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Abstract 

Hybridization is a mating between genetically different populations (or species). It results 

from incomplete reproductive isolation. Viable and fertile hybrids may lead to gene flow 

between populations or species. This can be examined using bio-molecular techniques. Ornate 

chorus frog (Microhylo jissipes), dark-sided chorus frog (M. heymons;) and noisy chorus frog (M. 

butleri) are amphibians in the same genus. They are similar in body size, found allover Thailand 

and share their habitats. Essentially, the external fertilization of amphibians may increase the 

risk of hybridization. This study therefore aimed to examine genetic diversity and to detect 

possible natural hybridization among these amphibian species in Wiang Sa district, Nan province 

areas. Only twenty-five M. jissipes were collected from two areas of Wiang Sa district: Lainan 

sub-district (n=9) and San sub-district (n= 16), while there was no any specimen of M. heymonsi 

and M. butleri was successfully collected in this study. The collected specimens were screened 

and compared in terms of the COl gene base sequences of the mitochondrial DNA extracted 

from the liver tissue. The results showed that all of twenty-five M. jissipes specimens had 

obvious and reliable COl sequences, 678 base pairs. Seven unique haplotypes based on 6 

(0.88%) variable sites were detected from the 25 aligned sequences using Dnasp program. The 

haplotype diversity (hd) and nucleotide diversity (n) were low. On average, hd= 0.627 ± 0.102 

and n = 0.00111 ± 0.00024. In addition, the genetic distance between M. jissipes populations 

ranged from 0.000 to 0.003 indicating that M. jissipes populations from Lainan and San sub­

districts exhibited high similarity in their COl sequences. Moreover, phylogenetic analyses of the 

mtDNA haplotypes indicated that M. jissipes was monophyletic in their evolutionary 

relationships. The lack of M. heymonsi and M. butleri samples leads us unable to assess the 

possible natural hybridization among these three species in Wiang Sa district areas. Further 

intensive specimens collection is needed for achieve the goals. 

Keywords: hybridization, amphibians, COl gene, 'Senetic diversity, PCR technique 
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, " cU '\.I 

1n~Lfiv'I'Ul,:j"'1'UUR~,b'UV1'ct'lvll'l'l;11'l~lnn1'J l-iitJ'J ~lV'l!tJ~lnYl~'fjVlm1'U~'Uvi1V1VMvhf11'l\!n1nvi1R1VUl 

UR~ LL V1~'1J15~,)lJ'l!1~1tJ LL~1Ul'lcl1'UL~vv11n1'JLnml'J LLR:: V'l~1~1'l1Ulil'ULu'UmV11'j~1tJ lVlmllYn~1tJ'U~L1ru 

~'Uvi~LtJ'UL'lJ\Pl~Vl~V'j~wll'lUln'UV1li'\Jl'U/~'U~il~m'JlJ'1Jv.:jlJ'U~V 
nl'jPin~m11'J1 ~'l!iJVl LLR~m;lJV1mnV1R1tJ'V11.:J~'U~m ~lJ'Uv'l tJ 'j~ 'Ill n 'J'U tl.:J ~l'llul1'U~'U~LV1(\1.Q 

lV'1mllYll~~\Pl1~~LYi'UJ1"~ LYi'U'U nv.:JbJiimVlv11 f1l'j Pimn1'U'JltJ~~ LBtJVl lVltJ Lll'Wl~vcJl.:jn.:Jm')Pin~1'V11.:j ~1'U 
" 

~'U~m'JlJ v~'11'U'll1'1'V1i'11'J')~~cJl'UlJll1n;11'V1tJl1'UV1nltJ'l tJ'j~ L'V1 i'11~~f111lJ~'UhPif1~11~m~tJ1n'U 
tJ'Jl n!}nl'mJf11')~rtlJ-iillJrtl tJ~'U~~bilV1~'U1 'U5'J'JlJ"tniii (natural hybridization) 'j~V1il'1~~ij;l\P1~ijf111lJ 
ln~~~n'U'V11 'HnEJ11\ilJ'Ulf11'j (closely related species) n'Umjl.:Jf111,:j'1J11'11VltJl-iiLYlf1i1f1Y11'1~1'Utlru;11'V1tJl

" 
f11'Uf11tJn'Um'jPiI1'l~n'V11~~1'U"ru~il'Umv'Uvf1 (Arnold, 1997, 2006; Mallet, 2005) ;'1~ln01')fiif1~nl~tJ" .. 
~~fl~1111n;11YltJ1V1Rltlvil'UYI'Uil~~iHj1I'lcl1'U1V1f;u1Jlr;h~~LtJ'UYl'!lV1~tl~1'l1 L~tliif11'jm~~ltJI'i'1lJltltJ1'U 

v " 
I .., 4 II d d .d V''-'" OJ

'U~L1ruiiiVl(1lvn'U (contact zone) V1'j€)V1'U'~j'v'Un'U (overlap area) lJf111lJL~tJ'I~WI\J~~i.'1lJYI'U~"tJllJf1'U 

'J~Vlil.:J~tHj~~vil~n'U LLvii1 f111lJ1f1~~Vln'UY11~rt1tJl1\ijJ'U1 01') 1'U'Ul'l m ru f1l 'j ~rtlJ'IlllJi.'11 EJ'W'U~bilV'l11'11 mh.:J 

tJ'J~rt'Uf111lJ,h~~LL,,~'I111tJ~f1l'J~~\Pl~n~i.'1lJ (hybrid) ~ij;lI'lLL~dliLU'UV1lJ'U1~ ~1f1LV1li!nl'jruvi'~n~11 lVltlLi' 

http:L'lhi!'U111.::1~'lJ\jm';))Ju.6l
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~Y1fliJflY11~ ~I'U tlru:;i11Y1tn ~'IlllJI'lb ~ tI fl ~ yh1~,rn:;i11Yl £J1 ?!llJl~ ')(>1 'n';)m~tl~1 tl tI'lJ m f111 Ln~ f111CH1l.J'IlllJ
'II , 

~ltJ~'U6n'U1'Utl~911~ 1~tJ\11TJ'il?!tl'U~11iJ f111riltJYlv~?!1~~'UDm1lJ (hJ'h~~LU'U1lJ1Ylfl tl'UL~~tJ"V'U~~tl 
, 'II • 

iJ1 LI"l~tJ1v'U) 'ill n~~iJ:;il~H,tHj~V1li~It.JeJ~~~iJ1il\11ii n"tFll~V1li~~~tlhi 01\1111~Yl'U nLL?!V1~'-h~~ii-il91~v-l "U 
~~J'U~llJl1 (1 tJ ~lJ'IlllJ~ltJ~'Utfl~ L11L~ tI nth1n!]nl1 rum1chtJYl tl I'lV'U1~~11-l~tHM L~ tJm;{tJ~ ntJ~l.J~Ln~~'U 
LU'U~1mn~1'Un11rilt1Yl€l~t}h "f)THnV1v'UlyJi;l1~~aa'U1Yl1Lm"i'U" (gene flow or introgression) (e.g., 

Barton & Hewitt, 1985; Mallet, 2005; Plotner et at., 2008). 

~lLV191~~eN1'li'L'VlfliJr1'Vll-l~1'Utlru:;i11'Vltn L'Illl.J111111'il?!v'Ufl11lJLu'U1u1~ 'U m1LnV1f1l~tJ~lJ'Illl.J"ltJ 
'I v." 

~'U~'V!~v introgression ,r'Unl'Utl~\llfl~ntJ"l.J (interspecific hybrid) ~~v~ntJ~lJLL\JflfI~v~ (backcross 

hybrid) b.il1'il~LU'Ui'U~~rt.:J "tl.:J "llJ 'V!~vi'Uvlv"1 JJ1J'U ,rf1~~iJ~n~ru~aru5il'UmtJ'Uvf1~~l~-l 
(intermediate) 1~'V!ll.:J~tJ:;i~vimL~~"tHMul.i 'V!~aiJumlUlJflrKltJfl~-ln\J~tJ1iaviv"'~v?!mj~ul.i ~u~"1~,,u 

~~~rt.:JJJ1fl vi11~f111~lLL'Un~~m~~"tJ1ia'Uv-l~lmh~"1 J'U11LU'U?lU~~~v, "tJ~aLLl.i, '.lfltJ?llJ ~~v~ntJ~lJ 
LL'Ul"lfli;lv" J'Uvi11~tJlml"~'Ul~fl1llJ'\.hL~v~v ~,:nr'U LV;myjlJfl1llJC1n~v ·mi;l~tllL~tl~v1'Uf1l11::tJ'lIiJ~~~v 

'II , 

antJ~l.Jl.b~ L.nYl~l.:J"1 ~.:J~lLu'U I'i'v.:J1-tl-iJVl.Ji;lvY.:J ~ln~mjrui;~ru~i1'U.fn tJ'U vmLi;l~'Ilvl.J ~Yll.:J ih'Uvru;i11'VltJlfl1tJrl
" '\J.;U""" 
n'U1u ~.:Jf1111-tlLYlfliJfl'Vll.:J~1'Uv~:lJ11Yltl1 ~1'U1~E1l~::1'Ii'-iJm~mnmi1~tJiJll"lmv1Yll1l'Utl.:JV'UtJl.:J~1'U'Uv-l1l.JLYl 

flv'ULWI~tJ~~lS'ULv"'~v mtDNA ",~v~l n~1'U1'U;l'U'UB.:J&i bS'U Lvvtl~vlnm1vi'Vl~1tJ LB'U1'l1-U~Y1~llYll~ 
(Restriction Fragment Length Polymorphism; RFLP) LU'U&iLB'Ulmfl~v.:JVlJJ1t11'Un11\1111~?laU ~lf} 
f111~n~1~';)tJi6f111~.:Jn~11 vh1~~~f)~11~m'l1l.J11f1\1111~'I"I'Uf111lnWl introgression '!JB.:J mtDNA 1'U~\111 

VlmtJ'lliJWlviiJfl11lJ~l.J~'U€lf}~1iVln'Uvn.:J?!ltJi1VlJ'U1f111 l'li'U 1'UU~l (e.g. Wilson & Bernatchez, 1998) 1'U 

UlJ".:J'V!~ (e.g. Bachtrog et at.. 2006), 1'Um~~ltJth (e.g. Alves et al., 2008; Plotner et at., 2008) lLa~ 
1'UVI'U (Bozikova et al.. 2005) lUWB'U n11\1111~YltJm1LnVl introgression cJvlJ~.:JtJ~m~'Vlu~vf111fifl~1 

'II 

€l~mlJiDl'U'!J B.:J~.:Jii1il\11 L'V!fhJ'Umh.:JlJ1fl fl~11Av vh1~LilVlfl111J~\J?I'UlL"::A~lJ Lfl~v1'Uf11'J1~\!LLm~~lLt'Uf}?! 

tHj~'Uv.:J~.:JiJ1ii\11viPifl~l 'J1lJ~.:J'Vh1ViLnVl fl1llJ~tJ"'U1 'U1ll1 Pi fl'tllfl111J~lJ~'U5'V11.:J11\ilJ'Ulf111B f}~ltJ U1::t'VlPl 

1Y1t1;.:JLu'Uu'J:: L YlPl'VIii.:JLtlf1iimfl LB L:lJ tI\11~1'UvBflLiltJ'I1I'i'viiJfl11lJV1mfl'VIn1tl'Vil'1:ti1m'l"l?!.:J ll~1ll1~m·mV;B 
'II 'II 

U1::LiiUfl11lJt u'U 1 tl1ffi 'Ufll1 LnVlf111t.J?!lJ'Ill1J?!1t1~'U~VI~BIll1 LnVl introgression 1'U~\111?!~ l Yl'UJ1":: L VJtlufl1'U 

l)11lJ'll1~J'UViU11EJ.:JiJuvtJlJlf}V1~mLYl'UhliJ vY.:J~iif1111'Ii''\..h~ltJ'1l-Uvln~(dfl~lJ-dB~l.:J LLVi~'V!mtJvr\lL~.:J 
LI'\1~5in~LLi;l~f111u~1i1fl ~-lmtl1'Utl~~L'VlPl1'Vlmln~1~'V!i1.:J'\.J'J::LYlPl ~.:J,r'U~.:JLtJUf111 L~\I~1'Uvifl11iJfll1fim-nLtl 

"\111fl~lJ-dL~Bf111~W1f111'Vl~YltJlmmh.:JLVllJ1~"m11J1U(i.:JIll'jtl1~~fl\111'U L:a.:Jv~1fl~ , 
.:I '" • q t.I •0 0 

B.:J'Ulb\111 (Ornate chorus frog; Microhylo fissJpes Boulenger, 1884) B.:J'lJl.:JVll (Dark-sIded 

chorus frog; M. heymonsi Vogt, 1911) LLi;l::~.:Ji;llmi;lv~ (Noisy chorus frog; M. butleri Boulenger, 

1900) LU'U~\111~~LVJtlJl~~LYl'Uufl~v~1'U"f1i;lL~tnn'U flv ?!f1~ Microhylo iJ~fl'tlru~~ru~l'Uf11tJ'Uvfl 
fl~ltJfl~\I n'U iJ'!J'Ul~~1~1L~fl 1l.iLL(;lfl~l\1n'UlJ1n L'UU1~tYlPl1'VltJ?!1lJ11(1YltJfll1m:: ~1 f.Jvi'1'Uv.:J~.:JvY.:J~1l.J'IliJV11~ 
1'U'Vlf1mA'!Jv\lth~L'VlPl1'VltJ 5.:JvY-l"llJ'llUVl-diJ~f1,\:H\J~~'Uvl~mU'Wl~fl~ltJ1 n'U Av1m'UUJ nv.:Ji1'U nv.:JVlcYl 

LLi;l~i"~~'U"1 'U'U~tI~'U iif111m ~~ltJvi'1~tJ.ijv'Ufl'U1'UV1i;l1tJ~uvh'UU1~L 'VlPl1'VltJ Lli;l~vhhoi'qJ~.:JLtJtI~(;l1iJ 
m~~fl~'UVI~.:J~iiflT'juli"'U5f11tJ'UBflvi'1 (external fertilization) ;.:J l tJ'Um::tJ1'Uf111v1?!llJl~CIL~lJfl11lJt~tJ\I 
ll1m,RlJ'!Jv.:J~.:J'lliJWI'VIrt.:JL'Ill C-J"lJn'U1'tl'!Jv.:J~.:JB fl'lliJ~1VIrt.:J1~~1t1 fli1 1ll1iJ f111Uli~'U5f11tJ1'U ~1 (interna l 

http:ru~i1'U.fn
http:J'Uvi11~tJlml"~'Ul~fl1llJ'\.hL
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fertilization) 'ill fl'lltllJ "~'lmil1'Ill 'l~l1.J~>1l-1lJVl ~'lijFl11lJ L-u'U1Ul~vi5'1 4'1 fN"v'l1 tH'IllJ'IlU Vl-d'il~ ~4'1lJ'IlllJ"1tJ~lJ5 
nlJ1~ ~'ltY'ULVi mJ~~Lij~fll1lJLtJ'U1tMlI.'Ufl1~~G'llJ~lJ5'1l1lJtl'U~~W)1>1~'l~'lG'l1lJ'l1UVld ~'lf11~Vl~l'ilatl'UVl"hij~~

, " 
1yJ,,1'il1fl'\.h~'Il1m'!Jtl>1~'l61j'uVll-l~'l1tJ EJ>1tJ'J ~'l11m'!Jtl'l~'lB fl'llUVll-l\1,:m1tl11J lVlEJ1;;LViflUfl'Vl1'l~'lJtlru;11V1EJ,1 'U 

" 

dd v 
LBml1'jVlLnV'J"tIB~ 

U'il'ilU'UG'I m'Um'l'l~1'\.Jf111lJ-rvi L~EJltl'U~Vll"::LYi'UJ,G'1~L Yi'Uufl'!Jtl'lth::L VIi'll VlEJ1'Um'l'l~llJEJ'lf1'l~Vltlcl 
1'U~'UI.L'Jm\1~'l'ill fl'lltllj"vi1'l"1 vi'Yh~''JPifl'rJlvY'lLLvitl~Vl'il'UU'il'lU'U;;11'U1l-1qJLU'Uf11'Jcl''Jl'ilLVitllLfl':il:;'.1'1lUVlL~~:: 
Pin'l'l1;ltJ'J:;-wi'Ul'ltJ':i~fl1'Jvi(;l1lJ1':it:l'vhl~'lJru~cll'Jl'ilLL"::'illnl'i'lmh>1viLnUlJ1L'YhJ'U (r11tn lhfpJIA, 2543) 

LLvi f111lJ1V11 '1 ~''Uf11'lJ'VImn 'VI m EJ'VI1'l~'Ujjm 'JlJ u"~m'JLnVlfl1'J ~mrUllJa1EJ~'U5~'lm EJ1'ULL~~~ :;Wi1'l 

t]'J:;'Il1fl; (Vl1tl(;lU;~) "iltl'l~Vlla~~Yi'UJ'(;l:;LYi'U'Ufl1'UG'lfl1'1'l5'J':ilJ'l11~1'Uu~~::~'Uvi'VI~mu.,.n:;LL'VIa'lJ'Uij 

f11'JPifl'rJltltlEJlJ1 fll-11v 1 'U'Ul'l mruLL 'Vl'UhjiJ fl1'JPin'l'l1L~EJ 

fl1'J ~alJ'IlllJG'l1 EJ~'U~ (hybridization) LU'Ufl1':i~G'llJ~'U~ 'J :;w:h'l~'lij~lVlG'lv 'l'llUVlviiJ f111lJ1mi';aVltllJ 

Vl1'l"'EJll\9)J'U'n''Jviffifl'J'lG'l11'l'Vl''l~'U~m'JlJ'lJtl'ltJ':i:;'lnml-l~vG'lu;~viLLl'\n~h'ltl'U lVlEJ fl1':i LnVlf11'Jt-J?llJ'IlllJ 

?l1 EJ~'U~tY'UiJ ~ ~lJ1'il1n n'J:;U1'U n 1'Jfl1 ':i LLU'l UEJ n'Vll'l f11'J ~'I.J~'U~vi1:U(1lJ'\l~ ru (incomplete reprod uctive 

isolation) (Futuyma, 1997) 1'U'l.Jl'lmrufl1':i~1?11J.ff11J?l1EJ~'U~VT'il'll11tJ~fll')t-J~I'\~n~?l1J (hybrid) ~'l~fm?llJvi 
LnVl~'U;;11'U1l-1qJ'il~iJ~n'l'lru:;~ru]1'Uf11EJ'Uv n~, ~'l (intermed iate) ':i:;'VI'h:J~-lii~lVl?lV-l'l1iJVlvi~G'llJ~lJ~.ffllJ?llEJ 
'rI'Uun'U ~'ldfll~nCJ?llJvi lnVl~'UJ'U(11lJ1'Jt:lVcl'J vVlU~:; ~'I.J~'L15'1~ ~nCJ?llJL'VIr;11J'UVl-;)'Yh1~LnVlf11'JcllEJ L'Vl 

, ~ ", \.I 

Lfl~V'UV1EJ'lJV'l8'U (gene flow) 'J~l-Ill'l(1U~~~-lI?1V-ll~ (Arnold, 1997, 2006; Mallet, 2005) lVlEJf11'JCJalJ 

~'U5LL'I.J'I.J backcross n'I.J?lU;~yjm(~:;/'VI~vatHi~LLl.l f11':ivi"m.Jl?1lJiJfl1'J~alJ~'U5LLU'I.J backcross tlU(;llJ;~yjtl, '" 
'VI~vau~~LL:U'il :;v111m~"n t:.Jl?1lJviiJ~n~ru:;~ru~l'UmEJ'Uvn L 'VIlJ v'U tlUl?1u:fi~yj vVl1vI?1U:fi~LL:UlJ1f)~'U 'il'U1'Uvi(;lVl"'" , 
LnVlLu'U"n~G'llJviiJ~n'ljru:;~ru~1lJf11 EJ'L! vm 'VIlJv'Ul?1lJ~~yjvl-l~ vG'lU~~LL:U'illJUEJ nhivvn 1'Umrud ~'lijf11'JoJl

" '" 
L'VlflUfl'Vll'l~1'L!v~:fil1'VlEJ1 (molecular biology) lJ11mtlm':iVl'Jl'il?lV'I.J~11JtlU.uVlj"'Vl1-l~1'U~ru]1'U1V1EJ1 

L'll'U fl1'JVl'Jl'ilG'lv'I.J8'U1'L!11,11'Vlflv'U LVl~ EJ"~ LB'ULv'IJv-l~-liJ:filVl~llJ tl'I.Jf11'J'J::U'llUVl'lJv'l~-liJ;ll'\'illn~n'rJru:; 1?1 

~ru~l'L!f11EJ'Uv fl ~'ll-l1 n~'lij:filI'\J'L!LtJ'U~ flC.J4'1lJ ~-lij;lVlJ'L!'il:;ij~l~'l.JUlf1mtl1Vlvl"il v'l~'L!1'L!llJ1'Vlf1tl'U LVl~EJ"~ 
~ " 

LBlJLtlvi1JJl?1vVlfl~v-l tl'I.J f11'J':i:;'I.J'l1UVl'lJv>1~-liJ;lVlJ'UlVlEJ1i~n'rJru~ ~ru~llJil1EJ'Uvn fl1':it:-14'1lJ'IlllJa1EJ~lJ51lJ , '" , 
i5'J'JlJ'ln~J'L! 1'L!v~VlL~v11LnVl~'L!l~EJIn L l1v-l 'illn L ~v11~ -liJ:filVl LLvi~:;'l1iJVlijn"10fl1'JLL tJ-lUEJf)V11-lfl1'J~'U~lJ~vi 
?llJ'I,l'Jru v111~~>1iJ;ll'\'l1UVlJlJ"1 1JJ1?11lJl'Jt;lt:-11?11J~lJ~tl'I.J~-liJ;lVlvil-ll?1lJ:fi1?11~ LLviU'il'lu'UlJfl1':iPi O'l'l1'r1'Ullij 

~-llJ:filVl'VImEJ'l1iiVlI?11lJ1'Jm.J?llJ'IlllJ(11EJ~'U~tl'U1~ L'll'U fl1'J~(1lJ-1illJI?11EJ~lJifllJtJm (e,g. Wilson & 

Bernatchez, 1998) 1'ULLlJ"-ll-l~ (e.~. Bachtrog et at., 2006), 1lJm~~hEJ'\'h (e,g. Alves et at., 2008; 

Plotner et at., 2008) u,,:;1lJ'VI'U (Bozikova et at., 2005) LtJ'L!~'U 
" 

fl1'J 1 ilL 'VlflDfl'Vll-l~1'UV~;11'VlEJ1L VivPiO'rJlf11'J LnVl fl1':i~(1lJ-1illJI?11EJ~'U~U~:;fl1':iLnVl introgression 

"ilv-l8'U 1 'U1:w1'Vlflv'L!LVl~EJ"~LB'ULV (mtDNA) 1'U~1'\1i:l:;LYiu,J'(1~LYilJtY'U U'il~U'U'rI'l.JlleJ-lrrwlJ1fl'UO ~1m1t1~1'U 
'rI'l.Jf11'JLnVl introgression "ilv-:J mtDNA 1'U The European water frog 'J:mll-l Rona ridibunda "(j:: R 

lessonae (Spolsky and Uzzell, 1984) 1u canyon treefrogs 'J:;'VI11-l Hyla arenicolor LL":: H. 
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wri~htorum (Klymus et al., 2010) LU green pond frogs 'j~l-rh:j Pelophylox ni~romoculotus LL~:; P. 

ploncyi (Liu et al., 2010) dJu~u ;'lnl'~Ln~ introgression ~'lmh".lfjm..l~'l~am~YlU~l101)f1n~n 
ll'Uml.J151U'iJ€J'l~'liHjl(?lLVI~1,rU€J~1'll.J1fl mhJAll Vl11'lXLn~fl11l.J"U~'ULL~:;I"l~l.JLflall1ufl1)) ~ULL~:;~1Uun 

~:ci1i~'iJ€J'l~\lij;i(JlY1f1n~1 'j1lJ~\lvhL~Ln~1"ld1l..1"'Ur;1U1ufl1'j~mnm1l..1~l..I'~'~5Yl1\1r;11t111VlJu~01)5n~1t1 
~'l,ru fl1 'j fi fl'I'n L dll'l~'ULVimh:;L5hJfl11l.JLUU 1 tl1~'U n 1)t:-Jr;1m111~1t1WU5):; VI':h'l~'lii~l(;l~ijfl1 'j m:;~1V(;}Tv1U 

~ll'UtiUlU\J1\1-«uY1ll1f'1V ~ \lnmth.J~':l';i1 Lum~\I~h'UY1~€J'li'ifl'l'n L~m.hUlll.J~vttmtflith:;nll'Unl)f1mn 

llUml.J151UL~v1'IXm)):;ur;1U~~ijfl1111 ()n~ €J\I LL~:;Ul.lUV1l.J1fl11u u.,,~LYlv01)-:5'~01'jYl-rYltl1mmh\lLVll.J1~r;111 
, '" 

)1l..11tl()'lfl1'jth~ tln(;l1'UL~'lll'U-rn';~1t1WU5V11m''U6nT~l.J~\lL~l.J~€J1tl 
" , " " . " 

5\1'l11L~1 (Ornate chorus fro~; Microhylo jissipes Boulenger, 1884) 5\1.u1\1vi1 (Dark-sided 
d . 

chorus frog; M. heymonsi Vogt, 1911) LL~~ll'lmm~€J~ (Noisy chorus frog; M. butleri Boulenger, 

1900) ,)VlLtJu"(?l1r;1~ L Vi'UJ1 r;1:;Lvh.J'Ufl~ijm1l..1tntlti~tiUYI1'l~1EJ11VlJ'U1O1,} -:5'~€JtI'1u,",nm~tl1ti'U A€J" , 
Microhylo 5,nh~1 iil"l11l..1t11T\.h~1l1ru 28 iJ~~UJ(?l) nm\l'v1~\lij"1tJl"ltl1t1)tlJ1L~1~J1mm-Ul.J -U1\1~1LL":;

" 
~1(;}1iiu()u~ih~1U (.f1l'wyj 1) 5'l.u1\1vi1 ijml1w11tl)~l.J1ru 20-22 iJ~~ Ll..I(?l) nm\l'v1~\lijL"ULLflU~~1\1 'V'I1Vl 

lJ1vnl..lLLU1~U'v1~\I 1 L~'U ):;VI':h\l~U€J1~ij'l~tl)~nu .u1\1a~'lVl (m'V'lvi 2) LL~:;5\1mmall:; iim1l.Jtl11 

tl) :::l.Jl ru 22-26 iJ~~Ll..Im mn:I'VI~\lijmVl"lt1~l..IlJ1(?l)ti'U '!J€Ju'UmmvVleJ m U'Ufl~'U~v1\1a\ll.J1()\I~-U1\1 LL~::: L UU 
I. 	 . 1/ .. .., 

mV'W1Vll.J1Yi·Ul 	 (m'V'lVi 3) vln-U€Jl.Javl\im=i11v:;'W'lJi15\1'Y1\1 3 'iJU~i1ii'!J'Ul~~l(;}':lWLL~n~l'lnU iiiln~ru~ 
" 

~ru~lumVU€Jnfl~ltJfI~'1tiu LL(;l~"1111)()ViU~'1~'1~11..1·1j'UVl1~Y1flmfl'!Jv'l'\.h:::LYlf'l1V1t1 (Matsui, et al., 2011; 

MeUden, et al., 2007; 6~~1, 2546) ~\I,rU~'1ijm1l.JLtJ~1tJ1~~'1Y1v:::'WU~'1~\lr;1111"tlUVl€Jlf'1tJB~i.UU~L1ru 
L~tJ1nU (Sympatric area) L'll'l.J lUU1L1rut!V1V1'ULlvi\l'll1~Y1€J\I~11Jii B. YlB'It:-J1.IJiJ v. fl1(\!vU'-l~ 'Y'IU~'1~'lr;11:U 
'llU~ll~1uu1nruL~tnn'U'il")\.J1Ul.J1fllVlmIlVil:::1'U(j~~'U (1L'!l!l.~LL(;l:::f1ru:; 2546) LL(;l~~~1~~fl1)yj~\I~\I"111 
'llU~ijfl1)tln~u6LLU'U.f11tJ'UBn~1 (external fertilization) YhlmB01r;1yjv::LilVlfl1'j~r;1l.J-U1l.Jr;11tJ~'U~tiu 
~::Vli1'1~ol~'1r;11l.J'!!UVlLU'U 1 tJ1v1~'1n"hfl1)tl5r;1'U6 LLUU.f11V t U(;}1 (internal fertilization) Lml~fl1'jtJ5r;1U6LLUU 

.f11tJ'Ue:Jn(;}1lUUfl1)LYil..lLBn1r;11,xmtJilJ'U€J'I5'1'!lU~VI,j'lL-U1e.Jr;111tl'U1';'!JB'I5'lBn'llU~'v1,j.:J1~~1t1 (Huxel, 1999; 

Wells, 1977) v1 n.ue:J:Ui.1~oln~11tJ)~nllunui1fl1'jril'j1vYlu5.:Jyjliiln~ru:::rll~.:J'j~Vll1\15\1~'lr;11l..I'!!u~
" 

(intermediate) LL,,::i101,}f1mnYl'Ul1nuu1 2 ~tJ1i~ AB Rana limnochoris LLi.1~ R. cancrivora ~1l.J1)() 

e.J~l.J-Ul11"'ltJ~u6n'U1v1 (Sumida, et al., 2002) ~'1Ln~"l.J:u&hi1U115\1~\I~1l.J'llU~r;11l.J1)()~r;1l.J-U1lJ~1tJ~u6nu, 	 .. , 

1'Ul)'j)l.J"tI1~1~ ;\11'Un1)Yl~r;1v'U"'llll&i~lUii L 'jlr;11lJ1)() 1 m5n1)(;\ 'j1V,",e:JU1~~\I'VI1'1"ru~i1'U1Yltll.. 	 .. 
(Morphology) LLi.1:;VJ1\1~'U~fl))ll (Genetics) LL~L,jB\lVlnfl1'j(;j'jlv~BUVl1'1"ru~lU1YltJ1ii.uB~1ti~1'Ufl1) 
~1 LL'Ufl"tlUVl'U€Jol5'1 L~ tlLn'W1:;5'lY1ij~n~ru:; intermediate ;.:JtJ1fl~ll n1)~1Uun"tlu~'U€J\l5\1 ~.:I,r'U1Ufl1'j 

V1~ '" e:JUr;111l.J&i~lU1 U fI ~.:Iii ~ \llh311fl1)m1vr;1BUYl1'1 W'U5m)llL .ull.J1'!b tJ L~ tJ v:;"til fl1'j(;j'jlvr;1BU 01),hm'VI 

LfI~B'UVlt1'Ue:J~V'U COl ):;Vll1'15\1~\l"'111'llU~ U~L,jB\I~1fl\llUi,)tliiL'u'U'l1'Ul-:5'm~lJ~'Uua:::eJ\l1l.liim'}Pin~1 
-UBl.J~~lvl'UU1flmB1V1Iil'!JB\ltjU COl 'IJ€J.:I5'1J1L~1 ~'1.ul.:1vi1 Lli.1:;~i.11t1L~ll::: vl.:lJUL~8tl'j~LiJUfl111..1LU'U1tJ1~

" 
1'U01) e.J~l.JWU5.ullJr;11 tJ~'U;5 nU,}~'v111'l5\1~\lr;1 11..1"t1U ~~'1~8\1 L~llvlnfl1) Pimnn1)LL tl'j~UYl1\1WU5n))1..I'!JB'I VU 

COl lu111l~f1€JUL~~tJ~~~B'UL€J'iJ€J\l5\1~\I 3 'llU~ L~mjl.uBlJ~vttv11..1111BnuUU~LB'ULB~I'l~B\lVl1..I1ElY1ij
" 

http:L5hJfl11l.JL
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fl11lJ~1~Yn:;~e:J5,:ju.vi"~'!l'U~m)'u (Species specific mitochondrial DNA markers) vlfl,r'U~,:j'l11~~B'Ule:J 
Lf1~e:J,:jl-llJ1 EJmmUli~)1v~m.Jfll'H"hmVlLf1~e:J'UV1EJ'Uv,:jEilJ COl ):;WJ1,:j~,:jvf~~llJ'!lij~vivhJ 

Ornate Chorus Fro~ 

Microhylo jissipes Boulen~er, 1884 

afl't?tru:: fl11lJEJ11~,:j ~l~tJ"l EJtJlfl(),:j'jVl11'j~1lJ'lh:::lJ1ru 1.5-2.5 L'/IlJ~ WVl'j '\.11lll-l~lJ ~l~'nJe:JlJVl'j,:j~llJll-l~EJlJ" . 

~l""U,:j~~ EJU flm,:jl-la,:jiimEJf1"'lEJ)tJJ1L~1~J1Vll"l,)lJ ~llJ,)1,:j'Utl,:j'\.11U.~:::~1~1~Jl\JllmoUlJ 'titl,:jvlJflil1V1U 
'lJtll~~~fl l:uiiYltl~LYi~l'U'lhfl m:::"~fl premaxilla lL~:; maxilla ~'Ufl~lJ tJ~1EJ~'UhJii'jvEJl-IEJfl LYiPliiiq,:jL~EJ,:j 
Jl1EJ'Ue:Jn 'j~lJntleJ~1'UU'ULiie:JutJmEJ~~'\.11 e)Vl)1?l1'U):;V:::l-11,:jU'j:::lJlru 1:3 wh tJmvulniiaflmu:::lfi''I'UtlLu'U 

"" "" \J 

i1'U L~e:JU'lie:J,:j'VIlJe:J,:jl:UL~WillflJl1EJ'Ue:Jfl ~e:J,:j~J1Vllmim.J LYiPl~iifle:JtL~:::tl fl~~l .Q1iimL(l:::'lJl'V1tJlvltl'Ucil,:jiimEJ 
, " " 

I Vdq Q,J a Q..I 4 QJ ILl '" ~ I .d ..... 
Yil~'lJ1W1l1'11:'l::: 3-4 LLt:lU 'lJ1l-l(l'l~L~V1flU(l1m llJtlYiU'lJll-1(l,:jL'lJllJ1~:::L'VI'UmEJYil~'1J11'1Vlm'Utl,:jn'U 3-4 LLt:lU 

L~1'V1tJl1:uii~,:j~Vl tJmEJ.Q1L~1'VItJ11:U'lJEJ1ve:Jtln (Jl1Yl~ 1) (~qjqj1, 2546; ll'!l!l~lL(l:::flru:; 2546) 

u • 

01·Hl.ydm::~lV iifl1'jm:::vlEJn11'1'lJ11'1 ~'1Ll~~tlL~EJVle:J'UL'VIUtl L~t:lULYle:Jm'Ul~lJ1aEJ ~1~'UL~EJ Pl~a'lm ~'U 

flB'If)'1 1:'111 L1VVltlllJ nlJYi'!ll lJ1~(lL~EJ ~'1fllu1 Yi:Ul ~fl1:::l~vr'j''U Vl~e:J~tJ'j:::LVlPlB'UlVl~'U"'11U()'1fl1U~lJVl'j" , 

~mjtl1AV ~tl'U~11~u lil 'lJtlUlil Ll(l~l"Vl~fltl'lBeJu'U~'U'lh ~11UYiU1 'UtJ~lJ1rutJ'j:::'Ulm(l'l~~Vll'UflcilJ5'1 
\J , '\J "" , 

'U'U1VlL~nvf'll-llJVl lVlmUYil::: 1 tI'1~~'U.'li1'1L~e:J'Umf)!l1f1lJ YlU1'UU1lJ1rulJlf)U~muth~utL"'.:j 'je:JU'l LLti ,nh~LtJtI 
LLl-I~.:jL~ulVl'lJtl'l~n~e:JVl ~.:jLL~tJmm~e:Jtlij'Ulf1lJ~tln.:jL~Vtliiq'U1EJ'U ~f)5.:j'UtllVlL~mJf)l-I1fhJ'jvu'l u.ti.:j~L~ulV1 

d~ .. 
lJ1~lf)VlLtJ'Ul:'lfle:Je:JVl 

" 

mJihi'v l-I(lU~tl'U~11'Ul1(llflm.:jl'Uu111ru~iifl11lJ';lJ~tlu.":me:Jfll-llfi\Jl1"lfml.:j~\J iii1EJfl1'jm::: lVll'll-lilL 1"1. , 

flflmlJ~uie:J.:jbLL,,:::m::: lVlVll tJ1mf)~ Ll~lJf)l-IlJBui1'le:J~ntJ~m~',:j~lflm:;lVlVlltJL~"'1 e:J1~Vn1'jW)1,:j~1'V1"UL~EJ,:j 
~1'jX,:jLflVl'lJtl,:j~\Jl)lJ1flf)rh~:::Yi~fl~1l.JVlLilllffiU'WviVEJ1.fl"'~~Vl ~~lJ~'U6LL~~11'l1'lJL\Ju.ti'lJl-v,:ji1f1)11~" .. '" ., 

amtlll1'W bJ1~LtJ'UXVllth~lJrm),:jmlJYi):::'jl'!lUqJqJ~~,:j1\JLL,,:::Xl'rh'h~l:!f1'jv,:j Yi.Pl. 2535 tL,,:::hJii~m'UJl1w 
d IV ~ ~ 

LWe:Jfl1)e:J~)nmlllJLf)ru'f1'Ue:J.:j Office of Natural Resources and Environmental Policy and Plannin~ 

(2005) Ll":::(1l1lJ~flru.;j'Ue:J.:j IUCN (2008) 

http:j~lJntleJ~1'UU'ULiie:JutJmEJ~~'\.11
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d tI 0 

€J'I'tJl'lV1l 

Dark side chorus frog 

Microhylo heymonsi Vogt, 1911 

r;;'n~ru~ mllJtJT.l~'lbbl'i'Llfllm.hf)(i'l~vnlJ~llJ'lh:;lJlru 2-3 b6(jtl~blJ\9IJ ~lbbVlmJ ~lIi11u€Jm'lJ'I~llJbVl~tJlJ 
~lVlU'lb~ tJ'U~hl1(i]lflnfll'lVl~'1iiflltNl'll f1~ltJJ'LlJ'lbv11 fll~iib~tI~fl~lJb~n 'l 'Wl\1WnlJtJllVl~€Jhjm~ nfll'l 

" 
VI~'1ii~(1l~1111 1 ~(1l vlltloUl'l'tJ€J'I~"'mfl:::~11i11~'1'/j€Jn'tJlVl~'1ii~1111 'li€J'I~lJn.flltJ1'U'tJ'Ul(1l b~f) hjiJY1'U~b'W~l'U'Lll n , , " 
m:::(1lf) premaxilla bbfl:; maxilla ~'Ub~tJltJll 'LlflltJ~'UhJ:lh€JtJVlEJf) b'Wl"1~iJfl'lb~tJ'ImtJ'UBf) J~lJnB~l1i'l'U'U'U 

'lI '\J " '\J'\J" 
bnmJtlflltJ?I(1l~l el(i]Jl?11'UJ:;tJ:::'iAl'l'LlJ:::lJlru 1:3 byh 'LlflltJ'Lllf)ii~n~ru:::lA''1t1t1btJ'U?1'U btiB'U'li€J'IVllJ€J'lhJb~'U 

'i '\J "'U 

" " ~l n.fll tJ'UB f) VlB'l~fl~lJ JB'U n'Uii~t11(;l1~HoUlJ b'W1"1~iJfl mbfl::: Bf)~1111 'i:hiimbfl:;'lJ1VlUlvi B'Ucil'liJflltJ'Wl~'tJll'l 
'U 

'lJlVl~'1~b~tJln'U~llill b~B-W'U'lJlVl~'1boUllJl~:::b~'UmtJ'Wl~'lJll'l(?)m~B'In'U 2-3 bbfl'U bVllVlthhjiJVI'I~~ 'LlflltJ 

~lbyhV!'Ulhj'lJtJltJ€JBn (.fIl'W~ 2) (6'1j'1jl, 2546; ib'lJ!)~bbfl:::mlJ::: 2546) 

nTm~~m~~lEJ 1~VI'r'U ~tI B'Ub~tJ 'Wl.h flll bltJ(1ltlllJ nlJ'W'1l1 lJlbm~EJ ~'lfll 'Ll11'U'LlJ:::b'Vl1"11'V1tJ'W'U'VIf).fIlfl" , 

'lJ€J'ItI':i:::b'Vll"1 

viv£hnAEJ '/jf)'Ii€J'Ulill1~'UhJbb~'1 f)€J'I~'U nB'IVldll bbfl:::l?l(1l~'U'l 'UtI~'U~'U lYnB~1lJ1ml~lmbVlci-:J'lJfntJVI'U5~'1 
v '\ v 'I " " 

btJ'UbbB-:JJ'l.u'l 'W'U1'U'tJ~lJlrulJlf)'U~ bJruth~'Ubb~-:J JB'U 'l bbB-:JJ'l~LtJ'ULLVlci-:JL~'Ul(;l'lJB-:JflnBB(1l ~-:JLb(?)L~€J'U
'\J 

~'1V1l fllJ~'U (i-:J b~B'U n'Ufn tJ'U ~'l b tJ'UVlfll tJ ~ ~ eJ'U ~ n5'1'lJtll\1lb~f):lInVil f)'UJ BU 'l UB'Ivi L&l'lJl(;llJl~lnvibtJtI~ nBB~ 

vtJ-u~EJ v]fl'U'liB'U1il11'U L1fll nfll'lltl'U~ blru~iJfll1lJ'lilJ~'Ubbfl::: BB nVil n'Umn nfll'l~'U b~Bfl nJ'U n1'U~:;m:;1(1l(1l
-.-- , '\J 

willtJtlJ::: tJ:::'Vll'l1nfl b lfll(;l nfl'l?l~tI~tI~:::~'U'W~ nl'11V1fl'U b'ih1ru'UhJVI~Bl~~~'U 'l ~tlVl 111VllJB'U~'1B ~ n'Uvi 
" , '\J 
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b 'VllJ€Ju5'l'1lu\'l5u 'l ~'l~tJ~l:u1Plmn1~~.11 n ~"'lJWuqbm:;11'l1'111.'UbbB'llhu'lilmll~m:;'.illtJ€l ~1.'Uthb~'l-r'l 
IL;;'l:;1uth~tJ ll~'l':i:;'Vl'll'l'l~e.JU ':illJ~'l1UB1'llntJJl LL;;'l:;ii''lJl~~'l11l'U~'U~th 

am'Uil1~ 1lJ1~LtJ'U;;rvdthr1lJf1':i€J'll'l1lJ'W':i:;':il"llururu~"''l1'ULI;;'l:;;;r(;r5thr1lJfI':i €J'l 'W. 1'1. 2535 LL;;'l:;hliJ?1 mUf\1'W 
, u v , 


d v ~ ~ 


1'W€Jf\1)€J~)fl~llJLnru"'11€J~ Office of Natural Resources and Environmental Policy and Planning 

(2005) LL;;'l:;l'I1lJlnru'Yl'11€J.:J IUCN (2008) 

ci 
B'l;;'l1 CJLnB:; 

Noisy chorus frog 

Microhylo butleri Boulenger, 1900 

~n~ru:: iJ'lJ'Ul~illL~fl 'lJU1\'ll~~lntlnlUthn()'l)'Vl11':i~llJ'lh~lJlru 30 ijn~blJ(ij':i ~lillb~tJl ~llb'VlnlJ ~l'VlU'l 
v v v 

~1(1)1 L~8'U LL~'Vll'l~l'U(?]'U'11 B'l~lU'Vl~'liJ~lJ bL'U'U m:; ~18BtJU1'l ~1'U'Vl~'l~L'Vll'Vl~€l~111(ijln b'Vll'Vl~€J~t1l(ijl(t LL~~ 
, v 

~lUtJ;;'ll(J'1~'lJ€l'l~l btJ'U~ ~ l'l LL;;'l:;:W'Vll'li1f1~lJ'.ill n ~huv118 (1)1 n'l 1 tJ~ (?]'U'lJ 1 'Vlif1 'UU'VI~'llJ(tl~mtJ~ L-illJ'lJ€J'U'lJl1 

'Vl~B'lJB'U~bb~'l)tI~l'lfl~ltJJl L(?]l ~l'U-ill'l~lill?i'.ill'lbL(tdJ~~~ LLI)'I'l m:; '.ill tJ L'WP1 e:iiJfI1'l LtJ'U'.il~tI':i:; ~ b'Vll L-illJ LLn:; 
'" .. '\J" 

~~'.ill'l~'Ubn€l'U'lJll1'UL'WP1LiJ8 'lJl'Vlifl LL(t:;'lJl'Vl~'l L~(Jl81l L~€JW'U'lJl'Vl~'lLL'UtJn'U~1(1)11t1'Vll'l~1'U'VlUl -ilmvl1B8 
v 

1'U\iilLL'Vl1.l.:J'ln~~l'Utlm(J·lJ€J'ltJln .Q1LVll'Vlifl1lJiJbb~'U'VlU'l) :;wil'l.Ql .Ql LVll'Vl~'liJLL~'U'VlU'ltl':i:;lJ1ru 1/3 'lJ€J'l 

fl11lJEJ11ifJ ~1tJtJ"1tJ6(J eJ~61 Vl fl'Y,)~ til (J v€l nbtJ'U~lJ bl,,~lj~ €)t)Vi EJtl~I~~It!VI~IO(J €l~~lJ nLli1~ B~fJ1,) €l~ 
.." .. 'V 

'Vll'l~l'U'U'U'lJB'l~lJ ~lJ'lJB'l.QlbVll'Vl~'l1'Vlqjnll'lJB'l;JlbYfl'Vlifl (.fIl'WYi 3) (6qJ'lp' 2546; iL'Uru1bLn:;flru:; 2546) 

http:Vll'Vlifl1lJiJbb~'U'VlU'l):;wil'l.Ql
http:ll~'l':i:;'Vl'll'l'l~e.JU
http:mn1~~.11
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-vi v~eJ1AtJ B~(i)llJ~t.I~h.:l'lJ B,:nhu~ nru~lJflJllJ~lJ~t.I 1~ fJ~lhJ8~(i)1lJ~t.l1 'U1lJ~'Ut.I~'UU1~'U LL~.:l LL":;Ul'm 1 

~:!J'~h~JtI .ijBt.lBEJ1~'lJBt.l1JJLL":;flB.:l 1 'U1lJ~" , 

vtl-u~tJ ,''m'U.ij Bt.I\9lJ1'ULJmmn.:ll'U'U~L I ruvilJmllJ-dlJ~t.lLL":;BB flVll n'ULJmfl"l.:Jl'1t.1 ~i.tlJ~t.l5,LL"~11 '11'lJL'U 
.....,------- .... ., "I 

I Q\ 0 q.<:::ll tJ IV l.c:f .::::. 4 

eJ1.:lLfl'U'Ul lJLi.'1t1.:l'lB.:l~.:JmlB'I'lJt.I~Bt.l1 

;;l tn'Ufl1'W llJ1v1LUt.lr.1Vt1Ul AlJfl';iB'I(i)llJ'W';i:;';il'lJUflmj'~i.'1.:lJt.lLm:;r.1(i)lulAlJfl';i B.:l 'W .1'1 . 2535 LL(l:;hJlJ?lClTUI11'W 
.. 	 'U 'U .. 

.d 'l.I ~ ~ 
L'WBf11'lB'4';iflm11lJLflru'Vl'lJB.:l Office of Natural Resources and Environmental Policy and Plannin~ 

(2005) LL(l~(i)llJLflru"']'lJB'I IUCN (2008) 

1. 	 L~Bi'1fl'\'11f)1';iLbtJ';ier'Uvn:rw'U~m';ilJ·lJB.:lVt.l COl (cytochrome c oxidase subunit I) 1 t.l1lJ 1 VlflB'U 
c:::.I q ~ I 0 1 d ~ l.I d 11 0 ") d

Lmtl(l~bBt.lbB ';i~Vlll.:lu';i:;'lJlm'lJB'IB.:lt.llL(i)l (M. jissipes) B'I'lJl'1m (M. heymonsl LL(l~B\I{;11t1 

L(lB:; (M. but/en) 1'U~'U~(;)1.:l11t.1B1LJlmlmi.n :5'.:JVllvnl1t.1 

2. 	 L~Bi'1fl'\'11mllJr.1lJ~'U1jVl1'111\PlJt.llf)1';i'lJB.:l5.:l~.:Ji.'11lJ'lJD~vim::; ~1tJ.~JB~1'U~t.lvi(;)1.:l11 t.leJ1LJlB 

Llt1.:l?ll :5''1V11vnl1t.1 bb{;1~1t.11fl';i'lf11';i B'W .i.'1'B. 

3. 	 L~BtJ';i~biit.lmllJLtJ'U1tJlmt.lf)1';i ~i.'1lJ·VllJ?llEJ~'U~'J::;VI')1'15'1~'1i.'11lJ'lJD~1'U~'Uvi(;)l.:l 11'UeJlbJlB 

L1EJ'I?l1 :5''1V11~th'UbL{;1::;1 'Ulfl'J'If)1';i B'W.?l'B. l~tJ1ifl'U cOl1t.lllJ1VlflB'UL~~t1(l~b~t.lbmUt.l~L~t.lbB 
Lfl~tJ.:lVlmtl1'Uf11'J(i)'JJ~"B'U 

http:lJLi.'1t1.:l'lB.:l~.:JmlB'I'lJt.I~Bt.l1
http:hJ8~(i)1lJ~t.l1
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~5~1Lil'IJn1')~~tJu.a:;LIUlJn1WnU~.:j1'IJ 

3.1 	-l~~ mJmru LLa:;~1,)LRij 
.. i 

-l~~	ua:;v'lln')ru 

- Digital Dry Bath (Labnet International, Inc.) 


- DNA Thermal Cycler (Eppendorf) 


- Centrifuge models 5418 (Eppendorf) 


- Centrifuge models GMC-260 (Labtech, Korea) 

® 

- Microcentrifuge tube 0.2, 0.5 LL~~ 1.5 ml. (Treff Switzerland) 


- Automatic Micropipette P2, PlO, P20, P200 LLr1~ P1000 (Hirikul Science) 


- Micropipette tip PlO, P20 ,P200 LL~~ P1000 (Treff 
® 

Switzerland) 


- -20·C Freezer (Sharp, Japan) 


- Whatman 
® 

Laboratory sealing film 


- Collection Tube 2 ml. (QIAGEN, Germany) 


- Mini column (QIAGEN, Germany) 


- Microwave (Sumsung, Korea) 


- I - MyRun Electrophoresis (Cosmo Bio Co, Ltd) 


- Power supply (Cosmo Bio Co., Ltd) 


- Chamber, tray, comb 


- PCR-Cooler (Eppendorf) 


- Safe Imager Transluminator (Invitrogen Corporation) 


- Digital camera (Nikon) 


- Electronic clock timer Model CT-30(Canon co. Ltd., Japan) 


- Vortex Mixer (Gemmy Industrail Corp.) 


- m'.i1m, filJ (Forcept) 


- m~1'11~Vi-u-U (Scott, Thailand) 

" 

- q~iJmn~ (Hycare International Co., Ltd) 

~1,)Lf'\ij 

- Favorgen's Tissue Genomic DNA Extraction Mini Kit (Favorgen Biotech Corporation, 

Taiwan) 

- MilliQ 

- 10 IJM LC01490 primer 

- 10 IJM HC02198 primer 
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- 100 bp + 1.5 kb DNA ladder (SibEnzyme) 


- Loadin~ Dye (SibEnzyme) 


- A~arose (Promega corporation, USA) 

® 

- SYBR Safe DNA gel stain (InvitrogenTM) 


- Sterile water 


- Absolute Ethanol (Merck, Germany) 


- EmeraldAmp 
® 

GT PCR Master Mix (TAKARA 810, Japan) 

.do ~..,. .:s" 
3.2 ,Hl1'U'VI'VI101~'J~m~il::~n'U1Jv1Jil 

LfhJ~lmh~~,nh~l 5~-ih~~1 LLfl;5~mmflv~~lm51lJlmlEJ'Hn ~.:j"11~'thu ~1'U1'U'tliJ~~~'lJ';j~mru 
10-20 1111 1~EJ~lmh~~LnulJ11~~~f:\mnu-rmnI111mh~111.'U 95% lvol'lJ'Ufl L~ml1hJl.m'Um';j~n~~LihJLv

" 
~vl'lJ 

~ 
3.3 1J'U(;lv'Un1,)'VI~Hlv'l 


'lh~nvU~lEJ 6 ~'lJ~vUV!~f1"l1~LLrl 

3.3.1 fI1';jG'\nVl~L~ULv (DNA extraction) 

3.3.2 fI1'H~lJ~l'tJ1uEju COl ~lm'YIfliJfl'rFIiV14 (DNA amplification) 

3.3.3 fI1';j~'n~~vU'lJ'tJl~'lJ€J'I PCR product ~lEJ"J5 agarose gel electrophoresis 

3.3.4 fI1';j'Vh~~~.nru'1iY;'li€J14yjr;)v'lfm1~u~~'YI~ (PCR product purification) 

3.3.5 fI1';jBl'lJ~l~u\jlf1m€J1'YIvl (DNA sequencing) 

3. 3.6 fI1';jiLfI';jl~11~1~U'u1f1m€J1'YIvlLL~:;~lmllJV!mflV!mEJ'VI1,n1\J~n~';ilJ (Multiple sequence 

alignment and genetic analyses) . 

3.3.1 m~~tiflfhB'ULv (DNA extraction) 

"nl'l~LBUL€J (total DNA) ~lf1Ldm~vl11u'!l€J'l5'l1~EJH' Favorgen's Tissue Genomic DNA 

Extraction Mini Kit (i\llJ protocol: DNA Extraction from tissue ~'l~'lJ~v'lJ~'1~vhJ.Q 
1) 1im11fmlvlLdm~v~'tJ'lJ€J'l5.m~~:;'ll\jVl '!lUl~'\J';i~lJ1ru 0.3-0.4 L'1J'U~LlJm 1~~-.11'lJVlflv~ 

WlmL'1J'lJ(i\~yh~'lJ'tJl1'l 1.5 iJfl~~(i\';i 

2) 	 L~1J FATGI Buffer 200 llJlm~(i\';j LLfl~"1';jfl~r;nEJw'lJ1~,j 10 \JM Proteinase K mmru 9 

llJlm~m ~lmru~G'\lJ1,xL<ihnu~lmfl~v'llv4LVlf1 (Vortex Mixer) 'l111'\JtilJ~vruv![liJ 60 mPll 
, " 

L~flL'liEJ~ LlJUL1m 2 il11J-.1 ';i~wh:jm';j,jlJ1,x 111hhiJ4L-Yln1u 30 'tJlViLL1f1 

3) 	 L~hJ FATG2 Buffer 200 llJlm~(i\';j 'l111'\J1v4LVlf1L'~€J1~~~lJLlJubdm~EJJn'U 1111'tl\hJ~vruVl[liJ, 	 " 
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.d c: I tt::I c::: .q

Ylfl11lJL~l 14,000 ~vUt;'tv'U1Yl Lu'Um'll 10 'U1Yl 

5) th~nvuljuflvirlJ1.J (Mini column) n'll'UVI(;1v~f1mm\I'l-a-'U (Collection tube) ~lmr'UUlvl1v~1\1 
LtlYil~~1'U~dJ'U;;11~n~"lEJ1;;1 (supernatant) lfhnru 540 llJ1mi)t;'t~ n\lL'Uiluflvirm.J mhulhJ 

~'ULVI~EJ\I~1mfl~v\lL'll'UVl~vh~~mllJL~1 14,000 ~vuliim.nVi dJ'Unfl1 1 'U1Vi L~vL~~LB'ULv1'U 
~l~n~fI1EJ~Uvll nULlJlJLU':i'U (membrane) 1'UV!nv~ilUflvirlJU 

6) ~\I~l'U~Lu'UJlvvn~1 nVlnv~f1v(1 lnfl-a-'U ll~lUlilUflv~lJU(;'lllJn\lL'UVI(1vl'lflv(1Lnfl-a-'Uvl'll~lJ 
~lmr'UL~lJ W1 Buffer 500 bJ1f1~i)m LL~TulhJ~'ULVI~EJ\I~lmfl~v'lL'll'U\il~yb~~fl11lJl~1 
14,000 ~vuli1v'U1Vi LU'ULlfl1 1 'U1Vi l~v1~~hB'UlviJl'l1llJU~~YlBmn~,:j~'U 

7) ~\I~l'U~Lu'UJlvvn~lnVl(1v~flvnlnFl-a-'U lL~ll~lJ WASH Buffer 750 bJ1f1~i)Vl) ~'ULVI~Eml1EJ 
LfI~v,:jL'll'UVl~Yh~~f11llJL~1 14,000 ~vuli1v'U1Vi Ltl'ULlfl1 1 'U1Vi 

8) lYlcll'U~LU'UJlv1\1 ulhJ~'ULVI~EJ\I~lmFl~v\lL'll'UVl~vh~~fllllJL~l 14,000 ~vuli1v'U1Vi LU'ULlfl1 3 

'U1Vi lV;v1~'Uv.:J lVln1~\lVllJI'IVl n(;1.:JlUVl(1v~ flvmnFli'U 

9) U1LtlYil~ijUflvirlJU~1lJn\l1'UVlnvl'lllJ1f1'5L'll'UVl~vh~VI(1v~1Vll.l'U'Ull'1 1.5 ilni)i)m ~lmr'UL~lJ 
Elution Buffer 50 llJ1mi)Vl'5 n\lu~nrum\lnm\l'Uv\lilUFlvirlJ'U ~\I~\lH 10 'U1Vi Lyjv1~lJiJ 
flvirlJUl'll'loVU 

" 
Elution Buffer LLfhtJl1tJ~'UL~~EJ\lvl')EJLfl~v\lL'll'UVl~Yh~~fl11lJL~1 14,000 ~vu 

IPlv'U1Vi LU'U nfl1 2 'U1Vi l~v1~~hB'Ulvt;'tnn\l1'UVI(1v~llJ1mL'll'UVl~Yh~ 
10) 'Vhn1~Lnu~Lii'ULV~;;1n~lvlVivruVlJlij 4 v\li'11L'lJm~EJ(;'l rlv'UtJlhJ1m'U.fr'Ut;'tv'U~vltJ 

, " 

3.3.2. f1l'HYilJ~l'UJ'U~hJ COl ~1m'VIf>\iJf'I-W~en{ (DNA amplification) 

L'VlflUfl'V;~1)11 (PCR) iJ~m~lJllL'VlFluFltJDn~EJ1~n1'IJ'1Yii)LW)b)~ (Polymerase Chain Reaction) btl'U 

l 'VlflUflL~lJtJ~mru(;'ll '5 ~'U~m'5lJ~Lil'ULv1~i.itJ~mrulJlnmEJVlfI1CJL'I'll 1'U)~ EJ~LlnleJ'U'51~L~l 11'11'.11)1;\8 

Vlirnfll'5,jl"v\lvll'Uv\l~lEJ~hii'ULv (DNA Replication) l~8'ULlUUm~'\Jl'Un1'5~\llml~v1~iLil'ULv1'U~\liJ~iVlt;'tllJ 
o))lJ'lJl&1 ~iJm)~~l\1(;'llEJ~hil'ULVi.'1l81V11.1€inVl~\li.'1l8~ln~Lil'Ulm~lJ. 1~81-UlFl~v\l PCR machine VI~v 
Thermal cycler L U'Uvll'li1EJ1~Lfi~tJiJil1t11 1~81 'Um)fim~lfl~\ldvhm) LYilJtJ~mru~LB'ULvvl1 EJ l'Vlfl11Flri~m1 
~ln~lii'ULvvl'ULLUUu~LlruU'U COl (cytochrome oxidase subunit I) ;\lLu'Uv'U~v81'UllJl'Vlflv'ULI'I~ml~Lil'U 
Lv ;\l1mYi)LlJvl1tJ~unuu1Llruvl\ln~11 1I'ltJ1mYi1LlJv1vnii1'Um)fin~lFl~\li1 ~v LC~1490 LLn~ HC02198 

(Folmer, 1994) (Vll'51\lVi 1) 

d .
'!lv pnmer fllllJtI11 

TM ("C) 
(Forward/Reverse) (bp) 

LC01490 GGTCAACAAATCATAAAGATATTGG 25 59.2 

HC02198 TAAACTTCAGGGTGACCAAAAATCA 25 61.6 
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~ln&vhfl1)",:jLi'l)I~~~L~hJLv\9iv1UlilllJ~'U(;)mJ~~\9iv1ul1 

L\il1CJlJ~lW.J'UJ'1Jv~(;11)vhm'UnTlvhV;;mn'UVI"'u(;l1lJli'l)L"1l'UIil~vh~'ij'Ul(;l 0.2 

LLiKl l(;lCJ~~1'lllRmrum)\9il'111'Uu~"'~'VI"'v(;l~~l1' 
Total DNA template 5.0 IJl 

10 IJM LC01490 (forward primer) 2.5 IJl 

10 IlM HC02198 (reverse primer) 2.5 III 

MilliQ water 15.0 III 

EmeraldAmp 
® 

GT PCR Master Mix 25.0 JJl 

Total volume 50.0 l-ll 

"~Li'l':il~~v'UlihVllJ1CJL(;lCJ1iLi'l~tl'l DNA Thermal Cycler PCR LI11EJnlV1'U(;lltJ)LLmlJl~ii~il11~Y;~hn11'1'111 
u • 

-U'UlilvUYi 1 Initial denaturation 94·C 2 'U1Yi 
u , 

-U'Ulilv'UYi 2 Denaturation 94·C 301'U1Yi 

Annealin~ 

Extension 72°C 1 'U1Yi 30 l'U1Yi 

'Vhil1'U~'UvlV'Uvi 2 v\llJ"l~U~'UVltl'UtJvCJ~~~'U 35 ':itlU 

Final extension 72·C 3 'U1Vl• 

'l11'V1f1tlV11lJLi'l':i L"1l'Uv\~Yh~~ih~lW.J'1:jj'ijv'l"l).ffii1'Unlwhlvi\nV\tJBn~ CJl~nL"1l1'\"i~LlJm)1?llJ11,,1'U 
~ = ~ 

Lf'l)v'l DNA Thermal Cycler bL"~LI11'ULfl':iv'l 

3.3.3 fll'~\?I)'J:V"BUtl'Ul~'1JB.:j PCR product ~'m1~ agarose ~el electrophoresis 

LIil~EJlJ 1% agarose gelLI11CJ -t~e.J~ agarose 'VI'un 0.5 n-rlJ 1ci"''l1'U'ijlV\~tl'lllJ~ L~lJ IX TBE buffer 

50 ml L'lJ~lLUll 1~dhn'ULLiKl'1111tlL-ih1:ulf'l)blyjvivrui-1Ilil 130 tl~!'I1L"1lm;CJI?l LUULlm 1 'UTYi 30 l'U1Vi. " 
L~lJ SYBRQ!) Safe DNA gel stain 5 III L'ijtJl1~L'ihn'U ~~111~'VI1tJ-5€l'Uu,iK1L'V1 agarose ~el solution ,,~1'U 
tray Lm~1cl comb m1tJ ~'lv1~111~ agarose gel LL~~v11tl)~ll.lru 30 'U1Yi LL~l~'1 comb €lvn ~lmr'U'l11mV1 
L~",1tlll'1"-31-U agarose gel chamber 1~ lX TBE buffer L'Vm~l'U chamber lm~lRlJlruvi~'1nll~l'VI-U1 
agarose gel ::::: 2-3 mm 1i micropipette (;l(;l PCR product Yi",~ 1 v11mh.:J LL"~ maker (;l'l1'U well 

" 
~ln,r'ULtJV1Li'l~€l~L(;lCJlii'l11lJ\9iI-3f'i'n6~ 135 11(;lvl LU'ULl(;l1 30 'U1Vl tll\Je.J(;l'ijv~ PCR product L(;lCJ1i Safe 

Imager transluminator LL(;l~,htJIll'\"iL'l"V)lCJfl~B'I~~v\v" 

3.3.4 fll)vhe.J~\il.nru.flyt~hl1i~~B.:jm'!i111u~,,'VI~ (PCR product purification), 
'l11tJi!iVlnru.;iY;~V11viv1v'l nl'!ilJl'vh 1 ~ij fllllJU~a'VI~L~W1'll'll(;lm':iLflijrllL1~)tl ~v F avorgen .. " 

GeVPCR Purification Kit (FAVORGEN, Taiwan) l(;lCJlJ1tinl':il'1-3l1 



13 

1) L~lJ FADF buffer 5 L'Vh-Uv-3vl1v~1-3lul,mvl'l1:ulf)'ml'ulJl1yb~ 1'I1'IC.J~lJlj)w.nYi;V1imlJ1ru 56 

1:uIf)'~~lJl'j'VI~tJ~-3'V1lJl'I''.:j1U C.J~lJ1~L'Il1tl'U~1mfl~tJ.:j1viLVln " 

2) I'Il'Ivl1tJ~1-3Cl.:j1tl1'Uf'lv~lJU 
" 

'l111U~'UL'VI~tJ.:j~lmfl~tJW!j'UlJl~Yh~~m1lJl~1 13,000 'jtJu~v'UTVi 
lU'UL1Cl1 301'U1Vi 

3) L'Vlr;11'U~LU'Ulh~'~ l~lJ wash buffer 700 llJlm~mCl.:jluVI'j.:jnCl1.:j-uv~f'lv~lJU 'l111u~'Ul'V!~tJ~ 
~lmf'l~tJ.:jL'1:I'UlJl1Yh~~f'l11lJl~1 13,000 'jvu~v'U1Vi lU'UL1Cl1 301'U1Vi 

4) L'Vlr;11'U~lU'UJ1~.:jll~1'l111U~'Ul'VI~tJ.:J~1mf'l~€J.:Jl'1:l'tJlJl1Yb~~m1lJL~1 13,000 'JtJU~tJ'U1Yi lU'U 

l1m 3 'U1Vi 

5) 'l11flmrlJ'U1~".:J1'U'VI"€Jl'lllJlml'1:l'U{i)~yh~'VI"tJI'I1'VIU l~lJ elution buffer 25 1:ulm~lJl'j Cl.:j{i)'j.:j 

nm~'Uv.:jFltJ~lJUl~~l~.:jvT.:jH 5 'U1Vi ~'U~1mfl~tJ-3l'1:l'U{i)~vh~~m1lJl~1 14,000 'JtJU~tJ'U1Yi lU'U 

mn . 2 'U1Vi LY1tJ1~~iLB'UltJ'VI~lJl~1nfltJ~lJu(I.:J1mmtJI'l1lJlmL'1:I'U{i)~Yh~ LnUt.J~lJlJi'ru.;jYi;V1i~ 
U:S~'Vlill~1H~ -20 tJ-3f'\1l'1:l"l;tJ~ 

6) 'l11C.J~I'l.nru.;jW~V1i~vh1~u:S'1'Vli~-3'V1lJlJllJ1ml~(;1vU~1 tJ nlwh €iL~n1'Vl'JyJ€J~<ij~'U'U€l~nll'H~L~(I 
~:iJfl11lJL'IllJ'Il'U 1 lU€l1L~'Uvi 8mJl~Cl~'W SYBR® Safe DNA gel stain 1'U TBE buffer f111lJ 

l'lllJ'Il'U 1 wh llJl8Hlm~Ll~lyjY11'J~~'U 13511Clvi lU'UL1(11 30 'U1Vi 

7) el1'UC.JCl'U€J~ peR product 11'1tJ1-ii' Safe Imager Transluminator LL(I~ci1tJm'W~lB'ULV~tl'J1n!l 

U'U agarose Ji'lEJn~v-3~~vlCl 

3.3.5 nl'Hh'Uri1i\Jih~mvl'Vl~ (DNA sequencin~) 

'l11C.J~{i).nru.;jW~V11~vh1~u~'1'Vl~lJ1nt-l~'Ulu~'UI'l€l'U~ 4 U1lJ1ru 50 llJlmfil'l'j~'llU8-3U~~'Vl 
Macrogen Inc ~u'j:;l'Vli'1ln1'V1m!i1l~vvhn1'Jel1uri1tKU'u1flmvl'Vlvi1vw15 automated DNA sequencing 

l{i)EJ'Vl1-3'U~'0''Vl~:; ~-3'1ltJlJCl~1tKU'Ulflm€J1'VlvilJ11mULLuu1'\'J;;j'll€JlJ(I
" "" 

3.3.6 nl'.i~h~':i1:;~ri1"'uil'mmvl'Vl~LUl:;fi1~'JllJ'VI"1n'VI"1V'V11~-w'U~m':ilJ (Multiple sequence 

ali~nment and ~enetic analyses) 

'l11-t'vlJCl~1tKu~lflm€J1'Vlvivn~lJ11'l'Jl~~vUf111lJrtn!i1v-3~':IEJ\l'l1LUci1 (visual correction) ~1mr'U'l11C.JCl 
" " 

mJi'lJTvh Multiple sequences Alignment ~htJlu'JLLmlJ Clustal W version 1.81 (Thompson et al, 

1994) 'VI1fh Genetic distance 'U€J-35-3~-3~1lJ'1j'U{i)~-3mEJ1'ULL"~'J:;"rh:Ju'J~'lnm lV1tJ1mu'JumlJ Mega 

version 5.05 (www.megasoftware.net) (Tamura et al, 2011) Hlu'JumlJ DnaSP5 

(www.ub.edu/dnasp)(Rozasetal.2003)rl1.V11Ufl1.U1Wfh Haplotype Diversity LLCl~ Nucleotide 

Diversity ~~1.:J LLC.J'UJ;]lJ II i.'l VI -l i.'l1tJ~m~/'Ut5'Vl1'l1VlJ 'Uln1 'J uCl:;l Lfl':i1~~fl11lJ~lJ~'U5"111-311VlJUi nl':i1~ tJ15 

Maximum Likelihood method lV1tJfl1'U1'U bootstrap percentage 1,000 fl~-3 LY1€Ji.'lU'Ui.'l'4'U tree vtl~ 
~ltJlu'JLLmlJ Mega version 5.05 lvltJ1-t' M ornate (Genbank accession number DQ512876), M 

okinavensis (AB303950), M annectens (AB611944} llCl:; M rnarmorata (AB611952) LU'U outgroup 

www.ub.edu/dnasp)(Rozasetal.2003)rl1.V11Ufl1.U1Wfh
http:www.megasoftware.net
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aaJ .dt"dil 0 d 0 q ..,..,.

1. t.I~flT'HflU~'luVI~u~'UIL\il1 v~"llI~~1 LL~~u~~lm~v:: ~lflU1U1vnV~n1 ~~VI'l~'\.nu 

lv1'Vhfl1J,hsl~bbrl::;VWltJllJbnu\illmh~5':l'J'1l1i11 5'l-rrl'l~1 bLrI::5'lrlltJLrI€J::; ~lmhUlm1tm11 ~~VI'r~ 
I.JTu 1~tJl'Ufl1Jfifl'\~lfl~~dLnulv1bu'\"l1::;\ill€Jt!1'l'lJ€J~5'l,hIi11 (M. jissipes) L-WtJ~(llJ~"L~EJ1LYhJ'U ~1,\..n'U 25 

r1Il ~lfl"€J'l~'Uvi'U€J'l€llbilmlEJ.:l"1 Fiv ~lfll'ilUrl1 ""h.h'U ~l'UTU 9 \ill (MFRN# 1-9) LLrI:: ~lfll'ilUrl"'l'U 
~1'U1'U 16 \ill (MFS# 1-16) LL(;)1l.i'LJJ::;(lUmllJ~lL1~1'Ufl1JbnUr1ll€Jt!1'l'Vv'l5'l-rrl'l~lUrl::;5'l"'mrlv::;~lfl~'l 
(lv'l~'Uvi ~'ld\illvt!l'lviLnUlJ1~..'l"'lJ~ lv1v11fl1J~fl'\~1\illvt!1'lln 'U 95% b€J61'Uvrl 

2. t.I~fl1'a;;lf1~~L5'ULtl n1'aLlilJ~l'UJ'UEi'U COl ~Jm'Vlf'lihrw6/ltll'~ LL~::n1')ehmll~UiJJf'lmvl'V1~ 
lv1Yilfl1J(ln~~ILB'ULv~lmdm~v\ilu'lJv'l5'lthIi11~'l 25 \illvt!l'l LL~::;ujml1~LS'ULvvi(lnVllJ11v1lJ1v11 

fl1';H~lJ'\.J1lJ1ruU'U COl l'UllJ1'VlAv'ULVl~tJrI~h~hm)(11ltJ1vfhlJ€J~ LCO 1l'l90 Lb"::; HC02198 lVlm'VlflDfl-W~m~ 

Ldhul PCR product ffiv11U(;)Jl~"vU'lJ'U1Vlv11EJ 1% agarose sel electrophoresis '\"lu;h5'lJ1L~h~'l 25 

\illvt!l..'l lVf~rI PCR product LU'ULLflU~L·iJlJ band L~cnoiJ~b~'U l~EJ'lJ'Ul~'Vv'l PCR product ~li1v'lfl1JiJ'U'Ul~ 
uJ::;mru 700 ALU?1 (il1'V~vi l'l bbrl::; 5)

" 

+---700 bps 

m~vi 4 ~rlfl1JVlJ1~"'vU'lJ'U1Vl PCR product 'U€J'l5..'l'\h~I~I'Ul'U 9 r1I1 ~lnl'ilUrlh"lci'l11'U €llLil€J 

L1tJ.:!?11 ~,mlVl'l11'U l~tJ PCR product vil~iJ'U'Ul~UJ::;mru 700 ALU?1 
" 

Lane N : l\legative control <1l.iiJ DI\lA template li MilliQ LL'Vl'U) 

Lane 2A bb"::; 5-9 
d:;'l.Io v 

: PCR product 'U€J'l€J'l'U1LVl/,ill'U1'U 9 m 
QJ.d

(m€JtJl'l'Vl MFRN #1-9 

(>lllJ~lv1U) 

Lane M: : 100 bp + 1.5 Kb DNA ladder 

http:VI'l~'\.nu
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+--700 bps 

. . " 
mwVi 5 ~mnl'5mlliJ(1e:J'U'lJlJl~ PCR product 'lJtNB ·nh\ih~l'Ul'U 16 !ill liJlf1vil'U(;1~llJ tl1b.ne:lbim 

(11 ~''l'\lrr~th'U l~CJ PCR product vh!rliJ'lJ'Ul~'\.h::;mru 700 Ab'\.m 

" 
~~t.lO V'v td

Lane 1-8 lL(;1::; 9-16 : PCR product 'lJu-:!u-:!lJlbl'11\)l'Lll'U 16 vn (vnmm'Vl MFS# 1-16 

(PlllJ~I!il'U) 

Lane M : 100 bp + 1.5 Kb DNA ladder 

3. (;.J!;lf11'.i1LA·n::;~A1WJllJ'VI6nn'VImtl'VI1-:!W'U~f)'l'n.J (Genetic diversity) "!Hl-:!'\..h::;'!llm~-:!Jl LI'11 

lueilUl£H1t1-:!nl ~-:!'VI-l~'l.h'U 

b~ml1 PCR product 'lJ1}:j8lJ cOI1'UllJl'Vlf1e:JlJb~~tJ,,~iLii'ULV'lJe:J-:!5,:nJlbv111lJ(1U'l~lJ~'lJe:J.:jthb.ne:lblEJ'l 
(11 ~-:!vrlmlllJ ~1'Ul'U 25 !illmh-:! ri'l1U'VI1~1!il'U\i1f1mvlV1vl~'U~~V1 Macrogen U'5~bV1P\bfl1'V1illv1 '/'f\.J'"ll PCR 

product 'lJ€J'lg-:!Jlbv1l'~.:j 25 !illmh'l 1~e.J(;1 sequencing i~b~lJU(;1d:Ulf)~nl'.iie:JlJ'Y1'UnlJ'lJ€J-:!~II'1'Ul'U(1 l~tJ 
~11'1'U\hf1m€J1V1vl~1!rliJrnllJtnl 678 Ab'U(1 iJbtJ€J~b~lJ~ A+T bQ~mvhn'U 0.57 ;;i 'l'\J'5~flu'U!rllmtJe:J~b~lJ~ 

" " 
nucleotide composition I'1-:!U T = 33.4%. C = 25 .9%. A = 23.7% bl(;1~ G = 17.0% 

liJlf1f11'5~hml::;~~II'1'U'Ulflmu1V1vl'lJe:J.:j~.:j 25 sequence v11vltJ'5Lbfl'5lJ Dnasp W'U~I'UllJ 
haplotype ~U(ilfl~l-:!n'U'ill'UllJ 7 haplotype ~iJrnllJbbU'i~lJvn'l~lJ~m'5lJ'ihlJllJ 6 (0.880/0) 1?11lb'VIU.:j Au 

1?11bb'VIU'l~ 21. 231. 324. 348, 547 Lb(;1~ 639 (m'V'l~ 6) WlfIliJlf1th'Unl'5'V11Al'i~tJ~vil.:j'Vll.:j'l~\J~fI'5'ilJ 
(genetic distance) LvltJ16 Kimura two parameter !rlltJLU'iLbfl'5lJ Mega 'V'l'U'~h genetic distance mtJllJ 

tJ'5~'!llm5'lJll~h~vil'U~1 'VIciUllJ ~fhmh::;w)l.:j 0.000-0.003 (m'V'l~ 7) bl(;1::;mtJllJtJ'i!;'!llm5.:jJlb!rll~
" 

1?11'U(;1~llJ ~Almh::;whl 0 .000-0.003 (m'V'l~ 8) ~llJ oenetic distance '5::;W)I'lU'i!;'!llm iJAle:JtJ'5~'vdl'l
" ~ " .,j

0.000-0.003 (m'V'lVl 9) 

fI1'irll'UlruAl~I.:j'l 'Vu'l5'1J1LVhl'l1Ll~(;1::;tJ'5~'!lIf1'5 1v1blr1 ~1'l11'U1i11e:JtJl'l (n), ~lm'll'lJe:J.:j mutation 

(m), ~1'UllJ'lJ€J.:j haplotype (h). AlflJllJ'VIfllf)'VI(;11tJ'lJu'l haplotype (haplotype diversity; hd), ll(;1!;Al 

fl11lJ'VIfl10'V!fl1tJ'lJe:J'ltllf1mtl1'Vlvl (nucleotide diversity; n) Lb(1~'l11l.'U\il1'51.:j~ 2 -vY'li1'V!If1~liJl'5rul\)If)VJfI 
tJ'5::;'lJlm\)~'V'l'U'il l~mQ~CJAl haplotype diversity ll(;1~Al nucleotide diversity ~A1Autl-Ul.:j~1 l~mQ~u 
hd = 0.627 ± 0.102 ll(;1!; n = 0.00111 ± 0.00024 



, 


* 20 * 40 60 80 * 100 

MFS6 AAAGATATTGGCACTCTTTACCTAATCTTTGGGGCCTGAGCCGGAATAGTAGGAACAGCCCTTAGTCTCCTAATCCGTGCAGAACTTAGCCAACCCGGCA 100 

MFS16 100 

MFRN3 100 

MFRN5 100 

MFRN7 100 

MFSB 100 

MFRN4 100 

MFS3 · ..•................ T ............. . ..........................................•.................••. . • 100 

MFS5 100 

MFRN2 100 

MFS9 100 

MFS13 100 

'MFS15 100 

MFS14 100 

MFS12 100 

MFSll 100 

MFS10 100 

MFRN6 100 

MFRNI 100 

MFS7 100 

MFRNB 100 

MFS2 100 

MFSl 100 

MFRN9 100 

MFS4 100 

M. ornata ..... c .. C ..• • . • . • •.•... T ••• . ••.• • .... . ..•....... . .....•. T ..•..... C••...••••.••...•.•.• C ...• • .••••.•• 100 

M. okinavensis · .... C........ C.. C..... T . . T . .... C...... " . .. ........ . ... T . . ... A . . C . .. T... . T . . .........A... .. G .. T... . 100 

M. annectens · .... C.. C..... CT . G ... . . TG . A . .... T........... C..... G.. G........ A.. C.. T.. C.. T.. A........ A........ T.. GG 100 

.'1. marmora ta · . . . . C .. C. . ... C. . A .. . .. TG . A. . ... T.. A. . . . . T. . T . . . . . . . . . .. C . .. T . A. . . .. T.. T.. T.. A..... G. . C. . . ..... A.. A . 100 


>-> 
-.J 



l . 

* 120 * 14 C * 160 * 180 * 200 

MFS6 CTCTGCTAGGCGATGACCAAATTTATAACGTTATTGTTACCGCTCACGCAT~CGTAATAATTTTTTTTATGGTTATACCAATCATGATCGGTGGCTTTGG 200 

MFS16 200 

MFRN3 200 

MFRN5 200 

MFRN7 200 

MFS8 200 

MFRN4 200 

MFS3 200 

MFS5 200 

MFRN2 200 

MFS9 200 

;·IFS13 200 

MFS15 200 

MFS14 200 

MFS12 200 

MFSll 200 

MFSIO 200 

MFRN6 200 

MFRNl 200 

MFS7 200 

MFRN8 200 

MFS2 200 

MFSl 200 

MFRN9 200 

MFS4 200 

M. ornata • ... A ..... T .•... T •...• c .. c ..... c ......... .. c ..... . .. T ... .. ... . .. c ..... A•.•......•. T .. .• •••. c .... .. . . 200 

M . okinavensis · CT. A ..... ... C . • T ........ C..... C .......... .. .....•.. T .• .• •..... . .•.... . .•..••......•.•.. T .• G•• T •. C .. 200 

M. annectens · C.. T..... G.. C.............. T.. A.. c .. ...... C.. T . . T .. T.. T.. G..... c .. C.. Jf,:••••• G.. C..... A.. T.. G.. A.... . 200 

M. rna rrnora ta · ... TT ....... C.. T........... T.. A.... . A ..... C.. T.. T . . T . . C .. G... .. ... .. . ... C, . G .. C..... A.. T.. A..... C.. 200 


..... 
CO 



A 

220* 240 26 0 280 300
* * * * 
MFS6 TAATTGACTTGTTCCACTAATAATTGGAGCTCCGGACATAGCGTTCCCTCGAATAAATAACATAAGCTTCTGACTTCTTCCCCCTTCTTTTCTCCTCTTG 300 

MFS16 300 


'MFRN3 .. ... . . ..... , ...................... . . . . . ....... .. . .. .................. ............ . ................ . 300 

MFRN5 300 

MFRN? 300 

MFS8 300 

MFRN4 300 

MFS3 300 

MFS5 300 

MFRN2 300 

MFS9 300 

MFS13 300 

MFS15 300 

MFS14 300 

MFS12 300 

MFSll 300 

MFSIO 300 

MFRN6 300 

MFRNI 300 

MFS? 300 

MFRN8 300 

MFS2 300 

MFSI 300 

MFRN9 300 

MFS4 .......•..•..•..•••...•..•.. . • C •.. . ... .. . . ......•...•... • .. •..• ........ • .••..•• . ..•....•.•..••.••••. 300 

M. ornata •.•.........•••.••....••....•• C...... .• G.. A... . ......•.......•.....•..•••..... C....• C .. C......•.• C•. 300 

M. okinavensis C.. C . .... A. . . . . G. . . . . . . . . . . G . . A. . C .. T.. G. . A ..... C. . . . . . . . ... T.. G. . . ........ G.. C. . . . . A. . . .. C.. T.. TC. . 300 

M. annectens ............ A . . C .. T.. G.. C.. G.. A.. A..... G.. A.. T . . A .. ..... . C .. .. . G .. . ........ C.. G.. A . . C .. G.. C . . T ... C. T 300 

M. marmorata A.. C........ A..... C... . . .. . . .. A.. A.... . G .. A.. T... . ~ T..... C.. T..... T.. T... T . G ........ C.. C.. C.. T.. TC . C 300 


~ 

\0 



Al 

320 * 340 * 360 * 380 * 400 

MFS6 CTAGCCTCATCAGCAGTTGAAGCGGGAGCCGGAACTGGTTGAACAGTT TAT CCCCCCTTAGCTGGTAATCTTGCTCACGCCGGCCCATCCGTGGACCTTA 400 

MFS16 400 

MFRN3 ••.......•......•...•.. A . • ..•..•...... ... .... • .......•.....•......•..••.••.•.•..•.••..•..•.•.......• 400 

MFRN5 • • • .•• •• ••.• • ....•.•.•. A•...... . ....•.. .• ...•..... • .. . . . .•..•..... • ..••••.•.•... • .••••.•.•..•.•••••• 400 

MFRN7 ••..•...... . .•..•••..•. A • .• . • .• . •. . ...•.•........... . .. .. ......••. • •.••.•..•••.•.....•.•••... . •.•••. 400 

MFS8 •••.•..•.......•.•..••. A.... . . . ..• • .. • . . . . . ..•.••. . . . . . . ........ . ....••..•.•.. . .....•..•.•..•.. . .•.• 400 

MFRN4 ••.•..•••..•.••.••.•.•. A...•.•....•..• . . . •.. . ......... .• . . ....... . .. ••• •••.• • ••.• . •..••. • . • .•. • •..•.. 400 

MFS3 •••••..••..•....•....•• A....•...•........ • .......... . .......•.•.......•...••.•.. . .. . •..•••.• •. ..•. • • 400 

MFS5 •••••••...•• . .•..•••... A ••....•.....•. . ..•.....•...• . .......•... . . • ...•.••........••...•.. . •........• 400 

MFRN2 .••...••.•.. . .......•. • A . • .••.•....•.• . ..•.........••............ • •...•..•.•• • ......••••.. .••. .•.••• 400 

MFS9 . . •• •. • .........• . ... . . A •...••............ . ........ . ......•...........•.••.•..•....•.•••.........••. 400 

MFS13 •.•.............•..••.. A . • •.• • ••• • ....................•. • .... • .•....•.•..••... • ..•....••....•••••... 400 

MFS15 ....................... A.......... • . . .. .. . . . . .. . . . . .... .. .. . . . . . ......................•.........•... 400 

MFS14 ....................... A........... . ...... . ..... .. . . ..... .•• ... ..• .• ••• .•.................•.......•• 400 

MFS12 •......•..••...•...... . A .•..•....... . ... . .••... . •...• • ..•.....•.... .. .....• . •..•...•...• • •• • ••••.•.• 400 

MFSll ............. . ......... A............................................•............................... 400 

MFSIO ... .. •• . . . •... . ...... . . A •.••.•.. • . .. .. . ...•..... . . • ........... • . • ..•.....••.. •. .•.•••..•...•••••.•.• 400 

MFRN6 . ••... . .. . . • •• • .••. . ... A • •. . ..... . . .. ............. . .............•...•.•.•.•.•••....•..•. . ••....•..•. 400 

MFRNl ••...•........•.•.••... A .•.... . .. . ... . . .. ........ .. ....•......... . ..••.•.•. • . • ••.....•.• . ... . .....•• 400 

MFS7 ........ .. ....•... • .. .. A ..........• .. . . . . . . .. . .. •.. .........•.•.........••... . • .. ....... • . . . • •...••• 400 

MFRN8 ..•...........•...... .. A ....•..... .. .•. . ... . . . .. ... ..... . •. ... . .. . • •.•..•.•... . ........• . . . . . •.••... 400 

MFS2 ......... . ............. A•......................... .. ....... . .... . . . ............. . .. •.. .... ..•. • .• . . . 400 

MFSI ......... . ....•......•. A •..•........ . ............ . . . ...... • •• . . •. ......••••. • .•• • .•..•.••........•.• 400 

MFRN9 .............•....• . ... A.•.•...... . .......•.... C..•...•....•.•......•.••....•....•••.•••.•. • ..••.••. 400 

MFS4 ... ... .. ..•.••.. . • . •.. . A .... . ..... . ... . .............•........ .. .........•.• . . • ..•............•...... 400 

M. ornata .... . T .. T .. . .............. C....... . . . . . ... . ..... . . C ..... T ..... C.......................... . .. A...... . 400 

M. okinavensis T......... . ...... A... . . T . . G ..... . . . . . . G . .. ... .. C... . . A .. TC . G .. A.. C........ A.. T..... T..... T .. A.. TT . A. 400 

M. annectens .. G.. A.. C..... T....... . ... G.. A..... G.... .. .. C.. A . . C ...... C. C .. C.. C . . C ........ T ........ C .. T.. A..... A. 400 

;'1. marmora ta ..... A . . T .. T. . ..... . ... C..... T .. T .. A.. C. . . . . T. . . . . . . . A .. TC . T. . . . . C .. C.. C.. C . . . . . . . . . . . T .. T . . A . . . T . A . 400 


A 

N 
o 



420* 440 460 480 500
* * * * 
ME'S6 CAATTTTCTCCTTGCATTTAGCTGGGGTTTCTTCAATTCTTGGGGCAATTAATTTTATTACTACTATTATTAACATAAAACCCCCATCAGTAACTCAGTA 500 

ME'S 16 500 

ME'RN3 500 

ME'RN5 500 

MFRN7 500 

MFS8 500 

MFRN4 500 

MFS3 500 

MFS5 500 

MFRN2 500 

MFS9 500 

I>1FS13 500 

MFS15 500 

MFS14 500 

MFS12 500 

MFSll 500 

MFSIO 500 

MFRN6 500 

MFRN1 500 

MFS7 500 

MFRN8 500 

MFS2 500 

MFSI 500 

MFRN9 500 

MFS4 500 

M. ornata · ...... T.. TC. A ..... G........ C.............. A..... C.. C........ . ...................................A.. 500 

M. okinavensis · . . . . . . T .. TC ..... C . G . . A. . . . . . . . . . . T. . . . . . . ....... C. . . . . . . .... C. . A ........... G. . . . . . . . . . . . . . . .. C.. A. . 500 

M. annectens · c .. C.. . ... C . C ... C.... A..... A.. C..... C . . A ..... T.. C.. C..... C........ CC . A .............. C..... C.. C.. A.. 500 

M. marmorata · T ..... T... C . A .............. A.. C........ C..... C.............. A..... CC . C .............. T.. T..... C.. A.. 500 


N ...... 



520* 540 560 580 600
* * * * 
MFS6 TCAAACACCCCTATTCGTTTGATCCGTCTTAATCACTGCAGTTCTACTACTTCTT TCCCTCCCAGTTCTTGCCGCAGGTATTACTATACTTCTAACTGAT 600 

MFS16 600 


MFRN7 600 


MFRN3 600
•• :.:.::.····· •• :.· .•• ···:.:.: ••.••• ••·•· •• ·.1· •••••• ·:: •.•••.•••:••.:•..••• :.: ••• ::: •••• ::::: ....MFRN5 600 


......... . ... . 
MFS8 .... 600 

MFRN4 600 

MFS3 600 

MFS5 600 

MFRN2 600 

MFS9 600 

MFS13 600 

MFS15 600 

MFS14 600 

MFS12 600 

MFSll 600 

MFSIO 600 

MFRN6 600 

MFRNI 600 

MFS7 600 

MFRN8 600 

MFS2 600 

MFSI 600 

MFRN9 600 

MFS4 600 

M. ornata ......... TT. G..•••••• G.• T .• T •.•.... • ......•.• T •.....••••. . •.• .• •..•.•.•• .• • . •••.•••. • .• G•.•••••••••• 600 

M. okinavensis c ........... G.. T....... . T .. T..... T..... c .. G.. T.. c . .. T.A .. T.. A........... T..... A.. c ... . ..... T. G ... .. c 600 

M. annectens ...... c .. A.............. G... c .c ..... A.. T.. A .. c .. T........ A..... c ... T .A .. G • • c .. G •• c .. A ..• T.A ..... c .. c 600 

M. marmorata c ... .. c .. AT .... ':' ........ A.. T....... . A .. T.. A... T.... AT.G ........... c .. A..... T.. A...... . .... A.. c ..... . 600 


N 

N 




MFS6 
MFS16 
MFRN3 
MFRN5 
MFRN7 
MFSB 
MFRN4 
MFS3 
MFS5 
MFRN2 
MFS9 
MFS13 
MFS15 
MFS14 
MFS12 
MFSll 
MFSIO 
MFRN6 
MFRNl 
MFS7 
MFRNB 
MFS2 
MFSl 
MFRN9 
MFS4 
M. ornata 
M. ok inavensis 
M. annectens 
M. marmorata 

* 620 * 640 * 660 * 
CGAAAtTTGAATACCACCTTCTTTGATCCTGCTGGGGGAGGAGACCCAGTCC!TTATCAACATCTTTTCTGATTTTTT 67 B 

67 B 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 
678 

• ••••..••....•.• • •.•.••...•••.•••....• G•. . •.•.••.• . ••.••.•.•.. . ..•.••••••••••• 678 
678 
678 

. .. .... ..... . ....... . ..... C . . C .. A .. A ... .. . . . ... G ..... C ............•....•.. C ••. 678 
· . T . . TC . T ........ A.. T........ G.. A........ G........ T....... ..... ... .. ...... . .. . 678 
· ...... . A ........ A . . T .. C.. C.. G.. A . . C . . G .. G........... C........ C.. G........ C.. . 678 
· . . . . . .. A.. C. . ... A.. T . . . . . ... C.. A. . . . . . . . . . . . . . CA . . .. C. . . . . . . . C .. A.. T . . ...... . 678 

fl1'W~ 6 ~1111\JDlf1~181'V1~'lJ8~fh.l COl f111lJV11 678 bp ~lU1U 25 t1l18~1~~ln 2 U1":;'1l1n'l"'U8.:J5.:JJlbt111 (M. jissipes) ~lmhu~1\1~oJ1U (MFRN) 

bbfl:;\Jiltm?l1u (MFS) e)lb.nm1V-Hn ~.:J\11~,jlU bVimJn\J outgroup 1~bbn M. ornata, M. okinavensis, M. annectens bb~:; M. mormoroto l~v 
, , 

bfl~8.:J\1lJl~ U bba\i1.:J~lbb\1,j.:J'lJ8.:Jb'JaVib\1ijm..lfl'U 

N 

IN 




24 

MFRNI MFRN2 MFRN3 MFRNlI MFRNS MFRN6 MFRN7 MFRN8 MFRN9 

MFRN1 

MFRN2 0000 

MFRN3 0.001 0.001 

MFRN4 0.000 0.000 0.001 

MFRN5 0.001 0.001 0.000 0.001 

MFRN6 0.000 0.000 0.001 0.000 0.001 

MFRN7 0.001 0.001 0000 0.001 0.000 0.001 

MFRN8 0.000 0.000 0.001 0.000 0.001 0.000 0.001 

MFRN9 0.001 0.001 0.003 0.001 0.003 0.001 0.003 0.001 

il1~vf 7 f'l1 Genetic distance mE.l1utJ,)~'1l1m~'nl1Lvh~1f)vhu"1'V!,,hlTtJ -:ijltn'U 9 ~lel~l'l (MFRN# 1-9) 

YiiLfI,)1~~~1t115 Kimura two parameter lV1I'J~1~'tJi.bflmellY1iivnm'Urn';ii'htnruiiFllllJtI11Lvhn'tJ 678 f'l 
" 

MFSI MFS2 MFS3 MFS4 MFS5 MFS6 MFS7 MFS8 MFS9 MFSIO MFSl1 MFS12 MFSI3 MFS14 MFSI5 MFSI6 

0.001 

0.003 0.001 

0.003 0.001 0.003 

0.001 0.000 0.001 0.001 

0.003 0.001 0.003 0.003 0.001 

0.001 0.000 0.001 0.001 0.000 0.001 

0.003 0.001 0.003 0.003 0.001 0003 0.001 

0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.001 

0.001 0000 0.001 0.001 0.000 0.001 0.000 0.001 0000 

0001 0.000 0.001 0.001 0.000 0.001 0.000 0.001 0000 0000 

0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.001 0000 0.000 0.000 

0.001 0.000 0.001 0.001 0.000 0.001 0000 0.001 0.000 0000 0000 0000 

0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0000 0.000 

0.001 0000 0.001 0.001 0.000 0.001 0.000 0.001 0000 0000 0.000 0.000 0.000 0.000 

0.003 0.001 0.003 0.003 0.001 0.000 0.001 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

il1~vf B f'l1 Genetic distance ml'JlutJ,)~'1l1m~,n11L~1"1f)vilU""1'U -:ijltn'U 16 ~lmh.:J (MFS# 1-16) ~ 
iLfI,)1~~~1t115 Kimura two parameter lV1EJ~1~'tJiJlflmellY1iivnm'Urn,)Al'UlruiimllJtll1Lvhn'tJ 678 A 

" 
L'tJ~ 



MFRNl MFRN2 MFRN3 MFRN4 MFRN5 MFRN6 MFRN7 ~"FRN8 MFRN9 MFSl MFS2 MFS3 MFS4 MFS5 MFS6 MFS7 MFS8 MFS9 MFS10 MFSll MFS12 MFS13 MFSI4 MFSI5 MFSI6 

MFRNl 

MFRN2 0.000 

MFRN3 0.001 0.001 

MFRNQ 0.000 0.000 0.001 

MFRN5 0.001 0.001 0.000 0.001 

MFRN6 0.000 0.000 0.001 0.000 0.001 

MFRN7 0.001 0.001 0.000 0.001 0.000 0.001 

MFRN8 0.000 0.000 0.001 0.000 0.001 0.000 0.001 

MFRN9 0.001 0.001 0.003 0.001 0.003 0.001 0.003 0.00 1 

MFSl 0.001 0.001 0003 0001 0.003 0.001 0.003 C.OOI 0.00 3 

MFS2 0.000 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.001 

MF53 0.001 0.001 0.003 0.001 0.003 0.00] 0.003 0.001 0 .003 0.003 0 DO l 

r.IFS4 0.001 0.001 0.003 0 .001 0.003 0.001 0.003 )00 1 0.003 0. 003 0.001 0.003 

MFS5 0.000 0.000 0001 0.000 0.001 0.000 0.001 0.000 0.001 0.00 1 0.000 0001 0. ) 0 1 

MFS6 0001 0.001 0.003 0.001 0 .003 0.001 0.003 0.001 0.003 0.003 0.001 0.003 0003 0001 

fVI"S7 0.000 0.000 0001 0.000 0.001 0.000 0.001 0.000 O.OOJ O.O OJ 0.000 0001 0.00 1 0.000 0.001 

MFS8 0.001 ODD] 0.000 0 .001 0.000 0.001 0.000 J OOJ 0003 0.003 0001 C 003 0.003 0.001 0.003 0001 

MFS9 0.000 0.000 0.001 0.000 0.001 0.000 0.00] 0.000 0.001 0001 0.000 0.001 0.001 0.000 0.00] 0.000 0.00 1 

MFS]O 0.000 0.000 0.001 0.000 0.001 0.000 0.00] 0.000 0.001 0.001 0.000 0.001 O. COI 0.000 0.001 0.000 0.001 0.000 

MFS]] 0.000 0.000 0.001 0.000 0.001 0.000 0001 0.00'0 0.001 0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.000 

MFS]2 0.000 0.000 0.001 0.000 0.001 0.000 0.00] 0.000 0.001 0.001 0.000 0.001 0 DO ] 0.000 0001 0.000 0.001 0 .000 0.000 0.000 

MFSJ3 0000 0.000 0.001 0000 0.001 0.000 0.001 0.000 0.001 0.001 0.000 O.OOJ O.OO J 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 

MFS]4 0.000 0.000 0.001 0.000 C,OO) 0.000 0.001 0.000 0.00 ] 0.001 0.000 0.00 1 0.00 ] 0.000 0.00 ] 0.000 O.OOJ 0.000 0.000 0.000 0.000 0.000 

MFS15 0.000 0.000 0.001 0.000 0.001 0.000 J. OO J 0.000 O.OOJ 0.001 O.OSO ).001 0.001 0.000 O.OOJ 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 

MFS16 0.001 0.001 0.003 0.001 0.003 000] 0. 003 O.OOJ 0.003 0.003 O.OOJ 0.003 0.003 000 1 0.000 0.00 1 0.003 O.OOJ 0.001 0.00] 000 1 0 .001 0.00] 0.001 

my.j~ 9 Al Genetic distance 'j~""11"t>~~'lllm'?J1)"5,nJlb~h'.l1n(;hu~1,,,,~oJl'Ubl~~(ihU~~1'U ~1'U1'U 25 1i111)~1" ~llA'jl~~c;)ICJ15 Kimura two 

parameter lVlmhf)'tJijlA~ltllVl~~H1'Unl"jAl'UlruijmllJCJlllviln'tJ 678 bos 

""lJlm",,~ MFRN =M fiss1pes ';Jln(ih'tJ~l",,~oJl'U, MFS = M jissipes ';Jln~l'tJ~~l'\'. 

N 

V1 
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~l'il~~ 2 f11fll1lJVI~lnVlmEJYll.:J~'U~m'jlJ (Genetic diversity) «Jt).:J M jissipes It!LL~Cl~~'U~~Lliulli'':mvl.:J 
1li'1e)fl'\'J'jVvYi1'!i1ml1n~: N == \ilt!l'U~lvVl.:J; M == \i,t!l'U«Jv.:J mutation; h = \i,t!l'U'lJv.:J haplotype; hd 

== haplotype diversity LL~:;f11LUV.:JLU'UlJ1V1'j~1t! (± S.D) LLCl:; 11: = nucleotide diversity LLCl:;rhLdV.:JLUt! 

lJ,m.ll''U (± S.D) 

d .. Mjissipes;;tm'UYlLnU 

N M h hd ± S.D. 1t ± S.D. 

9 2 3 0.639 ± 0.126 0.00107 ± 0.00028 

16 5 6 0.617 ± 0.135 0.00108 ± 0.00030 

'VI).I1rJLVI", 
haplotype diversity (hd) 'VIlJlvei-l ~l'Ul\JLLc\tmllJ~'VB-l haplotype ~'lV1f)vh~tl'UvlYl'U1'Uvi'lmh~ ril1.J1UJvl0 

hd = (1 -Lxi 2) n / (n -0 (Nei and Tajima. 1981) '~B xi AB fll1lJ~'VB~ haplotype LL~:: n AB ~''Ul'Ulli'lvcil~ 
. . 

nucleotide diversity (11:) VllJ1V()~ fillQ~tJ'UB~')l'lJl'U nucleotide YiLlV1f)(I)l~(I)B 1 ~lll'VI'll~ LYitJ'UtlU sequence 

~'ULL'UU~lJ rll'Ul(lJ"illf) 11: = n/(n - l)Lxixj 11: ij (Nei 1987. equation 105) 

Vl1B 11: = LxiVnc (Nei 1987. equation 10.6) L~B n AB ~'1.J1'U'UB':) sequence ~yj'f)1'i1lfl';jl::""C-l~, xi AB Al1lJ~'!JB-l 
~1Ju.'U'U ith 1'U sequence '!JB~~d)'ULtlvi'lm.h~ Ll~t nc AB ~''Ul'U'UB':) sequence vr~VllJ\1l~yjlf1l';jLU~tJ'UlVitJU 

<U ov (/ ~IV d ~ " 
4. R11lJ;;t lJ'V'l'U 5Y11'111~'Ul fl1'i"tlfHv '1'IJ1 LVI1 

~lnm'j1Lfl'jl~'I-1mllJ~lJ~'U5Y11'1111ilJt!lfmlVlEJnl'ji.'l~1'1m.Jt!j)iiu~~.:J~ltJ-KlJ~t!5Y11.:J111ilJt!lfm
" 

(Phylogenetic tree) 1~tJ15 Maximum Likelihood 'j:;'V!11.:J5.:J,1,Ltii'1 ~lmi1Lj)mltl.:Ji.'ll ~.:J'V!lVl~l'U nu~'1 
'Iluv1Vh.:J1 vtlt1i'-umJ~ln~ln GenBank MLLrl M ornata, M. okinavensis, M. annectens LL~~ M 

marmorata ~:;~Ul15.:jJ'Ltii'1~.:j~ln(fhu~1'V!~'lil'ULLCl:;~luCl"'1t!()n~~1~mnt! clade L~mn'U l~tltwn 
" " 

clade vt)nlJl~ln5.:j'llu~(;h.:l1 v~l.:JiVlL~t! ~,)EJf11 bootstrap probability ~lJln(i.:J 99% (mYi~ 10) LL~~.:I 
115.:JJlLvll~1n~.:J~ B.:I~'U~i.jmllJ-KlJ"I~r'U5Y11.:j11VlJ'U1n1'jLtJ'U LLUU monophyletic group 'V!~mn~n~l,)1~11 
\j'j:;'lllm«Jt).:J ~'1,11 Lvll~ln~.:j~t).:J~'U~il~lvlUU,)flillv1Y1111«Jv.:Jv'U COl 1'UllJ1Y1flviJLVl~tJ~~ LBiJLVfl~lEJfl~.:Jn'U 
lnfl LLCl:;ilfllllJ LL\ilnl'il.:Jtltlw~~L~'Unu~lv1uu,)Flillv1Y1111«Jv.:J 5'1~.:j~'1lU~miLtJ'U outgroup 
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0.05 

.fll'Wii 10 LLt-J'UiJiiLL~~-.1~lE.J~lJ~'U5'Y11-.111~'Ulfl11'lJv-.15-.1J')L(;·h (Phylogenetic tree) vl~~1-.11V1E.J15 
Maximum Likelihood method lV1E.J1Lfl'jl~t.hnmhil'UUJl'lmv1'VliivliJI'lJllJE.J1J 678 bp v1JL~'lJvlfhtl'U'U'U 
LLt-J'U.fliiLL~V1-.1fh bootstrap probability 'illflfl11Vll 1000 ~11V1E.JiJ M. ornata, M. okinavensis, M. 

" 
annectens LL~~ M. marmorota L;]'U outgroup 
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mmf 11 LL~'Ul;)jjLL~~.:j~1E.J"'~~'U6vn.:jl1~lJ1n1'j'lJ&nM~~nmtnh~h (Phylogenetic tree) lL~~~.:j'li'1.:j~11 
vtt~\I1f)fl1'jPifl'\~nA~.:jl1LL~~fie:J'U'V!Ull1 ~"~1.:jl~E.J15 Maximum Likelihood method 1~E.JllA'jl~11\11mh~u 
~lAme:Jhwl~iJA11~E.Jl1 678 bp \K1Lfl'lJ~nlnUU'Ull~'Ul;)jjLL"~.:jfh bootstrap probability \I1f)n11vi11000 

'lil1~E.JiJ M ornota, M. okinavensis, M annedens LLfl~ M marmorata l;]'U outgroup 

'V!~lmVl\1l. 
MFRN =M jissipes \I1f)v11UfllV1,hhu MFS = M. jissipes \I1f)v1l'U~~llJ 

MFCU = M jissipes \I1f)~~lfl.:jf) 'H\J~Vll1YlE.J1~fJ MFKK = M. jissipes vlf)~llJ"'(;)lLtJ~L'lJ1L:UE.J1 

MHTP = M heymonsi vlf)~YlE.JllJu.vi.:j"ll1~V1e:J.:jC.J1JJii MHKK = M. heymonsi \I1n~1'\.J"'(;)lLlJVlL·!.I1L:UE.Jl 

http:I1n~1'\.J"'(;)lLlJVlL�!.I1L:UE.Jl
http:vlf)~llJ"'(;)lLtJ~L'lJ1L:UE.J1


30 

N~ fI1'jl Lml~l.1LL"~LU~tJ'ULVitJ'U~lvl'U'01flmeJlVl~'1JeJ~V'U COl 1'Utb~'!llm ~-:lJl L~11'Ul:leJ~~'U~'tJeJ-:l 
-all.nmltJ-:l?l1 -:S'~l-11{;nl1'U l~u.n .yjti\'I'U~ll-1ciul'ULL~~~liil'Ui;1~I'U Iiil'U1'U~~lJ{;\ 25 1'11mh-:l 'YIU':hiifll1lJtJl1 

'lJeJ~~lvluij1flmB1Yl~LYhnu 678 i'lL'U?I ih~tJ~l,h~Vll~W'U1m'j'jlJ~.:JmtJl'ULLi;1~'j~VI'·h.:Ju'j~'!llm mh~Vlil.:J 
'" " 

0.000-0.003 LLi;1~ilfl11lJLLU'j~'UVl1~W'U~m'jlJ (~enetic variation) Iiil'U1'U 6 (0.88%) IiilLLVlU.:J U.~{;\.:Jil 

U'j~'!llm~~J1L~T~ln-alL.nmltJ~?ll -:S',m1~)\11'U iimllJLL(;ln~I-:lVl1.:JW'U~m'jlJ'tJeJ.:Jv'U COl FlB'U·ih.:J~1 eJ~.:jL~B 
LmtJuLVitJ'UNflfI1'j~m~lfl~.:jdnunul-:S'tJrlB'Ul-1thd~~m~nnTmU'jer'UVl1~W'Ulim'jlJ'tJB.:J5.:JJ1L~11'U-rr'U~ 
"vn1;l~m(lh.ml1Ylt.n~tJ m~L'Vl'YIlJVlI'Um LLfI~ ~~'U~?l1'U"'(;l1LUVlL'1J1L~tJ1 ~.:jVl1V1'!l(;l'U~ h\tJ1.u~lvluiJ1flmB 
l~~'lJeJ.:Jv'U COl l'U~l'VlflB'ULVI~tJ(;l~L~'ULeJl'Un1~(;l'j'J"?lvu 'YIUilU~~'!llm~~J1L~T~lf)~~I1;l.m';iru 
lJ"n1VltJl~tJ Iiil'Ul'U 6 vl1mh.:J hjilrnllJLLU';i~'UVl1.:jW'U~m'JlJ'1Jv.:Jv'U COl LmJ l'U'1Jru~vith~'!llm5~J1L~1 
"lnl:l1'U"'V11LUVlL'1J1L~tJl ~1'Ul'U 5 1'11mJl.:J iifl11lJLLtb~'U'Vll.:Jvr'U~m'jlJ ~1'U'J'U 38 (5.61%) v11LLVlt1~ (~lJYi';i 

1L'Jmr:h LLi;1~ lL'!lni fI'U;eJ, 2555) '<illn-1fVl;j(;l~.:jn~11"~L~'Ul~11U'j~'!llm5\1lh~1'<illf1-rr'U.yjvl1~'l1'U\J~~LVli'l 
lVltJiirnllJ'VIi;11nl-1(;lIEJVl1\1W'Uqm'JlJ'lJv.:Jv'U COl mmjeJEJLL(;lfWl1.:Jn'U 1{;\tJ\J'J~'!llm'<illn~'U.yj?l1'U"'(;llLtl{;\L'lJl 

d ~ d 
~tJ1U.?lVI.:Jfll1lJl-1(;lln'VI~ltJ'VlI.:J'YI'U~n'j'jlJlJlnVl~{;\ 

'<illnm';iPin~ILdeJ\ltX'U 1'Ut] 'W .i'l . 2555 lVltJnl'~Pin~lm'ju.U'j~'UVll\1w'Uqm'jlJLLi;1~m';iU'J~LiJ'UmllJ 
Lu'UhJl~'UfI1'jN?llJvil.:j?lltJW'U~'j~w:h~5~J1L~1 5'l'll1'lvil u.1;l~5.:JmEJL(;leJ~ lVltJlotl'v'U cOll'UllJl'VlflEl'ULVl~EJ~~ 

'" :<, '" '" d 1 '" .,. . . , ..LeJ'ULmu'U{;1LeJ'UL'€lLfl'JeJ.:IVllJ1tJ 'Um'jml'<il?lvUn1~LnVl gene flow wm int(o~ression 'j~l-111.:1u';i~'1Jlfl'l'lJmeJ.:J 

~~?I1lJ'!lij{;1.yjLnUlJ1"ln~'U.yjvil.:J 'l lulm.:lm'j El'l'i.?lli. LL1;l~~'U.yj5'U'l L'Ii'U ''If),!~1i;1-:lmrulJl-111VltJl~EJ L'1J1Il 

\JVllJ1'U m~LYl'YIlJ'VI1'UA1, ''In'U~nruvYltJl'ULL'IA.:j'!l1~VleJ.:IN1.niJ -a'IL.neJ'VleJ.:ICn.niJ -:S'.:IVl1V1mru'<il'UU~ LL~~ "In 

~1~"'(;l1LtJ~L'lJl L~kn -alL.neJi'l~'Jl'!ll -:S'.:I~lVl'!li;1,-!~ l{;1tJ-rr'U.yj(\l~1VlqJ.yjLnUI'11eJ~~\llJ1-:S'{;1 L u'U s;mp~tric area .yj. ... 

?lllJl';i()'YIUB.:IVl.:l?lllJ'!lDVlEll~tJeJ~~'JlJfl'U Ni;1n1j~m~l'YIum'JLfi{;1 gene flow VI~B introgression 'lJeJ.:I 

mitochondrial DNA ''In\J1~~lm'lJeJ.:J5\1'lll.:l~1~\J'J~'!llm'lJv.:l5~J1LtXl1'U~'Uvil:l1'UiK\;dLD{;1L'lJlL~tJ'J -alL.neJ 
" 

i'\~~1'!l1 -:S'~l-1lVl'!l~,-!~ c.J(;lm'jPifl~nvn~LL?I{;1\11~L~'U115~Jl LtXl LL1;l~~\I,j'I.:Jv11l:l1lJl'jONl:llJ-ifllJ?lltJW'U~'U 

lijjlJ'!ll~l~ (BlJ'Wj lL'JflLL11 LL~~ lL'!l1i~ fI'U;El, 2555) LLviL~El~"lnn1jPin~11~tJflf.:Jdm\1tJ1JJ\Jj~?lu
~~ " 

fl11lJ"IL ~'<il1 'U n1'J Lnuvl':l'€l~1~5~-ifl.:Jv11 LL1;l~5~~ltJL"eJ~ ~1f)~'Uvtl'U-alL.nml EJ.:J ?I1 ~~l-1l{;1Ul'Ul~UlEJ ~~J'U~\lll.i 
?lllJ1jOU'J:; Lii'Ufl'JllJ L u'U1ulvi1.'U n1'je.J?llJ-ifllJ?llEJW'U~'j~"dl~ 5~~~?lllJ'1JiJ~1'U-rr'U.yj~.:Jflcil11~ ~~J'UL~eJ~eJu 
1"Vl~n1'jl~EJvl.:J mhll~iVlL"'U ~.:Jm'jYhmjLnuvl1v ejl~5~-1fl~iilLL,,~5~mm~B~'<illflv11Ui;11VI~t11'UlL"~ 
~lU"~I'U1m~liilm'U~lJ1m~tJ~'YIv1'UeJ'Ulfllll 

'Uvn"lndN1;ln11~m~nvi1~EJ.:J'Wull lVlmtl~EJ I'll haplotype diversity (hd) LL~~f'h nucleotide 

diversity (71:) 'lJv~uj~'!llm5~J1L~11'U-alLi1mltJ'H'Il \1.ml{;1Ul'U iif'hFleJ'U'llI~~1 (hd = 0.627 ± 0.102 LLi;1::: 

71: = 0.00111 ± 0.00024) ~'€lLtJ~tJ'ULVitJunu\Jj:;'lJlm~lnvr'Uvi?ll'U"'(;l1LtlVlL'!J1L'iJm -:S'~wrVl'!li;1~~ (hd = 
1.000 ± 0.126 LL(;l::: 71: = 0.08612 ± 0.03601) "lmLN'U.niiLL?I{;1.:J~ltJ~lJW'U15'Vl1~lll'lJ'Ulm'J~~~1~1{;1EJ15

" 
Maximum Likelihood V~LL~{;1~1~Li1'U115.:J,h~11'UehL.nmltJ.:J?l1 ~~wrVlt11'U i1f111lJiKlJw'Ut5'Vl1~11\ilJ'Ulm';i 
LU'ULLU'U monophyletic group lV1tJu.tJnn~lJEleJnlJ1"ln5.:J'!lD{;1~I.:J'l vi'lotlLU'U outgroup eJ~I.:1iVlL"'U 'VI~eJ 
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en'lmhl1~ilth~'tll m5.nl1L~lij~l~uii1flmeJ1'Vl~'lJeJ'lv'U cOil'U'UJ1'V1flv'ULI'l1tJ~~hB'ULeJ UlJln~l'leJ£il'liI'lL~'U 
~lfl5'l~'l~"tHjMt1 'lILu'U outgroup v~-1L~mhumJ~m~~lnfmfifl'l~J1flf-1iflJliLfl~I~l1~1lJnu'li'mJ~m~vl n 

n1~firn'J1ntl'U\'''Jlif (BlJ'W~ inmL11 LL~~ iL'tl!l~ fl~~eJ, 2555) ~~'ViU11tJ~~'tllm5'lJ1L~1~lfWh~~1~~'l11'U 
LL~~vi1um'I'U()n~I'lBCn 'U clade L~tJ1nuth~'tl1m5'lJl L~I~lnvWl~-1 n'mhL~~~lfl"1'U~lJl1LtJl'lL'll1 L;jtJ,) LL~~

" " . 
LltJfleJ~fl'U~~ clade nutJ~~'tllm5~'li'I~~leJ£il'l-tlI'lL'l'U ~1tJrh bootstrap probability Lvhnu 100% (m'W~ 
11) 'U1)fl~lfld~lflLL~'U[)ii LL(lI'l'l(lltJ~lJ~'Ut5'V11'lii'VlJ'Ulm~~'ln~I,)~~L,:1'U11tJ~~'tllm5'lJ'1 L~l~l fl~1'I.m 1 Vlci 

" 
'l11'Uiifl')llJlmi'~~nuth~·I.nfl~~lfl~IU~~I'UlJlflfl11tJ~~'tllm~ln~Wl~'lfl~rulJ~li'V1tJl;;rtJLL~~~lmn'U~Vl1 

LUi'lL'!J1L;jtJ1 (m'W~ 11) LL(lI'l'liI5'lJ1L~I~lfl~IU~1VI~'l11'ULL~~~lu~~1'UiirnllJfl~ltJfI~'ln'U'V11'l~'U~m~lJ .... ,
I q 0 II' C, ~~ 

lJ1 nml eJ'l'U1LVll~l n'W'U'VleJ'U '1 

(I~tJ m ~Pim~l fI f 'ldL u'Um ~ Pi fl'I~l LdeJ 'l ~'U iii'Vl ()tJ~~ (I'lfiL~uVl~')~"eJU fl11lJVlm flVlm EJ'V11-1W'U5 m~lJ 
LL~~tJ~~ Lii~fl')ll.iLU'U1tJlm'Ufl1~ Lii~fl1~ ~"lJ'li'llJ"l EJW'U~~~VI"ll'ltJ~~'tllm'!JeJ'l5'llh~1 5'l'li'1'l~1 LL~~~'lmEJ 
L~eJ~1'U~'U~Il1L.flm1EJ'l"'l ~'lVli'm.h'U u.~L~fJ'ln1~ Pi m:ni~EJflf'lrrw"'1lJ1~mnUvl1vVl'l5'l'li'1'l~1 U~~5'1mEJ 

L~eJ~l~L~EJ ~'lJ'U~'1hj"'llJ1~ f.1tJ~::: Lii'UfI,)llJ LU'U1tJlvTI'Uf11~~H"lJ~1'l"'lEJW'U~~:::Vlil'l5'l~'l"llJ'tliJ~1'U~'U~ 
~'ln~111~ ~~J'UL~eJVl1)'U1~'V1tJ fl1~1~EJ~'lflcil11~-tl~L~'U ~'lfl1Tvilfl1~Ln'UvI,) 1)£il'l5'l'li'I'l~lLL~:::5'l~1 m~ 1):::~ln 
~lU~1Vlci'l11'ULL~:::~1'U(1~1'U1Vll~~1'U1'U~lJ1 flL-WEJ'l'WeJ1'UeJ'Ulf1Vl ~1lJ~'lfl')'j L~lJ~1'U1'U~'U~~Pimn1,.x 

mfJ'UfI~lJlJlnnild l~EJfI1 ~'Vhfl1'jLnuvl1BCh'l~'l~1 n~'U~~'ViU5'1L-WEJ'l'tliJ~ L~ EJ') (allopatry) LL~:::~'U~~'W'U5'1 
"eJ'lVl~eJ(lllJ'lJiJ(1lmPlEJeJ~~1lJn'U (sympatry) LL~:::fI1'lvi'1f11'lPln~lfl11lJ~mnVl~ltJ'V11'lw'U~m'llJLL(l:::tJ'j:::Lii'U 

fI11lJL U'U1tflvTI'U f11~ Li'il'l fl1~ e.J"lJillJ~IEJ~'U~~ ~w:h'ltJ'l:::'lJlm'!JeJ'l5'l~'l"llJ'tliiI'l1~EJ14b1Lf)~EJ1v'ULU'U~LB'ULtl 
LfI~eJ'IVllJ1EJ1'Ufl1~VlYl~G'1eJ'UfI1'UAn'UltJtibEJ 

" 

-. 
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1'l1-l~ltJyj'U~~~'VI11-ltl.:JlJ1LI'l1 (Microhylo jissipes) v-l'lJl'lVl1 (M heymonsi) u."tv-lmm"v~ (M 

butler) Lv)tJ1,jcllvlUU1flmv1Vl~'lJeJ'l~'UU1-lcll'U'lJv'l1lJLVlflv'ULVl1!'m~L~lJLv1'Um~v\~11iJ"vUllJ~lJ~ 
vyj .~5 . ~ltJ ·nlJ1~tJ. LLyj~'l'Y)lJ: 'Y)'U€lVl'VI'4'Um)1~tJ"inmutJ'l~lJ1ruueJ'U~'UtJ 2555 Lf1'l-lfl1)v'41n'l:l 
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1. Wiwe~weaw, A., Udomkit, A. and Panyim, S. 2004. Molecular structure and or~anization of 

crustacean hyper~lycemic hormone ~enes of Penaeus monodon. Journal of 

Biochemistry and Molecular Biolo~ 37 (2):177-184. 
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1. 	 mllJ'VImm"~lt1'V11~'Ij'D~ UL1fll'V1tn f11':iLL'\J1cr'U'VI1~~'U~m1lJLL~::f111'tb~LiJ'UmllJLtI'UhJ1ru'Um1 
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2. 	 mllJ~lJ'W'UTILii~11lilJ'Ulrm LL~::i.'1()1'UJl1Y1'V11.:Jtl~ mlJ151'U'!Jtl~i.'1tJ;g~VmJ'!JtJ.:l1ri~1'V1~~'1Jl1 (Lophura 

nydhemera) LL~~1n-Wl'V1~~L'VI1 (L. (eucomelana) 1'Utl'i::L'VIFl1'V1t11~tJcilvl'U~~Ul'U1lJl'V1Atl'UL~~EJ~~ 

L5'ULB (Yl'U i.'1n1. u~'U'\J'J~lJlru 2556) i.'1m'UJl1'W~l'Ul~tI 30% 
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l:11'UTtiL11'11'Vl tJ1bb(l:; €l'4m:IJ151'U"'~i":;L Vi'Uth'l:; ~~'U'Un 
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2. lm'lf)l'Ji~tJ-rrvlJ~Lt1v'lvi''U'Uv.:jiKI'l1:iJm~VlmrtlVl~.m~::;iKm1:W:iJm::;~n~'UVI~.:j U~Llru~'U.yj~m::;
" " " 

Yl::;~ LL VI~'1'Vl'U'I'\.J'lh::;lJlruLL~'U?i'UU 2554 ?ltIl'Uf1lYl,n'Ui\i'tJ 80% 

3. If)'j\lf)l'Ji~tJnl'J~l'Jl'ilLdB'Ivi''U microhabitat 'lJmr11\lAllfJrunV1~ LbVI~'1V]'U'Iu'lh::;mru 
LL~'U~'UU 2554 ?lm'UmVi.:jl'Ui~tJ 70% 
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