ~U'U-a::'li1n-an~~'Vl 1-4 ~l?ltl~I?l~'a-a'J~~1mfl-a'el.:J'VI~1t1'V11.:J'WUf!n-a-a~ 10 1?l1Lb'VIU.:J 

'iJT.::'il1n"ii' 

th:::'lllmnril.JYi 11rithtJfl.Jlmf1l~ ~'Jt.I'1J1LLiJ-l· . ~ 
th:::'lllnmril.JYi 21ri1.htJfl.Jt.lLLf1I~ Jl1rHt.lil'1l 

• • 'II 

t.h:::'lllnmril.JYi 31rithtJfl.Jt.lLLf1I-l Jl1~1tJf· .... 
t.h:::'lllnmril.JYi 41ri1.htJfl.Jt.I'1Jl'J 

• • 'II 
-

Expected Heterozygosity 

0.5956 

0.6889 

0.5856 

0.5106 

Observed Heterozygosity 

0.4869 

0.5110 

0.3563 

0.5959 

\Un!H~~ ril expected heterozygosity '1J!l-l~-lt.h:::'lllmlriul~l.J\jLLf1I~ 1 2 LL~::: 3 'j"mn'ULvhnu 0.6676 
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